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PERSONNEL RADIATION EXPOSURE EXPERIENCE OF EMPLOYEES AT HANFORD 

SUMMARY 

Radiation exposure data are included in the AEC Health and 
Mortality Study for the following groups of en:iployees at 
Hanford: 

(1) duPont employees for the period 1944 through September 
1946 who subsequently transferred to the General Electric 
Company and remained at Hanford. 

(2) General Electric employees since September 1946. 

(3) Vitro employees beginning in 1963. 

(4) Battelle-Northwest Laboratories beginning January 04, 
1965. 

(5) Atlantic Richfield Hanford Company (formerly Isochern) 
beginning January 01, 1966. 

(6} United Nuclear Industries (formerly Douglas United Nuclear 
Company) beginning November 01, 1965. 

(7) International Telephone and Telegraph/Federal Support 
Services (from March 01, 1966, to September 01, 1971). 

(8) Hanford Environmental Health Foundation beginning 
August 01, 1965. 

(9) Computer Sciences Corporation beginning July 01, 1965. 

(10) Hanford Engineering Development Laboratory (Westinghouse) 
beginning July 01, 1970. 

Records for groups (4) through (10) are available since these 
groups took over when the General Electric Company was phased 
out beginning in 1965. All known occupational exposure is in­
cluded for each of these employees.· Exposure received by 
these employees as a result of prior employment by another con­
tractor at some site other than Hanford is included when known. 
This is identified as "off-site" exposure. 

The total radiation dose from external sources received by each 
person during his Hanford employment is summarized by year~ 
From 1944 through 1972 these data were accumulated on data pro­
cessing cards and listings prepared from these cards. Off-site 
exposure was sununarized on a separate card for each employee 
for each known intake of bone seeking radionuclides. The for­
mats used for these cards are described in the attached exhibits. 
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Since 1972, the external radiation expost.'.re has been r-id:ed up 
yearly by interfacing with the Har.ford External Exposure 
System. Exhibits #1, lA describe the format. 

EXTERNAL RADIATION EXPOSURE DATA 

Historical Data 

A record is included for each year an employee was monitored 
and exposure data were recorded. Since 1964, exposure records 
have been kept for all employees whether monitored or not. 
These records will include the following employee identification: 

•Payroll number(s) 
eSocial Security number 

•Narne(s) (Last, First and Second [initials only]) 

These doses, including zeros for years monitored without any re­
corded doses, are recorded for each year in units of Rem, rounded 
off to the nearest 0.01 Rem. Details are shown in Exhibit #2. 

Special computer programs were written to retrieve data from the 
exposure infor~ation that has been stored on magnetic tape at 
Hanford over a twenty-one period starting in 1944. These data, 
which include identification of the employee external exposure 
data (beta, ganuna, X-ray, neutron, tritium, and extremity doses 
prior to 1972) have been entered on data processing cards. 
Exposure data, not available from any of the magnetic tapes, 
were obtained manually from other sources. The sources of the 
exposure data are described in detail in Exhibit i3. 

Beta-qanuna Dosimetry 

Exposure data are based primarily upon the results of dosimeters 
work by employees at Hanford, currently in accordance with the 
following criteria: (Earlier criteria was at least as restric­
tive as the current criteria}. 

At Hanford a Thermoluminescent Dosimeter shall 
be worn by each person who enters either a 
Hanford manufacturing or laboratory facility 
wherein there are sources of ionizing radiation 
or in any Hanford radiation zone. Employees who 
are not expected to receive more than 1 rem/year 
as a result of their work are assigned a Basic 
TL Dosimeter. Those expected to receive 1 rem 
or more to the whole body in a year are assigned 
a Multipurpose TL Dosimeter. · 
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Beta-gamma I>'s.imetrv (co~;;d.) 

The dosimeter worn by employees while in a zone 
where the measured neutron dose rate is known 
to exceed 1 mrem/hour shall include capabilities 
for measuring the neutron radiation~ A Hanford 
Ring Dosimeter shall he worn, while in a Radia­
tion Zone or while working with radioactive 
materials, by employees whose extremity expo­
sure may be expected to exceed 3 rems per calen­
dar quarter. 

All exposure data indicated by personnel dosimeter results are 
considered to be valid measurements of exposure received by 
the individual unless they can be clearly demonstrated otherwise. 

If a dosimeter result is lost or proven to be invalid, an esti­
mate of the individual's exposure for the period involved is 
established. This estimate is included in the individual's 
exposure record. 

Four types of dosimeters have, at various times, been utilized 
at Hanford to measure beta and gamma exposure. Detailed des­
criptions of these dosimeters are included in Exhibits #4 and 
#5. 

Neutron Dosimetry 

The reported neutron exposures are either estimates based on 
field dose rate measurements and the duration of exposure or 
upon results of a neutron dosi~eter worn by the individual. 
Four types of neutron dosimeters have, at various tirnes, been 
worn to measure neutron exposure. Exhibit #6 contains a de­
tailed description of these dosimeters. A quality factor of 
10 is applied to convert the fast neutron dose from rads to 
rems and a quality factor of 3 is used for slow neutrons. · The 
sum of the fast and slow neutrons, in rems, is reported on 
data processing cards. 

Tritium Dosimetry 

Although tritium exposure is based upon results of urine sam­
ples collected it is considered as whole body penetrating 
exposure. Exposure from tritium is routinely calculated utiliz­
ing a data processing program. This program assumes a twelve­
day effective half-life in the body in the absence of sufficient 
measurements to establish a better half-life and applies a 
quality factor of 1.7 to convert the dose to rem. This twelve­
day half-life may slightly overestimate the exposure: however, 
persons having significant potential for exposure to tritium 
are sampled frequently enough so that any overestimate is 
minimized. The method utilized to evaluate exposure for tritium 
is descr~bed in Exhibit i7. 
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~xtremity Dosimetry 

The extremity exposure data are routinely based on measurements 
of finger ring dosimeters and occasionally on special evalua­
tions based on other exposure information. Extremity dosi­
meters are worn only when significant hand exposure is antici­
pated and therefore may not represent a valid measure of the 
total extremity dose. A more conservative estimate of the 
total extrer:ti ty dose would include a portion or all of the dose 
to the skin of the whole body. Extremity dosimeters used at 
Hanford are described in Exhibit #8. 

Off-Site Exposure 

Exposure received prior to employment at Hanford has been ob­
tained and entered in the person's exposure record. Prior to 
1962, this practice was followed only for cases involving known 
or suspected exposure. Beginning in 1962, all persons hiring­
in at Hanford were instructed to complete a questionnaire des­
cribing prior employment history. For each case identified 
in this manner the prior exposure history was obtained. The 
side at which the exposure was received is identified along 
with the penetrating dose in Rem, rounded· to the nearest 0.01 
Rem, referenced to the last year of employment at that site. 
Thus the exposure will not necessarily be listed for the year 
in which it was received by the individual. Exhibit #9 shows 
details of the card layout. 

Recommendations for Interpretation of External Radiation 
Exposure Data 

Exposure is normally utilized at Hanford as whole body pene­
trating, whole body skin, or extremity exposure. However, for 
this study only the basic measurements have been reported; that 
is, each type of measured radiation is reported separately so 
that the exposure can be recombined in any method desired or 
in any of several ways as the occasion demands. The following 
procedure was used at Hanford prior to 1972 for combining the 
various types of exposure: 

Basic Units Reoorted in the HMS 
Prior to 1972 

Gamma 
Beta 
X-ray 
Fast Neutron 
Slow Neutron 
Tritium 
Rings 

1972 to Date 
Penetrating Photons 
Non-Penetrating 
(Nothing Comparable Reported) 
Fast ?~eutron 
Slow Neutron 
Tritium 
Rings 

.. · 
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RE-comrnendc-,:.::i.ons for Ii1b;roretatirm of External iC.,1c~ ·.atio.1 
Exposure Dae.a (contd.) = • -·-

Interpretation of Exposure Data 

Whole Body Penetrating: 

Whole Body Skin (Derma): 

Extremities: 

Prior to 1972 

Ganuna 
.35% X-rays 
Fast Neutrons 
Slow Neutrons 
Tritium 

All types re­
ported except 
rings 

All types 
reported 

INTERNAL RADIATION EXPOSURE DATA 

Routine Surveillance Program 

1972 to Date 

Pen. Photons 

Fast Neutrons 
Slow Neutrons 
Tritium 

All types re­
ported except 
rings 

All types 
reported 

A routine surveillance program (described in Exhibit #10) is 
maintained at Hanford to detect and/or measure any internally 
deposited radionuclides. These examinations are conducted 
using bi?assay _plus in-vivo examination procedures. 

Bioassay Data 

Urine, feces, and blood samples are collected and analyzed as 
part of the routine and special internal dosimetry programs 
provided for Hanford employees. The raw data are provided as 
backup since it is conceivable that it may later prove de­
sirable to re-evaluate the deposition data previously reported 

·(systemic burdens), which was evaluated using the best cur­
rently available techniques. The technique employed often 
utilizes one model to determine the soluble burden and another 
model to determine the burden of initially insoluble material. 
These are then added to provide an estimate of the total sys­
temic burden. 

Sources of Bioassay Data 

1944-1958 - These data were obtained from microfilmed records 
maintained for all Hanford employees included in 
the study to date and punched on data processing 
cards. (See Exhibit tll) 
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1959 to Date - These data were obtained from records which had 
previously been placed on magnetic tapes. 

Systemic Burden Evaluations 

That portion of an intake that will eventually be solubilized, 
transferred to the blood, and finally be deposited in various 
organs of the body is determined utilizing various mathemati­
cal models. These models are described in Exhibits #12, #13, 
and #14. These evaluations are based on urine as described 
in Exhibit *15 and for each intake the following information 
is provided: 

•Name (Last, First and Second [initials only]) 

•Payroll number 

•Social Security number 
•Date(s} of intake (month, day, year) 

•Estimated quantities deposited in the body 
as a result of each intake in units of µCi. 

Evaluations are reviewed periodically and should additional 
data indicate the utilization of a different model would re­
sult in a better fit of the data, the estimate and/or probable 
date of intake may be revised at some subsequent date. 

In-Vivo Data 

In-vivo measurements have been made to determine the internal 
contamination status of Hanford workers since 1959. 

Several sources have been used to assemble these data. Since 
1970 the data have been routinely keypunched and placed on 
magnetic tape. Prior to that the data were retrieved from 
microfilmed records in the individual's radiation exposure 
record file. The card format used to provide these data is 
shown in Exhibit #16. 

Several types of examinations are utilized for various purposes. 
These examinations and the equipment utilized are briefly sum­
marized below: 

Whole Body Count - In-vivo measurement of gamma emitting radio­
nuclides with a photon energy of 200 keV or 
greater is done in the standard chair position 
using a 4-inch thick by 9-3/9 inch diameter 
sodium iodide crystal which is observed by 
four 3-inch diameter phototubes. The counting 
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Who le Bed,: Co· .. m t -
-- (contd. r---- equipment is loc.ate<l in an iron i.'O.J••· .1.:. th 

10-inch thick walls with 1/8-inch thick 
lead liner for background reduction. The 
measurement period is 10 minutes and the 
minimum detectable amount is from 0.5 to 
1 nCi for 60co, 65 Zn, 2 '+Na, and 127Cs in 
an average individual. 

Lung Count, Zi+lArn - In-vivo chest measurements for 2 .. 1Am 

Lung Count, U -

(60 keV} are made by placing two 3/8-inch 
thick by 5-inch diameter sodium iodide 
crystals coupled to 5-inch phototubes in 
front of the chest and two identical de­
tectors in back of the chest region. The 
measurements are made in a 4-inch-thick 
lead room which is copper lined. The mea­
surement period is 2000 seconds or 33-1/3 
minutes with a minimum detectable amount 
of from 0.15 nCi to 0.6 nCi depending upon 
chest thickness which is related to the 
weight/height ratio of the subject. 

In-vivo chest measurements for U are identical 
to that for 2 

.. 1Am except the photon energy in­
cludes the -Go and -90 keV from the thorium 
daughters of u. The 235 U content is observed 
from the 185 keV photon. The minimum detectable 
amount for u is from 2 to 3.7 nci, depending 
upon chest thickness and for 235 U from 0.17 to 
0.37 nCi. 

Lung Count - 90 sR, 1 '+ 7 pm - The equipment used and counting pro­
cedure is the same as for zi+iAm and 
u. The detectors measure the 
"Brehmstrahlung" from the beta par­
ticles emitted. 'The minimum detec­
table amount for 90 Sr is from 25 to 
40 nCi and 1 '+ 7Pm from o.s to 1.5 uci. 

Bone Count - This is an in-vivo measurement for bone deposited 
radionuclides present in the bone in the head. It 
is done with a 3/8-inch thick 5-inch diameter sodium 
iodide detector observed by a 5-inch phototube. The 
detector is positioned near the side of the head in 
the iron room and the measurement made at the same 
time as the whole body count. The thin beryllium 
window permits measurement of Brehmstrahlung for 
beta emitters such as 90 sr- 90Y. The minimum detec­
table amount of 90 sr is -so nCi. 

~. 
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wound Count - Contam1n.:i.te.d : ~ ~~.,u, 2 4 1 P.rn,. a: ;Pu i..~j urles are 
measured in the lead room with a 1 mil thick 
2-inch diameter sodium iodide detector observed 
by a 2-inch phototube. The detector has a thin 
beryllium window which permits measurement of 
low energy X-rays. The minimum detectable 
amount for 239Pu is -o.l nCi in a 10-minute 
counting period. 

Thyroid Count - In-vivo examination for 131 I is done by thy­
roid measurement through the side of a 3-
inch thick, 3-inch diameter sodium iodide 
crystal observed by a 3-inch phototube. The 
detector is mounted on a movable arm that 
permits positioning of the detector near the 
thyroid of a subject seated in the standard 
chair in the iron room. The minimum detec­
table amount is 20 pCi for a 30-minute count. 
In general, actual numbers have been reported 
for all positive measurements. Examinations 
showing< detection limits are' also reported. 
Questionable results have been included but 
are identified so that less credence may be 
placed on these suspect data. 

Plutonium-241 Estimates 

Estimates of the systemic burden of plutonium-241 as a result 
of involvement in a known or suspected radiation occurrence 
has been calculated based on the isotopic composition of the 
material involved in the incident. This technique is described 
in Exhibit #13 of the 1969 Hanford report. This assigned 241 Pu 
deposition has been provided along with the date of intake. 

Organ Dose Commitments 

Dose commitments resulting from internally deposited plutonium 
have been calculated using recommendations provided by the 
Advisory Committee on Plutonium Dose that was appointed by the 
HMS staff. The annual dose commitment for SO years following 
each intake and the SO-year dose commitment are listed for bone 
and liver. Additionally, the same data are provided for lung 
and lymph node when the intake occurs as a result of inhalation 
of contaminated atmosphere. The assumptions used for these cal­
culations are shown in.Exhibit #18 and the formats of the data 
reported are shown in Exhibits #17-A and #17-B. 
NOTE: This phase of the program has been developed but is not 

currently included as part of the input to HMS. 



-9-
EXHIBIT #1 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
- I JOB NAME JOB NO. FREQUENCY ESTIMATED ESTIMATED 

Exposure Data Result OcA11..v OMONTHl..Y YOl..UM~ 'f_IM-~- •. 4 
MOU"~ 1'CllilTW! 

Cards 0w£EKl..Y OQUARTERl..Y 

Oa1-wEEKl..Y OANNUAI.. 

OsEMl-MONTHl..Y OoTHER 
~ 

PROGRAM 
1• 111 s,11t11111111111t1111ii111111nzuos11IZ1111111unuoun1111uo1uu1u1uu1tuu1snzu1lsnunnnuuun•auu1u111011111u1n1111111111l IZ 

l 
4 IZJISllllllllUQUdii111111n11nnunn4HHJl11UUJIHJIUJIHUU«"«""UUUHUUU4UU"UHMUUUMUHUHH~ll»nuHllllll~H14 

CARC FIEL.C 
COL.UMNS 

FUNCTION• REMARKS . FROM TO 

I. Pay No. 2 6 

:&. P.E. date 9 14 
• 3. T/C 15 

•• N.C. 16 17 

5. Non-Pen Crems 46 49 

6. Pen Crems so 53 

'· Finger Ring 54 58 

8. Off-Site Loe 60 61 

9. F/N Dose Cr ems 62 65 

10. S/N Dose Cr ems 66 69 

11. 

12. 

13. 

14. 

15. 

TOTAL. K&V STROKES PER CARO 

I 

I 

DATE-------------- SECTION------------------------~ 
PAGE _____ _ 
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EXHIBIT #lA 

OFF-SITE LOCATION CODES 

Argonne National Lab., IL 

Bettis, Pittsburgh, PA 
Berkeley, CA 

Brookhaven National Lab., NY 
A.E.C. Headquarters 

Idaho Falls, ID 

K.A.P.L., NY 
Los Alamos, NM 

Livermore, CA 
Nuclear Test Site, NV 

Oak Ridge, TN 
Other Locations 
Rocky Flats, CO 
Savannah River, SC 

Universities 

U.S. Military 
Department of the Interior 

Civil Defense Disaster Council 

AR 
BA 
BE 

BR 

HQ 

IF 

KA 

LA 
LR 

NT 

OR 
OL 
RF 

SR 

UN 
us 
us 
us 
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EXHIBIT ~2 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
----JOB NAME JOB NO. jFREQUENCY ESTIMATED ESTIMATE~ 

IOcAILY 0MONTHLY VOLUME TIMI! 

Plant Results - Exposure I 

OQuARTERl..V 
t.OU'ii---·rr~;.:. 

QwEEKLV 

Data Cards Oa1-w&:EKLY 0ANNUAI.. ,. 
OsEJ.11-MONTH1..v OoTHER 

PROGRAM I' 11 •s 1 , • • •11qu1t111111111111an1u•rsnll1uuuu1"uu1uuuuo•uro«•uuuu1sosun11ZHHllS1H1u1uuMu1u11u11u11u111is1111111111l1, 

CARC FIEL.D . COL.UMNS 
FUNCTION* REMARKS 

FROM TO 

'· Payroll No. 2 6 

z. Last Name 8 2S 

3. Initials 26 28 

4. Social Security No. 29 37 

s. Beta 38 43 Rems rounded to nearest .Ol 

&. Gamma 44 49 

7, X-ray so SS Total X-ray dose. Rems rounded 

a. 
::mm o:r tne SJ.OW/:tast. Rems 

Neutron 56 61 rounded 
9, Tritium 62 67 Rems rounded to nearest .01 

10• Rings 73 
Highest rings totaled. Rems 

68 rounded 

••·code I 
11 ll11 punch in all cards. Plant 

78 results. 
12·Year 79 80 

13. 

14. 

IS. 

TOTAL KEY STROKES PER CARO 

CATE-------------
PAGE ____ _ 

! 
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EXHIBIT #3 

SOURCES OF EXPOSURE DATA 

Year Beta-Gamma X-Ray Neutron Tritium 

1944 Tape 

1945 Tape 

1946 Tape 
1947 Tape 

1948 Tape 

1949 Tape Bioassay Result 
Cards 

1950 Tape Hist. File Bioassay·Result 
Cards 

1951 Tape Hist. File Bioassay Result 
Cards 
• 

1952 Tape Hist. File Bioassay Result 
Cards 

1953 Tape Hist. File Bioassay Result 
Cards 

1954 Tape Hist. File Bioassay Result 
Cards 

1955 Tape Hist. File 
1956 Tape Hist. File 
1957 Tape Tape Hist. File 
1958 Tape Tape Hist. File 
1959 Tape Tape Tape 
1960 Tape Tape Tape 
1961 Tape Tape Tape Front of 1962 

Year-End 
Report 

Since 1961 all data was taken directly from tape. 

Extremity 

Photometry Records 
Photometry Records 
Photometry Records 
Photometry Records 

Photometry Records 

Photometry Records 

Photometry Records 

Photometry Records 

Photoinetry Records 

Photometry Records 

Photometry Records 
Photometry Records 

Photometry Records 
Photometry Records 
Photometry Records 
Photometry Records 
Photometry Records 
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EXHIBIT ~4 

HANFORD BETA-GAMMA FILM DOSIMETERS 

A. DOSIMETER USED 1944 UNTIL APRIL 1957 

The first Hanford dosimeter was a large metal dosimeter which 

was used to measure only the beta and gamma radiation. The 

dosimeter utilized a r mm thick silver shield having a window 

cut in it to permit obtain.ing both "shielded" and "unshielded" 

measurements. The darkening on the film under the open window 

area of the dosimeter resulted from both gamma and beta. It 

was assumed that the gam.~a component was responsible for dark­

ening equal to 1.5 times that measured behind the silver shield 
and that the balance of the darkening was due to beta radia­

tion. The dosimeter contained both sensitive and relatively 
insensitive film. 

B. DOSIMETER USED APRIL 1957 UNTIL SEPTEMBER 1962 - .~ 

1. Description of Dosimeter 

A plastic film dosimeter was developed for use at Hanford 

in 1957. This dosimeter was composed of two main parts; 

the removable portion, referred to as the slide, and the 

housing or body of the dosimeter. To assemble, the slide 

was placed into the housing of the dosimeter where a 

magnetic looking device secured it. 

The film packet was held between a series of three metal 
shields and an "open window" area. Matching shields were 
located on both the slide and the body of the dosimeter 
so that identical shielding existed on both sides of the 

film when it was in place. Lead tape positioned over 
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another area of the film was utilized for identifying the 
film. Figures identifying the employee's payroll number 

and general work location were perforated in the tape and 
that portion of _the dosimeter was ex:t;:vBed to low energy 

x-rays (lOKVP, 10 ma, 1-1/2 sec.) before the film was 
removed, thereby, permanently identifying the film. That 

portion of the film utilized for dosimeter purposes was 
well shielded to prevent darkening by these low energy 

x-rays. The three metal shields may be described as follows: 
(1) a 1 mm thick silver shield (1 gm/cm2), (2) a O.OOSin. 

silver shield (0.13 gm/cm2), and (3) a 0.0191 in. aluminum 
shield (0.13 gm/cm2). The thin silver and aluminum shields 

were equal in mass per unit area, thereby rendering them 

essentially beta equivalent. However, the gamma absorption 

properties were decidedly different. With this shield 
system it was possible to determine the dose to the film 
due to gamma radiations of various energies. This evalua­

tion could be made.to a certain limited extent even_in. 

the presence of beta radiation, however, this was not 
routinely accomplished. 

Later, a security credential was placed in front of the badge, 
adding to the shielding.in front of the film. This bad 

no appreciable effect on the evaluation of gamma doses due 
to energies above 200 keV. A "thin window11 was provided 
in the accompanying security credential over the area used 

for lower energy gamma dose evaluation. 

2. Dose Interpretation 

Interpretation of gamma dose was accomplished by measuring 

the film density behind the thick silver and comparing to 
a calibration curve. in addition to gamma dose evaluations, 
it was possible to determine the dose contribution from 
each of three energy groups,,17 keV, 58 keV, and >200 keV. 
This procedure was necess~ry because of the spectral 
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re.sponsc of the film. For energies of nbout 200. kcV or 
greater, the ratio of true dose to dose calculated from 
the radium calibration curve was about one. As the gamma 

energy decrease~, the ratio decreased reaching a minimum 

behind the thick silver shield at approximately 130 kcV 
and at 45 keV for the open window area. These ratios for 

the open window were approximately 0.10 and 0.027 for the 
·17 and 58 keV energies, respectively. The true total dose 
was .indeterminate when a mixture of these energies were 
present since only a single shield density measurement 
was available. Several assumptions were required in·using 
these equations; first, the density for the high energy 
radiation was equal behind all shield areas. Error was 

introduced by this assumption particularly in the open 

window, however, on the conservative side. Since dose 

for high energy radiation was based on the density behind 

the thick silver shield, any excess appearing in the 
open window was included in the dose assigned to low .. 
energy radiations. Second, it was assumed the 17 keV 

group x-rays produced no density behind either silver 

shield and the 60 keV component produced no density behind 
the thick silver shield. Error in this assumption 

appeared only at the higher dose levels, 100 mR or more 
for the 60 keV component. Very few personnel exposures 
approach this dose for this energy component. Third, 

it was further assumed that no beta radiation was received 
by the dosimeters exposed to the lower energy radiations. 

-Hanford's methods of operation tend to validate this 
third assumption. 

After determination of dose for each energy group, summa­
tions for individual exposure records were made in the 

following manner: all dose contributed by the 60 keV group 
and higher energy radiations were considered as penetrat­
ing dose but only 35% of the 17 keV component was considered 

j 

\ 
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as penetrating dose. The total of all radiations was 

assigned as skin dose. A~signment of only 35% of tha 

17 keV group as nenetrating was =ase~ on a~sorption studies 

and the assumption that the gonads are at a depth of one 

centimeter and are the critical organ • 

. C. DOSIMETER USED SEPTEMBER 1962 TO 1972 

In 1962, a new personnel film badge dosimeter was placed into 

service at Hanford. This dosimeter utilizes the latest advances 
in film filter systems for routine dose evaluations and pro­

vides high neutron dose, and high ganuna dose evaluation cap­

abilities following any serious radiation event. 

The new dosimeter is similar in appearance, size (3-1/8 in. x 

1-3/4 in. x 5/16 in.) and weight (34 grams) to the previously­

used Hanford dosimeter. It is molded from "cycolac" plastic 

(styrene - butadiene - acryloni~ril~). The dosimeter providas 

for the evaluation of radiation dose from beta, gamma and 

x-ray radiations present independently or concurrently. Activa­

tion foils provide neutron dosimetry in the event of a"criticality 

or similar serious radiation event. Two small silver phosphate 

glass rod dosimeters are included to provide measurement of 

high gamma dose. Indium foil is provided for prompt sorting 

of directly-involved personnel following a cr1ticality event. · 

The dosimeter was designed to take full advantage of mechanized 
processiny. Each dosimeter contains a lead tape perforated 
with the employee's payroll number. Prior to the removal of 

the film packet, the payroll number is x-rayed onto a part of 
the film to provide positive and permanent identification. Film 

identification and film exc~ange are performed mechanically by 

a film dosimeter processing machine. 
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The dosimeter. design provides for the use of the Hanford security 

credential in a neat integrated assembly. The security crcden~ 
tial is removable from the dosimeter and can be readily removed 

by the wear.: r fm: doL::neter exchange •. 

Dosimetry 

·The new dosimeter contains a film packet and a film filter 

system for the interpretation of beta, gamma and x-ray radiation 
dose from normal Hanford operations. Components are provided 
to measure the ganuna and neutron doses that might occur as 
the result of a criticality or other serious radiation event. 

Routine Dosimetry 

The new dosimeter utilizes four film filter areas to pro­

vide the interpretation of radiation dose to beta, gamma, 

or x-ray ratiations. The filter areas provided are. 
desig_nated as open window, plastic, iron and tantalum. 

The physical characteristics of the filter system are 

shown in Table I. 

TABLE I 

Filter System - Physical Characteristics 

Size Thickness Total mg/cm2 (Excluding 
Filter In Inches In Mils Securiti Credential) 

Tantalum 1/2 x 1/2 20 915 
Iron 3/8 x 1/2 1 148 
·Plastic 3/8 x 1/2 70 178 

Open Window 3/8 x 1/2 

Both the iron and tantalum filters are covered with 20-mil 
thick ·"Tenite II" plastic to improve the energy response 

characteristics of the system. The filter system provides 
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a linear density response, within ±10%, for a given g«mma 

radiation dose at any energy between 50 keV and 2 MeV. 

To interpret the aose from a film dosimeter that was exposed 
to beta, gamma, and x-ray radiations, the density behind . 
each of the four filter areas is measured. This density is 
measured and the identifying payroll number from the film 

is read with the Hanford automatic densitometer. An 

electronic data processing machine card containing this 
information is automatically provided for machine process­

ing. The machine processing, utilizing appropr.ia te calibra­

tion data, provides an evaluation of the radiation dose 

due to: (1) Electromagnetic radiation between SO keV and 
2.MeV; (2) electromagnetic radiation between about 15 keV 

and 50 keV; (3) beta radiation assuming a beta energy 
spectrum similar to the beta spectrum emitted by natural 

uranium. The dose interpretation is made as follows: 
..... 

(l)' Electromagnetic Radiation ·so keV to 2 MeV 

The density behind the tantalum filter is due essentially 

to electromagnetic radiations with energies greater 
than 50 keV. This density can be directly related to the 
dose by use of an appropriate calibration curve. 

(2) Electromagnetic Radiations From About 15 keV to 

50 keV (x-rays) 

The density behind the plastic filter and the iron 

filt~r areas results from electromagnetic radiation 
and beta radiation. The response characteristics of 
the filter system are chosen so that electromagnetic 

-,. 

•. 
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radiation with energies greater than SO keV and beta 
radiation produce equal densities behind each of these~· 

fil~ers. For electromagnetir rad~ations with energies 

less than 50 keV, the iron filter has a significantly 
higher absorption coefficient than the plastic filter; 
consequently, the difference i"n density between the 
plastic and iron filters can be directly related to 
dose by use of a calibration curve constructed for 
electromagnetic radiation energies similar to those 
encountered by the dosimeter. 

(3) Beta Radiation 

The density behind the open window and the plastic 
'filter areas results from electromagnetic radiation 
and beta radiation. Electromagnetic radiations with 

energies greater than SO keV produce equal densitites ... 
behind each of these filters. The difference in 
density between these two filters is a function of the 
low energy, less than SO keV, electromagnetic radia­
tion dose and the beta radiation dose. Since the low 

energy electromagnetic radiation dose has been deter­
mined independently from the plastic and the iron 
filter density difference, it is possible to correct 
the density difference observed between the open window 
and the plastic filter area.for the low energy dose 
contributions by an appropriate calibration correction 
curve. After this correction is made, the remaining 
density difference between the open window and the 
plastic filter may be related to a beta calibration 
curve and the beta dose determined. 
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D. Fil.M USED IN PF.RSONNF.L DOSIMETERS 

Beta-G1"Lrruna. Dosir:-·~try 

1944 to 1957: duPont, 502 film 
1957 to 1965: duPont, 508 film 
1965 to 1967: du!>ont, 519 film 
1967 to 1971: duPont 558 film 
1971 Kodak, Type II film 

E. DENSITOMETRY 

Radiation dose determinations were made by comparison of densities 
produced on film by exposure to unknown amounts of radiation to 

densi·ties produced by exposure to known amounts of radiation. 
These film densities were determined by measuring the light 

~ransmission through the film from a controlled light source. 

Density measurements were made utilizing a Beckman V micro­
microamrneter connected di..rectly to a type 922 phototube. The 
light source was a type 1321, 6 volt auto lamp beamed through 
a focusing lens and spotted on an opalized diffpsion window. 

A regulated voltage was fed to the densitometer to adjust for 
possible instrument drift. 

A metal jig was used as a film positioning guide to insure the 
film was correctly oriented in the light beam from the opalized 
diffusion window for each shield area measurement. 

With the densitometer equipment in use during this time, it was 
possible to obtain optical readings from a minimum of 0.005 

density units to about 3.0 density units. It was possible to 
estimate doses up to approximately 50 R using the 510 insensitive 
film and our processing procedures • 

... , 
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A statistical study of a large number of blank 502 film showed 

the standard error of density measurement to be approximately 

0.002 densi~~ urlts. 

Limitations in aperture dimensions were established by the smallest 

shield areas used in the film badge. The aperture used for 

routine dosimetry was 3.5 nun in diameter. A rectangular aperture 
of 1/8 in. x 3/8 in. was used for special dosimetry evaluations. 

QUALITY ASSURANCE MEASURES - EXTERNAL DOSIMETRY 

Film ·shelf Life 

Film packets used at Hanford have always been ordered in small 

lots. From 1945 to 1957 duPont film type 502 utilizing acetate 

base was used. In 1957 the type 502 film was replaced with . 
type 508 film utilizing acetate base. This was used until 1965 . . . 
when type 519 film utilizing Kroner base replaced the 508 film. 

Specifications required that all film in one shipment be of the 

same emulsion lots. Refrigerated facilities were provided where 

the film was stored for a maximum of three months aft~r its 

delivery. 

Spot Check of Film Prior to Use 

Each shipment of film was sampled prior to being placed in 
service by removing one packet from the top, middle and 
bottom of each box of 150 packets. These films were processed 

to determine the background density for that lot of film. 

Film Identification 

Each film worn by an individual in a regularly assigned dosimeter 
was x-ray coded prior to removal from the dosimeter (or manually .. , 
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perforated as it was removed from th~ dosimeter for a few 
specific situations) to positively identify the individual 
wearing it and the pP.riod worn. A lead shield was used to 
shield that portion of the film under the open window and 
filters during the x-ray coding operation. 

Fflm Processing 

Approximately 850 personnel film were processed in one batch. 
With each batch of personnel film a set of calibration film was 
also processed. The number of calibration film in each set 
varied but normally consisted of 13 or 14 pieces of film exposed 
to radium gamma at doses from 20 mR to 10 R, 13 to 14 pieces of 
film exposed to a slab of uranium beta at doses from 20 mrads 
to 5 rads, 7 pieces of film exposed to 17 keV x-rays at doses 

from 20 mR to 160 mR and 10 blank film. 

Standard developing solutions were used and were carefully mixed 

according to the manufacturer's recommendations. This solution 

was replaced each month. Uniform agitation of the deve~oping 
solution was accomplished by one-second bursts of nitrogen 
gas every fifteen seconds. Air was used in a similar manner 
for agitating the bath and fixing solutions. The film was then 
allowed to dry for a two-hour period. All fiirn was sufficiently 

fixed and washed for archivial storage. 

The processing time was carefully controlled. Since 1962 the 
film was processed through the various stages of photographic 
development by a chain-driven, pneumatic lift system. This 
system utilized a built-in timing mechanism with microswitches 
providing precise control to within one second in each of the 
processing steps. The temperature was maintained automatically 
at 68°F. A signal was activated whenever the temperature 
deviated more than 2 in. from that desired. 

, , 
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After development, each film was stamped with a batch number 

to associate it with the calibration film which was processod r 

at the same tim~. 

Measurements of Film Darkening 

Identification of the individual wearing the dosimeter and the 

darkening of the film was read on a densitometer. In 1964 
the system was automated to where measurements of the optical 
density of the film behind each of the various filters in the 
form of electrical impulses were fed directly to a keypunch 
machine which recorded individual identification and densitometer 
readings in keypunch language. 

Calibrations 

The radium gamma source used to expose calibratlon fil~ was 
routinely calibrated utilizing a Victoreen R-meter which.had 

been checked against a primary standard. 

Quality Control Program 

Beginning in 1965 a program was initiated wherein an outside 

group exposed film to known doses of ganuna, beta, neutrons and 
x-rays which were sent in for processing as a blind audit 
utilizing ficticious payroll identifications. The results of 
these were required to fall to within ±25% at the 95% confidence 
level. 
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EXHIBIT #5 

HAJ.'1FORD T~IE'i\HOLU~UNESC~NT DOSIMETI:RS 

BASIC TL Dosimeter (June 1971 to date) 

This dosimeter is worn by workers who receive little or no 
exposure as a result of their work assignment. 

The dosimeter consists of a 7LiF block sealed in a modified 
phenylene oxide plastic card. An 8 nun diameter 7LiF disc pro­

vides backup but is normally not processed. Readout i~ accomp­
lished without removal of the block from the card in a locally 

constructed reader. The block is heated to 300°C and the 

readout cycle is 20 seconds. Integral light output is mea­
sured rather than glow peak. To be conservative both penetrat­
ing and non-penetrating beta and photon radiation is measured 

and all interpreted as penetrating radiation. - ·• 

The useful range of the dosimeter is 30 mR to 10 5R for virtually 

any photon energy above 10 Kev. 

MULTIPURPOSE TL DOSIMETER (January 1972 to date) 

A dosimeter utilizing three 7LiF blocks and 2 6LiF blocks to 
measure beta, photon and neutron radiation was developed to 
r·eplace both the Hanford beta gamma and neutron dosimeters. 
The card containing these LiF blocks measures 7.8 cm by 3.8 cm 
by 0.1 cm and weighs 3.6 grams. The LiF blocks are centered 
in 5 separate holes, each of which is 0.95 cm in diameter, 

using Teflon TFE skived tape. 

The dosimeter holder is injection molded from styrene -
butadieneacrybonitrile (cycolac). When the dosimeter card 
is inserted in the holder each block is centered between 
appropriate filter materials. ,•See Table below: 
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Filter System - Physical Characteristics 

Diameter 
Shield in cm. 

open window 0.95 

Teflon TFE tape 

Cycolac 1.27 

Aluminum 

Mylar 

Teflon TFE tape 

Cy co lac 

Tin 

Mylar 

Teflon TFE tape 

Cycolac 

Tin 

Cadmium 

Mylar 

Teflon TFE tape 

Cycolac 

Tin 

Mylar 

Teflon TFE tape 

1. 27 

1.27 

1. 27 

Thickness 
in cm. 

o.o 
0.005 

0.089 

0.064 

0.007 

0.005 

0.051 

0.102 

0.007 

0.005 

0.051 

0.051 

0.051 

0.007 

0.005 

0.051 

0.102 

0.007 

0.005 

Total2 mg/cm 

0 

12 

93 

173 

7 

12 

53 

750 

7 

12 

53 

375 

- .440 
7 

12 

53 

750 

7 

12 

The 7LiF block *l is used as a measure of the non-penetrating 

radiation. 

The 7LiF block #2 is used to measure penetrating dose and its 

shield was designed to correspond to one centimeter of soft 

tissue for photon energies 10 Kev to 10 MeV. 
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Blocks "#3, # 4, and ff 5 are used to obtain a measure slow and 

fast neutron exposure. The 7LiF block is used to measure the 

penetrating radia:ion w:1ich is used to subtract this effect from 

the response of the two 6LiF blocks. The bare 6LiF block 

essentially measures both the incident slow neutrons and back­

scattered neutrons from fast neutrons entering the body sipce 

the cadmium shields out the incident slow neutrons. Thus, 

utilizing data from blocks *3, #4, and #5 the fast and slow 

neutron doses can be determined. 

The useful range of the dosimeter is·10 mrem to 105 rem for 

photon energies from 10 Kev to 10 MeV and for neutrons up 

to 10 MeV. 

- .. 

,.. 
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EXHIBIT i6 

PERSONNEL FIL'1 BADGE NEUTRON DOSIMETERS 

INTRODUCTION 

Hanford Atomic Products Operations initially relied on pocket 
ionization chambers with enriched Boron10 liners for slow 

neutron exposure measurements. These chambers were supple­
mented by film badges containing Eastman nuclear track emul­
sions (Type A) for detection and measurement of fast neutron 

exposures. 

1944 to 1950 

Pocket ionization chambers were used exclusively. 

1950 to 1957 . . . 

Eastman NTA film was used in the regular beta-gamma dosimeter 
holder. The Eastman NTA film had limited capability to measure 

fast neutrons up to ~o.8 MeV. The recoil proton tracks were 

viewed microscopically at 970X magnification for 40 fields 
and cqmpared to 40 fields on calibration and control film. 

April 1957 to July 1958 

Eastman NTA film was used in a separate cellulose acetate 
butyrate holder. The method for interpretation of neutron 
dose was same as before. 

July 1958 to January 1972 

Design Characteristics 

The badge was designed to meet the need for a reliable neutron 
dosimeter. Outwardly, it diff~rs from the Hanford beta-gamma 
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badge by an increase of 0.10 inch in depth. This dimensional 

change was necessary to accommodate two packets of film and 
to reinforce the badge body. 

The primary functional change in the Hanford beta-ganuna badge 
permitting its use as a heutron dosimeter was the substitution 
of suitable shield materials. The selection of cadmium and 
tin in lieu of other metals was based upon their thermal neutron 

cross-sections and x-ray and gamma ray mass absorption coeff i­
cients. Cadmium has a high thermal neutron cross-section, and 
tin is relatively transparent with respect to neutrons. The 
prompt ganuna coincident with a neutron capture in the cadmium 
is recorded.as darkening of the film behind the /cadmium shield. 

Since gamma rays experie~ce nearly equal attenuation in either 

cadmium or tin, the difference in darkening behind the cadmium 
and tin shields was interpreted as a direct measure of the 

slow neutron exposure. In addition, the gamma ray attenuation 
of these two elements compare well with silver, which was the 
shield material selected for the beta-gamma film badge, making 
for excellent correlation of gamma dose between the tin shield 

of the neutron badge and the silver shield of the beta-gamma 
badge. 

The film are identified with the user by x-raying his payroll 
number on the film. 

· Calibration of Nuclear Track Emulsions 

The neutron badge incorporates Eastman NTA film as a means of 
assessing the exposure to neutrons of energies greater than 
0.8 MeV. Calibration is accomplished using a PuF 4 neutron 
source with average energy of the order of 1.4 MeV. The cali­
bration films are exposed to a dose of 1.075 rem computed from 
first collision theory. The average film response yields 
71.24 ± 13.51 tracks per forty fi~lds of view. This is equivalent 
to 1075 mrem exposure with a 95 per cent confidence interval. 



.· 

-33-

Interpretation of NTA film after processing is accomplished by 
counting microscopically the tracks produced in the emulsion 

by recoil protons. A field of view of 1/129 square centimeter 
is viewed under 970 magnifications with oil immersio~. Each 
of three observers count the tracks occurring in forty fields 

of view (a total of 120 fields). Films which indicate a signi-
.ficant increase in number of tracks relative to background 

are viewed for a total of 400 fields. A 90 per cent confidence 
interval of the tracks per forty fields is constructed. The 

upper limit of the count is compared with the lower limit of 

the similar interval for tracks per forty fields per 300 
millirem on the calibration films. The ratio of the limits 
times 300 mrem is entered into the exposure record. 

The dosimeter also had capabilities for measuring slow neutrons . 
having energies from 0.025 to 0.5 MeV. 

Cadmium Clad Tin Shields 

For most purposes the use of pure cadmium and pure tin as 

·Shield material produces an excellent slow neutron dosimeter. 
In cases where the neutron exposure is accompanied by very 

soft x-rays, the small difference in mass absorption coefficients 

between the two materials becomes a limiting factor for the 

measurement of slow neu.tron exposure. 

To make the two shields more similar with respect to x-ray 
attenuation, a number of tin shields were rolled to 0.036 
inch and plated with cadmium until the original 0.040 inch 

·thickness was attained. 

Quality Factors 

A quality factor of 10 is applied to convert the fast neutron 
dose from rads to rems and a quality factor of 3 is used for .· ·slow neutrons. 
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January 1972 to date 

Personnel exposures to both fast and slow neutrons were measured 

using.the Hanford Multipurpose Dosimeter described in 

Exhibit #5. 

- .. 
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EXHIBIT i7 

THE EVALUATION OF WHOLE BODY DOSE FROM TRITIUM BY URINALYSIS DATA 

The calculation of the dose rate from tritium oxide distributed 

in the body requires certain assumptions. It is assumed that: 

(1) the isotope is uniformly distributed in the organ of refer-

. ence, and (2) that time over which the deposition occurred is 

small compared to the elimination time. Since the beta particles 

of a given isotope are emitted in a spectrum, the average beta 

particle energy per disintegration is used in the calc~lation 

of the radiation dose and is approximately 1/3 the maximum 

energy. The dose rate is computed in terms of the energy 

absorbed per gram per unit time. The unit of absorbed dose 

is the rad, which represents the absorption of 100 ergs per 

gram of material irradiated. Since total body water is used 

as the critical organ in calculating the internal exposure from 

tritium oxide, the material irradiated is assumed to be water. - .. 
Under the conditions outlined, and sirice the range of the tritium 

beta particle is small compared to the dimensions of the body, 
the beta particle energy absorbed per gram is equal to the beta 

particle energy emitted per gram. The expression for the dose 

rate then becomes: 

D (rads/day) = (3. 7 x 104) (C0 ) (1. 6 x lo-6) CE
13

) (10-2} 

(8.64 x 10 4} (l} . 

where: 3.7 x 104 are the disintegrations per second per 
microcu~ie, C

0 
is the bioassay result in µCi tritium/gram 
-6-of H20 1 1.6 x 10 EB is the average beta particle energy 

-2 . expressed in ergs, 10 is the number of rads/erg/gram, 
8.64 x 10 4 is the time conversion from seconds to days. 

Therefore: 

(2) 

, .. 
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The total dose rccch•ed for a finite period of time can be 
expressed as: 

D - (51. 2) (EB) rte dt rads/day 
0 0 

(3) 

where the limits of integration range from the time of 
uptake (t=O) to the time of interest (t-t) in days. 

Since tritium is eliminated exponentially from the body, the 
concentration at any time (Ct) can be expressed as: 

(4) 

where: co = initial concentration in µCi/gram 

).B = elimination constant (0.693) 
TB 

t = time in days 

·Substitution of the expression for c (t) from equ~tion (4) 

into equation (3) gives: - .. 
D = cs1. 2) (Es> cc

0
) Orte -ABt dt (5) 

Integration of this expression gives: 

D - (7 3. 9) (EB) (C
0

) (TB) l-e(-0.693)t rads ( 6) 
TB 

The derivation up to this point has been quite general and would 
apply to any beta particle emitting nuclide which conformed to 

the initial assumptions. Bioassay result can be expressed in 
terms of µCi tritium/liter of urine assuming that 1 gram of 
urine is approximately equal to 1 milliliter of urine and that 
the tritium is homogeneously distributed in the body water. 
Specifically then for tritium, ES= 5.7 x 10-3 MeV and if con­
centration is expressed in terms of µCi/liter of urine, equation 
(6) becomes: 
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l-e(-0.693)t rads 
TB 

(7) 

The Quality Factor for beta particles of maximum energy ~0.03 MeV 

is 1.7 and therefore equation (7) expressed in mrem becomes: 

D = (0. 72) (Co) (TB) l-e(-0.693)t 
TB 

mrem (8) 

For approximate calculations of radiation dose, a 12-day 

biological half-life for tritium elimination is recommended (7). 
Substitution of this value into equation (8), the total dose· 

expression reduced to: 

o = (8.6) (C0 ) (l-3-o.os 8t) mrem (9) 

- .-

, .. 
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EXHIBIT ~8 

FINGER RING DOSIMETERS 

A. Film Dosi~eters (1944 to 1968) 

Two types of finger ring film dosimeters have been used at Han­
ford to measure exposure to extremities. One is aluminum and 

the other a heavy rubber. Both type dosimeters utilized duPont 

510 film. The photometer had a lower optical density limit 

of O.Ol·which corresponded to a dose of 250 mR. 

These ring dosimeter film were calibrated by using a radium 
gamma source. Thus it was necessary to correct exposures based 

on ring dosimeter results when working with low energy gamma 
and x-ray emitters. A special study was conducted which re­

sulted in using a correction factor of 1/10 for extremity 
exposures resulting from work with plutonium or promethium •• 

B. TLD Rings (April 1968 to date) 

The TLD extremity dosimeter utilizes a 7LiF teflon wafer im­
bedded in a rubber ring. It has :a surface area of nominally 
1.5 cm2 • The wafer is covered by a sheet of polyethylene, 
40 mg/cm2 thick. The useful range of the dosimeter is 30 mR 
to 105 R for virtually any photon energy above 10 Kev. 

" " 
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EXHIBIT #9 

CARO PUNCHING OR VERIFYING INSTRUCTIONS 
JOB NO. FREQUENCY IUTIMATED ESTIMATE::'• : 

VOLUME TIME 
QoAn.v OMONTHLY Off-Site Results - Exposure MOUltS ,, .... ;. ... ~ 
QwEEKLY OauARTERLv ! Data Cards 
Dal-WEEKLY 0.t.NNUAI. I 
Os&Mt-MONTHLY OoTHER l 

PROGRAM /ll ' I 1 • 'I J I '• 11u11140••t1•1u1 nznunsnlZ1nuu11uuos11nu1u1 414ZO&HHUHl•Ul!UZUIZtUllJSUUUIUlllUUlllPHIOJI Ult I& Hllllll •tlo'fiZJ 
. I 

I 
lll&SSlll~llUttl4"~"~"NJIH»N»H3HHNUU»N»»ttU»~ttquu""uuuu~uttl»»»"""~"UUUQll""~""ll"H"""""' J 

'111•1111t•1tUUM"~"""NJ1ttttttHH4HH~UUUUHUJIUU~uquu~u~uuw~""'"""""MUUUUUUUUH~JIUUl&Hllllll""I' 

CARD FI£ L. D 
COL.UM NS 

FUNCTION• REMARKS 
FROM TO 

1
• Payroll No. 2 6 

z. Last Name 8 25 

3, Initials 26 28 . 
4. Social Security No. 29 37 

s. Beta 38 43 Rems rounded to nearest .01 

6. Gamma 44 49 Rems rounded to nearest .01 

7. X-ray 50 55 Total X-ray dose. Rems rounded 
- - - - -

.;>WU U.I.. I.UC ~..1..Un/ .l..C.~ '-• .. ,. .......... 
8. Neutron 56 61 rounded 

9. Tritium 62 67 Rems rounded to nearest .01 
Hignes'C rings to~a.Lea. Kerns 

'
0

• Rings 68 73 rounded 
11.off-Site Mnemonic 

Code 76 77 

I 
11 1211 punch all cards. Off-

IZ. d Co e 78 site results 
13.y ear 79 80 
14. 

15. 

TOTAL KEY STROKES PER CARD 

PAGE ____ _ 

54-3000-526 ( 4-66) AIC:•U ~ICHUND, •ASH. 
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EXHIBIT if 10 

.. 
ROUTINE SURVEILLANCE ?ROGRJ\M FOR INTERNl\LLY DEPOSITED ~DIONUCT .. IDF;.: 

Employees working in radiation zones at Hanford are currently 

examined for internally deposited radiqnuclides in accordance 

with the following schedule: 

A. Ganuna Emitters 

Each employee working with gamma emitting radionuclides shall 
be examined annually using whole body counting techniques. 

B. Plutonium and· Other High Radiotoxicity Materials 

r. Employees who spend more than 25% of their time working 
with quantities of plutonium exceeding 1 gram shall be 

sampled quarterly. - ·• 

2. Employees who spend more than 10% but less than 25% of 
their time working with quantities of plutonium exceed­

ing l"gram shall be sa~pled_annually. 

3. Employees who work up to 10% of their time wi~h quantities 

of plutonium less than one gram and/or those who do not 
work with plutonium but whose work loca~ions are in 

facilities where quantities of plutonium exceeding one 
kiloqram are present shall be sampled once every five 
years. 

4. Employees working with biologically equivalent quantities 
of other high toxicity materials shall be sampled accord­

ing to the same schedule as listed for plutonium. 

Prior to the adoption of the above schedule utilizing WBC tech­
niques, bioassay samples were routinely analyzed for both plu­
tonium and fission products. 
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EXHIBIT *11 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
JOB NO, FREQUENCY ESTIMATED ESTIMA1 CC 

YOl.UME TIME ' Qo.0.11.v OMONTHLY 
Bioassay Data "ou .. s TCH'f ... ,. I 

QwEEKl.Y Oau.o.RT£R1.v : 
I 

0 Bl-WEl!:l<l.Y 04NNU41. 

I OsEMl-MONTHl.Y OoT11a:R ,. 

P R 0 G R A M 

I ' t J , s 1 1 1 t • 111111itIS•1111n11 nzuuuutiZtUtHntunustunuuo •uuuut•u1t1e1Ms11tullnunu111uuzu1uuu1111t11111u11• 1t111111 ''"Ill 

I 

l 3 3 l I 

4 

IJJlllllt~nQQltlSMll~ISllnnnNHH HHHnn»UHHUHHCIUUUUUQUQUMJltt» HHIJHHUUUUUHUUUH~ll»»U""''""" ·1' 
ltl•l•lltMUQQUISlllllllSllnnn~nu4HHJIJltt»UHHUHHCIUUUuttCIUCIUHJltt»4HH11HHUUUUunnuuunnn»u»llllllllM. 

CARD FIE LO 
COLUMNS 

FUNCTION* REMARKS I 
FROM TO 

'· File No. 1 5 Alpha numeric 

z. Analysis Code ·6 
1 for """"'Pu, 2 for Nat U, 3 for 

anv other isotope 
3. Type of Analvsis 7 11 

Exam~les: ~~~Pu, Nat U, ~~'Pm, 
2~ Arn. 210Po. gosr. Tr 

4. 
6 except leave blank for 

Comouter Code 12 tritium 
s. 

Sample date 13 18 Mo. da. vr 
6. Sample type (urine 

or feces) 19 u or F 
7. Organization Code 20 22 Alt>ha numeric 
8. 

Job Code 23 27 Aloha numeric 
9. 

First two initials 28 29 
10. 

Last name 30 41 
11. 

Street address 42 55 
IZ. Examples: Rich, WRic, Pase, 

Town 56 59 Pros. Sunn 
13, Example: A,B,C,D, or X,Y,Z (use 

Shift schedule 60 onlv for 24 hr. samoles} 
14. I 
15. I 
TOTAL KEY 5TROKES PER CARD 

DATE--~------~--~ SECTION_~~--~-----~-~--
PAGE ___ _ 

C£-"1ftftft C"tc I ~ CllS\ ••- •• •••••• •••· 
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EXHIBIT #11 (contd.) 
CARD PUNCHING OR VERIF y ING INSTRUCTIONS 

·-JOB NAME JOB NO. FREQUENCY ESTIMATEO £STIM .\ J ~ • .. 

00•11.v 0MONTHLY VOLUME Tl 
MOU"S 

Bioassay Data (contd.) QwEEl<LY Oou•RTERLY 

M!:_. -- I 
•: •• .... S I 

Qell-WEEl<LY D•NNUAI. 

D SEMI-MONTHLY OoTHER 

PROGRAM 

11J•s111tiannnun~U»KnnnnunnJnn~nnn»»»»»»u11ou«"uttu~~utt»lttnttuunu"""""~""~""~u~u11~aull 
' I I J • ' I I I I II n 11 •H• ". 11111120 IUUU• n IS '11 IUUl)llUUUUllUHO II 0 IUUUUHUtlHUJSJ ' IUUISI II .. 1111 n IOUllllUtrO 11 11'1 '""'II II :u' i 4 

CARD FIELD 
COLUMNS 

FUNCTION* REMARKS 
FROM TO 

I. 
Collection period O=routine or field request 

code 61 l=sim 12 hr used for termination 
z. 2=sim 24 hr urine 

3=total 24 hr urine or f eci:.c:: 
3. 4=total 8 hr urine 

S=sinale void (al c::n n c:: ed f n,,- 100 

4. ml aliquot for emergency 
orocessina) 

5. 
Sampling frequency !=annual 2=semi-annual 

code 62 3=auarterlv 7=everv 5 vears 
6 • Month sample 

63 64 reauested ,_ 
H-new hire I=incident 

'·Sample code 65 T=termination 
8. 

B=beginning work 
E=ending work 

9. 
l-9=lst thru 9th sample to 

investigate high routines 
to. X=volume and result extrapolated 

from basic data 
11 "No 

I=insuff icient volume 
result code 66 N=no sample 

IZ. 
L=lost sample 

13'Sample volume x.xx 67 69 
.Liters or weignt 

"· in kg. 

15. 

TOTAL KEY STROKES PER CARO 

CATE -"------------- SECTION----------------
PAGE ___ _ 

... , ............ ·-- ..... .. 
----·----- ---~---
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EXHIBIT #11 (contd.) 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
JOB N;i.ME JOB NO. FREQUENCY ESTIMATED ESTIMA Tic• 

0oAU.Y OMONTHl.Y 1101..UME _ _!~ .. ~ •.. ···• 
Bioassay Data (contd.) OwEEKl.Y OQUARTERl.Y 

HO\U•S 1'( .. Y"4'l l 
l 

Qe1-WEEKl.Y D•NNUAI. I 

OsEMl-MONTHl.Y OoTHER I 

PROGRAM 

l' 11•Slllt•nun"n•»•1tnnttttHHn~11unnUUUHH»llll~"u"""""""W"tt" »HttHUUUUU""""""~"»»Uttnr•n~n;ll 
I 

i 

I 
I 
I 

111•11 '''~""""n11n1t1tnnnunnuJnuNn»U»H»»1111u"uuuu«»«ttU»ttul»HttUHUMUUuUHuun~nttttuttn11nnn!JI 
4 I 11. 'I' It •n111J1t1S•Ut11tnnn211'1t114Hlt10llJUllOSlllllUUOt1'10"&StUltltlHSUUl4SuUHISllOlllUllUUUlllltlOl111JllU\llllll!UOl ·I 

CARD FIEL.0 COL.UMNS 
FUNCTION* REMARKS 

FROM TO 

'·Analysis date 70 73 Date UST analyzed Mo-da 
K.XX + x UNITS 

z.Analysis result 74 78 - z 3 9Pu µc:i.7sample 
3. 

Tr µc1/l1ter 
Nat U µq/liter 
All others µCi/liter 

4. 

'·Blank 79 

6. 
.l:'U routine - "No 

Sample" count 80 . 
7. 

8. !Leave columns 66 through 80 
o~anK wnen reques~ing prepara-

9. tion of result card 

10. 

II. I 
IZ. 

13. 

14. 

IS. I 
TOTAL KEY STROKES PER CARO 

PAGE ____ _ 
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EXHIBIT #11 (contd.) 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
·-JOB NAME JOB NO. FREQUENCY ESTIMATEC ESTIM~T!: l 

Bioassay OcA11..v Results Used 0MONTHC.Y YOC.UME TIME 

Since 1972 QwEEKC.Y OauARTERc.v 
NOUJtS TENTM 

0 Bl-WEEKC.Y 0ANNUAC. 

OsEMa-MONTHLY OoTHER 

PROGRAM 

11 1 a•1111111111111u11•1111111111nzu•u11IZ11zuu11u1uirn1uu14l•u1•144n41u•un11uzulZsununuoe1111uusu11111110111n11t 111111111110l I: 

3111J•11111~n1111u11u11q1111"n»»n»Junn11nnuuuunn10uuu«tt«tt«10UU»nl»tt»HHIOPllUM"""""""n111t1110n101010I J 

4 IJJ•lllllltlllllllt11~11141tJIJIU»»UH4HHHJltt»U»HUHHUUllU«UIOUIOIOWU»n4HH»UH~PllUMUIOlllO"""nllltlSIOnlOIOIOl4 

CARO FIEL.0 
COL.UMNS 

FUNCTION* REMARKS 
FROM TO 

1· Social Security No. 1 9 N 

z. Constant 10 11 ,N "30" 
!XX xx xx 

J. Sample date 12 17 N Yr Mo Da 

•·Payroll No. 18 22 N 

5 • Initials 23 25 A 1st, 2nd, & 1st of last name 
Weight in kilograms 

a. Sample volume 27 31 N Samole volume in mls. X.XXXX 
1

• Sample type 32 A s. u. F. or B 

a. Sample code 
b=routine B=beginning work 

33 A/N H=new hire E=endina work 
T=termination I= incident 9. 
1-9 snecial investiaation 
1-sim 12 hr 3-total 24 hr 

•~collection period 34 N 2-sim 24 hr 4-total 8 hr 
II. 5-100 ml aliquot 

IA.AA uo no~ princ aecimai--
1z.Result value 35 37 N for alignment only 

u.Exponent 38 A/N Sign + or -

14·Power exponent 39 40 N Power of 10 
l.LJResuJ.c J.ess than 2.2sxio-w 

•5 ·Result flag 41 N (0) if greater 

TOTAL. l<EY STROKES PER CARD 

DATE ---------------- SECTION-------------------
PAGE _____ _ 

54-3000-521 I 4-661 A•C·•• .,,.., ••- -··" 
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EXHIBIT #11 (contd.) 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
JOB NAME JOB NO. FREQUENCY ltSTIMATEO 

., 
ESTIMATEC : 

Bioassay Results Used QoAll.V OMONTH\.Y VOl.UME TIME 
MOUlllS TCNT'MS l 

Since 1972 (contd.) Owe:e:Ki.v Oou•RT1tR1.v 
i D Bl-WEEKI. y 0ANNUAI. 

I OsEMl-MONTMl.V OoTHltR 

P R 0 G R A M 

l 111''''''~unnu"~"•"nnnnNnnlnnanunuuuuuuuu«««u«««"M"uuJuuuuttMhttuttnuunu~u~nunn11nnull 
- I 

4 111•t•••t•unnuq~udnn"nnNnn4nnMnnnMnuuuuuu«uMu«««"~"""4"uuuunhttuttnunnun»~»unn:rn~uj4 

C:ARD FIEL.D 
COL.UMNS 

FUNCTION* REMARKS 
FROM TO 

•• l=• ;>"Pu, 2=Nat u, 3=0ther 
Analysis code 42 N Isotope 

1. Analysis type 43 47 A/N 
3. Employee's last 

name 48 65 
4. 

s. 

G. 

7. 

8. 
I 

'· 
10. 

II. 

11. 

13. 

14. 

15. 

TOTAL KEV STROKES PER CARD 

DATE --------------- SECTION------------------
PAGE ____ _ 

•• •"""" &'ta I A -at=i£\ air.-. et ...... , &llft ••cw 
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EXHIBIT #-12 

EVALUATION OF AMOUNTS OF INTERNALLY DEPOSITED SOLUBLE PLUTONIUM 

FROM URINALYSIS DATA 

I. "SOLUBLE" PLUTONIUM 

The evaluation of the amount of soluble plutonium internally 

deposited in a person is accomplished by quantitatively 

analyzing urine samples for plutonium content and fitting the 

plutonium urinary excretion data thus obtained to mathematical 

models derived to express the relationships between the amount 

of soluble plutonium deposited and the resulting plutonium 

urinary excretion rates to be expected at various lengths of 

time after deposition. After determining which mathematical 

model best fits the plutonium urinary excretion data and . 
what values to assign to the parameters in the model, one can 

then calculate the amount of deposited.soluble plutonium which 

the mathematical model indicates would result in the exhibited 

excretion rates. 

The term "soluble" plutonium refers to-that internally.deposited 

plutonium which, at some time during the period of depos~tion, 

becomes soluble in the body fluids. For evaluation purposes, 

it is assumed that essentially all of the solubilized plutonium 

is subsequently deposited in the bone structure, with a small 

percentage being excreted at a very slow rate. No mathematical 

models and no detection or measurement techniques are available 

to permit· the evaluation of that plutonium which might be 

internally deposited in insoluble form and remain permanently 

insoluble to the body fluids. 

For evaluation purposes, th~ "soluble" plutoniUm. deposited is 

considered to consist of "initially soluble" plutonium and/or 

"initially insoluble" (less readily-soluble) plutonium. 
"Initially soluble" plutonium is defined as that plutonium 
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which becomes solubilizcd by the body fluids within a few hours 

or days after being taken into the body, and hence is present 

in urine samples collected within a few days following intake. 

"Initially insoluble" plutonium is defined as that plutonium 

which is ~ solubilized by the body fluids during the first 
few days following intake, but does begin gradually to be sol­

ubilized after several·weeks or months have elapsed. In deter­

mining whether the soluble plutonium was deposited in initially 
soluble form, initially insoluble form, or in both forms, the 
evaluator fits the plutonium urinary excretion data obtained 

following the deposition to mathematical models describing 
excretion rates to be expected from depositions of initially 
soluble and initially insoluble plutonium. The model(s) best 
fitting the data is then used to calculate an estimate of the 

amount of soluble plutonium deposited. 

·II. LANGHAM'S MODEL FOR INITIALLY SOLUBLE PLUTONIUM - ... 

A. Theory 

The model used to evaluate the amount·of initially soluble 

plutonium deposited was derived by w. H. Langham. (l) Langham 

derived the following equation to describe the rate of urinary 
excretion of initially soluble plutonium entering the bloodstream 
following an acute exposure, regardless of the mechanism by 

which internal d~position occurs: 

-0.74 X = 0.002 Q
0

t (1) 

In this equation, "t" is the number of days elapsed between 
deposition and sample collection, while "X" is the predicted 
urinary excretion rate of initially soluble plutonium after 
"t" days, expressed as a fraction of the initial deposition of 
initially soluble plutonium, Q

0
• Solving equation for Q0 yields: 

-, 
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x 

B. Application 

Equ~tion (1) indicates that the plutonium urinary excretion 
rate decreases logarithmically as the number of days between 

deposition and sample collection increases. For a given value 
of Q

0
, measured in d/m, equation (1) can be expressed graphically 

as a straight line with slope of -0.74 when varied values of 
t and x are plotted logarithmically (with "d/m excreted per day" 

as the ordinate and "number of days elapsed" as the abscissa). 
Hence, if 'one plots analytical plutonium urinary excretion data 
(from a person who received an internal deposition of initially 
soluble plutonium on a known date) logarithmically versus the 

number of days between de~osition and sample collection, a 

straight line with slope of -0.74 can be fitted to the plotted - . . 
data. Furthermore, substituting the X and t coordinates of 

any point on the "fitted" line for X and t in equation (1)' 

will yield the estimate of Q provided by the application of . 0 

equation (1). In practice, values of t = 1 day and the · 

corresponding value of X are substituted into equation (1)' 
since with t = 1 day the equation reduces to the simple form 

x 
0.002 

III. HEALY'S MODEL FOR INITIALLY INSOLUBLE PLUTONIUM 

A. Theory 

The model used to evaluate the amount of initially insoluble 
plutonium deposited was derived by J. w. Healy. <2> Healy 
derived the following equation to describe the rate of urinary 
excretion of initially insoluble in the lung or other metabolic 
pool" •••• isolated from the normal metabolism of the body but 

-, 
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continually injecting plutonium into the bloodstream at a rate 

dependent upon the character of the deposited material and 
relevant physiological processes.": 

(2) 

·In this equation, E th d . 1 · · f µ = e ai y urinary excretion rate o 
initially insoluble plutonium expressed as a fraction of the 
initial deposition of initially insoluble plutonium; 

As = the rate of solubilization and transfer to the 
bloodstream of initially insoluble plutonium; 

0
0 

= the quantity of initially insoluble plutonium deposited 
in the body (and retained in the body following the initial 

clearance from the lung by ciliary action, in the case of 

deposition by inhalation): - .-
A = As+Ac = the total rate of transfer of initially in­
soluble plutonium from the.lung or other metabolic pool, 

due to solubilization and transfer to the bloodstream 
(and ciliary action following initial ciliary clearance 

in the case of deposition b7 inhalation); 

R = the nwnber of days required for initially insoluble 
plutonium to be transferred from the lung or other metabolic 
pool to the bloodstream. 

Although equation (2) is not integrable, the integral has been 
solved for several values of A, R, and t by expansion of the 
exponential term. The "A curves 11 thus obtained are used in 
solving equation (2) for the quantity of initially insoluble 

plutonium, Q0 ,. deposited in. the body. Healy~ demonstrated that 

, .. 
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A c, the rate of transfer of initially insoluble plutonium from 
the lung via ciliary action (not including initial ciliary 

clearance), is on the order of ten percent of A. Thus, As can 
be assumed equivalent to Afor all practical purposes. Of course 

in cases where the metabolic pool is not the lung but some other 
site, such as a puncture wound, Ac is inapplicable and As is 
thus exa~tly equivalent to A. Substituting A for As and solving 
equation (2) for Q

0 
yields: 

Q = Eµ 
0 

0.002A IRe -At (R-t)-Q.74 dt 
0 

B. Application 

(2) ' 

Several "A curves" have been prepared to permit one to solve 

equation (2) 1 for Q0 • For each A curve, Awas arbitrarily 
assigned some given value. Then, values of. the integral.were 

determined corresponding to the value assigned to A and the 

several values assigned to R, the. number of days elapsed be­
tween deposition in the metabolic pool and subsequent excretion 

in the urine. The values of the integral have no units, but 
express the relative excretion rates predicted by the integral 

at various times after deposition, for the value of A assumed. 
Thus, plotting logarithmically the values of the integral 
versus the corresponding values of R yields a A curve, for 

the value of A assumed, which represents the shap~ of the 
excretion curve predicted by equation (2)' regardless of 
the magnitude of Q0 • The appropriate value of A to use in 

evaluating the amount of initially insoluble plutonium urinary 
excretion data logarithmically ("d/m Pu per urine sample" as 
the ordinate versus "number of days between deposition and 

sample collection" as the abscissa") and experimentally deter-
_mining which A curve best fits the plotted data • 

.. , 
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Equatio·n (2)' can then be solved for Q by substituting for 
0 

Eµ and the integral a pair of values corresponding to any given. 

number of days post intake. In practice it is convcnicr.t to 

choose the maximum value of the integral and the corresponding 

maximum value of Eµ' the maximum excretion rate (expressed in 
units of d/m per sample) as determined by the A curve fitted to 
the plotted analytical data. 

IV. MISCELLANEOUS CONSIDERATIONS 

Comments on several points are warranted to assist one_ in under­

standing th~ techniques, procedures and assumptions utilized in 

evaluating the amount of soluble plutonium deposited in a person. 

A. Detection Levels 

The analytical detection level for plutonium urinalysis has 

changed over the years as improved analytical an~ counting 

procedures were developed. The following table indicates these 

changes. In order for an analytical result to be considered 

"positive" it must be equal to or greater than the detection 

level in effect at the time of analysis. 

Detection Limit 
Time Period · ·(d/m Pu Per Sample) 

Prior to June 1949 0.66 

June 1949 to December 1952 . 0.33 

December 1952 to January 28, 1953 0.18 
1/28/53 to 

3/27/53 to 

11/7/53 to 

12/4/53 to 

3/27/53 

11/7/53 

12/4/53 
present 

-, 

0.15 

0.05 

0.07 

0.05 
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B. Interpreting Plutonium Urinalysis Duta 

Currently, a person is not confirmed as a plutonium deposition 
case unless valid positive plutonium urinalysis results have 

been obtained from at least two samples collected from the 

person. Preferably a minimum of five samples are obtained, 

with tbe evaluator using his' discretion during evaluation should 
both positive and negative results be obtained. For this study 

only a positive deposition evaluated as > 0.0001 µCi Pu is 
included. 

c. Sample Collection Period 

Th~ models for evaluation of initially soluble and initially 
insoluble plutonium both involve the daily urinary excretion 
rate of plutonium; that is, the amounts of plutonium excreted 
.in the urine during 24-hour periods. Hence, the urine samples 
analyzed must be representative of such plutonium excretfon: 

In some cases persons to be sampled are instructed to collect 
all urine voided during a 24-hour period. However, in most 
cases the person is requested to collect a "simulated 24-hour 
urine sample" (sometimes referred to as a "48-hour urine sample"). 
Such a sample is to consist of all urine voided one-half hour 

before retiring and one-half hour after rising on two consecutive 

days.: Such a sample is assumed to be equivalent in plutonium 
content to a 24-hour total urine sample collected on the date 

spanned by this sampling period. 

D. Discrepancies in Recorded Sample Dates 

At one time the date that sampling equipment was delivered to 
a person's home was recorde~ as the sample date on the analytical 

cards and various other records. (There are also a few in­
stances where it is obvious that the "sample date" recorded 
was actually the date the sample was picked up from the person's 
home.) Effective with sample dates listed as 9-28-62 or later, 
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the listed sample dates are correct; that is, the listed sample 

date is the day following the equipment delivery date. In cases .. 

where evaluation of a person's plutonium deposition involves 

the use of data from samples obtained prior to 9-28-62, current 
practice is to list the "Sample date" as previously recorded 

(to pres~rve agreement between records) but to .treat data 

obtained prior to 9-28-62 as though the sample dates were one 

day later when calculating the "number of days post intake" 

and when plotting the data. {Actually the only effect these 
one-day discrepancies have is one of nuisance. value, since 

shifting the· data by one day has little or no effect on the · 

estimate of the amount of soluble plutonium deposited.) 

E. Maximizing Estimates 

Current policy is to perform evaluations so that the estimate 

of the amount of internally deposited soluble plutonium is • 

the maximum estimate which can reasonably be obtained, in 

cases where the data leave doubt as to which mathematical 

model or which A curve best describes the data. Such doubt 

can exist due to (1) variability in the data, (2) complica­

tions resulting from the person's having received previous 
internal depositions of plutonium, (3) lack of sufficient time 

lapse to permit collection of enough samples to adequately 

define the best fitting A curve, etc. In the case of a 

deposition detected by receipt of positive results from 
routine surveillance samples, the date of deposition is·an 

additional unknown. To obtain the maximum reasonable estimate 
in these cases it is usually necessary to assume that the 
deposition occurred on the day following the collection of the 
routine sample preceding the first positive routine sample. 

-, 
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F. Correction for Previous Deponitions 

In many cases the p~~son being cv~luated for a potenti~l internal 
deposition from a current i11cident has received an internal 
deposition from a previous incident. In su~h cases currently 
collected urine samples may contain significant amounts of 
plutonium as the result of the previous deposition, causing 
the current plutonium urinalysis results to be larger than 
they would be had the person not previously received an internal 

deposition. To avoid an obvious overestimation of the added 
deposition, if any, received in a current incident, it is 
necessary to "correct" or "adjust" the current data to take 
the previous deposition into consideration. This is accomplished 
by subtracting from each.of the current data the amount of 

plutonium present in the sample as the result of the previous 
deposition, as indicated by the current excretion rate pre­

dicted by the excretion curve which has been fitted to previous - . 
data in evaluating the previous deposition. The same situation 

applies in the case where the data indicate that a person 
received depositions of both initially soluble and initially 
insoluble plutonium from the same incident; that is, the data 

must be corrected for the influence of the initially soluble 

plutonium before one evaluates the amount of initially in­
soluble plutonium deposited. 

G. Meaning of Estimate of Initially Insoluble Deposition 

It should be emphasized that an e&timate of the amount of initially 
insoluble plutonium deposited is ~ an estimate of initially 
insoluble plutonium which has been solubilized and transferred 
from the metabolic pool. Rather, in accordance with the 
theory underlying Healy's model, it is an estimate of the 
total amount of initially insolu.ble plutonium deposited which 
eventually will ~ solubilized and transferred from the metabolic 
pool, whether that pool be the lung or a localized deposition 
at a punctura wound site. 
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H. Reporting Units 

The examples presente~ demonstrate the mechanics of obtaining 

an estimate of the amount of soluble plutonium deposited, ex-

pressed in units of d/m Pu since the analytical results arc 

calculated and plotted in units of d/m Pu per sample. In prac­

tice, the estimate of the amount of soluble plutonium deposited 

is converted to units of microcuries (µCi) of plutonium de­

posited by dividing d/m plutonium by the conversion factor of 

2.22 x 10 6 d/m per ~Ci. This estimate is then expressed as 

a percent of the maximum permissible body burden (MPBB) of 

0.04 ~Ci soluble plutonium listed for occupational exposure 
in the National Bureau of Standards handbook 69, (J) consider­

ing bone to be the critical organ of reference. 
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EXHIBIT #13 

EVALUATION 0F A.MOUNTS OF INTERNALLY DEPOSITED Pu-241 

General 

The body burden of plutonium-241 deposited within a person as 

the result of involvement in a known or assumed radiation 

occurrence is calculated based on the ratio of plutonium-241 

activity to the plutonium-239* activity in the material in­

volved in a radiation occurrence. This method assumes that 

the fate of plutonium-241 in the human body is the same as for 

plutonium-239. The long-range program is to develop a practical 

method of directly measu~ing the plutonium-241 quantity in 

bioassay samples. 

-Calculations 

Let A = the amount of normal plutonium** (in µg) that results 

in one body burden of plutonium-239, inferred from measurement 

of alpha activity in the urine specimen. Then: 

(0.935 A µg Pu239 ) (6.14 x 10-2 µCi ) + 0.060 A µg Pu240 ) 
µg Pu239) 

(2.21 x 10-l µCi = 0.04 µCi 
g Pu240 

and A = 0.566 µg Pu 

Therefore in a measured body burden of plutonium there is: 

0.0324 µCi Pu 239 or 81% of the Pu 239 MPBB 
and 0.0075 µCi Pu240 or 19% of the Pu 240 MPBB 

If there is 0.566 ug Pu, based on measurement of .alpha 

activity there is: 

(0.566 ug Pu) !0.005) = 2,83 x 10-3 µg Pu241 
, 
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This is equal to: 

(2.63 x 10-3 ~g Pu 2411 (l.13 x 102 uci ) = 0.320 uci Pu 24
!. 

µg Pu 241) 

or 35% Pu 241 MPBB of 0.9 uci 

Therefore: for every measured body burden of Pu there is 

35% MPBB of Pu 241 • 

*The plutonium-239 activity referred to is actually the combined 
Pu239 and Pu240 activity, since the analysis includes the total 
plutonium alpha activity. 

**Normal plutonium refers to a mixture of plutonium containing, 
by weight, 93.5% pu239, 6.0% Pu240, and 0.5% Pu241. 

, , 

- . ~ 
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EXHIBIT #14 

EVALUATION OF AMOrJN'!'S OF INTERNALLY DEPOSITED STRONTIUM-90 
FROM URINALYSIS DATA 

I. Strontium Deoosition 

The evaluation of Sr-90 internally deposited in a person is 
accomplished by quantitatively analyzing urine samples for 
strontium content and fitting the urinary excretion data thus 
obtained to mathematical models derived to express th~ re­

lationship between the amount deposited and the urinary excre­
tion rate to be expected at various lengths of time after 

deposition. The model U?ed is derived from data involving 

intravenous intakes of strontium chloride. Because this one 

model is used for evaluations of all internal strontium de­
positions regardless of the chemical form or mode of intake, 

there is a certain amount of uncertainty regarding these· 

evaluations. 

II. Evaluation Model 
I 

Dolphin, et.al., took the data of Bishop, et.al., and that of 
Cohn, et.al., and developed an expression in round numbers for 

the retention of strontium-90 following a single intravenous 
intake of strontium chloride as follows: 

R (t) - 50 exp -0.693t + 50 t- 0 • 2 t >l (1) 
(2.5) 

where R is the percent of ±nitial intake retained at time t. 
The authors claim that 0.8 of. the total excretion is eliminated 
via the urine and since Eu = 0.8 dR, then Eu = 12 exp -0.693t 

dt (2.4) 

+ St-1 • 2 t >l ( 2) -
where Eu is the percent of the,,ini tial burden excreted in urine 

on .day t •. 
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III. Applicution 

It is assumed thnt t~rn str.ontium-90 excreted in the urine on 

day 20 post-intake equals 0~2% of the initial intake. The 

lack of data reported by Bishop and Cohn past one year, 

coupled with an apparent very slowly _changing elimination rate 

suggests that the amount retained at one year (~15% of the 

initial intake) be considered as the amount permanently retained. 

The total amount of strontium excreted in the urine collected 

during the first three days post-intake is assumed to be ~30% 

of the initial intake. If a significant amount of strontium 

is measured in the urine excreted in the first three days post­

intake, additional bioassay sampling is scheduled. The evalua­

tion of the amount of strontium initially deposited in the body 

is normally·based on the average of the strontium activity 
excreted in the urine on days 19, 20, and 21; however, an 

estimate can be calculated based on bioassay data collected at 

any date using equation (2). The amount of strontium permanently 

deposited in the body is then taken to be 15% of the initial 

intake. 

IV. Conclusions 

The total plutonium body burden resulting from normal plutonium 

material taken into the body is assumed to be 1.35 times the 

measured body burden based on plutonium alpha activity in the 
urine. 

If the Pu241 content exceeds 0.5% by weight of the plutonium 

mixture, it will be· necessary to make special determinations 

of the total plutonium body burden. 



.• . I' 

-6~­

EXHIBIT #15 
CARD PUNCHING OR VERIFYING INSTRUCTIONS 

JOB NAME I JOB NO. ll"REOUENCY ESTIMATED ESTIMA'l'F.t: ! 
' 

00•11..v O"'oNTHl..V VO'-U"'E TIME 

Deposition Cases QwEEKl..V OouARTERt.v 
HOU"S --~·c..,.1.:.~·~ 

l 0131-WEEKl..V D•NNUAI.. ' 

0 SEMl-MONTH\.V OoTHER .. i 

PROGRAM 

I 111•s1111quu»u~,.tt,.11nnun~nn~uun"»»U»»»»HGftUUMuuuuuHU»» """"""""""""uuunntttttt~n11a""l'l 
I 
i 
I 
I 
I 

I 

I 
. I 

1 1 1 • s 1 ' 1 1 1a n 11 •I ,. '' ,. 11 •• 1111 11 111nein1 3 11H1a 11111uuu1n111seo eu1 o eu1 u euuuosostt1 3 1uu1 u H" "1111u1u11111n10 11 1111 " 111111 •1 '"~ 1 3 I 
• llltlllJtqnuuu~ .. tt .. 11nnunun114»H»"»»~»»»HHU~UtlttUUUHUHUtttt4»HUHHHUlllJUQttVUH~""""~n11u""l4' 

·-
CARO FIE LO COLUMNS 

FUNCTION* REMARKS 
FROM TO 

1• Payroll No. 1 5 

%. Last name 7 22 

l. Initials 24 25 

4. Social Security No. 27 35 

s. Intake date 37 40 Month and year 

6. Flag 41 P=positive but less than MDA .. 
nmOUni::. J.n µ1...J.X.1.U 

7. Amount 42 46 x.xxxx--decimal for alignment or 
a=assumea A-~nown aat:e O.t 

8. Flag 48 intake 

9. Off site so *=offsite Blank=Hanford 

10
• Organ 52 55 Organ of interest 

11 ·Mode of intake 57 I= inhalation W=wound 

12
• Flag 74 T=terminated D=deceased, blank 

13
• Radionuclide 76 80 

14. 

15. 

TOTAL KEY STROKES PER CARO 

DATB: -------------
SECTION ---------------------- PAGE ____ _ 

l~ 
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EXHIBIT #15 (contd.) 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
JOB NAME JOB NO, ESTIMATED 

.. 
ESTl,..ATEl" i 

YOl.UME T""'E 
I FREQUENCY 

00•11.v 0MONTHl.Y J Internal Deposition ..iOUii ~--T(l'r.?•"'t I QwEEKl.Y OouARTER1.v (Used since 1972) l 
0 Bl-WEEKl.Y 0ANNUAI. I 

'O j SEMl-MONTHl.'I' OoTHER r I 

PROGRAM 

1
1 l l ' ' I 1 I ' IO II IJ ll 16 ,, ll 111111 H l1 nu HH n IZzuuo JIJUJJ'ISll 11 lliuo 4UHU'4UUI """ SUHlllSUUI SIHIOllUU«IUUIHH ro 1111111• 11 llllllltlO: 121 

. ! 
. I 

I 

I 
. I 

J lll•Slllt~llllll161llOll~llN%1UUllHH]HH»PU»MUUllllll~UUU«U"U"U"PttttJUHttHHWllUU«HUVHHllllU»Ullllttll"U1l 

I 
4 lll•Slllt~llllll161llllllll1Hnnu11u114nn»UU»llUUllllllUUUU«U«UUUtt~tttt4ttH»HHIOllUU«HHVHH~llU»llll1111llHIOl4 

CARO FIEL.D 
COLUMNS 

FUNCTION* REMARKS I FROM TO 

'· Social Security No. 1 9 N I 
z. Constant 10 11 N 11 20" insert "21 replace 

Yr Mo Da 
3. Incident date 12 17 N xx xx xx 
4. Payroll No. 18 22 N 

5. Initials 23 25 A 1st, 2nd, & 1st of last name 
6

• Last name 26 43 A 

'·Organ 44 47 A Syst 

a. Element code 48 49 A 

'·Element number so 52 N 

10
· Result value 53 57 

in µCi X.XXXX Do not print 
N decimal--for alianment onlv 

"·Flag 
Positive flag indicator (P or 

58 blank) 
12'Flag 59 (A or K) Assumed or known 
13"Flag 60 (I or W) Inhalation or wound 
14.Flaq 61 (T or D) Terrninated/de~c~~c~ 

"·off site 62 63 SPP at-t-=1rhmPnt- t-n 'J:'vhH"i+- !':l'.a. 

TOTAL KEV STROKES PER CARD 

DATE --~~-~~~~-~~~~ SECTION __ ~-~~~-~~~~~~~--- PAGE ___ _ 

""""' .... -· ....... ·-- -···· 
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EXHIBIT #15 (contd.) 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
JOB NAME --JOB NO. FREQUENCY ESTIMATEO ESTIMATEO 

Internal Deposition 00A11.v OMONTHl.Y YOl.UME TIME 

OQUARTERl.Y 
"ou•s T'r:t.:TMS 

(Used since 1972) Owe:EKl..Y 

{contd.) Oa1-wee:K1..v OANNUAI.. 

I OsEM1-MoNTH1..Y OoTHER .. 

PROGRAM fll' I J ',.''I lllllllJltl\llllllltlOJllUUUllllZiutJIJIUIUOUIJtJUltl'ltUJ'4tUU1'UUU:uu1z1uur111no1111111t1uur11111~11111Jlllllllllllttll l2 

I 
111•11111~nqn11n1111~nn~nnttnn3nnann»unnnnnta""uuuquuuunttttl»H»Htt1111uu1tnnu11n~11nu11n~tt1tnuil 

4 IJltllltt~llQIJlll\llllnn"nnnttnH4HUJlnnn"nnnnnu"uQ«HHHHHWPUU4ttHUUHHllUUltttHPHH~lllJIJll»a1J~1tul•i 

CARO FIELD COLUMNS 
FUNCTION* REMARKS 

FROM TO . 
7 - AA-X 

t. Healy Lambda 64 67 [Example: >..=.001 ~ 10-2] 
ao no.: print decimal--z. PU/AM ratio 68 70 xx.x it is assumed 

xx AA 
3. Date of death 71 74 Yr Mo 
4. 

!I. 

6. 

7. 

a. 

'· 
10. 

II. 

12. 

13. 

14. 

l!I. 

TOTAL KEY STROKES PER CARO 

CATE-------------- SECTION ----------------- PAGE ____ _ 
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EXHIBIT #16 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
·-·--··----T·:;o0-N"o. ···-·-···--·--··------· ·p----- --·----· .- ... Frn;QuENCV t.:STIMATLD l:STI~•'"'. ;· 

OoAtL.v QMONTHLv Yo~- . __ ,.!"" 
MOU"~ • t ~; •• ~ In-Vivo Examination Owt:t:K\.Y QouAnlC:NLY 

Type 2 0 nl-Wti:EKl.'t 0 ANNUA I. 

[],11J.u-MONTHL.Y OoTHER 

PROGRAM 

3 111c11111~uttnunuu~""""nunnlnn»n»»»»H»nnu"""""""q""""»l»tt~uunuu"""""""~nttt1hn~Httttu!J 
I 

4 ll)Ctl llt~nttDh~~ttUUHnttnu»H4»»»n»»H»H»H»U"ttU«UUtt«U»tt»tt4Utt»Uunuu"""""""~"»~u»nnttnu1' 

CARO FIE LC 
COLUMNS 

FUNCTION* REMARKS 
FROM TO 

1
• Record Type 1 2 02 = In-Vivo Examination result 

z. System Identification 3 5 In-vivo examination 

3
• Payroll 6 10 - ~ 

?-lumber 

4. Date of Count 11 16 mo., da. I yr. 

s. Count time 17 20 24 hr. - blank if not indicated 

G. Organ counted 21 24 
Wbdy, Head, Wund, Thyd, Lung, 

· H:inn. Other .. 

7. Count type 27 32 
Purpose of examination - N Hire, 
'f't•.'RM. Qnutin. UP Exo. Other 

a. Counter type 34 35 Codes assigned:Ol=Whole Body 
f"n11nt.,,..,.... 02=Luna. 03=Head. 

9. 04=Wound, OS=Thyroid, 
07:Mnhi1 WBC 

ao. Na 37 42 X.X-XX express in whole number 
rnunded to tenths with exoonen t~ 

II. K 44 49 Sarne as above 

az. Zn 51 56 Same as above 

13
• Cs 58 63 Same as above 

''·other uci 65 70 Same·as above 

"·Other element name 71 74 Right justify 

TOTAL KEV STROKES PER CARO 

SECTION------------------------------
PAGE _____ _ 
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EXHIBIT #16 (contd.) 

CARD PUNCHING OR vERIF YING INSTRUCTIONS 

--·----r.iOS-No~-1~:-:~:NCY----~~~ONTHL~···-· -;;;:;i.i;;· ":.~~;:;:.~.:.~:: .. ! 
In-Vivo Examinntion OwcEKLY Oou.a.nTEnLv 

Type .2 (Cont.) Cl 01-wnKLV rJ.a.NNUA'-

JOO NAME 

l DsCM•-MoNTHLY [JoTHCR 
'----~~~--~~~--~~~--~----~~~'----~~---'-~~~~~----~~~--~~----'--~~----'---'~~--~~~ 

PROGRAM 

1
1 J , • $ I I • I " 11 IJ 111& IS " II II II It 1111ulllUt121111n1111 II u n JI JI IUUO •UUHUHUI .... H SUI u 12 IUUISUllUUllU• 11 U u H IUO II '"' " ''" ;;7i7.'i02 I 

r : 

I 

I I 
I I I • I I I I I 10 II tt 1110 •111111111ItII1111 IUUI l Ir" H II lllJl&llllll II lUO .. .,,,. .. •HI .. UtllHl!IU hnUBUllOll llUU ISH '""'" n ,, ., .. ''""'I •uc i J : 

4 111111 lllllllttllllBllllllllHllttUUHH4!111Ull»IJUHlllJllllUfl4f~HttflUUUHllttU4HH»U"""""""""""~Ul)l)llllun~"ttl4 
I 

CARD FIE LC 
COLUMNS 

F'UNCTION• REMARKS I FROM ·TO 

1
• Other element Rurnber 75 77 

z. Action Code 78 I=insert,D=delete,R=replace 
. . 

3. 

4. Note - If <MDA insert * 
5. If Trace inserit ** 
6. If Questionable im ert , ** 

'· {always justify left and l eave blank) 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

TOTAL l<E:V STROKES PE:R CARD . ' 

DATE--------------- SECTION~~~~---~-~--~~~~~-
PAGE ____ _ 
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EXHIBIT #16 (contd.) 
CARD PUNCHING on VERIFYING INSTRUCTIONS 

JOU NAMr• 

L1-Vivo Exrunination 
Type 3 

-·---·--·-·----- -· - . 

[joAILV 

Qw1a.to.LY 

On1-wcE1H .. Y 

[J SEJ>tl-MONTHL , .. 

[jMONTH!.V 

LJou.i.nTr.~LY 
OANNV.\I.. 

nOTHEJI 

E;S"TIMATt 1~1 I ~1 Ht"' l l t• 

V\.•• '·''!l I I H.q 

.__ _________________ _.__ ____ ..__ _________________ __. _________ _ 

PROGRAM 
11 1 s 4 s , 1 1 1 io 11111> .. is 111111nn11 n111tnn iZ1uuoi1u1u• u1u1 nn•G "oo•uHu111uN si unlz,uunn1n,u1u,uuu11u110111111" 1p111 •11110 I I 

. I 

3 I lltilllt~n1111ua111111n»ntt111t»H3HH»hUUU»»»llH~"4141U~«tt«ttU~Un3n»UUttHUttUUU"U""~"QllJl~~"""'°!l 

4 llS•SlllS~nllQllll~llllllMnttnnnu4nH»h»»H»»»llHU"414l«tt«OttUUSl»»4»HDUHUUttU«nnuuu~11n11n»~tlllll~1. 

C,.AR D FIEL.C 
COL.UMNS 

FUNCTION* REMARKS 
FROM TO 

1• Record type 1 2 03=Continuation of 11 02 11 card 

z. Record type which has identical 
- p 

3. date, time, and organ counted 

"·System Identification 3 5 In-vivo examination 

'·Payroll number 6 10 

6
• Count date 10 16 mo., da. I yr 

1
• Count time 17 20 24 hr-blank if not indicated 

8 • Organ counted 21 24 Wbdy, Head, Wund, Thyd, Lung, 

9. Hand, other 

10·lst Other element uci 26 31 x.x-xx 
• 

11 • lst Other element name32 35 Justify to right 

12·lst Other element Jl 36 38 Justify to left IT 

13·2nd other element µCi 40 45 Same as 1st element 

14 ·2nd other element =-46 49 
. 

1st element nam Same as 

"·2nd Other element # 50 52 Same as 1st element 11" 

TOTAi. KEV STROKES PER CARO . 

DATE --'------------ SECTION----------------
PAGE ___ _ 
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EXHIBIT #16 (contd.) 
CARD PUNCHING OR VERIFYING INSTRUCTIONS 

JOB NAM£ -----------------rJoEi_N_o-:-·~,,~··i:QU°ENcV-- ----------~~;.;;-;;"~ --;:~,;~-~ r .! -~ -·1 
• . • • 1 t.]oA•LY o ... ONTl-'LY 1--~"'-~--. . }'.'"~· 1 

In-Vivo l~xanu.nat1on OwE£K1.v LJou.t.Rn.R1.v M,,...... '' .... 
Type 3 (Cont.) 1[]n1-weeK1.v []ANNUAL 

OsEM1- ... oNTHLY OoTHER 

PROGRAM 

I 
311J•$I111~nqqqqquqqnnn»ttnu3un»nn»unn»»»U"Qo«ttuttuttunttttlttuuuun~nuu""u""n"nnun~nqn~1J 1 

i I 
4 11J1s1111~u»uunquqqnnnnttnn4»»»nn»»»»»»»u"ttq««utt?«»ntttt4uuuuun~nu"""n""~"""""a"qattl'I 

CARD FIEL.D 
COL.UMNS 

FUNCTION• REMARKS 
F'ROM TO 

I. 3rd Other element µCi 54 59 Same as 1st element· 

z. 3rd Other element nam e 60 63 Same as 1st element 

3rd Other element # 64 66 Same as 1st element· . 
3. 

•• 4th Other element µCi 68 73 Same as 1st element 

s. 4th Other element nam e 74 77 Same as 1st element 

G. 4th Other element .ll 78 80 Same as 1st element 1f 

7. 

e, 

'· 
10. 

II. 

IZ. 

13. 

' ... 
IS. 

TOTAL. KEV STROKES PER CARD . 
PAGE ____ _ 
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.. EXHIBIT #16 (contd.) 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
JOB NAME .JOB NO. I FREQUENCY ESTIMATEO ESTIYA':'!;'.C 

In-Vivo Results QoAn.v OMONTMLY VOLUME Tl._.E 
~ 

QwEEKLY Oou•RTEALY 
MOUllllS •c,?·-~ 

Card 1 
(Used since 1972) 

0 81-WEEK LY D•NNUAL 

OsEJot1-MONTHLY OoTHER 
; 

' • 

P R 0 G R A M 
, • I I • I I J • t ti II 11111& ll" 11 ll It IO n IUUUI H IZllltllllSllllOUlll IUUO 41'104UUUI ... u1111111IZsu111111t1011 lllll&UlllllUHO" ll 11 It '""' 11 'IU. 12 ! 

I 
' I 

3 I I I I I I T I t 111111111HIt1111!IIt1' lllUJIHI IS 3llltlln1UIJOUIJI llltU •UJO•HHUlll•UUlllll hUlll!UtlOlllllllUUI 11111'111ll1111t&IPI71?1'1 U · J ! 
', ll•lllll~llllQHltllllll~IOnn1111nu411uHn»»U»»»»»U"QO"U .. UQOM~~114nuuHHHlllllll&UUllllHmllllllH"~''~,~1•! 

CARD FIEL.O 
COL.UM NS 

FUNCTION* REMARKS 
FROM TO 

1
• Social Security No. 1 9 N ~ 

z. Constant 10 11 N 11 40 11 

' 3
• Count date 12 17 N Year, month, day sequence I 

l 

'·Organ 
I 

18 21 A Head, whole body, lung l 
I 

'·Card No. (1) 22 
I 

N I 
6

' Count time 23 26 N I 
1

• Payroll number 27 31 N 

e. Counter 
U.1=wnoJ.e ooay ul=J.ung U..1-'neaa I type 32 33 04=wound OS= thyroid 06=hand : 
0-1-mo.oiJ.e 

9. 

10
• 1st 

ao not prim: aecima.1--ror 
count value 34 36 x.xx alignment only 

I 

11
• Exponent sign 37 

I 
+ or - I 

az. Exponent 38 39 l 
\UJ-pOSl.'Cl.Ve \ J.J -'~Oe't:eC't:l.On .Lev 

13"Flag 40 (2)=trace (3) questionable I 
14 '2nd count 41 47 Same as 34-40 

''·3rd count 48 54 Same as 34-40 

TOTAL KEV STROKES PER CARD 

PAGE ___ _ 
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EXHIBIT #16 (contd.) 

CARD PUNCHING OR VERIFYING INSTRUCTIONS 
JOB NAME 

In-Vivo Results 
Card 1 (contd.) 
(Used since 1972) 

JOB NO. FREQUENCY 

QoA11.v 

OwEEKt.Y I 0 Bl-WEEKI. y 

Osa.-1-MONTH1.v 

PROGRAM 

------ -··~-;-;~~~-;;~-;: 
VO'-.UME I -~-~·;ME : 

OMONTHl.V ___ ...... ·r ······- ___ .. -1 

0 
) "OU'IS ,.._.,. .... ,, 

QUARTERt.Y I ' 

OANNUAt. I 
OoTHER 

I 
. . I 

11111111t~n~nM»~"~~Nnnnun113uH"»ununnuun~~quun«tt«""~""l"11"11un11nnunu11u"~"nn11~~u»~ttlJ 
' I I • I I ' I '141111ti11111111111110 lllUUUHI 4 HllJ,llUlllOllllllUtO 4111llHl'4111111HOl1Ull 41UUllllUOtlUIJIHIHllHH ro llllll "'""',. !Uol 4 

CARD FIE LC 
COLUMNS 

FUNCTION* REMARKS I FROM TO . 
I. 4th count 55 61 Same as 34-40 

z. 5th count value 62 68 Same as 34-40 . . 
3. 5th count description 69 75 \ J., N nire, {:l) otner, l.:SJ Term, 
4

• Count type 76 80 (4) Routin, (5) UP EX 

5. 

6. 

7. 

a. 

'· 
10. 

II. 

12. 

13. 

14. 

15. 

TOTAL. KEY STROKES PER CARO I 
I 

DATE--------------

SECTION ________________ _ PAGE ____ _ 

-. ...... --- ' . ,.,., ··- ........... ··- ...... -.. 
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EXHIBIT #16 (contd.) 

CARD PUNCHIN°G OR VERIFYING INSTRUCTIONS 
I JOB NO. 
I 

JOB NAME 
1FREQUENCY 

QoA11..v 

QwEEKl..Y 

Qel-WEEKl..Y 

ESTIMATED ESTlMATCC 

In-Vivo Result Card 
"2 11 or 11 311 

I I OsEM1-MONTH1..v 

PROGRAM 

[JMONTHl..Y ___,,!_OL~~. 

OauARTER1..v 

TIMI:; · 
i'"OU.-S----;.t:-...... J 1 

D•NNUAI.. 

OoTHER 

I 11s•t•1•t~nuu11dMU•1t11nnn11»11~unnnu»~»unu11uuu"""~uuuu11"" """""""""""""""~11nn~nn11n~n:~1 

l 
I 
I 
I 

t I I • I I I I I~ II !I IJ It ti IS 11IIItH1111UlllUI] ll:tJa 11 llUIUUUllUUO '1C1041•HIO•UUUU11J 3 UHll!llUUlllUUIUUIUH IC II 1111 "»lltlll'IU i J ! 
' 

' I I J I I I I I I IC II ti Q ltll ti 11 ti ll H lllJIUHI IS 411 II IOll JJIJ)UllUI 11lt4~ IUHJ H •HUUl O SO 11'111 4 IUUllllUll 11UlllUI"IIHH10 II 1111141! "II ll'UO f 4 
I 

CARO FIEL.O COL.UMNS 
FUNCTION* REMARKS l FROM TO 

Saxne as Card 1. Card 2 for l .. 1 22 other counts 1-4. Card 3 for 
otner counts !>-B. ! 

z. 

3
• Counts value 

1.x..xx o.o not print decimal--
23 25 (1 or 5) for alignment only 

'·Exponent 26 Sign + or -

'·Exponent no. 27 28 (Value exponent power of 10) 
(OJ positive, ( 1) < d.l., 

'·Exponent flag 29 (2) trace, (3) questionable . 
7

' Description 30 36 
8. 

37 so Repeat 23-36 
9. 

51 64 Repeat 23-36 
10. 

65 78 Repeat 23-36 
II. 

12. I 
13. I 

I 

14. I I 
IS I 

I 

I 
TOTAL KEV STROKES PER CARD l 

CATE-~----------- SECTION 

~--------------~ 
PAGE ____ _ 
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OEPOSITIOH ~~cc~os 
•. P.OSITlVE._ A5SU!iEw/ H:HALATION/ TERHINATEO./ 

INCI CENT 
~---.DATE 

SYSTEVJC ~fSULT ~~ow~ WOUNr 1ECEASEO OFFSITE HEiLY 
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EXllIDIT NO, 17-B 

Al-:t:UAL DO!f G0 .. 11Ift-Fl-TS 1M P~t Fr-C!" ItJGIOnT I I+ 

----·-------
!lUE I 10 1 6'> 

PU 219 PU ?.41 
=------ --..,_----~------ -~---~-~~~-~ -- ------------------------·----------· .. . . . . .. 
LU~G Lt~P~ eo~E LIVER LUNG LY~P~ ec~~ 

---·-YEAR- ----X~f: . -·- .. .L~SL --·. DOSE-----'l!lSE_ _____ .... r.;,.fi~SL- -- aas.£._ -·- . DOSE 
LIVER 

DOSE 

-
TOTAL 

-----~----~---~~---------------~-· ·LUNG LYMPH BONE LIVER 
ODSE---DOSE ---- - DOSE__. ·-.DOSE. .. 

1966 z.,.zr 1.195 .co~ .003 .r:n .oos • .,oo .ooo 2.i.21 t.801 .oos .ooJ 
_____ 1967 _ 1.1e!t __ 31.ez! .121 •. 010.. . ...• en .190 .001. ..001 .. 1.861 lit.us .12a .011 

U6a !'.i.23 s;;.3zc; .~29 .t81 .111 .1191 .oos .ooJ 5.540 s1.zzfl .335 .ult 
__ 1969 3. 1711 ___ .U.a.CH .. _ ·- _ .!.;!5 ________ .......z.cu_ __ .... JZE .-LU1t ________ ,llJ.] _____ .00.L ___ J ... ~Jl!t. ___ ..6l &.!till.. ·-- 15!18 ..• 3.00_ 

1970 2.63? 59.IC.5 .723 .393 .uq 1.716 .023 .013 2.751 60.861 171+6 elt06 
__ 1971 1.!!JI. .. -- .H.181t .... _ ..• eflt_ .. .• altll . ---·-····• 1Dr. •..... _.1. l.99 .......• DJS _ ···- • 019 - . ·-. 1.938 Sit.OBJ ...• 919 .lt97 .. 

1972 1.?78 .,, •• ,.,. 1.01s .546 .oar 1.121 .01+a .02E 1.161+ 1+s.a&5 1.061t .51z 
____ . .191l. ___ .. .,90 .... :!'..J:!Z ....... 1.120 .• S9L_. _____ .(70.-.. -1.SltS. __ ..• 062 .03J. .960 .. 37.677 1.uz .......• uz. 

1911t ·620 2a.919 1. cot .6111 • 155 t.3?.r, .016 .oi.o .675 30.z1+3 1.211 .677 
--19.lS uz ?i-757 , • 26? ......Ji.65,__ .au L..Q.9.z ___ __..Jltl.9._ • O{i. _.!t.75. ___ zJ.8!i1t ____ _i .. 3SL ____ ... 1..1.L 

1976 .301 17.671 11307 .&al .C3J .884 .102 ,052 .lJlt 18•557 1.lt08 .736 
-----1977. _______ .210 . u.!zs_ ...... 10:39 .. ____ .... .6.9!L ______ •. tzs ___ ...... &98 ... --- ..• 11.l .........• 058. .zn 11 .. zn ...... .. 1.1tsz .1sz 

1978 .11eE 10.~1t3 t.J6o .100 .ua .51+2 .121+ .o63 .161t to.811:; 1.1tG5 •76! 
----1979 .. ____ .102 __ .. 1 •. e21. ___ .i....Jz.!t __ .... .z..u ____ .• t.L1t _ .. ··- • r,1s ... ..tJs . ·---·-!167 _____ ...• us . e .z3s ___ ..i.sog .. .761 _ 

1950 .011 !.En 1.;?82 .699 .010 .111. .1i.1+ .011 .051 6.191 1.52& .no 
__ ..-1~911t e0ft9 . l.a::S93 t.'1185 1691+ .COZ 1..23.6._ _ _.iSl .07" eOSZ lt.6t"~a.Slft a.16.9-

1982 .o34 3.zu 1.::!85 .687 .cos .116 .160 .018 .o,.o 3.1t1t1t 1.51.,5 .765 
--~t~9al. . .. oz1t ____ &.lZZ 1 •. uz ___ L£ian_ • cu ___ • .iJo _____ .1&a __ __.05n ____ .02a _____ z • .ss?. ___ 1.sso. ___ .160 _ 

1981+ .011 1.1e11 1.37a .611 .col .096 .111t .oeJ .019 1.aa~ 1.ss2 .754 
___ 1905 ____ .01z__ ___ J.H& .• _1.;?n _ .... .&.662. ___ _.coz __ . ___ .oro ____ .uo ._.o8!t ·-----·-··ou __ 1.JL? ____ 1.ss1 _ ..•• 71J6_ 

1986 .oo5 .966 1.ie1e .r.s2 .lo1 .051 .1~s .086 .010 1.0:~ i.sso .734 
nu .oo~ _ __J_a; 1._357 ·6'•2 .<01 .au .t9o .au .aoz...__ .z1z5 1 .. sH ·ZZ!L 
1988 .ooi. .51e 1.::!1ta .612 .r:u .021 .19i. .088 .oos .s .... 1.s1t3 .120 __ nn_ a.u ____ ,:z6_--1..l!D. _ _.6.Z1. JU ___ •. czo ______ .ua ____ .•. 00.9 _____ .ou ___ J9L_ . ...J..su ___ ·- .110_ 
1990 .002 .274 1. ::!:!1 .&11 • coo • 01r. • 202 .090 .002 .zaa 1.533 .101 

____ 19u ____ _.00L ___ ..,199 __ _t.;!ZZ ___ _.riu .. coo ___ .010 _____ ..• 2os --·· _.090 _____ ..... .ooz.. ___ .z09 _1.s21 .•.• 69L_ 
1992 .001 • ,,.,. 1. :!13 .s91 • coo • co1 .201 ,090 .001 .1s1 1.s20 ·681 

--~U.9.l.. .D.Jl1 ....,1.ll!L_.~D.!t.._ .su .coo __.Jlll..S_ _ __t..Zl!L _ __._ago ,og1 .110 1,513 ·f>l.L 
199'+ .ooo .r1s 1.;9i. .511 .loo .001t .z12 .o9o .001 .019 1.506 .661 

__ .t~'!~ ---~!IDO. .d~l+_;".J.~£8~.---·~~t __ ··-·· .!JOO • DOJ ___ ,_U!!.- _,1;1~0 ______ • ggg ________ ~0~7. 1·1t99 .651 
1996 .ooo ,£39 1.e16 .552 .coo .002 .21s .oa9 .ooo .01t1 1.491 .61t1 

.1997 •. OO!l .tC28 .. t.,H .l)lt? .l'J>!I .OQl ,?,17 ,!)89 .ooo .. •030 loft83 ef>U __ 
1998 .ooo .c2:1 1.zse ~~33 .coo .co1 .21a .o8q .ooo .021 1.i.1s .&zz 
u22 !L~D--·-·· •.tc .. __ 1. ?1i9 • s21+ • gog • co 1 __tll.~---·M.e .ooo . ...J.U.--1i.!tfl.1..__~ui_ 

. 2000 .OOD .CSO 1.-cltO .515 .co~ .001 .219 .087 .DOD 1011 1alt59 e602 
--~.!!lL ____ ...• o.O!l ·O.Qf. --- . J.dU. _____ ._!?_Qi_. ___ ---~_tll_ ____ tJ!IQ. _____ • ~~L- .Q8§_ ____ • .ooo _____ t!0.0. _____ _1,•dH - __ ,HL 

2002 .ooo .co~ 1.az .'+97 .coo .ooo .220 .o8E .ooo .006 1.1i1tz .saJ 
20111 .QQ!l • roi. 1. cU .. .1te~.-- -·- _ . ,_c!l!l .. __ •.!IQ!l __ .~i211 _,ass • ooo .• 001t. ___ l•tiJ3 . ,511t 
2001t .900 .oo~ i.coi. .i.u .coo .~oo .220 .oar. .ooo .003 1.1+25 .s61t 

__ i!!!l5 _.oog ,coz._ -....l.1J2f>_. .1+n _,_(qg_ __ ~.l!!l.L. ... _0.?..2. __ : __ t...OH... _____ .aoo .o!.L___lCt!~--~L 
200& .:>t!O .CH 1.1fl7 .ltlllt ,COO .COO .2?.0 .0112 .OOO .001 1·407 .546 

_____ z1101 _______ .,001J .cot 1,_p8 .i.;& .coo_. __ ,ooo. . ..• ~.Z.l! ___ ..• ou .1100 ____ .ou .1.;s90 ______ .. 5..H_ 
200& .oo!I .co1 1.110 ... ,.~ .coo .coo .?.19 .oao .ooo .001 1•389 .sza 

.. ?009. .:ioo .cot 1.i~1 .1+0 . ___ ,coo ____ ,J!OO .21<.1 ,019 .ooo. .001 1.:,00 . ,.su 
2013 .OC~ .t!I'! t.153 .'+13 .Cil1 .1cO .2111 .071' .OOO .OOO t.371 ,511 
2011 .:ion .(IJ:J 1.11.5 --·--·"1L-____ ,.r.!l!!... ____ t..f!U!. _____ ._z.u .a...l'!U ·--- •.. JJID.O ___ . ___ .oo.a __ ._ 1•.162._ .. _ ..... ~02_ 
2012 ·DOD .~OD 1.tll> .41? .COD .flO'I .H7 .Q7F .000 .OOO 1.353 ... 91+ 
201J .:u;in • Cl!'l 1.118 .l+tJ _ ~coo • coo .?1 E .07': • ODO .ooo 1.3r,4 .i.86 
2011+ ·'ll!C .COO t.Hl .l+:llt .c~~ .:o:: .:,ti; .')7J .ODO .OCO ·t.3l5 ."78 
2015 .co!l .cco 1.11? .397 .ooo .• roo .21i. .on .ooo .ooo 1.JZE .410 

TOT Al 1 ~ .. c~ . . . ?Q I\ t I 'o' n"., 
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EXHIBIT *18 

Report of the Advisory Commi ttco on Dose 

from Plutoni1,;m end Other Trc1nsurani cs Recorded on Hanford Tapes 

The Advisory Cornmi tte~ hos been request_ed to recommend to the staff of the 

AEC-HMS those procedures wnich it could use to obtain the dose equivalent due to 

exposure to plutonium and other trcnsuroni c nuclides recorded on the radiation expo-

sure record as pc:rt of the Hc.,ford data ovail'.Jble to the HMS. The staff of the AEC-

HMS will realize that there .::re many uncertainties in our knowledge of the transport 

and retention of transuranic elements in the body and also in the dosimetry which 

might be the best measure of the hazard associated with exposure to these radio-

nudides. In offering this report at this time, the Advisory Committee realizes this 

general area of activity is changing rapidly, and it may be hoped that significant 

developm.;r.b in the next few years may make this report obsolete. For example, 

the decision of the ICRP to use dose to endosteal cells near bone surfaces instead 

of an average dose to bone for radiation protection is not followed in the recom-

mendations offered below, and, indeed, the ICRP is not ct this time implementing 

the decisio!1 bee::..-!:? of t:i~ le-:!~ of needed bioloGical ~fota en oipho emitters, par-

ticularly the so-called surface seekers. It is to be expected that in the near future 

something betrer wil I emerge than the present practice of averaging dose over bcne 

and using a modifying factor to represent in sorne measure the hazard due to the 

Inhomogeneity of the dose distribution anri the ab!:orbed do~e received by endostacl 

cells. The Advisory Commirl~e is recommending use of the presently recommended 

procedure for assessment of dose to bone re tner than try to guess o t do ta on intensity 

of the surfacr. deposition and ir~ rr•:? of cv:r!~;y !:.1 rcw bc.11c, dalo which are hardly 

available even for experimental animols. 
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Likewise, the dose received by respiratory lymph nodes associated with the lungs 

is .:>f quite uncertain hazard, and the ICRP presently hos not recommended a dose I imit 

for these organ:;. Nevc:the!:?. ·, t~erc r.ire :;c-:c -:-nimal, as well os sumd human, data 

a~ailable for estimation of dose,Cl-
4

) and these tJre used to arrive at a des~ to this 

tissue. Here there is more uncertainty concerning the significance of the dose than 

there is concerning the level, and it is precisely on questions of this kind that the 

HMS might offer some guidance in the future. Thus the Advisory Committee is recom-

mending a procedure for estimation of dose to these lymph nodes, believing it to be. 

important to note whether the human data parallel the animal data in respect to the 

relative .sensitivity to radiation of lungs vs. thoracic lymph nodes and the degree of 

translocation of the inhaled material to the thor.acic lymph nodes. 

It will be evident to the reader tho~ th~e are only two examples of the pragmatic 

course followed by the Committee. It has tried to provide a fairly realistic assessment 

· of dose us!ng presently available data which seemed applicable for the majority of the 

cases it was asked to consider--namely, the Hanford employee exposure cases. lt has 

tried not to invent or use models with little or no background of biological data, being 

content to offer dosimetric procedures which are largely those of health physics practices 

at Hanford. 

It must be realized that l.1e Committ~e has used, for the most part, data presently 

on the computer tcpes of the HMS, and it may be that these procedures would not be 

acceptable for other installations. Moreover / the Committee is concerned that the 

models recommended here for dosimetry should not be regarded as final; rather they 

represent the bast compromise the Committee could orr:ive at, taking into acc::>unt the 

many gaps :in the early data and the rapid chonges in the available information on 

dosimetry of these nuclides. In the Committee's view, it would be most unfortunate 
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if the dosimetric model proposed below wore regarded as more then on~ interim 

model end were t~ be enforced rigidly on th~ HMS or AEC contractors in the future. 

Known Exposures--lnholation 

These exposures will be distinguished on the exposure record by o considerable 

·amount of excr'!tion data and/orb~~ the presence of d~ta on chest counts. These chest 

counts, when available, will provide on elimination half-time }. for long-term clear-

ance from the lung. If only bioossay dote are ovoiloble and if o Healy-type analysis 

has been used, there will be avoilable an estimate of A, the long-term-clearance con-

stant. Actually, the Hanford exposure records for plutonium used by the HMS show 

only the estimates based on the Healy-type analysis cs wel I as the primary bioassay 

data. The discussion brought out that _the clearance half-times were most often of the 

order of 700 days, end it was agreed this was sufficiently in accord with the lung model 

under consideration by the ICRP to make TI unnecessary to seek a new lung retention 

model. This model w~s _originally developed by on ICRP Task Group on Lung Dynamics(.4) 

but has been revised by Morrow and his colleagues. The basic ideas and structure of 

the model remain the some, but th~:-e have b~~n ccn:;id~rcS!o changes in the values of 

some of the parameters •. This is particularly true for material depositing in the respir-

atory lymph nodes ond in the nasophoryngeal region where the present values reflect . 
particularly the newer dota.(S,6) A schematic diagram ~f the model and tables of the 

auociated values for the parameters and d~termination of clearance classification are 

appended as Fig. l and Tobie 1 of this report. After discussion, it was agreed that the 

700-day half-time was what one might expect from the Closs Y clearance half-time of 

500 days followed by a further <;omponent of clenranc~ h~lf-~im'? of some 500-1000 days 

for activity reaching lymph nodes. Although long-t·"Jrm studies at much higher exposure 
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levels in large laboratory animals suggest nearly permanent retention of up to 70% of 

their occumiJlated b.Jrden, at lower levels of exposure a considerable fraction of the 

accumulated burden might clear to the blood. This fraction is subject to revision 

depending on results of much lower le\'el plutonium exposures currently under "'!ay. 

It was decided to ad:>pt one and the same clearance half-time recorded on the exposure 

record for pathways e, h, and i which are the only long-term pathways which trans-

port material directly to blood. This disregards the fact that the lung model allows 

for 10% of the activity deposited in the lymph nodes remaining there subject only 

to radioactive decay. The data supporting this ore all at very high levels of exposure 

where atrophy of the lymph nodes may be expected to be present. It was further 

decided to ignore contributions to dose by way of absorption from gut since they ere 

insignificant. 

In n•mmary: 

(1) The estimated long-term deposit in the pulmonary region given on the 

tables represents the deposition clearing to blood by pathways e and h 

(see eleoranc~ model). This is not the entire intake but is taken to be 

equal to ID5(f e + fh) anci is denored beiow by 1~. 

(2) These deposits are assumed to deer with en elimination constant X 

estimated on the basis of bioosscy data. No estimate of deposits with 

a short-term clearance half-time in the lung seems possible ct this time. 

This would reGuire dcto on particle size distrib.Jtion which simply is no~ 

available in most cases and would n~t markedly effect the csti~otes of 

dose to the lung. It may have more iniiuence on clcse to bone or iiver, 

but this would only be true for the more soluble forms of Pu end does not 

seem to apply to most of the Hanford data. In a fow coses of exposure 

to Am, there rnay be clearance rates available on the basis of chest 

counts. (See final section.) 
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{3) In estimating dose to lungs, th<! rnoterial cl~aring by pathway f

9 
also 

must be considered. However, its contribution ~o the estimate of intake 

to blood is negligible as mentioned above. 

The partitioning of this activity be~·.Ycen boM, I iver, and "other soft tissues• 

• 
was next co.,sidered. Although some evidence points to cs much as 25% of the 

activity reaching blood being deposited in "other soft tissues, 11 this hypothesis was 

finally rejected because of the rather meoger data on these tissues and the large 

extrapolations that were made on the bas is of rather meager sampling of t.issues. 

This autopsy data, even if val id, would provide a dose of about an order of magnitude 

or more less than that to lungs, or liver, or bone, and it was decided to ignore it 

for the present. However, further data on exper.imen~al animals or on autopsy coses 

may require a change in the model in this respect • . 
After furthur discus.sion and a revie.w. of some of th~ data indicating wide varia­

tions in the fractions of activity in bone and liver and the often meager data on the 

chemical form that might correlate with this partition, the Committee decided to 

recommend a 45-45% partition of the activity reaching blood to live~ and to bone. 

This would allow for 1G% being excreted or present in "other soft tissues. a Clearly, 

this is at best a compromise with the uncertaln status of most exposure situations. 

Hopefully, the deposition would not fluctuate by more than 'i- 500/o from these values. 

The Committee accepted a very lo~g half-time for clearance of plutonium from 

bone--say, 200 years--although the preci:e vclue cssumed makes little difference in 

the dose if it is of this order. 
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Data on deorance froM I iver was reviewed briefly and led to the Committee 

recommending a cleorance half-time of 20 years which is well beyond the half-time 

observed for beo~les (- 2000 .;,,~s) but r:f '~e ;cme order of magnitude. (7) 

The further point was discussed that the lung model shows some shift in the 

fractions going through the lymph to blood as one changes from clearance pathway -

Y to W. Discussion brought out that most of the Hanford coses have indicated half-

times of 300 days or more although in a few cases, the activity appears to belong to 

clearance class W. It was decided to always use the value of A esti~ated on the 

. ' basis of the data but to use the class Y partition (f e = 5%, fh = 15%) if X < 

0.693/2~0 dayt
1 

and to use the partitioning for class W (Fe.= 15%, fh =5%) if 
.. . -1 

.A > 0. 693/250 days • 

In summary: 

(1) These exposures are representecfon the record by an estimate I' .. of long-term 

deposition in the pulmonary region clearing via pathways e and h, that is, 

I" = D5{f e + fh)J. The long-term deposition clearing via pathways e and h 

must be carefully distinguished from the total intake to the lung by inhalation, 

I, and from the total long-term deposition in the pulmonary region. If the 

total into~-:: ~rccthed is I and a fr.J :tion D 
5 

<!.:;:.osi ts in the pulmonary region, 

then ID5(F e + f 
9 

+ fh) represents this total deposition in
1 

;·he p~lmonary region 

which clears slowly. This equals 31' = 3fD_(f + fh) •. However, if estimates :;, e . 
of Jong-term deposition_o:-e bcse:d on chest cour.Hng in the future, the cbove 

_distinction should be borne in mind as o measurement of lung burd:~ ."."':~'~- -· 

correspond to an initial pulmonary deposition of activity which clears slowly 

of 105{fe+f
9 

+ fh). It is understood no such do to are present on the Honfo:d 

tapes at this time. Also, a time of occurrence (tc} end a clearance rate (>.) 

ere given. 

(2) This dt:posi ti o:i I / wil I t<: partitioned to porhways e and h with 
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I 

l'f l't 
__ h__ - 0 25 I· and 0 -= 0. 75 I' i~ A > 0

2
• ~903 days-l 

(fe +Fh) - . (fe +f n> .., 

(3) As~uming t
0 

= 0, dose equivalent accumulated in the pulmonary region 

of lung is estimated to L.: 

51. 1 x 3 I'(l -e->-\r.Ea 
Hlung = 'AN\ 

(1) 

in the time interval 0 to time t days. The factor of 3 represents the long­

term activity in the pulmonary region, i.e., fe +fg +fh = 3 (f e +fh). In (1) 

the quantity 31" (1 - e->..t)/'A represents !he µCi-days accumulated in the 

pulmonary region of the lung due to the long-term deposits. Thus the dose 

formula is essentially the familiar one H = 51 UEQ/M with U = tJCi-days, 

E =energy absorbed (Mev/disint) ~ 5. 15 Mev for the alpha and with a recoil 

energy of 0. 0877 Mev. The quality factor Q is 10 for the alpha particle 

and 20 for the recoi I energy, making a total of - 53. 3 effective Mev, and 

M is the moss of the lungs. It w~s decided to ignore the short-term depo­

sition which would only change the estimates by a few percent at most. The 

question of whether the mass of the lung should be scaled in some way was 

considered, but it was decided not to recommend this because of the rather 

poor correlation reported by several members in use of such data. 

(4) As mentioned above, it is important to have an estimate of dose to thoracic 

lymph nodes so that data on these orga~s con be meaningfully interpreted 

in terms of radicsensitivity. 

H = 
lymph nodes 

51. 1 I' fh e-Xt (eXt - 1 - At) 53.3 

(f e +fh) >. 15 
rem (2) 
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where f}/(fe + fh) is the fraction of I' eliminating via pathway h and 

I' f. 
h .~ :r . . - ' : - ~.1-r - s) 

~--,..- J d ·; J L::> "'= .: . -
f e +fh 0 0 

I" f~ "t -)..-r 
-f +T J ctr AT e 

e 'h 0 

represents the µCi-days accumulated in the thoracic lymph nodes during 

the possage of activity through them to blood, and 53. 3 is the energy 

{Mev) absorbed in the moss of 15 g of respiratory lymph nodes weighted 

by the proper quality factors. The quantity I' fh A'Te-AT/(fe + fh) 

represents the activity in the lymph nodes at time 7". Formulas(~) and 

{2) represent the dose equivalent accumulated in I iver or in bone over 

a period postintake cf t days. In practice, t would be replaced by 

t = t 1 -t0 
where t

0 
is the time of 1'he intake and t 1 is the time at which 

the accumulated dose is desired, i.e., time of death or time of analysis 

of data, whichever is smaller. 

(5) The activity reaching blood in a time interval d,. is given by 

f. + f, 
-~ n 

of which 45% is assumed to deposit in bone and 45% in liver according 

to the model. Thus th~ activity in bone or in liver ct any time t post­

intcke h given !:1 

0.45 I" Jt d [f ,2 -AT . f , -)..T] -i\(t -T) = 
f +f h,.. Te -r "e e 
c h 0 e 
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A being the rate of elimination from bone or liver. The µCi-days 

accumulated in bore or liver in the ;nterval 0 to t days postintake 

is given by 

2. 25 l' { f (A - X) ( 1 
(A-'l+i h 

-At } 1 -e · 
--) = u . A I 

(4) 

and the dose to liver or to bone in the interval t
0 

to t days is given by 

H = 51. J U !:EQN 
M 

{rem) (5) 

where for liver M = 1800 g, Q = 10, N = 1 and the other values are 
. . 

as before, but for bone M = 5000 g, Q = 10, and N = 5. The value 

of 5000 g as moss of bone neglects the weight of cartilage and periorticulcr 

tissue which would not contain much Pu. It is the value used in ICRP 

Publication 20. (S} The value of !'EQN for liver is the some as for lung, 

namely, 53.3 Mev/disintegrotion; but the value for bone is higher since 

N is taken cs 5, namely, 267 Mev/disintegrction. The values A = 0.693/ . 

-\~9 ·x 365} days - l for Ii ver and-!\ = 0.693/( 100 x 365) days -1 for bone are 

taken from ICRP .Publication 19.(11) 

Known Exposures--Wounds 

The Committee assumed that every known wo•Jnd will be indicated on the exposure 

record. There_ will be an estimate of the early intake to blood with an indication of 

the time of intake. Later intakes will have to be picked up by analysis of the bioassay 

data and may not be rclctoble to a pcrticulor wound case. The data seem to indicar~ 

that the activity reaching blood shortly after the event is the major intake to blood, 

later amounts transferred to blood being rather small by comparison. It has been found 

in large experimental animals that plutonium from contaminated wound sites builds up 

rapidly, with apparently long retention times, in lymph nodes draining such sites.(
9

) 
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The uncertainties involved in the times of these intake~, os well as whether they can 

be related to a wound or to an inhalation exposure, constitute on ambiguity in the 

data in that, for cases where both exposure by woui1d~ c.nd by inhalation occur, one 

cannot be sure of the exact fraction of activity ret'Jching blood from er.sch source nor 

the precise time of entry. Becaus., the evidence in~icates most of the activity leaving 

a wound site appears to leave early and ~ca1:1se of the relatively few cases involved 

in mixed exposures, this problem is probably not a severe one. 

Having an estimate of intake to blood (say, l*) on day t0, one can proceed to 
. 

calculate dose to liver and to bone as before. The Committee decided to recommend 

the same partitioning of the activity between bone and liver cs before--namely, 45% 

to each with an allowance of lOOk deposited in other soft tissues or excreted. One 

. can then compute dose by 

= 0.45 1• Stto dT e-A(,.-to) EEQN 

M 

= 0.45 I* (1 - e-A(t-to>,!'EQN 
M 

rem 

(6) 

· . with the same conventions as before, namely, A= ·a:693/(40x 3651 days-1, M = 18~0 g, 

Q = la, and N = 1 for liver. for bone, one only requires M = 5000 g, N = 5, on~ 

.A= o~93/(i0o ~ 365) days·-1. Fo~~~T~ .(6)° r~pres~nt~-th~ Close equivalent to these 

organs rn the time interval •o to t .. days ... 

It was dec.ided to make no attempt at this frne to compute a dose over any 

volume of tissue at or near the wound site. However, the AEC-HMS staff should 

consiUet- an ~dJaionwl .;."~e~or1 of :c:.:s which r::i:;'.-:~ b~ -=~al1-:1;?d for effects at the 
. . 

stte. These cases will be signaled as wound cases and can be analyzed as a separate 
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category of cases. However, no quantitative estimate of dose at the site is attempted 

here. As mentioned cbove, data submitted by Stewart indicate that lymph nodes draining 

the"site may accumulate a significant fraction of the activity leaving the wound site. 

Known Cases--Mixed Exposures 

These exposure records are relatively few in number, and in most instances the 

intakes by inhalation and those by a wound are fairly clear on the record. There ore 

a few eases where this is not true. It was decided to assume the inhalation route 

applied when the record was not clear. Altho11gh this may somewhat overestfmate 

dose t~ lungs and lymph nodes, these cases are not many. The formulas used above 
~ . 

(Eqs. 1-5) would apply for these coses. The intakes to blood clearly indicated as 
I 

from wounds will be signaled on the record, and for these instances, formula (6) 

would apply • . . 
' 

Unknown Expasures 

There remain a certain number of cases where there is no known exposure time 

and, hence, no indication of the route of exposure. Thus there is no record of any 

wour.d.i, end th.:: C~;.-;,·,1ill~c agreed it we~ rccson::'.;!e to c~:;;urr.e that ir.holoticn was 

the. likely route of exposure. Nevertheless, the record will c.! ntain only a series of 

intakes to blood with a time assigned for each such intake to blood. In practice, the 

exposure by inhalation ·is assumed to have occurred one day following the last negative 

bioassay result. 

Selecting_ one such in~ake to blood, 1* µCi, at a time t
0

, one may compute 

dose to liver and to bone by formula (6). If one assumes this intake to blood results 

from the"trcndcr of cdivity I*~ !D5(fe +fhP,lt t:> blood resulting from on actual 
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inhalation during time inr-ervol L\ t, then one should postulate o long-term intake of 

·31• =I D5 (fe+f
9

+fh)XAt =I'' lat.to lung. Of course, one should.riot attribute an actual 
r 

intake to this particular time interval. All one is certain of is tho~ l* .,.ci of activity. 

entered blo_,d in time interval At. The time when this activity entered tha lung is not 

known. It happens that the relationship of (fe +f
9 

+fh)/(fe +fh) = 3 is independent 

of time, and hence each bit of activity, such as I*, entering blood is matched by 3 

times that activity which should have been present in the long-term-clearance path-· 

ways of the lung. Since all this clearance is at the same rate, one has 3 I* present 

in the lung for each activity I* reaching blood.t Dose to lung and to lymph nodes con 

then be computed using formulas (1-5) if one only knows the time of the inhalation. 

The only systemc"tic inaccuracy in all this is the absence of a half-time for retention 
\ 

and a knowledge of the time of intake. 

T~e Committee agreed to use 700 cloys for the elimination half-time in these 

cases of unknown date of intake, which is the value most frequently observed in 

kne>Wn cases of exposure, and to enter the intake dose commitment (=dose accumu-

lated over a period of 50 years) to lungs and lymph nodes. With a half-life of 700 

days, cs most oft~:i ~c=u~, ~his merely anticipates some small fraction of the dose 

but would be. most in error during the several years immediately fci.llowing inhalation. 

There is some telescoping of t~e t.ime when dose is received .. This hos the effect .of 

putting some of the estimated dose equivalent earlier than it was received. It will 

be important only in those cases where on individual dies a few yecrs after such an 

intake, cs, otherwise, substantially all this dose is received. Since there seems to 

be no real remedy for this lack of information concerning time of intake, the Committee 

\ 
\. 
'. 
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felt it was a rccsonobl11 compromise in the~e coses to give the total dose to lungs and 

to ly~ph nodes to these organs prior to their appearance on the record of on intake to 

blood. It will be noted thui this estimate ui dose commitment does not apply to the 

liver or to bone which ore the organs with the longest clearance half-rimes. 

An allowance for dose received from 24 lpu should be made in many of these 

coses. The amount of this correction will be coded for the tapes for each such case. 

Other Transuranic Elements 

Americium seems to be the only transuranic element present on the exposure 

r!!COrds. After extended discussion, it was agreed that the same lung model should 

be used as for plutoni.um. This seems to fly in the face of much evidence indicating 

earlier remove! of americium, but the selection of a quantitative allowance for this 

seemed Cl dlfficult task with little data available cs a bosis for the choice. The Com-
. 

mitt~e believes that in those known ca;·;s where a half-time for removal from lung can 

be measured--cind this includes most of these cases--the observed half-time for elimi-

nation is the best guide available for estimation of dose to lungs. When the estimate 

dose to lungs should be deleted. This is because the lung burden as measured by chest 

counting alrecdy includes the activity following pa~hwoy g. For estim::~ion of dose 

to liver and to bone, there is little guidance available from animal experiments, and 

there ere practically no human data on either deposition or retention in these organs. 

Therefore, the use of the scme equations cs for plul.::>;1ium is recommended. 
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Some members of the Advisory Committee have approved the above procedures 

with extreme reluctance. They feel that the calculation of systemic body burden from 

excretion dot\"J h 'fraught wi ,;l ~,r::>ss 1;•(.?r.1..·t::·:-:i .:.;; when cpplied to any given individual. 

Furthermore, they contend that the extension of this calculation by partitioning to 

specific organs and by proceeding to calculate dose equivalent, assuming uniform dis-

tribution in those organs, produces numerical results which hove little or no bearing 

on the radiation domcge to those organs. These committeemen point out that the ICRU 

and ICRP agree upon a· definition of dose equivalent, specifically, "limited to radiation 

protection application. 11(10) They feel that the use of dose equivalent for retroactive 

risk eva.luation via epidemiological studies is an inappropriate application of the con-

cept. These committee members would advise against combining external radiation-

dose measl;raments and internal-dose calculations for the Health and Mortalir; SrJdy. . . -· 
They would advise the HMS to perform multiple correlations of observed damage (or 

lack of damage) with (1) dose from e_xternal radiation, (2) assessment of lung burdens 

(not lung-dose equivalent), (3) estimates of systemic body burden (not dose equivalent) 

from excreta analyses, and (4) the time since the do~e wo~ receiv~d undar (1) or ~e 

time since the accumulation of the organ burdens under (2) and (3). 

The Committee endorses the view that it is dcsircblo that the dot:J be analyzed 

with respect to these four factors. The Committee as a whole differs only in regarding 

it as appropriate to anoly.z:e the data on effects {or lack of effects) in terms of estimates 

of dose equivalent received by the various tissues of the body, this being the stated 

basis of the recommendations now in use for radiation workers. Although this report 

provides formulas by which dose equivolent can b~ estimated according to the best 
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information now avoi loble, nothing in this report should be interpreted to suggest that 

other measures of exposure should not be tried or that the formulae given in this report 

should not be chongeci when better information is availaoie. 
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· Fis. 1• · CLEARANCE MODEL 

CLASS 
COMPARTMENT D 

. w y 

T f T f T f 
a 

N-P 

N-P a 0.01 0.5 0.01 0.1 0.01 ·· 0.01 B 
(D3 = 0.30). b 0.01 0.5 0.40 0.9 0.40 0.99 l 

0 c T-B 
T-B 

. 
c O.OJ 0.95 0.01 0.5 0.01 0.01 

(Dlt = 0.08) 
. 

d 0.2 0.05 0.2 0.5 0.2. 0:99 

0 ..... ·-. .. , 

D I .---. . 
I ... 
f 

·j· 
-:1 

e 0.5 0.8 50 0.15 500. 0.05 
p f n.a. n.a. 1.0 0.4 1.0 0.4 

(05 =0.25) g n.a. n.a. 50 0.4 500 0.4 

e 
p 

h 0.5 0.2 50 0.05 500 0.15 . l h 
l 

. 
0.5 LO 50 1.0 1000 0.9 I 

The values for the remo~al- half-times, Ta-ii and regional fractions, fa-ii are given in the tabular 
portion of the figure for each of the three classes of retained materials. The values given for 03, 
0

4
, and 05 are the rcgionc.I depositions based on an aerosol with an AMAD of 1 µm. The schematic 

drnwing identifies the various clearance pathways in the model, a-i, in relation to the initial 
depositions 03 4 5 and the three respiratory regions, N-P, T-8 and P. 
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Table 1. Pulmon-::ry Cleoroncc Classificarion of Incrgonic Compounds 

~" Y-Avid retention: cleJ.rcd alowly (yun1 
Cub:dc..;---~::tr .. i~-. •·.-:~,.~~.-.~. 7.r, V, }t.!Zt 

SuUide1-none 
Sulra1e1-none 
Carbonate1-none 
Pha1phatcs-none 
Oa:idcs and hydroxidc::..-lanthanidd, 4+ act1n1de:1;. groups 8 (V and VI), and Co, Ni: 2b (IV and V): 

}b: 4b (V and VI}; 5b; 6b; and 7b (V and VI) 
Halidci-lanthanidc fluoride1 
Nitr:ucs-none 

Cum H!-Modera1e retention: in1ermeeiatc clca.nncc r:ti=s (weeb) 
C°..lr\Jidrs-~tion' o! all 0.us w hydr'lx.idcs except t!':c~ w:cd ! J <.:!:.a y cubidcs. 
Sullidcs-Group1 2a (V + Vl), ~a (IV-Vil, 5a (IV-VI), !b, 2b ~ 6b (V +VI). 
Sul(;atcs-Croups 2a (IV-VII), and 5a (IV-Vt) 
DrLonaccs-l.:i.n1hanidl's, 811+ and Croup 2a (IV-VII) 
i'hospha1cs-Zn1 ~,Sn' .. , Mg1 ... , Fr:' .. , a,~+ and h1nth:midct 
Oa:idcs and hydro~idn-Groups 71 (II-VII), 3r. (Ill-Vl), 4a (III-VI), Sa (IV-VI), 6s (IV-VI), lb (IV ,VI): 

2b (VI): 4b (:V); 7b {rv): Fe, and 3+ act1n1de~. 
Halidcs-lan1h:i.nidcs (excert 11uoridcs), Croups 2a, 3a (III-VI) .. 4a (IV-VI), 5a (IV-VI), 6a (IV-VI), 8 • lb, 2b • 
;)b(lV-V), 4b, 5b, 6b, 7b and ace1n!des . · 
Nitrates-all c.:i.tions whose hydrolt.idcs are C:&la Y and W 

CW• D-Minim-11 rctcnlion: rapid clearance (da)'1) 
Cartudc:s-scc hydro11ide1 
Sullidc1-all cxccr1 Cl.us W 
Sulr.atc1-.:i.ll cacept Clut W 
Carbonates -all cxcrp• Cl~ W 
Phos11h:uc1-all uccpt Cl..i.u W 
OxidC't and Hydroxides-Group.a la, 3a (11), 4a (ll), 5a (111 llt), 6a (111) 
Halides -Crours la and 7 ;i 
Nitra1n -:all c"ccpt Cl;us W 

Note: Where rt'fcrrnce is made fr~m one chemical torm co 1.11.otbcr, ic implies lh.ac an iii 11ioo convcnion oc:.cun, 
! ~-K· h}·drolysis rracuon. 
111c followinJ,: periodic table of the clemcnu iA wed with the rortgoint clusincacion. 

Croup 

Period la 2a I 3b 4b 5b 6b 7b 8 I lb 2b 3a ·b 5a 6a 7a 0 
.....!- - - - - -

I 
; I I 

I 
II He 

- -- - -- -- - ----
ti Li Be I IS c N 0 •• Ne 

I - -- - I I - -- - - -
tll Na Mg I Al Si p s Cl Ar : • - - -- --
JV I\. 

~·:.:.. 'T Cr 
Mn ~ Co l~:.J~L:'.'..J C• C< I> 

Sc llr Kr 
' --- 1~ P.u Rh I Pd Ag Cd 1~1~ Sb 

Tc i-1 -j-x·; V Rb Sr Y Zr Nb Mo --
Ba La• Hf ITa Re Os ·17r1· Pt Au Hg·1 Tl -11•1> ·1 Bi 

-1-,--Vl Cs w l'o I At Rn -- . 
vu .. , Ra Act 

• Lan1hanide1 Cc p, j""] Pm Sm ~Dy I Ho I " Tm Yb J Lu 

1 Actinides Th"-;:-Y° ~--;;;--~ c;--;-;-crt t:.-1-.:: Md" -;;;-I """Lw" - -- ·- . -· - ·-


