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AIR SAMPLING

I, METHODS OF SAMPLING

A,

B.

Co

Do

12b014b

Inertial Collectors

l. Principle of Operation
2. Particle Size Range
3. Efficiency -

- 4, Equipment and use

" a, JImpactors
1) Cassella Cascade
2) Unico Cascade
3) Staplex
be Impingers

1) MSA Midget
2) Porton

c. Centrifuge

1) Conifuge

2) Goetz Aerosol Spectrometer

Electrostatic Precipitators

l, Principle of Operation
2, Particle Size Range

3. Efficiency

4, Equipment

&, Bendix
b, MSA
c. Adley-Reciprocating

Thermal Precipitators

1. Principle of Operation
2., Particle Size Range

3. Efficiency

4., Commercial Equipment

&, Cassells
Filtration
1., Filtration Theory

&, Direct Interception

b, Inertial Collection

¢, Diffusion

d. Electrostatic Attraction
e, OCravitational forces

f, Re-entrainment
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2, Commerical Filter Media

8,

Co

de

3, Filter Adventages and Disadvantages

Cellulose Fiber Paper

1) Uses

Glass Fiber Filters

1) Uses

Polystyrené Fiber Filters
1) Uses

Membrane Fiber Filters

1) Uses

Mixed Fiber Peper

1) Uses

4, HV=TO Filter Paper

8o
b
Co

Efficiency
Pu aerosol monitoring
Cost Comparison

II. AIR MONITORING

A, Alphe Air Monitoring

1. Coincidence Count

&,

15 MPC hours

2, Alpha Energy Analysis

&

15 MPC hours

3, Others

B, Beta-Gamma Air Monitor

1. Fixed or Moving Tape

8,

1260747

Nuclear Measurements



C.

III, AIR

Tritium or Gas Monitors
1. Ion Chamber Devices

a, Principle
b, Limitations

A.”

B,

C.

SAMPLING AND MORITORING EVALUATIOR
Purpose
l. Records
2. Entry Status
3. Trends
Air Sample Counting
1. Equipment
a. Scintillation (coincidence)
b. Alpha energy analysis
c. Gamme energy analysis
Result Evalustion
1, Iung deposition model

a, Particle Size
b, Density

IV. SAMPLING ERRORS OR PROBLEMS

\ A,

C.

D,

Isckinetic Flow

l. Definition
2. Effect of Errors
3. Stack Effluent Monitoring

4, Room Air Samplers

5. In-line Samplers

Calibration of Flow Rate Meters
Background Radiation |

Improper Seating of Filter Medie

Scrubber Packing and Solution Entrainment

I2b07438
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lecture

.

1. -
- =.z at HAPO
N SRR

Administrative As

RADIATION PROTECTION COURSE FOR EXEMPT PERSONNEL

Togic

~ FALL - 1064

cts of Radiation Protection .

. | S .

i~—wa reviev of responsibilities for radiation pro-
~tection at the different levels in an organization.

"“piscussion of the application of the various

B n.chanisms and techniques available .for use in

- administration of radiation protection programs

. “at BHAPO,

2. :Legislation and Radiation Protection Trends.

.~ A review of present State and Federal legis- .
" " lation, including regulations for licensees of
Discussions will cover the general
.types of legislation vhich have been .enacted or
are proposed, and some of the pitfalls which
could result from poorly-written legislation on

39

k.

e

“the AEC,

radiation

Radiation Dose Units and Permissible Radiation .

Dose

Dilcussion of current radiation dose units, thelir

protection,

‘origin and bases, and recent developments in -
definition and nomenclature. Review of the

history of radiation protection, .and the deveiop-

Lecturer

L. A, Carter

L, A, Carter

.‘w. C, RO"Ch

ment of the _concept of permissible radiation dose,
including the current bases of permissible dose
: .- for both internal and external radiatiom.

>Calibration of Radiation Instruments -

An explanation of calibration methods, Dis-
cussion will cover radiation sources used as
standards, methods of establishing standard
emission from sources, use of ictoreen "R"

- meters, free air ionization chambers, and foil
“activation procedures,
laboratory methods to routine calibration pro=

cedures will be covered.

The adaptation of

This will include

consideration of scatter, energy dependence
of instruments, source size and geometries,
instrument response time, and calibration

~ frequency.

1260749

C. M, Unruh

Dates

9-16-6l

9-16-64

9=23=6k

9-30-6k

-
S

Time

8-10 a.m, ’ .

10-12 noon

8«12 noon

8-10 a.m.
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-{Esture Topic

S

6o

Te

8.

9.

Agglication of Available Dose Rate Monitorins
Instruments to Field Use -

Discussion will include consideration of the
various factors involved in field monitoring
practices (source sizes and geometries, RBE's,

. instrument capabilities, exposure standards,

etc.)s The adaptation of available equipment
to field use will be reviewed with special
emphasis on practical methods for attaining
high quality messurement of radiation dose to

personnel,

Internal and External Radiation Dosimetry

A discussion of methods and instrumentation
available for dose measurement, with particular
emphasis on those used at HAPO, The develop=-
ment of current HAPO dosimetry systems will be
reviewed, including their capabilities and
limitations,

Radiation Record sttems and Programs -

A discussion of the bases of the HAPO system
of radiological records, the different classie-
fications of records, the influence of quality
and completeness of records, and the methods
used to obtain satisfactory records.

The various uses of radiological records,
including their application in court cases
will be reviewed,

Radioactive Waste~Managgment,e-v~

A review of radioactive waste hendling at HAPO,
Discussion will cover both waste disposal and
long term storage, with major emphesis on the
former., The favorable influence of geological
and hydrological factors on ground disposal
will be includegd,

Effects of Radiation on Living Tissue:

The fundamental theories of radiobioclogical
action at the cellular level, Discussion of
primary and secondary biochemical reactions.
in the intact animal, genetic effects, physio-
logical and pathological changes, modification
of rediation injury, special problems of in=-
ternal sources of radiation, and long-range
effects such as accelerated aging, alterations
in lifespan, and increased incidence .of tumor

formation.
12607150

Lecturer

C. M. Unruh

H, V. Larson
I, C. Nelson

J. M. Selby

G. E. Backman

B, O, Stuart

Dates

9=30~6L

110-7-64

10-1k-64

10=1k~64

102164

Time

10-12 noon

8-12 noon

8=10 a.m.

10-12 noon

8-12 noon



11,

13,

1k,

- ahcture Topic Lecturer
10, HAPO Programs in Radiobiology Biology
Staff

A review of past, current, and future radio-
biology programs at HAPO, Discussion of per-
tinent findings, especially those of interest
in the overall operation of HAPO. .

Environmental Contamination Problems and - Je K. Soldat
Their Evaluation

Problems associated with the release of low-
level radiocactive effluents to the alr and water
of the environs, monitoring and sampling programs,

- important enyironmental factors, and evaluation of

collected data, Current studies directed toward

- improvement of evaluations will also be discussed.

Radiochemical Analxsis : F. E. Holt

Digcussion will involve the application of
current analysis techniques to measurement of
radioactive material in water, air, scil, and
viological samples, Both the more conven-
tional chemical technigues and the newer
gamma pulse analysis techniques will be re-
viewed, The influence of varisbles and thelr
correction will be emphasized.

Criticality of Fissionable Materlisals ) Ce L. Brovmn

Since sufficient amounts of fissionable materials
of proper composition and configuration may

become critical, even ocutside a reactor, a safety
problem exists in the handling, processing and
storage of these materials, The basic problem

is one of preventing occurrence of an uncontrolled
eriticality in an unshielded situation during these
operations, The general concepts and properties
of neutron multiplying systems wlll be revieved,
as an introduction to the different factors which
determine critical conditions., Preventing the
occurrence of a critical system by control of
these factors will be discussed thoroughly.:
Examples of nuclear safety criteria will be .
presented,

Radiological Hazards Anelyses E, C, Watson

Evaluation of the environmental conseguences

of the accidental release of large guantities
of radionuclides will be discussed. The
various parameters bearing on such a release
will be described, and the effect of the more
important ones on the analysis will be examined.

1260151

Dates

10-28-6h

11-k-64

1l-k-6h

11-11-64%

11-18-6k

Time

8-12 noon

8’10 a.n,

10=12 noon

8-12 noon

8—10 Ao
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-jLcture Topic Lecturer
15, Air Samgling B. V. Andersen

16,

A review of available air sampling methods

end equipment, with recommendations on their
application, Emphasis will be on the monitoring
aspects of air sampling, and adequate coverage

- will be given to methods of sampling, methods

of meesurement, and calculation of data,

Discussion will include analysis of how and

where alr sampling can be used effectively, the
importance of air sampling in routine and emer-
gency situations, and the position of air sampling
in an overall radiation protection program, Pit-
falls in installation and use of air sampling
equipment will also be covered,

Radiolosical Engineering . . L., G. Faust

Discussion will center on good design practices,
and include such topics as floor plans, air
flows, shielding, instrumentation, and storage
and disposal of waste, Some mathematical ex-
pressions will be developed for use in shielding
calculations, and the various parameters in-
volved in evaluation of shielding requirements
will be discussed, Typical illustrative examples
will be presented.

12606152

Dates

11-18-64

11-25-6L

Time

10-12 noon

8-12 noon



I.

III

III.

v.

LEGISLATION AND RADIATION PROTECTION TRENDS =

TECHNICAL GUIDANCE

A. Federal Radiatioﬁ Council

B. National Committee on Radiation Protection

C. inte¥national Commission on Radiation Protection

D. International Atomic Energy Agency
Fed:we! fadiatnd Goneif P
Cods o Feaexal Aoguimiiies 197 EFR mniot

TYPES OF REGULATIONS OR STANDARDS

CAEC

A, Specification

B. Performance

FEDERAL LEGISLATION AND REGULATION
A, Atomic Energy Commission
1. AEC Manual (Contractors)

2. Title 10 Code of Federal Regulations (Licensees)
B. Interstate Comerce Commission (49 CFR 73)

STATE LEGISLATION AND REGULATION

A. Transfer of Reguletory Responsibility from the AEC to the State
Govermments

B. States Having Completed Agreements with the AEC

- C. State of Washington

TRENDS IN LEGISLATION

A. The Past Position of Hanford

B. Current Trends
1. Department of Labor (41 CFR 50-204)
2. AEC Manual

C. The Impact of Current Trends on Hanford

1Zb0153



ADMINISTRATIVE ASPECTS OF RADIATION PROTECTION AT HAPO

I. RADIATION PROTECTION REQUIREMENTS
A. Contractursal
B. Federal Regulations and the AEC Manual

C. Recommendations of the NCRP and ICRP

II. ASSIGNMENT OF RESPONSIBILITIES
A. Radiation Protection Operation (plant-wide responsibilities)

1. Establish basis of radiastion protection program through
appropriate Standards and Procedures.

2. Individual employee dose measurement and evaluation relative
to established limits.

3. Reports and records of radiation protection experience

B. Operating Management (facility responsibilities)
1. Control of individuel employee exposure
2. Control of sources of radistion
3. Avoidance of accidents or incidents

L, Accomplishing necessary work with minimm exposure

C. Individual Workers
1. Complience with established rules and regulations

2. Reporting unusual conditions to supervision

!
/

D. Industrial Medical (evaluation of radiation exposure relative to
health and welfare) .

IITI. SPECIFIC AREAS OF INTEREST

A. HAPO Policies and Standards
B. Control Systems
l. Procedures

2. Operational Controls

12607154



Communications
1. Between Camponents

2. Off-Plant

Incidents and Investigations
l. AEC - Cless A &nd B

2. HAPO - Class C

Measurements
1. External Exposure
2. Internal Exposure

3. Source Control and Release

Records
1. Individusl Exposure

2. Area Survey
Technical Assistance

Treining

12b0155
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RADIATION DOSE UNITS
and _
PERMISSIBLE RADIATIOR DOSE . /hecor

I. RADIATION DOSE UNITS

_i\ i
A,
B,
C.
D.
J

E.

‘The Two Kinds of "Dose" and Their Relation

Exposure Dose
l. Free Air Chamber
2, Non-free Air Chambers - Bragg-Gray Principle
Absorbed Dose
1. From Exposure Dose Chambers, etc.
2, Bragg-Cray Chanmbers
Recent Changes
1. "Exposure" and "Dose"
2. Fluence
3. Kerma
Dosimetry for Personnel Protection
1. Dose Equivalent (RBE Dose)
a., Quality Factor vs. RBE

b. Distribution Factor

II. PERMISSIBLE RADIATION DOSE

A.

B.

C.

History of Safety Standards

l. Tolerance Doses

2. ICRU, ICRP, NCRP, AEC, FRC

3. Maximum Permissible Doses

i, Radiation Protection Guide

External Exposure

Internal Exposures

1. Maximum Permissible Body Burdens - Radium and Bone Seekers

2, Maximum Permissible Concentration or Intake

126077350



Date

1895
1896
1897
1901
1902
1903
1904
1905
1907
1908
191k
191k
191k
1915
1918
1921

1923
1925

1928
1929
1930
1937
1942
1650
1953
1958

1962

RADIATION UNITS

Scientist
or Organization
Responsible

Roentgen
Becquerel

Dorn

Rutherford & McClung
Holzknecht

Stern

Saboureand & Noire
Franklin
Guilleminot
Villard

Szilard

Christen

Duane

Furstenan

Kronig & Friechich
Soloman

Behnken
Glasser

ICRU
Gray
Taylor
ICRU
Parker
ICRU
ICRU
ICRU

ICRU

1260151

Development

Discovery of X-rays.

Discovery of radioactivity

Alr Thermometer

Bolometer

Chemical dosimeter, color changes
Film

Barium platinocyanide pastilles
Ionization

Fluorescence

Units: one esu per cc of air
Unit: one lon pair

Absorbed dose

Free air chamber conceptx
Resistance change

Horn-chamber .

Unit: same ionization as 1 g of
Ra in 0.5 mm Pt at 2 cm

The ferman roentgen

Air wall chambers (Birth of the
Victoreens)

Roentgen

Bragg-Gray principle

Standard free alr chamber
Roentgen redefined.

Units: rep, rem

Absorbed dose

Units: rad

Ad hoc committee on quantities and
units

Handbook 8L4; fluence, kerma, dose
and exposure, dose equivalent,
quality factor.



MAXIMUM PERMISSIBLE DOSE

Sclentist
or Organization
Date Responsible Development
1895 Roentgen Discovery of X-rays
1896 Becquerel Discovery of radioactivity
1898 — Roentgen Society (British) began to
2 . collect information on injurious effects
1902 Rollins Safe if film not fogged in seven
minutes (about 10 R/dey)
1915 Russ Roentgen Society issued recommendations
1921 - — British X-ray and Radium Protection
Committee formed; first report
1922 — American Roentgen Ray Society adopted
- rules on radiation protection
1925 Mutscheller Tolerance dose, Safe if less than
0,01 erythema dose per month
1925 Glocker & Kaupp German Committee on X-ray and Radiation
: Protection; Mutscheller's values
1925 —— First International Congress of
‘Radiology; ICRU formed..
1925 Sievert 0.1 erythema dose per year
1926 Soloman 1/300 erytheme dose per day
1927 —— Dutch Board of Health 1/70 &rythema
g) dose per day
1928 Barclay & Co. 0,00028 erythema dose. per day
1928 Kaye 0,005 erythema dose per day
1928 — ICRP formed
1929 —~— U.S. Advisory Committee on X-ray and
B g Radium Protection formed
1931 U.S. Advisory Committee, 0.2 R/day
(NBS Handbook 15)
1931 Wintz & Rump league of Nations, ebout 0.25 R/day
; for X-rays and 0.1 R/day for gamma rays
1932 Failla 0,001 erythema dose per month
193k ICRP 0.2 R/day )
1936 — U.S. Adv, Comm. 0.1 R/day to allow
for greater penetration of higher
energy rays
1942 — Metallurgicel Project, 0.1 R/day
1946 — U.S. Adv. Comm, changed to NCRP
1948 NCRP 0.3 R/week RBE's Other limits
1949 ~— Tri-Partite conference at Chalk River
1950 ' ICRP 0.3 R/week measured in air
1954 NCRP NBS Handbook 59, Maximum permissible dose
1957 NCRP 5 (§-18)
1959 — Federal Radiation Council formed

Rediation Protection Guides

:
T

Approximate Erythema Doses

50 KV X-rays 100 R
100 " 350
200 " 600
1260158 1000 " 1000

Radium gamma 1500



CALIBRATION OF RADIATION INSTRUMENTS

) C. M, Unruh

I. Rediation Sources used for Calibrations
A, Radium
B. Uranium
c. co0

Do X-rays

II., Primary Calibration of Radiation Sources
A, U.S, Bureau of Standard
B, "R" Meters
C.- Free Air Ion Chamber

D. Foil Activation

ﬂ,} IITI., Routine Calibration Methods
A, Dose Rate Instruments
B, Detection Type Instruments
C. Personnel Dosimeters
D, Emergency Monitoring Equipment

E., Special Services

IV, Visit to Calibration facility to include a first hand look at all
celibration equipment and methods.

V. Genersl question and discussion period

12601519



I,

II.

III ®

APPLICATIOR OF AVAILABLE DOSE RATE
MONITORING INSTRUMENTS TO FIELD USE

Co M, Unruh

Why are correction factors necessary?
A, Geometry

B. Energy

C. Instrument response characteristics

D. Others

How does one determine correction factors?
A. Experimentation

B, Calculations

Correct methods of Interpretations for specific monitoring situstions

A, Gamms radiations

B, Beta radiations

C. Neutrons

Improvements to be made
A. Nev instruments

B, Improved cslibration methods

General question and discussion period

1260760
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A REVIEW OF THE FACILITIES
AND
SERVICES PROVIDED BY
THE
INTERNAL DOSIMETRY OPERATION

AT HANFORD
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STATIONARY WHOLE BODY COUNTER

The Whole Body Counter is used both in research progrems and in routine
evaluetion of whole body content of a wide variety of gamma-ray emitting
redionuclides, With suitable crystals the unit is also used for icdine 131
evaluation in the thyroid, and.quantitaxive measnremenf of plutonium deposited
in superficial wounds. The unit is also capable of accurate measurement of
sodium 2L in the blbod, vhich is very useful in estimating perscnnel dose in
event of a criticality incident.

This is a cute-away drawving of the stationary Whole Body Counter., The
facilities house severel locker rooms, & reception room, a counting room, an
anelysis room and an equipment répair shop., The heart of the Whole Body Counter
is the iron room in which the measurement takes place. The room is made of
10-inch thick, steel, armor plate., The counting room is air conditioned and
music is played over an intercom system, Also, & television camera wes
installed for viewing the patient remotely. This latter feature has proven of

speciel velue when children are being examined,

—2-

'12607b4
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WHOLE BODY COUNTING

For routine analysis of whole-body deposited gamma-emitting radio-
nuclides, the patient (shown in slide) sits in a reclining chair and & 9 inch by
L inch sodium icdide crystal is placed in & geometry such that the patient's body
forms an arc around the crystal, The detection limit of the crystal is about one
nanocurie (for & 10-minute counting time) for most radionuclides. The crystal
asseﬁbly mey be placed on a track in such & geometry that fhe crystal can remotely
scan & patient reclining on a litter. This counting geometry is used to determine

the location of an isctope in the body.

-l=
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WHOLE BODY COUNTER LABORATORY CONSOLE

The Whole Body Coﬁnter Leboratory Console ié designed for maximum
read~-out cap;bility. The heart of the system is an RIDL Model L43-12, LOO chan-
nel pulse height analyzer, Use of either two channel or four channel mixer
amplifiers allows simultaneous use of one, two, three or four detectors in the
iron room, Examination measurements are displayed on the enalyzer scope 1in
the form of total counts as a.function'of gamma-ray energy. A digitel recorder
permits the accumulated data to be printed out on paper tape in the form of
total counts per chanﬁel. A manue)l address and punched paper tape system
ellows the data to be read out in binary coded decimal form for IEM computer
calculation, A digitel megnetic tape reccrder mayrbe used for spectrum
stripping or storage of data to be replayed into the analyzer's memory core
at a later time, Also, an X-Y plotter permits sutcmatic graphing of data for

Visual inspection,

-6-

12601768



12b017b19



PLUTORIUM WOUND COUNTER

A wound counter is availeble for detecting and locating plutonium
in cuts, wounds, punctures and abrasions either on or in the skin to a
depth of a few millimeters., This sensitive counter consists of a 1~3/4 inch
by 1 mm sodium iodide crystal and associated counting equipment. The size
of the crystal permits optimum counting of the 17 kev X-ray emitted from
plutonium, The detection limit of the crystal is about 0.1 nanocurie for
a l0-minute counting time. The wound is located by moving a shield containing
& small aperture over the suspected injury until the meximum counting rate is
obtained, This detector has proved to be an invaluable tool to both the health
Physicist and the physician in defining sections of tissue that should be

excised in order to remove the isctope from the body.

-8-
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THYROID COUNTER

This slide shows a subject being eiamined for the presence of
radioiodine in the thyroild. The detector system used is a 3 inch by 3 inch
Keal crystal and photomultiplier tube mounted on the boom of a movable dolly.
This arrangement allows the detector to be easily adjusted for any subject
80 that the crystal exis will be perpendicular to the sublect's neck, Just
touching the clavicle, The detection limit for 1131 yith the detector inm

this position is 20 pe for a 30-minute counting time,

1260712 -i0-
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DETECTION CAPABILITIES

The detection capabilifies of the Whole Body Counter that are shown
in this slide are based upcn a 10-minute counting time with the subject in
the chair geometry position. In special situations, the detection levels
mey be lowered by longer counting times end different geometries, The listed

nuclides are typical ones frequently measured in Hanford employees with the
excepfion of I131 ana Pu239. These latter two ruclides have been measured in
employees involved in on-plant radiation exposure incidents. The detection
levels listed for I131 are based op 30-minute counting times using & 3 inch
by 3 inch Nal crystal thyroid counter or a 9-3/8 inch by & inch Nel crystal
Primery detector.

Other gamma-emitting nuclides ere less frequently seen, but their

detection levels are comparable to those listed.

126077y -l
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MOBILE WHOLE BODY COUNTER EXTERIOR

The Mobile Whole Body Counter is a self-contained counter laboratory
housed in this semitrailer which is approximetely 35-feet long, U-feet wide
and 12-feet high. Entrances are provided on the left side and reer of the
trailer. The unit requires approximately 60 amperes at 220 volts, which is
supplied through a cannon plug on the left side at the rear or mey be taken
direétly‘from a high line through use of an edapter. The air conditioning
unit is mounted on the front and a telephone ceble reel is mounted underneeath.
The mobility of the counter permits examination of people near thelr work
locations and in remote off-site areas. Additionelly, it provides improved

capability for assistance should radioclogicel emergencies occur.

olle
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MOBILE WHOLE BODY COUNTER INTERIOR

The interior of the Mobile Whole Body Counter is supplied with
air conditioning, fluorescent lighting and electrical baseboard heatihgg The
left side has a counter top for use by the technician and all the electronic
equipment securely rack mounted. The electrenic egquipment consists of two
400 channel pulse height analyzers, two-channel and four-chennel auxiliary
amplifiers, a digital magnetic tape recorder, a punched paper tape recorder,
a parallel to series converter, a power supply end a line voltage regulator.
The remaining rack space is used for storege and a circuit connection panel.
The shadow shield counter itself is permanently fixed to the floor of the

trailer over the rear axles,

12607178
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MOBILE WHOLE BODY COUNTER SHADOW SHIELD

The Mcbile Whole Body Counter Shadow Shield Detector is based on
the design by Roesch and Palmer and incorporates an 11-1/2 inch by beinch Nal
crystal having seven 3-inch photomultiplier tubes. The subject lies on a

cushioned sled which is gear driven under the crystal by an electric motor,

- Microswitches at either end of the counter base automatically stop the sled

vhen it has traversed the length of the counter. Shielding 1s provided by
lead bricks. The shielding system has been optimized to achieve a meaximum of
Shielding with a miniﬁum of weight, An smbient gamme rey must penetrate e
minimum of slightly more than 2 inches of lead to strike the crystal, The
crystal with its shield rests on a 2-inch iron plate over the center of the
counter and four inches of lead surround the crystal on top and sides. The
combined weight of the shield is approximately 2200 pounds, The entire
shadow shield counter weighs approximately 6 tons. The normal counting time
is 10 minutes per examination and may be changed by changing gears on the
motor-drive mechanism. fhe detection levels for most gamma-emitting nuclides
are the same as for the stetionary unit., All of the detectors that are used
in the stetionaery Whole Body Counter are alsoc aveileble for use in the mobile

unit,

1260180 -26-
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747 BUILDING EXTERIOR

This facility houses the Radiation Protection Operation's bioassay
laboratory,

The laboratory conducts a large-scale plutonium urinelysis program
for Hanford Personnel, Last year approximately 6000 routine and special
rlutonium urinalysis samples vere processed by the laboratory in maintalning
surveilance and eveluation of plutonium deposition in Hanford employees, In
addition, the laboretory conducts routine urinalysis prégrams for both uranium
and tritium. Speciel anslytical programs have also been established for
eveluating depositions of several other radionuclides, including promethium 147,
strontium 90, and, americium 241, Special evaluations for plutonium are also
performed on & wide variety of biological specimens, including feces, autopsy

samples &and animal experiments.
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FLOW CHART OF PLUTORIUM BIOASSAY PROCEDURE

The plutonium bicassay program is the main routine analytical
procedure carried cn by the bicassay laboratory. This flow chart indicates

the major steps involved in separation and quantitative determination of

" plutonium excreted in urine, The complexity of the processing required is

evident from the chart. This process has & detection limit of 0,05 4/m.
Also, the laboratory hes a one-shift capability of processing up to 280 person-
nel samples per week. Samples processed by this procedure require about two
Weeks for completion,

A rapid analysis system, requiring less than one dey, is used to

confirm suspected higher-level samples resulting from deposition incidents.
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EVAPORATION HOODS AND MUFFLE FURNACES

The first step in plutonium urinalysis is to break down the organic
salts into inorganic nitrite salt resi&ue by wet ashing with nitric acild,
After wet ashing, the specimens are evaporated to dryness in the hoods that
are pictured on the left side of the slide, The residue is then muffled at

575°C for one hour to destroy the residusl organic material,

-2ka
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ELECTRODEPOSITION APPARATUS

This apparatus, in effect a bank of miniature electroplating cells,
is used to electrodeposit plutonium on a small stainless steel semple disc.,
Samples are electrodeposited by this apparatus for five hours. Between 90

and 98 percent of the plutonium contained in the original sample is recovered,

B
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MICROSCOPY

Glass microscope slides coated with NTA emulsion are exposed for one
week in contact with the stainless steel discs upem which the plutonium
electrodeposition has been made. Alpha particles emitted from the plutonium
Produce "trucks* in the NTA emulsion. fhcce exposed slides are developed in
& manner similar to photographic film and are then examined undef the
nicroscopes pictured in the slide, The alpha particle tracks are counted
over a predetermined area of the emulsion, Blank urine samples that are
spiked with known concentrations of plutonium are processed along with the
routine field samples, These calibrations are used to relate the track density

to the disintegrations per minute of plutonium present in the sample,

1260790 -28-
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PROPORTIONAL COUNRTERS

When rapid enalysis is required for suspected plutonium deposition
cagses, the samples are counted on these low background proportional counters,
These instruments are also used whenever plutonium semples are processed
Vhich may have sufficient activity to pfesent a potential contemination problem
in the darkroom process. Additionally, they are used for evaluation of

bioassay samples being analyzed for strontium 90 or premethium 1LT.

&
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THEORETICAL Pu URINARY EXCRETION CURVES

In the evaluation of plutonium urinary excretion data to determine
the amount of soluble plutonium internally depcsited in a person, e mathe~
matical model developed by Langham is often applied in cases in which the
excretion data indicate the deposited plutonium was readily solubilized by
the body fluids. The accompanying slide illustrates graphical applications
of this model, which is expressed mathematically as Y, = 0.20::"0'7h

where x = number of days'elupsed between deposition and
sample collection
and Y, = deily urinary excretion rate of readily soluble
plutonium, expressed as a percent of the initial
deposition of readily~soluble plutonium

The equation is plotted for essumed internal depositions of reedily-
soluble plutonium equal to 1%, 5%, 10%, 25%, 50% and 100% of the maximum
permissible body burden (MPEB) (0.0L wc) consideriné bone to be the critical
organ of reference, Thus, in cases where Langham's model is applicable, &
urinary excretion raté of ~ 1,7 &/m Pu on the first day following deposition
indicates an initiel deposition of 1% MPBB (L x 1074 ye) of readily-socluble
plutonium, & urinary excretion rate of 17 d/m on the first day following
deposition indicates an initie)l deposition of 10% MPEB, and so forth,

It is also of interest'to relate this slide to our cepability to
detect various amounts of internally deposited readily-scluble plutonium
from urinalysis of samples collected at different times after occurrence of
the deposition. Our current analytical and counting procedures enabie us to
detect as little as 0,05 d/m plutonium present in a urine sample, Thus, an

internal deposition of reedily soluble plutonium equivelent to 1% MPEB can

12b079U -32-



Theoreticel Pu Urinary Excretion Curves

be detected in samples collected within - 120 days of the date of depositionm,
& deposition equivalent to 5% MPEB can be detected in samples collected
within ~ 1000 days of the date of deposition, and a deposition of 25% MPBB
or greater can be detected from samples collected 10,000 days or more

(27 years or more) after the date of deposition.
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FLOW CHART OF TRITIUM BIOASSAY PROCEDURE

The tritium biocassay program is primarily directed to routine
analysis of urine samples collected from employees working at the Plutonium
Recycle Test Reuctqr (PRTR). Tritium is generated in heavy water moderated
reactors such as PRTR through the reaction, D2 (n, v), T3. In the case of
FRTR, the radiation protection program with respect to this particular
radionuclide, takes on added impetus in that all thr;e water systems,

(primary coclant, moderator, and reflector) are composed of Dao.

The flow chart indicates the steps involved and the equipment used in
analyzing for thie lqv energy beta emitter (Em = 0,018 mev), Sample preparation
consists of combining the scintillator solution and a ml of urine in a vial,

The vial ie then placed in a mechanized sample changer which lowers the vial
between two photomultiplier tubes that are connected in a coincldence circuit,
The photomultipliers are used to convert the light energy emitted by the
scintillator to electrical pulses, to provide pulse amplification and to
minimize the counting of spurious noise pulses. Pulses from the colincidence
circuit are then sorted by the pulse heightfanalyzer. The apparatus is
calibrated by piacing known concentrations of tritium in the liquid scintillater
and determining the count rate, A dete;tion sensitivity of 1 uc of tritium per
liter of urine is routinely attained. During 1963, 2750 tritium bioessays
were performed using this procedure.
The whole body dose ig then determined from the equationé
Dose = 0.5 Co t mrem
Co, = specific activity (c T/liter)
t = time (days)
This equation assumes a biclogical haelf life of 12 deys, an average bete

energy of 5.7 x 10-3 mev, and an RBE of 1.7.

1260797 =35
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FLOW CHART OF URANIUM BIOASSAY PROCEDURE

The uranium biloassay program is primarlily applied to the routine
analysis of uranium in urine samples collected from employees whose work
is :elated to the fabrication of uranium fuel elements, One ml of urine is
pipetted onto a small pletinum dish and then dried under & heat lamp, A flux
pellet containing sodium fluoride and sodium carbonate is added to the dish,
The flux i1s fused with the urine sample by placing the sample for three
minutes in a muffle furnace heated to 1000 degrees centigrade, After cooling,
the sample is then pleced into a fluorophotcmeter and the fluorescence is read
and recorded relative to & uranium standard and é blank, A detection level
of about 2 ug U/l is routinely obtained, During 1963, 1800 urine samples

were analyzed for uranium content by thie procedure.
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FIIM DOSIMETER PROCESSING

A Pictorial Brief
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Hanford policy requires that the quantity of externally received radiation
shall be evaluated for each person who enters a Hanford production area,

laboratory area or radiation zone,

The principal basis for exposure evaluation iz the film dosimeter, There
are three film dosimeters in current use at Hanford, These are the Beta-

Gamme Film Badge Dosimeter, Neutron Film Badge Dosimeter and Film Ring Dosimeter.

On a monthly-quarterly system about 4§,000 beta~gamma film badge dosimgters are
Processed per year., The processing of each film ylelds an estimate of the betea,

gexma and X-ray exposure received by the individual for the period the dosimeter

is worn,

Persons whose annual exposure is expected to be less than 1 rem are on a

quarterly dosimeter exchange periocd and others are on a monthly exchange

schedule,

-l-
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When it is.determined that a person should routinelyvbe provided e dosimeter,

& keypunched card informs the computer master file for exposure of such need.
The film dosimeter is sent to the proper point for pick up and worn for the
prescribed periocd, When the time comes for processing the film dosimeter, they

are bréught in by transportation crew and racked as the first step in pro-

cessing,

-h-
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From the racks the trays of dosimeters are taken to the dosimeter processing
machine, Here the operator places the dosimeters in a slotted disk which
rotates the dosimeter to a position where an identification 1s X-rayed onto

the film and then to a position where the film is removed and new film inserted.
The dosimeter is then replaced in the tray in the order in which received and

returned to the rack until time for the next exchange.

-
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The film packets are bundled and taken to the darkrocm where the film is placed
in slotted plastic trays, one film to each slot. There is both a sens}tive
(508) and insensitive (1290) film in the Dupont 558 dosimeter packet. The
sensitive film is trayed for processing and the insensitive placed in a light
tight box until it is verified that there i1s no need to process it, 1If needed,
as & result of very high exposures, the insensitive film is processed and the

film or films are obtained.

When sufficient trays are filled with film, they are placed in & film processing
carrier, Eight hundred and fifty films can be processed in one carrier. The

cerrier is then processed through the various stages of photographic development
by & chain driven pneumatic 1ift system. Time and temperature are agtomatically

controlled throughout the process.

With each batch of personnel film processed e set of calibration film is

processed, Each set consists of 1k pileces of film exposed to Ra y at doses
from 15 mR to 10 R, 13 pieces of film exposed to uranium B at doses from 15
mrads to 5 rads, 7 pleces of film exposed tc 17 Kev X-rays at doses from 20

mr to 160 mr and 10 pleces of blank film,

~8e
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After the processing which tekee about one hour and the drying of the film
which 1s usually accomplished overnight, the film, still in the plastic trays,
is teken to the automatic densitometer, The automatic densitometer indexes
the trays forward one slot at & time. A plunger carries & film to the reading
head where-the photo-electronics read the film identification and the film
darkening behind the open window, plastic, iron and tantalum filters. This
reading in the form of electricel impulses is fed to a keypunch meachine which
records the densitometer reading in punched cerd lenguage. Certain common
information such as batch number, period of measurement, etc., is also auto-

matically punched,
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After sorting on identification number the cards obtained from the densitometer
are compared on & collator with a complete prepared set of cards identifying
those persons for whom film dosipeters should be obtained at this processing.
Cards for which there is no metch indicetes an exception in dosimeter account-

ability.

When accountability of dosimeters 1s established, the film density cards and
calibrated film density cards are sent with transmittal‘to data processing
where the computer determines the various doses, updates the individual records,
prepares a number of reports and prepares the master deck for the next processe

ing which completes the cycle,

-12-
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Neutron dosimeters are issued at field locations and are identified with the
wearer at that time, Approximatel} f,ooo neutron f£ilm badge dosimeters are
processed annually., After use the dosimeter is x-rayed to permanently mark
the film with location, period of use and identification of the wearer,

Thirteen dosimeters are X-ray coded at one time,

After procéssing, the opticel density is read behind the tin and cadmium
filters on the slow neutron film (Dupont 558 packet), The difference in

the two readings is a measure of the slow neutron exposure,

=lla
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Proton recoil tracks in the thick NTA nuclear track emulsion are counted with
the aid of a high pover microscope. The fast neutron dose is calculated by
comparing the tracks observed with the number of tracks observed onkfilm exposed
to plutonium fluoride, The energy spectrum of plutonium fluoride most resembles

typlical fast neutron spectra observed at Hanford.

About 4,000 NTA films are read annually,

«l7=
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Hand exposure to ionizing radiation is measured by use of the Hanford Film
Ring Dosimeter. The dosimeter is worn while in radiation zones or while
working with radiocactive materials by employees whose hend exposure is
expected to exceed 1 rem per month, About 5,000 Film Ring Dosimeters are

processed annually.

«10=
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Films are removed from finger rings end processed through the darkroom.
Accountability is maintained by listing the film on record sheets and

maintaining position on the processing hangers.

The film for the ring shown is oblong but in demsity it will appear much

like the older film shown on the hanger,
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After darkroom processing the optical density on the finger ring film is
read on & manual densitometer. The results are keypunched end processed

through a computer for preparation of record and report.

«23m
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II.

APPENDIX I

EVALUATION OF AMOUNTS OF INTERNALLY DEPOSITED
SOLUBLE PLUTONIUM FROM URINALYSIS DATA -

"Soluble”Plutonium

The evalustion 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 mathe-
matical 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 Guring the pericd of deposition, becomes soluble in the body fluids.
For evaluation purposes, it is assumed thet 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
vhich might be internally deposited in insoluble form and remain pernmnently
insoluble to the body fluids.

For evaluation purposes, the "soluble" plutonium deposited is oonsidered to consist
of "initially soluble" plutonium and/or "initially insoluble" (less readily~-soluble)
plutoniums "Initially soluble" plutonium is defined as that plutonium which beccmes
solubilized by the body fluids within a few hours or days after being taken into.
the body, and hence is present in small amounts irn urine samples collected within

a few days following intake. "Initially insoluble” plutonium is defined eas that
plutonium which is not solubilized by the.body fluids for several days following
intake, but.does begln gradually to be solubilized after.several GQays or months
have elapsed. In determining whether the soluble plutonium was deposited in
initielly 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 initielly soluble and initially insoluble plutonium. The model (models) best
fitting the data is (are) thexn used to calculate an estimate of the amount of
soluble Plutonium deposited.

Langham's Model for Initially Soluble Plutonium

A. Theozz

The model used to evaluate th? amount of initially soluble plutonium deposited
wes derived by W. H.. Langham, 1) Lengham derived the following equation to
describe the rate of urigary excretion of initielly soluble plutonium entering
the bloodstream following an acute exposure, regardless of the mechanism by
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vhich internal deposition occurs: X = 0.002 -O'Th (1)
In this eguation, "t" is the number of days elapsed between deposition and

- sample collection, .while "X" is the predicted urinary excretion rate of initially
- 80luble plutonium after "t" days, expressed as a fraction of the initial deposition
of initially soldble plutonium, Q.. Solving equation (1) for Q, yields:

D= X

0.002 t <0-TH

'

B. Application -

Equation (l) indicates that the plutonium urinary excretion rate decreases
logarithmically as the number of days between deposition and sample collection
incresses. For a given value of Q., measured in d/m, equation (1) can be

expressed graphically as a-straight line wvith slope of -0.74 when paired values

of t and X are plotted logarithmically (with "d/m excreted per day" as the ordinate
and "number of days elapsed" as the &bscissa). Hence, if one plots analytical
Plutonium urinsry excretion data (from & person who received an internal deposition
of initially soluble plutonium on a known date) logarithmically versus the number
of days between deposition and sample collection, a straight line with slope of
~0.T4 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 provided by this application of equation (1). 1In practice,
values of t = 1 day and the corresponding value of X ere substituted into
equatignx(l) , since when t = 1 day the equation reduces to the simple form

Qo ?757iﬁ?_"' Figure (1) presents an example to illustrate the use of Langham's

model for initially soluble plutonium.

Eealy 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) Heely derived the following equation to desciibe
the rate of urinary excretion of initially insoluble in the lung or other metabolic
pool " . . isolated from the normal metebolism of the body but continuelly
injecting plutonium into the bloodstream st a rate dependent upon the character

of the deposited material and relevant physiologlcal processes. "

B, =0.002 AQ, Jh -\t (R-t) -0.Th 4¢ (2)

In this equation, ih = the daily urinary excretion rate of initially insoluble
plutonium, expressed as & fraction of the initial deposition
of initially insoluble plutonium; .

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

12b082b
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Qo = the quantity of initially insoluble plutonium deposited in the body
~ (and retained in the body following the initial clearance from the
lung by ciliery action, in the case of deposition by.inhalation);

A= l3+1c‘= the total rate of transfer of initially insoluble plutonium from the

lung or other metabolic pool, due to solubilizatlon and transfer to-
the bloodstream (and ciliary action following initiel ciliary
clearance in the case of deposition by inhalation);

R = the number of deys elapsed between deposition of the plutonium In the
-~ metabolic pool and the date of urine sample collection;

the number bf days required for initially insoluble plutonium to be
trensferred from the lung or other metabolic pool to the bloodstream.

and t

Although equation (2) is not integrable, the integral has been solved for

several values of A\, R, and t by expansion of the exponentiel term. The

"\ curves" thus obtained are used in solving eguation (2) for the quantity of
initially insoluble plutonium, Q,, deposited in the body. Healy demonstrated
that lc,.the rate of transfer of initially irsoluble plutonium from the lung via
ciliary action (not including initial ciliary clearance), is on the order of ten
percent of A. Thus, Ag can be assumed equivalent to A for all practical purposes.
Of course in cases where the matabolic pool is not the lung but same other site,
such as a puncture wound, Xc is inapplicable and A, is thus exactly equivalent

to 'A. Substituting A for ks and solving equation ?2) for Q, yields:

Ey

% = ' (2)'

' 0.002 A Iﬁ e “At (R-4)"0-Th gt

B. Application

b
Several "\ curves" have been prepared to permit one to solve equation (2)
for Q,. For each A curve, A was arbitrarily assigned some given velue. 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 between
deposition in the-metebolic 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 logarithmicelly the values of the irt egral versus the
corresponding velues of R yields a A curve, for the value of )\ assumed, which
represents the shape of the excretion curve predicted by equation (2) regardless
of the magnitude of Q. :

The appropriate vaiue of A to use in evaluating the amount of initially insoluble
Plutonium deposited is thus-determined by plotting the plutonium urinary
excretion deta logarithmically ("d/m Pu per urine semple" as the ordinate

versus "number of days between deposition and sample coilection!" as the abscissa)
and experimentally determining which A curve best fits the plotted data.
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Equation (2) can then be solved for Qo by substituting for B, and the integral
a pair of values corresponding to any given number of days post intake. In:
practice it is convenient to choose the maximm value of the integral and the
corresponding maximumm value of E%m the maximum excretion rate (expressed in
units of d/m per sample) as determined by the A curve fitted to the plotted
analytical data. Figure (2) presents an example to illustrate the use of ,
Healy's model for initially insoluble plutonium. ,

Miscellaneous Consideratims

4 . Y

Comments on several points are warranted to assist one. in understanding the
techniques, procedures and assumptions utilized in evaluating the amount of
soluble plutonium deposited 1n a person..

A. Detection levels

The analytical ‘detection level for plutonium urinalysigé has changed over the

Years as improved analytical and 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 cetection level in effect at

the time of analysis.

Time Period , Detection Limit (d/m Pu Per Sampl_)

“Prior to June 1949 _ 0.66 -

June" 1949 to Dec. 1952 0.33
- Dec. 1952 to 1/28/53 ° 0.18

1/28/53 to.3/27/53 0.15

3/27/53 o 11/7/53 0.05

11/7/53 o 12/4/53 0.07

12/4/53 to present 0.05

B. Interpreting Plutonium Urinalysis Data

Currently, a persbn'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 semples are -currently
obtained, with the engineer using his discretion during evaluation should both
positive and negative results be dbtained. . :

C. Sample Collection Period

The 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 excretion. In saome
cases persons to be sampled are instructed to collect all.urine voided during

a 2k-hour period. However, in most cases the person is requested to collect

8 "simulated 24-hour urine sample" (scmetimes referred to as a "LB-hour urine
sample"). Such & sample is to consist of all urine voided one-half hour before

17260828



ANALYTICAL DATA

d/m Pu per Sample| 0.48{0.32}0.19}0.12}0.10] 0,060} 0,065 (0.040]0,035
Days Post Intake 2 4 Ki 13 20 30 40 50 60
1.0 -
0.80 d/m for t = 1 day j
]
= 0.1 —_—
E —
& ]
w —
& —
@ R
Q ——
£
5 .
£
= Slope = -0,74 -
| ]
vJ & N -
w
5
e X
2 -0.74
w0 . .
i 0.01 | 0.002t
< [~
o — Fort=1Day, X= 0,80 d/m Pu (From Fitted Curve)
a =
L .80
Thus Q, = 0.80d/m Pu_ _ 440 g/m Pu
i (0;002)(1)70-74 1
0.001 i L llllLl N l lll«lr 1 L lJ}J!!

10

Days Post Intake
FIGURE 1

100

1000

Example of Application of Langham's Model for Urinary Excretion of
Initially Soluble Plutonium

[poas

ACC-GE MICHLAND. WASK
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" HANFORD WHOLE BODY COUNTER

Routine: Other: Date:

Name: Payroll No.:
Soc.Sec.No.:

Age: , Weight: Height: Sex:

Residence:

Amount of Milk/Day: Amount of Meat/Day:

(Average, Below or Above Average, None)

Job Title: Bldg. and Area:

Exposed to Contamination: Type:

Exposed to Neutrons: (yes) (no) (occas. )

Date of'Incident: | Place of Incident:

Incident:

)

Counting Time: Energy Calibration: Crystal: HV:

Na counts: X counts: Zn counts: Cs counts: GOXK counts:

(channels 127-1L42) (channels 6B-78) (channels 52-60) (channels 30-36) (channels 10-20)

NN g Nzn Nes Noox
x 7.69x10-6 - 1.05 Mya - .03 YNa - 126 Nya - 2,06 YNa
( )(.0707) - .2L9 Nk - .185 ¥ - .660 Ng
( )1.21x1075) - .260 Nzn . - 1.08 Nzn
( )(5.57x10-6) - 1.05 Nes
( )(.05)
i uc Na grams X uc Zn uc Cs c/m GOK

Note: N's are the total counts in 20 minutes.
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Sheet ___ of

HANFORD WHOLE BODY COUNTER

PLUTONIUM WOUND EXAMINATION RECORD

Name Payroll # Suffix

Home Address

Examinee Accompanied By

Incident Occurred: Date Time

Building & Area In Which Incident Occurred

Wound Type: Puncture Abrasion Laceration Other

Location of Wound

- - - - - —— - - e w - - - - — - - - - - -
Y - - T an e o D en D e G S G G G D T G S D D W G S A G D G G S e G D G e e D ) e A Sy - T G e - .

Date Time of Wound Examination

Count Serial Number

{(a) Source Count Counts per 10 minutes

(b) Wound Count Counts per 10 minutes

(¢) Background Count# Counts per 10 minutes
Calculation:

(b-c) x [ Standard source activity d/m | = uc Pu23?
(a-c) 2.22 x 10° d/m/uc

uc at wound site °

Was Industrial Medical notified as a result of this incident?

Yes, Doctor ' No

" - D e W - - T A T - - T - —— - —— T . o S — e - - . - = Y N i

Released From Controlled Injury Zone By

Whole Body Counter Examination Conducted By

% This background count is either a 10 minute count in the empty counting chamber
or preferably a 10 minute count of the examinees' uncontaminated bilateral
counterpart. ~
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rNAM!

SOC.SEC.NO. DATE

ODRESS

PAYROLL NO. AND SUFFIX sLDG.

AREA

AGE |MEIGHT WEIGHT | SEX | RACE

OCCUPATION

EMPLOYED BY

HOW LONG HAVE YOU LIVED IN THE COMMUNITY WHERE YOU NOW RESIDE?

YRS.

] weee ] municipaL system

WHAT IS THE SOURCE OF DRINKING WATER IN YOUR HOMKE?

DOYHIR (DESCRIBE)

HOW MANY GLABSES
OF WATER DO YOU
DRINK PER DAY?

HOW MANY CUPS OF
COFFEE AND/OR TEA
DO YOU DRINK PER DAY?

HOW MANY GLASSES
OF MILK DO YOU
DRINK PER DAY?

D COMMERCIAL

D OWN COWS

WHAT IS THE SOURCE OF YOUR MILK SUPPLY?

D LOCAL FARMS (LOCATED WHERE?

DO YOU REGULARLY USE?Y

WHICH BRAND OF COMMERCIAL MILK

HOW MANY TIMES A WEEK DO YOU EAT FRESH MEATY?

WHERE DO YOU OBTAIN YOUR MEAT?
D MEAT MARKET

D HOME GROWN

- LOCAL FARMS (LOCATED WHERE)

HOW MANY TIMES A YEAR DO YOU EAT THE FOLLOWING SEAFOODS?

FRESH OYSTERS

FRESH CRAB

WHEN WAS THE LAST TIME YOU ATE SEAFOOD

AS THE PRINCIPAL PART OF A MEAL?

YSTER STEW

FRESH ClLAMS

CANNED CYSTERS LOBSTER

CANNED ) SHRIMP WHICH SEAFOOD WAS IT?
CLAM CHOWDER

CANNED )

GROCERY

D HOME GROWN

4ERE DO YOU REGULARLY OBTAIN YOUR FRESH FRUITS AND VEGETABLESY

D LOCAL FARMS {(LOCATED WHERET)

HOW MANY TIMES A YEAR DO YOU EAY THE FOLLOWING GAME BIRDS?Y

DUCK

QUAIL

CHUKKAR

GOOSE

PHEASANT

GROUSE

SPECIFIED LOCATIONS?

HOW MANY TIMES A YEAR DO YOU EAT ANY OF THE FOLL OWING FiSH CAUGHT AT THE

wraT Fraction (4, %, X, aLL)
OF THESE FisH WERE EATEN ~

coLumBlA RIVER YAKIMA RIVER CATCH LOCATION
FisH MOUTH TO
RINGOLD TO RICHLAND RICHLAND TO MC NARY UNKNOWN
D TO HORN DAM
SALMON FRESH
STEELHEAD
WHITEFISH CANNED
BASS
CRAPPIE FROZEN
CATFISH
SMOKED
SUCKERS
PERCH HOW MANY MONTHS ON THE
AVERAGE WERE THE FISH
PRESERVED BEFORE EATING?
TROUT
JmGEON
OTHER

KIND UNKNOWN

BO=7800=110(2=62 ) arcat sicnianD, wasH.
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HANFORD'S ENVIRONMENTAL MONITORING PROGRAM

LECTUPE OUTLINE
March, 1964

By J. K. Soldat

I. ORGANIZATION AND FUNCTIONS OF ES&EO

A, Pusgose

1, Detect, measure, and follow trends of environmental contamination

2., Evaluate and report findings in terms of radietion doses to
people in the environs of Hanford

3. Perform R&D on the effects of Hanford on the environs including
the Columbie River

B. Orpanization of Environmental Studies & Evalustion Operation

{See chart P, 2)

II. SOURCES n® EXPOSURE IN THE ENVIRONS (See Appendices A, B, & c)

ITI. RADIOACTIVE MATERIALS IN COLUMBIA PIVER WATER

A. Sources

l. Coolineg Water from Production Reactors

(a)
(v)
(e)
(&)
(e)

Main source of river contamination
Fission products from natural uranium and ruptures

Neutron Activation Products from impurities in cooling
water and structural meterials

Sampled at reactor areas by IPD

Integrated samples by EMO st basin outlets - for long-
lived radionuclides

2, 100-N

(a)
(v)

1Zb083y

Pecirculating cooling water

Negligible additions to river

o
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3. PRIR
(a)
(v)
(c)

«3-

Recirculating cooling water.
Negligible additions to the river
Highest activity effluents sampled by operations before

release and routed to 340 facility if above limits
(5 x 10=5 yeB/ec).

4, 200 Area Liquid Wastes

(a)
(v)

To ri#er via ground water in six to seven years

Negligible amount of H3 and Rul0®

5. Fellout Materials

(a)
{v)

Sr20 A10=9 uc/ce

H2 41076 ue/ce

B. Exposure Pathways
l. Swimming, skiing, or boating

(a)
(v)

(e)

(a)

Direct external gamma

Measured by regular pocket dosimeters placed in plastic
bottles at 2' to 5' depth.

Readings - 3. mr/day at 300 Area, 2. mr/day at Pichlend,
1.5 mr/dey at Pasco-Kennewick.

Assumed 240 hours of river occupancy per year

2. Drinking Water

(a)
(v)

(e)
(a)

(e)

12b083b

Sampled by EM and analyzed isotopically

River at Vernita Ferry, Henford, 300 Area, Pasco, and
McRary Dam

Sanitary at Richland, Pasco, and Kennewick.

300 Area Automatic Columbia River monitoring station has
continuous measurement and alarm at 300 Area Badge House.

USPHS sends in samples from Vencouver twice per month.
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3. Irrigation with Columbia River Water

(o)
(v)
(c)

(a)

Irrigation is a negligible source compared with direct
deposition of airborne materials.

Beef cattle contaln Zn®’, but-néidetectable P33 in-muscle.

Milk from 1rrigtted dairies contains small amounts of

P32 gna 2n¢S

EMO samples milk weekly, beef monthly, and crops in
season. '

4, Fish and Waterfowi

()
(v)
(e)
(a)
(e)
(£)

(e)
(n)

(1)

Fish end ducks pick up P32 and 7085 1n Columbis River.
Ducks may get sonme F.f.'s from 200 Area surface ponds.
Main exposure is from P32 deposited in bones of people.
Only abouf 10% of ducks have detectable .radioactivity.
Creel census used to define fishing and eating habits.

Pev vhole body counts of fishermen for Zn®® taken - lowver
than expected.

Experimental test - RF Foster consumed 1 whitefish meal
per week and had Zn® upta.ke four times expected value.

Pish consumption therefore rust be overestimated and our
calculations of dose received are probably high.

In 1963 aversge whitefish flesh vas ~T00 pe Pu/grun at
Ringold, the aree of highest fish content.

5; Oysters

(a)
(v)
(e)
(a)

1260831

Zn%5 and some P32 persists in Columbia River to the Ocean
Picked up by squatic organisms especially shellﬁ.sh
Samples sent to EMO twe times per month from oyater beds

Annual average eyster conteat in 1963 was 80 pc Zn®S/gram
end 5 pe P32/gram.
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IV. RADIOACTIVE MATERIALS IN THE AIR

A. Sources
l. CPD Stacks
(a) Main Hanford contr;butors to airborne contamination

(b) 0.3 ¢ I331/day, and ~10 me filterable gross beta per
day, some noble gases.

2. Fallout
(a) 1131 and some Bal%0-Lgl“0 in fresh fallout
(v) Sfeg, ngs-Nﬁss in {ntermediate age fallout.
(e) sr?0, cs!37 and some Cel““-Pri“* in older fallout

3. Remctor Stacks

(a) Noble gases from ruptured fuel
(b) 1-5 curies H® per day from PRTR
(c) Some H3, c!*, 335 from production reactors

4, Reseerch Facilities

(a) Short-lived F.P. when dissolving irradiated specimens
(b) Long-lived F.P. when studying waste treatment end FP recovery

5. Biology Farm

(a) Radionuclides used in enimal tests
(b) Negligible amounts released

6. Stack Monitoring

(a) Mejor stacks by EMO
(b) Others by RMO or production forces

(¢) Limits set for most stacks; important radionuclides will
be listed in new RPS.

B, Exposure Pathways

1. Inhslation

(a) Main contribution is I}3!

1260838
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(b) Air monitoring is done at ™61k Buildings" and transportable

"dog houses".

(¢) Particle filters, caustic scrubbers (for I}31), ana
recording gemma monitors (high range for emergencies).

(4) Average I'3! at Tri-Cities in 1963 was A2 x 10~!* ue/ee
(1962 vas a8 x 10=% yc/cc due to fallout)s

Contaminated Crops
(a) Concentrations smell ~ some I!3! and sr%0.
(y==USPHS=metiot-oTioseestimete

(¢) —Dose-from-i—kgcrops—essumed—tUYE ST to- V2550~
aosq:1rcurt—:ttE?-sr~mtax=+gouaf553§§qg oy e avaiiabie—
on:rmn 0 < - X/

k. A . ﬁv;é S — grhen Fyd-
. F 54"} x2.5 & Tt/ 90 F,g/”“

(d) Dose from I!3! celculated .2{rectly by assuming60-g/dey of

leafy vegetables are eaten,

Milk

(a) Mainly 13! plus some Sr%0

(b) Some P32 gnd Zn®5 when pasture is irrigated with Columbia
River water drawvn below reactors. )

(¢) EMO samples 6 farms weekly (milk and pasture gress),
2 milk shed composites each two per month, and 3 commercial
brands at store each two per month,

(@) 1!2! in milk was low in early 1963. Peak in June of Bl
pe/l due to fallout,

(e) In September 1963 unplanned release of ~80 curies of
1131 led to measurement of 140 pe I'3!/liter milk and
extrapolated peaks of ~L0O pc/liter.

(£) Meximum dose from this release was < 30 mrem/thyroid.

(g) Fallout materials in milk were usually below detection
levels of 4 pc Sr89/1iter and 30 pc Cs!37/1iter.

Beef Thyroids

(a) Sampled at 5 slaughterhouses seversl times per month.
(b) Analyzed for I'3! by gamma-scan
(¢) Concentrations of I'3) are 102 - 103 higher in beer

thyroids then in milk and pasture grass, so thyrolds are &
good trend index when 1131 jn the others is too low to measure.
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V. WMISCELLANEOUS MEASUREMENTS

A, External Gamma Dose

1. Stray Padiation Chambers

(a) Used near Y-Barricede and at T47 Building (Bioassay Lab)

(b) Average gamma dose is ~0.5 mr/day nearly all due to fallout
and natural background radiation.

B. “‘Ground Surveys

l., Control Plots

(e) Smell areas of ground (100 f£t2) surveyed repetitively for
trend indicator and to detect releases of radiocactive
materials otherwise missed

(p) Two sets around Purex and Redox stacks and others on
Wehluke Slope

(c) Number of radioactive particles plus survey instrument
readings recorded monthly to quarterly

) 2, Buriasl Ground Audit

(a) Solid waste burisl grounds surveyed twice a year to check
on contamination status

(b) Status of fences, signs and housekeeping are also audited

3. Aeriasl Survevy

(a) Quarterly flights on project, down river, and over environs

(b) To measure background and check for contamination possibly
missed by other measurements

(c) To keep equipment in good working order for use in an
emergency

VI. COMPOSITE DOSE (See Annual Reports such as HW-80991 for 1963, for details)

A. Bases for Calculstion

1. ICRP parameters for "standard man"

) 2. Modified for child's thyroid dose to account for difference
in organ size and food intake

S——USPHS—method—Ffor—fellout—in-Lfood assumes—dose is—P5%—ef—that
received—fror—failout—in milk-on-an-egual-weight-basis

12b08 40
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L5 4o ke Fisk
~-8- €2 g /4} Mei?
36 20 K Lesf Vs
| ~ 21613;. Ok Vb 75947 o
4, _Assumed maxipum consumptions of specific foods 7/ 220 oy
3~ Il Wake
(;3‘\2§\i35\?f whitefish ‘per
(v) 25 1bs of oysters rper year . s 7 4s Aedfaéf
(c) ‘60 rams 265 3552 ML E
c g

leafy vegetables per day

- (a) 2 iters of water pe:\SEY (adult only, child varies
o ith age)

B. Exposure Limits for Various Critical Orgsns

1. OL Tract
(;) NCRP - 1500 mrems/year
(b)  FRC - 1500 mrems/year
. 2, Totel Body
(a) NCRP -~ 500 mrems/year
(b) FRC - maximum individusl, 500 mrems/year
"(¢) FRC - average of suiteble sample, 170 mrems/jear
3. Thyroid A |
{(a) NCRP - 3000 mrems/year
(b) FRC - maximum individuasl, 1500 mrems/year
(¢) FRC - average of suitable sample, 500 mrems/year
(4) FRC - range concept = annual average.ihtake of 100 pc
of I!3! per day # 500 mrems/year to thyroid of
small child.
L, Bone

(a) NCRP - Maximum Permissible Rate of Intake (MPRI)*

"~ (b) FRC - maximum individuel, 1500 mrems/year

® The Maximum Permissible Pate of Intake (MPRI) is taken as the maximum

permissible concentration in weter for a given radionuclide, as recom-
mended by the NCRP for persons in the neighborhood of controlled area,

multiplied by the rate of water intake es defined for the standard man,

This amounts to one-tenth of the MPC's for continuous exposure of
occupational workers multiplied by 2,200 ve per day, or by 800 liters
per year in the case of annuel estimates.

|2b08Y |
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(¢) FRC - average of suitable sample, SO0 mrems/year

(a) FRC -~ specific nuclides expressed as permissible duily
intakes on an annual average basis (Top of Range II).

'5r89 _ 2000 pc/dsy
- sr20 - 200 pc/day
Ra226 . ° 20 pc/dey

C. Composite Doses for the Year of 1963

1. Hypothetical paximum person (edult) consuming local fish,
.oysters, crops, milk, water, etc.
ro0

(a) GI Tract - %% mrems L1
8-3 ! -
(b) Total Body - 92 mrems N
/9 .
(c) Thyroid (adult) 633 mrems K4
2
(a) Bone - of m 1%

o Resident (not eating whitef and not using the river

for
(a)
(v)
(e)
(a)
(e)

3. Richland Residents AVG.

25
(a) CI Tract - -69-mrems
(b): Total Body - 15 mrems
3
(¢) Thyroid (adult) - ¥ mrems

(a) _ ‘
' oz
(e) Bone - 8% MPRI (could be ~15% in 196’6 Columbis River water)

k, Rura.l\Resident (consuming local milk and produce, but not

whitefi sh)\

(a) GI Tra 5 mrems

(v) 2l Body e 20 mrems

12608Y 2
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: APPERDIX A

SOURCES OF RADIATION EXPOSURE IR THE ENVIRONS

I. EXTERNAL
A, Plant Scurcet
1. Air'iaorne
(a) Gaseous and Particulate
2. Del;osited oﬁ*»Vegetation and Ground or in water
3. Vater - IiquidWaste:didpss NN
(a) Svimming
(v) Boating
B. 'Fe.lloizt- .
1. Airborne Material
2., Deposited on Vegetation, Ground, or in Water
'C. Natursl Background Radiation
l. Cosmic Rays .
2. Redon, Thoron, and their Decay Products

3. Redioactive Substances in Soil, Rocks, Water, Building Materials, ete,

D. Medical MOsures

1. Diagnostic X-Rays - Chest, GI Tract, etc.
2. .Dental X-Ra.ys
3, Treatments for Cancer ahd Dermatitis
II. INTERNAL |
.A.‘ ‘Plant “Saurces
1. Bréathing Airborne Materials
() Gaseous - 1131, Noble Gases

(v) Particulate - F,P,'s,, U, and Pu

I7h080UY
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2. Drinking Water-borne -H'ateriali
(a) Reactor Cooling Water Radioactidty
(v) Fallout of Air’bo':ne Materia.ls‘ )
3. Eating Vegetation Contaminated 'by
(a) Water-borne Materids through Irrigation
(v) Fallout of Airborne Matgria.ls onto Vegetation

4, Eating Mest Prom: 8
(a) Crazing Animal fed on iriigited—

vegetation

(b) Fish caught seafotne’ pmJécb_
B. Faltloutinggd

1, Breathing alrborne materials L . _ .
2, Eating vegetation and meat directly or 1ndirect1y contaminated
3. Drinking water containing Sailout{iiii)
C. Natural Background Radietion |
1. Radon and Thoroﬁ and decay prodﬁ&s bresthed into lungs

2. Eating foods and drinking water conta.ining natura.lly radioa.ctive
materials

3, Natural 83, 24, k40 ena 226 in body
D. Medical Treé,tments |
.1. Treatments with I_sotopes
(a) 1131 _ mhyroia
(v) P32 - Cancer
2. Radioactive Tracer Tests

(a) Fe2% _ Blood Circulation Study

1260845
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I.

II.

APPERDIX B

NATURAL RADIOACTIVE SUBSTARCES

EXTERNAL EXPOSURES

A, Cosmic Ravs
1. 0.1 mr/day at sea level
2, 0.2 mr/day at 5000 feet above sea level

B. Naturally Occurring Radioactive Materials 'in:

1. Soil, rocks, air, water, and building materials add up to
2, 0.2 mr/dey

C. Totel Whole Body Exposure

1., 0,3 mrad/day

A
-

.2, 3 to 4 rpd per 30 years

INTERNAL EXPOSURES

A. Lungs
l. Radon and Thoreun and their Decay Producis, inhaled
2, One (1) to 50 mrem/day
B. Béne
1. Ra.‘226 and Kho in bone and tissues
2, 0,15 mrem/dsy
C. Gonads
1. cl4, k¥ Re226  ana Decay Products of Re226
2, 0.07 mrem/day -

D. Body Concentrations

1. BS - 3x 10~2 uc
2, Clh -9 x 10-2 ye
3. K0 -1 x 1072 ye

L, R3226 -2 x lO‘h ve (variable)

12b084b
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III, MISCELLANEOUS DATA

A.

B,

C.

D,

E.

F,

Radium Springs

1, World Maximum - 7 x.10"h uc Ra/ce at Masutomi, Japan
2. U, S, Maximum - 3 x 10°% ye Ra/ce at Boulder, Colorado
3. Generally - Few above 3 x 10-7 ue Ra/ce

Radium in Tap Water

1, U, S. Generally - 0 to 1 x 10-10 yc Ra/ce
2, Joliet, Illinois = 6 x 102 uc Ra/ec

Radon in Air

1. Normelly in room air - 10-10 to 10~11 yc/ce
2. In Coloredo, uresnium mines - 10-6 to0 10-5 uc/cc of air
3. Normally in air of Pacific Northwest - 1 to 5 x 10-11 ye/ece

Thoron in Air

1. Thoron is normelly 0.1 percent to 5 percent of Raden concentra#ions
Uranium

1. In Earth's crust - 1015 Tons

2, In oceans - 1010 Tong

3. Average in surface soil - 1 to 2 ppm

4., RNormally in Columbia, Snake, and Yakima River water - 10-9 uc/cc

5. Normally in Benton City well water - 10-8 ue/ce

Tritium

1. Total in atmosphere - 2/3 ounce
2, Total in oceans - 2 pounds

3. Total in inland waters - 1/3 cunce
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APPENDIX C

PADTATION EXPOSURES FROM SOME MEDICAL TREATMENTS AND EXAMINATIONS

Procedure

Dental X-Ray

Chest X-=Ray

Fluorscopy

Barium Contrast Studies

G.I. Series

Pregnancy X-Ray Examinations

Thymus Treatmént
Acne Treatment

Tumor Treatment

soz Mdon/
Yo% thl Bid
25 hmie Flens
2.z Aadisrm

P Fatlov?

2.5 TV S

1Zb0848

"gggﬁsure
1 to 15 R/film
50 mr/film
10 to 20 R/min
1 to 2 R/series
1 to 8 R/series
20 to 65 R Total
T5 to 350 R Totel
500 to 1000 R Total

3000 to OO0 R Total
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APPERDIX D

RELEASE TO RIVER

A. Problem

Cbmpute the maximum sustained release rate of P32 per month from an

atomic energy plant into a river using the "water + fish + human"

pathway and the fbllowing assumptions:

1. Averaging over a 12 month period is permissible

2, The MPC of P32 in drinking water for non-occupational vorkers is
2 x 10-5

ue/ece.

3. A person drinks 2200 cc/day

4, The concentration factor -HSIEFIQQQ- for P32 petween fish and

water is:

Jan, 2,000
Feb, 1,000
Mar, 2,000
Apr° 5,000

-

uc/cc water

May 10,000

June 25,000
July 50,000
Aug. 100,000

Sept., 100,000
Oct. 50,000
Nov. 10,000
Dec. 5,000

56 The flow rate of the river is 80,000 cubic feet per sec,

6. The consumption rate of fish is 200 grams per week but only one
fish in ten comes from the conteminated river.

B. Solution
1. Average the 12 concentration factors given in the problem and

find the annual average factor to be 30,000 ue P32/g of fish per

uc P32/cc of water,

2, Calculate the river flow rate in terms of cc/month.

3
Flow = 8 x 10% paa x 2,83 x 10% cc/#t3 x 30 d/month x 8,64 x 10% %55

sec

Flow = 5.87 x 1015 ce/month

3. Assume allowable intake in uc P32/day is the product of MPC, and

2.2 x 103 cc/day.

2 x 10-5 ue/ee x 2.2 x 103 cc/day = b4 x 1072 uc/day

1260849
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4, Calculate the average number of grams of fish from contaminated

river which are actually eaten per day.

200 g fish/week x 1 contaminated fish
T days/week 10 total fish

Consumption

2.86 g/day of contaminated fish eaten
5. Calculate the ?32 content of the river and of the fish if one curie

of P32 per month were discharged to the river.

Water content = 1 curie x 10® XC x

g ‘
c 5.87Tx lOIgfbc/month

1.7 x 10710 ye/ee water

Fish content 30,000 x water content

3 x 104 x 1,7 x 10710 = 5,1 x 1076 uc/gram fish

6. Calculate total deily P32 intake if 1 c/month were released.

(1.7 x 10730 ye/ee x 2.2 x 103 ce/a) + (5.1 x 16“5 uc/g x 2.86 g/day)

Intake =
= (3,74 x 107 ue/dey )} + (1.46 x 1075 uc/day)
Intake = 1.50 x 107> uc/day

7. Find ratio of MPRI and intake from one curie per month released.

This ratio is the permissible release rate,

(4.4 x 1072 uc/day)
1,5 x 105 uc/day/c released/month

Permissible Release Rate =

| Permissible Release = 2,9 x 103 ¢/month*

* Note: This release limit would be reduced to 1.5 x 103 ¢/month if it
were calculated on the basis of the FRC's recommendation of
1.5 mrem/year to the bone of the maximum individuel,
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RELEASE TO ATMOSPHERE

A. Problenm

Compute the maximum permissidle comcentration of 1131 in the atmos-

phere outside of an atomic emergy plaat on the basis of the atmos-

phere + vegetation + cow + milk + human paihway. Use the following

assumptions: .

1. The meximum permissible rate of intake {s 100 uuc/day

2, Consumption rate for milk is 1 liter/day

3. A cov produces iO liters of milk/dey

L. A cow eats L0 kg of vegetation/dsy

5. One uc I331/cc of air leads to 10*7 uc/g of vegetation

6. 3 percent of the I131 eaten by the cov appears in the milk

B, Solution

1.

2.

3.

Find inteke of cow if air has 1 ve/ec.
1 uc/cc in air yields 107 uc/g vegetation v
8o cow eats 107 ue/g x 4 x 10 g/day = 4 x 10! uc/day

Pind content of milk when 3% goes to milk.

L x 101! ue/day x 0,03
10 liters/day

= 1.2 x 109 uc/1iter

or milk contains 1.2 x 10;5 vuc/liter vhen air has 1 ue/cc

Find ratio of answer in (2) and allowable milk concentration of
100 uuc/liter.
Thig ratio is the permissible air comceatration

Permissible Concentration 100 uuc/liter

LPernissible Concentration = 8.3 x 10™1% ye 1131 /cc airI

1260851
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IIT. STACK SAMPLIRG

Aol'Probiem

‘ A stack sampler, which had a flow rate of 3 cfm, wvas operated continu-
ously for one week, The stack discharge rate was 6,000 cfm; the " -
activity reteased from“the:stagi.va§¥re§gt The net activity (bBack-
ground subtracted) found on_the filter paper.vas 1,000 counts per
minute, Assuming the collection efficiency is 85 percent and
the counter efficiency is 12 percent, and ﬁeglecting the decay
of Fesg, calculate the total number of microcuries released to
the atmosphere, via the stack, during the week, Calculate the
average F959 concentration (ue/ce) in stack air during the week,

(1 cu, ft, = 28,000 cc)

B. Solution

1000 e/m 1 g = 6000 C¥M
0.12 %%E. 2,22 x 106 S8 7 0.85 3 CFM
m uc

' Total Activity (uc) =

8,84 uc

- (ue)
flov (£t3/m) x time (m) x 2.8 x 10* (cc/ft’)

- 8,8 |
6000 x 7T x 2k x 60 x 2.8 x 10*

Avg. Conc, (uc/cc)

= 8,8k
1.69 x 102

={5,2 x 10=32 ye/ec

IV. ENVIPONMENTAL EVALUATION

A, Prcblem
1. A reactor is delivering radioactive waste to a public stream.
The effluent contains a known concentretion of each of several

isotopes. How would you evaluate the practice in terms of
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safety to downstream users of the water? Give the steps and
additional data which would be required, or at least desirable
for a proper assessment,

How would your assessment differ if the reactor were a
government-cperated reactor not subject to licensing require~

ments?

B, " ‘Solution

1260853

1.

As a licensee, the reactor operator is required to control
the concentrations of radionuclides in the liquid effluent
to the MPC, for 168 hours public exposure. Where a mixture
of nuclides isvpresent;the combined effect must be evaluated

for all organs of concern.

T _Si_. X1
MPCi

" vhere cj is concentration of puclide (1) and MPC; is 168 hour

public MPC, for nuclide (1) for the orgen being considered.

If the licensee wishes to discharge concentrations higher

then permitted by the MPC's, he can éppeal to the AEC for

special permission. He must first evaluate the proposed
increased discharge in a manner similar to that required for
an AEC contractor. He must then convince the AEC that no one
w;ll be consuming water at concentrations over MPC or tha§
they will be exposed‘to externel radiation exceeding the :
allowable public rates,

As a contractor, the operator need not restrict the effluent
conceﬁtraxions to MPC, at the point of release, but may use
the point of water use as the place to evaeluste the safety

of the Adisposal practices.
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He must, however, still use the formula -

t—c-L. <1
MPCy

at the point of water use hy the general public, He must also

. consider ail organs of the body.

In eddition, he must evaluate other possible modes of exposure

either by calculation or direct sampling and/or monitoring.

These modes include:

(a)

(v)

(c)

(a)

(e)

This

Accumulationbof radioactive materials in municipal water
plant |

Reconcentration of nuclides in fish and ducks
Contamination of produce irrigated by the receiving stream

Contamination of irrigeted pasture and subsequent con=-

tamination of meat or milk products

Externsl exposure to people who use the stream for

recreation,

evaluation must also include the combined effects of all

the gbove items on ali possible body organs.
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EFFECTS OF RADIATION ON LIVING TISSUE

Studz Notes

Structures and Activities of LivigzﬁCells

All living tissues are composed of large numbers of microscopic units we
call cells, Despite their small size (10 to 20 microns in diameter),
individual cells are complex structures containing many different com-
ponents. Each cell is enclosed in a tough outer covering called the cell
membrane, Inside the cell membrane is a viscous or jelly-like mass called
protoplasm, the actual living matter of the cell., Properly, the protoplasm
is composed of two msjor parts; the cytoplasm, which fills most of the cell
volume, and the nucleus vhich is a small round body suspended in the cyto=-
plasm, The sketch below illustrates these gross cell structures of an
idemnlized cell,

r e
Centrosome cell membran

cytoplasm

hwcleuws

Figure 1. Gross Structures - Idealized Cell

The cytoplasm contains many complex chemical substances as well as fat
droplets and several special structures.

These structures are involved in the production of vital chemical sub-

stances necessary to the life of the cell and to the organism of which the
cell is & part,

The cell nucleus is in & sense, the control center of the cell, and contains
& number of special structures important in carrying out control functionms.,
The more important of these are the chromoscomes and the nucleolus. These
structures are suspended in & viscous fluid called the nucleoplasm which
£ills most of the volume of the nucleus. A nuclear membrane encloses the’
nucleoplasm and separates it from the surrounding cytoplasm. the following
sketch illustrates the major nuclear components.,

hucleavr rmem brane .
Chromo som e *hreads (Ch romatin)

hweleoplasm
nueleolus

‘Figure 2, Ma jor Nuclear Components -~ Idealized Cell
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The chromosomes control the hereditary characteristics of the cell, so that
cells which reproduce will form cells having the same characteristics.
Each chromosome is a long slender structure composed of many smaller parts
called genes, each of which has an effect on some individual function or
characteristic of the cell containing it. Human body cells normally con-
tain 46 chromosomes (arranged in 23 pairs), though some individuals appear
to have 47 or L8 due to the separation of one or two chromosomes into two
parts. Each chromosome may contain from a few hundred to as many as 1000
genes, The total number of genes in human cells is believed to be about
60,000, The genes are arranged in a particular order along the length of
the chromosomes, so that the genes controlling & given characteristic, eye
color for example, are always found in the same location in one particular
chromosome .,

Each cell carries on particular activities which are dependent upon the kind

_of tissue to which it belongs. The human body contains four different

kinds of fixed tissue; connective, epithelial, muscle, and nerve, The
mobile cells of the blood and lymph form a separate category. Connective
tissues include sinews, tendons, bone, fat, major parts of some glands,

etc, Epithelial tissues include the skin, and the linings of body cavities
and organs. Muscle tissues include the skeletal muscles, the majority of
the heart, the diaphragm, and major structures of the stomach and intestines,
as well as a few other specialized tissues. Nerve tissues include the
sensory receptors, the central nervous system, the brain, and additional
connecting nerve cells, '

Each cell has & fairly typical lifetime which is dependent upon its func-
tion and the particular tissue to which it belongs. Cell lifetimes in the
human body vary from a few weeks in the case of the red blood cells
(erythrocytes) to many years in the case of the cells of the brain and
central nervous system (neurons)., In healthy tissue, cells which die of
"0ld age" are normally replaced by nearby cells of the same type through
the process of cell division. The importance of this function may be
readily appreciated when one comsiders that the 25 trillion red blood cells
of the human body have an average life of only 110 to 120 dsys. To main-
tain the body in & normel state of health requires replacement of these
cells at the rate of about 133 million per minute. While other body cells
are replaced at slower rates, most of the 140 trillion body cells of a
healthy adult human are replaced within a period of a few years,

During the intervals (interphase) between cell divisions, the cells carry
on their normal functions, which always include the production of vital

chemicals, and msy include other functions as well, such as the contraction
of muscle cells, and the transmission of electrical impulses by nerve cells,

Figure 3. Interphase

1260851
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This is the so-called "resting state" between cell divisions. The cell
does not really rest during this phase, however, It engages in production
of vital chemical substances necessary to its life and the life of the
organism to which it belongs. To illustrate this further, let us take the
example of a specific organ, the thyroid gland of the human body. 1Its
major function is the production of thyroxin, a chemical substance we call
a hormone, whose function is to regulate the chemical activity, or mete-

. bolism, of the body. Thyroxin is actually produced in minute quantities
in individual cells which make up the gland. The total thyroxin produc-
tion of these cells is the production of the gland, Since the gland
contains millions of cells, the thyroxin production is substantial.
However, because of the tremendous changes necessary for cell division,
thyroxin production is suspended in those cells undergoing division.

When the cells complete division, they resume thyroxin production.
Fortunately, only & fraction of the cells are dividing at one time. The
rest are all in the interphase state. (In the interphase state, the

cells also exchange oxygen, carbon dioxide, water, and breaskdown and build
up fat and protein molecules necessary to cell life,)

Cell division is actually composed of two parts; cleavage of the cytoplasm,
and nuclear division, or mitosis. " However, it has become common practice
to refer to the entire process of cell division as mitosis., Mitosis
proceeds in four general phases; 1) prophase, 2) metaphase, 3) anaphase,
and 4) telophase, Simplified sketches and descriptions of the four phases
of mi?osis follow (for simplicity, only four pairs of chromosomes are
shown):

Figure L. Prophase (early stage)

During the initial stage of cell division, prophase, the cell contracts,
aessuning a more rounded form. The chrometin threads contract into visible
and separate elongated structures called chromoscmes, which gradually
split along their entire length, forming a pair of chromosomes, which
remein attached to each other at a few points, Each member of this pair
is called & chromatid. The nuclecli become fainter and eventually dis-
appear, The nuclear membrane then contracts, and suddenly disappears,
At sbout this time, a lens-shaped structure called the spindle forms in
the cytoplasm from the centrosome, & 'small body normally located in the
cytoplasm near the nucleus, The centrosome divides into two parts which
move to opposite sides of the cells to form the poles between which the
spindle fibers and chromosomes are arranged.

12b0858
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Figure 5. Metaphase

During metaphase, a connection is made to each chromosome by one of the
spindle fibers at a small body called the centromere of the chromosome.
This is the only point at which the chromatids in each pair are still
attached, The chromosomes line up in a flat plane in the middle, or
equator of the cell,

Figure 6, Anaphase

In the next stage, anaphase, the chromatids or daughter chromosomes
begin to separate, gradually moving from their equatorial position to
opposite poles of the spindle, When they reach their new positions at
the poles, they form into a compact mass,

L@

Figure T. Telophase
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During early telophase, the nevw nucleer membranes form around the two
masses of chromosomes, The outer cell membrane drews in at the equator,
accompanying cleavage of the cytoplasm. In late telophase, the membranes
form completely around the two daughter cells, separating them. The
chromosomes loosen, spread out, and eventually resume the faint thread-
like network of chromatin seen in interphase. The nucleolus appears in
the nucleus and mitosis is complete,

A special kind of cell division called meiosis occurs in the male and
female reproductive organs, This process is sometimes called "reduetion
division", since its purpose is to reduce the number of chromosomes in
reproductive cells to ocne set of 23, Since each child receives a set of
23 from each of his parents, his cells will have 23 pairs, or a total of
L6, If meiosis did not take place, each generation would have double the
number of chromosomes of the preceding generation. The simplified
sketches below illustrate the process of meiosis.

< >
H(
Prophase 1st Metaphase , ' 1st Anaphase
Nl N -
Ciééa’ ‘!!!"
lst Telophase 2nd Prophase 2nd Metaphase

(.

"||||||||') ‘l|||||||l’ ‘lliiiiilliiiiiii’ <::::> <E;22>
o~

’ 2nd Anaphase 2nd Telophase _

Figure 8, Meiosis
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Mature Reproguctive Cells
(gametes)

Figure 8, Meiosis (continued)

As will be noted from the above sketches, the initial cell, starting with
four pairs of chromosomes has divided into four cells each having a single
set of four chromosomes,

Fundamental Damage Effects

While the above descriptions are brief, it will be recognized that most
activities of living cells are very complex. Cell activities follow a
definite pattern, both in the production of vital chemicals and in the
process of division. Anything which disturbs this pattern of activity
at any point disrupts the normsl life of the cell. If the disturbance
is sufficiently great, the cell will suspend normal activities and
attempt to repeir the damage so that it cen resume its regular functioms,
However, if the damage is beyond the ability of the cell to repair, it
will die.

Many disturbances can result in the death of cells, A reduction in
oxygen supply, inadequate supply of vitamins, a hormone imbalance,
reduction in food supply (blood sugar), etc., may all result in the death
of some body cells. Every time a person is bruised, cut, burned, has a
disease (even a cold), or overexerts himself, some cells die as a result,
So long as the damage is not too great, the dead cells are replaced by
other similar cells as the result of division of nearby healthy cells.

If the damage is too great, the dead cells will be replaced mainly by
scar tissue cells which enter the damaged area.

The effects of ionizing raditions on living cells are not known in every
detail, However, it is recognized thet both the ionization and excitation
of atoms within the cells are harmful to the cells' normal activities,
Many of the changes are associated with the ionization or "activation" of
water molecules in the cells, This results in the formation of free
oxygen and hydrogen, (0°, 0,°, E°, and H,°) OH® and HO,® radicals, and
hydrogen peroxide (H,0,). None are normel components of cells, and are
injurious to the cells, since they act as strong oxidizing agents and
will upset the normal chemical processes of the cells.
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Some of the other effects on cells result from the disturbance of the com-
plex chemical activity due to direct ionization or activation of atoms in
the vital chemicals produced by the cells. Slight changes in some of the
molecules of these vital chemicals can change them into useless substances
or poisons, seriously upsetting or killing the cell. Dead cells release
toxic substances which can be harmful., Where large numbers of cells in a
tissue are killed due to & large local dose of radiation, the toxic sub-
stances released may be transferred to other locations in the body,
injuring cells in tissues which have not been irradiated.

It is interesting to note that when a cell has a deficient supply of
oxygen, it is less susceptible to radiation damage, mainly because HO,"®
radicals are less likely to be formed in the cell, This has lead to
research on the development of so-called "radio-protectant” compounds
which reduce the oxygen supply in the cells of the body. So far, such
research has not been too effective, partly because other damage occurs
anyway, and partly because the general reduction in oxygen supply to the
entire body causes other harmful effects,

Damage to individual cells is dependent both upon the total number of
ionizing events occurring within the cell, and their location within the
cell., Alpha particles are particularly dsmaging to living cells because
of their large ionization potential, and thelr short range. A typical

5 Mev alpha particle has a range in tissue of about 100 microns (u) or
less, Since one of these particles has the potential of creating about
150,000 ion pairs, this means that it would cause about 30,000 ionizations
within a given cell. This is sufficient to cause appreciable damage. In
contrast, a comparable beta particle has a much greater range in tissue
and will cause a much smaller number of ionizations (on the average) in
the individual cells through which it passes. Even though a 5 Mev beta
particle would have the same icnization potential as a 5 Mev alpha particle,
it would be less likely to seriously damage living cells than the elpha
particle, The energy transfer per unit length of peth (linear energy
transfer) is much greater in the case of the alpha particle. It is for
this reason that alphe particles have & greater relative biological effect
than do beta particles or gamma rays.

It should be noted here that biological damage is due to both ionization
and excitation, Ionization involves knocking electrons out of the outer
orbits of atoms. This may in some cases cause an atom to break loose from
& chemical compound of which it is a part. Excitation involves raising

‘an orbital electron of an atom into a higher energy state, making the atom

more chemically reactive, This may result in the atom breeking loose from
a chemical compound of which it is a part, or it may cause the atom to
bond to another atom, forming a different, and sometimes unusual compound
or chemical radical. The effects of both of these reactions are probably
about equal in importance, However, in biclogical systems, somewhat more
of the radiation energy is believed to be transferred as excitation.

Two particulary harmful kinds of damage which result in delayed effects

are chromosome breakage and gene mutation. When chromosome breakage occurs,
the cell usually does not die, However, when it later attempts to divide,
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it may not be able to complete the process, then degenerates and dies.
Sometimes, a cell may complete the process, but be unable to properly
transfer the broken chromoscome pieces, so that one daughter cell has

extra pieces, and the other is missing portions of one or more chromosomes,
Such cells may divide several times before finally degenerating and dying.

Gene mutation is a more subtle effect, but may be equally harmful, Each
gene is composed of a large number (probably millions) of individual atoms
arranged in a complex organic molecule, The removal or addition of a
single atom may change the characteristics of the gene markedly. So can
the substitution of one kind of atom for another; e.g., the substitution
of an oxygen atom for a nitrogen atom. In the body (somatic) cells of an
individual, the funtion of the genes is to control a specific process in
the production of some vital chemical, or to control gas exchange, water
exchange, etc, If the gene is damaged, it may no longer carry on this
function properly. If the effect is not too great, the cell may gradually
deteriorate and die. In some cases, cells which have received such damage
carry on an apparently normal existence for many years, then begin acting
in an abnormal manner, growing rapidly. These may develop into tumorous
growths which in some cases can be malignant.

When the gene mutation occurs in a reproductive cell, the changed char-
acteristic will be transmitted to all the cells of the individual who
results from the reproductive cell, If the mutation is of a minor nature,
it may result in a change in hair or eye color or some other equally
harmless effect., However, mutations may also result in harmful effects
ranging from disbetes, hemophilia, etc., to serious physical malformations.
The "hidden" conditions such as diabetes are much more common than the
more obvious conditions such as physical deformities.

Somatic Effeéts

Since cells engaged in mitosis are carrying on a very complicated process,
and have suspended their normal chemical production functions, they seem

to be more sensitive to radiation damage than they are during interphase
(in some cases, as much as 1000 times as sensitive). The effect of this

is to make body tissues more sensitive to radiation when they contain large
numbers of cells engaged in mitosis, It is for this reason that exposure
to large radiation doses, on the order of 100 rems, show such distinct
effects on the bone marrow, while most other tissues show lesser effects.
For the same reason, rapidly growing young orgenisms are more sensitive

to radiation than those which have reached the adult state. Body tissues,
such as the brain, which show very little cell growth once an individual
reaches the adult state are relatively insensitive to radiation. The same
is true of the other cells of the central nervous system. Muscles also
show relatively little cellular growth in an adult, and as & result are not
very sensitive to radiation. On the other hand, the cells of the lining

of the GI tract, the skin, and of the reproductive organs are all relatively
sensitive to radiation.

Because all natural phenomena occur in a normal distribution pattern, the

response of a particular individual to & given radiation dose cannot be
predicted beforehand. Most people and other animals are able to withstand
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relatively large acute doses (up to 100 rems) of radiation without serious
effects, other than some possible slight life shortening due to premature
aging or leukemia, However, in any group of organisms, including humens,
some small number of individuals will be especially sensitive to radiation,
Conversely, & small number will be unusuelly resistant to radiation.
Because exact response cannot be predicted for an individual, in study of
lethal doses of radiation, biologists have adopted the values for "LD 50/30",
vhich remain remarkably consistent for large groups of organisms. This
terminology refers to the acute dose of radition which will be lethal to
50% of the organisms within 30 days after the exposure, The chart below
shows the approximate normal distribution curve for LD 50/30 for humans:
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Figure 9. LD 50/30 For Humans

The same kind of curve will be seen when a graph is made of any other
characteristic of large numbers of humans, such as height, weight, IQ,
resistance to disease, reaction time, and so on. Fortunately, no one
individual will be at the low end in all cases,

When an individual is exposed to & large radiation dose, he exhibits a
characteristic group of symptoms, called the "radiation syndrome". How=-
ever, all of these symptaoms are common to other illnesses. It is only

the particular combination that is characteristic of radiation sickness.
For example, nausea, vomiting, and diarrhea are common symptoms of exposure
to large radiation doses appreciably greater than 100 rems. However, the
same sympioms are also seen in severe gastro-intestinal infections and
other physical disorders of several kinds, The same is true of other
symptoms noted in response to acute exposures to large radiation doses.

The typical group of symptoms seen in persons who have received a lethal
or near-lethal radiation dose is as follows: -

12b08bu



1v,

-10=

1, Nausea, vomiting and diarrhea within the first few hours..
2. XNo definite symptoms for a period of one to two weeks (latent period).
3. Second to third week
Loss of appetite
General malaise (tiredness, fatigue)
Fever
4, Third to fourth week
Hemorrhage
Nosebleeds
Pallor
Inflammation of mouth and throat
Diarrhea
Petechiae and purpura (localized hemorrhages under the skin, resulting
in spots of color due to the blood which remains in the tissues)
Emaciation (loss of weight)

Most of those who live through the fourth week will eventually recover,
though some permanent disability will probebly remain in the more severe
cases, For example, some permanent loss of hair from skin areas exposed
to large radiation doses (several hundred rems) is common. Other persistent
effects may be fatigue, poor appetite, partial or complete sterility,
anemia, low resistance to disease, etc.

In addition to these generally chronic conditions, there are several
possible delayed effects. Among these are leukemia, and tumor formation.
These conditions usually do not appear until many years after the exposure,
In the case of leukemia, the induction period is normally 3 to 5 years or
more., In the case of fixed tumors, the induction period is usually 20 to
30 years,

In some cases, fixed tumors may be malignant, or "cancerous”, In such
tases, the tumor not only incresses in size, but also invades healthy
tissue, and often spreads by metastasis. In metastasis, small clumps of
malignant cells break off from the main tumor and float through the blood
stream or lymphatic system until they lodge in some spot. They continue
to grow there, forming another tumor,

Rediation is often used in treating melignant tumors, especially those
wvhich are so loceted that surgical removal is @ifficult or impossidvle.
Radiation is an effective medical weapon against malignant cells because
of their rapid rate of growth and lesser ability to repair damege than
healthy normal cells, As noted above, cells are more susceptible to
radiation damage when engaged in mitosis, and tissues containing large
numbers of dividing cells are most sensitive to radiation. Because
radiation may cause malignant growths in addition to curing them, it
has been called a "two edged sword".

Genetic Effects

The fundamental aspects of gene mutation have been described above, Well~
documented evidence of the mutagenic characteristics of radiation stems
from the early research of H, J., Muller, beginning in the mid 1920's. His
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studies involved exposure of common fruitflies (drosophila melanogaster)
to various doses of radiation, and observing the effects upon their off-
spring., After some study, he was able to determine the rediation dose =
mutation relationship for fruitflies. Since all natural populations show
some spontaneous mutation, Muller expressed the mutagenic effects of
radiation in terms of the dose required to double the natural mutation
rate, For the fruitfly, this is an acute dose of about 50 R. Muller was
also able to demonstrate a linear dose - mutation effect at increased doses.
In other words, tripling the dose tripled the increase in mutation rate,
etec, Recent studies have shown that when a dose of radiation is given in
small increments over & long period of time, the mutagenic effect is much
less than that of the same dose given in an acute exposure,

The ultimate harmful effects of mutation are expressed in the production
of weakened individuals. Unfortunately, much still needs to be known
about mutation in man, While we do have good information on some genetic
diseases of man, such as diabetes, perniclous anemia, sickle cell anemia,
mascular dystrophy, etc., we are still unable to define all the mutations
occurring naturelly in man, Neither are we able to define the mutagenic
radiation doses as well for man as we would like,

In general, genetecists consider all mutations harmful., While this is not
strictly true, less than 1% of those observed in experiments appear to
result in stronger, more capable organisms. All the rest appear to result
in weaker ones., However, in most cases an individual is protected by
receiving & normal gene of a particular kind from cne parent to match with
a defective gene from the other parent. In this event, the individual
suffers little or no 111 effects. A good illustration of this may be found
in the case of diabetes. If an individual inherits disbetes genes from
both parents, he will suffer severe diabetes, beginning in his early child-
hood. If he inherits a healthy gene from one parent, and a diabetes gene
from the other, he may never feel any ill effects. However, it is common
for such individuals to exhibit a mild case of diabetes, beginning in
middle age.

Every individual is believed to carry a few (about 8) mutant genes, trans-
mitted to him by his parents. During his lifetime, he is exposed to many
influences such as chemicals, excessive heat, radiation, etc., which add

a few more. However, where random mate selection exists, as it does in
most populations, the probebility of both of a child's parents having
exactly the same mutant genes is small. This may be readily recognized
when one remembers that humans have on the order of 60,000 genes. One
additional factor which tends to minimize the trensmission of mutant genes
is that more than 60% of all children are born to parents under age 30,
and more than 75% are born to parents under age 4O. This tends to minimize
trensmission of the mutant genes acguired by the parents during their
lifetimes,

So far as the overall effects of mutation are concerned, geneticists do
not consider it a significant problem to persons working with radistion,
unless the acute doses are very large (as in radiation accidents). The
probability of a radiation worker's children receiving matched mutant genes
from both parents is small, However, radiation exposure does add to the
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pool of mutant genes in a population, and eventually will result in some
increase in the numbers of individuals born with genetic defects, It makes
no difference whether & small portion of the population carries a greatly
increased load of mutant genes, or the entire population carries a slightly
greater than normal load, the ultimate effect will be the same, There will
be an increase in the numbers of persons born with genetic defects which

is proportional to the total increase in mutant genes in the entire
population,

For this reason, it is desirable to control the radiation dose in such a
way that mutagenic effects are minimized., This is accomplished in this
country through establishment of separate sets of radiation limits for
persons engaged in radiation work and members of the general public. Those
established for the public are generally 1/10 those established for persocns
occupationally exposed to radiation,

As a reminder, radiation does not cause any new mutations different from
those which occur naturally, It only causes an increase in the total
number, There are many mutagenic (and carcinogenic) agents in addition to
radiation, and new ones are discovered frequently. Occupational radiation
exposure is currently believed to represent a small factor in adding to the
mutations in the genetic poocl of the general population. Mutant genes must
be paired for-an individual to suffer the full effects of the genetic defect.

9/18/64
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EFFECTS OF RADIATION ON LIVING TISSUE

I. STRUCTURES ARD ACTIVITIES OF LIVING CELLS

A, Major Structures

B,

C.

1. Outer Cell Strﬁctures

2. The Nucleus

Structures Controlling Heredity

1. The Chromosome |

2. The Gene

Normal Cell Activities

1, Production of Vital Chemicals (resting state)
2., Mitosis, or cell Division

3. Meiosis or reduction division (reproduttive cells only)

II. FUNDAMENTAL DAMAGE EFFECTS

A,

B,

Specific Changes in Cell Components

Effects Upon the Life of Individual Cells

III., SOMATIC EFFECTS

A,

B,

C.

D,

Effects Upon Individual Orgens or Tissues
Whole Body Irradiation
Delayed Effects

Cancer

IV, GERETIC EFFECTS

A,
B,

Ce

Mutation
Experimental Data

Probable Effects Upon the General Population
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EFFECTS OF RADIATION ON LIVING TISSUE

UESTIONS

In the sketch below of a typical living cell, label the major components
8s indicated:

Chromosomes are important structures involved in control of the heredity
of cells. They are located in of the cell,.

&) the genes d) the genes, nucleus and cytoplasm
b) the cytoplasm _ e) only the nucleus and cytoplasm
c) the nucleus

The number of chromosomes in living cells is a characteristic of the

species to which the animal or plant belongs. Human body cells normally
conteain chromosomes, :

a) about 10,000 a) 28
b) &about 1000 e) 100

c) L6 f£) 32

The genes are also a very important structure in the heredity of cells.
Which of the following statements about them is true? (Underline)

a) The genes are located in the chromosomes,

b) The chromosomes are located in the genes,

The number of genes is about the same as the number of chromosomes,

True False
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9.

10.

.2—

A typical living cell is about in dieameter.

a) 1/1000 mm d) 1/100 inch
b) 1/10 mm e) 1/50 mm
¢) 1/32 inch . f£) 1/50,000 inch

There are about living cells in the body of a typical edult
human being. '

a) one million d) 500 billion
b) 170 million e) one trilliom
c) one billion £) 140 trillienm

Cells are most sensitive to radiation while engaged in mitosis (or
cell division).

True 7 - False

In human cells, after mitosis each of the daughter cells has _
chromosomes, and after meiosis each of the daughter cells has’
chromosomes,

a) 24 d) 10,000 g) 23
b) 32 e) &b h) L8
c) 1000 , ) L6 ) i) s2

a) What do the sbbreviations LET and RBE steand for?

b) Is the distribution of ionizations within a small volume of a cell
important?

Yes No

. ————
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11, Is ionization of the atoms making up body cell structures primarily
responsible for the biological effects of radiation?

Yes L : Ko

12. a) Radiation injures tissues in two ways; by "direct action” and
‘ "indirect action". In general usage, "direct action" means a
tissue is injured directly by the radiation, and "indirect action”
means that poisons from another irradiasted tissue are affecting a
non=-irradiated tissue,

True o False

t) What is ectiveted water?

- ¢) The fact that the "oxygen effect” is seen in both singlé cells and
mammals means that the action of radiation which causes. the heaviest
!;) damage is . '

1) direct b) indirect ¢) neither

13, What relationship is there between radiation damage to a single cell
and damage to the whole body?

1k, A dose df 200 rads would meke many people ill (a few dangerously so).
Since tHis dose of radiation represents an amount of energy which will
raise the temperature of water by only 1/2000 of one degree centigrade,
why is it so damaging to living tissue?

Tt
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15. a)
b)
16, a)
b)
179 The
a)
b)
c)
18. a)

True o False

-l

"Radiation sickness" has a number of symptoms which are characteristic
of it, and are not found in other illnesses,

List some of the symptoms which may be displayed by an average man
who has received an acute radiation dose in the neighborhood of 200 R
to 500 R. .

What is the meaning of the term "LD 50/30", and what is its value
for men?

Hes a Maximum Permissible Exposure been established for acute external
exposure to man? If so, what is it?

target theory of biological effect of radiation states that
if a single particle or ray hits a cell target, the cell will die.

2 cell contains a small especially sensitive volume (or target) in
which ionization must occur to injure the cell.

there are several targets in a cell, and if one of them is hit, the
cell will be injured.

What is the name applied to a gene which has undergone a change
(due either to radiation or some other cause)?

1260812



ot

5=

18. b) Ionizihg particles may cause mejor damage to a chromosome as a
whole. One kind of injury which has particularly serious effects
upon later division of the cell containing the chromosome is s

1) chromoseme mutation L) chromosome activation

2) chromosome ionizatipn 5) chromosome breeaks

3) chromosome duplication 6) changing the chromosome into
chromatin

19, &) If we plot radiastion dose vs, effect ‘on a graph, we get two different
curves for different kinds of effects. One of these is called &
"linear" effect and the other a "threshold" effect. Label the two
curves with the proper nemes, and name each of the graph axes properly.

b) Somatic effects are of the threéhold type, while genetic effects
are of the linear type,

True . , False

20. Name two body tissues which are quite resistant to radiatiomn, and two
which are quite radiosemsitive,

Radioresistant Radiosensitive

1260813
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21. a) In what tissue do erythema and epilation appear after localized
irradiation? (Underline)

1) GI tract 4) muscel
2) blood forming organs.. = 5) brain
3) skin 6) gonads

b) The lowering of the energy of the radiation , the threshold
erythema dose

1) raises ~2) lowers 3) does not effect
22, a) Irradiation of the GI tract,(ioe;, ﬁoﬁth, pharynx, esophagus, stomach,
and small and 1arge.ig§estines) can cause decreased multiplication

and secretion by the cells lining these organs. What would be the
symptoms of & man suffering from this type of damage?

b) About roentgens .of external dose to the gonads will

. '~ cause permanent sterility in most .humans so exposed.
1) 50 to 100 L) L400-500
2) 100-to 200 5) 500-6Q0
3) 200 to 400 6) 600-800

23. Why are living organisms (including man) sble to withstand .far greater
total doses of radiation when received as chronic .exposure than when
received as acute .exposure?

24, &) Ionizing radiation has been described as a "two-edged sword" (by
Peter Alexander) in regard to its effect upon cancer,. Can you
explain this?
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c)

25, a)

b)

c)

d)

-T-

Radiation-induced cancer may show up within a few years after a
serious overexposure.

True False

What is the connection betveen.soqaticnmutationsvand.cancer?

Of which organ is the ﬁlveolus the chief functional unit?

Why is this organ of particular importance with regard to .internal
emitters?

Which isotope, found to a considerable .extent in fission products,
is concentrated .in the thyroid gland? '

Can the resulting . irradiation .of .the cells of .this gland lead to
tumor production?

Yes o Ko
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I,

II.

111,

Iv,

VI,

Vii,

HAPO PROCRAMS IN RADIOBIOLCGY

Review of Experimental Animal Ferm Program

L. K. Bustad

Brief History of Operation

Studies on the Biological Effects of Redioiodine in sheep, swine, gom.szy
and cows., Emghasis will be on redioiodine~131 but studies involving I!43
and Tel!32.1132 yi1l be mentioned,

Alpha and Beta irradiation of the skin stressing work on Sr90 ang P32
plaques on sheep and swine skin, Rul®® particles and Pu?3? injections in
swine skin.,

Studies with Cs137 and Zn®5 in sheep emphasizing the gonad dose.

Effects of bone-seeking radionuclides in miniature swine stressing the
effects of Sr20 when fed daily to swine.

Supplemental studies on milk, transfer studies of important nuclides,
Gl sabsorption of potential SNAP elements, end the toxicity of Np237.

Tuture studies

1Zb081b



HAPO PROGEAMS IN RADIOBIOLOGY

Feview of Radioecology Programs

F, P, Hungate

I, MICROBIOLOGY

A. Mainly theoretical attack on mechanisms involved in radiation damage
to biological material,

1. Relative bioclogical effectiveness of alpha and bets
2, Catalase, permeability, etc.

II, PLANT NUTRITION

A, Upteke of radionuclides by plants,
1. Relative uptake by laboratory tests.
Sr > I > Cs > Ru‘> Ce > Pu, etc,
River - Farm
2., Activity in river too lov to measure (in 1950)
Smaell plots - milliacre (4 x 10)
Watered with vell water, 5% effluent, 100% effluent.
Barely detectable difference at 100% level
B, Speciel Problems
1., Burst pipe - > 4 below surface - Sr90
2., Can take isotopes as deep as 30-40', Depends on plant species.

3, Znb5 - foliar vs. direct soil

L, 1I13! geposition on vegetation., 30-40% found inside leaf.
In fuel burn test 90% outside leaf. Particulate?

Rates of deposition
Retention - Factors influencing.

5, Sr%0 and Csl37
Undesirability of using ion pairs to express data,

III, RADIOECOLOGY

A. PRiver problems

i. Inédicator organisms
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2. Migratory birds

Dispersion of isotopes
Nesting performance

3. Radionuclide transport by plankton
B, Alasken Studies

1. Projéct chafiot

2. Fallout levels

C. Fallout levels in Browsing Animals
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111,

Iv,

HAPO PROGRAMS IN RADIOBIOLOGY

Review of Aquatic Biology Programs

R. E, Nakatani

IRTRODUCTION

A. Importance of Fisheries Resources

B. Impact of Introduction of Radionuclides into Aquatic Systems

PAST PROGRAMS ~- July 1945-1950's

A. Reactor Effluent Monitoring - Genesis of Bioclogy Leboratory

B. Radiobiological Surveys - Radioecology, Environmental Studies and
Evalusation.

PROGRAMS OF MORE RECENT YEARS -= LATE 1950's - DATE

A, Somatic Effects of Internal Emitters in Fish
B. Bioassay of Industrial Chemicals
C. Swimming Performance of Fish Reared in Reactor Effluent

D. Calcium and Strontium Metabolism in Creyfish

FUTURE PROGRAMS

A, Effects of Temperature on Metabolism of Aquatic Organisms'

B. Adaptive Response and Performance of Fish With Body Burdens of
Internal Emitters
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111,

Iv.

"TAPO PROGRAMS IN RADIOBIOLOGY

Review of Metabolism Programs

‘R. C. Thompson

GENERAL DESCRIPTION OF OBJECTIVES, FACILITIES, AND PERSONNEL

ABSORPTION, DISTRIBUTIOR AND RETENTION STUDIES

A. GCastrointestinal absorptien of Pu?3?
B, Distribution and Retention of Cs!37

C, Discrimination between Ca and Sr

THERAPEUTIC REMOVAL ‘STUDIES (EFFECT OF CHELATING AGENTS ON PLUTONIUM RETENTION)

TOXICITY STUDIES

A. Comparative toxicity of Pu?3® and Pu23°

B, Effects of radiation on the intestine
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HAPO PROGRAMS IN RADIOBIOLOGY

Review of Inhelation Toxicology Programs
W, J. Bair

I, INTRODUCTION

A, Areas of Interest

B, Definition of Terminology
II. EXPERIMENTAL METHODS

III., EXPERIMENTAL RESULTS
A, Deposition
B. Retention, Translqcation, and Excretion
C, Biological Effects

D. Therapy

IV, FUTURE WORK
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RADIOCHEMICAL ANALYSIS

A discussion describing the application of current analysis techaiques to

the measurement of radicactivity in water, air, soil and dbiological samples.
Conventional techniques and the more recent gamma energy pulse helght analysis
technique are described. The influence of varisbles and appropriate corrections
are treated in some detail. ‘

II.

III.

Iv.

QUILINE

GCOPE OF.RAQ;QLOGICAL-ANALYSIS WORK
A. Review of CY 1963 Performance
B, List of HMeasurements Routinely and Infrequently Accomplished

Ce Methods of Analysis

SOME PROPERTIES OF RADIONUZIIDES

A, Decay Schemes and Decay rates

B, Interaction of Radiation with Matter

RADIATION MEASUREMENTS

A, Measuring Alpha and Beta particles

B, Measuring Camma Rays - Pulse Height Analysis

STATISTICAL CONSIDERATIONS

A. Reliability of Results

B, Detection Limits
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Sample Type
- Test wells

Milk, meats, produce :
thyroids, vegetation
Fish, ducks

Coclurbia River,

Air sempl:s,

Stack Gases

— Mud and Soil

o

-~ Miscellanecus waters

Bioassay
All types

Ve

AN

1260883

RADIOLOGICAL ANALYSIS

Scoge-of Work Accomplished, CY-i263

Analyses No, Detn's
Co=60, Sr-90, Cs-137T, ~ 8,500
N63
P-32, Sr-90, I-131, 13,800
other gamma emitters
Tgs P-32, Sr-90 . 12,600
Tys Tgs Uy RE+Y, Na-24 ' 6,100
P=-32, Sc~L6, Cr-151,

Cu-6L, Zn-65, As=76, Sr-89/90

Sr-90, I=-131, Np-239, Ca=T2

Tys Tgs C=1k, 5-35 10,300

I-131

Tor TB 1,300

Tys Tp 6,200
Total RPO ~59,200

All kinds 90,900

-le
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A

1IST OF NUCLIDES MEASURED

Routine Measurements
(RPO)

Uranium
Nitrate ion
RS

23 .
Na-2h
P-32
X=LO
Sc=ké
Cr-51
Co=58
Co=-60
Cu=6h
Zn=65
Ga=-T2
As=T6
Sr-89
Sr-90
Zr=95
[Nb=-95]
Ru-103
Ru=~106
[Rh-103]
[Rh-106]
I-131
Cs=13T
Ce-141/14L
[Pr-1ll]
Np=-239

12b088 Y

Other Masewn ramant,R

‘Infrequent or Non-RPO)

Sodium ion
C-1k
Na=22
si=31
S=35
C1-38
A-l1
Ca=l5
Mn-5k
Mn=56
Fe-59
Br-80
Kr-88
Rb-88
Sr-85
Y-88
Y=-90
Ag=-110
Sb=-124
Sb-125 -
Te-131
I-12%
I-132
I=133
1-135
Xe=133
Xe=135
Ba=1L0
[La—lhO]
Pm=1LT
Au-198
Hg=203
Pa-223



IETHODS OF ANALYSIS

I. SEPARATION, PURIFTCATION. CHEMICAL

k=3

« Distilleticn
B, Precipitation
C. <-on Exchange

D. Solvent Extrection

tzy

» Fluorophotometer
e Flame Photometer

G. Spectrophotometer

II. GROUP SEPARATION FOLLOWED BY COUNTING

&, PReare Earth Plus Yttrium Separaticn

‘Jf) B, Esliges
Y

C. Carbcnztes, Eydroxides

III. DIRECT CCUNTILG

Lo Tetal Alpha Fl - i
B, Tctel Beta

C. Gazza "Scan"
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By NAOMI A, HALLDEN -
Analytical Branch

Heelth and Saofety Laboratory
U. 8. Atomic Energy Commission
New York, N. Y.

‘e

Tris TASLE can help identify unknown
beia emitters whose half-life and beta
cnergy have been determined by stand-

erd laboratory techmiques. It also is

& guide to beta-emitting isotopes for
applications requiring specific half-
lives and energies. (A similar table
for gamma emitters is in preparation.)
A more detailed compilation of nuclear
data, such as National Bureau of
Standards Circular 499 and Supple-
ments, should be consulted for details
of these emitters and their decay.
Emitters of conversion electrons and

" positrons as well as emitters of beta

rays are included since all these par-
ticles produce similar effects when ab-
sorption methods are used to determine
cncrgy. Where an isotope can decay
by cmission of beta particles of diferent
encrgics, the emitier is listed in the
energy group corresponding to each
beta, provided its contribution to total
beta activity is greater than 59%.

This is the lower limit of detection of -

typical absorption technique (Harley
end Haliden, NU, Jan. ’55, p. 32).
All the betas from onc emitter will lie
in the same haillife interval.

Only isotopes with hali-lives greater
than 6 hr are listed; in genmeral, a
shorter hali-life limits identification by
the methods described.

Daughters with shorter half-lives
than their parents-are listed in italic
under the hall-life of the parent. In
the natural scries, the short-lived
daughters are listed under the half-life
of the -nearest antecedent having a
holidlife over 6 hr. U7 (0.1-0.3 Mev,
5-10y) should be in italic.

L ] - »
All deta used in this compilation are from

Nationcl Burcau of Standards Circular 499,
‘lurling Supplemenis I, £, and 8,

6 1260888
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ACTIVITY MASS RELATIONSHIP - SPECIFIC ACTIVITY e

0.693 N c-tfv | '/,').
Specific Activity (SpA) in dis/sec/gm = =~ 9 (—- )‘ 4

,
—

va."’r’;
U 2 pemnbur oF radicective giorns per gram a:;d = s
29 i is the half-life exprecsed in seconds. ' T/

CJ)

In ca.lcula.tmg spccxfzc activity it is more convenient to use a varntxon of the )
bagic equation, which is transformed as follows: .
23
6.03 x 10

atomic weight

By def: "N = Avogadro's number/atomic weight =

By def: dis/sec/3.7 x 1019 = curies

Substituting: 6. ' 6 6 ] 023 ,,1
: SA='93N - £93  6.03 x 10 5
P T; (in secs) T; atomic weight 37 x 10

This equatzon is satxsfactory when the half-life of the nuclide whose specxﬁc :
activity is needed is expressed in seconds. If, however, the hali-lifc is ex-
pressed in'ctlzr units such as minutes, hours, days or years, a separate time,
: conversion is required for each. By ..ubst:u.tmﬂ the apprepna.te time conver~ e
{  sion factors as listed in the table. of Conve‘smn Factors in this Handbook the
: followmn five equanons can be obtamed. . LI
C 1.3 x 1083 R
. (1) Cur1es/gram or SpA (T, in secs) {T1) (atomic weight) “ S
) L g _ . 3 1
S P : ' . . - 1.884 x 10
(J) oL (2} Curies/gram or SpA (T%_ in mins) = T 11) s(atomic weight) ..
~ , . * ‘ . . M . -z- .

3.14 x 10°
- (Ty) (atomic weight),
2 .

- . . ._' 1.308 x 108
(4) Curies/gram or SpA (T%. in days) = (T3] (atomic weighi)

. : )
' ‘ 5

- : . : 3.59 x 10

i (5) Curies/gram or SpA_('I‘% in yrs) = [T7) (atomic weight)

(3) Curi':es/gran;x or SpA (T, in hrs)
\2e : 1

~

In making a calculation choose the c.pproprza%ez equation as illustrated in the .~

fo‘lowmw example. Czlculate the Sp A for Na““ whose hzali-life is 2.5 years. -
* - Choose equaf.ion (5) 2bove, use the mzss number as the atomic weight, and make

the approprizate substitutions . )

3.59 % 10° ‘359 x 105

3 .
- 28
T\x (Years) X atomic Wt~ 2.6 x = 628 x 107 curies/gm

SpA =

" The exntry in the ollowmv table under the heading "grans per curie" is the re- .
ciprocal oi Specific Acnv:ty in curies per gram ant in .}na case ~—o=7703 <
159 x 107* grams pe‘ curie. f , .

The vzlues in the tables on the succeeding pages were.calcu.lanttedk from egquations - &
(1), (2) (:) (4).5nd (5) above. T ' ] . T T :

.

(\1
\»m’
\
LYY
' 1

1260890 B - At
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ACTIVITY MASS RELATIONSHIP - SPECIFIC ACTIVITY

'ISOTOPE HALF LIFE CURIES PER GRAM GRAMS PER CURIE

. Th-232 1.39 x 1010 years 1.11 x 10~7 9.0 x 108
U-238 b.51 x 10° y 3.34 x 1077 2.99 x 106
U-235 7.1 x 108y 12,15 x 1076 k.65 x 105
c1-36 3.08 x 105 y . 3.23 x 102 30.9
U-233 1.62 x 105 y 9.51 x 1073 1,05 x 102
Ni-59 8 x 10% y 7.61 x 1072 13.1

© Pu-239 2.436 x 104 y 6.17 x 10=2 16.2
C-1k . 5568 Y L.61 0.217
Ra=-226 1622 Y 0.98 1.02
Cs=137 26.6 Y 98.5 1.02 x 1072
Sr-90 27.T g 1.4 x 102 6.96 x 10-3
H-3 12.262 g 9.78 . 103 1.02 x 107
Co=60 5.2L4 y l1.14 x 103 8.76 x 107"
T1-20k 3.56 y k.94 x 102 2,02 x 10=3
Fe=55 2,60 Y 2.51 x 103 3.98 x 1074
Pm=147 2.64 y 9.25 x 102 1.08 x 10=3
Cs=13k - 2.07 y 1.29 x 103 7.73 x 1074
Ru-106 1.00 Y 3.39 x 103 2.95 x 107%
Ce-1Lk 285 days 3.18 x 103 3.14 x 10~%
Zn-65 245 d 8.21 x 103 1.22 x 10™%
Ca~l5 164 a .77 x 10 5.65 x 10-°
Po-210 138, 4 d 4,50 x 103 2,22 x 10™%

Te-162 115.1 a  6.24 x 103 1.60 x 10-4
5-35 87 a 4,30 x 10 2.33 x 1073
W-185 75.8 a 9.32 x 103 1,07 x 10™%

1260891 -9~
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DISTANCE FROM END OF RANGE (em)

Fig. 11.1. Ionization density along the path of an a-particle mov-
ing in air (the Bragg curve). M. G. Holloway and M. S.
Livingston, Phys. Rcv., 54, 29 (1938) ’
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K. V11.7. Schematic picture
of source, absorber and
counter  arrangcement for
mecasuring ebsorption curve

- for o gemitter. C is the

counter, A tho absorber and
5 the source

COUNTS/UNIT TINE

0.600

1CG0

00

\ Ronge of end-point
\ ’p-pnrﬁclas

3]

0.

{ \

[+]

1C0

200 300 4Co ol

ABSORBER THICKNESS (mg/em?)

Fig. 11.8. Schematic absorption curve for a.con-
tinuous f-spectrum of end peint 310 mg/cm?

10,000 X

1600

100

COUNTS /7 MINUTE

]
[o]

40 &0

120 180 200 240 280 320 360 400 440

AESORBIR-mg/em® OF ALUMINUM

Fig. 1.9. Aluminum absorption curve for s™-particles from

Am2#2, A: Ixperimental curve, C: Component due 1o ™
B: (Curve A minus curve C).

ticles alone.

Curve B is due to & .

J. M. Grunlund, B. G. Harvey, N. Moss viu a.
Yafle, Phys. Rev., 78, GO (3050)
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N

.Tvype of counter

Grid ion chamber

Proportional
counter

Geiger counters
(

NeI (T1)
scintillatien
counters

Organic scintil-
lation counters

Solid state
counters

TABLE 12,1

COMPARISON OF THE VARIOUS TYPES OF COUNTERS

Resolving
Time

10 usec

1 usec

A~ 1 msec

1 usec

1 usec

10-8210"9 sec

0.1l psec

10~8 sec

Typicel energy
resolution

ooh% (ﬂ's)

~ 1% (charged
particles)

None

1% (charged
particles), 8%
(y=rays, 1 Mev)

10% (electroms)

15% (heavy charged

particles, e.g.
Be“).

0.2% (charged
particles
?

2.

3.

1.

2.

2.

1.

2.

Commonest applications

Measurement a-particle
energles,

Measurement particle ener-
gies. . ’

Detection of radiation, no
energy measurement involved.

Measurement energies very
low energy ye-rays and X-rayse.

Portable instruments for
prospecting, fall-out detece
tions, etc. '

For econory where large
numbers of detectors re-
quired, e.,g. in cosule ray
experiments.

Detection and energy meas=
urement of y=rays,

Detection and energy meas=
urement of charged particles.

Electron energy measure=
ments,

Detection charged particles
vhere high speed of response
required. '

Energy measurements for
charged particles.

Détection of charged par=
ticles when no energy meas-
urement is required.

‘energy resolution figures are only typicel, wide variations may occur in particular

applications,

1260898
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CARBON=-1k4

Mount: 1 1/2 inch stainless steel dish on shelf 1
Precipitate: Barium Carbonate
Date from: Treibs (1958)

Infinite thickness counting begins at approximately 100 mg on 1 1/2" dish,
Above 100 mg on dish, (counts) (0.150) (milligrams on dish) = disintegrations.

>

Counter Correction Factors

mg ppte . dis./ mg ppte . dis./
on dish count on dish count
0 5.00 56 9.71
2 4,90 58 9.90
N 4,88 60 10.2
6 L.88 62 10.k4
8 k,92 64 10.6
10 5,00 66 10.9
12 5,21 68 11.1
1k 5,41 70 11,k
16 5.62 72 » 11.6
18 5.81 Th 11.8
20 6.06 76 12.0
22 6.33 78 12,3
24 6.45 80 12,6
26 6.67 82 12.8
28 6.85 84 13.0
30 7.09 86 13.3
32 T.24 88 13.6
34 T .46 c0 13.9
36 T.69 g 14,2
38 T.87 oL 1k,5
Lo 8.00 96 18,7
L2 8.20 98 ' 14,9
nn 8.33 100 15,0
L6 8.55
L8 8.85 Above 100 mg on dish, assume mount is
50 9.09 infinitely thick. Then (counts) (0.150)
52 T 9.25 {mg) = disintegrations.
54 9.52

1260899
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PHOSPHORUS=-32

Mounts: 1' stainless steel dish on shelf 1

Precipitate:

Ammonium Molybdiphosphate

Data From: Treibs, (1958)

mg ppt.
on mount

1260900

\ dis./ -
count

1.739
1.748
1.757
1.767
1.779
1.792
1,802
1.815
1.825
1.835
1.845
1.855
1,865
1.876
1.887
1.898
1.912
1.923
1,934
1,945
1.953

=18«

mg ppt.

on mount

105
110
115
120
125
130
135
1Lo
1ks5
150
155
160
165
170
175
180
185
190
195
200
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RUTHENIUM = 103

Mount: Millipore filter with nutrient pad on ghelf 2
Precipitate: Hydrous ruthenium dioxide
Data from: D.M. Robertson, H.A. Treibs (1958 - 1959)

Notes: ’

l. Interposition of 352 or 220 mg/cm? aluminum between detector and sample
reduces the counting rate due to Ru-103 to less than 1% of the original value,

2. The following table is based on counting meesurements mede on Ru=l03 =
Rh-103 equilibrium mixture, However, the disintegration rates obtained by
the application of this table are for Ru-103 only, as is customary.

Counter Correction Factors

mg ppte. dis./ mg ppt. dis./
on mount count on mount : count
5 11,2 21 15.8
6 11.5 22 16.0
7 11.9 23 16,2
8 12,2 2k 16.5
9 12.5 25 16.7 -
10 12.8 26 16.9 .
11 13.1 27 17.0
12 13.5 28 17.2
13 13.7 29 17,k
1k 14,0 30 17.6
15 1k,3 32 17.9
16 1L.6 3k 18.2
17 14.8 36 18.6
18 15.0 38 18.9
19 15.2 Lo 19.2
20 15.5
1260901
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1¥S Dishes and Jars corrected
for Sample Changer 1/8" linoleum,
--"»}ee Note, Pge 3.
DISINTEGRATIONS PER COUNT

RCAO LOO-CHANNEL GAMMA ENERGY ANALYZER

| *%% DISHES - VIALS #%% JARS
ISOTOPE CHANNELS) __LHS RAS LHS RHS IHS RHS
.- FRulf® L6-5L ‘43,99 | 40.65 d 19.80 19,00 I 137.80 } 131.00 (8)
Ru 106 59-65 124,05 112,60 56.18 sl.ha» ](393;10 357.00 (9)
af?® "1 8s-on || 25.u8 23,92 l, 16.21 | 16.37 " 75.86 | 13,574 (9)
spi2" 57-6L 13.50 | 12.36 l 6,47 6.09 l[ w251 | 38,050 ()
spl2* 164-176 J T79.57 69.29 N ‘!39.08 35.64 ]?2&5.&3 215,76 |1 (5)
bezs. 50-46 2h,49 22.60 xl 9.84 | 10.06 “ 86.23 ] 719.1814 (5)
5125 57-64 || Ll.33 41.03 é}lle.os 18.87'! L 2st.0u | auu.60]] (5)
'8! 34-38 10.62 9,12 q t! 3.54 3.20'! 'l 38,58 § 35,5014 (1)
T 50=56 !! 14,67 13,07 3 i 4,70 h.hh]‘ !‘ L6, 8L k2,50 J| (13)
-4‘12-1"32 20-25 7.95 T.UT | l 3.57 3:76' “ 25,33 | 2u,L6{l (5')
T 5-9 __ii_16.83 18,65 || - 11,20 | 30,611 ﬂ (11)
Bal?3 3239 %i 11.62 10. 89 5,28 5.2 (11)
a0 51-57 Il _55.81 w0 I fl30.20 | 37,26 ¥ Jl160.66 | 260.6311 ---
cs!¥7 63-10 17.57 15.80 6,78 | 6.6 61.48 | ss.7oll (2)
Le!*0 155-165 || 47.28 39.50 || |l26.00 | 23.20 g 132.82 | 117,000 (5)
Be-La’ "’ 155-165 || 89.89 78. 80 } 18,0 | Lk, ko 5 260.55 | 221.00 | (5)
celh! 11-16 7.93 7.94 2,84 2.83 26.92 | 28.80 (5)
cel"3 28-31 21.90 17.20 | 511,02 | 10,26 (13)
Ce—pritY 1-9 213.97 281,30 96.98 | 91.35 ()
Ce—prlih* 11-16 66.29 66.90 i :;25.75 2L,56 257.58 | 259,00 (5)
B 152 9k-99 |l156.03 | 132.30 |l fis6.30 | s2.kof | (51
Sm153 9-11 15.69 16,28 £.28 5.41 ‘ (5)
3239 8-12 6.690 7,06 3.54 3,40 19,571 21.kol}  (S)

*Data after correction for 7% 1¢3! contemination in counted sources.
Yo correction made for 1135 contamination.

*%Calculated from Bal“0-Lal%® ang 12l gata,

¥*%Cee page 3. .
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RADIOACTIVE WASTE MANAGEMENT

-l Con?rél‘of ﬁadigtidn Exposure
'ra. Og plant personnel |
b. Off plant pérsonnel
2, Storg quantiQiés'of radiocnuclides in retrievible ;ocﬁﬁions
Types of Rddioactiv; Waste | .
i.v Gaseous wast?
a. Suspended radiocactive particles
' .b. Radiocactive gases
2, Liguid waste
'a. 'queous
(1) Reactor coolant and decontamination streams
(2) Fuel element processing waste
b. Organic

3. Solid wastes

Disposal Concepts
l; Concentrate and contain
2. Dilute and Disperse

3. Combination of 1 and 2
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GCaseous Waste Treatment and Control

1, Normel gaseous effluent associated with HAPO facilities

a. Control of radicactive geses

.be.

(1). Fuel element "cooling"

(2) Absorption of halides and noble gases

(3) Chemical treatment

Control of radiocactive particulates

2, Measurement requirements

8o
b.

C.

Continuous measurement

Continuous sampling

Analyses for‘specific radionuclides

3. Accidental release control methods

Containment

b. Confinement

Liquid Waste Treatment and Control

1. Types of liquid waste

8.

be

Co .

1250909

Reactor coolant water

(1) Normel

(2) With fuel element rupture(s)

Reactor decdntamination solutions

Laboratory sclutions

Fuel element processing waste

(1) High level waste (>100 uc/cc)

(a)
(v)
(e)
(a)

Coating waste and other non-boiling waste storage

Bioling waste storage (cooled tanks)
In tenk solidification

CPD waste management program




2,

L.

5.
6.
Te

3-

(2) Intermediate level waste (>100 ue/ce T5 x 1075 ve/ce)
(a) Soil.retention
(b) Cribs and caverns
(3) - Low level waste (>5 x 105 uc/ce)
e. Oréanic vastés
Concentration ﬁgthods‘
a. Evaporation (decontamination factor 10% - 107)
b. Ion exchange
Measurement methods
a. Sampling
(l)" Continuous
(2) Batchwise
(3) Periocdic
be. Continuous measurement
¢.. Well sampling and monitoring

Tritium

 Transporthtion of waste

Acéidents involvin,, liquid wastes

Control of disposel areas

Soiid Waste Treatment and Dispsoal

1.

Types of solid waste
a; Low level waste '
b. Waste conteining toxic materials {dose rates do mo prohibit handling)

c. Waste with high radiation dose rates (remote handling methods requ;rgd)

1260910
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3.

.

Disposal methods

a. Burial trenches

be Tunnels

¢. Dry wells

d. Other

Volume réduction methods
a.' . Incineretion

b, Compaction -
Transportation of waste
Accidents

Control of disposal areas

126091 |
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4-(-(.1/64.3
INFORMA TioA ON NUCLEAR ExXCURS/IOMS
) THAT HAVE OCCURRED IN INDUSTRY
{
v-iz | LA |IF-T [IF-IL | aeeonexl},
Tone 16,025 s, 89, 185C | Cut 15, 1957 | The 25, 1% a7, 2%izf
DATE 208 A Mot Toes /7:-4" "79 Y
ot j M‘j S‘/' fgz
TIME 2:05 PH| 4128 pm| 220 AH| 4 g0 AM. /a:574-/”.6:a;
‘ Fy Juwelna KovFomea ,707‘ /ﬂu)"/ﬂM 0 Y,
RouTINE OPERATION 7 1| e ud # ‘
N Mo ZJVWM
Low beve/ kST ,
Fissice MATERIAL 21 K6 0¥ uH 2 Pim S hetle
vxf
_ Avoum T £y a"'é A ecpoin /
' / bl 23 £s 34,5,‘@'1. € ‘,&‘ /"/)?/'
| ConeEnTRATIOA > / . ’ . ) oz,
%/ 5/ | gw |75 i k.
4
9 vesszL Diamerer 22" 20" Al 24’ 247 gt
VESSEL VOLUME 55/.;&/ 22 5/,,;/ S0 o4 /- ?‘770/ Vie -,7/ g
P Tredis: Ry cx20’7 %
PROMPT Mo, OF FiISS/oNs Exro "t Dezipws 7, IR 4 5 xs0 L2440
LE 2 Sissar
lens Tre e Pk &
AT oF JURSIen) o PP /N
Du TDA EXC PS° P '-:!CQ"IJ o me < /,(JO, 37%"/4’&'
ToTAL NOo. OF FisSston -x o' 7 7 7y ] 7
s S re X wLrp k| oy 10 2.7 X7
> , iy
SHIELDED FACILITY ¢ Mo ,Vf- ol /es ~ He
| - ;
/)r./w‘;zsf-/ ydo iz n Q—ncu/&‘/ﬂ.{w i T @"WZI#M
Q UENCH A 5
Wi ald e o LTt - @q,
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TABLE I

"

SITES OF CRIT CALITY INCIDENTS

(Rééct_or Inciderts rot Included )

LASL ORNL HAPO IF

FOREIGN | UCRL

1945 X )
1946 X ¢
194t
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959 R
) 1960
- 1961 X B
1962 4
1963
196k .

BIX b ¢ sase o]
]

(x)

X - Criticel Mass Laborstory
- Irdustrial Plart
(x)- Facility not imowm
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RADIOLOGICAL ENGINEERING

I, BASIC DESIGN FOR PERSONNEL PROTECTION

A, Minimizing Personnel Exposure
l. External

2. Internal

B, Contamination Control end Confinement

II. WASTE DISPOSAL

A, Solia
B. Liquid

C., Gaseous

III, INSTRUMENTATION

A, Personnel (Installed area monitoring systems)
B, Process Monitoring

Co Emergency

IV, SEIELDING
A. Gamma Radiastion
B. DNeutrons
C. Development of Some Appliceble Shielding Equations.

C. Examples of Typical Problems
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