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Generation and Characterization of Test Aerosols for the Use of Inhalation Studies

Akira Yokochi

Tokai University
1117, Kitakaname, Hiratsukashi, 259~12 Japan

Abstract
This review summarizes a variety of methods commonly used to produce test

aerosols for inhalation exposure study.
It consists of
1) generation methods of test aerosols
A. dispersion methods
B. condensation methods
C. techniques associated with aerosol generation

2) requirement for aerosol generator systems.
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Tablel Classification of aerosol generation methods

Dispersion Method

Solid Particles Redispersion Method

dust Wright dust feeder
Fluidized Bed Generator
Fluidized Bed Vibrating Generator
Turntable Dust Generator
Mixed-type Disperser

solution Pneumatic resuspension
(PSL,Uranine,NaCl++ <)%

Liquid Particles Nozzle and Sprays droplet formation

Rotary Generators Spinning Disc Generator
Spinning Top Generator

Nebulizers*
Compressed-Air DeVilbiss No.40
Dautrebande
Vaponefrin
Collison
Penisol
Ultrasonic Ultrasonic-Driven Nebulizer
Mechanical Vibration Berglund-Liu Vibrating Orifice
Generator
Condensation Methods
Solid Particles evaporation-condensation Lead oxide, Tungsten,

Magnesium oxide, Iron oxide,

Gas-Phase Reactions sulfuric acid aerosol
photochemical smog

Liquid Particles evaporation-condensation Sinclair-LaMer Generator
Rapaport-Weinstock Generator
(DOP,DOS= )
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Principles and Features of Particle Sizing Methods

Yasuo Kousaka

University of Osaka Prefecture, College of Engineering
Mozuumemachi, Sakai, Osaka, 591 Japan

Abstract

One of the best ways in choosing a particle sizing instrument among various
instrumets which meets one’s purpose will be to understand the principles and
features of every sizing method. An overview is attempted from this point of view.
Size dependent dynamic behaviors and physical properties of a particle suspended
in air and water which are available to particle sizing are shown in a chart, and
the features of various sizing methods, such as physical meaning of size measured
and limitatios of sizes and concentrations which are applicable, are tabulated. In
referring to these chart and table, every sizing method is outlined. Those methods
outlined include,1) sedimentation including centrifugal,2) inertial,3) diffusional,4)
electrical mobility,5) light scattering including dynamic light scattering and light
diffraction,and 6) other methods. In the last section, some problems which one
should be careful in the former stage where particles are sampled and brought
them into an instrument itself are pointed out. The importance of interpretation

of the data obtained is also pointed out.
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Chemical Analysis of Inhaled Particles

Keiichi Furuya

Faculty of Science, Science University of Tokyo

1-3 Kagurazaka, Shinjuku, Tokyo 162 Japan

Abstract

Analytical methods for inhaled particles were reviewed in respect of particle aggromera-
tion, indiviual particles and in situ conditions. Preliminary separation is very effective in
size, density, magneticity and chemical properties. Microprobe analytical methods are
utilized for the analysis of shape, elemental compositions and its distribution of individual

particles. In-situ analysis for fluidized states needs more development.
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Fig.4 Morphologies and compositions of a coal fly ash particle by SEM-EDX®

(A) Scanning electron micrograph of micron size

precipitated crystalline particle (25-20.m, >3.2g/cm®)

(B) X-ray image of S Ko

(C) X-ray image of Ca Ko

(D) X-ray image of Fe Ko
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Measurements of Respiratory Function in the Rat

Yasuichiro Fukuda

Department of Physiology II, School of Medicine, Chiba University
1-8~1 Inohana, 280 Chiba, Japan

Abstract

1. Deposition and cleaning of inhaled particle and their pathophysiology

Inhaled particles deposit in various sites of airway and lung depending upon the
size of particle. These particles are usually cleaned from airway or lung by
physiologic mechanisms. Excess deposition of particles and their irritation pro-
duce acute or chronic pathologic changes in airway wall or lung parenchyma,
which consequently results in alterations of respiratory function. These include
changes in ventilatory volume, airway resistance, gas diffusion, blood gases and
ventilatory pattern.

2 . Measurement of respiratory parameters in experimental animal

Methods and techniques of measuring various respiratory function of the rat
were described. A chronic experiment on the same awake rat requires implanta-
tion of arterial catheter for blood sampling and blood gas analysis. Various
ventilatory parameters are measured with using body plethysmograph. More

precise measurements of various respiratory parameters can be performed on the

¥

Tk
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halothane anesthetized tracheotomized rat. Ventilatory parameters are measured
by pneumotachograph. End-tidal and arterial blood gas values are also measured.
Mechanical properties of the lung and thorax are estimated by measuring func-
tional residual capacity and other lung volumes, occlusion pressure and compli-
ahces. Observation of ventilatory response to CO, inhalation shows a relative
reserve capacity for increasing ventilation. Due to short life span of the rat, values
of ventilatory parameters change significantly with growth and aging within a
relatively short period. An appropriate period for repeated and stable measure-

ments may be 3-6 months after the birth.
1 RIF IR ERARFDOEFFREIS & € DIREED?

TZIRA S NICRFOff - SUBENIEERRNEZ R T, 5l ED K s & OR-FIL 5 - WHEEEE

Particle deposition

o) §

Mechanism : impaction sedimentation diffusion
Particle size : large {>5x) medium (1-54) small (<0.1p)
Representative
site :  nasopharynx small girways alveoli
,.——
nasopharynx =\ particles
fé\ swallowed

bronchi / mucocilliary system
/ transports particles
!

alveoli 65— q’\ alveolar macrophages

engulf particles

Q\ © Tymphatics

1 AR TIRE O SUE - ITEE L 2 OFRE
Fig.1 Deposition and cleaning of inhaled particle
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Fig.2 Responses of respiratory control system to
inhalation of particles: pathophysiology
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BEEETRASN, ZOBELET S, SN SWME LD ii*Eﬁkuént&ﬁtiﬂﬂ@@mucociliary
transportiz & - TAKY (I (i s, MR e L CHRE S N B, & 2B L THER
BB, WTSANIWE IS GIRAS NS WRELED D b, WRAWE DOERND T 2 FH<
BESIZEBEPET 5, 83 L1/ S CRIT, B0 1 LU FORFRSGECIEE T 2180 0 T4 L
NEhE Lz 3 TS 5. BllaEE % L 7ok FldmacrophagesiZ B b 3A & 11 4, Macrophagesid
MRS F BB L, mucociliary transportiz & - THEHI 3 12 », 72130 V88 ICA

®1 Al o ORE
Table1 Reflexes arising from airway and lung

Nose . Apneic reflex, laryngeal closure, bronchoconstriction, mucus secretion, sniff

Naso-pharynx  : Aspiration reflex, bronchodilation

Pharynx : Swallowing reflex, laryngeal closure, inhibition of respiration

Larynx . Cough reflex, bronchoconstriction, mucus secretion, apnea or inhibition of
respiration

Trachea - : Irritant or rapidly adapting stretch receptor :

Bronchus- Cough reflex, stimulation of respiration

Lung J J-receptor . Apnea, hypotension, bradycardia

slowly adapting stretch receptor : Hering Breuer inflation reflex

(important for inspiratory-expiratory phase switching)
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1. Measurements of arteriai blood gases
Plastic cover Polyethyiene tubing

Rubber
Glass capillary

pH 7.46£0.01
Po, 89.4:5.4
Pco, 39.9:2.8
(meaniSD, n=8)

Abdominal aorta Femoral artery

2. Measurement of ventilation by body plethysmograph
Fcoz, Fo:

ouT IN
Respiratory

¢ gas circuit

Pressue

=

transducer

' Tidal volume 1.7:0.2ml
Resp. frequency 10845/min

Minute ventilation
REEFERENCE CHAMBER 62.86.5mi1/100g/min

Oxygen consumption C0. production
3.20%1.8ml/100g/min 2.87t1.4m1/100g/min
(meantSD, n=8, Body weight 280-330g, 8 )

B3 SERRE-ERIR S v b R O IRIEER
Fig.3 Measurements of arterial blood gases and ventilatory
parameters in unanesthetizedunrestrained rat
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Fig.4 Measurement of ventilatory parameters in anesthetized
and tracheotomized rat
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Fig.5 Measurement of ventilatory parameters (changes with aging)
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Computational Model for Inhaled Particle Deposition

Kanji Takahashi

Institute of Atomic Energy, Kyoto University
Gokasho, Uiji-shi, Kyoto-fu, 611 Japan

Abstract

Computational models were made for particle deposition inhaled into the human
and mammalian lungs, and some calculated results were shown for the total and
regional deposited fraction in the lungs of the human, dog, rat and hamster as a
function of particle size. Species differences of particle deposition were discussed

by comparing those calculated results with the results by scaling analysis.
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Retention of Various Nickel Compounds Exposed by Inhalation in Rats

Isamu Tanaka/Takashi Akiyama/Shigeko Ishimatsu/
Koji Matsuno/Yasushi Kodama/Shuji Cho*

University of Occupational and Environmental Health, Japan
Iseigaoka Yahata Nishi-ku, Kitakyushu, 807 Japan
*Fukuoka Women’s University
Kasumigaoka Higashi-ku, Fukuoka, 813 Japan

Abstract

The penetration and deposition of particles in the nasal cavities and lungs and
the clearance of those particles from the lungs are of primary importance in the
development of a tumor in the case of chronic exposure. This report describes the
differences of nickel distribution in rat organs(lungs, liver, kidneys and spleen)
due to various kinds of nickel compounds (NiO(G), Ni(M) and NiS(A)) adminis-
tered by aerosol inhalation. The biological half-time (inverse of durability)in the
lungs may be estimated to declare in the order: NiO(G)>> Ni(M)>> NiS(A).
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2. Control valve
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4. Flow meter
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. Vaccum pump
. Distributor
8., Screw feeder
9. Variable speed motor
10. Hopper
11. Fluidized bed
12. Elutriation chamber
13. Overflow pipe

14. Exposure chamber
15. Dust monitor
=7 16. Filter sampler
17. Cage

. Separator

Solid
1 AR E
Fig.1 Schematic diagram of dust exposure system.

=1 B W®E
Table1 Solubility (PPM)

Nickel Compounds NiO(G)  NiS(A) Ni(M)

Distilled Water 0.32 1990 0.13
Saline Solution 2.32 7610 0.73

w2 MARRERA

Table 2 Experimental Conditions

Nickel Compounds NiO(G) NiS(A) Ni(M)

Run No. 1 2 3 4 5 6
Exposure &

Clearance 1 1-12 1 1-6 1 1-12

Period* (month)
Total Exposure

Time**(hour) 147 140 147 147 140 140
Exposure

Concentration 7.0+3.9 8.0x1.8 88k+28 R.8%£2.8 7.9x1.3 7.9%£1.3
(mg/m° = SD)

MMAD 1.2 1.2 3.9 3.9 5.8 5.8
(GSD) (2.2) (2.2) (2.6) (2.6) (2.0) (2.0)

#*

1 mo means 1 mo exposure; 1-12 mo means 12 mo clearance period after 1 mo exposure.
ok 7h/d, 5d/wk
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Table3 Body and Organ Wet Weight after Exposure and after Clearance

(g=SD)
N= Body Lung Liver Kidney Spleen
NiO(G) C 5 357+19 1.2+0.1 12.5+0.7 2.02£0.25 0.7 £0.06
(Run No. 1) E 5 354+18 1.7+0.2%*  12.2+1.2 1.91+£0.08 0.494+0.07
NiO(G) C 5  618%46 2.740.7  19.5%1.4  3.35:£0.56 1.1 +0.14
(Run No.2) E 5 653+29* 3.540.3** 18.8+1.6 3.056+0.20 1.0 +0.13
NiS(A) C 4 280+16 1.34£0.1  11.4%0.9  2.03+0.07  0.78::0.06
(Run No.3) E 5 265+13 1.8+0.2** 10.9£0.7 2.05+0.19 0.66%0.07*
NiS(A) c 2 448+11 1.84+0.4 10.14+0.1 2.57£0.02 0.86+0.10
(Run No. 4) E 5 516£53 2.6+0.3* 11.4+1.3 3.01£0.27* 1.034+0.11
Ni(M) C 6  264%23 1.240.1  8.2%0.8  2.15%0.23  0.72+0.10
(Run No.5) E 6 238+21 1.940.4* . 7.3%£0.9 1.92+0.27  0.60+0.07
Ni(M) C 18 703486 1.9%£0.2 18.1£3.2 3.68+0.39 1.10%+0.19
(Run No.6) E 18 704492 2.1+£0.3* 17.5%2.5 3.794+0.56  1.10+0.29

2 N is number of rats sacrificed; C, control; E, experimental animal.
Significance level: * P<0.05, ** P<0.01, as compared with the controls(C) by t-test.

Nl Conc. Aftar the Exposure

Aflor tho Cloarance

NiO(G) NiS(A) Ni(Mm)

Significant level: M P<0.01, BP<0.05, as compared
with the control by t-test.

B2 BEEBREZVT7SA%OZy MEgbo=y roviiiE

Fig.2 Nickel contents in rat organs after the exposure or the clearance
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F L AN—NOZT v VIRER, EHELH R CBEBRE S e =X —8h, 2 DRE
W, BEMS niiske e, —HEERIREE, SHWENCL 5 74 v xRl L o TR 2 NI,
F v N —NDOREESARIE, BEMEPRRET v X — 2 77— s Lo THE S NIz, &
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Inhalation Study of Air Pollutants
—Comparative Study of Nitrogen Dioxiode, Air-born Particulate and Charcoal Particulate—

Mitsuro Uozumi

Osaka Prefectural Institute of Public Health
3-69, Nakamichi 1 Chome, Higashinari-ku, Osaka-shi, 537 Japan

Abstract

To understand the human health effects of air Pollutant, animal inhalation
studies were carried out. One of the purpose of this investigation was to compare
the effect of gas (NO,) and particulate on lung of rat by inhalation.

Another purpose was to operate the long-term exposure experiment such as 30
months long, and to compare the chronic effect of air pollutant to human.

Three types of inhalation were comparatively studied by NO, gas, air-born
particulate combined with NO, gas, and charcoal particulate combined with NO,
gas.

Histopathological examination showed air-born and charcoal particulate widely
dispersed in alveoli. The macrophages, in which particulate was phagocyted,
mounted in alveolus with alveolar epithel hyperplasia. The effect of NO, exposure
on experimental animal lung was characterized by the bronchioepithelial hyper-
plasia and alveolar hyperplasia with fibrosis and also bronchioepithelial meta-

plasia.

s KBRS S TS 7
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Under these experimental condition, effects of NO, gas and particulate on
experimental animal lung were illustrated as a independent feature histopath-
ologically by light-microscopy. In other words, combined effect of NO, gas to
particulate or particulate to NO, gas on lung appeared additionally but not

multipliedly.
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Table 1 Schedule of examination by animal anatomy
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Noupermy | 7 |11]1519|23|27|31135(39 |43 51|59 |67 75|83 |91|99|107|115/123|131
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Pl 6 |1 1 1 1 212

50 1 2 3 1[1]1]2]1 3
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BEEI1—1 ESREXLK
(s HHRC), Oppm, 126361
HEHefh, X 400)

Photo1 — 1 Bronchiole
(control (©), Oppm, 126week !
exposure HE stain, X400)

EEH1 -2 S
(KZBLTHW, Oppm,
11400, HESAG, x400)

Photo1l — 2 Bronchiole
(air-born particulate®), Oppm,
114week exposure,
HE stain, X400)

127:000 5%, HEY:t, X 400)

Photo1 — 3 Bronchiole
(charcoal particulate (P),
Oppm, 127week exposure,
HE stain, X 400)
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Photo2 — 2 Bronchiole
(air-bon particulate(d), 6 ppm,
93week exposure,
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EHE?2-3 THEEXLEK
(RAKLFFEP), 6 ppm,
113, HEY:t, X400)

Photo2 —3 Bronchiole
(charcoal particulate(P),

6 ppm, 113week exposure,
HE stain, X 400)
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©), L
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Photo 3 — 1 alveolus
(control(©), 0ppm, 126week
exposure, HE stain, X200)

BH3—2 JiilafEsg
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Photo3 — 2 alveolus
(air-born particulate(),

0 ppm, 1l4week exposure,
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BHE3—3  JlilafEsk
(R AL FHEP), 0 ppm,
114:BME5%, HEZ(, X200)

Photo3 — 3 alveolus
(charcoal particulate(p),

0 ppm, lldweek exposure,
HE stain, X200)
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©), 6.6ppm,
11588, HER £, X200)

Photo4 — 1 alveolus
(cortrol©), 6.6ppm, llbweek
exposure, HE stain, X200)

BEHE 4—2 JhlagEst
(CREURLFHA), 6 ppm,
93818, HEY:t, X200)

Photo4 — 2 alveolus
(air-boin particulate(d),
6 ppm, 93week
exposure, X 200)

EHE4—3  ilafEs
(FRFRL-FIEP), 6 ppm,
113 EE, HE:®, X200)

Photo4 — 3 alveolus
(charcoal particulate(®),

6 ppm, 113week exposure,
HE stain, X 200)
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Inhalation Studies of Environmental Pollutants
(Pesticides)
Effects of particle size on inhalation toxicity

Shuji Tsuda

The Institute of Environmental Toxicology
4321 Uchimoriya-cho, Mitsukaido-shi, Ibaraki-ken, 303 Japan

Abstract

In order to examine effects of particle size on inhalation toxicity .of liquid
aerosols, male rats were acutely exposed to mists of liquid organophosphorus
insecticides, chlorfenvinphos (CVP) and fenthion (MPP), respectively. A size-
selective inhalation chamber developed in our laboratory was used for the expo-
sure. For each insecticide, mists with two different particle size distributions were
used: small mist of which MMAD was 1 um or less, and large mist having the
MMAD of larger than 1 gm. The inhalation toxicity based on LC50 of the large
mist was greater than that of the small mist for each of the two insecticides. The
toxicity was related to the Acetylcholinesterase inhibition. Concentrations of CVP
and MPP in the blood from the rats exposed to these mists were measured, and
analyzed pharmacokinetically in conjunction with the results obtained from iv
injections. From these results the inhalation toxicity of a chemical mist with a
given particle size distribution may be related to 1) total and regional depositions

of particles in the respiratory system, 2) fraction absorbed of the chemical from

*  FRERRIETTITRT
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the deposition site, and 3) whether the active form of the chemical is parent
compound or its metabolite(s), According to the analysis of these factors it was
suggested that if the absorption of a chemical from the nasopharyngeal region is
smaller than from the lung and its active form is the parent compound, then the

toxicity of its large mist would be lower than that of the small mist.

BEEZEDOLT vy v O ARIEO I - T, B0 RANT ORISR RIS
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PR EE RO E L L > T 207 oY v ORENRL B, 2 AD, 43 THE
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AT AREORBRIOCTHMEY 2 kv, 22T, bivbUdRESHERIER L o3I
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Fig.1 Inhalation chamber
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Table1 Effect of particle size on inhalation toxicity of CVP

Particle size

L.C50 (mg/ 1) 5 k;fg
MMAD o
0.34
0.66 1.4 0280 1.27
47
7.8 2.2 0.072” 1.48

(0.061-0.086)

For each terms refer to table 3 .
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2 4 ERHSEREOMES v b DI CV PR
Fig.2  Blood CVP concentrations of male rats during the 4 hr exposures.
@ ' large mist of which exposure concentration

was 0.08 mg/ [ .

A large mist of 0.02 mg/ 7. O : small mist of 0.36 mg/ /. A : small mist of 0.08 mg/ [ .
Vertical bar represents 959 confidence interval.
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0o 3 CVPI R b 4HEMBRESTD
% g fisAchEH#E £ i+ CVPE
20 o ("‘ ° B O B4R
o Fig.3 Relationship between the
blood CVP concentration
® (log) and inhibition of brain
AChE activity (probit) dur-
60 b 9 ing the 4 hr exposures.
0o 9°° @ | Animals were exposed to the
30 ¢ e © large mist at concentration
o ° of 0.08 mg/ /, blood was
® sampled 0.5, 1, 2 hr after
10 e o the commencement of expos
o ure and at death.
N e O ! Animals were éxposed to the
small mists at concentration
I . 2 2 . d of 0.35 and 0.1 mg/ [, blood
002 005 0.1 0.2 06 1.0 was withdrawn 1, 2 and
BLOOD CVP CONCENTRATION (mg/!) 4 hr after the initiation of

exposure and at death.
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INHIBITION of BRAIN AChE ACTIVITY (%)
®

1 f —

£2  2ERRIEEIC L ACVPOAUCH
Table2 AUC values of CVP for 2 -hr exposure

» Exposure B Concentration
Pa1~t1c1e concentration (m Ag&(/o 17}?1120 d) normalized
size (mg/ | air) g AUC ratio
Large 0.08140.00 o
Small 0.360.02 32 4.0
Small 0.084+0.01 7.8 3.9

IR L THE S 1, 2 ORI T LAY 3 2 N RO TEY 2 72 (B 3 ).
2 IR DAL L 2 DD 5 B OCVPIL i > & 38 L2 AUCARLT I 2k O %5
AIELFE Y bR ARER S o lc, (F2), LB S ) CVPRELT 3 2 MEAMKT 3 2 b 12 bl L
THRIEE DB 07010 & 0 KB RN IR L, (RIEBLC & b 2 LS A CV P
DD, BMPIOACKES & 03 CHIBIF 5 2 L AR,  MAAKLT O BRI —
WL, O

KIEZMPP O KK F I A M (MMAD:5.69um,6, © 2.2) & O/NRLF 3 2 M (MMAD:1.06um,
Gl )RZNTAT Y G T ERE L, COBASANFIALOELAL LA
MEIGESERB AL\ T3 L T 2 OB EILIZIE100% T H 5 VNELT 2 2 b O b7 b D5
BIZAY 2 OMILERIZIZIZS0REE L THANKLY, ZOEKEF I 2 MOBEE I/ MIF &

1y
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Table3 Effect of particle size on inhalation toxicity of Fenthion

Particle size

LC50 (mg/ [ )® Sw L.C50 ratio
MMAD (gm)? o
2.8
1 1.4 (2.7-3.0) 1.1
3.2
0.89*
6 2.1 (0.84-0.94) L1

a)Median lethal concentration with 95 % confidence limits in parenthesis.
b)Slope function: (LC84/LC50+LC50/LC16)/ 2 .

C)Mass median aerodynamic diameter.

d)Geometric standard deviation.

+ Significantly different (p<0.05) from that for the small mist.

inhalation exposure
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100 - P )

;S

@
o
s
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g .
o v
& 60 //
o ]
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E 40 o smali mist
g @ large mist
=
© 20
| /o—-—o——oj
T
0 T T L T LR T T T T T L L]
0 2 4 68 8 1 2 3 4 5 6 7
Time in hours days

B4 7o rFFd o REGRO BB R
Fig.4 Cumulative % death of rats after exposure to
either the small or the large mists of fenthion.

b 3 {12 (F 3 ) MPPARESO BRI (F 4 )R N S & 512, KETF I 2
MRS OBERIILMT I A ML Y B E LR LI, F—RBEORNTI A M E
ABLT R A D B L TIMERDOAChEEM 2 ME T 5 LREPDOAChEDHERIL 2FD I 2
FITED D5 12V 2 A Mo & 2AChERED S O KBTI A ML B L b}
WL(R5), 1BEEBOACED R R I 2 M EREBRTEBRMD60% 2 THE L 72h5k
RT3 2 M TRKZ20%TH - 12, R ERPIKDAChEIZ 30T § 580 6 e . MPPOD i
FEIGCVP E A DRSS & T b /RT3 2 MR X A MAPIRED 278 ( (B 6), AUCH k&
B 120 B %G (60mg/ke) A OMPP O L i & SR % 5- (20mg/ke) #% & I ¥ 2 & 3%
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inhalation exposure
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O small mist

® large mist

Erythrocyte AChE Activity (%)

50 4
ok
4 dokk
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BS ZavFAdrIxb B LLT Y OmEk
AChEW®E

Fig.5 Erythrocyte AChE activity of rats exposed to
the fenthion mists.
The data were obtained from the rats
exposed to either the large or the small mist at
a concentration of 0.6 mg// for 6 hr. Each
point represents mean = SEM of 7 to 10 rats.
**and***show significant differences at levels
of 0.01 and 0.001, respectively.
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inhalation exposure

& 2
% &

O small mist
* %k %k
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) /i\ *

_ : i S
R S "

@ large mist

Plasma fenthion concentration (mg/l)

U ¥ v T T T L4 T

12 24
Time (hr)

e 7xzrFArIAPCERELIZ Yy bOMEEY =
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Fig. 6 Plasma fenthion concentration of rats
exposed to the fenthion mists.

Rats were exposed to either the large or the

small mist at a concentration of 0.6 mg/ [ for 6
hr. Each point represents mean + SEMof 7 to
10 rats. * and***show singnificant differences
at levels of 0.05and 0.001, respectively.
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Table 4 Pharmacokinetic parameters after i.v. injections of CVP (2 mg/kg) and

Fenthion (20mg/kg)
Chemical A B @ S AUC Vd Clb
(mg 7Y (mg 7Y (hr=Y (hr ) (mghr 7Y (Ikg™?) (! kg'hr™)
Cvp 0.936 0.185 3.66 0.484 0.638 6.48 3.13
Fenthion 3.90 0.537 1.72 0.0665 10.3 29.1 1.93
C=Ae~“+Be

Cb 2EOEMOEAIIE TN L BT OFEN D - 72h5, b LCVPO & 5 CHlbLe
PSR CH Y, MPPO & 5 (KL T O AR MK ¢ TAIEER~ OBl 234> 75
vy OV HNIE, DA KK TOEERERF 2 L TEINI,

Pk , WP AV EFT Iz u O E 2L RS (TAEE LT SIHIERILC
wEY z)kmr@é\%ffriﬁ’fé%ﬁzi\ LT, RO &S s AR 1) SIEEEER S O (RS~

OIPIALEH D & D & D & b £, HERIE»BLE WCH sicwis, KRBT OEE
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Table5 Absorption of chemicals into general circulation after deposition

Chemicals Particle Size Total Deposition® AUC for Inhalation Clb® Fraction Absorbed®

(mg kg™1) (mg hr [ -Y) (1 kg™ 'hr™") (%)

large 4.86 0.483 3.13 31

cve small 1.26 0.13 3.13 33

. large 110 3.67 1.93 6.4
Fenthion small 59 4.85 1.93 16

Air Concentration X Respiratory Volume X Time X Deposition Rate
Animal Weight

a Total Deposition=

b from the i.v. experiment
AUC X Clb
Total Deposition % 100

c=

DUNBLT L Y BIRGIRMINTH B, 1) BURHEETE D O ONHED D 6 L 0 A DR CHATH- T
b, BMEREME? BT H 28560008, KRRFORMEDHRG I LA H 5, iii) SIHIEE D 6
DEPZERFIHRIL 2 29 6 ORPED i 6 & 0 b4, SR E»BALEM DY
A, KETORERFH 2L TREING,
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Radioactive Aerosol Exposure System of NIRS

Yuji Yamada

National Institute of Radiological Sciences
9-1, Anagawa 4 -chome, Chiba-shi, 260 Japan

Abstract

Radioactive aerosol exposure system for small rodents was developed, and its
basic characteristics were investigated from the viewpoint of aerosol engineering
on inhalation toxicology. The system has three nebulizers which liquid is feeded
with syringe pump. Aerosol concentration within the exposure chamber is
controlled by changing the speed of liquid feeding, and it is automatically
maintained by switching one of nebulizers on the base of aerosol monitoring data
from a high sensitivity photometer. Correspondingly, the air pressure and the air
flow rate are controlled for keeping constant exposure. For acute exposure,
animals are hold in specially designed containers, and only their noses are exposed.
During exposure, the container also works as whole-body plethysmograph box and

is enable us to measure animal’s respiratory function.
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Fig.1 Side view of radioactive exposure system for small rodents
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Fig.2 Schematic diagram of radioactive exposure system
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Deposition of Ultrafine Aerosols in a Human Nasal Cast

Yuji Yamada

National Institute of Radiological Sciences
9-1, Anagawa 4 -chome, Chiba-shi, 260 Japan

Abstract

The regional deposition of inhaled particles in the respiratory tract has been
recognized as critical in the evaluation of health effects of exposure to potentially
toxic airborne materials. Previous studies of nasal airway deposition have em-
phasized the role of inertial deposition as the dominant mechanism for removal of
particles with aerodynamic diameters larger than 2 um. The total deposition of
ultrafine particles in a human nasal cast was measured. A clear polyester resin
cast of the upper airways of a normal human adult was made from a post-mortem
negative cast. This life size model included nasal hairs, the nasal airways, a
nasopharynx, and a larynx. Deposition data in the cast was obtained for monodis-
perse NaCl aerosols between 0.2 to 0.0046 xm in diameter at flow rates between
4 to 50 L/min inspiratory and expiratory flow. The deposition efficiency in-
creased with decreasing particle size and flow rate indicating that diffusion was
the dominant mechanism. At 20 L/min flow(near the normal breathing rate),

inspiratory deposition efficiencies reached 16 and 40 9 for 0.01 and 0.005 zm
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particles, respectively. Higher deposition efficiency was measured in the expir-

atory mode at the same flow rate.
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Behavior of Brownian Particles in an Expanding and Contracting Balloon

Hitoshi Emi and Yoshio Otani

Department of Chemistry and Chemical Engineering, Kanazawa University
2-40-20 Kodatsuno, Kanazawa, 920 Japan

Abstract

Most of submicron particles inhaled in the human lung are transported to the
periphery of the human airway, where these particles are transferred to alveolar
region as a result of mixing between tidal air and residual air. In order to evaluate
health effect of these submicron particles, it is necessary to estimate accurate
deposition fraction in the alveolar region. In the present work, an alvelous was
modeled by a distensible latex balloon and the behavior of Brownian particles in
the model alveolus was experimentally investigated by using a newly developed
experimental technique. By applying a particle number balance equation for the
mixing process, mixing volume and deposition coefficient of particles were deter-
mined.

As a result, the determined mixing volume showed no dependence on the particle
size when Reynolds number at the throat of the balloon was greater than about 5,
but it increased with decreasing the particle size when Re<(5, suggesting that the
mixing is determined by the mechanical mixing (i.e., fluid convection) when Re>

5 while Brownian diffusion enhances the mixing when Re<(5. Further, it was
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found that when the dimensionless duration of balloon expansion and contraction
is longer than 5 x 10~* the deposition of particles is not influenced either by the
mixing or by the movement of the balloon wall. These experimental findings
indicate that in the actual human alveoli where Re is in the order of 1072 or 107,
dominant mixing mechanisms of submicron aerosol particles entering the alveoli
is Brownian diffusion. Theoretical calculation of the deposition fraction by
Brownian diffusion showed that 969 of 0.1-xm particles entering the alveoli are

deposited under heavy breathing condition.
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Movement and Metabolism of Particulate Materials in the Respiratory Tract

Sentaro Takahashi

National Institute of Radiological Sciences,
9-1, Anagawa 4-chome,Chiba-shi,260 Japan.

Abstract

Airborne particles, inhaled and landed on the respiratory tract, are cleared from
there with various mechanisms. In the present paper, we describe the clearance
mechanisms of inhaled particles, which are characheristic to the region of the air
ways. In the following description the respiratory tract will be defined as four
different compartments according to the lung model of International Committee of
Radiation Protection.

1) Nasal-Pharyngal region: The particles deposited on the anterior nasal
cavity will be retained there for a relatively long time, since there is no active
clearance mechanism in this region. On the other hand, the clearance of deposited
particles from the posterior nasal cavity and pharynx are carried out rapidly by
mucociliary mechanism.

2) Tracheo-Bronchial region: It is well known that most of particles deposited
in this region are rapidly cleared by mucocilial escalator to the gastro-intestinal

tract. However, recent studies have shown that small but significant amount of

*
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particles may retain in this region for longer period than expected, and that this
delayed retention of toxic particles may constitute the greatest risk of inducing
bronchogenic lung cancer.

3) Alveolar region: Since the mucociliary clearance is not active in the alveo-
lar region, the particles may retain in this region for relatively longer period. In
the human experiment, half times of particle retention in the alveolar region has
been reported to be a few hundred days. The dissolution of particles become more
dominant in the alveolar region as compared with the upper respiratory tract,
since the duration of particle retention become much longer.

4) Lymph nodes: The transport of particulate materials from the alveolar
region to the regional lymph nodes are very slow process and regulated mainly by
the immigration rate of alveolar macrophage. We have shown that the particle
size ranged between 0.05 and 2.0um do not affect the rate of particle transfer to
the lymph nodes. The particles with diameter of 2.0um or greater can be also
transported to the lymph nodes, but the amount transferred is significantly smaller

than that of particles with diameter of less than 2.0um.

L&z

IR SEAE T A S IR IR, % D ZERE N AR D U RED FBIIEE T 5,
XTI, MPIRERCIEE LIRS, EERR, SENTEQ LI FEEIL, Hr ik, EDL
S22 LT D, Thb bRAKTORBENEEROER, 724 MO0 THRET 5,

IR P B GBI A —HOLSROBE L Vv 2 527, Z OREE ERREI, BELC LY
ShOTEMTH 5, FH LW, HEMERTFOWATFECET MR CEL-THY, 00
BT LI LIES I S 03 [HERRGHRP R R S(ICRP)DEE T vz LIch > T, 2 2T, WP
Weis % 4 OO T A, T b b, WPIRE P BIREHNPE), SUE D CHRRQECE
B RUESEER(TBER), "PIRHAAE S & 0 a2 A T E(PE), % L CWRE: Y o 2V
(LE) @ 4 fE 0, BB TOWLERTO 7 24 MCBL, EZ TR Ty 2HMAD
WEPHRET 2 L LV E, BETIERC OISR RELHNT 5,

1 SRMREEER(NPER)

BEEQRIHECILE LIck IR, HEOERRM, CoMMc#EETsLELionTws, 2
DOEALT U, BEORETE, HEPHMEBCL2EHNL 2 Y 750 23FbTH LT, ©

108



3 TRERRLFO%E, o
bWsRENG, 22vI%T 5 Lo REHECH TOPERY RS N 25, B BT
HEOLCHE T 5, Fry o2, 2 O U IoRF O LW ng i % 120 i LI_E & s
LTwv53,

—Ji, SRIEDQRTFE D O MHETEES VR Lok, I A s iibis e~ 2 ) 7
AN LDEEFEZCNT A, 2L 2L, SREBRTTEC LR U 7oK R el B d 1o
WHBEE ~ I, MR L LS IS~ RIS B, Proctor 691, & = HEE % B Iu AL
WL, D%, 308 10, @@%MA@U%W%%U&&:&,?ﬁ%%%uﬂ%%@
CIlobiedi LT b, SRS IDE Lok, B0~ 8o b0 o ¢ LOmEEEs = 8 b 4L
%«&?975VZ§M%§@E%X%thé WRMGEIERS Vs LICRI T3 X OV & v 1
T2 ) 7 2 R8N T S 12HFI, 2O TOREORNIC D Y OEIEE (orsopharynx)
NP2 )T I rAEN, HIE~LBTE NS,

2 RE - [NETE(TBER)

ICRPOIEF VT, 5D 6 SUE L R THRISE X 0 R 2 Ml B e 017 b T
WAL R AE  TEXME LTV 5, SOMMTORT 20 752 2, B L CHIGHETEE
WL -oTIbUTO3D, 202Y 75 2R, MU LIRS BT OB LD
MonT 5, SUEPR EESEZTHE, M&@mgi%m KB, BULRELILE G, 1
GHEDHIZY 5 ~10mmIRETH 2, LI - T, TOFEE»CE 2 2 L, SIS LIETO
VT2 AR, PRI L L T30~ U400RRETHA S LEHESNTV 5, TBHTORT
D2 T 5 AWE, f@XmM«ﬁ<quﬁvﬁTL,%u~mﬁwf1~4%%
EE1657IE & b SRMIIC I L0MRIEI RS & 4 2 42

D& S, SUER EIRAE ST OMEEIER)C ié%%@ﬁﬂ@#%t@(,Ltﬁat
DAL LK1, R OTNIZ O b i3 A c T2V 75028 s
bOLTERELONTEN, L2, Bl » T, &5 - [T Lz T =T Ok
B, ZORROWAUZD - T, MEHED? SHEE S N AT DOR RN E I MET 2 Y 75
VASNTLEIDOTHECECI ZED, MOl TS, 355099, Ab -

RSB 2B ORTEIEET) - & 2 BaAm
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Mean Mucus Velocity

Animals . Technique Reference
(mm/min)
Human. 5.5+0.4 y—camera Foster et al., 1982
21.5%5.5 Fiberscope Cruz et al., 1974
6.74+3.0 y-camera Gerrity et al.,, 1974
Dog 8.5+1.8 y-camera Wolff et al., 1978
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Rat 12.0 n vitro Dalham 1966
5.84+1.2 Microinjection  Patrick 1977
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Factors Affecting on the Particle
Deposition in the Respiratory Tract

Yoshihisa Kubota

National Instiute of Radiological Sciences
9-1, Anagawa 4 chome, chiba-shi, 260 Japan

Abstract

The deposition pattern of inhaled particles in the respiratory tracts is affected
by anatomical structure of the respiratory tracts and respiratory pattern of
animals, which are modified by many factors as animal species, physiological and
psychological conditions, age, sex, smoking drug, lung diseases, etc. In human,
studies have been focused on the initial lung deposition of particles and have made
it clear that the respiratory pattern, gender, and diseases may have influence on
the deposition pattern. On the other hand, there was little knowledge on the initial
lung deposition of particles in laboratory animals. Recently, Raabe et al. have
reported the initial lung deposition of '**Yb-aluminosilicate particles in mice, rats,
hamsters, guinea pigs and rabbits. The authors have also investigated the lung
deposition of latex particles with different sizes and **®*Au-colloid in rats whose
respiratory volumes during the inhalation were monitored by body plethysmogra-
phy. These experiments indicated that the deposition of inhaled particles in distal

lung e.g. small bronchiolar and alveolar region, was much lower in laboratory
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animals than that of human. This spe'cies differnce may be due to smaller diameter
of respiratory tract and/or shallower breathing and higher respiratory rate of
laboratory animals. The experimental animals in which respiratory diseases were
induced artificially have been used to investigate the modification factors on the
deposition pattern of inhaled particles. As respiratory diseases, emphysema was
induced in rats, hamsters, beagle dogs in some laboratories and pulmonary delayed
type hypersensitivity reaction in rats was in our laboratory. The initial lung
deposition of particles in these animals was consistently decreased in comparison

with normals, regardless of the animal species and the type of disease.
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Measurement of intial lung deposition

TOTAL DEPOSITION

Difference between inhaled and exhaled radioactivity or particle number

REGIONAL DEPOSITION

1 . Upper respiratory tract or Extrathoracic region

Total activities of

mouth and throat—mouth washing
extrathoracic—external counting of radioactivity
stomach—external counting of radioactivity
2 . Tracheobronchial region
Decreased activity in the thoracic region during 0 -24 or 48hr after the exposure
3 .Pulmonary or Alveolar region
Retained activity in the thoracic region during 0-24 or 48hr after the exposure

The other method

External counting of radioactivity in the thoracic region periodically during 20-30hr after
the exposure to make the lung retention curve (2 phase exponential)
Extrapolation of faster phase with half time of 1-2hr to Ohr— 2. Tracheobronchial region
Extrapolation of slower phase with half time of tens to hundreds of days to Ohr— 3.
Pulmonary or Alveolar region

1.04
0.81
0.6
0.4+
0.2

0;750016? sec Ti;2sec 3subjects
1985 11-Fe,Oyparticles

Alveolar

0.8
0.6
0.4+
0.2

Deposition

1 2 3 4 5 6 7 8 9 10 11 12

Diameter of unit density spheres (um)

1 ADFRIREIC 35 1) 2B & Regional deposition® B{&

Fig. 1

Regional deposition of particles with various sizes in human respiratory tract

(Stahlhofen, W. et al.,].Aerosol Sci‘,14,186—188,1983)
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Fig. 2 Deposition of inhaled monodisperse **Yb-aluminosilicate acrosol in mice and rats
(Raabe, O.G. et a.l, Inhaled Particles, VI,53-63,1988)
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the product of respiratory volume of each rat and particle
concentration at the same time from the beginning of

inhalation ‘

summation

the number of Latex particles inhaled by each rat
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Fig.3 Estimation of the number of latex particles inhaled by each rat
Rats were exposed to latex particles with 1 or 2 /um in diameter for 1 hour. The respiratory
volume of each rat and the particle concentration in the inhalation chamber were measured
and the number of latex particles inhaled by each animal was estimated. a)microflow air
resistance tube b)differential pressurée tranducer c)carrier amplifier d)integral amplifier.
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Fig.4 Differences in the lung deposition of latex particles between 1 and 2 um particles
« Ratio of the number of deposited particles in the lung to that of inhaled particles.

5 BIEELABUER IR LI 2 v b O G
Fig.5 Histopathology of pulmonary delayed type hypersensitivity (DT H) induced in Wistar rats

by intratracheal injection of antigen Sepharose 4 B beads (hematoxylin and eosin staining,
x100)

Representative pulmonary DTH seen in a DTH rat sacrificed 4 days after intratracheal
challenge with MBSA-coupled Sepharose 4 B beads. The inflammatory infilrate surround-
ing the beads is composed of macrophages. lymphocytes, seattered neutrophils.
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Table2 The distribution of colloital **Au among lung lobes in the inhalation study

Lung lobe Control rat#! DTH rats#'
Example 1 Example 2

Left 30.944.6(100)# 8.6%(27.8)# 45.4
Right apical 11.7+1.9 8.5 12.1
Right cardiac 12.54+1.0 22.7 10.8
Right diaphragmatic 27.6%2.9(100)# 37.5 16.2* (58.7) #
Right intermediate 14.2+2.7 22.0 14.2
Tracheo-bronchi 3.1+1.4 0.7 1.3

Control rats Beads injected rats DTH rats

100# 103.84+9. 74 54.7+21.8#

#' The deposition of ***Au in the individual lung lobes of control rats and two representaive DTH rats
expressed as percentage of whole lung deposition. The values of control rats are mean=SD.

# The asterisk indicates the lung lobe into which Sepharose 4 B beads and colloid carbon were instilled.

#2 Values in the parentheses are the deposition of *®*Au in the lung lobe expressed as the percentage of
that in the corresponding lobe of control rats.

#*  Values are inhaled '*®Au deposition in the lung lobes injected with Sepharose 4 B beads of DTH and
beads injected rats expressed as the percentage of that in the corresponding lobes of control rats and

are mean+SD of the values in the above parentheses#? obtained from all the rats examined.
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Table3 Modification factor on mucociliary clearance

Sleep ! (Bateman 1978)

exercise T (Wolff 1977)

age ! (Goodman 1978, Whaley 1985)

smoking ! (Chopra 1979, Camner 1973,
Chhen 1979, Bohning 1982)

S0,,H,,S0, ! (Lippman 1981,1982)

Chronic bronchitis | (SantaCruz 1974,Iravani 1971,
Pavia 1980, Bertrand 1977)

Asthma | (Agnew 1984, Foster 1982)

Interstitial fibrosis ! (Copra 1979)

Bronchial infection ! (Creasia 1972)

Silica,PuO, ! Masse 1977)
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Target Cell of Lung Cancer

Hiroshi Ohtsu

National Institute of Radiological Sciences
9-1, Anagawa 4-chome, Chiba-shi, 260 Japan

Abstract

Pulmonary carcinomas constitute the majority of neoplasms in the lung, and are
believed to arise in the epithelium of the airways and the alveoli.

The epithelium consists of seven kinds of cells in the bronchus: ciliated, mucous,
basal , brush , serous , neuroendocrine (Kultschitzky cell) and undifferentiated
cells; four kinds in the bronchiolus: ciliated , non-ciliated (Clara cell), basal and
undifferentiated cell; and 2 kinds in the alveolus: small (type I cell) and large
pneumocytes (type II cell).

Among them, five kinds of epithelial cells,that is, basal , mucous, neuroendocrine,
Clara cells and large pneumocytes, have been confirmed to have the capability of
self-renewal by observation of the lung tissues affected by injury or chronic
stimuli. Carcinoma is thought to develop from these kinds of cells through trans-
formation by a certain carcinogenic initiation.

Pulmonary carcinomas are classified into eight histologic types: squamous cell

carcinoma, adenocarcinoma, small cell carcinoma, large cell carcinoma, adeno-

* HGHIRIE RS A YR

127



squamous carcinoma,carcinoid tumor, bronchial gland carcinoma, and others, by
WHO classification. The first four categories are grouped as bronchogenic
carcinomas and constitute more then 959% of lung carcinomas.

Squamous cell carcinoma is composed of sheets of stratifying neoplastic
squamous cells, and arises from a basal cell and/or a mucous cell through a series
of metaplastic processes and transformation.

Adenocarcinoma forms atypical glandular and/or papillary structures and
contains mucus in the cells, and is derived from any of basal cells, mucous cells,
Clara cells and large pneumocytes.

Large cell and small cell carcinomas have no evidence of maturation toward
squamous cell carcinoma and/or adenocarcinoma on light microscopic examina-
tion, and are thought to be from any of the self-renewal cells in origin.

Some of small cell carcinomas are closely related to neuroendocrine cells,
because their cells contain neuroendocrine granules.

From the histogenetic point of view, the majority of pulmonary carcinomas arise
from any one of these five kinds of epithelial cells (target cells)initiated by a

certain carcinogenic effect.
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Partial Deposition Distribution of Unattached Atom to Tracheobronchial Region

Michikuni Shimo and Atsuto Ohashi*

Department of Nuclear Engineering, School of Engineering, Nagoya University
Furo-cho, Chikusa-ku, Nagoya, Aichi, 464 Japan
* Nuclear Technology Devision, Ship Research Institute, Ministry of Transport
6-38-1, Shinkawa, Mitaka, Tokyo, 181 Japan

Abstract

To evaluate precisely the human luug dose, it is important to know the deposi-
tion fraction and positions on the surface of trachea and bronchial for unattached
atoms. In this paper, historical review on deposition experiment and calculation
were summarized. In addition the authors’ result was introduced for deposition
experiment on unattached radon daughter atoms to tracheobronchial using a tree
model based on weibel’s lung model. The results were as follows; (1) “hot spots”
which were deposited several times than around area were especially observed in
inner side of generation. (2)Deposition fraction at generation 0 was 2.2~2.7 times
value calculated from the Gormley and Kennedy formula whereas values at other

generations agreed with calculated ones.
1. FLHIC

AR & AR PIHMET 2354, SEITRSEFPCL22H 29, Z2OFTHTFD
[ REENE~DEEBERLZ2D—2Ths, ZNCHETAWECRINEI T, ¥—2
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Table1l Deposition experiments for tracheobronchial

Researchers Model Aerosol
Chamberlain & Dyson tracheo-bronchial unattached ThB-atom
1956 duplicated from human
Martin & Jacobi Weibel’s lung model air-dust marked by ThB
1972 D0.2~0.4 ym
James pig lung unattached ThB-atom,
1977 air-dust marked by ThB
©0.2~0.4 ym
Ferron Weibel’s lung model NaCl aerosol marked by Tc-99m
1977 asymmetrical model ©1.69 gm
Schlesinger et al. tracheo-bronchial iron oxide aerosol marked
1982 duplicated from human by Tc-99m . several gm
Martonen Weibel’s lung model ammonium aerosol
1983 0 1.9~6.7um
Cohen tracheo-bronchial iron oxide 1 aerosol marked by
1987 duplicated from human Tc-99m : 0.04, 0.15, 0.2um

HOCEHE LY D B, BETR, BIPOMEFT VICIARE T b T T, IR EEME
Bt O—HEAPEFEHIN TV 3,

IITHE, BUDERE - SEZeaHRE Lt ey v TFonFclELT, cniTie
ThR OO OERLFEOL Y $ LD 2RAL, 5P, U - Q0B 2 H o 10kk
BN URF A == RF BT 2 8H 6 DB EROER 2~ 2,

2., XEEDY—~A

2. 1 XEB

b P ORE - BELA~DTT v VRFOWEERIE N TR ViTbn TV 525, 2
NOLDOH» 6 THERITIRLI,

SUE-SE R E D SMET 201, BLTOWT L ETFF — & — O (U, 7Y
=G E D) TH B, %7298 IE Chamberlain and Dyson(1956) - & 3 FEERO—
L, ZOFEBIEE FOSEE - [EX» BB LB 2 He TirbTue T, Hiox
Fan G HE LRI T OFBRTIL L 2o, FHEIC & A E LB T & o,

7 ) — B DOEBRTIEM James (1977) 3475 TV 555, 2R T ZONlie FVI2EBRTH
5, ETHFOEL5HIL, RED0.0M4—FumDKS CRTE2HCRRERTDH 5,

El‘ll_!

2. 2 B

DEND, e v Hv2EIE T, Takahashi and Itoh(1974) 5% 0.01— 5 um O Hisy
BRIz D0 TWeibelDE TV #ffio T, RE» GHIEE TOMLHFETEL LT 5,

7 ) =40 T, Jacobi and Eisfeld (1980) #7 Gormley and kennedy O®, 47k b
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Table 2 Deposition calculations for tracheobronchial

Researchers Luug model Remarks
Takahashi & Itoh Weibel mono-disperse aerosol : 0.01,, 0.02, 0.05, 0.1,
1974 0.2, 0.5, 1, 2, 5xm
Jacobi & Eisfeld Weibel unattached atom (Gormley & Kennedy formula),
1980 attached atom
Shimo, Torii & Ikebe Weibel unattached atom(Gormley & Kennedy formula)
1981
James & Birchall Weibel unattached atom(Gormley & Kennedy formula)
1983 Yeh & Schum  attached atom
Takahashi & kawamura Yeh & Schum  many mono-disperse aerosol
1986
Sugiyama Yeh & Schum  unattached atom(Gormley & Kennedy formula)
1986
]:u L L L I I R B L R I R
C s TV = 750 em® (NB) ]
N —— TV =1450 cm3/(MB)
- —— TV =2150 cm3 (NB) -
10k -
102k .
C C .
S £ 3
= - ]
2 L |
(e}
[U] -]
o
16— ﬁ -
- : \ 4B 7Y~ ORI ~ O AR (15
- i \ 1 Fig.l Calculated deposition rate of unattached
L T atoms (model: the Weibel model).

0 5 10 15 20
Generation

Y, ZERHYVEN R BRIKETTHNS LS, ZORORTPIHEIC &L - TERANEET 2 8%
ST 53, o TEFEL, Z2OMECEHYLEEREPRT 5 LI0L b, RCMLMHE L
LT3, = OEFEHREE Martin and Jacobi O3B % 5% 2 L T, FEERME L FIEE L K
LTERDLENT B,

372, F 6 (1981) 12 Weibel ®EF v T, » A 1E James and Birchall(1983) i& Weibel &
Yeh and Schum @& 7 v % fiwv T, Gormley and Kennedy O » LiLFRLFIE L, MiEY
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Hofi, Takahashi and Kawamura(1986) 4217 Fiz & b, Yeh and Schum ®E€F v %
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BRER MBS TEEL, Zhr oEERPRD, INODOERL L FCHIESREYR?
[ RIS A

BZEREO—BIL LT, EFDAOIA-127 V=R 2T 5 &40k (generation) T D
7 )~ DILERE S~ P TRI2ZIZRLI, 2heais L, f&(gen, 0)TOLEED
boltdZ(, MALIHD 20 %5527 2 2 ikEE L, gen. 4 2 TULET 2 HEBRLSBAR
D 36 BFEE L Ie > T 5,

3L, BHMEEAECL OPIIRSLT(INE S~ LIER), B~ bOLFEERR 2
NENDO S~ NEETE - 7o, BAEETERE (@RER) 2RLIL, sy, Hmcit
FELPRPTOMEPL VB8 Lbds, Thbb, BFELLTCMEN, gen, 0 TIRADLO
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®I ERSRMG
Table3 Condition of measurement
Particle and Rn 0 1.5x 10° Bg'm™®
concentration Free RaA : 3000 Bg-m=2(2 %)

Temperature room temp. : 17, 22 °C
Relative humidity 58, 59 %
Flow rate 15.0 1 -min™!
Flow time 2 ~ 3 hours
Counting area ~0.41 cm?
“Hot spot” 0.104cm* (3.6 mme)
Conuting time several ~30 min
Counted « particle several 10~1000
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0 0.104 cm?
x10%cm?
0l 6.9
o178
0 001 7.0
gen. eeef 7.2
gen.0
18.6 %%
0.88 gen.1
gen.1

gen.2 ! gen.2 2o
NI (<3 N I X R 451
gen 4 o5 gen.4
®2 7Y —aoRE - B3 7Y —maoiE - | a4 FvbaRy O
WEA~DULIEER (9%%%) B~ DL 3 (ER) b T A
Fig.2 An example of depo- Fig.3 An example of surface  Fig.4 Positions of “hot spot”
sition rate. deposition rate.

and their surface depo-
sition rate.
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fRizv g, 1HE L7007 ) —EHF2RALIZET 5, JHIE, 0L 2 3@BEORED
7 RNVRE D 3By/m* (7 ) = 2D 10 % LT 5) DBFFIC, PRI 157 /minT 24 B
HIRNAS> F- T A -9

EEAER T O T, ZOMCIRE LIZETE, 0. len® 70 b OFILEEFH, 3 & Uk
v b ARy PTORIEHL ) OILERTHRERIRLL, 2635 L, %3 m R
DOHMFEL T HEQRF»RET 2L TH Y, v b 2By bT 3 — 5EMOEF»%
ETHDLALNS,

T4 REEORMKNLH

Table 4 Deposition of atoms
(inspired 1,700 atoms(equivalent to Rn concentration: 3 Bg/m?,
unattached RaA: 0.3 Bg/m® at 15/ /min a day

Generation Deposition Deposited atoms
% Total per 0.1 cm?

mean “hot spot”
0 18.6 320 0.48 1.5 ~1.7
1 4.2 71 0.20 0.76~0.84
2 4.8 82 0.40 0.70~1.2
3 2.0 34 0.33 0.96~1.1
4 6.5 110 0.34 0.78~1.7
0.5

Ji— Experiment of particle deposition

O D=0.05 cn’/s
4 D=0.035 cm*/s

= ©
Lol [SN]
T

Deposition fraction

©
&

5 iRzt DILER

0.02
! 1 ] | | Fig.5 Comparison of deposition fraction
v ! 2 3 1 between experiment and calculation
Bronchial generation from Gormley and Kenndy’s formula.
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3. 3 FEros
FHELE DL, WeibelD & 7v % - T Gormley and Kennedy DR TH7- 127 Y —iar 0
TEEFTEMER F 1o, Gormley and Kennedyld, [EVHENZ BHRRKETHEN 3 BAD,
SURF DRLF DL & 5 EFRE~DILEFE L RNTED LT B,
@=2.56u*—1.2—0.177Tu*®  ©=<0.0312 (1)
@=1—~0.8191exp(—3.657u) —0.0975exp (—22.3u) —0.0325exp(—57.0u) — -1 =20.0312 (2)
u=nD1/q
2IT, w I IBER
D - RS (em?/s),
1 HEDES (em),
q HRECm/s)TH 2,
Jt3s, James and Birchall b MI®X% 20 & £ A T3 b, Jacobi and Eisfeld b = R TR
LI IE R e R R TEERE LTREL TV I L, TTERSRESITH B,
S - REZOIER L FHIT 254, 2 DREEVTHMT L v72o i, Gormley and Kennedy
DORPZ2DE 3WHTAORFEMETIELCLEL, »2bitbOFERKRIC b HEI K- T
5500, —pAEOF—ZHNELVET S, 2L FE LB L, gend T Gormley and
Kennedy OR b 63Kk 72fili% 2 ~ 345 L, Gen. 1~ 4 Tk Gormley and Kennedy DX 6
Kotz 20 FACELCECI I E, TOLILFE T, WEIREDT0.05L
0.035cm?/s(Z L7 gend ¥l AEIEfEY 2.2 LU 2.7 57 %) OO Gormley and
Kennedy O3> & 3K 7o ka5 B OFHEAS R 2 EBRAER L L & TR 5 R L Tc, RIRTHRRIED
iR 2 B O EBRFEROIEZRL TV 5, WX 6, FEEEIE gen3 THIEMED GEEN TV 2
»5, 2 NSO IO CILIEEIRER 0.035em?/s TOREHR A>T A I b5, HL%
%A | T, Gormley and Kennedy ®i\h 63K 12iEFHFR I T 2 @& L LT, EOMH
LEBIZRSIRLI, BEBTE, COMEZENTED Y, —DORETHA S, 4%,
R5 FER LA O

Table 5 Correction factor to calculated value from Gormley and Kennedy’s formula

Generation Location Correction factor
This work Comparison
A B JB JE
0 Trachea 2.2 2.7 1 7.5
1 Main bronchi 1 1 1 5.5
2 Secondary bronchi 1 1 1 5.0
3 Secondary bronchi 1 1 1 4.0
4 Tertiary bronchi 1 1 1 2.0
5 Tertiary bronchi 1 1 1 1.5
All succeeding generation - — 1 1.0

A, B : Diffusion coefficient, 0.05 and 0.035 cm 2/s, respectively.
JE © Jacobi and Eisfeld®, JB: James and Birchall®®
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The Range Distribution of a-Particles in Deep Lung

Takashi Nakano

National Institute of Radiological Sciences
9-1, Anagawa 4-chome, Chiba-shi, 260 Japan

Abstract

We calculated the range distribution of a-particles in deep lung by using
digitalized graphic data made from a real tissue section.We also used a mathemat-
ically made honeycomb lattice model to compare the results between these two
different models. The initial a-particle energy was chosen in the range given by
the long lived a-emitters that might be potentially inhaled by human.Energy loss
of a-particles was calculated from a semi-empirical formula proposed by Benton
and Henke (Nucl. Instrum.Methods 61 (1969) 87). Self-absorption effect of source
particle was also evaluated, in which a spherical source was assumed.

The average ranges increased proportionately with the initial «-particle energy
for both models. The distribution of the ranges for the honeycomb lattice model,
however, should several distinct peaks which reflected the regular structure of the
honeycomb lattice. For the real lattice, on the other hand, the ranges distributed
broadly with a gentle-sloping hill. These results suggested the validity of the

present range calculation using a real tissue section. The self-absorption effect on

sk
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the range can be neglected for such a small source particle that could pass into

deep lung and deposit there.
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1
The Bragg curves in continuous tissue calculated from Bethe-Bloch’s formula (dashed

Fig. 1
curve) and Benton-Henke’s (solid curve) for a-particles of 5.15 MeV
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Fig.2 The range distributions in deep lung calculated by a structureless model (dotted line), a

honeycomb lattice model (dashed line) and a real section model (solid line) for a-particles
of 5.15 MeV.
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Fig.4 The relation between initial a-particle energies and average ranges; O : real section
model, and A : honeycomb lattice model. The line was drown from the least square method.
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Table 1. The long lived a-emitters which might be potentially inhaled by human; Their life times,
their representative energies and their ranges in continuous tissue calculated from Benton-
Henke’s formula.

element life time representative energy range in tissue
28 4.97E+9 y 4.2 MeV 27.0 um
235 7.04dE+8y 4.4 MeV 29.0 um
g 2.45E+5y
226Ra 1.60E+3 vy 4.8 MeV 33.0 um
#7Np 2.14E+6y
242Py 3.76E+5y 4.9 MeV 34.1 ym
9Py 2.41E+4 y
40Py 6.57TE+3 y 5.15MeV 36.8 um
245 Am 7.37TE+3y
210pg 138 d 5.3 MeV 38.5 um
1AM 4.32E+2y
B8Py 8.77TE+1y 5.5 MeV 40.8 pgm
35Py 2.85E+0y
244Cm 1.81E+1y 5.8 MeV 44.3 ym
#2Cm 163 d 6.1 MeV 48.0 um
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Particle Size Dependence of Hit Probability for Lung Cells

Nobuhito Ishigure

National Institute of Radiological Sciences
9-1, Anagawa 4-chome, Chiba-shi, 260 Japan

Abstract

The macroscopic quantity “absorbed dose” loses its validity to interpret the
radiation-induced biological effects in the lung inhaled with particulate a-emitters
like transuranic elements,because the doses to individual cells differ more widely
than the range of doses over which the dose-response relationship can be regarded
as linear. We intend to make up a three-dimensional model of parenchymal lung
using a stack of actual histological sections in order to compute microscopic dose
distribution around particulate a-emitters. This theoretical dosimetric approach
will provide a scientific basis to the extrapolation of results of animal experiments
utilizing high doses to man exposed to low level radioactivity and also to the
understanding of biological effects associated with high LET radiations.

Lung cells which survive a-particle hits were calculated,which will be a signifi-
cant index of potential risk. Three models were assumed for the structure of
parenchymal lung, which were 1) structureless lung of uniform density, 2) lattice of
honeycomb pattern and 3)digital image of actual histological section of rat lung.

The result shows that the survival cells decrease exponentially with the diameter
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of inhaled particles in any models. But the slope of the curve for the structureless
lung is much greater than those for any other two models. This result suggests the
validity of the dosimetric approach using actual histological section to estimate

the inhalation risk of particulate a-emitters.
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Fig.6 Effects of target size and integrating period on the size dependence of the calcu-
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1 AL ERA & FERSUERZ

Chemical-induced Upper Respiratory Tract Lesions

Kasuke Nagano

Japan Bioassay Laboratory,
Japan Industrial Safety and Health Association
2445 Hirasawa, Hadano, Kanagawa, 257 Japan

Abstract

The histopathological outline and methods of chemical-induced nasal damages
in laboratory animals by inhalation exposure are described. In this decade,it has
been demonstrated by animal experiments that many chemicals cause nasal
neoplastic and non neoplastic lesions after inhalation exposure. For example, long
term inhalation of formaldehyde induce squamous cell carcinoma of the nasal
caity in rats and mice. Induction of ethesioneuroepithelioma was reported by
inhalation study of vinyl chloride and bis(chloromethyl) ether in rat. The distribu-
tion of injuries in the nasal cavity varies from chemical to chemical. For example,
acetaldehyde, acrolein, butenolide and cigarette smoke usually injury respiratory
epithelium. Olfactory epithelium is impaired by acrylic acid, ethyl acrylate, fulfur-
al or methyl bromide. Allyl glycidyl ether, butylene oxide, 1,2~dibromo-3-chloro-
propane or 1,2 dibromoethane lead to both respiratory and olfactory epithelium
damages. In order to clarify the characteristics of injury site, microscopic exami-
nation should be perform for the tissue speciments trimed from the pulural levels
of nasal cavity. In our laboratory,the following three frontal sections are

examined regularly: i.e. at the level of the posterior edge of upper incisor teeth
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(level 1), at the incisive papilla (level II) and at the level of the anterior edge of

upper molar teeth (level 1),

. AEZYERA L EBTUERE

FERAGE, BRI LA E LR T AT D Y, (LEMEOBAL L
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Table. 1. Chemical-induced nasal lesions: non-neoplastic lesions

sites of lesion chemicals animal species  references

respiratory epithelium acetaldehyde hamster 1)
acrolein hamster,rat 2)
butenolide hamster 3)
cigarette smoke hamster 4)
diethylamine rat 5)
ethylene dibromide rat 6)
formaldehyde mouse 7)
morpholine rat 8)

respiratory/olfactory epithelium

allyl glycidyl ether mouse 9)
buthylene oxide rat,mouse 10)
1-2 dibromo-3-chloro propan rat,mouse 11
1-2 dibromo ethane rat,mouse 11)
dimethylamine rat 12)
dimethylethanolamine rat 13)
methyl isocyanate rat,mouse 14)
sulfur dioxide mouse 15)
olfactory epithelium acrylic acid rat 16)
ethyl acrylate rat,mouse 17)
furfural hamster 18)
methyl bromide rat 19)
3-methylfuran rat 20)
3-trifluoromethyl
pyridine rat 21)
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Table 2. Chemical-induced nasal lesions: neoplastic lesions

chemicals animal species tumor type references
acetaldehyde rat squamous cell carcinoma 22) ’
adenocarcinoma
benzo [a] pyrene hamster nasal tumor 23)
bis(chloromethyl) ether  rat ethesioneuroepithelioma 24)
1-2 dibromo-3-chloro rat,mouse adenoma 25), 26)
propane squamous cell papilloma
adenocarcinoma
squamous cell carcinoma
1-2 dibromoethane mouse squamous cell papilloma 27)
adenoma
squamous cell carcinoma
adenocarcinoma
sarcoma
epichlorohydrin rat squamous cell carcinoma 28)
1-2 epoxybutane rat(mouse ? ) papillary adenoma 29)
sqamous cell papilloma
formaldehyde rat,mouse squamous cell carcinoma 30), 31)
hexamethyl rat epidermoid carcinoma 32)
- phosphoramide adenoid sgamous carcinoma
papilloma
phenyl glycidyl ether rat epidermoid carcinoma 33)
vinyl chloride rat ethesioneuroepithelioma 34)
wood dust hamster ? malignant nasal tumor 35)
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BRI FPRERGRES, v DO
RAE b LA, F3445 v
b, 27V 2 — v REHITES, HES
i, 120%%

Phot.1 Respiratory epithelium(nasal
turbinale, level 1) showing
inflammation and squamous
metaplasia. F344 rat treated
with glycol ether solvent. H.
E., x120.

BEE 2  WEEEE, vl o
FE & 13 < B, BDF1= 7 %, HEFA
WA, HEZA48, 240f%

Phot.2 Olfactory epithelium(dosal
portion, level lll)showing ne-
crosis and desquamation, BDF1
mouse exposed fumigant. H.
E., X 240.

ER3 M EEGEERS, vIDO
EOFIAEE, F3445 » &, FEARKIR
HE# 1, 24015
Phot.3 Olfactory epithelium (eth-
moturbinale, level III)showing
irregular arrangement. F344 rat
exposed fumigant. H.E., X 240.

BEE4 B (&R, oD o
Wy A, F3445 » b, HEZEH
kA, HE:f, 240%%

phot.4 Olfactory epithelium(nasal se-
ptum, levellll) showing respira-
tory metaplasia. F344 rat
exposed fumigant. H.E., X 240.
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Phot.5 Squamous cell carcinoma aris-

“ing from respiratory portion of

nasal cavity(levelll).F344 rat
treated with glycol ether solvent
for 2 years.H.E., X120.
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Phot.6 Ethesioneuroepithelioma aris-
ing from posterior portion of
nasal cavity. F344 rat exposed
vinyl chloride monomer for 1
year. H.E., X3.

BET BHE6OMmiK, oty MEE
Bnis G b, HEYE, 24015

Phot.7 High-power view of phot.6.
Note rosette-like pattern. H.
E., X 240.%®
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Fig.l Ventral view of the hard palate region,showing the section levels
used for microscopic examination of the nasal cavity®®).

Ajincisor teeth . Bjincicive papilla. C;molar teeth.

— | indicating the direction for cutting.

2 BEQBYH L v~ DIEERES AL (Z v b)) @
DS,  E, %4, F, GiEfig o, a; L,
bR, ClamE, U, ey,
------ CREERIB, == BRI R, —— g,
Fig.2 Diagrams showing a normal structure and distribution of three
kinds of the epithelium in nasal cavity of rat®®

D;nasal turbinale. E;maxillary turbinale. Fiendoturbinale.
Gsectoturbinale. a;maxillary recess. b;canalis lacrimalis.
C;nasopharynx. d;incisor teeth. e;vomeronasal organ.
""" ; stratified sqamous epithelium.

---  respiratory epithelium.

—— ; olfactory epithelium.
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Responses of Pulmonary Alveolar Macrophages to Inhaled Particles

Yoichi Oghiso

Division of Comparative Radiotoxicology, National Institute of Radiological Sciences
9-1, Anagawa 4-chome, Chiaba-shi, 260 Japan

Abstract

Pulmonary alveolar macrophages (PAM) have pivotal roles in the clearance of
inhaled particles and in the pathogenesis of lung disorders. This paper describes
their morphologic or biochemical changes, secretory products related to the
pathogenesis, and cellular kinetics following the inhalation of toxic particles.
Morphologic features of PAM are characterized by increase of phagolysosomes,
membranous ruffling, changes of cell size, appearance of multinuclei and/or
micronuclei, increase of Ia and/or adherence molecules specific for lympho-
proliferation. The release of lactate dehydrogenase (LDH) and a hydrolytic
enzyme, S-glucuronidase, is a common biochemical parameter reflecting inflam-
matory sequela in the lung. PAM also produce and secrete a variety of biologically
active substances including chemotactic factor, interleukin 1 (IL-1), arachidonic
acid metabolites, and superoxides after inhalation of or in vitro exposures to dust
particles. These products can modify immunologic and inflammatory responses of

lymphocytes or other leukocytes in the lung. The toxicity of dust particles or
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radiation of a-Imitting particles can also affect cellular kinetics of PAM, i. e. ,
their population size, DNA synthesis or clonal growth, suggesting that the failure
of PAM in their maintenance or self-renewal should result in the derangements of

both clearance and defense mechanisms against inhaled particles.
FLsHIZ

A S ISR T RE D FESUE & OB CIEL, 2 ) 77 28 L VEsnT
OB Y oSS LT GREET, RFoNY 7TH L0 X ) T 8L EiREE
7 n 7 7 —Y(pulmonary alveolar macrophage;PAM)T & 2V, —77, W AR F DO 3E (st
Pk F OB RETE) /B & b EE R 21 5 il (pulmonary region; P-region)®iZa4HH
B, BFE- FAERED D A TT5Y FECHINE, AP RCHle, SRl & & 2 o hTwv 547, PAM
IO OEMHIEORERBTCEMER L L TEERZE» YT, B b 2 DERLRT
BREEQ 2 CHEEER 2B CZU s, ENMIRL L5, fit- T, PAMORn® & (B
PIIEL Tk 2 L, MARFHEERRO 02 28620 L, FEEORE & 5-l - T8
TAEETEsbOTEELELLNS,
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RV b2 U T A RIB E b R L T, WA RE LR R L EYERg v S 2
—RUIIDLTEELI,
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SRR FSER ORI, U > B8R E OB EADEFHRC 2P RA LD L RT V5 (F 1
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. y
1 7ANZXMREAS v Miilg< 2o 77— (PAM)O BIHE
Fig.1. Ultrastructural feature of PAM of the asbestos (crocidolite)-inhaled rat

V1 TANZMRAT v b ZEMle< 2077 —JPAMO 8
Table 1. Appearance of multinucleated PAM of the rat after inhalation of asbestos particles

Multinucleated Fusion index

Group PAM (%) (%)
T
gxlij(());:eiddolite’ 2.040.8+ 6.0+1.7+=
eCXIE)éSZdSOtile‘ 4.0+1.1+% 9.0%£2.4+

* P<0.01, compared to the control (n=10)

£2 WERTERAZ v Mt~z v 7y —J(PAM)DIafi 54280
Table 2. Increase of la-positive PAM of the rat after inhalation of mineral dust particles.

Grop la-positive PAM (%)
Sham-exosed control 3.4+1.1
Crocidolite-exposed 10.8+4.5
Chrysotile-exposed 9.4£5.3 % *
Silica-exposed 8.0+3.5% =

* P<0.01, compared to the controls (n=10)
*+ + P<0.05, compared to the controls (n=10)
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(A) PAM with Pu-Particles (B) Total Recovery of PAM
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Fig.2. Morphologic changes of murine PAM after inhalation of plutonium dioxide particles
(modified from ref.5).

NTe2 (RIBLICEI)Y, 6l MO - BIELPAMD S 4 v /' —2iF 2 H
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B0 2 PAMORISOH F L BN S A—=2 L b 5,

3. BAMNT L 3PAMOAEIR G EELE

BITE T~ PAMIC & 2 RIEERER O R WEBOMKREDOZ S KL TH 2 DIk L, @
BREEAL, D20RT{HMBCULPHMB TS 2w & 5 L AEMEEWE YR TRA - T
PAM®D 6 & A A - REBEINAE, B2, TANR P EBASIELT v b OPAM P ERHE-

BEaET 5 b, 2O LR HIMEREE R T, BfSia(T Y > 95k) 3 & CIHESEHIIG 2 Rasil & ¢
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5 -glucuronidase {pU/cet)

' Normal level

50 100
Time (Days)

3 BEHMERLTIRA = U R SEREHIIE D 8 — glucuronidasei i LK 5 & b &%)
Fig.3. B-glucuronidase activity of bronchoalveolar cell after inhalation of radioactive
particles(modified from ref.5)

I3 TANRMEAT v MR OBERENE
Table 3. Enzymatic activities in bronchoalveolar fluids from asbestos-exposed rats

Grou Total protein LDH B-glucuronidase
P (eg/ml) (mU/mg protein) (U/mg protein)
Sham-exposed 95+42.8 22+15.4 9+ 4.5
Crocidolite-exposed 95+28.9 82426.9 = 214+12.7 =
Chrysotile-exposed 77+18.2 90+32.2 = 21+ 7.3+

* P<0.01, compared to the control (n=6)

BAMIRD RAELEB L, Y o SBROGHE - [HHEALD 2 W IZIFHEEMIIL ORI - $RHEIL & v o 72
—EOFEERFRIIEDL > T 5 2 EPHBIREEINEIL-1IE T AN b DIED, > ) h %0k
ASER Ty PTHPAMP GELE - JHHEINB I LWL IZ8NRY, 22T, ZOIL-1E
A BRIV EERLF 3T ARG 2 B RE T 2729, in vitroTEEM: (lHERE SR 7%
M) DR 22 DR -FIRWER 7Y PPAMIZIRE L THEBL TAREL A, BHOIELAL
Rt 3ns LT 2 (Ti0)R 7547 va, 55 v 2 2% x UTIRIL-18 4 ot
RO, WICEEORC T AN M2 ) HEORER T FAEEEIRS v
(B®5)9% 372, TOL 5 LHENT2BEESEIPAME ) V(TR O<=4 F Pz iz &
BIFALISERICMAZ B L, W ZRET 5 2 L SIL-1IEEOB B P EMN T2 (X6),
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A. Chemotaxis
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Fig.4. Biological activities of the culture supernatants from rat PAM after inhalation of asbestos
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Fig.5. IL-1 activity of culture supernatants from rat PAM exposed in vitro to mineral dust
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Fig.6. Effect of rat PAM exposed in vitro to mineral dust particles on mitogen-induced
T-lymphocyte blastogenesis.

PAMIZ & BIL-TEADFERTFO b ST 2 L W EFEL T 5 U, IRABEE 7213
BRI L 0 Y 5 0%, Z ORMEIAEHET, KT OWBALAIEE 3 & FRIgE L ORYE
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FREELLHBEICU T, SMLEREPREEOBC I AR ENE (B T)0, iz 25H%
WOLDERA & 72 5 PAMY 6 QABEEWE O A iz, Z0@E» b 77 % P UBR_HIE
o, EUERESR TS E 2V EERIFIRAD 5 ikin vitroBEFEIZ L D A LD LTV 35710, KF0
bOWME L OBEIRAMTH 5,

[] Medium alone £} Crocidolite-added

Silica-added  [J TiO, -added
16

3H-TdR Incorporation by Thymocytes (cpm, x1073)

AM fraction

7 in vitroCB B F 2 IREE L 72 S E A E S EE~ 2 v 7 7 — P (PAM)DIL-1E4:
Fig.7 IL-1 activity of culture supernatants from fractionated PAM exposed in vitro to mineral dust
particles.
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THIBEE»SEL, DAY A 2 rvCh2HIBOLEVSOD TS EdNTV 5,
Lo L, PAMBS bRF (b CHIERLF2 BEHERF) OB ERZ S U2 BN THL L %
Erbt, *OMIBEEOEY, BFO2 YT 52 LE), PoTREWHRYKE (K
FETLTHAI PIZEELES v b =T AR AS 2~V ZADPAMD I, I3RS
B9, BIACRERMEY EH 29, —F, 7ANAMRRAS LT v b TP S 1HH
IR H 20, 2D ) RHBILBEHRD 5 CIid{LFEE CRZEOPAM £ 1213 PAM
HEDWIES A 2 VvOFAEEREL T35, Dk L b=Y 2OPAMK, &Il RSHHED 5
LFERNFTH 5 20 =—filEFCSF)i k> TDNAAK L 2 v = —ERPHFETS 5 2
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CFCOWi# €5 A—R E LT, TANAL, ¥V hEOHBERFEIENEG LY 2D
PAM#P v Tan=—JgRE LL_TAR(FR), FOHR, BEOMC ) HPLT ANA b
TR, BELSECOI L b 6, CSFI & ADNAAM L 2 v =—BR», LEDH LI
FHED D I LT & V(Ti0,) % fE WIS L1c= Y 2 OPAMIZ H~E (#2152
PG DT h 12, Heo T, MFHEDSAL-CFCORA, v TEPAMOENMER S8 &
ET AR SRE S N, HUHERLT b A IR AR T O BRI D 7 A -2 E LT AHM
ThadLtELLNE,

£4 =V Alz e =—ERHMIBALCFC)® 2 n = —Jl# K F(CSF)i & 5 M
Table 4. Clonal growth of alveolar colony-forming cell (AL-CFC) by CSFs

CSF added No. of AL-CFC
CSF-1(500 U/ml) 112 +14.8
rGM-CSF (500 U/ml) 236 £27.1
WEHI3-conditioned medium (10%) 65.74+15.4

Data represent mean +SD of colonies per 1 X10* plated PAH on agarose medium containing each
of CSFs in 10 separate experiments.

£S5 BENTFPEENEE LU 2ilEern 77— (PAM)® 2 v = — il K F+(CSF)iz & 5
DNAGH L 2 v =—JEZK

Table 5.CSF-induced DNA synthesis and colony formation by murine PAM after instillation of
mineral dust particles.

No. of PAM  Phagocytosis Multinucleated DNA Synthesis No. of CFC

Animals recovered of PAM PAM *H-TdR,cpm/1 per
(x107%) (%) (%) x10%cells 1x10%cells
Control 3.56+1.4 — 1.0£0.5 1630042500 246 +31.8
Ti0,-instilled 3.2+1.4 65.7%+ 5.9 1.540.5 140001800 255 =423.3
Silica-instilled 2.4+1.3 40.0+ 9.8 4.2+1.4 69701900 73.6+13.5
Crocidolite- 2.6+1.8 37.5%£12.0 10.2+5.4 693041000 80.0+15.6
instilled

PAM (1x10*), recovered from animals (n=3, respectively) 20 days after intratracheal instillation of
200xg dust particles,were incubated with 500 U/ml rGM-CSF for 4 days (DNA synthesis) or for
14 days (colony formation).

& R

LI, WAMERLF 0T 2 PAMORISOH I, B0 b 0@ in T, B, b,
AEBETE MR AR RE 3 & I BASERE D TR T 2 NE RN L OPFEL T 5, I16
DI I B2 RFEREY ENERMLL, Mbo T 20026 LTOL I LD, %8
BTHH 5,
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The Ultrastructural Basis of Pulmonary Lesions Induced by Inhaled Particles

Hiroko Kyono

National Institute of Industrial Health

21-1, Nagao6-chome, Tama-ku, Kawasakishi, 214 Japan

Abstract

The relationship between the inhaled particles and ultrastructural changes in the
lung tissue are outlined.

In the bronchial regions, almost all the inhaled particles are cleared by the
mucociliary excalator and the alveolar macrophages (AM). Excluding the goblet
cell, some particles are taken directly into the bronchial epithelia through
pinocytosis or phagocytosis. Particle laden macrophages found in the submucosal
area of the bronchiolus are rare after short term exposure to insoluble particles,
but they accumulate gradually after long term inhalation. This is important from
the point of view of carcinogenesis in rat, because Clara cells and type 2 epithelia
at the bronchio-pulmonary junctions exhibit glandular proliferation after reacting
with carcinogens and toxicants and sometimes develop into malignant forms.

Most of the particles deposited in the alveoli are phagocytosed by the AM and
cleared out. However, if the AM is damaged after ingesting cytotoxic particles,
mediators, which accelerate the damage to the alveolar wall are discharged. A

minute part of the inhaled particles are seized by the type 1 alveolar epithelium,

* FERR RS A TSR
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especially when there is an overloading exposure to the AM clearance capacity.
Barring some cytotoxic or positively charged particles, there is no concrete
evidence that insoluble particulate matter is directly tranferred into capillary
endothelium. The solubilized components of the inhaled particles are transported
across the air-blood barrier by transcytosis mechanisms. It is generally accepted
that type 2 cells normally do not intake particulate matters. Particle laden AM is
believed to re-enter into alveolar interstitium or the bronchial submucosa and to
migrate some distance through lymphatic circulation. However, the ultrastruc-

tural evidence for the penetrating process is almost unknown.

W ARLF-Z & AR AE OB EMRT 2 BRI, ROMIE = BRIV, RE, b
) LR ORIIEREIE DI S CERPNERRERE, #mihE, Mk L ofad, (G, JHiE
FE) 7o E 03D B o AT WAL MING & V0 U 7RI IR 3 R i L 7o R L2 2 2 0 O ez
BRI LE, 7 v POMAERFTRL, 2055 LyHBKIC L 2D 5 W IIEIEREDER
LOBEEE 2 5,

AR EXIR THREEZEIL

7 v b OMISVE SIS T L IR R L AR O RS 2 AR (R 1), B Bk
DOFRMENIFEBCTE DAL, WHE LK TORBSEERED 5 idlila~2zve 77 —J(AM) 2
BEINTHE—HRET A v—2— oL Wl a N5, SUESZ LRICIEHRE Rk LIHRE L
BdY, 7v b TRMSEZ AV EUTOEGE FRIEECZ T 7 #ill LPREh 5 §Hian
LK 5o

WHEME L 75 SRR UM 5 & pinocytosis (2 & b 22 10 nm K OKRLF % [EHEHL b 54
L, HiF1d phago-lysosome PHCFEEN L, iHAL S 41, R L 72 & D D—Hid/Mafks 2w 2 #iE
CFBY, SE BRI & ARFILY AAS DR R —HR DT (O, BERERAECERT 5
FUCIORRLE L v, [UERETEM LB R Y 2 OIS h, RIAERES I
HAEA L B O lysosome DEHBEMT 2 H» 2 0,

SUE EEEES 2 5 L phagocytosis (2 & - T b RLT ZH Y A&, $FEOEME, BLike
otk ZER L HE S 5 (B 2), MIEEEL5R UE ERBE, SIEEREI R b, BEL 6
HEMakO R, MRER2E CRESHELEET 5, E¥2 v P TEPERLTORE
T goblet B DR A WAL L W2, UL L EEBEEYE G L S, 727 SllaidER L, i

FEBHE R AT 5 I ) Tl L, pre-ciliated SRIEZ# X TIRTE L ~DiEH:, 72 kiR ERE A
DL TSI~ O3 LR IT e, BB G 1~ 2 BTES» CEET 2 (K3),

FEHE 2 b EHIRFE O SUEMIL tight junction THEIE N, FIETHEARL E OB IREEREY
HYy, CTNLRFRUWEOBENCANY 7 LB, Ly LEEDRGKTFP, xovafl, HE
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B EE AR T O R
Br-L,(Bronchiolar-Lumen) =& %M, ML,(Mucus  Layer) =58, G,(Goblet  cell)=Frifilli,
CC(Ciliated Cell) ={8EMi%, CI(Clara Celll= 2 2 3 {#ll#4, Ep3,(Type 3 Epithelium)=3% &,
AM, (Alveolar Macrophage)=lfia~ 7 v 7 7 — </, BC(Basal Cell)=ZE#ifl, Epl, (Type 1
Epithelium)= 1 % J- &%, Ep2,(Type 2 Epithelium)= 2 & k&, Lm (Lymphocyte)= Y 2 oVER,
BM,(Basement Membrane)= Z:EEHE, Int,(Interstitium) = # %, ALL,(Alveolar Lining Layer)=
I b g

Fig.! Schema of inhaled particles and their fate in the bronchiolus

®2 FELEORATDHAS
2 ) BB H WGAA L 2 7 F il D tysosome(Ly). SREMID lysosome P & KEF 2 78
(D), BEAEEE R L T 3, 2D)REE L ilar i A - regaki (RED . Lysosome
PSR F IR L, o3 R CREEU).
Fig.2 Uptake of inhaled Pb particles by the repiratory epithelia.

187



3 =y oovba—a(NiO, 8.1mg/m?, 5 H)EEERT 1 BHOMEEE 1 kiEEs

bR PR IR UL /MR DTREIN U T B, IR TE MRS WA % A o M (SREH)
L, BB EE L, HEMER RO BBMIZRTERE (PC Pre-ciliated Cel)~ b 5H LA™ &
% o
Fig.3 Repairment of the respiratory epithelia one week after exposure to nickel fumes.

4 SUERHETHMENCRM =y rvea—aE&H<2n 77— Y (AM)
KENO lysosome(Ly) 2 Ni #-7 (X S88UMH7 T Ni B HD 2 &t BT IR AR BS54 % (3
> Tz, Cl=27 7 S#la, SM=#lg, Ep 1=1%8Fk, Ep2=2% 1Kk, ALL=%%L7%
WEha B E, 17 FEIIEIE (5 TR )
Fig.4 An alveolar macrophage in the sub-mucosa of the terminal airway containig Ni-fumes in a
lysosome.
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FESEC T L S, REBEOMEGIEDH O, U 2 SER AMDT E R BB~ e T A KT (B 5)
W, REERED MAEEED & TERIERDEHRO L FIFRT H 5, SHEMD 6 DAMOEMRA b [FIFE L 8
BTEYIBZ»E L,

FEE T HRLER A AR L IR T AM W RIAM 2 085 58T 5, fe- THREMERLT 2, Hix
IR A ERIFEMEWE OBA, HIEMER 2 o SHlL FOBmMIERCEEY S 2 B0
BElER D 5, 27 FHINBILT b 2 n—2a P450 2 DMOFEERICE A, HWRBHEIED & oM
WTHY, 7 v M TEFRCRERER AT L VISR ZE S L, WRIESRED LT
FEIALE B,

pa—

fifi f@3sk T D ILIE KL F & MBRERT

X 6t IifNaRE (b)) &R AKRLT O BUG 2 B R T Ml OR300k 2 & A TG Hi B
%8 (Alveolar lininig layer ALL) £33 2, ALL XEWEIEEHE L LTEIC Y VIBE L,
VARBAY, MEET ATy, TREQE WEALPEUCERBL, MEIZ) USRS
19, ALL (CI3RITRED D 0 10, BRILIES A RRLT & RS L TAEMRBSI R & Lo fedl % Jt7e
T A SR IRTH ALL S & > TRIS N0, SREF2 6 4 4 V27 L, #HiF I =
Y UEBMEREASLTARET AL D5 (T), BTRALL Y Bl 2 B koK HEY
BEEREDTIN S N, IR AM OBEHRRREDTTRE S ha oo s, 2RO Y REARWE I
RN BRI 5 2 LAY, R = v r VILAYIRAERR TR S 1121219,

iifa<2rna 77— 0 ALLINE 7 XA — VETICEE L DD KESORF2Hi 2 5, R+
AM BIEHAL S N ETRHOABEEWE 2 AT 219, RIFO®ETEG £, AM X5 - i
L, B2 FBGLT 5 O LEIEEC lysosome B, IFPEREEER T 2 DO A7 4 =—X & b
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5 Voo LEHEBEA~OEA
WTAYE 6 4 2 v 2RI IR ER R, SUBRSIR T AL R 2R U (Edm), ZRIENE(BM) O BEEETE

(RO 5 6, U > SERLm)h B~ E AT 5. BECEA U7 BEk(V) b 30 5, NC (IS

B ), BCEEMIE)
Fig.5 Infiltrating lymphocyte into the intercellular space of airway epithelia.

Pt
A-Bp{EZ Air

6 SRR 0T R

ALL,(Alveolar Lining Layer)=IiilaRm# B &, Os-Sf(Osmiophilic Surface film)=#4 2 I ¥
SRR, T-my,(Tubular myelin)=#1% I = Y >, Epl,(Type 1 Epithelium)= 1 & | &,
Ep2,(Type 2 Epithelium)= 2 Z¥ I /&, Cap,(Capillary) =114, Ed,(Endothelium) = M8 P &,
Pr (Pericyte) = J&l Bt #i83, Fs,(Fat-Storing  Cell) =g 15 & B I, Lm,(Lymphocyte)= Y > »$ER,
BM,(Basement Membrane)=#EIE I, Neu,(Neutrophil) = # v Bk, Int,(Interstitium) =[5 &, A-
Bb, (Air-Blood barrier) =294, — MiLifg B

Fig.8 Schema of deposited particles and their fate in the alveolus.

190



4 WA X B BRZE OIS i

7 WlREEE OME I =) VERmCEA L2 e s
7a) A A IV LEMEERIY G 28D ) VIRER R L OXE), ME I ) R, Y

VIREREOBMERERG CEABORIP R A b, (A AI TV A+2 = VEERE), b) MIEIZY
COBRMERETMI 2 v 22 KA L, AEMEILE W R KRBT Cr i),
lysosome(Ly)Hiz b 8 Cr #& S DT R 2 5, (CrCl,= 7 v Vg #EdR)

Fig.7 Insoluble complex of chromium and tubular-myelin.

8 17U R & BRI OBGAA
8a) WAL Zuosa—aPRRALLHE~22 77— P-AM)E 18 I EEROZER
R (JF0) =filopodia BAIMAE T ZHEROM)P < 2 v 7 7 — J(AM) S8 1,
b) kLT A 2 72 1B LR ERE O filopodia
Fig.8 Uptake of deposited particles by a type 1 alveolar epithelium.
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T 5,

AM LISz, BhlaiEREMED 96 % 2B 1 B LRI S RFRARY D 5, EFTIXHECES
PR LT A 1R BRI, B IR RO IR O /N SSEE filopodia 2L, Et
L T phagocytosis - & b RF#H b AL (8 ),

FRESBEAELT R, 7ANZ ML EP TR EENCRB SR TY 227, BYAAR
WFOBBEF TR VT, 74— vHERWRT O & 5 1 s B R B R AT o B
DT L AIRESIN T A9, Ld L Sanders b DFHANC & U, REEHEREO KRB LT T
HY, BORFOMFERIII > TIRMYAARCENGH Y, NiO T2 0.59%, Cr,0sTiL 4.2
%TH- 1217,

IR ERCERS NI FPHBRIAEEL O, iltclEEd 5 s e ( REH
phago-lysosome Pz & E 2 Y, BRiEd5E 0 VTHIIAAEE, B &2, 18 BRI
pinocytotic vesicle - horse radish peroxidase F2IE ORI T 2 Wl 3 5 »%, e bk —
EENE — LIS R C & 5 3 B0 air-blood barrier T, FEBRTAREERS LSO BE 2
BT h, FoMEESSeN L TORTFORBELITH L v,

filaZTE LHIRN T AL s B R HE, MENEERTNEE~ZY, il v &
LI b A, AR LERATE L 3 A &BALAWT b Brme bgibkoz®i
C& Y ALL RAERBERT» 2 Y IEMEY ST 2 LIk, AR TOEEEEP 0T 2BEE
TH 59, FHH O IKEEEBLAY VL HMIENES L&A L, NAMRGSS L L TItE
T AR EE L, HEEY 6 WEE~DOWEDBE —trans cytosis DBBE2RT—HTdH
5, EiLr a2 (3l) R-F(MMAD=2. 0pm) # kA, & AKTFOREC—KT 38 FRIWE
BEERB TR LG, L LIBEHSR1~3 00, AM lysosome Wiz, #H~%#¥10nm kD
BoNEE DY RS 6, BELCHIER Y e I =) S LS EFEEOEVITEY

PEEAL, JOFMT Cr o X#eMIT 2 2 20, Cr o R A L TARE L 2
EAURA NI (E9), AL Cr ofi/MEEw 2 1 8 E MBI, pinocytotic vesicle,
lysosome PZHIEZF % (F 10), BB 72 o 2 i BEEL IR O Wy T, B M /)
e, MEHNOAM, BER, ISIHTERGHIEZ £ bRl L7, SUESE LM, M TOAM
RO EM O 12, JORBETIAEED 32 v a4 F 27 transcytosis 12 & b _LEE
HH LI YA NEBHIME~ EBEIL Tv B, Mlglas b L TImE LI EVRES

B, —HKFEMECMOEZ 0 6FEA ) RFRATIE, IWEDRMRE S v, 3MTIRED
PADICL D LA, EREECREAAFEEGR L EMYAAT 67 e 20FEC L 5 L
o s EHERERD 22,

HHEL 2B PR TFRPERLEC LD REY R TH 5, Lo LEK10nm KDOEHK T
P, BRREMCBAEOSan A F, b=y r vRFE» 28 bk, HEEE, ENKR
Mlag A 2B IIE L, R~OBTVEC L ORE b H 54722,

LI_bHifRassk 1o Poss U roki+ & fiha O i RS B U e IB R 28 AL 2 i3 L 72, RS O
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8 HRNAREMEZ v 2 EY
A 3l 2 v AHF(CrCLR AR, =278 7 7 — P (AM)D lysosome %, 1 ki N(Epl) iz
NEL LI 2 v aBUNEE DRI s L s,
Fig.3 Insoluble chromium deposits in the AM and the type 1 epithelium.

&
T

10 1B ERMEO N5 A4 b —

AEAL LI 7 v A BUNEE Y IR, MOVLIERG A (D), pinocytotic vesicle(P), /I
BEDRCR 2 2, RATTHEN= 2 v 7 7 — I ni s PRET, BRI LML T 5 (K
) EEHA NS,

Fig.10 Transcytosis by a type 1 epithelium.
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11 BhlasE s o kE
V.0, 7 v v v (3.2 mg/m®, 5 H)BOMEhiEEGEY, 28 E0o5%Ep 2), 18 E
BOERSFEED 1), AM OB TIEET 2, 18 F BRI U 7oL () #BHi 2 AM
Do T b, MlEEN~ELT 5 AMAM 1) O R RN (50HD) b JERBNCEEEmL Tv 53 2
ECiEH,
Fig.11 Repair process of the alveolar walls from acute lesions caused by inhalation of V,0,
aerosols.
ZIREE LT AM OR-FHRIGE ) b 2 @BIAAT &, wNIA s i E ol Ekom s
LU T, 83r O EBEORERE L THbN A, M2 &AL AM 2 IEENTESE R b
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LIFE-SPAN STUDIES OF INHALED
PLUTONIUM IN BEAGLE DOGS

W.J. BAIR
Life Sciences Center (K1-50) Pacific Northwest Laboratory
Richland, Washington, USA
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T b =T AFAE—T VRO FERE B

W. J. N7 —

<E 2>

PR ER b I L 7o v b= b b 0 6 T RIBEEMECET 2 mR2E, v
oD AL ZOMEEY Z VLR AT S 5 Y A ZHEEM 2E L fo iz, 30080 O
=2V R PR CIAERRERE P0G B LI, ¥—2Z v R v—"50
L, #Pu0;, #Pu0,H % W Id2*Pu(NOs), &, R F 0 ERTE E LT 15 61800
Ba TORLZ DV~ e B & 50— EE L 1o, Bl ~Ovid, FEERBRLA M ek
NCHAES NICIEMRE LRI CTH 2, 2PuO, R ADIGHERTIE, FIHIETRD 2
%WEDF FMCERE L, WY o tHICI320%, B 1%, M1 %8BT L
720 PPuQ, DAL, WRADISFERTHIC0.2%, MY > o9Hie 5%, BH#%C10
%, NFIEAZ10%2349 40 L 12, #°PuNOy)s DA C 1, WMADIOFEHZRTIEIZ0.29%, M
Y > o%i0.17%, BHE18% % & UAFIE13% 235046 U oo 184 Y > SBRISZDEE DS, #ik
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WIFIEE (C & AFETERIL, 24Bg®°PuO ik E TR AP R 6 iz, 2PuO, D15 M T
1%, 96BqDILETHiH 5 WX BEIEEIZ & 2 5ETRDE AR 6 1172, 2 PuNO,), D11
FEEOBECTH, 18BqDILFEET, Hh s CXEEEPHBKLI, oD -7
RTBEINIHPAR, WEESHCEEL, Z0BEIGEAEX - s Lk» A,
FLEERIRD A, BETF LR A, $LCHERVATD 12, BBEEL LTHEY
OSEIIR b Tz, BPu0, £ P PUNO,) BIRA LI =2 Vv RIC A G I BRAED
AL, SEME, MakE, BEME, EE, B8, BEEd, e, BEANTHo 2, D
BREGECE YA Y 2271, BPulNO,), D 2 23 PuO, kA & b b #1245, %
722PuO IR A & 9 50f5E . TN 6 DR 6 DEEMRY H T, BERFERE»’ A
x4y ay—rORE, BROUERTFLZOVvE2TX—OFEGLEID0T
MEZIT-> T 5,
ABSTRACT
In 1970 a life-span study with over 300 beagle dogs was begun to gain an understanding
of long-term health effects resulting from respiratory tract intakes of plutonium and to
derive risk estimates that might be applied to plutonium and other transuranic elements.
Groups of beagle dogs were given single exposures to *PuQ,, ***PuQ,, or 239Py(NO,)sto
obtain graded levels of initial lung burdens ranging from 1 to 1800 Bq lung. The lowest level
was equivalent to the lung burden permissible for workers at the time these studies were
begum. After 16 years, the lungs contained about 2% of the initial lung burden of #9Pu0Q.,
the thoracic lymph nodes 209, skeleton 19 and liver 1095. Atfer 15 years the lungs
contained about 0.29% of the initial lung burden of #*®PuQ,, thoracic lymph nodes 5% ,
skeleton 109%, and liver 10%. After 10 years the lungs contained about 0.299% of the initial
lung burden of 2*°Pu(NQs);, thoracic lymph nodes 0.17%, skeleton 18% and liver 13%.
Chronic lymphocytopenia has been one of the earliest biological effects observed. It was
observed after deposition of 0.7 nCi/g lung of **°PuQ, , 0.6nCi/g lung of ?**Pu0, and 2
nCi/g lung of #*Pu(NO;),. Other effects associated with plutonium exposure included
sclerosis of the tracheobronchial lymph nodes, focal radiation pneumonitis, adenomatous
hyperplasia of the liver and dystrophic osteolytic lesions in the skeleton. In 16 years,
mortality due to radiation pneumonitis and/or lung tumor increased with deposition of 24
Bqg of ?**PuQ,. In 15 years, mortality due to lung and/or bone tumors increased with
deposition of 96 Bq of #**PuQ,. In 11 years, ofter exposure, mortality due to lung and/or
bone tumors increased with deposition of 18 Bg of #**Pu(NOs;),. Lung cancers observed in
these dogs appeared to originate in the parenchymal regions of the lungs and were of
several types; bronchiolar alveolar carcinoma, papillary adenocarcinomas, adenosquamous

carcinoma, and epidermoid carcinoma. Metastases were primarily to the thoracic lymph
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nodes. Sites of osteosarcomas in the **PuQ, and *°Pu(NO;),dogs were in the lumbar
cervical and thoracic vertebrae, humerus, pelvis, facial bones, ribs and nasal turbinates.
The risk of lung cancer, based on cumulative dose to the lungs, was about 12 times higher
for #°Pu(NO;), than from inhaled ***PuQ,, and 50 times higher than for inhaled #**Pu0,.
Tumor tissues from these dogs are being used to examine the possible role of oncogenes
and the involvement of growth factors and their receptors in radiation induced car-

cinogenesis.
INTRODUCTION

The objective of this paper is to give you a progress report on the current life-span
studies of inhaled plutonium in beagle dogs at the Pacific Northwest Laboratory. I will
describe the biokinetics of inhaled plutonium in dogs and the resulting health effects. I will
also mention some studies directed towards understanding the mechanism leading to these
effects. Finally, I will discuss the current risk estimates derived from these studies and how
they might relate to plutonium exposures in humans.

In the 1940’s experiments with mice confirmed that plutonium introduced into the blood
deposited primarily in the skeleton and could lead to bone cancer. However, it was not until
the 1950’s that it was shown that plutonium deposited and retained for a long time in lungs
of rats and mice could lead to lung cancer. In a study of inhaled ***PuQ, in mice at Hanford
bronchiolar alveolar carcinoma was observed (Temple, et al.,1959). In a concurrent study,
bronchiolar alveolar carcinoma also was observed in beagle dogs. This was first reported
in 1964 (Clarke & Bair, 1964). About 77% of 35 dogs that survived acute effects and lived
beyond 855 days had lung tumors. These results are shown in Table 1. Since those that
survived the longest, mean survival time about 3000 days (longest survival time 4000 days)
received the lowest radiation dose, an average lung dose of 1200 rad, and had 919 tumor
incidence, it was not possible to extrapolate the results to lower doses. Because of this a

more extensive study was initiated to investigate effects at doses approximating those that

TABLE 1. Inhaled #*°PuQ, in Beagle Dogs First Study

Mean Lung
Number Lung Lung Dose Survival Tumor
Deposition R

of Dogs (Bq/2) (Gy) Time N
a/g (Days) No %
11 260 12 2970 10 91
13 550 21 1920 11 84
6 850 25 1540 4 67
5 1400 41 1100 2 40
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might occur among plutonium workers. The need for this information was prompted by the
expanding nuclear power program, by consideration of ?**Pu as fuel in breeder-type
reactors, and by the use of ***Pu in thermoelectric generators for the space program and
medical devices. The beginning hot-particle controversy stimulated interest in research
that would compare particulates and diffuse radiation dose distribution in the lungs. The
study I will describe was initiated in 1969 with exposure of dogs to #*°PuQ,, to **Pu(,
about two years later. Exposure of dogs to *°Pu(NO;), occurred in 1974. The following
summary of the status of these studies is derived from Park (1989), Dagle (1989) and Bair,
et al. (1989),

NEW STUDY

The beagle dog study of inhaled plutonium has been a multi-disciplinary effort involving
numerous scientists and technicians. The Principal investigators are JF Park and GE
Dagle.

The objectives of the study were:

1. Confirm results of the first study.

2. Determine early and late health effects, including both nonstochastic and stochastic

effects.

3. Determine relationship between effects and the radiation dose received.

4 . Investigate the mechanism that lead to plutonium-induced health effects.

5. Obtain biokinetic data to be applied to dosimetric models and the interpretation of

human bioassay data.

6. Derive mathematical expressions of risks for possible extrapolation to humans.

The outline of the plutonium dog study is shown in Table 2. The initial lung burdens in
the two highest groups for all three plutonium compounds overlapped the intitial lung
burden in the first study. The lowest exposures were comparable to the plutonium lung
burdens permitted for workers at the time the study was begun.

The characteristics of the Plutonium aerosols are shown in Table 3. The #**PuQ, and
25Pu0, were prepared by calcining the oxalate at 700 and 750°C, respectively. In addition,
the #*PuQ, was exposed to H,O steam in argon at 800°C for 96 hours to duplicate the
preparation of ?*®*Pu used for thermo-electric generators for space applications. The
Activity Median Aerodynamic Diameter (AMAD) of ***PuQO,was 1.8 xm and of ?**Pu0,
was 2.3um.

The #*Pu(NQOs),aerosol was produced from a solution of plutonium in 0.27N nitric acid.

There was no appreciable polymerization. The concentrations of plutonium in the solution
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TABLE 2 Experimental Design of Lifespan Studies of Inhaled Plutonium in Beagle Dogs

Mean Initial Lung Burden,Bq/g Lung
Numbr of
Group Dogs/Group 29Pu0, 28Pu0, ZIP(NO,),
6 5-13 1800 1600 1700
5 20 340 370 520
4 20 89 96 74
3 20 24 21 18
2 20 7 6 2
la 20 1 1 1
Control 20 0 0 0
Vehicle® 202 - - 0
a Equivalent to Maximum Permissible Lung Burden for Workers
b Vehicle Control for #*°Pu Nitrate
TABLE 3 Characteristics of Plutonium Aerosols
Calcinig AMAD
Temperature ('C) © (um) GSD
28Pu0, 700 1.8 1.9
239Pu0, 750 2.3 1.9

ranged from 3700 Bg/ml to 6 mega Bqg/ml.

Following single exposures to plutonium, which varied from a few minutes to about an
hour depending upon the dose group, the dogs were housed in metabolism cages for several
weeks and then in kennels with access to outside runs. The dogs were monitored routinely

for clinical changes, including annual radiographs.
BIOKINETICS

The tissue distribution of 239?110;, expressed as percentage of the initial lung burden, is
shown in Figure 1. Plutonium was retained in the lungs with a half-time of about 1100 days.
After almost 6000 days the lung contained about 5% of the initial lung burden. 169 of the
final body burden. Accumulation of #°Pu in thoracic lymph nodes reach almost 50% of the
initial lung burden, over 70% of the final body burden, after about 3000 days. There was
little evidence of plutonium leaving these lymph nodes. The liver accumulated over 109 of
the initial lung burden, 25% of the final body burden, in the dogs in the highest dose groups
(closed circles), considerably less in the lower dose groups. Autoradiographs showed the
presence of plutonium particles in liver tissues most likely in kupfer cells. Accumulation of

plutonium in skeleton rarely exceeded 1 to 2% of the initial lung burden.
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The tissue distribution of ***PuQ,, expressed as percentage of the initial lung burden is
shown in Figure 2. Plutonium was retained in lungs with a half-time of about 30 days for
33% and 500 days for 699 of the initial lung burden. After about 5000 days the lungs
contained 0.2 and 2% of the initial lung burden, about 1% of the final body burden.
Accumulation of ***Pu in thoracic lymph nodes peaked at about 30% of the initial lung
burden at about 1500 days and neared 1 to 5% after 5000 days. At this time the lymph nodes
contained about 7% of the final body burden. After 5000 days the liver content was to 10
-309% of the initial lung burden, about 409 of the total body content, and the skeleten
content was about the same, 46% of the total body content.

The retention and distribution of #**Pu after inhalation of #*°Pu(NQ,), is shown in Figure
3, compared with *°Pu0O, and ***Pu0,. It is clear that lung retention of plutonium is less,
accumulation in thoracic lymph nodes much less and accumulation in liver and skeleton
greater than after inhalation of **°*PuQ, or *Pu0,.

Autradiographs of tissue sections from these dogs proivded further information about
the distribution of plutonium in these dogs. In general, after inhalation of #*°PuQ,, the
plutonium appeared to be in particulate form in lungs and lymph nodes and in liver.
Occasional single tracks were observed in the autoradiographs, but it is more likely these
arose from small particles than dissolved plutonium. Aggregations of particles were
observed in both lungs and lymph nodes, especially in the higher dose groups.

After inhalation of #*®Pu both particulate and solubilized (many single tracks in the
autoradiographs) were observed in lungs and lymph nodes. Particles were identified by
large “alpha stars” in the emulsion. Because the specific activity of 2**Pu is above 275
times that of ?*°Pu, particles of 2**Pu of comparable physical size to *°Pu would be
observed in autoradiographs as being much more radioactive and, thus, irradiating sur-
rounding tissue much more heavily. In liver 2**Pu was seen largely as single tracks, similar
to 2°Pu(NOs),. Only after inhalation of 2**Pu0O, and #*°Pu(NOQOs), was there sufficient
plutonium in skeleton to produce useful autoradiographs. Plutonium appeared to be largely
on bone surfaces, with some evidence of burial. Occasional single tracks indicated deposi-

tion of small amounts of plutonium in bone marrow.
HEALTH EFFECTS

Early and late health effects observed in these dogs were consistent with the deposition
of plutonium in tissues. These studies are confirming the results observed in the prelimi-
nary study.

Deaths from respiratory insufficiency were observed in the highest dose groups of all
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three plutonium compounds. These deaths occurred from 1 to 2 months to over a year after
exposure.

The initial lung burden leading to death by respiratory insufficiency was greater than
about 400 Bg/g lung.

Alveolar epithelial hyperplasia and pronounced interstitial reaction were common fea-
tures of radiation pneumonitis in these dogs. Pneumonitis was observed early after expo-
sure to high levels of plutonium and much later in dogs exposed to lower doses.
Pneumonitis was observed at doses above 3 Gy, Figure 4.

Interstitial fibrosis, concentrated in subpleural area was a later finding. Plutonium was
sequestered by scar tissue in the higher dose groups. The scar tissue tends to sequester Pu
activity, and analogous to “burial” of “volume seeking” radionuclides in bones.

The peripheral location of bronchiolo-alveolar carcinoma in ?**Pu oxide exposed dogs
was observed in histological studies and confirmed in thoracic radiographs. The most
common tumor type observed in dogs exposed to plutonium is bronchiolar-alveolar car-
cinoma. Epidermal carcinoma has also been observed as well as combined epidermoid and
adenocarcinoma.

Figure 5 compares the incidences of lung tumors resulting from exposure to the three
different plutonium aerosols. Tumors occurred at lower doses of #*Pu0, and #°Pu(NO;),
than of #°Pu0,.

Lymphocytopenia has been the earliest clinical effort observed after inhalation of
plutonium. This is shown for the three plutonium compounds in Figure 6. The time and the
magnitude of the reduction of circulatory lymphocytes were functions of the amount of
plutonium deposited in the lungs.

Although the mechanism for the induction of lymphocytopenia is unknown, it dose seem
to be related to irradiation of lymph nodes in which plutonium is deposited, Figure 7.
Lymph node doses above 1 Gy were associated with lymphocytopenia.

The high doses of radiation delivered to lymph nodes by the accumulation of high
concentrations of plutonium resulted in damage to lymphatic tissues. Figure 8 shows the
relationship between sclerosis and cumulative radiation doses. The minimum doses causing
sclerotic lymph nodes were about 10 Gy.

Evidence of liver damage was suggested by increases in certain enzymes. Figure 9 shows
the gradual increase in the levels of Serum Glutamic Pyruvic Transaminase. Liver doses
of 0.2 Gy and above appeared to be related to SGPT increases in both #*°Pu(NQO,), and #8
PuO, dogs, but not in *°Pu dogs. This is likely related to the more dispersed distribution

of plutonium in the livers of dogs that inhaled the more soluble materials.
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Liver degeneration was also observed after inhalation of #*°Pu(NO;), and **PuQ,. Only
hepatitic centrilobular congestion was observed after inhalation of #*°PuQ,, Figure 10.
Liver tumors have not been a cause of death in these studies.

Because of the very limited translocation of plutonium to bone after inhalation of
insoluble #*9PuQ,, no bone related health effects were observed. However, neutropenia
occurred when bone surface doses exceed about 3 Gy after inhalation of #%PuQ, and 11 Gy
after inhalation of #®°Pu(NOQO;),, Figure 11. Radiation osteodystrophy was observed at
about the same dose levels.

Osteosarcoma occurred in dogs where the bone surface doses exceeded about 6 Gy,

Figure 12. These doses occurred after initial lung depositions > 70 Bq/g.
RISK ESTIMATES

Although plutonium induced lung and bone cancers have been the causes of death in these
studies, risk estimates have only been derived for lung cancer.

Figure 13 shows curves fitted to the lung cancer incidence data. It is clear that inhalation
of #*Pu(NO,), resulted in the greatest risk and ?**PuQ, the least. This appears to provide
evidence that particulate sources of plutonium are less hazardous than more dispersed
sources.

Lung tumor data have been analyzed to derive exposures of risk. Pure quadratic models
describe the data much better than linear models. In Table 4, the life-time risks per 10° per
0.01 Gy (or per rad) are given for the quadratic model. The risk for *°PuQ, is about 3 times
greater than for ***PuQ,. The risk for #**Pu(NO,), is at least 10 times greater than for **
PuQ,. The life-time risk for #*°PuQ, derived from a linear model, 2780 per 10° per 0.01 Gy,

is more in line with the BEIR-IV constant relative risk estimate. It would appear that the

TABLE 4 Estimate of Lung Cancer Risk

Lifetime Risk per 10° per 0.01 Gy
Quadratic
Model Linear Model

DOGS

8Pu0, 1.7

29Pu0, 7.0 2780

29Pu(NO;), 85.0
HUMANS

BEIR-IV 1480 constant relative risk

720 absolute
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risk of lung cancer in dogs for **°Pu0O, by a factor of 100.

SUMMARY

Of the non-stochastic effects, lymphocytopenia occurs at the lowest dose, 2 to 3 Gy. It is

the earliest clinical finding in dogs after inhalation of plutonium. It would appear that

circulating lymphocytes should be monitored in persons with substantial intakes of pluto-

nium.

Bone and lung tumor mortalities have occurred in dogs exposed to #**PuQ, or *¥°

Pu(NOs),, but no bone cancer mortalities have occurred in dogs after inhalation of 2°PuQ,.

A few liver tumors have been observed incidental to death.
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Analyées of the cancer mortality data from these studies continue. Methods are being
developed in an effort to increase the confidences with which the results from dog studies
can be extrapolated to human beings, since it is very unlikely that estimates of the risks

of plutonium intakes will ever be derived directly from human data.
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Inhaled Risk Caused by Dust in Various Industries in Japan

Tamiko Iwasaki

National Institute of Radiological Sciences
9-1, Anagawa 4-chome, Chiba-shi, 260 Japan

Abstract

Statistical risk assessment on lung diseases associated with inhaled dusts in
occupational circumstances was carried out. Data sources were used Annual
Report of Workmen’s Accident Compensation Insurance Council (Ministry of
Labor) and Trends of National Hygene (Health and Welfare Statistics Associa-
tion). In Japan, workers suspected of having industrial dust (e.g. asbestos) are
annually examined with radiography, and graded into four classes depending on
the severity.

The annual number of workers examined radiography is approximately 200,000
and about 16 per cent of them was recognized some findings. This rate has not
changed between 1978 and 1987. Average annual rates of death from
pneumoconiosis per 10° workers in various types of industry were follows: mining,
about 100 ; manufacturing and construction, about one; fisheries, forestry, trans-
portation and communication, and electricity, gas, water, steam and hot water

supply, almost zero. Incidence of pneumoconiosis which is expressed the number

* SRR SRS AT ST
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of death and 4 days or more day leave from work per 10® workers is two orders
higher than the death rates, respectively. These figures are compared with respec-
tive values of industries in U.S.A. at 1987.

The actual total death number from lung cancer and mesothelioma associated
with asbestos was 65 in 1978-1987. The figure was highest among other carcino-
gens in occupational circumstances, except benzine or naphthol group, while the

death from radiation induced cancer was only 4 cases.
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Tab.1 Control levels of pneumoconiosis graded by radiography examination
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Fig.1 Number of workers examined by radiography and percentage of
workers with some findings
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Fig.4 Death rate of pneumoconiosis in various types of industry
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Fig.5 Incidence of pneumoconiosis in various categories of industry
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Fig.6 Incidence of pneumoconiosis in various types of industry
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Tab.2 Incidence of lung diseases caused by dust among workers of various categories of industry
in U.S.A. (1987)
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Tab.3 Number of workers with cancer caused by various occupational carcinogens (1978-1987)
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Decorporation of Heavy Metals by Chelating Agents

Hiroshi Sato

Division of Comparative Radiotoxicology, National Institute of Radiological Sciences,
9-1, Anagawa 4-chome, Chiba-shi, 260 Japan

Abstract

There are many reports for the decorporation of heavy metals by the chelating
agents. In particular, the researches for the removal of plutonium(Pu) by the
DTPA treatment have been carried out in many speceis of experimental animals.
The effect of DTPA is influenced with several factors, that is, the time of the first
treatment and routes of administration and chemical forms of Pu.

The removal effect is declined with delay of time of the first treatment after the
intake of Pu. The whole body retention of Pu in rats was decreased to 30% of the
control by the intravenous injection of Ca-DTPA 1 hr after the intravenous
injection of Pu-citrate, but the effect was less half by the treatment 24hrs after Pu
injection.

The inhalation of DTPA is effective on the removal of Pu in both the intra-
venous injection and pulmonary intubation of Pu-citrate. Pu intubated was not
removed from lungs by the intravenous injection of DTPA.

The effect of Ca-DTPA on the various chemical forms of Puy, that is, citrate,

* RETRRIESERR A OEYET
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nitrate and oxide, was compared in rats. The retention of Pu intubated as citrated
and nitrate in the lungs is decreasd to 25 and 509% of the control, respectively.

Ca-DTPA is no effective in rats administered oxide.
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Table Effect of DTPA on the Excretion of #*°Pu Inhaled or Administered by Intubation®-?)
Compound, Route, Animal Chelating agents, Route, Term
#39Py-citrate, intubation, rat Ca-DTPA, 5.4mg/ke, inhalation
45min,3h,24h— 7 d(15—3.49%) *
hamster Pushel, 4 mg/kg, inhalation
1,7d—30d(10— 6 %)
29Pu(NO,)4, intubation, rat Ca-DTPA, 5.4mg/kg, inhalation

45min, 3 h,24h— 7 d(31—15%)
5.3mg/kg, inhalation
1d— 8d(63—36%)
Puchel, 5.7mg/kg, inhalation
1d—8d(63—17%)

hamster Zn-DTPA, 2 umol/kg, inhalation
7 -70d,weekly—74d (25—7.3%)
29Pu0,, inhalation, dog Ca-DTPA 100mg/ke, iv.+lavage
(AMAD 1.9um, ¢®> 1.2) 1-4d,daily, 7 -52d, = 2 /wk—>54d
(54-87—61-71%)
29Pu0,, rat Ca-DTPA, 5.4mg/kg, inhalation
45min, 3 h,24h— 7 d(71—72%)
29PuQ,, inhalation, dog Ca-DTPA 20umol/kg, iv.
-19week, £ 2 /wk—141d (98—98%)
29Pu0,, inhalation, dog Ca-DTPA 22umol/kg, iv.+lavage
(2.5um, 1.7-1.8) (70—13%)
29Py0, + Na,0, inhalation, hamster Ca-DTPA 14mg/keg, ip.
(1.2um, 1.5) 3h,1,2,4d—30d27— 9 %)
29PuQ,, inhalation, hamster Puchel 4 mg/kg, inhalation
(1nm) 7 d—30d(49-20%)

# Figures in parenthesis represent the whole body retention of control and treated group, respec-
tively.

g2 BPuirEERIIKHT 5Ca-DTPAD HE AT R
Table 2 Effect of Various Doses of Ca-DTPA on the Retention of Pu-239 by Rats at 1 Week

% Injected activity (mean+S.E.)

1hr 24hrs
Level of
Ca-DTPA Liver Remaining Carcass Liver Remaining carcass
(mg/kg)
0 10.840.6 72.8+1.03 13.9£0.8 75.7+0.85
7.0 8.3+£0.4 57.4+2.83 11.8%+0.7 63.4+1.43
14.0 5.14+0.3 36.1%5.52 8.9£0.5 54.0£0.67
28.0 3.4%0.3 21.7+3.27 9.7+1.3 51.8+1.16

Ca-DTPA was administered by the intravenous injection at either 1 hr or 24 hrs after the 1.V.
injection of ?**Pu-citrate.
Stather et al. (1976)
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Table3 Comparison of the Effect of Ca-DTPA, Administered by either

INTRAVENQUS INJECTION or PULMONARY INTUBATION
on the Retention of Pu-239 by Rats at 1 Week

% Injected activity(mean+S.E.)

Route of administration Liver Remaining carcass
Control 12.6+0.8 73.7%£0.8
Intravenous injection 6.4%£0.4 30.8£5.1
Pulmonary intubation 5.1+0.3 29.7+1.5

Ca-DTPA (14mg/kg) was given 1 hr after the LV. injection of 2°Pu-citrate.
Stather et al. (1976)

g4 PPUiBEMN T v bcxtT 2Ca-DTPADIRA & IR NTE S0 48 Heolig
Table4 Effect of Ca-D;T PA Administered either as an AEROSOL or INTRAVENOQUS

INJECTION on the Retention of Pu-239 by Rats at 1 week after PULMONARY
INTUBATION of #*°Pu-citrate

(a)AEROSOL administration of Ca-DTPA (5.4mg/kg)

% Initia] lung deposit(mean=S.E)

t;{;rtl;;ft Lungs Liver Remaining carcass
None 12.56+0.7 11.2+0.9 58.7+£0.7
45min 1.06+0.15 4.6+0.5 37.1£3.3
3hr 1.87+0.12 7.2x1.1 35.1+2.6
24hr 2.314+0.59 7.5£0.7 40.9+3.1

(B)INTRAVENOUS administration of Ca-DTPA (5.4mg/kg)

% Initial lung deposit(mean+S.E.)

Time of . ..
treatment Lungs Liver Remaining carcass
None 14.1+1.3 12.6+1.4 55.8+1.2
45min 13.6+1.1 6.0£0.5 40.4+3.1
3hr 13.3x1.1 7.8+0.7 39.9+£2.0
24hr 12.3+1.3 6.9%£0.7 44 .6+1.2

Stather et al.(1976)
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Table5 Effect of Ca-DTPA on the Tissue Distribution and Excretion of **Fe by Rats

% Body Content of °Fe at Day 2 (mean+S.E.)

Days Treatment Lungs Liver Carcass Feces Urine
2-9 Saline  87.7%1.5 1.6+0.2 8.4+1.2 1.9+0.3 0.3+0.1
2-9 Ca-DTPA, it.
30umol/rat 81.2+1.9 2.84+0.2 11.5+1.0 2.5+0.4 440.1
300umol/rat 77.9+1.5 3.0+0.3 12.1+1.0 3.5+0.4 3.6%+0.3
2-9 Ca-DTPA, i.p.
30umol/rat 89.240.9 1.6+0.2 7.5+0.4 1.4+0.3 0.3+0.1
300xmol/rat 86.214.1 2.0+0.7 8.3£2.0 1.8+0.5 0.5+0.2

Fe-iron dextran was given by the intratracheal ingestion.
Sato et al.(1988)
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Table 6 Effect of immediate Aerosol Therapy with Ca-DTPA on the Retention of Pu-239 by

Rats
Initial lung deposit(mean+S.E.)
Treatment Lungs Liver Remaining carcass
Pu-citrate  Ca-DTPA 3.4+1.4 4.0+0.6 21.1+2.3
Control 12.54+2.4 13.3+1.6 53.8+2.9
Pu(NO,), Ca-DTPA 14.8+2.4 3.0+0.2 18.1+1.8
Control 31.0%=4.5 6.7%£0.5 26.6+1.9
PuO, Ca-DTPA 71.6+4.8 0.03+0.01 0.52+0.10
Control 71.1+4.5 0.03%£0.01 0.66+0.16

Ca-DTPA (5.4mg/kg) was administered 1 hr after the pulmonary intubation in various chemical
forms.

Stather et al.(1976)
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Summary on Toxicity of Chelating Agent DTPA
and the Assessment of Application for Humans

Satoshi Fukuda

National Institute of Radiological Sciences
9-1, Anagawa 4-chome, Chiba-shi, 260 Japan

Abstract

The toxicities of Ca-DTPA (diethylenetriaminepentaacetic acid) and Zn-DTPA
in animals such as rats and beagle dogs and the assessment of application for
humans were described. When Zn-DTPA is injected intravenously to animals, the
hypocalcemia induced and followed the functional damage of cardiovascular
system such as a heart failure, increases of blood pressure and pulse. On the other
hand, the intravenous injection of Ca-DTPA do not induce such changes. When
Ca-DTPA and Zn-DTPA are administered orally to animals, the various side
effects such as the hemorrhage and congestion in small intestine by the action of
enhancement of vascular permeability of DTPA, and damage of kidney and liver
were observed. It can be estimated that there are no species differences on DTPA
induced damages between rats and dogs and also between animals and humans:

The results show that as safe administration routes to make the side effects low
Ca-DTPA is by the intravenous injection, Zn-DTPA is by the oral administration,

and both DTPAs are very expectable chelating agents to use them safely for
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£1  For— hHEE
Tab.1 Chelation therapy

Medical treatment Metal intoxicin Radiation accident
Arteriosclerosis Decorporation of Decorporation of

with calcification Cd,Pb--- Pu,Am---
Hypertension

Bone disorders

Drug Investigation drug
EDTA: Ethy enediaminetetraacetic acid DTPA
Na,Ca- EDTA NaH,-EDTA Na,;H-EDTA  Diethylenetriaminepentaacetic acid

No drug
Licam-C
BAL:British anti-Lewisite CBMIDA [Catechol-3,6bis (methyleiminodiacetic acid)]
D-penicilamine:D;-mercaptovaline

humans in order to decorporate actinides from body.

Fr— AR ERBICEL XL — MEETAMELFH>OT, ZOMELFHL CTHIESREC
& B PEELEMREE(LAE, &M, HIREL EOWMBEEL L THC LR TUL A (R1), HHED
BRI A K 39 208k £ ORBWE 2 I ~RET 2 2 b, 8 RERE S M5
FRALE 30> 6 D A v 2T 2Dk, (KHoUEL X HIME L Twv %, EDTA, BAL, D-
penicilamine’z E 3 H{ o EHGE LTI Mol Fr— b RITH 5, FLTIE, 9 Te-

bRHES TV 5,

BaSHHR o 702 3 o T b SRR IRHCS LT A & b~ T A HIUT, Ado ¥ v
— NEIDRRETE 2, FORRRMES LI Ly b E ko T, BSHEMEOEA, 1L
R BTG T (O REHEORE b A, 2L A, T bz ae T RV v Pk
MR ARE K & {, IR E G —EINE T 2 L AR LR EA~NHRE S v DT, b5
T OB E I ERLEELRREI T, LIty -T, ITH6OWESERNERSAEAR, ©
EHITURRCHANPERT AR H B, 22T ING OMEMEMEORAREFHMNE L
PEHL X v — MRIDOBFEHED G i1i,

ZORER, BGHEWE (7T 7 7 = FILHR) O FIHEI R S b IR PED b ool
DTPA(diethylenetriaminepentaacetic acid)Td 5, BIEERPENC D - 12 A~ DI G4EE

D5, FIERORTRPHRGOEEL EOMREVEDNT 5, ZDDTPAD AME~DILY
i, M%ﬁﬁ%ﬁf&%%&%l,f KEPWECD, TR Y, 75200 TREMEWE 2B L 72
FUIRE LCISRETT, bbb 30210k HNOIEOICHCE LU IHIRYD Y, 1E
Epd#(Investigation drug) £ LTRED LN T A I@ME LG, LI2d->T, DTPARCHWB[E
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! radionuclide ©

B use, or not to use :that is the question
< Shak. Ham. HI i 56 >

B1 Fr— MEHEORMD 2013 Y R 7 D5EIR
Fig.1 Selection of benefit or risk of decorporation

treatment
CH:COOH /CH:CO0H
N—cm—cnz-n!a-cﬂz—cuz—u\
CH:COOH CH:C
* CH:COOH H:COOH
X2 DTPA

Fig.2 Diethylenetriaminepentaacetic acid

AL L TIbN T 3EDTAZ N, Z2OW MRS 2w THouMor»icant
WA ERVCEEC, L L, I ToMRe AMREROREDY 6, DTPARBKS iz
DD ¥ v — b FNZ LS TREHEE DRIV e b ¢, 20 2 nARO BT
IEPIREINTO S ED G, HBEATEE S MEEHA~OEMME -2 LTS 2
Fr—PMHITH 5,

DTPADHEMMCE L TS R, ZNHSOWMEEPWIECT A I LTHE, ¥R
6, D> &0 bo o g, ERLL ﬁﬁc%ﬂWw’”’ LBMEOKRS S LI, #5557
A EDOHBRAEGRL ERRyw A 2L Ts kv L, & L TDTPADOR M » ST
$AEELIYIRICLLE, AME~OESYPTELCOECIE TRV, oL
Sz G, 22T, FTDTPAOFERM G T 272D S EILIHED T » el
BROAER L, KIZZDFEEDY O NI 2 LM Z 1T iR Pk~ 5,

DTPA(H:DTPA : [ 2) 3 NAMEOWETH 2 DT, BHNa,DTPAEL L THW L DS,
Mg OCa ki FEAT 2 2D DRMED BN DT, CaNa,DTPA (LI FCa-DTPA) R &
72o Ld L, Ca-DTPARZnRZIZ & AHlEODNASRRNAAKREERE 32 L8 ED L h
7AS %:f“, K AZZnNa,DTPA (LI FZn-DTPA) BT & 1172,

DL BT S icCa-DTPA L Zn-DTPAIZW, BikD & 5 I 2 e h—KE—&»
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HHEDT, TNLOMBE ST AV AR ETHHEBREL L TEDOLNATVS, ZOHEEL LT,
REEE OREMFER S b, WMBEOZGMARET IR {, 2R 50 Ca-DTPAD H®
Keovtobilad, BECHEL TRWEOEVRIFFEERBROMSELRC TIRLT L b
ANTURCIEEDE, Thbbh, REFPHGHECL-T, BHEOFHEVRL S,
TR - RS 1LcCa-DTPAD P AR~DIE SRV RECI LA E L L3,

DTPADIEEFik E LTI, BIRES, RO, MARY, SHZEPRF ST 5,
FPEVLAEOCTASL L, ZOVAEETH 5 EMIE~ES CBITT 20T, #HIRESE
PEROROTH Y, ZOREWAIRG IS, BE» S ORAEIECE IS, 29K
SRR T E v, LA UMRAL L s T A7 b= U ARNEEOHA D,
RAFE G2 b IR TH A 5, DTPAZRAIE- L T 2 DKEAILER 212 g s f 4T
THDT, FICHIRESFIESEPERIFEATE 27FHOBOVRLIC L 2EmYHL L,
RO TRERBE S CIRATS, BRI LROPIRIEPEC L FOFELREYVD 5,
ITH, INETUERSZIMFTSIN T2 HETH 2 BIRES LR ) #iEc-o
T, Ca-DTPA L Zn-DTPADWHOEIEL I L L» 6k~ 5,

DTPADBMEMFC RN A B L, LRl BiFEEC > TiTbh T 5, SMET
W, BEHMEEBR CQMEPR I NS I L, RREBOWREYG ZOHER L L THTLNTLS
P, CLABT P OB NAFEOREVRESRCHELETDHIRDESHETS 5, 12
— W CIRREI R R ALY O T 2 BRI R C O TIITIREIM ST, Bk R R L 1)
CEMIET & 2 2 LOFIEN KRS 0, ZOKE, FOWMET L Ca-DTPATRBFDOIE, #HE,
RELREPED NN, F—80Zn-DTPATR LA LEBEBRED -T2, T4
bbb, CaDTPADF ML 5 sFEr%aG 2 L™ nfc, La L, CaDTPADEMEIZL,
FEHREI KT 2 I SRR IR T OB REL FOEI L 2 LELNAF L CEEEI AL
NnTw3s(F2),

DTPAOFEM I HIRESE LR DRSS HFETRHEEYRoN S, ZnDTPAY EE L 7 v b
PRUHIRESF T2 L, WERFOHI v U LRBEPKTL, IhtRFCHEREROBERS
(OBERERE, ML) PHEZ 2, MRPFDO AV U MREOIKTIE,

ZnNa;DTPA+*Ca=Zn*CaNaDTPA (*IL{Eh D A v 7 1)

ECSEERIBC L A5 DEE LGN SL, FlclED FAIE, B> U LBE 2 ILOILH K
ChETRDl, BIRREAALVECYEP LAV T LAREIAL, TOHNP T AP MEDTF
BHONMERE I L, 2 L T 28I mT 57201082 5, —F, Ca-DTPA% &
FRIEST L T b MDAV o7 MBE LIRS 67, Ly - THREERDEE IR LN
L (E3), Tabb, BIREGC L - TG T 28, Ca-DTPADFH, 2k BIEHIE
TORCPRISTLbTRTHE I EHERD bR, L L, CaDTPA%R &ILE BRI
v Mz 5 T3 L, ZnDTPAL Y 4N B UHMED FHMA LN, DT, EERERD
BEREDEHE TR AL LT, 728 2Ca-DTPAT Y REULLEET LRI LZELEL TV 5,
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®2 MBIELEC Y ETO0Ca-DTPA L Zn-DTPA D ik

Tab.2 Comparison of toxicity of between Ca-DTPA and Zn-DTPA based on appear-
ance of malformation

Ca-DTPA Zn-DTPA

Mouse < 720mol/kg 11,500xmol/kg < (6)
< 1,440 »

(
(
Rat <360 » (
(
(

< 460 »
Beagle dog <30
Exencephaly
Microphthalmia
Anophtalmia
Fusion of ribs

1)
2)
3) 1,080 » < (3)
4)
)

Malformation No appearance

Teratological toxicity Ca-DTPA>> Zn-DTPA

(1)Fisher DR 1975  (2)Brummentt ES 1977  (3)Fukuda S 1983  (4)Gabard B 1974
(5)Taylor GN 1978 (6)Calder SE 1979

Zn-DTFPA Ca-DTPA
mg/di mg/dit .
0 e 0 K:fzgf;/ﬁh——xﬂ;nﬁ

30 umol/kg

Decrease of concentration of total calcium

o 5 10 00 0 5 10 20
Time after injection (min)

3 Zn-DTPA L Ca-DTPAHEZ D IMER I v U
LEDEAL
Fig.3 Changes in total calcium values after Zn-
DTPA and Ca-DTPA intravenous injection

£3 DTPA#S-C L 5 E#OME L BIREER
Tab.3 Damages in various organs and clinical signs induced by DTPA

RBC!{,Ht?,GOT1*T, GPT?, ALP?,BUN?
Zn-deficiency, Inhibition of DNA,RNA syntesis
Ca-deficiency,

Hemorrhage,Congestion,

Blood or organs
(Intestine, Kideney,
Liver)

Loss of appetite, Dehydration, Sore mouth and throat,
Decrease of body weight, Abdominal tenderness
Nausea, Vomiting, Hematemesis, Melena
Diarrhea,Hemafecia

Hematuria

Hair loss

Clinical signs
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—_— . Fig.4 Mean diameters of blueing circles induced by

22513 7558 28 Ca-DTPA and Zn-DTPA 10 min after

Concentration of DTPA(umol ) intradermal injection

Mean Diameter of Blueing Circle (mm)
o

L7chio T, DTPARBIRNA~ES T 284008, BEEBROEM Y L a0, SEEHTT
AW Y LG 2 2 EAEAITD %,

FEPEEETHE, RICRT LI L3 282 LAEHD, #P Ao Tlvons, i
bIIRECRED 6 s DI, M LESR E QbR OB m, FESEROMETH 2, 20
2 Zn-DTPAQEMEO H27Ca-DTPAL b e, T4 b bDTPARKRATERS T 28412
%, Zn-DTPAD i ##EI K-, Ca-DTPA EZn-DTPAC & A % OMEE L, T T~
Ca-DTPAZ & 2DNAARIMEERLIC, Ca-DTPA L Zn-DTPADHHE L & I8 F B TTHE
Wm%%Tétwf%a(E4u:@;7 i Y, Zn-DTPAD & G LFEES H v o U LR

DB L > TR O LR LBz L2 L E 265,

Fr— MR ORI ERS NS Z a2, DTPAORST Y, REHEWE %
WL CERDY 6, JRP~OMGHEDE OB+ ST s 5 v~ v 5 2Tl 61
BDT, HE5MMIZE L5, CaDTPA® L UZn-DTPA L b 12, HIRI%YS H 5 xR0k s
DEUTNEEHALTY, R3 UL LIEE~OFEE R RbNAIL IR, 210HCE
CTHREEPHO IR LN LI b, ZOFHTIE, PEG0umol kg %5 Lk 5 &
BREOBAIPHEI Y, 2R FLOREZEGIES T2 EFORAKIEESEI > T B L5107
o LI 7:NEOBMBERR S CRLI LB Y TH 5,

Wiz, DTPAR A5 LIcBAORE, EuiihlTaettcounTiliNg, g T
BARTAERE, FOREAEDN T v ML= AR PRBCHC TERLER» LB AR
bDTHb, Thbb, HEDERIEWERDHERY O ATORELHET 512012, @
FEFPRFTS 2L 5 CRHENCED G, 7y b ERTORBRERPIET 2L, MEHED
BIECRE LBE LT, 1, MMOMEREFEOMB LTS, Mo LiEEL L -7,

bOLLEFLIMIE T 5L, DTPALLL - THONAFHIREDRELD 5 1L T, MK
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£ Intravenous injection by Oral administration a2
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o
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/()tg £ Lwergémt@tnm e Zn deficiency l
— I Abnormalities of calcium metabolisms }—-—-————-1'

N o
[Acute toxicity] W by Vagcular perggccatblhty ne
=3 Functional damages of enhancement action - )
Bone | @plcardiovascular system ¥ b
ég’—; Sub- and chronic toxicity] Sa /4
(é”‘ Hemorrhage and congestion
| D) in intestine and kidney @\\3»60
[Chronic toxicity] 75

> rOsteoporotic bone disorders l«-—-——— W[ —

5 DTPA#MEOF Lo
Fig.5 Summary of DTPA toxicity

MO AN T WRECENES LB EWKREIERNTHL EELZ LS, DTPAL vy

DFEEE, BORE MR (R 2, 22T, MEI Vv v Lilie A LEMHOR T2
L, EQMT S 9 ~1lmg /dAIOFPHIZH 2 OT, RS U TliEh O v & 7 L REDICT
THHEUFRETH 5, 1006, Zn-DTPARRENY Y A—&{ES LT v b E4 2DMED L
FHPNRIEDORIZ S KE LB AR ONL D 12D TH 5, IRIZDTPADMLA 2 & DIl S i3
b bAEYEERRERINE T RO A G T E 1~ 2O H Y, 24
THRED 1 %o Ta b, FLOUED L C, 3 6ICEOEY LIZAD/NED & OMRILE L
EOMT Y 3~8%DHPT, RELEFDHZEWBCLILG, Thbb, L AlIBCT
DTPAOBMAIAK S LZEDEL 2 REMIL AU 6 L v, 21 g T, DTPADFEED B
BUDOC TR ST U cFR4 R LR, BHTssEEbOLA, L2
5T, BER s - TEESNIHEER, ATIFEECALNRS 2 L2 N3,

AD 1 H Y H OISR IIIRET0kgD Ak LT 1g(380umol,/kg) DT HZT, SHEORSR
TR IOBRPEBCES LTOmUAENEZ L E bR TOY 5, ORI, > T
FERTIRG S nciic k<2 LAk, By e 2 LR T USRCEEREb AL
WTHAHID, IAEAOBE v R— TR L IRGMRIns ) b DL R
LbwEdhTued, 2L, ZOMRESECL>TIHWTERAL»OBIEYRECIED
AHALNS T L, RS CTRREENEYLETH 2 2 LRG3 s AT L b
THHERBORCI PSRN TELZORG, INITEb»-22 i, ANCDTPAR %Y
T AYAIIE, W3 Ca-DTPAD30umol kgl F D& % IR G5 55T, 2 D%k Zn-
DTPA% #0454 UL, LelEe@Emn 5 2 LTS 555, RIERIC B L AL HEfifh wb
I LM TH L (H6),
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Fig. 6 Administration routes for use in safety
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Characteristics of Air Filter for Radiological Protection

Akira Koizumi

National Institute of Radiological Sciences,
9-1, Anagawa 4-chome, Chiba-shi, 260 Japan

Abstract

Air-filters are widely used for the removal of toxic airborne particle such as
radioactive aerosols. The basic characteristics of fibrous air-filter as a means of
exhaust air cleaning are discribed in this report.

There are three main mechanisms by which an aerosol particle can be caught on
a fiber in a filter:
1 .Interception
2 .Inertial impaction
3 . Diffusion

As the results of these mechanisms, the penetration rate of particles through
filter media depends strongly on particle size, and all filters have a particle size
that gives minimum collection efficiency. This particle size has been named most
penetrating particle size, MPPS. The MPPSs for HEPA(High efficiency particu-
late air) filters are found around the size of 0.15 gm in diameter. Penetration at

the MPPS, namely maximum penetration is about ten times of that at 0.3 gm size

TREFRRIE SRS A TP ST
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of standard particles for filter testing. Penetration curve of an air-filter depends
on face-velocity. As face-velocity is increased, the MPPS decreases and the
maximum penetration increases.

Performances of air-filters are discussed frequently in a field of filtration for
toxic aerosols. In the discussion, the ward of performance is used two meannings
of the penetration curve and removal rate for the total mass of aerosol material.
It should be noted that although the penetration curve is a specific performance of
each filter, the removal rate, like the decontamination factor, are not determined

without the information of aerosol size distribution.
1.(&®HIC

BSHRT7 vy v is EOFEWED T T v vk 28hn G RET 5 HiEECI, ek 2
25—, T4 ra s BREEER 7740 xEREPHCORTE Y, 2DEMAME
o TZ7 74V REPRSIECHCONT 2, 2OZT7 74 v XERIKRE (G B ES
27 ANRELBHEIE 7 4 v ZEVDH Y, WACKT B HHEOBE» R, WMATT
a Y T (5 & 2 T umbl F) PR/ S © 2 b, SmOREMEIER T OO b O
B4 v RO LT B,

MEdERE 7 4 v RO 7 vV RFRRREIC D w0 T, SEED T v Y VRLT- O HIE ST OE LR
ARG, 2O E 7 4 v ROFHEIERICE LCREN Do T2, AT, AEWHEZEY K
5B, HECIREEWEOMACHET AU TARE, it iEL LTox
T24NnEDET 2 WEREFFEICDCTHR~N 3,

2 KIFHERE

7 4 v ROMHEC T 0 SR IR S U X A = X LTEIKD 5 D hTREARI Lk
MELTELLATL R, V2,

1.3 2 & Y (Interception)

2 BEE%E(Inertial impaction)

3 4 (Diffusion)

4 . E J1ikF(Gravitational settling)

5 . #%%E 5] 11 (Electrostatic attraction)

BAE DL AR, KT ERDMRC £ - TE  Ha R » o B2 RN
BLFH5E LIS CHITE S N ARMET H 5, 1BIEEZRIL, EROTAROMMEC L 2 Bk F2°
BEET & TR S N A AT D 5, UL, FF 2 280 FOMEZI L - THL
575U L EENC L o THECER RSN TH 2, ENEBRRTEEYKRS(, B
FC L - TZEAFRE? LT, SR S N ABET, WAMER T O X 5 URL TP/ S
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ELTor—a i & 2 HE~ DG - UEOBET H 2 5%, kLT & 72 1HED ST Ok FET
BEREBIHELTORCEEAONG I LG, BEINLCIEDZG, $72, i
WRER AW S LMHECIEO NI 7 v Z (v 2 by 7 4 v & e 5) BF5ER 5
an, FHPED T3,

3.7 1T DiFEMRE

BT 7 0 BT 7 4 v R BT B BROBAMESZRIL, RO 5 o OREREEDF
ELUCEMFR TS 5, Hindslt, £33, L, FIRERa=0.05, ##HHE, 2um, O7 4 vxk
TR 10em/s, % & O Lem/sTHM LD, BhFRTOMBEMRPIEL, 20852 E1
D77 7THRLTe 39 0.2pmEFOB/NRLF A 6F U TSk h 2B e Hi R T b 5 53,
0.2pmll ECIIEEROEE IR LEL Lo h, b T, 32508 »Hbh, 0.5
pmPl E TR OB 2R T 5, EHRREORBRE AR TR b - Thok
ML O/ha v, ZORE, HEOMEINS L, 828, WHEEROFED B b
WAL TR I THIEE YRR L K 5, TR b bTNTO 7 4 v X AR OHliERh %

PORTRLTEDCGAET 52 Ll B,

FEOHE 2D 7 4 v X TEBRIGCBBS N TV, B2k, FHLDOUE LR
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ABSTRACT

Although the dosimetric model of the respiratory tract used in ICRP Publication 30 had
not been shown to be seriously deficient for the purpose of calculating Annual Limits on
Intake (ALIs) for workers, the availability of new information led the ICRP in 1984 to
create a special Task Group to review the dosimetric model of the respiratory tract and,
if justified, propose revisions or a new model. The Task Group directed its efforts towards
improving the model used in Publication 30 rather than developing a completely new model.
The objective was a model that would 1) facilitate calculation of biologically meaningful
doses; 2) be consistent with morphological, physiological, and radiobiological characteris-
tics of the respiratory tract; 3) incorporate current knowledge; 4) meet all radiation
protection needs; 5) be user friendly by not being unnecessarily sophisticated; 6) be
adaptable to development of computer software for calculation of relevant radiation doses
from knowledge of a few readily measured exposure parameters; 7) be equally useful for
assessment purposes as for calculating ALIs; 8) be applicable to all members of the world
population; and 9) consider the influence of smoking, air pollutants, and diseases of the
inhalation, deposition, and clearance of radioactive particles from the respiratory tract.
Rather than calculating an average dosé to the total lungs, emphasis was given to calculat-
ing doses to tissues and cells of most concern, those that had shown evidence of susceptibil-

ity to radiation induced cancers either in humans or in experimental animals.

Since both the radiation dose and the cancer susceptibility of each region determine the
overall risk to the respiratory tract of a given radionuclide intake, the model provides for
calculation of a committed dose equivalent for each region, adjusted for the relative cancer
sensitivity of that region, and for the summing of these to yield a committed dose equiva-

lent for the entire respiratory tract.
INTRODUCTION
The ICRP is currently undertaking a number of efforts leading to a revision of its basic
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REVISION OF THE ICRP DOSIMETRIC MODEL FOR THE HUMAN RESPIRATORY TRACT

recommendations on radiation protection, as described in Publication 26. These efforts
include reviews and reassessment of its system of dose limitaion as well as the values of
primary limits. ICRP Committee 2 is preparing for a possible revision of secondary limits,
which could include the annual limits on intake (ALI). To support this work a task group
on human respiratory dosimetric models was appointed.

The members of the ICRP task group on human respiratory tract models for radiological
protection were selected to assure that the broad spectrum of biological, physiological,
chemical, radiological, and health physics aspects of inhaled radioactive aerosols and gases
could be competently addressed. The members of the multinational task group are:
Frederick Cross, USA; Richard Cuddihy, USA; Peter Gehr, Switzerland; Anthony James,
USA,; John Johnson, USA ; Roland Masse, France; Monique Roy, France; Willi Stohlhofen,
West Germany; and William Bair, USA, chairman. In addition, numerous corresponding
members were invited to provide technical assistance and to review drafts of the task
group’s report.

The task qroup was asked to review the current ICRP lung dosimetry model, advise on
its inadequacies, develop a plan for needed revisions of the current model, and recommend

to the ICRP a revised model.
REVIEW OF ICRP LUNG DOSIMETRY MODEL

The current ICRP lung dosimetry model, used in Publication 30 (ICRP 1979) to calculate
ALIs and derived air concentrations (DACs), was a slight modification of that published in
1966 by a special task group on lung dynamics of ICRP Committee 2, chaired by Dr. Paul
Morrow (ICRP 1966). Major innovations were introduced by this task group, including a
deposition model not only based on but using dust-sampling data. Deposition was described
for three anatomical compartments, which both physiologcal and radiobiological implica-
tions. The model made possible consideration of both particle size of inspired aerosols and
respiratory rate with respect to fraction deposited in each region: nasal, bronchial, and

pulmonary.

A quantitative kinetic clearance model was introduced that accounted for material
deposited in each of three regions. Perhaps of greatest impact was the classification of
chemical compounds according to the estimates of their expected tendency to be retained
in the respiratory tract. This is the D, W, and Y classification; D class for those compounds
expected to be cleared from the respiratory tract with a half-time less than 1 day; W class

for compounds with clearance half-time of a few days to months; and Y class for com-
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pounds that are expected to be retained with half-time of 6 months to years. This model
also provided for the transfer of inhaled particles to the thoracic lymph nodes. The effort
of the task group was a major scientific accomplishment. It used and expanded upon the
total relevant technical data available and reflected the outstanding expertise and extraor-

dinary insight of the members.

The deposition and retention models developed by the task group provided a sound
scientific basis for ICRP Committee 2 to calculate radiation doses from inhaled radionu-
clides leading to recommendations for ALIs and DACs that appeared in Publication 30.
Task group models went further than Committee 2 was prepared to go in some areas, such
as the transfer of radionuclides to thoracic lymph nodes (Committee 2 elected to combine
the lymph nodes and lungs for Publication 30) ; but it failed to address others, such as
deposition and clearance of particles from the nasal passages. However, the omissions were
insignificant compared with the magnitude of the advances in knowledge about inhaled
particles that were stimulated by the task group’s report. After publication of the 1966
report, research on the deposition, retention, clearance, and translocation of inhaled
aerosols intensified with studies on both humans and experimental animals. This new
knowledge suggests a model can be constructed that more accurately describes inhalation
of particles and gases by workers, but more importantly, it provides a basis for applying

a lung model to all members of the world population.

Following a review of the current ICRP lung model, a plan was prepared for a revision.
Principal inadequacies of the current model would be addressed, such as calculation of
radiation doses to the nasal and oral passages; replacement of the D, W, and Y classifica-
tion system for clearance of inhaled materials where adequate information is available; and
calculation of doses for inhalation of gases. The revised model would use new knowledge
of deposition and retention of very small particles (well below 0.1-xm diameter ), regional
deposition of inhaled particles, the distribution and absorption of inhaled gases, and
clearance kinetics for numerous radioactive compounds determined in humans and experi-
mental animals. Knowledge of the morphology and the physiology of the respiratory tract
has increased, the relative regional sensitivities of the respiratory tract to cancer induction
are better understood, and dosimetry modeling concepts and approaches have greatly
expanded. The major developments in computer technology during the last few years have
opened numerous possibilities for not only modeling the intake of radioactive materials but

also utilizing the model for both projecting and assessing radiation doses. The task group
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determined that a new model should facilitate calculation of biologically meaningful doses;
should be consistent with morphological, physiological, and radiobiological characteristics
of the respiratory tract; should incorporate current knowledge; meet radiation-protection
needs and be user-friendly (i.e.,not too sophisticated) ; should be adaptable to development
of computer software to allow calculation of relevant radiation doses from knowledge of
a few readily measured exposure parameters; should be equally useful for assessment
purposes as for calculating ALIs; should apply to all members of the world population; and

should consider the influence of smoking, air pollutants, and disease.
A REVISED MODEL

In developing a revised model the task qroup began with a number of assumptions. These
are:

« The site of cancer induction is determined by both regional dose and regional sensitivity.
+ Therefore, averaging the dose over the lungs is inappropriate because it does not reflect
the variability in dose distribution or differences in regional sensitivity.

+ A more appropriate approach is to calculate regional doses that relate to the relative
cancer sensitivities.

- It was assumed that lung cancer risk factors apply to the total respiratory tract (risk
factors are not specific to cancer site or cell type)

- That it is appropriate to weight regional doses by relative sensitivities to obtain a dose
equivalent applicable to total respiratory tract.

The task group’s approach was to converge separately developed morphological,
radiobiological, physiological, deposition, clearance dosimetric, and bioassay considera-
tions into a comprehensive multiparameter dosimetric model for the complete respiratory
tract. All will be addressed in considerable detail in the task group’s report. An anatomical
representaion of the model is shown in Figure 1. It identifies the regional compartments
that can be correlated with measurements of deposition, clearance, and retention of inhaled
aerosols as well as with the occurrence of neoplastic diseases, the somatic effects of
principal concern in radiation protection. These compartments are: the extrathoracic, ET,
comprising the nose, mouth, pharynx, and larynx; the tracheobronchiolar region TB,
comprising the airway generations 0 through 15 (trachea through the terminal bronchioli)
and the alveolar interstitial region Al, comprising the airway generations 16 through 23

(respiratory bronchioli through alveolar sacs), plus the thoracic lymph nodes.

The proposed revised model addresses inspirability of aerosols and deposition in extrath-
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Fig.1. Morphometric Model—Respiratory Tract

oracic tissues, such as the nasal passages, pharynx, larynx, and vocal cords. Deposition in
the TB region is assumed to include material rapidly cleared essentially by mechanical
processes from airways generations 0 through 15, the bronchioli (Figure 1). Deposition in
the AT region includes material slowly cleared from airway generations 16 through 23 by
both mechanical and solubilization processes, as well as material infinitely retained, such
as in lymphatic tissues. Calculations of the deposition of particles in these regions will be
based on morphometric models and experimental data from human subjects inhaling test
aerosols over a broad range of particle sizes.

In the proposed model, clearance of particles is competitive, occurring either by mechani-
cal or absorption processes. It is also assumed to be nonlinear, with excretion a time-
varying factor of the residual amount. Mechanical clearance rates will be obtained from
studies with human subjects. For compounds for which reliable human data exist or for
which data can be extrapolated from animal experiments, the model will use observed
rates of absorption. For other compounds, default values will be used based on the current
D, W, and Y classification system.

A proposed compartment model to represent mechanical clearance is given in Figure 2.
This describes the behavior of a completely insoluble material. Absorption or translocation

into blood acts on each compartment except the anterior nasal passages, represented by
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compartment ET,, and it is assumed to occur at the same rate. Translocation to blood is
essentially a two-stage process, Figure 3.

a. The dissociation of the particles into material which can be absorbed into the blood.
For simplicity this will be termed dissolution.

b. The absorption into blood of material dissolved from particles, or if material deposited
in a soluble form.

Mathematical models for calculating radiation doses to various tissues of the respiratory
tract will be developed, incorporating expressions describing the deposition and retention
of radionuclides. Rather than treat the lung and lymph nodes as a single organ and then
calculating an average dose. the revised model will provide for calculating doses to
radiation sensitive tissues in all anatomical regions identified in Figure 1.

The calculation of doses will follow the method of ICRP 30, in which the committed dose
equivalent in a target tissue is determined by the energy absorbed per unit mass from the
radiation emitted from a source organ. Compared with the current model, the proposed
model is expected to simplify calcuating respiratory tract doses from bioassay data. The
task group expects computer software will facilitate, but not be necessary for, using the
revised dosimetric model for the respiratory tract.

The tissues of the respiratory tract identified as among the most sensitive to radiation
induction of cancer are:

+ Keratinized epithelium of ET, (anterior nose)

- Stratified squamous epithelium of ET,

- Ciliated epithelium of TB

 Alveolar-interstitium,Al

» Thoracic and extrathoracic lymph nodes, LNy and LN4g

Radiation doses to these tissues will be calculated. These regional doses will be weighted
by the relative susceptibility to cancer induction and summed to obtain a single value of
committed dose equivalent for the entire respiratory tract.

The approach used by the task group to derive estimates of the relative susceptibilities
of the different tissues to radiation induced cancer was to assume that the entire respira-
tory tract is susceptible to radiation-induced cancer, but not all regions are equally
susceptible. Since data are inadequate to provide risk estimates for each region or tissue,
it was assumed that induction of cancer by radiation is proportional to spontaneous
incidence in each region and that the relative distribution of spontaneous regional cancers
in unexposed persons reflects relative sensitivities of the regions to radiation-induced

cancer.
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Reviewing data on cancers of the human respiratory tract, relative risks were assigned

to each region and tissue as shown in Table 1.

TABLE 1. Partition of Risk and the proposed appointment of the risk coefficient for
radiation induced respiratory tract cancer among the most sensitive tissues

Region Relative Risk Apportionment of
Risk Coefficient

Extrathoracic 0.2

Nose & nasopharynx 0.03

Mouth & oropharynx 0.12

Larynx 0.05
Tracheobronchiolar 0.64 0.64
Alveolar Interstitial 0.16 0.16

It is proposed then that the dose equivalent Hs,, to the total respiratory tract would be
calculated as follows:
Hso=HsomrRer +HsoraRrs +Hsoai Ras
where Rgr, Rrg, and Ry, are factors from Table 1 for apportionment of risk among three

regions of the respiratory tract.
COMMENT

Completion and publication of the task group report is expected to occur in 1991. The
above description of the approach taken by the task group is not likely to change, but

specific aspects of the model may change before publication.

255



BOABIERT > > 4 29 & DR FIRPIE OWA & & DEMIEI O FEBUER] 70 75 2

SR REERIE SRR AT T S BHOME OB CPROCAEI2A 7 B OR) - 128 8 B (4D
- PRMRESAT | GRS A TSR i
I il Tv¥ar - ilEEA b i # S #
18 —128718(R)—
09 1 45~09 : 50 | P& O ST Bl OB BT AT 48
09 150~10100 | >R r7 MJ) H rU L PN G dE3T)
10:00~11:00| I. F D5 ] EER T (415 B REE)
(1) A B (RO E)
(2) PR E B D JEUE &SRR (B3 SAACN S
(3) BT O ks AT oy e CRC TR
11:00~12:00 | 1. WA SEBR D MPIR A T2 IR 3838 (T3 k%)
(1) & h DV S X— X ’r}fuf%ﬁf"’(#ﬁ (R R
(2) MRwL A BEERRE © SO WL AL | R D (TR
B
(3) NEOORERE EREE M LU To | B W hnkes)
i%%’ﬁiaﬁé
12 1 00~13: 00 | &
13 :00~14 : 00 | 4% 3k it B CGIGIERSE)
[4 D W F e 7 v ] R (O AWF)
14 1 00~15: 10 | . KD EPRA A GE (HR)
(1) %f[ IR TIPS e B (e PN
(2) ERBEE OWAFEER (7 5 4 7 | BEERD CRBRAF SLATHF)
b4 ’/J)
(3)  BREZWMET DM A J2Bk (J3K) EEHME T (R RN
(4)  BRIERFR A FLER i 3 D22 L 8 BT OB 6T)
15:10~15: 25 | & ]
15:25~16 : 45 | IV, SIS ORERE & o0 A ENE
(D X% A D' VAL B S | LR E ORIZERT)
e
(2) Ml%fr%}z ES H%ﬁfz’(d\ﬁf@%‘lb LA HE (IR
I ﬂ # TALIS(M{]NH)
S FE 36 A (B IZETF)
16 : 45~17 : 20 EREE T GOk A
17 1 20~18 : 30
#=2H
09 1 30~10 : 40 . j JH B W5 (R0
(1) Nilihs A ORI
(2) SUF, SUESERO Ao A
3) 77 OB B
FrewpFe oA
(4) MEEEES & U Mo e v b
A(J}ffh 5
10 1 40~12 100 | VI, y f—O);e FEHL L & OB REHEE] (%S0T
(1) UL N W SRR R E
(2)  FrHERFEEE b ELER~ DR
(3) M~z v 7y —LORYE
TR T B BB
(4) WA X AR OMGIIEEE | T (e
121 00~13 100 | 4% fiin
131 00~14 : 00 | FppyikiE2) A t] B CRZET)
Dr. Bair (#¥7 v 5E51)
14 :00~15: 15 AT I Ok [E0F)
ey B (% T)
(2) Eﬁfﬁfm@ﬂe v— MANC & 208 | RS 2 ORIERD
G L
(3) & v — A O AR~ | AR £ GRIEH
)iz
(4) BF#OFRELTOD T 4 vk | AR i RIS
Ryl
151 15~15: 30 | & W
151 30~16 : 15 | Fr sk s) el B ORI
FICRPJili=& 5 v 5T 9 Ji 1t Dr. Bair (»¥7 R4
16 :50~16 : 55 | Bl 0O&: GANCIE

256



H2UEKIERF > > 8 2y AR R RSN

ER R OBE M (R
RIRAE  FEIE KES (MRS C BREEE)

z AR R (PEBEAE C BFSEERL ¢ B 4 s )
E A WO W IR

’ KA R (R HAR R ES 2 TR )

" B OEA (AL BRCE RS 8 2 TR )

’ AR (I TR C 5 3 MRS )

, EIEFRE (MRS BRI

” R M (RIS IR

g’ W AME BB RE EAEIT)

" I S O e S S

R EEEAER

fmERE

AT ERICHELIZH 7, S OB I bz THME S NIcE1mIKIEN > >R U L
DWMIET T, WMEMBFL LT, £7, AFEOHMBMOIEL Lofo 2 Lok Lk
L&,

PURT T AT, WAL IR MECE L, =7 ey v OB - LR
FOFE-MED S S L THMUTE M E Y, MiOMRRaEE S LR Asss, Bk
AT & B, S LIIRAY A2 L ZOMEEEE 2, EERETOWHROAL LT
FERD 7 4 — v N TOWEE S £, JEWICIRFIIC b2 2 HMGR O 9eH L BRE»?
=Rl U T, 2N ZFNEELHBERRLBOTERLHEWHY 2 bitd Lz, A&
WXIETEBBEAR D THEFECHHC LSO SIS, R B L TR
CZOBBERMAL Tl s & Lic, 72700, MBEIEEORTIRT, BELhro,
— IR OB AT s 2w, TRE» L 203 FEBE T v
12178 F L1ce JAlB RS T 5 LILUHHOMEA Y L & T,

AT OBED AL 6T REEEED 5 CIEARELEDSET b W AN M Xt
THEHLYEE o T T, RIRXEFBRICELPIEEFH-TE T,

WA b 2 LIehS, T URI Y AR TS o IV RIENF AT, B
PSR, T & UM Dr.BairdB i i S o 1o H AR IR G v — 20, a2
T LASHE BRSO ST S o 12 SCEREFENTE R SIEEE, 2 LTsms e e 4
TUEHORBERLET,

PR 3 4E 2 H20H
LTI R A ] a
LT Y i

A #

KoEHE W W



BRIERFS >R T 22— No2l
M IR BEDRA & 6 DEYIER D RIFERIE

19914F 3 J325 H 5847
B M ARBe BECRRHEERBL N R KRR ]

WM AR A

TSR R SR AT 9C T
T260 THEdRN4 -9 — 1
WAL 0472-51-2111



	nirs_m_78_01
	表紙


	nirs_m_78_02
	序文


	nirs_m_78_03
	緒言：シンポジウムの目的と意義

	nirs_m_78_04
	目次


	nirs_m_78_05
	座長一覧


	nirs_m_78_06
	執筆者一覧


	nirs_m_78_07
	Ⅰ　吸入粒子の発生と測定
	座長緒言
	1　各種吸入用粒子発生法とその特徴
	2　粒子径測定法の原理と特徴
	3　吸入粒子の化学分析


	nirs_m_78_08
	Ⅱ　吸入実験の呼吸生理学
	座長緒言
	1　ヒトの呼吸パラメータ
	2　実験動物(ラット)における呼吸機能測定法
	3　肺の構造と構造異常としての沈着症


	nirs_m_78_09
	特別講演
	座長緒言
	エアロゾル粒子の呼吸器内沈着量計算モデル


	nirs_m_78_10
	Ⅲ　粒子の動物吸入実験
	座長緒言
	1　化学形態の異なるニッケル粒子の長期吸入曝露実験
	2　環境物質の吸入実験
	3　環境物質の吸入実験(農薬)
	4　放医研吸入実験施設の概要


	nirs_m_78_11
	Ⅳ　気道沈着の機構と分布
	座長緒言
	1　キャストモデルによる鼻咽喉沈着
	2　伸縮場における微小粒子の挙動
	3　沈着粒子の挙動，代謝
	4　呼吸器沈着に及ぼす生体側の修飾要因


	nirs_m_78_12
	Ⅴ　吸入被爆の線量評価
	座長緒言
	1　肺がんの標的細胞
	2　気管・気管支部の局所的線量分布
	3　肺深部におけるα粒子の飛程分布
	4　肺深部における細飽のヒット数分布と粒子性


	nirs_m_78_13
	Ⅵ　吸入粒子の毒性発現とその機構
	座長緒言
	1　化学物質吸入と上部気道病変
	2　粉塵粒子毒性と白血球への影響
	3　粒子毒性と肺胞マクロファージの反応
	4　吸入による肺病変の微細形態


	nirs_m_78_14
	特別講演
	座長緒言
	Life－span Studies of Inhaled Plutonium in Beagle Dogs


	nirs_m_78_15
	Ⅶ　吸入障害のリスク低減化
	座長緒言
	1　各種産業における吸入リスク統計
	2　重金属のキレート剤による追い出し
	3　キレート剤の生体機能への影響と人におけるDTPAの安全性評価
	4　防護の手段としてのフィルター特性


	nirs_m_78_16
	特別講演
	座長緒言
	Revision of the ICRP Dosimetric Model for the Human Respiratory Tract


	nirs_m_78_17
	第21回放医研シンポジウム「粒子状物質の吸入とその生物作用の発現機構」プログラム




