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ACRO-A Computer Program for Calculating Organ Doses from Acute

or Chronic Inhalation and Ingestion of Radionuclides

. Akio HIRAYAMA, Yoichiro KISHIMOTO
and Kunihiko SHINOHARA

Abstract

The computer program'ACRO has been devéloped to calculate organ doses from
acute or chronic inhalation and ingestion of radionuclides. The ICRP Task
Group Lung Model (TGLM) was used for inhalation model, and a simple one-compart-
ment model for ingestion. This program is written in FORTRAN IV, and can be

executed with storage requirements of about 260 K bytes,

Health and Safety Division, Environmental Protection Section, Tokai-Works
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Table. 1. Task Group Lung Model {TGLM)
K@?%Aix—ﬂIL
. TRANSLOCATION CLASS
COMPARTMENT D W
J(aJ Tj(b) f_l(c) Tj f; Tj . fj
NP a 001 0.5 0.01 0.1 001 001
b 0.01 0.5 0.40 0.9 04 099
™ ¢ 0.01 0.95 0.01 0.5 001 001
d 0.2 0.05 0.2 0.5 0.2 099
P e 0.5 0.8 50 0.15 500 005
f n.a (4> p g -1 0.4 1 0.4
g n. a. n. a. 50 0.4 500 0.4
h 0.5 0.2 50 0.05 500 015
L i 0.5 1 50 1 1,000 0.9

) Metabolic pathways from lung
(b) Removal half time in days.

}  Fraction removed from compartment via pathway j.
(d Not available

Table. 2 G.L—Tract Modei (GITM) KR+ %

Aﬁx—ﬂl)'

RESTDENCE . TIME FOR MATERIAL
COMPARTMENT TIME, hr. TO REACH COMPARTMENT, hr.
S rs 1 -
SI T8 4 : 1
ULT cou 8
LLI Tur 18 13
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Qe L 1) = z?szk(t)
ea £ b, Qi () =Qu(T,) e~ Ait

LoT, GEBTERA, @X LFEERK,

()= 2 2;Q(Toe4it 50

qQ
23 .
i=b,4q, f, &

WA THELLT BESzCOoORSER.,

T
Q:a =f q:alt)dt ,

Tabb,

Q=B _3  -(1-etm) (1-c-tit) &
i

i=b,d f, g

zzt, CjronwTil, (). ERBRTS 2,
(i, (he b, REREFEH,DS, GlL—tract~BATARHEBEOL2RE,

Qo= Qe+ Qe 62)*

* COQIDPWTETHET 5o 62 Rid, RARMHOMRTRT: Bt TOLMHEBLTOG.L .- tract
BITETDH2, e, BRARPTORRLUEEHBET2HEE, QX TQe=0£%20,Q,50 W KXT
ToT(TH=2T)eLed0EQpeT 2,

G L—tract &HA~OMBURR, B~EIXK L hKwbh 5 H2)

M B (GI(8))

]
E 11— —er
Ds= 296x10"* SQG( elr‘ ) 63

ms

& T,
Es* BOEHBRR = 3 »¥, (MeV),
mg+ BOREWMER., (7)o
Ty HHEFBEBRBT HEHE, (¥,

1 dis.sec ergs \ - rads
X101 ==+37X% 4(——)-1.6x10"6 —)-10"2(——)
296x10 2 37x10 uCt (MeV erg/g

@ B (GI(SI)) ‘ 7
METE, —BOoPEAAKR~NBGTT LD, ME~OBRLABEEIBTRETELLLE
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2o s ) ME~OBTEEE G LT AL,

fi=1—e %aTs

LANR->T, A, = 1 Ln !

zzT, A, ME~OBTHRE. ( 1B ). ( EHFHRE)
o ES B EBBTAEE, (B,

BstIC L b, <1 TARFhEE bE v,

rem#, IORP Pub22cind, 2L OBBRDWT, =1tk ->Tnd, TO
R, CoTh, BEXB LG, f =1 OBEE, =095 & Lo ([0.95 O
fEoR#E, ICRPHE, KB LR, 2Lt0XBETHE~OBRELEOSIHEKEWT, L2 { &
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mg * NEOREWMHEE, (7).
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@) KM EE (GI(ULI))
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T B, 2 ABHLUNBEBRBTAC LTI AREBEEEZ2AERLATRE R LA W,
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DHELEEEDLT IO LT 2,

B
Duai=296X10" 7y, et vad 21 Q (1—1,) g
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T, Ty, c WEHNKE L RBET A, (B),
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4. Ingestion Model ¥Rzt 2EHE

Bl 7 (VIngestion Model )id, ICRP Pub. 2o o an
BEZ2HBEEBEBeT v 2Bk, o7 2, Fig. 3.
RTELORLIIZ - A ETFA2THbD, Pyyg 2388 n Organin
~OBHEWER Y AL E (F) +RbT.HRE, a1 m
BDRABLBEERY AP ELONTITRTREL BN B, lh

Fig.3. Ingestion Model
£ 1 ERYAR
BMbAs &% Q,uCi, BRLAWEDO S bEE n~HET 53 0088% f, (= F )
rrae,

dQ,(t)
d

- ZnQn(t)

. t=00¢ %, Qn(o)zf\on
X oT,

Q,(11=q, £, et (58)

BRATHMORELYED, WRKIIVELbhb, T2bb

592 x10™E, 1—c T

b, @ M. QofwT_ (59)

ceT, A,=ii,
¥k, G.I.— tract%%ﬁﬁ«a)%ﬁégéﬁ, (63). ~(57). RT, Q.=Q & +hiTk
Vo
B 5 R
éﬁﬂ%%QJ@hﬁ@%ﬁ%%ﬁ%?ﬁ&,P,=%(#OV@L%EWi&ﬁbT
R, BREBA T DM CERETHRECHITEL 5 HEHD 2,

(i) FWB2EHETHBH

dan(t)__QO _—
T_T;f"" A2Q 1a (1)

t=07, Q=0

o7,
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BEEMBETRS (T, 2T) ToRBEYER, .y,
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wm =

5. 5t8& 7 v 7 3 4 ACRO

Turi a0 gD, Fig dlWRTELI TS, *H,
IC#EaR 3 5 Biological Data Library 80 ETH 5,

ACRO &, FORTRAN IV Ca—~F 4> 73hTkbh,

AEERITT 2R, F&I1

IBM DOS/VS % 2wiZ0s

DY ETEITAIRETH D, 2k, Biological Data Library @A ®H i, Tape %
Disk b BETH L, LTIWWACRO o HIPO K & 23BN % =70

ACRO 7" o 75 A Version 1

feld,

MAIN 1.0
[ I I !
DATAIN
. LIB . uT 5.
ACRO 2.0 NEXTCS 3.0 MGR | 4.0 comp 0
. XHEAD XTIME
XUNIT XLABEL XORGAN XNUCLE YINHA UPDATE SET INHAL INTAKE SOLOUT
XACUTE
3.1 3.2 3.3 3.4 XCHRO 3.5 4.1 5.1 5.2 5.3 5.4
XLIM
QG10 GE
(55P) LUNG GIo ORGAN ACUTE CHRO
3.4.1 5.2.1 5.2.2 5.2.3 5.3.1 53.2
FD3
3.4.1.1 LOCATE
Subroutine
Entry - 6.0
Diagram ID
Fig. 4 Program Stracture of ACRO
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‘Auther:

System/Program:_ACRO Date: Page: af
Diagram ID: 1.0 Name: _ACRO main Description:
Input Process Cutput
1 OREETN o
Il —.
~. . i g7 —
(Fsn—¥ | 4—»[! ——
E-:' 4799 — ™ —
i At <—>{ ERRSET FILE?S.
FILEL < acro |
2, F—8&AHT 5o
(fEloa )
<= param |
i i : N - . T — a
'3 Biological Library £i8MEET 50 K> BRT
FILE2 4—»! LIBMGR f FILE4.
= o ATl ik Biclogical
4 F—ARRIS—-ABICHATERT S0 L ibrary(updateq)
4—>| COMPUT | FILE2
5. HEETN S
1-»| COMPUT || —— | # ?
6. 4DoEDETe
Extended Description Extended Description
Notes Ret. Notes Ref.
1. FILEL, FILE2, FIL 4 PMBEEETRIRBOYT
E33#— ¥4 # —9®7 74 n—F v Ok
: . ews
T HDo 4 —1. DATE Hft®5%2. (OSFbég)
9. FILE4(2 ERRSET T v#-—
= — (0S8 F;’C’%ﬁ
BLKSIZE=8900 B30
RECFM=FB ACRO H#Efek
3. FILE4.!4Biological
L ibrary OB EEH 1L > & ;
&3R8
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Author:

Diagram ID:_3.0

System/Program._ ACRO

Date:

Page: ot

Name: DATAIN

Description:

Input

DATAIN Process

T2 RU 74
T3 =h—F
FILEL

Qutput

a lfh?'éo

W—F =T B,

L H— FERATFILESAEY A0~ [

2 TRA7 A VB oRAELNETEHT

<[ xnwa]
—xacos ]
<[ xcaro |
<[ xus ]
<=>[ xreap |

Return

=

XLABEL || | )

BT

FILES3.

/INPUT/

XORGAN

XNUCLI

XTIME

88888

XUNIT

5 ZhLAE2HEERYET.

Extended Description

3 F-RRTF-alodys—v
top777
4 End of data¥ —#715¢d stop i

Return

Extended Description

BRIV b

i

Netes

Ref.

Notes

Ref,

1L —2BTF-—21

999 H—F

Library , Inhalation,
Acute , BT Chronic h—F

2. End of data¥—2{3
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3. A, Z, Class, metaffgEDOL ¥ ¥ F

z » P&, T5-HWEET7775%0T

b0

4 Fo4ERETIFE 5o

Extended Description

Extended Description

Author: System /Program: _ACRO Date: Page: ___ of

Diagram 1034 Name: _XNUCL I Description:
Input Process Qutput
N 1 I RR—RETohE, F—8Eb
FILE3. 5 —E—-HHT o
2. D3 . D . D5 ®3L0TCAHSH
HORDWTHEHTICLDERT 5o
ﬁl] /INPUT/

]

BET -4
WS b

Notes

Ref. Notes

Ref.

1. XINHA, XACUTE,
XCHRO, XL1B, XHEAD,
XLABEL, XGRGA&;
XNUCLI, XTIME, XUNIT
2N T FERIC>EHIPO

L O &R o
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Page:

EERTI DL

3 BmEEHA—-FE6Z, A, Class,
meta flag OF = » 77190
4. ELWhiZELEER ETEMEEL,

mYRBROEZI—4 »e—VEHL, EM

5 £ 7 —pe{EF T Library file

Author: System/Program: ACRO Date of
Diagram ID: 4.0 Name: _LIBMGR Description:
Input Process Gutput
B iological . )
L ibrary 2 L. Biological Library 223FEE 1 &
File
FILEZ2 BICHEATL > /BIOLIB/
PEg7 740 > 2 AHF—2EZH, 7477 ) -BME
FILES. EA—FhEIBODF =z »7%2F Ao

ZEFT 30
~ { Biological

UPDATE | Library
File
FILE2
(updated)

Extended Description Extended Description
Notes Ref, Notes Ref.
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Author: System/Program: _ACRO Date: Page: _of
Diag .41 Name: UPDATE Description:
Inpat Process Output
1. /BIOLIB/F —7n%thid7 = 4 v
/BIOLIB/ S

Extended Description

2 H7 rANEHRSET CDEE

3. #E%E L7z data® Biological L ibrary

icHEHTo

+xX. XXXEEX X~ XXXEXX
+X. XXEEXX —. XXEXX

A% LEidoe (ED, EW, EYILDOWTOD

&)

File E#< o

/

él 7 74 n

FILE4.

Biolggical

Library

Extended Description

File

FILE2

Notes

Ref.

Notes

Ref.
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Extended Descriptian

2 BHEEts b 50

8. HEi%t,thdse

4 Dg,Dy,Dss Po
AMAD, f, ¥y b¥ Do
BR¥EH

5 BE%Z®» 1450
6. HB5477) —%Fd,

=

optioniCk b
inhalation €7
iz <=p| 1NHAL ||
ingestion €7
St ;
8 #HMPESIVYIFLT2~R3,0

[SOToUT |

Extended Description

Author: System/Program_ ACRO Date: Page: ___ of
Diagram ;50 Name:_COMPUT Description:
Input Process Output
1 BEER, OBEREET I
ZINPUT/ o REAC LA

Notes

Ref Notes

Ref.
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Author: System Program;_ACRQ Date: Page: of
Diagram 0;_ 51 Name: _ SET Description:
Input Process Output
1. BSREOBE LI AN T —F % day iICHE—
Z/INPUT/ ]
JTABLES/ | J—— > .
T A HOENEREETIE Do

2 HEMBOABEHE07 1T T 5o | /OUTEUT.

Extended Description

Extended Description

Notes

Ref. Notes

Ref,
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Author: System/Program:__ ACRO
Diagram ID: 52 Name: _ INHAL

Date: ___Page: ___ of

Description:

Input Process

Outgut

1. Organ Code =87I5# Lung model

/INPUT/ —

/NOW./ _:> £9 50

2. Organ code =18 754 GI  traet

model £ 9 5q

3. ZhEADOrgan code C2VTH,

Organ model &3 50

Extended Description Extended Description

" Notes : Ref Notes Ref,
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Author: System/Program:__ACRO Date: Page: of
Diagram D 5-21 Name: __LUNG Description:
Input Process. Gutput
TGLM=E 7
/BIOLIBS ’
/ INPUT/ L Classﬁtcto’CEn’&set?"éo
—_— K
SNOW/ —_— A . .
2 time<tinhalation % 5H (Eq.
/TABLES/ Y
A /80LOUT/
#CONTRL/ 19), ( Eq.23) &7 ET 30

Extended Description

(Eq. 47 ) Z3HHT %o

3. time> tiphajation % 6 (Eq.4)

Extended Description

Notes

Ret

Notes

Ref.

—-31-—




PNC TN841 78 —01
Author: System/Program:__ACRO Date: Page: of
Diagram ID: 522 Name: __GT Description:
Inpat Process Output
1. time<tiphalation 7% 5t ( Eq.49)
ZINPUT/
/GEQLIB/ ' EHET 50
/TABLES/ —:> .
ANOW/ 2 time>tinhalation % 51I{ Eq.51) ‘
/CONTRL/ EHTT 3o V| /S0LOUT/

Entry
GIO ¥

3 BENEERDL:HIC(Ep. 53),
(Eq.53), (Eq56), (Eq.57)%
HET 50

4 GI(ULI)HBXUGI(LLI} 2T

M & Burden i factor( 1 — £;) &) 34

Extended Description

Extended Description

Notes

Ref Notes

Ref.
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Author: System/Program:__ ACRO Date: Page: of
Diagram ID:__5.2.3 Name:__ORGAN Description:
ImpuJt - Protess Output
L time <tinhalation 3 'Bhf(Eq. 18),
7 INPUT (Eq.21), (Eq. 22) 38T 32
q- 4 q. E+ ° .
JGEOLInY p m— | 7OUTPUT,
oW, — 2 time> tinhalation 54 6‘1(Eq-43)-
/CONTRL/ (Eq.44), (Eq.46) #3¥+ 2,
Extended Description Extended Description
Notes Ref. Notes Ref,
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Author:

System/Program:__ ACRO

Diagram ID:__5-3

Date:

Name; _ INTAKE

Description;

Page:

of

Input

Process

Z/INPUT/

[ E—

¥ 5B,

1. option #acute’I Sid acute model

ACUTE

2. option#t chronic 7L 5 chronie

Qutput

model &F 3,
<= CcHRO
Extended Description Extended Description
Notes Ret, Notes : Ret.




PNC TN841 78—01

Extended Description

Extended Description

Author: System/Program:__ ACRO Date: Page: ___ of
Diagram iD:_5:3.1 Name:__ ACUTE Description:
Inpat " Process Output
ZINPUT/ | 31 (Eq.58), (Eq.59) ##<, > /OUTPUT/
ZGEOLIB/ -
ZTABLES/
NOW/
/CONTRL/

Notes

Ref.

Notes

Reft,
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Extended Description

2.

time>tingestion % 5 ( Eq. 62),

(Eq. 63), (Eq.64) £BET 50

Extended Description

Author: System/Program:___ ACROQ Date: Page: . _ of
Diagram ID:__5.3.2 Name: __CHRO Description:
Input Process Qutput
ZINPUTS 1. timEStingestion £ "9‘1( Eq»ﬁo)r Vs
/TABLES/ | I
/GEOLIB/ (Eq.61)%H5HF 50
/NOWA
/CONTRL ./

Notes

Ref.

Notes

Ref,
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Author:

Diagram ID:__5:4

System/Program:__ACRO

Date:

Page: _____ of

Name: SQLOUT

Description:

Input

Process

/INPUT/
Z80LOUT/
/NOW/

E—

Extended Description

1. CaseOEHESEADF-2DEHRL

2

3. Organ Burden %58, BEGKSY

4.

5.

tbOETNV YT Be
BRETY) ¥ MF Bo

¥ b9 Be

BHESY Y b b

Dose ¥, REHLZSY ¥ +T 3.

Extended Desciiption

Cutput

Notes

Ref

Notes
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Class, meta—flag KU organ code
BFF—ILRAFy YT 5o

2 Table DREZNY & £ —2HFETH
4i%®$f§% [Pty FT 3o

3 LLEELLBHIEIP=0 &5 5

4 HLE#HLLs-#EEITIE, =5-
P~V HTIRZEHLARS, B
HE-21Lty T B,

Extended Description

Extended Description

Author: System Program__ ACRO Date: Page: ____ of
Diagram ID: 6.0 Namg:__LOCATE : Describtion:
Input Process GQutput
L - . .
/INPUT/ Biological Library table%® /CONTRL/
/GEOLIB/ —t————| Atomic number, Atomic mass, IP, IR
/NOW/ '

Notes

Ref. Notes

Ref,
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5—2 ABH-—-FERK
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HEAD ~ #4 b (HEAD) (A8, 18A4)
HFa, T3-80RETAMETA
(YY/MM,/DO ) ,
LABEL %7 x4+ (LABEL) (A8, 18A4)
'ORGAN #&E=— 1 (KORG) (A8, 1614)
NUCLIDE 1.),?%%%' (NZ) (Ag, 214,
2EF& (MASS) 212, /8%,
3877 5 x (KLASS) D=1 6E8. 3)
W= 2
Y=3
4#%E > 5 7 (METAIN)
EE R E=0
BEERE=1
SR A (i3 B ) B (TIT)
6B A (22 XER)Z(POT) : pCi
7.AMAD (AMADT) : micron
8D(D3T) | A/ fE® 00F A,
9.D(D4T)  AMADICL b & H
10.D(DsT) | + 3, |
TIME 02 51 e (A8, 8ES8. 3)
(R, BATARERREHRSASLSOBRERMAL T 3, )
UNIT AR LRI T — 7 OB EEAL (AS,AS)
SEC, HR, DAY, YEAR®
wFh %A

(A, HHOFHREAMIZLT, Tz T

BELARIER B,
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-7 —F

(A8) 7 —~ # 1R B 74— v}

INHALATION ) )
3o0OF - —FO L, 1D2%iA

(Asg, 8X,
ACUTEx» I * CHRONIC (i ingestion
ACUTE I1)
model [T HAI N 3,

chb®dH—FT, standard man

CHRONIC A
»BWnit, reference man% #HEET 3,

standard man= 0

reference man=1

cthbobr—Fik, ATV 3~
OIEOMIC, end of cased
%ﬁ%%iﬁéo

% Biological library card #library OBMEEDRDIEANTE 541, ZDERIL library
data EE—ERET 50
AHDIRE, EE2H —FXORTREORTNER ST,
: Library card ]
(#1) S L Library EEN—F
HEAD card
LABEL card

> case 1

INHALATION card

HEAD ‘ eard
LABEL card

> case 2
ACUTE card
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AH 1. AEBFEOERE

1) EHALELUSNORE

Organ Standard manz) Reference man®)
Total Body 70,000 g 70,000 g
Body Water 43,000 42,000
Kidneys 300 310
Liver 1,700 1, 800
Spleen 150 180
Bone* 7,000 6,000
Fat 10,000 13,500
Lungs 1,000 1,000
Adrenals 20 14
Testes 40 35
Ovaries 8 11
Skin 2,000 2,600
Brain 1,500 1,400
Muscle 30,000 28,000
Prostate 20 16
Thyroid 20 20
Pancreas 70 100
Heart 300 330

% Standard man Cit, marrow B WA E S, Reference man T{d, coatical bone

TERWAERE L Lo

EEE, & 0 EHBIE, red marrow ¥ L endosteal tissue T35 Lzbh TWnid,

2) WIEOREDHEE

G.IL.-tract

Sténdard manz)

Reference man®)

GI (S) 250 g 250 g
GI (SI) 1,100 " 400
GL (ULIL) 135 220
GI (LLI) 150 135
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ff # II. Biological Data Library
f—ﬂ‘?%fﬁﬂmd,242&@(1977&11ﬂﬁ&)@ffﬂﬁ%%§ﬂfﬁb.

TO7 44— b AROBLTDH B,

COLUMN FORMAT ' VARIABLE
1-3 I3 R+ % 5 |
4—6 I3 - B F OB
7 It R AOTEE : 7 5 > 7 —#ERE

1 —RRERE

8—9 A 2 T ER S

10—-11 I2 S #wmE = - F

12-19 E8.3  EEERE, B

21-27 E8.3 = HWENEERA, B

28-35 ES. 3 BEUC L D ks~ A ok BED 5 bBRE~IET 5
&, fo (=11 fy)

3&43 E8. 3 BARKLYPERNNA>AYED S bRE~ZET 2
HUE, fa (FEFrr5aTEHEALZN, )

44-51 E8. 3 Mg LB E~BTT 584, 1

52—-59 ES8. 3 RETORMES LUFTOBRBRER L 2 EHRIN =
r%, B, MeV/dis, (fikowncTit, 180
th—msmmwetmm,T&bbﬂazD%E
X ltGe )

60—65 B6.2%  BKowT, 5000 half—residence time
Thabb, 252AWHEROWTREBOES £
BLAEHBR =315, MeV

66—71 E6.2"* [@ET, 50000 half—residence time 4

Z#bb, 77 2AYPWHCHIET 5 E,

¥,k 77 2AWHBORYHATH > THBBEOES D, EHRWT ANVFLTZ 2 DOTCHIESR, D

AFLBT 7Y 7L 5THY, TOEAR, #5652 59 DEEES.
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#ZE a2~ F (Organ Code) HKKOBDH TS 5,

1 Total Body £ &
- 2 Body Water R K
3 Kidneys 3 =4
4 Liver JFF LES
5 Spleen i &
6 3Bone . F
7 Fatl i il
8 Lungs i
9 Adrenals =] &
10 Testes =2 3
11 Ovaries 5B B
12 Skin 54 &
13 Brain i
14 Muscle | 5 =]
15 Prostate Al i R
16 Thyroid B R R
17 Pancreas 3 ik
18 Heart oL 7
(19  GI-tract H 1t ')
20 Stomach =
21 Small intestine 2N 2]

22 TUpper large intestine K BB

23 Lower large intestine BT

Library FO&EWEHERBCEr T, 72 =2V 22 JFMOT 2 7= Vd, XHK2), &
Yt 3o EREREY, TR ).0EFHEALL, Ta2bb, IIHFLLWEEREHEATLC

Pl (4R Y N
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2)
&4, ICRP Pub .2 TH, 7o =20 abliifMioTsFs=FConTOERTD

ARG, 73X 10° A (200£) 2 oTwa2t, ICRP Pub. 194 ¢4,
365 X10°H (100 %) LFEIhTWnAD,

FiEConwTd, 7ob=yalOonT, Pub.223X10°H T 20Cx L CPub.19 T
1146 X10°HEZRTWD, 2 COfEME, Pub. 190 PP. 47 KB A FTROXE 4 EHh

W, o725 =2PConwTERL 2,

"Until more information on other actinides becomes available, it must be
assumed that these actinides will have a retention time in human liver similar

to that of plutonium."
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HHII RhBERED;, Dy, BLUTD;IC20T o)
BAZT 28/ 2rdbndRFORER, WERERNOLEHELZRET 2EREZEFTD 2,
RFREIR, GEEREESRICRES &%bhfwgl BRFEoRPLFLLT CMD( count
median diameter ), MMD (mass median diameter )& X P AMD (activitymedian
diameter) Z ERBH, zh boBFEE Fig I—10k 5%%@1’1‘(%21 AMD & MMD

0 EHENKE LS‘?—;

& COUNT MODE (0.6191) .
0.H NIOnERR, BB LORRE T
0.6] COUNT MEDLAN (1.0W) B2 5LSbhTwaLikECEERT 57
?, 0.5 COUNT MEAN (1.272y) 77 RABNFEL A YEHEROA T
g 0.4 _ %<, BMMMOTEL o2 & bBET
% 0. DIAMETER OF AVERAGE MASS (2.0561) 2 ¢ % 2 6 r & I EHETDH 5 551)
2 0.0 AREA MEDIAN (2.614p)
=T AREA MEAN (3.324u)
0.1 MASS MEDIAN (4.226))
JMASS MEAN (5.374y)
OIC L) L} L3 L] 1] T . '
1 2 3 4 5 6 7
PARTICLE DIAMETER (MT.CRONS)
Figli—1 CMD=1¢m
RE(%2)=020%HB D
&R T O BBk
ICRP#x 2, zrr—-713, chbit®EE4& s MMAD (mass median aerodynamic di-

6)
ameter) LOME% Fig I— 2L Figll-3.0X 5 E42Twa, (TBEHTODWTH,

008 TC—FELEInb, )

o PHARYNY-20 1 TN ITT T
5ol NASOPHARYNX-20 L/ _| 50
MIN |4 \ PULMONARY-20 L/MIN
_ 20
20
5 10 g 10
% [ / = 5
e =
s 4 a
E 2 ' f % 2 i
g [=]
4 10 g 1.0 .\
3 0.5 g 0.5
o / 3
g 0.2 Z g 0.2 A
g / g
% 0.1 g 0.%
] .
%0.057— go.m
0.02 0.02
0.0, 0.0% 305070 50 99 99.9
11 10 V0D 90 99.9 0.1 1_ 10 305070 i
PERCENT DEPOSITION PERCENT DEPOSITION
Fig m—2 MMAD :NP# Fig MM—3 MMAD &P
~OEH & ~DILEE &
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7es3 AT, LEEE&%,AMAD (activity median aerodynamic diameter )
Ofilcr b, Fig M-2% k0 Fig T30/ THET 32, L IFLAFESBLRAS
A3, *OMEERBFHELLTHERTE 3, ‘

8N FHEHIH

BLTFWCACRO% IBM370./115 LT L Hbl% T,

AP, ChEFRAP 7 —ATHY)HAINABBOESMERIETE 2 o
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