:. ‘exposure physical examinations and clin-

ical laboratory determinations were ob-
tained according to -the schedule previ-
ously detailed. .

All subjects were placed under close
medical surveillance following each expo-

" - sure. A resting 12-lead ECG was obtained
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15—30 min after exposure. All of the pre-
exposure clinical studies were repeated on
a weekly basis, and the subjects were kept
f under surveillance for one year following
% these exposures.

; Following the last exposure of the
: sequence, each subjeet was given a com-
prehensive medical examination including
a complete history and physical examina-
tioa with the following laboratory studies:
complete blood count, urinalysis, complete
panel of clinical chemistries (23 values
plus 2 calculated), and a 12-lead ECG.
Then the health of each subject was
monttored for one year by the investiga-
tors.

RESULTS

Analysis of exposure chamber
j atmosphere

The daily time-weighted average concen-
trations of isobutane or propame in the
' controlled-environment chamber for each
of the exposure conditions are found in
iable 1. The actual concentrations were
within a few per cent of those desired.

Medical surveillance

No untoward subjective symptoms or
objective signs of illness were noted dur-

ing exposure or in the surveillance period
which followed each exposure. Pre- and
postexposure comprehensive medical ex-
aminations revealed that all subjects re-
mained in good health during the study
{20). All of the clinical hematologies and
chemistries remained within the limits of
normal {20). When a laboratory measure-
ment wvaried more than two standard
deviations from the normal mean value
(5 % of all measurements), a repeat
determination was obtained to confirm .
that a significant change had not occurred.
Isobutane was present in the blood and

expired breath of the subjects during and
following exposure (20). The isobutane
blood levels are listed in table 2. The
isobutane breath data have been presented
elsewhere (20).

Effects of e:i:posure on the heart

None of the subjects experienced any
untoward signs or symptoms referable to
the heart during exposure or in the post-
exposure period of surveillance. No change
from the preexposure control ECG tracing
was observed in the postexposure standard
12-lead ECGs or in the modified lead Vj
monitored continuously by telemetry dur-
ing the different exposures. None of the
subjects developed arrhythmia.

Pulmonary function studies

The functional integrity of the pulmonary
airways, as monitored by the pulmonary
function tests, did not appear io be
affected by either the acute or the repeti-
tive series of exposures {20). A summary
of the spirometric data is listed in table 3.

Table 2. Isobutane in blood, micrograms per milliliter, during and following repetitive 8-h expos-
ures to an isobutane concentration of 500 ppm. (Mean ¥ standard deviation)

Time First Week Second Week 500 ppm .Al;l 500 ppm
Mon. Wed.  Fri. Mon. Wed.  Fri fluctuating exposures
" Preexposure 0.00 0.01 0.01 0.00 0.01 0.01
5 +0.00 *000 000 +0.00 *o0.00 =o0.00 0.01 +£0.01 0.01 £ 0.00
¥ 15 min 0.08 0.06 0.07 0.08 0.07 . 0.05
! preexit’ 001 Fo001 +002 +002 *o0.02 o001 0.09 £ 0.03 0.07 £ 0.01
¢ 15 min 002 002 002 002 002 002
! postexit +0.01 001 *0.00 + 001 *90.01 +o001 0.03 + 0.00 0.02 + 0.00
240
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Table 3. Pulmonary function after 5 h of exposure to isobutane® (Mean + standard deviation)

” FVC FEV; % PEFR : MMEF
Condition —
(1 BTPs) FVC U/s) /s)

Repetitive exposure,
500 ppm, n = 4

Control 4311 87.8 + 3.5 9.4 + 26 47 + 1.2

ist day, 1st week 44 % 1.2% B85.6 £ 7.7 g8t 25 45 + 0.5

3rd day, 1st week 43113 B8.7 £ 174 8727 4.7 %03

2nd day, 2nd week 43+ 1.2 88.8 * 6.3 8625 44 1 0.2

S5th day, 2nd week 45+ 1.2 83.9 49 84123 45 + 04
Single exposure, '
1,000 ppm, n =3 \

Control 41% 10 85.6 55 . 87+ 19 42 03

Single exposure 421 85.2 4.4 . 88X 17 41 + 0.7

a FVC = maximum volume of air exhaled after a maximum inspiration; FEV\/FVC = per cent
of FVC exhaled in 1 s; PEFR = maximum rate of air flow during FVC maneuver; MMEF =
maximum rate of air flow at midpoint of FVC, .

Table 4. Eight-hour ACTH stimulation test following repetitive exposures to isobutane.

Preexposure After 5 After 10
Subject control repetitive repetitive lskg?l‘{-l of 2ndAg;¥{ of
24-h urine 8-h exposures 8-h exposures ;
17-KS 17-OH 17-KS 17-OH 17-KS 17-OH 17-KS 17-OH 17-KS 17-OH

(mg) (mg) (mg) (mg)

(mg) (mg) (mg) (mg) *© (mg) (mg)

20.5 6.6 22.3 26.4 26.5 40.1

Male 13.3 7.7 14.1 8.8

Male 14.6 8.2 15.7 45 16.3 102 24.7 46.3 31.2 65.7
Female 7.1 3.9 6.9 4.0 No sample 137 15.6 18.1 28.7
Female 114 5.1 7.1 5.0 12.8 8.6 156 20.1 16.2 33.2

No trends or consistent changes were
noted.

Adrenocorticotrophic hormone stimulation
test

Following the repetitive exposures, all
eight subjects had normal 17-ketosteroids
and 17-hydroxyketosteroids. The subjects
were given an 8-h ACTH stimulation test
(40 units) on two successive days, and all
showed a mormal response (table 4).

Neurological studies

No neurological abnormalities occurred
during the observation period. The
modified Romberg test and the heel-to-toe
test remained normal. The routine neuro-

logical test was unaltered by the expo-
sures.

Electroencephalography

No significant alterations occurred in the
EEGs of any of the subjects under any of
the exposure conditions (20). Time con-
straints precluded the obtaining of a com-
plete EEG, and thus limited the value of
these data.

Visual evoked response

During the final week of exposure a
definite reduction in the amplitudes of the
3, 4, and 5 waves was observed. The sig-
nificance of this observation is uncertain
"and merits further investigation.
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Cognitive tests

Exposure to isobutane, or mixtures of
isobutane and propane, did not result in
cognitive test performance decrements
(20). The mean test performances under
control and exposure conditions were
plotted for each control and exposure day.
Then a linear regression line with 75 %
confidence limits was drawn through the
0 ppm data. After adjustment for the trend
through the 0 ppm data, t tests were per-
formed to determine if the exposure data
were significantly different from the
regression line.

On two occasions arithmetic scores were
higher than anticipated, but in the absence
of a consistent change in test performance
or a dose-related response, these results
are interpreted as showing no effect of
exposure.

DISCUSSION

Acute exposures to isobutane in concen-
trations - of 250, 500, or 1,000 ppm for
periods of 1 min to 8 h did not produce
any untoward physiological effect as
monitored by the methods employed.
Repetitive exposures to iscbutane 500 Ppm
for 1, 2 or 8 h, five days a week for ten
exposures were also without any mea-
surable untoward physiological effect.
Mixtures of the two gases in the concen-
trations investigated exerted no untoward
physiological effects.

Of particular importance was the obser-
vation that none of the subjects showed
any decrement in pulmonary function or
alteration in cardiac rhythm as the result
of exposure to concentrations of the gases
permitted in the occupational setting, con-
centrations generally higher and of much
greater duration than would occur during
the normal use of aerosol products in the
home. Thus it would seem that short-term
exposure to isobutane not exceeding the
threshold limit value for American in-

: dustry does not have the potential to affect
5 normal heart or lungs adversely.

! The reduction in the VER wave ampli-
6 tude recorded during the second week of
& repetitive exposure to isobutane is trouble-

# some because this type of reduction can be

e

0t
i
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due to central nervous depression and has
been observed prior to the development of
overt signs of meurological impairment
(23). This finding merits further investiga-
tion.

The analysis of expired breath or blood
for isobutane in the early postexposure
period provides a feasible diagnostic test
of exposure. The use of gas chromato-
graphy permits the detection of isobutane
in expired breath for at least 5§ h after
two or more hours of exposure.
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BB E N RELREFIZ OV TIL, BEEES
LiIZRRY, EERNTHSIETICPEEL LT
TERREREZRHETEILOTH S, HVVER
NEL, TEBRBLANFE > ARELRT
IZHIRRAIZ W, LL, BERLAVWELL &R
EREILLVPEEZRLIZLHEMTE S,

ULOPRFEFFIT, BRI TWBRRI1S
TanvHARANNITE L —Fa X BRET R
BilLrMPHELHMTE 5, 2HEPERR
WL, HEfE. BHE - B2 OMho iR
BRIERFTR, HES - EH., B - THEOH
ILESER., TERBCEDIFRENRHET S M,
LDEREOREFRBZIRAHIN TV AN,
Q) AEHEHNZONT

BY#EDL =TT — RKDOHARE SR DA
i, EGEFREORRVWIEEEIN T 0
Wy =T B HAZBBINDIEERX, VAE
N3H5HZ L TCREGBKRRRETCHD, EEF
DIERDFRENZ DWTIE, RERER o
FREZRN LB rERINED, /o, BRI
DT ORI 2L 2V, KFAEZEF OFHEMSE
FEWEEZBNS,

HSDB IZRC# S N - FAEEFIIFEMABFAHTH
BB, R T ATORE/RRESBE LTS,
Q)EEFMEDE L

PUEDG, BB 2BELRITZ. BhIC
L HBMHRBRBEOMGR, BhORFFRMEEIZLS
BRIV TRERZA®E S TY
LM, BEOELIZRIT 5 A EBEREEIIH
HEh Ty, 2EPRIRBONTE, BTHET
o< | FREERRPRMRRERETR, ¥
LB, BRBETRREBA LN,

E. f53%

FEEAERRICBITR T, a0l
BLEREEBLZUTICELD,

1) BEESLZTOLRL

AMER - pHMREx - VYY) REZ R
P—E R EOERMENS VARSI ET
DIESE, UEHRADEE - RU_FTHE - fHiTE
ANVEEREDHRAETHEE, ZhbDa—
P EIZBIT ZRESEE O EMRE - &
Zbh3,

EHARBELROVLTE, BELVREN
EHERIEND, EHOLRBRETIE. RTUT 4
THRERE I & 5 IREEFER (1000ppm) % &AM
ZOEBRERENb-I-LHAIENS,

2) BBRERIC X DR

SRR & — OO EES 2 R
Wi, fAIS2DERE ETHRERIBESN
TWARW, BHMAREREREZEICBWVTIR,
AR (B, Bk, BERY) | HILE
FER, SHICERFEENREIVES, B, B
FE LA TR EMORTREREZEE LSS Z L
o, BREB~OEELEG LGV,

3) HEHEEETER LELOXER

BEOEFEIZOVTIX, BARADEEBESFS
DHFBEEIITZ A2\ TiX 500ppn & B 5L
LW, 7ZrAvOREBRARV, —F, KEIX
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RED 1~4 DIEHRRILKFE L —FE LT of liquid gas. Eur J Emerg Med. Mar; 10(1):
1000ppm & LTW3B, RAVIETZ L - Fasiy 44-6 2003.
& H1IZ 1000ppm T, KA V3G RBEORIE
BT A HRENRFFDTN S,
LxU7Zenb, RidDERICBIT 2 EE 0k
EIZBWTIE, ZTRODBELNVICET ST
LRFBELMESIND, LEZBNoT, BEICEW
THEHENRBEOTHEREETHY ., VAR
NEBHIEL, 2868555 WVIIRFHERZE 2
THEEBOMAENSLELEZONS,

B35 3R

DEXBEFSTRBETRS: 74V (2R
M) EEEEZE 30: 337-338 1988

2)ACGIH. Aliphatic hydrocarbon C1-C4 gases
ACGIH Documentation CD-ROM 2004

3)Deutsche Bundesministrium fiir Arbeit und
Soziales. TRGS900
(http://www. baua. de/nn_16806/de/Themen—v
on-A-Z/Gefahrstoffe/TRGS/pdf /TRGS-900. pd
f)

4)HSDB. Butane
http://toxnet. nlm. nih. gov/cgi-bin/sis/se
arch/f?. /temp/ XOgeBp:1 08/02/22 7 7 &
A

5)Kearney CA, Dunham DB. Gasoline vapor
exposures at a high volume service station.
Am Ind Hyg Assoc J. 1986 Sep; 47(9): 535-9

6)HSDB. Propane
http://toxnet. nlm. nih. gov/cgi-bin/sis/se
arch/f?. /temp/ 7e4wHB:1 08/02/22 7 7 ¥ &

7)Papp A. Fialle von
Propan—-Butan—-Gas—Vergiftungen. Mtnch Med
Wochenschr. 101: 235, 1959. (FA VB, &%
CEAT &)

8)Aydin Y, Ozgakar L. Occupational hepatitis
due to chronic inhalation of propane and
butane gases. Int J Clin Pract.
Jul-Aug;57(6): 546 2003.

9) Ambrosio L, Inserra A, Sfogliano C. Cases
of occupational poisoning among workers
engaged in bottling commercial liquid gas
(butane—propane). Folia Med (Napoli). Jan;
51(1):14-32 1968. (A ¥ Y 7&&

10)Anisimov RP, Kokin VV. Morbidity with
temporary disability of gas—cylinder bus
drivers. Gig Tr Prof Zabol. 1991; (7) :23-4.
(2 78, RXPETX)
1) % - iR - EXPHEE GEHR) .
FOR : EHREMAR, 1981: 489—490.

12)Frangides CY, Tzortzatos GV, Koulouras V,
Pneumatikos IA. Acute massive
rhabdomyolysis due to prolonged inhalation
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AR A EREE BEBORE

SRS - BSATBIEAFELRSFEERSUIRET FH
Ml NE . MNATEEEA G BRSFARSHRST Al &
NS . ISATEIRAGBR ARSI B)Re

n-7H iR EOBEDOEREBERRDZ L EBRNCT v MU RAFOWABRE R #3RE LT,
R NIZFHE LTI SN D RMED T R % | 1BRRALUT ORE T 1 ~4 RO, ZE L5
ETHRET v\ —NICES ZEBRELRD, RRLERDITRAIERTEREFRLEZLO
ERUNCTEL, FRRICR O ARCTRE L MER & & bICREREERICEATEZ L & L, i
BHES I, v A7 —ay bo—5 L Lo TERHRART A RUBROKELHIE L, B
FKREN 20% L7725 X HRA L, BRAESEEZIMBOTDKTNTY Ttk BEF v _—|TEA
L7z, BBEF ¥ N"—DFEIT 1351 & L, BRI REIH O COERFRICTERT 23, #
HALMEREZH LR 70—/ o= —Z XV REZHE L TRATDZ L LAHETH
B, JIVeNTE U TEEREY 1%& U 4 B ORE % i Uiz, #KIBIEk 10 BE/REE L7-A3,

BREEBALATRA 20 73 T°F ¥ v\ —NREIL BIRD 98%ITE LUKEE LT,

A. AR

Whwpd THRNNAFER (fERESND T A
F—HTR ENETSAZ—RTA F—~D
AR ~_EEL) RREAIEY AR~
BEDOHRNITZ HABRBNSNTWS, &
i n-T7 4 URERSTHBH, n-7 F A58
BER—05 Co%k., BEotiRcied 1 V7
ZoRTuUNUPREINTNDEZLELH D,
INHDHADEMIR LIBR DOIRIETOR
FEREBOFMII OV TTE < oo TRYY,
I CEBRBMIRA ST, BEET L5,
BHERH L IZRRY n T VHR, AV TH
VIR, TR H RLER TR O CIRE
BRZ T A2 REIZR o iitia e X555
20, UHEFTOFEEANT < BEEE TS
TERVOTRIRY R DFEREREE % TTHEIC
THEBORMEETDHZ Lol

B. Wik

IREREBELRAET BICY Y . S 9EERE
BREOR%E Lz,

YUHIFERTCIL AL FHE O EOFER AT
BE. HEBEEE TORBIZECEBETS
T EBE, UL, SEOEMIL THR
) THY ., BERRICATEHREORE
ERRETDIUNERDHD, nT X DB, Ty
R LCso A% 658 g/m*(277,018 ppm)x4 B¥fE V. <
7 2 T3 LCso 75 680 g/m>(286,280 ppm)x2 B V.
ATIZ 10,000 ppm T 10 7% AT 5 L IREHS
Bns 22 Exbho T3, fith, 1B%BRR
B3 1.8~84%(viv) (ICSC() (2003)) 72DT,
IRRERA TIRMELL T OREICRE L2V & 1]
BT ¥ o— GRERIZEDbETF v i—&
KL TWD) B MR %A LEABMARIC L7
THRLT| BROUEIARTETHS, £
T, BEAIZRENRD b 1 %(10,000
ppm ). K 1.8% LA TOMRRIBE T, HK 45
RRREET 5 = & % BRIk LT,

ZOMDGEMHE UT, BRIEBED R A
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RuEHRAIa< N5 74 (GC) TOEEHIE
Ex=g ) o TIXREEROT, —ERENE L
i BET=Z V) VT2 RBELTBEVAT AT
2 T by, GC TOREE=Z)
DEREERERIT, FAn-TETR AT
FUHR, TR HRFAAOT REE, Y
VEEERWRIGKFERDT ECD, NPD &£\
SR ORBBIIFEZ RN ETH B,
BETIC, FID [IRESEDREBROT, T
L ETORMECL > TRBIILRVETH, B
HEFRE DS BT & TARMB I ) REEREE
OTLEIFEEMEGH D, #HgTt=FY 7z

IEREE TH D, F=IC, ME—TRIREZ2DIL TCD
ThdD., FHLIES, BATBIZH TCD
3% < GC & —EBNZ 2> TWT, AFERRET
HD,

UEDEHNG, B n-7 % %% BROE
BEE TEIHR U EET ZAOHEEDO T 2 %
EHFIIRNIFTHEIE, e 20 ERT
TEEERLE, LML, TAOEEIIEEHE
W TIL0.55% F TOREE LHMEN RV EIET X
Nz, LIzhio T, ERFROBHET R EMED |
IFX VT F X R THELRA LTEY
WCIRASEDVRT LR LT,

C. WFeER

AIDRDOFM & RESBFTORMZRE 2| BiE
Fx N N—OEUEEFE L H#E L OOKRD LD
2F e N —DEYEEAT o= (® 1),

Fx L8P X HMBL; W600x D 450x H500
mm THZER 135 L. NEICEMEZINET 55
—Y (¥4 X : W320xD210xH130 mm, T v
b 3 LT, < U2 10 ICATEIUARTRE) 23 2
ENAFTRE TH D, ERNVATHR L= BROY
A (FRYET AAFE CREIZ 3SHTOBERH D L
D) LR L REREAOEBEIDER N

EEE L. ThENDOTA iivRT7u— (&
KIRE 30 L/5ans 28 & B K& 10 L/43as 1
&) 237, BEOLEZER L, FnFn
DHARZ IFT o TF % R "—TRA L. INE
DEANARB TR EKIINT Y U T EGTHE,
BET v N—ICEATDL I R>TV 5B,

VA7 0—DY A AOBHUIRD X 5 THh
%, OECD DT R " A K4 L Tid 1 B
12~15 [B|DBREHAMRLE L DT, 145147

BEF27T~34 L OIRA T A %% B UENH B,
BRRBEIIRIF T 21% TH Y | G
VERZ2RINT 18% 720 T, ERAROBY
R 415 UTHEER | 0BG TRATIUTEE
FHEHANTH Y, BKEEE 15 BICREL L
L THIEBHTO BET R 1L 2721145, BERAT A
%68 IgETENIUTI LW, /2, w271
—IERTRELTHEDT, EHNRAFRD
REITAZAVLRY, BBETEIHTR %2 n-7 %
YA I TE R TR T LT LEE
BIET 2MEITR, (ERLERLaV Yy
—VaryT7y 7 X — IR LD THREDY
EZIR0,)

HERUZOWTIL, TR S TRE S®EB &
BETLIBNEH B0, FI7 M@ TH
RIS B 528277,

LIAT, MR R O~V UL ERRE
B2V ESNZNT THIRIL LRV O TEE
4TL RN Tm 1 EEFEDT (14 MPa §it%)
52 LDEL, EBEOBKIEELS 4 BHNRE
WCRBEI2 T A DM &2 EOFE IR Z 0%l

TLZEHE LTz, L, T Z R
A VT EUTR, TaeHRixdH HBREMU
DENENT B LRILTHDOT, BRI ATH
MU BT RIR L NCFED BEE n-7
HATIES MPa, A Y 7% H ATl 8 MPa.
TaNRUH AT 11.8 MPa £ TLAED B

—752—



2, TIHDESD 4TL R AT A
TO 4 BEEE COWMEIL, R~ 1KH72Y
n-7F U HATIROTOLS, AV THVHRT
X156 /%3, 7/ XU HATIX 231443 TH-
Tro 075 VBERGBADT A o ZGE T A
B T2REWINC L THRZFHLIZELTDH
19.5 L/%y LAgiedd, #5BEK 12 B B2 AT
A0 (21.6L/57) ZHEETEIRVY,

AR KB A L. 1 B 720 10 @]
72 B ATRER Z & AVHIA L 7=,

CUIEMS, LLTFOX 5 IR EMN AR 2 o T,
BERHAFROBRIHT R 125 %D 47 L AR~
ZVERR L. 18 L/ OFEEIC~ A 7 a—"CHilfE L
TIFV T Fr o nN—~ED -7F 0T 2
RN, A VT F T2 RERAE LgP TR
VREYEEZ . FalviT 1| REOHAE).,
BERIT 45 UpoiiaRlc, ALK <vA7a—T
HI#EILCIF I F v —~ED, 10,000
ppm DIREI TS D, ENDODREN A ZK
DART Y JEBIELT, BET v 13—
a5, BRAETADOBRIT4REEITY, 2D
& & OBKIEIENT 10 BRI TH 5,

BPRDOEMT, T XV AR (129% : HA
RELEWERE) %7 > MIRE L TTER
ERBE L, ZORRO—EE [M] £LT
A&, ik 1.03 % (10,300 ppm) DEE T
IREARECTH - 72h, UUTOFIETREET =4
Uo7 EBTOHERR LT, 5 THE 10 3 iREE T
LS5 SLOF KTy ZIHI L DH
AEFRL, EHICHRHE (No.103 : KR
KER., VAT v27) KLV BEZRIELL,

o, B TRICALT K9—y s hby

Yo UT0S5mL #EIR LT GCIZEAL (Bt
RUEFTEL GC-14B, X+ U7 H X :N,, FID &
HigR) THIE L7, BFHETR1T 0513 %DH D
Ve, %OD%%%%‘%L;H?TO #1 20 D TE

HREIEL, EREEITN103%THRE L,

D. B

RIRINTBRETHRB LIZZ L b, A%
BEBITEME AN TEE LBRENTEET
HHZ EPH LN T,

Lo L, AREEE CRRE R KRG RE IR
NROWBE L ESTTRE D120, EFROBRESRM
ThEn-7' % 110,000 ppm SRRV,
10,000 ppm LA EDEREEZERET H5E. #XE]
BAEREO L, XEREDT X% HET v
BETHD, Ll BREFEEEOL LTES &,
EMHDOIFRDIRBEN R BENEETE R A
D, BAYHD, vAT7o—2HRTIHD
BRESHSEEX BILEM, 1.8%L LD n-T & v
HANY R XTI (FEROIERIF T IL R
#) . BEFRIEROBNDH DT, n- T &
TId 1 44%FREE DR EEHS AR TOMRERRA &
2%, TN EDOREOIRER VE LT D55,
n-7 & VIR EERETORARES N, B
1BREEEXDVNENRD D,

B CIIBEDOHIRE HHH, R~_OEE
HRETHRADRBIFZES T2 TRER VR
ThEEZZ BN,

E. ##
AEBERNTC T E T RET Y Mg
8 U7 IREEEEII 20 S TERMBEITEL,
EFTREILR 10,300 ppm Téh 7=, BIERY 2D
EREREL B L2 A%E T 10,000 ppm
UTORETIIMETIXEE X DLk,

BEHER

1) Patty FA. Industrial Hygiene and Toxicology,
Vol. IL 2™ ed., pp1196-1199, Interscience,
New York, 1963.
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2) Papp A. Fille von Propan-Butan-Gas-
Vergiftungen. Miinch Med Wochenschr. 101;
235. 1959.
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T REYHEE 2 BEFvUN—
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00, 7u2e =71»=—~BOX' LEFE X F2IES ]ﬁi !
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* e S Cﬁ—-nzg--__,z":—"— o 1
HARIA o0 T |
? -15-125Ps |
i B 1]
. 0~ s !
124 {Pf) I
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P ner e [
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aon h A ek % |
AAN A A A e p
' | | - 1
bl o e dm o | i L

........
....................

BEFVr/\—BE: 135 L

K1 FRAREBEEOBE
HBLRANRATERICT—EREZFRLEZLOER L NZHE L, FRBRZR L ~IZ
FoHE U7- iR & L B ICIREREICEA I NS, REHETIE, ~2A7n—ar b

—Z X o TERFRANBRIT AR OBROBRELFIEH L. BBREENR20% 25 L5
75, BESEIIINED-DKTNTY 7%, BEF v N—IZBASNS, BEF
¥ UN—DREIT135 L H Y. @EBRRIEEL 10~20 E/FFT 4 BREIREOBRENTRE, *t
BHRAIH LN UHERFRICTHERT I, VR EMEREZR IR T7a—a b
n—S5—IC LV RREZHBLCRAET A ELARETH B,
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#1. BBF v —HNn-7Z U TRABEOHD

B ERF ] BEfE (%)

() A A2 v flE BOE RlE
5 0.56 0.54
10 0.85 0.84
15 0.94 0.90
20 0.98 0.98
30 1.03 1.03
60 1.03 1.03

120 1.03 1.03

180 1.03 1.03

240 1.04 1.03

(=271 (GC) HAIFE : 0.513%FEHEH R |2 THEIE)
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(k]

ARAT AFEREIISBEEIC L DR ABRELR
7 v M ERWATEESEF A~ DS ORA

SHEEE

MSATBRIEAN @ L2BERSTER FA &

MRBHE . BATBEEAFBLZEEERGHES Bl R

W hE

MSATBIEAN ST 2EEREHIERT AR &

n-7ZURRTa ANl OoNnT Ty hERWESHOITHRERR 2 Em L=, RIEL
TERABREEE YAV T 4 B ORARBLZITRV, BEKTEEZ»OH 1T » b
DAY Y 2 —ViflliliA X7 > MTE) (SCOB) %I L7, SCOB IZIXEMIBRDOMR
BRERZIMT A2 L2 ANICHAR LAEBIER 7V a— V2R L, +4% SCOB %
ZF TR E BT AL 2 INER L, BEREIXTHRARTHI ZLELTLEMEEE
LEARESL 1%E Lz, THREOBRFHTHYE 1B 2EREOCRIETHS2, SCOB 28
EIZHIE SN SR O RFBIROZ Oftt SCOB DOFITIRIEZ KIRT 5555181215

1ERH LN hroT, SEFEH L7 SCOB Tii. EMiERERICE STl L
R — BB IRTHIEERMBELRDN, MHEE LSBIOBESRETIIZDX

D RRBAERRIC R DR

A. HEAH
HANRFEORTHERASINDITRAOANDL
REMLRLDE LT, -7 FZ RO T Ry
PRO.RAELZREEEZMERAL TS v b
ERHWEBRABREBERLER L, BREER
WA Y a—NVillllA R Z o MMTE) (SCOB)
DRNE Z1T2V, BEDCITENZE - Bk
HEOF M AR, '

B. WF&HE

-7 ZUHARRT X R GR A
R & LTz, WREEEA L, 1.03 % (10,300 ppm)
WZERE LT, BT 4mFR & L=, RAE
L7-REEEA T & RARET v~
N—RNOTABREX, BEMABZRISLE 20
STRERE LIEERY . FOREELEE
HRELRDIENRINTNS, HEDE
BRFRIR TRICIX. BB T v o N\ — DL %
FTELICHEREW A & V72 L., SCOB #IE
ZRA LT,

RO NPT,

SCOB DHEETIE, ARG v FF ¥ L/3—
LIS EREENER SN D, B, K
o L3— & Bl & Fe 2 ORIAE O 1R R 3 B A5
AN THEY , FHREIIFZ VA LUKIG%E
TRV OREEZ /B2 L 2¥EF IW5
Z&kid, SCOB Tik, b N—H# LEIGIZ
ML CERKEZE5 25 (VA—FLEGY
k3 2) OTIEe . KISEHOKISHR
BIZOWT—EDHFHEREL., ZNER/=
LG BB E2RR~T 5, 20 1L %
BILRA T a2 — VRS, R, RE LS
Rz L7zii» T, BE R RIS/ 3% — v 2 E#
DI Z B L THEREBRFET T 52 L RM
LIVTWB, GBI T# 4 LT T MEsEAR
BE AR 2—/b (altemating mixed FR 10
DRO 10swithTO) | & KIENBRAF Y 2—)L
2 L, EHREOREERRZICT 25K
MOKEBEZRETHDICHELEZLOT
Hb, TORFY2—1TiE, 10 BIOKIG
THENE O D FR & &, 10 ORI ER G
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THRBET 2 Z & THREMBE 5N 5 DRO &4
DS, 4F~20 WD F A LT T FEFATE
HIZHET 5, FR 5 DRO 2% RTENRNY
(FBIHE) 135 2 DNRVO T, HERIEAIT
ZA LT U RGIOREICS & 50T TG
HDHNVE TS OBIRTHIENKRD D
LD, FR & DRO 2% U7z KIS/ 4 — G
R DIEWES /R THEIEME (Accuracy) % iBHE
(ZA LT T M ERICH LTIy T3
Z & CHEMREAR (BH) @R G oNn 5,
IR -T T(EH) FEIEI ~DRENGF
fliFTRE & 72 B,
SEIOHFETIX, LTFOFE X T TIZFI
TR & ERH A D IGS-SD Rt ~ + 4 L%
FRA L, T7hbb, 8 B D REE % S
& T BT INEED 72 DG ERHIR 2
HEL. 13 @8&» 5 SCOB FABItAL. 58
R Ya—N%E, 1) BEIRIGIERK. 2) &
Lokt (FR). 3) REMRAEARAF YV a—
(alternating mixed FR 10 DRO 10 s with TO)
—BEREFA LT UL (TO) ff, 4) F-%
B TO ., LIRREE L, ZER TV a—
NTFCOBENBRRIGNRE — 28 B L@
EEHEH U, 23, T ABREEROANTIL.
BRELEBICHRI T, ARSI
IREFIEERNIC 4 REANZZIITERIE %2
¥EIEM L7z, 2NERX—RT A NIH XIg
BEOREBERFT L,
ERIIET () LefAEMFRFoOEYE
BRICBO OHEICHER L TERIN-,

C. HHRER
SCOB DRIE® v < = L L HEER KA 102 8
DREE T BRETHT & L2, W RIRE
BOBRETHLET | BRERBTHRT L,
4Bl SCOB BE Tld, FAREIC L &
Bixe{RBdonihroiz, FR £HEW
DRO & TORISFE (1 57 H7= 0 D L /3—

A LURISE) RURIG/$Z — 1k 2 DIERE
ST HEEME (Accuracy) ZR®H T, HEE
N EBE R L0s, Rt d o
7co Accuracy # % A4 A7 v Mg (BIERFR)
W2 LTy b L7z Delay-Accuracy M

(EHREORFFMARIZHEY) 2K 1 (-7
52) RUBE2 (Fasy) iorLe, BEi
IRENT= L D ITH ABREBIZ X DEITRD
BTV,

D. £

4| SCOB BIETIZ. W RIREIZ L B
B3RO NI o T, EEMEREICE

T5X D RBREMERNEC DR BE Ttk
&b BEERITEROXRTRPEYIENO L S
IRIBAVERE T IRBEE N LB T 5 WRetE
BEZDLEBI BREBAETEbSLL
REGTEREERT DI LNO5REIOME
EREELLELOTH DA, $iFF L=t
O LNIED 0T,

E. &5
n-7EZUROT TR (JBEE 1% - 4 BERE)
DEERENZ v RO SCOB I RIETE
ZHIE L7=2s EHREE O Rt 2 D
SCOB DZTIRME # KT 2 FH i ICIR &

RO NNt L. Bk
BLRVFHREIRFTERTH Y REEHR T
720,
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Accuracy (P[(HIT)-P(FA))

No.10 mix FR DRO TO 4-20s(C) (&)

0.4
—J—airl
g ir2
0.2 - —tr—air3
—a i1 4
=—@—rn-butane (1%)
0.0 . 1 :
4 8 12 16 20

Delay (sec)

1.0

0.8

0.6

0.4

0.2

Accuracy (P[HIT)-P[FA))

0.0

No.11 mix FR DRO TO 4-20s(C) (d')

Delay (sec)

as
¥
D air 1
——air2
[~ ——ty—air3
——air4
———n-butane (1%)
A L A
4 8 12 16 20

1. -7 ¥ VAHBRENT v PORT U a— VA RT MBI RIETE

EED2KO7 T 7 2ILOREIIS L, BlXZ A L7 U~ (Delay) Fefl, ftEhidx
JEER X DIERE S OFEEE (Accuracy) 277, AkE (0%) BERBZFEICLHIN—XF4
v, B (o) [TIREHRDRBIE, BREEIT Delay-Accuracy Hifg (EHAGRIEDEREE) BB L, H
AHEIE 1 %4 FERIRER TEENORIEE v ¥ 3 VA,

Accuracy (P[(HIT)-P(FA))

No.4 mix FR DRO TO 4-20s(C) (d')

1.0
08
0.6 yA
0.4
—D—aiﬂ
02 | “a—us
—C— aird
i GIHB (1%)
0.0 L L L
4 8 12 16 20
Delay (sec)

1.0

0.8

0.6

0.4

0.2

Accuracy (P(HIT)-P(FA))

0.0

No.5 mix FR DRO TO 4-20s(C) (J&")

[} ]
T 2y 1
—O—air2
> =—fy—air3
—e 3T 4
—@— C3IHE (1%)
4 8 12 16 20
Delay (sec)

2. FTunN EAMBRENT v FORF D a— VAT o MTENZRIZTE

EHED 2D 7T 7% 2 IEOFREITHTE L, BlhiIs A L7 7 b (Delay) K. ftihid<
JREEE X DIERE X OFSIEME (Accuracy) 27" d, BRE (0%) BEXBHFIILDE5N—XF 4
V. B (o) (FIRFERDRIE, BREEIL Delay-Accuracy Hifg (GEHIRRIEORE) B8R L, &
2B 1 %4 BB ER TEE P ORIEE v ¥ a VBA,
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