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Studies on Inhalating Exposure Testing Device and

Acute Inhalation Toxicity

Kim, Hyeon Yeong., Yu, L J., Chung, Y. H., Moon, Y. H.

Industrial Health Research Institute
Korea Industrial Safety Coporation
34-4, Kusan-Dong, Buk-ku, Inchon-Si, 403-120, Korea

- Abstract -

In order to study the inhalation toxicity of volatile organic solvents, various devices
for inhalation as well as monitoring systems were examined and the devices were
tested with the animals which were exposed to Solvent #5200 the main component of
which is 2-bromopropane. Since LCso is the major indicator of inhalation toxicity, the

animals were exposed to the chemicals and tested for LCso. The results are as follow.

1. The inhalation device is consited of inhlation chamber (inner volume, 12L), and
gas generator which can control the concentration of gas by temperature,

bubbling, pressure and supply of air.

2. Gas Tight Syringes were used to monitor the gas concentration. Teh average

recovery rate of Gas Sampling was 93.17%(S.D. £ 8.5%)



3. The content of 2-bromopropane was 99.01% and very small quantity of
1,2-dibromopropane was also detected.

4. The urine tests show decrease in pH and urobilinogen but increase in protein
concentration when they were compared with control groups. There were no

significant change in ketone concentration.

5. There were also 10% decrease in body weight at the exposrue of 31,000ppm At
the exposure of 32,000ppm, the animals were either dead or lost more than 15%
of their weight and they never recovered. No significant changes were observed

with intestine, respiratory sysems and sexual organs.

6. LCso for acute inhalation(4hours) was 31,171 ppm (trust limit of 95% 29,440 -
31,811ppm) and LCLo was below 29,528ppm (below 2,1262 - 30.,444ppm), and
LC1i00 was above 32,905 ppm (above 32,082 - 44,586).
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AJB AN eEAe AW FFA22E sFI=2RE FdsHe Bvsh 2371 A
2E B¢ A%, 2d3 NiF 24 9F F4F A A2 ¥EF U (Shirasu 7,
1975). o] FAAE F5Fol 713 B FF¥e TF AT F52 & 5 A wAA
@A AN Z2AAA =2E F AE HAEFY FA4S BT AdAM=
AREES ol§3la] APEAY AAZ 2 AF F9 R AXFS WHUEFE 1@
#3314 BrrAaTs 93] AW= o] fon 53 ZRAE AT AASHATA A
FY=4 ARFFATE FA4H A FLF PHY FU=E F& HolA o
(Jemski %, 1965; Gage 5, 1970; Drew %, 1973; Tsuruta 5 1987; Sato, 1993).

Ul AQ FRUEAZIE AR drIdFed AFARA AVIFYD 195038
FA=AAT R BAAo 7 wAsA =tk Frazer(1959)= A@FEL o8, &
JAEAATE 93 Z=Z chamberE 7131, Roe T(1968)2 FHAIE A EA
Aol wWakd e B3 HPov, Gage (1970) #7184 FASAHLIEY A+
o}, Jemski £(1965)7 Hanna $(1970), Drew $(1973)2 TASAH dL4dT Z7F
JARL 5¢ =AHAT 2AAE Busdoh 2dolE monitoring AF HFEH ALH
5 FYSA ATE AT AZL Auto systemd] =% FE AHFREA control, FE
B AFAA, A datad] AAAT wl$ Adnd WYL AHSstan e, §d
F ZHoZ APAT HlE A AJFTE BE, A datad] T, AEAFA] A
T2 %0]7] 93] GLP (Good Laboratory Practice)dlx 2] {52 AlPAT #olE 4
2= vt Az} (OECD. GLP Test Guidline, 1981).

FUASA ATE AT AEER 2 WYPo R HME  Mckelvey(1957)5 0] ¢ &t
Cell®, Cotabish S(1961)3} Arito $(1972)o] ¢t A|F-& <] bubblinge] <& 3}
Z 719t o] 901, Nelson 5(1965)7 Araki 5(1968)0] Bu g R71&AE ¥3 A%
E24-g o] Sprayg 5ol AUt olHF EF Z2 WPYPES AEEZY THA AEE
A, A ZAE wat AgFoF A oA Y.



B QFAAE ssEAd A 22 AdHAES A AAEAY A7 g2 #
718AE TALE ¢ HFAEA FHAY HHE AT EY FASAHLE 53 AAd )
A 9T 73171 319 Mouse, RatE2 o] 83 FUEAHE AF &A= 29
F¢Y F2ZA A A (inhalation chamber, 128]E])& 9+5Q .

a3 o] ol§, f7] BAFE WF FAH FUSAH AEL AA 4.

Ao AH8E B2 ZEASFEL] 2-bromopropaned FAHESCE 3} Solvent
#52000.2, ©] BEAL A AAA A&F AAREF ARYAl A, Solvent #5200
Heo=2 & f718AF JAY AHE FIHGFA 2 RF 2YIA)Y qH==2A 269 F
1739 d4& FAFe d47]1F ASH AYEFY NP5 FH7)F AslcA L B
oli, GAZZA 8%WF 6W FAYAMARE Je5As} £ S5I5ANS AFFE
A BuE@SAALATE, 199571 lon, olg AZFH LIHAZE 449 oA
2-bromopropanes FTAOE F {7]8A JAAY HF T2AES FALE 3o vE
oo B 34

NEEde] F4HEQ 2-bromopropanes] HE FPXA A S0 #F d7xAsE W)
T+ FAHl Yom B3I P4 e FUSAY B A7 AFE A AA ggron,
ook fAIG BTz E RTYE BASA U@ AT HE 3 Whorton S(1983, 1982)
o] dibromochloropropane (DBCP)ell 2% dxte] A4 ZhA e Pdto] Y&t B s},
Rao & (1981, 1982)2 A FE | A3 AA54HLS &< sty 21 Ao

EPA (USA)¢] TSCA Chemical Inventory (1993)¢2] Material Safety Data Sheet
MSDS)oll 9]3l¥ 2-bromopropaned CAS No.75-26-32.8 E A 123.019] A =9
T AAR, §3 -89 T, HlF 59.4 T, w]F 1.3097 (204 T)oln AL, del=, A,

EEEXFTAAE & Fou Ede F8Aolth( & 20 TolA 0.318/100 g &3). =7
23} F7142 20 CTolA 175 mmHg2 ojw) ¥3 Z7)1%T& o 18.72 %ol o).

Gigiena F(1974)9 A7 AT o3d X REE ARAF} w4AALEA LDsoe 4837
mg/Kg, LCso= 36 g/m (27,159 ppm)o. 2 $-IUa}t 458 E{F7IZE1994)9 AT =



oA w42 A H(LDso) 8300 mgKg ©l8l, FYA ¥R FE 2,000 ppmeldte FE
I vlndy dus4del FxE ¥ Y3 UG

2-bromopropaneo] FA&¢l Solvent #52009] AZJIHEX FTREMIEKRAWEL.
1994)¢] MSDSA g E AR HEA X L Fot AFPY] ey, AFE FUA
ny =L oy e ZIA A: AYd A% A4I9YTFol AN IHe
o, A=Y £ FY, 47, ¢G4T 544 B W82 wHA YA
2-bromopropane®] W3t AitFe 200E FEold, &k, B, FHBFAY FHATLR
AHgEgn gt (H&{LBI B #it,1994).

o] Edo| Y AJFANLFETLVIE U E X3 vl=, A&, SATAME &
EH0 AA g€ BF2A ¢4 4549 #3H A4 F7L AJEA @ dAT
Z2A AR Age A AF3 AF =Holop & Bd=E IA U

2. AL EF

B A7 ZHe 3HEde FFse AJBAAA S2AE] O B =2E
AS F4A2E AR 3F71Y HRAEE 53 Add F5so AP IS vA
B2 olad F4 WAUSE 1T HAEAY R4 BrHE A FIFAIH ARF
FE MJAEHATE ZHo P FUZE AYAXNES HAXs, 8 d& A7 3
¥om,

A" ARFANE ol g, H2 gdzAlM JAFHT 2233 BAEA=R 73 KA
H3 e Solvent #5200 (4 %; 2-bromopropane)g AlPEZ AR 3] 1z, YWEEA 9
Fa A¥7F He His AANFELCOE F4Ho2 F49 FUSIAEL Mgt 4
7 ANE EUZ PASAHe 99 732 98 22 AYQA FUIFEEF DA A%
PAEH D HEEGFENDEA AR AT ARE o8 1A A

Ho] 3aEAe A FRE g3 1997d% A2 dFo= Yt FYEA, IS
A, HAAATEL T FEAFL AT WA AFALY A% 82 AT
714 A9 d@go = 8 dtux Frt.
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1. F95= A3ZAY

In. A 2 3y

A A

AREA(A) 25 Z-35} 94 bubbling @ FHzAL 53l nkxxe Z7)
R gasE YA A7 o9 EFFTVILE o8 VIAZH ANFEAL FTIFE & Ye

7}2 A 7](generator)2} Rat, MouseE AFTEL o]L3l:

ANZZY FAAY

(Inhalation Chamber)& F42 =2 3l FUZE AJAAAE Fig. 1.7 o] Ax3Yc}.

CONDENSER

|

A=
[
i

R THERMAL SOLVENT UAPCR
"AS8 FLOI GENERATOR
CONTROLLER

GAS MONITOR

AIR
v e,
O r_’ ™
50
o@ ,
o0
2
O NN
o0 ANIMAL
oe)
\
MIXING
TUBE EXPOSURE
CHAMBER

GC

PUMP
0
LN
MASS CONTROLLER
ROTAMETER

ACTIVATED
CHARCOAL
FILTER

Fig. 1. Apparatus for Inhalation Toxicity Experiment



7t NEERY T4

Inhalation chamber (W38 62]Ele] glass chamber 2 Set)§ F4o=,
generator ¥, thermal mass flow controller, mixing chamber, gas concentration
monitor, mass flow controller, gas pump, H|7|7}2 A& AT A& filter tank,
gas meter50.2 TASAT EF chambery] AFFES 3F7] A U 1 mm9]
teflon tubeS #A338}e] gas samplingAl sampling®] € F3} S0l W& AFFEY 2
Ae JUe 29 & A= 98 AR FA T4 Fig. 1% 2

1}. Exposure & A|o] system

ARG LxolA ¥3t¥ Z7]s} bubblingdl o3 WA APEZ gass A&
AABNG ¢ EF F FY chamberZ o]43iw, chamberl £2 &7 24 %
2x %, &%, 87134, chamber 252 gas Flpumpe] HF, generator?] 2%, Al
229 bubblingZ71%F, 34 F71FFE ZM3lY inhalation chamberwjol] LA 3}A
B} F2AAG.

Chamberyj 2] 7] A|7tF 14-163]71 S| = gas pump$} flow meter= Edrx F
F3e 24 9o chamberd] X9} FE& AU F2FF7ld 8 =2 JA
FZ2 A PA| chamberd] AlPEA] & FIIE A8 FET AuAFS T3 A
oA ste Fedy 23 Fopla FE L 42D WEA B EAYE A4
B 3.

= gastd BT water bath(Taitec EL-16F)Z A& 25 & 4AsA(:
0.5 Col} =3) #AA|A 2-bromopropanes] Z7I% W3S HA} 3to] AL WS E
FAFH FE ] vapors F47 3, generatore] AFEZLE AAYAF)7] A8 IFHE
airt B8 D¢ clean airE o)%, YT YA FFE 24 A5A sgen £
7)(mixing chamber)e]l FFHE 34 F719 FL rotameter R mass controller<]

digital systeme ol¢ 4E79 FF F%cl LAY FAHNA FAHE %FH).



o &2 AN &

FY54 475 HAZ 54 "% EZ-E PO generator2 T1FE 9 gas
SAAMNA AETE T2 AR AYPEFT LA gase] leakA] SHE A =2q 9
F AA FAYH, ek gas] L QAT 4 YA Aol APA L AFA
FHe &7 #AUE AP GAdY L Foug Fein.

WA B APANE S4B leakE =7l 943t HYRE teflon tapest
silicone wax® 3¥3] sealing3}li gas genaratoro]A] RE] w27 linestx] - 8 ~ -12
mmaq® §%OE A A controldt] AFERY FZo] UTE YUY, WS HE )
7lgast EAE filterS T3t FE3) A3 AF fume hoodS E3 W2 Az on
°olF tA EAVH AAFA F7) FAAANE A WZIES g
AFED SR 7HEA AEFER F9 AU o A4 AES 98 dASE
E 34 stglond, olf AFEZHQ 2-bromopropaned FHZE EHA ¥%H0.001 ppmol
3h).

NEER HAE Exr TAEX 7HEAE gas ABE TP 9wy PSopAzEM,
LMS6003: 7]-8-A18)5 2831 FAFL 1Y 13 £& FQA| 4] 2@sa Alg
33t

2. NFEd &2 JE B4

A¥ EZA 2+ 2-bromopropanec] F ¥l Solvent #5200(Y ¥ CENTRAL =z}
213)A}. HCFC-141b, Lot No.1-250)& A}-£39t}.
Solvent #5200 Al¥ Ed2 MU olft AW WA QAT 2w glo
™, Solvent #52003 EJF A} (HAMEILRLEER R, Lot No. FGAOL)Z o] %3
5ol 3= 2-bromopropane®] F2 EAF F3} Table 1 3 o] Solvent #52000]
2-bromopropane®] Al ¢} U] Solvent #5200 2-bromopropanee] F4 &
U544 Al A18-31e] 2-bromopropanes] EA4Yae Wil sl s}s FROZ B
3T



Table 1. Concentration of 2-Bromopropane in Solvent #5200 and Purchased

Chemical

name of Product

2-Bromopropane

Name of Manufactures

Remarks

Solvent #5200
2-Bromopropane

99.01 %
9891 %

Senju Metal Industry Co.,Ltd.

Tokyo Chemical Industry Co.,Ltd. | Special Grade

T AFEAQ Solvent #52009] A¥I FAHLS FFIF L £4 iAok JEEHS
913t AIFEAL CS:2 343t GC-MS(Shimadzu, model GCMS-QP5000)E ©|-§,
olél GCMSS) A@=ASZ A3l Mass Spectrum o
2.bromopropane2 2213 ¥ GC(Hewlett Packard, HP5890)2 ol& A FEA 3o

% GC-MSs} GCe) £MzAe o83 2t

[ GC-MSe] §£4=3 ]

Structure® Y3}

Initial temp. : 50 € Injector temp. : 230 T
Initial time. : 10 min Rate :5 T
Final temp. 1150 € Column : DB-1(90.25/m x 0.25mm x 30m)
Final time. : 1 min Inj. vol. 2 1l
[ GCo AE=A ]
Detector :FID (Flame Ionization Detector) Detector temp. :230 T
Column :HP-1 (Crosslinked Methylsilicone Carrier gas(N2) : 30 ml/min
Gum, 0.32mm id) Split ratio :50:1

Oven temp. :50 T
Injector temp. :230 T

Injection Volume

: Gas sample by: 20 /£

: Liquid sample by : 1 £

- 10 —



3. Monitoring 2 3|48 (Recovery) W3

AlFE Aol E°lAE generator F&£2 2 F 10+£0.5 T3z {FAAA LA
£ 2-bromopropane?] F71%teol A3 HA A
1% generator @ mixing chamberd] FFH+= F7]19] #F& rota-meter L mass
controller2 43l F chamberd]l A|BEA FLE ZAFH{D ZZA|Z RE £
ZEAZA bR 1304 AFEAL sampling #F GC= AF 39T, Als
sampling2 50 4 Gas tight syringes (SGE. Australia)Z ©]-8 chamberJ] gasA|8Z
FHg F 20 E GCo ijectiondl] camberd] A|FEAQ FEE 43t monitoring
stA T

olwj, chambery] Z =¥ X 9] monitoringe 7]X4e)e] A8 S sampling 39 T & A
F3o 2 gasA|® samplings] g @A FHFol Wasith F, A@RA A4
monitoringol] Al-§-%+ gas tight syringes®] F£{9}, GCol injection®d 7tIAA T
2 PPl ddl EFgasE o8 T AFAYE AP AdAYol J1F T gas
tight syringes(A &2 79 €39 sampling WY E GCAEHS Ad A 2%
Add Wi-S ol 8 AMZ2o] BEVIEZE gas Samplinge] g 348 A3l 534
FEo § 348 (recovery) AL 3t

HEF gas?] ZAYHL Air pump(IWAKI Co., LTD. Model:APN-110KV-1)¢} Gas
meter (SINAGAW Co., Model:DC-2A)52 o]-& AXF F7] 7d 8L 1084 teflon
bagol A &3] FA AlZ1F 2-bromopropane EFA|e} (Tokyo chemical INC.)-& ujo]l=
EAIAE AdARF A&s FH3 THH FUIZ FAE teflon bagel FHUAIA FE3] 7
FAZNF BEANF FAFH Y FUY £FE AN teflon  bags
2-bromopropane?] o] FEE AEF{F ol& RFE/I2Z 33, Gas tight syringes2
FH#F GCol injectiondte] HAAFTTE T3HATH &, gasTE FAHL dA BEAERE
AF "o

- 11 -



olglg Whye =2 25,000, 30,000, 40,000 ppme] FFgasE WET bz} FFH F
¥ Egas AR ZAAIL o] F Fxot Al ¥k ARE T3] gas samplingo] W
2-bromopropane?] 348 (recovery)®Z Al& 39191, chambere] E 2% monitoring
Al Bxe] BAYGROZ ALE I

4. AYEE AS 2 F2x210 4F

F) dFAHETEAEGA AS5 738 SPF ICR mouses ¥4 wWol A4l
Wl o] AMS A A 10-14U3F &3 ANF EAY ALS- 3
w314 A9 2x+ 21+3 C, AUl$%E 50+30 % olgien 2HL AP AF 2yo
2 3}, Polycarbonate cageoll Al ¢F,4 &3t Caged 3ule]® AlK3ti A4E dol
252, AR ALAZIGFE) A Az APFELS 18 EFAEE Cageodl FH3IA
AH 244 A

58 294 7 520 ta AFS 24 ARen /AN F oA AAE A
£ 24331 2 U AFAF 2 % WY Wl HNEE BALow YT Y
Z270] Ws) Table 2 9+ Zo] =W SEZE M2l &3 Ak

A3 ANYsEY A4 FAZ2d 0 FR5EANEELCHE FHOE FAEY
54 ATE 2How 3ol Gigiena (1974)9 ARE 7122 Yoyt v AFAH,
Gtpzab7} @5 R1g LCs 7,159 ppm 52olx S0l e A¥Eds] 982 4
T 4 glo] AUFES A4 (satellite group)& ©l&(%hF 2 4ntal) 10,000 ppme
A4 FE23e] Ratio L54F02 ¢ 4v7e) $E9% AL 589 & A¥e 4
@ 74 ANYEEE 47 HAh

u



Table 2. Classipication of Experimental groups and Doses of 2-bromopropane

Test groups and Animal numbers

No. of Animals (Class number) Doses
Groups
Male Female (Ppm)
Control 3 (1001 - 1003) 3 (2001 - 2003) -
Group 1 3 (1101 - 1108) 3 (2101 - 2108) 25,000
Group 2 3 (1201 - 1203) 3 (2201 - 2203) 30,000
Group 3 3 (1301 - 1303) 3 (2301 - 2308) 32,000
Group 4 3 (1401 - 1408) 3 (2401 - 2403) 33,000
Group 5 3 (1501 - 1503) 3 (2501 - 2503) 35,000

5. FAAFAEAXA

A2 OECD Guidelines for Testing of Chemicals (1981)8] FAZFUA=A
(Chapter 4, No.40)AIEH Y& 71F 02 dPon, TZAE 443103 &4t}

A E S
AREAS] Z2F #F 7|10 Y 1ol ozsn 1443 B33P B3
Hee B8 A4 f R AR, w3 AW, 5FVIS A K4H AAE s, A

Z9 W3E 4 At AT TF EQ94A 2Y £38, 2235 3F 71344 wd 1
3] (2710-114], 71E) AAl A

- 13-



o e g Azety HAal

ANRBEA Z29 1A ¥ 2 A% ZAALE 44 33d. =@AE AIEER
Z3 32AF E2 Og2d =HAE AA e, Bioscan (Yeongdong Pharm.Co.
Bio-Gen 10SGLM) paperE o]§ 34

&3 2 BN F AT FEI} BAVL 2F AE ZEFEC dd ¥
BA7), ENSE F402 7 BS54 dal 4¢H PAPAE A4 AU

&

Futg A E(LCs) A

NQEA 23 3 BN F AYEA 9goz Ad AY B dal 3
P EELCE 4% St

6. A=<

AP EA ZZ A chamberd] %X AEF 2 chamberd] X7} <33 =He AT
20EAX)olFE R Z=2 Agte] g HE AFAA FAHF X dataE Z} groupF =2
Has FFUAZ A4S, LCso2 §Fuk-3-(Dose-Response)it 4y -& o]&-38t FAA
g 3stH .



m. 43 2 #

1. A EA9] 4

A EHQ Solvent #52008 CS:2 FMFAF 145 H3 GC-MSE o)§ EhLq
e A48 £4 3tk AEZAS EFdEd FH4E AEL 2-bromopropaned 4
o2 uF9 1,2-dibromopropanec] FZEF HYoH, F A& WF mass spectrume
Fig. 29} & A g Ao spectrum} structureS E3] 2-bromopropaned]-2 3¢l

3l o
< Spect rum>
| -
!
3
i
z k) 107 122
ol T W T 1 t T 55 e P e e s .I'Il-rv-.ej. B TR vl—ls
20 4 60 §0 100 120
“Mass Table- - Structure
M/Z - Rel.Int ( 50 Peaks ,
i3- 0.8 41- 43.2 92~ 0.2 - T - T T
14- 2.0 42- 4.8 93- 0.4 | |
15— 5.6 43-100.0 94- 0.2
16- 0.4 44- 1.2 95- 0.4
24- 0.4 is- 0.8 96- 0.2
25- 1.2 46- 0.2 104- 0.2
26- 6.8 55~ 0.2 105~ 0.4
27~ 47.2 s7- 0.2 106~ 0.4
23- 4.0 59- 0.2 107- 1.6
2o~ 0.4 71- €.4 108~ 0.4
3¢- 0.2 79- 6.0 109- 1.6 r
31- 0.2 80- 2.0 110- 0.2
36- 0.4 8l- 5.6 122- 7.6
37- 2.6 82- 2.0 123- 0.4
3%- 6.0 83- 0.2 124- 7.6
39- 22.0 87- 0.4 125- 0.4 “ .
40- 4.0 91- 0.4 ™~
4

Fig. 2. Mass Spectra for 2-Bromopropane by library research

— 15 —




£ Solvent #5200 FAE o= ¥Fso] & 2-bromopropanes] F=E GCZ ¥4
$ @3} Table 35 2ol BF= Aok

Table 3. Concentration of 2-Bromopropane in Solvent #5200

Name of Product | 2-Bromopropane Name of Manufacturer Remarks

Solvent #5200 99.01 % Senju Metal Industry Co., Ltd.

2. ¥ 2 %% Monitoring

7}. GC¢] Calibration

2 bromopropane?] X ZF(EF)AeHTokyo Chemical Industry Co., Ltd)Z
CS2(AldrichAh= 3] A8l 25,467, 31,834, 38,241 ppme] YA EELAE TEF GC
2 B A3l Fig. 33 o] ¥F AFFHE &4 3o
olu] standard calibration curve2] Y=0.4642 X - 1728.8 o|#, F@AF@O)= 0.982%
.



17

16
15
|Y=o.4e42x - 17288 |
fw\ o
g 14
g 8 (r=0.982)
P4 3
o
2 43
c
mn
12

11

10 oy T ; T x : y

24 25—_.28 30 32 84 38 38 40
Concentration(ppm)

(Thousands)
Fig. 3. Standard calibration curve of 2-Bromopropane

1}. Monitoring 2@ HE=3 4}

2-bromopropane?] Z} F¥x¥ EFEY 1 wE GCo injectiondl] calibrations}il
Chambery] %% monitoringZd ¢+ gasAlg 20 wE samplingdle] GCE AF 1Y}
oluf AX] XFAIE 1 ol 3N F3e GasAlge F A g3 o] A4 HAUAG.
Z, 25 C, 17149l Al 2-bromopropane 1 w7} 7|13 HYL2ul2] 71 Rajs o|A7]A
B AL o8 o g Zol 4E5¥ 4 U

&, EAFM)-L 130, ¥ F(Sg)< 1.3097
P: g, Viiy, Riold71A744(0.082), T:AH2E, MEAF, wAF,

n: BF
PV = nRT.
n =wM

1xV=1x 0082 x (0.001 x 1.3097/130) x (273+25)
V = 246 x 10* ¢
= 246 Wl
— 17 —



Z 2-bromopropane] AA 1 me 25 T, 171¢3tal A 7|14 246 17} =] o]§ 20 4L
sampling Qe 24 E LA 1232 F39 gas samplings] 3 FL&4to] =
1 3] 4E(recovery)S BA3A Fgho] Aot

w2} A Chambert] AP E A X monitoringA] o2l €& ol&3d AIFEAY &
=5 & A

t}. 348 Recovery) B3

Chambery] 2-bromopropane®] monitoring2 913 gas tight syringes§ A8 gas
A2 E 20 £ samplingdle] GCol F9], ¥ & BA3==2 A EFLR o iy
gasAl®e x4 348e HESZ 8 e 25,000, 30,000, 40,000 ppm$- gasAl &
o 3 F=E AFF AN Table 48 2L AFAE dJon HFE HALS 93174
351 %2 FE7t BLFE H5Eo ¥A vevde AL RAT

Table 4. Recovery ratio of 2-bromopropane

Make concentration Test results Recovery (%)
(Mean * S.D.)
25,000 ppm 24,136 ppm 96.5
30,000 ppm 28,041 ppm 93.5
40,000 ppm 35,812 ppm 89.5
(93.17 £ 3.51)




3. Chamberyd] 317437}

ANAER 5o 71T A2 FYchamberdl FEE TFPF 2%, ¢E, @r1Fe
FA%IY. 4 2d F4FWN B4 219 PAANE HA 25 & 22235 T, #7)F
< T B9 2.7 ~ 32869 &dgas7t FFHO chamberd] A F 12z g|2 A+
o @7] AFEe AT 185 ~ 1632 34 HAY (&, 4 28 Z2 443 Y9
7134 HEHL 5 %FFE oY)

H2F 4 5929 FS) chamberdl Al@EF S5t o 58 1Fos I £ZAA
33 3% 4 vd Z2 A = HuA% FAA L group’ HAAE Table 5
o} 2t

W, E2 AFF 208 ARA3E 435 994 =2 sgon, gy 208 &
FE Z=2 &8 AIFH7HA] monitoring@ datas & FE2 AlEdo HF Q.

Table 5. Concentration of 2-bromopropane by Exposure Groups

Concentration
Groups
Establishment Upper Lower Mean + S.D.

Group 1 25,000 27098 ppm | 24734 ppm | 26604 = 166.47
Group 2 30,000 31762 ppm 29727 ppm | 30771 + 225.02
Group 3 32,000 32402 ppm | 29987 ppm | 31684 * 166.56
Group 4 33,000 33240 ppm 29807 ppm | 32492 *+ 218.13
Group 5 35,000 36407 ppm 28668 ppm | 34651 + 500.48

=3 T2 ARPH 48 AA 249 2 AY Groupd Chamber] 5%
o Fig. 4 o] Uehd s o] 2 Az 308 FRE HPFED AL )

At
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Fig. 4. Variation in the Concentration of Chamber by Inhalation time
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Table 6. Estimation of mouse Mortality of Exposure Groups

Expose No. of animals No. of death

Total
Groups .

male female male female (Total) |Mortality(%)

Control 3 3 0 0 ()] 0
Group 1 3 3 0 0 © 0
Group 2 3 3 2 0 ® 33.3
Group 3 3 3 1 3 @ 66.7
Group 4 3 3 3 3 ©6) 100.0
Group 5 3 3 3 3 ©6) 100.0

©, group 39| 3 (No.1303) 13l& AIFED F2F 6UA AT stgov Alg€EQ
= Y AHS cagelldA TED ARXGEES AARE Aoy )T A7 A%
A7 #F HAeH, nAA ole AFED Fild A% JFAIHe = IR ¥k

TECE % 5, BT FEY U Sold ¥ Ee 3L BIAHA 9§
kot
53 AFEE 2 29 A AAF $F5F0] tR @ gl (e 2 22) v FH
e, o]t mouses] Kol4d V1Y Aoz BEHU FF AFEANY FAY
EE 98 %% ¥ 34, £x AFA A79 daAel Aoa AnEHA, G AL
28 A7 T stress] FF2 Eol7] A3 FTEAIA e & FEF MAEY cage
Al%E AHO R =30 wiEA sty AddE.



B2 S0l BE A, £2 2 9A3F JIAA A FE A AL 154
E2e AFE 274 son, & AR groupd AFWE F4 & Fig. 5% 20
AZ WEL 2E 24 29 AQRER Z2F AFY Fast 373 delgen G2 3
o Zz ggd ¢4 AF FAI 103 - 106 %) AF HE ste] 179 AL
10-119, 229 ¢ AL 134AE 428 HPort £31e 23 AAE AFol HE
=2 k3, 32 R 4, 52 AW Ex 15 %ol4e AT Fast 234 7HA FRHA
gk,

Fig. B. Variation in Body weight of Test groups
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2. 37 3 ARAF P

ANREA Z2 @ FA70 £ A2 A S5 ol 233 A3, 3, vF, A
F, A%, B2, AF, 4, HaFAT 557, AA7E FHLE & A B71Ed WY
B<HA W ZAE A
AEE ZZd % FYAY ooy RFE EFIA 4 BVIEd @ Solgd W
AL #FEHA F¢oh
T3 AFEA T2 ALy 2 ggd A T80 d3d = HAAS A4 sgEd. 4
FEE zt AR ZHA dkglen A¥E Appendix 134 k. HAMAAE BE dE2E
o) w3l zZ+#¥ pHe A3t} Proteine] 450l #F =129 Urobilinogen®] #3173 %
T B9 oy Ketones< folate idth



5. 3} vt4= X A5 (Lethal Concentration 50 percent Kill : LCso)

2-bromopropane?] ICR mouseE ©]8-& FAHAUADFYSZA A1823 & groupd

A ALEXEE Table 7 3 o},

ol &

4 %4l-2(Dose-Response)y -2
2-bromopropane?] F4@AIZD) FYFAA AEANAY LCso 31,171 ppm(95 % A §

A 29,440 - 31,811 ppm)2. 2 A& AT}

o8 FAAY A

ICR moused

Table 7. Estimation of mouse Lethal Concentration of 2-Bromopropane

Test Concentration | No. of animals No. of death Total
groups | (MeanxS.D) mortality(%)
male | female | male |female | (Total)

Control - 3 3 0 0 ©m) 0
Group 1 |26,6041+166.47 3 3 0 0 ©0mp) 0
Group 2 |30,771+225.02 3 3 2 0 2/) 33.3
Group 3 | 31,684+166.56 3 3 1 3 4/5) 66.7
Group 4 |32,4921+218.13 3 3 3 3 6/5) 100.0
Group 5 |34,651+500.48 3 3 3 3 65) 100.0

T3 HA XAy =(Lowest Published Lethal Concentration, LCLo)x= 29,528 ppmo] 3}
(20,162 - 30,444 ppmeol3}), 100%x]A}xx(Lethal Concentration 100 percent Kill,

LCi0)= 82,905 ppmo]’3(32,082 - 44,536 ppmol/hHE A& = A}
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V. 31 &

FUSAH 47 297 AE3s 4987 E= ZPFANA 7150 THE o
b Edel £F EE ARFFTE T8 YA oWy 93¢ X Es+E Inhalation
chamberE o] 8& FY ZZZX 9 AFFTEL o8 Z2o 3 3F T& YRFLE
T3 Bde 54 ¢ WSS AT Bok2 A7 ExozE NIgEAe yu
5 Bx 3§ AT f3A4 WUk 9549 A} He Fis NAPEE(LCso), 3) Z
dEF ] dAY FuE AP seFE /2L 722 AT, V5F7) 2 2 7
T AR O AFH AY, HALTET ¢Y4 47, 6)FY 239 YA AFAT,
DEAAS R AA AW RAAT, ITFY), 53 v TRe J5ATE o7 =
W ¥4 lorvi(Shirasu T, 1975), AAFH M HAEA HFol AF A7 F3) o
T2 A3 APEHAAT F RoFRAE ¢ F8A gl

FY A¥e e AEEZE 4T R FYAA I A8 APERC) FHE T
718 F2 &5 Je WL WEL I Fe AYFEL WAY FE([Nose) T =2
A e AREALE FYASE Po=z o] FYFHE Inhalation box, FE
Inhalation chamberz} 3 &
FU49 dule EH 742 Fig. 6 3} Zo| Inhalation chambers F4oz NYPE
29 T3 21& TE7] 913 generatorS o] 8F WA A}t L%, &%, B, IA
7% TS AME AL V= F718E, chamberd) FE 2 $#74e¢ ZAsw =4
e AAAISG HiZIERAE A e 28 AYZNEoZ TEH 4 o).
AT E AR 2AL Uiz oz 2% 2243 T, AUSE 30-70 %, 2We 150-200
S22 12M3 JF, 1243 2502 3§, 7] P EE Class 10,000 5 mo) st A}
7t 129 85070 ol8)els} olm, gmUoels 20 ppmolsl, @7] R4kt At 12-173
oo 31, APFTES ¥ 2AHL WRZEH, AEED 5429 A, T, 1559 3
BAZ TASHAY SHNGA BAe A4 olg BS /s $THOECD Guidelines
for Testing of Chemicals(1981).



olgig APL HAME FEH APEE AAESF Ae TE AREZ (Barrier
system)® FIAX 2 WAFATY A7 st #FA HuFT FTHAQ systems
Z37} S F830, o9 FEF 971€] LA Hojof #oh

2 AToME #7849 ARLES AdTE 98 Tsuruta § (1987)0] ¢ 23
(H5-82 0] 63EQ) feAAES chamber 27]) chamberd &85t FYEZZ ANERZA
utE 1, generators FYAIEY systemo] M FE, 2%, ¢4H, /159 EIH 7]
¢ 24 HEF F A2FEQ mouseE o|§ 2-bromopropanec] FAJE<Q solvent
#52000] i3l FAFYEAHL 47 A+
OECD Test Guidelines(1981)el] 213} 8 “FAZA AIPA AJEE2] &5 chamberd
Ao 5%e 248 d=2” AFAT Yo, B BF2AAYAILIANE FEA
4] mouse 1nta]Y We 713 0.085m2 BA3: Uth (Shirasu 5. 1975).
uw}ztA] Inhalation chamber(0.012 ni)l HW§ el 718E &R&7] 3 mouses ol &
Z+ NgEx groupd &, &= 354 R 49 A
chamberd] #71€ £ 2.7-328EHE FIFFEL2ANLT 185-163 8F) OECD Test
Guidelinesoll A ARdE A3 12-1563) 8] #71F 7124 ASES AN
NPEA Z2 58 7Y Aolstr] 93 gas generatord] =9} ¢S A3
#A% Wart Qol, L= 05 Tolst AEEo] /5@ P2 £&4 water bath& A
233 APEA bubbling® 27| bombed UYZF7IE A 20 psio] AT Ao
2 3]4%7]& generatorol FF TFAA Ao

[
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Fig. 8. System for Inhalation Toxicity Experiment

%3 monitorings] 31| chamberd] 7]1A32] AHEHE samplingslr] 93 gas tight
syringesE A}-8-3}i samplings] W3t errorg HA3 37l 913 samplings] JYX(ZE
3871 91%) % nozzle size (7 1mm), gas samplingd (R0L)SL HEsIA IIF )
8 2 WA AAE monitoling2Ae 44 gt

53] gas samplings] U4 gas tight syringes® A}-8-3t: i) 423 gas tight
syringes®] 7|94, sampling&Fe] AAYTF AFd Fdol Lz dgon,
sampling®] {3} &, syringese] FFol wal 15-200 %o)4e] WA E B Y HESgas
E o]lf FLAPA AlEgAaxn.

& AYolAxe Table 49 ol Fxst LS5

dh
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flo
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2-bromopropane?] Z7Igto] 20 CTellAl 1756 mmHgolE 2 o8 Ho2& 1719t 20 el
A 187,166 ppme] §A7} 7b5dt AA 1FE (40,000ppm)7t E4E 100 % 71547}
54 e dojd Axety wadH.

Wl BAgdA AHSE AREAY ZaFE P99 25,000-40,000 ppmEAAA F
45 2-bromopropane] H4&& BFF 93.17+351 %= YEon T Fxd W3
AE 5%oluel APAZL FASAH.

AQEA Mdo] JolM Aok fxoz sgoyt HIT(1995, 10) AFFs LA
=] EAA3} 2bromopropaned £EF EAY A AYHUAY AAEAA Solvent
#52000] 2-bromopropane?] A<} (Tokyo chemical, Special grade)®] &% 9 E314
(Table 1 #=) Solvent #5200 AIZEA=E A9 3ttt
E3 o= GC-MS @ GC= 2MF A3 Fig. 2 ¥ Table 13 o] 2-bromoprpaneo]
99.01%% ¥ 45)o] Solvent #5200¢ FAFYSA AFEAR AHg3 o8 ARAH
2 3 2-bromopropane?] 4 MW7t A F8ol /ted Aoz AT FHAT
N¥Z 2o oA ICR mouses MG olfre YNSAHAEE AFo2 AFEgd 2
A WA WWEe Ausl Fxse vtz oz @Yol ALEEH, 53] o AJdAE &
3 FQAW A AY £Fo] Fol (EEH 6EE 27]) £2FE mouseS A 3}
t}.

ZToxol 170 B 26,604 ppm, 27 °] 30,771, 330] 31,684, 47 o] 32,492, 51 ¢l
34,651 ppmao2 UE wgon 589 AlRe 2ZdA £R 2%, 3TN F£H 1, &A
= 4323 57 oh4 ASEA AF A dAor A Avle AYED FEF] o
ol lde =AY ¥ ARyt 2L JEFTEL AUAT dAZ F
HE sy AMRgdA 2d Fd AYEE 47 o 4AF F£AY AAEE
= 2-bromopropanee] F&ol o)) HAE ¢AH FRY £F I LCxnE HEAT.

o

off

e
te M

Z  ICR MouseE o4& FAFIUANIEAHANEA 2-bromopropane FHyts2lA}
%% (LCso)= Table 82] Al@ A <A 31,171 ppm (95%A Z @A ; 29,440 - 31,811
ppm)e 2 7} =itk 30—



o] Gigiena (1974)9] A+ ZAILCs0;7,159 ppm)st wlndw] J3Fg ol el
A EE GigienaZl A8 HPFTEL ERsEClE tdon Z2A dSiME
BEEA ol T HAE T4 AT AWFH( OECD Test guidelines)o. 2 F4F
A5 AZdA<E RatAbgS 7|02 dn], ZTZAIE 4ANo] (YRR 4 - 6
Alzhe 2 3ar ghek. 2Eal 2-bromopropaned FAlE B Aol Methyl bromidee] 7-$
E7Z|E ol&3 FIAZAAIANA A XA s Lowest  published lethal
concentration, LCL o) 6,425 ppmo| 8, MolmoteE ©]-&-3 Ethyl bromide?] 34 3%<¢
Ao A= LCLo7} 2,200 ppme]d, 12,000 ppm(2708-3De A <kZre] Al s} H g
ZA5A W3yl AU (EERFBER, 1994) H31 A

kA B AFoA 833 2-bromopropane?] ity XJALEE(LCso) 31,171 ppme A
2L AT7ZIARE wIFon o] Edd dig dvtsA Hrle AR &3, M=
4 oty e T FUSAANEF g4 AEE A v A4 AN F4a
& A5t @ Rolth

LCsoe 33249 ZA4H7IE A 4@ AEZA vty §AXN §5F
/7715019946 €13l LCso7} 2,000 ppmo]3d} ol HEEZ £ {311, 100 ppmo] &}
= SARESERZAE BFS QY. o8 7l1&e 2 ¥ 2-bromopropaned 30,000 ppm
FELR, LCsoZ 7| IS Z3A gv EF=Z deyd.
a3} 2-bromopropaned FA4R o2 § Solvent #5200 Al8 FA A TEI}= AA
TEANAA GA&FAR AYEFUNEA, 2 G4 S2AAAE FAPYPAX 71F
At 1ZF #E EAR FF JeF(@ZAAMAIT G, 1995.10) A4 F5Ao]l U
t 22 FAHHL eER B AFqA S48 FYZE AEFAY FAHATYEA
(LCs0) @35 o] 2-bromopropaned] A=A 3 W FAEY APT Y454 AR
TEe 3 &8 stuzA o
ol A AFFE AT AEEH HE UM F4F Ao 2, Solvent #5200
& AMg3he FAAA LT AWl UE A AIEAAE B ZFZ 4719 o4
TEAEE FEH da¥ AT 9ol Ueudr o2 ZAKIZTAJLATE, 199.
10) HAS2 #¢EY FEARAME F7EZ2(H4 DI ool % B Has)
ol ggEdg.



= Ratl} ouseE o]& Fol AT MAEY, F= MEFAEAY AFE A48 ANJE
Ao B9 EZ 7|7 B AT A A4ZE LCso (31,171 ppm)st At Yt
@ Alge] Aol e ARFE BHAITE n2A ¥ APFEE LCsod 110 FEL2
0, EZ 27| 1Y 6 - 8AIte = 433 ojo] wiR A st wdE.
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Rat, Mouses 9] APETEL o8, #718AS FA=ZF HALA 42 F¢
4978 5F02 AN =29 FUZ2 AYAANE 4RAST o1 monitoring WY
o Hal d7siAen, dAF AYFANE o4, 2-bromopropaned F AR OZ I
Solvent #5200 wia) 3}3Edo ZAHAYIE AP FLE AE He VSR
LCs0)E T4o2 H4 FUASAANY L 5319 O3 2L A7ARE Ay

1. y#83#o] 12 £ Inhalation chamberE o]§, A/ EA(R})e] &5 ZH3 oA
A bubbling ¥ <4 I Fr7] FFF z-e 93 ¥ controle] 7l5 % gas
generatorE F4o2 JFYER AYPAXNE M Yot

2. % monitoringE 93 gas tight syringesAl§& WHL ¢ 3sQowul, gas
samplingd]] i+ HF 348 93.17 WS.D. £ 3.51 %) °oI1Jt}.

3. Solvent #52009] FAE-& 2-bromopropane® & o] ¥&FL 99.01 % o|Yon
u]gFe] 1,2-dibromopropaneo] HZ& =Y}

4. = HAAE 2T vd Z2F o)A pHe A3t} Proteing] Abso] B3
525 Urobilinogene] A3l 3= B oL}l KetoneS9 §o3te= At

5. AF W3E 30000 ppm FEAAM 10 %FES] F4A7F ARNew, 31,000 ppm
ol AR 66.7%)T AETE UME 15 %ol AMFFATL UANeH,
FHA 7HAE EERA G
BRI FEF AYTELS RS A%, 3, 0, A%, AR, ¥, AF, A
&, HsteAT T87 R AAVE FAHeE 2z VS A& 8<A yyHA
g AA dgev Heldk uAde A=A ¥t



6. 2-bromopropaneo] FAE<Ql Solvent #52002] ICR moused] W& FAAEFUUAIZD
EQANFNA HurS JAHFE(LCs0)= 31,171 ppm(95 % AlS A ;29,440-31,811
ppm) olen, AARAFEELCLo)E 29,528 ppmo}3k20,162-30,444 ppmol ),
100 %x A5 % (LCio)= 32,905 ppmol/H(32,082 - 44,536 ppmeol’ = A& HAU
ot
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B3 AH

AldEdl 52 9,% v

AL E & 8§
=3 ‘ﬂ Blood  |Biliubin  |Urobilinogen |Ketones Protein Nitrite |Glucose | pH [Sp.Gr. | Leucoc
t Sang  [Biliubine |Urobilinogene |Corps Proteines Nitrites g/100me Poids ~Yytes
W | 3 [RBC/u ng/100m¢ |mg/100mt  |Celoniques |mg/100me speciique | VECTHt
1008
E%ﬁ%ﬁ#wﬁiﬁﬂ#ﬁ#ﬁ#ﬁ#ﬁ%ﬁ#
1001 B B 0.3 6 15 B B 75 1= B
g | 1002 B B 0.3 6 20 B Bl |7 1013 B
= 103/B|B|B|B{02]02|7|6[25[15/B[B|[B|[B|7 [8 [ias|ion| B
2001 | B B 1 5 20 B B 8 103 B
<lw2|8| [B| |08 6| 20| B8] [B] I7] |w| [B
2003 | B 0.2 0.8 6 20 B B 68| |1 B
1101 |B|B|0.2]0.2/ 08| B | 6 | 53050 |[B|B[B|B|7 5]"\s|] BB
1102/5/B|B|BJ05| 1 |7[5[3050(B|B[B[B[7 7™ B|B
1103|B|B|B[02]/06[0.2| 8 | 4 |20 |40 | B [*s[ B | B 6558 ||| B | B
2101 B 0.2 02716 20 B Bi |8 || B
2102/ B{B|B|0.1]1.2]0.2| 8 | 5150 [50 | B |ros| B | B |7 |55 |1 10| B | B
213/B/B|BJ0.1] 1 |02]7 |6 20/40][B|B|B|B|7 |6 [ies|io| B | B
1201 | B B 04 7 20 B B 62| |1m0 B
1202/B|B|B |05/ 03] 1 [5[1020[10|[B[B|B|[B7 [7 [is|in| B |25
2(1203/B[B|BJ05/03]01]6 5 120 (100 |B|B|B|B |7 [55|ims|im| B |25
F|201|18|B/B|B|07|B|7110/25B [B|B|B|[B686 |1m|ie| B| B
202 (104 05 2 7 7 10 B 75 1013 B
203|B|B|B|Bj05|1[6]|5[15[10[B|B[B{B[7 [55[in|wmw|B|B
13011B/B|02|B|05/03| 6|6 (1540 |B|B|B|B6585|ic|ion| B | B
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