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— Abstract—

Study on the Acute and Sub-Acute Inhalation Toxicity of
1-Bromopropane in SD Rats

Hyeon-Yeong Kim, Jae-Hwang Jeong, Yong-Hyun Chung,
Yong-Muk Lee, Gil-Soo Sur*

Industrial Chemicals Research Center, Industrial Health Research Institute,
Korea Industrial Safetry Corporation, Taejon, 305-380, Korea
# Department of Chemical Engineering, Yeungnam University

The purpose of this study was to investigate the acute(4 hrs) and repeated-dose(6 hrs a day, 5 days
a week, 8 weeks) toxic effects of 1-bromopropane(1-BP) on Sprague-Dawley (SD) rats which were
treated by inhalation. The results were as follows ;

1. The median lethal concentration(LCsp) was estimated 14,374 ppm(confidence limit 95%
13,624~ 15,596 ppm) in acute inhalation. Abnormal clinical signs related to the 1-BP were not
observed with the acute inhalation dose. Gross findings of necropsy revealed no evidence of specific
toxicity related to the 1-BP.

2. By sub-acute inhalation the body weights of male and female were significantly
reduced(p<0.001) by the dose of 1,800 ppm compared with control group, while the relative weights
of liver were significantly increased(p<0.001) in both sexes. However there were no significant vari-
ation in food consumption, urine biochemistry, hematology and blood biochemistry for the exposed
rats compared with the control rats. Abnormal clinical signs and gross findings of necropsy related to
the 1-BP were not shown. No toxicologic lesions were observed by the histopathological test.
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AARez < 1200032 setgaol Ea st
2F Abge] AMEdlE e BER L o gooulkE
oI5 2% 5 B3 < 60.0004Fe2 245
3 A 28y o|EF A4 FHrl zleE R
4L 9 8.0004F] E3slw (IRPTC, 1997),
=uiel= 35,0009%F°] frEHn oid 200 F<]
ATtsteEdoe] 2ol FEHD U, ol g shg
=49 flad H7EE Sslde Azt g, bg
o] ®Wo] 2= WA Yajyo] ke FHHEAS
AR ARste] FAAH B AlAse weke
HE Foll ATHEAH, 1996).

32 OECDE T#3 HAATAE gigagirza
(high production volume: HPV)S $Aoz3
o FHY FHARIE 8 Yrln len $g
UetdlMz BARE FAoz 332 gayal
TEE(A 2408 ©14)2 <t 1098Fe] 2AS A
et AAA AY HEE AgE 5 de et
< At o (Fmsed s 1997) o2 9
HMHE B ARt ¥]go] AaHoja Aoz o=
ot d8e] AL 1719 o] g gyYEHE
d7shed 5 de) 71 29<le] w]ge] AgF®ch
I (Y& BIO ASSAYSTAIE], 1993).

3] Sele Ful, AFA, §A=2 Bo] AlH
1 Qe ZHLEFES giv] 0E22e wEe
Aoz FAARA IFAHoz =zAZF AsH
1985 e "2&F HExF 0] Y1 (Vien-
na, 1985), 1987ddle Te=22 ulysl= 22
o #F BEE oHA,7t A9 sle] (Montreal,
1987) =414 FAZR7} AP= Yo o5 A
712 mlE, 48, EYT AAFE 402 19959
8 chlorofluorocarbon(CFC), 1.1,1-trichlo-
roethane(TCE) 9] A4t2 S9381A4] =},

mteba] E4de] wj$- oFatwlA (Blake, 1974.
Paulet, 1975) #&4do| stz MH o] FHojd &
23889 CFC E¥ hydrochlorofluorocarbon
(HCFC) &4o] 7o o] dHEd =2 o] 83la
ou gi7] &3S TEEe 998AR gAuA
AA=E F402 dxjHo olo] AlLg Fa] Ho
(Montreal, 1987)el wa} Il ol2jd A

Heshe A28 oA A%AE 2agled, 2 i
239 3 d=2 2-bromopropane(2-BP)3} 1-bro-
mopropane(1-BP) 52 £ & 9ot

a2 ol g HEFHAEL 540 253 uH
A2 ot AT E A3 AR(MSDS) ¥237 A}
E2te AAeAwe @ HFHFo)Z Qsle] 2-BP
o AL 22 HAEAH 5 ARANE oA A}
HHe 2 A EoE doslAd AlklE ot
(Kim YH, 1996). &, 2-BP9 A% o] MAx|
2 AFRY AATHN dygZ2Ae dAvs B
AeH G222 FAPAY7E AstFe] g
o] LAstH ov (Park JS, 1997), 2248 Axt
A 540 wif g BEE2 FAHe(Yu 5,
1997: Lim . 1997) =FRdAe o2 Eu=z
AA A ez 2-BP9 A48A =272L 1
ppmoZE A3 (=B, 1998) TalatA =t

a2 ol g 4] YoM F2el= 2-BPE
HBAZ ALgta Qe 34 2 qHEez 1-
BP7} AMEEH WF, f3& ek Y& Yoy
o] 2H|Fo] IA F7ketm Qe LAAHM (H70
| BAEFEEESE, 1997) 1-BPo did #34
B7te] ool A7=At

fnEE(1997) 52 1996 1-BPE o|§ ol~%e
F23% 2 7ARE eAAFETANAN AyeA
SHAT FE2FFNME 0.2-894.9 ppm, BAA
AFRAAME 01-1264,6 ppme 1-BP7} 23
Artn EEIFon, AP =E7)Fo] ¥AH
o AA ¥on, EA4E THF A Rt}
F53l nEx E2A] 223 oy A7)
7h g d5E F glo] 1-BPO] EAo] 223
Weiziol & PaAe] itk Agtglct,

1-BP= {84 x=&7|Fc] 4Ade] A ge
¥, A2 2% FAFYSA(LCyx)S 253,000
mg/m*(rat, 30 min)22 HREAS Yoz 4 g
= 80| (Sax, 1968), Irishe EE4HA =
FAREAL AAFEH 7 Hol YR FgL v
Atz Hasich(Irish, 1962). E3 Clayton
(1981, 1982)2 Alge] o] AA Aa|zgx}
mouseE °] &3 FUEZ Ao 2t} e &4
< % 9 d4FE degdn Raslgoen
545 o FAEA A8l mouses] AL
LDg2 2.5g/ke, rat®] 79 LD 2.9g/kgo 2

— 278 —



Bt cHClayton, 1981-1982).

Tachizawa S& ratg °]¢% 1-BPY diAldE
A% A propene, 1,2-epoxypropane, 1,2-
propanediol, Z18}3 propionic acid7} BEH
otz B udtgrh(Tachizawa, 1982).

HREE S 47 rat® o4 1-BP 1,000
ppm, 8AIZH/Y, 4F ERA TRAZABEEL
AstEa, 5-65FF0 PE FaE FFUE R ¥=
A7 #e7t glgo] dEHe] FF AAEAS A
g Agez givkn SHHHARRRES. 1997).

a2v 1-BPE A4 5Ao] 743 2-BP% 354
o2 fANE Bdoln B¥xAl A FAESEL ¢
2 gog oy AArjd e 4FE IHE F
A=A FHEAY 5 Aol BE] FHEEA @
ctem, HZ MAAZ HA g} ARgHeirta 3l
o} o]l <kdA Hrle) WaAe] AlFE Ar|HI
1ot

webd B 478 Sild 1-BPY F454 19
3 aAel SHE Aasd ABAZR Ae B
A& AEstn, MSDS Atge] #Es} RRF w
w272 (TLV) 44& 94 712488 AFse
= 1-BP9 7oz 0F A AZAsE 4
dehed 1 23] ok

I. "2 U gy
1. ANEEE A AEEE

NBEAQ 1-BPe 9E HME{LRHAETTAA
798 Aleke 13 (Lot No. 7B2212)% Gas3}sh
o] A1g3l3on t=EZ L Hepa filterE T34
#A B3d A F71E AHET

AHEEe o & ztzt 10539 AU ¥
A E& (Specific Pathogen Free, SPF) Sprague
-Dawley(SD) rat® tigEEHNGAE NN £F
kol barrier system® FEAFANA 1573 &
A7l & AZE D B8 dud FEL ARSI
g FEEA A¥EEe] AFe FHELEHY A
o Zzlo 933 74+32.12g, ¢AElL 186.26+6.90
golgon, wWERq FIAAHPY AL FIH2
267.20+6.16g, 27 199.29+3.80geIt.

N~

s R AISEE

&3 & AF L AEE g Z2dE AF WA
7b A3 =55 dPTE B, & 3%
ZF(FAY AL 4Z2F)or B F 49 &
l3w (inhalation chamber)Wl 534 S0l
g Al 7, FEEE A4 N sistn B
A8 AH 27 (ERX¥E Class 10,000 ©13hE <]
4 2% 23+2%¢C, AHEE 40-70%, 8713+ 11-
1538]/A17F, &= 5-15 mmAq(&<), &% 150~
300 Lux® 12A1ZH M 9A-2-F9A) 22 ¥ bar-
rier system®] AMEBA A APaHeH, Alve
APEES dFARALATTHEANE, T
A7 AAFE AFFFE 3 AFRo] AHES
o=

3. AEEE F2YHY

ANPEAe] EZE gas generator(Model No.
VG-4R, SIBATA Co., LTD, Japan)& °|& Al
P22 L 77 F dFFL IV EFE
o AArEz Z2AYE F £4 1] FIAH
(Model No. SIS-20RG, SIBATA Co., LTD,
Japan)E FAo 2 #7184 EFAAEAIA (Fig.
1)& o]& ANE= 3t

4, EH L 24 Monitoring

FAue] 25, &5, &, %2 Avy
ity AAer BAAAAA (Model No. ICS-
20RG, SIBATA Co., LTD, Japan)& °l§ 30
2o 13 24sn ©|F AT 7ISHA A,
ANYEAe =¥ AF sampling FA7F F3€
gas chromatograph(G.C)(Model No. GCS-
14PFFS, SHIMADZU, Japan)& °|§ 2713
Z 158 712422 134 monitoringdti e G.C
o] BAZAL ol s} Lt

Detector : FID(Flame Ionization Detec-
tor)

Column : Silicon DC-200 15% Chro-
mosorb(AW-DMCS),
mesh: 80/100, length: 0.5m

Det. temp. : 150T

Oven temp. : 100C
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Fig. 1. System for inhalation exposure experiment.

Table 1. Experimental design on the study of acute
inhalation toxicity of 1-bromopropane

08§

Group TR Sex  Number Animal No.

(ppm)
Group 0 Male 5 1001-1005
(Control) Female 5 2001-2005
Group 1 Male 5 1101-1105
Wl Female 5 2101-2105
Group 2 Male 5 1201-1205

13,000
Female 5 2201-2205
Group 3 Male 5 1301-1305
13.000 Female 5 2301-2305
Group 4 Male 5 1401-1405
o Female 5 2401-2405

Inj. temp. : 1507C

Injection Volume : Gas Sample 1m

Air (Exhaust system) = oz #@sn 7+ H,
IRl i e i o } A%, A7) 58 FHoz W
|  Hazardous H
| aniclaezfonelécmnHE"uﬁ‘t‘“ P ERALE stk
2 e S [ S | =3 B2 4 4 58
I HE FEY T8 o8 &3

‘i‘l"(Dose-Response) THE
°]8 50% AAFEE(LCs) S &5
718k Al glelMe OECD Guidelines
for Testing of Chemicals(1881)e] Acute
inhalation toxicity(Chapter 4, No.403) A&
Fastych,

o

=

2) o34 EYsSH

AEEEL Table 29 Zo] - 4 7t 10nr)=
g we dizFH 50, 300, 1,800 ppme] Z3
TLE FE3IN, AEER Z27L 19 6N =
5, 833 WERA F A AP ) the
2e AAE AN

(1) 48559 9334

A4 g E31te uY 13 2E S8¢] g3
WD, Z27)ZHEte wjd Z2AAA AAbe)
7 H2ZFE F £FA4. AP 9wz 4
thal et

(2) AF=4

TEEYDR £33 TEE FEYA Mxe =
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Table 2. Experimental design on the study of repeated-
dose inhalation toxicity of |-bromopropane

Dose

Group Sex Number Animal No.
(ppm)
Group 0 0 Male 10 1001-1010
(Control) Female 10 2001-2010
Group 1 50 Male 10 1101-1110
(Low) Female 10 2101-2110
Group 2 300 Male 10 1201-1210
(Mild) Female 10 2201-2210
Group 3 1800 Male 10 1301-1310
(High) Female 10 2301-2310

I, E27|7F e 39 == 494 130]4
RE ZEd A3 AFE S

(3) AEAHHF &4

APER Z27)7 F 38 Ex 494 13]9]
4 RE T di# MEA ARdHTE
A3,

(4) =A8A

APEA =2 FEF 23 A BE F
Ed dlal =#HAE Bio-Gen 10SGLM
(Yeongdong Pharm Co.)& ]88l A}
T

(5) W& 7 A

ANEER E8 T8 F Uz Z279 2
E 52 g3l cejojole|az AAAIA AE
& F S<HARE 892w thymus, adren-
al, testis, heart, lung, kidney, spleen,
liver, brainse] %718 A& Zze F
T EHT F, 10% 54 E2EE 894 2
Aat. 4 7|22 29 (paraffin) ol
Zujstz FupEAldR o 24 (Hematoxylin
and Eosin) ¥ 5}2-&v}5A]1 (PAS-hema-
toxyline) 942 st FgEn| Ao o HelzH
g3 HALE 3k

BN Bl A& AT F o] o
2= 7457 (Sysmex F-820)F o] &3l dY
JAHAAIE AAEHeH 7o dozRE AL
Hele 3 P YsietEa ) (TBA20FR) 2 o] &8t
of Yl APa kA GALS HAAIEAT

71t Al@uy el leiA= OECD Guidelines

=
bt |

Concertrarion of 1-bromopropane (ppm)

Table 3. Concentration of |-bromopropane on the
study of acute inhalation toxicity during the

exposure
Unit: ppm
Concentration
Groups
Establishment  Upper Lower  Mean*+SD
Group | 11,000  11147.51 1039250 10909+186.0
Group 2 13,000 13221.19 12885.45 13013x104.2
Group 3 15000  15565.65 14498.29 15064+336.0
Group 4 17,000 1770494 16297.15 17806 £587.1

*Each mean concentration of 1-bromopropane was cal-
culated from 45minutes to 240 minutes(4h) after
exposure.

18000 —

¥-vv
b T ¥y .y

15000 —

12000 —

9000 ~

0 —e— Group 1 (11000 ppm))
—& - Group 2 (13000 ppm)
—a— Group 3 (15000 ppm)

3000 — —w-- Group 4 (17000 ppm)

JiF:
o T T T T
(]

60 120 180

Exposed time (min)

Fig. 2. Variation of the concentration in inhalation chamber

during the exposed time.

for Testing of Chemicals(1981)¢] repeated
inhalation toxicity(Chapter 4, No.412)A1 &
£ s,

6. EAIXz

=529 HF ARdFE AVE A, 9441
LAA 58 two-way ANOVA and Duncan' s
multiple test& °]&3td Z2FE dE2aH vw
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1. 2dgesd

1) SYd LY &8

AlgEd £2 9 #t F & A A=
2 AnE Yy 23 25 22.51~23.28¢C, Al
HFE 43.79~65.32%°1902H, 2717 £ 94
Hy e 3¢ 9.23~10.15mmAq. #71%
196.7~201.0 I/min(FLAIH &3 1me, A3t
g BE F 123))02 ZHE SAHAH slol=g
Qle] B xde| ztzh R 3tsigict.

2) NEEE EZ2=5% monitoring

Z2 F Avpd NYEAS FE=+& Table 33 2
o] MAAA o] ZHI(£3.45%°1H) VY2 el
o} Fig. 27} o] yxWsl= Z2A% 308 AR
Y st AR ERY 95%rE)Hn, 2
F8 308 ¥ 5%°lst2 AA=HAL

3) dlEsEe| juEs

AlFER Z2A] HEFEL 127t el o
FE #354 AsHactivity decreased)$t &
TAF(ataxia) 8L BT ZzAlzle] A
R1T 2 158, 2T 35%, 3T 26%, 4T 26
F)eof wig} Felld f-F3AH(lacrimation)
Hgew, O F(2F 1.5417}, 3T 1Az
47 50% AT F) FYo] Uy AL
(Chamber F=d)°Jy £2:8](100 phon °]
3l Futg A Jehcdt. AgEa Z
2F 1Te EF AFEsigioy, 27e 12413
A3 F 4R 187t HAL, 33L& 1241l

Probabi ity of mortality

o
@

]

A

8
=

A 48, A 2807}, 47 E2 3A 71 A4
dl, @2 37t AAleta 12413 Ao F vejx] B
2 HAH100%) 332, HEFES 4N 7
nF E5E Yz 38

AEFELS 149 BWET A7 G%le
B, %% 355l g2FE J|FCE B0l ¢
A 4L dEHA sk

4) He|stE ZA}

VA7t A3 FAIGEELS AHGA) AE2FE
el dry ice2 AAAA FH& 1 WeldH HAarE
ST &1H #EA Z A7E BolF oE
4L FRE=A] gk},

Fetn| o o7 WelxA s AAldR 7o)
A5 45 uME FE(vacuole)@Ate] TAE Y
b FEojEAgo] glo] AlgEAd o3l JiFoz 5
TER] @gkon, 7 Arlole 2P v maly
Eolg He gl
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Fig. 3. Dose-mortality curve for 1-bromopropane.

Table 4. Total mortality of SD rats after inhaled 1-bromopropane for four hours

Exposure Concentration No. of animal No. of death Total
groups (Mean=£SD) male female male female (total)  mortality(%)
Control - 5 5 0 0 0 0
Group 1 10909+ 186.0 5 %) 0 0 0
Group 2 13013 £104.2 5 5 0 1 (1 10
Group 3 15064 +336.0 5 3 2 4 (6) 60
Group 4 17806 £587.1 5 5 5 5 (10) 100
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Table 5. Environmantal condition in inhalation chamber during the repeated-dose inhalation test for 8 weeks

Chamber 0 Chamber | Chamber 2 Chamber 3

T (Control) (50 ppm) (300 ppm) (1800 ppm)
T(C) 22.92:¢1.23 22.51+1.21 22.83+1.32 23.28+1.28
RH(%) 45.52+6.46 44 83+6.52 4478+6.13 43.79+6.16
P(mmH,0) -9.23+0.22 -9.90+0.21 -0.71+0.34 -10.15+0.93
R(I/min) 1997117 201.0+1.17 196.7+1.33 199.7+1.50

T; Temperature, RH; Relative Humidity, P; Pressure, R; Flow Rate

All data values are expressed as total mean+SD.

2200

2100 - | —©— Group 1 (50 ppm )
—o- Group 2 (300 ppm)

2000 — —a — Group 3 (1800 ppm)

1800 —

1700 —

1600

350 —

250 —

Concentration of 1-bromopropane (ppm)

150 —

50 oo 00000 00000 00000 00000 00000 Goo0n 0000 oo

agy &
L e Y m\b f‘\s”‘t\a

NN

m%ﬂnwummﬂumﬂﬂﬂfhfumuﬁn

T T T T i
0 10 20 30 40 50

Exposed time (days)

Fig. 4. Change of conentration in inhalation chamber during
the experiment. Eighty SD rats were exposed to 50,
300 or 1,800 ppm of l-bromopropane, 6hrs a day,

Sdays a week. Data are expressed daily mean

5) 50% x|AFs T (LCs)

7z d Z2wxd HAdFEY AAHER) A
(Table 4)& £34-8-(Dose-Response) 342 o]
4 Litchfield Wilcoxon method (Litchfield J
and Wilcoxon F, 1949)cl] 2)g EA A2 Ax
Fig. 3% #e°] SD rat®] LC;@AIZhHE 14,374
ppm(95% A=4HA: 13,624~15,596 ppm) o2
AzHder o AMYES 7IEoR & 1% 9
ste] HA A A5 % (Lowest Published Lethal

Concentration, LCLo)+ 11,833 ppmelst
(A= 7HA 95%: 7,.829~13,033 ppmels}),
99% cld2] AAls=(Lethal Concentra-
tion 100 percent Kill, LCyy)& 18,186
ppm °]’(A1Z3A 95%: 16,616~26,632
ppm °]A) o2 A&HT

2. o2y =Y

1) Sy A

AlEAZ F 2 7o) FYANY 2=, A
&=, stel, Fr)ge] 94U e gk = 9
7% A= (Table 5), AW 873k 196.7
~201.0! /mine.2 FJAuy &3] 1,000
[ (1me)o] B A|zh 87] 4= 11 R0~
12,0632 2%, = g8 & IxIsio
Ztzt AR gAZA W o 13eigct.

2) AlEE2ZE Z2=T monitoring

Z2 F 7t o7y FUANY AFEER
F2o] AU JAAE Fig. 401 Jehfon,
ANE7IE F B2 Huxg HAR] 2L
FHd < Table 69 FABISTE S3E A
= AAR 9 +£0.5%°]Ue] HelAM AEEH] 4
58 FAHULTES JepiUT

3) AHSES aEst

AEEE Z20A] M7 o) ARA] BEY &
5/ AsHactivity decreased)®} +FH=E(atax-
ia) 59 9435748 FAHULY, LYEEERE FR
1417 A3 Folle HAdHZE 3By Fo
7125 89 AldElet AldEAe 70" Solg
AFE4L BEHA g3t
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4) S22 Azeis

SR F -4 F8 Z2uxy 499 A%
M2hE 1,800 ppme] M Fo] gizpel Hls A
3 rdlglon FAMcE s Bk $3
€ F2 A3 2RE 53(39Y) AT M9 7
2(p(0.05)8 BYx, FL 47(279) A= 2
&} 242:(0.01¢p0. 05) @AYol BAEATHFig. 5).

Table 6. Concentration of 1-bromopropane on the
study of repeated-dose inhalation toxicity dur-
ing th expodure

5) AlZ %2t

TEING F ¢ 52 AEEY E2 Inje)
T 3Y Ha AdFAgoz B AsdFR (g &
Hde 39 A%, dzFL 72.71+7.09. 50
ppmw< 76.44+4.33, 300 ppmTe 74.21+
6.29. 1.800 ppmi*< 73.84+5.69°1.28 o7
o A%, 2L 55.58+4.53, 50 ppmTe
55.01+4.33, 300 ppmT2 55.33+4.51. 1.800
ppmE 57.66+5.762.2 EFHY o gz
71E st ZETM Y AlRAFHZLS Ui 2718
Rev SAA Feolake Holx| gt

Unit: ppm
. 6) Al
Concentration 22 zRdd A whA An
. A L= § h_ <7
Groups Establishment Upper  Lower Mean+SD 198l = ° - '
Table 72 #o| $719] 7% 1,800 ppmTolA 7}
roup . . L2l L -~ ;
ZAEgle 2 F F
Gowp2 300 3020 28670 30262¢i010  EN°! AEHANHp(0.05), bilirubing 2
Group3 1,800 185250 1756.92 18033643984 <182 YEhdA egter] =& 1,800 ppmaelM
ketones®] T7Hp(0.05)+ 1-BP9] thA} A& A
280
440 — ~—@— GO0 (Control)
—& - G1 (50 ppm)
) —A— G2 (300 ppm) — 270
20 —w-- G3 (1800 ppm)
a0 - - 260
380 — L 280
G
s 360+ — 240
o
@
£ a-
2 L 230
[se]
320 ~|
- 220
300 —
L 210
280 —|
260 - 200
240 Py R was g L

]
60 0 10 20 30 40 50 60

Exposed days
Fig. 5. Change of body weight in male and female SD rats exposed to I -bromopropane dur-

ing the experiment.
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Table 7. Urinary analysis in male and female SD rats after inhaled 1-bromopropane for 8 weeks

S P Group 0 Group | Group 2 Group 3
(Control) (50 ppm) (300 ppm) (1800 ppm)

Male  Blood (RBC/) 10 | 10 | 10 | 10 |
Bilirubin (mg/100m!) 0.5+0.00 0.34+0.09* 0.46+0.09 0.47+0.08
Urobilinogen (mg/100ml) 2.4+0.89 2.8+0.45 2.33+0.50 0.97+0.08**
Ketones (mg/100m!) 48+1.10 4.0+0.70 5.67+1.58 7.71 £2.06*
Protein (mg/100ml) 180+27.4 180+27.4 188.9+60.1 181.4+32.9
Nitrite - - 2 s
Glucose (mg/100mi) 1/20 1/20 1/20 1/20
pH 7.0+0.61 7.54+0.99 6.44+1.10 6.44+0.42
Specific Gravity 1.034+0.00 1.026+0.004 1.023+0.01 1.03+0.00
Leucocytes (WBC/ ) 36+12.9 35:k13.7 52.8+36.3 50+0.00*

Female Blood (RBC/u) 10 ] 10 | 10 | 10|
Bilirubin (mg/100m!) 0.21+£0.03 0:25+0.05*% 0.23+0.09 0.5 £0.00%**
Urobilinogen (mg/100m!) 224053 324091 1.3+£0.67*** 1.0+0.00***
Ketones (mg/100m!) 26052 2.6+0.52 6.0+ 1.76%xx 809+ ].TFok**
Protein (mg/100ml) 88+25.7 115+36.7 117+85.8 128 £50.1
Nitrite B - - -
Glucose (mg/100ml) 1/20 1/20 1/20 1/20
pH 8.02+£1.01 6.69+1.43 6.93+1.19 6.28 £0.45%*
Specific Gravity 1.025+0.005 1.026+0.006 1.026 +0.006 1.03 +0.00*
Leucocytes (WBC/ ) 27.5:£791 25+40.00 37.5+13:18 S5+ 15:81%*

Results are mean+SD.

Significant differences as compared with control : * p < 0.05; ** p<0.01; *** p < 0.001.

5} leucocytese] Z7H(p(0.05) ZA&S Uelllo
U A¥E Hrt HAe 4%k

7) Walsts ZAt

() #7227

1-BPe) 22 %8 F ¥7Al $tu 2% oz
23 vmete] E2Ee 9P, sw, v A
o) Wztel A2, P, ¥F, Y AT 5
o) 2ol 718, /% A4t B B AR
5 Solg Wyle BANA gt

(2) 371%%

g F AE Adsd 2 Pl FAE
24% & AAE AZ 100g9 seke 37174
(AlEH) = F4s)e] Table 82 90 EAlBIAT
A A, AR MY FA TR AT 5
} e vehigien 1,800 ppmTelA 4l
p<0.05)7 B2 (p0.0DAA el FAZ 2
Fg Yriglod E2Ed o ARAE B

—_~ N

o ZAE& gskrl. A A= 1.800 ppm-ell
A 2(p<0.001), A174(p<0.01)e] FA F7HE B
gon, di(ovary)® ol AZ(p(0.0)E 2
At

(3) 8 2 FAQsIA HAL

Yol atA A AT 29 25+ WBC 2 RBC,
HCT, MCV, MCH, MCHC, PLT7}, ¢39 4
2= MCVS RDW7F dizael visl f<JsiA 2
Adtgoy FE FEHAE o, 2F A
WZ2gle] 272 JehAdtH(Table 10,11).

gPozne o gAAsAAAET FRY F
o= ALTS #&7F 50 ppmT(p<0.01), 300
ppm(p<0.001) 2 1,800 ppm(p<0.001)°lA
£ E ZaE Yeiew 1,800 ppmaelA
2d 8 AL RE FEoA FY HFHY FAE
Jepiglen 7 27 £484] £02 XEZ AMEE
= ASTs®} LDHe A7} AST+ 300 ppm<T
(p<0.001)3 1,800 ppmi*(p<0.001) A A
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Table 8. Relative organ weight of male SD rats after inhaled 1-bromopropane for 8 weeks

Unit : mg/100g B.W.

Orean Group 0 Group 1 Group 2 Group 3

. (Control) (50 ppm) (300 ppm) (1800 ppm)
Thymus 114.05+15.28 107.98 +20.87 958342551 100.434+24.22
Adrenal R 7.87+1.62 9.06+1.76 10.18 +2.71%* 9.27+2.54
Adrenal L 7.49+1.45 9.75+2.76* 10.28+1.19%* 9.32+£2.04*
Testis R 444.214+22.17 422.49+28.80 459.25+£54.80 471.29+26.52%*
Testis L 442.10+27.18 423.12+29.76 463.10+£50.27 476.12£31.22%*
Heart 338.90+27.16 326.24+16.89 348.11+£23.09 348.20+15.38
Lung R 167.88+23.35 150.97+11.77 165.30+11.66 179.33+30.38
Lung L 322.04+39.15 285.02+34.18 323.03+20.47 321.75+46.31
Kidney R 330.76 +19.64 326.39+28.07 334.89+17.66 371.224£17.12%*
Kidney L 331.04+32.03 346.50+22.66 350.28 +26.65 359.71+16.98
Spleen 181.38+17.96 175.07+18.60 189.31+14.51 17596+ 16.30
Liver 2567.4+110.8 2628.7+203.6 2746.8+197.7* 3011.14 133.9%**
Brain 453.64+37.96 45796+ 48.68 505.14+31.73* S20.92:4 31,72+

All values are expressed as mean+SD,
Significant differences as compared with control: * p < 0.05; ** p < 0.01; *** p < 0.001.

Table 9. Relative organ weight of female SD rats after inhaled |-bromopropane for 8 weeks

Unit : mg/100g B.W.

Drgan Group 0 Group 1 Group 2 Group 3
(Control) (50 ppm) (300 ppm) (1800 ppm)
Thymus 130.48 +13.58 107.58 +15.56* 116.46+17.59 107.56+21.78*
Adrenal R 18.66+2.31 16.87+1.81 17.60+2.84 L735%3.37
Adrenal L 17.51+2.19 19.54+1.82 18.34+1.58 17.77+3.08
Ovary R 29/19-+5:83 29.74+5.79 30.27+3.10 36.97+6.68*
Ovary L 27.01+4.88 29.93+3.99 30.38+4.39 34.96+6.75%+*
Heart 360.94+22.37 363.36+28.48 360.75+29.13 382.88+41.34
Lung R 219.71+19.32 207.59+24.11 223.31+£22.70 230.48+22.82
Lung L 436.18+51.03 414.71+14.23 407.84+20.67 439.80+34.33
Kidney R 337.20+21.80 316.72+18.68 336.10+23.46 371.58+23.11%
Kidney L 314.22+48.62 310.54£25.16 323.92+26.57 358.33:£19,71%%
Spleen 214.41+£23.00 208.38+22.22 219.56+24.36 237.88+31.27
Liver 2391.8+60.3 2374.2+£70.6 2454.0+£200.5 3067.7+121 3%
Brain 756.72+34.75 677.78+38.39 721.98 +£36.60

711.02+26.75

All values are expressed as mean+SD.

Significant differences as compared with control: * p < 0.05; ** p < 0.01; *** p < 0.001.

3, LDH<= 1,800 ppmTalA 24 (pC0.05) =1 2.
v ALTO] x|} FUaA F4e 43 Yo £%
ol e FAE Yt 939 A4S $4n
FYaAl ALTe Z47 300 ppmT (p<0.05)=
1,800 ppm+*(p(0.05)elA Hglor} FAite] ¥E

el EFHNL, ASTY 3 43 ZE 2
A dzEo HlRA 40 fle Aoz FAHN
o A FAe gsletd Ak e 2 o
4 sle 24899 4348 43T S gun
(Table 12).

— 281 —



(4) @Baz28H HAl

Fau AR AA 43 27 vlastd AlE
B4 o So|¥ Wy TAEA asith ¢
4 RToA 74e] central vein 9 hepato-
cytesell 4] cytoplasmic vacuolatione] 4% &<l
Hglom AAe] A$ tubular casts?7t Eeole
nephropathy7b @¥-elA ZudtA depstey of
£ ANEEAY 5 oFEF 3o AdsA 4%
omn] proximal tubular cells®] brush<} glo-
merulusel A= 1-BPdl| 23t v= &4 JF2
o WMo BolA] gsirt,

T 220 e YAEAIFL 2¥r|BO F
3 e xeo|x gkeny HA, R A M|
2 A%, AL, dx 59 ARHPAIME 1-
BP9 xZd wg Fr|zze WUAT AFEEC
o3 Jae BEEA AU

h
-~

V.

E doa Agea=z Alg®E 1-BPE #3id
7} 2427} vl $ BES) dutgog 4ol dn
o FH9AS4(0.002-0.03) & &3 AF
(0.0001)7} 22 (TCE 2% 0.1, 0.023) AHH
o] et HE BAEAY EHEAE B &
2749 CFC. HCFC, TCE, 2-BP5& AZA=
AHgEe FAAA O dAEEE AMEET 3lSo
A1 glo], ool BAE AFshe AdelA SD
ratE o] g AAZ=2o] o3 FHAFYSEH o4
FAEANE L 53 3L Holetnzt aginh

1-BP¥ propyl bromide, =+ n-propyl bro-
mideFe2 HHEY, #2142 BrCH,CH,CH;2
CAS No. 106-94-5, ¥A% 122.99¢] T4 gl
Axeln, Zz#-&(CH;CH,CH,OH)# HE(Bry)
L AtEufdte], £ 2R/ (CH;CH,CH,OH)
7 22254 (HBr)E €982 39 #4494

Table 10. Hematological results in male SD rats after inhaled 1-bromopropane for 8 weeks

Items Group 0 Group 1 Group 2 Group 3
(Control) (50 ppm) (300 ppm) (1800 ppm)
WBC 9.92+2.29 7.51+£1.43* 8.18+2.22 7.08+ 1.42%*
RBC 7.86+0.33 7.16+0.79 7.63+0.53 )21 40.394%
HGB 15.9+0.43 15.9+0.86 15.7+0.48 15.8+0.38
HCT 46.6+3.96 43.9+3.59 43.7+2.43 40.8+2.11%*
MCV 58.1+2.54 61.5+2.06%% 57.4+1.07 56.1+£0.92*
MCH 20.2+0.90 223+ ].54%% 20.7+0.92 21.84+1.01**
MCHC 349+1.65 36:241.33% 36.0+1.08 38.9+1.78*%**
PLT 953.5+84.1 873:5£71.0% 894.2+153.4 926.3+84.4
RDW 12.94+0.68 14.9£0.99%** 13.2+0.84 12.1+0.49
PDW 8.07+0.63 8.39+0.39 7.79+0.49 7.77+0.26
MPV 7.83+0.40 8.11+0.33 7.80+0.36 7.75+£0.20
%LYM 89.6+5.91 89.7+2.83 91.4+3.43 87.7+4.72
%NEU 10.0+6.02 9.70+2.54 8.11+3.41 11.4+4.77
F%EOS 0.30+0.48 0.50+0.85 0.44+0.53 0.80+0.63
9%eMONO 0 0 0 0.1+0.32

All values are expressed as mean+SD.

Significant differences as compared with control: * p < 0.05; ** p<0.01; *** p <0.001.

WBC, white blood cell count (10%mr); RBC, red blood cell count (10%m); HGB, hemoglobin (g/dl); HCT, hemat-
ocrit (%): MCV, mean corpuscular volume (¢'); MCH, mean corpuscular hemoglobin (pg); MCHC, mean corpuscu-
lar hemoglobin concentration (%); PLT, platlet (10%/4"); RDW, red cell volume distribution width (%), PDW, platelet
volume distribution width (%); MPV, mean platelet volume (¢); %NEU, % of neutrophil; %LYM, % of lympho-

cyte; %EOS, % of eosinophil; %MONO, % of monocyte.
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Table 11. Hematological results in female SD rats after inhaled l-bromopropane for 8 weeks

Tremnis Group 0 Group 1 Group 2 Group 3
(Control) (50 ppm) (300 ppm) (1800 ppm)
WBC 4.69+1.22 5.42+0.91 5.12+1.44 5.40+1.12
RBC 7.30+0.52 7.38+0.58 7.21+0.34 7.42+0.49
HGB 15.5+0.63 15.5+0.97 15.3+0.89 15.3+0.79
HCT 44.1+2.74 44.0+3.06 42.8+1.89 42.5+2.46
MCV 60.4+1.24 59.6+1.03 59.4+1.25% 57.3441.2]1#%%%
MCH 21.3+0.89 21.0+0.98 21.3+1.28 20.7+1.82
MCHC 35.2+1.04 35.2+1.21 358+ 1.66 36.2+3.03
PLT 972.9+58.1 913.6+64.9 964.1+80.8 928.9+78.9
RDW 13.3+0.50 11.840.51%** 13.4+0.76 11.440.48%%%
PDW 7.91+0.24 7.82+0.30 7.89+0.33 7.76+0.42
MPV 2.5210:15 777025 7.83+0.31 7.77+0.22
%LYM 92.2+3.58 94.6+2.41 90.3+3.34 89.0+5.31
%NEU FO0+3 .33 4.50+2.17 8.80+3.05 9.50+5.28
%EOS 0.80+1.14 0.60+0.84 0.90+0.99 1.50+1.08
9%MONO 0 0 0 0

All values are expressed as mean+SD.

Significant differences as compared with control: * p < 0.05; #*#¥* p < 0.001.

WBC, white blood cell count (10¥mr); RBC, red blood cell count (10%mr); HGB, hemoglobin (g/dl); HCT, hemat-
ocrit (%); MCV, mean corpuscular volume (#'); MCH, mean corpuscular hemoglobin (pg); MCHC, mean corpuscu-
lar hemoglobin concentration (%); PLT, platlet (107/4%); RDW, red cell volume distribution width (%), PDW, platelet
volume distribution width (%); MPV, mean platelet volume (&'): %NEU, % of neutrophil; %LYM, % of lympho-

cyte; %EOS, % of eosinophil; %#MONO, % of monocyte.

(ECDIN, 1996). 312 -110Tc, v& 71T, <13t
A 25T, Y% 1.3539 (20/4¢€), Z71% 110.8
Torr(20C) & 207CollA < 12% (120,000 ppm)<]
28 AT £+ de Aol oL 73 2o
W, S7I89%E 4.3(Air=1), = 0.49 cp(25T),
TEAY 58.8cal/g. Eole dg4doz
(0.24g/100g%), EAAHL 25.9 dynes/cm(20C),
ZAEA 4-7.8%(v/v), d&E, dg=, s Zo
2 o g4, AAA, F7IFHA, <U4E 9 =
% ¥HYLEFTLZ ALLET(ECDIN, 1996,
ALBEMARLE Co, 1996., B4 {b2T %845,
1995).

g glel EECE 19799 % 1,5008
(ECDIN, 1996), 9&2 19959 % 505 (A4 {p&
THEB#HEE, 1995)°] Aatsllen njze] AL
Alfa Aesar, Johnson Matthey CompanyE& %
& 87 oldel AldM Wz 109HEA £o|n
(Chemical Week, 1996) %3t FTRTHL Y3
A YA sk, o) gawEl fEYE AL}

Aot AR 96 = 500kg FF)2le] Alglgoz
= Guh AMEE 1 RS WA B

RatE °|&% FAHAEUSAH e T8 Solg
F4he BRAE]R] edglton] e AL (LG E
14,374 ppm(95% A1 2%HA: 13,624~15,596
ppm) 2.2 Hrise] 2] yele] PN K58 ¥
TS (@75, 1994) =, LCy?} 2.000 ppmel &t
old 5%, 100 ppmeoldte SHREEAZ 25
gi glo] o] & 71FoE & W 1-BPE §523=
THE T fle dAZ =40 B2 B4z Yty
At

o|% FAFTZS] FAFEQ 2-BPY AL LDy,
(Mouse, A+)+ 4,837me/ke(RTECS, 1995),
rate] ZAFAlEelA 2 000mg/ke ©] A (Hita
Research Laboratoy, 1995: 8834 1995),
LC509 %11+ mammale] &FUA$ 36gm/me
(RTECS, 1995). mouse2] &%4 31,171 ppm
(Kim HY et al., 1996)c19025, SD rat& o] &
HRZTEAANE A AF 37} JA9 ) g
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Table 12. Biochemical serum values in male and female SD rats after inhaled 1-bromopropane for 8 weeks

Sax - Group 0 Group | Group 2 Group 3
(Control) (50 ppm) (300 ppm) (1800 ppm)

TP 6.69+0.44 6.47+0.42 6.48 £0.38 6.16+0.68
BUN 16.0£1.46 15.2+1.72 1454+0091% 15.8+2.17
CRTN 0.60+0.11 0.63+0.03 0.61+0.03 0.56+0.10
T-BIL 0.18+0.16 0.22+0.12 0.16+0.10 0.17+0.11
GLU 163.1+20.9 154.2+28.7 164.5+14.2 164.34+11.8

Male -t eno 88.3+17.7 92.9+12.3 95.6+17.9 81.22+18.2
AST 112.8+10.7 103.04+28.9 81.4417.9%%* 80.3+9.63%***
ALT 44.0+5.73 34.746.25%* 29.7 +8.56%*** 2320, TREY
LDH 1441.4+623.7 1168.7+406.1 992.4+657.9 1067.9+£269.5*
ALP 2149+31.6 200.8+35.0 180.5+39.1 171.1+£54.0
XP 6.35+0.22 6.45+0.14 5.99+40.71 6.51+0.74
BUN 15.1+1.80 16.7+2.21 16.0+2.54 15.4+2.45
CRTN 0.70+0.02 0.72+0.03 0.71+0.03 0.62+0.07**
T-BIL 0.30+0.08 0.29+0.16 0.27+0.11 0.21+0.08*

N— GLU 136.1+23.7 132.4+309 160.4+18.3* 144.0+17.1
T-CHO 102.2+25.4 88.0+14.2 81.44+154%* 84.9+33.8
AST 86.7+17.6 100.1+12.9 78.7+20.1 83.0+24.4
ALT 398+ 19.1 29.1+8.67 25.4+5.89% 22.6+3.09*
LDH 1023.1+164.7 1037.5+361.1 759.34+205.8%* 1126.9+189.2
ALP 135.4+21.3 140.6+40.4 135.6+33.8 125.5+24.6

All values are expressed as mean+SD.

Significant differences as compared with control: * p < 0.05; ** p < 0.01; *** p < 0.001.

TP, total ptotein (me/al); BUN, urea nitrogen in blood (mg/dl); CRTN, creatinine (mg/d!); T-BIL, total bilirubin
(mg/dl); GIUT, ghicose (mg/dl); T-CHO), total cholesterol (mmol/1): AST. aspartate aminotransferase (#/1); ALT, ala-
nine aminotransferase (#/1); LDH, lactate dehydrogenase (#/1); ALP, alkaline phosphotase (/).

g A3t 3FF A4 Bygdz 2 5 59 A
2 2ot A7 o F7ld i FAsHL
A9 gl Aoz BEuHAchEEtE T4, 1995).

olgigt AWES FHSNE @ bromopropane
o] FAFYSAHL W4 - EFd - IHA T Ut
7184 Foll ¥a) 2 AnE EAth

853t o}lFAd FYEAME F271T F FEA
Eold oA AAL Koz gsken 1,800
ppmTdlx E2 4-5F AT F AFo gadAe
gRER e AIBAAZFS gz vE i T
7retgov frelate BEEA adT.

Zz £8% =AAAT @538 diblse A
2 AHE5o]A & ketoness] FA| A VR0
50 ppmTell 4] HET(4.8ng/100m) 7 F42 8l
o1} Z4ag 4 (4.0ng/100m) 5 eI, 300
ppmi*(5.67me/100m) % 1,800 ppmw=(7.71mg

/100ml, p<0.05)el-E ketonese] FX7F thAl?)
% oA YeEhE F71E B9 ol AlR AHF
AelA JEES oz dR2 EEIFA] Rt
a2 adz wdsd AFY #AE B AeE @
geojzith. ¢7e A F3# 29 50 ppmT
3 300 ppm EFM E2 Z7|FEH tET
HlE AFE 24 A% Bia 1,800 ppmTe
2 6Y FEE F7leitr) 219 FRE Z4E7] A
et Z2 279 FRE Z2 FERAMA K94
(0.05¢p¢0.001) A FHashe AFE yepfidot
AeAH B AE gz ZF2Fe vaA] 50
ppm7# 300 ppmTL Al ATt Z2AH A
Y98 ¥o) ArE 4Fsev 1,800 ppmTel
Aol AlzAdHZe 2 219714 FTkETt ol %
Zadte 43S vehlol, £33 S5 AlEA
A HFAs}ele] ABYL gle oz wdy
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At 1,800 ppmzE FAZ FU8A ketonese]
2|7} 2T (2.6mg/100m)o] wle) A JeEpt
(8.09mg/100ml, p<0.001) thA7)%52] Ao o
Asdae 9gos B

1,800 ppmTelA = Faz 429 7 A
Fol il Hla RJHdUde F7Hp0.001)S
Ho 71 A 5471542 dasigey, g9
33 AAtelAM T 71% AIEY ALT, AST ¥
LDHS 471 2% A4 ¥Fule £38 el
JeBs YHog FriHe FEFLE ATEAe
Tt

Bagt dao] AuiFE FFlME 1,800 ppm
TollA hzFI HlwAl f24 Ue F7Hp0.01)
E Yeid ey 2A47 2 el dae 9%
o] ¥ oistn wWelzz Arbdn gizFo H)
8 Solg Wyl #AH=A gol 2-BPY A
(Park &, 1997: Yu &, 1997)9}¢] Ale]H & 1}
Ehfilon 2-BPd| H|3| Aj4SAdo] Ydo] oA
Atk

YAZEA & HAAYBEE AAL A 2 F v
wate Folg 27 #FFER] gsten gaz A
A B (e]AG & o]FE, 1993 : o]F&, 1991
D HIB—I 5, 1986: AT 5. 1989)9] Wz}
g Eych

Wel22 gk ZHAblAM e 2-BPe) AASA o3
dlAl 2 4 AND AL 95, ¥ HY A
2 (Park 5. 1997: Yu 5. 1997) &el=l= ¢
gtem, b AF o, v AF A% 5SS H &
E |48t Fadn|7oz #Ag Ax AFEZR
rEo] wE gL FFHRA ggict & e
745 hepatic lipidosis®l 2% cytoplasmic vac-
uolation®] 74u|g wWsle} AlAe] A9 tubular
casts7} Ho]& nephrophthy7} 23elA 2153
o} ole AEEAY FE oEF wslz Adg
TE jen, dd5E s wE g &
el ola] deld &= gle 27A(Gary £, 1990) 2
2 adHEAd.

a2y olgt ARG 33ty F=E Za e 2-
BP9 7% o8 AFAZ HIFT AATAHNM o
A2zate] dar)s FAFY 4229 PR
8715 Asts 9 ol Usel JgRAlN 2
= er(Kim %5, 1996: Park 5, 1997), rat

E o] 43 FEAUFNNE HAEA o] S }e B
A2 #Ad vt glew(Yu 5. 1997: Lim 5.
1997), SD ratg o]&3lad 28UIF E7rTo]d)A
(125mg/kg, 250mg/kg, 500me/ke body weight):
250mg/ke body weight =7 o|AdA #Ze] 7+
2t 79 F4 2 AFHe] 9 PdAEe 3
BAE] AR A AT Farl EAY
New, 2Pz JFS 71A WYT FaF
HY1o FEAEE FHETA w¥ agn 2
o HE Qe uig A3 Fo] LU Y
2719t 282E AQF g, AR HaleH &
71et BA7ldle TR d&o] Jehda] gt s
Fem(Yu 5, 1997), FU5A ATFNME Ichi-
hara 5(1996)2 Wistar male ratsZ ©]-& 19 8
AlZbe 2 300, 1,000 ppmold 9737, 18lm
3.000 ppm< 119 S AMNFAE=Z A 300
ppmT# 1,000 ppmTy HAIFTE AF #Hx
(6.7%2F 18.1%)% ZtF AVF n@7 B39
FAZ A3 Fa(n@ A$ 50% o4 HUe
o, FApred glolME dixFd] HlE) ZaFe 37
% o]’ #AAE eI, 35 FAAE 300
ppm F279 ¢ HE e gihwe] 4.08% ¥
12.6% o]/ Zadtden, HIF ZAe 300
ppmToME $7H9.5%) 392yt 1,000 ppmT
o] FHEH<E 38.5%°49 FAE dEUAG
(Ichihara %, 1996)3 ¥ 1&g},

Lim 5(1997)2 2-BP2] A471% AdS &
47 SD Ratd ©]4 14¥3t B35 (300me/ke,
600mg/ke, 900me/ke body weight) 23} <tzle] A3
2 F71(F74 4-5¢4)7F 8A3] A=, 900me/ ke
Tolld 1149 AB]F71E B Fo] Algels el
W 2314 FEAZH v4F FA4L Byoen, g
0] T FEY 43 £3E woA %
A&, Holr 5T FEF A Fx9 oo o}
& dA&H "Holry A4S B 5 U axn
Dol A%, WA S| A FAY Wil B
A gstovt die] 5L #AHAUNLim F,
1997).

EG olg} fAIR BEF2E dagle BERAE F
dibromochloropropane(DBCP)2] 7% Whorton
5(1983, 1982) o|Ed9 Z=2d g3 Fx}e A
A A Gl ULE H1dlyen, Rao S
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(1981, 1982)2 FEAFEE Falod YRS &
Qe LEPSG.

olzlgt AFNES v B o FUT IS
Z3 glov Hgol EL 94X, § F2FH Aold
s 49 o] ZA t2A dehdn &S
E F Ut

EE bromopropaned] =44 A FUA AL
H#A A SFHEFZRE BEo] F2lHe](Tachi-
zawa, 1982: Moon %, 1996) HEd] 93t 54
oz B £ 9o 3ysazxd FHAA & o 2-
BP: 1-BPrt} B9 Adzge] Yol 1-BPe ¥
3 494 BEE[Br)o]l £38 § Athe Aotk 42
z 23d 1-BP7l *+2HCE ¢ AT 3FE
2 Bgg 4 9lon oz & E49] FF}E Aol
E ez ge Aoz dA=Zg

wzls 1-BPe 857t WtEFod 2|3 ¥ 9
daset g2 HAME 2-BPY &9
Z2 A Jehdte 44719 u4n 287) A o
g odgke gAY o $ e Aoz wesEw, 300
ppmeldte] TollAs A Fol FIE vA|A
ke zlo 2 Hol 1-BP¥x 8 v 873389 5
E EF7F(1994) ¢ % fEEHY S FEE
Aol AFEHR e EEZ P71 ot

1-BP¢} 2-BP9] Az Wiz E2jslsd Fde|
A o)A L v, dlEa Alzuhloz zad
(CH,CH,CHy)® EBE(Bry,)< 127, 3ix=E £
AdA gAske wHee ol YMsHE 1-BPS
2-BPe] &< 3%t 97%3 =S v&=2 FAAHG
(Morrison, 1975).

Br,

CH4CH,CH,4 m CH;CH,CH,Br+CH,CHBrCH;

Propane 1-BP(3%) 2-BP(97%)

=3 A E E3Ede HES] AgE ] (A
#)oA 4H(wl/mole] S ¥lms] EH 1-BP9
7 69kl/molec|t 2-BP2] ¥ 68ki/moleZ 2-
BP7} 1-BP 2t} Bre] si=]7F o4 gA dojd &
e, 1-BP7} thx <P slgtEd-& gt

a5y ol AgsEeAl 4HE HaT A=
2 23A7]e H= AFNA] Elka/mole)] 73
$e A dEF ok dusid sEEe T
ale] 11748 A7t 2o AFES FAsm2 o]
ale RelHr] HE55E dojuy Adge 10

M) =7} 24zt 312 o2 ddee] 10719 tE
A% oAzt @o1A47] dEelh

JEER WS (CHY A$ EA471 A7
42 dstede AgduA 4dHe 397k
/mole)elv} g2 (C-H)e Afelux Ex 99
(kl/mole]e]cH Morrison, 1975). £3 g2}
Z2ARX)E H2qelA FHMF whgat &
frgo] dojd e 53 aRviEAl, 9
(L), "tavleEMg). o (Zn), 78 (Cu)F3
uh2ale] ZAlo] 7%t BE3FA(HBr) 7Y feld
dqx 4AE 23 o] A8 AAHA tank
)9l et BEe ¥HE FXAAS7 Ak

RX+M+H' —— RH+M"+X°
weld S2AE3Ee A EEER S ASA
v AFolYd HFA 5] ohd FEu HEA
FA5e vy EFE AHEESS AFRS
Az fgof 3l AlEEEE ¥E 7} USE
ojm g},

E A7 A%E F¥s £ 9 1,800 ppmTell
Ay ga AFe fdas e FA 718 B
o}, o] 2-BPel 71Esle SAe] v dvt {
7144 7ol BEME Blud @ S4FARE HA
o} =3 & g¥A]4(0.002~0.03)% AT &
3} A40.0001)7F T2 #7184 Foll vlg] w2
of BHUS 2ol oY xAHol BT
Ay, AAFHS EA AFARA gFoicr &
S 22EE 54L& 22 doe A 2
1-BP9] S44T Ade o$ Fv2 22 B
AW & 2L hA] ABA ML) Algo] T
253 okdA AEE 3 oz Al giF ¢
A4 274, FEAAME F7=49 HESA
2 doldAdn ABEA AN HA=A, H7)
FHAY S5 AEE ool & Aot

V.82 &

S.D ratZ ©]-%& 1-bromopropanes Al@E4=
ate] 4A13t AAEZ2 e o FAEFUSAEH, 14 6
AlZk, F 54, 85 Filel 2%t olFd FUH
A AYE F3ld 23 ge Axg 4t

1. 4713 AAZ20] o3k FAFYA M= 4
HE B ol 443 9 ¥ 23 EH o|giA
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& BAEA] Ygkon] 50% ¥E(LCy)E 14,374
ppm(95% Al=@A: 13,624~15,596 ppm)o.2
FEH A,

2. 8579 F4ell 9% 7 AgFe] Az ar
< WETR v2A] {9F 7 @4 Jehlx
& ey HFe nExEael 1,800 ppmTolA
HAE F2 ARYZYEH 557(399) ABA 59
A2(p0.05)8 Ba, e 43(279) ZATHA]
A 5] 7H4(0.01¢ p¢0.05) #Alo] THas Q).

3. FEA Sad A 229} v nsle 2z
o FFde, AR, FR Hule] wsiol sz
2 8g 2F 28 A% 59 24 8
A4 EFU 49 AF 5 Solg ww o
TR @i}

4. 249 rate] Z} A8 JoFF g SR
o B% A He] By} 55 o)zA =y} of
& vdeEides 1,800 ppmToA 24l
(p€0.05)3% B 2&(pC0.01) A Hulg 247} A
s Yoy Zaewd o3 AduAs »
o FAe ¥%kn, ¢ P9 1,800 ppmel
A 2HH(p0.001), A7 (p(0.01)¢] A4 =718 1w
Rem, dAE ol B (p0.01)S Y},

5. = 3 ¥z yagsiety zArdn myayA
MFUe] £3E Bien o4 RN 713
central vein 9| hepatocyteselA] cytoplasmic
AR B, Ao Ho
tubular casts?} ¥ o] nephropathyz} 2 %o
AvsAl Yo} ol Alggde] x oz
qYos #WoElx] ekgten proximal tubular
cells®] brush¢t glomeruluse| A% 1-BPe] 2]t
TE OEH JFgS e WEe Moz gttt &
T AEAET 2 Y=Y 2B Fa =
&e Holx] gfston #Mg A% w1z )
F, BE, ¥2 59 zAHePANE 1-BP9
oJF Jake BFEA] Yo}

vacuolation®]
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