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Study on Inhalation Toxicity of Halogen Compound Using Rats

Hyeon Yeong Kim™ - 11 Je Yu * Cheol Hong Lim * Yong Hyun Chung - Seung Hee Maeng -
Jun Yeon Lee - Sung Bae Lee - Jung Hee Han - Jong Yun Lee - Yong Mok Lee
Industrial Chemicals Research Center, Industrial Safety and Health Research Institute,

Korea Occupational Safety & Health Agency
104-8 Moonji-Dong, Yusung-Ku, Taejon 305-380, Korea

Inhaled halogen compound was examined through
micronucleus tests and toxicity tests using SD
(Sprague-Dawley) rats with repeated dosages for
six hours a day, five days a week, during four
weeks.

In four-week repeated exposure, no specific
sign caused by the CFsl compound was observed
on the clinical symptoms, body weight variation,
feed consumption, and urinalysis data in the
testing groups with reference to the control group.
In hematological and hiochemical blood tests of
the testing groups, the significant, but in their
normal ranges, value dependencies of glucose,
aspartate aminotransferase, alanine aminotrans—
ferase and etc., on the halogen carbohydride
concentration was observed. In histo-pathological

A4 12000 89 59, A 1 20004 9% 199

tests, no specific lesion or concentration depend-
ent change due to the CFal compound dosage was
observed in both sexes of the female and male in
the tested animals.

But, micronucleus tests on marrow cells
extracted from the tested animals which were
repeatedly exposed in the CFsI compound during
four weeks, the frequencies of micronuclei were
significantly increased dose-dependently com-

pared to the control groups.

Key Words : Halogen Compound, Inhalation
Toxicity, CFsl
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1
3 4 (inhalation
chamber) 5 ; ,
2+ 3
11-15 / , 515 mmAq
12 ( 9
barrier system

40- 70
%,

: 150- 300 Lux
9)

1
(Model No. SIS- 20RG, SIBATA Co. LTD, Japan)
1 .
gas generator (Model No. VG-4R,
SIBATA Co., LTD, Japan)

monitoring

(Model

No. ICS-20RG, SIBATA Co., LTD, Japan)

30 1

sampling

G.C (Model No. GCS-14PFFS, SHIMADZU,

Japan)

15 1
monitoring ,

)

G.C

Detector : FID (Flame lonization Detector)

Column

. Silicon DC-200 15% Chromosorb

(AW-DMCS), mesh : 80/100, length: 05 m

Det. temp.

Oven temp.

Inj. temp.
Injection Volume

: 150

: 50

: 100

: Gas Sample 1

Chemical detector unit : ppm (v/v)

1 2 ;
, , monitoring 2
4. monitoring 12.32-1244 |
Table 1. Concentration of CF3l in each groups
(Unit: ppm)
Concentration of CF3
Groups
Establishment Upper Lower Mean + SD
Control 0 0.0 0.0 00+ 000
Group 1 150 165.5 122.0 1517 + 9.72
Group 2 600 632.3 545.2 6005 + 23.23
Group 3 2,400 2,496.3 2,293.7 24002 + 64.49
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Figure 1. System for inhalation exposure experiment.
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Concentration of Test Sample (ppm)
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Fig. 2 Changes of concentration in inhalation chamber during the experiment. S.D rats

were exposed to 150, 600 and 2,400 ppm of CF3l, 6 hrs a day, 5 days a weeks,

4weeks. Data are expressed as daily meanz SD.
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Table 2. Environmantal condition in inhalation chamber during the experiment

- 114 -

ltems Group 0 Group 1 Group 2 Group 3
(Control) (150 ppm) (600 ppm) (2,400 ppm)
T() 228 + 037 25+ 041 230+ 035 231+ 038
RH (%) 474 + 6.28 489 + 6.19 460 + 6.05 396 + 579
P(mmH20) -100 + 023 -100 + 0.80 -100 £ 047 -99+ 039
R(L/min) 2054 + 191 2064 = 291 2074 + 219 2068 + 2.4
T ; Temperature, RH; Relative Humidity, P; Pressure, R; Flow Rate
All data values are expressed as total mean (for 4 weeks) + SD.
* . Effect of CF3l.
5 5
10 1 ethyl ether
150, 600, 2,400 ppm 3 )
1 6 , 5,4 ) ) )
1
1 10 %
; (Hema-
, , , , , , toxylin and Eosin) (PAS-
hematoxyline)
2 (Sysmex F-820)
2 (TBA20FR)
6)
3)
2 b
(fetal bovine serum,
Gibco)
4) , 1,000 rpm 5
Bio- Gen 10SGLM (Yeongdong Pharm
Co.) . 5 ,



acridine orange (40 / , Sigma Lot No. 6.

11H3650)
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400 (NIKON  Method) ,
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(polychromatic erythrocyte, PCE) 1,000 Armitage
12
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Figure 3. Change of body weight in CF3l exposed rats during the experiment.
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(2,400 ppm)

20.7+ 19, 150 ppm

318+ 3.1, 600 ppm

30.8+ 2.6
150 ppm 23.4+ 45, 600 ppm
2,400 ppm 210+ 31

312+ 46, 2400 ppm

231+ 3.2,

23.7+ 4.6,

2,400 ppm

, gastrointestinal tract, pancreas,

hepatobiliary system, urinary system, skeletal
Table 3. Urinary analysis in male and female SD rats after CF3l exposure for 4 weeks
> Test ttems i) (S0pm)  (@0mm) (2400 pom)
Blood (count/ ) <10 <10 <10 <10
Bilinogen ( /100ml) 06+ 0.16 05+ 000 04+ 021 01+ 021
Urobilinogen (- /100ml) 10+ 000 10+ 000 04+ 052 03+ 048
Male Ketone ( /100ml) 70+ 258 60+ 211 50+ 000 6.0+ 158
Protein ( /10ml) 440+ 295 420+ 3120 220+ 1033 280+ 632
Glucose ( /100ml) <01 <01 <01 <01
pH 6.2+ 042 64 + 070 65+ 071 6.6 £ 052
Specific Gravity 1023+ 000 1021+ 000 1018+ 0.01 1019 £+ 0.00
Blood (count/ ) <10 <10 <10 <10
Bilinogen ( /100ml) 01+ 016 005+ 002 0.01 0.01
Urobilinogen (- /100ml) 02+ 032 01+ 003 02+ 042 01+ 031
Female Ketone ( /100ml) 45+ 157 50+ 000 40+ 208 45+ 157
Protein ( /10ml) 200+ 994 310+ 2601 20 9% 280+ 629
Glucose ( /100ml) <01 <01 <01 <01
pH 63+ 067 65+ 083 64+ 069 65+ 083
Specific Gravity 1018+ 000 1019+ 001 1018+ 0.01 1020 £+ 001
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system, endocrine system,

reproductive system

ppm (1)

testis atrophy

respiratory system, 2

150 ,
600 ppm (

2,400 ppm

100 g

600, 2,400 ppm

Table 4. Relative organ weight of male and female SD rats after CF3l exposure for 4 weeks

(Unit : /100g B.W.)
Group 0 Group 1 Group 2 Group 3
Sex Organ
(Control) (150 ppm) (600 ppm) (2,400 ppm)
Thymus 1400 + 1861 1298 + 21.87 1442 + 2293 131.0 + 1544
Adrenal R 86+ 034 83+ 071 73+ 075 74+ 110
Adrenal L 84+ 018 81+ 0.78 73+ 054 75+ 105
Testis R 406.3 + 4.02 3847 + 10243 3868 + 4156 383+ 3732
Testis L 4046 + 20.62 3876 £ 103.35 389.0 £ 4209 390.8 £+ 39.60
Heart 329.1 + 2860 33211 + 2266 3286 + 29.03 3365+ 3043
Male Lung R 2484 + 2482 2297 + 2544 2284 + 18.14 2172 + 19.34*
Lung L 1208 + 861 1166 + 12.05 1250 + 12.03 1166 + 7.44
Kidney R 3747 + 4235 3H74 + 1861 3686 + 31.39 3725+ 2760
Kidney L 3752 + 40.96 3550 + 1695 3599 + 3110 3688 + 24.63
Spleen 1747 + 1865 1763 + 21.25 1924 + 3032 1722 + 1092
Liver 27209 + 26460 27809 + 27815 27822 + 28822 28912 + 27307
Brain 5164 + 37.26 5484 + 2530 5404 + 2326 5288 + 1811
Thymus 1855 + 24.96 1773 + 2821 1906 + 3801 2080 + 2324
Adrenal R 150 + 293 147 + 094 146 + 1.10 153+ 099
Adrenal L 154 + 242 148 + 110 146 + 1.25 147 + 099
Ovary R 301+ 581 2715+ 285 264 + 260 276 + 163
Ovary L 2716 £ 395 265 + 281 258+ 254 266 + 180
Heart 3465 + 1922 3484 + 3007 3583 + 30.36 3701 + 3591
Female Lung R 266.1 + 2570 2624 + 1892 2688 + 21.65 2701 + 2876
Lung L 1439 + 1145 1473 + 8.88 1494 + 1034 1459 + 9.84
Kidney R 3491 + 2754 3466 + 45.88 3542 + 2997 3365 + 2745
Kidney L 3471+ 3239 3452 + 4576 360.1 + 25.16 3318+ 3230
Spleen 2114 + 3318 1941 + 3141 1959 + 21.83 1852 + 1741
Liver 29416 + 34208  2940.7 £ 50761 27440 + 24506* 25933 + 178.71*
Brain 7931 + 3574 8130 + 27.63 7702 + 30.62 7937 + 4544

All values are expressed as mean + SD.

Significant differences as compared with control : * p < 0.05.
B.W.; S.D rat body weight of 28 day.
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Table 5. Hematological results in CF3I exposed rats for 4 weeks

e - Group 0 Group 1 Group 2 Group 3
(Control) (150 ppm) (600 ppm) (2,400 ppm)
WBC 70 £ 18 T Hld 70 £ 13 101 £ 207
RBC 80 £ 03 81 £ 05 79 £ 04 82 T 03
HGB 150 £ 05 149 £ 06 146 £ 06 154 £ 07
HCT 46 £ 18 414 £ 27 450 = 20 462 *+ 23
Nale & Sy %7 + 16 53 + 19 570 £ 21 567 £ 20
MCH 187 £ 0.7 184 £ 06 185 £ 06 189 £ 06
MCHC 336 £ 06 27 £ 09 24 = 05 334 £ 07
PLT 11360 £ 87.3 1126.7 £ 1337 11035 £ 13301 10825 * 1174
WBC 53 £ 19 51:&119 66 £ 19 54 £ 11
RBC 74 £ 10 T3 5204 79 £ 05 7471105
HGB 142 £ 17 141 £ 08 148 £ 05 153 £ 08
Fernale HCT 417 £ 50 411 £ 30 437 £ 22 25 = 25
MCV 5.2 £ 16 6.7 £ 24 55 = 10 573 £ 12
MCH 192 £ 045 194 £ 05 188 £ 06 207 £ 18
MCHC 341 £ 05 343 £ 08 338 £ 08 362 = 30
PLT 11503 £ 1519 831 = 3458 11082 * 794 9289 = 789
All values are expressed as mean * SD.
Significant differences as compared with control : * p < 0.05

WBC, white blood cell count (103/mm)
(%); MCV, mean corpuscular volume (#:4):

hemoglobin concentration(%) : PLT, platlet 1%/ 1

; RBC, red blood cell count (106/mm);
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. Total protein, BUN, creatinine, total , 150 ppm 1 (atrophy)
bilirubin, total cholesterol, alkaline phosphotase (depletion of
germ cells) , 600 ppm 2,400 ppm
1
(degeneration of germ cells)
4) , focal mild tubular degeneration
2 150, 600 ppm 1

Table 6. Biochemical results in CF3l exposed rats for 4 weeks

Sex ltems Group 0 Group 1 Group 2 Group 3
(Control) (150 ppm) (600 ppm) (2,400 ppm)

TP 6.7+ 02 6.7+ 02 68 + 03 6.7+ 03

BUN 128 + 11 134+ 15 134 + 27 133+ 11

CRTN 06 £ 0.02 06 £ 0.00 06 £ 0.07 06 + 0.03

T-BIL 03+ 005 03+ 010 03+ 005 02 £ 0.05
GLU 976 + 141 1034 + 134 1105 £ 17.0 1337 £ 135*

Male T-CHO 501 + 40 547 + 95 484 + 139 524 + 94
AST 2031+ 307 2024 + 624 1634 + 386 1114 £ 165.7*

ALT 358 £ 37 313+ 79 303 £ 4.1* 287 + 3.16*
LDH 2857 £ 326 2510 £ 593 2674 £ 570 1443 + 537

ALP 4228 + 322 4160 + 884 4231 + 1143 4217 + 471

TP 73+ 03 71+ 03 72+ 052 69 + 09

BUN 128 + 19 121+ 17 132+ 24 127+ 21

CRTN 07+ 020 07+ 020 06 £ 0.05 07 £ 0.05

T-BIL 03 £ 0.06 04 £ 012 03 £ 0.06 03+ 005

GLU 1094 + 103 9.7 + 100 973 + 228 95+ 97
Female T-CHO 60.7 + 116 685 + 273 506 + 76 576 + 169
AST 1584 + 307 1396 £ 408 1540 £ 335 1165 £ 19.7*

ALT 244 + 48 25+ 76 343+ 161 188 + 53
LDH 2785 £ 404 2693 £ 903 2371 £ 694 1845 + 518*

ALP 2630 £ 533 2153 + 538 2480 + 494 2530+ 954

All values are expressed as mean + SD.

Significant differences as compared with control: * p < 0.05;
); BUN, urea nitrogen in blood ( /
T-CHO, total cholesterol (mmol/l); AST, aspartate aminotransferase (u /¢ );

TP, total ptotein ( /

GLU, glucose ( [/ );
aminotransferase (u /¢ ); LDH, lactate dehydrogenase (p /¢ ); ALP, akaline phosphotase (p /¢ ).
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0.25+ 0.09, 150 ppm 0.38+ 011, 600 ppm

5. 0.40+ 0.11, 2,400 ppm 0.46+
0.14 . SigmaStat 32 5
% one-way ANOVA
7

Table 7. Frequencies (%) of micronucleus in the bone marrow polychromatic erythrocytes (PCEs) of male
and female SD rats after CF3| exposure for 4 weeks

5 Group 0 Group 1 Group 2 Group 3
ex
(control) (150 ppm) (600 ppm) (2,400 ppm)
0.26 0.50 045 0.57
0.35 047 0.38 0.68
0.27 047 047 0.47
0.18 0.19 0.27 0.59
0.28 0.37 0.52 0.18
M
e 0.18 0.27 0.27 0.36
0.34 045 047 0.29
0.09 0.28 0.39 0.18
0.33 0.36 0.35 044
0.20 0.28 047 0.38
mean + SD 0.25 + 0.08 036 + 0.11 0.40* + 0.09 041* + 0.17
0.37 0.55 0.44 0.46
0.18 0.37 0.55 054
0.28 0.28 0.36 0.66
0.36 047 049 0.47
Female 0.19 0.36 0.54 054
0.29 0.18 0.36 0.57
0.19 0.58 0.36 0.37
0.35 045 047 0.58
0.05 0.29 0.10 0.45
0.24 0.36 0.29 0.39
mean + SD 0.25 + 0.10 0.39* + 0.13 0.40* + 0.14 0.50* + 0.09
Total mean + SD 025 + 0.09 0.38* + 0.11 0.40* + 0.11 0.46* + 0.14

* Compared with control values, these group frequencies were increased (P<0.05).
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- 122 -



NHEA Fojol 9 Eola Bzt BE 92A
SEEERE S
4 BRALE o1 8F 28 APIHE Bl o
3 Zzod 28 28 NEA flsl 371
o, Ezrwel §3 &4 tehiof 94
24z #49.
REFERENCES

1m

r_&m
H o

A4, A%, 489, o] &5, A2+ Rat
£ 1-bromopropane?] ¥4 2 0} A EY4E
32kl 9] A58 7] 1998,8(2):272-283

EAGARARATY FA - H]R] T #E 7
LE55; 1997, (9-13%)

Fold®, August 11; 1998. (1%)

o]A Y, olFE. AT Y. AL 1993
(71-87%)
olg& AEFEY; 1991, (508-512%)

A H. August 11; 1998. (1H)

&

A

F

F5B BR/1Z B4 1904
FrafstetEddey. $45; 1997, (315-318%)
OECD. 8h3249] 37h) glo] ABA H2 data

sheetoll 23k oA} A (A 5750]4H3]); 1932,
#AFEL. Biological reference date book on

experimental animals, soft science; 1989. p.96-217
1 F . TR B, i

1993;(29):45-48.
FUH L, GBI ES,

W=7

eI E: T 8 RN )

EhaNh b, SRR, 1992. po0-75
AR B HTEEREE. AT 1986,
p.190-191

Classification and Labelling System of Hazardous
Chemicals in European Union; 1997

Hallenbeck, WH. Quantitative risk assessment
for environemntal and occupational health, 2nd ed;.
1993, p.105-146

Kim HY, Chung YH, Yi KH, Kim JG and Yu IJ.
LCs of 2-Bromopropane. Industrial Health 199;
(34):403-407

Maeng SH and Yu IJ. Mutagenicity of
2-bromopropane. Industrial Health 1997(35): 87-95

EPA, Significant new alternatives policy (SNAP)
program, USA; 1999

OECD, OECD Guidelines for Testing of Chemi-
cals; 1993. p.2591-2604

OECD, OECD Guidelines for Testing of Chemi-
cals; 1993. p.2781-2788

OECD, OECD Guidelines for Testing of Chemi-
cals; 1993. p.2801-2809

OECD, OECD Guidelines for Testing of Chemi-
cals; 1993. p.3601-3606

Paustenbach DJ. Occupational Exposure Limits,
Pharmacokinetics, and Unusual Work Schedules. In
"Patty’s Industrial Hygiene and Toxicology’, Vol.
IMA (edited by Cralley, L] and LV Cralley), A
Wiley Interscience Publication, New York.; 1985.
p111-277

Registry of Toxic Effects of Chemical Subs-
tances (RTECS), National Institute for Occupa-
tional Safety and Health (NIOSH), = RTECS
number TX4111000; 199%

Roger O et al. Concepts in Inhalation Toxicology,
Z2nd ed. Taylor & Francis; 199%. p.3-66

Shirasu Y et al. Environmental Toxicology,
Method and Safety Evaluation; 1975. p.152-173

- 123.-





