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Studies on Inhalation Toxicity of
Coolants for Self Cooling Cans Using
SD rats.

Hyeon Yeong Kim, Il Je Yu, Cheol Hong Lim, Seung Hee Maeng,
Yong Hyun Chung, Jun Yeon Lee, Jae Hwang Jeong, Jeong Hee
Han, Kwang Jin Kim, Sung Bae Lee, Yong Mook Lee.

Industrial Chemicals Research Center, Industrial Safety and Health
Research Institute, Korea Industrial Safety Corporation
104-8 Moonji-Dong, Yusung—-Ku, Taejon 305-380, Korea

— Abstract

Using SD rats, the acute inhalation toxicity of CFsl was
investigated with single dosage for four hours and client provided.
Test Samples were examined through micronucleus tests and
inhalation toxicity tests with repeated dosages for six hours a
day, five days a week, during four weeks. The results are as

follows:

1. In acute inhalation toxicity test, on clinically specific symptom
or histopathological abnormality in the testing animals of the

CFsl exposure groups were observed comparing to the control



group. No death was appeared in the 60,000 ppm and 100,000
ppm groups. So the lethal concentration was estimated above
100,000 ppm.

In four-week repeated exposed inhalation toxicity tests, no
specific sign caused by the testing materials 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 hematorogical and biochemical blood tests of
the testing groups, the significant, but in their normal ranges,
value dependencies of glucose, aspartate aminotransferase,
alanine aminotransferse and etc. on the testing material
cocentration were observed. In histo-pathological tests, no
specific lesion or concentration dependent change due to the
testing material dosage was observed in both sexes of the
female and male in the tested animals.

And in micronucleus tests on marrow cells extracted from
the tested animals which were repeatedly exposed in the
testing materials during four weeks, the appearance frequencies
of micronuclei were significantly increased compared to the
control groups, and the dependency on the exposure

concentration appeared to be positive.
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1. A 24 2 AAEE

B AFYATE AFe EH4E AHESAT 948 F9=4
A= 9977 %2 CFsl (Ajay North America, LLC., Lot No.
062398-FC)& At&3stal, whafo] FY=AddAToA = Appendix 159
et AP ARE £V 22 (FA A Pl eAbs, Lot No.
0S-220)& AH&3tal x2E 42 Hepa filters T3HAA A3ld H4 &
71E Aot on AdesE2 SYY LA FAl5E (Specific Pathogen

Free, SPF) Sprague-Dawley(SD) RatZ A}-&3$it}.
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b FEEE 47 4 85t AstE HAETV(EXFE Class
x Fs % 40-70 %, ¥713]4 11-15

59, &% 150 - 300 Lux® 12A]17HL.#9

- 2 3t barrier system® SH AWM AFsH o, A}

S AFEES AR AHAIYAT FAANE, S5 B BATE

AEFER 3o AR HAHAEE 94

3. NAER ZTaay
AlFdEAe] Z2+= photo. 13 Zo] €4 1 m9e T3 (Model
No. SIS-20RG, SIBATA Co. LTD, Japan)$} Ad &2 &g

=

(Appendix 16)= °l& d@e=ol HAF=2 st
A T FETEE FRRA R AuAdS Feke 34 95
AANE w=E AAsta, ol Adddet el %%71%(5%%

ol b2

NgEHAY ZZHHE  gas  generator(Model No. VG-4R,

SIBATA Co., LTD, Japan)E& °]€ A@dEHAS dAF] HAT7<
E5tste] AAFER 47 243 T FAdANYE T A E

44 E= A



Photo. 1. Inhalating exposure chamber



4. ¥4 4AHY 27 monitoring

4 ZE bl Fd AW e 374 21 E5S monitoring

sttt %, F%, o9, @ Fe AW FdE Aot A G

%] (Model No. ICS-20RG, SIBATA Co., LTD, Japan)E °]& 30l

il ol As 7IEHA st ARAELY vEe As

I #25 G.C(Model No. GCS-14PFFS, SHIMADZU,

Japan)E °]& Z 27|t T 167 A o2 134 AW A FEL Y

FXE  monitoringstg e  HEzH Al EZ(Test sample)
Appendix 159} 2 H|&Z(H) SAHHJLH, =

3 F5)5 §gsle] =Z 25 % (Test sample)® &2Fs}

240 A4H GCO BAZAL olgsh 2o},

W

[ GCY A4 =x=1 ]
Detector : FID(Flame Ionization Detector)
Column . Silicon DC-200 15% Chromosorb(AW-DMCS),
mesh: 80/100, length: 0.5 m
Det. temp. : 150 C
Oven temp. : 50 T
Inj. temp. : 100 C
Injection Volume: Gas Sample 1 m¢

Chemical detector unit : ppm(v/v)
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Chemicals(1981)¢] Acute inhalation toxicity(Chapter 4, No.403) A &

<

1001-1005
2001-2005
1101-1105
2101-2105
1201-1205
2201-2205

Animal No.

5
5
5
5
5
5

Sex

Male

Group (I;g:f)
Female

toxicity of CFsl

Chemical

Table 1. Experimental design on the study of acute inhalation

o

Group 0O

Male
Female

Male
Female

60,000
100,000

Group 1
Group 2

CFsil




AYEFEEZE Table 29 2ol & 4 7 107128 @ wow,

150, 600, 2,400 ppm<] = = Z

2] 6A1%F, F 59, 4% WMEF
A

AA R e st AAE AA s

<)

o

Table 2. Experimental design on the study of 4 Weeks inhalation
toxicity of Test sample

Chemical Group Dose Sex N Animal No.

(ppm)
Group 0 M 10 1001-1010

0

(Control) F 10 2001-2010
Group 1 M 10 1101-1110

150
(Low) F 10 2101-2110

Test sample

Group 2 M 10 1201-1210

. 600
(Medium) F 10 2201-2210
Group 3 M 10 1301-1310

up 2,400
(High) F 10 2301-2310

M; Male, F; Female, N; Number
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() A=A

SRR w3 FRF TRIA AFS FPta, T2 Fol
L %2504 BE £2d g AT 24

3) AEHAF 23

27|13t T 23)o]d e wE d&f MEAHLE A}

ANdEd F
- o =

BE T U =HAE

(4) =AA
°]-& blood, bilirubin,

AdEd 22 FRIT B3 A
Bio-Gen 10SGLM(Yeongdong Pharm Co.)<
urobilinogen, Kketones, protein, nitrite, glucose, pH, S.g., leucocytes

52 AAskch

o =

OEEEEERN!

7b. FAAAE

NgEd Fw E2n ¥ gzxad Teae] AP5R( 5 7 40
nkg])ell dia] ethyl etherE ol & vHAIA A3} F Fotxow
thymus, adrenal, testis, heart, lung, kidney, spleen, liver, brain,
skin 5¢ &71& AAS AT



. ZIFHF

S0ty HAAF & EE FE W3] thymus, adrenal, testis, heart,
lung, kidney, spleen, liver, brain 59 @7 x2S &3 & 7179
A7lel & THS FAHs A ols FEE Hd F UYL S UE

shol wa ¥4 shglch

o 3 2 Y A5 F HAL

FHAA BEdsdoa dods AFHse] WP+ (white blood cell,
WBC), A&7 (red blood cell, RBC), 3sl®2==2% (hemoglobin), 3l|v}&
A2]E (hematocrit), Hi AdF &4 (mean corpuscular volume,
MCV), Hit A+ JAAh# (mean corpuscular hemoglobin, MCH),
Hit AET A F% (mean corpuscular hemoglobin concentration,
MCHC) 5& &A% 7] (Sysmex F-820)8 ©] &3¢ ZA3}ar, of~v}
HolE oln-Edl~uetA| (aspartate aminotransferase, AST), <ghd
ol :-E @ A~ g4 (alanine aminotransferase, ALT), &7} ¥ 2 3}E}A|
(alkaline phosphatase, ALP), %32 (glucose), 8444 (blood urea
nitrogen, BUN), ©@9 & (protein), & 2~HE (cholesterol), =] o}El
(creatinine), & Y& F¥ (total bilirubin) 5<& R3S 247
(TBA20FR)Z 73ttt

d4 Fg F EE s=5 A5 13 S04 #FES s o,
o, H, I, A, AL (b)), ¥, B2 3 59 FUlE AES
of Zhzte]l TS ST F, 10 % ¢4 x=22d &4 g3t
A7) 2212 paraffinel]l (Zvjsta FvlE A H o 21 (Hematoxylin
and Eosin) ¥ 3 2-3n} 5 Al & (PAS-hematoxyline) & A& 3ol 438t
An el o g HexA g4 HALE k3T



SR FAA AL
W &L ethylether

of Pojo] BA P

orange? (40 pg/ml, Sigma Lot 11H3650)S WA sle] 7AvSFet~5E ¢
of G AT

3 &
FE ##L W (blind method) &2 3% 4008] o] 2] v 8ol A
5343 1] 4 (NIKON OPTIPHOT-2)S o] &3t o, @4 AAE FE
Al B AT £ 3XEs dEstel 994 48T (polychromatic
erythrocyte, PCE) 1,0007] A &3S Zt= AXE AT st o4
A AETY FEHE BEA ok A Fo] glo] A g S me= Ao
st om e A AY F AL AFEF AA 12, Ad F
A& Aol 7l AAR st B3 T2 ddely 7
=23 ey T= A ] 33}
AeHA =41 ,
Zwo Ot AldEFE FATe A9 FHAWEE one-way
ANOVA(Analysis of Variance) ¢ WH& ol&sto] fFox HAAE
stom &7 =44 AAS 91814+ Cochran Armitage® 43FA4 =

A S,

& ooft oo i
H
i

71e} Al@wRdl 9ol = OECD Guidelines for Testing of
Chemicals (1981)¢] repeated inhalation toxicity(Chapter 4, No.412)*]

e Fasvh
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m 4323

1. #8Fd=A
D EFAAHY 27

NEEA Z274AZ) 2 B277149) F Ao 84 5H
dibs T @ A3t Table 3% 2ol 5HAY Aelmeidlel agx
Ao Bataglon 7= Avy 7= B 202-205 £ /min® 3
718 FE A 12g o] A} o] 9t}

Table 3. Environmental condition in inhalation chamber during the
exposed time

Items Group 0 Group 1 Group 2
(Control) (60,000 ppm) (100,000 ppm)
T(C) 225 + 0.36 215 £ 0.3 21.7 + 042
RH(%) 55.8 = 4.17 32.8 £ 479 32.8 £ 769
P(mmH-0) -10.2 + 0.10 -14.0 £ 0.68 -13.1 = 0.56
R( 4 /min) 205 £ 0.53 2029 £ 1.76 2054 £ 1.18




23 Z 2 %X monitoring
A Z270e ANFEA ZZAFo 2 RE AFEF @A)
Al

AN ZF O 2 s}Oﬂth Za 7]7} = Au A

TR ’\]7}(24Oﬁ—)77}7<]/] TEE Téﬁﬁ}oﬂ Table

2 AN 2HE VAR ekon FzA7
T LWl Fig. 29 2ol Z2A1% 308 = 1A7Fo| e okA s}
T A=A BA7IE HAA L, 30+

5 %olet® FFAaE Ao 1A A HHA]

Table 4. Concentration of CFsl by exposure groups

Unit: ppm
Concentration
Groups
Establishment Upper Lower Mean £ SD
Group 1 60,000 65,183.66  42,513.45 59,736.33 = 5,616.60
Group 2 100,000 133,297.27 84,079.39 104,545.46 + 16,608.60




160 ! ! ! ! ! ! ! ! !

§ 140 . —a— 60,000 ppm

§ 120. o \‘\.\ —e— 100,000 ppm

- °

§m 100 ./.l.~0~0\0

% 80- e

5 60 R s =

- — i

E o/ 4

£ i

§ 20 °

S | .gb
0 30 60 90 120 150 180 210 240 270

Exposed Time (min)

Fig. 1. Variation of the concentration in inhalation
chamber during the exposed time
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Table 5. Relative organ weights of male rats after inhalation of CFsl

Unit : mg/100g B.W.

Organ Group 0 Group 1 Group 2
(Control) (60,000 ppm) (100,000 ppm)
Thymus 140.70 + 20.10 183.68 = 47.75 137.04 + 28.06
Adrenal R 895 £ 2.44 952 £ 241 7.38 £ 0.99
Adrenal L 10.16 + 4.58 875 £ 1.12 8.16 £+ 1.85
Testis R 443.37 + 76.09 42856 + 93.82 502.39 £ 28.79°
Testis L 487.49 + 23.95 454.52 + 26.94 512.85 + 29.53
Heart 34870 + 17.77 341.45 + 48.30 343.63 £ 48.03
Lung R 270.73 + 27.28 270.85 + 47.17 25751 + 17.62
Lung L 148.06 + 9.99 156.65 + 24.25 142.97 + 14.10
Kidney R 331.17 £ 33.36 318.39 + 33.14 32591 £ 13.29
Kidney L 330.79 + 27.71 318.39 + 24.22 319.99 £ 24.69
Spleen 204.51 + 15.90 168.89 + 17.91° 195.77 + 12.76
Liver 2,685.84 + 206.18  2,64542 + 22559  2,675.84 + 241.37
Brain 509.90 + 16.83 497.04 + 29.77 506.74 + 21.70

All values are expressed as mean + SD.
Significant differences as compared with the control: * p<0.05.



Table 6. Relative organ weights of female rats after inhalation of CFsl

Unit : mg/100g B.W.

Organ Group 0 Group 1 Group 2
(Control) (60,000 ppm) (100,000 ppm)
Thymus 181.93 + 29.07 17722 + 61.60 190.39 + 35.16
Adrenal R 1478 + 2.18 1471 + 1.16 14.32 + 2.07
Adrenal L 16.70 £ 1.27 13.36 £ 1.75 1441 + 1.65
Ovary R 32.21 £ 3.27 31.57 £ 5.08 2945 + 537
Ovary L 2847 + 261 31.12 + 535 28.38 + 451
Heart 400.36 + 53.94 373.09 + 2550 368.15 = 14.08
Lung R 344.34 + 3447 308.16 £ 20.71 318.33 + 62.81
Lung L 17555 + 9.92 164.04 + 18.80 186.83 + 25.21
Kidney R 321.35 + 22.24 335.78 + 16.70 314.59 + 13.77
Kidney L 322.45 + 2454 306.01 £ 4241 319.93 = 12.07
Spleen 246.81 + 20.36 231.57 + 22.22 229.18 + 16.70
Liver 257637 + 123.28  2,600.72 + 269.23 2,479.36 + 74.45
Brain 691.61 + 49.24 743.77 £ 30.41 693.22 + 31.57

All values are expressed as mean * SD.
Significant differences as compared with the control: * p<0.05.



ol u FolAglstA FA A= Table 7, 8, 9, 109 YEF AT
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Table 7. Hematological values in male rats after inhalation of CFsl

Ttems Group 0 Group 1 Group 2
(Control) (60,000 ppm) (100,000 ppm)
WBC 590 £ 151 540 £ 0.94 6.40 £ 0.78
RBC 790 = 0.36 790 = 0.20 8.10 £ 0.37
HGB 14.8 + 0.60 147 + 0.27 149 + 0.48
HCT 453 + 2.69 414 + 0.44 469 * 2.16
MCV 573 + 1.72 57.1 £ 1.19 579 + 1.67
MCH 187 + 0.40 185 + 0.52 183 + 0.31
MCHC 32.7 £ 0.73 32.4 £ 042 31.7 £ 0.68
PLT 9748 + 70.3 934.2 £ 59.4 934.0 £ 35.0

All values are expressed as mean + SD.

WBC, white blood cell (10%/mm®; RBC, red blood cell (10%mm?); HGB,
hemoglobin (g/dL); HCT, hematocrit (%6); MCV, mean corpuscular volume
(*); MCH, mean corpuscular hemoglobin (pg); MCHC, mean corpuscular
hemoglobin con. (%); PLT, platlet (10%/u?).



Table 8. Hematological values in female rats after inhalation of CFsl

Items Group 0 Group 1 Group 2
(Control) (60,000 ppm) (100,000 ppm)
WBC 440 £ 1.13 350 £ 0.94 450 £ 0.89
RBC 7.10 £ 0.24 720 £ 0.19 7.30 £ 0.05
HGB 14.0 + 0.46 13.8 + 0.35 142 + 0.34
HCT 414 + 166 414 + 1.13 419 £ 091
MCV 579 + 1.38 56.6 £ 1.19 57.7 £+ 1.30
MCH 195 + 052 19.1 + 052 196 + 0.44
MCHC 33.7 £ 0.36 33.7 £ 0.35 33.9 + 047
PLT 1,007.4 + 89.9 1,076.8 £ 237.1 1,021.0 £ 154

All values are expressed as mean * SD.

WBC, white blood cell (10’/mm®; RBC, red blood cell (10%mm”); HGB,
hemoglobin (g/dL); HCT, hematocrit (%6); MCV, mean corpuscular volume
1) MCH, mean corpuscular hemoglobin (pg); MCHC, mean corpuscular
hemoglobin con. (%); PLT, platlet (10°%/u%).



Table 9. Biochemical serum values in male rats after inhalation of

CFal
Ltems Group 0 Group 1 Group 2
(Control) (60,000 ppm) (100,000 ppm)
TP 6.70 £ 0.21 6.90 £ 0.15 6.80 £ 0.15
BUN 174 + 1.02 166 = 1.59° 152 = 0.74°
CRTN 0.70 £ 0.02 0.70 £ 0.02 0.60 £ 0.02
T-BIL 0.20 + 0.00 0.20 £ 0.00 0.20 £ 0.00
GLU 131.3 = 6.66 144.0 + 183 1416 + 8.08
T-CHO 80.0 + 7.94 86.4 + 4.98 75.8 £ 2.59
AST 136.7 + 8.08 131.0 + 4.74 132.2 + 13.0
ALT 33.7 £ 751 376 £ 456 402 £ 4.38
LDH 2,400.7 + 303.7 2,273.4 + 153.3 2,209.4 = 640.7
ALP 276.7 + 42.3 2770 + 30.8 280.6 + 31.7

All values are expressed as mean + SD.
Significant differences as compared with the control: * p<0.05

TP, total ptotein (mg/dL); BUN, urea nitrogen in blood (mg/dL); CRTN,
creatinine (mg/dL); T-BIL, total bilirubin (mg/dL); GLU, glucose (mg/dL);
T-CHO, total cholesterol (mmol/L); AST, aspartate aminotransferase (u/L);
ALT, alanine aminotransferase (u/L); LDH, lactate dehydrogenase (u/L);
ALP, alkaline phosphotase (u/L).



Table 10. Biochemical serum values in female rats after inhalation of

CFal
Items Group 0 Group 1 Group 2
(Control) (60,000 ppm) (100,000 ppm)
TP 7.00 = 0.20 7.00 £ 0.16 6.90 £ 0.15
BUN 181 + 1.15 19.2 + 252 20.3 £ 2.07
CRTN 0.70 £ 0.02 0.70 £ 0.02 0.70 £ 0.02
T-BIL 0.20 £ 0.06 0.30 £ 0.05 0.30 £ 0.05
GLU 6.70 + 0.21 6.70 + 0.21 6.70 = 0.21
T-CHO 87.0 = 15.7 103.2 £ 129 90.6 £ 6.07
AST 130.0 + 3.00 1238 + 24.2 1238 + 24.2
ALT 30.0 £ 2.65 294 + 2.88 29.6 £ 2.07
LDH 2,325.3 £ 81.8 2,041.8 £ 451.9 2,159.8 + 104.3
ALP 212.3 + 134 2382 * 42.3 2062 + 21.2

All values are expressed as mean + SD.

TP, total ptotein (mg/dL); BUN, urea nitrogen in blood (mg/dL); CRTN,
creatinine (mg/dL); T-BIL, total bilirubin (mg/dL); GLU, glucose (mg/dL);
T-CHO, total cholesterol (mmol/L); AST, aspartate aminotransferase (u/L);
ALT, alanine aminotransferase (u/L); LDH, lactate dehydrogenase (u/L);
ALP, alkaline phosphotase (u/L).
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Table 11.

Estimation of SD Rat lethal concentration of CFsl

No. of
. No. of death Total
Exposure | Concentration animal )
mortality
groups (Mean+SD)
male |female| male |female | (total) (%)
Group 0O 0 5 5 0 0 0 0
59,736.3
Group 1 5 5 0 0 0 0
5616.6
1045455 +
Group 2 5 5 0 0 0 0
16,608.6
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Table 12. Environmantal condition in inhalation chamber during the
experiment

Ttems Group 0 Group 1 Group 2 Group 3

(Control) (150 ppm) (600 ppm) (2,400 ppm)

T (TC) 22.82 = 0.37 2249 £ 0.41 23.00 £ 0.35 23.13 + 0.38

RH (%) 4743 + 6.28 4890 + 6.19 46.02 + 6.05 3959 + 5.79

P(mmH-0) -10.02 £ 0.23 -995 + 0.80 -10.00 £ 047 -9.89 = 0.39
R(L/min) 20539 + 1.91 20641 + 291 20735 = 2.19 206.79 + 2.34

T; Temperature, RH; Relative Humidity, P; Pressure, R; Flow Rate
All data values are expressed as total mean (for 4 weeks) + SD.
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Table 13. Concentration of Test sample by exposure groups

Unit: ppm
Concentration
Groups
Establishment Upper Lower Mean + SD

Control 0 0.00 0.00 0.00 = 0.00

Group 1 150 165.50 122.00 151.65 + 9.72

Group 2 600 632.30 545.20 600.51 £ 23.23

Group 3 2,400 2,496.3 2,293.70 2,400.18 + 64.49
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Fig. 2. Changes of concentration in ihhalation chamber
during the experiment. S.D rats were exposed to
150, 600 and 2,400 ppm of Test sample, 6 hrs a
day, 5 days a weeks, 4weeks.
Data are expressed as daily mean.
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Fig. 3. Changes of body weight in male SD rats inhaled
Test sample during the experiment.
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Table 14. Urinary analysis in male SD rats after inhaled Test
sample for 4 weeks

. Group 0 Group 1 Group 2 Group 3
Test items
(control) (150 ppm) (600 ppm) | (2,400 ppm)
Blood <10 <10 <10 <10
(count/0)
Bilinogen 06 +0.16 | 05 = 0.00 04 £ 0.21 0.1+ 0.21
(mg/100ml)
Urobilinogen | 1.0 + 0.00 1.0 £ 0.00 04 £ 0.52 0.3 £ 048
(mg/100ml)
Ketone 7.0 £ 258 6 £ 211 5.0 £ 0.00 6 £ 158
(mg/100ml)
Protein 44 + 295 42 + 31.20 22 £ 10.33 28 £ 6.32
(mg/10ml)
Glucose 0.1 o]3} 0.1 o]3} 0.1 o]3} 0.1 o]3}
(mg/100ml)
pH 62 £ 042 | 64 = 0.70 6.5 + 0.71 6.6 £+ 0.52
Specific 1.023 £ 0.00] 1.021 £ 0.00 | 1.018 £ 0.01 | 1.019 £ 0.00
Gravity




Table 15. Urinary analysis in female SD rats after inhaled Test

sample for 4 weeks

. Group 0 Group 1 Group 2 Group 3
Test items
(control) (150 ppm) (600 ppm) | (2,400 ppm)
Blood <10 <10 <10 <10
(count/0)
Bilinogen 0.1 £ 016 | 0.05 £ 0.02 0.01°] 38}k 0.010] 38}k
(mg/100ml)
Urobilinogen | 0.2 £ 0.32 0.1 £ 0.03 0.2 £ 042 0.1 £ 0.31
(mg/100ml)
Ketone 45 £ 1.57 5+ 0.00 40 = 2.08 45 = 1.57
(mg/100ml)
Protein 20 £ 994 31 £ 26.01 22 £ 994 28 £ 6.29
(mg/10ml)
Glucose 0.1 o]3} 0.1 o]3} 0.1 o]3} 0.1 o]3}
(mg/100ml)
pH 6.3 + 067 | 65 = 0.83 6.4 + 0.69 65 = 0.83
Specific 1.018 £ 0.00|1.019 £ 0.01] 1.018 £ 0.01 | 1.020 = 0.01
Gravity
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Table 16. Relative organ weight of male SD rats after inhaled Test
sample for 4 weeks

Unit : mg/100g B.W.

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

Thymus 140.0 + 18.61 129.8 £ 21.87 144.2 + 22.93 131.0 £ 15.44

Adrenal R 86 + 0.34 83 + 0.71 73 = 0.75 74 + 1.10

Adrenal L 84 + 0.18 81 £ 0.78 7.3 = 054 75 + 1.05
Testis R 406.32 £ 4.02 384.7 + 102.43 386.8 + 41.56 389.3 + 37.32
Testis L 404.6 + 20.62 387.6 = 103.35 389.0 + 42.09 390.8 + 39.60
Heart 329.1 + 28.60 321.1 = 22.66 328.6 £ 29.03 336.5 £ 30.43
Lung R 2484 + 24.82 2297 + 2544 2284 + 18.14 217.2 + 19.34"
Lung L 120.8 + 8.61 116.6 £ 12.05 125.0 £ 12.03 1166 = 7.44
Kidney R 374.7 + 42.35 357.4 + 1861 368.6 £ 31.39 3725 £ 27.60
Kidney L 375.2 + 40.96 355.0 + 16.95 359.9 + 31.10 368.8 + 24.63
Spleen 1747 + 18.65 176.3 £ 21.25 1924 + 30.32 1722 £ 1092
Liver 27209 + 26460 27809 + 27815 27822 *+ 28322 2891.2 + 273.07
Brain 5164 + 37.26 5484 + 25.30 540.4 + 23.26 528.8 + 18.11

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.



Table 17. Relative organ weight of female SD rats after inhaled
Test sample for 4 weeks

Unit : mg/100g B.W.

Organ Group 0O Group 1 Group 2 Group 3
(Control) (150 ppm) (600 ppm) (2,400 ppm)
Thymus 185.5 + 24.96 177.3 + 28.21 190.6 + 38.01 208.0 + 23.24
Adrenal R 15.0 £ 2.93 14.7 £ 0.94 146 + 1.10 153 £ 0.99
Adrenal L 154 = 2.42 14.8 + 1.10 146 £ 1.25 14.7 = 0.99
Ovary R 30.1 + 581 2715 £ 2.85 264 + 2.60 276 £ 1.63
Ovary L 276 + 395 265 £ 2.81 25.8 + 2.54 266 £ 1.80
Heart 3465 + 19.22 3484 + 30.07 358.3 + 30.36 370.1 + 3591
Lung R 266.1 + 25.70 2624 + 1892 268.8 + 21.65 270.1 + 28.76
Lung L 1439 + 11.45 147.3 + 8.88 149.4 + 10.34 1459 + 9.84
Kidney R 349.1 £ 2754 346.6 + 45.88 354.2 £ 29.97 3365 + 27.45
Kidney L 347.1 £ 32.39 345.2 + 4576 360.1 £ 25.16 331.8 £ 32.30
Spleen 2114 + 33.18 194.1 + 31.41 1959 + 21.83 185.2 + 17.41
Liver 29416 + 342.08 2940.7 + 507.61 27440 + 24506° 2593.3 + 178.71"
Brain 793.1 £ 35.74 813.0 + 27.63 770.2 + 30.62 793.7 + 45.44

All values are expressed as mean
Significant differences as compared with control:

* p < 0.05.
B.W.; S.D rat body weight of 28 day.

+ SD.
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Table 18. Hematological results in male SD rats inhaled Test sample
for 4 weeks

Ttems Group 0 Group 1 Group 2 Group 3
(Control) (150 ppm) (600 ppm) (2,400 ppm)
WBC 70 £ 1.8 77 £ 1.1 70 + 1.3 10.1 + 2.0™
RBC 80 + 0.3 81 + 05 79 £ 04 82 + 0.3
HGB 150 + 05 149 + 0.6 146 + 0.6 154 + 0.7
HCT 446 + 1.8 414 £ 27 450 £ 2.0 46.2 £ 2.3
MCV 557 + 1.6 56.3 + 1.9 57.0 + 2.1 56.7 + 2.0
MCH 187 + 0.7 184 + 0.6 185 £ 0.6 189 = 0.6
MCHC 336 + 0.6 327 £ 09 324 £ 05 334 + 0.7
PLT 1136.0 + 87.3 1126.7 + 133.7 11035 + 138.01 10825 + 1174

All values are expressed as mean * SD.
Significant differences as compared with control:
* p < 005 *=xp < 0.0l

WBC, white blood cell count (10°/mm®); RBC, red blood cell count (10%mm®); HGB,
hemoglobin (g/dl); HCT, hematocrit (%); MCV, mean corpuscular volume (1*); MCH,
mean corpuscular hemoglobin (pg); MCHC, mean corpuscular hemoglobin
concentration (%); PLT, platlet (10°/1%)



Table 19. Hematological results in female SD rats inhaled Test
sample for 4 weeks

Ttems Group 0 Group 1 Group 2 Group 3
(Control) (150 ppm) (600 ppm) (2,400 ppm)
WBC 53+ 19 51 +£19 66 £ 19 54 + 1.1
RBC 74 + 1.0 73 £ 04 79 + 05 74 + 05
HGB 142 + 1.7 14.1 = 0.8 14.8 £ 0.5 153 = 0.8
HCT 417 £ 5.0 41.1 £ 3.0 437 £ 2.2 425 + 25
MCV 56.2 £ 1.6 56.7 £ 2.4 555 + 1.0 573 + 1.2
MCH 19.2 £ 0.45 194 = 05 188 + 0.6 207 + 1.8
MCHC 34.1 £ 05 343 + 0.8 33.8 £ 0.8 36.2 + 3.0
PLT 11503 = 1519 853.1 + 345.8" 1108.2 + 794 9289 + 78.9

All values are expressed as mean * SD.
Significant differences as compared with control:
* p < 0.05

WBC, white blood cell count (10°/mm®); RBC, red blood cell count (10%mm®); HGB,
hemoglobin (g/dl); HCT, hematocrit (%); MCV, mean corpuscular volume (1°); MCH,
mean corpuscular hemoglobin (pg); MCHC, mean corpuscular hemoglobin
concentration (%); PLT, platlet (10%/1*)
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Table 20. Biochemical results in male SD rats inhaled Test sample

for 4 weeks

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

TP 6.7 £ 0.2 6.7 £ 0.2 6.8 £ 0.3 6.7 £ 0.3
BUN 128 £ 1.1 134 + 15 134 + 2.7 133 + 1.1
CRTN 0.6 £ 0.02 0.6 = 0.00 0.6 = 0.07 0.6 + 0.03
T-BIL 0.3 £ 0.05 0.3 £ 0.10 0.3 £ 0.05 0.2 £ 0.05
GLU 976 + 14.1 1034 + 134 1105 + 170 1337 + 135
T-CHO 50.1 = 4.0 54.7 £ 95 484 + 139 524 + 94
AST 203.1 £ 30.7 202.4 + 624 1634 + 386 1114 + 157
ALT 358 £ 37 313 £79 30.3 + 4.1 287 + 316
LDH 2857 + 326 2510 + 593 2674 + 570 1443 + 537
ALP 4228 £ 322 416.0 £ 834 4231 £ 1143  421.7 £ 47.1

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

TP, total ptotein (mg/dl); BUN, urea nitrogen in blood (mg/dl); CRTN,
creatinine (mg/dl); T-BIL, total bilirubin (mg/dl); GLU, glucose (mg/dl);
T-CHO, total cholesterol (mmol/1); AST, aspartate aminotransferase (1/1);
ALT, (u/1);  LDH, (w/D);
ALP, alkaline phosphotase (u/1).

alanine aminotransferase lactate dehydrogenase



Table 21. Biochemical results in female SD rats inhaled Test
sample for 4 weeks
Items Group 0O Group 1 Group 2 Group 3
(Control) (150 ppm) (600 ppm) (2,400 ppm)
TP 73 + 0.3 71 + 0.3 72 £ 052 69 £ 09
BUN 128 £ 1.9 12.1 £ 1.7 132 £ 24 1277 £ 2.1
CRTN 0.7 £ 0.20 0.7 £ 0.20 06 = 0.05 0.7 £ 0.05
T-BIL 0.3 £ 0.06 04 + 0.12 0.3 £ 0.06 0.3 £ 0.05
GLU 1094 = 10.3 99.7 £ 10.0 973 £ 22.8 995 £ 9.7
T-CHO 60.7 £ 11.6 685 = 27.3 506 + 7.6 576 + 169
AST 158.4 + 30.7 139.6 £ 40.8 154.0 £ 335 1165 + 19.7°
ALT 244 + 48 225 £ 76 34.3 £ 16.1 188 + 5.3
LDH 2785 + 404 2693 + 903 2371 + 694 1845 + 518"
ALP 263.0 = 53.3 215.3 £ 53.8 248.0 = 494 253.0 £ 954

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

TP, total ptotein (mg/dl); BUN, urea nitrogen in blood (mg/dl); CRTN,
creatinine (mg/dl); T-BIL, total bilirubin (mg/dl); GLU, glucose (mg/dl);
T-CHO, total cholesterol (mmol/1); AST, aspartate aminotransferase (11/1);
ALT, (u/1); LDH,
ALP, alkaline phosphotase (1/1).

alanine aminotransferase lactate dehydrogenase (u/1);
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Table 22. Frequencies(%) of micronucleus in the bone marrow
polychoromatic erythrocytes(PCEs) of 28 day-gas exposed

rats with each concentration.

Group Group 0O Group 1 Group 2 Group 3

/ Sex (control) (150 ppm) (600 ppm) (2,400 ppm)
0.26 0.50 0.45 0.57
0.35 0.47 0.38 0.68
0.27 0.47 0.47 0.47
0.18 0.19 0.27 0.59

Male 0.28 0.37 0.52 0.18
0.18 0.27 0.27 0.36
0.34 0.45 0.47 0.29
0.09 0.28 0.39 0.18
0.33 0.36 0.35 0.44
0.20 0.28 0.47 0.38

mean + SD  0.25 + 0.08 0.36 + 0.11 040" + 0.09 041" + 0.17

0.37 0.55 0.44 0.46
0.18 0.37 0.55 0.54
0.28 0.28 0.36 0.66
0.36 0.47 0.49 0.47
Female 0.19 0.36 0.54 0.54
0.29 0.18 0.36 0.57
0.19 0.58 0.36 0.37
0.35 0.45 0.47 0.58
0.05 0.29 0.10 0.45
0.24 0.36 0.29 0.39

mean + SD 025 + 0.10 039" + 013 040" + 0.14 050" + 0.09

Total mean

025 + 009 038 + 011 040" + 011 046" + 0.14
+ SD

* Compared with control values, these group frequencies

were increased (P<0.05).
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VII. Appendixes



Appendix 1. Variation of the concentration in inhalation chamber

during the exposed time of CF3sl.

Exposed time Group 1 Group 2
(min) (60,000 ppm) (100,000 ppm)
0 0 0

15 30,422.9863 51,301.3789
30 55,267.8203 128,241.1796
45 57,549.2695 133,297.2656
60(1hr) 58,608.0781 129,915.1093
75 60,856.8085 123,365.2578
90 62,461.2343 111,766.4453
105 62,989.8164 90,428.8750
120(2hr) 59,633.4609 88,199.1796
135 62,946.1914 87,280.7890
150 65,183.6562 84,079.3906
165 63,278.7031 93,907.0234
180(3hr) 57,074.6484 98,776.1093
195 42,513.4492 98,886.3125
210 59,443.6328 99,812.9218
225 62,991.1054 100,388.6328
240(4hr) 65,067.0781 99,837.4296
255 4,415.2099 19,442.4492
270 137.4250 1,749.7503

285 0 0
Total mean” 59,736.3+5,616.60 104,545.5+16,608.60

* Fach total mean concentration of CFsl was calculated from 45 minutes

after exposed to 240 minutes(4h) and expressed mean * SD.




Appendix 2. Temperature(T) and relative humidity(RH) in inhalation
chamber for 4 weeks

Group 0 Group 1 Group 2 Group 3

Test day (Control) (150 ppm) (600 ppm) (2,400 ppm)
T(C) RH(%) | T(C) RH(%)| T(C) RH(%)| T(C) RH(%)

1 Mean 22.7 56.1 22.0 55.9 22.7 54.4 22.7 48.7
S.D. 0.50 4.14 3.05 450 0.55 5.16 0.52 6.16

2  Mean 229 56.9 224 57.0 225 60.2 22.6 53.2
S.D. 0.68 3.91 0.80 4.30 1.04 7.99 0.75 5.16

3 Mean 23.4 51.9 23.0 53.2 23.2 53.6 23.1 50.3
S.D. 0.50 2.62 0.56 2.70 0.53 2.95 0.54 2.85

4 Mean 23.3 39.6 23.1 38.2 23.6 39.3 23.3 37.2
S.D. 0.43 482 0.50 5.04 0.43 5.73 0.34 6.06

5  Mean 23.0 455 23.3 54.9 23.2 439 23.4 379
S.D. 0.60 5.86 0.77 14.70 0.52 7.01 0.65 5.38

6  Mean 22.6 438 22.6 45.9 23.0 40.1 23.0 336
S.D. 0.71 2.22 0.36 471 0.56 3.22 0.62 3.39

7  Mean 22.8 48.3 22.7 49.6 22.8 457 229 35.7
S.D. 0.60 2.35 0.39 2.58 0.51 2.39 0.52 9.52

8  Mean 22.2 497 22.3 514 225 46.8 22.6 39.8
S.D. 0.47 2.61 0.39 2.44 0.42 2.87 0.42 2.85

11 Mean 22.7 44 4 22.1 49.0 23.0 424 23.2 35.1
S.D. 0.53 1.59 0.22 3.83 0.51 2.42 0.61 3.02

12 Mean 22.7 49.2 22.7 52.7 23.0 478 23.0 40.2
S.D. 0.41 2.79 0.29 3.59 0.24 3.16 0.45 2.75

13 Mean 23.1 444 229 48.7 23.1 42.1 234 36.9
S.D. 0.22 257 0.33 6.16 0.21 3.40 0.28 450

14 Mean 22.6 451 225 50.2 22.8 42.7 23.0 35.4
S.D. 0.16 2.27 0.14 6.19 0.20 2.76 0.19 2.81

15 Mean 23.7 51.3 23.4 54.5 239 49.3 24.0 425
S.D. 0.50 2.07 0.44 4.82 0.63 3.65 0.54 4.08




Group 0 Group 1 Group 2 Group 3

Test day (Control) (150 ppm) (600 ppm) (2,400 ppm)
T(C) RH(%)| T(C) RH(%) | T(C) RH(%)| T(T) RH%)

16  Mean 22.7 55.8 22.1 62.6 22.7 55.9 22.7 50.5
S.D. 0.44 5.06 0.19 4.89 0.34 5.15 0.52 3.60

17  Mean 235 33.0 22.7 41.0 235 334 23.9 31.1
S.D. 0.37 2.58 0.62 13.50 0.43 3.64 0.31 1.81

18 Mean 23.1 45.1 22.8 50.9 23.3 44.2 23.6 37.7
S.D. 0.30 7.62 0.54 5.75 0.34 6.26 0.28 6.01

19 Mean 22.9 40.4 224 48.1 23.1 384 23.3 33.8
SD. 0.52 891 0.70 10.10 0.47 8.55 0.52 6.87

20 Mean 225 43.2 22.2 51.0 22.7 46.6 23.1 37.1
S.D. 0.39 4.85 0.29 772 0.46 7.27 0.42 4.19

21  Mean 22.3 41.3 22.2 457 22.6 39.7 22.7 34.1
S.D. 0.35 3.31 0.62 7.66 0.40 5.51 0.34 4.64

22  Mean 224 44.6 22.3 47.8 22.6 42.7 22.7 36.9
S.D. 0.40 3.20 0.29 6.53 0.38 5.01 0.32 4.92

23 Mean 225 47.9 219 44.2 229 495 23.0 43.2
S.D. 0.38 3.60 0.48 431 0.29 8.25 0.44 2.70

24  Mean 22.3 52.5 21.8 48.7 22.8 55.0 22.7 47.0
S.D. 0.36 11.00 0.52 6.15 3.99 12.00 0.36 794

25 Mean 22.7 39.9 22.1 53.3 22.7 456 23.0 35.3
S.D. 0.66 7.78 1.15 11.60 1.06 10.17 0.75 4.69

26 Mean 22.6 38.9 22.0 355 22.8 427 23.1 34.7
S.D. 0.61 6.32 1.27 10.27 0.93 6.54 0.76 459

27 Mean 23.0 474 225 42.6 23.1 49.7 235 39.5
S.D. 0.64 3.89 1.01 7.74 0.80 5.20 0.51 3.09
28 Mean 23.2 40.3 22.6 36.6 235 41.3 23.8 34.8
S.D. 0.56 3.34 0.81 3.61 0.71 5.66 0.48 3.60

29 Mean 22.0 51.2 22.6 51.2 23.0 49.6 23.1 43.0
S.D. 0.26 4.87 0.63 451 0.40 6.22 0.40 5.70




Appendix 3. Pressure(P) and Flow Rate(R) in inhalation chamber

for 4 weeks

Unit :P(mmH->0), R( ¢ /min)

Group 0 Group 1 Group 2 Group 3

Test day (Control) (150 ppm) (600 ppm) (2,400 ppm)
P R P R P R P R

1 Mean | -10.2 204.1 -9.96 209.7 -9.92 210.7 -9.53 209.4
S.D. 0.13 151 0.22 1.58 0.33 1.74 0.63 2.05

2 Mean | -10.2 203.7 -10.2 209.4 -9.9 210.8 -9.9 208.9
S.D. 0.07 0.65 0.11 0.65 0.30 0.64 0.33 0.88

3 Mean | -10.2 203.7 -10.2 208.9 -10.0 210.3 -10.0 208.5
S.D. 0.07 0.53 0.06 0.59 0.08 0.62 0.05 0.59

4  Mean | -10.2 203.8 -9.80 210.0 -105 209.9 -10.0 208.8
S.D. 0.08 057 1.37 1.78 1.39 1.92 1.41 1.93

5 Mean | -10.1 203.9 -12.5 196.8 -104 210.0 -10.2 208.6
S.D. 0.06 0.66 3.26 294 0.42 0.66 0.60 1.06

6 Mean | -10.2 204.7 -8.6 212.4 -9.6 211.7 -9.6 210.3
S.D. 0.06 0.62 1.26 1.96 0.21 0.62 0.57 0.98

7 Mean | -10.0 204.6 -10.0 210.7 -10.6 210.6 -9.7 209.9
S.D. 0.06 0.46 0.33 0.82 0.37 0.74 1.05 1.58

8  Mean -9.9 204.8 -76 207.3 -9.0 207.8 -8.8 210.8
S.D. 0.07 0.70 0.26 0.61 0.29 0.58 0.52 1.05

11 Mean | -10.2 208.0 -94 207.4 -9.9 207.7 -10.1 204.2
S.D. 0.07 0.53 0.81 1.12 0.32 0.62 0.74 0.94

12 Mean | -10.2 208.2 -9.6 207.6 -9.6 208.2 -95 204.5
S.D. 0.04 0.51 0.91 0.98 0.38 0.70 0.71 0.81

13 Mean | -10.1 208.3 -9.9 207.0 -10.3 207.4 -104 203.3
S.D. 0.60 0.63 0.77 1.09 0.33 0.85 0.75 0.88

14 Mean | -10.1 203.8 -10.2 205.3 -9.9 203.8 -9.9 204.3
S.D. 0.05 0.45 0.42 0.62 0.51 0.45 0.17 0.65

15 Mean -9.9 209.4 -9.2 206.7 -10.3 207.0 -89 206.3
S.D. 0.22 241 0.91 277 0.60 1.73 0.45 1.05




Group 0 Group 1 Group 2 Group 3

Test day (Control) (150 ppm) (600 ppm) (2,400 ppm)
P R P R P R P R

16  Mean -9.3 202.0 -10.2 204.3 -10.0 208.0 -9.3 207.1
S.D. 0.47 5.15 0.87 8.12 0.36 3.53 0.74 10.66

17 Mean -9.6 204.6 -11.1 2075 -10.0 205.7 -9.7 211.9
S.D. 0.05 0.63 0.14 0.52 0.06 0.48 0.05 0.62

18 Mean -99 208.0 -10.2 202.5 -10.1 204.7 -10.3 204.0
S.D. 0.06 0.58 0.34 0.51 0.32 0.48 0.82 0.88

19 Mean -9.7 207.1 -10.5 204.6 -99 204.7 -10.5 203.7
S.D. 0.04 0.53 0.71 2.34 0.24 0.61 0.83 1.07

20 Mean | -10.0 204.7 -10.3 204.1 -10.4 206.1 -10.1 204.7
S.D. 0.07 0.73 0.17 0.98 0.17 0.55 0.51 0.73

21 Mean | -10.0 204.9 -99 204.9 -10.1 206.5 -10.0 204.8
S.D. 0.06 0.61 0.31 0.64 0.37 0.67 051 0.75

22  Mean | -10.0 205.2 -10.2 204.5 -9.7 207.1 -10.1 205.1
S.D. 0.07 0.59 2.15 1.69 0.20 0.83 0.51 0.45

23  Mean | -104 208.1 -10.0 205.3 -94 206.0 -9.8 206.8
S.D. 0.06 0.58 0.31 0.67 1.49 1.58 0.07 0.52

24  Mean | -104 208.1 -99 205.7 -8.6 206.6 -9.7 206.6
S.D. 0.07 0.69 0.23 0.60 0.18 0.65 0.07 0.58

25  Mean -99 204.3 -9.6 206.1 -10.2 205.5 -10.1 205.9
S.D. 0.06 0.67 0.26 0.49 0.25 0.66 0.41 1.22

26  Mean -99 204.1 -9.8 205.9 -10.9 204.6 -10.2 206.0
S.D. 0.07 0.58 0.36 0.51 0.41 0.74 0.41 0.62

27  Mean -99 204.3 -10.0 206.1 -10.2 205.6 -9.9 206.4
S.D. 0.06 0.64 0.19 0.81 0.26 0.77 0.31 0.85

28 Mean | -10.0 204.4 -10.1 205.9 -10.4 205.6 -10.0 205.8
S.D. 0.06 0.53 0.23 0.58 0.28 0.58 0.33 0.67

29 Mean | -10.0 204.7 -9.8 206.4 -10.3 205.9 -10.0 206.7
S.D. 0.05 0.73 0.24 0.68 0.20 0.51 0.36 0.80

Volume in chamber : 1,000 ¢ (1 m')



Appendix 4. Concentration of CFsl in inhalation chamber for 4 weeks

Unit : ppm
Test day Group 1 Group 2 Group 3
(150 ppm) (600 ppm) (2,400 ppm)
1 152.7 + 8.66 618.2 * 48.3 2456.0 £ 119.1
9 _ _ _
3 _ _ _
4 147.1 + 3.20 591.8 + 24.6 2371.8 = 305
5 153.8 £ 9.73 630.6 = 41.6 24152 + 151.1
6 164.2 + 8.82 614.9 = 20.6 24569 + 55.7
7 154.2 + 6.46 579.3 + 189 2324.8 £ 93.0
3 154.1 + 6.68 608.8 £ 22.6 23086 £ 814
9 _ _ _
10 - - -
11 1464 + 924 615.3 £ 385 2361.9 £ 68.6
12 1443 + 6.83 579.1 = 30.29 2378.3 + 104.45
13 1442 = 7.13 580.2 + 18.86 2351.2 £ 57.22
14 1639 = 9.13 6215 £ 248 2413.2 £ 53.2
15 1500 = 124 601.16 £ 34.3 2353.7 + 725
16 - - -
17 - - -
18 1655 + 11.13 6159 + 27.32 2483.4 + 108.67
19 1614 + 11.21 626.5 + 27.44 24545 + 97.83
20 149.8 £ 9.35 582.9 + 38.84 2293.7 + 386.16




Test day Group 1 Group 2 Group 3
(150 ppm) (600 ppm) (2,400 ppm)

21 1545 + 13.57 609.2 + 58.17 22959 + 205.67
22 158.1 + 14.11 613.3 £ 36.70 2394.7 + 190.95
23 - - -

24 - - -

25 1539 + 7.56 632.3 = 24.08 2409.6 + 90.38
26 153.7 + 9.57 588.5 + 29.94 2482.1 £ 119.35
27 1384 = 7.47 561.3 + 39.91 24215 £ 117.77
28 1525 + 13.96 594.9 + 25.03 2480.5 + 127.68
29 122.0 + 9.69 545.2 + 39.76 2496.3 + 174.05

All values are expressed as mean (6hrs/day) + SD.

- Nonexposed



Appendix 5. Changes of body weight in male SD rats inhaled
mixtures of compounds during the experiment

Unit : g
Exposed Group 0 Group 1 Group 2 Group 3

day (Control) (150 ppm) (600 ppm) (2,400 ppm)
0 2617 + 44 259.0 + 6.7 2605 + 8.2 261.0 = 55
4 299.7 £ 70 303.13 + 102 299.87 + 12.1 301.0 = 10.0
7 323.1 + 82 33258+ 11.6 3206 + 17.3 3239 + 134
11 3487 £ 11.0 351.8 + 135 346.0 + 205 351.8 + 13.3
14 3649 £ 13.0 3639 + 176 360.0 £ 24.9 367.3 £ 16.5
18 3984 £ 175 3888 + 187 382.8 £ 275 3889 + 173
21 400.2 £ 165 3981 * 21.2 3958 + 304 399.8 + 23.0
25 4142 £ 168 4172 + 228 4127 + 34.3 416.8+ 23.1
28 4235 £ 207 4271 = 26.8 4236 + 37.0 4277 + 22.2

All values are expressed as mean + SD.



Appendix 6. Changes of body weight in female SD rats inhaled
mixtures of compounds during the experiment

Unit : g

Exposed Group 0 Group 1 Group 2 Group 3
day (Control) (150 ppm) (600 ppm) (2,400 ppm)
0 1945 £ 6.7 1930 £ 79 1919 + 105 1929+ 35
4 2166 = 95 2145 = 7.2 2137 + 11.7 2103 £ 59
7 2270 + 119 2270 = 6.2 2240 + 124 2214 + 75
11 241.0 £ 124 2389 + 7.1 241.1 £ 17.0 2320 £ 82
14 2455 + 13.2 2428 + 84 246.1 + 19.6 238.6 + 89
18 2057 + 14.8 253.6 + 10.6 257.8 + 19.3 2485 £ 99
21 2599.8 + 16.2 256.3 + 10.6 260.1 + 22.0 251.8 + 11.9
25 264.6 + 18.0 263.8 + 135 264.8 + 235 257.6 + 13.1
28 266.2 + 19.0 2681 = 164 266.4 = 224 259.1 £ 14.3

All values are expressed as mean + SD.



Appendix 7. Changes of food consumption in male SD rats inhaled
mixtures of compounds during the experiment

Unit : g/days/rat

Exposed Group 0O Group 1 Group 2 Group 3
day (Control) (150 ppm) (600 ppm) (2,400 ppm)
3 320 + 14 335 + 28 33.0 = 38 327 + 27
7 300 = 1.2 31.8 + 2.3 315 + 5.1 312 + 26
10 293 £ 15 319 + 25 305 + 41 299 = 2.2
14 285 + 2.1 284 + 35 316 £ 46 323 + 33
17 29.1 + 21 31.3 £ 29 30.1 £ 39 289 £+ 19
21 31.0 + 2.3 324 + 3.0 327 £ 6.0 307 + 2.3
24 295 + 24 33.6 £ 2.7 307 £ 42 305 £ 25
28 2718 £ 20 317 £ 47 295 + 438 304 = 3.0

All values are expressed as mean + SD.



Appendix 8. Changes of food consumption in female SD rats inhaled
mixtures of compounds during the experiment

Unit : g/days/rat

Exposed Group 0O Group 1 Group 2 Group 3
day (Control) (150 ppm) (600 ppm) (2,400 ppm)
3 255 + 3.0 259 + 3.2 258 £ 3.7 242 £ 3.3
7 23.0 £ 39 236 £ 4.0 225 £ 25 213 £ 19
10 240 £ 26 254 + 43 252 £ 42 209 £ 23
14 230 £ 22 21.8 £ 56 269 + 84 214 + 21
17 229 + 31 236 £ 50 244 + 44 196 £ 7.3
21 215 + 39 21.1 £ 45 223 £ 29 206 + 2.8
24 239 £ 29 249 £ 52 21.0 £ 6.7 220 £ 2.8
28 208 + 3.7 208 £ 39 21.7 £ 37 182 + 2.1

All values are expressed as mean * SD.



Appendix 9. Gross Findings of necropsy in male SD rats inhaled Test

sample
Group 0 Group 1 Group 2 Group 3
Organ
(Control) (150 ppm) (600 ppm) (2,400 ppm)

Thymus

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Adrenal

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Testis R

No. of observations 10 10 10 10

No gross findings 10 9 10 10
Testis L

No. of observations 10 10 10 10

No gross findings 10 9 10 10
Heart

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Lung

No. of observations 10 10 10 10

No gross findings 10 10 9 10
Kidney R

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Kidney L

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Spleen

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Liver

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Brain

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Other organs

No. of observations 10 10 10 10

No gross findings 10 10 10 10

a - 1110 ( testis : atrophy ), b : 1202 ( lung : black pigment )



Appendix 10. Gross Findings of necropsy in female SD rats inhaled
Test sample

Orean Group 0O Group 1 Group 2 Group 3
g (Control) (150 ppm) (600 ppm) (2,400 ppm)

Thymus

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Adrenal R

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Ovary R

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Ovary L

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Heart

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Lung

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Kidney R

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Kidney L

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Spleen

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Liver

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Brain

No. of observations 10 10 10 10

No gross findings 10 10 10 10
Other organs

No. of observations 10 10 10 10

No gross findings 10 10 10 10




Appendix 11. Histopathologic Findings in male SD rats

No. of Sample : 10

Group 0O Group 1 Group 2 Group 3

Organ (Control) (150 ppm) (600 ppm) (2,400 ppm)
Brain no no no no
Pituitary no no no no
Nasal cavity no no no no
Thymus no no no no
Trachea no no no no
Lung no no no no
Esophagus no no no no
Thyroid no no no no
Parathyroid no no no no
Stomach no no no no
Heart no no no no
Liver no no no no
Spleen no no no no
Kidney no no no no
Adrenal no no no no
Testis ores TR 14 1 =
Epididymis no 1" 1 1
Urinary Bladder no no no no

* 1110 ( testis : severe atrophy, epididymis : depletion of germ cells )

#* 1203 ( testis : moderate necrosis, epididymis : degeneration of germ cells )
##% 1308 ( testis : mild necrosis, epididymis : degeneration of germ cells )
k% 1001, 1003, 1109, 1208 (focal mild tubular degeneration)



Appendix 12. Histopathologic Findings in female SD rats

No. of Sample : 10

Group 0O Group 1 Group 2 Group 3

Organ (Control) (150 ppm) (600 ppm) (2,400 ppm)
Brain no no no no
Pituitary no no no no
Nasal cavity no no no no
Thymus no no no no
Trachea no no no no
Lung no no no no
Esophagus no no no no
Thyroid no no no no
Parathyroid no no no no
Stomach no no no no
Heart no no no no
Liver no no no no
Spleen no no no no
Kidney no no no no
Adrenal no no no no
Ovary no no no no
Uterus no no no no

Urinary Bladder no no no no




Appendix 13. Absolute organ weight of male SD rats inhaled Test
sample for 4 weeks

Unit : mg
Organ Group 0 Group 1 Group 2 Group 3
(Control) (150 ppm) (600 ppm) (2,400 ppm)
Thymus 5456 + 81.7 5079 £ 852 556.5 £ 835 511.2 + 60.3
Adrenal R 33.6 £ 1.7 324 £ 2.8 281 = 297 289 + 43"
Adrenal L 32.7 £ 1.1 31.7 £ 3.0 281 = 217 293 £ 41"
Testis R 1583 + 92 1506 + 399 1493 + 160 1519 + 146
Testis L 1577 + 84 1517 + 403 1501 + 162 1525 + 155
Heart 1282 + 107 1257 + 88 1268 £ 112 1313 £ 119
Lung R 968 + 97 899 + 99 881 + 70 848 + 75
Lung L 471 + 35 457 + 47 483 + 46 455 + 29
Kidney R 1460 + 161 1399 + 73 1423 + 121 1453 + 108
Kidney L 1462 + 155 1390 + 66 1389 + 120 1439 + 96
Spleen 630 + 84 690 + 83 743 + 117 672 + 43
Liver 10601 + 1077 10885 + 1083 10737 + 1112 11279 + 1065
Brain 2012 + 155 2146 = 99 2086 + 90 2063 + 71

All values are expressed as mean + SD.
x p<0.05; *x p<0.01



Appendix 14. Absolute organ weight of female SD rats inhaled Test
sample for 4 weeks

Unit : mg
Organ Group 0 Group 1 Group 2 Group 3
(Control) (150 ppm) (600 ppm) (2,400 ppm)
Thymus 452 + 61 431 + 68 467 + 93 493 + 55
Adrenal R 37 + 7 36 *+ 2 36 + 3 36 + 2
Adrenal L 38+ 6 36 + 3 36 + 3 35+ 2
Ovary R 73 + 14 67 + 7 65 + 6 65 + 4
Ovary L 67 + 10 64 + 7 63 + 6 63 + 4
Heart 844 + 47 846 + 73 879 + 74 878 + 85
Lung R 648 + 63 637 + 46 659 + 53 641 + 68
Lung L 350 + 28 358 + 22 366 + 25 346 + 23
Kidney R 850 + 67 842 + 111 869 + 73 798 + 65
Kidney L 845 + 79 838 + 111 883 + 62 787 + 77
Spleen 515 + 81 471 + 76 480 + 54 439 + 41
Liver 7163 + 833 7141 + 1233 6729 + 601 6152 + 424
Brain 1931 + 87 1974 + 67 1889 + 75 1882 + 108

All values are expressed as mean + SD.
* p<0.05;



Appendix 15. Chemicals componant ratio of Test sample

(total 100 %)

Componant CsHs CFsl Dimethyl siloxane
(Purity of chemicals) | (99.15 %) | (99.77 %) (99.99 %)
Molecular weight 4411 195.91 115409.09
Componant | /v 95 | 10,00 89.95 0.05
ratio
vV % 33.33 66.66 (1.3 x 107




Appendix 16. System for inhalation toxicity experiment

(Supply System)

| Clean Air Production Equipment |<—| Aspirator |€——

| Temp - Humidity Controller |

(Inhalation System)

A 4

Sample Production Eﬂ (Mixer)
Equipment
I
Sample Supplier
I (Monitoring System)
Concentration
Controller | Chamber Operating |
|
B l Concentration (Chemical) |
Water | — 1> |
Food —> B | Environmental Condition |
Animals 5 | 5
Animal - Physiology
- Behavior
(Exhaust system)
Air
g ;I:tz 2;’: %l:)sllect'on Exhaust
i i .
Exhaust Filth-Treat . Unit
<+ < E t
Unit Equipment | Water quipmen




Appendix 17. Testes of rats inhaled Test sample

A : Animal No. 1001 ; control
B : Animal No. 1110 ; severe atrophy



C : Animal No. 1203 ; moderate necrosis
D : Animal No. 1308) ; mild necrosis



