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A Study on the Hazar dousness and the TLV in Working Environments of Benzine
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Center for Occupational Toxicology, Occupational Safety & Health Research Institute,
Korea Occupational Safety & Health Agency

Of many volatile organic detergentsfor metds benzing(CAS
No. 8030-30-6), of which the toxicity has not yet been proven,
hes been used as an dternétive of the halide compounds in the
consideration of toxic effects, global warming and the
destruction of ozone layer. In order to evauete the effects of the
benzine on human body by investigating the subchronic
inhaation toxidity, to obtain the besic data for etablishing the
criteria.of exposure in working environments and to dassify the
hazardousness in compliance with the Industria Safety and
Hedth Act by evaluating the hazardousness, repegted inhalation
exposure test was carried with SD rats. The rats were grouped
by 10 females and males each. The repetitive inhalation
exposureswere carried out & 4 levels of concentration of O ppm,
60 ppm, 300 ppm, and 1,500 ppm, for 6 hours aday, 5 days a
week, for 13 weeks The results are described hereunder.,

1. No death of the animds of the exposed and controlled
groups in the test period. Not any spedific clinicll symptoms,
change in feed intake quantity, abnormality in eye test, or
changein activity were observed.

2. In the 300 ppm and 1,500 ppm groups, weight reduction
in the female groups and weight increase of liver and kidney in
the mae groups compared with control group were observed
with satidtica Sgnificance(p<0.05).

3. Inthe blood tet, the HCT incressed in the mae 300 ppm
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group and the number of hematocyte increased, MCV and
MCH decressed in the mae 1,500 ppm group. In the femae
1,500 ppm group, the HB decreasad and the digtribution wicth
of the hematocyte particle size increased. In the blood
biochemistry tet, the TP in the male 1,500 ppm group and the
LDH in the femae 1,500 ppm group were increased with
datigticd sgnificance(p<0.05).

4. Under the test conditions of the present sudy with SD ras,
the NOEL wes evauated to be from 60 ppm to 300 ppm for
both mae and femde groups. By extrapolation, the NOEL for
human who work 8 hoursaday was evauated to be from 128
ppm to 640 ppm

5. Since the NOEL evauated in this sudy do not exceed
60ppm(0.184 mg/L) the test materid does not belong to the
classification of the hazardous substance "NOEL <
0.5mg/L/6hr/90day(r&t), for continuous inhalation of 6hours a
day for 90 days' nor to the basic hazardous chemica substance
dass 1(0.2 mg/L/6hr/90day(ret) defined by the GHS whichisa
criteria of classification and identification of chemical
compounds. However, consdering the boiling point(30 - 204
C), flashing point(-40 C), vapor pressure(40 mmHg), and the
inflanméble range(1.0 - 6.0 %), sufficient care should be taken
for handling in the safety aspectsinduding fire or explogion.

Key Words : benzine, inhaation toxicity, NOEL
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[. M2
AAA 0= wid 2,00009F2] A | i}
o -2 uEts vid 3000] F2 AlgfslehEdo] &3
9tk 28y ol g T WSS TS A, Bt
A T A B AR E S8 FHe 542 3000015
E}strh (34 5, 2006, $HAFS] Qb 2002). #H
OECD (Organisation for Economic Cooperation and Development)
2 RS B3R vt ZF B oA R QA mlEkel
B4 HGFTo = e A7 oAgS Hal iAol
7] A2 tFYAEAS $A0F 8o kA BTt
S ZFskstal glom giEo] Alddel = o]t
Vs EUZ 9 b s gialEd = WAs 7k gtk
(OECD, 2001, $H7 %, 2006).

%, 71EEA ) b3 54do] v, Al o] Hojupe, A
v W7 glo] 7|&gA el A8l Thsstal, t] LET
oh Yl At 24s) 5 8 wA| = gFo] gon Axsk
T7hwE sl 7EAA oy SAE Y] Y3 do] Ao, ks
gt 7HA o] AR e BdS A4 o E e s o) Aol w
2hA o] 9] dko g H wo] AREE 11 QL= thAAIEAl &
oA o] o SE U Fd 3k s} Aol WA= 5
T3l H7h AR Sk, mET]E0] A E o] QA
© =AE HAto|u o] Aato] mEA| FEAF A7
3 Al 9271 Q= el AlEe W7l (Benzing,
CASNo.8030-30-6) = A& &4 2 313t}

A CG—Cro ek, ke FAFOT s =4
2 SAFEEH 30-200C) YZEHNgphtha), A1k e}
(Petroleum Naphtha), #1721 (Benzine) 4]-5-#1%1 (Petroleum
Benzine) 5- 0. = g = w4 Sk A o] Frd oA 2 =
SAA, 714 AFA, DFA97] 9 A¥EF7] S =2 Eol
AT (BaRi, 1994), 33} 7k1/Ado] szof shA) ik
g0l Q= BAE Y BTN AldF 53]
B4 W AT ANA R R A B2l E 9
wE7|Eel lo] -elvehs A ZERE Shef 300 ppm
0 F AAH] 9oyt # B4 wE7]FS A H o] QA
okor w]=to] 73$- OSHAC A= TWA 100 pom, ACGIH=
TWA 400 ppm, NIOSHel|4{+= TWA (10A]7H) 100 ppmo.2 3+
25 a1 QACHELERH, 1994, BH=rAklebd Fet, 2006). =
AT O R = Tl Ad] EFEL MO R AR A}
T oY AR HdEA R sl ek A9 HTF A
A 32, 5 2RAF 312, AR H S W6 EC]
AL, (] A) 9] 7B HFAFE 20704, HE ZEA
1,3497, A7 G- 178 Eo| It} B ak] ok Tk,
2004).

3t Tk ATt W [ AlEE HE 9498
= AJ (LCs0) > Toxicology (1975) ©l 4] 3,400 ppm(Rat)
Bingham (2001)& 15,000 ppm3} LDso 2] 73-¢- 5,000 mg/kg
(Rat, 731, 3,000 mg/kg (Rabbit, 73 3), IARC(1989) ©J| A= 25
mikg(Ra, 7-1) 2} 50 mgkg(Rabhit, F3]) 2 715151 o1,
T SR E A 2 259 Vs At 57 Y
T3 AA AE A, 99w 794, TE, Hag A
A 5, T5Ed T, =, WS, 29 UEE AR
o] e 5 9= B4 2A1E 9tk (Toxicology, 1975,
IARC, 1989, Sullivan, 1992, ¥, 1994). 1214 & 5%
Al v|A= 242 Qe wE7]E A A 7Y
FEL 5O A= g B Aol whebA B A
T APFES o] XY S =ES F3l Al nA=
&k} o]o] wpE ¥ 35 % (NOEL, No Observed Effect
Concentrations) = #o1ato] L&A} A7 o2 93 =
A A RAAR S g st wE7]E A4 4

B4 H5E 90712 ARS AT gk

1. AaME ¥ Py
1. 8=

D A8sE LA

E4W A 27 (spedific pathogen free, SPR) 2] SD (Sprague
—Danley) RaE AHE-aF3om FYARGAI A ol A4 44
E 9] Zo1381] (inhdation chamber) &} 7}~k 9l U e
A8 AN E o] dato] AFEAS A FE Al wE3A
Zok AHFEES Yty v EFOoR RGeS, 5914
2E Q1A iAo Ao A sES MAEE 58-38I3ith
AMEE 25 243 T, AtlEE 5020 %, 31735 12
~153]/A|7F, 29 150~300 Lux 2 124) 7} Al Ae s E
9 WAL LabDiet 5002(PMI Nutrition, USA) 2, 5= A
FEFE AR W AR AR AEAI S8
A AFHES Sl & AR E ARER 7
e Ald=d 7IAS Als Ul F575 2] 2@
oStk

ofr
o)
)

2 NPEA

AFEAL w7 0 Z Aldich(USA) of| 4 7913 15 (Batch
#0156IMC) A oF2 ARSIt T4 A 2} 3 A 72 Teblel
3} 7gkom o) 5 Egk fU]4A| AU E o] A 3
SN A 248)7F QA FA1E 5 AT 71SHAIA AR
st om 224 S Hepafilter 2 £55 245 &3 43}



Wxle] fraf Sl AAed =27 1E AT 2B
H 78 AR mE TS AT EEE 3T = AT, AR AT, 718 A 5 AdAdE
7|9 A=A WATEAE A Bl Eeeko] ARESkalT T FEEAZ 27819101 SAEAH 02 T

Wz gz 22§28 FaAskAch At

= Sgmegat®] Q- uAEAFEA oA AA|Eke] o G204

A o] 52 pOOBE 3H3iT

AEEES 270 ppm), A-5% (60 pom), 55 % (300
) 2 75 (1,500 pom) 9] 4702 A A, ZF AlE

T B 9} 5 7100} 2 o] 19) 6417 3 52, 13% . AxZat
7H A& RS AANE = AT AP EES] A2
7o) =991 7 A& (Toxicology, 1975., Bingham, 2001, 1. dgs=29 U454
IARC, 1989, Sullivan, 1992, %1%, 1994 &) & EUZ A &
S 54 Gl vyeh A k& vk, IEEE 4 9 Aol =28 775 AP A TES oo
Frr R o =sle] AAeilon SEFy) A ko) Al To |3l BR, 254, 3% 5 ATEA wEf upE
8o EA S 257 FHS Draw A st AE o] Ao A o5 stk
o} w1 ek BAF 07 Bl £ QEE of 42 7b
102 & 3h3lck Al o AR A F o] ok Y
ookt 59 SAA 875 (A5 okaehd ™, 1999) 7} 2. S22 HF5Hs!
OECD MOECD guiddinesfor testing of chemicals 1996., 2004, 7]
= EPA "90—Day Inhdlation Toxicity, 1998, 5-& #313151.0. 1 W7 w2717 7 AT WelkE S7dsta 1 4
A A AT AbRAF s, & AL FAAL 1, 2o YRtk 710 A9 BE AEEA =
SR S5 B, ARV B W) eE w5 % 712 7 vz vl wsto] A4 fo4de
A3h= Tale29) 29kt okor ot Ml el A= Fg. 200149} 2] 300 2 1,500 ppmi*

Table 1. Chemical composition and ratio of benzinesolvent method

Ingredient % MW density avr MW avrd
2-Methyl butane (iso-pentane) 16.08 72.15 0.61
2,2-Dimethy! butane (iso-hexane) trace 86.18 0.64
2,3-Dimethy! butane (iso-hexane) 2.72 86.18 0.66
n-Hexane 0.54 86.18 0.66 74.93 0.63
n-Pentane 63.19 72.15 0.63
2-Methyl pentane (iso-hexane) 12.12 86.18 0.65
3-Methyl pentane (iso-hexane) 4.39 86.18 0.66
Cyclopentane 0.56 70.13 0.75
Totd 99.69
* Molecular Weight, avr MW(Average Molecular Weight), avr d(Average Density)
Table 2. Concentration of benzine by exposure groups
Concentration (ppm)
Groups :
Establishment Upper Lower Mean £ SD
Control 0 0.0 0.0 0.0£0.00
Group 1 60 745 40.2 60.8+£5.36
Group 2 300 350.6 113.0 301.3+30.12
Group 3 1,500 1,703.2 1,126.8 1,480.1+122.74

* SD: Standard Deviation
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Fig. 1. Body weight changes in male rats during of the Benzine inhalation.
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Fig. 2. Body weight changes in female rats during of the Benzine inhalation.
*; Significant at ¢=0.05 level



BFEHALEAS w28 & BE YEFES 5
& ol ul HAAsls-A HAL AI)E Teble 33} Teble 41| L}
itk

Table 3014 9} 7Fo] S=71 o A= 300 ppmoll A A d-+4-4
(HCT) ], 1,500 ppmr-efl A+ A@?#(RBC) 7} ozt 1]
3 FAIA 0= fFost o] & 1Yl om (p<005), B AT
44 (MCV) 3} 4] %?‘%*“’\%HMCH) - tfjzte] nla)
AR FosH v AaE HATHp<00). T3 o
710 3= Table 40114 9} 7o) 1,500 ppmitoll Al & Al 42
(HB)o] tizol Hlal fFoahl W& A3E vy, 48
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(p<0.05).

L3k FN Yt AAE Y} Tale 59} 2ol 79 954
T A TP) S w2559 7t uet S7hehes A3
1,500 ppmit th 2ol vlgl] EAIA 02 o8k A =4
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Fig. 3. Total mean food consumption of male & female SD rats inhaled Benzine during the experiment.
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Table 3. Hematological results in male SD rats after inhaled benzine for 13 weeks

S, Al R A o] 7 2] 7)Fe oJet S E
WA AbEho) A EL Tokg O & 7148t Rat
2570 & Ao AdsE2 AT
2 9k 0.35kg, A3 EA w77 0Yol o E Ra] H
T 57189 10 %ol s, =42 A W &2
F718Ael adshi= 1, 552 1] A Al o gt <t
AAIGE 1002 5}o] (Paustenbach, 1985, Williams, 1985) 7]
Akebd vt 2.

ltems Group 0 Group 1 Group 2 Group 3
(Control) (60 ppm) (300 ppm) (1,500 ppm)
WBC 4.17+0.58 4,7810.89 4.51+0.60 460053
RBC 8.4710.57 9.3410.59 9.10£0.46 9.25+0.48"
HB 15.65+0.43 16.19+0.94 16.01£0.50 15.45+0.49
HCT 39.73+2.65 4197257 42.34+1.82 4172227
MCV 46.91+0.63 46.0311.00 46.5410.65 45.12+0.66
MCH 18.56+1.30 18.37£0.93 17.961.12 16.74£0.85
MCHC 39.53*£267 37.74£2.20 37.89£2.17 37.12+191
RDW 15.17£0.25 15.210.38 15.13£0.25 15.42+0.34
PLT 522.50+21.83 559.30+58.13 582.00* 156.86 584.90+29.30
MPV 5.26+0.27 5.3510.26.1 5.02+0.18 5.1570.23

s WBC, white blood cell count (10°/mm?); RBC, red blood cell count (10°/mm?); HGB, hemoglobin (g/dl); HCT, hematocrit (%); MCV, mean corpuscular
volume (/£); MCH, mean corpuscular hemoglobin (pg); MCHC, mean corpuscular hemoglobin concentration (%); PLT, platlet (103/4£); MPV, mean
platelet volume(s’)

oo All values are expressed as Mean = SD (Standard Deviation)

= Significantly different groups by Dunnet's multiple comparison

Table 4. Hematological results in female SD rats after inhaled benzine for 13 weeks

ltems Group 0 Group 1 Group 2 Group 3
(Control) (60 ppm) (300 ppm) (1,500 ppm)
WBC 3.42+0.83 3.8410.87 357£0.57 2.72+0.51
RBC 8.5310.57 8.6410.47 8.521+1.13 8.241+0.24
HB 16.11+1.20 15.65+0.84 15.76£0.69 14.79+0.36
HCT 40.40*3.16 41811272 40.365.04 30.04=154
MCV 47.3610.72 48.3711.02 47.45+0.90 47.37£0.73
MCH 18.9110.83 18.13£0.70 18.84+2.93 17.960.67
MCHC 39.952.05 37471119 39.6816.05 37.95+1.57
RDW 14.40£0.37 14.30+0.31 14.6010.36 14.79+0.30°
PLT 571.30+110.11 613.40+56.87 662.30+ 148.05 600.60+53.61
MPV 4.9810.12 5.20+0.41 4837035 4.92+0.28

* WBC, white blood cell count (103/mm?); RBC, red blood cell count (106/mm?); HGB, hemoglobin (g/dl); HCT, hematocrit (%); MCV, mean

corpuscular volume (£); MCH, mean corpuscular hemoglobin (pg); MCHC, mean corpuscular hemoglobin concentration (%); PLT, platlet (103/4);

MPV, mean platelet volume(z)
o0 All values are expressed as Mean = SD (Standard Deviation)
= Significantly different groups by Dunnet's multiple comparison
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Table 5. Biochemical serum values in male SD rats after inhaled benzine for 13 weeks

[tems Control 60 ppm 300 ppm 1,500 ppm
TP 6.76£0.19 7.0170.26 7.06£0.34 7.12£0.20°
ALB 4.33%£0.07 4.3210.09 4.37%£0.14 4.42+0.09
BUN 13.33%£1.09 14.7311.32 14.61£1.19 1441171
CRTN 0.67£0.08 0.700.05 0.67£0.08 0.72£0.09
T-BIL 0.14£0.05 0.15+0.06 0.16£0.08 0.22£0.12
ALT 37.90£9.19 37.501+4.28 4440£13.38 45.60£11.08
AST 99.00+13.92 94.801+14.99 102.90£19.18 124.90£39.14
LDH 1,999.10£792.53 1,907.10£627.35 2,108.70+£472.79 2,501.50+1127.46
ALP 280.20%58.54 271.60*57.73 286.50+81.79 319.10%+86.01
GLU 127.20%+12.23 136.70113.20 141.80£17.95 131.90£18.10
T-CHO 66.00£10.79 74.20*10.06 74,60+ 15.81 80.30+11.73

* AST, aspartate aminotransferase (u/ £); ALT, alanine aminotransferase (u/ £ ); ALP, alkaline phophatase (u/ £ ); BUN, urea nitrogen in blood (mg/d®);
CREA, Creatinine (mg/d®); GLU, glucose (mg/d¢); TCHO, total cholesterol (mmal/ £ ); TP, total protein (mg/de); LDH, lactate dehydrogenase (u/ £ );

TBIL, total bilirubin (mg/de).

0 0All values are expressed as Mean = SD (Standard Deviation).
= Significantly different groups by Dunnet's multiple comparison

Table 6. Biochemical serum values in female SD rats after inhaled benzine for 13 weeks

Items Control 60 ppm 300 ppm 1,500 ppm
P 7.560.56 7.891041 7.56*£0.38 7.66£0.31
ALB 472%0.24 481+0.21 467£0.17 4.78£0.18
BUN 13.13+5.04 14.33+1.31 16.39+2.43 14.81£1.81
CRTN 0.74=0.05 0.74%0.08 0.74£0.05 0.70£0.05
T-BIL 0.15*£0.07 0.15£0.05 0.15£0.05 0.15£0.06
ALT 51.30£49.88 52.20+45.64 4750*23.62 37.60£13.36
AST 98.40£67.25 102.70*66.69 107.80%65.09 89.90£13.00
LDH 858.40£291.75 837.00+396.97 1,344.20+628.78 1,571.10%664.99
ALP 173.20£49.11 176.3041.79 180.78+52.82 184.80+59.74
GLU 113.30£17.76 11390+ 13.64 121.90+9.15 114.40£11.72
T-CHO 102.10+10.94 102.60+24.57 99.50£12.10 101.90£9.02

* AST, aspartate aminotransferase (u/ £); ALT, alanine aminotransferase (u/ £ ); ALP, alkaline phophatase (u/ £ ); BUN, urea nitrogen in blood (ng/d);
CREA, Creatinine (mg/d®); GLU, glucose (mg/d¢); TCHO, total cholesterol (mmal/ £ ); TP, total protein (mg/de); LDH, lactate dehydrogenase (u/ £ );

TBIL, total bilirubin (mg/d%).

0 DAl values are expressed as Mean £ SD (Standard Deviation).
= Significantly different groups by Dunnet's multiple comparison

Table 7. Absolute organ weight of male SD rats after inhaled benzine for 13 weeks

Organ Control 60 ppm 300 ppm 1,500 ppm
Thymus 4485+ 111.61 492.669.40 541.7+98.83 520.1+169.98
Heart 1,317.9+122.37 1,379.0+120.63 1,337.8102.05 1,238.6285.78
TestisL 1,796.5+ 165.52 1,868.5+148.46 1,855.3192.26 1,820.3+131.08
TestisR 1,838.1+170.49 1,854.6+137.53 1,872.8+128.27 1,850.8+135.85
Lung L 489.6+39.90 538.8+53.67 513.4+37.87 512.9+31.72
Lung R 887.2+85.24 920.1+37.87 940.9+94.51 940.7+57.65
Kidney L 1,286.4+112.64 1,371.6+ 186.66 1,384.9+ 155,31 1,4245+121.58
Kidney R 1,251.1+108.53 1,391.5+185.01 1,385.5+132.07 1,417.2+147.87°"
Spleen 749.2+72.08 812.5+119.29 816.3+101.28 827.3+102.16
Liver 11,514.7+1331.99  12,362.7+205556  12,763T1526.64"°  13,482.4+1,698.93""

+ All values are expressed as Mean £ SD(mg).

o0 Significantly different groups by Dunnet's multiple comparison
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Fig. 5. Value of the count S.D. female rats activity by time changes.

Table 8. Absolute organ weight of female SD rats after inhaled benzine for 13 weeks

Organ Contro 60 ppm 300 ppm 1,500 ppm
Thymus 317.61+53.16 391.9+54.21 382.7+122.81 388.21+67.68
Heart 784.7+59.48 859.5+72.12 823.0+ 98.72 825.6150.58
Ovary L 82.5+14.70 95.5+15.31 87.4+ 17.49 74.2+20.74
Ovary R 87.9+24.03 91.520.32 79.9+ 14.28 78.0115.35
Lung L 367.31+26.77 365.8+20.94 351.2+ 2955 359+ 34.49
Lung R 614.5+43.19 642.1+43.96 604.8+ 79.38 649.4+51.23
Kidney L 732.2+67.22 798.3150.32 769.0+ 96.36 805.3171.08
Kidney R 726.3162.84 777.11+56.68 759.1+112.89 792.11+83.88
Spleen 463.81+25.71 484.9147.83 477.7+ 39.49 460.5+58.20
Liver 6,049.41726.36 6,680+ 423.98 6,257.11+911.70 6,225.31807.33

#All values are expressed as Mean = SD(mg).
o0 All groups were not significantly difference by Dunnet's multiple comparison
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