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— Abstract —

A study on the urinary metabolites of benzidine and
benzidine based dye(Direct Black 38)

Jaehoon Roh, Jonguk Won, Chi Nyon Kim, Hyeunsoo Kim and Miryoung Chun

Institute for Occupational Health, Yonsei University College of Medicine

Benzidine is recognized as a urinary bladder carcinogen in humans. The use of benzidine in

industries was prohibited because of its carcinogenecity, but, production and usage of benzidine-
based dye was still permitted in most countries. This study was performed to compare the excretory
patterns of urinary metabolites between benzidine-based dye(Direct Black 38) and benzidine in rats

Benzidine-based dye was administered orally at the doses of 0.3, 0.5, 0.7 mmol/kg and benzidine
was administered orally at the doses of 0.2, 0.4, 0.6 mmol/kg into Sprague-Dawley rats. To analyze
benzidine and its metabolites, the high performance liquid chromatography with an electric chemical
and ultraviolet detector were used. N-acetylbenzidine, N,N'-diacetylbenzidine and 4-aminobiphenyl
were identified in the urine of the rats receiving dye and benzidine. The excreted amount of the uri-
nary benzidine from dye was almost 1/10 of that from benzidine. Excretion rates of metabolites were
more prolonged in the dye receiving group than those of the benzidine group. Peak concentration
time of urinary N,N'-diacetylbenzidine was more prolonged than other metabolites in both groups.
The excreted amount of N-acetylbenzidine was more than the others in both group.

These results suggested that N-acetylbenzidine may be an useful Biological exposure index for
benzidine-based dye.
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I.M B

HAd g AXGA d3s "A 2009F ofgol
AEZzEel AgAAA g AeH3: glen
Direct Black 38% & ZFHol=4 % (Direct azo
dyes}?) A% d=uo] A4y, Fol 2 A8 ¢
Ay alm 2%, FAFA, AZARY, $49
2 A3 Qg olg=m 2ddd 2 vjgEoloA
%= A"} (Thomas, 1978; Keith®t Walters,
1992). I} BAYL 40| 6l $- o} oju] &
AL ARQTe] ZA¢ AFEAR Yrison
(Rehn, 1895) ©|&% olfZ A= L AFAAS
dA3 dn UG (TR, 1991 ; =FH,
1993;NIOH, 1988; ACGIH, 1995).

WA A otzdRe] A ol 9B A=A
v ALgsie 22489 29 dx|de) qAg
Hol A& ed, olAL WAHA oxgast AW
o FFER olxdAYe] HolA, WAYY Fe o
A AX dAY JAEIR wEHe AeR
B& 217t YT Meal 5, 1981; Dewan 5,
1988). ARAQA FBE AHEEH J43F 22AE
AN BEeE BAgo] 6.8 W) F71E FAeE Bus
o] (Yoshida, 1971) webide] Al71€nl ATHNC,
1978).

SEvEle 1950 dRE B349EY 94 2
ZAGEE AN Aol FAIRHER A Az
7} 5ol AA47A] 9 R AGA 48E AF
sn glod =Zagka Qx, EF@ce 4 WA
2 WAYDA dzo A4Fez 4HA o (Meal
, 1981). @Ade] o8 Y LE7)Ze] 30
od Fes FYH A FuiEtire WAd
A 989 Az R AHRTe] hdA A7)& v
Bl o] Rold] FAlSe T2AEY 9EA 1A
S AT ¢ gt olEF olf2 WA WAy
A 459 EALHE 9 A dike 2EARA
Wil Be A7 Az, Sl AFE N
A AF e AELE o143 9AY 3 AAGA
o}z & (Direct Black 38)9] TtdMe dixlg: o
% ub HElESF 5, 1995; 9F% 5, 1996).

Z2AE dF Z23E solsly] Halde 3
g9 QAR Fasi, 2V AABAS

A9 Ate APFEE AATE 388 AgF
A2 =g 2E5F 5ol nAHA &7 wEf 44
2 S2AEA E2de P9 Aol 4 gk
E2& APA2AE 8347 £2A9 A4 =
23g gtk gu|dA FHIde A|ARY
H& (environmental exposure monitoring) ¥
A E2thA 21U E] § (biological exposure monitor-
ing) & o83l AYAAF S Hrlshe o] o
7 #E g tas nA=Esn o 53
A e REE B o] F4dtn 4iA 9l
7] gl oo AF Fe|& F=xsn I} (Meal
%, 1981; ACGIH, 1995). =3 AAQH ol=4
8% Hid BEFHA g olet e nAES
2|5l olxzd¥te] PaiHxn WAYeR 401 &
ot oA olE g H5YPon ¥ v 2EAES] {2
F F7HA ZEZ1RAE AAASELBY (person-
al air sampling) %22 =2H7}E 3=3e 4
7t o AERR VRS F4 WY olFfof
Aok e}k, WiAd 2 WA 9459 45
e g @3 ] d7e dxdA <i=d8E
Azske AQY 22AES Wdes IABAFY7
s} 3 2RAFAA BAEALS FF(AFE T
1995) st ouf eol&ole] A 71z2d AT "H-r
n| &% Aot

2 °q-?°¥|f"1t AAE 2 AAYA ofzFdBe =
ZHE A5 &WARE o|&% ABHH RUHH.
of tig 7123 ARE AT Aot). 0)& 4
3to] o] AYcHE dF WAGA 485F AT
T3l 2 v WAAADEe] PAREAY RicolA]
2l Y, colAEMAlY, 4-olo|:=v|sE3 #@x
Qo] A|ZkgFel wE wjd o) o] WEH=RE
deldzA F}. =3 ol BF sl HEHH
22U Y A dAEAe] oE AUAE Lo}
B3 g _

2 a7e FAH 23 o 2o,

A, WD 4 WAL 9489 HEF}HEH
L 93 2% dALEZ e HA} Az AXE
o HPLCENWES FE3ch -

E4, 9XEA 457 @AY R fials]of wjd
HeAg gyt '

A, dAd3 @AdA dRE ﬂ%-‘?"ﬂ zZ- 7&‘
T5o F A BE 87 UAEEAES] RAdFE
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sl WAL WAYA A2 WP Rol
Ag v Bk,

IR, AYs} YA HEE FI8FE T
A ATE @ F $FUSVAE O
shehstel QBA AE2AY F84< BrlwTh

I. d3EMz W 4y
1. HENE R 3

AE 9-11 F7t A= AFo] 210 + 15g2
A7}% Sprague - DawleyAl 87 357128 o
o2 3o APsigon Ay AFs] dFY AR
B AR 348 25F 26 +£ 2 € 2L FE
£ 65 + 5 %2 4BA fAs AFEA 2
ES HFEE2 st B Aol ARSI Al
< BAE EF A%e adE AHEE e HPLC
£ &rile Z=rlEaYgE AFLR ARSI
a3 AHEHA g EF gAEEQ] 2ixolAd
WAL FAste] AHEEAE FF o] FoE WA
A3 98 toldE Ed 389 Fo £ LD;#
2l 200mg/keS sl FAFS AH3NAT. 9
WL WU g8 geldE 59 38L 1,2-Z2
]2 (1, 2-propanediol) ol = dBFE gav-
age® ZATFEASYTH Birners, 1990). tixTe
1,2-T23t]gehs APFY 2L Fo= 0.25
mE o sten suiEle HFHE ARSI =
3 HAY Fo APFL 0.2, 0.4, 0.8 mmol/ke
a2z 48 Fo9 4832 0.3, 0.5, 0.7 mmol/
kg2 3to] 247} 5ulel & AHE-EHRATh

2. £3717|

BEFEAER AMSI] fste FAE oEHAd
< o AXAEEA e} Felsly] A5t AHEE ¢
29t 3 2etEadyy (TLC)E silicagel 60
F254(20 % 20 cm, 0.5 mm)°]3 UV lampE 3%
254 mz & FEIHAE WAL WADRAE
A Ae)-7HAFIGe Aol F5oEE &7 Hst
o A" EFF=AE UV-VIS 160A (Shima-
dzu) & |83t

HAR S ARARAIED g AsiA AR
HPLC (Gilson) & 7F=AA719} Al8EFH7] 28ln
@ oS Adsiden F 3 $A AE 2

2 EHEH 0] 7157 UV/VIS H&7]9} A3t
A%71(ECD) & 923t TA AEo| 7Hs3t=es
gt AMe" 2@ C18(4.6 X 250 mm, 5
m, YMO) 22 Z& F/9 BH3#g AZAs A}
£33t

3. ALY
1) Z-ofMIEHIX|E (MAB) 2 B

BEFEAE AMSE EoEAAY] F4S 4
204 o 2o MADE 59 F FF2AAS 23
o] A7le €A ZIEtAA mwtsle Frh ¥
o] ¢ Fo] £AE At} AAES &A A%
AR AxAZ] BPES AFdEed 94 Silica
gel (60F-254) 2 #]3te] 34 (0. 45, Filter) ¥
¥ Jode AFFLNE BioHNEANADS T3}
At a=lz £89E JdotAE|e|ERste TLC
2 ¥<l 3tz HPLCZ EEsld E3H7IZ RolA
oAl TLCE HEE AF#E ¥ 3 Fo &
FEAZ A3 (Birners, 1990).

2 SHAIRS| AMFH W Tx{2(UH

AR AHEe WAL FA4Z, 98 FAT 29
I U gads 2HA7e AX7E AAE o
AH$-2] (metabolic cage)dll ¥ 3 Al8E A
2o] HAFAFWA T2 At 7HA] 4 A3t HFH o=
ARARE AFH 3t HPLC £4A 82 ARRSIH
2= Igoleld (creatinine) A0l A28l Th
83 HAEEQY RiolAENIAd, toAEulz]
d, 4-oluxcvsdy Wi de] HPLC 42 A%
ANgAXNYE 29 1 mE Al 25 4
Slle FRTE A3 A8 en NHOH
/NHCl (2.5 M, pH 9 €584 1 nE 73
29S grlesksln doddHz 1 mA 2 3] F
23k 328 dold o223 0.5 M A&
21 mE 7Hl 9FE3le 52 0.45 m IH
2 o33t F HPLC ¥4 AM&-3t3ith

3 2F tA=Ee 2

2% tAFEEe] HPLCEA A WAd, Rio}
AEHRAY a2lm 4-opr] Y] HE2 A9y
% ZA=rt F& A713EAE7] (ECD) € «udd
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& Fola zte) g $o ANRS TN A7}
A AEAES] AFL AFe) T FAo) 85
QA ¢Hgste] fol@ 0.7 V= AAEYch A7)
#7427 (ECD) o F&o] A tohigdiAsle
o)54& Yzdoz o 2dEYL @AY B
A F54949 287 mE W27 2PAFez &
o 2E Ao BAlY o] FsHES Y
t}, ©]%’(mobile phase} 22+ wle-&3} 0.01M
GZF B EE 40 : 609) &2 o] 0.9 m
/ming] fEoz 3o A4 gNIvule 1y
22 AYIAHTable 1).

I.d4+4o

1. 2OfMEHAIHe| Hdat EFEEHe| F20f
EO¥

AR Go v|Fe] ol ER T3EL Friet
o JHE JAEL FFEAQ WA, tiopgsl
ADH A @ Hazeeadne Esigo.
AN Rol= 100% NG HEALS ol&3igen] o
W MRE Ade 9AdL 0,74, oHA2dAY
0.57, tolMEixd @, 43¢]1GHTable 2).

Fig. 1& dxda AxgdoiE2ds] EFEHS
e Bz 3FFY Aezdes BHE =
ZopEade|th, WA, olMERAY, ciopigd
Ad 2z 4-olojevlds) BB Az ZZ
6.6%, 7.6%, 11.8%, 42.2% o|¥xm, =25 I &
2hfi=g

2 ATE0 £ HoARI| IE 2F iSRS
ujAel e

AKDE (Direct Black 38)€ 0.3, 0.5, 0.7
mmol/kee] FFER FFHAT T o0& 4 A7
FHez 72 ARAA AHIY 8.5 WA, 2w
P EWAY, tolAdAY 28] 4-ofr]n]x)
4€ HPICE 2z ¥4< 3y,

WY FoZdAe £F WAY @ Ri-opid
YAGL BE T 80| (-4 AlZAJelolA FH e
HAZFE Yshio] ®a2A dlde] =He Ag g
AT deopAEddgd e 2o]28 0.2 mmol/ke

Table 2. Separation of BZ, ABZ and DABZ by TLC

Material Rf

Benzidine 0.74 + 0.028
Acetylbenzidine 0.57 + 0.045
Diacetylbenzidine 0.43 + 0.007

BZ ; benzidine, ABZ ; acetylbenzidine,
DABZ ; diacetylbenzidine,

TLC ; thin layer chromatography

Rf ; retardation factor

Response

BZ
DABZ
BZ

4-ABP

" L L L . L . L L )
a 5 10 15 20 28 30 as 40 45 50
Ratantion time {min)

Fig. 1. Chromatogram of BZ, ABZ, DABZ, and 4-ABP

WADE 0.2, 0.4, 0.6 mmol/kg 28}3 WA by HPLC

Table. 1 Operating condition of HPFLC/ECD/UVD
Description Condition
Column Cl8{(4.6mm X 25cm, 5 im )
Mobile phase 0.01M Ammounium acetate : Methanol(40 : 60)
Flow rate 0.9 mi/min
Detector 1. ECD at 0.7V (10nA / V)
Detector I1. UVD at 287 nm (0.02 AUFS)
Column Temp. 0
Injection vol. 2044 _
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Table 3. Concentration of urinary metabolites after administration of benzidine

unit : mg/g creatinine

Dose
Duration 0.2 mmol/kg 0.4 mmol/kg 0.6 mmol/kg
(Hour) BZ ABZ DABZ BZ ABZ DABZ BZ ABZ DABZ
8.89+2.24 12.72+2.27 0.09£0.03 8.87+4.74 10.17+1.04 0.42+0.69 18.76+10.84 20.64+9.11 1.38+1.46
8 444+1.03 6.60+4.22 1.52+24 5.85+4.14 7.42+422 0.35+0.24 593+3.42 12.01+6.49 2.40+2.21
12 1.93+1.60 6.38+2.51 1.03+1.1 475+£2.39 7.07+3.54 1.30+0.83 647+435 10.18+4.16 3.13+2.44
16 0.70+£0.56 4.96+1.66 1.24+0.86 1.35£1.90 5.14+2.47 2.12+243 1.94+1.12 9.23+0.58 3.18+2.77
20 0.80+0.47 1.84+0.78 0.87+0.61 1.66+0.15 3.87+1.64 1.14+0.78 1.81+£1.18 8.82+1.40 3.01+4.63
24 0.54+0.14 1.89+0.71 0.84+0.94 1.51+0.18 3.51+1.81 0.89+0.99 1.81£0.92>{:7.25£2:75%- 2187 £2:75
28 0424031 1.11+0.38 0.210.17 1.13£1.56 2.97+1.96 0.95+0.16 124+0.71 6.03+2.02 1.27+0.72
32 0.33+0.24 0.96+0.39 0.49+0.33 0.99+1.06 2.16+£0.69 0.61+0.42 1.59+1.12 5.44+1.06 1.02+0.35
36 0.32+£0.23 091+0.18 0.67x1.15 1.15+£1.59 1.62+£0.68 0.62+0.42 1.44+1.60 4.43+021 1.10+£0.98
40 0.35+£0.16 0.57+£0.40 0.72+1.07 0.52+0.89 1.46+0.49 0.76+0.95 0.77+£0.62 3.99+0.59 0.52+0.16
44 041+£1.58 0.77+£1.33 0.14%+0.05 0.25+0.15 1.23+0.02 0.50+0.32 0.37+026 3.11+2.44 0.77+0.88
48 0.13+£0.12 0.28+0.19 0.031+0.01 0.52+£0.73 1.27+1.69 0.37+0.29 1.80+£0.09 2.11£1.06 0.60+0.33
52, 0.22+0.32 0.29+0.21 0.03+0.02 0.16+0.03 0.79+0.41 0.29+0.16 2.77+479 1.30+1.16 0.36+0.27
56 0.13+£0.11 0.45+0.26 0.03+0.02 0.23+0.02 0.55+0.39 0.03+0.02 0.26+0.18 0.24+0.11 0.15+0.07
60 0.12+0.08 0.39+£0.68 0.04+0.04 0.03+£0.04 0.16+£0.09 0.12+0.19  0.84+0.97 0.71+1.31 0.12+0.08
64 0.07+£0.05 0.05+0.03 0.00+0.00 0.13+£0.08 0.12+0.28 0.11+0.01 0.06+0.07 0.00+£0.00 0.27+0.04
68 0.03+£0.04 0.04+0.03 0.02+0.01 0.06+0.07 0.06+0.09 0.03+0.10 0.60+0.69 0.45+0.89 0.13+0.23
72 0.05£0.05 0.04+0.03 0.03+0.01 0.04+£0.03 0.05+£0.03 0.04+0.09 021+0.37 0.24+0.49 0.01+0.01
. A& 12-16 AT 16-20 Al Hze)
12 ( A FS Yeldlo] AvtEog wiAd RoE Hroh
Tl 2% wAsEsl sEs Yt 4-ofuleusy
ot o WA RelEw Be PAes A ne 2
HE glo] Fu|Fez 0-72A41 AE =AU 244
T B wiAE Fe TP wE WixXde] 51%
- 67%, oMAEWIADL 56.6% - 67.1%, ToMAl
; AL 41.8% - 48.3%7F wWlA=E AT (Table
4 12 20 28 36 44 52 60 68 hous 4, Fig. 3).

Fig. 2. Concentration of urinary metabolites after
administration of 0.4 mmol of benzidine

dxe 4-8 A1t 223 0.4 mmol/kest 0.6
mmol/kgll A€ 12-16 AlZHAA HugE e
o}t 4-otu|:H|Hd e At mE WFo| flo] S
Fe g Fgo] =AU 24X Bt vidE Fe
Foq o] met WAde] 75.5% - 87%, otAIEHIA|
9L 70.8% - 85.4% E]3 tlolAEHlR|de]
58.4% - T1.6%cH(Table 3, Fig. 2). HxTl
AE old gAEE HEE 4 AU

HADAGE FATL 8F WAEAC] RE F

mg/g creatinine
3, b
—s— ABZ
|~+-DABZ

4 12

20 28 36 44

Fig. 3. Concentration of urinary metabolites after
administration of 0.5 mmol of Direct black 38
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Table 4. Concentration of urinary metabolites after administration of benzidine based dye(Direct black 38)

unit : mg/g creatinine

Dose
Duration 0.3 mmol/kg 0.5 mmol/kg 0.7 mmol/kg
(Hour) BZ ABZ DABZ BZ ABZ DABZ BZ ABZ DABZ

0.15£0.03 0.12+0.07 0.03+0.02 0.21£0.10 0.15+0.09 0.03+0.02 0.12+0.06 0.06+0.03 0.02+0.01

8 0.13+0.04 0.10+£0.06 0.12+0.06 0.14+0.03 0.11+£0.03 0.13+£0.04 0.12+£0.03 0.07+0.04 0.17+0.05
12 0.14+0.16 0.15+£0.10 0.22+0.08 0.17£0.03 0.23+£0.08 0.11%+0.01 0.294+0.09 0.51+0.22 0.31+0.10
16 0.19+0.08 0.87+0.39 0.40+0.06 0.29+0.11 1.07+£0.59 0.66+0.37 0.65+0.16 2.55+1.06 0.76+0.16
20 0.13£0.05 1.53+0.50 1.11%+1.56 0.49+0.10 1.56+£0.28 0.45+0.25 0.84+£0.52 2.15+0.19 0.75+0.41
24 0.06+£0.01 0.83+0.16 1.09+0.60 0.14£0.02 0.97+0.36 1.91%1.09 0.26+0.13 2.04+0.43 1.28+0.29
28 0.10+£0.15 0.65+0.20 0.93 £0.01 0.09+0.05 0.66+0.33 0.96+0.41 0.26+0.17 1.88+0.48 1.42+0.08
32 0.10+£0.13 0.504+0.13 0.56+0.27 0.13+0.08 0.49+0.26 0.63+0.37 0.24+£0.05 0.96+0.24 0.63+0.40
36 0.10+£0.14 0.48+0.09 0.72+0.11 0.15+£0.10 0.58+0.25 0.93+0.51 0.21£0.12 1.05+0.33 0.89+0.01
40 0.08+0.05 0.36+0.20 0.38+1.07 0.13+£0.08 0.39+0.24 0.34+0.13 0.12+£0.13  0.63+0.36 0.70+0.60
44 0.14+0.16 0.20+0.12 0.14%0.08 0.10£0.07 0.38+0.33 0.25+0.14 0.10+£0.06 0.27+2.10 0.37+0.21
48 0.094+0.05 0.00+0.00 0.06%0.09 0.09+£0.08 0.03+0.17 0.09+0.03 0.04+0.02 0.05+0.03 0.25+0.14
52 0.06+0.07 0.00+0.00 0.0040.00 0.04+0.03 0.02+0.01 0.04+0.09 0.04+£0.08 0.23+0.13 0.07+0.04
56 0.054+0.03 0.00+£0.00 0.12+0.06 0.06+0.03 0.04+0.02 0.08+0.06 0.05+0.01 0.06+0.08 0.01+0.01
60 0.05+0.08 0.00+0.00 0.10+0.15 0.04+0.03 0.46+0.02 0.07+0.05 0.00+0.03 0.06+0.03 0.07+0.53
64 0.00+£0.00 0.00+0.00 0.06%0.04 0.00£0.00 0.03+£0.02 0.08+0.01 0.00+£0.00 0.06+0.03 0.07+0.04
68 0.00+0.00 0.00+0.00 0.06+0.03 0.00£0.00 0.03+0.02 0.02+0.01 0.00+£0.00 0.06+0.03 0.10+0.16
72 0.00+£0.00 0.00+0.00 0.07+0.04 0.004£0.00 0.03+£0.02 0.03+0.01 0.00+£0.00 0.06+0.03 0.00+0.00

2. 2F UMEESe| uid=

AR FogeA 724t % 8Fo2 wjdd
thAHEA ] FF3 o] AR HIFE Fig. 4
o FAsIHT. 47FA tiAlEd 7hedl RicopAd

1.4 r{mz)l
152
4 £
H DABZ
0.8
O ABZ
0.6
OBz
0.4
0.2 r
0 . A )

0.2 0.4 0.6

Administration dose of benzidine(mmol/kg)

Fig. 4. Cumulative amount of urinary metabolites in 72
hours after oral administration to difference dose
of benzidine

A de] 0.3624 - 0.6405 mol(33.16 % - 49.69
%) 2 7V 8ol wid=Hen WAdL (.2499 -
0.4303 mol(31.56 % - 33.38 %), TlotAIEHIA]
g2 0.1382 - 0.2149 mol(14.68 % - 18.41 %)
2 wide]l HUoh 4-otvlxHFdL 0.0033 -

0.4 umol

0.3 0.5 0.7

Administration dose of dye(mmol/kg)
Fig. 5. Cumulative amount of urinary metabolites in 72

hours after oral administration to difference dose
of dye
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0.0050 mol(0.26 % - 0.67 %)2 Iw|Fo} HZ
Ho] 2Tl BASHA £

HAADAEE Tl 7243 Bt 8502
Add A2 FFa Zhe] AT HFE
Fig. 2¢] FA)5190., ¥WAY Fo7= ol d7RA 82
Rywolqdulxdo]l 00,0660 - 0.1373 mol{48. 14
% - 55.67 %) & 7v4 B o] vjd=glen ¢
oL WIRIT & 0.0393 - 0.0734 mol (24.13 % -
28.67 %), WAL (.0284 - 0.0456 mol(17.54
% - 20.7T1 %)= "l4de] =9t} a8 4-oln=
Hlsld-e 0.0034 - 0.0037 mol(l.42 % - 2.64
%) 2 Fu|e] & HAcHFig. b).

V.o &

Adol At wel EER DA 7] LA
= AfA R0 Yo AFEd 3
of 2Ase FPHle] ABHoE o & EAV} H
2 den 55 gIEAN A7IL =&olHe AY
< d7FEse do| d¢ FasA Hdk ¥A
de CpHpN,Z 74 & 9% A4 3229 8
A2 QP2 FxEAN THEEH, WY 95,
HEG L opIAFIH WAHS] Fo] HE A4k,
U, v 3 e doxigm ded gl
o} =g 1978 | vl=o] 9 & 9742 (National
Cancer Institute, NCI}olxe SE48S 5814
AR Aot PANA 487t & B4 I

A 2e % Ao sded e $BAY AT

A AAYA 988 FAF A5 WAd L R
LBt SergEAQ] g-olupcnlEde] B2 9o
A&= o] ghdel 2ok AE HALE A}
@ (Birner %, 1988; Birner &, 1990,
Cerniglia &, 1986). ©] AFeMz WADA |
59 TaojFold 4-olulicu|Hde] dlde) F 8%
HAEAS] 1.42 % - 2.64 %E HAY T
0.26 % - 0.67 %Xt} AR oz £A Jet 9
£ 4539

WA 9 W4 dees AY, TE0], ¥
B4 542 F dod, e 22 2F
71V iz F5ED g dAde F2 3N
olqEsl Wie-g 53 EweldEdAd, copAd
WAY, 4-olulxvlgd Fo8 gAY (Morton

%, 1979; Lynn %, 1983). Lynn %(1983)& &
AMd BHUAE ol4dle WiAde dAERE 20
A7k gG¥A F dAKIES 99 41/ 9
e a7l mEd WAYUH N-olHgdax e
A FFAEG|= B (glucuronide conju-
gate) & P4gsted o) AL pH 5.3 <A vzt
717t 4-5%8-28 o ¢ &} o] FFARVe= AR
A7t 28-S A wjds e A 28 o
Al dgoilez rliiasn, i 843e
o] "¢k fddie ALE F3HET Babu F,
1992), wEbA A¥elA Wixlde|u WAd fALE
3 N-oMiguido] vlde e &S S35 3L
AEH RUEFPLEA Bophie} gy @A)
A944E FgscH T B8 @ Aoz AZhn,

HXGA gd8c ] cytochrome P-450 AlY
2] g4 H5id A dAR o2 dilsEle Aew
4# A 1 (Cerniglia F, 1982; 1986). Chung
(1990) & Hidt <] E4 23 B3 AT
o] WEE ofRle ol2A{L VYAAE & gtm
o). ¥ FFdME AAHA 988 T &
A wide AxHL g5 fAEZ gt
e dFEdA WAGA dEI7 wAYeR dA}
oz Basiz 9l7) i WAdA 488 AT
e 22X diME Agae g gast
dE& ez Hrigc

£ A¥eM WAY FaFe] AL 8% 4ol
HHd g Aejsn AXY R RcolEAAHol
RE B LA 0 - 4 AZA Hae) el
vehfle] 1977 el Piotrowskie] d723g 4
Ade] =2¢ F 83 WAY 2 2E dAEAe]
3 ujde] 2 - 3 AL, W] 5 - 6 A ¥k
@ 23S JEA T dolNgiAde R4
0.2 mmol/kg?llA = 4 - 8 A3t 2832 0.4
mmol/kg?t 0.6 mmol/kesIA € 12 - 16 AlZtelA
AzgS Jehfol g Ael7t Jd}th Lynn T
(1983) 9] FF2] HEE o] 87 WAL tiAld]
A BoglA] 2413 95%8] WiAHe] tAIEIE,
Z7lole ok@iiAde] F dAEe|AT7t F7]4
telAlddAde] F dAFIEo|R, AAHAY 2
ARAE =3 42 EA% o] F vlFo] tobd
guix|gle] wld Ae] © He AL ARE + 9
o, WAYA 98 FoFE 8F dAHERC] BE
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Fo]gFollA 12 - 16 A1k 16 - 20 AlHelA
39| wdFE vehle] Aoz WMAY oz
2ot 23 wd&Es) 2 Yehgd ojRe
AdA 487t $4 AxYoR g £ ogA) Wl
Ado] Riol WA, TlolqPHAY, 4-o}n]
xHlHY $o2 dalEy] Eos yzEn Eg
WMADoY WADA d5e thAtEo] Haz W
HE AZto] M2 Ho|E Mol RE o] BAY A
EFARUEY L AXFe] lo] HAo| 2 A=
AR 717 N2 BEFE Johe s WEst
3 Slch

72 At B HAE UAEY] F%e Bojo)
3 F7lshe FA1E Bglon AWl WA
A 48 BFoA N-olgdAdo] AY Be u)
32 AXHAG (Tabel 1, 2). E AAY =i 2o
A 247 B HHE TALEY] Fee A7 B
<t wiZE ool HlBIA WA S HF 81.5%,
oML WMAY 77%, TolEHMAYL 66.7% °|3
. 98 RoFINE WAL 60.6%, oMYA
d 60.6%, 23 ToAdHIRYL 46, 1%7) 24
Azt Fok B EAT o] AKE Hol 2EA)
2HE Fo] WS 23Y Aoz YzEy] i)
A A2L Fol7] siN aMe me AL
24N7 Bt AW S me o wiAde] A 80%
o1, dze A% 60%°l4e] tAREAC] wjAdE ol
2719 2HL gyE & e Aoz yrldn

Eg WAY 2 WAYA G PYEEH mUE
P& 229 Aoz ANE AS AR 7187
748 Be o] wjAEE N-ohigulAd e A1est
€ o) 7% L Aoz 4AWY. a8y 4-on|
=HH Y AYY 2F A BAES 74y Bico}
AERAYD T Cob LA DL Ao} g7le)2 7}
SRSt WADS ] EAsHE W (Charles,
1990; Peter, 1984) = :&}s) Holokad Ao|t}.

2 A7e AdHe 42y mUeYe = e
o] 4 gl Akl mhE ¥E WAY gALE
o Wsle s RY AW GFS BN oA
o2 wAdEE ol e Y-S XA Rk
RAolth, o] ATEL HUHAE o] 88 AS A5
ol uj$ Hg W ohiet FHolA 2EHAS Has)
37] S18lA Ao Al olele Ao gt
gt ol ¥ & A7) glojok & Rold},

V. 22k A ZE

£ 47 9Ad € AxdA gdse A2y
EUEY S 2stna ST oS 93
Al FFol WAL 0.2, 0.4, 0.6 mmol/ke, 17
3 WAYA 98 Direct Black 382 0.3, 0.5,
0.7 mmol/keE AT Tt} T2A13F Sk 442
FHeg A¥ion widse ¥ FFENsS o
=34 2L ARE Aok
L Ax93 AAdA 48 FF RFA wlx)
9, N-otE¥Ag, tjolAgwAd, 4-ofn]x
Hlgdo] gAIEAE HEE Yok
2. WAL 98 FoT TN ujdE gAER
9] F%F 7kt N-opAguixIdo] Y wsi),
3. WA FoFoA WA} N-opgdlzde
Al H2 wjdE AT, o|F FH3 ZAast
t FIE Bgon tolNEuiAde o o}
2} 4 - 1671t Ha2 wjd A
4. 98 FATNNE WAY FoF B} tjatEo]
A= e ARl RolA 12 - 20 Alztel 2 tiA}
E29] ujdo] HuE o] T}
ol’de] AN MAAA H87} Al o] Wt
A EFZE ABEE & 5 o] FF WAUA A=
€ FAFske 229 AYFel dg 44 et
ojok & Zoln, WxY L AAUA g5 Y=
4 BUEHde N-opguzdoe] Hie Ao
2 AZEr, olfde ¥y ¢ giHes mjidgs
HAER tigk A7} ool A of A

g

R AYGAEAYA Y. A 292, A 30=. 1993

=R AEAY 85 2 FE 1A A 91-21 &
E=FHE, 1991

EAE, QS A, ARG, AEF WAGA 9=
Az AGF 222 WAY Z2. g Farg o 83 %
1995;7(2):103

HEF A& 3 ARUE o] £ F o)A WAL o
Abel] B A7 AR BAG D HAl=E. 1995

435 87 HEA FRUL )4 WADA G
Direct Black 389] thAl. JAthetw oigtd B sta) A
Ab=& 1996

ACGIH : Threshold limit value for chemical sub-
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