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[. &

AT AR Tl A= 19703 el ofn] WA Hs Wb S22 st A
4& FAANAT. dEAAME 1972378 Azt AFol FAHI2Y A,

EUE, T3 5% vEo 9 vt g AAHL Fo Ad=ol &8 3l

WA (benzidine, ©]3} BZ) a4 EF(ANE 97 €A gJom W
Fos fEste EEE oY AREH dAF HiuEHo I (Case T, 1954;
Zavon 5, 1973; Doll®} Peto, 1981; Meigs 5, 1986; Bi, 1992; Bulbulyan &,
1995). o] gk BZe] g wjEo] 8 vt = fot v= YA E e
(American Conference of Governmental Industrial Hygienists, ACGIH)ej A]
= =E7IE glol #9d 2ANE dAHs Y (=8, 1998, ACGIH,
1999).

BZ 9]¢ aniline, 1-naphthylamine, 2-naphthylamine, 3}%}& (mixed
compound)5-2] W= oWl F (aromatic amine)d] =ZFFH S w HA] W
B A A E BT Y. PE AZ AQRNN 2ED 22AS dA

o= zAE AN 7 BAS AFSE 2EASC] PG AR

rok
>
=
)
ﬂllﬂl
N
>
=
olr
ok
B
£
ol
N
>
=
it
—
N
~
o
o
>
=
ol
N

F&l oA aniline 471, BZ
107 2-naphthylamine 267 5 #33<¢F &4 #H3-S BAF3 o} (Case 5,
1954; Matanoski -5, 1981).

A Y7 7]# ( International Agency for Research on Cancer, IARC)

Monographs Programmeo]| A} 733 EAIE EFol 9H, A7teA &



i Vs EES (OF 1A)E AN, FAbs el e B B
2 (3F 202 ERsEn EE3 A Y AdEEER  (benzidine,
2-naphthylamine ¥ MOCA)<} 3+ 7le] 9] ¢kEF (Chlornaphazine), 3 152
A3 FE (benzidine-based dyes &, Direct Black 38, Direct Blue 6 12
T Direct Blue 95) So] IARCo] HAH o] 91t} (IARC, 1985).

BZ& 3RS+ 7t E 4vlAd e HF HJFE 0|83 BZ FF
of &3 AFNAME o3t YE&-E& FHstt (Shah 9 Guthrie, 1983; ©]
Ad 5, 1997). FH olzdE (Direct azo dye)o] AHA-¢E FEAFA
Direct Blue 67} Direct Black 38 (¢|3} DB38)o| ¥&H 2 F4Feo| BZ 2 1f
AbEFo] A¥o g HjAdEE AL g5t (Van Duuren, 1980).

79 A&t #FFYS &5t WA 3 DB38e] tiAtE w3 2
AIEZ 2 RixolMgddl A H (monoacetylbenzidine, ©]5t MABZ)¥} tT]o}A|
gul A (diacetylbenzidine, ©]3} DABZ)o|] ¥l HJow (HFS 5,
1996; W&+ 5, 1996) AT A &8 Ax AAGFe ZEAES] aHdAz
Zo Al EAo] HEHAJY (Meal 5, 1981; Carl 5, 1982, Dewan %,
1988, =AF 5, 1995 =AF 5, 199; a3 5, 1998).

71 el e A3ty =& Hrlde dutdeg gol o]&3tes &

T WAEEe 54 a9a 2dd =29 A EUHPeR FE o|&s)

fr

DNA adducts} slZZ2 27 H71HA (Hemoglobin adduct)”} 1t} (Pereira,
1993; =AE 5, 1998). d 2, u=F F&o nFgdAxTE Z2AS that
O 2 aromatic amined] =ZFH = ZZANAIA aniline, 2-naphthylamine,
o-toluidine 18] 3 4-aminobiphenyl5 2] ZHo we= ol JrIF=H

BAAE HEsUrt (Ward &, 1996).



WEE olHlFY AEdHd  F8  WAALE N-hydroxylation}
N-acetylation®|t}. N-hydroxylation ©o}®l 7](aromatic group)o] OH7|E F
7Vete BH o2 Cytochrom P-4500] &8 &S @33t} (Bois 5, 1995;

Babu 5, 1996; LaBella 9} Queen, 1995; Lakshmi %, 1996; Stillwell %,

]

1997, Windmill &, 1997). N-acetylation2 ®3= o}l o|u} hydroxylamine
o] Aot k4o acetate”|E FUbeted FEAS TV A4S I
(Lakshmi 5, 1997). N-hydroxylation¥} N-acetylation2 A2 HAYHo =z =z}
435}7] W&o N-acetylation2 ©}Fl {7} thAlE o] fFASAHS FEses &
A<l N-hydroxylation®] =& %

m#}A] N-acetylation®] H&of] whg} ®3FE ofRlFo] Iz w FE7HA 3
Aol Zol7t A HH ML=yt =¥ Aew wEsd 2o =

17} A (Badawi 5, 1995; Stanley 5, 1996; Lang, 1997).

HAHA d5= AAWNA olxzFYPEA (azoreductase), € E+= E
colid] 2Jste] H5 9] vlo}z2Z T (diazo linkase)o] & o] BZoz H3E
7FsAdel Aok (Joachim &, 1985, Cerniglia 5, 1986; Martin ¥} Kennely,
1981; Kennely 5, 1982; Dewan <5, 1988). §3] WA A |5 Exd <93t
Al Aol FEAHEHA JERY] ATFE ot Bastlem™ (Genin,
1978; Meal 5, 1981; Murase, 1985; NIOSH, 1980; National Cancer
Institute, 1988), WAHA HEHAF I2AE tFezd IAF
(Anthony, 1974; Genin, 1977; Wenfang -5, 1992)| A= =3¢t @Aio] F7}
B Aol FEEL AT

2} $etetl A WARA AEE AJPAZEY SEAPAY A9
[ex]



| oo} Az

S

b4 7 o

0

N

AyX

Mo

K

ek 2 ol

o =EHE 2R oA

]

2R JEIHAE

it
o

A7 RiolddwlAde] 3

ot FAHA BEHozE
A, QAR a9 AnIEE 2o}

1

kel
pa

3]

A

==l



e
-
=
o
flo
N
o
o
o
L
@) ]
(o,
et
2
ro
20
A
12
jute
ki
oH
o
2
(@)Y
=
(o,
o,
o
ry
-
ol
<2

B A¥o] AFH FHFE Milli Q plus (Model 67120, Millipore SA,
France)Z Azl A3l th T FA 22 2 Benzidine (Sigma, St. Louis,
Missouri)E AH&-3t2n BZol ARSI MABZ2S #/4& sttt (Birner
>, 1988).

I 9] Aeke 2= EDTA (Sigma, St. Louis, Missouri), Ether (Duksan,
Ansan, Korea), Lithium chloride (Sigma, St. Louis, Missouri), Sodium
dodecylsulfate (Research Organics Inc, Cleveland, Ohio), Methanol (HPLC
grade, Duksan, Ansan, Korea), Water (HPLC grade, Duksan, Ansan,

Korea), Ethanol (Duksan, Ansan, Korea) 5 AM&3l9t.
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(National Institute for Occupational Safety and Health, NIOSH)9] FHA|Y
¥ Method No. 5509, 5013¢] F3}e] AA|StTh (NIOSH, 1984).

A Gardel A8 A H4 13 mme] FHdF2H (glass fiber
A/F, SKOZ Zd=z=zd= AQ&de FHHE (2-section, polypropylene, SKC)
of @3 02 L/min® g 6417 o] A3

WAY AlgE @280 (triethylamine in methanol)Z& do] 7tgz o=
50 73, AAEddd 4% F 145 A4 ZzolEadd (High
Performance Liquid Chromatography, HPLC)Z ®43}% 1 Table 1.9] =74

o2 BXM% a2 2rlEI%-S Figure 1.7 2t}
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Table 1. Operating conditions of high performance liquid

chromatography for benzidine & benzidine based dye

Description Conditions
Column Polymer C18 (4.6 mmXx25 cm, 10um
] Methanol : 0.01 M ammonium acetate
Mobile phase
(40:60)

Flow rate 1.0 ml/min
Detector UV detector 280 nm (0.02 AUFS)
Inject volume 20 ub
Column temperature 40 C
Response(%6)

100. 00—~ }

90. 00< ! Monoacetyl benzidine

Benzidine

80. 00
70. 00—
60. 00~
50. 004
40, 00-

30. 09~

20. 00- \
! AN
e et
10. 00- o TTm——
O] e
0. 90- ‘

0i 00 sioo

[l ] 1 []
10! go 15i 00 201 00 .
' 100 Time(min)

Figure 1. Chromgtogram of benzidine and monoacetylbenzidine



4. sl2=2=4 FIHA Fx a2

ooz A3k AL 1,000 g2 58 AR ¥ dF
AZE st ETAES} LT F39 09% NaCl §4& H7lsto]
A BANIE AHL 33 wrEsgoh. AH3 o] pH 75, 10° M o
A tjoldl B EzlolAH o] E (ethylenediamine tetraacetate, EDTA)S dF &

sle) 48] AE Hrlsle] 2238 TS0 # T 4,000 g2 527 A2

AzxE ARIEH LAHFEL FHsled 005% SDS (sodium dodecyl
sulfate solution, SDS) &9 10 mlZ =<t} o] &Ho] 1 N NaOH ImlE
7heta Aol 1A e EEA E7] ThERHE T F AESEN
A 2elg AR buffer2 WolA pH 82 B3Itk

H &g (methanol) 5 mlet FF< 10 mlE 1 ml/ming] £=2 =5
Cis Sep-pak Cartridge (Waters, Milford, Massachusetts)E &4d3}sla pH 8
2 2E% AEE BT 1 mlo £522 FHAZ F F/FF 10 mlE O] &
HA A F84 EcES AASAT o #HE B9 Cis

PVDF 045 ym ZE (Whatman, San Centre, Singapore)E 2ali v

92l

HS

=

ep-pak o]

o

KeR
=

15 mlE A3 Fsto £4 FEEES 8347 F 245 dA=Z=2A



BT -4 7138 7] (Elcetrochemical detector)2 A5t}
5. WX E 2 @iofd M x| S| KA

—

1) ol gAYl FA

kel

F EHE i8-8 MABZ(monoacetylbenzidine)9] TS Birners}
Neumann (1988)¢] &AdHE Fxste] AAsdn d2o4 dHE

(Duksan, Ansan, Korea)dl BZE =3l & ZAAo] Ar|= £7tA wytstH

FAE EEE dggd oA &8stz ¢F2 7 Z2elEO S (thin
layer chromatography, silicagel 60F-254, Merk, )& ©]-&3}o wu|¥kg- BZs}
DABZE 2aisith ghe o ZzrlEddse] AAde ool
(Sigma, St. Louis, Missouri)E AM&-3192™ BZ, MABZ 22|31 DABZ9 A

Mee z+zh 0.75, 059, 04022 Tl o)

_10_



2) BZ @ MABZ A

Bz ¥ MABzd W A7|gE HE7Y 24AREE =ol7] flshy
Table 1.9] EXMZHS=Z voltammogram2 ZAslct (Figure 2). BZ9}
34l
o AZEE 065 VeF 0.75 V2 At Table 2.9 o7 BEA3 a2

MABZ< &3t A7k (potential value)e = z+zt 0.65 V, 0.75 VE

-

PFE RS Figure 3.3 &tk HE¢7 (NIOSH, 1995)= BZ= 1.82 ng/ml
019l MABZE 1.54 ng/ml o|lth.

Table 2. Operating condition of high performance liquid chromatography
for hemoglobin adduct

Description Condition

Column HAISIL HL Cig, 5 pm, 250X4.6 mm

(Higgins Analytical, Mountain View, California)

Column temperature 3H T

Mobile phase 0.296 Lithium chloride : Methanol (70 : 30)
Flow rate 1.1 ml/min

Detector Electrochemical detector (potential 0.75V, 0.65 V)
Injection Volume 20 ub

_11_
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40
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02

Figure 2. Voltammogram of benzidine & monoacetylbenzidine

200 1

L4

03 04 05 06 07 08 volt
Applied potential

OBz
OMABZ

-

|_|._|_|_I_II_ N

Part A

Part B Part C Part D Part E Part F

Figure 3. Chromatogram of benzidine & monoacetylbenzidine
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(Table 4).

Mo
o

] (synthesis;

44

@_

34 (Ist synthesis; Part A), &4+ (Part B),

s

g, 7

Part C),

5]

HE8-4 (2nd synthesis; D)o] &

Al

Hom, A4 (Ist drying and packing room; Part

~—
o

el

(repair

]

=

E), AAdA (2nd drying and packing; Part F) 281 F3

department; Part G) 37l

= 96d¥} 97 81 99

WAY Gud 2HEAT

—

K

=3

Bz

1o 242+ 0.0065 mg/m', 0.5659 mg

L

H
R

g HEYo

/el Azt
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Table 3. The list of raw materials & consumption at each part

Part AV Part B Part C Part D
2 i Benzidine

CNC 15 Anlhne 0.1 dithrOCthride 10 HQSO4 11
o-tolidine p

HCl 50 HCl 0. dihydrochloride 0.7 Phenylhydrazine 1

NaNQ, 25 NaOH 0.1 a-naphthylamine 1.5 Trimethylamine 5

NaOH 2 dianicidine 0.5 HCl 6

CBL 2.5 phenol 1 NaOH 8
MeOH 6 NaNQO» 20
HCHO 6 CNC 3
HCl 20

Y, Part A: 1st synthesis, Part B: disperse , Part C: synthesis , Part D:
2nd synthesis; ?, amount of consumption (ton)

Table 4. Concentration of benzidine based dye in three year

Part A Part B Part C Part D Part E Part F  Part G?

96_1st” - - - - = - -
96_2nd” - - - - - - -
97_1st - - - - 0.0065" - -
97_2nd - - - - 0.5659 - -
99_1st - - - - - - -
99_2nd - - - - - - -

Y, The former half-year; * , The latter half-year; ¥ , not detected; * ,
mean concentration(mg/m’); ? , Part A: 1Ist synthesis, Part B: disperse ,
Part C: synthesis , Part D: 2nd synthesis; Part E: 1st drying and packing
room, Part F: 2nd drying and packing, Part G: repair department

_16_



3. BZ ¢} MABZ a2 2=z ul 271 37}

Z QB FAANA HEH sEF2H B HAZ%S Table 5.9 gt}
HAHA 48 HE=ERA0 FRANAE 459 ZER A FARZZH F
A AAE stk A¥AF BZ dRZEY B dEEHA @ty
MABZ 3| 22249 B7l4E Hd 533 ;gMABZ/g Hbe A= B}

T3 WAHA AEEF =EFAQL APIAT AApdaAel 2214 /g
Hb, 2.75ug/¢ HbSl BZ s|m2=2% 2747 AEERom, BZ HAEA
MABZE Z7zt 391.41 pg/g Hb, 17.02 ug/g HbSATh.

TRES oA BZ SIEZE22H FEIHAI= Bl FAjo Hlsl] Ho 4069 ug/g
Hbe =& ZA¥E BYown MABZE Tuhedw ALFAdA 242k 25584
1g/g Hb, 39145 pg/g HbZ =A EMST

7} X¥ g BZS MABZY P valueZ} Z+zF 0205, 0.8172 EA3H o
2 F9% #ole gled, FaA(Part GolA= BZ7F AEo] HAZ U

Figure 4.2 Z} FANA AZ¥ BZ9 MABZ s|ZzZ2W BI7MA AEH
S afi=za A Bt BZo thARESQ MABZS HE%o| BZo A&
Fro AHe s =4 Jelgdon P<.003oz EAgGHo R {23 2o

7F AT

_17_



Table

5.  Concentration of hemoglobin adduct benzidine &
monoaceylbenzidine

Part A” Part B Part C  Part D Part E Part F Part G

No of
worker

BZ

MABZ

18 3 10 9 15 7 4

40.69£66.85" 2231067 0531158 346131 22144200 2752029 ND*
ND-199.89” ND-334 ND-529 ND-534 ND-54.92 ND-3.10

2558416671 76.17£97.8 28.661L31.8 21.33£21.9 391.41+970.5 17.02£59 5.33£0.4
ND-6536  ND-141.9 ND-7371 ND-534 ND-7736 ND-22.95 ND-5.74

Y, Mean*+SD (ug/g Hb); ? , concentration range; ” , Part A: 1st synthesis,
Part B: disperse , Part C: synthesis , Part D: 2nd synthesis; Part E: 1st

drying

and packing room, Part F: 2nd drying and packing, Part G: repair

department; ¥ , Not detected

400 1 _
OBz
300 r OMABZ
200 r
100
0 ] |_| A I R e B R |
Part A Part B Part C Part D Part E Part F

Figure 4. Concentration of benzidine & monoacetylbenzidine
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119.80 pg/g Hbol AT

MABZ =

ar

92858 ug/g Hbo|3ITh (Table 6).

T
T

BZ7} 16.32 ug/g Hbolal MABZ

BZ9} MABZ 3|2Z =242 P value

o Hx

= O
|

A I

B

R A= BZ

A 2

2}o] =

ki3

7} Z+Zy 0.82, 0.272 §9

i

A eF .

=
=

ol

2R F7HA| BZe MABZ s=& H|

=358

Figure 5.2 7}

oF 5u) 12

T
T

o A
Hola 9low BZs} MABZ

Aol

sk ago|th. BZY thAEZA Q! MABZ7}

=
=

BT} (p<0.003).

=
=

ki3

9o FRZEY BEras EAdHo R §9
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Table 6. Concentration of benzidine based dye, benzidine and
monoacetylbenzidine in working area & hemoglobin adduct

of working process

Working area Hemoglobin adduct
No. of (mg/m’) (ug/g Hb)
workers benzidine based dye BZ MABZ
Input & 5 5
- 45 = 19.55+49.57” 119.80+425.26
Synthesis
Drying &
i 22 0.2820.39 16.32119.99 316.56+928.58
Packing
Not
exposed 4 - - 5.33+0.58
p<0.003"

Y, Synthesis include Part A: 1st synthesis, Part B: disperse , Part C:
synthesis , Part D: 2nd synthesis; ?, Not detected; ?, concentration
mean; ¥, p value

400 r
300 r
mBz
BMABZ
200
100 [
0
Input & Drying & Not exposure

Synthesis Packing

Figure 5. Concentration of benzidine & monoacetylbenzidine hemoglobin
adduct of working process
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19929 ¢ 7Eoz iyt WY AL Az AFehe A
Age] dgS AHETE 27049 AMGAE F HAZ9 Jhedel 457t 14
A, 60 A7) 2704, 70d ) 7F 97 A 28] 80 o]3 7} 107 Aot} o=

WA 2 P22 A dade Azas AdEe sl gl

o2 dHA v (Meal 5, 1981). WA Hol] &7 A FHE-7]7ko] 309

4 AEE 245 @A Sl del WAYA 42 AR 8 A

ol Ghag A71sh ml%stel o Roko] FASE TEAS U4 7bs
ol WAG = fih olH @ olfE WAYD WAUA GRS SHIA

AW AR dE el tetd B8 A7 et

JRFER BIHAE o]&3 AEEFZH EUEFo] ecthylene oxide
(Farmer -5, 1986; Tornquist -5, 1986), propylene oxide (Osteman-Golkars &,
1984), acrylamide (Bailey -5, 1986), vinyl chloride (Osteman-Golkars &, 1977),
benzo(a)pyrene (Skipper 5, 1989, Weston &, 1989) ol &&= ).

AAR Ad7d dAESEY F7HAY AL AR F5E = AAskA



g )lel tAlEE] SA4E H7HE 2 5 7] il /&4l me =0

ARZEF FIHAE o83 AETH EUHZY AP AA, Q4 A
A7F A4 EAHoE A& F Jdvhs Aol =4, SIEIERS A
FA HZ F 10~15%2 = dol 49 AAHE =L 5 Urk Al
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=Abstract=

Assessment of Dye Manufacturing workers’

Hemoglobin adducts

Kyu Yeub Jhang
Department of Occupational Health
Graduate School of Health Science and Management
Yonsei University

(Directed by Professor Bong Suk Cha, M.D., Ph.D)

This study was performed to investigate —monoacetylbenzidine(MABZ)
and benzidine(BZ) hemoglobin adducts among workers who worked at
benzidine based dye manufacturing company, and exposed by benzidine
and benzidine based dye. The hemoglobin adducts were compared with
work environment assessment result for evaluating the usefulness of
biological monitoring

The mean BZ hemoglobin adducts among the first synthesis worker’s
hemoglobin adducts were 40.69 ;gBZ/g Hb and those of dry and packing

workers were 2214 4gBZ/g Hb. The mean of MABZ hemoglobin adducts
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among 1st synthesis workers were 255.84 pgMABZ/g Hb, dispersion
worker’s hemoglobin adducts were 76.17 ;gMABZ/g Hb and synthesis
worker’s  hemoglogin adducts were 2866 ©gMABZ/g Hb. Work
environment assessment results during past 3 years were 0.0065 mg/m’
and 0.5659 mg/m’ of benzidine based dye concentration in ambient air of
drying and packing only.

Dye producing process was categorized by the possibility of exposure
to benzidine and benzidine based dye. BZ and MABZ hemoglobin
adducts were 1955 gBZ/g Hb, 119.80 ugMABZ/g Hb among workers
who exposed by benzidine dihydrochloride and 16.32 ugBZ/g Hb, 316.56
#gsMABZ/¢ Hb among workers who exposed by benzidine based dye. BZ
hemoglobin adducts were not detected among control group and MABZ
hemoglobin adducts were 533 pgMABZ/g Hb. The differences between
control and other exposed group was statistically significant. But there
was no  statistically  significant  differences  between  benzidine
dihydrochloride exposed process and benzidine based dye exposed group.

BZ and MABZ hemoglobin adducts were 223 ugBZ/g Hb, 76.17 ug
MABZ/g Hb and 346 ug BZ/g Hb, 21.33 ysMABZ/g Hb. So hemoglobin
adducts of MABZ were 5~30 time higher than those of BZ(P<0.003).

Above results indicate that work environment assessment didn’t
detected benzidine and benzidine based dye in ambient air but biological
monitoring detected those of hemoglobin adducts.

Two group’s hemoglobin adducts exposed benzidine dihydrochloride
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and benzidine based dye were high level but wasn’t statistically

significant and those were not detected in control group.

Key word: Benzidine, Monoacetylbenzidine, Benzidine dihydrochloride,

Benzidine based dye, Hemoglobin adduct
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