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Evaluation of Dermal Measurement for Workers in Benzidine
Dihydrochloride and Benzidine Based Dye Manufacturing Factory

Hye Kyeong Yeom, Jae Sak Song, Chi Nyon Kim, Jong Uk Won Jaehoon Roh

Institute for Occupational Health, Yonsei University College of Medicine

This study is performed to evaluate usefulness of dermal measurement of benzidine and
benzidine based dye as one of the occupational exposure assessment method for these com-
pounds. We selected one benzidine manufacturing factory and one dye manufﬁ&.uringw
factory in Incheon area. Eleven workers were for benzidine manufacturing factory and
twenty four for dye. We analyzed relationships among air level, amount on skin and con-
centration of urinarv metabolites for these compounds. Airborne levels of benzidine and
dye were measured by NIOSH 5509, 5013 methods. Amount of these compounds on skin
was measured with skin wipe method. Concentration of benzidine metabolites in urine
was measured by High Performance Liquid Chromatography after alkaline hydrolysis.

The amount of benzidine on hand skin was 25.05( - 233.2) ng/o®, and the amount of
the neck was 2.01{( - 11.9) ng/ar in the benzidine dihydrochloride manufacturing factory.
The amount of benzidine on hand and neck skin has positive correlation with concentra:
tion of urinary monoacetyl benzidin(r=0,644, p<0.05). The amount of benzidine based dye
on hand skin was 55.75( - 457.7) ng/w, and the amount of the neck skin was 18( -
284.7) ng/em in benzidii.e basea dye manufacturing factory. The amount of dye on hand
and neck skin has positive correlation with concentration of urinary benzidine for dye
workers(r=0.467, p<0.05).

When assessing the exposure of workers who deal with benzidine, the amount of benzi-
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dine on skin should be measured for an accurate exposure assessment.

Key Wards : Benzidine, Benzidine based dye, Skin wipe, Monoacetyl benzidine, Diacetyl
benzidine, High performance liquid chromatography
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A4d Az 2A 1193 9AYA ol 2B Ax &
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4 FEiA e WA a0l BAEA olxdE
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(National Institute for Occupational Safety
and Health, NIOSH)olAX F 88 2PA €Yol
upepd @xY GAHE & Method No. 5509 283
WA A 48 #2312 Method No, 5013 &3l
AABACH(NIOSH, 1984). HAY |d4itde] Alg
AHe A7 13 me] #el 47 ¥H (glass fiber
A/F, SKOE #9Z23Y A FME(2-sec-
tion, polypropylene, SKC}ell W3 0.2 ! /min
o2 6A1T ol EFSUG. WXYA g8 B
Al AHe d=E 42 ¥ (37 m PTFE, 5
m, Gelman sciences) & 7} E (3-section, poly-
styrene, SKC}ol| 428% 1.5 ! /min 28 3
o2AEe ZHI AXCA 62T ol TN
o}, WA gad AlRE @30 (triethylamine
in methanol) & Wol HEHo 2 B F1 &
A BEe o3 Fo] n4dE HANaBviEDAY
(high performance liquid chromatography,
HPLC) 2 #4439t ¥xd4 98 £3& ¥H
o} ZF5F violAHd ¥ 2&9t Hel ¥ gdA
€ 71l gEe] olxAYE ol WHE A9
¥ HPLCZ &% WiAd ¢ £43id,

3 IR MEgg o8 &F

HUE AY Age 92D g4 2 99 o
Bel AHAeT x&HT e B2¥99 40 avd}
ol elel 20 @ APA S W, AJYE T W
f2l 4R¥e (glass fiber filter 37 mm)ol] FF4
& 83 Yol W (Stephanie ¥, 1994) 10 m ©)
mgdlo] b, WA H{slel NIOSH Method
No. 5509, 5013 &3t BA3tct(NIOSH,
1984).
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(VanRooij %, 1994).
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At AAf7lo] o &=stn AU Th

2 WX A/ K= 22XAES =F oy

WA QA AxFY FEAEY =E3WLE
AHEE 37 =& 3.92(8HE - 13.7) w/
mw, &3 Zx9 ¥R 2 25 05(BH> -
233.2) ng/are} 2.01(E3HZ - 11.9) ng/areld
k. 22459 85 dAEAY FEe wAUL
5.98(82% - 22.67) we/g creatinine(°l3} cr.),
oM@ AY g 25 45(8B8& - A8) we/g cr.
a3 YolAdwAd e AEHA gt

WA G439 wAd 9 TP 713 HXd F
e 4zt 3.27T(84%-12.6) w/m, 6.85(8H%-

7heted ggelstEn dodolE2 12 28] 3 TI37) wg/molRch B9l HR e P

Ae A&EA agsken IFdelMe 11.05(10.2-
11.9) ng/ee|tt. &X-91e] =2FE FLeME
o] AR M 6.4 ng/aZ AEHAD T34
2 134.55(35.9-233.2) ng/ae]Rth. 8% iARER
g A% 8% WAL MM E 479(EHS-
20.34) wg/g cr., ERHAME 11.34(832E-22.67)
ug/g cr.olUR RixolMEWRde FgAAA
19.97(8H%-55.93) w/g cr., EZdMe
50.08(32.16-68) wug/g cr.olUth TlotdEWAd 2
FAEH LA 25 HEHA FcH(Table 1).

3 XA HE Mx 22XEL &F ¢

WALA 8 A2 IEAEY g8 3
g =2ULS AEEE 587 252 46.05(F
A& - 397.4) w/m 223 & ER9Y ¥R
22 55.75(8%3% - 457.7) ng/ows} 18(¥HZ-
284.7) ng/avelrt. &% did 22AEY 8F
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Fig. 2. Chromatogram of urinary benzidine, monoacetvibenzidine and diacetylbenzidine by
high performance liquid chromatography electrochemical detector and ultraviolet

detector

WALEAS] FEe WAde] ¢ 4.55(@PE -
44.12) we/g cr., BixoldEwiA e 30.55(%%
% - 189.23) w/g cr. 23 delYPYiXdE
4.12(83& - 44.8) we/g cr. °I1A.

Y WU 98 ¥ g TEN R A
B o2gn 83 WY gAEE vind 23 4
2 44 2229 187 ¥¥= 33.38(¥HE -

209.24) w/m', &} R AR xFFE 4
15.99(¥3& - 73.8) ng/ws 5.01(BHE -
35.1) w/molUch. ERA 224 TV FHe
51.26(A & - 397.4) w/re, &3 E¥Hg HF
e&FE 72.11(8H& - 457.7) ng/ardt 23.35
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Table 1, Exposure of benzidine by process in benzidine salts production plant

Working  Benzidine  Benzidine in skin Benzidine in urine
Worker Process  Age Sex duration in air (ng/em) {us/g cr.)
(year) (g /) Neck Hand Bz ABz DABz
A Synthesis 50 M 26 ND ND ND ND ND ND
B 52 M 19 ND ND ND ND ND ND
C 44 M 21 ND ND ND ND ND ND
D 55 M 14 ND ND ND ND ND ND
E 44 M 21 6.7 ND 6.4 20.34 55.93 ND
F 55 M 14 1 ND ND 4.71 16.27 ND
G 53 M 10 12.6 ND ND ND 18.44 ND
H 54 M 23 0.8 ND ND ND 32.16 ND
1 44 M 7 8.3 ND ND 18.02 56.94 ND
Mean 50.11 17.22 3.27 ND 0.71 479 19.97 ND
ND- ND ND- ND
Range 455 726 126 ND 64 2034 5593 NP
J Packing 44 M 5 ND 10.2 233.2 22.67 68 ND
K 44 M 23 13.7 1.9 35.9 ND 32.16 ND
Mean 44 14 6.85 11.05 134. 55 11.34 50.08 ND
ND- 10. 2- 35.9- ND- 32.12-
Range “ 523 137 1.9 2332 2267 e P
Total mean 49 16. 64 392 201 25.05 5 98 25.45 ND
ND ND- ND- ND- ND-
Total range 55 5% 13.7 1.9 2332 2267 68 P

ND, not detected; Bz, benzidine: ABz, monoacetylbenzidine; DABz, diacetylbenzidine; cr., creatinine

& §34M 3.53(8H%-9.32) w/g cr., TA
e 4.92(87%-44.12) ug/g cr.oli RiotAd
WAl e Ao 21, 73(8H2E-34.11) w/g
cr. ]EL ERAANMNE 34.18(83%-189.23) we/g
cr. ol dopdEHAlI e FAgAdeA HAEHA
opgron EAAL 5 81(EH%E-43.53) we/g cr.°l
2t} (Table 2).

4, HIX|El Qdpteiel F &I mE LEHUD 2T
CHALS E O AFRkA

WA g WY e WrllNE £¥9e) x
20 B399l wdPo] Nz 4Bl Ao
(r=0.840, p<0.05), &%9 x2%3 8% Bio}
AYWAY FE AloldE guAdel AAT
(1=0.644, p(0.05). Z2im WAY FuA &3

— 88

259 AR 23S B AT 8F ZieopdEw
Ade Foox @Al AATH(r=0.644,
p<0. 05) (Table 3).

5. WATIH fimel TEV, MR -FU 2F
CHALE S| Abmhal

HAEA dae HRE w29 VF ¥R a3
83 dAgde A8AEE durd T2 387)
2o & Fng Aol ds Ae &394
¥ &80 th(r=0.441, p<0.05). 133 &
2299 wE ke M2 AT ona
(r=0.427, p<0.05) <3 BxHe] HF =&
T3 AL 83 WAde] Fxe Aol 9121\:}
{r=0. 467, p<0.05) (Table 4).



Table 2. Exposure of dye by process in benzidine based dye production plant

Working  Benzidine  Benzidine in skin : Benzidine in urine
Worker Process Age  Sex duration in air (ng/en) (ue/g cr.)
(year) (s /rrv) Neck Hand Bz ABz DAB:
A Synthesis 56 M 14 5.41 ND 73.8 8.75 18.13 ND
B 53 M 10. 209.24 ND ND ND ND ND
C 49 M 9 111 35.1 38.1 6.61 22.84 ND
D 50 M 9 7.32 ND ND ND 34 ND
E 52 M 19 ND ND ND ND 22.8 ND
F 45 M 2 7.86 ND ND 9.32 34.11 ND
G 50 M 26 2.73 ND ND ND 20.24 ND
Mean 50 71 12.71 33.38 5. 01 15.99 353 2173 ND
ND- ND- ND- ND- ND-
Range 4556 2% 209.24 351 738 932 s¢11 P
H Packing 47 M 5 46. 96 ND ND ND 18.64 ND
I ‘ 45 F 11 1.68 ND ND ND 51.18 ND
J 52 F 8 8.33 ND ND ND 28.51 ND
K 47 M 3 200.3 20.3 156.3 ND 38.63 ND
L 39 M 3 ND 13.4 ND 4.02 10.18 ND
M 37 M 6 150 13 457.7 ND 189,23 ND
N 35 M 6 4.2 7.8 ND ND ND ND
O 44 P 6 6.8 13.8 16.3 ND 24.77 ND
P 26 M 4 8 18.5 ND ND 52.22 ND
Q 41 M 8 2.78 284.7 ND 16.4 33.6 4.8
R 52 M 0.5 397.4 13.8 312.5 44,12 23.81 ND
S 43 M 3 43.2 6.5 261.2 4.76 15.81 ND
T 40 M 10 ND ND ND ND ND ND
8} 31 M 1 ND 52 ND 4 13.44 10.56
Vv 29 M 0.5 1 ND 22 6.94 22,78 ND
W 27 M 0.5 ND ND ND 4.3 10 ND
X 24 M 4 0.8 ND ND ND 48.24 43.53
Mean 41 4.68 5126 23.35 7211 4.92 34. 18 5.81
ND ND ND ND- ND- ND
kange 2452 0.5-11 397.4 2847 4577 4412 189.23 43.53
Total mean 42.25 7.08 46. 05 18.00 55.75 4.55 30. 55 412
Total range 24-56 0.526 ND- ND- ND- ND-— ND- ND:

397. 4 284.7 457.7 44.12 189.23 44.8

ND, not detected: Bz, benzidine; ABz, monoacetylbenzidine; DABz, diacetylbenzidine: cr., creatinine
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Table 3, Correlation of variable (benzidine dihydrochloride}

Age Car BZ

9lA azlzm 19808l o &t 107R4eltt. ol F
A P gz dxdy A e Azshe A
A JRAoln Abgdhe 20o] 72zolc},
A2 21 e A I} A% ojn] MR
W B2 FHgate Az E A18-E FAlskn
on Aoy $elvelds gt BaAy A
TFAM AZIFAEAQ] WAL 398 dF &
] Yol AHEE BFAEGEE #HSn Ud (=T
1997).
ACGIHelM e =y F57t &olgtn, e =&
AR wiste] H¥ 7l WA e FAT F
&g sl 180 A% 3% £ dale “Hy’
FAE gz g geAdEEdd Wxdx wR”
FA B2 F shvolt), & dFME wWiAd g4t

3o ot
~ L. sl

o I

o

:{1

BZN BZH Total UBZ - UAB UDB
Age  1.000
Car 0.144 1. 000
BZ 0.160 -0. 048 1. 000
BZN -0.468 -0. 054 0.212 1.000
BZH -0.601 -0.076 0. 206 0.840* 1.000
Total -0.601 -0.076 0. 206 0.840 1.000 1.000
UBZ -0.399 -0, 551 0.110 0.203 0.529 0.529 1. 000
UAB -0.483 -0, 304 0.504 0.470 0.644* 0.644* 0.745 1. 000
uDB
Car, working duration; BZ, benzidine in air; BZN, benzidine on neck;
BZH, benzidine on hand; Total, BZN+BZH; UBZ, benzidine in urine
UAB, monoacetylbenzidine in urine; UDB, diacetylbenzidine in urine; *, p<0.05
Table 4, Correlation of variable (benzidine based dye )
Age Car Dye DN DH Total UBZ UAB UDB
Age 1. 000
Car 0.551 1.000
Dye 0.413 -0. 068 1.000
DN 0.190 -0.264 0.220 1.000
DH 0.155 -0.218 0.441" 0.427* 1.000
Tctal  -0.076 0.286 0.343 0.783 0.810 1.000
UBZ 0. 156 -0.430 -0. 069 0.237 0.342 0.467" 1.000
UAB  -0.061 -0.007 0.314 0.230 0.187 0.192 -0.132 1. 000
UDB 0. 383 -0, 163 -0. 307 0.165 -0. 260 0.064 0.176 0.135 1.000
Car, working duration; Dye, benzidine based dye in air; DN, dve on neck;
DH, dye on hand: Total, DN+DH; UBZ, benzidine in urine
UAB. monoacetylbenzidine in urine; UDB, diacetylbenzidine in urine; *, p<0.05

F Ax RS 7hed &3 S84 s R =5
d AS oo wAY tiabEe] widEom W
AA FREAME 2 aado] s
AALA olZHRE HEFE] Foid Ae Wl
AdE B3 A EG 4-olnenlsdo] © ol
AEsHo W AYdsst e AE WHHoz 4
el FAH (Cerniglia %, 1986; Briner &,
1990). 1 %o 2L AFAME WAUA 48 ¥
Zlo} woty Exelgtn B 18tg 3 (Genin, 1977;
NIOSH, 1980: Meal &, 1981; NCI, 1378), !
AGA 98 HF 22AEE doE ¢ AlED
{(Murase %, 1985) % 9% A3 (Anthony,
1974; Genin, 1977; Wenfang$%, 1992) iM%
waeke] WAe] Fvige] FHHUW. WAY #H



WAA otz 8o SR F52 Astd WHYgo)
fEE 5 Ucks 2§ FEAYES Fo e
o (Fare, 1996; Shah %, 1983; Collier ¥, 19
93). S2xAE Uz HAE AFdME
Megis(1951), Dewan(1988), xAF(1995) %ol
WAD A Az 3 F8 AZFPAM 71F 5
Zo} 8F WAIA dAHE& vad d3 SEAEe
A¥elA 85 EiwolqgwA|te] Bel vidEgn
S WAY efol i JEYY AE2 Fieo}
AERAEE AP E 75 85 WA
D gAEAF RicoldEWRiHe] 71 el o
Aol 22 dgoldrt. Krajewska F(1980)2
E@so AR xFd WY AzFHo] AEH
Hol ol Ax2 ARYH o] FrsAEA] Bt
& 239 AFNE 3% S2AEY 2H =2, H
¥ =& 12ln 8% WYL w2 Ao 8
ZF WAY e {7 =& B ol MR
M E Hegdoa s

€ dFdME WY AZFH B ohz} Wiz
DA ol2PE AZFYE AL E WY &,
287 713 =& 23 83 dAEEY AEde
dystact, 47 AN gAdede Az 9 %
Holir F& Fol xFFHIL 8F WAHEE Bel 3
25t £ AR wixdE s WAYA
olzdER x&® TERE 2dey wAe
Aol e A dehd sF & &Y 2
28 =& WY HUE €48 F Adn
Brislc

HE 2 29 BAHL 22AFY AP =2
He fiEde] 4 %Hrisln 23009 vzt
o] A&E Wrksted sivh ¥ AFoxe &394
HE =3 HWrie BEANE 7 OF &vicel W
A R WAEH JBE FHG ot 2 2
3 EupetollA Aol HAThE e BARAY B3
A3tel E&o] BFSAY BEt 9 Alg@Ed FA
7b S8 Ao AT AR AR
73S BAvta3e) aiArlE 294 13 xR
o B3 & nFAAE agyy nAAe 15Y
o 13 Fx2 o]Fojx 1 lo] Q) BE T T
7b o2 vlEsign € 4 ok 24 AR{e ofF
742 Ag3lb Qrsel WY 44t 9 WA dA
A8 g RS0 AY AFeEA xR Aot

olE§ AMEE D3P WAY gakd R iR
dA 98 Az c2AEe] A 8% &%l 2
a3itte AE ¢ 4 Ut

Krajewska %(1980) & 8718 % 10 % %
=7t F4EHY Unlde A% 2= 08 PrE §
FEOR HHled & ATFdME c2aHE w5
&% ®o® 83 dAHEY HaEgel A H
so] B& Yol ¥ E $3d §He A ¢ £
Ut Tsuruta(1987) & A% 3} &%71 ¥
A FAEl & 404 Foln WHE ol FHFof ol
d9 Aee 0.2-0.7 mg/hr/ar, UEZ WAL 2
mg/hr/ow2 Bndtgch, MAY R @AY Giiede]
Wy R £ko] @ A7e 87 ¥R AR
& AH8-8led in vitro W2z YA AR
A Ade v £3 &%= 250, 500, 1000
ug/mle] FENM 1557, 29.47, 47.12 g/hr/awe]
eon WA <datdel HE R &x e 250,
500, 1000 /w2l FxolAM 8,92, 9.64, 10.22
ug/hr/avo] T} (1 A1Y F, 1997).

£ A79 4Ed ¥4 F 484 de /e
ANE dA E3l ol 2A ddAe 7 A
I xEYETE REo]l YAH2R ol§XY] HE
ojty, ER Y kg FHE &7 BH Y AXE
des dAgdoy d42 A% 3% gE
o ¢ $& o

8 B

£ dFe g5 A3g 58 9% ¥ ¥l
WA dag 3 A d8e =& ARE &
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