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Fig 1. Changes in urinary concentration of hippuric acid

In respirator non-wearing group and respirator wearing group

Fig 2. Correlation between the concentration of toluene in breath zone
air and the concentration of hippuric acid in urine

(ReSpirator NOn—Wearing)««« -+ - s eesrreoremnumeiiinnie s 13
Fig 3. Correlation between the concentration of toluene in breath zone

air and the concentration of hippuric acid in urine
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=70 FfHrE da B AFHAE AFce 22AE dder 3§
7| Z5-E 30cm Wl # A el A NIOSH(1995) 'Method No 1500 &= 74
AA 5 EF7](Model LFS 113DC, Gilian, USA)E Ab&sto &7 & 71
|44 F=s SAGNY. 2P As A GH(LS, ST 100mg/50mg) =
!

t}. o] W, f#S ¥ ¥ A(pre-calibration), ¥ ¥ (post-calibration) = Z+7z}

ol
32

Abgstlar, JHIAE 271 FE2 018 ~ 02 //minS® ¥

2E g IwE VA2 E 29 (Gas Chromatography, GC HP

6890N, USA)°l FUA1A AFEA aF Atk (Table 1).



Table 1. Operating conditions of gas chromatography for determining

the concentration of toluene in air.

Variance Conditions
Capillary column HP-FFAP

Column
B0 m x 0.32 mm x 052 wl)
Injector Temperature 210 C
Detector Temperature 250 C
38C (8min) - (3C/min) - 50C (5min)

Program - (6C/min) - 70C (5min) - (10°C/min)

- 190C (2 min)
Detector FID

N, : 30m¢/min
Flow rate Hy @ 40m¢/min

Air : 350 ml/min

22 urine ARt AYBFZE T FAANL A, 4YFR ¥
Giol AFstel BAAA A nuddd. 59U S2AE fYoE nE

T W ZEA] 23], BRI ZHEA] 23] F 4709 urines A FH8FA O

85 vhxAl #4172 NIOSH(1995) 'Method No 8301'¢l +=3te] 438}
ATt =, urine= 3,000rpmol A 5&3F YA EE s AFAS THFTFZE 10
v 3 Asle] nAFAAIZZeE 283 (HPLC, Waters 510 Pump, 717
plus Autosampler, 486 Turnable Absorbance Deterctor, USA)E A}-& 3} o]
A8t (Table 2). &5 vl 44 aRAL A8 77 anjFo

2w



Table 2. Operating conditions of HPLC for wurinary hippuric acid

analysis.
Variance Conditions
Column Symmetry® Cis 5¢f (3.9 mm x 150 mm)
Pump Waters 510

DDW/Acetonitrile/Glacial acetic acid

Mobile ph
obile phase =90 /10 / 0.02 %( V/V/V)

Flow rate 0.6 m¢{/min

Detector UV, 254 nm

Injection volumn 10 ul

3. BAA BA wy

g o] BEAL SPSS for Windows Release 10.0% o] &3ttt &% u}
24 T AqA AA A AFEEFGAT, FESFTE Ho v eI
dgat0] EFd TR 8F veAY TR, 8% vixAl FRo WsHS
43E 23549 A (wilcoxon signed rank test)S Fal 24k F o
of mixAl TR Aty RFEHA, ZIstE T VlstREHAE e
of, T B v ERETy FEaY ¥ F 2Fd FE9 8F vieA F

t
il
o
=)
o,
o
)
=
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=
N
i
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oty
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>
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>
ol
ol
e



1o aun 54

AT WA F 15H2 A A SEAHFer, AFHE BXx = 304
<227 10%(66.7%), 40t <= A7F 59 (33.3%)0l Atk Aol FAHS
&A= 5 wRko]l 37 (20.0%), 59 o4 10W W RF =2 XA7F 19
(6.7%), 10 o] ZZ A7 119(733%) 2 10d o] Ao &7 ZFA7)

o] At

AF BEEE 60kg vwo] 59 (33.3%), 60kg °]4F 70kg T wto]l 7

(46.7%), T0kg ©14o]l 3W(20.0%)o.2 dAuthds 18 RIE BT o

G

oloh

AR 127(80.0%) ol AL, F A= 99 (60.0%) ] A T},



Table 3. General characteristics of subjects.

General characteristics

No. of subjects (%)

Sex

Age(yr)

Work duration(yr)

Weight(kg)

Smoking

Alcohol

Male

Female

30TH
40tH

<5
5 - 10
10

IA

< 60
60 - 70
70 <

Smoker

Non-smoker

Drinking
Non-drinking

15 (100)
0 (0)

10 (66.7)
5 (33.3)

3 (20.0)
1 (6.7)
11 (73.3)

5 (33.3)
7 (46.7)
3 (20.0)

12 (80.0)
8 (20.0)

9 (60.0)
6 (40.0)




2
off
Ht

2. 7% EF

A7 W 2RAL AFHE I3 L AFANN =E2HE TF B
24l FEE Table 49 2ok BET v gaa Fgae) To1F R
FEg AEREoRr BAW A, 247 27.22 ppm, 37.89 ppmOE B E T
Ao 7% $E7F AL ERTY 1399 ERAY EAGH O fof

Table 4. Toluene concentration between respirator non-wearing group

and respirator wearing group. (unit : ppm)

Respirator ) )
Respirator Wearing

Non-Wearing
Group (n=15)

Organic solvents Group (n=15)
(TLV)
Mean GM Mean GM
(£SD) (GSD) (£SD) (GSD)
27.22 24.16 37.89 32.78

Toluene (100)
(+£13.12) (1.71) (£21.68) (1.74)
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Table 5. Urinary hippuric acid concentration in respirator non—-wearing

group and respirator wearing group.

(unit : g/L)

Respirator Non-Wearing

Sampling Group (n=15)

Respirator Wearing
Group (n=15)

time Mean (+SD)  GM (GSD)
(Range) (Range)

Mean (£SD) GM (GSD)
(Range) (Range)

Beginning of 0.97 (£0.49) 0.83 (1.87)
shift (0.20-1.84) (0.20-1.84)

1.20 (£0.43) 1.12 (1.54)
(0.46-1.82) (0.46-1.82)

End of 2.10 (£1.06) 1.77 (1.99)
shift (0.29-4.34) (0.29-4.34)

1.87 (+1.11) 1.58 (1.86)
(0.38-4.32) (0.38-4.32)

2.30

210 r
1.90 r
1.70
1.50 r
1.30 r
110
090 r
0.70

Changes of Hippuric acid
(/b

0.50
Respirator Non—-Wearing

Respirator Wearing

|:| Beginning of shift

B cnd of shitt

Fig 1. Changes in urinary concentration of hippuric acid in respirator

non-wearing group and respirator wearing group.
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g/L) = 0.042 x x(&7]% &F<, ppm) + 0966 °] A+ (Fig 2). Ho 2

oy

S EY 99 FuAAE EA(r=0.621, p<0.05), IAAFAA LS Y =

0.032 x x + 0.661 o] AAH(Fig 3).

5.00
450 |
400 |
3.50 |

_3.00 f

52.50 |

T 200 |
150
1.00
0.50 |
0.00

Hippuric acid

0 10 20 30 40 50 60
Toluene (ppm)

Fig 2. Correlation between the concentration of toluene in breath
zone air and the concentration of hippuric acid in urine.

(Respirator Non-Wearing)
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Hippuric acid

5.00
4 .50
4.00
3.50
o 3.00
©2.50
2.00
1.50
1.00
0.50

0.00

Fig 3. Correlation between the concentration of toluene in breath

y=0032x +0.661
r=0.621 (p<0.05) .
L 4
*
L 4
L 4
> *
L 4
* L 4
*
20 40 60 80 100

Toluene (ppm)

zone air and the concentration of hippuric acid in urine.

(Respirator Wearing)

- 14 -



S
e
oty
oo
e
o,
e
=y
[>
H

24_,
oo
-3
R=)
gl
ko
ofN
=
kr
2
off
kit

S
o
P>
fol
H

Table 6. Effect of decrease in urinary hippuric acid concentration

dependent on wearing the disposable charcoal respirator.

6.30 0.20 0.29 0.08 1851 0.99 1.24 0.26 off-set
16.06 0.55 0.78 0.02 14.91 0.67 0.85 0.18 off-set

Mean 27.22 0.97 2.10 1.13 37.89 1.20 1.87 0.67

Respirator Non-W earing Respirator Wearing
Sub- Beginning End of Changes Beginning End of Changes Work-
jects  TOMEMC b hife  shift of oMM L hife  shife of place
(ppm) (ppm)
H.AD(g/L) H.A(g/L) H.A(g/L) H.A(g/L) H.A(g/L) H.A(g/L)

A 31.85 1.57 1.87 0.30 76.39 1.07 1.88 0.80 gravure
B 4751 1.43 2.77 1.35 81.07 1.73 3.84 2.10 gravure
C 30.49 0.45 2.87 2.42 59.92 1.05 2.91 1.86 gravure
D 24.01 0.41 1.03 0.62 45.08 1.49 0.96 -0.53  off-set
E 40.15 1.01 1.94 0.94 40.26 0.46 1.63 1.16 off-set
F 22.28 1.04 2.11 1.07 33.09 1.22 1.47 0.25 off-set
G 56.60 1.15 3.06 1.92 20.54 1.48 2.18 0.71 off-set
H 32.02 1.06 2.94 1.88 19.82 1.82 2.51 0.69 off-set
I 22.87 141 4.34 2.93 57.57 1.78 4.32 2.54 off-set
J 20.46 1.24 2.02 0.79 21.05 1.23 1.35 0.12 off-set
K 18.27 1.84 2.76 0.92 33.21 1.27 1.22 -0.06  off-set
L 25.10 0.68 1.62 0.95 19.84 1.32 1.25 -0.07  off-set
M 14.30 0.45 1.08 0.63 27.15 0.48 0.38 -0.11  off-set
N
O

+ SD 1312 0.49 1.06 0.82 21.68 0.43 1.11 0.90

497 2% vhedt vEG 495 8% vlndt $E WHRe uE
T AEdol 067 g/, MAETEe 113 g/LR HEwo]l mAgrel us

41.0 % 74 = A TH(p<0.05).

1) H.A : Hippuric Acid (v}3x4h)
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AdE vk HH ETAY AR E hnAe WEse] WAEFT

o}
e

21y o] =(benzyl glucronide), o-, m, p-cresol ¢ oJz]Fo] YA ¥ m-

2 p-crosol> AN E wjE % 1 wjAd o] mj§ H oW o-cresol
Ao s ajAdER govmg L =FAFER olgstaL Joy =
Ao ZkAA ol AA A E 9] oF 80% 5 AA Gl vhiAl wjAdwFo] &

A7A = EFd =Fof digh g AETA Ax=2 o]&Hi v A
A o]t} (Ikeda®} Hera, 1980; Brugnone %, 1986).
2 AT ZAFoA FAJNAHY FUF EFAd HAFEE 27.06

12.97 ppm, 2#tH]o} A iol A 5454 £ 21.69 ppmo =2 30709 &9 24

A BE Eye =57]F 100 ppm Bl ol ok, Fujol A AgE Ay}
2 A9Ed, AT 5(2002)¢ FAAHY EFQ HAFS T 13.28 ppm,

g A 5(2005)9] MY HEFEETE 1249 ppm, HRA 5(2001)¢] 1
Hjol 9l EF4d HrF =7} 14752 ppm, A5 5(2004)°] 56.7 ppm,
HEE 5(1997)0] 2381 ppml = JF7H, A FHEsdt =& Aol&E
Bol= Zlojth

AFFR T 9% vt FE(=F7]% 1 1.6g/g creatinine)= H3

v kgt 167 5 11 23, BRI g 16% 5 7 o] 2okl o

Mol FiE 92 P HANAE AL A B
ol @ 22AY AdnEe 207 ANAE AuAA % #A7)EA
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Abstract

Urinary variation of hippuric acid concentration

dependent on wearing the disposable charcoal respirator

Chun Jae You
Department of Occupational Health
Graduate School of Public Health

Yonseil University

(Directed by Professor Jaechoon Roh, M.D., Ph.D.)

This study was carried out to analyze the effect on desorption of
toluene by the disposable charcoal respirators instead of gas & vapor
respirators for toluene using workers. For this study, measurement of
toluene concentration in atmosphere and concentation of hippuric acid in
urine were performed on 15 workers who had been employed in offset
printing and some of gravure printing companies in Seoul, and the
result was as follows.

In the disposable charcoal respirators non-wearing group, the
arithmetic mean of toluene concentration in atmosphere was 27.22 ppm,

and that of the respirator wearing group was 37.89 ppm. This result
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indicates that although the toluene concentration in atmosphere in the
respirator non-wearing group was 1.39 times higher than that in the
respirator wearing group, there was no statistically significant
difference(p>0.05).

In the respirator non-wearing group, the arithmetic mean of urinary
hippuric acid concentration was 0.97 g/L before the work started and
2.10 g/L after the work completed. This result indicated a statistically
significant difference(p<0.05). Also, in the respirator wearing group,
those values were 1.20 g/L and 1.87 g/L, respectively, before the work
started and after the work completed and this result indicated a
statistically significant difference(p<0.05).

The arithmetic mean of urinary hippuric acid concentration in the
respirator wearing group after the work completed was 1.87 g/L, which
was decreased by 11.1% compared with 2.10 g/L in case of the
respirator non-wearing group, and this result was not considered to
indicate a statistically significant difference(p>0.05). The variations in
hippuric acid concentration between before the work started and after
the work completed, however, are 067 g/LL and 1.13 g/L in the
respirator wearing group and In the respirator non-wearing group,
respectively. The hippuric acid concentration in the respirator wearing
group was decreased by 41% compared with that in the respirator
non-wearing group and this result indicated a statistically significant

difference(p<0.05).
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From the above result, it was found that the disposable charcoal
respirators does not desorb the toluene mostly, but only partially.
Accordingly, it is concluded that the disposable charcoal respirators has
a certain effect compared to the case without using any regular

protective respirators.

Keyword : disposable charcoal respirators, toluene, hippuric acid
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