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1. -3 2219 3097t 54T 19 YdkeE3shs 223~2121
ppmo =2 A} 19| zto]rt oF 10vf HE=2 FA UeEth BE do
ZAA7F vt =E7]F 10 ppme X4 2v] o] 2Tstgon =S

L E7]159] 2084 25kl Qe Ao yEhTh AA 3070 Al=e] A
B 60 ppm k=7 oF 6oHiGleh. 71k EwE 52.5 ppm, 7|StEE
AF= 1.800]%iTh
2. AAAR29] 30Ut b EELEE 5.7~35.3 ppmlE e 30 F 22
A(T7%)°] =&7]F 10 ppme ZIot= ZOoE Uepylth At&EBEo 15.8
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TCE= oH=E F2 S=2E% {ARE 233t WAIZE e FA9 dA=
shsbAl e C2HCI3, BAS 131.400]1, Z714-2 25Tl 74 mmHgo] ™,
7] Zo] M7= TUoIth(ATSDR, 1997). TCES] WEE: F7|Hch 2|4t
2rAgoll A TCES] "E7l 7T stHete 37]9f &9] 4o Wow it
oF Err@Arderd B A 2007). TCEE 1908 Adzo=r gdAH o]
T Hold Ex2goz AN a571A4 FEo EAFAAA, a5 &
HO| Ax, ARsdeolsel AAzr dA, dut goiA, 2tA9 AA|, F2u
Fot7| ] AAHA B meol A AAA Fox de AME= 77184 0]
THINIOSH, 1978).

TCES] HAE T2 & Ux A F&+= 2l4ppme= WAZE Y ofu]
37l & =7t Wi =oa f@dd 5 Qloh TCE+= = S714H= g4t
Hol a571et fRE Sof Aol S5EH, S5H TCE= 9
AP Aol w2 S5 ABA AEste] |971%F, 78, TE, &
Bhal, Aot oAlE dAY AMEE 4 ok 3/

M, AAESt 59 4
z2#T £ ATHINIOSH, 1978;ACGIH, 2006). &
v HYd=EEER o4Ho]  ftor mm=dHAdHRUS.
NationalCancer Institute, NCI)Q] ¥retAo] tigt A1 oo An #|xH9
ZH Sl AA F4olM TCE A= wAIsHHEHINIOSH, 1978).

Seutet 1§ FHo| = SAIRE AZ7tEE 2] (Time WeightedAverage;
TWA) 10 ppm, @A E7]F(Short Term Exposure Limit; STEL) 25

ppmOE TCES] w%7|% A5t 9lom, a4l gaLsigs)

-1~
w
oy
u
1o
Jo
o

(American Conference of Governmental Industrial Hygienists; ACGIH) %
oF 8AIZF AZHEEFC R 10 ppm, TAZIeE7]E 25 ppme @IS )
o 283 ve gHARAP B A AT D (National Institute of Occupational
Safety and Hedalth; NIOSH)olA+= 10A17F AWt EdC=2= 25 ppm,
LE SA A ¥ & & e s (mmediately Dangerous to Life

or Health; IDLH)E 1000 ppm22 @5kl Uk
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Aol AR 47171 EEol22tdE7(FID)7F F2re 7tAa=2ntE ]
2J1](Gas Chromatography, CP-3800, Bruker)¥itt. £4-8 AHL AgilentAt
DB-WAX (30 m X 0.25 mm X 02.5 um)o|lor, o]si 7IAs A4
(N2)E ArgstAH. 7had=zntE ddio o] 24 242 (E 3o UeEith

(E 3 FhrAzutEadue] BAzA

49 DB-wax(30 m X 0.25 mm IDX0.25 um, Agilent)
a4 B o 5 ° C(10 min) - 120 ° C(10 ° C/min, 3 min)
FU7] > 250 ° C (Split ratio: 110)

q4E7] 2= 250 ° C

olF Tt N2, 1.0 mL/min

T 8% 1

A5 2 SFEATH T FEALH

754 ARAHAVR 2HY 371 T ARY sk A De ol8stq A

Clppm) =

Al DA 2l edde] FAmg), r& dga, tv 54 AXHmin) 1
Y1 Ae AHFFEFS EZLS ppm o] et A4t Agolnh Ax 3M
Aol Al TCE A3k 5.98 cc/ming Z-8sto] AASATH3M TechnicalData
Bulletin — Organic Vapor Monitors).
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A3 @474

fgez 54 ARQHAZIE 285t ARE ZHSAH. 542 20161
84 94HFH 2016 949 234 7] & 30947 Ao, 43t HolE
S 2 -3070, ZA2-30702 £ 6070

o} =
o] Nug AHstArt. 2HATE (& 49} 2t

T4 AlgAH7e] AFEE ASot7] 6 54 R AH7] 5He &
At 370E 72 30 cm, A2 22 cm @of BASte] | GA g2 FAl

o},

27t 0] ZAAsHE B = &5E TCEY k2% LE 8AI7F A77tEd+
Z(TWA) 10 ppm(Z-8LFR1A A2016-413)S 3070 Alg BE7} Z3}
st 9lom, YA Z 7] (STEL) 25 ppmi}t HIZ st9S w 307] A=
F 28717t 2ot ZAow Ueyth ojzder E wf AR AAARE
¢ MY XS] TCEY k&5 e AoE HYH,

ZHAZPE Aoz 3097 AT TCE k2552 AnHd 19 g

_’7_



TCE &5k + F4A 5.7 ppm, I 353 ppme=2 2z} Hw oS
o d7tHol= =22 Askth A2 15.8 ppm, AtEEFHAE= 8.6 ppm
o|]9lom, 7|t 13.9 ppm, 7|StEFHAE= 1.650] Tt

11-04]]—20] x}oio].h Eo]- h:EQL‘ TCE—J 5__% L= 8/\] 7F /\]7}7]. %—_nL
A(TWA) 10 ppm(A-BEFFIA A2016-419)= 3070 Al=m F 2270
(13%)7} x3oh= Ao® Uetyton, @A eE7]F(STEL) 25 ppmi} H]
WSS ) 3070 AR F 57 2aels AoR ueRi

ot g Avtz 2w A5ANTY TCE Aol dubdols njs



B 4H AH FAA9 44 TCE k&8 =

2rdzat 1 2r4at 2
=44
A1ZH(min) 5 (ppm) A1ZF(min) 5% (ppm)

08.09 460 61.1 460 23.8
08.10 450 212.1 450 26.0
08.11 550 27.7 550 10.6
08.12 470 32.3 470 8.1
08.16 540 28.9 540 10.6
08.17 470 26.9 470 7.8
08.18 500 37.8 500 10.0
08.19 193 171.2 538 20.1
08.22 475 38.3 475 9.4
08.23 493 48.0 493 12.8
08.24 483 44.6 483 11.8
08.25 473 110.5 473 34.3
08.26 520 72.9 520 19.5
08.29 515 77.0 515 19.7
08.30 495 96.2 495 35.0
08.31 465 95.8 465 29.3
09.01 495 105.8 495 14.8
09.02 475 100.4 475 35.3
09.05 422 70.1 422 14.3
09.06 422 40.8 422 11.6
09.07 477 36.7 477 11.2
09.08 455 22.3 455 5.7
09.09 449 29.9 449 10.4
09.12 452 38.1 452 10.1
09.13 330 50.8 330 17.1
09.19 463 454 463 7.8
09.20 450 29.2 450 7.3
09.21 489 69.0 489 14.3
09.22 455 24.3 455 9.3
09.23 463 47.0 463 16.9

AM 470.9 63.0 473.1 15.8

SD 39.6 441 40.8 8.6

GM - 52.54 - 13.9
GMD - 1.80 - 1.65
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D) &7 19 4 TCE =& sk ®o]

05
o3
%-%]BQE(m%ﬂiﬂ,w]mmﬂﬂ‘Nlﬂ)mm1ﬂﬂﬂ 21
Hols gde 1092 33.3%, 110 ppmo]Ae] 1%k 52 Hol:
6.7%0191E‘r. TCES kZ&8§&E7l 110 ppmolde sk 52 H
A7 4 2Fda b5 Ho] 9e e mPEHE 9 AlEFS F
- 2olct. P Ef o] AR TCEZL Aol Forslol Azt A
=°] TCEE AAsH= #d(olst ‘T x4 ofzt b= AAR.

9

it
=,

L VR G TIEA

=

250

200 H

150

100

TCE =& % = (ppm)

50

1 234567 8 9101112151415161718192021222524252627 282930
SZE UL

[29 1] ZFA19] 4 TCE =& 5= Hol.



2) ZAAR29] dY TCE =& & Ho]

AAA2E dide=r 20169 89 9UFE 99 2347bA] 30U SAR
TCE9] ¥ &5k o] A3t Hol= [17 2]9F Erh

Zdap20] TCE 54 Z27E HH LE35F A8k, 5k, ek 3714
fdor FEY 5 9tk 15 ppmolst AL $E Holt 2 308 F
1942 63.3%92H, 16~30 ppmo FTek FE& Hole Y2 8d=
26.7%, 110 ppmolAe] Msk F£FE Hols d2 3U& 10%°] %t

35
30
25
20

15

TCE =& % = [ppm)

10

123456 7 8 91011121314151617181920212223324252627282930

AU Y=t

(28 2] FgA29] 49 TCE =& 5k Hol,



3) FAA, FIAR2e] 4 TCE k& 5k AA 5HE%

AAH, ZAZARE dAAeZ 3097F TCEQ k2%5:E &4 Zis=

5)eF gt

2

PN
kel

(5 AIRAZAJAE] TCE &5k
G2} N AM SD GM GSD MIN  MAX
1 30 63 44 52.5 1.80 22.3 212
2 30 15.8 8.6 13.9 1.65 5.7 35.3

2 eluw (13 307 2ol
AetEEg st Zloz dehdth SR o] x}ﬁ—g— Eol4 TCE A5A 4
AL 44T AE ESIE ol
she Apael A

2
e
>
1o
B[}
S
it
i)
i
N
N
N
fuj
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Mr
3=l
ol
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Worker2 Workerl

/
I _;' @]

100
TCE Concentration,{ppm )

[2" 3] ZAAH, &2 TCE =&k 7

T %
T B0%

T 5%

T 16%

T 99%

98%

T 9%

T 90%
T 84%

cumulative probability |, %

T 10%
ThH%

T %
T 1%

1000

A

FRE.



A2 A HZAA A B GE EF v X

D 2429 TCE k& s BX

A7 9] 3097t =L E HARZgEA o YWY [1% 4]}
ol UEhdt}. g4 A FREGEA ] et FERES} ZA4E Bojd 1
Ado] JSAFEES Sl A0R ¥ 4 Atk o JUHOR Holk BE
Hio] st 7St RE, & FAHEw (similar exposure group; SEG)
o=z & & drkdHaA, 2016). AR 9] FERETCE YERH

o, IEEa 171~212 ppm, T&%w 61~ 110 ppm, HsZa 22~51
ppm o= e T

T 99%
T 98%

T 95%

+ 90%
+ 84%

-!i T 5%
j t 50%

T 5%

i‘."lxl

curmilative probability |, %

w
[

w ]
u T 16%

[ | ]
[ T 10%
T 5%

. :
T %
T 1%

1 10 100 1000

TCE Concentration.(ppm)

[19Y 4] YA TCE & & B,



2) A2 TCE k& 5 B

2dxp20] 3047t = EFEE AR ESE
Z+o] ura}uru}_ 1¥ﬂx}2h 2709 ZERxfgor

=
=

Hel

Ao weRH™E (" 519

UERG O™, 34 ppm ©]/4F9]

99%
98%

95%

0%
4%

5%

50%

5%

curmilative probability |, %

18%

/m 10%
_/"-. 5%
M
/ 2%
1%
10 100
TCE Concentration.(ppm)
[19F 5] &9A2 TCE k== 5 B3,



Al 3 A HAFZol HE TCE =& 5%

)

ALY YT 3007 o]

=

Fe nbhde] 558 AES O A%

2 A3

tR. 1€

14 27071 9l TCE 9

SHl A

A7t A

2 TCE k& &

D) 54l ot

25
N

<=E

=

&

ZrAzte] TCE &5 L5 AF

A7)

LEEE

EEC i

=
=

259 A=

5

A<

[e]
59-&

]

[e)
A2

%

T2 A 22.3 ppme]

2 31.6 ppm, 7|

I
o

it

5t

A 23l 47 ppme] MR YERFA, 7]

< Z|4 40.8 ppmollA il 100.4 ppm

N

A= 1.390] At

7

w2 63.7 ppm, 7|StESFE

Rz

o

o] = yeral, 7l

AN FA20 wESEE A 57 ppmeld HI 169

ppme HZ YEWL, 7]

= 1.240]3itt.

Hx

P8a2 31.6 ppm, 7|otEE

S

LEFFES HA 408 ppmolAd I 1004 ppmo] W=

B

ESS

7
Uehga, 7]

=
T

63.7 ppm, 7|5}

BEL

ot



(B 6) FAA19 AU TCE =& 5k

MIN  MAX

SD GM GSD

AM

%0
Ho

NI

6.9 31.6 1.24 22.3 47

32.3

66.9 21.9 63.7 1.39 40.8 100.4

12

Forl
NI
N

e

-

> ZAgAe] zg¥ TCE & 5%

H

<

MIN  MAX

SD GM GSD

AM

%o
Ho

NI

9.8 2.7 9.5 1.29 5.7 16.9
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ABSTRACT

A Study on Day—to—Day Variation of Workers’ Exposure to
Trichloroethylene in Degreasing Processes

Dong Chan Kim

Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

One of the issues in industrial hygiene field is how to evaluate the
worker’s exposure when a few of workers are conducting irregular tasks
or when their tasks are varied irregularly along the time. This study was
conducted to evaluate daily variations of workers’exposure to
trichloroethylene (TCE) in a degreasing process at a small sized industry
where various metal parts are produced.

Workers” exposures to TCE were measured for 30 days from 9th
August to 23rd September 2016 for 2 workers who work at an
automatic TCE degreasing machine in a metal industry.

Daily time weighted average exposure levels to TCE was 22.3~212.1
ppm for the Worker 1 who works to move the metal parts from the
outlet of the degreasing machine to loading area right after the
degreasing. Sometimes Worker 1 has to remove TCE liquid from the

metal parts by shaking before loading right after degreasing since TCE



liquid remained on the surface of metal parts sometimes. While doing this
task, Worker 1 was exposed to high concentration of TCE because TCE
was easily evaporated into the breathing zone during this task.

All data of the time weighted average (TWA) for Worker 1 exceeded
the Korean Occupational Exposure Limit (K-OEL) at least twice to 20
times. Average of TWAs for the Worker 1 for 30 days was 60 ppm.
Exposure levels for Worker 2 was 5.7~35.3 ppm for 30 days. The daily
TWAs for 22 days(77%) exceeded the K-OEL. Average of 30 days was
15.8 ppm.

The workers’ exposure data for 30 days showed a log—normal
distribution. Geometric mean(GM) was 52.5 ppm and geometric standard
deviation(GSD) was 1.80 for Worker 1. GM and GSD was 13.9 ppm
and 1.65 for Worker 2.

(Keywords] Trichloroethylene, TCE, Degreasing, Inter—day variation,

Daily variation
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