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and Trichloroethanol in Urine for a Worker exposed to
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A Study on Characteristics of Total Trichlorocompounds

and Trichloroethanol in Urine for a Worker exposed to

Trichloroethylene in a Degreasing Process
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= 299 ZAAAE ez 20169 8¢ 9UFEE 2016¥ 10¥ 9d71A|
e AHAIRE ZFSte] TCES thAMFES! AAetx4t, ArastolerE 19

£ gt F AdelEe v E A6
AL AFAA70 ot EdE=2 2o (Trichloroethylene, TCE) ©2]%
oI, AdAE 2%oldld. EFARe ade AYstile E-g71A]
08:00~20:40(5= 08:00-18:00)°1%4 21 441(12:20~13:00), #1(18:10~18:40)
oA, 2% FAXNZHI0RZA)S AedstH HA|l AFAIZRE oF 11473l
ZrdAITbolu FRAIZRS EFoly ARG mhet oftke] 'l Qllont
HAE Hofubx] gt AFAF AIZF2 2% 5~6A1%aL 2016

W 9d 2697 H 10€ 99714 14 F¢H2 19 4 8~9A|9F 2% 5~64]

C

R32

yEolaas 2 9 3kA & 372 9 382
T ZAdAre] 4¥ F AgstxA 5= 247 46.0+21.6 mg/g creatinine
20.8+12.4 mg/g creatinine, A @3tolet-2-2 80.0+46.7 mg/g creatinine

16.2+11.0 mg/g creatinine, FMAS=E BT+ 126.0+£58.6 mg/g
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Ao PASA, vol, F1 4, AR,

L J A]
ofsff ®ol7t wig 27 Mol HAZANN T T

LEEmol JRUASL Yok BAHO] GlolAl 1 B9t Aguz Hofol A
w37t AHOR BEHAL Fohert.
E

2|22 2 @@ (Trichloroethylene, TCE, o|a} ‘TCE'&gt &) uf¢ 3w
Yol AHBTE SISAZ e AN B 2EACA B
Bob oyt &5 5L Eth2 TCEw A7l mlAle o= |
Wi S050) LTI 104 5 2, 52
4 2 =AY kE7|Fo TCES THd /5 1BolA
Z|FE A TAIE E27|ES 4450 ppmit
200 ppmollAl 10 ppmi} 25 ppmOe. 2 7FsFshict.

2 AFoA= 25AE 59 EAF A (degreasing process)®] AHAZ 7t
& del AMgEE TCEo k=5He 4, 2a¥es HiEHe F4Hd9s=E%
ArEstoets FEE F2 ARGt 1 A4S mefdtesm e TCE =&
SRS =EE5AE Tofstal o]E §df TCE 2229 H7ta HI6h=1

Z|xA=E AESH] Ash = A

=
HU
ol
ol ok
rol

p—

2) GAT, Hoks. Q014). “SHE/1E HYEY 13F =5 U 24 97
Eelgraddd” FAMAIYRD, , 6(314) 27-33.
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A FAAET dAstoldeS AFtd LR sttt

g A AASAEE(FR84HR), AR 5 F 2007] ode] o7
712 AES st AR AdFor £ Z2AE 3290k AlAEY
2 FEAE =0l e 7IEAAIE AASH] A% EAZ Y (degreasing)
o= ANHZYGLE 2@l Fdetal itk AlAHAl= TCEE ARESHL ASIH.
AA71= ZAFsAR7IeH, AAxE 192 AsAE 7 AdE Alges 220
OhE 182 AlFo]l 23 & Hex= AEFS Wotd A4z &717Ad A=
74 = e

- -
AES d5E718 =0l Azl Ade skl A A
8

)
ARF ol olzolAnt AlAste AEE 1074 HEe ther

%)

CE 1D 2AHE AR Ae

T= =4
qF A& HEF AxY
T = AEAEE, AR
T o245 3273
A=A Trichloroethylene
AA 2 A{AE 4 27y

A3=Z 08:00-20:40

M2 2z 2FA A 7F
A2 2 A 2991 08:00-18:00

- H LI




A2 A adAR FHAE 2 713

A Ak TCE A5AA7 2t 29olgieh. @@ 1, 61
Ae AHANA Aol B F AFAAINA ot AEL ol
at Azde $71E A9AGom, e AREYL D AHITYT

QAL 5 =
2 208 AT AAAZS 0A sAl0] AMste] 0F 8A] 402714 o
13AzRlglE. e 7bde] g2 Sust do] glom BE 64o] AL
D H2eE glen 2RAZEE o 844 ©F 647,
717k 20164 89 20204 99 2374 3027 98 2620 109
91717 149 Feto g % 44917be] AME AT
AMAPAZEE 1TANA 184 Aloldrt. et 28 A7 olFolw of

s0 =

2-347 A o Y s

QA(8~9A] Ao} &

190tk ohEF 99 2690614 1090 97
(17~184] o)) 23] AHstAct.

Lo

Al 32 AR 24

l*)

‘:ﬂ/\]i‘:— AF AT Aol BIAgE WAL

dE= olF FASIAT. FAH 2¥ARE
uq TLoA 10425 ot A EA45H .
At AW F HAMIER s F4YE8E(Total Trichloro Compounds)@t

Sloller-2(Trichloroethanol) ©] it}
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AaetzA2 FEge] gleBr IAAGVIE Tl Asl WErlE ML
st e FEASH AlA 24T dastlded fald & otz 273
A ZrE wjdEER o TheEs|ste] SAdstlEEe] dHi=
24T da9st2tt B SAdeelEEe] sEe EfSRREHY] &
SRR o]gettt

@ Aastolere 100 mg (65 w), AE2A 100 nge 50 mL S=F=a}

=
23] %713l goleer Bde AY AZA °F 2000 mg/L, 2000

@ o] BEYHS 0.01, 0.05 0.1, 0.25, 0.5, 1, 2 mLE Fste] 10 mL

@ BEEN D ARE 247 0.5 mLY AT Feict

@ we-e 0.25 mL, F4F 0.5 mLe 72} 71k & nplE 21 Aloledt

@ 100C F2xolM 1523 7HeEsliet § d2olA ARt

@ FZF8u =Elit 250 mLe] e2A-tIFE2HA 0.05 mLe A7t
gt ol 7 Al 2 mLA dEer

127 A7) (vortex mixer)olA & A& & 4Ee] (2000 rpm, 3
w)ste] 5 (Bd5)S Flste] Hioldel &A GColl Fdgteh
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@ 7171  Gas Chromatography Agilent 6890plus ECD(USA)
@ 2 A9 DB-WAX 30m x 0.32mm ID x 0.15zm film thickness
@ 7}~ H2, N2
@ 2k FYF 250TC
w3 =7 70C(0R) - (20C/&) - 220C(BH)
AZ7](ECD):  250C
AmFYH]: 50:1

S 1 mL/min
@ FUF 1w
5) A At

AP EE2GY FES NRWEHOR 8, U2 BT AR(FOR
=]
u

=A% (Intenal Standard Method) 2.2 5% (mg)E 3t

=9 AHFl "t 55 E= S4E 4 glenz dotEder

Aot d =

Ds © AgfAollA doldd HEF(mg)

Der @ A#oted(mg/dl)



AL 2 B s, Adseldd ¥ S4dsE 55

2016W 8¥ 9YUXRE 109 3¥Y7FA] TCE AMAFTAHANA T Ho 2z

A 18 AR 0 er 4w F gstad, dasdae @ F4

H
A=Y FEE SAT 2o (F DA HEe Hep Zrh

2-A2E 19] Zloteld 1 g AEstx4te] 19~105 mg/g creatinine =2
ettt & 379 SAT MRS B2 46 mg/g creatinine FELHA=

21.6 mg/g creatinine® 2 UET.  AAtoHE2  80+46.7 mg/g
creatinine® 2 Uelgom FAASHEL 126+£58.6 mg/g creatinine® 2
Ebtet.

2FAzE 29 AFoteld 1 g AastxAto] 0~56 mg/g creatinine® 2 1}
Ehgteh. & 38Y =S4 AR H
124 mg/g creatinine®® UERT ArdStoere> 16.2+11.0 mg/g
creatinine® 2 UEeFom ZFA4HSES 369+17.7 mg/g creatinineZ
Ebut.
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Industrial Hygienists, ACGIH, ©Js} ‘ACGIH=z} @)ollAl+= TCES] Higt Y&
5H4 L= 2| 4=(Biological Exposure Indices, BEDZ AW JFoll= AAstxAit
(Trichloroacetic acid)= AAlStL ¢loew 11 7]&2 5 $8HEnd of shift at
end of workweek) HHARE 7|FC2 15 mg/LE Aot Ut
Monster, Boersmasol ¢5FH TCE 50 ppm¥} 380 ppm Afolo] rZH
2%, 7" TCE9 °oF 58%7t 4~W F diMHE=R wiEdoal 3
(Monster, Boersma et al. 1976; Monster, Boersma et al. 1979).

371 & TCEo| =&d & A¥oR vEH=d Ze= AR AAstlet
o] Agstxst Hop g2 o= oduA ok ¥ F Agstxite TCE
of =&=HH MA3S] F7lstt kEo] FEETEHE 3~4d o]Fof Fi1z]of
Rrsh= e = o S P o B et = i = -] o g g e g s R = A i o) S o)
HH71E oF 50~100A1Fe2 A glok. &M T et TCE

T oF 3ARE who]l HiXo] ks, 9T 12~26A17kol=al qitt
H Sato ¥ Monster 52 A H2tole-Zo] BE8H24 vb7]7F oF 104]3te]
, /\P _9}}_ 4 }\3% ]—14 =104 "la-_]—_l_ §_ H]— O]E}(Sato
Nakajima et al. 1977; Monster, Boersma et al. 1979).

oo AFANE 2 o A WFL 49 F Adsjoleeo] o 2

=2 =2 =
I Aom Holn, £F FAH LI dHstxste] ¢ & wrgd A

N

ook o

r
oy
N
fr
L
()]
[\
>
ri

(o]

O

. AFAAE 13 29]

AW F FHAEdE Tk 9~326 mg/g creatinine®| Tt A% A #
300 mg/g creatinined} H|WS|HH 3~108%2] F=Fo|tt,

Azt 19 AW F FHAE}E 5 WHele 40~326 mg/g creatinine® =2

et om B2 126 mg/g creatinine®|1 ZEFHAE 58.69] HALE e

ZAz; 1o AN E4ARAA B4 71F% 29 300 mg/g creatinines

Zatete Am7t ) Ut olAe % 670 24 FolA 157} w27
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242t 29 AW F FHEE T+ 9~82 mg/g creatinine®.= UEGIT
B2 36.9 mg/g creatinine®] 1l EEFHAE= 17.7 mg/g creatinine®| 1t}

2 T 3A9eEY Fev AFAATINA AlH & AEFS Adie]l AR
S AZAGE sk ZAA 1] 2 21ek oF 3ol

2) &9 F HA%EA T

2ZFAzE 19] AW 5 AEstxAre] 5= 19~105 mg/g creatinine 2 1}
bttt W2 46 mg/g creatinine®| 11, EFHAE 21.6 mg/g creatinine
oldtt. AR}t 2= 0~56 mg/g creatinine® WEFGF O™, B2 20.8 mg/g
creatinine®]Q1l, EFHAE= 12.4 mg/g creatinine© 2 YEFHTH 2A}F 19]

QA 25} oF 2HE e Ao ekt

2HAzE 19] AW 5 AESeEe] L 4~239 mg/g creatinine® 2
UERGT B2 80 mg/g creatinine®| 1, HEFHRE 467 mg/g
creatinine®] At ZAA 2= 1~43 mg/g creatinine®2 YEFOH, Hd2
16.2 mg/g creatinine®] 1, TFH2= 11.0 mg/g creatinine© 2 L EFHTE

27} 10] A7t 28 oF SHAE o Ao Uehgrl

B2 A 28 T ezl Adslgd 2 $H9%E s (mg/g creatinine)

247t 1 247} 2
NO  AHIA - gas gast 4 g dgs g SO
24 owe @R x4 oue  gakE
1 8/9(zh 42 114 156 29 28 58 22z
2 8/10(5) 49 108 156 25 39 64 e
3 8/11(%) 70 94 164 40 27 67
4 8/12(=) 55 96 151 41 15 56




(B2 2 A%

94 1 394 2
NO  AHEA T gedst  ddst 4 dds gds w8 SOl
4w dsE 24 ows  9sE
5 8/16(3}) 23 37 60 11 11 21
6 8/17(5) 28 69 97 11 18
7 8/18(%) 53 93 145 9 2 11
8 8/19(=) - - - 13 27 40 =
9 8/22(4) 23 21 44 19 12 31
10 8/23(3}) 49 83 132 23 4 27 22 %
11 8/24() 51 110 161 25 16 41 22 %
12 8/25(%) 40 103 143 26 16 42 A
13 8/26(=) 59 172 231 38 17 54 22z
14 8/29(4) 38 28 66 23 17 40 22 %
15 8/30(zh 57 45 102 22 14 36 22444 %
16 8/31(%) 105 81 186 40 42 82 224 %
17 9/1(%) 87 239 326 45 15 59 o
18 9/2(=) 105 95 200 56 18 74 22 A%
19 9/5(4) 54 103 156 25 17 42 22 %
20 9/6(3h 53 32 85 21 3 24 22 %
21 9/7(5%) 62 60 122 20 5 25
22 9/8(%) 70 75 145 24 7 31
23 9/9(=) 61 115 177 24 19 43
24 9/12(4) 25 28 53 8 25 33
25 9/13(3h 52 41 93 15 16 31 22 %
26 9/19(%) 23 43 66 4 6 9 22z
27 9/20(&h 28 63 91 6 6 11
28 9/21(%) 36 118 154 0 37 37 qa
29 9/22(%) 35 97 132 10 11 20
30 9/23(=) 26 112 137 12 22 34
31 9/26(%) 19 83 102 4 15 18
32 9/27(3h 24 36 60 10 20 30
33 9/28(=) 38 154 192 13 43 55
34 9/29(%) 24 73 97 14 15 29
35 9/30(=) 38 50 89 27 12 38
36 10/01(¥) 20 68 89 14 11 25
37 10/02(4) 47 17 64 23 1 24
38 10/03(4) 36 4 40 22 1 23
N 37 37 37 38 38 38
Bt 46.0 80.0 126.0 20.8 16.2 36.9
EETA} 21.6 46.7 58.6 12.4 11.0 17.7
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2) 2993 HAAstigE ¥dsx: W}

ZhAAF 13 2rdAF 29 Agsteleto] QA
d 4]ef A

22 12 €aYo 442 mg/g creatinineoA S8 Y] 1045 mg/g
creatinine® A& gho] F7tohs A= Holal Qv

A7} 2= EQado) 13.2 mg/g creatinine 32 Yoll= 11.4 mg/g creatinine
FoYel= 23.5 mg/g creatinine £ 2 YUolli= 11.6 mg/g creatinine 2 & S|
T e Bk ditzog AsteerEe] W7lE 12~26 Ate R
A7) gl 99 T Ade] TCE =&5k7t vie &= nz7] dae! A
oz HQIth wepA HHsletES 5 Futo] ARE fFcte Az F
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AAA 17 A44 20 24QstEe] 29d P =S AWEd (19
519 2ok A 13 AR 2 mE dadRE Fadid AL o=t
FFe ez ek ot 4R 12 FAAEE die AT Fg7 29
Z7he oS koA Uiehytct,
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et E407 AR A 487 BRIES CE HolA B vjs}
Zro] Atz (Trichloroacetic acid in Urine)< 100 mg/g creatinine,
FA A= (Trichloroacetic acid and trichloroethanol in Urine)< 300mg/g
creatinine A3 Fil 3k ©1Z2 ACGIH 19924¢] BEISH 2ot

2) ACGIH-BEI

TCEol tIgt ACGIHO] S L&7]%9] BElE= (E 4)oA Hi
o} Zt}, 1986 % AedstxAt 100 mg/Lit 43S 300 mg/LollAl 1991
dr ArA2kx4t 100 mg/L, S49eHE2 300 mg/g creatinine® = HFH L
1992 0]l= ArdstzAre] 7]Z9 100 mg/g creatinine HFAY EAE3HE 9
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ABSTRACT

A Study on Characteristics of Total Trichlorocompounds and
Trichloroethanol in Urine for a Worker exposed to

Trichloroethylene in a Degreasing Process

Kim, Jun Kyu

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

Hansung University

This study was conducted to evaluate characteristics of
Trichloroacetic Acid(TCA), Trichloroethanol(TCETOH) and Total
Trichlorocompounds(TTCs) in urine samples taken from workers who
exposed to trichloroethylene in a degreasing process. Thirty eights urine
samplers were collected during 9th August to 3rd October and five urine
samples were additionally collected to evaluate the effectiveness of
wearing a respirator during 4th to 9th October.

The results of this study were as follows.

1. The samples were collected between PM 4~5 everyday. The normal
working hour was 8:00-20:40 from Monday to Friday except for
Wednesday (8:00-18:00). Except for break time(Lunch 12:20~13:00,
Dinner 18:10~18:40, 10 min Morning Break & 10 Afternoon Break), the



degreasing working hour was estimated around 11 hour a day except
for Wednesday.

2. A worker conducted a cleaning task of the automatic degreasing
machine once a while (average 1/10 days). It takes around 20-30
minutes. During the cleaning inside the machine, it was estimated that the
worker was exposed to TCE at a very high concentration. Workers did
not wear any respirators until 3rd October. From 4th to 9th October,
workers worn a half face charcoal cartridge respirators for the purpose
of evaluation of respirators.

3. Urine samples were collected between 5pm—6pm. During 4th to 9rd
October, addition to the urine sample between 5pm—6pm, morning
sample before a workshift (between 8am—9am) was also taken to make a
comparison between morning and afternoon.

4. The average concentration of trichloroacetic acid (TCA) in urine for
37 and 38 days for 2 workers during 9th August to 3rd October were
46.0+21.6 mg/g creatinine and 20.8+12.4 mg/g creatinine respectively.
Trichloroethanol (TCEtOH) in urine for 37 and 38 days for 2 workers
were 80.0+46.7 mg/g creatinine and 16.2+11.0 mg/g creatinine
respectively. Total Trichlorocompounds (TTCs) in urine for 37 and 38
days for 2 workers were 126.0+£58.6 mg/g creatinine and 36.9+17.7
mg/g creatinine respectively.

5. One sample exceeded 300 mg/g creatinine, the Korean Workers
Medical Examination Criteria for TTCs. Since the sample should be
collected at the end of workshift at the end of workweek and the
samples were collected for 6 weeks, it is determined that 1 week sample
among 6 weeks samples was exceeded. Thus 1/6 (16.7%) samples was
exceeded the Korean Criteria. However, comparing to ACGIH-BEI, 15
mg/L, All samples for Worker 1 exceeded the ACGIH-BEI of TTCs, and
50% of urine samples for Worker 2 exceeded the the ACGIH-BEI of
TTCs.



6. After wearing the charcoal cartridge masks, it was found that all

values of metabolites in urine were dropped down.

[Keywords] Trichloroethylene, Trichloroacetic acid, Trichloroethanol,

Total trichlorocompound, Degreasing process, TCE urine
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