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s Q7124 27124
1995  4# 5 Opmtt 2% 5 o
A Z O}ElA
1996 j'é' ; DEETLIH 2o 5 JlER
1997 4 3 HdIASuM 2o 5 o7t
1999 AW Z CIKZLZSOIZ(NMF) A5 e
A MABEM
200 352 Sheam
AH = O3A
200 5 2T e A% F JlES
2008 A F CIKZOKIE0I|=(NMAC)
2016 A¥ 3 HlA
2017 Af = Hs
2018 a~H FZ UH
2019 AH F o-FYSE
2020 AH F A5
2021 AH F 1,2-03==22=H ERE

Loloq 71 WS BT w2W7t FEo| HEARE AT Zw
IS 59 FAFEWY 22 A G-EQUASE, 97184 1108E, &

I
7124 34352 BEH =287t EEAIRE IS SAHEEEE A
o

(G-EQUAS, 2020). %, Autet # FAR=TE 77184 19880
do A=he] A ARE ATstel $E% F=nele AAST YrhPCl
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ol 228 XEsEY HYEMY LEIIE
S5 A
AH o] Et2 -
Here H Jg o) & HS GC-FID  15mg/L
ot F HE=S HS GC-FID
HE 0E AE AW Y HENEAHE HS GC-FID 2mg/L
HE O|ARE AHE AW Y HEOIAREHE HS GC-FID 2mg/g crea
HIH 1 ppm 7|E €A Y Gl HS GC-MSD  5ug/L
OtM|E E S OtM|IE HS GC-FID  80mg/L
2-0IEA0E 2 AH Y AU INE) GC-FID 100mg/g crea
AH HS GC-FID  50mg/L
S22 HIH AH o = Z227IHE  HPLC-UVD 150mg/g crea
28 2 HES==ENs HPLC-UVD
HEIZZZ2| -
off ool QIHEIZSZZME HPLC-UVD 5mg/L
(FEXHAYTIHLRXE, 2021)



GC-MSD 25ug/g crea
0.5mg/g crea
HS GC-FID 0.05mg/L

HPLC-UVD

TTCA

HHQ ppm 71E)
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0.5mg/L
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150 ug/L

5mg/L

15ug/L
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A

45

76
99

2013

73
96

2014

142

2015

115
131

149

2016

155
192
215

2017

157
191
216

2018

2019

250
291

2020
2021

238
1,262
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A¥ F TTCAY kv I8 H JA| ZEAARAG AFRAH A& &
M % TTCAQ A& L&A E 27|27 0.5 mg/LY 1/2, 1, 2 Hj
Ho|Z AsIYTh. TTCA EEAF 10 mgS 10 mL 24 &FEerAT0|
ol HehE 1 mLE 7 =91 & QdgAadoz HAS 9 1,000 mg/L
SHS ZASIATE 1,000 mg/L €4 2 mLE 10 mL 24 &FZeAT0
Hotal 52 2HES Y 200 mg/L &AL 2A5HaL, 200 mg/L &H 2.75

LE Q& 4% 550 mLof| 7Fotd 1 mg/L |HS XA|5t¥}. 1 mg/L &
o 225 m 9} OJ% 4% 225 mLE &5t 0.5 mg/L €9 450 mL &
AstAT. 0.5 mg/L €94 150 mLe} ¥ AW 150 mLE EFsl9] 0.25
mg/L €94 300 mLE ZA|s}tt.

ZAIE AEE SimportAHFIUTEH Y 5 mL A|2E -G Hio[go] 4.5 mL
A AEoto] FAAdT A Rl ARSI

3

TTCA, H3HEER, g4t 24k HuEog =, Hgd. oMHEYEZS
Sigma-AldrichAHm] =) AEL Fujste] AFRSct AF4aH
biological supplyAH3=)2] simulated urine(normal pH)& AR&-sttt.
gho] 2= MilliporeAH®|=)9] Milli-RO%} Milli-Q water systeml.z Al
HAO| A FH=0] ARESHAT.

Biozoa

rlo
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AW = TTCA EAo= AgilentAHR] )9 2SI I EZntE 12hE/
ARQEHE7E AHEoldth £48 AHE PhenonomixAHU|=5)2] Luna

5u C18 Z#H(2.0 x 150 mm, 5 gm Y3)S AFEsIAT.

2) Aok 2A

(1) EZ8

mLE 71 =9 & QdZiwon AL Y 1,000 mg/L £HE
1, 1,000 mg/L €% 2 mLE 10 mL ZM {&FZgAT0] 1 AZ4
Moz AL A9 200 mg/L &8-S ZASHHE. 200 mg/L &9 150 pL
£ 25 mL &FETAT Y EE BAS AY 1.2 mg/L §HE A5
Ak 1.2 mg/L €9 0.8, 3.3, 6.7 mLE 10 mL &F=gAT0| 74z 4
I QIFAHE Yy HAS g0 (0.1, 0.4, 0.7 mg/L EFEHE XA
0.1 - 1.2 mg/L ¥ HFA 2o AHEstAth d34HS FAER

g3

(2) IMSUX| I 20tEIEHT] 0|54

OPEUEYT 0.2% 2AT $§(pH 3.0/ 247} 0.2 um O1TTOR of
Hsto] TSN AEkETek o FHL FHEIIT

3) Ale 2 #E8Y AA A4

O
=4
1o
P~
rE
lo
o
=4
=)
=
v
r,
do Ho
)
>
el
rJ
=
Ho
N
m
of
Yoty
i
[m
e o
0

A4 0.1 mLE 7Fstal a7

o FREEES JIBLL 18 EF0] TTACE F239th 23
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A SEE ddEERt F, R715E FHote] 10 ml wHE ™ Hiojel] &7
30T AxstATt. AE 0.4 nl HEeo] =91 &
1.2 mLE ¥ 42 42 0.2 pm 3} vpo]ol| ¥o] HPLCE AN

4) 1A ZtETE 2R HEY

©)

154 942 0.5 mL/ROIL, ol BHL 1
S 30:7002 HHT 30% OPIEUED 24 S8AL A3t

L 20 uL FYIAAL, TTCA AEL 91T 498827 #5L 273 nm
I, Alm BEAAZRE 20805 A5

[e)

3 HU oo

2) s At

AFA g B89 5wl a3 -é— 27F x%&. yEZOE Sfo] AT
25t Bl A4 y=ax+bERE TTCAY B%(mg/L)E AAISHTH

(1) =i

TTCA 0.1 - 1.2 mg/L ¥9olA TTCAY %%, 3 HZS o]85}o] A
FAS AT ARASE Folo]l ATHY AA4L skt

L.

2)

oY
o

S0

AFA 2 Arg o] SAA UHoE TTCAY 5= A= 4

15



ATz 24 Y AETAIE AFSSIAUTHAIHA,1988).

\/ >(Yei-Yi) 2
LOD= 3 x (N-2)

b
Yei: SAWAANA 78 2t AmBEo] gt wgt

() mate

Q1T £¥o] TTCA EZ§US THStol TTCA A7t ARE BET A7t
NEE 33 BA3t0] H58E ANl YT B AL,

A8 @7t WHol(between-unit variation)?} 4% wHol(analytical
method variation) Atololl BAIZ 2 {3t Zo]7}h It 7+ 48 T
Zholl wdstttal B & Uek(Lawn R et al, 2001). &2 =9 A=
1070 234 ®Hg EA4sta, 1 A3E A4 AZste] 95% 4l=a<zo] i
Fotl= +EAAS FrkokaH

16



2) ¥4 7t

EEA RS J2(25C), ¥9F40), ¥5(-200), 2ALYE(-800) 2%
N 24zt 30L7HA] BHstaA 24 AF, 2AE 79, 2AS 309 4
A ZF Alg B4R Blaskly. A AFE flete 2=, B 7|7
B 22 k9 oE Hold ARE 371 431, 95% AFeEolA 4

17












A

A

TTCA 0.1 - 1.2 mg/L YA AFAY ATASTE 0.9999=%,

TTCA

y = 3.6335x - 0.0009

R*=1

14

112

0.8

0.4

0.2

== (mg/L)

[23 mM-1] TTCA BEEEU| AZM 04|

AR Y AnE olgsle] BA

0.04 mg/LZ, =& 7|&°] 0.5 mg/L

HAl=

A AL

0.01mg/L

3}

21



3) FHE

&9 F TTCA 3 ARE 473 3] £43 ghogie 73 YUt ¥
T 4.0%ct,

4) &

4 % TTCAS B4 gomie 73 B3 3582 90%Act

. [l TTAC220809_1 #7 STDO004 UV_VIS_1WVL273 nm
[ mau

40 DE
30.0;
ZD.DE
10.0{

-10.04

b min
-ZDD_I T T T T T T T T T 1
00 20 40 80 80 100 120 140 180 18.0 200

[O3 m-2] TTCA BEE&M| HPLC/UV Z=0tEH OfA|(1.2 mga/L)

2. BEM= LEE

>
el

34 7t

-

ZHEER 10 719) AlRE 2 3] Wl B4, 1 A Aulelo] 77 FREE
1 Fg et AUE A4S PES A8t 2
=

71% F#EQl 3.0205 A8 24 235 54 A2et Fto] Zrod wAsittar

22



Bolale, (& II-1)9) AF2RE, o] 37] x| Ar: BE Fdsita
71519,

(E II-1) TTCA &7t Mz 2EE 4t

Az 243 B (ug/L) F ot
1 0.23 2.178
2 0.47 1.235
3 0.95 1.720

7t = o s=EE 3709 AR figk &4 ZIE Yo, o|=FH
TSk RT+URT Yo 1.00 o] Z3EH 95% AlZF]4Fo4] CTme| Crefm
W JOotA th=X] o, wapA FolXl 27 ol {25 Habrt glo] QF

Hettn & % Ao

~|

TTCA EZARE F5} 20%9}F F3} 80T oA HISE HFEA|FO] QYA
2 Footgon, Al 0.23 g/l BEENS 23 Y B A A
ot Ao] wolth wata], F3F ABE B4 1FA7MAE Y& B3 A
AolA, AR A 13 oo ARS BAdtE WEEo] Yast

o

3 r2 lﬂ

23



(E II-2) TTCA &7t Mz gy 4ot

sk 1
RTxUgT
0.984 1.045
0.909 1.060
0.940 1.002
0.998 1.060
0.955 1.016
0.903 1.010
0.853 0.915
0.868 0.929

0.592

0.654

Sk 2
RTxUgT
0.971 1.001
0.978 1.008
0.953 1.005
0.978 1.008
0.953 1.005
0.953 1.005
0.932 1.012
0.934 0.995
0.846 0.899

sk 3
RTxUgt
0.996 1.001
1.000 1.014
0.996 1.011
0.992 1.022
0.989 1.004
0.971 1.001
0.977 1.002
0.977 1.002
0.977 1.000










OJ&BIEFA(CAS No. 75-15-0)= TR=EFRo|A A4e welchadsl
A% Hole Hat Adsters Azo] AHEELE 7] 8AolH, HaLt A
BADHANA WA, $7187] wEBAS O3 2PRAZA A= G

2 gojo]c.

3
H,N=C=NH,
Thiocarbamide

1
H,C —CH-COOH

!
S7|(30%) - S \r‘uH
cs, — 6%
AB(1%) —
S

2-Thiothiazolidine-
d-carboxylic acid

(TTCA)

L

S
OT \/;-5
H;—NH

2-Mercapto- 2thiazolinone-5

[ IV-1] O|Z=tEtA0f CHA}, B dpd



30%7F H=Z2 Al U7taL, 1% Y9 olssierArt, 83l 70% ol
A tAE ARl 84 EZo] a¥og sfj-aE Y [V-1). B9 &
H o]&3erA9] oF 6%7F TTCAS FHIZ Ao =Z vjAdHH(Van Doorn
R 5, 1981).

qEy R 5O A4ES HAY BE BT 4B 28U T 4
o4 TTCAZ =871% ol 4&H o/t Yol TTCAZ olgaleis w3
AR AT A9, A, o, 191 LBl gt Peo] FoJslof o

HHu &, 2014).

olgsleiat 1990WH Yol eolA BT YA Weke] AARA

2, Aol ee] et o|F olFstal Asteia Az BAURA

oA Agsta gtk i, 2eAL A9t g 4

Fafeiao] w2E 4 9lo], BHUPAeL 493}t
4

A 515 A]
& kEHe 2R A7 EIE Al AdSASAHS LA,

gh= o= s = £9 malc Q3
LE|1E
3 3.13 15 16 15 15
(mg/m?)
MNEALZ  (2016) (2006) (2015) (2005) (2015) (2008)
(HE IV-2) O|&S|EtA0| LIt MEstY LE7|E
gt= oj=2 =9 (=1
=&
(ma/g ZROIEI) 0.b 0.5 2 15
NEAE (2020) (2018) (2017) (2008)

28



=+ ACGIH(American conference of governmental industrial
hygienists, FlAII 718 3))= olFetaA =&718S 20 ppm(1940)

— 10 ppm(1980) — 1 ppm(2006)9] +=2.& 7Jo}otAaL, o|gefetae] A
=M =27|EE 5 mg/g F@CtEH(1988)14 0.5 mg/g A otEld
(2018, At 2009)2.& ZF3}stgict.

TREEIE olgk Y oLl VIS AHE T S
SH7tol| Hrgste] olFate4o] A EEAY =E7]E= 10 ppm(2009)
— 1 ppm(2016)2.2 ¥HAsIYTE ol&sleth & 252 x}q AESHA &
B7HE A% % =571 5 mg/g A@otEdolgioy, 20169 o3t
49 AFSFSH =271E Aot A 20208 FH = ACGIHY =

711 0.5 mg/g A otE|d o2 FEAAGTE AFAR ] A% &7]

S-upatolA 2013WHE 202197HA] =33t o|g3tets APed =74
g FolA EAAPAC] AA S5 60%E X}Xl‘a} Aom 2013HE
B 20179 Atolo] 1970] o]&3sletA 3|8 7129 0.5 ppmS It}
3hH, o]&g3sletArl 0.1 ppm ARl 24 A7} uid 47 ol
2021990= 27722 94|zt 99719 &7 Z%7}t 0.1 ppm °FLE,
o} 2 ZAIofA A9 olgsletac] A7t kE = B4 FAA
9] 7} ool S EH. dFEY FAATAE A&t olgaleta 4
FHERY dAYct= oA ZAE AYA
A7} o|gsteta I Aot HolM A FEARF AT 55 e

o K

)



[T8 IV-2] 718N SAZH| BH712H] T4 OflA|
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o
oX,
o
K
2~
Hq

N
—

o, S
o
10 o o

ghd, &9 F TTCAS Y BEsHy =&7|&2 X%t 37 5k E&
Asg ZABH: I ARS B Ee AN 2A4E4 S

Z of
A7t ol&sletA & FHrF ARo] AT AAE &8 4
3}
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FHA. BAGV8A L FIE B Ao JEsH myE Ao B A
J2ote mUHo] Bat £49 Arwe] TR AIRAAT
A7AE A 95-4-21, T2AIPATT 1995,

ZL2AAZ . SFEARIQPA H AT 2021.
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AP R A 18552022
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Abstract

Development of biological reference
material for proficiency test program -
Urinary TTCA as bio-marker of

carbon disulfide

Objectives : The author developed reference material of urinary
TTCA(2-thiothiazolidine-4-carbxylic acid) to enhance analytical ability of
laboratories in industrial health for them to apply this reference material
for internal proficiency test on biological monitoring of workers exposed

to carbon disulfide.

Method : The author prepared 3 concentration levels of TTCA spiked
samples. The homogeneity and stability of these samples were checked up to
30 days considering storage temperature conditions. The analytical

method was ultra performance liquid chromatography/ultraviolet detection.

Results : The samples’ homogeneity at confidence level of 95% was
acceptable. The recovery of TTCA up to 30 days were acceptable

except storage at room temperature.

Conclusion : The credibility of urinary TTCA was confirmed by stability

and homogeneity. This item will be applied for proficiency test of
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laboratories performing biological monitoring of workers exposed to

carbon disulfide.

Key words : proficiency test, urinary TTCA, carbon disulfide, reference

material
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