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- Abstract -

Pretreatment method of urinary thiodiglycolic acid

as metabolite of vinyl chloride

Joo Youn Hong", Chi Nyon Kim, Jae Hoon Jung, Jung Hwan Chang, Jaehoon Roh'

Institute for Qccupational Health, Yonsei University College of Medicine

Department of Occupational Health, Graduate School of Health Science and Management, Yonsei University *

The analvsis of thiodiglycolic acic in urine has been used as an index of biological exposure to vinyl
chloride. Unfortunately thiodiglycolic acid has a strong hydrophilic character, because it has two
carboxvlic groups, so that it can only be extracted with organic solvent with a great dfficulty.
Underivatized thiodiglveolic acid tends to tail because of non-specific interaction with the inert support.
Therefore, esterification is the obvious first choice for derivatization of thiodiglycolic acid, particularly for

gas chromatography.
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In this study, the focus of interest is to compare two method of esterifications (methylation and
silylation). Methylation is to make the methyl ester of thiodiglycolic acid by reaction with diazomethane.
Silylation is to make the trimethylsilyl ester of thiodiglycolic acid by reaction with N-trimethylsily-
Idiethylamine.
The results and conclusions are as the following:
1. The detection limit (sensitivity) of methylated thiodiglycolic acid was 500 pg/mé and silylated
thiodiglycolic acid was 3.07 pg/mé by gas chromatography with flame ionization detector.

2. The optimal liquid-liquid extraction of thiodiglycolic acid was as following:
To each of the tubes, 15 n¢ of urine, concentrated sulfuric acid (pH 1 - 2) and 5 gsodium sulfate
were added. The samples was extracted three times with 5 mé ethylacetate each time.

3. The methylated thiodiglycolic acid was more stable than silylated thiodiglycolic acid in extractional
solvent which contained hurmdity.

4. The precision {(pooled coefficient of variation for 4 days) of the analysis was 0.07324 in methylated
thiodiglycolic acid with external standard calibration, and 0.07033 in methylated thiodiglycolic acid
with internal standard calibration.

5. The precision (pooled coefficient of variation for 4 days) of the analysis was 0.10914 in silylated
thiodiglycolic acid with external standard calibration, and 0.13602 in silylated thiodiglycolic acid
with internal standard calibration.

From the above results, the analysis of methylated thiodiglycolic acid was more sensitive (limit of
detection) than silylated thiodiglycolic acid by gas chromatography. However, the methylated
thiodiglycolic acid was stable in the humidity and was separated sharply on chromatogram. Also,
analysis of methylated thiodiglycolic acid was more precise (pooled coefficient of variation for 4 days)
than silylated thiodiglycolic acid.

In conclusion, it is established that the analysis of methylated thiodiglycolic acid is appropriate for
biological monitoring of exposure to viny! chloride.

Key words : thiodiglycolic acid, vinyl chloride, gas chromatography, diazomethane,
N-trimethylsilyldiethylamine.
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2% dAHE 249 thiodiglycolic acid (TdGA)E 24
ste] F71E &tk 8F TdGAS AY BAs=
AL Age b ol o] EA7} dAste] o
FEol TiGAE FxAstste]l GC/FIDU GC/MSD
2 FAEA 71Ee HEE diEEe TdGA 5
3k oz (diazomethane) & o] 83te] we
3 (methylation)s}t= " (Brakenhoff %5, 1993;
Chen &, 1983, Lingg &, 1979; Muller %, 1978,
1979a, 1979b; Wormhoudt &, 1997a, 1997b)}
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AldEE) FEAieR] N-trimethylsilyldiethylamine

(TMSDEA, Lot 115H3500, Sigma, St. Louis, MO,
USA)# 2|9 (Lot 04260MZ, Sigma, St. Louis,
MO, USA) Z8l3 F& 8 58 BEAE EFAS
& AHgstgley vgs fFEA ARl tolzug
< A48T (Borest Backer, 1950). Ho}zmjet
A k.1 N-methyl-N-nitroso-p- toluenesulfonami-
de (Lot 116H3721, Sigma, St. Louis, MO, USA)$}
FFEAL TAGA (Lot 86H0471, Sigma, St. Louis,
MO, USA)¥ #ME EF02 31a ol ust
A= Dowex 50WX8-100 ion-exchange resin
(Aldrich, Milwaukee, WI, USA)-& AH&383ch 5
Astd A5 ¥ AFL GCFID (HP 6890
series plus, USA)Z #4330 fE=A3 whd9
391> GC/MSD (HP 5830/MSD 5972, USA)E o]
&otgitt totzuge] 48 e TRAAE A}
fatdom g ALgH Algi= AW TdGAZ
A7tste] Agahalt

2 o g

1) Diazomethane€ Ol &8t T A 3t 8t

71&9) $HE TIGAE vlofzzuete o[ 43 v
g3l uh3-5 (Brakenhoff %, 1993: Chen %, 1983;
Lingg &, 1979 Muller &, 1978, 1979a, 1979b;
Wormhoudt 5, 1997a, 1997h)S F2z3ste) F=43}
TS Ma}‘ﬁt} fr718ufol F&€ TdGA A&
2T °‘ﬂ Az A e A=A F 3
oz e 1 mE H7skA 15 2% 1 mee
qo}fé”ﬂL# S0mge] dol& WA 7Hst]
EAE AT 158F A7t A" $o
GC/FID= 28 AZsln GC/MSDE ezl v
< gAstAT

=

2) TMSDEAE 0|83t x| st g3

7|&0) HiEd TMSDEAE ¢} &3l9 TdGAE A}
dzlglshs MPHE  (Draminski®t  Trojanowska,
1981; Payan &, 1993; Pettit %, 1984; Tarkowski
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Table 1, Analytical methods for deterrmining thiodiglycolic acid in urine

- . . . tio P
Exposure Extraction Derivatizing Analytical Detect ercent

material method agent method oo recover Reference
7 limit Y
Acrylonitrile HPLC Beron trichloride GC/MSD NR NR  Kedderis &,
freeze dried 1993
Bis(2-chloroethyl) Ion exchange Diazomethane GC/MSD NR NR lingg &, 1979
ehter resin column
22" bis {chloroet Ion exchange Diazomethane GC/FID NR NR  Muller &,
hy D) ~ether resin column 1979b
12-dibromoethane Ethylacetate Diazomethane  GC/FPD  5ue/mt NR }gggh(’”dt <
1.2- M1 dibromo HPLC Diazomethane  GC/MSD  NR NR  Wormhoudt %,
methane ethvlacetate 1997b
. 1-pentafl he A
S carboxymethyl  Ethvlacetate P00 GCAMSD NR - NR - Hofmann®, 1991
L-systeine .
diazoethane
3-methyl-1(4-tol ) _
1 2-dichloroethane ~ Ether o “GCFID NR - NR Payan %, 1993
triazene
Fotemustine Ethylacetate Diazomethane GC/FPD  10pg/mé NR  Brakenhoff %,
anti-cancer agent 1993

Premature babies Frecze dried = 0 L2 7O UChonsp AR NR  Pettit, 1986

. hydrogen
normal urine

chloride
Viny! Chloride Direct dried Diazomethane GC/FID NR NR  Muller &,
GC/MSD 1978, 1979 a
Vinyl Chloride Direct dried Diazomethane GC/FPD  05pg/m? 88-95% Chen %, 1983
Vinyl Chloride Ethvlacetate TMSDEA GC/FID NR NR  Tarkowski %,
GC/MSD 1930
Vinyl Chloride Ethvlacetate TVSDEA GC/FID 10u8/mé NR Draminskt
GC/MSD Tro-janowska, 1981

GC, gas chromatography  FID, flame ionization detector: MSD), mass selective detector;FPD, flame
photometric detector : TMSDEA, N-trimethylsilyldiethvlamine,NR, Not reported.

518008 BEe] fEAML YUS A TIGA BEEN 4 umE 2AH FE49 ol
7182 253 TdGA A BE2 30 CY &4 32 o 94 a;iﬂrvﬂ; A7vekAth TdGA #5894 15 g
7oA gAdE ARAR F ozt Bl deida #Hste] FEL0Q dEolAHES} ofH 2 e
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A-HH FEA ] Db o wol Algdh: Azt
EF (NaCD) & FHIEEF NaS0)S 5893
of 247} 5 g& 74 el o} F BALE HHslA

B e #2485 v Hrhesioh

tad

4) 20| RT3 Y20l njxle FE
2% TdGAY HAd #4Q #7180 F&3
Ao A& g FHEol 7718 Fog olF
7hsdol Sk ol Rl Z9 4% &t

FEAS whgol ofu e QS vA A Golr 7]

glske} tlolzv|gts TMSDEAE o] &38ta] w4
3t bES W YshE FANA ROl viek G
& H7bekdrt clotzwerd TMSDEA 7hzhe wh
Sl 400 ol FEE 0,5 10,15 2831 20 wtE H
7bste] Egheko] 0, 1.25, 25, 375 18] 5 %7b
%2 ste) GOFIDE 4% 3k

TE 5 /zg/mL 10 ug/mﬂ 11“41 30

1
AEtch BN EHRE o 329 (external cali-
bration method)3 W ¥ (internal calibr-
ation method) 2.2 AAsle] vt3o] gg s & A

=)

Al7 Aol whE B ol AW (precision) ¥ A&
o] otgAE vl Hr1s)
A9 A4EA AN E
83t 3 7HA T (5, 10, 30 we/mh)E HF O 7}
7ol o) A (coefficient of variation)& A4S}
th, o] HolA e 01%0}04 5§ Hol A4 (pooled
~coefficient of variation)& #A2F8Hth $3F Wol A

o AXAE g3t 2ok (OSHA, 1990).

g ok

1/2
4 fz' (CI/) 2
pooled CV = |—— ﬁ:

pooled CV = 3 HolAl4+ (pooled co-

efficient of variation)

i =3 7 g FEAR

CV = i 5ol U ol A%
fi = ARE (EH% D

AE3 A (limit of detection, LOD)¥= NIOSH
(1995)| A A A] 8 =B o) U}E} srEetact AlsEF

7} 92 W E 7o A AAY = mX + b ZA
ol 2 Aol e e A (03 5ELA
(standard error of regression, sy)& T84 ofef<}
2o Hoz 12AR T,

LOD =3 sy /m

sy = [y - Y07/ (N -2)) 7

N = £&8H N85, m = 7187]
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V. 48 44

1. TdGAS| GC/FD &M
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o= olgate] FE% Fol tlolmmga TM-
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Table 2. Gas chromatiography/flame ionization
detector operating conditions for derived
thiodiglycolic acid

Descriptions Conditions

Instrument HP 6890 series plus

Detector Flame ionization detector

Column HP-1 capillary column(30m x 0.2 mn X 0.33p4)
Temperature Injection port 230

280 C

120 C for 10 min

10°C/min =200 T for 1 min
10°C/min —280C for 5 min

Detector
Column oven *

Carrier gas N2 1.0 ml/min
Injection volume 1 gt
Split ratio 511

9% TIGAE SLohelo|ER F28 F tlo}
Ziehs olgsle] FEASAA Table 29 22

GC/FID z2Acz ¥418 2z wlgdssl TdGAS
HE-E A)7F (retention time)< 124863012124
D ogER 2ol ulelstsl ZERrle] e A7re
16812820130t} (Figure 1). AEHPEe B335 uy/
miell A 30 pymiE 243 TdGASE W F#E3
2 ARgsh ek} ko) ¥)= o dFe] 2 iR R
ek S sl

TMSDEAS ol g3le] frmAgieh = wAd 2

;L'}’g] ARnlEagE Figure 29k 2ok A+l 2 &

] TAGAS MFE& A 7HE 18312 Folloy Ui
Jiég #9 E%J«] WEE AR 20644 Eols]
t} (Figure 2). $8% 3 gg/méoll A 30 g/mi2 A4

nyo
S‘i 11:0“
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A} 83}

$AE e

35l TAGASH Ul H BAR
ik

SLERA} } 719 3] = 3l ol H] =

500 pg/mi

1o I 1 4 A
o] TMSDEAZ ol &3k At els} wigol =3
A= A7) A9 wFEo A AN &g

307 pg/nt o)At

IO 4. AN AR 3
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Fig. 1. Chromatogram of methylated thiodiglycolic

acid and o-phthalic acid by gas chromatography
Alame ionization detector
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Fig. 2. Chromatogram of silylated thiodiglycolic
acid and o-phthalic acid by gas chromatography
/flame ionization detector
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o] MHEAIRE GC/MSDE H48ksith<Table 3>
GC/MSDe] 22 GCFID B4 #gen
o} =stA HAste] GOFID #2419 wiyd A%
7 GCMSD 248l MEE AR Blal ué 71-6}91

o
EFoR e

tr wEstE TdGA4 total ion Chromatogram
(TIC) Aol A w28 A7k 1210 2.5 GCFID
o] WE-E AlZF (12498 &) 7} H} 3 ?{J’<Flg 3>

mass spectradl A& vl 3he TdGAS base peak
163 M- 1782 AEsted Agst 9he-& #elsial

Th<Fig. 4> Al #i3}el
—atogram (TICIol A Abelelshsl TdGAS m4-3&

2 Ot
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Al7ke] 1808 #o.2 GC/FIDY WEF A7+ (18512
)39} )58 1<Fig. 5> mass spectracl A= Al
2} 31 TdGA9 base peak 733 M’ 2042 7 %3}
el gl GheS BelEkth<Fig. 6>

Table 3. Gas chromatiography/mass selective

detector operating conditions for
derived thiodihlycolic acid

Descriptions Conditions

Instrument HP 3890 series O -HP 5972

Detector HP 5972 mass selective detector

Column HP -1 capillary column(50m X 0.2an >~ 0.33.8)

Temperature  Injection port 250 T

Detector 280 T

Column oven : 120 T for 10 min
10C/min —+200 C for 1 min
407C/min -»2807 for 5 min

He 1.0 m¢/min

Electron impact ionization

methylated TdGA(S0 mvz - 200 m/z)

silvlated TdGA(50 m/z - 300 m/z)

Injection 2

volume

Split ration 69 1

Carrier gas
Injection
Mass range

Abwsiancy TIL: 107TDGA, D

metnyiaind TaGA

150080 ’

oo z |
0000 [\ 8 [
Nl 1
- >~

[
Tiap-> 500 L9 10.00 1o

Fig. 3. Total ion chromatogram of methylated
thiodiglycolic acid

Aburance Scam 2029 (1, 100 minl ; 1G2TDEAD »
methyiaied TIGA

[t

1

B - el e e -
- L L] -1} 120 ¢ 180 1%

Fig. 4. Mass spectra of methylated thiodiglycolic acid

Scan 1567 [IN.0%) @in)! SI2-TDGA D
L syiaed TOOA 3o
1

m

sl r Lap T

se 130 2

Fig. 5. Total ion chromatogram of silylated
thiodiglycolic  acid

3 FESU0 [ME pHt HMa T It

7 (N1, Na:SO)
l %O}Eﬂ %’46}

pH (pH 1 -2 pH 7, pH 12)9 9413
7t FEEE ofudt JFol gl
o TdGA #F& 4 py/mE
olEs} g2 183 zﬂwg

FE9 77181
&t} frmAlste

A e R
2318 TdGA7F 55 AZE A obA TdGA 5%
AZS A (pH 1
<Table 4>.

Tahle 4. Extractional recovery of thiodiglycolic
acid by salting-out agents and solvents
in acid state(pH 1-2)

Salting -out agent Solvent Extraction rate(%)
NSO, Ethylacetate 62854 463
Lither 33241 0.8%
n- Hexane ND
NaCl Ethylacetate 51.29.42.71
Ether 27.2741.05
n-Hexane ND
not added Ethvlacetate d322i8u
Kther ND
n Hexane ND

ND: Not detected
= [xtraction rates are means of 4 determinations, Mean * S
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test). PAAE A7 &1 oHER FEF T
S5 AEHA ggor] d3ER Hrinr il
UEES 3718 o F%80] =9k (P < 003, by
Wilcoxon rank sum test).

b SaksES Ao o dopAHlol 2L o
I EF W7o &80 7}
 Eokon FEA4 T%"“-A-‘l Bz Al Ao
gtojo} aln} oEHolMHO|ER FEde Jlo| F&

& ol uhyo|th

12z
SEEE S

m.*lo

4. 20| R=X 3 S0 DXz S8

2% TdGAS dAe B4 f7180e] F&3
Aol A A& okl FRo] {78 FoR o|FE
Aol ik olel e ol FEAS 24l A
g uhea} Al elg) ghgel ofwld FEE
orobr ok} tjopzuelz} TMSDEA 7t7te] whg-of
400 weoll FESFeFo] 0, 125, 25, 3756 28]l 5 %7t
to] TdGAS #HE 5 %7010 pgmi7} H =%
F 43t} Hrhskrt<Table 5>.

tobzu et o} &a el fFrnhgol M
FE e w2 el gle Ao HrhHdY
(P > 005 by Kruskal Wallis test).

22fup TMSDEAS o] &3 Ate2isr FeAwtg

& FRA g o] Aew (P < 001, by
Kruskal Wallis test) 4~ 3H&o] - At
st TdGAY #EFo] FoEUT (P < 005, by
Tukey test). 53] % Fakel 375 % o)l 3%

%
= Adgste TdGAZE AEHA gsith

i}

ot

bt

w] 2] & %]

HEeE

7},6L*

Table 5. Effect of humidity on methylation
and silylation

Amount of TdGA found (ug/m

Humidity (%) - -
Methvlation Silylation
0 10.0=0.3° 10.0+£055 "
(9.683-10.40%5) (9.384-10.677)
1.25 10403 30105
(9.996-10.747) (7.302-8.567)
25 9.1-0.7 45t1.1
(8.371-9.996) (3.098-2.602)
3.7 9.7+09 22*1.46
(9.266-10.853) (ND-3.003)
5 10308 ND

(9.481-11.203)

N Not detected. 71 &§ 4 3 e ol@t

« - Amounts found are means of 1 determinations sncthviated TdGA), Mean =SB

w0 Amounts found are means of 1 determiratiors Clvlated TdGA L Mean ' S

RTHSIE BMAIRC HLY R Y

Fralste g obAAY S Hrtety] $lshe] Bt
A7 TdGA %2 5 pg/ml, 10 pg/m¢ 22)31 30
pg/ml 2 ZA sk} tlob 2 ee o] &3 mEsgle] &

=987 TMSDEAE o] &3 Atde)st FxA3
W& dAEAh whgol &R Foll GOFDD &
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Tabe 6. Comparison between the coefficients of variations of methylation and silylation by extermal
standard calibration

Added Days
amounts 2 3 4 1 -4
[ee/m] M s M S M S M S M S
5 0.00340° 0.09000" 005591 003747 0.02481 0.02319 0.00775 0.14674 0.11389 0.14727
10 0.00800 0.03700  0.02021 0.02013 0.01496 0.03075 0.00643 0.02850 0.03256 0.08681
30 0.01200 0.03792  0.00796 0.03729  0.00584 0.04163 0.00708 0.00525 0.04542 0.08068
Pooled CV? 000889  0.06030  0.03463 0.03266 0.01706 0.03281 0.00711 0.09020 0.07324 0.10914

* 1 Coefficients of variation within 4 deteminations (methylated thiodiglycolic anid).
#x 1 Coefficients of variation within 4 determinations (silylated thiodiglycolic anid);
1) ¢ Methvlation 2) Silvlation

31 ¢ Pooled Coefficient of variation, Precision of the analytical procedure

Table 7. Comparison between the coefficients of variations of methylation and silylation by intemal

standard calibration

Added Davs
amounts 1 2 3 4 1 -4
[pg/me] MY s M S M S M S M S
5 0.05600" 0.09703 0.05819 0.04556 0.03440 0.02805 0.03362 0.15625 0.11111 0.16707
10 0.05495  0.04200  0.01987 0.02067 0.01464 0.02699 0.01049 0.02362 0.02482 0.11723
30 0.01297 0.03445 001501 0.04512 0.00876 0.04489 0.00920 0.00444 0.04334 0.11769
Pooled CV* 004591  0.06420 0.03654 0.03890 0.02217 003455 0.02209 0.09127 0.07033 0.13602
* o Coefficients of vanation within 4 determinations (methvlated TdGA)

#x . Coefficients of variation within 4 determinations (silylated TdGA)
1) ¢ Methylation 2) Silvlation
3) o Pooled Coefficient of variation, Precision of the analytical procedure

LH"l JL‘T 7431:0“ O]tﬂ' 7,—3

Mok Atdelshe Al

3 ol gae] WY sy
aol B4 gugg Ate a7

€
2 (004391, =

¥ ek

o] 0136025t} vt} Aol WA FL Aow B

B Table 7> B abE AEE 34 EERPEEIERE R R ERUERE S
o 0050, A S 00D el WA Y s S|B edsEo e s Y 57
00220009 ¥4 st duo] Adelse ARn el 4 A7 B WA 00708302 9% E
oh kst e, 4 A7kl AA S WolA  FHwel 4 A2 B Wl A5 00734 so}
G MRS AR 00708E Adelse A gmgel FaT et AdesE st wie

,32 _



Table 8 Comparison between the analytical recovery(%6) of methlated thiodiglycolic acid and silylated
thiodiglycolic acid by external standard calibration on different days

Amount added (TdGA, ug/mi)
10

Davs 5
MY

1 100.00£5.40
92.04- 103.66
93.01.=3.22
87.42 98.68
3 80.66.:2.04
7874 83.54

, 30
§*
100.0+9.05
91.94-112.96
83.42+3.23
80.78-87.62
77564 1.82
75.14 79.54

M
100.0=0.78
98.97-100.82
93.99+1.91
92.21 -96.31
93.6011.40
92.65-95.65

S
100.0%3.74
96.93-105.29
89.37£1.75
87.21-91.09
81.29+ 2351
79.11-84.68

M
1000+ 1.19
99.02-101.52
92.09 £0.73
91.26-92.90
§1.25 £0.32
90.62-91.90

S
99.34 £3.78
94.83--103.86

83.51+3.30
34.49-92.36
84.87:£3.52
33.03-90.16

(8

4 77.39 £0.53
76.92- 78.06

73.631.10.89
28.28-82.76

93.3220.62
92.58-94.09

84.24=2.45
80.75-86.33

89.45 £0.62
88.67--90.06

82.61£0.43
82.31-83.24

* 1 Analvtical recoveries are means of 4 determinations (methylated TdGA)
ok Analytical recoveries are means of 4 determinations (silvlated TdGA)
) Methylation  2) Silylation

Table 9. Comparison between the analytical recovery (%) of methylated thiodiglyeolic acid and silvlated
thiodiglycolic acid by interral standard calibration on different days

Amount added (TdGA, pg/nd)

Days D 10 30
M s M S M S
1 100.02£5.74 100.93—-9.74 100.13220.55 9998 £ 421 10024131 99,661 3.45
91.42-102.92 92.60-114.82 99.65-100.67  96.00-105.75 99.13-101.67 95.86-104.14
2 92.85 7547 833.33£3.70 95.09::1.86 87.10t1.78 9320+ 1.41 82.691 3.88
85.72-97.14 T7.78-85.18 93.050-97.62 81.91-89.27 91.50-94.63 80.69-29.66
3 81.43=2.86 7931214 9559 1 1.44 TIR1T2.09 91.3510.30 7948 3.08
80.00-85.72 TA08-77.78 94.57-97.62 76.20-80.56 90.23-92.11 77.24-34.83
4 7857 286 70.3%1.10.90 95.334:0.97 76.20+1.78 90.55£0.82 72.070.35
74.25-80.00 20.06-81 .48 94.57-96.60 71.03-78.38 89.60-91.50 74.48-75.17
* Analvtical recoveries are means of 4 determinations (methylated TdGA)
ok Analvtical recoveries are means of 4 determinations (silvlated TdGA)
1) Methvlation 2 Silvlation
o15 AFday el 4 At B wolAlg 7k 0109142 H OARRD Ao =A Yelton wdsly A
W EEdEe 01 36()2314 sto} Aol 2 it UIE ZEWYE g8k o] AEAS =l
Ao B89 = el

FToRoR Hurd w desid ARt AFdest
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Table 10. Comparion between extemal and internal standard calibration of  methylated thiodiglycolic
acid on different days

Amount added (TdGA, pg/mf)

Days 5 10 30
EXT" INT? EXT INT EXT INT

1 5001027 5004029 9.99+0.08 10.01+0.06 30.00+0.36 30.07+0.39
460-5.18  457-5.15 9.90-10.08 997-10.07  2971-3046  29.74-30.50
2 4651026 464+027 9.40+0.19 956:+0.19 27.63£0.22 27.98+0.42
437-493  4.29-4.86 9.22-9.63 9.36-9.76  27.38-27.87  27.45-28.40
3 4031010 407+0.14 9.36+£0.14 956+0.14 27.38+0.16 27.40+0.24
304-418  4.00-4.29 9.27-9.57 9.46-976  27.19-2757  27.07-2764
1 387003 393+0.14 9.3340.06 953+0.10 26.84£0.19 27174025
385-390  3.71-4.00 9.26-9.41 946-966  2660-27.02  26.88-27.45

1) ¢ External standard calibration
2} ¢ Internal standard calibration

Table 11. Companon hetween extermal and intemal standard calibration of silyated thiodiglycoic
acid on different days

Amount added (TdGA, ug/mé)

Davs 5 - 10 30
EXT! INT? EXT INT EXT
1 500045  5.05%0.49 10.00£0.37  10.00+0.42 29.80+1.13 2990+ 1.03
4.60-5.65 463574 9.69-1053  9.60-10.58 28.45-31.16  28.76-31.24
2 427016 4174019 894+018  871+0.18 2655099  2571+1.16
4.04-4.38 3.89-4.26 872911 849 893 25.35-2771  24.21 2690
3 3835000  380+0.11 8131025 7.73+021 25.46+1.06 2384+ 1.07
3.76-3.98 3.70-3.89 701-847  762-806  2491-27.06 23.17-25.45
4 368054 3521055 8424024  762:018 2478+0.13 22,50 £0.10
291-414 2.78-4.07 808-863  7.40-7.84 24.69-2497  22.35-2255

1) External standard calibration  2) Intemal standard calibration

2) REAstEl BMAMZY oYM elslyl A|Fe 340 B2 % 9302 %2 Aol
FEAs BAAR hgA Hoke sl w o 2ish Al SE 8872 %9 838 %R A
24 A7 A vElsd Alng Adeists A EFEHP < 005, by Wilcoxon rank sum test). 5 pg
wol 5282 uasgy, /il ASE WEsE Ag 3480l 8176%2 A}
9% HFAUS o] & A s Hrp o ey ’]E ol 348§ 8415%N 0 mk ot E4

¢ 13
¥ <Trable 8> 10 pg/mii} 30 pg/ml Fxol e o Aoz o3 Aojrt GILHP = 0.39, hy Wile-
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oxon rank sum test)

WE REAFE ol8d EAZATY g Hot
<Table 9> 10 pg/mi®t 30 pe/md T=A < dE
g A8 FFgo] %66 %, B8 % Al

NE BB %, 8496 %RTE EA VTP <
0.01, by Wilcoxon rank sum test). Sug/m/9] 2%
g3l AlE 3480l 8822 %2 Alde]Ehd A5
348 8264 % ot BAEH o fofs A
o]z HUATHP = 0.08, by Wilcoxon rank sum test).

J UE BEESE AB o 5§ #Ut

Uﬂ%‘ﬂ‘{] TdGAE 5 pe/mé, 10 pg/ml 1213 30

p/ml EEE e R 4 d7ke] GO/FID B4Zg
= 91%1 EEFES yF 2edgos HUhsly
<Table 10>, 2 EFH#L o83t B4AAE

441 pg/mé, 967 ug/mé, 215 pg/mliz S} HFEHS
£ ol &g AR 439 pe/ml, 952 pe/mt, 2796 g/
meBETH AR de) FEEE 5 pg/ml, 10 pg/ml, 30 e/
meoll +43 g Byont FAH R fod A
o= ¢IATHP > 0.05, by Wilcoxon rank sum test).

ojx1gh Aite vlEstyl TAGAE AN W=
ol RFEHEE ol&aAY i ZEHEE oE
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G 9 AEAET Y BedE % 7tstksd vt
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Z Draminski®} Trojanowska (1981)¢] ZA7}e} £
aHd .

2% TdGAE Ay &4s8te A& Aae A
ojuf ol EA7L Gt tebd TdGAS &7
ol Au 3ol A& BHER FEAG AA
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