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- Abstract -

Simultaneous analysis for 2-thiothiazolidine-4-carboxilic acid and
thiocarbamide using butanol extraction method

Sanghoi Lee” - Jaesok Song” - youngshik Yoon" - Chinyon Kim'' + Jonguk Won" - Jaehoon Roh"

Institute for Occupational Health, Younsei University College of medicine'’

This study was conducted to supplement limit of
previous study. The objectives of this study were to
select optimal conditions of high performance liquid
chromatography(HPLC) operation for detecting
urinary Z-thiothiazolidine-4-carboxylic acid{ TTCA)
and thiocarbamide simultaneously, and to evaluate
recovery rates for various liquid-liquid extration
method of these metabolites.

The results are as follows :

1. The urinary TTCA and thiocarbamide were
separate sharply when flow rate is 0.7 m{/min, using
a series Cg and Cis column, 50 mM KH.PO; :
acetonitrile (9351 6.5) and pH 3.5 as a mobile phase.
The retention time was TTCA, 12071 0.11(mean =
SD), n=6), thiccarbamide, 7.85+£0.01(mean*=SD, n=6),
respectively. The calibration curve for TTCA and
thiocarbamide was linear within the range (.05 to 30
g/ mb.

2. By the liquid-liquid extration, butanol extration
with (NH,): as a salting-out reagent was used as
a simultaneous extration method for these metabo-

A 2000 39 239, A 2000 49 27

lites 1n acid state, and recovery rates of this method
are urinary TTCA, 496%177 (meantSD, n=16),
thiocarbamide, 4391550 (meantSD, n=16), res-
pectively

3. The precision{pooled coefficients of variation
for 4 concentration) of the urinary thiocarbarmide
analysis was 0.03754 by butanol liquid-liquid
extraction with(NHy): as a salting-out reagent, and
TTCA was 0.04082 by ethyl acetate liquid-liqud
extration with (NHy)» as a salting—out reagent

The above results show that the butanol liquid-
liquid extraction with(NHz): as a salting-out reagent
n acid state, and using a series Cs and Cis column,
50 mM KHsPQO; : acetonitrile (955 : 65) and pH 35
as a mobile phase are suitable for the analysis of
urinary TTCA and thiocarbamide simultaneously.
The detection imit of TTCA and thiocarbamide was
about 0.17 ue/mt, 0.07 ug/mé.
Key Words : 2-thiothiazolidine-4- carboxylic acid,

Thiocarbamide, high performance liquid
chromatography, liquid-liquid extration
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“RabEe] o|gtal g A(carhon disulfide, CSy)ol
QW 717 Bt mE2 U FEAA A S-Aje] e}
Locke, 1972;
Tolonen, 1974; Hanninen%, 1978; WHO, 1979) #]%
Al g Fmo] HalEpH A A A drHel 4
AEAAdE ZeE FoHTiller %,

Tolonen %, 1979, 1968; Vertin, 1978, WHO, 1979).
3tk o §].§],E]-)\k: }x—.uﬂﬂ§].

1} 31 (Mancuso9} Seppaleinen}

_% o} 6—] 1

(atherosclerosis)#} 3+
+& N A 3 coronary disease) S A7 EA0]
e 5784 ?«] 3hto] tHBeauchamp %, 1983).
Felueke] A5, ‘wEiolA ojghsetael gig
W Eivd o kin 2’1% & 10 ppmo® A 9l
om(eEH, 1998) UI'FE’J R e B e i
(Amerncan Conference of Governmental Industrial
Hygienists, ACGIH)o| A& 8417 A7 w27
#(Threshold limit value-time weighted average,
TLV-TWA)C 2 10 ppmS P st glon o A
At A R A (Occupational  Safety and  Health
Administration, OSHA)®IA & %% 7|3 (permissible
exposure limit, PEL)% 20 ppm2.2 7F33}a 9l
Z#?JXL \H T F olBe LY FhE B }
ze olggEtA] $1E FAEFC]
% ( odium sulfate, 270 mg)& ¢ F&of ¥
4]

o{w ~*r

ek T (coconut shell charcoal, 100 mg/ 50
mg)i,ﬁ; Y5 1 ml EFANR gAsld 7aa
2olE a8 2] &84 % 7] (gaschromatograp
hy/flame photoionization detector; GC/FPD)& 1%t
QUTHNIOSH, 1995). °] WHl& Al
8RR SR S 8wk ohvel 01 mg
o|ale] vhe o Lx*OP 487 4
7Pl B o gl miEt R
] 8] (environmental monitoring) {2 A &
Aurg S ahe Wel frzte] 4 Oi%h 2 A

BE BEF 58 s oo} Al ceds

\=] = -
Ho g FAsta

L

1,_%3+_E q:’. ﬂ] L]—E]‘é —|‘7}' Z1elhuiS, 1978)

2, ﬁ]-‘%i U*E]—H UE 1Y ] 0}0} Ag%sm

dAstolop RS UARITE AT Zézlaf} e
7HE & AT

Ag 77 ol galekhel digt JE3d ZUE o
e N = B2 A7k o] Fof H o vk(Vasak 5, 1963;
Lee %, 199%; Cox %, 1992) o} & 717 o]ghatet4e]
A7 el e e d A FyEA g &
AR B yES A ey olgslgas Ay
oM ol i=tHamino-acids)d T Al sulf-
hydryl groups® A&-8+] dithiocar-bamides®} tri-
thiocarbonates® 3 433} (Lam3} Distefano, 1986),
WAL S AXAEL CS, A7 3718 60~
%7F &= 1 %7F 2o wZEda st
(Harashima$} Masuda, 1962). Baselt (1980)& &4
g olgslerAd] 50~90 % FolA diAlE o AA
53, 8~20 %E 558 Tk wizlsa 85l
05 % EAghx 9tk TTCAE o] 33teti 9|
dithiocarbamide$t 22 Th& 3}3tE4 9] tjAbE o
™ (Brugnone %, 1992), %3t Captan(Van Welie %,
1991)3}  Disulfirame @?43}919‘ HE A
(Doom &, 1981). Simon & (1994)& S4E 53]
dulFo AAL 8% ’[VICA°1 oA ez} BA7} Q)
thal stgick olejd W82 olio] =& o]dsiut
RUEE s dAE] geiMe
TTCA o9 o|3}zteth WAt tigh A7t
YQastr} Vasak 5(1963)& Hz2 oldsietio|
FRY LRAEY AW tAEE S Todine-
azide test® @3t of WHLE @2 AR &
ojgol 17 wol HEeta] B WHOE Hrty
SItE Doorn S(1RD & #oje A A 34 22
259 88 A8 A7l F old olMEH O] E (ethyl
acetate)®  FFeto]  olFsiRtAe FREAR
(glutathione)d] E&HA9 TTCAE grau ZEntE
Z12] ) (thin-layer chromatography, TLC)$} 245
dAFZZotE 3 (high-performance liquid chro-

Ao AEEH
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matography, HPLC), #A¢]4 §33 8 (UV- spe-
ctrophotometer) & ]88t #1811t}

Hol g o] 44 A8 HUHYL Rohs (1998)
o] 43 g o83l ol E AP Fojd T
free form¥ acid-labile HeN9] o|F3et A E 7}Ax
ZotE 73 3]/% 0] & 317 & 7](gaschromatography/p
hotoionization detector, GC/PID)Z ¥4 314

FE olggddas AW dARAS AH 6%
olgtgt TTCAZ H@E} o] YAEF & olgstel
=& ARRA Sol4d7 wigd agla A4
7R e AR I Hel ACGIH(1988)9l A
o|gstetho] gt AEHA =& 7)ES 5me/g
creatinines A3} Uk o]Fsletro] T 2
AFEZQ! thiocarbamidet 3 FHol A dl7bsA
o] Avtx ¥ uE] o thiocarbamide®t 179 &
=X 882 Bh3lE (carbohydrates)e] thAbel &3
g gkl Adrta weso] 1983 RE YRR
2 A3} AYHUS Department of Health and
Human Services, 1983). o|33letAo] thatEdol
thiocarbamide= #47HsAS 7143 9= 249
ok E3tal F44e) ooz A aAhas) 2
3 dAHol, T3 2F TTCAY 2F thio-
carbamideE FAo £A{ste] vlw Frigk d4e
A9 glv d4oltth Roh 5(1999)2 HA-dx5%
WE o]g3te] ojFslEtag 8F AMIEQ
TTCAS} thiocarbamide® FA1 £4aH3v}. AA) -
A FEA TTCAS &2 F2 whd  thio-
carbamides> 3]& o] W3ttt %3 thiocarbamided]
e Azbo] U whaA el 230 e 8
A Felmrt FA gttt wapd B oAt 23
< olgstegael 8F dAEASY TTCASH thio-
carbamideE td o5 M3 A9 AHE Bost
7] el FAHOR =

A, TTCAS} thiocarbamide §A R#g ¢13
o34 4 1A mE HHe HPLC ¥4 272
A,

A, A -4 F2A] o] g o] &3] F

o
L
]

Bl

¢

re e B>

I. &8 U

148 ME 717

R4 &% TTCA$ thiocarbamided: zH}t
Arhete] dA TEE Axzstd Y Basld gF
=4 E ARG oA E Y EE (acetonitrile, ACN,
Lot I 843030 847, Merk, 64271 Darmstadt, Germany)
S HPLC o402 AM39a oj#glerse o
T WA= TTCAE 43t Algadon(z
9% 5, 1992 3% FFHS Milli Q plus (Model
67120, Millipore SA, France)& AH&3lsich A st
TTCAY F2& 937198 IR 435 Spec-
trophotometer (Model 435, Shimazu, Japan)® TLC
(Silica gel 60 Fss 20X20 cm, 0.5 mm, Merk,
Darmstadt, Germany) & ©]€-slt}h, &% thrAtEd
o 2] 9 A%E 938 HPLC/UV (Gilson, France)
& AMgstden, REe#e Gk Gm 46mmx
250mm, Higgins Analitical, USA), Cs (5um, 4.6mm X
150mm, Higgins Analitical, USA), 18] NH-
(4.6mm x 250mm, Waters, USA) Z# & AH&atdt)
FORFEEFY A9 UV-VIS
Spectrophotometer (Model 160A, Shimazu, Japan) =

=48

2 A% TTCA $AL ALy 3
% 60 mioll FASES 8 g3} LA 289 10 ¢
Whstel £ T olBATL 92 g2 AelAlT

o Sn

ot
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T2 Ao M 20417 A e F g Gt 3 HH-AH FEA Bofol w2 2 Hot
2 pH 6744 AHAl3tsto] o|EolAHo|E 2 F&3} #F B0 7t AW 1 ol 6 M Hat
Atk FZe ZHAA dojd Evh & =@ (hydrochloric acid, HCD, %%, TASMMEE
Aol BEAo grre 7hete] A48 A Ao 6N P (sodium hydroxide, NaOH) 100 uf 713t 4,
Ao AARS st G TTCAZ Ak 2 F4, 7148 A7 & 93U EE, N EE, &
23 TLC, Aol Adedor 8913t & TF & MYEFS X3td f7ir] 7heigith. ol g ofAH o
A2 AT (2% 5.1992). E JqHE, Felsd 274 2 m M ¥ 2gad
o AR 71E o]-838ked 3000 goll A 2% HA
2) DA} O|SAll| wE TTCAS thiocabamide &2l 8tx 2t o] FZAE thE &7]d F& %
9 22l &Y ‘?}%3}"1 FEUTh Ropxl 432 ¢ Azl
A4 Aged 9% TTCAS thiocarbamide) 3 (.19 <) *Hphosphoric acid) 2 mlol =94 0.45mm
HPLC 2AMzAL dA37] st Cig-Column, filter(Lot 2693, Gelman, USA)E ©] &3l o 7}3t
Cs-Column # NH,-Column® 77t B A E= T 20 pE HPLCE BAMA 82 AN
HPLCo] dZsksitt. S/l 51 TTCA9 thio-
carbamided] EFEZE E 19 o] FHE& o] &3td 4) A& & SAYH 4
243y 53 2 AgllA ALE¥E HPLC 2 WA g FEE 5 ug/ml, 10 ug/m, 20 ug/mé, 30
272 i 29 2t} pg/miE A G4 pH, FE&vld & 4
Table 1. Mohile phase for the analysis of TTCA and thiocarbamide by HPLC
Elution Type Column Mobile phase pH
1 NH: 50mM KH:PQ, : Acetonitrile (90 : 10) 3.1
2 Cis 50mM KH2POs @ Acetonitrile (90 @ 10) 3.1
3 Cs+Cig 50mM KHoPOs : Acetonitrile (935 @ 6.5) 3.5
4 NH- 0.1 M Ammonium sulfate (100 %) 7.2
5 NH, 0.IM (NHy,HPO: : Acetonitrile (90 : 10) 8.0

Table 2. Operation conditions of high performance liquid chromatograph

Descriptions

Conditions

Cis (5¢m,4.6mm X 150mm)
Cs

Column
(5¢m,4.6mm X 250mm)
Mobile phase

NH (5um,4.6mm X 250mm)

Type 1- Type 5

Detector UV 119 detector (TTCA 272nm : thiocarbamide 236nm)
Injetion Vol. 20 il
Chart speed 1.0 cm/min
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o} A< A (precision) & Bl H7}3H .

Bao AdA f@r= 4 714 F2 (3, 10, 20, 30 pe/
m)E oz zZbzre]  ®olA| 4 (coefficient of
variation) & AAtatAch o WolAFE S o] &5t
23 wo| A4 (pooled coefficient of varation)E 7
Aatel o B3 Hol Ao AL thaat 2

(OSHA, 1990) (4 1.

RAACHE

g:lfi

&k, pooled-CV ; $3F Bl AT (pooled coefficient
of variation)
[ n 7kl B 5
CVi s i g thgk WolA S
fioARE BHF D

AZ8Aimit of detection, LOD)E NIOSH
(19%)1 M AAIg el wheh AEstgnt ARH
3} ghg WH e APAAAY = mX + bE A
sto] 2zt AlE kol wE wke JIg (v ZFELA
(standard error of regression, sy)E 3¢ (4] 2)

olefol e Noz AEUAZ Tt (A3

1/2

pooled CV=

LOD =3sy/m
sy = {Z(y] - Yvi)z / (N ~2)] 2 i (3

P

W N = ZF84 ARF m = 7&7]

o8} ol

Kruskal-Wallis test® A5} o0
w2 34g zolE Blwetnal Willcoxon Singed

ranks testZ AA| &1,

1) TTCA
2z
W RE

o} thiocarbamide2l =|CH
AT &
& g% HAdEgrads

TTCA ¢ Amax 2720m, € max=15,543+23 M~'em™

Absorbance Thiocarbamide :

15

SN

05

TTCA

—— ————— Thiocarbamide

200 nm 250 nm 300 rpm

350 nm

400 nm

Figure 1. UV-spectrum of thiocarbamide and TTCA in distilled water.
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TTCA® thiocarbamide & 540l 2z} =21 % 2} 2 ols4&z D™At] W TTCAL thiocarbamide
24 Aol M £438ke Figure 19] UV spectrum$ 9 H2lT &H
A}, %5 ol¥EA9 dAE4 TTCAY thio-
TTCAY) HAWEFTHH imax)E& 220mo)s H  carbamide® BA517]9148) o] EA TAAMS 57}
EE8ATE (emax)t 15543123 M'em!' 2o wwd A3N(Table 1) Cy column® Cp
(mean+SD, n=3)0]%it}. 3} thiocarbamided] 3 columng 82 A4 & 5) mM KHPOS o}A)
T3 ( Amax) S u36nm°][11 HYEEAAS BUEYS 9350 659) v)&&2 5t 0.7 mi/min 27
~‘E (emax) 11.590+30M ‘em ' (mean®SD, n=3)0] o Z(Table 2) 3% & W FAIEoe] B vy} 743
o} (Roh &, 1999). A JebdthFigure 2)E30)4 AAs 2o
|
0.3500 :
0.3000-
0.2500
0.2000+
0.1500
0.1000-
0.0500~
0.0000 : : < = 1 ; T T T 7
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
0.3500 A
0.3000- ;: E TTCA
i 2720m
,(<.__Th|ocarbam|de
0.2000- ]l \ 236nm /
H i C
0.1500— !i !a \
0.3000- ;1\] \’ \
C.0500 ; ;‘,4\, /\j \
0.000 S " ‘fJ \;{{\/'\/\MP\TV\_};’IMMM
Upper : urine blank Lower : TTCA, thiocarbamide in urine

Figure 2. chromatograms of 2-thiothiazolidine-4-carboxvlic acid(TTCA) and thiocabamide
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Table 3. Analysis conditions of high performance liquid hromatography for TTCA and thiocarbamide in urine

Descriptions Conditions
Column Cs+Cys

Mohile phase 30 mM KH:PO4 (935) : ACN (65)
Flow rate 0.7 ml/min

UV 119 detector
thiocarbamide 236 nm)

Detector
(TTCA 272 nm :

Injection volume

200

3) HH-AH FEA Zojo| wE 3FE Yot

Ak 8% TTCA, thiocarbamided] 5%& 5Sug/mi
(n=4), 10pg/md (n=4), 0pg/mt (n=4), 0ug/m¢ (n=4)
ol YIZkA R ZAdte] dAAZ SHUER, F
EE, QSUEES 747 H7tet A EHE ¢o}
£ A 2h7he] G4 A whet o3 Aol & HAoH
(P < 0.05 by Willcoxon Signed ranks test), TTCA

7z} ol whe 3

A0
T"T\_

FASg oz

Aol7} gl

Aot (P > 005 by Kruskal-Wallis Test) TTCA

= o opdHol B 01%0}"1

ol 744 %9t

g 3

(Table 4),

F%A] 568 %~103.8

SERES o8

sto] F&A] TTCAT 389~74.7 %, thiocarbamide

3A9~476

%5 TTCA®

U kot thio-

carbamide®] 3|T&2 FAE | FA] Al HEst
fon (Table 6) *W?é “41 ‘_%‘JC} ol dopA e o]

Es} JHEE o
dzE]d oz 3E de "Z%UHQ}
#glo] TTCA, thiocarbamide 75

7 AStE S o8t oY ofAHolER 35 TEY F& Mor & AAvrE H7IEAh
A gFgo] Hit 9047113 (mean+SD) %0l (Table 4, 5).
(Table 4), thiocarbamide= 3R FE o] &8t E 204 AAG 2HoZ TTCAS thio
Hege F3A 4394560 (meantSD) %At carbamide (10 pg/m)E 7+ FEEvlE F53510] £
(Table 6). FZ&do w& &S 49 & 239 Ag azvtEadde 29 39 2ok 4 F& 8
Table 4. Recovery rate of 2-thiothiazolidine-4-carboxylic acid and thiocarbamide extracted by
ethyl acetate in acidic condition (mean £ SD)
PH Conc. TTCA(%) Thiocarbamide(%)
(n=4) AS SC SS AS SC SS
a 740+52°  568+168  589+44 133108  180%18 7.90+%44
Acid b 87106  748+37 926%95 135+03 230101 840134
c 103808  746+08 770£71 134102 810202 255136
d 944+04 87105  723%165 940202  670X01 173£1.1
Mean 04+113 7257128  7B2EI155 124%174  473%294 1481783

a, Sug/mt; b, 10ug/ml; ¢, 20pg/mé: d, 30ug/mé; AS, ammonium sulfate: SS, sodium sulfate; SC, sodium
chloride; TTCA, 2-thiothiazolidine-4-carboxyvlic acid; not detected extraction solvents in neutral and base
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Table 5. Recovery rate of 2-thiothiazolidine-4-carboxylic acid and thiocarbamide extracted by diethyl
ether in acidic condition (mean * SD)

PH Conc. TTCA(%) Thiocarbamide(%6)
(n=4) AS SC S8 AS SC SS
a 31.0£128 2.30%45 183£29 N.D. N.D. 0.40%05
Acid 258+4.2 224%12 494%168 N.D. N.D. 30035
c 415%125 245+1.2 433£162 03006 ND. 350429

d 4H0+£272 449116 332220 08006 030120 200%11
Mean HBLI6T  WSHEIBR  361+161 0281050  013£050 222424

a, Sug/mé; b, 10ug/mt; ¢, 20ue/més d, 30pg/mi; AS, ammonium sulfate: SS, sodium  sulfate; SC, sodium chloride; TTCA,
2-thiothiazolidine-4-carboxylic acid; not detected extraction solvents in neutral and base

o W& B2 Al7} (retention time, RT)o] TTCA  $ov Fess o|&39 FFA TTCAY
= 12072011 (mean®SD, n=6), thiocarbamidet= thiocarbamide 274 3F&o] EUdSS 220}
7852001 (mean*SD, n=6)% AMdA Exr}  EIaHYE 539 ¢ F Jdrh

Table 6. Recovery rate of 2-thiothiazolidine-4-carboxylic acid and thiocarbamide extracted by 1-butanol
in acidic condition (mean = SD)

PH _ Conc. TTCA(%) Thiocarbamide(%6)

(n=4) AS e SS AS SC SS
2 M3560°  103%84  H1126  MIE16  172-152  02+R2
) b 3R9EE2 117492 W57 452*15  137+67 423179
Acid ¢ 406160 11866 219444  478%14  H6L77  513%19
d  7ATE179 142453 423+14 47606 307104 370426
Mean 496177 120687 2024889 4394560 2437125 377197
A STREB2 9074 BIE26 116455 8622 458289
7 b 22217 5540  R5E67 04101 4384103 311497
Newral 0 ggseoqs 175415 219444 5150 270191 378441
4 22:192 155402  423+14 4184170 465103 374420
Mean 589303 15855  03t827 2734560 315+169  3R0+141
a  306+45  ND. 670474  102+119  2BT+IE8  200+218
81428 ND. 050416 131404 4044134  37.0%187
Base ¢ 64532 ND. 167+187  21%45  362t146 2144304
d 807+22 ND. 44481 /708 361204  780+25
Mean  566-278  ND. 118106 2004128  01+165 216216

a, Bug/ml; b, 10pg/ml; ¢, 20ug/mé; d, 30pg/mé: AS, ammonium sulfate; SS, sodium sulfate; SC, sodium chloride; TTCA,
2-thiothiazolidine-4-carboxylicacid: N.D.: not detected
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Figure 3. chromatogram of 2-thiothiazolidine-4-carboxylic acid and thiocarbamide after liquid-liquid
extraction by ethylacetate, diethyl ether, 1-butanol
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4) Y -AH FEA EMAZ HUM b pg/mt 0012049 FEA] T SujE FEAR

o}
Y HES Gosity, g Fho thd dA T wWolAs gt
Oﬂxﬂ WA FEA LA & TG AP oM E 0037H4R Hol AUl & Ao w ¥ty

2 9T Wy FEL0e dM gt d#glel A (Table 7). TTCAE @XAE g Es

TTCAS thiocarbamide?} 55 &5 %o} + AHEstal ol olMHO|ER F54] Fho ©E %

o 2 4R B UYL An RANEY A G HolA4 ol 000REA AUl e Eofz
A 97 A} thiocarbamide™ GAAE B E2Z AR G3E) (Table 8). A&8H7A) X33
URFEE AL FERER FEA S5 wml A9 £FAZ AN A TTCAZF 017 we/mt
(0.04645), 10 pg/mé (0.03304), 20 pg/me (0.02884), 30 ©]al thiocarbamide”} 0.07 ug/méo) ich.

Table 7. Comparison between the coefficients of variation of thio carbamide by extraction solvent
and salting agents in acidic condition.

Conc. Extraction solvents
{pg/mé) Ethyl acetate Diethyl ether 1-butanol
AS SS SC AS SS SC AS 5SS SC
3 0006« 00926 10284 ND. 11547 ND. 0065 0.0600 0.2617
10 00208 04110 00480 ND. 1187 ND. 00330 12970 0.2345
20 00159 01416 00294 20000 08529 ND. 0028 05360 0.3376
30 00213 00625 00130 06019 05325 20000 00120 00166 0.0070
Pooled CV™ 00396 02591 05947 2086 1.1170 - 00375 09548 0.5978

", coefficients of variation with 4 determinations; AS, ammonium sulfate; SS, sodium sulfate; SC, sodium chloride; ™
Pooled coefficent of variation

Table 8. Comparison between the coefficients of variation of TTCA by extraction solvent
and salting agents in acidic condition

Conc. Extraction solvents
(ug/mb) Ethyl acetate Diethyl ether 1-butanol
AS 5SS SC AS NN SC AS SS SC
o 0007+ 00751 029%1 04131 01563 20000 01345 01034 0.8126
10 00062 01029 00492 01615 03408 00534 01336 02341 0.7868
20 00074 00923 00112 03024 0373 00430 01469 0.2020 0.5558
30 00040 02280 00058 06037 00095 0030 02400 00341 0.3720
Pooled CV™ 00408 0.1599 05947 04664 03074 : 0198 0.1892 03978

", coefficients of variation with 4 determinations; AS, ammonium sulfate: SS, sodium sulfate: SC, sodium chloride:
TTCA, 2-thiothiazolidine-4-carboxylic acid; = Pooled coefficent of variation
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