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Comparison of the Analytical Method for 3-Monochloropropane-1,2-diol in Food

Chang-Hwan Oh* and Seung-Seok Yoo'
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Abstract The studies for the derivatization of 3-monochloropropane-1,2-diol (3-MCPD) were performed mainly as
acylation with HFBI (heptafluorobutyrylimidazole), alkylation with PBA (phenylboric acid) and silylation with BSTFA
(N, O-bis[trimethylsilyl]triflucroacetamide). Also silylation with MTBSTFA(N-methyl-N-[tert.-butyldimethylsilyl] trifluoro-
acetamide) and acylation with MBTFA (N-Methyl-bis[trifluoro-acetamide]) were also considered. Except the TBDMS
derivative of 3-MCPD, all the derivatives were detected well. The derivatives of 3-MCPD with HFBI, PBA and BSTFA
showed below 10 pg/kg which was sensitive enough to satisfy Korea maximum residue limit 0.3 mg/kg. Among the tested
adsorbents, Extrelut20 and Florisil were evaluated as the proper adsorbents to eliminate the soy sauce matrix for 3-MCPD.
Ethyl acetate was the most efficient eluent with good recovery rate. The desired surrogate compound and internal standard
were 1,2-butanediol and 1,2-dibromo-3-chloropropane, respectively. The limit of detection for PB-MCPD and TMS-MCPD
were 10.16 and 7.06 ug/kg on GC/MSD, respectively. HFB-MCPD derivative showed the lowest detection limits 2.98 and

5.32 pug/kg by GC/ECD and GC/MSD, respectively.
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Atk 3-MCPDY o] 7Hg B2 AEFS A
a2 o, MelEEEAME 02mgke7A HEE AlEIZE
Qe Ao UejA Jon Aol AE,E 11 9o 9
Aoz g v} gl o9 = Agtm|g} o] wEH &)X
2 2Y 71 HEEANNE AFEY 3-MCPD7t HEdE ARZE
Qo] thEt A FE g A&FHA TUEFHo] Fasiri4).
3-MCPD E4& WA #7]80]< ethyl acetatel} diethyl ether
2 ARE 328 & F=AE UEY GOMSDE B4, A
Z3Ae A2 0005 pgkg FE7HA 7HEIATH4,5). AA 3-
MCPD ¥4%91& 37 NE 73 F At HA heptafluo-
robutyrylimidazole(HFBD)Z F+=|8}]#A Gas Chromatograph(GCY
Mass Selective Detector®MSD) % GC/Electron Capture Detector
(ECD)E EAst= W3 0.2% phenylboric acidPBAYE. =4
3kt %, GC/MSD ¥ GC/Flame Ionization DetectorFID)E 4
e whgo] gtk ARle AOAC TA Wle=z, FHATED)
NME AMEE T A vt APPSR 7" &
4] Hgolch, 3-MCPD 48 93] AOACIA] AFE Wi
AAS 33 HA Z2HExtrelu20)y2 3 Lol (diethyl ethers}
hexane)® F&3 & F5FE oA HFBIE f=F3slaL GC-
MSDE EA gt} GC/MSD selective ion moded 7% mZz 453,
291, 289, 275 % 2530|222 A3l HFBIZ f=AZIL 7
%, 3-MCPD 37}t sEUE vlwa wa] S25BE 27]|2%
E 50°CHE AlFsle] B4an vl ] zAE 3 3l
Me 3719 5L BAeE AEE SRR FA FHE ethyl
acetate®™. F&3 & F4E AlejolM 02% PBAE HEA3lEl

GC/FID == GCMSDE 243k Wdolth. GCMSD selective
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ion moded 7ZA-S-olE A=) & mz 147, 91, 195 E 1045 A}
231t} PBA 454 WL 128U vwd A $&FHEE,
2719 &% 70°ColA AlFHgie),

B dpodE A7l T wEe s £ 23d e
& 714 3-MCPD EAPM-S HEsla, #4276 vAs 9
ke Hlwalach 3 2 2 Jlel 84 dede LHgE B
e sEUTte]l AEEE TEEe e §3l SHEEQ 3-
MCPDE] 4] B4 eldAd-g HESIATH
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=43 Ak HFBL PBA 183 AA|-& Celitex Sigma
Chemical Co(St. Louis, MO, USA)IA 43815129, N-methyl-
N(tert-butyldimethylsilyljtrifluoroacetamide (MTBSTFA), N O-bis
[trimethylsilyl]trifluoroacetamide(BSTFA) % N-methyl-bis-[trifluoro-
acetamide](MBTFA)E Pierce(Rockford, IL, USA)2Y-E 74]31%
t}. A& AAl-E F3A Extrelut-202 Supelco Inc.(Bellefonte, PA,
USA)ollA] 2] Silicagel(Merck, Darmstadt, Germany), Flori-
sil(J.T.Baker, Phillipsburg, NJ, USA) % LC-diol(Alltech, Lexing-
ton, KY, USA) 5% AM8-38l%ich. & 3-MCPD +2& 4% &
714 2E fuje] FAE T8k, i-octane, toluene, ethyl ace-
tate, diethyl ether, hexane T& Burdick & Jackson(Muskegon,
MI, USA) 5ollA 79J8ted ARg-stsint. 3HH, 3-fluoropropane-1,2-
diol, 12-propanediol % 1,2-butanediol > surrogate ETEAE,
1,2-dichlorobenzene & 1,2-dibromo-3-chloropropane WHEEE
A(internal standard)24] Sigma Chemical Co.*14 T3t ch
GC-MSD AZZd FH5d M- F+aXE 3-MCPD(;-
MCPD)e Fluka(Fallavier, France)ollA] vl 3153t}

247171

71718412 Agilent 6890 GC9 7%7]Z FID, m-ECD 52
Agilent 5973 MSD(Agilent, Palo Alto, CA, USAYE AM8-3tth.
APL J&WAKFolsom, CA, USA)¢] DB-5MS(30 m x 0.25 mm
%025 um film thickness)& 154 ¥F(1 mL/min)yz A AMe
stk 2 2B 70°ColA 2%z RAAZ F 10°C/mind] &
=2 200°C7HA] ASAl7]Z 1087 WE 5 280°C7FA] 30°C/min
o2 AEAA 1087 X8k 2AE o83tk AEE 28
H] 15:18 240°CollA] FY&HF21 MSD= electron impact mode
(70eV)Z interface =%+ 280°C ZLE]3L solvent delay timeS 3
ot

frAE Bs

3-MCPDE GCE £43l7] 918t =48 WU oast 7k
Hulli-octane, toluene == ethyl acetate)oll 1ug/mLe] 3-MCPD
o REFEZ £ EEE 1mLE Zz ulo|dd I F,
HFBI 50puL, PBA 1mL, BSTFA, MBTFA, MTBSTFA Zz}z+
100 uLE 718 wio|gell Hrleta 27 wRtg £ 70°C &8
oA 3% F<¢F WX g} oju) HFBIS #|9§ PBA, BSTFA,
MBTFA ¥ MTBSTFA #%4 AR A7 & Fx2] glo] vl
2 7171 4380, HFBIY 7t 274 1mLE Y718l 5
87 Wkxsle] Bl® A (-octane) 1 mLE 3 22 vlold
o A dol Ao BEhEFoR sEZ WAl 57

< AAS H, AEZ AR

EiHe| Hg

Ng2RE 3-MCPDY 3+E 93 F& 2 &5 AHe
IRF FEg DY /& FHUL AHER ' Extrelut20
& ¥3}aled, Celite, Silicagel, Florisil @ LC-diol 5 559 §&
Aol el & 2 22 4L Hlw PESL. BFH 3
Aol gt AP matrix dispersion L ©-831%28, HFBI
2 g=A3} Aoko g AN ABEQ HFE AER 7Y
sto] 1 mgml F50) HEE A8 Avie H, 2+ F2A ol
sted 3-MCPD9] 3|+&% 43t

ANEE 10g %3 5 vlojA Hol, 50mgmL 1,2-butan-
diol 20 pLE surrogate EFEAZ FA7IsIAch = ¥ A7 &
AA 9 AES 283 49] glass columnol] FZEL FEA=
lem %012 FFIMUEFS FHsAUTh &&E&E ethyl
acetate 250 mLE £7 10mLY] £E2 §EA1A Egidd =
o} rotary evaporator2 1 mL7HA &30t F 5% A8
fxH) glojde] &4 BL & 40°C heating blockollA] oFst A
Avkaz A fujrt W wizkA] diRHTh 2 F joctane
1mLZ A& ¥, F=43 ARl HFBI 50mLE 7183
vortex mixerS ©| &3] £27} wakElTh 70°C LE0AM 3087
W8, 2F4 1mL H7Pele Zugt 3 EeE 4SS bl
oo A o}, FFIMUEFS HUISE 5B WAs
25 AAF F, A8 1mLel] 50mgmLe] WEEEEZE 1,2-
dibromopropane 20 uLE F7}sle] GCMSDE #4315t

S&8019| AE

AE7t 491 FRA=RE 3-MCPDE #237] 93 &ui9
FFe AR At AA TPFAEE Extrelu20d) T
3 24z 250 mLe] diethyl ether 2 ethyl acetate® A7 £F&A]
71 W7 hexane + diethyl ether(9: 1), hexane +ethyl acetate
©:1) 80mLE HA AHE AT F, diethyl ethers} ethyl ace-
tateZ Zt2 £&A7)e 294 £& Wy oistd FESsIAH
$EA3k= HFBIE ARg-sle] 333t

Surrogate ¥ LHREESAS| ME

2)Z¢] 3-MCPDY] ®£4& 93} 371¢] 4-MCPDE ™A st
AR surogate EEEYH UIRIFEEFY =S AEIN
t}. Surrogate BT EZDZE  3-fluoropropane-1,2-diol, 1,2-pro-
panediol ¥ 1,.2-butanediole] AFE-H oW, WREFEAZE 1,2-
dichlorobenzene 2 1,2-dibromo-3-chloropropane®] H]x. £ =]
o} olu] A3t zt FFEEH FAE 93] HFBI 2 PBA &=
Azt A& AX GCMSD B GC/ECDE #4131 Hhg=g H|
&R} o) ZFzke) surrogate EFEEE 2 WEEFEZDL 0.1
g H FFI7F 100mL7t S8 Gofol] &|AIZT F 200)
3lM% & sumrogate TFEFL AR, 273 YEIESHLS

717184 FA 20 ul(l pg)E Arkslel 243k}
23 o o3

R He=A

¥hS-A k9] g8k 3-MCPDS] #4& 93 f=A|st FH A
S=A AJ°FSZ HFBI, PBA, BSTFA, MBTFA % MTBSTFA
£ ARl AEldt & 3-MCPDS} d-MCPDS] {=418) vkg- 2
32 v)Z3ch. X o2 HFBIY o3 S=A3E IFES
©] EI mass spectume Fig. 13} 7t} HFBIZ T3 =3}
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Fig. 1. Electron ionization(EI) mass spectra of (a) heptafluoro-
butyryl(HFB)-3-MCPD and (b) HFB-d;-3-MCPD derivatives.

AIoRE AMEEte] dojR) 7t BIRHES] EI mass spectrad] 2.3
fragment ion> Table 19 YeRARICE

3-MCPD ¥4 w9 2&FU F=A W69 Hid
HFBIZ acylation ¥ HFB-d,-MCPD ¥ HFB-MCPD =X¢] ¥
3 71z |E-EA7 571 B 5.77 B4 YERHJSH major ion
o2 mi 169(CF)E TEH R 7T e A= Yeyth
old} miz 1695 AEH d-MCPDE m/z 456, 294, 278, 257°]
3-MCPDE m/z 259, 275, 2530] £33 ooz el =g
CH,Clo] EolA Uzk M4 o] 22l mz 453 o]&= RIS
th. §¥, PBAS ©]&3 alkylation F=AMPH(10-12)2 FuUjellA
3-MCPD 4] A] 2 ARSI e WHoE f=Ast ik
F yxe & AErt ga glen, vheA7iE &3, GC/FIDE
= o] 753 Aol ok 2Ey o AEY diole] 1 B
2 A= A7 US AT FEASI 7R Alge] Aot
BXA% PB-d-MCPD ¥ PB-MCPD 9] 8 fragment= 72}

miz 201, 150, 93 2 mi 196, 147, 912 JJelstct, o]elo= PB-
d-MCPDJHIM= mz 107, 106 2 104 5] &=t BSTFA
£ ]88 silylation SEAHE(13,14) PBAS} miiiAE £
227 da glov, 8o o uzksit)h. f=A ke A
TMS-d-MCPD ¥ TMS-MCPDY] F8 o]2& 7tz miz 119,
208, 2449} m4z 116, 205, 2392 JEton, TMS-d,-MCPD %
TMS-MCPDe] AZalE 8o 8 o] miz 147& (CH,),Si-
0'=Si(CH,),2& TMS #=A¢] 53U o]0tk TMS F=A
o] T2 e &4A AM-E = Qe [M-15] 0l TMS-d-
MCPD 2 TMS-MCPDA Z}2Zt m/z 239 2 2442 FRAFH UL
MBTFA= BSTFA%} 543 54 Zed, 249 #EE Al
Zro] B YR F2 A7kl §&F o] GCMSD £4] Al S0iw
A HAXE EAHE YERAITE #9, TBDMS-3-MCPD #%
A Has £&259A 4%on, ol MCPDE F+EAJTMSH H]
sl AhFoZ ¢ 2 TBDMS 1E9] steric hindrance® ¢l
3t Fre] &2E 25 Al X} P27 Hed R
o2 FHgr

vhg-guje] 98k 3-MCPD 24 Al Z F=A] Aleke 3-8
o] wje} g2 AEEE Hole Ro= Yyt o2d At
£ Table 20 f9ofsle] e w3 {0 2= i-octane, ethyl
acetate & tolueneS AME3}H I, 70°CollA] 3087F 7148 A
3t ZANA GCMSDE ©|&3le] H|=3l . oluf Table 2414
9} 7ro] HFBI A2k o]&3le joctane, toluene &7 3lollA
MCPDE acylationdt A% A2 HA18 =7]¢] HFB-MCPD 3=
7} B2H.01, ethyl acetates 2ol th &3]=7F E FAZ
33 AM-E HFBIY A A#HH o] E7Fsse] whegvizs A
2 E3lhc) a8y 02% PBAS o]-4% alkylatione M71A] &
o] 2 ethyl acetateo]X] 71 & PB-MCPD ¥3E 4& & U
t}. BSTFAE A8-3F MCPDY] trimethylsilylation™ ethyl acetate
g &rz 83k A9 7P & TMS-MCPD ¥3E 48 &
AATt. Ethyl acetate®] 73 i-octane2 AME-3F 739180} oF 108
o]4r¢] TMS-MCPD T2 response”} &= o] BSTFAS ©]-&38
silylation®] 7Fg 58 whg Sei2 15Ut E§ MBTFA
A|ekS 0]8-8 TFA-MCPDE toluenedl X ¥]:2& <=3k response
Z YeldARE 717] B4 Al guildas) uR sHgA £&2EHA
on, = 39 V)= 7Ie GE FEAE H§) o @
2 responses YERHSATT.

Table 1. Major fragment ions in the electron ionization mass spectra from each derivative

Derivatization reagents” - Derivatized standards Major fragment ions (1/z)

HFBI 3-MCPD 453 289 253 169
d-MCPD 456 294 257 169

PBA 3-MCPD 196 147 104 91
d;-MCPD 201 150 107 93
BSTFA 3-MCPD 239 205 147 116
d;-MCPD 244 208 147 119

MBTFA 3-MCPD 253 175 153 69
d;-MCPD 256 178 157 69

MTBSTEA 3-MCPD nd? nd nd nd
d-MCPD nd nd nd nd

YHFBI: heptafluorobutyrylimidazole, PBA: phenylboric acid, BSTFA: N,0-bis[trimethylsilyljtrifluoroacetamide, MBTFA: N-Methyl-bis[trifluoro-
acetamide], MTBSTFA: N-methyl-N-(fert-butyldimethylsilyltrifluroacetamide

2nd: not detected
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Table 2. Relative peak areas from each derivative of 3-monochloropropane-1,2-diol on different reaction time at 70°C with various

solvent media

. Reaction time (min)
Derivatization reagents" Solvent medium -

10 30 60 overnight

i-Octane 1457 1500 140+0 40+2

HFBI Toluene 40%1 145+£0 150+0 145+1

Ethyl acetate = - - -

i-Octane 201 20+ 1 201 15+2

PBA Toluene 140+3 140+ 6 135+4 145+ 4
Ethyl acetate 220+7 220+9 2106 205+ 12

i-Octane 10+0 50+2 401 40+1

BSTFA Toluene 50+4 220+15 2007 200+7

Ethyl acetate 150+ 23 3908 380+4 380+4

i-Octane 10£1 50+2 50+6 40+1

MBTFA Toluene 95+2 100£3 100+ 4 100+3

Ethyl acetate 306 30+4 35+£3 180+ 9

YHFBI: heptafluorobutyrylimidazole, PBA: phenylboric acid, BSTFA: N,O-bis[trimethylsilyl]trifluoroacetamide, MBTFA: N-Methyl-bis[trifluoro-

acetamide].
B.; not determined

Table 3. Recovery rate (%) of 1,2-butanediol (surrogate) and 3-monochloropropane-1,2-diol (3-MCPD) from the type of adsorbents

. . Adsorbents
Type (matrix) Derivatives - - —

Extrelut20 LC-diol Celite Silicagel Florisil

Standard Surrogate 90.5+1 86.0+2 104.5+0 81.0+£3 94.0+2

ar 3-MCPD 120.0+2 146.0+ 15 1050+5 80.0+5 101.0+1

Samol Surrogate 92.1+3 NT* 92.4+4 101.0+3 879+2

pe 3-MCPD 934+1 NT 65.6+18 72.0£10 10413

*not tested.
YhgAIZe] g%k 3-MCPD #4-& 3 f=A3} whg A] it 30 et

S8ule] FF9 tE] whgAIZe] S WA= RoZ Ve
%} &, Table 29} ol 70°ColA] Z+2}; 10, 30, 60% 2 3123}
¢ Bkg8 & GC/MSDZE 24381tk HFB-MCPD S-=4]31¢]
75~ ioctane SN E 10-60271A] eE4 3 wHe-g Kl wig,
toluene 30% ©]F A wH-& JeRNT E3 PBAE
ethyl acetate>toluene > i-octane®] +22 43 At AHHI=S
Blon, vhg AFHE A7l te F3ke A ok =3
TMS-MCPDS] 8uid Ao #8)x PBASH FU3 o2 1}
Efgoyt BE 308 ofF Y Aoz Jehlo] HA Ay
EFUAE UEPd 60 o]l whg AlZbo] ulgadre Els}
%t MBTFAZ AHE& TFA-MCPDE i-octane®] 73 30% o]
T, ethyl acetater= 60% ©JW) 22X toluene Hut¥ oz 72
EE HAFUT). 28} ethyl acetates overnight 3 7% F
A3 fr=A s3HEe] F71% A2 Hol Li 53159 B2}t
Zro] Wkg X|7bo] Fyigte] wWel A& she fuX] AR
5ol EHE sl Atisos B Qo= Huy How ZAmu}

&Nl ug

Extrelut20 ZH-& T3 Celite, Silicagel, Florisii & LC-diol
5 0 FAS A A 99 FIe AEsa
olef matrix dispersion ¥H L2 ethyl acetateS 2282 3}
HFBI =4 #38& %3] 3-MCPD E58 ¢ A4 A FAM9]
FAA U B5ee 2sk) vlmaon, I AR Table

Extrelut20, LC-diol, Celite, Silicagel 2 Florisil®] surrogate 3|
T8 Zz 90.5, 86.0, 104.5, 81.0 B 94.0%E Us 3 £
HeERHI LY, 1 pgml $F0] HXEE3-MCPDE #H7lsle A¥
g A3} FFEL 80.0-146.0%F ThYe W99 7S vehich
$HA, Celite, Extrelut20 2 LC-diol®] 7%, A715 BEge] 92
3= IFES Jepngien, 34go] 146.0%9 ©]& LC-
diok> 3-MCPD F&A|2= A§slA] &2t 2 29 F2A ¢l
Extrelut20, Ceilite, Silicagel 2 Florisil& 3-MCPD B0 7V53t
Aoz wetsEqleh FW, AIZE Ao A& 7ML AREEE
4 3-MCPDE 71t ¥ 92 358 2o o= Table 37
7] surrogate B FE&L 87.9-101.0%, 3-MCPDE 65.6-104.1%2)]
HAE Bl od Celites} Silicagel2 surrogate -E34]¢] 3]4
&2 Guy] W) 3-MCPDS) A% 726563 72.0%=2 Al
2o g yre 3488 velint uha, Extrelut20 2 Florisil &
Ae 924 2 104.1%2 358 348E BoFo] 3-MCPDY
4ol Hitgk Aoz FHAH )

EE3019] A&t

B3E A8y B3(16-18)0] 45 3-MCPD o] 38 #2
ethyl acetatel} diethyl etherS TiH-2 AMgsle Zloz duid 9l
O, B ethyl acetate®} diethyl ethers Zbz; Fle] 4] 2
AOACY A8 SullZA 334 BujAIFE F2sly, 2 49
AN A 2 dEH F T/ Sl O F258L



364

=14 Z3k3) ) Al 39 @ A 4 3 (2007)

Table 4. . Recovery rate (%) of 1,2-butanediol (surrogate) and 3-monochloropropane-1,2-diol from the type of elution solvent

Elution Solvents

Type (matrix) Derivatives . Hexane/DEV Hexane/EA?
Diethyl ether Ethyl acetate -
Diethyl ether Ethyl acetate
Samol Surrogate 899+3 10060 102.9+2 93.8+1
ample 3-MCPD 81.5+3 9521 80.1 = 4 92.1+2

YHexane/DE: pre-eluted with hexane/diethyl ether (9 : 1).
Hexane/EA: pre-eluted with hexane/ethyl acetate (9 : 1).

Abundance
Sac 1,2-butanediol
RS S
FOTO
1B0OCo 4
AMO0a

EP Y

3~-MCPD

7o 4

1,2-dibromo-3-chloropropane

4.00 5.00

6.00

T

7.00 8.006 min

Fig. 2. Total ion chromatogram of heptoafluorobutyryl (HFB) derivatives of selected surrogate and internal standard for 3-
monochloropropane-1,2-diol analysis. Surrogate standard: 1,2-butanediol (RT; 4.75 min), Internal standard: 1,2-dibromo-3-chloropropane

(RT; 6.85 min).

vlwatgich. B AlgWe] WEER AA 8 o TS
AED ) At 7} 8= 8F 7 Table 49F ¥ hexaned}t &
818 42 EFEHE YL AAT T H4-EE v wsA
o}, olul A8e 7P E, Extrelut20S ©|-§3t £&313 HFBI
2 fFxAgsidth. 2 A3 Table 49 7o) ethyl acetate$}
diethyl ether® &2 Apg-3te] §ZA|Z0 3-MCPD 3§
diethyl ether®l] B[a}} ethyl acetate’} JThH o2 ¢-F3lH o, o
A3+ Spyres(19) 2 Van Bergen 5(6)2 A3t9} dx3tx ok
S, 7 8uE 8& A v AR AAE A3
hexane® X 3= 202l hexane +ethyl acetate(9:1), hexane+
diethyl ether(9: D& AZR3tY AAY ¥ &5 A7 Jr&d
zZtz} 8017 92.1%=2 MCPD =4 =329] 3|4=&o A2 g
< FA &34t} Surrogate®] 7A-$-= diethyl ethers: FE8TlE
AMg-sle A9t o] FUHE UERE ¥ F5gd 9%
F2) k& Ao g Yeh.

Surrogate ¥ LHREZEEZE
3-MCPD9] B4 9%k H-3 z}7}+9] surrogate 3FHE
REFEE AYS 8 2z 2 f=As A= Ads] 9

sled ztzhe] 3}31E-S HFBI, PBA F-Ex) wpio= Hsige
o, 3 GCMSD, GCECD 71714<] Z=E ¥li HESISIH
HEFH o AUMH sumrogate E R EFEZAY] AZnEIHS
Fig. 2¢} . £ dPoAM e surrogate 552 3-fluoropropane-
1,2-diol=} 1,2-propanediol = 1,2-butanediol A F &AL, WRE
TEZZ = 1,2-dibromo-3-chloropropane® 1,2-dichlorobenzene
A B3R 3-Fluoropropane-1,2-diok® fr=A] Wkg-& 714
A A%E A, A FAFRA] 4o HA9 response LT
B3I Aoz A= 2 HFBL PBAY 9% 2+ fEA9] o
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Table 5. Optimized reaction condition and detection limits of proposed derivatization methods for 3-3-monochlorepropane-1,2-diol

analysis
MDL"
Derivatization reagent Reaction media Reaction temp.
GC/MSD GC/ECD
HFBI i-Octane 30 min at 70°C 532 2.98
PBA Ethv] acetat No heating 10.16% 3
BSTFA viacetate 60 min at 70°C 7.06 -
YMethod Detection Limit (MDL) = SD x 3.14.
Ing/mL (ppb).

Inot detected.
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