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ABSTRACT - The use of refined processed oils in food processing and cooking can result in the formation of 2-
monochloropropane-1,3-diol esters (2-MCPDEs), 3-monochloropropane-1,2-diol esters (3-MCPDEs) and glycidyl esters
(GEs) in various food products. Regulatory standards have been established in the European Union (EU), Taiwan, and Hong
Kong to control these contaminants in edible oils and infant formulas. This study aimed to validate a GC/MS analytical
method for detecting 2-MCPDESs, 3-MCPDEs, and GEs in commercially available edible oils, using the American Oil Chem-
ists” Society Cd 29a-13 and the European Food Safety Authority methods. The evaluated method demonstrated good linearity
(= 0.9999), with limits of detection between 9.6 and 20.4 pg/kg and limits of quantification between 29.0 and 62.0 pg/kg.
The intra- and inter-day accuracy ranged from 87.68% to 108.60% and precision (%RSD) from 2.63% to 12.96%, all meeting
the Association of Official Analytical Collaboration standards. The method was further validated through the Food Analysis
Performance Assessment Scheme international proficiency test, where satisfactory z-scores were obtained; quality control
material recovery rates ranged from 89.16%+5.03% to 108.14%+7.92%, ensuring the reliability of the test results. Analysis
of 272 commercial oil samples revealed 2-MCPDE, 3-MCPDE, and GE levels from N.D. to 1,753 pg/kg, N.D. to 2,492 pg/
kg, and N.D. to 985 pg/kg, respectively, with most samples meeting EU regulatory limits. Semi-solid oils were more likely to
reach these limits than liquid oils. This study provides essential data for monitoring fatty acid-derived contaminants in edible
oils in Korea, contributes to ensuring the safety of exported products, and supports reduction efforts within the food industry.
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1,3-diol esters (2-MCPDEs), 3-monochloropropane-1,2-diol
esters (3-MCPDEs) ¥ glycidyl esters (GEs)= 21&9] A
278 T AAEE Felledoln, 53] 4&fFA12 B
@AloA 200°C o] de] 2 &3 2E= Qs Beol A4

Ho, Aol AmE A e -, FAF, HEf, S5
Fr, sivkebr et 2 AASu AR 3E 7

FollA 2 ko] sobd 4 Aup. BESt vy, £EY
3 7+e wAW ek A Z e AAE ABEAY oA F
A A= o] 2-MCPDEs, 3-MCPDEs ¥ GEs7| =& 4=
o=z xgEo] Jvi BIE v Yo A e w
F el diacylglycerol®| 4} monoacylglycerol
I e AFAZE FHE ul acylglycerolo] HFE o] 2-
MCPDEs, 3-MCPDEs % GEs¢} 72 AWkt 2 f-3l&
2 P4 FXga By g vp Y. European Union

ol



(EU)lIA= 3-MCPDEs®] 7]|&+4 S I3 (coconut), =
S97(maize), -3 (rapeseed), 3l HF2}7](sunflower), 5
(soybean), 7 (palm kernel)®] 2 % Az} S E
L A(olive oils)Z 1,250 ugkg ©lsteolx, 71gf 2]EA 2
& (vegetable oils) ¥ fish oil 2,500 pug/kgel 3= A F
ATt GEs= HF &B[A} Al SA AL 259 948
2 AREEE AEA fAE 1,000 ngkg o8tz AA =
o tiRtel A= A8 52 AF/FHER FEEHe AT
T A&l sl 1,000 pgkg o132 AHske] He
stal dom, o= o} 7|E-tA o] miEE o] A
QTHO A A4 (International Agency for Research
on Cancer, IARC):= 3-MCPDZE “?17bol| Al @} 7154d o]
AE EZ” 2BH)E, glycidolS “Q17bo)| A ofv}= welbA
ol e =F” QAT)E RS A FH f8l =
Z(2-MCPDEs, 3-MCPDEs % GEs) & 43} 40| 9|3
free® ¢! 2-MCPD, 3-MCPD F+ glycidol2 A2
on, freed2 FAA] AAELAZ dHA o] 22
g u) Fo7t sty FAO/WHO 2 F3H7H=3He
7F1 ¥ 8 (Joint FAO/WHO Expert Committee on Food
Additives, JECFA)E 3-MCPD2] 2 3]-8-4% Z(tolerable
daily intake, TDI)S A5 1 kg 2 pgo & AAQ3kAc}. 2-
MCPD= A H7HA 54384 do|g7t &5 For
A 9182 3-MCPDS}F 543 202 JHEr+, =]
b fal felEd e B HHE 7R e s
TEEH, Axg] ZFAA transesterification E -F=A 3+
BHA] QAL 747+e] esterd EES A W3l direct method
9} transesterification @ =32 3 & A ito] Agt
Sk esterd B freed 0= 33t F ester®] TFEFS
A &3l indirect method”} 1t} Direct methode Y~
Ao EA = 1007] ]3] esterd EFS Aok
at7] wjZoll A ARGEA Fom, ARHAO R indirect
method”} AF&EH, o] AMZA esterd EHE F

+
:Ol=

Mo o ¥o

e
o

o] AP Z A A transesterification HF3-2 233 Lo
phenylboronic acid (PBA)Z FX43}8le] GC/MSZ 4]

Sk WHe o), v)= §-2]38}8Ks] (American Oil Chemists'
Society, AOCS)IX = A4 F3 fellEde 24 3t=
HPH O 2 3714 indirect methodE Cd 29a-13, Cd 29b-13
9 Cd 29¢c-132 FEIIATF. oA = A Ak f-2
frall=d 24 2 AejAle] gk A77F ekela &
wabA| o] FojA] 5L glom, B d ot ofe] FUtA
FE B ATl AEfAIeh AHETE o2} TRkt
2]FolA @2 3-MCPDEs 3 GEs7} HA&= At &2l
= 7htelM A or Ay Feste] vhe Y9l
f(palm olein oil, PO)9} 3-F(palm kernel oil, PKO)®
Al 3-MCPDEs % GEs®| Z4#aAE A3 Aarf B
Ak EF=oM = A EfollA H) 443 mg/kee] GEs
7V AEEHJL, AN A= A= 2EfrollA
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2.5 mg/kg ©17+¢] 3-MCPDEs7} #A&H 3, nl=Hol|A] Fhaj

£ Aefde 242 A 7.2 mgked 10.5 mgkge] 3-
MCPDEs®} GEs7} AEEH AT X 25} tpe7350 =y
A= 2008 41F F 3-MCPD esters 2AHS 723}
3l A FEEL e AEEER, ASTHE,
2W/FAAF F) 100709tk BRUE RS HAlEA L,
20179 2018doll= A FOFEFRAA AN HE F
glycidyl ester AlEH 7T 2 SQAE AP AFIAE
3l oF 550710 digh ASS AABIAT. o]} 7o)
Tl = At e felEd #E A7 B FEFAT
ZAbE mlgshH, AFe Zgld gdeA AFEEE A8
FAFO gk A g B9 Aol 53] ShHe=
Ao AHgE= 7P AL A= 715 5 shelA
7+ 3-MCPDEs % GEs®| o] & 2EA 7|50l H
3 Zrh B E T,

B Ao e AlFdA BuEE AEfAF S
Fog At fe fr3lE2 (2-MCPDEs, 3-MCPDEs %!
GEs)®] 342 £4138kL, GOMSE AHg-ste] AldHE 4
STk ol Edl 42 ARE vRo=R Y 245
o] A tigt 71ZARE AlFstaAl ).

Materials and methods

Samples

B oA A" AEe 2022 39HE 202493 6€2
7HA] 3 EF e Tl FEmld 40X (HERtE, A%nt
E, ZuuiE 9 AAAntE F) 2 22 L9 E 30
FHAA FEEL de AEFAF AE T 27205
SRt AZEe] A Wl liquid oil¥} semi-solid oilZ
TE3RLH, liquid oil ME F 1437055 2170,
55 2470, A 2070, FhEEks 1570, SB1EH 1570,
328 3470, 71 EARA] 1471) 2 semi-solid oil
AZ Z 2970 4570, £EY 3870, 71EH &6
1870, EF218F 2871) eH, vzt S o] 2ol
100%7} obd W& AWS FZ3k] ARSI

Standards and reagents

£ At AMEE EFE rac-1,3-distearoyl-2-chloropropanediol
(98%, 2-MCPDE), rac-1,2-bis-palmitoyl-3-chloropropanediol
(98%, 3-MCPDE), palmitic acid glycidyl ester (98%, GE)
of WHIEFEZ rac-1,3-distearoyl-2-chloropropanediol-d;
(98%, 2-MCPDE-d;), rac-1,2-bis-palmitoyl-3-chloropropanediol-
d; (98%, 3-MCPDE-d;), palmitic acid glycidyl-d,-ester (96%,
GE-d,)= Toronto Research Chemicals (North York, Canada)
A FUsFAT}E Ao AFE-H water, methanol, hexane,
ethyl acetate= Fisher Chemicals (Middlesex County, MA,
USA)9] HPLCHS AH8-38F913L, tetrahydrofuran (>99.9%,
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anhydrous), toluene (99.8%), sulfuric acid (99.999%),
sodium sulfate (299.0%, anhydrous), sodium bicarbonate
(299.7%), sodium bromide (299.5%), ammonium sulfate
(299.9%), phenylboronic acid (297.0%, HPLC), diethyl
ether (299.0%, anhydrous), 2,2,4-trimethylpentane (99.8%,
anhydrous, iso-octane), sodium chloride (=99.0%, ACS reagent)
9 tert-butyl methyl ether (99.8%)+= Sigma-Aldrich (St.
Louis. MO, USA)elAl Y &tich.

Analytical instrument

AMEe] =39, &, v 2 55 59 A oll= Vortex-
mixer (Vortex Genie-2, Scientific Industries, Bohemia, NY,
USA), dry block bath (EYELA, MG-3200, Tokyo Rikakikai
Co., Ltd, Tokyo, Japan), 53 AZ &= A]2%l(Evatros
T.C.S™ Pro, Total sample Concentration System, Goojung,
Seoul, Korea), < 3}5%7](Power Sonic 520, Hwashin
Instrument Co., Ltd. Seoul, Korea), 2% 8712010 Geno/
Grinder, SpexsamplePre. Com, Metuchen, NJ, USA), 94+
2] 7](Hanil Combi R515, Hanil Scientific Inc., Gimpo,
Korea), 4% =7(EYELA SB-1300, N-1210, DPE-2150,
Tokyo Rikakikai Co., Ltd.)& AM-3IITE £417]7]= Agilent
7890A GC System (Agilent Technologies, Inc., Santa Clara,
CA, USA)Z} Agilent 5975C inert Mass Selective Detector®]]
HHL Agilent DB-5MS (30 mx0.25 mmx0.25 ym)E- ©]-&-3}
Fom 42712 Table 13+ 2t

Preparation of standard solutions and pretreatment

solutions

A e FAEE TEYYe TSl esterd XFEE
Z L

"]QI" o L1
2 toluene®l] = 7} o2 Az T, o] Al

Table 1. GC/MS conditions for analysis of hazardous substances
derived from fatty acid

Instrument Agilent GC/MSD 5975 series

DB-5MS
(30 mx0.25 mmx0.25 pm )

80°C (1 min) ® 10°C/min—170°C
—3°C/min ® 200°C—20°C/min
—300°C (15 min)

Column

Oven temperature

Carrier gas Helium
Flow rate 0.8 mL/min
Injection temperature 250°C

Injection mode Pulsed splitless

Transfer line temperature 280°C

Ion source temperature 230°C

Quadrupole temperature 150°C
Ionization mode EI, SIM mode

7 FEUAE A 9 Eete] EFETEYS 0.5 mel,
S5mg/L 2 50mg/Le] F=7t HEE ste] ARSI Ui
X FEZ(2-MCPDE-d,, 3-MCPDE-d,, GE-d )& toluenedl] =
o Zbz} 1,000 mg/Le] WR-EFYA oz Axd F, o] A
7] WREEAAS 34 9 Egste] EhFEEE
< 50mg/lLe] &7t HEE stod ARSIt TR
T8 50 pLet EETENS AHe F 5Tt HEE toluene
o7 A 9 Zotste] Al ARg-akelt.

Sodium bromide 1 g& water 10 mLol| 5o =895 ot
E3 o] 8 180 uLol water 5.5 mL<%} sulfuric acid
0.3 mLE Y3 &3} sodium bromide AHd-&HS A=
3}tk Sodium hydrogen carbonate 0.6 g<= 100 mL
volumetric flask ° waterZ 83t 0.6% (w/v) T84,
sodium hydrogen carbonate 9.6 gS 100 mL volumetric
flaskol]l water® A &3] ZaFEAE AR, ol
ring-opening reaction} transesterifications £ 23l &
S 2 A3 Y. Transesterification®l] AH8-%|= sulfuric acid/
methanol &4 (1.8%, v/v)< sulfuric acid 1.8 mLE 100 mL
volumetric flask ©] methanol2 %-8-3}37, ammonium sulfate
£ 40% (w/v)= ammonium sulfate 40 g< 100 mL
volumetric flask®l] water® A& 3}o] ¥-& F2 T salting-
out =7 ARSI T FE=ASlo] AME-SH= phenylboronic
acid (PBA) €92 400 mg2] PBAE 10mL volumetric
flaskoll diethyl ether2 g-&3lo] X3-&q o2 ARESIS T

Sample preparation

A ol Frefl=Zol vk A 2= AOCS Cd 29a-
13 "3k EFSA publication 2015: EN-779%S 3118}
AT, 0il AEo] F2olA A ABE, 5= F7HA
Lojx] F70] A= fE Algae] AE 100 mg(£0.01 mg),
YR EEETEY 50 uL 2 tetrahydrofuran 2 mLE ¥
1527} vortexing 3} ). Sodium bromide 4Hg =& <8
30 uLE AlEol ol "sta, 50°C oA 1587 W

0r e 2 Y
off Mz
L)
>
~y
ox
ol
12
tlo
gl
Ho
AL
>
i)
)
=2
k5
N
k
X,

[e}
AMEE 250 xgoll A 227 A4l st dR=S
tetrahydrofuran 1 mLoll

9]
R
9 1.8 mLE ¥ol 1023 E9ala, fe2 Aldde] 54

S T AL 40°CAlA 1641 S WA Z T Sodium
hydrogen carbonate ¥3}-89 0.5 mLS Y3 10x7 I

sted RS A5kt £3E9] f718vE 1 mL7A
AArE 5227 3, 40% ammonium sulfate £11.3 mL
o] vortexing 3% Th. Hexane 1 mLE Y3l 10%7¢

P 3 Zo] BEEEd A= ¥E], hexanelE

=5 3 ¥ o RHESIITE -89 sodium sulfate 0.5 g



S Y A" 3 F ethyl acetate 0.6 mLE 2o 10%7+

£ fE Al 35S &2t Ethyl
acetate 0.6 mLE FZ34 2 T g w8l FEES
2E ?}93\11]— Ethyl acetate =] PBA & IOO uL~

vortexing S}

°] PBA= *]Ud“& tﬂ"ﬂ -4"“
. ZFEl iso-octane 400 uLE 2
EA 10&7& ] s & PTFE 0.2 um ZE|(Sartorius Minisart®
RC, Sartorius Co., Géttingen, Germany)Z 373+ A& &
ooz &t B Adto] &ty AZo] AO

>

=i

10 gl 20 mL NaCl $=89(20%, w/v)S 23 "3 5
tert-butyl methyl ether 15 mLE Yo AW-S F&31L

A AEH TLT e sl

Method validation

£ A+ol|X= International Council for Harmonisation (ICH)
Guidelines?} AOAC International Guidelines (AOAC 2016)°]l
w2t F A A (linearity), 753 (limit of detection, LOD),
2 &3 (limit of quantitation, LOQ), % &= (accuracy) %
AU (precision) s AlAFste] 84S Ak AA
Be BN HFEENE GOMSE o]&3te] 73] A%
%, 7t BEd) g EFEAD YREFEAe 93 W
A vE Altste] HA=FA-E FAd oL A Al (coeflicient
of determination, )& 7|4ttt LOD9F LOQ= &4
o] vre Fx JE 33 WHE EAS ¥ 3.3x0/S (o: the
standard deviation of the response, S: the slope of the
calibration curve)= 4F&3t 7S LODZE, 10xc/SE AH&
3 7+ LOQ= AT A= B4 Axgrp AA ghel
drht 2HA=AE AvistH S5d(%) A= Ad
S 9. ARnE 248 gt Aole) 284e e
RHEEE 54 Al A EF UxH%RSD)E 9133
o, Ao AR AW f2 fel20) AEEA o
£ gongd ERRELAL 247 A, F, L BEQ
MCPDEs : 84, 673, 3,367 ug/kg; 3-MCPDEs : 92, 738,
3,689 ug/kg; GEs : 116, 929, 4,646 ngkg)Z 2 7lste] 3

E

T
of

1_4

TE&E AT AEx A3 T intra-day precision
Sl NS s T A, 5, L §EE 53] W E

%

A8t %RSDE 313, inter-day precisions 3 <
A, &, AL FEE 33] B A8t %RSDE T
Horwitz ratio (HorRat value)= A1@¢ AUE 7S =

0
i& ol
o

(o}
ol
==

A el A8 7FsdS Uehll= miziigrel, RSDy/
PRSD, (RSD,: Horwitz A 2o|A Alg Azte] A

(%), PRSD,: Horwitz HEA 2o A o|=% RSD 7]’)3 A AF
Ht}. HorRat valueZ} 2.0 ©|3td 79, sig 4 Wy
Ao A8 7hest W9 &3,
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Proficiency test and quality control material test for

reliability of analysis result

FEAH A3t tis] 9=+ Food Analysis Performance
Assessment Scheme (FAPAS)] =4 &# %= A& (proficiency
test 2662)°1 F7sle] 9F AFE 319 2H, quality control
(QC) material (T2658QC, T2667QC LT2677QC)S B
2070 mbet A stk W A S gl

Results and discussion

Method validation

E-o] A (specificity)2 AZFolA A4 fell FelER
peak M5 A|7H(retention time, RT)ol 7Hd EZo] ¢l
3L, mass spectrumS Q18] 753k 3-MCPD-dS5,
3-MCPD, 2-MCPD-d5, 2-MCPD, 3-MBPD-d5, 2 3-
MBPD?| M2 =7} £25% RT= 242+ 10.16, 10.21,
10.58, 10.68, 11.41 2 1142822 eI tHFig. 1). 7
gL 0.002-1.162mg/L 9 Wl 87 FEelA] 2-
MCPDEs, 3-MCPDEs 2 GEsZ 73] uh& #2319t 2
AAG ()= 0.9996-1.00002132, LODF LOQE 2+ 9.6-
20.4 pg/kg 2 29.0-62.0 pg/kgd o™, A#HA A= Table
29} 7},

2-MCPDEs 93.07-107.92%, 3-MCPDEs 92.14-108.60%
2 GEs 87.68-105.66% 93, AR == 712 5.91-11.72%,
2.63-11.99% 2 7.50-12.96% % tF. HorRat value®=
0.82(intra-day) "]%+ % 0.64(inter-day) "]THSZ, AOAC
International Guidelines (AOAC 2016)°l4 A A3+ Zholl
T3 TE (Table 3)**7, o= A3 AFolA Hig
LOD 0.02-0.03 mg/kg, LOQ 0.03-0.09 mg/kg, A 3%
99.3-108.4% = LOD 0.03-0.05 pg/mL, LOQ 0.01-
0.26 pg/mL, 3]& 82.3-105.4%, Intra-day precision
1.63-5.22%, inter-day precision 2.78-5.92%%} ¥]sdk &
FolAeh-),

Proficiency test and quality control material test for

reliability of analysis result

FAPAS test 2662 (vegetable oil) =14 SH@ = A|go 2+
7Fet A3}, 2-MCPDEs, 3-MCPDEs 2 GEs9] assigned
value = 275, 569 2 459 pg/kgiL, v AHAS] measured
value 259, 618 2 46 pg/kg® 2 YEFST}. z-score= 7}
7} 0.3, 0.5 B 0002 ¢t AAE 7|58 #4 A3
o] AFAE HZE3ATHTable 4). 2 Ape] Y3 A7
JHE A HAFo =2, AW 7 felEd S X£¥ske
2189 29 AMZ(FAPAS QC material T2658QC, T2667QC
2 T2677QC)°l thet &4 A3, 3]5& H+tS T2658QC
92.74%+5.46%, T2667QC 96. 16%i5 99% % T2677QC
102.22%+6.91%= W 21248 SH 3 TH(Table 5).
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Fig. 1. GC trace of (a) Total ion chromatogram (TIC) of the standard solution, (b) Selected ion (147 m/z) of 3-MCPD-PBA, (c) Selected
ion (150 m/z) of 3-MCPD-d5-PBA and 3-MBPD-d5-PBA, (d) Selected ion (196 m/z) of 2-MCPD-PBA, (e) Selected ion (201 m/z) of 2-
MCPD-d5-PBA, and (f) Selected ion (240 m/z) of 3-MBPD-PBA.
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Table 2. Calibration parameter results of hazardous substances derived from fatty acid

Group Parameters 2-MCPDEs 3-MCPDEs GEs
Range (mg/L) 0.002-0.842 0.002-0.922 0.003-1.162
Coefficient of determination (72) 0.9998 0.9999 0.9996
Liquid oil Slope (£S.D) 1.7997+0.0439 1.5485+0.0473 0.1666+0.0099
Intercept (£S.D) -0.0004+0.0046 0.0008+0.0091 -0.0005+0.0011
LOD" (ug/kg) 13.5 9.6 12.7
LOQ? (ug/kg) 40.8 29.0 38.6
Range (mg/L) 0.002-0.842 0.002-0.922 0.003-1.162
Coefficient of determination (72) 1.0000 0.9998 1.0000
T Slope (£S.D) 1.6959+0.1954 1.5447+0.0802 0.1553+0.0205
Semi-solid oil
Intercept (£S.D) -0.0003+0.0026 0.0070+0.0152 -0.0001+0.0008
LOD" (ug/kg) 9.8 20.4 14.6
LOQ? (ug/kg) 29.7 62.0 442

" Limit of detection.
? Limit of quantification.

Table 3. Validation results of accuracy, precision, and expanded measurement uncertainty of hazardous substances derived from fatty acid

Added Intra-day" Inter-day?
Compound Group standard A 3 o Precision " 0 Precision 5
(ng/ke) ccuracy” (%) (%RSD) HorRat” (r) Accuracy (%) (%RSD) HorRat” (r)
84 93.07+9.58 10.29 0.44 98.67+10.25 10.39 0.45
Liquid oil 673 102.57£10.00 9.75 0.58 98.11+6.27 6.39 0.38
5 MCPDEs 3367 100.09+10.80 10.79 0.82 97.96+6.36 6.49 0.49
84 100.50+11.78 11.72 0.51 93.34+7.07 7.57 0.33
Semi-solid oil 673 106.93+£7.45 6.97 0.42 107.92+5.19 6.01 0.36
3367 105.91£9.36 8.84 0.67 88.22+5.21 591 0.44
92 101.83£9.46 9.29 0.41 99.78+11.69 11.71 0.52
Liquid oil 738 98.24+8.45 8.60 0.52 100.28+6.39 6.37 0.38
3689 100.30+3.68 3.67 0.28 108.60+2.86 2.63 0.20
3-MCPDEs
92 94.07+10.94 11.63 0.51 92.14+11.05 11.99 0.52
Semi-solid oil 738 101.93+8.86 8.69 0.52 98.67+8.72 8.84 0.53
3689 101.57+4.97 4.89 0.38 104.21+5.71 5.48 0.42
116 87.68+9.32 10.63 0.47 90.07+8.82 9.80 0.44
Liquid oil 929 99.78+8.24 8.26 0.51 97.14+8.38 8.62 0.53
GEs 4646 99.63+7.82 7.85 0.62 99.19+7.44 7.50 0.59
116 88.43+7.91 8.95 0.40 92.71+12.02 12.96 0.58
Semi-solid oil 929 104.99+8.74 8.33 0.52 97.18+9.52 9.79 0.61
4646 105.66+8.50 8.05 0.64 96.38+7.79 8.08 0.64

1) Analysis was conducted five times/day.

2) Analysis was conducted three times on three days.

3) Average£SD.
4) HorRat ratio for intra-day repeatability.
5) HorRat ratio for inter-day repeatability.

Application
UM FEEE 2720 AERAF
7N, semi-solid oil 1297])ol]A] =] HlAk

AZ(liquid oil 143

i

Fell=d

Ol:l
RN

A ARHEE,
o] YeRfiem, LOQ ©
N.D)E ZFA 3

AE+)
ke 2A

Table 63} 7+

=
=
HZ(not detected,
)

2 semi-solid oil



548 Hae-Soon Lee et al.

Table 4. Proficiency test verification results of hazardous substances derived from fatty acid

FAPA?\IrS'ference Laboratory No. Matrix Compound Assi(ilg/:](:g\;alue Mea(s:;lilg\)/alue Z-score
2-MCPDEs 275 259.11 -0.3
T2662 25 Vegetable oil 3-MCPDEs 569 617.64 0.5
GEs 459 460.17 0.0
Table 5. Results of hazardous substances derived from fatty acid in QC materials
FAPAS QC No. Compound Assi(irglc(lgv)alue Mea(s:;lilg\)/alue Re((:;:/)ery Relative star(lodA)e;rd deviation
2-MCPDEs 149 141.89+£10.27 95.23+6.89 7.24
T2658QC 3-MCPDEs 310 290.87+13.84 93.83+4.46 4.76
GEs 201 179.21+10.11 89.16+5.03 5.64
2-MCPDEs 213 192.21+15.37 90.24+7.22 8.00
T2667QC 3-MCPDEs 479 489.07+15.14 102.10£3.16 3.10
GEs 671 644.99+50.90 96.12+7.59 7.89
2-MCPDEs 531 516.12+36.31 97.20+6.84 7.03
T2677QC 3-MCPDEs 1013 1056.70+60.51 104.31£5.97 5.73
GEs 911 985.18+72.18 108.14+7.92 7.33
Table 6. Analytical results of hazardous substances derived from fatty in samples
Compound Group Subgroup No. of sam- Detection rate Concentration (ng/kg)
ples (%) Range Overall average Positive average
Corn oil 21 33 N.D.-132 23 68
Soybean oil 24 17 N.D.-107 12 75
Grapeseed oil 20 80 N.D.-456 198 248
Liquid oil Canola oil 15 53 N.D.-122 39 74
Olive oil 15 33 N.D.-117 23 70
2-MCPDEs Blended edible oil 34 91 N.D.-570 215 236
Others 14 86 N.D.-202 99 115
Margarine 45 100 190-1,703 754 754
Semizsolid oil Shortening 38 100 369-1,753 923 923
Blended edible oil 28 96 N.D.-1,263 692 718
Others 18 78 N.D.-1,547 487 626
Corn oil 21 95 N.D.-389 121 127
Soybean oil 24 75 N.D.-319 124 165
Grapeseed oil 20 100 44-1,075 491 491
Liquid oil Canola oil 15 73 N.D.-335 122 167
Olive oil 15 60 N.D.-433 66 110
3-MCPDEs Blended edible oil 34 100 85-1,1179 507 507
Others 14 100 52-639 312 312
Margarine 45 100 394-2,492 1,434 1,434
Semi-solid oil Shortening 38 100 868-2,492 1,747 1,747
Blended edible oil 28 100 282-2,380 1,324 1,324

Others 18 89 N.D.-1,950 528 594
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Table 6. (Continued) Analytical results of hazardous substances derived from fatty in samples

No. of Detection rate Concentration (ug/kg)
Compound Group Subgroup o —
samples (%) Range Overall average Positive average
Corn oil 21 100 219-903 495 495
Soybean oil 24 100 165-657 472 472
Grapeseed oil 20 100 308-639 417 417
Liquid oil Canola oil 15 100 243-717 375 375
Olive oil 15 53 N.D.-425 152 285
GEs Blended edible oil 34 100 125-812 459 459
Others 14 100 192-574 328 328
Margarine 45 100 287-985 626 626
o Shortening 38 100 227-969 571 571
Semi-solid oil . .
Blended edible oil 28 100 258-929 522 522
Others 18 94 N.D.-878 391 414
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