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Abstract Polar and non-polar columns were compared to verify their effectiveness for the analysis of
ethylene oxide and its reaction product 2-chloroethanol as specified by the European Union and Ministry of
Food and Drug Safety. The residual levels of the target ingredient were determined in Korean instant noodles.
Ethylene oxide has the same retention time, molecular ions and quantitative ions as acetaldehyde. Therefore,
it is difficult to analyze alone. ethylene oxide was subsequently derivatized into 2-bromoethanol and analyzed
using GC-MS-MS. DB-WAX and DB-5MS were selected as the polar and non-polar columns, respectively. In
DB-WAX, separation of ethylene oxide and 2-chloroethanol was confirmed at 5 - 6 min, whereas in DB-5MS,
these analytes were separated within 3 min. The component retention time in DB-5MS was shorter than that
in DB-WAX; however, both components were detected without interference. Validation results with the DB-
5MS column indicated a limit of detection at 0.002 mg kg, limit of quantitation at 0.006 mg kg, and good
linearity (R2=0.999) within the range of 0.01 to 0.1 mg kg". The recovery rate of four products, including the
finished product, noodles, soup, and dried vegetable mix, was good (between 82% and 109%). The residual
levels of ethylene oxide and 2-chloroethanol were investigated in domestically distributed instant noodles (31
samples: finished product, noodles, soup, and dried vegetable mix). Ethylene oxide was found to be non-
detectable in all samples, whereas 2-chloroethanol was non-detectable in the finished product and noodles, at
-0.03 mg kg in soup, and at - 0.05 mg kg™ in dried vegetable mix. Under the column comparison conditions
of this study, the same non-polar column as that applied to the multi-component test method for pesticide
residues in the Food Standards can be applied to the ethylene oxide analysis method. In summary, this
method can be used to increase analysis efficiency and verify target component detection.
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Ethylene oxide (EO, CAS & 75-21-8)= poly ethylene A& HES e nAES d5E A s &
glycol®] 4 AR, o], 2Fo| o]27171A] TheFgh of A= AHE-sh= Zo] 81-8-38tal Ark(Kowalska and Manning
2022). 22lu} ethylene oxidew= w4 =% Al 57| A=

*Corresponding author 9 ¥ &4, FF, WA, TE, AL w7HE 2 ASS
E-mail: gwpark@pulmuone.com kel = Q3 WAl wE A ko] B A2 EHol 4l

128


https://crossmark.crossref.org/dialog/?doi=10.7585/kjps.2022.26.2.128&domain=http://kspsjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

HEASAOIE H 2-22=20iEts MY 71 2 I SMfTH0MC TR A 129

73=4 53} Bo] QITHATSDR 1990). 53] =4 ¢ A+ 71EHOZ (.02 mg kg 1S AR EI|FoR FHEH oo}
7]#(International Agency for Research on Cancer, IARC) Sttt HAlSKAT 35 BAS Bes] $8 aE89T
oA oA W= (Group 1)E EF8IL A, W= 3+ ey o3 = 2021Lﬂ 1299l A& FAH(EU) 2021/2246&

R 33 (U.S. Environmental Protection Agency, U.S. EPA) st Shroll A yE 2ol tist AA Askel E
2 FHATS] A WHEARE At Agstal o o 32 QASAE A= E SFSIUATHEU 2021). =
(IARC 2008, EPA 2016, EU 2015). W4 FHoE A& M= 2)Fo] AMgo] FAH ethylene oxide= &5 &5
T2 A IR FoFRE87]1%(Maximum  Residue A2 JA|A| (Positive List System, PLS)l| wle} 2H7-3]&
Limit, MRLs)S &3l SFCHEU 2015). 71 nldA sokol thek 2HR3]87] 0.01 mg kg'S

Ethylene oxide= %2 JJIAEISH 104°C)2Z 2ls) Agsle] #A)sl 1™, 2-chloroethanol 2021 8Y
WEA AR FH 200N AstEd whgste] 3 AEAA 93] ARTH AE AA F, F, = B

ol Aoz e giAlF AHEQl 2-chloroethanol (2-CE, 712 E@EAL) 30mg kg o3}, 9 Gol= A4H o)
CAS Y13 99-107-07 H]54 129°C)e] A=} Wb & qo =R 3= AEL 10mg kg' °l3E YIS A3
HAT] ethylene oxide ZHF+5 2= ethylene oxideol| 2- ATHMFDS, 2022). ©]2]3} o]<rol] we} =WA|A S4EhA
chloroethanolE 13+ 7+ S=3HCH(EU 2005). o] ZFT ol A YA FHrtol tig Ay FeT Ao
AT 2FEAIEAIE I E (Rapid Alert System  for Z Alsdh
Food and Feed, RASFF) X492 3l ethylene oxide®] H B3P v)7F 7529] ethylene oxide2] ¥-4]& 7Hch
A71% 23 Al olqrell sl LAl Aok 2020 94, - skA] erom, AF7HA] g e thekd sfEY 2] o
Hoz #du AxAt F7foll ethylene oxide HE F5=0] sk WS AAEe] A skt B4 WHe 2 I,

WA7IES Z2Aske olf7h JATHRIVM and WSFR A, slE, Aot e AxAFel s it
2020). s o]l Wit AAA I 3= ddsie] W (Jensen 1988, Tateo and Bononi 2006, Ueta et al., 2009).

2 g F7r 23 718 AEFF 2 o AlEe] 3 Ethylene oxidee acetaldehyde®t ™45 A7t} Aol

2 o)X th(European Parliament Note 2021). 4 ¢ gl o] o] BF 7o} dEo g BAMsl= d A7) Q)

3l AmddAM FYss ZE el 0.05mg kg'Z A4 THEURL SRM 2020). #tAl= 24]% W 2-chloroethanol

B 71%E 53R E e S AlESHA AldEith AJE-S ethylene oxideZ A3t & sodium iodide® 2] 5}
il

S QoA FAFo R FUEE 20 50%e U Al ethylene lodohydrinZ %13+ & GC-ECDZ #4]38l= Wi o]
A &5 oJRE e 5 A3E ZAHE FUTHEU AATH Woodrow et al., 1995). ©]F A|& Z ethylene oxide

2020). 2232 20214 8° oz Y =t gl £ 2-chloroethanolZ A3l F3H02 E2AJ351AL, ethylene
Al 2-chloroethanolo] WM& 7S 2Tt sl o= oxideol] Bro} ¥H-3-A]A 2-bromoethanolZ A3t 3 EA5h=
FHAT] AFAIEAE 7§E°ﬂ AR AL, 2R S U8 WS E83ta tk(Stefanovic et al, 2021). A& ZF
Table 1o A|AJsT). 20219 10€ EU 9= A&7} 3 ethylene oxide ¥ 2-chloroethanol®] ¥4l ths Fig. 1
©]Ql Summary of the meeting on ethylene oxide (ETO): o] YJeRHSIt). ethylene oxide® 2] d|ZAfol= 391

Regulatory and technical aspectsollA] 2hHz} 7+ E3t 2] 24 E4E Fig. 19 VeRd B4me 24 Zl DB-
Z3 AHsle] AT Ao AR thel Frr} glow WAXE ARESEL ok, thAF AH=<1 2-chloroethanol &

Table 1. EU RASFF (Rapid Alert System for Food and Feed) portal ethylene oxide issue search Korean instant noodle 5 notifications

Ref. Subject Date Country Hazard Analytical
results
Exceedance of the maximum level of ethylene oxide in
2022.1935 Vegetable-mushroom flakes in instant noodles from 1 APR2022  Germany 2-chloroethanol 1,078 mg kg™

Republic of Korea

ethylene oxide (0,17 + 0,085 mg kg™') in instant noodle
soup from South Korea

2022.1119 ethylene oxide in noodles from South Korea 25FEB 2022 Norway 2-chloroethanol 0,35 mg kg’

Unauthorized substance ethylene oxide in vegetable
2021.7098 flakes of an instant noodle ready meal from Korea, viathe 23 DEC 2021 Germany 2-chloroethanol 2,8 mg kg

2022.1620 18 MAR 2022 Poland 2-chloroethanol 0,17 mg kg™!

Netherlands
. . . -1
2021.4204 ethylene oxide in prepared food from the Republic of 6 AUG2021 Germany 2-chloroethanol 5,0 mg kg }
Korea & 74 mgkg
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v" 2-chloroethanol > ethylene oxide > ethylene iodohydrin

Na® OH I~ Na’

Q= ol

2-chloroethanol ethylene oxide

v' ethylene oxide > total 2-chloroethanol

0 °d

ethylene oxide

Na™ (

HO—/_ |

2-chloroethanol
v' Direct ethylene oxide & 2-chloroethanol
QuEChERS

i ' ot/ 0]

m o
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Fig. 1. Selected analytical approaches for the analysis of ethylene oxide in foodstuffs.

FEA)3} A=<l 2-bromoethanol 3 FA] EZo| Y,
AR 74 2 SEREE Bl A9 (octanol-water partition
coefficient, Kow)e] xfo]7} glom M= the =zl da
7b At ltke AollM HISA Ze] Hgo] 7

B A= ethylene oxide®} F FFE 49 9l
4 B HSA ZEoA 84 AS, 8 HAEE §
o 25 AeS AAsla FUAEe] S o
A ethylene oxide?} 58 #F=<1 2-chloroethanol®]
RS A, S 2HREE7IEe Ao Tet 9
1S B7kebr| flate] s skt

yE ¥

0%
Iz

AMEYH & AME

A1 Z2]EbHolA] ethylene oxide 2 2-chloroethanol
REAS ASs7] Aste] AFe FF ethylene oxide
(50 mg/mL in methanol) ¥ 2-chloroethanol (2 mg/mL in
methanol), 2-bromoethanol (2 mg/mL in methanol)®] ¥
#& Sigma-Aldrich (Buchs, Switzerland)2] A&-2 +Y3st
of AHEET FUAY 24 T oY viE % &
NPEEES EREENEREEEELDENES

AHEEISITH,

Aot gof
(e}

of
5k Aol ARS-gt 84121 acetonitrile (purity 99.9%,

HPLC), ethyl acetate (purity 99.9%, HPLC, GC), hexane
(purity 97.0%, HPLC)2 Merck (Darmstadt, Germany)ol| 4],
hydrobromic acid (purity 99.99%), sodium bicarbonate
(purity 99.7%), sodium sulfate (purity 99.0%)= Sigma-
Aldrich (Buchs, Switzerland)®] A &S 5l AR&-8I9IT.
QuEChERS $%%(containing 4 g of magnesium sulphate,
1 g of sodium chloride, 1 g of sodium citrate, and 0.5 g of
disodium citrate sesquihydrate) % “J4| ¥ (containing 25 mg
PSA, 25mg C18, and 150 mg magnesium sulfate)= Agilent
(Geneva, Switzerland)2] A|&E-S 7Y she] ARSI

URsY 24
Ethylene oxideS 2-bromoethanolZ #&ste] 4

W3} 2-chloroethanol 2 2-bromoethanolE ¥-418=
% v o R JFsion, Al 2 A
Fig. 20 YeRAtt. Ethylene oxideS 2-bromoethanolZ
FrEAstste] EA sk WS AR 5 ¢S 50mL 94E
ol W3 0.5M hydrobromic acid £ 20 mL& ¥] 30
F28 T 4°C, 4,000 GolA 1027+ YAz
ato] 42 10 mLE FHsto] Exo] A4lie] el &2t
Sodium bicarbonate 0.5 g& %o} 555 $ hexane 10 mL
o] 187F EEXY 587 YARZE 45 (hexane)S
W= 88 23] REE3I3ITE Hydrobromic acid -8 2]l
ethyl acetateS 10 mL 2o] 2037F EE0] 1027 Y&
Skal 25 (ethyl acetate)e F ke S 33] WHE3]
HEE BE ethyl acetateT% S sodium sulfate 1 goll &
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v ethylene oxide sample preparation

Sample 5g

e =L SMRHIMC| HRE R 131

hexane purification after

10 ml

0.5M HBr
20 ml —
derivatization

ethyl acetate 10ml
extration, repeat 3 times

shake and centrifuge
supernatant 10ml

sodium
bicarbonate
0.5¢ add

hexane 10ml
purification, repeat 2
times

ethyl acetae extract
30 ml

N2 Drying
extract 6ml

l

GC-MS-MS
analysis

v" 2-chloroethanol, 2-bromoethanol sample preparation

Sample 2g supernatant 1ml
4 g magnesium sulfate
acetonitrile 10 ml| | | 1 g sodium chloride 25 mg PSA
extration 1 g sodium citrate M 25mg C18
0.5 g disodium citrate sesquihydrate 150 mg magnesium sulfate
shake and centrifuge after purification

supernatant 1ml

GC-MS-MS analysis

Fig. 2. Flowchart depicting sample preparation and analysis of ethylene oxide.

JAIA E4e T 30mLE FLsIGith FEY 5 6mLE
Fste] da 7FAE 05 mL7F HES 553§ ethyl acetate
o] | mLE 483t WEH<A ZE(Nylon, 0.2 pm)=
o3t & GC-MS-MS9l| 2 L FY38kach.

2-Chloroethanol % 2-bromoethanolE E45H= WS

AE 28 50 mL YAEE] o] YWil acetonitrile 10 mLS
Ho] 1587 EE9] 4131 magnesium sulfate 4 g3} sodium
chloride 1 g, disodium citrate sesquihydrate 0.5 g, sodium
citrate 1 g& ¥ 137 E50] 42 the 1027 94T
st 45 1 mLE 33 th. Magnesium sulfate 150 mg,
PSA 25mg, C18 25mge] W2 B4 Sl 2mL Y4%
Fol A5 [ mLE Y3 3027 59 412 v 94E
Y2 FE e F A4FdS BEHA D ©Nylon, 0.2
um)Z 73k & GC-MS-MS9ll 2 uL T4 33t 4 A
< 93 FFAHAS EEFS TAY AER A5
0.01, 0.025, 0.05, 0.075, 0.1 mg kg'o] = ZAstd

mlm =

GC-MS-MS9l| 2 uL FY3Ftt. Ethylene oxide 32
ethylene oxideS 2-bromoethanol® H$kste] FA& 7k (A)
oA 2-chloroethanol & 2-bromoethanolE #4]sh= Wi o
2 #2493} 2-bromoethanol +413% (B)S wio] AH&3s3t].

Ethylene oxide 273 = A — (B x 3HHA|5%)

#3219 =0.35 (ethylene oxide #-AF 44.05/2-bromo-
ethanol A& 124.96)

2-Chloroethanol A %2 2-chloroethanol & 2-bromoethanol
& EY35l= WA 43 2-chloroethanole] T]=2]
A& Aol tidste] F=F sttt

GC-MS-MS 7|7|&M =7 & ZHu|n 24
717184274 2 MRM Z7-& Table 20 YeRHATE &
2 Agilent 7010 GC Triple Quad 717114 S=a§3}ATh.
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Table 2. GC-MS-MS and MRM conditions for residual analysis of ethylene oxide
Parameter Conditions
Column DB-WAX (30 m x 0.25 mm x 0.5 pm)
DB-5MS (30 m x 0.25 mm X 0.25 pm)
Carrier He at 1.0 ml/min
Oven Temp. 80°C (2 min) > 16°C/min > 200°C (2 min)
Split ratio Pulsed split mode (3:1)
Injector Temp. 220°C
Transfer line 260°C
Ionization mode Electron impact at 70 eV
Injection rate 2 uL
Compound MW Exact mass Precursor ion Product ion Collision energy
(m/z) (m/z) (m/z) (m/z) V)
45 10
2-bromoethanol 124.9 125.0 124 31 10
44 10
31
80
2-chloroethanol 80.5 80.5 44
82 31
ZHe SA47Z% DB-WAX (30m x 0.25 mm x 0.5 um)<} 2 3HA‘| ot
HSA4Z29 DB-5SMS (30 m x 0.25 mm x 0.25 yum)E& A4 S22} Z ethylene oxide ¥ 2-chloroethanol®] $15)14d
st @2 27 80°CellA] 2i7F fFAI F 200°C7HA] ﬂﬂt A9 =], AE8 24 _1_5417]' 3 sl 2%
16Cmin $& F 227 fA3=S APskich, FARE o mek sYsich. w397 2 PelE AR BAE
+ pulsed split mode 3:1 & HI&E TP, THF & EQE H&s7] 95l shrell =l %)l #h 1
& 2L FY3IATE AE7] EE 260°CE A T4 (El) e Mt 7Pgsl =E3 S FASIT A
70 evolH, Hlol8 =5 3 $5 HlolH 2] Z42t Agilent 183 Fol A AFFS F3 F F=2Ae] Bt A

mass hunter data analysis B.07.06.2704 % Agilent mass
hunter workstation software version B.09.002 AR&-3}o] 4=
B3

Al

v

-?-%, = P —| =

34E NS FAE EAIE, |, 22, Axop|Y s
47 Ag AlE Foke] mEgNe A A (limit of
quantitation, LOQ) 0.01 mg kg, d=F3HAI<] 5u2] 0.05 mg

kg 78]\1}16]—7:“_/] 1ol 0.1 mg kgl TFFo] HEE A5}
of YT Axg) WYo R N EAsion, FAaA
= oblel 4 olgstel AB st

|

EFYHL) *

<3l HAE *Jj‘ifn’ &3t 7ol 0.01,

R

A 1082 Y

O
O
Lll
O
»—A
=]

(¢}

~—
OQI

K

(mtra assay), T

SEEERLEE

=]
63.09 kg)o.& Hpro] AUl
AE3Y. A& dU 18 eEFY TS
2 o] S8 =(ADI thH] %)E H7fst
HTHNIER 2021, KHIDI, 2022, KOSIS, 2022).

@Y A d% "Bt AT

Pedtgge

AU 13 =E5 F(mg kg'-b.w. day™) =
Hd #FF(mg kg') x DL 131433 FH(kgday™) / =2
B#A5(b.w.)

Q1S =(ADI tH] %) =

]
AU 13 =E54 HF(mg kg'-bw. day”) / QA =E &
(mg kg'-b.w. day™) x 100

4 o o
MU gl ZEE ME 22| NS

2 AFollA = ethylene oxide®] %2 33 54 54
S 7K the AL 3#lslke] ethylene oxide (H153
10.4°C)Z 2-bromoethanol (154 150°C) Ag3+ T 4
A, F&3led 2-chloroethanol & 2-bromoethanolS £413}
Aok A st AR BF S SAS AU
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T, T U=

UA] -= LA G ZFe]7F ATH(2-chloroethanol,
logK,,, 0.03; 2-bromoethanol, logK.,, 0.23). & A%< F4
ALrt 23 ME tE 22 vt A= 7] W
ol SAZH ] ofd H|FAZH AN w7t E27t 7S
g Aoz dAdsisih

/97 DB-WAXe} H|5/4Z+ DB-5MS®] 2-chloro-
ethanol ¥ 2-bromoethanol F+ A3&<] #2] A& Fig. 39
UER ATt DB-WAXS] 79~ 2-chloroethanok 5.2%, 2-
bromoethanol& 6302 118 2oz E27} HUL,
DB-5MS2] 719 2-chloroethanol2 3.0%, 2-bromoethanol
& 32802 0.2% Ao|Z #e7t H AUt DB-WAX djH]
DB-5MS?| & 7 #afso] asilout, iAA e

v DB-WAX

g

M

(b

oj
=

20 SMeivioldel RRY R 133

0E1Z

Ao =9} AXA &9k, baseline =3+ YA 4%
< FolEdt}. &3] Y3 0.01 mg kg! FE =4 Al 2-
chloroethanol % 2-bromoethanol®] 31 m/z &z} 0|29 =
ZulE3o|A DB-WAX TH] DB-SMSAIA 7%=7} 3
=] AR ol= Ao AP 9 B4l FF
o]

we o2 AlgH.

-

g2 3y 5
KR
=2

7Ed #3

2-chloroethanol & 2-bromoethanol®] AFANL EFEZS
2] N8R gXste] 0.01, 0.025, 0.05, 0.075, 0.1 mg
kg'e] TE7} HEE AL, 7 A BT AT 0.999
oo 7 k53t Ax=E Wt T3k 2-chloroethanol & 2-

2-bromoethanol
x10 3 <+EITIC MRM (** -> *)CE_STD.D
2 6 5
2-chloroethanol
4
5206
-
x10 2 Cpd 1: 2-Chloroethanol 5.198: +El MRM CID@S5.0 (80.0 -> 31.0) CE_STD.D
5312
2 2-chloroethanol MRM
s 80.0>31.0
- N ’ - = .
x10 2 Cpd 1: 2-Chloroethanol 5.198: +EI MRM CID@&5.0 (80.0 -> 44.0) CE_STD.D
2 5311
N 2-chloroethanol MRM
80.0 >44.0
" . . B R i .
x10 7 Cpd 1: 2-Chloroethanol 5,198: «El MRM CID@5.0 (82.0 -> 31.0) CE_STD.D
6 5316
- 2-chloroethanol MRM
& 82.0>31.0
1 s A P N\ N~
5 , ,
102 Cpd 2: 2-bromoethanol 6.345: «+EI MRM CID@10.0 (124.0-> 31.0) CE_STD.D
34 6.340
2 2-bromoethanol MRM
1- 124.0>31.0
" , . - .
x10 2 Cpd 2: 2-bromoethanol 6.345: +EI MRM CID@10.0 (124.0 -> 44.0) CE_STD.D
6.346
6 2-bromoethanol MRM
N 124.0 > 44.0
o —— - o - ~
x10 2 Cpd 2: 2-bromoethanol 6.345: +EI MRM CID@10.0 (124.0 -> 45.0) CE_STD.D
6.345
751 2-bromoethanol MRM
5-
e 124.0>45.0
- e e e e —

42 44 46 48 5 52 54 56 5

8

6 62 64 66 68 7 72 74 76 78

Counts vs. Acquisition Time (min)

Fig. 3. GC-MS-MS chromatograms of a standard and comparison by column (DB-WAX (up), DB-5SMS (down)).
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v DB-5MS

x10 5 <EITIC MRM (** -> **) 2-CE_STD5.0 Smooth

1.5 2.980
9.
14 2-chloroethanol 2-bromoethanol
054
0-
x10 4 Cpd 1: 2-Chloroethanol 2.992: <El MRM CID@&5.0 (80.0 -> 31.0) 2-CE_STD5.0 Smooth
6 - 2 S
4- 2-chloroethanol MRM
2 80.0>31.0
-
x10 4 Cpd 1: 2-Chloroethanol 2.992: <+El MRM CID@5.0 (80.0 -> 44.0) 2-CE_STDS5.0 Smooth
4 2 4
N 2-chloroethanol MRM
80.0>44.0
-
x104 Cpd 1: 2-Chloroethanol 2.992: +El MRM CID@&5.0 (82.0 -> 31.0) 2-CE_STD5.0 Smooth
21 2
2-chloroethanol MRM
= 82.0>31.0
&
x10 4 Cpd 2: 2-Bromoethanol 3.248: +EI MRM CID@&10.0 (124.0-> 31.0) 2-CE_STDS5.D Smooth
34 3.243
24 | 2-bromoethanol MRM

3 G2
6-.
4+ ,{
|

2 )

75 ’x
5 |
|

22 24 28 28 3 32

Cpd 2: 2-Bromoethanol 3.248: +EI MRM CID@10.0 (124.0 -> 44.0) 2-CE_STDS5.0 Smooth

124.0>31.0

2-bromoethanol MRM

124.0>44.0

Cpd 2: 2-Bromoethanol 3.248: «+EI MRM CID@&10.0 (124.0 -> 45.0) 2-CE_STD5.0 Smooth

2-bromoethanol MRM

A

34

Counts vs. Acquisition Time (min)

Fig. 3. continued.

bromoethanol 7% 3¥HAE= 0.002mg kg', Y A=
0.006 mg kg' Tl A1E 385 FHs7] Sl
A A8 0.01, 0.5, 0.1 mg kg'S H7I8le] A=3S of
QA FoN A 82.12-96.11%, HellA 102.25 - 109.01% 2=
82.43 - 95.11%, ZAZok9 2 89.24 - 109.00% S5 O.Z o]
54 AFe] 71291 348 W9 70 - 120%S VFERY
Eel Ay 78S TG
T3 A3 U(intra assay), &3 ZH(inter assay) A& A
Z A3} 2-chloroethanol 2 2-bromoethanol -FA}SH 7 3FS
Hath 5Y AES S9F vHE 2478 A3 RSD (%) w
3.85-1230% L, 1%, 34, 59, 74, 10Y o] 223k
A7} RSD (%) kol 4.20-10.79% T2 ZF7A4 Ade]

2 rlr

—

124.0>45.0
36 3 a 42 44 46 as
712221 RSD (%) ) 15% ©]&} 7|5S w39}, A
A 2 0.0l mg kg'olX ZZrETR, 7} jELAY 3|5

& 2 AP, A7 QPGS Fig. 49 Table 32 YERY
Atk

T FA2tHo| MR

SUA 5 F< S 30 AlEE tideR
ethylene oxide @ 2-chloroethanol ZF3S FAleH Az}
ethylene oxide> 7 A|E|X E7Z, 2-chloroethanol> &
9 A FollM BEAE, 2ZoA EAE ~ 0.03mg kg, 71
Zopf Y2 EHE ~ 0.05mg kg' 502 HEHAUTH
= F71E olH= A et

=Ab

2-chloroethanol & &
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= 0.99959236

x10 5j y=1639.890611" x +7036.062278
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Fig. 4. Calibration curves of 2-bromoethanol and 2-chloroethanol and GC-MS-MS limit of quantitation chromatography (0.01 mg kg™).

Table 3. Recovery & Single-laboratory precisions (intraday, interday) studies of 2-bromoethanol and 2-chloroethanol in finished
product, noodles, soup, and dried vegetable mix samples

2-bromoethanol (%) + RSD*

2-chloroethanol (%) + RSD

0.01 0.05 0.1 0.01 0.05 0.1
1;};‘0‘31:1‘2? 82.12+591 94.82+4.51 9492+591 8251+541 96.11+£231  90.71 £4.01
Recovery ~ Noodles  10342+294 103.55+2.15 10462+401 10225+231 109.01+541 105.11+6.71
(n=3) Soup 8243+£536 91.86+248  95.11+5.84 89.48+245 83.87+3.17 8539+4.68
Vegg;ﬁg Mix 042£544 9045498 10900£397  8924+484 9074356 10157587
2-bromoethanol (mg kg™) 2-chloroethanol (mg kg™)
0.01 0.05 0.1 0.01 0.05 0.1
10day-1 0.007 0.041 0.079 0.006 0.043 0.078
Intraday- 10day-2 0.006 0.040 0.074 0.007 0.045 0.082
1;‘1{2313;? 10day-3 0.007 0.039 0.081 0.007 0.040 0.074
(n=5) 10day-4 0.007 0.040 0.082 0.006 0.041 0.088
10day-5 0.006 0.037 0.075 0.008 0.039 0.083
mean value 0.007 0.039 0.078 0.007 0.042 0.081
standard deviation 0.001 0.002 0.004 0.001 0.002 0.005
RSD (%) 8.299 3.849 4557 12.304 5.789 6.533
1day 0.008 0.046 0.098 0.008 0.044 0.085
Interday- 3day 0.009 0.044 0.083 0.008 0.044 0.088
1;‘;101332? 5day 0.008 0.046 0.084 0.007 0.043 0.083
(n=1) 7day 0.008 0.044 0.081 0.008 0.041 0.081
10day 0.007 0.041 0.073 0.007 0.040 0.079
mean value 0.008 0.044 0.084 0.008 0.042 0.083
standard deviation 0.001 0.002 0.009 0.001 0.002 0.003
RSD (%) 8.839 4.637 10.786 7.207 4284 4.198

* RSD (%) = standard deviation / mean value * 100. Acceptable variability: <15%
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Table 4. Residual levels of ethylene oxide and 2-chloroethanol
in 31 samples of instant noodles

ethylene oxide 2-chloroethanol

Sample Conc. (mgkg") Conc. (mgkg")

Finished *

Product ND ND

Noodles ND ND
Sample 1

Soup ND ND

Dried

Vegetable Mix ND 0.02

Finished

Product ND ND

Noodles ND ND
Sample 2

Soup ND 0.03

Dried

Vegetable Mix ND ND

Finished

Product ND ND

Noodles ND ND
Sample 3

Soup ND ND

Dried

Vegetable Mix ND 0.05

Finished

Product ND ND

Noodles ND ND
Sample 4

Soup ND ND

Dried

Vegetable Mix ND 0.04

Finished

Product ND ND

Noodles ND ND
Sample 5

Soup ND ND

Dried

Vegetable Mix ND 0.02

Finished

Product ND ND

Noodles ND ND
Sample 6

Soup ND ND

Dried

Vegetable Mix ND 0.01

Sample 7 - 31 ND ND

*ND: Not detected or low intensity under limit of detection.

AL, A} AXSHEGEEF) 71 0.05 mg k' ol
2 Attt % A A= Table 49 YERAIL
22X = AFAA, xR YEe SAIEAA HAEEE 7
2 HSTh Table 19] AR d=4F 2F€] 2-chloro-
ethanol AE W F AUz £ 759 2-
chloroethanol®] HEE ASS B o 7130k | 20j|A
FHFEA ] E2 Ao sl

023 -

2l a "ot

Ethylene oxide= =4l ¢+ 7] (International Agency
for Research on Cancer, IARC)oA Q1A 222 (Group
HE B/t A, vl=F HHEEH(US. Environmental
Protection Agency, U.S. EPAYIY &Y =&7 2o o3
QA o] Arkar UHA JTHIARC 2008, EPA 2016).
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chloroethanol®] 73-%- 1960t A 54 2 /ol tis]
ZAE L WYL gle AL Z HIHESTHWesley et al.
1965). 1980:dthell T 7 =2l gk Wb A+E 2428
2 ZAEJATHNTP 1985). =Y BfRS 2-chloroethanoldl]
gk oH] A48 Hrts TR FAHe] 7Fsde] W
T} B35 QTHBIR 2020).

Qe B7rE S8t flsiEvre] Wy 9 Axjel] g
T, SRR 7R Ol w194 8, e A, =
=971, SlEl= AFe A2 S THNIFDS 2016).
84 AAS S50 ethylene oxide & 2-chloroethanol®] |
F-5A 2 No Observed Adverse Effect Level, NOAEL)
£ XA Ethylene oxide® 7.5 mg kg'-b.w. day’,
2-chloroethanol>- 82.4mg kg'bw. day'Z ZARSIATH
(NIFDS 2016, EPA 2020). 19 413318 %(Accepatble Daily
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F)el 2H UiE Hettal 7MY sl =E7S FAst

U SHHe] dREF A 5 HUE 29 2-
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28319137, Table 59+ Z+o] YERA ST} 2-chloroethanol
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(KHIDI, 2022, KOSIS, 2022). 7}2 2-chloroethanol 37
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Table 5. Risk Assessment of ethylene oxide and 2-chloroethanol of instant noodle

NOAEL? ADI” serving o EDI?
Compound  (mgkg'bw. (mgkg'b.w. Residual level (mg kg™) size ('k ') (mgkg'-bw. % ADI?
day™) day™) (kg) day™)
ethylene oxide 7.5 0.075 0.01 (Pesticide MRLs) 52 %107 0.0007
0.05 (maximum result) 0.0033  63.09 2.6 x10° 0.0003
2-chloroethenol 82.4 0.824 o o 3
30 (Provisional Pesticide MRLs) 1.6 x 10 0.1904

YNOAEL: No Observed Adverse Effect Level
YADI: Acceptable Daily Intake

9b.w.: body weight

YEDI: Estimated Daily Intake

9(EDV/ADI) x 100

TR A A 23 g ZAzxopu 2ofA 7190 S TF
%‘ o] Er} AT HE AlFe tigh 9l H7HE 2
2-chloroethanol®] =& & HS o s -
EVP Sy HJrisidith, " d3E ENE  ethylene
oxide o|977F WAL A= ThE AlFel tie HRE =
AP ZRSET)E EAH AR g AR R S| &
2 908 Ao =Z AlgHr}.
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