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Tom tat

Trong nghién ctru ndy, ethylene oxide (EO), mot chit hun tring cho ndng san, va din
xudt ctia né (2-chloroethanol, 2-CE), duoc chiét va 1am sach bing phuwong phiap QuEChERS,
sau d6 dinh lugng trén thiét bi séc ky khi ghép khéi phé ba tit cuc (GC-MS/MS). Mau dugc
chiét bang acetonitrile, lam sach bang k¥ thuét chiét pha rdn phén tdn (d-SPE) gdm hdn hop
MgSOy4, PSA, Cis, va GCB, véi thoi gian chuan bi mau ngin hon 20 phit. Phuong phdp da
dugc thim dinh trén cdc thanh phan cua géi mi nhu gia vi, dau, vt mi, va bao bi. Két qua
tham dinh cho thiy phuong phdp c6 d6 chinh xdc cao & cdc nong do khao sét, voi hiu suat
thu hoi tir 80 - 120% va do 1éch chudn twong dbi (RSD) thap hon 20%. Gidi han dinh luong
ctia phuong phép 12 0,01 mg/kg cho ca hai chat, hoan toan ddp (mg yéu cau véi gidi han du
luong tdi da cho phép (MRL) ctia chiu Au (EU) cho cdc nén mau thyc pham & ngudng 0,01
mg/kg. Phuong phép nay di dugc dp dung cho viée kiém sodt qui trinh san xuét mi géi, véi
125 mAu nguyén liéu (gia vi, rau sy, dau, bao bi), mi géi va thuc pham khéc. Trong s6 dé,
¢6 13 miu nguyén liéu phat hién 2-CE, va 1 miu gia vi phat hién dong thoi ca hai chat,
chiém ty 18 11,2%. Tét ca cdc mau phat hién déu vuot ngudng MRL cua EU.

Tirkhod: Ethylene oxide (EO), 2-chloroethanol (2-CE), GC-MS/MS, QuEChERS, d-SPE.

1. PAT VAN PE

Ethylene oxide (EO) c¢6 cong thiic hoa hoc 1a C2H40, ¢6 tén IUPAC la epoxyethane
hodc véi tén goi khdc 1a oxiran, dimethylene oxide, oxacyclopropane. EO 1a mot hop chat
hitu co thuong duge tim thay ¢ dang khi khong mau, dé chdy & nhiét d6 phong. EO duoc sit
dung chu yéu trong hai nganh cong nghiép chinh 1a: i) céng nghiép san xuit hod chat, ding
1am chét trung gian trong san xuat ethylene glycol (chat chéng d6ng), hang dét, soi polyester,
bot polyurethane, thudc, nguyén liéu cho san xuat nhya Polyethylene terephthalate (PET) va
cdc san pham khéc; ii) hun trang, khir tring cho céc thiét bi y té, san pham thuc pham, gia
vi (ddc biét nhu bot 6t, hanh 14 sy, tiéu, ...). Véi ciu tric dang vong linh hoat, sau khi tiép
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xuc voi thuc phém, hop chit EO dé dang tao thanh céac chét chuyén hoa voi su c6 mat cua
céc phan tir nude, ion chloride va bromide nhu ethylene glycol, 2-chloroethanol (2-CE) va
2-bromoetanol twong tmg. Qud trinh niy c¢6 thé xay ra ngay khi hun tring hodc trong subt
qud trinh san xuat va ché bién nguyén liéu. i v6i 2-CE, san pham phan huy cta EO, hién
chua c6 du bang ching nao vé dic diém gy ung thu ciia 2-CE. Tuy nhién, van c¢6 nhiéu thi
nghiém cho thdy kha ning gy doc & gen, mirc dd phoi nhiém phu thudc vao lidu luong, thoi
gian va cong viéc tiép xidc [1-2]. Cuc Bao vé Mdi trudng Hoa ky (USEPA) két luan dic tinh
EO la chét gy ung thu ¢ ngudi 1a cao, gid tri don vi rii ro hit phai (IUR) cao nhit dugc cong
bd 12 3 x 107 pg/m?, TUR cang cao du dodn kha ning gy ung thu ddng bdo dong trong cic
moi trudng, co so st dung va tiép xdc EO [3].

Ngay nay, c6 nhiéu phuong phdp xdc dinh EO bang cic k¥ thuat sic ky khi khdc nhau
nhu GC-ECD, GC-FID, GC-MS, va GC-MS/MS [4-6]. Bén canh d6, viéc kiém dinh EO
trong thuc pham duoc tién hanh dya trén hai phuong phdp chinh. Mot 1a phwong phép phan
tich GC-MS [5] dua trén su chuyén hod ciia EO thanh 2-CE, dinh luong qui vé 2-CE, uu
diém cua phuong phdp nay 1a kha ning 6n dinh, chinh xéc cao, thiét bi twong d6i pho bién
dé str dung nhung nhuoc diém 12 ton thoi gian, diéu kién chuyén hod khd phire tap. Phuong
phép khéc 12 st dung k¥ thuat GC-MS/MS phén tich déng thoi EO va 2-CE bang phuong
phap QUEChERS EN 15662:2008 [6-8]. Uu diém ndi bat ctia phuong phdp nay 1a xir 1i mau
don gian, nhanh chéng, tiét kiém thoi gian, phan tich ddng thoi duoc ca hai chit (EO va 2-
CE) v6i d6 nhay rat cao. Piém ddng luu ¥ 12 khi str dung phuong phép nay 1a tinh 6n dinh,
su nham 14n khi phan tich ctia EO va acetaldehyde, mot chat ddng phéan cua EO.

Trong nghién ctru ndy, ching toi tién hanh xiy dung quy trinh xdc dinh dong thoi EO
va 2-CE trong g6i mi (nhu gia vi, ddu, vit mi, v bao bi thuc phim) bang phuwong phap
QuEChERS két hop véi k§ thuat sic ky khi ghép khéi phd ba tir cuc GC-MS/MS. Phuong
phép duoc thim dinh véi cdc thong sé d6 hiéu suét thu hoi, d6 1ap lai va do tai 1ap, do phan
giai acetaldehyde va EO. Bén canh d6, giéi han dinh luong cua phuong phdp cling dugc
tham dinh nham d4nh gi4 kha ning ddp tmg quy dinh murc giéi han du luong ti da cho phép
(MRL) chung cho EO va 2-CE trong céc thi truong khac nhau (Bang 1), trong d6 thi truong
chau Au dua ra tiéu chun rat nghiém ngit cho tong EO ¢ mirc 0,01 mg/kg.

Bdng 1. Gidi han duw lirong t6i da cho phép (MRL) ciia Ethylene oxide trong mét sé logi
thuc phcfm ctia mot s6 nwée [9]

Thi trwong Hop chat MRL (mg/kg)
Chau Au [10] Téng EO va 2-CE, quy theo EO 0,01* - 0,1 (tuy loai)
EO 7

My va Canada [11-12]

2-CE 940

(*) Mikc gidi han 0,01 mg/kg dp dung cho cdc mdu khong ¢ trong EC 396/2005 ciia chiu Au.
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2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twong nghién ciru

Cdc mau gia vi (hdn hop bot ném va rau siy), dau, vat mi, va bao bi dugc lua chon dé
phan tich du lvong EO va 2-CE, nham kiém sodt du luong ton du trong mi thanh pham. 125
mau kiém sodt du lugng EO va 2-CE dugc céc cong ty gui dén phong thi nghiém trong nim
2021; bao gdm 90 mau gia vi (chiém 72%), 13 mau dau (10,4%), 10 mau mi (8%), 9 miu
bao bi (7,2%), va 3 miu thuc pham khdc (cha gid va tom sy, 2,4%).

2.2. Héa chit, chit chuin, va thiét bj

Céc hod chét 1a loai tinh khiét dung trong phan tich: acetonitrile, methanol, acetone,
ethylacetate, dichloromethane, acetaldehyde, mudi sodium chloride > 99%, mudi magie
sulfate khan > 99% cuia hiang Merck, nudc cit 2 1an loai ion va d-SPE (150 mg MgSOs, 50
mg Cis, 50 mg PSA, 50 mg GCB) ciia hang CNW. Chuan ethylene oxide (EO) > 99,5%
(Product No: CRM 48891, Lot No: LRA7352), chuén 2-choloroethanol (2-CE) = 99,6%
(Product No: CRM 48085, Lot No: LRAC9961) cua Sigma.

Dung dich chuan géc EO (2000 mg/L trong dichloromethane) va 2-CE (2000 mg/L
trong methanol) dugc chira trong cdc dng riéng. Dung dich chuan trung gian hdn hop (gém
EO va 2-CE) nong d6 100 va 1 mg/L (Ci1 va Cye, tuong tng) duoc pha tir cdc chudn goc
bang acetonitrile. Duong chuin hdn hop hai chat duoc pha loang tir dung dich Ci2 (1 mg/L)
bang dung méi acetonitrile gdm 6 ndéng do: 4, 10, 25, 50, 100, va 200 pg/L. Tét ca cic dung
dich chuén dugc bao quan ¢ nhi¢t do méat (4 - 8 °C).

Heé séc ky khi ghép khéi phd hai 1an (GC-MS/MS, Thermo Fisher) bao gom mdy sic
ki khi Trace 1310 nbi véi detector khéi phd ba tir cwc TSQ 9000 va van hanh & ché dé ion
héa dién tir (electron ionization mode, 50 eV). EO va 2-CE duoc tach trén cot DB-624 (60
m x 0,32 mm X 1,8 pm). Céc thiét bi phu trg gdm cn phan tich 4 s6 (A&D, GH200), mdy
vortex (Talboys), mdy lac (IKA, KS 40001), mdy siéu am (Elma, Elmasonic S), va mdy ly
tam (Hettich, Universal 320).

2.3. Phwong phap nghién ctiru
2.3.1. Phuwrong phdp xir Iy mdu (tham khéo va ¢6 bé sung [6])

Pong nhat miu: EO 13 hop chét d& bay hoi nén phai bao quan mau ¢ cdc diéu kién
thich hop dé tranh mat mau. Vi cdc mau dang 1ong phai lic, tron k¥ trude khi phan tich.
Cdc mau dang rin luu ¢ -20°C it nhat 60 phit trude khi ddng nhat mau bang mdy xay.

Chiét va lam sach: Can khoang 2 g chinh xdc dén 0,1 mg; thém 5 mL
acetonitrile/nudc (95/5, v/v), vortex va lac trong 15 phiit; ly tim (5 phit, 7000 vong/phiit);
1 mL dung dich 16p trén duoc lam sach biang d—SPE, vortex, va ly tim (3 phdt, 7000
vong/phiit); loc dung dich sau ly tdm qua mang loc PTFE 0,22 um vao vial; bao quan ¢ 8 °C
dén khi phan tich trén thiét bi GC-MS/MS.
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2.3.2. Phuwong phdp phdan tich
EO va 2-CE dugc téch trén cot sic ky DB-624 va phat hién trén detector khéi ph hai
lan theo ché d6 SRM (Selected Reaction Monitoring), chi tiét dugc trinh bay trong Bang 2

va Bang 3.
Bdng 2. Thong sé cai dat GC va MS/MS danh cho phan tich EO va 2-CE

GC Khéi phd MS/MS

- Téc d6 dong: 1,5 mL/phiit - Toc d6 quét: 7scan/ gidy

- Thé tich tiém mau: 1 pL, chia dong (1:10) - Nhiét do transferline: 240°C

- Nhiét d6 céng tiém: 250°C - Nhiét d6 ngudn ion: 270°C

- Chuong trinh nhiét d¢: 45°C (giit 2 phat), - Ché do ion hod: EI

tang 15°C/phiit dén 150°C/phiit, ting - Nang luong ion hod: 50 eV

20°C/phiit dén

240°C (giit 5 phut).

2.3.3. Ddnh gid dnh hwdng nén

Cdc mau trang (vt mi, gia vi, dau, va bao bi) sau khi chiét mau nhu Muc 2.3.1 duoc
dung dich mau tring. Diing dung dich nay dé pha dung dich chuan hdn hop 100 pg/L va so
sdnh v6i dung dich chuan twong tmg pha bang dung méi ACN. Hiéu tmg nén (ME) duoc
tinh theo cong thurc sau:

ME (%) = (As’/As) x100
Véi:  As la dién tich peak ciia chudn pha bang dung moi
As’ la dién tich peak ciia chudn pha bang dung dich chiét mdu tring

Phuong phap dugc dénh gia 1a khong bi anh hudng nén khi ME nam trong khoang 80
- 120% [13].
2.3.4. Tham dinh phwong phdp

Phuong phdp phén tich EO va 2-CE dugc tién hanh tham dinh theo huéng dan cua tiéu
chuin SANTE/11945/2015 gdm cic thong s khoang tuyén tinh (R* > 0,99), d6 chinh xéc
(thong qua hiéu sudt thu hdi trong khoang 70 - 120%, d6 tai 1ap va do lip lai véi RSD <
20%), va gidi han dinh luong. Cdc nén mau ding dé tham dinh gdm vat mi, géi gia vi, dau,
va bao bi. Cdc mau khong chira EO va 2-CE s& dugc diing 1am mau tring, thém chuan hén
hop & cic ndng d6 0,01; 0,03; va 0,05 mg/kg (mdi ndng d6 chuan bi 12 maiu/nén, 1an luot
phan tich bai 2 kiém nghiém vién trong 2 ngay khic nhau). LOQ tham dinh tai ndng d6 0,01
thong qua hiéu suat thu hdi va do tdi 14p, phai thoa tiéu chi dinh luong (46 thu hdi (Recovery)
trong khoang 70 - 120%, RSDr nho6 hon 20%).
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3. KET QUA VA BAN LUAN
3.1. T6i wu thong sb detector va diéu kién sic ky

Nhim tbi wu thong sé6 MS/MS cua EO va 2-CE, dung dich chuin 1,0 ppm cua timg
chit duoc sir dung véi phﬁn mém AutoSRM (Thermo Sciectific) nham t6i wu cdc thong )

ion me, ion con, va ning luong phan manh. Két qua duoc trinh bay ¢ Bang 3.

Bdng 3. Thong sé cai ddt khoi phé GC-MS/MS

Tén Tho’;pgz;;z) laeu Ion me (m/z) Ion con (m/z7) » hZZZn’i‘;:ﬁfV)
Ethylene oxide 4,78 44,1 14,1 20
Ethylene oxide 4,78 44,1 29,1 5

2-Chloroethanol 9,27 80,1 31,1F 5
2-Chloroethanol 9,27 80,1 43,1 5

*:ion dinh luong

Trong nghién ctru nay, do khé khan trong vi¢c dat hang, ching t6i khong str dung noi
chuan EO-D4 va 2-CE-D4, ndi chuan dong vi twong tmg cho EO va 2-CE. Béi voi phuong
phap GC-MS/MS, viéc str dung ndi chuan ddng vi ¢6 hai muc dich: (1) hiéu chinh hé sé ddp
{rmg cua tin hiéu trong trudng hop xay ra su mat mat ¢ cong tiém GC va/hodc qud trinh ion
héa & detector khdi phd, dan dén phuong trinh hdi quy khéng tuyén tinh; (2) hiéu chinh hiéu
suat thu hdi do qud trinh chiét mau khong hoan toan. Tuy nhién, qua cic khao sit vé khoang
tuyén tinh (R?> > 0,99 cho ca hai chit) va hiéu suat thu hoi (trong khoang tir 80 - 120% cho
cdc nén mau khao sdt), ching toi nhan thdy rang phuwong phép nay cé thé chip nhan duoc
khi khong st dung ndi chuin d@)ng vi cho muc dich dinh lugng.

3.2. Khio st thé tich tiém miu

EO 12 mot hop chat dé bay hoi, khi phén tich trén cot sic ky khi, s& xuét hién & ving
cua cac hop chét hitu co d& bay hoi, trong d6 c6 su hién dién cua acetonitrile. Do dd, trong
nghién ctru nay k¥ thuat chia dong (split) duoc st dung dé tranh hién twong tap dung moi
qud nhiéu di vao cot phan tich. Bén canh d6, ching toi ciing tién hanh nghién ciru thé tich
tiém khéc nhau (0,5; 1 va 2 pL) dé dam bao dat duoc yéu ciu vé miat dbi ximg peak, cling
nhu d6 nhay ctiia phuong phdp. Két qua dugc trinh bay nhu trong Hinh 1.

Két qua (Hinh 1) cho thay khi tiém vao mot thé tich 1én & 2 uL, tao ra thé tich hoi
dung mdi qué 16n nén peak bi be rong, hoi kéo dudi & EO va db dau ¢ peak 2-CE, két qua
do céc chat nay bi gitr lai nhiéu trén céng tiém (injector) trudce khi héa hoi di vao dau cot sic
ki khi. Khi giam thé tich tiém xudng con 1 va 0,5 uL, 6 dbi xing cta ca 2 peak EO va 2-
CE di cai thién ddng ké, peak d6i xtrng hon va dam bao cho viéc dinh lugng chinh xéc.
Ngoai ra, khi ti€ém 1 pL con ddm bao do nhay cua thiét bj (dién tich cua EO va 2-CE 16n hon
khi tiém véi 0,5 uL), gidi han phat hi¢n cling nhu gidi han dinh lugng dap ing duoc cac
ngudng MRL qui dinh cta céc thi truong. Vi vdy k¥ thuat tiém chia dong (1 : 10) véi thé
tich tiém 1 uL la phtt hop cho tng dung trong nghién ctru nay.
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Hinh 1. Sic ky do ciia Ethylene oxide (4,77 phiit) va 2-Chloroehthanol (9,27 phiit) ciia
dung dich chudn 100 ug/L khi tiém véi cdc thé tich khdc nhau: 0,5 uL (mau den), 1 uL
(mau do), va 2 uL (mau xanh ld)

Vi cdc nghién ctru dd cong bd trén thé gidi, cong tiém miu PTV hoic MMI dugc uu
tién str dung do kha ning tiém mAu thé tich 16n (2 - 4 uL) dé dam bao d6 nhay cua thiét bi.
Tuy nhién véi k¥ thuat chiét mdu QuEChERS, dung méi cudi cung dé dinh mirc 12 ACN,
mot dung méi hitu co véi thé tich gian nd 16n, va ¢é anh hudng tiéu cuc dén cot phan tich
va soi filament. Thong thuong, ddi v6i viéc phan tich du lwong thudc trir siu bang k¥ thuét
QuEChERS va GC-MS/MS, dung dich chiét miu sau ciing thuong duoc thoi khd va dinh
muc lai bang ethyl acetate (dung mdi phit hop v6i hé GC-MS/MS). Tuy nhién, vi EO lam
mot hop chit d& bay hoi nén dung dich chiét ACN sau ciing khong thé th6i kho, ma phai
tiém truc tiép vao hé thong GC. Do d6, cang tiém nhiéu thé tich dung dich mau, s& lam ting
d6 nhay cua chét phan tich, nhung s& 1am giam tudi tho cua cot phan tich va soi filament.
Trong nghién ctru niy, hé sac ky khéi phd 3 tir cuc méi ctia Thermo (TSQ 9000) vdi cai tién
moéi la nguén AEI (Advanced Electron Ionization) véi ki thuat ion héa “mém” & 50 eV (thay
vi 70 eV), gidp giit lai nhiéu hon manh ion me cho qué trinh phan manh, 1am ting do nhay
cta thiét bi [14]. Chinh vi vay, ching toi c6 thé dp dung k¥ thuat tiém mAu bang k¥ thuét
chia dong 1 : 10 (thé tich tiém 1 uL), nhdm day hoi dung méi ACN ra khoi hé théng, nhung
van dam bao phdt hién dugc EO va 2-CE 6 ndng d6 0,01 mg/kg trén miu (Hinh 2).

3.3. Khio sat kha ning phan tach acetaldehyde va EO

Acetaldehyde (AA) 1a hop chit hitu co v6i cong thic hod hoc 1a CH40, mot dong
phan caa EO, ton tai phd bién trong tu nhién hay duoc san xudt trong cong nghiép. Trong
thuc phém, dic biét 1a me c6 chira AA & ham luong cao, dé hinh thanh & nhiét d6 cao tir EO
hodc 2-CE nén gdy nham 1an véi EO khi phan tich trén sic ky do. AA va EO thuong c6
chung cic ion me va ion con trong diéu kién khoi phé hai 1an (44,1 > 29,1), do d6 viéc tach
biét dugc 2 chét nay trén cot sic ky khi bang thoi gian luwu 1a diéu kién bt budc [6]. Trong
diéu kién sic ky, khdi phd da trinh bay & Muc 2.2.2 va cdc thong sd diéu kién chay SRM
(Bang 3), hai hop chat AA va EO da duoc tich biét va dinh danh ting chat (Hinh 3).
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Hinh 2. Bé chon loc ciia chudn acetaldehyde (4,47 phiit) va ethylene oxide (4,77 phiit)
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Hinh 3. Sac ky do LOQ cua cdc mau gia vi, dau, mi goi, va bao bi thém chuan tai nong

do 0,01 mg/kg; EO (bén trdi) va 2-CE (bén phai)
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3.4. Khio sat anh huéng ciia nén miu

Tap chét trong dung dich chiét mau sau ciing anh hudng rat 16n dén viéc dinh lugng
chét phan tich. Dung dich chiét mau néu khong dugc lam sach dé loai bo céc tap chét ¢6 thé
gdy ra viéc nhan danh sai (d6i vdi sdc ky thuong) hodc 1am ting, giam cudng do tin hiéu sic
ky cta chat phén tich (d6i voi detector khbi phd), duge biét dén 12 hiéu tng nén (matrix
effect, ME) [13]. Két qua danh gia hi¢u ung nén twong g vaéi tung nén mau (Muc 2.3.3)
duogc trinh bay trong Bang 4.

Két qua téng hop trong Bang 4 cho thdy ME cta EO va 2-CE déu nim trong khoang
80 - 120% theo tiéu chuan cia SANTE [13], cho thiy ca hai chét it bi anh hudng trén ca 04
nén mau. Vi vdy, ching t6i sir dung dudng chuin dung dich dé dinh lugng cho ca EO va 2-
CE cho ca 04 loai nén mau ndy. So véi dung dudng chudn trén mau, dudng chuin dung méi
s& tién hon rat nhiéu do giam thoi gian chuan bi dudng chuan va dp dung mot duong chuan
trén tat ca nén. Bén canh d6, khi mau phét hién ham Iugng EO hoac 2-CE vuot khoang dudng
chudn, ta c6 thé pha loing miu biang dung mdi ACN, hoan toan khong anh hudng dén két
qua dinh luong so vdi viée xdy dyng dudng chuén trén mau. Riéng dbi véi nén mau mi, ME
ddi véi EO va 2-CE lan luogt 1a 81,35 va 87,03%, tuong duong voi sai 1éch do anh hudng
nén 12 gan 19 va 13%. Do d6, dbi v6i cdc mau mi phét hién & gan diém dinh luong (8 - 12 ug/kg),
can phai xay dung dudng chuén trén dung dich mau dé dam bao két qua chinh x4c hon.

Bing 4. Két qua ME ciia EO va 2-CE trong cdc nén mau khdo sdt

Loai mau ME (%)
: EO 2-CE
Gia vi 91,17 86,50
Déu 91,21 108,76
Mi 81,35 87,03
Bao bi 82,66 97,04

3.5. Tham dinh phwong phap
3.5.1. Puwong chudn

Pudng chuan duogc xy dung trén chuén dung dich gdm 6 diém, c6 ndng d6 nam trong
khoang 4 - 200 pg/L cho phuong trinh hdi quy 1an lugt 12 Y = 1446X - 4646 dbi véi EO, va
Y =78.38X + 299 dbi v6i 2-CE (Hinh 4). Hé s6 twong quan (R?) 1an luot 12 0,9998 cho ca
hai chét, cao hon tiéu chuin 0,99 [13]. Bén canh d6, % dd chéch cua tung diém chuén déu
nhé hon 15% d6i vdi ca 2 chat, dép ung voi cic tiéu chuan cia dudong chuan dinh lugng
[15]. Do d6, thiét bj GC-MS/MS cho thiy khoang tuyén tinh tot ddi voi ca hai chét trong
khoang néng d6 khao sat, phut hgp cho muc dich dinh lugng.
3.5.2. D¢ thu hoi, dé 1dp lai, va dé tdi ldp

Cac mau mi g6i, gia vi, ddu, va bao bi duoc thém chuin & 3 nong do 0,01; 0,03; va
0,05 mg/kg nham dénh gid d6 1ap lai (RSDy, n = 6, 1 ngdy), do tdi 1ap (RSDg, n = 12, 2 ngay),
va d6 thu hdi (Recovery, n = 12, 2 ngay). Két qua duoc trinh bay trong Bang 5.
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Hinh 4. Buong chudn (bén trdi) va dg chéch ciia tirng diém chudn (bén phdi) ciia Ethylene
oxide (trén) va 2-Chloroethanol (dwéi) pha trong dung moi acetonitrile & 6 nong dg 4, 10,

25, 50, 100 va 200 ug/L

Bing 5. Két qua dg thu hoi, do ldp lai va dé tdi ldp

Néng dp thém méu (mg/kg)

Mu ;Zl:; 0,01 0,03 0,05
tich Recovery RSD, RSDr Recovery RSD, RSDr Recovery RSD, RSDg

(%) (%) (%) (%) (%) (%) (%) (%) (%)
Mi EO 92,77 9,36 740 86,92 5,03 5,04 9047 4,88 3,44
g6i 2-CE 101,32 2,29 3,18 89,24 597 478 89,71 4,68 4,61
Gia EO 89,90 7,10 7,60 88,47 2,62 3,46 93,38 3,73 2,94
vi 2-CE 94,50 460 6,90 91,36 3,84 3,87 92,72 3,92 3,11
Diu EO 94,15 11,15 9,27 90,88 440 4,82 89,09 2,94 3,06
2-CE 103,51 5,75 522 9041 3,68 4,18 89,48 1,14 2,11
Bao EO 90,71 5,63 6,78 87,73 4,55 6,88 88,99 5,62 5,50
bi 2-CE 104,81 1,74 294 91,41 7,74 6,55 89,88 7,70 7,55

Ghi chu: Recovery, RSD;, va RSDr dwroc tinh voi n lan lwot bdng 12, 6, va 12 (twong ung)

Két qua tai Bang 5 cho thdy phuong phdp ¢6 d6 chum cao (RSD; va RSDgr déu nho
hon 20%), va d6 chinh xéc cao (hiéu suét thu hoi trong khoang 80 - 120%) theo huéng dan
clia tiéu chuan SANTE/11945/2015 [13]. Viéc nay do phuong phdp chiét miu QuEChERS
v6i dung mdi acetonitrile (Kow = - 0,34), phit hop dé chiét EO (Kow = - 0,3) v 2-CE (Kow =
0,14) ra khoi pha nudc. Hon nita, bude 1am sach khong c6 giai doan thoi khd dung moi, s&
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han ché viéc giam ndng d6 ciia EO (1a mot chét dé bay hoi, nhiét d6 s6i 10,4°C, p suat bay
hoi 1,45 bar & 20°C). Bén canh d6, trong nghién ctru nay chiing t6i chi sir dung hon hop
ACN/nudc voi ty 1€ 95/5 thay vi 1/1 nhu phuong phap EN 15662. Ly do 1a EO tan hoan toan
trong nudc va Kow thap (- 0,34) nén rat khé chuyén 1én pha hitu co néu ty 1é nudc qud cao.
Céc khao sét ban ddu ctia nhém & ty 18 1/1 cho thay hiéu suat thu hoi ctia EO rat thap, thuong
nho hon 10%. Chinh vi vay, hon hgp ACN/nuéc véi ty 18 95/5 (v/v) dugc ding 1am dung
mdi chiét, dam bao cho viéc hydrat héa cic mau kho & giai doan chiét va chuyén pha dung
mdi cho EO ¢ giai doan tach pha.

3.5.3. Gioi han dinh lwong (MQL)

Theo SANTE/11945/2015 [13], MQL 12 ndng d6 nhé nhat ctia chat phan tich ma
phuong phép c6 thé dinh luong véi d6 1ap lai, do tai 1ap nho hon 20%, hiéu suat thu hoi dat
tir 80 - 120%. Ngoai ra, phuong phép chi ¢6 y nghia khi MQL bang hodc nhé hon gi6i han
t6i da cho phép dugc qui dinh bai céc t6 chirc thé gigi nhu FAO, EU. Theo két qua trinh bay
& phan 3.5.2, tai ndng d6 0,01 mg/kg, ca EO va 2-CE déu dap ung qui dinh nay. Viy MQL
cho ca hai chat 12 0,01 mg/kg, hoan toan dap ing yéu cu voi gidi han du luong tbi da cho
phép (MRL) cta céc thi truong dugc trinh bay trong Bang 1.

3.6. Kiém soat du lwong EO va 2-CE trong qui trinh san xuit mi géi

Két qua phan tich 125 mau nguyén lidu, thanh pham mi va thuc phim khac (Bang 6)
do khach hang giri dén Trung tim Dich vu phan tich thi nghiém thanh phé H5 Chi Minh
(CASE) cho thiy c6 14 mau nguyén liéu phat hién tong ethylene oxide, chiém ty 1 88,8%
(Bang 7). Pa s6 cdc mau chi phat hién 2-CE, chi c6 duy nhit mot mau gia vi phat hién dong
thoi 2-CE va EO. Diéu nay cho thdy EO di chuyén héa hoan toan sang 2-CE trong qud trinh
bao quan, va két qua tong EO déu vuot ngudng qui dinh 0,01 mg/kg cia thi trudng Chau
Au. Do d6, kha ning cao cdc san pham mi géi néu sir dung cdc nguyén liéu nay sé& khong
dép tng duoc qui dinh vé du luong ton du EO trong thuc phim cua chau Au.

Bing 6. Thong ké s6 liwong 125 mdu theo nén mau da phan tich du lwong EO va 2-CE tqi

CASE trong nam 2021
Nén mau So lwong
Gia vi 54
Phu gia thuc phdam 18
Diu 13
Rau sdy 10
Bao bi 9
Nong sdn 8
Bot mi 7
Mi goi 3
Thuec pham sdy 2
Thuc phdm khdc 1
Tong 125
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Bing 7. Két qua 14 mau nguyén liéu phdt hién tong Ethylene oxide, trén tong s6 125 mau
(1916 11,2%)

o Doi ttzr.o’ng 2- Ethy.lene Téng Ethylene
Ma mau mau Chloroethanol oxide oxide* (mg/kg)
(mg/kg) (mg/kg)
MM12109_00181 Rau say 0,987 - 0,539
MM12109_00182 Rau sdy 0,768 - 0,419
MM12109_00320 Gia vi 0,384 - 0,210
MM12109_00330 Gia vi 0,056 - 0,031
MM12109_00341 Gia vi 1,053 0,116 0,695
MM12109_00357 Dau 0,101 - 0,056
MM12109_00362 Rau siy 0,421 - 0,230
Thyc pham
MM12109_00363 sdy 0,065 - 0,036
MM12109_00364 Rau sdy 0,103 - 0,056
MM12109_00365 Rau sy 0,702 - 0,384
MM12109_00369 Bot mi 0,042 - <LOQ
Thuc phdm
MM12109_00375 sdy 0,054 - 0,030
Phu gia thuc
MM12109_00420 pham 0,068 - 0,037
MM12109_00675 Rau sdy 0,103 - 0,057

(*): Téng Ethylene oxide = EO + 0,55 x 2-CE
-: Khong phdt hién

Xét theo nén mAu, cdc san phdm sdy cho thiy ty 1& phét hién rat cao nhu thuc phdm
sdy 12 100% (rudc sdy va tom sdy, 2/2 mau nhiém), va rau sdy 12 60% (6/10 mau nhiém).
Cac mau nay c6 thé da duoc phun EO sau giai doan say kho nham kéo dai thoi gian bao quan
san pham. Cdc nén mau khdc c6 ty 18 phat hién nhd hon 20%, 1an luot 1a 14,2% (bot mi),
7,7% (dau), 6,3% (phu gia thuc pham), va 5,7% (gia vi). Trong nghién ctru ndy, ty 16 mau
duong tinh véi tong EO 1a 11,2%, twong dbi thip so véi céc nghién ciru trude ddy, do sb
luong mau chi tap trung vao nguyén lidu va thanh pham cta mi géi. Nam 1985, mét cudc
diéu tra vé ham luong du luong EO trong thuc phém cuia Pan Mach da duoc thuc hién cho
thiy ty 1& nhiém 1én dén 47% (96/204 mau), véi ham lugng tir 0,05 dén 1800 mg/kg. Trong
d6, hu nhu céc loai thuc phém déu phét hién du luogng EO (thdo mdc va gia vi, san phém
sita, san pham c4, san pham thit, san pham chira gia vi, san phdm ca cao, va trd). Bén canh
d6, theo trang canh bdo an toan vé thyc pham va thirc an ciia cong dong Chau Au, tir 09/2020
dén 08/2022 c6 864 canh bédo lién quan dén thuc pham nhiém EO vuot muic an toan cho phép
dén tir nhiéu quéc gia trén thé giéi [16]. Trong d6, riéng Viét Nam cé 8 trudng hop bi canh
béo, bao gdm gbi rau sdy (3 trudng hop), mi géi thanh pham (3), qué xay (1), va bot sita dira
(1). Do d6, viéc tang cudng kiém sodt du lugng EO va 2-CE can phai day manh hon nita,
nham dam bao an toan stc khoe cho nguoi tidu ding.
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4. KET LUAN

Phuong phdp xéc dinh ddng thoi EO va 2-CE trong thuc pham (nhu gia vi bot, dau,
bao bi thyc pham) bang phuong phdp QUEChERS két hop véi k¥ thuat sic ky khi ghép khéi
phd ba tir cuc GC-MS/MS di dugc nghién ctru, toi wu, phé duyét va dp dung thanh cong tai
Trung tim Dich vu Phan tich Thi nghiém (CASE) trén cic d6i twong gia vi, dau, mi géi, va
bao bi thuc pham. Két qua thdm dinh da chimg minh 13 phuong phép déng tin ciy dua trén
hiéu sudt thu hdi ¢ 3 ndng dd (0,01; 0,03; va 0,05 mg/kg) twong tmg khoang 80 - 120% véi
do 1ap lai va do tai lap thap hon 20%, ddng thoi ciing dua ra két luan kha ning khéng anh
hudng cua acetaldehyde trong diéu kién phén tich nay. Phuong phdp nay c6 trién vong dp
dung thanh cong trén cdc nén mau khéc nhu rau cu qua, trdi cdy, va cdc nén thuc pham khac
dé phuc vu cho kiém dinh danh gid giéi han cho phép EO va 2-CE & mirc an toan thyc pham
tai Viét Nam ciing nhu xuét khau sang cdc thi trudng nudc ngoai.
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Determination of ethylene oxide and 2-chloroethanol in food hy triple
quadrupole GC-MS/MS, combined with QUEChERS extraction
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Abstract

In this study, ethylene oxide (EO), a fumigant for agricultural products, and its
metabolite (2-chloroethanol, 2-CE), were extracted by QuEChERS method, and then
quantified by GC-MS/MS system. Samples were extracted with acetonitrile, and cleaned up
with a mixture of dispersive solid phase extraction (d-SPE), including MgSOs4, PSA, C18
and GCB, within less than 20 min. The method has been validated on spices, oils, noodle,
and food packaging. The results show that this method was high accuracy and precision at
spike concentrations, with recovery ranged from 80 to 120%, and RSD lower than 20%. The
limit of quantification was 0.01 mg/kg for both compounds, meeting the European (EU)
maximum residue limit (MRL) at 0.01 mg/kg. This method has been applied to control the
production of instant noodles, with 125 samples of ingredients (seasoning, dried vegetables,
oil, flour, food packaging), instant noodles and other food. Among them, 13 ingredients
detected 2-CE, and 1 spice detected both compounds, accounting for 11.2%. All 14 samples
exceeded the EU MRL.

Keywords: Ethylene oxide (EO), 2-chloroethanol (2-CE), GC-MS/MS, QuEChERS, d-SPE.
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