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Budc dau nghién ciiu ing dung phuong phap sac ky 1ong ghép ndi khai pho
tir cuc théi gian bay (LC-QTOF-MS) dé giam sat ton du
héa chat bao vé thuc vat trong rau cii qua
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Tom tit

Hién nay, c6 hang nghin hoa chét bao vé thuc vat (HCBVTYV) dang dugc cho phép su
dung trong nong nghiép. Viéc lam dung hodc st dung HCBVTV khong diing cach s& dan
dén ton du trong cic san pham ting 1én, vuot qua gia tri giéi han du luong toi da (MRL)
theo qui dinh. Do d6, viéc xay dung cac phuong phap phan tich c6 thé gidam sat, phat hién
va xac dinh dong thoi nhiéu HCBVTYV 1a nhu cau can thiét. Phuong phap sic ky long ghép
nbi khéi pho tir cuc thoi gian bay (LC-QTOF-MS) véi uu diém c6 thé dinh luong va sang
loc ddng thoi nhiéu hop chit trong cung mot 1an phén tich, dang 13 mot trong hudng phat
trién dé giam sat nhiéu HCBVTYV trén thé giéi. Trong nghién ciru nay, phuong phap LC-
QTOF-MS da dugc st dung dé dinh lugng 186 HCBVTYV trong mau rau cu qua. Gidi han
phat hién ctia phuong phéap (LOD) 14 3,0 pg/kg. Hiéu suat thu hdi cia phuong phap dao dong
tir 74,4-118%, d6 lip lai RSD <20%. Pong thoi, phuong phap bude dau duoc nghién ctru dé
sang loc tim kiém cac chat nghi ngd co trong mau 1én téi 500 hoa chat, dya trén két qua so
sanh véi thu vién phd phén giai cao c6 sin kém theo thiét bi. Gidi han phat hién sang loc ctia
phuong phap (SDL) 1a 100 pg/kg. Phuong phap di duoc ap dung dé dinh lugng 186
HCBVTV, dong thoi sang loc tim kiém HCBVTV nghi ngo trong 160 mau rau ci qua, trong
06 thang dau nam 2023.

Tir khéa: Thuoc trir sau, Rau cii qud, LC-QTOF-MS.

1. PAT VAN PE

Theo quy dinh ctia Bo Nong nghiép va Phat trién nong thon, tinh dén thang 12/2022
Viét Nam hién c6 1757 hoa chit bao vé thuc vat duge phép st dung va 31 hoa chét bi cAm
st dung tai Viét Nam [1]. Bén canh do, ngudi ndng dan st dung HCBVTYV theo thoi quen
van con kha phé bién, dan dén viéc st dung chét cAm, hodc khong tuan thu hudng dan str
dung (st dung khong dang dbi twong cdy trong; dung vuot qua lidu lwong; khong dam bao
du thoi gian cach ly sau khi sir dung). Do d6, viéc giam sat, theo doi ton du HCBVTV trong
ndng san néi chung va rau ct qua noi riéng thong qua kiém nghiém mau 1a can thiét, dé thuc
pham dén tay ngudi tiéu dung dugc dam bao an toan.
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Trén thé gidi cac phuong phap xac dinh HCBVTV d3 dugc phat trién tir rat 1au, va hau
hét cac phuong phap hién nay dang ¢ ging huéng dén mot phuong phap xac dinh dong thoi
nhiéu HCBVTV trong ciing mot 1an phén tich. Cac phwong phap duogc sir dung phd bién dé
xéc dinh da du lwong HCBVTV trong rau cit qua cha yéu gdm sic ky khi ghép ndi khdi phd,
sdc ky 1ong ghép ndi khdi phd [2-4]. Trong d6, ky thuat sic ky ghép ndi khdi phd ba tir cuc
v6i ché do giam sat phan manh nhiéu lan “multiple reaction monitoring” (MRM) dic biét
chiém uu thé nho tinh chon loc va do nhay cao [5-8]. Tuy nhién, khi thiét 1ap cac thong sb
cai dat cho cac phuong phap nay can co ddy du cac chat chuan dé khao sat, nhim tim céac
thong sb tdi vu cho mdi chét. Vi vy, cac HCBVTV c6 trong mau cé nguy co bi bo sét, do
thiéu chat chuin hodc sb lwong chat chuan khéng cap nhat kip theo thuc té sir dung. Phuong
phap LC-QTOF-MS véi uu diém 1a tbc 6 quét cao, dai phd khédi rong, d6 phan giai cao,
gitip ngoai kha nang dinh luong twong tw nhu sac ky 1ong ghép ndi khéi phd ba tir cuc, con
c6 thé tim kiém, phat hién cac hop chat nghi ngd c6 trong mau, bang cach so sanh dit liéu
phé khéi ciia mau (MS, MS/MS all) vé6i thu vién phd phan giai cao c6 san. Thu vién s& duoc
cap nhat lién tuc boi hang san xuét thiét bi. Do do, phuong phap LC-QTOF-MS s& han ché
mot phﬁn nguy co bd sot cac chit, déng thoi cling rat hiéu qua khi xac dinh duoc nhiéu hoa
chat trong cing mot 1an phan tich. Viéc két hop phuong phap LC-QTOF-MS véi ki thuat
xir Iy miu QUEChERS dang tr¢ thanh xu hudng trong phan tich sang loc tim kiém céc hop
chat chua biét, day ciing chinh 1a hudng nghién ctru duoc lya chon trong bai bao nay. Véi
gﬁn 2000 HCBVTYV dang dugc st dung va lién tuc dugc bo sung, cap nhat hang nam, thi
phuong phap LC-QTOF-MS s¢ tro thanh mot trong nhitng huéng di méi dé phén tich, sang
loc da du luong HCBVTYV trong tuong lai [9-10].

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ciru

186 HCBVTYV duoc lua chon dé dai dién cho cac nhém hoa chat trong thu vién phé
phan giai cao ctia hing Sciex — My. Viéc phan loai cic nhém HCBVTYV dua vio ciu tao hoa
hoc, vi cac hoa chat c6 cdu tao tuong tu thudng cé tinh chat gidng nhau, do d6 phuong phap
tach chiét va phan tich ciing giéng nhau [11-12]. Ngoai ra, viéc lya chon cac HCBVTV dai
dién dua vao thong sd logkow, 12 chi s6 dic trung cho tinh chét phan cyc cia mot chat. Thong
s0 nay ciing c6 thé ddc trung mot phan cho qua trinh tach chiét mau ciing nhu qua trinh phan
tich cot sic ky long. Két qua da chon dugc 186 HCBVTYV dai dién cho 17 nhom hoéa chét,
trong d6 mdi nhém chira ti thiéu 20% cac HCBVTV so v6i danh sach 500 chat trong thur
vién phd cta hing Sciex. Danh sach chia nhom cu thé ctia 186 hoat chat dugc néu tai Bang
S1. Cac HCBVTV nay déu dugc phan tich ¢ ché d6 ion dwong theo k¥ thuat ion hoa phun
dién tir ESI.

Cac nén mau duoc lua chon khao sat dai dién cho 03 nhom phé bién rau, cu, qua, bao
gdm: cai bip, ca rot, kiwi. Mau duoc thai thanh timg miéng nho tir 2-5 cm, xay nhuyén min,
tron déu thanh dang dong nhat. Cac miu trang cai bap, ca rdt, kiwi 1a cac mau da dugc phan
tich trudc d6 trén thiét bi LC-MS/MS (LC-QTRAP 6500+) va GC-MS/MS (GC-TQ 7010B)
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ctia Phong kiém nghiém (PKN) va khong cho tin hiéu trang véi thoi gian luu ctia cac chit
phan tich, trong d6 bao gdm 186 HCBVTV néu trén.
2.2. Hoa chét, chét chuén

186 chat chuan HCBVTV trong Bang S1 duoc cung cép tir LGC Anh, Sigma Aldrich
(M¥), Toronto Research Chemicals Canada, Fluka (M§) c6 do tinh khiét > 95%. Cac dung
mdi tinh khiét ding cho phan tich sic ky gdm methanol (MeOH), acetonitril (ACN), acid
formic (FA), acid acetic va cic héa chit magnesi sulfat khan (MgSO4), natri acetat
(CH3COONa), amoni format duoc cung cip boi hing Merck (M¥); nudce khir ion duoc 1dy
tir may loc nudc siéu tinh khiét WaterPro PS (Laconco, M¥); bot PSA va C18 dugc cung
cap boi Agilent (M).

Mau thir nghiém thanh thao (TNTT) HCBVTV trong nén méu ca chua, mé s6 H23.02
do Vién Kiém nghiém an toan v¢ sinh thuc phém quéc gia (NIFC) t6 chirc nam 2023, g@)m
06 chat Difenoconazole, Acetamiprid, Imidacloprid, Indoxacarb, Profenofos, Buprofezin.

Mau kiém soat chat lwong HCBVTV “Quality control materials” (QCM) trong nén
bép cai, ma s6 FCPM2-VEG32QC duoc cung cép tir Fapas (nha cung cp dich vu thir nghiém
thanh thao dugc céng nhan — Vuong qudc Anh), gom 09 chat: Bendiocarb, Bitertanol,
Carbofuran, Diazinon, Dichlorvos, Flusilazole, Imidacloprid, Phenthoate, Phoxim.

2.3. Thiét bi, dung cu

Hé théng sac ky 1ong khdi pho phan giai cao gdm sic ky 1ong siéu hiéu ning ExionLC
AD két ndi v6i khdi phd thoi gian bay QTOF X500R ciia Sciex-My. Céc thiét bi khac bao
gdm: may xay mau (Phillips); can phén tich chinh x4c dén 0,01 mg (MS205DU, Mettler
Toledo); can k¥ thuét, chinh xac dén 0,01 g (ME2002, Mettler Toledo); may ly tdm (Z206A-
Hermle, 5810R-Eppendorf); may lic xoay (Thermo Fisher Scientific); b théi kho bang khi
N2 (11250, Organomation).

Cot sac ky pha dao Kinetex C18 (2,1 x 100 mm; 2,6 pm) va tién cot twong mg
(Phenomenex). Cac dung cu co ban trong phong thi nghi¢m: micropipet (Eppendorf), binh
dinh muc céc loai, 6ng ly tim, lo dung miu 1,8 mL ¢6 nap kin.

2.4. Phwong phap nghién ctru

2.4.1. Phwong phdp xir Iy mdu

Trong nghién ctru ndy, quy trinh xtr Iy mau QUEChERS dugc tham khao theo AOAC
2007.01 [13] dé thuc hién chiét va 1am sach mau do: quy trinh xtr Iy QUEChERS 14 quy trinh
duogc str dung phd bién nhat trong xtr Iy mau rau cu qua, cho qué trinh chiét tach hiéu qua,
dac tinh phu rdng cac hop chit bao vé thuc vat. Mt khac, quy trinh xtr Iy mau nhanh, phu
hop v61 muc ti€u cua nghién cuu sang loc.

Mau rau cii qua dugc thai nho, xay min bang may xay mau. Can chinh xac khoang 10
g mau bang can ky thuat vao dng ly tim nhya 50 mL. Thém 10 mL dung méi chiét acid
acetic 1% trong ACN va lac xody trong 1 phit. Thém mudi chiét gdm 4,0 g MgSO4 khan va
1,0 g CH3;COONa, lic xody trong vong 1 phut, ly tim & tbc d6 6000 vong/phit trong vong
5 phut. Chuyén 5 mL dich chiét vao dng falcon 15 mL dé chtra hdn hop chat lam sach 750
mg MgSO4, 250 mg PSA. Lic xody trong 1 phut, ly tim & toc dd 6000 vong/phit trong vong
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5 phut. Huat chinh xac 500 pL dich chiét vao lo 1,8 mL, thém 1000 uL dung dich ACN : FA
0,1% (1:9, v/v). Dich loc qua mang loc 0,22 pm dugc phan tich trén thiét bi LC-QTOF-MS.
2.4.2. Piéu kién LC-QTOF

Piéu kién sdc ky long: Theo thu vi¢n phé kém theo thiét bi X500R, trong 500
HCBVTV da phén ton tai & dang ion [M+H]", mot sb it hop chat & dang [M+NH4]" nén
trong pha dong phai bd sung cé acid formic va amoni format dé tang kha ning ion hoa cac
chat phan tich. Thanh phan pha dong sir dung gdm kénh (A) nuéc va kénh (B) MeOH cing
chira amoni format 5 mM va acid formic 0,1%. St dung cot sic ky pha dao Kinetex C18
(100 x 2,1 mm; 2,6 um), tde do dong 0,3 mL/phut. Cot sic ky va chuong trinh gradient pha
dong dugc tham khao tir phuong phap cua hang Sciex [14-15] nhu trong Bang 1.

Bdng 1. Chuong trinh gradient pha dong

Théi gian (phiit) A (%) B (%)
0,0 95 5
1,0 95 5
2,0 55 45
10,0 5 95
12,0 5 95
12,1 95 5
15,0 95 5

Piéu kién trén X500R QTOF: St dung hé thong khdi phd phan giai cao (X500R
QTOF) voi ki thuat thu nhan tuan ty tit ca khdi phd 1y thuyét “Sequential windowed
acquisition of all theoretical fragment ions” (SWATH). SWATH da két hop loi thé cta ky
thuat thu nhan phd phu thudc thong tin “Information denpendent acquisition” (IDA) va k§
thuat giam sat phan manh nhiéu 1an “multiple reaction monitoring” (MRM). Trong k¥ thuat
nay, ctra s6 thu nhan ion duogc chia nho, cho phép tit ca cac ion me déu duoc dua vao budng
va cham dé phan manh. Két qua thu duoc 13 thong tin phan manh cho tat ca cac ion trong
toan bo dai phd. Bang cach ty dong diéu chinh cira s6 thu nhan dir liéu va dai phd theo sb
lugng ion, hé théng X500R QTOF dam bao viéc thu nhan toan bo dir li¢u dat chét lugng tbt
nhét, tranh viéc bo sot dir liéu manh phé. Ngoai ra, viéc su dung phén mém SCIEX OS da
cho phép xir Iy va dua ra cac két qua dinh luong va sang loc trong cing mot 1an phan tich.
Diéu kién thong sd cai dit trén X500R QTOF nhu trong Bang 2 [15].

Bing 2. Théng sé cai dat trén hé thong X500R QTOF

Thong so nguon ion hoa

Thé ion hoa (IS voltage): 5500 V Ap suat khi mang (CUR): 30 psi
Ap suét khi phun 1 (GS1): 55 psi Ap suét khi bo trg 2 (GS2): 55 psi
Nhiét d6 ngudn ion (TEM): 500 °C Khi va cham (CAD): 8

Théng s6 TOF MS

Khoang pho (mass range): 50 — 1000 Da Thé dau vao (DP): 80 V, ning

lwong ban pha (CE): 10+0 V

Théng s6 TOF MSMS
Khoang ph6 (Mass range): 50 — 1000 Da CE=35£I5V
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2.4.3. Phuwong phap xu ly dir liéu

Phuong phap dinh lugng, sir dung phan mém SCIEX OS ciia hé théng X500R QTOF
dé thyc hi¢n phan tich dir li¢u dinh luong theo cac budc sau: (1) lwa chon luu trinh
Quantitation and targeted indentification; (2) khai bao thong tin cac chit chudn HCBVTV;
(3) cai dat cac tham s6 tich hop dinh luong; (4) chon nguén thu vién dé so sanh; (5) cai dat
diéu kién dinh danh; (6) nhap né)ng dd céac diém chuan cua tung HCBVTYV va phﬁn mém ty
dong xur 1y dé dua ra két qua.

Phuong phap sang loc tim kiém HCBVTV nghi ngd, sir dung phan mém SCIEX OS
cua hé théng X500R QTOF dé thuc hién phan tich dir liéu sang loc theo cac budc sau: (1)
lwa chon luu trinh “non-target screening™; (2) cai dit cac thong sé dinh danh; (3) chon nguén
thu vién dit liéu ctia miu duoc so sanh véi thu vién phd “LibraryView” dugc cung cip cting
v6i hé théng X500R QTOF dé du doan cac hop chat; (4) chon mau tring/mau kiém soat dé
tham chiéu. Sau khi sir dung phan mém dé dyu doan cac chét, viéc xac nhan mot hoat chat co
mit trong mau duoc thé hién qua d6 khép voi cac cht cé trong thu vién phd. Cac chét c6
manh ph6 khép nhat véi thu vién dugce thé hién thong qua cac thong sd: d6 chéch khdi (Mass
error), d6 khép thu vién phd MS/MS (Library score), ti 1& khac biét dong vi (Different isotop
ratio). Bang cach cai dit gia tri cac thong s6 v6i tiéu chi quy dinh, phan mém ty dong sang
loc dé dua ra goi y HCBVTV nghi ngd. Cac dit lidu s& dugc kiém tra va danh gia boi kiém
nghiém vién dé dua ra két qua phu hop nhat.
2.4.4. Qui trinh thuc hién

Qua trinh thuc hién phan tich mau bang phuong phap dinh lugng va sang loc dugc
thuc hién qua cac budc nhu trong Hinh 1.

[ Mau phén tich ]

Xt Iy mau theo QuEChERS ]

v

[ Phén tich LC-QTOF-MS ]

!

Di liéu pho (MS. MS/MS) ]
[

v v

[ Phuwong phap xu Iy di# liéu dinh luwong J [ Phuong phap xi Iy di liéu sang loc J

I I

y
[ Két qua ]

Hinh 1. Qui trinh phén tich méu
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2.4.5. Tham dinh Phwong phdp
2.4.5.1. Phuong phdp dinh leong véi chat chudn

Tién hanh x4c nhan gi tri st dung cua phuong phéap dinh lwong 186 HCBVTV trén
3 nén mau rau, cii va qua. Tham dinh phuong phéap thong qua cac thong so gidi han phat
hién, giéi han dinh lwong, dudng chuin va khoang tuyén tinh, d6 dung, d6 lap lai.
2.4.5.2. Phuong phdp sang loc tim kiém HCBVTV nghi ngo véi thu vién phé phan gidi cao

Udc luong va tham tra gia tri gioi han phat hién sang loc (SDL). Dé xéac dinh gia tri
SDL dbi véi cac hoat chét ¢o trong thu vién, st dung 186 HCBVTV da lya chon nhu trong
Bang S1 dé dai dién chia vao 17 nhém hoa chat gdm 500 chit trong thu vién phd, trong d6
mdi nhém chira t6i thiéu 20% cac HCBVTV ¢6 san chuan dé thuc hién thim dinh phuong
phap sang loc. Tién hanh x4c nhéan gia tri st dung (XNGTSD) ctia phuong phéap sang loc
trén t6i thiéu 20 mau lip véi 03 nén mau dai dién cho rau, ct va qua. Phan tich cac mau tring
va mau trang thém chuén tai 4 mirc ndng d6 1a 10, 20, 50, 100 pg/ke, tir d6 wdc luong duoc
gia tri SDL cta phuong phap.

Tiéu chi tham dinh phuong phéap dinh lugng va sang loc dugc tham chiéu theo hudng
dan SANTE 11312/2021 cta Uy ban chau Au [16].

Ngoai ra, phuong phap con dugc tham tra, danh gia thong qua viéc phan tich cac mau
kiém soat chat lugng (QCM) ctia Fapas (Anh) va mau thir nghiém thanh thao do Vién Kiém
nghiém an toan vé sinh thyc pham qudc gia t6 chirc trong ndm 2023.

2.4.6. Phén tich mau thuc té

Phuong phép duoc dp dung dé phén tich 160 miu rau ca qua, trong d6 ¢ 109 mau
rau, 13 mau ct va 38 mau trai cdy, dugc giri dén phong kiém nghiém trong khoang thoi gian
06 thang dau nam 2023.

3. KET QUA VA BAN LUAN
3.1. Két qua XNGTSD phwong phap dinh lwong

Gidi han phdt hién (LOD) va gidi han dinh heong (LOQ): Tién hanh phan tich mau
trang thém chuan & ndng do thip con c6 thé xuat hién tin hiéu chét phan tich, xir Iy miu theo
quy trinh néu tai muc 2.4.1, va thyc hién lap lai 07 lan. Xac dinh ty 1€ tin hi€u trén nhiéu
(S/N) theo phan mém cua thiét bi. Theo 1y thuyét, gidi han phat hién 1a ndng d6 ma tai d6 c6
S/N = 3 va gi6i han dinh lugng LOQ = 3,3 x LOD. Két qua phuong phap c6 giéi han phat
hién va gi6i han dinh lugng cho 186 hoa chat 1an luot 13 3,0 pg/kg va 10 pg/kg, cac két qua
nay déu dap ung S/N > 3 tai LOD. Hinh 2 minh hoa céc sic ky d6 miu tring, mau chuan va
mau tring thém chuan tai nong d6 10 pg/kg cua carboxin.
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Hinh 2. Sdc ky @6 mau trdng (A), mau chudn tai nong do 10 ug/kg (B)
va mau trang thém chudn tai nong dé 10 ug/kg (C) ciia carboxin
Puong chudan: Puong chuan ciia 186 chat duoc xdy dung trén dich chiét cta 03 nén
mau trang cai bap, ca rot va kiwi néu tai muc 2.1, gdm 5 diém c6 néng d6 nam trong khoang
3,0-50 pg/kg.
Hé s6 twong quan (R?) nam trong khoang 0,995-0,999 va dd chéch tai cac diém déu
nho hon 15%. Hinh 3 minh hoa dudng chuan cia furathiocarb trong nén bap cai.
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Hinh 3. Buong chuan 3,0-50 ug/kg ciia furathiocarb trong nén bdp cdi

Do diing va do ldp lai: thyc hién phan tich trén 03 mau tréng dai dién dugc thém chuin
& 03 mirc nong do 1a 10, 20, va 100 pg/kg, mdi ndng d6 duoc phan tich lap lai 7 1an riéng
biét. Két qua danh gia do ding va do lap lai duoc thé hién trong Bang 3.
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Bing 3. Hiéu sudt thu héi va dé Idp lai ciia phirong phép

; B Dé lip lai RSD (%) Hiéu sudt thu hoi H (%)
STT ]; l;z(:z’Z ;ﬁ’l‘j’ 10 20 100 10 g 190
pugkg  uglkg  pglkg ug/kg ug/kg

1 Nhom Imidazolinone 8,7-20 9,2-17 7,6-11 95,4-102 92,7-102  82,6-92,3
2 Nhém triazolone 3,7-18  24-15 34-15  808-110 833-114 96,6-113
3 Nhém triazolopyrimidine  2,9-5.6  3.4-89  2,6-64  90,7-112  93,0-114  82,6-109
4 Nhém benzoylurea 5,1-12 4,0-15 3,5-12 84,1-113 89,2-105 88,0-107
5 Nhom neonicotinoid 2,2-16  1,3-14 1,8-7,7  91,9-114  92,6-116  104-113
6 Nhoém strobilurin 1,7-8,2 2,0-8,4 2,4-6,3 91,2-116 96,0-116 97,0-112
7 Nhoém pyrazole 3,8-13 2,3-7,9 3,0-54 101-114 105-113 99,3-107
8 Nhoém pyridine 53-11  2,1-14 2,4-6,3  923-112  93,4-116 97,3-113
9 Nhom chloroacetamide 3,0-9,0 1,8-17 1,7-4,4 101-110 97,2-116 101-114
10 Nhoém macrocyclic lacton  0,78-13 1,5-15 1,9-11 79,1-115  82,8-111  91,1-114
11 Nhoém triazine 1,4-13 1,7-17 1,3-19 96,9-113 97,3-117 86,3-114
12 Nhém amide 1,9-16 1,5-13 2,1-12 85,7-116 90,8-117 91,4-114
13 Nhém triazole 0,70-16  2,5-18  13-95  81,5-116 744-116 79,7-114
14 Nhom urea 2,1-17 1,8-18 2,0-19 86,0-114 89,7-116 76,6-113
15  Nhom Phosphorhiruco  1,2-14  1,1-13  0,86-8,3  86,9-117 855-118 86,4114
16 Nhém carbamate 2,6-20 2,2-17 1,1-19 82,5-115 83,8-117  89,3-116
17 Nhom khac 0,74-18 1,4-20 1,2-18 81,0-117 77,8-117 74,8-116

Két qua tir Bang 3 cho théy, higu suat thu hdi trén cac nén mau dai dién trong khoang
ndng d6 10-100 pg/kg dao dong trong khoang 74,4 -118% v&i RSD < 20%. Nhu vay, do lap
lai va d6 thu hoi déu dap tmg yéu cau khoang cho phép theo SANTE 11312/2021 (hiéu suét
thu hoi: 70-120%, RSD < 20%). Phuwong phap dugc ap dung dé phan tich dinh luong cac
HCBVTYV trong miu thuc té.

3.2. Tham dinh phuwong phap sang loc

Tiéu chi chap nhan két qua XNGTSD phuong phap sang loc: gidi han phat hién sang
loc 12 nong d6 thap nhat ma tai d6 mot chat phan tich duoc phat hién it nhat dat 95% trong
mau [16]. St dung phin mém SCIEX OS dé sang loc miu dwong tinh véi cac thong s6 dap
g duoc cac diéu kién duoc trinh bay trong Bang 4 [14].

Bing 4. Thong sé sang loc mau phan tich trén thiét bi LC-QTOF-MS

Dj chéch khoi D khép thw vién pho MS/MS — Ti 1¢ khdc bigt dong vi
<5 ppm > 80% <20%

Thuc hién phan tich trén céc mau tréng dai dién (bép cai, ca rot, kiwi) dugc thém tai
cac murc ndng d6 10, 20, 50 va 100 pg/kg, mdi mirc thyce hién 7 1an. Nhu véy, tong cong cd
21 mAu rau, ca va qua lap lai tai mdi mirc ndng do. Thuc hién so sanh muc d6 twong dong
vé pho gitra HCBVTV trong mau véi thu vién, mau duoc coi 1a duong tinh voi cac hoa chit
khi ca 03 thong s6 d6 chéch khéi, do khop thu vién phd MS/MS, ti 18 khac biét dong vi phai
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dat tiéu chi nhu trén. Hinh 4 minh hoa muc d6 khép gitta hop chét fenpropimorph c6 trong
mau thém chuén so véi thu vién phd QTOF X500R.
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Hinh 4. Sic ky d6, pho MS va MS/MS ciia fenpropimorph tai 100 ug/kg
Dua vao két qua thu duoc, téng hop két qua sang loc phat hién céac cht chuédn di thém
trén 03 nén mau tréng dai dién cho 03 ddi tugng rau, cd, qud, khdp véi cac hoa chét trong
thu vién phd dugc biéu dién qua Bang 5.

Bing 5. Két qua sang loc cdc héa chat trong cde nhém HCBVTV

) Sé ,10 u’g/kg ’20 ;rlg/kg ’50 ;rlg/kg ’100 ’ug/kg
Nhom hoa chat HCBVTV So chat Til¢ Sochat Tilé¢ Sochat Til¢ Sochat Tilé
phat hién (%) phat hién (%) phat hién (%) phat hién (%)
Nhom Phosphor hitu co 28 9 32 12 43 26 93 28 100
Nhém carbamate 20 4 20 7 35 19 95 20 100
Nhom triazine 10 3 30 5 50 10 100 10 100
Nhoém triazole 21 4 19 4 19 19 90 21 100
Nhom urea 17 5 29 6 35 15 88 17 100
Nhom amide 10 4 40 4 40 10 100 10 100
Nhoém macrocyclic lacton 8 3 38 4 50 8 100 8 100
Nhoém neonicotinoid 5 1 20 1 20 5 100 5 100
Nhom strobilurin 6 4 67 6 100 6 100 6 100
Nhoém benzoylurea 4 0 0 1 25 3 83 4 100
Nhoém chloroacetamide 3 0 0 1 33 3 100 3 100
Nhom pyrazole 2 0 0 2 100 2 100 2 100
Nhém pyridine 3 1 33 1 33 3 100 3 100
Nhoém triazolone 2 1 50 1 50 2 100 2 100
Nhom triazolopyrimidine 2 1 67 1 50 2 100 2 100
Nhoém Imidazolinone 1 0 33 1 100 1 100 1 100
Nhom khac 44 23 53 26 59 42 95 44 100
Téng sb 186 64 34 83 45 176 95 186 100
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Hinh 5. Biéu do két qud sang loc HCBVTV trong mau rau cii qua

Theo két qua & Bang 5 va Hinh 5 cho thay, ti 1¢ phat hién cac hoa chét trong cac nhom
tang 1én theo muc ndng d6. Trong 21 miu rau ci qua, tai mirc ndng do 10 pg/kg phat hién
khoang 34% cac hoa chét, khi ndng do tang 1én gap 5 1an 13 50 pg/kg thi da co thé phat hién
dugc 95% cac hoa chat khop véi thu vién pho, ing véi ndng d6 nay phuong phap dat ngudng
phat hién sang loc. Tai nong do 100 pg/kg phat hién duge 100% hoa chit trong tat ca cac
nhom c6 thong sb sang loc khép voi thu vién phd, vuot tiéu chi dua ra. Tuy nhién, dé dam
bao dugc dd tin cdy cao khi sang loc va cé thé phat hién dugc 500 hoa chét trong thu vién
pho, lya chon gidi han phat hién sang loc ctua phuong phap 1a 100 pg/kg.

Theo quy dinh hi¢n hanh cua Viét Nam, tuy thudc vao cac HCBVTYV trén cac ddi
tugng rau, ci qua khac nhau ma gidi han t6i da du lugng bao vé thuc vat (MRL) 1a khac
nhau (dao dong tir 10 pg/kg-300.000 pg/kg) [17]. Vi ngudng gidi han phat hién sang loc
nay, tuy khong dap tmg sang loc trong mot sb truong hop c6 mie MRL< 100 pg/kg, nhung
khi phat hién cac hoat chat m&i voi mire tin cdy cao sé& la can ctr gitp két luan chinh xac hon
cac chit co mat trong mau, tir d6 han ché phan nao nguy co bo sot cac hoa chat dang gip
phai trén cac k¥ thuat khac. Mat khac, voi nhiém vu tim kiém céc hoa chat méi dé bo sung
vao danh muc cic chét can dinh luong ciing 1a mot trong nhiing 1y do dé thyc hién nghién
clru nay.

3.3. Két qua tham tra, kiém chirng phwong phap qua phén tich mau QCM, TNTT
3.3.1. Pdnh gid két qua cia phwong phdp théng qua mau QCM

St dung phuong phap sang loc va dinh lugng cac HCBVTV dé phan tich mau kiém
soat chat lugng nén rau bap cai duoc cung cip tir Fapas (Anh). Mau duoc phan tich trong 2
thoi diém khac nhau, tai mdi thoi diém mau duogc tién hanh 13p lai 02 1an. Két qua phén tich
dinh luong va sang loc tim kiém cac HCBVTV nghi ngd dugc trinh bay trong Bang 6.
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Bing 6. Két qua phén tich mau OCM ciia Fapas

Két qua dinh lwong (ug/kg) Két qud sang loc tim kiém HCBVTV nghi ngo
Tén héa chit

Két qui ciia Khodng chap D¢ chéch Py khop thw vien — Ti 1¢ khdc
PKN nhén ciia QCM  khéi (ppm) pho MS/MS biét dong vi

Bendiocarb 49,3 41,3-106 1,2 96,9 5,4
Bitertanol - 59,0-152 1,4 90,5 2,9
Carbofuran - 14,8-38,1 1,2 99,5 13
Diazinon 20,6 12,9-33,1 1,1 100 1,3
Dichlorvos - 73,0-185 1,9 99,6 3.8
Flusilazole 49,1 45,4-117 -0,2 99,6 1,4
Imidacloprid 34,5 27,8-71,4 1,9 99,7 2,8
Phenthoate - 28,7-73,7 1,8 90,6 1,1
Phoxim 57,5 32,5-83,5 2.4 94,2 2,2

Két qua thyc hién mau kiém soét chat lugng cua Fapas déu dat yéu cau vé két qua dinh
luong (nam trong khoang chap nhan ciia QCM) va sang loc (phat hién 100% céc hoa chét
trong mau QCM). Pic biét, d6i véi mot s6 HCBVTV nam ngoai danh sach 186 chat chuan
(bitertanol, carbofuran, dichlorvos va phenthoate), khi xir 1y két qua bang phuong phéap sang
loc, mic du cac chat nay c6 nong do thip hon so v6i ngudng sang loc 1a 100 pg/kg nhung
déu cho két qua phat hién ¢ trong mau voi do khép cta ca 03 thong sé dinh danh twong d6i
cao.

3.3.2. Panh gid ciia phiwong phdp théng qua mau thir nghiém thanh thao

Thuc hién phan tich mau TNTT x4c dinh HCBVTYV trong ca chua dugc NIFC td churc,
két qua phan tich sang loc va dinh lugng cac hop chat trong Bang 7 dudi day.
Bing 7. Két qua phén tich mau TNTT ciia NIFC-ndm 2023

Két qua dinh lwong (ug/kg) Két qua sang loc tim kiéem HCBVTV
Tén héa chit nghi ngo ciia PKN
Két qui cia Khodng chdp ~ P§ chéch P khép thw — Tilg
PKN nhin khéi (ppm)  vign phé  khdc bigt
MS/MS dong vi
Difenoconazole 667 437 - 743 0,7 100 33
Acetamiprid 303 121 - 307 0,8 99,2 0,5
Imidacloprid 607 399 - 665 0,5 99,7 1,0
Indoxacarb 593 449 - 657 0,1 99,6 2,1
Profenofos 8133 7116 - 9524 -3,8 99,4 2,2
Buprofezin 1040 614 - 1234 3,4 100 2,6

Két qua dinh luong ciia cac HCBVTV déu ndm trong khoang chap nhan cac két qua
cua chuong trinh TNTT. Bén canh d6, ap dung phuong phéap sang loc cling da phat hién
100% cac hoat cht trong co trong mau. Nhu vay, phuong phéap phan tich dinh lwong va sang
loc mau TNTT déu dat yéu cAu vé dinh luong va sang loc phat hién cac hoa chét trong mau.
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3.4. Phan tich miu thyec té
3.4.1. Ung dung phiong phép dinh lwong HCBVTV trong phén tich mau

Phuong phap dinh luong cac HCBVTV duoc tng dung dé phan tich 160 mau rau cu
qué di giri dén PKN trong khoang thoi gian 6 thang dau nam 2023. Két qua dinh luong cac
hoa chat duoc trinh bay trong Bang 8.

Bing 8. Két qua phan tich dinh hrong mau thuc té

Rau (109 miu) Cii (13 miu) Trai cdy (38 miu)
Tén héa chat/ phan  S6 miu L < = L < = Khoing
nhom rau cit qui phit Khi)ang nong So mzﬂx Kh?ang nong SO mz}tl nbng do
N do (ng/kg) phathién do (ng/kg) phat hién
hi¢n (ng/kg)
Metalaxyl 10 <10-110 0 KPH 1 <10
Imidacloprid 13 <10-900 1 20 4 40 - 1610
Thiamethoxam 8 10- 180 2 <10-30 3 10 - 100
Pyridaben 4 <10-1080 0 KPH 0 KPH
Spirotetramat 1 70 0 KPH 1 <10
Chlorfluazuron 2 <10-170 0 KPH 0 KPH
Etoxazole 1 <10 0 KPH 1 <10
Dimethomorph 3 <10-320 1 50 0 KPH
Clothianidin 4 10-30 0 KPH 3 <10-550
Difenoconazole 11 20 - 1430 0 KPH 5 10 -50
Hexaconazole 5 <10-200 0 KPH 2 <10-10
Chlorantraniliprole 14 <10-1500 0 KPH 4 <10-30
Metaflumizone 2 <10-70 0 KPH 0 KPH
Tebuconazole 2 <10-280 0 KPH 1 30
Buprofezin 3 <10-310 0 KPH 2 <10-10
Acetamiprid 6 40 - 6890 1 20 1 40
Pencycuron 3 <10 - 6660 0 KPH 1 120
Boscalid 1 <10 0 KPH 1 1030
Trifloxystrobin 3 <10-60 0 KPH 2 10-20
Azoxystrobin 9 <10 -4090 0 KPH 3 <10-130
Propiconazole 3 <10-550 0 KPH 0 KPH
Malathion 0 KPH 0 KPH 2 10-70
Cyprodinil 0 KPH 0 KPH 2 380
Fluopyram 0 KPH 0 KPH 3 <10-40
Pyrimethanil 0 KPH 0 KPH 2 <10-40
Iprovalicarb 1 70 0 KPH 0 KPH
Pyraclostrobin 0 KPH 0 KPH 1 <10
Flonicamid 1 10 0 KPH 0 KPH
Myclobutanil 0 KPH 0 KPH 1 <10
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Rau (109 miu) Cii (13 miu) Trai cay (38 miu)
Tén héa chat/ phan  S6 miu N < = L < x Khodng
nhom rau cii qua phit Khoing nong So mz?u Khodng nong So mzfu ndng do
N do (ng/kg) phathién dé (ug/kg) phat hién
hi¢n (ng/kg)
Quinoxyfen 0 KPH 0 KPH 1 <10
Spinetoram 4 <10-50 0 KPH 1 <10
Thiacloprid 0 KPH 0 KPH 1 <10
Fenobucarb 0 KPH 0 KPH 2 20 - 50
Fenpyroximate 0 KPH 0 KPH 1 10
Imazalil 0 KPH 0 KPH 2 <10-10
Paclobutrazol 0 KPH 0 KPH 1 70
Thiophanate-methyl 0 KPH 0 KPH 1 <10
Dimethoate 0 KPH 0 KPH 1 20
Omethoate 0 KPH 0 KPH 1 60
Phoxim 0 KPH 0 KPH 1 30
Emamectin benzoate 1 <10 0 KPH 0 KPH
Mandipropamid 2 20 - 80 0 KPH 0 KPH

Ghi chu: “KPH - khong phat hién voi nguong LOD la 3,0 ug/kg

PKN da phat hién va dinh luong 42 HCBVTYV trong cac mau rau, ci va qua. Trong
d6, da s cac hoa chat nay dugc tim théy trong rau va tréi cdy, con lai mot s6 it duoc tim
thiy trong nhém cii. Nhom rau phat hién HCBVTV 1a nhiéu nhét khoang 68%, trong khi d6
nhém ct phat hién it nhat, chi bang mot nira rau (khoang 38%). Mot s6 cac hoa chat gom
imidacloprid, chlorantraniliprole, difenoconazole, thiamethoxam, azoxystrobin thuong phat
hién d6ng thoi trong rau va trai cay. Cac loai rau cai, rau gia vi va cac loai qua c6 mui nhu
cam, quyt thudng phat hién chia rat nhicu HCBVTV. Mot s6 HCBVTV duoc phat hién
trong cic mau rau, qua dang vuot muc quy dinh tai Viét Nam nhu imidacloprid trong qua
quyt vuot gip 1,6 1an, pencycuron trong rau xa lach vuot gip hon 2 1an so v6i gidi han cho
phép theo thong tu s6 50/2016/TT-BYT [10]. Mot sé HCBVTV khéc chua c6 trong quy dinh
tai Viét Nam nhung theo qui dinh ctia Dai Loan [18] hay Chau Au [19] thi két qua ciing vuot
ngudng quy dinh nhu acetamiprid, difenoconazole trong rau cai (gap hon 1,4 1an so véi qui
dinh cua Pai Loan), paclobutrazole trong qua quyt gap 7 1an so v6i quy dinh ctia Chau Au.
3.4.2. Ung dung phirong phdp sang loc dé tim kiém hoat chat khdc cé trong mau

Luya chon 60 miu phat hién nhiéu cac HCBVTV trong tong sd 160 miu rau, ci, qua
da thyc hién phén tich dinh luong & trén cho phuong phap xt 1y sang loc dé tim kiém céac
HCBVTV méi. Két qua, ngoai phat hién cac hoa chét da dinh luong & trén, mau con duoc
phat hién thém cac chat méi c6 trong thu vién duoc liét ké trong Bang 9 va Hinh 6.
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Bdng 9. Két qua sang loc mau rau, cu va qua
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Hinh 6. Két qud phat hién fluopicolide trong rau cdi (A) va lufenuron trong rau xa lach (B)

Duya vao d6 khop cac thong sb trong thu vién phtt hop véi tiéu chi sang loc, da tim

dugc 9 HCBVTYV méi trong 19 mau rau cu qua, chiém hon 31% sé mau duge lya chon dé

xtr Iy sang loc. Trong bang 9 cac HCBVTYV phat hién dugc déu dap ung voi tiéu chi sang
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loc d3 dua ra trong muc 3.2. Cac hoa chat nay duoc tim thdy cha yéu trong mau rau. Day 1a
co s& dé bd sung vao danh muc cac HCBVTV can dinh luong theo ddi trong thoi gian t6i.

4. KET LUAN

Nhu vay, nghién ctru da thanh cong trong viéc xay dung 01 phuong phap phan tich du
lwong HCBVTV trén LC-QTOFE-MS, thu dugc dong thoi 02 két qua dinh lwong va sang loc
tim kiém HCBVTV nghi ngd trong mot 1an phan tich. Phuong phéap da duoc thdm dinh dé
dinh lugng 186 cac HCBVTV trong rau cu qua dat yéu cau theo SANTE 11312/2021. Mit
khac, phuwong phap sang loc nham tim kiém, phat hién cac HCBVTV méi c6 trong miu bang
cach so sanh v&i 500 hoa chat trong thu vién phd phan giai cao kém theo thiét bi, giup bd
sung cac chat nay vao danh muc kiém nghiém dé dinh luong trong PKN. Budc dau nghién
ctru thanh cong trong viéc sir dung phuong phéap sang loc dé giam sat cac HCBVTV chua
c¢6 chuan nham giam thiéu nguy co bo sot cac chét trong mau.
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BANG S1. BANG LUA CHON HCBVTYV DAI DIEN THEO PHAN NHOM
TRONG THU' VIEN PHO PHAN GIAI CAO HANG SCIEX - MY

TT

Tén nhém

Lya chon HCBVTYV dai dién

Thu vién

Tén héa chit

S6 lugne

Khoing Log
Kow |~

S6 lwgpe

Khoing Log
Kow |~

Ti 1 (%)

Nhom imidazolinone

Imazethapyr

1

1,49

5

-1,09- 1,54

20

Nhom triazolone

Carfentrazone-cthyl, tricyclazole

1,40 -3,70

-1,98 - 3,70

33

Nhom
triazolopyrimidine

Fluopyram, penoxsulam

-0,60 - 3,30

-1,01-33

33

Nhom benzoylurea

Chlorfluazuron, flufenoxuron, teflubenzuron, novaluron

4,30 -5,80

3,89- 6,97

44

Nhom neonicotinoid

Acetamiprid, clothianidin, imidacloprid, thiacloprid,
thiamethoxam

-0,13-1,26

0,66 - 1,26

56

Nhoém strobilurin

Pyraclostrobin, azoxystrobin, dimoxystrobin,
fluoxastrobin, picoxystrobin, trifloxystrobin

2,50 - 4,50

2,50 - 4,50

60

Nhom pyrazole

Chlorantraniliprole, tebufenpyrad

2,86-493

-1,52- 5,61

20

Nhom pyridine

Pymetrozine, flonicamid, boscalid

-0,24 - 2,96

-2,63 - 5,88

30

Nhom
chloroacetamide

Alachlor, acetochlor, propachlor

1,60 - 4,14

1,60 - 4,14

27

Nhom macrocyclic
lacton

Avermectin Bla, emamectin B1b, eprinomectin Bla,
ivermectin Bla, spinetoram A, spinetoram B, spinosyn,
emamectin benzoate

2,80 -4,40

2,80 -4,40

62

Nhom triazine

Ametryn, atrazine, atrazine-desethyl, methoprotryne,
prometon, prometryn, simazine, simetryn, terbumeton,
terbutryn

1,51-3,66

21

1,51-3.95

48

Nhom amide

Flutolanil, propyzamide, carpropamid, benalaxyl,
carboxin, fenhexamid, metalaxyl, furalaxyl,
mandipropamid, propanil

1,75 -4.25

29

-1,20 - 4,70

34

Nhom triazole

Bromuconazole, difenoconazole, diniconazole,
epoxiconazole, etaconazole, fluquinconazole, flusilazole,
flutriafol, hexaconazole, metconazole, myclobutanil,
paclobutrazol, penconazole, propiconazole,
prothioconazole, tebuconazole, tetraconazole, triadimefon,
triadimenol, triticonazole, fenbuconazole

21

2,00 - 4,30

32

20,97 - 4,94

66

Nhom urea

Ethoxysulfuron, cyclosulfamuron, pyrazosulfuron-ethyl,
chlorotoluron, chloroxuron, diuron, fluometuron,
isoproturon, linuron, methabenzthiazuron, metobromuron,
monolinuron, neburon, pencycuron, siduron, thidiazuron,
tebuthiuron

0,43 - 4,68

57

-1,87 - 4,68

30

Nhom phosphor hiru
co

Fenamiphos, iprobenfos, methidathion, omethoate,
phosalone, pirimiphos-ethyl, pirimiphos-methyl,
profenofos, sulprofos, diazinon, fenthion-sulfoxide,
triazophos, coumaphos, edifenphos, mecarbam,
mevinphos, monocrotophos, phosphamidon, phoxim,
propetamphos, sulfotep, temephos, trichlorfon,
vamidothion, fensulfothion, azinphos-ethyl, dimethoate,
malathion

28

-4,21-5,48

96

-4,21 - 6,15

29

Nhom carbamate

3-Hydroxycarbofuran, aminocarb, bendiocarb, carbaryl,
carbetamide, ethiofencarb, fenobucarb, fenoxycarb,
furathiocarb, iprovalicarb, isoprocarb, methiocarb,
molinate, pirimicarb, promecarb, propamocarb,
thiodicarb, thiophanate-methyl, thiobencarb, tri-allate

20

0,84 - 4,60

56

-0,57 - 7,42

36

Nhom khac

Fuberidazole, phenmedipham, hexazinone, metribuzin,
cyazofamid, imazalil, fenamidone, fenthion-sulfone,
halofenozide, benoxacor, dimethomorph, tridemorph,
spirotetramat, fenpropimorph, spiroxamine,
methoxyfenozide, pyriproxyfen, tebufenozide,
benzoximate, clethodim, cyprodinil, ethirimol,
pyrimethanil, flufenacet, acibenzolar-S-methyl,
hexythiazox, fenpyroximate, carbendazim, thiabendazole,
mefenacet, etoxazole, bupirimate, nuarimol, fluridone,
pyridaben, cycloxydim, isoprothiolane, buprofezin,
formetanate, metaflumizone, pendimethalin, rotenone,
indoxacarb, quinoxyfen

44

-0,00 - 6,37

120

-2,90 - 6,37

37

Tap chi Kiém nghiém va An toan thuc phdm - Tap 6, S6 3, 2023




Budc ddau nghién clu Ung dung phusng phdap sdc ky 16ng...

Initial research on the application of the liquid chromatography - quadrupole
time-of-flight mass spectrometry (LG-QTOF-MS) method for monitoring
pesticide residues in fruits and vegetables

Nguyen Thi Ha My, Duong Duc Anh, Le Thi Huong, Dinh Dang Huy*
Food Safety and Toxicology Laboratory, Vinmec Hi-Tech Center, Ha Noi, Viet Nam

Abstract

Currently, there are thousands of plant protection chemicals being allowed for use in
agriculture. Abuse or improper use of pesticides lead to increase residues in products,
exceeding the maximum residue limit according to the regulations. Therefore, the need for
developing methods, which can monitor, detect, and identify many pesticides
simultaneously is necessary. The liquid chromatography quadrupole-time-of-flight mass
spectrometry (LC-QTOF-MS) method has advantage of being able to simultaneously
quantify and screen many compounds at once, are being a trend in analytical techniques for
analyzing and screening pesticide residues in foods. In this study, the LC-QTOF-MS method
was used to quantify 186 pesticides in fruit and vegetable samples. The limit of detection
(LOD) for all compounds is 3.0 ug/kg. The recovery is in the ranged of 74.4 -118%, relative
standard deviation (RSD) <20%. At the same time, the method was initial researched for
nontarget screening by reprocessing previously acquired data without re-injection of the
samples. The list of pesticides can be screening, which are up to 500 chemicals, by
comparison results with the available high resolution mass spectral library. The screening
detection limit of the method (SDL) is 100 pg/kg. The method has been applied to quantify
186 pesticides, and nontarget screening analyse in 160 fruit and vegetable samples in the
first 06 months of 2023.

Keywords: Pesticides, vegetables, LC-QTOF-MS
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