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Tém tit. Trong dé tai nay,phuong phap séc ky khi ghép khéi phd (GC-MS/MS) phan tich du luong cac
hoat chit thudc trir sdu chlorpyrifos va carbosulfan trong rau cai xanh da dugc tham dinh gia tri st dung
dya trén k¥ thuat chiét pha ran phan tan QUEChERS trong qua trinh chuan bi miu. Véi diéu kién ti uu
cua thiét bi, néng dd cua cac hoat chat thudc trir sau trén céy rau co thé xac dinh dugc trong khoang tur
0,01 mg/kg dén 0,2 mg/kg dbi voi chlorpyrifos, va tir 0,05 mg/kg dén 0,3 mg/kg d6i véi carbosulfan. Hé
s6 tuong quan (R?) cua ctia cac duong chuan dat 0,999. Gidi han phat hién ciia phuong phap (MDL) xéac
dinh duoc 1an luot 12 0,003 mg/kg va 0,013 mg/kg doi véi chlorpyrifos va carbosulfan. Hiéu suat thu hoi
cua phuong phap dat tir 96-101% dbi véi chlorpyrifos va tir 96-99% dbi voi carbosulfan. Do 1ap lai ¢ cac
nong d6 khac nhau déu thap hon 4,60 va 3,44% lan luot cho chlorpyrifos va carbosulfan. So sanh véi yéu
cau theo tiéu chuén cta B Y té va Chau Au, cac thong sb thu duge dap tmg tot vé d6 nhay, do chinh xac
dé phan tich du luong cac hoat chat thudc trir siu chlorpyrifos va carbosulfan trong cai xanh, va c6 thé ap
dung dugc trong thuc té.

Tir khéa. GC-MS/MS, chlorpyrifos, carbosulfan, thudc trir siu

VALIDATION OF THE ANALYTICAL METHOD FOR DETERMINATION OF
CHLORPYRIFOS AND CARBOSULFAN IN MUSTARD BASE ON
CHROMATOGRAPHY TANDEM MASS SPECTROMETRY AND QUECHERS

Abstract. Gas chromatography-tandem mass spectrometry (GC-MS/MS) method is validated for the
determination of chlorpyrifos and carbosulfan in mustard. It is based on the QuEChERS dispersive solid
phase extraction in sample preparation. Under the optimal operating conditions, the concentration of in
mustard can be determined in the range from 0.01 mg/kg to 0.2 mg/kg for chlorpyrifos and from 0.05
mg/kg to 0.3 mg/kg for carbosulfan with the coefficient correlation (R*) of [ 0.999. The method
detection limit (MDL) is 0.003 mg/kg for chlorpyrifos and is 0.013 mg/kg for carbosulfan. The accuracy
and precision of the method obtained is also evaluated. The recovery is from 96-101% for chlorpyrifos
and from 96-99% for carbosulfan. The repeatability at different concentrations are lower 4.60 and 3.44%
for chlorpyrifos and carbosulfan, respectively. According to the reequipment from Viet Nam Heath
Ministry and EU, all the obtained results advises the method available for determination of chlorpyrifos
and carbosulfan in mustard, and can be applied in the food analytical chemistry.

Keywords. GC-MS/MS, pesticides, mustard, chlorpyrifos, carbosulfan.

1. GIOI THIEU

Thudc trir sau hlen nay duoc str dung rong rai dé kiém soat siu bo va con trung pha hoai trén cac canh
dong nong nghlep Do nhu ciu ting ngudn cung luong thue va thuc pham, thude trir sdu di 1a mot phan
khong thé thiéu trong nong nghiép tham canh [1]. Bén canh nhiing loi ich to 16n cia viée sir dung thude
trir sau, thi chung con duoc biét dén nhu 1a ngudn doc hai dai dién cho médi trudng va anh hudng truc tiép
dén stc khoe con nguoi [2, 3]. Thude trir sdu 13 nguyén nhén trong nhiéu vin dé strc khoe ctia con ngudi,
c6 thé gay ra doc cap tinh nhu chong mit, dau dau, phat ban va budn non. Cac tac dong mén tinh cia viée
tiép xuc voi thude trir sdu 6 lién quan dén cac bénh khac nhau, bao gdm ca ung thu [4, 5], Parkinson's
[6], r6i loan ndi tiét t [7], hen suyén [8] va di tmg [9].
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Clorpyrifos va carbosulfan la cac hoat chét thudc trir sdu thudc ho organophospho va carbamate dugc st
dung rong réi trong cac nén nong nghiép nhiét d6i. Poc tinh cta cac loai thude trir sdu nay dya trén sy e
ché enzyme acetylcholinesterase (AChE) giup loai bo chat dan truyén than kinh acetylcholine, do d6 can
thiép vao viée dan truyén than kinh thich hgp ¢ dong vat [10]. Mic du sy an toan trong viéc st dung hau
hét cac loai thubc trir sau da duoc quy dinh, nhung du luong thudc trir sdu trong rau van can phai duogc
kiém soat do diéu kién canh tac thuc té hodc do loi ich kinh t& ma ngudi néng dan da sir dung khong diing
yéu cu nhu quy dinh [10-13]. Do do, viéc thim dinh cac phuong phap phén tich c6 d6 nhay va d6 chinh
xac cao dap ung nhu cau vé thir nghiém nham dam bao chat lvgng hang héa nong nghiép trong d6 c6 cay
rau 13 mot van dé cp thlet

Xuit phat trén nhu cdu d6, ching t6i tién hanh tham dinh phuong phap phan tich cic hoat chat
chlorpyrifos va carbosulfan trén cdy ray cai xanh bang phuong phap GC-MS/MS két hop voi k¥ thuat
chiét pha ran phan tan QuEChERS trong xur ly mau. K thuét tach chiét 1am sach mau truéc khi phén tich
giam thiéu d¢ nhiéu do nén mau rau tir d6 cho do nhay cao [14]. Tin hi¢u phéan tich thu duoc tir viéc ap
dung phuong phép séc ky khi voi detector khdi phd hai 1an cho phép d6 chon loc va do nhay vuot troi so
v6i cac phuong phap khac, diéu nay dam bao d chinh xic cao ciia phuong phap phan tich. Viéc thim
dinh gia tri str dung ctia phwong phap duoc thuc hién trén nén mau thuc do d6 két qua thu duoc 1a ddng
tin cdy va c6 thé ap dung trong viéc phan tich danh gia va kiém soat chit lugng san pham rau cai xanh.

2. THUC NGHIEM

2.1 Héa chét va thiét bi

Tét ca cac hoa chét dugc sir dung trong dé tai nay déu dat do tinh khiét ding trong Hoa phan tich (PA):
Clorpyrifos p = 99,3%, carbosulfan p 99,4% hang Sigma Aldrich (Singapore); Trifluraline-D14 p >
98,6% dugc cung cap tir Dr. Ehrenstorfer ™ (Dic); Ethylacetate p > 99% va acetonitril (ACN) p > 99%
hang Merck (Merck, Darmstadt, Dirc); Bo chiét xudt Agilent QUEChERS, mi sé san phdm 5982-0650
hang Agilent Technologies (Hoa Ky); Cot chiét pha rin (SPE) 2ml (thanh phan bao gdm150 mg MgSO.,
50mg PSA, 50mg GCB, 50mg C18), ma s6 san pham SBEQ-CA8642 duoc mua tir CNW Technologies
(Trung Qudc). Thude trir sau thuong mai dugc s dung trong dé tai nay la BOP 600 EC c6 chira
chlorpyrifos 400 g/L va carbosulfan 200 g/L dugc cung cép tir cong ty ADC Ltd (Viét Nam).

2.2 Phuong phap xir ly miu va phan tich miu rau bing GC-MS/MS

Mau rau dugce 13y theo huéng dan ciia FAO va B0 Nong nghiép Hoa Ky [15, 16] nhu sau: 05 mau rau don
1¢ dugc thu thap theo quy tic zigzag (11250 g mdi mau) trong mod hinh trong rau thyc nghiém tai DT An,
Binh Duong, cit nho va tron déu cac mau don nay thanh mét miu hdn hop. Mau hon hop nay duoc
chuyen v€ phong thi nghiém, xay nhuyén va sau do chia thanh hai tai polyethylene. 01 mau duoc sir dung
dé xir ly va phan tich mau trong vong 24 gio, 01 mau con lai dugc bao quan ¢ nhiét do - 18°C.

Du lugng thude trir sdu trong rau cai dugc chiét xuat va phan tich theo cic phuong phap ciia AOAC
2007.01 va 5991-6054EN [17, 18] nhu sau: thém 10ml ACN vao dng ly tim dung tich 50ml chtra sin 5 g
mau rau da duoc xay nhuyén va 100 pL 1 pg/L trifluraline-D14 (chat chuén 1noi), sau do lac tron hdn hop
trong 1 phut bang may tron (Talboys, Hoa Ky). Thém tiép 10ml CAN va lic tron thém 01 phut dé dam
bao toan bd thude trir siu dugc hoa tan trong ACN. Pha ACN dugc tach ra khoi pha nude bang lac tron
v6i 6,5 g Agilent QUEChERS trong 1 phit sau d6 ly tdm véi téc d6 5000 chu ky/phit trong 5 phut. Hat 1
ml dung dich pha CAN (16p trén) va cho chay qua cot bang cot SPE (p/n: SBEQ-CA8642-H) dé lam sach
tir cach tap chét khac co trong mau. Dung dich thu dugc sau khi qua cot duge ly tim véi tde do 5000
vong/phit trong 5 phiit va sau d6 tiép tuc loc qua gidy loc véi dudng kinh 16 0,45 wm. Dung dich sau loc
duogc phén tich boéi GC-MS/MS duéi cac didu kién ctia phuong phap da duoc khao sat duoc trinh bay nhu

trong Bang 01. ) ) )
Bang 01. Thong s0 van hanh h¢ thong cuia GC-MS/MS phan tich thudc trir su trong cai xanh
Thong s6
Séc ky khi Trace 1300 Thermo Scientific
B6 tiém mau tu dong TriPlus RSH Thermo Scientific
Cot phan tich Agilent J&W DB -5MS U, 30 m % 0.32 mm,
’ 0.5 pm (p/n 123-5536UI)
Ché d6 budng tiém Splitless
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Ap suét buong tiém 165.47 KPa
Nhiét ¢6 budng tiém 250 °C
Dong Purge 5 mL/phut
Téng dong 20 mL/phut
Pha dong Helium, 2.5 mL/phut
A A o 75 °C (0 phut); 25 °C/phit to 150 °C (0 phut);
Nhi¢t d budng cot 10 °C/phiit to 280 °C (4 phat)
Thé tich mau 2 ulL
Khoi pho TSQ 8000 Thermo Scientific
Ché d6 ion héa Electron Impact (EI)
Nhiét d6 transfer line 290 °C
Nhiét d¢ ion hoa 250°C
Khi va dép Argon
3. KET QUA VA BAN LUAN

3.1 D§ déic hiéu cia phuwong phap

Pé tham dinh do chinh x4c ciia phuong phap phén tich du lwong thudc trir siu trong rau cai xanh, cac
thong s6 nhu d6 dic hiéu, do tuyén tinh, gidi han phat hién, do chinh xac va d¢ lap dugc danh gia theo
huéng dan nhu quy dinh trong cac tai liéu EC/657/2002 [19], ISO 17025 2017 [20] Va AOAC 2016 [21].
Do dac hiéu cua phuong phap duoc xdc dinh bang cach phén tich mau tring va cac mau thém chuan. Pho
sdc ky duoc khao sat o ché do full scan véi tin hiéu manh pho duoc dat tir 50-560 m/z. Két qua thu dugc
nhu trong Hinh 01.
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Hinh 01. Khéi phé trong xac dinh d6 ddc hiéu ctia phuong phap: (a) miu t{éng;r(b) méu tring thém 0.020 mg/kg
trifluraline-D 14, 0.005 mg/kg chlorpyrifos, 0.025 mg/kg carbosulfan; (¢) mau trang thém 0.020 mg/kg trifluraline-
D14, 0.050 mg/kg chlorpyrifos, 0.100 mg/kg carbosulfan;

Theo két qua dugc trinh bay trong Hinh 1, khéng c6 tin hiéu nao thu duogc trong phd sic ky ciia mau
trang, didu nay ching to khong co cac hoat chat thudc trir sdu trong mau rau cai xanh (Hinh 1a). Nguoc
lai, khi thém cac chét chuén trifluraline-D14, chlorpyrifos va carbosulfan vio miu rau, cac peak da xuat
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hién tai cac thoi gian luu 8,99 phat, 12,40 phat va 16,61 phit (Hinh 1b va Hinh 1c). Sy khac biét vé phan
tram twong dbi gitra cac peak trong Hinh 1b va Hinh Ic do ndng do cac hoat chat thay d6i, diéu nay xac
nhan tinh dic hiéu cao ciia phuong phap. Cac hoat chit trong pho sic ky dugce dinh danh bang cach so
sanh voi co s¢ dit liéu MS cta NIST MS phién bin 2.2 ket qua dugc trinh bay trong Hinh 02 va Bang 02.
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Hinh. 02. Khoi pho dinh danh cac chat dugc st dung trong phuong phap: (a) chat ndi chuan trifluraline-D14; (b)
chlorpyrifos; (c) carbosulfan.
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Béng 02. Pinh danh cic hoat chit bing GC-MS/MS

LA Thoi gian luu . o ea Ton so cap Ton thir cap
Chat phan tich (phtif) Manh ion déc hiéu (m/z) (m/7) (m/7)
Trifluraline-D14 8.99 163, 167,209, 251, 315 315 267

. 12.40 65,97, 125,197, 258, 197 169
Chlorpyrifos 314
Carbosulfan 16.61 76,107, 131;33 160, 163, 118 76

Manh ion thir cap cho d§ nhay cao nhat khi dinh lugng (dién tich peak 16n nhat) d6i voi chlorpyrifos va
carbosulfan tuong tmg 1a 169 va 76, diy la cac ion con ciia cac manh so cap 197 va 118.
3.2 Khoing nong dd dinh luwgng cac hoat chit
Khoéng tuyén tinh ding dé dinh lugng cac hoat chat thudc trir sau trong cai be xanh dugc khao sat dua
trén phuong phap ndi chuan. Phuong trinh hdi quy dugc xdy dung la tuong quan gitra ty 1¢ dién tich peak
cua tung loai hoat chat thuoc trir sdu so v6i dién tich peak cua chit noi chuan vdi ty 1& nong do. Két qua
thu dugc vé khoang tuyén tinh, phuong trinh dudng hidu chuan va hé s6 twong quan duge trinh bay trong
Bang 03.

Bang 03. Pudng hiéu chuén trong dinh lwong cac hoat chét chlorpyrifos va carbosulfan

Chat phan tich Khoang néng do Areaegiciae/ Areajsq = intercept + o
/thoi gian (mg-kg™) slope*[pesticide]/[isd] HE s0 tuo;ng
Slope Intercept quan (R
Chlorpyrifos
Ngay 1 0.01-0.2 0.01066 0.08881 0.9997
Ngay 2 0.01-0.2 0.01597 0.09185 0.9998
Ngay 3 0.01 -0.2 0.01102 0.09620 0.9995
Carbosulfan
Ngay 1 0.05-0.3 0.00104 -0.02383 0.9998
Ngay 2 0.05-0.3 0.00389 -0.12670 0.9984
Ngay 3 0.05-0.3 0.00106 - 0.02610 0.9992

Buong hi¢u chuan thu dugc v6i ndng d6 chlorpyrifos nam trong khoang tr 0,01 dén 0,2 mg/kg va V01 h¢
sO tuong quan (Rz) la 17 0,999. Trong khi dudng hiéu chuan cho carbosulfan nam trong khoang néng do
tir 0,02 mg/L dén 0,3 mg/kg voi R? 0,999. Su 6n dinh tuyén tinh dd dwoc khao sat, trong ba ngay khac
nhau, hé s6 tuong quan thu dugc dbi v6i ca chlorpyrifos va carbosulfan 13 tir 0,998 dén 0,999, cao hon
nhiéu so véi gia tri can thiét cho phuong phap phan tich dinh lugng (0,995). Két qua cho thiy ca hai
dudng hidu chuin déu dat yéu cau dé xac dinh du luong cac hoat chét thudc trir sau trong cai xanh.
3.3 Gi6i han phat hién va gi¢i han dinh lwgng ctia phwong phap
Gi61 han phat hién phuong phap (MDL), gi6i han dinh lugng phuong phap (MQL) xac dinh du luong cac
hoat chat thuoc trir sdu trong cai xanh dugc tinh dya trén phén tich mau thém chuan. 11 thi nghiém lap lai
cho ba mau thém chuin dugc thuc hién. MDL dugc tinh bang ba lan do léch chuén (SD) va MQL bang
muoi lan SD. Két qua duoc nhu trong Bang 04.

Béng 04. MDL, MQL trong phép dinh lugng céc hoat chit thudc trir siu trong rau cai xanh
Thém chudn  Nong do SD MDL MQL

Mau (mgkg')  (mgkg') (mgkg') (mgkg') (mgkg?)
Chlorpyrifos
Sample 1 0.010 0.0113 0.00085 0.0026 0.0085
Sample 2 0.015 0.0155 0.00098 0.0029 0.0098
Sample 3 0.020 0.0196 0.00079 0.0024 0.0079
Carbosulfan
Sample 1 0.06 0.0586 0.00419 0.0126 0.0419
Sample 2 0.07 0.0712 0.00374 0.0112 0.0374
Sample 3 0.08 0.0794 0.00315 0.0095 0.0315
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Nhu thé hién trong Bang 4, MDL thap hon 0,0029 mg/kg dbi véi chlorpyrifos va thap hon 0,0126 mg/kg
ddi voi carbosulfan. Vi vay, MDL va MQL dé xéc dinh chlorpyrifos dugc cong bd lan luot la 0,003
mg/kg va 0,01 mg/kg. MDL va MQL dé xac dinh carbosulfan duoc cong bd 1a 0,015 mg/kg va 0,05
mg/kg. So sanh v6i mirc du luong t6i da nhu duoc quy dinh theo EU 686 va EFSA2008 [22, 23] thi cac
gia tri cia MDL thu dwgc dd xac nhan phuong phap ndy c6 do nhay cao dé xac dinh chlorpyrifos va
carbosulfan trong rau.
3.4 D) dung va df lap clia phwong phap
bo thu hodi va do lap lai cua phuong phap duoc xac nhén dya trén phén tich cac mau thém chuan o ba
muc nong d6 cac hoat chat thudc trir sdu vao mau rau cai xanh trude khi xir 1y va phan tich miu. Két qua
duoc thé hién trong Bang 05. Hiéu suat thu hdi tinh dugc tir 96-101% dbi véi chlorpyrifos va tir 96-99%
d6i voi carbosulfan. Két qua nay chimg minh phuong phéap c6 d6 chinh x4c cao cho ca viéc dinh lugng
chlorpyrifos va carbosulfan trong mau cai xanh.

Bang 05. D6 thu hdi cua phuong phép phén tich du lwgng hoat chit chlorpyrifos va carbosulfan trong cai xanh

Nong do Mau tring Mﬁu thém Nong do thu Hiéu suat
Mau thém chuan (mg/kg)  chan (mg/kg) hoi(mg/kg)  thu hoi (%)
(mg/kg)
Chlorpyrifos
Mau 1 0.03 ND 0.029 0.029 96
Mau 2 0.10 ND 0.101 0.101 101
Mau 3 0.15 ND 0.146 0.146 97
Carbosulfan
Mau 1 0.05 ND 0.049 0.049 97
Mau 2 0.1 ND 0.099 0.099 99
Mau 3 0.15 ND 0.144 0.144 96

D6 lap lai ciia phuong phap thu dugc khi phan tich 1ap séu 1an trén ba mau thém chuén khac nhau. Do
léch chudn twong ddi (RSD) quan sat dugc dbi voi chlorpyrifos va carbosulfan twong tmg thap hon 4,60%
va 3,44% (Béang 06). Két qua cho thdy phuong phap c6 do lap rat cao trong phén tich du lugng thude trir
sau trén rau cai xanh.

Miu Nong d6 thém Nong do SD (mg/kg™) RSD (%)
chuan (mg/kg")  (mg/kg™)

Chloropyrifos
Mau 1 0.03 0.029 0.0008 2.83
Mau 2 0.1 0.101 0.0033 3.24
Miu 3 0.15 0.145 0.0067 4.60

Carbosufan
Mau 1 0.05 0.048 0.0017 3.44
Mau 2 0.1 0.098 0.0021 2.10
Miu 3 0.25 0.239 0.0042 1.74

Béang 06. B¢ 1ap lai cia phuong phap (n=6)
3.5 Ung dung phwong phap trén phan tich mau that
Phuong phap duoc g dung dé phén tich 35 méu rau thuc €, két qua duoc tong hop va trinh bay & Bang 07.
Bang 07. Két qua ap dung phuong phap phén tich trén miu thita

Hoat chét Chloropyrifos Carbosufan

S6 lugng mau 36 34

S6 luong miu c6 noéng d6 > MDL 11/36 (>0.003 mg/kg) 0/34 (>0.01 mg/kg)
S6 lwong miu dat yéu cau 29/36 34
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Nong d6 cho phép tdi da ciia chloropyrifos va carbosufan lan luot 12 0.01 mg/kg va 0.05 mg/kg.

Nhu két qua thu dugc, tit ca cac miu rau déu dat yéu cau vé chat lugng ddi v6i du lugng carbosufan. Tuy
nhién sb lwong miu rau ¢6 du lugng cua chloropyrifos vigt ngudng cho phép chiém 19.4%, day 1a mot ti
1¢ cao cho thay viéc sir dung loai thudc trir siu nay trong qua trinh canh tac chua ding quy dinh va gay
nén méi nguy hai cho stc khoe ngudi tidu dung.

4. KET LUAN

Phuong phap phan tich du lugng cac hoat chat thuc trir siu trén rau cai xanh bang GC-MS/MS két hop
voi ky thudt chlet pha rén phan tan QuEChERS trong qua trinh chuan bi mau dugc thim dinh thanh cong
trén nén trén nen mau thuc té. Céc két qua thu dugc cho thiy phuong phap c6 do déc hiéu cao, do chinh
xac va do lap tdt, dat yéu cau céc tiéu chuin ciia Bo Y té Viét Nam va cua Chau Au vé phan tich danh gia
du lugng chlorpyrifos va carbosulfan trén rau. Qua trinh tham dinh phuong phap duoc thuc hién bang cac
hoa chit, chat chuém va thiét bi theo diing yéu cau cho mét phuwong phap dinh lwong duoc quy dinh cy thé
trong cac tiéu chuan qudc té. Didu nay cho thay két qua thu dugc 1a hoan toan tin cdy va ap dung dugc
trong thuc té. Pay ciing 1a phuong phap hién dai c6 d6 nhay cao nhét dé kiém soat du luong cia cac loai
hoat chét thudc trir sdu trén cac loai loai rau qua va co thé ap dung trén nhiéu loai nong san khac.

LOI CAM ON o ~ ‘
Céc tac giad xin cam on Truong Dai hoc Cong nghiép Thanh pho H6 Chi Minh da ho trg tai chinh cho dé
tai nay.
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