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SUMMARY

DETERMINATION OF PESTICIDE MULTI-RESIDUES IN THE IMPORTED
AGRICULTURAL PRODUCTS ORIGIN OF PLANTS BY LIQUID
CHROMATOGRAPHY TANDEM MASS SPECTROMETRY

A rapid, simple and accurate method based on QUEChERS extraction and liquid
chromatography tandem mass spectrometry (LC-MS/MS) was developed for determination of pesticide
multi-residues in the imported agricultural products origin of plants. Thirty six pesticides were
identified and quantified by 6430 triple quadrupole mass spectrometer coupled to an Agilent LC1200
high performance liquid chromatography system. To minimize the matrix effect, the matrix matched
calibration technique was used. The method showed good performance in the concentration range
from 0.004 to 0,16 mg/kg. The LOQs were lower than 0.01 mg/kg for all pesticides. Spike recoveries
were from 70 to 114% and the repeatabilities were lower than 13% RSD. The method has been
applied for many types of imported agricultural products origin of plants including orange, tangerine,
grape, pomegranate, carrot, apple, cabbage, cherry, mangosteen, cauliflower, tomato and pear.

Tir khéa: Héa chdt bdo vé thue vit, sic ky long, khoi phé, LC-MSIMS

1. MO PAU

Hién nay, vé sinh an toan thuc phim dang 1a van dé dang bao dong v6i nguoi dan va cac
cip quan 1y. Nhiéu vu viéc nhu st dung nhiing hoa chit cAm trong nudi trdng, ché bién nong
san, thuc pham, san pham kém chat lwong luu hanh trén thi truong dang gy dnh huéng truc
tiép toi nguoi tiéu dung. Cac vu ngd doc ngay cang gia tang, trong d6 co ngd doc thude bao vé
thuc vat cang lam bung 1én sy lo du cia nguoi tiéu dung.
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Dé xay ra tinh trang str dung bira bii HCBVTV, luong ton su thuéc BVTV trong nong
san cao 1a 16i khau quan 1y, y thirc ngudi dan. Tuy nhién ciing can ké dén vai tro ctia phan tich
kiém dinh chua dap ung dc yéu ciu, nguyén nhan 1 do chi phi phén tich cao, dau tu thiét b
phan tich 16n, qua trinh phan tich sir dung nhiéu dung méi hitu co dc hai, quy trinh phan tich
phirc tap... Vi vay, viéc phat trién cac phuong phap phan tich theo hudéng than thién véi moi
truong, chi phi thap, 1a cach don gian va 1a phuong 4n cin tri trong.

Phan tich da du luong HCBVTV thudng gip nhiéu kho khin do cac HCBVTYV khéc nhau
c6 tinh chat kha khac nhau nhu d¢ phan cyc, tinh bay hoi, kha ning hoa tan ... Cac phuong
phap trude day thuong xir Iy mau bang chiét 1ong 1ong hodc phdi hop véi chiét pha ran [1], [2].
Niam 2003, Anastassiades va Lehotay [3], [4] 1an dau tién gi6i thiéu phuong phap QUEChERS
(viét tit cua Quick — nhanh, Easy — d&, Cheap — ré, Effective — hiéu qua, Rugged - On dinh, va
Safe — An toan) (mg dung dé phan tich nhanh, déng thoi nhiéu nhém HCBVTV trong rau qua.
Phuong phép dd duoc chdp nhén rong rai trén toan thé giéi. Hién nay, nhiéu nghién ctru mé
rong pham vi Gmg dung ctia phuong phap trén cac nén miu khac. Nam 2014, Nguyen va cong su
[5] dd thuc hién mot sb thay d6i nhé dé tng dung phuong phiap QuEChERS phan tich
HCBVTV trén mot sb loai nong san c¢6 ngudn gdc thuc vat nhap khau. Gan day nhiéu tac gia da
cong bo cac két qua phan tich trén duoc liéu va cho két qua rat kha quan [6].

Trong nghién cuu nay, ching t6i khao sat xay dung va danh gid mdt phuong phap
QuEChERS tng dung trong xir Iy mau nong san c6 ngudn goc thuc vat dé phan tich dong thoi
36 HCBVTV dai dién cho nhiéu nhom HCBVTV bang sic ky 1ong ghép hai lan khdi phd (LC-
MS/MS) ¢6 kha ning phan tich tai nong d6 thap hon hoic bang 0,01 mg/kg.

2. THUC NGHIEM
2.1. P6i twong nghién ciru

Dbi tuong nghién ciru 1a cac loai ndng san c6 ngudn gdc thuc vat nhap khau cua mién
Bic Viét Nam tir Khanh Hoa tré ra.

2.2. Héa chét va thubc thir

Céc dung mdi loai dung cho sic ky gdm methanol, acetonitrile, acid formic 98% va cac
hoa chét NasCitrate dehydrate (NazCsHsO- .1,5 H,0), MgSO, khan ( duoc hoat hoa & nhiét do
550°C trong 8 gid, dé ngudi, bao quan trong binh hat 4am), NagHCitrate
sesquihydrate(Na,CsHsO;. 2H,0), NaCl cia Merck. Chat hap phu PSA (primary secondary
amines) duoc cung cp boi Agilent Technologies.

Céc chat chuan HCBVTV gdm acephate, aceta miprid, azoxystrobin, azinphos-methyl,
benfuracarb, buprofezin, carbendazim, carbaryl, carbofural, carbosulfan, dimethomorph,
difenoconazole, ditalimfos, diafenthiuron, isoprocarb, imidacloprid, edifenfos, ethofenprox,
fenobucarb, fenpyroxymate, flusilazole, methamidofos, methomyl, metalaxyl, pirimicarb,
pirimethanil, phenthoate, pyraclostrobim, propagate, thiodicarb, triadimefon, tebuconazole,
tebufenozide, triclofon, thiamethoxam, thiophanate- methyl cua hang Dr. Ehrenstorfer. Dung
dich chudn gdc c¢6 ndng do 1000 pg/mL duge chudn bi trong acetonitril va bio quéan trong binh
tdi & nhiét do 5°C. Cac dung dich chuén trung gian hon hop HCBVTYV c¢6 néng d6 0,004; 0,008;
0,04; 0,08; 0,16 ug/mL ( riéng azinphos-methyl, phenthoate, edifenphos c6 ndng dd 1a 0,005;
0,1;0,5; 1,0; 2 ug/mL dugc pha trong dung moi acetonitril.
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2.3. Thiét bi va dung cu

Hé théng sic ky long ghép khéi phd dau do 3 tir cuc (Agilent 6430 Triple quad
LC/MS/MS) bao gém hé thong sic ky l1ong hiéu ning cao LC1200 (thiét bi bom mau ty dong -
HiP-ALS kém b6 phén diéu chinh nhiét d6 - FC/ALS, bom ap suét cao - Binary SL, by phéan
loai khi - degasser, cot phan tich) va dau do khdi pho ciia Agilent Technologies. Cot sic ky long
Zorbax SB RPC18 (4,6 x 150 mm,5 pm). Pha dong gdm gradient hai kénh: A (Methanol/nudc ti
1€ 2:8 va 5SmM ammonium acetate) va B (methanol/nudc ti 1€ 9: va SmM ammonium acetate)
nhu sau: ché do chay isocratic, ty 1& kénh %A: %B=40:60. Tong thoi gian phan tich 1a 25 phut.
Tbc d6 dong giir ¢6 dinh 0,6 mL/phut. St dung bd tiém mau ty dong véi thé tich tiém mau 1a 20
uL. Déi voi khdi pho, sir dung ngudn ion héa ESI, ché do ion duong, thé ion hoa 1a 5000 V.
Mbi HCBVTYV lya chon mdt ion phan tir va hai ion san phém, mdt dung dé dinh lugng va mot
dung dé khang dinh.

Céc dung cu, thiét bi thong thudng khac ctia phong thi nghiém bao gém can phan tich
(XT22A, Precisa), may xay nghién mau (PAXD-MX-AC400WRA, Panasonic), may ly tam
lanh (Rotina 38R, Hettick), may lic xoay (IKA), micro pipet va cac loai 6ng ly tAm (50 mL
va 15 mL).

2.4. Phwong phap xir Iy miu

Trén co s& phuong phap EN 15662 [7] chung toi thyc hién mot sé thay ddi dé phu hop
v6i nén mau ndng san. Quy trinh nhu sau: can 10 g mau vao ong ly tdm dung tich 50 mL, véi
mau c¢6 ham lugng nudc thip nhu che, gao, ngu cde thi can thém nude vao dé ham luong nude
>75% d¢é trong 2 gio. Thém 10 mL acetonitril lac manh bang may lic xo4y 30 gidy dén khi hon
hop ddng nhat. Thém hdn hop mubi gdbm 1 g NaCl, 1 g NasCeHsO; .1,5 H,0O va 0,5 g
Na,CeHs07.2H,0 vao dng ly tam.

Mau (>1kg) dugc cit nho, lay khoang 200g mau dai
dién va ddng nhit miu bang thiét bi ddng nhit mau.

v

Chuyén 10g mau da dong nhat

vao 6ng Teflon 50 ml

v

Thém 10 ml ACN + 1g NazCgHs07.1.5H,0 +
1g NaCl + 0,5g Na,C¢Hs.2H,0 + 4g MgSO,

v

Lac manh trong khoang 1 phut, sau d6 ly tam

v6i tbe d6 4000 vong/phut va trong 5 phit

v

Chuyén 2 ml dich chiét vao vial 2 ml,
thém 0,01 ml HCOOH va lc déu

v

| Phan tich bang thiét bi LC/MS/MS |
Hinh 1. So do xir 1Y) mdu néng san cho phdn tich LC/MS/MS

Lac manh bang may lic dé cac mudi tron déu véi dich miu. Thém 4 g MgSO, da hoat

hoa, lic manh bang tay trong 1 phut. Ly tam & 4000 vong/phiit trong 5 phit. Hat 4 mL dich phia
trén cho vao dng ly tim 15 mL c6 chita 1 g MgSO, khan, 30 mg PSA. Pay kin va lic manh
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bang tay trong 30 gidy. Ly tim & 4000 vong/phit trong 5 phut. Ldy 2 mL dich chiét vao lo
mAau,thém 0,01 mL HCOOH day kin, lic déu va phén tich bang LC-MS/MS.
2.5. banh gia phuwong phap

Nghién ctru va tdi vu hoa thanh phan chat lam sach PSA va danh gia anh huong cua nén
mau. Phuong phép ciing dugc danh gia cac thong sé co ban nhu gidi han phat hién, khoang
tuyén tinh, d¢ 1ap lai, d6 thu hoi.
3. KET QUA VA THAO LUAN
3.1. Khio sat diéu kién LC-MS/MS
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Céc diéu kién ion phan tir, ion san phim va ning luong ban pha tdi vu dugc xac dinh
bang cach tiém hdn hop chudn HCBVTV cé ndng d6 800 ng/mL truc tiép vao MS va st dung
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inh 2: Sac do tong ion cua

phan mém Mass Hunter dé danh gia. Céac két qua dugc liét ké trong bang 1.

Hinh 2 14 sic ky dd tong ion ctia 36 HCBVTV trén nén mau dua chudt. Vi 2 manh ion
san pham, c6 thé khing dinh chic chin sy c6 mit cua chét phén tich trong miu theo dung yéu
cau ciia chau Au tai Quyét dinh 657/2002/EC [8].

Bang 1: Cdc diéu kién MS phan tich 36 HCBVTV bang LC-MSIMS

Thoi
Ion phan tir Ion dinh lugn gian |Frag.
i HCBVTV (I\I/IJ+H) (nang luong, e{g/) quét V)
(ms)
1. Acephate 184 143 60 70
2. Acetamiprid 223.1 126.1 60 70
3. Azoxystrobin 404.1 372.1 40 70
4. Azinphos-M 318 132.1 40 80
5. Benfuracarb 411.2 252.1 50 70
6. Buprofezin 306.2 201.2 100 70
7. Carbendazim 192.1 160.1 50 70
8. Carbaryl 202.1 145.1 50 100
9. Carbofural 222.1 165.2 50 80
10. | Carbosulfan 381.2 160.2 40 70
11. | Dimethomoph 388.1 301.1 40 70
12. | Difenoconazole 406.1 337.1 20 70
13. | Ditalimfos 300.1 148.1 50 80
14. | Diafenthiuron 385.2 329.2 50 70
15. | Isoprocarb 194.1 137.2 40 72
16. | Imidachlorprid 256.1 209.1 60 70
17. |Edifenfos 311 283 20 70
18. | Ethofenprox 394.2 359.2 100 70
19. |Fenobucarb 208.1 95.2 40 25
20. | Fenpyroxymate 422.2 366.2 100 70
21. |Flusilazole 316.1 247.2 100 70
22. | Methamidophos 142 125 60 70
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Thoi
Ion phén tir Ion dinh lugng gian |Frag.
i HCBVTV (M+H) (nang lugng, eV) queét V)
(ms)
23. | Methomyl 163.1 106 100 50
24. | Metalaxyl 280.2 221.2 40 70
25. |Pirimicarb 239.1 182.2 40 70
26. | Pirimethanil 200.1 107.2 50 70
27. |Phenthoate 321 135.1 20 80
28. |Pyraclostrobin 388.1 194.2 20 70
29. |Propagite 368.1 231.2 50 70
30. |Thiodicarb 377 113.1 40 70
31. | Triadimefon 294 225.1 40 70
32. | Tebuconazole 308.2 70.1 20 70
33. | Tebufenozide 353.2 131.1 100 70
34. | Triclofon 256.9 109 60 70
35. | Thiamethoxam 292 211.2 100 72
36. | Thiophanate-M 343.1 151.1 50 70

3.2. Khao sat diéu kién xir Iy miu bang phwong phap QuEChERS
3.2.1. Qué trinh 1am sach mdu biang PSA

Céc chat hip phu trong hé chiét phan tan pha rin (d-SPE) bao gdom MgSO., PSA [3]..
Dé khao sat luong PSA sir dung mau thém chuin (100 ng/g) duoc chiét va lam sach bing
d-SPE ¢6 chtra 100 mg MgSO, va thay doi cac luong PSA sir dung gom 20, 30, 40, 50, 60 mg

(n =2) (Hinh 3).
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Hinh 3: Anh hirong ciia PSA dén hiéu sudt chiét

3.2.2. Anh hwéng cia axit formic
Dé khao sat lugng axit fomic sir dung mau thém chuén (80 ng/g) duoc chiét va 1am sach
bang d-SPE c6 chira 100 mg MgSO,, 30 mg PSA va thay doi cac lugng axit formic sir dung

gom 0; 5 pl; 10 ul va 20 ul (Hinh 4).
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Hinh 4: Anh hieong ciia axit formic dén hiéu sudt chiét
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Céc két qua cho thiy, lwong PSA va axit formic sir dung c6 anh hudng dén do6 thu hoi cua
HCBVTV. Lugng PSA va axit formic t6i wu 1an luot 1 30 mg va 10 pl. Két qua nay kha tuong
ddng v6i cac nghién ciru trén nén miu rau qua ciia Anatassiades [3].

3.2.3. Ddnh gid anh hwong nén (ME — Matrix Effect)

Do qua trinh xir Iy mau khong trai qua nhidu budc 1am sach miu nén anh huéng nén la
mot yéu td can dugc luu y. Lap dudng chuan cac HCBVTYV trong khoang tir 0,004 dén 0,16
pg/ml trén nén dung méi va trén dich chiét mau tring. ME 1a chénh léch ty 1é hé sd goc cia
dudng chuan trén nén miu so voi trén nén dung moi.

Céc két qua cho thay, anh huong nén phy thudc vao timg HCBVTV. Trén nén miu dua
chudt, 25/36 chat c6 anh huéng nén trong khoang = 10%; 8/36 chat trong khoang + 20%, hai
chat c6 anh hudng nén 16n nhét 13 acephate (31,2%), thiophanate-methyl (35.4%) piimicarb (-
37,7%). Diéu nay cho thiy két qua phan tich bi 4nh huong déng ké clia nén mau va anh hudéng
nay can phai duoc loai bo. Puong chuén trén nén miu do d6 dugce sir dung trong cc nghién ctru
tiép theo.

3.3. ThAm dinh phwong phap di xdy dung
3.3.1. Gigi hgn phat hi¢n (LOD) va gidi han dinh lweng (LOQ)

Dé danh gia LOD va LOQ cta phuong phap, chiing t6i tién hanh phan tich cic miu thém
chuén tai cac ndong d6 10 pg/ml (tinh trén mau). Xac dinh LOD dya vao ty 18 tin hiéu trén nhidu
(S/N — signal to noise ratio). Cac két qua cho théy, tat ca cac chét co thé dinh lugng duoc tai
nong d6 0,01 mg/kg ma khong can thém budc lam giau mau.

3.3.2. Khodng tuyén tinh

Phan tich day chuan c6 ndng do tir 0,004 dén 0,16 mg/kg cho thiy trong khoang ndng
dd nay tin hiéu ctia cac HCBVTV ty 18 tuyén tinh v&i ndng do véi hé sb hoi quy tuyén tinh
r’ > 0,99.

3.3.3. Dj lap lai va d thu hoi

Panh gia do 1ap lai va d6 thu hoi thong qua phan tich cac mau thém chuan ¢ 3 mirc nong
d6 0,008; 0,04 pg/ml va 0,16 ug/ml. Cac két qua hé s bién thién (CV%) va d6 thu hdi (R%)
duoc trinh bay & bang 2.

Céc két qua trén cho thiy CV% va R% dao dong tuy timg HCBVTV tuy nhién déu c6
CV% dudi 15% va R% trong khoang 70% dén 110%. Diéu nay khing dinh phuong phéap c6 do
lap lai va d¢ thu hoi tot, dép img yéu cau ciia EN15662 va Chau Au [9].

Bang 2: Két qua danh gid dg lap lai va dé thu hoi

Mikc Miic 0,04 Mikc 0,16 Chung

TT HCBVTV 0,008pg/ml pg/mi pg/ml

CV% | R% | CV% R% CV% | R% | CV%g@ooy | R%
1. | Acephate 12 93 5,9 93,4 8,2 93, 8,7 93,2
2. | Acetamiprid 10,2 85 7,7 95,6 7,9 113 8,6 97,9
3. | Azoxystrobin 8,6 92 51 96,4 9,6 114 7,8 100,8
4. | Azinphos-M 9,2 83 6,8 90,2 4,6 100 6,9 91,1
5. Benfuracarb 8,8 85 9,7 91,2 11 92 9,8 89,4
6. | Buprofezin 7.1 88 9,2 93,6 7,6 101 8 88,5
7. | Carbendazim 7,3 90 5,5 92,2 7,7 99,2 6,8 91,1
8. | Carbaryl 10 80 5,9 104 9 97,6 8,3 92,3
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Miic Miic 0,04 Miic 0,16 Chung
TT HCBVTV 0,008pg/ml pg/mi ug/ml
CV% | R% | CV% | R% | CV% | R% | CV%poy | R%
9. | Carbofural 9,8 78 6,3 103 6,7 108 7,6 97,3
10. | Carbosulfan 6,5 79 7,4 99,2 7,2 90,6 7,1 90,1
11. | Dimethomoph 6,7 85,2 6,5 95,2 7,3 103 6,8 94,5
12. | Difenoconazole 4.4 86,6 9,5 95,9 6,5 99,2 7,8 93,9
13. | Ditalimfos 9,4 75 10,3 98,9 7,8 97,6 9,2 90,5
14. | Diafenthiuron 4,6 76,4 15 97,4 12,6 108 10,7 93,9
15. | Isoprocarb 9,7 83 9,7 90,8 5,5 90,6 8 88,1
16. | Imidachlorprid 8 85 6,8 89,5 12 97 10,9 90,5
17. | Edifenfos 7,3 80 8,1 94,3 9,5 94,2 8,3 89,5
18. | Ethofenprox 7,3 80 8,1 94,3 9,5 94,2 8,3 89,5
19. | Fenobucarb 5,8 76 6,3 96 6,9 98 6,3 90
20. | Fenpyroxymate 9,1 77 4,7 92,8 5,7 107 6,5 92,3
21. | Flusilazole 9,6 78,6 2,4 90 7,7 89,9 6,6 86,1
22. | Methamidophos | 4,6 70 4,6 94,6 6,8 93 5,4 85,9
23. | Methomyl 14 73 10,3 101 10,2 111 11,5 95
24. | Metalaxyl 7,5 74,6 91 98,3 8 92,2 8,2 88,4
25. | Pirimicarb 7,7 78,5 6,5 88,6 7,8 96,8 7,4 88
26. | Pirimethanil 7,2 79,5 6,8 98,2 7,9 102,3 7,2 93,3
27. | Phenthoate 7,3 72 55 99 8 103 7 73,4
28. | Pyraclostrobin 9,1 73 5,9 100,3 10 108 8,3 93,8
29. | Propagite 9,4 75 6,3 102 8,6 106 8,1 94,3
30. | Thiodicarb 8,3 80 7,4 103 8,8 93,3 8,2 92,1
31. | Triadimefon 5,8 79 6,8 99,2 7,6 113 6,7 97,1
32. | Tebuconazole 5,7 78 6,7 96,5 7,3 114 6,6 91,2
33. | Tebufenozide 7,6 77 7,3 94,2 6,9 100 7,3 90,4
34. | Triclofon 11 74,1 7,4 86 10,2 92 9,5 84
35. | Thiamethoxam 10,5 73,8 7,3 81 9 83,9 8,9 79,6
36. | Thiophanate-M 10,3 75 8,9 89 8,5 91,2 9,2 85,1
Bdng 3: Két qua phan tich mau thuc te

TT |Mé ta mau Két qua (HCBVTYV phat hién va nong d¢ - mg/kg)

1. |cam Carbendazim (0,7); Thiophanate-M (3,67); Propafige (8,43)

2. |Quyt Propagite (27,73); Acetamiprid(0,9); Dimethomorph (1,3)

3. Nho Difenoconazole (0,15); Imidacloprid (0,67)

4. Khoai tay Tebuconazole (1,2); Pyrimethanil (0,26)

5. |Man Carbendazim (0,5); Azoxystrobin (0,96)

6. Luu Imidacloprid (0,46)

7. |cardt Carbendazim (2,98)

8. |Téo Propagite(1,42); Imidacloprid (0,68)

9. Cai thao Tebufenozide (0,45)

10. | Anh dio Carbendazim (0,1); Pyraclostrobin (0,2)

11. |Ming cut -

12. |Hong Acephate(0,2)

13. |sap lo -

14. | Bip cai }

15. |Cachua -

16. |Lea Difenoconazole(0,8); Edifenfos(0,3)

39




3.4. Ung dung phan tich HCBVTYV trong TPCN c6 ngudn gbc thio duwoc

Chung toi di tmg dung phuong phap dé phan tich HCBVTYV trong céc loai néng san co
nguén géc thuc vat vdi 16 loai mau khac nhau nhu bép cai, sup lo, cai thao, nho, 1€, tao, dao.
Két qua cac mau phat hien HCBVTV duoc trinh bay trong bang 3.

Céc két qua cho thiy phuong phap co6 thé ing dung trén nhiéu loai nén miu khac nhau.
Tén du HCBVTYV trong néng san ngudn gbc thuc vat kha 16n.
4. KET LUAN

ba xay dung phuong phap phan tich du lugng cac HCBVTV trong nong san c6 do nhay
cao voi LOQ < 0,01mg/kg, d thu hdi dao dong tr 70-110% va d6 chinh xac cao ngay & ham
luong thap. Pa tmg dung thanh cong phuong phap dé xac dinh nhanh va dong thoi 36 HCBVTV

trong 16 loai nong san khac nhau.
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