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SUMMARY

DETERMINATION OF MULTI-PESTICIDE RESIDUES IN THE GREEN TEA
PRODUCTS BY GC/MS

In this study, the Gas Chromatography-Mass Spectrometry (GC/MS) method to
determine eight pesticides (Dimethoate, Diazinon, Fenitrothion, Endosulfan sulfat,
Permethrin, Cyfluthrin, Fenvalerate, and Deltamethrin) in products made from green
tea has been developed. The optimization of GC/MS condition based on resolution and
stability for analysis of pesticide residues were investigated. The calibration curves for
all pesticides were prepared in range of 625-20000 ng/mL and the linearity of the
calibration curves yielded determination correlation coefficient (R®) > 0.997. The spike
recoveries were carried out using blank samples spike with all analystes at tow levels,
the results demonstrated that all pesticides were recovered within the range of 86.6-
94.2% with a relative standard deviation (RSD) < 7.51% at concentration of 1250
ng/mL and < 4.83 % at concentration of 20000 ng/mL. The limit of detection (LOD) was
from 22 to23 ng/mL and limit of quantification (LOQ) was from 66-113 ng/mL for eight
pesticides. The method enables to determine pesticides at low ng/mL in some products
made from green tea in Vietnam.

Tir khéa: Hoa chdt bdo vé thuc vit, ché, sac ky khi, khéi phé, GCIMS.

1. MO PAU

Che 14 thirc udng théng dung va phd bién & thé gidi ciing nhu nude ta, rat nhidu
ngudi ua ding d udng c6 ngdn gde tir ché xanh. Ché c6 tac dung ngin ngira bénh cao
huyét ap, hd trg tim mach, ngan ngira ung thu, diét khuan ring miéng, va chong oxi hoa
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[1,2]. Cac ving trong ché 16n nhit & nudc ta 1a Thai Nguyén, Tuyén Quang va Son La
khong chi cung cip ngudn ché phuc vu ngudi tiéu dung trong nudc ma con dé xuit
khiu. V& mit tich cuc, héa chit bao vé thuc vat (HCBVTYV) dugc dung dé tding nang
xuét cia cdy ché [3]. Tuy nhién, hién nay & nhiéu dia phuong & nudc ta, cic hd noéng
dan trong ché di sir dung chua dung cach, ddn dén mét sb 16 ché c¢6 du lugng thube bao
vé thuc vat vuot qua ngudng cho phép giy anh hudng nghién trong dén sirc khoe cua
con ngudi ciing nhu chat lugng va uy tin ché Viét Nam trén thi truong trong nude va
quéc té. Do do, viéc xac dinh du lwuong HCBVTV trong cac san phé‘im ché trén thi
truong Viét Nam ciing nhu trude khi dem xuat khau c6 mot vai tro rat quan trong.

C6 nhiéu cach dé xac dinh du lugng HCBVTYV trong ché va cac san pham lam tir
ché nhu phuong phép sic ky khi [4], phwong phép vi chiét long-1ong két hop véi sic ky
long [5], phuong phap UV-VIS [6]. Trong do, thiét bi sac ky khi khdi pho cé kha ning
phan tich cing mot lic hang trim chat cho do chinh xac cao, rat ¢6 hiéu qua trong phan
tich HC BVTV trong cac san pham ché bai 1 1an bom mau s& c6 thé sang loc duoc
nhiéu chat [7]. Detector khéi phd (MSD) c6 d6 chinh xac cao, cung cip thong tin vé
chat phan tich nhiéu hon duéi dang sic ky d6 c6 thoi gian luu, dién tich pic va pho khoi
clia timg pic trong sac ky d6. Ngoai ra phan mém phan tich sic ky khi khdi pho c6 trang
bi thu vién phd, hién nay khoang 350 ngan chat s& phuc vu tot cho cong tac phan tich
sang loc.

Trong nghién ctru nay, chung to6i nghién ctu xay dung phuong phap xac dinh da
du luong mot s6 HCBVTV trong cac san pham ché bang phuong phap GC-MS. Ung
dung quy trinh x4y dung duoc dé phan tich mau ché trén thi truong hién nay.

2. THUC NGHIEM
2.1. Hoa chét va thuéc thir

Céc hoa chit s dung trong nghién ciru c6 do tinh khiét cao nhu axeton (> 99,8
%), diclometan (99,9 %), hexan (98,5 %), va ethylacetate (99,5 %) déu cia Merck. Khi
nito va heli cua Viét Nam (99,999%), cot florisil loai 500 mg ctua Alltech.

Cac chat chuin: Dimethoate, Diazinon, Fenitrothion, Endosulfan sulfat,
Permethrin, Cyfluthrin, fenvalerate va Deltamethrin déu ciia Sigma-Aldrich dang chuan
phan tich.

2.2. Thiét bi va dung cu

Thiét bi phan tich sic ky khi 6890N va detector khdi phé 5973i ctia hing
Agilent. Cot mao quan DB-5, dai 60 m, duong kinh 0,25 mm, d6 day 16p film 1,0 pm.
(pha tinh tdm 5% Phenyl Methyl Siloxane). May ly tim Rotina 380, toc d6 max 14000
rpm. Bo chiét pha ran 10 vi tri cta Agilent. B6 1am kho miu bang khi nito. Can phan
tich Satorius d chinh xac 10 g. Dung cu nghién ctru gdm c6 binh dinh murc, éng
dong cac loai, micropipet, 6ng nghiém 10ml, vial 2ml, kim bom mau, va cac dung cu
can thiét khac.
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2.3. Phuong phap xir ly miu

Quy trinh xtr Iy mau ché gém cac budc sau:

Budc 1: Chiét HCBVTV trong mau ché

St dung phuong phéap chiét lanh bang séng siéu 4m. Can khoang 3g méu ché
can nghién ctru da nghién nho, thém 20 mL dung mdi n-hexan vao binh chiét, dat vao
may siéu m chiét trong 45 phut. LAy binh chiét ra gan va loc dich chiét qua phéu loc
thuy tinh c6 1g Na;SO4 khan, dich loc dugc hing vao mot binh nén 100 mL. Chiét lap
lai 3 lan.

Bude 2: Lam bay hoi dung méi chiét

Dung méi chiét trong binh nén dwgc 1am bay hoi bang khi nito dong thoi cho khi
noéng thoi bén ngoai binh non dé 1am tang toc d6 bay hoi dung méi. Dich chiét duge lam
bay hoi con 1ml.

Budc 3: Lam sach mau

Lam sach mau, loai anh huong nén bang cot chiét pha ran nhdi san 500 mg chat
hap phu 1a silicagel.

Luyén cot bang cach cho 5 mL dung méi n-hexan: acetone (4:1) chay lién tuc qua
cot dén khi dung moi chay hét dén mit trén bé mit thoang, chuyén phan dich chiét thu
duge ¢ bude 2 vao ¢t chiét. Sau d6 rira gidi bang 3ml dung mdi n-hexan:acetone (4:1).
Dung khi nito dé tiép tuc loai dung moi. Hoa tan can trong 1ml dung moi n-hexan dé
phan tich sic ky.

2.4. Danh gia phwong phap

Khao sat d lap lai cua hé thong sac ky detector khéi pho va khao sat d¢ dac hiéu
ctia quy trinh phan tich. Phuong phap ciing duoc danh gia cac thong sé co ban nhu gidi
han phat hién, khoang tuyén tinh, do Iap lai, do thu hoi.

3. KET QUA VA THAO LUAN
3.1. Diéu kién phan tich GC/MS

Dé dua ra diéu kién phan tich sac ky khi khdi phd, trudc tién dé tai tién hanh phan
tich riéng r& timg mau chudn HCBVTV & ndng d6 20 pg/mL theo ché do Scan. Tir két
qué gia tri thoi gian luu va phd khdi ciia cac chat thu dugc ching toi khao sat ché do
lam viéc cua thiét bi GC/MS sao sao cho cac pic HCBVTV phan tich trong mau hdn
hop 1a tach nhau ra hoan toan. Ché do lam viéc t6i wu nhu sau: Nhiét do buéng bom,
interface, MS source, va MS quard lan lugt 14 260 °C, 280 °C, 230 °C, va 150 °C. Téc
d6 khi mang heli 1a 0,8 mL/phut. Thé tich bom mau 1a 2 pL, kiéu bom miu khong chia
dong. Chuong trinh nhiét d¢ cua cot tach la: nhiét do ban dau 70 °C, gitr déng nhiét 2
phit, ting 20 °C/phit dén 180 °C giir dang nhiét 2 phut, tang 3 °C/phiit dén 270 °C, giit
dang nhiét 15 phut.

Trong nghién ciru chung toi sir dung ché do phan tich Scan. Ché d6 Scan cho ta
xac dinh dugc thoi gian luu va toan by phd khdi ctia chat phén tich. Sau khi phan tich
Scan ta chon ra duoc mot s6 manh phé ¢o tin hi€éu manh, cac manh phé nay dung dé
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phan tich ché ¢6 SIM nham ting d6 nhay ctia phép phan tich. Bang 1 dua ra két qua thoi
gian luu, cac manh phd can phan tich va ty 1é cac manh phd thu dugc tir phéan tich Scan.
Bdng 1. Két quda khdo sat ty 1é cdc manh phé, thoi gian heu (tr) ciia cac HCBVTV.

STT HCBVTV m/z (t§ 1¢ dién tich pic) tr (phut)
1 Dimethoate 87(1); 93(0155); 125(0150) 12,5
2 Diazinon 179(1); 137(0197); 152(0,65) 13,2
3 Fenitrothion 277(1); 125(0,85); 109(0171) 16,6
4 Endosulfan sulfat 272(1); 274(0,32); 387(0,53) 26,5
5 Permethrin | 183(1); 1630,21); 165(0,18) 35,1
6 Permethrin |1 183(1); 1630,21); 165(0,18) 35,6
7 Cyfluthrin | 163(1); 226(0,57); 165(0,63) 36,9
8 Cyfluthrin 11 163(1); 226(0,57); 165(0,63) 37,3
9 Cyfluthrin 111 163(1); 226(0157); 165(0163) 37,4
10 Cyfluthrin IV 163(1); 226(0157); 165(0163) 37,7
11 Fenvalerate | 1671y; 125(0,92): 1810,58) 41,4
12 Fenvalerate I 1671y; 125(0,92): 1810,58) 42,4
13 Deltamethrin | 181(1); 253(0,58); 77 (0,45) 44,2
14 Deltamethrin 11 181(1); 253(0,58); 77(0,45) 45,2

Thoi gian luu cia cac HCBVTYV trong mau hon hop tir 12,5 dén 45,2 phut, moi
chat bao gdbm 3 manh phd va ti 1¢ dién tich pic twong (mg (bang 1). Cac chat phan tich
tach nhau ra hoan toan trén hinh 1.
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Hinh 1: Sdc ky @6 mdau hén hop HCBVTV phdn tich theo ché dé Scan
3.2. Khao sat do dac hi€u ctia quy trinh phan tich
Vi nén mau ché phire tap, ché do phén tich lya chon 3 manh m/z cia mdi chat nén

phai tién hanh khao sat 6 dic hiéu ngay sau khi khao sat diéu kién sic ky dé xac dinh
xem c0 pic tap trung v6i pic caa HCBVTV hay khong. Néu c6 thi s& tién hanh thay dbi
diéu kién séc ky cho phu hop. B¢ dac hi¢u duogc tién hanh phan tich trén nén mot sb
mau cheé. Két qua phan tich chi ra trén sic ky dd hinh 2 cho thay khong c6 pic tring véi
pic cia HCBVTV.
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Hinh 2. Sdc ky dé phdn tich mau ché khéng ¢c6 HCBVTV

3.3. Panh gia d¢ 6 dinh 6n dinh cia thiét bi GC/MS cho phén tich HCBVTV

D6 6n dinh cia GC/MS trong phan tich HCBVTV duogc danh gia thong qua viéc
phan tich 02 diém ndng d6 hdn hop chat 14 2,5 va 20 pg/mL, mdi diém phan tich 05 1an
trong ciing mot diéu kién sic ky va mot ngudi phén tich. Két qua thu dugc trong bang 2
cho thdy thoi gian luu trung binh (£z) gitra hai mic ndng do khong khac nhau nhiéu. Do
léch chuén tuong dbi (RSD) < 0,569% ddi véi ndng d6 2,5 pg/mL va < 0,398 % ddi vai
nong d6 20 pg/mL.

Bdng 2. Két qua danh gid d on dinh ciia GC/MS théng qua thoi gian heu (tg)

Nong do Nong do
STT Tén chat 2,5 pg/ml 20 pg/ml
tr RSD (%) tr RSD (%)

1 Dimethoate 12,47 0,569 12,49 0,398
2 Diazinon 13,17 0,042 13,22 0,141
3 Fenitrothion 16,65 0,220 16,66 0,169
4 Endosulfan sulfat 26,44 0,029 26,52 0,140
5 Permethrin | 35,20 0,049 33,20 0,183
6 Permethrin |1 35,66 0,064 35,64 0,152
7 Cyfluthrin | 37,06 0,065 36,97 0,105
8 Cyfluthrin 11 37,42 0,080 37,40 0,211
9 Cyfluthrin 11 37,55 0,055 37,53 0,140
10 Cyfluthrin IV 37,73 0,077 37,73 0,148
11 Fenvalerate | 41,50 0,072 41,44 0,101
12 Fenvalerate Il 42,53 0,089 42,38 0,118
13 Deltamethrin | 44,22 0,042 44,17 0,118
14 Deltamethrin 11 45,19 0,074 45,21 0,157

Dé phén tich dinh luong cac chat co tir 2 dong phéan trd 1én nhu Permethrin,
Cyfluthrin, Fenvalerate va Deltamethrin thudng dua vé dang tong s6 cac ddng phan. Do
d6, ¢ danh gia d6 6n dinh cua thiét bi thong qua dién tich pic thi tin hiéu dién tich duoc
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danh gia & dang tong cic dong phan. Két qua chi ra trong bang 3 cho thay d6 léch chuan
tuong d6i khi khao sat d6 6n dinh cua thiét bi thong qua dién tich pic nhé hon 1,90%
d6i véi ndng d6 2,5 pg/mL va nho hon 1,66 % dbi voi ndng d6 20 pg/mL.

Bdng 3. Két qua déanh gid d¢ on dinh ciia GC/MS théng qua dién tich pic.

Nong dd Nong dd

STT HCBVTV 2,5 ug/ml 20 pg/ml
DTTB RSD DTTB RSD
(a.u.) (%) (a.u) (%)
1 Dimethoate 1982160 1,45 22609350 1,02
2 Diazinon 506355 1,88 23059540 1,51
3 Fenitrothion 603420 1,63 9175200 1,32
4 Endosulfan sulfat 998538 1,28 12301465 1,20
5 Permethrin 2670649 1,54 25610586 1,07
6 Cyfluthrin 1275935 1,90 3823591 1,66
7 Fenvalerate 906840 1,87 9932527 1,59
8 Deltamethrin 334876 1,75 2957420 1,38

DTTB: Dién tich pic trung binh.

Viéc khao sat 1ap lai cia thiét bi trong ciing mot ngdy thong qua thoi gian luu va
dién tich pic cho ta thy thiét bi c6 do lap lai cao, gia tri RSD nho (<1.90%), diéu nay
cho thiy mirc 46 dap tng cao trong viéc phan tich da du lwong HCBVTV [8].

3.4. Khoing tuyén tinh, giéi han phat hi¢n, va giéi han dinh lwong

Puong ngoai chuén cua cac chit duoc xay dung dya vao 6 diém néng do: 625;
1250; 2500; 5000; 1000 va 20000 ng/mL. Mau chuan dwgc pha trong dung moi
ethylacetate. Qua trinh phan tich thuc hién ding theo diéu kién da khao sat & muc 3.1.

Két qua khao sat tuong quan tuyén tinh giita dién tich pic va nong d6 dugc trinh
bay trong bang 4, mdt dai dién duong chuén cua Diazion dugc minh hoa trén hinh 3.
Trong khoang ndéng do tir 625 ng/mL dén 20000 ng/mL dbi voi tat ca 8 chat BVTV,
gitta dién tich pic va nong do chat phan tich c6 do tuyén tinh tét, hé sé hdi quy tuyén
tinh (R? > 0,997) cao hon phuong phap GC/MS di dugc sir dung dé phan tich
HCBVTV [8] va phuong phap GC/MS/MS hay HPLC-ICP-MS [9,10].

Tién hanh xac dinh gidi han phat hién (LOD) ctia phuwong phép theo quy tic 30 va
gidi han dinh luong (LOQ) theo quy tic 106 [2,11]. Ap dung hdi quy tuyén tinh dé tinh
toan LOD va LOQ, ndng d6 xay dung duong hdi quy ddi véi cac chat tir 625 ng/mL dén
2000 ng/mL, két qua dugc chi ra trong bang 4.
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Bdng 4. Két qua xdy dung dwong ngoai chudn, LOD va LOQ.

STT Tén chit Phuong trinh héi quy R? (n:j)mDL) (nIE]/OmQL)
1 Dimethoate Y =1158X — 80197 0,998 22 61
2 Diazinon Y =1164X — 29785 0,999 23 65
3 Fenitrothion Y =477,4X - 47426 0,998 31 101
4 | Endosulfan sulfat | Y =629,3X — 47569 0,997 24 88
5 Permethrin Y =1304X — 44813 0,999 20 72
6 Cyfluthrin Y =702,2X — 32081 0,998 22 81
7 Fenvalerate Y =509,7X — 23507 0,999 27 92
8 Deltamethrin Y =148,3X — 39545 0,998 33 113

Y: Dién tich pic (a.u.)

X: Nong @6 HCBVTV (ng/mL)
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Két qua trong bang 4 cho thdy phuong phap GC/MS dat dugc LOD thap (20-33
ng/mL) d6i véi 8 HCBVTV. Trong khi ¢6 LOQ dat gia tri nho nhat ddi v6i Demethoate
(61 ng/mL) va 16n nhét d6i voi Deltamethrin (113 ng/mL).
3.5. Khdo sat dg 1ap lai ciia quy trinh

Do lip lai clia quy trinh phan tich dugc danh gia thong qua viée phan tich 05 mau

ché dugc thém chuan ¢ ndng dd mdi chat 1a 500 ng/g ché va 5000 ng/g ché. Qua trinh

xtr Iy miu va phén tich duoc thyuc hién theo quy trinh da néu ¢ myc 2.3 va 3.1. Két qua

dugc danh gia thong qua do 1éch chuan tuong d6i (RSD) ciia 5 phép thir. Bang 5 cho

thdy d6 1ap lai cao ctia quy trinh phan tich, d6 1éch chudn tuong dbi (RSD) < 7.51 % dbi

v6i mirc ndng d¢ 1250 ng/mL va < 4,83 % dbi v6i mirc nong d6 20000 ng/mL.
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Bdng 5. Két qua khdo sat dé Idp lai cia quy trinh phén tich

P9 1éch chuin twong d6i (RSD) %
STT | Tén chat Nong db Nong do
1250 ng/ml 20000 ng/mi
1 Dimethoate 6,34 4,56
2 Diazinon 5,82 3,17
3 Fenitrothion 541 3,22
4 Endosulfan sulfat 6,09 4,59
5 Permethrin 5,52 4,05
6 Cyfluthrin 7,17 4,64
7 Fenvalerate 6,93 4,57
8 Deltamethrin 7,51 4,83

3.6. Két qua khao sat do thu hdi ciia quy trinh phén tich.

Do thu hoi ctia quy trinh phan tich dugc thuc nghiém trén miu cheé thém chuan &
ndéng d6 1a 500 va 5000 ng/g va mau ché cung loai khong thém chuan. Két qua danh gia
trén 05 mau thém chuan va ly gia tri tim duoc trung binh. Két qua chi ra trong bang 6
cho thdy d6 thu hdi trung binh (R) nam trong khoang 86,6-94,2 %.

Bang 6. Két qua khao st dé thu hoi ciia quy trinh phdn tich

P9 thu hoi (R) %
STT Tén chit Nong d6 1250 | Nong do 20000 (R) %
(ng/mL) (ng/mL) Trung binh
1 Dimethoate 88,06 92,54 90,30
2 Diazinon 93,21 95,17 94,19
3 Fenitrothion 91,85 93,48 92,67
4 Endosulfan sulfat 86,29 87,02 86,66
5 Permethrin 89,17 93,25 91,21
6 Cyfluthrin 87,51 89,74 88,63
7 Fenvalerate 85,29 88,57 86,93
8 Deltamethrin 85,83 87,32 86,58

3.7. Két qua phan tich miu ch¢

Duya trén quy trinh phén tich di xay dung va diéu kién phan tich sic ky khi da
khao sat & trén. Chung toi tién hanh phan tich 10 mau ché thuong mai dang dugc ban
rong rai trén thi truong Ha NGi hién nay nhu: Che hoa nhai Thai Nguyén (M1), che Tan
Cuong Thai Nguyén (M2), che Thai Nguyén déc biét loai ty do khong tem nhan mua &
Lo Puc (M3), ché Thai Nguyén loai tyr do khong tem nhin mua & Lo Pic (M4), ché O
long (M5), ché Lipton dao (M6), ché dic san Shan Tuyét (M7), ché Sudi Giang Yén Béi
(MS), ché Thai Nguyén khong tem nhan mua & Truong Pinh (M9), va che tai vang dac
san ché tuyét Ha Giang (M10). Két qua phan tich du lugng HCBVTV trong cic mau
che duogc trinh bay trong bang 7.
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Bdng 7. Két qua phdn tich mét s6 mdu ché thuc té

A " Ton
Tén miu Nong 49 mg/kg mg/kgg
Dim | Dia | Feni | End | Per |Cyflu| Fen | Delta
M1 - - - - - - - - -
M2 - - - - - - - - -
M3 - 0,64 - - - 2,16 - - 2,70
M4 - - 0,31 - - 3,05 - - 3,36
M5 - - - - - - - - -
M6 - - - - - - - - -
M7 - - - - - - - - -
M8 - - - - - - - - -
M9 - - - - - 4,52 - - 4,52
M10 - - - - - - - - -
MRL theo tiéu
chuin EU 0.50
MRL theo tiéu 20
chuan Viét Nam

(-) khéng phat hién thdy

Két qua trong bang 7 cho thiy Dimethoate, Endosulfan sulfat, Permethrin,
Fenvalerate va Deltamethrin khong dugc phét hién trong cic mau ché véi gidi han phat
hién cho phép da trinh bay trong muc 3.4. Trong khi d6 Diazinon, Fenitrothion, va
Cyfluthrin dugc phat hién trong cac mau M3, M4 va M9. Ca 3 mau nay c6 du luong cua
cyfluthrin vuot qua muc quy dinh déi chiéu theo tiéu chuan EU (0,5 mg/kg). Trong khi
d6 tat ca cac miu co du lugng déu khong vuot qua quy dinh theo tiéu chuan Viét Nam
(20 mg/kg).

Vay cac mau ché phan tich déu dat tiéu chuan Viét Nam vé du luong cua céac
pyrethroids nghién ctru. Nhung néu dé xuét khau sang EU thi can ¢6 co ché quan ly,
kiém tra chit ch& hon nita.

4. KET LUAN

ba xay dung duoc quy trinh phan tich 8 HC BVTV (Dimethoate, Diazinon,
Fenitrothion, Endosulfan sulfat, Permethrin, Cyfluthrin, fenvalerate, Deltamethrin)
trong mau ché bang phuong phap sic ky khi detector khéi pho. Viée khao st cac yéu to
nhu do 1ap lai cua thiét bi GC/MS, do dic hiéu cua quy trinh, khoang tuyén tinh, gioi
han phat hi¢n, giéi han dinh luong, d§ dung va dd 1ap lai ciia quy tinh phan tich c6 y
nghia quan trong dé danh gia quy trinh phan tich. Da tién hanh thyc nghiém phan tich
HC BVTV trong 10 mau ché ban trén thi truong Ha Noi hién nay.
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