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Summary

A GC-MS/MS was developed for determination of 5 pesticides (chlorpyriphos-ethyl, chlorpyriphos-
methyl, diazinon, cypermethrin and permethrin) in sweet potato leaves and roots. The pesticide residues
were extracted from samples using QUEChERS. The chromatography was performed as: Column
(HP-5MS Ultra Inert 30 m x 250 um x 0.25 um); Carrier gas — Helium; carrler gas speed
-1.1 mi/minute ; Heat program - 60°C hold 1 minute, increased 40°C/minute to 170°C, then increased
10°C/minute to 30000 hold 3 minute. Detector - triple quadrupole mass spectrometer system using
positive and negative electrospray ionization and Multiple Reaction Monitoring mode. The method was
validated. The recovery range was 82.2 - 113 % with RSD < 3.5 % and the limit of detection (LOD) ranged
at 0.018 ppb - 0.103 ppb. The method proved desirably helpful for analysis of the mentioned pesticide

residues in sweet potato leaves and roots.

Keywords: Pesticide residue, GC-MS/MS, sweet potato.

Dat van dé

Khoai lang la mét loai cay néng nghiép la mét
ngudn cung cép rau clquan trong, cung cap
nhiéu tinh bdt; chat xo tiéu hoa; vitamin
A, vitamin B8, vitamin C cho co thé con nguoi
nén dwoc s dung trong vai trd cla ca rau
lan lwong thwe. Mac du cé vi ngot, nhung khoai
lang trén thwc té 1a thirc &n t6t cho nhirng ngudi
mac bénh dai thao dudng do cac nghién ctu
so b trén dong vat cho thdy né hd tro' cho sw
6n dinh néng d6 dwdng trong mau va lam giam
strc khang insulin. Trong cong nghiép, nguoi ta
dung khoai lang lam nguyén liéu san xuét
tinh bot va cbn cong nghiép.

Theo théng ké ctia Cuc Bao vé thuc vat, khoai
lang dwoc xép vao nhém nguy co bi nhiém thubc
v sau (TTS) P. Dwoc dién cac nuwéc
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(My, Chau Au, Anh, Nhat Ban...) déu co
quy dinh mirc duv lwong t6i da cho phép (MRL)
clia TTS trén nhiéu dbi twong khac nhau. Tuy
nhién, nhiéu thuéc hién nay van chwa c6 MRL
trén khoai lang. Hién nay, néng dé 0,01 mg/kg
dwoc xem la gia tri MRL chung clia nhivng thubc
chwa co MRL P! Pay 1a murc gidi han kha thap,
doi héi cac phwong phap phan tich da dé nhay
can thiét. Phan tich da dw lwong TTS thudng
gap nhiéu khé khan do cac thubc nay co tinh
chét khac nhau vé& do phan cuc, tinh bay hoi, 46
tan ... dan dén quy trinh x& ly mau thworng kho
dat do thu héi khi thdm dinh quy trinh. Trudc
day cac phwong phap thwong chi phan tich
ttng nhém TTS, gan day phwong phap
QUECHhERS (viét tét cia Quick, Easy, Cheap,
Effective, Rugged va Safe) da duoc gidi thiéu
va xay dwng phuwong phap dé phan tich TTS
trong rau cu B4 Nghién ctru nay duoc tién
hanh v&i muc tiéu xay dwng va thdm dinh quy
trinh dinh lwogng déng thoi  cypermethrin,
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permethrin, chlorpyrifos  ethyl, chlorpyrifos
methyl va diazinon cé trong khoai lang bang
phuong phap séc ky khi dau do khdi phd, ng
dung quy trinh da thdm dinh xac dinh dw lwong
cypermethrin, permethrin, chlorpyrifos ethyl,
chlorpyrifos methyl va diazinon c6 trong khoai
lang bang phuwong phap séc ky khi trén dia ban
quan Ninh Kiéu, Tp. Can Tho.

Nguyén vat lieu va phwong phap
nghién clru

Nguyén liéu

Cac dung mdi acetonitril, iso-octan, nwéc cat
dat chudn HPLC (Merck- Buc); cac héa chéat
acid acetic, MgSO,4, NaCl khan, CH3;COONa,
chat hap phu PSA (primary secondary amines),
chét hap phu C4g, GCB.

Chat chudn gbébm 5 TTS: Cypermethrin,
permethrin, chlorpyriphos-ethyl, chlorpyriphos-
methyl va diazinon cta Hang Dr. Ehrenstofer;
ndi chuan TPP va chlorpyriphos d10 (CPR d10)
clia Hang Dr. Ehrenstofer.

Thiét bi

May sac ky khi GC D7000 Triple Quad
Agilent (My).

D6i twong nghién clru

Nam thubc duwoc khdo sat bao gom:
Cypermethrin, permethrin (nhém cuc téng
hop), chlorpyriphos-ethyl, chlorpyriphos-
methyl va diazinon (nhém phospho hiru co).
Nam thubc nay dai dién cho cac thubc trir sau
thuéc 2 nhém phd bién trong danh muc thubc
bao vé thyc vat (BVTV) clia B6 Nong nghiép
va PTNT [,

Mau trdng

Hbén hop rau lang va ré ci khoai lang khong
str dung TTS.

Mau gia lap

Puwoc chuén bi bang cach thém chat phan
tich v&i ndng do xac dinh vao méu tréng.

Phwong phap nghién ciru

Quy trinh xt ly mau

Dwa trén quy trinh x& ly mau QUEChERS
theo AOAC 2007.01 ! va theo EN 15662 ™, két
hop 2 quy trinh. Cu thé nhw sau: Can 10 g mau
chinh xac t&i 0,05 mg vao éng ly tam 50 ml. Cho
vao 5-10 ml nuwéc, vortex 1 phat. D& yén
10 phat. Thém 10 ml acetonitril 1% acid acetic;
vortex 1 phut; 1&c xody 30 phut. Lam sach

dich chiét bang cach cho vao hdn hop 1,5 gam
natri acetat va 6 gam magnesi sulfat, vortex ky
sau d6 tién hanh ly tam 4 phat & tbc do
4000 vong/phut ta thu dwoc dich chiét. Chuyén
7 ml dich chiét trén cho vao 400 mg PSA,
100 mg C18, 400 mg GCB va 1 gam MgSOQO,.
Vortex k¥ tién hanh ly tam 1 phuat. Ruat 1ay 4 ml
thdi khd bang khi N, thu dwoc cén, hoa tan can
trong 400 ul isooctan réi dem phan tich bang
GC-MS/MS.

Khao sét, Iwra chon diéu kién khéi phé

Trong nghién ctru nay, ngudn ion hoéa El véi
ché do6 ion dwong da dwoc st dung. Dé xac
dinh thoi gian lwu cla cac TTS, st dung ché do
quét (scan) voi nang lwgng ion héa la 70 eV.
Céc ion nay dwoc lwa chon 1am ion phan t&r dé
tiép tuc dwoc ban pha thanh cac ion san pham.
Xac dinh cac diéu kién MS/MS bang cach thuc
hién phan tich dung dich chuan hén hop cac
TTS va lwa chon ban pha mot ionphan t&r dé thu
dwoc hai ion san phdm (ng v&i mdi chét.
Mét s& TTS (nhw permethrin...), ¢ thé lya hai
ion phan tlr khac nhau, mdi ion phan t& dwoc
bén pha dé thu I4y moét ion san pham. lon san
phadm c6 tin hiéu I1&n va én dinh hon dwoc s
dung dé 1am ion dinh lwong, ion con lai dé lam
ion dinh tinh.

Lwa chon diéu kién sac ky

Khao sat cac diéu kién bao gdm: Cot séc ky,
khi mang, téc do khi mang, chuwong trinh nhiét
do, nhiét do budng tiém mau, nhiét do MS1 va
MS2, thé tich bom mau, kiéu bom khéng
chia dong.

Tham dinh quy trinh phéan tich

Tham dinh quy trinh phan tich theo hwéng
dan cia AOAC ™ bao gdm cac chi tiéu: Tinh
twong thich hé thdng, tinh dac hiéu, tinh tuyén
tinh, gi®i han phat hién (LOD) va gi¢i han
dinh lwvgng (LOQ), d6 dung va dd chinh xac,
d6 chinh xac trung gian.

X ly sé liéu

S&r dung phan mém Mass Hunter analysis,
Microsoft Excel dé tinh toan va x( ly théng ké.

Két qua nghién ctru

Khao sat, lwa chon diéu kién khéi phd

Két qua diéu kién phan manh clta 5 thubc
BVTV nghién ciru dwoc thé hién trong bang 1.
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Bang 1. Két qua khdo sat diéu kién kh6i phé
lon lon phan

Lwa chon diéu kién sac ky

% A 4o X Ghi . A paa &y s ogs x
Hoat chat phéntr  manh chl; Bang 2. Diéu kién sac ky téch hon hop
(m/z) (m/z) 5TTS va 2 nbi chuan
Chlorpyrifos - 196,9 169,0 dl . HP - 5MS Ultra Inert 30
ethyl 198,9 171,0 at Céttach m x 250 um x 0,25 um
Chlorpyrifos - 285,9 93,0 dl Khi mang Heli
methyl 124,9 47,0 at Téc d6 khi mang 1,1 ml/phat
Diazinon 137,1 84,0 dl 60 °C gilr 1 pht, tang
137,1 54,0 dt ch . .. .. 40 °C/ phat 1én 170 °C,
] 163.0 127 0 dl wong trinh nhiét dé e 0 .
Cypermethrin ) ) sau do tang 10 "C/ phat
163,0 91,0 at dén 300 °C gi» 3 phut.
. 162,9 91,1 dl Nhiét dé budng tiém 280 °C
Permethrin <
' 1829 1551 dt Nhiét dé source 280 °C
326,0 325,0 dl mMs1 150 °C
TPP (IS) 326,0 169,0 dt MS2 150 °C
CPR -d10 323,7 259,7 dl Thf tich bom méu 1ul .
198,7 169,7 dt Kiéu bom Khong chia dong
*dt: dinh tinh, dl: dinh lwong
Tham dinh quy trinh phan tich
+TIC MRM (** > **) INLET 280.D (PES)
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Acquisition Time (min)
Name Name RT Resp.  ISTDResp  Final Conc. Units Ratio
Diazinon Triphenyl phosphate 8.169 861514 404673 ND ng/ml 86.1
Chlorpyrifos-methyl  Chlorpyrifos-D10 9.076 911174 109491 ND ng/ml 97.8
Chlorpyrifos Chiorpyrifos-D10 9.873 985409 109491 ND ng/ml 984
Permethrin, (1R)-cis- Triphenyl phosphate 15.681 1766965 404673 ND ng/ml 354
Cypermethrin Triphenyl phosphate 16.654 544074 404673 ND ng/ml 56.7

Hinh 1. S&c ky d6 5 loai TTS va 2 ndi chuén phén tich & diéu kién Iya chon

Tinh phu hop hé théng

Tiém 6 1an 1&p lai hén hop chuan cac TTS co
cung ndng dé 200 ppb va IS c6 néng dd 50 ppb.
Két qua cho thdy RSD thdi gian lwu la rat thap
(< 1%) va RSD cua ti & dién tich pic cla TTS va
ndi chuan dwdi 3,5% cho tat ca 5 TTS (hinh 1),
dap ng yéu cau theo AOAC (RSD < 15%).

Tinh dac hiéu

Tién hanh phan tich mau trang, mau chuan
va mau trang thém chudn. Két qua phan tich
duoc trinh bay trong hinh 2 cho thay & séc ky dd

mau trdng khong xuét hién pic trung thoi gian
lwu v&i cac chéat can phan tich so véi sac ky dd
ctia hén hop cac chat chuan. Trén sac ky doé
clia mau trdng thém chuén cé xuét hién cac pic
c6 thoi gian lwu trung véi cac chét phan tich
trong mau chuan. Hon niva, véi méi chat phan
tich déu c6 hai ion san phdm dung dé dinh tinh
va dinh lwong, phwong phap dat yéu cau sé
diém xac nhan tdi thiéu v&i hoat chat 1a 4 diém
(1 ion me va 1 ion con nhw bang 1). Nhw vay
phuwong phap c¢é tinh dic hiéu dat yéu cau.
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* Th'.:.MHM [ = M-BL 15 50PPB.D (PES_C_NGA)

'E x10°
g
Q
1.757
157
1.25+
.
0.751
0.5
0.257
I | ] I | | I I | I I I I I I I
4 5 6 7 8 9 L[ I 13 1 5 18 17 18 19
Acquisition Time (min}
Name Mame RT Resp, ISTD Resp Final Conc. Units Ratio
Chlorpyrifos-methyl  Chlorpyrifos-D10 8.562 n 125300 ND ng/mi 7
Chlorpyrifos Chiorpyrifos-D10 9.439 10832 125300 ND ng/mi 40.3
Cypermethrin Triphenyl phosphate 15.920 4786 139806 ND ngfmi 4.3
a
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Acquisition Time (min)
Name Name RT 3 ISTD Resp Final Conc. Units Ratio
Diazinon Triphenyl phosphate 7.876 1211925 147465 ND ng/ml 130.8
Chiorpyrifos-methyl  Chlorpyrifos-D10 8.715 197681 147625 ND ng/ml 1339
Chiorpyrifos Chlorpyrifos-D10 9.506 1336981 147625 ND ng/ml 103.0
Permethrin, (1R)-cis- Triphenyl phosphate 15.234 1221679 147465 ND ng/ml 36.8
Cypermethrin Triphenyl phosphate 15.99% 589296 147465 ND ng/ml 30.0
b
+ TIG-MRM =" S_TD 200PPB VS IS 50PPB.D (PES_C_NGA)
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4 5 6 7 8 9 10 1 12 13 1" 5 16 17 18 19
Acquisition Time {min)
Name Name RT Resp. ISTDResp  Final Conc. Units Ratio
Diazinon Triphenyl phosphate 7.878 1249830 79070 ND ng/ml 131.0
Chlorpyrifos-methyl  Chlorpyrifos-D10 8.718 160338 114292 ND ng/mi 133.2
Chlorpyrifos Chlorpyrifos-D10 9.511 1058578 114292 ND ng/ml 103.0
Permethrin, (1R)-cis- Triphenyl phosphate 15.237 737352 79070 ND ng/ml 37.2
Cypermethrin Triphenyl phosphate 15.999 351219 79070 ND ng/ml 30.1
c
Hinh 2. Sdc ky d6 tham djnh tinh dac hiéu cda 5 TTS
(a: mau trang, b: mau chuan, c: mau trang thém chuan)
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Khoang tuyén tinh

M&u trng gia lap dwoc chiét theo quy trinh
thu 14y dich chiét, pha dung dich hén hop chuan
trén dich chiét & cac néng do 10, 20, 50, 100,
200 ppb. Nong d6 néi chuan dwoc gitr cb dinh
50 ppb.

Xay dyng dwong phu thude glwa ty 1é dlen
tich pic TTS v&i dién tich pic ndi chuén va ndng
do twong ing. Cac dworng chuén dwoc 1ap theo
phan mém cua thiét bi (Mass Hunter GCQQQ).
Két qua khoang tuyén tinh, phwong trinh héi quy
va hé sb twong quan cua tirng chat dwoc trinh
bay & bang 3.

LODva LOQ

M&u tréng dwoc chiét theo quy trinh xa& ly

mau da xay dwng dé thu lay dich chiét, thém
moét lwong hdn hop chuén thudc BVTV vao, roi
tién hanh pha loang dan dé dat ndng do xac
dinh. LOD va LOQ duwgc xac dinh dwa vao gia tri
sb tin hiéu/ nhiéu (S/N) tai nébng d6 thap nhat ma
SIN lan Iwot 3 va 10.

D6 dung va dé lap lai

Tién hanh trén mau gia 1ap. Thém mét lwong
hén hop chuan TTS vao mau trang va chiét. Thuc
hién & 3 ndng dé thap LQC (10 ppb), trung binh
MQC (50 ppb) va cao HQC (100 ppb). B6 dung
duoc xac dinh dwa trén % lwong chét thu hdi so
v6i lwong chuan da thém vao. Do 1&p lai dwoc
danh gia dwa vao RSD cta 6 14n 1am & ciing ndng
dd. Két qua thadm dinh duoc thé hién trong bang 3.

Bang 3. Két quéa tham dinh phuong phép phén tich

Khoang HS Do dung va dé lap lai
p tuyen Iy twong LOD LOQ HQC (100
Hoat chat tinh PT héi quy quan (ppb) (ppb) LQC (10 ppb) MQC (50 ppb) opb)
(ppb) () R% RSD% R% RSD% R% RSD%
Chlorpyrifos - y=
ethvl 2 532967x 0,999 0,018 0,054 105,16 0,546 99,70 0,446 102,52 0,521
Chlorpyrifos - y=
methv 1,717117x 0,999 0,053 0,162 105,16 0,546 99,70 0,446 102,52 0,521
I ) y=
Diazinon 10 -200 1.466327x 0,999 0,103 0,313 113,31 1,850 104,92 1,767 111,12 3,488
Cypermethrin O4SySZQSX 0,999 0,079 0,239 109,16 1,557 89,22 3,021 82,20 2,861
. y=
Permethrin 0,647668x 0,999 0,089 0,271 97,39 1,233 93,58 2,507 101,52 2,681

Nhén xét: Két qua thdm dinh cho thay trong
khoang néng do 10 - 200 ppb co sy twong quan
tuyen tinh gitra nbng dd cac TTS, ti & dién tich pic
cla chat phan tich va ndi chuan voi hé sb twong
quan r? = 0,999. Khoang tuyén tinh rong va bao
tram ca MRL (0,01 mg/ kg twong (rng 10 ppb)
cua cac chét phan tich. LOD va LOQ cuia 5 chét
can phan tich gia tri twong déi thap trong khoang
LOD (0,018 ppb - 0,103 ppb), LOQ duoc

xac dinh (0,054 - 0,313 ppb). D& thu hdi trong
khoang 82,2 - 113% va RSD nhé hon 3,5%. Nhw
vay, phwong phap da xay dwng cé do thu hdi va
do |&p lai dat yéu cau theo quy dinh AOAC.

Xac dinh dw lwong 5 thubc trir sau
trong mau khoai lang trén thi trwéng

12 méau khoai lang dwoc thu mua trén siéu thi
Co.opmart Can Tho. Két qua xac dinh duv lwong
TTS trong 12 mau dugc ghi trong bang 4.

Bang 4. Két qué xéc dinh dw luong TTS c6 trong khoai lang trén thi truong

Néng dé cua cdc chat (ug/kg) trong cdc khoai lang

Hoat chat 1 2 3 4 5 6 7 8 9 10 11 12

Chlorpyrifos - 55 56 1438 - 36,87 - 46,07 - - - 1716 - -
ethyl
Chlorpyrifos -

methyl B B B B B B - - - -
Diazinon - - - - - - - - - _ _ -
Cypermethrin ; 1100 - 3687 - 40,79 2277 - - 1041 - -
Permethrin - - - - - - - - _ _ _ -
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Ban luan

Vé6i dac thu nén mau phic tap, dw lwong
TTS & ndng dod rat nhé nén viéc lwa chon quy
trinh xt ly mau va thiét bi phan tich phai doi hoi
c6 kha ndng lam sach mau, phan tich déng thoi
da dv lwegng v&i dé nhay va dé dac hiéu cao.
Phuwong phap QUEChERS dwoc (rng dung, dich
chiét dwoc lam sach bang chiét phan tan pha
rén (d-SPE) dé loai diép luc t, cac chét hivu co
nhd chat hap phu PSA, GCB va Cis. Két qua
cho thdy phwong phap x& ly mau cho hiéu suét
thu hdi cao, do I&p lai 6n dinh.

Theo TCVN 9333 : 2012 trong viéc xac dinh
dw lwong dbi véi cac TTS cé thé phan tich dwoc
dong thei bang ca hai kj thuat sic ky léng va
sac ky khi ghép dau do khéi phd, so véi GC-
MS/MS thi LC-MS/MS c6 thé cho dd nhay tbt
hon © Tuy nhién, dbi v&i cac phong thi nghiém
khéng dwoc trang bj thiét bi LC-MS/MS co thé
st dung GC-MS hodc GC-MS/MS dé phan tich
cac TTS dé bay hoi c6 d6 phan cuc tlr kém dén
trung binh. Do vay, trong nghién ctu nay, ky
thuat GC-MS/MS v&i ngudn ion hoa El, bd phan
tich khéi ba tr cuwc dwoc siv dung dé phan tich
cac TTS nhém pyrethroid va phosphor hiru co la
phu hop.

Két qua thdm dinh phuong phap cho thay do
d&c hiéu dat yéu ciu voi sd diém nhan dang (IP)
clia cac chét phan tich 1a 4. Phuwong phap da xay
dwng c6 kha nang dinh tinh va dinh lwong dwoc
déng thoi 5 TTS nghién ciu véi LOD trong
khoang tir 0,01 - 0,10 ppb. Nhw vay gia tri LOD
cla phuwong phap da xay dwng twong dwong
ho&c thdp hon so véi cac nghién ctu vé dw
lwong TTS da thwc hién. Chuan noi dung trong
nghién ctru la chlorpyriphos dqqg déng vi cla
chlorpyriphos-ethyl va triphenyl phosphat la
ddéng phan cypermethrin, dap Ung yéu cau
phan tich do cé tinh chat twong tw chat phan
tich nén loai bé dwoc anh hwédng t&i qua trinh
XU ly va phan tich mau. Viéc lwa chon chét noi
chuéan doéng vi cing la xu thé chung cua cac
nghién ctru trén thé gioi *7®

Trong 12 méau khoai Iang duoc lay tai thi
trwong, co 6 mau phat hién c6 dw lwong TTS va 6
mau khéng phat hién c6 dw lwong TTS. C6 2 mau
mdi m&u nhiém 1 loai TTS. C6 4 m&u nhiém 2 loai
TTS la chlorpyrifos ethyl va cypermethrin nhiém
trén 0,01 mg/kg (10 pg/kg), 2 loai thubc trir sau
nay thudc 2 nhém khac nhau. Piéu nay phu hop
vGi két qua cla cac nghién ciru khao sat trudc
day, néong dan cé théi quen dung nhiéu loai TTS
khac nhau nam trong cac nhém TTS khac nhau

trong tréng trot.

Ket luan

Nghién ciu da ng dung ky thuat
QUECHERS két hop sac ky khi khdi khd 3 lan t&
cwc dong D7000 Triple Quad dé xay dwng quy
trinh  dinh lwong dbéng thoi duw lwong cla
cypermethrin, permethrin,  chlorpyriphos-ethyl,
chlorpyriphos-methyl va diazinon trong n:én mau
khoai lang. Phwong phap dap &ng yéu cau phan
tich dw lwong véi dd chon loc cao, d6 thu hdi trong
khoang 82,2% - 113% va RSD nhd hon 3,5%.
Déc biét, dd nhay clia phuwong phap c6 thé phat
hién & mirc 0,01 — 0,10 ppb (twong dwong 0,01 -
0,10 pg/kg néng san). Do d6, phuwong phap cé thé
&ng dung dé xac dinh cac mau khoai nhiém du
lwgng TTS trén thitrwong.
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