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XAY DUNG QUY TRINH PHAN TiCH BONG THOI'
MOT SO HOA CHAT BAO VE THUC VAT TRONG
MAU MAU BANG SAC Ki LONG GHEP NOI
HAI LAN KHOI PHO (LC-MS/MS)

DPing Dirc Khanh'™, Nguyén Viét Chinh'
Tran Thi Thay?, Trwong Hoai Nam?, Ngé Thi Van?

TOM TAT

Muc tiéu: Xay dung quy trinh phén tich dong thoi mét s6 hoa chét béo vé thuc vét trong mau mau bang
sac ki léng ghép ndi hai lan khoi pho.

Bé! twong va phwong phap: Nghién ctru thuc nghiém duwa ra phuong phép phén tich déng thoi 8 héa
chat bao vé thuc vat (imidacjoprid, ch‘lorpyrifos, dinjethoat, fenobucqrb, 2,{1-D, njcosqlfuron, metsulfuron
methyl, nereistoxin) trong mau mau bang ki thuéat sac ki Iong ghép ndi hai lan khoi phé.

Két qua: Phuong phap sdc ki Iéng ghép noi hai lan khoi ph6 cho két qua nhanh, chinh xac va dé nhay cao.
Phuwong phap str dung Wafarin-d5 lam n6i chuan. Quy trinh x& Ii mau don gian, dé thu hoi cua cac chat
I6n hon 85%3 va do léch chuan two’r]g doi dwoi 10%. Gidi han phé,t hién cac chat trong mau tce 0,1 ng/ml.
Khoang tuyén tinh khao sat cac chat co6 ham luong tir 10 ng/ml den 1.000 ng/ml, hé so twong quan tuyen
tinh khdo sat 8 chat ttr 0,9971 dén 0,9997.

T khoa: Hoéa chat bao vé thuwe vat, séc ki 1dng ghép ndi hai 1an khéi phd, giam dinh mau mau.
ABSTRACT

Objectives: To develop a simultaneous analysis process for some selected pesticides in blood samples
using liquid chromatography-tandem mass spectrometry (LC-MS/MS).

Subjects and methods: This experimental study established a method for the simultaneous analysis
of eight pesticides (imidacloprid, chlorpyrifos, dimethoate, fenobucarb, 2,4-D, nicosulfuron, metsulfuron
methyl, nereistoxin) in blood samples using LC-MS/MS technology.

Results: The liquid chromatography-tandem mass spectrometry (LC-MS/MS) method provided rapid,
accurate, and highly sensitive results. The method used Warfarin-d5 as an internal standard. The sample
processing procedure was simple, with recovery rates of substances greater than 85% and relative
standard deviations below 10%. The detection limits for the substances in blood were from 0.1 ng/ml. The
linear range for the substance concentrations was from 10 ng/ml to 1,000 ng/ml, with linear correlation
coefficients for the eight substances ranging from 0.9971 to 0.9997.
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1. DAT VAN BE
O Viét Nam, hang ndm sé vu ngd doc, tw tor

khuyén cdo la thiét bi hién dai, c6 d 6n dinh, chinh
xac, do nhay cao va thao tac don gian dé phan tich

hodc bi dau doc do hoa chét bao vé thuc vat
(HCBVTV) van xay ra. Tuy nhién, cac ki thuat dung
dé phan tich HCBVTV trong mau phuc vu cap ctu,
giam dinh con han ché. Thiét bi dwoc st dung chii
yéu la séc ki 16ng, séc ki khi khdi phd. Thiét bi sac
ki 16ng ghép ndi hai Ian khéi phd chwa dwoc (ng
dung nhiéu trong linh vwc nay.

Cho dén nay, séc ki Idng ghép ndi hai 1an khdi
phd (LC-MS/MS) dang dwoc nhiéu chuyén gia
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cac HCBVTV trong mau mau. Thiét bi LC-MS/MS
s dung trong nghién ctru cho phép chuyén dbi
phan cwc nhanh, cé thé quét & ché dd dwong va
am trong thoi gian ngén, téc do va cham cao sé cho
tin hiéu manh hon va gi¢i han phat hién thap hon.

Xay dwng quy trinh phan tich déng thei, chinh
xac 8 HCBVTV trong mau mau, st dung thiét bi
LC-MS/MS két hop véi ki thuat x& Ii mau nhanh
va don gian, lwong mau dung trong phan tich it
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c6 y nghia thyc tién cao, gitp cho cong tac diéu tri
cép ctu chdng déc cling nhw giam dinh ddc chét
nhanh, chinh xac. Chung t6i thire hién nghién ctru
nay nham xay dwng quy trinh phan tich dong thoi
mot s6 HCBVTV trong mau mau bang thiét bj LC-
MS/MS.

2. DOl TUQNG, PHUONG PHAP NGHIEN CUrU
2.1. Béi twong, héa chat, thiét bi nghién clru

- Péi twong nghién clru: mau mau cla ngudi
khéng nhiém HCBVTV dé khao sat quy trinh; mau
mau thuc té cta cac truéng hop giam dinh.

- Héa chat: cac hda chat chuan gdm Warfarin-d5
(chdt no6i chudn), imidacloprid, chlorpyrifos,
dimethoat, fenobucarb, 2,4-D, nicosulfuron,
metsulfuron methyl, nereistoxin ctia hang LGC,
cac hoa chat phan tich [a methanol, acetonitril, axit
clohydric, axit formic, nwéc loai ion, khi argon, khi
nito 99,999%, mang loc 0,22 ym, micropipet, cac
dung cu thay tinh can thiét khac.

- Thiét bi nghién ctru: thiét bi séc ki 16ng két nbi
detector 2 1an khéi phd 8045 cla hang Shimadzu.
Cét Shimadzu C18 (150 mm x 2,1 mm; 3,0 ym,
Part No. 28103-152130).

2.2. Phwong phap nghién ciru

- Khao sat tim manh me, manh con cuta hoat
chét nghién clru: khéo sat trén hé théng sac ki ldng
két ndi detector khdi phd triple quadrupole (hang
Shimadzu 8045). M3u chuan don chét c6 ndng do
2.000 ng/ml méi chét dung dé khao sat tim manh
me, manh con. Phuong phap xac dinh manh me
bang cach quét toan phé. Sau khi xac dinh dwoc
manh me, tién hanh xac dinh manh con bang cach
quét toan phd ban pha manh me.

- Khao sat tim diéu kién téi wu cta khdi phd
(MS): hén hgp mau chuan cé ndng d6 100 ng/ml
mdi chat dung dé khao sat tim diéu kién tdi wu cta
khéi phé. Qua trinh khéo sat tbi wu diéu kién MS
duoc thao tac trén phan mém chuyén dung. Thiét
bi sé tw dong téi wu diéu kién khéi phd.

- Quy trinh x& Ii mau: lay 1 ml mau mau vao éng
nghiém, thém 1 ml dung méi acetonitril/2% HCI, lac
vortex 15 phat, li tam téc d6 10.000 vong/phut trong
5 phut. Léy toan bd I&¢p dung dich loc qua mang loc
0,22 um vao lo vial chia vach loai 2 ml, thém 50 pl
dung dich ndi chuan warfarin-d5 c6 ndéng d6 1.000
ng/ml. Lam bay hoi dung méi dén con khoang 1 ml.
Dung dich nay dung dé phan tich trén LC-MS/MS.

- Khao sat dd chon loc cia phwong phap phan
tich: dd chon loc cla thiét bi LC-MS/MS dwoc thuc
hién trén 05 mau mau trdng khac nhau khéng cé
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HCBVTV va 05 mau trédng dwoc thém HCBVTV.
Mau dwoc xt |i va phan tich theo quy trinh da lwa
chon. Phuong phap dat yéu ciu vé do chon loc khi
séac ki dd mau trdng khéng xuét hién pic, m/z trung
I&p v&i mau trdng thém chéat chuan va noi chuén.

- Khéo sat do én dinh cta hé théng:

+ Hé thdng sac ki 16ng ghép ndi 2 1an khéi phd
duwoc danh gia do 6n dinh trong 1 ngay. Khao sat
& 03 mirc ndng d6 chét la 50 ng/ml, 125 ng/ml va
500 ng/ml, néng dd chat noéi chuan trong cac mirc
I& 50 ng/ml. Thi nghiém 13p lai 06 1an.

+ Két qua danh gia théng qua dd léch chuan
twong dbi ca thdi gian lwu twong dbi va ti 1& dién
tich pic ctia cac chat phan tich so véi ndi chuan.

- Khdo sat khoang tuyén tinh, gi¢i han phat hién
(LOD), gi¢i han dinh Iwgng (LOQ) cta quy trinh:

+ Khao sat khoang tuyén tinh dwa vao 6 diém
chuan cla imidacloprid, chlorpyrifos, dimethoate,
fenobucarb, 2,4-D, nicosulfuron, metsulfuron
methyl, nereistoxin pha trong acetonitril cé cung
ndng dd chét 1a 10 ng/ml, 50 ng/ml, 125 ng/ml, 250
ng/ml, 500 ng/ml, 1.000 ng/ml. M&i diém chuan
d&u c6 ndng dod chat ndi chuan 50 ng/ml. Mbi diém
phan tich 13p lai 6 1an, 4y gia tri trung binh.

+ Gia tri LOD va LOQ cua quy trinh dwgc thuc
hién trén mau mau thém hén hop chuan cé néng
do gidm dan. Gia tri LOD dwoc tinh khi S/N = 3 va
LOQ = 3,3 LOD [1].

- Banh gia do thu hoi va do [3p lai cha quy trinh
phan tich mau: dd thu héi va do 1ap lai cia quy
trinh dwoc danh gia trén mau mau trdng thém
chuan, hén hop chuan imidacloprid, chlorpyrifos,
dimethoate, fenobucarb, 2,4-D, nicosulfuron,
metsulfuron methyl, nereistoxin thém vao 1 ml
mau c6 cung ham lwong & 3 mirc 1an lwot 13 50 ng,
250 ng va 1.000 ng, lwong chat ndi chuén trong
cac mirc 1a 50 ng. M&i mrc ndng do tién hanh thi
nghiém 06 lan lap lai.

3. KET QUA NGHIEN CUU VA BAN LUAN
3.1. Két qua khao sat diéu kién phan tich LC-
MS/MS

MAu chuan duogc ion héa phun dién t& (ESI)
béan pha & hai diéu kién ion dwong va ion am. Sau
khi tim dwoc diéu kién sac ki 1dng va khdi phd &
ché a6 MRM (Multiple Reaction Monitoring) sé tién
hanh tdi wu héa diéu kién MRM trén phan mém tw
déng cua thiét bi. Két qua khao sat diéu kién phan
tich trén LC-MS/MS nhw sau:

- Pha dbng: kénh A la dung dich axit formic
0,1% trong nwéc loai ion va kénh B la dung dich
axit formic 0,1% trong methanol.
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+ Diéu kién khdi phd: nhiét do interface, DL,
desolvate hoa lan lwot |a 300°C, 250°C, 526°C.

+ Tbc dd dong khi lam khé 10 lit/phut.

+ Téc d6 dong khi phun swong 3 lit/phut.

+ Téc dd dong khi lam néng 3 lit/phat.
Bang 1. Chwong trinh gradient pha dong

Thoi £ aa qs

gian %A %B UCECE, d’ong
(pht) (ml/phut)
0,0-3,0 40 60 0,16
3,01-5,0 10 90 0,20
5,01-8,0 10 90 0,16

- Séc ki d6 dai dién: Sac ki do dai dién chét
Fenobucarb va chat ndi chuan dwoc chira 1an lwot
trén hinh 1 va hinh 2. S&c ki dé hén hop 8 chét
chuan va noi chuan thém vao mau nuéc tiéu dwoc
chi ra trén hinh 3.

Nexlntesty 253500
Toe 031 Sk 211 ol I

Hinh 1. Séc ki dé cta chuédn Fenobucarb.

sy 7031
The 1T S T2 M ]

T T T T T T T T T T T T
"0 6] 0 15 H) 25 kUl 35 i 48 50 5 1 [+ n

Hinh 2. Séc ki dé cta chudn warfarin-d5.

Max rensiy : 3608743
Tie 1T S 200 rhen

Hinh 3. Sac ki d6 mau mau tréng
thém 8 chét chuén.

Két qua téi wu hoa didu kién khéi phdé phan
tich imidacloprid, chlorpyrifos, dimethoate, 2,4-
D, fenobucarb, nicosulfuron, metsulfuron methyl,
nereistoxin, warfarin-d5 dwgc chi ra trén bang 2.

Bang 2. Didu kién khéi phd

Che do Dwell .

R Chét QPcéhn Pre::‘l;;sor Pr?nc;;lct ( Iﬂsmeec) BQi;sP(r\tla) (25) Q3 P(r\tla)Blas
161* 001 100 10 12 17
1 124D Negative 219 125, 100 14 26 22
89, 100 10 36 10
182*, 100 -11 -20 -18
2 | Nicosulfuron | Positive 411 106, 100 -11 -36 -18
139, 100 -11 -44 -25
167* 001 50 -10 -17 -17
3 Mot "TO" | Positve | 382 [135, 50 1 -35 24
56, 50 -11 -42 -15
105* 1001 50 -10 -27 -23
4 | Nereistoxin Positive 150 61, 50 -10 -18 -18
89,5, 50 -10 -33 -26
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Ché do Dwell .

T Chét F;Pcéhn Prerc:‘t;;sor Pr::nttlct ( ;.Ersneec) BQI; sP(r\tla) (25) Q3 P(r\tla)Blas
209* .0, 50 -10 -15 -21

5 | Imidacloprid | Positive 256 1754 50 -16 -18 -30
84 .5 50 -13 -15 -16
198,00, 50 -11 -33 -17

6 | Chlorpyrifos Positive 350 97 o3 50 -1 -20 -20
162 ¢, 50 -11 -39 -29
125,00, 50 -11 -21 -21

7 | Dimethoate Positive 230 79,5, 50 -1 -33 -28
93, 50 -12 -33 -17
95* 100) 50 -12 -15 -21

8 | Fenobucarb Positive 208 77 1, 50 -12 -39 -28
57 15 50 -12 -19 -21
1617 100) 100 15 19 17

9 | Warfarin-d5 Nagetive 312 255, 100 15 23 23
17, 100 15 37 23

(*) ménh béi den dung dé dinh luong chét)

3.2. Két qua khao sat doé chon loc cta phwong phap phan tich

Tién hanh khao sat d6 chon loc trén 05 mau mau trang. Két qua cho thay, do chon loc ctia quy trinh rat
tbt, khong cé pic tap xuét hién tring véi pic ctia chat phan tich va noi chuin dwoc thém vao mau tréng.
Séc ki dd khao sat dd chon loc mau nuwéc tiéu trdng dwoc chi ra trong Hinh 4.
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60,

44

MaxIntensty: 7241

Scand B4 Inten. 0

- NEREISTOXI 150.0000-61.0000(+) CE: -27.0

'NCOSULFURGN 411.0000-182 0000+ CE: -20.0
1 MDACLOPRID 256.0000-175,0000(¢) CE: -18.0

{DNETHOATE 230.0000:125.0000(#) )

BMETSULFURON HETHYL 382.0000=167.0000(+) CE:-17.0
£ CHLORRYRIFOS 350.0000:87.0000(+) CE:-33.0
-FENOBUCARR 2 #) CE:-15.0

2
WAFARIN-45.312.0000=181.0000(-) CE: 19.0

T B N e s e S R i e

Hinh 4. Sac ki d6 phan tich mau mau trang.
57



3.3. Két qua khao sat danh gia do 6n dinh cta hé théng

Tién hanh khao sat do 6n dinh trong moét ngay & 03 mirc ndng dd chat 1a 50, 125, 500 ng/ml, tiém |&p
lai & mdi ndng do 1a 6 1an. Két qua chi ra (bang 3) cho thay gia tri d6 l1éch chuan (RSD) théng ké & 2 yéu
t6 la ti 1& thoi gian lwu va ti 1& dién tich pic cia Imidacloprid, chlorpyrifos, dimethoate, fenobucarb, 2,4-D,
nicosulfuron, metsulfuron methyl, nereistoxin trén ndi chuan déu RSD < 3%.
Bang 3. Két qua khao sat do 6n dinh cua hé théng LC/MS/MS

' Ham lwong Ti Ié dién tich peak/IS Ti I& thvi gian Iwu/lS
Hoat chat th(lnng%msm Gia tr% ;rgrég)] binh RSD (%) Gia tr% ;r:rég); binh RSD %
50 20,59 1,49 0,822 0,34
2,4-D 125 54,18 0,83 0,821 0,56
500 230,60 0,58 0,806 0,24
50 205,35 2,02 0,483 0,91
Nicosulfuron 125 956,52 2,02 0,481 0,79
500 2.028,95 1,05 0,469 0,80
50 304,39 2,34 0,488 1,18
mgtfy‘f'f“m” 125 786,78 2,15 0,481 0,83
500 2.995,96 1,25 0,477 0,61
50 181,36 2,53 0,262 0,01
Nereistoxin 125 436,27 1,94 0,262 0,01
500 1.474,57 1,05 0,262 0,01
50 2,16 2,99 0,326 0,15
Imidacloprid 125 4,24 1,14 0,326 0,85
500 15,41 2,27 0,325 0,14
50 47,99 1,44 1,154 0,20
Chlorpyrifos 125 91,66 1,93 1,153 0,08
500 2.178,66 1,17 0,360 0,52
50 209,31 1,67 0,369 0,01
Dimethoate 125 506,28 1,23 0,363 0,01
500 4.062,61 0,62 0,363 0,01
50 367,61 2,64 0,974 0,02
Fenobucarb 125 827,88 1,64 0,974 0,01
500 3.193,61 0,54 0,972 0,91

3.4. Két qua khao sat khoang tuyén tinh, LOD, LOQ cua thiét bi

Khoang tuyén tinh dwoc khao sat trong khoang ndng dd chét tir 10 ng/ml dén 1.000 ng/ml. Pwéong
chuén ndi dwoc xay dwng dwa vao 06 mirc ndng d6 khac nhau cia hdn hop chuan thé hién méi twong
quan tuyén tinh gitra ti 1& lwong chét va ti 1é dién tich pic ctia chéat twong rng so v&i chét ndi chuan
warfarin-d5. Tai cac m&c nébng dd chat ndi chuan déu I1a 50 ng/ml. Két qua khao sat dwoc thé hién trong
bang 4.

Phwong trinh héi quy dwoc xay dwng cé hé sb twong quan tét. Trong do, Y la ti 1é dién tich pic cia chét
phan tich chia cho chét néi chudn; X 1a ti 1& lwong chat. Gidi han phat hién cla quy trinh dbi véi cac chat
phan tich trong mau mau dwoec trinh bay trong bang 4.
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Bang 4. S6 liéu khao sat khoang tuyén tinh

TT Hoat chat Phwong trinh héi quy va hé sé6 twong quan | LOD (ng/ml) | LOQ (ng/ml)
1 12,3-D y =22,009x + 2,5655; R? = 0,9986 0,50 1,65

2 | Nicosulfuron y =184,81x + 37,473; R =0,9971 0,10 0,33

3 | Metsulfuron Methyl y = 282,28x + 72,235; R? = 0,9987 0,10 0,33

4 | Nereistoxin y =151,59x + 33,022; R? = 0,9985 0,10 0,33

5 | Imidacloprid y = 1,4659x + 0,8840; R? = 0,9984 0,10 0,33

6 | Chlorpyrifos y =29,151x + 16,296; R2 = 0,9997 0,50 1,65

7 | Dimethoate y = 204,15x + 43,588; R? = 0,9975 0,25 0,82

8 | Fenobucarb y = 315,69x + 65,213; R? = 0,9992 0,50 1,65
3.5. Két qua khao sat do thu hoi va dé Iap lai quy trinh phan tich mau

Bang 5. Két qua khao sat dé thu hoi va dé lap lai cua quy trinh

Hoat chat ‘50 ng ‘250 ng 1‘000 ng
Do thu hoi (%) | RSD (%) | B6 thu hoi (%) | RSD (%) | B thu hoi (%) | RSD (%)

2,4-D 85,88 0,8273 89,20 0,5708 98,81 0,5802
Nicosulfuron 86,92 6,9366 91,85 0,8807 97,72 1,0427
Metsulfuron Methyl 86,24 0,3400 88,26 0,5205 97,09 1,2688
Nereistoxin 90,63 0,9664 95,79 1,5315 99,75 2,1058
Imidacloprid 88,02 1,6792 91,66 1,7731 98,43 0,6201
Chlorpyrifos 85,76 4,4943 87,16 1,4453 100,46 1,4289
Dimethoate 87,08 5,8954 93,50 3,9918 99,63 0,5118
Fenobucarb 86,89 4,0189 90,86 1,1793 98,15 1,3527

Két qua khao sat cho thdy d6 thu héi ciia quy
trinh & ca 03 ham lwong chéat nghién ciu déu 16n
85%, d0 lap lai cia quy trinh khi thi nghiém lap 06
lan déu rat tbt, gia tri do léch chuan twong déi RSD
<10% & ca 03 mirc ham lwgng, dap rng duoc yéu
cau phan tich. Két qua khao sat dd thu hoi va do lap
lai dwoc chira trong bang 5.

4. KET LUAN

Nghién ctru da dwa ra quy trinh phan tich dinh
tinh, dinh lwvgng nhanh 8 HCBVTV la Imidacloprid,
chlorpyrifos, dimethoate, fenobucarb, 2,4-D,
nicosulfuron, metsulfuron methyl, nereistoxin trong
mau mau bang thiét bi LC-MS/MS c¢6 s dung chét
ndi chuén 1a warfarin-d5. Quy trinh x& |li mau don
gian, c6 dé thu hdi cao trén 85%, d6 I&p lai cé6 RSD
<10%. Gi&i han phat hién cta quy trinh dbi v&i cac
chét phan tir 0,1ng/ml dén 0,5ng/ml. Khoang tuyén
tinh khao sat & 6 mrc ndng do trong khoang tir 10
dén 1.000ng/ml, lwong chéat ndi chuan trong cac
murc ndng d6 & 50ng/ml, hé sé twong quan tuyén
tinh ctia 8 chéat tw 0,9971 dén 0,9997.
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