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SUMMARY

METHOD DEVELOPMENT FOR DIRECT DETERMINATION OF PARAQUAT,
DIQUAT AND CHLORMEQUAT IN SOIL BY UPLC-MS/MS

In Vietnam, paraquat is one of the most popular herbicides intensively used in agriculture. However, in
recent years, this compound has been prohibited in agricultural cultivation because of indiscriminate uses
and negative effects on the environment and human health. Direct analysis of paraquat, diquat and
chlormequat in environmental samples including arable land meets with difficulties because these
substances have simple structures, high polarity and ability to form complexes with anions existing in
sample matrix. In this study, we have developed a method to directly determine paraquat, diquat and
chlormequat with the help of UPLC-MS/MS system coupled with a suitable sample preparation process.
The method had wide linear range (R%>0.995), high sensitivity (limits of detection from 0.30 rg/kg to 0.50
19/kg and limits of quantification from 1.0 zg/kg to 2.0 g/kg), recoveries ranged from 96.5% to 109.4%,
The highest RSD; and RSDwr were 6.9% and 10.9% (<25%), respectively. The study has successfully
fabricated the method to direcly analyze paraquat, diquat and chlormequat in arable land.
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1. PAT VAN DBE, GIOI THIEU tao ra géc oxy tu do tao thanh superoxit Chinh
Paraquat (1,1’-dimethyl-4,4’-bipyridinium ion) nhitng superoxit nay s& tan céng mang acid
la hoé chét c6 kha nang diét co khéng chon loc béo khong bao hoa, gay pha hiy mang té bao
thugc nhom bipyridinium, dugc sir dung rong va md thyc vat.[2] Véi co ché diét co twong tu
réi nhat trong néng nghiép do hoat tinh diét co nhu paraquat nhung tic dong dén nhiéu vi tri
manh mg&, nhanh chong, giét chét mo twoi cua hon trén té bao thuc vat, diquat va chlomequat
co khi vira tiép xtc, cé nhimg dic tinh vat ly (1,1’-ethylene-2,2’-  bipyridinium ion, 2-
noi bat nhu dé tan trong nuéc, kha ning lién chloroethyltrimethylammonium)  ciing 1a
két cao véi mot s6 anion trong méi trudng nhitng thudc diét co khéng chon loc thudc
dat.[1] Co ché diét co cua paraquat duya trén tac nhém bipyridinium dwogc sir dung rong rai boi
dong truc tiép dén hé théng mang quang hop kha niang kiém soat co dai hiéu qua. Ngoai tac
(hé théng quang I) noi tao ra cac electron ty do dung diét co, khi dugc st dung & nong do thap
dé thuc ddy quad trinh quang hop. Nhing diquat con dong vai trdo nhu mot chat didu hoa
electron nay s& phan ung véi ion paraquat dé sinh trudng cua thuc vat.[3-5]
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Bén canh d6, viéc sir dung khong kiém soat PDA va MS thi chlormequat chi c6 thé xac

cac hoa chat diét co nay gdy anh huong dinh bang phwong phap LC-MS do kha ning
nghiém trong dén mdi truong. Do ciu tric don hip thu quang cua hop chat rat yéu.[7-9] Bén
gian, kha nang phan cuc cao nén khi phan tan canh d6, do dic diém cau tric phan tar don
vao méi trudng, cac hop chit nay dé dang di gian, it nhom chac cung voi do phan cuc cao
chuyén theo dong nudc ciing nhu thim xudng nén viéc xac dinh truc tiép cac hop chat nay
tang nudc ngam, gay hai nghiém trong dén strc con gap nhiéu kho khan. Tur dé, cac chat cd
khoé con ngudi. Pa phan nhiing héa chat bao kha ning ghép cap véi cac hop chét trén nhu
vé thuc vat thuong dugc xac dinh bang phuong heptafluorobutyric acid (HFBA),
phap sic ky khi (GC) hoic séic ky long (HPLC) pentafluoropropionic acid (PFPA),
ghép ndi voi mot dau do thich hop.[6] Trong trifluoroacetic acid (TFA)) dugc sir dung dé
khi paraquat va diquat c6 thé dwoc xac dinh tang kha nang luu giit cac hop chit nay trén
bang phuong phap LC két ndi véi dau do UV, pha dao C18.[10]
e <) N
H3C N \ /N CH3 N@ @N Cl/\/ N
2 Br®
1,1'-Dimethyl-4,4'-bipyridinium dichloride 6,7-dihydrodipyrido[1,2- 2-Chloro-N,N,N-
Paraquat a:2',1'-c]pyrazine-5,8-diium trimethylethanaminium
dibromide Chlormequat
Diquat

Hinh 1. Céng thirc cdu tao cia cac hop chat phan tich

Tuy nhién, phuong phap nay gap han ché nhu trong dén két qua phan tich cua cac hop chat
gay nhiém ban hé thong LC-MS, lam thay dbi quaraquat, diquat va cac nghién ctru trén déu
d6 chon loc cua cot, gay ra hién tuong “gia phai str dung dudng chuan cia nén mau va noi
tang dudng nén” khi sir dung trong thoi gian chuan dé tinh toan nham hiéu chinh nhiing sai
dai va gay ra hién tuong “nén ion”, dan dén do léch gay ra tir nén mau.

nhay thap khi ghép néi véi dau do MS.[11, 12] Muc dich cua nghién ciu nay chinh 1a xay
Do d6, cac phuong phap xac dinh tryc tiép c6 dung phuong phap xac dinh truc tlep paraquat,
khuynh huéng dugc sir dung rong rii dé dinh diquat, chlormequat cé trong mau dat. Bang
luong paraguat, diquat va chlormequat trong viéc st dung phuong phap chiét phan cuc
cac nén mau phuc tap. Déi véi phuong phap (Quick Polar Pesticides method — QuPPe) dé ly
xac dinh tryc tiép, sic ky ua nudc 12 lya chon trich chat phan tich ra khoi nén mau két hop
hang dau dé phan tich cac hop chat phan cuc, véi vat lieu hap phu thich hop dé giam thiéu
dic biét 1a cot Obelisc R duoc chon chu yéu dé anh huong cia nén mau, dich chiét sau khi xir
dinh lugng céc chat cation.[13] Tuy nhién, li dugc tién hanh phan tich sic ki long dua trén
nhidu nghién ctru da cho thiy rang phan tich cot sac ky long siéu hiéu ning cao CORTECS
cac hop chét cation trén cot Obelisc R gap cac (1.6 um, 100 x 2.1 mm) ghép ndi dau do khéi
van dé nhu d6 khong on dinh ciia thoi gian luu, phd. Bang viéc két hop ciia phuong phap
bat 6n vé hinh dang cua dinh sic ky va do tai QuPPe va UPLC, nghién ctu da xay dung
l3p kém sau nhiéu lan st dung. thanh cong quy trinh phan tich tryc tiép
Qua trinh xt Ii mau dong vai tro quan trong paraguat, diquat va chlormequat trong mau dat
d6i véi két qua phan tich. Hién nay, da s6 viéc theo tiéu chuin chau Au SANTE/11813/2017
phan tich paraquat, diquat va chlormequat va SANC0/825/00.

trong mau dét dya vao quy trinh tiéu chuan cua 2. PHUONG PHAP NGHIEN CUU

EU.[13, 14] Tuy nhién, cac nghién ciru ciing da 2.1. Thiét bi va héa chat

ching minh dugc nén miu anh huéng nghiém

89



Cac chit chuan paraquat, diquat va
chlormequat (d6 tinh khiét > 98%) duoc cung
cap boi Sigma-Aldrich (St. Louis, MO, M¥).
Cac chét chuin duoc hoa tan trong dung moi
methanol c6 ham luwgng 1000 mg/L va trix
trong lo t6i mau ¢ 4°C. Acetonitrile, methanol,
formic acid, ammonium formate dugc cung
cap bai hang Merck (Merck KGaA, Darmstadt,
Puc). Cac vat liéu chiét pha rin nhu C18, PSA
duoc cung cip boi hang Agilent (Santa Clara,
CA, My). Cot séc ki CORTECS (1.6 um, 100
x 2.1 mm) dugc sir dung dé phan tach cac hop
chat phan tich dugc cung cap boi Waters
(Milford, MA, M).

Trong nghién cau nay, hé théng UPLC duoc
sa dung bao gom hé théng bom cao ap
Ultimate 3000 UHPLC ghép ndi véi dau do
khdi phé ba tir cuc Quantis (Thermo Fisher
Scientific, Waltham, MA, My). Pau do khdi
phd dugc hiéu chinh bing dung dich chuin
Pierce LTQ Velos ESI Positive Ion dugc cung
cap boi Thermo Fisher.

2.2. Thgc nghiém

2.2.1. Didu kién khéi phé:

Tin hiéu dugc ghi nhan ¢ ché do ion duong,
Vi cac thong sé khdi phd nhu tée do dong khi
phun: 30 L/h, khi b trg: 15 L/h, dién thé phun:
1.6 kV, nhiét d6 6ng mao quan: 300°C, tan so
hiéu chinh ion: 50.0 V, nhiét d6 hoa hoi dung
moi: 320°C. Ché do bén pha ion duoc sir dung
véi toe do dong khi Argon 1a 2 L/h. Thong sb
phan manh va thé bin pha cua cac hop chat
duoc trinh bay trong bang 1.

Bang 1. Thong s6 bg phan tich khéi ciia dau do

khoi pho
Ténhopchat Ionme lon Théban Ghicha
(m/z) con pha(V)
(m/2)

Paraguat 186.3 1709 196 Dinhlugng
1711 1551 298 BDinhdanh
Dit 1831 1570 222 Dinhluong
1831 1679 289 BDinhdanh
Chiormedquat 1221 581 252 Dinhluong
1221 630 213 PDinhdanh

2.2.2. Piéu kiéu sdc ky léng:

Vé hé théng UPLC, pha dong bao gom (A)
dung moi acetonitrile va (B) dung dich dém
ammonium formate/formic acid 100 mM (pH
= 3.7). Chuong trinh dung méi dwoc thiét lap
nhu sau: Gilt 5% (B) trong 1 phut, sau d6 tang
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dén 80% trong 1 phut, tiép tuc gitr ti 1& nay
trong 5 phat. Tir 80% (B) giam xudng 5% (B)
trong 1 phdt va tiép tuc giir nguyén ti 1¢ trong
vong 2 phut dé chuan bi cho lan chay tiép theo.
Thé tich tiém 1a 10 pL va dugc dat ¢ 8°C. Téc
d6 dong duogc su dung la 0.5 mL/phut.

2.2.3. Quy trinh x& ly mdu

Can chinh x4c 2 g mau dét sau khi dwoc dong
nhat mau duoc chuyén vao 6ng ly thm nhya 50
mL. Sau d6, thém 10 mL hdn hop dung moi
vai ti 1@ MeOH:H,O = 1:1 (v/v) cd chaa 1%
formic acid va tién hanh tron déu mau trong 10
gidy bang hé thdng vortex, tiép tuc rung siéu
am & 40°C trong vong 15 phit véi tan s6 50
Hz. Sau khi dwoc rung siéu am, mau duogc
vortex trong 10 gidy, duoc dé yén trong toi dé
tro vé nhiét do phong va duoc ly tam ¢ toc do
9000 vong/phat. Khi khi ly tdm, 6 mL dich
chiét phia trén dwoc chuyén vao ong ly tam
nhua 15 mL ¢6 chta sin 150 mg PSA va 150
mg C18, sau d6 mau dugc vortex trong 30 gidy
va dugc ly tdm trong 3 phat & téc do 9000
vong/phut. Dich chiét duoc loc qua mang loc
nylon 0.22 um va dugc tién hanh phan tich
HPLC.

2.3. ThAm dinh phwong phap

Viéc tham dinh phwong phap phan tich dwoc
danh gia thong qua cac thong sé nhu khoang
tuyén tinh, do chinh xac, d6 tai lap, do lap lai,
gioi han phat hién, gi¢i han dinh luwong. Hiéu
suit thu hdi caa cac hop chat dao dong tir 70%
dén 120%. LOQ duoc xac dinh bang cach do
12 mau lap lai dugc thém chuan véi ham lugng
lan Tuot 14 1.0, 2.0 va 5.0 ug/kg va dugc thuc
hién 3 ngay lién tiép véi 4 mau lap cho mot
ngay voi d6 lap lai (RSDy) va do tai lap
(RSDw) nho hon 20%. LOD c6 gia tri bang
1/3xLOQ. Viéc tinh toan hiéu suit thu hdi cua
hop chat dwa trén duong chuan dung méi.
RSD; dugc xac dinh nhu la d¢ lap lai cua 4
mau phan tich trong mot ngay, trong khi
RSDwr duoc xac dinh 1a do tai lap cua 12 mau
trong 3 ngay.

2.4. Higu itng nén miu (ME)

Viéc danh gia hiéu tng cia nén miu duoc tién
hanh dua trén phuong phap thém chuan trén
nén mau dit di duoc xu li so bd. Céac chit
chuin phan tich duoc thém vao nén miu va
tién hanh xu If theo muc 2.2. Hiéu tng cua nén
mau dugc danh gia dua trén viéc so sanh hé sé
géc cua duong chuan chat phan tich trong nén



mau sao vai hé sb goc cua duong chuan chat
phan tich trong dung mdi. Hiéu tng nén mau
(ME) dugc tinh theo phuong trinh sau:

. B
ME (%) = 1% 100

Trong d6, A 13 hé sb g6c cua dudng chuan chit
phan tich duoc pha trong dung méi, B 1a hé sb
g6c caa dudng chuan chit phan tich dugc thém
Va0 Nén mau.

3. KET QUA VA THAO LUAN

3.1. Két qua UPLC-MS/MS

Nong d6 dém cua dung méi pha dong anh truc
tiép dén hinh dang pik sic ky cua cac hop chat
phan cuc khi phan tich bang sic ky wa nuéc.
Bbn ndng d6 dém duogc lua chon dé nghién ciru
la 50, 100, 150 wva 200 mM
HCOONH./HCOOH dé theo ddi su thay doi vé
thoi gian leu (RT) va hinh dang pik sic ki bao
gdom bé rong day (W) va hé s6 kéo dudi (Failing).
Viéc sir dung dém trong dung méi gidp 6n dinh
dang ton tai cua hop chat, gitp chét di chuyén tap
trung trong qué trinh phan tich sic ky. Tuy nhién,
ham luong dém qué cao dan dén hién tugng ting
p suat trén cot, 1am giam tudi tho cot sau mot
thoi gian str dung. Do do, viéc lra chon nong do
dém can dugc dam bao dé giam thiéu tac dong
tiéu cuc 14 toi da nhung van mang lai hiéu qua
sac ki la cao nht.

Khi nong do dém thay ddi thi thoi gian luwu, bé
rong day ciing nhu hé sé kéo dudi cua chit
phan tich ciing thay ddi theo xu hudng chung
nhu sau: khi ndng d¢ dém tang thi thoi gian

luu ting, bé rong day va hé s kéo dudi giam.
Trong truong hop cua thoi gian luu, bién dong
I6n nhat thudc vé& hai chat diquat va paraquat
Vi su tiang thoi gian luu tir ndng d6 50 mM
dén 200 mM 0.5 phdt, riéng véi chlormequat
sy ting khong dang ké chi khoang 0.2 pht.
Séc ky dd cua cac hop chat phan tich duoc
trinh bay trong hinh 2.

3.2. Lua chon vt liéu chiét da phén tan (d-SPE)
C6 nhiéu loai chat hap phu trong d-SPE duoc
ding dé lam sach nén mau nhu C18, PSA,
GCB, Florisil, chitosan va graphene... Dé c6
thé chon ra chat hip phu phu hop can dya vao
nhiéu yéu té nhu dic tinh chat phan tich, thanh
phan nén mau, pH dung dich,... bai mdi loai
chat hip phu déu c6 nhirng tinh chit ly héa
khéc nhau. Mot chat hoac hdn hop chat hip
phu dugce xem 1a 1y twong khi né vira c6 thé
lam sach nén mot cach tét nhat dong thoi
khong lam mat, tuong tac hay thay ddi tinh
chat caa chat phén tich. PSA 1a mot chit trao
doi anion yéu dung dé loai bo acid béo, acid
hiru co phan cuc va & mot mac do nao d6 cod
thé loai dwong, sic t6 con C18 1a mot chat hap
phu pha dao, c6 kha ning giir chat béo, lipid
cling nhu mot s vitamin va khoang chat. Tur
nhitng dic tinh trén c6 thé thiy hai loai chit
hip phu nay khong c6 kha ning tuong tac voi
chat phan tich va theo ly thuyét chung tuong
dbi thich hop dé loai mot sb tap chat khong
mong mudn tir nén mau. Két qua dugc thé hién
trong hinh 3 va hinh 4.

Bang 2. Su thay doi RT, W va Fuiling Ciia paraquat, diquat va chlormequat
trong nhiing nong dé dém pha dgng khac nhau

Nong d6 dém (mM)  Thong so6 Chlormequat Diquat Paraquat
Tr (phit) 1.81 2.60 4.60
50 W (phut) 0.40 1.10 0.80
Frailing 1.62 5.50 5.66
Tr (phut) 1.81 2.60 4.60
100 W (phut) 0.35 0.35 0.35
Frailing 1.17 1.15 1.75
Tr (phut) 2.17 2.83 4.85
150 W (phut) 0.35 0.35 0.35
Fraiting 1.17 1.50 1.75
Tr (phat) 2.15 3.01 5.00
200 W (phut) 0.35 0.35 0.35
Frailing 1.17 1.50 1.40
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Tir hinh 3 va hinh 4, ¢6 thé thay duoc hiéu suat

@ thu hdi cua céc hop chat phan tich chiu anh

M hudng truc tiép cua nén mau. Mau dugc chiét
@ truc tiép vai dung moi khdng trai qua giai doan
L lam sach dan dén hiéu suat thu hdi cua
chat phan tich thap (paraquat va diquat lan

luot 13 45% va 48%), déng thai anh huong
cia nén miu dén két qua phan tich la rat
lon (dao dong tir 20% dén 60%). Tuy
nhién, hiéu suét thu hdi cua cac chat duoc
G cai thién rd rét khi dwgc tién hanh lam
sach dich chiét. Khi sir dung vat liéu C18,
hiéu suat thu hdi cua diquat va paraquat
ting tr 15 dén 20% so vé6i truong hop
khong dwgc 1am sach va nén mau van con
anh huong manh dén két qua phan tich.

Hinh 2. Sdc ki do cua cé&c chat phan tich ¢ ham
lwong 50 pg/L
((1): chlormequat, (2): diquat va (3): paraquat)

Péi v6i PSA, hiéu sudt thu hdi cua cac

Hinh 3. Anh huong cua vt liéu chiét tinh sach chit tang rd rét, dao dong tir 65% dén 74%
dén hiéu sudt thu hoi ciia cac chat phan tich ddi vai cac chat phan tich. Tuy nhién, nén
trong mdu dat mau van con anh hudong manh dén hop

chat diquat (40%) va paraquat (20%). Khi
] tién hanh st dung ddng thoi PSA va C18,
i U i hiéu suét thu hdi cua cac chit ting dang
: ké, dao dong tir 85% dén 91% va hiéu ung
cia nén mau dén két qua phéan tich ciing
duoc giam thiéu dang ké. Do do6, truong
hop 300 mg (PSA+C18) dugc st dung lam

vat li¢u tinh sach dich chiét.

Anh huédng nén (%)

s pa | e 3.3. Tham dinh phwong phap
Hinh 4. Anh huong ciia nén mdu d@én hiéu sudt Céc thi nghiém dé tham dinh phuong phdp da
thu héi chdt phan tich dugc thyc hién nhu dé cap ¢ muc 2.3 va két

qua dugc trinh bay trong bang 3 va bang 4.

Bdang 3. Khodng tuyén tinh, hé sé twong quan, gisi han phét hién (LOD), giéi han dinh heong (LOQ), d6 lap lai
(RSDy) va d ti lgp trong phong thi nghiém (RSDu) diroc dénh gid ¢ ba mirc nong dg khac nhau

Hop chit Khoang tuyén R? LOD LOQ RSDr (%) RSDur (%)
0| a .
' tinh (ug/L) (no/kg)  (no/kg)  10pgkg 20ugkg 50pgkg 10pgkg 20ugkg 50 pgkg
Chlormequat 1-100 0.9991 0.30 1.0 6.2 3.7 3.8 11.3 14.1 9.2
Diquat 1-100 0.9979 050 2.0 5.3 4.0 3.1 231 110 83
Paraquat 1-100 0.9990 0.50 2.0 8.8 43 45 285 107 101
Bang 4. Két qua dg diing cho 3 chdt phan tich trong nén mau dat

Ham lugng 5 na/kg 50 pg/kg 100 ng/kg

. RSD RSD. RSD RSD RSD RSD
Hop chét H(%) ' " H®%) ' " H®%) ' "

(%) (%) (%) (%) (%) (%)

Chlormequat 1042 6.9 10.2 96.5 4.5 10.2 1094 3.1 10.9
Diquat 99.4 4.9 6.4 106.2 31 7.1 98.7 3.2 9.3
Paraquat 1044 6.0 3.6 99.4 2.2 6.7 96.9 3.8 7.1
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Khoang tuyén tinh cua céc hop chat phan tich
duoc thiét 1ap v6i ham luong tir 1 pug/L — 100
ug/L, véi cac gia tri R? dao dong tir 0.9979 —
0.9990 (bang 3). LOD va LOQ cua cac hop chat
dao dong lan luot 12 0.3 pg/kg dén 0.5 ug/kg va
tir 1.0 ug/kg dén 2.0 ug/kg. Hiéu suét thu héi cua
céc chat paraquat, diquat va chlormequat dao
dong tir 96.5% dén 109.4%, RSD; va RSDy cao
nhét lan luot 12 6.9% va 10.9%. T4t ca c4c gia tri
higu suat thu hdi, RSD; va RSDy, nam trong gici
han cho phép cua c4c tiéu chuan trén thé gisi. Tur
céc dit liéu thu dwoc da chimg minh duoc rang
phuong phap dugc phét trién trong nghién ciu
nay phi hop dé xac dinh cac hoa chat diét co
phan cuc nhu paraquat, diquat va chlormequat
trong mau dat.

4. KET LUAN

Nghién ciru da thanh cong trong viéc phét trién
phuong phap xac dinh tryc tiép paraquat,
diquat va chlormequat tron miu dat bang cach
sir dung sic ki long hiéu ning cao ghép ndi dau
do khdi phd. Thong qua cac nghién ctu vé ti
uu hda néng d6 dém cho pha dong, vat liéu
tinh sach dich chiét, phuong phap xdy dung
trong nghién ciu dat duoc hiéu suit thu hoi
cao, ciing nhu giam thiéu dang ké anh huong
ciia nén mau dén két qua phan tich. Gigi han
dinh luong va giéi han phat hién cta phuong
phap lan luot 12 2.0 [1g/kg va 0.5 [g/kg. Bing
viéc st dung két hop C18 va PSA trong giai
doan tinh sach, hiéu suat thu hdi dao dong tur
96.5% dén 109.4%, RSD: va RSDyr déu <
25%. Phuong phap phén tich nay phu hop dé
xac dinh ham lugng cua cac hoa chét diét co
trong dit. Thanh coéng cua nghién cau gop
phan vao kha ning kiém soat héa chat bao vé
thuc vat phan cuc trong dét, tir d6 c6 cai nhin
tong quat vé tinh trang 6 nhiém hoa chat bao
vé thuc vat trong dét canh tac.
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