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Tom tit

Nghién ctu trinh bay phuong phap sac ki khéi pho ghép voi dau do h¢ ba ti cuc (UPLC-
MS/MS) d phan tich du lugng thudc diét co thudc cac hop chat ho CPA bao gom 2.4-D,
MCPA, MCPP, 2.4-DP, 2.4-DB, 2.4.5-T trong nén mau nudc song. Phuong phap dinh lugng
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bing LC-MS/MS va ki thuat ESI (-) két hop ché do ghi phd MRM, sir dung cot Acquity UPLC

BEH RP18, 1.7um, 2.1x100mm. Ching t6i da téi wu hoa cac théng sd khdi phd dé xac dinh
dugc manh ion m/z théng qua chuwong trinh chay gradient vai thé tich tiém 10pl, nhiét do cot
40°C, téc do dong 0.3ml.phat™, thanh phan pha dong gdm acid formic 0.01% va acetonitril. Vi
vay, cac didu kién sic ki dd tdi wu phu hop dé dinh lwong cac hop chat thuoc ho CPA

(chlorinated phenoxy acid) trong nén mau nuéc séng.

Tu khoa

Chlorinated phenoxy
acid (CPA),
UPLC-MS/MS,

du luong thubce diét co
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1 M& dau

Trong thudc diét co, hop chat ho CPA (chlorinated phenoxy
acid) c6 vai trd quan trong. Ho CPA c6 ciu tao chung gom
gbc phenoxy duoc gin véi mach acid carboxylic. Trén vong
benzene cua goc phenoxy gan mét hay nhiéu nhom thé CI
[1]. Loai thubc nay cé tinh chon loc hip thu qua r&, I4, sau
d6 di chuyén vao md phan sinh cua té bao thyuc vat gay ra
hi¢u rng formon trén co 14 rong, pha hoai mang té bao, tc
ché quang hop lam réi loan sy phat trién binh thuong cua
cdy co dai[2]. Tuy nhién, do khdng kiém soét chit ch& trong
qua trinh st dung thudc diét c6 nén dan dén tinh trang 6
nhidm moi trudng nghiém trong. Cac nghién ctu cho thay
viéc 6 nhiém nay la nguyén nhan gay ra cac khdi u 4c tinh &
ngudi va gay quai thai & dong vat[3]. Céc tac gia da khao
sat dugc cac yéu td anh huong cho 8 chét thubc diét co
phan cuyc gom Dicamba, 2.4-D, MCPA, 2.4-DP, MCPP,
2.45-T, 2.4-DB, 2.4.5-TP. O Viét Nam, theo QCVN
38:2011/BTNMT va QCVN 15:2008/BTNMT néng do toi
da cho phép trong nudc miat dung cho muc dich bao vé doi
séng thay sinh cua 2.4-D 1a 0.2mg.I™", 2.4.5-T 1a 0.1mg.I™.
Trong méi trudong dat, du lwong tdi da cho phép cua 2.4-D
va MCPA 1a 0.1mg.kg™[4]. Do d6, nhu cau kiém soat du
luong thudc diét co ciing nhu cac hop chat lign quan la vin

dé rat cap thiét hién nay. Vi vay, muc tiéu dé tai Ia ti uu
cac diéu kién sic ki khdi phd va chuwong trinh gradient dé
ap dung phan tich cac hop chat ho CPA trong nén miu
nude séng.

2 Vat liéu va phuong phap nghién cuu

2.1 Nguyén vat liéu

Dung mdi: Acetonitrile, methanol, formic acid (HPLC
grade > 99.9%) (tt ca dung moi trén déu 1a Merck), nuéc
sir dung 1a nuéc loai ion. Chat chuan 2.4-D, MCPA, 2.4-
DP, MCPP, 2.4.5-T, 2.4-DB (Sigma Aldrich). Dung dich
chuén dugc pha riéng ¢ ndng d6 1000mg.I* trong ACN.
Céc chuan bao quan trong diéu kién -20°C.

Thiét bi

Hé UPLC-MS/MS két hop dau do ba t cuc cua hing
Acquity Waters (Micromass UK Limited TQD Q331225).
Can phéan tich Shimadzu véi @6 chinh xac 0.0001g. B6 loc
rut chén khéng cua hang Agilent. Cot Acquity UPLC BEH
ShieldRP18 (2.1x100mm, 1.7pm).

2.2 Phuong phap nghién ctu

2.2.1 Tbi wu hoa cac thong sé ki thuat cua hé théng LC-
MS/MS
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Dung dich chuén don ndng d6 1mg.I™: Hat 20ul tirng chuén
don gém 2.4-D, MCPA, MCPP, 2.4-DP, 2.4-DB, 2.4.5-T
ndng d6 50mg.I" vao 6 lo (vial), them 880pl MeOH:H,0
(2:2;v/v) vao 6 lo.
Khao sat cac théng sb ki thuat cua hé théng LC-MS/MS
bang cach tiém truc tiép tirng dung dich chuan don c6 ndng
d6 1mg.I" vao dau do khdi phd véi te do phun 20pl.phat™,
ché a6 ion &m (ESI-) véi ché do ghi phd MRM.
2.2.2 Co ché phan manh
Céc hop chat ho CPA cdng thirc cau tao gibng nhau nén
déu c¢6 chung co ché phan manh. Vi du, 2.4-D c6 khdi
lugng phén tir 221.04g.mol™, khi dugc ion héa vai ché do
phun ESI (-) tao ra ion &m tuwong ung vai dang [M-H] véi
ché d6 ghi phé full-scan s& thu dugc manh ion me m/z =
220.97, phan manh m/z = 162.96 duoc tao ra do mat nhém
[- CH,CO,]', phadn méanh m/z = 127.48 dugc tao thanh do
tiép tuc mat nhém —CI" vé6i ché d6 ghi phé MRM.
2.2.3 Thanh phan pha dong
Yéu t6 pH vira anh huong téi qua trinh ion héa vira anh
huong dén cuong @6 tin higu chat phan tich. Tién hanh
khao sét 2 gia tri pH & 3 chuong trinh gradient:
- pH = 2.70 twong ung vai 0.1% FA Gng véi chuong trinh
gradient 1 trong Bang 1[5].
-pH = 3.30 tuong ung véi 0.01% FA véi chuong trinh
gradient 3 trong Bang 1.
Chuan hén hop 10ug.I™: Hat 10pl timg chuin don bao gém
2.4-D, MCPA, MCPP, 2.4-DP, 2.4-DB, 2.4.5-T cling ndng
d6 1mg.I™ vao 1 lo, thém 880l MeOH:H,0 (1:1;v/v) vao lo.
- 0.1% FA: Hat 500ul FA (99%) vao 500ml nudéc.
- 0.01% FA: Hat 50ul FA (99%) vao 500ml nuéc.
Tién hanh khao st lan luot 3 chuong trinh gradient & Bang
1 cung cac diéu kién sic ki dung dung dich chuan hdn hop
ndng do 10pg.I", thé tich tiém 10ul, cot Acquity UPLC
BEH RP18, 1.7um, 2.1x100mm, nhiét do cot 40°C, toe do
dong 0.3ml.phat™.

Bang 1 Khao sat 3 chuong trinh gradient

Thoi gian Tilé (%) th:';mh phan
STT (phit) pha dong

0.1% FA ACN

0.0 60 40

45 60 40

1 5.0 10 90

7.0 10 90

7.5 60 40

12.0 60 40

0.0 70 30

4.5 70 30

) 5.0 10 90

7.0 10 90

7.5 70 30

12.0 70 30
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0.0 70 30
4.5 70 30
3 5.0 10 90
7.0 10 90
7.5 70 30
12.0 70 30

2.2.4 Khao séat dung moi pha chuan

Qui trinh xtr 1i mau nudc sdng bang ki thuat chiét pha rén,
giai doan rira giai bang 100% MeOH nén tién hanh khao sat
3 hé dung mdi: 0.01% FA:ACN (7:3;v/v), MeOH:H,0 (3:7;
v/v); MeOH:H,0 (1:1;v/v).

Dung dich chuan ndng d6 10pg.I*: Hat 10ul tung chuan
gém 2.4-D, MCPA, MCPP, 2.4-DP, 2.4-DB, 2.4.5-T cung
n6ng do 1mg.|‘1 vao 1 lo, thém 880ul 0.01% FA:ACN
(7:3;viv) vao lo.

Dung dich chuin ndng d 10pg.I*: Hat 10ul tung chuén
gém 2.4-D, MCPA, MCPP, 2.4-DP, 2.4-DB, 2.4.5-T cling
ndng d6 1mg.I" vao 1 lo, thém 880pl MeOH:H,0 (3:7;v/v)
vao lo.

Dung dich chuén ndng d6 10pg.I™: Hat 10ul ting chuén
gdm 2.4-D, MCPA, MCPP, 2.4-DP, 2.4-DB, 2.4.5-T ciing
ndng d6 1mg.I" vao 1 lo, thém 880pl MeOH:H,0 (1:1;v/v)
vao lo.

Tiém lan luot cac dung dich chuan pha trong cac hé dung
moi trén vao hé thbng may UPLC-MS/MS.

2.2.5 Khoang tuyén tinh

Muc dich khao sat 1a tim khoang lam viéc tuyén tinh cua
chat phan tich c6 do tin cay d6i vai qui trinh phan tich.

Pha dung dich chuan hdn hop géom 2.4-D, MCPA, MCPP,
2.4-DP, 2.4.5-T ndng d6 tir 2 — 50ug.1?, riéng 2.4-DB ndng
do tir 5 — 50pg.I" (cac diém chuin dugc pha trong dung
moéi MeOH:H,0 (1:1;v/v).

2.2.6 Gi6i han phat hién va dinh lugng cua thiét bi

Panh gia d6 nhay cua thiét bi dya vao giéi han phat hién va
gigi han dinh lugng, thiét bi c6 MDL va MQL cang thap thi
cang nhay[6].

Dung dich chuin ndng d6 0.2ug.I™: Hat 10pl ting chuén
gdm 2.4-D, 2.4.5-T cling ndng d6 20ug.I" vao 1 lo, thém
990ul MeOH:H,0 (1:1;v/v) vao lo.

Dung dich chuin ndng do 0.4pg.I™: Hat 10pl tung chudn
gdm MCPA, MCPP, 2.4-DP, 2.4-DB cling ndng d6 40pg.I*
vao 1 lg, thém 990ul MeOH:H,0 (1:1;v/v) vao lo.

Tiém lién tiép 11 1an lan luot cac dung dich chuan ndng do
0.2ug.I" va 0.4pg.I" vao hé théng UPLC-MS/MS. Gidi han
phét hién va dinh luong cua thiét bi dugc tinh toan nhur sau:

i v Z?=1xi
Gia tri trung binh: X = ————
11
. Y (xj—%)2
Do léch chuan: SD = %

Gidi han phat hién (LOD): LOD =3 x SD
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Gi6i han dinh luong (LOQ): LOQ = 10 x SD

Ghi cha: Xx: Gid trj trung binh

SD (Standard Deviation): D6 1éch chuin

Xi: Nong d cua chat phan tich

n: S6 lan thi nghiem

LOD (Limit of detection): Gigi han phat hién

LOQ (Limit of quantification): Gigi han dinh lwong

3 Két qua nghién ciru

3.1 T6i wu héa cac thdng s ki thuat caa hé théng LC-MS/MS
Ché d¢ ghi phdé MRM sir dung trong qué trinh dinh lrong
céc hop chat Phenoxy acid. Cac hop chat CPA duoc ion
hoa theo kiéu ESI 4m véi cac thong s6 hd trg cho qué trinh
ion hoa da dugc toi vu gdm: téc do dong khi hda hoi dung
mdi 8001.h, nhiét do nguén 150°C, nhiét d6 dong khi hoa
hoi dung méi 350°C, téc do dong khi bin pha 0.45ml.min™,
thé ion hoa -3500V. Hai thong s cua thiét bi khdi phd dic
trung cho sy phan manh I3 thé cone va ning lugng va
cham, ddng thoi xac dinh dugc manh ion con m/z co cuong
d6 1on nhat dung dé dinh lugng, manh ion con thi 2 ¢6
cuong d6 thap hon dung dé dinh tinh[7,8,9]. Két qua thyuc
nghiém trinh bay ¢ Bang 2.

Bang 2 Kiéu ion hoa, thé Cone, ning lugng va cham caa cac hop

3.2 Co ché phan manh

Céc hop chat ho CPA c6 cong thirc cau tao gidng nhau nén
déu co chung co ché phan manh. Co ché phan manh 2.4-D
trinh bay & Hinh 1.

) Q Nt 0/
o \ *V\Q

OH cl
M=221.04
-CH,COy

-Cl
cl o <=— ClI (o8

m/z 127.48 m/z 162.96  Cl

[M-H]—220.9]

Hinh 1 Co ché phan manh 2.4-D

3.3 Thanh phan pha dong

Sau khi tién hanh khao sat theo 3 chuong trinh gradient, thu
dugc két qua bao gom dién tich va d6 rong mii sic ki trinh
bay & Bang 3.

Bang 3 Két qua khao sét dién tich va do rong mii séc ki chuong
trinh gradient

chat ho CPA Gradient 1 Gradient 2 Gradient 3
Tén lKhéi | | he Ning luong Ténchat | .o los snol Dien | Do | Dien | Do
chit pf?;‘] ntgﬁ onme| fon con Cg;])e va cham (V) ¢ OTONgl ich rong tich rong

162.96 18 1 2.4-D 770 0.30 1154 | 0.20 2556 0.15
) Q) MCPA 1942 0.30 3419 0.10 9033 0.10
2:4-D 1 221.04 122097 127.48 18 32 MCPP 1905 0.30 3444 | 0.20 9189 0.15
(C) 2.4-DP 818 0.20 1642 0.10 5040 0.10
141.07 26 14 2.4-DB 200 0.30 331 0.15 427 0.10
MCPA |200.62 {198.93| (Q) 245-T 490 0.30 1035 0.15 3188 0.15
160.95 26 18
©) 10000
141.06
Q) 22 22 9000
MCPP | 214.65 |213.04 8000
105.06 22 32
(C) 7000
= 6000
1623(5)29 14 20 2 5000
2.4-DP| 235.1 |234.96 &=
125.07 18 32 2 4000
© 3000
249,09 24903 16301 | 50 14 2000
i Q) 1000
2.4-DB
12741
20 23 0
© 24D MCPA  MCPP  24DP  24-DB  245T,
m Gradient 1 m Gradient 2 m Gradient 3 cn cha
196.96 20 14 Teén chat

245.T 25548 25491 Q Hinh 2 So sanh dién tich miii sic ki & 3 chuong trinh gradient

o ' ' 161.47 , R
C 20 16 Khao sat chwong trinh gradient 1, sac ki d6 thu dugc dugc
©

* Ghi chi:(Q): dinh lugng, (C): dinh tinh

thé hién & Hinh 3
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40000 H

Tin hiéu

30000 H

20000 H

10000 H

Thoi gian (phut)
Hinh 3 Séc ki d6 thu dugc chuong trinh gradient 1

Chuong trinh gradient 1, phan tach 2 chit 2.4-DB va 2.4.5-
T. Céc chét c6 hé s6 kéo dudi cao > 1.50 (2.4-D (1.5), 2.4-
DP (1.5), 2.4.5-T (2.3)). C6 su chap miii sic ki giira 2.4-D
va MCPA, giita MCPP va 2.4-DP. Do sir dung dau do khdi
phd, sic ki d6 duoc hién thi da trén cac cap m/z dic trung
ting chat. Vi vdy, sy chap nhau miii sic ki khéng anh
huong dén két qua phan tich. Nhim muc dich ting sy tap
trung chat phén tich trudc khi vao dau do khdi pho, nén ha
ti 1€ pha hitu co ACN chuong trinh gradient 1 giam tir 40%
xudng 30% chuong trinh gradient 2 dé tang kha ning luu
giir chat phan tich trén cot, sau d6 ting nhanh ti 1& dung moi
hitu co ACN 1én 90%. Tién hanh khao sat chwong trinh
gradient 2 ¢ Bang 1.

Sic ki d6 thu dugc:

140000

120000 4

Tin hiéu

100000

80000

60000

40000

20000 ~

0

T T T 1
alo 65 7.0 75 8.0

Thoi gian (phut)

Hinh 4 Séc ki db thu dugc chwong trinh gradient 2
Chuong trinh gradient 2, tin hiéu miii sic ki da cai thién
dang ké va giam hién tuong kéo dudi, hé s6 kéo dudi nam
trong khoang 0.93 — 1.31, ddng thoi so sénh giita chuong
trinh gradient 1 va 2 cho thay, dién tich miii sic ki giira
chuong trinh gradient 1 khoang 200 — 1942 va chuong trinh
gradient 2 khoang 331 — 3442 dugc thé hién két qua & Bang
3. Nhiam muc dich giam su cung cip ion [H]* gay canh
tranh ion trong qud trinh ion héa nén giam tir 0.1% FA
tuong tng pH = 2.70 dén 0.01% FA tuong tng pH = 3.30
dugc thé hién ¢ chuong trinh gradient 3.
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Sic ki dd thu duoc nhu sau:

300000
3.4

2.4-D

. MCPA
MCPP
.2,4-DP
.2,4-DB
2,4,5-T

250000

Tin hi¢u

200000 -
1,2

OO hwh =

150000 -

100000 - 5.6

50000

0 ¥ T T T T T T T T 1
al5 6.0 6.5 70 75 80

Theai gian (phat)

Hinh 5 Séc ki db thu dugc cua chuong trinh gradient 3

[H]" cang cao thi kha ning cung cap ion [H]" cang manh,
cac hop chét 2.4-D sir dung ki thuét ion hoa dién tir ESI véi
ché do ban phé ion &m nén s& gay canh tranh ion trong quéa
trinh ion héa. Khi ndng d6 FA giam tir 0.1% dén 0.01% FA
thi kha ning cung cap ion [H]" giam, nén hién tuong canh
tranh ion giam. So sénh giira hai nong d6 ¢ chuong trinh
gradient 2 va gradient 3, voi 0.01% FA cudng d6 miii sac ki
tang so voi 0.1% FA gan gap 3 lan, trir 2.4-DB khong ting,
do 2.4-DB ¢6 hing s6 pKa = 4.8 nén kha ning ion hoa kém
nhay hon so véi cac chét khéc.

So sénh gitra cac chuong trinh, chuong trinh gradient 3 dap
g mili sic ki can xung va khdng bi ché va cudng do tin
hiéu I6n nhat.

3.5 Khao sat dung mdi pha chuan

Tiém lan Iugt dung dich chun ndng do 10ug.I™ pha trong
cac dung mdi 0.01% FA:ACN (7:3;v/v), MeOH:H,0O
(3:7;v/v), MeOH:H,0 (1:1;v/v) vao hé théng LC-MS/MS
v6i diéu Kién da tdi uu va quan sat hinh dang, ghi nhan
dién tich cua ting mii sic ki dé so sanh. Két qua thé hién
Hinh 6.

12000
= MeOH:H20 (3:7)
10000 I I MeOH:H20 (1:1)
8000 1 =0.01% FA:ACN (3:7)
=}
L2
= 6000
& 1
)
4000
2000 1 r
0 ]
24-D  MCPA  MCPP 24-DP 24-DB 245T
Tén chat

Hinh 6 So séanh sy khéc nhau giita 3 hé dung moi pha chuin

Nhin vao biéu d6 Hinh 6, dién tich mii sac ki cua 3 hé dung
mdi déu cd su twong ddng. Dé phu hop cho qui trinh xir Ii



Tap chi Khoa hoc & Cong nghé S8 5

mau va dung mdi pha chuan cé sy dong nhit nén chon hé
dung mdi MeOH:H,0 (1:1; v/v).

3.6 Khoang tuyén tinh

Tiém céc dung dich chuan hdn hop gém 2.4-D, MCPA,
MCPP, 2,4-DP, 2,4,5-T ndng do tir 2 — 50ug.I”, riéng 2.4-
DB c6 khoang nong do tir 5 — 50ug.I" vao hé théng LC-
MS/MS. Khao sat sy tuong quan gilra y (dién tich dinh) va
X (ndng do).

50000
45000 MCPP,
40000 MCPA
35000
€ 30000
sg-zsooo 2.4-DP
20000 . 245T
15000 4-D
10000
5000 g 2,4-DB
0 =2
0 10 20 30 40 50

. ~ Clal™ )
Hinh 7 Buong hoi qui tuyén tinh cua 6 hgp chat CPA
Bang 4 Bang gid tri thoi gian lwu va phuong trinh hdi qui cia 6
hop chit CPA

Tép Theoi gian Phu'(r‘ng trinh R?

chat lru (phit) hoi qui

2.4-D 6.58 Y =258.51x + 33.259 | 0.9991
MCPA 6.60 Y =853.31x +280.91 | 0.9997
MCPP 6.84 Y =854.15x + 458.57 | 0.9997
2.4-DP 6.85 Y = 475.85x + 198.22 | 0.9996
2.4-DB 6.94 Y =41.246x + 2.5307 | 0.9991
2.45-T 7.01 Y =405.16x + 193.14 | 1.000

Két qué cho thy hé sé tuong quan R? = 0.9999.
Yéu cau R?>0,99.

3.7 Gi6i han phét hién va dinh luong cua thiét bi

Tiém lién tiép 11 1an cac chuan hdn hop gom 2.4-D, 2.4.5-
T ndng d6 0.2ug.I", céc chuin gdm MCPA, MCPP, 2.4-
DP, 2.4-DB ndng do 0.4pg.I™ vao hé théng LC-MS/MS.
Gi6i han phét hién va dinh lugng ciia 6 chat dugc thé hién ¢

Bang 5:
Bing 5 Két qua LOD, LOQ thiét bi
n X LOD miét i LOchié’t bi
STT | Tenehdt | (107 (ugl)) | (x10?) (ug.1)
1 2.4-D 4.6 15.0
2 MCPA 2.2 7.4
3 MCPP 2.6 8.7
4 2.4-DP 5.6 19.0
5 2.4-DB 16.0 52.0
6 2.45-T 35 12.0

4 Két lugn va d& nghi

Nghién ctru nay di tbi wu cac diéu kién sic ki LC-MS/MS
dé x4c dinh dugc manh ion m/z dung dé dinh tinh va dinh
luong céc chat cua hop chat ho CPA va chwong trinh
gradient sir dung cot Acquity UPLC BEH RP18, 1.7um,
2.1x100mm, ki thuat ESI (-) két hop ché d6 ghi phd MRM
vai gid tri LOQ thiét bi tir 7.4 dén 52 (x10?)ug.I™. Xin kién
nghi tién hanh khao sét qui trinh xu i mau dé 4p dung phan
tich cac hop chat CPA trong nén mau nudc song, dong thoi
ma& rong khao sat trong bun dé danh gia kha nang luu gitr
va luan chuyén cua thudc diét co trong tu nhién. Tir d6 c6
cai nhin téng quét vé tinh trang 6 nhiém thudc diét co.
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Optimal analytical conditions of chlorinated phenoxy acid herbicides in groundwater using ultra
high performance liquid chromatography coupled with tandem mass spectrometry (UPLC-MS/MS)

Le Hai Duong”, Nguyen Thi Thu Thao, Mai Thanh Nhan

Faculty of pharmacy, Nguyen Tat Thanh university
“Ihduong@ntt.edu.vn

Abstract The study presents the method of mass spectrometry with UPLC-MS/MS for analysis of residue of herbicides of
the CPA compounds in river water samples, including 2.4-D, MCPA, MCPP, 2.4-DP, 2.4-DB, 2.4.5-T. We combined LC-
MS/MS and ESI (-) methods with MRM recording mode to determine, using UPLC BEH RP18 Acquity column, 1.7um,
2.1x100mm. We optimized the parameters of the mass spectra to determine the m/z ion fraction through a gradient run
program with a 10ul injection volume, a column temperature of 40°C, a flow rate of 0.3ml.min™. The active phase consists
of 0.01% formic acid and acetonitrile. Therefore, the above optimized chromatographic conditions are appropriate to
quantify the CPA compounds.

Keyword Chlorinated phenoxy acid (CPA), UPLC-MS/MS, residue of herbicides.
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