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TOM TAT

Paclobutrazol (PBZ) 1a chat tong hop héa hoc, dugce sir dung nhu hormone diéu hoa sinh truong & thuc vat, giﬁp
cdy an qua ra hoa mua nghich. Hién nay, nén nong nghiép nudc ta & mirc do tham canh cao di kém vai d6 1a viée
st dung paclobutrazol ¢ nong do cao qua muc. Sau mét thoi gian dai sir dyng, tinh trang du hrong PBZ tai khu
vuc ddng bang song Ciru Long dang & mirc bio dong. Bang phuong phap sac ky long ghép n01 khdi phod (UPLC-
MS/MS), chung t6i da xac dinh duge du lugng paclobutrazol trong dét trong x04i tai tinh Dong Thép ¢ cac diéu
kién canh tac khac nhau. Ciu trac cua hop chat nay duge xac dinh bang cac phuong phap khdi phéd MRM véi
manh so cip m/z 294.09 va hai manh con thir cip c6 m/z 1an luot 1a 125,05 va 70,09, ngudn ion hoa ESI+, pha
tinh st dung c6t UPLC BEH C18, pha dong 1a dung méi acetonitrile bd sung 0,1% acid formic. St dung
paclobutrazol tinh khiét (Accurstandard, 1000 pg/mL) lam chat chudn cho phuong phap. Ket qua phan tich
UPLC-MS/MS cho thiy ham lugng paclobutrazol cao nhit 1a 87,665 + 0,171 ppm tai vuon trong xoai 20 nam,
thdp nhat & vuon phun PBZ vu dau tién (0,528 + 0,003 ppm). Phat trién phwong phap dinh lugng PBZ lam tién
gilip tuyén chon cac ching vi sinh vat ¢6 kha nang phan giai PBZ bang con dudng phan huy sinh hoc, nham pha
v céc lién két hoa hoc dua vao con duong di hda cia ching.

Tir khoa: paclobutrazol, phan gidi sinh hoc, xoai, UPLC-MS/MS.

MO PAU

Paclobutrazol (2RS, 3RS) 1-(4-chlorophenyl)-4, 4-dimethyl-2-(1H-1, 2, 4-triazol-1-yl) pentan-3-ol (IUPAC), Ia hop
chéat héa hoc dwoc st dung nhw hormone didu hoa sinh tru’cyng téng hop & thuwe vat, thudc nhém khang nam
chtra vong triazole (Vaz et al., 2015). PBZ co chirc nang trc ché keéo dai t& bao va kéo dai I6ng, lam cham tang
trwdng cay tréng bang cach trc ché sinh téng hop giberelin. Vi nhu cAu tiéu thu quanh ndm cac nhém cay an qua
nhw xoai, nhan, sdu riéng,... hién nay, paclobutrazol dwoc siv dung réng rai dén qua murc tai cac nha vwon, lam
cho d4t tréng bi tdn dw mot Iuo’ng paclobutrazol kha I&n. Bén canh do, viéc lién tuc sir dung paclobutrazol trong
thoi gian dai dan dén tinh trang cay cham phat trién, tré nén coi coc va strc chong chiu kém. Cac hdé néng dan
canh tac xoai & huyén Chau Thanh, tinh Hau Giang cho thay, lwgng PBZ Iwu tdn & tang dat t» O - 20 cm dao
dong trong khoang 0,88 - 58,66 mg/kg dat kho. O tAng dét 20 - 40 cm, ham lugng PBZ lwu tdn trong khoang
1,42 - 14,93 mg/kg dat kho (D6 Thi Xuan et al., 2018).

Do thiéu cac nhém chirc phan cuwc nén PBZ hau nhw rat kho tan trong nwéc nhung dé lien két véi cac vi tri ky
nwéc trong dung moi hivu co'. V(‘)ng chlorobenzene cla paclobutrazol ¢ thé bi di héa, nhwng vong 1,2,4 trizole
co6 kha nang chong lai sy phan giai cta vi sinh vat (Chen et al., 2010). M3c khac viéc pha hay PBZ béng phuong
phap phi sinh hoc di&n ra trong déat 1a rat khé béi do bay hoi ciia PBZ thap (1 uPa) va thwong luu tdn trong dét rat
lau (Paclobutrazol, 1993). Ham lwgng st dung PBZ cao trong ndm trwdc ¢ vwedn cay an qua dan dén dw IUvang
cao trong d4t vao cac ndm sau bdi né van hoat dong trong d&t & mot thdi gian dai va thdi gian ban hiy cia né
cling thay ddi theo loai d4t va didu kién khi hau dia phuong (Sharma Awasthi, 2005). Thoi gian ban hay cla
paclobutrazol trong dat thay déi tlr dwdi 84 dén Ién hon 140 ‘ngay trong diéu kién hiéu khi, tuy thudc vao lvong
vat chat hiru co trong dat. Anh sang khéng anh hwéng dén thoi gian ban hiy cla paclobutrazol trong cac
loai dung dich dém. PBZ khéng bi thiy phan trong diéu kién axit, bazo ho&c trung tinh. Chu trinh ban ra cla
PBZ trong nwéc la 4,5 nam & 25°C va 2,5 nam & 60°C dwoc xac dinh bang phwong phap danh dau phong xa
[14C]-Paclobutrazol (Jackson et al., 1996).

Phuong phap dinh lwvgng béng hé thdng sic ky I6ng siéu hiéu nang (UPLC-MS/MS) cé tinh wu viét hon phwong
phap sac ki 16ng hiéu nang cao (HPLC) - da dwoc st dung rat pho bién. Hé thong UPLC-MS/MS hoat dong ¢ ap
suét cao (10000 - 15000 psi), kich thwéc hat trong c6t chi khoang 2 micromet cho két qua kha nang phan tach
peak tét hon, do nhay cao, thoi gian lwu rat ngan chi trong 2 - 10 phut, gidm chi phi st dung dung méi, so véi str
dung hé théng HPLC & cac nghién ctru truée.

Hién can bd sung thém nhirng thong tin vé& dw lvong Paclobutrazol trong dét cla cac vuwon xoai & cac tinh khac
nhau tai Ddng bang séng Clu Long, cu thé tai tinh Ddng Thap. Vi vay, phat trién phuong phap dinh lwvong
nhanh, do chinh xac cao cé th& (rng dung d& tuyén chon, danh gia mirc do phan gidi PBZ ctia cac chling vi sinh
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vat dac hiru co6 trong dét trong. Diéu nay huwong dén viéc lam gidm hodc bién dbi PBZ trong dét thanh chét
chuyén hoa vo hai, gép phan khdi phuc dat, hwéng dén phat trién ndng nghiép bén virng tai dia phwong.

.y 12 ,
Cl t.—t.ll,\ CH,

C(CH,),

Hinh 1. C4u tao héa hoc ctia Paclobutrazol (Liu et al., 2015)

NGUYEN LIEU VA PHUONG PHAP
Héa chét va thiét bj

Dung méi diing cho phan tich sac ki: Ace,tonitrilg (ACN — Merck), nuwéc LC/MS (Merck), Acid formic (FA - Merck),
MgSOQOs4 anhydrous (Merck). Dung dich chat chuan paclobutrazol tinh khiét 1000 ppm (Accurstandard).

Hé thdng sac ky long UPLC-MS/MS Water Triple Quad, cét sac ky ACQUITY UPLC BEH C18 1,7 um;
21 x 100 mm, bé siéu am, mang loc 0,22 um PTFE, céac thiét bi khac trong nghién clru dwoc san xuat tr cac
héng Carl Zeiss, Mettler toledo, Memmert, Thermo scientific.

Nguyén liéu

D4t dwoc thu thap tai cac vwon tréng xoai c6 thdi gian str dung ché phdm paclobutrazol thwong mai khac nhau
(ttr 1 dén trén 20 nam) tai tinh Bdng Thap. Mau dat dwoc dao cé d6 sau cach mat tir 10 - 15 cm, gan vung ré to
cla cay xoai. Mau dat dwoc ma hoa theo tén khu vie 14y mau, cu thé Sa Béc (SD), huyén Lap Vo (HLV), huyén
Cao Lanh (HCL), thanh phd Cao Lanh (TPCL), Thap Muoi (TM). MAu dat déi chirng am 1a ving dét sinh thai tw
nhién, khéng str dung PBZ (UT).

Bang 1. Théng tin cac mau dat thu thap tai Déng Thap

Ki hiéu mau Dia diém thu mau Tubi vwdn (nam) Thei gian gan nhat

str dung (thang) *
sD Sa Dbéc, Bdng Thap 5 nam 6
HLV Tp. Cao Lanh, Bdng Thap Trén 20 nam 12
HCL1 Tp. Cao Lanh, Béng Thap 10 n&m 8
HCL2 Huyén Cao Lanh, Bdng Thap 5 nam 6
TPCL1 Tp. Cao Lanh, Bdng Thap Trén 20 nam 6
TPCL2 Tp. Cao Lanh, Ddng Thap 18 nam 5
TPCL3 Tp. Cao Lanh, Bdng Thap 5 nam 6
TPCL4 Tp. Cao Lanh, Bdng Thap 1 nam 3
™ Thap Muwei, Ddng Thap 8 nam 6
uT U Minh Thwong, Kién Giang Khoéng st dung 0

* Thoi gian st dung Paclobutrazol gan nhat dén luc thu nhdp méu tai dia phuong.
Phwong phap
Chiét mau

Can chinh xac 1,000 g dat sau khi da nghién nho, thém 9 mL dung méi ACN: 0,1%FA (v/v), vortex1 phut, loai nuéc
bang MgSOa khan va gile o] 4‘{C trong 30 phut, ti€én hanh chiét siéu am trong 15 phdt, ly tdm 7000 vong/phat, thu
dich ndi (Iap lai 3 qua trinh chiét siéu &m va ly tdm). Pha loéng dich chiét bang dung méi ACN: 0,1%FA (v/v) ly tam
thu dich ndi va lam sach mau qua mang loc 0,2 ym PTFE va tiém vao hé thong UPLC-MS/MS.

Phwong phap dinh lwgng PBZ bing hé théng séc ki 1éng UPLC-MS/MS

Pha loang dung dich chat chuén paclobutrazol bédng ACN: 0,1%FA (v/v) ddng héa dung dich bang bé siéu am
15 phut, sau d6 bdo quan & 4°C.
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Diéu kién phan manh, diéu kién clia nguon va khi duoc tw dong toi wu trén hé thong MS. Dwa vao cac tai liéu
phan tich dw lwgng thudc trir sdu, bang hé thong sac ki 1dng ghép khoi phd UPLC-MS/MS, chiing t6i xay dwng

chwong trinh & diéu kién t&i wu nhw sau.

Bang 2. Piéu kién, théng sé cho qua trinh phan tich bing hé théng UPLC-MS/MS

Dieu kién sac ki

Didu kién khi phd

LC system: Water ACQUITY UPCL H - Class

Cot séc ky: ACQUITY UPLC BEH C18 1,7 ym, 2,1x100 mm

Nhiét do cot: 40°C

Thé tich tiém mau: 10 pl

Téc do dong: 0,45 mL/min

Pha dong A: Nwéc : 0,1% FA
Pha dong B: ACN : 0,1% FA
Wash solvent: ACN : H,O (50:50)
Purge solvent: ACN : H,O (10:90)

Thoi gian (phat) %A %B  Curve

0,00 98 2 0,00
0,25 98 2 6,0
1,00 1 99 6,0
6,00 1 99 6,0
6,10 98 2 6,0
7,00 98 2 6,0

Hé théng khéi phé: Xevo TQ-S micro

Ngudn ion héa: ESI +

Nhiét d& ngudn ion héa: 150°C

Desolvation temp: 500°C

Desolvation gas flow: 1000 L/hr

Ché d6 MRM [M]H* va [M]H, c6 nang

lwgng Cone (V) va Collision (V) nhw sau
294.0900 > 70.0900 (30]20)
294.0900 > 125.0500 (30|35)

Manh ion con m/z c6 cwong do Ién nhat

dung dé dinh lwong, manh con thé 2 c6

cwdng do thap hon dung dé dinh tinh.

KET QUA VA THAO LUAN

Khoang tuyén tinh va dwong chuén

Tién hanh phan tich mau trdng va mau chuan paclobutrazol tinh khiét theo chwong trinh ti wu trén (bang 2), xac
dinh thoi gian Iwu cla peak paclobutrazol trong phwong phap khdi phd MRM véi manh so cdp m/z 294.09 va hai
manh con th& cdp c6 m/z 1an lwot 1 125,05 va 70,09. S& dung phan mém Masslynx ciia hé thdng sic ky 1éng
UPLC — MS/MS dé phan tich, két qua cho thay trén sac ky dé ctia dung méi pha mau (mau trang) khéng xuét
hién peak & trong khoang th&i gian lwu clia PBZ (tr = 2,72 + 0,26 phut). Theo Witchard, 1997, s& dung hé théng
HPLC dé dinh lwgng PBZ cho két qua thoi gian lwu tR = 9,5 phat. Hay nhém tac gia Liu va cong sw, 2015, xay
dung phwong phap xac dinh dw lwong paclobutrazol trong khoai va dat tréng khoai bang hé théng UHPLC-
MS/MS cho két qua tR = 5,41 phut véi gia tri LOD VA LOQ 1an luot 14 0,5 ppb va 5 ppb.

294,09

A

ST 1000 SmasthiMn 2:2)

oob
10

MARM 662 channeis ESe
204.00 > 126:05
Baclabutrazol_ 501484007

2617831 26
28208
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B

Hinh 2. Phé (hinh 3A, miz I3 294,09) va sic ky dé ciia paclobutrazol 1000 ppb (hinh 3B, thoi gian lwu Rt Ia 2,68 phut)



HOI NGHI CONG NGHE SINH HOC TOAN QUOC 2020

Compound name: Paclobutrazol

Correlation coefficient: r = 0.998391, r*2 = 0.996785

Calibration curve: 647437 * x + 1.81954e+007

Response type: External Std, Height

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

4 X X
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Hinh 3. D4 thj biéu dién dworng chuén cta paclobutrazol

Xay dwng dweng chudn paclobutrazol tinh khiét & day néng d& 100, 250, 500 va 1000 ppb (hinh 2). Budng
chuén paclobutrazol c6 hé sé twong quan tuyén tinh R2= 0,996 va khoang tuyén tinh réng tir 100 - 1000 ppb.
Phuwong trinh héi quy tuyén tinh: y = 647437x + 1,81954e+0,07. Do thu hdi (%Recovery) dat 93,4 - 104,9%, nam
trong khoang chap nhan theo AOAC (80 — 110%). Gi&i han phat hién (LOD) va giéi han dinh lugng (LOQ) cla
phwong phap tai gia tri tin hiéu signal to noise (S/N) 3/1 theo gia thiét 1an lwot Ia 0,01 ppb va 0,03 ppb.

Vi vay, phwong phéap séc ky 16ng siéu hiéu nang ghép khéi phd UPLC - MS/MS dwoc sir dung trong nghién clru
thich hop cho phan tich dinh lwong nhanh vé&i dé chinh xac va dac hiéu cao. Cé thé so sanh tinh wu viét cia hé
théng séc ky 1dng UPLC - MS/MS vé&i HPLC cla cac nghién ctu trwde day & thdi gian lwu va lwong dung mai st
dung trong qua trinh phan tich mau.
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Hinh 4. Phé d6 do tinh sach cua peak (Stahl, M. ,2003)

HLV_270220 Smoothilin, x2) 1RH of 2 channels, ES+ HCL2_ 260220 Smooth{n, 1x2) MRH of 2 channels ES+
500 [TEC xuly 250220 TIC
Paclobutrazol (1)_ S0e+007 Paclobutrazal (1 £.0392+008
10 267 100 268 "
205632575 2117691200
58542024 502249024
% 2672856 % 81594 05
0 T T T T T T min 0 T T min
A B
TPCL1_1_10320 Smooth{Mn,1x2) MRM of 2 channels ES+
TIC
100 Paclobutrazol (1)_ 3.326e+008
2.66
19401714.00
321083104
% 189175.70
- T T T ™ min

Hinh 5. Phé db peak TIC clia cac mau phan tich (hinh 5A, 5B, 5C lan Iwot cia cac mau HLV, HCL2, TPCL1)

banh gla phwong phap chiét mau, cho thay kha nang phan tach peak tét, do tinh sach cla peak (peak purity)
trong tat cd cac mau dét, thé hién didm bat dau bén trai va diém két thic bén phai déu ndm trén dwdng baseline
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(peak starts or ends on the baseline), déi chiéu hinh dang peak chuan (hinh 4) va cac peak clia mau dat dinh
lwgng (hinh 5).

Pinh lwong PBZ trong dat

Ham lwgng paclobutrazol trong cac mau dat thu thap dwoc xac dinh véi cac didu kién téi wu cho hé théng séc ky
l6ng UPLC - MS/MS va theo phwong phap xay dung dudng chuan Ap dung phuwong trinh hdi quy tuyén tinh
(hinh 3), ham lwong paclobutrazol dwoc tinh toan trong phadn mém Masslynx clia hé thdng séc ky.

Bang 3. Két qua dinh lwong PBZ trong dat

Variable CODE N Mean SE Mean StDev Variance CoefVar
ham lwgng PBZ (ppm) HCL1 3 5.8250 0.0115  0.0200 0.0004 0.34
HCL2 3 35.783 0.233 0.404 0.163 1.13
HLV 3 3.2933 0.0246  0.0425 0.0018 1.29
SD 3 39.70 1.20 2.08 4.32 5.24
™ 3 5.057 0.196 0.339 0.115 6.71
TPCL1 3 19.158 0.968 1.676 2.811 8.75
TPCL2 3 87.665 0.0985 0.171 0.0291 0.19
TPCL3 3 26.170 0.0427 0.0740 0.0055 0.28
TPCL4 3 0.52833 0.00167 0.00289 0.00001 0.55
uTt 3 0.07667 0.00353 0.00611 0.00004 7.97

Ket qua phan tich dinh lwong Paclobutrazol (bang 3) cho thay, d6 léch chuan twong téi (RSD hay CoefVar) & cac
ndng doé cia mau tir 10 ppb - 100 ppb va 1 ppm - 100 ppm lan lwot ndm trong khoang 15 - 21% va 5,3 - 11%
(AOAC, 2016). Két hop vé&i két qua théng tin diéu tra tai dia phwong thu mau (bang 1) cho thay, liéu lwong st
dung thuéc kich thich sinh trwéng Paclobutrazol hdng nam, do tudi clia cay va phwong thiérc canh tac cé anh
hwéng dén tén dw PBZ trong d4t. Diéu nay thé hién & nhirng cay xoai lau ndm da cé dau hiéu ngirng sinh san,
khong ra hoa tao qua. Cu thé, ham lwong PBZ & vwdn xoai 20 nam tai Thanh phd Cao Lanh (TPCL2) la
87,6 ppm, vudn xoai cé d6 tudi 5 ndm & Sa Déc (SD) va huyén Cao Lanh (HCL2) 1&n lwot 14 39,7 va 35,8 ppm.
Ngoai ra, & vwon xoadi st dung thubc PBZ & vu dau tién (TPCL4) cling da phat hién dw lwong trong dét [a
0,5 ppm. T két qua khao sat cac vwen xoai tai tinh Bdng Thap va két qua nghién ctvu cla tac gid D6 Thi Xuan
va déng tac gid, 2018 tai huyén Chau Thanh, tinh Hau Giang, ham lwong tén dw chét kich thich sinh trwéng
Paclobutrazol trong dat van con trong khoéng thoi gian tir 7 - 8 thang st dung. Diéu nay anh hwéng dén hoat
dong cha vi sinh vat trong dat, s6 lwong vi sinh vat trong dat ctia veern xodi noi thweng xuyén bén gbc ché phdm
paclobutrazol da dwoc chirng minh la gidm t&i 58% (Vaz et al., 2015).

Theo nghién ctru cGia Sharma va déng tac gia (2005), st dung paclobutrazol dé thuc day ra hoa & xoai véi lidu
lwgng khuyén céo c6 thé khéng dan dén tdn dw trong trai xoai khi thu hoach & mdc cé thé gay nguy hiém cho
strc khée con ngudi. Tuy nhién, & nhivng viing dat s&v dung paclobutrazol thwérng xuyén va qua mae cé thé dan
dén nguy co & nhidm méi trwdng do dw lwgng ctia né van tén tai rat 1au trong dét. Do vay, can phai nghién ctu
cac chiing vi sinh vat tiém nang c6 kha ndng phan giai paclobutrazol trong dat két hop véi phwong phap canh tac
nh&m gidm sw tich tu chat nay tai ving r&, khéi phuc strc séng cho cay trong.

KET LUAN

Phwong phap phan tich dinh lwgng paclobutrazol béng hé théng sic ky UPLC - MS/MS ¢ dd nhay cao, thdi gian
phan tich rat nhanh va chinh xac. Hop chét dwoc phat hién tai tR = 2,72 phat. Két qua phan tich UPLC-MS/MS
cho thdy ham lwong paclobutrazol cao nhét 1a 87,665 + 0,171 ppm tai vwén trdng xoai 20 ndm, th&p nhat & vwon
phun PBZ vu dAu tién (0,528 + 0,003 ppm). Phat trién phwong phap dinh lwong PBZ lam tién @& gidp tuyén chon
va danh gia nhanh cac chlng vi sinh vat cé kha nang phan gidi PBZ bang con dwéng phan hdy sinh hoc, bdng
cach pha v& cac lién két hda hoc dwa vao con dwdng di héa cda chung.

Can tiép tuc xac dinh dv lvgng cta paclobutrazol tai viing dat Idy mau sau méc thoi gian 6, 12 thang dé xac dinh
murc d6 phan gidi trong diéu kién canh tac cu thé tai dia phwong dé dwa ra phwong an x ly dat trong thich hop.
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SUMMARY

Paclobutrazol (PBZ) is a compound synthesized by chemical way, used as a plant growth regulator, producing
fruits throughout the year. At present, our country's intensive farming is being modern practice. That has also led
to the increased use of paclobutrazol at an excessive concentration. Actually, studies are showing that
paclobutrazol remains active in the soil for a long time, so the status of PBZ residues in the Mekong Delta is at
an alarming rate. By using ultra performance liquid chromatography tandem mass spectrometry (UPLC-
MS/MS), we determined the amount of paclobutrazol residue of mango orchard soils in Dong Thap province
under different farming conditions. The structure paclobutrazol compound was determined by multiple reactions
monitoring (MRM) mass spectrometry methods with positive electron ionization mode. The precursor ion was
m/z 294.09, and production ions were m/z 125.05 and 70.09 for paclobutrazol. The stationary phase was the
UPLC BEH C18 column, the mobile phase was acetonitrile solvent containing 0.1 percent formic acid. Using
pure paclobutrazol (Accurstandard, 1000 ug/mL) for method. UPLC-MS/MS analysis confirmed that the sample
peaks obtained corresponding to paclobutrazol residues present in soil. The highest paclobutrazol content was
87.665 + 0.171 ppm in 20-year mango orchards soil, the lowest in the first season PBZ spraying (0,528 + 0,003
ppm). Development of quantitative PBZ method, as a prerequisite for selection of microorganisms capable of
degrading PBZ by biodegradable pathway to break down chemical bonds based on their catabolic pathway.
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