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SUMMARY

INVESTTIGATION OF EXTRACTION SOLVENTS TO INCREASE
THE RECOVERY AND ELUTION OF PHOSPHORUS BASED PESTICIDES TO
DETERMINE RESIDUES IN FRUITS AND VEGETABLES

A simple and rapid method for the simultaneous determination of organophosphorus pesticide residues
(Thionazine, Sulfotep, Phorate, Disulfoton, Methyl parathion and Parathion) in fruits and vegetables was
established based on solid phase extraction and gas chromatography mass spectrometry. Pesticide residues
are extracted with acetone. The extract was purified by solid phase extraction (SPE) using a C18 column and
a hexane:acetone solvent system (5:1). The analytical recovery of organophosphorus pesticides
simultaneously determined by gas chromatography mass spectrometry was in the range of 72% to 94% with

an RSD <5%.
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1. MO PAU

Trong san xuat néng nghiép noi chung va trong
rau qua noi riéng, viéc st dung thudc bao vé
thyuc vat (BVTV) dé bao vé cay trong, chong lai
sAu hai bao vé muia mang la can thiét. Tuy nhién,
trén thuc té vi nhiéu ly do khac nhau ma tinh
trang lam dung thuéc BV TV trong san xuét rau
gay 6 nhiém du luong thuéc BVTV dang dién
ra khé phd bién. Dac biét du luong thubc BVTV
trén ndng san vuot qua tiéu chuan quy dinh da
va sé gay ra nhitng hau qua nghiém trong cho
sirc khoe cua nguoi tiéu dung. Hién nay viéc
phan tich cac thuéc BVTV con gap nhiéu kho
khin do han ché vé trang thiét bi phan tich, quy
trinh phan tich, nhit 1a phan tich rau qua cé chira
nhiéu hoat chit bao vé thuc vat bai thyuc té cac
loai thuéc BVTV thudng chira nhiéu loai hoat
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chat khac nhau, dic biét nhiéu loai thuéc khdng
c6 ngudn gbc xuat xir rd rang nén co thé cé chira
ca cac hoat chit co doc tinh rat cao khéng nam
trong danh muc cho phép st dung ¢ Viét Nam.
Trong danh muyc céc hoat chat BVTV st dung &
Viét Nam cac chat thuoc nhém phdt pho hiru co
dugc dung phd bién vi cac chét nay c6 phd tac
dong rong va thoi gian ban phéan hay trong moi
truong nhanh [1, 3, 4, 5]. Phuong phap thuong
sir dung dé xac dinh cac thuéc BVTV co phot
pho la sic ky khi (GC) ghép nédi detector cong
két dién tir (ECD) hoac ghép ndi khéi phd (MS)
[4, 6, 8, 11, 13]. Hién nay, ¢ rat nhiéu phuong
phép chiét tich nhu chiét thong thuong (chiét
long - 16ng, chiét Soxhlet), chiét pha rin (SPE)
va vi chiét pha ran (SPME); mdi phuong phap
déu c6 uwu nhuge diém khac nhau, nhung



phuong phap chiét pha rin (SPE) két hop véi
mot s6 dung moi dé lam sach duoc sir dung rong
rdi [4, 6, 9, 11, 12, 13]. Trong nghién citu nay,
phuong phap GC/MS két hop véi xtr Iy mau
bang phuong phéap chiét pha ran véi cot C18 sir
dung dung mdi n-hexan:acetone (5:1) ria giai
dé xac dinh dong thoi 6 hop chat Thionazin,
Sulfotep,  Phorate,  Disulfoton,  Methyl
parathion, Parathion. Cac thuéc BVTV co phét
pho nay duoc lva chon dé nghién ciru nham gép
phan xay dung quy trinh phan tich duoc dong
thoi mot sb loai cac thudc BVTV trong mot s6
loai rau qua, tir d6 budc diu &p dung quy trinh
dé phan tich xac dinh va danh gia muc do 6
nhidm céc hoat chit nghién ciru trén mot s6 loai
rau qua trén thi truong Ha Noi.

2. THUC NGHIEM

2.1. Hoa chat

Chuan OPs gém: Thionazin, Sulfotep, Phorate,
Disulfoton, Methyl parathion, Parathion cua
hang Dr. Ehrenstorfer GmbH, btrc.

Cac loai hda chat va thudc thir loai tinh khiét cua
hdng Meck: Methanol, n-hexan, Diclometan,
Ete dau hoa, Toluen, Na,SO4 khan, NaCl.

2.2. Thiét bi

Hé thdng séc ky khi GC 6790 Plus vai cot tach
Agilent DB-5ms Ultra Inert GC Column 15 mm
X 0,25 mm x 0,25 pym va detector MS 5973N
Agilent.

May lic vortex; May dong nhat mau Ultra
Turax T25; May li tam Hettich; May cat quay
chan khéng Buchi; Bo chiét pha ran.

2.3. Chuong trinh 1am viéc cia thiét bi sic ky
va detector khéi phé

2.3.1. Thiét b sic ky GC 6790 Plus

Chuong trinh nhiét @6 cot tach: nhiét do ban
d4u 70 °C giit trong 2 phdt, nang lén 150 °C véi
téc do gia nhiét 25 °C/pht, tiép tuc nang 1én
250 °C vei toe do gia nhiét 5 °C/phdt giir trong
5 phat. Nhiét do injecto: 250 °C. Nhiét do
detecto: 200 °C. Thé tich bom miu 2 pl, bom &
ché do khong chia dong.

2.3.2. Khéi phg MSD 5973N
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Nhiét d6 ngudn ion 230 °C; Ning luong ion hda
Ei 70 eV; Detector gain 1,2 kV; Thoi gian ngat
dung méi 7 phat; Ché do TIC: quét cac ion trong
khoang m/z: 50 dén 550 amu; Ché d6 SIM hoic
SCAN. Nhiét do két ndi (interface): 250 °C
2.4. Quy trinh xir ly miu

Can 10 g mau chinh xac téi 0,1 mg cho vao éng
ly tam. Cho vao 40 ml acetone, dong nhét bang
thiét bi Ultra-Turrax véi téc do 13 500
vong/phdt trong 3 phit. Thém lan luot 20 ml
petroleum ether, 20 ml dichlorometane va thém
khoang 10 g natri sulphat khan dé loai nudc,
ddng nhét 1 phut, ly tam 30 phat ¢ tbe d6 5 000
vong/phit ta thu dugc dich chiét. Lam sach dich
chiét bang phuong phap chiét pha ran véi cot
C18: d6 10 ml dung méi n-hexan cho chay qua
cot voi tée do 1 ml/phit. Chuyén 8 ml dich chiét
trén cho vao cot da hoat hoa. Bé dich chay tu
nhién, sau d6 dung 10 ml hon hop dung méi n-
hexan:acetone (5:1) dé rira giai (chia 1am 2 1an).
Thu hdi dich rira giai, lam bay hoi dudi luong
khi nito & nhiét 6 30 °C t6i cin. Hoa tan cin
trong 1 ml n-hexan rdi dem phan tich bang
GC/MS.

3. KET QUA VA THAO LUAN

3.1. Khao sat khoang tuyén tinh, giéi han
phat hién va gi¢i han dinh lwgng ciia phwong
phap

Tir dung dich chuin gbc pha mét ddy dung dich
chuin c6 nong do tir 50 ppb dén 1 500 ppb tur
dung dich chuan gdc 100 ppm va chuan trung
gian 10 ppm. Céc dung dich chuan duoc pha
trong n-hexan. Tién hanh xi ly mau va phan tich
theo dung quy trinh, mdi diém lap lai thi nghiém
3 lan lay gi4 tri trung binh. Trong khoang nong
d6 cua cac chat tir 50 ppb dén 1 000 ppb thi méi
quan hé giira dién tich pic va ndng d6 céc chat
OPs la tuyén tinh tot.

Gi4 tri LOD va LOQ cua quy trinh duoc tinh
theo phuong trinh hdi quy dudng chuin va
phuong phép lodng miu déu cho gia tri twong
duwong nhau. Gia tri LOD duoc tinh khi S/N =3



va LOQ = 3,3 LOD. Gia tri LOD va LOQ cua
phuong phap dugc chi ra ¢ bang 1.

3.2. Khao sat d¢ lap lai

Dé danh gia d6 lap lai ciia quy trinh, tién hanh khao
sat do I3p lai & 3 ndng do trong khoang tuyén tinh 1a:
50 ppb, 500 ppb va 1 000 ppb. Thuc nghiém ciling
cho thay khi bom Ip lai 5 1an tai ndng d6 50 ppb, 500
ppb va 1 000 ppb theo cac diéu kién t6i wu tim duoc
thi thiét bi c6 d6 6n dinh cao véi RSD < 6 %.

3.3. Khao sét qué trinh chiét

3.3.1. Khdo sét chen dung méi chiét

Bang 1. Gia tri LOD va LOQ cua phwong phdp

Dé tach chiét cac chat phan tich nhém phét pho
hitu co ra khoi nén mau, phuong phéap nay chon
hai loai dung méi la aceton va acetonitril (ACN)
dé khao sat theo cac diéu kién dé lay chat phan
tich. Két qua hai loai dung méi chiét 1a aceton
va acetonitril déu cho hiéu suét chiét gan nhu
tuong duong nhau, nhung dung méi acetonnitril
rat doc déi véi sic khoe con ngudi va co gia
thanh rét cao. Do d6, chiing t6i chon dung mdi
aceton 1am dung méi chiét cho nghién ciru nay.

N . Do 1éch
I Phuong trinh hoi quy H¢ s6 goc X LOD LOQ
Chat phan tich chuan
y=a+bx (b) (ng/ml) (ng/ml)
(Sy)

Thionazin y = 2368,73x - 135661 2368,73 8072,04 10,22 34,08
Sulfotep y = 2635,89x - 124252 2635,89 8592,09 9,78 32,60
Phorate y = 3596,39 - 204410 3596,39 12109,48 10,10 33,67

Disulfoton y = 2443,31x - 121789 244331 8449,19 10,37 34,58

Methyl parathion | y =1075,87x - 9082 1075,87 7570,89 21,11 70,37

Parathion y = 1133,54x - 56168 1133,54 7522,04 19,91 66,36

Bang 2. Hiéu sudt thu hoi cia cac chat phan tich 200 ppb khi chiét bang aceton va acetonitril

(n=3)
. . . . Methyl .
Dung moi | Thionazin | Sulfotep | Phorate | Disulfoton ’ Parathion
parathion
303752 310287 | 363472 | 277985 136427 | 93189 Dién tich pic
Accton |17823 | 17418 |169087 | 17003 | 16667 |17238 | honedothy
89,11 87,09 84,93 85,01 83,33 86,19 R(%)
3,72 5,01 3,66 6,01 3,53 7,28 % RSD
301012 316723 | 376102 | 312505 195868 141921 Dién tich pic
ACN 168,88 164,75 174,01 | 180,21 176,05 160,86 gll?élf 4o thu
84,44 82,37 87,01 90,10 88,02 80,43 R(%)
6,57 4,61 3,72 4,19 4,83 6,27 % RSD
3.3.2. Khdo sat dung moi reaa gidi Loai I: hexan:petroleum ete (1:1)

Dé khao sét chiing tdi sir dung phwong phap chiét
pha rin vai cot C18 dé 1am sach mau va duoc ria
giai bang cac hdn hop dung mdi khac nhau:

Loai Il: aceton:petroleum ete (1:1)
Loai IlI: hexan:aceton (5:1)
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Bang 3. Két qua khdo sét logi dung méi rira gigi doi véi cac chdt phan tich

Methyl
Dung mdi | Thionazin | Sulfotep | Phorate | Disulfoton y Parathion
parathion
Aceton Dién tich
134037 140850 229209 | 140873 89272 62769 .
:Petroleum pic
ether Nong do
113,57 96,97 129,99 | 95,59 158,69 138,22
(1:1) thu dugc
Loai 56,79 48,49 65,00 47,80 79,35 69,11 R(%)
2,32 3,01 3,67 4,12 3,88 5,06 % RSD
Dién tich
177805 196093 263312 | 202145 106930 77376 .
Hexan: pic
Petroleum Nong do
131,15 113,72 139,55 | 118,23 172,41 130,39
ether (1:1) thu duoc
Loai Il 65,58 56,86 69,78 59,12 86,21 65,20 R(%)
3,28 2,77 5,04 3,32 4,11 4,25 % RSD
Dién tich
304679 304744 366920 | 278383 134070 92633 .
Hexan pic
:Aceton Nong do
175,34 164,75 168,49 | 154,01 177,25 162,98
(5:1) thu duoc
Loai Ill 87,67 82,37 84,24 79,75 85,62 81,49 R(%)
3,42 4,16 3,79 3,06 4,55 3,28 % RSD
E= i Bang 4. Hiéu sudt rira gidi timg phdn dogn véi
go T hén hop chudn OPs 1 000 ppb
% V rua giai | Phan | Phan | Phan
] doan 1 | doan 2 | doan 3 | Téng
75
. 5ml, | 5ml | 5ml (%)
Z.] Hoatchit \ | (%) | (%) | (%)
0] Thionazin 77,2 | 155 0 92,7
55 Sulfotep 743 | 171 0 91,4
1 Phorate 82,8 | 11,9 0 94,7
: i i Disulfoton | 82,6 | 8,1 0 90,7
Dung moi
\ - , Methyl
Hinh 1. Bé th; biéu dién su phu thugc hiéu sudt barathion 857 | 56 0 91,3
thu hoi chat phan tich vao cac logi dung méi Barathion 799 ‘ 137 ‘ 0 ‘ 936

rua gidi

3.3.3. Khdo sét thé tich dung méi riza gidi

Céc hop chét thudc trir siu nhém phét pho hitu
co duoc chiét ra khoi mau bang aceton theo muc
3.1.1 dwoc 1am sach bang cach cho qua cot C18
va dung hdn hop dung méi hexan:acetone (5:1).
Chuing t6i tién hanh khao sét thé tich dung moi
rira giai voi nong do ciia cac chat phan tich 1a 1
000 ppb. Két qua chi ra & bang 3.
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3.2. Panh gia d¢ chinh xac cia phwong phap
Chang t6i tién phan tich trén hai nén mau rau cai
va ca chua, sir dung phuong phép thém chuan.
Tai m&i mirc thém chuin mic 0,05 mg/kg nim
trong khoang theo MRLs cua Nhéat Ban va EU,
lam 13p 5 mAu, tinh hidu suit thu hdi va do léch
chuan l3p lai, d6 chum ciia phuong phap phan
tich. Hiéu suit thu hdi cua phwong phap nim
trong khoang 72% dén 94% véi RSD <5%.



Bdng 5. Hiéu sudt thu hoi va RSD ciia cdc chat
phdn tich véi cac mau thém chuan 0,05 mg/kg

Cai ngot Ca chua
Hoat chét RSD, RSD,

R, % % R, % %

Thionazin 72 2,8 89 3,3
Sulfotep 85 34 94 1,2
Phorate 88 2,3 79 4,1
Disulfoton 86 4,1 85 3,6
Methyl parathion | 81 1,9 91 2,4
Parathion 90 2,6 87 2,8

3.3. Phan tich miu thuc té

Sau khi nghién ctru cac diéu kién tach chiét cac
hop chat nhém phét pho hitu co, chiing toi tién
hanh phan tich mot sé mau thuc. Dbi tugng mau
la mot s6 loai rau qua sau: dua leo, tao do, nho,
cai xanh, bip cai. Cac mau rau va qua truéc khi
dem phan tich can phai xir 1i so by. Cac mau
duoc x4c dinh truc tiép va thém chuan, mdi mau
duoc lam lap lai 3 lan, két qua chi ra ¢ bang 6.
Tir két qua phan tich thu dwoc trén cac mau rau
qua ngoai thi truong ta thy van xuét hién du
lugng thuc BVTV trén mau cai xanh trong d6
du luong chat Methyl parathion tuong dbi I6n
nhung van nhé hon gidi han cho phép (MRL) 0,2
mg/kg theo Quyét dinh 46/2007/QD-BYT [2].

Tio: ZFS125.0
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Bang 6. Két qua phan tich cac mau rau, qud

Du lugng cho Du luong cho
Loai rau, loai Du luong phép cua Loai rau, loai Du luong phép cua
thudc (mg/kg) FAO/WHO thudc (mg/kg) FAO/WHO
(mg/kg) (mg/kg)
1. Cai xanh 3. Dua leo
Thiazinon 0,031 0,5 Thiazinon - 0,5
Sulfotep - 0,5 Sulfotep - 0,5
Phorate 0,044 0,5 Phorate - 0,5
Disulfoton 0,046 0,5 Disulfoton - 0,5
Methyl parathion 0,102 0,2 Methyl parathion - 0,2
Parathion - 0,2 Parathion - 0,2
2. Bdp cdi 05 4. Nho dé (My)
Thiazinon ' Thiazinon
- 0,5 - 0,5
Sulfotep Sulfotep
- 0,5 - 0,5
Phorate Phorate
- - 015 . - 0,5
Disulfoton Disulfoton
. - 012 . - 0,5
Methyl parathion 0.2 Methyl Parathion 0.2
Parathion ' Parathion 0'2

(-): Khéng xdc dinh thdy

4, KET LUAN

Phuong phap sic ky khi khdi phd két hop vai ky
thuat chiét pha ran rat thich hop dé xac dinh du
lugng hoa chat bao vé thuc vat nhém co phét pho
hitu co trong mot 6 loai rau qua. Phuong phép nay
da nghién ciu va ti wu hoa duoc cac diéu kién
chay séc ky khi khdi phd, danh gia duoc khoang
tuyén tinh, gii han phét hién va gioi han dinh
lugng cua céc loai thude trir sau nhém phét pho
hitu co. Do lap lai va do thu hdi cua phuong phap
nam trong khoang 72% dén 94% véi %RSD <5%.
Nghién ctru va dua ra diéu kién t6i uu dé chiét tach
va lam sach cac hop chat co phét pho trong mot sb
loai rau qua. Tién hanh phan tich trén 04 mau rau
gua va phat hién mau rau cai xanh co chira du
luong Methyl parathion (Vofatox) 0,102 mg/kg
nhung van dudi mirc ham luong t6i da cho phép
caa WHO/FAO.
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