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ABSTRACT

Development of Miniaturization on On-line Sample Preparation

for Chromatographic Analysis of Some Environmental Pollutants

Principal investigator: Dr. Rodjana Burakham

Mentor: Professor Dr. Kate Grudpan

This project developed miniaturized sample preparation/preconcentration methods for
carbamate insecticides prior to chromatographic analysis. The carbamates studied were isoprocarb,
methomyl, carbaryl, carbofuran, methiocarb, promecarb and propoxur. For liquid chromatographic
separation, an Atlantis C18 reversed-phase column (4.6 x 150 mm, 5 [lm) was used with the
gradient elution of acetonitrile and 0.1% acetic acid. The mobile phase flow rate was set at 1.0 mL
min" and the detection wavelength at 270 nm was monitored. Two developed sample pretreatment
systems include the liquid-liquid microextraction using room temperature ionic liquid as alternative
extraction solvent and the on-line micro-solid-phase extraction using sequential injection-lab-on-
valve with bead injection.

In the first system, a simple and rapid method for preconcentration of carbamate
insecticides has been developed. The method was based on a liquid-liquid microextraction using a
1-butyl-3-methylimidazolium hexafluorophosphate ([C,MIM][PF,]) room temperature ionic liquid
as an extraction solvent prior to analysis by high performance liquid chromatography.
Experimental parameters affecting the extraction performance, such as the volumes of sample,
extractant and dissolving solvent, and extraction time, were optimized. Under the selected
conditions, the enrichment factors were in the range between 10 and 25. The limits of detection of
the method were in the range of 2-40 pg L". Good reproducibility was obtained with the relative
standard deviations of lower than 0.62% and 10.17% for retention time and peak area, respectively.
The method was successfully applied for determination of carbamate residues in fruit and natural

surface water samples. The proposed method offers advantages in reduction of the exposure



danger to toxic solvents used in the conventional liquid-liquid extraction, simplicity of the
extraction processes, rapidity, and sensitivity enhancement.

In the second system, a sequential injection-bead injection-lab-on-valve (SI-BI-LOV)
system was hyphenated to HPLC for on-line renewable micro-solid phase extraction (MSPE) of
carbamate pesticides. LiChroprep® RP-18 beads (25 — 40 [lm) were employed as renewable
sorbent packing in a micro-column situated inside the LOV platform mounted above the
multiposition selection valve of the SI system. The analytes sorbed by the MSPE column were
eluted using 300 UL of 80% acetonitrile in 0.1% acetic acid before on-line introduction to the
HPLC system with the injection volume of 20 [LL. The SI system offers the means of performing
automated handling of sample pretreatment/preconcentration and matrix removal. The enrichment
factors ranged between 20 — 125, using the sample volume of 6 mL and leading to limits of
detection in the range of 1 — 20 [ig L". Good reproducibility was obtained with relative standard
deviations of less than 0.7% and 5.4% for retention time and peak area, respectively. The
developed method has been successfully applied to the determination of carbamate residues in fruit,
vegetable and water samples. Acceptable recoveries ranging from 88 — 108% were obtained. The
proposed method offers advantages of simplicity, ease of operation and reduced chemical
consumption. The sample pretreatment and separation processes could be operated in parallel,

therefore, advantages of better analysis time could be gained.

Keywords: carbamate, sample preparation, micro-extraction, ionic liquid,

sequential injection-lab-on-valve, HPLC
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Molecular g%ﬁ?ﬁs
Pesticide Structure weight Formula (m /L)g
(g/mol) &
Methomyl N I 162.21 CsHoN,O,S 5500
(MTM) >-e .
=1 _
Propoxur 209.24 C11H5sNOs 1800
(PPX) _
Carbofuran 221.25 Ci2H5NO; 319
(CBF)
Carbaryl 201.22 Ci2H{1NO, 9.1
(CBR)
Isoprocarb 193.24 C11H;5NO, 270
(IPC)
Methiocarb 225.31 C1 1H15NOzS 27
LS <UL
I
91

Promecarb 207.27 CoH17NO»,
(PMO) Q

*TUPAC agrochemical information. http://sitem.herts.ac.uk/aeru/iupac/115.htm
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HPLC system: Waters Tiger LC system (Waters, USA)

Column: Alantis C18 (4.6 mm i.d. x 150 mm, 5 pum particle diameter)

Detection: UV 270 nm

Injection volume: 20 UL

Mobile phase: acetonitrile 11& 0.1% acetic acid

Flow rate: 1.0 mL min"

Gradient elution ANLHUNIN

100

W%ACN

Time (min)

4 o o o w J 4
gﬂﬁ 1 @3 gradient program @1UIUNITHINTITNIVALNAINQUAITUUNA

Y
Meldaniizdinann ansanenaImIauuaIng 7 vialanelunal 18 1 aq

Tasan Inunsuiuaaalugdi 2 uazA1Ia1NIAIY (retention time, t,) AIA13199 2

@
120 3
(@]
5
115
S
E
% 110- -
S X
> 1051 ¢
>
1 s © g
1004 ,JMA l A LA

0 2 4 6 8 10 12 14 16 18 20
Time (min)

=t Ay v o w 1 4
}'.TJ‘V] 2 Llﬁﬂ\1Iﬂ‘iiﬂI‘ﬂLLﬂiﬂJﬂhlﬂmﬂﬂﬁLlﬂﬂﬁﬁﬂﬁ]ﬂlmﬁﬂﬂquﬂﬁﬂ%u@]
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a1 /s t, (min) resolution

1 methomyl 2.827 -

2 propoxur 8.533 9.99
3 carbofuran 8.913 0.82
4 carbaryl 10.317 2.35
5 isoprocarb 13.063 4.84
6 methiocarb 16.683 6.65
7 promecarb 17.623 2.00
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quuﬁ’m (room temperature ionic liquid) wWudiazatelumsana Lmumﬂ%’mmazmﬂ
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Y
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methylimidazolium hexafluorophosphate N30 [C,MIM][PF,] FTUADUMTANADEHI1Y
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9 A 9 Aa A a 4
meldaninzminaassnmiuzay TdnaaeuilszansnnusaszuuMINATIZH AT

[

Y v
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HPLC RTIL-LLE
Carbamate
Linear % RSD Linear % RSD
pesticide LOD LOD
range (n=5) range (n=5) EF
- (ngmL?) _ (ngmL?)
(ug mL™) tr Area (ug mL™) tx  Area
Methomyl 2.0-15.0 1.00 032 252 - - - - -
Propoxur 0.2-10.0 0.10 0.18 3.50 0.02-5.00 0.005 0.52 10.17 20
Carbofuran  0.2-10.0 0.10 0.16 3.42 0.02-5.00 0.005 048 3.96 20
Carbaryl 0.1-10.0 0.02 028 3.28 0.01-5.00 0.002 032 5.89 10
Isoprocarb 2.0-15.0 0.50 040 4.10 0.04-8.00 0.02 0.62 6.56 25
Methiocarb  0.2-15.0 0.05 0.23 1.82 0.05-8.00 0.005 049 840 10
Promecarb 1.0-15.0 0.50 0.14 4.79 0.40-8.00 0.04 030 490 12.5

d‘ v o 9 a 1 A
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Sample Market Amount found, pg g
PPX CBF CBR IPC MTC PMC
Watermelon Local Market - - - - 0.10 0.17
Super Market | - - - 1.28 0.60 1.34
Super Market 11 0.04 0.53 0.06 - 0.45 2.61
Cantaloupel Local Market - - 0.06 - 0.01 -
Super Market [ - - - - 0.37 -
Super Market I1 - - - - 0.45 -
Cantaloupe?2 Local Market 0.02 - 0.06 - 0.11 0.55

Strawberry Local Market - - - - - ;

Super Market [ - 0.11 0.02 0.54 0.43 1.55
Orange Local Market - - 0.07 0.18 4.50 -
Super Market 1 0.72 0.21 0.16 1.50 0.94 1.81
Super Market 11 0.22 0.18 - 0.9 0.38 21.25
Apple Super Market | 0.03 - - - 0.45 1.24
Super Market 11 - - - - 0.38 1.30

— not detected
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Sample Market Recovery (%)
PPX CBF CBR IPC MTC PMC
Water I - 90 99 102 98 98 89
Water II* - 92 96 87 93 93 104
Water II* - 100 95 103 100 116 94
Watermelon Local Market” 115 88 81 90 93 85
Super Market I° 96 100 106 92 104 101
Super Market I1° 96 100 103 103 93 88
Cantaloupel Local Market” 98 103 82 118 117 104
Super Market I° 95 96 104 107 101 107
Super Market II° 93 95 98 105 93 94
Cantaloupe?2 Local Market” 83 99 93 101 88 86
Strawberry Local Market” 93 102 82 92 103 92
Super Market I° 107 103 99 101 107 82
Orange Local Market” 83 98 85 107 102 110
Super Market I° 89 110 106 106 99 98
Super Market I1° 100 99 99 98 108 97
Apple Super Market I° 105 103 102 92 94 92
Super Market II° 100 104 99 104 97 112

- not determined

“spiked concentration, 1 ug mL™
b spiked concentration, 1 pg g’

¢ spiked concentration, 0.20 pg g
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Sequence LOV position fiiv‘;erst 16) V?:llir)ne
Aspirate beads into HC 6 50 250
Pack beads in micro-column 1 20 Empty
aspirate sample into HC 5 20 6 x 1000
load sample in column 1 20 6 x 1000
Wash with DI 1 20 1000
aspirate eluent into HC 3 20 700
dispense eluent into micro-column 1 20 300
aspirate eluate into HC 2 20 250
dispense eluate into HPLC injector 4 20 200

HC = Holding coil

a 4
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Y ~ a A o £ P
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Tanadeansnan 7

AINN 7 L!ﬁﬂ\‘lﬁiﬁiﬂu8GU’E]QﬂW‘i%Lﬂ‘iWﬁ’ﬁﬁﬁ1%ﬂ!mﬁﬁﬂﬁjiJﬂWﬁo"]JHiJﬁg’lj’Jﬁli%UU SI-BI-LOV-HPLC

HPLC SI-BI-LOV-HPLC
0 0,
Carbamate Linear 7o RSD Linear % RSD
LOD (n=5) LOD (n=5)
range 1 range -1 EF
(ugmL™) (ug mL™) (ugmL™) (ngmL™) ————————
) tx  Area He tx  Area
Methomyl 20-15.0 1.00 0.32 2.52 0.20 - 10.00 0.02 0.68 3.67 50
Propoxur 0.2-10.0 0.10 0.18 3.50 0.01 - 7.00 0.002 0.26 3.67 50
Cabofuran 0.2-10.0 0.10 0.16 3.42 0.01 - 7.00 0.002 0.66 3.48 50
Carbaryl 0.1-10.0 0.02 0.28 3.28 0.005 - 7.00 0.001 0.30 3.28 20
Isoprocarb 20-15.0 0.50 040  4.10 0.04 - 12.00 0.004 0.72 5.37 125
Methiocarb  0.2-10.0 0.05 0.23 1.82 0.01 - 6.00 0.001 0.25 2.61 50
Promecarb 1.0-15.0 0.20 0.14 479 0.10 -12.00 0.01 0.25 2.37 50

EF = Enrichment factor
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Amount found

sample Methomyl  Propoxur Carbofuran Carbaryl Isoprocarb Methiocarb Promecarb
Water I* - - - - — _ _
Water 11" - - - - — _ _
Water I11° - - - - - _ _
Watermelon® - 0.02 0.01 0.10 0.39 0.26 0.29
Guava® - - - 0.09 0.19 - -
Cowpae® - - 0.16 0.10 - - -
Cabbageb - 0.04 0.06 0.08 0.22 0.02 0.73

— not detected
* concentration in g mL™'
" concentration in pug g
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Sample Spiked Recovery (%)
Methomyl Propoxur Carbofuran Carbaryl Isoprocarb Methiocarb Promecarb
Water I 1 pgmL™! 108 105 105 105 100 108 93
2 ugmL! 88 93 96 103 98 104 93
Water IT 1 pgmL! 108 107 103 103 106 102 95
2 ugmL! 89 104 93 101 99 101 102
Water I1I 1 pgmL! 102 102 103 105 93 107 98
2 ugmL! 88 93 96 103 105 104 94
Watermelon lugg! - 103 107 94 94 102 98
2pgg! - 99 108 102 97 90 103
Guava lugg! - 105 105 100 96 105 102
2pgg! - 101 101 102 98 104 102
Cowpae lpgg! - 102 90 100 101 101 101
2pgg! - 99 97 99 102 101 104
Cabbage lugg! - 98 97 101 92 100 103
2pgg! - 105 100 96 92 100 93

— not determined
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1. R. Burakham¥*, K. Grudpan, Flow Injection and Sequential Injection On-line Pre-column

Derivatization for Liquid Chromatography, J. Chromatogr. Sci., 47 (2009) 631 - 635.

(m1ANUIN N1)

2. J. Vichapong, R. Burakham*, S. Srijaranai, K. Grudpan, Sequential injection-bead
injection-lab-on-valve coupled to high performance liquid chromatography for on-line renewable
micro-solid phase extraction of carbamate residues in food and environmental samples,

J. Chromatogr. A, Submitted. (DN1AWNUIN N2)

. J. Vichapong, R. Burakham®*, S. Srijaranai, K. Grudpan, Room temperature

imidasolium ionic liquid: A solvent for extraction of carbamates prior to liquid chromatographic

analysis, Talanta, Submitted. (D1ANUIN N3)
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. J. Vichapong, S. Srijaranai, K. Grudpan, R. Burakham, On-line preconcentration and liquid
chromatographic analysis of carbamate pesticides: a comparative study, Poster presentation,
PACCON2010, 21-23 Jan 2010, Ubonratchathani, Thailand (NANUIN N4)

. R. Burakham, J. Vichapong, S. Srijaranai, K. Grudpan, Sequential injection-lab-on-valve with
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Thailand (M1ARUIN N5)

3. J. Vichapong, R. Burakham, S. Srijaranai, K. Grudpan, Room temperature imidazolium ionic
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1. J. Vichapong, S. Srijaranai, K. Gruspan, R. Burakham, Sequential injection on-line
preconcentration system coupled with high performance liquid chromatography for
determination of some carbamate pesticides, 35th Congress on Science and Technology of
Thailand, 15-17 Oct 2009, Chonburi, Thailand. (NMANUIN A7)
2. R. Burakham, J. Vichapong, K. Grudpan, Sequential injection on-line extraction coupled with
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Oct 2009, Petchburi, Thailand. (NARNUIN NY)
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1. C. Kukusamude, A. Santalad, S. Boonchiangma, R. Burakham, S. Srijaranai,

O. Chailapakul, Mixed micelle-cloud point extraction for the analysis of penicillin residues in
bovine milk by high performance liquid chromatography, Talanta, 81 (2010) 486-492.
(MANUIN V1)

2. N. Butwong, R. Burakham, S. Srijaranai, Use of surfactant as mobile phase additive in LC for
simultaneous determination of metal-pyrrolidine dithiocarbamate chelates, Chromatographia,
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