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Abstract

A method is developed for the determination of substituted methoxy phenols and aromatic acids in biomass burning aerosol
using capillary electrophoresis (CE) coupled to an electrospray ionization mass spectrometer. Background electrolytes (BGEs)
containing ammonium acetate, ammonium hydroxide and 10% (v/v) methanol at pH 9.1 and ammonium hydroxide at pH 11
are investigated for their suitability. A good linearity is found for all analytes in the range of iMbfbr the ammonium
acetate based BGE and 1-4M for the ammonium hydroxide BGE. The detection limit ranged from 0.1 tquMOfor the
ammonium acetate based BGE and 0.3 tquMfor the ammonium hydroxide BGE. The relative standard deviation (R.S.D.)
is typically less than 0.5% (ammonium acetate based BGE) and 4.2% (ammonium hydroxide BGE) for the migration time and
3-9% (ammonium acetate based BGE) and 2.5-8% (ammonium hydroxide BGE) for the peéak ar&. The analytical
time was less than 10 min for both methods. The proposed methods are fast, sensitive and quantitative and can be applied to
the analysis of complex biomass burning aerosol samples without complex pre-treatment. The results from the analysis of real
biomass burning samples demonstrate the suitability of the proposed methods to the analysis of low concentration water soluble
organic carbon (WSOC) in biomass burning samples. The fast analytical time and high sensitivity of the proposed methods
enables the analysis of a large number of size segregated impactor samples from biomass burning aerosols.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction of organic aerosols. It primarily consists of decom-
posed lignin, hemicellulose and cellulose products
Biomass burning contributes significantly to the which include various substituted phenfis-4]. Gas
global aerosol burden and it is an important source chromatography—mass spectrometry (GC-MS) previ-
ous derivatization is widely used for the analysis of
"+ Corresponding author. Tel:49-341-235-2446: methoxy and dimethoxy phenols from biomass burn-
fax: +49-341-235-2325. ing aeroso[5-7]. The sample preparation for GC-MS
E-mail address: herrmann@tropos.de (H. Herrmann). analysis is time consuming and it requires a relatively
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large quantity of the sample which is often difficult quantification of substituted phenols. In this work,
for atmospheric aerosol samples. Solid-phase extrac-linearity and reproducibility of MS compatible buffer
tion (SPE) and solid-phase micro extraction (SPME) systems are investigated under optimized conditions.
has been extensively used for the pre-concentration The methods evaluated here are fast and quantitative
of low concentration phenolic compounds in water and they can be applied to real atmospheric aerosol
samples. Rodriguez et 48] summarized the current samples.

status of SPE and SPME for the analysis of pheno-

lic compounds in water samples. SPME (d9)) is

especially an attractive tool for the pre-concentration 2. Experimental

of low volume samples such as atmospheric aerosols

as it is fast, solvent free and very sensitive. However, 2.1. Chemicals

only a few applications of SPME to atmospheric sam-

ples are reportefll0,11] and extensive testing is still Chemicals used in this study were obtained from
necessary for the application of SPME to atmospheric the following suppliers: vanillic acidX97.0%), cin-
samples. namic acid £99.0%), coniferyl aldehyde (98.0%),

Capillary electrophoresis (CE) requires very small 3,5-dimethoxy-4-hydroxyacetophenone (97.0%), sy-
sample volumes and no sample pre-treatment is nec-ringol (99.0%), 4-hydroxycinnamic acid (98.0%),
essary. These advantage together with its very high 3-hydroxy-4-methoxybenzoic acid (97.0%) and
separation efficiency, speed and simplicity make CE eugenol (99.0%) from Aldrich (Munich, Ger-
a highly attractive analytical technique for the analy- many); ferulic acid £98.0%), sinapic acid (97.0%),
sis of atmospheric aerosol samples. These advantagesanillin  (98.0%), ammonium acetate>99.0%),
also give greater flexibility for the choice of aerosol ammonium hydroxide (BioChemika Ultra grade),
sampling method and duration. CE with a UV indirect methanol £99.8%), isobutanol 99.5%), acetoni-
detection method has been successfully applied to thetrile (>=99.5%) and methyl red (ACS grade) were pur-
analysis of low concentration atmospheric aerosol or chased from Fluka (Munich, Germany); homovanillic
rain samples, especially for the determination of car- acid (98.0%) was obtained from Sigma (Munich,
boxylic acids[12-18] Although it is relatively newto  Germany); hydrochloric acid (reagent grade) was
the analysis of atmospheric samples, the high separa-purchased from Riedel-de Haén (Munich, Germany).
tion efficiency of CE coupled with sensitivity and se- A 5mM stock solution of mixed substituted
lectivity of electrospray ionization mass spectrometry methoxy phenols and aromatic acids was prepared by
(CE/ESI-MS) is expected be a powerful tool for the dissolving appropriate quantities in acetonitrile. The
speciation and identification of organic compounds in 0.5, 1, 5, 10, 25 and 50M standard solutions were
atmospheric particles. prepared by dilution of stock solution with Milli-Q

Some work has shown a successful separation of water (Millipore, Bedford, USA). The stock solution
substituted phenols in various matrixes using a CZE and standard solutions were stored a€4n darkness.

[19-22] or MEKC [23,24] with direct UV detec- Ammonium acetate based BGE solution was pre-
tion. CE/ESI-MS is successfully applied to separate pared in a volumetric flask by diluting appropriate
eighteen chlorophenols by Jauregui et[@b] using amount of 1M ammonium acetate stock solution

5mM diethylmalonic acid at pH 7.25. Due to high into Milli-Q water, adding an appropriate volume of
pKa values of substituted phenols, background elec- methanol, pH was then adjusted by adding ammo-
trolytes (BGEs) often utilize pH >7. Phosphate or nium hydroxide. Ammonium hydroxide solution from
borate with organic solvents is commonly used as the manufacturer was used as BGE without any mod-
buffer system for the separation of substituted phe- ification. The concentration of ammonium hydroxide
nols [20—22,24] For CE/ESI-MS system, borate or in the BGE solution was determined by titrating with
phosphate buffer systems are incompatible due to 1M HCI and methyl red. The concentration of am-
their low volatilities. Therefore, ammonium acetate monium hydroxide in BGE was 0.94 M. Ammonium
or hydroxide based buffer systems compatible with acetate buffer solution was prepared weekly and the
CE/ESI-MS are evaluated here for the separation and pHs of both BGEs were checked periodically.
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2.2. Instrumentation pH and organic solvents. In order to ensure the com-
patibility of BGE to the MS interface, the combina-

tion of ammonium acetate and ammonium hydroxide
is chosen as a BGE. In order to have better ionization
of less acidic substituted methoxy phenols, a basic
buffer is employed throughout the study. The effect
of ammonium acetate concentration on the separa-
tion was tested with 10, 15, 20, 25 and 30mM at

pH 9.1. Lower buffer concentration can increase the
electroosmotic flow (EOF), hence reducing the ana-
lytical time. On the other hand, insufficient buffering

capacity of lower concentration BGE can cause detri-
mental migration time shifts. Higher concentration

buffer can improve the peak shape but it increases
the analytical time and may produce large amount of
heat due to the Joule effect. The resolution of 10 mM
ammonium acetate was found unsatisfactory due
to poor separation between coniferyl aldehyde and
3,5-dimethoxy-4-hydroxyacetophenone, and vanillin

and vanillic acid. Generally speaking, the increase
of the ammonium acetate concentration leads to the
decrease in sensitivity (S/N). Ammonium acetate
concentration between 15 and 25mM was found to
2.2.2. MSsystem be a suitable for the analysis since it gave a suffi-

The detector was a Bruker Esquire 3000 plus ion cient resolution and maximum intensity at adequate
trap mass spectrometer (Bruker-Daltonics, Bremen, capillary current £25uA). Considering the reso-
Germany) equipped with an electrospray ionization lution, selectivity, capillary current and analytical
source (Bruker-Daltonics, Bremen, Germany). The time, ammonium acetate concentration of 20 mM was
electrospray was operated at the negative mode. Ni- chosen.
trogen was used as drymg gas at a 260and a The pH value of BGE is an important parameter for
flow-rate of 4 I/min. Nitrogen sheath gas for electro- CZE separation. Since th&p of substituted methoxy
spray was supplied at 3 psi. The sheath liquid (water phenol compounds without a carboxylic group are
50%fso-propanol 50%, v/v) was delivered to electro- above 7, the effect of pH was investigated with 20 mM
spray by a micro syringe pump (Cole-Parmer, USA) ammonium acetate buffer at 8.4, 8.8, 9.0, 91 9.2 and
at 3ul/min. The voltage set for the MS capillary 9-3. ApH value of 9.1 gave the best resolution and se-
was 4.5kV and e|ectrospray current was kept under |6Ct|V|ty. Thus pH9.1lis used in the Subsequent studies.
300 nA. End plate off-set was fixed a0.5kV. Scan- The resolution and analytical time were further
ning mass range was from/z 50-500 with scanning ~ optimized by adding methanol (0, 5, 10, 15 and
speed of 13,00&Vz per second, maximum accumula- 20%, v/v). Higher methanol concentration reduces

tion time of 30.00 ms and performing 12 microscans. the EOF speed, hence increases the analytical time
significantly. A 5% increase in methanol concentra-

tion increased the analytical time approximately by

2.2.1. CE system

CZE separations were carried out on AgiléRCE
instrument (Agilent, Waldbronn, Germany). The fused
silica capillary from Chromatographie Service GmBH
(Langerwehe, Germany) were pfn i.d. (365um
0.d.) x 73cm long for the ammonium acetate based
BGE and 5Qum i.d. (365um 0.d.) x 55cm for the
ammonium hydroxide BGE. The separation was car-
ried out at—30kV at 25°C. Sample injection was
carried out by hydrodynamic injection (50 mbar for
10s). A new capillary was rinsed with methanol for
5min, Milli-Q water 5min, 0.1 M HCI for 5min,
0.1 M NaOH for 5min, 1 M NaOH for 5 min, Milli-Q
water for 10 min and finally BGE solution for 10 min.
As a daily routine, the capillary was flushed with
Milli-Q water for 10 min and BGE solution for 10 min
before the first run. In between runs, the capillary
was flushed with Milli-Q water for 2min and BGE
for 2min. At the end of the day, the capillary was
washed with BGE for 5min, 0.1 M NaOH for 2min
and finally Milli-Q water for 10 min.

3. Results and discussion 14%. The separations between coniferyl aldehyde and

3.1. Separation of substituted phenols 3.,5-di.methoxy—4—hydr.o_xyac_etophen_one, yanil!in and
sinapic acid, and vanillic acid and cinnamic acid were

3.1.1. Ammonium acetate based BGE not satisfactory below 10% methanol. Therefore, a

The separation and selectivity of substituted phe- methanol content of 10% (v/v) is chosen considering
nols can be optimized by the concentration of BGE, the resolution and analytical time.
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Fig. 1. A typical CE-MS electropherogram of substituted methoxy phenols and aromatic acids using ammonium acetate based BGE under
optimized condition. Capillary: 7&m i.d. x 73 cm; BGE: 20 mM ammonium acetate-10% methanol (pH 9.1); separation voltage 30kV;
capillary current 21uA; injection: 50 hPa for 10s; MS polarity: negative; peak identification a$able 1(each 2quM).

Fig. 1 shows a typical electropherogram of a stan- methoxy group{able J. Fig. 2shows the background
dard mixture containing 12 substituted phenols under subtracted mass spectra of detected compounds us-
optimized condition. Eugenol and syringol eluted ing ammonium acetate BGE. All compounds were
with the EOF (4.1 min) and were not quantified. Com- detected as®¥ — H]~ and no adduct with acetate
pounds containing an aldehyde group except vanillin [M +60—H]~ or clusters were observetiable 2lists
migrate first and compounds without a methoxy group the reproducibility and detection limit for the com-
migrate towards the end except 3-hydroxy-4-methoxy pounds using ammonium acetate as a BGE. Accept-
benzoic acid. However, no clear relationship was ably good linear calibration curvé®? > 0.992) were
found between migration order, molecular weight, obtained for standard solutions in the concentration
the size of molecules or the position of carboxylic or range of 1-5@M. The relative standard deviations
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Table 1 (n = 5) of the proposed method for all detected com-
Molecular weight and diagnostic ions of substituted phenols in pounds fell below 0.4% for the migration time and 9%

this st o
Is study for the peak area. Detection limits (SAN 3) below
Peak no. ~ Compound Mr  MS diagnostic 1 .M were achieved for all detected analytes.
ion [M — H]~
1 Cinnamic acid 148 147 3.1.2. Ammonium hydroxide BGE
g \S/i‘/’:i'r']“gnol 1155i 11213 A subsequent experiment was carried out to study
4 Eugenol 164 163 a pos_S|bIe application of ammonium hydro>.<|de as a
5 4-Hydroxycinnamic acid 164 163 BGE in order to separate compounds with highi€g p
6 Vanillic acid 168 167 values such as eugenol and syringol. The major prob-
7 3-Hydroxy-4-methoxy 168 167 lem encountered when transferring CZE-UV methods
benzoic acid capable separating these compounds to CZE/EIS-MS
8 Coniferyl aldehyde 178 177 hods is i ibili f I
9 Homovanillic acid 182 181 met| 10ds is incompati ||_ty of BGEs as well as BGE
10 Ferulic acid 194 193 modifiers to the CE-MS interface. Therefore, the pur-
11 3,5-Dimethoxy-4- 196 195 pose of this part of the study is to develop a fast sep-
hydroxyacetophenone aration method for the determination of compounds
12 Sinapic acid 224 223 with higher Ka.
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Fig. 2. A typical background subtracted mass spectra of substituted methoxy phenols and aromatic acids with ammonium acetate based
BGE. A number at the right corner of each mass spectrum corresponds to a peak number.
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Table 2
Reproducibility and detection limit for ammonium acetate based BGE
Peak no. Compound Reproducibility Detection
AT limit (M)
Migration time, Peak area, R.S.D.
R.S.D. (%),n =5 (%), n =5
1 Cinnamic acid 0.3 6.4 0.1
2 Vanillin 0.3 3.6 0.5
5 4-Hydroxycinnamic acid 0.3 8.8 0.4
6 Vanillic acid 0.3 6.8 1.0
7 3-Hydroxy-4-methoxy benzoic acid 0.4 8.1 1.0
8 Coniferyl aldehyde 0.3 4.9 0.1
9 Homovanillic acid 0.3 6.5 0.8
10 Ferulic acid 04 5.0 0.2
11 3,5-Dimethoxy-4-hydroxyacetophenone 0.3 3.8 0.3
12 Sinapic acid 0.4 6.3 0.6
Conditions as irFig. 1, detection limit: S/N= 3.
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Fig. 3. A typical CE/MS electropherogram of substituted methoxy phenols and aromatic acid using ammonium hydroxide BGE under
optimized condition. Capillary: 7am i.d. x 55cm; BGE: 1M ammonium hydroxide (pH 11); separation voltage 30KkV; capillary current
14nA; injection: 50 hPa for 10s; MS polarity: negative; peak identification a$able 1(each 2QuM).
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Fig. 4. A typical background subtracted mass spectra of substituted methoxy phenols and aromatic acid with ammonium hydroxide BGE.
A number at the right corner of each mass spectrum corresponds to a peak number.

Ammonium hydroxide was chosen as the BGE ing from harmful Joule heating effects. Therefore,
0.94M ammonium hydroxide was chosen for this
ther studies found out that the separation can be study. It was found that higher pH of ammonium
performed at very high concentration without suffer- hydroxide BGE increased the degree of dissociation

because of its high pH~11) and volatility. Fur-

Table 3
Reproducibility and detection limit for ammonium hydroxide BGE
Peak no. Compound Reproducibility Detection
Migration time, Peak area, R.S.D. limit (1.M)
R.S.D. (%),n =5 (%),n=5
1 Cinnamic acid 4.2 5.3 0.3
2 Vanillin 4.1 7.6 0.5
3 Syringol 3.1 2.5 0.6
4 Eugenol 2.6 5.5 0.4
8 Coniferyl aldehyde 2.9 6.7 0.3
11 3,5-Dimethoxy-4-hydroxyacetophenone 2.7 3.8 0.7
Conditions as inFig. 2, detection limit: S/N= 3.
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for phenolic OH, hence the effective mobility and the
analytical time. Therefore, the separation capillary
was shortened to 55cm for faster migration of the
analytes.

Fig. 3 gives an example of an electropherogram
for a standard solution containing 12 substituted
phenols under optimized condition for ammonium
hydroxide BGE. The EOF value of this BGE was
3.4 min. With this BGE, eugenol and syringol which
eluted with EOF using ammonium acetate based
BGE were clearly separated and detected. How-
ever, sinapic acid, homovanilic acid, ferulic acid,
vanillic acid, 3-hydroxy-4-methoxy benzoic acid and
4-hydroxycinanamic acid were not detected within a
reasonable analytical time. Overall, 6 out of 12 ana-

Y. linuma, H. Herrmann / J. Chromatogr. A 1018 (2003) 105-115

gives the background subtracted mass spectra of de-
tected compounds with ammonium hydroxide BGE.
No adducts of ammonium hydroxide were observed
and all compounds were detected a5+ H] .

Table 3lists the reproducibility and detection limit
of the detected analytes for this BGE. Acceptably lin-
ear calibration curvegk? > 0.995) were obtained for
the migrated compounds in the rage of 1440. The
detection limits were slightly higher than that of corre-
sponding detection limits for ammonium acetate based
BGE due to noisier baselines for this method. The rel-
ative standard deviations of this method for detected
compounds were below 5% for the migration time
and 8% for the peak area. The higher reproducibility
of this method compared to the ammonium acetate

lytes migrated and were detected. Analytes migrated based BGE may be explained by the lower variability

in the order of molecular weight except eugerady. 4

of run to run pH and BGE concentration due to much
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Fig. 5. An example of a biomass burning aerosol sample (pine wood) analyzed by the proposed method. Conditiétig. ds freak

identification as inTable 1
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higher concentration of BGE. It was found that rigor-
ous capillary conditioning was essential to minimize
run to run shifts in migration time due to its high BGE
concentration.

3.2. Analysis of biomass burning particles

The proposed methods were applied to deter-
mine the concentration of substituted phenols in a
filter extract from a biomass burning aerosol sam-
ple taken during a field campaign EFEU (Impact
of Vegetation Fires on the Composition and Circu-
lation of the Atmospherehttp://projects.tropos.de:
8088/afo2000g3/EFEldateien/efeu.htrpl A detail
characterization of aerosol chemical composition
from various wood types is under way. The wood

113

to 20 times using synthesized air in a dilution tunnel
located after the sampling tube. A five stage Berner
type impactor was attached at the end of the dilution
tunnel for size segregated particle sampling. The re-
sulting substrates were extracted in 1.5 ml of Milli-Q
water for the analysis of inorganic ions with ion chro-
matography, dicarboxylic acids with CE-UV indirect
method and water soluble organic carbon (WSOC)
with CE-MS.Figs. 5 and &how typical electrophero-
grams from biomass burning aerosol from pine wood
at the impactor stage 2 (140-420 nm, 50% cut-off) for
the ammonium acetate based BGE and the ammonium
hydroxide BGE, respectively. No interference from
the matrix was observed for both BGEs. Peaks were
identified by their migration timemn/z and standard
spiking.

combustion was carried out in a container designed The concentrations for the detected compounds in

to study biomass burning under controlled conditions.

the same filter extract using the ammonium acetate

Produced biomass burning aerosols were drawn to based BGE and the ammonium hydroxide BGE are
the chimney located above the fire place then to an summarized iTable 4 The determined concentrations
insulated sampling tube. The samples were diluted up from both methods are in reasonable agreement. A
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Fig. 6. An example of a biomass burning aerosol sample (pine wood) analyzed by the proposed method. Conditidig. & freak

identification as inTable 1
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Table 4
Concentration and RPD (%) of detected compounds (pine wood)
Peak no. Compound Ammonium acetate  Ammonium hydroxide Relative percentage
based BGE (M) BGE (uM)P difference (RPD)
2 Vanillin 2.4 2.3 43
3 Syringol Not detected 2.1 Not available
7 3-Hydroxy-4-methoxy benzoic acid 3.7 Not detected Not available
8 Coniferyl aldehyde 10.8 11.6 7.1
11 3,5-Dimethoxy-4-hydroxyacetophenone 1.8 1.6 11.8

RPD (%) = ABS(100 x (Caa — Can)/(0.5 x (Caa 4+ Can))) WhereCaa andCan are the measured concentration of detected compounds
in the same sample extract using ammonium acetate and ammonium hydroxide, respectively.

a Conditions as inFig. 1

b Conditions as irFig. 2

significant number of unidentified compounds were References

also found for both methods (data not shown). At-

tempts to identify unknown compounds in the size seg- [1] J.J. Schauer, M.J. Kleeman, G.R. Cass, B.R.T. Simoneit,

regated biomass burning aerosol from various wood Environ. Sci. Technol. 35 (2001) 1716.

types are in progress. [2] J. Kjllatrand, O. Ramnas, G. Petersson, Chemosphere 41
(2000) 735.

[3] W.F. Rogge, L.M. Hildemann, M.A. Mazurek, G.R. Cass,

B.R.T. Simoneit, Environ. Sci. Technol. 32 (1998) 13.

4. Conclusions [4] B.R.T. Simoneit, W.F. Rogge, M.A. Mazurek, L.J. Standley,
L.M. Hildemann, G.R. Cass, Environ. Sci. Technol. 27 (1993)

The CZE/ESI-MS methods developed in this study 2533.

d fuld . . f substi d [5] C.Y.M. dos Santos, D. de Almeida Azevedo, F.R. de Aquino
emonstrates a successful determination of substitute Neto, Atmos. Environ. 36 (2002) 3009.

methoxy phenols and aromatic acids. A good linearity (6] B.R.T. Simoneit, W.F. Rogge, Q. Lang, R. Jaffé,

was found for all analytes in the range of 1450 Chemosphere: global change science 2 (2000) 107.
for ammonium acetate based BGE and 1g#0for [7] C.G. Nolte, J.J. Schauer, G.R. Cass, B.R.T. Simoneit, Environ.
the ammonium hydroxide BGE. A good detection Sci. Technol. 35 (2001) 1912.

limit was achieved for all the compounds tested [8] I. Rodriguez, M.P. Llompart, R. Cela, J. Chromatogr. A 885
' (2000) 291.

The proposed methods are simple and offer a good [g) k. p. Buchholz, J. Pawliszyn, Anal. Chem. 66 (1994) 160.
reproducibility. The method can be applied to the [10] G. Kiss, A. Gelencser, Z. Krivacsy, J. Hlavay, J. Chromatogr.
analysis of complicated biomass burning aerosol sam- A 774 (1997) 349.

ples without interference from the matrix. A detailed [11] A- Limbeck, H. Puxbaum, Int. J. Environ. Anal. Chem. 73

o ; : : 1999) 329.
characterization of size segregated biomass burnin (
s f . gd 9[ . g[12] E. Dabek-Zlotorzynska, J.F. Dlouhy, J. Chromatogr. A 685
aerosols from various wood types is in progress. (1994) 145.

A separate paper concentrating on the particle [13] E. Dabek-Zlotorzynska, J.F. Dlouhy, J. Chromatogr. A 671
phase emission rates of inorganic ions, dicarboxylic (1994) 389.
acids and WOSC from various wood types are in [14] Z. Krivacsy, A. Molnar, E. Tarjanyi, A. Gelencser, G. Kiss,
preparation. J. Hlayay, J. Chromatogr._A 781 (1997) 223.

[15] A. Mainka, P. Ebert, M. Kibler, T. Prokop, B. Tenberken, K.

Bachmann, Chromatographia 45 (1997) 158.

[16] C. NeusuR, M. Pelzing, A. Plewka, H. Herrmann, J. Geophys.
Acknowledgements Res.-Atmos. 105 (2000) 4513.

[17] W.F.C. Tam, P.A. Tanner, P.T.R. Law, K. Bachmann, S.

; S Potzsch, Anal. Chem. Acta 427 (2001) 259.
This work was supported by BMBF within_ an [18] E. Dabek-Zlotorzynska, M. Piechowski, M. McGrath, E.P.C.

AFO02000 framework under contract no. 07ATF25 Lai, J. Chromatogr. A 910 (2001) 331.
“Impact of Vegetation Fires on the Composition and [19] G. cartoni, F. Coccioli, R. Jasionowska, J. Chromatogr. A
Circulation of the Atmosphere (EFEU)”. 709 (1995) 209.



Y. linuma, H. Herrmann / J. Chromatogr. A 1018 (2003) 105-115 115

[20] S.M. Masselter, A.J. Zemann, Anal. Chem. 67 (1995) [23] T. Watanabe, A. Yamamoto, S. Nagai, S. Terabe, J.

1047. Chromatogr. A 793 (1998) 409.
[21] Y. Deng, X. Fan, A. Delgado, C. Nolan, K. Furton, Y. Zuo, [24] R. Pomponio, R. Gotti, M. Hudaib, V. Cavrini, J. Chromatogr.
R.D. Jones, J. Chromatogr. A 817 (1998) 145. A 945 (2002) 239.

[22] .M. Xu, Z.L. Chen, J.C. Yu, C. Tang, J. Chromatogr. A 942 [25] O. Jauregui, E. Moyano, M.T. Galceran, J. Chromatogr. A
(2002) 289. 896 (2000) 125.



	Method development for the analysis of particle phase substituted methoxy phenols and aromatic acids from biomass burning using capillary electrophoresis/electrospray ionization mass spectrometry (CE/ESI-MS)
	Introduction
	Experimental
	Chemicals
	Instrumentation
	CE system
	MS system


	Results and discussion
	Separation of substituted phenols
	Ammonium acetate based BGE
	Ammonium hydroxide BGE

	Analysis of biomass burning particles

	Conclusions
	Acknowledgements
	References


