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Abstract: The study was carried out to determine the correlation of levoglucosan from burning residues

10and atmospheric particulate matter with an aerodynamic diameter smaller than 10 µm (PM ) in order to
determine the possible sources of atmospheric levoglucosan in the environment. The anthrone-sulfuric acid

10 colorimetric method was used throughout. PM samples was collected from three sampling stations in
Malaysia (Universiti Kebangsaan Malaysia UKM, Bangi, Sempang Empat SE, Penang and Bandar Baru
Nilai, BBN, Negeri Sembilan) using High Volume Air Sampler (HVAS), while burning residue samples
were obtained by burning of selected plants parts (biomass, pine, oak, grasses and sugar cane) in furnace.

10Results obtained indicated that the concentration of levoglucosan in PM  was clearly higher at SE
(0.41±0.02 µgm ³), BBN (0.34±0.10 µgm ³) than UKM (0.24±0.10 µgm ³), while in the residue samples- - -

were in pine (3.03±0.33 mg/g), followed by grasses (2.186±0.2609 mg/g), sugar cane (1.93±0.70 mg/g),
biomass (1.78±0.98 mg/g) and oak (1.30±0.24 mg/g). The result also indicates that the softwoods produced
more levoglucosan than the hardwoods
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INTRODUCTION

Biomass combustion is an important primary
source of many trace substances that are reactants in
atmospheric chemistry and of residue particulate matter
that decreases visibility and absorbs incident radiation

. Chemically, biomass smoke particles contain[1-4]

thermally unaltered and partially altered biomarker
compounds from the major vegetation taxa burned.
However, The biomarker levoglucosan (1,6-anhydro-b-
d-glucopyranose) is formed as a result of the thermal
breakdown of cellulose present in the vegetation
subjected to biomass burning . The biopolymer[5-6]

(cellulose) decomposes during combustion, yielding a
tarry material containing anhydrosugars , which can[7-9]

be used as specific tracers for this source.
Consequently, levoglucosan was proposed as a
biomarker to trace vegetation combustion .[10-11]

Levoglucosan (1,6-anhydro-B-D-glucopyranose) is
a major component of aerosol particles emitted by
biomass combustion . Due to its source-specific[11-16]

emission and atmospheric stability, levoglucosan is an
important molecular source tracer for fine particle
emissions from biomass combustion . Levoglucosan[17]

has been found in atmospheric particulate matter over
the ocean , in sediments , in samples from the[10] [18]

burning of specific plant species  and in particulate[11]

matter over urban areas .[19]

Levoglucosan has previously been recommended as

10a single tracer for the PM  source wood combustion
. This anhydrosugar, which is formed during[11]

pyrolysis of cellulose , is emitted in large amounts[20]

during the burning of biomass and constitutes the most
important organic species found in wood smoke
particles. In addition, as it is a reasonably stable
molecule and is specific to the burning of substances
containing cellulose , it therefore fulfils the[21-22]

important requirements for single tracers to be used for
source apportionment. Electronic UV-Vis spectra were
recorded with 1650 PC SHIMADZU Spectrophotometer
in the range 200-700 nm to determine of levoglucosan

10from PM  and its possible sources from residue of
burning selected plants. All samples were read in a
calorimeter at 620 nm against the deionised water 

10In the present paper atmospheric PM  samples
were collected at three sites in Malaysia, and residue
samples were prepared from burning of specific plant
species namely biomass, pine (leaves), sugar cane,
grass and oak (stem bark) to indicate the levoglucosan
in these three different locations and to verify if
selected plants burning would be a significant source of
levoglucosan to the studied and correlated areas. Thus,
the objectives of this study were to determine the

10levoclucosan from PM  samples and their possible
sources emissions from combustion of selected plants
typical for Malaysia.
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Experimental:

Sampling:

Atmospheric Particulate M atter: Atmospheric

10particulate matter (PM ) samples with a diameter less

than 10µm were collected at ground level from three

locations namely Universiti Kebangsaan Malaysia

(UKM) Bangi, (SE) Penang and (BBN) Nilai, Malaysia

using high volume air sampler (HVAS) model Staplex

completed with a pre-treated glass-fiber filter paper

(GFFs) (20.3cm x 25.4cm) at flow rate of 1.13 m³/min

for a total period of 24 hours.

Prior to sampling, the GFFs were wrapped with

aluminium foil and combusted at approximately 550 °C

for three hours to remove all organic background

contaminants. The GFFs were weighed under controlled

temperature and humidity conditions (25 °C, 50% RH)

before and after the sampling in order to determine the

10concentrations of particulate matter (PM ). The

exposed filters were removed from the sampler after 24

hours and folded into half, face to face, and again

placed in a plastic bag and wrapped in aluminium foil.

10After PM  collection, all filters were conditioned and

re-weighed. The difference in weight before and after

sampling and the total volume of air sample were used

10to calculate the PM  concentration (µgm ). All filter-3

papers were stored in a freezer (-5 C) before analysis.0

Preparation of Residue of Selected Plants Samples:

Residue samples were prepared by a cut of selected

types of wood [biomass, pine (leaves), sugar cane,

grass and oak (stem bark)] to small pieces, drying,

placed in iron dish, wrapped in aluminum foils, burned

completely up to 300°C in the furnace for 3 hours and

then sieved (0.6mm) to remove coarse particles

10PM  and Residue Samples Extraction: One fourth of

filter paper that has been used to collect aerosol sample

is incised into 1cm four-sided geometric figure with its

opposite's sides parallel to each other by a clean

scissors and forceps in a laminar flow chamber while

(0.02 mg) of burning residue samples [biomass, pine

(leaves), sugar cane and grasses and oak (stem bark)]

were placed volumetric flask and add with 100 ml

1 0deionised water. The mixtures of PM  and residue

extracts were sonicated for 1 hour. Filtration apparatus

that connected to a vacuum pump that fitted with

cellulose acetate filter with pore size 0.2 µm has been

used to filter the mixed solution. After the process is

done, the filtered solution was kept in refrigerator at 4

ºC until analysis

Anthrone Colorimetric Method: Anthrone reagent

was prepared by dissolving of 0.2 g. of anthrone (9,

10-dihydro-9-oxoanthracene) in 100 ml. of conc.

2 4sulfuric acid H SO  97%. The reagent was allowed to

stand for 45 min until it was perfectly clear. The

reagent was freshly prepared each day and used within

12 hours . After that The anthrone reagent (10 ml.)[23]

was pipetted into thick walled Pyrex tubes (150 x 25

mm.) against 5ml of Levoglucosan standard solutions

(0.1, 0.2, 0.3, 0.4, 0.5, 1, 1.5, 2, 2.5 and 3 mg/l). then,

the solutions were transferred to a 100ºC water bath for

10 minutes to produce the green dye, followed by 4ºC

for 5 minutes, and, to prevent condensation of moisture

on the optical tubes during reading, 5 minutes in water

at 20ºC. All samples were read in a calorimeter at 620

nm against the deionised water. Then, Calibration curve

(levoglucosan concentration vs. absorbance) obtained

from data for standard glucose solutions (0.1-3 mg/l)

was drawn. This method was carry out to determine

the concentration of levoglucosan in particulates matter

1 0(PM ) and residue samples using an improved

technique in which the order of addition of reagent

proved to be essential for reproducibility corrections are

made for noncarbohydrate materials that may be

present in the sample.

10Determination of Levoglucosan in PM  and Burning

Residue Samples:

1- Each 10mL of anthrone (9,10-dihydro-9-

oxoanthracene) solution (0.2 g anthrone dissolved

in 100mL of conc. sulfuric acid 97%) in a series

of test tubes immersed in an ice water bath was

10carefully over layer with 5mL of residue and PM

sample. 

2- After all additions had been made; the tubes were

shaken rapidly and then replaced in an ice water

bath. the tubes were transferred to a 100 ºC in

boiling water bath for 10 minutes, followed by 4

ºC for 5 minutes, and, to prevent condensation of

moisture on the optical tubes during reading, 5

minutes in water at 20 ºC 

3- The optical densities were read within an hour at

620 nm against deionised water. 

1 04- Residue and PM  samples were read five times

because of likely contamination by other

carbohydrate sources. 

5- Calculations were made on the basis that the

optical densities are directly proportional to the

carbohydrate concentration.

RESULTS AND DISCUSSION

10The concentrations of levoglucosan from PM

samples and burning residue of selected plants at this

study are summarised in Table 1. Levoglucosan

(anhydroglucose) is formed upon pyrolysis of cellulose

at temperatures higher than 300 °C and is an excellent

marker for biomass burning . It may in addition also[24]
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10 10Table 1 Sampling locations, amount of collected PM , concentration of levoglucosan (LG) in PM  and plants samples

10Concentration of LG in PM  samples

10Samples Locations PM (µg/m ) LG Conc. (µg/m ) LG Conc. (mg/g)3 3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10PM UKM 50.11±4.86 0.24±.0.10 4.64±1.31

-------------------------------------------------------------------------------------------------------------------------------------------------

SE 46.00±1.23 0.41±0.02 8.21±0.20

-------------------------------------------------------------------------------------------------------------------------------------------------

BBN 50.40±3.71 0.34±0.10 7.42±0.85

Plants Concentration of LG (mg/g) in residue samples

-------------------------------------------------------------------------------------------------------------------------------------------------

Close burning residue Biomass (mix) 1.77±0.98

-------------------------------------------------------------------------------------------------------------------------------------------------

Pine (leaves) 3.02±0.32

-------------------------------------------------------------------------------------------------------------------------------------------------

Sugar cane 1.93±0.67

-------------------------------------------------------------------------------------------------------------------------------------------------

Grass 2.18±0.30

-------------------------------------------------------------------------------------------------------------------------------------------------

Oak (stem bark) 1.27±0.23

originate from combustion of brown coal , which is[25]

known to be used as fuel in local power plants.

Levoglucosan was detected at the three studied sites as

well as from burning residues of selected plants. The

results indicated that, the  concentrations of

10levoglucosan in PM  samples were 0.41±0.02,

0.34±0.10 and 0.24±0.10 µgm ³ for SE, BBN, UKM,-

respectively Table 1 and figure 1. The highest level of

levoglucosan observed for SE could be due to biomass

burning. However, levoglucosan concentrations at these

sites are far below those detected in American urban

samples (4 .86±0 .28µgm ) . Proved  by- 3 [ 6 , 1 1 ,2 6 - 2 7 ]

concentration of levoglucosan in extracts of burning

residues of selected plants (biomass, pine (leaves),

sugar cane, grass and oak (stem bark)] where the

results obtained found that the concentration of

levoglucosan in these samples were generally found to

be much high in pine (leaves) (3.03±0.33 mg/g),

followed by grasses (2.186±0.2609 mg/g), sugar cane

(1.93±0.70 mg/g), biomass (1.78±0.98 mg/g) and oak

(stem bark) (1.30±0.24 mg/g) respectively. 

The r value showed a good correlation between

1 0levoglucosan concentration in SE and PM

concentration (r = 0.98, p < 0.05) this is followed by

UKM (r = 0.96, p<0.05) and BBN (r =0.96, p< 0.05).

On the other hand, concentration of levoglucosan in

pine (leaves) was found to be higher compared to the

grasses, sugar vane, biomass and oak (stem bark).

This result suggests that levoglucosan concentration in

the areas studied was influenced by burning of selected

plants.  As expected levoglucosan, a major by-product

from the pyrolysis of cellulose  and a specific[20]

10marker for wood combustion in ambient PM  samples

. Compared to wood combustion residue the[11 ,22]

10levoglucosan emissions relative to PM  tend to be a

little lower in the hard wood (oak) than soft wood

(pine) samples. From the literature, there are

levoglucosan concentration data were available for

conclude that biomass combustion, most likely slash

burning  (forest and agricultural waste), is an important

aerosol source process in these three sampling area. 

In this study, numerous sources had been selected

to find out sources of levoglucosan in the atmospheric

10PM  such as residue from biomass burning, pine

(leaves), oak (stem bark), grass and sugar cane.

10Anthrone method analysis of levoglucosan in PM  and

burning residue samples actually involve extraction,

separation, addition of the anthrone-sulfuric acid

reagent, absorbance was read at 620 nm finally

levoglucosan quantitative. These procedures are

generally used in cases where resolution of

levoglucosan is necessary.

Conclusion: Results show that the levoglucosan

concentrations were detected in residue of selected

10plants and from PM  samples at three studied sites. It

was noted that the Levoglucosan concentration was

presented at high concentrations in atmospheric

10particulate matter PM  at SE and strong correlation

10between PM  concentration and levoglucosan provide

further supports that emission of biomass burning are

the principle source of levoglucosan in urban area.

Furthermore, levoglucosan concentration in burning

residue samples was higher in pine (leaves) compared

to hard wood (stem bark) samples. It is concluded that,

SE site may impacted by smoke from pine (soft wood)

burning. Several other possible sources were

investigated from residue burning, such as biomass,

sugarcane, grasses and oak (stem bark) are also found

at lower concentrations. The presence of these smoke

derived levoglucosan may overwhelm those from

common sources normally encountered in urban

atmospheres.
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Fig. 1: levoglucosan concentration (µg/m ) in PM10 samples at UKM, SE and BBN, Malaysia 3

Fig. 2: levoglucosan concentrations (mg/g) in PM10 samples at UKM, SE and BBN, Malaysia

Fig. 3: levoglucosan concentrations (mg/g) of burning residue samples from selected plants
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