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Chemical Analysis 6f P during Dry
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Bahareh Khezri,

Abstract—In Southeast Asia, during the dry season (August
October) forest fires in Indonesia emit pollutant® the atmosphere.
For two years during this period, a total of 67 pl® of 2.5um
particulate matters were collected and analyzedtdtal mass and
elemental composition with ICP - MS after microwaligestion. A
study of 60 elements measured during these pesioggest that the
concentration of most of elements, even those lysualated to
crustal source, are extremely high and unpredietdbting the haze
period. In By contrast, trace element concentratiomon - haze
months is more stable and covers a lower rangeerQthexpected
events and their effects on the findings are disedis

Keywords—Haze, ICP - MS, Particulate Patter, Transboundal

Air Pollution.

|. INTRODUCTION

N the past few decades, transboundary air potiutiaring

the dry season in southeast Asia has been attracteth
attention due to health problems associated witle
particulates. These annual fires are mainly causedand
clearing and “slash and burn” agricultural pradicen
Indonesia, particularly Sumatra and Kalimantan.sTikidone
in order to clear or rejuvenate the land for caltion and
planting. These agricultural burning activities aremmon
during the traditional dry season between AugusDtbober
[1-3] that can release massive transboundary diotpm (it
has been labeled haze by the general public) astirand
envelope Singapore, Malaysia, Brunei and IndoneSlze
direct effect of these fires is the productionarfe amounts of
particulate matters in the region, causing vidgipiind health
problems within Southeast Asia.

Although the phenomenon of fires occurs each yeen the
late 1990s, relatively few studies have been peréal
including studies of CO and $Qontribution during haze
period [1], [2] survey on impact of biomass burniog
rainwater acidity and composition [3], investigation haze
transportation [4]-[6]
concentration of semi-volatile organic compounds[g].

Particulate matter is categorized as one of thecgberia
pollutants, and the most important in terms of clexipy for
both physical and chemical properties. In ordeurtderstand
the responsibility of particulate matter in trangbdary air
pollution and atmospheric chemistry matters, itiportant to
study their detailed chemical composition.
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and study of composition an
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to Studies on particulate matter in Southeast Asidude
reports of total mass, organic carbon/elementalbarar
(OC/EC) and water-soluble ionic and organic speows a
limited period of time, , but we are not aware of a
comprehensive study on elemental analysis of pdatie
matter during the dry deforestation season in Sioga[9] —
[15].

In this work, particulate matter with aerodynamiandeter
2.5 micron (PMjs) or less collected over two years. These fine
particles are able to scatter solar radiation, ax a
consequence, they often have a large impact on lmcad
?/egional visibility and contribute to the atmospbeeflection,
thus affecting regional and global climate [16] 38] In
addition, the rates of some chemical reactionsoresiple for
dry and wet acidic precipitation can be increasedesthese
fine particles can be entrained into clouds in Bmundary
tkI]ayer [3].

Il. EXPERIMENTAL SECTION

A.Sampling Site

PM, s sampling was conducted at the roof top of Schdol o
Physics and Mathematics (SPMS) around 15 metengeate
ground and 67 meters above sea level. This sampliegis
situated in the western part of Singapore andfisenced by
emissions from major power plants, incinerationisenical
industries and petroleum refineries located in dgrésland,
Tuas and Jurong Industrial Estate and urban vedriduaffic
as well.

Singapore is located in Southeast Asia, south ofstWe
Malaysia, south of Java in Indonesia and east ofic®a in
Indonesia with latitudes between 11090 N to 1129@nd
longitudes between 1031360 E to 1041250 E.

Singapore includes the main island of Singapore @&&d
jslets within its territorial waters. The main isthis about 42

m from west to east and 23 km from north to south.

Because of its geographical location and maritiowecage,
its climate is characterized by uniform temperatumed
pressure, high humidity and abundant rainfall. Theate of
Singapore can be divided into two main seasond\trtheast
Monsoon and the Southwest Monsoon season, Fig.
separated by two relatively short inter-monsoonaquoksr.

Table | has summarized detailed information abdw t
Singapore climate.

B. Method of Sampling and Analysis

Based on our program, BMsampling started in October
2009 and ended in December 2011 with totally 58@rfi
samples. For this study, a total 67 samples frongu&tl to
September for years 2010 and 2011 were analyzed.
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TABLE |
SINGAPOREWEATHER INFORMATION

Classification Duration Wind Direction Rainfall

from the land toward the sea ) )
Northeast Monsoon December - March ) Continues heavy rain
(Northeast winds)

Isolated to scattered
from the sea toward land
Southwest Monsoon June - September late morning and early
(Southeast/Southwest Winds)
afternoon showers
afternoon and early
Pre South-West Monsoon late March - May Light and variable winds evening showers often
with thunder
Scattered showers
) . ) with thunder in the late
Pre North-East Monsoon October - November Light and variable winds
afternoon and early

evening.

These sampling periods covered two sever hazed=eiio Concentration of 60 elements was obtained usinggglent
September 2010 and October 2011. All samples wev&00 series Inductively Coupled Plasma-Mass Speetrer
collected on 200x250 mm (Paliflex, EW-200010) cmditier ~ (Japan) equipped with d°3yeneration He reaction / collision
filters using an Echotech (HiVol — 3000, Australinjgh cell (ORS) to minimize interferences. Final optimized
volume air sampler. The sampling period was 24&ddurs instrumental operating parameters for this appbcatare
based on weather conditions with a 67hthflow rate through summarized in Table Il. The developed methods cfomiave
the filter. digestion and ICP - MS analysis were evaluatedguév8a
standard reference material (SRM 1648a) of Urbatideéate
Matter. Briefly, the average analytical results ageod
agreement with the related certified values with difference
between the two values being less than 20% for elestents.

. T dmeSept [T 7 Dee-Mat
ASRA - ' ASTA -
Hotsummerﬁ © - Coldwinterair -
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Fig. 2 Northeast Monsoon (Left) and Southwest Moms(nght)

= aﬁ C.Reagent
 RORCERS Ultra pure 65% percent HNOwas purchased from J. T.
ol Ly Baker, Canada, whereas 30% HCI was purchased fremkyl

| Germany. ICP-MS single element calibration stansldfd00

’ ppm) were obtained from High Purity Standards (G&ston,

SC, USA), Inorganic Venture (Christiansburg, VA, A)Sand

f‘amu Environmental Express (Charleston, SC, USA). Fbr a
' solution preparation and dilutions, high purity @matvith 18.2,
MQ cm resistivity was used (ELGA, PURLAB Option — Q,
UK). HNO; — HCI 2% solutions were used as the background
matrix of reagent blank, calibrations standards digksted
samples to avoid errors related to matrix incoesises.

< Jurbng - |
Industrial Estote

Fig. 1 Singapore Map (A), sampling site locatiowaoeds main road
(B) and Industrial areas (C), Sampling site, SPBIE top, NTU (D)
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TABLE Il
OPERATING CONDITION AND INSTRUMENTAL SETUPFOR ICP-MS
Parameter ICP-MS
Instrument Agilent 7700 Series (Japan), MicroMist

nebulizer, Quartz spray chamber, 3 channel
peristaltic pump

Tuning Solution Li, Mg, Y, Ce, TI, Co; fig/L; 2% HNG;

RF Power 1550 W
Nebulizer gas flow 0.7L min™!
Auxiliary gas flow 0.35L min?

Lens voltage Extract 1: 0 V, Extract 2: -200 V, Omega Bias:
-90 V, Omega Lens: 10.8

Octopol e Parameter Octp RF: 200 V, Octp Bias: -18 V

Cone Ni Sampling cone, Ni Skimmer cone

Collision Cell 3¢ generation Octopole Reaction System

(ORS), He mode

Agilent Integrated. Autosampla&s|),
sample uptake rate 0.3 mL minrinsing time
19Cs (Ultra pure water an2% HNCg)
3 readings per replicate, 3 replicates, total 123
sec

Sample Parameter

Data Acquisiation

I1l.  RESULTAND DISCUSSION

During two last years, Singapore experienced tweeha

periods in 18 to 23° October 2010 and "8to 13" of
September 2011 with maximum pollution standard Xxn@RSI)
values of 96 and 62 respectively.

Usually in August, Southwest Monsoon conditionsibeg
weaken in the region due to frequent incursionsmufist
easterly winds blowing from the equatorial Pacifdcean
towards the region. During September, Southwest 9don
conditions continue to weaken. Towards the lastknefethe
month, the region begins to display signs of grathaasition
into Inter-Monsoon conditions, with winds weakenimg
strength and becoming more variable in directiooutBwest
Monsoon conditions continued to prevail in thetfingalf of
October and began to weaken around middle of thethmas

No:4, 2012

Fig. 3 combination photo shows a view from SPMS top on a
clear day (top) on June 20, 2011 and shroudedZa ftzottom) on
September 10, 2010

As can be seen from Table Ill, the concentratiomost of
elements, even those usually related to crustatcesy are
extremely high and unpredictable during the hazgoge By
contrast, trace element concentrations in non naaeth are
more stable and cover a lower range. Fig. 4 shomss trends
for the concentration of all measured elements ndutthe
sampling periods.

It is interesting to note that significant incremsa the
concentration for most of the elements (Li, BeN&, Mg, Al,

Inter-Monsoon  conditions set in over the region.eThy ~- sc Ti V. Cr. Mn. Fe. Ni. Co. Cu. Ga G, Se, Rb

prevailing southeasterly to southwesterly winds roviee
ASEAN region also gradually weaken to become magiet |

Sr, Zr, Mo, Rh, Pd, Ag, Sn, Te, Cs, Ba, La, Ce, B Os, Pt,
Tl, Pb, Bi, Th, U) are observed during both hazequks (16th

and variable. The Southeast Asian weather is slyongg 3.4 Oct 2010 and 8th to 13th Sep 2011). Althotie

influenced by the El Nino Southern Oscillation (EDN)SJluring
this period. The southwest monsoon greatly conttmscross
equatorial transport of haze from Sumatra and Kalitan to
Peninsular Malaysia and Singapore. Fig. 3 showsw from
SPMS roof top on a clear and hazy day on June @01 2nd
on September 10, 2011 respectively [19]

The average concentration of all elements fromtal #®7
PM, s filters during a 3 month sampling period in yea€d0
and 2011 are categorized in clear and hazy daypeesdnted
in Table III.

average concentration in hazy days is higher coeap#r clear
days, for some of these elements (Ti, V, Ni, Co, 3a, Cu,
Ga, Ge, As, Zr, Cd, Mo, Rh, In, Sn, Te, Cs, Ba, ®&§, and
Tl), the slightly higher concentration ranges ireasl days
suggest that it can be apparently due to variaimcteir local
industrial emissions.

Since measured trace elements during haze perigdd be
affected by background particles, source apporteninis
more difficult. These elements may have two diff¢igources:
the combustion of vegetation or the remobilisatéparticles
that were previously deposited on the vegetation.

An interesting feature in this data is a local ¢yealled the
Hungry Ghost Festival, that has surprisingly insesh
concentrations of several elements (B, Na, Mg,KaAlK, V,
Mn, Fe, Ni, Co, Zn, Cu, Ga, Sb, Ba, Hf, W, As, Bb,Rh, TI,
Pb, Bi) in 24" August 2010 and f4August 2011.
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TABLE Ill

MESUREDTRACE ELEMENT CONCENTRATIONS(NG M)

Hazy Days Clear Days
Elements Coné.vgange Std Median Geomean Conﬁ.v;ange Std Median Geomean

Li 6 2o 0 11.8245 16.0051 17.061 L 36109 47615 52008
Be 0.0mhe 267 0.0746 0.1032 0.0981 AN 00244 00338 00371
B A g7gy  3792.425 5064.231 5128932 05910 5047141 2173601 2025299
Na o oo s 122982 14565.65 1705405 | > OO0L 5660016 81806 7310855
Mg L4 s 2257433 1331.779 1878834 | 20000 | 827.2794 1095084 1010757
A 106 2T s 18664.92 4498.426 T196.68 L goririamnage 219282 2641472 2102907
K SB74 oo o5 7245.986 6080.964 6830.007 . SO0 08T . 1915820 2663004 2474773
Ca gy o S g 1029502 7562.698 0502522 ) 21009927 3450301 4934807  4503.695
Sc o 0.6739 0.6819 0.8839 g 0.2611 02716  0.2865
Ti o 41.7929 28.2742 se1s18 20062 gsgoes 181431 17.0302
v I g 243747 31.3288 405007 227372 | 274858 172131 157745
cr e o 7.5444 6.7607 8.2639 Lt aaae 27544 43623 45337
Mn B o6 14.1991 28.6033 07825, T2 8es7s 148143 154004
Fe 156 o 213.0715 323.6812 3207546, S20TSTN 1311478 2019924 1925585
Ni & 5ot a1 ans: 5.2776 11.3491 107984 0002 4933 8991 8.463
Co 1o s 0.2216 0.2986 0.3348 Lo 58 01781 03118 03294
zn a7y oS erg | 2110562 904.6238 1130853 o cTooAd0l 1633749 1203603 1103508
Cu st o 6.1313 6.6804 7.5661 a8 . 62999 82711  8.9025
Ga o G380 90.6852 130.2056 94826 | o002 | 1047421 110.9063  95.6512
Ge oL 0.0834 0.0538 0.0673 oo 00934 00377  0.0369
As et 1.1253 0.9159 1.238 odsan e 09309 11407 11502
Se S o7 0.5853 0.5675 0.794 v e 03796 04525  0.4378
Rb Losd e 21126 2.349 2.6179 05ista s 00505 19726 19114
S 52 Sam bt 1o 108.4363 46.6733 651589, otOM 377922 553351 450738
zr Lo 2.7518 2.8001 2.707 0200t i 43515 20593 20234
Mo 0,283‘:’3%351966 0.3421 0431 0.437 0.0252?25_22358 0.3511 0.3241 0.2929
Rh oo 0.0628 0.0418 0.0553 00 un 0036 00355  0.0342
Pd o 0.0288 0.0104 0.0183 000t 4t 00093 00119 00111
Ag oo 0.0641 0.0827 0.0737 oraa 00295 00378 0.041
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TABALEIII
CONTINUE
Hazy Days Clear Days
Elements Coné\}/?eange Std Median Geomean Conévlsange Std Median Geomean
cd A e 0.2436 0.2198 0.2746 o 02313 0.3054 0.3202
In o 0.0102 0.0095 0.0118 o s 0.019 0.011 00132
sn Lo 10571 1.4409 19279 1o 0.8119 0.891 0.8058
b oo 7 0.0274 0.0383 0.0412 o 08 19369 0.0306 0.0304
Te o o 0.0166 0.0138 0.0156 o 6 0.009 0.0003 0.009
Cs 00 o 0.1183 0.1289 0.1321 0 0.0527 01011 0.0027
Ba 12130081181 1355 3794078 210.1176 BT e mgrsay S19728L 285.7684  278.892
La s 12279 11335 12157 oo 0519 0.6606 0,634
Ce 0 s 2.3496 3.325 2755 o s 15094 19306 17543
Gd o 0.1921 0.2416 0.2195 o 0.0789 01177 01025
Hi oo s 0.0399 0.0632 0.058 o 0.116 0.0464 0.0465
w 0016102632 0.0974 0.1579 0.1019 oo 0.7029 0.1301 0.1134
Os o 4o 0.0234 0.0288 0.0252 o 76 0.0151 0.0119 0.012
P 0_00%2_25 3677 0.0224 0.0115 0.0166 0_08'1%_25‘416 0.0087 0.0105 0.0096
1L oo e 0.0245 0.046 0.0478 e 0.0253 0.0434 0.0455
Pb 1o e 7.8519 6.4598 8.131 RSoct 35246 7.1562 6.9469
Bi o e 0.5326 0.2228 0.2994 O 02 0.1623 0.2961 0.283
™ 0157509934 02788 0.4603 0.4485 T 0.1615 0.2003 0.1871
u 0000 s 0.1165 0.1265 0.1478 e 0.0572 0.0933 0.0894

The Hungry Ghost Festival is a traditional Chinese festival
and holiday celebrated by the Chinese in seventh month of
lunar calendar. The fifteenth day of the seventh month in the
lunar calendar is called Ghost Day, and at the beginning of this
day people burn bank notes, joss paper and incense all over
Singapore. These results are consistent with findings during
haze periods that suggest vegetation and papers release same
elements.

Another important finding was related to Shell Refinery
fires in 28" Sep to 2™ Oct 2011in Pulau Bukom Island,
Singapore. The highest concentration in this period was
observed for V, Mn, Fe, Ni, Co, Cu, Ag, Rh, Mo, Sr, Ti, Pt
and Os.

Other periods with high concentration of elements are listed
in Table 1V. According to the effected elements, it is likely
that these unexpected events are related to local industry
events these unexpected events are related to local industry
events. However recorded the PSI for these events is not more
than 30.

TABLEIV
UNEXPECTED INDUSTRIAL EVENTS
Period Effected Elements

1 Aug10 Li, Be, Mg, Ca, Sc, Ti, Cr, Mn, Fe, Ni, Co, Cs,
15 —-17 Sep10 V, Mn, Fe, Ni, Co, Cu, Mo, Ag, Sn, Te, Tl.

23 —-24 Augll Na, Mg, Al, K, Ca, Sc, Rb, Sr, Rh, Pd, Pt, Tl,

Pb, Th, U.
12 —-14 Oct11 Be, B, Na, K, Sc, Ti, Ge, V, Cr, Co, Zn, Ga,

Ge, As, Se, Rb, Sr, Zr, Mo, Rh, Pd, Cd, In, Os,
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(5) Shell Oil Refinery Fires.

Fig. 4 Time Trends Element Concentration, (1) Ghost Day , (2) Haze Periods, (3), (4) and (6) Unexpected Industrial Events,
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Fig. 5 Temporal Changes in PM, s concentrations and PSI from August to October 2010 and 2011 (PSI from National Environment Agency of Singapore).
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Fig. 5 shows the average concentrations of PM, s and PSI
readings which are indicative of ambient air quality. An index
value between 1 to 50 indicates that the air quality is in the
good range for that day, 51 to 100 in the moderate range and a
value of >100 would mean that the air quality is unhealthy
[19]. The pollution index converts the measured concentration
of air pollutants (PM;, O3, CO, SO, and NO,) to a scale of 0 -
500. However, during haze episodes the PSI is always based
on PM,, concentrations, as these greatly exceed those of other
pollutants [12]. Since previous studies suggested that forest
fires produce mainly fine-mode particles we expect that PSI
and PM, s concentration data are in good agreement.

The areas of forest fires ranged from several hundred
kilometers to around 2000km from Singapore. Day-to-day
particle concentrations change significantly in response to
spatial and temporal trends of meteorological factors, such as
wind conditions (direction and speed) and rainfall (number of
rainy days and amount), and of fire activity and Industrial
events.

As shown in Fig. 5, both the PSI and the PM concentrations
followed the same trend during this sampling period,
signifying that the PSI for the day was determined by the
prevailing PM concentrations. It could also be seen that there
was a periodic increase in the values of both the PSI
(maximum 86) and the PM,s (maximum 91 pgm™) on a
number of occasions during September 2010 and October
2011 which was apparently due to the influence of fires from
Indonesia [19].

IV. MICROSCOPIC ANALYSIS

Several studies have applied Electron Microscopy
techniques to characterize particulate matter over the past
thirty years. The SEM uses a focused electron beam across
sample to scan it under vacuum. The electron beam interact
with sample and produce different effects that can be
monitored with suitable detectors.

Fig. 6 shows SEM micrograph of individual particles
during haze events. The microscopic observation of the
biomass burning PM2.5 sampled confirmed the presence of
most major components (microsoot particles, salt condensate,
vegetation relicts, soil-dust derived particle) mentioned
inother literature [20-21].

Morphology of different type of particles are shown in Fig.
7. The morphological differences between soot aggregates
and other particles are mainly related to differences in their
formation and size.

V. CONCLUSION

Among considerable major fires around the world each
year, uncontrolled fires in Indonesia during the months of
August through October are most notable. These extensive
Indonesian forest fires are widespread and caused
transboundary air pollution problems in Southeast Asia.

. A * Py
— lpm JECL 3/9/2012
5.0kV SEI SEM WD &.2mm 18:38:12

Fig. 6 SEM Micrograph of PM2.5 during Haze Events

165



International Journal of Earth, Energy and Environmental Sciences
ISSN: 2517-942X
Vol:6, No:4, 2012

Fig. 7 Morphologies of PM2.5 during Haze period: (A-E) salt condensates
and vegetation relicts, (F-G) soot particles

It seems Singapore was very greatly affected by the forest
fires in the surrounding region especially those in Sumatra
depending on the prevailing wind direction. In this study, we
present a detailed chemical characterization of ambient PM, s
during the dry season in 2010 and 2011.

In summary the influence of biomass burning on PM, s mass
was clearly identified and its impact on elemental composition
and related concentration was investigated. Accordingly,
particulate matter concentration and its source should be
monitored in order to prevent adverse health effects. Our
results show that huge increases occur in the concentration for
most elements during haze period. Because of the background
particle composition, source apportionment of data for these
periods was complex. Therefore, monitoring of biomass
burning emissions should ideally be carried out with the use of
several years’ data including thee organic and inorganic
components to obtain more reliable data for source
apportionment.
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