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Abstract: Wood, crop residue, cow dung is a primary cooking
fuel for a large majority of Indian households. Siniarly, the
fuming materials i.e. incense and mosquito coil aralso widely
used in indoor environments. Their incomplete combstion
generates particulate matter of a complex chemical
composition with high potential environmental and tealth
risks. There are an estimated 1.8 million deaths peyear due to
toxic EC and other indoor air pollutants. Therefore,
carbonaceous particulate (EC and OC) in PM, during burning
of materials i.e. fuels (i.e. LPG (liquefied petrolam gas),
kerosene, coal, cow dung, wood and crop residues)cense and
mosquito coil in September, 2013 in typical indoor
environments at Raipur, Chhattisgarh, India is measred in
the present work. The EC concentration was found in He
following order: wood (] kerosenel] crop residuesl] cow dung (]
incensel] coal [J mosquito coil (] LPG; OC was in the following
order: wood [ crop residues (] incenselJ cow dung [l coal [
mosquito coil [1 kerosenel] LPG. The highest OC concentration
was observed in all tested materials except for kesene and
camphor, shows OC is a predominant contributor to le total
carbon. The highest total carbon was observed duringvood
burning, indicates the harmful impact to the womenand children
who spent more time in indoor environment i.e. kitben. The
incense and mosquito coil were also found a sigrafint
contributor of carbonaceous particulates. TheOC/EC ratios and
contribution of SOC are discussed.
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|. INTRODUCTION

In developing countries, biomasses, agriculturalidges
and charcoal are the primary source of domesticggngl].
About half of the world households still use sdliels such as
wood, coal, cow dung and crop residues, ranging 8@% in
the developing countries i.e. China, India and Sabaran
Africa [2]. Biomass burning in the indoor environmig by
using conventionally homemade clay-stoves, calleduiha’
for cooking food, are the main cause of the indadr
pollution because of incomplete combustion duette
energy-inefficient clay-stoves and also due to thsidual
water content in the biofuel [3]. In the energyddar,
firewood, cow dung and crop residues are inexpengiels,
and readily available alternate energy sourcesoawpared to
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electricity and LPG. The incomplete combustion bége
materials generates particulates (PM), elementdloca(EC)
and organic carbon (OC), polycyclic aromatic hydndmons
(PAH), carbon monoxide (CO), benzene, isoprene,
elements, various salts, etc. in the indoor envitent [4].

The incense materials are used for worship as a=ll
to fragrance the indoor environments in the Asia fo
centuries. The incomplete combustion produces heavy
incense smoke which is causing indoor air pollutiBarning
of incense would emit a variety of toxic chemicalor
example, incense was discovered to be a signifisantce of
polycyclic aromatic hydrocarbons (PAHSs), carbon made,
benzene, isoprene and particulates [4-5]. The mibsaqwils
are fumed to repel mosquito in Asia and to limiexdent
in other parts of the world, including the Unitedats.
They contribute significantly to the indoor air pdion
[6]. Liu and Sun, [7] has investigated emissionsogdanic
compounds from mosquito coil smoke i.e. allethphgnol,
benzene, toluene and xylene, as well as aromatiakiphatic
hydrocarbons.

Carbonaceous particulate are usually classifiedo int
elemental carbon (EC) and organic carbon (OC). Efeai
carbon emits predominantly from incomplete comlmusti
process, and it has been used as a tracer for fyrionganic
carbon (POC) [8]. Organic carbon consists of POG®ickvis
emitted in particulate form, and secondary orgacacbon
(SOC), which is formed secondarily through atmosehe
chemical reactions. Generally, the EC and OC douitiei 10%
to 50% to atmospheric PM mass [9-10]. No simpldydital
methods are available to quantify POC and SOC. Some
methods have been used to estimate the SOC [8]11-13

The EC is considered to be the second largestibatar
of global warming next to CQn terms of direct forcing [14].
EC is also a potential transporter of toxic compisurinto
human and animal respiratory systems. OC represelaigje
variety of organic compounds which can be classifigd
general compounds classes such as aliphatic, amomat
compounds, acids and numerous unidentified compddsdis
Studies show that OC contributes to visibility retion and
may contain carcinogenic compounds harmful to human
health. In developing countries over 1.8 millionopke die
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every year from exposure to elemental carbon armbrot

emissions from indoor burning [16].

Carbonaceous particulates i.e. EC and OC), as tauor

components of smoke from indoor burning materias fuel,
incense and mosquito coil, not only contributedmarked
dreadful conditions of indoor environments but alsave

compounds, such as polycyclic aromatic hydrocarl§Badis)

[5. 7, 17]. Therefore, it is essential to investigamissions of

smoke from indoor burning. This study first tim@oeting the
carbonaceous particulate in indoor BMluring burning of

materials i.e. fuels (i.e. LPG, gasoline, diesekokene, coal,

cow dung, wood and crop residue), incense (i.eerise

Biomass is a base material of these two produetsricense
and mosquito coil and rest part of material is aganic and
inorganic ingredients.

COLLECTIONOFPM

The indoor environments (a standard room (3x2xX3 m
adverse effects on human health due to toxic ocganiequipped with one door and one window (1xf))m.e.

kitchen using homemade clay-stove for biomass, andlcow
dung burning, steel stove for kerosene and bedrdom
incense and mosquito coil burning was selected
collection of particulates (P)). Air sampler (Thermo
Scientific Partisol, USA) was used for collectiohRiM;, on
47-mm quartz fiber filters (Whatmann, QMA) housed

sticks, dhoop, lobhan powder and camphor) and ni@squ molded filter cassettes, in the indoor environmeiats the

coil in September, 2013 at central India, Raipurh&tisgarh
that may be useful to estimate future harmful inpaom
carbonaceous particulates during indoor burningliéferent

materials

Il. MATERIALS AND METHODS

STUDY AREA

Chhattisgarh is an agricultural state of centralidnlt is
the 16th most-populated state of the India. Abd@#&f the
population of the state is rural and the main ih@bd of the
villagers is agriculture. Most of the people usenhass i.e.
wood, crop residues and cow dung as a primary foel
cooking and other purposes. Due to tropical cli;mateost
similar type of indoor environments is allocatet aler the
India. Therefore, Raipur city, Chhattisgarh, Iniaselected
for the present work.

MATERIALS

duration of 1 hrs. The air sampler was installetha ground

level and operated at flow rates of 10 | thinAlways at least

one blank filter was used to correct for the baokgd values.
The filters were heated to 600°C for 6 hrs prioexposure for
reducing the carbon blank values.

The weighted filters were placed in the sampler amd
for the duration of the burning process. The |aaditers
were dismounted and heated up to 50°C for 6 hrenwove
the moisture contents. The filters were transferirgd the
desiccators, and finally weighted to measure theicudate
mass load and used for the analysis of carbon.

ANALYSIS OFCARBONS

A standard thermal method [19-20] was used foryaisl
of black or elemental carbon (BC or EC) and orgamidon
(OC) content by measuring the formation of C@hen
heating (in pure helium) and burning (in pure oxyg¢he
quartz filter samples. At least 3 pieces (d = 11)rfram each

for

commonly used in chosen area i.e. fuel (n = 3%gnse (n =
10) and mosquito coil (n = 4) is selected for thadg.
Gaseous to solid fuel are used for the present werk PG,
kerosene, coal, cow dung, wood (i.Bamarindus indica,
Mangifera indica, Azadirachta indica, Aegle marmelos, Ficus
bengalensis, Butea monosperma, Eucalyptus, Datura alba,
Nerium indicum, Tamarindus indicum, Calotropis procera,
Withania somnifera, Acacia Arabica, Ipomea nil, Ficus
religiosa, Ocimum bacilicum, Shorea robusta, Cinnamomum
L., Garcinia indica ) and crop residues (i.&ligna mungo
fodder, Vigna mungo husk, Oryza sativa fodder, Oryza sativa
husk, Triticum S fodder, Lens E. husk, Coriandar C. husk,

analyzed. The filter pieces were feed into a stamlsteel

cylinder which was placed in an oven purged witlrepu

helium. The temperature of the oven was increassgise
from room temperature to 350°C and then to 650°@.
oxidizing catalyst converted all carbon into £®hich was
measured with a non-dispersive infrared detectoDIR
Rosemount). The fraction volatilized up to 650°C dore
helium was defined as organic carbon fraction (G0 the
fraction volatilized in a second step at 650°C umepoxygen
was defined as black carbon (BC). However, the sfi®@C
and BC contents in this work was considered ag tadbon
(TC).

Lin husk). The majority of Indian usesaditional fuels as a EMISSIONELUX MEASUREMENT

primary fuel. Traditional fuels include wood, cheat, dung
cake, and crop residues, while modern fuels
electricity, coal, kerosene, LPG and today evemrsehergy
[18]. India is a religious country and they usefetiént types
of incense i.e. incense stick, dhoop (log), camplmishan
powder to worship the God as well as to fragraheeimdoor
environments. Incense paste is rolled around a bamshck,
is one of the main forms of incense in India. Mas®aoil is
widely used in India because they have mosquitblpro due
to high temperature increasing the breeding of mitses.

include

The emission fluxes were measured for three typésed
i.e. coal, cow dung and wood, and incense and nitosqoil.

A

The flux of PMywas determined by burning the materials in a
closed chamber (0.5x0.5x0.5*yimade up of wood equipped
with the exhaust fan and UC Davis (USA) portable ai

sampler, Fig. 1. The sampler was mounted in thentiea.
Two gram of each material was taken for the burnifige
burning was carried out till the complete burninfytbe
materials with simultaneous collection of the ghver
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the quartz filter paper (47 mm). Similarly, the sgen Begum et al., [21] has reported the EC (27.2+8.3mid)
blank (i.e. without collected on filter) was camtieut for  concentration for LPG and range of mean EC (2074220
the correction. The Py mass was weighted out, and the flux®) and OC (477-506 pg ™ for wood was found to be lesser
was evaluated by dividing the RMmass with amount of the than the present work.

material burnt. The flux for the carbon associdtethe PM,
was calculated by using the following equation (1):

PMy, IN INDOOR AIR, pg n?

TABLE 1. CONCENTRATION OF EC, OC AND OC/EC RATIOS IN

Aflux = I:)Mﬂux x F (1)
Sample Materials EC ocC TC OC/
Where, Au = Fluxes of EC and OC in the RM PMgy = typﬁ_’ EC
PM/W, PM,, and W denote the mass of R)\h the filter and LPG LPG 31 121 152 3.9
amount of the materials for burning; F = EC and ft&ction (n=2) LPG 50 130 180 26
in the PMo. Kerosene Kerosene
(n=1) 1642 247 1889 0.2
Coal Coal 837 3334 4171 4.0
Ill. RESULTSAND DISCUSSIONS (n=2) Coal 451 842 1203 19
Cow Cow dung 4.2
CONCENTRATIONOFCARBONS dung
T_h_e carbonaceous pgrticulates i.e. E_C and OC_ were (n=1) Tamarindus indica 273?982 13135172 fj§§4 79
qguantified in the PN} emitted from the different burning Mangifera indica 2489 12629 15118 5.1
materials i.e. fuels (i.e. LPG, kerosene, coal, dong, wood Azadirachta indica 1577 9534 11111 6.0
and crop residues), incense and mosquito coil iodn Aegle marmelos 8012 11800 14812 3.9
. - . Ficus bengalensis 1877 9744 11621 5.2
envanments. The sum of total cqncentranon ofde@ OC is Butea monosperma 1322 5048 6370 3.8
considered as total carbon (TC) in the present wbhHe EC Eucalyptus 883 2597 3479 2.9
and OC concentration and their contribution to F;, and Daturaaltéa 93 148 241 16
; ; ; ; ; ; Neriumindicum 1276 4448 5724 35
'2rC in the indoor environments is summarized in €abland (\r/1v201dg) Tamerindus imdicum 2155 6785 8910 31
' Calotropis procera 1267 8553 9820 6.8
Withania somnifera 2088 7561 9649 3.6
Acacia arabica 3068 9390 12458 3.1
Ipomea nil 1452 5440 6892 3.7
Ficusreligiosa 2367 12187 14554 5.1
Ocimum bacilicum 2572 14865 17437 5.8
Shorea robusta 2683 12378 15061 4.6
Cinnamomum L. 2583 7075 9658 2.7
Exhaust fan Garciniaindica 1327 8823 10150 6.6
. Vigna mungo fodder 3013 17786 20799 5.9
Suction tube o Vigna mungo husk 265 526 791 20
Crop Oryza sativa fodder 726 3474 4200 4.8
residues Or'y'za sativa husk 1619 9530 11149 5.9
) (n=8) Triticum S. fodder 2344 8001 10345 34
e _ Lens E. husk 1603 11047 12650 6.9
/ Coriandar C. husk 608 6891 7499 11.3
4 Sample for burning Lin husk 901 4671 5572 5.2
’ Mumtaj 984 7878 8862 8.0
Krishna 995 7030 8025 7.1
Air sampler Lubhan 979 8001 8980 8.2
Parivar 100 291 1932 2223 6.6
Fig. 1. A closed chamber (0.5x0.5x0.8)raquipped with the exhaust fan and Incense  Bharat Darshan 198 2280 2478 11.5
UC Davis (USA) portable air sampler. (n=10) Silver kobra 1504 8132 9636 5.4
Singarpuri 186 1097 1283 5.9
Among the fuels (i.e. LPG, kerosene, coal, cow dung Dhoop 1371 7110 8481 5.2
wood and crop residues), the highest concentranibiEC égbn?an powder 115 2574 2689 22.4
- ’ phor 1138 970 2108 0.9
(19201353 Hg I’ﬁ) and OC (84521‘1704 Hg ?)‘IW&S observed M " Hit 71 362 433 51
for wood (n = 19), contributing, on averaged, 12.2%6 and IO et 58 320 378 55
52.3+7.2% to the PM, and 20.2% and 79.8% to the TC, (n=4) Mortein 82 453 535 55
' Tartoise 60 377 437 6.3

respectively. Similarly, the lowest concentratidrE€ (41+18

pg m°) and OC (126%8 pg 1) was marked for LPG (n = 2),
contributing, on averaged, 5.1% and 16.7% to thg,P&hd

24.1% and 75.9% to the TC, respectively. The hl'ghe%n
concentration of EC (1642 ug 3I)'lwas observed compare to

However, the mean concentration of EC and OC fer th
cense (n = 10) was 776327 pg*mnd 4700+1949 pgm
, contributing, on averaged, 10.0+5.8% and 51.9%9t6 the

the OC (247 ug n°’) for kerosene, contributing 53.0% to the PMlO'and 16.0% and 84.0% to the TC, respectively. The

PM,q and 86.9% to the TC, indicate it is a black smbial
and more contributor of global warming than theeotfuel.

highest concentration of EC (1138 pg)mvas observed
compare to the OC (970 pgIrfor camphor, contributing

35.5% to the Py, and 54.0% to the TC, indicate it is a black
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smoke material and more contributor of global waugrthan Among the all selected materials, the concentratiend
the other incense. for EC was found in the following order: woad kerosene]
Whereas, the mean concentration of EC and OC focrop residue] cow dung’l incense’] coal [l mosquito coill]
mosquito coil (n = 4) was 68+11 and 378455, contiity, LPG; OC was found in the following order: woad crop
on averaged, 6.0+0.8% and 33.3+2.9% to theqfavid 15.2% residue] incensel] cow dung[] coal [1 mosquito coil (]
and 84.8% to the TC, respectively. Among the fumingkerosene ! LPG; TC was found to be similar trend like OC
materials i.e. incense and mosquito coil, the hsghe except the reverse order of mosquito coil and l@resThe
carbon concentration was observed for the incefiée. highest concentration of OC was observed in altetks
Wang et al., [5] has presented range of mean E@{220 ug materials except for kerosene and camphor comptred
m3) and OC (139.8-4414.7 uginfor incense and similarly, the EC, indicate that OC was the predominant doutior to
Wang et al., [22] has reported range of mean EG@g m  the total carbon and similarly, total carbon isigngicant
% and OC (250-770 ug M for incense was observed to be contributor to the total P The OC concentration was

lower than the this work. observed lower for LPG, a cleaner fuel than theeiofels.
The fuel choice and ventilation factors may alstecfthe
TABLE 2. CONTRIBUTION OF EC AND OC TO THE PM AND TC, % indoor air pollution. It has been reported that rope well-
Sample Matenals PM, TC ventilated room lowers the PM concentration andefuee,
type EC_ _oC EC oOC OC concentration in the cooking and living area$].[Zhe
LPG LPG 52 203 204 796 indoor burning materials i.e. incense and mosqoidtib were
(n=2) LPG 50 131 278 722 also found to be a significant contributor of carhoeous
K‘(*r:":sir)‘e Kerosene 530 80 869 13.1 particulates in indoor environments and seems talb®st
Coal Coal 140 559 201 799 equal responsible for indoor hazardous effectfiilas.
n=2 Coal 144 27.0 349 65.1
ng du)ng Cow dung 103 428 193 807 OC/ECCONCENTRATIONRATIOS
(n=1) ST The OC/EC ratios depend upon emission sources and
Tﬁﬁé:;‘erlf‘i:%ig;a ig:i gg:g ig:é gg:g secondary organic carbon (SOC) formation. The n@@@reEC
Azadirachtaindica  10.5 635 142 858 ratios of the LPG, kerosene, coal, cow dung, wood eop
Aegle marmelos 163 641 203 797 residue smokes was found to be 3.3+1.2, 0.2, 2192,
gdf;:gg?}%ﬂoe:ri; 18291 gg-g %g-g gg-g 4.3+0.6 and 5.7+1.9 respectively, Table 1. The &sgiOC/EC
Eucalyptus 122 358 254 746 ratios was obs_erved with cow dung, Wooc_j and c_r(mjm
Datura alba 1.3 21 386 614 and comparatively lower ratios for fossil fuel i.ePG,
Wood Neriumindicum 129 451 223 777 kerosene and coal. The OC/EC ratios of biomassvbed and
(h=19) Amanndusindcum 171 538 242 758 crop residue was ranged from 1.6-11.3 with meawevaf
V\Mhanig'so'imifera 176 639 216 784 4.7+0.8. The mean OC/EC ratio of biomass in thislgtwas
Acacia arabica 16.1 491 246 754 found almost near with the mean OC/EC ratio repbitg
Ipomea il 138 519 211 789 Saud et al., [23], (i.e. 5.20) and Saud et al.],[@4. 4.07) for
oglr%fnrsgilﬁzm ig-g gg-i ii-g gg-; different biomass fuels used in domestic sectorirafo-
Shorea robusta 109 504 178 822 Gangetic Plain India. Similarly, Venkataraman et @5] has
Cinnamomum L. 16.4 449 26.7 733 reported OC/BC ratios in the range of 0.28-9.09mfuels
Garciniaindica 94 626 131 86.9 used in India. Saarikoski et al., [26] has reportieel mean
Vignamungo fodder 109 64.1 145 855 OCJ/EC ratio of 6.6 from the burning of biomass fuel
(\)/rl;g;:sgﬁcg?o%i(r ig:g g?:; i?g gg:g northern European urban air, whereas, Sandra_tdeaslri_,e[ﬂ_?]
re(;irgﬁes Oryza sativa husk 98 578 145 855 has reported OQ/EC r_atlo of the order of ?.3 in ehmsspn
(n=8) Triticum S fodder ~ 13.9 474 227 773 from wc_)od bl_Jrnlng. It is declar_ed that thg h|gh@/BQ ratio
Lens E. husk 88 606 127 873 in ambient air of northern India shows influencebafmass
Co”?_?ﬂar:ug'(h”g( 152'83 gg'g félz 98%,)'% burning burning (as well as biogenic sources), evtidwer
Mumtaj 62 494 111 889 ratios to fossil-fuel burning [28].
Krishna 91 644 124 876 Similarly, the OC/EC ratios of the incense and nuitsq
Lubhan 9.0 732 109 891 coil were ranged from 0.9 — 22.4 and 5.1 — 6.3 witkan
Incense Pag‘ﬁ;rr;togarshan 8fl 5487'45 lg:é %62'% value of 8.1#3.5 and 5.6+0.5, respectively, Table The
(n = 10) Silver kobra 11.0 597 156 84.4 OC/EC ratios incense and mosquito coil varied feammple to
Singarpuri 43 252 145 855 sample. Wang et al., [5] has reported OC/EC rdtioBM , 5
Dhoop 87 451 162 838 for three different type of incense ranged fromt6.89.1 with
LO%];?] pr?(‘)"r’der 325'% gg'; 54"1'% zg'g mean value of 21.7 for the traditional incenserrfr®.2 to 1.9
T : 7> 366 164 836 with mean value of 7.7 and the highest value wasdowith
Mocsglu'to Jet 55 304 153 847 church incense. Wang et al., [22] has reported rtfean
(n=4) Mortein 56 311 153 847 OC/EC ratios ranged from 2.6-17.0 in pMnd from 4.2-18.0
Tartoise 5.6 35.0 13.7 86.3

in PM, 5. Biomass is a base material of incense and masquit
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coil. By comparing, the OC/EC ratios of incense amabquito
coil to biomass observed almost near value of OG&iGs to
the biomass in present and reported studies, tfieratice
found may be due to addition of ingredients durmmaking of
incense and mosquito coil.

THE RELATIONSHIP BETWEEN EC AND OC
CONCENTRATIONS

The EC is predominately emitted from burning sosrie
has often been used as a tracer of primary OC.cofigens of
carbonaceous particles can be qualitatively estichain the
basis of the relationship between EC and OC. Ifae@ OC
are emitted by a primary source i.e. burning, theretation
between the EC and OC concentrations should be high
because the relative rates of EC and OC emissiandwoe
proportional to each other [8]. In this study, veé evaluated
the correlation of EC and OC between only for foypes of
indoor burning materials i.e. wood, crop residuesense and

OC, ng m-3

Incense

y=4.275x+1382.
1=0.514

+

500 1000 1500 2000

EC,pgm’

Mosquito coil

mosquito coil shown in Fig. 2. No strong correlaowere S0
observed between EC and OC concentration duringjrgiof 400
wood (R = 0.63), crop residues t{R= 0.78), incense (R= - %
0.51) and mosquito coil fR= 0.74) materials. This suggests E 300 4 = 43115 + 85.87
that EC and OC concentration may not be come amlyn f 3 y= 'Z_Em“
single primary sources but would be impact of oezondary U 200 1 e
source i.e. SOC. This reason requires further tigatson of S
SOC contribution during burning of indoor materials 100 1
) 0 . T T
Wood
16000 0 40 60 80 100
14000 - ¢ EC, g
- 12000 1 Q’ ¢t Fig. 2. Correlation of EC and OC concentration dgiburning of materials
= 10000 i.e. wood, crop residues, incense and mosquito coil
= +
38000 - R SECONDARYORGANICCARBON (SOC)ESTIMATION
8 6000 1 18365 + 1085 EC is relatively stable in comparison with OC analimty
y=23.830x J . - .
4000 - RI=0.631 comes from primary sources. OC can be emitted msapy
2000 ) particles and through secondary atmospheric phetoatal
0 —o : : : : : reactions. OC/EC ratios close to unity commonl
i} i} i} i} indicates dominance of primary sources sincetmd EC
0 500 1000 1500 2000 2500 3000 3500 and OC come from the same source. The rafi@C/EC
EC, g m? larger than 2.0 [13, SQ] has beer_1 used to idetitiéypresence
. of SOC. The following equation (2) was used for the
Crop residues guantification of SOC as proposed by Castro efH);
20000
18000 | . SOC = OGga — EC(OC/EC)n )
16000 -
- 14000 1 In this equation the minimum OC/EC ratio of the eho
& 12000 1 ) dataset of each material was used
= 10000 1 ng’;;ﬁ“'l and that assume carbonaceous particulate matteitngion i
g 8000 ¢ " s mainly from primary sources andSOC is negligifileis
6000 1 OC/EC minimum ratio was then multiplied by indivaluEC
4000 1 data to obtain primary organic carbon (POC), areh tthis
2000 1 N value was subtracted from the corresponding tot@l ©
0 ' ) ' estimate SOC value. In the present work, we haleuleted
0 1000 2000 3000 4000 the SOC value only for four types of indoor burnmgterials
EC,ugm? i.e. wood, crop residues, incense and mosquito. Cdike

minimum OC/EC ratios i.e. 1.6, 2.0, 0.9 and 5.1engsed for
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wood, crop residues, incense and mosquito coil nadde
respectively. The highest SOC formation was founith w
wood (5380+1301 pg 1) followed the order crop residues
(499242590 pg i), incense (4039+1760 pg Hh and
mosquito coil (33+29 pg M which correspond to 58.1%,
56.1%, 79.6% and 8.5% to the total OC, respectivéle
three materials i.e. wood, crop residues and ireerss found
to be greater (more than 50%) contributor of SO@ntkhe
POC (i.e. 3072+403 pg h 2749+1072 ug M and 661+189

mosquito coil with wood, we found several foldsheg fluxes
of EC and OC with the mosquito coil as comparethéowood
(0.38+0.27 and 1.41+0.45 g Kg may be due to their fuming
in smoldering fire as well as addition of ingredgemluring
making of mosquito coil. Study reported that smalug fire
particles are composed dominantly by organic mdgB&i.
Stabile et al., [38] has observed EC emission 8weanged to
be 0.03-0.05 g K for incense and 0.01-0.06 g kdor
mosquito coil, respectively. Wang et al., [5] haparted mean

ng m?3 respectively), but in mosquito coil higher POCEC and OC emission fluxes of 0.44 and 7.45 ¢ ko
(345426 pg rit) was marked than the SOC value. This maytraditional incense and 0.72 and 5.15 ¢'Kgr aromatic

be due to burning condition (i.e. intermediate h@tra
between low and high temperature) of mosquito tw@h the
other three materials (i.e. high temperature bgnif31]. It

incense in PN, respectively. The emission fluxes vary for
different incenses and different particle size. Tdifferent
trend of EC and OC emission fluxes for coal, cowngiu

has been found that SOC concentration increasel witvood, incense and mosquito coil was observedhieeEC was

temperature due to greater formation of radicalshigh
temperature than in the low temperature [32].

EMISSIONFLUXESOF CARBONS

The EC and OC emission fluxes for the solid fueés i
coal, cow dung and wood, and incense and mosqaitae
measured. The EC and OC emission fluxes were rafiged
0.17 — 0.77 and 0.85 — 1.83 g kgvith mean value of
0.38+0.27 and 1.41+0.45 g kdor wood (n = 4), respectively.
Similarly, the EC and OC emission fluxes were obsérto be

found in following order: mosquito coil cow dung [1 coal

[0 wood [ incense; and the OC was found in following order:
mosquito coil’l cow dungl incense [1 coal [ wood . The
mosquito coil was found to be greater emitter sboaaceous
particulates than the other four materials.

IV. CONCLUSION

In this study, indoor emissions of carbonaceoutiquéate

0.96 and 2.79 g kyfor the coal (n = 1), and 1.10 and 4.57 g(EC and OC) during burning of materials (i.e. LR@osene,

kg™ for cow dung (n = 1), respectively. The highe&t &nd
OC emission fluxes were marked with the cow dungy tne
due to their burning in smoldering fire lead to ssivn rates
of carbons [33]. The EC and OC emission fluxesuafd i.e.
coal, cow dung and wood were found to be companraiite

other reported studies. Venkataraman et al., [25] freported
EC and OC emission fluxes ranged from 0.38- 0.&85and

0.17-4.69 g kg for wood, and 0.12-0.17 g Kgand 0.25 g kg

for dung cakes burning in south Asia, respectiv@gnd et
al., [34] has presented EC and OC emission fluxegyed

coal, cow dung, wood, crop residues, incense ansquito
coil were investigated in indoor environments, thay be
valuable in evaluating future health risk and dep#ig
exposure assessment. The highest OC concentratas
observed in all tested materials except for keresand
camphor, shows OC is a predominant contributoheototal
carbon. Similarly, the highest total carbon was evbsd
during wood burning, indicates the harmful impact the
women and children who spent more time in indoor
environment i.e. kitchen. Whereas, the lowest todabon was

from 0.3- 1.4 g kg and 1.7-7.8 g k§for wood, and 0.53 and seen for LPG, shows it is a cleaner fuel than ttero The
1.8 g kg' for dung cake, respectively. However, Saud et al.incense and mosquito coil were also marked to hEoitant
[23] has measured mean EC and OC emission fluxdseto contributor of carbonaceous particulates and hdrhiiely to

0.35 and 0.95 for wood, and 0.49 and 3.87 § far dung
cake, respectively. Whereas, Saud et al., [24] dizserved
mean EC and OC emission fluxes to be 0.37 and fth07
wood, and 0.51 and 4.32 g kgor dung cake in Indo-
Gangetic Plain India, respectively. Zhang et aB5][has
accounted mean EC and OC emission fluxes to be &7
2.69 g kg for wood and 0.01 and 0.31 g kdor coal,
respectively. Zhang et al., [36] measured mean B€ @QC
emission fluxes were 0.03 and 0.47 g*Kgr residential coal
burning, respectively. Similarly, the EC and OC ssion
fluxes for the incense fuming were ranged from 0-20.46
and 1.41 — 6.03 g Kgwith mean value of 0.35+0.10 and

biomass fuels. It was observed that the fuel typel a
ventilation factor also affect the concentratiorcafbonaceous
particulates in indoor environments. The OC/EC eoti@ation
ratios and correlation between EC and OC indich&ret is
major contribution of SOC during wood, crop resisliiend
incense burning. The different result was obseiwetie case
of mosquito coil, which is a major contributor dE than the
SOC due to their different burning condition. Sanly, the
highest emission fluxes were marked for mosquitih, coay
be due to their fuming in smoldering fire as wellaaldition of
ingredients during making of mosquito coil. Thus, i$
suggested that emission control during indoor mgmhaterial

4.15+2.00 g kg, respectively. Whereas, the EC and OCis important to indoor air quality and climate cban

emission fluxes for the fuming of mosquito coil welanged
from 1.05 — 2.30 and 5.81 — 9.43 g'kgith mean value of
1.7620.51 and 7.92+1.54 g kg respectively. The base

material of incense and mosquito coil is biomass B

comparing the EC and OC emission fluxes of incesuse

mitigation also.
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