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ABSTRACT

Monitoring and chemical analysis of airborne particles in the smoke of
dried cow dung (biomass) is very important for the health of human. The
cow dung biomass is used as energy source in several rural areas of Tur-
key and other countries in world. In this regards, this study is focused on
the quantitative and qualitative chemical analysis of indoor airborne
particles distributed by combustion of this biomass were made. Mass con-
centration and heavy metal content of airborne particlesin filter samples
were determined by using Scanning Electron Microscope and Atomic
Absorption Spectrometer analysis methods. The mean concentrations of
Pb, Cu, Mn, Sn, Zn, Al, Bi, Ni, Cd, Hg, Fe, Cr, Co, Ag, Asareranged from
0.95+0.25 to 1.85+0.66, from 1.44+0.39 to 3.04+0.54, from 0.32+0.005 to
0.85+0.006, from 0.03+0.002 to 0.28+0.006, from 23.25+7.54 to 44.06+9.12,
from11.20+2.22 t0 20.04+2.05, from 0.05+0.001 to 0.18+0.02, from 2.69+0.86
106.44+2.99, from 0.03+0.002 to 0.06+0.009, from 19.16+2.86 to 56.26+14.36,
from 0.06+0.004 to 0.15+0.02, from 0.1140.03 to 1.1740.05, from 0.10+0.05 to
0.27+0.07, from 0.80:£0.06 to 3.58+0.60, and from 1,48+0.093 to 5.23+0.91 pg/
m?® respectively. These results showed that the heavy metal concentrations
of theindoor airborne particleswere higher than thelimited values guidelines
by World Health Organization. © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

Approximately haf of theworld usebiomass(dried
cow dung) fuelsfor cooking and hegting at home. Bio-
mass fuelsrefer to burned plant or animal material;
wood, charcod, dung and crop residues. These sources
account for morethan half of thedomestic energy in
most devel oping countriesand can account for asmuch
as95% inlower income countries'¥. Around 2.4 bil-
lion peoplerely on biomassfuel sastheir main source

of domestic energy for cooking, heetingand lighting*9
and afurther 0.6 billion peopleusecod. Dried animal
dungischeap but an inefficient material that greatly
pollutesthe environment®®. Theadverse hedlth effects
of indoor air particul ates are often exacerbated by lack
of ventilationin homesusing biomassfuelsand by the
poorly-designed stovesintheseliving areas. Thecom-
bustion efficiency of biomassfuesisasovery low, thus
ityiddsreaivey highlevelsof incompletecombustion
products, which aremore harmful to human hedlth. In-
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door air pollution iscritical aso because peopleare
alwaysin close proximity to the sources and people
spend agrest fraction of their timeindoor. Furthermore,
suspended particlesin particular havereceived much
interest dueto epidemiologica and experimental evi-
dencedisplaying anegative healthimpact. Both mass
and concentration of particulate matter (PM) have
shown acorrel ation between acute heal th effectsand
measurablefunctiond changesinthecardiovascular and
respiratory system(®. According to another study per-
formedin Turkey, Gani and collaborateinvestigated to
effect on lipid peroxidation and antioxidant activity of
exposed to biomass. They observedtoincreaseof lipid
peroxidation and decrease of antioxidant activity asa
result of exposed to biomass™.

Indoor air pollution concentrations depend on a
large number of factors such asindoor sourcesand the
emission rates, the penetration of outdoor pollutantsinto
theindoor environment, and the pollutant sink or re-
moval rate onindoor surfaces.

Studiesindicatethat there are morethan 30 can-
cerousmateriasinthe pollutedindoor air'*5227, Mogt
theseareheavy metas(Pb, Cu, Mn, Sn, Zn,Al, Bi, Ni,
Cd, Hg, Fe, Cr, Co, Ag, Asetc.), carbon monoxide,
asbestos, polycyclic aromatic hydrocarbonsand their
derivatives, oxygenated organics, freeradicalsand ra-
dioactivematerias(suchasRnet.c),, whichadhereto
theindoor airborne particles'®2, Therefore, itisvery
important toidentify the sourcesof indoor arborne par-
tides

Given that so many househol ds cook indoorswith
biomassfue sunder open combustion conditionsand
that such combustion leadstordatively largeair emis-
sons, it would seem possiblethat the resultingindoor
concentrationswould besgnificant. Indeed, Smpleequi-
librium cal cul ations using assumptions about theroom
(volumeandventilation) andfud (burningrateand emis-
sionfactor) indicatethat potential indoor concentra-
tionsof particulatescould beseverd tensof milligrams
per cubic meter (mg/m?3) during the cooking time?,
Thisistwo orders of magnitude greater than thelimit
theWorld Hedlth Organi zation recommendsfor 24 hour
public exposures (0.10 — 0.15 mg/mq). Further, the
Japanese 1 h standard of 0.20 mg/m?3, and new Indian
annud standard of 0.20 mg/m?for residentid areasare
asoviolated®!. Itisnoted that if thesecalculationsare
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accurate, avillagewoman cooking for 3h per day would
inhaetheequivaent of what shewould recel ve by smok-
ing ten or more packs of cigarettes per day!*.

The biomass combustion at asmall scale can be
emitted to near environment the particulateswith heavy
metal content at significant concentration dueto thelack
of ventilation and poorly designed stovesinliving ar-
eas. For thisaim, the objectives of the present study
areto measure mass and number concentrationsof in-
door particlesindifferent householdsinrura aress, and
determinetheir heavy metal concentration by using
AtomicAbsorption Spectrometer analysistechnique.

EXPERIMENTALS

Samplingsites

Toinvestigatetheindoor air quaity inseverd rurd
areasof Turkey, samplingwas carried out during biom-
assburning from November 2007 until February 2008.
Siteswere sdl ected depending on the household and fud
used. Air sampleswere collected from twenty two rura
sitehouseholds. Thetypeof biomassusedintheseareas
variesdueto different agriculturd patterns. For example,
inhabitantsthat utilize cattletend to usedried anima ex-
crement asafud. Themgority of housesinrurd village
aressaremadeof mud, stoneand brick. Theventilation
of these housesisthrough windowsor doorsand ade-
tailed description of thehousesisshownin TABLE 1.

Sampling procedures

The particle sampleswere collected filtering ap-
proximately 5.00 cubic metersof air onto 47 mmdi-
ameter and 0.45 pum pore size: Millipore SA 67120
Molshem, France, mixed cdllulose acetate and nitrate
filtersusing ahigh volumeAir Sampler was devel oped
and used previoudly in laboratory!®!, Sampling system
shownin Figure 1isequipped with aplastic stamp to
avoid metal contamination, and haveaflow rate of 12
liter per minute.

Samplepreparation

Thesamplesfor theanalysisof heavy metdswere
extracted into acid solutionsusing ahot plateinthefol-
lowing sequence. Filter sampleswereplacedinaTeflon
container and treated initially by concentrated acid so-
lutions (3 mL HNO,, 1 mL H,SO,, 1 mL H,0O,)
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(suprapur, Merck), evgporated to dryness, heated again
at 60 °C, treated with 1 mL concentrated H,SO,
(suprapur, Merck), 1 mL HNO, and 1 ml H,0O,
(suprapur, Merck), and then diluted with double deion-
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izedwater (Milli-Q Millipore18.2 MQ cm resigtivity)
uptoavolumeof 10ml. Blank filterswerea so trested
inthesamemanner with samplefilterstocheck theheavy
metd impurities®,

TABLE 1: General description of sampling sites.

Site Area

Sampling space Height (Meter) Room Area(m?)

Ventilation, condition

Fuel used/activity

Rural, resdential, lost of greenery,

1 low traffic, large number of Living room 3
livestock in most houses
2 Rural, re_sdentlal, mud building, Hall living room 25
low traffic,
3 Urban, no greenery, low traffic. Living room 28
4 Urban, near road, midle traffic Grocery 35
5 Rurd, resdential, mud building, kitchen 25
6 Rural, resdential, Coffee house 3
7 Rural, resdential, mud building, Living room 2.8
Rural, resdential, mud building, large -
8 number of livestock in most houses Heall living room 25
9 Urban, resdential, closeto road, Grocery 3
10 Rural, residential, mud building, Willage mosque 11
Rural, residential, mud building, large
u number of livestock in most houses coffee house 4
12 Rural, residential, mud building, kitchen 2.8
13 Rural, resdential, lots of greenery Willage mosque 7
14 Rurdl, resdential, Living room 25
15 Rural, resdential, mud building, kitchen 25
16 Rural, resdential, coffee house 3
17 Rural, resdential, Living room 2.8
18 Rural, resdential, mud building, Willage mosque 6.5
19 Rural, resdential, mud building, coffee house 3
20 Rural, resdential, Hall living room 3
Rural, residential, closetoroad, large .
21 number of livestock in most houses itchen 28
22 Rural, resdential, mud building, coffee house 3

Window opening (one),

Dung/normal household

12 close activites, smoking.
Window opening (close) .
20 and door (close) Dung and crop residues
15 Door (open) Dung and crop residues./
coacing.
30 Door (open) crop residues
9 Window opening (close) Dung and crop residues/
and door (open) coocing
Window opening (two) .
48 (open) and door (open) Dung/ smoking.
13 Window opening (close) Dung/normal household
and door (close) activites,
Dung/normal household
15 Door (three) (close) activites,
25 Door (open) Dung and crop residues
Window opening(four) .
220 (close) and door (two) (open) Dung and crop residues
35 Door (open) Dung/ smoking.
14 Door (open) Dung
Window opening (close) .
180 (two) and door (open) Dung and crop residues
20 Window opening (close) Dung / coocing
14 Door (close) Dung / coocing
Window opening (close) .
40 and door (open) Dung/ smoking.
Window opening (open) .
22 and door (open) Dung/ smoking.
140 Window opening (close)(two) crop residues
and door (open)
40 Door (open) Dung/ smoking.
20 Door (three) (close) Dung / coocing
20 Door (close) Dung / coocing
50 Window opening (open) Dung/ smoking.

and door (open)

I nstrumentation

Sampling operationswereconducted in each month
of the biomass burning period (3timestotal). During
theremai ning biomassburning period, sampling opera-
tion was performed twice. Thesampling operation was
performed in day time and lasted for about 7 hours
eachtime. Theindoor medium temperatureduring sam-
pling wasbetween 18-21°C.

Health risk values of particle sizeshave been de-
fined by thelnternationd Standards Organization (1SO),
in1SO 7708 (1SO, 1995). Particlesizesare based on
the behavior of particlesin thehuman respiratory tract,

and are derived from the depth of entranceintoit. Hu-
man hedth-related S zes according to these conventions
areclassified as: inhaable (particleswhich can bein-
hal ed through the nose and mouth), thoracic (particles
inhaled which can penetrateinto thelarynx), and respi-
rable (particleswhich can go beyond the larynx and
penetrateinto the unciliated respiratory system) (EN,
1993).

Solair 1001+ mode airborne particle counter was
used to measurethe particle number concentration. The
Solair 1001+ airborne particle counter offersasensi-
tivity of 0.1 micronwith aflow rateof 0.01 CFM (0.283
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LPM) and awiderange of up to 20.0 microns.

1
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Figure 1 : Sampling system 1)Funnel, 2)Filter place,
3)Conversion valve, 4)Timer, 5)Power Switch, 6)Pump,
7)Pressuremeasur e, 8)Air flow control valve, 9)Air volume
measure.

Weighing was carried out with an electronic mi-
crobalance with 0.0001 mg resolution. For the heavy
metal sanalyses, a Perkin-Elmer Analyst 700 Atomic
Absorption Spectrometer (AAS) wasused. Pband Cd
levelsinthefilter samplesweredetermined by aHGA
graphitefurnace, using argon asaninert gas. Themass
concentrations of Hg, Asand Aginthe sampleswere
analyzed using the Perkin-Elmer Optima 2100 DV
mode! ICP (Inductive Coupled Plasma) and hydride
system. Determinationsof other heavy metal contents
werecarried out in an air/acetyleneflame. Treatment
response was assessed according to World Health
Organization criterid®. Experimentd dataisgivenas
mean values of at |east three measurements of each
samplecollected.

Particulate matter isnot asinglepollutant, but amix-
ture of many typesof pollutants. Theterm PM can be
defined asacomplex mixtureof suspended particleswith
different physical, chemica and biologica characteris-
tics, which determineboth itsbehavior, aswell asitsen-
vironmenta and hedth effects. The heterogeneouschar-
acteristic of PM includesparticles of different nature,
shape, Size, dengty and chemica composition. Themi-
crostructure of the samplesand the PM mass concen-
trationswasdetected using a Scanning Electron Micro-
scope (SEM aPhilips 30XL SFEG Netherland).

RESULTSAND DISCUSSION

M ass concentration
Themassvariationsof particulatescalculated are
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shownintheFigure 2. PM total mass concentration
valuesranged between 255.0+23.43 ug/m?*and 316.7
+ 14.47 ug/m? inside the house where biomass was
used asan energy source (Figure 2). At sampling Sites,
therewasvariationinthemassof PM. Thischangein
variation was principaly governed by the activities of
inhabitants along with factors such asbiomass com-
bustion. For dl sampling sites, when biomass combus-
tionwasin progress, themassconcentration rosesharply
and peak concentrations of 2220 - 3870 ug/m?were
observed (Figure 2(a,b,c,d)). A study conductedinru-
ral Lahore, Pakistan by Colbeck et al .!*9 on exposure
from cooking with solid biomassrevededthat PM
ranged from 500 — 18,900 ug/m?® during a cooking
period. Thisvariation was primarily dueto the contri-
bution from biomasssmokeindoors. Thesefindingsare
in agreement with Park and Leg?, who reported the
particleexposureand sizedistribution fromwood burn-
ing stovesin CostaRica. They pointed out that particu-
late levelsincreased rapidly during cooking and de-
creased quickly after cooking. Concentrations of PM
inair particulate samples of the study areawerefound
higher than that of the WHO® standards. PM con-
centrationswerea so found variable acrossthe differ-
ent sampling aress.

Thelargest PM concentrationswere observed at
gtel9, stel6, site 11 and Site 6, where biomass burn-
ing was used heavily and people smoked and no venti-
lationwasinaction. Thelowest PM concentrationswere
noticedinsite 10, site17, site 5 and site 22 of which
ventilation was sufficiently provided through windows
and doors.

Itisknownthat indoor PM levelsareinfluenced by
indoor particlegeneration and by infiltration of outdoor
air. Particlegeneration indoors can be caused by spe-
cific sourcesby human activitiessuch asbiomasscom-
bustion and environmenta tobacco smoke?. It hasbeen
shown that inindoor micro-environmentswherethere
Isno specificindoor source of pollution (e.g. smoking
or combustion processes), peopl€’s activities may rep-
resent animportant source of suspended particles®2,
Even thevery presence of peopleinanindoor micro-
environment may causee evated PM concentration lev-
els. Thus, the highindoor PM concentrations presented
inthepresent work may beattributed to the suspension
and generation of particlesby thecombustion of biom-
assinsdethehouses.
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sampling sites (ug/mq).

Number concentr ation
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samplesisshown in Figure 3. Indoor number concen-
trationsin sampling siteswere greater than those ob-
servedin literature®. The particlesize of the pollutant
wasvariableand thusthe concentration val uesshowed
total dust. The number concentration val ues ranged
between 22, 862 + 944 of particles per cubic centime-
ter and 84,720+ 868 of particles per cubic centimeter.
Thehighestindoor particeconcentrationswas observed
at site 9 (59,615 + 2017 of particles per cubic centi-
meter) and theminimum indoor particle concentration
wasmeasured a site 7 (23,705+ 2271 of particles per
cubi c centimeter). The concentrations of microscopic
particlesweresgnificant, especidly when compared to
resultsfound in other internationa studies. lan and col-
leagues (2008) measured indoor air quality at rura and
urban sitesin Pakistan. ThePM,, . and PM_ ; maximum
and minimum concentrationswerefound to be between
310 and 8,170 pg/m3, and between 500 and 18,900
ug/mé3, repectively. They dso measured theindoor num-
ber concentration val ues between 6,624 and 53,053
of particlesper cubic centimeter.

Chemical analysis

Theheavy meta concentrationsin theobtainedfil-
ters are evaluated and the results from the chemical
andysisof haf of thefilterscollected at thetwenty-two
sitesarepresented in TABLE 2. Indoors, heavy meta
concentrationswhich wereobtained in emitted particu-
latesfrom combustion of biomassweregeneraly higher
than the WHO standards®?. Thelevels of Pbin the
filter samplesranged from 0.95+0.25t0 1.85+0.66
ug/m?3, and thehighest Pblevelswereobtained for site
2and site 15 (TABLE 2). Asannual average Pb limit
concentrationsin PM was suggested as0.2—0.5 pg/
m? by WHO. High lead concentrationsin PM inevery
sampling stemay besgnificant for humanhedlth aslead
particlesareknownto be highly toxic?¥,

The proposed valuesfor Pb are based on the con-
centration of Pbintheblood. Theupper critica vaue
of Pbis54.00 pug/L in the blood. A Low value of Pb in
the blood is also dangerous. WHO was suggested a
0.50 ug/m3limit vauefor Pbin air. Department of En-
vironment and Conservation suggest 0.05 pg/m?3 per
day as an annual average and 2.00 pg/m® asadaily
averageintheair. Inthisstudy, Pb concentrationinbio-
mass combustion smokewas found higher than these

The exchange of number concentrationsfor filter  suggested vaues.
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TABLE 2: Heavy metal concentrationsin filter samplesanalyzed.

Site Pb Cu Mn Sn Zn Al Bi Ni cd Fe Cr Co Ag Hg(x10®) As(x10?)

139£0.22 257+0.92 059+0.005 0.03+0.002 36.64+10.06 14.24+7.77 0.07+0.001 2.74£1.08 - 2998t11.14 0.08£0.004 0.27£0.04 0.19£0.04 148095 290+3.00
185£0.66 1.95+0.59 036+0.004 0.03+0.002 36.31+3.83 1312+2.89 0.05£0.002 6.44+2.99 - 2874£1275 0.14+£0.08 043£0.06 0.13+0.05 237045 289121
142+£0.24 2.33+1.31 041+0.007 - 3860£2.98 11.13+5.88 0.05:0.001 4.25+1.83 - 3440£14.60 0.11£0.009 0.29£0.04 0.15:0.07 243+148 202+0.52
127+0.22 3.04+0.54 - - 34.89£15.70 12.17+4.00 0.06+0.002 3.85+0.81 0.06+0.009 21.70£10.03 0.15+0.02 - 027+0.07 218£0.89 379221

1
2
3
4
5 096041 156+0.38 - - 32.34+4.40 1581+8.59 - 397+1.98 - 2663t1597 0.11£0.02 043£0.01 0.21£0.004 355:3.09 162£225
6 148+0.35 267+0.16 0.32£0.005 0.06£0.001 40.93+6.72 13.95+4.58 0.08+0.006 4.65+1.89 - 31.24+3.79 - 0.44+0.04 - 1374073  307+3.38
7 165:023 260+1.00 039£0.009 0.08+0.001 3594+544 1354+4.43 018+0.02 2.77+0.95 0.050.005 28.12+5.43 - 0.48+0.06 - 312£023  173£1.62
8 - 249+0.58 045£0.007 0.04+0.002 29.1313.69 16.86+7.95 0.09+0.005 2.91+0.47 - 22.43+0.06 - - 021+0.02 275:0.54 523091
9 151+0.50 1.76+0.23 - - 3248+8.29 1543+1.97 0.08+0.001 569£1.02 0.04+0.007 34.91+15.85 - 051+0.17 - 236£1.71 226036
10 165+0.84 1.95+0.31 - 0.06+0.002 30.98+12.86 16.28+4.82 0.08+0.001 4.92+1.25 0050.004 2239:5.69 0.12£0.03 0.74£033 017£0.06 215136 298+0.78
11 149+021 163+022 042£0.005 0.06+0.003 44.06+9.12 17.30+6.67 - 4.13+1.92 005+0.003 2865t2221 0.12£0.06 - - 177+1.16  346+1.04
12 150+0.25 251+0.09 062£0.007 0.05+0.002 31.44+5.69 16.69+11.84 - 5.28+2.92 0.05+0.008 30.29£19.54 012+0.05 117+0.05 020:0.02 248+086 4.63t1.84

13 166£0.28 271+0.39 042£0.006 0.07+0.003 28.46+11.69 1381+5.45 0.08+0.004 450+1.99 0.05:0.004 19.16:2.86 0.14+£0.04 0.69:030 0.14£0.06 358060 4.20+0.12

14 - 2.14+£0.64 0.63+0.004 - 4331+2.56  11.20+2.22  0.10£0.009 4.56+0.75 - 2448+4.38 012+0.02 011+0.03 021+0.02 155t122 250:0.85
15 176:0.54 1.91+0.53 0.71x0.007 - 42224340 1394+6.31 0.07+0.003 3.75£1.10 - 27.73£7.69 - 086+0.50 0.14+0.08 178£1.11 148+0.93
16 095+0.25 2.17+0.73 046+0.006 - 36.07£11.45 1407+2.79 - 4.12+2.79 - 56.26t14.36 0.07+£0.003 0.38+0.08 - 080+0.06 315+2.01
17 143+0.79 240+0.93 - - 35.06+6.61 17.98+8.43 - 407+2.10 - 40.76+11.84 0.08+0.007 0.33+0.22 017+0.04 206061 263+0.12

18 - 229+0.23 - 009£0.001 3316+4.21 2004+2.05 0.12+0.008 2.69+0.86 - 27.50£3.03 - - 016+0.06 0.82:0.72 396+1.37
19 149049 1.99+0.73 060£0.005 0.06+0.004 3361+7.04 14.52+7.15 0.13+0.009 331+1.13 0.03+0.002 29.90:2.94 - - 010£0.05 137120 392+143
20 147023 144+0.39 085+0.006 0.06+0.001 36.71+823 842:197 0.09£0.004 523238 0.05£0.006 38.03+12.23 0.06+0.004 0.36+0.16 0.15+0.04 268:0.88 295+1.31
21

103:049 198:0.54 062:0.005 028£0006 3498:6.75 1136:5.18 005:0.001 3214106 - 202141029 - 056:022 020:003 217:168 342:142
2 131:021 169:0.77 - 0040001 2325:7.54 12461219 - 336:115 - 2118096 - 014006 013:004 156:001 381056
Limit

e 02057 01’ 018 - - 50° - 1®  oos - o1 of - 01 ooms

3aWHO, 2000; "DEC, 2006

WHO recommended 0.0011 pg/miasalimitvaue (l11) wereobtained for site 20 (0.06+0 ug/m?) and site
for chromiumV1 and 0.11 pg/m3for chromium Iilin 4 (0.15+0.05 pg/m3) (TABLE 2). Cr (l11) results cor-
PM. Inthisstudy, minimum and maximumvauesof Cr - respond with WHO standards.
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Thehighest Al concentrationwasfoundinsite 18
a520.04+0.05 pg/m® whilethelowest Al concentration
wasobtainedinsite20 (8.42+1.97 pg/m?). Aluminum
content infilter samples of the present study wasalso
highwhen comparedtotheAl limit value(annud: 5 ug/
m?) suggested by Department of Environment and Con-
servation (DEC) (DEC 2006).

DEC suggested thevaues of 0.33 ug/m?and 0.13
ug/m?for inorganic and organic mercury, respectively;
and 0.0055 pg/m?® and 0.055 pg/m3*for arsenicand ar-
sine, respectively. DEC suggested 1.0 ug/m? Hg per
day asan annual averageand 2.0 ug/m*Hgasadaily
averagein breathed air. Thelevelsof inorganicHgin
the filter samples ranged from 0.80 + 0.06 ng/m?®to
3.58+ 0,60 ng/m?and the highest Hg level swere ob-
tainedinsite13andsite5(TABLE 2).

Hgand Asvaueswere measured at ppb levelsin
the present study, both of these elements are strictly
dangerousfor human health and should be monitored.
Thefatd risk vduesfor Hg and Asare approximately
66.00 ng/m?(1:10000) intheair.

Thelimit valuesfor Mninair asrecommended by
DEC are0.15 pug/m?® per day asan annua averageand
2.50 ng/m? asadaily average. Considering the neuro-
toxin effectsof Mn, WHO was suggested a0.15 pg/m?
limit value. Inthisstudy, thelowest Mnlevelsobtained
wereinsite6(0.32+0.10 pg/m?®) and site2 (0.36 +
0.02 pg/m3). The highest Mn concentration was ob-
tainedinsite20 (0.85+ 0.88 ug/m®) (TABLE 2). Mn
content was not determined in some sampling sites.

Nicke causesdermatol ogicd effectsin humans, if
swallowed; it may |ead to cancerogenic effect. DEC
suggested 0.015 pg/m? per day asan annual average
and 2.00 ng/m3 asadaily averageintheair. Alterna-
tively, WHO gives 1 ug/m*asadaily averagefor Ni in
air. 250 ng/m? (1:10 000) is determined as fatal. Ni
concentrationsare also found to be considerably high
in biomass combustion smoke. The highest concentra-
tion of Ni was found in site 2 (6.44 + 2.99 pg/m?3)
(TABLE2).

Oneof theother hedlth treating el ementsis Cd for
which 0.005 pg/m? per day asan annual average and
2.00 pg/m®daily averagesweregiven by DEC. Inthe
filter samples, Cd concentrationsvaried between 0.03
+0.01 pg/m®*-0.06 +0.01ug/m?3 and Cd content was
not determined in some sampling Sites.
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DEC advicealimit valueof 0.02 pg/m?® of Co per
day asan annud averageand 0.10 pg/m? asdaily aver-
age, but our measurementsaredightly higher than these
suggested values. Thehighest Co concentration was
determined as1.17+ 0.05 pg/m3insite 12. However,
the Co content wasnot determinedin site4, Site8, Site
11, site18and site 19 (TABLE 2).

Theresultsof our measurementsfor Cu arelower
than therecommended limit values provided by DEC
(0.10 pug/m3 per day astheannua averageand 5.00 pg/
m? asthedaily average). Inthefilter samples, thehighest
Fecontent was56.26+20.36 ug/miinsite16 and 40.76
+ 11.84 pg/m?in site 17 (TABLE 2). The lowest Fe
content wasfoundtobe 19.16+2.86 pg/mi at site 13.

Snisavery important eement whichishighly dan-
gerous. Thevaluesfor Sn are between 0.03ug/m® and
0.28 pg/m?3 according to our measurements.

CONCLUSIONS

In thisstudy, the chemical analysesof indoor air-
borne particlesdistributed by combustion of the cow
dung biomass used asenergy sourcein housesof some
rural regionsof Turkey were made quantitatively and
quditatively. Mass concentration and heavy meta con-
tent of arborne particlesweredetermined by usng SEM
and AAS anaysismethods. The measurement results
indicated that themass of particulate matterswerefound
to behigher than the standards values. Moreover, the
AA Sresultsshowed that the heavy meta concentra-
tionsin different particulate mattersemittedinsideasa
result of biomass burning were detected to be higher
thanthelimit valuessuggested by WHO. Theseresults
associated with indoor air particul atesin somerural
housesare dueto thelack of ventilationinliving areas
using biomassfue sand poorly-designed sovesandthus
low combustion efficiency of the biomass. Inthisre-
gard, itisaso concluded that theinvestigated living-
environmentsisso critical for especially childrenand
women should beafirst priority of the public health
authoritiesintermsof designandimplementation of in-
tervention actions.
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