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ABSTRACT

Demands in global engy are rapidly increasing causing demand for the stock of
fossil fuels. Currently, atmospheric G@nd other greenhouse gases due to the
burning of fossil fuels introduces environmental concerns and the need to find other
clean and renewable sources ofrggesuch as biomass. Biomass is considered to be a
"CO; neutral” fuel, with economic and environmental benefits. However, biomass and
specifically wood pellets are responsible for air pollution that includes levels of
particulate matter (PM), carbon mondei(CO), volatile organic compounds (VOC)
such as polycyclic aromatic hydrocarbons (PAHS), elemental cak®©)) ¢rganic
carbon BC), and emissions of heavy metals and toxic elements that are found

adsorbed tgarticulate matter emissions

The aim of ths study was to investigate the impact of biomass combustion with

respect to conditions and fuel types on particulate matter emissiong).(FENght

types of biomass, commercially available the last years in Greece for domestic

heating, were investigatedsth a s : -laaéhoca kpoi ,n e i mpine-o askpd ,u c e
A100% spruceo, A100% beecho, Aol i ve pel |

Abriquetteso and common Awood oako.

A lab-scale device was developed in order to simulate the combustion process using a
tube trnace providing it with different oxygen flows and a filter holder system to
collect directly their PMp emissions. The real combustion tests were carried out in
two domestic togeed, pelleffired stoves and in an open fireplace as well.
Determination ofparticle size distributionof partides with a scanning electron
microscopgSEM) was followed Measurements were made as to the various forms of
carbon (TC, EC, OC, CC) as well as PAb{sgas chromatographmass spectrometer
(GC-MS). Metals adsorbed oRM;, particles were determined after pppriate
treatment as followsFe, Mg, Zn, Al, Ba, Cu, Cdby inductively coupled plasma
optical emission spectrometry (IGBES), Cr, Mn, Co, Ni, As, Hg, Py inductively
coupled plasma mass spectrometry (ICMS) and Ca, Na, K by atomic absorption
spectrometry (AAS). Some of them such as arsenic, mercury, cadmium, nickel and
lead are highly toxic and thus harmful to human health, even at trace concentrations,
due to the long term exposure of population.



Average PMo emissions ranged at higher levels at lab scale combustions with flow
oxygen at 20 % in the exhaust gas compared with those with 13 ®%aking clear

the essential importance of combustion conditions. The concentrations at pellet stoves
of 10 and 8,5 kWvere very low in relation to the fireplascehere there was the
highest. The maximum permitted particle emission limit according to the European
Standard EN 303.05 is 150 mg/and pellets that do not meet the necessary quality
requirements under incompletembustions exceed these limits. Regarding the total
carbon, the highest concentrations resulted in laboratory conditions with 206 O

the exhaust gas, followed by the fireplaamed the same trend applies to the total
metals As concerns the concentiati of total PAHs, they were found to be higher at
13% O, than at 206 O,. The PAH concentrations measured from pellet stoves of 10
and 8,5 kW were lower than those in-&dale combustions, concluding that the
combustion conditions play a significant ratethe emissions of biomass. The PAHs
concentration in the fireplace reached the highest emissions contrary to the other

appliances.

Wood fuel quality, the amount of fuel and the airflow setting are the main parameters
that can influence PN emissions. Brticles from incomplete combustion conditions

are more toxic than particles generated under more complete combustion conditions.
Substantial differences in the burnout qualities of traditional and modern technology
appliances were detected, which alsceetiéd the toxicity of the emissions. Pellet
stove appliances presented the lowestPmissions contrary to the old technology
appliances such as the fireplace where emissions were the highest. High organic
emissions were correlated with low combustidircefncy and high emissions of toxic
organic substances, e.g., benzo(a)pyrene or benzo[b]fluoranthene, which can be
avoided by high combustion temperature and sufficient oxygen availability in the
flame, enhanced by good mixing and sufficiently long residetime in the
combustion zoneDlive pelletis a new biofuel made from natural wood raw materials
without impuritiesandrespond to the demand for cheap and clean, domestic energy
and unlike other typesf pellets, has limited odor and low levels of peutate matter
(PMyp).
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7.2 NB¢g YKt AN| 7| EtT¢F ot ptT) Et) E
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GgooaUsUy  AMpys 0U8WE U R Uds oaUilGd Udd bosseYs
Udd UUsoeUUBadwald) s wmBesy WUsesaedUUiBg GaaUy 6
ZUd GgsycUsU o9sU Ues "~ jeulusecysteh Urs 0Ggo:
eg) L3 YasdyUaU aUs "Goagoegoeasat s UjpreUUsal 3
GoUlGey OUUsayd UsUlsaUGaUd U~ Jasljumeimlid h Uwsr
eUUYaoar3 UseasgdeddalUs Uie eydasliass O clrxal
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Usg U UadGPOBSIGP-MSE UMAS. GsU Uea "~ elitiscgysleh
UseasgdeddalU Usci asld Uvs GaaUjyys U0 g 0y o
Udd Ueci @aslidd, ~UjUaUbe KUsBs5slgbebft)(iBs
£6) Gl 3 Ysedgslehld, 6joUssafhd, GUesscUsUsahd ol
U UsUsi GU3s Uslssee 3 8aU0U;o2U00aU ©Wacs GaaUy -
(Total Organic Carbod) a Us CHNs U3 Uag Ue . ¢y oaad, 8 3 600lc¢
"Boagoageasat 3 UjreUUsoal s giuPUddecdEsdpvars Ux

Co

GaaUy vy3 eU UlUoscoavyyeeldyYssase, Ud Useddid oaUs
U saUUYaadod GUead U Ud usUtsdidrfhas® Udd U:
Extraction(SPB , Uds ~Uj UaUbe Ueg UUeaseacgi UsUai ¢!l

"y eolely s0efhd GOMSy ) jedls a0, UosUsyYoUUUs d uUUsoe UL
Uss U; "8 "~ Uy UaUebhby¥YsUOUUs Ue " jeegoslieysas
U0 "~ U3 0 ¥3y GUesscUaU egUga U ¥YoaaU aUU; 0¥
aUgaUy) saU Udd oWls 0dd BSeaYeUJd) gaiiss)y asaeslU
UsUagUsayd eUdhliegd.
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7.

3

| PEt oA Fgg AL

s Y &g Al suprapur Hydrochloric Acid 30%, Merck

M9 Y a'gE VB, suprapur Nitric Acid 65%, Merck
HgoidfgoglUc®ds¥a dIB Ehultielement standard solution (1000
mg/L), Merck (Ag, Al, B, Ba, Bi, Ca, Cd, C&r, Cu, Fe, Ga, In, K, Li, Mg,

Mn, Na, Ni, Pb, Sr, Tl, Zn)

Ygod §Yoagile UU) pMercwsydtomic Spectroscopptandardsolution
U iU U sSigmadfirich, readyto useC(Hg) = 1000mg/L

Yg o i B Y algje DU 3 Arsesié Atomic Spectroscopystandardsolution,
U q@U U sSigmandfirich, readyto useC(As) = 1000mg/L

Yg o # § Y obyjevle o Bsothides lon Chromatography Standard solution,
U d@gU U sSigmaAdfirich, readyto useC(Br’) = 1000mg/L

Ygo @ fYogaxet) s fChlbtisteslon Chromatograptandard solution,
U iU U sSigmaAdfirich, readyto useC(Cl)) = 1000mg/L

Yg o 8§ Y aagx W), Nitrateslon Chromatography Standard solutiong ¢
U U U sSigma&Adfirich, readyto useC(? B) = 1000mg/L

Yg o 3ilifs Yo @ o U ( 6 j, Phosphate lon I@omatography Standard
solution,U (U U oSigmahdfirich, readyto useC(PB,*) = 1000mg/L

Yg o @i B Y a8 4Jo Sulfate lon Chromatography Standard solutiorg d
U U U sSigma&Adfirich, readyto useC(SB4*) = 1000mg/L

@9 Y o'g Bidbloromethan€99.8% purity), Merck
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> 9 Y &g ekane (99.9% purity), Merck

> 3 8 o UUYOUphlgnrdgate standards (fluored&0  Umyrened10,

Cambridge Isotope Laboratories, Ing)s Uy 6 G deldBU)} secy re UUsoe

eydshiwa Us UsUagUyd “~6g UapslUadUscld®d olsly
gooaysUypvyadd “~jyealUseyszeg 30U “~jelluseysalU
"o UUYOUUUs "3 HUg 6@ UasUs UsUagUed cdce
3UcdUa, yUGs 100U 39 U 1aUsU0d GUds Us U:
9U UcgygUiioa 6d oWgooys Uy vdd Uesg UsUai Ud 3l
U Geyld €U UaUasdq Useg "~ eUi @g.

(@] Co « Co

Co

> pUg U0 9 Vw0 ‘9j0fr( g Deélterated internal  standards
(acenaphthend10, phenanthrenal0, chrysenel12, perylened12,

Cambridge Isotope Laboratories, Iné.a 3 U9 y 3 U GgtdUUUsaf
GgadUUUs a1 3 23v¥0Ued Ggoeay3Uyvyidd Ue 6 @
GU0aoeU Uosyosbtd "3y93 Uds UsGUovyoe Usg o5l
99U oY¥YdU GgaUUUsaf Ggooejyas3lUUs U UgUH

“JediimsidUa d GgoeysUyrvlGe Usg.

> Y3 A UG 5 ¥ ol ERAPAHSs (naphthalene, acenaphthene, acenaphthylene,
fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo[alanthracene,
chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene,
dibenzga,h]anthracene, indeno[l1,2¢8]pyrene, benzo[g,h,i]perylene) 1000
eg/ml, G U dichloromethane Ud dgU U U s j SighhgAldrich o U 92-
methylnaphthylene, benzo[e]pyrere | Jperylenel difU U sSupelday

o

> ¢ UsYoegBAHsUWexzecdd GU GsUsacdiadw Wy UbddUe

o

U U U s $igmaAjdrich.

7.4 Atz ¢)

> Pellet( " UBa@¥gd), U f
?2yUd dGUssY¥Yd, t. OA)UGTFTBE | . K, oiyrvrsUd, | o
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v

Bos

Pellet( 100% 639Y), U f Uds UUUsy; UaU Art n
0¥, t. OA)UGTBE | . K, iy ¥sUd, jdesU, Ka
Pellet( Ua-¥Uittejsgd), U h Uds UUUsjMddeld ¢s. 7 ¢.
Fuels KGUjeesoyd jJ 396 e6adidd dosseeyYesUd & ¢
g1 a 6ad ) JaUlald, AKeayvYuU.

Pelet( 100% UaYUd), U f UdiyasOMbleenFletsU ¢ s . 7 ¢
AiUyecoyd 3968 6adqudd desseyYsUd & ©BUj Uo
¢1a0 6ad JJaUltalUdg, KeaavudU.

Pellet( " g} d3hages "~ gy daUaUsegyoUasg), U f C
-Modern Fuels KGUjecoyd | 396 8adidd cdoa
bosoUBglag) a ead |} oaUlalUd, KeaYul.

Pellet ( UasYd) , U f Ud s UOUsy; UaU AY. 3 Y. A
3 8 1eyhsUrxs KesyYd), zgUsesesd, AKaeaYluU.

z } ooy UUs s@¥ayyq U f  TedhmoPell2ti Ug slig @ Ua

] UUssaed, AKaaYlulU.

2i a6 Uy ghd, UTéchnorglites jBUGssjUba §J UUsosed, Aoo

UoUGUpelletss dg Uts®alUeddalUs U UgUe Uds Uy

d=6 NMma Us Us eeoaed Usgd ogebaanmlUsi Bé¥ys UOaU
e U UEN1496itH Bg aisUGUYOUsd Udd ed=90seay UU(d
Us d=30angd AsahsU 7. 1).

aUs

mmo

AKooahsWMaiddlhoeseeyYesUd (U) oaUs e | say Ul
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7.5 BAU] ?] & FIETKIKE

7.5.1 ot | 2AtE T IEECE Tt mALlOz) ¢Bs¢qQL) E

] . ANU) EE¢NL) TB RBIEE¢dz) T) IECE

jJdisee 6oeddalU Gi GUdeRMy, tivobeedlWUewaqgdldg U-
UsU UgedUa U “jedoesieUse UsltuUsaUsysafh (BUy
U3 (Gei}ys3e oaUiddd Udd bsee¥YsUd, U R Hf ag

deU tUsoeUUsadyalUd "e6g UsU UiecddaU
s UUsoMmalUd 7.2 oaUs 7.3. EU "3 xvU0U; 6
G0 GgsdealUd "6g “~je08eeoaY¥Ysaegs y3U
ohsze GUds yzeue Urxs U UUjavxs) oaUs [
U a Utie uUusYUUaqdgUg ©PsGdpGEy Odsoshnh -~ Uy o
GUUoUse 6addd GU eUo¥Yase bUdeh Udd esUd ~ a0
aU0sUcgy o901t 3 "~ UpUohaUxs ( 3 e0Uyend/h)e U} sct
idesegjoeddalUs oaUsai UU; Ud G gl33de adlsgg oohli al digU dC
y3aliae Uxys U UUjyar3) “6g “jelGeeaopeleisgs Usd
(Eskilssoretal., 2004;Johanssoetal., 2004;Menghinietal., 2008).
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GosU Uds U04aYWUxgUrolls UeddaU calU aUs; ¥ U fy :
J]169aY 99U Uds oaUidd Udd bocscevYsUyged)ddigea’
U0Us jThermthgatt ¢ 0 UG v U0} soe cmieelre U@)0e d® Uoa Uy 6 3 ¢

a
"3 803 UeeUUsUe dUjesgoy UGaUd (Asafhs3U 7. 4).

i Y]]

KoohsBut*ad3rvURd Gei j Brergawditdd OUUUs ) UaUd

B UUsoeUUsae Udd "~6g 64 d 66 ERMIegdddligy UUs
Thermo Electron Corporation, Uf G 6 PMypoait e UUa s U FHMise BU@&3 o9 U
"Uyei GU yj3 Ugs UPMoilr0OBdgaUsz WB6UgUR ) dhscea
U0 GaaUj U, ~ oMA 18510430 dsd) sl TMAN Ulgs Ue y Uy 6 g

47 mm, 100circless. Bd@@Usoa¥Y d UsU RdUGd Uxs GreUUstl
aaUye, Ue 6 cae bjyalalUUs 863Us3zhUU; U GUGs

(e

(e

aaUjeg, “e6g UGgooej} UtlUa G¥veUUalisU eyey s 0,3

B uUUsoegUUsBae Udd U sUUaUa €50 osUUUGsUge

GgoaitU Uxs GaaUmms ' Umslm allUW 76 " salU 2a300U0s
PMpoG vye UUstiarvs “eg UsyjyeesUUs U ' f Ue @i aUdeU
d "3 UoeUUs 6adtd Udd Ggesscoed Usg UsyuUs
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"UyeglioYsUUUs ¢ Wdbojcddilsxn@Uddagys VUBU GdaaUy U
Us edUUdey3U GU Usilsosaeid g etieclUad.

KoohsB wlUBnpegUUsae Udd 6010860 GFRRINM YIdi,s 2008l a

B tUsoeUUgare Udd "~ UjysaUeb¥YasUs Ustusscgid U @
e capeUUUUi egs Ues GaaUpMpUdUs BOUGGgBBwdek
UaUcosGUs 691 3U0Ud U UgUR Ues Uyh 8 Usd ~sac
UgUesa UasUs GUsUoaABs eoyUlisfh | G@&&geady yd cdU

jelyhtidad gojy UdaUds sallgd WUUBaaaaxledg U j 60
A alidd, ~UjysaUeb¥Yszegs eUUUsasoayd bYOGUsd aU

Us GaaUye U Goae fh Uds UsaUcslGUs sadid U vo

"je0lUse)o0eh (KsoahsaU 7.6).

KoohasBMotobydgleholslledy Urs GaalUy vy3 Usg UUs

166



g6 o9i}Joe GLeU Usg uUUsoeUUsae Ud UasUs U f{
GdeUutsUGeyse 100U 30 usUGGUaaslOUUs fHUs @0
8 @osacgglie eUU Uauegd uUsUjjee oaUUFs Ude midY) ol
Usg tUUsoeUUgae Ud UaszUs, U alGdd, UyUessasd,
GosUadligld Ueg UstGUjechelUseg Uyy U aUs U Ushe
Uys GyeUUsilars U Y3y (WHboehBU rysr§alU Urxs Ga

KoofhaP Uosdfggoili)oe UUas aEhérndofleckahBi6e FRWU U a ¥ 3 .

"beai UdeUsUseafh 3 hoae U sUyal8U 208U Ud usUu
dydd Ueg uUUsoegUUsae Ud, ¥d “~j3ed Uds y3eloc
aUeai U0} U U gUUayGeUUU "Updr odgyyddsad ells gUsiiilbssee |
hde “~ 96 96830y UasUs ugsU0UfR aUds UVaUaU o Ui
g hyd aUs Uds U atijyUGd Udd dU; ephU0OquUUd aUes
U (i G6UdeU tUsoeUUsadyalUd U aldd “~UysalUch
"Po Uy g lisoed Lehbyld D44 Trivdc ‘AsDyal Stage( Asafh3 U 7. 8) .

cjeldd Udd UsUesaUd GgsadUUUUs GUdq uUsUGGYesi
U0y a¥vys Udd oaUilGdd “3e8d Us tUsoeUUsae U(d,

eyoo0Ue uUg3UURseb Ulgd) dJBae sag3adiesjoed G Usoe UUs
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-

stisgeassdqUsoeae UUsoeUUsadqyaU UszszsUalUUs HfUs

33Uy haddad Uxs UUyaxvys U K Uds oaUiGd 30 Ua
Usa ye 63UUs U Uds oUilGd Udd Opeew¥dgUfrs¢s
mih. ¢U Uy UaUdystUsay Udd Uz UsaaUd GUas3e3UU:

a3 Ua Ujguy70dUdy) stUsayY Uz UaalUd Usg ~ Us)

gUci UqUU ¥{33cfm=5.4n¥h
] 3Usece UUeg15Torr
tdeid £deU{1/3hp

gY0d/ Gge 3 hl115/60/1Y/Hz)
s UG UY G Us d | 20x9x10
dY) e d 20,41 kg

Ko o 7.8:¥ Us Ulseybbld D4A Trivac A Dual Stage
A atdd, UsUsUaUd Ueg oUoes3hUsd HUs UU o0
goje 856i3U0Us GU oY 6se bUdeh, 95U 30 UaUL
UsiGyy Us (Gdey ¥, Us edUUeddalU Ueylyrd eUUY Us
eolU " UoatiU Gge io3rv0dd Y¥maBBdl 37.990coUe YU
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KoohaBU3a08U

gyasd e0UY Uds yszaela
"Uy UebYogalegsWld U Goas A
Gei (KwohaU 7.10).

Ud s

Koo fhs U]gra Uey:Ud

U'fh Ues GradsxyUfR (Gei

yiad Urs U0UUj a

yaoUd @65 GUUoUse 6selUsd Urs uGglGalUgits e0U
aUeaU U 1taUsU yos3Us U Ud cjyjeaqUgdedb, aU
6  aasd UsUsoaUdaGUU3 Us( Aidde fparldl U7 3y 1)) .ilUsoe UU
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Ao ahs ddre hldl :

3U e0U;dqd0a d Jee 83gofh3aeg
6y dioseas eoeddal y3U0d 3 Ueag (Delg65¢MrlAd i dd Ua -
ed U-2W8(Hbsathsd 07. 12) .

by ealUseysag

o
o
y—

fair instruments, Inc, USA) €

Aosohs( s7Ualeled UU} avxs

pUsoeUUsadyaUd yaUb Upellet 1e)gU g e diofldi Wide UkH U |
Ue " Hhyoe aUs e9U Usafhed GoOy3U "~ UjyUusctaslUafh Usg
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b. BEBAXPELLET
FBz UIPELLET | AABUAAZ kW8, 5

Koo fh3 Enprepeldtgskw, (U): a0 ed aUsUesgyoal, (b): :

gUc3s0aY jUjUalUdyoatUsay

z Y} oRavelliMonica-F UUUGaUgUGUed (tUUaaU)

ps Ul U vxdrds d -965-960mm

dbY)y ed: 98 kg

U0} & 9 o enin/max@.585 kWh

q) 9UaU o UUUaivmax ®.681.8kehl(Igeto UUUs Yaaxld UszUj; UYUU
"89hUqUU oaUs pdileps goy UGaU Usg

] "hideld: > 85 %

A g Ue 3mirnmex8.3-30 h

] "UaUdid 3 Ui eUOUsdg@lad¥) dae sctlbdicgy ob®WO W
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i ¥} dUsohUqUUkKgiUs3UeUsed: 15

poYeUUyed UdgmeaUessyulUd: 80

COU U3% Q min/max: 0,010,018 %

U0} € 80y Ul mihmax 1532986°C

UUj ecoay Ul aUpefe 20g25¢f Us g

U0} £ 6oy Ul aldin/mad §20:3656°G g

issaysteU U f bUeeysze UUGYas 00U 6p1elU Usdy!

TU; Ueosoe U y3ilighld

UvyaUeced o BREX60 U’  f

oY@y UoeU U UUGYes oUs tGecUase oaUilGdd U A

OaUoeegd Uxs aUsUsgjos13 eW@eoy Ulisae sdfhad o
UyjpeUsitd €U 0OGU URheUsze UsUestaUey U

GsU 3U j UoeUUg eoddpmlles BoUsUedtad @ UUUHSE

eU UU UsUaUescU (GaaUy U, d UszUsaaU aUs esU
Udd 6 6alUd GgsuyUUUs d U ¥stws oBillgpPy Ue gl vud
Uassgessaeg 8 6 8asd U Ud aUs; ¥ Usg Ggsuy
Uy UsUyy v 63t 0Usd eUUUsi Uxs Uy U ¥Ys3vr 6y c

Uy UaUdyatUsay¥Y Udd 6 eaUd UaszUs d gydee C

eUodyals Usce GUsd UesaUoyd Udd dUjecoay UGaUd o

¢ “Ujyceee Udd UzsUesmihd U gddordeded WY UeU U
"sg Udgd UGUyepaUdaU, "1 eoUseysasag 3U ycage
aUi (d=hHl eg Uy atGU0eUsUgBUMW "~ U 508009 kBagliEd o
Uvxs U WUy @dyadGUsU Uyy U oiedgUdle U)RMoB800sBiv’
Gy dloeae 689c6icUsdqfoby; UdUo b 0a d Uesivhy UbdibUD Uld d
GUsoegUUBadqyalUd ulUs 30 U, sgi a00PpBdgadValUqgY.
U¥s U UUj axrs e pelletc j1930%.c 6O 369 elfodiet)a Y gape U A
fcaoe U- D@REYd, AUasY0, A gydshazgeas ~gj d3Ua
aUs f100% UavyvUdo.

¢ UsYUUzd uUsoeUUcadyaUdhe poigt ) di sgd sdrswdd
a0ds 09 ahsU 7.14.
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Ko oh3 Upsry (Ls: dpeletd U d gUsoe UUsadyalUd Ux
Usa Ue heUsys Usivg Righod Us & peetBBWIUg$ U) : d
aUeossyYuU ity sWhdldBd y3zeutuae Uxrs U UUjarvs, (b)

GgstlUulUeysed U Uds oaUegssyYuU U Ud eaU
GgatlOuleysd €U Uz tUsoe UUAJaid)eFa,c(di)e:Us Uw
) G
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EBzYPELLET | KABUKANZ §W 10

-~

K9 o f 3 U A7e. pellbtio kW

gUc3sayY jU;jUalUdyoatUsay

Z Y} oRaveliR120-F UUUGaUgUGUed (tUUaal)

s UG Uvxdrds d -3@1495mm

dbY); ed: 130 kg

U0} & 9 o ein/max@.51 kwWh

q) 9 U@lU 3aY & v mdn/mpoe0l5R.8kgh( ¢ 2 UUUs Yavld Uz U; UYUU
"89RAUqUU aUs pdlleps goy UGaU Ueg

] "htueld: > 87 %

Ag Ue sminneax)12,462 h

] "UaUdid 3 Ui eUOUsdg@ladd; dae st dicgy ob0 W
i v} dUsoahUqUUkKgiUzUeUsed: 31

pos Ye Wihde p Ue smamrti Ug: 80

CO G @3% Q min/max: 0,02€0,040 %

U0} € 80y Ul mitymax 0113208°C

U0y esoy) Ul aUpefet 206250l U g

U0} € 8oy Ul aldin/mad §20:3656°G g
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¢ “Uyecece Udd UsUemihg gogdoxjbdall Uy i®socel
U0 Uys3ei U UU 17 20 UY. €6 63gohsse ~e6g eUU
13%. Owpelet®dodiloce 6oeddoBaiYgage GemoBilodiUa
" Oi-aggo, fAUasYO, f gjdahsgee ~gydsUaUsesgy c
UayYUdo, H ¥y daos elDBd3 UsyYUUa(.

¢ UsYUUsd uUsoegUUsadyaUd "e6g 6jdises e8sedd:

Koo f 3 Upsory Ulks: dpeletd U d gUsoe UUsadyalUd Ux
Usa Ue heUszxs Usyj RViE U3 & pellefi®lav0 Us tia ¥ 3

TUs 69 upeletO@mpe aWPUGoaUgUGeya3sUd GiecldrsU ¢
1 89/106 EEC construction materials
1 73/23 EEC electrical safety
1 2006/42/EEC machines
1 2004/108 EEC electromagnetic compatibility

aUs Giely3sU U UU " pUg" U:
T EN 14785
 EN 603351 EN 50165

1 EN 292 EN 294 EN 349

175



1 EN 550141 EN 610063-2 EN 610063-3

 EN 55014.2
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Uy UaUdy atUsayY Udd 6 8aUd dUoesU¥, 2dd8Us llmtaed o
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(92)
Koo fs Upa7y lrssd o Ui Gdd bosseYesUd oaUs uUs

Usa Ue hebdesbastdariPvglUstoypBlicidsUah UsYoas
U UseaUaltrUs o6
U y3Us Ui oaUe Us

Us UgeYoo.

a

Uaesgesszacsg, (b): aUUUGaUge

GUsoeUUBae Ud oaUs d Yeaoad =
Udd usyUUsdd G

7.5.2 zRARITENIAEI KE Tt DOBEUEELET) BAG) ?

¢aoUalUyessahd sgohd

Oos93U 6jyeld Ueg doUsaUjessoasi e darerius Uay sbhUa
L220P balance 9 s U Ud 6io090d Udd “~edafhUqUUdg Udd
dqaUa Uy 63906 6g26i gydeed UGsyMEPTUERUYG (  y 3 U
TOLEDO, model XS205 09U Ud seiosdd U~rs GaaU) ¥v3
GUsoeUUBadyal.
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Zi aUdeU "~ Uy Uovyoed g UyeaUdUj;ei iuUUsd

isU Uds "~ Uy Uovyoe g Mg adidpeil iUg@Ue dyy UKise U
"3} AUg ¥3 UsUegeYUxys oc)dlosetéaebeddalU adUUbg
EASYpurell Ud d U Bairstean{ Kb o h3 U 7. 18) .

Koohs HgrtalBBge g Uy aUdUyei i u0UUsd
jgUhaalUsilUs
i1 disec 8soeddos W748Parr Lagd OpmmeityRigésiian Bomb (125

mL)o s U Ud et 3Ugdd Uxs utU&bevYUgtihog®otUaocey
UoaYageU slGcgyt3 63y¥y3, (00U 30 UasUs ugs UU:
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Koo h3 U grUmeoRalre VOeradd ¥y dilpa AUqQUUY (12

seglUy h 3 Ujecys

jJdisee 6oeddoa U MEY 28 W TRASoNilg Neytech, &3A0 o U
Udgoe agld Usg GUU;Usi g e6aUaeelUUsd U g~ |
(HCI/HNOs) (KsahsU 7.20) .

7.

KosohsUa’g @0 g Ujecys

5.3 | ?1s3eétT) YAl ?
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¢

UaeUURAABU ) 6
sU Uess “6GeUsafh "~ jelliscysteh Uxs Ggoals3U
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Varian " 68 g by allaUUUs GUes UyoUGUeyse | 3hyoUsadd
Fceaed jdeosat s zdeUsssal s AzY ((WesdHsddl. 21)
e e oadi ¢ Ulllhg: Ca (422.6), Na (589.6), K (766.5 Umalae dlj Ye:UUy a5
Method type: Flame, Sampling mode: Manual, Instrument mode: Absorbance, Flame

type: Air/Acetylene, Air flow: 13.50 L/min, Acetylene flow: 2.00 L/min, Calibration

mode: Concentration, Time measurement: 10.0 s, Read delay: 10 |IsaRspof

standards and samples: 3, Nebulizer Uptake Rate: 5.0 mL/min, Detection limits (Ca:

0.01, Na: 0.002, K: 0.03 mg/L).

Koo fs Unoae2Umasl Uy @

e UUR[ICRIE) 4Sa

(]
Ce

isU Ues “6GeUsoafh "~jelGlUssyosleh Uxrs GUgUU,
sxse 0 UsscUaxys Uxs tUsoeYUvys ICP-OESDptima asedda U
7000DV ( Koo 3 Wddg. AVARGrkinEMéd e g by alaUUUs GUs B,
Ay oUGUey sa Udd FKFeceoeed jdesal 3 zdqeUssal 3
UsfhaasgdU ¢ e oamn Fe {2882 Bgi852)\JZn (213.8), Al (396.1Ba

(2335),Cu( 324.7), Cd (228.8). ¢Re0oRpMg001UsacsUgd
Zn:0.2,A1: 0.9,Ba 0.03,Cu: 0. oWgD 7 ¢sU c Uy UaUdy atiUsoayY o
GUa3e3U0Us GUes3 andDz b s @ Pktgpbuioy,2@15)i ma
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A s o f3 Ui ra 220 nee-OES 6

Yas3 Us UjgU7U2U0d ICB-OESs 5 ¥

Generator (solid state) Frequency 40 MHz
Plasma RF Power 1450 W
Argon flow rate 15L / min
Auxiliary argon flow rate 0.2L/ min
Nebulizer gas flow rate (Ar) 0.7L/ min
Shear gas flow rate 18-25L / min
Sample uptake rate 1.5mL / min
Align view x:15, y:0
Nebulizer Meinhard
Autointegration time 1-5s
Number of measurements 3

Spectrometer

Double echelle with dualviewing optics

(axial, radial)

Detector

CCD array(2 segments of
176x168 pixels)
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zdeUssoal 3 AzY. B Usse3UgUed MS Uszs aalU(q
U3z Ua b3 QttapblgReactionSystem( ORS) aUs Us gy be) 30Ed ddsea
U ee¥Yoajygsidd Uxs “~eaglUUcecesoatl s ~ Welsbedu 3 U
UshoasggdU o0HRUe U o9 B%crPWn, *°Co g $AS¥*HG, Ue 96 Ua U:
%pp . g0 fyoU Us a6Gr3odgvin:dd7,Co®03Ni:D.4,8s: ala

Hgg O0. Pb a0gl3 &6 hHyoUse yecUs bHUaUsOGUs @esdd
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Yas Uos UjgU7U80dICB-NMSIs o Y

Generator Frequency 27.12MHz
Plasma RF Power 1550 W
Argon flow rate 15L / min
Auxiliary argon flow rate 0.9L/ min
Argon carrier flow rate 0.95L / min
Argon make-up flow rate 0.25L / min
He gas flow rate 4.5mL / min
Nebulizer MicroMist 0.99L / min
Torch Quartz i.d. 2.5 mm
Distance from the atomizing cone 8 mm
Sample introduction rate 0.1 rps
Sampling time 0.51s
Measurement integration time 0.10s
Octopole RF 160 V
Octopole Bias -18V
Detector Dual Pulse HV 2800 V
Analog HV 1900 V
Replicates 3

tdlmeafd jyJvyelJesoy Yiaed (

isU Uess
SO, Br) Uy 3
BioLC ( ¢ U

o

byataUUUs GUGs

"sueUsanh

G0soeyU~rs

“Je0lU9sa6) 90ec®,NDF,POT gooa Uz Uy
sseddal
Udd Wbnres)dp Ud
By schaUse KypoUGUey se

7.24). ¢U Uy UaUdyostUsayY a4)lsUcgy oald

cjdidsca’ 563 U9s

U3 9 ¢ 3 [bm RaeASTA Ux250 dm)

G§Ua3 g :



KooahsUC7.24:

Yas UadljdU7Ua UdiCoiUsa Y

Precolumn AG14, 4*50mm
Supressor ASRSULTRA (4mm)

Sodum Carbonate (N&0O3) and Sodiun
Eluent

Bicarbonate (NaHCg)

Eluent concentration

a) NaCO;s: 3,5 mM
b) NaHCQ: 1 mM

Stock (solution) eluent anions

Mo Y og Ugs d3),M&A0;0 Us O
3d) BaHCQO U mod Uy} a ¥
3 Uy ei . | jniloStoskdolutiod
g vooamLg " Uy aYd Uy 6 g

Storage Solution Eluent

Y U] cHuent aUs oo

N\ @ Eluent 1,2 mL/min

SRS Current 50 mA

Injection Volume 25¢L

Run Time 10 min

Detector Conductive ED 50

Detection Suppressed Conductivity at £SFS
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zU Ud eydeslie Udd ejetdd Uesg acegUjei g Uje
guUUgusUagUY UsshaUU. dGsU 30 U sUUgedUa U
o2egUyj hrg  Uwa Gg3sycUsU Ues edUUUaUUs Ue (a
"3 e0UadisgUUk a1¥od Uy 6 g 3 Uy ei . FUUR 93, d o7r3s
GU0e a6glUyh g Ujyeecys 25U 30 a0 UY. ¢ usUu
U UsUaUeb¥Y3UUUs yce3 Ut g  §jeaitdliylesg YsaolsyUs i 1
eU U K Uds Ueciasld 00U
GUi U0y dq Usci astad, URUU U
"gUey s eylGUxyd oUs UssasgdUa d Useddie |

"38doeieUss UsYeg
sagoad) ydUa oaUs (

U 6e lUdbeigss Ugechs eces3ilijy eaceaalU GreUUalsosU UU @
baYbd GUs3 s63Usafh 6y vyeUUsoy Yiae. zUOUY Ud
6o008eU0U) soe mhosvYdds UyasU 25ad; 1t 3U0Us eycy s U(q
3U; . U tUaoe UWOoypadeqs oY ik UWdisUUa B U UG Uy
6y vyeUUso) UllaU, €U0 Goe ' f Uss "~ jeutsasgysteh U
U g (Eteftheriadisetal., 2014;linumaetal., 2009;Kim etal., 2006;0chsenkhn et

al., 2008.

8.9 UABEWtBAtFEZBE EIUTE?EAQqQEAQ

FUss o983Usafh ) rvreUUsoy) Yla, “16llUoeyatlUdeaU
guUUeclioUagUit s UsshsUxrs. dGsU Ud bUdeeshedd
Uy UGoaUge "3 HUg ¥v3 UsUeageyYU¥x¥s (standards),
“16d UsYagldiosUssfdelvrs. Uy UGlaUge Uvxs isUa
6y diosead @8s6i 3UUs "Lsa UmUUlgo 01 O¢ keoy; ep 218040000 § ex 0 ¥ C
GoaYalUd Us®s 560 Uy o BANpufpll Bamstgay . FydU0 3 hUg
"Up UGaUgYesUUUs U Uy Uavrld Ggoo lalUme yl8'dhd
"3} hUg 6 UsYoegeU UGgooeaysUyyaddd 1000 ppm a¥YdU
FUss "~ as3UaU 8.5 Uases3UUs UU "~ AUg U UsUsai
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Yas UaBJgi BUUUG(
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"0 RhUQUUY "8g

aUUYaadaegd

"1 hUg ¥v3 UsUageyYUrs Us:¢

EgoaysU 81 hUg" He&hUJ
(ppm) 1000ppm ( E)
0,5 j ¥} 9681 G 25
0,5 29U} 990f 25
vy RUg " @ 0,5 agrvudey) o4 25
0,5 UUssah 25
0,5 d] reofh3 25
1 j &Y} 9681 G 50
1 29U} 990f 50
Uy hUg @ 1 grvudey o4 50
1 UUssaf 50
1 ] reofh3 50
2 } ¥} 9681 @ 100
2 29U} 990f 100
Uy hUg @ 2 arv0dey 94 100
2 UUssaf 100
2 b} vreofhs3 U 100
5 j &Y} 9681 G 250
5 29U} 990f 250
gy hUg @ 5 urv0dey 94 250
5 UUssaf 250
5 b} vreohs3 U 250
10 } ¥} 9681 d 500
10 29U} 990f 500
gy hUg @ 10 grvudey og 500
10 UUssaf 500
10 ) vreohs3 U 500

qad Ug e hblatkBamplé U 6§ d
’ UJ'
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5a3Us d wyo agld Uxs aUdet 3. B Uesasci Udd
Gdgooay3Uyvidd sbUsM3NEBEE®™ Uda 6  aaae Uy Utalgy
"3eldead O0,84U0sg 3NaHIOM Ug 1B® gm0y a¥YdU); eg 3 Uy
stock eluent). 5 mL U Ue fstock eluent
U0Os 6 Ueasgi Udd Uxs (

~

w

Uyei oaUs yUls ~jeoi
Udeat 3 U Uss Usaasi Ud, GUsd 3Ueassza
W Uy evydUye 3U;f aU0 s UaUocdUa d o3 Uee
“"Uy U8aUgUGdysUU 3 HpUg U usU
UsUeai e3aUUs UU ¥YosyadUU uUaoe
eyUydiodd Ushd e Uieocae clléag végdBwe Ulbesd . y agl
3Us 25 gL o0s9sU UOU
"¥3 UsUagevYUvxs g UslGYoUUUs GUss
JU 6) vyeUUBoy 3 UlleeUUU, UU 6 6aUUUH) w®dg30qadU
U0UGaUge Uxs oaUeg got3 UsUleyy¥Yd oaUs Ues
dgsyeUsU U R Usd oaUe iald U3UGey¥d “jaell
GUso0e¥YUrxs. ¢6 fyoe UsacsUgnildd kws 3csahyjssef 33l
006 mgL, Ur3s doadddugld, rs dUsanglh a UddUUWs3, 1
by veoahaUmgL UU 0, 1

Co

™

UaoeUUed "e6g UstyoUOUUs Ua
¢

O C Cy &«
.
w
)
C
(@]

810 ? 1 s3ét¥T¢ ot | bt 7| Ft| Ot ) PABSEQPLBALEZB ¢ q

Bs UGgoaUsUjiL0Usd Ux¥xs PAHs "~ jetlisejataddaUs
gea eo0fh U ' H o¥YdU GaaUye U8B egeaswsUWGrWsl UL W3
"} 6 Ui “sormgate (standards ( (6 g el & 3 sssUs - ‘dglj0y) 3. 96 ¢ 6

UsebeasUleyse UegeeU Usg GaaUjyeg UscgaalUdal
aeagU;h g Uyecyrs 990 60 aU UY. O3U eyj;ed U
eyly Ushd2imPUEBgc0ditoaece 651 30U0Ud ealU Giy o
Uy oU0aUd) sUsh oar3safh (osUasalse. EUd GgsycUsU

mLtasU Uds “~jelgoay3Ujvyid Ux¥xs PAHs Uscgaasgd:
U0y 0yd GYGdd (SPE) 29U jlseg UbdayEdi.e 40 dfsd
UsgoosiBl) aUUYeodgdge U0eadqUiGaUd “"eg “~UjsycUs
Ussie93U0 obs® ¢1 GgUedd UsUjoe ssedfoalU " Uy s

iocaryeeUdUsasg o Ul Usillkdaelgg 3 ygwad s Us Ri0arsmie U
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6y dqlioce 4o mlUWg h y3U UlosYageU UscavryeeUdUsa
Usci astielU Gge gos3t danh Us Gdaasdy, 50 UwL . o sguiddle
G0gUUy; srveysys Ul @éitenatodaternalstanpasds(i Uar33s UG dy 3 9 @
d10, GUsaDB,d) p-glgeédy3a@gp2ay ~jeuUyddeaUs | 93
UUOasafh GUYlUse Udd Gge ios3vidd aUU 0,4 mL.

3 eaUUYOGUUUU ' hsthgdard® ( Surrogat e
KasUs U

"} 88
Uas U

Oyd "6g 3 e80UadU03U0Us aU y¥30
Useysaeag 3U "~ jeilUse);stUU0a qUOs hupfhdg U d
9 o

UsUagUed 6desaY "~ Uyjfhesaosasad U UgUns

G0ds UsUagUsee UsUlsalUGaU 30U UasUs 8s atsU

Co
Co

Usg UsUai Ud 3U € @63 Ua 30U "jetlissystUla |

A G v 085 i f U@dntemal Standard, IS)

KasUs y 3 U GgaUUUs af e ceaoeU dgaUUOU:
“380U0ad0U0Us GUes “"jed UsyvYegid ulUaoeU Usy) sbt
g OeeU U ' fh Uss UsUagUe 295U sydlaibdglpPpebssdh
“368U0i "6g 99U 30U “"jelussysldUa d Ggoeays Uy
jddses @oUalUs GUsd Uz Uei GUsd "e6g d “~ecaf!l
U hoyostd Usg edeUseeUUsd UsUlGyy Us U Usil
eUarlid Udg UBge Whax UU) so06i 3 eUi @9
g

()
Co

UasUs U

Uavytdd Ueg GeeUUed Usg Uosit dUsg. ¢ oaUUYa
"3y Us 30U “adj Ua Usd "~ Uy UsavyUx "jeh edyUsd

A 20 U gltatlUs €950 "aeyrvd UsUsajsUe oa

A 20 Usagi UUUs o363 BY alglherleylfBU B WU slk

Ussca Ui e3UUs

A20 e€d3 g ¥3eUs GUe Ujceoasafh tUUaoelU

A20 e€d3 UsUsu} Y cdesoayY U Us UUaoeU

A?20 ycUs Ggooeys3Upvlid atisUd Uy¥sdd eUoydec

[}

sU RAelgiddds UyysU ) velUUgoj UGaU wade®adwWlB; oo
UgUU, sPhisy(aiadeUte GUe ehyose UcsdidlgUg Paas)g.lij

¢
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FieclGryrsU U0 UdaUckgdanp 8200 Uds 6 ealU g 6o
Gg3UUal0GUyd U fRoayostdd) ¥vd UaGxUUysafh 3 HUg"
Usa Us Uddll ¢ 3 s &) oyadldle, oG pdjBya Be -di2) goysosa

8. 11 UANBEwtBAtLtEFEZBE F¥gPPARISK/MOCENSE ?

o

B Uyj)sed 6 reUUgoyYiaed U GUGeUURe VU6 e¥Ys
"y e0uosc)oleh Urs RAHo®WB UpUabeBUWY36g yaGaeg
GgooaUsdly s UU 6 ealU yeega g e80UU0a Ggooal

Uy s0)3 YyUeBs PABIsYdIWgUs e8seddalUs U bylidq U

}
aUs U Us €63 s5Uafh bYyed "6g "~ UjyeglsYsasgs
U eUaedtd. yaU UU adevHa U |Udnde aerU er eigerdeds sU solhd)
pUJ i UdJUU (equal weighing) oaUUY Uds “~eleUs:
8.6). B "eglclUospfhgaU;sliubd; sgdhggse Usg UVaGx UL
UavUUy; 90h "~ 3 HUg 8 ecaoeldYiigg GUediwepygyd5 UP AH
dde Uax¥s.

a3 Ua Ud) MBajeUe ¢ U UUgRABIS(SIMmoded i Ua 3

GUGeUUBD ) Yle eUsgtL 3

AsL GUsd | zayaUah gh?

(m/z)
Naphthalene 128
2-Methylnaphthalene 142
Acenaphthylene 152
Acenaphthene 153
Fluorene 166
Phenanthrene 178
Anthracene 178
Fluoranthene 202
Pyrene 202
Benz[a]anthracene 228
Chrysene 228
Benzo[b]fluoranthene 252
Benzo[K]fluoranthene 252
Benzol[e]pyrene 252
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Benzo[a]pyrene 252
Perylene 252
Indeno[1,2,3cd]pyrene 276
Debenz[a,h]anthracene 278
Benzo[ghi]perylene 276

8. 12 UABEpt BALtE7ZBE EIOTA?PENAFEAQ? pt] UBAQ
| UA] T | TQGAEC ANALYZER

yies UGey ¥ Us3 6 oosaldqgiia g 8adh fo Urielhs secllbs Us 6 i
Yy3ady UsaWUs U UsUUaUUs oY 65U GgooalUoayseysd o
Uosjobeid sciogdedieclegdggUdlle Uegg GUsd oaU) Use
e UU0UGey} Y Usgd GUe3s Geij}s3a. g6 uUUaoeU “~yidUs
U'p UU “j3eyhs3slUU0 Udd oaUilGdd aU GgsyyUdad
"3 8ei Usgs 85 Useyd Usg VYadPe®gUc) y¥sag Ullas
U Uy UaUdqUd "jyeeUseyseg 3U U sUUgedUa d Usay
sguaU "6g 6j3dtsees sseddal rvd d oUbélaadahlhUU
carbon o Us WUerganicicatbon( Uas3 Us Ue Usdy Ugsah UGH
z 68136i3U ) dioses eaddei3a “~eaayd YealUd egila
haoszae (dUogh@f) oY &o & UfHENDd g U 90U pBiEN®3 d s U6
GUGeUUBsoy Ulisoe Qhofsgd AoyUHisaUdy e(h hdUad HUs
aUUUaadahUdUY Usggah ¢wY EBOI6Ul @b dlss dg WY oo d o6
299U Ud bUdeesheddd Usg I C (EN 13137, 2001)

¢ Ueshasgdd uUsUlsalUlaU UssasgdUalUUs saU0UUY U4

TUdey agOUUs Ue U} 6T€a4p/Le25000engL, 18:05 0&@b)oaUd (
Detectionlimit:  @/L 20esT@a U9 ICo 5 U

-20U036i30Us y3s5 31 AUg U 0Ua e OWdd UBydg Useaesioass.i

- ¢ Ggoeays3Uyprvidd UgUL s Urxs "3 eUi " ¥s GUsoeg
seeofesy U U heos -U600dWH.cg aUsUegyoalUd (4

-3 82620206683 U0UsUcayYdly Wgo dpzydrdad.
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-Yd3yebUasegelU U Us¥Yegld o3Ucgesoaed ~Ueassiy
UayocUUUs d o293 UeesafhUqUU Udd GgsayyUdadd bU

GgayYy Udadd UgUe dU "3y Us 30 UasUs o3 Ueeos
w UsU " UypseystUUa GUe o3 Ueesafh Uijed. ¢
U U0OUs 299U Goee 8id Ujceoaseed U soaijxvidd
g e

Co ¢
@ O

9U U3 "~ jcéaospgbl¥iygPegWy) se (aUdU) hd Uyy
eU UaUochege Mpfidey y 30U dyaUeas Uz Uaily UGdd
s3UslivyUsoasgi ~aUUssyszsaeg oUCUay Wz dlle cWlisik e
38U U303 oU008aUd UUaoeUUsd UoecyUs Ue uUUaocel
Ysdy UsaUd GUe UUaoeU ¢ 3Wsail sWddsae g) ol slhag 3 e
Usg Yad;BoUg¢al<chm¢gUds eaUauturdd Usg 63 oUszsaas
Yyady UsaU eUU0UGyy; OUUs eylOy 3 Ui elUesd UUyaeg (
h g U eelUsj;is3l0UUs d gojUBaU Uzt ddUgUhocy a

[

] @8 a6i d¥vd, Us (Gyjes Uyjyse tUosyycl0UUs eyaU

aUUUsj UUgi 30Us UU UeasohsU "6g alird ~UpsycU
Usse3aUgUe NDIR (Non Dispersive |InfraRed ¢
toegaUatsce Usrpofgd YU .Uakjgea(Ue byYsUs Us3 6as
Y 3 d ) Ur®©O-Totél Organic Carbon |, Uss Usfhy ol0)3seolrss djgBaU

GUsscUs UsHC.Y3dy Ua U (

BUshyoUsased Uwaldyygadils GUe Use3zUailisse Usg ¥

YaoseU ¢

Usdy Ussa¥ YaUUU UU) 8pecabBs Ulge Uk Ua
HCL) G0 pH ecUedehUUye U 3, HaU UU Uszdy U
GU0aoeU 000Uy y 63UUs GU UsezUause Usg Ysady

Us Gyyes Uyyp9e (g UjeavydUge¥sdyvU8&Yg) ,eg HUPY
aUs Ue uUseaUatse Usg ¥YadyUaU "6g g ey ecU us
"Uyes09y3Y¥lidal, e6lUdoei3UUs GUds oagyUeatU Usg
toeaUatse Uesg ¥Yady UsaU UssecsUi UUUs.
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jJGe YyelUuseyslteaci esgdBlbeslbai( TBQM®MUS 906
B sa9s9afd 63 oUssehd ¥YasdyUaUd "~ elitissc)asUUUs

TOC=TC-IC-EC

y ~ & JOC= total organic carbons &9 8 fj g U 3'¥osadhy JUTLCE htal carbon

8 9% § d) UG=lnhdrganiccarbonU 3 fj } 2WB3de)dUE€ttEmentaktarbon

0 Ucsslbatfpgd } Ua Ud

FUd eydelius UgUe 6 TOC g cosEePUfUBcxrdTq @9
6  aes ~JelussgyaseslUUs 3Ucy)sualy¥Y lfJ Uss Uy |

yies UGaey ¥ Ues3 Uassliclilbss asglic By aifE a8 U GaaUy 6
1.5cm Uad O0Us (GUs fHyoUze oaUs @DYPeUbsHOUBS b C
deoaodeg @G¥yyad e63gohse “~3ed U ee¥Yoaygsaidd 6y ol
GUYuse). ¢ eU0UYOWEeg dChodblieggsdl y30ddee W3y o Us Ug
(U glGisdlUbd 6@, UbdoyasPd Us) oUssoayd UsiL GUsgd
Uys Uzt aU¥s3 “eg bjyaleaesaUUs GUe ECaaW) as) el
8 Usee UsU U, 0U0U[RUQUU Ueg GaaUyeg 00Uy YUUs
laser 8 g Uosy) cUUUs U Ues GaaU) dUcsBscg Ulac o Uk
e3Usilit 36,0WYc %) 700y 00U GU y3U @Gaeiy3e e83Vals
Us Geijy3as Uesg uUUaoeUUed. ¢CO atU Ueseyo Upa alsly ,
(jei;se eUdgearliddCH:Peep Ba¥oWBbsz@OOUUUs ¢
9 6 3 9 U ¢ d gFlafiemfizationdetector FID).
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He methanator

He/ photodiode
- CH, § _ thermocouple

sample oven
i laurl
He/O,

Fcee U 8UagUed EC

Co

ZUe uUi UUy @6 Uvyiuse Udd davegOd@P¥%Hgs U caoce
50YoUUUs 905U 30 U dyUyaUs Uds oaUiad Useg
a3Us GUUdUO} Y UgaU3195¥8psd 19¥ddd g aé sgo Aiag d|
Us (Geij3e, 6 YsdyUaUd “"6g GedeUUalGUdaU I

C -

Co

Ust GU0¥s oaUUY Ud tsYyoaUsU Usg "~ 1 Usg GUUUGG
UUgUheyead Uiadad GUds 6 Usese uUus@jlW UU[RU(
saUaltvad Ueg ¥Yad) Updls yti'Ue JUcligoBaysdyxa gy Uo
Gei }3e Ueg uUUaoeUUsd (FeceeU 8.1). B HUOU,
93rvl0Ue "e0RAUJUU ¥3dy UsaU, Ueyoecea3UUd UUgUR«
8} o0¥3a8g. U b&fgd UBds UbshaPglUe oaUs Usd s
s U Uy OUURUqUU Ueg laser, g e6aeoaese3UUs as
(Bolbouetal. , 2010). ¢ UeajyabUsU Usg 63 0o0Y3ag Uay

"0 hAUQUUG Gegoey hedd oUs Yo alrmdUsjUlds stl 3o Wy
GaaUy U. ¢6 fAyoe Usac3Ugdnd Udd Usyeagldd el
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FTAO] s £tB 9
| UBEASs KFz| ¢ Tt FICEggEeg
9.1 | YUBEASAFz| ¢)| FEgBti At) T¢E | ?) SIEEE
¢ GUesscUsUse Us¥Yeagld Udd boseseyYesUd 3iaeg Ua
Udd ob0G¥aGBWi 6dd U dy Uv¥seesUUJg Ue ~“~UpsUche
Us ee 13 U ' fp Uds oaUioad. ZUg 3 “"a3UalU 9.1
GdgoalU3UyvyUsay UU U gUUeaylBeUUU Udd GUescUs!
U atdd aUs Ues 3U;fh, d ydeopOeUsofligqeaai e UY:
Usitit a3 boaeeYeUd "8g eUaUUeddoeaUs 8U0Ud GgooaUsay
Bs "~ UjUsa¥yUxy s9lishUqUUd Urs pellets eU0Ujedo
AGUy Oegot s EUUpUL3 TUgGabOys (LgAKET) eg UOuy |
dasUs HU@eaUs Uae GUzdarg U e U UU3ENIBIO4H U EN 1<
EN 15289 oaUs EN 14918
AKated dosslloy Ulgyidy S C H N ;] 31 00 j 3006y ¥
%) | (%db) | (%db) | (%db) | (%db) | (%db) | dU} €602
ii 3Ue
(J/g) d.b
zaoe U 7.62 4.01 n.d. 50.87 | 5.93 0.16 19.767 ( Pei GU el
(" VieaaiY g)
Koo Y 927 | 534 | nd | 5121 | 615 | 1.35 20313 (Ujyei 00 ¢
zaoeU 7.45 | 197 | nd. | 5177 | 630 | 0.10 20174 (Uyei a0 ¢
(Vo 0d-dpg)
Yg) dqshagas| 701 4.02 n.d. 47.66 | 6.40 0.88 19.759 (Ujpei GU ¢
"gy dsUaUsaea
100% BaoyY 651 | 1.09 | 0.18 | 50.75 | 6.43 | 0.28 20.645 (Ujyei 00 ¢
z Jo0yU0U 8.30 | 140 | 0.014 | 51.32 | 6.35 | 0.26 19.322 (Uyei 00 ¢
(OaYU(Q) 7.6 026 | 001 | 50.00| 6.30 | 0.12 - (Win 2012)
(pellets U| 78 3.70 | <0.03 | 5210 | 5090 | 0.8 (Johansson 2004)
(" Ui ag) 6.80 0.42 n.d. 50.90 6.10 0.27 - (Obernberge006)
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Yyady UaU aUs 30;fH. ¢ GraGUe "ec0hUJUU 83goh3ae
Uy} U HGe oUs Ueg oaUglacaeg, Usg Uy} oeg @
aUgaUUysalr 3aYd@ UliaU dyjyeUsddd g Yjeegs 65 b
UaUcosUs 6896i3 Usd U 1aUsU0d dyj;eUsldd U

oaUglaBas3s U 1 aUsUd dUyehUdqUUg GUU osaUgaUyy sU
bUGsoayd, UaUcslUs 68956i3UyPqURpYUs tigs3¥lels Uj G
Uy U, GU Geyidd ~Y3UsUU eU bdksy dllaetsUsc syl

Co
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Zhe pelet

a3z UaUgh¥geyo:Uxs GaaUjy¥vs "~ 393 oaUs e0U0UY Ud u
PMyp, Ug  ooe9ell dU ofles Ui jed Useit s GU GgsdealUd

a0 f & pellet 10 kKW.

DY) e d¥Yyed g9 9Kt })ed
Katied bosase oUsa e0U0Y U 7T0dUy i PMyp |U° foa
GaaUjltulsoeUU bY) e d| (mg/m’| (mg/md
("Ujece Uzl (9) (9) U0aoedl
z00c0 658¥agg | 014397 0,20661 0,06264 62,64 | 14,90 | 46,15 81,86
za00¢e U -( Obirwg])| 0,14539 0,20532 005994 | 59,94 | 2536 | 23,10 81,10
Koo Y 0,14342 0,20262 0,05920 59,20 18,90 35,80 79,02
Yg) d3 f] 3gaa 0,14712 0,19431 0.04719 47,19 14,83 25,25 57,32
"gyd3aUaUscgy 4 '
100% KavU d 0,14323 0,22658 0,08334 83,34 15,00 70,07 102,93
100% BzsosY 0,14815 0,19875 0,05061 50,61 8,09 42,74 60,94

a3z UoaUgbY9geyl:Uxs GaalUjy¥vs "~ 393 aUs U00Y

PMy, Ug hsosees 0f aUs Ui jed Useir s GU Ggsasdeald

g f & pellet8,5kw.

cb‘Y:; ¢} ch;oe”g’ a L #9g o Ai g
Aalued bssge| aUsag euUuUyY U FUdU; f PMyp |U" h 8 3 Usel 3
GaalUjUUsoeUUC b ¥y e d| (mg/m’)| (mg/m’)
("Uyesce Uslmd (9 (9) dUaoedl
zaoelU -63BFagg | 014364 0,18594 0,04230 42,3 7,99 | 32,98 51,48
zaoe U -( Obirgl) | 0,14278 0,19264 0,04987 49,87 7,87 | 42,1257,85
Koo Y 0,14416 0,19782 0,05366 53,66 12,29 41,2% 67,13
Bg) dasfhagas 0,14734 0,18488 003754 37,54 9,35 27,6 47,66
"g) da3aUaUsaesgy o '
100% AavYUd 0,14418 0,21324 0,06906 69,06 8,44 59,69 80,08
100% B3sY 0,14457 0,17882 0,03425 34,25 7,16 26,06 41,51

gapelleti 100% KoavYUdo "~ UyegtalU8U0 Usd gydehUUy Ud
hoco pdlesdddd G6Usd Uie GHEWOGYUerzUUWP balp (B

Uya ' e6g Uxyxyamg®@IsodUadcU, oUse3hHd “~8g Uosal

"89hU0dUY Ueg oaUdAhUs U3z "~ adyei 0 Usgd
Kooadsosoef BjyoUssiteh ¢g Bjeseefdéddy UgapPPial
(U) o Uspellehi) ]g.} d@d 3 g paléeti bUB% UBzosY0 ~“~Ujeg
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U a0 U 0¥ fyasU URhae GUsd oOwphdeatigeposlbipd Gfs
pellet g6 ee3Utosafh Uatsed ~ oaletdlogpUABYOdo he B
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o9Ua2e63U0Us "9a8 Ujo¥Y oUs eeasofecgy U aUs ~ Uy ¥
dU0y ehU0dqUU. 7TUs GUsd tie ~UyPpMoeUod8Usdgyioyxd
G0 Gidog®BO UgUL 3 UdpdlletsalWi tedagU Ulwtkpe ~ U, Uasasl
sguosUtUsaf ahoe 95U U slgoe Urs Usltiias UgU
(BasUaUd 9.12).
a3z UaUgh¥gey2:Uxs GaalUjy¥vs "~ 393 aUs e0U0Y Ud
PMy, Ug oseeUB BPoapstidqUaceci s GU GgasdealUd ~j Uoe
UsYao.
AKalied bos oY)} ed (Ga 9 95{Ki})ed
(" Ujece dY) 8 d e00Y U | 70dUy PMy, |U” h o o
5,4 nt/h) GaaU); e|liUsoeUU0gqa tUUaoed U (mg/m’ | (mg/m?)
z JobyU 0,14785 0,32221 0,17436 193,74 | 16,09 | 177,42213,1
2i o6 U) gl 014666 0,24230 0,09563 106,26 | 24,17 | 75,74 1289
ZUe UGeeeU 9.3 " Ujyegis¥YeasealUs GU eaple saUs
Usa 6e 13 U R Uds oaUilGd Udd feoslogy Ubgd®cdfs
UsYoaos.
PM10
T
Moo (mg)

100 -

o
S

0

Mapwita

FceeUzPiadd hBRMdfolUwvze 13 U f

fizi aego GU ~UjUle
¢U adlidysUU U eUUaylGeUUU &
h g 65 UpdgeUggePMossty {0

Uds oaUi Gd Udd
GosUsafh UsessclUf Us
gooajaddalUs U U

" YHxE Yeeds® Umgp/Ynd U
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e} Y Usgd UsUley UUsosaesgid UsUdyloasesegd Ui 6gd
6t Ud Udd Kgjyt ddg oUs Ue Uatiedg Uxs OGglal
o U s U e (juralBgchnfidletal., 2011;Nussbaumeetal., 2008).
a3z UaUd ySely3 fPModi Gigm* I 0 tsUlGey UUsayd Ggades
99U oa¥Y¥dU Ui "6 bose¥YsUd cyryostaUY oaUs 0Go6
Katued boeseVY Ay oUOUdJAyoU0G0d] Ehe | Ehe
Ggasdeal| UGgsdeal Pelet Pellet
20 %, B 13%,B | 10kW | 85kW | g&oas
zaoe U B3éygd" . . . _
) o 18338 8 2386 6 21690 | 4 27/09
gase U ®ULBBYY 5,59 73582 | 5 92836 | 4 o788
(SE0 7 8 61189 7 6283 5 91890 | 5 31830
=gl ElE s e e Je 10 1,18 6 73%4 4 716183 | 3 79885
100% Ae¥Udl | gg3 167%8,83 8 318 | 6 984
100% B29¥ | 14a0 6467 | 508009 | 3 4787
3 492y UU 2 2 997 11 548 1 9 36K0
iee U1 ghd 4 a0 9 92181 10 @47
¢ylted hied 15K 4, 31 93N4’9960N16, 47N8, { 150N2 0,
(Nussbaumer et al., 2008 112199
153208 1050 | 10-50 55-635
(0, Z200E) 72,7 29,6
(Schmidl et al. 2011) 111,4488,7 12,5236,5 52 12,1 | 78,9146,7
g¢U OGceelUUU 9.4 (U) oUs (b) "~ UyeglsyYseesgs U
Usa 8¢ 13 OPMPUanppm™>3U (eb¥y ga3td) o29U0dhald Us
Gdgsdeald oaUiddd aUs 295U oa¥dU Ui "8 bsese¥YesUd
aaaceUaUd ( D9a) b UB” Uy3% U) pellat(U1 OO i NG h& U d
G0 " Uy UuetsUesh Us¥Yos. ZUsd U} o000y sUayd
U Uy} o0, @EBled®BUxe” Yygmgmd,g UpsrUa3e30U0d UU UO:
U sU0; U 0UY hyoU GiedyrsU €0 Ue "y HhUg e Usg 2
mgint, U331 GU WgddFWs e 00 pighide g ®s83g 3 Uoe UUs oy d
oaUi G6dd peliehie0 UdgUlw) 8 0% sd géBabffaoyteUa Gicir

eUOU; et Usd

eUU3 " Uja engm@6 Ueatlldecd8U, Useyd
hyosU Usa 6e 1t 3. gl U egtaulUUs
Gdgsdeald aUsUesgyoald yeUs GUs U

e U

63@dtgce Yydegd@e Urs33WPNHY) a¥r3, o
e g
GUsopdosshd

g0s g |

sUyaUbeU U
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50100 mg/ni (20°C, 101, 325 kPa, ¢dy h Uy U aUs 13%

PM10
200 -

180
160
140 -
Mago. (mg/m®) 120 -

100

93,28

60,42 1778

PM10
mg/m?

HEpy. cuvOijkeg_20% O2
| BEpy. cuvOijkeg_13% O2

H Zépmo Pellet _ 10 KW

TiZopmo Pellet_8,S KW

B T{ax

(b)
FceeUzPidd HARMloUszE "1

UlGey OUUsoayd Gg:

3 9
mgm’( U) oUs o090@c¥®¥dld Uiwrje@OG)Y (b).



¢ UsUlGey Y GUsd 1edldddl@Ea U0y ollidddpM Us .3 Gg3dd:
aUs Gee 13 pellet, KB 6g “~}HhaUsUUs o9sU
oUoeshd AHUs aUe UyoU0GUd) sUsafh i G
UasUdlaUseheUsUd ecrjyad Ugehs U @&
GUsoeUUBadyalU GU e€s5U Ghe U pellet. ¢ o
UasUs UU g eaUaeeUUU gasUesecald aUs 85 (Gaes
dyjyeUstdd oaUs ewglUadgy Wadlls UgeseaUUssade:
"9dU3sfhUqUUg UsUsyoaUoosUxs Usazsat 3 UUjaxs aU
aUi d Udd bseeYeseUd GU y3U UsesalfR "~ UpUltslos
U 203 U0 heUzys UH ee 13 (150 mg/ m

g0 “ Uy U wydteclUU
U 0OUjyax¥s, 85 Us”

13% 0, J gUfR wUacec3Us HUs y3U0 ecUedohUUpe a6l
U 0OUjyavys, "~ UjyycUs oaUsi Ulbjedy 3axlfi tedU slrckdy 3 Hlaje eU¥
dreUUs tapelketsUagalr Jd® Uas3 Us GecUUsay¥Y 3yU GU0ds
GdeUst36g3 eUsveys UFMoaWldive eUdy di vy solds0Uu adlhdsd
Gdeyadd €U Upkelety hAees dhpdasczB¥dgadi ~UyegidaliUs
eo0) RUU, Ud Ggoo PMd) 1 Uslpeligtslithan Usdeg'or 37 Uy e gliaUG U
eUoUai UU; Ud. jgUyd 695 GgooaU3Ujt GUsd uUacs:
afhaalUd, U0 bUy3asasU, 69 ) rvuUseyd e6glald
"jel0eazUsd GUasfhgs hotldégs ~6ofpllélgUaldy Usg ol
“"Up¥YoesUUs U R y¥3U ehse UVatiecd uUuys3Uyeg oaUs
sGUs @cadtd, peletsdas Yhes, UsUdOUgi ~ Uy s ahUUy 6 |

o &

GU0s3Us [ U Gddddh syeses tiees 1 sl
£

"yd Uy3 UsesvyeicelUzr¥s Gve.

Co

G0 Geyld €U UsaUas U g osoge U jlesylyicess atilylssU U 3f “yasgU
aUdadUUUUs d Us¥Yooad G6jdUuosee cadquidd cdesal 3
ahed GdeUsUsoafhd “~UyYoesURMf, UmsyU4d a9 U¥gdd

O C

Ui idd oaUs “9e8 UgooUsyseysU BgUhphgtiea>bad
Uy U0dyeddaUs eUovyalUd uUsUleyyd UsyeUOUGU aU
UsYos oaUs 685 UsUaGUsscUd O,Wylbdl U3 e We v § v 2
aUs GUsd ¢ a3 Uypelketbdl st givs Ulgaya aallbia
Uy oU008Ud) dbo¥yd e@st08% yzeue Uxs U UUjars)
d

o o

U eUsitddeaUs GUsd ~UjUltectsUsayd
UsedeahUU; Ud GdeUsi ddaUs GUsd e63Uyy; 3Ud Ggt
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d U Ausld Udd bosseyYesUd, AHUEBYeUs ddecilsWibssrU
sglosUGUsayY Usd Us 6e yd UsvyyeieUsrs OreUUs

BAt)] K¥TYBzbYq?

Ges UlGey ¥ Usd U sU; U heUszsUd Us 6e yd 0Gre
sUGyy;egs oaUs Gi elrvy3U d U ylides Batiidhbllly 100Dedl s3C
Uds " jedgUaal0d; U 93dd goUaUd "e6g yeUs oaU
GgooalU3Uy pltatgs PMOUsg/ m eylad Uzt 000d de Uy el
egfeamUs UU3 "3y Us 30U OGdeUst 30UUs g yy) bUG(
de U} s a6 osogUokg yUclfyoe A osdddiBde ®IBN)g g9edy Uc
"1 hUg 6-5KABUABNPBB 029U aybdqUUJ dyjeUsiadd U0
UgUfR saU0UUUYGGUs Uesgd eoaybdqUUd GU 3 oaU0U0Udoa}

Cc i

U Ausle Usgd aUdid aUs f3sU Us 8eeWla o050 U
gU hHypoU 299U UU GryeUUalsU GU UgUmMgmiUOd Uy e«
3 ¥Yy6Us “"6ai eUo¥Yad UsUlGe; Y GUU fHypsU Urs
Usa 6e 13 U K Uds oaUiaGd Udd Mo eeeyvh Wdh do Wbd dU
dgooysUyvriadd sUv4g WUagsUBGLIdiY Udd bdBOdgxesUd ¢
y3alUiae Urs oUgalljwewsdoad UGUsoeUUsad Usose
GUsoegUUBadyalU), oaUs 8Ud GgsyecUsU UU GyeUUa

doe U h Ues eyGae 6 96 fsUss dy silycoss yisU sy GGU sl
Uy Ust 300U0Us.

9.5 Y| N  éegNgFBg UtsgAQ?

Bs “Uy UavyUx UsoahaUd U Usec3asags y3 U b
6y dioses @oseddalUs GUsd uwUsoegUUsadyald (Usa
GUsoeUUBadyald GUsd Uy oUsUthysalloa%.d4 )G gslerp Ul

¢
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(O]

2eUUsadyalUd GUsd U;oQiUgpgBdyP. 593 ddaUd
"Ud pellet (Usafh3U 9.6). ¢ ¥vd ~U;U0U0dy Oa

000U U Uy sU udesegjoeia y¥3U UseoaclUR oaUGUL
y s UsUesy;sUY 0V a8 Udd Wiyq s U
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(Uyo080dyosUayd GgadealUd oaUs Ghe Ud pellet)
aUdid UU GaaUj U sUeai Ue3UUs U 'K e95U0 U aal
GaaUy U "~ UjyegloYsalyy¥) glsdi®iyheisals j thelydydd ¢ sUgUe
aUGUUa oaUditd UU Ui UU; U "Uyesyecegs “~Upsalh
(eUijJ U GaaUpU) " Uyesyeegs ~UpsGahUU0yd Uyidy U
Us 64t eU “"6g y¥yeeagaa U esalUelUs UVBGB3WwaxdUHU vye e
UasUs d ys3U0UGad Udd dGeahoUd, d Us¥YjyaUsU U
aUi add, h vd U aldd oUs GUds oaUdU; UJUU
Gy dqlioes 898i 3UUs osaUUY Ud UGgeasoe Uxs (Gaa
Uy o0GUd} 9 Us e d haiyeandGasvditg20H). U) ( C

Koo hsBlankiBaollsoec UUsadyalUd

237
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KoohsW 9b6)geysU GaaUy U U h Usdpellettsooe UUg ac
U¥y3s 10 kveUksU a8i, (be 5 6 U.

9.6 Z7ZAKsSKE¢g ULs@NQSEMZ A | AN¢EYE

Us Ue eyoUdeduodzdUBaows hBeEYs ¥a vYagld U Us

(o]

Oos93U cjeld Usg daUsUjessoesi €993 6006 aag
o 0

dgooaUos) scygasgyYUshoespmdt analysis) oaUs §
Uys utUsoey¥YUxys (mapping).

] " Usd UsohsUd SEM, ¢ 646i3 30U oadidei 3 o>
Uys GyeUUstlaxBUssgzlUgpestsd GU UsUGey UUsay
"@999aalU GUe eyoUded “e8g oagelUas3l0UUs U [ 1

aaaeUalU oaUs d eUoydgstd GdeUsi383UUs aUes o
Us eyoUded Uxs GreUUsilidaad &gmg Oa; sdy H§ Udda
U¥s GyxeUUslUars9iPad Upefhatd¥ec®UWs GUes3s “~asU
"38yh3UU0 UUUesiglBds e ie U020 %U0O0UU; a¥3) &
Gdgsedyd U f eUoUeai UUje eyoUded Grx®8Usiltavrs

U €90 "eoeyd .8U0daddyeslclB®%sOoU UUjar3) (Bo
dgebUasUs 2995U0U0a GyeUUausU "e8g “jeyjyeeslUUs

Uds aUohelUsd UsdYad "6g U slyy Us Uiadad G0
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4/12/2013 HV Mag WD Det | Spot
11:53:38 AM|30.0 kV[3000x|10.3 mm |SSD| 5.0

o

KoohsHMod BEMU f pelletUssaydo GUsd oedletdUsd ¢
(eUoydgedd 3000

Co

2 HV Mag WD |Det|Spot
PM|30.0 kV|3000x|9.6 mm|Mix| 5.0

Aoohas Mo BBMIU f pélletUdisaydo GUsd Uy oU0GUd) sUsayd

eU 103(% Uoydgn.d 3000
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014 ‘ HV Mag WD | Det | Spot
2:38:07 PM|25.0 kV|3000x|9.6 mm |SSD| 5.0

KoohsBMod BBMU f pelletUdsYdo GUsd UyoU08U0Ud) sUayd
e B0%0,( e Uoydgn.d 3000

(eUoydgpiad 600
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13 HV | Mag WD Det | Spot e — Opm
AM|30.0 kV|600x/10.4 mm|LFD| 5.0 PP0280

Koohs UKDo. BEMD  f pélletl 0% AoaYUdo GUsd UyoUaUlqy ¢
aUi 6dd ®Ue 2Dy9ud gxp G 600

[

el R . . 4 e < =
1/12/2014 HV Mag ‘ WD Det | Spot|———100.0pm
11:27:46 AM|30.0 kV[600x/10.4 mm|SSD| 5.0

Ko ohi2lKk0e BEMID f pelletl 0% KoaYUdo GUsd UyoU0080dy ¢
aUi 0dd @®Ue OBy d xg G 600
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4/1/2016 | HFW | Spot|
12:32:46 PM|56.33 um| 10.9 mm|2400x| SSD|15.0 kV| 4.5 |

AKoohs UKo BEBID  f pellet” Bi-exssi¥gdo GUsd UyoU0a0dy :
Gdgadeald oaUh@Ggdordgddeg 2400

KAoohs UKo BRI " K pellet” Bi-exsa¥gdo GUsd Uy oU0GU0dy
Gdgsdeald oUdCggordg®dB8d 2400
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