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ITgoodrogopdg g ehevBegns @oouaddeidng oe suyxoAnuéva eoidvra EVAov
Luyrguon xou 010.gogés HeTaty Tav veLoTduevoy pnedodav doxipay

Mavravng I}, Avxidng X.! var A@avaoiadov E.

ITepiinyn

O 1EOOOLOQLOUGS TG EXTEUTOUEVNS Y] TEQLEYOUEVNS POQUOAdETIONC 0Tl oLy ROMNUEVE TOTGVTOL EVAOV
e(VOL OTLEQXL OUTAQOLTNTOS TOTO OTTG TEYXVOROYLXYIS ATTOYNS, GO0 ®UOIMS ATTd GITOYY) TEOOTAOTOG TS VYELOG
TV 2oTavolotdy. Ot péBodot e Tig omoieg TEOOdOEILOVTOL OL EXTOUTES 1] 1) TEQLEYOUEVT POQUOADELION
eEeMyOnrav v TEooapuGLovTal otig exdotote ouvojxes. H ouvOetnti ot 0yaoio aQovotdet asto-
TELEOUATO EQEVVIV TTOV EYOVV TTEOYUATOTONOET Pe dLdpoQeg eYreRQIUEVES HEDGOOVS TEOOOLOELOUOV TNG
opuardelidng, mov yonowporototvtol orjuea o diebvEg emimedo, eva TEEOOETO oLVYXRQEIVOVTOL UETOED
TOUGS Ot HEBOdOL QTES, Mo a) 1 nEBodog exyvhong, Perforator method (gvpowmainyg moodiaryoapy] EN
120), B) n né€Bodog Bardpov, Chamber method (evowmaixy mpodiarypagn EN 717-1 xnow apeouroviny moo-
dwaypapn ASTM E1333), v) n nébodog aeproavdlvong, Gas Analysis method (gvpwmainy moodiarypogpn
EN 717-2), 8) n uébodog Flask (evpwmainii mpodiaypapy EN 717-3), €) n né€0odog purpot Barduov, small
chamber method (tamwvizn meodiorypar] JIS-A-1901) xow ot) n péBodog Desiccator pe omovdadTeQeg g
Lammvirég nefodovg pe Paom tig mpodiarypapés JIS-A-1460 o JAS-233. KdaBe né0odog mpoodiogLopo
TAQOVOLALEL LELOVEXTYHLOTAL KO TAEOVEXTYUOITCL, TOL OTTOL0L AVOMIOVTOL OTNY TTOQOoVoa OVVOETINYG QYOO
eV ETIONG TTOQOVOLALOVTOL OTTOTEAEOUATO LEAETWDV KL GUOYETIOEMY TTOV VITOAOYIOTNROV PETOED OTUHV

TV HEBOdWV 08 OYEOM RO PUE TIS LOYVOVOES TOOOLOLYQUPEG.
A€Eerg-rherdra: poouahdeion, ouyrornuéva mpoidvra Evhov, péBodot mpoodiopiopot, pébodog Per-
forator, uéBodog Chamber, uéBodog Desiccator, pébodog Flask.

1. Ewvayoyn

Zrjueoat tor oVvVOETa VARG 0t EUAO %o OUYROAAY-
TURES OVOTEG, YVOTA RO 0G OUYROAANUEVQ TTOOTOVTOL
Evhov, m.y. womhdxeg (vvpimg MDF adAd xa povo-
TWES WVOTTAAXES), AVTLROAMMNTA (V. ROVTQO-TTAOXE),
HOQLOTTAGXES (%V. VOPOTIAY) TTOU ¥ONOLUOTOLOVVTOL
O€ EQUOUOYES TTEQLEYOVV OTN MAla Tovg poouaide-
i0n oe ehevBeQNn pOOPY AOY® TV CUYROMN TGOV
OVOLAV TTOV PEQOVY GAAG %o -0€ TTOM) UIXQOTEQO
Babus- eEartiog Tov drov Tov Evrov (Roffael 2006).
Amo ) dexaetion Tov “80 €xer avayvwolobel ot ta
ovyroAnuéva meoidvta EVAoV amrotehovy po oo
TG ®UQOLES TINYES EXTOUTNS POQUAAIETONGS OF ®aTOL-
%(eg OMG %o EQYOOLOOVS YOS (Puhimtov 1984
zat 1989, T'onyoptov 1986 xaw 1992, Mapxreaivn 1993
7ot 1994, Mavtdvng zow Magpxzeoivn 1998, Mavtdyng
%.a. 2006, Mavtdvng 2007).

H exmopsm M €xhvon poouardeiong €yl ovoye-
TLO00e( 08 OXETES TEQUTTOOELS HE RIVOVVOUG YO TV
vyeia tov avBpnmov (Sardinas 1979, Dally ef al. 1981,
Breysse 1985, EPA 1994, Wantke et al. 1996, Garrett
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et al. 1998, Garrett et al. 1999, Mavrtdvng %.a. 2006),
N O N Evoon €xel xoWBel wg «wTevbvn yia xaoxi-
voyévean» (IARC 2009) o ofjuepa 0° Oreg ayxedOV
TS ywoeec ™me Evpomaintc “"Evoong €xel empPinbein
»hdon E1 ov agopd o€ poidvta EHA0U oV TaQov-
oudlovy youmhn €éxhvom 1j teptertirdTnTe. AeV0EQNC
poouaidetidng om pndla tovg (Athanassiadou 2000,
Athanassiadou et al. 2004, ®ihiztrov 2007, Athanas-
siadou et al. 2009, Mavtdvng z.a. 2009).

O 1EOCGOLOQLONAS TG EXTEPTOUEVNS 1] TTEQLEYO-
HEVNS POQUAAIETONG ot aUyROAANUEVE TEOTOVTOL
Ev¥lov - emevdedupéva pe xamhapddes q @UALa
neropivng, | un eTeVOESUUEVQ - E EQYULOTNOLAKRES
1eBGd0UE EYEL ATAOYOAMOEL EVIOVA TOVS EQEVVNTES
(Risholm-Sundman and Wallin 1999, Yu and Crump
1999, Bulian et al. 2004, Schwab et al. 2007, Risholm-
Sundman ez al. 2007). ZQueQo 0tV TOYROOULL 0y OQd
YLOL TOUG EQYALOTNOLUROUS EAEYYOVS THG EXTTEUTOUEVYS
N TEQLEYOUEVNS POQUAAIETING Y ONOLUOTOLOVVTOL
a#eTEC PEBOOOL TOV TAEOVOLALOVY HETAED TOVG TE-
yviréc dagopés. Katd ovvémera, ouyvd dnuovoyov-
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VTOL TQOPAYUOTOL OTLS ELOAYWYES HOL OVYYVOY OTOUG
RATOVOAOTES, OTOV TEOIOVTOL 0T ONUEQLVY TTOLYHRO-
OLLOTTOMUEVN aYOQd. OLOHIVOUVTOL OTTO L TTEQLOYY]
oe A, H YooEn eniong SLopoQETIXMY TEYVIRMDV
TEOALAYQAPWV OTtd ybea o€ Ywea (.Y Evpwmainy
"Evowon, Iarnovia xow HITA) emitelvel mepautéom to
moopAijpara (Bulian et al. 2004, Risholm-Sundman et
al. 2007). To yeyovog oautd »abLotd TAEOV ETLTOATIRY
™MV avayun ®oOEQmoNg eviaimy, oy pedodwv
TOOOOLOQLOUOV THE POQUOAIETHONG 0T CUYROANUEVQL
TEOLOVTA TOV EVAOV.

%o ™S Tapovoag ovvleETIAG epyaoiag ei-
vau 1 avaorommon ™ dteBvoug Pipioypagpiog o
QPO OTLG ONUALVTIXOTEQES EQYAOTNOLARES NeBBOOUG
TEOGOLOPLOUOU TNG POQUAAIETONG oL ETTOOOHE-
TS OTO, WTOTEAEOUATO TWV CVOYETIOEWY TOV EXOVV
Boebel petall avtwyv oe ox€on pe TG LOXUOVOES
mpodoypaés. H avaordmmon avty evOexouévmg
Vo 0ToPEl ONOLUY 08 POQRELS EAEYY OV, 0QYOVIOUOUS
OL ETYELONOELS TS XS HOG, HABWDS TEOOQUTHL
T€Onre o€ oY N apBp. Z3-5430/22-4-09 KYA mov
emPdriet ta TEOIGVTOL EUAOV RO TOL ETULITAQL VOL OLVY]-
%oV 0¢ ®hdon poopahdetiong E1 M wxodteon. “Etot,
YL0L TOVG OQELS AEYY 0V TS Tohtelog (Ievin] Foarpt-
noteto Kotavahoti, tehwveia, vopapyieg) alhd xo
Yo L EMINVIKES ety el oeLs Oa elvan evOgOuEVIg
O OTTQAOXOTTN 1 OUYRELON /v aELOAGYNON TG
OYILOLVONG TTOU TCL ELOCLYOUEVL TTROTOVTOL (PEQOLV, LOIWG
£dv otd, TEOEEYOVTOL It TV Ao, Ty Qreavio 1
™ B. Apeowrn, 61tov dLopoQeTind O1jUaTol TOLGTNTAG
LOYBOLY Yol T POQUOADETM.

2. Ygrotapeveg péBodot mpoooLogLopov g qog-
poAdetidng

Ou péfodor pétponong g Qopurardeidng mov
e(VaLL EYRENQUUEVES YLOL TOL OUYXOMNUEVA TROIGVTAL
EVAOV £QaoUATOVTaL VIO TOV TTQOTOLOQLOUO E(TE TG
EXTEUTTOUEVNC OOUOAOETONG (0 mg/m® adpa ) uéon
avd gxotopuvolo, ppm, | mg/m? avd 0o, | mg avd
Mt00), elte ™G TTEQLEYOUEVNS PooUahdETOMG (mg/100g
TAAROG). ZNUEQQ OE TOYROOUWO ETUTEDO VIAQYOLY,
HETOED AMWYV, oL ®dTwOL eyrenQLUEves HEBodoL:

§ MéBodoc Badduov, Chamber method (evowmoinng
mpodiarypawr] EN 717-1 zow apeouravinn mpodia-
yoagy ASTM E1333).

§ Mé6odoc acproavdalvons, Gas analysis method
(evowmaixn mpodiayoapn EN 717-2).

§ Méhodog gudins Flask method (evommainy wQo-

dwayoai EN 717-3).

§ Mé6odog Perforator vj né€00dog exyulong (evow-
maizn mpodiarypagr] EN 120).

§ MéBodoc uixpov Balduov, small chamber method
(rammviny] mpodarypapn JIS-A- 1901).

§ MéBodor Desiccator (wvpiwg oty lomwvio & v
Queavio) (e omoVdUOTEQES TIS LOTWVIXES HEBO-
dovg pe Pdon tig meodiaypagés JIS-A-1460 »ou
JAS-233.

v Evpomn, n uébodog Bardpov (Chamber
method, EN 717-1) amotehet uébodo avapopds W
ootV UEAOO, RABMDC TOLROVOLALEL T peyaliTe
a&lomiotio m ool Gpng GUVOIEVETOL RO OTTO OOTTCL-
vnon epappoyn (Risholm-Sundman et al. 2007). Ané
TLS VTTOAOLTTES EYREXQLUEVES HEBGOOVS TEORVITTOUV
OTOTEAEOUOTOL TOL OTTO(0, GUY VA CUYRQIVOVTOL RO
ovoyetiCovron pe ™ néBodo Baldpov (Schwab et al.
2007). o ot} zow 7o dtadedopévn €€’ autav, 1diwg
ot fropmyavia, etvor n péBodog Perforator (Yu and
Crump 1999, Bulian ez al. 2004). T'evixd, ®aOguid pe-
0000¢ €y EL LELOVEXTIUOLTOL ROl TTAEOVERTIULOLTCL, OTTOG
AOLL LOLOULTEQOTNTEG.

Zug HITA zow tov Kavadd poioroviar o€ 1oyl
aevog pev n nébodog Bardpov (Chamber method)
ovpgpova ne vy mpodiaypagny ASTM E1333 xou
aeTéQov, N mo dradedopévn p€Bodog, vt Tov Ui-
%000 Bohduov ovpgpmva pe ™y tpodiaryoapy ASTM
D6007-2 (small chamber method). X¢ 6t agod otovg
AVOVIOUOUS QVOUEVOVTOL VEES EEEMEELS 0TV QYO-
00 ¢ Bopelag Apepuung. ZuyrerQuuEva, OUUQOVOL
ne véa oomylo tng CARB (California Air Resources
Board 2008), ta. ovyrohnuéva tpoidvia Eviov, m.y.
LOQLOTTANAXEG, LVOTTAAXEG, ROVIQU-TIAUXE,, TIQETTEL VITO-
Y0ewTd va vdyovtanr oty xAdon El wg mpog m
oouardEdM, Otay avijrovv om 1" pdon (Phase I)
7oV e@apuoletan amd tov Iavovdoro tov 2009. H 21
pdom (Phase IT) n) omolo 10m epapuoleton oo tov lo-
vovdpro tov 2010, emPdarrel exmop oouahdetiong
ot enimedo yaumidtepo and mv El mpooeyyiCovrag
mv »hdon EO. Ta véa avtd dedopéva evapuovico-
VTOL (L€ TN YEVIXOTEQN TAOY TNG TOYROOULOS OlYOQAS
YLl AUOTNEOTEQOVS HOVOVIOROUS O€ OTL apoQd. 0T
PoQUaAdETOM.

Zmv lamwvio o my Qreavio (Avotpaiio, Néa
Znhavdia) »vprayotv ot néBodor Desiccator. Ou
LoTTOVIRES tpodLaryeaes JIS-A-5908, JIS-A-5905 xou
JIS-A-1460 eivar oL o awotEES OToV ROOHO GO0V
aQOQA TV ExAVOY POQUAAIETONG %Ot LOYVOUV YLOL TIG
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.

Hivaxrag I. Zvyroruxog mivorog tov pefGdwv mpoodloptopoy ™mg poopardetiong (myr: Risholm-Sundman et al.

2007)
) _odKkopov avé nt') ,

EN 717-1, Chamber method, uébodog Bardpov | 1mPavany | pepidg kiewotd 23°C/45% 23°C/45% 1
3 Odhauor: 0,225 m*-1mi- 12 m? Balduov (1,5 m/m?)
EN 717-2, Gas analysis, péodog 40 ecmx 5 cm KAEIOTE Sev npofhénetot 60°C / <3% 15

Evpomm aeproavaivong (Bdhopog 4 Aitpav) KApanoude
EN 717-3, Flask method, ué6odog Flask 2.5em x 2,5cm avouyTd dev mpoPhéneton 40°C / ~100% on
ed1kd doyeio yopnukdmrag 500 ml 20¢g (80 mm®) KAUOTOHOS
EN 120, Perforator method, péfodog exydiong |2,5cm x 2,.5¢m ovouyTa Sev npoPhéneton Exydlon pe on
Sevypdrov pe 600 ml tolovdio 110 g KAMUOTIOUOS tolovdiio (110°C)
JIS A 1901, Small chamber method, pé6odog 22movam’ KAEIGTE 28°C/ 50% 28°C / 50% 0,5
wikpov Boiduov (Bdiauog 1 m') Balbuov

Tomevia JIS A 1460, Desiccator yio. PB-MDF-OSB 0,18 m? avorytd 20°C / 65% 20°C / ~60-70% oyt
uébodog Desiccator 27 m'm?)
JAS 233, Desiccator y10 ovtixolAntd 0.18 m? avoryTd 24 dpeg péoa oe 20°C / ~60-70% ot
uéBodog Desiccator (27 m/m?) mhooTikn aaxovia (200C

Maykooping | ISO/CD 12460, Chamber method Infovam® | pepueds xhewtd 23°C/50% 23°C/50% 1

uébodog Bakduov (Bdhupog 1 m') Badduov (1.5 m/m?)

LOQLOTTAAXES, TG LVOTIAARES ®oL TLg Evhomhdnes OSB.
Zmv larmovio TomWTOEQAOIAOTXE ROl TO 0N TOLO-
mrog F**** (F four-star) mov moTtomoLeiton we Tg
Lomvir€g neB6dovg Desiccator yuo Exhvom puxpoten
om6 0,3 mg/L (vhaom oyedov EO). I to »évrpa-mha-
%€ LoyveL M wmwviry nébodog Desiccator JAS-233.
Avydtepo dradedopévn oty Lamwvio elvorn néBodog
ToU rEov Baiduov (small chamber method) mov
moayuaromoleltal og Odlapo 1 m® obupwva pe vy
wawviry eodiayoapn JIS-A-1901. Zmyv Qreavia
emmnpatel 1 néBodog Desiccator yio péTonom exivo-
LEVNG POQUAAOETONG -TtoV TTEOOEYYITEL Tl LOTMVIRA
TOOTUTTOL- KO EXTEAEITOL EQYAOTNOLORG OUUPOVOL [LE
15 TEOOLYQOES AS/NZS 1859-1 & 2 now AS/NZS
4266.16. Zmv ¢ avo meproyxn N u€Bodog Perforator
elvau emiong apretd dradedopévn (Young 2004). IMpé-
TTEL VOL TOVLOTEL OTL 1) AvoTpahion wow ) Néa Znhavdia
Ta TELeVTaiCL €T €YXOVV EVOQUOVIOTEL e TOL OEdOUEVQL
TV VOTNEMV XavovIoPoY TS Llamwviog OeomiCovrag
UETOOL YL0L TN SQOOTIXY UEIMON TWV EXTOUTTAY (POQUOA-
debomg amd ta meoidvta EVhov (Young 2004).

Tol x0QAATNOLOTIXA TV EYRERQLUEVWV EQYAOTY-
oLar®v neBodwv maEovoldlovial e AETTOUEQELD
otov ITiv. I (Risholm-Sundman et al. 2007). "Omwg
gadveton otov ITiv. I, ou péBodot TeoadLopLopoy g
(POQUOAOEVONG O€ OVYROMNUEVA TEOTGVTO EVAOV
OLap€QOVY oNUaVTLRA, OLEEAYOVTOL OF LAUPOQETIRES
ouvOireg raw divouv amoteréopata €xhvong 1 we-
QLEXTLROTNTAS O (POQUAAOEDON, TaL OTOlC. Gpwg dev
elvow apeoa ovyxpiopa peta&l tovg. Hapardtm
arOLOVOEL GUVOTTTLAY] TTEQLYQUEPY] CUTWV TMV EYREXQL-
UEVOV LEBGdWYV, OOV EONUAIVOVTOL TOL TAEOVERTY-
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LLOLTCL KO TOL LELOVEXTHUATA TOVG.

M¢€00dog Bahdpov

H pé6odog Bahapov (Chamber method, EN 717-1)
elvon wow ooty gvpwmainy HEB0dOg e ™V omoio
T100dL0QCETaL 1) TRy HaTLXY] EXAVON POQUAAIETONG
OTOV AL€QaL, TOL ABAVEL XDE O EVaL ®AeLoTO Odhapo
oyxov 0,225 m* 1 1 m® »drow amd eheyyoueves ovvo-
%eg (Bepuoxrpaoio 23°C, oygtnr vypaoio 45%). Zmra-
vidteQa yonowomoteiton Odhapog >12 m?. Aoxiua
TEOIGVTOV EVhov (emupdverag 1 m? avd m® Oaiduov),
rhpatiopévo oe ovvinreg 23°C/45%, toroBetovvran
oto Bdhapo pe puBuS xurhogoopiag aépa 1 m> h m=.
MeTtpnoeig yivovron xanueovd e Mjym 2 deryudrmv
€0 T omoio avahvovton purTopetourd. H mepliodog
UETOOEMVY dLaEREL EMG %ot 28 NUEQES HEYOL TNV ETT(-
TeVEN oLvONRAY LWopoTtiag (steady-state conditions).
Ta amoteréopota ex@Edlovial 08 mg QOQUOLdE-
g avd m? agpa M| o€ ppm. ZNUEUHVETAL GTL YLOL THV
xhdon E1, n ovyxévrpwon goopardetidng otov agoa
meEmeL va. elva uxoteen amtd 0,12 mg/m?® (0,1 ppm)
0€ RATAOTAON L00EEOTIOC. Xta BeTind g pnebodov
avapEQovtaL: o) 1 aELomoTic TWV UETOHOEMY TTOV
rapfdavovial, f) To 6T QUTES TEAYHATOTOLOUVTOL OF
ToayHaTreég ovvOnreg dmpatiov, xat y) 1 OUOLOYE-
VELOL TOV VIO HETENON detypdtov eEoutiog Tov neyeE-
Bovg tovg. Emonuaivetal, wotéoo, 6t To apvnTird
onuelo g neBGdov avmig elval oL pLeyaiot yoovol
doxpudv (repimov 10-28 Muépeg) ot 0 damavneog
%o €EELOEVIEVOC EEOTMONOGS TOV OTTCULTE(TAL VLo
™ deEaywyrj tovg (Schwab et al. 2007).
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Mé£00dog aggroavaivong

H pébodog aeproavdluong (evommaizy moodio-
yoapn EN 717-2) eivon pa p€Bodog wpoodLootopno
™G EXTEUTOUEVNC POQUOAIETONG (Ttd OQLOUEVT TTO-
OOTNTOL YUUVAV 1] ETTEVOUUEVMV LOQLOTTAOAMV, LVOTTACL-
%@V, OSB 1] ®6vTpa-mhané Tov e@aoudleTol ®uElmg
oty Evpamn. Aoxipo duaotdoewy 40 cm x 5 cm pe
%AELOTA TEQLOMOLL (OGROQA), XWEIS VO EXEL VITOOTEL
rMpomopd, tomofeteftan og rordAnho Odhauo ymon-
nromrag 4 It xou «eEavayrdletow va amofdiiet
™ oEUaAIE(dN TOU TEQLEYEL RATW QIO OUVOTHES
VMg xurhogogiag tov agpa (15 m* h m?), Beopo-
%p0otag 60°C xat yaunmiig oxetnyic vyoaotog (<3%).
Aetyporo a€oa maryldevovian og TAVVTOIdES VEQOT xaw
avaivovion potopetoird. H doxur| dtoprel ouvolxrd
5 wpec. Enuerwveran ot Yo ®hdon E1, n ouyrévipm-
on poouahdelidng meEmet va elvan uredteen amd 3,5
mg/m? h. Ta mheovextiuato avtig g uebddou eival
Ot elvau aTthr], EGROAN OTNV EQYAOUOYT, TOAU 0VVTOUN
AU TTOQOVOLALEL LAOVOTTOTUAY] ETTAVAANPLUGTTOL, 0LV
%o 0 EE0TMOpGS TOL oToite frow Y o) dteEorywyn g
elvan opxretd domavneog (Schwab et al. 2007). Awo-
péoeL onuavtrd ard ™ uéBodo Baidpov Adyw Tov
SLOPOEETHAV ouVONRMV (7.). Vymhj Bepponpaaia,
TOM) YoM OYeTIy LVYQOOTa, MYMAY ®urAopoia
a€oa), YU ouTd ®OL 1] OVOYETLON TOV OITOTEAEOUATMY
TOUG elvor oVVBWE TOAG advvaun.

Mé€0odog guaing Flask

H pébodog Flask (gvpwmaing mpodicyoagpy EN
717-3) etvon e epyaotolont p€Bodog mov exnteel-
To Pe athO TEOTT0 0 ®AeL0TO doyelo dyxov S00 ml, pe
TNV OTO{Ct TEOOALOQITETALL 1) EXTEUTTOUE VT (POQUAADED-
O (oe mg/kg) amd yupvd doxipa Evhorthaxav fAoovg
20 g »ou dwootdoewv 2,5 cm x 2,5 cm. Ta doxiwa
YWEIS VoL €YoV *MUATIOTEL, TOTOOETOVVTOL 0TO oY (0
%o amofdilovy Ty eletBeon poouakdelidn toug
vrt6 otabepn Bepporpaoio 40°C xal oyeTin vyaoto
"100% Yo ypovird dudotnua 3 mwpav. H poouakdei-
O deopevetal 0o VEQS TOV VITAQYEL OTOV TUOREVAL
YUAALYOU dOyElOV RO AVAAUETOL PMTOUETOUAC UE T1)
néBodo g axervhoaxretdvng (Sundin and Roffael
1992). Ta. astoteAéopara expodlovrar oe mg/kg Enong
mhdxac. H néBodog Flask dev yonoipomoteito ofjueoa
€VOEWS. AUTO SLoTL deV ExEL TUYEL TAQOUS ATtOdOYNS
eEQUTIOG TMV UELOVEXRTNUATOV TTOV TAQOVOLALEL, 1{TOL:
a) ov ouvOreg G neBSdov (40°C Beppoxrpaoia xal
100% oyetinn vypooia) dLapEQOUV ONUAVTLXG 0T
TS ®avovIxEg ovvOnreg dwpatiov, ) ta avolytd 00-
%OQM TOV WXOWV OELYUATMV TOV ¥ONOLULOTOLOUVTOL

001 YOUV 0 TOAD VPNAT], 1) CLVTLITQOCMITEVTLXY EXAVON
POEUOLOETONG EuTTEQLEXOVTOS TOV %IVOUVO TBVYig
AVOUOLOYEVELOS TV derypdtov eEattiag Tov uxeou
ney€0ovg tovg (Schwab et al. 2007), v)  peBodoroyia
TAQOVOLALEL YOUMAY ETTOVOANPLUSTNTOL Ot O) TOL QTTO-
TEAEOPOLTOL TOLEOVOLALOVY OYETIRA adUvVaLn CUOYETLION
ue ™ nEBodo Bahdpov.

Mé£0o0dog Perforator

H uébodog Perforator (evomrmaixn moodiaryoagpy
EN 120), 1§ u€60d0g exuAong, XONOLUOTOLE(TAL YLoL
TOV TTEOCOLOQLOUG THG TEQLEYOUEVNS POOUALIEDONG
(og mg/100 g mhdnag) pnetd oo droduaoio exyvh-
ong wov yiveta pe xabaed tohovsho (C.H.CH,). H
uéBodog Perforator dev mootelveTal yiow HETOHOELS
o€ eMROAPUEVOL 1] eTtevdEdUUEV TEOTGVTA, OUTE O
ROVTQOL-TTAOKE, EVE XONOUUOTTOLEITOL YLOL YUUVES [O-
QLOTTAAXES, vomhdxreg, mhdxres OSB. Zvyneroiuéva,
doxrima Evhomhoxadv dratouric 2,5 cm x 2,5 cm %o
Bdooug 110 g exyvAiCovral og edirn ouoxewvr| ue 600
ml TohovéMo otovg 110°C yia 2 wpeg. H ehetiBeon
POEUOAOEDHON exyvAiLeTOL, dEOUEVETOL ATTG VEQD RO
o™ ovvéyxeln p€ow g avtidpaons Hantzsch mpoo-
dLopiletan M oG TA ™S UE POTORETOWY HEBOJO.
ToviCetow ot Yoo ®hdon El, n megrertindomro g
POQUOAIETING TEETEL VaL (VAL LURQEOTEQY OO 8 mg
avd 100 g amdhuta Enorg Evhomhdxrag (6,5 mg/100g
og yweeg omwg lepuavia, Avotpla, Aavia, Zoundic).
H péBodog Perforator yonoiomoteitar opega gv-
€mwg ®ow Tuyydver peyding amodoyric. Emttoémnel m
OUY*OLOT OELYATWY TTOAD EVRONML, OROUN %ot LETAED
drapopeTindv gpyaomoiov (Mavrdvng x.d. 2009),
evo ota Betind g neBodov eguhapavovra:  vpn-
A axiPeLo xo ETAVOAPLUOTNTA TOV UETOHOEWY, O
Ao ®ow PONVOS EOTAOUGS TTOV OTTALTE(TOL RO 1)
wxon xoovixn dudpxewa (4 weeg). To avnTrd on-
uelo mg nebodov Perforator elvar n xo1omn oQyavixov
dtaliTn (TohovdMo) o Bemeeitar emrivouvo, eLdi-
®d oe Toxtry pdon (Risholm-Sundman et al. 2007).
Zrjuepam uéBodog Perforator eivorm mmo dradedopévn
eoyaotnolany HEB0dOg o€ ToryrOOoULOL RA(HOXAL, EL-
duxd ot Bropnyovict %o OTOV TTOLOTIRO EAEYYO TV
OUYXOMNUEVMV TTEOLGVTWY TOU EVAOV.

MEé€6odor Desiccator

H pébodog Desiccator eaopudotre meaTn Qod
omyv lamwvia. Aev elvar eviaia Yoo GAC Ta OUYROA-
Muéva meoidvra EVA0L %oL TO ®UQLOTEQO elval 0Tt
duapépel otig ywoes lamwvia, Avotpaiion zaw Néa
Znhovdia, 6Tov VITAQYOUV Ol OYETRES TOOALAYQU-
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Hivaxag IL. ITooodlopiondg #hdong gopuordetidng E1 oe Evhomhdxres pe EAOT-EN ueBédovg (mmyn: Mavtdvng .d.
2009)
Table II. Determination of formaldehyde emission class E1 in wood-based panels with ELOT-EN methods (source:
Mantanis et al. 2009)

MOPIOITAAKEX EAOTEN 120 =
INOITAAKEEX (MDF, HDF) MéBodog exybriong
ZYAOITIAAKET OSB (Perforator method)
KONTPA-TIAAKE

STV; \ 00
Tlepisydusvn: <8 mg/100g amdivta dnprig Svromhdxag

1
1o uopronkoxes & Sviomidxes OSB
nepreyouevy: <6.5 mg/100g
Y10 VOrAGKES
nepeydpevy: <7,0 mg/100g
(e ev yproer Sviomidxeg)

EAOT EN 717-1
MéBodog Buiduov (Chamber method)

Exzsunduevn: 0,124 mg eva m’ eépa

EAOTEN 717-2
MéBodog Gas Analysis

"EAOTEN 7172

MOPIOIIAAKEE
INOITAAKEX (MDF, HDF) MéBodog Gas Analysis
ZYAOIIAAKEE OSB

KONTPA-TIAAKE

Exnepnopuevn: <3.5mgm’ h

Exneunduevy: < 3,5 mg/m* h

«: Enueioon: H pé8odog Perforator (EN 120) Sev mpoteivetat yia HeTphioets o€ enevdedvuéva mpoidvia SUAoTAOKGY Kal GE OVIIKOLANTE

pég avts (Iamavia: JIS-A-1460, JIS-A-5908 & 5905,
JAS-233 - Queavia: AS/NZS 1859-1, AS/NZS 1859-2,
AS/NZS 4266.16). H nébodog Desiccator ammotehel pua
oEL6mmotn uéBodo mov €xet dLeLodVOEL O€ TTOMES aryo-
0€¢ Tov Thaviim (rvplog Aoia, Qreavia, B. Augouwrii).
H uéBodog eivan xatdAAnin yio tov mpocdloQLopd e
EXMVIOUEVNS POOUAAOETON S ATt LOQLOTTAGXES, LVOTTA-
%EG, OVTLXOAMNTA ARG ®ow OVVOETAL TOEXRETA THITOV
laminate. IToodtto deLyudTmv pe OUYRERQUUET
emupaveta (r.y. 0,18 m?) tomoBeteltan oe Enpavrioa
(desiccator) oe eheyyduevn Beppoxpaoio. H exhudpe-
V1 oEUaAIE(ION dECUEVETOL ALTTO ATTEOTAYUEVO VEQO
7OV (VoL TOTOBETNUEVO OE ROTAAMNLO O%EVOS OTOV
mhuéva Tov Enoavtijoa, mpoodlopitetar pwTope-

oA now teMrd exgodletan o mg/L. F'evird, eival
o oA} pnEB0dOg Yo TV 0molt: MG ATTULTOVVTOL
TOVAAYLOTOV 24 DEEG YLaL TNV EXAVON %Ol ETUTAEOV 2
HOES YLOL TOV TQOTILOQLOUS TG EXAVGUEVNS (POQUOLA-
OedNg. ApvnTxd elval To YEYOVOS Ot TaL dEly oo
TTOLV ) LETONOM YOELALOVTOL RAUOTIOUO O RUVOVIRES
OUVONRES YLOL OQRETES DOEC.

3. Amoteréopata ovyRQICEOV PETAED TOV nedo-
OV TEOTOLOQLOLOV

Metd amd pehét g ToQOV0US ETOTIUOVIXIS
otdBung (Yu and Crump 1999, Bulian et al. 2004,
Risholm-Sundman et al. 2007, Schwab et al. 2007),
otovg Iiv. IT »ow ITT wopovotdlovrol Tor 6oLe %ot Ot

Iivaxag ITI. Extiunon mg ®Adong goopaideiidns E1 o Evhomhdxreg pe woodivapes nedédovg (rmyn: Mavtdvng %.d.

2009)

Table III. Estimation of formaldehyde emission class E1 in wood-based panels with similar methods (source: Mantanis

et al. 2009)

ANSI A208.1, Mopromhaxes & tvomhaxes

Large Chamber (PB & MDF-HDF)
ASTMEI333

ASTM D6007-2:2008 Small Chamber va.
Sivetat 1y oviiototyio pe 1o Large Chamber

< 0,18 ppm @ popionhakes
<0.21 ppm na MDF

< 0,08 ppm o kOVIpa-ThKE
(mym: CARB 2008)

PB, MDF-HDF

TATIONIA® JIS A 5908 & 5905 Mopronh.ixes & womhakes
Desiceator JIS A 1460 (PB & MDF-HDF)
Tomou: F** <15mglL
Liag <0,5mgL
| i <03mgL
AYEITPAAIA | AS/NZS 1859-1 & 2 Moproniaxes (PB) <1L5mgL
Desiccator AS/NZS 4266.16 Ivomh.éxeg (MDF-HDF) <1.0mglL

Orav < 0,5 mg/L. o1 Svlomhaxes avijkovy o€ KAGOT)
younhotepn and myv E1 kidon

@ Inueioon: To kovipu-nioxé (oviwolinta), woyvet n wrevikn péBodog Desiceator JAS 233.
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Iivaxag IV. Kot extipnon Tég poouardeione yio dudgoes youveg Evhomhdnes 0° 0Tl aqoQd Tl EVOMITAIES nedo-
SOV 08 GUOYETLON e TO GOLO amaiTnomg Yo To ofjua F**** g wamwviniis pedddov Desiccator JIS-A-1460 (Bulian et
al. 2004).

Table IV. Estimated formaldehyde values for uncoated wood-based panels based on the European standard methods in
relation to the Japanese F**** limit according to the Desiccator method JIS-A-1460 (Bulian et al. 2004).

PN Opraxn ipn) 10 GoppGp QT pe TV 1
Tomos Sviomhaxas Evpuiei pitube thime whaon F*#** () = 0,3 mg/L) R
Moptonhdéka xor MDF Odlopog 1 m* 0.05 ppm 0.74

a2 1.5-2,0mg/100 g atro ©
2 S
Moptronh.éke ket MDF Perforator EN 120 (renp; Dunky 2005) 0,90
Mopronhdxo kot MDF Agproovaivon EN 717-2 - 0.47
Moprom.éxa Odlapog 1 m*EN717-1 0,04 ppm 0.87
Moptom.éxo. Perforator EN 120 2.4mg/100 g atro = 0,94
Moptomhéxa Aeproov@lvon EN 717-2 1,1 mg/ (hm?) 0,71
MDF Odiopog 1 m* 0.06 ppm 0.94
MDF Perforator EN 120 3.8mg/100 g atro ® 0.90
MDF Aeproavaivon EN 717-2 2,0mg/ (hm?) 0.88
0SB Odlapog 1 m*EN 717-1 0.03 ppm 0,93
OSB Perforator EN 120 2.3mg/100 g atro ® 0.98
OSB Agproovaivon EN 717-2 0.8 mg/ (hm?) 0.86
=Metd and avayeyn ot eninedo 6,5% nepieydusvnc vypucioc
0.45
0.4 y=1.2384x-0.0169 l
B R® = 0.9156
X 035
% /
0.3 X -
E /
& 0.25 >
S
5 02 Pt
- x
-1 x
o 0.15 X X
= o
§ 0.1
0.08 Summscmengpotifon
0 1
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Chamber (ppm HCHO)

Tympa 1. Kapmidy ovoygnong petalt me pebdodov Desiceator xaw g mpdtumng pefodov Bardpov (mnyr: Risholm-
Sundman et al. 2007).

Figure 1. Correlation data between the Japanese Desiccator method and the Chamber method (data from Risholm-
Sundman et al. 2007).
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16 - ‘

R?=0,7237
12 | |

5,8 - Indicative perdorator method limit
for the F**** Japanese ciass

Jis A 1460 (mg/1)

06 - |

04 - Ly

02 {F= _-=" e i
: | , A A .
0 2 4 2 8 10

EN 120 (mg/100g)

Zyjpa 2. Kapmiin ovoyénong peta&i mg tommvirng uebddov Desiccator JIS-A-1460 xaw tng evpwmaixgg uedddov
Perforator yi MDF xau pogromhdxeg (myn: Bulian et al. 2004).
Figure 2. Correlation data between the Japanese method JIS-A-1460 and the European Perforator method for MDF

and particleboard (data from Bulian et al. 2004).

OVOYETIOELS TTOV VITAQYOVY UETAED TV PeBGdWYV TTRO0-
dLopLopov g poouardeidns. Ta atovyeio avTwV TwV
OVYrQEIOEMV WTOQEEL VaL EIVOL YOOI YLOL TOVS POQELS
7OV OLEVEQYOUV OYETIROUG EAEYYOVS (TEMmVELDL, VITN-
0€0leg ELEYYOV), TIG ETULYELQNOELS, TOUG ETLOTHLOVEG
%o GAAOVG EVOLPEQGIEVOUG.

Cevird, elvor TEOPAVES OTL OL OLOPOQES HETOEY
TV XONOLUOTOLOVHEVMV LEBGOMV TOOTILOQLOOV TNG
poopardelidng eEnyovvian amd SLapOEES OTLS OUV-
Onreg deEaymyns Twv doxudv (.y. Bepuoxpaoio,
OYETURN VYQOOT0L TOV 0EQXL, AVOVEMOT ALEQQL K.(L.) AAAGL
%O OTOL (ALQOXTNOLOTURA TV QORI (TT.). TURVETY-
T, ®RAAVYN 1 Gl TOV GOROQMWYV TV JELYUATOV .4.).

ZUpupmva pe Ty gpgvvnury eoyaocio twv Risholm-
Sundman x%.d. (2007) n wwmovixy péBodog Desiccator
Olvel amoTeLéopata TOV O€ YOUNAES OCUYREVTOMOELS
POEUOAETONG TTaROVaLALOVY LoYLET| ouoyETon (R?=
0,91) pe mv mpdtumn uéBodo Bakdpov (Zy. 1). And
™V Ay, ovugpova pe tovg Bulian %.d. (2004) ma-
paoOnxe Aydtepo woyver ovoyéton (R*= 0,72)
UETOED TV aroteheopdtmv ms pebodov Perforator pe
T aoteAéopoto ™g Lemovirns pebodov Desiccator
JIS-A-1460 (Zy. 2).

Emmpdéofeta, n €pgvva twv Schwab x.d. (2007)
€de1Ee GtL m nébodog Perforator (EN 120) magov-
owdCel i apretd xah ovoyétion (R*= 0,82) pe my
RoTVITN LEO0OO Balduov O° OTL APOQd TIC LVOTTAGRES
ué€ong murvomrog (Zy. 3). [Tpdobeta avapépetan 6t
1 ovoyETon g neBGdov JIS-A-1460 pe v gvpmrmo-
] uéBodo Perforator umwopel va evioyvbel av xatd

TOV TTROTOLOQLOUO TNG POQUAAIETdNG AnpBel vitoyn
1M TURVOTNTOL TOV TAAROV, L. YIVEL OLoMOLOUGS TV
AUV 0€ RAAOELS TTUAVOTNTOG.

Zyetnd pe ™ uéBodo guding Flask (EN 717-3)
N avuotovyio pe mv E1 xAdon poouardeiong yio tig
popromAdxeg €xel extiunBel 6t elvon 4,0 mg/kg wa
yia TG wvomAdneg mepimov 3,5 mg/kg, ovugpova pe
€ogvva tov Risholm-Sundman ».d. (2007).

Emonuaiveton €da 61t Euhomhdxreg mov €xovv
ooy Bel KONOLUOTOLWVTOS ONTIVES LOORVOUVIRES
(pMDI) 1} pawvolréc (PF), avtdparta Bempovvran Gt
vrayovran oty xhdon El, ymolc araimon eréyyov
(Schwab et al. 2007).

[Tp6oBeta n perém twv Schwab x.d. (2007)
€de1&e ot yLa poprommhdnes wow MDF 1600 m pnébodog
Desiccator (JIS-A-1460) 600 xaw n uéBodog g ae-
QLOOVAAVONG TTOQOVOLALOVY RAAES CUOYETIOELS UE TNV
gVMITaiXY] TEOTVTN PEBOdO Bahdpov (Zy. 4 naw 5)..

Télog, otov Iiv. IV mapovordlovror avalvtird
oL ovoyeTioels g nebodov Desiccator e Tig eyxe-
XOUEVES EVQMTAIXES HEBGOOVS TEOTOLOQLOIOT TG
POQUAAIEDOMG, ELOKA OOV APOQT. TIG OQLOKES TUULES
YLoL CUUUGEPMON (e TV ®Adon F**** ov icoduvopel
e exmopmmy 20,3 mg/L, . »Adon oxeddv EO (Bulian
et al. 2004).

4. Yvpmegdopata

O 71EOOOLOQLOUAS TG EXTEUTOUEVNS 1| TNG TTE-
QLEYOUEVNS POQUOAIETIONG (Tt OUYROAANUEVOL TTOOTO-
via EVAOV €lvou OYILEQO ATTOQOITNTOS TGO Ot TEYVO-
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12 -
mg/100g

10} -

Perforator MDF WKI 2004
)

i . i i j i i ! J
L1 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.18 0.18 0.2
Chamber EN717-1

ppm
Correlation for 13 values (all): y =+63.276x-0.799 - R? =0.820 - s =1.333

Lynpa 3. Kapwiln ovoyénong peta€l me nedédov Perforator xaw g pebddov Bardpov yioe MDF (mmyi: Schwab ef al.
2007, Ivourtovro WKI I'eppaviog).

Figure 3. Correlation data between the Perforator method and the Chamber method for MDF (data from Schwab et al.
2007, Wilhelm Klauditz Institute, Germany).

1.5
mg/L

Desiccator PB WKI 2004

21 1 1 1 i :
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Chamber EN717-1 ppm

Correlation for 23 values (all). y =+6.158x-0.009 - R* =0.881 - s =0.103

Iyipa 4. Kapmiin ovoyétong petafs mg nedddov Desiccator xow g peBédov Bakdpov yia pooromhdxeg (nyn:
Schwab et al. 2007, Ivoutovto WKI T'eppaviog).

Figure 4. Correlation data between the Perforator method and the Chamber method for particleboard (data from
Schwab ef al. 2007, Wilhelm Klauditz Institute, Germany).
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mg/h.m?

Gasanalysis MDF WKI 2004

0.12

1
0.08 0.1
Chamber EN717-1

0.14

1 | S S—
0.16 0.18 0.2

ppm

Correlation for 13 values {all): y =+31.961%-0.277 - R? =0.849 - s =0 606
Zynjpa 5. Kapmiin ovoyénong peta&l mg pefodov aeproavdlvong xat g ueBodov Barduov yie MDF (simyrj: Schwab

et al. 2007, Ivourotro WKI I'eppaviag).

Figure 5. Correlation data between the gas analysis method and the Chamber method for MDF (data from Schwab et

al. 2007, Wilhelm Klauditz Institute, Germany).

AOYLHNG GITOYMGC, 600 ®VEIMS OO ATTOYN TTOOOTAOTS
NG VYEIOS TV RATAVOADTOV.

Tevird, elvol TEOQOVES GTL VITAQYOUY SLOpOOES
UETOED TV YONOLUOTOLOUUEVWY HEBGdWV TEOTOLO-
oLopoU e YoERaAdelidng xaw oL omoleg eEnyovvTon
1600 a6 OLopoRES OTLG oUVOTreES dteEaymyris Twv
ORIV GO0 %O OTA YOQOUXTNOLOTIXA TWV SOXRLUIWY.

H wammvier] pébodog Desiccator diver oumotehé-
OLOLTOL TTOV O€ YOUNAES OUYREVTOMOELS POQUAAIETONG
TAQOVOLATOVY APEVAS LOYVOEY CVOYETLON LE TV TTOO-
Turn €G0S0 OGOV RO APETEQOV MYGTEQO LOYVON
ovoyénon pe m péBodo Perforator. Emurpdobeta, 1
u€Bodog Perforator moQovoldlel xeTd ok CLOYE-
Ton e v medtumn pébodo Bakdpov 0* 6tL apoed
©g Evhomhdxes. o popromhdreg vaw MDF 1600 1
uéBodog Desiccator (JIS-A-1460), 600 »own uéBodog
0EQLOCVAAVONG TTALROVOLALOVY RAAES OLOYETIOELS UE

™V VEMTA®Y] TESTUITN PEB0dO Bahduov.

2 n0.0¢€ TEQITTOON, TO TLO CNUAVTIRG CUIITE QOO
IOV TTIQOXVITTEL OITO TNV OVEAVOT TWV 1S AV OEDOUE-
vayv efvan 6T eEQUTIOS TOV ONUAVTIXMDY dLOPOQMY TTOV
T000VOLGLoVY, oL dudpoes LEB0JOL TEOTOLOELOUOY
™S POPUAAdETONGS atd CUYROANUEVA TEOTOVTA TOV
EVAOU 20BLOTOUY SUGROAY TN GUYXQLOT] KO ETTOUEVEGS
OVOROLEVOVY TO QY0 TWV PLOUNY VLAY TTOV ETBVHOVY
V0L EVOQUOVLOTOUY IUE TOUS ROVOVIOUOVS TTOV LOYVOUV
o€ GMES XDOES, EVA TOMES POES TEOEEVOVY OVY-
KUON O ROTOVALOTES ®ow etLyeLENoElc. [ To AGyo
QUTO EIVOL ETUTARTIXY AVAY®Y ONUEQX 1 ®OBLEQWON
AOWVAV TTQOTUTOV YLOL T SLEEY YT TV OORLUDY EAEY-
KOV %O TNV RATY YOQLOTOIMOY) TWV TTQOTOVTWYV UE BAom
10, aroteAéopata avwtayv. IlpoomaBeteg yivovion Teog
™Y ®oTeVBUVOY T HETAED TV CEUOOLMY POQEWV
oe Evpwmn now B. Apeown.
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Determination of formaldehyde release from composite wood products.
Comparison and differences between the standard test methods

Mantanis G.', Lykidis C.' and Athanassiadou E.>

Abstract

Nowadays the determination of formaldehyde release from composite wood products is deemed necessary
both for technical and most importantly for health protection reasons. The methods used to determine the
formaldehyde emission or content have being evolved during the years and were adapted to the prevailing condi-
tions each time. In this review work, the results from studies for the determination of formaldehyde according
to standard methods used internationally are presented. A comparison of such methods was also performed.
Specifically, a) the Perforator method (European standard EN 120), b) the Chamber method (European stan-
dard EN 717-1 and N. American standard ASTM E1333), ¢) the Gas Analysis method (European standard EN
717-2), d) the Flask method (European standard EN 717-3), e) the small chamber method (Japanese standard
JIS-A-1901) and f) the Desiccator method (mostly based on the Japanese standards JIS-A-1460 xaw JAS-233)
were discussed and compared with each other. The advantages and drawbacks of each one of these methods

are presented together with correlation results generated from these standard test methods.
Keywords: formaldehyde, wood-based panels, determination methods, Perforator method, Chamber

method, Desiccator method, Flask method.
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