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Souhrn

Diisokyan8ty jsou vichoz?2 mi surdivcham
pol yuretanT, pol yuretanovTi chdm2dmegll epti Mjeil
technologicky vyug2vanlich diisokyan8tT je
jako ostatn? dii sokyan§8t yz pdlrsS8ogbduijve® par oé s
onemocniNn2, zejm®na alergickou rTmu a astr

Nej |l ast mMpgq?# mipr aopbvn?2 expozice jsou exp

Hygienickct ec hnol ogi c k ® zabezpel en? viroby p C
diisokyan8tT v ovzdug?2 virobn2ch hal na r
mTge nastat pSanpougBvgS2ppaVvikTrens§tNDrovlic
vt er ®nu, kde vilszkeyt ol wyks8ovkaltc h, | asoviD o0me

dii sokyawsddg?2v PS2|inou j e vt gi nou at
technol ogi ck®ho Zzabezpel en?2 padnZrnksyt.or J& ¢
i nhalaln2ch expozic nablvaj2 ve vDtginnD p¢
Ochrana zdr av? exponovanlich osob pSi [
mogn® expoziln2 cesty vstupu gkodliviny dc¢
vsou| asnosti poug2vegno podlizeeh anti®Sem-2n Ik oexcpemt
osob (inhalal n?2 expozice). NDkter® studie
mTge viznamrclel k®ive®p 2vwndtt Skn2 d&vce TDI. K o
zr Tzndxpozil n2ch cest (inhalkhoddéy veun sl o?
bi ol ogi ck®ho pn®padd oT®h2 byVo popss&no bi
expozice zalogen® na stanovenxkviwplpadymidaj 2
aerytrocytech). \saul asn® dobhD existuje pouze omeze
mezi vIisledky monitorovg§n2?2 prostSed2 a vI
TDI , prostSednictv2m | ajiisthij netf @mo lointeTz.e nF
omognostech mo&linochhvénpodiee mTDI a jejich
profesion8l n2ho bronchi 8l n2ho astmat u.
R&§mcovim c2lem pSedkl §dan® disertal n?
preventivnochrap®t Semzave pSi prs&ci s TDI
pSédgnich profesiongln2ch onemocnin?2, zejm
C2lem teoretick® | §sti byl o shrom§8§gdhbDn2z d
a¥%l i nc2ch diisokyans8t T, o jejich toxikoki

vyvohaml o st§vaj2c2ch mognostech monitoro



C2l em experiment&8ln?2 | §8sti pr8ce bylo pr
vzg§vodnD na virobu polyuretanu, zamNRSen® ne
a derm8lce?2 texpenidi i sokyan8tTm (TDI ) .

V epidemiologick® studi. byly anal yzov!
prost Sed? ( kKTOh @ehaTblacer a @ o dnz2 dnu gWNs | adky
bi ol ogick®ho monitorovs§8n? odpov2dmgl 4 c2ch
avpl as mn. Visledky potvrdnoll y palaedio ptr ov yal
bi ol ogi ck®ho monitorovsgn? pracovn? exXpozi
monitorovsgn? der m81| n?2 expozice TDI, j ako
profesiom8hn&dhoe?2booast mat u. Zd§ se, ge d
vzni ku a rozvoji bronchi 8l n2ho astmatu, a
vpracovn2zm ovzdug?. Monitboboefon2 pdat m8Lnj
g8§douc?2. Vhiatedkiyl 8§l §e pro hodnocen?2 p§?
snad byl o mogn® vyug-?2TDA g2@imIArvuno k @i @aesmtdr a c
exponovanlch pracovn2KkT. OovhNSen2 tohoto d
vizkum§viWru diseredloyepr Soebbyl dpforul en
i nhal aln2 a der m8I|l n?2 expozice TDI, j ehog
profesiong8lnhD exponovanlch osob.



Summary

Diisocyanates are initial raw materials for production of soft and hard
polyurethanes, gdyurethane foams, glues and painting material. Toluendiisocyanante
(TDI) is one of the most frequently used diisocyanate. TDI, as well as other
diisocyanates, has irritating and allergizing effects and induces occupational diseases,
particularly allergicfever and asthma bronchiale. TDI enters body via inhalation and
transdermally.

The most frequent forms of work exposure are the inhalation and dermal
exposures. Hygienitechnological security of polyurethane manufacturing keeps
concentration of diisocyates in air in production sites on relatively stable, low level.
The situation may be different when polyurethane preparations, painting materials and
isolating foams are directly in use, where the occurrence of high, time limited
concentrations of diisoeyates in the air can be expected. The causes are usually the
absence of efficient hygientechnological security and spatially limited working
conditions. Beside the inhalational exposures there are also significant dermal
exposures.

Health protection othe exposed people during work should take in account all
the possible exposure entrance ways of the harmful substances into an organism. At
present, the only means of TDI exposures evaluation is the measuring of TDI
concentrations in the breathing arehthe exposed people (inhalational exposure).
Some studies point out the role of dermal exposure which can contribute significantly to
the total inner dose of TDI. For the estimation of total inner dose from different
exposure ways (inhalational, dermatje methods of biological monitoring can be
successfully used. In the case of TDI, there was a biological monitoring described,
based on the determination of the corresponding diamines in urine or in blood (plasma
and erythrocytes). At present, there basn only limited measure of information about
relationships between the environment monitoring results and the results of biological
monitoring of TDI exposure, via their metabolites. There are limited information as well
about possibilities of dermal eapure to TDI monitoring and their role in emergence
and development of occupational asthma bronchiale.

The general aim of this dissertation thesis was to contribute to improvement of
preventive measures in health protection during working with TDI ancehifieto
decrease the risks of the respective occupational diseases emergency, particularly the



isocyanante asthma bronchiale. The aim of the theoretical part was to collect the
accessible information about features, use and effects of diisocyanates,ttaout
toxicokinetic, about occupational diseases produced by these and about the present
monitoring possibilities of working exposure to these substances. The aim of the
experimental part of the thesis was the accomplishment of analytical epidemiological
study in the polyurethane production plant, focused on the assessment of evaluation
possibilities of inhalational and dermal exposure to toluendiisocyanante (TDI).

In the epidemiological study, the relationship was analyzed between the results
of environm@&t monitoring (concentrations 2Dl and 2,6TDI in the working
environment) and the results of biological monitoring of the respective metabolites,
toluendiamines (TDA), in urine and plasma. The results confirmed the convenience of
utilization of TDI inurine and in plasma for the purposes of biological monitoring of
the working exposure to TDI. Also, the purposefulness of dermal exposure to TDI
monitoring as a possible etiologic agent of occupational asthma bronchiale development
was assessed. It seenigtt dermal exposure also plays a role in emergence and
development of asthma bronchiale even at relatively low concentration of TDI in the
working environment. From this point of view, dermal exposure monitoring appears as
a desired process. The resultgharmore indicated that for the evaluation of the dermal
exposure contribution it may be possible to use the rate eTR2M and 2,6 TDA
concentrations in urine and plasma of exposed workers. Nevertheless, the verification of
this partial conclusion wiltequire further research. In the end of the thesis, a file of
recommendations for inhalational and dermal TDA exposure monitoring the main
purpose of which is the improvement of health protection of occupationally exposed

people was suggested.
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1.V OD

Di i s okjsoavneSitiyce dTl egi t® chemi vh®@ g&vau | e
jako vichoz?2 suroviny zej m@hagu paSt a ywol vr ®Sath?
mNk kitevlr plodhyur et anT, p,tepidelar et a Mo wivd t hp Bmot

Pol yuretany jwuwko® i mRreyr®@an2 opravdu gi
pol yuretanov8 hmota m8 dobr® tepelnD 1izo
sdostatel n@am8&§peedoBt Po virobND jegthND d§gl e
vst Sikovgn2zm do vhodmowolatf add empjoit Sebg. n¥V
vt ®t 0 pr §cin abpySpySizazdsikr§onbyd soul| §st2 interi @
hl avovich opRrek a opRrek rukou.

Dal g2 ®pawmg®wiambky na b8zi diisokyan§gt
hmoty, barvy i laky.J ej i ch Zneamna&a vIhoda srpydRIv@m z e
vytvr zoewBnrti kaaj 2c2ch vliastnostech n8tDrT
chemickim | 8§tk&m a mohou vytvgSet siln®
pSidg8§vsg i do al keyhd olvil cahk r ypl o8l tyoevsitcehr obvalr e v
a zIlepgen2 mechanicklch vlIastnost 2.

Profesion8pmac cetxphokzd cle§t k§m pSich§z2 v
virobn diisokyan§8tT. V Leskdd irseopkuybalni8ctey tsae
jen VvVikBAkevNDtovich firm8ch.

Vv nch @iod m2 nk 8§ch se set k§8v 8me S expozi
nej riTg2rcth pol yuretmBiovpc B ivikidyh e FTs®ar pol yu
pS2pravky vyug2vs8ny zejm®na ve stavebnict\

Ochr anaexpamovand Splv Sboys omN| a%vamh&it vyechn
mogn® expoziln2 cesty vsltedped gekpoh®nai oy mo
I n h aldd rnméxpanid.

Viroba polyuretanT vygaduj e vpsotn8Jrknodv §snl2
dvou z8kl adn?2chdo TprShiomr2avhe nslucrho Wilkoa re¢gm, t G&ndwe
vyphRDnhDn2 . Lasto se jedn8 o kontinu8ln?,
virobn2ch podni t®chnpokdgi 3opbhapabpPeatovEe
ochrana zdrav?2 PpnacgkondkTyvibhj pradm8sat ho g

jejich viskytu |i uvol Rovgnz2.
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Koncentracevdbvawdep@am®BaT kont i nulsd anj22c h
rel agtie®lmn vNtg2ch vikyvT. Lze je progto i ¢
[ podké dédBoagttelal2009) pohybulf P miptord2 mi hodnot a
hl uboko paapd hranici detekolaitelnosti

|l nhal aln2 expozice, pPiokwdr gD zm¢li Yyu Me
vimRDna vzduchu, vhodn® ods8v8§dddrodyv gmy c
technologipk® @osBtu@piynou pBecpBroepSerdststa
hodnotami diisokyang8€8Vaigko® pracovn2 prost ¢

ZajigtnNDn2 pracovn2ho prostSed?2 virobn2
hmot napkgrkdmdj estjSi2g.Jo begakd) jsil DtgEd talB@ER i Iz e
vyj ptSeadpokl adu, ge k o ncreand avarczem dd vi sdkgy2a n
vyhodnotitap r a ¢ o vhnl2ekdyi szk a i nhal al n?2 expozice Yl i

Jing situace dolgur p6an opwliucymrsvt XreoovblkcTh, h m
i zol al np2Sc2hmop in ,t er ®n u, zke dn®P§ as & eo s ajvePan
i zolace stavebn2ch pr ZHdTvus BlzeSercdist op otvi «t
podm2nemkgnost 2aopdrsoSad@8bo®dkvdEmeent race dii soky
promRnl Zy®gSovegn2 repratoknkmnoemtduge? je
obt2gn® a nelze dle podm2nek vyloul it ze
as amo z Se f mh mépokic®.

Obecnh se o®Wudp?o,l yge ethawnold®islorkpybaknygt y
neobsaHBmleiptat r n§ z b yntak opvo§v rnenhoug snvogval i&ehj mfd r o |
vyl oulit nelze (Booth et al. 2009)

K uvol Rovg&n2 sl ouliendkiups namobkyan§gg®avrh
zpol yur etlarnoobwki e hv eak mTge doch&8zet pSi jej
vzettakovou profedi o kwanBapwzi(ckarl.sson e

PSi mri § sioksy angprygs taSead? jsatkarnwdardn2ch v
i pSi vyumowi2ctpovtheuo@EkiB vse st S§v8evim&mamno
PSi s pcevi8k oy ® e x p oz i (Bustin #8007)ashorkayjaen §¥ TTazZnn a mn o u
vmogn® senzi bia(Bellaeaa2007pr acovn?2k

DisokyangTyoprugfPesioore@lorgwh|Deant2n B s iporno§fl n2 ho
astmatuNap S2 kl ad ve Vel k® Brit§nd1i9 9j7s ouuw §idsdmky
jako jehonej | ast NjMgRonalgd $t24d. i2000)DTI egi t ® | e proto
vhodn®ho poysdauwzrun2k expozice pracovn8kT, a
preventivnéchopaantSendr &v o mbidnpc&rid . expozi

12



vsoul|l ashesk® reppudi ve&mo pouze mNDSIdmrc2hakénc:e
z-nND exponovanlch osob (inhal al n? expozi
expozice , dekrtre&l8n mTge vitehame® pb6i sphvatd
Kodhadu cel kov®TenlitBnexpg8zklynzch cest (i
bTtvi®odou pougito metod IpiSélpagilc KK®@H o bmd roi
bi ologick® momi ter ozva8m2gen®p na stanoven?
vmo | i , knmrevbio (werywrdceshmis caul asn® doblD exi stuje
mnogst v? Wdaj T 0 vztaz2ch me z i visledky
bi ol ogi ck®ho monitor®edmi2c tevx?pm zji ejei cThDI| me tp
tak xi st uj 2 j en o meozgemao®s t iercfho rmmoanciet oa ov 8§ n 2 d
TDI a jejich %YW oze pSi v z rfWidnewskeaet al. 4999, 0 | i b
Wisnewski et al. 2000)
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2.Cé LEERCCE

Rg&§mcowl2mem pSedkl 8§dan® disertaln? pr 8
preventivndchrap®t$dnave pSi pr8ci s tol uct
sn2gen?2 rizik vzniku pS2slugnich profesio

astma bronohi aPé. oRSmboval nhDkolik d21 ] 2cl
f Svyugit2m odborn® | iteratury shrom8g¢gdi
expozic?2ch, bi otransformac?2ch, bi ol o
profesion8l n2ch onemocnDn2ch j i mi VYVC
jejich expoziln2ho monitorovgn?2.

T Prov®st anal ytickou epi demipolTfomgist b ®m |
z8§vodhN viroby polyuretanT, zamNDSenou n
expozice toluendiisokyan8tTm (TDI) .

T Analyzovat vztahy meéziproksSedR yTDinomicea
a 26TDI vpracovn2zm ovzdug?2) a visledky
odpov2daj2c2ch meit BDAovimotl T @t @ll @asmdi. a mi r

T Anal yzovat mognost.i monitorovsgn? der m¢
eti ol ogi cokz®whooj ea gpernosf e, si on8l n2ho bronchi

T Vypracovat soubor doporulen2 pro monit
toluendiisokyan8tTm (TDI)
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TEORETI CKC LCST

3.VhCHODI SKA

3.1. Diis 0 k y aanegidh gtruktura

Diisokyan8ty jsouk@lchamick® ¢l owlreoman

vysoce reaktivn?2 isokyan8tov® funk| n2 skufg

Vsoul ashtobtneecchhnojem@ijdast NDji a v nejvr
vV y u ¢ diferfyimethard,4=diisokyan § (CAS 101688) (obr § z elk IMTge Dbt
oznaligako8dmet hyl endi f enebolzidatkous4d@UDl.aJra&to | i st §

| 8t ka-Mpé 4y ®DEl e nahnhRdlou pevnou | 8tkou, |

Ob r § z & Riferdylmethan-4 , -diigokyan § t( 4 ;MMDIE (Allport et al. 2003)

O=C=N O O =C=0

PSi vIi aeshdd2v wuegtvigimdlle§e chni ckT MDI ), c o
hust§&8 tmavg tekutina, kte4d SNBbsadlu¢ ev moa g
mnog&4MA (obr §zakR ,-MIMH (2pbr §8zekD§l.e 30bvykle o
viznamng mnodgsevky(bastent) anal ogZe MDI S
aromati ckT(gMD) kobh§zek Tytod)slogky se 0z
ol i goi st@émemh 8§mgnveneo ¢y sebe | i g2 um2sthDn2m
skupiny na ar (AlimatetialB0®m kr uhu

Ob r § z 2 Biferlylmethan-2,4-diisokyan 8§ t(24-MDI) (Allport et al. 2003)

N=C=0

N=C=0
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Ob r § z 2 Rifedylmethan-2,2Ediisokyan § t(22EMDI) (Allport et al. 2003)

N=C=0 N=C=0

Ob r § z 4 8truktura pMDI (n= 0- 4) (Allport et al. 2003)

n
N=C =0 N=C =0 N=C =0

Technmethgldndie ny | di i sekyan&tvgn pod rTznlm
ngzvy, naps. Desmodur 4 4 M (Bayer), Sup
alLupranate MS (BASF).

Dal g2m giroce pr Tmys]!l ov s Ipoowlgeeviatnd enr @& i

jsoui sokyan§8t ov & neakuuhuitolugn@Ahpartvegat. 2003)
Jedn 82izeneery, D,4toluerd i i s 0 KCAS5B484-9) z k 24T n N
(obr 8ze2ét bl ub ndaCAS 6H087a)n 8ztk 2,RTOI( b r §z.ek | . €

Obr 8§z & Btruktura 24t ol ue ndiu(z4TRly (AlipdEtet al. 2003)

e

~N=C=0

N=C=0
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Obr §z @ Btruktura 26-t ol ue ndiu(x6erBly (AlipdEtet al. 2003)
N=C=0

/CH3

=C=0

V praxise @ vty u gi&ioch§ mixse c hniod kle n diziksr o8kcyeannd§ tT D |
TechnicklT TDI -dbsaa6rjle vs mdsnmNX U4 8 6F%.a a2 0 %
PS2 lelmadpr Tmy s | o v Besnmodur \WPWU BGWFJj8e kt er T obsahuj
2,4TDla20%2,6TDlI.

TSet2m nejrozg? Sen &pniethyter,6d ii skl yparg§ te m(
822060) , zkr-B8DdEeotdr 8z,6kv d .k t7er ®km ijissoduk ydavnlE troeva
skupiy um2rsa Nanlyi f at (NIOBH2BO5S et Nz c i

Ob r § z @ 8truktura hexamethylenl1,6d i i s o k y aHhiD§ {NIOSKH 20059
e
O=C=N-C-C-C-C-C-C—-N=C=0

[ T Y I
HHHHHH

Ob r § z & &truktura HDI biuretu (Huynh et al. 1992)

O

I AAAAN=C=0

C—-NH

N/

0=C=N"""~ ~~~_N=C=0

C—-NH

|

o)

Suroviny -A®I1 b8 bs aluga?ro mee dil ei kondenzov

napS2kl ad ( b6bBt § ®ak rHDt I sO&ly a$ z gHeynh et al.9 )
1992)
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Obr §z@8&truktura HDI1 i s o k yHaymhuet &8 1992)

0
0=C=NWV\N)KN/\M,N=C=0

PN

0=C=N_\

Vedl e tRchto 3 dominuj2c?2ch diisokyan
i sof orondii sokyan§t (1 PDI) , technicklI | P
anaftalenl,5di i sokyangt ( NDI ).

Pro speci 8l n?z Yal el y jsou- pSopravion g

sisokyan8§tovimi skupinami-rnag®i kidomkyarakgt
IPDI (Huynh et al. 1992).

| sokyan8tovs8 skupina N=C=0O reaguje spo
chemicklch sloulenin. NapS2 k| a)XZ Hediskani ny z
prTmyslvoyw®ha2 m§8 vgak nej whnh§eT viizmidmes g
alkoholy (polyoly)k dy vzni kaj 2 polymern2 sl ouleniny

VI astn? pol ywmemiakm?2 pqglenktczem.anffol yadi ce
reaguj?2 dva rTzn® monomerykt dreldese zp %é sthn
monomer adet knm d@joj en? obogl eompm&kni k8§ BN;]
pol yuretan (Lervinka 1987).

Obr 8z e k10. NMznik polyuretanu p ol y a d i-botéandiold , athexame
thylen-1,6-diisokyan8 t ( Ler vi nka 1987)

nH-0-CH,);~0-H + nO=C=N-(CH,):N=C=0
(1,4 - butandiol) (hexamethylen-1,6"- diisokyanat)

—>H O—(CHZ);O—E—||\|—(CH2);||\I-("3 OH
OH HO
n
(polyuretan)
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Na obr&§8zku |. 10 | e usbeahddln ahpx@rhek | ad [
thylen-1,6-diisok y a nz§ uzniku polyuretanu.

V z8vislosti na druhu di i s okryeaank8ltnu?,c hd
podm=siyemkv@my kaj 2 r Tzn® srtorzudk?tlunrTymi.p ovll yausrtentoas

PSi e x ptod rymme2reakdi nv2lgti nou za pS2tomnost.i
katalyz8torT, stabiliz8torT tak kv ondayd owx ®ink
anapPDRov8&n2 pol yur et an oen@u mikroskopigkou skuktern § v y t
svibornimmatepeétoi zol aln2mi vlIastnost mi

PSougit2 diisokyan§8tT v jednoslogkovTct
reaktivnost s vodou. Tyto n8tDrov® hmoty
virobnND reakc? diisokyan§8tu s polyol em. K
vpr osteSesdz2dugsinou Vodhkodsua gens§ ve vzduchu s
adukt u vedouc? P [Bjiets reakc siisko k g mnsBupimou keu
konel n®mu zes2Sovg&n2 a vytvrzen2 barvy. Na
kdy je vyg&kdomv&ksd wadhgkaoast a vygg?2 teplota
pSi sv® aplikaci v zkjuejjniocuh vu yhtkvorszte ngo tdSoecbh
n2zklch teplot§&ch.

Polyuretanyjsout ald® ouhodobhD stabil n?2 vietnnD r
vysokou chenickou odolnos , zejrm®md mk produkt Tm a Vvysoko:t
nNZ2& khmotnosti. Neuwdlcihdaéi uj ankk®kholk v chemi

vgak mpaybretanyuv ol Rovat kyanovbd?pkSdv dfr2o tpoS2ssea d
zpomal uj @Alpért etralo 203N 2

3. 2. Fyzi k8l nD chemick® vlIastnost. d

Difenylmethan-4 ,-d Ei s o KMDY n § t

ListiMD4, 4B pevn§ shédEmMs u b ntdiekoden vama
1941 9 9.A€c hni c ksThoddidlar u okokwv NEBPIOBE&YMajV M t
hng&uwdi skosna kapalin

Tenze ps&ry pSi‘Paapfdveemb. . VEsEkpBOECch | e
proohygi eni cky, naekboon®aenmntir ace na-MPlgeml ch pe
hranicip S2 pu ®txmp®Izoélimitu2(PED). Ro z hodujducve k tfeorr@ se n.
pr ac o vNDj tvyskytuje je tedy aerosol.MDI je rozpushnhepolvErn2ch
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organi ckTl ch r-bexanug bepehuda.) (Alipdit et(ah 2003, NIOSH
2005)

Toluendi i@kyans§ty

List® isomery TDI | fje¢hihicklechrizdlag v
kapaliny. Bodt uh 24t 3l uendi jseoRgARCEt bod varu 253A
20AC je 1lt,whmadl Beddi jeokPabdBABCY bod varu
p&§ry pSi 20AC je 1,4 Pa.

Koncentrace nasycenbPcHOphdmedydd 2 pSin @@ A
3S8dy vyS¢pusedl ePRpeoman2r dzdriptSeqddu rMulj e
rozhoduj PDt\®p rvaicsokvynt2 ne o vqmdmidy 2 v

TDI je dobSe rozemugdmilck iV ch rozpougt nNdIl e
acetonyg ). PS kontaktu sy o d o u , kyselinaminelkntradoV &8 € €1 B @i
polymerizaciausl R o v § n(Allpott e pl.12@03, NIOSH 2005)

1,6-hexamethylenrd i i s o KHDB n § t

Monomer HDI je bezbarvg§ kapalid&. jRod
7PaRozhodujouciPs Kyptramcwvn2m potapEu 2 jHDIdu j e s
rozpustghniwvoklpougt DdI e c HAllporf gt al.t2008, NMOSH v od N
2005)

| sof orond(@PDI3 okyan§gt

| sof orondiisokyan§t | e b etzubhajret&piHagbnn a g
60AC, Dbod .Vearzue 1p588rA/C pSi 20AC je 0,04 Pa
vyskytuje hlavnhD ve formhD aerosol T.

DobSe s e pogpougkfchv rozpougtnDdl ech (
alifatick® a ar omat iec ks®l owH leaokitard2midicynys v o de2ak
vodou, alkoholy, aminy afAllport et al. 2003, NIOSH 2005)

15naftal endNDDsokyan§8t

NDI je pevn§ | 8tka, dibgtdichuagwaph@eikd v Bl
je 130AC, bod varu jtee n2z4e4 ACS rpySi OV,pdicaikau plBi,
nN2m ovzdug? se Vv(Allpok gtal2p08, NJIOGHK2005m er o s o |
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33. Pougit?2 polyuretanT

Polyuretanyj i § po mnohmajd&spteksv@®kVIl astnost
vari abil ijtakk o v ymlDKikf@®®l iy ur et any, pol yur et anc
an8t Drov® hmoty.

ZSejmhND obecnhN nejzn&§mNj g2m polyuretaner
ngzvem Mobmtanp&2jpoadilBk kT a | ehUplndt Pwjl ey us
zej m@rgad yw k § Ss k ®m appr STkl kalodu a kalseé i ck§ i zol ac

Viborn® tepelnh virzdo® apDry vjlasud noyuig?2 v
zaS2zen2ch donh&cdma scte? ,n ejbaikhoohg SceoticetT sk $2n §
izolacepolyuretannd o k § §e udr gov aty dSeBp Dk bcheé katoeld 2A§.

Pol yuretanov® pBhDny sevjakbeviliz&indd lei zw | ic
oken aapltiSlkewjhz YySPkakieh zvakovhD izolalnzr
|l zol ace nmaddadzenmiédZhh irozvodT T pproasrtuobrz ,s en §pdrr
it 2 m.

Rozg2Seng8pdvenitwhhr ddbah i ntsegrgsilrneekeihm pviynu
vn8byt ka8 &js m@Aua omob i | o vp&rno pwiTrnoybsu Welkdue r i ®r T

vihodou je mognost vytvg§Set piraktvsk$i §ak

do forem, nav2c s n8slednou mognost?2 meche
Polyuretany sev g a k ptoaillg® v aj 2 pro virobu umniITc

dokonce i pro virobu textiln2ch vl 8ken.

Na trhu je d&8le cel &8 SSdpravkVurevohhas
tmel T, barev a ochwmdnnmiad hzaspSodues mGeehd kT hpor doal
zej m&nyac hy ®m vytvrzov§8n? a vysok® odol nos

| §t D&M2 se aplikovat i ve Ivlcrek®@m zkdacsht §ed
fada dal glaclhkydanvé\ h, polyesterovich |
diisokyan8tovou slogku a z2sk8v§ t2m ryc

vli astnost 2.

Vyugit2 polyuretanT je tedy? js’)peibatduvuBbl
netradi | n?2ExistuentalpeSsitkdmadd. yur et anov§ pRhna ur
bi ol ogi.&/k®g 3Zeiz@d rlyen®ho baktecamp®Itsp2vhyas go & 2 dnl
prol i gt Pmap 8Sdkil ad.v akvaristice
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34Dl i nky diTi @k yamg®&tni s mus

Vyt vr plwmt@yjpako fingln2 produdkiti svolkgyea nigd
av2cesytnioemajkbmelkai vn2 % inky na zdr a\
nesenziMaihdldilase)PBSest o byl o zjigtRhRntog wWier pbSkey
mTguer | it® ri.dieko §pByetnkemjve8 mnogstv2 nevgzal
kter8§8 oprot.i obecn®mu pSedybpkohlayduur e nahow T
vir ozblksTtvgvcaett d M p Ti ( Booth et al. 2009) .

334.1. Akutn?2 nt8axi cita diisokya

Akutn?2 dtidxsiokiytkaeom®tk T ®t nD TDI , byla zjigs$s
prok8z8no, ge vysoce toxick©8Dang[lgee KTdT dh g«
obt2¢g2m, podr 8gdhNn2 nosn?2 a ol n2 sltiznice
vdTsl edku postupn®ho pogkozen?2 plic.

Na potkaneclhp Shylea paojzii ¢tidobpa modinp hofidta p o
LCs0478 mg/ni (Dow 1980) Spr od|l uguj 2 c2 se dobous expoz
sni gw@gs2vnjgechjst,udg@NDpowodi poz®ciexpar §m
okoncentraci 430 mg/mnedo gl o bNDhem d%rmrgt?2c h p &t klraodfi.
koncentraci 800 mg/mio b Nz v 2 S a(Haskelz Laboratary 1952, Zapp 1957)

PSi vystaven2 potkanT aerosolp6lom@iipi®yl a p
Ahodi nov® exp’dBayecld70)1 10 mg/ m

Or8ln2 jednodBzewv§yadneSstiplci tTaD| jei n2zk
pS2 z npakusechwa v2 Shykeochzhor gen2 cel kov®ho stav
apogkozen?2 @galudel n?2 |s:l2i zsnliiczenia ij aotydry. pMa
kter® byly vysvRDtlovg8&ny Nhkonpohympadizacth:
TDIzj iagbshmkrys vygg® mgbhkg@ t D(Bayerr®0,Domot nost
1964, HaskellLaboratoy 1952. Umy ¢ 2 byl a pres TDa hDgovveoblasti
1910mg/ kg t NI e ¢Bayer1d/fhot nost i

U Il ovbhka neexistuj? “wdaj e, kter® by
or 81 n2 expozice. Od roku 1950 wvgak byl a |
kontaktu sTDI. Nejsou zdev kauv 8d Dny expozi | nvZ pkroanccoevnnt?rmne
ovzdpgdaninel ze vyj §dSit vzt 8Amekook&&ntlriacea

22



zobdob?2 roku 1960 uvg§d2 22np&ShpalF bytav
v § g n {Elkihs et al 1962) VNt gi nednasleo jo dominantn2 p
bronchialevi ednom pS2padmlost?2 eosinof2lie (Silyv
Vdal g2 ch | et ec hl vtaBecohmmp jp & bvalasa:d h 7 valm m &
aprevemtpiat 52 n2 naBylpwripapkops §n2 cphS2 padce vys ok
pracovn?Kka pSi nehodlD na pracovigti, k dy
ikont ami novan hnigo8ddhvo.u NoecnilXlanu pr ot i i nhal a
unNDho dakaultn2k respiraln?2 nedostatelnosti, |
| ®| fLarenget al 1972) Jednor §zowv& lewyeanikden koncent i
TDI tediy |Imogye@lbh at akutn?2 todwsitakikd nBmon df ic
obt2gemi v]etnhD smlzigee2nh .v it Ra0R wugk@oorizlyeori % e m
d a sthv zela upravit(Hoffarth et al 1997)

3.4.2. Genotoxicita a karcinogenita di.@

PTsoben?2 dii s okHkealiskg gefotoxicitya | k av dk@ao geni t
prozat2m jednanmnalvryd rBgleam®@pnovedena cytog
periferr ch | ymfocyt T a 3@utpa emivmyk fpolvilovT ch |
asyntetickTl chystayer ¢ stkoylSuiecn di i DIk yaa difertylu (
methand , -dii§ok y a n § % uMDIE Aut oSi uvgdnj 2, ge vIi
spolehlivl dTkaz (gHeon om®nx iectk T alld.lsédeId8kSy)T z k o u
m&nttol uendi izpokyad8tumogn® karcinogenity
pozi ti v(d&maegal. OO3Schnorr et al. 1996).

Dle International Agency for Research on Cancer IARGQ) @ z 8k l2adnfa st u
zv2SdaDéciBazen dE/ol3% Suppl.n7y Vo2 B; 1999pko mo g n 1
karcinogenppopbpaddlmvdklal,ovDka nebyl a prok§gz
avli skytem nhRkter ®ho dalypauc hr alkioR/G o lyjweSqt8 D T
1,5Naphttalene diisocyanate (Vol. 19, Suppl. 7, Vol. 71; 1989 Sazenl ve sku

jako neklasifikovanlT z hlediska karcinoger

34.3. Drggdivl %l inek diisokyan8tT

U | loviRkad smajyésmDly prv® S5mNDm2stn2 dr
“ulineko zpTsobeno Vvyso&gamSkapkani kdystmi
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vpS2 m@®m kont Bkt boviem@Fge 2ve vijimelnlich pS:
kodemSen2 tk§nh.

Jedn&8rs8egdd vki akl %l inek na kTgi se zar
k ont a&rmattidy (Rbthe 1976) Do c h § z 2 Ttraskaénd rk g8 | a §
smognost ? vzni kuMahddn1986] Byt ohozvikiyp &8 Dygo ,TD§ e
v koncentraci @6 mgm* p Tsobi ly subjektivn? a objekt
1976) Upr acovn2 kT r el moydsyoskploniy uk oncvemtarc @ @ @ tim
pr oshBley 2 paogtakydvepjtelu rohoky (Luckenbach, Keilar 1980).

Di i sokyagdu8§8 dtimvxii cak inatpi hek dla haxack® c
koncentr ace toxickbubronchptifta dbghostak byl o uvedenct

Lichovl pr&h pr oobBfdiOM4mgm’popPSiovdokuse:
dobrovol n2c2chp $Siylkor §ztjkidhjastkopoentrace@7 i 0,14
mg/m® nebyl TDI | i chovhD zjigtNn, aniS2nzemayly droPEE
V koncentraci @6 mg/m*v ¢ &k TDIj il § ¢ hihmediddent i fi kov&n a so
zaznamen8ny i zn 8 mEhlicharn3%§.dNDn2 ol 2 a nosu

Podstatnl rozd2l vgak nast8&8yg§ gmeii go Dol
astmatenmbrondiale Zat2mco u zdravich osob bez pS
TDI nebyly pSi vyddnmgmehBl kponceémhbu aod mj 6dn
hodnzaznamgB88n® pS2znaky bronchbirSlnncchi @b :e
astmatem byl u 5 5 osob pozawrv 8n n8r Tst br (Fruchimangétal? obs:
1987)

3.4.4. Alergick® %% inky diisokyan8tT

Pominemd i pS2m® toxick® a iritaln?z Z I
expozic2ch popswaprdxij mkwl ¢hd ,avmak bs ediahgi c kT
schopnost vyvol 8vat alergickou reakci

Samotnl diisokyan8t je n2zkomolekul §rn
determinanty, ale samasoo b nen2 schopn8 vyvolT&tm isnuni
|l i g2 od vysokompédhat 8ahaandihmd & Batneteivge nn 2 mi
Princip alergick®ho pOisokybre&ey jdé lstwSefbuan khll nec
skupin8§m N=C=0 vysoce reakas$Sandou Soproga nSincnk
sl oulJearki nj.i § je uvedepe pt PeaywytudmSDi vrleaaskt cnic
sv2cesytnl fpolyogkkbhob® povoywanisrav gaR.ky jejicl
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reaktivnostid o ¢ ht§a@ KR @eakcid i i s o k ynaurk8§ teTof 51 n2rmmf z nslkcthp i n
endogenn?clly sreo tpeaikn Ts.0j uel j ai scnhi) Zespts8Rvhaaj miv gia kK s |
vyt vgiSelj 8gi cky vel misevliszmhsembieamAledersemnn y

se tedy ditiSv@lyaaya®t§z8n2 na b2l kovinnl no
2003).

Nej | iapsotpjs o anaenjTdnT | epioteinds § D ong 2 creons i jl a kpor o
di i s ok ysa®rsalbuhij(&isnewskj Redlich2001) Diisokyan §ty j sou Vv
schopny vazby $d al ¢ 2 mi : nparpoSt? deidtinesymh, aktinem, hemoglobinem
fragmenty DNAI tubulinem(Lange et al199%).

Re a k tschopnéstd i i soksy am@hdu projevit i pSi
Nar ozd2|l od vysokomol ek umé&oupekiclsi phot pobmout
vaktivn2z formhD transportov§8nypToroganrtihsomemmi s
expozice( Kr | mBoBg 20033 Zde mo leé&omjugavatid al g2 mi pr ot e
acestou vytvegSen? agreglazsnDkomTauaglBit T jmalk
apotencovat INmyniatnmge edpavihD 1999b)

D2 lswwWwy sok® r &ak udpivin®dskyansg8t yophRdagbuhDk
sproteiny.VT amn Tam d T| p&priktlTamdem mohou blt epiteld]i
cestabuRky @manédruhy tRDchto bTempAktedyorifgyahuj 2
reagovat sli i sokyam@&u y t 8§ nec h st &wg mw hlediska mn
pSedporkd @rds t i senhzabdihozdasal e ol fnExpozkes t o u
(Wisnewski et al1999 Wisnewski et al2000).

Vzhl edem k andiiigeankva ndSkitTmWi kB INk agi8h § mis

tedyd o ¢ tKkSenZbilizaci&ki muni t n2 odpovRDdi organi smu.

33.4.5. Bronelivdl mah®aslt msaokyans8ty

Dii sokyane8ytpovjaggow 8§ny za siln® alergen
kontaktn2 tyei m&a®i projgjevy alergick® r1my, ;
al ergick®ho br omscthma8 | vy \howl aams® mdiit inammduy an 8t

pS2]linou profesiong8ln2ch onemocnhRNn2 v pol
opakovanTch expozic2ch mhRs2ce ag roky, kdy
Skutelnost, ge expozice diisokyan8§tTm

bronhhi 81 n2 ho syst ®mu yaonz8ntaolvo® aanskt maa k oj ei szork8§ m
Dlouho nebyla shodatv o m, zda p Sivlivenzdniiiksuo kaysatnngattTu maj 2
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jejich ailreirtgalzmu? 2&2 Y%l inky vz8jemnou Ssouvi
osoby reagovaly alergicky p S2 znaky prTdugkov®ho astmat.t
n2zkim kodtcesbkNaahulfotsfranee kromhD al ergi ck®
projevit dal g2 pS2znaky vylwburRAP®nkmiemprab
bronchzm®gilmé mdbo 4dqHAiebadbl @hiheE dt k 8hBD55

|l sokyan8tov® astma |je obvykl e doprovs

aktivitou (De Zotti et al. 1996)sv| ast nost mi , kter ® mezie mohoCc
jednoit | ogdmami i pSRmadal nesdtn ®r @slod?y . u | e
respektive skutelnost, gechdieins ak yla&8s8tiTnprd
kvyvol 8n2 astmatu, vede i Kk %vah&8Zud8 sneo gn

ge existuje konkr®tnzslgesn, Isterylgglkzerdagtdn
obt2¢g2 drg§8dgdnn2 ol2 a pS2znaky reakce dol
et al.2008).

34.6. I munol ogexpodic®l i o dp&wRANMN &1t a

Mechani smy, kter T mi d ibrioreloale y apnr 8ot zya t z2 pmi[ snoef
zcela jasnhD definovs8§ny i proto,(Wignewskiee xi s
et al 2006).

Proti k driji sop&y®m 8§t jJi gSoveny specifick®
JejichjevyakytvazelpdzitbnapS2padn@nebnBkn2ho a
nejednomBhonVypov2daj2c2. Zd§ dse,vyeolpan ®h
di i soknTagneSjtbyh® ne§ at olpmuwki®thm2T pd wsktd®n uvg §t
diisokpahBoViyh aaskiS®? s ®p c b fyitypuBgtGxTyt o pr ot i | §t
magBSepymPg2 diagnomegi d¢lglEe bwiSz fj aeg i krho rpotzii §li nv:
astmatu zpTs ob etn®shnol) dkipiaseol kuyjaen §¢oyw s peci fi c
provokaln2ho te¢Bougkarv ShiR0PObeg a D8tsye soud? ,
specifick® Ibgmolplryt bl 8§ pRjgaekipi twykazat el dl ol
expozice diprsaodkowm2m Tpr ovst Sed? .

Uvaguje se i o vlivu genditiypak wasnoSHtmpns i
ge prs&vn pS2tolmmBsmT el i ¢kzBoyhlnon Tz ikgtinn
geacipnti sast matem broncHi abekwanwv®tilyandmsoul as
pS2sl| s@riciifdrcktl imi § t IgEa(minoritaogodu maj 2 | eh| 2 p
astmatu bronchiale ni gg?2 s p odtsSeabtun NI &krTa,t gpo trvEnN?
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pacientTm bez zjprgotnll 8tlgeEls ptky ed 1 dekplotp e v Nt
navr hmbyeso ma br onc hdiail seo kzyalnsStbhye nl® | o o becn
onemocnhNn2 | gE nezpr 06t Sedkovan® (Jones et
Vdal §?2 studiei vpmobddeain® emb @8 pr acovn?
vexpozici MDI byl o =jpiegt Dowcktligm§lg@kee val en
vyskytovala u20,7% osob,oproti 8,6% osobs e zj i gt NDnT mi speci fic
typu IgE.Bylvy | § pSemd pokl ad, ¢ge specifick® protil
|l gG protii konjug8t Tm MU (g isdiggnbsticei mprediecm, mo h
MD | indukovan®ho astmatu (Hur et al 2008)
S obdobnimylz&vpPremedena pr ¢ KRFe kptriovines e
aut ol akThbrmrekm 1k8 ymNs & hiah@ b gklexpdeioi herameéthylen
dii sokyan§8§tu (HDI ) avyhodhectna b WM Sz 30&c s Hiba
se, ¢ge bhDhem t®t o doby domgrd ot ikle§ tzavkiGyteynpu h
svazbou na dobwSterst ®j%e erep g Aidages.lt 6 @ kdjuimgmni
osobbylvyjisd&n §zon §rsmaci fi ckT chl gp& oztnial nfeoreSk stoyupv
se vzni kem dbtt g hh @ reas 2gcdunioicld a dipesic2 f9 c kT ch
protibly8§tbegk o dremgn®i kovat riziko dalg2ho vI
al. 2008)

33.4.7. &érzm@kpdzice diisokyan§tTm

Z hlediska vzniku senzibilizace ar on c h asratnlyldw di i sokyans§g
dlouhou dobu z@ X p o z i | pn®v acjepsat8ua @ e x p o zRratoad z knthma,l a | n
praxe aegulaceo p atByelny zamNRSeny t ®mNS vIihweadnD r
vhRDtginN virobn2ch z8vodT se proto setk=§&me
ovzdug? hl ubvo&ol miodhygti @mdBaoth T emial 2009)mi t y
Profesi onbbohchidlez p§s mben® diisokyan8ty vgak
pSich§z?2deaxn@lamiieoe)U dobrovoln2kT senzibili
byl o pSi rTznT ch reagiamec ha eaxopoyz itaev §nkRon czg
je celkovg8 d8vka, ni kol {(Vandekptas et al.nl99B8)act&® | i
se, ¢gel pr8vds&vka didesromé&panesitTug ep Qi jcaitts§ i vI c
hr @g8sadn? roli pw ¢aitgitrieliez ami niam§1 n2 ch |

expozct 2 ¢ ®Isrbzvojib r o n ¢ hastgnhtin 2 h o
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PSehl edndwer me®aitidisnk yan§t Tm Bello abkpolk ov al
(Bello et al. 2007)Zpr acov al v2ce nenje psulbol i pkuokklaipkbocvha ng
roku 1951 do roku 2007.

Vi zndhemr m@xmézice byl prok@rl§adterpntsid \n2 $nat

styku sdii sokyan8dgjkkmBeeazi bili zaci a n8sl edn®
i nhal al ntKara at@lo ©O8LcPokudv g gde ov | a pdtene@ &ler m8 1 n 2
expozice divihlederkky an8&z ¥V mj i i S 0 kbyoachi@let takv ®h o ¢
znalost j sou prozatNanp Sékéaen®. |iom§lastmatie o

f
bronchialesej en z S2 d ki@ r m&xpaRi@ flies o k y ajnaSkkol mpot enci ¢
izi kovl faktor nebo c2l p, Tavlo, lpss 2005¢.hacg  sS(eN,i c |
ge samotn8 resdipsolkhyaAStekmpokezajeakm@koPlRi v e
rizi kovim f akt ¢moé&ma péstnabredriale kNaopak kozvoji

br onlcnizichSot mat u pexTmE&Em&é aivms8l n2 dokumentovan
expozigcasnbhmepst endi§ mM@énsiing a. 1998 e

Je dTlegit® si uvNdodeirtm®Ixjpéok | w2vzapgaSmrst.
kc el keppoz®ii s o k y aMafStz2 krh alee r m@Bb :mér pce z MPlal ® ka
(10 mg) by mohlgp Se d s tda8wokwua tp Sikb ISit g { 12 50 %HveWeyl k& n e
Bri tiSnhial al pd 15mMinum7 ® §g NCObon pSi bdFwknud 50
odpov? thalj Pcv@28 ¢ g )Bahd@dum za pSedpokl adu 10
uchovg8dg&noh§a 2 (Bdlo dtdl. 2004)

Na modeom&b®mérpci dii$ akefleidRtdh nepS2 mil
zjigtnNn2. d\earpnt8XdoricatdDl ylozder mdi odpsi e zjigthn
k onj ug oeraimem(Wisnewski et al. 20000 est ov&n2 n8§plast?2 s
(011%) dok8&ge vyvPBatpps8ktitkiyvhDbedsetekovat e
dii sokyam&t Tmpracovn2KkT v mol i zjigSovsgny
pS2s| uagmil@@h? e dl2001, Creely et al. 2006)

3.5. Metabolismus a eliminace

PSi vstupu diisokyan8t u dohenmick®g arnei askntue |
typi ck® pro vys o oeuskpiakN=C-On Na@piSiz «d layda m§tdr
diaminy, polymez a | n 2 reakce, reakce s ami NavIl mi

obr 8§z Rluj slou pSehlednhN uvedeny mogn® metab
vystaven?2 i nXh4aDldTlimcHalketat 3094y i c
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N=C=0
CH, = .
NeCO ‘ | adducts with
- | N=C= \T/.a -NH,. -0OH. -5H
N ___.-—-"'--_- N=C=0
CH; “T' -
24-TDI
_~~._-NH-CO-NH
e~ | hydrolysis
\&_"::H e
NeC=0 CH,,
== ~— . NH2
polyurea derivatives = ) )
- . ——= conjugation
—— =
e o NHE
aminophenol, 2.4-TDA
aminobenzoic acid
and other metabolites acetylation
-,
CH,
. . NH-CO-CH;
acetylation {\”
“‘::'“‘& -
NH-CO-CH, NH-CO-CH;

monoacetylated product

diacetylated product

Obr 8zelk Mét abol i cyk@TDh u patkara (Timchalk et al. 1994)

z8vis?2z do
p H. V
retad&kicmy pl yan3z

Spektrum metabolitT znal n®
rol i
doch8zet Kk

vazba S

organi smu. Svoji hraje i pl i c?2

zjigthNDn2 in vitro
vprostpeEd2 Doyl a

diaminT a

proteiny viraznh
d e r(Dog, HofflranmIPP5h Proto iypro situace in vivo lze
ol ek8vat me z i

rozdz21ly vstupem diisokyan§8t ]

Po vstupu
it T,
j ejich

diisokyan8tu do organismu do
kter ® | zDei izsjoikgySaonv8att wvy tnvo§|Si2
v aH,bOHl n8H.s kMuppmkaurds ech na zv
prok8z&@namordgete | ze zji viplachu
druhT &c¢dlkktovi $1a mi 1993) . Jak

b unbl3k ,k oav i ppraonti o vazdiu kktay] 2s i pS2m

met abol ia c
resp.
stit ve
(Jin et al

vstupuj ?2 do
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sliznicenosn2, sliznicler amakihelyT. bVYytnchg2 ise i
expozici a byly u morlat zjistiteln® i po

Z hlediska biol ogi ck ®h od imosnoi ktyoarno8vt8yn 21 zoe
aduky diisck y an 8§ t § v mbuminemahe mogl obi nem ana-d yzova
torn2m zpracov§&m3%edjnalad adukiit dmpiarty.ej i ch pSe
vorgani smu, u |idsk®ho gl obi nBuylasizjl 2% Ndrmo
ul | o vatlukyalrDI s hemotpbinem vykazovaly maximumldn T po ewWy ozi ci
Zjistitded n®nT emdWilsox 85T 2cm | ze zji gSovat e
probRhla v urlit®m obdob2 pSed odbRrem bic

Dal g2m vyugdgitel nbmolmediabeo®au &motn ippSriac ov
sdi i sokjysasonl8tgi ami ny, kter® vzmi kkajeakd®h ysder o |
hydrolyzovavel nmlu dlameldy dTIl egi tj® jvdzanoKut el

zjigSovat nejen pSi inHleaelrafdstin200@)pozi ci, al
Sl edov8n? bi omar ker Tm jeex powdizome mndoiui s GK
preventivnz2ch opat Sen?2 . DrovnlD koncentr ac

abi omar kery ha nap 32ekalgadfe? usvl 8eddbnvoan ®m pr ac o
pRNietdogl o klkoncreand e(Mmédianypbh c ov n?2 ma20% aqorbtu g 2
roku prSonPawniPracodeogpkéET isn2 gen? gdtadd a2 h
bi omarker T n®S28Muagmiynp R .i po celou sl edov
ochrann®y praosrnaé&edk omar k er jejichbpyll aas may giet $o V¥
(Tinnerberg Mattsson2008)

3.6. Monitorovsg8§n28texm oz ipae cdiving ark ypa o

Pro posouzen? expozice diilseevkypadgrt &teTm v
mognost 2. Il nhal aln2 expozice mTge Dblt zji
vpracovnzm ovzdug?z2. K posouzen?2 @ &vBhgm

zpovrchT, pracovn2ch pomTckKkhogiSeloeRdh D c kT
expozicekdyl ast o pTj de o kdbenrbm&pomée jenntha® av yndgat
bi ol ogi ¢k ® bnioonl iotga rcokvRs n&x,pa@ 2lhlun P rioegzthpydnoce
d i sokyang8§tTm pSich§zej2 | i munol ogi ck® me
proti diisokydawmgttTm | i jejich
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http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tinnerberg%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mattsson%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

3. 6. 1. MNDSen2 diisokyan8tT v pracovn2m

Vsoul asn® dobSEen2 ¢iriacokyng mg tdjRe dhiu g 2
zpTempgos ouz en? profesiong§hed®on®@edaoilngh,al aeh
expozice jeitajakonejA va gnNj @bt o Vy@jph@uazpy|§he kT vIir ol
pol yur e tjejich Foncenkatgypr acovn2 mobiv ydibd2 opravdu
Svivojem twlcrhmoy oo Bag at &ecehtr aln D zdrTavs?e pr a
koncentrace pdiaicowkypam Stvzdwg2 viraznhD sni g
na dTl egi tdertm@®Illemxipo0)zNiicce t o vgak nemBDn?2 na
m$en2 konceang§@Tacdiinimlep nfiragsdt or §ch se s

virobou, je prvotn2m a z8kladn2m posouzeno?

MRSen2 diisokyan§tT v pracovn2m ovzdug
vypoS§&§dnaltkol i ka probl ®myk.ut ké dyns okig az 8§ ym®j
znal nhD reaktivn?z., Mohow|asn®® vezdwgmMNDv pal

(Gagne efal. 2005).Pro posouzen? zdravotnpoacmwemnika

ovzdug?2 jegechny zomery, kter® pSeBchg§zemj?2 g§w
hygienicky viznamn® koncentrace, kter® se
diisokyan§8ty v pracovn2m prostSed?, j sou

l'imity (PEL) se pohybuj?2 v oblastu des?t ek

PSestoge diisokyan8ty patS2 z vige uve
chemickim gkodliving§m v pracovn2m ovzdug?
az2sk8vsg§n?2jiddkeegeonoisiBal al n?2 expozjcygSwvaus
objektivie p o d(Boutia dt pl. 2005)

Pro vlastn? mNSen?2 chsleo ujgk vz2pcTes orbetnmo do, d
analytickou koncovkou OdbRDry | ze prov8dNDt buN do i mg
vgak mu s 2 jednat 0 s tdeelrii lviad ao?i darddsikk,y asmB thi
sl oubemhodnou pro citliv® stanoven? (Gagn
Hodn ot metl mNSen? di ipsrokcyoanrg2tmis eowvzabge? 8§ pr
Determination of airborne isocyanate Exposure: Considerations in Method Selection
(Streicher et al. 2000P Tvodn?2 met oda Mar jedres falwazehaMar c a
derivatizal n2 mi odbDry, obvykle aminem s
filtru. Vzni kI 1 deri v8ti moev ®s tcamroovnig teo gmet
sd e t e k crdfotormatriekbu, fluorometrickqu el ekt r ochemi ckou | i

detektor em. Tyto postupy se staly z8kl ade
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National Institute for Occupational Safety and HegdMOSH 1994 a Occupational
Safety and Health Adminisition(OSHA1989)v U S A. Lasto poug2vanl
| i ni dl e-@-pyridilgpiperdzin na filtru a MNi-nitrobenzy}N-n-propylamin
(ni tr ol vroziokdi | &(R-methoxyfenyl)piperazim, tryptamiru | i -(9-1
anthracenylmethypiperazin. Vgechny wdegdenp®oumetvhodn®
monomeri ck® diisotlhyavigty soMé@owaHNtds | mok y ma
resp. kondenzal n? di i sMDH$ 25i128HesitharRieSgfety br i t <

Executive (HSE 2002 . Der i val n?2 pi2-methoryfemyl) @perazin, po 1

separaci kapalinovouhcomdograf i 2 j sou dsiliosud keyna m8t osy T mi S
detekovs&nwl| spaf aah®vhaerl eketrekthoernsm k vy . Jedr
vzorku j sou identifikov8ny na z8kl adn P

kvant isttaatniowre2n?2 1 a& 2§lolvedli2 nloal (Kérlssanceeal. mon o m

1998.

3.3.6.2. Stanoven? diisokyan8tT ve stDhDrec

Kont ami nace povrchT virobn2ho zaS2zen

pokogky pracovn2kT v pracovn?2mzjpirgp3avSsends?

aposuzovs8na pomoc? techniky stnDrT. Anal T
vmateri 8l u, kterTm s,d estolbrdopbm@&v § dazk o( rua paSn
uveden® vige.

ExistujeitzeSwy pes test, kterl cesttamuowamid kjua
alifatickTch, tak aromatickIlch dGebafloskyan§g
et al. 2009).

Vhodm®t ppy stanoven? di i s okwyagovEhuT n a
virobn2chsaaSvelepée OPdegice®? fdejm§l nizanr
v ochranhD zdrav?2 pracovrPekd. 2809)Tytic okiyalnigz
vgak | ze dobSe vyug?2t [ pro kontrolu spo
“wlinnost.i devh@eptoadmienacée Saddi nnokurdwcPpdani

ochranniTch pomTcek.
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3. 6. 3. Bi ol ogick® monitorovs8n2 expozice

Bi ol ogick® emmdzioceov@ntsokyan8§tTm | e z
odpov2daj2c2ch di &mi(wgl avs naydrdcytech) poejdjich v
uv ol nvizaPn®d$2 s lkuenv@® 2 proteiny.

Mo | 2 se diisokyans8ty hydrolyzovan® po
vyl ul uj 2 napS2ktadi w8t Tf orThoh oa cbeytlyd vyugi
monitotov8eaAadii sokyan8tu (TDI) (Brorson €
monitorov§gn? hexamet hyl endi i sokwmethylat u ( HD
di fenyl diisokyan8tu GMDY}3 pBapbicle® wyugi:
bi oukazatel T expozice diisokyan8tTm je st
vyl ul (ost&m&nskl. et al. 2006)

Proteinov® aduktyj diislb&ayianDTddeki®Rdd 3
gl obi nuzhsubaol 285 n@&@n T, u al (Wisomi1996) Kancerirace d n T
diaminT, uvolnRnTch z protei novaiidomaseedukt T
odl ouhodobhj gNaphtitenupodncey hpS2sl mghTchpodi :
expozici Thleld §8svanwwi sedxjp%0 zp «cl2olaas nNkol i k ho
al.1997, Brorson et al. 1991).

Z anal ytick®ho [Ibibneade rsTk ad ijies osktyaamao8vt €[n 2p o n
kompl i kovan®ej @r@intdanoo sd Enostanovit jejich ve
slogitlch matric2ch, jako je mol a krev.

PSi stanoven? aduktT dili sekymornd §t Ts es vk r|
kroku mus2sefdrSovi®ist alkkkal i ck&8 hydrollza to
N§slednhD je nutn8§8 extrakce uvolnhRnlch diar
ethyl acet 8t u, tol uenu, di chl ormet hanu. N 8
chromatogr af iccokg® jset amealkoé , s perfl uorovar
napS2klad s pentafluoropropionanhydridem

Pot® se takto derivatizovan® di aminy s

fie. Separace prob?2hs§ na pam@eci 8§ rhnnfocthn o & ©
spekr omet r T zzdhemoak®t 3 oni zace, pSilemg jso
negativn?2 ionty (neNgG)ti vn2 chemick8 ioni ze
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3. 6. 4. | munol ogi ck® metody posuzovg8§n?2 e

U osob vystavenlchjpdeaolwverk?r vdi izg dkjySeorv§
protil 8tky typmui kgEyan§8tghm p(rBoty geg v &,h Kardlurk
2003)K jejich anallTze |l ze vyug2t napS2klad
vysokoafinitn2 fluoroenzfymokmohoanatT &t el
diisokyan8ty jsou schopny vayvtodmti spewzi b

organismuDragos et al. 2008).

3. 7. Profesion8l n2 onemocnflDn?2 zpTsob

Diisokyans8ty s e svim al er gpamm2vrd d gjo?t ce
onemocniDn?2, ktejrd&kd zen&masn@dPnXkowradf esi on 8§l
opostigen2 kTge |i alergickou rT mmpSNejz§
pr8ci s diei swkylk n 8§ dey(Reak 108) ¥ dlBi k Dt @mun ow
dl ouhodobhj g2 expozice diisokyan§tTm v S8§8c

Za nejlastNjg2 pS2linu profesiongln2h
oznal velgdgb 2 199Pn8aP S2eVled &k ®v BvicDohall etiali 2000).
Vindustriali zvwed &m®nmWe g€ 8inlied| ands byl y ana
di agnosti kovan® pS2padpapndbdbbidbén®| dshhkya
byly jechonej | ast NDj g?2 pS2|linou s 21% pod21| em,
ZzZpracovsgn? kov T ( 1rh %)), latéx gG94), djlutaraldéhyd%6%), ¢ hr c
amouka (5%) (Bakerly et al. 2008).

Z%daj T Registru nemoc?2 z povol &§n2, kKt e
“wstavu v Praze, rokfgl-ROd8 dbglw obdelsk® rep
19 pS2padB! Pm¥lwd e DinemocnhNn? (nemoc z pov
zpovol 8§n2) i zol ovan®ho astma bronchiale z
i solovan® alergick® rT my ZzpTsoben® diiso
bronchiale a alergick® r1 my.

Celkemsetedyj ed n8d5 oprofesion8l n2ch onemocnli
alergick®&loe mpTeb duy voobldaorbil2ch expozi c?2 di i s«
pS2|iny dipl®ot akbawilbeh profesiongln2ch onemc
pS2padT.
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PSehlbpedprdfesim § | mZ tom ¢ has@nhtna® h o f e sailoenr§g incck ®
rTmy vyvolanlTch pTsoben2m diisbkpas8t§ T op
nemopévalN882zen2 vl by dob29DMBOINOEJEVIE t abul

Tabul kRréof.edi on&INdm2 dhnemac2ch cest alergioc
viesk® republ i €20 O0v8 rwvolceetcnh) 200mdelmo c n NDn?2 v
diisokyan8ty dle Re¢giSs€tun2nenoa¥%¥ oz np o Vic

pr of esi on
pol o 0 n e mo c n |2001|2002| 2003| 2004| 2005| 2006| 2007 | 2008| Celkem

Asthma bronchiale 43| 50| 38| 71|51 |51 48| 37| 389
Asthma bronchiale
vyvotdlan®oky| 4| 5| 0|3]|]2|3|]3]0 19

3.10.1

Rhinitis allergica 25| 23| 30| 44| 29| 44| 25| 23| 243
3102 hinitis allergica
vyvotdangoky| 1| 0] 0| 0|0 2]0]0 2
Asthma bronchiale a H v§ gpeonl 00 gs
104 rhinitis allergica 16 31| 27| 6 | 3.101a3.102 | 80
7| Asthma bronchiale a HI 8geno s
rhinitis allergica v pol og

vyvotdan®oky| 0| 2| 0] 1 3.10.1 a 3.10.2 3

Celkemonemocnl gy 104 05121/ 80| 95| 73| 60| 712
3.10. |Celkemo n e mo ¢ n |
vwolan§ id soky | 5| 7] 0|52 ]|5|3]0 27
P o do?nle mo owvA) |
vyvol dinil sbky60|67]00|41|25|53|41|00]| 38
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EXPERI MENTCLNE LCST

4. METODIKA

OdbNRDry avgwoadhwdwenp’rovedenpraeosipol Dmr &€
pr o hodnocen2i cekxipozli & &k §nh e ma pracovi gti
| aborat 0S? pr o bi ol ogick® moni ppaooggnzme
pross Sesl2z Clemmrmua pr ac ovedit? §rtard?r @ & S | Braha.
Dal gdklpady byl yFymzizsk@®ggnavyho? ho dbekonnast ime

areferenln? |linnosti.

41.Pmcovn?2 prostSed2? a exponovan® 0so0

Vzorky pracovn?2ho ovzdug?z2, vzor ky bio
pracovn?2kpTr asc osvtnl3rny pwr os tr&e2007 v Yyt gz B8 ¥ mk ®ny
Xv Lesk® repwhlbinee.s\e¢ adéel proylrysbrldiyanbdk @,
konkr ®t nD opRrky hlavy do interi ®ru aut omc

Pro vIirobu bdyilias okysalnésy®avena b §zi t ol ue
(TDI). Jedmlo se o Desmodur VP.PU 60 WEB - CAS 26471625 , kterl obsa
smhNs i zomer T TDI-TDVa 2p% XAIDI.LP S P aX ek byl kil a
dez 8kadn 356/ 2D9BorSbl .| a3kscs / YWD EHpaotzaail ekl
vt aR®io: Zdr av? gkodl R2B: p$bxivdekebg mp $En 2 ,
R26:Vysoce toxickITR m%®i/ 3WwdH8dBhoo|vDg g2l T chac?2 or
RAOMogn® nebezpel? ,neR42at nMablie ZemgabPiliza
vdechoR®HAZMTage vyvolat senzi bg$ii zsklyk?p Ss
Pd yol ov otuv cp8lyollgkcaut a | y z § t --BayéitiRU FOWF1g @dly Il -

Bayfit 3699R spolu aditivy.

Virobn? hal aca®0 x50 mmPr @ chl enNDna na 4 v
Schematick® rozm2sthDn2 teclwvdlbmgi ebylyjnek yuv e
identick® abymacoivoR ipbesjimduzditgvarem vyr §

tedy i tvarem poug2van® for my.

Formy se pomalu pohgvalyo k ol o cel ® | i nkdqa rfofhg i j ed
okolo linky dgy | me z j zeg thaov e n 2mNks i n 8pIDil ty?al s, vypn
pol yuretanu, jeho vytvrzen2?2, sejmut?2 viro
(silikon, mi kekro§lerd 2n ®o IpeSj2e)r,avtNzrk. dal g2 mu |
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Obr 8z 82kRolzm2 st Dn2 technol ogie a pracovn?2ch

Legenda:
Oc OF Oc OF Oc OF Oc OF G - BALEN|
F — RUCNi BROUSENI
OE OE OE [D]OE E — BROUSENI STOU.
Op Op Op Op D - KONTROLA
' pr— am— e
A— SNIMANI VYROBKU
B B B — CISTEN| FOREM
C ¢ C C C — SEPARACE FOREM
- - - - @ - LICi HLAVA
e— —24 Re=t> B—2

m —ZVYSENA PODESTA

Obr §z&kvilrobnzl ili hkdo forem

- _ :
T L~ ) | 4

‘ Lici hlava ol y .‘6"‘
smiseni TDI a polyolu 1 e

-

(1§

“ W i.c. . : -
5 4{ l'/ i
il 7

<8 ' ITzaviréni formy
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Viroba polyuretanu tedy zal2nala 1it?2

Vyug?2valoamusesnddgovac2 a vstSikovac?2 hlavi c

automati zovanl bez jak®koliv obsluhy.
Do ligx2sédlwavuzavSenimesy§st ®Rmp2apP®MESED a
TDI, polyol a adlkbijvea.i cVh Ivizcg?) ehmna®vmu dsom? s e

pSesn® d§vky do pSipraven® a pSedehS§t®
aut omat i dykayk auadpivtzdbpazead €sn vypNDRovE&n2 pol yur
uvedena na obr8zku | . 13.

Do pr ost d®idpir alciobvbns?iceimy v piSébswidpgliaeahkgst c
nejbli gyghhd o poylvs2dcae neg 3 Grred awigettowwd d DI e n
plentou.Kontaktv o | n ® & i@l anpglyolus ok ol n2 nbyloWk ol g km
vteSin do doby uzavSen2 for my.

K vy p @wadikw polyuretanud o c ¢dlc8zDPhem nDRkol i ka mi nu
uzavSen® for nylypo ma§ swipodilybd

N a pol §thkouw ao®bbu Y“seku l'i nky s e for my
pracownnxdhi ra|mdl wnmregladobk® (obr §zek | . 14
dopravn2kovl p§s.

Pr§zdn® formy se na virobn2 |lince st §

kprostor u 12 tvel.defbdg av ypfrreucto i a Bejgadovisilikonem
a miner 8.ICekemio bsll arjhio v a n kylp@mvali3 kgg déi®ov n?2 ci
V pracovnhahb vpsont2cnh® rc2sepatategtePms ace. zpNDRoval
VT r ob nByla whalermacelkod mpr ov Dinr § U § A § lidky 2
byl o nav?2c zajigtBDno | ok8ln?2 vobsgwhmnvam®m
“s ejkahyboval i Odhg&wadacho2de iv.T r olbyid d v § dhlBry p S2 m
zprostoru ptrlaedonwednc emiPimdau dT chac?2 obl ast p
jeipat ronhb® 8z ku | . 15.
Hot ov® virobzkyrpongredamm&kadel y na dopravi
lisem, kde sev y tillpaSebyt ek vzduchu a oxidu uhlil:i

pracovigthD brougen?z.
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Obr §z#kvVilrobn2shdim&m2 vIirobku z for my

Obr §z#kvVilr.obnz| il gnRm2 forem a separace (hoi
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Na pracovigtirboblbygealnBbyupsnayv orvu§ nny? an e
st ol n2 nb2rsutsrk?2onui osdrs8&veBBn 2lm (ob
N§sdvaaj egt D kontrola virobkT a jejich b

Obr 8z#kBrlougen2 na stoln2 brusce s o0ds8v_8n

Uvedens§ pr alylavsn B 8n2 atelanue doict 8z bNhem s
kviznamnim zmRDn8&m dtuambylaws tpr. § Ze epraagownrg2 k T

Pracovn?2ci Wwdr by se pohyboval. dl e poc
BNDhemoldda nov® smDny str8vili zhruba (dle p
ve virobn?2 hal esaanopd lad wi®mu P @SV Vv UV dE3 TV @Y
opravovali fornylrdbmdhbovpa8isRu za soul §sti
(obrg&8ze¥W pS2@d&dnN vzniku z8&vady ve virobn?2
l' i nce tam, kdleobr @ zdk| BNhted®BhtaNchtoali|li nnos
rukavice.Pr acovn2k %%dr gby se mohl dl e zpTsobu
dostati @ p S2 m®htoe ksuttylknu dsi i sokyan§tem pSi opr
ukagd® v I rtoabkn® wvliyignakdyoval a pravi delkmo@mndDvdr ¢
in®h@dpougt Dn2 v I cTPlapdlyolideok WtS® psrmal¥ysein ®h o pyt
| . ROacovn2k YdmMehywy thaBlzkkwlsttw| sdi nou t eku
nesprsg§vn® mam$dPpudajoPto niBhs oNn2 odNDvu | i pok
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Obr §z&7al8lPr acovn2k ¥drgby pSi opravhD for my

Obr §z#®kPr hcovn2k pudaybgaidpd®ez hl avy
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