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B. Information on hazard and risk
B.1 Identity of the substance(s) and physical and chemical properties

B.1.1 Name and other identifiers of the substance(s)

Diisocyanates according to the following structure, whereby the group R is an aliphatic or
aromatic hydrocarbon unit of unspecified length. R does not contain urethane, urea,
uretdione, biuret, allophanate or isocyanurate linkages (i.e. the diisocyanate entity is not the
result of prepolymerisation of a parent diisocyanate):

~N 7~

O _0O
SCe _R_ _C
N

Figure 1: Chemical structure of diisocyanates

Detailed information and examples of diisocyanates covered by this restriction is given in
Table 1 and Table 2.

Please note that in the way the proposal for the scope of the restriction has been formulated
in Section A.1.2.1, oligomers and prepolymers that contain >0.1 wt % of the diisocyanates
that meet the above definition (of which a non-exhaustive list is shown below), would still be
in scope of the restriction.
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Table 1: Non-exhaustive list of diisocyanates covered by the restriction

O==C==N

Trivial
EC Name IUPAC Name CAS Name b Lilh o EC Number | CAS Number D LT Structure
Abbreviatio formular
n
4,4'- 1,1~ Benzene, 1,1'-
methylenediphenyl | MEthYIEnebis(4- 1 o o)l ebis[4- | 4,4'-MDI 202-966-0 |101-68-8 Cis Hio N2 Oz
. isocyanatobenzen |.
diisocyanate e) isocyanato- o=C== N==C==0
o=C==I\ N==C==0
1,1'-
2,2'- ! ro Benzene, 1,1'-
methylenediphenyl I”;jcthg’:]‘;r;ggg(éen methylenebis[2- |2,2'-MDI 219-799-4 |2536-05-2 | Cis Hio N> O»
diisocyanate e) Y isocyanato-
o=C==I\
o-(p- 1-isocyanato-2- Benzene, 1-
isocyanatobenzyl)p | (*- Isocyanato-2-[(4- |5 4 vy 227-534-9 | 5873-54-1 | Cis Hio N2 O2
. isocyanatobenzyl) |isocyanatophenyl)
henyl isocyanate benzene methyl]-
N==C==0
Oo=C==I\
p_
4-methyl-m- . Benzene, 2,4- .
2,4-diisocyanato- - A Toluenediisoc caA. aa.
phenylene 1-methylbenzene diisocyanato-1 yanate 209-544-5 |584-84-9 Co He N2 O3
diisocyanate methyl- (2,4-TDI)
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O=C==I
2-methyl-m- Benzene, 1,3- m-
phenylene 2,6-diisocyanato- | oo o nato-2- | Toluenediisoc | 505 639 5 | 91-08-7 Co He N> O
" 1-methylbenzene yanate (2,6 -
diisocyanate methyl-
TDI)
C==0
& Ne==C==0
. 1,3- Benzene, 1,3- T80 or T65; e
E{ggéyg?gt‘: diisocyanatomethy | diisocyanatomethy | 80/20 TDI or |247-722-4 26471-62-5 Co Hs N2 O3
4 Ibenzene I- 65/35 TDI
D1=—CH;
O=C==I\
1,5-naphthylene 1,5- Naphthalene, 1,5- 3173-72-6
diisocyanate diisocyanatonapht diisocyanato- NDI 221-641-4 Ci2 Hs N2 O2
halene
N==C==0
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Trivial
EC Name IUPAC Name CAS Name I ETI s e EC Number | CAS Number R Structure
Abbreviatio formular
n
==C==0
3,3'- - . e
4 . _ | 4,4'-Diisocyanato- | 1,1'-Biphenyl, Tolidinediisoc
glm?é?%lblphenyl 3,3'- 4,4'-diisocyanato- |yanate 202-112-7 |91-97-4 Ci6 Hi2 N2 O3
diisocyanate dimethylbiphenyl | 3,3'-dimethyl- (TODI)
O==C=N
hexamethylene 1,6- Hexane, 1,6- o=C==I
diisocyanate 2||socyanatohexan diisocyanato- HDI 212-485-8 |822-06-0 Cg Hi2 N2 O2 \/\/\/\.,,=C=o
. . meta- \==C=0
ilsljc-y?;i(alt:)-l- ilslsgy?;(alt-crl- Benzene, 1,3- Tetramethylx
methylethyl)benze | methylethyl)benze bis(1-isocyanato- |ylylenediisocy | 220-474-4 |2778-42-9 Cia His N2 O3
ne: ne- 1-methylethyl)- anate (m-
! ! TMXDI)
_ _ 1 O=C==N
3 >-Isocyanato-1 Cyclohexane, 5- - N=C==0
isocyanatomethyl- | (isocyanatomethyl isocvanato-1- Isophorondiis
3,5,5- )-1,3,3- >ocy ocyanate 223-861-6 |4098-71-9 Ci2 His N2 O2
: ; (isocyanatomethyl
trimethylcyclohexyl | trimethylcyclohex - (IPDI)
. )-1,3,3-trimethyl-
isocyanate ane
1-isocyanato-4-
4,4'- [(4- Cyclohexane, 1,1'- | Hydrogenated
methylenedicycloh |isocyanatocyclohe | methylenebis[4- MDI 225-863-2 |5124-30-1 Cis H22 N2 O3
exyl diisocyanate xyl)methyl]cycloh |isocyanato- (H12MDI) o=C== N=C==0
exane
1,3- 1,3- Benzene, 1,3- O==C==N Ne=C=0
bis(isocyanatometh | bis(isocyanatomet | bis(isocyanatomet | mXDI 222-852-4 |3634-83-1 Ci0 Hg N2 O2
yl)benzene hyl)benzene hyl)-
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2,4-diisocyanato- |Benzene, 2,4-

2,4,6-triisopropyl-

_ 1,3,5- diisocyanato- _Aqrc. Coal
m-phenylene triisopropylbenzen | 1,3,5-tris(1- TRIDI 218-485-4 |2162-73-4 Ci7 H22 N2 O2
diisocyanate
e methylethyl)- =0
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B.1.2 Composition of the substance(s)

In most cases, if measurements are reported (in reality mostly limited to TDI, MDI, HDI and
some IPDI), these nearly always refer to the diisocyanates, although these are only a fraction
of the formulations used and other isocyanate containing species may be present as well. In
nearly all cases toxicological investigations exist only for these specific diisocyanates. Also
OEL values exist only for specific diisocyanates fulfilling the definition in section B.1.1. Only
more recently there is attention for the role of (pre-)polymers or oligomers containing
isocyanate groups. This is reflected in the fact that both in the UK and in Germany a “total
isocyanate” measurement is now being practised. See for example Table 14 in Section
B9.1.2.3 and (AGS, 2009). It is generally accepted that the potency of sensitisation will
decrease with increasing molecular weight. However, quantitative relationships in this respect
are not available.

B.1.3 Physicochemical properties

Table 2: Physicochemical properties of the diisocyanates listed in Table 1 (data partially taken
from the corresponding registration dossiers)

CAS Physical . .
EC Name No. EC No. State Vapour pressure Melting Point
0.00049 Pa, 20 °C
(Gas saturation
method (20-70 °C))
. . _ ) . 39 - 43 °C; EU
gi'iio?ztnha‘;f”ed'phe”y' ég_ls Sgé-o ﬁ;yssgﬂg' 0.0007 Pa, 20 °C Method A.1, capillary
Y (effusion method) method
< 0.002 Pa, 20°C
(Watson method)
0.0081 Pa, 20 °C
o
2,2"-methylenediphenyl | 2536- |219- | .. 0.012 Pa, 25 °C ‘E‘a'f,letchgaoAl?’l hg?c
diisocyanate 05-2 799-4 (OECD 104) (Vapour o
Pressure Curve;
Effusion method)
o-(p- 5873- |227- 0.0014 Pa, 20 °C 34 to 38 °C,
isocyanatobenzyl)phen 54-1 534-9 Solid (EU A.4, static EUA.1,
yl isocyanate method) capillary method,
0.0014 Pa, 20 °C (EU
A.4, gas saturation
method)
4-methyl-m-phenylene | 584- 209- Solid 21 °C, (EU A.1,
diisocyanate 84-9 544-5 0.0021 Pa, 20 °C freezing temperature)
0,87 mbar (EU A.4,
static method)
Solid
((ICSC) |2.09X102 mm Hg at
2012 25 °C 18.3 °C
zi-i::)ecthayrl];rpe-phenylene 31_08_ ég;:o cited in | (Daubert, T.E., Danner | (CRC Handbook cited
Y HSDB R.P. cited in HSDB in HSDB Database)
Databas |Database)
e)
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CAS Physical . _

EC Name No. EC No. State Vapour pressure Melting Point

10 °C; (80/20 TDI ;

0.015hPa at 20 °C, Er[éeAz'ir11’g|
*
m-tolylidene 26471- | 247- liauid ga(l)cluél‘ahtl;aad,af%zgcTDI temperature)*
diisocyanate 62-5 722-4 q célculated 65/35 'II'DI* 4 °C; (65/35 TDI; EU
! A.l,
freezing
temperature)*
o
1,5-naphthylene 3173- |221- | Crystalli E)(.)OE%ODO(i%AIjPaazt 25°C 127 oC
diisocyanate 72-6 641-4 |ne solid 104, 9 (Handbook data)
saturation method)

>=71.6 <=72°Cat
3,3-dimethylbiphenyl- [91-97- [202- | .. |0.00295 Paat25°c, |L0212"Pe
4,4'-diyl diisocyanate 4 112-7 calculated capilllar’y method
hexamethylene 822- 212- liauid 0.007 hPa at 20 °C ca. -67 °C
diisocyanate 06-0 485-8 q (Handbook data) (NIOSH)

0.0029 mm Hg (0.386
1,3-bis(1-isocyanato-1- | 2778- |220- liauid Pa) at 25 °C 4°C; 1atm (EUA.1,
methylethyl)benzene; |42-9 474-4 q (OECD 104, effusion thermal analysis)

method)
3-isocyanatomethvl | es. | 293. 0.000635 hPa at 20 °C | -59.9 © C (Knovel

= liquid (OECD 104, effusion critical tables (2"
trimethylcyclohexyl 71-9 861-6 method) edition))
isocyanate
(cis, cis-isomer: 14
%; cis, trans-isomer:
58 % and trans,

0'0800122 hPa at trans-isomer: 20 %,

4,4'- 20 °C, 8 % 2,4-isomers) is
! . 5124- |225- N 0.0000213 hPa at ?, !

methylenedicyclohexyl 30-1 863-2 liquid 25 oC 15 °C

diisocyanate ! . trans,trans-4,4'-

(OECD 104, effusion dii dicvcloh

method) ||socyanato. icyclohe

xylmethane is 83 °C
(Ullmann’s
Encyclopedia)
1,3- 3634- |222- 0.0206 Pa at 20 °C, -7°C (266 K)
bis(isocyanatomethyl)b 83-1 852-4 liquid (OECD 104, gas DSC
enzene saturation method) EUA.1
-56 °C
EU A.1, DSC
No melting of
crystalline

<= 0.19 Pa at 20 °C, |subcomponents has

. Grain Watson been observed
2,4,6-triisopropyl-m- 2162~ | 218- liquid estimation between -90 °C and
phenylene diisocyanate | 73-4 485-4 (EU A.4, dynamic 50 °C. Glass

method) transition
temperature
(amorphous
components) at -
56 °C.
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*The registrations for the EC# 247-722-4 list 2 of the 3 theoretically possible isomers of m-
tolyidene diisocyanates as main constituents: reaction mass of 4-methyl-m-phenylene
diisocyanate and 2-methyl-m-phenylene diisocyanate (corresponding to 80/20 TDI and 65/35
TDI).

B.1.4 Justification for grouping

All diisocyanates are known as sensitisers and are classified as Resp. Sens. 1, either as a
harmonised classification or as self-classification by the suppliers. The functional
(di)isocyanate group is the important chemical group of these substances. Therefore, all
diisocyanates are grouped together for the purpose of this restriction.

B.2 Manufacture and uses
B.2.1 Manufacture, import and export of a substance
B.2.1.1 General information on manufacture

The main process to produce diisocyanates is the phosgenation of corresponding diamines:
H2N-R-NH> + 2 COCl> — OCN-R-NCO + 4 HCI

Because of the hazardous properties of phosgene (carbonyl chloride) the entire process
operates in closed systems.

MDIs are produced firstly by a condensation reaction between aniline and formaldehyde to
form MDA (and oligomers - PMDA). Reaction with phosgene and subsequent purification
yields MDI. A more detailed description of the manufacturing processes of MDI and TDI is
given in the EC Best Available Techniques Reference Document (BREF) in the Large Volume
Organic Chemical Industry (European Commission, 2014).

TDIs are produced in three steps by the nitration of toluene to produce dinitrotoluenes,
followed by hydrogenation yielding toluenediamines (TDA) and finally the phosgenation
followed by purification (by distillation) to produce toluenediisocyanates (TDIs). A more
detailed description can be found in the BREF document mentioned above (European
Commission, 2014).

HDI is manufactured by the reaction of dexamethylenediamine (HDA) with phosgene and
subsequent distillation.

IPDI is produced by the phosgenation of 3-aminomethyl-3,5,5-trimethylcyclohexylamine.
H12MDI is produced by the phosgenation of 4,4'-methylenebis(cyclohexylamine).

NDI is produced by the phosgenation of 1,5-naphthylenediamine (NDA).

TODI is manufactured outside the EU by phosgenation of the corresponding amine.

XDI is manufactured outside the EU by phosgenation of the corresponding amine.
m-TMXDI is produced outside the EU by phosgenation of the corresponding amine.

B.2.1.2 Information on supply chain

According to the European Diisocyanates and Polyol Producers Association (ISOPA) which
represent the manufactures of the aromatic isocyanates MDI and TDI in Western Europe about

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

200 companies are directly involved in the production of polyurethane (PU) (ISOPA 2002).
About 4600 companies are direct customers of these companies, and more than 18300
companies are producing polyurethane -based final articles. The highest number of companies
involved as direct customers of polyurethane and producers of polyurethane-based products
are found in Germany (850 and 3400 respectively) and Italy (650 and 2600) (ISOPA 2014).
Aromatic diisocyanates and polyols are important ingredients for the production of rigid and
flexible foams, rigid and flexible integral skin foams, elastomers, adhesives, coatings and
sealants, and others.

Figure 2 shows the value chain for the aliphatic diisocyanate industry which is represented by
the European Aliphatic Isocyanates Producers Association (ALIPA) founded by the 4 major
European producers of aliphatic isocyanates and polyisocyanates. Aliphatic isocyanates
(especially HDI) are important basic materials for protective and decorative coating systems,
for modern adhesive systems and for specialties like elastomers.

I END-USER $
X r .“."*"'-.

in most cases — ~polyurethane™ 13 a
companent of the final aricle or s &
semi-finkzhed arthcle

Dilsocyanates & systenms
—from producers

E Importers \

from a range of suppliers
- producers & Importers

Figure 2: Value chain of the aliphatic diisocyanate industry (ALIPA 2006)

The aliphatic isocyanate raw material is supplied to about 1500 formulators, and further used
by about 87000 companies to produce PU-based articles (coatings, adhesives, elastomers)
(ALIPA 2006). ISOPA and ALIPA represent the major producers of isocyanates and cover
about 80 % of the market (based on information of ISOPA / ALIPA).

B.2.1.3 Import and export

Table 3 shows the import and export of isocyanates between 2012 and 2014:

Table 3: Imports and exports of isocyanates, EU-28 (in tons) (EUROSTAT 2016)

Import Export
2012 27470.0 303917.3
2013 36823.8 288705.1
2014 40079.5 293839.1
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As it can be seen, most of the substances are produced and consumed in the EU-market.
B.2.2 Uses

Isocyanates are highly reactive compounds defined by the isocyanate group, R-N=C=0,
where R can be an aliphatic, cycloaliphatic or an aromatic group. Isocyanates undergo
exothermic (and usually very fast) reactions with all kind of nucleophiles. Aromatic
isocyanates are more reactive than aliphatic isocyanates. The most common type of
isocyanates in workplaces are diisocyanates, which contain two isocyanate groups (NCO) and
oligomers/polyisocyanates derived thereof. In the context of this exposure part of the dossier
the term “isocyanates” refers to diisocyanate monomers (two NCO groups) and their related
polyisocyanates as well as other species with NCO groups (e. g. break down products).

Diisocyanates act as cross-linking agents. The predominant use of isocyanates (>90 %) is in
the direct manufacture of polyurethane plastic materials (PUs, also PURs), where
diisocyanates are reacted with polyols and/or other nucleophiles like polyamines. In other
uses diisocyanates are utilised in preparations, and the final reaction is intended to take place
later. The properties of PUs are largely determined by the building blocks (both, the
diisocyanates and polyols and, where applicable, other modifiers and additives), thus enabling
a wide variety of PUs with a very broad range of characteristic features and fine tuning of
material properties (Engels et al., 2013). Consequently diisocyanates are used in many
workplaces and a broad spectrum of applications. Typical isocyanate based products include:

» flexible polyurethanes

* rigid polyurethanes

= polyurethane foams (rigid and flexible foam systems)
= assembly foams (e.g. insulation panels)

= foundry cores (casting)

» coating materials (paints, lacquers, varnishes)
= adhesives and glues

= elastomers

» sealants

= pre-polymers in chemical synthesis

* engineering plastics

= polyurethane fibres

A non-exhaustive list of diisocyanates currently registered with the European Chemicals
Agency relevant for this dossier is shown in Table 4. However, it cannot be excluded that
other, similar substances are also registered under REACH or may be registered under REACH
in the future.

Table 4: Diisocyanates registered under REACH relevant for this dossier

EC Registration Abbreviation | Tons per year Primary applications
Name [CAS No.] (ECHA) (according to ECHA'’s

dissemination site)
4,4'-methylenediphenyl | 4,4-MDI 100 000 - Use as an Intermediate,
diisocyanate [101-68-8] 1 000 000 Resins,
2,2'-methylenediphenyl | 2,2'-MDI 1000 - 10000 Flexible Foams,
diisocyanate [2536-05-2] Elastomers, TPU, Polyamide,
o-(p-isocyanatobenzyl) | 2,4'-MDI 10000 - 100 000 | Polyimide and Synthetic Fibres and
phenyl isocyanate [5873-54-1] other Polymers,

Rigid Foams,

Binders,

Coatings,
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EC Registration Abbreviation | Tons per year Primary applications
Name [CAS No.] (ECHA) (according to ECHA's
dissemination site)

Adhesives and Sealants,

Composite Materials,

Foundry
4-methyl-m-phenylene | 2,4-TDI 100 000 - Use as an Intermediate,
diisocyanate [584-84-9] 1 000 000 Flexible Foams,
m-tolylidene T80 or T65 100 000 - Coatings,
diisocyanate [26471-62-5] | 1 000 000 Adhesives and Sealants,

Elastomers, TPU,

Polyamide, Polyimide and

Synthetic Fibres,

Composite Materials
1,5-naphthylene NDI 1000 - 10000 Use as an Intermediate,
diisocyanate [3173-72-6] Pre-polymers, Elastomers and TPUs,

Oil Additives (Additives in

Lubricants)
3,3'-dimethylbiphenyl- TODI 100 - 1000 Use as an Intermediate,
4,4'-diyl diisocyanate [91-97-4] Chemicals for Polymer Processing,
hexamethylene HDI 10000 - 100 000 | Use as an Intermediate,
diisocyanate [822-06-0] Coatings,

Adhesives,

Elastomers
1,3-bis(1-isocyanato-1- | m-TMXDI 100 - 1000 Use as an Intermediate,
methylethyl)benzene; [2778-42-9] Polyurethane Dispersions
3-isocyanatomethyl- IPDI 10000 - 100 000 | Use as an Intermediate,
3,5,5-trimethylcyclo- [4098-71-9] Coatings,
hexyl isocyanate Polymer Production
4,4'- H12MDI 10000 - 100 000 | Use as an Intermediate,
methylenedicyclohexyl [5124-30-1] Polyurethane Resins
diisocyanate
1,3-bis(isocyanato- mXDI 1000 - 10000 Use as an Intermediate,
methyl)benzene [3634-83-1] Coatings,

Adhesives and Sealants,

Optical Lenses
2,4,6-triisopropyl-m- TRIDI 100 - 1000 Use as an Intermediate
phenylene diisocyanate | [2162-73-4]

Note: A list with more exact figures of the most important diisocyanates is contained in the confidential
annex.

There are great variances between the different diisocyanates with respect to their uses (both,
in volume and the patterns of use) and there are differences in their impact on workplace
exposures. In the following exposure assessment emphasis will be on those diisocyanates and
uses where significant occupational exposure can be expected, rather than a comprehensive
evaluation of all of the diisocyanates registered under REACH. The most important (in terms
of quantities used) and consequently most extensively monitored diisocyanates in workplaces
are MDI, TDI and HDI, which together account for more than 95 % of the market volume for
isocyanates. Also, the focus of the assessment is laid on the most relevant uses with respect
to amount / volume and workplace exposure rather than a comprehensive list of all uses
registered under REACH.

B.2.2.1 Aromatic diisocyanates

In aromatic diisocyanates the NCO group is directly attached to an aromatic ring and they are
more reactive than their aliphatic counterparts. Airborne aromatic diisocyanates have a strong
tendency for reacting at ambient conditions (with moisture and/or other isocyanates in the
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DIISOCYANATES

vapour phase) and tend to remain for shorter periods in workplace atmospheres than aliphatic
diisocyanates (Dahlin et al., 2008).

They react extremely fast with polyols under catalysed conditions to polyurethanes. As
mentioned above, depending on the chemical nature of the chemical building blocks (type of
isocyanates and polyols), the reaction stoichiometry and the sequence of reaction an
extremely wide range of PUs with tailored material properties can be realized (soft-elastic to
hard).

B.2.2.2 MDI and TDI

Methylene diphenyl diisocyanate (MDI) and toluene diisocyanate (TDI) are aromatic
diisocyanates of which several isomers exist.

There are three isomers of MDI, 2,2’-MDI, 2,4’-MDI and 4,4-MDI namely. Under REACH all
of the three isomers of MDI have been registered, whereas the MDI itself (as combination of
the isomeric constituents [CAS-number: 26447-40-5]) has not been registered as such. The
EU 2005 Risk Assessment Report on MDI refers to MDI with the CAS number 26477-40-5 with
the understanding that this CAS number would cover all isomers and combinations of them.
Currently the Estonian Health Board is carrying out a substance evaluation for a different
substance containing mixed MDI isomers: the ‘reaction mass of 4,4'-methylenediphenyl
diisocyanate and o-(p-isocyanatobenzyl)phenyl isocyanate’ [EC-number n.a.; CAS-number
n.a.].

Of the isomers of TDI 2,4-TDI and 2,6-TDI are the most important ones. 2,4-TDI and the
mixture of 2,4- and 2,6-TDI are registered under REACH, whereas the 2,6-TDI isomer is not,
since it is difficult to isolate and the isomeric pure form is commercially not relevant.

In the following the term “MDI” (methylene diphenyl diisocyanate), if no further specification
is given refers to commercially available products which may consist of a composition
containing a combination of various isomers (4,4’-MDI, 2,4’-MDI, 2,2’-MDI) as well as
“oligomeric MDI” or “polymeric MDI”. See also (ISOPA, 2013). Accordingly, “TDI”
(unspecified) covers pure 2,4-TDI isomer and mixed isomers of 65-80 % 2,4-TDI and 20 -
35 % 2,6-TDI isomer.

Among all isocyanates, MDI and TDI are commodity chemicals with the highest tonnages on
the market. Both together account for more than 90 % of the total isocyanate consumption
(European Commission, 2014). The main application is in the manufacture of polyurethanes
(PUs) and PU foams (flexible and rigid), but also in coatings, adhesives, sealants and
elastomers (also known as C.A.S.E. applications) and binders (mostly MDI based) where there
is potential for exposure to free diisocyanates.

Usually, flexible and rigid PUs, as well as elastomers are supplied in cured form/products and
there is a low potential of exposure during their application. In coatings, adhesives, sealants
and binders, on the other hand, the curing process itself is an integral part of their
functionality and therefore exposure to isocyanates is more likely during and after their use.

B.2.2.2.1 Use of MDI and TDI as such

The following Table 5 shows the uses of MDI and TDI registered at ECHA (ECHA dissemination
site, September 2015). For the purpose of the exposure assessment within this dossier only
the highlighted uses will be discussed more in detail (but with some other grouping/naming
of the uses).

Table 5: Registered uses of MDI and TDI (ECHA, Sept. 2015)
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MDI | TDI
Industrial Uses
Manufacturing Manufacturing of TDI
Manufacturing of other substances Manufacturing of other substances

Formulation (including Resin Manufacture),

Repackaging and Distribution Formulating, Repackaging and Distribution

Flexible Foam Flexible Foam

Rigid Foam

Coatings Coatings

Adhesives and Sealants Adhesives and Sealants
Other Composite Materials Other Composite Material

Foundry Applications

Composite Materials based on Wood/Man-
made/Mineral/Natural Fibres

Elastomers, TPU, Polyamide, Polyimide,
Synthetic Fibres and Manufacturing of other

Elastomers, TPU, Polyamide, Polyimide and
Synthetic Fibres

Polymers

Professional Uses / Public Domain

Rigid Foam

Coatings Coatings

Adhesives and Sealants Adhesives and sealants
Other Composite Materials Other Composite Materials

Composite Materials based on Wood/Man-
made/Mineral/Natural Fibres

Composite Material based on Man-made Fibres
Consumer Uses / Private Households
Consumer use - rigid foam

Consumer use - coatings

Consumer use - adhesives and sealants

Uses advised against

Consumer all uses of substance as such, in a

Consumer Spray applications mixture

As mentioned previously the predominant use of MDI and TDI is in the manufacture of
polyurethanes (PU). Usually the isocyanates (MDI/TDI) are reacted with polyols (and/or other
polynucleophiles) and mixed with optional additives like catalysts, surfactants, stabilizers,
flame retardants, pigments and the like. Immediately after mixing an exothermic reaction will
start between the isocyanate and the nucleophile. Depending on the reaction quantities and
conditions, the reaction may substantially increase the temperature of the reaction mixture.
This process is usually largely completed within seconds up to 30 minutes. The final curing
may take up to 72 h, where exposure to uncured isocyanates is still possible.

Foams (flexible and rigid) constitute a substantial part of the PU market, accounting for more
than 60 % of the total production (Engels et al., 2013; IAL, 2014). Flexible foams, especially
in case of TDI, can be produced by addition of a small amount of water to the reaction mixture.
The reaction of water with isocyanates will produce the corresponding amine and carbon
dioxide (R-NCO + H20 — R-NH2 + CO32). The carbon dioxide can act as an in-situ blowing
agent in the process so that the final product is PU foam. Alternatively, foams can be produced
by adding an external blowing agent. Both, flexible foam (e.g. cushioning for furniture,
mattresses) as well as rigid foam (e.g. building insulation, refrigerators) are mostly produced
in a one-shot-process. Further processing of foams (demoulding/removing from casts,
cutting/sawing through bulk slab-stock) is typically carried out shortly (minutes) after
production, when the PU usually is not fully cured and risk of exposure to remaining
isocyanates is still present, e.g. when opening moulding forms, often at elevated
temperatures.
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B.2.2.2.2 Use as prepolymers/oligomers

PU prepolymers are formed when the polyol is reacted with an excess of diisocyanate. In that
case the reactive polyol groups (OH) are completely converted to urethane bonds but the
excess isocyanates remain as terminal functional groups of the prepolymer.

The reaction scheme bellow exemplarily shows the reaction of a simple polyol (a diol) with
two 4,4’-MDI molecules. One of the isocyanate groups of the MDI reacts with one of the OH
groups of the polyol, and the other end of the polyol reacts with another diisocyanate
molecule.

2 OCN@CHONCO + HO >">"0H *»OCN@CHONHCOON\/\OCONHOCHONCO

diisocyanate polyol prepolymer

The resulting prepolymer has an isocyanate group (NCO) on both ends. The prepolymer reacts
like a diisocyanate therefore, but has a greater molecular weight, lower isocyanate content
by weight (% NCO), increased viscosity, and lower vapour pressure than the original
diisocyanate. Instead of a diol, higher functional polyols can also be used for the polyol in the
reaction. Depending on the stoichiometry, this will usually result in liquid urethane oligomers
of medium to high molecular weight. Molar ratios of isocyanate (NCO) to polyol (OH) greater
than two to one can also be applied, yielding so called quasi-prepolymers.

Oligomers are molecules of an intermediate molecular mass that are built by reaction of a
limited number of monomeric molecules, and still capable of further polymerisation. A special
case is when isocyanates react with themselves. These oligomers are of particular importance
e.g. in the use of HDI based coatings as they usually constitute the major fraction of
isocyanates in such formulations. In most cases the NCO groups undergo cyclo-addition
reactions across the carbon-nitrogen bond. Reactions of this kind are the dimerization of NCOs
to form uretidinediones and the trimerization to form biurets or isocyanurates, which are of
particular commercial importance. The three typical self-condensation products of isocyanates
are shown below.

o o R R
¢ C-NH Oso-Na (o0

R-N. N-R R-N NN
9 LC~NH R” \9/ "R
o R

uretidinedione biuret isocyanurate

The advantage of the use of prepolymers is that the mixing ratio and the viscosity of the
components can be adjusted and more easily handled than in the case of pure diisocyanates.
Moreover, the content of free diisocyanates is reduced. It may be assumed that the potential
for exposure related to the handling of such substances is also reduced. However, it should
be realized that because of the stoichiometry of the reaction, without further treatment, most
prepolymer products contain significant concentrations of residual diisocyanate monomer
which drive classification and labelling of polyisocyanate prepolymers.

B.2.2.3 Aliphatic diisocyanates

Aliphatic diisocyanates are isocyanates where the NCO group is not attached directly to an
aromatic ring. Aliphatic isocyanates have a lower reactivity compared to their aromatic
analogues. Aliphatic diisocyanates are generally considered to be speciality materials. They
are used in considerably smaller quantities than MDI and TDI. In total, they represent less
than 5 % of the overall diisocyanate consumption.
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Aliphatic diisocyanates are used to produce highly resistant polyurethane materials. Aliphatic
urethane bonds are more inert than aromatic ones.! Aliphatic based polyurethanes display
higher UV stability and durability as well as chemical and mechanical resistance compared to
PUs based on aromatic diisocyanates. The primarily use is in UV stable and durable coatings
with a high degree of resistance to chemicals, abrasion and weather. They are also used to
make adhesives, sealants and for polyurethane elastomers. Aliphatic diisocyanates are also
used in specialty applications such as leather refinishing formulations, textile and fibre
treatments, inks, thermoplastic polyurethane (TPU) sheets and others special applications to
provide UV protection and enhance durability.

The most relevant aliphatic diisocyanates are HDI (1,6-hexamethylene diisocyanate), IPDI
(isophorone diisocyanate) and HMDI (4,4'-dicyclohexylmethane diisocyanate). Due to the
hazard profile and the high volatility of HDI most products do not use the monomers as such
but polyisocyanates, typically made from HDI or IPDI. Such polyisocyanates usually still
contain residual diisocyanate monomers with significant potential for exposure. The most
common polyisocyanates are:

» HDI isocyanurate (trimer)
= HDI biuret (trimer)
» HDI uretdione (dimer)

= IPDI isocyanurate (trimer)

B.2.2.3.1 HDI

HDI is the most used aliphatic diisocyanate species. It is predominantly used to produce
polyisocyanates (see above). The main applications of those are as hardeners for high quality
surface coatings, where high performance is required, and as adhesives. (Often such PU
systems utilize both, aliphatic and aromatic diisocyanates, in one product, to achieve an
optimum on economic and material performance efficiency).

As mentioned above, typically, polyisocyanates are not completely monomer free but some
residual HDI monomer (0.5 up to 3 %) is still present in the product and can pose a risk of
exposure. Furthermore, HDI based coatings are often applied by spraying where significant
exposure to aerosols can occur.

B.2.3 Uses advised against by the registrants

Table 6: Uses advised against by the registrants

CAS
Number

4,4'-methylenediphenyl diisocyanate 202-966-0 |101-68-8 Consumer spray application

EC Registration Name EC Number Used advised against

2,2'-methylenediphenyl diisocyanate 219-799-4 |2536-05-02 | Consumer spray application
0-(p-isocyanatobenzyl)phenyl

227-534-9 |[5873-54-1 Consumer spray application

isocyanate
4-methyl-m-phenylene diisocyanate 209-544-5 |584-84-9 Consumer use
2-methyl-m-phenylene diisocyanate 202-039-0 |91-08-7 Not registered

1 As aromatic urethanes constitute chromophores, they are generally prone to discolouring (becoming
yellow to brown) and/or impairing of material properties due to exposure to light.
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. . CAS . .
EC Registration Name EC Number Used advised against
Number

m-tolylidene diisocyanate 247-722-4 |26471-62-5 | Consumer use

1,5-naphthylene diisocyanate 221-641-4 |3173-72-6 | No entry found

3,3'"-dimethylbiphenyl-4,4'-diy| 202-112-7 |91-97-4 | Consumer use

diisocyanate

hexamethylene diisocyanate 212-485-8 |822-06-0 Ese';t'yourse'f and consumer
not advised for use in
industrial or non-industrial
spraying applications (PROC

1,3-bis(1-isocyanato-1- e e 7 and 11). Also, it is

methylethyl)benzene; 220-474-4 12778-42-9 recommended to avoid hand
mixing with intimate contact
and only personal protection
equipment (PROC 19).

3—_|socyanatomethyl—.3,5,5— 223-861-6 | 4098-71-9 Do-it-yourself and consumer

trimethylcyclohexyl isocyanate uses

4,4'-methylenedicyclohexyl diisocyanate | 225-863-2 | 5124-30-1 Ese';t'yourse'f and consumer

1,3-bis(isocyanatomethyl)benzene 222-852-4 |3634-83-1 |,none identified"

2.,-4,6-tr||sopropyl-m-phenylene 218-485-4 | 2162-73-4 Tht_are a”re no uses advised

diisocyanate against.

B.3 Classification and labelling

B.3.1 Classification and labelling in Annex VI of Regulation (EC) No

1272/2008 (CLP Regulation) and in the classification and labelling
inventory/ Industry’s self classification(s) and labelling

The following is an overview of harmonised labelling and classification as well as further

notifications to the C&L Inventory as available from the ECHA Website?.

2 Accessed on 2 September 2016
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Table 7 List of diisocyanates and information on classification as Resp Sens and specific

concentration limits3

.. Harmonised

Trivial Name; | EC s o SCL
EC Name o CAS Number | classification as -

Abbreviation | Number Resp Sens 1? (wt%)
4,4'-
methylenediphenyl 4,4'-MDI 202-966-0 |101-68-8 Yes 0.1
diisocyanate
2,2'-
methylenediphenyl 2,2'-MDI 219-799-4 | 2536-05-2 Yes 0.1
diisocyanate
o-(p-
isocyanatobenzyl)phe | 2,4'-MDI 227-534-9 |5873-54-1 Yes 0.1
nyl isocyanate
4-methyl-m- T(-)Iuenediisoc a
phenylene nate Y81209-544-5 |584-84-9 Yes 0.1
diisocyanate (2,4-TDI)
2-methyl-m- ‘Ilq'qo-luenediisoc a
phenylene ¥81202-039-0 |91-08-7 Yes 0.1
diisocyanate nate (2,6 -

TDI)

. T80 or T65; e
m-tolylidene 80/20 TDL or | 247-722-4 | 264717625 Yes 0.1
y 65/35 TDI
1,5-naphthylene NDI 221-641-4 |3173772°6 Yes No entry
diisocyanate
3,3'"- Tolidinediisocya
dimethylbiphenyl- 202-112-7 |91-97-4 No No entry
. - nate (TODI)
4,4'-diyl diisocyanate
hexamethylene HDI 212-485-8 |822-06-0 Yes 0.5
diisocyanate ’
. . meta-
1,3-bis(1-isocyanato-
1- Tetramethyxyl | 550.474-4 | 2778-42-9 No No entry
methylethyl)benzene; ylenediisocyana
" | te (M-TMXDI)
3-isocyanatomethyl-
3,5,5- Isophorondiisoc _ _ o1
trimethylcyclohexyl yanate (IPDI) 223-861-6 | 4098-71-9 Yes 0.5
isocyanate
44 Hydrogenated
methylenedicyclohex | YS9 225-863-2 | 5124-30-1 Yes 0.5
o MDI (H12MDI)

yl diisocyanate

3 The DS is currently preparing an Annex XV dossier in order to propose CLH for respiratory and/or skin
sensitisation for those diisocyanates in this list which are not yet classified accordingly
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.. Harmonised
Trivial Name; | EC T SCL
EC Name Abbreviation’ Number CAS Number | classification as (Wt%)
Resp Sens 1?
1,3-
bis(isocyanatomethyl | mXDI 222-852-4 | 3634-83-1 No No entry
)benzene
2,4,6-triisopropyl-m-
phenylene TRIDI 218-485-4 |2162-73-4 No 0.1
diisocyanate
4,4'-MDI (CAS: 101-68-8) HDI (CAS 822-06-0)
Breakdown of all 1385 C&L notifications submitted to ECHA 7] Breakdown of all 1999 C&L notifications submitted to ECHA
Resp. Sens. 1 H331 Skin Sans. 1 H317
Eyelnil 2 o1 Fesp. Sens. ] H3ZA o
Lac? e il Eyelmil 2 HI19 o
Skin trriL. 2 H2156 STOTSE3 H33E
Fusepl B Skt 2 HIIE
AculaTox 4 H332 A{:u[gTu:. 1 H33_EI
SIOTRES il Acule Tux. 4 H302
STOTSE3 H3235 K
AculeTox. 3 H331
AculeTux. 3 H33 s
" i Skin Cum 1C H314
STOTSE2 H371
A ox. 2 H330
Skin Sens. 1B H317
13 Nol Classifiad
STOTSE3 H370
Skin Imil. 2 H3u ¢ 103 i gE 0% SR IO
AculeTox 2 H330
' Harmonised €lassification
Mula. 2 H341
REACH regislralion dossiers nolilicalions
0% 30% L1} To0% 80% a0y, oo CLP nolificalions

' Harmoniged Clagsificalion

REACH regislralion dossiers nolificalions

CLP nolilicalions

@ At icast onc notifier has indi
impacts the notificd classification.

2,2'-MDI (CAS: 2536-05-2)

Breakdown of all 140 C&L notifications submitted to ECHA

Eyelmil 2 HE1D W
AculeTox 4 HIZZ o
Skin ik 2 H3I5
SkinSens. 1 HITT o
Resp. Sens. 1 HEZA
STOTSE3 HE3E o
Care: 2 HES1 o
STOTREZ HETZ o
0% 0%

~ Harmuonised Classificalion

REACH regislralion dossiers nolilicalions

CLP nulificelions

=1

ted that an impurity or an additive present in the substance

m-TMXDI (CAS: 2778-42-9)

2] Breakdown of all 181 CEL notifications submitted to ECHA

Skin Sens. 1 H317
Aqualic Acule 1 HAOO
Eyslrril 2 H319
Skin Imil. 2 H315
AvuleTox. 1 H330
AgualisChronis T HA10
Resp. Sens. 1 H334
STOTSE3 H335

e o STOTRE1 HIT2
Skin Sens. 1A H217
Mol Clageilied

AculaTox 2

H330

0% W% 20%

w
=1

+ Harmanised Classification

REACH regislralion dossiers nolilicalions

CLP nolificalions

@ At lcast onc notifier has indicated that an impurity or an additive present in the substance
impacts the notified classification.
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2,4'-MDI (CAS: 5873-54-1)

Breakdown of all 794 C&L notifications submitted to ECHA

Eyelml. 2

kin Irril. 2
Skin Sens. 1
Resp. Sens. |
AvuleTox. 4
Coc g
oL
SIOTRE?
SILAEE

Mol Clagsifiad

H319
Kats
H317
K331
H33z
k3]

H335

CiINNRININSS

' Harmonised Classilicalion
REACH registralion dossiers nolilicalions

CLP nolificalions

2,4-TDI (CAS: 584-84-9)

Breakdown of all 907 C&L notifications submitted to ECHA

Caru. 2

Sklll lmiL. 2
%k_in Bens. 1
Rasp. Suns. |
STOTSE3

HzE1
H315
T
Hz34
HI35

Agualic Chrunic3 H412

Boeqond
Eyelmil 2
EyeDarm. 1
AculeTox 2
STOTSES3
Eyeiml. 25
Ml Clagsilied
STOTRE]
STOTSEZ2

Ha30
H319
K318
H330
Ka3s
HE_’N

Ha72
H371

SR SN NS

LS

~  Harmonised Classificalion
REACH regislralion dossiers nolificalions

CLP nolificalions

@ At |cast one notifier has indicated that an impurity or an additive present in the substance
impacts the notificd classification.

IPDI (CAS: 4098-71-9)

Breakdown of all 1026 C&L notifications submitted to ECHA

5|§i|\ Sens. 1
Eyelnil. 2
Shin

e
STOTSER
._\c_{uubcc\lmlm:?
Rep. Sens 1
AuleTox, 1
Aul=Tox. 3
AvulaTox. 2

Skin Cor 1T
Ayualio Chronic 4

Mol Classilied

H314

W13

LISINISIOS

<

w

Harmanised Classifisalion
REACH regislralion dossiers nolificalions

CLP nolifisalions

H12MDI (CAS: 5124-30-1)

Breakdown of all 1116 C&L notifications submitted to ECHA

5 b
Skin Il 2

Skin Sens. |

H319
w1
w17
Haa
w3
Haa0
31
HATT
w02

CRICRN

0% 20% 30% A0%  BO% BOR  TO0%

Harmunised Classificalion
REACH regislralion dossiers nolilicalions

CLP nolilisalions

B0%
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Reaction mass of 2,4-TDI and 2,6-TDI (CAS:

26471-62-5)

Breakdown of all 739 C&L notifications submitted to ECHA

Car. 2 H351
Skin Sens. 1 HIT o

H334
B_!&i\_l Imil. 2 H31E
STOTSE3 H3Z5
AqualicChrunic3  HA12 o
Eyeimil 2 H39 o
AculeTox. 2 H330
AculeTox. 1 H330
Eye Il 24 H319
Agqualic Chronic4 H113
Mal Classihed
SkinCure 18 Hz11
STOTSE1 H370
STOTRE1 Ha72

0% 0% 20% 30% 40%

~  Harmunised Classificalion

50%

60%

0%

REACH regislralion dossiers nolilicalivns

CLP nolificalions

80%

0%

@ At lcast onc notificr has indicated that an impurity or an additive present in the substance

impacts the notificd classification,

NDI (CAS: 3173-72-6)

Breakdown of all 34 C&L notifications submitted fo ECHA

Eyelmil 2 H31Y
AsuleTox 4 H3ZZ
Agualic Chronic 3 Hi1Z
SE\IIIml_Q H315 &
Rup Sens 1 W3 v
STOTSE3 H335
Skin Suns. 1 H217

Nt Clossied

¥ Harmuonised Classificalion

REACH regislralion dossiers nolilicalions

CLP nolilicalions

TODI (CAS: 91-97-4)

Breakdown of all 34 C&L notifications submitted to ECHA

AculeTox. 4 H332
Resp. Senz. 1 Haa
Aq_,JiEIl_i:.:Chr_L!rli.u i HA10
Shinsere | Hatz
Aqualic Acule 1 HA0D
SkinSenz. 1A H3IT
AculeTox. 1 Haoz
AculeTox. 4 H312
Eyelmil. 2 H319
Mula, 2 Ha11
Skin Imil. 2 H215
Nol Classilied
0% o 20%  30% A0%

« Harmuonised Classificalion

REACH regislralion dossiers nolificalions

CLP nolilicalions

€ At lcast one notifier has indicated that an inipurity or an additive present in the substance

impacts the notificd classification.

mXDI (CAS: 3634-83-1)

Breakdown of all 71 C&L notifications submitted to ECHA

Resp. Sens. 1
Skin Com 1B
Flam. Liy. 3

Shin Iril. 2
Eyelmil 2

Skin Sens. 1
STOTSE3
AculeTux. 3
AculeTux. 2
STOTSE 1
STOTRE 1
EyeDar. 1
Agualic Chranic 3
S]_&in Senz 1A

AculeTox. 1

100%

0% 0% 0% 30%
Harmuonised Classificalion
REACH regislralion dossiers nolilicalions

CLP nolilicalions

TRIDI (CAS: 2162-73-4)

Skin Irril. 2
Res_p S__m_]s. 1
STOTSE2
Auul_eT‘J_r.._"
AculeTox. 1
Epeli. 2
Ci.lr\:.‘l

Skir_l Sens. 1

B.4 Environmental fate properties

Not relevant for this dossier
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B.5 Human health hazard assessment
B.5.1 Sources

The data presented herein were compiled from the results of a comprehensive search of the
published literature as well as from the lead registration dossiers for HDI, HDI biuret, HDI
isocyanurate HMDI, IPDI, IPDI isocyanurate,2,2-MDI, 2,4-MDI, 4,4-MDI, NDI, 2,4-TDI, TDI
isocyanurate, “TDImix"” (80:20 mixture of 2,4- and 2,6-isomers), m-TMXDI, TODI, TRIDI, and
m-XDI (last synchronisation: February 2016).

B.5.2 Toxicokinetics (absorption, metabolism, distribution and
elimination)

In vivo ADME studies via the inhalation route are available e.g. for MDI (Centre Laboratoire
d’Etudes, 1977; Gledhill et al., 2005; International Isocyanate Institute, 1998; Laboratoire
d’Etude, 1976a; Laboratoire d’Etude, 1976b; Syngenta, 2003a; Syngenta, 2003b) and TDI
(Brown et al., 1994; Dow, 1992; Kennedy, 1990; Kennedy et al., 1989; Kennedy et al., 1994;
Laboratoire d’Etude, 1976b; Laboratoire d’Etude, 1977; MRI, 1987; NIEHS, 1985; Timchalk
et al., 1994) and, in lesser number, for TODI (Nippon Soda, 2010), HDI (Bayer, 2009), and
NDI (Bayer, 2010b).

The human health hazard assessment for this restriction proposal focuses on respiratory
sensitisation. The Molecular Initiating Event (MIE) of sensitisation, i.e. binding of the low-
molecular weight chemical hapten to protein to form a protein-hapten complex, may however
occur already at the site of entry. Knowledge about the systemic distribution (and eventual
elimination) is therefore not needed for deciding qualitatively on the sensitisation potential of
the diisocyanates (whereas it may be of interest from the viewpoint of biomonitoring or when
evaluating the relevance of potential genotoxic/carcinogenic aromatic amines as a result of
the breakdown of aromatic diisocyanates).

Moreover, one of the major conclusions of the toxicology section is that neither animal nor
human data available allow for a reliable quantitative risk assessment with respect to this
endpoint. As a consequence it is currently not possible to derive a meaningful and reliable
DNEL for respiratory sensitisation caused by any of the diisocyanates addressed in this dossier
(otherwise ADME data might have been relevant for relative potency estimation).

In the subsequent assessment, therefore, the toxicokinetics of the diisocyanates have not
been considered in detail.

B.5.3 Acute toxicity
Not considered for this report

B.5.4 Irritation

The focus of this dossier is on respiratory sensitisation. Diisocyanates have also been shown
to cause respiratory irritation in animals and humans and, depending on the respective study
setup, the delineation of sensitisation from irritation is often difficult. For this reason, all
studies with repiratory effects are addressed together in section B.5.6.

B.5.5 Corrosivity

Not considered for this report
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B.5.6 Sensitisation
B.5.6.1 Scope of the assessment

The primary health concern triggering this restriction proposal is posed by respiratory
sensitisation. The regulatory importance of respiratory sensitisation is underscored by the fact
that this endpoint is listed under Art. 36 of the CLP regulation for triggering harmonised
classification and labelling (alongside CMR effects). Respiratory sensitisers are also
highlighted as potential SVHCs under the SVHC roadmap (European Commission, 2013b).

Consequently, isocyanates, and diisocyanates in particular, have been included in priority lists
for regulatory action, such as the Trade Union Priority List list of substances with occupational
relevance which should be regulated under REACH (Santos et al., 2010).

Both animal experiments (mainly in guinea pigs, mice, rats) and human data give
undisputable proof that diisocyanates can elicit respiratory sensitisation in a variety of species.
All diisocyanates relevant under this restriction proposal are classified as Resp. Sens. 1 as
well as Skin Sens. 1 according to CLP, either based on CLH or due to self-classification (cf.
Annex B.3 on classification and labelling). It is therefore not necessary to specifically evaluate
the available database with a view to the qualitative assertion of the potential of diisocyanates
to cause respiratory sensitisation.

As a consequence, the toxicological assessment will predominantly be dedicated to the
question of whether suitable starting points (Points of Departure, PoDs) for quantitative risk
assessment can be derived from the database.

B.5.6.2 Hazard identification

B.5.6.2.1 Clinical picture

The basics of polyurethane (PU) chemistry were discovered in the late 1930s; large scale PU
production only developed after World War II, during the 1950s. Very soon, cases of
sensitisation following exposure to diisocyanates have been reported in the published
literature.

The Merriam-Webster online medical dictionary* defines allergy as follows:

“altered bodily reactivity (as hypersensitivity) to an antigen in response to a first
exposure [...] exaggerated or pathological immunological reaction (as by sneezing,
respiratory embarrassment, itching, or skin rashes) to substances, situations, or
physical states that are without comparable effect on the average individual [...]".

In the frame of regulatory toxicity testing, the “first exposure” (in fact, depending on the
exposure level, several might be required) to achieve the “altered bodily reactivity” mentioned
in this definition is termed “induction”, whereas triggering the allergic reaction by renewed
exposure(s) is called “elicitation”.

For the respiratory tract, one specific way of definition could be

“allergic reactions may range from reactions occurring in the nose (allergic rhinitis),
in the bronchial airways (allergic bronchitis or asthma) or alveoli
(e.g. hypersensitivity, pneumonitis).” ((Pauluhn, 2016))

4 Source: Merriam-Webster online medical dictionary, http://www.merriam-webster.com/medical/allergy, last
accessed on 2015/12/15
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Asthma

The pathophysiological and clinical characteristics of asthma have been summarised in the
“Global Atlas on Asthma” edited by AACI, the European Academy of Allergy and Clinical
Immunology in 2013:

"Pathophysiologically asthma is an inflammatory disorder of the lungs. It leads to
widespread airflow limitation. The resulting signs and symptoms are dyspnea,
discomfort, wheezing, anxiety and panic and occasionally fatal respiratory arrest. The
pathogenesis of asthma is highly complex and as of today incompletely understood.
[...] The majority of asthma occurs on an IgE-mediated background with
sensitisations to inhaled allergens called allergic asthma. Asthma which occurs on a
non-allergic background is termed intrinsic asthma. Asthma often results in chronic
persistent airway inflammation unrelated to allergen contact and has features of
autoimmunity. Long term chronic inflammation has been associated with airway
remodelling with an increasingly fixed airflow limitation as a result of “scarring” of
the airways.

Clinically signs and symptoms of asthma vary from patient to patient. Episodic
shortness of breath, wheezing and the sensation that inspiration is no longer possible
due to hyperinflation of the lungs are common. The pathophysiological equivalent in
pulmonary function tests is a reduced FEV1 (Forced Expiratory Volume of the first
second) and PEF (Peak Expiratory Flow). A circadian peak of symptoms in the early
morning hours is typical. Bronchial hyperresponsiveness to non-specific airway
irritants such as smoke, cold air, odours, etc. is characteristic and can be tested with
bronchoprovocation test with histamine or methacholine. [...] None of these signs or
symptoms, however, is characteristic. Asthma therefore remains a clinical diagnosis.”
(Virchow, 2013)

The nature of airway remodelling has been described by Paulhuhn as:

“[...] structural changes in the airway walls and extracellular matrix remodelling,
including abnormalities of bronchial smooth muscle, eosinophilic inflammation of the
bronchial wall, hyperplasia and hypertrophy of mucus glands.” (Pauluhn, 2016)

Fuchs and Valade have likely been the first to give a thorough account of the development of
asthmatic effects in 9 (out of a total of 12) workers from a factory, in which PU was produced
from TDI:

“First, @ normal period of work, without incident, a period of which the shortest
duration was 8 days, the longest 2 months. The workers only complained about mild
conjunctival irritation, slight lachrymation, and a laryngeal tingle. Then,
progressively, signs of bronchial irritation appeared, in particular a dry cough which
came about towards the end of the day, accompanied by dyspnoea and sometimes
by a sensation of pressure on the chest and also anxiety. These troubles were often
intensified during the night and did not cease until the morning when coughing
produced limited amounts of viscous expectoration. During this period, persisting
insomnia was always noted. In fact, maybe supported by cough and anxiety, this
insomnia appeared to have been, in several cases, the earliest symptom. With
progression, these troubles did not take long to intensify, forcing the worker to stop
with his work. By then, almost all complained about weakness, of nausea and
vomiting and of pain in the epigastric and subhepatic regions, symptoms which could
have simply been linked to insomnia and provoked by the coughing efforts, but which
we took as signals of a constant pattern. Some reported to us an attack of fever. This
episode always appeared to have been fugacious and of little importance. After some
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days of rest and under the influence of simple symptomatic medication [...], the
condition of the ill improved rapidly, but nightly cough and insomnia remained as the
most persistent symptoms. However, on the same day resumption of work at the
same factory was attempted, in the course of some hours, sometimes minutes, an
acute crisis of intense [chest (?)] pressure with dolorous cough and thoracic
constriction came about, forcing [the workers] to leave the factory and interrupt
work. This acute crisis did not calm until the onset of viscous expectoration late at
night (sometimes, but not constantly). Among 7 cases [...], this crisis of allergic and
asthmatic character has appeared 6 times and has forced these workers to change
employment. In the other two cases it has not been observed. One of these workers
preferred to change his work after his first pause and did not return to the factory,
the other took up his work again at the same workplace and did not have [further]
incidents except for the cough which had motivated his first pause and persisted in a
subacute manner for some weeks.” [(Fuchs and Valade, 1951), translated from
French by the DS].

This description can be taken as typical of a progressively increasing (extreme) reaction of
the respiratory system to inhalational exposure towards a diisocyanate, although the rapid
deterioration of health reported in this example must likely be ascribed to extremely high
exposure levels, as in the early days of isocyanate production, due to lack of knowledge about
toxicity, only very limited protection measures, if any, were put in place.

However, depending on the exposure pattern, also low-level exposure to diisocyanates over
a long period of time may lead to chronic Occupational Asthma (OA), the severity of which
may range from moderate impairment to permanent loss of lung function and to life-
threatening crisis. Physical performance, also outside the workplace, may be affected
significantly:

"Eye, nose and throat irritation are usually the first clinical manifestations. Dry cough
with chest pain or tightness often follow. Because the cough or wheeze are
characteristically worse in the evening or at night, the patient or doctor may not
recognise its occupational aetiology. Rhonchi or coarse rales are frequently present.
In some workers the characteristic pattern of bronchial asthma is the initial
manifestation; in others it develops late. Chest radiographs taken during the acute
stage are usually interpreted as normal, although increased markings and patchy
infiltration are occasionally seen. The clinical picture can then approximate to acute
or chronic bronchitis, bronchial asthma, or rarely, pneumonitis.” (Wegman et al.,
1977)

Individuals with chemically induced asthma upon each renewed contact with a respiratory
sensitiser display hyperresponsiveness of the respiratory tract which is characterised by
laboured breathing, wheezing, coughing, chest tightness and/or obstructive bronchospasms.

While asthma is a term mostly used to describe a medical condition in humans, the above
symptoms are also found when experimental animals are subject to exposure against a
sensitising chemical; however, in animals the term respiratory hypersensitivity appears to be
more commonly used. Clinically, respiratory hypersensitivity associated with diisocyanate
treatment, like asthma in humans, can be subdivided into two types>:

5 Source: Pschyrembel online clinical dictionary, http://www.degruyter.com/tablewrapper/kw/4072171, last
accessed on 2015/12/15, translated from German
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» Type I immediate (seconds to minutes) hypersensitivity: release of a variety of mediators
(inter alia histamine, leukotrienes, and prostaglandins) from basophils and mast cells
following interaction with IgE antibodies, and

= Type IV delayed (12-72 h) hypersensitivity: release of cytokines from specifically
sensitised T lymphocytes upon renewed contact with a full antigen (hapten and carrier
protein) which contribute to the activation or proliferation of macrophages and
mononuclear cells and their migration to the site of antigen (infiltration and inflammatory
response).

Both immediate and late-onset hypersensitivity reactions may be present in patients with
diisocyanate-induced asthma, with the prevalence of late responses being as high as 70 %
(Niimi et al., 1996). The importance of late-onset reactions for testing patients suspected of
having acquired isocyanate-related occupational asthma has recently been discussed in
(Hagemeyer et al., 2014).

In addition, patients often develop persistent bronchial hyperresponsiveness (BHR; often also
the more general term “airway hyperresponsiveness/hyperreagibility (AHR)” is used
interchangeably) to non-specific stressors including e.g. other chemicals such as
methacholine, cold, dust, or physical exercise that can last for years even in the absence of
continued exposure, and complete recovery of lung function may never be achieved (Johnson
et al., 2004a). The socio-economic impacts due to asthma are analysed in Section E.6.1.

B.5.6.2.2 Mechanistic considerations

Systematically, Type IV (late onset) reactions may be further subdivided depending on which
type of T-helper cells (Th1l or Th2) is activated. Hovewer, in the case of diisocyanate-induced
asthma, both Thl and Th2 type patterns of mediator release have been described, as
summarised e.g.by Fisseler-Eckhoff and co-workers:

“"Elevated levels of induced immune cells, especially CD4 but also CD8 positive T cells
and of different cytokines like IL-1p8, IL-4, IL-5, IL-6, IL-15 and TNF-a were
demonstrated in biopsies, bronchoalveolar lavage (BAL), and sputum of patients with
isocyanate-induced asthma (Boulet et al., 2007; Maestrelli et al., 1994b,; Maestrelli
et al., 1995; Maestrelli et al., 1997, Piirild et al., 2008, Wisnewski et al., 2008). IFN-
y but no IL-5 or IL-13 expression was detected in human T-cell lines after exposure
to HDI (Wisnewski et al., 2003). Other studies found a predominant activation of
neutrophils (Fabbri et al., 1987; Lemiére et al., 2002; Park et al., 1999) and an
increase in myeloperoxidase and IL-8 after exposure to TDI supporting the neutrophil
recruitment (Lee et al., 2003, Park et al., 1999). An increased MMP-9 level in TDI
exposed patients was found (Park et al., 2003, Piirilé et al., 2010) associated with a
decrease in MMP-7 expression and a regression of Th2 type inflammation (Piirild et
al., 2010). In late reaction after BAL Zocca et al. found increased levels of the
chemotactic active leukotriene B4 in patients after exposure to TDI (Zocca et al.,
1990). The role of neuropeptides in TDI induced hyperreactivity has been
investigated so far in animal models (Mapp et al., 1998, Scheerens et al., 1996).
Scheerens et al. demonstrated the role of sensory neuropeptides, especially
tachykinins, in the development of airway hyperresponsiveness in a TDI induced
mouse model (Scheerens et al., 1996) and Mapp et al. showed comparable effects in
guinea pigs (Mapp et al., 1998). Taken together, these results show a heterogenic
picture of a Th1 controlled inflammation process (TNF-o, IL-1, IL-8, INF-y), but are
also conform to a Th2 triggered allergic process (IL-4, IL-5, IL-6).” (Fisseler-Eckhoff
et al., 2011)

If the inflammation process is prolonged, ultimately airway remodelling will be the result (cf.

Figure 3).
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Figure 3: Simplified overview of the allergic cascade [from (Verstraelen et al., 2008)]; for a
detailed description cf. also (Bloemen et al., 2007)]

To a varying extent, these cell types and cytokines also play a role in non-allergic
inflammation processes. It has already been mentioned above that, as a consequence, it is
often difficult to discern respiratory irritation from sensitisation effects. Recently Pauluhn
noted:

4

“"A separation of endpoints differentiating unequivocally the ‘irritant’ from the ‘allergic
airway inflammation is experimentally complex, if possible at all. In this context, it
should be recalled that lung macrophages are a type of antigen presenting cells
(APC), including PMN, that infiltrate inflamed tissues and release prodigious
quantities of reactive oxygen/nitrogen species (ROS/RNS) and inflammatory
cytokines/chemokines. These orchestrate not only the inflammatory response, but
also contribute to antioxidant depletion with further enhancement of inflammation
and glutathione (GSH) depletion. Evidence suggests that depletion of GSH from APCs
in vivo results in lowered Th1 and higher Th2 activity. Thus, macrophages with mostly
oxidized GSH are effectively type 2 and could polarize Th2. Thus, it seems immune
activity can have Thl1 or Th2 character depending on the redox-status of the cell and
the diverse biological activity they develop in response to pro-inflammatory
mediators they encounter in their immediate microenvironment (Kidd, 2003, Laskin
etal., 2011). In this context, it is important to recall that many reactive low molecular
weight chemicals may undergo direct electrophilic reactions with GSH (Pauluhn,
2011), and hence are biased to polarize Th2 by an entirely different mechanism.
Once initiated, APC and Th2 cells may undergo a self-reinforcing ‘autocrine’ loop with
amplification. Hence, despite the fact that the terminal phenotypic appearance
speaks for an immunological sequence of events, it becomes increasingly demanding
and complex to link ‘respiratory sensitization’ unequivocally to any specific
immunological so-called 'master or fingerprint cytokines’ or non-immunological
process.” (Pauluhn, 2015)
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A review of cell types involved in allergic asthma is given by Verstraelen and co-workers
(Verstraelen et al., 2008). A comprehensive review of the role of endogenous mediators in
the generation and progression of asthma within the airway epithelium has been provided by
Lambrecht and Hammad (Lambrecht and Hammad, 2012).

The recent update of the IR&CSA guidance R.7a on sensitisation notes:

“"For substances that sensitise via the respiratory tract, there is still uncertainty
regarding the exact mechanisms leading to respiratory sensitisation. [...] The current
hypothesis is that the mechanism favours Th2-type immune responses (skin
sensitisation favours Thl-type response), which is characterised by the production of
cytokines, such as IL-4 and IL-5, and IgE antibodies. [...] Recently, it has been
hypothesised that Th17 cells would also play a crucial role in respiratory sensitisation
via secretion of IL-17 [...]. The role of IgE may be the greatest reason for uncertainty,
as there are patients who display serum IgE antibodies of the appropriate specificity,
whereas in other instances (and particularly with respect to the diisocyanates) there are
symptomatic subjects in whom it is not possible to detect these IgE antibodies. It has
been hypothesised that either there may be mechanisms leading to respiratory
sensitisation that is IgE-independent, or this is linked to technical difficulties in the
accurate measurements of hapten-specific IgE-antibodies [...]”. (ECHA, 2016)

Hofmaier and co-workers have recently reviewed the role of IgG antibodies in IgE-mediated
allergy (Hofmaier et al., 2014).

Extrinsic allergic alveolitis

Symptoms of acute forms of hypersensitivity pneumonitis include fever, malaise, non-
productive cough, leukocytosis, and elevated immunoglobulin levels (Karol and Dean, 1986).
The transient symptoms develop several hours following exposure.

Other respiratory diseases

Isocyanate exposure may be responsible also for non-allergic forms of asthma and chronic
obstructive lung diseases based on irritant-induced mechanisms, cf. e.g. (Baur et al., 2012).

B.5.6.2.3 Delay of effect

It has already been noted above that respiratory hypersensitivity to diisocyanates includes
delayed reactions such as bronchoconstriction, thoracic pressure, and anxiety peaking several
hours after exposure, e.g. at night following a working day. Notably also another form of
delay is involved with respect to the (often considerable) time it takes to develop isocyanate
asthma (i.e. delay of first occurrence of the effect):

"Diisocyanate OA is often characterized by a variable latent period, consisting of
months to years of exposure before the development of symptoms in workers [...]”
(Johnson et al., 2004b).

In a study by Pisati and co-workers, the average time between uptake of work and onset of
asthmatic symptoms was almost 9 (8.8 £ 7, mean + SD) years of work and at the time the
study was performed, workers had continued working under isocyanate exposure with
asthmatic symptoms present for an average of 3 (2.9 £ 2.9) years (Pisati et al., 2007).

The results reported by Lim and co-workers in 2007 even raise the question whether delay of
effects might also cross generation borders. In this study sensitisation of female mice to TDI
increased the susceptibility of their offspring to develop diisocyanate-related asthma (Lim et
al., 2007).

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

27



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

B.5.6.2.4 Reversibility

A recurring issue in discussions between authorities and industry on sensitising chemicals is
the question of the reversibility of sensitisation. Interpretations of the term “reversibility”
appear to be variable. Thus, below, a short explanation of the interpretation of “reversibility”
by the DS in the context of this dossier is given.

The Merriam-Webster Online Medical Dictionary® defines the term ‘reversible’ as “"capable of
being corrected or undone: not permanent or irrevocable”.

According to the Pschyrembel Clinical Online Dictionary’, “reversible” in the medical context
means “healable”.

I/}

Terms like “irrevocable”, "undone”, or “healable” support the notion that “reversibility”, in the
medical sense of the word, could best be translated into “full restitution to the health status
which could be expected if exposure had never occurred”.

In the context of respiratory sensitisation and in line with the WHO definition of “health”8, the
direct improvement of the clinical symptoms in a patient upon removal from exposure is
therefore not sufficient to render the effect reversible. Sensitised people may at any time
upon re-exposure suffer from respiratory impairment again (which they would not do, had
they not been sensitised).

WHO/IPCS and OECD in their definition of “key generic terms used in hazard/risk assessment”
note that the term “adverse effect” also includes physiological changes that result in “an
increase in susceptibility to other influences.” (IPCS, 2004)

Therefore, in the view of the DS, the acquisition of sensitisation in itself represents an adverse
effect, and for true reversibility, also hypersensitivity itself must have been “healed”. In other
words: OA caused by diisocyanates would only be considered reversible if the affected
individual(s) would not react to a later re-challenge in any other way than non-sensitised
persons.

In contrast, workers with asthma symptoms from isocyanate exposure often continue to have
symptoms even months or years after exposure has been terminated, cf. e.g. (Akimoto et
al., 1992; Banks et al., 1990; Fabbri and Mapp, 1991; Lemiére et al., 1996; Padoan et al.,
2003; Paggiaro et al., 1990; Park et al., 2002; Park and Nahm, 1997; Piirild et al., 2008;
Piirila et al., 2000; Pisati et al., 2007; Rachiotis et al., 2007; Riegger et al., 2014; Saetta et
al., 1992; Valentino and Rapisarda, 2002).

"The symptoms recede quite rapidly when the exposure is discontinued, only to
return in many cases in the form of an acute attack on renewed, even very short and
slight, exposure” (Swensson et al., 1955).

6 Source: Merriam-Webster online medical dictionary: http:/www.merriam-webster.com/medical/reversible,
last accessed on 2016/06/30

7 Source: Pschyrembel online database: http://www.degruyter.com/view/hunnius/5056418, last accessed on
2016/06/30, translated from German

8 ‘Health is a state of complete physical, mental and social well-being and not merely the absence of
disease or infirmity.” (Preamble to the Constitution of the World Health Organization as adopted by the
International Health Conference, New York, 19-22 June, 1946; signed on 22 July 1946 by the
representatives of 61 States (Official Records of the World Health Organization, no. 2, p. 100) and
entered into force on 7 April 1948, cf. http://www.who.int/about/definition/en/print.ntml, last accessed on
2016/06/30).

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

28



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

Karol reported that the serum of one person with TDI hypersensitivity kept containing TDI-
sensitive antibodies until 18 months following the last symptomatic exposure (Karol, 1981).

In 1987, Lozewicz and co-workers reported a follow-up of 50 cases of occupational, TDI-
related asthma, all of whom had avoided exposure for at least 4 years. Patients came from a
variety of different professions, such as printing/laminating of flexible packaging,
polyurethane foam production, paint manufacture or use etc. Details on the extent and
duration of previous diisocyanate exposure are not given. At follow-up, 82 % continued to
have respiratory symptoms and approximately half of these required treatment at least once
per week. According to the authors,

"[...] these results indicate that a significant proportion of those with isocyanate-
induced asthma are likely to have persisting symptoms for at least several years after
exposure is avoided”. (Lozewicz et al., 1987)

Over the last decades, diisocyanate exposure levels at the workplace have been reduced by
successive lowering of and more general adherence to Occupational Exposure Limits (OELs).
Thus, it may be assumed that the above reports refer to considerably higher exposure than
would be expected today. However, data from follow-up studies are also available from more
recent years. Padoan and co-workers conclude that:

“"Results indicate that respiratory symptoms and airway hyperresponsiveness to
methacholine persist in subjects removed from exposure to TDI for > 10 yrs. A more
favourable prognosis was associated with a better lung function and a lower degree
of airway hyperresponsiveness to methacholine at [first] diagnosis.” (Padoan et al.,
2003)

Pisati et al. report that:

“"25 non-atopic spray painters originally diagnosed with OA due to TDI were re-
examined 46-73 months after removal from exposure. This included non-specific
hyperreactivity as well as a re-challenge with TDI, to which 7 reacted positively. All
persistent reactors had still asthma and their symptom score, medication score,
FEV1, PD20 [i.e. dose resulting in a 20 % fall of the FEV1] and serum IgE were
unchanged between assessments. In the 18 subjects no longer responsive to TDI, 8
had still features of asthma: their symptom and medication score had improved
significantly, but FEV1, PD20, and serum IgE had not significantly changed; the other
ten patients no longer reacting to TDI were also asymptomatic and their PD20 had
become normal. The duration of symptomatic exposure to TDI served well to
distinguish between these groups (TDI-responders: 4 = 1.6 yr, asthmatic non-
responders: 2.1 £ 0.8 yr; non-asthmatics: 0.6 £ 0.3 yr; p < 0.001).” (Pisati et al.,
2007)

Birdi and Beach state that

"There is considerable variability in outcomes from occupational asthma, and so for
a given individual complete recovery is not guaranteed even with complete removal
from further exposure.” (Birdi and Beach, 2013)

Symptoms of acute respiratory impairment may diminish or even completely vanish in a
proportion of the population (but not in all of its members), as long as no renewed exposure
occurs. On the other hand, even a long time after removal, a certain percentage of affected
individuals will still show hypersensitivity to diisocyanates. Of those not reactive to the
diisocyanates anymore, a certain percentage will maintain asthmatic symptoms (i.e. in the
form of AHR) for at least several years, possibly life-long.
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In individuals, in whom chronic asthma-related inflammation already has resulted in airway
remodelling, these changes are not only irreversible by themselves, they also strongly impair
physical performance at and outside the workplace.

It is noted that cases of complete remission have been reported, however, for a considerable
number of patients, lifetime impairment (of varying degree) will result, once isocyanate
asthma has been acquired.

Thus, while removal of affected workers will in most cases alleviate acute symptoms of
respiratory distress, in the view of the DS, respiratory hypersensitivity and asthma caused by
exposure to diisocyanates have to be considered as a generally irreversible, chronic disease,
with life-long negative consequences for the individuals concerned.

For most registries there is no systematic follow-up of work-related or occupational diseases
once they have been reported. The DS is not aware of the existence of available statistics on
how many people suffer life-long or for several years from occupational asthma/respiratory
effects and how many show complete reversibility of these symptoms.

B.5.6.2.5 Interindividual variability

Development of OA is not only dependent on the exposure pattern experienced in the
workplace. There are also aspects of individual predisposition (e.g. existing diseases of the
respiratory tract or the cardiovascular system, immune status). Also genetic (Yucesoy et al.,
2014; Yucesoy et al., 2012) and epigenetic factors might play a role, cf. e.g. (Ho, 2010;
Moggs et al., 2012; Vercelli, 2016; Yang and Schwartz, 2012). The influence of atopy on the
susceptibility for sensitisation has been discussed. Based on dermal prick testing, Baur and
Barbinova found that the fraction of atopics in workers sensitive to isocyanates was lower
than in the control population [(Baur and Barbinova, 2013); for workers sensitized to latex,
the opposite was found]. Pronk and co-workers reported similar findings in spray painters
(Pronk et al., 2007). However, it remained unclear whether this apparent suppression really
represented a protective effect or whether it was explainable by negative selection, i.e. as
atopics could in fact be more susceptible and therefore might have needed to leave their work
(whereupon they would also have left - or never entered - the respective study). Arguably,
the definition of atopy is also not rigid enough to allow firm conclusions in this matter.

Put simply, the immune system can be understood as a dynamic tool for discerning “things
that belong in the body” from those which do not, and for protection of the body against the
latter. Moreover, in order to be successful in changing environments, this system is equipped
with constantly active mechanisms of learning and re-programming. From there it becomes
clear that any individual’s susceptibility to an adverse immune reaction will to a large part be
driven by that person’s previous “immune history”, i.e. the individual traits of the innate
immune system as well as the development of the adaptive immune system based on the
individual “exposome” (Miller and Jones, 2014) of that person. As a consequence, in any given
human collective, significant interindividual variability in terms of sensitivity towards
sensitisation against diisocyanates can be expected, which pertains both to the
dose/concentration needed to elicit certain symptoms and to the nature and severity of these
symptoms.

B.5.6.2.6 Cross-reactivity

Cross-reactivity between different (di)isocyanates (most prominently TDI and MDI) and also
polyisocyanate resins has been demonstrated both in animals and humans, cf. e.g. (Baur,
1983; Innocenti et al., 1988; Karol, 1983; Karol and Hauth, 1982; Karol et al., 1981; Karol
and Magreni, 1982; Malo et al., 1983; Pauluhn and Mohr, 1998; Pollaris et al., 2015;
Svensson-Elfsmark et al., 2009; Tanaka, 1980; Tanaka et al., 1987; Thorne et al., 1987;
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Vanoirbeek et al., 2009; Wass and Belin, 1989). Below, examples of cross-reactivity of anti-
TDI antibodies with other antigens (Table 8) as well as cross-reactivity of TDI-related antigens
with other isocyanate-specific antibodies (Table 9) are shown.

Table 8: Cross-reactivity of anti-TDI antibodies with other antigens

Reaction rel. to
. . corresponding TDI-
Species Antigen protei:-haptegn Reference
conjugate (%)
HDI-HSA 3
HMDI-HSA (Karol et al., 1981)
Guinea pig MDI-HSA 8-13
MIC-GPSA 0-100 (Karol, 1983)
HDI-GPSA 1-3 (Botham et al., 1988)

Table 9: Cross-reactivity of TDI-related antigens with other antibodies

Species Antigen Antibody ?;:)ctlon etk ED Eni e Reference
. (Svensson-Elfsmark
Rat MIC-HSA Anti-MIC > 100 et al., 2009)
TDI-HSA Anti-HDI 3
Anti-MDI 14 (Karol et al., 1981)
Anti-HMDI 0
Not referable to Anti-TDI
Guinea pig due to different induction
DI-GPSA Anti-Polyisocyanate- concentrations; but (Pauluhn and Mohr,
Resin quantitatively comparable 1998)
with reaction towards
Resin-GPSA

B.5.6.2.7 Aggregate (multi-route) exposure

Respiratory sensitisation to diisocyanates appears to be closely linked to skin sensitisation.
According to Dearman and co-workers,

“[...] the majority of the respiratory allergens tested were found to elicit positive
responses in one or more standard tests used for the identification of skin-sensitizing
potential (guinea pig maximization test, the Buehler test and/or the local lymph node
assay)”. (Dearman et al., 2013)

Moreover, for diisocyanates, respiratory symptoms or antibody production have been
observed after epidermal [e.g. (Haag et al., 2002; Karol, 1981; Scheerens et al., 1999;
Vanoirbeek et al., 2004)], subcutaneous (Sarlo and Clark, 1992) and intradermal induction
(Blaikie et al., 1995; Mapp et al., 1996; Pauluhn, 1994; Pauluhn, 1997; Pauluhn, 2013).

Also the opposite phenomenon (epidermal or dermal hypersensitivity following inhalative
induction with diisocyanates) has been reported (e.g. (Ebino et al., 2001; Karol, 1983)). In
fact, some authors, e.g. (Pauluhn, 2013), have noted that dermal induction (followed by an
inhalation challenge) may be the route of choice for respiratory hypersensitivity testing of
irritants, as inter alia an irritant effect on the airway epithelium already at the induction stage
can be excluded.
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B.5.6.3 Endpoints for diagnosis of respiratory hypersensitivity/respiratory allergy

B.5.6.3.1 Non-human data

Physical endpoints of respiratory impairment in animals have been measured after reaction
with diisocyanates themselves, with diisocyanate-serum albumin conjugates (inter alia to
circumvent the irritant properties of the respective diisocyanate), but also as unspecific
hypersensitivity following provocation tests with serotonin [5-hydroxytryptamine or 5HT,
(Scheerens et al., 1996; Scheerens et al., 1999)], acetylcholine (Pauluhn, 1997; Pauluhn and
Mohr, 1998), or metacholine (Lee et al., 2002; Matheson et al., 2005b; Matheson et al., 2001;
Matheson et al., 2002; Vanoirbeek et al., 2004).

Clinical symptoms of diisocyanate-related respiratory hypersensitivity in animals include
changes in breathing frequency and volume. Aside from measurements of increased
respiration rate [RR, (Aoyama et al., 1994; Huang et al., 1993; Karol, 1983; Sarlo and Clark,
1992)] or tidal volume [TV, (Blaikie et al., 1995)], several authors have used composite,
dimensionless, flow-derived measures of respiratory function [e.g. (Matheson et al., 2005b;
Matheson et al., 2001; Pauluhn, 1997; Pauluhn, 2013)].

At lower doses, moderate changes in endpoints of respiratory impairment, e.g. RR, ‘Penh” or
“FDP”'% are noted. With increasing dose, laboured/’exertional’ breathing is observed (Tanaka
et al., 1983; Yamada et al., 1995; Zheng et al., 2001). At high challenge concentrations of 1
to 5 %, even anaphylaxis and mortality have occurred (Karol, 1983; Tanaka et al., 1983).

Aside from evaluation of respiratory impairment itself, typical endpoints assessed in the
studies performed with diisocyanates in animals include a histological or cytometrical
assessment of the influx of inflammatory cells, measurement of total and specific IgE and IgG
antibodies, and levels of cytokines and chemokines associated with Thl and Th2 type release
patterns.!

Immunochemically, diisocyanates increase levels of specific as well as total IgE and specific
IgG antibodies in animals (Aoyama et al., 1994; Blaikie et al., 1995; Botham et al., 1988;
Huang et al., 1993; Karol, 1981; Karol, 1983; Mapp et al., 1996; Matheson et al., 2001;
Pauluhn, 1997; Sarlo and Clark, 1992; Scheerens et al., 1999).

At the biochemical level, histamine (Huang et al., 1993), substance P (Kalubi et al., 1992),
IL-1B, IL-4, IL-5, and IL-6 (Fukuyama et al., 2010; Johnson et al., 2004b; Lee et al., 2003;
Matheson et al., 2005b; Matheson et al., 2001; Zheng et al., 1998; Zheng et al., 2001), IFN-
vy (Matheson et al., 2005b; Matheson et al., 2001; Zheng et al., 1998), TNF-a (Fukuyama et
al., 2010; Lee et al., 2003; Matheson et al., 2001; Matheson et al., 2002), vascular endothelial
growth factor [VEGF, (Lee et al., 2002)], matrix metallopeptidase 9 (MMP-9), intercellular
adhesion molecule 1 (ICAM-1), and vascular adhesion molecule 1 [VCAM-1, (Lee et al., 2003)]

9 Penh: enhanced end-expiratory pause, an indirect indicator of airway obstruction and lung resistance;
Penh = [(ET-RT)/RT] x (PEF/PIF), where ET = expiration time, RT = relaxation time, PEF = Peak
expiratory flow, and PIF = Peak inspiratory flow, as obtained from full body plethysmograph
measurements (Matheson et al., 2005b)

10 FDP (‘Flow-derived Dimensionless Parameter’) = PEF x [(ET+IT)/TV], where TV = Tidal Volume
(Pauluhn, 1994; Pauluhn, 1997)

11 The above mediators are also involved in chemically induced irritation. Care must be taken to use
experimental designs which are capable of delineating immediate-onset reactions from respiratory
irritancy, another aspect of the toxicological profile of diisocyanates, from immediate hypersensitivity
responses.
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levels have all been determined as a result of diisocyanate exposure. Plitnick and co-workers
published an overview of the influence of diisocyanates (after dermal application) on diverse
cytokine mRNA levels (Plitnick et al., 2005).

Histologically, an increased influx of inflammatory cells, e.g. eosinophilic and neutrophilic
granulocytes and macrophages (Mapp et al., 1996; Matheson et al., 2001; Pauluhn, 1997;
Scheerens et al., 1996; Scheerens et al., 1999; Yamada et al., 1995; Zheng et al., 2001), B,
and T lymphocytes [CD4+, CD8+, NK, e.g. (Svensson-Elfsmark et al., 2009)] in
bronchoalveolar lavage fluid (BALF), lung and upper airway tissues and, ultimately, epithelial
damage [e.g. (Matheson et al., 2001)] have been observed following treatment of animals
with diisocyanates.

Pauluhn and Mohr have proposed that, in order to classify a low-molecular-weight substance
as respiratory sensitiser, a triad of responses should be considered: (1) positive respiratory
response upon challenge with the substance of concern, and if negative, also challenge with
a protein conjugate of the substance, (2) an influx of eosinophilic granulocytes, and (3)
increased specific IgG: response (Pauluhn and Mohr, 1998).

None of the available animal experiments included a long-term follow-up of sensitised
animals; therefore these tests cannot elucidate the question of a potential reversibility of
hypersensitivity after a sufficiently long period of abstinence.

B.5.6.3.2 Human data

Diagnosis of occupational asthma is primarily based on anamnesis. Work-related obstructive
complaints could be objectified by serial spirometry or self-monitoring by means of portable
spirometers.

Validated skin tests for verification of sensitisation against isocyanates do not exist (Nowak,
2010). Testing for specific serum IgE antibody reveals as negative in many patients with
symptomatic isocyanate asthma. This may be due to methodological problems and the short
half-life of unbound IgE (Kimber et al., 2014). In case of positive results, isocyanate specific
IgE is a strong indicator for isocyanate asthma in symptomatic patients (Fisseler-Eckhoff et
al., 2011; Wisnewski, 2007).

Non-specific tests for bronchial hyperresponsiveness should be performed at the end of the
working week after two weeks of work with relevant exposure. There are cases of negative
testing in patients with isocyanate asthma. In these cases specific inhalation challenge tests
are indicated. Even small concentrations can elicit severe asthmatic reactions (Nowak, 2010).
Therefore this test needs special equipment and trained personal (Fisseler-Eckhoff et al.,
2011).

Positive testing of IgG antibodies is an essential part of diagnosis for extrinsic allergic
alveolitis, but is not specific for the disease. Changes in chest radiographs may be observed.
Diagnostic challenge tests or re-exposure combined with clinical observation could be
necessary to confirm the diagnosis (Sennekamp et al., 2007).

Endpoints used regularly for the diagnosis of OA in the human case reports, case studies, and
epidemiological studies described in detail below, are:

= clinical symptoms: wheezing, dry cough, intermittent shortness of breath, particularly in
connection with physical activity,

= |ung function testing following unspecific or specific bronchial provocation: Forced
Expiratory Volume in one second (FEV1), Peak Expiratory Flow (PEF),

= presence of diisocyanate-specific IgE and IgG antibodies.
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B.5.6.4 Overview of animal data

B.5.6.4.1 Endpoint selection

The most recent version of the IR&CSA guidance 7a, section 7.3, defines respiratory
sensitisation as follows:

“"Respiratory sensitisation (or hypersensitivity) is a term that is used to describe
asthma and other related respiratory conditions, irrespective of the mechanism
(immunological or non-immunological) by which they are caused.” (ECHA, 2016)

The Guidance on the Application of the CLP Criteria adds that:

,Evidence that a substance can lead to specific hypersensitivity will normally be based
on human experience. In this context, hypersensitivity is normally seen as asthma,
but other hypersensitivity reactions such as rhinitis/conjunctivitis and alveolitis are
also considered. The condition will have the clinical character of an allergic reaction.
However, immunological mechanisms do not have to be demonstrated." (ECHA,
2015)

For this reason, in this dossier, the toxicological database for the diisocyanates was evaluated
for two types of effect:

» Respiratory effects: In line with the above definitions, the primary focus of the dossier is
on respiratory effects: asthma, rhinitis, airway pathology. As it is difficult to separate
irritation and sensitisation with regard to the latter two points, also studies assessing
irritant/inflammatory processes of the airways without specifically investigating
immunological endpoints have been included, as from a regulatory viewpoint such effects
are undesired as well.

= Effects indicative of the sensitised state: Most of the studies in animals and humans cover
only a limited fraction of the lifespan or working life. For this reason, the DS already
regards the sensitised state as such as an unwanted and adverse effect, since this state
persists and exacerbation of the symptoms of respiratory allergy may occur over time.

In summary, this evaluation will focus on all adverse effects on the respiratory system, and
all effects indicative of sensitisation, namely:

= respiratory function (e.g. clinical signs, respiration rate (RR), or dimensionless flow
parameters),

= inflammation markers in the respiratory tract (e.g. histopathology, cytokines, clinical signs
of irritation etc.),

= antibody titres (e.g. total IgE, specific IgE, specific IgG), and
= dermal contact hypersensitivity (positive results in skin sensitisation tests).

Such effects will be evaluated both after uptake via the skin or by inhalation. However, since
the focus is on respiratory effects, positive results in skin sensitisation tests will not be
considered for their own sake, but rather for providing evidence of the sensitised state.

B.5.6.4.2 Dose-response relationships (DRRs)

A multitude of factors govern the quantitative outcome of an animal experiment (with respect
to sensitisation) under a given exposure regimen. To name just a few:
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Test species: In the literature the preferability of one animal species over the other in
terms of under- or overprediction in humans has been discussed, but there is no consensus
about which species should be the “gold standard”. Considerable physiological differences
e.g. regarding organisation of immune response have been noted and systematic
knowledge on intraspecies variability regarding toxicokinetic and —dynamic factors (with
respect to diisocyanates) is lacking. With respect to skin sensitisation, historical test
designs mostly used guinea pigs or rabbits, a paradigm which over time shifted towards
mice (with the introduction of the LLNA). The development of respiratory sensitisation
testing started in rabbits and guinea pigs, whereas more recent models use mice or rats;

Group size (statistical resolution);

Exposure scheme: Induction route (epidermal, subcutaneous, intradermal, intranasal,
inhalation as vapour or as aerosol), induction concentration and vehicle, number of
repetitions of induction exposure, time between induction exposures, time between last
induction and first challenge, and between challenges, challenge route (intranasal,
intratracheal, inhalational), challenge concentration, humber of repetitions of challenge
exposure;

Often experimental designs are optimised for obtaining a yes/no decision on sensitisation
potential, e.g. for classification and labelling rather than for obtaining a DRR (or threshold)
in animals.

Nature of the agent used for challenge (diisocyanate, diisocyanates serum albumin
conjugate, provocant of unspecific hyperreactivity);

Laboratory methodology used for assessing the endpoint (e.g. method of antigen or
antibody preparation).

Associations between some of these parameters have been identified in a qualitative way,
e.g.:

The way in which allergic inflammation is mediated is species-dependent, e.g.
predominantly via IgE mediation in the Brown Norway rat vs. via IgG in guinea pigs
(Pauluhn, 2013).

The doses required for elicitation of a hypersensitivity reaction in sensitised animals seem
to be lower than those required for sensitisation [e.g. (Aoyama et al., 1994; Arts et al.,
2006)].

Elicitation of hypersensitivity seems to depend on the administered C x t (concentration
multiplied with exposure duration) product, but the same C x t administered in small
repeated doses induces higher antibody titres than in one single higher dose (Karol, 1983).
Such data seem to suggest that lower doses are required to induce sensitisation upon
prolonged repeated exposure as compared to a single or only a few successive exposures.
In conjunction with the observation that in the workplace humans sometimes develop
allergic reactions only weeks or months after the onset of exposure, a plausible hypothesis
explaining this finding would be that upon continuous low-level exposure the immune
memory gradually builds up until a critical level for triggering the allergic reaction is
reached. Alternative explanations for the observation in humans could be found in
unreliable exposure measurements and/or unnoticed peak exposures. However, it is not
clear how the latter should explain findings in experimental animals that were tested in a
controlled exposure setting.

When comparing the outcome of elicitation thresholds of animals sensitised by different
routes, it appears to be of paramount importance to take into account the differences between
dosages used for sensitisation and challenge because the threshold of elicitation is not an
inherent property of the allergen (hapten) alone , but is also a consequence of the severity of
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the induction regimen (Hostynek and Maibach, 2004) This is inter alia further illustrated by
the following findings:

* For dermal contact hypersensitivity in humans, an inverse correlation exists between the
sensitising dose per unit area and the elicitation dose to which an individual will show an
allergic response (Friedmann, 2007). This statement was also found valid for animal
models of respiratory sensitisation (Pauluhn, 2013).

» Under otherwise identical experimental conditions, antibody titres vary with the
preparation method of (the identical) antigen (Botham et al., 1988).

= With intradermal induction, challenges with diisocyanate-guinea pig serum albumin
conjugate (GPSA) were more sensitive than with the diisocyanates itself, whereas with
inhalation induction, the opposite was observed (Pauluhn, 1994).

Overall, the above factors appear to be interrelated in a highly complex way (Vanoirbeek et
al., 2004) which seems virtually impossible to predict.

A large number of different test designs have been employed for investigating respiratory
sensitisation caused by diisocyanates in experimental animals (cf. Table 1-1 in Appendix 1)
and there is still no agreed, independently validated test protocol with regulatory acceptance
even for establishing respiratory sensitisation qualitatively:

"The challenges that chemical respiratory allergy pose for toxicologists are
substantial. No validated methods are available yet for hazard identification and
characterization, and this is due in large part to the fact that there remains
considerable uncertainty and debate about the mechanisms through which
sensitization and hypersensitivity of the respiratory tract is acquired and
aggravated.” (Pauluhn, 2015)

Moreover, the available studies often do not cover all of the potentially relevant endpoints (cf.
previous section), perhaps because this would require expertise in many different areas of
experimental (immuno)toxicology.

Even bigger challenges are encountered when trying to derive DRRs from animal studies with
a view to perform quantitative interspecies extrapolation to humans. Moreover, even if
agreement on a suitable protocol was reached, systematic verification/validation of DRRs
obtained in animals would be generally difficult due to lack of suitable data on the human side
(with de novo generation of such data not possible for obvious reasons). It follows that due
to numerous knowledge gaps it is currently not possible to extrapolate DRRs from animal
experiments to humans with sufficient certainty.

The IR&CSA guidance R.8 clearly states that:

,Since there are currently no available methods to determine the thresholds and to
establish DNEL for respiratory hypersensitivity, only qualitative risk assessment for
this endpoint can be performed. There is evidence from both human and animal
studies which indicate that effective sensitisation of the respiratory tract can result
from dermal contact with a chemical respiratory allergen.™ (ECHA, 2012)
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Notably the above statement refers to respiratory hypersensitivity regardless of the induction
route!?, This position has also been confirmed in the recent update of the endpoint-specific
IR&CSA guidance on sensitisation (ECHA, 2016).

In summary, the DS finds that based on animal experiments currently no reliable exact
quantitative relationship between exposure pattern (in terms of C x t, intervals between
exposures etc.) and outcome in terms of respiratory sensitisation in humans can be
established.

Arts and co-workers expressed a similar view in their review from 2006:

"Notwithstanding the observation of dose-response relationships and no-effect levels,
due to a number of uncertainties, no definite conclusions can be drawn about absolute
threshold values for allergens with respect to sensitization of and elicitation reactions
in the skin and respiratory tract” (Arts et al., 2006).

It is noted that more recent reviews (Cochrane et al., 2015; Dotson et al., 2015) still arrive
at essentially the same conclusion.

B.5.6.4.3 Potency

The above considerations also preclude derivation of relative potencies of diisocyanates (with
respect to respiratory sensitisation) in humans. Notably, ,potency™ has both a toxicokinetic
and a toxicodynamic aspect. Toxicokinetic differences (bioavailability, metabolism etc.)
between the different diisocyanates are still poorly understood. This is further complicated by
a lack of understanding of how e.g. diisocyanate vapours or aerosols behave in ambient air
(e.g. reaction with humidity, oligomerisation) and by technical challenges regarding the
analytical methodology available at the workplace. For the toxicodynamic part, it seems
prudent to assume that sensitisation potency will depend on the amount of free isocyanate
(NCO) groups. At least for the monomeric congeners, reactivity differences caused e.g. by
steric hindrance might appear less relevant, although again, knowledge is insufficient. Thus,
in subsequent sections, dose metrics will be based on NCO rather than the amount of
respective substance itself.

B.5.6.4.4 No Observed Adverse Effect Concentrations (NOAECSs)

Another consequence of the reasoning presented in the previous paragraphs is that No
Observed Adverse Effect Concentrations (NOAECs) from animal experiments currently cannot
be used to extrapolate to NOAECs in humans.

B.5.6.4.5 Lowest Observed Adverse Effect Concentrations (LOECs)

Again based on the considerations presented in the previous sections and in order to assist
qualitative risk characterisation, the DS decided to at least characterise the available database
with respect to the Lowest Observed Effect Concentrations (LOECSs) in experimental animals.
The expression “"LOEC” (and not "LOAEC”, for Lowest Adverse Effect Concentration) has been
chosen deliberately. Due to the sheer amount of available studies in animals it was not
possible in the time-frame available for the preparation of this dossier to assess each

12 Some authors consider the situation to be different with regard to skin sensitisation (as a result of
dermal exposure). However, such studies usually do not cover respiratory effects as well, so there is
not enough knowledge to conclude how dermal dose-response relationships for skin sensitisation in
animals might be related to dermal dose-response relationships for respiratory sensitisation in humans.

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

37



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

experimental observation in every study with respect to its adversity. However, the DS notes
that

* in many, if not most of the studies, clearly adverse effects were obvious,

= it is not the purpose of the following analysis to provide a definitive PoD for risk
assessment, and

* many studies use an acute and short-term exposure regime while relevant human
exposure might continue for months or years, and effects associated with inflammation
and/or allergy, even if observed at sub-adverse levels in these studies, might aggravate
over time.

Therefore, as presented in more detail below, first the available data - after elimination of
irrelevant and/or inadequate studies - have been screened for LOECs. Then a closer look is
taken at those studies/experiments with the lowest LOEC values and the effects observed in
these studies are discussed, inter alia with a view to adversity.

The REACH IR&CSA guidance, section R.8 notes that “elicitation thresholds seem to correlate
poorly with induction potency" (ECHA, 2012). This is in line with the above considerations on
the various and poorly understood factors influencing whether in a given exposure setting, an
allergic reaction will be observed.

As a consequence of all these uncertainties, the assessment reported below concentrates on
LOECs for induction. However, it should be borne in mind that elicitation LO(A)ECs may be
assumed to be even lower than the ones obtained for induction.

B.5.6.4.6 Evaluation strategy

Spanning a time range from 1965 to today, around 400 reports were identified containing
data obtained with diisocyanates in experimental animals (all toxicological endpoints). One of
the major tasks of the toxicological work package for this dossier was to break down this vast
amount of available data into manageable portions.

After narrowing down the scope of the assessment to respiratory effects and sensitisation (cf.
above) and subsequent elimination of obviously irrelevant studies, a total of 163 published
papers and unpublished reports of animal experiments were selected for further evaluation.
In a considerable number of these documents, more than one study was reported. In a first
step, these studies were characterised in terms of their general design (species and strain
used, induction route and agent, and, where applicable, elicitation route and agent). A total
of 264 different potentially relevant studies were identified in that way. For these, also the
broader endpoint categories covered (cf. above, i.e. detection of antibodies, respiratory
function, inflammation markers, skin sensitisation) were recorded. A tabular overview of all
studies is given in Appendix 1, Table 1-1.

From there it was decided to follow a tiered approach:

= Tier 1: Deselect all studies with induction routes not representative of the real-life
exposure situation in the scope of this restriction proposal.

= Tier 2: Separate the remaining studies according to induction route (inhalation, topical)
and deselect those studies not matching pre-defined acceptance criteria.

= Tier 3: For the remaining studies record more detailed experimental parameters and
LOECs to provide an overview (separately for the dermal and inhalation routes) of the
lowest dose levels at which relevant effects were seen.
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B.5.6.4.7 Tier 1: Pre-selection step

The aim of this assessment tier was to dismiss all studies with designs not representative of
the exposure situation in humans in the scope of this restriction proposal or otherwise
unsuitable to derive LOECs.

To that end, first studies were discarded which used an induction route not representative of
the exposure route in humans. For the dermal route, only studies with topical induction were
accepted, while studies using intradermal or subcutaneous exposure, or e.g. toepad
inoculation, were dismissed. Likewise, for the inhalation route, only true inhalation studies
were accepted, while those using intranasal exposure, intratracheal instillation, or
oropharyngeal administration were not considered any further. Also studies with
intraperitoneal application were discarded.

Studies lacking basic information on experimental animals (strain and/or sex) were likewise
removed.

In addition, since the assessment goal was to provide an overview of LOECs, only studies
reporting the presence of one or more relevant effects were selected for further processing.
Where several experiments were reported from one study, only those with effects were
processed further.

Finally, studies which used agents other than diisocyanate monomers or prepolymers,
e.g. monoisocyanates, isocyanate breakdown products or a diisocyanate hapten-protein
conjugate for induction were dismissed.

Application of these filters resulted in 123 experiments with induction exposure via inhalation
and 64 studies with topical induction exposure, which were then taken to further evaluation
under tier 2.

B.5.6.4.8 Tier 2: Evaluation of studies with inhalation exposure

In a first data recording round the following basic study parameters were captured :

= physical state (aerosol or vapour)

*= inhalation type (whole-body or nose-only)
= presence of negative control

* number of animals per dose group

If any of these data had been missing, studies/experiments would have been excluded from
further processing. However, no further experiment was dismissed on this basis (for details
cf. Table 1-2 in Appendix 1) still leaving 123 experiments for further processing under tier 3
(cf. below).

B.5.6.4.9 Tier 2: Evaluation of studies with dermal exposure

In a first data recording round the the following basic study parameters were captured:

= number of animals per group;

= body weight (this was not needed for the inhalation studies since there the relevant dose
metric was mg/m?3 air, i.e. an external atmospheric concentration, while the dose in the
dermal studies needed to be provided on a per-body-weight basis (cf. below, tier 3);

= vehicle;

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

39



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

* mode of application (open/occlusive);
= negative control present (y/n);

If any of these data were missing, studies/experiments were excluded from further
processing. Application of these criteria resulted in an exclusion of 24 experiments (for details
cf. Table 1-3 in Appendix 1), leaving 40 for further processing under tier 3.

B.5.6.4.10 Overview of the data base following tier 2

For the different diisocyanates, Table 10 below gives an overview of the humber of available
experiments per species and “induction”!3 route.

Table 10: Overview of the number of available animal experiments per diisocyanate, species
and “induction” route

Diisocyanate Inhalation ,induction™ Topical ,induction™ Total
Guinea pigs Mice | Rats Guinea pigs Mice | Rats
HDI - 11 4 1 1 1 18
HMDI 1 2 1 7 2 - 13
IPDI - 8 1 2 1 - 12
MDI 3 2 7 2 2 - 16
NDI - - 1 - - - 1
TDI 22 16 7 3 9 - 57
m-TMXDI 1 2 2 1 - - 6
PMDI 1 21 - - 4 26
PHDI4 - - 8 2 - - 10
PIPDI!S - - 1 - - - 1
PTDI!6 - - - 2 - - 2
Mixed _ ) 1 ) ; ~ 1
prepolymers
Total 28 41 54 20 15 5 163

B.5.6.4.11 Tier 3: Evaluation of studies with inhalation exposure

Evaluation strategy

For studies acceptable for tier 3, further experimental design parameters were captured:

* number of exposures
= hours per exposure
= total study duration (d; including days without exposure)

= critical effect category (antibodies/AB, inflammation markers/IF, respiratory function or
clinical signs/RF, skin sensitisation/SS).

”

13 Note that from here on often quotation marks are used in order to highlight that the term ,induction
route is understood in this assessment more broadly in the sense of ,route of first contact". Since - as
stated earlier — delineation of irritation from sensitisation is often not clearly possible, ,induction™ could
also refer to ,induction of irritation®.

14 HDI prepolymer, including HDI biuret and HDI isocyanurate

15 IPDI-prepolymer, including IPDI isocyanurate

16 TDI prepolymer, including TDI isocyanurate

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

40



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

Then “induction” LOECs were recorded and converted to the following exposure metrics, if
necessary: a) actual concentrations per exposure (mg NCO/m3) and b) total dose
[(mg NCO/m?3) x h].

Results

Tier 3 results can be found in Table 1-2 in Appendix 1. Numerous designs in terms of the
exposure pattern were encountered in the database.

The following evaluation is separated according to single and multiple exposures. To indicate
the uncertainties associated with the animal tests reported, dose levels have been rounded
to the first significant figure, unless that figure was 1, in which case one figure more was
included (e.g. 5.25 was rounded to 5, but 1.25 was rounded to 1.3).

Single exposure

For this part of the evaluation, only experiments with single exposure lasting up to 24 h were
considered. A total of 43 experiments (8 in guinea pigs, 10 in mice, and 25 in rats) from 22
study reports matched this criterion. Exposure durations ranged from 10 min to 6 h, LOECs
from ca. 0.2 to 800 mg NCO/m? air, and total doses received (at the LOEC) from 0.4 to 800
(mg NCO/m? air) x h.

Hardly any of the available experiments were designed for detecting effects specifically linked
to sensitisation. Most studies instead were directed at detecting (sensory) irritation
comparatively shortly after the end of exposure. For instance, sensory irritation was reported
at air levels greater than or equal to ca. 0.4 mg NCO/m?3 [LOEC reported in (Sangha and
Alarie, 1979)]. Increased levels of total protein (and, at higher dose levels, further
inflammation markers) in BAL fluid were demonstrated at a LOEC of ca. 0.5 mg NCO/m?3 in
rats by (Ma-Hock et al., 2007) 1 d after single 6 h exposure to vapours of a mixed TDI/HDI-
based polyisocyanate (equivalent to ca. 0.4 mg NCO/m?3 x 8 h when converted using modified
Haber’s law, cf. (ECHA, 2012)) as well as by a number of other authors at higher dose or total
dose levels.

The lowest LOEC (in this case: a clear LOAEC) for sensitisation-related effects after single
exposure was reported by Matheson and co-workers from NIOSH, the US National Institute
for Occupational Safety and Health. Mice were sensitised by single 2-h inhalation exposure to
ca. 4 mg TDI/m3 [ca. 1.7 mg NCO/m3 x 2 h or 0.4 mg NCO/m? x 8 h]. Fourteen days later,
animals were challenged by administration of 20 ppb TDI (0.14 mg TDI/m3 or 0.07 mg
NCO/m?3) via the same route for 1 h. Exposed animals showed a clear increase in airway
hyperreactivity (AHR) to a methacholine challenge (expressed in the form of the
dimensionless respiratory flow parameter Penh) both compared to sham-exposed controls
and to animals that only received the induction or the challenge dose. Moreover, total IgG as
well as TDI-specific IgG: and IgG:za levels were statistically significantly increased (vs. non-
detects in controls). Markers of inflammation in the exposed group included histopathologigal
findings in lungs and nares and an 8-fold increase in leukocytes in BAL fluid vs. controls.
Sensitisation was further demonstrated by increased AHR (as Penh, the level of increase
amounted to a little more than 50 % compared to that observed in sensitised and challenged
animals) in naive mice challenged 24 h after receiving unfractionated lymphocytes from
sensitised animals. The study did however not aim at (and therefore did not succeed in)
establishing a NOEC (Matheson et al., 2005b).

Ebino and co-workers demonstrated dermal contact hypersensitivity in guinea pigs exposed
to ca. 9 mg TDI/m?3 via a single 4 h nose-only exposure (ca. 4 mg NCO/m3 x 4 h or ca. 2 mg
NCO/m?3 x 8 h) when challenged in a patch test 15 or 29 d post-induction. Again the study
did not demonstrate a NOEC (Ebino et al., 2001).
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Gagnaire et al. reported increased AHR measured as increased airway resistance as a
consequence of acetylcholine challenge one hour or one day after a single 1-h whole-body
exposure of guinea pigs to 22 mg TDI/m3 (ca. 10 mg NCO/m3 x 1 h or 1.3 mg NCO/m?3 x 8 h)
(Gagnaire et al., 1997).

Cibulas and co-workers reported increased bronchial hyperreactivity (measured as specific
airway conductance, sGaw) in guinea-pigs intravenously administered acetylcholine 2-h after
having been exposed to ca. 20 mg TDI/m?3 (ca. 12 mg NCO/m3 x 0.17 h or 0.2 mg NCO/m?3 x
8 h) for 10 min via nose-only inhalation (Cibulas et al., 1988).

In summary, several studies demonstrated effects related to sensitisation in animals following
a single exposure to diisocyanates by inhalation. The lowest reported LOECs were in the order
of 0.2-2 mg NCO/m?3 x 8 h. It is important to stress again that these LOECs are a consequence
of dose level selection which might have been influenced by both technical (capability of
reliably generating/analysing test atmospheres) or experimental considerations (doses were
selected such that the study authors expected an effect to occur). Therefore they do not allow
any conclusion on putative NOECs.

Repeated exposure

In the database, a total of 77 experiments (15 in guinea pigs, 28 in mice, and 34 in rats)
including standard subchronic and chronic inhalation tests as well as reproductive toxicity
studies with more than one exposure to diisocyanates by inhalation were identified. The
number of exposures ranged from 5 to more than 500, while the time per exposure was varied
from 10 minutes to 24 hours. The LOECs reported, when converted to daily 8-h exposure
using modified Haber’s law as proposed by the IR&CSA guidance, section R.8 (ECHA, 2012))
ranged from 0.01 to 6 mg NCO/m3 x 8 h). Again a large fraction of these studies did not
investigate effects with specific relevance to sensitisation.

In many experiments with repeated exposure to diisocyanates by inhalation, signs of chronic
inflammation were demonstrated, e.g. already at a LOEC of 0.03 mg HDI/m?3 (ca. 0.02 mg
NCO/m3 x 6 h/d equivalent to 0.013 mg NCO/m3 x 8 h/d) in a 2-year chronic inhalation and
oncogenicity study (Mobay, 1989), similar effects were seen in a 90-d study with the same
diisocyanate in (Mobay, 1988) at about a two-fold dose level]. It is therefore impossible to
tell whether these effects represent sensitisation acquired over time and/or rather non-
immunological chronic respiratory irritation.

Below only those of the studies specifically dedicated to investigate sensitisation-related
endpoints (i.e. either investigating immunological parameters or using an induction-elicitation
scheme to demonstrate effects on respiratory function or inflammation markers in sensitised
vs. non-sensitised animals) are summarised. Furthermore, experiments applying whole-body
inhalation were excluded, since an unknown amount of diisocyanate might have been
absorbed via the skin or taken up orally upon grooming.

Since the total number of exposures is varying widely between experiments, the question
arises how to extrapolate the obtained LOECs to chronic exposure. It needs to be stressed
that the REACH default extrapolation factors have been developed based on historical
experience with endpoints not related to sensitisation, while the understanding of the
combined dose-time-dependency of effect doses regarding both induction and elicitation of
sensitisation is extremely limited. Nevertheless, short of anything better, the REACH default
factors below are applied for illustration purposes, keeping in mind that the resulting figures
are indicative at most.
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Finally, since the task of this overview was to gain insight into the lowest LOECs reported,
only the three studies resulting in the lowest extrapolated chronic LOECs (given as daily doses
in mg NCO/m3 x 8 h) are summarised here.

Matheson and co-workers from the US National Institute for Occupational Safety and Health
(NIOSH) exposed mice via head-only inhalation to 0.02 ppm (2 0.142 mg/m3) TDI aerosol-
free vapour for 4 h/d, 5 d/wk, over a period of six weeks (dose per exposure ca. 0.07 mg
NCO/m?3 x 4 h, equivalent to ca. 0.03 mg NCO/m3 x 8 h, total exposure 8.4 mg NCO/m?3 x h).
A single inhalational challenge with the same concentration was performed 14 days later. At
this dose level statistically significant changes in the whole spectrum of endpoints typical of
respiratory hypersensitivity testing in animals (i.e. AHR expressed as Penh, cytokine and
antibody levels, influx of inflammatory cells) was present. Since the duration of this study
was 1.5-fold that of a subacute (28 d) study, the REACH default subacute to chronic
extrapolation factor of 6 might be reduced to 4, resulting in a chronic LOEC estimate (at 8 h
exposure/d) of ca. 9 ug NCO/m3. A NOAEC was not established. (Matheson et al., 2005a;
Matheson et al., 2005b).

Karol demonstrated dermal contact hypersensitivity in guinea pigs when epicutaneously
challenged at the end of a 5 d period of 3 h/d head-only inhalation exposure to ca. 0.9 mg
TDI/m3 (ca. 0.4 mg NCO/m3 x 3 h or 0.16 mg NCO/m3 x 8 h). Extrapolating to chronic
exposure by again using an extrapolation factor of 10 would result in a chronic LOEC estimate
in the order of 16 ug NCO/m?3 x 8 h (Karol, 1983).

Stadler and Karol exposed guinea pigs via head-only inhalation to ca. 3 mg HMDI/m3 (ca. 1.0
mg NCO/m3 x 2 h or ca. 0.2 mg NCO/m?3 x 8 h) for 2 h/d on 3 consecutive days. Upon topical
challenge 4 days later, contact hypersensitivity was demonstrated. Using an extrapolation
factor of 10, the corresponding chronic LOAEC might be estimated to lie in the order of a daily
dose of 20 yg NCO/m3 x 8 h (Stadler and Karol, 1984).

Arts et al. performed a ,respiratory Local Lymph Node Assay" in mice. When challenged
2 days after the end of 45 min/d exposures to ca. 8 mg IPDI/m?3 (ca. 3 mg NCO/m?3 x 45 min
or ca. 0.3 mg NCO/m3 x 8 h) on 3 consecutive days, statistically significant proliferation of
mandibular and auricular lymph nodes and changes in cytokine profiles were seen. For TDI,
similar results were obtained at a dose level of ca. 4 mg NCO/m?3 x 45 min (equivalent to ca.
0.3 mg NCO/m?3 x 8 h. Using again an extrapolation factor of 10 would result in a chronic
LOEC estimate in the order of 30 ug NCO/m?3 x 8 h in both cases (Arts et al., 2008; de Jong
et al., 2009).

In summary, sensitisation to diisocyanates has been demonstrated in a number of animal
experiments after subacute to subchronic exposure via head-/nose-only inhalation. When
extrapolated to chronic 8 h/d exposure (using extrapolation factors that are associated with
high uncertainty), the LOECs obtained in these experiments correspond to chronic LOECs in
the order of a few pug NCO/m?3. For estimating chronic NOECs in humans, these LOECs would
need to be further corrected with Assessment Factors for LOEC-to-NOEC extrapolation, inter-
and intraspecies variability, and a factor accounting for the huge uncertainties about the dose-
time-response relationships behind respiratory sensitisation.

B.5.6.4.12 Tier 3: evaluation of studies with dermal exposure

Evaluation strategy

For studies acceptable for Tier 3, further experimental design parameters were recorded:

= number of applications

= concentration of test item (in g NCO/L)
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= applied volume
= application area

Then, as far as possible, LOECs were recorded and converted to the following dose metrics,
if necessary: a) dose per exposure [mg NCO/kg bw] and b) total dose [(mg NCO)/kg bw].
Arguably area dose per exposure [mg NCO/cm?] or total area dose [(mg NCO x h)/cm?] would
have been the most meaningful dose metric (and where given, they were recorded), as the
rate of uptake into the skin is governed by the concentration gradient (the same volume and
concentration of test item spread on a smaller area will generate a steeper gradient).
However, in the end the application area was only reported in 3 out of 40 experiments and
therefore the database was too small for a meaningful evaluation.”

Results

Tier 3 results can be found in Table 1-3 in Appendix 1. In almost none of the available studies
with topical induction the size of the exposed area is reported. Thus, the most relevant dose
metric, i.e. mg NCO/cm? x h is not accessible. Furthermore, reliable data on the relationship
between applied external and effective internal dose of diisocyanates after topical
administration are absent. Finally, reliable gquantitative measurement of dermal worker
exposure is not possible at the workplace.

As a consequence of all these drawbacks of the data base, the DS considers that further
quantitative discussions would not have any merit here. Therefore below only the lowest
topical induction doses for which sensitisation was reported are given on the basis of the total
dose received (in mg NCO/kg bw).

Single exposure

In total, 21 experiments (18 in guinea pigs, 3 in mice) with single exposure were available
for this evaluation. The lowest doses reported as causing sensitisation in experimental animals
were ca. 0.09 mg NCO/kg bw in both guinea pigs and mice exposed to HMDI (Stadler and
Karol, 1985), ca. 1.5 mg NCO/kg bw in guinea pigs exposed to IPDI, and ca. 1.8 mg NCO/kg
bw in guinea pigs exposed to m-TMXDI, both of the latter reported in (BRC, 1981). In all of
these cases, sensitisation was demonstrated as contact hypersensitivity.

Multiple exposures

For the assessment of multiple exposures, a total of 15 experiments were available (2 in
guinea pigs, 9 in mice, and 4 in rats). When topically exposed to HMDI once a week for 6 h
in three consecutive weeks (total dose: ca. 0.5 mg NCO/kg bw), guinea pigs displayed contact
hypersensitivity in a repeated-insult patch test under occlusive conditions (Bio-Dynamics,
1984).

Woolhiser and co-workers obtained positive LLNA test results in mice exposed to a total dose
of TDI (corresponding to about 5 mg NCO/kg bw) over 4 consecutive days (Woolhiser et al.,
1998). Further positive LLNA test results in mice were reported for TDI at total doses of ca.
7 mg NCO/kg bw received over 2 consecutive days (de Vooght et al., 2013; Liang et al.,
2015; Tarkowski et al., 2007; Vanoirbeek et al., 2009).

Respiratory sensitisation following topical induction was shown after two epicutaneous
exposures of rats to a total dose of HDI corresponding to ca. 9 mg NCO/kg bw (Pauluhn,

17 Due to insufficient knowledge on dermal absorption behaviour, it is not meaningful to report (or
compare) assumed internal doses (e.g. in mg/kg bw).
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2015) and after 3 exposures of mice to a total dose of TDI equivalent to 11 mg NCO/kg bw
(Vanoirbeek et al., 2004).

B.5.6.5 Overview of human data

The production of diisocyanates on a commercial scale began during the late 1930s in Europe
and expanded to the U.S. in the 1950s (Ott et al., 2003). Since these early years of the
industry, human health effects due to diisocyanates have been described in the literature,
with more systematic investigations since the 1970s. Thus a huge amount of studies is
available today. In the following chapters and for discussion of the given results the data are
divided in case studies and epidemiological studies.

B.5.6.5.1 Case reports and case studies

About 100 human case reports or case studies have been identified in the literature. An
overview is given in Table 2-1 in Appendix 2. These reports primarily provide overwhelming
proof that humans exposed to diisocyanates may suffer from a broad spectrum of respiratory
effects including asthma and pathological remodelling of the airways. Also a number of fatal
cases have been reported, albeit not in recent years. On the other hand none of these studies
include reliable exposure (let alone dose-response) information, they feature only a small
number of patients, and in most cases only a limited spectrum of diagnostic endpoints is
covered. For all of these reasons, these reports are therefore principally unsuited for use in
quantitative risk assessment.

B.5.6.5.2 Epidemiological studies

An overview of epidemiological studies on diisocyanates and respiratory effects conducted
until today with short study descriptions and results is given in Appendix 3. The focus is on
studies that may provide quantitative information on exposure and exposure-response
relationships.

According to the hypothesis that the NCO group of the isocyanates plays the relevant role for
the toxicological effect and allows for assessing different isocyanates, including oligomers and
mixtures (Bello et al., 2004), studies on several different diisocyanates (and sometimes also
their oligomers) are presented together here. In case an eligible study for dose-response
assessment would be found, transfer of this to the whole group of diisocyanates could be
considered. The tables in Appendix 3 comprise three reviews on TDI from the early 2000s
(Diller, 2002; Ott, 2002; Ott et al., 2003), two case-control studies on asthma due to TDI,
MDI or HDI (Meredith et al., 2000; Tarlo et al., 1997) and many longitudinal as well as cross-
sectional studies. The longitudinal studies are of different length, ranging from 1 year to 19
years (Cassidy et al., 2010). Most of the studies were performed with workers exposed to
TDI.

Prevalence and incidence of diisocyanate asthma in epidemiological studies

Prevalence estimates for isocyanate-induced asthma in exposed working populations are
likely to vary depending on the use of (and therefore exposure to) diisocyanates as well as
the health and safety management at the workplace and thus show a wide range. Although
workplace exposures and disease prevalence have decreased during the last decades, it may
still be true that prevalence is higher in end-users than in production facilities as found in
(Ott, 2002).

In the early 2000s, three reviews on respiratory effects due to TDI were published. Diller
(2002) reviewed studies on occupational asthma (OA) due to TDI to calculate prevalence and
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incidence of TDI-induced asthma (Diller, 2002). The author states that the reviewed studies
are heterogeneous (regarding population, validity of diagnosis of TDI asthma, industry,
exposure levels), of limited validity, and difficult to interpret.

The prevalence of asthma due to TDI was estimated from ten cross-sectional studies
conducted in TDI manufacturing, foam production, applications of varnish or paint, and other
uses. The studies included 788 individuals and covered the 38-year period from 1954 to 1992.
The reported prevalence of OA varied widely (from 0 to 85 %) and ranged from 0 to 10 %
since the late 1980s at workplaces with mean TDI exposure levels < 15 ppb (20.108 mg
TDI/m3) and was higher in workplaces with higher exposures (Diller, 2002). Similarly,
prevalence of work-related allergic respiratory disorders due to TDI was estimated to be 1-
10 % and prevalence due to MDI 13-27 % by the Health Council of the Netherlands
[(Gezondheidsraad, 2008), p.147]. In a study by Pronk et al. prevalence of bronchial
hyperreactivity was as high as 20 % in spray painters, who were mainly exposed to HDI
oligomers (Pronk et al., 2009).

It should be noted that cross-sectional studies are likely to look at survivor populations and
therefore disease frequency may be underestimated.

Incidence of OA due to TDI was estimated by Diller et al. (2002) from nine longitudinal studies
conducted in TDI manufacturing, research and development, and flexible foam production.
The studies included 2751 workers under risk and cover the 38-year period from 1954 to
1992. Annual incidence of TDI asthma has been up to more than 5 % before 1980 and was
reported to be between 0 and 0.7 % thereafter. The downward trend is attributed to a
downward trend in TDI exposure. The review reports sparse and mostly qualitative
information on the exposure levels and the incidence of TDI-induced asthma is not discussed
with regard to particular exposure levels.

The reviews of Ott (2002) and Ott et al. (2003) however focus on exposure-response
relationships (Ott, 2002; Ott et al., 2003). Table 3-2 in Appendix 3 gives an overview of the
exposure levels and the incidence of OA in the studies reviewed by Ott (2002). It shows that
annual OA incidence rates were reported as 5-6 % in earlier times (1950s-1970s) both in TDI
manufacture and in TDI using industries and that incidence declined to < 1 % with reduction
of TDI concentrations to < 5 ppb (2 0.036 mg TDI/m3) (8 h personal samples). The second
review by Ott et al. (2003) also reports annual asthma incidences between 0.7 to 1.1 % from
four newer studies (1970s to 1990s) with TWA concentrations mostly < 5 ppb (2 0.036 mg
TDI/m3). However, short-term TDI concentrations were > 20 ppb (£ 0.145 mg TDI/m3) and
occasionally > 80 ppb (2 0.578 mg TDI/m3). The author of the two reviews assumes that the
majority of asthma cases may arise from TDI short-term concentrations > 20 ppb (£ 0.145
mg TDI/m3). For example, in one of the longest studies in a TDI manufacturing facility, 7 of
19 cases had reported previous incidents of exposure to TDI, 2 of them related to rashes that
had developed while handling TDI or waste products containing TDI (Ott et al., 2000).
Likewise, in a cross-sectional study in a urethane mould plant designed to minimise exposure
to MDI and where continuous monitoring of MDI area levels showed concentrations below
5 ppb (2 0.036 mg TDI/m3), asthma cases were considered to be due to intermittent higher
than normal exposures to MDI during non-routine working activities (Bernstein et al., 1993).
However, when trying to establish a threshold or exposure-response relationship for
sensitisation, one has to keep in mind that very high exposure concentrations, for example
during accidental spills, might also lead to irritant induced asthma (Reactive Airways
Dysfunction Syndrome, RADS).

The two case-control studies also indicate a dose-response relationship for OA. Meredith et
al. (2000) conducted a case-control study on asthma in two companies (Meredith et al.,
2000). For company A, 27 OA cases were matched to 51 controls by sex and work area. In
company B seven cases were identified and all non-cases (n = 12) served as controls, because
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matching was not possible (moving between work areas, few workers). Data from the two
sites were analysed separately.

In company A, 24 cases were attributed to TDI (n = 22 in the manufacture of moulded and
block flexible PU foam, n = 2 in factories involved in flame bonding and surface coating of
fabrics) and three cases were attributed to MDI (batch moulding of rigid PU components
(vehicle roof liners) at 200 °C). Personal exposure measurements by job category, which
were performed for a separate study (1979-1986), as well as data collected after 1986 by
occupational hygiene consultants were used to estimate the 8-h TWA and peak exposure for
each subject based on job title and date. Peak exposures were between 1 - 50 ppb (2 0.007
- 0.361 mg TDI/m3), and in 31 subjects peak exposure was > 20 ppb (£ 0.145 mg TDI/m3).
There was no difference between cases and controls. Mean 8-h TWA was 1.5 ppb (2 0.011
mg TDI/m3) for cases and 1.2 ppb (2 0.009 mg TDI/m3) for controls. With a conditional
logistic regression analysis an odds ratio (OR) for exposure above the median of the control
group of 3.2 ppb (95 % CI 0.96 - 10.6; p = 0.06) was calculated. The OR for 0.1 ppb increase
in 8-h TWA was 1.07 (95 % CI 0.99 - 1.16; adjusted for smoking and atopic diseases). The
adjusted OR was higher for smoking (2.4) as well as for history of atopic disease (3.4), but
not statistically significant.

Cases of company B (n = 7) were attributed to MDI from a chemical plant in which MDI and
polymeric MDI mixtures were processed and poured into drums. Some processes involved
heating the mixtures. Personal monitoring results from 1988 were available (Marcali method
to the middle of 1990 (Marcali, 1957), HPLC thereafter). For each subject, the proportion of
measurements = LOD of the Marcali method (2 ppb 2 0.021 mg MDI/m3) and > 5 ppb
(£ 0.052 mg MDI/m3) were calculated. Measurements < 2 ppb were treated as being zero.
Ninety percent of the 269 TWA samples were < 2 ppb. For the two groups this meant that
169/185 TWA samples for controls and 74/84 for cases were < 2 ppb. Mean and median
exposures were < LOD for cases and controls. Median of the highest concentration recorded
for each subject was 3 ppb (2 0.031 mg MDI/m3) for both groups. The proportion of
measurements = 2 ppb was 0.09 for controls and 0.18 for cases. The proportion of
measurements > 5 ppb was 0.004 for controls and 0.09 for cases. 3/7 cases and 1/11 controls
had at least one 8 h TWA exposure measurement > 5 ppb (OR 7.5; p = 0.09). The authors
conclude: "Asthma can occur at low concentrations of isocyanates, but even at low
concentrations, the higher the exposure the greater the risk.”

Tarlo et al. (1997) used a case-control study design, treating 20 companies with compensated
isocyanate asthma claims as cases and 203 companies without claims as controls, to
investigate the association between isocyanate exposure level and asthma claims (Tarlo et
al., 1997). OA cases with identified isocyanate exposure during the 4-year period from mid-
1984 to mid-1988 were identified in the Ontario Workers’ Compensation Board. Exposure
data were taken from a database of the Ontario Ministry of Labour (MOL): air samples
collected during the same 4-year period during which the OA claims arose. For the study,
exposure in the companies was determined as a binary variable on the basis of the highest
level identified (always < 5 ppb vs. ever = 5 ppb). The estimated incidence of OA in the 4-
year study period was 2.7 % for high exposure companies with claims, 2.2 % for low exposure
companies with claims and 0.9 % overall in the total 223 companies surveyed (56 out of 6
308 workers). Combined across isocyanate types, 10/20 (50 %) companies with claims were
in the high exposure category and 50/203 (25 %) companies without claims were in the high
exposure category (OR = 3.1; 95 %; CI: 1.1-8.5; p = 0.03).

The most recent study on health effects due to TDI was published in 2014 by Gui et al. and
indicates that even keeping 8-h TWA below 5 ppb (2 0.036 mg TDI/m3) and peak exposures
below 20 ppb (£ 0.145 mg TDI/m3) may not prevent sensitisation, and dermal exposure may
contribute to the induction of the effect (Gui et al., 2014). This inception cohort study was
conducted in a newly built factory in Eastern Europe, which is reported to apply TDI-based
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state-of-the-art polyurethane foam production technology. Newly hired workers (n = 49) were
evaluated pre-employment, after 6 months and after 12 months. Over the first year of
employment, 7 workers (14 %) had findings that could indicate TDI-related health effects
(new asthma symptoms: n = 3, TDI-specific IgG: n = 1, new airflow obstruction: n = 1,
decline in FEV1 = 15 %: n = 3). Twelve workers (25 %) were lost to follow-up. Among these
workers, current asthma symptoms were reported (at baseline or 6 months) in a significant
higher percentage compared to those who completed the 12-month follow-up. Exposure to
TDI measured by continuous fixed-point air sampling was below the LOD (0.1 ppb) in 90 %
of the samples. The maximum recorded was 10.0 ppb (2 0.072 mg TDI/m3). No air sampling
period exceeded an 8-h TWA of 5 ppb and peak exposures recorded were below 20 ppb.
However, fixed area samples may underestimate personal exposures, especially those near
the source when fulfilling cleaning or maintenance tasks. Personal sampling performed on
seven workers showed TDI levels < LOD. Skin exposure probably has occurred, because TDI
was detected on surfaces such as handrails and tables, which workers touch without gloves.
In addition, 28 % of the workers reported potential skin contact and during site visits
unprotected hand contact with uncured or just cured foam was noted.

These studies indicate that asthma incidence decreases when exposure levels decrease.
However, despite modern standards and air levels below current OELs, risks for workers may
exist and no minimum level of exposure to TDI for humans is known, below which sensitisation
and asthma will not occur in susceptible individuals.

Beside the above limitations regarding a minimum exposure level for humans to TDI, all
tabulated studies (Appendix 3) also show limitations that hamper the derivation of an
exposure-response relationship (ERR) for diisocyanates regarding sensitisation.

Challenges in assessing an exposure-response relationship

First of all, when describing an ERR, the relevant outcome has to be defined. The endpoint of
interest here is respiratory sensitisation, which finally leads to the clinical picture of allergic
asthma in humans.

OA can be defined as “a disease characterised by variable airflow limitation and/or
hyperresponsiveness and/or inflammation due to causes and conditions attributable to
exposure to a particular occupational environment and not to stimuli encountered outside the
workplace.” Allergic or immunological OA includes both OA caused by agents with an allergic
IgE-mediated mechanism as well as OA induced by specific occupational agents in which the
responsible allergic or immune mechanisms have not yet been identified or fully characterised
((Bernstein et al., 2013), p.3).

A critical event in the development of occupational allergic asthma is the induction of
sensitisation. If sensitisation is prevented, elicitation of asthma will also be prevented. There
seems to be high variability in individual susceptibility in already sensitised subjects, and it
will be difficult to estimate a “safe” exposure level for this group. Therefore, sensitisation of
naive individuals rather than elicitation in already sensitised persons is suggested to be a
more suitable endpoint to serve as the basis for an OEL/DNEL (Dotson et al., 2015). A possible
marker for the induction of sensitisation in IgE mediated allergy is the IgE specific for the
antigen. However, in the case of diisocyanates, the diisocyanate-specific IgE have been shown
to be too insensitive markers of disease (Kimber et al., 2014). As no reliable marker of
induction is known that could be used as a basis for derivation of a DNEL or risk-based values
from epidemiological studies, instead, markers of the elicitation phase of the sensitisation
need to be considered. Adverse effects of diisocyanates on the respiratory tract investigated
in epidemiological studies include respiratory symptoms, accelerated lung function decline
and bronchial hyperresponsiveness (Appendix 3).
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Respiratory symptoms are often assessed by self-reporting and therefore do not constitute
an objective measure. In addition, respiratory symptoms do not have to be specific for
asthma, but may also include for example COPD-like symptoms.

Accelerated lung function decline as another outcome was examined in longitudinal
epidemiological studies in diisocyanate exposed workers and reviewed by Ott and co-workers
(Ott, 2002; Ott et al., 2003). In these reviews, the effect of TDI on accelerated lung function
decline was investigated. Eleven longitudinal studies (five in TDI production units and six in
sites using TDI) as well as three cross-sectional studies in units using TDI were included.
Decline in FEV1 was seen in earlier studies and in follow-up studies of workers who continued
to work after their diagnosis of OA. However, no consistent evidence of accelerated loss in
FEV: was found in more recent longitudinal studies with 8-h TWA exposure mostly < 5 ppb
(2 0.036 mg TDI/m3) and even with short-term TDI concentrations > 20 ppb (2 0.145 mg
TDI/m3). Accelerated lung function decline is not seen as a sensitive predictive marker of
asthma, as asthma is characterised by variable airflow limitation, and lung function may not
be decreased permanently. The time of day at spirometry may therefore have a large impact
on lung function. There is a diurnal variation, which also may be influenced by shift work.
Before to after shift changes in lung function can have high specificity, but have low sensitivity
for the validation of occupational asthma (Nicholson et al., 2010). They are not reliable for
separating subjects with and without OA (Vandenplas et al., 2013). Further, there is a large
intrinsic variability. Thus, the DS concludes that accelerated lung function decline does not
serve as a suitable predictive marker for asthma.

In the view of the DS the most relevant marker for asthma examined in the available studies
is non-specific bronchial hyperresponsiveness, assessed by a methacholine challenge. In such
a test, lung function (FEVi) of the subjects is measured before the challenge and after
inhalation of increasing doses of methacholine. After a certain fall in FEV: (for example 15 or
20 %) or when the maximum cumulative dose is reached, the test is stopped. A subject is
defined as being hyperresponsive if a certain cumulative dose of methacholine leads to a
certain fall in FEV1 (Pronk et al., 2007). A stricter definition of asthma proposed for
epidemiology is the concurrent presence of bronchial hyperresponsiveness (BHR) and
wheezing (Toelle et al., 1992). Specific inhalation challenge tests (with the diisocyanate
suspected as the cause of sensitisation) are regarded as the reference standard against which
other tests for the diagnosis of asthma are validated. The specific challenge test is time
consuming, expensive, and needs special facility and expertise (Vandenplas et al., 2013).
These probably are some of the main reasons why these tests are not performed in larger
groups in epidemiological studies.

Beside these aspects regarding the outcome, a further problem in selecting studies for dose-
response assessment is related to exposure assessment. To assign a quantitative exposure
value to a specific effect requires reliable quantitative measurements. However, measurement
of airborne isocyanates is still a challenge today (see Sections A.2.1.2 and B.9). In addition,
the methods for measurement/analysis of inhalation exposure have changed over time and
therefore different methods were used in the epidemiological studies (sometimes within the
same study) and results may not be comparable. For example, in the older studies the Marcali
method (Marcali, 1957) was used for analysis, which is reported to underestimate exposure
to a large part (Ott et al., 2003). Besides the method also the site of measurement is of
importance, as discrepancies between simultaneously measured area and personal exposure
levels are reported (Butcher et al., 1977).

There are also questions concerning the dosimetry and temporal exposure patterns relevant
for the effect (see animal experiments). A great issue is the fact that peak exposures are
thought to be relevant in inducing sensitisation (see above). The risk of sensitisation may
therefore be better reflected by an index that quantifies the occurrence of short intense peaks
of exposure than by average or cumulative exposure measures (Checkoway et al., 2004) p.
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310). However, Pronk et al. found in their study in Dutch spray painters an association
between the cumulative exposure and hyperresponsiveness (Pronk et al., 2009; Pronk et al.,
2007).

In addition to all these issues concerning inhalation exposure, dermal exposure as an
important route of entry may contribute to induction of sensitisation and subsequently lead
to respiratory effects. This was shown in animal models and is thought to be relevant for
humans as well (Bello et al., 2007). Dermal exposure is difficult to measure and to quantify
(see Sections A.2.1.2 and B.9) and is often not reported and never quantified in
epidemiological studies.

Last but not least, the quality of exposure assessment in epidemiological studies also depends
on the level at which exposure is described. In some studies, exposure levels are given on
factory or area level only. For example, longitudinal studies on TDI asthma often report mean
exposure levels for a group of workers and the respective incidence of disease (cf.Table 3-2
in Appendix 3). Some studies investigate exposure groups using ranks (low/medium/high)
without assigned quantitative exposure levels. Only few studies provide quantitative exposure
estimates on an individual worker level. These also differ regarding their quality, because
they may be based on personal sampling of the individual worker or may be task-based.

A further uncertainty in exposure assessment relates to the use of personal protective
equipment. Many studies do not report on it. Other studies try to account for the use. For
example, in a retrospective study, the sampling record was not considered if it indicated that
respiratory protection was used (Cassidy et al., 2010). Respiratory protection was taken into
account by subtracting 50 % of calculated exposure values for exposed jobs in a longitudinal
study (Clark et al., 2003). Another longitudinal study considered exposure only when not
wearing respiratory protection (Hathaway et al., 1999). This introduces error in the exposure
assessment, may bias the results, and makes it harder to compare results from different
studies. In addition, the use of personal protective equipment may be associated with the
exposure level, as is indicated by the report of Gui and co-workers (Gui et al., 2014). Here,
self-reported glove use differed significantly between the exposure risk groups (25 % of the
workers in the low, 32 % in the medium, 100 % in high exposure risk group).

Co-exposures to other isocyanates or to other substances, such as irritants, are likely to be
present at several of the workplaces studied, and they may influence the observed effect of
the studied diisocyanate. Some reports do not even mention potential co-exposures, other
report co-exposures, but do not quantify them (for example (Cassidy et al., 2010; Omae,
1984)).

Limitations due to the study design for example include the lack of an (unexposed) control
group (Gui et al., 2014; Hathaway et al., 2014), a small number of subjects and selection
bias. The latter includes different issues. Susceptible individuals will not be hired based on
entry examinations. Self-selection of workers is likely, as individuals with allergy or
respiratory problems will not apply for work at a chemical plant (Hathaway et al., 2014). The
studied workers therefore mostly are selective populations that are “healthier” in terms of
respiratory diseases. The selective loss of exposed symptomatic individuals is especially
important in cross-sectional studies on diisocyanate related health effects. These studies are
likely to underestimate the risk for workers, because workers with symptoms may already
have left their job and are not available for the study. Cross-sectional occupational studies
therefore are prone to both “healthy worker hire bias” and “healthy worker survivor bias” (Le
Moual et al., 2008). The potential for this kind of bias may be reduced in prospective
longitudinal studies, but they also miss workers with health problems who have left before
the start of the study as well as those who are lost to follow-up. The most meaningful estimate
of the incidence of health effects could be achieved by an inception cohort study (which
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includes newly hired workers) with further investigations also of those workers who left their
job.

The inception cohort study of polyurethane foam production workers in Eastern Europe
illustrates the healthy worker survivor effect. It describes a loss to follow-up of 25 % (12 out
of 49 exposed workers) after the first year of employment (Gui et al., 2014). Among these
workers, current asthma symptoms were reported (at baseline or 6 months) in a significant
higher percentage compared to those who completed the 12-month follow-up.

Likewise, a study of health effects of HDI in painters and auto body refinish workers found
significant differences between the workers who left the auto body shops and those who
stayed. This 1-year follow-up subsequent to a cross-sectional study investigated whether or
not a healthy worker effect may exist in the auto body industry (Redlich et al., 2002). Forty-
eight workers from seven shops were contacted, 13 of these (27 %) had left their original
shop and three (6 %) were lost to follow-up. Those who left were less experienced in the
industry and more likely to have a history of asthma and bronchial hyperresponsiveness. The
authors conclude: "The differences in workers who stayed at their shop compared to those
who left, combined with the low asthma prevalence and high job turnover rate, all suggest
that a healthy worker effect may exist in the auto body industry, and may in part account for
the low prevalence of asthma noted in SPRAY and other cross-sectional studies of diisocyanate
workers.”

In conclusion, the available studies have limitations and are not considered eligible for
assessing dose response relationships if using strict criteria.

However, one study comes close to meeting the criteria, as it included > 200 exposed
workers, quantified the cumulative exposure on an individual level (expressed as total NCO
and therefore including monomers and oligomers), conducted methacholine tests for
assessing BHR and combined it with the information on wheezing from a questionnaire,
provided a quantitative analysis of the exposure and response data using regression analysis
and showed a statistically significant dose-response relationship (Pronk et al., 2009; Pronk et
al., 2007; Pronk et al., 2006). The study was conducted in the Dutch spray painting industry
in the mid-2000s. Although it is cross-sectional in design, in the opinion of the DS it is the
only study that provides quantitative exposure-response data in principle allowing the
derivation of risk-based values and may be of interest for further considerations.

Exposure-response relationship for isocyanates and asthma, data of Pronk et al.

Pronk et al. conducted a cross-sectional study on exposure-response relationships of
respiratory symptoms and sensitisation due to isocyanates in various spray-painting
industries in the Netherlands. The included companies were mainly car body refinish shops,
but also furniture paint shops and industrial paint shops. In total, 581 workers from 128
companies took part in the study, including 50 office workers (no tasks outside the office),
241 spray painters (workers involved in spray painting) and 290 others (mostly mechanics
and metal workers; (Pronk et al., 2007)). In a subsample of 229 workers, the association
between isocyanate exposure and bronchial hyperresponsiveness (BHR) as a hallmark of
asthma was studied (Pronk et al., 2009).

Individual cumulative exposure estimates were obtained by combining personal task-based
inhalational measurements for 23 isocyanate compounds (monomers and oligomers) and
time-activity information.

Exposure = Y¢_,(Time), X (% > LOD), X (MedianNCOConcentration),,

The personal exposure is expressed in ug NCO/m?3 x hours/month.
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n describes the task (spray painting, mixing, cleaning paint equipment, assisting a spray
painter, sanding, welding).

(Time)n is the time task n was performed expressed in hours per month. On average, 82 h
[SD, 89] out of a 161 h [SD, 26] working month were spent on exposed tasks.

(% > LOD)n is the percentage of samples above the limit of detection (LOD) for task n.

(Median NCO concentration)n is the median inhalational isocyanate concentration during task
n expressed in ug NCO/m3.

Respiratory symptoms were assessed by a questionnaire. Blood samples were taken to
investigate HDI-specific IgE and IgG antibodies. In the subsample of 229 workers,
associations between isocyanate exposure and more objective respiratory effect measures
(BHR, baseline spirometry, exhaled nitric oxide (eNO)) were assessed. BHR was assessed by
methacholine challenge. It was defined as a provocative cumulative dose of methacholine of
2.5 mg (~10 pmol) or less required to cause a 20 % fall in forced expiratory volume in one
second (FEV1) and is therefore referred to as BHR20.

For BHR, symptoms and serology, the prevalence ratios (PR) with 95 % confidence intervals
(CI) were calculated using log-binomial regression. Log-transformed exposure data were used
and PRs were expressed per interquartile range (IQR) increase in exposure (for the
subsample: 0.3-2799 pg NCO/m3 x hours/month; factor 9330). This means that the
calculated PR compares the prevalence of symptoms at the 75t percentile of exposure (2799
nug NCO/m?3 x hours/month) and the prevalence of symptoms at 25™ percentile of exposure
(0.3 ug NCO/m?3 x hours/month).

Table 11: Exposure, BHR and asthma-like symptoms for the subsample

Office workers Spray painters Others
n =20 n=91 n=118
Exposure [Hg NCO/m3 x hours/month]
Total isocyanate 0 4530 5.6
(15.4 - 66464) (0 - 3785)
HDI 0 36.2 0.7
(1.3-472) (0 -354)
BHR20 [%] (n = 214) 0 20.0 14.7
Asthma-like symptoms [%] 26.3 35.6 29.1

Asthma-like symptoms were more often reported in workers with higher exposure, but the
association was not statistically significant: adjusted PR per IQR increase in exposure was 1.3
(95 % CI 0.9 - 1.7). Hyperresponsiveness was found in 33 subjects and it was clearly
associated with exposure: PR of BHR20, adjusted for smoking, age, sex and atopy, was 2.0
(1.1 - 3.8). BHR combined with asthma-like symptoms was present in 19 subjects and the
adjusted PR was 2.7 (1.0 - 6.8). This means that workers with an exposure of 2799 ug
NCO/m3 x hours/month are twice as likely to be hyperresponsive and are 2.7 times as likely
to be both hyperresponsive and have asthma-like symptoms than workers with an exposure
of 0.3 ug NCO/m?3 x hours/month.

The study shares several of the limitations that have been discussed previously. Concerning
selection bias, a healthy worker effect is likely due to the cross-sectional design and has been
shown for the spray painting industry (Redlich et al., 2002). Pronk and co-workers interpret
the fact that atopy was less common in workers with high exposure in their study as indicative
of a healthy worker effect (Pronk et al., 2009). In addition, they discuss selection bias on the
company level: although control measures are similar among Dutch car body refinish shops,
it cannot be ruled out that more compliant companies were more likely to participate (Pronk
et al., 2007).
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Regarding exposure assessment it has to be noted that only exposure outside the respirators
has been measured (Pronk et al., 2006). Therefore, the actual exposure of the workers will
be lower and may vary between the individual workers depending on their working practices.
It is questionable if the control group has been actually unexposed, as 25 % of the office
workers had “COPD-like symptoms”, 16 % had “asthma-like symptoms”, 55 % were atopic
and at least 40 % had specific anti-HDI IgG (Pronk et al., 2009). In every company included
in the study all workers were working in the same building (Pronk et al., 2007). Accordingly,
stationary samples showed detectable exposure levels in offices in 64 % of the car body
refinish shops and 100 % of the industrial painting companies (Pronk et al., 2006). Leng et
al. (2013) also found evidence for exposure in office workers in an HDI-producing plant. Here,
25 % of production and control room workers, but also 19 % of office workers displayed
urinary HDA levels above 20 ug/L (Leng et al., 2013). Taken together, overestimation of the
exposure of the exposed workers and underestimation of the exposure of the controls will
lead to an underestimation of the risk associated with a specific exposure level.

Further uncertainties in the exposure assessment include the algorithm used for exposure
estimation (see above) and the considerable exposure ranges per event (Pronk et al., 2006).
In the algorithm, median concentrations of the task-based measurements were used, which
is not a worst case approach (for which the lower confidence limit of the exposure might have
been considered). On the other hand, exposure at or below LOD is not counted in this
algorithm (which is a worst case approach).

Dermal exposure occurred during tasks that involve direct handling of paint (Pronk et al.,
2006), but was not included in the analysis of the ERR (Pronk et al., 2009). Therefore, the
contribution of dermal exposure to the health effects stays unclear and the quantitative
inhalation exposure level gets less meaningful.

In summary, although this study provides evidence of a dose-response relationship of total
NCO and asthma, the DS finally finds the uncertainties concerning the effective quantitative
inhalation exposure too high for using the study as a basis for derivation of a risk value.

Conclusions

Despite a large number of available studies, none of the epidemiological studies is eligible for
deriving a quantitative value. The cause of this lies in limitations of the studies, but is also
inherent in the mechanism of the disease. No study overcomes the problem that sensitive
predictive markers for diisocyanate sensitisation are missing and that dermal exposure as
well as inhalation peak exposure likely contributes to the induction of sensitisation, but cannot
be assessed appropriately to date. The DS concludes that the human data show too many
uncertainties to derive a DNEL or DMEL.

Nevertheless, the epidemiological studies on diisocyanate exposed workers conducted in the
last decades show that the annual incidence of OA has decreased with decreasing exposure
levels over time. However, more recent studies still show a risk of respiratory sensitisation
for workers under current working conditions. As a consequence, every year a humber of new
cases of occupational disease are reported in the EU.

B.5.6.5.3 Occupational Diseases

Diseases caused by isocyanates are on the European schedule of occupational diseases
(European Commission, 2003). This schedule is in Annex I of the "“Commission
Recommendation of 19 September 2003 concerning the European schedule of occupational
diseases”, which says that the Member States should “introduce as soon as possible into their
national laws, regulations or administrative provisions concerning scientifically recognised
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occupational diseases liable for compensation and subject to preventive measures, the
European schedule in Annex I”.

The WHO defines the terms “occupational disease” and “work-related disease” as follows:

“An ‘occupational disease’ is any disease contracted primarily as a result of an exposure to
risk factors arising from work activity. "Work-related diseases” have multiple causes, where
factors in the work environment may play a role, together with other risk factors, in the
development of such diseases.” (WHO, 2016)

In the EU context, however, “A case of occupational disease is defined as a case recognised
by the national authorities responsible for recognition of occupational diseases.” By contrast,
“A case of work-related health problem and illness does not necessarily refer to recognition
by an authority” (European Parliament and Council, 2008b).

In the following, the term ,occupational disease” is used in a broader sense to encompass the
diseases reported to the different recording and compensation systems of the Member States.

Recording systems

Two types of systems for reporting occupational diseases can be distinguished: those based
on claims for recognition and compensation administered by the national social security
systems and those based on an independent system (European Commission, 2013a). Nearly
all Member States have a list of occupational diseases (OD) (26 countries), which are
established for the purposes of recognition and compensation. These national lists vary in the
degree of exhaustiveness and in content depending on the country. However, in many
countries the national list is similar to Annex I of the European list. Twenty-three countries
have a specific compensation system. There is great heterogeneity among these systems, for
example concerning the management methods of the insurance organisations, the extent of
the insurance coverage, the extent of the range of benefits and the nature and level of
benefits. The European commission therefore concludes that any classification of the national
systems is difficult (European Commission, 2013a).

Several countries have OD surveillance systems in place that have been established to
address issues independent of compensation (Carder et al., 2015). In the context of
“Modernet” (Monitoring trends in occupational diseases and tracing new and emerging risks
in a network) 14 countries provided information for 33 OD systems and the authors
acknowledge that there may be further systems for which information was not received.

Underreporting of occupational diseases

It may be possible that some cases that are reported as being related to isocyanates may
actually not be caused by isocyanates. For example, in countries where the reporting system
is not connected to a compensation system, usually no verification of the actual exposures
will take place. This may apply to registries that record cases voluntarily reported by
physicians, such as the THOR schemes in the UK. Sometimes more than one agent is named
as the probable cause of the disease. Another issue that may lead to higher numbers of cases
in the registries is that the documentation of cases in countries with compensation systems
is mainly done for administrative purposes rather than for scientific purposes. Therefore, the
coding may not always be correct and some cases assigned to isocyanates may actually be
caused by other substances at the workplace. This may apply to jobs where workers are
exposed to a lot of different substances, like construction.

The issue of overreporting is evaluated as of minor importance for the following reasons:
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» There may be some cases that are attributed to, but not actually caused by isocyanates,
but there may also be cases that are attributed to other substances, but actually are
caused by isocyanates. Therefore, the reporting of an isocyanate case that actually is
caused by another substance may be seen as a random error and may not lead to
overestimation of cases.

= Underreporting is estimated to be much higher (see in the following).

"With the exception of Bulgaria, all the countries recognise (BE, CY, CZ, DK, EE, FI, FR, GR,
HU, IS, IT, LV, LT, MT, NO, RO, SI, SK, ES, SE, CH, UK) or do not rule out (AT, DE, IE, PL,
PT) a problem of under-reporting of occupational diseases.” (European Commission, 2013a)

The mentioned causes for underreporting include:

= Jlack of knowledge, information and motivation among doctors (especially general
practitioners)

= reporter fatigue in voluntary reporting schemes

» the bureaucracy of the system

» the scale of benefit

= pressure from employers causing a lack of independence of occupational physicians
= the worker’s fear of the consequences of a report for their job

= the scale of undeclared work in any country has a major influence on the applicability and
use of the reporting system

» under-recognition (individual and/or physician not associating the condition with work)

» individual may be unaware of the availability of compensation or may not meet the
eligibility criteria of the compensation based system

» specific sectors of the workforce may not be covered
o only the private, not the public sector covered

o often the self-employed are not covered, a sector which accounts for ~15 % of the
EU working population

o access to an occupational physician within the UK is biased towards the public
sector and larger industries (has influence on the cases reported to the OPRA
surveillance system) (Carder et al., 2015; European Commission, 2013a; Walters
et al., 2015).

The extent of underreporting is not known and is dependent on different factors. For example,
the level of physician participation is decisive. "This will vary amongst the different systems
(and also over time), in part depending on the nature of reporting (i.e. voluntary or
mandatory), but other factors, for example physician workload, level of training in and affinity
with occupational health or area of specialism will also play a role.” (Carder et al., 2015)

It is for example estimated that underreporting is "50-90 % in Hungary, 50 % in Latvia,
almost 100 % in Slovenia, and is considered significant in Sweden and Iceland. Only an
estimated 3 % of occupational disorders are reported in Norway, and in the United Kingdom
the Trades Union Congress believe that only 1/8th of victims eligible for the compensation
system have reported their disease or taken legal action to obtain reparation.” (European
Commission, 2013a). For the THOR schemes it has been estimated that during the period of
2005 to 2007, 62 % of skin cases and 60 % of respiratory cases were likely to have been
captured (Carder et al., 2011). The Health and Safety Executive of the UK (HSE) estimates
that the total number of new cases of work-related asthma (asthma caused or made worse
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by work) each year could be more than 10 times higher than that reported by chest physicians
to the reporting scheme THOR-SWORD. This is suggested by other data sources like the
Labour force survey and the reporting scheme for general practitioners THOR-GP (HSE, 2015).
The participants of the MODERNET project also generally acknowledged that occupational
diseases were underreported, but the scale was unknown or only partly known (Carder et al.,
2015).

From the data request for this dossier for most of the Member States no information on the
scale of underreporting was available. BG noted that the diseased person has to be insured
for “"occupational diseases” to be recorded as a case. SE estimated underreporting to be about
50 % for occupational accidents and to be higher than this for occupational diseases. HU is
"aware that there is severe under-reporting concerning every occupational disease.”

Estimation of cases of occupational disease due to isocyanates in the EU

In autumn 2015 the DS carried out an EU-wide data request, addressing institutions that
were known from former data requests to hold data on occupational diseases, and additionally
the CAs.

Table 12 gives an overview of the data suppliers. For twelve Member States there are no data
available. Three Member States stated that no cases due to isocyanates had been reported
(BG, CY, HR). One Member State did not provide any data in 2015, but had already provided
data in an earlier request in 2013 (FR). For further two Member States data of the previous
request in 2013 were used and were supplemented with newer data provided in the recent
request (BE, ES). In total, data on cases from 13 Member States could be used. The data
differ considerably in the extent and form of the information.

Table 12: Overview of the data sources for the occupational diseases due to isocyanates

Country Data source Is the reporting Is reporting Remarks
system linked to | mandatory?
a compensation
system?

DK
EL
EE Documentation
of causative
substance not
specific enough.

IT
LT No data
LU
LV
MT
NL
PT
RO
SI
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Country Data source Is the reporting Is reporting Remarks
system linked to | mandatory?
a compensation
system?
BG National Social Security Yes Yes No cases known
Institute (NSSI), General “Cases of
Labour Inspectorate occupational
Executive Agency diseases
connected with
diisocyanates
exposure are
not reported
(there are
no data for
certain cases by
isocyanates and
by disease).”
CY Department of Labour No (although Yes No cases known
Inspection, Ministry of compensation for “No occupational
Labour, Welfare and ODs possible, diseases have
Social Insurance diisocyanate- been reported in
derived diseases the related
cannot be industries.”
compensated as
ODs)
HR Croatian Institute for No information No information | No cases known
Health Protection and available available “There are no
Safety at Work recognized
occupational
diseases caused
by isocyanates
in Croatia.”
BE Fund for Occupational Yes Yes, but in Data from the
Diseases (FMP) practice not all | data request
physicians 2013 were used
report their for this report
cases. (years 2000-
2012) and
supplemented
by additional
data provided in
2016 (years
2013 -2014).
cz National Institute of No answer No answer
Public Health, Centre of
Occupational Health.
DE German Social Accident Yes Yes
Insurance (DGUV)
1IE The Health and Yes (administered No

Occupation Reporting
network in the Republic of
Ireland (THOR ROI)

by the Department
of Social
Protection)
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Country Data source Is the reporting Is reporting Remarks
system linked to | mandatory?
a compensation
system?

ES National Institute of Yes Yes Data from the
Occupational Safety and data request
Health (INSHT) 2013 were used

for this report
(years 2007,
2008, 2012) and
supplemented
by additional
data provided in
2016 (year
2014).

FR National Network for No Yes, but only In 2015 no data
Monitoring and Prevention for all 32 were provided,
of Occupational Diseases French but data from
(rnv3p), ANSES occupational the data request

disease clinics. | 2013 could be
used for this
report.

HU Occupational Health Yes No (in practice,

Department, Office of the as there is no

Chief Medical Officer proper legal

(OTH-MFF) definition or
sanctioning)

AT Allgemeine Yes (cases have to | Yes
Unfallversicherungsanstalt | be reported and
- the Austrian Workers' recognised, at
Compensation Board least 20 %

(AUVA) impairment of
earning capacity)

PL Polish Central Register of | No answer No answer
Occupational Diseases,

Nofer Institute of
Occupational Medicine

SK National Health No Yes
Information Centre
(NHIC)

FI Finnish Register of Yes Yes
Occupational Diseases

SE Swedish Work Yes (administered Yes
Environment Authority by the Swedish

social insurace
system
Forsakringskassan)

UK The Health and No No
Occupation Research
Network (THOR), Centre
for Occupational and
Environmental Health
(COEH), University of
Manchester

The estimation of the annual number of diseases due to isocyanates in the EU was done in

three steps:
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» The first step was to collect the cases of the different countries per year from 2000 to
2014 and to calculate the mean per year (Table 13).

» The second step was the extrapolation of the numbers to the whole EU, based on the
estimated cases of those countries that had provided data and on the working population.

» The last step was to estimate the “true” number of cases based on the cases recorded in
the registries and taking underreporting into account.

Mean number of cases per year for the data-providing countries

For some countries, it had to be decided which kind of the provided cases should be included.
In Germany three possible case statuses for isocyanate related diseases are recorded:
reported cases (notifications of suspected cases), confirmed cases (occupational causation
confirmed) and recognised cases (subgroup of confirmed cases with absence of additionally
required insurance characteristics). Finland provided “reported” and “confirmed” cases. For
both countries, the “confirmed” cases were used.

As mentioned before it has to be acknowledged that the cases shown in Table 13 vary in
terms of their ascertainment across the countries. Whereas some are reported voluntarily to
reporting schemes by physicians, others are confirmed by a national authority. But also within
the same kind of system great differences may exist (see above).

In case information on the diagnosis was available, the cases were grouped into respiratory
diseases, skin diseases and other diseases. The remaining cases were put into the category
“unspecified disease”.

The mean number of cases per year (and disease group) was calculated for every country
and summed up to derive the mean number of cases per year for the 13 countries. For the
period from 2000 to 2014, a mean of 193 cases per year was calculated on the basis of the
total number of 2312 cases. The mean number of respiratory disease cases per year for the
13 data-providing countries is 139. Accordingly, the percentage of respiratory cases is 87 %
of total cases without unspecified diseases (139/159).

For three Member States (BE, ES, FR) also data requested and provided in 2013 were used.
As the earlier data request was focussed on occupational asthma, FR searched for “asthma”
in their RNV3P-database. In this way, other respiratory diseases as well as skin diseases in
FR may be underreported in the current data compilation. The ratio of the mean annual
number of respiratory diseases to the mean annual number of skin diseases in countries that
provide this differentiation between the diseases is used as a rough indication for the
“missing” cases in FR. The ratio is about 1 (FI) to about 11 (SE). A ratio of 5 (which for
example is also found in DE) is chosen here. This results in an additional number of 33.7/5 =
6.7 cases. BE and ES did not distinguish between respiratory and skin diseases and provided
a total number of cases encompassing all isocyanate diseases. Therefore the kind of
underreporting assumed for FR does not apply to BE and ES. The mean annual number of
cases is therefore adjusted to 200.

As an alternative approach one could use only the more recent data, for example only the
cases documented in the last ten years (2005-2014) or in the last 5 years (2010 to 2014).
This would lead to a mean number of cases of 178 cases per year (173 + 4.8 for FR) or 157
cases per year (155 + 2.3 for FR). There are many factors influencing reporting over time,
for example changes in the data protection act, changing numbers of physicians reporting,
reporter fatigue (Carder et al., 2015; Walters et al., 2015). Time trends in occupational
disease incidence cannot be assessed without taking into account time trends in reporting in
the different countries. It is therefore not possible in the scope of this dossier to assess time
trends in occupational diseases due to isocyanates. In addition, not only the absolute number
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of cases, but also the number of exposed workers in the different countries and in the different
years would be needed for a sound interpretation of potential changes over time. Of course,
underlying time trends may also be different in the countries. In some countries incidence
may be increasing whereas in others it may decrease in the same period of time. A period of
5 years seems to be too short to reflect a substantiated mean value, because numbers vary
from year to year and for some countries data for less than 5 years are available in this
period. As the difference between the mean values for the 15-year period and the 10-year
period is not too big, the greater data basis (15-year period) is used here and accordingly,
the derived mean annual number of cases is 200.
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Year
Total Reporting Mean
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 [ 2014 |cases years [n] per
Country |Disease Group Cases [n] [n] year [n]
AT Respiratory disease | 6 6 5 1 1 3 13 6 5 7 6 59 15 3.9
Total 6 6 5 1 1 3 13 6 5 7 6 59 15 3.9
BE Unspecified 1 11 11 5 7 3 3 5 3 4 5 1 59 13 4.5
Total 1 11 11 5 7 3 3 5 3 4 5 1 59 13 4.5
Unspecified 1 1 2 1 1 6 15 0.4
cz Respiratory disease | 1 4 4 1 3 2 4 3 1 7 14 25 27 19 18 133 15 8.9
Skin disease 1 1 1 2 1 2 1 1 2 1 13 15 0.9
Total 3 5 6 3 6 4 6 3 1 8 15 27 27 19 19 152 15 10.1
Respiratory disease | 59 60 50 54 45 44 35 40 35 33 43 34 63 50 35 680 15 45.3
DE Skin disease 4 14 17 12 8 8 5 9 6 8 6 6 11 11 9 134 15 8.9
Total 63 74 67 66 53 52 40 49 41 41 49 40 74 61 44 814 15 54.3
ES Unspecified 27 42 14 30 113 4 28.3
Total 27 42 14 30 113 4 28.3
Unspecified 1 1 14 0.1
FI Respiratory disease 3 2 4 6 9 3 2 2 31 14 2.2
Skin disease 1 2 4 4 5 4 2 2 2 26 14 1.9
Total 5 4 8 10 14 7 2 4 4 58 14 4.1
FR Respiratory disease 60 48 52 43 40 43 21 22 19 12 11 371 11 33.7
Total 60 48 52 43 40 43 21 22 19 12 11 371 11 33.7
Respiratory disease | 4 1 2 1 8 15 0.5
HU Skin disease 1 1 2 15 0.1
Total 4 1 1 2 1 1 10 15 0.7
IE Respiratory disease 1 2 2 1 6 10 0.6
Total 1 2 2 1 6 10 0.6
Respiratory disease | 4 5 2 2 2 1 1 1 1 1 20 15 1.3
PL Skin disease 1 1 1 1 1 5 15 0.3
Other disease 3 1 4 15 0.3
Total 8 5 3 1 3 1 3 1 1 1 1 1 29 15 1.9
SE Unspecified 4 2 1 7 11 0.6
Respiratory disease 37 39 17 20 23 11 19 11 12 18 6 213 11 19.4
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Year Total Reporting Mean
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 [ 2014 |cases years [n] per
Country |Disease Group Cases [n] [n] year [n]
Skin disease 3 2 2 4 2 2 2 1 1 1 20 11 1.8
Other disease 8 4 1 1 1 1 1 2 1 20 11 1.8
Total 52 47 20 21 29 13 22 14 15 19 8 260 11 23.6
SK Unspecified 2 1 4 7 12 0.6
Total 2 1 4 7 12 0.6
UK Skin disease 4 4 4 4 1 5 4 1 1 1 1 2 2 34 15 2.3
EPIDERM! | Total 4 4 4 4 1 5 4 1 1 1 1 2 2 34 15 2.3
UK Respiratory disease | 6 2 7 7 4 8 1 1 2 38 10 3.8
OPRA? Skin disease 2 2 1 1 1 1 2 10 10 1.0
Total 8 4 8 8 5 9 1 1 2 2 48 10 4.8
UK Respiratory disease | 32 26 28 32 20 14 20 19 20 17 20 9 11 15 5 288 15 19.2
SWORD?3 | Total 32 26 28 32 20 14 20 19 20 17 20 9 11 i5 5 288 15 19.2
UK REspiCri’atory disease 2 1 3 8 0.4
_~p4 | SKin disease 1 1 8 0.1
THOR-GP Total 2 1 1 4 8 0.5
Unspecified 1 0 1 5 16 15 5 34 46 4 9 3 18 5 31 193 34
f;:;sogf Respiratory disease 112 |164 |144 [146 [154 |151 [127 [111 [112 |102 [126 |96 |121 [112 [72 ]1850 139
13 Skin disease 12 21 25 17 16 19 16 14 15 18 13 13 16 17 13 245 17
countries Other disease 3 0 0 1 8 4 1 1 1 0 1 1 2 0 1 24 2
Total 128 (185 (170 |169 |194 (189 [149 (160 |174 (124 (149 (113 |157 [134 [117 | 2312 193

Grey fields: no data available; UK schemes: reported to by ! dermatologists; 2 occupational physicians; 3 chest physicians; 4 general practitioners
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The second step in the estimation of the annual number of diseases due to isocyanates in the
EU is the extrapolation from the estimated cases of those countries that had provided data to
the whole EU. To extrapolate the number of cases, the working population of the Member
States is used as a basis. Of course, extrapolating implicitly assumes that the countries that
provided data are representative of all EU countries with respect to isocyanate industry,
number of exposed workers and the exposure conditions/safety levels. The 16 countries
(which provided cases or stated that there are none) have 74 % of the EU working population
(EUROSTAT). Therefore, the estimated number of cases per year in the 16 countries is
extrapolated to a number of 270 cases per year in the EU. For the 13 data-providing countries,
the percentage of respiratory cases is 87 % of total cases without unspecified diseases.
Assuming that this proportion holds also true for the cases with unspecified disease, the yearly
number of respiratory disease cases is estimated to be 235.

As this number only covers the cases that have appeared in some kind of registry, they have
to be considered as the “tip of the iceberg”. To come closer to the “true” number of cases, a
factor for underreporting has to be applied as the last step of the estimation. By definition the
scale of underreporting is unknown. Thus it has to be estimated. There are some estimations
of underreporting for single countries or registries; however, for most of the countries no
information is available. These estimations for single countries or registries are not used here,
to prevent pretended accuracy. Instead, an overall factor for the whole EU is applied to
account for the underreporting. This factor is intended to cover the different percentages of
underreporting in the different countries and registries as well as the cases in countries with
no recorded cases. (Note that for the three countries that reported that they have no cases,
underreporting actually cannot be taken into account by a factor, but rather an absolute
number would have to be assumed.)

From the data cited above it is plausible to assume for this task an underreporting of cases
in the EU of at least 50 %. However, for some countries estimates for underreporting are
even as high as 90 to 100 %. To cover this, a factor of 10 seems plausible as well
(corresponding to an overall percentage of uncovered cases by this request of 90 %).
Therefore, the mean number of cases per year should be multiplied by two at least and
probably even by ten, resulting in an estimated number of cases of 540 to 2700.

In conclusion, the estimation of the annual number of new cases in the EU is hampered by
the uncertainties concerning the recording systems, the underreporting and the differences
in isocyanate use between the countries. However, it is obvious that every year isocyanates
lead to a significant humber of new disease cases in the EU. On the basis of reported disease
cases the rounded number is estimated to be at least 540 and probably 2700 new cases per
year, including about 470 or 2350 respiratory diseases, respectively.

Information on diagnosis

Ten countries provided data that specified disease group (respiratory or skin disease) or even
provided a more specific diagnosis. All cases were assigned to one of four disease groups
(respiratory/skin/other/unspecified). Cases of respiratory disease were further subdivided
into four disease categories (asthma/chronic obstructive lung disease (COPD)/extrinsic
allergic alveolitis (EAA)/other or unspecified respiratory diseases). Cases of skin disease were
further subdivided into two disease categories (allergic dermatitis/other or unspecified skin
diseases).

For 9 % of all cases, the disease was unspecified. As stated above, 87 % of the cases for
which at least disease group was specified (respiratory/skin; n = 2119) were respiratory
diseases. Skin diseases made up 12 % of the cases with information on disease. The
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respiratory diseases were mainly unspecified or other (52 %), followed by asthma (48 %).
Among the skin diseases 19 % were reported as allergic contact dermatitis.

Disease
EAA

2,000 COPD
Asthma
Other or unspecified
respiratory disease
Allergic contact dermatitis
Cther or unspecified skin
digease
1.500 I other
] Unspecified

1.0007

Number of cases

200

193

T
Respiratory Skin disease Cther disease Unspecified
disease

Disease Group

Figure 4: Diseases documented for the 2312 reported cases in 13 EU countries (see Table 13)

Information on causative agents

Eight of the 13 countries (AT, CZ, FI, HU, IE, PL, SE, UK) provided some information on the
isocyanate type(s) that were recorded as causative agents, because the recording system in
principle allows to differentiate. However, even in these countries, for most of the recorded
cases the causative isocyanate is not documented. Overall, a specific agent is not given for
87 % of all cases (2019 out of 2312 cases in 13 countries) and for 71 % of the cases in the
eight countries (range 17-97 %). For the small part of cases with information on the specific
isocyanate, MDI, TDI and HDI are reported in 97 % of the cases (95-100 % depending on the
country). Overall, 65 % of the cases are attributed to MDI in the first place, 18 % to TDI and
14 % to HDI. By country, the percentage ranges from 20 to 93 % for MDI, from 0 to 80 %
for TDI and from 0 to 36 % for HDI. Note that for some countries, case numbers with
information on causative agents are very small (n < 10) and percentages may not be
informative. In conclusion, the reported isocyanates are not in contradiction to the tonnages
and uses. However, as for most of the cases (87 %) the isocyanate is not known, it is not
possible to conclude on the relative importance of single isocyanates concerning occupational
diseases.

B.5.7 Repeated dose toxicity

Apart from effects on the respiratory tract, repeated dose toxicity has not been considered
explicitly for this report. However, in many of the animal studies evaluated in the section on
sensitisation, test substances have been administered repeatedly and some of these have
investigated inflammatory processes in the airways as a result of repeated diisocyanate
exposure.
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B.5.8 Mutagenicity

Not considered for this report. However, none of the diisocyanates considered in this report
have a harmonised classification for mutagenicity. Aromatic diisocyanates may be hydrolysed
and/or metabolised to mutagenic primary aromatic amines but this aspect has not been
further considered for this report for the following reasons:

= At this point in time there is no specific concern for genotoxic carcinogenicity from the
available diisocyanate genotoxicity or carcinogenicity test database in animals or from
human case reports.

= There are open questions with respect to competing degradation reactions and suitable
analytical methodology with a view to demonstrating the potential systemic bioavailability
of the amines.

= The restriction proposal does not aim at enforcing a specific threshold for respiratory
sensitisation. Rather it is assumed that the proposed measures will achieve a considerable
reduction in exposure of workers, professionals, and bystanders, thereby reducing the
established risk of respiratory sensitisation as well as any other potential health risks.

B.5.9 Carcinogenicity

Two of the diisocyanates considered in this report (MDI, TDI) have a harmonised classification
as Carc.2 and in general aromatic diisocyanates may be hydrolysed and/or metabolised to
carcinogenic primary aromatic amines, if NCO groups are attached directly to the aromatic
ring (system). This aspect however, has not been further considered for this report because
the restriction proposal does not aim at enforcing a specific threshold for respiratory
sensitisation. Rather it is assumed that the proposed measures will achieve a considerable
reduction in exposure of workers, professionals, and bystanders, thereby reducing the
established risk of respiratory sensitisation as well as any other potential health risks,
including any concerns about carcinogenicity.

Furthermore, beyond the harmonised classifications mentioned above, there is no specific
further concern for genotoxic carcinogenicity from the available diisocyanate genotoxicity or
carcinogenicity test database in animals or from human case reports. In addition, there are
open issues with respect to competing degradation reactions and suitable analytical
methodology. Therefore the question whether any of the diisocyanate breakdown products
become bioavailable to the extent necessary to exert an carcinogenic effect is under debate
and further work would be needed for clarification.

In summary, due to open scientific questions and the fact that the DS did not expect that a
more in-depth assessment of carcinogenicity would have changed the nature or conclusions
of the restriction proposal, potential diisocyanate carcinogenicity as a result of the formation
of carcinogenic breakdown products has not been considered for this report.

B.5.10 Toxicity for reproduction

Not considered for this report. However, none of the diisocyanates considered in this report
are classified for reproductive toxicity.
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B.5.11 Other effects

Not considered for this report

B.5.12 Derivation of DNEL(s)/DMEL(s)/Health-based exposure limits for
diisocyanates with respect to sensitisation

B.5.12.1 Introductory thoughts

In the context of the risk assessment of respiratory sensitisers often the question is posed
whether a ,threshold for sensitisation™ can be derived. In most of these cases, however, no
clear explanation is given what this should mean exactly. For the purpose of this dossier, it is
assumed that under REACH such statements refer to the possibility to derive a DNEL to protect
against sensitisation.

The formal mechanistic concept of chemical-induced allergy'® involves two steps: first the
adaptive immune system must be primed to the allergen for later recognition (induction step).
Only after this induction step which renders the affected individual “sensitised” can an allergic
reaction be triggered (elicitation step) upon renewed contact with the sensitising substance.
While this concept has been established primarily for skin sensitisation it is generally believed
that it also holds for respiratory sensitisation (Dotson et al., 2015; ECHA, 2015; Kimber and
Basketter, 2014).

For a given exposure scenario as characterised by route, duration, pattern and level of
exposure, it is plausible to assume that a level of exposure exists, below which in a well-
defined, previously unexposed human population no single case of sensitisation will occur [cf.
also (Pauluhn, 2013): "A certain antigen dose is required to overcome endogenous
homeostasis” ].

Equally, for such a well-defined exposure scenario, there will be an exposure level, below
which in a well-defined population of already sensitised people no elicitation of an allergic
reaction will be observed. Observations in animals and humans suggest that for chemical
sensitisers of low molecular weight (i.e. haptens requiring the formation of a protein-hapten
complex for triggering sensitisation), elicitation thresholds can generally be assumed to be
lower than induction thresholds. Notably some authors have claimed that the opposite might
hold for sensitisers of higher molecular weight, such as enzymes (Kimber and Basketter,
2014).

The REACH guidance IR&CSA, section R.8 notes, however, that "“elicitation thresholds seem
to correlate poorly with induction potency". According to the same guidance, for respiratory
sensitisation “currently available methods do not allow determination of threshold and
establishment of a DNEL. Therefore for substances classified as respiratory sensitizers only
qualitative assessment [...] can be performed” (ECHA, 2012).

While this statement relates to respiratory sensitisation following inhalation exposure, it also
holds for respiratory sensitisation as a consequence of dermal contact. The available data on
diisocyanates (cf. previous sections) indicate that both steps (induction and elicitation) may
be triggered by the dermal or inhalation routes. In other words: respiratory tract symptoms
may be observed upon inhalation challenge following dermal induction. It has been claimed

18 Cf, for instance the OECD Adverse Outcome Pathway (AOP) for skin sensitisation by covalent binding
to proteins (OECD, 2012a).
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that topical or intradermal exposure may be even more effective than inhalation exposure in
inducing respiratory sensitisation (Rattray et al., 1994). In addition, vice versa, topical contact
hypersensitivity was observed upon dermal challenge after previous induction by inhalation
[e.g. (Ebino et al., 2001; Stadler and Karol, 1984)].

With many industrial and professional uses, humans are exposed via both routes. Even if in
such cases exposure was kept below the induction/elicitation threshold for each route
individually, the combined exposure level via both routes could be high enough to cause
induction/elicitation.

Currently, beyond the difficulties in establishing DNELs for the individual routes, there is also
a lack of understanding of the quantitative interaction of the different routes in inducing
sensitisation or eliciting an allergic response, so a “combined DNEL” (i.e. a combination of
dermal and inhalation DNELs which, when adhered to at the same time, would protect from
sensitisation/elicitation) cannot be set. Pauluhn notes that: "“Any holistic threshold of
sensitization appears to be more complex to define due to exposure route-specific differences
in immune response” (Pauluhn, 2015). In addition, beyond the technical problems of such an
approach (the quantitative interrelationships between local and systemic toxicokinetic and
toxicodynamic processes are not even understood for each route alone, and are basically
unknown for combined exposure over several routes), the value of such a combined exposure
level in regulatory terms might be questioned as it would be difficult or even impossible to
control and/or enforce. Cf. the following statement by Pauluhn from 2013 (translated from
German by the DS):

“If isocyanate asthma should develop progressively as a combination of dermal
induction(s) and inhalational (re-)exposures with sufficiently high C x t doses, only the
pulmonary process is accessible to a systematic risk management.” (Pauluhn, 2013)

As a result of these considerations, for uses with combined exposure via dermal contact and
inhalation only qualitative risk characterisation can be performed.

In contrast, where significant dermal or inhalation exposure can be ruled out for a specific
use, only one route of exposure would have to be considered. Here the IR&CSA guidance R.8
notes (with respect to skin sensitisation) that at least in principle there might be “cases where
good data (i.e., dose descriptors) are available, which has to be evaluated on a case-by-case
basis, allowing setting DNELs for these endpoints”. Such DNELs would then primarily be used
to aid in qualitative assessment (“"could be used to judge the remaining/residual likelihood of
risks” (ECHA, 2012)).

However, it is noted that this statement refers to skin sensitisation, i.e. dermal contact
hypersensitivity, and not to the induction of respiratory allergy via the dermal route.
Nevertheless, in conjunction with the above overview of the available experimental data base,
the subsequent subsections will analyse for respiratory sensitisation both via the dermal and
the inhalation route whether the available data and knowledge on diisocyanates are sufficient
to derive sufficiently reliable DNELs. Also the question whether a DMEL can be derived will be
addressed?®.

19 Tt is important to understand that the term ,DMEL" is used here in the sense of an exposure level
corresponding to a quantifiable minimum risk that could be tolerated from a regulatory perspective. In
other words: the "minimum” risk needs to be specified in quantitative terms, which is different from
reference exposure levels that refer to a “minimum achievable” risk (e.g. taking into account
quantification limits of analytical methodology or socioeconomic considerations).
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First some general considerations on setting DNELs will be presented, followed by a step-by-
step analysis of the various aspects of hazard characterisation (HC) in order to identify
relevant uncertainties and/or gaps in knowledge. The general difficulties in deriving DNELs
for (respiratory) sensitisation have also been the subject of a number of reviews, most
recently by members of the chemical industry’s European Centre for Ecotoxicology and
Toxicology of Chemicals (ECETOC) Task Force on Thresholds in Respiratory Sensitisation
(Cochrane et al., 2015) and by authors from the United States National Institute for
Occupational Safety and Health [NIOSH; (Dotson et al., 2015)]. A number of issues raised in
these papers will also be addressed here.

B.5.12.2 General considerations on determining DNELs/DMELs

Contemporary strategies for the regulation of potential risks of chemicals foresee a separation
between risk assessment and risk management. While such an - often even institutional -
separation is intended to keep risk characterisation purely scientific and to protect it from
inappropriate political or economical influences, nevertheless the two processes are closely
interlinked:

Risk managers need to provide risk assessors with a sufficiently precise problem formulation.
The WHO/IPCS “Guidance Document on Evaluating and Expressing Uncertainty in Hazard
Characterization” [(IPCS, 2014); this document will be referenced as “IPCS guidance”
subsequently] states that:

"Problem formulation is a critical phase of the risk assessment process and provides
the context for risk characterization. [...] problem formulation includes the risk
management scope and goals in relation to relevant exposure scenarios, the level of
uncertainty that is acceptable as well as the urgency of the assessment”.

Hence, aside from delivering numerical products such as DNELs/DMELs or RCRs (Risk
Characterisation Ratios), risk assessment needs to inform risk management about the extent
to which these values fulfil the protection goals and about the amount of uncertainty
associated with them.

In the following subsections the protection goals and the acceptable level of uncertainty in
the scope of this dossier are discussed (in more simple words: “who is to be protected from
what and how much confidence is required for the statement that this is the case”?).

A formal procedure to be taken for this purpose has been suggested in the above IPCS
guidance (IPCS, 2014). In the next subsection, some of the concepts from that guidance will
be applied in order to specify more precisely the protection goals and the level of confidence
that is needed. In subsequent subsections — again along the lines of the IPCS guidance - the
available data for diisocyanates will be analysed in terms of whether they are sufficiently
reliable to achieve these goals.

B.5.12.2.1 Formulation of protection goals

First it is necessary to define more precisely the boundary conditions of the DNEL/DMEL to be
established. In risk communication, exposure levels up to a DNEL are frequently declared
“safe”. However, it is a simple fact of life that 100 % safety cannot be found in any area of
risk assessment (or life in general, for that matter). Given both the uncertainties and
variability associated with observations of real-life phenomena and the principal limitations of
human knowledge, it is therefore practically impossible to establish an exposure level, at
which - with 100 % confidence - 100 % of a given population can be protected from even the
slightest manifestation of a given unwanted health effect.
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Therefore, first the desired protection goals need to be defined more precisely: which
percentile (designated I, for incidence, in the IPCS guidance) of the target population needs
to be protected from which effect level (M, for magnitude)?

Then the task of DNEL/DMEL derivation may be expressed as the attempt to determine the
so-called “HDn!”, i.e. the human dose corresponding to the protection goals I and M, for the
exposure scenario under question. However, the HDwm! as such represents the theoretical
“true” human dose which - due to uncertainty and variability - can only be estimated with
some probability of error (in this case in the form of a DNEL or DMEL). As a consequence,
another important boundary condition which should be specified when deriving a DNEL/DMEL
is the level of confidence that this value is not less protective than the “true” HDw! (another
way to put this: the percentage of cases in which the DNEL can be expected to achieve the
desired protection goals formulated with the HD»'; in the WHO concept this is expressed as
percent “coverage”).

The following sections will address how protection goals might be defined and which
confidence level might be desirable. For that purpose, specific choices, e.g. with regard to
certain percentiles of the population or to a confidence level, need to be made.

It is important to understand that these choices are somewhat arbitrary at this stage and
their sole purpose is to illustrate the challenges associated with defining and transparently
reporting protection goals. Specifically, they do not represent a harmonised and agreed choice
of the DS with regard to the restriction proposal for diisocyanates.

In the end it will be shown that problems do not so much arise from the choice of specific
numbers (in fact, within the IPCS approach it is even possible to evaluate the impact of
different choices on the HDn!) but rather from establishing that these numbers are met by
risk management in the end.

B.5.12.2.2 Definition of target population

The target population of this restriction proposal encompasses adult workers and
professionals of both sexes who may be exposed to diisocyanates at their respective
workplaces. In certain cases also bystanders (i.e. third parties exposed to diisocyanates
through industrial or professional uses) might be affected, e.g. office staff in a factory, third
parties working at, or residents living near to a construction site. In the latter case, the target
population would also comprise children and elderly people which might have an impact
regarding necessary assumptions on human interindividual variability.

B.5.12.2.3 Magnitude of effect and incidence

One of the fundamental principles in the IPCS guidance is given by the notion that “for all
types of end-points, the magnitude of effect M can be regarded as changing gradually”.
Another principle is that “individual-level effects (magnitude) and population-level effects
(incidence) are conceptually distinct” (IPCS, 2014).

On an individual level it is obvious that the extent or intensity of being sensitised will increase
continuously with increasing dose [cf. (Friedmann, 2007)]. For example, the Stimulation
Index (SI), i.e. the increase in lymphocyte proliferation vs. control, is measured in the Local
Lymph Node Assay (LLNA) at different concentrations and will increase gradually with
increasing dose. Different sensitised individuals may respond to a sensitiser with a varying
degree of severity of the allergic reaction. Of course this could be due to interindividual
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variability in the elicitation mechanisms alone, but it appears acceptable to assume induction
of sensitisation to be an effect the intensity of which may vary gradually between individuals®°.

At the same time, on the population level, within a given percentile of the population, the
fraction of sensitised individuals (incidence) will increase gradually, too.

For practical reasons, however, sensitisation is mostly treated as a quantal effect. In other
words: an individual (experimental animal or human) subjected to a sensitiser under a specific
test design will either be considered sensitised (if an arbitrary cut-off, such as an SI of 3 in
the LLNA is exceeded), or not. Under CLP, a further distinction between moderate and strong
sensitisers is possible, provided the available data allow for it. For the present dossier this is
not relevant, as workers/professionals/bystanders etc. shall be protected from sensitisation
as such.

The desired level of protection is basically a political/risk management decision. The REACH
guidance does not contain a harmonised view on this issue.

As demonstrated above (sections B.5.6.4 and B.5.6.5), reliable PoDs for quantitative risk
characterisation are not available for the diisocyanates. As a consequence, qualitative risk
characterisation needs to be based on a different approach.

In abstract terms, the present restriction proposal is based on the assumption that in Europe
each year a certain percentage of the working population exposed to diisocyanates will suffer
from occupational asthma (and that this population-based incidence is not acceptable from a
regulatory point of view).

Unfortunately, reliable information on exposure patterns (and levels) in this population is
missing. Likewise there is insufficient knowledge about the average time for which the
population under question had been exposed prior to falling ill and about the average time
workers would maintain their respective jobs. Any attempt to translate the observed
population incidence into an individual added or extra risk to become sensitised as a
consequence of occupational diisocyanate exposure would therefore be associated with very
high uncertainties.

Consequently, the regulatory protection goal can only refer to the observed population
incidence itself (e.g. the regulatory target could be to lower that incidence to, say, 50 % of
the current level within a given period of time).

B.5.12.2.4 Desired “coverage” of the DNEL/DMEL

Again the required confidence in the statement “the derived DNEL is not less protective than
the ‘true’ HDm?! is a political/risk assessment decision. Confidence levels frequently aspired in
regulatory toxicology, e.g. in the context of statistical significance testing are 95 or 99 %. If
the desired coverage was set to 99 %, this would mean that the likelihood that the
DNEL/DMEL indeed was less protective, would not be greater than 1 %.

Summary of protection goals

The DNEL/DMEL to be derived would have to be an estimate of the human dose in a pre-
defined time-frame of exposure/exposure scenario (e.g. 8 h/d, 40 working years, for workers)

20 Note that the concept of being sensitised more or less strongly (instead of being sensitised or not)
also forms the basis for hyposensitisation therapy aiming at creating tolerance to the respective allergen
by decreasing IgE production. In fact in the context of this dossier, tolerance phenomena are yet another
uncertainty issue with respect to the experimental designs used in animal and human studies.
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associated with protecting a defined percentage (e.g. 95 or 99 %) of the population (for most
scenarios: healthy workers/professionals of both sexes, but potentially including children or
elderly persons for some scenarios with bystander involvement) from a predefined added
sensitisation risk (e.g. of 1 % or more) when exposed to diisocyanates in the workplace. The
DNEL should meet these protection goals with predefined confidence (e.g. 95 or 99 %).

B.5.12.3 Uncertainties in deriving a DNEL/DMEL

The IPCS guidance (IPCS, 2014) states that:

“"Hazard characterization involves making inferences about the human population of
interest for risk assessment (the “target population”) based on information obtained
from a scientific study (the "“study population”). [...] Specifically, making inferences
between the "study” and “target” populations involves the following:

= making adjustments due to characteristics of the study population or study design that
differ from the target population or target conditions;

= accounting for variability due to heterogeneity in the human population;

= and accounting for uncertainty associated with the two previous bullets due to incomplete
data or knowledge.”

In the following subsections, these issues are addressed for each relevant aspect of hazard
characterisation, i.e.:

»= identification of a suitable “Point of Departure” (PoD) for risk assessment,

= where relevant and needed: adjustment for differences between the experimental setting
under which the PoD was generated and the exposure scenario to be assessed,

* in case animal data are used: extrapolation from the “typical”?' experimental animal to
the ,typical® human individual (adjustment for interspecies variability),

= extrapolation from the ,typical® to a ,sensitive™ human individual (intraspecies variability),
and

= potentially, other aspects, e.g. considering poor data quality or steep dose-response.

B.5.12.3.1 Selection of PoD

Animal data

It has been shown above that only a subset of the available animal studies qualify at all for
being used as a starting point for LOEC identification. In addition, in some of the most
sensitive experiments, the lowest dose tested already lead to relevant effects and estimation
of a NOAEC or BMC is either not possible or would be associated with huge uncertainties.

Regarding the choice of endpoint, there is also a general problem directly relating some of
the endpoints in these studies (e.g. presence of antibodies or biomarkers of inflammation) to
the outcome of respiratory allergy in humans. While this may be overcome by choosing a
conservative approach (accept any endpoint that could be related to respiratory sensitisation),
the magnitude of effect statistically resolvable in an animal test with a few animals per group
generally exceeds the maximum magnitude of effect desired here. NOAELs/BMDs from such
studies are therefore associated with a high degree of uncertainty. Alternatively one could

21 (represented by the median of the test population from which the PoD was generated)
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proceed by starting from a dose with a higher magnitude of effect (e.g. an ED2s or a BMDL1o)
and performing low-dose extrapolation in analogy to the DMEL methodology provided in the
IR&CSA guidance R.8 (ECHA, 2012). This approach, however, would in turn be associated
with huge uncertainties.

Essentially, these views have been shared in recent reviews from industry (Cochrane et al.,
2015) and government (Dotson et al., 2015) institutions.

Human data

Available data in humans have been discussed, also with a focus on dose-response
assessment above, in section B.5.6.5. The practical problems associated with case
reports/studies and epidemiological studies have already been addressed. In brief, while case
reports/studies generally do not allow for the establishment of a dose-response relationship,
the size of the test populations subject to epidemiological studies is generally limited and
exposure is difficult to assess. This is due to the fact that workers on study are not always
naive, i.e. previous exposure before the onset of the study is difficult to establish, co-exposure
may exist at the workplace, and/or dermal and peak exposures are not quantifiable.
Furthermore, the studies are prone to selection bias and appropriate control groups are
difficult to identify.

In addition and in analogy to the animal experiments, choice of the most critical endpoint,
limitations of the available measurement methodology etc. further limits the ability to reliably
identify NOAELs or BMDs in such studies.

B.5.12.3.2 Adjustment for differences in test design

As a standard procedure in line with the IR&CSA guidance R.8 (ECHA, 2012), the PoD needs
to be corrected for any differences in the daily or weekly exposure pattern. For risk
assessment of inhalation exposure of workers, an increased respiratory volume under light
activity has to be considered by an additional factor of 10/6.7.

As already discussed above with respect to animal data, the quantitative impact of different
exposure designs (exposure duration, intermittent vs. continuous exposure) on the
sensitisation outcome is poorly understood, making any adjustment highly uncertain.

The IR&CSA guidance inter alia uses default AF for extrapolation from subacute to subchronic
(AF=3) and subchronic to chronic (AF=2) duration extrapolation. Most of these approaches
are based on Haber’s law or modified versions thereof, all developed from data on endpoints
different than sensitisation. As for sensitisation the relevant exposure metric (dose- or
concentration-dependency) is poorly understood, it is completely unclear whether these laws
really can be applied to sensitisation, too.

B.5.12.3.3 Interspecies extrapolation

Under REACH the interspecies AF is subdivided into an allometric scaling factor (not relevant
if external air or skin concentrations are compared) and a factor of 2.5 for “residual
uncertainty”. Unfortunately the latter contains elements of both adjustment and uncertainty
for both toxicokinetics and toxicodynamics. Some authors have addressed interspecies
differences with respect to sensitisation [e.g. (Collins, 2012; Pauluhn, 2016)], but overall
there is insufficient quantitative knowledge in this regard rendering any extrapolation highly
uncertain.
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B.5.12.3.4 Intraspecies extrapolation

Genetic, e.g. (Yucesoy et al., 2014; Yucesoy et al., 2012), epigenetic, e.g. (Ho, 2010; Miller
and Ho, 2008; Moggs et al., 2012) and environmental, e.g. (Miller and Jones, 2014) factors
will determine whether or not an individual will be sensitised by a given dose of a chemical.
However, both the exact nature of these factors and their quantitative influence are as yet
poorly understood.

No reliable data were found regarding the human interindividual variability regarding the
induction of sensitisation via the skin or the respiratory tract. It has been proposed to use a
default factor of 10 for skin sensitisers (Griem et al., 2003) but this conclusion was drawn
from a small set of human experimental data for only one chemical, aside from the fact that
the adequacy of the underlying experimental data might be questioned. Again any
quantitative extrapolation would be highly uncertain.

B.5.12.3.5 Potency and combined exposure

Finally, the available data do not suffice to derive relative potencies for the different
diisocyanates in the scope of this restriction proposal (see also the description of the available
database above). In addition, it should be noted that the database for some of the
diisocyanates under this restriction proposal is fairly thin and this should be taken into account
when considering an extra AF for gaps in knowledge.

B.5.12.3.6 Overall data quality

As portrayed above (sections B.5.6.4 and B.5.6.5), the available data base suffers from many
deficits, inter alia with respect to relevance of test design, incomplete coverage of relevant
endpoints, and lack of understanding regarding the quantitative relationship between
exposure and risk.

B.5.12.4 Summary of the assessment

The above assessment has shown that almost every aspect of quantitative hazard
characterisation is associated with a high amount of uncertainty.

Overall the DS concludes that for principal reasons, a combined DNEL/DMEL reflecting
exposure scenarios with both dermal and inhalational exposure cannot be set.

For scenarios in which one of these routes may be considered virtually negligible, currently
the overall uncertainties are unacceptably high when trying to establish a DNEL/DMEL for
sensitisation by diisocyanates.

Generally speaking, there are three ways to deal with unacceptably high uncertainty in risk
assessment:

= refinement of the assessment,
= generation of additional data (if the leeway for refinement is exhausted), or

* aregulatory decision is made despite/in view of this intolerable uncertainty?2.

22 For example, if a reliable DNEL cannot be derived, the regulatory decision might be based on other
principles, e.g. on qualitative risk characterisation or the pragmatic approach to keep exposure “As Low
As Reasonably Achievable” (ALARA principle).
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B.5.12.4.1 Refinement of the assessment

It is not expected that a more refined analysis would lead to a significant reduction of the
uncertainties portrayed above.

B.5.12.4.2 Generation of additional data

While experiments in humans are not acceptable for ethical reasons, agreed testing protocols
for respiratory sensitisation in animals are still lacking. As a consequence, it is currently not
possible to develop a meaningful testing strategy to improve the existing data base in animals.
With respect to human data, the need for better designed epidemiological studies has become
obvious (however, it is acknowledged that many technical difficulties would have to be
overcome, most notably the challenges in establishing reliable exposure measurements).
Industry is called upon to generate longitudinal data that allow the evaluation of risks at
current workplaces as well as its change that is expected to be achieved by this restriction.

B.5.12.4.3 Requlatory decision in view of the uncertainties

In the end the DS concludes that meaningful quantitative risk assessment cannot be
performed and a DNEL or DMEL of sufficient reliability (with respect to the aspired protection
goals) cannot be derived. For this reason, the DS has chosen a qualitative risk characterisation
approach based on the assumption that in Europe each year a certain percentage of the
working population exposed to diisocyanates will suffer from occupational asthma (and that
this population-based incidence is not acceptable from a regulatory point of view). It is
stressed again that for respiratory sensitisers also the REACH guidance recommends a
qualitative approach to risk charcterisation.

An alternative approach would use the most sensitive animal study and compensate the huge
uncertainties with correspondingly high additional Assessment Factors. In the process of
preparing this dossier the DS has performed an exemplary cursory analysis (not shown in this
report), using the study by Matheson and co-workers (Matheson et al., 2005b) and applying
an Approximate Probabilistic Analysis [APROBA, cf. (IPCS, 2014)] approach of uncertainty
analysis. Very soon, however, it became evident that if appropriate AF/distributions were
chosen to account for all uncertainties, the resulting overall uncertainty would become so
large that any DNEL derived on that basis would become scientifically meaningless. As a
consequence, this approach was not pursued any further.

B.6 Human health hazard assessment of physico-chemical properties
Not relevant for this dossier

B.7 Environmental hazard assessment

Not relevant for this dossier

B.8 PBT and vPvB assessment

Not relevant for this dossier

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

74



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

B.9 Exposure assessment
B.9.1 General discussion on releases and exposure
B.9.1.1 Introduction

The most likely routes of occupational exposure to isocyanates are via inhalation and the
dermal route. Isocyanates can become airborne particularly in hot processes as fumes and
vapours (e. g. hot melt adhesives and sealants) or as aerosols (e. g. spray painting, blow
foaming) but can also be released by thermal degradation of polyurethanes.

The potential for occupational exposure to isocyanates is determined by several factors:

Volatility: One factor is the volatility of the compounds. Diisocyanates with a low molecular
weight have significant vapour pressures already at room temperature. In particular toluene
diisocyanate (TDI) and hexamethylene diisocyanate (HDI) are common diisocyanates which
can vaporise easily at ambient temperature thus leading to significant concentrations in the
workplace air.

Hot processes: Higher temperatures increase the vapour pressure and thus the tendency of
isocyanates to become airborne. Monomers of diisocyanates do not tend to thermally
decompose. But some polyurethane material can decompose at temperatures as low as 150-
200 °C (Delebecq et al., 2013; Simon et al., 1988; Wang et al., 2013). Thermal degradation
can give rise to release of the original monomeric diisocyanate but also other low molecular
isocyanates or fragments as part of thermal decomposition processes. Therefore hot work
activities and processes can lead to significant exposure to isocyanates. Such work may
include (but is not limited to):

= welding

= brazing

» soldering

* grinding

= treatment with a heat gun

= cutting with torches or hot wire

» heating of diisocyanate based glues

= flame laminating and bonding

» heating of polyurethane containing materials

Aerosols: Isocyanate based paints and varnishes are often used for spray painting. Especially
in vehicle body refinish HDI based spray paints are ubiquitously used and lead to significant
occupational exposures. Spray foaming, especially when applied to greater surfaces (e. g.
insulation of ceilings/walls) can also lead to high aerosol release (Christensen et al., 2014).
Inhalation can also occur with dust arising from handling of solid diisocyanate-containing
products or articles.

Dermal exposure: Skin contact with products containing isocyanates (e. g. uncured PU foams,
paint or glue splashes) is a significant route of exposure (Austin, 2007).

Occupational exposure to diisocyanates is in particular possible during:

= production of polyurethanes (e.g. slab-stock foam)
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= handling of partly uncured PU products (e.g. cutting, demoulding, spray-application of
foam)

= when isocyanates/PUs are heated (e.g. hot lamination, foundry applications/casting
forms)

= C.A.S.E. applications (Coatings, Adhesives, Sealants, Elastomers)

B.9.1.1.1 Inhalation exposure

Airborne diisocyanates can exist as vapour or aerosols, the latter with a wide range of particle
sizes. Also, the formation of airborne isocyanates species can be a highly dynamic process.
There is a strong tendency for aromatic diisocyanates in the gas phase to condense to aerosols
(particles < 1um), while monoisocyanates and aliphatic diisocyanates in the gas phase were
not found to form particles in a similar way (Dahlin et al., 2008).

Usually, inhalation exposure data are collected in form of air monitoring of workplace for
compliance reasons. Consequently, most of the available exposure measurement data is on
those diisocyanates with the highest volumes and relevance for workplaces, namely TDI, MDI,
HDI and, to a lesser degree, IPDI.

Accurate measurement of airborne isocyanates is a complex and difficult matter for several
reasons:

Isocyanates are highly reactive, and therefore unstable. Even in the same air sample several
different chemical species may be present (Streicher et al., 2000). Especially when
applications involve higher mechanical energy, for example in spray foaming, aerosols are
the primary form of airborne diisocyanates (Roberge et al., 2009).

Spray foam aerosols are droplets of fast curing and highly reactive mixtures of isocyanates
with polyols, which makes sampling particular challenging (Puscasu et al., 2015).

It is also highlighted in literature that there is no existing sampling and analytical method that
fully satisfies all of the requirements for monitoring limit values. Choice of the most
appropriate measurement method is critical for the design and conduct of the sampling and
analysis, especially as very low limits of detection and limits of quantification are essential
(Brandt et al., 2013).%3

Finally, most of the sampling and analytical standards address only few diisocyanate
monomers and quantification of polyisocyanates is much more complex (Bello et al., 2004).
This is an additional difficulty as there is a trend in industry to minimize the content of free
monomers in formulations, where monomers of diisocyanates often constitute only a minor
fraction (< 1 %) of the isocyanate species (Streicher et al., 2002).

For these reasons, even if air monitoring / measurement data are below the limit of detection
or below the limit of quantification, such findings do not necessarily support the assumption
that the exposure actually is adequately controlled for all such cases. Especially when
complemented with biomonitoring data there is often clear evidence for occupational exposure

23 Most of the sampling methods use either impregnated filter with a derivatisation reagent or impingers,
where the derivatisation reagent is dissolved in an organic solvent and the analyte air is bubbled through
(or a combination of both). While impingers provide better results for measurement of fast curing
systems, they are often difficult to use for personal sampling (and may pose a risk of leakage,
evaporation of volatile organic solvents etc.) (Lockey et al., 2015; Puscasu et al., 2015).

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

76



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

to isocyanates of workers, even in cases where air monitoring suggests that the exposure
situation might be well controlled. For example, Kaaria et al. assessed worker exposure to
MDI at three factories in Finland during moulding of rigid PU foam. While MDI concentrations
were below the limit of detection in 64 % of the breathing zone air samples they found MDA
(as a MDI metabolite) in 97 % of the urine samples of the workers (Kaaria et al., 2001).
These findings are especially important since there is an increasing body of literature
highlighting the relevance of the dermal route for causing occupational asthma by isocyanate.

B.9.1.1.2 Dermal exposure

The contribution of the dermal route is of particular relevance when assessing the overall
exposure to isocyanates for there is a growing body of literature on the role of skin exposure
to isocyanates for development of respiratory sensitization and occupational asthma (Fent et
al., 2009b). Cowie et al conducted a comprehensive study on where isocyanates were used
in the UK and found that the airborne isocyanate exposure were minimal in almost all of the
investigated workplaces, but “there was nearly always potential for skin contact” (Cowie et
al., 2005). This aspect is of particular importance since it was demonstrated that isocyanates
(e.g. from uncured resins) can deposit on and penetrate into the skin (Liljelind et al., 2010).

While airborne exposures could in principle be reduced by changing to less volatile isocyanates
(like MDI or/and prepolymers) for many uses, such substitutions do not necessarily reduce
dermal exposure and there are ample opportunities for skin contact in workplaces. The
significance of dermal exposure may depend on factors like the form (and volatility) of the
diisocyanates as well as on the processes involved (Cocker, 2011). For example, uncured or
not fully cured polyurethane products pose a source of skin exposure to isocyanates (Bello et
al., 2007). Furthermore, assessment of dermal exposure in workplaces is often complicated
by the irregular and random occurrence of skin exposure, such as spills, contact with
contaminated surfaces or during clean-up (Bello et al., 2007; Heederik et al., 2012).

Quantification of dermal exposure on the other hand is particularly difficult. Measurement of
dermal exposure, in general, is less established than air monitoring and data on dermal
exposure to isocyanates in workplaces are scarce (Liu et al., 2007). There are no standardized
methods available for measuring dermal isocyanate exposure (Lockey et al., 2015). Sampling
of dermal exposure to isocyanates is challenging as the analytical methods are adaptations
of the methods for airborne isocyanates and rely on presence of unreacted NCO groups.
Because NCOs (and especially mixtures of isocyanates with polyols or amines) are highly
reactive and they also react with moisture on or proteins of the skin, timing of the sampling
is particularly critical (Redlich, 2010).

For these reasons, dermal exposure to isocyanates often is assessed indirectly by comparison
of personal air samples with corresponding biomonitoring data (see below).

B.9.1.1.3 Biological monitoring

Biological monitoring (or biomonitoring) allows the assessment of the total body burden of
workers irrespectively of the exposure pathway and exposure source and is increasingly used
for assessment of exposure to isocyanates. Biological monitoring of diisocyanates is based on
the analysis of isocyanate-adducts with haemoglobin or albumin in the blood or the
determination of corresponding diamines in urine or in plasma (Cocker, 2011; Swierczynska-
Machura et al., 2015). Diamines (MDA in case of MDI exposure, TDA for TDI, HDA for HDI)
are formed by the hydrolysis of the diisocyanate adducts. However, as isocyanates as well as
their corresponding amine analogues (e.g. MDA and MDI) react with proteins directly the
amines formed after hydrolysis in urine or plasma are not specific markers for isocyanates
and it is therefore not possible to distinguish between exposure to the isocyanate or the
corresponding amine (Gries and Leng 2013). When assessing the exposure to diisocyanates

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

77



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

exposure to the corresponding diamines (e.g. in case of biological monitoring of MDI exposure
to MDA) has to be ruled out since the results can be biased otherwise. In addition to
assessment of exposure levels, biological monitoring can also be used to assess the influence
of behavioural aspects regarding the effectiveness of risk management measures like proper
use of PPE and efficacy of training interventions (Jones et al., 2013). When done by analysis
of metabolites in urine, biological monitoring is also a relatively simple and less expensive
way of exposure assessment to isocyanates.

One limitation of biological monitoring is that it may only reflect average daily exposures while
peak exposures are not accessible by these methods since urine metabolites have a poor
correlation to short-term peak exposures (Chappelle et al., 2001).

B.9.1.1.4 Peak exposure and non-routine operating conditions

Typically, peak exposures that occur during incidents and other non-routine handling are not
measured. But even if short-term peak exposure occurs on a more regular and foreseeable
basis measurement of such peak exposures is challenging (Jankowski et al., 2014). Especially
during hot-work processes the applied or generated heat is often variable, thus release of
isocyanates will occur as short peak exposures. Incidents such as spills may cause peak
exposures and should be avoided. If such incidents occur, safe procedures, which should be
decided on in advance should be applied. But, deviation from normal operating conditions like
flaws in the equipment, incidents etc. are by definition not planned situations and therefore
not foreseeable when they do occur. Furthermore, such situations often require immediate
interventions to minimize potential damage or restore normal operating conditions. It is
crucial to act with proper caution and in compliance with the safety obligations to keep the
exposure controlled in such situations.

The use of personal protective equipment (PPE) is the least preferred method of controlling
exposure. They should not be used as the primary control for routine operations, but PPE may
be unavoidable during non-routine situations such as emergencies or some maintenance
procedures, e.g. when closed equipment has to be opened and the existing engineering
controls do not offer adequate exposure reduction. Proper use of protective clothing and
equipment such as chemical resistant gloves and eye protection is also necessary when
handling uncured material such as freshly produced polyurethane or reactive resins. However,
the effectiveness of PPE largely depends on the proper use and good worker education is vital
to ensure that PPE is used correctly and in compliance with the required safety procedures.
For example, if a supplied air respirator with a full face shield is used correctly during spray
painting operations an adequate reduction of exposure can be assumed. But when the air-fed
visor is lifted immediately after spraying e.g. for quality checking of the spray coating, this
period of working with a lifted visor can be treated a period of non-wear of RPE (Clayton and
Baxter, 2015).

While quantification of peak exposures and exposures due to unintended events like incidents
is particularly difficult, it is also necessary to consider these types of exposure for a
comprehensive assessment. To control such exposures the use of personal protective
equipment is often unavoidable. But effectiveness of PPE is highly dependent on its correct
use and therefore particular attention has to be paid that it is applied consistently. For this
reason, without regular (and targeted) training the assumed effectiveness of PPE in the
context of exposure reduction often appears to be overoptimistic.

B.9.1.1.5 Focus of the exposure assessment for this dossier

In the following assessment emphasis is placed on the most relevant uses of diisocyanates
with respect to amount / volume and workplace exposure rather than a comprehensive list of
all uses registered under REACH. Descriptions of workplace exposures will be based on data
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from Chemical Safety Reports (CSRs) of the Registration Dossiers (which were prepared by
the Netherlands Organisation for Applied Scientific Research (TNQO)), selected literature as
well as measurement data published by the Institute for Occupational Safety and Health of
the German Social Accident Insurance (IFA) and the UK Health and Safety Executive (HSE).
The exposure assessment is limited to some selected types of diisocyanates with the most
relevance for workplaces, namely MDI, TDI and HDI. The literature discussed was selected
according to timeliness (since 2000) and relevance for the EU. Some of the data and literature
from North America are deemed similarly representative for the situation in European
workplaces and are also considered.

2,4-TDI has been subject to a substance evaluation under REACH carried out by the Polish
Competent Authority (Polish CA, 2013). Occupational exposure has been assessed by
evaluation of the exposure scenarios of the CSR. The Polish CA concluded in the SEV report
that the measured data as the basis for exposure assessment in the CSR are well documented
and plausible and that the exposure estimates for inhalation exposure are appropriate.

B.9.1.2 Summary of the existing legal requirements
B.9.1.2.1 Introduction

The fact that the use of low molecular weight diisocyanates may lead to occupational health
problems has been known for a long time.

As a reaction to this situation, many EU-countries have introduced occupational exposure
limits for the use of such compounds. A harmonised EU-wide exposure limit does not exist.
In some cases additional measures and actions have been introduced to support employers
and workers in preventing adverse effects form handling isocyanates and to increase the
knowledge of such effects and disseminate the use of good practices. This has been done in
the framework of national OSH regulations or as support actions of national occupational
health authorities. Unfortunately, within Europe these actions have never been synchronized,
so that it is rather difficult to compare use conditions in the various EU-MS.

Apart from the EU, a lot of investigation and regulations is available in the USA. Because the
proposal focuses on the European situation, these will not be discussed in detail. However,
relevant literature on this aspect is referred to, or data added where this helps to interpret
European data

B.9.1.2.2 Occupational Exposure Limits

The available OELs of various countries are listed in Table 14. In the interpretation of the
numbers it has to be realized that there are various ways to report exposure to isocyanates.

* As vapour in air on a volume basis, usually expressed in ppb
= As weight of substance /(air volume), usually expressed as mg/m? or as yg/m?3
* As weight of NCO groups/(air volume) basis, usually expressed as mg/m?3 or as pg/m3.

These different ways of expressing exposure can be converted into each other. The necessary
conversion facts are listed in Appendix 4 at the end of the dossier

The first option is obviously only suited for vapours of isocyanates, where the second and
third may also include liquid or solid aerosols. The advantage of the third way of representing
isocyanate exposure is that it concentrates on the functional groups (which are considered to
be the critical entity) only and allows an addition over various substances of different
functionalities and molecular weights which may simultaneously be present in an application
of isocyanates, where the material starts reaction directly after mixing or application. Special
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adapted analytical methods (AGS, 2009) are available to determine the total "NCO content”
Over the last few years, this latter way of expressing exposure has been used in an increasing
number of countries.

The available background information to the differerent OELs in the different MS does not
always allow to judge if this value was derived from toxicological studies, epidemiological
considerations, or represents a concentration that was deemed to be a reasonable technical
achievable value.

B.9.1.2.3 _Additional regulatory measures in the EU and by some MS

In addition to the implementation of OELs, either in the EU as a whole or in some MS additional
measures where introduced in order to improve working standards during use or improve the
risk control. A summary of known regulations is shown in Table 16.

Table 14: Occupational exposure limit values (8 hours) for diisocyanates in various Member
States of the EU. Values are given in ppb unless otherwise stated.

A BE D F DE HU IE# IT LV PL E S UK
T K R S E
TDI 5 5 5 10 |5 0.001 | 20 0.05 0.007 | 5 2
mg/m mg/m | mg/m
3 3 3
MDI 5 5 5 10 | 0,05 0,05 0.02 0.03 5 2
mg/m | mg/m | mg/m mg/m
3 3 3 3
HDI 5 5 5 10 |5 0.035 [ 5 1 0.05 0.04 5 2
mg/m mg/m | mg/m | mg/m
3 3 3 3
IPDI 10 |5 5 10 |5 5 0.04 5 2
mg/m
3
NDI 10 5 10 | 0,05 0,09 5 2
mg/m mg/m
3 3
TMXDI 5 0.05 5 2
mg/m
3
HMDI 5 5 5 5
NBDI 5
~Poly-meric 0:0/5
MDI"$ qo/m
Diisocyanate 0.02 2
s mg/m
3
Isocyanates, 0.02 ,
all (as - mg/m
NCO)

Data are taken from the database “"GESTIS - International limit values for chemical agents (Occupational
exposure limits, OELs)”, which is maintained by the German Social Accident Insurance (DGUV). URL:

http://limitvalue.ifa.dguv.de/, last update April 2015, accessed May 2015.
# as NCO

$ calculated as MDI (TRGS 900, Issued: January 2006. BArBIl Heft 1/2006 S. 41-55. last time changed
and extended : GMBI 2015 S. 139-140 V. 2.3.2015 [Nr. 71

§ Except methyl isocyanate (HSE 2013, available at http://www.hse.gov.uk/pubns/priced/eh40.pdf, accessed
May 2015)

B.9.1.2.4 Other additional measures or initiatives

Apart from these formal regulations, additional actions were taken in some Member States to
address specific problem situations or to try to improve general standards.
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In the UK HSE put a considerable effort in investigating the use of diisocyanates in
spray painting for car refinish and came up with valuable instruction material to
improve awareness and handling standards of workers (HSE, 2014).

In the Netherlands problems reported during the insulation of house crawlcellars using
MDI based polyurethane spray foams got wide spread attention (Nuon, 2013).
Occasionally, inhabitants of the houses being treated reported respiratory problems
after reoccupation. Up to now it remains unclear if these problems were caused by the
Isocyanates or by other substances used in the formulation and/or errors during
application. However, following these problems a country-wide voluntary certification
system was introduced for companies applying such spray foams that improved
protective measures and work quality.

Similar problems, discussions and measures are reported from the USA.
https://www.buildinggreen.com/blog/epa-raises-health-concerns-spray-foam-

insulation ; (California EPA, 2014), resulting in a strict working code

http://www.sprayfoam.org/
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Table 15: Short-term occupational exposure limit values for diisocyanates in various Member States of the EU. Values are given in ppb unless
otherwise stated.

AT | BE | DK | FR FI DE HU IE # IT PL ES | SE* | UK

TDI 20 | 20 | 10 20 5# 0.035 0.003 0.01 0.021 20 | 5 0.01

20" mg/m?3 mg/m3 mg/m?3 mg/m?3 mg/m3
MDI 10 10 20 0,05 mg/m?3# 0.05 0.07 0.09 5

0,1 mg/m3” mg/m?3 mg/m?3 mg/m?3
HDI 5 10 20 5# 0.035 0.08 5

10" mg/m3 mg/m3
IPDI 20 10 20 5#

10"
NDI 20 10 20 0,05 mg/m?3# 0.09 5

0,1 mg/m3” mg/m?3
TMXDI 10 10 5
HMDI 5 10 50 | 5
~Polymeric MDI" ¢ 0,05 mg/m3#

0,1 mg/m3*
HDI, prepolymer 1

mg/m3
Diisocyanates 0.07 5
mg/m3

Isocyanates, all 0.035 0.07
(as -=NCO) mg/m?3 mg/m3 8

# 15 Min

* ceiling limit value

$ $ calculated as MDI (TRGS 900, Issued: January 2006. BArBl Heft 1/2006 S. 41-55. last time changed and extended : GMBI 2015 S. 139-140 v. 2.3.2015
[Nr. 7D
§ Except methyl isocyanate (HSE 2013, available at http://www.hse.gov.uk/pubns/priced/eh40.pdf, accessed May 2015)
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Table 16: European and national regulations related to diisocyanates

occupational health
educations
(Bekendtggrelse om
arbejdsmiljgfaglige
uddannelser, BEK nr.
1088 af 28/11/2011)

Regulation ﬁla:t/:ional Substance concerned Description (short)
Annex XVII of EU 2,2'-MDI, 2,4'-MDI, 4,4'- Protective gloves mandatory for
REGULATION MDI and mixes of MDI supply to the general public.
1907/2006 isomers (CAS-number Not for hot melt adhesives
2536- 05-2,
5873-54-1, 101-68-8 and
26447-40-5).
COMMISSION RECOM- EU MDI (CAS-number 26447- Employers using MDI for uses
MENDATION 40-5), which in the identified as a concern in the EU
2008/98/EC of 6 underlying risk assessment | risk assessment (2005) should
December 2007 on risk is assumed to address all take note of any sector specific
reduction measures for MDI isomers. guidance developed at national
a number of level based on the practical non-
substances, including binding guidance, to be
MDI published by and available from
the Commission as foreseen
under Article 12(2) of Council
Directive 98/24/EC (3)
COMMISSION REGULA- | EU CAS-number: 91-08- 7 It is required that isocyanate
TION (EU) No 10/2011 (2,6-TDI), CAS- number: migration from plastic
of 14 January 2011 on 584-84-9 (2,4-TDI) , CAS- packaging should not be
plastic materials and number: 101-68-8 (4,4'- analytically detectable in the
articles intended to MDI) and CAS- number: food, and that the content of
come into contact with 5873-54-1 (4,4'-MDI) isocyanates in the food plastic
food TDI dimers and other material must not exceed 1
isocyanates are listed as mg/kg in the final product
well expressed as isocyanate moiety
Primary aromatic amines
formed by hydrolysis of
isocya- nates (MDI and TDI
can form primary aromatic
di-amines)
REGULATION (EC) No EU 2,4-TDI, 2,6-TDI and mixes | Included in Annex II (LIST OF
1223/2009 OF THE thereof (CAS-numbers: SUBSTANCES PROHIBITED IN
EURO- PEAN 584-84-9, 91-08-7 and COSMETIC PRODUCTS)
PARLIAMENT AND OF 26471-62-5)
THE COUNCIL of 30
November 2009 on
cosmetic products
COMMISSION RECOM- EU Isocyanates Recommends Member States to
MENDATION of 19 implement provisions for
September 2003 scientifically recognised
concerning the occupational diseases liable for
European schedule of compensation and subject to
occupational diseases preventive measures with
reference to Annex I.
Annex I, item 1 (Diseases
caused by chemical agents) lists
"Isocyanates".
Executive order on DK Isocyanates Specifies that work with

isocyanates requires certificate
from specific training. It is
specified which skills must be
obtained via this education and
who can provide the training.
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Regulation EU/ . Substance concerned Description (short)
National
Chemical hazards in the | SE Isocyanates In the framework of provisions
working environment for working with chemicals,
AFS 2014:43 describes specific duties for
isocyanates (a.o. training
certificate)
Work Environment SE Thermoset resins, including | Rules for working with
Authority on isocyanates thermoset resins, including
thermosets and general isocyanates
advice on the
application of
Regulations
AFS 2005:18

Note: Many specific Danish regulations in (Mgller Christensen et al., 2015)

B.9.1.3 Summary of the effectiveness of the implemented operational conditions
and risk management measures

When assessing the exposure estimations given in the CSRs there are some principal concerns
to be raised. It is the registrants obligation?* to describe in the exposure scenarios how the
manufacturer (or importer) controls, or recommends downstream users to control exposures
of workers.

The exposure estimates in the registration dossiers for MDI, TDI and HDI are mostly based
on large sets of data which are deemed to be of good quality and also representative for
situations with good industrial hygiene and good practise (Polish CA, 2013). However, as the
role of exposure assessments in the CSRs is to demonstrate how substances can be used
safely, by definition, exposure assessments within CSRs are limited to situations with good
occupational hygiene and technical standards. In addition, the respective risk management
measures taken into account often include and rely on correct use of personal protective
equipment (PPE). This is completely fine for the sake of the registration dossiers, where it has
to be demonstrated how substances can be used safely. But it is a well-known fact that
effectiveness of PPE highly depends on that it is used correctly. Also, use of PPE often
constitutes an additional burden for the wearer or can pose risks on its own. Therefore,
reliability of PPE is highly prone to failure and variation in effectiveness by factors such as
deliberate or negligent wrong (or non-)use.

While exposure assessments in the CSRs reflect situations with good occupational hygiene
standards, they do not cover some maybe more realistic workplace practises, where
effectiveness of PPE is often questionable. For this reason some of the assumptions and
estimates in the CSRs are deemed to be overoptimistic in terms of that they do not (as they
do not have to) represent all of the actual workplace situations, where isocyanates are
handled often in a less than ideal way.

Although in some cases there may be room for further improvement with respect to technical
measures for risk control, these cannot simply be generalised. The DS considers it to be
beyond the scope of this dossier to address technical aspects of all possible uses in full detail.

Moreover, video-clips can be found in the internet, which have supposedly been created as a
kind of advertisement for PU products and treatments, which still show considerable
deficiencies in how diisocyanates are handled, in spite of available technical measures and

24 Regulation (EC) No 1907/2006; Annex I, 0.7.
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protective equipment. This suggests that in practice risks are more related to behaviour than
to the non-availability of technical measures.

Assessing the effectiveness of implemented operational conditions and RMM is usually done
by comparison of exposure data before and after a specific measure was applied.
Unfortunately these kinds of data are rarely available. However a limited number of studies
followed this approach are described in the following paragraphs.

Tinnerberg et al. for example assessed the exposure to isocyanates in 13 Swedish industry
plants in 2000. Particularly high exposure levels were measured in a foaming plant with a
median value of 62.9 ug/m3 of total TDI in the personal air samples (Tinnerberg and Mattsson,
2008). However, the measurements were repeated in 2005 after technical improvements
were made to reduce the exposure at that plant. The measures included replacement of a
semi-enclosed foaming tunnel by an enclosed one and a more airtight system with increased
ventilation but also a reduction of amine in the mixture to slow down the reaction. The results
from the measurements in 2005 were around 80 % lower compared to the exposure levels in
2000, with a median value of 12.5 pg/m3 in 2005. The study also included biological
monitoring of biomarkers in the plasma of the workers (P-2,4-TDA and P-2,6-TDA). The
effects of the implemented exposure reduction measures were even more pronounced when
comparing the median values of the biomarker concentrations in plasma of workers from
2000 with those from 2005, the latter being around 90 % less of the previous median values.
The median plasma concentrations of P-2,4-TDA were 7.0 mg/mL in 2000 compared to 1.0
ng/mL in 2005 and the corresponding median plasma concentrations of P-2,6-TDA were 30.8
ng/mL in 2000 and 4.0 ng/mL in 2005. Although the study has some limitations mostly due
to the limited sample size it can serve as an example to illustrate the potential for exposure
reduction when facilities are at a technical level at or near to the state of the art.

Another study found highly relevant with respect to effectiveness of worker training in
controlling exposure was published by Jones, Cocker and Piney (Jones et al., 2013). The
authors compared exposure measurement data based on biological monitoring from the motor
vehicle refinish industry in the UK before and after spray painters participated in trainings.
These trainings were so called Safety and Health Awareness Days (SHADs) with the aim to
improve the understanding and to increase the awareness of the hazards and risks associated
with isocyanates and to give advice on controlling exposure especially during spray painting.
The SHADs were organised as half-day events and the key messages were repeated in a
variety of different ways by combining diverse media such as showing explanatory videos,
working model demonstrations, oral presentations as well as performing drama by
professional actors. For example, it was found that lifting up the visor of the respiratory
protective equipment (RPE) immediately after spraying is a common workplace practice of
sprayers to check the quality of the paint finish (Clayton and Baxter, 2015). While spray mist
is still present in the workplace environment these periods of visor lift lead to decrease of the
reduction efficiencies of the RPE dramatically and can be effectively seen as periods of non-
wear. After the SHADs the participants were offered to take a biological monitoring sampling
kit free of charge and were instructed to provide the urine samples within an hour of the end
of the spraying activities. Overall 995 urine samples from spray painters were received after
taking part at a SHAD and analysed for the levels of HDA as the metabolite of HDI in urine.
The results were statistically evaluated and compared to results of biological monitoring
measurements prior to the SHADs. The overall levels of HAD were significantly lower in spray
painters following SHADs than from the previous HSE samples. These lower levels were also
maintained over the following years. The 90 percentile value of urinary HAD concentrations
was 1.34 umol/mol creatinine for the pre-SHAD data and 0.68 pmol/mol creatinine for the
post-SHAD averaged over the following four years indicating an effective reduction of
exposure by around 50 %. The 90t percentile value of the measurements directly after the
SHADs was 0.60 pmol/mol creatinine. The authors concluded that the weight of evidence
suggests that trainings (SHADs) were influential.
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The same conclusion was drawn in a subsequent study by Stocks et al. (Stocks et al., 2015).
The authors compared the trends in incidence of work related asthma and in urinary HDA
levels in motor vehicle refinish workers in UK and found that the number of samples with
detectable levels of HDA in urine declined significantly from 2006 to 2014 and was lower in
the samples submitted through the SHADs. However, they also reported an increase between
2013 and 2014 in the number of samples with HDA detected and those with HDA levels over
the guidance limit. In the opinion of the authors the implication is that the impact of the
SHADs might be fading and that refresher training could be valuable.

B.9.2 Manufacturing
A description of the general processes involved is given in section B.2.1.1 of the dossier.
B.9.2.1 Occupational exposure

As the manufacture of diisocyanates involves the conversion of diamines with phosgene (and
owing to the dangerous properties of isocyanates themselves) the production processes are
carried out in high integrity closed systems. Occupational exposure to diisocyanates is
generally considered to be low at this stage as long as the manufacturing processes run under
normal operating conditions. This appraisal is corroborated by occupational exposure data in
the exposure scenarios for MDI and TDI published by ISOPA (ISOPA, 2012; ISOPA, 2014).

Table 17 presents the ranges of the exposure estimates for MDI, TDI and HDI taken from the
CSRs. The ranges cover the exposure estimates of the contributing scenarios within the
scenarios “Manufacturing” of the respective diisocyanate. All of the exposure estimates are
based on data from occupational hygiene measurements and represent the 90 percentiles
of the respective datasets.

Table 17: Long term inhalation exposure ranges (mg/m3) for the exposure scenarios
“Manufacturing” of MDI, TDI and HDI, taken from Registration Dossiers

MDI TDI HDI
0.0056 - 0.029 0.005 - 0.032 0.003 - 0.0235

B.9.3 Use in manufacture of polyurethanes and PU composite materials

This is the use with the highest volume. Occupational exposure often takes place on a regular
basis and can be expected to be frequent while also exposure control measures by technical
engineering are often applied and exposure levels can be expected to be moderate.

B.9.3.1 General information

As mentioned before manufacture of polyurethanes is the by far predominant use of
diisocyanates and in a certain sense almost all of the other uses can be subsumed as special
uses / applications of polyurethanes (such as polyurethanes in foam applications, coatings,
adhesives etc.). Nevertheless, for the exposure assessment a differentiation in some selected
scenarios / applications linked to potentially high exposure is considered appropriate.
Manufacture of block foam in continuous slabs will be discussed separately. However, as foam
moulding is considered to take place in more closed systems (moulds) this use is also
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considered as part of the manufacture of polyurethanes and the respective exposure data will
be presented within this use.

To produce polyurethanes the diisocyanates are reacted with macropolyols and/or other
polynucleophiles and usually optional additives like catalysts, surfactants, stabilizers, flame
retardants and the like. The polyaddition of isocyanates with the nucleophiles is a highly
exothermic reaction. Depending on the reaction quantities and conditions, the temperature
can increase considerably during the process. The chemical equation below exemplifies the
general mechanism the reaction (based on a simple single phase PU, which is just one species
of diisocyanate and polyol are reacted):

(0] O
n 0=C=N-R-N=C=O0 + n HO-R-OH - *%CNRNCOR'O%*
H H n

Usually the reaction is largely completed within seconds up to 30 minutes, whereby the
isocyanate groups form urethane bonds with the polyol in the polymer backbone. However,
the final curing and post-curing of polyurethanes, where exposure to unreacted isocyanates
is still possible may take up to 72 h.

As mentioned above, the reaction of isocyanates with polyols or amines is a highly exothermic
process. Therefore, especially when high volumes of diisocyanates are reacted to produce
polyurethanes, a significant increase in temperature of the reaction mass can be assumed.
This also affects the potential for exposure since the vapour pressure may rise significantly.

B.9.3.2 Exposure estimation

B.9.3.2.1 Workers exposure

MDI

MDI is the diisocyanate with the highest market volume and also the diisocyanate with the
highest volume in the manufacture of PU and PU materials.

Inhalation exposure

Occupational exposure data from the European Diisocyanate and Polyol Producers
Association (ISOPA)

The data published by ISOPA in the document “MDI: Final Exposure Scenarios in the e-SDS
format” were clustered at request of the consortia by TNO following the life cycle tree of MDI
(ISOPA, 2012). The overall eight clustered exposure scenarios are based on the respective
CSRs for MDIs. From this ISOPA document following exposure scenarios are taken into
account for the use of MDI in manufacture of polyurethanes and PU composite materials in
manufacture of polyurethanes and composite materials. Both, industrial uses [SU 3] and
professional uses [SU 22] are considered:

e Exposure scenario cluster 2: Use of MDI for Manufacturing of other Substances and
Formulation (including Resin Manufacture), Repackaging and Distribution

e Exposure scenario cluster 3 B): Industrial use of MDI in Elastomers, TPU, Polyamide,
Polyimide and Synthetic Fibres and Manufacturing of other Polymers

e Exposure Scenario cluster 5: Industrial use of MDI for Composite Material Based on
Wood/Man-made/Mineral/Natural Fibres
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e Exposure Scenario cluster 6: B) Industrial use of MDI in Other Composite Material

e Exposure Scenario cluster 7: Professional end uses of MDI
D) Composite material based on wood/manmade/mineral/natural fibres, professional
use
E) Other composite material, professional use

The exposure estimates in the exposure scenarios are based on occupational hygiene
measurement data. The exposure levels were assigned to the different PROCs according to
the use descriptor system. According to the CSRs the 90t percentile values of the exposure
distributions were used. Where no data could be found, that seemed to fit the purpose for a
specific PROC, the value of another PROC was taken instead, that was considered to be similar
but also more conservative. Due to the general approach of the statistical analysis the same
values were assigned to the respective PROCs in all of the exposure scenarios and for the
different MDI isomers. For the long term inhalation exposure they range from 0.002 mg/ms3
to 0.029 mg/m3 for ES 2, 3 B, 6, 7 D and E and up to 0.038 mg/m3 for ES 5. In case of the
short term inhalation exposure the values range from 0.003 mg/m3 to 0.058 mg/m3 and
0.076 mg/m3, respectively. The highest exposure estimate values (0.029 mg/m3 for long
term and 0.058 mg/m3 for short term inhalation exposure) are allocated to PROC 8a and 8b
(transfer of substance or preparation (charging/discharging) from/to vessels/large containers
at non-dedicated facilities and at dedicated facilities), and also to PROC 5 (mixing or blending
in batch process) for most of the contributing scenarios within the exposure scenarios relevant
for this use. In exposure scenario 5 the highest exposure value of 0.038 mg/m3 is allocated
to PROC 2.

Occupational exposure data from the German Social Accident Insurance (IFA)

Measured workplace exposure data from Germany have been evaluated in a study by the
Institute for Occupational Safety and Health of the German Social Accident Insurance (IFA,
2010). The data have been gathered from 2000 to 2009 and were documented in accordance
to the measurement system of the German Social Accident Insurance Institutions for
exposure assessment (MGU) (Gabriel et al., 2010). Overall, a total of 6294 measurement
data for MDI (4484 for 4,4’-MDI and 1810 for 2,4'-MDI) have been evaluated according to
industry groups as well as work area groups. Since this assignment of measurement data to
industry groups and area groups does not follow the use classifications in the registration
dossiers, a simple one-to-one translation / allocation of the MEGA data to the registered uses
(see Table 5) is not possible. However, Table 18 provides an extract of the statistical
evaluations of the measurement values for MDI for those work area groups thought to fit to
the use description "manufacture of polyurethanes and PU composite materials” based on
expert judgement of the DS. The data are representative for more than six hours of time of
exposure.

Occupational exposure data from the Health and Safety Executive of the United
Kingdom (HSE UK)

In the course of the dossier preparation the DS asked the other MSCAs for data regarding the
exposure to isocyanates. From the UK HSE some air monitoring data as well as biological
monitoring data from HSE’s National Exposure Database (NEDB) were provided.

However, due to the confidential nature of the data provided, the following statement has to
be included to this section:

‘The data is not representative of any industry partly due to bias in selection of the sites where
data has been collected and is determined by HSE interest in specific substance or process.
Most of the data was collected between 1986 and 1993 after which the rate of data collection
reduced significantly. It should be noted that NEDB itself has an inherent bias, in that HSE
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Specialist Occupational Hygiene Inspectors as part of their enforcement duties obtained
approximately 90 % of the samples. Consequently, a tendency towards high levels of
exposure would be expected, as companies with no perceived problems were generally not
sampled. Even so, NEDB still contains many samples indicating low exposure (<25 % of the
appropriate occupational exposure limit), so the actual bias is not as large as would be
expected. Whether or not NEDB should be considered as containing worst case data is
debatable, but it cannot be regarded as being truly representative of occupational exposure
in Great Britain given that it does not come from a random selection of workplaces and
circumstances.’

Out of the air monitoring data (with overall 450 measurement entries) 26 measurements
were attributable to exposure to MDI in manufacture of polyurethane (13 of which were long
term personal and 13 long term static (background) samples). The MDI concentrations of the
personal measurements were in a range from 0.09 to 32.8 pyg/m3 while the static samples
ranged from 0.07 to 5.64 ug/ms3.

Table 18: Overview of the statistical evaluation from MEGA database for MDI, data period
2000-2009 (IFA, 2010)

Work No. of Arithm. 75t per- | 90t per- | 95t per-
area measured | mean centile centile centile

| group LEV data (mg/m3) | SD (mg/m3) | (mg/m3) | (mg/m3)
Moulding Yes 22 0.00482 0.00988 0.002 0.018 0.0229
4,4’-MDI No 11 0.00364 0.0059 LOQ 0.0127 0.0154
Moulding Yes 13 0.00131 0.000855 | LOQ 0.002 0.0027
2,4’-MDI
Foaming Yes 141 0.00162 0.00264 LOQ LOQ 0.005
moulds No 56 0.00107 0.000322 | LOQ LOQ 0.002
4,4’-MDI
Foaming Yes 52 0.00107 0.000384 | LOQ LOQ 0.002
moulds No 14 0.001 LOQ LOQ LOQ
2,4’-MDI
Casting Yes 82 0.00293 0.00529 0.002 0.005 0.0108
4,4’-MDI No 54 0.00105 0.000176 | LOQ LOQ LOQ
Casting Yes 39 0.00106 0.000366 | LOQ LOQ LOQ
2,4’-MDI No 26 0.0011 0.000246 | LOQ LOQ LOQ
Pressing, Yes 38 0.00716 0.00126 0.006 0.0174 0.028
extrusion No 11 0.00145 0.00151 LOQ LOQ 0.00325
4,4’-MDI

Abbreviations:

LOQ limit of quantification

LEV local exhaust ventilation

Arithm. Mean arithmetic mean

SD arithmetic standard deviation

Data from literature

Kaaria et al. conducted a comparative air and biological monitoring study at three Finnish
factories where MDI was used in moulding rigid PU foam as parts for insulation of refrigerators
(Kaaria et al., 2001). The moulding process was done by injecting the MDI and polyol
components through a mixing head directly into moulds. Hence the foaming process
completely did take place inside the moulds and exposure to MDI was most likely limited to
either the MDI resin of the final PU panels. For this reason, the study is discussed in this
section (use in manufacture of PU) instead of the following chapter (use in manufacture of
foam). Exposure to MDI was measured for 57 workers by overall 205 personal air
measurements and 70 stationary samples. 131 of the personal (64 %) and 49 of the
stationary (70 %) air samples were below the limit of detection of 0.03 pg/m3. The overall
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measured levels of airborne MDI were low, ranging, as far as quantifiable, from 0.3 to
3.3 pg/m3. No further analysis of the stationary air samples was presented in the study,
besides that the measured stationary concentrations were less than 0.5 % of the Finnish OEL
of 35 ug/m3 for isocyanates (expressed as NCO groups). The results of the biological
monitoring will be discussed later in the respective section of this chapter.

Sennbro et al. surveyed airborne isocyanate exposure in Swedish PU industries at 13 plants
handling diisocyanates / polyurethanes (Sennbro et al., 2004). Out of the presented data in
this study only one plant seems to fit the use of MDI in manufacture of polyurethane and PU
materials (plant M1). The measured 8 h TWA levels of MDI in this plant ranged between 0.042
Mg/m3 to 7.8 ug/m3 (median 3.74 pg/ms3).

Creely et al. assessed worker inhalation and biological exposure to isocyanates in
polyurethane industry sectors in the UK (Creely et al., 2006). The study included 22
companies using isocyanates for moulding PU products, insulation material as well as
industrial painting. The companies were selected by being judged to be only using good
working practices. 70 personal air samples and corresponding urine samples were taken and
analysed during the study. The results of the air monitoring were generally low, with only 20
samples showing concentrations above the limit of quantification (LOQ) of 0.001 mg/m3. Out
of the selected companies 14 used MDI in the manufacture of PU materials. The exposure
levels for these companies range between below the LOQ up to 0.0072 mg/m3 of total NCO
content. Results of the biological monitoring will be discussed later.

Brezeznicki and Bonczarowska conducted a study on air concentrations of selected
isocyanates in Polish industry (Brzeznicki and Bonczarowska, 2015). Measurements of 4,4'-
MDI, HDI, 2,4-TDI and 2,6-TDI exposure were carried out in 21 manufacturing plants, which
were differentiated according to the isocyanates used, the types of production and the
activities of workers. It seems plausible to subsume five of the 21 manufacturing plants to
the group of “use of MDI in manufacture of polyurethanes and PU composite materials”
(namely plant A, O, R, T, and, with reservation, E; as coded in the original article). Without
consideration of spraying activities, which will be discussed separately, the measured
concentrations of MDI range between below the limit of detection (0.60 ug/m3) to 3.3 pug/m3.
The authors pointed out that while the concentrations of analysed MDI in the study were low,
possibility of additional adsorption through the skin cannot be excluded but remained outside
the scope of this study.

Table 19 provides an overview of the inhalation exposure levels to MDI according to the
sources above. (The data from IFA do not provide values for the total isocyanate
concentrations but only for the respective isomers, i.e. 4,4’-MDI and 2,4'-MDI were evaluated
separately).

Table 19: Overview of inhalation exposure levels to MDI in manufacture of PU and PU
composite materials (in pg/m3)

CSRs (IFA, HSE UK (Kaarid et | (Sennbro (Creely et | (Brzeznicki and
2010) al., 2001) et al., al., 2006) | Bonczarowska,
90t perce 2004) 2015)
ntile

2.0-29.0 | LOD-18.0 0.07-32.8 | 0.3-3.3 0.04-7.8 LOQ-7.2 LOD-3.3
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Dermal exposure

Data from the Registration Dossiers

Potential for dermal exposure to MDI is almost always given when liquid or uncured materials
are handled. Assessment of the dermal exposure in the CSRs for MDI were either done
qualitatively or based on the estimates reported in the EU RAR (Belgian CA, 2005) which were
calculated with the EASE model. In case of the qualitative assessment the likelihood and
frequency of dermal exposure were assessed in four categories: very low, low, medium and
high. The assessment was carried out taking account of the use of personal protective
equipment (PPE) like suitable chemical resistant gloves, eye protection and coveralls. For this
assessment it was assumed that dermal exposure due to formation of aerosols or splashing
could only occur for PROCs 7, 10, 11 and 24 and suitable skin and specific eye protection is
recommended always for these PROCs. For all other PROCs the registrant concluded that
aerosol formation or splashing is generally unlikely. Assuming that personal protective
equipment is used properly, there are only allocations of PROCs to "“very low
likelihood/frequency of actual skin exposure” (for PROCs 1, 2, 3, 8b, 9, 14, 15, 21, and 24)
and “low likelihood/frequency of actual skin exposure” (for PROCs 4, 5, 7, 8a, 10, 11, 13) in
the qualitative assessment of dermal exposure in the CSR. The estimated intensities of
exposures (according to the CSRs where quantitative estimates were made) are 0.73 mg/cm?2
for PROC4, 0.42 mg/cm2 for PROCs 5, 7, 8a, 10, and 13 and 0.17 mg/cm?2 for PROC 11.

As mentioned above, the role of the exposure assessments in the CSRs is to demonstrate the
safe use of substances and how a situation is controlled when all risk management measures
are applied correctly. Therefore, they are deemed to be only representative for workplaces
with good work practise and high level of occupational hygiene. Assuming that such standards
are met by all workers dealing with isocyanates is highly questionable at the least. Therefore,
the dossier submitting CA considers following PROCs associated with a high likelihood of
dermal exposure: PROC 6, 7, 8a, 10, 11, 13, 17, 19, 23 and 24 and PROC 4 with a medium
likelihood of dermal exposure. Specifically, the qualitative assessment for likelihood of dermal
exposure is different from the CSRs for PROCs 4, 7, 8a, 10, 11, 13 and 24.

Data from literature

Petsonk et al. surveyed the respiratory health in a case study of 214 workers (out of 276) at
a newly built MDI plant (Petsonk et al., 2000). Despite that the plant was designed with the
goal of minimizing airborne concentrations of MDI a high proportion of the workers reported
development of new asthma-like symptoms. To evaluate the prevalence of cases, firstly the
potential for exposure to MDI for the workers was assessed by questionnaires. Based on the
answers from the workers given, work areas were assigned to low exposure potential when
less than 20 % of workers reported potential exposure to liquid MDI resin for these areas
(namely office and outside). Intermediate exposure potential was assigned to work areas,
where 20-50 % of workers reported exposure (handling with products) and high exposure
potential, where more than 50 % of workers reported exposure to liquid MDI resin. It was
found that skin staining with MDI highly correlated with development of new asthma-like
symptoms, as 11 of 21 workers (57 %) who reported MDI skin stains also reported asthma-
like symptoms at follow-up. In areas with the highest potential for exposure to MDI resin
asthma-like symptoms developed in 15 out of 56 affected workers (27 %), while no new
asthma symptoms were reported for the areas with the lowest potential exposure (out of 43
workers). Air measurement data was not available from the period of the study, but seven
months after the last health survey six personal breathing zone measurements and one wipe
sample of a workers glove were performed. While all of the air samples were below the
detection limit the glove sample had a measurable quantity of MDI. The authors concluded
that dermal exposure to MDI (e.g. during cleaning of the MDI blender of cleaning up spills)
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was associated with new-onset asthma-like symptoms and that the skin is a potential site for
sensitization and development of respiratory symptoms.

Henricks-Eckerman et al. measured dermal exposure to and dermal uptake of MDI among
workers manually handling MDI-urethanes in Finland (Henriks-Eckerman et al., 2015). The
dermal exposure measurements were carried out by three consecutive tape-strip samples at
four sites of the dominant hand and arm of the workers (skin area 10 cm?2) and subsequent
analysis. The measured amounts of MDI on the workers hands ranged from below 0.1 to
17 ug/10 cm2 but were below 2 ug/10 cm?2 for nearly all workers despite great variations in
glove usage and working methods. Mean concentrations were below 1 ug/10 cm?2 for all
workers for all skin sites except the palm and were below 0.1 ug/10cm2 when chemical
protective gloves were worn. The highest median concentrations were measured on skin of
workers without gloves, which was seen as a proof for the efficiency of chemical protective
gloves in reducing dermal exposure by the authors. The outstandingly high exposures of 8.15
and 17 ug/10 cm?2 were attributed to accidental situations where no protective gloves were
used and there was direct contact to the chemical. Inhalation exposure was also determined
and ranged from 0.08 to 0.8 pg/m3 when workers did not use respiratory protection. Dermal
uptake of MDI was evaluated in the group of workers with the highest exposure with biological
monitoring by comparison of the MDA excretions in urine of those workers who were working
with respiratory protection equipment and those without. The MDA concentrations in urine
were in the range of 0.1 to 0.2 pmol/mol creatinine during the work period and were below
0.1 umol/mol creatinine during the days off. However, the authors pointed out that the
studied group was too small to allow statistically significant findings in mean concentrations
that could be linked to the different exposure routes.

Biological monitoring

Data from literature

As already discussed in the context of inhalation exposure, Kaaria et al. conducted a
comparative study of MDI inhalation exposure and urinary biomarkers (MDA) among
57 workers in Finland who were manufacturing rigid PU foam parts by moulding (Kaaria et
al., 2001). Despite that the measured levels of MDI in the air were generally very low and
below the detection limit for 64 % of the personal samples, MDA was detected in 97 % of the
urinary samples, ranging from 0.015 to 1.38 nmol/mmol creatinine. The mean concentrations
ranged between 0.12 to 0.20 nmol/mmol creatinine and the median concentrations between
0.04 to 0.12 nmol/mmol creatinine. The highest concentrations were found in the post-shift
samples. For control, the urinary MDA levels of eleven non- exposed workers were also
measured and ranged from 0.012 to 0.022 nmol/mmol creatinine.

The biological monitoring part of the study by Creely suggested similar findings (Creely et al.,
2006). Despite that the measured levels of airborne exposure for most of the PU tasks (not
involved spraying) were very low (50 out of 70 personal samples were below the LOD) and
although the companies were selected by having good working practise, urinary isocyanate
metabolites were detected in the majority of the samples (37 out of 70), ranging between the
LOD and 12.64 umol/mol creatinine (mean total isocyanate level for all samples was 0.29
pmol/mol creatinine). 23 of the samples were above the agreed biological monitoring
guidance value for isocyanate metabolites in urine in the UK, set at 1.0 pmol urinary diamines
per mol creatinine. The highest biological monitoring results were found at the task “mixing
and casting” (12.64 pmol/mol creatinine; median 5.24 ymol/mol creatinine), “semiautomatic
moulding” (4.80 pmol/mol creatinine; median 1.85 pmol/mol creatinine), “resin application”
(3.91 pmol/mol creatinine; one sample) and “glazing” (1.09 pmol/mol creatinine; median
0.91 pmol/mol creatinine). The authors highlighted the finding that urinary metabolite levels
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for workers with observable dermal contamination were over two times that of workers that
did not have evident skin exposure. Isocyanate metabolites were also present in several
samples of workers using control measures (RPE, ventilated work areas and gloves). In
particular the effectiveness of protective gloves in providing adequate protection was found
to be questionable since many companies used unsuited gloves that were a compromise
between chemical protection and minimal limitation of dexterity and where dermal exposure
was evident.

Robert et al. conducted a biological monitoring study among workers exposed to MDI in
19 French PU industries, ranging from medium sized enterprises to large factories (Robert et
al., 2007). The study covers various industrial processes and uses of MDI like moulding, but
also spraying and continuous foaming.?> All of the workers investigated were classified
according to the potential for exposure into three categories (high (I), medium (II) and low
(III)) by assessment via questionnaires. The types of processes run in the workplaces were
also classified into enclosed, open and speciality processes. Urinary levels of MDA were
measured for 169 exposed workers as well as for 120 not exposed workers as a control group.
Detectable levels of MDA were found in 73 % of all of the post shift samples, ranging from
<0.10 ug/L (LOD) to 23.60 pg/L, while the levels of MDA in the control group ranges from
below the detection limit to 0.08 pg/L. Some further findings according to the authors of the
study were:

= The type of process is a key determinant when assessing the exposure: the highest levels
of urinary MDA were linked to spraying operations and hot processes.

» The degree of automation had a major influence on the urinary MDA levels of the workers.
It was significantly lower in factories with automatic operations than for those with
manual.

= Surprisingly, data for enclosed processes were higher than those of open processes. The
authors explained this result by the fact that the sensation of safe workplace design leads
to lower / lacking precaution for skin contamination.

= Neither the quantity of the MDI containing product handled nor the concentration of MDI
in the products were found to have big impact on the urinary MDA levels of exposed
workers.

= Skin exposure (both, to MDI monomer or to PU resin during curing) was always linked to
significantly higher levels of urinary MDA. The authors recommended that freshly made
PU should therefore be handled with care.

= Use of PPE appeared to be based on personal choice and large variation among workers
was found even in the same facilities.

Gries and Leng developed an analytical method to determine a specific MDI marker (ABP-Val-
Hyd) in human blood at very low concentrations (Gries and Leng, 2013). The method was
tested by measuring blood samples of 25 workers exposed to MDI in a MDI plant and 40 non-
exposed workers as a control group. The samples were also tested for MDA in blood. In
addition the workers’ MDA levels in urine were determined. It was found that the ABP-Val-
Hyd marker could be detected in 22 of the 25 samples from exposed workers, ranging from
below the LOD up to 16.2 pmol/g. MDA in blood was found in just eight of the samples and
the ratio of ABP-Val-Hyd adducts to MDA was calculated where possible, with a mean ratio of

25 Since the evaluation of workers exposure was carried out over all industries and uses of MDI according
to the generic potential for exposure (as high, medium or low levels of exposure) it is not possible to
further differentiate the results of the study according to the scheme of uses as presented in the context
of this dossier.
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16.9 (£ 4.8) of ABP-Val-Hyd to MDA in blood. MDA in urine was detected in 14 out of 22
samples of exposed workers. The urinary MDA levels were ranging from below the LOD to
125 nmol/g creatinine.

Tinnerberg et al. investigated the utility of urinary samples after two days of non-exposure
(Monday morning urine) as long-term measure of exposure at three plants in Sweden
(Tinnerberg et al., 2014). One of the plants manufactured rigid PU products by manual mixing
and moulding of MDI, TDI and NDI. Of the 16 workers employed at this plant twelve were
measured for personal airborne exposures and the detected levels were between 0.04 and
9.7 pg/m3 for 4,4’-MDI. Corresponding biomarkers (MDA) in urine and in plasma were
measured for nine workers. MDA levels in urine were in the range from 0.5 to 8.4 ng/mL with
a median concentration of 0.7 ng/mL and MDA levels in hydrolysed plasma ranged from 0.4
to 19.4 ng/mL (median 0.7 ng/mL). The high correlation found between adduct levels in
plasma and the urinary levels of MDA showed in the authors’ opinion that urine samples
collected after two days of non-exposure (Monday morning urine) could be used as long term
biomarker.

The data from literature on ranges of biomarkers of MDI exposure are summarized in Table
20.

Table 20: Overview of biological monitoring data for MDI in manufacture of PU and PU
composite materials

(Kaaria et al., (Creely et al., (Robert et al., (Gries and (Tinnerberg et
2001) 2006) 2007) Leng, 2013) al., 2014)
0.015-1.38 LOD - 12.64 LOD - 23.60 ug/L | LOD - 16.2 0.5 - 8.4 ng/mL
nmol/mmol pmol/mol (MDA in urine) pmol/g (ABP-Val- | (MDA in urine)
creatinine creatinine Hyd in blood) 0.4 - 19.4 ng/mL
(£0.015 - 1.38 (MDA in urine) LOD - 125 (MDA in plasma)
pmol/mol nmol/g creatinine
creatinine; MDA (2LOD - 14.14
in urine) pmol/mol

creatinine; MDA

in urine)

DI

Inhalation exposure

Occupational exposure data from the European Diisocyanate and Polyol Producers
Association (ISOPA)

The data in the document “TDI: Final Exposure Scenarios in the e-SDS format” published by
ISOPA were clustered at request of the consortia by TNO following the life cycle tree of TDI
(ISOPA, 2014). The overall four clustered exposure scenarios are based on the respective
CSRs for TDIs. Out of these the exposure scenarios “Elastomers, TPU, Polyamide, Polyimide
& Synthetic Fibres” and “"Other Composite Material” from the exposure scenario cluster 3 “End
uses - industrial” and the exposure scenario “"Other Composite Material” from the exposure
scenario cluster 4 “End uses professional” are considered relevant for this use (Use of TDI in
manufacture of polyurethanes and PU composite materials).

The exposure estimates in the exposure scenarios are based on measurement data as far as
available. The exposure levels were assigned to the different PROCs according to the use
descriptor system. According to the CSRs the 90 percentile values of the exposure
distributions were used for the estimates of exposure levels assigned to the respective PROCs.
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Where data were found to be insufficient for a contributing scenario, a worst case approach
was applied and the value of another PROC was taken instead, that was considered to be
similar but also more conservative. As the data base for the statistical analysis is the same
for 2,4-TDI and mixed TDI the values assigned to the respective PROCs are also the same for
both TDI species in all relevant exposure scenarios. For the long term inhalation exposure the
exposure values range from 0.001 mg/m3 (for PROC 5 with RMM applied) to 0.032 mg/m3
(for PROC 4). In case of the short term inhalation exposure the values range from 0.001 to
0.064 mg/m3 (for PROC 5, with RMM applied, and PROC 4, respectively). The highest
exposure estimate values (0.032 mg/m3 for long term and 0.064 mg/m3 for short term
inhalation exposure) are allocated to PROC 4 as part of the contributing scenarios within the
exposure scenarios relevant for this use.

Occupational exposure data from German Social Accident Insurance (IFA)

The Institute for Occupational Safety and Health of the German Social Accident Insurance
(IFA) also provided workplace exposure data from Germany which has been evaluated for
both of the TDI isomers (IFA, 2010). A total of 4247 measurement data for TDI (2113 for
2,6-TDI and 2134 for 2,4-TDI) were statistically evaluated. Table 21 presents an overview of
those data for work area groups which are thought to fit to the use description “manufacture
of polyurethanes and PU composite materials” (based on expert judgement of the DS in
analogy to the data for MDI). The data are representative for more than six hours of time of
exposure. As the measurement data do differentiate between the respective TDI isomers they
do not reflect the total concentration of TDI (both isomers) at the workplaces. It seems
plausible to assume that both concentration values were linked according to the ratio of the
TDI mixture used, i.e. that the presented data are underestimating the total exposures.

IFA also prepared a more recent and more detailed evaluation of the MEGA database for TDI
(2,4-TDI and 2,6-TDI) covering a period of data from 2000 to 2011 (IFA, 2013). Table 22
gives an excerpt of the data, representative for more than six hours of time of exposure, for
those work area groups that are thought to fit to the use description “manufacture of
polyurethanes and PU composite materials” (translated from German by the DS).

Table 21: Overview of the statistical evaluation from MEGA database for TDI, data period
2000-2009 (IFA, 2010)

Work No. of Arithm.
75t per- | 90t per- | 95th per-

area — measured | mean =t centile centile centile
| group data (mg/m3)

Processing, | Yes 29 0.0153 0.0453 0.002 0.0221 0.0961

subsequent | No 12 0.00113 0.000311 | LOQ LOQ LOQ

treatment

2,6-TDI

Processing | Yes 30 0.00347 0.00645 LOQ 0.008 0.017

subsequent | No 12 0.00113 0.000311 | LOQ LOQ LOQ

treatment

2,4-TDI

Casting Yes 29 0.00362 0.00658 LOQ 0.0078 0.0177

2,6-TDI No 13 0.00108 0.000277 | LOQ LOQ LOQ

Casting Yes 29 0.00517 0.0102 LOQ 0.015 0.0255

2,4-TDI No 13 0.00108 0.000277 | LOQ LOQ LOQ

Foaming Yes 24 0.00164 0.00266 LOQ 0.002 0.0026

moulds No 13 0.001 LOQ LOQ LOQ

2,6-TDI

Foaming Yes 29 0.00245 0.00415 LOQ 0.0044 0.0102

moulds No 13 0.001 LOQ LOQ LOQ

2,4-TDI
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Abbreviations:

LOQ limit of quantification — not further specified in the report
LEV local exhaust ventilation

Arithm. Mean arithmetic mean

SD arithmetic standard deviation

Table 22: Overview of the statistical evaluation from MEGA database for TDI, data period
2000-2011 (IFA, 2013)

No. of
Work area group measured 50th percentile | 90t percentile | 95t percentile
data
Processing,
subsequent treatment | 45 LOQ 0.0075 0.018
2,4-TDI
Processing
subsequent treatment | 45 LOQ 0.021 0.0755
2,6-TDI
Casting
2,4-TDI 57 LOQ 0.012 0.0158
Casting
2,6-TDI 55 LOQ 0.0056 0.0163
Pressing, extrusion
2,4-TDI 14 LOQ 0.041 0.0477
Pressing, extrusion
2,6-TDI 14 LOQ 0.0673 0.0728
Foaming, plastic
articles, manufacture 32 LOQ 0.006 0.0268
2,4-TDI
Foaming, plastic
articles, manufacture | 31 LOQ 0.004 0.01
2,6-TDI

LOQ: 1.2 pg/ms3 for 2,4-TDI and 1.3 pug/m3 for 2,6-TDI for 210 | of probe air volume

Data from literature

In the study by Sennbro et al. (already mentioned above in the context of MDI exposure) one
of the 13 polyurethane plants in Sweden manufactured rigid PU based on TDI by moulding
(plant M3) (Sennbro et al., 2004). The personal 8 h TWA TDI levels measured in this plant
ranged between 1.30 pg/m3 to 6.67 ug/m3 (median 3.14 ug/m3) in case of 2,4-TDI and
between 0.038 pg/m3 to 3.53 pug/m3 (median 1.76 pg/m3) for 2,6-TDI. The total isocyanate
exposure in this plant was in the range between 1.69 pug/m3 to 9.97 pg/m3 (median 4.91
pg/m3). Four of the other plants (M4 - M7) manufactured TDI based PU components by foam
moulding. The respective exposure levels measured in these plants ranged from 0.23 pg/ms3
to 4.75 pg/m3 for 2,4-TDI and from 0.15 pg/m3 to 3.91 ug/m3 for 2,6-TDI. (The median
concentrations for the plants were in case of 2,4-TDI between 0.61 ug/m3 and 2.99 ug/ms3
and for 2,6-TDI between 0.69 pg/m3 and 2.53 pg/m3). The corresponding total isocyanate
exposures ranged from 0.08 pg/m3 to 14.60 pg/m3 (median 1.23-3.91 ug/m3).

The inhalation exposure levels to TDI in manufacture of polyurethane and PU composite
materials from the sources above are shown in Table 23. (The data from IFA do not provide
values for the total isocyanate concentrations but only for the respective isomers, i.e. 2,4-
TDI and 2,6-TDI were evaluated separately).
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Table 23: Overview of inhalation exposure levels to TDI in manufacture of PU and composite

materials (in pg/m3)

CSRs (IFA, 2010) (IFA, 2013) (Sennbro et al.,
90th percentile 90th percentile 2004)
1-32 LOQ-22.1 4-67.3 0.08-14.6

Dermal exposure

Data from the Registration Dossiers

Assessment of the dermal exposure in the CSRs for TDI was either done quantitatively when
DNELs could be derived for the hazard endpoints by modelling using ECETOC TRA v2. Or
hazards without a DNEL like sensitization were assessed qualitatively. For the qualitative
approach first an assessment of the likelihood and/or frequency of exposure was carried out
and, where exposure was considered to be likely, a further assessment of the intensity /
quantity of exposure was done. The assessment was carried out taking account of the use of
personal protective equipment (PPE) like suitable chemical resistant gloves, eye protection
and coveralls. Based on these assumptions all tasks / PROCs were identified as either “very
low” or “low likelihood/frequency of exposure”. Very low likelihood for dermal exposure was
allocated to PROCs 1, 2, 3, 8b, 9, 14, 15 and 21, low likelihood for skin exposure to all other
PROCs, namely PROC 4 and 5 as part of exposure scenario 7 (Elastomers, TPU, Polyamide,
Polyimide & Synthetic Fibres — Industrial Use) and PROC 13 as part of exposure scenario 8
(Other Composite Material — Industrial Use) and PROC 8a for the professional use in Other
Composite Material (exposure scenario 8 — professional). In the second step of the exposure
assessment the dermal exposures for those PROCs (4, 5, 8a and 13) were estimated assuming
a reduction of 90 % by stringent use of protective gloves. The estimates are: PROC 4: 0.100
mg/cm?2, PROC 5: 0.200 mg/cm?2, PROC 8a: 0.040 mg/cm?2, PROC 13: 0.080 mg/cm?2.

Data from literature

Relevant data on dermal and biological exposure to TDI are available mostly for the use in
manufacture of foam and will be discussed in the following chapter.

HDI

The use of HDI in the manufacture of PU and PU materials is mostly limited to speciality
applications. Due to the very limited data available this use will not be considered further
here.

B.9.4 Use in manufacture of foam

Manufacture of foam is often linked to high exposures to isocyanates; foams are also the
largest market for polyurethanes, with flexible foams being the larger part.

B.9.4.1 General information

PU foams are generally divided by their elasticity into flexible, semi-flexible and rigid foams.
Both, MDI and TDI are used as the isocyanate component. High molecular polyols with a
functionality of two to six yield flexible foams. When combined with low molecular polyols
and/or amines, semi-flexible foams can be realized, while rigid foams are made of highly
branched polyols with a relatively low molecular mass (Adam et al., 2005). As very different

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu

97



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

manufacturing processes may be applied for different foams, generally a distinction is made
between slab-stock foaming processes, foam moulding and spray foaming. Due to the
different exposure profiles of these processes, the focus in the context of this use is laid on
slab-stock foaming. Spray foaming will be discussed separately in the following chapter
(B.9.5). Mould foaming was allocated to the use in manufacture of polyurethanes (B.9.3) as
the foaming processes takes place in more or less closed systems (moulds) where lower
likelihood of direct contact to the foam is assumed.

Flexible foams have an open-cell structure and are permeable e.g. to air. Flexible foams are
mostly produced in a continuous process to give slabs of any length. Typical dimensions of
slabs are of around 220 cm width and 120 cm height. Before the start of the reaction the
isocyanate and polyol components are adjusted to the right temperature. Both are then
passed through a mixing head in strictly controlled ratios onto the conveyor of the processing
line. The polyol component of the reaction mixture may contain an adjusted amount of water.
In this case the reaction between the isocyanate and water is the basic step for the foam
process. First, the isocyanate reacts with water and decomposes into an amine and carbon
dioxide (R-NCO + H20 — R-NH2 + CO2). The thus formed amine reacts with additional
isocyanates to a urea while the CO: serves as the blowing agent. Alternatively, additional
blowing agents (often also carbon dioxide) can be incorporated in the isocyanate-polyol
reaction mixture. Immediately after passing the mixing head of the process line the
polyurethane mixture starts to expand. The conveyor belt underneath the mixing unit of the
line is usually covered with a sheet (made out of paper or plastic film). Additional side layers
and a top cover are often applied as well to the rising foam as it passes along the production
line. The foam is usually moved through a series of panels and skids that control the shape
and dimension of the slab, which otherwise expands dome shaped. As the reaction of
isocyanates with polyols is highly exothermic the temperature of the foam may go up to 165
°C. The foaming process is usually completed within three minutes but the final curing may
take up to 72 hours (Adam et al., 2005).

B.9.4.2 Exposure estimation

B.9.4.2.1 Workers exposure

DI

Inhalation exposure

Occupational exposure data from the European Diisocyanate and Polyol Producers
Association (ISOPA)

The exposure estimates in the CSRs for MDIs are based on data published by ISOPA in the
document “MDI: Final Exposure Scenarios in the e-SDS format” (ISOPA, 2012). From the
exposure scenario cluster 3 (Industrial use of MDI for Flexible Foam and Elastomers, TPU,
Polyamide, Polyimide and Synthetic Fibres and Manufacturing of other Polymers) in this
document the exposure scenarios A) Use in Flexible Foam and from the exposure scenario
cluster 4 (Industrial use of MDI for Rigid Foam, Coatings and Adhesives and Sealants) also
the exposure scenario A) Use for Rigid Foam are taken into account. The exposure scenario
Use in Flexible Foam comprises PROCs 1, 2, 3, 4, 5, 7, 8a, 8b, 14, 15 and 21. Exposure
scenario Use in Rigid Foam includes PROCs 1, 2, 3, 4, 5, 7, 8a, 8b, 10, 15 and 21.

The exposure estimates in the exposure scenarios are based on occupational hygiene
measurement data, which have been allocated according to the REACH use descriptor system
to the respective PROCs. According to the CSRs the 90t percentile values of the specific
exposure distributions thought to fit to a PROC were used. Where no data could be found for
a specific PROC, the value of another PROC was taken instead following a worst case
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approach. I.e. a PROC was chosen instead, that was considered to be similar but also more
conservative. The dataset used for the statistical analysis is the same for all exposure
scenarios and isomers of MDI. Consequently, the exposure estimates to the specific PROCs
are the same within most of the exposure scenarios covered. They range between
0.006 mg/m3 (for PROCs 10, 14, 15 and 21) to 0.029 mg/m3 (PROCs 5, 8a and 8b) for the
long term inhalation exposure and between 0.012 mg/m3 to 0.058 mg/m3 for the short term
inhalation exposure.

Occupational exposure data from German Social Accident Insurance (IFA)

The Institute for Occupational Safety and Health of the German Social Accident Insurance
evaluated workplace exposure data from Germany for MDI (IFA, 2010). The data have been
gathered from 2000 to 2009 and were documented in accordance with the measurement
system of the German Social Accident Insurance Institutions for exposure assessment (MGU)
(Gabriel et al., 2010). 6294 measurement data for MDI (4484 for 4,4'-MDI and 1810 for 2,4'-
MDI) have been evaluated in this study according to industry groups as well as work area
groups of use. As mentioned before, the translation / allocation of the industry and work area
groups to the registered uses (see Table 5) is often not simple or unambiguous. Specifically
the data for all work areas (Foaming, all WA) are somewhat biased because the work area
Foaming moulds is also represented in the collective, while the foam moulding process was
discussed in the context of the use of MDI in manufacture of polyurethanes and PU composite
materials (B.9.3). However, Table 24 provides an extract from the IFA evaluation of the data
for the work area groups related to foaming. These data are representative for more than six
hours of time of exposure.

Table 24: Overview of the statistical evaluation from MEGA database for MDI, data period
2000-2009 (IFA, 2010)

N i th th 95'" per-

LE o. of Arithm. 75 per- 90 per- centile
Work area group measured | mean SD centile centile

\"/ (mg/ms3
data (mg/m3) (mg/m3) | (mg/m?3) )

Foaming, all WA | Yes | 250 0.00143 0.00209 LOQ LOQ 0.003
4,4'-MD1 No | 180 0.00258 0.00702 LOQ 0.002 0.008
Foaming, all WA | Yes | 93 0.00106 0.000323 | LOQ LOQ LOQ
2,4'-MDI No | 63 0.00138 0.00156 LOQ LOQ 0.00285
Foaming blocks Yes | 73 0.00182 0.00234 LOQ 0.005 0.007
4,4'-MD1 No | 43 0.00107 0.000338 | LOQ LOQ LOQ
Foaming blocks Yes | 25 0.00112 0.000506 | LOQ 0.0015 0.002
2,4’-MDI
Foaming, Yes | 11 0.00173 0.00241 LOQ LOQ 0.0046
expanding and No | 22 0.00207 0.00447 LOQ LOQ 0.00285
insulating foam
4,4'-MDI
Foaming (other) | Yes | 82 0.00115 0.000723 | LOQ LOQ LOQ
4,4'-MD1 No | 98 0.00363 0.00917 LOQ 0.0042 0.0182
Foaming (other) | Yes | 32 0.00108 0.000257 | LOQ LOQ LOQ
2,4’-MDI No |41 0.00159 0.00191 LOQ LOQ 0.00585

Abbreviations:

LOQ limit of quantification — not further specified in the report

LEV local exhaust ventilation

Arithm. mean arithmetic mean
SD arithmetic standard deviation
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Occupational exposure data from the Health and Safety Executive of the United
Kingdom (HSE UK)

In the following some air monitoring data from HSE’s National Exposure Database (NEDB)
provided by HSE UK will be presented. As already stated above, due to the confidential nature
of the data provided, the following statement needs to be mentioned here:

‘The data is not representative of any industry partly due to bias in selection of the sites where
data has been collected and is determined by HSE interest in specific substance or process.
Most of the data was collected between 1986 and 1993 after which the rate of data collection
reduced significantly. It should be noted that NEDB itself has an inherent bias, in that HSE
Specialist Occupational Hygiene Inspectors as part of their enforcement duties obtained
approximately 90 % of the samples. Consequently, a tendency towards high levels of
exposure would be expected, as companies with no perceived problems were generally not
sampled. Even so, NEDB still contains many samples indicating low exposure (<25 % of the
appropriate occupational exposure limit), so the actual bias is not as large as would be
expected. Whether or not NEDB should be considered as containing worst case data is
debatable, but it cannot be regarded as being truly representative of occupational exposure
in Great Britain given that it does not come from a random selection of workplaces and
circumstances.’

Out of the air monitoring data (with overall 450 measurement entries) only three
measurements were attributable to exposure to MDI in manufacture of foam. The measured
concentrations of these long term personal samples were in a range from 0.03 to
0.170 pg/m3.

Data from literature

The study conducted by Brezeznicki and Bonczarowska on isocyanate exposures in Polish
industry also included two plants (F and N), both of which used TDI and MDI in the
manufacture of continuous block foams (Brzeznicki and Bonczarowska, 2015). All
measurements of MDI in these facilities yielded results below the LOQ of 0.6 ug/m3.

Similarly, in another study on exposure to MDI and TDI in a Polish PU block foam plant, all
measurement data for MDI were below the detection limit of the applied method of 0.6 pg/ms3
(Swierczynska-Machura et al., 2015).

The ranges of inhalation exposure to MDI in manufacture of foam according to the sources
discussed above are presented in Table 25. (The data from IFA do not provide values for the
total isocyanate concentrations but only for the respective isomers, i.e. 4,4’-MDI and 2,4'-
MDI were evaluated separately).

Table 25: Overview of inhalation exposure levels to MDI in manufacture of foam (in pg/m3)

CSRs (IFA, 2010) HSE UK (Brzeznicki and
90t percentile Bonczarowska,
2015).
6-29 LOQ-4.2 0.03-0.17 <LOQ

Dermal exposure

Data from the Registration Dossiers

The assessment of the dermal exposure in the CSRs for the use of MDI in manufacture of
foam is based on the same approach and assumptions as described before (see B.9.3). For
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the hazard of sensitization a qualitative exposure assessment has been carried out. Analogous
to the assessment for the use of MDI in manufacture of polyurethanes and PU composite
materials (B.9.3.2.1) the likelihood / frequency of skin exposure has been either assessed as
very low (for PROCs 1, 2, 3, 8b, 14, 15 and 21) or low (for PROCs 4, 5, 7, 8a and 10) provided
that PPE is used properly (chemical resistant gloves and eye protection). The estimated
intensities of exposures (according to the CSRs where quantitative estimates were made) are
0.73 mg/cm?2 for PROC4, 0.42 mg/cm?2 for PROCs 5, 7, 8a, and 10 and 0.17 mg/cm?2 for PROC
11.

As for the assessment of dermal exposure in the use of MDI in manufacture of PU and PU
composite materials, the dossier submitting CA does not subscribe to all of the assumptions
made by the registrants, as the role of the CSRs is to describe how a substance can be used
safely, i.e. good practise, and not how a substance is used actually. Assuming a less than
ideal work practise, a high likelihood of dermal exposure is given for PROCs 7, 8a, 10, and a
medium likelihood for PROC 4.

Biological monitoring

No data available for this use.

IDI

Inhalation exposure

Occupational exposure data from the European Diisocyanate and Polyol Producers
Association (ISOPA)

As for the exposure data for MDI the exposure estimates in the CSRs are based on
measurement data as published by ISOPA in the document “TDI: Final Exposure Scenarios in
the e-SDS format” (ISOPA, 2014). Out of this document the relevant exposure scenario for
the use of TDI in manufacture of foam is exposure Scenario 3 A (Industrial use for Flexible
Foam), which comprises PROCs 1, 2, 3, 4, 5, 8b, 14, 15 and 21. The corresponding exposure
estimates are based on 90 percentile values of the exposure measurement data assigned to
the respective PROCs. In case of insufficient data the value of another PROC was taken
instead, that was considered to be similar but also more conservative. The same data base
was used for the assessment of the exposure levels for 2,4-TDI as well as mixed TDI for the
respective PROCs. Consequently they have the same exposure values.

For the relevant exposure scenario (Flexible Foam Industrial Use) the long term inhalation
exposure values range from 0.001 mg/m3 (for PROC 5 with RMM applied) to 0.032 mg/m3
(for PROC 4). In case of the short term inhalation exposure the values range from mg/ms3
0.001 to 0.064 mg/m3 (for PROC 5, with RMM applied, and PROC 4, respectively). The highest
exposure values were allocated to PROC 4 (0.032 mg/m3 for long term and 0.064 mg/m3 for
short term inhalation exposure).

Occupational exposure data from German Social Accident Insurance (IFA)

As for the before discussed use of TDI (B.9.3.2.1), both of the evaluation studies provided by
the Institute for Occupational Safety and Health of the German Social Accident Insurance
(IFA, 2010; IFA, 2013) were analysed and interpreted with regard to the use of TDI in
manufacture of foams (without moulding, for the same reasons as above). Table 26 shows
the data from the first IFA study (IFA, 2010) of the work area groups related to foaming,
representative for more than six hours of time of exposure for 2,4-TDI and 2,6-TDI.

Table 26: Overview of the statistical evaluation from MEGA database for TDI, data period
2000- 2009 (IFA, 2010)
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No. of Arithm. 75th per- | 90t" per- | 95t per-
;\:-g:I:’area LEV | measured | mean SD centile centile centile
data (mg/m?3) (mg/m3) | (mg/m3) | (mg/m3)

Foaming, all | Yes | 64 0.00684 0.000668 | 0.005 0.0212 0.0342
WA No 44 0.00122 0.00375 LOQ 0.002 0.002
2,4-TDI
Foaming, all | Yes | 63 0.0105 0.00034 0.00425 0.0217 0.0355
WA No 44 0.00108 0.000302 | LOQ LOQ LOQ
2,6-TDI
Foaming Yes | 11 0.00264 0.00375 LOQ 0.0073 0.0098
blocks No 13 0.001 LOQ LOQ LOQ
2,4-TDI
Foaming Yes | 11 0.00109 0.000302 | LOQ LOQ 0.002
blocks No 13 0.001 LOQ LOQ LOQ
2,6-TDI
Foaming Yes | 14 0.0085 0.0164 0.0055 0.0246 0.0424
(other) 2,4- No 28 0.00132 0.00819 LOQ 0.002 0.0032
TDI
Foaming Yes | 14 0.00457 0.00947 0.0035 0.0052 0.0153
(other) No 28 0.00111 0.000416 | LOQ LOQ 0.002
2,6-TDI

Abbreviations:

LOQ limit of quantification — not further specified in the report

LEV ocal exhaust ventilation

Arithm. mean arithmetic mean

SD arithmetic standard deviation

The data from the more recent evaluation (Pauluhn, 2005) for 2,4-TDI and 2,6-TDI are shown
in Table 27. The data are representative for more than six hours of time of exposure.

Table 27: Overview of the statistical evaluation from MEGA database for TDI, data period
2000-2011 (IFA, 2013) (mg/m?3)

Work area group ::t'aOf R 50t percentile | 90t percentile | 95t percentile
Foaming

2,4-TDI 39 LOQ 0.00215 0.004

Foaming

2,6-TDI 39 LOQ LOQ 0.00302
Foaming blocks

2,4-TDI 16 0.005 0.0326 0.0412
Foaming blocks

2,6-TDI 16 0.015 0.0728 0.119

LOQ: 1.2 pg/m3 for 2,4-TDI and 1.3 pg/ms3 for 2,6-TDI for 210 | of probe air volume

Occupational exposure data from the Health and Safety Executive of the United
Kingdom (HSE UK)

In the following some air monitoring data from HSE’s National Exposure Database (NEDB)
provided by HSE UK will be presented. As already stated above, due to the confidential nature
of the data provided, the following statement needs to be mentioned here:

‘The data is not representative of any industry partly due to bias in selection of the sites where
data has been collected and is determined by HSE interest in specific substance or process.
Most of the data was collected between 1986 and 1993 after which the rate of data collection
reduced significantly. It should be noted that NEDB itself has an inherent bias, in that HSE
Specialist Occupational Hygiene Inspectors as part of their enforcement duties obtained
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approximately 90 % of the samples. Consequently, a tendency towards high levels of
exposure would be expected, as companies with no perceived problems were generally not
sampled. Even so, NEDB still contains many samples indicating low exposure (<25 % of the
appropriate occupational exposure limit), so the actual bias is not as large as would be
expected. Whether or not NEDB should be considered as containing worst case data is
debatable, but it cannot be regarded as being truly representative of occupational exposure
in Great Britain given that it does not come from a random selection of workplaces and
circumstances.’

Out of the overall 450 air monitoring data 44 measurements were attributable to exposure to
unspecified isocyanates in manufacture of foam. Being aware that these data are not clearly
linked to exposures to TDI they are nevertheless presented in this section as manufacture of
foam is the most important use of TDI (in terms of quantity). Out of 14 long term personal
samples the concentrations of isocyanates were in the range from 0.06 to 9.0 pg/m3 while
the concentrations of long term static samples (N = 8) ranged from 0.05 to 11.85 ug/m3. The
total of 13 short term personal samples were in the range from 1.37 to 45.0 ug/m3 and
another ten short term static samples were in the range from 1.0 to 19.0 ug/ms3.

Data from literature

Kaaria et al. also conducted a comparative air and biological monitoring study on the exposure
to TDI during production of flexible slab foam at two plants in Finland (K&aria et al., 2001).
In plant 1 the personal air measurements of total TDI were in a range between below the
LOD (<0.2 pg/m3) to 203 pg/m3. The measured concentrations in plant 2 ranged from below
LOD (< 0.2 pg/m3) to 41 ug/m3. The corresponding biological monitoring data of urinary TDA
levels will be discussed later.

Out of the 13 Swedish plants assessed in the study by Sennbro et al. two plants (CF1 and
CF2) manufactured TDI-based continuous block foams (Sennbro et al. 2004). The personal 8
h TWA TDI levels measured in these plants were in the range between below the LOQ (of 20
ng/sample) to 16.1 ug/m3 (median 0.77-9.97 ug/m3) for 2,4-TDI. The respective values for
2,6-TDI were in the range between 0.61 to 26.1 ug/m3 (median 4.06-20.7 ug/m3). The total
isocyanate exposure in the two plants ranged between 0.61 to 39.9 ug/m3 (median 4.83-
31.4 pg/m3). Four of the other plants (M4-M7) manufactured TDI based PU components by
foam moulding. The respective exposure levels measured in these plants ranged between
0.23 to 4.75 pg/m3 for 2,4-TDI and between 0.15 to 3.91 ug/m3 for 2,6-TDI. (The median
concentrations for the plants were in case of 2,4-TDI between 0.61 to 2.99 ug/m3 and for
2,6-TDI between 0.69 to 2.53 pg/m3). The corresponding total isocyanate exposures ranged
between 0.08 to 14.60 pg/m3 (median 1.23-3.91 ug/ms3).

Tinnerberg and Mattsson investigated the effect of several risk management measures
implemented at one of the TDI plants in Sweden, that was also investigated in the study by
Sennbro et al. (see above) (Tinnerberg and Mattsson, 2008). In the initial study (in 2000)
high levels of exposure were measured at this plant, ranging from 46.5 to 73.6 pg/ms3 total
TDI during two hours foaming and a median value of 62.9 pg/m3 for the personal air samples.
Thereafter the foaming machine was modernized and several technical measures were
implemented to reduce exposure. In 2005, after implementation of these improvements the
measured levels of total airborne TDI in the plant were in the range between 5.0 to
86.5 pg/m3, with a median value of 12.5 pg/m3. Compared with the data from 2000 the
median exposure in 2005 went down by 80 %. The authors also conducted a biological
monitoring study among the workers which will be discussed in the respective section later.

Austin investigated TDI concentrations and complementary biomarker levels of workers with
and without direct skin contact to uncured block foam in a TDI plant in UK (Austin, 2007). For
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both groups the personal exposure levels were essentially the same, ranging from
< 3.5 (LOD) to 8.4 ug/ms.

Geens et al. compared the external exposure to TDI by personal air measurements of nine
workers in a Belgian foam producing plant with the corresponding internal exposure by urinary
pre- and post-shift biological monitoring of TDA (Geens et al., 2012). The TDI concentration
of the air samples ranged from 4.20 to 141.90 pg/m3. The corresponding biological
monitoring part of the study will be discussed later.

Gui et al. conducted a comprehensive medical surveillance study in a newly build TDI foam
factory in Romania (Gui et al., 2014). As the focus here is laid solely on inhalation exposure
data, the findings of the medical surveillance will be presented under the section biological
monitoring. The airborne TDI levels in this new plant were overall low, with more than 90 %
of the samples below the LOD of 0.1 ppb (corresponding to 0.0007 mg/m3). All personal air
samples were below the LOD. The static exposure measurements also showed non-detectable
exposures during periods where no production took place and peak exposures during peak
production times (between 10 AM and 2 PM). The maximum exposures were 10.0 ppb
(20.072 mg/m3) measured in the foaming hall and 5.4 ppb (2 0.039 mg/m3) in the cutting
area.

In the study by Brezeznicki and Bonczarowska the levels of exposure to TDI were also
measured in the two continuous block foam plants in Poland (plants F and N, same as
discussed for MDI) (Brzeznicki and Bonczarowska, 2015). The concentrations of total TDI
ranged from 7.0 to 12.7 pg/m3 with a median concentration of 9.8 pg/m3 at plant F and
between 0.2 to 58.8 pg/m3 (median 4.0 ug/m3) at plant N.

Swierczynska-Machura et al. investigated the health effects of exposure to diisocyanates
among 30 (male) workers in a TDI flexible block foam plant in Poland (Swierczynska-Machura
et al., 2015). The clinical-medical part of the study, including biological monitoring will be
discussed later. In the course of the study 20 personal air measurements were collected in
the breathing zone of the workers during representative times of their work shifts. The total
TDI concentrations measured were in a range from 0.2 to 58.9 ug/m3. Further differentiation
according to the work place/task leads to the following results: foaming head operators (N =
10 measurements): 0.6 to 11.3 pg/m3 (arithmetic mean (AM) 3.7 ug/m3); cutting machine
operators (N = 3): 0-2 to 6.5 pg/m3 (AM 3.6 ug/m3); maintenance workers (N = 2): 9.9 to
41.5 pg/m3 (AM 25.7 ug/m3) and in the folding paper area: 0.3 to 58.7 pg/m3 (AM 26.3
Mg/ms3).

An overview of the respective inhalation exposure levels to TDI during production of foam
from the sources above is given in Table 28 (The data from IFA do not provide values for the
total isocyanate concentrations but only for the respective isomers, i.e.2,4-TDI and 2,6-TDI
were evaluated separately).
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Table 28: Overview of inhalation exposure levels to TDI in manufacture of foam (in pg/m?3)

CSRs (IFA, (IFA, HSE (Kaari ((Sennb |(Tinne |(Austi |(Geens |(Brzez |(Swier
2010) [2013) |UK aet ro et rberg |n, et al., |nicki czynsk
90th pe |90th pe al., al. and 2007) (2012) |and a-
rcentil |rcentil 2001) (2004) |Mattss Boncza | Machu
e e on, rowsk (raet
2008) a, al.,
2015) [2015)
1-32 LOQ- LOQ- 0.06-45 | LOD- LOQ- 46.5- <3.5- |4.2- 0.2- 0.2-
24.6 72.8 203 39.9 73.6, 8.4 141.9 |58.8 58.9
(med.
62.9)*
5.0-
86.5,
(med.
12.5)**

* before RMM improvements
** after RMM improvements

Dermal exposure

Data from the Registration Dossiers

As for all uses in the CSRs for TDI also the dermal exposures to TDI were assessed
qualitatively in terms of likelihood and frequency of skin contact. According to the CSRs the
likelihood/frequency of dermal exposure in the use of TDI in flexible foam was considered to
be negligible for PROCs 1 and 14, very low for the PROCs 2, 3, 8b, 15 and 21 and low for
PROCs 4 and 5. This qualitative assessment was complemented by a quantitative exposure
assessment for PROCs 4 and 5, with calculated dermal exposures of 0.100 mg/cm?2 for PROC
4 and 0.200 mg/cm2 for PROC 5.

Data from literature

The role of the dermal route to total exposure to TDI is mostly discussed in the context of
biological monitoring data, e.g. by comparing biomarker levels of handlers and non-handlers
from the same work place. These findings will be presented in the section dealing with
biological monitoring accordingly.

The only actual dermal exposure measurements known to us that were carried out during the
manufacture of TDI block foams were done qualitatively using SWYPE™ sampling by Gui et
al. at the before mentioned newly build TDI foam factory in Eastern Europe (Gui et al., 2014).
Altogether eleven SWYPE samples were taken, out of which three were positive. Two of the
positive samples were taken from the paper lining peeled from the foam shortly after the
curing oven and just before cutting. The other positive sample was from the hands of a worker
who had just cleaned the foaming head.

Biological monitoring

Kaaria et al. compared the personal TDI measurements of 17 workers in two foam plants with
urine samples collected before, in the middle and at the end of the shift, as well as twelve
urine samples from a non-exposed control group (Kaaria et al., 2001). In the group of the
exposed workers the total TDA levels (2,4-TDA and 2,4-TDA) in urine ranged from <0.05 to
39 nmol/mmol creatinine. The TDA concentrations of the non-exposed control group were in
the range from 0.02 to 0.1 nmol/mmol creatinine. The authors found a good correlation
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between the airborne TDI concentrations and the TDA levels in urine of the exposed workers
with correlation coefficients of 0.91 for plant 1 and 0.86 for plant 2.

Austin conducted a biological monitoring study with complementary personal air
measurements (see above) in a block foam plant in UK with the aim to assess whether dermal
adsorption makes a significant contribution to the total body burden (Austin, 2007). Out of
the 26 workers included in the study, 13 had direct skin contact with uncured PU, while 13
workers worked in the same work area but had no direct contact with the PU foam. (Uncured
foam was defined as foam within 24 hours after production.) Between both groups (direct
handlers and non-handlers of uncured foam) no significant difference in the personal air
concentrations was found (range <3.5 to 8.4 pg/m3). The urinary levels of total urinary TDA
(2,4- and 2,6-TDA) in pre-shift samples were also comparable, ranging from <0.05 to 1.6
pmol/mol creatinine (detectable levels were found only in 4 out of 13 of the samples in the
group of the handlers, and none in the group of the non-handlers). Post-shift urinary
concentrations however differed significantly between both groups. TDA was detected in ten
out of 13 urine samples of the handlers, ranging from 0.30 to 1.6 pmol/mol creatinine (mean
concentration 2.21 ymol/mol creatinine). In the group of the non-handlers only two samples
had TDA concentrations above the LOD (mean concentration 0.11 pmol/mol creatinine). The
author concluded that manual handling of uncured PU foam had a major contribution to the
total exposure to TDA as a 20-fold difference in urinary TDA levels was observed between the
handler and non-handler groups.

As already described above, in the study by Tinnerberg and Mattsson focus was on the effects
of technical improvements (modernization of the machinery) in addition with implemented
risk management measures on the worker exposure in a TDI foaming plant in Sweden
(Tinnerberg and Mattsson, 2008). As written, the airborne levels of total TDI after
implementation of the improvements decreased to 20 % of the initial level. In addition to the
air monitoring, the levels of biomarkers in urine and in plasma among the workers were
assessed before and after the technical improvements in the plant. In 2000 the biomarker
levels in plasma ranged from 2.9 to 27.2 ng/mL (median 7.0 ng/mL) for 2,4-TDA. The 2,6-
TDA levels in plasma ranged from 8.2 to 62.1 ng/mL, with a median concentration of
30.8 ng/mL. In 2005 the corresponding biomarker levels were in the ranges from 0.5 to
2.0 ng/mL (median 1.0) for 2,4-TDA in plasma and between 2.0 to 11.8 ng/mL with a median
concentration of 4.0 ng/mL for 2,6-TDA. This was 14 % for the median level of 2,4-TDA and
13 % for the median 2,6-TDA plasma level in 2005 compared to the levels in 2000.

Gui et al. conducted a study among 49 workers without any previous occupational contact to
TDI in a newly build foam factory in Eastern Europe (Gui et al., 2014). The facility was
described as a state-of-the-art with a health-clinic on site. The study included medical
surveillance by questionnaires, spirometry testing and blood sampling for TDI-specific
antibodies (IgG and IgE). Airborne exposure levels were low and in none of the personal
samples detectable levels of TDI were found (see above). Despite the very low levels of
airborne TDI and despite the intensive industrial hygiene efforts made at the facility seven
out of the 49 workers (14.2 %) had findings after 12 month that were indicative for
development of new asthma or TDI-related health effects (new asthma symptoms, new
airflow obstruction, decline in FEV1 = 15 % and/or TDI-specific IgG). 12 of the 49 workers
participating at the beginning of the study were lost to follow up over the first year. The
prevalence of asthma like symptoms was 25 % in the workers who were not available for
follow up compared to 2.7 % among those who completed the follow up.

Swierczynska-Machura et al. carried out a comprehensive study including biological
monitioring, physical examinations, blood sampling for TDI-specific antibodies (IgE), skin
prick test and pulmonary function tests among 30 workers in a TDI block foam factory in
Poland (Swierczynska-Machura et al., 2015). Work-related allergic symptoms were reported
for 13 of the 30 workers (43.3 %). A mild degree of bronchial obstruction was observed in
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five workers. In no sample were TDI specific antibodies (IgE) detected. The urinary total TDA
levels (2,4- and 2,6-TDA) of the pre shift samples were in a range from <LOD to 1.75 pg/L
and from < LOD to 8.85 pg/L in the post shift samples. Creatinine adjusted concentrations
were in the range from <LOD to 3.9 ymol/mol creatinine (but some of the samples exceeded
the accepted rang of 0.3-3 pg/L and therefore the data were presented also in pg/L). The
highest levels of TDA were found in the samples of maintenance workers (range 1.7 - 3.9
pmol/mol creatinine; mean 3.0 umol/mol creatinine) and cutting machine operators (range
0.6 -2.1 pmol/mol creatinine; mean 1.1 pmol/mol creatinine).

Table 29 provides a summary of the biological monitoring data for TDI in the manufacture of
foam.

Table 29: Overview of biological monitoring data for TDI in manufacture of foam

(Kaaria et al., (Austin 2007) (Tinnerberg and (Swierczynska-

2001)

Mattsson 2008)

Machura et al. 2015)

0.05 - 39 nmol/mmol
creatinine (total TDA

<0.05-1.6
pmol/mol creatinine

2.9 - 27.2 ng/mL (2,4-
TDA in plasma)

<LOD - 3.9 pymol/mol
creatinine (total TDA in

(total TDA in urine) 8.2 -62.1 ng/mL (2,6- urine)

TDA in plasma)

in urine)

HDI

HDI is not considered relevant for this use.
B.9.5 Use in spray foam applications

This is a use with potentially high exposure. Polyurethane foams are also a large part of the
PU market (> 60 %).

B.9.5.1 General information

Spray foams are typically rigid foams made of two components that are applied by spraying.
One component is the isocyanate containing hardener which is usually MDI based and the
other component is a polyol formulation with catalysts, the blowing agent and other additives
like flame retardants, and surfactants. For application the two components are pumped from
separate containers through a proportioning and heating unit into a spray gun which also
serves as the mixing unit. The reactivity of spray foam systems is usually very high so that
the finished foam forms within seconds after spraying (Adam et al., 2005). Spray foams are
mainly used for insulation of buildings or industrial installations but can also serve as a
speciality packing material for fragile items. Depending on the formulation, open and closed
cell foams can be realized. Open cell foams have a sponge like structure and a lower density
than closed cell foams. As open cell foams are permeable to air and moisture they are not
suggested for outdoor applications or contact with water. Closed cell foams are more rigid
and usually water resistant and can be well used for outdoor applications (including roofing).
Spray foams can be applied with low pressure (injection), usually between existing drywalls
or as high pressure foams to any surface suitable. As they are often applied to residential
buildings there is particular potential for bystander exposure.
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B.9.5.2 Exposure estimation

B.9.5.2.1 Workers exposure

DI

Inhalation exposure

Occupational exposure data from the European Diisocyanate and Polyol Producers
Association (ISOPA)

As for the uses before the exposure estimates in the CSRs for MDIs are based on data
published by ISOPA (ISOPA, 2012). From the exposure scenario cluster 4 (Industrial use of
MDI for Rigid Foam, Coatings and Adhesives and Sealants) and the cluster 7 (Professional
end uses of MDI) the respective exposure scenarios A) (Use for Rigid Foam and Rigid Foam,
professional use) do also cover the uses of MDI in spray foam applications. The exposure
scenario for the industrial Use for Rigid Foam comprises PROCs 1, 2, 3, 4, 5, 7, 8a, 8b, 10,
15 and 21. The exposure scenario Rigid Foam, professional use includes PROCs 3, 4, 5, 8a,
8b, 10, and 11.

As described before, the exposure estimates in the exposure scenarios are based on
occupational hygiene measurement data, with the same dataset used for all exposure
scenarios and isomers of MDI. The estimates for the long term inhalation exposure range
between 0.006 mg/m3 (for PROCs 15 and 21) to 0.029 mg/m3 (for PROCs 5, 8a and 8b) and
between 0.011 mg/m3 to 0.058 mg/m3 for the respective short term inhalation exposures.

Occupational exposure data from German Social Accident Insurance (IFA)

The evaluation for MDI by the Institute for Occupational Safety and Health of the German
Social Accident Insurance already described earlier also includes some data on the exposure
to 4,4-MDI during foaming of expanding and insulating foam (IFA, 2010). Table 30 gives an
excerpt from the IFA evaluation of the data for the work area group foaming, expanding and
insulating foam. These data are representative for more than six hours of time of exposure.

Table 30: Overview of the statistical evaluation from MEGA database for MDI, data period
2000-2009 (IFA, 2010)

Work area No. of Arithm. 75t per- | 90t per- | 95t per-
rou LEV | measured | mean SD centile centile centile
group data (mg/m3) (mg/m3) | (mg/m3) | (mg/m3)

Foaming,
f:s"ualgfi':g and | oo |11 0.00173 | 0.00241 | LOQ LOQ 0.0046
foam 9 No 22 0.00207 0.00447 | LOQ LOQ 0.00285
4,4’-MDI

LOQ limit of quantification — not further specified in the report

Occupational exposure data from the Health and Safety Executive of the United
Kingdom (HSE UK)

In the following some air monitoring data from HSE’s National Exposure Database (NEDB)
provided by HSE UK will be presented. As already stated above, due to the confidential nature
of the data provided, the following statement has to be included to this section:

‘The data is not representative of any industry partly due to bias in selection of the sites where
data has been collected and is determined by HSE interest in specific substance or process.
Most of the data was collected between 1986 and 1993 after which the rate of data collection
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reduced significantly. It should be noted that NEDB itself has an inherent bias, in that HSE
Specialist Occupational Hygiene Inspectors as part of their enforcement duties obtained
approximately 90 % of the samples. Consequently, a tendency towards high levels of
exposure would be expected, as companies with no perceived problems were generally not
sampled. Even so, NEDB still contains many samples indicating low exposure (<25 % of the
appropriate occupational exposure limit), so the actual bias is not as large as would be
expected. Whether or not NEDB should be considered as containing worst case data is
debatable, but it cannot be regarded as being truly representative of occupational exposure
in Great Britain given that it does not come from a random selection of workplaces and
circumstances.’

Out of the overall 450 air monitoring data eight measurements are attributable to exposure
to MDI in application of spray foam (insulation work and floor and wall coverings). All samples
were long term personal samples and the measured concentrations of MDI were in the range
from 0.03 to 200.0 pg/ms.

Data from literature

Crespo and Galan surveyed the personal inhalation exposure to MDI of spray gun operators
and helpers during indoor and outdoor spray foaming at 17 construction sites in Spain (Crespo
and Galan, 1999). The measured exposure of the individual samples ranged from 0.010 to
0.570 mg/m3 for the sprayers and from 0.001 to 0.408 mg/m3 for the helpers. Indoor
concentrations were found to be higher than those measured during outdoor spraying.

Lesage et al. investigated the time and distance dependencies of airborne MDI concentrations
during and after spray foaming (Lesage et al., 2007). Personal samples of the sprayers and
the assistants were complemented by static samples collected at various times and distances
relative to the spraying. The static samples were 1.5-2 m above floor level at ranges from 1)
1-3 m, 2) 3-6 m, and 3) 6-12 m from the spray foam applicator. Exposure levels of the 13
personal samples ranged from 0.07 to 2.05 mg/m3 for monomeric MDI and from 0.01 to 0.87
mg/m?3 for oligomers of MDI. The MDI concentrations for the static sampling at a distance of
1-3 m were in the range from 0.147 to 1.55 mg/m3 with an average concentration of 0.603
mg/m3 for the monomers and 0.02-0.830 mg/m3 (average 0.285 mg/m3) for the oligomers.
At a distance of 3-6 m the measured concentrations of monomeric MDI ranged from 0.005 to
1.12 mg/m3 (average 0.344 mg/m3) and from 0.004 to 0.678 mg/m3 (average 0.182
mg/m3) for the oligomers. At a distance of 6-12 m the concentrations measured were in a
range from 0.024 to 0.822 mg/m3 (average 0.166 mg/m3) for the monomers and 0.020-
0.498 mg/m3 (average 0.122 mg/m3) for the oligomers. Time dependent samples were also
taken with the sampling devices nearest to the foamed walls (2 m or less) after 15 or 30 min.
apart for up to 90 min. Most of the samples taken after spraying were below the LOQ of 0.036
Mg per sample (equivalent to 0.0012 mg/m3 when 30 L of air are sampled). The highest
concentrations found after 15 min. were 0.019 mg/m3 of monomeric MDI and 0.014 mg/m?3
of oligomers. Concentrations above the LOQ after 45 min. were measured in only one sample
with monomer and oligomer results of 0.003 and 0.004 mg/m3, respectively. All
measurements sampled after 24 hours after spraying were below the LOQ. 20 surfaces
swiping samples were taken at several times after foaming. Each of the samples taken at
freshly applied foam was tested positive. After 15 min. all of the tested surfaces yielded
negative results. Additionally, the aerosol particle sizes of the foam spray were measured for
three of the five surveys and it was found that around two-thirds of the total mass of the
particles was > 3.5 ym diameter.

Roberge et al. performed field studies during polyurethane foam spraying activities in
commercial and residential construction (Roberge et al., 2009). Sampling was performed in
the spraying zone and in the assistant’s zone. In the spraying zone (94 samples), average
MDI concentrations ranged from 11 to 591 ug/m3 and MDI oligomer concentrations from 3 to
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330 pug/m3. In the assistant’s zone (24 samples, usually 3 meters behind the sprayer) MDI
concentrations ranged from < 1 to 170 ug/m3 and MDI oligomer concentrations from < 1 to
99 pg/m3.

RPS Advies determined the sum of MDI concentrations during polyurethane spraying activities
in crawlspaces of residential buildings (RPS, 2014). According to the authors, the results
should be regarded as indicative as they are from static sampling and not from personal
sampling. In two objects, where the sampler was positioned along the sprayer’s position, the
determined sum of MDI concentrations was 525 pug/m3 and 770 ug/m3, and the authors point
out that these results would more accurately reflect potential worker exposure. In the other
five objects, where the sampler was positioned near the crawlspace access, the sum of MDI
concentrations ranged between < LOQ and 210 ug/ms3.

In the United States of America, the Center for the Polyurethane Industry (CPI) Ventilation
Research Task Force performed experiments on chemical emissions during and following
polyurethane spray foam applications (Wood, 2013; Wood, 2014). Air monitoring was
conducted under controlled environmental conditions in a ventilated area during application
of the generic formulations. Ventilation rates were 10.4 air changes per hour (ACH) for all
formulations, 233 ACH for the low and medium density formulations and 598 ACH for the
medium density formulation. Samples were taken in various sessions about 15 minutes after
begin of spraying and 30 minutes after application. Personal sampling was performed for the
applicator and additional stationary sampling in the area. The highest concentration detected
during spraying was 550 pg/m3 for pMDI (Medium Density High Pressure Formulation - 233
ACH).

Puscasu et al. conducted a comparative field study on MDI aerosols with an optimized CIP
10M device and an impinger technique as a reference (Puscasu et al., 2015). For the tests
MDI based insulation foam was sprayed on two plywood panels (1.2 x 2.4 m) in a small test
room (3.1 x 4.0 X 2.3 m) over three different days. The measured concentrations of
monomeric MDI were in the range from 0.03 to 0.09 mg/m3 and ranged from 0.03 to
0.075 mg/m3 for MDI oligomers. The results provided by the CIP 10M were about 14 % lower
than those of the impinger.

The same working group also compared another sampling device (ASSET EZ4 NCO) with the
impinger method as the reference in namely the same test setting as described above
(spraying of MDI based foam on two plywood panels of 1.2 x 2.4 m size, using same
procedures as in a normal working day) (Puscasu et al., 2015). The concentrations measured
with the impinger method were in the range from 0.02 to 0.08 mg/m3 for MDI monomers and
ranged from 0.02 to 0.04 mg/m3 for the oligomers. The ASSET EZ4 NCO device was found to
significantly underestimate the MDI levels.

Table 31 gives an overview of the levels of inhalation exposure during spray foam applications
as described above.

Table 31: Overview of inhalation exposure levels to MDI in spray foam applications (in
Hg/m3)

CSRs | (IFA, 2010) HSE |(Crespo (Lesage et (Roberge (Puscasu (Puscasu
90th percentile | UK and Galan, |al., 2007) et al., et al., et al.,
1999) 2009) 2015) 2015)
6-29 [LOQ 0.03- |10-570 7-2050 11-591 30-90 20-80
200 |(sprayer) (personal, (MDI)
1-408 monomers) 3-330 (MDI
(helper) 10-870 oligomers)
(personal,
oligomers)
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Dermal exposure

Data from the Registration Dossiers

The assessment of the dermal exposure in the CSRs for the use of MDI in Rigid Foam is based
on the same approach and assumptions as described before (see B.9.3). In analogy to the
assessment for the use of MDI in manufacture of polyurethanes and PU composite materials
(B.9.3.2.1) the likelihood / frequency of skin exposure has been either assessed as low for
the relevant PROCs describing spray applications, i.e. PROCs 5 (Mixing or blending in batch
processes) and 11 (Non industrial spraying), but also for PROCs 7 (Industrial spraying), and
8a (Transfer of substance at non-dedicated facilities) under the assumption that PPE is used
properly (skin protection measures and eye protection). The estimated intensities of
exposures (according to the CSRs where quantitative estimates were made) are 0.42 mg/cm?
for PROCs 5, 7, and 8a and 0.17 mg/cm?2 for PROC 11.

As for the assessment of dermal exposure in the use of MDI in manufacture of PU and PU
composite materials, the dossier submitting CA does not subscribe to all of the assumptions
made by the registrants, as the role of the CSRs is to describe how a substance can be used
safely, i.e. good practise, and not how a substance is used actually. Assuming a less than
ideal work practise, a high likelihood of dermal exposure is given for all of the PROCs
considered (PROCs 5, 7, 8a, and 11).

Biological monitoring

As far as known no relevant data are available on biological monitoring for spray foaming.

B.9.5.2.2 Bystander exposure during and after polyurethane foam spraying activities

This section is not part of the assessment of workers exposure but an additional chapter on
exposure of bystanders and potentially inhabitants of objects where spray foam applications
were performed.

Monitoring results on bystander exposure to diisocyanates from polyurethane foam spraying

In order to monitor exposure of workers from other trades during polyurethane spraying
activities, Roberge et al. took 29 additional samples in the centre of the floor where the
spraying work was performed. The average monomer MDI vapour and aerosol concentrations
determined in these samples with the IRSST High Sensitivity Method ranged from < 1 to 11
pg/m3. In the first two hours after completion of the spraying works, 30 additional samples
(22 on the floor where spraying had been done, and 8 on another floor) were taken. MDI
vapour and aerosol concentrations determined in these samples with the IRSST High
Sensitivity Method ranged from < 0.01 to 2.4 pg/m3. However, according to the authors, a
pre-treated glass fibre filter according to IRSST “s laboratory specifications is not suitable for
aerosols in which polymerization takes place rapidly and an impinger method should be
preferred (Roberge et al., 2009).

Lesage et al. used filter and impinger samples to determine MDI concentrations as a function
of time after polyurethane foam spraying. They found detectable concentrations in 3 out of 5
surveys 15 minutes after spraying had ceased (up to 19 pg/m3 MDI monomers and up to 14
pg/m3 MDI oligomers), and in 1 out of 5 surveys after 45 minutes (up to 3 pg/m3 MDI
monomers and 4 pg/m3 MDI oligomers). Results were below the LOQs of 0.036 ug MDI
monomer/sample and 0.041 pg MDI oligomer/sample after 30, 60, 75, 90 minutes, and on
the next day. Nevertheless, the authors point out that due to different spray foam
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formulations and the wide range of application conditions, caution should be exercised when
using these data to establish operational or administrative guidelines (Lesage et al., 2007).

In the United States of America, the CPI Ventilation Research Task Force performed
experiments on chemical emissions during and following polyurethane spray foam
applications (see above). Air monitoring was conducted under controlled experimental
conditions in a ventilated area during application of the three generic formulations. Ventilation
rates were 10.4 air changes per hour (ACH) for all formulations, 233 ACH for the low and
medium density formulations and 598 ACH for the medium density formulation. All post
spraying MDI concentrations of 2,2-MDI, 2,4-MDI, and pMDI were below the analytical
detection limits. It should however, be noted that for pMDI these detection limits ranged from
1.4 pg/m3to 460 pg/m3 (high pressure medium density formulation, 233 ACH) (Wood, 2013).

In a further study by the CPI Ventilation Task Force, the decay rates of the chemical emissions
were evaluated for the above mentioned three generic formulations under experimentally
controlled conditions with 10.4 ACH, which was lowered to 1 ACH after 3 hours. Samples were
taken 1, 2, 4, 8, 12 hours after the spray foam application. 2,4-MDI and 4,4 MDI were sampled
with glass fibre filters treated with 1-(2-pyridyl) piperazine and analysed with a modified
OSHA 47 HPLC and UV detection. Only MDI vapours and no MDI aerosols were analysed. The
isocyanate component that dominated the emissions of these formulations in the previous
study, pMDI, was not analysed. Both analysed MDIs were below the detection limits of
0.00014 to 0.00016 ppm (& 0.00145 to 0.00166 mg MDI/m3) 2 and 4 hours after application.
Several other components of the mixtures were detected in all samples. The amine catalyst
Bis(2-Dimethylaminoethyl)ether (BDMAEE) from the generic low density high pressure
formulation was detected in concentrations above the Occupational Exposure Limit of
0.05 ppm up to 12 hours after the application (Wood, 2014).

TNO determined MDI concentrations in 14 residential buildings. The crawlspaces of these
buildings had been isolated with polyurethane spray foam weeks to months before. MDI
concentrations above the detection limit where only found in two living areas with a maximum
concentration of 0.0031 ug/m3 (TNO, 2013b).

In another study by TNO, MDI concentrations where determined in three houses during and
after spray foam isolation of crawlspaces. The maximum concentration determined in the
living area during polyurethane spraying was 0.251 pg/m3. Samples were taken up to
144 hours after the spraying activity, and detectable concentrations were occasionally found
up to 72 hours after the activity. The maximum MDI concentration determined after the
spraying activity was 0.025 ug/m3 (TNO, 2013a).

In the above mentioned study by RPS, samples were taken in the living areas of seven
buildings during and after polyurethane spray foam isolation of crawlspaces. Only in two
buildings MDI concentrations above the LOQ were found in the living areas during spraying,
the maximum was 0.5 ug/m3. 44 samples were taken from ten minutes up to three days after
spraying, and 7 were above the LOQ. The maximum MDI concentration of 15.4 uyg/m3 was
found in the time interval of 60 to 120 minutes after spraying. The longest time interval with
detectable traces of 0.32 ug/m3 was three days after spraying. MDI concentrations within
the same object seem to vary significantly over time. Interestingly, a concentration of
4.77 pg/m3 was determined in one object before the spraying had started (RPS, 2014).

These monitoring results should be interpreted with caution because the full procedures of
sampling and analysis were not disclosed in the published TNO and RPS reports. Moreover, it
is not clear whether MDI oligomers were determined and included into the sum of MDI or not.
If MDI oligomers were not determined by TNO and RPS, this would result in an
underestimation of the total NCO concentrations in air. Also, it is not clear whether the cited
monitoring results represent the common practice of spray foam applications in Europe.
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Case reports:

Tsuang and Huang reported the case of a couple that suffered from persistent cough and
dyspnea upon exertion and showed a positive methacholine challenge test. Symptoms had
begun after the installation of a two component polyurethane spray foam in the attic of their
home. The patients had evacuated the home for 4 hours as recommended. When returning,
they noted a strong noxious odor and almost immediately developed cough, dyspnea,
dizzyness, nausea, headache and watery eyes. The odor could not be abated by several
attempts of venting and eventually removing the spray foam. After 3 months the family
vacated the home. No measured data from samples obtained in the house were reported. The
A component of the SPF foam used in the house contained pMDI, 2,4 -MDI and 4,4 "-MDI.
Both patients were diagnosed with asthma or reactive airway dysfunction syndrome induced
by exposure to isocyanates (Tsuang and Huang, 2012).

Verschoor and Verschoor reported on eleven persons from seven households with health
complaints after installation of spray polyurethane foam insulation in their homes. Symptoms
included cough, sore throat, irritated eyes, dyspnea, nausea, headache and also intestinal
symptoms in some cases. Measured data from samples obtained in the homes were not
reported. Symptoms were decreased by moving out of the home and increased when
returning to the home to pick up things (Verschoor and Verschoor, 2013; Verschoor and
Verschoor, 2014).

Redlich and Wilson reported on four families that presented with upper airway, mucosal and
CNS symptoms and distinct odours associated with exposure to spray polyurethane foam in
their homes. No case of new onset asthma or sensitization to MDI was found. Air samples
were obtained from each house and from the chamber head space above foam samples from
the homes. Air samples were analysed for total VOCs, aldehydes, amines, MDI, and other
airborne contaminants using standard thermal desorption GC/MS and HPLC-UV methods.
Airborne MDI was not detected. However, total VOCs measured 2 to 20 months after
application of the polyurethane spray foam were evaluated as high and above recommended
levels. Specific chemicals identified in the air and chamber samples were consistent with the
known components of the PU foam. Three of the four families were unable to return to their
homes. The authors concluded that polyurethane spray foam can off-gas VOCs, amines and
related chemicals for months after home application, and can be associated with distinct
odours and persistent symptoms in home inhabitants (Redlich and Wilson, 2013).

Huang and Tsuang summarised adverse health effects after spray polyurethane foam
insulation activities in thirteen adults from ten households. Six subjects were present during
spraying, two moved into the homes four hours after spraying, two one day after spraying
and three several months after spraying. In some cases, proper ventilation was not used or
a wrong mixing ratio of sides A and B was applied. All subjects reported unpleasant odours
during spraying or when they returned to their homes and all developed acute irritation
symptoms like watery and burning eyes, burning nose, sinus congestion, throat irritation,
cough, dyspnea and chest tightness. Twelve subjects reported acute neuropsychiatric
symptoms, including headache, dizziness, forgetfulness, difficulty in concentrating and
insomnia. Three subjects had nausea, vomiting and abdominal cramps and three developed
skin rash. The symptoms persisted for a long time after the end of the spraying activities,
subsided after the subjects left their homes, but recurred upon returning. All subjects
eventually vacated their homes. The methacholine challenge test was positive for one of 7
patients with a known history of asthma. This patient had to change her therapy from
occasional albuterol to steroids after the spray polyurethane foam installation. The authors
reported on volatile organic compounds in indoor air samples from several homes and in
headspace gas from foam samples. These analyses had been performed by different
laboratories and with different methods. No specific analyses on isocyanates had been
performed. The authors concluded that faulty application of spray polyurethane foam was
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associated with acute and persistent pulmonary and extra-pulmonary symptoms which may
be associated with spray foam-derived compounds as well as increased concentrations of
indoor VOCs (Huang and Tsuang, 2014).

Conditions affecting polyurethane spray foam emissions, re-entry times and re-occupancy
times

Faulty or non-standard application conditions have also been reported from crawlspace
insolation works in the Netherlands: Verschoor commented the report by RPS Advies listing a
variety of conditions found in practice of polyurethane spraying in crawlspaces, that may
contribute to worst case scenarios not covered by the RPS study. These conditions included
blocked nozzles, pollution by old polyurethane, spraying layers of 15 - 25 cm polyurethane,
lack of forced ventilation, water in the crawlspace, very high humidity, a heating system in
the crawlspace turned on during polyurethane spraying, low outside temperatures, open
connections to the living area via an open access, via cracks and holes in the floor of the
house or via the crawlspace cupboard, or occupants present during spraying (Verschoor,
2014).

This is in line with internet information from spray foam distributors on causes of spray foam
odours in residential buildings:

“"Spraying CC SPF in thicker passes will generate more heat in the cells of the foam
and can result in lighter density foam with more open cells and create more amines
than would be created with a proper 2” pass. We all know that off ratio (resin rich)
foam can cause odours. While dirty filter screens, transfer pump and/or proportional
issues can cause off ratio foam there can be other causes. Poorly mixed foam from
spraying at too low a temperature and/or too low a pressure can cause an off ratio
situation. Moisture present on the substrate can react with some of the iso in the
foam. If and when this happens then there is not enough iso to react off all of the
resin resulting in resin rich foam. In additions to these concerns, proper ventilation
is also needed during the spray foam install. Care should be taken to establish a
negative pressure in the work area. Plenty of air flow will help get the odours out of
the building before they have time to penetrate the porous wood, fibrous insulations,
or anything else in the spray area that can possibly absorb odor.” (Spray Foam
Distributors of New England, 2015)

While training programs for spray foam contractors are meant to avoid such “off ratio”
conditions, it is not known how often they still may be found in Europe at present.

Even for spray foams that are applied under best-practice-conditions, there are several factors
that may affect emissions and curing times. In the case of crawlspace insolation with spray
polyurethane foam, RPS commented that

“"the results of the emission measurements will mainly depend on the number,
position of the natural ventilation points, the climatic conditions outside, the position,
presence and power of the forced ventilator and the presence and/or air tightness of
the access lid used during spraying.” (RPS, 2014)

The CPI Ventilation Task Force (Wood, 2013) gave a summary of ventilation experiments
according to which it may be concluded that ventilation rate does impact chemical emissions
of the spray polyurethane foams. However, according to the data presented in the report,
such an effect cannot be clearly demonstrated for MDI and pMDI concentrations. The authors
concluded,
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“that there are factors beyond ventilation rate that impact emissions. Such factors
include: chemical characteristics of the formulation (e.g.: reactive vs. non-reactive
catalyst), the quantity of individual chemicals in the formulation, temperature of the
formulation as it is applied, the temperature created during reaction, the density of
the formulation, the cell structure, and the air distribution of the ventilation. These
application factors coupled with many environmental variables related to a residential
or commercial site being sprayed make it difficult for workers directly involved in SPF
application to be protected strictly though engineering controls. CPI continues to
recommend SPF applicators and personnel working in the proximity of the applicator
be properly equipped with personal protective equipment (PPE) including respiratory
protection, gloves, and protective clothing.”

Another study by the CPI Ventilation Task Force on emission decay rates after polyurethane
spray application (Wood, 2014) was performed in order

“to estimate the time required to restrict unprotected workers, such as plumbers,
electricians, dry wall installers, etc. from the work area to minimize their exposure.”

Due to high non-isocyanate emissions found in this study, the authors concluded as follows:

"Based on the results of this study it is apparent that emissions of SPF chemicals will
vary depending on the type of foam (open cell vs. closed cell) and the specific
chemicals comprising the B-side of the formulation. It is therefore essential that
emissions from commercial SPF formulations, in particular open cell formulations, be
controlled through the use of mechanical ventilation during application and for 12
hours or more following application. Control effectiveness should be evaluated though
industrial hygiene air monitoring. The use of respiratory protection must then be used
to supplement ventilation where worker exposure to SPF chemicals cannot be
controlled. In those instances where SPF Producers desire reduced re-entry times for
commercial products, those formulations should be evaluated in the laboratory using
similar ventilation rates used in this study. Laboratory studies should then be
validated in the field with contractor-provided mechanical ventilation.” (Wood, 2014)

In order to enable such laboratory studies, the CPI is supporting the development of ASTM
standards for environmental chamber emissions testing at the ASTM Subcommittee D22.05
on Indoor Air). The underlying idea is to determine emission rates for the diverse components,
to use them for modelling of indoor air concentrations at different times, and to use these
modelled concentrations to define the re-entry time / the re-occupancy time, at which these
indoor air concentrations will be lower than occupational exposure limits/threshold limit values
for protection of the general population. ASTM D 7859-13 covers spraying, sampling,
packaging and test specimen preparation of spray polyurethane foam. A standard practice for
estimating chemical emissions from spray polyurethane foam using Micro-Scale
Environmental Test Chambers is being developed under Work Item 40293 and a standard
test method for measuring chemical emissions from spray polyurethane foam in
environmental test chambers with thermal desorption and gas chromatography/mass
spectroscopy under Work Item 40292. However, the latter method has been found to be
inadequate for measuring of MDI and pMDI, and at present, there is no standardized method
for the determination of these components in emission chamber experiments (Sebroski,
2013).

Thus, from a scientific point of view, the question of safe re-entry times for unprotected
workers of other trades and safe reoccupancy time for the general population after spray
polyurethane foam applications still remains unsolved. The US EPA as well as the American
Chemistry Council give the advice to contact the spray foam suppliers for specific guidance
on ventilation time and reoccupancy (ACC, 2016; US EPA, 2015).
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Until a spray polyurethane foam product is fully cured and the building has been thoroughly
ventilated and cleaned, the access to the application area should be restricted to trained
workers with personal protection.

IDI
Not relevant for this use.

HDI

Not relevant for this use.

B.9.6 Use in coatings

This is a use with potentially high exposure.

B.9.6.1 General information

Polyurethane coatings can be one-component (one-pack) systems or two-component (one-
pack) systems. One-pack paints containing free isocyanates are usually high molecular
prepolymers of polyols with excess isocyanate groups that undergo a cross link reaction with
formation of urea groups under atmospheric moisture.

The by far most important are two-component systems that comprise the “conventional” PU
coatings and paints (Adam et al., 2005). The principal curing constituents of two-component
PU coatings are polyisocyantes which are based on TDI, HDI, IPDI, MDI or HMDI. Solvent
borne curing agent solutions have an isocyanate content of 5-16 % w/w, while solvent free
may have up to 30 % w/w isocyanate (Stoye et al., 2000). The other component of the paint
contains polyols and/or polyamines as well as additives like pigments, catalysts and solvents.
Both components have to be kept separate until immediately before application. Mixing of
both components (preferably in an equimolar ratio) therefore is always part of the use. These
coatings can be applied by all conventional coating techniques apart from dipping but often
spraying is the most preferred method of application, where exposure to aerosols and vapour
is particularly high. Curing of the applied coatings takes place at ambient temperatures but
can also be accelerated by heat.

Due to their outstanding properties (especially high mechanical resistance, chemical
resistance and light and weather resistance) polyurethane coatings are the systems of choice
for protecting coatings like vehicle finishes and refinishes and in the building sector (floor
coatings, anti-corrosion coatings etc.).

B.9.6.2 Exposure estimation

B.9.6.2.1 Workers exposure

MDI

Inhalation exposure

Occupational exposure data from the European Diisocyanate and Polyol Producers
Association (ISOPA)

As for the exposure data presented before the exposure estimates in the CSRs for MDIs are
based on data published by ISOPA (ISOPA, 2012). The use of MDIs for coatings is included in
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the exposure scenario cluster 4 (Industrial use of MDI for Rigid Foam, Coatings and Adhesives
and Sealants) and exposure scenario cluster 7 (Professional end uses of MDI) in the respective
exposure scenarios B) (Use for Coatings). The exposure scenario for the industrial use for
Coatings comprises PROCs 1, 2, 3, 4, 5, 7, 8a, 8b, 9, 10, 13, and 15. The exposure scenario
coatings, professional use includes PROCs 5, 8a, 10, 11, and 13.

As already written the exposure estimates in the exposure scenarios are based on
occupational hygiene measurement data, with the same dataset used for all exposure
scenarios and isomers of MDI. The estimates for the long term inhalation exposure of the use
of MDI in coatings range between 0.006 mg/m3 (for PROC 15) to 0.029 mg/m3 (for PROCs
5, 8a and 8b) and between 0.011 mg/m3 to 0.058 mg/m3 for the respective short term
inhalation exposures.

Occupational exposure data from German Social Accident Insurance (IFA)

The evaluation for MDI by the Institute for Occupational Safety and Health of the German
Social Accident Insurance already described earlier also covers measurement data for
exposure to 2,4-MDI and 4,4’-MDI in the work area groups of brushing, rolling, painting and
different types of spraying (IFA, 2010). Table 32 gives an excerpt from the IFA evaluation of
the data for the work area group surface coating processes and spraying. These data are
representative for more than six hours of time of exposure.

Table 32: Overview of the statistical evaluation from MEGA database for MDI, data period
2000-2009 (IFA, 2010)

No. of Arithm. 75th per- | 90t" per- | 95t per-
;\:g:ll;area LEV | measured | mean SD centile centile centile
data (mg/m?3) (mg/m?3) | (mg/m3) | (mg/m3)
Surface
coating Yes | 64 0.0063 0.0115 | 0.004 0.0188 0.037
processes, No |21 0.00157 0.00263 | LOQ LOQ LOQ
miscellaneous
4,4'-MDI
Surface
coating Yes
processes, 29 0.00128 0.00064 | LOQ 0.002 0.002
miscellaneous
2,4’-MDI
fv%rrak":;g;:)" Yes | 210 0.00216 0.00935 | LOQ LOQ 0.0025
4,4'-MDI No 21 0.00355 0.00881 | LOQ 0.00555 0.00885
Spraying (all
work areas) Yes 81 0.0023 0.00959 | LOQ LOQ LOQ
2,4'-MD1
Spraying Yes
(Airless) 51 0.00143 0.00187 | LOQ LOQ 0.002
4,4’-MDI
Spraying Yes
(Airless) 15 0.001 LOQ LOQ LOQ
2,4’-MDI
Spraying Yes
(Airmix) 14 0.00175 0.00267 | LOQ LOQ 0.00435
4,4'-MDI
Spraying
(pressurised Yes 119 0.00266 0.0123 LOQ LOQ 0.00205
air) No 15 0.00153 0.00207 | LOQ LOQ 0.003
4,4’-MDI
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No. of Arithm. 75th per- | 90t" per- | 95t per-

“:-g:.k area LEV | measured | mean SD centile centile centile
el data (mg/m3) (mg/m3) | (mg/m?) | (mg/m3)
Spraying
g?rrfss“r'sed Yes |45 0.00328 | 0.0128 |LOQ LOQ 0.0035
2,4'-MD1

Abbreviations:

LOQ limit of quantification — not further specified in the report

LEV local exhaust ventilation

Arithm. mean arithmetic mean

SD arithmetic standard deviation

Dermal exposure

Data from the Registration Dossiers

The assessment of the dermal exposure in the CSRs for the use of MDI in coatings is based
on the same approach and assumptions as described before (see B.9.3). For the hazard of
sensitization the likelihood / frequency of skin exposure has been assessed qualitatively. The
likelihood/frequency of exposure has been considered to be very low (for PROCs 1, 2, 3, 8b,
9, and 15) or low (for PROCs 4, 5, 7, 8a, 10, 11, and 13) under the provision that PPE is used
properly (chemical resistant gloves and eye protection). However, potential exposure to the
skin has been identified to be high for batch processes, open mixing, industrial and
professional spraying, rolling and brushing, transfer using non-dedicated equipment or
dipping, if no suitable gloves and protection as prescribed by the RMM is used. The estimated
intensities of exposures (according to the CSRs where quantitative estimates were made) are
0.73 mg/cm2 for PROC4, 0.42 mg/cm2 for PROCs 5, 7, 8a, 10, and 13 and 0.17 mg/cm?2 for
PROC 11.

DI

Inhalation exposure

Occupational exposure data from the European Diisocyanate and Polyol Producers
Association (ISOPA)

The exposure estimates in the CSRs are based on measurement data that were also published
by ISOPA in the document “TDI: Final Exposure Scenarios in the e-SDS format” (ISOPA,
2014). Two exposure scenarios in this document are covering the use of TDIs in coatings:
exposure Scenario 3 B (Industrial use for Coatings), which comprises PROCs 1, 2, 3, 4, 5, 8b,
9, 10, 13, and 15. The Professional use for Coatings (exposure scenario is 4 A) is covered by
the PROCs 5, 8a, and 10. The exposure values of the respective PROCs are based on
measurement data (90t percentile values) as already described above.

For the industrial use of TDI in coatings the long term inhalation exposure values range from
0.001 mg/m3 (for PROC 5 with RMM applied) to 0.035 mg/m3 (for PROC 10 - large scale >
10 m2). In case of the short term inhalation exposure the values range from 0.001 mg/m3 to
0.0698 mg/m3 (for PROC 5, with RMM applied, and PROC 10 - large scale, respectively). The
corresponding long term inhalation exposure ranges for professional use of TDI in coatings
are from 0.001 mg/m3 (PROC 5, RMM applied) to 0.035 mg/m3 (PROC 10 - large scale) ; the
respective short term inhalation exposure levels are ranging from 0.001 mg/m3 (PROC 5,
RMM applied) to 0.070 mg/m3 (PROC 10 - large scale).
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Occupational exposure data from German Social Accident Insurance (IFA)

Both of the evaluation studies on occupational exposure measurements for TDI prepared by
IFA (IFA, 2010; IFA, 2013) are summed up with respect to the use of TDI in coatings.

Table 33 shows the data from the first IFA study (IFA, 2010) for 2,4-TDI and 2,6-TDI in work
area groups related to the use in coatings, representative for more than six hours of time of
exposure.

Table 33: Overview of the statistical evaluation from MEGA database for TDI, data period
2000-2009 (IFA, 2010)

Work area No. of Arithm. 75th per- 9Qth per- 95th per-
group measured | mean centile centile centile
LEV data (mg/m3) | SD (mg/m3) | (mg/m3) | (mg/m3)

Surface

;:gz;nsies Yes |43 0.00227 | 0.00468 | LOQ 0.004 0.00585
h ! No 17 0.00106 0.00024 | LOQ LOQ LOQ
miscellaneous

2,6-TDI

Surface

;‘:gi;"sies Yes |45 0.00266 | 0.00635 | LOQ 0.0045 0.00575
h ! No 18 0.00106 0.00024 | LOQ LOQ LOQ
miscellaneous

2,4-TDI

fv'fraky:;g;:)" Yes | 201 0.00122 | 0.00091 | LOQ LOQ LOQ
2,6-TDI No 20 0.00108 0.00025 | LOQ LOQ LOQ
fv':::‘ky:;g;:)" Yes | 212 0.00118 | 0.00065 | LOQ LOQ 0.002
2,4-TDI No 21 0.00107 0.00024 | LOQ LOQ LOQ
Spraying Yes

(Airless) 45 0.00107 0.00023 | LOQ LOQ LOQ
2,6-TDI1

Spraying Yes

(Airless) 43 0.00107 | 0.00023 | LOQ LOQ LOQ
2,4-TDI

Spraying Yes

(Airmix) 16 0.00125 | 0.001 LOQ LOQ 0.002
2,6-TDI

Spraying

(Airmix) Yes 17 0.00118 0.00073 | LOQ LOQ 0.002
2,4-TDI

Spraying

(pressurised Yes 118 0.00128 0.00105 | LOQ LOQ 0.003
air) No 17 0.00106 | 0.00024 | LOQ LOQ LOQ
2,6-TDI

Spraying

(pressurised Yes 130 0.0012 0.00071 LOQ LOQ 0.00225
air) No 18 0.00106 0.00024 | LOQ LOQ LOQ
2,4-TDI1

Abbreviations:

LOQ limit of quantification — not further specified in the report

LEV local exhaust ventilation

Arithm. mean arithmetic mean

SD arithmetic standard deviation
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Table 34 shows the data representative for more than six hours of time of exposure to 2,6-
TDI and 2,4-TDI from the 2013 IFA evaluation (IFA, 2013).

Table 34: Overview of the statistical evaluation from MEGA database for TDI, data period
2000-2011 (IFA, 2013) (mg/m3)

No. of
Work area group measured 50" percentile | 90" percentile | 95 percentile
data

Surface coating

processes, 49 LOQ 0.006 0.00732

miscellaneous 2,4-TDI

Surface coating

processes, 49 LOQ 0.00605 0.008

miscellaneous 2,6-TDI

Surface coating

processes, manually,

painting, rolling,

brushing, dipping,

flooding

2,4-TDI

Surface coating

processes, manually,

painting, rolling,

brushing, dipping,

flooding

2,6-TDI

Surface coating

processes, by machine 56 LOQ LOQ 0.0022

2,4-TDI

Surface coating

processes, by machine 56 LOQ LOQ 0.0022

2,6-TDI

Spraying (pressurised

air) 185 LOQ LOQ LOQ

2,4-TDI

Spraying (pressurised

air) 173 LOQ LOQ 0.003

2,6-TDI

Spraying, painting

2,4-TDI

Spraying, painting

2,6-TDI

Spraying (air-mix,

airless) 79 LOQ LOQ 0.00252

2,4-TDI

Spraying (air-mix,

airless) 80 LOQ LOQ LOQ

2,6-TDI

Abbreviations:

LOQ limit of quantification (1.2 pg/m3 for 2,4-TDI and 1.3 pg/m3 for 2,6-TDI
for 210 | of probe air volume)

LEV ocal exhaust ventilation

Arithm. mean arithmetic mean

SD arithmetic standard deviation

19 LOQ LOQ LOQ

15 LOQ LOQ LOQ

24 LOQ LOQ 0.002

24 LOQ LOQ LOQ

Table 35 gives an overview of the inhalation exposure levels to TDI according to the data
from ISOPA/CSRs and the evaluations by IFA.
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Table 35: Overview of inhalation exposure levels to TDI in use in coatings (in pg/m?3)

CSRs (IFA, 2010) (IFA, 2013)
long-term inhalation 90th percentile 90th percentile
1-35 LOQ - 4.5 LOQ - 6.05
Abbreviations:
LOQ limit of quantification

Dermal exposure

Data from the Registration Dossiers

Dermal exposure was assessed qualitatively in the CSRs by the likelihood/frequency of skin
contact. The likelihood for dermal contact and was considered to be practically negligible for
PROC 1 and likelihood/frequency of dermal exposure was assessed to be very low for
PROCs 2, 3, 8b, 9, and 15. A low potential for exposure was attributed to PROCs 4, 5, 7, 8a,
10, and 13 and quantitative estimates were made for these PROCs, ranging from
0.04 mg/cm?2 (PROC 8a) to 0.20 mg/cm2 (PROC 5). The estimates are based on that
protective gloves are used stringently and a reduction factor of 90 % was assigned to the
efficiency of PPE.

As written before, it is the DS’s point of view that stringent use of PPE like gloves highly
depends on behavioural aspects and attitudes of the workers performing the task and it
cannot be assumed that an efficiency of 90 % protection is reliably achievable without
corresponding control measures (like training and monitoring).

HDI

Inhalation exposure

Occupational exposure data from the Registration Dossiers

In the CSR for HDI (monomer) only the uses in manufacture, in formulation and the industrial
use of HDI as an intermediate / monomer are covered. The industrial and professional end
uses (which include the application in coatings) are covered by the CSRs for the oligomers of
HDI, i.e. HDI isocyanurate and HDI biuret (both are trimers of HDI). For both oligomers the
worker exposures have been estimated by modelling using the ECETOC TRA model (version
3 in case of the HDI isocyanurate (n=3); and version 2 for the estimates for HDI biuret).
Some of the relevant PROCs were also modelled with the Advanced REACH Tool (ART) v 1.0
as no safe use could be demonstrated based on the ECETOC estimates. These PROCs with
refined estimates with ART were PROC 7 (industrial spraying) and PROC 10 (roller application
or brushing) for the industrial end use of HDI isocyanurate and PROC 11 (professional
spraying). The exposure estimates were in the range from 0.11 mg/m3 (PROC 10 - industrial
use) to 0.43 mg/m3 (PROC 7).

Occupational exposure data from the German Social Accident Insurance (IFA)

Measured workplace exposure data from Germany have been also been evaluated by the
Institute for Occupational Safety and Health of the German Social Accident Insurance (IFA,
2012). The data have been gathered from 2000 to 2011 and were documented in accordance
with the measurement system of the German Social Accident Insurance Institutions for
exposure assessment (MGU) (Gabriel et al., 2010). Overall, a total of 3034 measurement
data for HDI have been evaluated according to industry groups as well as work area groups.
Table 36 provides an extract of the statistical evaluations of the measurement values for HDI
for those work area groups found relevant for the use in coatings.
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Table 36: Overview of the statistical evaluation from MEGA database for HDI, data period
2000-2011 (IFA, 2012) (mg/m3)

Work area group No. of measured 50" per- 90* per- 95% per-
. _ data centile centile centile

Ei;ﬂt;?gé;.?lgﬂfe >6h | °° LOQ LOQ LOQ

time of exposure < 6h | 46 L0Q 0.00786 | 0.0132

tsi?nr:‘g? Zkﬁﬂ's':.tr'ggz 6h 924 LOQ 0.0045 0.008

ts.?nr?g? g&gi::.?:i 6h | 172 LOQ 0.012 0.0186

Abbreviation:
LOQ: limit of quantification (2.3 pg/m3 for 210 | of probe air volume)

Occupational exposure data from the Health and Safety Executive of the United
Kingdom (HSE UK)

In the following some air monitoring data from HSE’s National Exposure Database (NEDB)
provided by HSE UK will be presented. As already stated above, due to the confidential nature
of the data provided, the following statement needs to be mentioned here:

‘The data is not representative of any industry partly due to bias in selection of the sites where
data has been collected and is determined by HSE interest in specific substance or process.
Most of the data was collected between 1986 and 1993 after which the rate of data collection
reduced significantly. It should be noted that NEDB itself has an inherent bias, in that HSE
Specialist Occupational Hygiene Inspectors as part of their enforcement duties obtained
approximately 90 % of the samples. Consequently, a tendency towards high levels of
exposure would be expected, as companies with no perceived problems were generally not
sampled. Even so, NEDB still contains many samples indicating low exposure (<25 % of the
appropriate occupational exposure limit), so the actual bias is not as large as would be
expected. Whether or not NEDB should be considered as containing worst case data is
debatable, but it cannot be regarded as being truly representative of occupational exposure
in Great Britain given that it does not come from a random selection of workplaces and
circumstances.’

Out of the overall 450 air monitoring data 161 measurements were attributable to exposure
to HDI or not further specified isocyanates in spray paint applications. Being aware that the
data for the unspecified isocyanates are not clearly linked to exposures to HDI they are
nevertheless presented in this section as HDI and its derivatives are the most common
isocyanate species present in spray paints. Out of the 15 long term personal samples the
concentrations of isocyanates were in the range from 0.35 to 208.0 pg/m3 while the
concentrations out of a total of 57 long term static samples ranged from 0.04 to
85800.0 ug/m3. The range of the concentrations out of the 47 short term personal samples
was in the range from 0.82 to 245000.0 pg/m3. The corresponding short term static samples
(N=42) were in the range from 0.06 to 62000.0 pg/m3. The corresponding 90t percentile
values for these data are: 126,4 pg/ms3 for the long term personal sample data, 1008.6 pg/m3
for the long term static sample data, 1094.0 for the short term personal sample data and
5566.3 ug/ms3 for the short term static sample data.

Data from literature

Sparer et al. conducted a study among vehicle sprayers in 37 auto body shops in New Haven,
Conn. (Sparer et al., 2004). All of the various layers applied in the refinish tasks evaluated in
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the study (primer, sealer and clear-coat) were containing isocyanates. The exposure levels of
personal samples measured during the spray painting tasks outside of the respiratory
protective equipment were statistically evaluated for the spraying of primer, sealer and clear-
coat. The median exposure values of the total NCO air concentrations were 66.5 ug/ms3 for
primer, 134 ug/ms3 for sealer and 358 pg/m3 for clear-coat. The respective 75%-percentiles
were 165 pg/m3 (primer), 296 pg/m3 (sealer) and 855 pg/m3 (clear-coat).

Pronk et al. assessed the exposure levels to isocyanates in spray-painting environments in
the Netherlands by 566 personal air samples collected from 24 car body refinish shops and
five industrial companies (Pronk et al., 2006). The samples were analysed for 23 isocyanate
compounds. HDI and its oligomers were the most abundant species in frequency and
concentration found and consequently the most important source and major contributor of
isocyanate exposure. The measured concentrations of monomeric HDI were (as far as above
the LOD) in the range from 0.002 to 15.5 pg/m3 (median 0.44 ug/m3) in the car body refinish
shops and from 0.01 to 28.8 ug/m3 (median 0.11 pg/m3) for industrial spray painters. For
HDI uretdione (dimer) the measured concentrations (> LOD) ranged from 0.12-47.5 ug/m3
(median 1.29 pyg/m3) in the car body refinish shops and from 0.07 to 61.9 upg/m3 (median
3.2 pg/m3) in the industrial settings. The corresponding measurements for HDI isocyanurate
(trimer) were in the range from 0.02 to 892 ug/m3 (median 13.29 pg/m3) in the professional
shops and from 0.11 to 522 pg/m3 (median 5.31) for the industrial workers. HDI
diisocyanurate levels ranged from 0.84 to 149 ug/m3 (median 24.27 pg/m3) for professional
workers and for the industrial workers from 0.65 to 577 ug/m3 (median 4.21 pg/m3). The
concentrations of HDI biuret (trimer) were in the range from 0.06 to 306 ug/m3 (median 8.11
Hg/m3) for the car body refinish shop workers and from 0.11 to 522 upg/m3 (median 2.78
pg/m3) for the industrial spay painters.

In another study published by Pronk et al. inhalation and dermal exposures to HDI and its
oligomers as well as urine samples taken from car body refinish shop workers and industrial
spray painters were assessed (Pronk et al., 2006). Overall 95 personal task based inhalation
samples were collected from six car body refinish shops and five industrial sites. The samples
were taken separately for the different tasks involved in the work. In the car body refinish
shops exposure during following tasks were measured: mixing of coating, spraying, cleaning
of spray guns, and welding. The tasks identified at the industrial sites were: mixing of PU
lacquer, spraying of lacquer, rolling/brushing of PU lacquer, and assisting a spray painter.
Exposure levels to HDI and its oligomers were strongly correlated to tasks that involved
aerosol formation and ranged (as far as above the LOD) from 0.2 to 6.5 pg/m3 (median
2.1 yg/m3) for monomeric HDI and from 2.5 to 728.4 ug/m3 (median 116.3 pg/m3) for the
oligomers in the car body refinish shops. At the industrial sites the inhalation exposure levels
(> LOD) were in the range from 0.03 to 28.8 ug/m3 (median 3.7 pg/m3) for monomeric HDI
and from 6.4 to 2613.8 pg/m3 (median 199.6 pg/ms3) for the oligomers.

Fent et al. conducted exposure measurements of HDI and HDI oligomers during spray painting
on 47 sprayers in North Carolina and Washington State as one part of a broader series of
studies (also addressing dermal exposure and biological monitoring of exposed workers) (Fent
et al., 2009a). The breathing zone concentrations of monomeric HDI measured during spray
painting were in the range from 0.003 to 179 ug/m3. The concentrations of the corresponding
oligomers were in the case of uretdione (dimer) in the range from 0.002 to 1430 pg/m3 and
for biuret (trimer) from 0.01 to 7720 pug/m3. The levels of isocyanurate (trimer) were higher
than for all other analytes, ranging from 0.09 to 18700 ug/m3. Table 37 shows the levels of
exposure to the different HDI species as published by Pronk et al. in the two studies above.
The first line in the table fields are the values for the measured data in the car body refinish
shops as the range of the values above the LOQ and the median value in brackets followed
by the data for the industrial spray painters.

Table 37: Exposure levels to HDI species, measured by Pronk et al. (in pg/m3)
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HDI monomer | HDI HDI Diisocyanurate| HDI Biuret
Uretdione Isocyanurate

(Pronk, 0.002 - 15.5 0.12 -47.5 0.02 - 892 0.84 - 149 0.06 - 306
Tielemans, | (0.44) (1.29) (13.29) (24.27) (8.11)
et al. 2006) | 0.01 - 28.8 0.07 - 61.9 0.11 - 522 0.65 - 577 0.11 - 522

(0.11) (3.2) (5.31) (4.21) (2.78)
(Pronk, Yu, | 0.2 - 6.5 (2.1) 2.5 -728.4 (116.3); all oligomers
et al. 2006) | 0.03 - 28.8 (3.7)] 6.4 - 2613.8 (119.6); all oligomers

Table 38 provides an overview of the inhalation exposure levels to HDI and its oligomers as
available in the CSRs (ALIPA), the MEGA evaluation by IFA and the literature above.

Table 38: Overview of inhalation exposure levels to HDI and its oligomers in use in coatings
(in pg/m3)

CSR (HDI (IFA, 2012) | HSE UK (Sparer et | (Pronk et al., | (Pronk et | (Fent et
isocyanura | 90" percen | 90th percen | al., 2004) | 2006) al., 2006) | al.,
te) tile tiles 75t perce 2009a)
(range) ntile
110 - 430 LOQ - 120 126.4 165 - 855 0.01 - 28.8 0.03 - 28.8 | 0.003 -
1008.6 (monomer) (monomer) | 179
1094.0 0.07 - 61.9 2.5 - (monomer)
5566.3 (uretdione) 2613.8 0.002 -
(0.06 - 0.06 - 577 (oligomers) | 1430
245000) (biuret) (uretdione)
0.02 - 892 0.01 -
(isocyanurate) 7720
(biuret)
0.09 -
18700
(isocyanura
te)

Dermal exposure

Data from the Registration Dossiers

As stated above the CSR for HDI (monomer) does not cover the industrial or professional end
uses such as in coatings. The industrial and professional end uses (also covering the use in
coatings) are in the CSRs for HDI isocyanurate and HDI biuret. No quantitative dermal
exposure estimates are given in the CSR for HDI isocyanurate. In the CSR for HDI biuret on
the other hand the dermal exposure was assessed using the ECETOC TRA model (version
2009). For processes where dermal exposure is possible (i.e. any other than PROCs 1, 2, and
3), the use of gloves is recommended to control the risk and in these cases an exposure
reduction of 90 % is assumed. It is highlighted in the CSR that dermal exposure of workers
is likely to occur at spraying, roller, (dis)charging and sampling steps. The outcomes of the
ECETOC TRA estimates for dermal exposures for the relevant PROCs (for use in caotings) are
1.37 mg/kg/day for PROC 5 (mixing or blending) and 8a (transfer at non-dedicated facilities),
2.7 mg/kg/day for PROC 10 (roller application of brushing), 4.3 mg/kg/day for PROC 7
(industrial spraying) and 10.7 mg/kg/day for PROC 11 (non-industrial spraying).

Data from literature

Pronk et al. also assessed the dermal exposure resulting from spray painting tasks at car body
refinish shops as well as industrial painting companies in the Netherlands (Pronk et al., 2006).
As described before, the tasks identified as relevant were mixing of lacquer, spraying, cleaning
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of spray guns, and welding in case of the car body refinish shops and for the industrial
companies the relevant tasks were spraying, rolling/brushing, mixing, and assisting the spray
painter. For assessment of the dermal exposure nitrile rubber gloves were worn during the
tasks and immediately after finishing prepared for extraction of HDI (and its oligomers). By
this approach a total mass of HDI and its oligomers on two gloves was quantified per sample.
The exposure levels ranged (as far as above the LOD) from 0.3 to 20.1 pg NCO (per two
gloves) for monomeric HDI at the samples taken at car body refinish shops. At industrial sites
only one sample yielded a quantifiable level of monomeric HDI on two gloves, which was 0.5
Mg NCO. The levels of HDI oligomers were (> LOD) in the range from 6.5 to 2848.5 pg NCO
for the samples taken at the car body refinish shops and ranging from 0.7 to 209.8 ug NCO
(per two gloves) for the samples taken at industrial painting companies.

As part of the assessment of exposures to HDI and its oligomers among spray painters in
North Carolina (NC) and Washington State (WA) Fent et al. also measured the dermal
exposure in addition to the inhalation exposure assessment described before (Fent et al.,
2009b). The assessment was done by consecutive tape-strip sampling with three successive
samples from each site of the skin. To estimate the total dermal exposure the mass collected
from each body part was multiplied with the regional surface area estimates of the respective
body parts. The thus calculated whole-body dermal concentrations of monomeric and
polymeric HDI measured were in the range from 0.00003 to 121 ng/mm3 for monomeric HDI.
The measured whole-body dermal concentrations of HDI uretdione were in the range from
0.0001 to 55.9 ng/mms3. Biuret concentrations were ranging from 0.0001 to 2830 ng/mms3.
Isocyanurate was found to be the predominant species and was measured in 95 % of the
samples, while the other polyisocyanates were detected in less than 23 % of the samples.
The whole-body dermal concentrations of HDI isocyanurate were ranging from 0.01 to 7880
ng/mm3. Significant higher whole-body dermal concentrations were measured when the
workers did not use proactive clothing (gloves and coveralls) with geometric mean
concentrations of 0.02 and 0.21ng/mm?3 for HDI monomers when coveralls and gloves were
worn or not. Similarly the geometric mean concentrations measured when protective clothing
was worn were 0.06 and 0.52 ng/mm3 in case of HDI uretdione, 0.08 and 1.15 ng/mm3 for
biuret, and 12.9 vs. 276 ng/mm?3 for isocyanaurate, suggesting roughly a ten- to twenty-fold
reduction of dermal exposure by wearing of coveralls and protective gloves.

As can be seen the two methods for measuring the dermal exposure differ considerably both
in the sampling strategy and the results. While Pronk et al. did measure the total amount on
two nitrile gloves by extraction Fent et al. applied a tape-strip sampling method direct to the
skin where the total mass of dermal exposure was calculated by multiplying the point
measurements (ng/cm2) and the regional surface area estimates. To calculate the whole-
body exposure the calculated mass of exposure to each body part was summed and divided
by the total body surface area and, because the strip samples were considered to remove a
layer of approx. 1 pm thickness of skin, the dermal exposures were reported as concentrations
(ng/mms3).

Table 39 shows the levels of dermal exposure to HDI and its oligomers measured in the use
of coatings.

Table 39: Overview of dermal exposure levels to HDI and its oligomers in use in coatings

(Pronk, Yu, et al. 2006) (Fent, Trelles Gaines, et al. 2009)
HDI monomer: 0.3 - 20.1 pg/two gloves HDI monomer: 0.00003 - 121 ng/m3
HDI oligomer: 0.72848.5 ug/two gloves HDI biuret: 0.0001 - 2830 ng/m3

HDI uretdione: 0.0001 - 55.9 ng/m3
HDI isocyanurate: 0.01 - 7880 ng/m3
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Biological monitoring

Data from literature

In the afore mentioned study conducted by Pronk et al. also urinary HDA levels of workers
exposed to HDI during spray painting tasks in car body refinish shops and industrial painting
companies in the Netherlands were assessed (Pronk et al., 2006). Out of urine samples
collected from the car body refinish shops HDA could be detected in 36 % of the workers
(with 21 % of all samples being tested positive on HDA). HDA was also detected in a large
proportion of the workers that did not handle any paint or reported any bystander exposure
in the car body refinish shops. In the industrial painting companies urinary HDA was
detectable in 10 % of the workers (and 8 % of all samples). Information on the use of PPE
collected through questionnaires showed that RPE was widespread during spraying but
protective gloves were used by 40 % of the workers in the car body refinish shop and 75 %
of the industrial spray painters. The detected levels of urinary HDA ranged from 1.9 to 150.2
Mg HDA/g creatinine. Median concentrations were calculated for different time intervals of the
sampling time and were around 20 ug HDA/g creatinine, ranging from 7.3 to 21.5 ug HDA/g
creatinine.

In a complementary study to the survey for inhalation and dermal exposure to HDI in
automotive spray painters in North Carolina and Washington State published by Fent et al.
(see above), Gaines et al. investigated the quantitative time-dependent relationship between
dermal and inhalation exposure to HDI and the urinary HDA levels (Gaines et al., 2010).
Samples were collected throughout the workday and varied from non-detectable to 65.9 ug/L
with an arithmetic mean concentration of 0.54 ug/L. HDA levels normalised with creatinine
concentrations were in the range from <LOD to 21.6 ug/g creatinine (arithmetic mean 0.003
Hg/g creatinine). The authors observed that both dermal and inhalation exposure correlated
significantly with urinary HDA concentrations.

Jones, Cocker and Piney used biological monitoring to assess the changes in control of
exposure to HDI based paints in vehicle spraying after participating in a so called “Safety and
Health Awareness Day” (SHAD) to increase the awareness of risks related to isocyanate based
paints (Jones et al., 2013). Free biological monitoring sampling kits together with a brief work
task form (asking for consent and some information on the work and PPE used) were offered
to approx. 4000 attendees of the SHAD events. 995 urine samples were returned, out of
which 81 % also included the filled task form. When the urinary HDA level was above the LOQ
the sprayers were asked to send another sample after reviewing and improving the exposure
control measures. These repeat samples had significantly lower results than those before.
The urinary HDA levels of the SHAD data ranged from <LOQ in 83 % of the samples up to 20
pmol HDA/mol creatinine. When comparing the data from the SHAD events and subsequent
years following the events with HSE's pre-SHAD data no significant difference was found
between the SHAD and the post-SHAD data sets both being significantly lower than the pre-
SHAD data. The 90t percentile value of the pre-SHAD data was 1.34 ymol HDA/mol creatinine
compared to 0.60 pmol HDA/mol creatinine for the 90% percentile of the SHAD data set. The
90t percentile values of the post-SHAD data sets from 2008 to 2011 were in the range from
0.55 to 0.76 pmol HDA/mol creatinine.

Stocks et al. statistically evaluated the data on urinary HDA levels from the UK HSE and
compared the trends in these data with trends in incidences of occupational asthma attributed
to isocyanates or spray painting in the UK Surveillance of Work-related and Occupational
Respiratory Disease scheme (SWORD) (Stocks et al., 2015). The finding was that there was
a significant decline in the number of urine samples with detectable levels of HDA in the period
from 2006 to 2014 as well as in the number of reported asthma cases attributed to
isocyanates or spray painting. This decline was attributed to training interventions (SHADSs)
carried out by the UK HSE from 2006 onwards (see B.9.1.2). No significant differences in
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urinary HDA levels were found between motor vehicle refinish workers and workers employed
in other sectors like coachworks, boat, trailer or aircraft repair.

B.9.7 Use in adhesives

This use is linked to potentially high exposure and widespread use.

B.9.7.1 General information

Due to the wide variety of compositions of the building blocks the properties of PU adhesives
can be tailored to a wide range of requirements and purposes. Consequently PU adhesives
are used in a broad scope of applications and products ranging from rigid to elastic bonds. As
for the reactivity of the NCO groups they offer very good adhesion to porous or closed polar
surfaces (ability to form hydrogen bonds; e.g. wood, glass, metals, rubbers, leather, tile,
concrete etc.) but less to non-polar surfaces like polypropylene or polyethylene plastics,
silicone etc. PU adhesives can be two-component or one-component systems which can be
solvent-based, water-borne (aqueous dispersions) or solvent free (granulates, dry powders).
They can be processed and/or curing at ambient temperatures or at elevated temperatures
(from 50-80 °C to 180-200 °C). With respect to potential exposure it was shown that both
the content of isocyanate monomers and the processing temperature have a significant
impact on emissions (Cuno et al., 2015).

B.9.7.2 Exposure estimation

B.9.7.2.1 B.9.7.2.1 Workers exposure

MDI

Inhalation exposure

Occupational exposure data from the European Diisocyanate and Polyol Producers
Association (ISOPA)

As for the exposure data discussed before, the exposure estimates in the CSRs for MDIs are
based on the data published by ISOPA (ISOPA, 2012). The use of MDIs for adhesives and
sealants is included in the exposure scenario cluster 4 (Industrial use of MDI for Rigid Foam,
Coatings and Adhesives and Sealants) and exposure scenario cluster 7 (Professional end uses
of MDI) in the respective exposure scenarios C) (Use for Adhesives and Sealants). The
exposure scenario for the industrial Use for Adhesives and Sealants comprises PROCs 1, 2, 3,
4,5 7, 8a, 8b, 9, 10, 13, 14, and 15. The exposure scenario Adhesives and Sealants,
professional use includes PROCs 4, 5, 8a, 8b, 10, 11, and 13.

As already written the exposure estimates in the exposure scenarios are based on
occupational hygiene measurement data, with the same dataset used for all exposure
scenarios and isomers of MDI. The estimates for the long term inhalation exposure of the use
of MDI in coatings range between 0.005 mg/m3 (for PROC 9) to 0.043 mg/m3 (for PROC 11-
outdoor) and between 0.009 mg/m3 to 0.087 mg/m3 for the respective short term inhalation
exposures.

Occupational exposure data from German Social Accident Insurance (IFA)

The evaluation for MDI by the Institute for Occupational Safety and Health of the German
Social Accident Insurance already described earlier also covers measurement data for
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exposure to 2,4’-MDI and 4,4’-MDI in the work area group gluing (IFA, 2010). The IFA
evaluation data representative for more than six hours of time of exposure for this work
area group are shown in Table 40.

Table 40: Overview of the statistical evaluation from MEGA database for MDI, data period
2000-2009 (IFA, 2010)

Work area No. of Arithm. 75t per- | 90t per- | 95t per-
group LEV | measured | mean SD centile centile centile
data (mg/m?3) (mg/m?) | (mg/m3) | (mg/m?)

Gluing Yes | 165 0.006 0.0319 LOQ 0.0065 0.0138
4,4'-MDI No 196 0.00265 0.0123 LOQ 0.003 0.006
Gluing Yes | 60 0.00112 0.00098 | LOQ LOQ LOQ
2,4'-MD1 No 112 0.00147 0.00115 | LOQ LOQ LOQ

Abbreviations:

LOQ limit of quantification — not further specified in the report

LEV local exhaust ventilation

Arithm. mean arithmetic mean

SD arithmetic standard deviation

Data from literature

In the already cited study by BrezeZnicki and Bonczarowska on isocyanate exposures in Polish
industries are included several plants where MDI is used for gluing, mainly of layers of
construction boards (Brzeznicki and Bonczarowska, 2015). The MDI concentrations of the
personal samples ranged from below the LOQ of 0.6 pyg/m3 to 5.2 yg/m3 in one plant.
However, in four out of the six plants the measured exposures were below the LOQ.

Table 41 gives an overview of the inhalation exposure levels to MDI in the use of adhesives
according to the sources described above. (The IFA data do not provide values for the total
isocyanate concentrations but only for the respective isomers, i.e. 4,4’-MDI and 2,4’-MDI
were evaluated separately).

Table 41: Overview of inhalation exposure levels to MDI in use in adhesives (in pg/ms3).

CSRs (IFA, 2010) (Brzeznicki and
90th percentile Bonczarowska, 2015).
5-43 LOQ - 6.5 LOQ - 5.2

Dermal exposure

Data from the Registration Dossiers

The assessment of the dermal exposure in the CSRs for the use of MDI in adhesives is based
on the same approach and assumptions as described before (see B.9.3). For the hazard of
sensitization a qualitative exposure assessment has been carried out. Analogous to the
assessment for the use of MDI in manufacture of polyurethanes and PU composite materials
(B.9.3.2.1) the likelihood / frequency of skin exposure has been either assessed as very low
(for PROCs 1, 2, 3, 8b, 9, 14, and 15) or low (for PROCs 4, 5, 7, 8a, 10, 11, and 13) provided
that PPE is used properly (chemical resistant gloves and eye protection). The estimated
intensities of exposures (according to CSR) are 0.73 mg/cm?2 for PROC 4, 0.42 mg/cm2 for
PROCs 5, 7, 8a, and 10 and 0.17 mg/cm? for PROC 11.

As for the assessment of dermal exposure in the use of MDI in manufacture of PU and PU
composite materials, the dossier submitting CA does not subscribe to all of the assumptions
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made by the registrants, as the role of the CSRs is to describe how a substance can be used
safely, i.e. good practise, and not how a substance is used actually. Assuming a less than
ideal work practise, a high likelihood of dermal exposure is given for PROCs 7, 8a, 10, and a
medium likelihood for PROC 4. No further data on dermal exposure to MDI based adhesives
could be found.

DI

Inhalation exposure

Occupational exposure data from the European Diisocyanate and Polyol Producers
Association (ISOPA)

The exposure estimates in the CSRs are based on measurement data also published by ISOPA
in the document “TDI: Final Exposure Scenarios in the e-SDS format” (ISOPA, 2014). Two
exposure scenarios in this document do cover the use of TDIs in adhesives: exposure Scenario
3 C (Industrial use for Adhesives and Sealants) covering PROCs 1, 2, 3, 4, 5, 7, 8b, 9, 10,
13, 14, and 15. Exposure scenario 4 B covers the Professional use for Adhesives and Sealants
and includes the PROCs 4, 5, 8a, and 10. The exposure values of the respective PROCs are
based on measurement data (90 percentile values) as already described above.

For the industrial use of TDI in adhesives the long term inhalation exposure values range from
0.001 mg/m3 (for PROC 5 with RMM applied) to 0.035 mg/m3 (for PROC 10-large scale > 10
m2). In case of the short term inhalation exposure the values range from 0.001 mg/m3 to
0.0698 mg/m3 (for PROC 5, with RMM applied, and PROC 10-large scale, respectively). The
corresponding long term inhalation exposure for professional use of TDI for adhesives ranges
from 0.001 mg/m3 (for PROC 5 with RMM applied) to 0.035 mg/m3 (PROC 10-large scale);
the respective short term inhalation exposure levels are ranging from 0.001 mg/m3 (PROC 5,
RMM applied) to 0.070 mg/m3 (PROC 10-large scale).

Occupational exposure data from German Social Accident Insurance (IFA)

Both MEGA evaluation studies on occupational exposure measurements for TDI prepared by
the Institute for Occupational Safety and Health of the German Social Accident Insurance
(IFA, 2010; IFA, 2013) are presented with respect to the use of TDI in adhesives. Table 42
gives an overview of the data from the first IFA study (IFA, 2010) for 2,4-TDI and 2,6-TDI
in work area group gluing, representative for more than six hours of time of exposure.

Table 42: Overview of the statistical evaluation from MEGA database for TDI, data period
2000-2009 (IFA, 2010)

Work area No. of Arithm. 75t per- 90th per- 95th per-
group LEV | measured | mean SD centile centile centile
data (mg/m?3) (mg/m3) | (mg/m3) | (mg/m?)

Gluing Yes | 77 0.00231 0.00659 | LOQ 0.0023 0.005
2,6-TDI No 85 0.00136 0.00193 | LOQ LOQ 0.002
Gluing Yes | 74 0.00163 0.00311 | LOQ 0.0018 0.002
2,4-TDI No 83 0.00143 0.00282 | LOQ LOQ LOQ

Abbreviations:

LOQ limit of quantification — not further specified in the report

LEV local exhaust ventilation

Arithm. mean arithmetic mean

SD arithmetic standard deviation

Table 43 provides an overview of the exposure data to 2,6-TDI and 2,4-TDI (representative
for more than six hours of time of exposure if not stated otherwise) from the 2013 IFA
evaluation report (IFA, 2013).
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Table 43: Overview of the statistical evaluation from MEGA database for TDI, data period
2000-2011 (IFA, 2013) (mg/m3)

Work area group measured | SUnper | 2per | 9% per
gll““f.';gmi" the textile industry | ,, 0.0039 0.033 0.0402
S,Ig!'rl"gblm the textile industry 12 0.006 0.0482 0.13
Claing, adhee rem et |33 100 2 |we
Cluing, adhesives; comtact | 100 o |we
Cluing, plastic produs | is 00
Cluing plastic products | 17 00
gllzj_rll_gb,lreactive adhesives 53 LOQ 0.0012 0.00168
g};’f?g'lrea"“"e adhesives | g, LOQ 0.0012 0.00165
g,l:lli'?'gD'Imelt adhesives 11 LOQ LOQ LOQ
g,I;E_II\_gD,ImeIt adhesives 24 LOQ LOQ LOQ
Gluing, other proceedings
2,4-TDI (time of exposure < | 15 LOQ 0.0035 0.00875
gming, other proceedings
2,6-TDI (time of exposure < | 14 LOQ 0.00532 0.00794
ng) limit of quantification (1.2 pg/m3 for 2,4-TDI and 1.3 pg/m3 for 2,6-TDI for

210 | of probe air volume)

Table 44 provides an overview of the inhalation exposure levels to TDI according to the data
from ISOPA/CSRs and the MEGA evaluations by IFA.

Table 44: Overview of inhalation exposure levels to TDI in use in adhesives (in pg/m?3)

CSRs (IFA, 2010) (IFA, 2013)
long-term inhalation 90th percentile 90th percentile
1-35 LOQ - 2.3 LOQ - 48.2

Dermal exposure

Data from the Registration Dossiers

Dermal exposure was assessed qualitatively in the CSRs in terms of the likelihood/frequency
of skin contact. The likelihood for dermal contact was considered to be practically negligible
for PROC 1 and likelihood/frequency of dermal exposure was assessed to be very low for
PROCs 2, 3, 8b, 9, and 15. A low potential for exposure was attributed to PROCs 4, 5, 7, 8a,
10 and 13 and quantitative estimates were made for these PROCs, ranging from 0.04 mg/cm?2
(PROC 8a) to 0.20 mg/cm?2 (PROC 5). The estimates are based on that protective gloves are
used stringently and a reduction factor of 90 % was assigned to the efficiency of PPE.

As written before, it is the DS’s point of view that stringent use of PPE like gloves highly
depends on behavioural aspects and attitudes of the workers performing the task and it
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cannot be assumed that the assumed efficiency of 90 % protection is achievable without
corresponding control measures (like training and monitoring).

HDI

Inhalation exposure

Data from the Registration Dossiers

The use of HDI in adhesives is not covered by or described in the CSRs for monomeric HDI
nor for HDI oligomers (isocyanurate and biuret).

Data on inhalation exposure to HDI for the use of adhesives at German workplaces was
evaluated by the Institute for Occupational Safety and Health of the German Social Accident
Insurance (IFA, 2012). However, the exposure levels were below the LOQ of 2.3 ug/m3 for
all percentiles given in the evaluation report (50%, 90%, and 95%™ percentile out of 294
measurement data).

Data from literature

The study by Brezeznicki and Bonczarowska on isocyanate exposures in Polish industries also
lists two plants where HDI is used for gluing, namely plant H (gluing in the manufacture of
car interiors) and plant J (gluing of bulb elements) (Brzeznicki and Bonczarowska, 2015). The
concentrations personal samples were below the LOQ in the first plant and ranged from below
the LOQ (of 0.8 ug/m3) to 1.0 pg/m3 in the other.

Table 45: Overview of inhalation exposure levels to HDI in use in adhesives (in pg/ms3)

CSR (IFA, 2012) (Brzeznicki and Bonczarowska,
95th percentiles 2015)
No data < LOQ LOQ -1.0

Where the respective parts on exposures or biological monitoring are not filled in the sections
above there no data was found for any of the isocyanate species or specific uses.

B.9.8 Other uses

Isocyanates are used in a wide range of sectors and products out of which not all uses are
covered in great detail in this dossier (the registered uses of MDI, as reported in Table 5,
being the most comprehensive). As stated above, rather than a comprehensive listing of all
registered uses the emphasis of this exposure assessment is placed on those uses that were
found to be most relevant with respect to the amount/volume and/or workplace exposure.
The DS is aware that other isocyanate species like NDI, IPDI can also have an impact on the
workplace exposure (e.g. see (Tinnerberg et al., 2014).) And potentially high exposures can
also pose risks in other uses than those described above, e.g. in foundry applications (Liljelind
et al., 2010). However, information on those isocyanates and/or uses was found to be too
limited to allow a meaningful assessment of the exposure situations and of little extra value
to this rather extensive part of the dossier.

B.9.9 Synopsis

The following overview shows the inhalation exposure to the respective isocyanates and uses
from the tables presented before summarized in ranking order.

Table 46: Inhalation exposure levels to HDI and its oligomers in use in coatings (in pg/m?3)
(same as Table 38)
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CSR (HDI (IFA, HSE (Sparer (Pronk et (Pronk et | (Fentetal,,
isocyanurate) | 2012) UK et al., al., 2006) al., 2006) | 2009a)
9oth 2004)
percentile 75th
percentile
110 - 430 LOQ - 120 | 0.06 - 165 - 855 0.01 - 28.8 0.03 - 28.8 | 0.003 - 179
245000 (monomer) (monomer) | (monomer)
0.07 - 61.9 2.5 - 0.002 - 1430
(uretdione) 2613.8 (uretdione)
0.06 - 577 (oligomers) | 0.01 - 7720
(biuret) (biuret)
0.02 - 892 0.09 - 18700
(isocyanurate) (isocyanurate)

Table 47: Inhalation exposure levels to MDI in spray foam applications (in pg/m3) (same as

Table 31)
CSRs (IFA, HSE UK (Crespo (Lesage et | (Puscasu (Puscasu
2010) and Galan, | al., 2007) et al., et al.,
9oth 1999) 2015) 2015)
percentile
6 - 29 LOQ 0.03 - 200 10 - 570 7 - 2050 30 - 90 20 - 80
(sprayer) (personal,
1-408 monomers)
(helper) 10 - 870
(personal,
oligomers)

Table 48: Inhalation exposure levels to TDI in manufacture of foam (in pg/m3) (same as

Table 28)

CSRs | (IFA, | (IFA,

HSE | (Kaari

(Senn | (Tinn | (Austi | (Geen

(Brze | (Swie

(med.
62.9)*
5.0 -
86.5,
(med.
12.5)*
*

2010) | 2013) | UK aet bro et | erber | n, s et znicki | rczyn
9Qth 90th p al., al. gand | 2007) | al., and ska-
perce | ercen 2001) | 2004) | Matts 2012) | Boncz | Mach
ntile tile son, arows | ura et
2008) ka, al.,
2015) | 2015)
1-32 LOQ- |[LOQ- |0.06- |LOD- |LOQ- |46.5- | <3.5- (4.2- 0.2 - 0.2 -
24.6 72.8 45 203 39.9 73.6, 8.4 141.9 | 58.8 58.9

* before RMM improvements
** after RMM improvements

Table 49: Inhalation exposure levels to TDI in manufacture of PU and composite materials
(in pg/m?3) (same as Table 23)

CSRs (IFA, 2010) (IFA, 2013) (Sennbro et al.,
90th percentile 90th Percentile 2004)
1-32 LOQ - 22.1 4 -67.3 0.08 - 14.6

Annankatu 18, P.O. Box 400, FI-00121 Helsinki, Finland | Tel. +358 9 686180 | Fax +358 9 68618210 | echa.europa.eu



ANNEX TO BACKGROUND DOCUMENT TO RAC AND SEAC OPINIONS ON
DIISOCYANATES

Table 50: Inhalation exposure levels to TDI in use in adhesives (in Hg/m?3) (same as Table

44)
CSRs (IFA, 2010) (IFA, 2013)
long-term inhalation 90th percentile 90th percentile
1-35 LOQ - 2.3 LOQ - 48.2

Table 51: Inhalation exposure levels to MDI in use in adhesives (in pg/m?3) (same as Table

41)
CSRs (IFA, 2010) (Brzeznicki and
90th percentile Bonczarowska, 2015).
5-43 LOQ - 6.5 LOQ - 5.2

Table 52: Inhalation exposure levels to TDI in use in coatings (in Hg/m3) (same as Table 35)

CSRs (IFA, 2010) (IFA, 2013)
long-term inhalation 90th percentile 90th percentile
1-35 LOQ - 4.5 LOQ - 6.05

Table 53: Inhalation exposure levels to MDI in manufacture of PU and PU composite materials

(in pg/m3) (same as Table 19)

CSRs (IFA, HSE UK (Kaarida et | (Sennbro (Creely et (Brzeznicki
2010) al., 2001) et al., al., 2006) and
90th perce 2004) Bonczarow
ntile ska, 2015)
2.0 - 29.0 LOD-18.0 |0.07-32.8 |[0.3-3.3 0.04 -7.8 LOQ - 7.2 LOD - 3.3

Table 54: Inhalation exposure levels to MDI in manufacture of foam (in pg/m3) (same as

Table 25)
CSRs (IFA, 2010) HSE UK (Brzeznicki and
90th percentile Bonczarowska,
2015).
6-29 LOQ - 4.2 0.03-0.17 <LOQ
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Table 55: Inhalation exposure levels to HDI in use in adhesives (in pg/m3) (same as Table
45)

CSR (IFA, 2012) (Brzeznicki and Bonczarowska,
95th percentiles 2015)
No data < LOQ LOQ -1.0
Abbreviation:
LOQ limit of quantification

As mentioned before (B.9.1.1.2 - Dermal Exposure ) there is almost always potential for skin
contact when handling isocyanate containing formulations or reactions products thereof which
are not fully cured (Cowie et al., 2005). The dermal exposure levels might differ from the
inhalation exposure pattern of the uses described above. However, due to the more limited
data on dermal exposure available and the large variance of the different measurement
methods applied such data are mostly not commensurable. A ranking of the described uses
based on dermal exposure data is therefore not practicably meaningful. Hence emphasis is
placed on inhalation data. However, it has to be kept in mind that the dermal route can also
contribute significantly to the total body burden to isocyanates and is always likely to occur
when isocyanates are used at workplaces.

The uses with the highest inhalation exposure levels are HDI and its oligomers in coatings
and MDI in spray foam applications. In both of these uses the isocyanates are applied by
spraying. This confirms that high exposures are to be expected when isocyanate containing
mixtures are sprayed or applied in high energy processes.

Relatively high inhalation exposure levels are also found for some uses of TDI such as in the
manufacture of foam as well as in the manufacture of polyurethanes and PU composite
materials and, in parts, for the use in adhesives. The exposure levels of MDI on the other
hand are significantly lower for all of these uses. These findings are in line with the expectation
that use of low volatile diisocyanates leads to lower inhalation exposure levels.

In general for most of the uses the majority of the measured data are quite low (near or
below the LOQ). However, some relatively high exposure levels occur also in uses that appear
to be well controlled at first sight (e.g. TDI in adhesives). Such relatively high levels of
inhalation exposure seem to occur in an unpredictable manner in all sectors and uses. For
example, when looking into the statistical evaluation data prepared by IFA for TDI more in
detail in the work area groups for gluing there are 212 personal measured data for 2,6-TDI
representative for more than six hours of exposure duration. Most of these measurement data
(98.6 %) are well below the German limit value of 35 pg/m3 or even below the limit of
quantification (83.5 %) (IFA, 2013). However, out of these data for the use of 2,6-TDI in
glues quite high exposure levels were measured for gluing in the textile industry, where 25 %
of the measured data were found to be above the limit value, with a 90% percentile value of
48.2 ug/m3 and a 95™ percentile value of even 130 pg/ms3.

Another example for relatively high exposure levels with no clear picture can be found in the
IFA evaluation for HDI (IFA, 2012). Again, the majority of the measurement data are below
the LOQ (92.9 %) and 99.5 % of the measured values are below the German limit value of
35 pg/m3. But for no apparent cause a conspicuous accumulation of measurements exceeding
the limit value can be seen in the industry group glass; 9.3 % of the measured values (N =
54) were above 35 pg/m3 with a 90" percentile value of 26 ug/m3 and a 95t percentile value
of 73.6 pg/m3.

It should also be kept in mind that measurement of airborne isocyanates is also particularly
challenging and therefore some of the measurement data might be less accurate with respect
to the sensitivity, hence resulting in some underestimation of the actual exposure levels at
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workplaces. This might be particularly true when it comes to assessing / detecting peak
exposures to isocyanates. Especially when exposure peaks can be expected to occur on a
regular basis (such as when opening machinery parts / starting or ending production etc.)
this might lead to some systematic underestimation of the exposure situation and risk when
no additional risk management precautions are taken.

This assessment is supported by the findings when considering the biological monitoring data
as shown in the following tables. (Where possible the data were also expressed in same units
to make comparibility easier)

Table 56: Biological monitoring data for TDI in manufacture of foam (same as Table 29)

(Kaaria et al., 2001)

(Austin 2007)

(Tinnerberg and
Mattsson 2008)

(Swierczynska-
Machura et al.
2015)

0.05 - 39 nmol/mmol
creatinine

(total TDA in urine;

2 0.05 - 39 pmol/mol

<0.05 - 1.6 pmol/mol
creatinine (total TDA
in urine)

2.9 - 27.2 ng/mL (2,4-
TDA in plasma)
8.2 - 62.1 ng/mL (2,6-
TDA in plasma)

<LOD - 3.9 pmol/mol
creatinine (total TDA
in urine)

creatinine)

Table 57: Biological monitoring data for MDI in manufacture of
materials (same as Table 20)

PU and PU composite

(Kaaria et al., (Creely et al., (Robert et al., (Gries and (Tinnerberg et
2001) 2006) 2007) Leng, 2013) al., 2014)
0.015-1.38 LOD - 12.64 LOD - 23.60 pg/L | LOD - 16.2 0.5 - 8.4 ng/mL
nmol/mmol pmol/mol (MDA in urine) pmol/g (ABP-Val- | (MDA in urine)
creatinine creatinine Hyd in blood) 0.4 - 19.4 ng/mL
(£0.015 - 1.38 (MDA in urine) LOD - 125 (MDA in plasma)
pmol/mol nmol/g creatinine
creatinine; MDA (2LOD - 14.14
in urine) pmol/mol

creatinine; MDA

in urine)

As discussed above, isocyanate metabolites can often be detected in biological monitoring
samples even if the corresponding air monitoring measurements were below the limit of
detection (see for example (Creely et al., 2006)) and by this also underlining the limited
explanatory power of air measurements of isocyanates. The study by Creeyl et al. also
confirmed that urinary levels of isocyanate metabolites of workers with observable dermal
exposure were over two times that of workers who did not have evident skin contact,
highlighting the significance of the dermal route when assessing the total body burden to
isocyanates (Creely et al., 2006). Unfortunately, data on dermal exposure to isocyanates are
scarce and there is no established standard for measuring skin exposure. Therefore, even if
some measurement data are available comparison of the results is usually not directly
possible.
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B.10 Risk characterisation
B.10.1.1 Human health
B.10.1.1.1 Workers

According to the previous sections B.5 and B.9 several questions regarding quantitative
hazard and exposure assessment cannot be sufficiently answered. On the one hand, there is
no agreement on which sensitive predictive markers for diisocyanate related sensitisation to
use as starting point for quantitative risk characterisation. This is one reason, why it is not
possible to derive a threshold for respiratory sensitisation. On the other hand, uncertainties
exist regarding the quantitative assessment of exposure. Although various measurement data
exist for inhalation exposure, these measurement data only assess a part of the actual
exposure that is relevant for respiratory sensitisation. Dermal exposure as well as inhalation
peak exposure in most cases is not quantitatively assessable. The different exposure
components can contribute alone or in combination to respiratory sensitisation. Therefore,
Figure 5 shows all components as parts (partly with undefined size) of one column. The
existing OELs do not cover this combined actual exposure.

Therefore, an approach comparing a DNEL or DMEL with inhalation and dermal exposure to
derive risk characterisation ratios (RCRs) is not considered an expedient option for the
endpoint of Resp. Sens. of isocyanates in this dossier (see also section B.5).

Combined
exposure

Dermal

Peak and
undetected

l«—————— Threshold for respiratory sensitisation?

OEL: Occupational exposure limit value
STEL: Short-term exposure limit value

Figure 5: Relationship between toxicological and exposure related aspects of isocyanates

In addition, respiratory sensitisation to diisocyanates below the level of manifest asthma is
not systematically monitored at workplaces in the EU (and arguably this would be practically
impossible). However, occupational asthma (OA) due to isocyanates is a problem identified
and registered worldwide and isocyanates are one of the most common causes of OA in the
EU (see Annex B.5.6). Therefore, the following risk characterisation makes direct use of the
occurrence of OA due to isocyanates in humans (workers in the EU). This approach is more
straightforward than the usual RCR derivation, which is done for substances where human
cases cannot be assessed directly or cannot be ascribed to a specific substance or group of
substances.
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Table 58: Most common causes of OA in different countries

Country, data source

Causative agents of OA (proportion)

Reference

DE, German Federation of
Institutions for Statutory
Accident Insurance and
Prevention

Year 2004 (n = 711 confirmed cases; n =
487 men)

Men: flour/flour products (41.1 %),
food/animal feed (9.2 %), isocyanates
(7.8 %)

Women: flour/flour products (17.9 %), hair
dyes (11.6 %) hair fixing (11.2 %)

Both sexes:
flour/flour products (33.8 %), food/animal
feed (7.5 %), isocyanates (6.8 %)

(Latza et al., 2007)

DE, German Federation of
Institutions for Statutory
Accident Insurance and
Prevention

Year 2003, n = 835 confirmed cases

Flour, flour constituents/products (35.9 %),
food and feed dust (9.0 %), isocyanates
(6.5 %), natural rubber latex (5.9 %)

(Latza and Baur,
2005)

FI, FROD

Years 1989-1995 (n = 2602 cases): animal
epithelia, hairs or secretions (37.7 %), flours,
grains, fodders (22.3 %), mites (5.3 %), di-
isocyanates (4.8 %)

(Karjalainen et al.,
2000)

FR, French Observatory of
occupational asthma
(ONAP)

The most common reported causative agents
were flour (18.7% of cases) and isocyanates
(12.7%).

(Société de
Pneumologie de
Langue Francgaise,
2005)

flour (12.1-19.3 %), hairdressing products
(5.6 -12 %)

FR, ONAP Years 1996-1999 (n = 2178 cases): flour (Ameille et al., 2003)
(20.3 %), isocyanates (14.1 %), latex
(7.2 %), aldehyde (5.9 %), persulphate salts
(5.8 %), wood dusts (3.7%)

FR, RNV3P Years 2001-2009: isocyanates (3.4-13.1 %), | (Paris et al., 2012)

UK, THOR schemes

“For the period 2012-2014 and the previous
two 3-year periods, 'vehicle paint technicians'
and 'bakers and flour confectioners' were the
occupations with the highest rates of new
cases per year (THOR-SWORD). The most
common causes of occupational asthma
continue to be isocyanates, and flour/grain
(THOR-SWORD)."”

(HSE, 2015).

UK, SHIELD (West
Midlands)

Isocyanates were the most frequently
reported causative agents of occupational
asthma between 1991 and 2011 (383
notifications; 23 % of total). For comparison,
flour and amylase were reported as causative
agent in 83 OA cases (5 %). Isocyanates
were also the most common causative agents
in every single year in the last years (2006-
2012).

(Midland Thoracic
Society, 2016;
Walters et al., 2015)
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Country, data source Causative agents of OA (proportion) Reference
UK, SWORD Years 1998-2014: isocyanates (13.8 %), (HSE, 2016)

flour (8.6 %), wood dusts (4.3 %),
solder/colophony (4.3%)

Years 2012-2014: isocyanates (12.7 %),
flour (10.8 %), cleaning products (9.0 %),
wood dusts (7.2 %)

UK, Labour Force Survey “The role of isocyanates and flour/grain in (HSE, 2015)
occupational asthma is further supported by
more detailed questioning about the causes
of work related illness included in the
2009/10/ 2010/11, and 2011/12 Labour
Force Survey (LFS). Based on data from
these surveys, of those with breathing and
lung problems, approximately 13 % thought
that “Airborne materials from spray painting
or manufacturing foam product” had
contributed to their ill health with a further
7 % citing “Dusts from flour or grain/cereal,
animal feed or bedding (straw)”.”
ES, Catalonia Year 2002 (n = 174 cases):isocyanates (Orriols et al., 2006)
(15.5 % ), persulphates (12.1 %), cleaning
products (8.6 %), wood dust (8.0 %), flour
(7.5 %) latex (6.9 %)

Canada Year 2007: Isocyanates (17 %), wood dust (Roberge et al.,
(17 %), seafood (13 %) 2009)

Quantitative assessment of OA induced by isocyanates

In the following sections the term occupational asthma (OA) is used throughout for the
estimation of new cases of respiratory disease in the EU. The DS is aware of the fact that this
is not perfectly precise, because other respiratory diseases than asthma are also covered in
the occupational disease statistics (approach 1), whereas epidemiological studies (approaches
2 and 3) use a narrower definition of asthma. However, asthma is by far the most frequently
reported respiratory disease caused by diisocyanates and the added uncertainty caused by
additional cases of other respiratory diseases to the estimation of the number of cases is
considered negligible in comparison to other factors that add uncertainty to the estimation
(such as underreporting in disease statistics).

The request for occupational diseases due to isocyanates conducted by the DS is described in
section B.5.6.5.3 Estimation of the number of cases by this approach is hampered by the
uncertainties concerning the recording systems, the significant underreporting and the
differences in isocyanate use between the countries. Therefore, in the following two further
approaches are applied using different data sources.

These three different approaches to assess the occurrence of isocyanate OA in the isocyanate
exposed workers in the EU can be assigned to two general categories:

A. Assessment of the occurrence of isocyanate OA per se

o Occurrence of isocyanate OA based on an EU-wide request for OA statistics
(Approach 1)

o Occurrence of isocyanate OA observed in occupational epidemiological studies
(Approach 2)
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B. Assessment of adult-onset asthma in the population and quantifying the fraction that is
due to occupational exposure to isocyanates (Approach 3)

Although uncertainties are inherent in such estimations, which have to be based on several
assumptions, they are required here to estimate the magnitude of the problem.

Whereas approaches 1 and 2 are based on identifying individuals with diagnosed OA in a
specific population, approach 3 estimates the occurrence of OA at the population level, but
does not identify individuals with OA (Jaakkola and Jaakkola, 2012).

In each of these approaches the estimations are given as

» the absolute number of new OA cases due to isocyanates in the EU every year
= the annual incidence of OA due to isocyanates in the exposed workers

For this report the incidence (new cases within a certain time period) of asthma due to
isocyanates is more interesting than the prevalence (existing cases at a particular time point).
Therefore, “occurrence” of OA means incidence of OA here. For the estimation of incidence of
OA two estimates are needed:

» the numerator representing the cases of OA

= the denominator representing the population at risk in which the cases develop (in person-
years)

In addition, the estimated incidence is interpreted as measure of excess risk here. It is the
incidence that additionally occurs in an exposed population due to isocyanate exposure.

One possibility is to use the data of occupational disease statistics (as numerator) and relate
them to the number of exposed workers (denominator), which is realised in approach 1. This
gives an estimate of the incidence rate if interpreting the denominator as person-years. This
estimated incidence of isocyanate OA is an estimate combined for all industries and
workplaces, irrespective of the exposure duration and the exposure level. It provides a mean
incidence that covers the higher incidence in highly exposed jobs as well as the lower
incidence in lower exposed jobs. Ideally, the number of person-years should be known (years
of exposure for every individual). However when using data from registries or estimations of
exposed workers, this often is not available.

Another source of information for disease incidences are longitudinal epidemiological studies.
In these studies the new cases as well as the exposed person-years can be assessed directly
in a defined study population. They may provide an estimate for the incidence at workplaces
that were investigated in the study, but may be less meaningful for the whole working
population (see below under approach 2).

In this report, incidence estimates are expressed as “annual incidence in %", meaning new
cases per 100 persons per year.

Exposed workers (denominator)

The number of exposed workers in the EU is needed as a denominator to estimate incidence
in approaches 1 and 3 and to estimate the absolute humber of cases in approach 2. Table 69
in chapter D gives an estimation of the number of isocyanate exposed workers in the EU
based on estimations by ISOPA. This gives a value of 1.6 million higher exposed workers. It
is reported that between 0 to 30 % of isocyanate exposed workers have asthma (see section
B.5.6.5.2). Therefore, it is assumed here, that about 10 % of exposed workers have already
become diseased and therefore are not part of the population at risk that generates the new
cases. After subtracting prevalent asthma cases 1.45 mio workers are supposed to be exposed
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to a higher level of isocyanates and to be at risk. In the following this group will be designated
as “high risk”.

As neither the DS nor ISOPA do have valid information on the change of exposed workers
over the years, it is assumed for the calculations, that this humber is constant and can be
interpreted as person-years. Just like the number of cases is assumed to provide an estimate
of the mean number in the EU per year, the number of exposed workers is assumed to be a
mean number per year.

Approach 1: Number of OA cases related to the exposed population

The cases of OA due to diisocyanates (numerator) have already been estimated in section
B.5.6.5.3. Based on 13 countries that provided data on occupational disease cases, the annual
number of cases was extrapolated to the EU. This resulted in an average annual number of
270 cases (among these an estimated number of 235 respiratory disease cases). As it is
known that occupational disease statistics are prone to underreporting (European
Commission, 2013a), different assumptions (factor of 2 and a factor of 10) for underreporting
were made. This gives a range of occupational diseases due to isocyanates in the EU between
540 and 2700 cases per year including about 470 to 2350 respiratory diseases, respectively.

Reasons for underreporting include for example poor recognition by physicians and workers
or the worker’s fear of the consequences of a report for their job.

As a considerable underreporting of isocyanate induced OA has to be assumed (and this is
also supported by the other approaches below), the annual incidence estimated here is based
on the higher estimate for underreporting:

2350 new cases per year/1.45 million workers = 0.0016 new cases per year/worker = annual
incidence of 0.16 %

This means, that every year, 16 out of 10000 isocyanate exposed workers of the high risk
group become an asthma case due to isocyanate exposure.

This estimated incidence of isocyanate induced OA is an estimate combined for several
industries and workplaces, irrespective of the exposure duration and the exposure level. It
provides a mean incidence of the high risk group.

Approach 1 for four EU Member States that provided numbers of exposed workers

As a reply to the data request for this dossier, some countries provided data on the number
of workers exposed to isocyanates in their country. Using the transmitted data in combination
with the data on occupational diseases from the same country an incidence for this country
can be roughly estimated. In the following estimations from four Member States (Belgium,
Czech Republic, Austria, and Finland) are given, which presented the corresponding data.

Table 59 summarises the occupational disease cases for the four countries, which are
presented in Table 13 in section B.5.6.5.3. For consistence with other estimations, only the
respiratory diseases are counted here. Skin diseases were not considered. A percentage of
87 % of unspecified cases was considered to be respiratory diseases (for details see section
B.5.6.5.3).

In the following paragraphs country-specific information on the number of exposed workers
that were provided to the DS by Belgium, Czech Republic, Austria and Finland are presented.
They will be used as denominator in Table 63.

Belgium
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For Belgium, the number of workers exposed to isocyanates can be estimated on the basis of
the data reported by the “external services for prevention and protection at work” (ESPP).
The ESPP register data concerning exposure at the workplace and by law. They have to send
an annual report to the Federal Public Service Employment, Labour and Social Dialogue. For
2013, the reported number of workers exposed to "“Isocyanaten - Diisocyanaten
(methylisocyanaat, tolueendiisocyanaat, TDI, difenylmethaandiisocyanaat, MDI,
hexamethyleendiisocyanaat, isoforondiisocyanaat)” extrapolated to the total number of
Belgian workers was 17 600. This estimation was provided to the DS by the Belgian Federal
Public Service Employment, Labour and Social Dialogue (November 2015), and it was noted
that the quality of the data may be very poor and the obtained number not accurate. However,
data provided by ISOPA provide a similar number of 13600 workers in the Belgium PU sector.

Table 59: Number of cases in four EU Member States that provided numbers of exposed
workers (for details see section B.5.6.5.3)

Data reported by countries Own calculations
Reporting | Total Respiratory | Unspecified | Respiratory Sum of
period cases | disease disease disease respiratory
(number [n] cases cases cases among | diseases
of years) [n] [n] the cases per year
unspecified (column 3 +
diseases* column 5)
Country
BE 2002-2014
(13) 59 - 59 51 51
cz (233)0'2014 152|133 6 5 138
AT 2000-2014
(15) 59 59 - 59
FI 2000-2013
(14) 58 31 1 1 32

*assuming 87 % of unspecified cases being respiratory disease cases, rounded

Czech Republic

Data about occupational exposure to (di)isocyanates is available from the national registry of
work operations (KAPR). In this registry, all workers potentially or actually exposed to harmful
factors in the workplace are assigned one of four work categories. Recently only exposures
to 2,4-TDI, 2,6-TDI, MDI and HDI are registered. In the past, several other diisocyanates
were also registered in the KAPR system. The number of workers exposed to several
diisocyanates is shown in the following table (status on 30.9.2015):

Table 60: National registry of work operations (KAPR) of the Czech Republic

Diisocyanate | Number of exposed
workers

2,4-TDI 412

2,6-TDI 32

4,4’-MDI 1689

1,6-HDI 179

Sum 2312

Data provided to the DS by the Czech Ministry of Health, November 2015

Austria
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In Austria, workers exposed to isocyanates must only be employed if a fitness test and follow-
up examinations are carried out. Exposed workers are examined once a year. In the case of
an abnormality the examinations are carried out in a shorter interval. This provides the
possibility to estimate the number of exposed workers in Austria. According to Table 60 an
average number of about 5268 persons per year are exposed to isocyanates, about 955 of
them are exposed to MDI per year.

Table 61: Exposed workers in Austria

Year Number of Examinations Number of examinations in a shorter
interval because of abnormality

2013 5356 + 791 (MDI) = 6147 1005 + 187 (MDI) = 1192

2014 4510 + 564 (MDI) = 5074 777 + 100 (MDI) = 877

Half 2015 2067 + 225 (MDI) = 2292 354 + 45 (MDI) = 399

Sum of 2015 4134 + 450 (MDI) = 4584

Sum (numbers | 14000 + 1805 (MDI) = 15805 2490 + 377 (MDI) = 2867

of 2015 were

multiplied with

2)

Mean per year 4666.7 + 601.7 = 5268.3 830 + 125.7 (MDI) = 955.7

Data provided to the DS by the Austrian Federal Ministry of Labour, Social Affairs and Consumer
Protection, December 2015

Finland

Information on exposed workers in Finland is provided in Table 62. To calculate the person-
years for the period of 2000-2013, the number of exposed workers given for the year 2001-
2003 (n = 1108) was also assumed for the year 2000 and the number given for 2010-2012
(n = 1474) was also assumed for the year 2013. The sum of person-years for the years 2000-
2013 then is: 1 108 persons * 4 years + 1213 persons * 3 years + 1170 persons * 3 years
+ 1474 persons * 4 years = 17477.

The estimations in Table 63 are expressed as the number of new cases per 10000 person-
years (py) and as annual incidence in %. The sum of cases in a specific period of time was
divided by the sum of py for the same period of time. However, the single presented
estimations must be interpreted with caution, because they are based on more or less
uncertain numbers both for the cases and the exposed workers and have a different basis.
Percentage of cases and exposed workers covered by the registry may vary considerably
between the countries. So the differences in incidence cannot be attributed to true differences
in incidence between the countries, but are also to a great part determined by their reporting
systems. Therefore, these estimations are only intended for giving an impression of the
magnitude of the incidence in the EU.

Table 62: Number of isocyanate exposed workers by Finnish census occupation

Occupation Number of exposed workers
Period Men Women | Total

Lasters and sole fitters etc. 2001-03 33 9 42
2004-06 26 7 33
2007-09 29 8 37
2010-12 7 20 27

Foundry Workers 2001-03 101 11 112
2004-06 113 12 125
2007-09 89 10 99
2010-12 68 5 73
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Occupation Number of exposed workers
Period Men Women | Total
Painters, lacquerers and floor layers 2001-03 885 69 954
2004-06 979 76 1055
2007-09 960 74 1034
2010-12 1194 180 1374
Total 2001-03 | 1019 89 1108
2004-06 | 1118 95 1213
2007-09 | 1078 92 1170
2010-12 | 1269 205 1474

Data provided to the DS by the Finnish Ministry of Social Affairs and Health (October 2015)
Remark attached to the data: “"Data have not been entered for all agents and periods and therefore a
missing value does not necessary indicate lack of exposure. The figures are usually based on calculations
and require rounding to the precision of one or two integers when reported. The gender-specific figures
are based on an assumption that exposure (prevalence and level) among men and women is similar
within the same occupation.”

Table 63: OA cases related to number of exposed workers in four Member States that
provided data on nhumbers of exposed workers

isocyanates)

to MDI 3
(estimated;
2000-2014)

* 15 years = 9030 py

MS Data source for Sum of Calculation of person- Estimate | Estim
number of exposed respiratory years 2 d new ated
workers cases cases/1 annua

(period) * 0 000 I
person- incide
years nce in

%

BE ESPP register (“external 51 17600 persons * 13 years = | 2.2 0.02
services for prevention (2002-2014) 228 800 py
and protection at work”)

ISOPA, Excel Table (Jobs 13600 persons * 13 years 2.9 0.03
without Non-PU Sectors) =176 800 py

cz National registry of work 138 Number of workers exposed | 39.8 0.40
operations (KAPR) (2000-2014) to several diisocyanates

(status on 30.9.2015): 2312
2312 persons * 15 years =
34680 py

AT Austrian Federal Ministry 59 Mean per year: 5268 7.5 0.07
of Labour, Social Affairs (2000-2014) workers
and Consumer Protection 5 268 persons * 15 years =
(Number of examinations 79020 py
of workers exposed to 30 cases due 602 workers exposed to MDI | 33.2 0.33
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32 18.3 0.18

(2000-2013)

FI Ministry of Social Affairs
and Health

17477 person-years (2000-
2013)

! see Table 59

2 for details see text above

3 Of the cases in AT for which an isocyanate is specified, 50 % are due to MDI (n = 7). Assuming that
also among the unspecified cases (n = 45) 50 % are due to MDI, it can be assumed that 22.5+7=29.5
~ 30 cases are due to MDI in Austria (2000-2014).

The estimations range from 0.02 to 0.40 % new cases per year. Considering that differences
in both reporting of OD cases (numerator) as well as in the assessment of exposed workers
(denominator) exist between the countries, this variation seems plausible. The estimation of
0.16 % for the whole EU presented above falls into this range. However, it has to be
considered that (in contrast to the EU-wide estimate and to simplify the descriptions here)
both underreporting of OD cases and accounting for prevalent cases has not been considered
in Table 63, which results in lower estimates. These country-specific data might indicate that
the EU-wide estimate based on OD statistics could be still a low estimate, even if using an
underreporting factor of 10.

Approach 2: Occurrence of OA in epidemiological studies

Based on two reviews on respiratory effects due to TDI (Ott, 2002; Ott et al., 2003),
longitudinal studies were selected that may be nearest to the present exposure situation:
The 8h-TWA were < 5 ppb (2 0.036 mg TDI/m3) and therefore below most of the present
OEL values in the EU and the DNEL for TDI and MDI provided by the registrants. However,
short-term TDI concentrations were > 20 ppb (2 0.145 mg TDI/m3) (the present short-term
exposure limit value e. g. in Germany and the acute DNEL). Undetected peak exposures are
likely to be still present in recent workplaces (see sections A.2.1.2 and B.9). These studies
were conducted in TDI production and foam production. Table 64 gives an overview of the
studies. An overview of the studies reviewed by Ott et al. (2002) is given in Appendix 3,
Table 3-2.

Table 64: Annual incidence of TDI-induced occupational asthma (taken from Ott 2002)

Study Time period Annual incidence of | TDI concentration [ppb],
(facility) TDI-induced assessed by personal sampling
occupational
asthma [%] (case
identification)
(Ott et al., 1980 - 1996 0.7 0.3 - 2.7 (TWA; range by job)
2000) (TDI (Assessment by
production physician) (STC > 20: 0.5 - 0.9 times/shift in
unit) moderate to high-exposure jobs)
(Bugler et al., 1981 - 1986 0.8 0.9 - 2.6 (TWA; range by job)
1991) (PU foam (Self-reporting)
production 22 % of 8-hr samples with short-term
facility) conc. > 20 and 10 % > 40
(Jones et al., 1982 - 1986 0.7 1.4 - 4.5 (TWA; range by job)
1992) (PU foam (Assessment by
production physician) (STC > 20: 3 % time in production
facility) and 0.1 % of time in finishing jobs)

STC: short-term concentration (9-12 minutes)
TWA: time-weighted average
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In a Canadian case-control study based on compensation claims for OA due to diisocyanates
(TDI, MDI, HDI) and covering 223 companies, an incidence of 0.9 % in 4 years (1984-1988)
has been calculated (56 workers with claims accepted for OA out of 6308 workers), see
Table 65 (Tarlo et al., 1997). This corresponds to an annual incidence of 0.2 %. For those
companies that had claims, the incidence was 2.7 % in 4 years (= 0.675 % per year) in the
high exposure companies (ever = 5ppb) and 2.2 % in 4 years (= 0.55 % per year) in the
low exposure companies (always < 5 ppb).

Table 65: Incidence provided by a Canadian case-control study

Incidence
As provided in the | Annual
study (% in 4 incidence in %
years, 1984-1988)
Overall (223 companies) 0.9 0.2
High exposure companies (ever 2.7 0.7
> 5ppb) with claims
Low exposure companies with 2.2 0.6
claims (always < 5 ppb)

The studies cited above indicate, that in companies keeping 8h-TWA below 5 ppb still asthma
cases develop. This may be due to both the 5 ppb being not protective enough as well as
peak exposures, undetected inhalation exposures and dermal contact.

The recent study by Gui et al. (2014) even indicates that keeping 8h-TWA below 5 ppb and
peak exposures below 20 ppb may not prevent from sensitisation, and dermal exposure may
contribute to the induction of the effect (Gui et al., 2014). Newly hired workers (n = 49) were
evaluated pre-employment, after 6 months and after 12 months. Recorded 8h-TWA exposure
to TDI was not higher than 5 ppb and peak exposures were below 20 ppb. After the first year
of employment, 7 workers (14 %) had findings that could indicate TDI-related health effects
(new asthma symptoms, TDI-specific IgG, new airflow obstruction, decline in FEV:1 = 15 %).
Twelve workers (25 %) were lost to follow-up. Among these workers, current asthma
symptoms were reported (at baseline or 6 months) in a significant higher percentage
compared to those who completed the 12-month follow-up. Although this study is not suitable
to derive an estimate for TDI-induced OA incidence, it shows that under current conditions in
the EU, incidence of sensitisation might be much higher than indicated by epidemiological
studies prone to healthy worker effect and indicated by occupational disease statistics.

In conclusion, according to this approach an incidence in the range from 0.2 - 0.7 % per year
may be assumed. Applying this to the 1.45 million exposed workers in the EU gives 2900 to
10150 new isocyanate asthma cases in the EU per year in the high risk group.

Approach 3: Assessment of adult-onset asthma in the population and quantifying
the fraction that is due to occupational exposure to isocyanates

In an international prospective population-based study the overall incidence of adult-onset
asthma was estimated to be 2.2 per 1000 person-years (= 0.22 % per year; based on new
asthma symptoms) or 0.99 per 1000 person-years (= 0.099 % per year; based on new
asthma symptoms and bronchial hyperreactivity) (Kogevinas et al., 2007). The population
attributable fraction for adult asthma due to occupational exposures was estimated to be in
the range of 10 % to 25 % (Kogevinas et al., 2007; Toren and Blanc, 2009) and was also
expressed as 250 - 300 cases per million people per year by Kogevinas et al. 2007. The
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working population in the EU is about 242.3 million people (Eurostat, 2015). With this, the
new asthma cases due to occupational exposure each year can be estimated:

250 cases per million people * 242.3 million people = 60575.

Assuming that about 10 % of OA is due to isocyanates (see Table 66), the estimated number
of OA cases due to isocyanates each year would be 6058. Calculating with 300 cases per
million people would result in 7269 cases, respectively. Applying these numbers of cases to
1.45 million workers gives an estimate of the annual incidence of 0.42 % or 0.50 %,
respectively.

Table 66: Proportion of occupational/work-related asthma cases with isocyanates as

(suspected) causative agents

Proportion | Refers to Reference
(%)
10-20 EU compensation statistics (Pickvance, Karnon et al.
“Ten to twenty percent of asthma cases 2005)
recorded in EU compensation statistics are
due to isocyanates; this proportion has
changed little over 20 years. It is not
unreasonable to expect regulation of
isocyanate use to improve through the
introduction of REACH."
23 1991 - 2011, SHIELD surveillance scheme (Walters et al., 2015)
for OA, West Midlands, UK
23 2012, SHIELD (Midland Thoracic Society)
17 2007, Canada (Roberge, Gravel et al.
2009).
15.5 2002, Catalonia, Spain (Orriols, Costa et al. 2006).
14.1 1996-1999, (Ameille et al., 2003)
Observatoire National des Asthmes
Professionnels (ONAP), France
13.8 1998-2014, SWORD, UK (HSE, 2016)
3.4-13.1 2001 - 2009, French national network of (Paris, Ngatchou-Wandji et
occupational health surveillance and al. 2012)
prevention (RNV3P), France
12.7 French Observatory of occupational asthma | (Société de Pneumologie de
Langue Francaise, 2005).
12.7 2012-2014, SWORD, UK (HSE, 2016)
7.8 2004, Germany, men (Latza et al., 2007)
6.8 2004, Germany, both sexes (Latza et al., 2007)
6.5 2003, Germany (Latza and Baur, 2005)
4.8 1989-1995, Finnish Registry of Occupational | (Karjalainen et al., 2000)
Diseases (FROD)

Strengths and limitations of the estimations

It seems plausible that the three approaches lead to different results (absolute number of
cases per year and annual incidence) as all of them have different uncertainties.

Strength of approach 1 is that the actual cases that are reported to registries can be counted
directly. However, numbers are heavily influenced by the national reporting systems (as well
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health care and workers’ compensation systems), which is also shown by the four available
country-specific estimates. In addition, a considerable underreporting has to be assumed
adding uncertainty to the estimates.

In approach 2 cases are also observed directly (in epidemiological studies in factories) and
here the risk of missing cases may be lower than in approach 1. However, due to healthy
worker effects it is also plausible that the true incidence may be higher. Further uncertainties
concern the fact that the exposure situation in the selected studies may not reflect the actual
exposure of the exposed workers to which the incidence estimate is assigned to calculate the
absolute number of cases.

In approach 3 isocyanate asthma cases are not counted directly, but are estimated as a
fraction of all OA asthma cases. Underreporting therefore may have a minor influence on the
estimate, as this concerns all OA cases and not only isocyanate asthma cases. However, the
fraction may vary between the countries and is for example influenced by the frequency of
other causative agents (such as flour).

Further disease cases not quantified in this section include the dermal occupational disease
cases (see section B.5.6.5.3) as well as cases in the general population. A number of
publications have shown that bystanders such as residents in buildings, where spray-foaming
with diisocyanates has been performed, may suffer from sometimes severe health effects
when protection measures are inadequate (see section B.9).

Subgroup spray painters

Table 67 shows estimates of asthma incidence in spray painters: Based on UK occupational
disease statistics (SWORD) for 2005-2014, an incidence of occupational asthma in vehicle
paint technicians of 66 new cases per 100 000 workers per year was calculated (HSE, 2016).
For the period of 2009 to 2011, the calculated incidence also was 67 new cases per 100 000
workers per year. This is equal to an annual incidence of 6.6 new cases per 10 000 workers.
Accounting for underreporting leads to higher numbers (66 per 10 000 workers per year if
underreporting is assumed to be 90 %).

Table 67: Estimated incidences for spray painters

Annual incidence in %

Occupational group Data source underreporting Reference
factor 10

Vehicle paint technicians | SWORD, UK (HSE, 2016)
(2005-2014) 0.066 0.66

Spray painters population- (Lillienberg
based study et al., 2013)
among adults in | 0.85
Northern
Europe

In a population-based study in Northern Europe the incidence of adult-onset asthma in men
was estimated to be 1.3 cases/1000 py and a significant higher risk for adult-onset asthma
was reported for spray painters (Hazard ratio (95 % CI): 7.5 (2.4-24.1)) (Lillienberg et al.,
2013). Using the hazard ratio to calculate the incidence in spray painters leads to:

7.5 * 1.3 cases/1000 py = 9.75 cases/1000 py

The risk difference (excess risk) of asthma in spray painters compared to the general adult
population then is:

9.75/1000 py - 1.3/1000 py = 8.45/1000 py
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This can be interpreted as meaning that in spray painters, there are 8.45 new asthma cases
due to the spray painting job in 1000 py (0.845 % of the workforce per year). It has to be
kept in mind that other substances than isocyanates that are also present at spray painting
jobs may contribute to this asthma incidence.

Table 68: Summary table of estimated occurrence of isocyanate OA in the EU (as nhumber of
new cases per year and as annual incidence)

Approach of OA assessment
Assessment of OA per se 3
1 2 Assessment of asthma
OD statistics Epidemiological in the population and
studies quantifying the
fraction due to
isocyanates
New isocyanate asthma
cases in the EU per year 1 2350 | 2900 - 10150 60582 72692
(n)
Exposed workers in the .
EU (n) 3 1.45 mio
Annual incidence in the 4
EU (%) 0.16 0.2 -0.7 0.42 0.50

I Estimated number is based on the reported cases per year in the 13 countries that provided data on
disease cases. After extrapolation to the EU a value of 270 cases (includes respiratory as well as skin
diseases) is estimated. Based on the available information the percentage of respiratory cases is
estimated as 87 % of total cases, the yearly number of respiratory disease cases is estimated to be
235. Due to a significant amount of underreporting this number does not reflect the real amount of OA
cases in the opinion of the DS and is therefore coloured light grey. Using an overall factor for
underreporting of 10 leads to the estimate of 2350 new respiratory disease (OA) cases per year.

2 Depending on the estimate of the incidence of adult-onset asthma

3 Without low exposed workers and 10 % prevalent asthma cases

4 In studies where TWA exposure was mostly < 5 ppb, but peak exposures existed. This may be similar
to the actual exposure scenarios at the workplace today. Recent studies indicate that due to healthy
worker effects true incidence may actually be higher than observed in studies (Gui et al., 2014).

Conclusion on risk characterisation

Although the incidence of isocyanate asthma has decreased over the last decades, there is
still a significant number of new cases of isocyanate induced OA every year throughout the
EU. Depending on the assumptions which are made in the different approaches, it is estimated
that the absolute number of new cases lies in the range between 2350 and 10150.

The annual incidence (excess risk) of asthma due to isocyanates in workers corresponding to
this absolute number of new cases exposed to isocyanates (excluding low exposed workers)
is estimated to range between 0.16 % and 0.7 %. This means, that every year, 16 to 70 out
of 10000 higher exposed workers (and even more in special occupations such as spray
painters), become new asthma patients due to isocyanate exposure. The Dossier Submitter
considers this as unacceptably high.
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C. Justification for action on a Union-wide basis

This has been discussed in Section A.2.2.
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D. Baseline

Exposed working population

According to data collection performed by ISOPA there are around 4.34 million potentially
exposed workers in several industrial and professional sectors (see chapter G). According to
ISOPA, this figure covers approximately 80 % of the market. That means that = 5.2 million
workers have contact with isocyanates or isocyanate based products. It should be emphasised
that depending on the use sector the exposure to workers is not on an equal level and risk
for workers varies. The following differentiation on risks groups between the sectors is
presumed for the socio-economic analysis in Table 69. The more or less reliable quantification
of risk is solely available for the use sectors at relatively high risk.

Table 69: Overview on exposed workforce in sectors

Healthy Risk for healthy
Sector Workforce workers* workers
Construction chemicals 1 800 000 1 620 000 Low
Automotive repair (excl. motor
vehicle refinish (MVR)) 1 800 000 1620 000 Low
Other sectors (e.g. metal 1 608 306 1 447 475 High**
treatment, insulating panels etc.)
All sectors 5 208 306 4 687 475

Source: ISOPA, data modified (see chapter G)

*Free of asthma. Corrected for asthma prevalence of 10 % in exposed population. See Section B.5.6.5.2
for more details

**0.2 - 0.7 %/yr

The above differentiation in three sectors was made to distinguish work forces qualitatively
by risk levels. This assignment of workforces to sectors does not follow the classification by
uses made in section B.9. However, in the opinion of the DS the sector ‘construction
chemicals” (with a low risk for healthy workers) could e.g. be assigned to the (cold) uses of
adhesives (also including sealants) as these uses are linked to common construction
chemicals. In the understanding of the DS a similar assignment is also true for the second
sector, automotive repair (excl. MVR), addressing the use of adhesives e.g. for fixing or
replacing wind-screens or other gluing tasks. The last entry ‘other sectors’ is rather unspecific
and comprehends all sectors where the risk for healthy workers is stated as high. In the
understanding of the DS such sectors are linked to the uses with the highest exposure levels.
These are uses where aerosol formation can be expected e.g. in spray coatings (B.9.6) or
spray foam applications (B.9.5) but also (to a lesser degree) in the use of volatile
diisocyanates (mostly TDI) in the manufacture of foam (B.9.4) and PU and composite
materials (B.9.3).

An exact number of new asthma cases per year is not available. Estimations of the annual
occurring asthma cases in the baseline scenario can be performed by the methods explained
in Section A.2.1.3, Table 3. As explained in that section, in this approach it is distinguished
between healthy workers in activities of relatively high risk (about 1.45 million) and those
that are less exposed (either by using products with lower potential risk for exposure and/or
because they use diisocyanate products only during short irregular periods (about
3.6 million). Calculations regarding new asthma cases are only based on the high potential
risk group due to lack of data for the incidence rate for lower exposure group.
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Table 70: Overview on models for estimation of the annually occurring new asthma cases

Method OA OA OA Assessment | OA Assessment
Assessment Assessment Method 2 Method 3
Method 1 1 with
with reported | under-
numbers reporting
factor 10
Incidence rate
(%/yr)
relating to 0.02 0.2 0.70 0.42
healthy
workers
New OA 235 2 350 10 150 6 058
cases/ yr
Cumulative
number of 4 700 47 000 203 000 121 160
cases after 20
years

Source: Estimation based on methods presented in Section A.2.1.3, Table 3

All three estimation methods are appropriate for the forecast modelling of number of asthma
cases in the baseline and restriction scenario. However, it should be emphasised that the
forecast certainty of the used methods varies. In the following the aspects of certainty
regarding 