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Vink, S.R. (Stefan)

Van: Arts, J.H.E. (Josje) [Josje.Arts@akzonobel.com]
Verzonden: donderdag 15 maart 2018 12:04
Aan: GR_draftOSH@gr.nl
Onderwerp: Draft document di- and triisocyanates

Hoi Stefan 

  
Hierbij stuur ik een reactie op het OCR ‘Di- and triisocyanates’ namens AkzoNobel Chemicals. 
Hartelijke groet, Josje 

  
  
Major comments 

  

First of all the names of the substances concerned are a bit misleading. Diisocyanates are monomers 
(consisting of 2 NCO groups) whereas the ‘triisocyanates’ are trimers (consisting of 3 connected monomers 
resulting in 3 NCO groups with a larger distance between the NCO groups). Using the terminology 
‘diisocyanates/triisocyanates’ suggests a much closer relationship compared to ‘monomers/trimers’.     
  
Section 2.1 

The argument to express concentration measurements in µg NCO/m3 - because ‘this would be most 
relevant from a toxicological point of view and allows a direct comparison between different isocyanates’ - 
is not correct because: 

(1) Measurement in ug NCO/m3 is only a more easy way to determine total NCO and does not allow 
discrimination between different diisocyanates (monomeric) and triisocyanates (trimeric), or even 
polymeric isocyanates. 

(2) This means that potent, less potent or even no sensitizers will be included in total NCO; in addition, 
it is the question whether oligomeric (e.g. trimeric) isocyanates have respiratory allergenic potency, 
if at all.  

Because of differences in potency, the metric ug NCO/m3 therefore, will not allow a direct comparison 
between different isocyanates. 
The fact that only 3 countries are using this metric (UK, Switzerland and Australia) may already be a sign. 
The reason why UK is expressing the OEL in ug NCO/m3 may relate to the fact that in the 1980s-1990s, 
no TDI was used in the UK but only MDI, for which it was most easiest to measure in ug NCO/m3.      
  
Section 7 Effects 

In the study by Pronk et al. (Page 36, lines 18-36) it has been indicated that statistically significant 
exposure-related decreases in FEV1, FEV1/FVC and flow-volume parameters were found independent of 
BHR. Yet BHR was used to set the HBROEL. But how can BHR20 - which is aspecific - be used as an 
indicator for occupational asthma specifically due to diisocyanates?  
On page 36, it has been indicated that workers were exposed to isocyanate oligomers, whereas on Page 
73 (Annex D) it was stated that workers were mainly exposed to isocyanate oligomers. Because 
concentrations were measured as NCO, it is not clear what the contribution of monomers was versus that 
of oligomers, also in view of the much lower respiratory allergenic potency of oligomers, if at all. 
F.i. HDI trimer isocyanurate (CAS no. 3779-63-3) has been REACH registered and has not been classified 
for respiratory sensitisation based on in vivo studies with the structural analogue HDI oligomers, 
isocyanurate type (CAS no. 28182-81-2; UVCB). HDI biuret (CAS no. 4035-89-6) has not been REACH 
registered but could be expected to behave the same. In addition, trimeric IPDI was negative in the 
respiratory LLNA in contrast to the monomers IPDI, TDI and HDI (Arts et al. (2008); Tox Sci 106(2): 423-
434).  
  
Section 9 and Annex D 

First of all it would have been more helpful to understand this Annex when the daily concentration levels 
would have been mentioned (which were stated to have been back calculated from the original 
publications).  
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Based on the above, a possible lack of respiratory sensitization potential for oligomeric isocyanates, it is 
remarkable to note that the report of the Health Council includes di- and triisocyanates, and that by 
indicating one HBROEL value they consider these to be of the same potency. However, in fact the 
triisocyanates would then even be of higher potency because to obtain 0.1 ug NCO/m3, there would be 
(much) less trimeric molecules than monomeric molecules.  
  
On page 37, in the footnote, it has been indicated that an increase of 1% of sensitized individuals above 
background values is used in NL as benchmark for establishing OELs of allergens for which no safe 
exposure level can be derived. In the present case this 1% has been linked to BHR and asthma (BHR and 
wheeze) whereas increases in BHR and wheeze are not necessarily related to respiratory allergy (see also 
comment above).  
In the present study, there were 2 controls with asthma (BHR20 and wheeze) and 3 controls with BHR20 (if 
the same persons, one without wheeze?) indicating that also in individuals work-aggravated asthma could 
have existed.    
  
Using approach no. 2 it is very remarkable that at 0.10 ug NCO/m3 workers would have an additional risk 
of 1% of developing ‘BHR20’ compared to the background risk in the general population. Thus compared to 
a value of 6.3% in controls, this would be 7.3%? In addition, at 0.19 ug NCO/m3 this would be 2% extra, at 
0.37 ug/m3 3% extra, and at 1.39 ug/m3 5% extra. However, for ‘asthma (BHR20 and wheeze) these 
levels would be respectively: 0.13, 0.36, 0.97 and 7.09 ug/m3???  
  
As the Health Council noted: short-time exposure to peak levels of isocyanates might result in relatively 
high risks for the development of isocyanate-induced occupational asthma. Therefore, it is remarkable that 
the HBROEL has been set as an 8-h TWA as if allergy is based on a concentration * time concept (a daily 
8-h mean which does not exclude peaks). Most probably people get sensitized due to one or more 
exposures at high(er) levels (e.g. due to spills which might result in inhalation as well as dermal exposure), 
and then a lower air concentration may be sufficient to induce allergic reactions. 
So what is the purpose of setting an 8-h HBROEL? Is this to prevent sensitization? Or to prevent elicitation 
reactions in those people already sensitized? And how will an 8-h TWA HBROEL average help to prevent 
peak exposure(s)? 

  
The current OEL value for diisocyanates in most countries (5 ppb) has shown that the number of 
occupational asthma cases has decreased over time but is not zero. However, most probably the number 
of cases not being zero is not due to the value as such but due to (accidental) occurrence of peak values or 
spills.  
  
Also, if the HBROEL will be expressed in ug NCO/m3, it will create difference in concentration levels as the 
effect of these chemicals should not be expressed in mass (dose = mg/m3 * exposure duration) but in 
moles (number of molecules; thus ppm/ppb): 
The general OEL for TDI is (currently): 5 ppb which equals ~35 ug/m3  
The general OEL for IPDI is (currently): 5 ppb which equals ~45 ug/m3  
So 0.1 ug NCO/m3 would result in a different value for every diisocyanate (and also for oligomers).  
For TDI this would be: 0.1 ug NCO/m3 = 0.2 ug TDI/m3 = 0.028 ppb = ~180 times lower. 
For IPDI: 0.1 ug NCO/m3 = 0.2 ug IPDI/m3 = 0.022 ppb = ~230 times lower. 
    
Finally, it is the question whether air monitoring is technically feasible. And if not technically feasible, what 
value has this proposed HBROEL value?  
  
Minor comments 

  
Page 18. CAS number of HDI trimer isocyanurate is: 3779-63-3. 
  
Section 5 Biological monitoring 

It has been indicated that skin prick tests resulting in a wheal diameter of at least 3 mm larger than the 
negative control after 15 min are usually considered positive for sensitization. Sensitization for what: 
Dermal? Inhalation? Both? 

  
Section 6 Mechanism of action 
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• (Page 32, lines 10-12). TDI is one of the main agents responsible for occupational asthma (5 to 
15% of occupational chemical asthma).This clearly needs a reference. 

  
• (Page 33, lines 11-14). Improper diagnosis of TDI sensitization was also discussed: on 75 subjects 

positively diagnosed by questionnaire, less than half responded to the challenge with high 
molecular weight allergens. Why would subjects positively diagnosed by questionnaire be 
challenged with high molecular weight allergens?  

    
  
  
Josje Arts PhD, ERT 
Senior (Inhalation) Toxicologist / PSRA manager 

Toxicology and Environmental Expertise  
  
T: +31 88 969 1306 
M: +31 6 115 164 52 

E: josje.arts@akzonobel.com 
Akzo Nobel Chemicals B.V. 

Velperweg 76 

6824 BM Arnhem 
The Netherlands 

 
www.akzonobel.com/specialtychemicals 
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Regulatory and other comments on the Dutch Expert Committee 

on Occupational Safety (DECOS) Draft Health-based 

Recommendation on Occupational Exposure Limits (OELs) for Di- 

and Triisocyanates. 
 
 

 

May 9, 2018 

 

 

 
Discrepancy between the English and Dutch text version 

In the English text reference is made to a Health based limit value, while in the Dutch text the 

recommendation refers to a “reference value”, which is truly a risk based value 

This is a fundamental difference as the reference value need to be assessed for feasibility in 

the tri partite committee (the SER). 

 

DECOS Guidance 

Health council is conducting their own analyses, utilizing the information that they obtained 

from the Pronk (2007, 2009). This analysis has not been published in a peer reviewed journal 

and the report does not provide the necessary detail to fully understand the process that 

was followed. By utilizing “non peer” reviewed data, the health council likely did not follow 

their own guidance to limit the information considered to peer reviewed and publicly 

available information (as is done by other scientific organizations). 

 

Multiple agents 

Relying on health effects in car repair shops, where exposure may occur to many agents 

that affect the health of the workers, may lead to erroneous association with di- and 

triisocyanates alone.  

It might be of interest to develop an extra figure in the DECOS document (in addition to A, B 

and C) where studies are separated based on the industry from which they were derived 

(e.g. manufacturing isocyanates, production of PU components, application of coatings). 

The first two sectors will give few rises to confounding exposure to other agents. 

 

General population 

The committee states that an exposure limit for di- and triisocyanates exists below which no 

occupational asthma develops. Although the committee cannot derive this limit based on 

their in-depth review the committee does not include studies and calculations from Pauluhn 

(2008/2015) which leads to exposure limit being in line with the German MAK (Maximum 

Allowed Concentration) values.  

The Socio Economic Committee (SER) of the Netherlands wants to strive to ensure that no 

more than 1% more sensitization is created by a working life with exposure to an allergen 

than to the general population. This is in line with the SER advice on inhalable allergens. 

(G&VW/GW/2009/20619). 

 

mailto:main@isopa.org
mailto:info@alipa.org
http://www.isopa.org/
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The sensitization level for the general population in the Pronk study (2007, 2009) is 0% (based 

on a control group of 50 office workers). An extra 1% for a working life exposure will still be 

zero. No reference values, neither historical, were given on asthma cases due exposure to di- 

and triisocyanates of the general population. This illustrates also the weakness of this route of 

calculation in the Pronk study (2007, 2009) as di- and triisocyanate spray (coating and/or 

foam) are not used by the general public (This use is not registered for any di-and 

triisocyanate under REACH, thus it is forbidden: used advised against in REACH dossiers).  

Of the most relevant di- and triisocyanates only MDI has few consumer uses, including a 

restriction under Annex XVII of REACH. 

With this draft advice the committee is taking a too negative approach towards di- and 

triisocyanates. It is known that di- and triisocyanates are sensitisers and can cause 

occupational asthma by prolonged over-exposure but this doesn’t mean that large numbers 

of workers develop occupational asthma from working with them. An earlier report from TNO 

(TNO report V9408, 2011) prioritizes diisocyanate exposure as a medium to low problem area.  

In the Netherland the NCVB (Dutch Center for Occupational Illness) reports already for many 

years a very low number of asthma cases due to the use of di- and triisocyanates. Between 

2002 and 2017 there were eighteen reports of occupational diseases involving isocyanates, 1 

– 2 per year. Of these total of 18 reports, three are related to sprayed foam. This concerns 

reports from 2002, 2004 and 2012. Because no protocol was used at that time, it is impossible 

to find out what the source of the complaints was. There has been no increase in recent 

years. 

 

Current limit values 

The SER committee states that when the government makes it clear to which allergens it sets 

limits, the other allergens fall into the private domain. This means that companies must, as 

required by the Working Conditions Decree, set limits themselves, whether or not based on 

sectoral action or an occupational health and safety catalog. Industry has derived limits in 

their REACH dossiers, the so-called DNEL’s, these are supported by the Pauluhn data (2008, 

2011, 2015) and the German MAK (AGS, German Committee on Hazardous Substances, 

2007) data. Globally binding legal limit values for TDI are all in the range from 1 – 10 ppb, 

other diisocyanates have typically higher limit values (see attached table 1). 

 

There is in the Netherlands no legal binding limit value for TDI but industry follows the 

averages of the neighboring countries. For di- and triisocyanates the European limit values 

for various countries are given in table 1(see attachment). They vary from 1 – 10 ppb (8.1 

µg/m3 – 81 µg/m3) which is similar the DNEL’s in the REACH dossier. 

The German Committee on Hazardous Substances (AGS) for example established an OEL of 

0.035 mg/m3 (0.005 ppm = 5 ppb) referring to an 8-hour exposure period. The justification of 

the OELs was based on a TDI evaluation of the German MAK Commission (1999) and 

published in criteria documents for 2,4- and 2,6-TDI (January 2006) with the following 

statements: 

“Human experience shows clearly that if the exposure concentrations of TDI are kept below 

0.01 to 0.02 ppm (20 ppb), generally no new cases of TDI asthma are observed (Porter et al., 

1975; Karol 1981; Olsen et al., 1989). The impairment of lung function by long-term exposure 

to TDI has been investigated in several studies. It can be deduced from these data that with 

observance of an 8-hour average value at the workplace of 0.005 ppm and limitation of 

exposure peaks to 0.02 ppm no significant deterioration in lung function is to be expected 

(DFG (German Research Foundation) 1999). Since the OEL for TDI was based on human data  
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no additional assessment factors are required. Inter-individual variability was taken into 

account by a large number of TDI exposed workers.” 

 

It is realized that the commission follows a clear scientific path to derive a health-based 

recommendation on occupational exposure limit but it does not take into account the 

current situation in Europe and in the Netherlands. Despite the increased use of 

diisocyanates there is a decrease in health cases, this is also acknowledged by the BAuA in 

their REACH Annex XV restriction report on diisocyanates, BAuA (2016). 

 

Developments under REACH 

There will be a further reduction in number of health cases with the implementation of the 

REACH restriction on diisocyanates as prepared by BAuA (German Federal Institute for 

Occupational Safety and Health) in 2016, which was approved by RAC and SEAC of ECHA 

and is currently under review by the European Commission. This restriction foresees a 

mandatory training and certification for industrial and professional users (up to 4 million in 

Europe), covering all sectors, including car repair and the building sector. In parallel to this 

restriction the IPA (The Institute for Prevention and Occupational Medicine of the German 

Social Accident Insurance is an institute of the Ruhr-University Bochum), the BAuA and 

industry are preparing for a longitudinal Cohort Study. The study will start in 2019 (duration: 5 

years) and will be organized by IPA experts. The goal of the cohort study, with about 1500 

workers, is the verification if skin and respiratory diseases, caused by diisocyanate exposure, 

can be prevented by proper industrial hygiene conditions. Endpoints related to health 

effects caused by diisocyanate exposure, e.g. respiratory sensitization, skin effects, will be 

studied. An establishment of a thorough dose-response curve might not be feasible; 

however, it might be possible to form diisocyanate groups based on concentration intervals 

like low, medium and high risk. The relevance of diisocyanate skin contact for the induction 

of respiratory sensitization in humans will be elucidated.  

Results of this study will help to prevent occupational asthma caused by diisocyanates by 

proper handling, organization and technical measures and personal protection. 

The diisocyanate restriction under review clearly states why the BAuA has chosen for the 

route of restriction. 

The final conclusion in the ECHA document (BAuA, 2016) is: 

“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.” 

 

Polyurethane foam 

In chapter 4.1 of the DECOS document it is mentioned that PU foam contains diisocyanates 

and refer to Verschoor (2014). Polyurethane end products do not contain diisocyanates, in 

the Polyurethane production process the diisocyanates react with polyols (polyalcohols) and 

with other ingredients depending on the recipe. DECOS probably refer to the application of 

PU spray foam in crawl spaces in the Netherlands, where during the applying of the 

diisocyanate (Polymeric MDI) and a polyol mixture there is exposure. Within seconds the  
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Polyurethane foam is formed and the Polymeric MDI is reacted away. Both the TNO (TNO 

2013 R10642, TNO 2013 R10642) and the RPS report (RPS February 2014) show that within 30  

 

minutes the Polymeric MDI exposure in the crawl space (extracted during and sealed 

afterwards) is reduced to very low levels causing a negligible risk.  Verschoor (2014) also 

claims that 30% of the workers handling isocyanates get sensitized, however they don’t 

provided data.  

Verschoor (2014) claim there are several hundred health complains from people who had 

their crawl space insulated with PU spray foam, several series of complaining where 

medically examined by the GGD (Dutch Public Health Service) but none were found 

sensitized to diisocyanates. Verschoor categorically refuses to send the complaining for 

medical examination. 

 

Conclusion 

Both BHR and MCC (Methacholine challenge) have expectations for better diagnostic and 

prognostic outcomes.  Neither has been proven, even when including studies in mining – 

platinum and PG metals, food and soaps – enzymes and chemicals (chlorine, Vanadium 

and anhydrides). It does complicate the regulators task, instead of merely lowering exposure 

values it needs a more comprehensive toolkit of activities, as we call it – layers of protection. 

Risk reduction measures therefore should include the layers of protection approach rather 

than exposure limit based alone. 

As for the sensitization, indeed this cannot be based on exposure levels only, the 

susceptibility/genetic disposition (not atopy), previous exposure, type of allergen etc. 

complicates the picture and negates the emphasis of lowering exposures only. 

The upcoming REACH restriction on diisocyanates will address the topic of occupational 

asthma due to diisocyanates and will reduce the respective asthma cases.  

BHR is not sufficient to indicate occupational asthma. A reduction of the OEL based on 

insufficient data is contra productive, especially taken into account the upcoming 

restriction.  
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Joe Pueringer 

Austrian Workers’ Compensation Board 

Main Office, Vienna  

 

February 2018 

 

Comments on Draft Di- and Triisocyanates 

 

„Absorption via the skin“ 

Draft page page 28 line 8+9 — page 9 line 8+9 — page 29 line 5 — page 34 line 17, etc: 

Commonly, the term „absorption via the skin“ means that the substance passes the skin barrier and 

is distributed systemically in the organism. 

“Dermal (percutaneous, skin) absorption is a global term that describes the transport of chemicals 

from the outer surface of the skin to the systemic circulation (OECD, Guidance document for the 

conduct of skin absorption studies, 2004). This is often divided into: 

• penetration, which is the entry of a substance into a particular layer or structure, such as the 

entrance of a compound into the stratum corneum; 

• permeation, which is the penetration through one layer into a second layer that is both 

functionally and structurally different from the first layer; and 

• resorption, which is the uptake of a substance into the skin lymph and local vascular system and 

in most cases will lead to entry into the systemic circulation (systemic absorption).” 

(WHO, Environmental Health Criteria 235: Dermal Absorption, 2006, p. 8) 

 

It is generally accepted that (di)isocyanates are not absorbed through the skin in the sense of dermal 

/ percutaneous / skin absorption. After penetration into the outer skin layer (di)isocyanates are 

transformed into conjugates or metabolites, probably deposited in the skin (and most of them 

possibly being relevant for sensitisation mechanisms). This also is expressed in draft chapter 5.3, line 

3. 

To avoid misunderstandings, all text passages referring to dermal absorption etc. should be 

rephrased to dermal contact / skin contact. 

 

Skin contact and respiratory sensitization 

Since skin contact with products containing isocyanates may occur easily at work we suggest to 

include some more information about the possible induction of asthma caused by skin contact to 

diisocyanate. 

There is growing evidence suggesting that skin contact with diisocyanate can induce respiratory 

sensitization even in humans.  

However, knowledge on isocyanate sensitization of airways by skin contact is not new. Asthmatic 

reactions were already mentioned in the textbook Konietzko, Handbuch der Arbeitsmedizin (Vol. IV 

Chapter 5.4) in 1991: Miners who experienced at least one massive dermal contact with MDI (while 

all airborne exposures were fairly below OEL) started suffering from asthma. The textbook concluded 

that isocyanate asthma appears to be induced rather by skin contact than by inhalation. 
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Already in 1992 (when attention was still focussed on inhalation toxicity of isocyanates) the German 

MAK Value Documentation on MDI noted that sensitisation of airways can be induced by skin 

exposure. The 2008 MAK Documentation Update emphasised the crucial role of skin contact, 

summarising several studies concerning this effect. This update highlighted the relevance of skin 

contact for the induction of asthma in respect of the work environment. (To alert against skin contact 

hazard, MDI was actually marked with ‘skin notation’. It should be noted that in contrast to the real 

meaning of ‘skin notation’ diisocyanate does not show any systemic effect due to resorption through 

the skin.) 

Remarkably, in 2007 the MAK-Commission of the DFG extended the definition of the “skin notation” 

used in the list of MAK values. To point out the crucial role of skin contact, in particular to 

diisocyanates, the MAK-Commission broadened the criteria for skin notation for designating 

substances with “H”. The underscored amendment of the criteria had been added: 

  

This has been done on account of the serious diisocyanate effects due to the skin contact to (not 

resorption of!) diisocyanates. This is quite remarkable. 

(Side note: Nevertheless, we do not support a “skin notation” in these cases, leading to misunderstand able 

double-labelling of substances, because in workplace practice clear messages to workers, their representatives 

and employers are needed – ‘skin notation’ should assign to systemic availability of a substance due to its dermal 

resorption, and should not mixed up with ‘sens notation’.) 

Research findings (in particular by J. Pauluhn) in animal models which show immunological 

properties similar to those in humans, support the assumption that human respiratory sensitization 

likely is induced by skin contact. 

Throughout the previous decades, scientific and medical attention focussed on adverse sensitization 

by inhalation (and on sensitization of the skin, which is rather rarely). Technical measures succeeded 

in reducing the airborne workplace exposure. But, small attention was (and is) still given to the 

induction of sensitization by skin contact. 

Even though the mechanisms of induction through the skin pathway yet are not completely clear, 

today there seems to be sufficient evidence that skin contact to diisocyanate represents a severe 

respiratory sensitization hazard for humans.  

At least, the induction of human respiratory sensitization hazard must be anticipated in respect of 

the precautionary principle. 

Avoiding any skin contact with isocyanates must be a top priority — besides observing the OEL and 

lowering the air concentrations as far as possible. 

 

Chapter 5.5 Biological monitoring: 

It should be mentioned in the paper that the relevance of biological monitoring of isocyanate-

derived amines is questionable.  



3 

 

To date biomonitoring methods are not capable of providing trustworthy and well-to-interpret 

results. Some research findings: 

One day after controlled exposure (dermal, inhalation) of rats to MDI the respective biomarkers in 

urine and in blood were analysed. After inhalation, only 0.3% of administered MDI was found (in its 

metabolised form MDA) in the collected urine. After dermal application, even only 0.001–0.01% of 

administered MDI was found in urine. Over a period of 3 days, the collected urine showed a time-

proportionally increasing recovery rate in the case of dermal application. The (slow, even long 

lasting) renal elimination of MDA is to be interpreted by the time-dependent bioavailability of MDI-

conjugated proteins released from depots in the former exposed skin. On the other hand, in this 

study also MDA was administered. MDA showed recovery rates 10 to 100 times higher than for MDI 

in both exposure routes. (Pauluhn 2013, Tiermodell zur Bestimmung der Asthma-Auslöseschwelle 

von Diisocyanaten und seine Relevanz für die Ableitung von Arbeitsplatzgrenzwerten [Animal model 

for the determination of the elicitation threshold of diisocyanate asthma and its relevance for the 

derivation of occupational exposure levels]. Arbeitsmedizin Sozialmedizin Umweltmedizin 48 (3), 

120-129; etc)  

Therefore, biomonitoring of workers exposed to MDA (e.g. touching surfaces contaminated with 

MDA originating from hydrolysed MDI or from other MDA uses) may pretend an isocyanate 

exposure. 

It is believed that the gross amount of dermally administered diisocyanate forms MDI-protein/-

peptid conjugates in the upper layer of the exposed skin; inhalative intake results in haemoglobin-

adducts respectively. The MDI deposited as protein conjugates in the skin layers is subject to a (very) 

slow clearance followed by renal elimination. Renal elimination of MDI-haemoglobin-adducts takes 

place after the decease of the erythrocyte (average life span of erythrocytes is 120 days).  

Both elimination mechanisms are able to explain why urine biomarkers do not properly reflect the 

current isocyanate exposure.  

The experimental findings are supportive of a conceptual pathway of which the formation of 4,4’-

MDA-related biomarkers depends on the GSH-adduct rather than isocyanate derived amines. The 

percentage of urinary 4,4’-MDA as a proxy of the exposure to pMDI ranged from 0.03 to 0.5% which 

supports the conclusion that back calculations to potential external exposures are subject to 

significant errors. … There remains a need for further validations and rationalizations about the 

relationship between the airborne concentrations of diisocyanates and biomarkers of exposure 

before establishing general methods for biological monitoring. (Pauluhn etal. 2006, Analysis of 

biomarkers in rats and dogs exposed to polymeric methylenediphenyl diisocyanate (pMDI) and its 

glutathione adduct, Toxicology 222 (2006) 202–212) 

Already the factor 17 (0.03% vs. 0.5%) demonstrates a high degree of uncertainty in biomonitoring 

results. It seems to be evident that for workplace risk assessment more precise and reliable data are 

needed. 

Against this background, it is not surprising that inconsistent results and inaccurate correlation are 

often seen in workplace field investigations using biomonitoring. 

The biological limit of the German MAK-Commission for MDA is a biological indicator (BLW), but not 

a biological tolerance value (BAT). This is due to the poor and inadequate data underlying this 

indicator. No biological limit for MDA is given in the official Technical Rule for Hazardous Substances 

(TRGS) 903 for this reason. The German biological tolerance value of HDA as well is based on a weak 
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data basis (consisting of 19 male workers) and the Value Documentation states that it was not 

possible to establish a dose-effect-relation. 

Referring to the assessment of potential sensitizing exposures, “biomonitoring does not provide a 

prognostic nor specific patho-diagnostic significance because time-variable local exposure patterns 

cannot be reflected adequately by systemic and integrating exposure markers”. (Pauluhn 2013, 

translated) 

However, biomonitoring of amines may be useable for selected specially designed scientific research 

projects (e.g. pre-shift vs. post-shift designs) but not for determination of skin contact or for routine 

health surveillance relying on absolute limit values. 

Routine invasive biomonitoring using blood samples would not be appropriate in respect of human 

rights (right to physical integrity, right to self-determination, etc.). Besides that, biomonitoring in 

blood is not scientifically developed to date. 

Since the scientific basis of biological levels of isocyanate-derived diamines is questionable, no 

recommendation should be given in the paper. 

For a thorough scientific discussion, it is recommended to personally consult Prof. Pauluhn (who is 

also active in the German MAK-commission). 
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