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EXECUTIVE SUMMARY

Objectives
This work was conducted as part of HSE’s FIT3 Disease Reduction Programme (DRP) Cancer
Project. The principal aim of the work was to provide feedback on the effectiveness of a HSE
project conducted with the 4,4’-methylene-bis-(2-chloroaniline) (MbOCA) industry during
2005/6.
The stated objectives were :
i) To revisit the companies visited during the 2005/06 survey, plus any additional major users
which have emerged since, and obtain data on:
•

Levels of worker exposure to MbOCA (through biological monitoring)

•

Levels of worker exposure to Isocyanates (through personal air sampling and biological
monitoring)

•

Levels of glove contamination (MbOCA)

•

Levels of surface contamination around workplace (MbOCA)

•

Standards of exposure control

ii) To analyse the above results and compare them where possible with those obtained during
the 2005/6 intervention, in order to assess the effectiveness of that intervention.
iii) To update HSE’s evidence base of use and control of exposure to MbOCA and report on any
significant changes in MbOCA use since the 2005/6 intervention.

Main Findings
MbOCA exposures in the polyurethane industry, measured by biological monitoring have not
fallen between HSE’s 2005/6 intervention and the 2008 DRP survey.
Data from HSL’s biological monitoring database shows no discernible downward trend in
urinary MbOCA levels since 1996. Between 1996 and 2008 the 90th percentile of urinary
MbOCA data from HSL’s biological monitoring database has remained around the range of 5 to
10 µmol/mol creatinine, against a UK biological monitoring guidance value (BMGV) of 15
µmol/mol creatinine.
The 2005/6 HSE survey of the MbOCA user industry provided a sound baseline on
occupational exposures to MbOCA in Great Britain and was a valuable contribution towards
ongoing intervention work. Industry criticisms of the feedback mechanisms and statistical data
analysis from this work have been addressed by the 2008 DRP survey.
There have been no significant changes in MbOCA use and exposure control in the GB
polyurethane industry since the HSE’s 2005/6 intervention.
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The 90th percentile of urinary MbOCA results for the 2008 DRP survey was 10 µmol/mol
creatinine, however this value is not associated with good occupational hygiene practice in all
cases. This study showed that there was scope for improvements in exposure controls and
working practices at a number of the sites visited. A BMGV based on the data from this study
and the 2005/6 survey would be below 15 µmol/mol creatinine, and furthermore would likely
be less than 10 µmol/mol creatinine. The data from the 2008 DRP survey showed that 70 % of
urinary values were below 5 µmol/mol creatinine.
Urinary MbOCA results above the BMGV occurred at 7 sites visited in the 2008 DRP survey.
The dermal exposure route is most significant for MbOCA and exposure can be highly
dependant upon individual working practices and relatively subtle differences in the way that
exposure controls, especially gloves, are used.
Given the fairly small size of the MbOCA user industry in Great Britain, a small number of
workers with elevated exposures are currently increasing some statistical summaries of MbOCA
exposures in the industry. Reducing the MbOCA exposures of these individuals could be
achieved by improved training and supervision, rather than implementation of additional
engineering controls.
Although a minority of sites visited were achieving adequate exposure control for isocyanates,
on an industry wide level it must be concluded that isocyanate exposures at MbOCA user sites
in the polyurethane industry are not adequately controlled. Isocyanate results above the BMGV
are common. Isocyanate exposures are not being reduced to as low as reasonably practicable
(ALARP) in this industry.
The data from the 2008 DRP survey suggests that isocyanate exposures occur principally via the
inhalation route. This should be considered when exposure control strategies for isocyanates are
being reviewed. The use of low volatility, pre-polymeric isocyanate formulations, containing
very low levels of isocyanate monomers, is standard practice across the industry. As far as
possible isocyanates should be handled within the influence of Local Exhaust Ventilation
(LEV). This was not done at a significant proportion of the sites visited. If the application of
LEV is not practicable, respiratory protective equipment may be required.
As of December 2009, 11 of the 19 sites visited for the 2008 DRP survey have provided
feedback indicating that they have taken action as a result of the recommendations made in the
site visit reports.
Recommendations
Further intervention activity by HSE, coupled with commitment from industry stakeholders,
will be required to ensure that maximum impact is gained from the survey work described in
this report.
Further investigation will be required to allow a clearer understanding of isocyanate exposure
routes in the polyurethane industry. This would require the development of validated techniques
for quantifying isocyanates on surfaces and on workers gloves.
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1
1.1

INTRODUCTION

BACKGROUND

The work described in this report was conducted as part of HSE’s FIT3 DRP Cancer Project to
support HSE activity to reduce the incidence of occupational cancer in Great Britain.
The DRP cancer project has now become integral with HSE’s Long Latency Health Risks
(LLHR) initiatives.
A major driver for the work presented in this report was to review the effectiveness of previous
HSE interventions with respect to their impact upon the use of and exposure to 4,4’-methylenebis-(2-chloroaniline) (MbOCA), a chemical used in the manufacture of speciality polyurethane
products.
MbOCA is an aromatic amine used for curing epoxy resins and mixed with diisocyanate based
pre-polymer resins to produce polyurethane plastics. The diisocyanate based resins are the
major component in the production of these materials. Where MbOCA cured systems are used,
there is typically around 10 parts isocyanate to 1 part MbOCA, although this ratio may vary
depending on the polymer.
Industrial grade MbOCA is a cream/yellow solid at STP, with a melting point in the range 98 –
110°C. It is generally supplied as a pelleted, flaked solid. Intelligence gathered during HSE
regulatory activity indicated that over 200 tonnes were imported into the UK in 2006 (Cocker et
al, 2009).
MbOCA has been linked to bladder cancer (Chiu-Shong Liu et al, 2005). It was recently re
classified from category 2A to a Category 1 carcinogen by the International Agency for
Research on Cancer (IARC 2009).
In the polyurethane industry MbOCA is a used in conjunction with an isocyanate based resin.
These resins are most commonly based on pre-polymeric toluene diisocyanate (TDI) or
methylene bis-phenyl diisocyanate (MDI). There is also limited use of naphthalene diisocyanate
(NDI) based products in the industry. TDI and MDI based resins are generally supplied as
viscous liquids. The NDI based products encountered in this work were flaked solids.
Isocyanates are respiratory sensitisers, and are a major cause of occupational asthma in the UK
(Hayes and Newman Taylor, 1995). Isocyanates are also skin sensitisers.

1.2

UK REGULATORY POSITION

1.2.1

MbOCA

MbOCA is assigned the risk phrase R45 “May cause Cancer” under the Chemical Hazard,
Information and Packaging (CHIP) regulations. As such, there are duties under the Control of
Substances Hazardous to Health (COSHH) Regulations 2002 (as amended), (HSE 2005a) to
prevent exposure or, where this is not possible, to control exposure to a level which is as low as
reasonably practicable (ALARP).
MbOCA is assigned ‘Sk’ notation which indicates that it can be absorbed via the dermal route
in addition to the inhalation and ingestion routes. At the processing temperatures typically used
in the polyurethane industry the vapour pressure of MbOCA is low, and significant vapour is
1

not generated. Previous HSE work has shown that inhalation exposure is typically low in the
polyurethane industry (McNally and Binch 2007) and the dermal exposure route is of the most
significance.
HSE have set an 8-hour TWA workplace exposure limit (WEL) of 0.005mg/m3 for exposure to
MbOCA (HSE 2005b). In addition, MbOCA has a biological monitoring guidance value
(BMGV) of 15 µmol MbOCA/mol creatinine in urine samples collected at the end of shift (HSE
2005b). Given the significance of the dermal exposure route, biological monitoring is the
preferred method of quantitative exposure assessment for MbOCA.
1.2.2

Isocyanates

Organic diisocyanates are used in conjunction with MbOCA in the manufacture of polyurethane
plastics. Diisocyanates are a leading cause of occupational asthma. Isocyanates are assigned the
notation “Sen” (HSE, 2007). As asthmagens, there are duties under the COSHH regulations to
prevent exposure or, where this is not possible, to control exposure to a level which is as low as
reasonably practicable (ALARP).
HSE have set an 8-hour TWA WEL of 0.02mg/m3 for exposure to total isocyanates (as NCO).
Biological monitoring of isocyanate exposure is possible based on the analysis of isocyanate
derived diamines in urine. The specific diamine measured is linked to the specific isocyanate in
use. A BMGV for isocyanates, based on the measurement of urinary diamines, has been set at 1
µmol diamine/mol creatinine (HSE 2005c). This is applicable to all isocyanates and all
industries where isocyanate is handled. Where exposure to multiple isocyanates occurs the
BMGV is applicable to the total urinary diamine.
Both air sampling and biological monitoring can play an important role in quantitative exposure
assessment for isocyanates.

1.3

OVERVIEW OF UK USE

In the production of polyurethane products MbOCA, a solid at room temperature, is heated to
around 100°C to form a liquid phase. It is then mixed with pre-heated diisocyanate-based prepolymer resins. The mixture is then poured into preheated moulds that are placed into curing
ovens.
MbOCA and isocyanate handling systems vary at differing user sites. Enclosed weighing,
melting and mixing systems exist at some sites. At other sites, an open process with significant
manual operator input is conducted. A summary of handling methods and exposure controls at
the sites visited in this survey is presented in anonymous format in appendix 2 of this report.
There are currently (2009) an estimated 30 businesses of various sizes using MbOCA in Great
Britain. The number of employees per business at sites known to HSE ranges from 2 to 280
workers of whom between 2 to 20 per business are directly exposed to MbOCA. In total there
are approximately 300 GB workers directly exposed to MbOCA (Cocker et al, 2009). HSE are
not aware of any applications for MbOCA outside the polyurethane industry in the UK.
1.4

HSE INTERVENTION HISTORY

In 1977 a recommended an inhalation exposure limit of 0.05 mg/m3 (8-hr TWA) was set in the
UK. In 1985 this was revised to an 8hr TWA control limit of 0.005 mg/m3, which was converted
into a maximum exposure limit (MEL) in 1989 upon the implementation of the COSHH
2

regulations. As part of the occupational exposure limit framework review conducted in 2004/5
this was converted to a workplace exposure limit (WEL), remaining at a value of 0.005 mg/m3.
In 1984 a biological action level (BAL) of 10 µmol ‘free’ MbOCA/mol creatinine was set. This
was revised in 1987 to an equivalent value of 30 µmol ‘total’ MbOCA/mol creatinine. This was
further revised in 1996 to a BMGV of 15 µmol total MbOCA/mol creatinine (Cocker et al,
2009).
HSE have carried out numerous interventions at individual companies handling MbOCA and
have also consulted with the industry on a wider level via the Rubber Industry Advisory
Committee (RUBIAC). HSE’s National Exposure Database (NEDB) records data collected
from 16 visits to MbOCA users carried out as part of HSE enforcement activities between 1985
and 1990.
Various further interventions were conducted through the 1990s. Guidance on cleaning and
monitoring MbOCA contaminated surfaces was issued in 1996 by Dr Mark Piney (HM
Principal Specialist Inspector, Occupational Hygiene). Further guidance, ‘MbOCA and you’
was issued in 1998.
Since 1977 HSL have analysed urine samples for MbOCA, typically handling between 200 to
400 BM samples per year from between 25 to 30 companies. The data from this demonstrated a
trend of annual decreases in urinary MbOCA levels up until 1996, with a minor aberration
between 1993 and 1994. However, since 1996 the downward trend has not continued, and the
90th percentile of urinary MbOCA data from HSL’s biological monitoring database has
remained within the range of 5 to 10 µmol/mol creatinine. Data for the period 1986 to 2008 is
presented in Figure 1.
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Figure 1. 90th percentile values for urinary MbOCA. Each bar is the 90th percentile of
MbOCA data from between 200 to 400 urine samples from workers in 25 to 30 companies
each year.
A study was conducted by HSE in 2003-2004 during which four companies were visited to
assess exposure to MbOCA. This found that inhalation exposures were typically below the
WEL of 0.005 mg/m3. However urinary levels above the BMGV were reported, and MbOCA
was detected in the urine of workers whose only work activity involving MbOCA was to handle
sealed containers supplied directly from overseas manufacturers. They should not have been
directly exposed to the substance but surface sampling indicated that MbOCA was in fact
present on the outside of containers as supplied by the manufacturers.
A wider project was developed from this pilot study and was implemented in 2005/6 (Cocker et
al, 2009). This project entailed visits to 20 of the 25 MbOCA users known to HSE and the two
UK based MbOCA suppliers. The main aim of this project was;
‘to review the effectiveness of past exposure control interventions and the impact of ‘live’
interventions during the handling of 4,4’-methylene-bis (chloroaniline) i.e. MbOCA in the
polyurethane elastomer industry’
Sites for the 2005/6 study were selected to provide a representative cross section of the industry
in terms of size and the amount of MbOCA used. They ranged from micro firms to small and
medium enterprises (SMEs). Inhalation exposures were measured and biological monitoring
was undertaken at each site for workers potentially exposed to MbOCA, Workers’ gloves were
collected to assess the extent of contamination with MbOCA, and surface (wipe) sampling was
performed to assess the spread of MbOCA contamination through the workplace. Each site’s
entire suite of exposure controls for MbOCA were assessed (i.e. management systems,
4

engineering controls and Personal Protective Equipment - PPE). After each visit advice was
provided to the duty holder by an HSE occupational hygiene specialist inspector to address
exposure control deficiencies on that site. This work concluded that earlier improvements in
exposure control had not been sustained and that, across the MbOCA user industry in the UK,
exposure control could be improved.
The major industry stakeholder, the Polyurethane Elastomer Group (PEG), part of the British
Rubber and Polyurethane Products Association (BRPPA) subsequently criticised the 2005/6
HSE survey. The main issues related to the feedback mechanisms through which information
was communicated to the sites visited. PEG members indicated that feedback had to be
requested and, on occasions was not received until many months after the site visit. Comments
were also made that the feedback was too general in nature to allow effective improvements to
be made to exposure controls and the survey was not statistically robust. The treatment of
analytical results below the limit of detection during statistical analysis of the data from the
survey was also criticised. PEG also commented on a lack of HSE guidance for selection and
use of gloves during MbOCA handling.
In the wake of extensive stakeholder communication, HSE issued a ‘Statement on Occupational
Cancer for MbOCA’ which was made public via the ‘Rubber’ pages of the HSE website. This
Rubber Industry Advisory Committee (RUBIAC) statement was agreed by HSE and external
stakeholders prior to issue. A copy of the statement is reproduced in appendix 3 of this report.
In 2009 BRPPA published the first epidemiology study of health risks amongst MbOCA users
(Dost et al, 2009) in the UK. The study showed that the incidence of all cancers combined was
below expectation [obs 9, standardised registration ratio (SRR) 77]. Site-specific incidence was
unexceptional except there was a non-significant excess of bladder cancer based on 2 cases
(SRR 328). The study concluded that the findings for bladder cancer should be treated with
caution as they relate to a relatively early period of follow-up and are based on very small
numbers.

1.5

SCOPE OF 2008 DRP SURVEY

In 2008, HSE conducted further work with the MbOCA user industry as part of the FIT3 DRP
Cancer Project. The principal aim of the work was to assess the effectiveness of HSE’s earlier
work in the MbOCA industry which took place during 2005/06.
The stated objectives were :
i) To revisit the companies visited during the 2005/06 survey, plus any additional major users
which have emerged since, and obtain data on:
•

Levels of worker exposure to MbOCA (through biological monitoring)

•

Levels of worker exposure to Isocyanates (through personal air sampling and biological
monitoring)

•

Levels of glove contamination (MbOCA)

•

Levels of surface contamination around workplace (MbOCA)

•

Standards of exposure control in the workplace

5

ii) To analyse the above results and compare them where possible with those obtained during
2005/6 project, in order to assess the effectiveness of that intervention.
iii) To update HSE’s evidence base of use and control of exposure to MbOCA and report on any
significant changes in MbOCA use since the 2005/6 intervention
This report details the findings of the 2008 DRP survey, together with interpretation of these
findings.
The 2008 survey aimed to provide detailed information on isocyanate exposures as a follow-up
activity to the 2005/06 intervention which highlighted this risk for further study. It was intended
to quantify isocyanate exposures using a combination of BM and air sampling. Isocyanate
handling practices and associated exposure controls were studied to identify exposure routes.
This would allow HSE to provide evidence based guidance where necessary on the measures
required to achieve adequate exposure control to this potent asthmagen.

6

2
2.1

METHODOLOGY

SITE SELECTION

Sites were selected to allow, as far as possible, a direct comparison of the standard of exposure
control at the time of the previous HSE intervention with that in 2008.
As far as possible, all sites previously visited for the 2005/06 HSE intervention project were
revisited. Four sites visited in 2005/06 were either no longer handling MbOCA or were no
longer trading and hence were not visited. One user site not visited in 2005/06 was included in
the 2008 survey.
A total of 19 sites were visited over the period April to September 2008. Seventeen of these
were MbOCA users manufacturing polyurethane products and two were MbOCA suppliers.
2.2

VISIT PROTOCOL

Each site visit was carried out by an HSL Occupational Hygienist (plus a Field Scientist for
visits where an airborne isocyanate assessment was made). An HSE Specialist Occupational
Hygiene Inspector accompanied on the majority of visits. To ensure consistent information was
gathered a standard site visit protocol was applied on each site visit. This was agreed with the
BRPPA prior to conducting the site visits. A pilot visit was conducted initially to assess the
validity of the protocol. The findings of the pilot visit were discussed with the BRPPA and the
visit protocol was slightly modified as a result. The visit protocol included the following
elements.
2.2.1

DRP questionnaire

The DRP Cancer Project occupational hygiene questionnaire was completed at each site. This
included information on the volumes of MbOCA and isocyanate handled, number of workers
exposed, handling methods and exposure controls. The information collected on these
questionnaires was added to HSE carcinogens database, which is maintained by HSL’s
Mathematical Sciences Unit.
2.2.2

Air sampling

No air sampling was conducted for MbOCA as the findings of previous HSE surveys clearly
indicate that inhalation is not a major exposure route (Cocker et al, 2009).
Air sampling for isocyanates was conducted at the 5 sites with the highest urinary isocyanate
results from the 2005/06 survey to assist the understanding of exposure routes. Sampling was
conducted in accordance with MDHS 25/3 ‘Organic isocyanates in air’. Sampling was
performed using 1-2 methoxyphenyl piperazine (2MP) impregnated GF/A filters mounted in
IOM heads and aspirated at 2 litres per minute. Filters were desorbed on site immediately after
sampling into a solution of 2 MP in toluene. Personal sampling was conducted over sampling
periods sufficiently long to allow the determination of 8 hour time weighted average exposures.
A small number of task specific samples were also taken, in addition to a number of background
samples.
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2.2.3

Surface sampling

An assessment of surface contamination for MbOCA was made at all sites visited. Samples
were taken using cotton swabs impregnated with 2 ml methanol from various positions in the
workplace. Wherever possible a 100 mm x 100 mm template was used so that a known area
could be wiped. For areas where the template could not be used, such as door handles, the area
sampled was estimated. To avoid cross contamination, the Scientist changed gloves and wiped
the template clean between each sample.
2.2.4

Workers’ gloves

All protective gloves used and disposed of by workers potentially exposed to MbOCA were
collected on the day of the visit. Unused gloves were also collected as controls.
For each glove collected the following information was noted ;
i)
ii)
iii)
iv)
v)
2.2.5

Worker’s name
Left or right hand
Type of glove
Length of time for which glove had been worn
Overview of activity whilst glove had been worn
Biological monitoring

Biological Monitoring was carried out. Post shift urine samples were obtained from potentially
exposed workers on the day of the visit and for the following four working days. Informed
consent was obtained from all participating individuals in accordance with HSG 167 (HSE,
1997). Worker participation in the BM programme was voluntary.
2.2.6

Walk through assessment

A walk through assessment of each workplace was carried out. This included an assessment of
exposure controls. The appraisal of LEV systems included measurement of capture velocities
and a smoke tube test. Where available COSHH assessments and other relevant documents were
reviewed. Other factors relevant to exposure control such as working practices, the provision of
worker information instruction and training, maintenance regimes and PPE programmes were
assessed. A basic appraisal of health surveillance programmes was conducted, with a focus on
the use of biological monitoring and, for isocyanates, lung function testing.
2.2.7

Sample Analysis

All sample analysis was carried out by the Analytical Sciences Unit at HSL’s Buxton
Laboratory.
Airborne isocyanate samples were analysed for total isocyanate content by liquid
chromatography with mass spectrometry (LC/MS).
Surface wipe samples and all gloves collected were desorbed into measured amounts of
methanol, the resulting extracts being analysed for MbOCA content by gas chromatography
8

with mass spectrometry (GC/MS). It was not possible to analyse a minority of the glove
samples collected due to analytical interferences resulting from the glove material.
All urine samples collected were analysed for MbOCA and for diamine markers of isocyanate
exposure using GC/MS.
2.2.8

Feedback

Written feedback was provided to all participating sites. A full occupational hygiene visit report
was supplied to each site, including all sample results and an assessment of exposure control
strategies. Where necessary a list of actions to be taken to achieve adequate exposure control
and compliance with the COSHH regulations was provided. The reports and recommendations
were drafted by HSL Occupational Hygienists and authorised by HSE Principal Specialist
Inspectors of Occupational Hygiene.
2.3

STATISTICAL ANALYSIS

Specialist statistical analysis on the data obtained was carried out by the Mathematical Sciences
Unit at HSL Buxton. Full details are given in appendix 1. Comments made by the PEG on the
statistical analysis of the data from the 2005/6 survey were taken into consideration when
designing the statistical methodology. Particular attention was paid to the appropriate treatment
of analytical results which were below the limit of detection of the analytical method.

9

3
3.1

MAIN FINDINGS - 2008 DRP SURVEY

SITE VISITS

A total of 19 sites were visited over the period April to September 2008. Seventeen of these
were MbOCA users manufacturing polyurethane products and two were MbOCA suppliers.
One of the casting companies was visited on two occasions, one of the visits being the initial
pilot visit where the visit protocol was trialled. An anonymous summary of each site visited is
presented in appendix 2.
3.2

DATA ANALYSIS

The statistical analysis of the data generated during the 2008 DRP survey and comparison
between this data and the data from the 2005/06 intervention was conducted by the Statistical
Modelling team from HSL’s Mathematical Sciences Unit and is reported fully in appendix 1.
This appendix contains a detailed description of the statistical techniques used. Extracts of text
and tables from this appendix are reproduced in the main body of this report where appropriate
to support significant findings.
3.3

BIOLOGICAL MONITORING

3.3.1

MbOCA

A total of 446 post shift urine samples were obtained from 90 different workers during the 2008
DRP survey. Eighty three of the workers were deemed to be directly exposed to MbOCA, i.e.
they worked mainly in and around the areas where MbOCA was handled. The other 7 workers
were not considered to be directly exposed. The results of the BM samples collected for the
2008 DRP survey are summarised in Table 1.
Table 1 : Summary of MbOCA BM data from 2008 DRP survey
Measurements

Exposure

Median

90%

26

1.6

11.1

25

0

< LOD

2.1

170

26

1.4

10

Total

< LOD

> BMGV

Direct

411

145

Indirect

35

Total

446

For the directly exposed workers, approximately 6% of results exceeded the BMGV. The
BMGV was exceeded on at least 1 occasion at 7 of the 18 sites where BM was conducted. Of
the 83 directly exposed workers who provided samples, 11 exceeded the BMGV on at least one
occasion.
As urine samples were collected on 5 consecutive work days, it was possible to study day to day
variability. The data suggests that post shift urinary MbOCA concentrations were lower on a
Monday than other weekdays, typically by around 50%. The median urinary MbOCA
concentration on a Monday was lower than the midweek value at all 18 sites where BM was
conducted. This indicates some build up of MbOCA within exposed workers over a working
week, which is ‘washed out’ over the weekend when no exposure occurs. With hindsight, a preshift Monday morning sample would have provided valuable additional information. This
should be considered in future work. The statistical analysis also showed that urinary MbOCA
10

concentrations are not different on the day of the site visit than on other working days for which
samples were provided. Further discussion, and data to underpin these conclusions can be found
in appendix 1.
At some sites there were marked differences in urinary MbOCA values between different
workers who were performing similar tasks. Some workers had consistently higher urinary
MbOCA levels than their colleagues by a significant margin. Given that, at that particular site,
engineering controls and PPE provided would be identical for all workers, this indicates that
some workers are able to use the controls provided more effectively than others. As the
polyurethane manufacturing process involves direct manual work with MbOCA, then individual
working practices can significantly affect exposures, and the BM results demonstrate this.
3.3.2

Isocyanates

Summary statistics for the isocyanate BM data are presented in Table 2.
Table 2 : Summary of isocyanate BM data from 2008 DRP survey
Measurements
Exposure
Marker
Median
Total
< LOD > LOD > BMGV
TDA
437
277
160
122
< LOD
Directly
exposed
MDA
317
262
55
12
< LOD
TDA
9
3
6
5
0.8
Indirectly
exposed
MDA
9
8
1
1
< LOD
TDA
446
280
166
126
< LOD
Total
MDA
326
270
56
13
< LOD

90%
6.4
0.5
23.1
< LOD
6.5
0.5

Of the TDI BM results obtained, 28% exceeded the BMGV, 4 % of MDI results exceeded the
BMGV. Some results above the BMGV were recorded for NDI. Due to the small data set these
have not been included in Table 2. Overall, approximately 32% of the total isocyanate results
exceeded the BMGV, with 5% of results in excess of 10 times the BMGV.
There were marked differences between isocyanate BM results across the sites visited. Five sites
in particular had the majority of results above the isocyanate BMGV. The BMGV was exceeded
on at least one occasion at 14 of the 18 sites which provided samples. The highest isocyanate
BM results recorded were in excess of 50 times the BMGV.
These data indicate that isocyanate exposures are not adequately controlled in the sector of the
polyurethane industry where MbOCA is used.
Unlike MbOCA, the data analysis indicated that there were no differences in the isocyanate BM
results at different points in the working week. This is consistent with the shorter half life of
isocyanates in the human body (estimated at 2 to 4 hours) when compared to that of MbOCA,
which is estimated at 23 hours.
There was generally more variability amongst the isocyanate BM results than for MbOCA. The
between company, between worker and within worker variabilities were all greater for the
isocyanate data.
Two companies wore RPE for the handling of isocyanates. The isocyanate BMGV was not
exceeded at either of these sites. A third site adopted the use of RPE for handling isocyanates as
11

a result of the HSE project visit. This had the effect or reducing the isocyanate BM results at
this site.
3.4

AIR SAMPLES

No air sampling was conducted for MbOCA as already explained in section 2.2.2.
Air sampling for isocyanates was conducted at 5 sites to investigate exposure routes. The sites
were selected on the basis of the BM data from the 2005/6 data as sites with significant
isocyanate exposures. There was no requirement to carry out isocyanate air sampling at all sites
visited. A mixture of personal sampling, to quantify inhalation exposures, and static sampling,
to identify significant exposure sources, was conducted. The results of the personal monitoring
are presented in table 3.
Table 3 : Results of personal air sampling for isocyanates
Company Sample time (minutes) 8 hour TWA (g m-3)
A
347
2.2
A
323
27.7
C
224
< LOD
F
344
< LOD
F
435
< LOD
F
402
< LOD
F
347
< LOD
M
194
1.1
M
206
0.4
Q
319
< LOD
Q
323
< LOD
Only 1 of the 11 measured exposures exceeded the 8 hour TWA WEL of 20 g m-3. Measurable
isocyanate exposure occurred at only one other site where air sampling was conducted.
Where parallel sampling was conducted a positive correlation between isocyanate inhalation
exposure and urinary diamine was observed. However, this is based on only 4 pairs of data and
hence is only tentative. Further detail can be found in appendix 1.
3.5

GLOVE SAMPLES

Glove samples were collected from workers directly exposed to MbOCA throughout each visit.
HSL occupational hygienists attempted to retrieve all the pairs of gloves that were worn by
individuals during the day. On some occasions gloves were discarded whilst the visiting
occupational hygienists were busy and some data was obviously incomplete. Only 58
individuals returned a complete set of glove samples, compared with a total of 73 directly
exposed workers who had urine samples collected on the day of the visit. Measurements were
available from 17 companies; the numbers of complete samples at the companies varied in
number from 1 to 12 (one company was visited on two occasions).
The concentration of MbOCA (micrograms per glove) was measured on each glove. Typically
workers wore several pairs of gloves on the day the samples were taken. The total
contamination for each hand on the day of the exposure survey was derived from the sum of the
12

all measurements. The overall total glove contamination (the sum of left and right hand totals)
was also calculated. Summary statistics for total glove contamination are given in Table 4.
Table 4: Summary statistics for total glove contamination of 58 workers (µg of MbOCA)
N
58

Max

Min

1720224

2.4

Arithmetic

Median
5335

Geometric

Mean

SD

Mean

SD

84790

256720

4624

23.37

The statistical analysis revealed a positive correlation between glove contamination and urinary
MbOCA. This can be seen in figures 14 and 15 and the accompanying text in appendix 1 of this
report. This provides further evidence to support the theory that the dermal exposure route
predominates for MbOCA.
It was not possible to quantify isocyanate contamination on glove samples due to the absence of
a validated measurement method.
3.6

SURFACE WIPE SAMPLES

A total of 251 surface wipe samples were taken during the 2008 DRP survey. Eighty one of
these were taken in notionally ‘clean’ areas, such as canteens, offices and locker rooms. The
remaining 170 were taken in production areas where MbOCA was directly handled. The results
are summarised in table 5.
Table 5 : Summary of surface wipe data from 2008 DRP survey (MbOCA results presented in
µg/cm2)
Area

N

Max

Min

Clean

81

4.05

< LOD

Production

170

803

< LOD

Median

Arithmetic

Geometric

Mean

SD

Mean

SD

0.002

-

-

-

-

0.198

15.63

77.43

0.326

13.6

MbOCA contamination in production areas was found to be significantly higher than in
notionally clean areas. The median value for production areas was almost 2 orders of magnitude
above that for clean areas.
A high median value was obtained for clean areas at one site. However, this was based on a
single wipe sample on a piece of respiratory protective equipment (RPE) and should not be
taken as indicative of excessive MbOCA contamination in ‘clean’ areas at this site.
The detection of measurable levels of MbOCA in notionally ‘clean’ areas, principally canteens
and welfare facilities, indicates the transfer of contamination from production areas. This is
most likely occurring via contaminated PPE, clothing or skin, although this hypothesis cannot
be proven from the existing data. Nevertheless, this is clear evidence that working practices,
standards of personal hygiene and housekeeping need to be reviewed at the sites where this
occurred.
In general, the measured surface contamination was similar across the companies visited,
although 2 sites had significantly higher results than the others.
Statistical analysis indicates poor correlation between surface contamination and urinary
MbOCA levels in the workplace. Given that glove contamination is typically much greater than
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surface contamination, that would be expected to have a greater influence on MbOCA
exposures.
3.7

EXPOSURE CONTROL

3.7.1

COSHH assessment

COSHH assessments were of variable quality across the sites visited. Six sites were deemed to
have suitable and sufficient assessments, five of these were considered to be controlling
MbOCA exposure adequately whilst only two were deemed to have adequate control of
isocyanate exposure.
There were deficiencies in the COSHH assessments at 11 sites, 8 of these were deemed to be
controlling MbOCA exposures adequately whilst only 4 were deemed to have adequate control
of isocyanate exposure. Two sites had no written assessment. One of these was deemed to have
adequate control of MbOCA exposures, neither were deemed to have adequate control of
isocyanate exposures.
Deficiencies relating to COSHH assessments included no information on groups of workers
exposed, an inadequate description of the tasks with exposure potential, an inadequate
description of the exposure controls and the measures used maintain these controls and a failure
to consider available information on exposures, in the form of biological monitoring results, in
the assessment. Further guidance on COSHH assessment can be found in HSE guidance
document HSG97 (HSE 2004).
3.7.2

Enclosed handling systems.

Five of the sites visited had enclosed systems for weighing and melting MbOCA. Some of these
extended to the weighing of the isocyanate based resin and the mixing of the MbOCA and
isocyanate. Some enclosed systems were fitted with extraction, others not. Where enclosed
systems were used, once the chemicals were loaded into the mixing system there was little
potential for operator exposure until the point at which the mixed resins were dispensed from
the mixing head to be poured into moulds. However, problems were observed at one site where
the gloves in a glove box which formed part of an enclosed handling system were significantly
contaminated with MbOCA on the inner surfaces. Statistical analysis indicated no correlation
between the use of enclosed handling systems and urinary MbOCA levels. Nevertheless,
enclosed handling systems should be viewed as good practice and should be adopted, where
possible.
3.7.3

Local exhaust ventilation

At sites where MbOCA was weighed and melted on open benches, this was carried out within
the influence of LEV. However, casting was performed on open benches, outside the influence
of LEV at 8 sites.
The type of LEV, and it’s efficacy, varied greatly from site to site. Significant faults with LEV
systems were noted at some of the sites visited. Deficiencies included poor design with
inadequate enclosure of the exposure source, the use of recirculating cabinets without filtration
and the absence of a 14 monthly thorough exam and test, as required by COSHH regulation 9.2.
A number of the sites visited dispensed pre-polymeric isocyanate resins outside the influence of
LEV. It is not good practice to handle asthmagens outside the influence of LEV.
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3.7.4

Glove regime

A wide range of glove regimes were in operation at the sites visited. Much of the production
process involves the handling of hot items, and gloves must provide both thermal and chemical
protection.
Typically thermal protection was provided by the use of a heavy fabric or leather glove or
gauntlet. Most frequently they were used in conjunction with a second inner glove. This was
typically either a lighter fabric glove or some type of disposable ‘rubber’ glove, most commonly
PVC or nitrile.
Glove selection and use was often found to be left to the individual worker’s discretion, with a
range of gloves being provided by the company for workers to select from. Unless workers are
adequately trained in glove selection, there is clear potential for incorrect glove use with such a
system.
Due to the wide range of glove regimes used across the sites visited, and sometimes within a
single site it was not possible to investigate the correlation between glove type and urinary
MbOCA. However, it is evident from the data collected that adequate exposure control,
assessed by low urinary MbOCA results, is possible where fabric only gloves are used without
the addition of chemically protective gloves. However, this is critically dependant on the correct
use of gloves, which is in turn dependant on the correct training being delivered to workers.
Guidance on glove use can be found on the HSE website. This includes freely downloadable
posters and a short video on correct removal of gloves. Further information on glove selection
and use can be found in HSG262 (HSE 2009).
Supervision of glove use was inadequate at a number of sites, with site management and/or the
COSHH assessment specifying a glove regime which was not evident on the shop floor. Some
of the companies visited provided training in the correct use of gloves, although this was not
done at all sites.
3.7.5

Health surveillance

Most of the sites visited conducted regular biological monitoring for MbOCA. However, the
results were not always considered in the COSHH assessment. None of the sites visited
conducted biological monitoring for isocyanates.

15

4

COMPARISON OF 2005/06 SURVEY AND 2008 DRP
SURVEY RESULTS

4.1

MBOCA

4.1.1

Biological monitoring

The BM data from the 2008 DRP survey indicates that urinary MbOCA results above the
BMGV occurred, with 6% of results exceeding this value. Eleven (from 83) workers exceeded
the BMGV on at least one occasion, with 7 of the 18 companies surveyed having at least one
result in excess of the BMGV.
4.1.1.1

Matched workers

Twenty eight workers who provided BM samples in the 2005/06 survey were still employed in
the same jobs at the time of the 2008 DRP survey and provided samples again. Urinary MbOCA
data (µmol/mol creatinine) for these ‘matched workers’ is presented in Figure 2.

Figure 2 : Comparison of urinary MbOCA data for matched workers
The red diagonal line on the graph plots a 1:1 relationship, i.e. workers with identical results in
2005/6 and 2008 would lie on this line. The statistical analysis indicates that for the matched
workers there was no significant reduction in urinary MbOCA levels between the 2005/06
survey and the 2008 DRP survey. Values below the LOD of 0.5 mol/mol creatinine, are
recorded as below the LOD.
4.1.1.2

All directly exposed workers

Summary statistics for all exposed workers are presented in table 6
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Table 6 : Summary statistics for urinary MbOCA – all directly exposed workers
Year
Summary
2005
2008
< LOD

32%

35%

> BMGV

5%

6%

Median

3.1

1.6

90% percentile

13.7

11.1

The statistical analysis indicates that for all directly exposed workers there was no significant
reduction in urinary MbOCA levels between the 2005/06 survey and the 2008 DRP survey. This
is discussed fully in appendix 1 of this report.
4.1.2

Gloves

The glove data for the 2005/06 intervention was not sufficiently well described to allow a
meaningful comparison with the 2008 DRP survey data.
4.1.3

Surface wipe samples

One of the key aims in analysing the surface samples was to compare the clean areas in 2005
and 2008. In 2005 only 8 of the 75 samples from clean areas were above the limit of detection
compared with 40 of the 81 tested samples in 2008. Due to the large proportions of non-detects,
a statistical analysis based upon the measurements would be inappropriate. Moreover, a simple
comparison of the proportion of non-detects would be flawed due to the differences in the limit
of detection in the 2 surveys (see appendix 1 for further detail). In order to allow for a
comparison of the two studies, the proportions of measurements below 0.05 micrograms per
square centimetre has been used as a metric. This value corresponds to the detection limit for a
100cm2 sample using the less sensitive LC analytical method, which was used for most of the
2005/6 sample analysis. A summary of the data from 2005 and 2008 using this measure is given
in Table 7.
Table 7: Presence of MbOCA in ‘clean’ areas in 2005 and 2008
Year

Exposure

Total

< 0.05 g cm-1

> 0.05 g cm-1

2005

69

6

75

2008

64

17

81

An accompanying calculation suggested there were significantly more (p=0.025) samples from
clean areas with a concentration above 0.05 micrograms per square centimetre in 2008. In
addition to this calculation medians and 90th percentiles were compared. These were 0.002 and
0.16 g cm-1 in 2008 compared with a value below the limit of detection and 0.026 g cm-1 in
2005. The data suggest a modest but significant increase in MbOCA contamination measured
in ‘clean’ areas between 2005 and 2008.
Samples from production areas were also compared in 2005 and 2008. In 2005, 103 of the 259
samples were below the limit of detection whereas only 6 of the 170 samples taken in 2008
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were below the limit of detection. The numbers of measurements above and below 0.05
micrograms per square centimetre has again been used for comparing studies. These figures are
given in Table 8.
Table 8 : Presence of MbOCA in production areas in 2005 and 2008
Year

Exposure

Total

< 0.05 g cm-1

> 0.05 g cm-1

2005

146

113

259

2008

48

122

170

An accompanying calculation suggested there were significantly more (p=0.00) samples from
production areas with a concentration above 0.05 micrograms per square centimetre in 2008. In
addition to this calculation medians and 90th percentiles were compared. These were 0.198 and
15.9 g cm-1 in 2008 compared with 0.033 and 2.75 g cm-1 in 2005. The data suggest a notable
increase in the MbOCA contamination in production areas between 2005 and 2008.
4.2

ISOCYANATES

4.2.1

Biological monitoring

The biological monitoring results obtained showed that significant isocyanate exposures are
occurring at the majority of sites. Urinary levels of the diamine markers of isocyanate exposure
exceeded the BMGV at 14 of the 18 sites where BM samples were provided for the 2008 DRP
survey. Twenty five results (5% of all results) above 10 times the BMGV were recorded.
4.2.2

Matched workers

As with urinary MbOCA, it was also possible to compare the urinary markers of isocyanate
exposure for a number matched workers i.e. the same individuals working in the same jobs in
both surveys. Summary statistics for this group are presented in table 9.
Table 9 : Summary statistics of the urine measurements from 26 matched
workers in the 2005 and 2008 surveys
Summary
N
< LOD
> LOD
> BMGV
Median
90% percentile

TDA
2005
26
13
13
10
0.3
2.9

2008
26
14
12
7
< LOD
2.9

The BM data for TDA is presented in Figure 3.
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MDA
2005
19
17
2
0
< LOD
< LOD

2008
19
16
3
1
< LOD
0.3

Figure 3 : Comparison of urinary TDA (biomarker of TDI exposure) data for matched workers
This data indicates that for matched workers there was no significant reduction in urinary
diamine levels between the 2005/6 survey and the 2008 DRP survey.
4.2.3

All directly exposed workers

Statistical analysis was also conducted on the isocyanate BM results for all directly exposed
workers from the 2 surveys. Summary statistics for these groups are presented in table 10.
Table 10: Summary statistics of the urine measurements for all exposed workers
in the 2005 and 2008 surveys (number in brackets indicate percentages)
TDA

Summary
N
< LOD
> LOD
> BMGV
Median
90% percentile

MDA

2005

2008

2005

2008

59
36 (61)
23 (39)
16 (27)
< LOD
2.3

411
277 (67)
134 (33)
96 (23)
< LOD
4.1

36
32 (89)
4 (11)
0 (0)
< LOD
0.25

291
246 (85)
45 (16)
10 (3)
< LOD
0.5

Results based upon the full data from the 2005 and 2008 surveys were consistent with those
from the matched workers. The 2005 and 2008 surveys had similar proportions of
measurements below the LOD and above the BMGV. There was no statistically significant
difference in medians for TDA (p=0.55) and MDA (p=0.5) respectively. This indicates no
reduction in urinary diamine markers of isocyanate exposure between the 2005/6 survey and the
2008 DRP survey.
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5

DISCUSSION

The biological monitoring results provide the best indication of MbOCA exposures. Around 6%
of the urinary MbOCA results from the 2008 DRP survey exceed the BMGV. The BMGV was
exceeded at 7 of the 18 sites where samples were obtained, with 11 of the 83 workers providing
samples exceeding the BMGV on at least one occasion. The BM results for Monday post shift
samples are typically lower than for samples taken on other weekdays. This indicates that urine
sampling on a Monday for MbOCA would not provide the best indication of occupational
exposures. There was no significant difference between urinary MbOCA results on the day of
the HSE visit and the results for the other days on which samples were provided.
Isocyanate results above the BMGV were more common. 32% of these results exceeded the
BMGV. The BMGV was exceeded at 14 of the 18 sites where samples were obtained, with 39
workers having at least one isocyanate result in excess of the BMGV. Unlike MbOCA, there
was no ‘day of the week’ effect observed in the isocyanate BM data. The results for samples
provided on a Monday were no lower than those provided on other working days. This probably
reflects the shorter half life (estimated at between 2 to 4 hours) of isocyanates in the human
body when compared to that of MbOCA (estimated at 23 hours). As for MbOCA, there was no
difference between the isocyanate BM results on the day of the HSE visit and the results for the
other days on which samples were provided.
There are significant differences in the BM results for both MbOCA and isocyanates amongst
the companies surveyed, indicating differences in the overall effectiveness of control strategies
for the two agents. In general there was more variation in the isocyanate results than the
MbOCA results.
Where they existed, written COSHH assessments were inspected at all sites visited. Two sites
had no written assessment. Of the remaining 17 sites, 6 were deemed to have a written COSHH
assessment which was suitable and sufficient. The study was however unable to identify a
correlation between the quality of the COSHH assessments provided and the levels of control
achieved.
There was poor correlation between the BM results for MbOCA and isocyanates, indicating that
the two substances do not share identical exposure routes. Although based on a small amount of
data, there was a reasonably good correlation between the isocyanate BM result and measured
isocyanate inhalation exposures, indicating that inhalation is a significant exposure route for
isocyanates in the polyurethane industry. Based on the BM results, TDI exposures appear to be
higher than MDI exposures. Isocyanate exposure mechanisms in the polyurethane industry are
still not fully understood. Further research would be necessary to develop this understanding.
One company visited during the survey were subsequently revisited due to specific concerns
relating to the control of isocyanate exposures. At the time of the project visit, no RPE was
worn at this company. By the time of the re-visit, workers handling isocyanates were wearing
air supplied RPE. This had resulted in a decrease in the urinary biomarkers of isocyanate
exposure for 3 production workers sampled on each visit. It was also noted that at 2 other sites
RPE was worn for the handling of isocyanates. The isocyanate BMGV was not exceeded at
either of these sites. This provides further evidence that inhalation is the principal exposure
route for isocyanates.
However, the potential for skin sensitisation should also be considered when handling
isocyanates. Where dermal exposure occurs, there is also the potential for unintentional
ingestion exposure through hand to mouth contact. The high BM results which appear to be
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occurring as a result of inhalation exposures significantly below the WEL warrant further
investigation to allow a clearer understanding of isocyanate exposure routes in the polyurethane
industry.
Isocyanates were handled in much larger quantities than MbOCA at the sites visited. Typically
the ratio is around 1 part MbOCA to 10 parts isocyanate, although this can vary. As the
quantities handled are greater, then the potential for exposure is increased. The handling of
isocyanates at elevated temperatures in open containers outside the influence of LEV systems,
was observed at a significant proportion of the sites visited. Whilst the pre-polymeric
isocyanates typically used in conjunction with MbOCA are less volatile than their respective
monomers, there is still the potential for inhalation exposure associated with this practice. This
practice is not in accord with the requirement of the COSHH regulations to reduce exposures to
asthmagens to a level which is as low as is reasonably practicable.
There was no evidence that the use of automatic mixing systems resulted in lower MbOCA
exposures. It is possible that there is some link between the amount of MbOCA handled at an
individual site and the BM results obtained from that site. Some of the sites visited were
relatively light users of MbOCA (50 to 100 kg per year compared to other companies surveyed,
where several tonnes per year was used). This was generally reflected by low BM results at sites
where MbOCA usage was low. This was not however investigated in the full statistical analysis.
Glove use was highly variable between sites and even, in a number of cases, between workers at
the same site. It was not therefore possible to conduct a meaningful statistical analysis studying
the effectiveness of the numerous glove regimes encountered during the survey. Dermal
exposure is known to be the most significant exposure route for MbOCA, and given the manual
nature of the work, the correct use of gloves is essential in achieving adequate exposure control.
There is a strong correlation between glove contamination and urinary MbOCA, which
underlines the importance of the dermal exposure route. Whilst statistical analysis is not
possible, studying individual cases from the 2008 survey indicates that the way in which gloves
are used is at least as significant as the type of glove used.
The heavy cotton or terry ‘rigger’ type gloves commonly worn for heat protection are not
classed as chemically protective but the BM results for some workers wearing them were
consistently below the BMGV. These workers were observed to remove contaminated gloves
correctly. Workers at the same sites, wearing identical gloves but having much higher urinary
MbOCA results, were observed to remove contaminated gloves incorrectly. This indicated that
adequate exposure control can be achieved with fabric gloves. However, good practice would
still include the wearing of a chemically protective glove, in conjunction with fabric gloves
where heat protection is required, where possible.
The wipe sampling results indicate MbOCA contamination in production areas to be
significantly greater than in notionally clean areas such as canteens and welfare facilities. The
detection of measurable amounts of MbOCA in clean areas at some sites should provide a clear
driver at those sites to review standards of personal hygiene and housekeeping to prevent the
transfer of contamination from the production area.
Some individuals consistently yielded higher urinary MbOCA results than their co-workers at
the same site, despite performing very similar work activities using identical exposure controls.
This suggests that individual working practices of certain workers result in them receiving
higher exposures than their colleagues. In such instances, raising the overall standard of
engineering exposure controls at the site would not necessarily reduce the exposures of these
individuals. It is more likely that the MbOCA exposure of these workers would be reduced by
improved training and supervision. Training in correct glove use, including how to correctly
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remove and dispose of contaminated gloves, is particularly relevant. If done effectively and
coupled with adequate supervision this could reasonably be expected to reduce exposures for
workers with the higher urinary MbOCA results.
The statistical analysis indicates that overall urinary MbOCA levels have not fallen significantly
between the 2005/06 project and the 2008 DRP survey. This is true for matched workers and for
all potentially exposed workers. Various statistical analyses all point to a similar conclusion. A
similar situation exists for the isocyanate BM results.
The 90th percentile of all urinary MbOCA results from the 2008 survey was 10 µmol/mol
creatinine. This is in the same range as the 90th percentile of urinary MbOCA values in the HSL
BM database for all years since 1996. Although the COSHH regulations require that carcinogen
exposure be prevented or controlled to a level which is as low as reasonably practicable, some
duty holders expressed a belief that compliance with the BMGV was evidence of adequate
exposure control. Good occupational hygiene control was not being applied at all of the sites
visited, yet the 90th percentile of urinary MbOCA results is significantly below the current
BMGV.
The feedback given to individual companies visited for the 2005/06 intervention consisted of a
mixture of verbal advice given on the day of the visit by the HSE Occupational Hygiene
Specialist Inspector, plus written feedback. The written feedback consisted of the measurement
results and outline recommendations regarding areas where improvements were required. Many
of the companies visited claimed that no written feedback was provided until the autumn of
2007, although this could not be corroborated from HSE records. After the analytical results had
been reported, several of the sites were revisited by the HSE Occupational Hygiene Specialist
Inspector to provide further, detailed verbal feedback. A number of recommendations made as
a result of the site visits in 2005/6 did not appear to have been implemented at the time the 2008
visits were conducted.
From the information obtained in the 2008 DRP survey, it appears that the feedback to duty
holders from the 2005/6 visits may have been more effective if it had been provided formally, in
writing, as soon as possible after the visits and had been more specific in nature. These lessons
were taken on board for the 2008 DRP survey. The written feedback provided to each company
on this occasion contained sufficient information to allow targeted improvements to be made to
exposure controls where required.
The feedback provided to duty holders from the 2008 DRP survey was more detailed than that
which has previously been given. The companies visited were also asked to confirm what
actions they had taken as a result of the recommendations made. As of December 2009 11 of the
19 companies visited had provided such information.
It is clear that the 2005/6 HSE survey provided a reliable baseline of MbOCA and isocyanate
exposures at sites where MbOCA is handled in the polyurethane industry. The study generated a
good deal of relevant information which was used in the planning of the 2008 DRP study.
Although the 2008 DRP survey has generated a more robust data set by implementing a wider
exposure assessment strategy, principally by collecting multiple urine samples from exposed
workers, the net conclusions regarding the adequacy of exposure controls from the two surveys
are in agreement.
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6

CONCLUSIONS

MbOCA exposures in the polyurethane industry, measured by biological monitoring have not
fallen between HSE’s 2005/6 intervention and the 2008 DRP survey.
Data from HSL’s biological monitoring database shows no discernible downward trend in
urinary MbOCA levels since 1996. Between 1996 and 2008 the 90th percentile of urinary
MbOCA data from HSL’s biological monitoring database has remained around the range of 5 to
10 µmol/mol creatinine, against a UK biological monitoring guidance value (BMGV) of 15
µmol/mol creatinine.
The 2005/6 HSE survey of the MbOCA user industry provided a sound baseline on
occupational exposures to MbOCA in Great Britain and was a valuable contribution towards
ongoing intervention work. Industry criticisms of the feedback mechanisms and statistical data
analysis from this work have been addressed by the 2008 DRP survey.
There have been no significant changes in MbOCA use and exposure control in the GB
polyurethane industry since the HSE’s 2005/6 intervention.
The 90th percentile of urinary MbOCA results for the 2008 DRP survey was 10 µmol/mol
creatinine, however this value is not associated with good occupational hygiene practice in all
cases. This study showed that there was scope for improvements in exposure controls and
working practices at a number of the sites visited. A BMGV based on the data from this study
and the 2005/6 survey would be below 15 µmol/mol creatinine, and furthermore would likely
be less than 10 µmol/mol creatinine. The data from the 2008 DRP survey showed that 70 % of
urinary values were below 5 µmol/mol creatinine.
Urinary MbOCA results above the BMGV occurred at 7 sites visited in the 2008 DRP survey.
The dermal exposure route is most significant for MbOCA and exposure can be highly
dependant upon individual working practices and relatively subtle differences in the way that
exposure controls, especially gloves, are used.
Given the fairly small size of the MbOCA user industry in Great Britain, a small number of
workers with elevated exposures are currently increasing some statistical measures of MbOCA
exposures in the industry. Reducing the MbOCA exposures of these individuals could be
achieved by improved training and supervision, rather than implementation of additional
engineering controls.
Although a minority of sites visited were achieving adequate exposure control for isocyanates,
on an industry wide level it must be concluded that isocyanate exposures at MbOCA user sites
in the polyurethane industry are not adequately controlled. Urinary isocyanate results above the
BMGV are common. Isocyanate exposures are not being reduced to ALARP in this industry.
The data from the 2008 DRP survey suggests that isocyanate exposures occur principally via the
inhalation route. This should be considered when exposure control strategies for isocyanates are
being reviewed. The use of low volatility, pre-polymeric isocyanate formulations, containing
very low levels of isocyanate monomers, is standard practice across the industry. As far as
possible isocyanates should be handled within the influence of Local Exhaust Ventilation
(LEV). This was not done at a significant proportion of the sites visited. If the application of
LEV is not practicable, respiratory protective equipment may be required.
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As of December 2009, 11 of the 19 sites visited for the 2008 DRP survey have provided
feedback indicating that they have taken action as a result of the recommendations made in the
site visit report.
Further intervention activity by HSE, coupled with commitment from industry stakeholders,
will be required to ensure that maximum impact is gained from the survey work described in
this report.
Further investigation will be required to allow a clearer understanding of isocyanate exposure
routes in the polyurethane industry. This would require the development of validated techniques
for quantifying isocyanates on surfaces and on workers gloves.
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APPENDIX 1 - STATISTICAL ANALYSIS
INTRODUCTION
This technical appendix contains descriptions of the available data on urine, air, surface swab
and glove samples from the 2005/6 survey of MbOCA use in the polyurethane industry (Cocker
et al., 2009), and a 2008 DRP survey, and describes the results from a thorough statistical
analysis of the available data. Summary statistics and key findings within the occupational
hygiene report are based upon the statistical analysis described here.
Aims
The aims of the statistical analysis were:
•

To analyse the 2008 data on MbOCA from urinary, glove and surface measurements
and on isocyanates from urinary and air measurements and determine the key findings
from the 2008 survey.

•

To compare the MbOCA contamination from urinary, glove and surface measurements
taken during the 2005 and 2008 surveys of the polyurethane industry.

METHODOLOGY
Data
In the 2005 survey of the polyurethane industry (McNally and Binch, 2007) a site inspection
was made at two companies distributing MbOCA and 20 end users of the chemical. In the 2008
survey of the industry 2 distributors and 17 end users were visited. The majority of UK MbOCA
users were visited in both 2005 and 2008 surveys and 18 companies were common to both
surveys. Three companies visited in 2005 were not returned to in 2008 as MbOCA was no
longer being used or the business was no longer operating. One MbOCA user, not included in
the 2005 survey, was visited in 2008. In general, the site inspections took place midweek
(Tuesday to Thursday) in both 2005 and 2008 (Table 1). For confidentiality, the companies
visited in 2008 are referred to using the letters A-R throughout the analysis; the coding differs
from that used in 2005.
Table 1: Summary of site inspections in the 2005 and 2008 surveys
Weekday
Monday
Tuesday
Wednesday
Thursday
Friday
Total

Number of site inspections
2005
2008
1
1
6
6
6
6
7
6
0
0
20
19

During site visits in both 2005 and 2008 surveys, surface swabs were taken and gloves were
collected; these were subsequently analysed to determine MbOCA contamination. In the 2005
survey air sampling was conducted for MbOCA. The measured inhalation exposures were very
low, with 84% of results being not detected. (Cocker et al. 2009). Air sampling for isocyanates
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was conducted at 5 of the sites visited for the 2008 survey, but no air sampling for MbOCA was
done on this occasion. There are no directly comparable air measurements from the 2005 and
2008 surveys, therefore a new analysis of the 2005 air samples has not been conducted. End of
shift urine samples were collected in both the 2005 and 2008 surveys, and analysed for both
MbOCA and isocyanate metabolites. In the 2008 survey, in addition to the single urine sample
taken at the end of shift on the day of the site inspection, additional samples (between zero and
four) were collected over the following working days. As almost all the site visits occurred on a
Tuesday, Wednesday or Thursday, the measurements were split over two working weeks,
separated by a weekend. The 2008 data allow for a larger longitudinal analysis.
The levels of MbOCA on surface swabs (g cm-2) and glove samples (g per glove), of and
MbOCA and isocyanate metabolites in urine, adjusted for creatinine (mol/mol creatinine),
were measured using the analytical techniques described in Cocker et al. (2009). Isocyanates in
air (g m-3) were measured using methodology described in HSE method MDHS 25/3 ‘ Organic
isocyanates in air’.
Statistical analysis
A common difficulty when analysing occupational exposure data is that exposures are often
below the sampling/analytical limit of detection (LOD). As such, a number is unavailable,
however it is known that the exposure is between zero and the LOD. In statistical terminology
such measurements are referred to as left censored. Various methods for dealing with censored
data are discussed in Hewett and Ganser (2007) and a methodology for estimating the
underlying measurements for censored observations has recently been suggested by
Krishnamoorthy et al.(2009). The most common approach in occupational hygiene is to
substitute with a numeric value of half the LOD, and analyse the data as if these measurements
had been observed. Simple approaches to censored data like this are reasonable when the
proportion of censored measurements is small. However, when a large proportion of
measurements are censored the summaries of the data, such as means and standard deviations
and parameters of statistical regression models are sensitive to the assumed value; in particular
the standard deviations tend to be underestimated due to fixing many observations at a common
value.
Empirical estimates of the median and percentiles (such as a 90th percentile) can usually be
calculated in the presence of a large proportion of censored measurements, although in extreme
cases even the median may be below the LOD. Where appropriate these summaries are given in
the results. Some additional summary statistics have been provided when these were insensitive
to the small proportion of censored observations. Non-parametric tests have been used to assess
for differences between subsets of the data; such tests are relatively insensitive to the censored
observations. Fishers exact test has been used to tests for differences between proportions, the
Kruskall-Wallis test has been used to test for differences between medians, and equality of
cumulative distributions of exposure has been tested for using the two-sample KolgramovSmirnov test.
Non-parametric methods are useful for identifying if there are differences between subsets of
the populations, however these methods cannot accurately quantify such differences. A formal
parametric statistical model is more appropriate methodology for quantifying the features of the
data. By explicitly quantifying all sources of variability within a formal model, a more powerful
test of hypotheses is also offered. The urinary data that were collected longitudinally provided
sufficient data for parametric techniques when analysing data on MbOCA and isocyanates. A
mixed-effect analysis is an appropriate statistical methodology for data of this nature, with the
structure of the fixed and random effects informed by the simpler non-parametric tests.
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The mixed effect model used in the analysis was of the form:
p

log(Yijk ) = μ + ∑ β m xijkm + ci + w j + ε ijk
m=1

ci ~ N (0, σ )
2
bc

2
w j ~ N (0, σ bw
)
2
ε ijk ~ N (0, σ ww
)

The underlying assumption is that the urinary MbOCA (and isocyanates metabolites)
concentrations follow a lognormal distribution. The mixed-effect model is specified on the logscale. The MbOCA (and isocyanates metabolites) concentration is denoted by Yijk, (the
subscripts denote the kth measurement on the jth worker from the ith company) however the
dependent variable in the mixed effect model is the natural logarithm of the MbOCA (or
isocyanates metabolites) concentration. The dependent variable is expressed as a sum of fixed
effects, random effects and residual error. The fixed effects are the mean term  and m
regression coefficients m with associated data xijkm (in this work the data vector has contained
just indicator variables). The  terms are corrections to the global mean and measure consistent
differences between variables such as study year, direct or indirect exposure etc. The other
terms in the model quantify variability due to residual error and systematic variability in the
data. Random effects quantify systematic variability in the data with effects for companies, ci,
and workers wj included in the model. The random effect terms model correlations in the data,
i.e. a worker with a high concentration of MbOCA (isocyanate) in urine on Monday is also
likely to have a high concentration of MbOCA in urine throughout the week and this is
quantified by a large positive worker random effect. Similarly, a company with one worker with
urinary MbOCA (or isocyanates metabolites) above the mean (on the log-scale) is likely to have
other workers above the mean and this would be quantified by a positive company random
effect. The worker and company random effects are assumed to be normally distributed with a
mean of zero and standard deviations of "bw and "bc respectively. The term ijk represents
random variability. The residual errors are assumed to be normally distributed (on the logscale).
Mixed effects models were fitted within a Bayesian framework that explicitly modelled the left
censored observations and inference was made using Markov Chain Monte Carlo (MCMC)
methods (Brooks, 1998), implemented in the winBUGs software (Winbugs, 2004). The model is
relatively insensitive to the censored measurements, similar to the approach of Krishnamoorthy
et al. (2009).
Graphics
The measurements from air, glove, surface and urine samples show considerable variability,
with measurements varying by several orders of magnitude. With data of this sort, plots on the
natural scale tend to mask patterns within the data. Therefore, measurements have been plotted
on logarithmic axes throughout the report.
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RESULTS
Urine samples
Urinary MbOCA
In the 2005 survey, a total of 78 urine samples were collected from 71 individuals working at 19
companies (samples were not returned from all companies visited in the survey). All samples
were taken on the day of the visit; a small number of individuals (seven workers) provided two
urine specimens, separated by a few hours, during the inspection. Approximately 25% of the
sampled workers in this survey were classified as indirectly exposed to MbOCA. The 2008 data
was from a much larger longitudinal study and comprised of 446 urine specimens collected
from 90 individuals. In general, a single sample was taken at the end of shift on the day of the
visit and subsequent samples (between zero and four) were collected in the following working
days. As almost all the site visits occurred on Tuesday, Wednesday or Thursday, the
measurements were split over two working weeks, separated by a weekend. The 2008 samples
were from 18 companies, 17 of which were visited in 2005. No BM samples were obtained
from one of the sites visited in 2008. The 2008 survey had a stronger focus on workers who
were classified as directly exposed to MbOCA, with less than 10% of sample workers classified
as indirectly exposed to MbOCA. Indirectly exposed workers are regarded as controls.
Summaries of the BM sampling from the 2005 and 2008 surveys of the polyurethane industry
are given in Table 2. The total number of measurements and the number of workers the
measurements were made on are given in Table 2.
Table 2: Number of urinary MbOCA measurements available in the 2005 and 2008
surveys (number of workers)
Exposure

Year

Direct
59 (52)
411 (83)
470 (136)

2005
2008
Total

Indirect
19 (19)
35 (7)
54 (26)

Total
78 (71)
446 (90)
524 (162)

Results from 2008 survey
Some summary statistics of the 411 and 35 measurements taken on 83 and 7 workers directly
and indirectly exposed to MbOCA respectively are given in Table 3. The numbers above and
below the LOD of 0.5 mol/mol creatinine are given and the numbers of measurements above
the Biological Monitoring Guidance Value (BMGV) of 15 mol/mol creatinine are given; these
are a subset of the values above the LOD. The medians and 90th percentiles in Table 3 are based
upon all the measurements; the median for the indirectly exposed group was below the LOD.
Table 3: Summary statistics for the directly exposed and control groups in the
2008 survey
Exposure
Directly exposed
Indirectly exposed
Total

Measurements
Total
411
35
446

< LOD
145
25
170

> LOD
266
10
170
28

> BMGV
26
0
26

Median

90%

1.6
< LOD
1.4

11.1
2.1
10

The median and 90th percentile for the directly exposed workers were approximately 3 and 5
times greater than for the indirectly exposed respectively. The highest values were 59.9
mol/mol creatinine and 2.9 mol/mol creatinine for a directly and indirectly exposed worker
respectively. The difference between medians was statistically significant (p=0.0001). The
majority of indirectly exposed workers (five workers and 26 measurements) were from a
supplier (company K). Eight of the measurements above the LOD were made on two workers at
this company and the magnitude of the measurements was similar to those of the two directly
exposed workers at the same company.
The information collected in the 2008 survey allow for a more advanced analysis than was
previously possible (Cocker et al., 2009). Measurements were collected over a number of
working days allowing an investigation of the variability in urinary MbOCA within workers
over a 5 working day period, and variability between-worker, and between-company.
Some summary statistics for the workers classified as directly exposed to MbOCA in each of
the 18 companies where BM was conducted in the 2008 survey are given in Table 4.
Table 4: Summary statistics for the directly exposed workers in the 2008 survey
by company.
Measurements
Company
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
Total

Samples (Workers)

< LOD

> LOD

>BMGV

15 (3)
29 (6)
15 (3)
20 (4)
14 (3)
21 (5)
41 (5)
32 (7)
39 (8)
25 (5)
11 (2)
15 (3)
11 (2)
64 (13)
10 (2)
14 (3)
10 (2)
25 (5)
411

0
10
13
4
0
8
0
28
4
18
5
15
1
26
0
6
0
7
145

15
19
2
16
14
13
41
4
35
7
6
0
10
38
10
8
10
18
266

1
4
0
0
2
0
10
0
2
0
0
0
3
0
4
0
0
0
26

Median

90%

8.5
1.1
< LOD
2.1
7.8
1.3
7.1
< LOD
4.2
< LOD
1.1
< LOD
9.4
1
7.45
1
6.3
1.2
1.6

12.5
17.2
1.4
4.7
22.5
2.7
38.1
0.6
13
1.9
1.8
< LOD
20.9
4.9
33.95
6.7
8.2
2.9
11.1

Clear differences in the concentrations of MbOCA in urine between the 18 companies were
found. A simple method of comparison is to look at the proportions of measurements below the
LOD in the different companies. These ranged from 100% of measurements below the LOD to
100% of measurements in excess of the LOD. The differences between companies for the
proportions of measurements below the LOD were statistically significant (p < 0.001). There
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was also a significant difference (p < 0.001) between companies in the proportions of
measurements above the BMGV. In particular companies G (p=0.004) and O (p=0.008) had
significantly higher proportions of measurements above the BMGV than the expected 10%
(based upon the definition of the BMGV). A comparison of medians required an assumption
about the measurements below the LOD; these were set at half the LOD, although the statistical
test was insensitive to this assumption. There was a significant difference in medians (p <
0.001). The large differences in urinary MbOCA across companies would indicate that
differences cannot be solely attributed to good/poor practice within the workplaces.
There was no evidence (p=0.465) to support a difference between the five companies (D, I, N,
P, R) using automatic mixing and those using manual mixing.
In addition to differences between companies, there was strong evidence of differences between
workers within the same company. Some workers had consistently higher urinary MbOCA
measurements whilst other workers had consistently lower levels. In particular 15 workers did
not produce a single urine sample with MbOCA above the LOD. Plotting the measurements
from the day of inspection and on days subsequent to inspection highlights the differences
between individual workers. The measurements from the three sampled workers from company
A between the site inspection on Tuesday and the following Monday are displayed in Figure 1.

Figure 1: Urinary MbOCA concentrations from three workers directly exposed to
MbOCA at company A, Tuesday to Monday.
In addition to differences between companies and differences between workers within the same
company, a longitudinal analysis of the data indicated there were consistent differences in
urinary MbOCA over the course of the working week. In particular the data suggest a decrease
in urinary MbOCA between post-shift on Friday and post-shift on Monday (Figure 1). The
decrease over the weekend was replicated across all companies. The data also indicated that
measurements on Friday were lower than those taken midweek (Tuesday, Wednesday and
Thursday), with little difference between midweek measurements, although this is not apparent
from Figure 1, which only presents data for 3 workers. The cumulative distribution of exposures
for the measurements from all companies that were taken on Monday, Wednesday and Friday
(Figure 2), and for Tuesday, Wednesday and Thursday (Figure 3) support these features of the
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data. For the purposes of Figure 2 and Figure 3 the measurements below the LOD were assigned
a value of half the LOD. The LOD is indicated in both plots. Some summary statistics for the
different days of the week are given in Table 5, and these are based upon 406 measurements as
five samples were returned without a date of collection.

Figure 2: Plot of the cumulative distribution of MbOCA concentrations for
samples from all companies taken on Monday, Wednesday and Friday
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Figure 3: Plot of the cumulative distribution of MbOCA concentrations for
samples from all companies taken on Tuesday, Wednesday and Thursday

Table 5: Summary statistics for the directly exposed workers in the 2008 survey
by the day of the week
Weekday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Total

Measurements
Total
57
84
94
97
72
2
406

< LOD
24
27
32
31
29
1
142

> LOD
33
57
62
66
43
1
264

> BMGV
1
3
8
9
5
0
26

Median

90%

1.4
2.1
1.5
1.7
1.25
3.375
1.6

8.3
9.2
14.2
13.8
9.3
11.1

The data were also analysed to assess whether the MbOCA concentrations in urine were lower
during a site inspection than on other days. A total of 73 measurements were provided on the
day of the inspection and a further 338 samples were obtained from days subsequent to the visit.
Statistical tests indicated there was no difference in median exposures (p = 0.235) on the day of
an inspection compared with other working days on which samples were submitted.
Comparison of 2005 and 2008 surveys
The available data from 2005 and 2008 surveys are given in Table 2. The 2005 survey collected
urine samples from 71 workers, 53 of whom were classified as directly exposed to MbOCA and
the 2008 survey collected urine samples from 90 workers, 83 of whom were classified as
directly exposed to MbOCA. A total of 30 workers were common to both survey populations.
There are indications of a more transient workforce in some companies, however multiple
samples were available from approximately 50% of companies, leading to confidence that a
comparison of the 2005 and 2008 measurements from these workers provides an unbiased
comparison of MbOCA exposures in the polyurethane industry in 2005 and 2008. Of the
workers who provided samples in both 2005 and 2008, 28 were in comparable jobs. All of these
workers were classified as directly exposed to MbOCA in both studies. However, only 26 of
these workers provided a sample on the day of the visit in 2008, thus allowing for a direct
comparison between samples presented on the day of the inspection. Measurements for these 26
workers are given in Table 6. In the cases where more than one measurement was made on a
worker in 2005 the mean reading is tabulated, however the readings from such workers were
generally very similar. Values below the LOD of 0.5 mol/mol creatinine, are recorded as
below the LOD. A comparison of the measurements on these 26 workers is made in Figure 4;
the measurements below the LOD have been assigned a value of half the LOD for the graphic.
The LOD is indicated on both axes and a line that indicates the expected trend if no change in
exposures had occurred between 2005 and 2008 is also included on the graph.
Of the 26 workers who provided samples on the day of the inspection in 2005 and 2008, four
workers were below the LOD on both visits and 16 workers were above the LOD in both 2005
and 2008. Of the remaining 8 workers, 1 measurement in either 2005 or 2008 was below the
LOD. The general trend from Figure 4 indicates there is no notable change in exposures
between 2005 and 2008, although there is a large amount of variability in the data. Note, a
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correlation between the matched 2005 and 2008 measurements would be sensitive to the
treatment of measurements below the LOD, therefore this has not been calculated.
Some summary statistics based upon the measurements in Table 6 are given in Table 7. A
comparison of the estimated cumulative distributions of exposure from the 2005 and 2008
surveys is made in Figure 5.
Table 6: Comparison of urinary MbOCA measurements made on 26 workers on
the day of the visit during the 2005 and 2008 surveys
Worker

Company

Worker 1
Worker 2
Worker 3
Worker 4
Worker 5
Worker 6
Worker 7
Worker 8
Worker 9
Worker 10
Worker 11
Worker 12
Worker 13
Worker 14
Worker 15
Worker 16
Worker 17
Worker 18
Worker 19
Worker 20
Worker 21
Worker 22
Worker 23
Worker 24
Worker 25
Worker 26

A
A
C
D
D
E
E
F
F
G
G
G
H
J
J
J
J
J
K
L
M
M
M
N
N
Q

MbOCA in urine
2005
8.4
13.66
4.92
4.29
5.7
< LOD
24.99
< LOD
1.91
2.93
11.59
3.06
< LOD
3.82
3.93
4.22
< LOD
< LOD
< LOD
< LOD
< LOD
17.01
< LOD
2.33
6.48
8.06

2008
8.6
9.2
< LOD
5.8
5.2
2
8.4
1.9
1.4
4.2
39.2
5.4
1.1
1.1
1.7
< LOD
< LOD
< LOD
4.2
< LOD
< LOD
32.6
9.7
2.3
4
8.4

Table 7: Summary statistics of the urine measurements from 26 matched
workers in the 2005 and 2008 surveys
Year

Summary

2005
26

N
33

2008
26

< LOD
> LOD
> BMGV
Median
90% percentile

9
17
2
3.4
13.7

6
20
2
3.2
9.7

Figure 4: Plot of 2005 and 2008 urinary concentrations on the day of the
inspection for 26 matched workers
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Figure 5: Estimated cumulative distributions of exposure for the 26 matched
workers from the 2005 and 2008 surveys
The summary statistics also suggested that the measurements from the two surveys were
similar. The proportion of measurements below the limit of detection was similar (p=0.51) and
an identical number of measurements were above the BMGV. There was not a statistically
significant difference between medians (p = 0.501) or cumulative distributions of exposure (p=
0.99).
A comparison based upon the full sets of measurements from directly exposed workers in the
2005 and 2008 surveys was also made. A total of 59 measurements were taken on 52 exposed
workers in the 2005 study. A total of 411 measurements were taken on 83 workers classified as
directly exposed to MbOCA in the 2008 study. Some summary statistics are given in Table 8
and a comparison of the cumulative distributions of exposure is made in Figure 6.
Table 8: Summary statistics of the urine measurements for all exposed workers
in the 2005 and 2008 surveys
Year

Summary

2005
59
19
40
3
3.1
13.7

N
< LOD
> LOD
> BMGV
Median
90% percentile
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2008
411
145
266
26
1.6
11.1

Figure 6: Estimated cumulative distributions of exposure for all directly exposed
workers from the 2005 and 2008 surveys
The proportion of measurements below the LOD from workers directly exposed to MbOCA was
approximately 35% in both 2005 and 2008; the small difference in proportion was not
statistically significant (p=0.99). Similarly, the proportion of measurements above the BMGV
for workers directly exposed to MbOCA was approximately 6% in both 2005 and 2008
(p=0.99). The median MbOCA concentration was lower in 2008 than in 2005 (1.6 compared
with 3.1 mol/mol creatinine respectively) however the difference was not statistically
significant (p=0.422). There was no significant difference between the cumulative distributions
of exposure in 2005 and 2008 (p=0.15). The difference between the cumulative distributions of
exposure at low concentrations, between 1 and 5 mol/mol creatinine (Figure 6) is probably due
to the low number of samples taken on a Monday in the 2005 survey (only three samples were
taken compared with 57 samples in the 2008 survey).
Mixed effect analysis
The non-parametric methods were supplemented by a mixed-effect analysis of the urinary
MbOCA data using measurements from the 2005 and 2008 surveys of MbOCA use in the
polyurethane industry. The non-parametric analysis of the data suggested there were consistent
differences between companies and between workers; there was a clear difference due to direct
or indirect exposure to MbOCA, and there was an indication that concentrations varied over the
working week. Non-parametric methods did not suggest differences between the 2005 and 2008
studies or a difference between the inspection day and other working days, however variables
for these factors were included in the model as it allowed for a more comprehensive and reliable
test, after adjusting for the other significant variables. The parameter estimates and confidence
intervals are given in Table 9.
Table 9: Parameter estimates and confidence intervals for the model parameters
Parameter

1

Description

Median

95% Interval

Mean
Adjustment for year

-2.139
-0.108

(-3.34, -1.057)
(-0.416, 0.194)
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2
3[1]
3[2]
3[3]
4
"bc
"bw
"ww

Adjustment for exposure
Adjustment for Monday
Fixed midweek
Adjustment for Friday
Adjustment for visit
Between company s.d.
Between worker s.d.
Residual error s.d.

2.57
-0.676
1
-0.108
0.1177
1.391
1.292
0.763

(1.638, 3.595)
(-0.925, -0.428)
(-0.334, 0.116)
(-0.101, 0.343)
0.855, 2.27)
(1.059, 1.594)
(0.694, 0.838)

The 95% confidence intervals for parameters 1 and 4 contained zero (Table 9), which indicate
there was no significant difference between the 2005 and 2008 exposures and that exposures
were not lower on the day of the inspection respectively. These results are consistent with the
findings from non-parametric methods described previously. The 95% confidence interval for
parameter 2 did not contain zero, indicating that there was a significant difference between
directly and indirectly exposed workers. There were also differences in the urinary
concentrations at different points of the working week1.
The parameters relate to a statistical model specified on the log-scale, and it is necessary to look
at transformations (taking the anti-log) of the parameters in order to make statements about the
urinary measurements. The key findings are summarised below:
•

There was a significant difference between the urinary MbOCA concentrations of
directly and indirectly exposed workers. Indirectly exposed workers had urinary
MbOCA concentrations of approximately 7% of the exposed workers, with a 95%
interval for this multiplier of 2% to 20%.

•

Urinary MbOCA concentrations were largest for midweek (Tuesday, Wednesday and
Thursday) measurements. The estimated median (also the geometric mean) urinary
MbOCA concentration of directly exposed workers for midweek measurements was
1.54 mol/mol creatinine with 95% interval of 0.73 to 3.08 mol/mol creatinine

•

Measurements made post-shift on Monday were approximately 50% below the
midweek concentrations, with an estimated median of 0.79 mol/mol creatinine and
95% interval of 0.36 to 1.63.

•

Measurements made post-shift on Friday were approximately 10% below midweek
concentrations, with an estimated median of 1.39 mol/mol creatinine and 95% interval
of 0.63 to 2.86.

The estimated medians were all below the empirically calculated values (Table 8) which is due
to unequal samples returned by the different companies; companies with higher urinary
MbOCA concentrations returned a greater number of samples. The values given above are more
reliable point estimates of the median exposures within MbOCA users in the polyurethane
industry, although there are considerable differences in the median exposures at different
companies.
The company random effects are a measure of the systematic difference between a given
company and the overall exposure. The between company standard deviation is a summary of
1
Note that whilst the confidence interval for3[3] does contain zero in Table 9, the parameter was statistically
significant after parameters 1 and 4 were removed from the model.
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the overall between-company variability however the random effects themselves are informative
about individual companies. The posterior medians of the company random effects are given in
the first column of Table 10, the second column gives the exponent of the random effect; on the
natural scale these are multiplicative factors and the company specific median (and geometric
mean) is calculated by multiplying the overall geometric mean by this factor. The posterior
medians for company specific medians are also tabulated for Monday and midweek.
Table 10: Estimates of the company random effects and the corresponding
median exposures at individual companies
Company
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
Median

Company Random Effect
Log-scale
1.38
0.57
-0.99
0
1.22
-0.23
1.52
-1.83
0.84
-0.76
0.08
-2.6
0.39
-0.12
1
-0.02
1.56
-0.31

Natural-scale
3.97
1.77
0.37
1
3.39
0.79
4.57
0.16
2.31
0.47
1.08
0.07
1.48
0.88
2.72
0.98
4.76
0.73

Median (and geometric mean)
Monday
3.13
1.38
0.29
0.789
2.68
0.62
3.62
0.13
1.84
0.36
0.86
0.06
1.17
0.70
2.14
0.77
3.76
0.57
0.79

Midweek
6.15
2.73
0.58
1.55
5.25
1.22
7.11
0.25
3.61
0.72
1.69
0.12
2.30
1.37
4.22
1.51
7.40
1.128
1.54

The company-random effects describe a systematic difference between a given company and the
overall exposure. The multipliers (column 3 of Table 10) suggest the differences in median
exposures between companies are up to two orders of magnitude. However, the random effects
do not provide an explanation for the differences between companies and it would be overly
simplistic to interpret these as a measure of workplace cleanliness.
The worker random effects are a measure of how individual workers differ from the general
trend at their company. The worker random effect may account for differences in job within a
company and hence account for the amount of MbOCA used by a particular worker. Equally,
the worker effect could be a measure of worker behaviour and relate to personal hygiene. The
between-worker standard deviation is a summary of the overall between-worker variability. The
estimates of the between-company and between-worker variance components (Table 9) were
similar but they indicate that there was greater variability between companies than between
individual workers. Both these sources of variability are far more important than within-worker
variability.
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The worker effect is the sum of the between worker and between company random effects and
is a measure of how an individual worker differs from the overall trend on the log-scale upon
which the model is specified; the anti-log of this sum provides a multiplying factor and the
worker’s geometric mean exposure is calculated as a multiple of the overall geometric mean and
this factor. Based upon the midweek geometric mean of 1.54, a multiplying factor of 9.7
(equivalently to worker effect in excess of 2.27) would be required for an individual worker to
have a geometric mean exposure in excess of the BMGV. In general large positive worker and
company random effects would be required for exposures to be consistently above the BMGV.
Urinary isocyanates
The urine samples described above were also analysed for isocyanate markers in both the 2005
and 2008 surveys. The data were described above and the summaries of workers directly and
indirectly exposed to MbOCA were given in Table 2 and since isocyanates are also used in the
manufacturing process those workers exposed to MbOCA are also exposed to isocyanates too.
In addition, all workers at the distributor (company K) were classified as directly exposed to
isocyanates. The data are summarised in Table 11.
Table 11: Summary of urinary isocyanate measurements available in the 2005
and 2008 surveys
Year
2005
2008
Total

Exposure
Directly Exposed
60(53)
437 (88)
497 (141)

Control
18 (18)
9(2)
27 (20)

Total
78 (71)
446 (90)
524 (162)

Results from 2008 survey
Some summary statistics for the marker for MDI (MDA) and the markers for TDI (the TDA
results were derived as the sum of the 2,4TDA and 2,6TDA marker test results) for the workers
classified as directly and indirectly exposed to isocyanates are given in Table 12. Note that all
workers were classified as potentially exposed to TDI, none of the 120 urine samples returned
from 7 companies were tested for MDA, as MDI was not used at these sites. Therefore, the
statistics for MDA are based upon a total of 326 measurements from 11 companies. The
numbers above and below the LOD for isocyanates of 0.1 mol/mol creatinine and the numbers
of measurements above the BMGV of 1 mol/mol creatinine are also given; these are a subset
of the measurements above the LOD.
Table 12: Summary statistics for the TDI and MDI markers for the directly
exposed and control groups in the 2008 survey
Exposure

Marker

Directly
exposed

TDA
MDA
TDA
MDA
TDA
MDA

Indirectly
exposed
Total

Measurements
Total
437
317
9
9
446
326

< LOD
277
262
3
8
280
270
39

> LOD
160
55
6
1
166
56

> BMGV
122
12
5
1
126
13

Median

90%

< LOD
< LOD
0.8
< LOD
< LOD
< LOD

6.4
0.5
23.1
< LOD
6.5
0.5

A statistical analysis of the data revealed an anomaly with the urine samples from the indirectly
exposed workers showing larger concentrations of TDA, with a median of 0.8 mol/mol
creatinine and a 90th percentile far in excess of the BMGV. However, the nine samples were
from just two workers and HSL occupational hygienists do not consider these results to be
representative of the polyurethane industry.
The statistics on directly exposed workers showed that only 37% and 17% of samples tested for
TDA and MDA respectively were above the LOD and hence the median concentrations were
below the detection limit. Approximately 28% and 4% of samples analysed for TDA and MDA
respectively were above the BMGV. The largest measurements were 45 and 23 mol/mol
creatinine for TDA and MDA respectively. The data from this survey indicate that exposure to
TDI is more widespread and at greater levels than to MDI. Over 70% of the samples that were
above the LOD for TDA were also above the BMGV.
Some summary statistics for the 18 companies which provided urine samples in the 2008 survey
are given in Table 13. There were large differences in the urinary isocyanate results between
companies. The median and 90th percentile of TDA concentrations were below the LOD at 13
and 5 of the 18 companies respectively. The median and 90th percentile of MDA concentrations
were below the LOD at 12 and 7 of the 13 companies using MDI. At the five companies with
the larger urinary TDA concentrations (companies A, I, K, M and Q) the majority of
measurements were greater than the BMGV. Only two companies had MDA samples that were
consistently above the LOD (companies A and R) and 9 of the 10 readings above the BMGV
originated from these two companies. Company R was the sole company with MDA
concentrations exceeding those of TDA.
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Table 13: Summary statistics for TDI and MDI markers for the directly exposed
workers in the 2008 survey by company.
Company
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
Total

Marker
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA
TDA
MDA

Measurements
Samples (Workers)
15 (3)
15(3)
29 (6)
29 (6)
15 (3)
0 (0)
20 (4)
0 (0)
14 (3)
0 (0)
21 (5)
21 (5)
41 (5)
41 (5)
32 (7)
0 (0)
39 (8)
39 (8)
25 (5)
25 (5)
37 (7)
37 (7)
15 (3)
0 (0)
11 (2)
11 (2)
64 (13)
64 (13)
10 (2)
10 (2)
14 (3)
0 (0)
10 (2)
0 (0)
25 (5)
25 (5)
437 (88)
317 (63)

< LOD
0
1
28
22
11
11
9
14
21
34
37
32
0
36
19
25
0
9
15
2
11
57
59
6
9
14
1
24
16
277
262
41

> LOD >BMGV
15
14
14
5
1
0
7
0
4
2
9
5
5
3
7
2
0
0
7
1
4
0
0
0
39
38
3
1
6
3
0
0
37
37
12
2
0
0
9
7
0
0
7
4
5
0
4
0
1
0
0
0
9
6
1
0
9
4
160
122
55
12

Median

90%

7.5
0.7
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
5.6
< LOD
< LOD
< LOD
3.6
< LOD
< LOD
7.6
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
1.2
< LOD
< LOD
< LOD
< LOD

15.6
5.5
< LOD
0.6
1.4
2.4
1.6
0.8
< LOD
0.4
< LOD
< LOD
10.5
< LOD
1.2
< LOD
11.9
0.8
< LOD
13.5
< LOD
0.3
< LOD
0.6
< LOD
< LOD
4.1
< LOD
4
6.4
0.5

In addition to differences between companies, there was strong evidence of differences between
workers within the same company, although due to the low measurements in many companies
this was only clearly visible in the five companies whose workers the largest urinary isocyanate
concentrations. The TDA and MDA measurements from the three sampled workers from
company A between the site inspection on Tuesday and the following Monday are displayed in
Figure 7 and Figure 8 respectively. The horizontal line in Figure 8 indicates the LOD.

Figure 7: Urinary TDA concentrations from three workers directly exposed to TDI
at company A, Tuesday to Monday.

Figure 8: Urinary MDA concentrations from three workers directly exposed to
MDI at company A, Tuesday to Monday.
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The data showed there was evidence of consistent differences between workers within the same
company, however there was more random within-worker variability (relative to the magnitude
of the measurements) than was seen with the MbOCA data (Figure 1). The data did not indicate
a within-company correlation between the urinary concentrations of the markers for the two
isocyanates (Figure 7 and Figure 8).
There was no evidence of differences in urinary concentrations at different points in the working
week (Figure 7 and Figure 8). In addition there was no evidence of urinary concentrations
differing on the day of inspection compared with a normal working day (p=0.61) and there was
no evidence that automatic mixing, used at companies D, I, N, P and R, resulted in different
urinary isocyanate concentrations to companies using manual mixing (p=0.67).
Comparison of 2005 and 2008 surveys
As previously described, a total of 30 workers were common to both the 2005 and 2008 survey
populations and samples were retrieved on the day of inspection from 26 workers who were
classified as directly exposed to MbOCA (and hence isocyanates) and in a comparable job in
both of the surveys. The measurements for these 26 workers are given in Table 14; note that as
MDI was not used at all companies, seven workers did not have urine samples analysed for
MDA. Values below the LOD of 0.1 mol/mol creatinine, are recorded as below the LOD in
Table 14. A comparison of the TDA measurements on these 26 matched workers is made in
Figure 9; the measurements below the LOD have been assigned a value of half the LOD for the
graphic. The LOD is indicated on both axes and a line that indicates the expected trend if no
change in exposures had occurred between 2005 and 2008 is also included.
The concentrations of MDA in urine were very low in 2005 and 2008 with almost all
measurements below the LOD. The censoring rate for this subset of workers was similar to the
whole of the 2008 data. In contrast the concentrations of TDA were greater than for the general
study population (Table 12) with approximately 50% of measurements above the LOD in 2005
and 2008. Of the 26 workers who provided samples on the day of the inspection in 2005 and
2008, ten workers were below the LOD for TDA on both visits, and nine workers were above
the LOD in both 2005 and 2008. Of the remaining seven workers, one measurement in either
2005 or 2008 was below the LOD. The general trend from Figure 9 indicates there is no notable
change in exposures between 2005 and 2008, although there is a large amount of variability in
the data.
Some summary statistics based upon the measurements in Table 14 are given in Table . There is
no indication of any differences in TDA concentrations between the 2005 and 2008
measurements from the summary statistics (Table ) or from Figure 9. Statistical tests supported
this comparison with no evidence of a difference in medians (p=0.45) or distribution functions
(p=0.63) found. There were clearly no significant differences between the 2005 and 2008 data
in the MDA samples (Table ).
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Table 14: Comparison of urinary TDA and MDA measurements made on 26
workers on the day of the visit during the 2005 and 2008 surveys
TDA (µmol/mol
creatinine)
Worker
Worker 1
Worker 2
Worker 3
Worker 4
Worker 5
Worker 6
Worker 7
Worker 8
Worker 9
Worker 10
Worker 11
Worker 12
Worker 13
Worker 14
Worker 15
Worker 16
Worker 17
Worker 18
Worker 19
Worker 20
Worker 21
Worker 22
Worker 23
Worker 24
Worker 25
Worker 26

MDA (µmol/mol
creatinine)

Company
A
A
C
D
D
E
E
F
F
G
G
G
H
J
J
J
J
J
K
L
M
M
M
N
N
Q

2005

2008

2005

2008

2.8
3
< LOD
< LOD
< LOD
< LOD
1
0.8
0.5
< LOD
2
< LOD
< LOD
< LOD
0.7
1.2
1.1
7.5
2.2
< LOD
< LOD
15.5
< LOD
< LOD
< LOD
1.3

4.1
7.6
< LOD
0.5
0.4
< LOD
0.5
1.1
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
1.7
< LOD
0.6
1.3
< LOD
< LOD
7.9
0.7
< LOD
< LOD
1

< LOD
0.6
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD

0.3
3.5
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
< LOD
0.3
< LOD
< LOD

Table 15: Summary statistics of the urine measurements from 26 matched
workers in the 2005 and 2008 surveys
Summary
N
< LOD
> LOD
> BMGV
Median

TDA
2005
26
13
13
10
0.3

2008
26
14
12
7
< LOD
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MDA
2005
19
17
2
0
< LOD

2008
19
16
3
1
< LOD

90% percentile

2.9

2.9

< LOD

0.3

Figure 9: Plot of 2005 and 2008 urinary TDA concentrations on the day of the
inspection for matched workers
A comparison based upon the full sets of measurements from directly exposed workers in the
2005 and 2008 surveys was also made. A total of 59 measurements were taken from 52 directly
exposed workers in the 2005 study. A total of 411 measurements were taken on 83 workers
classified as directly exposed to MbOCA in the 2008 survey. Some summary statistics are given
in Table .
Table 16: Summary statistics of the urine measurements for all exposed workers
in the 2005 and 2008 surveys
Summary
N
< LOD
> LOD
> BMGV
Median
90% percentile

TDA
2005
59
36
23
16
< LOD
2.3

2008
411
277
134
96
< LOD
4.1

MDA
2005
36
32
4
0
< LOD
0.25

2008
291
246
45
10
< LOD
0.5

Results based upon the full data from the 2005 and 2008 surveys were consistent with those
from the matched workers. The 2005 and 2008 surveys had similar proportions of
measurements below the LOD and above the BMGV. There was no statistically significant
difference in medians for TDA (p=0.55) and MDA (p=0.5) respectively.
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Mixed effect analysis
The non-parametric methods were supplemented by a mixed-effect analysis of the urinary TDA
data previously described using measurements from the 2005 and 2008 surveys of MbOCA
users in the polyurethane industry, but there were insufficient data on MDA to enable a similar
analysis. The non-parametric analysis of the data suggested there were consistent differences
between companies and between workers and random effects for these factors were required. A
factor was included formally testing for a difference between the 2005 and 2008 surveys,
although non-parametric methods suggested there was no such difference. In addition, although
the 2008 data were considered unreliable for estimating a difference between workers directly
and indirectly exposed to isocyanates, data were available from the 2005 survey, therefore a
factor was included in the model. Non-parametric methods did not suggest a difference
between the inspection day and other working days or consistent differences in concentrations
between different days of the week and these factors were not included.
The mixed-effect model and the parameters described above, and parameter estimates and 95%
confidence intervals are given in Table 17.
Table 17: Parameter estimates and confidence intervals for the model
parameters
Parameter

1
2
"bc
"bw
"ww

Description
Mean
Adjustment for year
Adjustment for exposure
Between company s.d.
Between worker s.d.
Residual error s.d.

Median
- 6.30
-0.1
3.12
3.38
1.58
1.55

95% Interval
(-8.84, -4.12)
(-0.74, 0.57)
(1.73, 4.64)
(2.24, 5.51)
(1.16, 2.10)
(1.37, 1.76)

The 95% confidence interval for the parameter adjusting for year contained zero (Table 17),
which indicates there was no significant difference between the 2005 and 2008 exposures. The
95% confidence interval for the parameter adjusting for exposure did not contain zero,
indicating that there was a significant difference between directly and indirectly exposed
workers, in contrast to the non-parametric analysis of the 2008 data (Table 12); the mixed-effect
analysis suggested that directly exposed workers had greater TDA concentrations than the
indirectly exposed workers; it is important to note this finding was strongly influenced by the
data from the 2005 survey of MbOCA users in the polyurethane industry.
Since the parameters of the statistical model relate to a statistical model specified on the logscale, it is necessary to look at transformations (taking the anti-log) of the parameters in order to
make statements about the urinary measurements. The key findings are summarised below:
•

There was a significant difference between the urinary TDA concentrations of directly
and indirectly exposed workers. Indirectly exposed workers had urinary TDA
concentrations of approximately 5% of the exposed workers, with a 95% confidence
interval for this multiplier of 1% to 18%.

•

The estimate of the median (also the geometric mean) urinary TDA concentration of
directly exposed workers was 0.04 mol/mol creatinine with a 95% confidence interval
of 0.005 to 0.26 mol/mol creatinine.

There was a large amount of between-company, between-worker and within-worker variability
as quantified by the respective standard deviations (Table 17). All three standard deviations
were much greater than the corresponding standard deviations from the mixed-effect analysis of
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urinary MbOCA (Table 9). Between-company variability was the largest source of variability,
however due to a large number of censored observations including total censoring for the full
set of samples returned by a large number of workers, there was a wide confidence interval for
the between-company standard deviation. There was some evidence of non-normality for both
the between company random effects and the residual errors; for the company random effects
there were more companies with high and low exposures than expected under the model whilst
there were more unusually large and small readings than expected. The data suggested a tdistribution might be appropriate for modelling residual error. The key results from the model
were not sensitive to a relaxation of the assumption of normality.
The company random effects are a measure of the systematic difference between a given
company and the overall exposure. The posterior medians of the company random effects are
given in the first column of Table 18 and the second column gives the exponent of the random
effect; on the natural scale these are multiplicative factors. The posterior medians for company
specific geometric means are also given in Table 18.
Table 18: Estimates of the company random effects and the corresponding
median exposures at individual companies
Company Random Effect
Company
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
Median

Log-scale

Natural scale

4.71
-2.66
-0.70
0.70
0.77
0.88
-0.65
-4.56
4.705
1.067
4.34
-4.02
2.55
-0.77
0.04
-3.81
3.49
-2.61

111.05
0.07
0.5
2.01
2.16
2.41
0.52
0.01
110.5
2.91
76.71
0.02
12.81
0.46
1.04
0.02
32.79
0.07

Median (and
geometric mean)
4.442
0.003
0.02
0.08
0.086
0.096
0.021
0
4.42
0.116
3.068
0.001
0.512
0.018
0.042
0.001
1.312
0.003
0.04

It can be seen from Table 18 that the median exposures at the companies differed by several
orders of magnitude. The model suggested that some companies had negligible exposures
(companies B, H, O and P), whereas others (companies A, I and K) had median exposures well
in excess of the BMGV. Company K had the greatest fitted median exposure. The median
exposures at companies A and M were notably lower than the empirically calculated medians
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(Table 13). The inflated empirically calculated medians at these companies were attributed to
individual worker behaviour in the mixed effect analysis.
The worker random effects are a measure of how individual workers differ from the general
trend at their company. The between-worker standard deviation is a summary of the overall
between-worker variability. The parameter estimates indicate that this source of variability was
much less important than the between company variability although there was still considerable
between-worker variability (Table 18). The worker-effects showed that workers varied from the
company median exposure by up to a factor of 40. An analysis of the worker-effects showed
that even at companies with very low exposures, there was the potential for individual workers
to have significant exposures. In contrast to the MbOCA data, the results from the mixed-effect
analysis suggested that regardless of individual behaviour, urinary TDA would be in excess of
the BMGV at a company with high exposures to TDI (as quantified by the company random
effects).
Comparison of urinary MbOCA and isocyanates
A comparison of urinary MbOCA and TDA using the raw measurements is complicated
because of censoring. The high proportions of censored measurements, especially the TDA
measurements, would mask any patterns in the data. In addition, the analysis of urinary TDA
showed this had a large amount of within-worker residual variability. An alternative comparison
can be made using the two mixed-effect models fitted to these data. Company and worker
random effects based upon all available urinary measurements were calculated using the mixedeffect models. The company random effects are a measure of the systematic difference between
a given company and the overall exposure. The sum of the company and worker random effects
(the worker random effect total) is a measure of the systematic difference between a given
worker and the overall trend. A comparison of the company and random effect totals calculated
using the MbOCA and TDA measurements is informative about the correlations on a company
and worker level respectively. The median company random effects are plotted against in each
other in Figure 10 and the median worker effects are plotted in Figure 11.
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Figure 10: Comparison of the 18 company random-effects calculated using the
MbOCA and TDA measurements.

Figure 11: Comparison of the 131 worker random-effects calculated using the
MbOCA and TDA measurements.
Correlations between the sets of company random-effects and random-effect totals were 0.61
and 0.43 respectively indicating a moderate positive correlation between MbOCA and TDA
random effects. One reason for the correlation could be that the volume of isocyanates and
MbOCA used by the companies are correlated, in particular the two companies with the
smallest company random-effect for MbOCA and TDA were noted as low users of the
chemicals. However, there was a large amount of variability (Figure 10) within the general trend
indicting that there are differences in the controls in place for MbOCA and isocyanates at the
different companies and probably reflecting the different routes of exposure for MbOCA and
isocyanates. The correlations between worker random effects were smaller, with a large amount
of variability within the general trend (Figure 11). Note the decreased scatter in the data for the
low TDA measurements (bottom left of Figure 11); the corresponding worker effects for TDA
had estimated medians close to zero but due to the almost total censoring from the
corresponding companies there was a large amount of uncertainty in the magnitude of these
worker effects.
If isocyanates and MbOCA shared a common exposure pathway, then stronger correlations
might be expected between both the company random-effects and the random-effect totals.
Glove samples
Results from 2008 survey
Glove samples were collected from workers directly exposed to MbOCA throughout the visit.
HSL occupational hygienists attempted to retrieve all the pairs of gloves that were worn by
individuals during the day. On some occasions gloves were discarded whilst the visiting
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occupational hygienists were busy and some data were obviously incomplete (as assessed by an
HSL occupational hygienist). Only 58 individuals returned complete glove samples, compared
with a total of 73 directly exposed workers who had urine samples collected on the day of the
visit. Measurements were available from 17 companies; the numbers of complete samples at the
companies varied in number from 1 to 12 (the latter figure corresponded to a company that was
visited on two occasions).
The concentration of MbOCA (micrograms per glove) was measured on each glove and a sum,
the total contamination, was derived for the respective left and the right hand measurements.
The overall total glove contamination (the sum of left and right hand totals) was also calculated.
Summary statistics for total glove contamination are given in Table 20.
Table 19: Summary statistics for the total glove contamination of 58 workers
returning complete samples
N
58

Max
(µg)

Min
(µg)

1720224

2.4

Arithmetic
Median
(µg)
Mean (µg) SD (µg)
5335

84790

256720

Geometric
Mean (µg)

SD (µg)

4624

23.37

Summary statistics show that there was a very large range of total glove contaminations,
covering 6 orders of magnitude. A comparison of the measurements by company (Figure 12)
suggested the very large range of measurements could be largely attributed to differences
between companies, as multiple measurements from a single company (when available) were
relatively consistent. Differences between companies have not been described using summary
statistics as the small numbers of samples from many workplaces would result in significant
uncertainty in the precision of the estimates. One explanation for such large differences between
companies (Figure 12) could be differences in the quantities of MbOCA used by the different
companies. There was a strong correlation between contamination of the left and right hand
gloves (Figure 13).
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Figure 12: Total glove contaminations for the measurements on workers from 17
companies

Figure 13: Comparison of left and right hand total glove concentrations
To some extent glove contamination can be viewed as a measure of the quantities used by
companies and by individual workers, and hence as a measure of potential exposure. As
company and individual behaviour (i.e. good practice, hygiene) are modifying factors there is an
interest in how strongly potential dermal exposure (as measured by glove contamination) and
urinary MbOCA correlate.
A plot of the glove contamination and urinary concentrations of 58 workers are shown in Figure
14, the urinary concentrations below the LOD have been assigned the value of half the LOD.
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Figure 14: Comparison of urinary concentrations and glove contamination with
measurements made on the day of the inspection

The figure indicates a positive correlation between the MbOCA on gloves and MbOCA in urine,
although the non-detects (with an assigned value of half the LOD) cover a large range of glove
contaminations. It would be inappropriate to calculate a correlation between glove and urinary
MbOCA concentration, as this would be sensitive to the value assumed for the non-detects. The
random effects from the mixed-effect model for urinary MbOCA offer an alternative way to
interpret the relationship; these are not sensitive to the non-detects. Company and worker
random effects, based upon all available urinary measurements were calculated using the
mixed-effect model previously described. The company random effects are a measure of the
systematic difference between a given company and the overall exposure. The sum of the
company and worker random effects (the worker random effect total) is a measure of the
systematic difference between a given worker and the overall trend. Company random effects
are plotted against the median total glove concentration calculated for each company in Figure
15. A line of best fit calculated from a simple regression model is given in the plot. The worker
random effect totals are plotted against worker glove concentrations in Figure 16.
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Figure 15: Comparison of company random effects and company median glove
concentrations
Figure 15 shows a strong correlation (calculated as r=0.866) between company random effects
and the median total glove concentration for the workplace; if glove contamination can be taken
as a surrogate for MbOCA usage within the workplace, the urinary MbOCA concentrations at
workplaces increase with the amount of MbOCA used. However, Figure 15 does indicate that
for a given glove contamination some workplaces have noticeably higher company random
effects than others, which could relate to the level of control at workplaces.
The correlation between the worker random effect total and glove contamination was weaker
(r=0.55) but also shows a strong relationship between potential exposure to MbOCA (as
measured by the total glove contamination) and the random effects. Workers with very low
glove contamination tended to have low urinary MbOCA concentrations. However, Figure 16
does demonstrate there is considerable variability and suggests than individual worker
behaviour is a very important factor. In particular, it is possible to have considerable glove
contamination and still have below average urinary MbOCA readings.
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Figure 16: Comparison of worker random effect totals and worker median glove
concentrations
Comparison of 2005 and 2008 surveys
The glove samples from 2005 are considered to be incomplete and unreliable. Therefore, a
comparison of the 2005 and 2008 surveys was not appropriate.
Surface Wipes
In the 2005 study a total of 334 surface sample measurements were taken from 21 companies
working with MbOCA during the inspections, whereas the 2008 data comprised of 251 surface
samples from 19 companies. In both studies, samples were taken from areas where exposure
should be minimal (clean), and areas in the vicinity of MbOCA usage (production). A summary
of the measurements in both areas by year is given in Table 20.
Table 20: Summary of the available surface wipe measurements from the 2005
and 2008 surveys
Year
2005
2008
Total

Exposure
Clean
75
81
156

Production
259
170
429

Total
334
251
585

Table 20 shows there was a stronger focus on the clean areas in the 2008 study where almost a
third of all samples were taken compared with approximately 20% of samples from clean areas
in 2005.
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Results from 2008 survey
Summary statistics for the measurements from the 2008 survey that were taken in clean and
production areas of the 19 sampled companies are given in Table 21. Note, for production areas
a value of half the LOD was assumed for measurements below the detection limit although the
summaries were insensitive to this assumption. The summary statistics were sensitive however
to the high proportion of censored measurements in clean areas, therefore only brief results are
given.
Table 21: Summary statistics for surface contamination
Area

N

Max

Min

Median

Clean
Production

81
170

4.05
803

< LOD
< LOD

0.002
0.198

Arithmetic
Mean
15.63

SD
77.43

Geometric
Mean
0.326

SD
13.6

Summary statistics show that the concentrations found in production areas were much higher
(the respective median exposures differed by an order of magnitude). For both clean and
production areas the range of measurements was very large (several orders of magnitude). The
descriptions accompanying the samples suggested spillage on and around the weighing area
resulted in the largest surface contaminations. The highest concentration for a clean area was in
a sample from an office carpet.
The medians for clean and production areas and the numbers of measurements these were based
upon are given in Table 22 for the 18 individual companies.
Table 22: Sample medians by company for clean and production areas
Company
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q

Clean
Samples
7
6
1
4
7
7
12
0
5
2
8
1
3
4
1
4
6

Production

Median
0.015
0.09
0.027
< LOD
0.031
0.01
< LOD
0.019
0.004
< LOD
< LOD
0.06
< LOD
4.05
0.031
0.013
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Samples
13
6
8
8
8
7
10
8
7
15
14
13
6
6
14
10
8

Median
0.06
26
0.405
0.48
1.74
0.052
0.52
0.193
0.073
0.027
0.14
0.053
0.245
0.022
2.69
0.045
0.12

R
Total

3
81

< LOD
0.002

9
170

0.38
0.198

Table 22 shows surface contamination was similar across most companies, although the results
from two companies (B and O) were unusually large.
Contamination on surfaces did not appear to correlate with glove measurements (taken as a
measure of MbOCA used in the workplace).
Surface contamination relates to cleanliness of the workplace and can be viewed as potential
source of exposure. A comparison of company random effects from the mixed-effect analysis of
urinary MbOCA and median surface contamination from production areas at each company is
given in Figure 17. The data do not suggest a relationship between MbOCA in urine and the
median contamination of surfaces. As glove contamination is much greater than surfaces this
lack of correlation is not surprising.

Figure 17: Comparison of company random effects and swab contamination
Comparison of 2005 and 2008 surveys
The majority of the 2005 surface samples had MbOCA contamination measured using Liquid
Chromatography (LC) and the limit of detection for samples analysed using this method was
five micrograms per sample (based upon a 22ml desorption volume). A small proportion of
samples had MbOCA contamination measured using Gas Chromatography (GC), which had a
limit of detection of approximately an order of magnitude below the corresponding LC
detection limit. All the 2008 samples were analysed using GC. As a direct result of the differing
test methodologies, the 2005 and 2008 studies had approximately 50% and 20% non-detects
respectively.
One of the key aims in analysing the surface samples was to compare the clean areas in 2005
and 2008. In 2005 only 8 of the 75 samples from clean areas were above the LOD compared
with 40 of the 81 tested samples in 2008. Due to the large proportions of measurements below
the LOD, a quantitative analysis based upon the measurements would be inappropriate.
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Moreover, a simple comparison of the proportion of measurements below the LOD would be
flawed due to the differences in the limit of detection in 2005 and 2008. In order to allow for a
comparison of the two studies, the proportions of measurements below 0.05 micrograms per
square centimetre (the LC detection limit for a 100cm2 sample) has been used as a metric, rather
than number of measurements below the LOD. A summary of the data from 2005 and 2008
using this measure is given in Table 23.
Table 23: Presence of MbOCA in ‘clean’ areas in 2005 and 2008
Year
2005
2008
Total

Exposure
< 0.05 g cm-2

> 0.05 g cm-2

69
64
133

6
17
23

Total
75
81
156

An accompanying calculation suggested there were significantly more (p=0.025) samples from
clean areas with a concentration above 0.05 micrograms per square centimetre in 2008. In
addition to this calculation medians and 90th percentiles were compared. These were 0.002 and
0.16 g cm-1 in 2008 compared with a value below the LOD and 0.026 g cm-1 in 2005. The
data suggest a modest but significant increase in MbOCA measurements in ‘clean’ areas
between 2005 and 2008.
Samples from production areas were also compared in 2005 and 2008. In 2005, 103 of the 259
samples were below the LOD, whereas only 6 of the 170 samples taken in 2008 were below the
LOD. The numbers of measurements above and below 0.05 micrograms per square centimetre
has again been used for comparing surveys. These figures are given in Table .
Table 24: Presence of MbOCA in production areas in 2005 and 2008
Year
2005
2008
Total

Exposure
< 0.05 g cm-2

> 0.05 g cm-2

146
48
194

113
122
235

Total
259
170
429

An accompanying calculation suggested there were significantly more (p=0.00) samples from
production areas with a concentration above 0.05 micrograms per square centimetre in 2008. In
addition to this calculation medians and 90th percentiles were compared. These were 0.198 and
15.9 g cm-1 in 2008 compared with 0.033 and 2.75 g cm-1 in 2005. The data suggest a notable
increase in the MbOCA concentrations in production areas between 2005 and 2008.
Whilst the medians and 90th percentiles of swab samples were greater in 2008, there is not a
simple assessment of the significance of this finding as the measurements are not directly
comparable between 2005 and 2008. There may be guidance in place with regard to the
collection of samples, but the visiting occupational hygienist conducts the surface sampling and
a degree of expert judgement may be influence the sampling regime. It is notable that
contamination of surfaces is at a much lower level than glove contamination; the surface
samples need to be viewed in this context.
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Air Samples
Results from 2008 survey
A small number of air samples were taken at five companies during the 2008 study. Samples
were taken according to MDHS 25/3 “Organic isocyanates in air” (HSE, 1999). Personal
samplers were fitted to the lapel of sampled employees in order to measure the inhalation
isocyanate exposures over the shift. Some static sampling was also conducted.
Air measurements are calculated as total isocyanate (as NCO, the isocyanate functional group)
rather than expressed in terms of specific monomers. This allows for a comparison of the
measured exposures against the Workplace Exposure Limit (WEL) for isocyanates.
A total of 11 static air samples were taken at three companies. The sampled times were between
approximately four hours and six hours. The information relating to these samples is given in
Table 25.
Table 25: Information from 11 static air samples taken at three companies
Company
A
A
A
A
A
C
C
C
C
M
M

Sample time (minutes)
324
327
324
338
313
349
346
342
292
239
241

Test result (g m-3)
2.2
4.5
5.3
4.3
2.6
0.2
17
0.6
< LOD
< LOD
< LOD

The air measurements were at a low level in the three companies but the data suggest there were
differences between the sampled companies. Companies C and M generally had lower air
contamination than company A, apart from the measurement of 17 g m-3, which was taken next
to a fume cabinet. The five samples from company A were made at a variety of locations within
the premises and were at a generally higher level than at companies C and M.
A total of 11 personal air samples were taken at five companies. The sampled times ranged
between approximately three hours and seven hours. The measurements were scaled to produce
an 8-hour Time Weighted Average (TWA). The information relating to these samples is given
in Table 26.
Table 26: Information from 11 personal samples taken at five companies
Company
A
A
C
F
F

Sample time (minutes)
347
323
224
344
435
58

8 hour TWA (g m-3)
2.2
27.7
< LOD
< LOD
< LOD

F
F
M
M
Q
Q

402
347
194
206
319
323

< LOD
< LOD
1.1
0.4
< LOD
< LOD

One of the 11 samples was a little above the 8-hour WEL of 0.02 mg m-3. The measurement of
27.7 g m-3 was approximately 10 times the level of the other sample from the company (2.2 g
m-3), which could imply this worker had a short period of time with a very high exposure rather
than a full shift with a greater exposure to isocyanates. The measurements from these five
companies indicate that airborne exposures to isocyanates are generally well within the WEL.
The data also indicate there are within-company correlations; the air samplers from both
sampled workers at companies A and M had measurable isocyanates whereas the personal
samplers for all workers from companies C, F and Q had exposures below the LOD.
A comparison of urinary isocyanates and MbOCA was made in an earlier section of this
appendix. The results from statistical analysis were consistent with different primary exposure
pathways for MbOCA and isocyanates. The data suggest that exposure to MbOCA is primarily
via a dermal route. This would suggest that the primary exposure to isocyanates is from
inhalation exposure. The small amount of data on isocyanate in air from personal samplers
allow for a comparison between air measurements and isocyanate markers in urine on the day of
the inspection. A comparison of the matched air and urine samples of four workers from
companies A and M is made in Figure 18; for comparability the urinary readings are the sum of
all isocyanate markers.

Figure 18: Personal air samples and urinary isocyanate concentrations
Figure 18 indicates a positive relationship between air and urine measurements (the relationship
is stronger on a log-log scale). The highest air sample result of 27.7 g m-3 was a little
inconsistent with the other data; a higher urine measurement might have been expected given
this value. However, a very high short-term exposure might not be measured in an end-of-shift
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sample due to the short half-life of isocyanate markers in urine. Two air samples from company
Q were below the limit of detection of 0.2 g m-3 but the corresponding urinary measurements
were 1 and 4.1 mol/mol creatinine. These results suggest that not all exposure to isocyanates is
airborne.
It would be inappropriate to draw firm conclusions based upon such a small number of paired
air and urine samples, however the data suggest there may be a common exposure pathway on a
company level, either airborne or dermal. Further data, in particular personal air and urine
samples collected on the same day, would be required in order to draw conclusions with
confidence. The data demonstrates no relationship between the BMGV and the WEL. Urinary
isocyanate results exceeding the BMGV have occurred where inhalation exposures are
significantly below the WEL. This underlines the need for critical timing of urine sampling for
isocyanates.
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KEY FINDINGS
The two primary aims of the statistical analysis were to describe the key results from the 2008
survey of the polyurethane industry and to compare the 2005 and 2008 surveys to look for an
improvement in control of MbOCA and isocyanate exposure.
A comparison of data from the 2005 and 2008 surveys found:
•

MbOCA concentrations in urine were 10% lower in 2008 compared with 2005 however
this difference was not statistically significant. Due to the small number of urine
samples taken in the 2005 survey a 25% reduction would have been required in order to
conclude that MbOCA concentrations were significantly reduced between 2005 and
2008. If a longitudinal survey similar to the 2008 survey is attempted in the future a
much smaller reduction may be detected.

•

TDA concentrations in urine were 10% lower in 2008 compared with 2005 however
this difference was not statistically significant. Due to the small number of samples
taken in 2005 and the very high proportion of censored measurements, a 50% reduction
in TDA would have been required in order to conclude that TDA concentrations had
reduced between 2005 and 2008.

•

An analysis of surface swabs suggested that surface contamination of MbOCA might
have increased between 2005 and 2008. However, whilst there was marginally greater
surface contamination on the 2008 swabs compared with 2005, this difference could be
due to sampling strategy. As surface contamination is much lower than glove
contamination this minor increase is probably of little significance in relation to worker
exposure to MbOCA.

•

A comparison of air samples was not possible, as comparable data were not collected in
the 2005 and 2008 surveys. Furthermore a comparison of glove samples was not
possible as the data from the 2005 survey were incomplete and considered to be
unreliable.

The key findings from the statistical analysis of surface, glove and urine and air samples
collected during the 2008 survey were:
•

Approximately 6% of measurements exceeded the BMGV for MbOCA in urine. The
highest value was approximately four times greater than the BMGV.

•

Glove concentrations of MbOCA correlate strongly with urinary MbOCA:
o

On a company level this strong relationship could relate to the quantities of
MbOCA used at the workplace. The statistical analysis showed that some
companies had lower urinary MbOCA levels than others for similar levels of
glove contamination. This finding could relate to the type of gloves used, the
frequency with which gloves are changed, or the training of employees. In
practice it is likely to relate to a combination of these factors. A thorough
analysis of the glove data might be informative when comparing specific
companies.

o

On an individual worker level the correlations between glove contamination
and urinary MbOCA were weaker, and this is consistent with the differences
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found between workers at the same company, where potential exposure to
MbOCA might be expected to be similar but yet there were consistent
differences in urinary MbOCA. Whilst the MbOCA content in the mixtures
handled may vary, and biological differences between workers cannot be ruled
out as an influential factor, the data suggest that individual worker behaviour is
a very important modifying factor, and better personal hygiene reduces the
exposure to the chemical. There appears to be scope for a considerable
improvement in control of exposure if there is an investment in the training of
employees.
•

Surface contamination was at a much lower level than glove contamination. Statistical
analysis suggests surface contamination is not related to urinary MbOCA.

•

The personal air samples taken at five companies indicate that airborne isocyanates
exposures are generally well below the WEL for an 8 hour TWA. These data indicate
there is a common exposure pathway within each workplace, most commonly
inhalation. The small amount of matched air and urine data indicate that the WEL and
the BMGV for urinary isocyanates may be inconsistent. This is unsurprising as the 2
limits were set using different data sets and different criteria.

•

Based on the BM results exposure to TDI was greater than exposure to MDI at most
workplaces.

•

The median urinary TDA concentration was below the LOD, however when TDA was
found above the LOD there was a high probability (approximately 70%) that it would
also exceed the BMGV. Approximately 30% of all samples had TDA levels that
exceeded the BMGV and often by a large margin. It was not unusual to note levels
between 10 and 20 times the BMGV. The highest TDA value was over 45 times the
BMGV.

•

Almost five times as many urine samples were above the BMGV for TDI than for
MbOCA. MbOCA exposure is mostly via a dermal route, and the risks of exposure to
MbOCA have been long recognised and focused on by the industry. The awareness of
isocyanates in resin and the need to control exposure is more recent. Isocyanate
exposure occurs via a combination of inhalation and dermal routes. There were large
differences between isocyanate BM results companies, indicating that exposure can be
controlled at a company level. Improvements in the Local Exhaust Ventilation (LEV)
should reduce exposures at most workplaces.

•

There is a degree of correlation between urinary MbOCA and urinary isocyanates. The
correlation may reflect that the quantities of the two chemicals used in manufacturing
are related. However, the correlation was small and would be consistent with different
exposure pathways for the two chemicals – in particular some companies with very high
urinary MbOCA and high usage of the chemical had negligible urinary isocyanate
levels indicating that the controls in place for isocyanates are adequate.

More advanced statistical techniques for analysing the urinary data were available in this study
than for the previous analysis (Cocker et al., 2009) because of the richer data provided by the
longitudinal nature of the survey. Mixed-effect models that utilised data from the 2005 and 2008
surveys were fitted to the urinary MbOCA and TDA data. Some important findings emerged
from this analysis.
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•

The data indicate that exposure to isocyanates can be controlled at a company level.
Workers from the companies with low usage had the lowest urinary TDA and MDA
concentrations, however some companies with much greater usage still have very low
urinary TDA and MDA concentrations, indicating that adequate exposure control is
achievable. When exposure was not well controlled at the company level (the mixedeffect analysis identified companies A, I and K) almost all workers had urinary
isocyanates above the BMGV.

•

Analysis showed that individual worker behaviour was an important factor influencing
MbOCA exposure. Effective engineering controls alone are not sufficient to achieve
adequate control. Urinary MbOCA was related to the glove contamination; the largest
glove contaminations tended to occur in conjunction with the largest urine
concentrations (Figure 16). However, the data showed that even with very large glove
contamination it was possible to achieve low urinary MbOCA concentrations and that
the converse was also true. This indicates that the way in which gloves are used, and
most significantly how contaminated gloves are removed, is an important factor
influencing MbOCA exposure.

•

There was much greater residual variability in the urinary isocyanate data than for
MbOCA. This may be due to the different rates of absorption and elimination of
isocyanates and MbOCA. Isocyanates are absorbed by inhalation and eliminated in
urine with a half-life of around 3 hours whereas MbOCA is absorbed through the skin
and eliminated with a half-life in excess of 15 hours. This means that sample collection
time in relation to exposure is more critical for isocyanates than for MbOCA.

•

The longer half-life of MbOCA is seen in the gradual increase during the working week
with higher levels on Wednesday and Thursday than Monday and Tuesday.
Surprisingly the Friday samples have lower levels, possibly due to a change in work
activity at the end of the week. Data from this study suggest the optimum time for
sample collection for MbOCA is at the end of shift on Wednesday or Thursday.

•

For work tasks that are relatively homogeneous throughout a shift, an end of shift urine
sample will be an appropriate method for assessing isocyanates exposure. However, an
end of shift measurement may considerably underestimate exposure for some workers
whose exposure to isocyanates is primarily at the beginning of the shift.
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APPENDIX 2 - SITE SUMMARIES
Site A
This site manufacture a range of polyurethane products using MbOCA and butanediol based
systems with both MDI and TDI based isocyanate resins. Approximately 1 tonne of MbOCA is
used annually. 3 workers are potentially exposed to MbOCA. Disposable vinyl gloves were
worn for some tasks with MbOCA, these were replaced with terry cotton gloves with a cotton
liner glove where heat protection was required. MbOCA weighing, mixing, melting and casting
is done within the influence of LEV. Isocyanates at elevated temperatures are dispensed and
weighed outside the influence of LEV. Housekeeping standards were deemed to be acceptable.
The company’s COSHH assessment was not deemed to be suitable and sufficient due to a
number of omissions.. Surface wipe results in the MbOCA handling area ranged from 0.015
µg/cm2 to 83.3 µg/cm2. In the canteen and welfare facilities these ranged from not detected to
0.028 µg/cm2. Glove contamination ranged from 58 to 186,000 µg of MbOCA per glove.
Urinary MbOCA results ranged from not detected to 24.4 µmol/mol creatinine, 1 of the 4
workers who provided samples exceeded the BMGV. Urinary diamine markers of isocyanate
exposure ranged from 0.8 to 24.61 µmol/mol creatinine, all 4 workers who provided samples
exceeded the BMGV on several occasions. Air sampling for isocyanates was also conducted at
this site. Personal sampling was conducted on 2 workers. 8 hour TWA exposures ranged from
2.1 to 27.7 µg/m3, the higher result being in excess of the isocyanate Workplace Exposure Limit.
The site visit report concluded that MbOCA exposures were adequately controlled, despite a
single excursion above the BMGV However, isocyanate exposures were not adequately
controlled. Recommendations were made to review isocyanate exposure controls, to extend the
in house BM system for MbOCA to also cover isocyanates, to improve LEV design on the
casting benches, to replace the current inappropriate RPE with equipment of the correct type, to
improve the COSHH assessment and to dispose of contaminated waste via an appropriate
contractor.
Site B
This site manufacture a range of polyurethane products using both MbOCA and butanediol
based systems, with both MDI and TDI based isocyanate resins. Approximately 1.5 tonnes of
MbOCA is used annually. 24 workers are potentially exposed to MbOCA. Cotton gloves were
worn for tasks involving MbOCA, with a heavier ‘welding’ type fabric glove used when
topping up the hopper on the MOCA melting machine. MbOCA weighing, mixing, melting and
casting is done within the influence of LEV. RPE was worn at this site when handling
isocyanates.
The company’s COSHH assessment was not deemed to be suitable and sufficient due to a
number of omissions, although the company claimed that all relevant information was contained
in other documents. Surface wipe results in the MbOCA handling area ranged from 0.18 µg/cm2
to 62.6 µg/cm2. MbOCA was not detected in the wipe samples taken in the canteen and welfare
facilities. Wipe sample inside in use respirators detected MbOCA contamination at between
0.22 and 0.32 µg/cm2. Glove contamination ranged from 65 to 22,000 µg of MbOCA per glove.
Urinary MbOCA results ranged from not detected to 29.4 µmol/mol creatinine, 2 of the 6
workers who provided samples exceeded the BMGV. Urinary diamine markers of isocyanate
exposure ranged from not detected to 0.6 µmol/mol creatinine, no results exceeded the BMGV.
64

The site visit report concluded that MbOCA exposures were not adequately controlled, but
isocyanate exposures were. Recommendations were made to provide suitable training to
workers on the correct use of controls, to increase airflows into LEV systems to improve the
capture and to commission a thorough examination and test on LEV systems.
Site C
This site manufacture a range of polyurethane products using MbOCA and TDI based resins.
Approximately 66 kilos of MbOCA are used annually. Approximately 3 workers are potentially
exposed to MbOCA. Latex gloves are used for work with MbOCA and isocyanates. MbOCA
weighing, mixing and melting was done within the influence of LEV. Casting was performed on
open benches, outside the influence of LEV.
The company had no written COSHH assessment for handling MbOCA. Surface wipe results in
the MbOCA handling area ranged from 0.006 µg/cm2 to 78.2 µg/cm2. A single wipe sample in
the canteen yielded a result of 0.027 µg/cm2. Glove contamination ranged from not detected to
70 µg of MbOCA per glove. Urinary MbOCA results ranged from not detected to 1.4 µmol/mol
creatinine, none of the 3 workers who provided samples exceeded the BMGV. Urinary diamine
markers of isocyanate exposure ranged from not detected to 3.54 µmol/mol creatinine, 1 out of
3 workers who provided samples exceeded the BMGV on at least one occasion. Air sampling
for isocyanates was also conducted at this site. Personal sampling was conducted on one
worker, yielding an 8 hour TWA result of not detected. Task specific air samples were also
conducted on the same worker, no isocyanate was detected in these samples
The site visit report concluded that MbOCA exposures were adequately controlled, but the
occasional exceedance of the isocyanate BMGV indicated that isocyanate exposure controls
could be improved. Recommendations were made to produce a written COSHH assessment
covering the use of MbOCA and isocyanates, to rectify a number of defects highlighted in the
LEV system, to switch to longer gloves to provide wrist protection, to provide coveralls for
workers handling MbOCA and isocyanates and to consider the use of RPE for handling neat,
solid MbOCA when loading the melter.
Site D
This site manufacture a range of polyurethane products, using both MbOCA and butanediol
based curing systems. MDI and TDI based isocyanate resins are handled. Approximately 1.5
tonnes of MbOCA are used annually. Approximately 4 workers are potentially exposed to
MbOCA. Various glove types are available, including heavy duty heat resistant cotton gauntlets,
lighter cotton ‘liner’ type gloves and disposable polythene gloves. Workers were largely left to
their own devices in deciding which gloves were worn for different tasks. Both enclosed and
open MbOCA dispensing, weighing and mixing systems are used on site. Where open systems
are used, these are within the influence of LEV. Casting is performed manually outside the
influence of LEV. General standards of housekeeping were good.
Deficiencies existed in the company’s COSHH assessment such that it was not deemed to be
suitable and sufficient. Surface wipe results in the MbOCA handling area ranged from 0.26
µg/m3 to 47.8 µg/cm2. In the canteen and welfare facilities these were all not detectable. Glove
contamination ranged from not detectable to 33,700 µg of MbOCA per glove. Urinary MbOCA
results ranged from not detectable to 5.8 µmol/mol creatinine, no results exceeded the BMGV.
Urinary diamine markers of isocyanate exposure ranged from not detected 6.62 µmol/mol
creatinine, 3 from 4 workers exceeded the BMGV on at least one occasion.
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The visit report concluded that MbOCA exposures were adequately controlled, but isocyanate
exposures were not. Recommendations were made to implement better control of exposure at
source, using engineering controls. RPE could be used as an interim control measure. Further
recommendations were made to extend the BM programme for MbOCA to cover isocyanates
also, to ensure that LEV systems are subject to a 14 monthly LEV thorough examination and
test, to revise the COSHH assessment to include a more accurate assessment of the frequency of
exposure and that all MbOCA contaminated waste, to include spent drums, polythene liners,
discarded PPE should be disposed of as special waste by approved contractor.
Site E
This site manufacture a range of polyurethane products using MbOCA with TDI based
isocyanate resins. Approximately 300 kg of MbOCA is used annually. 3 workers are potentially
exposed to MbOCA. A variety of gloves were available, including latex, nitrile and vinyl, plus
cotton liner gloves and a heavier cotton glove for heat protection. MbOCA weighing, mixing,
melting and casting is done within the influence of LEV. Housekeeping was of a poor standard,
with spilled MbOCA pellets visible on the floor.
The company’s COSHH assessment was not deemed to be suitable and sufficient due to a
number of omissions. Surface wipe results in the MbOCA handling area ranged from 0.23
µg/cm2 to 117.6 µg/cm2. In the canteen and welfare facilities these ranged from not detected to
0.031 µg/cm2. A wipe sample inside an in use respirator detected MbOCA contamination at
0.156 µg/cm2. Glove contamination ranged from 32 to 1,360,000 µg of MbOCA per glove.
Urinary MbOCA results ranged from 1.8 to 29.5 µmol/mol creatinine, 1 of the 3 workers who
provided samples exceeded the BMGV. Urinary diamine markers of isocyanate exposure ranged
from not detected to 1.96 µmol/mol creatinine, 1 of the 3 workers who provided samples
exceeded the BMGV on several occasions.
The site visit report concluded that neither MbOCA nor isocyanate exposures were adequately
controlled. Recommendations were made to improve cleanliness and housekeeping standards, to
provide suitable training to workers on the correct use of controls, to conduct a thorough
examination and test on LEV systems, to extend the in house BM system for MbOCA to also
cover isocyanates and to keep MbOCA drums lidded at all times when not in use.
Site F
This site manufacture a range of polyurethane products, using both MbOCA and butanediol
based curing systems. MDI and TDI based isocyanate resins are handled. Approximately 250 kg
of MbOCA are used annually. Approximately 5 workers are potentially exposed to MbOCA.
Various glove types are available, including heavy duty heat resistant cotton gauntlets, lighter
cotton ‘liner’ type gloves and disposable nitrile. Workers were largely left to their own devices
in deciding which gloves were worn for different tasks. MbOCA weighing and melting is
conducted in fume cupboards. However mixing and casting mixing is performed either outside
the influence of LEV or with LEV which was significantly deficient (a recirculating system
with inadequate filtration). General standards of housekeeping were acceptable, but could be
improved.
The company’s COSHH assessment contained a number of deficiencies and was not deemed to
be suitable and sufficient. Surface wipe results in the MbOCA handling area ranged from 0.022
µg/m3 to 2.095 µg/cm2. In the canteen and welfare facilities these ranged from not detectable to
0.204 µg/cm2. Glove contamination ranged from 26 to 124,000 µg of MbOCA per glove.
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Urinary MbOCA results ranged from not detectable to 5.6 µmol/mol creatinine, no results
exceeded the BMGV. Urinary diamine markers of isocyanate exposure ranged from not
detected to 1.25 µmol/mol creatinine, 1 from 5 workers exceeded the BMGV on at least one
occasion. Air sampling for isocyanates was also conducted at this site. Personal sampling was
conducted on 4 operatives directly involved in the polyurethane manufacturing process. All 8
hour TWA inhalation exposures were below 1µg/m3.
The visit report concluded that MbOCA exposures are adequately controlled but isocyanate
exposures are not. Recommendations were made to address serious deficiencies with LEV
systems, including the absence of a 14 monthly thorough examination and test, to improve the
COSHH assessment and to provide better supervision to ensure correct use of PPE and prevent
eating and drinking in the workroom.
Site G
This site manufacture a range of polyurethane products, using both MbOCA and butanediol
based curing systems. MDI and TDI based isocyanate resins are handled. Approximately 10
tonnes of MbOCA are used annually. Approximately 5 workers are potentially exposed to
MbOCA. Cotton and terry gloves are worn for handling MbOCA, no chemical protective gloves
were available. MbOCA dispensing, weighing and mixing is performed manually under the
influence of LEV. Casting is performed manually outside the influence of LEV. General
standards of housekeeping were adequate.
The company’s COSHH assessment was of a reasonable standard. Surface wipe results in the
MbOCA handling area ranged from 0.5 µg/cm2 to 101.54 µg/cm2. In the canteen and welfare
facilities these were all not detectable (<0.004 µg/m3). Glove contamination ranged from 214 to
114,000 µg of MbOCA per glove. Urinary MbOCA results ranged from 0.8 to 39.2 µmol/mol
creatinine, 3 from 5 workers exceeded the BMGV on at least one occasion. Urinary diamine
markers of isocyanate exposure ranged from not detected to 1.23 µmol/mol creatinine, 1 from 5
workers exceeded the BMGV on at least one occasion.
The visit report concluded that in view of a high proportion of the MbOCA BM results
exceeding the BMGV, the company need to review exposure controls, with a particular
emphasis on reducing dermal exposure. Initially this should focus on the working practices of
the individuals yielding the highest results, if further BM indicated that this had not been
successful then the company should review their glove selection.
A second visit was conducted at this company to offer guidance on glove use. However,
subsequent biological monitoring indicated that this had not been successful, with 3 of 4
workers who submitted samples exceeding the BMGV on at least one occasion. The highest
urinary MbOCA result from the follow on exercise was 59.9 µmol/mol creatinine. The company
were again advised that the working practices and glove usage needed to be critically appraised
for the individuals who were consistently yielding high urinary MbOCA results.
Site H
This site manufacture a range of polyurethane products, using MbOCA and TDI based resins.
Approximately 100 kg of MbOCA is used annually. Approximately 12 workers are potentially
exposed to MbOCA. Latex gloves are used for MbOCA handling. MbOCA weighing, mixing
and melting was done within the influence of LEV. Casting was performed on open benches,
outside the influence of LEV.
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The company’s COSHH assessment was not deemed to be suitable and sufficient due to a
number of omissions. Surface wipe results in the MbOCA handling area ranged from 0.048
µg/cm2 to 60.6 µg/cm2. No wipe samples were taken in the canteen and welfare facilities. Glove
contamination ranged from not detected to 182 µg of MbOCA per glove. Urinary MbOCA
results ranged from not detected to 4.6 µmol/mol creatinine, none of the 7 workers who
provided samples exceeded the BMGV. Urinary diamine markers of isocyanate exposure were
all not detected.
The site visit report concluded that MbOCA and isocyanate exposures were adequately
controlled. Recommendations were made to improve the COSHH assessment, to improve air
flows into the LEV booths and conduct a thorough examination and test on the system, to face
fit workers for RPE, to relocate the hand washing sink to outside the MbOCA handling area, to
restrict access to non essential staff from the MbOCA handling area and to extend existing BM
programme for MbOCA to also cover isocyanates. Deficiencies were pointed out relating to the
company’s control of solder fume exposures.
Site I
This site manufacture a range of polyurethane products using MbOCA and non-MbOCA
systems, with both MDI and TDI based isocyanate resins. Approximately 16 tonnes of MbOCA
is used annually. 8 workers are potentially exposed to MbOCA. Cotton gloves were worn for
tasks involving MbOCA. MbOCA weighing, mixing and melting is done using an enclosed,
automated system. A limited amount of manual mixing is performed, this is done within the
influence of LEV. Casting is done within the influence of LEV.
The company’s COSHH assessment was not deemed to be suitable and sufficient although the
deficiencies were relatively minor. Surface wipe results in the MbOCA handling area ranged
from not detected to 0.077 µg/cm2. Surface wipe results for canteen and welfare facilities ranged
from not detected to 0.049 µg/cm2. Glove contamination ranged from 148 to 2,430 µg of
MbOCA per glove. Urinary MbOCA results ranged from not detected to 19.9 µmol/mol
creatinine, 2 of the 8 workers who provided samples exceeded the BMGV. Urinary diamine
markers of isocyanate exposure ranged from 0.36 to 23.96 µmol/mol creatinine, 38 of the 39
samples provided by 8 workers exceeded the BMGV.
The site visit report concluded that MbOCA exposures were adequately controlled, despite 2
excursions above the BMGV, but isocyanate exposures were not. Recommendations were made
to improve the design of LEV hoods, provide additional LEV at the dispensing head from the
automatic mixing machine and on open barrels of isocyanate based resins and implement a daily
system for checking LEV performance, to address the minor deficiencies in the COSHH
assessment and to purchase a HEPA filtered vacuum cleaner to clean spillages.
Site J
This site manufacture a range of polyurethane products, using MbOCA with both MDI and TDI
based isocyanate resins. Approximately 3.5 tonnes of MbOCA are used annually.
Approximately 5 workers are potentially exposed to MbOCA. A combination of cotton and
vinyl gloves are available, with different glove combinations being worn for different tasks.
MbOCA dispensing, weighing, mixing and casting is performed manually under the influence
of LEV. General standards of housekeeping were good.
The company’s COSHH assessment was of a reasonable standard. Surface wipe results in the
MbOCA handling area ranged from <0.001 µg/cm2 to 10.06 µg/cm2. In the canteen and welfare
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facilities these ranged from 0.002 µg/m3 to 0.006 µg/m3. Glove contamination ranged from < 2
to 10,174 µg of MbOCA per glove. Urinary MbOCA results ranged from not detected to 4.9
µmol/mol creatinine, no results exceeded the BMGV. Urinary diamine markers of isocyanate
exposure ranged from not detected to 26.52 µmol/mol creatinine, 2 from 6 workers exceeded
the BMGV on at least one occasion.
The visit report concluded that MbOCA exposures were adequately controlled but isocyanate
exposures were not. Recommendations were made to the company to improve supervision to
ensure that existing exposure controls are used correctly, and to extend their existing BM
programme for MbOCA to also cover isocyanates.
Site K
This company are a chemical supplier and only handle MbOCA on a small scale in a laboratory
testing facility. Two operators work in this area. The company supply MbOCA to a number of
end users. They are also a major supplier of isocyanate resins, and manufacture pre-polymeric
isocyanates from monomers. Five workers are involved in this process. Natural rubber gauntlets
were worn by the lab workers. A mixture of disposable latex and ‘welding’ type fabric gloves
were worn on the isocyanate plant. All MbOCA handling in the lab was conduced within the
influence of LEV. Although LEV was applied in the isocyanate area it was poorly designed.
The company’s COSHH assessment for MbOCA use was not deemed to be suitable and
sufficient due to a number of significant omissions. Surface wipe results in the MbOCA
handling area ranged from not detected to 14.44 µg/cm2. MbOCA was not detected in the wipe
samples taken in the canteen and welfare facilities. Glove contamination ranged from 878 to
1910 µg of MbOCA per glove. Urinary MbOCA results ranged from not detected to 4.2
µmol/mol creatinine, none of the 7 workers who provided samples exceeded the BMGV.
Urinary diamine markers of isocyanate exposure ranged from 1.25 to 47.95 µmol/mol
creatinine. Every result from the 7 workers who provided samples exceeded the BMGV.
The site visit report concluded that MbOCA exposures were adequately controlled, but
isocyanate exposures were not. Recommendations were made to review isocyanate exposure
controls as a matter of high priority, and to provide air supplied RPE until adequate engineering
controls were installed and to extend the current in house BM system to cover isocyanates also.
The company were subsequently revisited to investigate isocyanate exposures.
Site L
This site manufacture a range of polyurethane products, using MbOCA with both MDI and TDI
based isocyanate resins. Approximately 50 kg of MbOCA are used annually. Approximately 5
workers are potentially exposed to MbOCA. Nitrile and vinyl gloves were used for handling
MbOCA, with a heavier cotton over glove where heat protection was required. MbOCA
weighing, mixing and melting and casting is done within the influence of LEV.
The company’s COSHH assessment was not deemed to be suitable and sufficient, but the
deficiencies were relatively minor. Surface wipe results in the MbOCA handling area ranged
from not detected to 24.1 µg/cm2. no wipe samples were taken in the canteen and welfare
facilities. Glove contamination ranged from 2.9 to 51 µg of MbOCA per glove, although a
problem with MbOCA contaminated blanks limited the reliability of these measurements.
Urinary MbOCA results were all not detected, 3 workers provided samples. Urinary diamine
markers of isocyanate exposure were all not detected.
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The site visit report concluded that MbOCA and isocyanate exposures were adequately
controlled. Recommendations were made to address the minor deficiencies in the COSHH
assessment, to switch to longer gloves which provide wrist protection and to stop washing cups
in a sink in the workroom. Issues were also raised relating to the control of solder fume
exposures.
Site M
This site manufacture a range of polyurethane products, using MbOCA with both MDI and TDI
based isocyanate resins. Approximately 250 to kg of MbOCA are used annually. 2 workers are
potentially exposed to MbOCA. Vinyl gloves were used for handling MbOCA, with a heavier
terry cotton over glove used where heat protection was required. MbOCA dispensing is not
done under the influence of LEV. Weighing, mixing and melting and casting is done within the
influence of LEV. Casting is not performed with LEV.
The company did not have a written COSHH assessment. Although, as they have less than 5
employees, there is no legal requirement for such a document, this is not good practice given the
high toxicity of the chemicals handled. Surface wipe results in the MbOCA handling area
ranged from 0.1 to 7.84. Surface wipe results wipe for the canteen and welfare facilities ranged
from 0.013 to 1.32. µg/cm2. Glove contamination ranged from 3.9 to 38,400 µg of MbOCA per
glove. Urinary MbOCA results ranged from not detectable to 32.6 µmol/mol creatinine, 1
worker from 3 who provided samples had results which exceeded the BMGV. Urinary diamine
markers of isocyanate exposure ranged from not detected to 14.88 µmol/mol creatinine, 2 from
3 workers exceeded the BMGV on at least one occasion. Air sampling for isocyanates was also
conducted at this site. Personal sampling was conducted on 2 operatives. All 8 hour TWA
inhalation exposures ranged from 0.43 µg/m3 to 1.12 µg/m3.
The site visit report concluded that neither MbOCA nor isocyanate exposures were adequately
controlled. Recommendations were made to review exposure controls, with a particular focus on
dermal exposure and surface contamination, to improve the cleaning regime, to clean spillages
as they occur with a HEPA filtered vacuum cleaner, to maintain health surveillance records, to
cap unused branches on the LEV system, to improve the design of one of the LEV hoods, to
provide glove training and RPE face fit testing, to remove a contaminated carpet from an office
and to produce a written COSHH assessment for handling MbOCA and isocyanates.
Site N
This site manufacture a range of polyurethane products, using both MbOCA and butanediol
based curing systems. MDI and TDI based isocyanate resins are handled. Approximately 12-15
tonnes of MbOCA are used annually. Approximately 10 workers are potentially exposed to
MbOCA. Five different glove types are available, including a mixture of fabric and disposable
chemical protective gloves. To some extent glove selection and use appeared to be left to the
discretion of individual workers. However, disposable nitrile gloves were available for chemical
protection. MbOCA weighing, mixing and melting is done within an automated, enclosed
system. Some casting was performed on open benches, outside the influence of LEV. General
standards of housekeeping were good.
The company’s COSHH assessment was deemed to be suitable and sufficient. Surface wipe
results in the MbOCA handling area ranged from 0.011 µg/cm2 to 0.078 µg/cm2. In the canteen
and welfare facilities these ranged from not detected to 0.005 µg/cm2. Glove contamination
ranged from 0.4 to 4939 µg of MbOCA per glove. Urinary MbOCA results ranged from not
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detected to 8.3 µmol/mol creatinine, no results exceeded the BMGV. Urinary diamine markers
of isocyanate exposure ranged from not detected to 2.9 µmol/mol creatinine, 3 out of 13
workers who provided samples exceeded the BMGV on at least one occasion.
The site visit report concluded that MbOCA exposures were adequately controlled, but the
occasional exceedance of the isocyanate BMGV indicated that isocyanate exposure controls
could be improved. Recommendations were made to review isocyanate exposure control, to
extend existing BM programme for MbOCA to also cover isocyanates, to inspect LEV systems
and repair any damaged ducting and joints and review LEV testing procedures.
Site O
This site manufacture a range of polyurethane products, using MbOCA. Approximately 1.5 to 2
tonnes of MbOCA are used annually. Only 2 workers are potentially exposed to MbOCA. Vinyl
gloves are used for handling MbOCA, in conjunction with a leather glove where heat protection
is required. MbOCA weighing and melted within the influence of LEV, but mixing and casting
is done in the open workroom. RPE was worn for handling isocyanates.
The company’s COSHH assessment was not deemed to be suitable and sufficient due to a
number of omissions. Surface wipe results in the MbOCA handling area ranged from 0.15
µg/cm2 to 803 µg/cm2. No wipe sampling was conducted in the canteen and welfare facilities.
Glove contamination ranged from 249 to 302,000 µg of MbOCA per glove. Urinary MbOCA
results ranged from 2.5 to 32.6 µmol/mol creatinine, 1 worker from 2 had results in excess of
the BMGV. Urinary diamine markers of isocyanate exposure ranged from not detected to 0.8
µmol/mol creatinine, no results exceeded the BMGV.
The site visit report concluded that MbOCA exposures were not adequately controlled, but
isocyanate exposures are. Recommendations were made to review exposure control, a number
of sources of dermal exposure were highlighted in the report, to improve cleanliness in the
workroom and to extend the existing BM programme for MbOCA to also cover isocyanates.
Site P
This site manufacture a range of polyurethane products, using both MbOCA and butanediol
based curing systems. NDI (naphthalene diisocyanate) and TDI based isocyanate resins are
handled. Approximately 2 tonnes of MbOCA are used annually. Approximately 5 workers are
potentially exposed to MbOCA. Disposable latex gloves are used for tasks involving MbOCA
with heavier ‘welding’ type gloves worn over the to of these where heat protection is required.
MbOCA weighing, mixing and melting is done within an automated, enclosed system. Casting
is performed within the influence of LEV. General standards of housekeeping were good.
The company’s COSHH assessment was deemed to be suitable and sufficient. Surface wipe
results in the MbOCA handling area ranged from not detectable to 1.87 µg/cm2. In the canteen
and welfare facilities these ranged from not detectable to 0.181 µg/cm2. Glove contamination
ranged from not detectable to 123 µg of MbOCA per glove, although the welding gloves could
not be analysed due to analytical difficulties. Urinary MbOCA results ranged from not
detectable to 8.1 µmol/mol creatinine, no results exceeded the BMGV. Urinary diamine markers
of isocyanate exposure ranged from not detected to 8.88 µmol/mol creatinine, 3 from 3 workers
exceeded the BMGV on at least one occasion.
The site visit report concluded that MbOCA and TDI exposures were adequately controlled, but
NDI exposures were not. Recommendations were made to remove used moulds from the mess
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area, improve RPE usage and review NDI handling procedures, to include an air sampling
survey, with a view to achieving adequate exposure control of this material.
Site Q
This site manufacture a range of polyurethane products, using both MbOCA and butanediol
based curing systems. MDI and TDI based isocyanate resins are handled. Approximately 2
tonnes of MbOCA are used annually. Only 2 workers are potentially exposed to MbOCA.
Cotton gloves are used for most tasks involving MbOCA, with nitrile gloves being worn for
topping up the MbOCA melter. MbOCA weighing, mixing and melting is done within
extracted cabinets. Airflow measurements indicated face velocities on these cabinets below 0.5
m/s, although smoke tests indicated generally effective capture. Casting was not performed
within the influence of LEV. General standards of housekeeping were good.
The company’s COSHH assessment was deemed to be suitable and sufficient. Surface wipe
results in the MbOCA handling area ranged from 0.017 µg/cm2 to 1.26 µg/cm2. In the canteen
and welfare facilities these ranged from 0.008 µg/cm2 to 0.086 µg/cm2. Glove contamination
ranged from 7.3 to 102,007 µg of MbOCA per glove. Urinary MbOCA results ranged from 3.7
to 8.4 µmol/mol creatinine, no results exceeded the BMGV. Urinary diamine markers of
isocyanate exposure ranged from not detected to 4.58 µmol/mol creatinine, both workers who
provided samples exceeded the BMGV on at least one occasion. Air sampling for isocyanates
was also conducted at this site. Personal sampling was conducted on both operatives directly
involved in the polyurethane manufacturing process. All 8 hour TWA inhalation exposures were
below 0.2 µg/m3.
The site visit report concluded that MbOCA exposures were adequately controlled, but
isocyanate exposures were not. Recommendations were made to improve isocyanate exposure
control, paying particular attention to the dermal exposure route, to extend existing BM
programme for MbOCA to also cover isocyanates, to improve methods for handling hot
isocyanate mixtures and to avoid the re-use of contaminated cleaning cloths.
Site R
This site manufacture a range of polyurethane products, using both MbOCA and butanediol
based curing systems. MDI, TDI and NDI based isocyanate resins are handled. Approximately 7
tonnes of MbOCA are used annually. Approximately 5 workers are potentially exposed to
MbOCA. Five different glove types are available, including a mixture of fabric and disposable
chemical protective gloves. Glove selection and use appeared to be left entirely to the discretion
of individual workers. MbOCA weighing, mixing and melting is done within an automated,
enclosed system. Some casting was performed on open benches, outside the influence of LEV,
some was done in extracted cabinets.
The company’s COSHH assessment was not deemed to be suitable and sufficient due to a
number of omissions. Surface wipe results in the MbOCA handling area ranged from 0.053
µg/cm2 to 6.02 µg/cm2. In the canteen and welfare facilities these ranged from not detected to
0.038 µg/cm2. Glove contamination ranged from 8.8 to 344 µg of MbOCA per glove. Urinary
MbOCA results ranged from not detected to 3.3 µmol/mol creatinine, none of the 5 workers
who provided samples exceeded the BMGV. Urinary diamine markers of isocyanate exposure
ranged from not detected to 25.06 µmol/mol creatinine, 1 out of 5 workers who provided
samples exceeded the BMGV on several occasions.
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The site visit report concluded that MbOCA exposures were adequately controlled, but
isocyanate exposures are not. The elevated isocyanate exposures were linked to a specific work
area, with workers in other areas consistently below the BMGV. Recommendations were made
to review isocyanate exposure controls in this area and to extend the existing BM programme
for MbOCA to also cover isocyanates.
Site S
This site are a supplier of MbOCA to the polyurethane industry. MbOCA is received and
subsequently dispatched in barrels without breaching containment, there is no direct handling of
MbOCA on the site.
Written COSHH assessments were judged to be suitable and sufficient. Due to the very low
potential for exposure, no BM was conducted. Wipe sampling in the MbOCA barrel handling
area yielded surface contamination results ranging from <0.001 µg/cm2 to 0.42 µg/cm2. Only 2
glove samples were taken, the results were 212 and 236 µg of MbOCA per glove.
The report concluded that the company need to maintain an awareness of the potential for the
external surfaces of the MbOCA barrels to be contaminated. The current PPE regime needs to
be maintained and the company should consider the use of BM to verify the continuing
adequacy of their exposure controls.
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APPENDIX 3 - STATEMENT ON OCCUPATIONAL CANCER FOR
MBOCA (FROM HSE WEBSITE)

This statement has been prepared by the Health and Safety Executive (HSE), and the
employer and employee representatives from the Rubber Industry Advisory Committee
(RUBIAC).
MbOCA (2,2′-Dicholoro-4,4’-methylene dianiline) is used as a curing agent in the
manufacture of moulded polyurethane articles. MbOCA may cause bladder cancer if it
is inhaled, absorbed through the skin or ingested with food, drink or cigarettes.
MbOCA is not manufactured in the UK. It is supplied in pellets, granules or in a liquid
form and used as a curing agent, by the polyurethane elastomer industry. The use of
MbOCA is confined to a small part of this industry, of less than 30 companies.
MbOCA is not very volatile, but is easily absorbed through the skin hence occupational
exposure occurs mainly via skin absorption. It is vitally important, therefore to prevent
skin contamination of MbOCA.
Under the Control of Substances Hazardous to Health 2002 (COSHH) MbOCA has an
inhalation working exposure limit (WEL) of 0.005 mg/m3 8hr TWA and a Biological
Monitoring Guidance Value (BMGV) of 15µmol MbOCA/mol creatinine in urine,
measured post shift. Biological monitoring helps to monitor the amount of MbOCA in
exposed workers by measuring the amount of MbOCA in their urine.
•

More information from the HSE COSHH website[1]

The priority for the polyurethane elastomer industry should be, to either prevent or
control their workers’ exposure to MbOCA to as low as reasonably practicable and
below the WEL of 0.005mg/m3 and the BMGV of 15µmol MbOCA/mol creatinine in
urine. Employers are advised to stringently follow the good working practices detailed
in the existing HSE/BRPPA guidance leaflet “Do you use MbOCA?”
•

“Do you use MbOCA?” guidance leaflet [2]

As a part of the HSE Disease Reduction Programme and the Cancer Project, HSE
carried out a survey of workers’ exposure to MbOCA in the polyurethane industries
during 2005-07. Findings of this project have shown that airborne exposures to MbOCA
were very low and well below the WEL of 0.005mg/m3. Urine monitoring showed that
90% of the results were about half the BMGV. However, dermal exposure was more
likely during casting and mould trimming and a need for improving guidance on
suitable glove materials was identified.
•

Preventing skin contact during removal of reusable gloves [130KB]

[3]

Further HSE work carried out in 2008 will assess whether it would be prudent to reduce
the BMGV in the future. RUBIAC will be monitoring the progress of this project and
will ensure that recommendations are progressed. BRPPA have also commissioned an
epidemiological study of workers using MbOCA in polyurethane elastomer production
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to assess the cancer risks. This study began in 2001 and is due to be published in 2009.
BRPPA will inform the industry of its findings.
RUBIAC will revise and re-issue this statement as new information becomes available.
Contacts
HSE Shuna Rank 0191 202 6297
BTMA Dr Abid Dost 0207 7457 5040
Trade Unions Bud Hudspith 07881 588971
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