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EXECUTIVE SUMMARY
Dillon Consulting Limited (Dillon) was retained by Safety & Health in Arts Production &
Entertainment (SHAPE) to evaluate the potential exposures to formaldehyde and isocyanates
associated with Medium Density Fiberboard (MDF) products and ISOBORD™ used to construct
sets and items for film and theatre production.
The results have indicated that without the use of proper engineering controls (e.g. local exhaust
ventilation) or respiratory protection, there is a potential for exposure of workers to
formaldehyde-containing dust. The preliminary airborne exposure monitoring of formaldehyde
on wood dust resulted in a concentration of 1.5 ppm while cutting MDF, which exceeded the
Ceiling Limit of 1.0 ppm. Also, the results have indicated that the potential for overexposure of
workers to formaldehyde vapour from cutting and sanding MDF is unlikely.
The results from isocyanate monitoring during cutting and sanding ISOBORD indicated that the
potential exposure to methylene bisphenyl isocyanate (MDI) vapour is unlikely.
It is recommended that the potential exposure to formaldehyde from formaldehyde-containing
dust be minimized by engineering controls and the use of appropriate respiratory protection.
Film industry personnel working frequently with MDF should be educated and informed about
the potential exposure to formaldehyde during activities which generate large amounts of dust.
Although, exposure to MDI is unlikely when cutting or sanding ISOBORD, proper engineering
controls and (e.g., local exhaust ventilation) or respiratory protection are required to control for
dust.
The results presented in this report does not in any way endorse one product over the other for
the film industry. Both products can be used in a safe manner without exposure to harmful
contaminants if adequate engineering controls and personal protective equipment are used.
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1.0

INTRODUCTION

Dillon Consulting Limited was retained by SHAPE to provide occupational hygiene services regarding
potential exposures to formaldehyde and isocyanate while cutting and sanding ISOBORD™ and
Medium Density Fiberboard (MDF) products.
Currently, MDF is frequently used to build sets and other items used in film and theatre production.
Urea formaldehyde resin is the adhesive used in the manufacture of MDF. It is known that formaldehyde
is released even after curing from certain wood products such as particleboard and fiberboard. There has
been respiratory complaints from workers in the film industry of breathing difficulties and eye and nose
irritation, who have extensively worked with MDF. The exact cause of the symptoms have not been
investigated.
Recently, products using straw fibers and non-formaldehyde resin have been engineered due to the
growing demand for environmentally responsible products. One of such product is called ISOBORD,
being manufactured in Manitoba. Although ISOBORD is not manufactured using urea formaldehyde
resin, an isocyanate resin (MDI) is used in the manufacturing process.
This project evaluated the two products from the perspective of potential exposure to hazardous
contaminants – isocyanate and formaldehyde. This evaluation did not review the properties of these
products for their practical applications in the film industry, i.e., cut or paint quality.

2.0

EXPOSURE LIMITS

In B.C., the Workers’ Compensation Board (WCB) outlines occupational exposure limits for chemicals
in Table 5-4 within Part 5, Chemical and Biological Substances of the Occupational Health and Safety
Regulation, 296/97, as amended by BC Reg 185/99.
For isocyanate, in particular methylene bisphenyl isocyanate (MDI), the 8 hour Exposure Limit is 0.005
ppm with a 15-minute Exposure Limit of 0.01 ppm. MDI is designated as a sensitizer and an ALARA
substance to which exposure of workers must be kept as low as reasonably achievable.
For formaldehyde, the 8 hour Exposure Limit is 0.3 ppm and has a Ceiling Exposure Limit of 1 ppm.
Formaldehyde is considered a suspected human carcinogen, a sensitizer, and an ALARA substance.

3.0

POTENTIAL HEALTH EFFECTS

3.1

Formaldehyde

Formaldehyde is a colourless gas with a strong pungent odour. It is widely used in solution as a
disinfectant, embalming agent and as an important industrial chemical used in glues, wood products,
preservatives, paper product coatings and certain insulation materials. It is believed that products made
with formaldehyde-based resin may release formaldehyde for short period of time after the product is
delivered to the customer.
Formaldehyde is a strong irritant and sensitizer in humans and animals. Low level exposure to
formaldehyde has been known to cause irritation of the eyes, nose and throat. Prolong exposure may
Dillon Consulting Limited

2

SHAPE
Occupational Exposure Evaluation of ISOBORD and MDF - FINAL

cause various symptoms, including prolonged eye, nose, and throat irritation, coughing, wheezing,
diarrhea, nausea, vomiting, headaches, dizziness, lethargy, irritability, disturbed sleep, olfactory fatigue
and skin irritation. Under the B.C. Occupational Health and Safety Regulation, formaldehyde is
designated as a suspected human carcinogen.
NIOSH Manual of Analytical Methods, suggests that the results of vapour-phase and formaldehydecontaining particulates be reported separately until sufficient data has been collected to allow appropriate
epidemiological interpretation of formaldehyde-containing particular exposures.
3.2

Isocyanates

Isocyanates are used in the manufacturing of plastic and polyurethane foam products, polyurethane
paints, autobody products, and as an adhesive binding resin for wood products. The routes of exposure
to isocyanates are mainly through inhalation and skin exposure.
Inhaling small amounts of isocyanates may sensitize a person and they can develop asthma-like reactions
and symptoms. Sensitization may happen within days of exposure or take months or years to develop. It
is well known that once sensitized, a person is likely to experience symptoms upon repeated exposure,
even in very small concentrations. Direct skin contact with isocyanate-containing products may cause
rashes, blistering and reddening of the skin. Repeated contact may cause dermatitis and skin
sensitization. Some recent research has suggested that isocyanate exposure through the skin is very
significant in the development of respiratory sensitization. Therefore, skin contact should be avoided.
After fully curing, the isocyanate based resin used in the manufacture of ISOBORD is no longer
chemically active and is reported not to be a hazard to health unless heated to the point of decomposition.
The cutting and sanding action of wood products with MDI resin may potentially release free
isocyanates if heated enough.
Exposure limit for formaldehyde is 60 times greater than the exposure limit for isocyanate. However, the
potential for exposure will depend on various factors such as the route of exposure, duration of exposure,
and various work practices.

4.0

METHODOLOGY

On March 7, 2000, Madoka Okuma, of Dillon Consulting Ltd., conducted airborne sampling for
formaldehyde exposure monitoring for a worker cutting and sanding MDF at Camel Productions in
Vancouver. On May 9, 2000, Madoka Okuma conducted isocyanate exposure monitoring of a worker
cutting and sanding ISOBORD at Camel Productions.
4.1

Medium Density Fiberboard (MDF)

The Material Safety Data Sheet (attached in Appendix A) states that the MDF contains 7-10% ureaformaldehyde resin and ammonia. Relative humidity and temperature will affect the rate of
formaldehyde and ammonia emissions from products such as MDF. It states that storing MDF in warm
and damp areas may promote the release of formaldehyde and ammonia.
The sampling methodology used to measure potential exposure to formaldehyde during cutting, sanding
was the NIOSH method 5700, Formaldehyde on Dust. This method uses the IOM sampler 25mm PVC
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filter, 5 um pore size with a flow rate of 2.0 L/minute. A Sep-Pak DNPH XpoSure Cartridge was placed
behind the filter to capture any formaldehyde in the vapour phase. A bulk sample was also analyzed for
formaldehyde by placing a known quantity of MDF wood dust into DNP/CAN solution prepared by the
lab. This method determines both “released” formaldehyde and formaldehyde equivalents (e.g., resin
components) on the wood dust for a worse case exposure scenario.
4.2

ISOBORD

Isobord is an engineered “strawboard” product made from straw fibres and isocyanate-based resin. The
resin, MDI (polymeric methylene bisphenyl isocyanate) is used to bind the fibres to make up the board.
Although, the MDI once cured is not released into the air, there is the possibility of isocyanate exposure
to person sanding or cutting products with MDI resin through thermal degradation. It has been stated that
high temperatures are able to break down the resin into its constituents and therefore may release
isocyanate into the air. The Material Safety Data Sheet for ISOBORD is attached in Appendix B.
The sampling methodology used was a version of the NIOSH 5521 method using pre-treated 13mm
filters and 1-2 MP solutions. A known volume of air was pulled through the filter and any dust or vapour
collected on the filter was placed in a solution of 1-2 MP in the field to form a stable derivative if any
isocyanate is present. The sampler with a flow rate of 1.0 L/minute was placed on a worker that sanded
and cut continuously for 15 minutes. A bulk saw dust sample was also analyzed for free isocyanate by
placing a known quantity of ISOBORD wood dust into a solution of 1-2MP.
All samples were submitted to EnviroTest Laboratory in Edmonton Alberta, an American Industrial
Hygiene Association (AIHA) accredited laboratory, for analysis.
See Appendix C and D for field sampling data and the original laboratory results.

5.0

RESULTS

5.1

MDF (Medite)

The results of the air sampling for formaldehyde are summarized in Table 1 below.

Table 1: Air Sampling Results for Formaldehyde
Sample ID

FM-1 (filter)
(Mr. P. Ready)
FM-1 (cart.)
(Mr. P. Ready)
FM-2 (filter)
(Mr. P. Ready)
FM-2 (cart.)
(Mr. P. Ready)

Location

Ceiling Limit
(ppm)

cutting on table saw

TWA Formaldehyde
Concentration
(ppm)
1.5 ppm

1.0

8 hour Exposure
Limit
(ppm)
0.3

cutting on table saw

0.16 ppm

1.0

0.3

sanding

0.098 ppm

1.0

0.3

sanding

0.098 ppm

1.0

0.3
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5.1.1

Airborne Samples

The airborne monitoring was conducted while a worker, cutting ¾” MDF on a table saw (Union Power
Tools, Model # MBS250) with Makita 10” Carbide Tipped All Purpose blade. The exhaust ventilation
was not operating during the air monitoring to obtain a “worst case scenario”
Another sample was collected while sanding MDF using a portable sander (Black and Decker random
orbital sander, Model #4018-04 Type 2, with 180 grit). The worker was sanding on an open table with
no ventilation.
The worker was wearing 3M 8210 N95 disposable dust/mist respirator at the time of monitoring. A
typical cutting duration for a worker in set construction is 30 minutes in total per day. Workers tend to
cut all the pieces required for the day and then start with other activities.
5.1.2

Bulk Sample

A bulk sample was taken of the dust immediately after cutting MDF with the table saw. The lab analysis
concluded that the bulk dust sample had 0.37% formaldehyde by weight.
5.2

ISOBORD

The results of the air sampling for MDI are summarized in Table 2 below.

Table 2: Air Sampling Results for MDI
Sample ID

ISB-1
(Mr. P. Ready)
ISB-2
(Mr. P. Ready)

5.2.1

Location

cutting on table saw
sanding

TWA MDI
Concentration
(ppm)
<0.0006 ppm

15 minute
Exposure Limit
(ppm)
0.01

8 hour Exposure
Limit
(ppm)
0.005

<0.0006 ppm

0.01

0.005

Airborne Samples

The airborne monitoring was conducted while a worker, was cutting ¾” ISOBORD on a table saw (Sharp
Industries, Model # 891053) with General 10” Carbide Tipped All Purpose Blade. The exhaust
ventilation was off during the air monitoring to obtain a “worst case scenario”.
Another sample was collected while sanding ISOBORD using a portable sander (Porter Cable random
orbital sander, Model #7336 Type 2, with 180 grit). The worker was sanding on an open table with no
ventilation.
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The worker was wearing 3M 8210 N95 disposable dust/mist respirator at the time of monitoring.
5.2.2

Bulk Sample

A bulk sample was taken of the dust immediately after cutting ISOBORD with the table saw. The lab
analysis concluded that the bulk dust sample had MDI concentrations below the detection limit (<5.0
µg/g) by weight.

6.0

DISCUSSION

This project evaluated MDF and ISOBORD™ for potential exposure to hazardous contaminants –
isocyanate and formaldehyde. While monitoring and analysis results revealed a potential for exposure to
formaldehyde while cutting and sanding of MDF, with the proper use of respiratory protection and
engineering controls such as local exhaust ventilation, over-exposure of workers is unlikely. Since
formaldehyde is considered an ALARA substance, good industrial hygiene practices dictate that
exposure reduction measures should be taken to keep the exposure as low as reasonably achievable.

The results presented in this report does not in any way endorse one product over the other for
the film industry. Both products can be used in a safe manner without exposure to harmful
contaminants if adequate engineering controls and personal protective equipment are used.

7.0

CONCLUSIONS

7.1

MDF
•

The 15-minute time-weighted average concentration of formaldehyde from formaldehydecontaining wood dust particle was 1.5 ppm while the worker was cutting MDF with a table
saw. This exceeded the Ceiling Limit of 1.0 ppm and 8 hour exposure limit of 0.3 ppm.

•

The 15-minute time-weighted average concentration of formaldehyde from formaldehydecontaining wood dust particle was 0.098 ppm while the worker was sanding MDF. The result
was well below the Ceiling Limit of 1.0 ppm and 8 hour exposure limit of 0.3 ppm.

•

The 15-minute time-weighted average concentrations of formaldehyde vapour (cartridge
results) of 0.16 ppm and 0.098 ppm were below the Ceiling Limit and 8 hour exposure limit
for both cutting and sanding MDF.

•

The results of the bulk sample analysis of MDF wood dust revealed the low concentrations
of formaldehyde (0.37% by weight of dry dust).

•

There is a potential for exposure to formaldehyde containing dusts during table saw cutting
of MDF if local exhaust ventilation and proper respiratory protection is not utilized.

•

The potential for overexposure to formaldehyde vapour during cutting and sanding MDF is
unlikely.
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7.2

ISOBORD
•

The 15-minute time-weighted average concentration of MDI when the worker was cutting
ISOBORD was well below the detection limit of <0.0006 ppm and the 15-minute Exposure
Limit of 0.01 ppm and 8 hour exposure limit of 0.005 ppm.

•

The 15-minute time-weighted average concentration of MDI while the worker was sanding
ISOBORD was well below the detection limit of <0.0006 ppm and the 15-minute Exposure
Limit of 0.01 ppm and the 8 hour exposure limit of 0.005 ppm.

•

The bulk sample analysis of ISOBORD dust cutting revealed that the concentration of
isocyanate was below the detection limit of <0.5 ì g/g.

•

The potential for overexposure to MDI during cutting and sanding of ISOBORD is unlikely.

8.0

RECOMMENDATIONS
•

It is recommended that local exhaust ventilation be used to minimize and control airborne
concentrations of dust during activities such as cutting and sanding of wood products and
other materials.

•

It is recommended that NIOSH/MSHA-approved respirator equipped with N-100, R-100 or
P-100 filter for dust/particulate be worn by workers cutting MDF to protect workers from
exposure of formaldehyde-containing wood dust.

•

It is recommended that NIOSH/MSHA-approved respirator (N-95 as a minimum) be worn by
workers cutting and sanding ISOBORD to protect workers from dust.

•

It is recommended that workers be educated and informed of the potential exposures to
formaldehyde-containing wood dust while working with MDF.

•

It is recommended that the results of the vapour-phase and formaldehyde-containing dust be
kept separate due to the lack of correlation between epidemiological findings and exposure to
formaldehyde-containing particles.

•

A further study may be warranted if complaints of symptoms arise from workers using MDF
or ISOBORD.
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