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July 20, 1994

3M COMMENTS TO NIOSH ON PROPOSED 42 CFR 84

1. Introduction

Minnesota Mining and Manufacturing Company (3M), through its Occupational Health
and Environmental Safety (OH&ES) Division, is a major manufacturer and supplier of
respiratory protection devices throughout the world. 3M has invented, developed,
manufactured, and sold NIOSH approved respirators since 1972.

The 3M corporate philosophy of growth through innovation has been steadfastly applied
to respirator development by the OH&ES Division. 3M provides a full line of respirators
that are not only protective but also comfortable and friendly to the wearer, encouraging
conscientious usage and hence, improve worker protection. It is from this basis of
technology and experience that 3M offers comments to NIOSH on the proposed rule, 42
CFR 84.

As a major supplier of respirators, 3M and respirator users in all of North America will be
significantly impacted by any revisions NIOSH adopts to the regulations governing
respirator approvals.

2. 3M Supports Revision of Respirator Approval Tests

3M agrees that many of the test methods specified under the current certification
regulations contained in 30 CFR 11 should be revised. Since their issuance several years
ago, it has become evident that in many cases the tests are variable, difficult to control,
difficult to correlate to reasonable production testing, and use obsolete technology. 3M
has cooperated directly with NIOSH, and as a member of the Industrial Safety Equipment
Association (ISEA), to discuss and suggest improvements in the approval testing
procedures over the last ten years. 3M has exchanged information openly with NIOSH,
including data from over a dozen workplace protection factor studies. 3M has always
advocated that approval regulations be performance oriented, rather than design specific,
to allow for further innovation and flexibility of design that will result in better
performing and more comfortable products for the worker.

3. Economic Impact

3M believes NIOSH has severely underestimated the economic impact of the proposed
regulatory changes. An ISEA survey of respirator manufacturers resulted in an estimated
annual cost increase to users in excess of $100 million. This estimate is just for the
revisions proposed to the particulate section alone. While revising the certification
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regulations in a modular approach has benefit, NIOSH should provide an economic
impact statement for the entire proposed revisions to 42 CFR 84. Looking only at one
section at a time hides the total cost impact to industry, and to the economy, which could
approach a half billion dollars.

While the regulation proposes six classes of particulate respirators, no guidance is
provided on how these classes will be selected or used. This makes it difficult for
manufacturers and users to predict cost increases because market mix and manufacturing
volumes cannot be forecast. This could be remedied by NIOSH issuing a use and
selection criteria before issuing 42 CFR 84 as a final rule. The use and selection criteria
should be thoroughly reviewed, and issued through rulemaking procedures, possibly as a
part of the Assigned Protection Factor module scheduled for late 1994.

4. NIOSH Reference to Health Care Respirators (TB)

While NIOSH is to be commended for proposing regulations concerning respirator usage
for protection against contaminants in the health care workplace, particularly exposure to
Mycobacterium tuberculosis, 3M submits that NIOSH must recognize that health care,
and TB, constitute a small part of the respirator usage in this country. Consequently,
while the needs of the health care workplace should be addressed, the certification
regulations should not be slanted toward, nor driven by this tiny segment of respirator
usage. NIOSH must follow their charter. Approval regulations should focus on and be
workable for the much larger industrial and mining segments, which represent 98% of
current respirator usage.

There are numerous and significant differences in industrial and health care applications
that would suggest separate performance requirements for each. For example, health care
is a “no-load” situation. Challenges like TB may represent a serious health threat to
certain, susceptible individuals, where a very small, short duration exposure may cause
disease. No Permissible Exposure Limit (PEL) or Threshold Limit Value (TLV) has
been determined. The area of individual susceptibility is still an unknown and is being
studied by the medical community.

Industrial applications, however, have heavier loadings, longer use, and the protection
required is based on exposure limit concepts (TLV, PEL, REL, etc.), where some filter
penetration and face seal leakage of the contaminant can be tolerated, since total dosage is
the concern. This is the basis of respirator protection factors. These protection concepts
are clearly not compatible nor has it been demonstrated that industrial applications of
respirators optimized for health care settings will increase their protection for industrial
workers.



3M Comments to NIOSH on Proposed 42 CFR 84
Date: July 20, 1994

NIOSH states that all particulate respirators approved under the proposed standard would
meet the criteria of the proposed CDC guidelines for the prevention of TB, which it is
projected would result in a cost savings for the health care industry. The criteria

contained in the CDC proposal of 95% efficiency against a 1 micrometer particle as
adequate for TB exposure has not been proven in clinical testing, nor has it been validated
by rulemaking. In addition, the CDC proposal contains no other test parameters, such as
test agent, flow rate, etc. to make the stated efficiency requirement meaningful. For
example, the test could be run using a flow rate of one liter per minute and pass the test
with most surgical masks which would provide little actual protection.

Further, from an industrial hygiene point of view, it may be inappropriate to require a less
protective respirator for use against TB than is allowed against other contaminants, such
as lead or cadmium, where any adverse health effect requires long term exposure.

NIOSH and CDC should reevaluate their implied position that a respirator, certified
under the new regulation as a Class C Solid approved device, is the prudent choice for
protection from TB. As future workplace data is developed for TB and other diseases,
NIOSH should continue to evolve additional testing and selection criteria for this
segment.

Part of the supporting reasoning offered by CDC in the proposed TB guidelines and
OSHA in their TB enforcement policy for selection of HEPA respirators for use against
TB was that less efficient classifications, Dust/Mist and Dust/Fume/Mist, were not tested
in the NIOSH approval procedure under 30 CFR 11 for instantaneous, unloaded
efficiency. This was not felt appropriate for health care where no loading, or filter caking
would take place. This being the case, why should a health care respirator be subjected to
the severe loading tests as specified in 84.184 (g)(1) and (g)(2)?

NIOSH should reconsider its position on respirator applications for health care and TB
exposures and consider a separate approval category for these products with test
requirements appropriate to their application.

5. Need for “Solids” and “Solids and Liquids” Approvals

The NIOSH proposal intends to certify respirator filters for use against “solids” and
“solids and liquids”. During the hearings held on June 23 and 24, the suggestion was
made by one presenter to drop the solids classification. 3M strongly opposes this
suggestion. Requiring that all filters approved pass the oil mist, or DOP test adds design
limitations and significant cost to these filters that is not warranted for most industries.

A study titled “Aerosol Exposure In The Working Environment” conducted by the
Danish Toxicology Center in 1986 in Denmark provides an excellent profile of aerosols



3M Comments to NIOSH on Proposed 42 CFR 84
Date: July 20, 1994

in typical industrial work places. In this study, the Center surveyed industry and
compiled a list of all the aerosols present in various segments and then classified them as
to solid or liquid categories. In Table 4.10 on page 42, the study identified 146 total
aerosols present in industry, 105 or 71.9% of which were solid aerosols. The same table
also shows that of the 41 identified liquid aerosols, as many as 19, or 46.3% are water
based. It is interesting to note that in the European system, water based liquid aerosols
are treated as a solid aerosol for respiratory protection selection. The reasoning is that the
contaminant is, in fact, a solid merely being carried by the water. Therefore, only 22 of
the 146 aerosols, or 15.1% were non-water based liquids. This remaining 22
encompasses liquids including acid, solvent, or oil based liquids. These data clearly
support the need for a solid only approval, as this would be the needed filter for the vast
majority of industrial applications. A liquid approval requirement for these users would
increase costs significantly, with no discernible increase in worker protection.

NIOSH should also note the distribution of aerosols by industry given in Table 5.3 on
page 60, and the conclusions to the report starting on page 111. The Danish report
undeniably supports 3M’s recommendation.

6. Definition of “liquids”

The NIOSH proposal contains requirements for certification of respirators for use against
“solids” and “solids and liquids”. However, these key terms are not defined. As stated
earlier, there is also a lack of guidance regarding the selection and application of the
proposed classes. Since dioctyl phthalate (DOP), an oil, is specified as the test agent for
the “solid and liquid” approval, it would seem reasonable that this approval is only
needed for oil-based liquid aerosols. Since the majority of liquids used in industry are
not oil based, but are water, solvent, or acid based, however, the issue is legitimately
raised whether an oil mist accurately predicts filter penetration for these aerosols and
hence, correlates to protection in the workplace. In the vast majority of applications, a
“solids-only” approval would be more appropriate. For example, in paint spray
operations the paint starts as a liquid. The over spray, particularly the respirable particle
sizes of concern, quickly dries to become a solid.

In fact, NIOSH seems to confirm this assumption by stating in §84.184(g)(2): “When
testing for filter leakage of oil liquid particulate aerosols, a dioctyl......”. NIOSH needs to
be clear on this matter and issue appropriate selection criteria through rulemaking.
NIOSH should also justify the use of an oil test agent to predict filter penetration of other
liquids, if that is their intention.



3M Comments to NIOSH on Proposed 42 CFR 84
Date: July 20, 1994

7. Selection of Dioctyl Phthalate (DOP) as a Test Agent

NIOSH states in Section II Background that the new filter performance requirements
provide a particulate efficiency determination and classification system consistent with
advances in respiratory protection technology. The selection of DOP as a test agent and
the severe filter loading levels proposed, however, are contradictory to this stated
position. In the past ten years, the technology advances in particulate filters have come
through the development of modern electrostatic filter media. These new media provide
excellent filter efficiency with extremely low pressure drops resulting in more comfort
and increased wearability by the user. The new media have overcome the shortcomings
of earlier electrostatic filters, such as rosin-wool, by being resistant to heat, humidity, and
many other common industrial conditions that caused these earlier electrostatics to lose
their charge and become less efficient. Further advances in filter technology, currently
being researched by a number of companies, will be made in the area of improved
electrostatic filters; not in the area of mechanical, fiber glass filters. These new
technologies, if encouraged to develop, will result in filters that will be even more
efficient, more stable, and with lower pressure drops than filters available today, or
possible with mechanical, fiber glass technology. These attributes contribute to a more
user friendly respirator that is more protective. The selection of DOP as a test agent and
the unreasonable proposed loading levels will stifle this development, especially since its
relevance to worker protection has not been shown by NIOSH.

DOP is an oil that specifically tends to saturate and cover charges on fibers of all
electrostatic filters to a much larger degree than other materials or even other oils. DOP
has been used to test HEPA filters for many years and, until recently, these filters have
been mechanical, fiber glass media, which is 50 year old technology. Even in this case,
the DOP test was designed and used as a short duration, instantaneous filter efficiency
test; not the severe loading test proposed by NIOSH. Due to the saturation properties of
DOP, its continued use as the filter efficiency test agent is extremely prejudicial against
electrostatic filters and could limit their use or cause manufacturers to invest heavily into
older alternate technologies, again with no improvement in worker protection. While this
investment may be a burden to large manufacturers resulting in higher respirator prices to
the users, small manufacturers may not have the resources to make this investment or
Survive.

Further, there is no evidence to suggest there are not other test agents available that would
accurately and reliably assess the filter penetration characteristics of electrostatic filters.
As stated, the more common liquids encountered in industry will be water, solvent, or
acid based, which would support the selection of hydroflouric acid as the test agent. This
would, in fact, be more realistic as it is common in many industries.

Finally, DOP provides no practical use as a surrogate to predict filter penetration against
liquids or other oils commonly used in industry. The only common exposure to DOP, a
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suspected carcinogen, will be respirator manufacturers’ test personnel conducting NIOSH
mandated tests. Given NIOSH’s strong objection in the past to exposing test personnel to
sodium saccharin, crystalline silica, and other suspected carcinogens, how can NIOSH
justify exposing industrial hygienists, respirator manufacturers’ test personnel and
NIOSH personnel to DOP?

3M strongly suggests NIOSH consider the use of paraffin oil as the test agent. Paraffin
oil is similar to the common oils encountered by respirator wearers in the actual industrial
environment. It is much easier to control in test apparatus and is used with excellent
results in regulatory testing in Europe.

8. Thermally Generated versus Cold Nebulized DOP

While NIOSH has not specifically addressed test methods or equipment in the proposed
standard, the question was raised in testimony and discussion at the NIOSH hearing. If
NIOSH insists on DOP as the test agent, instead of paraffin oil, then 3M has the
following comments:

The thermally generated, or hot DOP systems are old technology. As stated, they were
designed for instantaneous tests, not the extreme loading tests proposed. These systems
are difficult to control in terms of particle size, test concentration, and flow rate. Asa
result, they exhibit a large amount of test variability that is attributed to the method and
equipment. Part of this variation can be attributed to the thermal degradation of the DOP
when it is heated. NIOSH has stated that, by their tests, 4% of the DOP in the test system
is degradation product in as little as three hours. It would be nearly impossible to
maintain the product test accuracy and precision NIOSH is proposing with this much test
variability. 3M agrees with the view expressed by NIOSH during the hearing that there
should be no difference between a cold or hot generated DOP providing the particle size,
distribution, (particle charge), and chemical composition is the same. The known thermal
degradation of DOP in the thermally generated systems precludes this from, in fact, being
the case. For these reasons, selecting the worst case condition of the thermally generated
DOP test method is not good policy.

The cold nebulized DOP test has the advantage of being newer, and better technology.
The test method is much easier to control, exhibits much less variation, and produces
more consistent, repeatable results. 3M testing has also shown much less machine to
machine variation than is exhibited by thermally generated DOP machines.

Whether one test is more onerous for certain filter types is immaterial and should not be a
concern to NIOSH. NIOSH should select the better method, which is the nebulized DOP,
to assure consistency, accuracy, and precision of the test method. The allowed
penetrations can then be measured with some confidence and adjusted, if necessary.
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The cold nebulized method also has the capability of being adaptable to other test agents,
such as paraffin oil, should NIOSH wish to make this change now or in the future.

9. §84.170 Particulate Respirators - Efficiency Requirements

NIOSH is proposing to test filters to very high efficiency requirements. While this may
seem prudent, in reality, it does nothing to increase the protection to the worker using the
respirator. In most cases, the increased efficiencies will come at the expense of higher
pressure drops. Respirators with higher pressure drops almost always have increased face
seal leakage. In addition, for the wearer, the respirator will be harder to breathe through,
warmer, and therefore, more prone to being removed, and thus, reduces wear time. The
end result of requiring increased filter efficiency under unrealistic conditions at the
expense of increased pressure drop may actually be less protection to the user in the real
industrial world.

These overly high efficiency performance requirements are not necessarily required by
the majority of the workplace applications and can result in the user paying higher prices
for unneeded filtration characteristics and possibly less protection.

The requirement that the Type B respirator be 99% efficient, when coupled with the test

particle size and the proposed statistical treatment, is so close to Type A there appears to
be little differentiation, nor practical application for this filter class. Certainly, in typical
industrial particle size ranges and concentrations, the A and B could not be differentiated
in workplace protection factor studies.

NIOSH should change the efficiency requirements for Types A, B, and C to 99.97%,
95%, and 90% respectively. This will provide an appropriate range and differentiation to
meet the various needs of the workplace, including maintaining the 99.97% Type A, if
appropriate, for the health care setting.

The proposed lower efficiency requirements proposed by 3M will not result in lower
assigned protection factors (APF’s). Current filters, certified to 30 CFR 11, which would
measure in the area of 80% efficiency on the proposed tests, have proven to provide
adequate respiratory protection to the users as evidenced by the number of well conducted
workplace protection factor (WPF) studies that have found average WPF’s well over 100
for half masks, and 5th percentile WPF’s over 10.

NIOSH must recognize that the filter efficiency test is simply that; a filter screening test.
While it does provide comparative data for filters, it does not assess total respirator
performance as encountered in the workplace and should not be over emphasized as a
selection criterion. For example, the sodium chloride aerosol is specified to have a count
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median diameter of between 0.06 and 0.11 micrometers. It is highly unlikely that such
an aerosol would ever occur outside of laboratory test apparatus. 3M has never seen such
an environment in the dozens of industrial sites evaluated for potential workplace
protection factor testing.

During the hearing, NIOSH asked questions regarding the assigned protection factor
(APF) for half mask respirators with various types of filters. As stated by Thomas
Nelson, representing the AIHA Respiratory Protection Committee, a 90% filter efficiency
for the lowest performing filter would have a workplace protection factor of at least ten.
The values used by NIOSH to calculate an apparent workplace protection factor are
incorrect. The face fit factor of ten used by NIOSH includes filter leakage. A better
estimate of face seal leakage would be a value of 0.01, the minimum required fit factor
for quantitative fit testing as defined by the ANSI Z88.2 (1992) standard and the
minimum fit factor for qualitative fit tests when using a validated protocol.

For filter efficiency NIOSH uses a value of 0.1. This is based on the worst case test
proposed by NIOSH in the filter tests. This is not an appropriate value. The filter
leakage, or penetration, will always be less than 10% since, as stated, the small size
monodispersed particle aerosol used in the test will never exist outside the laboratory test
equipment. Therefore, the filter efficiency against actual respirable aerosols will always
be greater than that assessed in testing.

NIOSH, in designing the tests, has chosen conditions that are at the extremes for each
separate facet of the test that can be varied. However, these numerous conditions do not
act independently, and thus results in a testing scheme that grossly exaggerates needed
performance. The tests are extremely over-designed when they are examined as a whole.
For particle size, the most penetrating particle may be appropriate for a screening test, but
that size particle will not likely occur in the workplace. Most operations have broader
particle size distributions that are much larger and easier to filter than the narrow size
range chosen by NIOSH. For example, paint spray has a mean aerodynamic diameter
estimated at 2.9 to 9.7 micrometers (um) [AIHAJ 51(3)132-138 (1990)]. Other industries
where dusts are present show similar large particle size distributions: underground coal
mining 17-20 um, [AIHAJ 48(2)122-126 (1987)]; iron mining 6 um, [ATHAJ 48(2)150-
154(1987)]; battery manufacture >10 pm, [AIHAJ 54(10)576-583 (1993)]. For these
industries, the test aerosol underestimates filter efficiency by a factor of at least 10. If the
filter efficiency is 90% against the test aerosol at the most penetrating particle size, the
efficiency will approach 100% at the sizes reported above. An article by Hinds and
Bellin titled Effect of Facial-seal Leaks on Protection Provided by Half-mask Respirators
(Applied Industrial Hygiene, Vol. 3, No. 5, May 1988) provides additional information
on typical industrial particle size ranges. In Table I, of the 32 industrial contaminants
listed, only four had a MMAD less than 2.0 um; three of these being metal fume in
welding operations where a small particle size would be expected.
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In a similar manner air flow, humidity, filter loading, and test statistics each contribute to
an overly designed test.

This practice of taking the most conservative, or worst case requirement for every test
parameter results in totally unrealistic requirements when the tests are considered as a
whole. This is in direct opposition to Presidential Executive Order 12498 (January 4,
1985) which states “regulations that seek to reduce health or safety risks should be based
upon scientific risk assessment procedures, and should address risks that are real and
significant rather than hypothetical or remote”.

10. §84.180 Filter Type Identification

To maintain consistency, and to prevent one filter in the same class as being construed as
superior to another, Class A filters, for both Solids, and Solids and Liquids, should be
colored magenta. This will also be more consistent for those users who will change from
the HEPA filters currently in use. All Class B and C filters colors should be left to the
discretion of the manufacturer, who may use color to differentiate additional filter
capabilities not covered in the approval scheme.

11. §84.181 and §84.182 Isoamyl Acetate Tightness Test

These paragraphs specify that particulate filter respirators be fit tested using isoamyl
acetate. The reasoning for this test is not given and one can only conclude that it was
maintained as an artifact from 30 CFR 11. 3M believes this test has no value. While
facepiece fit is extremely important in providing protection to the wearer, this fit can only
be assessed on the individual wearing the respirator. OSHA currently requires fit testing
of all workers using tight fitting respirators. Fitting undefined sizes and unspecified
numbers of people at NIOSH will, in reality, not predict the fit to an individual wearer.

There is no scientific basis to test a particulate filter respirator using a vapor as the test
agent. Since fit is heavily affected by filter pressure drop, adding an organic vapor filter
alters the fit results on a replaceable filter respirator. In the case of a disposable
particulate respirator, passing this test would require creating a surrogate with organic
vapor capability. Whether or not an appropriate, realistic surrogate can be made, given
the difference in pressure drop, weight, compliancy, and etc. is questionable. It puts
manufacturers, small, medium, and large, in the position of creating surrogates just for
the exercise of passing meaningless tests with no benefit to the user.

During the public hearing when this issue was addressed, NIOSH (Campbell) stated that
not all respirators would be modified, but only those in test. This statement confirms that
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NIOSH has no experience in assessing the huge amount of R&D and manufacturing cost
to produce small quantities of respirators that will never be sold.

In today’s diverse work force, there are situations where respirator manufacturers need to
market respirators in certain regions that are designed specifically to fit a small market
segment, such as African-American, Hispanic, or Asian. As proposed, the undefined
NIOSH test panel would prohibit this customization. The marketplace will eliminate
respirators that do not fit a wide variety of their workers.

It should also be pointed out that while the proposed tests have been conducted under 30
CFR 11 for years, the tests have no validation to show that they predict fit for any
segment of the population. Moreover, they contain no screening provision to assure the
test subject selected by NIOSH can detect isoamyl acetate, making the results useless.

3M recommends that these tests be deleted from the schedule. If, for some valid reason,
NIOSH insists that fit testing be a part of the approval testing, then they should consider a
validated test method for particulate respirators, such as the Large Particle (greater than
2.0 micrometers) Quantitative Fit Test or the Bitrex Qualitative Fit Test using a modified
protocol from the saccharin fit test published in the OSHA Lead Standard (29 CFR
1910.1025). Validation data for the Bitrex protocol is included for the record.

Proper face fit testing should not be left to predictability, but rather rely on fit testing
results performed on the individual respirator user.

12. §84.184 Filter Loading Tests

3M believes the loading tests for both the solids and the liquids tests are excessive,
unwarranted, and unnecessarily expensive.

For solids, where the sodium chloride test is specified, the loading to the 200 mg level
provides no benefit to the user but does increase cost. Some types of filters will exhibit
an initial reduction in efficiency as loading begins, then as the filter loads and caking
starts, the efficiency will increase for the balance of the test. It does not require 200 mg
to determine this point. If any loading test is to be included, a 50 mg loading would be
more reasonable. Loading to the proposed 200 mg level requires a minimum of two
hours test time per filter. This would be burdensome and expensive in terms of test time
and personnel for certification, quality assurance, and audit testing and, in the end, would
not result in valuable performance data.

The oil (DOP) loading test is even more unrealistic. Loading a filter to 200 mg level is
not predictive of its use in any industrial setting. As described, DOP does not predict
filter performance against typical liquids, nor even typical oils, used in industry. Ina
study conducted at General Motors facilities, concentranon levels for machining and
cutting oils were found to be generally less than 1 mg/rn [AIHAJ (55) Jan 1994]. Based

10
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on this concentration, at a breathing rate of 30 liters/min., for 8 hours per day, a respirator
would receive a total loading of 10.2 mg oil, or 5.1 mg oil per filter. This equates to
nearly 20 days, or four work weeks, of use to reach the proposed 200 mg loading. In
practical application, filters are changed or discarded much more frequently than this. In
addition, these oils would not degrade filters as severely as DOP, but would perform
more like paraffin oil as suggested earlier.

The extremely heavy loading of DOP has no performance attribute that assures better
protection nor filter life to the user. Its only characteristic is the prejudicial elimination of
the use of electrostatic filters and to impede technology advances that are expected in the
future to enhance this forward looking concept.

If any loading test can be justified, it should be reduced to a 50 mg level that will assure
reasonable filter performance and life. Any level above this only adds to the user’s cost
with no apparent benefit.

13. §84.184 Powered Air Purifying Respirator Tests

NIOSH has included PAPRs as a part of this section and has introduced test requirements
that appear highly impractical, and that have not been proven.

The proposed filter loading tests of 2000 mg for PAPRs cannot be justified and should be
reconsidered along with the loading tests of all filters. This extreme loading provides no
additional protection to the user. The proposed loading test requires in excess of 22 hours
to complete, which will be extremely costly in terms of test time alone. NIOSH has not
shared with manufacturers how it might be possible to conduct such a test on an entire
PAPR unit, as proposed.

3M strongly recommends that NIOSH revise the PAPR requirements in a future module
after determining realistic requirements and test procedures. If NIOSH chooses to
implement revisions, they should deal only with the test requirements for PAPR
particulate filters and not the entire systems. The filter test requirements and procedures
should obviously be the same for PAPRs as for other respirator filters.

At the time of considering the PAPR module, NIOSH should follow the lead of ANSI
Z88.2-1992 and recognize a class of PAPR and airline respirators called “Loose-fitting
facepiece” respirators. Workplace protection factor tests have conclusively shown their
performance to be significantly different from PAPRs and airline systems using helmets
or hoods.

11
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14. §84.184(j) Filter Test Statistical Treatment

NIOSH has proposed a K factor of 2.22, which represents a 95% confidence limit that
95% of the filters produced meet or exceed specifications. 3M believes this K factor is
too high, as are the statistical limits. The statistical treatment also assumes a normal
distribution which is not necessarily true. In the case of Class A, or HEPA filters, most
manufacturers 100% test at manufacture to remove those not meeting specification. The
balance accepted are no longer normally distributed. Also, workplace aerosol sizes are
almost always lognormal distributions, so this statistical treatment does, in fact, reduce
the relationship of the test protocol to the real world.

By NIOSH’s definition in §84.41(d)(2) a filter penetration failure would be considered a
Major A defect. Per §84.41(g)(1) a Major A defect has an AQL of 1%. This AQL does
not warrant the statistical precision proposed by NIOSH but will add greatly to the cost of
filter testing and control.

Since the tests and test methods proposed are relatively new, it has not been shown by
NIOSH, or anyone, that the proposed test methods’ variability can operate with this level
of precision. In fact, they cannot. Therefore, all allowed variability would be consumed
by the variability of the test method itself, allowing for no variation of the filter. This is a
real catch 22. It would be an impossible situation for manufacturers to address, made
worse by the fact that manufacturers will have no knowledge of the test variability at
NIOSH so that the outcome of certification or audit testing is not predictable.

3M strongly recommends that NIOSH reconsider the need and approach to the statistical
treatment of test data. The statistical precision proposed by NIOSH will be very costly to
respirator users, again with no apparent benefit. The added manufacturing and waste cost
to meet this unreasonable requirement would be 25 - 30%.

15. Phase in Period or “Grandfather Period”
a) New approvals under 30 CFR 11:

NIOSH proposes that new submittals meeting the criteria of 30 CFR 11 continue to be
accepted for 30 days after the publication of 42 CFR 84 as a final rule.

Meeting the requirements of 42 CFR 84 in a 30 day period provides little or no time for
product development activities, performance testing, user needs analysis, or test
equipment procurement and correlation. In addition, this immediately cuts out new
respiratory protection devices in the development pipeline that may provide a benefit to
the worker today, before modifications can be implemented to meet 42 CFR 84.

12
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NIOSH should continue to accept new applications for approval under the criteria of 30
CFR 11 for six months after the date of the final rule of 42 CFR 84.

b) Sale of product previously approved under provisions of 30 CFR 11:

NIOSH proposes that manufacturers may no longer sell or distribute respirators certified
to the criteria of 30 CFR 11 two years after the publication of 42 CFR 84 as a final rule.

3M believes this period should be extended to four years. 3M’s internal historical data on
new product development and introduction shows it takes an average of seven years to
reach the market. This is true for an extremely diverse range of products, including
respirators.

NIOSH has severely underestimated the development time required for filters, test
equipment, products, and manufacturing capability to meet the proposed criteria.
Previous standards revisions in Europe and the transferring of certification authority from
Bureau of Mines to NIOSH have required well over two years. Filter media for all
proposed classes of filters are not readily available and must be developed. With the
extensive testing times suggested, it is doubtful if NIOSH could test, process, and issue
approvals to all manufacturers for all the required new products in a two year time period,
even if they were available today.

NIOSH has not provided selection and use criteria. The protection factor module is
promised for late 1994. Without this information, however, manufacturers cannot begin
to finalize product designs or even begin to design and order needed manufacturing
equipment. After equipment has been ordered from a machine supplier, it typically takes
eighteen months before the new equipment can be delivered, installed, shaken down, and
started up to produce product.

Finally, prohibiting distribution of 30 CFR 11 approved respirators in the proposal is also
questionable since the products are outside the manufacturer’s control. Prohibiting
distribution would likely restrict the availability of products during the changeover
period, as distributors and users will draw down inventories to avoid the costs of obsolete
inventory.

¢) Extensions of approvals for products previously approved under 30 CFR 11:

NIOSH must continue to grant extensions of 30 CFR 11 approvals as long as
manufacturers are permitted to sell them (four years suggested). Situations may occur
that require a manufacturer to modify a product. If approval extensions cannot be
obtained, the manufacturer may be forced to discontinue a product necessary for the end
user to continue his plant operation in a safe and healthful manner. For example, a major
supplier to respirator manufacturers recently experienced an explosion in their plant
stopping all production for an extended period of time. Material substitutions by several
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manufacturers were required which required approval extensions. Without this option,
the manufacturer would be damaged economically as would the user.

16. §84.206(b) Particulate tests

This paragraph is confusing. It states, “...three such respirators will be tested, as
appropriate, in accordance with the provisions of §§84.180 through 84.186; however, the
maximum allowable resistance of complete particulate, and gas, vapor, or gas and vapor
chemical cartridge respirators shall not exceed the maximum allowable limits set forth in
§84.203”. Since §84.184 contains the particulate filter loading tests, does NIOSH intend
that airflow resistance be measured on complete units after filter loading? This is
inconsistent with §84.183 which has no airflow resistance requirements after loading. It is
also inconsistent with footnote 1 in the table in §84.203. NIOSH needs to clarify their

intention.

17. §84.70 Self-contained Breathing Apparatus; Description

This paragraph, while not a part of this revision, appears to have changed from its
counterpart in 30 CFR 11. Specifically, §84.70(b) has been subdivided differently, which
alters the descriptions of the devices. This appears to be an editorial error that NIOSH
should correct.

18. Summary

In summary, 3M believes the following items, discussed above, are critical to both
manufacturers and users to help assure the proposed 42 CFR 84 will become a useful and
improved regulation:

a) NIOSH should reconsider attempting to combine requirements for general
industry respirators with those of health care, specifically TB.

b) Retain both solids-only and solids and liquids approval classifications.

¢) Define “liquids” and select tests appropriate to water, solvent, or acid based
liquids.

d) Develop an alternate to dioctyl phthalate (DOP) as a test agent, such as paraffin
oil, already used in Europe.
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€)

g)
h)

)

k)

Change filter efficiency requirements for class A, B, and C from 99.97%, 99%,
and 95% to 99.97%, 95%, and 90%, respectively, so that Class B products will be
developed and introduced.

Drop the requirement of fit testing a particulate filter respirator with a vapor.
Reduce filter loading levels from 200 mg to 50 mg.

Rewrite PAPR requirements in a separate module, dropping filter loading to the
50 mg level to be consistent with other filters.

Relax statistical treatment of data to realistic levels that will allow for test, test
equipment, manufacturing, material, and product variations.

Extend “grandfather” period for new approvals to 30 CFR 11 criteria to six
months.

Extend “grandfather” period for manufacture and sale of 30 CFR 11 approved
products to four years, with approval extensions available throughout this period.
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DEVELOPMENT OF A NEW QUALITATIVE TEST FOR FIT TESTING
RESPIRATORS

H.E. Mullins, S.G. Danisch, and A.R. Johnston. 3M Occupational Health &
Environmental Safety Division. 3M Center Building 260-3A-07. St. Paul, Minnesota
55144,

A new qualitative fit test was developed using Bitrex™ as the test agent. It was
validated by running a series of paired qualitative and quantitative fit tests.
Quantitative tests were conducted with a small corn oil aerosol, using a
condensation nucleus counter as a detector. Qualitative fit tests were run with
Bitrex and saccharin, following the established protocol for the saccharin fit test.
Four models of NIOSH approved, replaceable filter respirators were used in the
study. All were equipped with high efficiency filters. In some cases, respirators
expected to be the correct size for test subjects were tested. In other cases,
respirators expected to be too small or too large for the subjects were tested. Test
results were analyzed using fit test method validation criteria recommended in the
American National Standards Institute draft standard on fit testing (ANSI Z88.10).
The Bitrex and saccharin tests were found to have virtually identical performance.

Both met proposed ANSI requirements for a valid qualitative fit test.



INTRODUCTION

The importance of respirator fit testing has become widely recognized. The U.S.
Oécupational Safety and Health Administration (OSHA) has long included a fit testing
requirement in its standard on respiratory protection®. More recent OSHA standards for
protecting workers against lead, asbestos, benzene, and other specific substances have
expanded fit testing requirements®. Increased emphasis on respirator fit testing is also
evident in the latest American National Standards Institute (ANSI) respiratory protection
standard, as well as in international standards such as the Australian Standard (AS) on

selection and use of respiratory protective devices®4.

Broad acceptance of fit testing by employers requires that tests be simple to use,
effective, and affordable. A number of qualitative and quantitative fit tests currently
exist®. Each has certain advantages and disadvantages. In general, qualitative fit tests
have the advantages of being simpler to use, easier to transport, quicker to conduct, and
less expensive to set up and maintain. Quantitative fit tests offer the advantages of
reduced subjectivity and expanded information about the magnitude of difference in the

way various respirators fit a given worker.

At one time, quantitative fit tests were often cited as preferred fit test methods. In fact,
the 1980 ANSI standard on respiratory protection allowed quantitative fit test results to
be used for estimating the level of protection respirators could provide in the workplace®.
That philosophy changed as researchers reported a lack of correlation between
quantitative fit test results and the amount of protection respirators were actually
providing™®. The current ANSI standard and the latest OSHA standards now treat both

qualitative and quantitative fit tests as pass/fail tests only©.



Although debate may continue about the virtues of qualitative versus quantitative fit
testing as more research is done, from a practical standpoint a majority of employers are
likely to select simpler versions of available fit testing alternatives. Today, that generally
means a qualitative fit test. The three most common qualitative fit tests are the isoamyl
acetate, irritant smoke, and saccharin tests®. The isoamyl acetate and saccharin tests are

considered to be validated fit test methods®,

All qualitative fit test methods have limitations related to filter selection®?. Isoamyl
acetate requires use of organic vapor cartridges. Irritant smoke requires use of high
efficiency filters. Saccharin requires use of an approved particulate filter (any class). If
one test is preferred over another, changing filters for a fit test may be an option.
However, if filters or cartridges have significantly different breathing resistance, face fit

results may be affected.

All qualitative fit test methods also have limitations related to sensitivity of test subjects.
Ability to detect the test agent is one concern. The type of response it elicits is another.
The involuntary response caused by irritant smoke is considered positive by some and
negative by others. Similarly, the sweet odor of banana oil and the sweet taste of

saccharin are considered positive by some and negative by others.

An additional qualification important for all fit test methods is suitability of the test agent
for human exposure. The National Institute for Occupational Safety and Health (NIOSH)
raised questions about use of saccharin due to a 1977 report showing an increased
incidence of bladder cancer in rats fed large quantities of saccharin®?. Further review of
the saccharin data has resulted in the conclusions that the carcinogenicity appeared to be a

function of the rats' metabolism, and that the same result would not be expected in



humans®», More recently, use of irritant smoke as a fit test agent was questioned due to

its potential to expose test subjects to high concentrations of hydrogen chloridet.

Isdamyl acetate, irritant smoke, and saccharin continue to be widely recommended
qualitative fit testing agents, and continue to be widely used with good success.
Nevertheless, availability of additional options for qualitative fit testing options would

clearly be useful.

After examining the positive and negative features of the existing qualitative fit tests, an
alternate qualitative fit test was designed to take advantage of the positive features of
each. It was concluded that the test agent should be a particle, suitable for use with any
type of approved particulate filter. Such a test agent would allow the test to be used with
all classes of particulate respirators. It would also allow gas and vapor respirators to be
tested by adding a particulate filter with minimal additional breathing resistance. The
particle size distribution of the saccharin mist was targeted (polydisperse aerosol with a
count mean diameter of approximately 2.3 micrometers). It was also concluded that the
test agent should have a more unpleasant characteristic than isoamyl acetate or saccharin,

but less of an involuntary response than irritant smoke.

A further requirement was that the test agent selected had to be of low toxicity.
Denatonium benzoate, commonly known by the trade name Bitrex™ was identified as a
suitable candidate. It is commonly used as a taste aversion agent in household liquids
that children should not be drinking. It carries an FDA approval and was included by
NIOSH on a list of possible qualitative fit test agents®?. Finally, a suitable fit test
protocol was needed. The published protocol for the saccharin test was selected due to its

current acceptance and past validation®'.



Once the test agent, materials, and protocol were identified, a suitable validation
approach had to be defined. Procedures for validating qualitative fit test methods have
been under active discussion within ANSI. A draft standard (ANSI Z88.10) has been
puBlished“”. It was selected as the basis for evaluating suitability of Bitrex as a fit test

agent.

EXPERIMENTAL DESIGN

Validation of the Bitrex qualitative fit test was conducted by running a series of paired
qualitative and quantitative fit tests. Male and female test subjects were selected based
on the anthropometric parameters of face length (menton-nasal root depression length)
and face width (bizygomatic breadth), following criteria recommended by Los Alamos
National Laboratory®. Test subjects were screened for sensitivity to Bitrex and
saccharin (which was run as a control). The Bitrex™ sensitivity solution was made by
dissolving 13.5 mg Bitrex in 100 ml of a 5% NaCl solution in water. The saccharin
sensitivity solution was made by dissolving 0.83 grams of sodium saccharin in 100 ml of
water. The sensitivity test included in the established protocol for the saccharin test® was

then applied to both test agents.

A Latin square design was used to randomize the order of sensitivity testing. Test
subjects were required to leave the lab area, get a drink, and rinse their lips in between
tests. Additionally, a nebulizer with pure water was used to ensure validity of taste
responses. Individuals found to be insensitive to either Bitrex or saccharin, or who gave
an incorrect taste response to water, were omitted from the study. Respirator experience
of test subjects selected was limited. Some had previous experience wearing respirators

for personal use, but none had worn respirators while performing their jobs and none had




- received training in respirator use. One further qualification was made. Since plans were

to use a condensation nucleus counter (CNC) as a detector for quantitative fit testing, test
subjects were asked if they smoked. If they did, they were asked not to smoke and to
avoid smoky areas for at least one hour prior to any testing to avoid possible interferences

with CNC particle counts inside respirator cavities.

Respirators selected for the study included four different models of NIOSH approved,
negative pressure, half mask respirators with high efficiency filters. Each model was
available in .three facepiece sizes. The only modification made to the respirators was
addition of a specially designed sampling probe to allow sampling inside the respiratory
cavities!”. Since the purpose of the test was to determine if a Bitrex™ qualitative fit test
would identify poorly fitting respirators, test subjects were sometimes provided with
respirators expected to fit well and sometimes provided with respirators expected to be

too large or too small for their faces.

The target number of paired qualitative and quantitative tests to run was set by reference
to the ANSI Z88.10 draft standard. It includes five minimum goals for data collection:
1) 100 paired qualitative and quantitative fit tests; 2) 50 quantitative fit tests resulting in
fit factors greater than or equal to the required fit factor; 3) 50 quantitative fit tests
resulting in fit factors less than the required fit factor; 4) 50 qualitative fit tests recorded
as passes; and 5) 50 qualitative fit tests recorded as failures. The required fit factor was
defined as 100 for this study, based on quantitative fit factor acceptance criteria

recommended for half facepiece respirators in the ANSI A88.2-1992 standard.

Validation work was initiated by testing each subject from a full 25 member panel with
four different respirators. An attempt was made to provide two correctly sized respirators

and two incorrectly sized respirators (one size too small or too large) for each test subject.



This approach resulted primarily in qualitative fit test passes and fit factors greater than
100. In order to meet desired data collection criteria, additional testing was set up in a
deliberate attempt to increase the number of qualitative fit test failures and fit factors less
than 100. One approach was testing of a large size respirator on seventeen test subjects
from the medium and small sectors of the face fit grid. Another approach was to test
another full 25 member test panel, but to deliberately assign improperly sized respirators
(too large or too small by one or two sizes) to all test subjects. This approach was
repeated with 9 additional test subjects with a variety of face sizes to allow the
recommended minimum number of qualitative fit test failures to be achieved. A Latin
square design was employed for all multiple respirator panels to randomize the order of

testing.

The paired qualitative and quantitative tests were conducted by running quantitative fit
tests first, followed by qualitative fit tests. The test agent for the quantitative tests was
corn oil. It was a polydisperse aerosol with a mass median aerodynamic diameter of 0.47
micrometers (count median diameter 0.28 micrometers) and a standard deviation of 1.45.
The aerosol was generated with a TSI Model 9306D Multi-Jet atomizer. It was fed into a
chamber with dimensions 8x8x8 feet. The concentration in the chamber was maintained

at 15 mg/m3.

For each test, the subject was asked to don a respirator, enter the test chamber, and
connect the tubing from the probe on the front of the respirator to a sampling port. The
sampling port led to a TSI Model 101 Condensation Nuclei Counter (CNC) capable of
operating in a single particle count mode or photometric mode. Once the connection was
made, the subject was asked to perform a standard set of one minute exercises®. Aerosol
penetration into the respirators was continuously monitored with the CNC during the

exercises. An IBM personal computer was used to store the data. An integrated fit factor




was then determined for each exercise, and an overall average fit factor calculated for

each test.

Folllowing completion of quantitative tests, subjects were asked to disconnect the
sampling line and exit the chamber without touching or adjusting the respirator. A plug
was then installed at the end of the sampling line, and qualitative fit testing immediately
conducted. Both Bitrex and saccharin tests were run The order of the tests was alternated
with each test sequence. A short interval was included between tests to allow any taste
from the first test to diminish. The fit test solution used for the Bitrex test was made by
dissolving 337.5 mg Bitrex in 200 ml of a 5% solution of NaCl in water. The fit test
solution for the saccharin test consisted of 83.3 grams per 100 ml of water. For both
tests, the published test protocol for the saccharin test was followed®. If Bitrex or
saccharin was tasted, the result was recorded as a failure. If no taste was detected, the

result was recorded as a pass.

It might be noted that the fit test solution for Bitrex deviated from that of saccharin in two
ways. First, the saccharin fit test solution was a saturated solution, versus less than 4% of
saturation for the Bitrex™ fit test solution. The taste response of Bitrex was too strong to
use a highly concentrated solution with half facepiece respirators. Secondly, salt was
added to the Bitrex solutions. This was done to increase the particle size distribution and

maintain particle size consistency for sensitivity and fit test solutions.

RESULTS AND DISCUSSION

A total of 151 paired qualitative and quantitative fit tests were run. One test subject gave

a questionable taste response during a qualitative test. He was run back through the



sensitivity test and found to be unable to provide a correct taste response. This resulted in
his test results being invalidated. Thus, as shown in Table I, a total of 150 valid data sets
were obtained. Each data set included a quantitative fit factor, a pass or fail for the Bitrex

test, and a pass or fail for the saccharin test.

As summarized in Table II, overall results were identical for the Bitrex and saccharin
tests. All test subjects with fit factors less than 100 had the same pass/fail response for
both tests. The lowest fit factors observed for subjects who passed the Bitrex and
saccharin teéts were 77 and 91. All but four subjects with fit factors greater than 100 also
had the same pass/fail responses for both tests. Of the four who had different responses,
two passed the Bitrex test and failed the saccharin test. The other two passed the
saccharin test and failed the Bitrex test. Thus, the overall number of passes and failures

were identical.

The ANSI Z88.10 draft standard includes a number of criteria for determining the validity
of a qualitative fit test. One criteria is test sensitivity. For test subjects with an
unacceptable quantitative fit factor (less than 100 in this case), the fraction failing the
qualitative test must be 0.95 or greater. Subjects with fit factors less than 100 failed the

Bitrex and saccharin tests 48 of 50 times, indicating a test sensitivity of 0.96.

A second criteria is predictive value of a pass. Among test subjects who pass the
qualitative fit test, a fraction of 0.95 must have an acceptable quantitative fit factor. Test
subjects with fit factors greater than or equal to 100 passed the Bitrex and saccharin tests

in 88 of 90 cases, indicating a predictive value of a pass of 0.98.

A third criteria is test specificity. More than half (0.5) the test subjects who have

acceptable quantitative fit factors must pass the qualitative fit test. Test subjects with fit




factors equal to or greater than 100 passed the Bitrex and saccharin tests 88 of 100 times,

indicating a test specificity of 0.88.

A fourth criteria is predictive value of a fail. More than half (0.5) the test subjects who
fail the qualitative fit test must have unacceptable quantitative fit factors. Of the 60 test
subjects who failed the Bitrex and saccharin tests, 48 had a fit factor less than 100,

indicating a predictive value of a fail of 0.80.

The ANSI Z88.10 draft also recommends that confidence limits be calculated to allow
uncertainty in the data to be considered. It is not specified whether 90%, 95%, or some
other confidence limits should be selected, or how they should be applied. Study results
summarized in Table III include 95% confidence limits. Lower confidence limits can be
calculated from these numbers; however, it is not believed to be practical to compare the
resulting lower confidence limit for test specificity to the acceptance requirement (0.95).
The number of data points needed for validation of a fit test becomes unreasonable. In
this case, 150 paired tests were needed to achieve 50 fit factors less than 100. A lower
confidence limit value equal to or greater than the 0.95 criteria for test specificity would
have required zero test subjects to pass the qualitative fit test and have a fit factor less
than 100. That is an unrealistic expectation for a test involving subjective opinion of test
subjects, especially when it is being validated by quantitative methods known to have

significant variability themselves.

A final recommendation in the ANSI Z88.10 draft is that an evaluation be conducted on
the distribution of fit factors obtained in the study. The purpose is to confirm that the
observed fit factors bracket the required fit factor value selected. The distribution of fit
factors used in this study is shown in Figure 1. Fit factors ranged from 2 to >50,000, with

approximately 35% less than 100. This is believed to be a reasonable distribution for half




facepiece respirators with high efficiency filters. Large numbers of fit factors less than
100 are difficult to generate without inducing face seal leaks or otherwise creating

artificial leaks that may not be relevant to field use of respirators.

Another useful way to look at the data is to compare quantitative fit test results for test
subjects who passed the qualitative fit tests versus quantitative fit test results for subjects
who failed the qualitative fit tests. These results are shown in Table IV. Bitrex and
saccharin qualitative fit tests are clearly effective tools for identifying poorly fitting

respirators.

CONCLUSIONS

Based on criteria established in the ANSI Z88.10 draft standard, Bitrex is a good
alternative to consider for qualitative fit testing. Substitution of Bitrex sensitivity and fit
test solutions into the established saccharin fit test protocol resulted in a qualitative fit test
method able to reliably predict unacceptable fit of half facepiece respirators. Bitrex also
shows good promise for use with full facepiece respirators. Since Bitrex has an
extremely strong taste response, it had to be diluted to less than 4% of a saturated solution
to allow its use with half facepiece respirators. Use of a more concentrated fit test
solution would be expected to allow delivery of a fit test aerosol suitable for full

facepiece respirators.

A fit factor of 100 was selected as the measure of reliable fit in this study, based on the
current recommendation in ANSI Z88.2-1992. Since that number is based on application
of an arbitrary safety factor of 10 to the assigned protection factor for half facepiece

respirators, it must be understood that ability to detect fit factors less than 100 (or any




other number) will not necessarily assure that respirators will fit well or provide their

rated level of protection under field use conditions.

Fit tests should be viewed as tools for helping to select suitably sized respirators for

individual workers, and perhaps more importantly, as training tools for helping workers

understand the importance of proper fitting and use of respirators. Passing a fit test is
expected to increase the likelihood of achieving acceptable protection in the workplace;
however, other factors such as respirator training, wear time, use habits, and maintenance,
along with Qariability in workplace contaminants and exposure levels, will be at least as
important as fit when assessing suitability of a respirator for protection of a specific

worker involved with a specific job.

Note: Bitrex™ is a registered trademark of Macfarlan Smith Limited.
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TABLE L. Description of Valid Data Sets

Pane] No. No. Test Subjects No. Valid Tests
1 25 100
2 17 17
3 25 24
4 9 9

Totals 76 150




TABLE II.. Results of 150 Paired Qualitative and Quantitative Fit Tests

Passed Bitrex™ Failed Bitrex™ Passed Saccharin Failed

Saccharin

Test Test Test Test
No. Tests with
Fit Factors <100 2 48 2 48
No. Tests with

Fit Factors >100 88 12 88 12




TABLE III. Performance of Bitrex™ and Saccharin Qualitative Fit Tests Vs. ANSI

7.88.10 Draft Requirements.

Validation Criteria  Calculation Method Test Study Confidence
Requirement  Results  Limits (95%)
Test Sensitivity Fail,,_,,/Total ;. >0.95 0.96 +0.05
Predictive Value of  Pass, /Total Pass  >0.95 0.98 +0.03
QLFT Pass
Test Specificity Pass,. /Total >0.5 0.88 +0.06
Predictive Value of  Failer<io/Total Fail >0.5 0.80 +0.10
QLFT Failure

Where: Failer<io = Number of qualitative fit test failures where fit factor was <100

Total,,_,,, = Total number of tests where fit factor was <100

Pass,..,,,= Number of qualitative fit test passes where fit factor was >100

Total_,,, = Total number of fit tests where fit factor was >100

Total Pass = Total number of qualitative fit test passes

Total Fail = Total number of qualitative fit test failures

95% Confidence Limits = 1.96 [P(1.00 - P)/n]1/2 ; When P = Study Result




TABLE IV. Fit Factors of Subjects Who Passed and Failed Qualitative Fit Tests

Test Subjects No. Tests  Geom,.MeanFF  Geom. Std. Dev  5th %tile FF

Pass Bitrex™ 90 2096 7.90 70
Fail Bitrex™ 60 30 3.98 3
Pass Sacchaﬁn 90 2095 7.90 70
Fail Saccharin 60 30 3.98 3

All 150 381 16.08 4
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Effect of Facial-seal Leaks on
Protection Provided by Half-mask

Respirators

William C. Hinds and Peter Bellin

University of California Southern Occupational Health Center, UCLA School of Public Health, Los Angeles, California 90024

Applications are presented of a computer model that gives the
performance (overall protection factor including filter penetration
and facial-seal leakage) of half-mask respirators for protection
against aerosols. Inpurt variables for the model are cype of filter
used. work rate of the wearer, QNFT-measured fit factor, and
size distribution of the exposure aerosol. Based on the model,
measurement errors due to loss of particles in leaks during qual-
itative fir testuing (QNFT) measurements with current equipment
are estimated to be less than 5 percent. but rthe change from high
efficiency test filters to regular dust, fume, and misc (DFM) filters
in use can reduce protection significancly. Overall protection fac-
tors are predicted for 33 industrial exposures based on assumed
QNFT fic factors of 20 and 50. In chese examples, DFM respirators
with a QINFT fir facror of 50 have predicted prorection factors
from 21 to 2900. depending on aerosol size distribution. Overall
protection factors for disposable and DFM filter respirators hav-
ing a given facial-seal leak are presented graphically for a wide
range of aerosol size distriburions and two work rates. Also given
is a contour chart showing the QNFT fic factor required to achieve
an overall protection factor of 20 or 50 for a wide range of aerosol
size distributions. For an unknown aerosol size distribution and
average respirator performance (half-mask wich DFM filters), a
QNFT fir factor of 15 or more is required to ensure an overail
protection factor of at least 10. Hinds, W. C.; Bellin, P.: Effect of Facial-
seal Leaks on Protection Provided by Half-mask Respirators. Appl. ind. Hyg.
3:158-164; 1988.

Introduction

Two mechanisms can diminish the respiraton protection pro-
vided by a half-mask respirator: 1) penetration through the filter
or cartridge and 2) facial-seal leakage. In most cases where res-
pirators are used for protection against guses or vapors, it is
reasonable to neglect the cartridge penetraton, in the absence
of breakthrough. if the respirator is properly selected and used.
On the other hand, for respirators used (o protect against aer-
osols, both paths represent potentially important avenues of ex-
posure and both are strongly particle size dependent! =20 thae
is, the exwent of exposure depends on the size of the acrosol

158 0822-8032/88/050158-0752.00 ‘= 1988 AIH

particles present. Furthermore. the particle size dependence is
controlled by the instantaneous flow rate through the respirator.
50 penetration and leakage depend on the work rate of the wearer
and are constantly changing during each hreatiing cvcle.

In normal use. the mass concentration and particle size dis-
tribution inside the respirator. that which the wearer is exposed
to. differ gready from that ouwside the respirator where these
quantities are usually measured. This makes esumation of a res-
pirator wearer's exposure in use and verification of adequate
protection a diffcult wask.

Despite these complexities, there are many situations for which
it is desirable to evaluate the actual exposure of a respirator
wearer, that is the concentration or amount of conaminant he
or she 15 breathing. Examples of such situations include the fol-
lowing: 1)good industrial hvgiene practice where it is alwavs
desirable 1o know the actual exposure experienced by each worker
(the “evaluation” component of “recognution, evaluation. and
control™), 2)epidemiological studies where accurate exposure
assessment is needed to establish associations berween exposure
and the occurrence of symptoms or disease, 3) liabilinv protec-
tion, 4) industrial hvgiene evaluation as follow-up to observed
occurrence of disease or symptoms, and 5)design and devel-
opment of improved respirators by respirator manufacturers.

Overall respirator performance for protection against aerosols
depends on 1) filter penetration, 2) facial-seal leakage (air flow
rate), and 3) particle penetration through fucial-seal leaks (the
relative abiliny of different size particles to pass through leaks).
All three depend on breathing rate which in wurn depends on
the work rate of the wearer, and the first and third depend on
the particle size distribution to which he or she is exposed. In
this paper, work rate is expressed in kg-m/min. A work rate of
0 kg-m/min corresponds o workers standing still or scated:
622 kg-mvmin (approximately 430 kcal'hr) represents moderate
to hard work that can be susuined for a period of several
hours. Inhaled volumes are 14.2 and 37.3L each minute for
0 and 622 kg-mvmin, respectively.!?) Work rate can exceed
622 kg-mvmin for brief periods such as emergency situations or
ladder climbing.

To put into perspective the role that the three factors identified
above plav in the performance of a respirator, the prediclive
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_';" over the normal range of work rures, a corn ol QNFT mea-
surement will indicate 97 percent of the potential mass leakage.
Although there are signiticant differences in light scattering over
the corn oil particle size range. leak penetration is not size de-
pendent in this size range. and, consequenty, the systematic
measurement error is slight.

These calculations were also snade using the recommended

-particle size limits for QNFT test aerosols given in ANSI Z88.2-

1980, specifically a MMAD of 0.5 10 0.7 pm and a GSD of 2.0 to
2.4.12) For these size distribution limits, the NaCl apparatus will
indicate 93 to 96 percent and the corn oil apparatus 77 t0 95
percent of the potential facial-seal leakage. The difference be-
tween the NaCl and corn oil results is due to the light scartering

effect described above.

In the above analysis, penetration through high efficiency dust.
fume, mist, and radionuclides (DFMR) filters was assumed to be
zero. Although high efficiency cartridge filters have much lower
penetration than DFM cartridge filters, great variation existed
among the four brands tested. At a steady flow of 10 liters per
minute (Ipm), average submicrometer penetration ranged from
0.0008 to 1.41 percent; at 100 Ipm, penetration ranged from 0.005
to 0.75 percent. Clearly, filter penetration can be neglected for
the most efficient filter but not for the least efficient. Indeed.
QNFT testing using the least efficient of the four DFMR filters
tested would not be able to measure fit factors greater than about
100.

TABLE |. Aerosol Size Distributions for Various Industrial Operations and Predicted
Overall Protection Factors for NFT Fit Factor of 20 and 50
Predicted PF*
QNFT QNFT
Operation MMAD,um GSD FF=20 FF=50 Ref.
- Mining
Open pil, general environment (ns)&< 25 47 36 67 13
Open pit, in cab (2) 1.1 2.4 26 48 13
Coal mine, continuous miner (27) 46 25 56 132 14
Coal mine. continuous miner (8) 15.0 29 158 386 15
Coal mine. continuaus miner (S0)¢ 17.0 KR 172 419 16
Coal mine. other operations (80) 1.5 28 122 298 16
Qil Shale mine (26) 28 35 39 79 17
Smelting and Foundry
Lead smelter. sintenng (7)° 1.0 24 130 22 18
Leag smelter, furnace (8)° i3 187 47 79 18
Brass foundry, pourning (4)¢ 21 103 38 64 18
Brass foundry. grinding (3)¢ 7.2 129 52 90 18
Iron lounary, general enviranment (1) 28 5.1 38 70 19
Iron foundry, general enviranment (4) 16.8 44 127 290 20
Be-Cu loundry, furnace (16) 50 24 59 142 21
Muciear fuel fabrication (66) 21 1.6 35 85 22
Non-mineral Dust
Bakery (6) 12.1 42 99 222 3
Cotton gin (5)¢° 471 27 1150 2860 24
Corton mill (10) 76 40 72 158 25
Swine canfinement building (21)¢ 96 40 83 186 26
Woodworking, machining, sanding
line moge (6) 1.3 27 27 51 27
coarse moae (6) 331 26 687 1710 27
Wood madel shop (9) 7.2 14 92 229 28
Metal Fume
SMA (stick) Welding (ns)® 0.38 18 17 25 29
MIG Weiding (ns)° 0.48 23 19 29 29
Lead tume (0,-Nal. gas) (5) 0.37 2.1 17 26 30
Mist and Spray
Pressroom. ink mist (10) 274 430 226 529 31
Soray painting, lacquer (ns) 6.4 34 68 152 32
Spray painting, enamel (ns) B 20 67 165 32
Aerosol spray products (6)° 6.4 18 76 189 3
Other
Forging (ns)® 55 20 65 161 4
Refinery, lluid calalytic cracker (4)° 6.2 24 70 17m 35
Cigarette smoke (diluted) (5) 04 1.4 17 25 36
Pistol Range (2) 26 38 7 73 37
Diesel exhaust (age = 5-6005) (5) 0.12 1.4 16 21 38

Predicied protection faciors are based on the lollowing assumptions: measured QNFT fit lactors are 20 or 50,
QNFT lest conducted 3l a work rate of 0 kg-m/min with perfect DFMR fillers having average resistance. respiator
is properly used al a work rale of 415 kg-m/min with average OFM lilters.
'NumuumpmenmwsInllmmummuummudmmuanmnmnu
lable are based. ns = number of size distributions nol specified.

CAverage values for MMAD and GSD used (median values used for all others).

OMass distnbufion parameters calcuialed from count distnbution data.
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PREFACE

The present project entitled "Aerosol Exposure in the
Working Environment" was conducted at the Danish Toxi-
cology Centre during the months of July through Decem-
ber, 1986.

The results obtained, as presented here, are based on
published literature (periodicals, monographs and other
reports), Danish data bank information and interviews
with the Danish Health Service Centres. We found it
necessary to use all three types of sources of inform-
ation in order to obtain a sufficiently broad but also
detailed picture of which aerosols workers are exposed
to in their working environments.

exposure to aerosols, the above-mentioned information

was combined with statistical information on the employ-
ment in the different branches in the Danish manufactur-

ing industry.

The amount of information generated in the project is
overwhelming, and from the basic facts presented numer-
ous new resulté can be calculated. It should i.a. be
possible to combine the lists presented on the occurence
of the different aerosols in the different branches with
statistical information on the employment in the same

branches in other industrialized countries.

However, we are of the opinion that the relative import-
ance of the solid aerosols as compared to the liquid
aerosols will be arproximately the same in all modern

industrialized countries of the western world.



The present report should initially be read in its
entirety so that the reader can be familiarized with the
stepwise methods (and procedures) we have developed in
order to get to the final picture and assessment of the
aerosol hazards in the working environment. Thereafter,
the report can be used as a manual or as a basis for

further assessments.

The authors want to express their gratitude to Mrs.
Birthe Arp Hansen, the National Labour Inspection, for
fruitful discussions at the early stages of the investi-
gation, and Mr. Ole Bruun, also from the National Labour
Inspection, for many good advices and fruitful discuss-

ions at all stages of the investigation.

Danish Toxicology Centre
Hgrsholm

E. Balieu Lisbeth Valentin Hansen
M.Sc. M.Sc.
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CHAPTER 1

INTRODUCTTION

1.1 General Remarks and Scope of the Investigation

Numerous materials of different origin and withdifferent
properties are being processed or otherwise used in our
mcdern industrialized society, and it is a well estab-
lished fact that some of these materials are more or less
dangerous to health. As human exposure to many of the
substances is an unavoidable complication, strong efforts
shall be made to minimize such an exposure. Preventive
measures are being taken of either administrative and
legislative nature or technical soclutions are introduced.

The more efficient way to deal with the problems is

4to. use _a combination of _these_principles.. ...
-t - __—__4—7_ > i:-.,‘"'_-‘-:r__""'— e S S e e TR
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However, one essential prerequisite of successful
implementation of countermeasures is that the range and
magnitude of exposure to the dangercus substances is
known. Other prerequisites are an indepth knowledge of
the properties of the substances with regard to e.g.
chemistry and toxicclogy and knowledge cf the possible
technical solutions, including their advantages and

limitations.

The scope of the present investigation is to make an

assessment of the nature of aerosol exrosure (air

pollutants in a rarticulate state) in the werking

environment i.e. to try answering the following imcortans

questions:

1) Wwhich aerosols, liquid and solid, are found in the
different branches of trade and industry, and in

related activities?



2) Which work processes give rise to the formation of
solid and/or ligquid aerosols?

3) How many people are exposed to solid aerosols, and how
many to pure liquid aerosols or liquid aerosols in

combination with gases and vapours?

The results of the present investigation are based on
statistical information on the number of employees in the
different branches of trade and industry and related
areas combined with information on the more important
working processes and operations used in the brances and
the types of air pollutants found, as described in

literature and in other sources.

1.2 Classification of Air Pollutants

Depending..on_their ghveice-chemicsl properties _air

pollutants'E*E§E=§E=ﬂﬁF§Eﬁ?33=TiﬁE¥3*6r-gaseous state.
Solid and liquid substances can be dispersed in air as
particles forming grit, dust, smoke, fume, mist or fog,
all of which are heterogeneous systems which can be
classified in common as aerosols. Gaseous substances,
instead of being dispersed, are dissolved in the air,
thus forming solutions of the gases or vapours in the

atmosphere.
Table 1

Classification of air pollutants.

State of Examples Classification
pollutants
Gaseous Gases, varours from Gases

liquids and solids

Liquid Srmoke, mist, fog
Aeroscls

Solid Grit, dust, fume, smoke




1.3 Definition of "Aerosols"

In the present context the term "aerosol" is used to
describe any particle, solid or 1liquid, which is su-
spended in air. The sizes of the particles as described
by their diameter may be in the range from 1000 u - 0.001
n depending on which materials they consist of as well as
the type of process by which they were formed.

Solid particles may either be pure chemical substances or
mixtures of them. Ligquid particles can be pure ligquid

chemical substances, solutions or suspensions

The particles in aerosols interact with each other as
well as with their surroundings. These interactions
greatly influence the stability of aerosol systems and
give rise to phenomena as coagulation, sedimentation and

vapourization. The major forces playing a role in these

A e —— e inertia,- grav;;x;--- RAERESA SRS ARSERC S .3J
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importance being dependent on the size a2nd mass of the

particles, electrostatic charges, veleccity of the

particles, temperature and pressure.

1.4 Basic Mechanisms for the Formation of Air

Pollutants in the Working Environment

Air pollutants are formed in the working environment as
by-products when materials are subjected to e.g. mechani-
cal forces or heat. Some materials are easily broken down
or evaporated, while others need a substantial raise in
temperature in order to be evaporated, or strong mechani-
cal impacts to be disintegrated and dispersed. The
initial formation of air pollutants during e.g. various
processes at elevated temperatures can te referred to as
primary processes. Once liberated to the surrounding
atmosphere by a primary process the air pollutants in
some cases can undergo secondary rrocesses, and they are

said to be rore or less unstable.



As an example of the formation of an seroscl by a primary
process, the spray painting aerosol can be mentioned. By
this process small droplets are formed initially by the
spray nozzle, but then in a successive step evaporation
of solvent from the droplets takes place as a secondary

process.

In some extreme cases the secondary processes are very
closely linked to the primary formation process (ultra
short time). This is the case e.g. when metal vapours are
formed at the very high temperatures used during welding.
The vapours formed initially condense immediately in a
secondary process forming particles of the metals or
oxidation products thereof. In such cases it is common
practice to consider the formation as only one primary
process giving rise to a solid aerosol (welding smoke),
and the gases generally referred to in connection with

the welding processes are of other origin e.g. nitrogen

oxides formed from the atmospheric oxygen and nitrogen or.

i L P

carbonmmﬁmm dioxide as a
shielding gas.

Basically aerosols can be generated either by evaporaticn
of materials and subsequent condensation or by dispersicn
of materials. These basic principles are used in the
laboratory in the different aerosol generators when
aerosols are to be studied. It is exactly the same
mechanisms which in the industrial environment gives rise

to the formation of zerosols as dust, smoke, fume, etc.

Formation of aerosols by evaporation and subsequent
condensetion can be expected in work processes involving
elevated temperatures, if the materials can be evapoc-

rated.

Formation of aerosols by disintegration and dispersicn
can be expected in those work processes where mechanical
forces are used e.g. cutting, ¢rinding, turning, spray-

irg, etec.



The formation of air pollutants in the working environ-
ment, specially aerosols, is in some cases the result of
rather simple processes and in other cases of complex
processes. Furthermore, in some cases rather stable
aerosols are formed e.g. grinding dust, whereas in other
cases more or less unstable aerosols are formed which can
undergo further transformations. As an example the spray
painting aerosol has already been mentioned. Further

examples are given in Figure 1.

Liguid aerosols
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1.5 Use of Respirators for Protection against Aerosols

When all other technical measures fail, respirators must
be used in the working environment to protect people

against inhalation hazards.

The air pollutants in the working environment exist
either as gases or as particulates (aerosols). In a
limited number of cases the same substances exist both as

vapours and as particles.

In some cases dnly aerosols exist consisting of either
solid or liquid particles, whereas in other cases only
gases or vapours exist. In a number of cases aerosols of
one chemical exist together with vapours of other
chemicals, thus forming a complex mixture. Whatever
situation is found in practice, it is essential for the

selection of proper respiratory protective devices of the
. type to.

filtering establish whether the air pollutants,

e are present-a Tras Gases LURDCULS)t. T T -
Where aerosols alone are present in the working environ-
ment suitable particle filters can be chosen, but when
aerosols exist in combination with gases or vapours,
socalled combined filters must be chosen. The particles
of some aerosols are solid (e.g. dust) whereas other
aerosols consist of liquid particles (e.g. mist) depend-
ing on the physical and chemical properties of the

materials forming the particles.

particle filters behave in different ways when filtering
solid particles and when filtering liguid particles. For
glass fibre filters e.g. the general tendency is that the
filtration efficiency for solid particles increases with
loading, whereas for liquid particles the filtration

efficiency decreases with loading.



Consequently, it is essential for the selection of
filters to have rather detailed information on the nature
and properties of the air pollutants, incl. information
on whether particles are solid or liquid, and whether

gases and vapours are present too.

Generally, filters of high efficiency against 1ligquid
particles are more expensive than filters with a corre-
spondingly high efficiency against solid particles.
Consequently, it seems reasonable to have two separate
classes of filters, one intended for use against solid
aerosols only, and one for use against solid and liquid
aerosols.

Another important difference between the filter types is
that filters having a high filtration efficiency against
solid aﬁd liquid 2erosols generally have higher air flow
resistance than filters having high efficiencies only

TEIemes secedeeciesi e se s 8921N0SL SOLId - 26

e resistance is more comfortable to wear than one with a

higher resistance.

This fact also supports the idea of having two classes of
aerosol filters, one for protection against only solid
aerosols, and crne for crotection against both solid and

liguid aerosols.

Furthermore, such a classification seems justified not
least if the ma-ority of aerosols found in the working
environment are sclid a2erosols. In the many cases where
liquid aerosols are gresent (e.g. spray painting work)

vapours are present acdditionally, and combined filters or

even air supplied eguirment will be needed to obtain

Froper respiratory protection.




1.6 How to gquantify Exposure in the Working Environment

The very simple question: "How many people are exposed to
aerosols in the working environment?" cannot be answered
in a simple way. In order to make an assessment of the
magnitude and importance of exposure in the working
environment to specific substances one should consider
what exposure is. In inhalation toxicology studies it is
common practice to quantify exposure as the product of
the concentration (c) of a certain substance and the time
(t) during which the substance is inhaled. Following this
concept in an assessment of aerosol exposure in the
working environment one should consider the number and
duration of situations in which one specific person is
exposed to a specific aerosol in a certain pericd of time
e.g. each day, each week or perhaps each year. In some
work situations, e.g. the spraying of crops in agricul-
ture, a realistic time span to consider would be a year

(seasonal work). .

This type of detailed analysis is almost impossible to
perform for the entire industry, because it will reguire
an indepth knowledge of the work routines etc. in each
individual factory and workshop, and the work routines
may differ substantially from factory to factory.
However, it can be made in a limited number of cases,
where individual factories or workshops are thoroughly

analyzed.

Another problem which is difficult to overcome, except in
analysis of individual workplaces in individual factories,
is the assessment cf exposure to more than one substance.
In the majority of factories and workshops it is not
unusual that several different substances will te present
as air pollutants, and they will be present more or less

simultanously.



This rises the question whether all peorle employed in
the factory will be exposed to all the different sub-
stances or only to some of them. One can imagine a
situation where one group of employces is exposed to one
specific aerosol while another group of employees is
exposed to another aerosol. Alternatively, both groups
may be exposed to both aerosols. The situation is
extremely complex in case more than two substances are
present, and only in an indeed very limited number of
investigations published in literature a more detailed

picture of the actual exposure has been given.

In an extensive investigation like the present one, it
therefore is impossible to quantify'exposure following
the above-mentioned principles, and the reason for this
is that the information available in literature, data
banks, etc. is not sufficiently detailed. Consequently,

we decided to try to give an estimate of the exposure to

.:-A.l._-'
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1.7 Exposure Indices

The method implies the use of socalled "exrosure indices"
for the individual branches and the individual zerosols.
The exposure index of a certain aerosol X in a certain
branch Y is the number of workers employed in branch Y
where aerosol X has been found to be present. The
exposure index of the aerosol X in all branches (l---Y)
is the total number of workers in all branches where
aerosol X is present. By classifying the aerosols in
solid aerosols and liquid aerosols, and classifying e.g

water based aerosols separately, the exposure indices for
the individual branches has been summed up %0 give an
estimate of the nurber of workers exposed to the classes

of aerosols chosen.

The following examrles can be given:




Example 1

Tobacco dust is a solid aerosol. It has been reported
present in the working environment during tobacco
manufacturing. According to statistical information the
number of people employed in the Danish tobacco industry
in 1984 were 2146. Among these, 1638 were wage earners
(workers). The exposure index of tobacco dust in the

branch of tobacco manufacturing consequently is 1638.

As tobacco dust has not been reported present in other
branches, the exposure index of tobacco dust in all
branches is also 1638 (the exposure indices for all other
branches are zero).

Example 2

Epoxy dust is another solid aerosol which has been
reported presemrt=E
branches 6f the Fabricated metal Indusfry aid in other
manufacturing industry.

If the number of workers employed in each of these

branches are as follows:

Furniture industry - 11361
Metal furniture industry 2876
Metal furniture industry other 642
Industrial paintshops 1262
Manufacture of agricultural machinery 4513
Other manufacturing industry 1273

Total No. of pecple (total exposure index) 21928

The exposure index for epoxy dust in each of the atove-
mentioned branches is the number of reople ercloyed in
the particular branches, and the total exposure incdex for
epoxy dust in all the branches is the total nurter of

peorle employed in all the branches.

n-certain -
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By performing this type of analysis for all the different
types of aerosols in all branches and grouping the
aerosols in solid and liquid aerosols, incl. water based
aerosols, it is possible to calculate a total exposure
index for solid aerosols and a total exposure index for
liquid and water based aerosols.

The exposure indices as calculated according to the above
principles will not give the true number of exposure
situations or exposed people, because it does not take
into account whether one group of people is exposed to
one aerosol and another group of people is exposed to
another aerosol or both groups are exposed to both
aerosols in the branch. The use of exposure indices as
cutlined in the above examples implies that all people in
each of the branches are potentially exposed to all types
of aerosols found to be present in the branch where they
are employed. The exposure index therefore is related to

the. -probability of exposure to.certain. aercsals i

-

e e T X B ey
TrTrTTeTeseees=eessgertain branches . However, the expostireinffceswils
a picture of the relative importance of the hazards

created by certain aerosols or classes of aerosols in the
branches of trade and industry and at related activities.

Taking the above-mentioned examples, the expostre indices
for tobacco dust and epoxy dust can be compared by

esulting figure indicates that

dividing them, and the
for each individual potentiall;'y/,exposed to tobacco _dust

there will be thirteen other individuals who are@otenti-
ally )exposed to epoxy dust. N

—
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CHAPTER 2

STATISTICAL INFORMATION ON TRADE AND INDUSTRY
AND RELATED ACTIVITIES

2.1 The International Classification System

In statistical work it is common practice to classify
industrial and economic activities in certain groups,
and the more commonly used system is the socalled ISIC-
system (International Standard for Industrial Classifi-
cation) as published by the United Nations (reference
1, this Chapter). The ISIC-system divides the different
industrial and economic activities in Major Civisions,
Divisions, Major Groups and Groups or Categories, and
each of these are assigned one-, two-, three-, or four
digit numbers for identification purposes. One major

.;.:—-.1:;__._...-..._-.—.--—-.-———9-—-—--— =

=, yir _1hidh:1s made-up

——— e

division 1s-efg I

of the four divisions: Coal mining, Crude petroleum and
Natural gas production, Metal ore mining and Other
mining. Among these Metal ore mining is further divided
into the groups Iron ore mining and Non-ferrous metal

ore mining.

A total of ten major divisions is described in the ISIC-
system, and they are further subdivided in order to
facilitate processing of statistical information e.g. on
the number of people employed in different industries.

The entire classification according to ISIC is given
together with further explanations in reference 1. The
major divisions are shown in Table 2.1. The more detail-

ed classification is given in 2nnex 1.

The use of the ISIC-system enables one to compare
statistical information on an international level i.e.
between countries in those industrialized parts cf the

world where the system has been adopted.
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In the present project the ISIC-system has been used for
linking together working processes and established or
presumed exposure to aerosols with the different groups
or categories of trade and industry in order to get
information on the magnitude of aerosol exposure in
industry and related areas with special emphasis to
potential exposure to solid aerosols vs. ligquid aero-

sols.

In the present report the term branch will be used at
random referring to the terms major division, division,
major group or group. As can be seen from the classi-
fications listed in Annex 1, some of the major divisions
are extensively divided in subsections (specially Major
édivision 3, Manufacturing) whereas other major divisions
are more broadly defined, e.g. Major division 5, Con-

struction, which is not at all subdivided.

2.2 The Danish Classification System .

The Danish statistical classification system is based on
the international ISIC-system. It is however more de-
c2iled, as further subdivisions have been added to the
croups. These subdivisions are characterized by a fifth
cdigit added to the international 4-digit code of ISIC.
The Danish classification system is described in refe-

rence 2.

2.3 Statistical Information on the Manufacturing

Employment in Denmark

Zxtensive information on the employment in LCenmarX in
the major divisions 2 and 3 (mining and quarrying, and

manufacturing) has been published (reference 2).

14.




According to the Danish statistical information the

number of workers (wage earners) constitute from 56 to
80 per cent of the total staff employed depending on
branch. The lower figure refers to the chemical industry
and the higher figure refers to e.g. the wood industry
and the textile industry. These different figures
Presumably reflect the different technological levels
acquired by the branches respectively. However, as a
mean value 70 per cent of the total staff employed in
the Danish manufacturing industry (ISIC-codes 31-39)
plus mining and quarrying (ISIC-code 29) are workers,
and it seems reasonable to anticipate that this figure
will be valid for the major industrialized countries of
Europe.

A survey is given in Table 2.2. A more detailed survey

is given in Danish in Annex 2 (reference 3).

155
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Table 2.2. Danish Employment in Mining and Quarrying and
Manufacturing, 1984

Total
employ- No. of wage Wage earner
ISIC-code Branch ment earners per cent of

29 . Mining & gquarrying 1127 821 72.8

30 Manufacturing 379477 267065 70.3
industry

31 Food, beverage 75331 58498 1746
and tobacco

32 Textile, wearing 29512 23321 79.0
apparel and leather

33 Manufacture of wood 23989 19161 ' 79.9
and wood products, '
incl. furniture

34 Manufacture of paper 33507 20760 61.9
and paper products.
Printing and publish-
ing

35 Manufacture cof che- 37247 20841 56.0
micals and chemical,
petroleum, coal,
rubber and plastic
products

36 . Manufacture of non- 17678 12907 73.0
metallic mineral
products, except
products of petro-
leum and coal

37 Basic metal indu- 6053 4659 7.0
stries :

w

38 Manufacture of fa- 150524 103079 68.
bricated metal pro-
ducts, machinery
and egquipment

39 Other manufacturing 5636 3339 68.1
industries
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CHAPTER 3

SOURCES OF INFORMATION IN THE PRESENT INVESTIGATION

3.1 Major Types of Sources of Information

The essential information in the present investigation
is information on the different types of aerosols found
to be present in the branches or which are presumed to
be present in the branches and information on the
employment in the different branches of trade and

industry and at related activities.

The information available on employment in the different
branches has been discussed more detailed in Chapter 2

.-t:;--w-;;v£=:z- JTHTn~£ ether - wzth the clasaLixcntxonnn£:mhe=¢waachns=1&-

= - N RSP Bhd At ‘international level, and wIll not

further discussed here.

Information on the occurrence of aerosols in the diffe-
rent branches stems from the following three rajor types

of sources:

l. Literature
2. Data bank infecrration

3. Questionnaires
The informaticn was collected during July-November,
1986. The final choice of sources was made after a

preliminary screening was carried out in June, 1986.

3.2 Literature Sources. Periodicals

The results of analysis of the working environment are
published in a variety of scientific papers in periodi-
cals, mecnograrhs, books, research reports, etc. which

are related to disciplines such as chemistry, medicine,

biology, aerosol physics, etc.
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Ten periodicals were chosen after the preliminary
screening process. The ten periodicals are shown in
Table 3.1. They were generally screened for information
published during 1981-1985. The three more important
ones were screened for information back to 1275. The
periodicals represent to the best of our knowledge the
most important sources for information on topics as
industrial hygiene, industrial medicine, occupational
health, accident prevention, etc. in the modern indu-

strialized countries.

3.3 Literature Sources. Monographs and Reports

In Denmark the Working environment Fund has teen estab-
lished under the Working Environment Act of 1977. This
fund is sponsoring research and investigation within the
field of the working environment in Cenmark. Most of the

results are published in monographs and reports in

areas or on specific harmful substances found in the
working environment, e.g. cobalt. Some of the reports
give detailed information on exposure, chemical ccmpo-
sition and particle size of aerosols found as air pollu-
tants in the working environment. Other reports are
based on the author's interpretation of different
aspects of environmental health in certain indus:ries

combined with interviews with the workers.

3.4 Data Bank Information

The Canish Labour Inspection (The [Carish XHeal:h and
Safety Executive) has filed workplace measuremenzs 1in
its own data bank "ATABAS" since January 1, 1983. ATARAS
is situated at the National Institute of Cccura:icnal
Health. The inforration stored is the resul: cf work-
place measurerents carried out in Cenmark in 211 tranch-
es of trade and industry and related areas. The measure-
ments were taken either because it was reccznizei :that
specific problems existed in the working envirIonment

( exposures exceeding current TLVS) or as a zorirs!l G

20

. = Danish_giving results of investigations-carried.ont-im.=
E—— ) — - $pecifié branches of trade and IndUStry and relsted —




S r———— -

preventive measures which had been introduced earlier
because problems had existed. Table 3.2 gives the number
of investigations carried out and analytical results
Stored in ATABAS. The data bank lists all the chemical
substances identified in the workplace measurements and
relates them to industrial branches, work processes and
products. The entry codes are ISIC-number (see Chapter
2), work processes (special code) and CAS-numbers. The
CAS-numbers are international code numbers used for
identification of chemical substances. An example on the
outprints from ATABAS is shown in Annex 2.

At an early stage of the present ihvestigation other
data bases were considered, primarily at DIMDI in
Germany and CIS (ILO, Switzerland). However, trial runs
on these either gave very little information of import-
ance for the present study or only information which was
already obtained from literature.

3.5 Questionmna

The Health Service in Denmark is a nationwide network of
health centres (BST-centres in Danish) which deals with
all aspects of health and safety in the working environ-
ment. They promote health and safety e.g. by assisting
undertakings all over the country in measuring physical
and chemical hazards, and they cive recommendations
regarding technical installations and other matters of

importance. At present they do not cover all branches.

A detailed survey of the branches covered by the Health
Service is given in Annex 3.

The staff of the Health Service includes chemical
engineers, physicians, technicians, nurses, physiothe-
rapists, etc. They are all in very close contact with

the undertakings in their local communities.

i F-r;.r*-"
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Table 3.2.
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Number of Investigations and Analytical

~Results registered in ATABAS

Investigations

Analytical results

1983 1984 1985

1892 1833 1659

13284 13078 11955




Of prime importance is that the centres have a thorough
knowledge on the working environment at local level. The
centres were asked to fill in questionnaires (example in
Annex 4). More specific, they were asked to give inform-
ation on the Occurrence of aerosols in the working
environment according to measurements carried out by the
Centres or according to their general experience obtain-
ed during their visits to the undertakings. More detail-
ed, they were asked where aerosols occur, which sub-
stances they consist of and from which work processes
they originate. A further important question was whether
gases or vapours are pPresent additionally. They were
also asked to classify the aerosols in either of the
three groups: Solid aerosols, liquid aerosols and water
based aerosols. ‘

For further details regarding the questionnaires Annex 4
should be consulted.

e ——— T L L S
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understood the Questionnaires were sent to 4 selected

——— g -

e
In order

Health Service Centres with a request for comments, and
minor changes based on these comments were introduced
before the final distribution of the questionnaires.

3.6 Practical Difficulties in the Interpretation

of Information from the Different Sources

In the present investigation the major gquestion to be
answered is whether a substance is FPresent in the
working environment as an aerosol or as a gas ( vapour).
In many papers published, €.9. epidemiological studies,
the authors have been more concerned with giving descrip-
tions of the harmful effects of the substances to the
major target organs, e.g. the liver of the exposed
Feople. The physical state and the chemical composition
of the air Follutants found in a certain industrial
environment is not in all cases unambiguously described,
and in such cases ir is difficult to make a2 clear
judgement as to whether the substances exist as derosols

Or gases (or even in both states).
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If the working process is more or less described, this
will give a valuable indication of the nature of the air
pollutants formed. Also indirect conclusions can be
drawn if the chemical substance is identified and is
generally known to be of low volatility. Another method
is to look at the sampling methods used, if they are
described, or the use of specific instrument types in
the analysis. It is logical to assume that when filters
are used during sampling, the substances identified have
been present at least partly as particles, whereas when
e.g. charcoal tubes have been used for sampling, the
substances identified have been present as gases or

vapours.

In a number of workplace investigations no direct
sampling methods (e.g. filters or cascade impactors)
have been used. Instead biological monitoring were used.

This method implies that samples of blood or urine are

et

m
foult *o decide whether‘the heatE g SUDSEENTCES WeLre -

present as aerosols or gases and vapours.

taken_ from_the people exposed In_such gcases it may be

The difficulties in interpretation of the published
information are also met in evaluation of scme of the
data from ATABAS. The substances listed in ATABAS are
listed by name and CAS-number, and it is obvious that
e.g. cadmium and its inorganic compounds will be present
as dust, as any chemist would know. Less straight
forward is the answer in the case of ¢-pinen which is an
organic solvent of relatively low volatility, and a

molecular weight of 136 (C oF In this and similar

16)
cases it has been necessary to check with the National
Institute of Occupational Health which sampling method
they actually used when taking their measurements. In
the case of a-pinen a filter method was used, and
consequently it could be established to ke present as an

aerosol.
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As referred to previously, it has also been important in
the present investigation to obtain information on
whether gases or vapours are present in addition to the
aerosols, either because the aerosols themselves are
sufficiently volatile or because other substances of
high volatility are being used in the same work process
©r at another work process in the neighbourhood. This
type of information is frequently given in the papers
published in the periodicals, in monographs and reports
and in the questionnaires from the Health Service
Centres. However, it is not given in the outprints from
ATABAS and can only be obtained by going back in the
files and going through the original reports which form
the basis for the ATABAS registration. At Present, at

least 6000 original reports are filed.




CHAPTER 4

AEROSOLS REPORTED PRESENT IN THE WORKING ENVIRONMENT

4.1 General Survey

The result of the systematic screening of the sources
referred to in Chapter 3 is given in Tables 4.1 - 4.6.
Results from the literature are given in Table 4.1
(solid aerosols) and Table 4.2 (liquid aerosols, incl.
water based aerosols). Tables 4.3 and 4.4 give results
obtained from the data bank, and Tables 4.5 and 4.6 give
results from the gquestionnaires also grouped as solid

and liquid aerosols.

In each of the tables the aerosols have been listed

alphabetically, and to each aerosol, branch codes on

_two-digit level, have been_added. The nch codes cgg.=,

bra
':ﬁds;zs?br identifying th&gé}kimA-%?P@@imﬁﬂi-,
aerosols have been reported to be present or are assumed

to be present. For translation of the code numbers, the
reader is referred to the survey given in Annex 1.

In those Tables where liguid aerosols are listed,
information is also given on whether the aerosol is
water based, in which case a "W" is added, or whether on
some occasions it is water based which is indicated by
“(W)". Furthermore, the additional presence of vapours
has been referred to as far as information has been
given or in case the presence of vapours can be predict-
ed.

4.2 Number of different Aerosols reported present in

the Working Environment from the different Sources

of Information.

The number of different aerosols reported from the
different sources of information is given in Table 4.7.
It shall be stressed that on many occasions the diffe-
rent sources of information refer to the same aerosol,

e.g. aluminium cr mineral oil.

d-—
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Table 4.1
_—

Solid aerosols referred to in literature
and correlated to ISIC-divisions.

Actinomycin spores 11

Aflatoxins 11, 71

Aluminium 37

Aluminium fluoride 37

Aluminium oxide 37

Antigens 11}

Arsenic dust 32, 37, 38

Asbestos 29, 22, 34, 36, 37, 38, 41, 50, 71, o5

Bacteria and fungi 11, 32, 92
Beryllium 37, 38, 4]

Benzidine dust (benzidine sulfate) 35
Bitumen fumes 32, 35, 50

Cadmium 37, 38

Cadmium selenosulphide 35
Cadmium sulphide 35, 37
Calcium (salts) 35

Carbon black 35 N —
Chlorophenols and .wiox LOualild ToTh o . e, o
Chromium 32, 35; Al ah i ) T T )
Coal dust 21, 41

Coal tar fumes 41

Cobalt 27

Copper 237

Cotton dust 31, 32

Cured rubber dust 35

"Dust” 11, 22,31, 32, 34, 35, 36, 37, 38, 71, 92

ECTA 31
Endotoxins 11, 32
Enzymes (trypsin-like) 3]

Fibres 35

Flax 32

Flourz 131, 33

Fluorides 37

Fluorochemicals (ammoniumperfluorooctanoic acid)
Fungi 11, 34

(Y]
wn

CGranite dust 29
Grain dust 71
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Hemp 32
Hydroquinones and
other benzenediols 35

- Insecticides and pesticides 11,93
Iron 37, 38
Iron oxide 37, 38
Ispagula powder 35

Lead 34, 35, 36, 37, 38, 71, 95
Leather dust 32
Lipopoclysaccharides 11

Magnesium (salts) 35

Manganese dioxide 38

Mercury 35

Metal aercsols 22, 37, 38

Mica 29, 11, 50, 38

MMMF (incl. mineralwool) 36, 35, 50
Molybdenum 37

Nickel 37, 41, 38
Nickel oxide 37

e s . ; E e

g2, 92

PAH'Ss 22, 31, 35, 37, 41, ¥1, 63
PCB's 41

Phosphoric acid 31, 38

Pigments 35

Potash dust 29

Pottery dust 38

Pulverized fuel ash (fly ash) 41

Quartz (silica) 29, 37, 218
Radicactive aerosol (uranium dust) 23

Seleniurm

Silanes (giving fine silic-dust) 38
Sodium hydroxide 31

Soldering smoke 38

Soot 35, 38, 92

Sulphate

Tale 29, 35

Tea dust 31
Titaniuvm dioxide 35
TNF-dust 34
TNT-dust 35

Tobacco dust 31




Vanadium pentoxide 37
Vegetable dust (fibres) 32

Welding smoke 38, 41
Wol fram 37, 38

Wood dust 12, 33

Zine 37, 238

29,
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Table 4.2

Liguid and/or water based aerosols referred to in literature and
correlated todivisions. Additional information on the presence of
vapours and gases.

Cleaning agents W, 31, 38, 92

Cooking fumes 31
Cutting oils (W), 38

Epoxy and polyurethane aerosols (car painting) 95, (org. solvents)

Ink aerosol (from ink-jet recorders in hospitals) 93, (org.solvents)
Ink mist (newspaper printing) 34, (org. solvents)
Isocyanates 95, (wvapours)

Lubricants (W), 38

NTA (nitrilotriacetic acid) W, 38

0il mist 37, 38, (in some cases vapours)
Oxalic acid W, 71 (vapours may be present)

PCB's 41, (vapours may be present)
Phthalate esters 35

Silicon oil mist 37

Soot 35

Spray painting (W), 95, (in many cases vapours of organic solvents)
Sulphuric acid mist W, 38 (in some cases sulfur oxides)

Triethanolamin W, 38

Totally 18, incl. 9 water based

water based
water based in some cases

=
non
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Table 4.3

Table of solid aerosols identified from ATABAS

and correlated to ISIC-divisions.

Aluminium and aluminium oxide 37, 38, 39
Antimony 36, 38, 95

Arsenic compounds 33, 36, 38, 50, 9]
Asbestos 38, 43, 50, 91, 93, 95
Asphalt 50

Beryllium 37, 38

Cadmium and its inorg. compounds 37, 38, 39, 93, 95

Calcium hydroxide 37

Christobalit (resp.) 37

Chromium and chromates 33.34,35,3?,38,39,50,71.91.92,93,95,36,41

Cobalt and its inorg. compounds 23, 38

Copperdust.copper smoke95,33,35.36,37.38.39,41.50,61,71,91,92.
94,34,93

Cotton dust 32

Epoxy dust 33, 38, 39

_Fibres, non MMME}e£?SPiEQbiﬁaéﬂgiﬁgﬂilgaPi!éb1e_34t 36, 91, 93
" Pluorides 38, 92,93 —— =o€ —

Iron oxide 33,35,36,37.38,39,41,50,61.71,91,92.93,95
Lead ll.33,34,35,36.37,38,39,41,590,61,?1,91,92,93,94.95

Magnesium 37
Manganese and its compounds 36, 37, 38, 39, 50, 61, 93
Mineral‘ﬂust.11.31,32.33.34,35,35,37,38.39,41,50.61,71.91.92,93.94,95
MMMF, non-respirable, respirable and total 23,29,33,35, 36,37, 38, 39, 41
50,61,71,91,92,93,95

Nickel (metal and its compounds) 36, 37, 28, 39, o3

Organic dust 11,31,32.33,34.35,36,37,38.39,41.50.61.71,91:93r95

PAE 31, 94
Pheospheric acid 38
Phthalic acid eanhydride 35

Quartz 23,29,31,36,37,38,41,50,71,83,92, 35,93, 95
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Respirable dust 31, 34, 36, 37, 38, 41, 61, 92, 93

Selenium 61, 91
-Silver and its soluble compounds 38
Sodium hydroxide and other sodium containing compounds 38, 31, 35,93

Tin, organic 37, 38, 392, 95

Tin, inorganic 33, 34, 37, 38, 39, 91, 93
Tobacco dust 31

Total dust 32, 91, 93, 94

Welding smoke 38, 39, 93
wood dust 33, 38, 50, 91, 93

Zink oxide 33,34,35,36,37,38,39,41,61,71,91,92,93,94,95
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Liquid and/or water based aerosols identified from ATABAS and
correlated to ISIC~-divisions. Additional information on the
Presence of vapours and gases.

_..,__..._..,_.._____.___.__.,,__,____________..____-____....____.__.._____,__-__

MDI 32, 33, 35, 36, 37, 38, 39, 41, 50, 91, 93, (vapours)
Mineral oil 32, 33, 34, 38, 50, 93, 94, 95, (in some cases vapours)

-Pinen 32, (vapours may be present)

Sulfuric acig (W) 34, 38, 93, (in some cases sulfur oxides)

TDI 32, 34, 35, 36, 38, 91. 93, (vapours)

= =Y s ——

T rr———— e - —— . = e

Totally 6, incl. 1 water based

W
(W)

water based
water based in some cases
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Table 4.5

Solid aerosols identified from BST-questionnaires
and correlated to ISIC-divisions

Acrylates 32

Aluminium 38

Aluminium oxide (carbon monoxide may be present) 38
Ammonium chloride 38

Asbestos 38, 50

Bacteria (viruses) 92

Calcium 35

Cement dust (o0il and other hydrocarbon vapours may be present) 36,50
Chromium and chromates 33

Cleaning agents 31

Concrete dust 36

Copper (carbon monoxide may be present) 33, 35, 38

Dust (phosphine and formaldehyde) 35
(in some cases also 0il vapours and other organic vapours) 36, 38
(in some cases nitrogen oxides, carbonmonoxide & dioxide) 92,95

e e LDTUGS _(isopropancl may be present). 35 ..

— Tmes pue ——— - —ras s rrimr—— s - - ———a AT

Enzymes (organic solvents may additionally be present) 31
Epoxy dust 38

Fluorides 35
Fly ash 36
Fumes (formaldehyde and phencl) 33

Gold (sulfur dioxide) 37

Iron (carbonmonoxide) 35, 38
Iron oxide 36, 3B

Lead (carbonmonoxide) 35, 38
Lead oxide (carbonmonoxide may be present) 38

Melamine dust (formalédehyde) 35
Me<=als 36

Mezal oxides (sulfur dioxide) 37, 38
MMME 36, 30




5.
Organic dust 35
 Pesticides (vapours) 35
Polypropylene (vapours of decomposition products) 35
PVC-dust 35
Quartz (Carbonnnnoxide.hydrocarbons, sulfur dioxide, isopropanol)
36, 38

Silver (sulfur dioxide) 37
Soot 92

Titaniumdioxide 35
TNT-dust 35
Tobacco dust (flavour) 31

Welding fume (Nitrogen oxides, ozone, carbon monoxide) 35, 36,38, 71
Wood dust (incl. glue dust) 33, 36, 50

Zinc 38
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Table 4.6

Liquid and/or water based aerosols identified from BST-questionnaires
and correlated todivisions. Additional information on the presence
-of -vapours and gases.

Arsenicals W, 33

Bacteria (viruses) W, 92
Bitumen 95

Ceramic materials W, 36

Chlorothene 95, (also vapours)

Chromates w, 33 .

Cleaning agents W, 31, 38, 71 (in some cases also vapours)
Cobalt aluminate W, 36

Concrete dust W, 36

Copper W, 33

Dust 38, 95 (in some cases o0il and white spirit vapours)
(also in some cases CO)

Fatty acids W, 35

Hydrochloric acid W, 35, 38 (hydrogen chloride)

_____ e e e o R

Mineral oil (W) 31, 36, 28, 50, 95
(in some cases MOy and CO, CO3)

Organic solvents 71, 95 (vapours)
Oxalic acid W, 71 (vapours may also be present)

Pesticides 35
Polyurethanes 50 (isocyanates, amines, org. solvents)

Silicone oils 36
Sodium hydrogen sulfite W, 31 (sulfur dioxide)

Spray painting (W) (solvent vapours) 33, 35, 38, 50, 71, 9
Sulfuric acid W (sulfur dioxide) 35, 38
Waxes (org. solvents may also be present) 95

Totally 23 incl. 15 water based

W
(W)

water based
water tased in some cases
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Table 4.7

Number of Aerosols recorted from the different Sources

of Information.

Source of No. of solid No. of liquid aerosols
information aerosols reported reported, incl. water

based
AT i 151 3 e B
ATABAS 39 6 ( 1 water based)
Questionnaires 41 23 (15 water based)

—-—-...-———_--———--——-—_—_—_--.—_——-._—__...-—_—.._-_..-...____——q-————

4.3 Alphabetical Lxstlng of Solld and quﬂld Aerosols

-and Main Entry ﬁm v.:--—--k RS

The combined results of our investigation have been
listed in Tables 4.8 and 4.9 for solid aerosols and
ligquid aerosols, respectively. In the tables information
is given for each aerosol on the branch or branches
where the aeroscl has been reported present. The branch
codes are given on two-digit level.

The tables shoul? te consulted when the reader wants to
know whether a sgecific type of aerosol has been

reported to be rresent in the working environment.
Furthermore, the tables can be used as 2 main entry to
the branch or branches in which it has been reported to

be present.

Eventually, information is given, as far as possible,
on whether gases or vapours are addit icnally present.
For the liquid aerosols (Table 4.9) information is given
whether the aercsol is water based, W, or water based in

some cases, (W).




Sl,_4“,____.Chln:ophgncls (and wood dust) 12, 35
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Table 4.8. Solid Aerosols in the Working Environment

Actinomycin spores 11

Acrylates 32
- AFlatoxins 11, 71

Aluminium 37, 38, 39

Aluminium fluoride 37

Aluminium oxide 37,38,39 (Carbon monoxide may be present)
Ammonium chloride 38

Antigens 11

Antimony 36, 38, 95

Arsenic compounds 32, 33, 36, 37, 38, 50, 91

Asbestos 29, 32, 34, 36, 37, 38, 41, 50, 71, 91, 93, 95
Asphalt 50

Bacteria and fungi (incl. viruses) 11, 32, 92
Benzidine dust 35

Beryllium 37, 38, 41

Bitumen fumes 32, 35, 50

Cadmium and inorg. compounds 37, 38, 39, 93, 95
Cadmium selenosulphide 35

Cadmium sulphide 35, 37

Calcium (incl. salts) 35, 37

Carbon black 35
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Chromium and chromates 32,33,34,35,36,37,38,39,41,50,71,91,
92,93,94 (Carbon monoxide may be present)

Cleaninc agents 31

Coal dust 21, 41

Coal tar fumes 41

Cobalt and its inorg. compounds 33, 37, 38

Corncrete dust 36

Copper dust, smoke 33,34,35,36,37,38,39,41,50,61,71,91,92,
93,94 (Carbon monoxide may be present)

Cotton dust 31, 32

Drucs 25 (Isopropanol may be present)
Dust 11,22,31,32,34,35,36,37,38,71,92

T

dotoxins 11, 32
Enzimes (trypsin-like) 31
Epoxy dust 33, 38, 39

rFibres 34, 35, 36, 91, 93

Flax 22

FPluorides 33, 37, 28, 92, 93

Flevr 11, 31

Flucrocremicals (ammeniumperfluoro octanoic acid) 35
Fly agn 25; 36

Fures (formaldehyde and chenol vapours) 33

Funzi X1, 34
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Gold 37 (sulfur dioxide)
Grain dust 71
Granite dust 29

Hemp 32
Hydroguinories and other benzenediols 35

Insecticides and pesticides 11, 93

Iron 35, 37, 38 (in some cases carbon monoxide)
Iron oxide 36,37,38,39,41,50,61,71,91,92,93,95
Ispagula powder 35

Lead 11,33,34.35,36,37.38,39,41,50,61,71.91,92,93,94,95.
(in some cases carbon monoxide)

Lead oxide 36, 37, 38 (in some cases carbon monoxide)

Leather dust 32

Lipopolysaccharides 11

Magnesium 37

Magnesium salts 35

Manganese and its compounds 36, 37, 38, 3%, 50, €1, 93

Melamine dust 35

Metals 22, 36, 37, 38

Metal oxides 37, 38 s Wl s B v i

Mica 11, 29, 38,-50-~ -\ s o

Mineral dust 11,31.32,33,34.35,36,3?,38,39,41.50,61.71,91,
92,93,94,95

MMMF 23,29.33.35,36,37,38.39,41.50,61,71,91,92,93.95

Molybdenum 37

Nickel 37, 28, 41
Nickel oxide 37
Nickel and its compounds 326, 37, 38, 39, @93

organic dust 11,12,31,32,3 »34,35,36,37,38,39,40,41,5C,61,

kl
71,83,91,92,93,95

PAHs 22, 31, 35, 37, 41, 63, 71, 94

PCBs 41

Pesticides 33 (vapours may be rresent)

Phosphoric acid 31, 38

Phthalic acid anhydride 35

Pigments 35

Polypropylene 35 (vapours of decomposition products max be

Potash dust 29 Fresent)
Pottery dust 38
PVC=-dust 35

Quartz (silica) 23,29,21,35,36,27,38,41,50,71,83,92,923,95

Radicactive aerosol (uranium dust) 23
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Selenium 61, 91

Silanes 38

Silver and its soluble compounds 37, 38

Sodium hydroxide and other sodium containing compounds 31,35,
38,93

Soldering smoke 38

Scot 35, 38, 92

Talc 29, 35

Tea dust 31

Tin, organic 37, 38, 39, 95

Tin, inorganic 33, 34, 37, 38, 39, 91, 93
Titanium dioxide . 35

TNF-dust 34

TNT-dust 35

Tobacco dust 31

Vanadium pentoxide 37
Vegetable dust (fibres) 32

Welding smoke 35, 36,38,39,41,71,93 (numerous different gasis in
different high and low concentrations may be present)
Wolfram 37, 38
~--:--- - -—-Wood dust 12, 33, 36, 38, 50, 91, 93 o ey ey s e b SRR B
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Zinc 37, 38
Zinc oxide 33,34,35,36,37,38,39,41,61,71,91,92,93,94,95




Table 4.9. Liquid Aerosols in the Working Environment

Arsenicals 33, W

Bacteria 92, W
Bitumen 95
Borine compounds 38, W

Ceramic materials 36, W

Chlorothene 95 (also vapours)

Chromates 33, W

Cleaning agents 31,38,71,92, W (in some cases also vapours)
Cobalt aluminate 36, W

Concrete dust 36, W
Cooking fumes 31
Copper 33, W
Cutting oils 38, (W)

Dust 38, 95 (in some cases also wvapours of oil and white
spirit, CO in some cases)

Epoxy and polyurethane aerosols 95 (solvent vapours)

Fatty acids 35, w

1.6-Hexyldiisocyanate 38, 50, 91, 95 (vapours)
Hydrochloric acid 35, 38, W (hydrogen chloride)

Ink aercsol 23 (org. solvents)
Ink mist 34 (org. solvents)
Isocyanates 95 (vapours)

Lubricants 38, (W)

MDI 32,33,35,36,37,38,39,41,50,91,93 (vapours)
Mineral oil 31,32,33,24,36,38,50,93,94,95, (W)
(in some cases vapours)

NTA (nitrilotriacetic acid) 38, W

Cil mist 37, 38 (in sore cases vapours)
Organic solvents 71, 95 (wvapours)
Oxalic acid 71, W (in some cases vapours)

PCBs 4l (in some cases also vapours)
Pesticides 35

Phthalate esters 35

d-Pinen 32 (vapours may be present)
Polyuretranes 50 (vapours)

41.




Silicone oil 36, 37

Sodium hydrogen sulfite 31, W (sulfur dioxide)
Soot 35

Spray painting aerosol 33,35,38,50,71,95, (W)

- (in some cases vapours)
Sulfuric acid 34,35,38,93,(W) (sulfur oxides)

TDI 32, 34, 35, 36, 38, 91, 93 (vapours)
Triethanolamine 38, W

Waxes 95 (solvent vapours may be present)

- "-u-v-~~?-*h—~#-"-4-~w-?o%ally-14* different aerosols have-been.ideéntified .im ...
our investigation. The number of solid aerosols is 105,
and there are 41 ligquid aerosols. Among the liguid
aerosols, 15 have been identified as water based, and
furthermore 4 have been identified as being water based
under some circumstances. The results are summarized in
Table 4.10.

Table 4.10

Nurmber and physical State of identified Aerosols

Total number Liquid Wwater tased

of a2erosols aerosols aercsols




CHAPTER 5

WHICH AEROSOLS ARE FOUND IN THE DIFFERENT BRANCHES?

5.1 Distribution of Aerosols in the Divisions

In order to give a survey of the occurrence of aerosols
in the divisions, the Tables 5.1 (solid aerosols) and

§.2 (liquid aerosols) are presented.

The aerosols are listed alphabetically in each of the
divisions. The tables give an impression of the number
and types of aerosols occurring in each division. In
these tables reference is not given to any additional
presence of gases or vapours. For this information the
reader is referred to the tables in the previous Chapter
4.

5.2 Number of Solid and Liquid Aerosols, incl. Water

based Aerosols, in the branches

Table 5.3 gives the number of solid and liquid aero-
sols, including water based aerosols, in the divisions.
Not surprisingly, it can be seen that the greatest
number of aerosols are found in the divisions 31-39
which covers the manufacturing industry (Major division
3), and within these divisions the highest score is
found in division 38 which is manufacturing of fabric-
ated metal products, machinery and equipment. In this
division, totally 58 aerosols have been found. Among
these, 43 are solid aerosols and 15 are liquid aerosols.
CEf the 15 liquid aerosols, 5 are water based and 10 are

other liquid aerosols.

A substantial number of solid as well as ligquid aerosols
is also reported in division 95. The total number of
aerosols in this division is 23, and the major contri-
bution seems to stem from the automobile repairing

workshors.

43.
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From the columns of the table several conclusions can be
drawn with regard to the relative importance of solid,
liguid and water based aerosols. It can e.g. be seen
that in some divisions, e.g. 11 and 12, no liquid
aerosols have been reported. Of particular interest is
the information on the number of liquid aerosols,
including water based aerosols, in per cent of the total

number of aerosols.

The Tables 5.1 and 5.2 should be consulted when the
reader wants information on which aerosols have been
reported present in a certain branch (division). Table
5.3, together with Fig. 2, is intended to give a compre-
hensive view of the occurrence of liquid aerosols as

compared to solid aerosols.

Of special importance for the choice of respirators for
protectlon against aerosols in the worklng env1ronmenh7:
smber “of-s0lid “and —we: S

their percentage of the total number of aerosols in the

working environment. In the present drafts for the
forthcoming European standards on respirator filters i=
has been suggested that in some of the filter classes,
filters shall be classified according to their ability

to protect against:

1) Solid aerosols, including water based aerosols
and
2) Solid and liquid aerosols.

This classification seems reasonable in the light of the

results given in the last column of Table 5.3




Table 5.1

Occurrence of solid aerosols in the different branches, based on
data from ATABAS, BST- questionnaires and literature.

———————— ———————————— - —— - — -

Major division 1. Agriculture, hunting, forestry and fishing

2.12. Forestry and_I

11. Agriculture and hunting

Actinomycin spores
Aflatoxins

Antigens

Bacteria

Dust

Endotoxins

Flour

Fungi

Insecticides (pesticides)
Lead
Lipopolysaccharides
Mica

Mineral dust
Organic dust

Chlorophenols
Organic dust
Wood dust

Major division 2. Mining and quarrying

21. Coal mining

Coal dust

22. Crude petroleum and natural gas production

Dust
Metals
PAH

23. Letal ore mining

MMME
Cuartz
Padicactive aerosol

45.
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29. Other mining

Asbestos
Granite dust
Mica

MMMF

Potash dust
Quartz

Talc

Major division 3. Manufacturing

31. Manufacture of food, beverages and tobacco

Cleaning agents
Cotton dust
Dust

EDTA

Enzymes

Flour

Mineral dust
Organic dust
PAH

Phosphoric acid

Sodium hydroxide and sodium compounds
Tea dust
Tobacco dust

32. Textile, weaving aprarel and leather industries

Acrylates
Arsenic dust
Asbestos
Bacteria
Bitumen fumes
Chromium
Cotton dust

Dust
Endotoxins

Flax

Fungi

Hemp

Leather dust
Mineral dust
Crganic dust
Vegetable dust
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33. Manufacture of wood and wood products, including furniture

Arsenic compounds
Chromium and chromates
Cobalt and inorg. compounds
Copper

Epoxy dust

Fumes

Iron oxide

Lead

Mineral dust

MMMF

Organic dust

Tin, inorg.

Wood dust

Zinc oxide

34. Manufacture of paper and paper products;
printing and publishing

Asbestos
Chromium and chromates
Copper
Dust
Fibres, non MMMF
Fungi -
T S "Lead A Em————r
Mineral dust
Organic dust
Tin, inorg.
TNF
Zinc oxide

35. hanufacture of chemicals and chemical, petrcleum, coal,
rubber and plastic products

Benzidine dust
Bitumen fumes

Calcium

Chromium and chromates
Copper

Cust

Crugs

Fibres

Fluorides
Fluorcchemicals
Hydroquincones and other benzenediols
Iron oxide

Ispagula powder

Lead




Magnesium and salts
Melamine dust
Mercury and comp.
Mineral dust

MMMF

Organic dust

PAH

Pesticides

Phthalic acid anhydride
Pigments

Polypropylene dust
PVC-dust

Quartz

Rubber dust

Sodium hydroxide and compounds
Scot

Talc

Titanium dioxide
TNT-dust

Welding smoke

Zinc oxide

Manufacture of non-metallic mineral products,
except products of petroleum and coal

Asbestos
Cement dust
Chromium and chromates
Concrete dust
Corper
Cust
Fibres, non MMMF
Fly ash
Iron oxide
Lead
Manganese
MMMF
Metals
Mineral dust
Nickel
Crganic dust
Quartz
Resp. dust
wWwelding smoke
Wood dust
Zinc oxide
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38.

Nickel ™= ==

Basic metal industries

Aluminium
Aluminium fluoride
Aluminium oxide

Arsenic dust

Asbestos

Beryllium

Cadmium and inorg. comp.
Calcium hydroxide
Christobalite

Chromium and chromates
Cobalt

Copper

Dust

Fluorides
Fluorochemicals

Gold

Iron

Iron oxide
Lead
Magnesium
Manganese
Metals

Metal oxides
Mineral dust
MMMFE
Molybdenum - ..

Nickel oxide
Organic dust
PAH

Quartz

Resp. dust
Silver

Tin, inorg.
Tin, org.
Vanadium pentoxide
Wolfram

Zinc

Zinc oxide

Manufacture of fabricated metal products,
machinery and equipment

Aluminium
Aluminium oxide
Ammonium chloride
Antimeny

Arsenic compounds
Asbestos
Eervlilium

49




Cadmium and inorg. comp.
Chromium and chromates
Cobalt and inorg. comp.
Copper

Dust

Epoxy dust

Fluorides

Iron

Iron oxide

Lead

Lead oxide

Manganese

Manganese dioxides

Metal

Metal oxides

Mica

Mineral dust

MMME

Nickel

Organic dust

Phosphoric acid

Pottery dust

Quartz

Resrirable dust

Silanes

Silver and solub. compounds
Sodium hydroxide and solub. comp.
Seldesisgremake . . L mywi:

Tin, inorg.
Tin, org.
Welding smoke
Wolfram

Woecé dust
Zinc

Zinc oxide

39. Other manufacturing industries

Alurinium

Alurinium oxide

Cadrium and inorg. comp.
Chremium and chromates
Correr

Epoxy dust

Irorn coxide

Lead

Mancanese

Mineral dust

welZing smoke
Zing oxide




Major division 4. Electricity, gas and water

41.

Electricity, gas and steam

Asbestos

Beryllium

Chromium and chromates
Coal dust

Coal tar fumes

Copper

Fly ash (pulverized fuel ash)
Iron oxide

Lead

Mineral dust

MMMF

Nickel

Organic dust

PAH

PCB

Quartz

Respirable dust
Welding smoke

Zinc oxide

Major division 5. Construction

e e e e e e S TR

Construction

Arsenic compounds
Asbestos

Asphalt

Bitumen fumes
Cement dust
Chromium and chromates
Copper

Iron oxide

Lead

Manganese

Mica

Mineral dust
MMMFE

Crganic dust
Quartz

wood dust




Major division 6. Wholesale and retail trade and
restaurants and hotels

S ——————————————— L e

6l. Wholesale trade

Copper

Iron oxide

Lead

Manganese
Mineral dust
MMMF

Organic dust
Respirable dust
Selenium

Zinc oxide

63. Hotels, rooming houses, etc.

PAH

Major division 7. Transport, storage and communication

Aflatoxins
Asbestos
Chromium and chromates
Copper

Dust

Grain dust
Iron oxide
Lead

Mineral dust
MMMFE

Organic dust
PAH

Quartz

Zinc oxide

Major division 8. Financing, insurance, real estate
and business services

83. Real estates and business services

Organic dust
Quartz



Major division 9. Community, social and personal services

91. Public administration and defence

Arsenic compounds .
Asbestos

Chromium and chromates
Copper

Fibres, non MMMF
Iron oxide

Lead

Mineral dust

MMMF

Organic dust
Selenium

Tin, inorg.

Total dust

Wood dust

Zinc oxide

92. Sanitary and similar services

Bacteria (viruses)
Chremium and chromates
Coprper

- Dust )

" “Fluorides
Iron oxide
Leacd
Mineral dust
MMME
Organic dust
Quarztz
Resrirable dust
Zinc oxide

93. Social and related community services

Asbestos

Cadrmium and inorg. comp.
Chrcmium and chromates
Coprer

Fibres, non MMMF
Flucrides

Insecticides and pesticides
Ircn oxide

Lead

Mancanese

Mirneral dust

MMM E

Nickel

Organic dust

Quar<z

Rescirable dust

33,




Tin, inorg.
Total dust
Welding smoke
Wood dust
Zinc oxide

94. Recreational and cultural services

Copper

Lead

Mineral dust
Organic dust
PAH

Total dust
Zinc oxide

95. Personal and household services

Antimony

Asbestos

Cadmium and inorg. comp.
Chromium and chromates

Copper
Iron oxide

Organic dust
Quartz

Tin, org.
Zinc oxide




Table 5.2

Occurrence of liquid aerosols in the different branches, based
on data from ATABAS, BEST- questionnaires and literature

T ——————————————————————— i ——————————— -

Major division 1. Agriculture, hunting, forestry and fishing

None

Major division 2. Mining and gquarrying

None

Major division 3. Manufacturing

31. Manufacture of food, beverages and tobacco

Cleaning agents W
Cooking fumes (W)

Mineral oil  -(Mlessmmmamanmrasromme ey - = s

Sodium-hydrog e , b : . R e,

32. Textile, weaving apparel

MPI

Mineral oil
o-Pinen

TDI

33. danufacture of wood and wood products,
including furniture

- ———— i ————————————————

Arsenicals 1
Chromates W
MDI

Mineral oil

Spray painting (W)
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34. Manufacture of paper and paper products;
printing and publishing

-

Ink mist
Mineral oil

Sulfuric acid (W)
TDI

35. Manufacture of chemicals and chemical, petroleum,
coal, rubber and plastic products

Fatty acids W
Hydrochloric acid W
MDI

Pesticides

Phthalate esters
Soot

Spray painting (W)
Sulfuric acid (W)

TLI

-—_.-.-—-_ =
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Ceramic materials W ;
Cobalt aluminate W

Concrete dust W
Copper W
MDI

Mineral oil (W)

Silicone oils
TET

37. Basic metal industries

MDI
0il mist

Silicone oil mist




38. Manufacture of fabricated metal products,
machinery and eguipment

Borine compounds W

Cleaning agents W
Cutting oils (W)
Dust

l.6-hexyldiisocyanate
Hydrochloric acid Ww
Lubricants (W)
MLCI

Mineral oil
NTA (nitrilotriacetic acid) W

0il mist

Spray painting (W)
Sulfuric acid (W)
T DI

Triethanolamine W

39. Other manufacturinag industries

MDI

Major division 4..Electri

wn

b |
.

D T —

41. Electricity, gas and steam

MDI

PCB's

Major division 5. Cons=zruction

50. Construction

l.6-hexvldiisocyana-e
3 Y

MDI

Mineral oil
Polyuvrethanes
Spray painting (W)

Major division 6. Wholssale and retail trade and
restauran+ts ané hotels




Major division 7. Transport, storage and communication

71. Transport and storage

Cleaning agents W

Organic solvents
Oxalic acid W

Spray painting (W)

Major division 8. Financing, insurance, real estate
and business services

. S S e e e e -

Major division 9. Community, social and personal services

9]1. Putlic administration and defence

l.6-hexyldiisocyanate

92. Sanitary and similar services

Bacteria (viruses) W

Cleaning agents W

93. Social and related community services

Ink aerosol

MDI

Mineral oil

Sul furic acid (W)
TDI

94. Recreational and cultural services

Mirneral cil



95. Personal and household services

Bitumen

Chlorothene

Dust

Epoxy and polyurethane aerosols
l.6-hexyldiisocyanate
Isocyanates

Mineral oil

Organic solvents

Spray painting (W)

Waxes
P TN T R S I e L e e B B A S TATES. S e DL T
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Table 5,3 Distributisn of solid and ligquid aerosols, including water based,
in the divisions of all economic activitles. Data from all sources of information,

1s1Cc’ Branch Number of Number of Total Number of Number of NWumber oi Numbar of Numbe

code solid liquid number water based othar 1li- liquid se- so0lid and solid
: aerosols asrcscols of aerosols quid ae- rosols in watar based water
aerosols rosols percent of aerosols aeros
total perce
’ total
1" Agriculture 14 0 14 0 0 0 1" 10
8 hunting
10 Forestry & 3 0 3 0 0 0 = 10
logging
21 Coal mining 1 0 1 0 0 o 1 10
22 Crude petro- 3 "] ] 0 0 0 3 1¢C
3 natural gas
production
23 Hetal ore k] 0 3 0 0 0 ] 1¢
mining
29 Other mining 7 0 7 0 0 0 7 1t
3 Manufacture 15 4 19 2 4) 2 21 17 {19) "

of food, beve-
rages & tobac-

co

32 Textile 16 { 20 0 4 20 16
industry

n HWood and 14 5 19 2 13) 3 26.1 16 (17)
wood products

N pPaper and 12 4 16 ) 4 25 12: {13)
printing

3s Chemicals s 9 44 2 (4) 7 20.5 3T 139

k11 Hon-metallic 23 8 1n {4 (5) ] 25.8 21 128)
mineral
products

42 0

k] Fabricated 4] 15 58 5 19) 10 2559 48 (52)
metal
produckts

319 Cther manu- 18 1 13 0 1 | 18
facturing
industry

41 Electricity, 19 2 21 0 2 9.5 19
gas & water

50 Constructlon 16 5 21 B8 5 2.8 16 (17)

61 Hholesale 10 0 10 0 0 0 10 1
trade

61 Hotels 1 0 1 0 0 0 1 1

71 Transpact & 14 4 18 2 13) 2 22.2 16 (17)
storage

8] Feal estate & 2 0 2 0 0 0 2 1
business
service

91 Public ad- 15 3 18 0 3 16.7 18
minilstration
i defence

92 Sanitacy & 13 2 15 2 0 13.3 15 1
similar
services

91 Saclal & 21 5 26 (1 5 13.2 21 [22)
relaced
community
services

94 Pecreational 1 1 8 0 1 12.5 »
4 cultuzal
services

95 Ferszcnal & 13 10 21 (BB 10 41.5 vy 14}

househsld
services



Number of liquid acerosols in per cent

of aerosols in the divisions.

8ranches 9_ ; 10 20 30

of

total

number

61

510 Ve

1" Agriculture
4 hunting 0

12 Forestry & 0
logging

21 Coal mining

22 Crude petro-
¢ natural gas 0
production

23 Metal ore
mining 0

29  Other mining

n Manufacture
of food, beve-
rages & tobac- 21
co

32 Textile
industry 20

33 wWood and
wood products 26 3

34 Paper and
printing

35 Chenicals

205

——— = : z s

36  Non-metallic [ oo

mineral R e -
products 25.8

37  Basiz-metal
industry 71

a8 Fatricated
metal
products 259

39  Other manu-
factuiring
‘Andustry 5.2
41 Electricity,
gas & water 953

50 Construction

238

61 Wholesale
trade 0

61 Hotels

n Transpor: &
storage

222

83 Real eszate I
business 0
sesvice

91 Publis agd-
miniscrasicn q
4 defence

92 Sanizary &
similar
services 133

93 Sccial &
relazed
cerminity
sarvices

34 Recreaziconal
# culsural 125

-
tw
~

services
95 Fersonal &

n
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CHAPTER 6
EXPOSURE INDECES

6.1 Exposure Indeces for the Manufacturing Industry

in Denmark

The concept of exposure indeces was introduced and
explained in Chapter 1, section 1.7, where two examples
were given. These examples were presented at an early
stage of the investigation and were based on a limited
amount of information. In the present context they only
serve the purpose of illustrating principles for calcula-

tion of exposure indeces.

cosurs sindeces can, according stor-tvesg AR

e e c— T

down,hbébﬁéed in different ways and at different levels

to describe the probability of exposure to certain
substances in the working environment. The exposure
index of a certain aerosol in a particular brarnch or
group of branches can be calculated or the total ex-
posure index of certain types of substances in all
branches can be calculated. As the amount of information
is overwhelming in the present investigation, numerous

different results can be calculated.

We have chosen to present the exposure indeces for the
different solid and liguid aerosols in the manufacturing
industry, incl. mining, in Denmark. This corresconrnds to
the major divisiens 2 and 3 of the ISIC-code. The
indeces for the solid aerosols are given in Table 6.1,

and for the liquid azerosols in Table 6.2.

The exposure indeces for each of the solid aerosols have
been added up to give a total exposure index for solid
aerosols, and the total exposure index for the liquid

aerosols have been calculated in the same way. Finally,



Table 6.1

Exposure Indeces for Solid Aerosols in the Manufacturing

Industry
Acrylates 23321
Aluminium 111577
Aluminium fluoride 4659
Aluminium oxide 111577
Ammonium chloride 103079
Antimony 115986
Arsenic compounds 163127
Asbestos 165547
Bacteria and fungi (incl. viruses) 23321
Benzidine dust 20841
Beryllium 107738
Bitumen fumes 44162
Cadmium and inorg. compounds 111577
Cadmium selenosulphide 20841 i
Cadmium sulphide 20841
Calcium (incl. salts) 25500
Carbon black 20841
Chlorophenols (and wood dust) 20841
S o e e Christobalit e e R e & T
i Chromium and chromates et T
Cleaning agents 58498
Cobalt and its inorg. compounds 126899
Concrete dust 12907
Copper dust, smoke 185246
Cotton dust 81819
20841
Drugs 244065
Dust
ECTA 58498
Endotoxins 23321
Enzymes (trypsin-like) 58498
Epoxy dust 126079
Fibres 54508
Flax 23321
Fluorides 128579
Flour 584¢98
Fluorochemiczals (ammoniumperfluoro octanoic acié) 20841
Flv ash 313748
Fumes (formaldehyde eand phenol vacours) 12161

Funci 20760



Gold 4659

Granite dust 821
Hemp 23321

Hydrogquinones and other benzenediols 2084l

Iron 128579
Iron oxide 124484
Ispagula powder 20841
Lead 185246
Lead oxide 120645
Leather dust 23321
Magnesium 4659
Magnesium salts 20841
Manganese and its compounds 124484
Melamine dust 20841
Metals 120645
Metal oxides 107738
Mica 103900

Mineral dust 26?0657

= Lt Molybdenum— -
Nickel 107738
Nickel oxide 4659
Nickel and its compounds 124484
Organic dust 267065
PAHs 83998
Pesticides 20841
Phosphoric acid 161577
Phthalic acid anhydride 20841
Pigments 20841
Polypropylene 20841
Potash dust 821
Pottery dust 103079
PVC-dust 20841

Cuartz (silica) 200805




Silanes 103079
Silver and its soluble compounds 107738
Sodium hydroxide and other sodium containing compounds 182418
Soldering smoke 103079
Soot 123920
Talc 21662
Tea dust 58498
Tin, organic 111577
Tin, inorganic 151498
Titanium dioxide 20841
TNF-dust 20760
TNT-dust 20841
Tobacco dust 58498
Vanadium pentoxide 4659
Vegetable dust (fibres) 23321
Welding smoke 140666
Wolfram 107738
Wood dust 135147
Zinc LY EEER NS heell0TI 38 -
Zinc oxide T " 185246



Table 6.2

Exposure Indeces for Liquid Aerosols in the Manufacturing Industry

Arsenicals 19161
Borine compounds 103079
Ceramic materials 12907
Chromates 19161
Cleaning agents 161577
Cobalt aluminate 12907
Concrete dust 12907
Cooking fumes 58498
Copper 19161
Cutting oils 103079
Dust 103079
Fatty acids 20841
l1.6-Hexyldiisocyanate 103079 ;v =
Hydrochloric acid 123920 Tl
Ink mist 20760
Lubricants 103077
MDI 187807
Mineral cil 23772
NTA (nitrilotriacetic acid) 103079
il mist 107738
Pesticides 20841
Phthalate esters . 20841
“-Pinen 23321

Silicone oil 17566
Sodium hydrogen sulfite 58498
Scot 20841
Spray painting aerosol 143081
Sulfiric acid 144680
TDI 180608

Triethanclamine 103079



a total exposure index for aerosols (liquid and solid)
in the manufacturing industry has been calculated. The
results have been summarized in Table 6.3.

Table 6.3

Exposure Indeces for Solid Aerosols, Liguid Aerosols and

all Aerosols in the Manufacturing Industry, incl. Mining

in Denmark

e e e e e L T ———————————————

Type of aerosol Exposure index
o144 134ee0
Liquid - 2 366 901

All (liquid and solid) 9 691 B41

These figures give an impression of the relative imrort-
ance of solid and 1liquid aerosols. From the above
figures the exposure index for solid aeroscls in per
cent of the total exposure index for aerosols has been
calculated together with the corresponding figure for

liguid aerosols. These figures are:

Solid aerosol exposure index in & 75.6 %

Liguid aerosol exrosure index in % 24.4 %

6.2 Exposure Indeces for the more important Solid and

Liquid Aerosols

As 1t can be seen from the Tables 6.1 and 6.2 some
aeroscls have high exposure indeces while others have
low cnes. The exposure index is high if the aeroscl has
been found to be present in many branches and if many
people are employed in these branches. If an aerosol has

been reported to be present in only one or few branches,
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the exposure index generally will be small. The highest
exposure indices for the solid aerosols have been found
to be approx. 267000, and the lower ones to be approx.
800. A total of 92 solid aerosols and 30 liquid aerosols

were found in the major divisions 2 and 3.

In order to give an impression of the more important
aerosols as judged from the magnitude of their exposure
indeces, those with values exceeding a 100000 have been
listed in the Tables 6.4 and 6.5.

6.3 Exposure Indeces for Aerosols in other

Industrialized Countries than Denmark

The exposure indeces as calculated in the preceeding
sections have been based on statistical information on
the workers' employment in the branches in Cenmark as

given in Table 2.z which is an extract of Annex 2.

=
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The employment in the different branches will differ

from country to country in absolute numbers. The

distribution of the different aerosols in the branches,
however, we think will be approximately the same in the
major industrialized countries. It therefore should be
possible by means of the distributions of aerosols given
in the present report to calculate exposure indeces in
other countries than Denmark, if the employment in the
different branches is known - which generally is the

case.

68.
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Table 6.4

69.

Exposure Indeces for the more important Solid Aerosols

Aerosol

Mineral dust
Organic dust
Dust
Chromium and chromates
Quartz

Copper

Lead

Zinc oxide

Asbestos

MMMF

Arsenic compounds
Phosphoric acid

Tin, inorg. comp.
Welding smoke

Fluorides

Iron

Cobalt

Epoxy dust

Manganese

Kickel and its compounds
lron, oxlde = iz -

Tead ox:de de =~
Metal

Aluminium
Aluminium oxide
Cadmium and its inorg.
Tin, org. compounds
Beryllium

Metal oxides

Nickel

Wolfram

Zinc

Silver

Mica

Soldering smoke
Silanes

Pottery dust

compounds

s B o4 o VIRERL e

Exposure index

267065
267065
244065
208567
200805
185246
185246
185246
165547
165307
163127
161577
151498
140665
128579
128579
126829
126079
124484
124484

~—
— e -

IZOGQShﬁeﬁ!ﬁ_
120645
111537
111577
111 51
111527
107738
107738
107738
107738
107738
107738
103900
103072
103079
103079




Table 6.5

Exposure Indeces for the more important Liguid Aerosols

Aerosol Exposure Index
Mineral oil 237726
MDI 187807
TDI 180608
Cleaning agents 161577
Sulfuric acid 144680
Spray painting aerosol 143081
Hydrochloric acid 123920
0il mist 107738
Borine compounds 103079
Cutting oils 103079
Cust 103079
1,6-Hexyldiisocyanat 103079
Lubricants 103079
NTA (nitrilotriacelic acid) 103079
Triethanolamine : 103079
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CHAPTER

IMPORTANT WORKING PROCESSES AND OPERATIONS IN THE
DIFFERENT BRANCHES OF TRADE AND INDUSTRY AND RELATED
ACTIVITIES

7.1 Working Processes and Products

Working processes and operations can be defined as
activities where raw materials or more complex materials
are stored, transported or processed in some way. By the
processing materials can be changed in e.g. size and
shape, and/or materials can be joined together to form a
product with certain desired properties. In the present

context working processes and operations also include

;ﬁ;‘ﬂ_‘cﬂ" 1t1e5. .

The manufacture of any product implies the use of a
number of working processes and operations. Some pro-
ducts are relatively simple and need only few wcrking
processes and operations to be finished, e.g. nails,
whereas other products are the result of numerous

working processes and operations, e.g. an automobile.

Many different types of working processes and operations
are used in the different branches (divisions, major
groups and groups) of trade and industry, but not all of
them are used in all branches. However, the majority of

them are being used in more than one branch.

A comprehensive survey of the important werking pro-
‘cesses has been given in Patty's Industriazl Hygiene
(Reference 1). The survey discusses typical working
processes in typical industries, and refers to the air
pollutants of major importance associated with the

processes.




Generally, it can be stated that in branches where many

different working processes and materials are used, also
the biggest number of different air pollutants will be
found. This is typically the case in division 38,
manufacturing of fabricated metal products, machinery

and egquipment.

7.2 Information on Working Processes and Products
from the Data Bank ATABAS

The data bank ATABAS gives exhaustive information also
on the types of working processes and the production in
connection with the reported air pollutants. A total of
275 working processes and 281 types of production have
been referred to. Unfortunately, the information is
available in Danish only. However, it will be possible
to extract the necessary information for substances and
branches of particular interest, but it will be time
consumlng ang cou}émnctﬁbeﬁna&thwtthtn-the-g;yen -frames
for the presentﬁThvé’ffﬁiffl;——HEﬁE?er ““the orzgznal
outprints in Danish from ATABAS will be available at
request for thcse readers who are particularly inter-

ested.

7.3 Information on Working Processes and Branches

from the other Sources of Information

Information on workinc processes, branches and aerosols
reported present in the branches is given in Annex 5.
in special schermes. In these schemes, branch codes have
been given on 4-c¢:igit level. This ensures 2 most detail-
ed picture of the srecific branches, working processes
and types of aerosols formed in connection with each

branch and process.

A list of important working processes has been given in
Table 7.1. The processes have been grouped in five
categories and listed alphabetically within each cate-

gory.




At all these processes, aerosols can be formed to a
greater or smaller extent, and the particles of the
aerosols can consist of the materials which are being
processed, or of auxiliary substances used in the
process e.g. cutting oils and lubricants. In some of the
processes, gases or vapours from the materials and
substances will be formed as well, e.g. due to high
temperatures. A number of examples have been given in
Fig. 1 (page 5) which illustrate the complexity of the
formation of air pollutants in the working environment.
In order to give an impression of those processes, which
we consider being of a more hazardous nature, these have
been marked with an "x" in Table 7.1. We consider them
specially hazardous, because some of them give rise to
large amounts of aerosols of harmful substances whose
spreading is difficult to control. In some cases, gases
and vapours will be released as well, in large quantiti-
es, and in some cases, the pollutants formed are of a

R e Y —
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Table 7.1

Classification of important working processes.

Processes of particular danger are marked with an "x".

Category Examples

I Manufacturing processes

Bending Iron- and steel plates

Casting x) Cast iron articles

Crushing Stones

Cutting x) Metal & plast materials

Drilling Metal & plast materials

Folding Metal plates

Grinding Chemicals

Melting x) Lead, corper and brass
articles

S

materials

Rolling Metal sheets

Sawing Wood materials

II Joining processes

Gluing Plast objects. Chipboard
production

Laminating Plywood production

Sewing Wearing aprareil

Soldering x) Electronic equipment

Welding x) Fabricated metal articles

maintenance and repair

work




III Surface treatment

a) Cleaning processes

Cleaning

Degreasing x)
Desinfection

High pressure cleaning x)
Polishing

Sand blasting x)

Shot blasting x)

b) Coating processes

Coating
Electolysis x)

Lubrication

15

Examples

Maintenance work
Metal articles
Food'industry
Food industry
Metal articles
Metal articles
Metal articles

Dip baths
Galvanized articles

iachinery
5. ~bOOKS = .-~ - -

pray painting x)—

T T SHIp svtamob e

IV Transportation and handling

Bottling operations
Conveyoring

Filling operations
Handling

Loading and unloading
Mixing

Packing

Tanning and similar

processes

Drugs, beverages
Grains

Chemicals

Tea, tobacco
Coal

Fertilizers
Chemicals

Leather articles




V Other processes

Chemical processes and
production

Construction and building
Democlishion work

Drying

Fermentation

Filtration

Freeze drying
Grannulation

Insulation work

Mining and drilling

Spraying x)

1€

Chemicals

Concrete buildings
Buildings

Pottery work
Medicinal industry
Pigments

Food industry
Chemicals
Polyurethane foam
Coal

Pesticides

1) Patty's Industrial Hygiene and Toxicology.

Volume 1. Third Revised Edition.

John Wiley & Sons.

New York. 1978, p. 1149-1220




7.

CHAPTER 8

REFERENCES

8.1 Tables giving References to the Sources of

Information

In order to enable the reader to seek further detailed
information on certain aerosols, their reported presence
and their properties the Tables 8.1 (solid aerosols) and
8.2 (liquid aerosols) have been prepared. In each of the
tables the divisions have been listed, and for each
division the aerosols have been listed alphabetically.
For each aerosol one or more references are given. An
"A" refers to ATABAS (the data bank) and a "Q" refers to

“"1;mthe questionnalres from the Health Serv1ce Centres. All.

section 8.2. A total of 227 references have been given

covering different periodicals, monographs and research
reports. In a number of cases reference has been civen
to papers of more general interest which could be of
importance for further studies.
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Table 8.1

References, Solid Aeroscls

Major division 1. Agriculture, hunting, forestry and fishing

11. Agriculture and hunting

Actinomycin spores 1, 2
Aflatoxins 3, 14

Antigens 4

Bacteria @ 5, 11

Dust 6, 7, 8, 9, 10

Endotoxins 5

Flour 210

Fungi 5

Insecticides (pesticides) 12, 13
Lead A

Lipopelysaccharides 50

Mica 15

Mineral dust A

Organic dust 6, 7, B8, 9, 10, 16

12. Forestry and logging

-

L - — TR RS i m——— - ——ar

- Chlo?agﬁéﬁaisﬁ312' e —m ;==;;Ql o

Organic dust 16
Wood dust 18

Major division 2. Mining and gquarrying

21. Coal mining

Coal dust 20, 21, 22, 23

22. Crude petroleum and natural gas production

Cust 24, 25
Metals 24
PARH 24

23. Metal ore mining

MMME A
Quartz A
Radiocactive aerosol 26




9.

29. Other mining

Asbestos 31

Granite dust 28, 29
Mica 15

MMMF A

Potash dust 30
Quartz A, 32r 33: 34
Talc 27

Major division 3. Manufacturing

31. Manufacture of food, beverages and tobacco

Cleaning agents Q, 35, 36, 207, 208
Cotton dust 37

Dust @, 207, 208, 210

ECTA 36

Enzymes Q

Flour 205, 106, 210

Mineral dust A

Organic dust A

PARH A, 184

Resplrable dust A
Sodium hydroxide and sodium compounds 36
Tea dust 38

Tobacco dust Q, A, 211

32. Textile, weaving apparel and leather industries

Acrylates Q

Arsenic dust 39, 40, 41, 46
Asbestos 42, 43, 44, 87
Bacteria 45

Bitumen fumes 46

Chromium 39, 40, 41

Cotton dust 45, 48

Pust 455 47 49, 51; 212 213
Endotoxins 50

Flax 52, 53

Fungi 50

Hemp 53

Leather dust 39, 40, 41
Mineral dust A

Crganic dust A

Vegetable dust 53, 55




Manufacture of wood and wood products, including furniture

Arsenic compounds A

Chromium and chromates Q, A
Cobalt and inorg. compounds A
Copper A, Q

Epoxy dust A

Fumes Q

Iron oxide A

Lead A

Mineral dust A

MMMF A

Organic dust A

Tin, inorg. A

Wood dust A, Q, 56, 57, 58, 59, 60, 19
Zinc oxide A

Manufacture of paper and paper products;
printing and publishing

- ————————— -

Asbestos 61

Chromium and chromates A
Copper A

Dust 62
Fibres, non - kikMi

Fungi 62
Lead A, 63
Mineral dust A
Organic dust A
Tin, inorg. A
TNF 64

Zinc oxide A

Manufacture of chemicals and chemical, petroleum, coal,
rubber and plastic products

Benzidine dust 65

Bitumen fumes 46

Calcium ¢Q

Chromium and chromates A, 66

Copper A, Q

Dust Q, 67, 68, 62, 70, 71, 72, 214
Prugs Q

Fibres 73, 74

Flucrides Q

Fluorochemicals 75

Hvdroguinones and other benzenediols 76
Iron oxide A

Ispagula powder 77

Lead A, Q, 63

80




81.

Magnesium and salts A
Melamine dust (Q

Mineral dust A

MMMF A, 79

Organic dust A, Q, 16

PAH 80, 203

Pesticides Q@

Phthalic acid anhydride A
Pigments 72, 81, B2
Polypropylene dust Q
PVC-dust Q

Quartz A

Rubber dust 71

Sodium hydroxide and compounds A, 83
Soot 71

Talc 71

Titanium dioxide 81
TNT-dust B84, Q

Welding smoke Q

Zinc oxide A

36. Manufacture of non-metallic mineral products,
except products of petroleum and coal

e ———— i —————————————— -
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Asbestos 85, 86, 43
Cement dust (Q
Chromium and chromates A
Concrete dust Q
Copper A
Dust (@, 88, 215, 216
Fibres, non MMMF A, 89
Fly ash Q
Iron oxide A, Q
Lead A, 90, 63
Manganese A
MMME A, Q, 91, 74

Metals Q
Mineral dust &, 88
Nickel &2

Organic dust A
Quartz A, Q, 33, 216
Resp. dust A
Welding smoke (¢
Wood dust Q

Zinc oxide A




37. Basic metal industries

Aluminium A, 92

Aluminium fluoride 92, 93, 94
Aluminium oxide A

Arsenic dust 95, 96, 97
Asbestos 98, 43

Beryllium A, 103

Cadmium and inorg. comp. A, 100, 101
Calcium hydroxide A
Christobalite &, 103

Chromium and chromates A
Cobalt 102

Copper A, 95

Dust 95, 104

Fluorides 92, 93, 94
Fluocrochemicals 75

Gold Q

Iron 104

Iron oxide A

Lead A, 105, 106, 107, 1108, 109, 110, 63, 95
Magnesium A

Manganese A

Metals 112; 157

Metal oxides Q

Mineral dust A

- - MMMF A e A Ry e

- _Molybdenum 155 e e e e e e

Nickel A, 113, 114

Mickel oxide 113

Organic dust A

PAH 115, 116, 117, 118, 119, 201, 203, 204
Quartz A, 104, 120, 121, 122, 123, 103, 34, 33
Resp. dust Q

Silver Q
Tin, inorg. A
Tin, org. A

Vanadium pentoxide 124, 125, 126
wolfram 102

Zine 101

Zinc oxide A

38. Manufacture of fabricated metal products,
machinery and egquipment

-

Aluminium A, Q
Aluminium oxide A, Q
Arrmenium chloride Q
~ntirony A

irsenic compounds A, 127, 128, 129
isbestos A, Q, 130, 131, 42
Berylliuvm A, 132




Cadmium and inorg. comp. A, 133

83

Chromium and chromates A, 135, 136, 137

Cobalt and inorg. comp. A
Copper . A, Q, 137

Dust Q. 139, 217

Epoxy dust A, Q
Fluorides A

Iron Q, 135

Iron oxide A, Q

Lead A, Q, 130, 141, 142,, 143, 144, 145, 146, 63

Lead oxide Q
Manganese A
Manganese dioxides A, 147

Metal 148
Metal oxides Q
Mica 15
Mineral dust A
MMMEF A

Nickel 136, 137, 135, 158

Organic dust A

Phosphoric acid A, 149

Pottery dust 150

Quartz A, Q, 151

Respirable dust A

Silenes 152

Silver and solub. compounds A
X i TT:?.;jT’:rj._ Sodtum hydroxide and solub. comp.
—esn IS —mma%—ns- -

Soot Q, 153

Tin, inorg. A

Tin, org. A

Welding smoke A, Q, 135, 136, 137,

Wolfram 102

Wood dust A, 130
Zinc A

Zinc oxide A

39. Other manufacturing industries

Aluminium A
Aluminium oxide A

Cadmium and inorg. cerp. A
Chromium and chromates A
Corper A
Epoxy dust A
Iron oxide A
Lead A
Manganese A
Mineral dust
MMME A
Nickel A
Crganic dust
Tin, inorg.
Tin, org.
Total dust
Welding smcke
Zinc oxide

o
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Major division 4. Electricity, gas and water

41. Electricity, gas and steam

Asbestos A, 159

Beryllium 159

Chromium and chromates 159
Coal dust 160, 219

Coal tar fumes 161

Copper A

Fly ash (pulverized fuel ash) Q, 162, 163, 164
Iron oxide A

Lead A, 164

Mineral dust A

MMMF A

Nickel 164, 159

Organic dust

PAH 159, 165

PCE 159

Quartz A

Respirable dust A

Welding smoke 219

Zinc oxide A

A T

Major division 5. Construetiofrr—o==

- e
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50. Construction

Arsenic compounds A

Asbestos A, Q, 167, 168, 169, 170
Asphalt A

Bitumen fumes 46, 172

Cement dust Q, 220, 221

Chromium and chromates A

Copper A
Iron oxide A
Lead A
Manganese A
Mica 15

Mineral dust A
MMME A, Q, 173, 220
Organic dust A
Quartz A, 33

wood dust A, C

84.




Major division 6. Wholesale and retail trade and
restaurants and hotels

———————————————————————— T ——— - ——— ————————————

6l1. Wholesale trade

Copper A
Iron oxide A
Lead A

Manganese A
Mineral dust A
MMME A

Organic dust A
Respirable dust A

Selenium &
Zinc oxide A

63. Hotels, rooming houses, etc.

PAH 203

Major division 7. Transport, storage and communication

Aflatoxins 14, 2
Asbestos 131, 174
Chromium and chromates A
Copper A

bust 175, 176, 202; 222; 223
Grain dust 177

Iron oxide A

Lead A, 176

Mineral dust A

MMMEF A

Organic dust A

PARH 176

Quartz A

Zinc oxide A

Major division 8. Financing, insurance, real estate
and business services

——————————— - —— i —— - ——— i ————————

83. Real estates and business services

Organic dust 16, 224
Quartz A




.o Dust B, 22500 oomm et

Major division 9. Community, social and personal services

91. Public administration and defence

Arsenic compounds A
Asbestos A

Chromium and chromates A
Copper A

Fibres, non MMMF A

Iron oxide A
Lead A
Mineral dust
MMMEF A
Organic dust
Selenium

Tin, inorg.
Total dust
Wood dust
Zinc oxide

P ppp P

92. Sanitary and similar services

Bacteria (viruses) @, 179, 180
Chromium and chromates A
Copper A

Fluorides A
Iron oxide A

Lead A

Mineral dust A
MMMEF A

Organic dust 16
Quartz A

Respirable dust A
Zinc oxide A

93. Social and related community services

Asbestos A

Cadmium and inorg. comp. A
Chromium and chromates A
Copper A

Fibres, non MMMF A
Fluorides A ’
Insecticides and pesticides 1E1
Iron oxide A

Lead A

Manganese A

Mineral dust A

MMME A

Nickel A

Organic dust A

Cuartz A

Respirable dust A

86




94.

Tin, inorg.
Total dust
Welding smoke
Wood dust
Zinc oxide

o e

Recreational and cultural services

Copper A
Lead A
Mineral dust A
PAH A

Total dust A
Zinc oxide A

Personal and household services

Antimony A

Asbestos A, 182, 183

Cadmium and inorg. comp. A
Chromium and chromates A, 185
Copper A

Iron oxide A

Lead A, 146, 63, 145, 185

L e oy ——
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Organic dust
Quartz A
Tin, o°rg. A
Zinc oxide A
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Table 8.2

References, Ligquid Aerosols

Major division 1. Agriculture, hunting, forestry and fishing

None

Major division 2. Mining and quarrying

None

Major division 3. Manufacturing

31. Manufacture of food, beverages and tobacco

Cleaning agents @, 35, 36, 207, 208
Coocking fumes 209

Mineral oil Q
Sodium hydrogen sulfite Q

i e f e e mem—
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32. Textile, weaving apparel

MCDI A

Mineral oil A
X-Pinen A

TDI A

33. Manufacture of wood and wood products,
including furniture

N S ——————————— ]

Arsenicals Q
Chromates Q
MDI A

Mineral oil A

Spray painting Q




e QNI Egede amid . 0 i
e 0§ S0 R L R s oo e

34.

35

Manufacture of paper and paper products;
printing and publishing

Ink mist 186
Mineral oil. A

Sulfuric acid A
TDI A

Manufacture of chemicals and chemical, petroleum,
coal, rubber and plastic products

Fatty acids Q
Hydrochloric acid Q

MDI A

Pesticides Q

Phthalate esters 187, 188
Soot

Spray painting Q

36.

37.

Manufacture of non-metallic mineral products,
except products of petroleum and coal

Ceramic materials @
Cobalt aluminate Q; 215

Concrete dust Q
Corpper Q
MDI A
Mineral oil Q
Silicone oils Q
TDI A

Basic metal industries

MDI A
il mist 189

Silicone oil mist Q

T TR e R —— 4 -
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38. Manufacture of fabricated metal products,
machinery and equipment

[ ——————————

Borine compounds 36, 149

Cleaning agents Q, 36, 149, 218, 227
Cutting oils 190, 191, 92, 193
Cust Q

1.6-hexyldiisocyanate A

Hydrochloric acid 0

Lubricants 190

MDI A

Mineral oil A, Q

NTA (nitrilotriacetic acid) 149, 35, 36
0il mist 189, 191

Spray painting 185, 194

Sulfuric acid Q, A

TDI A

Triethanolamine 149

39. Other manufacturing industries

MDI A ‘ _ ;. e

Major division 4. Electricity, gas and steam

41. Electricity, gas and steam

MDI A

PCB's 195, 196

Major division 5. Construction

50. Construction

l.6-hexyldiisocyanate 2
MDI A

fineral oil A, Q
Polyurethanes Qi =127
Spray painting Q, 185, 194

Major division 6. Wholesale and retail trade and
restaurants and hotels
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Major division 7. Transport, storage and communication

71. Transpcrt and storage

Cleaning agents Q

Organic solvents Q
Oxalic acid 175

Spray painting Q, 185, 194

Major division 8. Financing, insurance, real estate
and business services

- —————————— i ——— -

Major division 9. Community, social and personal services

91. Public administration and defence
1.6-hexyldiisocyanate A, 197
MDI A, 197

TPI A, 197

92. Sanitary and similar services

Bacteria (viruses) Q, 179, 180

Cleaning agents '35, 36, 226

93. Social and related community services

Ink aerosol 198
MDI A
Mineral oil A, Q
Sul furic acid A
TDI A

94. Pecreational and cultural services

Mineral oil A

91.




95.

Personal and household services

Bitumen Q
Chlorcthene Q

Dust Q
Epoxy and polyurethane aerosols 199, 200, 185

l1.6-hexyldiisocyanate A
Isocyanates 199, 200, 197
Mineral oil A, Q

Organic solvents Q

Spray painting Q, 185, 194
Waxes Q
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CHAPTER 9

DISCUSSION AND CONCLUSIONS

9.1 The Importance of Solid and Liquid Aerosols in

the Working Environment

Solid as well as liquid aerosols occur freguently in the

working environment.

They can consist of substances of different nature and
chemistry having different toxicological effects. Some
substances are highly toxic and can give rise to acute
intoxications after short-term exposure, while other

substances have cronic effects which are induced only

The present study, however, has not been concerned with
a grading of the toxicological properties of aerosols in
the working environment. Its only concern has been to
attemt to give a survey of the solid and liquid aerosols
one can expect to find in the working environment,
whether these occur frequently or less frequently, and
whether rather few or many workers are potentially

exposed to these aercsols.

The survey given in Chapter 4 gives information on which
aerosols one can expect to find in the working environ-
ment. A total of 146 solid aerosols and 41 liquid

aerosols have been reported present in the working
environment. Ameng the liguid aerosols, 15 were reported
as being water based, and 4 additional ones as being

water based occasionally.

It is likely that it will be asked why relatively few
liquid aerosols have teen described in literature and

elsewhere as corpared <o the number of solid aerosols.




There may be several possible reasons for that:

1) The number of liquid aerosols in the working

environment is actually much smaller than the

number of solid aerosols, and this fact is re-
flected in the smaller number of liguid aerosols

reported.

2) The existence of a number of different ligquid aero-
sols in the working environment has not been report-

ed because:

a)their existence has not yet been recognized
or

b) their existence has been recognized, but measure-
ments have not been made, because these aerosols

in many cases are more difficult to measure than

:T=iqgs“gqg§§§_aerosols.

Il

We think, based on our findings as presented here, that

actually the number of ligquid aerosols is much smaller

than the number of solid aerosols.

We also think that the existence of some liguid aercsols

has not yet been realized, but this will also apply to

some degree to the solid aerosols.

From the answers received in the questicnnaires, it is

also clear that a number of liguid aercsols have been

realized as existing, but measurements have not been

carried out, because the aerosols are shert-lived due to
e.g. fast evaporation, and therefore need adwvzanced
analytical measuring equipment for theilr characteri-

zation.

e therefore conclude that solid aercscls constitute 2

)
[

b

greater hazard in the working environment, s

ely

because their nurkter far exceeds the number af 1iguei

zerosols.




The exposure indeces as calculated and presented in
Chapter 5 gives an indication of the probability of
exposure to each of the aerosols listed, and to solid
aerosdls and liquid aerosols taken as separate groups
and compared to one another. The total exposure index
for solid aerosols calculated in per cent of the total
exposure index for all aerosols is 75.6, and the corre-
sponding total exposure index for liquid aerosols is
24.6.

We think that these figures indicate that the number of

situations where workers in the manufacturing industry

are exposed to solid aerosols in their working environ-

ment far exceeds the number of situations where they are

exposed to liguid aerosols.

We also think that the magnitude of the exposure indeces

indicates that exposure to solid aerosols will occur

approx. threée €imés a5 Ifreduencly as _expasure to liquiad

aerosols in the manufacturing industry.

9.2 Selection and Use of Respirators for Protection

against Aerosol Hazards

As referred to in Chapter 5, the present draft for a
European standaréd for particle filters (reference 1)
allows for a subclassificaetion of filters in two groups,

one containing £il<ers for protection against solid

L

aerosols, includinc water based aerosols, and one
containing fil=ers for protecticn against solid and

liquid aerosols in general.

Referring to the discussion in Secticn 1.5 we think that

the results of =he rresent investigation surport the

o7

ea of having this subclassification for the particle

+

Hh

ilters.

Cne argument against this subclassification has Eteen
that it may be difficult for the user to make an assess-
ment of the aercsol hazard facing him, and therefore it

may be difficult for him to choose the right filter.




1 e P

This may be true to some degree, but we are of the
opinion that, referring to Table 4.9 and Fig. 1, there
is a great danger that on many occasions where liquid
aerosols are present in the working environment there
will be additional risk of inhalation of gases or
vapours. In these situations, combined filters should be

used instead of only particle filters, and we think that

neglect of this fact is a bigger problem than generally

anticipated, and it may well be a bigger problem for the

user than the problem of estimating whether an aerosol

consists of solid particles or liquid particles.

References

1) Document CEN/TC 79/SG 4-168 E.
Draft prEN 143, Aucust 1986.
Respiratory Protective Devices. Particle
Filters, Reguirements, Testing, Marking.

European Standard.
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Present veraion of ISIC

Divi-
[ICL]

M jor Group

g1 9Jp

Title of category

Corresponding major

group and group(a)
of preceding ver-
slan of ISIC

Pifferences In scope of major groups and groups Between present
and preceding veraion of 131C

Major Divisfon ). Azriculture, Hunting,
Forestry and Flahing

11

3

1 1110
12 1120
113 113
121 1210
22 L2
150

13e1

Agricul®ure and Hunting

Agriculturs]l and livestock
production

Agricultursl services

Hunting, trapping and game props-
getlon

Forsstry and
Forestry
Logging

I)Ihiﬂ!

Ccean and coastal fishing

T Ptaning a3 slyevhere slarsified

2l

22

2

b

Major Divigion 2. Mining snd Quarrying

210 2100 Czal Min
220 2200 Ly azra ~d Natural GCe
Peadyzticn
2% Mese] Ore Mining
2201 Iren are mining
2302 Non-ferrous metal ore aining
L Exher Mining
2501 Stone quarrying, clay and sand pits
2502 Cherizal and fertilizer alneral
rining
2903 Salt miaing
- 2009 Hining and quarrying not elsevhere
classified
Mator Civigtan . “anufacturing
Ma-ufecuure of Focd, Beverages and
okhacsa
1. Foecd zanufacturing
2
511l Silaugntering, prezaring snd preserve
ig weat
2 Manufecture 97 dalry priducis
3113 Caaning and presecving of fruits
4=z vegetables
. Samairg, preservirg and processing

crustaces and sisllar

oL, C3

o1l

o012

030

o21
c22

ok

ou3y

uo

1%

21

1k, 13
1.0
152

191

159

™, J2

x1

F&rs

2c)

Excluded are cemetary wpaeep; veterinary services and snimsl
hospitals and care centres; and lesalng end renting out of
agricultural machinery and equipment.

Landscepe gardening 13 included.

Landscepe gardening; cemetery upkeep; velerinary services and
sniral hospitals and care centres; ond lessing snd reatiag out
of sgricultursl equipaent snd sachinery without drivers are
excluded.

Excluded are factory-tyre vessels engaged in procesalng only
which can be trested as separste estab]ishaents.

Excluded are {actory-type vessels engaged in procesaing enly,
i.e., not also catchirg snd taking fish, crustacea and other
ccean and coastal water sroducts, which can e trested an
separate estapllshments, and the cperstion of cultivated oyster,
pearl and laver beds ard faras.

The operation of cuitimced I, Peasl A LAFET M Bl -
farms is Included. -~ --7: S ST

Excluded in the case 57 eazh af the groups 2f this =ajor division
are the sctivities per{zrzed 5n » few or ccntract basis, of
developing and preparing minersl propertles and aites 3r pros-
pecting for minerals.

Inzluded {2 tre sgglome-azian, st the =ining site, of coal or
ligaite in2> Briquettes and pacikaged fuels.

T ples and puddings g included

af fisn, crusieces ani
which zan De Sreated as separet




= ~ - Present verslon of ISIC ltarrupomun.. o~ Jor

g up snd group(s) Differences in scope of mmjor groups and groups batween prese

E:;:. M:::; Group Title of category bt preceding version nid preceding verslon of ISIC
4 of the ISIC
3115 Marufssture =f vegetable and animal 312 and part Ine part of 209 consista of the menufacture o7 olive oll,
ails and fats of 209 margarine, compound cooking Tats and blanded table and salad
3116 Gratin mill prducts 209 '
511t Mamifacture of bakery products 206 The manufucture of wycaroni, sraghatti, noodles and siailar
Froducts s included.
31148 Suger fectories end refineries 207
3119 Manufaciure of c¢scoa, chocolate 207
and sugnr confecticrnery
5121 Manufacture =7 [ood products mot 209 Excluded are the manufscture of meat ples and puddings;olive
elsewnere classifled oil, sargarine, cospound cooking fats and tabdble and salad oil:
and of preparsd [eeds for animals and fovl.
J=2 Monufscture of prepared snimal Fart of 209
feeds
513 Beverage industries 21 Excluded 1s ethyl alcahol distilled from sulphite residues of
pulp manufacturing; included 1s the bottling of natursl
spring and mineral water at the gource.
18 3 Distilling, rectifying and blending 211 Excluded i3 ethyl sleohol distllled from sulphite residues of
spirits pulp manufscturing
182 Wine Industries 212
35 ] ¥alt liquors and malt 215
b38. 1 Sof% <rinks and carbonated waters 21k The boltling of natursl spring and mineral waters at the sourc
induziries included.
316 31bo Tobaczo manufeciures 222

32 stle r and Leather
Industrles
121 Manufesture 20 textiles 23, 2Lk Exzluded are the repalr servizes listed below, in respect of
eazh group.

Ja11 Spinsiag, weaving and finishing 28 Exrluded 13 the manufecture of woven carpets snd rugs
tex:tiles

212 vanufazture of =mad~eup textlle gaods 24 Excluded '8 the repalr [ur the grneral publiz 27 the hausehold
wea ing apparsl mada-yp tex:iile goods =f Shis group.
121} Faiz:ling mllls 212 Excluded sre ezcadlizn-ents primarily engsged in the repair ot
¥alt weer for the pudllc.
121 Manufacture 30 sarpets end rugs Part =7 291, Eccluded {3 the repatr of carpezs, rugs and zass for the gene:
part of 239 public

3215 Cordage, rope and twine industries 233

3212 Myaufazture 2 textiles met elsewnere 23 Txzluded {3 the =anufsziure 20 umviven carpets and rigs and
classifled =t and =aziing, except 3¢ rubter. Included L5 tne sanufecie

50 1inslewn end other Rard-suriszed [loor c3vering (excluding
rubber, plasiic ar corx) irresp-ztle of type 3f dacxing

material.
522 e stur: *f <saring apparel, 243 The =asufaztare =7 1las and cares and ne repalr of
g aii - exzezt faatvear wearing apparel for the genersl pudlic, are ex:luded.
123 vanifizturs =f l.ather snd products = Citablizhmencs specializing in =he repair of luggsge, handbage
lzasher, ter substitutes and a74 2tner leatrer g2ods for the publls, are ex:iuded.
fur, exzept [23twecar and we3ring
arpas~l
nu Tan"e™es ars lrather flelenire 2
a2 Fur 2r-4s:zirg and Ayelng indusiries 232
3223

zggage, randbage
are excluded.

jab M-l 2= prodysstan af fozs
=anufazsure 27 fi0%
exzluded.
2 3 Ineludes *he manufaciure 3§ fostvear wade eatirely of wosd

24 ard #3279 8 e2re
= Maralture

[
oy




Present version of ISIC

Corresponding ma jor
group and growp(s)
of preceding wveraion

Differences in acope of major groups and groups between presest
and preceding version of ISIC

Divi- Major Group
slon__ group Y Title of category af the ISIC
3511  Sewmills, planing snd 3ther wood 251
mills
3512 sanufecture of wooden and cane 252
eantalners and small cane ware
3319 Manufacture of wood and cork 259 Includes the manufacturs of footwear made emtirely of wood
products not elsewvhere clessi-
fied
332 3320 Manufecture of furniture and 2650 Excluded sre the msaufecturs of furniture and fixtures
fixturess except primarily of primarily of metsl and the production of moulded plastic
aetal furniture
bl ManuZyzsurs 3 Pager and Paper
Prosussg: P-incing god Publishing
ALl Manufscture of paper and paper F4i
products
3411  Menufacture of pulp, paper and 4 P8 The sanufscture of 3ff-machine costed, glezed, gummed snd
paperboard laminated paper ia excluded.
3412  Menufecture of contalners and Part of 772
boxes of paper and paperboard
3419  Manufecture 3f pulp, paper and 272 Excludes the manufscture of contalners, boxes and bags of
paperboard articles not elaevhers paper and paperboard.
clessiflied
342 3k20 Prizting, publishing snd allied 280
irdustries
% ufsztyre o e=izal3 anl
Cre=t-s), Pagmlew=, Conl, Rubber
md Dlgg=im ne
R -1 Manufscture of industrial ahealocals 511, part of The manufacture of white apirit snd composite thimners fa
< I 319 axluded; the ssnufectars of silyl slcshol from salpeite
residues of pulp manufscturing i3 included.
1511 Manufecture of bazle industrisl} Part of 311 The manufacture of white 3pirits and compcsite Cthinners
che=lcals exzept fertilizer is excluded; the manufecture of ethyl alsznsl froa sulphite
residues of pulp rmenufasturing i included.
3512  Marufacture 3f fertilizers and Part of 3l1,
pesticides part of 319
151%  Manufacture of syntretic resing, Part of 311
H ie =aterisls and san-oade
fibres except glass
352 Mazufssture of other chealcal 313, 319 The manufscturs of cosposite thinners 16 {ncluded.
pr=ducts
3821 Manufscture of paints, varnishes 31 The manufscture of composite thinners i lacluded.
and lacquers
3822  Manufacture 2f drugs and aedlcines Part of 319
31525  Masufacture of sosp and cleaning Part of 319
pre;araticns, perfuzes, caszetics
sad ather tailet preparations
3529 Me~ufacture of chemizal products Part af 319 Included {8 the menufsciure of prepered photo-chealzal materials
) no: elsewhere classifled and asnsitized fila, paper and
453 3530 Petrzleun relineries 321 The sanufactuse of whlta spirits is included.
354 35L0  Marufecture of miscellanesus products 39 Exzludes the ssnufacture of z2sl snd lignite brique
of seiraleu= and cael packaged fuels at mining aites. Includes Z3ke Jven in
d szeel warks which it 1s feasible %3 treat a4
separate estadllsnsents.
353 Masufecture of rubber groducta %
1581 Tyte and tube indueiries Part of JOO
1509 Manufaitire of ruster praducta Pars of X0
nct elsewnere slassified
555 1560  kanufestuire 3f plasiic products Part 3f 339 and
act eleewners clasailled cerzaln astivities
=3 & numbder of
other groupd.
% Ma-ifasture 37 Mon.detgllis Mimessl
3, exzes: Psducty of Petra-
GETYY
¥l %W sture of pottery, china 353

and earthenvare




Prescn: verazion of ISIC

Divi- Myjar GCroue

Cerrzspndine rajor
grwwp an group(s)
af preceding version
af 1512

Liffer=nces in gzope of major groups and groups beteeen £zl
and prezeding versisn of ISIC

aisn  group Title of categary
%2 %20 Manufscture »f gless and glaas
products
%5 wanufsectures 3¢ 3ther ron-metallie

slneral products

%91 Manufecture of atructural clay

products
3652 Manufacture af cement, lime anrd
plaster
%599 Manufsctures of rcn-metallic mine-
ral products not elsnwhere
claasified
1 Bajic Metal Industries

3T 3710 Iron and steel basiz industries

572 310 Hon-ferrous metal baslc industries

3] nufagtu Fabricated Metal
- A nd ent

¥ Manufacture 3 fabricated metal
products, wxcept machinery and
equipment

¥ Manufocture >f cutlery, hand ti3ls
snd genersl hardwvare

ML Manufacture o furnitures and
fixtures prirarily 3f metal

313 HManufscture of structural setal
praducts

13 Manufscture of fabricsted metal
praducts except machinery and
squipment not elsewhere classified

382 Manufaciure 37 machinery except
electrical

321 vanufscture of engincs and
turbines

a2 Manufacture =f agricultursl
rachinery and equlpment

3328 Manufacture 9f mctal and
wood working machinery

b Manufacturs of special industrial
rachinery and equiprent except
metal and wood working machinery

M2 Menufesture =f affize, computing
and accrunting machlnery

829 Mazhinery and equipsent except
electrical mt elsewnere classified

s, Manufaeiare of eleztrizal sachizery
apparntus, applisnces snd supplles

2

331, 33+, 39

bE

3

39

b1

Ju2

35, part of 25

Part of 3%

Part sf 260

Part of 350

Par: of 3%

¥

Part of 360

Parz of %0

Pars of 360

Part of 30

Par: af 3&C

b1

Includzd L3 the sanufnctur: 2f Keane's and simller ceront a-
of lire and plaster

Lxcluced 3 the manufscturc 3f Keene's and similer cement )l
and plaster.

Excluded arc coke 3vens In Lron and steel works whien It 1z
gible t5 trest sy scporste estadlishrents.

Excluded are the =anufsctyre 3f srall srms ond mecesssriss o
specislized repalr end servicing of hand tools, locks end =€
herdware, and cutlery for tne genersl public. Included are t
sanufacture 30 3=all mectal ware; snd the production ol rachd
preclslzn hand tools.

Excludud are the spezinlized repalr and servicirs of hand B
1ackz and sther =ardware and cutlery f:r the gemcral public.
Included in the =snufecture of machinists' precision hand to

Excluded iz the =a=ufseture 3{ seall sr=s and secessarloa.
cluded s the manufsctiure 2f small =etal were.

fneludsd are the fabrizesis=s anc scsa=bly of digital and ens
he manuiaciurs of seall ares wn
=n of a1l englnes smd turdlnec

shments =alnly engafed iv

cort equizent 5r in menufacturing spezie
engl =imcs far given types 20 transpart equlpment.
Exsluded are ihe productiza 3f vecuwm sleaners, floar pallszh

"and waxers and :f sertain elestrical Rouzerolu cavking end

egtablishacnis spezlallzing in the repair
serricing eml 1lastsm 3f household refrigerstors, houue
hald washing zacrines and leundering ejulpment, hzusenold
s3oring equipmen:, e%c. and of typewrilers far the petersl
publiz; end the praducticsa of machiniszs’ prezision hand L3o!

Ineluged Ls the ;raductizn of all ergines and turbln:zz waleh
are n3t sade in sxtablizhesats rainly engaged in aanulazturis
srarspars ejuipsent 3r in masufacturing speclallred ergines

and turbines {ar given types af trenspart equipment.

Exsluded 1g the =anufscture of machinists' precisisn hend bt

snelided 13 the Zabricesizn and asse=~3ly of digital end anal:
rs and srzasgeries. Lazluded L the repair 3f type-
wrizers far the general publiz.

4ed f3 sne =anufsctuse 2f small sras and secesscrles.
23 are the product af vecys= :slesaers, fl3or pzlish
ers snd zectaln rlezirlcal nousencld e20king riulpeen’
ahllarpenty gpeciallzlng in the repelr, servizing and
tngsallation =f ~cusensld refrigeratsirs, M=usencld washing
saznines and leundering eguippent, Rausensld edoking
ejuiprent, ete.

Tacluded are tre zanufeciure 3f vecuu= clesners, [ler polls
and waxzers and rialn glessrizal housencld coaking ejuipmen
a4 tne product 3f gra<zronre reczrin and pre-ressrded

ragneile tapes. Excluded wre the fasrication and sssemdly o




Present vergian of ISIC

Bivi-

1lan

0 yIr
mraup

Group

Title of category

Correaponding majar
graup and grovp(s)
of preceding versisn
of 151C

Differences in scope of major groups and groups between prusent
and preceding versian of 1SIC

832

3853

-

385

e

LS
33ug

851

K32

3853

3303

1209

Manufizture 2f electricsl indus-
trisl machinery and spparstus

Manufsciure 3f radi3, television
snd sameunicatlon equipment and
apparatus

Manufacture 3f eleztrical
appliances snd Mousevarcs

Honufacture of electrical apparstuz
and supplizs nat elsevhere
classified

Manufacture of transport equipment

Par: of 370

Part of 3TO

Part of 370

Part of 370

digital and amalzg elecironis computers and sccessories and
establizhmenis speclalizing Ln the repalr, servicing wnd ins-
tallatisn af radi> and television sets, grasophonas, tape re-
carders and hauienold end pera.nal electrical appliances for
the general public.

Excluded sre the fabricstion snd sssembly of digital snd snalsg
electranic computers and sceessarles; and establishaents
specializing in the repair, servicing and installatlan of redis
and televisizn s3ts, gremsphones and tape recorders for the
general public. Included 13 the production 3f gramcphone
records and pre-recorded magnetic tapes.

Included L3 the manufscture 3f vecuum clesners, flocr polishers
sad usxers snd certain housensld cooking squipment. Excluded
are cstabllanmencs specialiiing ia tne repair of househald and
nersunal electrical spplisnces for the genersl public.

Excluded are group 384 (Pepair of sotor venicles) ard the repair
3{ mztarcycles, bicycles and ather vehicles far the genersl
public. The manufacturing 3 engines and turbines f3r transjart
cquipment i3 ¢dvered in the categories of the sajer group only
{ carried o2n in establizhments primarily enguged {7 Jabricating
and asscmbling the specified transpart equipment ar In praducing
cpecialized englnes ar turtines [or the spucifled transport
equipment.

Sipbuflding ind repairtsg

Manufacture of railrosd equipment
Manufacture 3f rot2r vehlcles

Mpnufazture of motarsycles and
bleycles

Manufacture af airiraft

Mapufacture 2f tranipart equipeent
not elsewnere zlezsifled

_Manufacture 2f profeszional and

nstfis and mcpsurirg and 23n-
1irg equipment a3t elsewhcre
sified, and 3f photographlc
and optizal goods

Manufaczure of profezsisnal and
sclenziflz, and =casuring and
eaniraliing egulp=ent not
elaewnere classifled

Manufacture 30 phatsgraphlis and
aptical geads

Manufacture of watches snd clocks

vanufszsare 2f jews lery and
re.eced arilizles

waaufasture =7 =ugizal lnstruzents

Manufactuere = gperilng and
atnletiz gxds

Maaufesiarisg Losussries nat
elsewnere slasnified

392
383
383

386
bt

3L %R,

391

392

beb

Iz, 3935,

Pars ef

Part of

Excluded are establishments speczlal.2ing in the resalr of
matarcycles and bleycles far the general public.

Excluded mre establlshments engaged in the repalr o7 Saby carrlages,
sleigns, etc..

Excluded are the productisn of phato-che=ical materials and
sensitized [iim plates and paper; and eszablishme spezisllizing
in tme repair of camerss, dinccula shatagraphicz equipeens,

and watehes and clacks far the genersl punlic

Exzluded are the productiion of phato-chesizal materials and
sensitized fila, plates and pager; and estadlishzenzs 1pezial
the repalr of cameras, binoculars and photagregtis equlsy
e genersl publi:z.

-

Ex:luded are establishments spezialiiing in the repalr of
wat=mes ard clacks for tne general public

Zxciuded are the moulding and exiruding 30 plastiz goods;
fanricwtisn =f seall mezal ware; the praductian af gTancy
rd3 8nd gre-reszarded magnetls tapes; and eszablisnaen
Ly ergaged 1a repalrirg Jewellery, nusical 1A3T_ =enzs,

pri

aznle g:2ds, toys, lsuataln . for the generai
publis. Included Ls the produciion sf uadrellas 834 cares.
Excliied sre eazablisnsents prizarily engaged in ine fepalr

3f jewellery.

Lafed are the produstiza =7 grancyncte records asd pre-
rezzrdied magnetis tages: and establisfzancs pri=ariy engeged
im whe repair 30 ausizel insirments f2r the genera. pudilis.

Exzluded are the production af tnese goods By soulilng or
4ing plastlec =l 5, and the repalr of sperting and
tie gaxcds for %he eral public.

Dxsluded are tne pradustiza of %he goods by meulalrg ar
axirudling plestic materinls; and the repalr of tne goods
far the general publlc




Present version of ISIC

Divi- Major Crowp itle

Corresponding major
group and group(s)
af preseding version

Differences in scope of mejor [roups and groups between present
and preceding version of ISIC

(3
aion group 9L atypry of ISIC
Major Diviston k. Electricit 3 and Water
bl Lio Electricity, Gas and Steam 51 Included sre establishments vhich sell s salgnificant asount of
electricity &5 sthers, as vell as produce electrizity for the
perent entarprise.
k101  Electric light and power 1 Included are establishments which sell & significent amount of
electricity %o athers, a8 well as produce electricity for the
perent enterpride.
k102 Gas manufacture and distributien 512
L1035  Stesm and hot water supply 513
L2 420 L2000 Water Works end Supply 521
¥ajor Divisicn §. Construction
50 50 %000 Construction Loo Included are the sctivities =7 preparing and constructing mining
aites ond drilling crude cil and natursl ges wells so & fee 2r
contract basis: snd unit 3f enterprises which are primarily
Major Divisisn 6. Wholesale and Retail Trade engaged in constpuction and wnich can be separstely reported.
and Restaurants and Hotels
61 610 6100 wholesale Trade 611 Excluded 13 the bottling of spring end aineral water st the sour
62 620 6200 Retal] Trade 612 Included L3 the renting of Rsusehold and personal goods &3 the

Major Divisien 7. Ir

632 63%20 Hotels, rooming houses, casps and

ather lodging places

LpS

T2

Izsnspact and Starage
Epes Land sransport

Tl Rallway transport

7112  Urban, suburban and inter-urben
highwvay passenger tranapor:
T Other passenger land transport
Tils  Freight transpart by reed
TL1S  Pipeline trsnaport
TLIS  Supperiing services %o land
sraaspert
T2 S Water trenspart
7121  Ocean and ccastal water traraport
722  Inland water transpor:
7123 Supperilng services to water
sranspors
1) Alr Srerapart
TiAl  ALT transpars earrliers
Ti32  S3pporiing services B2 alr Irenipam
79 Servizes allled %0 transparet
7191 Semvices incidenzal 9 transperct

Ti%2  Sisrege and varehousirg

120 1™

sport, Storsge and Communicatisn

T11-T1k, T19

Purt of T4
119

Part of T1k
115, 716

TL5, part of 726
Part af T16

Part of T16
717
Purt of TIT

general publie.

sh be sapirstely reporEe

Excluded arc dinirz-car servizes pera”ed su an inZependent Busl:
and amdulsnce services. [ncl.dsed in o leasing od rental 3f n
rasd cars.

Included sre suburdsn railronds.  Excluded is dining-cer service
apersted as an inderendent dusiness.

Excluded are suburden rallr-ads.

Excluded are the reazal of sutzzcbiles without drivers; and

amoulence servizes

Included sre the rental of auizziles wiznout drivers; and the
leasing and rental =f rellrssl cars.

Included L8 the leasing snd rental 37 snipe.

Included i3 the lessing and renial 37 s7lpe.

Irzluded i3 “he lessing and restal a7 airzrmaft

Included L3 2he leasing and renisl 28 alrzrme

Exzluded mre %he lessisg and seazal 3f railroed zers, ANLGe
and alrzrafs.

fxzluded are the leasing ani renzal 27 rellraed owrsy,
and alraralt




lCorresponding ma jor
Present version ar ISIC group :ﬂm ‘:up(i) Differences in scope of »a jor groups and groups between present
Divi- Major Group Title af eatogory of preceding version | %Nd preceding versisa of 1sIC
tlan  grOUp laf 1S1C
Mator Division 8. Firancing Insurence, Real
Eatate and Business Services
L} 810 [inencis] Institutions 62
8101 Monetary institutions Part of 620
8102 Other financial inatitutions Part of 620
8103 Financisl services Part af 620
-] B20 8200 Insursnce 630
8 g ste 8n siness
ervice
831 B310  Real estate (%)
a2 Business services except machinery 83 Included are estadblishments primarily engaged in geologlcal
and equipment rental and leasing surveys and prospecting on s fee or contract basis. [Excluded
sre the lessing and rental of machinery and equipsest; snd
MuthSrs, susic compcaery and other artists who work on owa
sccount {are self-esployed).
B321  Llegal services 83 Included are notaries public.
8322 Ascsurilng, suditing end Baokkesplng 832 Excluded are establishments priserily engeged in date processing
services and tabulating services of a genernl charscter on & fee or contract
basls.
8323 [Cata processing snd tabulating Part of 832
services
8324 tngineering, arzhitectursl and 833 Included are establishwents primsrily engaged In grological sur-
= fechnical serviess s [P ECEE—E
S I e M P : ——B325 — Advertising servises Sfremess e e e = 2 o=
8329 Business services, except sesninery Part of 839 Excluded are nataries public; and authors, music composers and
and ejuipment reatal snd lesaing, sther artists »No w:rk on 3+n aczount (are self-esployed).
not elsevhere clesaified
833 63350 Mazhimery and ejulpment rental and Part of 3% Included {3 the renzal and lesslng of agriculturs] machinery and
leasing equlpment.
Mgior Divigion Q. Zz==umitv, Sacial and Personal Services
tH 910 9l1E0 914z Adainlztraticn efen 210
32 920 9200 aitars gn =1 s (4 j22 Included are char, zrimney and window cleaning, janitor, exter-
minatlng, [urigating and disinfectling, sna siailer services.
33 3acinl grd njty Jervice
931 9310  Euuestion servizes s21
952 gi20 Researsa wnd scientific institutes +1.]
933 “edicai, decntal, ather health and 322. :ers 3t Included are a=bulance services
veterirary services Pl
9331 Med , dental and other health 122 Included are aabulanze services
servites
932 Yeterinary services Pars 27 212
934 930 welfsre inztitutisng 325
935 9350  2usiress, profeasicnal and laosur 229
spscziation:
933 2ial 470 related cammunity Bav, 329
3331  Feligl:ius arrani.ationg 3ie
2379 Loand relysed 2Iemunlly services s
elseuncre 3.323170ed
- 3azsegiiznal ani Julturel Sesvizes
Qu} “wilan mlotu~e and ather entorialarey’ gkt - 32 Inzluged are authzrs, =us!e z2=sasers ol artlats who wire 30
relo=13 =wn oe=aurt (are zeif-emplayed).
Ll Mgaiis iclurt priductisn Par: 27 301
912 iigribuiion ang Pars of 30
GLld 03132 and te'evision brosdcossting Part 3f 3.2 Exzliles are enieriainers snd sraducers af progriemes far redis
and televl3l>A wh3 #3rk 3A 3Jwn act3wnl.




Correspanding =ajzr

Present veralan af LIC graup ara grouplz)

Differences in seaps 2f wajor groups and graups between pres

. of preceding version [and preceding versisn of ISIC
Bivl M.;,p: Graun Title of zategary - ar 1sIC
A0 _EDur
Shle  Thestricel rroducerz and Par:_of 82 Excluded are sctors, entertainars end directars of plays who
entertainment 3ervices “Ork on own sccount.
941  Authars, muzic =ampascrs, #ad Part o1 839,
sther independent artists mot pers of 842

eloevhere clessifled

942 OL20  Livrarics, muzeams, batanles) and 927
z3sl=glenl grrdens, and other
cultural services nst elsevhere

classified

949  GhON  Amusement and reereaiiznal services EDY ) Included 13 the operstlion of fastball, rezisg end siailaer po
n=t elsewn:re closaified

4% Pergonal gnd Mousehuld dervices

951 Repair services not clscuhere 242, %L, parts of

clossificad certaln sther
gr-ups
8511  Re=alr 3f f33tura. and sther 2u2, part of 233

leatner gotds

T e e 2 e S B

o1y

m=tarcyclea M
9S1é  Watgh, clack and Jewellery repalr Pert =f 333 and
af e
3519 2ther ropair shops n>t elsewherco Farzs =7 3%0,
sivgsified 332, % and 333
9%2 o2 sles, undry servioes, and je. Znzlwded are the parsy 2f 2W§, Z-- and 217 ro-alsting tf the
cienning and dyelns plants z:ezfulized repalr of wen:ing apsacel ang roisehcld teviiles
f2r the genersl public.
553 9530 Domestic services 381, 7ars of
332
950 Miscellanesus parsonal services Bee, 935 end Excluded are rental of Rausehald and perszna. goods 2 the g
part =f 959 putliz; char, chimney #nd vindsw o

sxteralnating and fenicrisl serve
recing and simller poals: and ds=essls ger

business establisnments. Included 1o tne Jreeep 2f ceselarl

5591 Barver aad beauty shaps 315
9592  Featagraphic studiss, including 8
ss=rercial pheisgrathy
3539 Perssnal gervizer not elsechere sxzluded are rental 3 hcusenald 3l peraz
saiias =ad B slagaifled publiz: zhar, chimney and vindow

extcrntiaiing ana janl
rocing snd gimiler 2o
business esiabllihmen

9% 950 96C0  I=terzazizmal snd Jther Extra-
Territorial BJodles

Maisr Dtvisicn 2. Aziivities nss Adejustely Defined

0 CO0 OCLO0  Assivities 2t sdejuately defined.
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8 + Nr.20 - 1985

Tabel 8. Antal virksomhader, antal beskm(tigede (desgennemsnit), antal arbejdstimer og lenudgift | industrien 1984

Anipl Antsl beskasgede

ks . —

SO Ian nde-
ISiIC Rader Qed45) havers
1948 Indusirgrucoe 1 2 3
29 RestoldvIRING?. . .. ..o iviieeisisnanioninrisanse "’ 1127 n
29011, 13 Grusgrave, stanbrud, kalk- og kndtbrud 5 .. 72 779 17
29030, %0 Saltudvinging og Bngen ke Metaisk -im 10 3 3
b ] NI L B i v e e N E e e e [ Bri] are arr 1 444
L1 gs- og nydel ihndustil . L " 5 331 13
EIRRR Svinesiagiener inki hingrende rodkonservesald. o pelsemagener 59 18 B4 -
T2 Kedvare- og rodkonservesiaorivuer i e » 19684 4 i
EARREARE ] Kreatursagierer og iaigimelener aan Y. e 17 (LT " |
anrt Fieturmslagiener . . i - VR e 0 1675 4
I Mejenar | y=tae d BrREEE SR IR S 188 TI176 [ ]
na Smelteostfadnkier S e timr . . 18 702 2
m Mmikakondenseringsiadr : - I " 15 1420 -
31124 Konsumisiabiker 5 ¢ 2 L] 1138 =
R ARE ] Gront- 0g !lWlhDﬂ!'MlllUﬂll.’ . g 47 2748 1
i Ragring og saltning al hak 0 820 4
1142 Fishenermaeii-, lishelars- 9 lunlmumikm (innd. mlqm (1] lh-| 4

mn BrNI&DIllH o

mn-nn Kiks-. valieh og uqclw.nm samt m lmmnmng (1 nqownm . 9 2358 12
RARLE Sukkariadrikhes o wathnadener .. ... i ! 2315 -
NN Chak og Sukke 3 S SRR S e e n 3743 4
nan Karolfeimels- 0g andre siveltesiabokher . . . s veigia 7 427 -
219 Framaulling al n@cingamcier | evngt. i i aria Ll 1785 10
1220 Fremsulibng al 'mrdige locerstotier p e i F 5 9 10CS 3
e Soril- og linoriabrikkes . . (] 758 -
NN Bryggerer og maitiapniser . . ¥y i z H (XL -
31340 Minaralvandsiadrnkher 3 i %3 S s 15 781
31400 Tobaksinonknes . . . ) = SRz o . 14 2148 -
2 Tekstll., bekimdnings- ag lmdetindustd . .. ................... nr mwm m
zm Ulgspinderier og -va R Y 15 138 2
3212 Bomuidasoindener uq---wm TP RB - 14 1084 2
2112 Framsuling al garmer og stoffer af lmﬂm ai 3 12 1774 -
1518 Angre spindener oQ vavener i vigl ., .., P R R RS ] r 2
unr Teugtilarvener og wmormgnenegsladnkuer | . . e I 902 -
WD Flag- og ienladrikkes (nkl seimagere) . v . 27 [ ¥1 ] 4
prakl] Framsniiing al garainer. sengetmpoer og linned : A 1" 229 T
FFAFSR: ] Texstivarendustr | evngt . 3 § : 4 1228 7
32130 Trinotagelasrker . L ey . 164 5 809 3
12140 Tappeladnkuer . . e e <Al s i 19 1114 4
2N Febsiager i . T e SIS SRAN AR Mt 7 n -
J2182 F: !l'ﬂqllllfrlll.' . . . ] ars 2
2130 Angan ‘ersnbngustti s r 28% -
- 2z Harresaniennons L : wis R 54 o8 10
3222 Kiclenoniaxliongianrcng’ S . R 122 4 3%4 43
221 Konlekponsiadnkaet for dameovens| ... .. s . 4 2224 ”
32214 Swioretadrinker i . . 3 [ ] 213 -
R FFAE AL Konigx:onsingusin | eve gt : L [} 1178 0
2294 Suntmagerer v 13 415 3
32271, 95-04. 99 Ancen Dedlmemingeindusid | evngt e 7 123 b ]
210 Ganerer 7 380 2
3230 Lamaervarelanrinner " 2% 732 L]
2401 Seglannuuer 2 : 18 1871 L]
22432 Tomsciannkuer 13 s [ ]
12409 Skanzusin i avrigl : b ] 28 =

Aal MU ETQRCE 0 M DRCU Mee Aal Nump RCTTIRL
3¢ U0 301 Daven arigne ionaier | ENan kaunadg O 4TeONIERng




1985 - Nr. 20 - 7

Antai beskmmgede Arbeyds- Lanudgift

- -— ol = Eoadis % ¥ -
Funkio- Arder Tor ar- | an Funato- Asbal Hijamma ar-
nasrer ] bedere’ m+9+10) nmrw e Decere m m.
4 L ] L} r ] 9 w0

1 000 1 000 -
208 1 130 184 327 am 114 388 (4]
"7 78 1058 110 745 30 478 79 580 LAL]
" 248 481 53 582 (LI 34 708 81
110 M8 247 043 448 025 55 TR TR 20 279 342 3% 180 122 axnr
18 720 wan LIl 1] 11 135 488 3 040 023 1079 0350 14313
2323 14928 24159 238971 J98 ¢80 2170 954 9
8t 3149 $ 542 820 982 147 al4 arjy 189 bFs )
18 652 1238 145 218 24979) 19 113 x9
208 1 48] 2289 191 918 34787 158 894 3
1200 3 968 "9 1080 958 0100 881 575 bR
09 591 1025 90 678 18 108 2022 548
482 948 1 802 224 001 8022] 143 749 L]
284 774 1399 178 347 61 841 114 809 197
1018 17137 3001 395 427 T 220 465 1245

18 500 m AT . 21 M3 55 767 E %

480 T4 1210 1er 172 87101 100 019 552

ELL] 1417 2565 7 5613 221193 1308

au 1909 293 291 488 74129 218320 27

o7 1744 J010 328 174 112 848 215228 -

1378 23N 3782 $15 304 04y 7T 819 2758

\ 9 218 e 76 182 40 826 35 439 G
[ 819 957 180 261 183 14C 832 119 973 14
5 LH] LE]] 1243 158 078 81835 91927 5:5
A EL 404 [LH] 121 968 84 473 53 495 100
' 2122 6 356 10 255 1485 131 4835 4CS 1213 18 L
208 550 923 17 228 317 91359 129

508 1838 2587 294 114 94 77 199 134 4

5 943 2 36 268 3484 085 995 287 2197 120 T1 098

1z 621 1042 102 934 19 443 8] 158 I

274 Te8 1224 139 700 48 198 31 251 54

459 1218 220 249 024 °7n 168 430 m

LT} 2 kL 0 14501 22178 $ad

m 719 1245 124 TR 31 837 0 557 %8

91 5] 04 Te 582 J1 559 46 703 o]

50 1 kiR arm T 20113 12

292 337 1 405 141 587 45 132 331473 2432

1040 4438 4950 §31 562 177 452 429 113 ar?

60 750 1314 176 534 T4 o N X4

107 " 5] £2 7CS 20718 32458 -

82 94 510 12 539 14250 37 583 358

v "2 193 114 412342 13378 29 355 3
LhH 2429 181 333 848 82118 248 850 e

23 13508 52%0 a4 727 119 848 5978 15174

392 1018 2454 231 984 8298 14T TE4 814

4 134 2 24193 8379 17129 152

195 950 U 1 134143 29 533 85 028 1n1°8

129 3 o §1C98 19752 10 789 1354

EL] L 123 12 542 LR E] 5339 1

92 258 47 47?23 1547 31 e 124

143 561 Lh ) 82329 21:i93 58 475 2258

31 1172 2157 134 443 45532 149 853 1m

48 235 kb | J0ca? ety | 22 314 L]

4 182 218 28 847 T 432 20 583 E: b




8 - Nr. 20 + 1985

Tabal 8 (forisat).

Antal virksomheder,

antal beskmitigede (irsgennemsnit), antal srbejdstimaer og lenudgit | industrien

1984

Antsl Antsl Dot UQece

wirk.

[ lan Inde-
1SIC hacer Deda 94 havers
1964 Indusingruppe 1 3
1 Trm- 0g mebelindusirl , s R S S R el 13 ey 254
331112 Savemruer 0g v-mpr-wvrmlnslm . ST P L] 1 492 24
33113 Framaniing al sodnpiacer. lner m v i} 1 4
314 Framaniing af Dygrengsariaie: " 5137 0
R E1F] Trmemballageladsiker — . 2 sas 10
32191, 97 Tramvare- 0g hgkistelabnkner " = a9 930 2
3219290, Tramdustrt | aveqt . 14 272 7
33201 Trm- o9 uuiimml-uruur 40 14 Q75 AL 1]
20 Macrasiaikeer . . ... .. [ ] 187 2
:T) Papir- og graflisk Industrl . . ... ............. P s SR (&1 33 sor 247
34112 Papir- 09 paolapokker - 12 2104 -
I Papir- og papembaiiagelabnker L1} S 41 12
3o Taperabriker 3 93 -
340199 Papw- og papvarmndusin i evigt 3 1224 T
34211412 Regradunion: Biter og SmNene 1M 1748 k)

312!'-'2 94-05,
93

383179

J5a2r02.09

18502

]
232
H
E)

Serigreliging Wryshprier . AN
:mmqmtww* e
Bogoinderar . 5
Dagbiade . A —

Kemigh Industrimm.. . ..... - e
Fremstdling af ut og andre meuw:g L LA

Anden hamst. al kemiske grundstofier og prmare Iom-in 'urbtnd.hll
Framsuiling al kunsigodning

Fremsulling al l@raigbltandeds Dekmmosisesmdier

Framsuling al basisolas! .

Fremstiling al plader, W ogrermyv af alui ami hl.burnml-lr
Farve- 0g lanlabrkner . E
Mld-:mll-l!.flmuw .....

Saveladrkner . ... .. i

Kosmetkiabriker =

Eramaniliing af steariniys

Anden kemisk industr

Mineraloharatfinadener

Framsulling al as‘alt. lagoap og andre ohe- 0g Tucrodukler
Vulkanisenngsanstgiter myv

Gummilabriker

Framyuiing af Dlastembailage

Angen tremsnihing af plastvare

Stan-, ler- 0@ QUsnduUstr . . .. ... it i
Barceimns- 0g 'aiancelaan
hng al esramik 39 ‘¢
#' 0Q Jasdesragnng

Tegvaner

Ergmgtihng al molerprodukier = v
Camentapraner 1AM kaik. 0 VNatvEaer
LI LT

Stennuggerer

Framstiing al lara-gtiander Seran
Betonvareladr snw

Fremsuiang al ancre sien-, ler- og glno'uullnl

Jern- ag metalv
PUILST - 1F 1
Pl Sl H
Matsie
et

OF O BIEDRTIOF . . . ... ... ...

T8
50

847
b}
0

4

5
20
L1]
n
4]
28
1"
17

ar
k]
L1
7
HL
70
187

400
2
45
13
18
L]

138
48
s ]
27

14
8

1872
10 389

Tt _.-n.i...ﬂ -..-ﬁ_"t-.'..— —_—

-

A

o

£ Buw-
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1985 - Nr. 20 - 9

Arisl beskmiugece Lanuagit
Funkiio- Arvep 1an Funkio- Arbef Hemmaar- !
namter ders B+9-10) LY oele s mm,
4 s T [ A e
1000 kr.

4574 1" 181 I m 738 TS0 1189 1 11998
n2 1254 197 819 31084 145 843 "2
4 (L%} 156 087 38 244 110 255 kL]

1108 4009 708 593 106 98 518 281 129

88 o9 L kL 14 882 189 1%

188 ra neer7 I sa9 87 528 "

LE] 202 13 988 10 559 23 297 "
2553 128 1729 9% 417014 ' 308 050 T8
0 1558 2278 S412 17 838 0

12 300 20 T80 3909 409 1357 %87 Jans s s
arr 1 827 J41 318 97 069 244 248 -

1318 4151 a7 783 240 TTQ 830 452 s

4] 52 1317 €538 8 820 ik ]
424 ™ 182 348 7913 103 589 844
37 1178 331 551 114 592 214183 2738

1474 12 832 414 274 so7 550 802 7S

N284 _ar4nn $08

e T Crmomr T - - - E
TN T s [H]
1088 040 413 287 1783
18340 20 M 34 680 LR B N[ ] J 060 015 2799 To2 (LR L]
27 m 484 80 140 4254 7 519 Lh
2218 2281 3TN0 787 118 434 578 131 878 47
457 T4 137 208 442 92 858 115 544 -
80 e m 22 780 14 839 8128 B}
208 dan 780 95 597 J8 49 58 658 L]
1218 Jcos 4964 a8y 327 211930 425 778 1523
1793 955 1599 448 157 218 teg 131 518 81
4087 2753 430 1183 583 785 521 4ty
1168 [T1] 11391 218 142 207 088 106 815 LN L]
179 142 o 48299 I 44§ 14 553 »t
B4 258 0% o107 8948 25 084 L L]
508 m L H 135 50 89 042 46120 al
502 54 L1] ng e 109 823 8 184 EFig
450 632 L 1] LLAR:BF | 84274 96 854 133
181 39 182 70378 27 598 42 527 FES]
480 1483 2am 277 458 82 883 191 8C6 208
1059 28n XY} 187 024 194 033 368 482 255
1 503 1 40 885 3t 256 Jdd 414 885 a2
4mns 12 %07 AN Y] 2163037 [EIR LTS 1747 558 LN L}
425 1630 HE 292 288 71944 218 381 -
LE] n L] 49 87 3 440 13 928 '
330 17388 i 328 47 94 953 229 €87 28
e, - 279 1088 1329 193224 50 189 142 537 433
82 212 172 40 168 10998 2 -
437 100 (ke 1] 243 187 100 930 128218 ]
18 L] 33 13 8258 8267 7283 L ]
4 120 138 21 98 §4:2 15 233 |
328 s27 9 121 €69] 54523 s 92 52
1In 4130 T 819 524 240 882 477 887 Lt
1048 1970 3132 443 828 194 039 254 595 1 taas
1378 4859 7T 1y Ty 249 478 509 818 LT
E3 5] 1 849 23514 R AR Y ] FERLE] 214 334 it H
148 1873 2329 7T 352 4] 472 EERLT ®?
252 518 L] 128 373 a5 8 403 §

213 99 182 T41 460 1641 04 892 14}




10 + Nr. 20 - 198%

Tatel 8 (fortsat). Antal vicksamheder, antal beskmitigede (drsge ). antal arbe| og lenudgift | iIndustrien
1984
Antal Antal ek mtgece
R — e
0om- Ian Inde-
1S1C hader Q+da) havere
1988 Indusirgrupoe 1 H ]
Jern- og manalingustdl . .. ..., e e R 2150 150 524 s
Fremsuibng al varaie), besiag samt bestik s ] 2990 n
Melaimeoeadnker . . 84 Jan AL ]
Lampalabrinker . a2 e . 4 4 965 L]
Framsiunng al jarm- og $ukhoner (ergkl ® lanke) 189 7 552 s
Framsuiing al stanonme bercic ki) 2854 12
Raraonkker SEE 14 1150 2
Fremauiing al cuntratvarmenedier 13 802 4
Metalemballagefabrinker 4 I3 2
Framsnling sl ovne og raciaworer m m 50 27 1047 2
Armaturiabokker G e » 3208 -
Framsulling af botte. u.nm ug sam 17 990 !
Gavamsenngsansialier og nﬂuslnunhﬂq 24 1812 28
Framstiling a! ljecre og kader n 295 3
Framsnling of rhd 0q trhdvarer : n 578 7
Framsiling af andre jern- o mealvarer 101 2478 14
Fremsuiing af motorar (bortse! a sienr matorer og lh-umloc-r: ] 219 3
Framatiling af langtrugsmasner S 96 8210 12

Framsulting af maskiner o Ir@tearbedning .
Pmanm metETTarteoning

m|ny— - o

TwTa T frlﬂm-Ing lfmuhnilnur o uibaner .
ez Framanlling of og app 1l g ¥l 0g kemian mdulr-
824 Framsuiling af maskiner ™ 1kote;s- DADH- 0 Sa2varendusiren sami e

ik ingustri s i Ve
829 F-emsnlling af Jnuusl'-muhm-r 1 gy
Jan Framytiiing al kontormashingr
kLFLH v agilabrikker
J%292-93 Fremsuling ol RusholdnINgsMass ~er
8234 Flurr-slullmg al wigent rgnspa=yiargl
238 Framsuifing af tandhul g var1= ss.ortanser

1329 Urzerlaveranderatrkner med e og marniorarzeidning
3829795, 97, 99 Maswintaprivker i gungt .
3n Framaniing al ol-moicrer sami o apparstur W masxings
N Racio- 0g fjernsynstadnkne:
8329 Eremstilling al lelematerel | gveg:
18101-32 Framsniting al #-nusneigmnga= « e
139 ATRymulaion of ' elementaa s ser
PERELIS AR | ) Kaze'fannkeer og ramsiilling &l s-eutrea mate 9 0 rmm
J24n Jarngnibsvaeriter .
J2a Trasub: " og bideoygge &
s S=osmo i
Jsig-20 Framsniing af ski0s: og dane~1 v o "~y

13422 Karrassertantahgr m ¢

Blimaugte 1 evrigt

Cykel 0g wnalenfabriigr =

Arcen lranssonmadeingy s

Fremsiting at mecrgue =1, =s<e 3¢ sczaner my
Framauling at nes-gignirges =4 ¢ nqu menig
Fea=stilhng at ¢ e mden: omenier

!r.ﬂu.lbng Al cothan o 'Qlagra te aatyr

Sz g T aaege
Fra=guiing at =y
Fra=guihag 3! gpo

Pagiamisaar
ANgen ndusT i wergt

1] Ristaludvinging og inguatr | 11 1984 ,

PR | Ristatuavinging 3g industrl | ait 1987 |

Anden Ingustrt | . N T PR ——

118
2

12

"
"

sa7

LR 24

5618
549
Fik ]
ha1 ]

2112
22
i} |

1927

J80 804

362 T

-
ST .

- -
L R R Sy T R AR,

£

[N k)




1985 « Nr. 20 - 11

Ants! besumitigeds Arvejas- Lenudgrit
- et
Funiuo- Arpe} lor ar- st Funatio- Ardel Higmmaa-
L L dars bexders! B=Be10) L dery . mm
4 ] L] 7 L} L} 10
1000 1 000 kr
47 007 1307y 174 448 22 118 608 SETY ™Y 13 48 147 ans
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Branches covered by the Health Service

Major Division 2
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2901 Stone quarrying, clay and ;and pits.

2902 Chemical and fertilizer mineral mining.

2903 Salt mining.

2509 Mining and quarrying not elsewhere classified.




Major Division 3
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Slaughtering, preparing and preserving meat.

Canning, preserving and processing of fish, crustacea
and similar foods.

Manufacture of cocoa, chocolate and sugar
confectionary.

Tobacco manufacture.

Spinning, weaving and finishing textiles.

Manufacture of made-up textile goods, except wearing
appareil.

Knitting mills.
Manufacturing of carpets and rugs.
Cordage rope and twine industries.

Manufacture of textiles not elsewhere classified.

e
z- .._ =

s

}-Man%§§5%§qeipfTﬁggfingjhﬁ?&?pi

3232

3233

3240

3511
3512
3513

3521

w
w
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3523

Manufacture off leather and products of leather,
leather substitutes and fur, except footwear and
wearing appareil.

Fur dressing and dyeing industries.

Manufacture of products of leather and leather
substitutes, except footwear and wearing appareil.

Manufacture of footwear, except vulcanized or moulded
rubber or plastic footwear.

Manufacture of basic industrial chemicals except
fertilizers.

Manufacture of fertilizers and pesticides.

Manufacture of synthetic resins, plastic materials
and man-made fibres except glass.

Manufacture of paints, varnishes and lacquers.
Manufacture of drucs and medicine.

Manufacture of soap and cleaning preparations,
perfumes, cosmetics and other toilet preparations.




3529

3530

3540

3551

3559

3610
3620
3691

3699

Manufacture of chemical products not elsewhere
classified.

Petroleum refineries.

Manufacture of miscellaneous products of petroleum
and coal.

Tyre and tube industry.

Manufacture of rubber products not elsewhere
classified.

Manufacture of potting, china and earthenware.
Manufacture of glass and glass products.
Manufacture of structural clay products.
Manufacture of non-metallic mineral products not
elsewhere classified.

Iron and steel basic industries.

Non-fe::ous_meLal,hasiq_indugtnigsﬁnnfﬂ_#

Manufacture of electrical apparatus and supplies not
elsewhere classified.

Shipbuilding and repair.

Manufacture of motor vehicles.
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Ardejdsministertets bekendigereise nr. 365 af 3. august 1980

Bekendtgorelse om @ndring af bilag til
bekendtgorelse om bedriftssundhedstjeneste

I henhold til bekendigorelse nr. 288 af 22.
juni 1978 § 2, fastszttes folgende:

Ved afgrznsning af brancher omfatter af
pligten til at oprette bednftssundhedstjeneste
anvendes Danmarks Staustiks erhvervsgrup-
peringskode af 1. april 1977,

I Den I. juli 1978 omfartes Jelgende virksom-
heder of bekendigorelsen:

I. Lederindustri og garverier. 323
a. Garverier. 32310
1) herunder |zderfarverier,
b. Pelsberedning m.v. 32320
1) herunder garvning, farvning, rensning

al petsdyr (peisning). Fremsiilling af bekled--

ningsgenstande horer under anden beklzd-
ningsindustri 3229, 12294
¢. Lzdervarefabnkker. 32330

i) herunder fremstilling af kufferter, ta-

sker, mapper, punge. bzlter Of urremme m. «

m af lzcer, plasuc m.v og maskindele af
|zder. -

2) skotojsfabrixker horer under fodtojsin-
dusiri 124, 32401,

2. Gummiindustri. 353

1) hezrunder fremstilling og reparation af
alle former af gummprodukter pd basis af
sdvel natur som syntensk gummi, guttaperka,
ballata og lignends.
3. Vulkaniseringsanstalter m.v. 35510

1) herunder fremsulling al slidbanedazk,
gummidzk og gummislanger tl hjul.
5 Gummifabrikker, 35590

IT Werunder fremsulling af gummistovler,
gummifodio) og gummilezeto).

3. Jern- og metal zrker. staberier. 37
Stilvaerker og jernstoberer 3710
3. Jern- og stdvzrier, 37101
IV herunder h=rdenter samt fremstilling af
.27 02 stdl 1 blokks, stznger og plader.
b Jernsiptener 3702
I} herunder fremsulling af maskinsiobe-
27¢s. xloakstavezads. smedegads cg siobte
rar Andre ror er undiagse

Meulierker og sioberier 31720
I Metalverker 37201
g Meialstobenar 37202
'y herundsr varmepresset metalgads.

4 Renovationsvirksomhed og kioskvesen.
9101
Arsejdimin. 3ok jar 1873222241

BU™MAE — 1) herunder fremstilli
~ mende flydende materiel.

(Udbygning ar bedriftssundhedstjeneste)

Kloakvesen og renovationsvasen 9201
2. Kloakvasen. 92011

b. Renovationsvirksomheder. 92012
1) herunder renholdningsselskaber, losse-
pladser og lorbrzndingsanstalier.

5. Skibsverfter og bidebyggeri. 3841

a. Jernskibsvarfer. 38411
1) herunder stdlskibe pd 100 BRT og dero-
ver.

b. Traskibsvarfter og biddebyggerier. 38412
¢. Skibsmotorfabrikker. 38413

1) herunder forbrzndingsmotorer, damp-
maskiner og -turbiner til fremdrift af skibe.

d. Fremstilling al skibsmateriel |
38419

@vrigt.

2) skibsophugning er undu-;er.

6. Fodtnjsindustri. 324
a. Skotojsfabrikker. 32401
1) herunder hjemmesko. Gummilodioj he-
rer under gummiindustri 355, 35590,
b. Hindskomagere. 32402
1) skotejsreparationer er undraget.
¢. Treskofabrikker. 32403
d. Fodtojsindustri i ovrige. 32409
1) herunder hzle og andre dele til fodraj.

7. Slagteri- og kedvarerilberedning. 3111
a. Svineslagterier. 31111
1) herunder slagieriernes kodkonservesaf-
delinger cg polsemagsrier.
b. Kodvare- og kadkonservesfabrikker, 11112
1) heruader kodskstrakt, bouillonternin-
ger. federares, polser ag fars.
¢ Kreaturslagterier 31113
d. Offentlige slagtehuse 31114
e. Talgsmelterier 31118
f. Tarmrsnserier. 31'15
1) herunder enhedzr, der pi slagterierne,
men for tarmrenseriernes regning udforer
forbersdende tarmbenandling.

ng 1 aveige 3119
cg saltning afl indle-
'meslagtere horer ogsd

under denne branche.

8. Chokolade- og sukkerarefabrikker. 3ren

It Den | juls 1973 omyarrer Jelgende wirk.
tomheder af bekendigereisen

g ol Rader oy By -

9. Kemisk industrl. 35

Kemisk rdstofindustri 351
a. Fremsiilling af ilt og andre industrigasser.
s ]

1) herunder andre komprimerede luftarter
samt fydende og fast kulsyre.
b. Anden fremstilling af kemiske grundsrof-
fer og primzre kemiske forbindelser. 35119

1) herunder emulgatorer. enzymer. ostela-
be, garveekstrakt, soda og farvestoffer. End-
videre sulfonamider, ikke doserede og ikke i
detailpakninger, samt pestcider i form af
isolerede kemiske forbindelser.

Fremstilling af kunstgodaing og l=rdig-
blandede bekzmpelsesmidier 3512
¢. Fremstilling af kunstgodning. 35121
_1) herunder lremstilling af superfosfat.

d. Fremssilimg of ferdigbisndede becampel.

- Tsesmidier, 35122

1) herunder treimprzgneringsmidler uden
bindemiddel.

Fremstilling al basisplas: og plasthalsfz.
brikata m.v. 3513
e. Fremstilling af basisptast. 35131

I} herunder kunstharpiks
[. Fremsiilling ai plader, fclier, ror m.v. af
plast. 35132

1) herunder fremstilling af dug. bind. me-
nofilamenter, slanger, stznzsr og prafiler ar
plast.
g. Fremstilling al klzbestrimler, 35133
h. Fremstilling af plastembaliage. 35601

1) herunder fremstilling af poser. sparcs.
Nasker, kasser zsker Og ancen :mbailage ai
plast.
i. Anden fremsuiling af plasivarer. 29509

1) fremstlling af legsto]. skilte cz aawvre-
plader samt lampeskzrme =- undtags:

Fremsulling af andre kemuskz produxre-
352
j- Farve- og lakfabrikker. 33210

|) herunder f2emis og fer.ndsr. Kinstne=
farver er undragst
k. Medicinalvarsizbhnkker 35220

I) herunder hormoner, «::aminer 2§ anik
bictica uyanset indpakming. sadiidsc: ancrs
[zgemidler, doseradse eller Cstarlpakaingss

Fremsulling af szbe- og tavietmidlzr 3523
l. Szbefabrikicer 15231
m. Kosmeukfabrisker, 38222

L} herunder parfume. iindpasta,
sprit, shampoo og lignende

sarcer-

Fremsulling af avrige xemiske Fraduk:se
3529
n. Sprengstoffabrikker. 3429)

) patron- 0g granathylsize er undiaget.
0. Pudse- og rensemiddelfadrikker. 3292




o e ema L1 Mineralolie- og asfaltindustcl 153384 ..
st = ST T Mmorlofiemdumdi 353 0 C -
777 7Tal MineraloReraffinaderier, 35300

1) herunder maebelpolitur, bonevoks, skos-
VEMe og ovasvene.
p. Fremstilling ar stearinlys. 35293
q. Limfabrikker. 35294
r. Fremstilling af lysfelsomt papir og pap.
15295
s. Kemisk industr § avrigt. 15299

1) herunder t=nds.ikker, trykfarver, blek,

tusch, antifrostpreparater samt organiske
overfladeaktive s1offer,

10. Konfektionsfabrikation. 3221

1) omfattet er kun egentlig konfektion og
tdledes ikke fremstilling af tekstiler og teks-
tilvarer, skrzdderi, buntmageri m.m. der
herer under tekstilindustri 321 og anden be-
kizdningsfremstilling 3229,

a. Herrekonfektionsfabrikker. 32211

1) herunder arbejdstej.

b. Kjolekonfektionsfabrikker, 32212

1) herunder kjoler, bluser, nederdele og
buksedragter.
¢. Konfektionsfabrikker for dameovertaj.
32213 :

1) herunder dameyderbeklzdning i evrigL
d. Skjortefabrikker. 32214

I} herunder herrepyjamas.

e. Fremstilling af korsetter m.v. 2215
l. Anden konfektionsindustri. 32319

1) herunder undenaj, nattej til damer; ba.
dedragter, smibernsbeklzdning, kimonoer,
slips og kitler.

Fremstilling af asfale, lagpap, smeremidler
Og andre kulprodukter 354

b. Asfaltfabrikker. 35an|

1) herunder j=reprodukter.

2) udizgning af asfalt sam asfaltfabrik-
kernes entreprenorafdelinger herer under
bygge- og anl=gsomride: 50,
<. Tagpapfabrikker, 35402
d. Anden fremstilling af olie og kulproduk-
ter. 35409

1) herunder blanding og krakning af mine-
ralolier.

12. Sten-, l2r- og glasindustri. 36

1) herunder fremstilling af ikke-metailiske

_mineralprodukter.

Porcelzasindustri 361
3. Porceizns- og fajancefabrikker. 36101
5 Eremsuling af keramik- og lervarer. 36102
¢. Porczsiznsmalere og -brznderier. 36103

I} herunder klinkerier.

Glas- og glassarsindusiri 36
d. Glasvazrker. 36201

I herunder vinduesglas, glasfasker, servi-
ceglas m.v.
¢. Glasbearbejdaing. 35202

1 herunder slibning og mattering, spejlifa-
brikker samt fremsulling af isolationsruder
pd grundlag af :ndkabt glas.

Fremsulling af tegl, cement 0g andre mi-
neralske produkier 369
. Teglverker 35911

1" herunder fremstilling af mursten, tag-
sten. dr=aror samt keramikNiser nl vzghe-
klzdning.
8. Fremstilling 3f molerorodukier mov. 36912

1) herunder fremsulling af xiselgurproduk-
ter samt ildfast marrel,

2) udvinding af moier og kiselgur fra Srud

herer under anden rulofudviuding 29,
29090.
Cementfabrikker, kalk- og kridiverker,
martelfabrikker 3692
h. Cementfabrikker. 36921
i. Kalk- og kridiverker. 36922
1) herunder fremstilling af brzndt kalk.
R4 kalk og jordbrugskalk herer under anden
rdstofudvinding 29, 29013
2) kalkbrud, stenbrud, Brusgravere og
skzrvefabrikker harer under 2901,
j- MenefMabrikker. 36923

Anden sten-, ler- og glasindustri 3699
k. Stenhuggerier. 36991

1) herunder stensliberier og fremstilling af
gravmonumenter, marmorvarer og mallesten.
l. Fremstilling af fzrdigblandet beton. 36992
m. Betonvarefabrikker. 36993

1) herunder beton- og cementstoberier (ce-
mentvarefabrikker), fremstilling af betonmur-
sten. -tagsten. -fliser, -trappesten og trzbeton.
Endvidere terrazzo-, klinke-, beton- (lecabe-
ton). slaggebeton- og asbesicementfabrikker,
n. Fremstilling af glasuld og glasfiber. 16994
o. Fremstilling af kalksandsten og gipsplader.
36995
p. Fremstilling af slibematerialer. 36996
q. Fremstilling af andre sten-, ler- og glaspro-
dukier. 36999

1) herunder bremseskiver, asbestvarer,
pakninger med mineralske bestanddele, krvo-
litfabrikker, kunsigipserier, rockwool samt
ekspanderet fer. o N

13. Tobaksindustri. 314

1) herunder fremstilling af alle former for
tobaksvarer, cigarer, cigaretter, shagiobak og
lignende.

1) tobaksfabrikkernes engrosoplag betrag-
les som lokale hjzipeenheder,

[II. Den 1. juli 1980 omyarres folgende virk-
somheder af pligten nl ar oprette bedrifissund-
hedstjeneste:

14, Tekstilinduseri, 321

Spincerier, vaverier og efterbehandling af
teksuler 3211
2. Uldsoinderier og -vaverier. 32111

"1 herunder uld sammen med kone kemo-
fibre

21 herunder wonfektlionerede boligrekstiler
fremsuiier af swoffer vavet | egen virksom-
hed
b Ber.idispindarier og -vmverier. 32112

v Reruncer bomuld sammen med kone
kemofibre.

2} hzrunder konfekuonerede boligteksuler
fremstiliet al stoffer vevet i egen virksom-
hed.
¢. Fremstlling af garner og stoffer af kemo-
fibre. 32113

1) fremsulling af garner og stoffer af kore
kemoliore sammen med uld horer «l 32111
0g sammen med bemuld horer ul 32112,

d. Hindvzverier 32114
. Fremsuliing af bind, possement og elasuk.
32t1s

Il herunder etiketter, tvl. blonder og knaip-
linger.

f. Andre spindsrier og v 2verier. 12114

1" herunder hor og tvnde garner af hamp
og jute
§ Tensulfarvener 0g -'mpragneringsfabrik-
ker. 32117

I} herunder ogsd virksomheder, der alene

udfarer mercericzring, dekatering o. 1
synlig efterbehandling.

2) farvning, mercericering, dekatering
efterbehandling i forbindelse med spin
vEvning, strikning eller rebslagning hent
under virksomhedens hovedaktiviter

3) imprzgnenng afl stoffer med plast
olie herer under 32190. Tekstilstoffer
trukket med gummi herer under gumr
brikker 15590.

4) garderoberenserier og garderobefar
er er undtager,

Fremstilling af ferdige tekstilvarer ¢
beklzdningsgenstande 3212
h. Fremstilling af broderier. 32121
i. Plisse- og hulsomforretninger. 32122

1) herunder fremstilling afl stolkna;
sldning af knaphuller samt kunststopning
j- Flag- og tehfabrikker (incl. sejimage
32123

1) herunder fremstilling af pressenn:
O markiser.
k. Fremsulling al gardine:, sengetzppe
linned. 32124
l. Andsn tekstilvareindusiri 32129

1) herunder fremstilling af dyner, pu
stoftryk, malerlzrred, autoindirzk og m
samt szikke.
m. Trikatagefabricker. 32130

I) hzrunder fremstilling af stromper.

2) kanfektionesing udelukkende eller
sten ucelukkend: pd gruadlag af indk
trikotagestoffer horer under konfektionsi
etion 3224+~ T T T T R
o Teppefsbridkec T2T40- - - o

1) herunder fremstilling al mitter og |
re al jute, s1sal cz kokos,
o. Rebslagerier. 22151
p- Fiskenetfabriker. 32152
Q. Andzn teksulindustri. 32190

I} herunder Ralmvarsfadnkker, frer
ling af rarvaes. sokradsnirg af gammelc
shoddyraorikker, tvistfabnkker, vaidfabm
samt filt- og krolhdrsfabrikier.

2) herinder imprzgnenag af tekstilst
med plast eller oie.

Anden beklzdningsfremsulling 3229
r. Skrzdderforreninger. 32291

[) herunder skrzddermesire, som fres
ler damedragter 23 -frakker.
s. Kjolessning mov. 32292

1) hemunder syersker,

2) Nanksmasiig fremsulling af kjole:
rer ynder konrsciiansindusin 32312,

pelsberz2ning 313
w. Damshatte- 02 modevarsiremstilling. 3
Y. Handikelabriaxer. 32264
¥. Bekizdmiagsinduseri i evrigr. 32299

Iy hemznder Tremstlling 37 indlzg 0. L
iitinz af parasziler og para:

LS. Fiskeindustr, 3j]4
3. Ragmng og samng af Tak. 3114
b. Fiskenermeuk-, fisksfars- cg fskeii:
bricker 1142

IV hemuinder zoofessning af fisk..

16, Akaumulator- og terelementfabr
J&:92

1) Rerunder “samanlling afl toreleme
akkumulatorkasess og ucsultning af a2
mulatorsiemen:e: med indSvining




17. Stenbrud, skervefabrikker, ska2rveknuserl,
baring i granit og sandsten. 29 anden ristof-
udvinding.

Grusgrave, stenbrud, kalk- og kridtbrud
2901
2. Ler- og grusgrave samt stenbrud. 29011
b. Kalk- og kridtbrud. 29013

1) herunder udvinding af jordbrugskalk
samt indsamling al kalkholdigs skaller.
c. Udvinding af mineraler til godnings- og
kemisk brug. 29020

1) herunder kaliboring.
d. Saltudvinding. 29010
¢ Anden ikke-metallisk rdstofudvinding i
avrigt. 29090

1) herunder brydning al kiselgur, flint og
moler. Endvidere henhorer fremstilling af
briketter og torvestroelse til denne branche.

I8. Skorstensfejere. 92023

19. Autobranchen. 3843 karosserifabrikker.
9513 autoreperation.
4. Fremstilling af biler 38431

1) samling al buler, lokalt kombineret med
engroshandel. opfattes som en virksomned
men med udskillelse al bifuakiion. En kam-
binerer enhed henfores normals il fremstil-
ling. ndr mindst 30 pct. af omsztningen hid-
rorer fra sumling.

b. Karosserifubrikker. 18432

1) herunder fremstilling af pihzngsvogne.
landbrugsiogne, campingvogne. skurvogne.
lad til biler og tippelad.

) karosseriopretning horer under autore-
peration. 95132
c. Bilindustri i ovrigr. 38439

I} herunder motorer. bremser, gear. hjul o.
L.

2) gummi horer under gummilubrikker
35590, plast horer under anden frems:illmg
4l plasivarer 35609, glas til billygier 0. | ho-
rer under giusbeyrbeydning 36202

31 elekirisk udstyr ul biler er undtaget.

d. Autoreparutionsyarksteder. 9531
e Narossern eristeder. 95112

It karossenfremsulling horer under karos-
sertfabrikker. 18432
f Autolakererier. 23132

8. Autoelektrikere, 95134 -
h. Autoservice i uvrige. 95119
1) herunder autobugsering.

IV.Den 1. juli 193] omfartes toigende virksom.
heder at pligren nl at opreire bedriftssundheds-
Heneste:

20. Bygge- og anlzgsomrider. 50

4. Bygge- og anlzgsvirksomhed uden nzrme-
re angivelse. 50000
b. Offentlig bygge- og anlzgsvirksomhed.
sou10

1) herunder bygge. og anlzgsvirksomhed.
der udfores af offentlige (herunder koncessi-
onerede) virksomheder eller forvaltningsor-
ganers eget personale, men derimod ikke ud-
liciteret arbejde.

¢. Entreprenorvirksomheder m.v. 5012

1) lzsseentreprenarer og kerselsentrepren-
orer er undtaget. Maskinstationer der udforer
landbrugsarbe)de er undraget.

1) virksomheder, der ikke selv har arbejds-
kraft. men som indgir hovedentreprisekan-
trakter til udforelse af underentreprenarer,
medregnes.

d. Almindeligeentreprenerforretninger. $0121

- L} herunder entreprenorforretninger, der

pdtager sig arbejde inden for et videre felt af
bygge- og anizgrarbejde.

21 anlzgs- og byggeforretningsr med mere
specialiserede arbejdsomrider henfores til en
al grupperne 50122-50199.
¢. Drzningsmestre. 50122
f. Brclzggermestre. 50123
g Kloakmestre. 50124
h inger. 50130
i. Temrer- og snedkerforretainger. $0140

It Rerunder maskinsnedkerier, der selv
cpsittier de iremsullede bygningsmaterialer,
Snecuzrier og “adrikker, der fremsiiller byg-
mingysnedkeraricler ul salg, er undraget.

J- Mae-orretminger 50150

Ti=esunder 2vgmingstapatsersrs.

- taltemaetr mobellakererier og indu-
§t™anem=g 20 unctagel. Autolakerier horer
uncse Juiorezgzation 95133,

kB oweensiagecfarretninger, 50160

I £ satr2imsiacavonsforretningsr. $9170

- Murarforret

drberdsm:misierter. den |1 augurt 951

SVEND Aunen

1) herunder ogsd el-installatorer med &
tikshandel.
2) reparation al elektriske husholdning
maskiner er undtaget.
m. Glarmesterforretninger. 50180
1) herunder ogsd glarmestre med butik
handel.
2) rammelistefabrikker er undraget.
n. Gulvbelzgnings- og terrazzoforretning:
50191
1) herunder gulvarhovling o. 1.
. Isoleringsforretninger. 50192
. Tagtzkkere og tagpapdzkkere. 20193
. Brondborere. 50194
Ovnsztning. 50195
I} herunder reparation af kakkelovne.
s. Stilladsfarretninger. 50196
L. Byggevirksomhed i avrigt. 50199
1) herunder stukkaterer, facadesanddiz
ning, lynaflederopsztning og mallebyggere

S o O o

V. Vejledende reiningshinier om ajgraensning
problemer.

P4 virksomheder, hvis hovedaktivitet he-
under de ovennzvnte brancher m.v., s
samtlige ansatte omfattes af bedriftssur
hedstjenesten, uanset om de pigz!dende p+
sonalegrupper beskzftiges ved egentlig o
duktion eller ved diverse serviczfunkuc-
sisom admmnistration, “kantine,” Tengerin
kersel m.v. - .

Ved virksomhed forstds i denne forkiad:
se den lokalukonomiske enhed. Yed hose
aktivitet forstds | denne forbindeise den =
al den egentligs produktion, hverved Mast
beskzftiget. .

Pa virksomheder, hvor der i ex afgr=a:
del af sirksomheden udfores en araduii:
der horer undsr de o.ennzwniz bring-
m.v., men hver denne produkiicn ikxs
hovedaktiviteten, skal kun de i deane de:
virksomheden hesk=fligede omtattes af -
driftssundhedstjenesien.

FI. 1 supplerende hilag vil blive “astsa: .
ke virksomhedser, der bliver omfate: af -
keadegorelsen i senere etaper al udbig-
g!!‘l.

§2

Beksndigorzlsen treder i kralt ved
aendigorelsen @ Losudande,

Llrish Burg
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Aerosol Exposure in the Working Environment

As part of a project the Danish Toxicology Centre is trying
to make a survey of aerosol exposure in the Danish working
environment. The aim of the project is to form a basis for
correct selection and use of respiratory protective devices.
As we are convinced that the Health Service Centres, due to
their close and frequent contact to factories, workshops and
undertakings in general, have acquired specially important
knowledge about workplace exposure; we hereby ask you to
share this know-how with us.

Three questionnaires have been elaborated (annexes 2, 3 and

4) which you are requested to £ill in as detailed as possible.

We are well aware that it will be time consuming, bu:t we expect
that the result of our investigation will lead to imzrovements

in the working environment.

Annex 2 is intended to give a general description of vour
health Service Centre and the undertakings in your local
community.

Annex 3 is intended to give your subjective evaluation of the
presence of solid and liguid, incl. water based, aerosols in
the undertakings. The answers given in this annex shzll ke
based on your own eéxperiences from visiting the diffsrent work
places.

Aannex 4 is intended listing of measurements of aerosols car-
ried out by your centre or on behalf of your centre.

aware that some of the Health Service Centres have
iucted a sutstantial number cof measurements and s:ugges:
in Annex 3 information is civen, as far as possible,
for all uncertakings, and that the results of the measure-
ments ars grouped in such a way that informatimn given in
Annex 4 supports the information given in Annex 3, as far
as possible.




We would like to stress that information on factories,
workshops, etc. where the presence of aerosols do not
constitute a problem is valuable.

The participating Health Service Centres will be in-
formed on the results of our investigation as far as
possible, and reference will be made to their partici-
pation.

In case any information is confidential, we will ensure
its confidentiality.

Further questions can be adressed to either Erik Balieu
or Lisbeth Valentin Hansen at the Danish Toxicology Centre.

The questionnaires shall be returned not later than Sep-
tember 24, 1986.

DANISH TOXICOLOGY CENTRE

Erik Balieu
Mi 8¢
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Enclosure 1
—2tesUaurie 1

DEFINITION

In the present context an aerosol is defined as particles,
solid or liquid, suspended in the air.

Further description

Aerosols are formed in connection with numerous industrial
processes, and may consist of particles of different sizes.
Generally, particle sizes will be in range of 1000 p -
0.001 p.

Solid particles can either be pure chemical substances or
mixtures.

Liquid particles can either be pure chemical substances or
mixtures, incl. solutions and suspensions.

B olare o Lo, o eemmme R e present investigation it will be important to make
a distinction between liguid particles consisting of water
(e.g. high pressure cleaning with cleaning agents) and li-
quid particles of other liquid substances (e.g. 0il mist or
Spray painting aerosol).




Enclosure 2

GENERAL DESCRIPTION OF THE HEALTH SERVICE CENTRE.

1. - Name of the health service CeNErE: ...ii.ieerivcencssrstsssscannses
Address of the health service CeNtre: .....iveeeonscsssennccnnnas
Staff employed with measurements in the working environment:

NEMBEEE e s aie s 2055 0 5 6005 5 5405 5506 5 08 5 500 5508 5 audl & 5191 5 Snnre = mim: o ernags Siiel 5 Srdie o

Educational DACKGEOUNA: wisuwis o0 s 50 s sins s & 5ovs oiaie s s 5 3 5 E eEaeE 5o o

GENERAL DESCRIPTION OF THE UNDERTAKINGS IN YOUR LOCAL
COMMUNITY.

I In order to give a description of the local community of your
Health Service Centre you are asked to give an estimate of the
number of undertakings belonging to your Centre.

Number of undertakings: ......cveeeees R

Approx. number of employees: ..... a: v wcie i = ww  w  B e o mimie w aze e o enaeld

.1... Describe. the more important factorles/preduct;nnﬁﬁacll;t;esk;n :

_ your local community: , : iy SNl
2.2 Number of measurements on aerosols‘carried out in the under-

takings during 1984 - 1986:

In case information is available from earlier than 1984,
please state:

e | Numzer of planned measurements on aerosols in 1286 - 1987
3 Any other information
Dats Signed

See definition




Enclosure 3

SUBJECTIVE EVALUATION AND DESCRIPTION OF THE PRESENCE
OF AEROSOLSX IN THE WORKING ENVIRONMENT

In addition to the measurements reported in enclosure 4, it

will be of great importance to have your personal evaluation

and description of aercsols”™ present in the working environ-

ment of the undertakings in your local community. As the pre-

sence of ligquid aerosols is generally less frequently described
and only supported by measurements in relatively few cases, it
will be of special importance to obtain information on such
types of aerosols.

We ask you to give a short description of the working process,
the number of people employed and your personal evaluation of
the magnitude of the problem, and last but not least, a de-
scription of the type of aerosol, whether it is solid or liquid,
and if possible its chemical composition.

1. Industry/workshop: T R R L T T . |
2. Process: o0 % WG SIBa S W % R e e wom e eele b SEE § AR 6 ST 6 S0E 6 < e 4 For R
3. Product manufactured: ....eeeueeeenrnnnnrne s o S
4. Type of aerosolX:

4.1: Solid: .... 4.2: Liquid .... 4.3: Water based: ...... ate

- 4.4: Chemical composition: .. .. .ol leieunnn. ... v aied o oipie
4.5: Evaluatlagmbf"tﬂg_;;posﬁré:”Important Preblems: weenove
PEOBLEME <oivnonmoenevonty s

Less important: ...vivvv...

5. Are gases/vapours present additionally: (Yes/no, description)

6. Number of people exposed: S4B e o mawis e e @ W) & 8 S BERE § SUE GAE 5
Time for observation of the €XpPOSULE: ...v'verrervnvnnnnnnnn.

8. Statement of whether the observed exXposure is supported by
measurements reported in enclosure 4:

SRR BE A SRS W RN B NI S R 6 R R R R R RS B e s 8 e s e e L

9. Other information:

L I R T Y S P A, L I T e * v e oa s

10 Name of contact person at Your Centre: .........eeeve.. S mie o
Date: Signed:
X

Sse cdeZinition
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MEASUREMENTS CARRIED OQUT ON AEROSOLS®

10.
11z

25

13.

Industrial branch/category: .......

Work process:

Product:

LR I I I I O I I T R SR

of aerosolx:
Solids: ..n
: Particle size:

Tvpe
d.1:

. 4.2: Liguid: ....

=

L R A I R I )

4.
4.5: Particle size distribution: ..
4.6

LR I I R Y

Enclosure 4

LR

L I I I I T T TR

L N R ]

4.3%

Chemical composition or content:

L I I T T T Pt

4.7: Concentration: ....

Are gases/vapours present additionally

L O I O I I T S T

L L R R I A I S

Number of people exposed: .........
Number of measurements taken: .....
Sampling method: ......
Sampling place: .....
analytical method:

Time when measurements ware taken:

L I R I I

Water based: ....c0....

..

“ s s

e s

« s e

(Yes/no,

L ]

s s v s 0w

“ s e s s e -
. LR -
L A

L I R

------

I T

e e e e

...........
" as e e e
e e

In case measurements and analysis were carried out by other

laboratories, please sta:ze which:

any other informatizn

“ame of contact person a: your

Centre:

Signed:

inition
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fable

IMPORTANT WORKING PROCESSES AND OPERATIONS.

Major Division: Transport, storage and communication 7
. Liquid aerosols Vapours
SIC |Divisions, major groups Processes and/or Aerosols Solid Hiknt additionall
:ode |ar groups operations aerosol hasad Other [present
/111 |Railway transport Railway workshop Asbestos +
(maintenance work)
Cleaning operations Dust +

7193

Services incidental to
transport

Dockyard workers

Operation of grain
elevators

Oxalic acid

Alfatoxins
Lead

PAH

Dust

Grain dust




