A review of:
The physiological consequences of wearing industrial respirators: A review

The following is not meant as a review of the review but is to assist the reader of the review.

This is an excellent report when read by the per group it was intended for, however to many sections
assumes the reader is fully up to date with the expressions, and as a result if that is not the case the
reader is fully justified to draw conclusions by the “referred” but not stated assumptions that at times
can be 100% opposed to the writers intentions.

The paper clearly identifies that no significant research has been documented of what is today
accepted as normal breathing during work, and clearly spells out the fact that most documented
research mainly deals with far too small breathing volumes and basically ignores flow rates.

The paper then sets out to clarify the past research that indicates that there are different amount of
work required to breath different volumes of air and the impact of this on the end user.

Most of this work seems to be sampling of groups and getting the individual users responses and then
graph this to set a standard.

As this work was done by numerous people many different ways where used to report, and a mixture
of metric and imperial formulas have been mixed up including specific “trade” jargons.

In today’s environment we refer Energy in two ways, one is on our electricity bill where it is in kWh
(kilo Watt hours) but when we refer to the more human environment we refer to calories consumed for
any physical activities.

Likewise for power we no longer use horsepower but we use Watt except if we talking cars where the
old system is now “trade” jargons.

As a side item I think it is about 90 years since the HP was dropped from the metric system and a
metric horsepower has never been the same as an imperial horsepower.
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Although the paper makes a clear distinction between flow rate and volume some sections referring to
different sources do not do this.

To put this into perception we need to remember the working capacity of our (average) lungs that is
“normally” 0.5 litres at rest and up to S litres at heavy work all dependent on size of the person and
personal physical fitness.

If we then look at the lose term 500 litres per minute:

From above that would indicate 100 breaths per minutes, but in order to consume that air we have to
breath out as well hence the breathing in is actually for a smaller part, normally we breath in then rest
then breath out then rest and so on, but to achieve 100 breaths per minute we can ignore some facts
and assume half and half hence we know we did breath in 100 times for a total time of 30 seconds and
we got 500 litres of air. (And out 100 times for 30 seconds.) To achieve this we did breath in 5 litres in
0.3 seconds now if we convert this to the standard of litres per minute we get 1000 litres per minute
“flow rate”.

Fit subjects can easily achieve over 400 litres per minute flow rate but a sustainable rate over 500 is
rear.

If we now look at a more sustainable rate of 100 litres per minute volume and look at different equal
breathing patterns of:

1. IN-OUT this will give us a flow rate of 200 litres per minute.

2. REST-IN_OUT this will give us a flow rate of 300 litres per minute.

3. REST-IN-REST-OUT this will give us a flow rate of 400 litres per minute.

All for the same volume.
In real life we all breathe at different pattern and at different period for each section.

In conclusion there is a correct assumption that the litres per minute is significant in our “Power”
calculations but it is the litres per minute (flow rate) and not litres per minute (volume).

On the small range of flow that has been documented by all the pioneers and wrongly interpolated by
the modern user for a larger range has all wrongly assumed that the air resistant is constant in the filter
or at best been acknowledged it and then ignored.

To calculate the “Power” we need to know more than the flow rate, the simplest way would to
measure the pressure drop across the filter and use that together with the flow rate, the metric system
does this in pascal (Pa) but our trade does it more in bar or millibar and imperial measurements refer to
mm Hg or torr or some older documentation uses Ibf/sqin.

The formula for this is: Flow in litres per minute multiplied by the pressure in MPa and divided by 60
to give the power in kW.

To put this to perspective a good multi filter (ABE) at a flow of 300 litres has a pressure drop of
10mbar giving a “Power” requirement of 0.005 kW or 5 Watt.
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This is basically where the paper ends so lets look at some figures quoted.

Silverman
kgm/min  Volume Time
litres minutes

6 50 1
133 64.4 1
28 90.3 1

This can now be converted to different expressions of “Power” meaning the same:

6kgm/m = 0.1kpm/s = 0.980667W = 0.001333HP
13.3kgm/m = 0.221666667 kpm/s = 2173811W = 0.002956HP
28kgm/m =  0.466666667 kpm/s = 4.576444W = 0.006222HP

If we compare this with our sample of a volume of 100 litres and a flow rate of 300 litres we got 5 W
and Silverman talks about 4.5 watt for 90 litres.

Hence we all agree but the problem is Silverman measured his at a volume and did not report the flow
pattern hence no given flow rate and we have shown that for 100 litres the only time it is correct is for
a flow rate of 300 litres.

But in Silverman’s time filters had a higher air resistance hence we know his flow rate would have
been lower.

Today we still seem to argue about the shape of the breathing curve. This is interesting and of some
value when looking into the physics of the human body, but in the industry we should be more
concerned by the impact of the wearing of the filter as we know sufficient about the death that comes
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of not wearing the filter, hence the option is not to, not wearing protection but minimise the real but
equal perceived impact.

We can now turn this known “Power” into the real interest of the ENERGY consumed by the user.
The simplest way is to express the energy in calories and compare with the number of calories used
walking or running down the street.

For our sample we have 5 Watts and we were breathing in for one third of the minute hence we have a
time of 20 seconds giving us a simple ENERGY consumption of 100Ws per 60 seconds or 6000Ws
per hour or 24000Ws per 4hour shift.

To be able to compare with the “walk” we need convert to calorie and the formula is:

The international calorie, which equals 1/860 international watt-hour (4.1868 J). A large calorie, or
kilocalorie (Cal), usually referred to simply as a calorie and sometimes as a kilogram calorie, equals
1,000 calories and is the unit used to express the energy-producing value of food in the calculation of
diets.

24000Ws=400Wm=6.67Wh=5737calories

A 75 kg man burns about 24 calories per minutes running at 16kmh or 5760cal per 4 hours.

Now read the paper:

The physiological consequences of wearing industrial respirators: A review
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Now having read the paper we can look at the only weak part, the paper acknowledges the sample
range is to small but stills try to construct a fixed relation between “volume” and work we already
know that this is not the case but even the flow can not be used with a constant as each filter and even
“same” filter but different manufacturer is significant different the only common part seems a relative
linear rate at very short variations. But with a sharper increase in pressure drop as the flow increases
the sample below is an “average” filter at low rates.

1001 = 3 mbar, 200l = 8mbar, 3001 = 13mbar

Version 1.1 & I
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Finally a sample of a breathing curve
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Hi Les,
Good to talk to you last week, I trust you have had a pleasant labor week end.
A few comments on the latest draft.

6b1b, Gasket Material; Is there not another way to achieve what we need to achieve than
specifying the material? Specifying the material makes it design restrictive.

6b2a, Breathing resistance, face piece. Is this Inhalation or Exhalation? Both are
important.

6b2b, Breathing resistance, I just got a number of approvals from NIOSH and according
to those the requirement now is 50 mm water column @ 85 Liter, it that wrong?

As I mentioned earlier we can eliminate non desirable filter material with the pressure
drop, but you should introduce more than one flow rate as no filter are linear, the pressure
drop increases quite a lot as flow increases, see graph.

[ will send you more information soon on this.

Breathing Curve

REEL: 2 EECEPLS
______________________ (S S (S W S N S S S . D -
S S g e o o 14
bemandoweas L smadeana e [y . 1| IO S marare LIPS — (PSS S S——"
.......................................... AL o s i e i i A s e i
SR S 0. SO .. SN . S e B e A e e o e i




e

The first graph is 3M P100 filter the second gréph'is M40 with M41AL1 filter I believe
that is the current NBC filter.

6b2c, Same as a bow.
6b2e, Face piece Leakage; Describe the size of the test panel instead of specifying that

you need tree sizes. It is design restrictive and not necessary. Should the diameter of the
aerosol not be 0.3 micron?

6d3, Same as 6b2a and b.

Locking forward to you 17 September 2002 at 9.00 am. We should discus some of this
then.

Regards

G

RAN BERNDTSSON











































































































































































