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..............................................

INST CHERI-LEIGH SEWEL:	Hi, everybody.	Molly is here to talk about instrumentation, and Molly is now teaching the Hugh Davis course, he is a professor in the department of occupational hygiene, and he retired, and Molly's also taken his place, so she'll give you her biography, but we're fortunate to have an expert in the field come in to talk about sound level measurement, and it's good for you to know what to do with this information, even though it might not cross your desk very often in a clinical setting, it's very
good to know the sound measurement, so welcome, Molly, thank you.
MOLLY MASTEL:	I will admit I tend to talk fast sometimes, so -- I feel no shame, so if I start to talk too fast or if I'm not making any sense, you can do this to me [demonstrating], and slow it down, that goes to the captioner too of course.
So, yes, thank you for the introduction, I am

Molly, the slide factor, so everybody should have access to the slides, feel free to take notes as you go.	First thing is basically everything your average person would need to know -- actually everything your above-average person would need to know about noise in
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the workplace and above noise.	They're from WorksafeBC, really well spelled out, lots of info, refer to those if needed.
This is my little intro, my name is molly, I use

she/her, I immigrated to Canada in 2017.	I have my bachelor from the University of Washington, from Seattle, I have my masters in occupational environmental which UBC about two buildings that way. I have done a lot of different stuff, environmental health is a broad field, there's a lot to it,
research, safety, I've done indoor air quality, mould, asbestos, all kinds of things, right now I'm in the industrial hygienist, the BC CDC, environmental health unit, I do basically environmental health for the province, very broad, very open, and in my teaching, I teach acoustics and vibration, SPPH569, so that is aimed at occupational hygienists who are in the workplace who are going to do this work in the future.
A quick overview, introduction, go over measurement, instrumentation and strategies broadly.
So when an occupational hygienist starts their journey as a hygienist, this is the first chart they see.	This is a cyclical sort of way of thinking.	You have anticipation, recognition, evaluation, and control.	So an occupational hygienist go into a








workplace identifiedfy hazard and mitigate safety.	A safety person that you can think about like a construction site, but a little bit more qualifications, it's a little more sciency is how I describe it, trying to explain my job to people.
Really what it comes down to we need tore

anticipate the hazard, we need to recognize hazard when they come up, evaluate the hazard because if we don't do that we can't fix it.	And we need to control it.	Also a bit of a secondary evaluation to make sure our controls are working.	But it doesn't fit as
nicely into a circle.

As I'm sure you're already well aware, noise induced hearing loss is from chronic long-term exposure to high noise levels, months or years of exposure, so workplaces some people might only be there for months, maybe there for years, but the damage can be way in advance of the actual disease in this case, so hearing loss.
Now, we can have of course acoustic trauma from

sudden loud noises, not a lot of those workplace have those these days.	But we need to think about our evaluation strategy.		We need to find our long-term average noise exposure because in most work places that's our concern.	This is a little sentence that I








want you to strike from your life, why don't we simply measure the noise.	Because it's not simple. Measurement is way more complex than people realize. There are ways that it can be simple, and it's certainly simpler than it used to be, but you have to consider so many things that don't come up.
The other thing is "why", you can't start a measurement program until you know what question you're trying to answer.	So with that said, let's talk about some metrics.	So we have occupational exposure limits.	Those are what a workplace legally has to follow.	If you are above these limits, there are certain league steps you have to take to protect your workers, and, again, this is occupational. Environmental is totally different.	So we have an
85DBA8 hour TWA and 140DBC peak first off let's talk

about dB, I heard you already talked about this a little bit, desy is 10 times, bel is the logarithm of any ratio, desy is 10 times the log of any ratio.	So for sound, amplitude reference divide by a pressure. You have a log scale here, that's kind of what it looks like, and we're working in logs and ratios.
So we do that because sound pressure is measured in Pascals, but when we think about what the ear is exposed to, what is causing damage to the ears, look








at these numbers, can you imagine doing math with these numbers?	That is so many zeros, mathematically and practically kind of tricky.	So that's why we work in this log scale, that's why we have decibels.	This is 0 to 200, 200 is high, high, high.	Most of the
time -- concerts are like 95.	You know what I mean?

This is a nicer scale to work in than 0.00002, to maybe 2.
We need to understand logarithms to manipulate decibels, because when we are doing simple mathematics
100 plus 100 is 200.	But that's not what this is.

100 plus 100 is actually 103, we'll get into that here shortly.
But to set the stage again, this is thinking

about the scale of noise.	So whispers we've got 10 to

40 decibels.	A pneumatic nail gun, that's 136 maximum; right?
So one decibel is barely perceivable.	3

decibels is a little noticeable, and 5 you notice something for sure.	For sure being that's assuming you're an average person whose hearing is medically a standard, I don't know what you would call it. Somebody who has not experienced hearing loss or hearing damage.
So important to keep in mind is this equal








energy hypothesis.	So the total amount of sound energy absorbed by the ear and, again, remember sound energy absorbed by the ear is what is causing the damage, it's a primary factor is the energy, the energy is the important part here.	So we have exchange rates to kind of manage that.	So there are regulatory exchange rates that are making this a little bit complicated, because in BC our exchange rate is based off of science, based off the idea that we need double energy that's at three decibels.	If any of you end of emigrating to the United States for some reason I generally don't know why, and I asked Hugh Davis for frankly than I've been alive, but it's
5 decibels.	The exchange rate is important to keep it

in mind when you're doing these calculations and trying to understand people's occupational exposures. But in BC again ours is science-based.	So it's BC damage to the ear, you probably don't need to worry about this 5 thing, but it's important to know, depending on where you are.
So going back to the idea of our occupational exposure limits, remember there are 85 dBA or 140 dBC. So this is about dBC.	We're working for our logarithmic scale but the frequency matters, where the damage occurs in the ear, what kind of damage occurs








is going to depend on frequency, and what kind of frequency you're being exposed to depending on the workplace.		One of those really loud pounding metal on metal things versus the humming of a very loud fan whirring.	These are different frequencies, different impacts on hearing so this graph is meant to show you the difference.	The frequency is here, you can see A
-- unfortunately this chart is not friendly.	C wave

is here, and the Z is this flat one on the top.

A weighting reflects human hearing.	So these A weighing is basically calibrated to the frequencies that most -- that humans are most impacted by that humans hear the best that will most impact our hearing.
C weighting emphasizes low frequencies.	So -- and then Z is just flat.		Each of these has a different role to play.	When you're doing measurements to try to understand, you know -- you know, human hearing loss, you usually want to do an A
weighing ifwaus provides more to the decibel levels to

the things that are most harmful for human hearing.

C is most impact or pounding things, steady loud sounds.	Z weighing mostly used in the occupational
for diagnostics.	If you have a machine that is making

a mysterious noise, you want to know what frequency is








at, you can use the Z weighting to firing out what is happening.	I took out all the math that is involved in this, there's a lot of math involved in weighting.
The important thing for you to know is instrument will

do it for you as long as you set the instrument up correctly.	The instruments that I show you will show you soon, you don't even have to calculate averages if you don't want to, but you have to correct them correctly.
So now we're going to talk a little bit about L.

L is an important letter is noise measurement because it's basically the stand-in for level.	An Leq,t is
our exposure over time.	Our level equivalent, T time. So you can have an Leq for four hours if you have a four hour measurement, maybe your exposure is 98 dBA, you can have one hour, 45 seconds, it doesn't matter, the point is the T is telling you how long that exposure is for.	And this is important because noise varies you're almost never going to be in a noise
place that has a flat noise all the time, or the

frequency weighing.	So we need to figure out the energy, because that's what's doing the damage.	And the average like a nice clean number.	Because trying to figure out what is this person's exposure is a big question mark, but we can average all that energy and








put it into one nice box.

So an Leq can be any time period like I said.

But there's a very special one, LAeq, most work shifts are eight hours; right?	The LAeq is also called LEX, it's used for compliance.	So when you're looking at the WorkSafe regulations, when you're talking about what the exposure time is, that's that 8-hour TWA that was in that fourth slide.	We say it's an eight hour because that's what the time period is for your
average workshift.	And even if you have a 12-hour

shift, you would -- we'll go over the math, but you basically do math to figure out what is the eight-hour exposure for a person's 12-hour shift.	It's a lot of math but we'll get to it.
Like I said the LEX is a simple number averaged over an eight-hour shift.	So we do this because it's easy to compare because if I'm being totally honest. You can do something that is a correction.	In this case we can figure out our LEX, we want to compare it to our TWA for compliance.		The correction factor
based on the shift length.	This is one of those handy WorkSafe guides, it's just a nice little slider, very little math involved.	In this case 0, so the top here is the correction you apply, the bottom is the shift length.	So eight hours, 0, perfect.	Let's say we've








got ourselves a little 12-hour shift, then we would add -- what is that, probably 1.75ish?	Or you can
also do -- you can actually do math, it got caught, 10 log time, which is the time measured over eight hours.
If we have Leq shift is quin dBA, but the shift is 81 plus 1.75, you get 83.	If you have if you do it in reverse, so 8 down to did I say 6-hour shift, so
you end up with 1.25 here, and that's a subtraction,

addition, subtraction.	So you subtract from 89, 1.25, and you get about 88 decibels.
So we're getting into the math part, if you need me to stop at any point, please let me know.
So dose is another important thing we use for comparison purposes.	This is very useful when you have really big work sites that have a lot of
different shifts on them or workers that have a really

dynamic workplace where maybe they're in very noisy room for a few hours and a quiet room for a couple of other hours.	100% dose means that you are at that exposure limit.	So a 50% dose might be 85 dBA for four hours, because three decibel exchange rate or 82
dBA for eight hours, etc., etc.	So the dose is really

useful again for comparison purposes, and it's a percentage, so it's also in some cases helpful to help the workers or management who might, you know, not be








so mathematically or legislatively inclined, help them better understand what workers are exposed to.
So we're going to walk through an example here. Am I overexposed if I spend two hours at 85, two hours at 88, one hour at 94, three hours at 80?	So you can find this answer with math.	This is directly from
that booklet I shared.	It's more log math, 100 because it's as percentage, times t over 8, again, eight hours shift, times 10 times to the Leq, that's your measurement, minus 85, that's the regulatory limit, divided by 10 because of math reasons.	You can also find Leq,t associated with the noise dose.	You can -- all sorts of different ways you can map this. But there's also a tool that they make it nice and
easy for.		This is called a nomograph.	I should have brought a big ruler -- oh, there's a big ruler. Perfect.	Amazing.	I didn't even think about that. The nomograph is a physical tool that you literally draw lines across like this.	So when you have I have
one example in the slides, but let's say we're dealing

with the top one there, the two hours at 85 dBA.	So here is the hours, the seconds, minutes, hours, we have two hours.	And then -- wait, I have a laser
pointer here.	So we have our 85 dBA on the side here.

So the other side is the decibels.	You just draw a








line between it, and see on the centre here what the dose ends up being.	Again, it's a little hard to read because it's kind of small.	But you end up with 25% dose.	So we can go through the rest of these, you'll see we have 50% dose here, 100% dose for one hour at
94, it makes sense, you add them together, the total

doses, remember this is one worker, you get 187.5% dose, overexposed.	In some cases this is much easier to get people to care, people like percentages.	So going back to adding decibels remember it's a log scale.	So can't just add.	This is for our A weighted contributions.	So pretty easy, let's say we have just two numbers here, you add your first number on that, second number on that.	And this is like infinite, you can have 100 noise measurements that you can add together; right?	So thinking about our previous example if for some reason you wanted to add together our noise measurements, we can say we have 10 times
log 10 to the 88 over 10 plus 10 to the 94 over 10, etc., etc., etc.
So that's the kind of easiest way to add our decibels.	I have our example here again.	It's
very -- it's hard to tell because it's a lot of -- it looks scary, but if you've ever heard of wolf from alpha, it's a calculator that does everything for you,








Excel does everything for you, it doesn't have to be scary.	As long as you know how to -- they call it plug and chug, which is plug in the numbers and chug
it into the calculator, it's all very easy, I promise.

So, again, going back to this example here we have two over 8 times -- oh, hold on, did I mess up my math here.	In this case we're figuring out our Leq eight hour, and we have multiple measurements across those different 8 hours; right?	So that's why we have all these little fractions here to try to make sure that we're figuring out our 8-hour exposures.
And then you end up with 87, well, 88 really,

you always want to round it up when you're talking about people's health, in my opinion.
Another example measured for 4 hours and got 79 dBA.	So in this case, this is kind of to summarize hopefully all of the terminology so far.	So I'm at a workplace, I've measured for four hours, and I get 79 dBA; okay?	So the Leq four hour is 79 dBA.	Now, let's say I work in a factory where all day the noise is the same, like I have good reason to believe
there's no changes to the sound profile throughout the

entire eight-hour shift.	You can actually use this short measurement to extrapolate your whole LEX okay. So the LEX,your eight-hour exposure is equal to what








you measure for that amount of time as long as that time period is representative of the whole shift.
So this is a really, really key thing for a newbie industrial hygienist to wrap their heads around.	I can't make this calculation if they spend two hours a day n a jackhammer or something like that where the noise is much higher.	What you have to understand is this representative thing is very
important, and of course that they're actually working an eight-hour shift.
Now, if they're working a four-hour shift, so

you can compare to the maximum exposure times which is inquirer expected you're measuring occupational noise guide.	Again, WorkSafeBC have made it so easy.	They have a table that tells you what the different limits are at different time-periods.
So you can also calculate the dose, but you can also look it up in your noise guide.	You can figure out equations for corrections, on page 38.	And do awful this to try to figure out what is their exposure across eight hours and/or are they overexposed?
So why, why, why do we have so many different

metrics.	Workplaces have different work shifts like I said.	If you even thinking about a corporation that has multiple facilities across Canada, it's useful to








be able to compare then between each other, too, or if you have different work shifts across the same facilities, useful to compare people's exposures.	In some cases it's easier to understand where you
equalize everything to one number.	Pretending that you are a hygienist who wants to pitch to the management, we need better noise control, well, our workers are this close to overexposure and these ones for eight decibels and these for 12 hours, they're
not -- they don't want to hear it, they do not want to

listen it's too much.

Being able to equal everything to one different number, it's easier for you to pitch things to management for controls, also to the workers themselves, because the workers for better or worse, a lot of the time the onus to control noise is put on
the workers rather than the workplace.	An ideal beautiful world they control it so well nobody's overexposed.	But we all know that's not the case.
So now we're going to hit it a little bit

occupational versus environmental.	Because up to this point we've only been talking about occupational
noise.	Some that of is because in some ways occupational noise is easier.	We have a pretty clear metric.	 It's legislated by WorkSafeBC.	They give us








a number.	Done.	That is not the case for environmental noise, because community members are not the same as workers.	So community members are going
to be the very old, the very young, there are going to

be people who are chronically ill, people who maybe don't work for one reason or another.	And they're going to be people who do not necessarily work for eight hours versus 24 hours.	So your community members are in their homes, far more than they're in
the workplace, even though it doesn't always feel that

way.	You do spend generally more time at home than you do in your workplace.	So the length of exposure is different.
You also have to remember workers are in the

community.	So workers are being exposed to noise constantly, and that's all workers, I work a desk job and I'm constantly exposed to noise, because I go out and about, and I do things, and sometimes being in offices is kind of loud, even when it's not, and sometimes it's annoying and stress and being able to focus at your workplace is also legitimate reasons to perform noise measurements, that's something that a lot of hygienists also do starting out.	We're not just trying to protect against hearing loss, which is important, but if qloor paying a lawyer $400 an hour








to defend you in a civil suit or something.	You want then not to be annoyed and mad and be able to focus while they're doing it.	If there's construction outside, if the H vak is out of balance, nobody is going to feel back, they'll waste time being annoyed, and time is money, $400 an hour for a lawyer.
So the other thing to remember is that states and provinces all have different regulations, different countries have different regulations, even different communities have different regulations,
that's for workplaces and outside. So common thing to think about is noise complaints in your neighbourhood, people who live in a night club or fireworks going
off, you can call your municipality and say, "I want

to file a complaint," and in a lot of places they have rules about how loud the environment can be, but
that's not going to be nearly as loud as is allowed in a workplace.
When we're talking about environmental noise, we're talking about different metrics, different hay. Hazard, nationally sleep, that's the most common
people think about with environmental, and children in

school, that's the other big one.

This is a European standard that I like, just because it's easier to understand.	So we have Leq A,








0700 to 1900, that's time.	7 a.m. to 7 p.m.	That's called the L day.	So that's a 12-hour period.	The time from 7 p.m. to 11 p.m. is evening, so that's four hours, and from 11 PM to 7 am is night, to that's
eight hours.	The European standard used the LDEN, evening light which is a weighted Leq A-weighted
24-hour measurement.

So, again, we're looking at our logarithmic equations here but with some extra fun added.	10 times log, 1 over 24, that's because there's 24 hours in a day, times 12 for the L day, you can tell it's L day because it's 10 times L day up here, plus 4 times the L evening.	But you'll notice in the L evening they add 5, they add 5 to your L evening measurement because evening noise is generally considered more
harmful than daytime noise.	And you add 8 times 10 to

the L night plus 10.	That's because night-time noise is even more harmful than evening noise.	That's why they add 10, weighting it mathematically.
INST CHERI-LEIGH SEWEL:	What is that based on?	Why is

evening more harmful and night even more harmful. It's because we're resting at that time and our ears are --
MOLLY MASTEL:	It's a sleep disturbance issue.	Sleep

disturbance is linked to so many health issues that a








lot of these standards will weigh night-time noise

more heavily, because you need to get good sleep to be healthy.	There might be more to it than that, but that's the sort of very high-level understanding of
it.	And it's easier to disturb sleep than it is to annoy someone.
And then I think evening, not everybody -- the European standard breaks it down to three, but the Canadian standard does 2, they don't do an evening, it's an L day and L night, and the time-periods are different, it depends on what counter and country and what metric you're using.
And for the Canadian it's actually for a very specific noise impact assessment which you use when doing really big building a dam, building a road, holes under a highway.	There's a very specific process you have to undergo to prove that your noise is not going to be too high, and even then you can still get approval to the project, you really have to
justify it economically and sociodemographically, it's

a very complicated process, which is frankly why I

don't talk about it.

INST CHERI-LEIGH SEWEL:	I sent out an article about these data centres in Michigan, this would be directly related to this so not over the occupational but over








the health hazard limit, which we don't talk about a lot, I kind of skirt around it so I'm glad you do. But the data centre is a perfect example, let's make that all day and night, it's going to be harmful to
the health and you're still able to get away with it. MOLLY MASTEL:	Yeah. I'll send you a link to the Health
Canada Guide that you can circulate.

The way they break it up is not just by time period but by project period.	So they have separate -- kind of like separate metrics when a
project is under construction versus when it's under operation.	They use the metric in addition to just figuring out the noise level, they're kind of official gold standard is literally percentage highly annoyed. How annoyed do you expect people to be, and they have all of this research, especially from the U.S. EPA at what level differences they expect certain percentages of people to become annoyed based on where they live. Because if you're in a rural community, you expect peace and quiet.	You can't live on Broadway and be
mad about Broadway construction.	I mean, you can -- not to say you can't, but the standard to which people expect annoyance is far different than if you were doing that level of construction in the middle of Fort Nelson, you know?	There's a lot of different metrics








that go into environmental noise.

So on that note, too a lot -- you'll see a lot

of is percentiles. I have a little blip about it. If you happen to be looking at environmental reports, the Skytrain noise study, they use the percentiles in it. So, like, it's the amount that is exceed X per cent of the time. So L1 is exceed only 1 per cent of the
time.	Theoretically it will be a really high number,

because only 1% of the time it's above L1.	So that would be 100 decibels plus.	Unless you're measuring something very quiet maybe it's only 55, who knows?
So your L1 in a library would hopefully be, like, 55.

The L99 on a similar note is exceeded 99% of the time, so that's going to be a low number.
Before I move to instrumentations -- INST CHERI-LEIGH SEWEL:	1:20.
MOLLY MASTEL:	We'll get through half of the instrumentation before that.
I've seen a lot of eye contact, that means people were following along.
So instrumentation, before we get into it, I needed to do some vocab with you guys, response time is how long how long your device takes to read a number.	This is confusing because devices have something called data logging.	So this response time








is in the instrument, how quickly is it reading? That's not necessarily how fast it's doing an output, that's how fast your instrument is thinking, that's the way to think about it.	You can do slow, that's one second, that's pretty standard.	Fast is 125
milliseconds, very, very fast.	Peak microseconds, you

don't see it very often anymore.	Most instruments don't bother having that, that would be for older instruments, and I don't think ANSI is I don't think they even do peak anymore in the ANSI standard.	So there are different requirements for the response time depending on what you're measuring, and another thing you always have to remember, again, this is not necessarily related to response time, this is related to data logging, you have to remember that more measurements is more data, is more noise, not noise as in noise level, but noise with too many data points
for you to make sense of.

So the criterion is your exposure.	That's your amount allowed over an 8-hour period, it's eight hours because you can translate it into a four-hour or a three-hour or whatever.	You put this in your instrument but the instrument does the math for you,
in BC it's 85.	And the threshold is the sound level

above which your noise measurement device takes








measurements.	So this also goes back to the previous thing about too much data.	This is not as much of an issue as it used to be sometimes people work with ancient devices so that's why I keep it here.	Back in the day when it was very expensive to have memory on computers and memory on things, this threshold was a game-changer because your device won't record measurements below the threshold.	Saves a lot of memory.	My phone has more computing power than they used to send into space, it's fine.	But -- in BC there's of course a regulatory requirement for this.
So it's at least 10 decibels below the criterion

level, so 75 decibels or turn it off.	Because remember, we're working in in a logarithmic, it's not going to pull your average down, than it would if you were working in a normal arithmetic scale.
The first thing we'll talk about is the sound level meter.	This is like the nice little gold standard handy device, they all kind of look the same. They're really good for noise mapping, which is literally making a map of noise.	They're good for octave band analysis, and I put diagnostics and controls because they can be very handy for understanding noise profiles and figuring out how to control noise in your workplace.








So these devices have a lot of buttons, a lot of settings. The preamplifier is this long, like, silver tube there. The computer that does all the analysis
is in the hand-held part.	And a lot of people think

this is the microphone, but this is not the microphone, the squishy part is the windscreen.	Why am I pointing when I have, ta-dah, wind screen, and
then microphone.	So I can throw this wherever I want.

This is to protect the very, very sensitive

microphone.	I'll put it here so I don't knock it over on the floor.	I get in trouble with the lab.
Like I said, these have a ton of different

settings.	These are just a couple of examples from the manual, which I also have copies of if folks want to flip through it.	The manual -- so this is all the English-level manual for this one device.	That's how much settings and information there are about how to use this device.	That's why I crossed out the "simply".	"Why don't we simply measure..."
They have sound weighing, the ACZ weighing.	You

can change your response time, you can do different display modes.	If you're walking around the
workplace, you want to answer why.	This one will tell you the maximum average, time weighted average, going to that eight-hour average.	Dose, like we talked








about.	Let's see what we've got here?	This is the octave band this tells you what frequency this noise is at.	Also the frequencies where the noises are at.
So frequency bands are -- is anybody a musician

by any chance, playing instruments?	Have you worked with frequency octave bands before.	An occupational hygiene -- frequency bands are pretty well defined but not perfectly but different than what is in music.
You always have to make sure you're talking the same language when you're talking to someone about frequency banding.
The nice thing is frequency bands are always

defined by their centre; right?	So this is from -- there's a -- the American Industrial Hygiene Association, AIHA, they make a lot of really hygienist guides and textbooks and standards and journals.		They have a textbook about measuring occupational noise, about 700 pages long.	This table is from that.	These bands are actually slightly different than the frequency bands that this device measure.	But I can tell because they are defined by their centre; They they do not quite match.
So you can have what an octave band is, is how to chop off different frequencies of sound so jus dealing with chunks instead of dealing with each








frequency that you're working it.

You can divide them 1 to 1, 1 to 3, there's a whole bunch of different ways you can split these up, but the way -- the reason that frequency banding is useful is for implementing controls because different controls are better for different frequencies of
noise.	And for, again, diagnostics.	So machines tend to be the source of noise, and machines tend to make steady noises.	You'll see it a lot even with hygienist, does it sound right, I hold it up to my ear to determine that.
So the reason that's important to think about

how you divide these up is that if you don't divide them up correctly, you might miss something.	So this is a one-to-one and one to third octave band, same noise but you can see when you divide it up, there's a distinct peak here, noise level is on the Y axis here, you miss this peak here if you do not have it chopped up enough.	And, again, there could be reasons to have this kind of more broad octave band, I think these
days because data is so cheap to store, why not dot the whole octave band, but I'm sure maybe people do not want to deal with all the extra data.
So SLM, sound level metre, advantages and

disadvantages, they're very accurate.	These ones are








not even the most accurate, they're called type 1, type 2.	This one is like the less accurate version, however, still extremely accurate.
When I say the equipment is more controllable,

you, the hygienist, is the one holding onto the device.	You do not put it somewhere -- I guess you can, but why would you -- make sure no one's throwing it or tampering with it or stealing it.	It has good generalization of your results, it's a good
general-purpose instrument.

The problem is we want to know workers' individual exposure levels.	Workers are dynamic; buildings are not. Even in a classroom, you move around it.	Imagine if this class-room stretched the length of the whole building.	The noise profiles are going to be different.	But if I take a measurement down here, I don't know what you're actually exposed to during your workday.
So these also, as evidenced by this chunky book, and the million screens that are available, it
requires a skilled operator.	These aren't devices that anybody can pick up and use, unless you really want to take the time to read the whole manual, which anybody can do it, but who wants to do it?	And it tends to underestimate the worker exposures.








What's a solution?	Smaller devices called dosimeters.	This is a dosimeter.	It is much smaller. It works on the same principles as an SLM, it's just a little bit let accurate, way fewer features and is much, much smaller.	So, again, microphone,
windscreen.

What these do is they follow a worker around for the whole shift. You can use this to measure workers' exposure, but you have to follow them. These have
nice little clips on them.	As you can see, you clip

them as close to the ear as possible.	We don't want their exposure by their hip but by their ear.	You can also put them on hard hats and stuff, too.	They have way fewer features and the big question, though, which side do you wear it on?	Most of the time it doesn't matter.	But let's say you have a worker who is, you know, right-handed and is doing a lot of hammering. Maybe they're turned slightly away or maybe they're crawling into something, and they're going to bump
onto the device.	There's a lot of reasons to think

about which side and where.	It's light, and it's pretty secure, but that doesn't mean it doesn't fall off and doesn't annoy your workers either.
Great advantages to this.	It follows the

worker.	Nice and easy.	It also has two buttons.	You








basically turn it on and put it on the worker.	You

can plug it into the computer and change the settings, which means it's really hard for anybody to tamper
with them.	But on the other side, it's not under your

control.	Workers can and do take these off and leave them somewhere because they bother them.	And they don't bother telling you they took them off.	Then you think they're under- or overexposed for no reason. These are very specifically measuring occupational individual worker exposures.
So these are, like, your standard settings for both SLM -- it's also for dosimeter, too, really.
The standard settings are the highlighted in blue ones are other options.
So A-weighting, because we're talking about

long-term exposures here, exchange rate is 3.	That's what is regulated in BC.	We usually the slow response, that's the one-second response.
Most workplaces don't change noise that quickly. Now, let's say you're working on a race track for race cars.	Those cars go by so fast.	If your device is only thinking one second, you genuinely might miss the exposure, so you would want to go to fast.	Criterion again 85, and threshold 75 or off.
So we can take a break now and talk about








calibration after the break. [RECESS]
MOLLY MASTEL:	How do you know your instrument is working, you do calibration anywhere, I don't care if you're taking dirt out of the ground, you hope the lab is doing calibration, because you need to trust the measurements you're getting.	So you have for these devices, have this little guy, and you have this one
is louder.	Makes a precise tone noise.	I'll give everybody a chance to -- whoops, I'll give everybody a chance to come and futz with all these.
What this does is creates a very specific

frequency, 1,000 hertz, very specific decibels, 114, it's 114 in there, if you stick your ear in there, you might hear that high.	But what it's doing is creating a standard sound that you expose your device to, and you make sure your device is reading back sound.
Calibration, you do it before you start your

measurement, to adjust your device, and then you do it after you finished your measurement, to make sure nothing changed in that time period of start to end.
You do it against a standard.	So this is what

you use in the field, and you send this to a very,








very, very expensive lab in the United States, so they calibrate this so that you can know that this is calibrated correctly when you calibrate this.
And it has to be done in a good environment.

You can't be doing your calibration next to the impactor at a construction site.
Again, a typical tone, 1000 hertz, 114 decibels. You set your device to calibration mode and make adjustments as needed.
We'll do sampling strategies and data analysis

now.	There's two categories of sampling strategies. We have area.	That's what I was talking with noise mapping where you walk around with your instrument and see what is out there.	Really good for identifying high-risk areas, and a good first step.	Or you do
your personal decimetry.	That's measuring on

individual workers.	So you would do your spot measurements, your grid measurements in a grid-able way.	This can help you -- it's called identifying a posted area.	So we'll get to that at the end, but when WorkSafe -- WorkSafe has an expectation that
high-noise level areas, there's signage that says it's

high-noise area.	So that's identifying your posted area.	This is a map that I got from Google Images that looks nice.	It's a good example of a noise map.








All a noise map is is showing where there are high or low areas of noise.	And in this case this also has a percentage of occurrence for each of these different decibels.
And, again, for emphasis, these are low levels,

48 decibels.	You can tell this is like a cubicle. You do not want your workers to be annoyed, to be stressed, you don't want high noise where people are trying to focus.	This kind of work is not just relevant for noise-induced hearing loss.
So when we're doing personal measurement, we need to understand the exposure distribution.	Now, most measurements, when you take a whole bunch of measurements, a lot of the times they tend to follow what is called the normal distribution.	You have a little bit of extremes, and most people fit into the middle.	However, for reasons that are frankly beyond me, environmental measurements don't tend to follow a normal distribution.	They tend to follow this pink one here, where you'll have more people kind of towards the end, but you'll have enough extremes and enough of these higher ends that it's going to skew your averages; right?
So that's really important to keep in mind when

you're doing decimetry, especially.	You can't just








take your average worker, you have to measure a lot of your workers.	You can't do worst-case strategies. Everybody's bad at this.	Hygienists think they know who is their most exposed worker, and time and time again we have research that proves they do not who their most exposed worker is.	That is just a weird fact of life.	People don't know who is most exposed. You don't need to measure every individual, but you can't just assume worst case.	You establish similar exposure groups.	These are workers that you think are going to be more or less exposed in the same way, to the same noise levels in this case.
So you put your workers into their similar exposure groups, and you randomly select your workers from those similar exposure groups to test.	So you want to randomize somehow.	You can literally use a random number generator, by day of week, by time, whatever.	And you need to continue your measuring until you are very confident that your similar exposure group is actually similar.
So the CSA, Canadian Standards Association, they have all these standards for different ways to measure things, to do different processes.	So CSA has guidelines to make sure you've hit a similar enough exposure group.	If you establish your








similar-exposure group, you take your measurements and it turns out they're -- the scale is too wide, your group is not similar enough.	You redistribute your workers until you do and then you measure within those groups.
So there are actually a bunch of different ways

to establish a similar exposure group.	There are some regulations about how to determine that, depending on where you are.	In the case of BC, when you're doing workplace sampling, technically you're supposed to follow BC's CSA Z107.56-18.	A lot of numbers.	What matters this is the 2018 version.	That's what the
"18" is.

However, I would also consider the 2013 version. There are two different ways to establish
similar-exposure groups.	Both use math and statistics

to do so.	But there are -- they're different methods. I'm not going to walk through them because then it starts -- we really start to get into the weeds of
math and statistics.	The key take-away here is there

are a bunch of different ways to understand

similar-exposure groups, and although WorkSafe does prefer 2018, you can justify other methods; right?	As long as you have good scientific backing for why you did for what you did, WorkSafe is usually down to








negotiate.

So you want to think about your sample time. Again, this is going back really emphasizing, representative measurements.	It can be short for your sample time, you can do long, but you have to make
sure it's fully representative.	A lot of people

forget that start-up and tear-down of a job have different noises.	Starting different machines, sometimes they're quieter; sometimes they're louder. An example is cleaning dusty environment.	Let's you're in a toilet paper factory or a wood shop or something.	Some places use air sprayers to clean up all the dust.	Those are very loud, so if you stop measuring at lunch-time you'll miss those at the end of the day.
So, again, always LEX is for eight hours and you

always correct your shift time.

So when you're doing your dosimeter measurements, you want to think about -- when it says production versus maintenance, this is just to get at the same workplace, the same -- exact same warehouse can have different exposure depending on what that worker is doing.	So someone who is servicing H vac, there are H vac machines, H vac systems that are the size of rooms.	You might think of it as like a








air-conditioner unit that fits in a window, but there are some that are the size of building floors that have so much, whirring mechanical noises.	So someone who is inside of that to maintain it is going to have a way different exposure than the person who is cleaning around it, you know?
You always need to think about your calibration. You always, when you're doing this, you have to obviously talk to the worker who is being measured.
You want to tell them: What are you doing?	Why are

you doing it?	How long do they have to wear it?	Why do they have to wear it?	These -- you'll all have a chance to put one on.	They're not that heavy or annoying, if you're just hanging out.	But if you're trying to do construction with this, if you have a radio on your other shoulder that you're trying to talk to, they're kind of annoying, and you want to make sure that the workers want to wear these.	You might think well, they want them because they want to protect their health.	No, not not all workers care that much about their health.	That is just a sad
state of masculinity and toxic culture, the capitalist

society that values productivity over safety.	It's a product of a million different things that might cause someone to genuinely not care about their hearing loss








exposure. That's true for all workplace exposures. I have colleagues who work with welders who have had to beg the welders to wear face masks to protect them
from metal fumes that -- that can kill you.	And there

are workers who would still rather keep their beard rather than shave it so they can wear a respirator.
So briefing, very important.	A periodic

check-in to make sure that (a), they're still wearing it, (b), it's still on, and (c) collects what we call supplementary data. What tasks have you performed?
Is there anything different about today?	You know, things like that.
So this is just an example of an output.	I

don't know if any of you used a computer in the early

2000s, but this is an output from these devices.	The technology is not super-up-to-date sometimes.	These devices are not made to be iPhones, you know what I mean?	They assumed a trained worker is going to deal with bad software.	It's clunky and chunky, it produces graphs.	It's not interactive, but you can
run your mouse across this and see these devices.	You can type notes into it and put the notes up for you,
it has all your different log times, different exposure times, all the great information you could possibly need.	That's why this booklet is -- how many








pages -- 150 pages long.	Some that of that is also how to use the software.
So here conservation programs in BC have seven components.	I was just explaining about if I could summarize my course in one word, the structural noise course, it's that industrial noise is really well understood.	We know how to predict it, we know how to measure it, we know how to control it, we know what disease it causes, we know that disease really, really well, it's well-mapped compared to other occupational health diseases, and yet we still have occupational hearing loss.
So in BC we have something called HCP, Hearing Conservation Program.	That's your beautiful Sound Advice manual divide into seven components.	In theory every workplace needs to even to evaluate if they have to be part of a hearing conservation program.	An average office worker can say it's quiet, yes, we do not need an HCP.	However, noise measurement: Are you near the 85 or 140.	The next part, engineering
control -- I'm going to jump ahead really quick. Controls, we have in a hierarchy.	Engineering
controls are part of that hierarchy which I'll jump to in a minute here.
Education and training, posting the hazard,








that's the is it noisy in this workplace.	Hearing protection devices, that's assigning the correct hearing protection devices and training workers to use them correctly.	Audiometry, audiometric testing and annual program review.
So basically when you're doing a -- when you're

in a workplace that may or may not be noisy, this is a nice flowchart to walk you through it.	Measure the noise.	Is the noise greater than the limit?	If it's yes, you figure out if there controls, apply those controls, measure it again.	You do this until there's no more controls feasible, and if you're still limits, you monitor hearing, you educate your workers, you maintain records, and if you're below the workplace limit there are nice little optional programs you can do, but most of the time you just go to "done".
So when we're thinking about controlling the noise, there's kind of a three halfway system you would think about.	You can reduce the noise at the
source, you can block the pathway of the noise, or you

can control the noise at the receiver, so that's the person hearing the noise.
And all of the noise level, the noise source, the frequency, those all impact your controls.	This is controls examples.	This is the other bread and








butter of a hygienist.	If I had a dollar for every time I've seen this I could have paid for my masters. It's an upside down pyramid, most effective is at the top, the least is at the bottom.	If there's no noise, eliminate the problem.	This is buying good quiet devices that just aren't too loud.	Sometimes it can
be things like outsourcing to facilities that are better equipped to deal with that noise.	If you're in a widget-making factory, and part (a) is noisy to manufacturer, see if someone else can do it better.
And of course there's a lot of very sticky ethics. Are they actually doing it somewhere that is better and done safely or sending it somewhere that cares
less?

Bad maintenance is like a big, big cause of noise problems in the workplace.
Substitution, replace it with something quieter. This is thinking about something like gas lawn mowers versus electric.	A lot quieter.	There's a lot to unpack, too, the kind of pain to you, they have a less of a battery life, your workers are going to push
back.	This is why you want your workers to care about

their health.

Engineering.	These are emphasized in the regulation -- and I forgot to say these little numbers








here, that's where in the regulation, that's the regulation section that it's under.
So the regulation specifically calls out engineering, because it's honestly the kind of best balance between feasibility and, like, cost effectiveness for controls.	Practically speaking, eliminating and substituting noise is, like -- it's the best option, but holey-moley, is it expensive if not impossible.
Engineering is kind of your next-best bet.	What

you're doing is blocking the propagation path.	So in this room the panels here are sound-proof panels that will make sure every professor who is yelling are not yelling over each other.	Same thing with those panels right there.	I bet you -- there's one in the hallway. In older buildings, you'll see they're the two-by-four tiles.	They are there to block noise.	Above, you can see it here.	Above there's H vac equipment which is noisy.	Not only does the ceiling tile block the noise pathway in that it's coming down from the tile, it
also blocks people like me and I'm screaming down the hallway, those are going to absorb people.	Carpets absorb noise, people absorb noise.	Besides the fact that movie theatres need to be comfortable, the seats absorb noise.	So there's a lot of things that block








propagation pathway.	On an industrial scale, on the sides of highways you've probably seen the walls, the temporary walls on Broadway that they have for noise. There are cabs for people who work on backhoes.	Those help block noise besides rocks that might be flinging at them.
Next up is administrative controls.	They're changing the way workers do the work.	Maybe you have your workers do shorter shifts, maybe you have them train in how to use their special hearing protection devices, or it could be posting those signages around that say don't enter, it's noisy in here.
And last and actually least is hearing protection devices.	In is the bane of most hygienist existence is PPE is the cheapest easiest way to improve worker safety.	However, what that does is puts the burden on the worker, take charge of their own health and safety, and frankly in environments
that are not always conducive to that.		Not only that, it ignores a lot of the differences between people. People are physiologically different.	An ear plug
does not fit every workers the same.	A lot of places

don't realize that ear plugs have different sizes because people's ear canals are different sizes.	Some people have medical conditions that make it hard or








impossible to wear era plugs, for some workers it's uncomfortable.	Have you ever had to wear a foam ear plug for eight hours a day, it hurts and makes your ear itchy.	And you have to go and take them out and
unless you leave them in after lunch, but who wants to do that, because you can't talk to your friends. Have ear muffs you would think to work correctly, they have to be tight, tight, tight.	And if you work somewhere that's hot, you do not want to be wearing ear muffs at all.	You'll see them sometimes on the sides of people's hard-hats, but they're not stored correctly. When you do that, people put them on the hat but that stretches the band and then don't fit correctly. There's a lot to unpack with PPE, but that's often where workplaces go when there's noise issues.
So that is my last slide, which gives us -- you

can message me if you have any questions any time. And I think we can just have -- I have a bunch of different devices, I've got -- so I have three decimeters, two sound meters.	I guess we can just
free-for-all, if you want shall, don't throw it on the ground or anything.	I've got manuals if you want to flip through them, I've got devices.	Come ask me questions.
INST CHERI-LEIGH SEWEL:	Can you make a comment about the








use of apps?

MOLLY MASTEL:	I totally forgot.	Apps.	The reason I forgot, is because I wanted to ask you guys.	Now that I've po got through this whole, I know you have apps
on your phones, so there's an NIOSH approve a workplace safety organization in the United States. NIOSH approved and can be used for certain applications in the U.S., sort of like a preliminary noise measurement thing, but it's only available for iPhone, otherwise you have to use some other app.	So I wanted to ask the class, actually, now that you've seen all the different things about noise
measurements, why do do you think NIOSH has only given the app to Apple?	And there's a lot of different reasons for this.
STUDENT:	If I had to take a guess, does it have to do

with the parts they have on their own phone and the ability to calibrate their iPhones.
MOLLY MASTEL:	Apple kind of has standard machinery, one phone a yearish, they're doing their thing, they're able to better control, better understand how well that device is doing.
The other main reason, I don't know for sure, but I guess it has to do with funding, you know, getting an app that would work as well on everybody








else's phone is going to be expensive, going to be hard.	How can you prove it's working right.
So with that in mind, I have the decibel app, is there anyone here who uses an android.	I truly had a class where nobody had, and I thought what is this?
So my app is the decibel app, and it has a calibration

feature, so you can calibrate the device, it doesn't suddenly become a N. approved, going back having an approved method is important for compliance, because it shows that you can trust the measurement.	My little app here, always trying to give me a sign for
pro, I'm broke.	This has a little camera feature, I'm

yelling right into it and I haven't calibrated it

which is why it's so loud.	And it's a picture that is so handy, so you can point, look it's whatever, 75 decibels and I take a selfie because that's how loud I am.	And all the little metrics on it.	I never played with the N. app so I can't speak to the usability.
But on that note, has anybody got a chance to use their apps, have you used them yet or kind of downloaded them.
What do you want to look out for when you're

doing your measurements, what is going to make sure you trust your measurements?	There's a million answers to this question, I'm not looking for a








specific one.	Nobody has any guesses

STUDENT:	Having it calibrated and making sure it's in the position that you want it to be, like taken from.
MOLLY MASTEL:	Exactly, you don't care about noise

measurement at your feet, you want it by your face. That's a great one.	Any other thoughts?	Are you taking good notes when you're writing down what you're exposed to.	Are you making sure your measurement is representative perhaps of what you're concerned about. These are walking around on your day-to-day.	What's unusual about today or whatever day you're making your measurement, is that representative of your normal noise exposures?	That's another important thing to keep in mind.
Another important thing to keep in mind when you're using apps is keeping in mind the accuracy; right? This is true kind of any app-based
measurement, because in the environmental health world

we're seeing a lot of low-cost devices, the question is how much do you trust the individual number versus using it as a scale.	Maybe -- I've gone to concerts and record noise levels that are 115 with the uncalibrated, there's simply no way it was that loud. But it's good to know that that concert louder than my bedroom or walking n a highway.	So maybe we can








calibrate your app if you want to your phone.	How

much do you trust your actual raw numbers, because the exposure limits for workplaces are 85.	But (a) it
does not take into account individual worker

susceptibility, and (b), that's for, like, an

eight-hour healthy worker.	Your average worker is going to be of working age.		They're going to be a person who is healthy enough to work, and frankly, most of the research we have on workers is on young white men.	We have really big gaps in data, people who are pregnant, people who are older, and are
experiencing hearing loss from age.	There's as lot of

things we've got gaps in.	85 is absolutely a great target and is the regulatory requirement, but how much do we care about the individual metric, and how much
do we want to trust the device we have for that

individual metric that.	I think that's my last soap box on the device.
If you want to play with a device, come get one. Let's calibrate some apps, I'll just turn this one on and you can come, let's see here.	Come grab things, don't throw them on the floor.	I'll keep my mic on if people are asking questions, I can repeat the
question.	Dosimeter.	We can use this one for our

calibration, I'm going to put it by the window so it's








not -- I'm not yelling directly into it.	So whatever this is saying on the front here, that is the measurement, it's on A waiting, if your device has
that.

You guys want to go to the computer lab if no

one is there?	[Pausing for exercise]...	Once you run the device, you change and it changes your
time-weighted average.	That's why setting it

correctly is super, supercritical.

I'll show you guys how to calibrate.	So you have to go back to the main menu.	These things have all these annoying amount of buttons, so you scroll through, you can change the type of meter here, this is different optic bands, you calibrate what is under that table there or you can scroll through the main
menu, like a back button.	In this case calibration is

not in the set-up menu.	Eight days ago.	This was calibrated earlier this week, so you hit enter, turn
on your tones, it's covered the microphone completely. This one's a little bit more off than the other one off.	But, again, .4 decibels, what does it mean mathematically?	Not much.	Scroll down, the problem
is these are student devices, so it gets a little sticky, because people really...on them.		When it matches, you enter and it's calibrated.	Easy busy,








the dosimeters have fewer buttons on them, because it makes it easier to use, hold, or five seconds under a different menu, and trying to cycle through the menus is kind of hard, if you want to just run it, you go to view current session, have a session in a study or a different thing, that's a whole thing, too.	Right now it's recording measurements, obviously, but it's not recording any data.	So you can change -- this is the different -- that response time I was talking about, this is slow, this is fast, you can see it changes depending on how fast it's recording the data.	It probably won't change much.	You can see it changes a lot from Z to C, because there is no weighting. Basically never, that's pretty specialized, it's
almost always A.	Even C is pretty rarely used.

Hit the run button, you can tell it's recording because it's got the play button.	And your metrics will change depending on what you tell the device is the exposure limits, and depending on how long the device has been measuring for.	You can do that this device you can set it inside the device.	It's kind of a pain.	And if anybody wants to look at manuals, I have manuals that you can look at through.	This is like the mini manual.	Let's take a field trip to the quiet room.
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