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ISES Europe Training Series 
 

DoE 4: Exposure Monitoring 

Module 1: Occupational Exposure Sampling 

  

 

0:00 
Hello everybody, I am one of the lectures on domain of expertise for exposure monitoring. 

 
0:05 
I will shortly turn off my camera and start sharing the slides in this particular module which is on 
occupational exposure assessment. 

 
0:14 
Firstly, before we get started, I would just like to remind everybody to read the legal notices, the fair 
use disclaimer, and the copyright notice to remind you to see where this DOE 4 exposure monitoring 
is placed. 

 
0:28 
With regard to all of the other training videos from 1 to 9, the domain of expertise for exposure 
monitoring, there are three modules, and we're starting off today looking at occupational exposure 
sampling. 

 
0:41 
We'll get started. 

 
0:43 
There's a little bit of a bio here about myself. 

 
0:46 
I work at the University of Galway. 

 
0:49 
I'm a lecturer in Exposure Science and Occupational Hygiene, and I am currently Director of the 
Bachelor of Science in Occupational Health and Safety Management at the University of Galway. 

 
1:01 
I'm also a Chartered Fellow of the Faculty of the British Occupational Hygiene Society. 
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1:06 
Some further context and disclaimers just about this lecture. 

 
1:11 
This lecture provides an introductory framework with some topics simplified for ease of 
understanding. 

 
1:16 
Just like to remind you to read the three points below under disclaimer please. 

 
1:20 
So at the end of the lecture, the learner should have achieved the following learning objectives. 

 
1:25 
They should understand the purpose of collecting exposure measurements. 

 
1:29 
They should appreciate the role of the sampling strategy. 

 
1:32 
They should be able to differentiate between inhalable, thoracic and respirable aerosols. 

 
1:37 
They should be able to identify the basic components of a sampling train and should be able to 
identify sources of further information on this topic. 

 
1:45 
So as previous lectures have explained in their lectures, an exposure assessments and exposure data 
is sometimes needed as part of the risk assessment process to fully characterise risk. 

 
1:58 
There are many different types of exposure assessment methods. 

 
2:02 
There's modelling and simulation with measurements, surveys and questionnaires, but today we're 
going to talk about the actual measurements. 

 
2:10 
And measurements are used to quantify exposure in environmental media or biological samples 
using standard monitoring techniques. 
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2:18 
We can take measurements by doing environment monitoring in air, water and soil. 

 
2:23 
We can do biological monitoring, for example, of human saliva, blood or urine as in human 
biomonitoring. 

 
2:31 
And we can do occupational monitoring where we collect personal samples or static samples and 
analyse these samples then for different chemicals. 

 
2:40 
Firstly, we need to think about why we collect occupational exposure measurements. 

 
2:46 
So there are 4 examples on this slide here. 

 
2:48 
Maybe you can think of others, but some that I have on this slide are, and these are the more 
common reasons I suppose that we would collect occupational  exposure measurements firstly to 
check compliance with the regulatory limits. 

 
3:01 
Occupation exposure limits, they're called, they apply to the workplace as we previously referred to, 

 
3:06 
We may need to collect measurements to take to get an estimate of exposure for our workplace risk 
assessment. 

 
3:12 
We may be going to invest in a new technical control on our site and need more data to help the 
design. 

 
3:20 
Or we have maybe perhaps installed an exposure control and now need to evaluate the effectiveness 
of this exposure control in reducing worker exposure. 

 
3:30 
Or perhaps for research purposes, we are learning more about a particular chemical. 

 
3:36 
We need to establish an OEL and so we need to collect more measurements on typical exposures. 
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3:42 
Or perhaps the OEL has changed, the occupational exposure limit value has changed, and we need 
to evaluate the impact of that legal restriction or change on occupational exposure. 

 
3:54 
Now then, the next part of the presentation is going to focus on the sampling strategy. 

 
4:01 
Regardless of the reason for sampling, you must define a strategy and it is quite common practise 
that once you have defined your strategy that you would have the strategy reviewed by a peer in the 
workplace or in a professional network, for example. 

 
4:15 
We're very lucky in that we have some guidance in this area. 

 
4:19 
I'd like you to refer you to EN689, which is all about workplace exposure. 

 
4:25 
Measurement of exposure by inhalation to chemicals, chemical agents. 

 
4:29 
A strategy for testing compliance with occupational exposure limit values. 

 
4:33 
This standard, this EN standard specifies a strategy to perform representative measurements of 
exposure by inhalation to chemical agents in order to demonstrate compliance with occupational 
exposure limit values. 

 
4:45 
Now, before we get into talking about how we collect the measurements, we need to remind 
ourselves of how we get exposed to the to chemicals because we need to understand for our 
particular chemical that we're interested in making measurements of what is the exposure route 
that needs to be considered. 

 
5:01 
So there are four primary exposure routes. 

 
5:03 
They're listed on this slide here, inhalation, oral, dermal and injection. 
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5:09 
Inhalation I guess is probably the traditionally the most, the exposure route that's monitored the 
most and most occupational exposure limits are designed to measure airborne concentrations. 

 
5:21 
And so they're designed to test the inhalation route or measure the inhalation route. 

 
5:26 
However, as you know, for certain chemicals, dermal exposure may be more important than the 
inhalation route. 

 
5:34 
And, and so it's important to understand the characteristics of your chemical and therefore then 
decide on the primary route of exposure that needs to be assessed. 

 
5:43 
We also need to check if there are any regulatory limits that apply to the chemical that you're 
planning to monitor. 

 
5:49 
So that will differ depending on whether you're doing an occupational exposure assessment. 

 
5:54 
And there probably will be or there may be regulatory limits like occupational exposure limit values 
set by the European Commission through directives and then also in your, in your national country. 

 
6:06 
Or if you are looking at environmental contaminants when looking at measuring an environmental 
matrices, again, you need to look at the relevant legislation in your own country to see what limits 
have been set. 

 
6:18 
Once you've established what the regulatory limits are, then you can start thinking about what you 
need to sample. 

 
6:25 
So in the workplace for occupational exposure assessment, we typically collect something called a 
personal sample or an area or static sample. 

 
6:34 
It's very important to understand that the personal sample is the sample that is compared to the 
occupational exposure limit. 
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6:41 
That's the sample collected usually in the breathing zone of the worker. 

 
6:45 
That is the only result that you would test compliance with the occupational exposure limit. 

 
6:51 
Area or  

 
6:51 
Static samples are also very useful as part of the risk assessment process, but they should not be 
used to test compliance with an occupational exposure limit. 

 
7:00 
The duration of the sample is also important. 

 
7:03 
So a grab sample is a short sample, literally like grabbing a piece of air, taking the concentration in 
that sample at  a particular time. 

 
7:12 
It tells us nothing about what's happened before the sample measurement or after the sample 
measurement. 

 
7:18 
Static sampling then is where you're taking an average concentration over a certain time period. 

 
7:24 
Static sampling over an 8 hour time, which is average, is often used to test compliance with the 
occupational exposure limit. 

 
7:32 
Continuous sampling is becoming very popular now to complement personal sampling to help us 
understand where the actual exposure is occurring because you can get a direct readout as a 
function of time of the particular chemical of interest. 

 
7:47 
Talking a little bit more now about where we collect the sample. 

 
7:51 
So personal sampling very important when characterising the risk due to exposure. 
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7:57 
The sample must be collected in the breathing zone. 

 
7:59 
We have indicated on the left hand side of the slide there that the breathing zone should be 20 to 
30 centimetres around the nose or the mouth of the worker. 

 
8:08 
So it's the breathing zone sample that is compared to the occupational exposure limit. 

 
8:14 
Now static samples are also very commonly used and they help us understand sources of exposure, 
but also you know the spread of contamination and they help us look at trends and also very part 
important role to play in the overall risk assessment process. 

 
8:31 
So for example, we might be interested in looking at the level of contamination after an extensive 
clean up. 

 
8:40 
We might be looking at the spread of contamination outside a particular work area where somebody 
is working with a chemical. 

 
8:46 
We might be interested in collecting long term measurements using static samplers, for example, for 
flame retardants. 

 
8:54 
And very commonly nowadays, especially since the COVID pandemic, we've been using low cost 
sensors to take long term measurements, area measurements or static measurements of gases like 
CO2 to help us understand how well rooms are ventilated, for example. 

 
9:09 
The next thing we need to consider is what agents do we do? 

 
9:12 
We sample so we can. 

 
9:14 
The simplest approach is to just sample one contaminant. 
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9:17 
So if we're interested in doing a risk assessment for hardwood dust, then we just sample for 
hardwood dust. 

 
9:23 
If we're interested in measuring toluene, then we measure for toluene. 

 
9:27 
But sometimes we're interested in looking at multiple contaminants, so for example, total volatile 
organics and we can get instruments that will just give us a reading for total volatile organics. 

 
9:38 
Sometimes chemicals are  assessed as the mixture. 

 
9:42 
A good example here would be welding fume mixture. 

 
9:45 
So the welding fume isn't just one contaminant, it's a mixture of many different contaminants. 

 
9:50 
When we're talking about measurements and selecting the most appropriate methods of 
measurements, we're generally categorising contaminants into one of two broad categories. 

 
10:02 
So we can measure particulates or we can measure gases or vapours. 

 
10:06 
If we discuss particulates often refer to more sight using the more scientific term of aerosols. 

 
10:13 
That's a very broad term for many different types of  aerosols. 

 
10:18 
So we can have smokes, fumes, mists and fibres, all with different characteristics that sometimes 
might need to be monitored. 

 
10:26 
And the aerosol, as I mentioned, is a more scientific term than using the word particulate and it 
applies to any dispersed system of liquid or solid particles suspended in gas, usually air. 
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10:38 
The size of the aerosol is really important because that normally dictates how we monitor it. 

 
10:44 
And size, aerosol size is usually referred to in terms of this unit here called the Micron, very small. 

 
10:51 
So 10 to the power of -6 metres. 

 
10:54 
So 10 to the power of -6 metres. 

 
10:57 
And if we look at the little image on the right hand side there to give us an idea of how small this 
actually is, you can see that a human hair is typically between 50 and 70 microns in diameter and 
fine beach sand about 90 microns in diameter. 

 
11:14 
So to put it in perspective, we're often looking at particles or aerosols that are less than 10 microns 
and even lower in exposure assessment. 

 
11:25 
It's not only the size that's of the aerosol that's important when looking at risk or trying to 
characterise risk, but also the chemical composition is often a very important characteristic as well. 

 
11:35 
Moving on then to looking at the basic sampling train. 

 
11:38 
So if we look at particulates, typically we have some sort of sampling device or collector. 

 
11:45 
We then need to attach this sampling device or collector to a pump that will pull air through the 
sampling device or collector. 

 
11:54 
And we do that by attaching the collector with tubing, normally Tygon tubing for example, and that 
can be connected to the pump. 

 
12:01 
And of course, the pump then has to pull air through at a predefined flow rate. 
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12:07 
And it's very important that we calibrate our air sampling pump to make sure that we have achieved 
that correct flow rate prior to sampling, but also after sampling. 

 
12:19 
The image on the right hand side has actually been obtained from the SKC, a company that supplies 
a lot of different sampling equipment and provides some very useful tech notes and also videos on 
their website  

 
12:33 
When sampling for a, a gas or a vapour, we may come across substances that are both liquid and 
gaseous at room temperature or others that are only in the gas phase at room temperature. 

 
12:48 
And we have to consider then what methodologies are most appropriate for each type. 

 
12:54 
But in general, we're using a sampling pump, again, normally at a lower flow rate than we would use 
for an aerosol. 

 
13:01 
And we have a sample collector, normally some sort of a sorbent tube that's placed in a holder and 
both are connected then using some tubing. 

 
13:12 
And normally again, the sorbent tube is placed in the breathing zone of the worker. 

 
13:18 
The pump is calibrated before and after sampling. 

 
13:22 
I've referred to calibration quite a number of times in the last number of slides. 

 
13:27 
And calibration is really important, in both environmental monitoring but also in occupation 
exposure assessment. 

 
13:33 
 calibration of your air flow devices gives us an accurate estimate of the volume of air sample during 
the sampling. 
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13:46 
There are many different ways we can do that. 

 
13:49 
Electronic bubble metres are quite popular or rotameters are also popular and they can be used 
before sampling and after sampling to get an indication of the flow rate of the pump. 

 
14:04 
You can then adjust the pump if that needs be before sampling and just recheck it again after 
sampling. 

 
14:11 
Very important that your calibration is done with the device that has been tested in an external 
laboratory can be traceable, for example, to national or international standards. 

 
14:24 
 

 
14:24 
So it's very important that your, whatever you're using to calibrate your sampling train that that has 
been calibrated at a reputable external laboratory at least on a yearly basis or if more frequent if 
required for regulatory purposes, you need to check that now a very basic introduction to sampling 
methodologies. 

 
14:44 
We need to firstly talk about the health-related aerosol fractions. 

 
14:49 
So I mentioned, previously that the size of the aerosol is really important and this will dictate the 
type of sampling equipment that we use to collect a sample of the aerosol. 

 
15:01 
And EN481 defines 3 health related aerosol fractions. 

 
15:10 
We have the inhalable convention, which is everything less than 100 Micron. 

 
15:16 
We have the thoracic convention, which you can see is everything just a little bit less than 40 Micron. 
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15:24 
And then we have the respirable, convention, which is everything less than probably around 15 
Micron. 

 
15:32 
It's important to note that each curve is also defined by a median aerodynamic diameter of the 
aerosol, which is a definition, that's beyond the scope of this introductory lecture. 

 
15:44 
So just to give you some context as to the size of the aerosols we're talking about, I mentioned that 
an inhalable dust particle is typically less than 100 microns. 

 
15:56 
Respirable dust particle is in and around less than, you know, 15 or 10 microns. 

 
16:02 
But if we look at the thickness of a 5 cent piece, it's 1.3 millimetres or 1300 microns. 

 
16:09 
Table salt particulates are around 500 microns. 

 
16:12 
So we're talking about invisible particles or aerosols not visible to the naked eye. 

 
16:18 
So let's talk about the inhalable fraction. 

 
16:21 
Firstly, a good example of an aerosol that falls into this category is wood dust and a common sampler 
that's used across Europe at least for collecting the air. 

 
16:32 
The inhalable fraction that's the aerosol size less than 100 Micron is the IOM sample, collector. 

 
16:41 
OK. 

 
16:41 
And you can get some more details on the different components of the IOM sample collector in the 
SKC catalogue. 
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16:50 
But essentially in this picture here, we have a worker who has a sampling train on them. 

 
16:55 
They have a pump which is tied to their belt. 

 
16:58 
On to that, we have some Tygon tubing. 

 
17:01 
And at the end of the Tigon tubing clipped on the collar in the breathing zone is the inhalable IOM 
sample collector. 

 
17:09 
So the worker would wear this for their working shift  

 
17:13 
I should mention ithat n the IOM sample collector is normally placed a filter which is will be collecting 
once the pump is turned on that will be collecting a sample of air. 

 
17:24 
If the aerosol would dust is in the air, the sample will be collected on the filter and then this sample 
will be analysed after the sampling. 

 
17:35 
So the worker would typically wear the sampling train for the majority of their sampling shift. 

 
17:41 
If they're working in eight hour day, then hopefully they would be able to wear the sampler for most 
of that eight our working period. 

 
17:49 
Obviously they won't wear it during breaks, but for the majority of the sampling. 

 
17:54 
The sampler will be worn by the worker. 

 
17:57 
And normally the the respirable fraction we use we well, we always, we use a different sample 
collector. 
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18:04 
Normally it's something called a cyclone, which you see on the left hand side there, there are many 
different types of cyclones. 

 
18:09 
The one in the image is the Casella cyclone, and at the top of the cyclone  you can unscrew the cap 
and put in a little cassette and a philtre goes into that cassette. 

 
18:21 
And the cyclone is attached to the sampling train at the end of the Tygon tubing, which is attached 
to a sample pump. 

 
18:29 
And again the sample collector is placed in the breathing zone for the work shift. 

 
18:36 
A good example of a respirable aerosol is respirable crystalline silica, and respirable crystalline silica 
would have to be collected using a cyclone. 

 
18:44 
Should mention that most of the occupational exposure limits define the aerosol as either inhalable 
or respirable. 

 
18:53 
But you could perhaps also come across a thoracic aerosol. 

 
18:58 
And so for example, when doing a risk assessment for cement dust, it's sometimes important to 
collect the sample using a collector that's designed to collect just the thoracic fraction. 

 
19:10 
 

 
19:13 
If you look at the curve there, the Micron (mm) in terms of the size of the aerosol, just slightly over 
30 microns and less. 

 
19:20 
And you can buy different impactors that are designed  to collect the thoracic fraction. 
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19:30 
Whatever fraction that you're collecting, whether it be the inhalable, the respirable or the thoracic, 
the the sample collector where you'll have to put a filter paper into the sample collector. 

 
19:41 
And normally the methods that you are following to collect the particular chemical of interest will 
dictate what filter is used. 

 
19:49 
So there are some parameters regarding filter and makes it quite complicated. 

 
19:53 
You're not going to remember, you know, what filter is used for what particular agent unless  you're 
sampling them quite regularly. 

 
20:00 
But you'd look up the the methods, the sample method that you're using and that would be defined 
there. 

 
20:06 
So for example, we can get lots of different filter materials, They have different pore sizes, they're 
made from different materials, they have different diameters depending on the sample collector 
that they are fitting into. 

 
20:18 
And as I said, it depends on the method. 

 
20:20 
So for example we have different materials like membrane cellulose ester or PVC or Teflon is often 
used as well as a filter material. 

 
20:30 
Real time monitoring techniques are often used to monitor aerosols primarily to complement the 
pump and cassette methods. 

 
20:39 
So TSI are a company that make quite a number of such real time techniques and they have a very 
good website that you can check out some videos and technical notes  about the different products. 

 
20:52 
So they make, for example, on the left hand side, they're a small personal aerosol monitor. 
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20:58 
You can see you've got the photometer and a pumped photometer. 

 
21:01 
They're the little blue box with some tygon and tubing. 

 
21:05 
And then you can attach a sampling head to the end of that depending on what fraction you're 
hoping to collect. 

 
21:12 
You can also get handheld units for doing area monitoring. 

 
21:16 
Suppose the important point here about using real time monitoring devices is that they're non 
selective and so you need to cross calibrate them with gravimetric data. 

 
21:26 
They're often also used then in clean rooms to look at number particle concentration. 

 
21:32 
Moving on then to gases and vapours, as I mentioned earlier, you can get the pumped methods. 

 
21:37 
So you have a sampling pump, some Tygon tubing attached to the end of that. 

 
21:42 
You've got some sort of means of collecting the  sample of gas or vapour. 

 
21:49 
So unlike with aerosols where we had a little collector with a philtre in it, we typically have some 
sort of a tube with a sorbent material that the chemical can adsorb onto it. 

 
22:00 
So you can see an example of a sorbent tube there. 

 
22:03 
It kind of looks like a little pencil with black material in it. 

 
22:07 
So there's various different types of sorbent materials depending on what chemical you're interested 
in in sampling. 
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22:17 
Common sorbent materials might be silicon gel for example, or activated charcoal, but there are 
others as well depending on what chemical you are sampling . 

 
22:25 
The pumps method is most reliable because you know the sample flow rate pre and post sampling 
and then you can work out the volume. 

 
22:31 
But you can also get passive methods as well, which are essentially the same thing, except if the 
sorbent media is in a little badge and a diffusion gradient is established at the front of the badge. 

 
22:45 
And the you're really relying on the basics of diffusion of the gas to do on a diffusion gradient to be 
set up for the collection to occur into the sorbent media in  the badge. 

 
22:58 
I suppose the disadvantaged disadvantages of using passive methods is that you don't have control 
over the sampling flow rate and the volume of air sampled, so you're just really relying on a 
laboratory estimated flow rate in order to work out the concentration. 

 
23:14 
Sorbent tubes, as I mentioned, they are normally used with the pumped methods where you attach 
them to the Tygon tubing and then onto your pump. 

 
23:24 
They are typically something like what we have on the slide here, like a glass tube that you break at 
both ends. 

 
23:31 
You align it the correct way around arrow normally facing towards the pump. 

 
23:35 
They normally contain sorbent materials such as activated charcoal or  silica or other different 
sorbent materials that may be chemically treated depending on what you're looking to collect. 

 
23:45 
The the tubes are sealed after sampling and normally returned to a lab where they are analysed 
either thermally or chemically at the chemical that you're collecting is desorbed off the badge. 

 
23:57 
Real time monitoring is also used quite extensively actually for gases and vapours. 
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24:03 
Just an example there of a worker with a Draeger product on his person measuring for particular gas. 

 
24:11 
Uh, Draeger have a very good website that you can look up and again, got some tech notes and 
videos just to kind of see what these things look like in, in practise. 

 
24:19 
So I suppose you can have a different technologies are used in these small handheld real time 
monitoring devices for gases or vapours. 

 
24:27 
So you could have electrochemical sensors in some of them that are selective to particular gas. 

 
24:31 
So for example carbon monoxide or hydrogen sulphide. 

 
24:35 
Simply what you have is is a sensor with a membrane, some electrodes and electrolyte solution that 
are chosen for the target gas. 

 
24:44 
The gas either diffuses into the sensor or you can pump it into the sensor depending on how the 
unit is designed. Many gases absorb in the infrared region of the electromagnetic spectrum. 

 
24:57 
And so the infrared spectrum is highly characteristic property of many organic compounds. 

 
25:03 
As an example, there on the right we have the Aranet, which is used quite a lot to measure indoor 
CO2 concentrations that works by infrared absorption. 

 
25:14 
So the infrared portion of the electromagnetic spectrum goes from 780 nanometers to 1 millimetre 
and depending on which part of that spectrum the the gas of interest absorbs, it can be then 
designed into a sensor such as what we have here on the right hand side. 

 
25:31 
So typically a molecule is, you know, it's constantly vibrating and absorption of the infrared causes a 
change in this vibration and it's this change that then is used in the device to quantify the amount 
of the gas that's present. 
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25:46 
So very simply the either you know, you're collecting a sample of an aerosol onto a filter  or you're 
perhaps collecting your gas and vapour measurement onto a sorbent tube. 

 
25:57 
The next piece is analysis and you would need to really engage with, you know, an accredited 
laboratory that is set up to the various accreditation schemes to do this kind of analytical work. 

 
26:10 
Typically the sample is either analysed gravimetrically. 

 
26:13 
So in the case of wood dust, you know, maybe it's a gravimetric analysis that you'd use or it could be 
following an analytical method. 

 
26:20 
So if you were monitoring for toluene, as we mentioned earlier, you might have a particular, an 
analytical method that needs to be followed. 

 
26:29 
this  outside the scope of the occupational idea, except to say that it's important to use a laboratory 
that understands that the, the, the sampling strategy, the purpose of collection, the methods, how 
the sample has been collected and that they are fully accredited to, to do the analysis you need them 
to do so obviously been familiar with the methods that you need for this kind of work. 

 
26:50 
And really you might need to engage the services of an occupational hygienist to do this properly. 

 
26:54 
There are just some examples of, sources of information on monitoring methods. 

 
27:00 
So for example, the Health and Safety Executive in the UK have the MDHS series so methods for 
determination of hazardous substances and they produce guidance on methodologies used for 
various chemicals. 

 
27:14 
So after completing this lecture, hopefully now you have a better understanding of exposure 
assessment, exposure monitoring, it's an excellent tool to allow us to identify hazards and quantify 
risks. 
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27:27 
We need exposure measurements to make a reliable estimate of exposure gives us information on 
the intensity and the duration of exposure. 

 
27:35 
However, there are a few rules that we need to follow. 

 
27:38 
So and things we need to know, but to do the to collect the measurements correctly. 

 
27:43 
So before commencing A measurement campaign, it's very important to have your sampling strategy 
defined and you might need to consult the EN strategy and guidance document for that. 

 
27:54 
There are a wide range of measurement techniques and methodologies available to quantify all the 
different particulates, gases or vapours that are out there. 

 
28:02 
It's important that you select the one most appropriate to your particular scenario, but also that you 
engage earlier on with the analytical laboratory that's going to analyse the SAMPLES for you. 

 
28:14 
It's very important that you seek advice on the most appropriate approach, the sampling trainer 
instrumentation to be used in line with the sampling strategy. 

 
28:23 
And in many cases you might need to seek the advice of an occupational hygienist. 

 
28:28 
So just to flag that there are further 2 modules in this domain of expertise. 

 
28:34 
So we have one on environmental exposure monitoring and then the Module 3 of some human 
biomonitoring,  

 
28:45 
There will also be future training videos available through the ISES Europe group covering more 
specialised topics that might be of relevance to this particular module today. 
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28:56 
So we thank you very much for your participation and attention, and we encourage you to explore 
other ISES Europe training videos for deeper insights and broader understanding of the areas. 

 
29:07 
I leave you now with some further reading and resources to help you develop your knowledge in 
this very interesting area. 

 


