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Key to Icons

The following icons may be used in this Learner Guide to indicate specific functions:
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Books
	This icon means that other books are available for further information on a particular topic/subject.
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References
	This icon refers to any examples, handouts, checklists, etc…
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Important
	This icon represents important information related to a specific topic or section of the guide. 
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Activities
	This icon helps you to be prepared for the learning to follow or assist you to demonstrate understanding of module content. Shows transference of knowledge and skill.
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Exercises
	This icon represents any exercise to be completed on a specific topic at home by you or in a group.
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Tasks/Projects
	An important aspect of the assessment process is proof of competence. This can be achieved by observation or a portfolio of evidence should be submitted in this regard.
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Workplace Activities
	An important aspect of learning is through workplace experience. Activities with this icon can only be completed once a learner is in the workplace

	[image: image22.png]


Tips
	This icon indicates practical tips you can adopt in the future.
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Notes
	This icon represents important notes you must remember as part of the learning process.


Learner Guide Introduction

	About the Learner Guide…
	This Learner Guide provides a comprehensive overview of the DETERMINE THE CONCENTRATION OF RESPIRABLE DUST USING DIRECT READING INSTRUMENT, and forms part of a series of Learner Guides that have been developed for National Certificate: Occupational Hygiene and Safety ID 79806 NQF Level 3, worth 144 credits.
The series of Learner Guides are conceptualized in modular’s format and developed for National Certificate: Occupational Hygiene and Safety. They are designed to improve the skills and knowledge of learners, and thus enabling them to effectively and efficiently complete specific tasks. 

Learners are required to attend training workshops as a group or as specified by their organization. These workshops are presented in modules, and conducted by a qualified facilitator.

	Purpose
	The purpose of this Learner Guide is to provide learners with the necessary knowledge related to National Certificate: Occupational Hygiene and Safety ID 79806 NQF Level 3, worth 144 credits.

	Outcomes 
	Learners competent in this unit standard will be able to conduct routine monitoring of a fan's performance, its installation and recommend appropriate remedial action. The competency includes all the activities associated with the preparation, monitoring, recording, reporting and care of the equipment.

	Assessment Criteria
	The only way to establish whether a learner is competent and has accomplished the specific outcomes is through an assessment process. 

Assessment involves collecting and interpreting evidence about the learner’s ability to perform a task.

This guide may include assessments in the form of activities, assignments, tasks or projects, as well as workplace practical tasks. Learners are required to perform tasks on the job to collect enough and appropriate evidence for their portfolio of evidence, proof signed by their supervisor that the tasks were performed successfully. 

	To qualify
	To qualify and receive credits towards the learning program, a registered assessor will conduct an evaluation and assessment of the learner’s portfolio of evidence and competency

	Range of Learning
	This describes the situation and circumstance in which competence must be demonstrated and the parameters in which learners operate

	Responsibility
	The responsibility of learning rest with the learner, so:

· Be proactive and ask questions,

· Seek assistance and help from your facilitators, if required.


Learning Unit1 
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UNIT STANDARD NUMBER 
: 
120339
LEVEL ON THE NQF

: 
3
CREDITS


: 
3
FIELD



: 
Health Sciences and Social Services

SUB FIELD


: 
Preventive Health
	PURPOSE:

	Learners competent in this unit standard will be able to conduct routine monitoring of a fan's performance, its installation and recommend appropriate remedial action. The competency includes all the activities associated with the preparation, monitoring, recording, reporting and care of the equipment.

	LEARNING ASSUMED TO BE IN PLACE:

	· Communications at NQF Level 2

· Mathematical Literacy at NQF Level 2


	Session 1

Explain the specified requirements pertaining to the sampling of air by means of a real time dust monitor to determine the concentration of aerosols and recommend appropriate remedial action.

	Learning Outcomes

	The learner will be able to explain:

· The limits of aerosol concentrations.

· The sampling procedures.
· The principle of operation of a real time dust monitor.
· The use and limitations of the instruments and their accessories. Introduction 


Introduction 

· The Constitution of South Africa, Section 24 explicitly grants environmental rights to "everyone." Section 24(a) grants everyone the right to an environment that is not harmful to their health.
· Government Notice. R: 1031, 30 May 1986, General Safety Regulations, 1986 states that:
Where the hazardous gas, vapour, dust or fumes contemplated in sub regulation (2) are of an explosive or flammable nature, an employer or user of machinery shall further take steps to ensure that such a confined space is entered only if –

a. the concentration of the gas, vapour, dust or fumes does not exceed 25 per cent of the lower explosive limit of the gas, vapour, dust or fumes concerned where the work to be performed is of such a nature that it does not create a source of ignition; or
b. Such concentration does not exceed 10 per cent of the lower explosive limit of the gas, vapour, dust or fumes where other work is performed.

c.  The provisions of this regulation shall mutatis mutandis also apply, in so far as they can be so applied, to any work which is performed in any place or space on the outside of and bordering on or in the immediate vicinity of, any confined space, and in which place or space, owing to its proximity to the confined space, any hazardous article, oxygen-deficient atmosphere or dangerous concentration of gas, vapour, dust or fumes may occur or be present
[image: image25.emf]A real time dust monitor
The main advantage of dust monitors is that they give an instantaneous measure of airborne dust concentration, thereby reducing considerably the time and effort associated with standard gravimetric methods. When properly calibrated, they can give an accurate measure of respirable dust, i.e. that which enters the mouth and nose and passes to the lower regions of the respiratory system. Careful calibration of real-time dust monitors is very important if accurate, quantitative measurements of airborne dust concentration are required.
What is an AEROSOL?

· Airborne contaminants occur in the gaseous form (gases and vapours) or as aerosols.
· Dust is small, dry, solid particles projected into the air by natural forces, such as wind, volcanic eruption, and by mechanical or man-made processes such as crushing, grinding, milling, drilling, demolition, shoveling, conveying, screening, bagging, and sweeping. Dust particles are usually in the size range from about 1 to 100 μm in diameter, and they settle slowly under the influence of gravity." 
· Aerosol is tiny particles or droplets suspended in air. 

Materials hazardous to health often occur in the workplace in the form of aerosols. The term ‘aerosol’ is used to describe any suspension of particles in air, whether they constitute dust, fibres, fume, smoke or liquid droplets. Most aerosols consist of a wide range of particle diameters.
Are Aerosols dangerous?

According to the International Standardization Organization (ISO 4225 - ISO, 1994),"Dust: small solid particles, conventionally taken as those particles below 

75 μm in diameter, which settle out under their own weight but which may remain suspended for sometime".
[image: image26.emf]The air we breathe always contains solid particles or droplets and is therefore an aerosol.  These aerosol particles can be from natural sources or man-made sources. Sometimes the particles are of type that, at sufficient concentration, are toxic to our body. The organ in our body most sensitive to particle exposure is the respiratory system. 
        Schematic representation of the human respiratory tract
Toxic Aerosols!?

Our respiratory system is efficient at removing aerosols, but if they fall within particular size ranges, are highly concentrated, or toxic, they may cause adverse health effects. They may also deposit on skin or eyes, generally only causing irritation, though more toxic effects may occur. Very small particles may pass through the skin and enter the body that way. Soluble particles may dissolve and pass through the skin. 
The main air pollution hotspots in South Africa are Cape Town, Durban, Johannesburg, Pretoria, Richards Bay, Rustenburg, the Vaal Triangle and Witbank. Air pollutants (such as SO2, NO2, particulate matter and heavy metals) result from combustion processes in industry, services, agriculture, transport and households.
The limits of aerosol concentrations
Sampling procedures are used to collect the respirable, thoracic and inhalable aerosol fractions in air for the purpose of monitoring workplace exposure. The behaviour, deposition and fate of any particle after entry into the human respiratory system are determined by the chemical nature and size of the particle. For occupational hygiene purposes it is important to consider the concentration and the size fractions present
The behaviour, deposition and fate of any particle after entry into the human respiratory system are determined by the chemical nature and size of the particle. 
For occupational hygiene purposes it is important to consider the concentration and the size fractions present.
It is possible to define aerosol size fractions that relate to the region of the respiratory tract where they deposit. The convention for these size fractions are described in relevant gazettes and ISO Standards. These are the: 

1. Inhalable fraction – this approximates to the fraction of airborne material that enters the nose and mouth during breathing, and is therefore available for deposition anywhere in the respiratory tract.
2. Thoracic fraction – this is the fraction of inhaled airborne material penetrating beyond the larynx.
3. Respirable fraction – this is the inhaled airborne material that penetrates to the lower gas exchange region of the lung.
For health purposes, aerosol or particulate matter (PM) is typically defined by size, with the smaller particles having more health impact. Commonly quoted values for PM are total particulate matter (TPM) or total suspended particles (TSP); particles with a diameter <10 µm (PM10); and particles with a diameter <2.5 µm (PM2.5).--*9. 
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Ambient particulate matter size distributions

Human health effects of airborne dust are mainly associated with particles less than about 10 microns in size (PM10), which are small enough to be inhaled. Some nuisance dust may have the potential to cause other types of health effects because of the presence of specific biologically active materials. For instance, some mineral dusts contain quantities of quartz, which can cause the lung disease known as silicosis when persistent at high concentrations. Other dusts may contain significant amounts of toxic metals such as mercury or lead. 
· Particles with aerodynamic diameter between about 10 and 3.5 tend to be inhaled and end up in the nose, tract and upper bronchial throat; removal from the body is generally by swallowing. 
· Particles smaller than about 3.5 enter the lungs and are retained in the alveoli; removal tends to be through the bloodstream which is generally more hazardous than the gut. 
· The adverse health effects that result from exposure to PM are specific to the cardio-respiratory (heart-lung) system. 
· The smaller the particle, the deeper it can penetrate into the lungs, and the greater the risk of inducing an adverse reaction. 
Most particles greater than about 10m will be caught in the nose and throat, and not reach the lungs. The largest of these particles will be caught by cilia lining the walls of the bronchial tubes, which move particles up and out. 2.5 PM penetrates deeper into the lungs, into regions where there are no cilia, therefore, particles are removed by other, slower mechanisms. 2.5 PM is sometimes referred to as „respirable PM‟.

In some cases Workplace Exposure Standards have been developed for these materials to address occupational health issues. Recommendations on the acceptable ambient air concentrations for some of these materials are given. There is a wide range of dust monitoring instruments designed for continuous real-time measurement of ambient dust and particulate matter outdoors. Real dust monitors are used widely in industrial applications like quarries and mines, construction, bulk handling terminals, and waste treatment facilities

For some materials a specific sampler is required (e.g. IOM sampler is the preferred sampler for cotton dust) to reliably perform the analysis. The use of alternative methods is acceptable provided that the accuracy and reliability appropriate to the application can be demonstrated.

The Regulations for Hazardous Chemicals Substances emphasises that employees should be protected against potential health effects caused by occupational exposure to hazardous chemical substances Therefore efforts should be focused on minimising and controlling potential personal exposure to respirable dust in the workplace.
The sampling
Air monitoring should be representative of the working periods of the individuals exposed. Since only particles with Dae < 10µm (10 PM) are able to penetrate the human respiratory system, most of the samplers used eliminate the larger particles by a pre impaction stage. Samplers that separate the aerosol into different size classes are called “fractionated‟ or „multi-mode‟ samplers, in opposition to the “single mode‟ samplers.
Since the minimum of the atmospheric aerosol bimodal size distribution is around Dae < 2.5µm, many samplers (dichotomous or two-stage samplers) have a cutoff just in correspondence of this value, thus separating the fine fraction ( 2.5 PM ) and the coarse fraction (10µ2.5 PM, that is, 2.5 µm < Dae < 10µm) particles. A 2.5µm cutoff gives several advantages:

1. it separates particles generally produced by different sources, 

2. it roughly divides the 10 PM fraction that deeply penetrates the lungs from that retained in the upper respiratory system, and 

3. it corresponds to the minimum, thus making results less sensitive to the sampler’s instabilities and to the shape of the separation function.
The sampling procedures
· Air monitoring should be representative of the working periods of the individuals exposed. 
· A longer sampling time ensures a heavier deposit and reduces potential weighing inaccuracies. So sampling times should be as long as is reasonably practicable: 
· The maximum sampling time should be the entire shift, and 15 minutes for short-term samples. Task-specific sampling should cover the period of the task being performed. 
·  For an 8-hour time-weighted average (TWA) estimation of exposure, the minimum sampling period should be at least 25% of the shift,8 though it is preferable if sampling times are no less than four hours.
· To avoid sampler overloading where dust concentrations are high, several consecutive samplers should be employed for comparison with workplace exposure limits (WELs), though enough information may be obtained from one sample. 
· When employing fixed-point sampling, the samplers should be positioned at approximately head height, away from obstructions, fresh-air inlets or strong winds. The sampling procedures are otherwise the same as for personal sampling. 
· Use a suitable sampler that is capable of performing according to the required size fraction of interest (inhalable, thoracic or respirable).
The principle of operation of a real time dust monitor. 
· Users of this procedure should carry out a suitable risk assessment.
·  It is the user’s responsibility to establish appropriate health and safety practices and to ensure compliance with regulatory requirements.
· Samplers should be pre-cleaned, checked for defects and operated according to the manufacturer’s instructions.
· The balance and sampling media to be weighed should be placed in a room with temperature and humidity controls within the range specified by the balance
The use and limitations of the instruments and their accessories.
· Dust levels can vary markedly over time because of variations in weather conditions, including rainfall, wind speed and wind direction, and also because of changes in the source emissions. 
· These variations need to be given careful consideration in the development of monitoring strategies. 
· Monitoring for dust nuisance is normally carried out using time averaging methods, with sampling periods of 24 hours, seven days or one month. 
· When 24-hour monitoring is being used, the normal approach is to take one sample every six days. This ensures equal coverage to all days of the week when the monitoring is carried out over an extended period of time.
· To obtain accurate aerosol characteristics the best approach would be to sample continuously with many size classes and with a time resolution of the order of hours.
There are two general types of dust measurements that can be used as indicators of nuisance effects; 
1) Dust Deposition

Deposited matter or dust deposition, is dust that settles out of the air. Measurement is by means of a collection jar or gauge, which simply catches the dust settling over a fixed surface area over a period of time. The dust is removed from the jar, filtered and weighed, and the results are reported in terms of the weight of dust collected per unit of surface area, and over a fixed period of time, e.g. g/m2/30 days. The equipment used for deposition monitoring typically collects dust particles greater than about 10–20 microns, although there is no sharp cut-off in particle size and the collection efficiency is known to vary for different particle sizes. 
Suspended particulate

Total Suspended Particulate (TSP) refers to particles that are suspended in air at the time of sampling. TSP is measured by sucking air through a filter and determining the weight of dust collected from a measured volume of air. The results are reported in concentration terms typically µg/m3).  The equipment used for TSP measurements is intended to collect all particles from less than 0.1 up to about 100 microns, although different designs of sampling head can be used to make the system selective for specific size fractions. Once again, the collection efficiency is known to vary for different size particles, and can also vary between different TSP systems. Overall collection efficiencies are usually poor for particles above about 50 microns in size, which makes the method complementary to dust deposition. Conversely, this difference in size selectivity between the two methods means that neither system can be entirely relied upon for effective monitoring of all of the possible sizes of nuisance dust. TSP samples are typically collected over 24-hour periods, but a number of continuous monitors are also available. TSP method provides much more useful data in terms of dust variations over time, and the possible causes of these variations.

	Session 2
Prepare to sample the air by means of a real time dust monitor.

	Learning Outcomes

	· The real time dust monitor is examined, calibrated and zeroed. 
· The specified instruments are handled safely.
· The conditions under which measurements are made are checked and the impact of adverse conditions on readings is explained.
· The correct measuring position is selected and the importance thereof, explained.
· The importance of obtaining permission to enter the working place is explained and obtained.
· The position where sampling is to take place is examined for hazards and risks and these are dealt with where applicable.
· Instruments and accessories, including personal protective equipment, are obtained, inspected and tested for functionality prior to use. 


Preparation and sampling 
The sampling should be carried out by an approved inspection authority or by a person whose ability to do the measurements is verified by an approved inspection authority. 
Instrumental devices should be maintained and calibrated regularly to ensure the sensors, battery and other parts are functioning properly.

· After drawing a measured volume of air through the pre-weighed collection medium (e.g. filter or foam) mounted in a suitable particle size selective sampler, the mass concentration can then be determined from the mass of the aerosol collected and the sampled air volume. 
· Air monitoring should be representative of the working periods of the individuals exposed.
· To avoid sampler overloading where dust concentrations are high, several consecutive samplers should be employed for comparison with workplace exposure limits, though enough information may be obtained from one sample. 
· Use a suitable sampler capable of performing according to the required size fraction of interest (inhalable, thoracic or respirable).
· Samplers should be pre-cleaned, checked for defects and operated according to the manufacturer’s instructions.

· The real time dust monitor should examined, calibrated and zeroed. 

· A balance should be calibrated against a primary standard for weighing the sampling media. The balance should be capable of weighing to a precision of at least 10 μg, and preferably 1 μg. 
· The balance should be checked against a calibrated standard weight.
· The balance and sampling media to be weighed should be placed in a room with temperature and humidity controls within the range specified by the balance manufacturer. 
· Use a static eliminator when weighing filters.

· Use flat-tipped forceps for handling filters.
· Use filter tins or sampler cassettes, transport clips and a transport container to safely transport samples from the site to the analytical laboratory.
· Personal sampling pumps should be operated according to the manufacturer’s instructions.
· A timer should determine the pump on/off times. 

· It is recommended that the weighing procedure be documented to ensure consistency of approach. 
· Before weighing any sampling media, confirm satisfactory balance operation using the calibrated standard weight. 
Personal Monitoring 
This monitoring approach requires the sampler to be placed within the worker’s breathing zone, i.e. the space within 30 cm from the worker’s nose and mouth. Personal monitoring can establish the concentration of air impurities within the breathing zone and hence evaluate the exposure of the worker to these

· Substances. For example, by positioning the sampler on the lapel of the worker, the sampler collects samples of air in the breathing zone continuously even if the worker is moving around while working. 
Fixed-Point Monitoring

In fixed-point monitoring, air samples are collected at a particular area of the workplace where the sampler is positioned. It is useful for identifying the source(s) of air impurities, determining their distribution in the workplace, and confirming the effectiveness of control measures,  
Personal Protective Equipment 

When the exposure of employee to a high level of impurities is not avoidable after implementing all the above measures, personal protective equipment (PPE) will be required to prevent over-exposure. The protective equipment will include suitable respirators, gloves and protective clothing. It should always bear in mind that the PPE is designed for protection against specified concentration ranges of certain types of chemicals. The equipment should therefore be used according to the manufacturer's specifications. As the personal protective equipment is the last line of defence, it is important for the users to have a thorough understanding of the proper use and limitations of the equipment in the selection process. Also the equipment should be used properly and well maintained to attain the intended level of protection. 
N95 Respirator

· Acts as a barrier to prevent inhalation of small airborne aerosols

· Forms a tight seal between edge of respirator and the face
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Gloves
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	Session 3
Sample air for aerosol concentration.

	Learning Outcomes

	· The sampling is conducted correctly and the activity is explained. 

· The measured data are recorded. The importance of recording the relevant data is explained in terms of the consequences to health and safety. 

· The aerosol concentration levels measured are compared with specified requirements and excessive concentration levels are dealt with accordingly. 

· The immediate vicinity where measurements are made is continuously assessed for hazards and risks and these are dealt with accordingly. 

· The sampling is performed in a manner that fosters teamwork and avoids conflict.


Select the employees to be monitored and discuss with them the purpose of sampling, how the equipment will be placed, and when and where the sampling equipment will be put on and removed. Stress the importance of not removing or tampering with the sampling equipment.

Air Sampling Methods

The concentration of air impurities can be determined by collecting air samples or the air impurities by air sampling devices for laboratory analysis. With the use of better laboratory analytical instruments and testing methods, accurate measurements can be obtained. Various sampling devices are designed for sampling air impurities of different nature.
There are types of sampling devices available which include:

· Gas bag 
· Cyclone sampler for sampling respirable dust 
· Device for sampling metal fumes
· Cowl sampler for sampling airborne asbestos fibres. 
Prepare Personal Air Sampling Equipment
1. Assemble filter cassettes prior to the site visit when practical. Verify that the two halves of the cassette are firmly and completely seated against each other to prevent sample material from bypassing the filter.
2. Ensure sampling pump batteries are fully charged.

3. Calibrate personal sampling pumps before and after each day of sampling. 
4. Calibrate sampling pumps at the temperature and pressure (altitude) at which samples will be collected. If site conditions are substantially above or below room temperature, calibrate the pumps in a clean area at the site, if possible. Give the pump and calibrator electronics time to equilibrate to the temperature conditions at the site.
5. To avoid sample mix-up, each sample (i.e., cassette, sorbent tube, impinge media) must be labeled with a unique sample number.
6. Record presampling calibration data (such as pump serial number and flow rate) and the temperature and pressure of the calibration location using the sampling worksheet.
	Session 4
Perform post-sampling activities.

	Learning Outcomes

	· The instrument calibration is verified. 

· The instrument is cleaned and safely stored. 

· Defective instruments are dealt with. 

· Reports are completed accurately, in the required format and submitted to designated personnel within the prescribed time.


· Calibrate personal sampling pumps before and after each day of sampling
· Assure that the calibration equipment is within its prescribed calibration interval, and record the serial number of the calibration equipment in your case file and the OIS air sampling worksheet

Air Monitoring Records

Since the purpose of air monitoring and the monitoring strategy adopted determine the interpretation of measurement results, such information should be recorded in addition to the monitoring results.
Develop Documentation
· Document accurate and complete sampling pump calibration records and field sampling notes.
· Take photographs and/or videos (as appropriate) and detailed notes concerning sources of airborne contaminants, work practices, potential chemical interferences, movement of employees around the workplace during the performance of their duties, engineering and administrative controls, the use of personal protective equipment (PPE), and other factors to assist in evaluating employee exposures. 
· Ventilation and/or smoke tube measurements may be helpful in assessing engineering controls
Reports are completed accurately

A template for recording should be designed and monitoring tool adopted should cover the following:

· The Nature Of Work  , 
· The Use Of Chemicals, 
· The Control Measures In Place, 
· The Position, The Time And The Duration Of Air Monitoring, 
· The Monitoring Method And 
· Instrument Used,
· The conclusion should be clearly recorded and kept for future reference.
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Determine the concentration of respirable dust using a direct reading instrument 
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