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1. Answer all questions legibly in English.
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6. Illustrate your answers by means of sketches or diagrams wherever possible.
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NB Ensure that the correct unit of measure (SI unit) are recorded as marks will be deducted from answers if the incorrect unit is used. (even if the calculated value is correct).

8. In answering the questions, full advantage should be taken of your practical experience as well as data given.
9. Please note that you are not allowed to contact your examiner or moderator regarding this examination.
10. Cell phones are NOT allowed in the examination room. 
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QUESTION 1
Define the following: 

1. 1.1
Raynaud’s Syndrome?







(2)


“White finger disease” / vibration syndrome which results from insufficient blood supply to the fingers.  These turn white, go numb and sensation and control over the fingers are lost
1.2
Metal fume fever?
(2)
Metal fume fever is an acute disease which occurs when fume is inhaled from a metal heated to a temperature above its melting point.   Symptoms include shivering attacks with fever, nausea, thirst, headaches, pains in the limbs and a feeling of exhaustion.

1.3
Fibrogenic dust?
(2)


Biological active dust such as free crystalline silica and asbestos that decrease the active life of the macrophages, resulting in a less controlled accumulation of dust in the lungs.  This leads to the development of masses of inactive fibrous tissue that slowly replaces the active lung tissue

1.4
Capture Velocity?
(2)

The air velocity necessary at the point of contaminant generation to capture the contaminant and draw it into the hood



1.5
Biological Exposure Index?
(2)

“Biological exposure indices (BEI)” are guidance values for assessing biological monitoring results. BEIs represent the levels of determinants that are most likely to be observed in specimens collected from healthy workers who have been exposed to a specific substance
1.6
Diesel Exhaust Emissions (DEE)  and Diesel Particulate Matter
(2)

Diesel exhaust emissions: A complex mixture of toxic gaseous, absorbed organics and particulate components found in the raw exhaust emissions from diesel engines


DPM: the particulate fraction of diesel exhaust.


1.7      Medical surveillance
       (2)

A planned programme of periodic examination, which may include clinical examinations, biological monitoring or medical tests, of employees by an occupational health practitioner or by an occupational medical practitioner.


           1.8
Occupational exposure limit – Ceiling limit (OEL-C)
(2)

An instantaneous value which must never be exceeded during any part of the working exposure.

1.9
Alveoli


(2)
Tiny air sacs of the lungs, formed at the end of the bronchioles; through the thin walls of the alveoli, the blood takes in oxygen and gives up its carbon dioxide in the process of respiration

1.10
Biological monitoring
(2)

A planned programme of periodic collection and analysis of body fluid, tissues, excreta or exhaled air to detect and quantify the exposure to or absorption of any substance or organism.

[20]

QUESTION 2
2.1
List 5 main causes of occupational skin disorders associated with workplace exposures.

(5)

* Chemical


* Mechanical


* Physical


* Biological


* Botanical

2.2
Give an example of systemic intoxication for the following chemicals: 

(3)
	Chemical
	Definition

	Toluene
	

	Carbon Disulphide
	

	Tetrachloroethylene
	


Answer

	Chemical
	Definition

	Toluene
	CNS Depressant

	Carbon Disulphide
	Nervous system/psychological disorders

	Tetrachloroethylene
	CNS Suppressant, suspected carcinogen


2.3
What is your understanding of Astigmatism?




(2)

Astigmatism is the condition where the curvature of the cornea is irregular causing light rays to be bent more in one direction than another. This can lead to vision being wavy or double. Correction is affected by fitting unidirectional correcting glasses

2.4 Briefly discuss and give examples of the two basic types of hearing loss.
(6)

Conducive hearing loss:

Caused by disorders of the outer or middle ear,

Prevents sound energy from reaching the inner ear.

Caused by excessive wax in the auditory canal, or

By an explosion which may damage the eardrum.

Most hearing impediments of this type is correctable.

Perceptive hearing loss:

Caused by disorders of the inner ear or the auditory nerve.

Brief exposure to excessive noise produce a temporary hearing loss, but

Repeated or prolonged exposure produces permanent hearing loss of the perceptive type.

2.5
State the formula to determine overall accumulative effect to be used for several substances, which act additively.
(2)


C1/ L1 + C2/L2 + C3/L3

where C1, C2 etc are the concentrations of constituents in air, and


L1, L2 etc are the corresponding OEL’s

2.6
What is meant with the term “chronic effects” when referring to exposure


to hazardous chemical substances and provide an example.
(2)

     Effects and illnesses associated with long duration exposures, usually at low toxicity levels with symptoms developing over a lengthy period of time

 [20]
3
QUESTION 3
3.1 
Four exposure samples for welding fumes were measured over a full shift 

The results are listed below:  
	Period
	Exposure (mg/m3)
	Sampling duration (hrs)

	09h00-10h30
	1,50
	1,5

	Break
	
	

	10h45-12h30
	3,00
	1,75

	Lunch break
	
	

	13h30-15h30
	2,50
	2,00

	Break
	
	

	15h45-17h00
	1,00
	1,25


 a.
From the above calculate the 8 Hour equivalent concentration.
              (6)

(1.5h x 1.5 mg/m3) [image: image2.emf]+ (1.75h x 3.0 mg/m3) [image: image3.emf]+ (2.0h x 2.5 mg/m3) [image: image4.emf]+ (1.25h x 1.0 mg/m3) [image: image5.emf]+ (1.5 h x 0  mg/m3) [image: image6.emf]       ([image: image7.emf]= ½)
=  2.25 + 5.25 + 5.00 + 1.25 ÷ 8 [image: image8.emf]
=  13.57 ÷ 8[image: image9.emf]
=  1.71 mg/m3[image: image10.emf]
b.  What is the International Agency for Research on Cancer classification for welding fumes?




(2)

Group 1


3.2
How much fresh air containing 0,4 mg/m3 of dust must be mixed with 20,4 m3/s of air containing 2,65 mg/m3 of dust to reduce the dust concentration to 2,0 mg/m3.

    (5)

Let X = quantity of fresh air required = Q1


Then
(Q1 x D1)+ (Q2 x D2)= (Q1+Q2) D3



(0,4 X)+ (20,4 x 2,65)= 2X + (20,4 x 2)



(0,4 X)+ (20,4 x 2,65)= 2X + 40,8




1,6X= - 13,26




 X= 8,29 m3/s

3.3
The atmosphere in a working place contains gasses with similar toxicological effects. The results of the personal monitoring sampling results are listed in the table below. Calculate the combined AQI for these gases and comment on the result.

(5)

	Chemical Name
	Measured Concentration
	OEL

	A

B

C

D
	20 ppm

125 ppm

25 mg/m3
65 ppm
	50 ppm

100 ppm

25 mg/m3
100 ppm


Answer
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AQI = 0.4 + 1.25 + 1 + 0.65



AQI
= 3.3



The AQI is higher than 1 resulting in an overexposure.
3.4
A worker is only exposed to lead 3 times during his 8 hour shift.  The results from the air samples taken during these periods were as follows:


0.1 mg/m3 for 1 hour


0.2 mg/m3 for 2 hours


0.15 mg/m3 for 3 hours


What is his 8-hour TWA exposure (assuming that there was no exposure during the remainder of the shift)?







      (5)

Exposure over 8 hours (TWA) =


0.1 x 1 + 0.2 x 2 + 0.15 x 3 + 0 x 2


8

= 0.12 mg/m3

3.5
The following information is obtained from a gravimetric dust sample taken underground:

(7)

Pump flow rate = 2,2 l/min


Pump running time = 500 minutes (exposure period)


Pre weighed filter mass = 20,75mg


Post weighed filter mass = 21,68mg


Corrected filter mass (correction factor) = 0,08mg


Silica content of sample = 25%



Determine the Air Quality Index for Silica dust.
	Calculation of the Sample Concentration (TWA-8hr)

	
	Determine the sample volume

	
	Results must be expressed in mg/m3
	

	
	( Volume of air through the sample pump = Flow rate x time
	Volume = Flow Rate (l/min) x time (minutes)

              = 2.2 x 500                                   

              = 1100 litres of air                   (0.5))

	
	Convert litres to m3 
(1000 litres of air = 1 m3)
	 = 1100 ( 1000

 = 1.1 m3 sucked through pump              (0.5)

	
	Determine the sample mass

	
	Subtract the pre weighed sample filter mass from the post weighed sample filter mass
	Post weight sample mass - Pre weight sample mass

21,68 - 20,75


= 0.93 mg                                     (1)

	
	Determine the corrected sample mass

	
	Subtract the correction factor from the sample mass (point 4 – 3)


	Corrected sample mass = Sample mass - Correction factor

 = 0,93 mg - 0,08 mg    = 0,85 mg           (1)

	
	Determine the concentration

	
	Divide the corrected sample mass by the volume of air sampled.
	Concentration = mass ÷ volume (mg/m3) 

	
	
	= 0.85 ÷ 1.1  

= 0,773 mg/m3                     (1)

	
	Determine the sample concentration TWA-8hr as applicable

	
	Multiply the concentration with a time correction factor to obtain the E8hEV
	TWA = concentration x (total sample time in minutes ÷ 480)                        

	
	Time correction factor = actual sample time in minutes ÷ 480 
	 = 0,773 mg/m3 x (500 ÷ 480)            

 =  0,805 mg/m3                               (1)

	
	Determine the Air Quality Index

	
	Multiply TWA with Silica % to get Silica dust TWA
	TWA x Silica %                               

= 0,805 x 25 ÷ 100                            

= 0,201 mg/m3                                (1)

	
	Divide Silica dust TWA by Silica OEL to get AQI
	TWA ÷ OEL                                     

= 0,201 ÷ 0,1                                   

= 2,.01                                             (1)
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QUESTION 4
4.1
Describe in your own words the steps to be taken for the identification and classification of HEGs.
(5)

(a)
step 1 –
subdivide the mine into sampling areas;
(1)


(b)
step 2 –
subdivide the sampling areas into activity areas;
(1)


(c)
step 3 –
determine the concentration and composition of significant airborne pollutants identified in the activity areas;
(1)


(d)
step 4 –
compare the results of these pollutants measured in activity areas to their respective occupational exposure limits;
(1)


(e)
step 5 - single pollutants: Categorise each activity area into classification bands;
(1)


(f)
step 6 - multiple pollutants, additive effect: Categorise each activity area into classification bands.
(1)

4.2
The laboratory reports 12 micrograms of cadmium present on a filter you have submitted for analysis.  The sampling period was 1 hour at a flow rate of 2 l/min.  Calculate the concentration of cadmium in the air.
(6)

Sample volume = 60 min x 2 l/min / 1000 = 0.12m3[image: image14.emf]

Sample mass from lab report = 12.00 ug = 0.012 mg[image: image15.emf][image: image16.emf]

Concentration = 0.012mg / 0.12 m3[image: image17.emf]
                       = 0.1 mg/m3[image: image18.emf][image: image19.emf]
4.3
A thermal stress survey on a Tailings Dam has yielded the following results:


Wet-bulb temperature  =  28oC


Dry-bulb temperature = 37oC


Globe temperature = 41oC


Calculate the WBGT index and comment on the result
(4)


WBGT = (0.7 x WB) + (0.2 x GT) + (0.1 x DB)  

                       = (0.7 x 28) + (0.2 x 41) + (0.1 x 37)

                       = 19.6 + 8.2 + 3.7 

                       = 31.5 

             Exceed the limit of WBGT 30.  Control measures to be introduced.  

4.4
List the factors which influence good illumination
(4)


Quantity (amount of illumination that produces brightness on the task and surroundings.  


Quality: distribution of brightness in a visual environment and includes:


- colour of light  


-  diffusion  


-  its direction  


-  degree of glare

4.5
Describe the symptoms associated with heat stroke
(4)


Skin always very hot to the touch, mostly dry but often still wet from sweating. Body temperature invariably excessively high (> 40,6ºC rectal temperature).

-
Quarrelsomeness, aggressiveness, hysterically running about. Patient may act as if he is insane.

-
Spasms of the limb muscles like shivering - this may be mistaken for a "fit".

-
Vacant staring of the eyes - the pupils are dilated.

-
Loss of control over bladder and bowls.

-
Collapse and unconsciousness

4.6
Calculate the wavelength (in air) for a noise source of frequency 2800 Hz.
(3)

Answer
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= 0.1229 metres


4.7
A noise source of an intensity of 25 W/m2 is present in a position where the air density is known to be 1.2 kg/m3. Determine the sound pressure level of this source

(4)



Answer
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P = 101.59 pa
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