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Figure 3.2 Schematic diagram of the IVL PM 2.5 Sampler 
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3.4 SMOKE STAIN REFLECTOMETER 

After the gravimetrical analysis to determine the mass concentrations, the filters 

were examined for black smoke using an EEL 430 smoke Stain Reflectometer -

Fig. 2.5, (Diffusion Systems Ltd., London, UK). Each filter was examined five 

times and the average value was used in the calculations. 

A light source shines its light on the filters, and the reflected light is measured by 

photocells located in a black housing. The reflector reading is obtained directly 

from the OS 29 universal digital readout and converted to optical voltage (U = 

0.On7 x reading). Reflectance readings (output voltages readings) were 

obtained for the aerosol or sample filters, totally black filter and totally white filter. 

3.4.1 Preparation of the SSR instrument 

Before taking measurements, the measuring head, mask and standard plate of 

the Refiectometer are cleaned with pure ethanol (C2H50H) and the instrument 

switched on to warm for more than 15 minutes. The measuring head inserted in 

the mask is then connected to the SSR central unit after adjusting the LCD meter 

reading to zero using the zero knob in the front panel of the SSR. 

Locating the measuring head over the white standard, the reflectance reading is 

adjusted t0100.0 by using coarse and fine knobs in the front panel. 

43 



For linearity check, the measuring head is moved over the grey standard to 

d
. 's within the limits given for the standard plate in the 

ensure that the rea 109 I 

manufacturer's manual. 

3.4.2 Calibration 

The Smoke Stain RetJectometer is calibrated by the manufacturer. For the 

calibration parameters provided by the manufacturer to be used, reflected light by 

a white filter (this is set to 8.0) and a totally black filter (set to 0.4) are obtained 

before evaluating the sample filter. 

3.4.3 Measurement of reflectance 

With the measuring head tightly attached to the mask, the sample filter is 

removed from the Petri dish using tweezers and located centrally on the white 

standard. The reflectance reading is measured from the meter reading on the 

smoke stain refiectometer. Four additional measurements using the same 

sample filter is taken (The results are recorded in appendix 11\ and IV) 

After every series of five sample filters reading taken, the mask, standard plate 

and tweezers are cleaned and calibration parameter re-set to 8.0 for a white filter 

and 0.4 for a totally black filter. 
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3.5 ANAL YSIS OF BLACK SMOKE 

The black carbon (Be) in the sample filters were from the three output voltages ( 

i.e. voltages from the aerosol fitters, totally black filter and totally white filter) 

obtained by using EEL smoke stain refledometer (Model 43D, Diffusion Systems 

Ltd, London). 

The output voltages obtained from the smoke stain reflectometer measurement 

are converted to a measure of blackness. 

The blackness is essentially determined by the use of Lambert-Beer's law (Gagel 

1996). Provided that thin layers of aerosol particles are collected on the filter (a 

Single dust layer), the equation relating the output voltages to the black smoke 

number as stated is described below can be used to calculate for the black 

smoke number or blackness 

The operating principle of the RefJedometer used in work is known as the ublack 

smoke method" (Gagel; 1996). 

The measured reflectance or the output voltage obtained from the aerosol filter is 

converted to a measure of blackness known as ublack smoke number", RZ which 

is determined from the three output voltage obtained, i.e. from the aerosol filter to 

be evaluated, the totally white filter and the totally black filter. The equation 

relating the output voltage to the black smoke number is: 

- = ,,-, L. _. I ~,': __ - .~ '.-:.: I 
rr 

I __ • _ '_ ;::')' ,.. •• ,I 

(3.2) 
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where 

URZO = output voltage with blank (white) filter (which is set to 8.0 V 

according to the instructions manual) 

URZmax = output voltage with totally black filter (set to 0.4 V) 

URZ = output voltage with sample to be evaluated 

The black smoke number, RZ, together with the measured volume of air sampled 

and the calibration constant are used to calculate the ambient concentration of 

black smoke using Lambert - Beer's law given below: 

= T· .'i:l\ 1- 1.l?Z - RZ .. ~ .1,1 ,kRZ.,.- .. 
, •• ,'1 (3.3) 

where, 

CR = the black carbon concentration 

v = the sampled air volume 

RM1 = the black carbon mass in a single dust layer on the filter 

RZo = the black smoke number for a white (blank) filter 

RZ = the black smoke number for the actual filter 

RZmax = the black smoke number for a black filter 

k = calibration constant. 
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Finally, CR is adjusted by a multiplication constant (the ratio of the filter area to 

the black spot area) to get the total BC concentration. Regular linearity check 

was performed by a white/grey standard supplied with the instrument. 

3.6 QUALITY CONSIDERATIONS 

In thiS study, a Quality Assurance (QA) and Quality Control (ae) activity covers 

two main areas, that is, site audits and reflectometer calibration. The site audits 

ensure that the quality of sampling is maintained. The main operational features 

of Site audits relevant to the measurement of particles are: measurement of 

sample flow, leak check of each sampler port and installation of flow meter. 

Reflectometer calibrations also ensure the consistency and accuracy of the 

reflectometry measurements. 

Due to handling and limits of the measuring equipments, each measurement 

contains a degree of uncertainty. The major sources of error conceming the 

sampling and analyses of particulate matter samples include 1) artifacts or 

contamination of samples, 2) loss of collected aerosol species during sampling or 

after sampling, 3) sample handling, transport and storage, 4) modification of 

samples during analyses, and 5) errors in data handling. In order to control and 

minimize the overall uncertainty caused by these factors, the sampling of PM and 

weighing of filters were carried out according to a standard operation procedure 

to assure high quality of sample proceSSing. 
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The Smoke Stain Reflectometer is calibrated by the manufacturer. For the 

calibration parameters provided by the manufacturer to be used, reflected light by 

a white filter (this is set to 8.0) and a totally black filter (set to 0.4) are obtained 

before evaluating the sample filter. After every series of five sample filters 

reading taken, the mask, standard plate and tweezers are cleaned and 

calibration parameter re-set to 8.0 for a white filter and 0.4 for a totally black filter 

to ensure comparable and reproducible results. 

Raw data were first entered on printed field forms and subsequently, typed into 

computer files which were checked for possible typing errors. 
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CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1 MASS CONCENTRATIONS (IJSJm; AND BLACK CARBON (BC) 

CONCENTRATIONS (IJgm-3) IN AMBIENT AIR 

For the period of study, the semi-urban background total mass concentration 

(~gm-3) of PM2.5 and PM10collected on the fitters varied from day to day. 

Table 4.1 gives mean mass concentrations of PM2.5 and PM1O, black carbon 

concentration and the percentage black carbon concentration together with their 

standard deviations and ranges. It should be noted that the standard deviations 

are not "truew deviations which expresses fluctuations in experimental conditions 

for the analytical methods. Instead, they are combinations of these and the 

variations that occur due to changing weather conditions and human activities 

from one day to another. The relative standard deviation and the detection limit 

of Be are 0.12% and 0.01J,Jgm-3, respectively (Ying et aI., 2006). The maximum 

and the minimum values of these parameters provided in table 4.1 give an 

indication to how widely they varied from day to day. 
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--~--

Maximum Minimum Mean Standard 
Property i 

Dev. 
I 

i PMu,pgm-3 46.43 3.85 23.26 12.66 
I 

I I PM101pgm-3 293.06 37.10 96.56 49.59 

i --
4.89 BC (PM2.S)l 1.67 2.83 0.75 

pgm-3 

I-
I 

BC (PM10)I 12.44 1.99 3.98 1.81 

~gm-3 
I 
I 

i 
i 

I %BC (PM2.s) 63.14 6.12 18.40 14.52 

: %BC (PM10) 12.62 1.07 4.86 2.51 

______ L ----

rable 4.1 //lass Concentrations (pgm-3), and Slack Carbon (SC) 

Concentrations (pgm-3) In ambient air in Ashaiman between February and 

May, 2008. 

PM2.5 mass concentrations in Ashaiman ranged between 3.85 and 46.43 IJgm-3, 

with a mean of 23.26 ~gm-3. The PM10 mass concentration is much higher (about 

so 



5 times) compared to the fine (PM2.5) fraction. The semi-urban background PM10 

mass concentrations in Ashaiman ranged between 37.10 and 293.06 ~gm-3, with 

a mean of 96.56 IJgm-3. This shows that during the period of study, the area not 

only involved combustion activities which are largely responsible for the PM2.5 

particulate matter but also involved in other man-made or natural activities that 

resulted in the high value of PM10. 

The percentage of black carbon (BC) concentration levels in PM2.5 and PM10 

were calculated to ascertain the percentage of BC in the fine (PM2.5) and coarse 

(PM10)' This also varied from day to day and as anticipated. PM2.5 is dominated 

by black carbon (carbonaceous combustion) component. For PM2.5, it averaged 

18.4% (6.1 - 63.1 %) which was much higher than that of PM10. Percentage 

black carbon concentration in PM1Q averaged 4.9% (1.1 - 12.6 %). This indicates 

that black carbon is dominant in the fine particulate matter. 

The daily variations of PM2.5 and PM1Q and their respective BC concentration 

variations are presented in figure 4.1 - 3. 
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Comparing the result from this work with selection from literature as in Table 4.2 

below revealed that both PM2.5 and PM10 mean values are very high. 

From the World Health Organization recentty documented air quality guidelines 

for PM10 and PM2.5 as well as interim target concentrations for use by developing 

countries in measuring progress towards the guideline concentrations (WHO 

2006). The PM10 interim targets for annual average concentrations start at 

70 ~g m-3 and extend down to the 20 ~g m-3 guideline and for PM2.5. the first 

annual target is 35~gm-3. and the guideline is 1 0 ~g m-3. 

55 



Comparing the result from this work with selection from literature as in Table 4.2 

below revealed that both PM2.5 and PM10 mean values are very high. 

From the World Health Organization recently documented air quality guidelines 

for PM10 and PM2.5 as well as interim target concentrations for use by developing 

countries in measuring progress towards the guideline concentrations (WHO 

20(6). The PM lO interim targets for annual average concentrations start at 

70 IJg m-3 and extend down to the 20 ~g m-3 guideline and for P~.5, the first 

annual target is 35~gm-3, and the guideline is 10 ~g m-3. 
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Concenuation(~gm~) Reference 

. Place Fine Coarse 

Skukuza (South Africa) 9.41 16.2 Maenhaut; 1996 

~storiaskop (South Africa) 12.3 19.4 " 

~Palmer (South Africa) 18.0 15.2 " 

i Watertown, Boston (USA) 17.4 8.6 Chan; 2000 

I Long Beach,California (USA) 48.6 22.5 " 

t Kashima (Japan) 17.7 17.5 " 

rTapada du Quterio(Portugal) 18.5 13.1 Alves; 1998 

.. 
Calgary (Canada) 11.1 26.3 Cheng; 2000 

, Edmonton (Canada) 11.2 19.1 " 
I 

Hinton (Canada) 8.0 17.0 .. 
~ .. - .. - .•.. - .. 

Serowe (Botswana) 10.1 18.4 Moloi; 2002 
. .. 1 

Goteborg (Sweden) 7.0 7.2 .. 
i Kwabenya (Ghana) 4.3 55.4* Aboh & Ofosu,2006 

I 

Ashaiman (Ghana) 23.3 96.6 This work 

* Value for PM10-2.5, to get the actual PM10 value, this must be added to PM2.5 

value 

Table 4.2 : Comparison of PM with a selection from literature (Aboh & 

Ofosu,2006). 
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Table 4.3 gives the International air quality standards and guidelines. 

INTERNATIONAL AIR QUALITY STANDARDS AND GUIDELINES 

-- - --------~-

culate -1 Time Ambient Air Quality Standards, in J.lg'm~ 

ize 1-- ---------1----5 -

I 
--

I 
u.s. EPA WHO EU Ghana(EPA) 

Guidelines 

PM r 10 50 20 30(by 70 
I 

2005) 
I 

--

I 

20(by 

2010) 

24hr 150 50 50 

- ----
PM 2.5 

I 

Annual 
I 

15 10 

I i-wlr-- I 
65 25 

~~- -- -- -

Table 4.3 : INTERNA TlONAL AIR QUALITY STANDARDS AND GUIDELINES. 
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Cleariy. the average PM10 value for this study exceeded WHO guideline and that 

of PM2.5 is very close to WHO limit value. 

Aboh & Ofosu, (2006). reported a daily mean PM2.5 and PM10 concentrations of 

4.3 ~glm3 and 59.7 ~m3 at a site located in Kwabenya (within the same region) 

during 2005/06 harmattan. These values are much lower than the results from 

Ashaiman, the difference in mean values from Ashaiman could be due to the fact 

that Ashaiman is characterised by local pollution such as open burning. domestic 

wood and charcoal buming, and vehicular traffics. In addition. the status of the 

road netwoft( within Ashaiman, where a lot of roads are unpaved playa 

significant role in the entrainment of dust. which could be attributed to the high 

PM10 fraction. Particles which are suspended by vehicular movement on paved 

and unpaved roads are a major contributor to fugitive dust emissions 

(Etyemezian et al., 2003). Construction of roads and other infrastructure. which 

common in this area also played a major role in the coarse fraction. 

Further work should be done on these aerosol samples to identify the sources 

and the quantities from those sources. 

According to World Health Organization (WHO, 2005) report. the evidence of the 

association between airborne particulate matter and public health outcomes is 

consistent in showing adverse health effects at exposures experienced by urban 

populations in cities throughout the world, in both developed and developing 

countries. The risk for various outcomes has been shown to increase with 

58 



exposure and there is little evidence for a threshold below which no adverse 

health effects would be anticipated. 

4.2. CONCENTRATION RATIOS OF PM1o. PMu AND BLACK CARBON 

(BC). 

Table 4.4 shows the concentration ratios of PM10, PM2.5 and black carbon. 

I Property Maximum Minimum Mean Standard 

Dev. 

I PM2.s1PM1o 0.537 0.067 0.300 0.145 
I 

I 

reC/PM2.S 0.631 0.061 0.184 0.145 

isCiPM10 0.126 0.011 0.049 0.025 

I 

PM10.2.slJ.lgm -3 261.810 20.252 73.304 45.136 

~ 
~ ----~----

-

Table 4.4 Concentration Ratios of PM1(h PMZ.5 AND BS. 

From the calculated PM2.5 to PM1Q ratio, even though, the mean value of 0.30 is 

on a lower side and the PM2.5-10 concentrations (PM2.5-10. calculated as 

difference between PM10 and PM2.5 concentrations) recorded a high mean value 

of 73.30 ~gm-3 indicating that most of the aerosols measured are in the coarse 

S9 
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mode. The maximum and minimum values of PM2.5 to PM10 ratio (Table 4.4) 

gives an indication to how widely these ratios varied from day to day suggest that 

the ratio is high in some cases (figure 5.5). Maximum PM2.sIPM10 ratios are often 

associated with local pollution episodes that are associated to combustion 

sources (Marcazzan et al. 2002) and Ashaiman is especially prone to experience 

local pollution episodes because, Ashaiman is characterized by a lot of open 

burning, household wood and charcoal burning and local traffic. 

For fine particulates (P~.5), the contribution of black carbon (BC) have been 

found to be about 18% of the total mass, while for particulate matter PM10, it has 

been found to be about 0.4% (Table 4.4). It followed from these values that black 

carbon constitutes a greater fraction if not dominated in the fine particulate 

matter. Fine fraction contains most of the respirable particulate matter and mostfy 

generated by combustion activities. 

The daily variations of concentration ratios of PM2.5, PM10 and BC concentrations 

are presented in Fig. 4.4-5 
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The daily variation in PM1().2.5 (calculated as difference between PM10 and PM2.5 

concentrations) is shown in figure 4.6 
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4.3 LIMITATIONS AND SOURCES OF ERROR IN INERTIAL COLLECTION. 

There are several inherent sources of error in the impaction process; these 

include: Particle Shattering, Particle Bounce, Re-entrainment of particles and 

Wall Loss, Limited Sample Quantity, Sample Loss in Collection, and Poor 

Particle Resolution for size Analysis. There are errors also associated with the 

calibration of collection devices and errors in sample analysis. 

Large particles (greater than 200 J.lR1) and agglomerates are readily shattered 

upon impaction, and at the high velocities attained in some impaction devices, 

particles with diameters as small as two or three micrometers can be shattered. 

In studies where the number of particles per unit volume of air is of interest, 

shattering of particles upon collection results in erroneously high results. In size 

distribution studies there will appear to be fewer larger particles and more small 

particles than actually exist in the aerosol. 

At high impaction velocities, a small fraction of the particles collected may be re­

entrained in the air stream. This occurs most often with fragments of large 

particles that have shattered upon striking the collection surface. Some of the 

pieces of the shattered particles may be lost from the sample by impacting on the 

walls of the instrument. A few of the large particles may impact directly on the 

wall of the instrument. 

The small quantity of sample collected also restricts the choice of analytical 

methods to those with high sensitivity. Care must be taken to preserve all sample 
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material intact, since with only a few micrograms of sample, the loss of 

particulate matter becomes significant. 

If too much particulate matter collects on the sample collection surface, 

subsequent particles that impact may be lost by re-entrainment when they strike 

particles already collected instead of the collection surface. A phenomenon 

called "ghost depositing" can occur when particles bounce off the collection area 

and are re-deposited by eddy currents a few millimeters on either side of the 

sample. 

Particles that collect close to and on top of each other will introduce error in 

concentration and size studies through the inability to distinguish between 

individual particles and clumps of particles when examined optically. However, if 

a representative portion of the collected material is properly remounted, these 

problems can be minimized. 

4.4 METEOROLOGY 

Air pollution transport, dispersion, transformation and removal are influence by a 

number of atmospheric processes. Air pollution meteorology is therefore 

important in managing ambient pollutant concentrations. 

Meteorological infonnation is essential in this study since the aim is to understand 

and describe the measured air pollution situation but unfortunately, there is no 

Weather Monitoring Station near the sampling site. Also, Ghana Atomic Energy 
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Commission has no mobile weather monitoring station that could be conveyed to 

the site. Meteorological factors are most important in goveming the concentration 

variations of particulate matter (Pohjola et at 2000). The highest particulate 

matter concentrations are often reported during stable meteorological conditions 

such as inversion with low wind speeds (Pohjola et at 2004). 

Common parameters such as temperature, wind speed and direction, solar 

radiation, air pressure, relative humidity and rain, but also, boundary level height 

and temperature inversions can have an effect on the composition of air. For 

instance, the direction from which the wind originates determines the influence of 

upwind sources. Higher wind speeds will increase the ground turbulence and re­

suspend particles, and a low boundary level height and especially a temperature 

Inversion will trap the pollutants and increase the concentrations. Also the 

physical and chemical processes affecting the particles are regulated to a great 

extent by meteorological factors. 
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CHAPTER FIVE 

CONCLUSION 

From the results obtained it can be seen that the semi-urban background aerosol 

of Ashaiman, is not only largely made up of combustion generated carbonaceous 

particles but particles from natural activities that resulted in high PM10 value. The 

mean values of 23.26 lJgm-3 and 96.56 lJgm-3 obtained for PM2.5 and PM10 

respectively are on a higher side. PM10 mean value exceeded the WHO guideline 

and the Ghana Environmental Protection Agency (Ghana EPA) guideline value 

(70.0 tJgm-3 for 24 hour average and 50 lJgm-3 yearty average). More work needs 

to be done in fine particulate measurement, since the mean value obtained is 

very close to WHO limit value and Ghana EPA is yet to set a guideline value for 

fine particulates (PM2.S). In addition, there is the need for modelling of these 

aerosol samples to identify the sources and the quantities from those sources. 

The low mean value of 0.3 for the PM2.S to PM10 ratio and the mean of 73.30 

tJgm-3 for the coarse fraction (PM10-2.S) suggest that most of aerosol measured 

are in the coarse mode. Also, some ofthe values from the PM2.S to PM10 ratios 

resulted in high values suggesting instances of high local pollution such as open 

burning, domestic wood and charcoal burning and local traffic. 

The Be fraction of coarse is about 0.4% and that of the fine is 18%. These 

values are very high compared to results from some literature and WHO 
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guideline, especially that of the fine hence the need for future measurements. 

Black carbon is dominated in the fine particulate. 
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APPENDIX 

TEFLON (FINE PARTICULATE) PMU DATA COLLECTION SUMMARY 

----
~~-

Sampling Aerosol Mass Date Comments Filter II) Particulate 
Mass/g± Durationlbn Volume/ml Conc./flKDl..J From To 
0.0001/1 ± llhr ± 11m3 

ATF001 0.0008 10 13 48t 10 2113/2008 211412008 FR at 16.5 lImin 
ATF002 0.0007 11 17 41 t8 2117/2008 211812008 FR at18.5J/mln 

----< 

ATF003 0.0005 12 16 31 t 8 212112008 212212008 FR at 17.0 IImin 
ATF004 ilt,l(,i') 14 13 111 t 20 212512008 2126/2008 FR at 16.0 IImin 
ATF005 0.0005 15 13 Ht 10 31212008 31312008 FR at 18.0 Ilmin 
ATF006 0.0002 23 21 10:t 5 31612008 3nl2008 FR at 16.5 11m in 
ATF007 0.0001 18 15 7:t7 31912008 3/10/2008 FR at 16.0 IImin 
ATF008 n.uuuG 18 21 28t8 311112008 3/1212008 FR at 16.0 IImin 
ATF009 0.0001 19 17 8:t8 311312008 3/14/2008 FR at 18.0 IImin 
ATF010 0.0004 24 22 18tS 311512008 3/16/2008 FR at 16.5 IImin 
ATF011 0.0005 17 16 31 t8 3/17/2008 3/18/2008 FR at 17.0 11m In 
ATF012 1E-04 BLANK 0 BLANK 
ATF013 0.0003 18 15 20:t8 3120/2008 3/21/2008 FR at 17.0 IImin 
ATF014 O.UUUJ 18 14 21:t 8 312212008 312312008 FR at 16.5 IImin 
ATF015 0.0002 15 14 14:t 8 3/24/2008 312512008 FR at 1S.SlImin 
ATF016 1E-04 18 15 7:t7 312712008 3128/2008 FR at 17.0 IImln 
ATF017 0.0002 20 17 12:t 7 312912008 313012008 FR at 16.0 IImin 
ATF018 0.0001 4 3 33:t4 3/31/2008 4/112008 FR at 15.0 lImin, power out 
ATF019 0.0002 20 19 10:t 5 41412008 4/5/2008 FR at 18.0 lImin 
ATF020 -0.0002 BLANK 0 BLANK 
ATF021 1E-04 18 16 St7 4/6/2008 4m2008 FR at 17.0 IImin 
ATF022 0.0001 19 17 35± 8 4/1212008 4/13/2008 FR at 16.511min 
ATF023 0.00045 21 19 24:t7 4/16/2008 4/17/2008 FR at 17.0 IImin 
ATF024 1E-04 22 18 6:tS 4/18/2008 4/19/2008 FR at 16.5 IImin 
A'([Q25 ~~ '---- 5E~ -

9 13 4:t8 4/21/2008 412212008 FR at 16.0 IImin 



ATF026 0.0004 )--1-9--

ATF027 0.0006 I 23 
ATF028 0.0005 T 19 
ATF029 0.00055 19 
ATF030 0.0004 19 
ATF031 1E·04 BLANK 
ATF032 0.0004 17 
ATF033 0.0004 18 
ATF034 0.00065 19 
ATF035 0.0007 20 
ATF036 0.00055 17 
ATF037 0.00035 16 

NB: FR : Sampling Flow Rate 
Vrnin: Litre per minute 

1---1-6--L_~~ 

19 32:t 7 
17 29:1: 8 
16 34:t 8 
17 24:1: 7 -----

i 0 
4 100:1: 50 
16 25:1: 8 
14 46t10 
21 33:1:' 
17 32t8 
16 22 :1:8 

4124/2008 4125/2008 FR at 16.5 11m in I 
4126/2008 412712008 FR at 17.0 IImin I 
412912008 4/30/2008 FR at 17.0 IImln 
5/1/2008 5/212008 FR at 16.5 IImin 
51612008 sn12oo8 FR at 17.0 IImin 

BLANK 
sn12008 5/812008 FR at 17.0 IImin 

511112008 511212008 FR at 16.5 IImln 
511312008 511412008 FR at 16.0 IImin 
511512008 5116/2008 FR at 17.0 IImln 
512012008 5121/2008 FR at 17.0 IImln 
5122/2008 5123/2008 FR at 16.5 IImln 



APPENDIX II 
TEFLON PMIO DATA COLLECTION SUMMARY 

I FilterID 
-----

SampUng I Aero.ol' M.n Date Comments Particulate 
Masslgt Durationlhn Volume/mJ I Conc./flgm..J From To 
O.OOO1/g t 1/hr t 0.001/m3 

ATC001 0.0028 10 20.309 143:t: 5 211312008 211412008 FR at 16.711mln 
ATC002 0.0037 11 25.482 145:t: 4 2117/2008 2/18/2008 FR at 17.0 IImln 
ATC003 0.0075 13 25.592 283:t:4 2121/2008 212212008 FR at 17.0 IImin 
ATC004 0.0006 14 15.951 38:tS 2/25/2008 212612008 FR at 17.0 IImin 
ATC005 0.0027 15 16.488 174:t8 3/2/2008 3/312008 FR at 17.0 IImln 
ATC006 0.002 23 17.173 118:t 8 3/6/2008 31712008 FR at 17.0 IImln 
ATC007 0.0014 18 14.101 H:t7 3/9/2008 3/10/2008 FR at 17.0 IImln 
ATC008 0.0018 18 17.894 1oo:t: 8 3111/2008 311212008 FR at 16.7 IImln 
ATC009 0.0008 18 14.288 H:t7 311312008 3114/2008 FR at 17.0 IImln 
ATC010 0.0017 24 18.043 M:t8 3/15/2008 3/16/2008 FR at 17.0 IImln 
ATC011 0.0015 18 15.208 88:t 7 3/17/2008 3/18/2008 FR at 16.711mln 
ATC012 0 BLANK BLANK 
ATC013 0.0012 16 24.164 50:t4 3/20/2008 3/21/2008 FR at 15.5 IImln 
ATC014 0.0026 ' 16 26.382 89 t4 3/22/2008 312312008 FR at 16.711mln 
ATC015 0.0017 15 25.57 88:t:4 3/24/2008 3/25/2008 FR at 17.511min 
ATC016 0.0019 16 26.281 72± 4 3/27/2008 3/28/2008 FR at 17.0 11m in 
ATC017 0.0038 20 31.686 120:t: 3 3129/2008 3/30/2008 FR at 16.711min 
ATC018 0.0003 4 4.748 63:t 20 3131/2008 4/1/2008 FR at 16.0 IImin Power Out 
ATC019 0.0018 20 23.653 76 :t4 4/412008 4/5/2008 FR at 17.0 I/min 
ATC020 -1E-04 BLANK BLANK -
ATC021 0.001 18 20.594 48:t: 5 41612008 41712008 FR at 17.0 IImin 
ATC022 0.0023 19 20.533 112:t: 5 4/1212008 4/13/2008 FR at 16.0 IImin 
ATC023 0.0016 21 23.472 68 t 4 4/16/2008 4/17/2008 FR at 16.711min 
ATC024 0.0003 22 26.108 69 t 4 4/18/2008 4/19/2008 FR at 17.0 11m In 
ATC025 0.0007 9 18.866 37 ± 5 4/21/2008 412212008 FR at 16.711min 
ATC026 0.0022 19 18.815 117:t: 5 4/24/2008 412512008 FR at 16.0 IImin 
ATC027 0.0011 23 25 44:t:4 4126/2008 4/27/2008 1 FR at 17.5 IImln 
ATC028 0.00275 19 22.79 121:t 4 4129/2008 4/30/2008 ! FR at 17.0 IImin 



ATC029 0.0026 --19-"-

ATC030 0.0017 19 

ATC031 0 BLANK 
ATC032 0.0003 17 
ATC033 0.00095 18 
ATC034 0.0023 19 
ATC035 0.00185 20 
ATC036 0.0015 18 
ATC037 0.0009 16 

NB: FR : Sampling Flow Rate 
I/min : Litre per minute 

22.019 
I 19.902 

5628 
20.387 

18.758 
25.834 
21.924 
21.364 

-~£5 51112008- 51212008 
,---

FR at 17.0 I/min I 
85 t 5 5/612008 sn12008 FR at 16.0 Umin 

BLANK 
53 t 20 sn12008 51812008 FR at 17.0 Vmln 

47 t 5 511112008 511212008 FR at 17.0 Vmin 
122 t 5 511312008 5/14/2008 FR at 16.7 Vmin 

72 t4 5/1512008 5116/2008 FR at 17.5 Vmin 
68t 5 512012008 512112008 FR at 16.7 Vmin 
42 t 5 512212008 512312008 FR at 16.7 Vmin 



APPENDIXW 

TEFLON (FINE PARTICULA TEl PMM AVERAGE OUTPUT VOLTAGE 

(SMOKE STAIN REFLECfOMETER READINGS) 

nLTERID OUTPUT VOLTAGE t O.1N 

ATFOO1 0.8 

ATF002 1.1 
ATFOO3 1.6 

ATFOO4 1.7 
ATFOO5 0.9 
ATFOO6 1.0 
ATFOO7 1.1 
ATFOO8 1.2 
ATFOO9 1.2 

,.-~ 

i ATF010 1.4 
I ATF011 0.9 
I ATF012 8.0 
I ATF013 1.3 

ATF014 1.8 
ATF015 1.0 
ATF016 1.8 
ATF017 1.2 

~- --

ATF018 3.9 
ATF019 0.8 -- -

ATF020 8.0 - ---

ATF021 1.2 
-~ -

ATF022 1.4 
ATF023 1.2 --- , 
ATF024 1.1 

i ATF025 1.7 
ATF026 0.6 ----t------ --
ATF027 0.5 
ATF028 0.8 

-~ 

-

ATF029 I 1.1 
-1 

--- -

ATF030 0.9 
ATF031 8.0 
ATF032 L 3.7 
ATF033 I 1.1 
ATF034 1.2 
ATF035 0.7 
ATF036 0.9 
ATF037 1.1 
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A ppF.NJ)lX JV 

TEFWN PMU AVERAGE OUTPUT VOLTAGES 

(SMOKE STAIN REFLEC'J'OMETER READINGS) 

nLTERID OUTPUT VOLTAGE:t O.1N 

ATCOO1 1.9 

ATC002 2.1 

ATC003 2.8 

ATCOO4 Broken 

ATC005 2.7 

ATC006 3.3 
ATCOO7 3.6 
ATCOO8 3.5 
ATCOO9 2.9 
ATC010 4.2 
ATC011 Broken 
ATC012 8.0 
ATC013 3.4 
ATC014 4.0 ' , ",:~: i' , ' 

ATC015 2.0 ~:. ~~, 

ATC016 2.8 ',' ,>'\" r~;, , 
ATC017 2.6 :,: i;~';;' t~,,:j~:~, 
ATC018 5.8 
ATC019 2.0 
ATC020 8.0 
ATC021 2.8 
ATC022 3.3 
ATC023 3.0 
ATC024 3.2 
ATC025 4.4 
ATC026 2.8 
ATC027 2.2 
ATC028 3.1 

- -
ATC029 3.0 
ATC030 3.1 j 
ATC031 8.0 
ATC032 5.2 

---- : 
I 

ATC033 2.8 - -- -

ATC034 3.0 -
ATC035 - 1.8 r---
ATC036 

- 2.6 -f--
ATC037 3.2 

-

-~ 
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