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Although mining companies make some effort to minimize air pollution, their activities continue to 
attract public concern. The situation in Chirano Gold Mines Limited (CGML) was investigated by 
determining the concentration of PM10 and total suspended particles (TSP) in Paboase and Akoti and 
the mine site using the Environmental Particulates Air Monitor (Model: EPAM-5000). PM10 and TSP 
concentrations at seven destinations within the mine; Akwaaba, Construction Camp, Exploration Camp, 
Mine Village, Paboase Camp, Processing Plant and Rom Pad were also investigated to guide 
distribution of effort at protecting human life. Results indicate generally lower concentrations of PM10 

and TSP between 3:00am and 8:00am and during rainy periods. PM10 levels were generally below the 
Ghana EPA standard (70µgm

-3
) but not the WHO guideline value (50µgm

-3
); TSP concentrations fell 

below limits by both (230µgm
-3

) and (200µgm
-3

) respectively suggesting that the ambient air in the 
CGML was unpolluted in terms of PM10 and TSP. Dust-generating activities e. g.  hauling, off-loading 
and rocks crushing at the Rom Pad accounted for the higher PM10 (166.72µg/m

3
) and TSS (367.62µg/m

3
) 

than the prescribed limits. The mine village cited in a thick forest where liberated particle could be 
trapped recorded the least concentrations (33.14 µgm

-3 
for PM10 and 67.82 µgm

-3 
for TSP). 
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INTRODUCTION 
 
The importance of air, a mixture of gases and small 
solids and liquids for promotion of metabolism, good 
health and hence sustenance of plants and animals life 
cannot be underestimated. Both natural and 
anthropogenic activities may contaminate and even 
pollute air and cause health disorders limiting the comfort 
of humans and animal. More than 4.6 million people die 
annually   from   the   direct impact of air pollution—more  
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than from car accidents every year (WHO, 2006). 
Although health effects due to short-term increases in air 
pollution appear to be relatively small (Schwartz, 1991), 
the health impact on the general population may be 
substantial given the ubiquity of exposures.  

In spite of efforts made by mining companies to 
minimize deterioration of human and environmental 
quality through the effect of their operations on the 
environment, there is still much to be done.  According to 
Akabzaa and Darimani (2001) pollution in mining towns 
have been quite high and not safe for the health of the 
inhabitants   of   communities   around   the   mines.  This  



 
 
 
 
sometimes sparks agitation by the communities usually 
led by the youth and the associated heightening of 
tension between mining communities on one hand and 
mining companies on the other, especially in cases 
where the  communities perceive that the due 
compensations are not been paid.  
 
 
Total suspended particulate (TSP) and Particulate 
matter (PM10) 
 
Total suspended particulate (TSP), all particles in the 
atmosphere including particulate matter (PM) (a mixture 
of solids particles and liquid droplets suspended in the 
air) is one of the air pollutants liberated at different stages 
of mine operation and bedevils mining communities. The 
prevalence of chronic bronchitis in the general population 
in most developed countries is between 3% and 17%, 
while higher rates of between 13% and 27% exist in the 
developing countries (Ball and Make, 1998). However, at 
present there is no reliable data on the prevalence of 
chronic bronchitis in the general Ghanaian population.  Its 
determination would therefore be helpful in informing 
policy.     

Particulate matter (PM) originates from a variety of 
sources including power plants, industrial processes and 
diesel trucks and is formed in the atmosphere by 
transformation of gaseous emissions. Their chemical and 
physical compositions depend on locations, time of the 
year, and weather. Particulate matter is composed of 
both course and fine particles. Course particles (PM10) 
have an aerodynamic diameter of between 2.5µm and 
10µm. PM10, therefore includes only those particles with 
aerodynamic diameter smaller than 10µm. They are 
formed by mechanical disruption (e.g. crushing, grinding, 
abrasion of surfaces); evaporation of sprays, and 
suspension of dust. It is composed of alumino-silicate 
and other oxides of crystal elements, and major sources 
including fugitive dust from roads, industry, agriculture, 
construction and demolition, any ash from fossil fuel 
combustion. The lifetime of PM10 is from minutes to 
hours, and its travel distance varies from < 1 km to 10 
km. Fine particles have an aerodynamic diameter less 
than 2.5µm (PM2.5). They differ from PM10 in origin and 
chemistry. These particles are formed from gas during 
combustion and are composed of various combinations 
of sulphate, nitrate compounds and carbon compounds, 
ammonium, hydrogen ions, organic compounds, metals 
and particle bound water. The major sources of PM2.5 are 
fossil fuel combustion, vegetation burning, and the 
smelting and processing of metals. Their life time varies 
from days to weeks and travel distance ranges from 100s 
to >1000s km. Fine particles are associated with visibility 
impairment in cities. 

TSP was the first indicator used to represent 
suspended particles in the ambient air. In July 1987, 
United State Environmental Protection Agency   (USEPA)  
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began using the new indicator, PM10. PM10 is responsible 
for most of the adverse human health effects of 
particulate matter because of the particles' ability to reach 
the lower regions of the respiratory tract Masitah et al 
(2007). Recent data suggests that particles of 2.5µm or 
smaller may pose the greatest threat to human health 
because, for the same mass, they absorb more toxic and 
carcinogenic compounds than larger particles and 
penetrate more easily deep into the lungs.   

Historically, the association between PM10 and mortality 
has been manifested in many air pollution episodes such 
as those which occurred in Belgium (1930), Pennsylvania 
(1948), London (1952), New York (1953), and London 
(1962), where the number of deaths attributed to air 
pollution was 63, 20, 4000, 200 and 700, respectively. 
Several studies have demonstrated the relationship 
between low concentrations of PM10 and PM2.5 and 
increase in daily mortality. A study conducted by Pope et 
al. (1996), demonstrated the association between PM10 
air pollution and cardiopulmonary and lung cancer 
mortality. The relationship was stronger for PM2.5 than 
PM10. PM2.5 was associated with a 36% increase in death 
from lung cancer and 26% in cardiopulmonary deaths. 
Another study by Ostro (1993) demonstrated the 
association between PM10 levels with Sudden Infant 
Disease Syndrome (SIDS) (Woodruff et al, 1997). 
Worldwide, Chronic obstructive pulmonary disease 
(COPD) is among the fastest growing chronic diseases 
(Calverly and Walker, 2003). Epidemiological studies 
have shown the relationship between PM10 exposure and 
an increase in bronchitis, chronic cough, and respiratory 
symptoms in persons with COPD (Pope et al, 1995). 
There is strong epidemiological evidence that exposure 
to ambient air pollutants causes exacerbations of pre-
existing COPD, but very little evidence that it actually 
causes the development or progression of COPD. Recent 
cross-sectional studies showed an association between 
exposure to ambient PM10 in particular urban traffic 
related PM, a decline in forced expiratory volume in one 
second and development of COPD (Schikowski et al, 
2005).  
 
 
METHODOLOGY   
 
Study Area 
 
Ghana has a land area of 238,539 km

2
 and lies on the 

south central coast of West Africa between latitudes 
4.5

o
N and 11.5

o
N and longitude 3.5

o
W and 1.3

o
E (Ghana 

EPA, 2000). The study area comprised of the mine site 
and two communities within the mines namely Poboase 
and Akoti communities in the concession area of the 
Chirano Gold Mines Limited (CGML) situated in Babiani, 
south western Ghana and at 100 kilometers southwest of 
Kumasi, Ghana's second largest city. The communities 
are of different distances to the major sources of pollution  
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Plate 1 Environmental Particulate Air Monitor 

 
 

 
 

Figure 1 PM10 levels in the CGML compared with  
the Ghana EPA Standard and WHO guideline values 

 
by the mining activities. The township of Bibiani, lies 15 
kilometers north-northeast of the project area (37 
kilometers by road). Access to the mine from the capital 
Accra is via a sealed highway to Kumasi and then sealed 
highway running southwest towards Bibiani and onwards 
to Sefwi-Bekwai. The project area is dominated by steep 
terrain and dense vegetation interspersed with small 
agricultural plots of palm oil, cassava and cocoa. 
Generally, rainfall in Ghana decreases from south to 
north. The wettest area is the extreme southwest where 
annual rainfall is about 2000 mm.  The concession of 
CGML forms part of the area with double maxima rainfall 
regime; the two maximum being May to August and 
September to October.  
 
 
Ambient Air Quality Determination 
 
Ambient air quality parameters namely PM10 and TSP 
were measured within the communities (Akoti and 
Paboase) and the mine site using an Environmental 
Particulates Air Monitor (Model: EPAM-5000) a devise 
configured to sample TSP, PM1.0,  

PM2.5 and PM10 dust. The devise was manufactured by 
HAZ-DUST 

TM
 (Plate 1).  

The various geographic locations of the communities 
relative to the pollution sources were determined. A 
special function was selected from the main menu and 
the inlet inserted in the sensor head of the monitor. The 
filter cassette holder was attached to the sensor and the 
manual zeroed. The monitor was set to run and set to 
either continue previous sampling or to overwrite the 
previous data. The date and time were set and sampling 
rate selected to sample at every second. The process 
was repeated for the TSP with a different inlet inserted in 
the sensor head. 

Seven sampling locations were set; Akwaaba pit, 
Construction camp, Exploration pad, Mine village, 
Paboase camp, Processing plant and Rom Pad. The 
monitor was moved from one site to another for sampling. 
Within every month one to three samples of PM10 and 
TSP each was taken and the concentrations determined 
and recorded. Results from the sites were averaged also 
to obtain the overall air quality of the entire area for each 
month. This was done for nine months. The average 
concentrations of the measured parameters were found 
for each site. Rainfall was measured using a copper 5" 
standard rain gauge. The gauge was set vertically with 
the rim of the funnel horizontally oriented. The whole 
gauge was fixed into the ground to keep it secure and 
upright with the rim 304.8 mm above the surrounding 
short grass or gravel, a height chosen so that no rain 
splashes from the surroundings into the funnel  
 
 
RESULTS 
 
PM10 concentration in measured in the CGML  
 
Lower concentrations of particulate matter occurred 
during the period between 3:00am and 8:00am. The 
different concentrations at different times may be 
attributed to the different activities that take place at the 
different times. The trend of PM10 observed over the 
study area CGML depicts an uneven spread of 
particulate matter. The lowest observed was recorded in 
July, the peak of the rainy season (Figure 1).  

The highest, on the other hand occurred in November, 
which is just about the beginning of the harmattan.  
Comparison of the concentrations of PM10 measured in 
this study with the Ghana EPA Standard (70 µgm

-3
) and 

the WHO guideline value (50 µgm
-3

)  
 
indicated   that   the  
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Figure 2 PM10 concentrations at various locations in the CGML 

 
 

 
 

Figure 3 TSP levels in the CGML compared with the  
Ghana EPA Standard and WHO guideline values 

 
level of PM10 in the study was generally higher than the 
guideline value but lower than the Ghana EPA standard. 
The WHO guideline value is therefore stricter than that of 
Ghana EPA (Figure 1).  
 
 
PM10 concentrations at various destinations in the 
CGML   
 
With the exception of the Rom Pad that recorded a higher 
concentration (166.72 µgm

-3
) than even the less stricter 

value by the Ghana EPA standard (70 µgm
-3

), all other 
stations recorded concentrations were lower  (Figure 2). 
Generally, the various sampling locations, therefore, had 
PM10 concentration lower than the reference values. The 
highest concentration (87.68 µgm

-3
) was recorded in 

November and the lowest in (36.91 µgm
-3

) in July. (Figure 
1). PM10 formed clouds in the vicinity and the scare of it 
was evident as there was strict compliance to safe health 
measures such as wearing of nose mask. 
 
 
TSP concentration in measured in the CGML  
 
The spread of TSP observed was also uneven. The 
lowest concentration (84.60 µgm

-3
) was also recorded in 

July, following a similar trend as that of PM10 although the 
highest concentration (185.51µgm

-3
) was not recorded in 

November but in October (Figure 3). When compared 
with the standards (230µgm

-3
)  of EPA-Ghana and 

guideline value (200µgm
-3

) of the WHO, all the TST 
concentrations recorded  in the study were lower. This 
suggests that the whole area is as far as TSP is 
concerned, a safe place or convenient for human 
interaction or habitation.  

TSP concentrations at various destinations in the 
CGML   
 
As per the sampling location, it was also observed that 
the concentration (367.62µgm

-3
) of TSP measured at 

Rom Pad was highest and that (67.82 µgm
-3

) at the Mine 
Village was the lowest. The concentration at the Rom 
Pad was above the WHO guideline value (200 µgm

-3
) and 

the less stricter Ghana EPA standard value (230 µgm
-3

) 
(Figure 4).  
 
 
PM10 and TSP 
 
From April to the end of August there was a direct 
relationship between the trends of PM10 and TSP (Figure 
5). In the subsequent months i.e. September to 
December there occurred an inverse relationship. The 
highest of the PM10 (87.68µgm

-3
) was recorded in 

November  whereas the highest for the TSP (185.51µgm
-

3
) was recorded in October. 

 
 
Variation of Concentrations of PM10 and TSP with 
rainfall 
 
There appeared to be a general inverse relationship 
between PM10 concentration and rainfall patterns. Thus, 
generally, months of prolonged rainfall durations e. g. 
from June to July had lower concentrations of PM10. The 
converse statement is also generally true.  There existed 
a similar relationship between TSP and rainfall but to a 
relatively weaker extent. 

Looking at the TSP trend and that of the rainfall 
received over the entire area (Figure 5), there seemed  to  
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Figure 4 TSP concentrations at various locations in the CGML 

 
 

 
 

Figure 5 Monthly distribution of PM10 and rainfall pattern from April-December 2009 

 
be a close relationship between TSP and rainfall. April to 
May had a positive relationship, likewise June to July, 
August to October and November to December.  
 
 
DISCUSSIONS 
 
Status of PM10 in the Chirano Gold Mines Ltd 
 
The concentration of PM10 over the period was not 
constant. This was consistent with a study by Masitah et 
al (2007) which showed that particulate matter is not 
constant over a period of time due to the nature of the 
weather. Periods where the concentrations of PM10 were 
above the EPA-Ghana were April – May and November – 
December (Figure 5). These were the periods of intense 
heat in the atmosphere for which reason relative humidity 
is lowest.  This situation of lower relative humidity means 
little moisture to precipitate the liberated particulate 
matter and may therefore explain such observation.  
Relative humidity varies with time. It tends to be lower 
during the day and higher at night and early hours of the 
mornings. There is therefore the tendency for 
precipitation of PM10 to a greater extent during the night 
and early mornings than during the day. This may 
therefore explain the observed higher levels of PM10 
during the day and lower levels during the night and early 
hours of the mornings. Human activities including mining 
are usually absent or reduced during the night and early 
hours of the mornings. This may also support this same 
observation. 
 
 
PM10 compared with WHO and EPA-Ghana Standard 
 
Standards are derived from other standards based on the 

realistic economic benefits from meeting those standards. 
A comparison of PM10   levels in this study with the WHO 
guideline value (50µgm

-3
) suggests that the study area 

was polluted. The only deviation from this observation 
occurred in July when the concentration (36.91µgm

-3
) fell 

within the standard level (36.91µgm
-3

) for human 
interaction (figure 1). However concentration fell below 
the Ghana EPA standard (70µgm

-3
) with May, June and 

November where concentrations of 76.25µgm
-3
, 

73.67µgm
-3

 and 87.68µgm
-3 

respectively were recorded 
being remarkable exceptional. This observation, suggests 
that the study area is unpolluted.  While the Ghana EPA 
standard, might have taken greater economic benefits of 
the Gold mines into consideration the WHO guideline 
value appears to strain to some extent the economic 
benefits of Gold mining processes in Ghana.   

According to Schwartz (1993) there is a significant 
association between daily average PM10 concentrations 
and mortality at concentrations below the current U.S. 
Standard of 150µg/m

3
 for short-term PM10 

concentrations. This suggests that although mining 
companies might meet Ghana EPA standard value and 
even the WHO guideline values there might still be some 
health implications. Again a study conducted on over half 
a million people in 151 U.S metropolitan areas during 
1982- 89 by Pope et al (1995) indicated that death rates 
in the area most polluted with fine particulates were about 
17% higher than in the least polluted areas. Ostro (1994) 
suggested an increase in human mortality rates ranging 
from 0.3% to 1.6% for each 10 µg/m

3
 increase in average 

annual PM10 concentrations. These send signals that 
even though the CGML area may be classified as 
relatively unpolluted, the health effect on the inhabitants 
could still be a matter of concern. Studies by Villeneuve 
et al. (2003) in Canada, Wichmann et al. (1989) in 
Germany,    Katsouyanni    (1993)    in   Switzerland   and  



 
 
 
 
Schwartz (1992) in the United States indicate an 
association between respiratory symptoms and exposure 
to long term ambient particulate matter concentrations of 
about 30 - 35µg/m

3
, without any evidence of a threshold 

level below which health effects do not occur. 
 
 
PM10 Emission by Location 
 
The Rom Pad was the location for intense dusts-
generating activities. These activities included haulage, 
off-loading and crushing of rocks. The average 
concentration (166.72µg/m

3
) of PM10 at the Rom Pad was 

highest during the period of monitoring and was above 
the WHO guideline and the Ghana EPA standard values 
of (50 µg/m

3
) and (70µg/m

3
) respectively (Figure 2). 

Pollutants from this destination could have spread to 
other places including villages or communities within the 
mine. The situation could have been worsened by the 
poor road conditions corroborating the study by (Masitah 
et al, 2007) who noted that pollution owing to 
transportation activities is further compounded by the 
poor conditions of the roads in and around mining areas. 
 
 
TSP status in Chirano Gold Mines Ltd 
 
Similar to PM10, TSP trends were also not constant 
throughout the period (Masitah et al, 2007). The lowest 
concentration occurred in July. Peaking of the rainy 
season in July and its possible association with the 
occurrence of greater coverage of vegetation may share 
this attribute. Vegetation cover apparently might have 
restricted the movement of particulate matter causing the 
particulate matter to settle easily and faster and therefore 
escape detection by the monitoring device. This was 
consistent with a study by Georgiadis and Rossi (1989) 
which indicated that course particles, such as dust are 
directly deposited on leaf surfaces. 
 
 
TSP compared with WHO guideline and EPA-Ghana 
Standard values 
 
Lower concentrations of TSP were observed in this study 
as compared with the WHO guideline value (200 µgm

-3
) 

and Ghana EPA standard value (230 µgm
-3

) (Figure 3). 
This however does not necessarily indicate safe health 
since several studies in developed nations including 
those by Schwartz (1992) and Villeneuve et al. (2003) 
have found an association between respiratory symptoms 
and exposure to long-term ambient particulate 
concentrations even within the 30-35 µgm

-3 
range. Also 

there has not been any evidence that there is a threshold 
level below which health effects do not occur. 
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TSP Emission by Location 
 
The trend of the TSP concentrations recorded in the 
study is not different from that for PM10. Rom pad location 
also recorded the highest concentration of TSP due to 
activities such haulage, off-loading and crushing of rocks 
which take place at this location. The average 
concentration of TSP (367.62µg/m

3
) over the period at 

the Rom Pad also exceeded the WHO guideline value 
(200 µgm

-3
) and Ghana EPA standard value (230 µgm

-3
) 

(Figure 4). 
 
 
General Relationship between PM10 and TSP 
 
Although PM10 and TSP are closely related as far as 
ambient air pollution is concern, a study by Masitah et al 
(2007) revealed that PM10 and TSP measured in different 
plants locations produce different results. PM10 and TSP 
exhibited similar dynamics in the study area (Figure 5). In 
spite of the differences in concentration recorded. PM10 
and TSP in mining area may be generated from the same 
source and their spread driven by the same factors such 
as precipitation, humidity and wind. The similarity in trend 
is therefore not surprising. The health effects on humans 
through obstruction of respiration and on plant through 
reduction in photosynthesis as they are deposited on 
leaves to obstruct sunlight penetration are therefore 
disturbing phenomena.  

The mine village recorded the lowest average 
concentration of PM10 and TSP. This may be due to the 
location of the village. The mine village is located in-
between two hills covered by the thick forest. The reason 
is consistent with Masitah et al. (2007)   that coarse 
particles such as dust are directly deposited on the 
surface of plant leaf reducing gaseous exchange and 
photosynthesis. Again, frequent watering of the roads 
which were already in deplorable states could be the 
reason for the lower concentration of the parameter. 
Roads in deplorable state are major contributing factor to 
atmospheric pollution also (Masitah et al., 2007). 
 
 
PM10 and TSP trends compared with Rainfall pattern 
 
The spread of particulate matter and its concentrations 
are influenced by factors including the wind, temperature 
and humidity. In this study, PM10 decreased with 
increasing amount of rainfall received. This is in 
agreement with Masitah et al, (2007) in a study in 
Malaysia which pointed out that heavy rainfall causes 
reduction in the amount of particulates in the air because 
most of it are carried by rain water. The trend of TSP was 
quite similar except between August and October where 
higher   concentrations   were   recorded probably due  to  
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reduced rainfall in accordance with (Twomey et al, 1984; 
Borys et al, 1998) who stated that air pollution generally 
resulted in increase in the number of small clouds 
condensation nuclei, which led to smaller cloud droplets. 
 
 
CONCLUSION   
 
The measured concentrations of PM10 in this study were 
generally below the Ghana EPA standard (70µgm

-3
) with 

the only exceptions occurring in May to the beginning of 
June and November to December, periods of relatively 
low humidity. The concentrations however were above a 
stricter limit, the WHO guideline value (50µgm

-3
). In June 

however, intense and frequent rainfall might have 
suppressed the liberated particulate matter leading to 
lower concentration than even WHO guideline value. TSP 
concentrations were below both Ghana EPA standard 
(230µgm

-3
) and WHO guideline value (200µgm

-3
). These 

observations therefore suggested that the ambient air in 
the concession area of the Chirano Gold Mines Limited 
were not polluted in terms of PM10 and TSP. Caution 
should however be exercised in predicting climate-driven 
events including the levels of particulate matter since 
climate change, a global concern is crowded by 
uncertainty and therefore continues to pose difficulty in 
such predictions. Again, the dust-generating activities 
occurring at the Rom Pad destination such as hauling, 
off-loading and crushing of rocks might have accounted 
for the higher than PM10 (166.72µg/m

3
) and TSS 

(367.62µg/m
3
) than the Ghana EPA  standard  and the 

WHO guideline value. The destination with the least 
concentrations (33.14 µgm

-3 
for PM10 and 67.82 µgm

-3 
for 

TSP) was the mine village cited in an area of thick forest 
where liberated particle could be trapped. 
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