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ABSTRACT: The high density of vehicles that run to and fro University campus to town has 

become of great concern for assessment of health status of the ambient air around the Universities 

motor parks.  Moreover, some of the University’s parks are unpaved while the paved ones are old 

and unmaintained.  Dust fall samples in parks of Universities of Ilorin, Ibadan and  Kwara State 

University were collected for  five months spanning from 1st November  2014 to 31st March, 

2015 using open bucket sampler based on ASTM D 1739 of 1998 (2010).  A 0.1 g of dust sample 

was digested with 20 ml of HNO3, HClO4 and HF in ratio of (3:2:1) respectively and heavy metals 

(Mn, Cu, Zn, Cd, Pb, and Ni) were analysed using atomic absorption spectrophotometer (Buck 

Scientific model 210 VGP). Results of heavy metal concentrations showed decrease in the 

following order: 1479.75, 1255.68, 241.50, 128.00, 85.25, and 9.63 mg/kg for Mn, Zn, Pb, Ni, Cu 

and Cd respectively for University of Ibadan. The decreased in concentrations of heavy metals 

obtained for University of Ilorin motor park dust-fall were found to be 1145.75, 797.75, 219.63, 

133.51, 58.25 and 23.13 mg/kg for Mn, Zn, Pb, Ni, Cu and Cd respectively. For Kwara State 

University, decrease in the following order: 778.5, 323.88, 259.38, 101.38, 34.38, and 4.63 mg/kg 

for Mn, Zn, Pb, Ni, Cu and Cd respectively were obtained. Generally for the three sites used, the 

heavy metal concentrations decreased in the following order:  Mn>Zn>Pb>Ni>Cu>Cd. This 

implies that dust-fall in the parks are heavily loaded with some heavy metals that are of 

concentrations above Romania standard threshold limit for Cd and Pb while concentration values 

obtained for Ni are higher than US- EPA values (75 mg/kg). The regulatory agent or management 

should ensure that the roads are paved and there should be intermittent wetting of the roads with 

water. ©JASEM 
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Introduction 

Particulate matters are complex heterogeneous 

mixture of solid and liquid components such as those 

from power plants and industries, gas flaring, motor 

vehicles and natural source elements such as dust 

(Yahi et al., 2014). Dust can be defined as matter or 

particulate in the form of fine powder, lying on the 

ground or on the surface of objects or blown about by 

the wind (Adekola and Dosumu, 2001). Dust contains 

pollutants such as polycyclic aromatic compounds, 

biological material and heavy metals. They are kept 

suspended in air or transported from sources by wind 

and can travel long distances across regions, and 

continents transferring contaminants to ecosystems 

(Adriaenssens, 2011).  Dust enters the nose and mouth 

during breathing and is therefore available for 

deposition in the respiratory tract which increases the 

potential health effects of occupants in any 

environment. The potential health effects posed by 

heavy metals include organ damage, blindness, 

deafness, breathing, sex problems and death (Mnisi 

and Moja, 2013). Therefore, assessing the extent of 

dust composition in terms of heavy metals in these 

parks will provide possible information on hazards it 

may pose.   

 

The choice of the sampling sites was due to the fact 

that the motor parks are more prone to anthropogenic 

pollution due to high traffic volume and commercial 

activities on which the extent of heavy metal 

composition might depends, whether the parks are 

paved or unpaved. Therefore, this study is aimed at 

comparison of concentrations of some heavy metals 

(Mn, Cu, Zn, Cd, Pb and Ni) in the dust-fall from the 

University of Ilorin, Kwara State University and 

University of Ibadan Motor Parks in Nigeria. 

 

MATERIALS AND METHOD 
The study area: Three monitoring stations; University 

of Ilorin, Kwara State University and University of 

Ibadan motor parks were chosen for this study. Both 

University of Ilorin, Ilorin and Kwara State University, 

Ilorin are located in Kwara State, Nigeria and lie on 

longitude 8o 30´ N and latitude 4o40´ E while 

University of Ibadan is located in Ibadan metropolis, 

Oyo State, Nigeria and it lies on longitude 7o22´ N and 
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latitude 3o58´ E. Figure 1 describes street map of Ilorin 

showing University of Ilorin, Ilorin and Kwara State 

University, Molete, Ilorin while Figure 2 depicts map 

of Ibadan metropolis indicating location of University 

of Ibadan, Ibadan, Nigeria. 

 

Collection of dust-fall: The samples were collected for 

five months from 1st November, 2014 to 31st March, 

2015. The ambient dust (particulate matter) was 

collected using single open bucket sampler in which 

the mass concentration of the particulate matter 

(settled dust) is given in mg m-2day-1. Single open 

bucket sampler is based on the American Standard 

Test Method (ASTM) D1739 of 1998 (2010) and is 

shown in Figure 3. The bucket was placed on a rigid 

stand comprising of a ring supported by four 

stabilizing bars above the base plate. This serves to 

prevent contamination of the sample by perching 

birds. A net insect screen was also placed over the 

open bucket to prevent insects’ contamination. The 

base plate was connected to a 2 m long steel pole 

which was buried to a depth of approximately 0.5 m.  

 

 

 

 

Fig. 1: Street map of Ilorin showing University  

of Ilorin and Kwara State University 

 

 
Fig. 3: Single open bucket sampler (ASTM D1739, 2010) 

 

The method did not have a wind shield around the 

bucket so that both coarse and fine precipitating dust 

samples could be collected irrespective of the wind 

situation.  Settling dust material was collected in 20 L 

cylindrical plastic buckets half filled with distilled 

water (10 L). The height (h), radius (r) and the area (A) 

of the bucket (bottom) are 0.342 m, 0.138 m and 0.060  

m2 respectively (Figure 3). Exposed buckets were 

replaced after 30 days of sampling period and 

transported to the laboratory for further treatment and 

analysis. Water – dust sample mixtures were 

separately filtered through pre-weighed 0.47 mm 

Whatman filter papers under low pressure. The 

samples were air dried in partially open petri dishes in 

a “dust free laboratory”. After drying, gravimetric 

analysis was conducted to determine the insoluble 

fraction which is based on dust deposition rate 

equation: 

At

Mb
MfCu −=   1 

where Cu indicates dust deposition rate (mg m
-2

day
-1

), 

Mf is weight of loaded filter (mg), Mb is weight of 

blank filter paper (mg), A  represent Area of the bucket 

(m2) and t is Sample duration (days).  

Digestion and analysis of sample 

A 0.1g of dust sample was digested with 20 ml of 

HNO3, HClO4 and HF in ratio of (3:2:1) respectively 

and heated to near dryness. The residue was dissolved 

in 2 ml concentrated HCl and filtered. The resulting 

solution was diluted to 12.5 mL with deionized water 

and heavy metals (Mn, Cu, Zn, Cd, Pb, and Ni) were 

analysed using air-acetylene flame atomic absorption 

spectrometry (AAS, Buck Scientific model, 210VGP)  

(Matthews et al., 2012). Blank studies were also 

carried out. Prior to analysis, all glassware were 

soaked for 24 hours in dilute nitric acid solution, rinsed 

with deionised water and dried in oven before use. 

 

RESULTS AND DISCUSSION 
Table 1 revealed the average dust fall depositions of 

five consecutive months of dry season (1st November, 

2014 to 31st March, 2015) to be 1122.2, 627.7 and 

316.3 mg m-2day-1 for University of Ilorin (Un), Kwara 

State University (Kw) and University of Ibadan (UI) 

sites respectively while their average traffic count was 

found to be 300, 103.2 and 273.4 day-1. It could be 

observed that traffic count at Un was almost three 

times that of Kw while that of UI was greater than that 

of Kw. This has reflected in the dust fall deposition as 

the higher the traffic count, the larger the dust fall 

deposition (Table 1).  The lowest Dust fall of 949.5 mg 

Fig. 2: Map of Ibadan metropolis indicating  

University of Ibadan 
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m-2day-1 was obtained in the month of March, 2015 

while the highest Dust fall was obtained in the month 

of January, 2015 (Table1).  The increase in the amount 

of monthly average dust fall for the month of January 

was due to increased number of vehicles that entered 

the motor parks which was about 500 from 6 am to 6 

pm in a day.  Similar observation has been reported by 

Beg et al., (1987), Khan et al., (2002), Norela et al., 

(2009), Khan et al., (2013), Malokootia et al., (2013) 

and Tyagi et al., (2014).  

 

Table 2 presents monthly mean concentrations as well 

as total mean of some heavy metals loaded in the dust 

that fell at Un Motor Park. 

 

Table 1: Comparison of dust deposition of three universities’ parks 
Months/sites University of Ilorin Kwara state University University of Ibadan 

 Dust fall  (mg m-

2day-1) 

Traffic 

count 

(day-1) 

Dust fall        

  (mgm-2day-1) 

Traffic  

count (day-1) 

Dust fall    

 (mg m-2day-1) 

Traffic 

count (day-1) 

November, 2014 1119.4±71 333 442.7±4 83 214.4±4 267 

December, 2014 1044.2±59 317 150.4±8 33 97.5±4 67 

January, 2014 1517.6±51 500 598.7±4 100 320.2±20 333 
February, 2015 980.1±71 200 1211.4±82 167 785.2±47 533 

March, 2015 949.5±35 150 735.1±24 133 164.3±4 167 

Average 1122.2±57 300 627.7±24.4 103.2 316.3±15.8 273.4 

Generally, a decrease of total mean of the heavy metals for the five months of study has been found to be in the 

following order: 1145.75, 797.75, 219.63, 133.51, 58.25 and 23.13 mg/kg for Mn, Zn, Pb, Ni, Cu and Cd 

respectively. The heavy metal with highest total mean concentration is Mn (1145.45 mg/kg) while the lowest is 

Cd (23.13 mg/kg). Their monthly variations indicated that the concentrations of the heavy metals varied within 

each month. 

 

Table 2: Monthly mean concentration of heavy metals in the Dust fall at University of Ilorin 
                                                      Mean concentration (mg/kg)  

     Mn      Cu Zn Cd Pb Ni 

UnN 243.75±8.84 31.88±0.88 323.13±0.88 5.63±0.88 105.63±0.88 119.38±0.88 

UnD 438.75±1.77 43.75±1.77 451.88±2.65 6.25±0.00 351.88±2.65 190.63±2.65 

UnJ 1286.88±0.88 63.13±0.88 1429.38±2.65 0±0.00 356.25±8.84 152.50±1.77 

UnF 1878.13±0.88 75.63±0.88 458.13±0.88 8.13±0.88 66.25±1.77 113.13±0.88 

UnM 1881.25±1.77 76.88±0.88 1326.25±1.77 95.63±0.88 218.13±0.88 91.88±0.88 

 Total 

mean 

1145.75±78 58.25±20 797.75±53 23.13±40 219.63±13 133.50±39 

 (±) means standard Deviation, N=November, D=December, January, February and March 

 

From Table 2, the month of March, 2015 contained 

dust fall loaded with highest concentration (1881.25 

mg/Kg) of Mn while the dust of month of November, 

2014 exhibited the least concentration (243.75 mg/Kg) 

of Mn. Thus, the concentrations of Mn in the dust 

obtained within the five months period are in the 

increasing order of:    UnN <         UnD <

 UnJ < UnF < UnM. It 

has been observed that the concentration of Mn in 

December 2014 was about twice its value obtained in 

November 2014. However, the Mn concentration 

loaded in the dust obtained for January 2015 collected 

was found to be about five times of that of November 

2014. The months of February and March 2015 

experienced height of anthropogenic activities (Table 

2). The volume of vehicle that ran to and fro on the 

unpaved park of Un was highest for month of January, 

2015 compared to other months (Table 1). The alert 

threshold limit of Mn concentration in dust (top soil) 

for Romania standard is 1500 mg/kg and is found close 

to that of UI (1479.75 mg/kg). 

 

More so, the concentrations  of Cu, Zn, Cd, Pb and Ni 

fell within ranges of 31.88 – 76.88; 323.13 – 1429.38; 

0.00 – 95.63; 66.25 – 356.25; and 91.88 – 190.63 

mg/kg respectively (Table 2). Table 2 described the 

monthly variation of Cu and Pb with highest values 

(76.88, 95.63 mg/kg) obtained in the month of March, 

2015 which was the onset of rain during which a lot of 

wind blew.  The Romania threshold limit for , Zn, Cd 

and, Pb  are reported as 300, 3.0 and 50 mg/kg 

respectively while US –EPA limit for Ni (75 mg/kg) 

was lower than values obtained for Un (133.50 mg/kg) 

, Kw ( 101.38 mg/kg) and UI (128.00 mg/kg)  

respectively. Therefore, the dust at Un unpaved park is 

loaded with the investigated heavy metals and as such 

are detrimental to health status of users of the park.  

 

The monthly mean concentrations of some heavy 

metals (Mn, Zn, Pb, Ni, Cu and Cd) at Kwara State 

University (Kw) are shown in Table 3 which indicated 

that the concentrations of the heavy metals varied 

within each month.  Generally, total mean 

concentrations of heavy metals decreased in the 
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following order: 778.5, 323.88, 259.38, 101.38, 34.38 

and 4.63 mg/kg for Mn, Zn, Pb, Ni, Cu and Cd 

respectively during the months under investigation. It 

was observed that Mn concentrations was highest and 

followed by Zn within each month. However, 

concentrations of Cd were found to be low in each 

month but values were greater than Romania standard 

threshold limit (3.0 mg/kg) for Cd in soils (US –EPA, 

2005)

. 

Table 3: Monthly mean concentration of heavy metals in the Dust fall at Kwara State University, Ilorin 
                                          Mean concentrations (mg/kg) 

Mn Cu Zn Cd Pb Ni 

KwN 613.13±0.88 26.88±0.88 215.00±3.54 5±0.00 125.63±0.88 113.13±0.88 

KwD 788.13±0.88 28.13±0.88 401.25±1.77 6.88±0.88 275.63±0.88 115.00±1.77 

KwJ 643.75±8.84 29.38±0.88 350.63±0.88 0.0±0.00 375.63±0.88 127.50±1.77 

KwF 468.75±8.84 23.13±0.88 275.63±0.88 5±0.00 303.13±4.42 50.63±0.88 

KwM 1378.75±5.30 64.38±0.88 376.88±0.88 6.25±0.00 216.88±2.65 100.63±0.88 

 Total 

mean 

778.50±354 34.38±17 323.88±77 4.63±3 259.38±94 101.38±30 

(±) means standard Deviation, N=November, D=December, January, February, and March for Kwara State 

University (Kw) 

 

The ranges of values of 613.13 – 1378.75, 23.13 – 

64.38, 215.0 – 401.25, 5.0 – 6.87 and 50.63 – 127.5 

mg/kg obtained for Kw motor park dust loaded with 

Mn, Cu, Zn Cd and Ni respectively were lower than 

their corresponding values from Un motor park (Table 

3).  

 

The monthly mean concentrations and variations of 

heavy metals at University of Ibadan (UI) are shown 

in Table 4 which also indicated that the concentrations 

of the heavy metals varied within each month. 

Generally, total mean concentrations of heavy metals 

decreased in the following order: 1479.75, 1255.68, 

241.50, 128.00, 85.25, and 9.63 mg/kg for Mn, Zn, Pb, 

Ni, Cu and Cd respectively.  

 

The UI motor park dust loaded with certain heavy 

metals revealed that Mn, Zn, Pb, Ni, Cu and Cd 

contained ranges of  concentration values of 393.13 – 

2126.25, 283.75 – 3814.38, 142.5 – 400.63, 87.5 – 

195.63, 28.75 – 197.5 and 1.25 – 20.0 mg/kg 

respectively for the five months period of investigation 

(Table 4).  Their monthly variations are also indicated 

that concentrations of the various heavy metals were 

obtained for each month

.  

Table 4: Monthly mean concentration of heavy metals in the Dust fall at university of Ibadan 
 Mean concentration (mg/kg) and Standard Deviation (±) 

Mn Cu Zn Cd Pb Ni 

UIN 393.13 ±7.95 28.75±3.54 283.75±1.77 20.0±0.00 142.5±1.77 100.63±0.88 

UID 1250.63±0.88 33.13±0.88 306.88±2.65 5.0±0.00 400.63±0.88 87.5±0.00 

UIJ 2126.25±1.77 41.25±1.77 592.5±3.54 1.25±0.00 375.63±0.88 195.63±0.88 

UIF 1875.63±0.88 125.63±0.88 3814.38±2.65 7.5±0.00 144.37±0.88 128.13±0.88 

UIM 1753.13±4.42 197.5±1.77 1280.63±0.88 14.38±0.88 144.38±0.88 128.13±0.88 

 

Total 

mean 

1479.75±69 85.25±74 1255.63±15 9.63±8 241.50±13 128.00±41 

(±) means standard Deviation, N=November, D=December, January, February, and March 

 

Comparing the three sites and using total mean 

concentrations, the increasing order of pollution by 

each of the heavy metals loaded in the dust could be 

given as follows (Tables 2 – 4):  For Mn:  Kw < Un < 

UI;  Cu: Kw < Un < UI; Zn: Kw < Un < UI; Cd: Kw < 

UI < Un;   Pb: Un < UI < Kw and  Ni: Kw < UI < Un. 

It can be observed that UI site had the highest total 

mean concentration of Mn, Cu and Zn; and was 

followed by Un site while Kw site exhibited the lowest 

concentrations of these metals. The high 

concentrations of Mn, Cu, and Zn at UI Park could be 

attributed to engine part wear during the five months 

period. The high value of Mn concentration might 

cause colouration of wells or streams when leached 

into water bodies. The high Cu content could also 

cause bad odour to water bodies in this vicinity.   

 

However, in terms of dust fall (mg m-2day-1), UI 

exhibited the lowest while Un exhibited the highest. 

This could be attributed to the paved UI Park as 

opposed to unpaved Un Park despite that Un had the 

highest traffic count 300 day-1 followed by 273 day-1 

for UI and 103 day-1 for Kw. Therefore, the users of 

Un are likely to be prone to breathing difficulty and the 

park might be unbearable for asthmatic patients.  
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The results of present study were also compared with 

other recent studies obtained from different countries 

over the World as in Table 5. The deposition of Cu and 

Pb in Central India were found to be higher than the 

current study while Zn was in the same range (Ghosh, 

2014). Another study in West India, Pakistan and 

(Assiut) Egypt were found to have deposition of Mn, 

Cu, Zn, Cd, and Pb in the same range with the current 

study (Meena et al., 2014, Khan et al., 2013 and 

Mohamed et al., 2013). However, the deposition of 

Mn, Cu, Zn, Pb and Ni in Vanderbijlpark, South Africa 

were found to be higher than the current study (Mnisi 

and Moja, 2013). Concentrations of Mn, Zn, Cd and 

Ni reported by some researchers were found to be in 

the same range with the present study (Feng et al., 

2012 and Krolak, 2000). 

 

Table 5: Comparison of mean concentrations of heavy metal in the Dust fall of the present with other Study 
           Mean Concentration of heavy metals in Dust fall (mg/kg) 

 

Mn Cu Zn Cd Pb Ni 

This study;  

Un 

Kw 

UI 

 

1145.75 

778.50 
1479.75 

 

58.25 

34.38 
85.25 

 

797.75 

323.88 
1255.63 

 

23.13 

4.63 
9.63 

 

219.63 

259.38 
241.50 

 

133.50 

101.38 
128 

Ghosh, 2014 

Central India 

nd 157.53 533.79 nd 830.90 nd 

Meena et al., 2014 

West India 

nd 49.80 288.16 8.46 160.98 nd 

Khan et al., 2013 

Pakistan 

11900 3700 9900 nd 4600 2400 

Mnisi and Moja, 2013 

Vanderbijlpark, South Africa 

1155-4505 390-1505 560-2935 500-1460 250-1170 350-1820 

Mohamed et al., 2013 

Assiu, Egypt 

nd 26.46 235.00 4.53 22.33 Nd 

Feng et al, 2012 

North China 

nd 228.2 1933.9 nd 518.2 Nd 

Krolak, 2000 

Poland 

397.20 713.40 318.3.30 12.50 470.90 36.10 

nd means concentrations were not investigated by other researchers 

 

Vehicular emission which is due to aging of moving 

parts, releases heavy metals as Zn from tyres, Cu from 

brake linings and Mn from moving parts (Preciado and 

Li, 2006). However, anthropogenic sources of Ni and 

Cd in the atmosphere include stainless steel and other 

metal alloys which are also components of vehicles. 

Therefore, the high concentrations of the heavy metals 

in the current study are due to vehicular activities in 

the motor parks. Thus, these can increase the potential 

health effects such as (organ damage, blindness, 

deafness, breathing, sex problems and death) of 

occupants in the environment (US-EPA, 2005).  

 
Conclusion: The concentrations of heavy metals (Mn, 

Cu, Zn, Cd, Pb and Ni) determined were found to be 

high and this was due to vehicular activities in the 

motor parks. Generally, the heavy metal 

concentrations decrease in the following order 

Mn>Zn>Pb>Ni>Cu>Cd for all the three sites. Mn, Cu 

and Zn were found to be higher in UI site compared to 

other two sites and was followed by Un site and each 

of the Mn, Cu and Zn were found to be low at Kw site. 

Ni was found to be in the following decreased order at 

each site Un>Kw>UI while Cd was found to be in the 

following decreased order at each site: Un>UI>Kw. 

However, Pb was found to be in reversed order for Cd 

and the order are Kw>UI>Un. It is important that Un 

and Kw parks be paved while the vehicles that will ply 

these Universities sites should have good engine parts 

that are not old.    
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