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ABSTRACT. The elemental contents of suspended particulate matter (dust) samples from 
Maiduguri, Nigeria, were determined which showed appreciably high levels for especially Pb, Fe, 
Cu, Zn, K, Ca, and. Na. Wister albino rats were exposed to graded doses of phosphate buffered 
saline carried dust particles. The hematological indices of the exposed rats were examined on days 
10, 20, 30, and 60 post administrations. White blood cell, red blood cell and hemoglobin counts 
peaked between days 20 and 30. This observation was markedly so for the higher doses, 1000 and 
2000 mg/kg, in contrast to the 500 mg/kg dose. The platelet count however indicated a gradual 
increase within the study period. Observed changes for these indices from the control values were 
found significant at 99% confidence level. Possible inhalatory problems are thus anticipated from 
prolonged accumulation of the dust in the respiratory system. 
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INTRODUCTION 
 

Maiduguri, Borno State, Nigeria has a semi arid climate and is close to the Sahara desert. The 
open and flat topography of this region allow an uninterrupted incursion of the harmattan dust 
bowl across the Sahara desert into the region. The incursion is persistent almost throughout the 
year. All season agricultural activities carried out here add to the dusty nature of Borno state in 
general and Maiduguri in particular with her scanty industrial activities. 
 Dust particles in form of suspended particulate matter (SPM) form media for transportation 
of other forms of pollutants and assist in their movement in the environment. Trace elements, 
which are within the same median particulate diameter as the SPM, are most notable [1-4]. Bio-
exposure through inhalation to these dust particles is therefore of environmental health concern 
as they penetrate even up into the inner respiratory system [5-7]; this exposure has its attendant 
health implications.  
 Dust particles from Maiduguri Metropolis were therefore collected. The elemental content 
was determined. Rats’ exposure to the dust was carried out to examine the environmental 
toxicology of the dust on hematological indices of the animals. 
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EXPERIMENTAL 
 
Sample and sampling 
 
Dust in form of suspended particulate matter was collected at three different areas of Maiduguri, 
Metropolis. Collection was by direct gravity deposition on Whatman filter papers. Collections 
within the period of March and June 1999 and then 2000 were from four different locations in 
Maiduguri, North-east Nigeria. These months are the dustiest in any year in this region. 
 
Determination of the elemental contents of the dust particles 
 
Collected dust particles from the four locations were thoroughly mixed and then sieved to obtain 
a size range of 4-5 µm. A portion, 5 g, of the sieved sample was acid digested using 2:1 ratio of 
20 mL of 2 M HNO3 and 10 mL of 30% v/v H2O2, and heated at 90 oC for 1 h using a heating 
mantle. This was filtered and the supernatant solution was made up to the mark in a 100 mL 
volumetric flask. Flame atomic absorption spectrophotometer (Pye UNICAM model SP9) was 
used to determine the elemental content of the sample solution. Appropriate lamp current and 
wavelength for each element determined were employed as noted by Ramirez-Munoz [8]. 
Standard calibration curve method was utilized for the analysis. 
 
Animal exposure studies 
  
Dust sample administration. Doses of the dust particles of 500, 1000, and 2000 mg/kg from a 
stock solution of 5 g dust particles in 100 mL phosphate buffered saline (PBS) as carrier were 
differently administered to three randomly grouped six Wister strain adult albino rats. Each dose 
was divided into four portions. Each portion of each dose was separately given to the six rats in 
each group daily for four days by oral administration. 
 
Hematological studies 
 
Blood samples were collected from the exposed rats at day 0, and days10, 20, 30 and 60 post-
dust administrations. The blood parameters, red blood cell (RBC), white blood cell (WBC) and 
platelet counts were determined by visual counting using improved Neubauer counting chamber 
[9]. Hemoglobin (Hb) levels and packed cell volume (PCV) were estimated using the 
cyanmethaemoglobin and microhaemacrit methods, respectively [9]. Obtained results were 
statistically analyzed using t-test at 95% confidence level. 
 

 
RESULTS AND DISCUSSION 

 
The dynamic nature of air pollution may constitute environmental problems far removed from 
the immediate point source of the SPM. Presence of other possible SPM passengers may act in 
synergism with the elements to further enhance the potency of dust particles on inhalation and 
subsequent accumulation in bio-systems. So therefore, the relatively high level of elemental 
content (Table 1) of the dust particles from Maiduguri may have part of their origin from winds 
blowing across the Sahara Desert. The results were in agreement with earlier studies on the 
element content of SPM from this region [10, 11] as compared in Table 1. Sources as burning of 
tires, prevalent agricultural activities and emissions from vehicles and bush burning are suspects 
in this case. Bowen [2] has noted that many elements found in the Nigerian environment are soil 
derived. This is especially so in Northeast zone of Nigeria which is scantly industrialized. The 
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high concentration of an element as Fe in percentage level is thus of note. High K/Na ratios 
obtained here as shown in Table 1, 2.5 (1999-2000) and 6.4 (1990-1992) indicate a substantive 
use of fertilizers for agricultural purposes, as prevalent in this region. 

The exposure studies showed a general peak between day 20 and 30 for the hematological 
indices RBC, WBC and Hb. This is illustrated in Figures 1, 2 and 3, respectively. Effects on the 
packed cell volume (PCV) were markedly high for the 1000 and 2000 mg/kg doses (Figure 4) 
while the platelets had elevated levels for all the doses (Figure 5) administered as compared to 
the control values. Turgeon and Holt [12, 13] have proffered reasons for these changes. A 
notable mechanism for the observations here is a probable engulfment of the dust particles by 
macrophages; and possible deposition of the particles on some body organs. These may limit 
their presence in the blood and hence the indicated decreases observed after the peaking. The 
dust particles may have caused damage to the bone marrow leading to peripheral cytopenia, 
decrease in production of blood cells in the peripheral vessels [12]. It may also be stated here 
that engulfment by macrophages could have been overwhelmed at the high dust dosages. In 
addition about 75 to 80% of SPM inhaled is retained in the body whereby the cleansing action 
of the ciliary is paralyzed [6] especially at high dose exposures. Dust is prevalent almost all 
season round in the study region; inhabitants are thereby persistently exposed to atmospheric 
dust load.  

 
Table 1. Levels of some elements in suspended particulate matter (dust particles) from Maiduguri, 

Northeast Nigeria (1989-2000). 
 

Concentration, µg/g Element 
1999-2000 1990-1992a 1989-1990b 

Ca 8000 ± 400 8030 ±4340 -* 
Fe% 1.4 ± 0.6 1.38 ± 0.59 0.38 ±  0.69 
Pb 350 ± 1.7 -* 97.5 ± 56 
Zn 450 ± 20 157 ±118 318 ± 38 
K% 2.0 ± 1.0 3.5 ± 0.7 -* 
Na 7000 ± 90 5440 ± 93 -* 
Cu 60 ± 3 -* 25.9 ± 10.1 

*Not determined; a: determination by INAA [10]; b: determination by AAS [11].  

 
A simulation of the immune system by the dust particles is suggested here as the reason for 

the peaking of the WBC at day 20 and elevated PCV and platelets levels. The rat body system 
might have treated the buffered dust samples as foreign bodies; hence the elevated level of 
WBC and the other related indices. Despite the elevation in the values of the indices though, the 
effects of the buffered dust samples were minimal for all the doses with a near complete 
recovery especially for the RBC and WBC at day 60. Low tissue absorption of the particles 
arising from effects of particle size (≥1 µm), and depositional sites (nasopharyngeal and trachea-
bronchial regions.) of the rat inhalation region [14] are targeted reasons for the observation. 
Particles of above median diameter range are poorly absorbed by bio-systems [15]. Invariably 
the effects of metals typically Pb on the bone marrow, which could have altered the effects on 
these blood parameters, were lessened. In addition, the levels of many elements of 
environmental health concern were relatively low in the dust samples. Maiduguri is scantly 
industrialized. Elemental point sources are therefore limited and elemental levels low hence the 
observed low effects of the dust particles because of their elemental contents on the 
hematological indices of the rats examined. 
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Figure 1. Mean red blood cell (RBC) (x 106/mm3) of albino rats administered graded dose of 

buffered dust particles (n = 6). 
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Figure 2. Mean white blood cell (WBC) (x 106/mm3) of albino rats administered graded dose of 

buffered dust particles (n = 6). 
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Figure 3. Mean haemoglobin (Hb) (g/dL) of albino rats administered graded dose of buffered 

dust particles (n = 6).  
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Figure 4. Mean packed cell volume (PCV) (%) of albino rats administered graded dose of 

buffered dust particles (n = 6). 
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Figure 5. Mean platelet (x 105/mm3) of Albino rats administered graded dose of buffered dust 

particles (n = 6). 
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