
 

Available online at http://ajol.info/index.php/ijbcs 
 

Int. J. Biol. Chem. Sci. 4(4): 1146-1152, August 2010 
 

ISSN 1991-8631 
 

 

 
© 2009 International Formulae Group. All rights reserved. 

            Original Paper                                                                   http://indexmedicus.afro.who.int 

 
Assessment of some selected heavy metals in soot from the exhaust of heavy 

duty trucks and power generating plants in Nigeria by flame atomic 
absorption spectrophotometer 

 
E. OKORIE *, C. OLORUNFEMI and H. SULE 

 
Department of Science Laboratory Technology, Federal Polytechnic Idah P.M.B 1037 Idah,  

Kogi State, Nigeria. 
Corresponding author, E-mail: e.okorieslt@yahoo.com, Tel: +234-8-059430990 

  
 
 ABSTRACT 

Some selected heavy metals were determined in soot samples collected from heavy duty automobiles 
and diesel power generating plants in Idah Local Government Area of Kogi State, Nigeria. The results ind 
0icated a high concentration of Pb, Cr, Cu and Mn in all the samples. Cadmium was observed in six of the 
samples and was not detected in samples MB3 and G1. Of all the parameters analysed, Pb had the highest 
concentrations of 12.1352±5.007 ppm in sample T 2, followed by MB 3 at 5.1573±0.604 ppm. However the 
average discharge of Pb to the environment was 4.4511 ppm. Average discharge of Cd in the soot samples was 
0.3964 ppm, while that of Cr, Cu and Mn were 0.4898 ppm, 0.8612 ppm and 1.8851 ppm respectively. These 
values are far above the World Health Organization maximum acceptable limits for air and water emissions 
and are therefore high source of pollution with its attendant health risks as previously reported in literature. 
© 2009 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Air quality has improved in Nigeria 
since the inception of the act curtailing gas 
flaring and other gaseous pollutants, many 
Nigerians, however, still live in areas with 
unsafe levels of fine particle pollution that 
exceeds national and international health 
standards (GFB, 2009). Power plants, heavy 
duty trucks and automobiles are the nation’s 
largest industrial and domestic sources of air 
pollution (Querot et al., 2001). These 
emissions undoubtedly fuel global warming 
and cause other serious public health and 
environmental problems. 

Soot in the oil is a natural occurrence 
for diesel engines, however, too much soot 
causes the lubricant to become too viscous 

and thus not lubricate well (Desjardins and 
Seifert, 1994). Research into soot suggests 
that the size distribution during normal 
operation varies, but averages about 0.078 
micron (Donnet et al., 1997; Mitsuhiro et al., 
1996; Timothy et al., 1998). Normally, soot 
generated during combustion exits via the 
engine’s exhaust system. Several 
epidemiological studies have demonstrated a 
direct association between heavy metals found 
in soot and people’s health. Exposure to 
increased levels of Pb, Cd, Cr, Cu and Mn 
shows a high correlation with increase in brain 
and kidney damage, holes and ulcers in the 
nasal septum, impaired motor function, brain 
damage and cardiovascular disease (Schmitt, 
1999; Eck and Wilson, 1989; Dockery et al., 
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1993; Hoek et al., 1997; Harrison and Yin, 
2000; Baker et al., 1979). Studies have 
indicated more consistent effects for high 
concentrations of the fine and inhalable 
particles with health effects than for other 
atmospheric pollutants (Schwartz et al., 1996,  
Samet et al., 2000). 

Several studies on heavy metal addition 
in lubricating oil and soot deposition indicated 
enhanced engine wear (Shrawan et al., 2006; 
Kaneta et al., 2006) and decrease the sooting 
limit due to the reduction in fuel concentration 
and temperature (Du et al., 1995; Docekal et 
al., 1992; Carlos et al., 2007). The presence of 
these heavy metals may be ascribed to fuel 
additives as previously reported (DieselNet, 
2000; Mayer, 1998; Mayer et al., 1999; HEI, 
1998). Reports indicating the size, 
morphology and elemental composition of 
soot particles have been carried out (Hinshaw 
et al., 1992; Meij, 2000). 

Although the intention of these heavy 
metal uses is beneficial, such as to reduce 
emissions of concern, metals have the 
potential of causing deleterious effects 
themselves or of causing other changes in 
emissions that may increase toxicity such as 
changing the particle size distribution 
(Hinshaw et al., 1992). Therefore, the aim of 
this research is to create awareness on the 
potential health effects of these metals in the 
environment and to serve as guide of new 
metal-containing additives or engine 
developments before their widespread 
adoption. Because it is difficult to predict the 
toxicity of one metal based on effects of 
another, and because the chemical form of the 
metal may affect its toxicity, it is critical to 
conduct research on new metal additives 
before their widespread use. 

 
MATERIALS AND METHODS 
Chemicals and reagents 

All the chemicals and reagents used in 
this study were of analytical grade. The 
deionized water used was further purified by 
distillation using a water distiller. HCl, nitric 
acid, 4-methyl-2-pentanone and methyl 

isobutyl ketone (MIBK) were purchased from 
Zigma-Aldrich (Germany). 

 
Instrumentation 

The FAAS instrument used was Pye 
Unicam 969 Flame Atomic Absorption 
Spectrophotometer (Cambridge, England). A 
direct aspiration was employed and an air-
acetylene flame was used at a flame speed of 
145 cm/s and a temperature of 1900 – 2100 °C 
for Pb, Cr, Cu and Mn. A nitrous oxide-
acetylene flame at a flame speed of 160cm/s 
and a temperature of 2650-2750 °C was used 
for Cd determination. 

 
Sampling/sample preparation 

Soot samples were collected from the 
exhaust of heavy duty trucks (Fiat and 
Mercedes Benz 911) and diesel powered 
electric generators. All samples were collected 
at Idah metropolis Kogi State, Nigeria, and 
stored in plastic containers to eliminate 
adsorption. The samples were subsequently 
dried in an oven at a temperature of 105 °C 
for 1 hour to eliminate moisture. Sampling 
period was 15th June to 20th June 2008. 

 
Analysis (digestion) 

A 20 mL of concentrated HCl was 
added to 1 g of each of the soot samples from 
heavy duty truck and heated on a Gallenkamp 
heating mantle until dissolution was complete. 
This was then filtered into a 100 mL 
volumetric flask and the filtrate made to the 
mark with distilled water. Due to its oily 
nature, MIBK and 4-methyl-2-pentanone in 
the ratio of 1:1 was added to 1 g each of the 
two soot samples from two different diesel 
power generators and then subjected to 
heating until dissolution was achieved. The 
filtered samples were transferred to a 100 mL 
flat bottomed flask and made to the mark with 
distilled water. Direct aspiration of the 
samples in a nebulization burner using an air-
acetylene flame and a nitrous oxide-acetylene 
flame was carried out. However, stock 
standards of Pb, Cd, Cr, Cu and Mn were 
prepared using analytical reagent grades from 
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Zigma-Aldrich, Germany. The samples were 
subjected to six determinations and the results 
were recorded. 

 
RESULTS AND DISCUSSION 

The results of the determination of Pb, 
Cd, Cr, Cu and Mn in soot samples from 
heavy duty truck and diesel power generators 
in Idah, Nigeria are summarized in Table 2. 
From the results, it can be seen that variations 
exists in the concentrations of lead recorded in 
the soot samples. T 2 showed a significant 
concentration of lead in its soot of 
12.1352±5.007 ppm. This high value may be 
ascribed to variations in the concentration of 
lead-based metal additives that was used as an 

anti-knock and may also be due to aging of 
the truck (Docekal et al., 1992). The power 
generator, G1, recorded the lowest value of 
lead at 1.4880±0.505. This low value may be 
due to low level of lead additives in the diesel 
fuel and the absence of wearable lead-based 
alloys in the component parts of the engine 
(bearings) (DieselNet, 2000; Mayer, 1998). In 
comparison to acceptable standard limits, 
these results are far above the recommended 
emission standards for both air and water and 
are therefore objectionable to human and the 
environment (PCGID, 2003; WHO, 2000; 
SUMITOMO, 2007). 
 

 
 
Table 1: Recommended standards for air emissions (PCGID, 2003). 

 
Substance Trade, industry, process,  

fuel burning equipment  
or industrial plant 

Emission limits 

Lead and its compound Any trade, industry or process 5 mg/Nm3 expressed as lead 
Cadmium and its compounds Any trade, industry or process 3 mg/Nm3 expressed as cadmium 
Chromium and its compound Any trade, industry or process 10 mg/Nm3 expressed as chromium 

Copper and its compound Any trade, industry or process 5 mg/Nm3 expressed as copper 
Manganese and its compounds Any trade, industry or process 0.05 expressed as manganese 

 
 
 
Table 2: Results of Pb, Cd, Cr, Cu and Mn determination in soot samples found in Idah. 

 
Concentration in  ppm Sample 

code 
Samples 

Pb Cd Cr Cu Mn 
T 1 Trailer 1 2.2043± 0.202 0.5122±0.09 0.7549±0.08 1.5728±0.015 1.5003±0.013 

T 2 Trailer 2 12.1352±5.007 0.5829±0.011 0.6157±0.051 0.5368±0.018 0.8521±0.029 
T 3 Trailer 3 3.7543±0.301 0.6500±0.18 0.3376±0.044 1.0489±0.088 0.9906±0.046 

MB 1 Merc 911, 1 4.2960±0.517 0.6986 ±0.20 0.1750±0.037 0.6531±0.032 0.5845±0.077 

MB 2 Merc 911, 2 4.0530±0.311 0.7200 ±0.41 0.6596±0.023 0.7965±0.059 8.8933±2.008 

MB 3 Merc 911, 3 5.1573±0.604 ND 0.2989±0.072 1.4093±0.089 1.7560±0.083 

G 1 Generator 1 1.4880±0.505 ND 0.6882±0.066 0.5336±0.008 0.4110±0.037 

G 2 Generator 2 2.3603±0.022 0.0072 ±0.26 0.3888±0.009 0.3386±0.094 0.0930±0.008 

Maximum acceptable air 
limits 

5 mg/Nm3 3 mg/Nm3 10 mg/Nm3 5 mg/Nm3 0.05 mg/Nm3 

ND = Not detected. 
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Figure 1: Bar Chart showing average distributions of Pb, Cd, Cr, Cu and Mn in a 1.0 g soot 
sample found in Idah, Nigeria. 

 

 
Possible consequences in human 

include decreased function of the nervous 
system, increase in blood pressure, 
reproductive dysfunction, and brain and 
kidney damage in adults and especially in 
children (Hoek et al., 1997; Baker et al., 1979; 
Harrison and Yin, 2000). 

The observed concentrations of 
cadmium in all the samples are all below 1.0 
ppm. These concentrations are far above the 
standards for air and therefore not within 
acceptable limits. However, this element is 
not biodegradable and over exposure will 
ultimately lead to bioaccumulation in humans 
and the environment. After long term 
exposure, the kidneys may contain more than 
half of the body burden of cadmium (Irwin et 
al., 1997; Borjesson et al., 2000; Jamp et al., 
1998; Moon et al., 1999).  

Chromium concentrations were far 
above the acceptable limits as compared to 
standards. However, these objections may be 
attributed to wears in the engine and additives 
in the oil as previously reported (DieselNet, 
2000; Mayer, 1998; Mayer et al., 1999). If 
present in the environment, chromium may be 
responsible for lung cancer, nose bleeds holes 
and ulcers in the nasal septum (Meij, 1994). 

The presence of chromium can change the 
composition of an ecosystem, altering species 
diversity (USEPA, 1996). 

Copper concentrations in the soot are 
all below the maximum acceptable limits for 
air and water emissions and are therefore not 
harmful. These low concentrations may be 
ascribed to the activities of copper additives 
which decreases particulate matter emissions, 
lower the soot combustion temperature and 
facilitate filter generation as recorded in 
previous research (DieselNet, 2000; Mayer et 
al., 1999). However, long term exposure may 
lead to increase in its concentration in the soil 
and may result to bioaccumulation in plants 
(Mayer, 1998). 

Manganese concentrations as recorded 
from the soot analysis are generally low 
except for samples from T 1, MB 2 and MB 3 
whose values are above 1 ppm and are 
1.5003±0.013 ppm, 8.8933±2.008 ppm and 
1.7560±0.083 ppm respectively. However, 
these values are all objectionable to the 
environment and in humans (Meij, 2000; 
WHO, 2000). Therefore, manganese-based 
fuel additives may be responsible for this 
increase. Such concentrations if subjected to 
long term exposure may result in manganism, 



E. OKORIE et al. / Int. J. Biol. Chem. Sci. 4(4): 1146-1152, 2010 

 

 
 

1150

a neurological condition similar to 
Parkinson’s disease (HEI, 2001). 
 
Conclusion 

Most of us are aware of the health 
effects of combustion by-products from major 
outdoor sources, such as cars and power 
plants, and even from obvious indoor sources 
such as stoves. Soot from the study can 
sometimes contain toxic heavy metals such as 
lead, Cadmium, chromium, copper and 
manganese which are released to the 
environment. This study has however 
highlighted the various concentrations of these 
heavy metals in the environment. Some of 
these metals such as lead indicated an 
objectionable value of 12.1352+5.007ppm. 
Copper, manganese, cadmium and chromium 
whose concentrations are below the 
acceptable maximum limit for air quality may 
bioaccumulate over a long exposure in plants 
and humans. These objectionable releases 
however increase the presence of these metals 
in air and water bodies. Therefore, the 
attendant health effects may adversely affect 
persons living around the study area. These 
concentrations may be curtailed by close 
monitoring of metal-based fuel additives 
which has been found to contribute 
significantly to these increases. Proper 
monitoring of these metal additives to 
conform to international standard 
(SUMIMOTO, 2007) is necessary to avert the 
inherent pollution of the environment by these 
heavy metals. 
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