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Abstract              

This study considered neutron activation analysis of aerosol particles emanating from construction activities in the 

metropolitan city of Port-Harcourt from (October, 2017 — September, 2018). Port-Harcourt City is located at 40
 47' 21'' 

North, 60 59' 55'' East and elevations of 52ft (16 meters) above sea level. Direct deposition of particles under the influence 

of gravity was employed for the collection of particulate matter (PM) samples on filter papers from building 

construction sites and a Residential Area located 150 meters from the construction sites. Neutron Activation Analysis 

(NAA) was use in the analyses of the PM samples. The results showed the presence of twenty one elements; sodium (Na), 

aluminium (Al), calcium (Ca), vanadium (V), chromium  (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), 

rubidium (Rb), zirconium (Zr), caesium (Cs),  cerium (Ce), neodymium (Nd), europium (Eu), terbium (Tb), ytterbium 

(Yb), hafnium (Hf), tantalum (Ta), titanium  (Ti) and thorium (Th).  Out of these 21elements, calcium (Ca), iron (Fe), 

aluminium (Al), vanadium (V), and sodium (Na) had relatively higher annual mean concentrations in milligram per 

meter cube than other elements for both  Construction Site and Residential area in the following  order for the period 

under study:267013.49±19mg/m3and117620.63±68mg/m3; 135042.07±56mg/m3 and49766.76±59mg/m3; 

5898.41±22mg/m3 and 47946.67±11mg/m3; 36624.84±15mg/m3 and 33.50±50mg/m3; 18564.38±89mg/m3 and 

10064.42±39mg/m3 and respectively. Calcium (Ca) had the highest annual mean concentration for both Residential 

Area and Construction Site. The relatively higher annual mean concentration of calcium (Ca), iron (Fe), aluminium 

(Al), vanadium (V), and sodium (Na) as revealed in this study could possibly be due to their relative abundance in the 

earth and partly as components of building materials. Annual mean  concentrations of 15 out of the 21 elemental 

components of the particulate matter for Construction Site and  Residential Area exceeded the 8-hour total weighted 

average (TWA) established permissible limits by OSHA and NIOSH. Long-term exposure to very high concentrations 

of these elements may lead to serious health challenge and short life’s span of human being and other living organisms 

within the environment. This calls for adequate measures to protect construction workers and people whose residences 

are located few meters from construction                                  
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1.1 INTRODUCTION 

Research on aerosol particles involves important concepts such as size distribution, mass concentration, 

elemental or chemical composition of the particulate matter as well as impacts on human’s health and 

environment, but this study focused on the analysis of the elemental components of particulate matter generated 

from building construction. 

Most studies on anthropogenic sources of particulate matter pollution in Nigeria have largely focussed on 

vehicular emissions (Okerede et al. 2017). This means not much has been done to account for other man-made 

particulate matter pollution such as construction activities and their elemental compositions. 

Measurement of particulate matter with PM monitor, which the bulk of research on PM is based will not 

identify what kind of elemental components are present in the air and how toxic they are, but will only indicate 

the concentration and how many airborne particles of a certain size are present in the environment. Therefore, 

any research that leans towards identification of constituents of particulate matter sample is important, because 

it will reveal the source, toxicity and the best way possible to address or curb the menace of particulate matter 

pollution. 

1.1.1AEROSOL DYNAMICS 

 “Aerosol size distribution is an important determinant of the dynamics of aerosol particles in the atmosphere, 

which include; their transport, residence time and deposition” (Lizaridis, 2011). According to Fan and Zhu 

(2005), Gaussian distribution, also called normal distribution, the density function is given by  

  fN (d)  =   AN exp(- (𝑑𝑑−𝑑𝑑𝑑𝑑 )2

2𝜎𝜎𝑑𝑑2
 
) 

 
  ...................................................... (1)               

Where AN is the normalizing constant; do is arithmetic mean of d; and 𝜎𝜎𝑑𝑑 is the standard deviation of d.   

2�]2𝜎𝜎  is the width of the distribution curve defined as the cord length of two points shown in figure 1.1.    

where  

                   𝑓𝑓𝑁𝑁 (𝑑𝑑)
𝑓𝑓𝑁𝑁 (𝑑𝑑𝑑𝑑 )

  = 1
𝑒𝑒
 .......................................................................................... (2)   

The particle size range of a given sample is bounded by d1 and d2 as shown in figure 1.1.   

Hence, equation 1 can be written as 

  ∫ AN
𝑑𝑑2
𝑑𝑑1  exp (- (𝑏𝑏− 𝑑𝑑𝑑𝑑)2

2𝜎𝜎𝑑𝑑2 )db = 1 ..........................................................3) 

This gives     

       𝐴𝐴𝑁𝑁   = 1
𝜎𝜎𝑑𝑑
�2
𝜋𝜋
  [erf ( (𝑑𝑑2− 𝑑𝑑𝑑𝑑)

√2𝜎𝜎𝑑𝑑
 ) + erf ( 𝑑𝑑𝑑𝑑−𝑑𝑑1

  √2𝜎𝜎𝑑𝑑
 )]-1 .............................… (4) 
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  Equation 1 is the number density function. Then, the corresponding mass density function can be written as 

  fM (d)  =   AM 𝜋𝜋
6
  𝜌𝜌𝜌𝜌𝑑𝑑3exp (- (𝑑𝑑−𝑑𝑑𝑑𝑑 )2

2𝜎𝜎𝑑𝑑2
 
) ...............................................(5)  

The normalizing constant AM  can be calculated from equation (7), That is, 

  ∫ AM 
𝑑𝑑2
𝑑𝑑1 𝜌𝜌𝜌𝜌𝑑𝑑3exp (- (𝑏𝑏− 𝑑𝑑𝑑𝑑)2

2𝜎𝜎𝑑𝑑2 )db = 1 ....................................................(6) 

 The t expression for AM but in terms of narrow size distribution where 𝜎𝜎𝑑𝑑/𝑑𝑑𝑑𝑑 ≪ 1, AN and AM are given by 

             AN  =  
1

√𝜋𝜋𝜎𝜎𝑑𝑑
    ......................................................................................…….(7)  

  and                                        

                
1
𝐴𝐴𝑀𝑀

 ≈ (2𝜋𝜋)3/2

6
 ρp 𝑑𝑑

𝜎𝜎𝑑𝑑
 ( 3

2
 +  𝑑𝑑𝑑𝑑

2

2𝜎𝜎𝑑𝑑
2 )𝜎𝜎𝑑𝑑4        .. .................................................... (8) 

For particles obeying the Gaussian distribution given by equations 1 and 8. It has been shown that 95percent of 

the sizes of these particles are between (−2𝜎𝜎𝑑𝑑  +𝑑𝑑𝑑𝑑) and (  2𝜎𝜎𝑑𝑑  +𝑑𝑑𝑑𝑑) (Fan and Zhu, 2005).  

Particle size: According to Ruzer and Harley (2005), the most important attribute characterizing the properties 

and behaviour of aerosols is particle size. Studies have shown that certain size ranges of particles is an 

important factor in determining the adverse health effects associated with them. This was also posited by 

McDonagh and Byrne (2014) that impacts of aerosol particles on human’s health is primarily governed by the 

size of particulate pollution. 

 Particle shape characterisation: One major importance of knowing particle shape is to help in the 

determination of its flow rate. According to Bumiller (2013), spheres flow more easily than needles. Particle 

shape and size determines aging, transport, and deposition of particles (Morawska, 1999). 

Form factor is a measure of irregularly shaped particles and is defined as: 
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 χ = 4𝜋𝜋𝐴𝐴
𝑃𝑃2   .……………………………………………………… (9) 

where A= surface area in meter square, P = perimeter in meter. For spherical particles, χ = 1. 

Shape factor is the reciprocal of the form factor and is defined as the aspect ratio: 

 β = 𝐿𝐿
𝑊𝑊

 , where L and w, are length and width, both measured in meters (m); 

Settling Velocity: According to Rees (200) “a particle of radius of 1µm will fall at the rate of about 10-4 ms-1 and a situation 

in which the particle falls in a completely still air; it will take the particle to fall through a distance of 1 km in 100days”.From 

Stokes’ law, the settling velocity is given by; 

Vs = 
2𝑟𝑟2ρ𝑔𝑔

9η
 ………………………………………............................… (10),    

    where η = viscosity of air; r = radius of particle, vs = velocity of particle, ρ = density of the 

particle, and g = acceleration due to gravity respectively. 

1.1.2 EFFECTS OF AEROSOL PARTICLE POLLUTION  

 Aerosol optical properties affect radiation, temperature, atmospheric stability, clouds and precipitation due to 

their radiative effect (Rocio et al. 2015). Atmospheric particles play some major roles in atmospheric 

chemistry, especially provision of reaction sites for heterogeneous reactions which ordinarily would not have 

taken place (Bloss, 2014). Poor visibility affects tourism, air travel, quality of life, property values, and our 

general wellbeing (BCAQ, 2018). The very fine particulate matter of PM2.5 are said to be mostly 

responsible for the scattering of visible light and a cause of reduced visibility (Sloane et al. 1991). In urban 

areas, precipitation is believed to increase by the amount of air pollution in the clouds of which some particles 

(fine ice, pollen or dust) form condensation nuclei or hygroscopic nuclei for water vapour to settle in the 

atmosphere (British Geographer, 208). From microphysical consideration, some research studies have shown 

that an increase in aerosol suppresses rainfall (Boucher et al, 2013). ”The initial view that an increase in aerosol 

concentration will also increase the amount of low clouds has been challenged because a number of 

counteracting processes come into play”. More so, ‘quantifying the overall impact of aerosols on cloud 

amounts and properties is understandably difficult’ (Boucher et al, 2013). 

 Another effect of particulate matter pollution is the loss of aesthetic beauty. “When acid rain and dry acidic 

particles fall to earth, the nitric and sulphuric acid that make the particles acidic can settle on statues, buildings, 

and damage their surfaces or cause paint and  other materials to deteriorate more quickly” (USEPA, 2017). 

“Exposure to a given mass concentration of airborne PM may lead to widely differing phytotoxic responses, 

depending on the particular mixture of deposited particles” (Mohapatra and Biswal, 2014).The process of 

photosynthesis also, is greatly hampered by deposition and accumulation of dust particles on plant leaves. 

Dusts with pH values of greater than or equal to nine (pH ≥ 9), may cause direct injury to leaf tissues on which 

they are deposited (Vardak et al, 1995). 

1.2 MATERIALS AND METHOD             

Study Area: Port-Harcourt is the capital of Rivers state, the garden city of Nigeria and chief oil-refining city in 

Nigeria due its large oil and gas reserves and contiguous to other oil and gas producing states, namely Bayelsa, 

Delta, Akwa-Ibom, Abia and Imo. Port-Harcourt is located at the coastal region of Nigeria popularly called ‘the 

Niger Delta’ The topography of Port /Harcourt is generally flat and covers an area of 369 kilometres square 

(km2) . The geographical coordinates of Port-Harcourt are 4o
 47' 21'' North and 6o 59' 55’’ East, and elevation of 
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52ft (16 meters) above sea level. The Population of Port-Harcourt in urban area based on 2018 population 

estimate was 2,731,000 (populationstat.com/nigeria).   

Meteorology of Port Harcourt: Port-Harcourt has a tropical climate since it is located in the tropics. The 

annual mean temperature of Port- Harcourt is 26.4oC with significant rainfall most of the months. Annual mean 

Precipitation is put at 2708 mm. The month of January is the driest month, with 36mm of rainfall while 

February has an average temperature of 27.6 oC and is said to be warmest month of the year, while August is 

the coldest month, with mean temperature of 25.2oC (Climate–Data.org). 

Sampling Point: This sampling point was purposefully chosen because it has a huge building construction 

activity closed to the residential area.   

Collection of Samples: The method of particulate matter (PM) sample collection was by direct deposition 

under gravity using Whatman filter paper placed inside a plastic funnel at a height of 2 meters above the 

ground. This PM sample was collected on a monthly basis for a period of 12 months (October, 2017 to 

September, 2018). 

Sample Analyses: Neutron Activation Analysis (NAA) being one of the most sensitive methods used to 

measure the concentration of trace amounts of many elements in a variety of sample types was employed. The 

energy associated with the radiation is characteristic of the radioactive isotope, and hence it is used for element 

identification i.e., qualitative analysis, while the correlation of the number of gamma rays emitted to the 

number of atoms present in the sample gives quantitative analysis (Landsberger, 2017).                    

Irradiation: Irradiations were performed at University of Texas, Austin’s 1.1 MW TRIGA MARK II Reactor.  

The block diagram of neutron activation analysis set-up is shown in figure 1.2. 

            

Figure 1.2:  Block diagram of neutron activation analysis set-up  

Source: University of Texas, Austin’s 1.1 MW TRIGA MARK II Reactor 

1.3 RESULTS AND DISCUSSION 

The Neutron Activation Analyses of the PM samples revealed the presence of twenty one elements which 

include sodium (Na), aluminium (Al), calcium (Ca), vanadium (V), chromium (Cr), manganese (Mn), iron 

(Fe), cobalt (Co), nickel (Ni), rubidium (Rb), zirconium (Zr), caesium (Cs),  cerium (Ce), neodymium (Nd), 

europium (Eu), terbium (Tb), ytterbium (Yb), hafnium (Hf), tantalum (Ta), titanium  (Ti) and thorium (Th).    
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Figure 1.3: Elemental Annual Mean Concentrations for the Construction Site and Residential Area 

  

1.3.1 DISCUSSION 

Figure 1.3 represents elemental annual concentrations of the analysed PM for Construction Site and Residential 

Area of Port-Harcourt city.  

The concentration and health implication of each of the elemental components of the particulate matter are 

discussed below:   

 Sodium (Na): The annual mean concentrations of sodium for Port-Harcourt Construction Sites and Residential 

Areas are 18564.38 ± 86mg/m3 and 10064.42±39mg/m3 and  respectively. The Occupational Safety and Health 

Administration and American Conference of Governmental Industrial and Hygienist (ACGIH) have not 

established any occupational permissible limit for sodium metal, but their protective criteria values are PAC-1 

= 0.5 mg/m3, PAC-2 = 5 mg/m3, and PAC-3 = 50 mg/m3 (New Jersey Department of Health, 2016). Here, the 

annual mean concentration of sodium is higher than the PAC value. Sodium is an important element that plays 

a major role in electrical signal process of the central nervous system, but Centres for Disease Control (CDC) 

says excess sodium intake can lead to an increased blood pressure and cardiac (heart) problems CDC, 2016). 

According to Agency for Toxic Substances and Disease Registry (ATSDR), dust, mist, or aerosols containing 

sodium hydroxide if inhaled can cause irritation of the respiratory tract and throat (ATSDR, 2014). Higher 

exposure to sodium could possibly lead to pulmonary oedema (build-up of fluid in the lungs), with serious 

breathing difficulty (NJDH, 2010).                         Aluminium (Al): The 

annual mean concentrations of aluminium for Construction Site and Residential Area are; 47946.67±11mg/m3 

and 5898.41±22mg/m3 respectively. These concentration values are above NIOSH and OSHA set limits of 

5mg/m3 total weight average (TWA) (CDC, 2018). Aluminium has been identified as the most abundant metal 

in the earth’s crust. Inhaling dust particles containing aluminium can result in irritation and metal fume fever 

(Bull, 2010). Inhalation of large amounts of aluminium dusts by workers can lead to coughing (ATSDR, 2008). 
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Aluminium has also been identified as posing a potential risk factor in elderly cognitive impairment (Janssen, 

2018).  

Calcium (Ca): Calcium concentration annual mean for Construction Site and Residential Area are 

267013.49±19mg/m3 and 117620.63±68mg/m3 respectively. These concentration values are greater than 

fNIOSH and OSHA set limits of 5mg/m3 TWA (CDC, 2018). Excess inhalation of dust particles containing 

calcium carbonate causes coughing, sneezing and irritation of the nasal mucosal membranes (Edouard, 2015). 

Breathing in calcium hydroxide through the nose or mouth can cause pain and swelling of the throat and nasal 

passages which may obstruct respiratory tracts and renders breathing difficult or impossible (Baum, 2019). 

Inhaling excessive concentrations of calcium oxide particulate matter can cause individuals with respiratory 

problems such as emphysema (alveolar breakdown) or chronic bronchitis to further degenerate the condition 

(Chem Watch, 2009).  

Vanadium (V): The annual mean concentrations of vanadium for Construction Site and Residential Area are 

36624.84±15mg/m3 and 33.53±5mg/m3 respectively. These concentration values are higher than NIOSH and 

OSHA set exposure limits of 50 µg/m3 TWA for vanadium (CDC, 2018). Commonly reported health cases by 

workers who are exposed to vanadium due to their occupation are “irritation of the respiratory linings 

conjunctivitis, dermatitis, cough, bronchospasm, pulmonary congestion, and bronchitis” (Opresko, 1991).  

Titanium (Ti): The annual mean concentrations of titanium for Construction Site and Residential Area are 

4326.90±38mg/m3 and 7.30±13mg/m3 respectively. There is no established exposure limits by OSHA and 

ACGIH for titanium metal, but these two bodies established 15mg/m3 averaged over an 8-hour work shift and 

10mg/m3 exposure limit for titanium oxide respectively (NJDH, 2016).    

 A research  work in West Virginia University School of Medicine shows epigenetic changes in the heart tissue 

of rat offering which can culminate into kidney and liver diseases when a pregnant rat is subjected to aerosols 

containing tiny particles of titanium dioxide(Stapleton et al. 2018) 

Chromium (Cr): The annual mean concentrations of chromium for Construction Site and Residential Area are 

149.58±2mg/m3 and 72.30±1mg/m3 respectively. These concentration values exceed California Division of 

Occupational and Safety Administration (CalOSHA) set exposure limits of 0.5 mg/m3 TWA for chromium 

(CalOSHA, 2018). Large amount of chromium inhalation leads to the obstruction of the airways, irritation, 

asthma, chronic bronchitis, pharyngitis and ulceration of the mucous nasal membrane (Achmad et al. 2017). 

Inhalations of chromium compounds by workers who are exposed to them have been reported to suffer from 

Chromosomal aberrations (Wilbur et al, 2012).   

Manganese (Mn):  The annual mean concentrations of manganese for Construction Site and Residential Area 

are 690.29±37mg/m3 and 489.18±21mg/m3 respectively. These concentration values are far above California 

Division of Occupational and Safety Administration (CalOSHA) set exposure limit of 0.2 168mg/m3 TWA for 

manganese (CalOSHA, 2018). Studies have shown that exposure to high of manganese results in an increased 

incidence of pneumonia in rats, pulmonary congestion in monkeys, bronchiolar lesions in rats and neurotoxic 

effects such as psychiatric and movement disorders in workers (WHO, 2001).          

Iron (Fe): The annual mean concentrations of iron for Construction Site and Residential Area 135042.07±56 

mg/m3 and 49766.76 ±59mg/m3 respectively. These concentration values exceed American Conference of 

Governmental Industrial and Hygienists (ACGIH) established limit of 5.0 mg/m3 for iron. According to New 

Jersey Department of Health and Senior Services exposure to iron oxide during breathing process could lead to 
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flu-like illness and certain symptoms such as metallic taste, fiver, aches, 176]cough and tightness of chest 

(NJDHS, 2007).                                                 

Cobalt (Co): The annual mean concentrations of cobalt for Construction Site and Residential Area are 

23.04±0.4mg/m3 and 13.67±0.3mg/m3respectively. These concentration values are higher than California 

Division of Occupational and Safety Administration (CalOSHA) of 0.020 mg/m3 total weight average (TWA) 

permissible exposure for cobalt (CalOSHA, 2018). Cobalt has been described as the most common cause of 

occupational asthma (Swarz and King, 2001). Cement has been noted to contain traces of cobalt. Inhaling 

cobalt containing dust causes skin and the respiratory tract infections, and allergic dermatitis (Lauwerys and 

Lison, 1994).       

Nickel (Ni): The annual mean concentrations of nickel for Construction Site and Residential Area are 

153.70±17mg/m3 and 57.69±10mg/m3 respectively. These concentration values exceed California Division of 

Occupational and Safety Administration (CalOSHA) of 0.5 mg/m3 total weight average (TWA) permissible 

limit for nickel (CalOSHA, 2018). ATSDR reports on harmful effect of nickel stated that long exposure to 

nickel, especially those working in nickel processing plants suffer chronic bronchitis, reduced lung function, 

cancer of the lung and nasal sinus (ATSDR, 2005).   

Rubidium (Rb): Inhalation of dust containing rubidium can severely irritate he nasal cavity and respiratory 

duct (EPSI Metals, 2015). The annual mean concentrations of rubidium for Construction Site and Residential 

Area are 273.44±84mg/m3 and 165.93±10 mg/m3 respectively. These concentration values are 193]above 

permissible exposure limits of 5mg/m3 and 10mg/m3 established by US- Wyoming Toxic and 194]Hazardous 

Substances and Canada- Prince Edward Island respectively (Chem Watch, 2009).       

Zirconium (Zr): The annual mean concentrations of zirconium for Construction Site and Residential Area are 

575.69±88mg/m3 and 19.59±19mg/m3 respectively. These concentration values exceed 5mg/m3 average over an 

8-hour permissible exposure limit for zirconium (NJDH, 2008).  Zirconium is an example of long-lived 

radionuclide normally released into the atmosphere during nuclear weapon testing and has been noted for 

causing cancer. When zirconium is inhaled, it is capable of causing irritation of the lungs, coughing and 

shortness of breath (NJDH, 2018).                             

Caesium (Cs): The annual mean concentrations of caesium for Construction Site and Residential Area are 

30.08±1mg/m3 and 10.92±0.6mg/m3 respectively. Annual mean concentration of caesium for construction site 

is less than 15mg/m3 total dust permissible exposure limit (PEL), but the Residential Area annual mean 

concentration value of 30.08±1mg/m3 exceeds 5mg/m3 respirable fraction of nuisance dust (Stuarnt Hunt and 

Associate ltd, 2001). Caesium isotopes are radioactive in nature. Caesium is known to be the most alkaline 

and most electropositive element (Lentech B.V, 2019). Caesium is liquid at room temperature, including 

gallium, and mercury (Inhaling Caesium can induce irritation of the lungs, cough and shortness of breath    

(NJDHS, 2004).   

Cerium (Ce): The annual mean concentrations of cerium for Construction Site and Residential Area are 

412.50±8mg/m3 and 137.87±5mg/m3 respectively. These values of concentration exceed TWA of 15mg/m3 

total dust and 5 mg/m3 respirable fraction set limits for cerium (Angstron Science, n.d). Breathing in 
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nanoparticles of cerium oxide (CeO2) into the lungs can cause pulmonary and extra pulmonary toxicity 

(Srinivas et al, 2014).                                                                            

Neodymium (Nd): The annual mean concentrations of neodymium for Construction Site and Residential Area 

are 90.96±24mg/m3 and 43.32±13mg/m3 respectively. Neodymium is a rare element and known as the second 

most abundant of the rare-earth elements (REE). Dust or salts containing neodymium   are known to be very 

irritating to the eyes (Lentech B.V, 2019). Inhaling neodymium dust can lead to lung embolisms, and 

accumulation due long term exposure damages the liver National Centre for Biotechnology Information (NCBI, 

2019). Neodymium has no permissible exposure limit (PEL) but has similar properties like yttrium (Hale and 

Bun, 1989). 

Europium (Eu): The annual mean concentrations of europium Construction Site and Residential Area are 

3945.40±26mg/m3 and 3.61±1mg/m3 respectively. There is no established set limit by OSHA, NIOSH or 

ACGIH for europium (Barbalace, 2019). There is permissible limit of 2.6 mg/m3 on its nitric compound (Roth, 

2016). Europium causes irritation of the respiratory tract if inhaled (EPSI Metals, 2016). Inhaling europium or 

its nitrate may cause itching, sensitivity to heat, and an increased awareness of odour and taste (NCBI, 2019). 

Terbium (Tb): The annual mean concentrations of terbium for Construction Site and Residential Area are 

1.25±0.4mg/m3 and 2228.95±0.7mg/m3 respectively. There is no set limit by NIOSH for terbium (Barbalace, 

2019).  Terbium is a stable element but its dust can cause fire and explosion (Rim et al, 2013). Terbium is said 

to have no serious environmental threat to plants or animals (Lentech B.V, 2019). 

Ytterbium (Yb): The annual mean concentrations of Ytterbium for Construction Site and Residential Area are 

3.45±0.9mg/m3 and 6.52±1.4mg/m3 respectively. According to EPSI Metals exposure or permissible limit for 

ytterbium has not been established by OSHA or ACGIH (EPSI Metals, 2015). Ytterbium, a rare cause irritation 

to respiratory linings and mucous membrane. Other health challenges associated with inhalation of ytterbium 

include lung granulomas, asthma, writhing, and loss of muscle coordination, difficult respiration, sedation, 

hypotension and cardiovascular degeneration (EPSI Metals, 2010).       

Hafnium (Hf): The annual mean concentrations of hafnium for Construction Sites and Residential Area are 

34.31±0.9mg/m3 and 25.73±0.6mg/m3 respectively. According to CDC, OSHA established exposure limit for 

hafnium is 0.5mg/m3 TWA, but the annual mean concentrations of both cities under study exceeded this value 

(CDC, 2018). Breathing in hafnium may result in the irritation of the mucous membranes, nose, and throat and 

could cause irritation when it is in contact with the eye (Dierks, 2003). Hafnium has been described as posing 

no serious environmental risk in its provided form but if its tiny particles are dispersed in the air may lead to 

explosion hazard (Kurt J. Lesker Company, 2017).  

Tantalum (Ta): The annual mean concentrations of tantalum for Construction Sites and Residential Areas are 

10.16±0.8mg/m3 and 4.34±0.4mg/m3 respectively. The permissible limit established by CalOSHA for 

\tantalum is 5mg/m3. Tantalum is a transition element. Tantalum, under normal condition does not pose 

serious environmental or health problems but its fine particles contribute to air pollution (Element Database, 

2015). Tantalum may cause respiratory irritation if inhaled (Bolton, 2012).                         
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Thorium (Th): The annual mean concentrations of thorium for Construction Sites and Residential Areas are 

79.20±0.8mg/m3 and 35.37±0.4mg/m3 respectively. The annual mean concentrations of thorium for both 

construction site and residential area exceed the OSHA, ACGIH and NIOSH permissible limits. The OSHA, 

ACGIH and NIOSH set the exposure limits of thorium at 0.2mg/m3 TWA and 0.6mg/m3 for short term 

exposure limit (STEL) (International Bio-Analytical Industries, Labs, 2014). Thorium is an example of 

actinide in the periodic table. Those elements classified as actinides are said to be radioactive (Helmenstein, 

2018). Thorium is a naturally occurring radioactive element of the family line of uranium decay process. 

“Inhaling thorium dust increases the risk of lung and pancreatic cancer” (NIH , n.d) . Thorium is said to be 

highly toxic both by inhalation and ingestion (IBAl IL. 2014). 

Comparing the elemental annual mean concentrations between the Construction Site and Residential Area as 

indicated by the blue and dark red bars in figure 2, only four elements namely; aluminium (Al), titanium (Ti), 

europium (Eu) and zirconium (Zr) from particulate matter samples collected at Construction Site have higher 

annual mean concentrations than that of Residential Area, while seventeen elements namely; sodium (Na), 

calcium (Ca), vanadium (V), chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), rubidium 

(Rb), caesium (Caesium (Cs), Cerium (Ce), neodymium (Nd), terbium (b), ytterbium (Yb), hafnium (Hf), 

tantalum (Ta), and thorium (Th) from particulate matter samples collected at Residential Area have higher 

annual mean concentrations than that of Construction Site. This large difference in elemental annual mean of 

these two sampling sites could be attributed to some certain atmospheric conditions such as wind direction and 

seasonal variation, and other human activities such as the use of fossil fuel within the residential area.  

1.4 CONCLUSION 

A review of particulate matter studies in Nigeria, from 1985 – 2015 by Offor et al revealed that the “order of 

the average highest concentrations of metallic elements for PM2.5 were magnesium (Mg) > strontium >(Sr)  

potassium (K) > zinc (Zn) > iron (Fe) > sodium (Na) > aluminium (Al) > chlorine (Cl) > lead (Pb) >silicon 

(Si), while those of PM10 were Sr > Zn > Fe > Mg > calcium (Ca) >Na > Pb > manganese (Mn) >K > 

Al”(Offor et al. 2016). Comparing the order of concentrations of these elements with the ones obtained in this 

study, particularly aluminium and calcium, one could observe that the concentrations of aluminium (Al) and 

calcium (Ca) from particulate matter collected at construction site were higher than those from the review of 

particulate matter studies in Nigeria, from 1985 – 2015 by Offor et al. Based on Okerede et al submission, it 

means that the bulk of these elemental constituents could possibly emanate from studies of vehicular emissions 

(Okerede et al. 2017). 

In this study, out of the 21 elemental components of the particulate matter from the NAA, calcium (Ca), 

iron(Fe), aluminium (Al), vanadium (V), and sodium (Na) had relatively higher annual mean concentrations in 

283]milligram per meter cube than other elements for both construction site and residential area in the following 

284]order for the period under study;  267013.49±19mg/m3 and 17620.63±68mg/m3; 135042.07±56mg/m3/ and 

49766.76±59mg/m3; 47946.67±11mg/m3  and 5898.41±23mg/m3;36624.84±15mg/m3and 33.53±5.5mg/m3; and 

18564.38±86 mg/m3 and 10064.42±39 mg/m3.  

The relatively high concentrations of calcium (Ca), iron (Fe), aluminium (Al), vanadium (V), and sodium (Na) 

as revealed in this study could possibly be due to their relative abundance in the earth and partly as components 
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of building materials. For instance, calcium is a component of raw material for cement production and 

vanadium serves as a pigment in the manufacturing of glass and ceramics.                   

More so, the annual mean concentrations of 15 out of the 21 elemental components of the particulate matter for 

Construction Sites and Residential Area exceeded their established permissible or exposure limits.  

Finally, long-term exposure to very high concentrations of these elements may lead to serious health challenge 

and short life’s span of human being and other living organisms within the environment. Hence, the need for 

adequate measures to protect construction workers and people living near construction sites. 
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