
 

 

Assessment of heavy metals in air around industrial area of Bonny 
Island, Rivers State, Nigeria.  

 
ABSTRACT 
Heavy metals are naturally found in the environment. However, industrial activities can enhance their 
concentrations in various environmental media. This is of great concern because of their lethal effects on 
the ecosystem even in small concentrations. Consequently, the concentrations of Cd, Cr, Pb, Fe, Zn, Cu, 
Mn and As in PM2.5 around industrial area of Bonny Island were investigated. Air samples were collected 
using the Environmental Monitoring Systems (EMS) High Volume Air Sampler (HVAS). The instrument 
was set to operate at the specified flow rate for each monitoring period. The filter collected from each of 
the study stations was prepared for Flame Atomic Absorption Spectrophotometer (FAAS) analysis. The 
results showed that the concentrations of Cadmium (Cd), Copper (Cu), Lead (Pb) and Arsenic were 
generally low across the study stations. Whereas Fe, Zn, Cr and Mn had mean concentrations of 36.04 
µg/m3, 15.57 µg/m3, 1.51 µg/m3 and 0.60 µg/m3 respectively. The heavy metals investigated in this study 
were distributed in this order: Fe>Zn>Cr>Mn>Cd≥Pb≥Cu≥As. The enrichment factor (EF) of Cd, Cu, Pb, 
Zn and As, ranged between <1 and <10, the EF of Mn was >100 but <1000 while the EF of Cr was >1000. 
The concentrations of Cr and Mn obtained in PM2.5 exceeded their thresholds of 1.1 µg/m3 and 0.15 µg/m3 
respectively by the World Health Organization. This implies that the residents of Bonny, especially those 
who live around the industrial area, might be exposed to high concentrations of Cr and Mn. Hence, regular 
monitoring of heavy metals around industrial areas is strongly recommended for a healthy environment. 
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1.    INTRODUCTION 
 
Pollution of environmental media by heavy metals has been a major global concern. This is due to their 
numerous sources, widespread distribution and effects on the ecosystem. Heavy metals are naturally 
occurring elements characterized by their high atomic mass and density. More recently, the definition has 
been broadened to include naturally occurring elements with atomic numbers greater than 20 (Ali and Khan 
2018; Ali et al., 2020). They occur in low concentration and can be found all through the crust of the 
planet. Some heavy metals like copper, iron, zinc, cobalt, nickel, manganese and molybdenum are broadly 
grouped into essential trace elements, whose functions are indispensable for various biological processes 
and driving the entire human metabolism. For example, cobalt acts as the central atom in vitamin B12 
complex, it is a key player in the reductive branch of the propionic acid fermentation pathway (Stowers et 
al., 2014). Iron is an essential element of various metabolic processes in humans, including DNA synthesis, 
electron transport, and oxygen transport (Ems et al., 2023). Zinc, a constituent of more than 200 enzymes, 
plays an important role in nucleic acid metabolism, cell replication, tissue repair and growth through its 
function in nucleic acid polymerases (Ursula et al., 1999; Halstead and Smith, 1970). Copper is an essential 
nutrient that is widely distributed in food and water and a component of several metalloenzymes that are 
required for oxidative metabolism, including cytochrome oxidases, ferroxidases, amino oxidases, 
superoxide dismutase, ascorbic acid oxidase and tyrosinase. Manganese functions both as a cofactor 
activating many enzymes that form metal-enzyme complexes and as an integral part of certain 
metalloenzymes. It is also involved in the metabolism of biogenic amines and participates in the regulation 
of carbohydrate metabolism (Hurley and Keen, 1987). Despite these functions, trace elements are toxic at 
high concentrations. On the other hand, metals like mercury, cadmium, arsenic, chromium, lead, etc., are  
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      Fig. 1: The map of Nigeria showing the study area in Bonny Island, Rivers State, Nigeria. 

Sampling station AQ1 (Plate 1), was at Finima Roundabout with relatively high vehicular density. Adjacent 
to the roundabout is a car park where passengers board vehicles to different parts of the Island. Activities 
around this study station included movements of vehicles, restaurants and bakery operations, black market 
sales of petroleum products such as AGO, PMS, etc. Sampling station AQ2 (Plate 2), was at Wilbros, a 
popular Junction with high density of vehicles. The major activities around this station included vehicular 
movements, automobile workshop, welding workshop, automobile spare parts shops, restaurants 
operations, flaring of gases from nearby flare stacks, etc. Sampling station AQ3 (Plate 3), was in an 
industrial area with high vehicular movements. Other activities in the area included welding and 
fabrication, pipe grinding, steel structure erection, civil works, flaring of gases from nearby flare stacks, 
etc. Control station AQ4 (Plate 4), is a residential area with an assemblage of plant species 

                   
                   Plate 1: AQ1 (Finima Roundabout)                                    Plate 2: AQ2 (Wilbros Junction) 
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                  Plate 3: AQ3 (Construction site)                                       Plate 4: AQC (Control station) 
 
                                                         
2.3         DATA COLLECTION 

Sampling Equipment 

Air samples for the determination of heavy metals in the atmosphere were collected using the 
Environmental Monitoring Systems (EMS) High volume Air sampler (HVAS). This is a device that consists 
of an assemblage of a rotameter, an electrical air pump, a flexible hose and filter cassette. The EMS pump 
draws a precision-controlled volume of air and airborne contaminants through collection media during the 
sampling period. It is a high flow rate pump of 1 L/min – 20 L/min. A flowmeter model VFB manufactured 
by Dwyer Instruments Inc. USA was used to calibrate the flow. The Series Visi-Float VF Flowmeter is a 
line of direct reading, precision machined, clear acrylic body flowmeter suitable for both gas and liquid 
applications. The air samples were collected on a 37 mm diameter 3-piece pre-loaded filter cassette with 
0.8 µm mixed-cellulose ester filter (MCEF) according to the Occupational Safety and Health 
Administration (OSHA-21). The filter is a mixture of cellulose nitrate/acetate fibres.  It is a 3-piece press-fit 
cassette which helps prevent leakage around the filter as this will result in a loss of dust that should have 
been collected on the filter, resulting in a measurement that underestimates the concentration of the aerosol 
sampled. The membrane filter pore size is 0.8µm to retain even the inhalable aerosols. The inlet and outlet 
sides of the cassette are marked. MCEF sample cassette was chosen because they can retain particles 
smaller than their nominal pore size. MCEF membranes are naturally low in metal background and are 
compatible with dilute bases and acids and aromatic and aliphatic hydrocarbons. The filters are hydrophilic 
and autoclavable. It meets National Institute for Occupational Safety (NIOSH) and OSHA method 
specifications for monitoring airborne metals. MCEF is easily digested by dilute nitric acid which makes it 
ideal for atomic absorption spectroscopic analysis. 

Air Sampling 
 

Pump flow calibrations were performed before the commencement of sampling. The flow rate for the pump 
with a blank sample cassette was measured and recorded as 5 L/min. A constant flow rate of 20 L/min that 
did not deviate more than ±0.2 L/min was then maintained throughout the sampling period. The exposure 
time at each sampling station was 2 hours. The filter was attached to the pump that drew air into a 37mm 
diameter MCE sample cassette. The plug was removed from the cassette inlet and the pump started 
sampling. The start time was recorded. The pump and sampling train were checked as frequently as 
practical. At the end of the recording time, the pump was turned off and the end time was also recorded. 
The filter cassette was removed from the sampling train and the plugs in the inlet and outlet openings of the 
cassette were replaced. The instrument was set to operate at the specified flow rate for each monitoring 
period. The filter cassette was replaced after each sampling period and sealed in a Ziploc bag (Plate 5). The 
filter cassette was weighed before and after sampling to determine the mass of particulate matter collected. 
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                      Plate 5: Collected filter cassettes sealed in Ziploc bag after the sampling period  

 
 

Meteorology 
Information on the regional climatic conditions of the study area was obtained from the Nigerian 
Meteorological Agency (NiMet) and complemented with microclimatic data which were collected using 
Davis wireless weather station. Davis wireless weather station was installed and allowed to measure 
various meteorological parameters during the study. The Davis Weather Station has an integrated sensor 
suite that consists of a rain gauge, temperature, humidity, barometric pressure, wind speed and direction 
sensors. The integrated sensor suite was carefully mounted on approximately 10 meters pole to represent 
the average height of cloud formation in the study area. 

 
2.3         Analytical Method 

The filter collected from each of the study station was placed into a clean digestion vessel, and a 
combination of acids (HNO� and HCl) was added to digest the particulate matter. The sample was heated 
gently on a hot plate until complete digestion of the particulate matter was achieved. After digestion, the 
sample was allowed to cool, filtered and diluted to 100 ml using deionized water to prepare it for Flame 
Atomic Absorption Spectrophotometer (FAAS) analysis. The FAAS instrument (PerkinElmer AAnalyst 
400) was powered on and allowed to stabilize. Then the hallowed cathode lamp for the metal of interest 
was installed and the wavelength was selected. A calibration blank, followed by calibration standards, was 
aspirated to establish a calibration standard curve. A reagent blank was carried out to ensure method 
compliance. The digested sample was aspirated into the flame, where the metal ions were atomized to 
measure the absorption of light at the selected wavelength. The FAAS instrument provided the 
concentrations for each metal in the sample after analysis. The metal concentration in the digested solution 
was converted to mass per volume of air sampled. This was done using the following formula: 

 
 
2.4          Enrichment Factor (EF) 

Enrichment factor was used to determine the source of the elements in the study area, whether natural or 
anthropogenic, and it was calculated according to Liu et al., 2018; Turekian and Wedepohl, 1961 as 
follows: 

EF=       [Cx/Cref]Sample 
              [Cx/Cref]Background 

 
where the concentration of the element of interest is Cx, and the concentration of a reference element for the 
purpose of normalization is Cref. The selection of reference elements should meet certain criteria, such as 



 

 

having stable chemical properties which are less influenced by human activity (Liu et al., 2018). For this 
reason, Fe, Mn, Al and Se can be used as reference elements. In this study, Fe being one of the most 
abundant elements with relatively stable chemical properties, was used as the reference element. The 
standard of enrichment factor is presented in Table 1.0. 

 

            Table 1.0: The Standard of Enrichment Factor 

Level                              EF                     Degree of Enrichment                                            Source 
1                                    <1                       No enrichment                                                          Crust and Soil 
2                                    >1<10                 Minimal enrichment                             Natural & Anthropogenic factors 
3                       >10<100              Moderate enrichment                                     Anthropogenic factors 
4                                  >100<1000          Significant enrichment                                     Anthropogenic factors 
5                                  >1000                  Extremely high enrichment                              Anthropogenic factors 

            Source: (Liu et al., 2018) 
 
 

2.5 Quality Assurance and Control 
Quality assurance and quality control (QA/QC) measures were adopted and applied consistently throughout 
all phases of the data gathering in accordance with OSHA requirements to ensure a high level of reliability 
of results. The QA/QC measures adopted are as stated below: 
 The equipment was correctly calibrated and checked prior to use. 
 The collection device inlet was oriented in a downward vertical position to avoid gross contamination 

from airborne debris falling into the collection device.  
 Blank and duplicate analyses were carried out to ensure analytical integrity. 
 Written analytical standard operating procedures (SOPs) were followed during analysis. 

 

The results obtained from the Laboratory analysis were compared with national standards (Federal Ministry 
of Environment and Environmental Guidelines and Standards for the Petroleum Industry in Nigeria) as well 
as the World Health Organization (WHO) guidelines (Table 2.0). 
 
Table 2.0: National and WHO Air Quality Guidelines  
 
Metals EGASPIN 

Guidelines for 
Ambient Air 
(µg/m3) (2018) 

WHO 
Guidelines 
(µg/m3) 

FMEnv 
Guidelines for 
Ambient Air 
(µg/m3) (2001) 

Cd NS 0.005 0.005 
Cr NS 1.1 NS 
Cu NS NS NS 
Fe NS NS NS 
Mn NS 0.15 NS 
Pb 1.0 0.5    1.00 
Zn NS NS NS 
As NS NS NS 

          Legend: EGASPIN = Environmental Guidelines and Standards for the Petroleum Industry in Nigeria; WHO      
            = World Health Organization; FMEnv = Federal Ministry of Environment; NS = Not Stated 
 

3.0       RESULTS AND DISCUSSION 

3.1.      Results 
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The concentrations of Cadmium (Cd), Copper (Cu), Lead (Pb) and Arsenic were generally low. Whereas Fe 
and Zn concentrations were obtained across the three study stations and at the control. Cr concentration was 
relatively high at AQ1 and AQ3 but very low at AQ1. Moreover, Mn had relatively high concentration at 
AQ2 and AQ3 but was very low at AQ1. Apart from Fe and Zn, the concentration of Cd, Cr, Cu, Mn, As 
and Pb obtained at the control was generally below equipment detection limit of <0.001 (Table 3.0).  

 
            Table 3.0: Metal concentration at different locations 

Sample Stations 

Metals AQ1 (µg/m3) AQ2 (µg/m3) AQ3 (µg/m3) mean (µg/m3)  AQC (Control) 

Cd 0.001 0.001 0.001 0.001 
<0.001 

Cr 2.33 0.001 2.21 1.51 
<0.001 

Cu 0.001 0.001 0.001 0.00 
<0.001 

Fe 17.13 50.25 40.75 36.04 22.38 

Mn 0.001 0.875 0.92 0.60 
<0.001 

Pb 0.001 0.001 0.001 0.001 
<0.001 

Zn 12.38 15.13 19.21 15.57 15.13 
As 0.001 0.001 0.001 0.001 <0.001 

  

             Table 4.0: Enrichment Factor of Heavy Metals in the Study Area 
 

Heavy Metal                 AQ1                              AQ2                                               AQ3 
 Cd                                1.306                            0.4454                                             0.5492                                     
 Cr                                3044.1                           0.4454                                            1213.7 
 Cu                       1.306                              0.4454                                            0.5492 
 Fe                                  1                                      1                                                      1 
 Mn                              1.306                              389.7                                               505.4 
 Pb                               1.306                              0.4454                                            0.5492 
 Zn                               1.069                              0.4454                                            0.6973 
 As                               1.306                              0.4454                                            0.5492 
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4.0        Conclusion 

 

This study validates the claim that industrial activities have the potential of exposing man to high 
concentrations of heavy metals via food chain. The concentrations of Cr and Mn obtained in PM2.5 

exceeded their thresholds of 1.1 µg/m3 and 0.15 µg/m3 respectively by the World Health Organization. This 
implies that the residents of Bonny, especially those who live around the industrial area, might be exposed 
to high concentrations of Cr and Mn. The EF of Cd, Cu, Pb, Zn, and As on the whole showed no 
enrichment indicating natural origin of the metals in the study area (especially at AQ2 and AQ3). However, 
the EF of Mn and Cr showed significant enrichment and extremely high enrichment indicating 
anthropogenic sources. Regular monitoring of heavy metals around industrial areas is strongly 
recommended for a healthy environment. Moreover, further research into the health risk estimation of 
heavy metals around industrial areas in Bonny Island is recommended. 
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