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Abstract: 
Heavy metal pollution caused by various man-made activities, which hazardously affects the environment, has become a 

universal concern. The aim of the study is to evaluate heavy metal concentration, pollution level and health risk assessment in air 

conditioner filter dust in hospitals in Port Harcourt. Dust samples were collected from air conditioner filter, and then a composite 

sample was made for each of the ten (10) hospitals then transported to the laboratory of FATLAB Nigeria Company. 1g of the 

dust was digested using Aqua regia method. Heavy metal analysis was carried using iCE 3000 Series Atomic Absorption 

Spectrometer. Contamination factor, I-geo value and EF were used to determine the degree of pollution, possible source was 

determined using Pearson correlation, principal component analysis (PCA) and cluster analysis (CA) while Health risk 

assessment was conducted to evaluate the non-cancer and cancer risks to children and adult in the environment. The result shows 

that the concentration of chromium in 52.6% (10 of 19) of the samples were higher than the Canada value (64 mg/kg), 15.8% (3 

of 19) were higher than the UK value (200 mg/kg) while 5.3% (1 of 19) were higher than the Dutch value (580 mg/kg). Zinc 

concentration in 52.6 % (10 of 19) of the samples were higher than the Canada value (360 mg/kg) while 31.6 % (6 of 19) were 

higher than the Dutch value (720 mg/kg). CF value show very high contamination with Cd, I-geo indicate moderate pollution 

from Cd and Zn in the filter dust, EF value shows an extremely high enrichment and very high enrichment from Cd and Zn 

respectively. Pearson correlation shows an obviously strong relationship between Fe, Pb, Zn and Cu suggesting an emergence of 

heavy metal from anthropogenic source possibly resulting from office equipment, furniture, cabinetry and components of the air 

conditioners. More so, PCA show a strong loading with Co, Fe, Pb suggesting and emergence from anthropogenic with an 

element of natural sources. The primary exposure of pathway to children and adult population were ingestion. Children in the 

hospital environment are at risk of being exposed to the dust than the adult, basically may be due to this playing behaviour. The 

children and adult in the hospital environment are not at risk of developing cancer from Cd and Pb on exposure while Cr (3.24E-

04, 1.39E-04) respectively, demands close attention in the environment since it is at the radar of exceeding the permissible limit. 

Therefore, a frequent assessment and monitoring of Air conditioner filter in the hospitals is suggested. 
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Introduction 

Air conditioning system provides thermal regulation in an indoor environment such as home, offices, hospitals etc. (Aliet al., 

2018). Approximately 80 to 90% of human population spend large amount of their time indoor and this has an essential effect on 

human health. Various factors affecting indoor environmental conditions mainly includes temperature, humidity, air movement, 

ventilation, concentration of particulate matter, biological and gaseous pollutants (Barrio-Parra et al., 2018). According to Rashed 

(2018), air conditioner filters are the most important component of air conditioner, and studies has shown that these filters has the 

tendency to remove pollutants efficiently in a steady manner which therefore gets deposited on it. These deposited dusts however 

might be a source of contamination (Raja and Namburu, 2014). Pollutant from dust are often significantly variant in their 

composition, this may be as a result of natural and anthropogenic activities (Fu et al., 2017). Heavy metals pollution is a major 

concern at global level, and they are defined by their properties such as high atomic mass, toxicity and density (Ljung et al., 

2006). Heavy metals are higher in dust than in other environmental media and concentrations of many metals and metalloids are 

commonly higher in an indoor dust than an exterior settled dust in ordinary urban environments (Rasmussen, 2004; Gurzau et al., 

2007). More so, almost any heavy metal and metalloid may be toxic to life depending on dosage and duration of exposure 

(Jaishankar et al., 2014). Based on a report by Hogan (2010), majority of the metals from environmental research are based on 

their toxicity and/or biological importance, this includes Chromium, Lead, Mercury, Cadmium, Arsenic, Copper, Manganese,  
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Nickel, Zinc and Silver. Humans are exposed to heavy metal through various means such as ingestion of contaminated 

substances, skin contact, inhalation of contaminated particulates in air (Ljung et al., 2006). Hospital is a place with a lot of day to 

day activities involving both adult and children, who are exposed to dust from the hospital air conditioning system (Wang et al., 

2018). Over decades, global public health concern has increased with the environmental contamination due to metals. Human 

exposure has increased drastically as a result of an exponential increase of their utilization in various work field which includes 

but not limited to industrial, domestic and technological applications (Adekola and Dosumu 2011). Morgan (2013) documented 

that a chronic exposure to indoor dusts containing heavy metal such as lead can result in damage of the brain and nephron, 

learning impairment, poor muscle and bone growth, hearing damage and high blood pressure. Another research by Needleman 

(2004) linked neurobehavioral problems with lead exposures in children contributing to lower Intelligent Quotient, an impaired 

vocabulary and grammatical reasoning skills. More so, high concentration of hexavalent chromium (Cr6+) which is known to be 

carcinogenic and toxic to humans (Jaishankar et al., 2014; Olujimi et al., 2015). Since air conditioning system is one of the 

widely used in an indoor environment which include hospital, it is crucial to determine the concentration, pollution level and 

human health risk of such toxic metals in dust from hospital air conditioner filter in Port Harcourt. Hence the aim of this study  

 

Materials and Methods   

Research Area 

Port Harcourt is situated within the Niger Delta region at the South Western, Nigeria and it is bound by longitude 68560 to 78070 

E and latitude 48440 to 48520 N of the Equator. It has a plain topography and about 5 m above sea level. This plain is well 

drained and provides several connections with the sea (Gulf of Guinea) by a large number of creeks and channels. Port Harcourt 

climate falls within the sub equatorial climate belt. Temperature and humidity are high throughout the year. The area is marked by 

two distinct seasons – the wet and the dry seasons with 70 percent of the annual rains falling between April and August, while 22 

percent is spread in the three months of September to November. The soil type consists mainly of poorly drained silt clays mixed 

with sand, which is geologically classified under the Benin Formation (Ogbonna et al., 2007). Port Harcourt is a major industrial 

city, with myriad amount of international collaboration and other industrial concerns, especially in the petroleum sector. There are 

refineries located in Port Harcourt, with each processing an estimated around 210,000 barrels of crude oil per day.  In some areas 

of Port Harcourt, micro-apartment architecture is very prevalent.  

 

Sampling and Sample Collection 

Dust samples were collected from air conditioner filters by tapping the AC filters and using a plastic brush to remove the dust, 

then one composite sample was made for each often (10) hospitals namely; Clinic Exploit, Benette Specialist Hospital, First River 

Hospital, Great Tower Specialist Hospital, Kelsey Harrison Hospital, Palmo Clinic and Hospital, Palmars Hospital, Rehoboth 

Specialist Hospital, Sophike Medical Centre, Sterling Specialist Hospital in Port Harcourt metropolis. Samples were stored in 

clean labeled polyethylene sample bags and transported to the laboratory of FATLAB Nigeria Company, Ibadan for Analysis. 

 

Sample Digestion and Heavy Metal Estimation  

Dust samples were sieved with 1mm mesh size then stored for digestion. 1g of each sample was digested using 20mls Aqua regia 

solution. The samples were heated, then later cooled off, filtered and diluted with deionized water up to 50ml. The diluted 

samples were analyzed for heavy metals using Atomic Absorption Spectrophotometer (ICE3000AA01143203VI:30). 

 

Degree of Pollution 

The degree of pollution can be estimated using by various methods, the study however, uses Contamination factor, Geo-

Accumulation Index and Enrichment factor for estimating the degree of heavy metal pollution in air conditional filter dust 

(Olujimi et al., 2015).  

 

Contamination factor 

Contamination level of heavy metals in air conditioner filter dusts was estimated using contamination factor calculated using eqn. 

1. 

 

𝐶𝐹 =
Chm (Sample)

Cref (Crust)
⁄   Eqn. 1 

 

Where Chm sample is the concentration of heavy metals dust from the air conditioner filter and Cref crust is the concentration of 

heavy metals in the reference level. The level of contamination is classified as follows; CF<1=Low, 1≤CF<3=moderate, 

3≤CF<6=considerable, CF>6=very high. 

 

Geo-accumulation Index 

A quantitative measure of the extent of heavy metal pollution in the studied air conditioner filter dust was calculated using the 

geo-accumulation index. This was calculated using the equation 2 below. 
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𝐼𝑔𝑒𝑜 = Log 2  𝑥 (𝐶𝑛
1.5 𝑥 𝐵𝑛⁄ ) Eqn. 2 

 

Where, Cn is the concentration of the heavy metal in the air conditioner filter dust, Bn is the concentration of the heavy metal in 

shale (background) and 1.5 is the factor compensating the background data (correction factor) due to lithogenic effects. The 

following interpretation are for the geo-accumulation index; Igeo<0=practically unpolluted, 0<Igeo<1=unpolluted to moderated 

polluted, 1<Igeo<2= moderately polluted, 2<Igeo<3= moderately to strongly polluted, 3<Igeo<4=strongly polluted, 4< Igeo<5= 

strongly to extremely polluted and Igeo >5=extremely pollute. 

 

Enrichment factor 

Enrichment factor is used to distinguish between the anthropogenic and natural source of heavy metals in the air conditioner filter 

dust, to estimate the degree of the anthropogenic contribution and heavy metal contamination (Yuen et al., 2012; Famuyiwa et al., 

2018). It was calculated using eqn 3.  

𝐸𝐹 =
𝐶𝑛 (𝑚𝑒𝑡𝑎𝑙) /𝐶 (𝑚𝑒𝑡𝑎𝑙 𝑐𝑟𝑢𝑠𝑡)

𝐵𝑛 (𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑚𝑒𝑡𝑎𝑙) /𝐵(𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑐𝑟𝑢𝑠𝑡 )
           𝐸𝑞𝑛. 3 

 

Where: Cn (metal)=concentration of the measured metal, C (metal crust) =concentration of the metal in the crustal region, Bn 

(reference metal) = concentration of the reference metal (Fe) in the measured sample, B = concentration of reference metal (Fe) in 

the crustal region. A metal is regarded as a reference metal if it is of low occurrence variability and is present in trace amounts 

(Turekian and Wedephol, 1961). In this study, Iron (Fe) was employed as the reference metal. According to Famuyiwa et al. 

(2018) there are five categories of degree of pollution based on enrichment factor: EF<2 No or minimal enrichment, EF=2- 5 

moderate enrichment, EF=5–20 significant enrichment, EF=20–40 Very high enrichment, EF>40 extremely high enrichments. 

 

Human Health Risk Assessment 

The potential health risk due to human exposure to heavy metals from indoor dust through inhalation, dermal contact and 

ingestion pathways was calculated according to the following equations (Zheng et al., 2010). Exposure calculation for daily 

estimation was achieved using eqns. 4-6:     

𝑀𝐷𝐷𝑖𝑛𝑔𝑒𝑠𝑡 = 𝐶 𝑥 (
𝐼𝑛𝑔𝑅 𝑥 𝐸𝐹 𝑥 𝐸𝐷

𝐵𝑊 𝑥 𝐴𝑇⁄ )  𝑥 10−6 Eqn. 4 

 

𝑀𝐷𝐷𝑖𝑛ℎ𝑎𝑙𝑒 = 𝐶 𝑥 (𝐼𝑛ℎ𝑅 𝑥 𝐸𝐹 𝑥 𝐸𝐷
𝑃𝐸𝑇 𝑥 𝐵𝑊𝑥 𝐴𝑇⁄ )   Eqn. 5 

 

𝑀𝐷𝐷𝑑𝑒𝑟𝑚𝑎𝑙 = 𝐶 𝑥 (𝑆𝐴 𝑥 𝐷𝐴𝐹 𝑥 𝑆𝐴𝐹 𝑥 𝐸𝐹 𝑥 𝐸𝐷
𝐵𝑊 𝑥 𝐴𝑇⁄ ) 𝑥 10−6            Eqn.6 

 

Where MDD (mgkg-1day-1) is the mean daily dose on exposure via ingestion (MDDingest), inhalation (MDDinhale) and dermal 

contact (MDDdermal). C is the concentration of heavy metal in the air conditioner filter dust measured in mg/kg, IngR (ingestion 

rate) is 200mg/day for children and 100mg/day for adult and IhR (inhalation rate) is 7.63mg/day for children and 12.8mg/day for 

adult of heavy metal in dust respectively(USEPA 2001).  ED (exposure duration) is 6 years for children and 30years for adults, 

and EF (exposure frequency) 350days/year for children and adult. BW and AT are the average body weight (15 kg for children 

and 70 kg for adult) and an average exposure time period (6 years for children and 30 years for Adults) respectively (Zheng et al., 

2015; Chen et al., 2016). CF is the conversion factor (1x10-6 kg/mg), SA is the exposed skin surface area (2800 cm2 for children 

and 4340 cm2 for adult), SAF is the skin adherence factor (0.2mg/cm2/d1 for children and 0.7mg/cm2/d1 for adult), DAF is the 

dermal absorption factor used in this study is 0.001 for both children and adult, and PEF is the particle emission factor (1.36 x 

109m3/kg) for both children and adult. 

 

The reference dose is used as a measure of non-carcinogenic chronic hazards. Toxic effects are likely to ensue, when the exposure 

dose of the target contaminant exceeds the reference dose, which is generally articulated as HQ and HI. Hazard index (HI) and 

cancer risk method were used to assess the human health risk due to dust exposure, before calculating the HI, a hazard quotient 

(HQ) based on non-cancer toxic risk was calculated for individual heavy metal according to eqn. 7. (Kong et al., 2011). 

 

HQ = 𝐷
𝑅𝑓𝐷⁄   Eqn. 7 

 

RfD (mg/kg/day) is the daily maximum allowable dose of heavy metal without posing the non-carcinogenic risk to human during 

lifespan. Three different types of RfDs are used for three different exposure pathways: reference dose RfD ingest (mg/kg/day) for 

ingestion, RfDdermal, (mg/kg/day) for dermal contact and RfDinhale (mg/m3) for inhalation. The total risk of specific chemicals 

through multiple exposures is expressed as the hazard index (HI). The total risks of heavy metals in air conditioner filter dust 

through multiple exposures can be calculated using equation 8.  

 

𝐻𝐼 = ∑𝐻𝑄𝑖                    𝐸𝑞𝑛. 8 
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Where i = different exposure pathways. The value of HI less than 1 shows that there is no significant risk of non-carcinogenic 

effects. However, when HI value is greater than1, there is a probability for significant non-carcinogenic effects (USEPA, 2011). 

The carcinogenic risks to humans are estimated using the reference dose (RfD) multiplied by respective cancer slope factor (CSF, 

1mg/kg). A cancer slope factor is an upper bound probability of an individual developing cancer as a result of a lifetime exposure 

to dust by ingestion, inhalation and dermal contact using eqn. 9 (Olujimi et al., 2015). 

𝐶𝑎𝑛𝑐𝑒𝑟 𝑅𝑖𝑠𝑘 = 𝑅𝑓𝐷 𝑥 𝐶𝑆𝐹 Eqn. 9 

 

Carcinogenic risk (CR) is the probability of an individual developing any type of cancer from lifetime exposure to carcinogenic 

hazards. CR value less than 1x10-6 specifies negligible carcinogenic risk, while CR greater than 1x10-4 recommends high 

carcinogenic risk to human on dust exposure (Wu et al., 2015). 

 

Data Analysis 

Data were analyzed using SPSS (vs 21) to generate mean and standard deviation while Microsoft Excel 2016 was used for 

calculating pollution indices and graphical presentations. Source of heavy metals in the dust was estimated using Pearson 

Correlation, Principal Component Analysis and Cluster Analysis. 

 

Results and Discussion 

The results of CF value for heavy metals from AC filter dusts, I-geo value for heavy metals from AC filter dusts and the value for 

heavy metals from filter dusts (values above 10 are strictly from anthropogenic source) are presented in Figures 1 to 3 

respectively. In addition to this, the results of non-cancer risks of heavy metal in AC filter dust on children and adult’s exposure 

are presented in Figure 4. Furthermore, the results Factor Plot in Rotated Space as well as the Dendogram of the heavy metals 

from AC filter dust are presented in Figures 5 and 6 respectively. The Statistics of heavy metals from Hospital Air Conditioner 

filter dust in Port Harcourt, Nigeria and the Concetration of heavy metalsin AC filter dust from this study compared to previous 

indoor dust studies across the globe are presented in Tables 1 and 2 respectively. In addition, the CF, I-geo and EF values for 

heavy metals from AC filter dusts and the Pearson Correlation Coefficient between heavy metals are presented in Tables 3 and 4 

respectively. The results of Varimax rotated principal component analysis,  mean daily dose, cancer and non-cancer risk for 

children on dust exposure and mean daily dose, cancer and non-cancer risk for adults on dust exposure are presented in Tables 5, 

6 and 7 respectively. 

 

 
Fig. 1: CF value for heavy metals from AC filter dusts 

 

 
Fig. 2: I-geo value for heavy metals from AC filter dusts 
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Fig. 3: EF value for heavy metals from filter dusts (values above 10 are strictly from anthropogenic source) 

  a   b 

Fig. 4: Non-cancer risks of heavy metal in AC filter dust on children and adult’s exposure 

 

 
Fig. 5: Factor Plot in Rotated Space 

 

 
Fig. 6: Dendogram of the heavy metals from AC filter dust 

 

 



Famuyiwa, Da Wariboko, ELEYOWO, IBIKUNLE & OLADETOUN 
 

 

19         International Journal of Academic Research and Innovation (IJARI), ISSN: 2545–5214 

 

Table 1: Statistics of heavy metals from Hospital Air Conditioner filter dust in Port Harcourt, Nigeria 

 
 

Sample ID:BMH=Bratwat Memorial Specialist Hospital, BSH=Benette specialist hospital,CE=Clinic Exploit, FRH=First River 

Hospital,GTH=Getwell Hospital, GTS=Great Tower Specialist Hospital, KHH=Kelsey Harrison Hospital, NH=Nobsams Hospital, 

NP=Naphtali Physiotherapy & Wellness Clinic,OCH=Obio Cottage Hospital, PCH =Palmo Clinic and Hospital, PCI=Paragon Clinic and 

Imaging, PH= Palmars Hospital, RSH=Rehoboth Specialist Hospital,SMC= Sophike Medical Centre, SSH=Sterling Specialist 

Hospital,SMH=Save A Live Mission Hospital,TBC=The Bridge Clinic,UPH=University of Port Harcourt Teaching Hospital,CSGV= 

Canadian soil guideline values, DIV=Dutch intervention value. 
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Table 2: Concetration of heavy metalsin AC filter dust from this study compared to previous indoor dust studies across the globe 

 
 

Table 3: CF, I-geo and EF values for heavy metals from AC filter dusts 

 
 

Table 4: Pearson Correlation Coefficient between heavy metals 

 
**. value is significant at P<0.01 while *. value is significant at p<0.05 
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Table 5: Varimax rotated principal component analysis 

 
 

Table 6: Mean daily dose, cancer and non-cancer risk for children on dust exposure 

 
 

Table 7: Mean daily dose, cancer and non-cancer risk for adults on dust exposure 

 
Heavy Metal Concentration in Air conditioner filter dust 

The concentration of heavy metals in the hospital air conditioner filter dusts are presented in table 1; as a result of the unavailability of 

soil/dust guideline values in Nigeria, the UK Environmental Agency, Canada and Netherlands soil/dust guideline values were employed 

in the study. The concentration of Iron (Fe) ranges from 9.65-22600 mg/kg with a mean value of 9760 mg/kg. In the human body, iron is 

a very beneficial heavy metal. Iron is found in protein molecules such as hemoglobin and myoglobin which makes up approximately 4 

gram of the adult human body. These two proteins are needed for a variety of metabolic processes in humans, as well as oxygen 

transport and storage in muscles (Harrison et al., 2001). High concentration of iron higher than 10000 was recorded for 31.6 % of the 

samples with the highest concentration recorded in the AC filter dust following this pattern; Great Tower Specialist Hospital 

(22600mg/kg)>Sophike Medical Centre (21000 mg/kg)>Kelsey Harrison Hospital (20200 mg/kg)> Sterling Specialist Hospital (19700 

mg/kg). Mean value of Iron from the study was higher than the concentration reported in various indoor dust such as Jeddah, Saudi 

Arabia (8,750 mg/kg), Mansouret al. (2019), Abeokuta (13.7 mg/kg), Olujimi et al. (2015) and Shah Alam city, Malaysia (4230 mg/kg), 

Darusaet al. (2012) but lower than that of Southern-Nigeria (23,499 mg/kg), Iwegbueet al. (2019) and Jenka, Malaysia (10800 mg/kg), 

Sulaiman et al. (2017); see table 2. 

 

The concentration of Lead from the study ranges from 0.00-56.2mg/kg with a mean value of 25.6 mg/kg. Lead concentration was 

recorded to be high in 10.5% (2 of 19) of the samples with the highest concentration recorded in the AC filter dust from Great Tower 

Specialist Hospital (56.2 mg/kg). Lead poisoning is a toxicity caused by excessive lead consumption and this disease affects both 

children and adults' gastrointestinal tracts and central nervous systems (Kung et al., 2012). Lead concentrations from the study were 

extensively lower than the soil guideline value stated by the CLEA, UK (450 mg/kg), Canada (140 mg/kg) and Dutch guideline value 

(530 mg/kg) for lead in dust; see table 1. In comparison to other dust studies, mean value similarity occurs with studies by Olujimi et al. 

(2015) in Abeokuta, Nigeria (27.6 mg/kg), Kurt-Karakus (2012) in Istanbul, Turkey (28.0 mg/kg) and Darus et al. (2012) in Shah Alam 

city, Malaysia (31.2 mg/kg). The concentration is also two or more times lower than various dust studies by Bhandari et al. (2021) in  
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Kathmandu, Nepal (65.3 mg/kg), Sulaimanet al. (2017)in Jenka, Malaysia (121 mg/kg), Rasmussen et al. (2013) in Ottawa, Canada (406 

mg/kg) and from house vacuum dust by Israel et al. (2019) in Sydney, Australia (199 mg/kg) (see table 2).   

 

The concentrations of Copper from the study ranges from 11.1 to 80.1 mg/kg with a mean value of 43.5 mg/kg. High Copper 

concentration was recorded in 42.1% (8 of 19) of the samples with the highest value recorded equally in both Great Tower Specialist 

Hospital and Sophike Medical Centre. The sources of copper are from cables, air conditioner components and various copper coated 

equipment. Excessive exposure to copper could result in cellular damage resulting in DNA damage (Mutation) and proteins and lipids 

oxidation (Iwegbueet al., 2019). Copper concentration was lower than the soil guideline value for copper by Canada (140 mg/kg) and 

Dutch guideline value (190 mg/kg) in dust (table. 1). Copper concentration in the study was higher than the values recorded from a study 

by Darus et al. (2012) in Shah Alam city, Malaysia (30.2 mg/kg) but lower than various dust studies recorded in Abeokuta, Nigeria (59.4 

mg/kg) by Olujimiet al. (2015), Jenka, Malaysia (97.4 mg/kg) by Sulaiman et al. (2017), Bushehr, Iran (234 mg/kg) by Ardashiri and 

Hashem (2017), Southern, Nigeria (233 mg/kg) by Iwegbue   et al. (2019) and Ottawa, Canada (206 mg/kg) by Rasmussen et al. (2013) 

(see table 2). 

 

Chromium concentration from the study ranges from 11.0-515 mg/kg with a mean value of 115 mg/kg. Chromium concentration in 

52.6% (10 of 19) of the samples were higher than the Canada soil guideline value (64 mg/kg), 15.8% (3of 19) of the samples were 

higher than the UK value (200 mg/kg) while 5.3% (1 of 19) of the samples were higher than the Dutch value (580 mg/kg). High 

chromium concentration in the hospital filter dust take the following order; Paragon Clinic and Imaging>Obio Cottage Hospital> The 

Bridge Clinic> Naphtali Physiotherapy & Wellness Clinic> Nobsams Hospital> Bratwat Memorial Specialist Hospital> Getwell 

Hospital> Save A Live Mission Hospital> University of Port Harcourt Teaching Hospital> Sophike Medical Centre; see table 1. The 

sources of chromium are wall paints from the room and the components of Air conditioners (Mohanty et al., 2013). Chromium exist as 

trivalent Cr3+and Hexavalent mets, with the hexavalent Cr6+ being the most toxic. A prolonged exposure to chromium in the hospital can 

result in health problems such as cardiac, renal, hepatic, blood and brain effects of the patients (Gupta et al., 2013). Mean Chromium 

concentration were higher than the values recorded from various dust studies by Olujimi et al. (2015) in Abeokuta, Nigeria (41.8 

mg/kg), Ardashiri and Hashem (2017) in Bushehr, Iran (49.0 mg/kg), Kurt-Karakus (2012) in Istanbul, Turkey (55.0 mg/kg),Rasmussen 

et al. (2013) in Ottawa, Canada (86.7 mg/kg) and Iwegbue   et al. (2019) in Southern, Nigeria (27.1 mg/kg) but lower than a study by 

Bhandari et al. (2021) in Kathmandu, Nepal. 

 

Cadmium concentration from the study ranges from 0.00-10.2 mg/kg with a mean of 2.87±3.55 mg/kg. Cadmium was not detected in 

52.6 % (10 of 19) of the samples. The highest concentration was recorded in University of Port Harcourt Teaching Hospital (10.3 

mg/kg).The primary sources of cadmium are infiltration of automobile exhaust contaminated particles. Prolonged exposure to excessive 

cadmium can seriously affect the lungs, DNA and testicular damage or cancer development (Faridi et al., 2014). The mean cadmium 

concentration was lower than the soil guideline value stated by the CLEA, UK (150 mg/kg), Canada value (22 mg/kg) and Dutch 

intervention value (12 mg/kg) in soil/dust; see table 1. Mean Cadmium concentration from the study was similar to that of cadmium 

concentration recorded from some studies in Jeddah, Saudi Arabia (2.09 mg/kg) by Mansouret al. (2019), Bushehr, Iran (3.1 mg/kg) by 

Ardashiri and Hashem (2017), Istanbul, Turkey (0.84 mg/kg) by Kurt-Karakus (2012) and USA (4.3 mg/kg) by Zota et al. (2011) but 

lower than the cadmium value recorded in Ottawa, Canada (6.46 mg/kg) by Rasmussen et al. (2013), Southern-Nigeria (32.0 mg/kg) by 

Iwegbue et al. (2019) and Abeokuta, Nigeria (855 mg/kg) by Olujimi et al. (2015); see table 2. 

 

Zinc concentration ranges from 121-1070mg/kg with a mean value of 507 mg/kg. Zinc concentrations in 52.6 % (10 of 19) of the 

samples were higher than the Canada value (360 mg/kg) while 31.6 % (6 of 19) of the samples were higher than the Dutch value (720 

mg/kg). Zinc concentration in the filter dust follows an increasing order of First River Hospital>Great Tower Specialist Hospita> 

Sophike Medical Centre> Kelsey Harrison Hospital> Palmo Clinic and Hospital> Sterling Specialist Hospital> Clinic Exploit> Palmars 

Hospital> The Bridge Clinic> Save A Live Mission Hospital; see table 1. Zinc is mostly found in the crustal region including a number 

of ores, it is also used to galvanize other metals to avoid rusting. Paint pigments, pesticides, batteries and electrical appliances are all 

made from zinc (Tripathi, 2017).The sources of zinc in majority of the samples are wall paints, air conditioner components and roofing 

sheets. Prolonged exposures to zinc in the above samples can result in both acute and chronic effects; acute ingestion may cause 

abdominal pain, nausea, vomiting, diarrhea, headache, lethargy and possibly bleeding. More so, may cause muscle weakness, shortness 

of breath, copper deficiency, suppressed immunity, reduced High Density Lipoprotein which can stimulate heart attack (Tripathi, 2017). 

Zinc concentration from the study were lower than the report from various dust studies such as Ottawa, Canada (717 mg/kg) by 

Rasmussen et al.(2013), Istanbul, Turkey (832 mg/kg) by Kurt-Karakus (2012), Southern-Nigeria (825 mg/kg) by Iwegbue et al.(2019), 

Jenka, Malaysia (2879 mg/kg) by Sulaiman et al.(2017), Sydney, Australia (1876 mg/kg) by Israel et al. (2019) and Bushehr, Iran (1423 

mg/kg) by Ardashiri and Hashem (2017) (see table 2). 

 

Cobalt concentration from the study ranges from 2.70-15.22 mg/kg with a mean value of 8.39 mg/kg. The highest concentration was 

recorded in Obio Cottage Hospital, Althogh all samples were within the Canada soil guideline value (50 mg/kg); see table 1. Cobalt 

sources in the filter dust may be dust particulate from outdoor pollution and air conditioner casing (Iwegbueet al., 2019). A prolong 

exposure to cobalt result in asthma, pneumonia, eye effect, cardiac problems, and thyroid damage (Al-Fartusie and Mohssan, 

2017).Mean cobalt concentration from the study was similar to the various dust studies in Jeddah, Saudi Arabia (8.2 mg/kg) by Mansour 

et al.(2019), Ottawa, Canada (8.92 mg/kg) by Rasmussen et al.(2013) but slightly higher than those recorded in Abeokuta, Nigeria (4.21  
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mg/kg) by Olujimi et al. (2015) and Istanbul, Turkey (5.0 mg/kg) by Kurt-Karakus (2012) while it was lower than that of Southern, 

Nigeria (31.3 mg/kg) by Iwegbue et al. (2019) (see table 2). Manganese is an essential element in the human body however, the 

deficiency can lead to blood clotting, skeletal abnormalities, changes in hair color, fatness, glucose sensitivity, and reduced cholesterol 

levels (Spangler and Reid, 2010). Manganese concentration in the study ranges from 59.2-459 mg/kg with a mean value of 272 mg/kg. 

Manganese concentration higher than 200 mg/kg was recorded in 63.2 % (12 of 19) of the samples with the highest in Getwell Hospital 

(459 mg/kg); see table 1. A prolonged exposure to manganese causes damage to the respiratory tract and brain, headaches, sluggish 

joints, insomnia, forgetfulness, and nerve damage. Lung embolism, bronchitis and impotency in men (Hock et al., 2013). Manganese 

concentration from the study was higher than reports from various dust such as Sydney, Australia (220 mg/kg) by Israel et al. (2019), 

Ottawa, Canada (267 mg/kg) by Rasmussen et al. (2013), Japan (266) by Yoshinaga et al. (2014) and Istanbul, Turkey (136 mg/kg) by 

Kurt-Karakus (2012) but lower than reports made from Jeddah, Saudi Arabia (391 mg/kg) by Mansouret al. (2019), Abeokuta, Nigeria 

(328 mg/kg) by Olujimi et al. (2015) and Xi’an, China (565 mg/kg) by Chen et al. (2014), Southern-Nigeria (825 mg/kg) by Iwegbue et 

al. (2019); see table 2. 

 

Degree of Pollution  

Contamination Factor 

Contamination factor value are shown in table 3 and fig. 1., Fe, Co, Cu and Mn are of low contamination, Pb and Cr are of moderate 

contamination, Zn and Cd were of considerable and very high contamination respectively in the filter dust. Cd appear the principal 

contaminant of the dust. The CF value for the heavy metals are in a downward trend of Cd>Zn>Pb>Cr>Cu>Co>Mn>Fe. 

 

Geo-Accumulation Index 

Pollution assessments through geo-accumulation index of heavy metals in the air conditioner filter dust are shown in table 3 and fig. 2. 

The air conditioner filter dusts are unpolluted for majority of the heavy metals; Fe, Pb, Co, Cr, Mn and Cu while they are also unpolluted 

to moderate polluted for Cd and Zn. The Igeo value of heavy metal occurs in the decreasing order of Cd>Zn>Pb>Cr>Cu>Co>Mn>Fe. The 

filter dusts were not polluted for all the heavy metals since their values were less than 1.  

 

Enrichment Factor 

The enrichment factor value estimated for heavy metals in AC filer dust from Hospitals are shown in table 3 and fig. 3, reveals that Fe 

and Mn are of minimal enrichment, Co (2.14) a moderate enrichment, Pb, Cr and Cu were of severe enrichment, Zn (25.8) a very high 

enrichment while Cd (46. 3) an extremely very high enrichment in the filter dust. The enrichment of heavy metal is in the trend of 

Cd>Zn> Pb>Cr> Cu>Co>Mn>Fe. EF shows an identical pattern with the contamination factor, the EF value for Cd and Zn were above 

10, suggesting a strict anthropogenic source, other heavy metals were lower than 10 and also greater or equal to 1. This suggest a partial 

emergence from mixed anthropogenic and natural sources.  

 

Source Apportionment 

Pearson's correlation matrix 

The relationship between heavy metals in table 4., is an indicator for suggesting the source in the examined environment (Rodríguez et 

al., 2008). Pearson correlation from the study shows that Fe is positively associated to Pb (0.723), Zn (0.764), Co (0.608), Cu (0.764) at 

P<0.01. and Mn (0.520) at P<0.05. Pb is associated to Co (0.525) and Cu (0.485) at p<0.05. Cr is negatively associated to Zn (-0.491) at 

p<0.05. Zn is positively associated to Mn (0.586), Cu (0.883) and negatively associated to Cd (-0.721) at p<0.05. Co is positively 

associated to Cu (0.601) while Cu is negatively associated to Cd (-0.657). The obviously strong positive relationship between Fe,Pb,Zn 

and Cu suggests that the heavy metals are principally from anthropogenic source, more so, the negative association from heavy metals to 

Cd, suggest that Cd is purely from lithogenic source. 

 

Principal Component Analysis 

The principal component analysis of air conditioner filter dust considers only the Eigen values exceeded 1 are shown in table 5, the 

factors were plotted in rotated space to show the relationship between the heavy metals and possibly suggesting the common sources, 

fig. 5. Two components were extracted making up 73.29 % of the overall variance. First component accounted for 53.3 % of the total 

variance and a strong loading with Co, Fe and Pb this suggest an anthropogenic source with an element of a natural source. The 

anthropogenic sources could be from infiltrating of outdoor dust polluted with vehicular and generator emissions. The second 

component accounted for 19.99 % of the overall variance and a strong loading with Zn the sources of which are anthropogenic elements 

associated to fuel and lubricants in vehicles and generator set, furniture and cabinetries preservatives (Iwegbueet al., 2013; 2017). More 

so, the negative loading observed with Cr and Cd indicates a pure natural source. 

 

Human Health Risk Assessment  

Non-carcinogenic and Carcinogenic Risk 

The level of children and adults’ exposure to heavy metal in the air conditioner filter dust via ingestion, inhalation and dermal contact 

can be estimated using the mean daily dose (Bhandari et al. 2021). The mean daily doses of heavy metals in the filter dust on exposure 

are shown in tables 6 and 7. The values are higher in ingestion and dermal contact for both children and adult. This occur in the order of 

ingestion>dermal>inhalation. Children in the hospital environment are exposed to heavy metals in dust than the adult; this is justifiable 

since children are known for their crawling and hand–mouth behavior when playing. The health assessment of children and adults in the  
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environment, estimated based on non-carcinogenic and carcinogenic risks of via different exposure media are shown in tables 5 and 6. 

The non-carcinogenic risk value are said to be significant if the hazard index value is greater than 1 (Wu et al. 2015). Hazard index (HI) 

value from the study shows that all heavy metals were less than 1, suggesting non- significant, non- carcinogenic risk. Although, Cr 

(2.52 E+00) and Pb (5.60E+00) in children population are approaching the permissible limit and this calls for attention. Total 

carcinogenic risk (TCR) of the children and adult in the hospital environment are evaluated using a permissible range (1x10 -6 to 1x10-4). 

The population will be marked as being at carcinogenic risk if it is greater than 1x 10-4 (Wu et al. 2015; Yadav et al., 2017). The total 

carcinogenic risk value from the study shows that the children and adult in the hospital environment are not at risk of developing cancer 

from Cd and Pb on exposure while Cr (3.24E-04, 1.39E-04) respectively, demands close attention in the environment since it is at the 

ream of exceeding the permissible limit. 

 

Conclusion  

Dust samples collected from air conditioner filter in ten (10) hospitals in Port Harcourt, Nigeria shows high concentration of Cr and Zn 

in large proportion of the samples exceeding the stated values for the element in soil by the Canada, UK and Dutch intervention value. 

Pollution indices show Cd and Zn to be the major pollutant in the filter dust. The possible sources of Fe, Pb, Zn, Cu, Co are majorly 

anthropogenic with very few natural sources. Ingestion serves as the major exposure pathway in the hospital environment, both children 

and adult in the hospital environment are not at risk of developing cancer from Cd and Pb on exposure but Cr demands close attention in 

the environment. Therefore, a frequent assessment and monitoring of Air conditioner filter in the hospitals is recommended. 
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