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Abstract
The health risk of students’ exposure to some potentially toxic metals in classroom dusts in Southeast, Nigeria was 
assessed. Dust particles were collected from classrooms in some public high schools and digested with aqua regia before 
analysis for selected metals by atomic absorption spectrophotometry. The geoaccumulation index, contamination fac-
tor and the pollution load index were assessed from the metal concentrations of the dust. Hazard quotient and cancer 
risk index were used to estimate the potential health risk of students’ exposure to the metals in the dust. The metal 
concentrations (mg/kg) were in the ranges of 1.57–175.38 (Cr); 0.93–463.28 (Cu); 31.94.76–6623.41 (Fe); 4.96–143.98 (Ni); 
2.64–375.27 (Zn); and 2.35–53.96 (Pb).The geo-accumulation index values showed that all the dust samples were pol-
luted with Fe and Cr; and unpolluted with other metals with few exemptions. The contamination factor values showed 
that all the schools but one had a low contamination status due to Ni and Cu. There was moderate contamination by Pb 
at all the schools but two. All the schools had high contamination of Cr and Fe. The pollution load index indicated that 
the quality of all the classrooms was deteriorated. The calculated values of hazard quotient indicated that ingestion of 
dust at most of the classrooms would have no significant risk of non-carcinogenic effects on the health of the students. 
Dermal contact with the dust at all the classrooms would expose students to adverse effects of Fe. There will be adverse 
effect due to Pb for dermal contact with dust at most of the schools. Ingestion of dust particles at classrooms in all the 
schools would have carcinogenic effect due to Ni. Correlation analysis indicated that the sources of the metals varied. 
This study provided baseline data for relevant bodies to use in monitoring and controlling pollution so as to protect 
students from toxic metals.

Keywords Dust · Classrooms · Toxic metals · Health risk

1 Introduction

Dusts are airborne or settled small, dry, solid particles. They 
are generated naturally in sandstorms, volcanoes, wind, or 
from anthropogenic activities including bagging, demoli-
tion, crushing, conveying, grinding, shoveling, screening, 
sweeping and piling [1].

Dust particles released into the air will slowly settle due 
to the earth’s gravitational force [2]. The sizes of dust par-
ticles vary; some may be less than 1 μm and up to about 

100 μm in diameter. Dust particles can be found indoors 
and outdoors. The airborne dust particles may be inhaled 
or may settle on human skin on contact. Dust particles 
may be dissolved by sweat and eventually enter the blood-
stream through the skin pores. Human beings and animals 
may ingest dusty materials into their mouth or drink water 
with dust contamination. Human exposure to dust that 
occurs through oral intake, inhalation, and skin contact is 
of environmental concern because of the toxic constitu-
ents of the dust [3–5].
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Different types of dust are generated from environmen-
tal processes due to their different sources. Therefore, the 
chemical constituents of dust particles vary. Among the 
chemical components of dust are metals. Human expo-
sure to high levels of some metals leads to adverse health 
effects [6].

Reports of several researches on the concentrations 
of metals in dusts present in some environmental com-
partments indicate the extent of interests on this sub-
ject across the continents. Huang et al. investigated the 
amount of selected metals in indoor and outdoor dust 
particles found in cities of Guangzhou for contamination 
and risk assessment [7]. Taiwo et al. assessed road dust in 
Abeokuta, Nigeria, while Zheng et al. and Al-Khashman 
investigated the levels of heavy metals in the streets of 
Huludao, China and Amman, Jordan, respectively [8–10]. 
The results showed different levels of heavy metals in 
the areas. Nkansah et al. worked on the levels of metal 
in school classrooms at Kumasi, Ghana, where it was 
observed that geographical variation correlated with 
heavy metal load. Health risk assessment from this study 
showed that exposure through ingestion was more than 
exposure through dermal contact [11]. Popoola et al. [12] 
studied heavy metal concentrations in primary schools in 
Lagos, Nigeria, and revealed that the amount of the met-
als detected in classroom dust were lower than the levels 
observed in street dust of some other cities in the world.

Iniaghe et  al. studied heavy metals indoor dust of 
primary schools in Delta State, Nigeria and opined that 
location of the schools as well as opened windows for 
ventilation could be possible routes for heavy metals con-
tamination of classroom dust [13].

In many tropical and developing countries like Nige-
ria, dust particles are usually seen on most surfaces due 
to several uncontrolled human activities and natural 
factors. It is worrisome to notice the amount of settled 
indoor dusts at some public high school classrooms in 
Southeast Nigeria. It is common to see dust particles on 
various surfaces in the classrooms such as the windows, 
floors, tables, benches, chairs, walls, ceilings, books and 
shelves. Some of the buildings are dilapidated, lacking 
proper doors and windows to limit entry of door dust 
particles into the classrooms. In some schools, the win-
dows and doors are always open without inhibition to 
entry of dust particles into the classrooms. Wind effect 
disperses particles from outdoors to indoor where 
these particles settle as dust. The dust may become 
resuspended thereby polluting the environment. Most 
classrooms also lack ceiling boards and are not painted, 
while in the few painted ones, the paints are peeling off. 
From literature, there are no prior studies of the pollu-
tion indices based on the levels of metals in public high 
classroom dusts in SE Nigeria. Also, the risk associated 

with major pathways of students’ exposure to dust in 
the region has not been investigated. There is a pos-
sibility that health implications of exposure to metals 
in classroom dust may have been ignored or underes-
timated. There is no policy to regulate or control activi-
ties that may affect dust generation and dispersal in the 
schools. The World Health Organization (WHO) listed 
various health effects that may result from exposure to 
dust which included allergic responses, cancer, infection, 
inflammatory lung injuries, irritation, pneumoconioses 
and systemic poisoning [14].

Therefore, the aims of this study were: (1) to determine 
levels of toxic metals (Zn, Pb, Ni, Fe, Cu, and Cr) in some SE 
Nigeria classrooms’ dust; (2) to assess the pollution indi-
ces (geoaccumulation index (Igeo), contamination fac-
tors (CF) and pollution load index (PLI)) of the dust in the 
classrooms due to metals contamination, and (3) to assess 
the possible adverse health effects as a result of students 
exposure to the metals from ingestion, or dermal contact 
with the dust particles in their classrooms.

2  Materials and methods

2.1  Sample collection and sampling sites

Dust particles were collected from 72 sampling points in 
classrooms at selected public high schools in Enugu and 
Ebonyi States in Southeast, Nigeria. The map of the study 
area is presented in Fig. 1. The schools were chosen based 
on the student population, willingness of the schools to 
allow access and consideration of policies from separate 
state authorities.

Schools A, B, C and D are in rural areas and surrounded 
by farmlands where different crops were planted. The vol-
ume of vehicular movement around the schools was low. 
There was no industry with associated activities around 
the schools. Schools A and B are under a separate state 
environmental management authority from the other 
schools. Schools E, F, G and H are in urban environments 
where the volume of traffic due to vehicles was high. Lots 
of commercial activities with some industrial output were 
observed.

The samples were collected between August, 2019, and 
February, 2020, at three points in each classroom and nine 
classrooms from each school. At every sampling point, dif-
ferent hand gloves were worn and hard plastic brushes 
were used to gently sweep dust from the bookshelves, 
cemented floors, and tables in the classrooms into plastic 
bags. Samples were collected from the visible areas in the 
classrooms with easy accessibility and where students can 
easily have contact with dust.
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Dust particles collected from each classroom were 
mixed together as a composite sample which was then 
placed in sealed bags for each classroom.

2.2  Sample preparation and analysis

The dust samples in different labeled bags were put in 
a solar dryer at the National Center for Energy Research, 
University of Nigeria, Nsukka. After four days, the samples 
were screened with a standard test sieve (Rupson Indus-
tries, India) to remove pebbles and other objects larger 
than 100 μm which were collected with the dust particles. 
The samples (about 5 g from each classroom) were stored 
for laboratory analysis.

About 1.0 g of the consolidated dust particles from each 
classroom was digested separately in a beaker using aqua 
regia (3:1 HCl and  HNO3). This was done by adding 30 mL 
of the aqua regia to each of the samples in the 250 mL 
beaker. They were covered and heated on a hot plate, in a 

fume cupboard for 2.5 h at 120 °C. The digested mixture 
was then left to cool before it was filtered into a 50 mL 
volumetric flask, where it was made up to the mark with 
deionized water. Samples from each sampling point were 
digested in triplicates. Blanks were prepared and digested 
using the same procedure applied to the sample solutions.

After digestion, the concentrations of Zn, Ni, Pb, Fe, Cu 
and Cr in the digested samples and blanks were deter-
mined using an atomic absorption spectrophotometer 
(Model AA-7000, Shimadzu Corporation, Japan) which was 
connected to an air-acetylene flame burner. The equip-
ment was calibrated with standard solutions of the metals 
to be determined.

2.3  Quality control

The analytical procedures were subjected to quality 
control check in the following ways: (1) Recovery experi-
ments, in which mixed standard solution was spiked into 

Fig. 1  Map of South East Nigeria showing the sampling locations
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the samples. A measured volume of the mixed standard 
solution was added to a dust sample. The spiked sample 
was digested and the concentrations of the metals in the 
spiked sample solutions were determined using the AAS. 
The percent recovery was calculated as

where Css = concentration of the metal in the spiked sam-
ple, Cus = concentration of the metal in the unspiked sam-
ple, Cso = concentration of the metal in the spiked solu-
tion, (2) Triplicate digestions and analysis of the samples 
collected from each sampling point, (3) Use of metal con-
centrations in the blanks for corrections due to reagents, 
glassware and other materials, (4) The limit of detection 
(LOD) and the limit of quantitation (LOQ) for each element 
were determined. The determination was done to ascer-
tain the working performance of the instrument, follow-
ing a standard method [15]. The LOD and the LOQ were 
established from the calibration curves obtained when 
the standard solutions of each of the target metals were 
analysed in the instrument. The LOD was determined from 
the signal to noise ratio of 3 and the LOQ was based on the 
signal to noise ratio of 10.

The results for the recovery experiments ranged 
between 80 and 98% for chromium, 84–97% for copper, 
97–99% for iron, 86–97% for nickel, 92–99% for zinc, and 
87–98% for lead.

The LoD values (mg/kg) for the metals were 0.00001 
(Cr), 0.00001 (Fe), 0.00001 (Cu), 0.00001 (Ni), 0.0001 (Pb) 
and 0.00001 (Zn). The LoQ values (mg/kg) were 0.0001 
(Cu), 0.0001 (Cr), 0.0001 (Zn), 0.0001 (Ni), 0.0001 (Fe) and 
0.001 (Pb).

2.4  Pollution indices of the potential toxic metals 
in dust

In assessing the levels of contamination due to metals in 
the classroom dusts, the following pollution indices were 
investigated: (a) the geo-accumulation index, Igeo (b) the 
contamination factor, also known as the single factor pol-
lution index (PI) and (c) the pollution load index.

The geo-accumulation index values were assessed 
using the Muller’s expression [16] as given in Eq. 2:

The crustal abundance values of the metals: Cu = 45, 
Fe = 4.7, Ni = 68, Zn = 95, Cr = 90, and Pb = 20 were adopted 
as their background concentrations [17], while the back-
ground constant for lithogenic correction is 1.5.

(1)% Recovery =
Css − Cus

Cso
× 100

(2)Geoaccumulation index = log2

(

Concentration of the toxic metal in the dust particles

1.5 × Concentration of the toxic metal in the background sample

)

The contamination factors, which interpret the values 
on the range of < 1 to > 6 were calculated using Eq. 3 by 
Forstner and Wittmann [18].

where Cs = concentration of the metal in the dust; 
Cb = concentration of the metal in the background sam-
ple [17]

The pollution load index was calculated from the con-
tamination factor of each metal by using Eq. 4 [19, 20].

where n is the number of metals assessed; and CF is the 
contamination factor of each toxic metal in the dust 
particles.

2.5  Assessment of risk of exposure to some metals 
in classroom dust samples

According to Luo et al. health risk assessment is the char-
acterization of possible adverse health effects when 
humans are exposed to contaminants [21].

The non-cancer risk assessment of exposure to the 
heavy metals in the classroom dust particles was esti-
mated from the values of the Hazard Quotient (HQ).

The cancer effects of students’ exposure to some metals 
in their classroom dusts were assessed from the calcula-
tion of the carcinogenic risk index (CR).

Hazard Quotient is calculated from the ratio of the aver-
age daily dose (ADD) of the metal taken by a person to the 
reference dose (RfD). It gives an indication of the average 
daily exposure that is safe to human population [22].

This study used recommended RfD for the metals are 
presented in Table 1.

The major ways of students’ exposure to toxic met-
als in dusts in their classroom are through oral intake or 
ingestion; inhalation; and by dermal contact with the dust 
particles.

Equation (6) [5] was used to calculate the ADDing−nc(mg/
kg/day) for non-cancer metals when dust particles in the 
classrooms are ingested:

(3)CF = Cs∕Cb

(4)PLI = (CF1 × CF2 × CF3…CFn)1∕n

(5)HQ =
ADD

RfD

(6)ADDing−nc =
C × IgR × ED × EF

BW × AT
× 10−6
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Equation (7) [5] was used to calculate the daily dose of 
metal absorbed through dermal contact ( ADDder) (mg/kg/
day) for non-carcinogenic (nc) metals:

Equation (8) [17] was used to calculate the daily dose 
of metal absorbed through ingestion ( ADDing−c) (mg/kg/
day) for carcinogenic metals:

Equation (7) was also used to calculate the daily dose of 
metal absorbed through dermal contact ( ADDder−c) (mg/
kg/day) for carcinogenic metals.

Where C is the average heavy metal concentration (mg/
kg); IgR is the dust ingestion rate (30 mg/day) [26]; ED is 
the exposure duration (6 years) and EF is the exposure fre-
quency (240 days/year). BW is the average body weight of 
the students (20.3 kg) [27] and AT is the averaging time 
(1440 days in 6 years) and SA is the exposed skin area 
(2800  cm2) [28], SL is the skin adherence factor (0.2 mg/
cm2/day for children) [28], and ABS is the dermal absorp-
tion factor (0.001) [29].

HQ was calculated through dermal contact and inges-
tion was calculated for each metal.

Carcinogenic risk is an indication of the probability of 
an individual developing cancer on exposure to potential 
carcinogen over a lifetime. Carcinogenic risk (CR) index 
was calculated for each of these metals using Eq. 9 [30].

where CR is carcinogenic risks and SF stands for Slope 
factor. The slope factors used for this study are presented 
in Table 1.

2.6  Statistical analysis

Correlation coefficients were calculated and used to deter-
mine the relationship between the metals based on their 

(7)

ADDder−nc =
C × ABS × SA × SL × ED × EF

AT × BW
× 10−6

(8)ADDing−c =
C × IgR × × EF

AT
× 10−6

(9)CR = ADD ∗ SF

concentrations. Microsoft Excel version 2013 was used for 
the statistical calculations.

3  Results and discussion

3.1  Metal concentrations

The results of analysis for some toxic metals in samples of 
dust collected from the high schools classrooms (A-H) in 
SE, Nigeria are shown in Table 2. Also, included are in the 
Table 2 are some results from schools outside SE Nigeria. 
The mean levels of the metals in the study area in decreas-
ing order were Fe > Zn > Cr > Cu > Ni > Pb. It was observed 
that the average amount of the metals at the schools in 
decreasing order was B > G > H > C > E > A > F > D. Schools G 
and H are in an urban environment where a lot of commer-
cial activities that generate pollution take place. However, 
School B, which is located in a rural area, had the most 
elevated toxic metal content. It implies that the extent of 
pollution of an environment is not determined by only the 
commercial activities. The level of sanitation awareness 
and control, state of classroom infrastructure and local 
environmental policy may contribute to the pollution sta-
tus. Schools E and F are under a state administration with a 
different environmental policy, while the others belong to 
one state administration. Many factors are involved in the 
complexity of environmental studies. Some factors may 
be specific to an area which would account for a result of 
analyte composition in the environmental compartments.

There are no official limits for metals allowable in dust 
in the Nigerian environment. But permissible limits exist 
for metals in soil. Therefore, this study used the allowable 
limits for metals in soils in line with previous published 
studies on dust in Nigerian environment [13, 17].

Among the heavy metals studied, Fe concentrations 
were the highest at all the classrooms with a range of 
3194.76 to 6623.41 mg/kg. Fe can occur from natural origin 
and anthropogenic sources. Studies have shown that Fe is 
the predominant metal in the soil of Southeast ecological 
region of Nigeria [31]. Activities of welders and the wind 

Table 1  RfD and Slope factor 
of some metals

RfD-Reference dose; ing-ingestion; der-dermal, SF-Slope factor

RfDing
(mg  kg−1 day−1)

RfDinh
(mg  kg−1 day−1)

RfDder
(mg  kg−1 day−1)

SFing
(  mgday−1 mg−1)

Cr 3.00 × 10–3 [23] 2.86 × 10–5 [8] 6.00 × 10–5 [5] 5.00 × 10–1[24]
Cu 4.00 × 10–2 [23] 4.02 × 10–2[8] 1.20 × 10–2 [5]
Fe 7.00 X  10–1[23] 3.00 × 10–1[8] 6.00 × 10–2 [8]
Ni 2.00 × 10–2 [23] 2.06 × 10–2 [8] 5.40 × 10–3 [5] 0.91 [25]
Zn 3.00 × 10–1[23] 3.00 × 10–1[8] 6.00 × 10–2 [8]
Pb 3.50 × 10–3 [23] 3.52 × 10–3[8] 5.25 × 10–4 [8] 0.0085 [25]
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effect in the dispersion of the ferralitic soil to several loca-
tions including the classrooms can contribute to Fe pollu-
tion in the environment. Iron is one of the essential metals 
for humans. Iron consumption in high dosage over a long 

term may cause hemosiderosis. This condition is charac-
terized when hemosiderin is deposited in large quantity 
in the liver and other body tissues [32]. It has been discov-
ered that chronic toxicity can lead to aggressive behaviour, 

Table 2  Concentrations of 
metals at selected schools 
in Southeast Nigeria and 
comparison

TW implies THIS WORK, while NA implies NOT AVAILABLE

School Cr Cu Fe Ni Zn Pb References

A Mean 52.09 3.32 5712.12 28.93 205.06 30.53 TW
SD 24.33 2.91 326.33 1.26 52.84 15.57
Median 36.41 5.48 4894.72 35.48 197.63 19.71
Min 8.73 1.07 3651.42 13.47 86.29 8.56
Max 75.67 8.31 6009.67 54.85 375.27 53.94

B Mean 53.19 39.25 6125.65 42.83 270.36 39.76 TW
SD 37.99 8.55 92.24 3.29 5.48 0.38
Median 41.63 5.89 173.62 5.37 246.72 26.51
Min 37.15 25.32 5872.31 34.62 186.25 18.64
Max 92.53 48.54 6251.34 53.75 293.74 53.96

C Mean 121.33 13.09 6144.01 14.55 7.94 15.29 TW
SD 56.81 4.96 40.63 5.23 3.21 2.54
Median 48.32 7.56 53.64 4.87 3.16 5.41
Min 92.89 2.73 5842.91 7.94 2.64 3.95
Max 174.25 33.17 6324.16 29.51 12.42 26.83

D Mean 95.63 3.98 5085.02 10.46 18.35 23.89 TW
SD 23.21 11.02 651.87 8.84 3.39 5.76
Median 48.32 6.56 1487.36 5.27 5.83 7.57
Min 28.75 2.72 3594.72 4.96 4.57 5.53
Max 142.83 9.45 6351.86 19.73 26.48 49.51

E Mean 27.03 306.55 5578.89 16.75 118.47 20.24 TW
SD 0.61 240.02 241.81 12.58 115.69 0.64
Median 2.89 174.77 536.83 11.74 73.56 4.97
Min 1.57 58.52 3194.76 6.52 41.63 2.35
Max 38.31 463.28 6385.75 34.43 325.35 32.74

F Mean 54.46 1.31 5779.65 13.9 90.88 30.39 TW
SD 27.34 0.02 116.28 2.16 87.76 20.21
Median 22.74 2.45 4353.27 15.47 93.64 23.16
Min 5.53 0.74 3638.41 11.73 67.42 17.38
Max 67.28 3.92 5974.26 18.45 143.91 42.62

G Mean 54.2 13.9 6064.47 120.37 91.73 20.41 TW
SD 0.01 2.65 7.93 93.58 2.68 14.25
Median 41.28 7.44 5847.33 95.27 75.58 12.54
Min 35.85 4.91 5264.27 42.53 51.93 8.48
Max 63.87 16.95 6623.41 143.98 118.32 29.36

H Mean 137.79 2.66 6124.8 25.54 22.76 41.4 TW
SD 18.79 0.05 42.92 1.02 15.07 29.49
Median 68.35 1.68 4856.37 19.27 12.57 25.63
Min 67.26 0.93 3867.45 13.23 7.83 13.58
Max 175.38 3.75 6583.62 34.84 32.96 57.24

Nigeria Range 15–35 NA NA 14–35 NA 50–90 [13]
Nigeria Range 0.04–17.37 NA NA NA NA 0.06–85.51 [12]
Ghana Range 0.00–0.93 NA NA NA NA 0.00–0.042 [11]
Toronto Mean 52.3 246 NA 47.3 1353 49.0 [34]
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fatigue, anorexia, arthritis, gut damage, headaches, heart 
disease, histamine, hyperactivity, liver damage, increased 
oxidative stress and blood levels of serotonin, metabolic 
acidosis, and loss of weight [33].

The average level of Zn in the study ranged from 2.64 to 
375.27 mg/kg. This is less than the 1353.0 mg/kg observed 
in Toronto classrooms [34]. The sources of Zn vary from 
paints, roofing materials and soil to infiltration of traffic-
contaminated outdoor dust [35]. Zn is classified as an 

essential metal. However, exposure to very high concen-
tration of Zn or its deficiency may enhance susceptibility 
to carcinogens [36]. The level of Zn at Schools A and B were 
higher than the permissible limit for Zn in Nigeria which 
is 140 mg/kg [37].

The range of concentrations of Cr in the samples was 
1.57–175.38 mg/kg. The sources may probably be due 
to activities involving steel works at the vicinity of some 
of the schools. Schools C and H had levels higher than 

Table 3  Geoaccumulation 
Index

School Cr Cu Fe Ni Zn Pb

A Mean 6.86 − 4.35 9.66 − 1.84 0.53 0.03
SD 5.76 − 4.54 5.53 − 6.64 − 1.43 − 0.97
Median 6.34 − 3.63 9.44 − 1.51 0.48 − 0.61
Min 4.28 − 5.97 9.02 − 2.94 − 0.56 − 1.81
Max 7.39 − 3.02 9.74 − 0.89 1.4 0.85

B Mean 6.89 − 0.79 9.76 − 1.25 0.93 0.41
SD 6.4 − 2.98 3.71 − 5.06 − 4.64 − 6.64
Median 6.53 − 3.52 4.62 − 4.32 0.79 − 0.18
Min 6.37 1.42 9.7 − 1.56 0.39 − 0.69
Max 7.68 − 0.47 9.79 − 0.92 1.04 0.85

C Mean 8.08 − 2.4 9.77 − 2.84 − 4.06 − 0.97
SD 6.98 − 3.78 2.53 − 4.32 − 5.64 − 3.64
Median 6.75 − 3.16 2.93 − 4.32 − 5.64 − 2.47
Min 7.69 − 4.64 9.7 − 3.64 − 5.64 − 2.94
Max 8.6 − 1.03 9.81 − 1.79 − 3.47 − 0.17

D Mean 7.73 − 4.06 9.5 − 3.32 − 2.94 − 0.33
SD 5.69 − 2.64 6.53 − 3.47 − 5.64 − 2.4
Median 6.75 − 3.37 7.72 − − 4.32 − 4.64 − 2
Min 6 − 4.64 8.99 − 4.32 − 5.06 − 2.47
Max 8.31 − 2.84 9.82 − 2.4 − 2.4 0.72

E Mean 5.91 2.18 9.63 − 2.64 − 0.27 − 0.58
SD 0.44 1.83 5.1 − 3.06 − 0.3 − 5.64
Median 2.68 1.37 6.25 − 3.06 − 0.94 − 2.56
Min 1.8 − 0.2 8.82 − 4.06 − 1.79 − 3.64
Max 6.41 2.78 9.82 − 1.56 1.19 0.12

F Mean 6.92 − 5.72 9.68 − 2.84 − 0.64 0.01
SD 5.93 − 11.72 4.04 − 5.64 − 0.69 − 0.58
Median 5.66 − 4.8 9.27 − 2.74 − 0.6 − 0.38
Min 3.62 − 6.64 9.01 − 3.06 − 1.09 − 0.79
Max 7.22 − 4.06 9.73 − 2.47 0.01 0.51

G Mean 6.91 − 2.25 9.75 0.24 − 0.64 − 0.56
SD − 5.64 − 4.64 0.16 − 0.12 − 5.64 − 1.06
Median 6.52 − 3.18 9.7 − 0.1 − 0.92 − 1.25
Min 6.32 − 3.84 9.54 − 1.25 − 1.47 − 1.84
Max 7.15 − 2 9.88 0.5 − 0.27 − 0.03

H Mean 8.26 − 4.64 9.76 − 2 − 2.64 0.46
SD 5.38 − 10.4 2.61 − 6.64 − 3.18 − 8.77
Median 7.25 − 5.64 9.43 − 2.4 − 3.51 − 0.23
Min 7.22 − 6.64 9.1 − 2.94 − 4.32 − 1.15
Max 8.61 − 4.06 9.87 − 1.56 − 2.12 − 1.15
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100 mg/kg [37] which was the permissible safe limit for Cr 
in Nigeria. The average level for the study was 74.47 mg/kg 
which is higher than in Toronto schools (52.3 mg/kg) and 
Lagos high density schools (10.53 mg/kg). It is higher than 
the mean concentration of chromium in the earth’s crust 
which is 0.2 μg/g [38]. This suggests that the chromium 
was introduced from anthropogenic sources. The carcino-
genicity is linked with inhalation of Cr(VI) compounds [39]. 
Chromium is also an essential element which is important 
for normal glucose metabolism but chromium(VI) is highly 
toxic [40] because of their oxidizing properties through 
the cell membranes [41]. Skin contact with high level of 
chromium has been known to produce contact dermatitis 
[42].

The mean concentration range of Cu was 0.93–463.28. 
Levels above the permissible limit of 20 mg/kg [37] were 
observed in Schools B and E. The average for this study 
is 40.01 mg/kg which is lower than the level at Toronto 
schools (246.0 mg/kg).

The International Agency for Research on Cancer (IARC) 
has reported that nickel compounds are carcinogenic to 
humans and metallic nickel is probably carcinogenic to 
humans [43]. Nickel was among the trace metals detected 
in the classroom dusts. It ranged from 4.96 to 143.98 mg/
kg in the samples studied, with Schools A and G exceed-
ing the permissible limit of 35 mg/kg [37]. The average 
for this study is 34.17 mg/kg. This is near to the levels at 
Southsouth, Nigeria schools at 35 mg/kg [13] but lower 
than the level at Toronto schools at 47.3 mg/kg. One of 
the sources of Ni in classrooms is from infiltration from 
outdoor contaminated particulate matter [44].

The average level of Pb in this study is 27.74 mg/kg, 
from a range 2.35–53.96 mg/kg. The sources of Pb include 
paint and vehicular emissions from the use of leaded 
petroleum products. Pb may have accumulated in the 
classroom dusts due to the paints used in some of the 
schools. Paint flakes were observed on the floors in some 
of the classrooms. Adebamowo et al. [45] reported that 
most emulsion and gloss paints produced in Nigeria had 

high levels of lead. At 85 mg/kg permissible limit [37], the 
observed level of Pb at all the studied schools was below 
the limit. This level may be attributed to the location of 
some of the schools which were with low vehicular move-
ment that would have emitted lead from fuel. Some of 
the classrooms were not painted or the paint flakes may 
have peeled off over time. The levels at Toronto schools 
(49.0 mg/kg), Lagos high density schools (23.89 mg/kg) 
and Ghana schools (0.0482 mg/kg) were also low. Lead 
is a non-volatile toxic metal that affects various systems 
of the body, such as the cardiovascular, gastrointestinal, 
hematologic, neurologic and renal systems. Young people, 
especially children are mostly at higher risk on exposure to 
lead even at low levels as this can cause serious learning 
disabilities, seizures, or even death. [46].

The mean, median and standard deviations of concen-
trations of the metals as shown in Table 2 did not follow 
a pattern. The mean was used for the discussion as it was 
observed however that the median and the standard 
deviations were lower than the mean values in most of 
the study areas.

The degree of toxicity of toxic metals to humans 
depends on considerations like the type of metal, dosage 
of the metal absorbed, length of time and route of expo-
sure, and age of the individual [47].

3.2  Contamination status

The levels of contamination based on the calculation of 
the Igeo and the CF for the studied schools are given in 
Tables 3 and 4.

3.2.1  Geoaccumulation index

Thegeo-accumulation index values for the studied sites 
are presented in Table 3. The interpretation of Igeo val-
ues by Muller [16] was applied in this study. The values 

Table 4  Contamination factors 
(CF) and Pollution load index 
(PLI)

Note: CF < 1, Low contamination; 1 ≤ CF < 3, Moderate contamination; 3 ≤ CF ≤ 6, Considerable contami-
nation; CF > 6, High contamination [18]

School Cr Cu Fe Ni Zn Pb PLI

A 173.63 0.07 1215.32 0.43 2.16 1.53 20,990.71
B 177.3 0.87 1303.33 0.63 2.85 1.99 718,324.8
C 90.1 6.81 1187 0.25 1.25 1.01 229,876.2
D 181.53 0.03 1229.71 0.2 0.96 1.52 1954.417
E 180.67 0.31 1290.31 1.77 0.97 1.02 126,557.2
F 459.3 0.06 1303.15 0.38 0.24 2.07 6779.65
G 404.43 0.29 1307.24 0.21 0.08 0.76 1957.58
H 7.73 − 4.08 9.49 − 3.28 − 2.95 − 0.33 955.687
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of Igeo for Cu are negative at all schools except School 
C. The values for Ni are negative at all the schools except 
School E, while they are also negative for Pb and Zn except 
at Schools A and B which were unpolluted to moderately 
polluted (0 ≤ Igeo < 1). Based on the classification by Mul-
ler [16], these negative values imply that the environment 
is unpolluted with the metals. All the schools were very 
strongly polluted with Fe (Igeo ≥ 5, Very strongly polluted), 
strongly polluted to very strongly polluted with Cr, since 
they had positive Igeo values.

3.2.2  Contamination factor

The pollution intensity or contamination status was 
assessed using the proposal by Forstner and Wittmann 
[18]. This was based on the calculated CF values as pre-
sented in Table 4. At all the schools, the average con-
centrations indicated that Ni had a low contamination 
status (CF < 1) except at School E (moderate contamina-
tion), while Cu had a low contamination status except at 
School C. There was moderate contamination by Pb at 
all the schools except at Schools G and H (low contami-
nation). All the schools are highly contaminated with 
Cr and Fe (CF > 6).Fe had the maximum value of CF at 
School G (1307.24), while the lowest CF value observed 
was by Cu at School H (− 4.08). The mean CF values for 
the investigated metals in this study were in the order: 
Fe > Cr > Pb > Zn > Cu > Ni.

3.2.3  Pollution load index

The pollution load index based on the proposal by Toml-
linson et al. [20], show that the PLI was greater than unity 
in all the studied schools as presented in Table 4. The PLI 
values ranged from 9555.69 to 718,324.8. This indicates 
that the dusts were polluted by the heavy metals. It also 
implies that the quality of the classrooms was deterio-
rated. The deterioration of site quality, in descending 
order, was B > C > E > A > F > G > D > H. Thus, School B had 
the worst deterioration of site quality.

3.3  Assessment of potential health risk

The results of calculated Average Daily Dose (ADD), 
 HQing, and  HQder are presented in Tables 5 and 6 respec-
tively. The calculated values of  HQing for each of the 
selected metals except Pb at School B were less than 
one. This indicates that ingestion of dust at the class-
rooms except at School B would have no significant 
non-carcinogenic harmful effects on the health of the 
students [48, 49]. However, dermal contact with the dust 
at all the classrooms would expose students to adverse Ta

bl
e 

5 
 C

al
cu

la
te

d 
Av

er
ag

e 
D

ai
ly

 D
os

e 
(A

D
D

) t
hr

ou
gh

 in
ge

st
io

n 
an

d 
de

rm
al

 c
on

ta
ct

 w
ith

 m
et

al
s 

at
 c

la
ss

ro
om

s 
in

 S
ou

th
ea

st
, N

ig
er

ia

Cu
Fe

Zn
Pb

Cr
N

i

Sc
ho

ol
s

A
D

D
in

g
A

D
D

de
r

A
D

D
in

g
A

D
D

de
r

A
D

D
in

g
A

D
D

de
r

A
D

D
in

g
A

D
D

de
r

A
D

D
in

g
A

D
D

de
r

A
D

D
in

g
A

D
D

de
r

A
4.

91
 ×

 1
0–6

7.
39

 ×
 1

0–5
8.

45
 ×

 1
0–3

1.
27

 ×
 1

0–1
3.

03
 ×

 1
0–4

4.
56

 ×
 1

0–3
4.

07
 ×

 1
0–6

6.
79

 ×
 1

0–4
6.

50
 ×

 1
0–6

1.
16

 ×
 1

0–3
3.

62
 ×

 1
0–6

6.
44

 ×
 1

0–4

B
5.

81
 ×

 1
0–5

8.
73

 ×
 1

0–4
9.

05
 ×

 1
0–3

1.
36

 ×
 1

0–1
3.

99
 ×

 1
0–4

6.
01

 ×
 1

0–3
1.

7 
× 

10
–2

8.
84

 ×
 1

0–4
1.

17
 ×

 1
0–5

1.
18

 ×
 1

0–3
5.

35
 ×

 1
0–6

9.
53

 ×
 1

0–4

C
1.

94
 ×

 1
0–5

2.
91

 ×
 1

0–4
9.

08
 ×

 1
0–3

1.
37

 ×
 1

0–1
1.

17
 ×

 1
0–5

1.
77

 ×
 1

0–4
2.

28
 ×

 1
0–5

3.
40

 ×
 1

0–4
1.

52
 ×

 1
0–5

6.
01

 ×
 1

0–2
1.

82
 ×

 1
0–6

3.
24

 ×
 1

0–4

D
5.

88
 ×

 1
0–6

8.
86

 ×
 1

0–5
7.

52
 ×

 1
0–3

1.
13

 ×
 1

0–1
2.

72
 ×

 1
0–5

4.
08

 ×
 1

0–4
3.

54
 ×

 1
0–5

5.
32

 ×
 1

0–4
1.

20
 ×

 1
0–5

2.
13

 ×
 1

0–3
1.

31
 ×

 1
0–6

2.
33

 ×
 1

0–4

E
4.

53
 ×

 1
0–4

6.
82

 ×
 1

0–3
8.

25
 ×

 1
0–4

1.
24

 ×
 1

0–1
1.

76
 ×

 1
0–4

2.
64

 ×
 1

0–3
3.

05
 ×

 1
0–5

4.
50

 ×
 1

0–4
3.

38
 ×

 1
0–6

6.
01

 ×
 1

0–4
2.

09
 ×

 1
0–6

3.
73

 ×
 1

0–4

F
1.

94
 ×

 1
0–6

2.
92

 ×
 1

0–5
8.

55
 ×

 1
0–3

1.
29

 ×
 1

0–1
1.

34
 ×

 1
0–4

2.
02

 ×
 1

0–3
4.

50
 ×

 1
0–5

6.
76

 ×
 1

0–4
6.

81
 ×

 1
0–6

1.
21

 ×
 1

0–3
1.

74
 ×

 1
0–6

3.
09

 ×
 1

0–4

G
2.

06
 ×

 1
0–5

3.
09

 ×
 1

0–4
8.

96
 ×

 1
0–3

1.
35

 ×
 1

0–1
1.

36
 ×

 1
0–4

2.
04

 ×
 1

0–3
3.

02
 ×

 1
0–5

4.
54

 ×
 1

0–4
6.

78
 ×

 1
0–6

1.
21

 ×
 1

0–3
1.

50
 ×

 1
0–5

2.
68

 ×
 1

0–3

H
3.

93
 ×

 1
0–6

5.
92

 ×
 1

0–5
9.

05
 ×

 1
0–3

1.
36

 ×
 1

0–1
3.

36
 ×

 1
0–5

5.
06

 ×
 1

0–4
6.

12
 ×

 1
0–5

9.
21

 ×
 1

0–4
1.

79
 ×

 1
0–5

3.
07

 ×
 1

0–3
3.

19
 ×

 1
0–6

5.
68

 ×
 1

0–4



Vol:.(1234567890)

Research Article SN Applied Sciences (2021) 3:43 | https://doi.org/10.1007/s42452-020-04099-7

effects of Fe. There will be adverse effect due to Pb for 
dermal contact with dust at Schools A, B, D, F and H since 
the  Hder is greater than one. Dermal contact with dust 
at Schools C, E and G would have no significant risk of 
non-carcinogenic harmful effects on the health of the 
students.

The calculation for carcinogenic risk assessment is pre-
sented in Table 7. Ingestion of dust particles at classrooms 
in all the schools would have no carcinogenic effect due to 
Cr and Pbas the cancer risk values were within the cancer 
tolerable range of  10–6 to  10–4 [50]. But ingestion of dust 
particles at classrooms in all the studied schools would 
pose a carcinogenic risk due to Ni. This is due to the values 
from the calculation for cancer risk, which were outside 
the cancer tolerable range of  10–6 to  10–4 [50].

From the above results, there is pollution of the dusts in 
the classrooms by heavy metals at different levels raising 
health concerns.

3.4  Correlation analysis

Table 8 shows the correlation coefficients between metal 
concentrations in the dust samples. Significant correla-
tion may be used to indicate heavy metals that originated 
from the same source [51]. There were positive coefficients 
observed for Cr/Fe (0.218), Cr/Pb (0.129), Cu/Zn (0.139), 
Fe/Ni (0.4), Fe/Zn (0.169), Fe/Pb (0.254), Ni/Zn (0.188) and 
Zn/Pb (0.426). Negative correlations existed between the 
following metal pairs: Cr/Cu (− 0.515), Cr/Ni (− 0.256), Cr/
Cu (− 0.218), Cu/Ni (− 0.157), Cu/Pb (− 0.296), and Ni/Pb 
(− 0.103). No significant correlation existed between the 
metals at 0.01 levels (two tailed). The indication is that the 
metals in the dusts may have originated from different pol-
lution sources.

This study used elemental concentrations in the dust 
samples to obtain a first and precautionary estimate of 
the health risk associated with the dermal and oral intake 
of dusts. Using total elemental concentrations as exposure 
indicators can be regarded as a limitation of this study 
because in the digestive system, the degree of solubiliza-
tion aries from metal to metal, and therefore an estimate of 
the bioavailable or bioaccessible fraction should provide 
a better metric in the investigation of its potential health 
impact than its total concentration. Moreover, there are 

Table 6  Noncarcinogenic risk 
of metals in classroom dust

Cu Fe Zn Pb

School HQing HQder HQing HQder HQing HQder HQing HQder

A 1.23 × 10–4 6.16 × 10–3 1.21 × 10–2 2.12 1.01 × 10–3 7.60 × 10–2 1.16 × 10–3 1.29
B 1.45 × 10–3 7.28 × 10–2 1.29 × 10–2 2.27 1.33 × 10–3 1.00 × 10–1 4.8571429 1.68
C 4.85 × 10–4 2.43 × 10–2 1.30 × 10–2 2.28 3.90 × 10–5 2.95 × 10–3 6.51 × 10–3 6.48 × 10–1

D 1.47 × 10–4 7.38 × 10–3 1.07 × 10–4 1.88 9.07 × 10–5 6.80 × 10–3 1.01 × 10–2 1.01
E 1.00 × 10–2 5.68 × 10–1 1.18 × 10–3 2.07 5.87 × 10–4 4.40 × 10–2 8.71 × 10–3 8.57 × 10–1

F 4.85 × 10–5 2.43 × 10–3 1.22 × 10–2 2.15 4.47 × 10–4 3.37 × 10–2 1.29 × 10–2 1.29
G 5.15 × 10–4 2.58 × 10–2 1.28 × 10–2 2.25 4.53 × 10–4 3.40 × 10–2 8.63 × 10–3 8.65 × 10–1

H 9.83 × 10–5 4.93 × 10–3 1.29 × 10–2 2.27 1.12 × 10–4 8.43 × 10–3 1.75 × 10–2 1.75

Table 7  Carcinogenic risk of metals through ingestion of dust

School Cr Ni Pb
CRing CRing CRing

A 1.30 × 10–5 3.98 × 10–6 9.88 × 10–5

B 2.34 × 10–5 5.88 × 10–6 4. 13 × 10–2

C 3.04 × 10–5 2.00 × 10–6 5.54 × 10–5

D 2.40 × 10–5 1.44 × 10–6 8.60 × 10–5

E 6.76 × 10–6 2.30 × 10–6 7.41 × 10–5

F 1.36 × 10–5 1.91 × 10–6 1.09 × 10–4

G 1.36 × 10–5 1.65 × 10–6 7.33 × 10–5

H 3.58 × 10–5 3.51 × 10–6 1.49 × 10–4

Table 8  Correlation 
coefficients between metals

Cr Cu Fe Ni Zn Pb

Cr 1
Cu − 0.518 1
Fe 0.218 − 0.218 1
Ni − 0.256 − 0.157 0.4 1
Zn − 0.68 0.139 0.169 0.188 1
Pb 0.129 − 0.296 0.254 − 0.103 0.426 1
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other methods such as mechanistic models that should 
provide better estimates of dust and soil ingestion rates.

Adverse health effects from exposure to dusts make 
it imperative for policies that would reduce its entry into 
classrooms. These would include construction of the 
school buildings with appropriate doors and windows, 
fixing of dust filters on classroom doors and windows as 
well as regular cleaning and repainting of the classrooms. 
Some activities that may generate dusts may be restricted 
to reasonable distances from schools. Proper maintenance 
of the school buildings, including fixing of damaged doors, 
ceilings and windows are also recommended. Healthy 
environmental practices should be imbibed including 
wearing of protective cloths and cleaning of food before 
ingestion.

4  Conclusions

The mean levels of the metals in the study area in decreas-
ing order were Fe > Zn > Cr > Cu > Ni > Pb. It was observed 
that the average amount of the metals at the schools in 
decreasing order was B > G > H > C > E > A > F > D. School B 
is in a rural area, while schools G and H are in an urban 
environment. The findings indicated that all the class-
rooms were contaminated at different levels with the 
selected metals. The degree of pollution of the classrooms 
ranged from low contamination due to Cu and strong con-
tamination due to Fe. It was found that ingestion of dust 
in the classrooms posed no significant non-carcinogenic 
risk on the students’ health. There was carcinogenic risk 
for ingestion of the dusts due to Ni. Dermal contact posed 
significant non-carcinogenic health risk at some schools. 
Exposure to these toxic metals may cause adverse health 
effects depending on the total dose absorbed, level, route 
of exposure and age of the person. The sources of the met-
als varied. Measures to monitor and reduce exposure to 
dust in the classrooms are required. These may include 
constructing classrooms with appropriate dust traps, regu-
lar cleaning and maintenance of the school environment 
and regulation of activities in the vicinity of the schools to 
improve the quality of the environment.
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