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ABSTRACT

Introduction: This study determines the concentration of selected heavy metals in indoor dust from selected  
laboratories in UiTM Cawangan Pahang and estimates the potential health risks of metal exposure. Methods: Dust 
samples were collected from the Chemistry lab, Biology lab, and Physics lab based on the frequency used by  
students. The aluminium (Al), cadmium (Cd), copper (Cu) and lead (Pb) compositions of the dust samples were 
analysed using Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES). Results: The overall  
concentrations of heavy metals were in the order of Al > Cu > Pb > Cd. The enrichment factor (EF) calculation indicated 
that the heavy metal determined in indoor dust were influenced by natural and anthropogenic sources. Pb was found 
to have the highest enrichment (EF>10) in indoor dust collected, which may be contributed by indoor materials and 
vehicular emissions. The overall hazard index (HI) value suggests a minimal non-carcinogenic risk (HI=1.01x10-3). 
However, there is a slightly high estimated value for the ingestion exposure route of lifetime cancer risk (LCR>1.0x10-4).  
Conclusion: Perhaps a comprehensive monitoring assessment of indoor dust should be considered to ensure the 
safety of laboratory occupants.
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INTRODUCTION

Indoor environments regularly have higher levels 
of air pollutants than outdoor environments (1, 2). 
Students may stay longer indoors than outdoors (3). 
The productivity and health status of students may be 
affected by exposure to poor indoor air quality (1). 
Indoor sources and activities, as well as outdoor sources 
such as fuel combustion, influenced the level of indoor 
air quality (4, 5). Outdoor sources may cause airborne 
pollutants to adsorb on particulate matter and become 
deposited as indoor dust (2). Walking activities and 
ventilation systems could suspend the particles and 
eventually influence metal concentration in the indoor 
dust (6). Coarser dust particles have higher deposition 
velocities than smaller dust particles, indicating the 
smaller one can remain for a longer time in the air 
(7). Fine particles, which usually contain hazardous 
constituents, potentially penetrate deep into the lung, 
disturbing the human respiration system (8).

Allergies, skin irritation, and respiratory diseases are 

some common effects of indoor air pollutant exposure 
(8, 9). Indoor dust might contain metals which is linked 
to cardio injuries as well as cancer (10). Therefore, 
measuring indoor dust composition is crucial when 
assessing the health risks of a building occupant. Limited 
studies explore the metal composition in indoor dust, 
especially in university laboratories. An earlier study 
noted that metal composition in indoor laboratories is 
more dominant than in other buildings (11). Hence, 
this study intends to assess the concentration of 
metals (Al, Cu, Cd, and Pb) in indoor dust from three 
different laboratories at UiTM Cawangan Pahang, 
Jengka, Malaysia. A health risk assessment model has 
been adopted to estimate the non-carcinogenic and 
carcinogenic risks of metal composition in indoor dust.

MATERIALS AND METHODS

The dust collection approach was adapted from Zhong 
et al. (1), Latif et al. (2), and Sulaiman et al. (11). A total of 
24 dust samples were collected from three laboratories, 
namely Chemistry Lab 3, Biology Lab 1, and Physics  
Lab 4 within the same building in UiTM Cawangan 
Pahang. The Physics and Biology labs are facing each 
other at the lower level, while the Chemistry lab located 
at level one. The Physics lab is facing the main road 
of the campus. Biology and Chemistry labs, however, 
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located on the other side. These sampling locations 
were chosen based on the frequency used by students, 
and ventilation systems which trap pollutants inside the 
building (2, 12).

Samples were collected twice a week for four weeks, 
between 9.00 a.m. and 5.00 p.m, during academic 
activities for all sampling locations. All sampling 
locations can be occupied by 30 persons at one time, 
with a combination of mechanical supply type (fans) 
and exhaust type (air-conditioned) ventilation systems 
applied. The dust samples were collected from windows, 
fans, fume hoods, and air conditioners. For each 
sampling point and sampling event, a new paintbrush 
and polyethylene container used and labelled to avoid 
cross-contamination.

The dust samples were dried in an oven at 105oC for 24 
hours. Then, about 0.5-1.0 g of the fine portion of the 
dust was weighed and digested with a mixture of nitric 
acid (HNO3) and perchloric acid (HCIO4) at a ratio of 
4:1 on a hot plate at 50oC for 1 hour inside a fume hood 
(11). The solution was cooled before filtering through 
filter paper into a 100 ml volumetric flask. After that, 
the filtrate was added with deionized water up to the 
calibration mark of 100 mL in a volumetric flask. The 
samples were analysed in triplicate using an Inductively 
Coupled Plasma Optical Emission Spectrometry (ICP-
OES) to determine the concentration Al, Cd, Cu, and 
Pb. Topsoil near to sampling location, about <2 m from 
sampling point building, was collected with a depth of 
0.01m as the reference sample. This study adopted the 
adjacent topsoil concentrations of heavy metals as the 
earth’s crust ratio (11). The soil samples were dried in 
a furnace at 450oC for 3 hours. Then, about 1g of the 
reference sample was digested using the same digestion 
method as a dust sample.

A health risk assessment (HRA) framework considering 
ingestion, inhalation and skin contact was adopted from 
the United States Environmental Protection Agency 
(13). Average daily dose (ADD) is calculated for each 
heavy metal exposure. Reference dose values were used 
to determine potential non-cancer and cancer risks, as 
indicated in Table I. The estimation of health risks was 
adapted from USEPA (13) and USDOE (14) with the 
following equations:
 

ADDingest =                                   x CF               (1)                           

ADDdermal =                                               x CF  (2)

ADDinhale =                                    x CF              (3)

HQ = ADD /RfD                                                   (4)
HI = ∑ (HQingest + HQdermal + HQinhale)        (5)
CR=ADD  x  SF                                                     (6)
LCR = ∑ (CRingest + CRdermal + CRinhale)         (7)                                           

 Cdust x IngR x EF x ED       
            BW x AT
 Cdust x SA x AF x ABS x EF x ED      
                  BW x AT
 Cdust x InhR x EF x ED                      
      PEF x BW x AT

The enrichment factor (EF) was calculated to estimate 
the metal enrichment level in the indoor dust (15). 
Pearson correlation analysis was used to identify the 
potential relationships among metal elements in indoor 
dust. Cluster analysis was adopted to group the potential 
source of indoor dust. Pearson correlation and cluster 
analysis were performed using the Statistical Package for 
Social Science (SPSS) v20.  

RESULTS  

The average concentrations of metal (Al, Cd, Cu, Pb) 
in indoor laboratories’ dust are shown in Fig. 1. The 
concentrations were dominated by Al followed by Cu, 
Pb and Cd. Cu and Pb concentration are the highest at 
the Physics lab. Al is the highest (>4 µg/g), meanwhile, 
Cd is the lowest (< 0.1 µg/g) in all sampling laboratories. 
The EF values of the metal were estimated based on EF = 
Xi/R (dust) / Xi/R (background), where Xidust is the concentration 
of the metal in indoor dust, Xibackground is the concentration 
of metal in reference sample, Rdust and Rbackground are the 
Al concentration in dust sample and reference sample 
respectively. The enrichment levels ranking of metal is 
as follows: Pb (very high) > Cu (minimal to moderate) > 
Cd (minimal), as seen in Table II. 

Table I : Reference values of parameters for estimation of non- cancer 
and cancer risks via exposure ingestion, dermal contact and inhalation 
routes

Parameter Unit Value*

Cdust - Concentration of metal 
in dust

µg/kg

SA -Skin surface area cm2/event 5700

AF - Skin adherence factor mg/cm2 7x10-2

ABS - Dermal absorption factor 1x10-3

EF - Exposure frequency days/year 350

ED -Exposure duration years 24

CF- Conversion factor kg/mg 1x10−6

BW-Average body weight kg 70

AT-Averaging time days 8760

InhR - Inhalation rate m3/day 20

IngR- Ingestion rate mg/day 100

PEF -Particle emission factor m3/kg 1.36x109 

RfD ingest mg/kg/day Cd: 5 x 10-3

Cu: 4 x 10-2

Pb: 3.5 x 10-3

RfD dermal Pb: 3.5 x 10-3

RfC inhale mg/m3 Pb: 3.5 x 10-3

SF- slope factor for ingestion mg/kg/day Cd: 6.3

Pb: 8.5x10-3

SF- slope factor for inhalation µg/m3 Cd: 1.8x10-3

Pb: 1.2x10-5 
*values are adopted from USEPA and USDOE
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Table III shows the Pearson correlation analysis output 
for the metal in indoor laboratories’ dust. Element pairs 
of Cu–Pb had a strong positive correlation (r = 0.73) at 
a significance level of 0.01. Pairs of Cu-Al (r = -0.81) 
and Pb-Al (r = -0.83) showed strong significant negative 
correlations. A similar source may imply the significant 
correlation coefficients between variables. Cu, Pb, and 
Al are related to dust deposition from various human 
activities (16).

Euclidean distances for similarities were computed 
in cluster analysis. Fig. 2 shows the dendrogram 
from cluster analysis of metals composition in indoor 
laboratories’ dust. Two groups were identified: Cluster 1 
(Cd, Cu, Pb), and Cluster 2 (Al). 

The potential non-carcinogenic risks of metal in indoor 
laboratories’ dust are shown in Table IV. Generally, the 
HQ and HI values were less than unity (< 1), implying a 
low non-carcinogenic risk for occupants. However, HQ 
values for Pb and Cd were the highest, especially for the 
Biology lab. 

Table V shows that the potential cancer risk of Cd and 
Pb exposure from dust via ingestion and inhalation 
pathways. All sampling locations show low cancer risk, 
except for Cd exposure. 

Fig. 1 : Concentration of (a) Al and Cu, (b) Cd and Pb in indoor 
laboratories’ dust (error bars show the standard deviation)

Table II : Enrichment factor (EF) value of metal concentrations in 
indoor laboratories’ dust

Lab Al Cd Cu Pb

Chemsitry 1 0.44 1.23 7.07

Biology 1 1.69 1.72 12.96

Physics 1 0.95 2.14 35.94

Table III : Correlation matrix between metal in indoor laboratories’ 
dust

Al Cd Cu Pb

Al 1 -0.36 -0.81** -0.83**

Cd 1 0.38 -0.33

Cu 1 0.73**

Pb 1
**correlation is significant at the level of 0.01 (two-tailed)

Table IV : Potential non-carcinogenic health risks of indoor laboratories’ 
dust exposure

Metal Lab HQingest HQinhale HQdermal HI

Cu Chemistry 3.57 x 10-5

Biology 4.46 x 10-5

Physics 4.98 x 10-5

Cd Chemistry 4.10 x 10-5 3.02 x 10-7

Biology 1.39 x 10-3 1.02 x 10-6

Physics 7.08 x 10-5 5.21 x 10-7

Pb Chemistry 9.44 x 10-5 1.38 x 10-8 3.76 x 10-7

Biology 1.51 x 10-3 2.23 x 10-8 6.05 x 10-7

Physics 3.83 x 10-4 5.63 x 10-8 1.52 x 10-6

1.01 x 10-3

Fig. 2 : Cluster analysis dendrogram for indoor laboratories’ dust

Table V : Potential carcinogenic risks of indoor laboratories’ dust exposure

Metal Lab CRingest CRinhale LCRingest LCRinhale

Cd Chemistry 2.58 x 10-4 5.43 x 10-10

Biology 8.80 x 10-4 1.84 x 10-9

Physics 4.46 x 10-4 9.38 x 10-10

Pb Chemistry 8.03 x 10-7 1.67 x 10-13

Biology 1.29 x 10-6 2.68 x 10-13

Physics 3.26 x 10-6 6.76 x 10-13

Chemistry 2.58 x 10-4 8.05 x 10-7

Cd + Pb Biology 8.80 x 10-4 1.29 x 10-6

Physics 4.46 x 10-4 3.25 x 10-6

DISCUSSION 

Overall, the metal concentrations in indoor laboratories’ 
dust were higher compared to those in the surface soils 
collected around the laboratory building compound. 
Perhaps the metal concentrations in indoor dust 
influenced by the building location and the activities 
around the building. All laboratories have different 
nature of chemical usage, where Biology and Chemistry 
laboratories use more chemicals. It is expected the metal 
concentrations in indoor dust from both laboratories 
higher than the Physics lab. Surprisingly, that is not true 
as seen in Fig. 1. 

The EF results indicate a higher level of Pb (EF>10) in 
indoor dust than other metals. The EF value less than 
1 (EF<1) suggests natural source of metal origin, while 
value above 1 (EF>1) indicates metal enrichment 
related to anthropogenic inputs (11). Pb concentration 
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The total lifetime cancer risk (LCR) values of Cd 
and Pb have exceeded the safe lifetime level of  
1.0 x 10-5, particularly via the ingestion route. With 
these LCR values, the probability of cancer cases among 
adults may increase. Both non-carcinogenic (HI) and 
carcinogenic risks (LCR) values are quite alarming. In 
the long term, the concentrations of metal in indoor dust 
may increase due to the increment of lab activities as 
well as traffic density. If the metal level in indoor dust 
increases, the potential health risk to occupant increases 
too. Some uncertainties such as variation of metal 
concentration in indoor dust, actual exposure duration, 
the ingestion and inhalation rates affecting the accuracy 
of HRA output (11). Thus, comprehensive analysis is still 
required to assess the health risk in the sampling area. 
Perhaps bioavailability metal form analysis could be 
applied (22). 

CONCLUSION

Laboratories’ indoor dust showed metal concentrations 
in decreasing order of Al > Cu > Pb > Cd. Activities in 
the laboratory and the suspended dust from the outdoor 
environment contribute to the high concentration 
of Al and Cu. The EF analysis suggests that the same 
anthropogenic activities influence the concentration of 
the metals in indoor dust. Moreover, the cluster analysis 
supports Cd, Cu, and Pb perhaps contributed by the same 
sources. Two groups distinguished from cluster analysis 
showing several connections among these heavy metals 
in indoor dust samples. Low non-carcinogenic risks 
(HI < 1) for adults are predicted for metal exposure from 
indoor dust. However, the total LCR values for Cd and Pb 
were slightly high, indicating an increased likelihood of 
cancer in long-term exposure. This study proposes that 
regular monitoring should be conducted to safeguard 
lower risks to health. Perhaps a comprehensive study 
integrating the bioavailability metal form analysis could 
assist in an accurate risk assessment.
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