
Accepted Manuscript

Quantitative source apportionment and human toxicity of indoor trace metals at
university buildings

Mohd Yasreen Ali, Marlia M. Hanafiah, Md Firoz Khan, Mohd Talib Latif

PII: S0360-1323(17)30212-3

DOI: 10.1016/j.buildenv.2017.05.032

Reference: BAE 4922

To appear in: Building and Environment

Received Date: 16 February 2017

Revised Date: 13 April 2017

Accepted Date: 22 May 2017

Please cite this article as: Ali MY, Hanafiah MM, Khan MF, Latif MT, Quantitative source apportionment
and human toxicity of indoor trace metals at university buildings, Building and Environment (2017), doi:
10.1016/j.buildenv.2017.05.032.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.buildenv.2017.05.032


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
1 

 

Quantitative Source Apportionment and Human Toxicity of Indoor Trace 1 

Metals at University Buildings 2 

Mohd Yasreen Alia, Marlia M. Hanafiaha, *, Md Firoz Khanb, Mohd Talib Latifa, c 3 

a School of Environmental and Natural Resource Sciences, Faculty of Science and Technology, Universiti Kebangsaan Malaysia, 43600 Bangi, 4 

Selangor, Malaysia 5 
b Centre for Tropical Climate Change System, Institute of Climate Change, Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor, Malaysia 6 

c Institute for Environment and Development (Lestari), Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor, Malaysia 7 

 8 

*Corresponding Author: mhmarlia@ukm.edu.my 9 

 10 

ABSTRACT 11 

This study focuses on the source apportionment principal component analysis of indoor particulate matter (PM10) 12 

composition in two university buildings with different ventilation systems. A low volume sampler using Teflon filter 13 

paper was used to collect the PM10 samples and inductively coupled plasma mass spectrometry was used to 14 

determine the concentration of heavy metals. The potential human health damage due to the inhalation of 15 

carcinogenic and non-carcinogenic elements was also determined based on the USEPA standard. The results showed 16 

PM10 concentrations recorded in Building 1 and Building 2 ranged between 19.1 to 237 µg m-3 and 23.4 to 159 µg 17 

m-3, respectively. In Building 1, the principal component analysis (PCA) and multiple linear regression (MLR) 18 

showed that the main sources of pollutants in PM10 were the crustal source (20%), indoor-induced (8%), urban 19 

origin (7%) and the Earth’s crust (6%). The main sources of pollutants in Building 2 were combustion (21%), 20 

biogenic (6%), anthropogenic (4%) and crustal (3%). The effective lifetime carcinogenic risks (ELCR) in Buildings 21 

1 and 2 were 1.90E-3 and 1.65E-4, respectively. The hazard quotient (HQ) represents the non-carcinogenic risk, 22 

with 7.73 and 6.46 in Building 1 and Building 2, respectively. These ECLR and HQ values exceed the acceptable 23 

limit and are higher compared to the standard from the United States Environmental Protection Agency’s Guidelines 24 

for the assessment of carcinogen risk. It was suggested that different types of ventilation influence the PM10 25 

distribution in buildings and associated risks towards the occupant’s health and indoor air quality. 26 
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1.0  Introduction 31 

 32 

Despite the potential impact from the outdoor environment, indoor-induced pollutants are 33 

mainly produced from various sources such as building materials, smoking, cooking, furniture, 34 

organic products and consumer products and these sources affect indoor air quality [1-3]. The 35 

temperature and humidity of the building tend to trigger the formation of certain pollutants such 36 
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