
Author’s Accepted Manuscript

Distribution of Trace Elements in Core Marine
Sediments of Coastal East Malaysia by
Instrumental Neutron Activation Analysis

Ahmadreza Ashraf, Elias Saion, Elham
Gharibshahi, Halimah Mohamed Kamari, Chee
Kong Yap, Mohd Suhaimi Hamzah, Md Suhaimi
Elias

PII: S0969-8043(17)30029-5
DOI: http://dx.doi.org/10.1016/j.apradiso.2017.01.006
Reference: ARI7728

To appear in: Applied Radiation and Isotopes

Received date: 24 November 2015
Revised date: 19 September 2016
Accepted date: 11 January 2017

Cite this article as: Ahmadreza Ashraf, Elias Saion, Elham Gharibshahi, Halimah
Mohamed Kamari, Chee Kong Yap, Mohd Suhaimi Hamzah and Md Suhaimi
Elias, Distribution of Trace Elements in Core Marine Sediments of Coastal East
Malaysia by Instrumental Neutron Activation Analysis, Applied Radiation and
Isotopes, http://dx.doi.org/10.1016/j.apradiso.2017.01.006

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 galley proof before it is published in its final citable 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.

www.elsevier.com/locate/apradiso

http://www.elsevier.com/locate/apradiso
http://dx.doi.org/10.1016/j.apradiso.2017.01.006
http://dx.doi.org/10.1016/j.apradiso.2017.01.006


1 
 

 Distribution of Trace Elements in Core Marine Sediments of Coastal East Malaysia by 

Instrumental Neutron Activation Analysis 

Ahmadreza Ashraf
a,
*, Elias Saion

a
, Elham Gharibshahi

c
,  Halimah Mohamed Kamari

a
, Chee Kong Yap

b
, Mohd 

Suhaimi Hamzah
d
, Md Suhaimi Elias

d  

a Department of Physics, Faculty of Science, University of Putra Malaysia (UPM), 43400 UPM Serdang, Selangor, Malaysia 

b Department of Biology, Faculty of Science, University of Putra Malaysia (UPM), 43400 UPM Serdang, Selangor, Malaysia 

c  
School of Applied Physics, Faculty of Science and Technology, National University of Malaysia (UKM), Bangi 43600, 

Selangor, Malaysia 

d  Malaysian Nuclear Agency, Bangi, 43000 Kajang, Selangor, Malaysia 

 

*Corresponding Author: Ahmadreza Ashraf (E-mail: ahmadashraf.2007@yahoo.com ) 

Abstract: A study was carried out on the distribution and enrichment of trace elements in the 

core marine sediments of East Malaysia from three stations at South China Sea and one 

station each at Sulu Sea and Sulawesi Sea. Five stations of sediment cores were recovered 

and the vertical concentration profiles of six elements namely Br, Cs, Hf, Rb, Ta, and V were 

determined using the instrumental neutron activation analysis. The enrichment factor, 

geoaccumulation index and the modified degree of contamination were used to calculate the 

anthropogenic and pollution status of the elements in the samples. Except for Cs and Hf, 

which by the enrichment factor are categorized from minimum enrichment to moderate 

enrichment in all stations and for V and Rb in Sulu Sea and Sulawesi Sea, which are 

categorized minimum enrichment, other elements are found to be no enrichment at all 

stations. The geoaccumulation index of Hf in one station shows moderately polluted and for 

other elements are unpolluted. However, the modified degree values of all samples are less 

than 1, suggesting very low contamination of elements found in all the stations. 
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1. Introduction 

Trace element accumulation in aquatic consumers is of interest to environmental scientists 

concerned with the fate and effects of contaminants as well as ecologists interested in food 

web dynamics and trace element biogeochemical cycles (Reinfelder et al., 1998). Sediments 

are important carriers of trace metals in the hydrological cycle and because metals are 

partitioned with the surrounding waters, they reflect the quality of an aquatic system. Coastal 

and estuarine regions are the important sinks for many persistent pollutants and they 

accumulate in organisms and bottom sediments (Szefer et al., 1995). 

Sediments play a major role in determining pollution pattern of aquatic systems (Casas et al., 

2003), reflecting the history of pollutants deposition (Singh et al., 2005), and providing a 

record of catchment inputs into aquatic ecosystems (Mwamburi, 2003).  

Sources of metals in aquatic sediments are natural or anthropogenic sources (Khaled et al., 

2006; Singh et al., 2005). Main natural sources are weathering of soils and rocks and 

atmospheric deposition.  Discharging agricultural, municipal, residential or industrial waste 

products into water bodies are anthropogenic sources (Demirak et al., 2006). 
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