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Abstract.  Rock magnetic methods have been used in environmental studies, including 
monitoring anthropogenic pollutions in the form of heavy metals in soils and sediments. Such 
environmental studies have never been carried out in river sediments from volcanic area in the 
tropics where sediment is highly magnetic and the sedimentation rate is high due to intense 
weathering. In this study, sediments from Citarum River were characterized for magnetic and 
heavy metal contents. Comparison was made between sediments from pristine areas and those 
from heavily polluted industrial and residential areas. Series of analyses including 
measurements of magnetic susceptibility, IRM (isothermal remanent magnetization) analyses, 
ARM (anhysteretic  remanent  magnetization, and X-ray fluorescence (XRF) and identify 
linkage between magnetic characteristics and heavy metals contents in sediments. Through 
this study, it is expected that magnetic measurements could be used as alternative or 
complementary methods in heavy metals detection and identification in sediments from 
tropical and volcanic regions. 
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1. Introduction

Transport mechanisms and chemical diagenetic processes, both causing downstream dilution 

and/or alteration of the sediment, riverbeds can provide important information on dominant 

local  contributions,  such  as  geologic  anomalies  or  pollution  sources  in  their  catchments. 

Stream sediments represent natural sinks of minerals and heavy metals of different origin, 

from lithogenic as well as pedogenic and anthropogenic sources. Anthropogenic sources of 

pollution basically comprise fertilizers and pesticides (mostly transported from agricultural 

soils),  sewage  sludge,  human-industrial  activities  (such  as  mining)  and  atmospheric 

deposition of dust particulates. 
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In the case of minor contributions of the first two sources to the magnetic properties of 

sediments, susceptibility measurements become very important for monitoring environmental 

pollution, because many toxic compounds such as heavy metals are highly enriched in urban 

airborne  particulate  material  produced  by  the  oxidation  processes  during  combustion. 

Metallurgical dusts, fly ashes and cement dust contain relatively large amount of iron phases 

and are therefore highly magnetic 

This  method  is  practical  and  useful  for  detecting  and  mapping  pollution  around 
modern  industrial  cities  [1].  In  Indonesia,  the  study  of  magnetic  parameters  for  river 
sediments have carried out for the Citarum River in Karawang area [2] and Tabalong River in 
South Kalimantan [3].  

2. Materials and Methods

Eight samples of Citarum River sediments (BK, MR, SJ2, SJ1, SP2, DK, KP, NJ) used in this 

study were collected from along the Citarum River which started from upstream area (BK) 

which was an agricultural area and ended in downstream (NJ) (Figure 1). 

Figure 1. Maps of sampling locations, modified from Google maps  

The sample is  dried by aerated at  room temperature in the laboratory,[4].  Before 

performing the measurement of magnetic parameters, the dried sample is inserted into the 

standard holder with its dimensions were 25.4 mm in diameter, 22 mm in height, and 10 cm3 

in volume, and the samples is weighed using an Ohaus analytical scale. 



The measurement of magnetic parameters performed is mass-normalized magnetic 

susceptibility  (χ)  using  dual  frequencies  with  a  magnetic  susceptibility  meter  (MS2 

susceptibility  meter  by  Bartington  Instrument  Ltd.,  Witney,  UK).  The  instrument  was 

producing  low-frequency  (460  Hz)  mass-specific  magnetic  susceptibility  (χLF)  and  high-

frequency (4600 Hz) mass-specific magnetic susceptibility (χHF). Using the value of χLF and 

χHF, a new parameter termed χFD (%) could be derived defined as χFD (%) = 100% × (χLF ‒ 

χHF) ⁄ χLF [5]. χFD (%) indicates the presence of super paramagnetic (SP) grains [6]. After that, 

all of the samples were subjected to ARM (anhysteretic  remanent  magnetization)  and ARM 

was induced in a steady field of 0.05 mT imposed on a peak alternating magnetic field of 70 

mT. The ARM was given inside in a Molspin AF (alternating field) demagnetizer) and IRM 

(isothermal remanent  magnetization).  The ARM intensity was measured using a Minispin 

magnetometer (both instruments are product of Molspin Ltd., Newcastle upon Tyne, UK). 

The isothermal remanent magnetization (IRM) analyses was measured by placing them in 

increase magnetic field at room temperature using an electromagnet. The IRM acquired at 

1,000 mT is referred to as saturation isothermal remanent magnetization (SIRM). All IRM 

measurements were performed in Institute Teknologi Bandung, Indonesia. All samples also 

subjected to X-ray fluorescence (XRF)  to know the heavy metals content at Laboratory of 

Marine Geology Research and Development Centre Bandung, Indonesia.

3.Results and Discussion

Figure 2 and Table 1, shows the result of the values of χLF of the samples (BK ‒ NJ) varied 

from 393.2   ×  10⁻⁸mᶟ  kg⁻¹  (NJ)  to  2,250.0  ×  10⁻⁸mᶟ  kg⁻¹  (MR).  Comparing  the  river 

sediment to that from elsewhere such as Ponnaiyar River, India [7] and Lianshui River, China 

[1], the value of χLF in the Citarum River were relatively high.

Figure 3, shows the IRM acquisition curves for all samples show that the magnetic 

field of 1/2SIRM bellowed 100 mT, inferring that the predominant magnetic mineral in the 

samples is a low coercivity magnetic mineral such as magnetite (Fe3O4) [8]. Figure 4 shows 

the decay of ARM as a function of the peak demagnetizing field. Using Lowrie-Fuller test [9] 

the median destructive field or MDFARM, the magnetite grains in the samples were classified 

as MD (Multidomain) range.



Figure 2. The values of χLF of the sediment samples (BK ‒ NJ) of Citarum River  

Figure 3. IRM acquisition curves for sediment samples of Citarum River 



Figure 4. ARM decay profiles for typical sediment samples of Citarum River  

 Table 1 shows the results of XRF analyses for all sediment. The content of Fe (FeO) 

in the sediment samples varied from 46.51 (Wt%) from upstream (BK) to 55.43 (Wt %) from 

Table 1. Summary of XRF analyses of sediment samples of the Citarum River 

Major elements
BK MR SJ2 SJ1 SP2 DK KP NJ

(Wt %) (Wt%) (Wt%) (Wt %) (Wt%) (Wt%) (Wt%) (Wt%)
SiO2 22.7 20.9 12.0 13.3 20.9 19.6 23.8 21.2

TiO2 2.64 2.82 2.16 1.92 2.40 2.26 2.55 2.19

Al2O3 13.0 10.0 6.6 7.5 12.0 11.0 11.0 9.3

FeO* 53.14 48.26 55.43 52.92 50.76 49.47 46.51 47.11

MnO2 1.30 0.80 0.70 0.72 0.95 0.70 0.59 0.55
MoO4 NA 3.6 5.5 5.2 3.5 6.7 5.1 7.6

CaO 4.57 10.8 10.9 11.9 5.63 5.93 6.97 6.92

ZnO 0.10 0.38 3.73 3.73 1.94 2.08 0.66 1.47

K2O 0.61 0.79 0.8 0.44 0.55 0.58 1.1 0.90

P2O5 0.53 0.39 0.45 0.45 0.45 0.44 0.62 0.46

SO3 NA NA 0.8 0.6 NA 0.3 NA 1.2

VO2 0.17 0.17 0.12 0.10 0.14 0.12 0.109 0.12
Cr2O3 0.09 0.12 0,23 0.24 0.13 0.13 0.12 0.13

NiO3 0.19 0.18 0.17 0.19 0.17 0.17 0.19 0.19

Cu2O 0.22 0.17 0.21 0.20 0.22 0.23 0.26 0.27

χLF

(× 10⁻⁸mᶟ kg⁻¹ ) 1127.3 2131.5 1398.3 1330.9 792.1 473.5 466.6 393.2



downstream (NJ), and tended to decrease downstream. Fe content is a dominant element 

because it has the highest heavy metal content when compared to other elements. Abundance 

of magnetite minerals from upstream (BK) were higher than other samples, and decreases 

downstream. This is expected due to the high χLF value in the upstream (BK), where the χLF 

value is depend on the magnetic mineral and its abundance in the sample. It is known that 

magnetite minerals have the highest χLF values among other magnetic minerals [10].   

Based on the results of XRF analysis, the order of mixtures of oxides from the most 

abundant to the least, in Citarum river sediments are FeO, (46.51% - 55.43%) SiO2 (12.0% - 

23.8%) Al2O3, (6.6% - 13%), MoO4 (<0.01% - 7.6%), CaO (4.57% - 11.90%), TiO2, (1.92% - 

2.82%), MnO2 (0.55% - 1.30%), K2O (0.44% - 1.1%), P2O5 0.39% - 0.62%, Cu2O (0.17% - 

0.27%), NiO3 (0.17% - 0.19%),  ZnO (0.10% - 3.73%) and Cr2O3 (0.09% - 0.24%) (Table 1). 

The large number of FeO compounds in the Citarum River sediment origin from igneous 

rock,  which  is  the  bedrock  of  this  area.  Igneous  rocks  have  contain  high  Fe.  SiO2  is  a 

compound that is widely found in igneous rocks as well, which is also the most abundant 

compound in the Citarum River sediment. Table 2 shows the correlation of χLF and heavy 

metals content in sediment samples of the Citarum River. Correlations ranged from -0.7042 

(MnO2) to 0.7442 (MoO4). This shows that the magnetic susceptibility value of sediment 

samples does not show any effect on the presence all of heavy metals.

Table 2. Summary of r of χLF and heavy metals content in sediment samples of the Citarum River.

Component Sediment

(%) r

FeO 0.5017

Al2O3 0.0656

MoO4 0.7442

TiO2 0.3713

MnO2 -0.7042

Cu2O, 0.4539

NiO3 0.2689



A decrease  in  χLF  from  upstream  to  downstream  be  indicates  a  decreasing  downstream 

pollutant load like MnO2. A negative correlation between some heavy metals content and χLF indicates 

that the magnetite mineral content decreases downstream. A decrease of χLF can be caused by several 

factors, such as: the decreasing concentration of magnetic minerals downstream due to the increase of 

nonmagnetic sediments from the tributaries, especially from Cikapundung River and Cisangkuy River 

thus decreasing the value of χLF samples, decreasing magnetite mineral content in sediment due to 

sand mining activities around the Citarum river in the area around MR, and the possibility of the 

adsorption of pollutant particles by iron oxide thereby reducing the magnetic concentration of the 

sediment [11].

Conclusions
Based on the results  of  the study of  magnetic  and heavy metal  parameters  in  the Citarum River 
sediment it is known that the highest χLF value is upstream and tends to decrease downstream. The 
decrease  in  the  value  of  χLF  is  influenced  by  the  reduced  magnetite  abundance.  FeO content  is 
positively correlated to χLF. Since FeO is also positively correlated to heavy metals (except MnO2 
ZnO and Cr2O3)  then Fe can be a  proxy for  the presence of  heavy metals  in  the Citarum River 
sediments.

References
1. Zhang C, Qiao Q, Piper J D A and Huang B 2011 Assessment of heavy metal pollution from a 

Fe-smelting plant in urban river sediments using environmental magnetic and geochemical 
methods Environ Pollut 159 3057 – 70

2. Kirana K H, Fitriani D, Supriyana E and Agustine E 2014 Sifat  Magnetik Sedimen Sungai 
sebagai Indikator Pencemaran (Studi Kasus : Sungai Citarum Kabupaten Karawang) Spektra 
15, 40 – 2 (Text in Indonesian)

3. Sudarningsih, Lestiana E and Wianto T 2013 Analisa Polusi Logam Berat Sepanjang Daerah 
Aliran Sungai (DAS) Tabalong Kalimantan Selatan SEMIRATA 2013 Unila proceeding  111 
– 17 (Text in Indonesian)

4. Dearing J 1994 Environmental Magnetic Susceptibility using the Bartington MS2 System Chi 
Publishing Kenilworth UK 47 – 54

5. Scholger R 1998 Heavy metal pollution monitoring by magnetic susceptibility measurements 
applied to sediments of the river Mur (Styria, Austria) Eur J Environ Civ En 3 25 – 37

6. Kuiver P P, Dekkers M J and Heslop D 2001 Quantification of magnetic coercivity components 
by the analysis of acquisition curves of isothermal remanent magnetization Earth Planet Sc 
Lett 189 269 – 76

7. Chaparro M A E, Sinito A M, Ramasamy V, Marinelli C, Chaparro M A E, Mullainathan S and 
Murugesan S 2008 Magnetic measurements and pollutants of sediments from Cauvery and 
Palaru River, India Environ Geol 56 425 – 37

8. Dunlop D J  and Özdemir  Ö 1997 Rock Magnetism Fundamental  and Frontiers  Cambridge 

ZnO -0.6775

Cr2O3 -0.1428



University Press Cambridge UK 296 – 300
9. Thompson R and Oldfield F 1986 Environmental magnetism Allen and Unwin Ltd London UK 

225
10. Bijaksana S and Huliselan E K 2010 Magnetic properties and heavy metal content of sanitary 

leachate sludge in two landfill sites near Bandung, Indonesia Environ Earth Sci 60  409 – 19
11. Luiz C A, Oliveira, Rachel V R A, Rios, José D, Fabris, Sapag K, Vijayendra K, Garg and 

Rochel M L 2003 Clay–iron oxide magnetic composites for the adsorption of contaminant in 
water Science Direct 22 169 –77 

Acknowledgments 
This research was financially supported by a research grant  to S.  Bijaksana from the Ministry of 
Research, Technology, and Higher Education of the Republic of Indonesia. The Ministry also provided 
a doctoral scholarship and research fellowship to Sudarningsih. The sediment samples were collected 
by permission from the  Regency of  Bandung.  Kartika  Hajar  Kirana,  Abd Mujahid  Hamdan,  Arif 
Wijaya,  Mimin Iryanti,  and Dimas Maulana Wibowo thanked for their  assistance in the field and 
laboratory works. 


