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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

River is one of the media which is often polluted by heavy metals. According to Sudarwin 

(2008), the presence of heavy metals in rivers mainly comes from industrial waste, apart from 

that heavy metals originating from natural sources can also enter the waters through erosion 

of mineral rocks. The presence of heavy metals in the waters can be dangerous both directly 

to the life of the organism, and its effects indirectly on human health 

Heavy metals in the waters will eventually drop and settle on the bottom of the water 

to form sediments. If the accumulation of heavy metals in sediments is transported back to the 

surface of the water, this will result in a decrease in the quality of river water so that the river 
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cannot  be  used  according to  its  designation  (Erlanda,  2012).  The  concentration  of  heavy 

metals in river sediments is quite high when compared with the concentration of heavy metals 

in river water (Rochyatun and Rozak, 2007) so that sediments become indicators that it is 

important to look at river pollution caused by heavy metals (Wang et al., 2014; Xu et al., 

2014). The preliminary method that has been developed in identifying the presence of heavy 

metals  is  the magnetic method.  In the magnetic method,  identification of  the presence of 

heavy metals in a material can be determined by measuring magnetic susceptibility. Heavy 

metals  are  generally  magnetic  minerals  with  high  magnetic  susceptibility  values.  Soils 

containing heavy metals will have a higher susceptibility value than land that does not contain 

heavy metals (Yulius and Afdal, 2014). This methods has time and cost efficiency, to identify 

the presence of contaminants such as heavy metals in a material.

2. Materials and Methods

The research was conducted from Oktober 2014. 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]. This measurements were performed in Institut Teknologi Bandung, Indonesia. 

Three boulder and sand samples of Citarum River sediments used in this study were collected 

from the upstream Citarum River (Figure 1). 



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

3.Results and Discussion

Table 1 , shows the result of the values of χLF of the boulder and sand samples . The value of 

χLF of the sand samples varied from 3074.6 × 10⁻⁸mᶟ kg⁻¹ to 3666.1 × 10⁻⁸mᶟ kg⁻¹.  Means 

of the χLF value of sand samples is 3426.4 × 10⁻⁸mᶟ kg⁻¹. The value of χLF of the boulder 

samples varied from 819.2 × 10⁻⁸mᶟ kg⁻¹ to 912.3 × 10⁻⁸mᶟ kg⁻¹.  Means of the χLF value of 

boulder samples is 3426.4 × 10⁻⁸mᶟ kg⁻¹. Means of the χLF value of boulder samples is 872.9 

× 10⁻⁸mᶟ kg⁻¹. The average value of susceptibility (χHF) of sand samples is 3398.53 × 10⁻⁸mᶟ 

kg⁻¹  while  for  boulder  is  865.40 ×  10⁻⁸mᶟ  kg⁻¹,  the  highest  % χFD  is  sand 2  sample  of 

1.2152% and lowest sand 1 with a value of 0.4719%, it can be seen that the value of% χFD 

ranges from <2% for all samples, this indicates that the sample is composed of non-SP grain 

(Dearing, 1999).

Table 1.  The result of the values of χLF, χHF , and χFD of the boulder and sand samples 

According  to  (Dearing,  1999)  the  susceptibility  of  magnetite  minerals  with  a 

percentage of 72% iron has a susceptibility value of 400-500 × 10⁻6 mᶟ kg⁻¹, of course this 

value is greater than the susceptibility to measurements that are only 30-36 × 10⁻6 mᶟ kg⁻¹, 

but when viewed from the data of magnetite mineral concentrations in Table 1, the magnetite 

Sample
χLF                   
(× 10⁻⁸mᶟ kg⁻¹)

χHF                                                                                                        

(× 10⁻⁸mᶟ kg⁻¹) χFD  (%)
SIRM 
(Am2Kg-1) 

Magnetite 
Concentration (%) 

Sand 1 3666.1 3648.8 0.4719 0.1893 0.2058

Sand 2 3538.4 3495.4 1.2152 0.2066 0.2246

Sand 3 3074.6 3051.4 0.7546 0.1549 0.1683

Means 3426.4 3398.5 0.8139 0.1836 0.1996

Boulder 1 819.2 813.1 0.7446 0.0369 0.0401

Boulder 2 887.3 879.7 0.8565 0.0363 0.0395

Boulder 3 912.3 903.4 0.9756 0.0338 0.0367

Means 872.9 865.4 0.8589 0.0357 0.0388



concentration  of  sand  samples  only  ranges  from  ~  0.1-0.2%,  which  means  that  the 

concentration of a mineral magnetite does indeed affect the magnitude of the value of its 

susceptibility. The value of sand susceptibility tends to be greater due to the fact that the 

magnetic minerals in it are more easily associated with other surrounding minerals so that 

they tend to not be easily weathered and have a greater susceptibility value than boulder 

samples.

The presence of superparamagnetic minerals is important in identifying deposits or 

rocks in the river, because with a very small size of less than ~ 0.3 μm, this mineral becomes 

the first mineral that changes its nature if there are changes in the environment either due to 

water  pollution,  air  pollution  or  other  pollution.  It  can  be  seen  the  results  of  the  ARM 

measurement in the form of decaying the ARM curve Figure 2, based on this measurement 

curve obtained the median destructive field (MDF) value of each sample, this MDF is the 

magnetic field value when the normalized intensity becomes half . From the MDF value, it is 

then matched with the standard curve of Lowrie-fuller Test Figure 3 (Dunlop and Ozdemir, 

1997), so that the size of each sample and the type of the domain are obtained.

 

Figure 2. ARM decay profiles for typical sand and boulder samples of Citarum River  



From the measurement results, the median destructive field (MDF) sand sample has a 

value of 3-5 mT all of which have grain sizes> 135 μm belonging to fine sand-sized particles 

and have the same domain, namely multi-domain (MD). The value of MDF from boulder 

varied at 20-40 mT with grain sizes varying from 0.22-1 μm for sand 3 and boulder 5 and 

037-0.1 μm for boulder 4 which are all classified into clay-sized grain see Table 2.

Table 2. Magnetic parameters from samples in ARM decay

From the  IRM measurements  that  have  been  made  the  IRM saturation  curve  is 

obtained, it turns out that all samples saturated in magnetic fields less than 300 mT see Figure 

3, this shows that both sand samples (BK-0, BK-1, BK-2) and boulder (BK-3, BK-4, BK-5) 

have mineral content in the form of magnetite minerals. Based on the value of the SIRM for 

each sample, the concentration of magnetite minerals was obtained Table 2. The magnetite 

concentration  of  sand  samples  ranges  from  0.15-0.2%  while  for  boulder  ranging  from 

0.03-0.04%, the largest concentration value is owned by sand 1 samples and the lowest is 

owned by boulder  3.  The greater  the SIRM value the greater  the value of  the magnetite 

concentration it contains. Judging from the concentration of the magnet, the sand is larger 

than  the  boulder  sample,  and  this  also  correlates  with  the  results  of  frequency-based 

susceptibility measurements where the sand susceptibility value tends to be greater than the 

boulder.



Figure 3. IRM acquisition curves for sand and boulder samples of Citarum River

Conclusions

Magnetic characterization of sand samples has an average susceptibility value of 3426.37 × 10⁻⁸mᶟ 

kg⁻¹, this value is greater than the boulder susceptibility value of 872.93 × 10⁻⁸mᶟ kg⁻¹. The value of 

% χFD for all samples <2%, which means that all samples are composed of non-superparamagnetic 

grains. The size of magnetic mineral of sand from the upstream of Citarum River is> 135 μm while for 

rocks it is 0.22-1 μm and also 0.037-1 μm, MDF sand is 3-5 mT while for rocks 24-40 mT. Sand 

domain types are multi-domain (MD), while for boulder are PSD and SD. The IRM saturation curve 

shows that both are saturated on magnetic fields <300 mT, this indicates that the type of magnetic 

minerals contained in them is magnetite (Fe3O4). The highest SIRM value is in sand samples, namely 

0.1893  Am2.Kg-1  and  the  lowest  is  Basalt  0.033783248  Am2.Kg-1.  The  percentage  content  of 

magnetite for sand is ~ 0.1-0.2% while for boulder it ranges from 0.03-0.04%.
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