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Abstract. Citarum River in West Java is one of the vital rivers in Indonesia supporting three 

major dams as well as providing water, not only to the capital region, but also to major rice 

producing regions in Java. Earlier studies show that the magnetic properties in the suspended 

sediment from the relatively pristine upstream area of Citarum River are stronger than that from 

the polluted downstream area. In this study, the lithogenic and anthropogenic components of 

magnetic minerals taken from the suspended sediments were studied. Samples were subjected 

not only to magnetic analyses such as magnetic susceptibility measurement but also to SEM 

(scanning electron microscopy). The results show that the susceptibility values are tends to 

decrease from the relative upstream to the downstream. The shapes as well as the compositions 

of these magnetic minerals were also found to be unique so that lithogenic component could be 

identified readily from that of anthropogenic component. This finding supports the prospect of 

using magnetic methods as (proxy) indicators river pollution. 
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1. Introduction 



The use of magnetic minerals in environmental studies to interpret pollution in soils, sediments 
and plants has been carried out since the 1980s (Kapička et al, 1999). The use of magnetic 
minerals for the study of environmental magnetism in river sediments to interpret the presence of 
pollutants has been widely carried out (Petrovský et al, 2000; Lu et al, 2006), as well as studies 
on soil (Desenfant et al 2004; Dlouha et al, 2013), dust (Lu et al, 2016) and leachate (Bijaksana 
and Huliselan, 2010). The use of morphological studies of magnetic minerals especially iron 
oxide has been widely used in studies of environmental magnetism (Petrovský et al, 2000; Lu et 
al, 2006; Bijaksana and Huliselan, 2010; Xu et al, 2014). 

The present study is to determine the morphology and magnetic properties of suspended 
sediments which include the value of magnetic susceptibility. This study is the beginning of a 
study of magnetic and morphological properties of suspended sediments from the Citarum River 
in West Java, Indonesia. 

2. Material and Method  

Suspended sediment samples were taken along the Citarum River and its tributaries, West Java, 
Indonesia (Figure 1). The sample was prepared and then the value of its susceptibility was 
measured using a magnetic susceptibility meter (MS2 Susceptibility Meter by Bartington 
Instrument Ltd., Witney, UK). In some selected samples, morphological observations were 
carried out using SEM (JSM 6360LA) JEOL, Tokyo, Japan. The morphological observations of 
suspended sediment samples include the shape of the grain, the size of the grain and the surface 
morphology of the grain. 



Figure 1. Map showing the location of the sampling site (Sudarningsih et al, 2017 b) 

3. Results and Discussion 

Table 1 shows the results of measurements of the magnetic susceptibility of suspended samples 

and selected sample morphology. Based on the results of magnetic susceptibility measurements, 

suspended sediment samples from the Citarum River have values that tend to decline from 

upstream to downstream (Sudarningsih et al, 2017 a), where upstream samples have a 

susceptibility value of 1005.8 (×10−8 m3 ·kg−1) and Downstream samples have magnetic 

susceptibility values of 319.6 (×10−8 m3 ·kg−1). While the susceptibility value of Citarum River 

children varies from 652.4 - 256.0 (×10−8 m3 ·kg−1). 

Tabel 1 Magnetic Susceptibility Value and Morphology of the Suspended Sediment of Citarum 
River and The Tributaries.

Sample χLF (×10−8 m3 ·kg−1) Sample Morphology

Citarum River

Hulu 1005.8

&  
The form of sample grains is square with sizes ranging from 5-10 𝜇m 
(1 and 2).



Tengah 772.3 

Hilir 319.6  

The Tributaries

&  
The shape of the sample grains is square and some are round and many 
look broken (not perfect square) with sizes ranging> 10 𝜇m (index 
7-10).

&  
The shape of the grain is a square, but has been damaged on its sides, 
Many of them look destroyed. Magnetic grain size > 10 𝜇m (4 - 6), only 
grain number 5 has size about 5 𝜇m. 



River A 509.2

River B
652.4  

&   
The shape of the sample grains is square and there are 
perfect bullae and many appear to be destroyed (not perfect 
anymore square) with sizes ranging> 10 𝜇m (index d and g), 
while there are also those measuring <from 10 𝜇m (e and f)

&  
The shape of the sample grains is square and some are round 
and many appear to be destroyed (not perfect anymore 
square) with sizes ranging from 5-10 𝜇m ( a - b). 



Based on the results of SEM it shows that magnetic grains from the Citarum River and its 

tributaries come from two different sources, namely from pedogenic and anthropogenic. Based 

on their morphology, the magnetic grains of the Citarum River are predominantly octahedral or 

angular and damaged at the corners, which shows that they are pedogenic. The octahedral shape 

and angle are typical of titanomagnetite fragments (Steve and Satria, 2010). Based on the size of 

magnetic mineral grains from the Citarum River which shows relatively small grain size, it also 

confirms that the magnetic grains from the Citarum River are dominated by pedogenic sources. 

Magnetic mineral grains from creeks show that at each site taken, it contains damaged octahedral 

magnetic minerals at the corners, indicating that these magnetic minerals are of pedogenic origin 

but have weathered (Steve and Satria, 2010). Besides that there are also perfectly round magnetic 

minerals, which indicate that these magnetic minerals are from anthropogenic processes. A 

number of studies have shown that spherules are generally found in fly ash, roadside dust and 

sediments, which originate from burning fossil fuels from vehicles or stoves at high temperatures 

(Kim et al, 2007; Matzka and Maher , 1999) 

Magnetic morphology from river sediment samples reflect the sources of their magnetic 

minerals. In the Citarum River sediments, the dominant magnetic minerals come from 

pedogenic, while the tributary sediment samples originate from pedogenic and anthropogenic, 

River C 650.2 

&  
The shape of the sample grains is square but looks broken 
(not perfect anymore square) and some are in the form of 
sheets. The size of magnetic grains is <10 𝜇m (index h, i and 
k). While those in the form of sheets (j) are> 10 𝜇m



namely from the results of solid waste decomposition, mechanical decomposition and 

combustion-induced transformation, and lithogenic sources through processes such as 

weathering and erosion. If the magnetic minerals in the Citarum River sediment samples 

originate mainly from the soil, the magnetic mineralogy and granulometry of the leachate 

samples must be similar to the magnetic minerals originating from the soil. Based on SEM 

analysis, the magnetic granules in the sediment samples of the Citarum River are most likely 

derived from pedogenic. Based on SEM analysis, magnetic granules in tributary sediment 

samples are very similar to anthropogenic as shown by the perfect sferule shape and relatively 

larger grain size. 

5. Conclusions 

As shown by samples taken Citarum River and its tributaries, the variation of χLF and 

morphology of the grain of magnetic minerals in suspended sediment from volcanic area in the 

tropic differs significantly from in the sediment from non-volcanic area in the temperate climate. 

Although the predominant magnetic minerals remain the same, i.e., (titano) magnetite, the χLF 

values in the upstream areas are higher than the samples in the downstream areas suggesting that 

the lithogenic components in suspended sediment in the upstream is more magnetic than the 

anthropogenic components in suspended sediment from the tributaries that flow through 

industrial and residential areas. Thus, the use of magnetic methods for monitoring river pollution 

in the tropics or in the volcanic areas should be carefully analyzed and interpreted.  

References 

1. Kapička, A.; Petrovský, E.; Ustjakb, S.; Machackova, K. Proxy mapping of fly-ash pollution 

of soils around a coal-burning power plant: a case study in the Czech Republic. J. Geochem. 

Explor. 1999, 66, 291–297. 

2. Petrovský. E.; Kapička, A.; Jordanova, N.; Knab, M.; Hoffmann, V. Low-field magnetic 

susceptibility: a proxy method of estimating increased pollution of different environmental 

systems. Environ. Geol. 2000, 39, 312–318. 



3. Lu, S.G.; Bai, S.Q. Study on the correlation of magnetic properties and heavy metals content 

in urban soils of Hangzhou City, China. J. Appl. Geophys. 2006, 60, 1–12. 

4. Desenfant, F.; Petrovský, E.; Rochette, P. Magnetic signature of industrial pollution of 

stream sediments and correlation with heavy metals: case study from South France. Water 

Air Soil Pollut. 2004, 152, 297–312. 

5. Dlouha, S.; Petrovský, E.; Kapička, A.; Boruvka, L.; Ash, C.; Drabek, O. Investigation of 

Polluted Alluvial Soils by Magnetic Susceptibility Methods: a Case Study of the Litavka 

River. Soil & Water Res. 2013, 4, 151–157. 

6. Lu, S.; Yu, X.; Chen, Y.Magnetic properties, microstructure and mineralogical 

phasesoftechnogenic magnetic particles (TMPs) in urban soils: Their sourceidentification 

and environmental implications. Sci. Total Environ. 2016, 543. 239–247. 

7. Bijaksana, S.; Huliselan, E.K. Magnetic properties and heavy metal content of sanitary 

leachate sludge in two landfill sites near Bandung, Indonesia. Environ. Earth. Sci. 2010, 60, 

409–419. 

8. Xu, Y.; Sun, Q.; Yi, L.; Yin, X.; Wang, A.; Li, Y.; Chen, J. The source of natural and 

anthropogenic heavy metals in the sediments of the Minjiang River Estuary (SE China): 

Implications for historical pollution. Sci. Total. Environ. 2014, 493, 729–736. 

9. Kim, W.S.J.;Doh, Y.H.; Park, Yun, S.T. Two-year magnetic monitoring in conjunction with 

geochemical and electron microscopic data of roadside dust in Seoul, Korea, Atmos. 

Environ. 2007, 41, 7627–7641.  

10. Matzka, J.B.A.; Maher. Magnetic biomonitoring of roadside tree leaves: identification of 

spatial and temporal variations in vehicle-derived particulates, Atmos. Environ. 1999, 33, 

4564–4569.  


