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Abstract. PM0.1 (ultrafine particles) emitted by motorcycles have been known as the major contributors 

to air pollution, and have a harmful impact on human health. Therefore, there is a need to decrease the 

concentration in the ambient air. In this study, we developed an ultrafine particle filter that was made of 

banana leaf powder (Fb) and water hyacinth powder (Eichhornia crassipes, Fwh). The powder was mixed 

to glutinous rice glue in the ratio of 80%:20%. The filter was characterized by the efficiency. The 

efficiency of the filter in reducing the ultrafine particles was determined by measuring the ultrafine 

particle concentration before and after passing through the filter. The ultrafine particle concentration was 

measured using the TSI P-Trak Ultrafine Particle Counter (Model 8525) for an hour with the sampling 

time interval of 5 min. The microstructure and the element contents of the filter were analyzed by an SEM 

and EDAX to determine the filter porosity and the filter element compound. The results show that the 

porosities were found 33% (Fb) and 21% (Fwh) and the filter contained organic and inorganic compounds. 

The filter efficiency was in the range of 55% to 64% for Fb and 35% to 59% for Fwh, respectively. 
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Introduction 

The usage of motorcycles has been increasing from year to year (Burke et al., 2017; 

Guerra, 2017). As a consequence, they produce more emissions that are classified into gas 

and particulate matter (PM) emissions (Grieshop et al., 2006). In terms of particulate matter 

with the diameter less than 0.1 μm (known as PM0.1 or ultrafine particle), PM0.1 deposits 

deeper into the lung (Clifford et al., 2018) and kidney (Wardoyo et al., 2018). Previous studies 

have showed the correlation between PM0.1 and human health (Chen et al., 2016; Li et al., 

2016; Liu et al., 2018; Solaimani et al., 2017). Therefore, there is a need to develop a 

particulate filtration technology in reducing the PM0.1 concentration generated by motor 

vehicles. 

The particulate filtration system has been developed, such as radiation based filter, 

electrostatic based filter, and porosity based filter (Barone et al., 2010; Budianto and 

Wardoyo, 2016; Wardoyo et al., 2016, 2017a). Meanwhile, the resulted filtration technology 

is not sufficient due to the high cost of the filter production. In this study, we developed low-

cost PM0.1 filters that were made of water hyacinth (Fwh) and banana leaf (Fb). Those two 

filter ingredients can be easily found in Indonesia. They also have a high cellulose content 

(25-39%) (Istirokhatun et al., 2015; Nada et al., 2010) that can adsorb ultrafine particles. Filter 

porosity can determine the level of adsorption (Ma et al., 2016). The aim of this study was to 

develop an ultrafine particle filter made of water hyacinth and banana leaf and to characterize 

the efficiency and the influence factors in terms of the porosity and the element compounds. 
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Materials and methods 

Motorcycle samples 

Three motorcycles were used as PM0.1 source. They were classified into M1 (model year: 

2015), M2 (model year: 2011), and M3 (model year: 2013). All of them had automatic 

transmission engines with the same engine capacity (108 cm3). They were chosen due to their 

prevalence in Indonesia. 

 

PM0.1 filter 

Water hyacinth and banana leaves were collected from the rivers and farms of 

Sengonagung village, Pasuruan, Indonesia. They were cut into small pieces, blended 

(diameter ± 70 mesh) and dried in an oven for seven hours (controlled temperature: 100 °C). 

After that, the resulted powder (16 grams) was mixed with water (190 ml) and a tapioca glue 

containing glutinous rice (4 grams) which was heated with water (100 ml). The filter dough 

was printed into a layer. 

 

Particle measurement 

Each filter was installed on a filter frame (diameter = 50 mm) and mounted on the tip of 

the motorcycle exhaust. The PM0.1 concentrations emitted by the motorcycle samples before 

(Co) and after being equipped with the filters (Ci) were measured using a P-Trak Ultrafine 

Particle Counter (Model 8525) for an hour in an idle condition (sampling time = 5 min). All 

measurements were repeated three times (Wardoyo et al., 2015). 

 

Filter characterization 

The filter was characterized by the porosity and the element compounds. The porosity was 

analyzed by using a scanning electron microscope analyzer INSPECT S50 SEM EDAX to 

determine the filterability in capturing PM0.1 emission and the structure of the morphological 

surface (Van der Zande et al., 2014). The element compounds were analyzed using an EDAX 

(Kedar et al., 2018). 

 

Statistical analysis 

Values are expressed as the means ± SD (standard deviation). The differences between the 

groups were evaluated using a Student’s t-test. The relationship between PM0.1 concentrations 

and time series was determined using R-square value (Wardoyo et al., 2017b). The filter 

efficiency (%F) was calculated using Equation 1 (Mondal et al., 2015): 

 

 %F = [(Co – Ci) / Co] × 100% (Eq.1) 

Results and discussion 

Emission measurement 

Figure 1 represents the comparison of the PM0.1 concentration measurement of all 

motorcycles without a filter and using a filter (Fwh and Fb). According to Figure 1, the PM0.1 

concentrations without being filtered are 19,020 ± 2,958 to 62,362 ± 3,664 particle/cm3. 

These concentrations are higher than the PM0.1 concentrations obtained from Fb and Fwh. 
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Figure 1. The PM0.1 concentrations of (a) Fwh and (b) Fb 

 

 

In contrast, the PM0.1 concentrations obtained from using Fwh are 8,554 ± 389 to 

36,136 ± 1,218 particles/cm3. Fb has the lowest PM0.1 concentration (6,565 ± 1,125 to 

29,448 ± 2,307 particles/cm3). The decreasing trend of the particle concentrations 

measured in all motorcycles is a polynomial trend with the order of 2. The R-square 

values of all motors using the filters are in the range of 0.79 to 0.98. If the R-square 

value is higher than 0.75 it presents a good relationship between the two variables on 

the graph (Duarte et al., 2014). Figure 2 shows the average efficiency of Fwh and Fb on 

M1 and M2. According to Figure 2, the efficiency of Fb (55% to 63%) is higher than 

Fwh (35% to 59%) (p < 0.05). 

 

 

Figure 2. Average efficiencies of Fwh and Fb 

 

 

The filter efficiencies were influenced by the content of cellulose in water hyacinth 

and banana leaf. Cellulose content in banana leaf is 39.2% (Nada et al., 2010) higher 

than cellulose content that is found in water hyacinth (25%) (Istirokhatun et al., 2015). 

Cellulose can bind the organic PAHs (Polycyclic Aromatic Hydrocarbons) and VOCs 

(Volatile Organic Compounds)) and inorganic content of PM0.1 (Hokkanen et al., 2016; 

Liu et al., 2016). This is shown by the overall values of the weight percent of detected 

elements in Fwh and Fb after emission exposure as listed in Table 1. The most detected 

elements in Table 1 are oxygen (O) and carbon (C). The spherical carbon was indicated 
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as one of the elements of the particles emitted by a gasoline operated vehicle (Ritovski 

et al., 1999). Carbon and oxygen are also the part of VOC and PAH content in PM0.1 

(Charron and Harrison, 2003; Hong-li et al., 2017). VOC contains aldehydes, alkenes, 

and aromatic rings (Zhang et al., 2018). The aldehydes occur as C=O stretching 

vibration, alkenes and aromatic rings occur as C=C stretching vibration. While one of 

the PAH content in PM0.1 is perylene (C20H12) (Charron and Harrison, 2003). So, thus 

elements C and O in Table 1 may be a part of the VOC and PAH in PM0.1. 

 
Table 1. Elemental analysis of Fwh and Fb after emission exposure 

Element 
Weight (%) 

Fwh Fb 

C 28.62 54.30 

O 29.35 33.65 

Mg 0.67 0.57 

Si 0.42 0.63 

Pb 2.44 1.22 

K 20.22 5.17 

Ca 1.40 - 

Fe 0.76 0.73 

Co - 0.23 

 

 

The SEM EDAX results also showed the presence of several inorganic elements, e.g. 

Ca (only detected on Fb), and Co (only detected in Fw). Other elements (Ca, Fe, and K) 

are related to the crustal matter (Zhang et al., 2014). Inorganic elements that have the 

highest weight percent are K then Pb. 

In addition, the filter efficiency is also influenced by the filter porosity. Filter 

porosity can be known from the micrographic structure of the filter. Figure 3 shows the 

micrographic structure of SEM result from the processing ImageJ software 

(Igathinathane et al., 2008) on Fwh and Fb before emissions exposure. Figure 3 shows 

the surface pores of the filter (black). According to the figure, Fwh has pores sizes in the 

range of 1.019 μm2 to 1.499 mm2, with a total porosity of 21%. Meanwhile, Fb has pore 

sizes in the range of 1.038 μm2 to 1.613 mm2, with a total porosity of 33%. With the 

size area porosity, the filter has a potential to trap the particulate matters with a diameter 

of 0.1 μm. 

 

 

Figure 3. Micrographic SEM of imageJ processing results of the filters before being tested: (a) 

Fwh and (b) Fb 
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The particles can be trapped in the filter pores with several mechanisms, i.e. inertial 

impaction, interception, and diffusion. Inertial impaction occurs when the particles pass 

through the filter with micrometer range and the particles hit the filter materials, so the 

particles trapped in the filter. Interception mechanism occurs when the center of the 

particle is shorter than the radius of the filter so the particle center does not touch the 

surface of the filter material to be deposited. Particles that move in the nanometer range 

generate Brownian motion, which causes the particles to collide with inertial or 

interception particles and diffuse on the surface and deposit during the time when they 

are passing the side of the filter (Liu et al., 2016). 

Figure 4 shows the results of the water hyacinth filters before and after emissions 

exposure and banana leaf filters before and after emissions exposure. Figure 4a and c 

shows the cavities on the surface of the filters. Meanwhile, Figure 4b and d shows the 

invisible cavities and trapped particles on the surface of the filter. These results are 

similar to the results obtained in the Van der Zande et al. (2014). 

 

 

Figure 4. SEM image of Fwh before (a) and after (b) being tested, and Fb before (c) and after (d) 

being tested 

Conclusion 

In conclusion, the filters based on water hyacinth and banana leaf have a character to 

reduce the PM0.1 concentrations with the efficiency of up to 59% and 64%, respectively. 

The filter efficiency is influenced by the cellulose content which can adsorb the organic 

and inorganic content of PM0.1, which is proven by the presence of several PM0.1 

elements in the filter. Efficiency is also influenced by the filter porosity. Fb porosity is 

33% higher than Fwh (21%), so the efficiency of Fb is also higher than Fwh. 
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