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ABSTRACT   

This study aims to explore the potential of using Napier grass (Pennisetum purpureum) as a low-
cost alternative for treating wastewater contaminated with chromium (Cr) in the tannery industry. 
Traditional chemical treatment processes are costly, leading to many industries not committing 
to treatment. Phytoremediation, the use of plants to remove contaminants from the environment, 
could be a viable solution. The study conducted an experiment to test the tolerance and 
effectiveness of P. purpureum in treating wastewater containing Cr(VI) at concentrations of 20 
ppm, 40 ppm, and tannery wastewater. The plant was grown in a constructed wetland pond using 
a batch system for 31 days. The results indicate that P. purpureum can survive and grow well in 
all treatments, showing tolerance to Cr. The plant's phytoremediation capacity was effective at 
20 ppm of Cr(VI) as demonstrated by the chemical and physical characteristics of the medium 
(BOD, COD, pH, and TDS). The plant was able to remove a significant amount of total Cr and 
Cr(VI), with removal capacity ranging from 71.79% to 99.96%. The translocation factor (TF) for Cr 
in the roots was less than one, indicating that the plant has the potential to be used as a 
phytoremediator for Cr by accumulating it in its roots. 
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1. Introduction 

Industrial activities such as textile production will intensify heavy 
metal accumulation through the process of tannery wastewater. 
Chromium is one of the prominent heavy metals found in tannery 
wastewater, but its accumulation in environment must be limited to 
avoid its negative impacts to the ecosystem. Chromium hexavalent 
Cr(VI)) is the most observed form of chromium found in industrial 
waste (Juel et al., 2018). Economical and environmentally friendly 
wastewater treatment can be done through phytoremediation using 
plants. Napier grass (Pennisetum purpureum) is a hyperaccumulator 
plant that has high tolerance to heavy metal by accumulate heavy 
metal in its tissues as micronutrients through a process of 
phytoextraction (Juel et al., 2018). Napier grass is a popular 
phytoremediation plant due to its high productivity, easy to grow, 

and has high endurance in non-ideal cultivation conditions 
(Mohammed et al., 2015). Through phytoremediation, 
hyperaccumulator plants can absorb, bind, and stabilise toxic 
elements in plant biomass (Juel et al., 2018).  

Phytoremediation effectivity can be observed from the 
characteristic of the medium and chromium absorption by the plant. 
The medium characteristic which are pH, TDS, BOD, and COD of the 
medium will affect plant growth during the toxic element treatment, 
by which they will decrease overtime along with plant growth 
(Taufikurahman et al., 2020). Chromium uptake from medium to 
plant tissue indicates the phytoremediation runs well (Amin et al., 
2019). In this study, all phytoremediation effectivity aspects are 
tested to measure P. purpureum capability to absorb chromium 
waste. 
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2. Materials and methods 

2.1 Materials 

The materials used in this study are clean water from well, 
tannery wastewater, K2Cr2O7, and Napier grass (Pennisetum 
purpureum). The tannery wastewater was obtained from the Small-
Scale Tanning Industry Wastewater Treatment Unit in Sukaregang, 
Garut. The P. purpureum plants used were 3 months-old with an 
average plant height of 199 cm. The plants were obtained from the 
Haurngombong Village, Sumedang. 

2.2 Methods 

2.2.1 Horizontal subsurface flow constructed wetlands 
description  

The pilot-scale research was conducted at the Kebun Pendidikan 
SITH ITB Haurngombong. The pond design used is a horizontal 
subsurface constructed wetlands (HSSF CWs) carried out in batch 
system as shown in Fig 1. The pond was composed of bricks with 
dimensions of 75 cm in length, 40 cm in width, and 40 cm in height. 
The arrangement of the media from bottom to top is large gravels 
(1-3 cm in diameter), small gravels (0.5-1 cm in diameter), and sands 
(<0.5 cm in diameter) (Papaevangelou et al., 2016) with a thickness 
of 10 cm each (Ding et al., 2018). Each pond is separated into three 
parts by a 1 mm thick of PVC board partition. The pond was planted 
with 98 individuals of Napier grass (Pennisetum purpureum).  

 

Fig. 1. Layout of horizontal subsurface constructed wetlands (HSSF CWs) pond 

2.2.2 Acclimatization  

P. purpureum acclimatization in the pond was carried out for 
two weeks. Each pond was immersed by using 30 L of clean water. 
The water immersion height is marked and kept constant by adding 
water to the pond regularly. Before the phytoremediation system 
operates, the acclimatization water was discharged through the 
piping system.  

2.2.3 Phytoremediation 

The ponds were given in several variations of treatment, which 
were clean water (control), 20 ppm K2Cr2O7, 40 ppm K2Cr2O7, and 
tannery wastewater. Each treatment consisted of six repetitions. Each 
pond was immersed by a solution according to the treatment as 
much as 30 L with a batch system. The immersion height is further 
marked and kept constant by adding clean water to the pond 
regularly. The phytoremediation system lasted for 31 days.  

2.2.4 Measurement of pH and total dissolved solids   

During the phytoremediation process, the parameters were 
checked regularly, consist of pH and TDS (Total Dissolved Solids). 
These two parameters are audit every two days using the Mettler 
ToledoTM FG2 FiveGoTM Portable pH Meter and TDS & EC Meter 
(Hold).    

2.2.5 Sampling  

Napier grass in the phytoremediation pond was sampled out at 
the beginning and the end of the phytoremediation process. 
Furthermore, the plants that are taken from 1 partition of the 
phytoremediation pond were separated based on their plant parts, 
namely roots, stems, and leaves. All of these samples will be 
processed by weighting fresh and dry weight using an analytical 
balance. Dry weight was obtained by drying the sample in an oven 
at 80˚C for 24 hours (Li et al., 2016).  

2.2.6 Total Cr, Cr(VI), BOD, and COD testing  

Total Cr, Cr(VI), BOD, and COD contents were tested out refers 
to APHA 23rd edition 2017.   

2.2.7 Relative growth (RG)   

Relative growth (RG) is a parameter to measure plant growth 
conditions based on the plant's fresh weight. The RG value can be 
calculated according to research (Reale et al., 2016) and is in 
Equation 1 below.   

𝑅𝐺 =
𝑓𝑖𝑛𝑎𝑙	𝑓𝑟𝑒𝑠ℎ	𝑤𝑒𝑖𝑔ℎ𝑡	(𝑔)
𝑖𝑛𝑖𝑡𝑖𝑎𝑙	𝑓𝑟𝑒𝑠ℎ	𝑤𝑒𝑖𝑔ℎ𝑡	(𝑔) 

2.2.8 Removal percentage   

The reducing chromium levels in the waste is indicated by the 
percentage of chromium removal. The percentage of removal can be 
calculated according to research (ZhiGang et al., 2009). It is in 
Equation 2 below. 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙(%) =
𝑖𝑛𝑖𝑡𝑖𝑎𝑙	𝐶𝑟	𝑐𝑜𝑛𝑐.		𝑖𝑛	𝑚𝑒𝑑𝑖𝑢𝑚 − 𝑓𝑖𝑛𝑎𝑙	𝐶𝑟	𝑐𝑜𝑛𝑐. 𝑖𝑛	𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙	𝐶𝑟	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑚𝑒𝑑𝑖𝑢𝑚
	𝑥	100% 

2.2.9 Bio concentration factor (BCF)   

The bioconcentration factor (BCF) is an indicator to assess the 
ability of plants to absorb heavy metals from the substrate. The BCF 
value can be calculated according to research (ZhiGang et al., 2009). 
It can be seen in Equation 3 below.    

𝐵𝐶𝐹 =
𝑓𝑖𝑛𝑎𝑙	𝐶𝑟	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑝𝑙𝑎𝑛𝑡	𝑝𝑎𝑟𝑡𝑠
𝑖𝑛𝑖𝑡𝑖𝑎𝑙	𝐶𝑟	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑚𝑒𝑑𝑖𝑢𝑚 𝑥	100% 

2.2.10 Translocation factor (TF)   

Translocation factor (TF) can indicate the ability of plants to 
transfer heavy metals from the treatment medium to the plant tissue. 
The TF value can be calculated according to research (ZhiGang et al., 
2009) and can be seen in Equation 4 below.  

𝑇𝐹 =
𝐶𝑟	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑠ℎ𝑜𝑜𝑡𝑠
𝐶𝑟	𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛	𝑖𝑛	𝑟𝑜𝑜𝑡𝑠 𝑥	100% 
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3. Results and discussion 

3.1 Plants conditions 
In this study, P. purpureum plants were used in 

phytoremediation process for four kinds of treatments, media with 
clean water (control), Cr(VI) 20 ppm and 40 ppm, and tannery 
wastewater in 31 days. Each variation undergo six repetition. The 
comparison of P. purpureum growth in these four treatments is 
shown in Fig 2 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Phytoremediation process on day 31 in four treatments: A control; B 20 
ppm; C 40 ppm; and D tannery wastewater  

Based on fig 2 above, it shown that P. purpureum can still grow 
well even in environmental conditions that contain heavy metal 
chromium. It also can be seen that the best P. purpureum growth 
was in the control, which was followed by the treatment of tannery 
wastewater, the concentration of Cr(VI) 20 ppm, and the 
concentration of Cr(VI) 40 ppm. The growth of P. purpureum in 
tannery wastewater (with a concentration of Cr(VI) < 0.01) showed 
the best growth in chromium treatment and followed by 20 ppm and 
40 ppm treatments respectively. The growth was indicated by the 
number of flowers produced, height of the plant, and root system of 
the plant.  

The decreasing of growth quality when the concentration of Cr 
increase is because of the formation of a concentration gradient of 
nutrients or heavy metals in the growing media is associated with the 
distribution of the root system that takes these chemicals and is used 
by plants for growth (Ma et al., 2015). In addition, the cavities/pores 
in the growing media indicate that the root system of this plant 
creates micro/macropores to provide a certain amount of water and 
be used by plants to grow and develop (Jozefaciuk et al., 2006; Tejada 
et al., 2006). Another study also stated that P. purpureum can absorb 
a media contaminated with heavy metals and stored them in P. 
purpureum plant tissues (Ma et al., 2015). It also may caused by the 
presence of a certain amount of heavy metals chromium in plant 

media can reduce plant growth by inducing ultrastructural 
modifications of cell membranes and chloroplasts, causing chlorosis 
in leaves, damaging cells in roots, reducing pigment content, 
interfering with the relationship between water, nutrients and 
minerals, affecting transpiration and nitrogen assimilation by altering 
the enzymatic activity (Reale et al., 2016). In addition, the biomass 
produced in the 40 ppm concentration was less than the other 
treatments. This can be due to the maximum concentration of Cr(VI) 
that can be handled by P. purpureum is at a concentration of 40 ppm, 
at a concentration of 50 ppm this amount of Cr(VI) has become toxic 
and inhibits the growth of P. purpureum plants (ZhiGang et al., 2009). 

3.2.  Biomass production and relative growth 

The dry weight and relative growth (RG) of Napier grass were 
obtained from clean water (control), 20 ppm Cr(VI), 40 ppm Cr(VI), 
and tannery wastewater treatments with six samplings per variation. 
RG values were obtained from the ratio of the final to the initial fresh 
weight of the plant. The dry weight and RG of Napier grass at all 
treatments are shown in Fig 3.  

Based on Fig 3, a further decrease in dry weight and RG was 
found in roots compared to the stems and leaves. The maximum 
roots dry weight and RG was obtained in control and followed by 
tannery wastewater, 20 ppm Cr(VI), and 40 ppm Cr(VI) treatment (Fig 
3). It shows that the roots dry weight and growth decreased along 
with the increasing concentration of Cr(VI) given to the pond media. 

Decreased root dry weight and growth could be due to the 
highest accumulation of Cr(VI) located in the roots compared to the 
leaves and stems of plants. Plant protection mechanism through Cr 
accumulation in vacuoles of the root cells can further inhibit cell 
division or extent the cell cycle, thereby causing a decrease in root 
weight (Ertani et al., 2017). 

The highest leaves dry weight and RG were found in control 
compared to 20 ppm Cr(VI), 40 ppm Cr(VI), and tannery wastewater 
treatment (Fig 3). Decreased leaves growth could be caused by 
chromium disruption of root cells' plasma membrane. Thus, 
inhibition of minerals and water uptake by the roots. In addition, 
decreased leaves dry weight and growth can result from reduced 
photosynthesis efficiency. Chromium can disturbs carbon dioxide 
fixation, the transport of electrons, photophosphorylation, and 
photosynthetic enzyme activity (Amin et al., 2019; Ertani et al., 2017; 
Jobby et al., 2018).  

However, the highest stems RG was shown at 20 ppm Cr(IV). An 
improved stem growth at 20 ppm Cr(VI) can be caused by plant 
growth stimulation at low chromium concentrations (Hamid et al., 
2012; Iyaka, 2009; Zayed and Terry, 2003). It could be due to 
chromium influence on the levels of gibberellin, cytokinin, or other 
plant growth hormones (Atici et al., 2005; Ertani et al., 2017). Cr at 
low concentrations could induce plant growth hormones such as 
GA3 which is one of the gibberellin hormones (Atici et al., 2005). In 
addition, low concentrations of Cr(VI) can increase the net 
photosynthetic rate and promote the growth of plants by enhancing 
the electron transfer activity of PSII. (Suseela et al., 2002). Although 
there was a decrease in plant growth at higher concentration of 
Cr(VI) exposure, Napier grass still showed good tolerance to Cr.

A B 

C D 
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Fig. 3. Plant dry weight and RG in control, 20 ppm Cr(VI), 40 ppm Cr(VI), and tannery wastewater treatment for a period of 31 days 

3.3. Phytoremediation effectivity 

3.3.1. pH and total dissolved solids (TDS) 

Plant medium can affect plant performance during the 
phytoremediation process. In this study, the measured pH and TDS 
value of the pond medium is used to see the performance of P. 
purpureum plant in remediate the medium. The pH and TDS value of 
the medium for each variation of the phytoremediation pond for 31 
days can be seen in Fig 4 below.  

The pH aspect of the phytoremediation medium affects the 
solubility of nutrients that support plant growth. Napier grass has a 
pH range that supports its growth, which is 4.5-8.2 (Osman et al., 
2020). Based on Fig 4 (a), the pH value of the pond medium range of 
7,00-8,03 and still meets the optimal pH growth range. The 
occurrence of pH instability is due to plants carrying out 
photosynthesis and respiration in water because plants use 
hydrogen ions in water which will increase the pH of the water. 
However, the respiration process will lower the pH value. Besides 
that, dead plants are decomposed by decomposer microorganisms 

and pH value of water addition which will lower the pH of the water. 
However, most of the water bodies can act as buffer compounds in 
these fluctuation conditions because the high alkalinity of the water 
can neutralize the pH of the water. As the pH value of the solution 
increases, the solubility of nutrient compounds that become 
nutrients for plants will decrease. In 20 ppm, 40 ppm, and tannery 
wastewater Cr(VI) treatment ponds, the pH of the solution should be 
decreased constantly due to the plant releasing metabolites into the 
medium (Ratzke and Gore, 2017). The change in pH will make heavy 
metal compounds in the medium precipitate and bind to the surface 
of plant roots. The binding and precipitation of contaminants is a 
process of phytofiltration. It gives a cleaner solution (Rahman et al., 
2008). This condition was proven on the surface of the pond medium 
water, each variation which became cleaner after 31 days of the 
phytoremediation process. The process of absorption of heavy 
metals and other nutrients by plants takes place in the 
phytoextraction process. Therefore, pH plays a role in support the 
binding and absorption of heavy metal chromium by the plant 
rhizosphere.

 

 

Fig. 4. The pH and TDS value of the 20 ppm pond, 40 ppm pond, tannery wastewater pond, and control pond for 31 days of the phytoremediation process 
   

(a)                                                                                                           (b) 
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Based on Fig 4 (b) above, it can also be seen that the TDS 
value of each treatment from week 1 to week 4 shows a tendency to 
decrease in value, especially in the treatment of tannery wastewater. 
It can be happen because naturally, plants will absorb organic and 
inorganic substances through the roots which will be transported to 
other plant tissues and accumulated in plant tissues (Abinaya et al., 
2018). Therefore, the measured TDS value on the media will decrease 
along with phytoremediation time. The decrease in TDS value in the 
media can be caused by the activity of microorganisms in the media. 
The presence of microorganisms in the roots will break down organic 

and inorganic substances into simpler compounds so that plant 
roots can easily absorb these substances (Suriawira, 2005). However, 
a slight increase in the TDS value in the media could be due to an 
increase in organic substances in the plant, such as from plant parts 
that die over time  (Kustiyaningsih and Irawanto, 2020), or due to the 
presence of some organic substances in the water that are added 
periodically to the pond. In addition, the increase in TDS values can 
be caused by exudates released by plants because they have 
accumulated heavy metals (Borker et al., 2013).

 

 

Fig. 5. A total Cr and B Cr(VI) accumulation in the roots, stems, and leaves in control, 20 ppm Cr(VI), 40 ppm Cr(VI), and tannery wastewater treatment for 31 d 

 

3.3.2. Biological oxygen demand (BOD) and chemical oxygen 
demand (COD) 

BOD and COD values can indicate the level of pollution in a 
wastewater. BOD and COD values from day 1 to day 31 in the 
treatment of tannery wastewater is shown in Table 1 below. 

Table 1. BOD and COD in medium from day 1 to day 31 in tannery wastewater 
treatment 

Parameter Day 1 Day 31 

BOD (mg/L) 3.95 2.09 

COD (mg/L) 13.26 18.06 

 
Based on Table 1, it can be seen that there is a decrease in the 

BOD value from day 1 to day 31 and there is an increase in COD value 
from day 1 to day 31 in tannery wastewater treatment. The BOD value 
represents the amount of dissolved oxygen required by 
microorganisms for the aerobic decomposition of organic matter. 
The BOD value is also used as an indicator to determine the number 
of organic pollutants in most aquatic ecosystems (Sricoth et al., 
2018). The decrease in BOD value along with phytoremediation time 
can occur because plants undergo the process of photosynthesis. 
This photosynthesis process increases the dissolved oxygen in the 
water and creates aerobic conditions in the medium that support the 
activity of aerobic bacteria to break down some organic materials in 

the water. The decomposition of organic matter in the water reduces 
the BOD value (Singh et al., 2012). This reduced BOD value indicates 
that wastewater will have a lower negative impact on the 
environment after being treated using the phytoremediation method 
(Alkimin et al., 2019). 

The COD value represents the amount of oxygen needed to 
oxidise organic substances in wastewater through chemical 
reactions. This chemical reaction will convert organic substances into 
CO2 and H2O (Tangahu and Putri, 2017). Similar to BOD value, a 
decrease in COD value in wastewater indicates that wastewater will 
have a lower negative impact on the environment (Alkimin et al., 
2019). However, in Fig 4 it can be seen that the COD value increased 
from day 1 to day 31. It can be happen because the plant will produce 
exudate if it accumulates heavy metals (Borker et al., 2013). The 
presence of toxic heavy metals will be absorbed by plants and the 
plants will produce exudate. This exudate increases the organic 
content in the water so that the COD value can increase (WHO, 1996). 
In addition, an increase in COD value along with phytoremediation 
time is an increase in environmental temperature. High ambient 
temperature will increase evaporation rate and increasing 
evaporation rate will cause water to become concentrated. This 
makes the organic content in the water increase and also increases 
the COD value (Wirosoedarmo et al., 2020). The COD value which 
increased along with phytoremediation time could also be caused by 
the process of assimilation organic carbon from suspended solids 
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that attached to plant roots and released into the medium gradually 
(Ng and Chan, 2017). 

The limited biodegradability of tannery wastewater due to the 
presence of recalcitrant compounds (Carballeira et al., 2016) can be 
estimated by the ratio of BOD/COD (Siwiec et al., 2018). In other 
words, the ratio of BOD/COD can be used to determine the level of 
biodegradability of organic substances in wastewater. Wastewater 
can be classified as stable if it has a BOD/COD ratio value less than 
0.1 (Tangahu and Putri, 2017). The value of BOD/COD ratio of tannery 
wastewater treatment on day 1 and day 31 can be seen in Table 2 
below. 

Table 2. Value of BOD/COD ratio of tannery wastewater on day 1 and day 31 

Day BOD/COD Ratio 

1 0.30 
31 0.12 

Based on Table 2 above, it can be seen that on day 1 and day 
31, both value of BOD/COD ratio has a value above 0.1. It shows that 
the wastewater is still classified as unstable. However, there was a 
significant decrease in BOD/COD ratio from day 1 to day 31 thus 
indicating that the phytoremediation process in this study can 
reduce some organic content in tannery wastewater so that the 
negative impact produced by wastewater on the environment is 
lower.  

3.3.3. Chromium uptake 

Accumulation of total Cr and Cr(VI) in the roots, stems, and 
leaves of P. purpureum in control, 20 ppm Cr(VI), 40 ppm Cr(VI), and 
tannery wastewater treatment for 31 days were shown respectively 
in Fig 5.  

Based on Fig 5, the accumulated values of total Cr and Cr(VI) in 
the plant roots showed a more significant difference between 
treatments and had a higher value than the accumulation in the 
stems and leaves. It could be due to the plant protection mechanism 
through heavy metal immobilization. It can be caused either by 
accumulation in vacuoles of root cells, retention of cation exchange 
sites of xylem parenchyma cells and binding to proteins (Ertani et al., 
2017; Diwan et al., 2012; Dey et al., 2016). In addition, the tendency 
of binding and precipitation of Cr ions in the insoluble form can also 
cause Cr immobilization. Thus, it does not spread to other plant 
tissue parts (Ertani et al., 2017). 

Enhanced accumulation of chromium in the root may be due to 
organic acids in the root exudates. Root exudates can form 
complexes with chromium making them available for uptake by plant 
roots (Diwan et al., 2012). P. purpureum can be classified as a Cr(VI) 
excluder because of its ability to limit Cr transport and maintain 
relatively low Cr levels in the stems and leaves of plants (Hayat et al., 
2012). In general, the accumulation of total Cr and Cr(VI) in the stems 
and leaves showed not very significant differences. The original 
plants used contained a certain level of total Cr and Cr(VI) 
concentration. The accumulated value of Cr(VI) also increased along 
with the concentration of exposure to Cr(VI) in the pond medium. 
This is in agreement with other studies of Cr(VI) phytoremediation 

(Skinner et al., 2007; Ye-Tao et al., 2009; Soda et al., 2012; Madera-
Parra et al., 2014). 

BCF and TF values obtained from each 20 ppm Cr(VI), 40 ppm 
Cr(VI), and tannery wastewater treatments are shown in Table 3.  

Table 3. BCF and TF values of P. purpureum at 20 ppm Cr(VI), 40 ppm Cr(VI), 
and tannery wastewater treatments for 31 days 

Treatments BCF Cr(VI) 
roots 

BCF Cr(VI) 
stems 

BCF Cr(VI) 
leaves 

TF 
Cr(VI) 

20 ppm Cr(VI) 0.120 0.062 0.114 0.732 

40 ppm Cr(VI) 0.089 0.034 0.058 0.511 

Tannery 
wastewater 172.167 142.407 167.481 0.900 

The bioconcentration factor (BCF) is an indicator to assess the 
ability of plants to absorb heavy metals from the substrate (Amin et 
al., 2019). BCF Cr(VI) roots in each treatments had higher values than 
BCF Cr(VI) on stems and leaves. These results are in agreement with 
other Cr(VI) phytoremediation studies (Taufikurahman et al., 2020; 
Woldemichael et al., 2011). It can be caused by plant protection 
mechanisms through an accumulation of Cr(VI) in vacuoles of root 
cells. The plant protection mechanism can minimize the 
accumulation of ions in the stems and leaves of plants that harm the 
photosynthesis process (Ertani et al., 2017; Taufikurahman and 
Suryati, n.d.). In addition, the reduction of Cr(VI) to low soluble form 
Cr(III) can lead to higher Cr accumulation in plant roots (Zhigang et 
al, 2009). BCF Cr(VI) values in each part of the plant also decreased 
with increasing Cr(VI) concentration. It is due to the increased 
accumulation of heavy metals by plants (Lu et al., 2005). 

Translocation factor (TF) can indicate the ability of plants to 
transfer heavy metals from the treatment medium to the plant tissue. 
Based on Table 3, values of TF < 1 indicate that P. purpureum has a 
limited ability to transport Cr from the roots to the plant shoot. The 
limited Cr(VI) transfer to shoots could be due to the plant protection 
mechanism. P. purpureum can be classified as Cr(VI) excluder 
because of its ability to limit Cr transport and maintain relatively low 
Cr levels in plant shoots (Lu et al., 2005). Cr stabilization in the root 
and limited Cr transport to shoots is suitable to P. purpureum role as 
animal feed. This mechanism can prevent animal consumption of Cr 
and restrict Cr mobility in the soil. Thus, it can reduce the 
transmission of Cr in the food chain (Ram et al., 2019). 

3.3.4.  Chromium removal 

Phytoremediation of chromium by Napier grass effectiveness 
can be measure from the efficiency of reducing chromium levels in 
the waste as indicated by the percentage of chromium removal. In 
this study, the levels of total chromium (Cr total) and hexavalent 
chromium (Cr(VI)) were measured on day 1 and day 31 of the 
phytoremediation process in control, 20 ppm, 40 ppm, and tannery 
wastewater treatments. Changes levels of total Cr and Cr (VI) in each 
treatment are shown in Table 4 below.  

Based on Table 4, the changes in total Cr and Cr(VI) levels in each 
treatment were due to the absorption of chromium metal from the 
medium to the Napier grass-root tissue and evaporation of the 
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medium during the phytoremediation process. The absorption of 
chromium from the medium to the roots was shown in the BCF and 
TF parameters, where there was an increase in chromium levels in all 
parts of the plant, which corresponded to the decrease in chromium 
levels in the waste. Napier grass acts as a bio-accumulator because 
it can accumulate more than 1 mg/g of Cr metal in the dry weight of 
the plant. Cr metal content decreased due to the conversion of Cr(VI) 
to Cr(III) that is easier to absorbed by plants. However, excessive 
chromium uptake can cause chlorosis and fragility of plant cells 
(Taufikurahman and Suryati, n.d.). 

Table 4. Total Cr and Cr(VI) levels at the beginning and end of 
phytoremediation at 20 ppm Cr(VI), 40 ppm (VI), and tannery wastewater 

Variation 
Total Cr (mg/L) Cr(VI) (mg/L) 
Day 1 Day 31 Day 1 Day 31 

20 ppm 20 0.01 20 0.01 
40 ppm 40 0.037 40 0.015 
Tannery wastewater 26 0.007 0.001 0.001 

 
The efficiency of chromium removal from the wastewater 

increased with time, which on the 31st day of phytoremediation, the 
percentage of total Cr removal in synthetic waste 20 ppm and 40 
ppm respectively was 99.95%, and 99.91%, while the treatment of 
tannery wastewater is 71.79%. This percentage shows a decrease in 
both Cr(III) and Cr(VI) levels. The percentage of Cr(VI) removal in the 
synthetic waste treatment of 20 ppm and 40 ppm was 99.95% and 
99.96%, respectively. These percentages are shown in Table 5. 

Table 5. Percentage of chromium removal in each treatment 

Variation 
Removal (%) 

Total Cr Cr(VI) 
20 ppm 99.95 99.95 
40 ppm 99.91 99.96 
Tannery wastewater 71.79 - 

Based on Table 5, the removal efficiency of the combined Cr(III) 
and Cr(VI) compounds shown from the total Cr and Cr(VI) removal 
values in synthetic waste treatment was higher than that of tannery 
wastewater. It can be generated by differences in the type of metal 
wherein synthetic wastewater, potassium dichromate (K2Cr2O7) used, 
while tannery wastewater contains various heavy metals such as Zn, 
Cd, Cu, Cr, and Fe. The type of chromium in tannery wastewater is 
chromate (CrO4

2-), which is more easily absorbed by plants, however, 
due to the presence of various other metals, the uptake by the plant 
is not optimal for chromium. Zn metal can be absorbed in an amount 
that is not much different from Cr so that the reduction of Cr in the 
waste is not optimal. Dichromate and chromate compounds have 
similar structures with some anions, which can affect plant mineral 
nutrition (Ortiz-Castro et al., 2007). Dichromate concentrations 
above 40 ppm can cause greater damage to plant cells, so in 
synthetic waste at a concentration of 40 ppm, there is a slight 
decrease in the percentage of total Cr removal compared to a 
concentration of 20 ppm. 

4. Conclusion 

The results of the study showed that phytoremediation of 
wastewater with varying total Cr and Cr(VI) concentrations increased 

Cr uptake and accumulation and also affected the growth of Napier 
grass. Napier grass can tolerate all treatments, which are Cr(VI) at 
concentration of 20 ppm, 40 ppm, and tannery wastewater. 
Phytoremediation effectivity was evaluated based on the treated 
wastewater characteristics. The treated wastewater characteristics 
were more in line with environmental quality standards. The removal 
capacity of the plant to total Cr was varied from 71.79% to 99.96%, 
while for Cr(VI) was varied from 99.95% to 99.96%. The highest BCF 
values were found in the roots and TF values are <1. Thus, Napier 
grass can be classified as a Cr(VI) excluder and a good remediator of 
chromium by stabilize Cr in root and limit Cr transport to shoots. 
During the phytoremediation process, it is recommended to use 
clean water from distilled or bottled mineral water to ensure 
consistency of pH, TDS, and organic substance. In addition, it is 
recommended for further research to check Dissolved Oxygen (DO) 
to complete the data. 
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