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OBJECTIVES The study aims to compare the effectiveness of
chromium removal from water using adsorption by coal fly
ash (CFA) and phytoremediation by vetiver grass (Vetiveria
zizanioides L) aswell as a combination of both CFA and vetiver
grass. METHODS The experiment was carried out in four dif-
ferent reactors, having size of 100 cm (length) x 60 cm (wide)
x 80 cm (height). One reactor was filled with gravel and CFA,
without vetiver grass (RI), while another one was filled with
gravel and vetiver grass, without CFA (RIV). The other two re-
actors were filled with gravel, CFA, and vetiver grass with the
mass ratio of gravel/CFA of (25:2) and (25:1), denoted as RIl and
RIII, respectively. Fifty (50) L of synthetic wastewater contain-
ing 14.612 ppm of chromium was filled into the reactors and
continuously re-circulated for 15 days. Chromium accumula-
tion in CFA and plants was analyzed on day 15. RESULTS The
results of plant development are indicated by the presence
of new shoots and roots that grow during phytoremediation
processes. In addition, there was an increase in weight and
number of vetiver stems indicating the persistency of vetiver
grass in such a harsh wastewater condition. The removal of
Cr from wastewater in RI, RIL, RIII and RIV at days 15 were
81%, 93.2%, 85.8% and 75.7%, respectively. CONCLUSIONS it
can be concluded that: (1) vetiver grass (Vetiveria zizanioides
L) has high potential as phytoremediator plant, (2) Chromium
adsorption by CFA plays important role in Cr removal from
wastewater, and (3) combination of adsorption by CFA and a
phytoremediation by vetiver grass significantly increases the
removal of chromium from wastewater.
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1. INTRODUCTION

Wastewater is the residue from industrial processes, house-
holds, laboratories, or offices that have experienced quality
degradation due to the presence of hazardous materials. Be-
sides industrial wastewater, laboratory wastewater contain-
ing heavy metals such as chromium must be treated before
being discharged into the water because of its toxicity. Lab-
oratory wastewater is characterized by its dynamic distribu-
tion and content and its long impact. The quality of wastewa-
ter is influenced by the volume of wastewater, the content of
pollutants, and the frequency of waste disposal. The quantity
of laboratory wastewater is considered small, while the con-
tent of pollutants is varied and some even contain hazardous
waste (Said 2008). The source of laboratory wastewater are
chemicals solutions used for experiments or testing such as
sulfuric acid (H,S0,4), potassium dichromate (K, Cr,05), mer-
cury sulphate (Hg,S0,4), ferro ammonium sulfate (FAS), fer-
roin, etc. Chromium in laboratory wastewater can be in the
form of Cr3* (Cr(I11)) and Cr®* (Cr(VI)). The presence of high
chromium in laboratory wastewater can cause environmen-
tal pollution and have a bad impact on health (Melyta et al.
2019). Cr toxicity is highly dependent on its oxidation form
and Cr(VI) is more toxic than Cr(11I) for plants, animals, and
microorganisms. High Cr(VI) concentrations have signifi-
cant harmful effects on human health including lung, cancer,
kidney, liver, and gastric damage (Sultana et al. 2014).
Wastewater treatment technology can be carried out
by biological, chemical, and physical processes, which are
based on the characteristics of the compounds contained
in wastewater. For waste containing heavy metals such as
gold mining processing waste, of course, biological treat-
ment is not the first choice. This is because the existing heavy
metals can poison the microorganisms used (Fadlilah et al.
2018). Subsurface Flow Constructed Wetlands (SSF-CW) is a
promising alternative wastewater treatment technology that
is built and designed based on the involvement of aquatic
plants, soil, or other media and microbes. It is a simple and
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easy to control technology for treating heavy metals’ con-
tained wastewater (Suswati and Wibisono 2013).

Plant types that can be applied for phytoremediation
must have high biomass production, be capable of accumu-
lating contaminants well at the top of the plant beyond the
concentration of contaminants found in the soil (hyperaccu-
mulator), and be tolerant to the local environment (Ramdani
et al. 2019). Vetiver grass is a prospective plant because it has
been extensively used for soil and water conservation and
land stability worldwide. Its massive fibrous roots have the
opportunity to contact the high levels of metals in wastewa-
ter (Srisatit and Sengsai 2003). Today, much attention is di-
rected to the reuse of coal fly ash (CFA). The literature on var-
ious aspects of the use of CFA is abundant and hence many
possibilities on how to expand the use of the material are pre-
sented. As CFA contains SiO, and a portion of unburnt car-
bon, one of the applications is the use of CFA as a low-cost ad-
sorbent for the removal of dyes and heavy metal ions (Adam-
czuk and Kotodynska 2015). This study aims to compare the
effectiveness of chromium removal from water using adsorp-
tion by Coal Fly Ash (CFA) and using phytoremediation by ve-
tiver grass (Vetiveria zizanioides L), as well as using a combi-
nation of both CFA and vetiver grass. In addition, the com-
bined method of adsorption and phytoremediation in SSF-
CW will be a novel approach for heavy metal removal from
wastewater.

2. RESEARCH METHODOLOGY

2.1 Materials

Coal fly ash (CFA) that was used as plant media and adsorbent
was supplied by the Electrical Power Plant in Bunton, Cilacap,
Central Java - Indonesia. Gravel as media was obtained from
Gendol River, Sleman, Yogyakarta. Vetiver grass (Vetiveria
zizanioides L) as a phytoremediation plant was collected from
Probitstore Flora nursery, Bogor, West Java.

Gravel were collected from Gendol River, Sleman, Yo-
gyakarta, having of 2.39 g/cm? with size of 10.0-30.0 mm.
The gravel with diameters of 8 mm and 16 mm are gravelly
sand and finely gravel types with porosity values of 0.35-
0.38 (Tchobanoglous et al. 2003). The artificial wastewater
containing potassium dichromate of 15 mg/L was prepared
by mixing potassium dichromate (PA EMSURE® ACS, ISO,
Merck) and aquadest obtained from Brataco Chemical, Yo-
gyakarta. Four SSF-CW reactors were prepared for batch op-
eration, by recirculating the wastewater. Each reactor con-
sisted of 3 parts (inlet zone, reaction zone, and outlet plus
sampling zone). The reactor was made from glass with hav-
ing a thickness of 10 mm. Each reactor has dimension of 100
cm (length) x 60 cm (wide) x 80 cm (height). The arrangement
of the reactor can be seen in Figure 1.

The SSF-CW reactors were designed to be horizontal type
sub sub-surface-flow. All of the SSF-CWs follow the criteria
as tabulated in Table 1.

One SSF-CW reactor was filled with gravel and CFA, with-
out vetiver grass (RI), while another one was filled with gravel
and vetiver grass without CFA (R-IV). The other two reactors
were filled with gravel, CFA, and vetiver grass with the mass
ratio of gravel/CFA of (25:2) and (25:1), denoted as RII and RIII,
respectively.
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FIGURE 1. Schematic diagram of SSF-CW rig for Cr-removal from wastewa-
ter.

TABLE 1. Characteristic of the SSF-CW reactor model.

Parameters Typical value

Dimensions 100 cm (length) x 60 cm (wide) x
80 cm (height)

Flow rate (m3d-?) 4.74

Media (gravel:CFA) (25:5), (25:2), (25:1), (25:0)

Retention time (day) 15

2.2 Procedures of the experiment
2.2.1 Preparation of media and plants

The size CFA particle used was less than 325 mesh. Elemental
composition of the CFA were analyzed using XRF (Rigaku) in
Laboratorium Penelitian dan Pengujian Terpadu (LPPT) UGM.
The gravel used was 2-3 cm in size and characterized by its
specific gravity and size uniformity. One hundred fifty cut-
tings of vetiver grass (height of 25-30 cm) were placed in the
polybags and were grown for 2 months. About 50 to 55 cut-
tings (150-170 cm in height) were randomly assigned to SSF-
CW reactors for the acclimatization process for 30 days. Arti-
ficial wastewater was then filled into each reactors following
the acclimatization process.

2.2.2 Experimental procedure of SSF-CW

Fifty (50) L of synthetic wastewater containing 14.612 mg/L
of chromium was filled into each reactor. The wastewater
in the reactor was continuously re-circulated for 15 days. Ef-
fluent samples were collected on day 15 for chromium anal-
ysis. Chromium accumulation in CFA and plants were also
analyzed on day 15. Total chromium amount in wastewater
was analyzed according to SNI 06-6989.17-2004 while the
CFA, gravel, and plant by mixed acid digestion (Allen, B and
B.F. Hajek 2018; Srisatit and Sengsai 2003). Chromium con-
tent in plants was analyzed in roots and leaves. The analysis
of chromium in wastewater was carried out using Atomic Ab-
sorption Spectrophotometer methods(AAS). The efficiency
of chromium removal can be determined by comparing the
chromium levels before and after the removal in SSF-CW.

Co—Ct
0

% efficiency = X 100% )

Where Cj is initial concentration Cr, C; is concentration
of Cr after adsorption and phytoremediation
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TABLE 2. Chemical composition of CFA (as carbon and major oxide).
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Elements C AL, O3 Si0, SOz Ca0 TiO, MnO Fe,03 NiO Cu0 Zn0 Br SrO BaO
Content (%) 59.86 4.07 13.99 1.825 13.70 0.285 859 6.018 0.019 0.0087 0.0072 0.0025 0.0814 0.0572
TABLE 3. Contents of trace elements in the CFA.
Elements C Al Si S Ca Ti Mn Fe Ni Cu Zn Br Sr Ba
Content (%) 79.94 1.801 5.429 0.604 8.33 0.146 0.0562 3.571 0.0125 0.0059 0.0049 0.0022 0.0588 0.0451

3. RESULTS AND DISCUSSION

3.1 Characterization of material

The composition of CFA is summarized in Table 2 for carbon
and its major oxide, and in Table 3 for its elements. The mean
size of the CFA particle was 0.044 mm.

[EPA] Environmental Protection Agency (2000) and the
recent Indonesian Government Regulation decided not to
categorize CFA as a hazardous substance to preserve its fu-
ture beneficial use. Common use of CFA currently is as poz-
zolanic materials in cement mixture, as concrete materials,
and in other construction applications. Its application as an
adsorbent by converting it into synthetic zeolites is also pos-
sible (Adamczuk and Kolodyniska 2015). Fly ash is a finely
porous material, containing silica, alumina, and carbon in it,
making fly ash potential as an adsorbent (Judy, Ir and Witono,
Retti B and M.Sc.App., Miryanti, Y.I.P. 2015). Fly ash can be
used as an adsorbent because of its structural similarity to
zeolite or is known as zeolite-like material (ZLM). This is be-
cause fly ash contains components such as K;0, Al,03, CaO,
and SiO, which are commonly involved in the formation of
zeolite. The porous structure of zeolite is a property that can
be used as a an adsorbent material (Wardani, L., D. 2018). Ta-
ble 2 shows the major components of CFA are silicate min-
erals (measured as SiO,) and calcium (as Ca0). It can be ob-
served that CFA also contains quite large amounts of iron
(analyzed as Fe,03), aluminium (as Al,03), and sulphur (an-
alyzed as SO3). According to the American Concrete Institute
(1991) (parts 1226.3R-3), the material used in this study is clas-
sified as Class C because it contains more than 10% CaO and
less than 70% of the three main components (SiO,, Al,03,and
Fe,03). It has pozzolanic properties, but also reacts directly
with water to form CSH (Ca0.Si0,.2H,0). Calcium Hydroxide
and Ettringite hardens like cement. Gravel as the media in
the SSF-CW is a place for plants to grow, a medium for mi-
croorganisms to breed, assist in the sedimentation process,
and assist in the adsorption of odors from biodegradation
gases. While the other role is the place where the chemical
transformation process occurs, the storage place for the nu-
trients needed by plants (Supradata 2005).

3.2 The growth rate of plants

The results of plant development are indicated by the pres-
ence of new shoots and roots that grow during the phytore-
mediation process. In addition, there was an increase in the
weight and number of vetiver stems. The initial and final
weight of vetiver grass (Vetiveira zizanioides L) measured on
as non-dry basis, was presented in Table 4. Assuming that
the water content in the plants was not significantly differ-

ent, the weight measurement can indicate the growth of the
plants in each reactor (by comparing the final weight with the
initial weight). This data has clearly indicated the persistence
of the plant to grow in chromium contaminated wastewater
and acted as a phytoremediator.

3.3 Analysis of chromium
3.3.1 Accumulation of chromium in plants

Vetiver grass (Vetiveria zizanoides L), due to its morphological
and physiological characteristics and tolerance to high levels
of heavy metals and adverse conditions, has been success-
fully applied in this experiment. Besides its excellency for the
removal of heavy metals from contaminant soil (Dotro et al.
2011), the plant also proved to be able to adsorb Cr directly
from the water bodies. The calculation of chromium content
in the plant was based on a dry-basis. Table 5 shows the accu-
mulation of chromium in roots and stems from each SSF-CW
reactor (measured on a mg/kg dry basis).

Table 5 shows that vetiver grass mostly accumulated
chromium in the roots. This indicates that vetiver grass is a
hyperaccumulator for chromium. Hyperaccumulator plants
are plants which have the ability to adsorb and accumulate
a large number of heavy metals. The limit of metal content
contained in the biomass so that a plant can be called a hy-
peraccumulator varies depending on the type of metal. For
examples, nickel accumulation as high as 10 mg/kg dry mass
(equivalent to 0.001%), and cadmium as high as 100 mg/kg
dry mass (equivalent to 0.01%) are considered the hyperaccu-
mulator limits, while the limit for cobalt, copper and lead it is
0.1% (1000 mg/kg dry weight) and for zinc and manganese, it
is 1% (10,000 mg/kg dry weight, respectively (Dwityaningsih
et al. 2019). Table 5 presents the ability of vetiver grass to ac-
cumulate chromium in the order of 10,000 mg/kg to almost
200,000 mg/kg, showing its high potential as a hyperaccumu-
lator plant for chromium.

3.3.2 Accumulation of chromium in CFA

The accumulation of chromium in CFA after 15 days of use in
the SSF-CW experiment was shown in Table 6.

TABLE 4. The wet weight of vetiver grass before and after phytoremediation
in SSF-CWs.

Plants SSF-CW reactor

| 1l 1] \%
Initial Weight (gr) - 785 762 786
Final Weight (gr) - 916 817 809
% Increase - 16.7 7.2 2.9
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FIGURE 2. Removal of Chromium in wastewater.

The accumulation that occurs in the media is due to
Cr adsorption on the active sites of the adsorbent which is
proportional to the surface area of the CFA. Interesting re-
sults had been found in RI and RIII, where the amount of
chromium adsorbed was the lowest and the highest, respec-
tively; while RII lied in between. RI which only contained CFA
without vetiver grass was highly less effective in adsorbing
chromium compared to that RIII, which contained CFA and
vetiver grass. This indicates synergy between vetiver grass
and CFA in adsorbing chromium from wastewater.

3.3.3 Analysis of chromium in wastewater

A summary of the removal of chromium on day 15 of SSF-CWs
operation is provided in Table 7. It can be seen that RII, which
was a combination of adsorption and phytoremediation in
the SSF system with a gravel/CFA ration of (25:2) gave the best
performance compared to other reactors. This condition in-
dicates that the amount of CFA affects the performance of the
SSF-CW in removing chromium. The removal of Chromium
in waste water for all SSF-CW can be seen at in Figure 2.
Figure 2 shows that chromium removal by adsorption
by CFA is higher than that of phytoremediation by vetiver
grass. This is because in adsorption, initially most of the
adsorbent active sites have not been occupied. This results
in a higher amount of the chromium ions to be adsorbed,
but with increasing time the adsorbate will get closer to a
certain value, which indicates its saturation condition (Man-
dalahi et al. 2016). On the other hand, phytoremediation
needs more times to remove the pollutant due to its lengthy
process involving several steps such as adsorption by roots,
phyto-extraction, and translocation to the other parts of the
plant. This is following research by Gwenzi et al. (2017) that
metal removal by phytoremediation was generally less than
that by adsorption, accounting for between 34% and 54.6%
for both adsorbents. RII which is a combination of adsorp-
tion and phytoremediation with a media ratio (25:2) gave
the best efficiency because the amount of CFA was more
than other reactors so the adsorption capacity is greater. Its
accordance to Srisatit and Sengsai (2003) the efficiency of

TABLE 5. Accumulation chromium in plants.

Plants w

RI RII RIll RIV
Roots (mg/kg) - 34.126 65.130 192.597
Stem (mg/kg) - 22.696 23.804 71.832
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TABLE 6. The accumulation of chromium in the CFA.

CFA SSF-CW reactor
RI RIl RIN RIV
Chromium(mg/kg)  9.143 16.113 82.894 -
TABLE 7. Chromium removal .
SSF-CW Reactor RI RII R RIV
Initial Cr conc. (mg/L)  14.612  14.612 14.612 14.612

Final Cr conc. (mg/L) 2.785 0.987 2.079 3.544

chromium removal with Surat Thani ecotype containing Ve-
tiveria zizanoides L for 0.1 m level, was about 89.29%. The re-
moval of Cr from wastewater in RI, RIL, RIII, and RIV at days 15
were 81.%, 93.2%, 85.8%, and 75.7%, respectively.

4. CONCLUSIONS

Vetiver grass (Vetiveria zizanoides L) has been able to survive
in a Cr-contaminated wastewater system, indicated by its in-
crease in weight and the presence of new shoots and roots
during the phytoremediation processes. The plant has been
proven as a potential phytoremediator for Cr-removal. CFA
has played a significant roles in Cr-removal through its ad-
sorption ability. CFA also plays important roles in the growth
of the plants. The removal of Cr from wastewater on day 15
in RI, RII, RIIL, and RIV was 81%, 93.2%, 85.8%, and 75.7%, re-
spectively. It is obtained that a combination of adsorption
by CFA and phytoremediation by vetiver grass in the SSF-CW
system gave the best result. This research also found that
there is a synergy between vetiver grass and CFA in removing
chromium from wastewater, showing the potential of a com-
bined method of adsorption and phytoremediation for heavy
metal removal from wastewater.
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