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Abstract Article History
Tannery wastewater contains chromium, a persistent | Received: September 2026
heavy metal that requires effective and affordable | Reviewed: September 2026
treatment. This study evaluated the effectiveness of | Published: September 2026
yellow velvetleaf and water clover, individually and in | Plagirism Checker:
combination, in reducing chromium from tannery | No 234.GT8.,35
wastewater and examined changes in leaf chlorophyll | .800
and fresh biomass. The experiment used a factorial
randomized block design with two factors, namely plant | Copyright : Author
treatment and chromium concentration, with three | Publishby : Trigonometri
replications. Plant treatments consisted of vyellow
velvetleaf, water clover, and their combination, while ‘@ @ @ \
chromium concentrations were 0, 5, and 10 ppm. Plants
were acclimatized for seven days and exposed to | This work is licensed under
treatment media for ten days. Chromium concentration | a Creative Commons Attribution-
was measured by atomic absorption spectrophotometry, | NonCommercial 4.0
chlorophyll by spectrophotometry, biomass by weighing, | International License
and water quality parameters were monitored. Data
were analyzed by two-way ANOVA followed by Duncan
test at 5% significance level. Plant treatment and
chromium concentration significantly affected chromium
reduction and fresh biomass, while plant treatment also
affected chlorophyll. The interaction between both
factors significantly affected chromium reduction but
not chlorophyll or biomass. The highest reduction at 5
ppm was achieved by water clover (93.07 + 1.93%),
whereas the plant combination at 10 ppm reduced
chromium by 80.35 + 10.92%. Biomass and chlorophyll
generally decreased as chromium concentration
increased. Water clover and the combined treatment
have potential as aquatic phytoremediators for
chromium-contaminated tannery wastewater
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INTRODUCTION

The leather tanning industry is economically
important because it converts raw hides into
products such as bags, shoes, jackets, and
other leather crafts. However, its production
process uses large volumes of water and
chemical reagents, particularly during soaking,
liming, tanning, retanning, dyeing, and
finishing. Wastewater generated from these
steps may contain organic matter, suspended
solids, salts, and heavy metals. Chromium salts
are widely associated with the tanning process
because they improve leather stability and
quality, but residual chromium in wastewater
can become an environmental pollutant when
treatment is insufficient (Putri, 2022; Astuti et
al., 2022).

Chromium pollution is of particular concern
because this metal is persistent and may
accumulate in aquatic environments.
Chromium occurs mainly as trivalent chromium
(Cr3+) and hexavalent chromium (Cré6+). Cré+ is
generally more soluble, mobile, and toxic than
Cr3+, and exposure can disrupt plant growth,
damage aquatic ecosystems, and pose risks to
human health (Pereira et al., 2021; Berniyanti,
2020). In plants, chromium toxicity may inhibit
enzyme activity, disturb nutrient absorption,
alter chloroplast structure, reduce chlorophyll
content,
(Sharma et al., 2020; Restiani et al., 2024).

Therefore, wastewater containing chromium

and decrease biomass production

requires treatment before being released into

the environment.
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Several treatment methods can be applied to
reduce chromium in wastewater, including
chemical precipitation, adsorption, membrane

separation, and biological treatment. Among

biological approaches, phytoremediation is
considered a promising low-cost and
environmentally friendly technology.

Phytoremediation uses plants and associated
rhizosphere processes to absorb, accumulate,
transform, or stabilize contaminants in water,
The

phytoremediation depends on plant tolerance,

soil, or sediment. success  of

root  morphology, biomass production,
contaminant concentration, water quality, and
contact time (Kafle et al., 2022; Widyasari,
2021). Aquatic macrophytes are suitable for
wastewater treatment because their roots are
directly exposed to contaminated water and
can interact with dissolved metal ions.

Yellow velvetleaf (Limnocharis flava) and
water clover (Marsilea crenata) are aquatic
plants that are abundant in wetlands and
shallow waters in Indonesia. Limnocharis flava
has a fibrous root system and has been reported
to absorb heavy metals from contaminated
media (Amalia et al., 2023; Ramagita et al.,
2025). Marsilea crenata has spreading rhizomes
and adventitious roots that increase contact
between the plant and wastewater, and
previous studies have shown its potential in
improving wastewater quality (Musapana et al.,
2020; Rulitasari 2021).

However, information comparing these two
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species and their combination for chromium
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removal from tannery wastewater, while also
evaluating chlorophyll and biomass responses,
remains limited.

This study aimed to evaluate the effects of
plant treatment, chromium concentration, and
their interaction on chromium reduction in
tannery wastewater, leaf chlorophyll content,
and fresh biomass of Limnocharis flava and
Marsilea crenata. The study also monitored pH,

temperature, dissolved oxygen, and carbon

dioxide as supporting environmental
parameters during the phytoremediation
process.

MATERIALS AND METHODS

This experimental study was conducted from
November 2025 to January 2026 at the Biology
Greenhouse, Faculty of Mathematics and
Natural Sciences, Universitas Negeri Surabaya.
Tannery wastewater was obtained from UPT
Industri Kulit & Produk Kulit Magetan, Magetan
Regency, East Java. Limnocharis flava samples
were collected from rice-field areas in
Pertapan Maduretno, Taman District, Sidoarjo,
while Marsilea crenata samples were obtained
from Kampung Semanggi, Surabaya. Chromium
analysis was carried out at UPT Laboratorium
DLHK

Chlorophyll analysis was performed at the IDB

Lingkungan Kabupaten  Sidoarjo.

Biology Laboratory, and supporting water
quality analysis was performed at the Ecology
Laboratory C14, Department of Biology,
Universitas Negeri Surabaya.

The experiment used a factorial randomized

block design with two factors and three
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replications. The first factor was plant
treatment consisting of Limnocharis flava,
Marsilea crenata, and a combination of both
species. The second factor was chromium
concentration in the treatment medium,
namely O ppm as control, 5 ppm, and 10 ppm.
Thus, there were nine treatment combinations
and 27 experimental units. Each unit contained
5 L of treatment medium and 100 g initial fresh
biomass. In the combination treatment, the
biomass ratio was 1:1, consisting of 50 g
Limnocharis flava and 50 g Marsilea crenata.
Before treatment, plants were washed with
clean water and acclimatized for seven days.
Tannery wastewater was adjusted to the
required chromium concentrations. When the
initial chromium content of wastewater was
than

lower the target concentration, a

chromium stock solution prepared from

potassium dichromate (K2Cr207) was added.
The treatment media consisted of 4 L distilled
water and 1 L tannery wastewater for the
control, with additional chromium stock
solution for the 5 ppm and 10 ppm treatments.
Plants were exposed to the treatment media
for ten days.

Chromium concentration in water was
measured at the beginning and at the end of
the treatment using atomic
The

chromium reduction was calculated from the

absorption

spectrophotometry. percentage  of
difference between initial and final chromium
divided by the

concentration. Leaf chlorophyll was extracted

concentration initial
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using 96% alcohol and measured using
spectrophotometry at 649 nm and 665 nm.
Chlorophyll b, total

chlorophyll calculated the

a, chlorophyll and

were using
Wintermans and De Mots equations as described
by Sumiati (2021). Fresh biomass was measured
by weighing whole plants after harvesting,
cleaning, and draining. Supporting parameters
including pH, temperature, dissolved oxygen,
and carbon dioxide were measured at the
beginning and end of the treatment.

Data for chromium reduction, chlorophyll
content, and fresh biomass were tested for
normality using the Shapiro-Wilk test and for
homogeneity using the Levene test. Normally
distributed and homogeneous data were
analyzed using two-way ANOVA at a 5%
significance level. Significant effects were
0.05. The

physicochemical parameters were analyzed

followed by Duncan test at a =

descriptively by comparing the initial and final
values and by considering applicable water

quality standards.

RESULTS

The data met the assumptions for parametric
analysis. Shapiro-Wilk tests showed that the
chromium reduction, chlorophyll, and fresh
biomass data were normally distributed, with
significance values of 0.370, 0.875, and 0.478,
respectively. tests also showed
homogeneous with
values of 0.146, 0.243, and 0.298. The two-way

ANOVA results showed that plant treatment

Levene

variances, significance

significantly affected all observed response
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variables. Chromium concentration
significantly affected chromium reduction and
fresh biomass, but did not significantly affect
chlorophyll. The interaction between plant
treatment and chromium concentration
significantly affected chromium reduction, but
did not significantly affect chlorophyll or fresh

biomass (Table 1).

Table 1. Significance values of two-way ANOVA for chromium
reduction, chlorophyll content, and fresh biomass.

Source of Chromium Chlorophyll .
e - Fresh biomass
variation reduction content
Plant treatment 0.001* 0.012* 0.001*
Chromium 0.041* 0.469ns 0.014*
concentration
Plant treatment x4, 0.902ns 0.752ns

concentration

Note: * = significant at a = 0.05; ns = not significant.
Chromium reduction differed among plant

treatments and concentrations (Table 2). At 5
ppm, Marsilea crenata showed the highest
mean chromium reduction, followed by the
combination treatment and Limnocharis flava.
At 10 ppm, the combination of both plants
showed the highest reduction, followed by
Marsilea crenata, whereas Limnocharis flava
showed the lowest reduction. The control
treatment did not show chromium reduction
because chromium was absent from the

treatment medium.

Table 2. Interaction between plant treatment and chromium

concentration on chromium reduction after ten days of
phytoremediation.
Plant treatment 0 ppm 5 ppm 10 ppm Mean
Limnocharis flava 0.00 + 0.00Aa 64.97 + 19.57Ab19.00 + 16.06Ac  27.99
Marsilea crenata 0.00 + 0.00Ba 93.07 + 1.93Bb62.62 + 20.60Bc 51.90
Combination  0.00 + 0.00Ba 86.24 + 5.03Bb80.35 + 10.92Bc ~ 55.53
Mean 0.00 81.43 53.99
Note: Values are mean =+ standard deviation. Different

uppercase letters in the same concentration and different
lowercase letters in the same plant treatment indicate
significant differences based on Duncan test at a = 0.05.

Leaf chlorophyll content and fresh biomass

showed different response patterns (Table 3).
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Marsilea crenata had higher

content

than

Limnocharis

flava

chlorophyll

across

chromium concentrations. Chlorophyll tended

to decrease as

chromium

concentration

increased, but the concentration effect and the
interaction effect were not significant. Fresh
also decreased with

biomass increasing

chromium concentration. The combination
treatment maintained the highest biomass at
all concentrations, whereas Limnocharis flava
showed the lowest biomass under chromium

exposure.

Table 3. Leaf chlorophyll content and fresh biomass of aquatic
plants after ten days of exposure to chromium-containing
tannery wastewater.

Cr concentration Total chlorophyll

Plant treatment Fresh biomass (g)

(ppm) (mg/L)

Limnocharis flava 0 10.66 + 0.66Aa  104.33 + 3.21Ab
Limnocharis flava 5 9.16 + 2.31Aa 83.00 + 16.64Aa
Limnocharis flava 10 7.61 +2.68Aa  76.67 + 10.41Aa
Marsilea crenata 0 14.09 + 2.21Ba  107.67 + 7.37Ab
Marsilea crenata 5 13.87 + 5.89Ba 96.00 + 1.00Aa
Marsilea crenata 10 12.58 + 2.59Ba 93.67 + 1.15Aa

Combination 0 12.38 + 1.43Aa  120.67 + 19.50Bb

Combination 5 11.51 £ 3.75Aa  112.67 + 4.73Ba

Combination 10 10.09 + 1.87Aa  110.00 + 20.07Ba

Note: Values are mean + standard deviation. Different letters
indicate significant differences based on Duncan test at a =
0.05.

The supporting water quality parameters
remained within ranges that allowed plant
survival during the experiment. The final pH
ranged from 6.47 to 7.60, while the final
temperature ranged from 26.00°C to 26.67°C.
Dissolved oxygen at the end of treatment
ranged from 3.23 mg/L to 4.63 mg/L. Carbon
dioxide increased during the experiment, with
final values ranging from 4.00 ppm to 48.94
ppm,
generally produced higher final carbon dioxide

and higher chromium concentrations

values.
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DISCUSSION
The significant effect of plant treatment on
chromium reduction indicates that

phytoremediation performance was strongly
influenced by plant species and plant structure.
the

treatment showed higher chromium reduction

Marsilea crenata and combination
than Limnocharis flava in most chromium-
containing treatments. This response may be
related to the growth habit of Marsilea crenata,
which  forms spreading rhizomes and
adventitious roots. Such morphology increases
the contact area between the root system and
contaminated water, enabling more sites for
metal adsorption, absorption, and rhizosphere
interaction. In contrast, Limnocharis flava has
fibrous roots that can absorb dissolved metals,
but its effectiveness in this study was lower
under higher chromium stress.

The interaction between plant treatment
and chromium concentration was significant for
reduction, that the

chromium showing

effectiveness of each plant treatment
depended on the initial chromium level. At 5
ppm, Marsilea crenata achieved the highest
At

treatment showed the greatest reduction,

reduction. 10 ppm, the combination
suggesting that the presence of two plant
species may broaden the rhizosphere contact
area and improve tolerance under higher
chromium exposure. Similar principles have
been described in phytoremediation studies,
where plant selection, root development,

biomass, and contaminant concentration affect
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metal uptake and removal efficiency (Kafle et
al., 2022; Safarrida and Ngadiman, 2023).
Additional evidence from BioLink Indonesia
strengthens the relevance of biological
treatment for contaminated water. Magfirah
Hartati  (2026) that

performance

and emphasized

bioremediation depends on

biological capacity to bind, tolerate, and
detoxify metals, especially when pollutants
persist in aquatic systems. Syarifah et al. (2026)
also showed that simple ecological treatment
units can improve wastewater quality by
stabilizing pH and reducing visible pollution

indicators. These findings support the present

study because plant-based remediation
similarly relies on biological interaction
between organisms, pollutants, and water

quality conditions, while remaining affordable
for small-scale wastewater management in
areas affected by tannery activities in
Indonesian industrial regions.

Chromium reduction in the media may occur
through rhizofiltration and accumulation in
plant tissues. Metal ions in water can be
adsorbed onto the root surface, absorbed
through root tissues, and transported to other
organs through vascular tissues. Once inside the
plant, chromium can be stored in cell walls,
cytoplasm, or vacuoles as part of plant
tolerance strategies. This mechanism reduces
the dissolved chromium concentration in the
media but may also cause physiological stress
when the accumulated metal exceeds the plant

tolerance capacity (Alwi et al., 2018; Sharma
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et al., 2020). Therefore, the decrease in
chromium concentration should be interpreted
together with plant performance indicators
such as chlorophyll and biomass.

The decrease in chlorophyll with increasing
chromium concentration was consistent with
the known physiological effects of heavy metals.
Chromium can disrupt chloroplast structure,
inhibit chlorophyll biosynthesis, reduce the
of
magnesium and iron, and trigger oxidative
These
photosynthetic

uptake essential nutrients such as

stress. processes may reduce

pigment  content and
photosynthetic efficiency (Sharma et al., 2020;
2022). the

concentration effect on chlorophyll was not

Kumar et al., In this study,
statistically significant, but the descriptive
trend indicated that both plant species
experienced pigment reduction at higher
chromium levels. This suggests that the plants
were still able to maintain chlorophyll stability
during the ten-day exposure period, although
early signs of stress were observed.

Fresh biomass declined significantly as
The

reduction in biomass reflects growth inhibition

chromium  concentration increased.
caused by chromium toxicity. Heavy metals can
interfere with nutrient absorption, water
balance, enzyme activity, cell division, and
energy metabolism. As a result, the plant
allocates more energy to defense and
detoxification mechanisms than to growth. The
combination treatment had the highest biomass
at all

concentrations, which may have
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increased its overall capacity to interact with
the

absence of a significant interaction effect on

the contaminated medium. However,

biomass indicates that the reduction in growth
was mainly determined by plant type and
chromium concentration rather than by a
specific combination of both factors.

The supporting physicochemical parameters
showed that the media remained suitable for
aquatic plant survival. The pH values stayed
within a near-neutral range, which is important
because pH affects chromium solubility and
metal availability to plants. Dissolved oxygen
remained above 3 mg/L at the end of treatment,
indicating that the media still supported
aerobic biological activity. The increase in
carbon dioxide may reflect respiration by plant
roots and microorganisms as well as organic
These

suggest that the phytoremediation process

matter decomposition. conditions
occurred in biologically active media, allowing
plant uptake and rhizosphere processes to
contribute to chromium reduction (Astuti and
Sugianti, 2018; Rini, 2017).

Overall, Marsilea crenata showed stronger
potential for chromium removal at moderate
concentration, while the combination of
Limnocharis flava and Marsilea crenata was
more effective at the higher concentration.
The decline in chlorophyll and biomass with
increasing chromium indicates that
remediation effectiveness must be balanced
with plant tolerance. Longer exposure periods,

wider concentration ranges, and analysis of
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chromium accumulation in roots, stems, and
leaves are needed to determine uptake
distribution and to evaluate the practical
application in

of these plants tannery

wastewater treatment systems.

CONCLUSION
Plant treatment, chromium concentration,

and their interaction significantly affected
chromium reduction in tannery wastewater.
Marsilea crenata was the most effective
treatment at 5 ppm chromium, while the
combination of Limnocharis flava and Marsilea
crenata maintained the highest reduction at 10
ppm. Plant

concentration also affected fresh biomass, and

treatment and chromium
plant treatment affected leaf chlorophyll, but
the interaction between both factors did not
significantly affect chlorophyll or biomass. The
decline in chlorophyll and biomass at higher
indicated

chromium concentrations

physiological stress caused by chromium
exposure. Marsilea crenata and the combined
plant treatment have potential to be developed
as environmentally friendly phytoremediation
agents for chromium-contaminated tannery

wastewater.
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