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ABSTRACT

Constructed wetlands (CWs) augmented with endophyte bacteria, well known as a sustainable and low-cost tech-
nological approach, have been widely applied to treat textile wastewater. However, the remaining dyes and other
pollutants in treated textile wastewater are not guaranteed to impact the biotic environment negatively. Validating
the toxicity level of treated textile wastewater is critical to ensuring aquatic environmental safety. Therefore, this
study evaluated the acute toxicity of treated textile wastewater from CW reactor integrated with Vetiveria zizanioi-
des and consortium endophytic bacteria. Acute toxicity (LC, ) represents the concentration causing 50% mortality
in the aquatic organism population within 96 hours. Whole effluent toxicity (WET) testing using Daphnia magna
as a standardized bioassay was conducted to determine LC, . Three variations of treatments, untreated wastewater
(K), constructed wetland without bacteria (C1), and constructed wetland with bacteria (C2), were monitored for
treating three loading concentrations (25%, 50%, and 100%) of textile wastewater. As a result, the untreated waste-
water had LC, 1.52-200% and TUa 0.50-65.62, indicating slight to high acute toxicity. In contrast, CWs with and
without consortium bacteria exhibited LC,; > 100% and TUa < 1, indicating that both treatments raised effluent
quality and became non-acute toxicity. Moreover, the D. magna that survived in treated textile wastewater from
CWs with and without bacteria exhibited less morphological and physiological impact on the organs, particularly
heart rate and thoracic limb movement. These findings demonstrate that CWs augmented with endophytic bacteria
can eliminate acute toxic risks in textile wastewater and reduce its hazardous potential to the aquatic environment.

Keywords: acute toxicity; textile effluent; Daphnia magna; constructed wetland; LC, assessment.

INTRODUCTION textile production. Synthetic dyes, such as naph-
thol, remazol, and indanthrene are commonly used

The traditional woven industry in Indonesia  in the dyeing processes of Indonesia’s traditional
faces significant challenges related to environ-  woven industry and contain high levels of pol-
mental pollution. This issue becomes critical, be- lutants, including COD, TSS, colour, and heavy
cause the owners of these industries often lack  metals, which are difficult to biodegrade (Fajri et
the financial resources and knowledge needed to al., 2024; Ramadhani & Subandi, 2015). Textile
manage and treat the wastewater generated during effluents contain chemical compounds categorised
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as PBTs (persistent, bioaccumulative, and toxic
substances), often known as persistent organic pol-
lutants (POPs). Those pollutants can lead to acute
toxicity effects, such as mortality to aquatic organ-
isms (Akeredolu et al., 2023). These chemicals
also pose significant environmental and ecological
risks, such as invertebrate taxa richness and abun-
dance declining near the effluent discharge site,
significantly changing their life modes and feeding
groups (Gomez et al., 2008). Therefore, it is crucial
to assess the acute toxicity of textile effluent to pro-
tect aquatic ecosystems from these harmful effects.

Constructed wetlands are an increasingly
adopted technology for treating textile effluents
due to their eco-friendly and cost-effective ap-
proach, relying on natural processes involving
vegetation, microbial communities, and soil fil-
tration (Vymazal, 2010; Wei et al., 2020). Several
studies have reported that wetland treatments have
effectively reduced organic, nutrient and heavy
metal contamination in textile effluents (Hussain et
al., 2018b; Shehzadi et al., 2016; Tara et al., 2019).
Despite that, the residual can remain even at very
low concentrations and may pose potential risks
to aquatic organisms (Berradi et al., 2019; Choud-
hury, 2014). The incomplete degradation of com-
plex dye molecules and the persistence of heavy
metals may contribute to residual toxicity, high-
lighting the need for post-treatment toxicity evalu-
ations. The WET method has been widely applied
to measure the acute toxicity level of wastewater
exposure in surface water. This method provides a
more comprehensive understanding of the waste-
water potential hazard to aquatic organisms com-
pared to testing individual chemical substances (Jin
& Kusui, 2019). Moreover, WET is considered a
more practical approach to analysing the extensive
impact of whole pollutants than measuring every
possible chemical and heavy metal pollutant (Mar-
shall, 2016). Acute toxicity assessment evaluates
mortality as the endpoint, with results expressed
as LC,, (lethal concentration affecting 50% of test
organisms) over an exposure period ranging from
24 t0 96 h (US EPA, 2002).

Previous studies have reported acute toxicity
levels in various treated textile effluents signifi-
cantly affecting aquatic organisms (Alderete et
al., 2021; Lach et al., 2022; Zhang et al., 2012).
Certain levels of pollutants in textile effluents can
negatively impact aquatic life behaviour, such
as immobilisation, reduced swimming capacity,
abnormal movement, sluggishness, decreased
survival, and loss of muscular function (Carney
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Almroth et al., 2021; Parmar & Shah, 2021).
These findings emphasise the importance of con-
ducting bioassays, including lethal concentration
50 (LC,) tests, to accurately assess the impacts
of treated textile effluents on aquatic organisms.

Aquatic bioassays using model organisms are
essential to evaluate the toxicity level of textile
effluents. Among aquatic organisms, Daphnia
magna, a type of zooplankton, was frequently
used in ecotoxicological tests due to its high sen-
sitivity to pollutants, central role in the lentic food
chain, and ease of handling in laboratory settings
(Bownik, 2017; Kakka et al., 2021). Compared
to other aquatic species, such as fish or algae,
D. magna offers practical advantages, including
short life cycles and rapid reproductive rates,
making it highly suitable for acute toxicity tests
(Gyllstrom & Hansson, 2004).

Textile wastewater is characterised by a high
concentration of pollutants, such as dyes, heavy
metals, and organic chemicals, which can re-
main toxic to aquatic organisms even after treat-
ment processes. However, the toxicity of effluent
from textile wastewater treatment, particularly in
wetland treatment systems, is seldom evaluated,
and the quality of treated effluent may remain
questionable, even if high removal efficiency is
achieved. This study aimed to assess the acute
toxicity of treated textile wastewater from wetland
treatment systems (with and without bacterial aug-
mentation) using whole effluent toxicity testing D.
magna bioassays. The research identified the le-
thal impacts of effluent from constructed wetlands
(CWs) on D. magna, even at low concentrations
of pollutants. This methodology will contribute
to a more thorough ecological risk assessment of
treated textile wastewater, providing a better un-
derstanding of the acute toxicity levels associated
with its discharge into surface waters.

MATERIALS AND METHODS

Wetland reactor construction

Triplicated constructed wetland treatments
consisted of untreated wastewater (K), construct-
ed wetland (C1), and constructed wetland with
the addition of consortium bacteria (C2). A CW
reactor was made using a 55 L plastic box con-
tainer and contained medium gravel, fine grav-
el, sands, sterilised soils, as well as 12 groups of
Vetiveria zizanioides plant (Fig. 1). Three strains
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of identified bacteria (Fig. 3), Bacillus cereus
(NR _115714), Bacillus spizizenii (NR_112686),
and Stenotrophomonas malthopilia (NR_040804)
from the previous report were used in this study
(Fajri et al., 2024). Vetiveria zizanioides plants
were planted in each CW reactor and acclima-
tized for 3.5 months before treatments. The con-
centrations of textile wastewater were prepared
for 25% and 50% from artificial dyes (naphthol
dye-based colours), and 100% wastewater was
collected from the effluent of the woven home in-
dustry in Jepara District, Central Java Province
(Fig. 2). Constructed wetlands treatments were
run for two months in a greenhouse with three
batches of textile concentrations: batch 1 for 25%
concentration from 0—14 days, batch 2 for 50%
concentration from 14-28 days, and batch 3 for
100% concentration from 28—56 days.

Constructed Wetland (CW)
construction

acclimatisation procces

Daphnia magna bioassays

The toxicity assessments of treated textile
wastewater in different concentrations were done
using living aquatic organisms of Daphnia mag-
na obtained from a local breeder. A month of
Daphnia magna was cultured in a laboratory in
a 22.5 L aquarium containing aerated tap water
(Fig. 4). The culturing process was conducted for
over three generations, and the water condition
was maintained under DO > 3 mg/L, pH neutral
(7-8), and room temperature 25+3 °C. D. mag-
na were fed with yeast diluted in tap water every
single day. The mature D. magna with eggs were
placed into a new reactor, and newly born larvae
(< 24 h) were available for the LC, toxicity test
refered to USEPA (2002).

After the
acclimatisation procces

Control during
acclimatisation procces

Figure 1. Construction and acclimatisation processes of CW reactors

Napthol dyes

(red and black colours) powder

Preparation of 25%
textile wastewater

Preparation of 50%
textile wastewater

Sampling textile wastewater
at woven home industry

Preparation of 100%
textile wastewater

Figure 2. Textile wastewater preparation before running the CW treatment
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Water preparation for
D. magna acclimatisation

Acclimatisation & breeding of
Dhapnia magna

Figure 3. Re-culture selected strain consortium bacteria

.
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Reculture identify bacteria Incubation on
in Nutrient Broth media orbital shaker

from Separated bacteria
media with centrifuge from media

Figure 4. Acclimatisation and breeding of Daphnia magna processes prior to WET analysis

Sampling and water quality analysis

Composite samples were collected from efflu-
ents of three of the same treatments at the end of
each batch concentration. Prior to toxicity assess-
ment, composite treated wastewater samples were
measured for physicochemical parameters, includ-
ing chemical oxygen demand (COD), ammonia,

VIR )

Effluent sampling
at 25% conc.

Effluent sampling
at 50% conc.

P |
Effluent sampling
at 100% conc.

Chemical Oxygen Demand (COD) test

colour, dissolved oxygen (DO), pH, water tem-
perature (Tw) and heavy Pb and Cd heavy metals
(Fig. 5). The COD, ammonia, colour and heavy
metals were measured by following the instruc-
tions of the Indonesian National Standards for
Water and Wastewater Quality (BSILHK), which
referred to the APHA. Meanwhile, the physical
parameters of DO, pH, and Tw were measured

O)

o = i
pH, DO, temperature
test

Ammonia (NH3) test

Figure 5. Sampling effluents and water quality analysis after CW treatment
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using a portable probe meter produced by Horiba
LAQUAact PD110 and PH110 Water Quality Me-
ter. A detailed list of methods for analysing the
wastewater quality was provided in Supplement A.

Whole effluent toxicity test

A WET test was conducted, referred to the
United States Environmental Protection Agency
(US EPA, 2000) method to assess acute toxici-
ty and calculate LC,, representing the effluent
concentration that causes 50% mortality (Fig. 6).
Toxicity was assessed by exposing D. magna as
bioassay at different effluent concentrations for
96 hours, and lethal concentration (LC,)) was
identified when 50% mortality of bioassays an-
imal. The toxicity assessment was done by pre-
paring three replicates of a 100 mL composite
sample in a 200 mL glass bottle containing 10
larvae of D. magna (Bownik et al., 2015). The
toxicity assessment was measured using two
steps of range test concentrations: finding test and
definitive test. A preliminary range-finding test
was conducted using dilution variations of 0%
(control), 6.25%, 12.5%, 25%, 50%, and 100%.
Mortality was monitored daily for 96 h, and the
results were acceptable when the animals in the
control remained 90% alive. The subsequent con-
centrations of the definitive test were conducted
when 50% bioassay mortality was confirmed at
one concentration of the range-finding test. The
new range concentrations of the definitive test
were determined using Equation 1 by multiplying
the R-value with the lowest concentration.

1
a\n-1

R=(3) M

R is constant, « is the highest concentration
with mortality of 50%, b is the lowest concen-
tration with mortality close to 50%, and # is the
number of concentrations (Rohmah et al., 2018).
The LC,, was estimated using dose-response

Preparation of effluents dillution

Inserted 10 D. magna to dilluted effluents

analysis with the probit method (US EPA, 2002).
This analysis involved transforming mortality
rates using a probit transformation, converting
effluent concentrations to log, , and calculating
LC,, from linear regression parameters. Addition-
ally, the toxic unit-acute (TUa) was calculated to
categorize the acute toxicity level using Equation
2 (EPA, 2000).

100

It 2)

TUa =

Morphological and physiological analysis

The morphological and physiological analy-
sis of D. magna followed a modified method of
Bownik et al. (2015) and Li et al. (2023). The
experiment involved 10 organisms in a 100 mL
effluent sample and observed after 96 h exposure
(Fig. 7). The samples analysed were taken from
the highest concentration in definitive test result
for each effluent batch (25%, 50%, and 100%
loading concentration) and compared to the un-
exposed control (0%). Physiological parameters,
including heart rate, thoracic limb movement, and
physical damage of D. magna by dye absorption
in body tissue, were examined under an Olym-
pus BX53 microscope at 40x magnification. Ob-
servations were conducted in three replicates and
recorded for 1 min. The recorded videos were
analysed using a media player application. The
number of beats or movements was counted man-
ually in 10 seconds and multiplied by 4 to esti-
mate beats per minute for heart rate and times per
minute for thoracic movements.

Statistical analysis

One-way variance (ANOVA) statistical anal-
ysis with the Tukey post-hoc test was conducted
using SPSS 15 to determine the significant differ-
ence (p < 0.05) data in effluent quality; in addi-
tion, morphology and physiological analysis were

WET monitoriﬁg
on D. magna

Figure 6. WET experiment on various concentrations of effluent CW treatment
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WET monitoring
on D. magna

Morphological & physiological
analysis of D. magna

Figure 7. Analysis of D. magna morphology and physiology during WET monitoring

carried out. The statistical analysis compared the
alteration of heart rate and thoracic limb move-
ment of D. magna after effluent exposure to tex-
tile wastewater.

RESULTS AND DISCUSSION

Textile effluent characteristics

The physicochemical characteristics of the
textile effluent are shown in Table 1. Concentra-
tions of COD from untreated wastewater (K) and
treated water from reactors of C1 and C2 exhibit-
ed high levels (ranging from 1082.10 to 3588.14
mg/L) as well as exceeded the standard limit at all
loading concentrations. No significant differences
in COD concentrations were observed between the
treated and untreated wastewater (p > 0.05), even
though the treated wastewater showed better qual-
ity than untreated wastewater (K). These results
may indicate that wetland treatments can reduce
COD, compared to any treatment. The COD pa-
rameter reflects the oxygen required to decompose
chemical pollutants in a water body. When COD
levels are exceptionally high, oxygen can be en-
tirely depleted, creating uninhabitable conditions
for aquatic organisms (Durotoye et al., 2018).

The colour level of untreated wastewater (K)
was significantly higher than the treated effluent
(p < 0.05) and exceeded the standard limit. The
treated effluent from reactor C1 and C2 remained
within the permitted limit for all loading concen-
trations, except for reactor C2 at 100% loading
concentration, which slightly exceeded the stand-
ard. These results were similar to other reports
that wetland treatments perform well in reducing
colour (Kadam et al., 2018; Rasool et al., 2023).
The performance of wetland treatments is raised
by combining the endophytic bacteria to reduce
the plant stresses and improve plant growth under
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extreme conditions (Goud et al., 2020). The phys-
ical parameters from all reactors, mainly DO, Tw,
and pH, are shown in the standard levels for the
aquatic live organisms (Table 1). The DO concen-
trations met the survival standard for D. magna
(> 3 mg/L) across all samples (p > 0.05), except
in the untreated wastewater (K) at 100% loading
concentration, which recorded a low concentra-
tion of 1.16 mg/L (p < 0.05). The low dissolved
oxygen (DO) levels of the effluent may be affect-
ed due to the high organic load, which correlates
with the elevated content of total solids. These
significant amounts of organic matter demand
large quantities of oxygen for oxidation and de-
composition, potentially threatening the survival
of aquatic organisms (Adeogun & Chukwuka,
2011). In turn, the pH values were constantly neu-
tral, ranging from 7.87 to 9.12, showing an up-
ward trend with higher loading concentrations of
textile wastewater (p < 0.05). The water tempera-
ture fluctuated from 24.67 to 26.90 °C (p < 0.05)
and remained within a safe range for D. magna
survival (Adamczuk, 2020; Miiller et al., 2018).
The heavy metals (Pb and Cd) remained in
textile wastewater even after treatment using wet-
land systems and bacterial inoculation, with no
significant differences among the various treat-
ment methods (p > 0.05). The concentration of Pb
ranged from 0.36 to 2.21 mg/L, with the highest
level obtained by untreated wastewater at 50%
loading concentration. Cd concentrations ranged
from 0.05 to 0.25 mg/L, and some samples from
treated effluent had a higher concentration than
the untreated effluent. These indicate that acute
toxicity can still be a concern, even after treat-
ment. Heavy metals, defined as chemical elements
with substantial atomic weight and density, are
recognised as some of the most hazardous inor-
ganic pollutants due to their toxicity, even at low
concentrations (Ali et al., 2019). These findings
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Table 1. The physicochemical characteristics of textile effluent from wetland treatments

Parameters
Treatments Ammonia DO .
COD (mg/L) (mg/L) Color (Pt-Co) (mg/L) pH Tw (°C) | Pb (mg/L) | Cd (mg/L)
25% Wastewater Effluent
< 256318° | oo 099 | 189217°% | 408°% | 792°% | 2513°% | 095°% | 021°%
284.71 83.03 0.12 0.06 0.03 0.44 0.02
3588147 + ] ] 458+ | 7879+ | 2620°+ | 149+ | 025°%
c1 512.48 20472002 | 17.27°£1.29 | 4 g 0.04 0.00 0.34 0.10
2406.40° £ ] ) 423+ | 795°% | 2593°% | 150°% | 023
2 783.15 4202017 | 114.68°£0.00 | 554 0.18 0.42 0.15 0.05
50% Wastewater Effluent
1366.91° + ] 2114.84°+ | 450° | 856°+ | 2483+ | 2217+ | 010°¢+
K 227.87 274°£0.02 80.60 0.09 0.06 0.03 1.95 0.06
1M117.78° ¢ ] ] 4375+ | 8119t | 2690°t | 121°+ | 0.06°¢+
c1 533.93 16472019 | 11598712911 7 0.04 0.00 0.10 0.02
1509.36° + i ] 4345+ | 828°t | 26877t | 191°¢ | 043¢
2 113.88 289£002 | 118567224 | ) 5 0.06 0.03 0.95 0.04
100% Wastewater Effluent
1447.48° + ] 728303+ | 1.16°+ | 883+ | 2467°+ | 045°t | 0.06°¢+
K 90.53 7.65+0.93 806.01 0.59 0.04 0.03 0.03 0.01
1082.10° + ] ] 473+ | 883°+ | 2485+ | 03%+ | 006 ¢+
c1 80.95 3820£270 | 119.85°£32.96| g 0.11 0.05 0.05 0.00
1124.80° + i 530.40° + 4172+ | 9122+ | 2523°+ | 036°+ | 005«
c2 73.97 4.69°£2.07 192.79 0.04 0.07 0.03 0.00 0.01
Effluent 150 8 200 NG 6-9 NG NG NG
standards

Note: each value is mean + the standard error of three replicates. Values in the same column followed by the same
letter indicate no significant difference. The data were analysed using ANOVA and Tukey post-hoc tests. *Effluent
standards for textile wastewater in accordance with the Regulation of the Minister of Environment and Forestry of
Indonesia (PermenLHK No. P.16/2019). NG means Not Given. K means untreated wastewater, while C1 and C2
are wetland treatments without and with consortium endophyte bacteria, respectively.

suggest that the risk of acute toxicity can persist
despite treatment efforts.

Acute toxicity assessment of textile effluent
using Daphnia magna bioassay

The average mortality rate and acute toxici-
ty (LC,,) of effluent-wetland treatments at vari-
ous concentration loadings are displayed in Fig-
ure 8 and Table 2, respectively. The number of
D. magna deaths increased alongside the length
of exposure and the concentration levels of pol-
lutants in textile wastewater. Untreated textile
wastewater demonstrated a high mortality rate
for all range concentrations from 0-100% after
a 96-hour exposure period at different effluent
concentrations. Probit analysis of the 96-h LC,
of untreated wastewater (K) exhibited acute lethal
toxicity compared to those exposed to the treated
wastewater (wetland reactor C1 and C2), which
resulted in the LC, of D. manga range at con-
firmation test concentrations of 1.52% to 6.48%.
Additionally, the TUa results for the untreat-
ed wastewater were 65.62 and 15.43, which are

classified as high acute toxicity, even at the low-
est 25% loading concentration of textile effluent.
This finding aligns with previous studies showing
that the acute toxicity assessment using D. magna
of raw effluent from various textile industry pro-
cesses has TUa values > 1, which are classified as
acute to very high acute toxicity (Methneni et al.,
2021; Villegas-Navarro et al., 2001).

In comparison, the treated wastewater from
vegetation only (C1) and vegetation-augmented
endophyte bacteria (C2) showed similar out-
comes, such as a low mortality rate of D. mag-
na for all loading concentrations. Moreover, the
effluent from reactor C2 had a lower mortali-
ty rate, ranging from 0-20%, while reactor C1
had a mortality rate ranging from 3.33-23.33%.
Meanwhile, the untreated wastewater at 50%
loading concentration falls under slight acute
toxicity due to lower COD, ammonia, and Cd
values compared to the concentrations at 25%
and 100%.

In contrast, following the phytoremediation
process and bacterial inoculation (reactor C1 and
C2 samples, respectively), no measurable acute
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Figure 8. Average mortality rate of D. magna for 96 h exposure at various dilutions of textile effluent: (a)
effluent of 25% loading concentration, (b) effluent of 50% loading concentration, (c) effluent of 100% loading
concentration. Each value is the mean of three replicates, and the error bar represents the standard error. K means
untreated wastewater, while C1 and C2 are wetland treatments without and with consortium endophyte bacteria,
respectively

64



Ecological Engineering & Environmental Technology 2025, 26(6), 57-72

Table 2. Assessment of acute contaminants of (LC, ) of textile effluent at 96 h

Treatments R? | LC,, (%) | TUa Category

25% Wastewater Effluent

K 0.646 6.48 15.43 High acute toxicity

C1 0.378 13915.68 0.01 No acute toxicity

c2 0.025 5.27x10 1.90%x10° No acute toxicity
50% Wastewater Effluent

K 0.407 200.00 0.50 Slight acute toxicity

C1 0.925 7888.00 0.01 No acute toxicity

Cc2 0.135 2.63x10° 3.80x10® No acute toxicity
100% Wastewater Effluent

K 0.989 1.52 65.62 High acute toxicity

C1 0.125 3.77x10° 2.66x10® No acute toxicity

Cc2 0.231 511.03 0.20 No acute toxicity

Note: K means untreated wastewater, while C1 and C2 are wetland treatment without and with consortium

endophyte bacteria, respectively.

toxicity was detected in the effluent samples, with
results showing LC_ > 100% and TUa < 1. This
demonstrates the effectiveness of combining phy-
toremediation with bacterial treatment for textile
wastewater at all stages of loading concentra-
tions. This outcome was also observed in a study
by de Alkimin et al. (2020) involving a D. magna
bioassay, which showed no acute toxicity in the
textile effluent treated using a phytoremediation
system. Similarly, Hussain et al. (2018a) report-
ed the effectiveness of constructed wetlands with
vegetation only and in combination with bacte-
ria, in reducing effluent toxicity level for Labeo
rohita, with untreated effluent being highly toxic
and the combination treatment proving non-tox-
ic results. This indicates that improved treatment
efficacy led to substantial enhancement in efflu-
ent quality, attributable to the wetland as well as
bacteria’s ability to absorb and reduce the con-
centration of chemicals that contributed to high
COD values in the effluent. In turn, the research
by Verma (2011) found that treated textile efflu-
ents exhibited TUa classifications ranging from
non-toxic to highly toxic in D. magna bioassays,
with the majority still classified as toxic. Similar-
ly, Rohmah et al. (2018) also reported that treat-
ed textile effluents remained toxic, with LC, val-
ues ranging from 2.72 to 88.40% and TUa values
between 1.13 to 36.78.

Acute toxicity assessments are conducted to
understand the biological impacts of hazardous
chemical substances in textile effluents. Textile
dyes can decompose into intermediate substanc-
es in the environment, posing potential toxicity

risks to organisms. The breakdown of azo dye
bonds leads to the formation of aromatic amines,
which are known to have carcinogenic and mu-
tagenic properties (Dutta et al., 2024). This un-
derscores the need for toxicity assessments of
the by-products formed during the degradation
of textile dyes. Many textile dyes have reported
acute toxicity levels, and some textile effluents
can cause lethal and sublethal effects on various
aquatic organisms (Garcia et al., 2021). Even
textile effluents treated in wastewater treatment
plants and other treatment technologies can still
lead to lethal and sublethal effects, potentially
causing long-term impacts on aquatic popula-
tions (Castro et al., 2019; Dehghani et al., 2016;
Liang et al., 2017).

Morphological and physiological evaluation

The morphology of D. magna after the expo-
sure to different concentrations of textile effluent
from various treatments is displayed in Figure 9.
Significant differences were observed among the
unexposed control, untreated, and treated effluent
samples. The unexposed control exhibited normal
morphology with no visible deformities, and its
body was free of black masses indicated as absorp-
tion of dyes textile wastewater. In contrast, the D.
magna exposed to untreated wastewater (K reac-
tor) caused the most severe morphological altera-
tions, including body deformities and widespread
black masses in the gut and thoracic appendages,
indicating the ingestion of dye substances. The
organisms exposed to untreated wastewater (K)
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(2)

(b)
Effluent 25% Effluent 50% Effluent 100%

(c)

Effluent 25% Effluent 50% Effluent 100%

(d)

Effluent 25% Effluent 50% Effluent 100%

Figure 9. Morphology of D. magna under a microscope at 40x magnification after the exposure to effluent from
CWs treating textile wastewater, (a) unexposed control, (b) effluent untreated wastewater (K), (c) effluent CW
(C1), (d) effluentt CW with consotrium endophyt bacteria (C2)

66



Ecological Engineering & Environmental Technology 2025, 26(6), 57-72

Figure 10. Physical damage observed in D. magna under a microscope at 40x magnification after the exposure
to untreated wastewater

Table 3. Physiological analysis of D. magna exposed after CWs treatments of textile wastewater

Samples Heart rate (BPM) Thoracic limb movement (Times/min)
25% 50% 100% 25% 50% 100%
Unexposed control 6242+ 3.5 6242+ 3.5 6242+ 3.5 3422+ 40.8 3422+ 40.8 3422+ 40.8
K No live 352° + 64.1 156.7°+ 21.7 No live 42°+ 39 48°+12.5
C1 5942+ 6.9 606° + 18 6182+ 35.2 3522+ 314 3622+ 20.3 3042+ 171
Cc2 6222+ 10.6 6142+ 255 5942 + 31.7 2822+ 13.9 3542 +21.6 276+ 81.9

Note: each value is mean =+ the standard error of three replicates. Values within each parameter followed by the
same letter indicate no significant difference. The data were analysed with ANOVA and Tukey post-hoc test. K
means untreated wastewater, while C1 and C2 mean wetland treatment without and with consortium endophyte

bacteria, respectively.

exhibited notable physical damage, including car-
apace deformities and loss of thoracic limbs (Fig.
10). Similar morphological impairments in Daph-
nia magna were reported by Li et al. (2023), where
the exposure to dye compounds led to body dam-
age. The exposure to treated effluent also result-
ed in black masses in the gut systems but did not
impact mortality. This suggests that treated tex-
tile wastewater from wetlands treatment systems
could reduce mortality impact in the short expo-
sure. Therefore, further research on sublethal and
chronic toxicity studies of treated textile wastewa-
ter in long exposure still remains unclear, and it
can exhibit a better understanding of their effect
on the environment (Table 3).

Figure 4 shows that untreated textile efflu-
ent significantly affects the physiological state
of D. magna (reduced heart rate and impaired
limb movement). The treatment with constructed
wetland (C1) and bacterial augmentation (C2) re-
duced the toxicity level shown by heart rate and
limb movement closer to unexposed control val-
ues. This suggests that the biological treatment
involving bacterial augmentation improves the

effluent quality of treated textile wastewater and
reduces harmful impacts on aquatic organisms.

Acute toxicity effect and ecological impact of
textile effluent on several aquatic organisms

Understanding the impacts of textile eftlu-
ents on aquatic life is crucial for assessing poten-
tial ecological risks. Previous studies have doc-
umented the adverse effects of these pollutants
on aquatic organisms (Table 4). According to
Garcia et al. (2020), sublethal and reproductive
impacts on D. similis were observed following
21 d exposure to textile effluent. The results in-
dicated that untreated effluents significantly af-
fected D. similis, decreasing reproduction rates
and dye accumulation within their eggs and fil-
tering systems, resulting in egg malformations.
Conversely, the exposure to effluent treated with
electron beam irradiation (EBI) showed reduced
reproduction rates compared to the control. Still,
it showed no egg malformations, suggesting that
the treatment partially mitigated the harmful ef-
fects through treatment.
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Table 4. Acute toxicity of various textile effluents and dyes in aquatic bioassays

Samples Treatments Organism species Acute toxicity value References
Textile effluent Untreated wastewater D. magna EC,, (48 h): 18.2% (Castro et al., 2019)
Wastewater treatment D. magna EC.. (24 h): 68.4%
plant 50
Acid 4092 dye UV/znO D. magna LC,, (96 h): 91.55 mg/L (Deh%';'g)et al,
Textile effluent Untreated wastewater D. magna EC,, (24 h): 44.8% (Methzn(;ezn; )et al,
Wastewater treatment D. magna EC_ (24 h): 52.8%
plant 50
Textile effluent (dyeing Untreated wastewater D. magna LC. (48 h): 19.5% (Villegas-Navarro et
process) 50 al., 2001)
Textile effluent Untreated wastewater D. magna EC,, (48 h): 53.82% (de A|l2<|0n;|g)et o
Phytoremec!|at|on with L. D. magna Not toxic
minor

) Wastewater treatment .

Textile effluent plant D. magna EC,, (48 h): 75.9% (Verma, 2011)

. Wastewater treatment . o (Rohmah et al.,
Textile effluent plant D. magna LC,, (96 h): 6.36% 2018)
Textile effluent

containing reactive red | Untreated wastewater D. similis EC,, (48 h): 6.31% (Garcia et al., 2020)
239 dye
Electron beam irradiation A . o
(EBI) D. similis EC,, (48 h): 27.56%
Textile ijti(:gt) (cotton Untreated wastewater D. similis EC,, (48 h): 9.28% (Garcia et al., 2021)
Untreated wastewater B. glabrata LC,, (24 h): 10.78%
Textile effluent from
traditional weaving Untreated wastewater C. carpio L. LC,, (96 h): 2.3% (Nuba et al., 2016)
industry
Textile effluent Untreated wastewater C. batrachus L. LC,, (96 h): 16.59% (Makwana, 2020)
Acid black 1 Untreated wastewater R. subcapitata ErC,, (72 h): 54.20 mg/L | (Croce et al., 2017)
Textile effluent from
traditional weaving Untreated wastewater D. magna LC,, (96 h): 1.52% Present study
industry
Constr\ljctzc?ga\;vie;tl!sgg using D. magna Not toxic Present study
Constructed wetland
using V. zizanioides and D. magna Not toxic Present study
endophytic bacteria

The studies examining effluents from Indo-
nesia’s traditional weaving and batik industries
have substantially impacted Cyprinus carpio L.
In one case, untreated weaving industry effluent
was found to have a 96-h LC, value of 2.3%, in-
dicating high acute toxicity (Nuha et al., 2016).
Additionally, even after phytoremediation treat-
ment with hyacinth plants, batik industry effluent
exhibited sub-lethal effects (Susilo et al., 2021).
Both studies observed symptoms in the fish, in-
cluding behavioural changes, such as altered
movement, loss of balance, ramjet ventilation, in-
creased mucus secretion, and morphological col-
our changes. Similar findings have been reported
for the Clarias batrachus (L.) exposed to textile
effluents, where acute toxicity led to symptoms
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including hyperactivity, restlessness, surfacing
behaviour, and loss of buoyancy (Makwana,
2020). The exposure to textile pollutants impact-
ed microalgae such as Raphidocelis subcapitata,
Chlorella vulgaris, and Spirulina platensis, dis-
rupting growth and metabolic functions and con-
tributing to trophic level disruptions and ecolog-
ical imbalance (Croce et al., 2017; Sharma et al.,
2021). The presence of textile effluent can alter
the abundance of aquatic life in water ecosys-
tems. Research on a Mediterranean river demon-
strated that diatoms, macroinvertebrates, and fish
diversity indices were the most effective meas-
ures for detecting ecological disturbances (Colin
et al., 2016). These findings underscore the im-
portance of comprehensive monitoring programs
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incorporating biological indicators to better as-
sess the long-term impacts of textile pollution and
suggest next steps for further research or policy.

CONCLUSIONS

Textile effluents are often marked by high
levels of chemical pollutants, contributing to
toxicity for living organisms in aquatic envi-
ronments. The treated textile wastewater from
constructed wetlands maintained high concen-
trations in chemical parameters, including COD,
colour, and ammonia, which emphasise the
necessity for assessments of toxicity levels to
evaluate the impact of effluent. Untreated waste-
water (K) posed LC, 1.52-200% and TUa 0.50—
65.62, classified as slight to high acute toxicity
for 25%, 50%, and 100% concentration loadings
of textile wastewater compared to other treat-
ments. The treatment of vegetated wastewater
(C1) and vegetated with consortium endophytic
bacteria (C2) exhibited LC,, > 100% and TUa <
1, indicating non-acute toxicity for those three
concentration loadings. The physiological dam-
age of D. magna was confirmed at 100% concen-
tration with the indicator of low heart rate, limb
movement, and adsorption of dye substances.
This toxicity assessment exhibited helpful treat-
ment to reduce the physicochemical and heavy
metal compounds in textile wastewater and re-
duce the acute risk in the harmless effluent to
aquatic organisms. This approach is essential
for ensuring a safer aquatic environment and en-
couraging sustainable practices in the future.
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