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Evaluation of the acute phytotoxicity of phototreated textile effluent

using cucumber (Cucumis sativus) and radish seeds (Raphanus sativus)
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RESUMO

Water, as a vital resource, plays a crucial role in human activities, notably
in the textile industry, whose operations can significantly impact the
quality of this resource. It is imperative to explore solutions, such as
the adoption of advanced oxidative processes, which encompass
the degradation of dyes present in effluents through the action of
hydroxyl radicals. To evaluate the effectiveness of this treatment,
acute phytotoxicity tests are carried out to analyze the responses
of plant organisms to the effluents. Therefore, this study aimed to
assess the acute phytotoxicity of a natural textile effluent subjected
to heterogeneous photocatalysis and homogeneous photo-fenton
treatments. Acute phytotoxicity tests were performed with cucumber
(Cucumis sativus) and radish (Raphanus sativus) seeds, both for the
treated effluent and in natura. The results revealed a sensitivity of
cucumber seeds to effluent in natura and resistance to radish seeds.
Regarding the phototreated effluents, the results showed an increase
in seed germination rate and contributed to enhance this germination.
Phytotoxic tests were also carried out with sodium chloride and sodium
sulfate, and the toxicity of these substances to cucumber and radish
seeds was confirmed.

Keywords: bioindicator; dye; ecotoxicity; photocatalyst.

A agua, como recurso vital, desempenha um papel crucial nas
atividades humanas, notadamente na industria téxtil, cujas operagbes
podem impactar significativamente a qualidade desse recurso.
E imperativo explorar solugBes, como a adoc¢do de processos oxidativos
avangados, que englobam a degradagdao dos corantes presentes nos
efluentes por meio da a¢do dos radicais hidroxila. A fim de avaliar a
eficacia desse tratamento, sdo realizados testes de fitotoxicidade aguda
para analisar as respostas de organismos vegetais aos efluentes. Diante
disso, este estudo teve como objetivo avaliar a fitotoxicidade aguda
de um efluente téxtil real submetido aos tratamentos de fotocatalise
heterogénea e foto-fenton homogéneo. Testes de fitotoxicidade aguda
foram realizados com sementes de pepino (Cucumis sativus) e rabanete
(Raphanus sativus), tanto para o efluente tratado quanto in natura.
Os resultados revelaram uma sensibilidade das sementes de pepino ao
efluente in natura e resisténcia as sementes de rabanete. Em relagdo
aos efluentes fototratados, os resultados mostraram o aumento da taxa
de germinagdo das sementes e contribuiram para potencializar essa
germinagdo. Também foram realizados testes fitotoxicos com cloreto
de sédio e sulfato de sddio, substancias geralmente utilizadas no
processo téxtil, e pdde-se comprovar a toxicidade dessas substancias
nas sementes de pepino e rabanete.

Palavras-chave: bioindicador; corante; ecotoxicidade; fotocatalisador.
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Introduction

The textile industry in Brazil is characterized by its socio-economic
importance, which reached revenues of R$194 billion in 2021, according
to the Brazilian Textile and Apparel Industry Association (ABIT, 2022).
However, despite its economic importance, in the development of the tex-
tile sector, there is high water consumption, especially in the dyeing and
finishing stages, generating around 200 L of eftfluent per kilo of fabric pro-
duced daily and discharging effluents containing a high volume of inor-
ganic and organic contaminants into ecosystems (Nidheesh et al., 2022).

Among the inorganic contaminants are heavy metals (mercury,
chromium, cadmium, lead, arsenic) necessary for producing fabric
pigments, sodium chloride (NaCl), and sodium sulfate (Na,SO,), used
as electrolytes in the dye bath. These promote the exhaustion of the
dye, making it susceptible to approach to hydrogen bonds, aiding its
effectiveness in bonding with the fiber (Singha et al., 2021).

The low biodegradability of effluents is generally attributed to the
existence of recalcitrant organic products, including dyes, which are
widely used in various industrial sectors (Oyeniran et al., 2021) and
have proven carcinogenic and mutagenic activities (Li et al., 2020). In-
dustrial processes such as washing, bleaching, and degumming require
synthetic dyes (Waghmode et al., 2019).

Organic pollutants also harm plant flowering and germination.
Seed germination percentage, seedling height, and survival are the
leading indicators of plant growth and health after exposure to textile
dyes (Samuchiwal et al., 2021). Growing plants synthesize dry matter,
as evidenced by their healthy, green stems. Thus, the higher the con-
centration of solids containing dyes in industrial effluents, the more
detrimental effects occur on plant growth (Zou et al., 2019).

The discharge of effluents into the environment begins mainly in
the aquatic system, making it the entry point into the ecosystem (Sar-
avanakumar et al., 2022). Toxic chemicals are transported and the ef-
fluent is produced. They remain in the water and soil for long periods,
posing severe health risks to living organisms (Dutta and Bhattachar-
jee, 2022). Therefore, as an alternative for treating textile effluents, ad-
vanced oxidative processes (AOPs) have been much studied and com-
mented on in recent years, which are based on highly oxidizing species
to promote more effective degradation of the pollutant to be treated.

The principle of AOPs is the generation of hydroxyl radicals
(«O.H.), which are responsible for contaminant molecules degradation
(Ma et al., 2021). Different processes are used to generate the hydrox-
yl radical: photolysis (H,0,/UV), Fenton (Fe**/H,0,), photo-Fenton
(UV/Fe*/H,0,), heterogeneous photocatalysis (UV/TiO,) and ozo-
nolysis (UV/O,) and electrochemistry. These methods can rapidly re-
move the dye under adverse conditions (Rahmani et al., 2019).

Even after treatment, the effluent can still present polluting poten-
tial and toxicity to ecosystems, thus generating severe environmental
impacts. Therefore, phytotoxicity tests can be used to evaluate the re-
sponse of test organisms to toxic components in the water. Sobrero and

Ronco (2004) define phytotoxicity as a static test of acute toxicity, in
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which the poisonous effects of pure compounds or complex mixtures
can be evaluated during seed germination and seedling development
during the first days of growth.

Toxicity tests on plant organisms have advantages such as simplic-
ity in carrying out the test, sensitivity to indicating toxic substances,
and low cost. However, these analyses are limited in not explicitly
identifying the contaminants that cause toxicity (Peduto et al., 2019).
Phytotoxicity analysis is the most sensitive and inexpensive method for
analyzing wastewater toxicity (Al-Ansari et al., 2022).

This study aimed to evaluate the acute phytotoxicity of natural and
phototreated textile effluent, using cucumber (Curcumin sativus) and
radish (Raphanus sativus) seeds as bioindicators. It also analyzed the
effects of NaCl and Na SO, on the germination of these seeds. The re-
sults will be fundamental to understanding the potential impact of this
treated effluent on the environment and will provide information for

the textile industry and environmental regulatory agencies.

Material and Methods

The textile dyeing effluent came from a small weaving industry in
Paraiba, in the Industrial District. The quantity collected was 60 L, and
the type of treatment previously applied by the industry to this effluent
was coagulation/flocculation with the addition of aluminum sulfate,
polymer, and decolorizer, followed by decantation (tanks with a ca-
pacity of 100,000 L) and filtration (filter made up of brick, gravel, and
sand). The sludge from the decanting process was collected after being
dried by a specialized company for proper disposal.

The textile effluent collected had a biochemical oxygen demand
(COD) of 324.43 mgO,/L, 542.83 mg CI/L of chlorides, 2087.00 mg/L
of total solids, and a hydrogen potential (pH) of 7.92. The first treat-
ment for this textile effluent (Test 1) was carried out by applying the
heterogeneous photocatalysis process, with the electrolytic paste of the
zinc- and manganese-based AK battery as the catalyst. The methodolo-
gy used followed the work of Viana et al. (2023). The second treatment
(Test 2) was performed using the homogeneous photo-Fenton process,
in accordance with Rocha et al. (2020), with iron sulfate (FeSO,) as the
catalyst and hydrogen peroxide (H,O,) as the oxidizer.

The natural and treated textile effluent samples were diluted in differ-
ent percentages, as described in Table 1. All tests were conducted in tripli-
cate at the Environmental Sanitation Laboratory of the Federal University

of Paraiba (UFPB), and distilled water was used for the negative control.

Table 1 - Planning of phytotoxicity tests with cacumber and radish seeds.

Total seeds
Test of each Dilutions (%)
species (n)
Real textile effluent 36 180 5, 10, 15, 25, and 50
Test 1 42 210 10, 20, 30, 40, 50, and 100
Test 2 42 210 10, 20, 30, 40, 50, and 100
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The germination tests were carried out with cucumber and radish
seeds, both from the Feltrin brand, adapting the methodologies used by
Sobrero and Ronco (2004). Petri dishes (90 mm) were sterilized with
sulfuricacid (H,SO,) at a concentration of 20% and washed with distilled
water. Seeds of ten species were randomly placed in each dish on quali-
tative filter paper soaked with 6 mL of the liquid sample. The plates were
then sealed and incubated in the dark at 22°C, standard deviation (£)
2°C, in a biochemical oxygen demand (BOD) incubator for 120 hours.
After this period, they were removed from the incubator, and the roots
and stem lengths of the seedlings were measured.

After the results of the phytotoxicity tests, the seeds with the most
significant resistance to growth inhibition—the radishes—were ana-
lyzed to provide a general measure of the accuracy of the toxicologi-
cal method. These seeds were used as a positive control with salts of
NaCl and Na,SO, since these are substances used in the textile indus-
try in the process of fixing the dye to the fabrics. Their concentra-
tions, shown in Table 2, were based on studies by Cesario (2017) and
Moraes Junior and Bidoia (2015) to obtain the inhibitory concentra-
tion of 50% (IC50) of the organisms, calculated through regression
analysis of the germination index (GI) data, using Minitab software.

The parameter observed in the acute phytotoxicity tests was the GI,
based on the work of Soares et al. (2013). The following percentages are
required to obtain the GI: relative seed germination (RSG) and relative
root length (RRG). Equation 1 was used to calculate RSG:
RSG (%) =§Sﬁx100 (1)
Where:

N, - arithmetic mean of the number of seeds germinated in the treat-
ment; and
N, .: arithmetic mean of the number of seeds germinated in the blank

SG,B*
(distilled water).

Equation 2 was applied to determine RRG:

5

RRG (%) = ; x 100 )
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Where:
L, + average root length of the aqueous extract (treatment); and
L, average root length of the blank (distilled water).
Finally, the calculated RSG and RRG values were used to stablish
the GI values suggested by Zucconi (1981), based on Equation 3:

RSGXRRG
100

Gl =

) (©)

After generating the data, the values obtained in the phytotoxicity
tests were applied to Equations 1, 2, and 3, and the qualitative phyto-
toxicity classification scale proposed by Soares et al. (2013) was consid-

ered, as shown in Table 3.

3

Table 2 - Positive control concentrations used in the phytotoxicity test.
NaCl 0.12;0.14; 0.16; 0.18; 0.2
Na,SO, 0.02; 0.04; 0.06; 0.08; 0.1

M: molar; NaCl: sodium chloride; Na, SO,: sodium sulfate.

Table 3 - Germination index classification.

GI (%) Classification of the material under analysis

>100 The material enhances plant germination and root growth
80-100 Non-phytotoxic, matured compost

60-80 Moderately phytotoxic

30-60 Phytotoxic

<30 Very phytotoxic

Results and Discussion

Real textile effluent

The test using real effluent (with results shown in Table 4) was per-
formed to determine how much it affected seed germination and how
sensitive these seeds were.

The control group (CN) showed 100% germination for cu-
cumber and 77% for radish, and the CV remained below 30%,
proving the heterogeneous distribution of the data resulting from
the diluted textile effluent samples and their harmful effects on
seed germination.

It can be seen that the result of the phytotoxicity test with the real
effluent diluted in distilled water up to 50% proved to be toxic to cu-
cumber seed germination, which is a warning sign of the possible en-
vironmental damage that this effluent can cause when released with-
out adequate and effective treatment. The study by Hoss et al. (2019)
shows the excellent sensitivity of cucumber seed in phytotoxicity tests
with raw leachate and after treatment by a rotary biological reactor.
For the raw leachate, the cucumber germination rate was 49.61%,
while for the effluent after treatment, the cucumber seed germination
rate was 82.49%.

Radish seed germination was enhanced, showing that it is re-
sistant to the textile effluent analyzed. Engelhardt et al. (2020) ob-
served that radish seeds are more resistant to the toxicity of efflu-
ents than other seeds.

Phototreated textile effluent

The GI percentage and its phytotoxic effect were obtained from the
phytotoxicity test with cucumber (Table 5) and radish (Table 6) after
the treatment process using heterogeneous photocatalysis (Test 1) and
photo-Fenton (Test 2).
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Table 4 - Results of the real effluent phytotoxicity test on cacumber and radish seeds.

Dilution percentage

[ v s [ s [ =

Cucumber ~ 9.15 1.49 2.59 1.94 3.60 2.19
ML (cm)
Radish 12.73 12.49 13.23 15.67 15.68 16.83
Cucumber  18.00 77.00 84.00 90.00 82.00 95.00
CV (%)
Radish 28.00 31.00 30.00 35.00 41.00 40.00
Cucumber 100 9.21 7.54 12.02 9.18 8.76
GI (%)
Radish 77.00 106.66 108.44 123.09 128.56 132.22
Cucumber - Very phytotoxic Very phytotoxic Very phytotoxic Very phytotoxic Very phytotoxic
Effect
Radish = Enhanced germination Enhanced germination ~Enhanced germination Enhanced germination Enhanced germination

ML: medium length; CV: coefficient of variation; GI: germination index; CN: negative control.

Table 5 - Results of the phytotoxicity test of the effluent treated with cucumber seeds.

Dilution percentage
CN
I I T T I T

20

Test 1 Goll5 6.89 6.34 4.44 7.06 9.39 6.81
ML (cm)

Test 2 9.15 1222 11.86 10.45 12.31 [DA55 11.86

Test 1 18.00 32.00 17.00 29.00 27.00 22.00 25.00
CV (%)

Test 2 18.00 14.00 14.00 19.00 14.00 13.00 11.00

Test 1 100 30.11 18.46 14.57 12.85 102.61 52.07
GI (%)

Test 2 100 133.49 125.22 114.12 134.44 137.06 12.22

Test 1 = Phytotoxic Very phytotoxic ~ Very phytotoxic ~ Very phytotoxic Enhanced Phytotoxic

yt y phyt y phyt y phyt germination vt

Effect

Test 2 ) Enhanced Enhanced Enhanced Enhanced Enhanced Enhanced

germination germination germination germination germination germination

ML: medium length; CV: coefficient of variation; GI: germination index; CN: negative control.

Table 6 - Results of the phytotoxicity test of the effluent treated with radish seeds.

Dilution percentage

Test 1 12.7 12.65 13.20 12.50 12.63 8.29 8.48
ML (cm)

Test 2 12.7 14.34 12.83 10.62 12.25 11.08 10.33

Test 1 28 31.00 27.00 32.00 28.00 31.00 38.00
CV (%)

Test 2 28 34.00 36.00 29.00 34.00 24.00 35.00

Test 1 77 99.42 99.25 106.80 99.25 31.16 43.46
GI (%)

Test 2 77 107.75 100.22 76.22 92.07 83.07 67.03

Test 1 = Enh?m?d Enhfincgd Enhfmcc?d Enhfmcc?d Phytotoxic Phytotoxic

germination germination germination germination
Effect
Enhanced Enhanced Moderately . . Moderately
Test2 i germination germination phytotoxic Non-phytotoxic Non-phytotoxic phytotoxic

ML: medium length; CV: coefficient of variation; GI: germination index; CN: negative control.

4
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The control group is uniformly developed and presents all the pa-
rameters needed to validate the tests. All the coefficients of variation
(CV) were below 30% (18% for cucumber and 28% for radish).Af-
ter treatment in Test 1, the samples had a phytotoxic effect on cucum-
ber seeds, affecting seed germination. However, for radish seeds, it was
observed that the dilutions did not show any acute toxicity in the Test
1 samples, only for the effluent with 50% dilution and without dilution
(100%). This may have been because the catalyst used in the treatment
is manganese-based, which is one of the essential nutrients for plant
growth and development, and this compound possibly remained in the
effluent after treatment.

For the phytotoxicity tests after Test 2, the growth of the two seeds
analyzed was generally enhanced. The effluent treated by the pho-
to-Fenton process did not affect the development of the seeds during
the germination process. One reason for this would be the degradation
of organic compounds, which are toxic to the environment.

Mohamed et al. (2023) evaluated the phytotoxicity of a synthetic
textile effluent with the reactive yellow-145 dye, using tomato seeds
(Lycopersicon esculentum) as bioindicators. The tests were conducted
on the titanium dioxide (TiO,) photocatalysts produced, the treat-
ed dye solution, and the solution containing only the reactive yel-
low-145 dye (control solution). The seed germination rates were 79, 60,
and 30%, respectively.

Dhaouefi et al. (2019) assessed the direct effect of raw and treated
wastewater on radish germination. The treatment used an anaerobic/
aerobic algae-bacteria photobioreactor to treat the synthetic solution
of dispersed orange-3 and blue-1. After incubating the radish seeds in
the dark at 2521°C for a week, the toxicity test results were obtained
based on a comparison with a control test (100% seed germination and
no inhibition) and indicated that the treated water did not inhibit seed
germination. At the same time, the raw effluent caused inhibition of
52+6%. Evaluation of the germination rate revealed 97+1% when ir-
rigated with treated water and only 6+2% when rinsed with raw water.

Figure 1 shows the results obtained from assessing germination.
When comparing the images of the negative control using distilled wa-
ter with the effluent treated without dilution (100% dilution) by Test 2,
it is possible to observe that seed germination was potentiated in both
species analyzed.

Figure 2 shows the statistical analysis of the cucumber data accord-
ing to Dunnett’s test for natural and treated effluent.

When analyzing the seedling growth data and comparing the aver-
ages with the control, it was found that the average length of the seed-
lings in all dilutions of the real effluent treated by Test 2 differed sig-
nificantly from the control group, according to Dunnett’s test (0.=0.05).
If an interval does not contain the zero (0) shown in the graph, the
corresponding average significantly differs from the control average.

However, according to Dunnett’s test, the statistical results for Test
1 show that the seedling lengths in the 10, 40, and 50% dilutions are
similar to those of the negative control.

5

Figure 1 - Germination of seeds from the acute phytotoxicity test with
negative control: (A) cucumber, and (B) radish. Germination of seeds from
the acute phytotoxicity test without diluting the effluent treated by Test 2:
(C) cucumber, and (D) radish.

Figure 3 shows the statistical analysis of the radish data according
to Dunnett’s test for natural and treated effluent. When comparing the
seedling growth averages with the negative control, it was found that
the average length in all dilutions of the real effluent treated by Test 2 is
significantly similar to the control group, according to Dunnett’s test,
with 95% significance. If an interval contains zero (0), the correspond-
ing average is significantly similar to the control average.

According to Dunnett’s test, the results for Test 1 showed statisti-
cal similarity in the dilutions with the negative control. The seedling

length results differed from the negative control only at 50% dilution.

Sodium chloride (NaCl) and sodium sulfate (Na,S0O,)

Table 7 shows the main results of the positive control obtained in
the phytotoxicity test of NaCl and Na,SO, at different concentrations
for radish seeds only. Good data about the negative control can be
observed as the seeds developed considerably, maintaining 30% CV,
within the expected range for the radish, thus attesting to the health
and quality of the batch of seeds.It can be seen that, for the negative
control, the average length of the seedlings was 10.13 cm, while for
the dilutions of both positive control reagents tested, the ML became
lower and lower (decreasingly). As the concentration of the substances
increased, phytotoxicity increased, negatively impacting radish seed
germination. This highlights the importance of rigorously monitoring

the concentration of these substances in the industry and their effluent.
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Figure 2 - Dunnett’s test results for acute phytotoxicity using cucumber seed as a bioindicator with effluents: (A) Real; (B) Treated by Test 1; and (C) Treated
by Test 2.

(A) (B)
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Figure 3 - Dunnett’s test results for acute phytotoxicity using radish seed as a bioindicator with effluents: (A) Real; (B) Treated by Test 1; and (Cc) Treated by
Test 2.
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Table 7 - Results of the phytotoxicity test with different concentrations of sodium chloride and sodium sulfate using radish seeds.

Concentration (M) CN 0.12 0.14 0.16 0.18 0.20
ML (cm) 10.13 5.82 3.15 3.30 2.60 2.10
NaCl CV (%) 30.00 27.00 34.00 33.00 41.00 41.00
GI (%) 100 53.61 31.08 31.48 24.80 19.34
Effect - Phytotoxic Phytotoxic Phytotoxic Very Phytotoxic ~ Very Phytotoxic
Concentration (M) CN 0.02 0.04 0.06 0.08 0.10
ML (cm) 10.13 11.10 7.50 2.45 1.75 1.10
Na, SO, CV (%) 30.00 30.00 32.00 49.00 34.00 55.00
GI (%) 100 109.53 64.14 21.76 16.12 8.32
Effect - Enhanced germination Moderately phytotoxic Very Phytotoxic ~ Very Phytotoxic ~ Very Phytotoxic
ML: medium length; CV: coefficient of variation; GI: germination index; CN: negative control; NaCl: sodium chloride; Na,SO,: sodium sulfate.

Significant differences were found between these samples and 55 . s 58351
the negative control. The results were in line with those obtained by 500 N e (0.121; 50.0) R*  90.0%
Cesario (2017) and Moraes Janior and Bidoia (2015), who used NaCl
and Na,SO, in phytotoxicity tests, also observing the toxicity of these 45
substances when in contact with plant organisms.

From the dose x response relationship presented in Figure 4, the ;\? 40
IC50 of 0.1210 M was obtained using a polynomial distribution with a 5 35
regression fit (R*) of 90%. It indicates an increase in the toxic effects of
NaCl as the concentration increases. Based on the IC50, it is possible 30
to identify the sensitivity of the radish seed to the phytotoxic effects of 25
NaCl present in the textile effluent. 2

[ ]

NacCl toxicity to radish occurs at all concentrations, affecting seed-
lings’ growth. It is proven that there is no significant similarity between
the negative control and the Dunnett’s test (0.=0.05). The samples re-
veal a progressive reduction in the average size of the seedlings.

The toxic effects of NaCl on seed germination can be explained by
the reduction in osmotic potential caused by salt accumulation in the
roots during their early stages of development. Therefore, it can inhibit
seed reserve mobility, affecting the number of germinated seeds and
the time required for germination (Hadjadj et al., 2022).

Based on the dose x response relationship, shown in Figure 5, the
IC50 was determined using a polynomial distribution with a regression
fit (R?) of 98.9%.

The concentration of Na SO, capable of inhibiting radish seedling
growth by 50% was obtained from the curve (Figure 5), which received
a value of 0.045 M. This curve fitted the data well with an R? of 99.1%.
It can be seen in the Dunnett test (0=0.05) since there is no significant
similarity between the negative control and all the seed germination
inhibition concentrations (concentration values higher than 0.045 M).

Tirkyilmaz (2022) carried out a phytotoxicity test with dry cress
seed (Lepidium sativum) in a textile effluent treated by the synergistic
activities of the oxidizing agent chlorine under Fe*? catalysis and ultravi-
olet light for the removal of the synthetic dyes Acid Black 220, Bemacid
Red, and Bemacid Blue used in the dyeing of polyamide textile products.

0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 0.19 0.20

Concentration (M)

Figure 4 - Inhibitory concentration of 50% for sodium chloride (NaCl)
and radish seeds based on the dose (NaCl concentration) x response
germination index relationship.

R coefficient of determination; S: residuals.

120
S 6.24627

R>  98.9%

100

80

60

GI (%)

(0.045; 50.0)

40
20
0

0.01 0.02 0.03 0.04.0.05 0.06 0.07 0.08 0.09 0.10

Concentration (M)

Figure 5 - Inhibitory concentration of 50% for Na,SO, and radish seeds
based on the dose (Na,SO, concentration) x response (G.I.) relationship.
R coefficient of determination; S: residuals.
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The germination rate achieved in the raw effluent was 56%. In the
toxicity tests carried out with the reference toxic substance (positive
control) ZnSO 7H,0, the IC50 values for 24, 48, and 72h of seed ger-
mination of the raw wastewater sample were calculated as 0.0183, 0.04,
and 0.0625 M, respectively.

Conclusions
Phytotoxicity analyzes the intoxication of plants by toxic substanc-
es present in the growth medium when these substances accumulate
in the plant’s tissues. Therefore, from the bioassays using real textile ef-
fluent, it was observed that prior treatment of textile effluent before its
final disposal is necessary since it can be harmful to the environment
and inhibit seed germination, as was the case with cucumber.
It was also found that increasing the concentration of the salts
studied resulted in increased toxicity to the seeds, negatively impact-

ing their germination. This highlights the importance of rigorous-

ly monitoring the use of these substances in the textile industry to
fix color in fabrics, as high concentrations of NaCl and Na,SO, can
lead to adverse effects on biodiversity and different ecological con-
stituents, resulting in an imbalance in environmental homeostasis.
For this reason, it is recommended that salts be removed from tex-
tile effluents, that environmental processing methods that reduce salt
consumption be implemented, and that more neutral operations be
used in this industry.

It is also suggested that chronic phytotoxicity tests be carried out to
confirm the germination potential of cucumber and radish seeds with
the treated effluent, verify the plants longer life cycle, verify a more
significant influence on seed germination, and contribute to environ-
mental quality. Therefore, phytotoxicity assessment is a powerful tool
for analyzing the impact of contaminants in textile effluents on plant
organisms and the environment since there is no actual dimension to

these toxicity levels in the various environmental matrices.
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