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ABSTRACT

The acute toxicity bioassay of textile industrial effluent (TIE) was carried out by the probit analysis
method. The 12, 24, 48, 72 and 96 h LC50 values were obtained as 56.23 %, 28.84 %, 22.38% and
16.59% respectively. LC50 values were significantly decreased with increase in effluent concentration.
The safe value was found to be 32.88 %. The experimental fish C.batrachus exhibited stressful
behaviour which increased with toxicant concentration. Due to acute toxicity of textile based industrial
effluent, experimental fish C. batrachus expressed high secretion of mucus, uncoordinated and tailfin
movement, surfacing, loss of buoyancy, escaping tendency, hyperactivity, and discolouration of the
skin. Mortalities were observed in all treatments except control. The haematological analysis was also
carried out in experimental fish C.batrachus exposed to various periods in textile-dyeing effluents.
Haematological data were evaluated for parameters such as Hb, RBCs, WBCs, PCV, MCH, and MCHC
of the test species. The alterations of these parameters have been discussed. So it can be concluded

that the TIE is toxic to fishes and aquatic organisms.

INTRODUCTION

Water quality of aquatic habitat is altered due to anthropo-
genic activity (Makwana 2020a). Besides this, the textile
industryand its effluents are one of the main sources of severe
pollution problems worldwide. The important pollutants in
textile wastewater are mainly organics, dye and toxicants.
The wastewater contains a different variety of chemicals
from the various stages of operations which include printing,
scouring, bleaching and dyeing (Deepali & Gangwar 2010).
Berardi et al. (2019) have described the different classes of
dyes and pigments used in textile processes like dyeing and
printing.

The printing and dyeing textile industries cover a major
portion of the industrial section in Pali city. The textile efflu-
ents discharged through these industries are toxic (Satish et
al. 2008). Improperly treated wastewater from the textile and
dyeing industries of Pali is affecting groundwater quality and
its surrounding areas due to the discharge of wastewater.

Textile effluents discharged in Bandi River, Pali city are
highly toxic and alter the quality of river water and severely
affect aquatic organisms (Makwana 2020b). It is observed
in the study that the pH of river water is more than the per-
missible limit while most of the parameters like BOD and
total hardness are much higher. TDS, chloride and sulphate
concentrations are more in the outlet sample than the inlet

sample. The main pollutants in the wastewater released
from each step in the wet process of textiles as predicted by
Holkar et al. (2016). According to Yaseen & Scholz (2016),
the textile dye effluents are dark in colour and have high pH,
suspended solids, chemical oxygen demand and biochemical
oxygen demand.

Taiwo et al. (2018) suggested that the study of textile
effluent samples from an industry placed at Oba Akran
Road (Ikeja) reported some form of pre-treatment is being
embarked upon within the premises before releasing into
the environment. Textile wastewater can alter the quality of
water and create several hazardous and health problems like
allergies, dermatitis, skin problems and cancers in humans
(Sarvajith et al. 2018).Due to the widespread use of textile
dyes, these toxic contaminants can be present in the envi-
ronment and store biologically throughout the food chain in
aquatic organisms (Hossain et al. 2018).

Bioassay is a test to estimate the relative strength of a
chemical by comparing its effects on animals with that of
standard preparations (Rand et al. 1985). Several studies
have been carried out on the effect of different industrial
effluents on fish (Maruthi& Rao 2001). Relative toxicity of
bleaching, dyeing and printing textile mill effluents to the
freshwater fish Oreochromis mossambicushave been studied
by Haniffa et al. (1991).
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Effects of dairy effluent on the behaviour of Cyprinus
carpio were studied (Amutha et al. 1999). Nagarajan &
Ramesh (2001) noticed the impact of Sago effluent on the
freshwater fish Catla catla. Nagarajan & Shasikumar (2002)
observed similar findings on the fish Labeo rohita exposed
to sago industry effluent. Shanthi (2003) has reported the
effects of the tannery effluent on the freshwater fish Catla-
catla. Nagarajan & Boopathi Raja (2004) have noticed the
toxic impact of dyeing effluent to the fish Catlacatla. Similar
observations have been made by Nagarajan & Suresh (2005)
in the fish Cirrhinus mrigala in sago effluent. Nagarajan
&Aruna(2006) have studied the impact of distillery effluent
on the fish Labeo rohita.

Many bioassays have been carried out to monitor and
assess the toxicity of wastewater from domestic and various
industries (Hader 2018). Acute toxicity bioassay of pretila-
chlor (herbicide) by probit analysis method in the fish Clarias
batrachus was investigated by Soni et al. (2018). Arya et al.
(2018) evaluated the 96 hr LC50 value of lead acetate for the
fish Oreochromis mossambicus. The acute toxicity test was
performed according to the standard methods of APHA and
the values were calculated by probit analysis.

Haematological parameters were evaluated for the fish
Oreochromis mossambicus exposedto the textile effluent by
Amte et al. (2013). Srivastav & Dayalanand (2015) studied
haematological parameters of a freshwater catfish Hetero-
pneustes fossilis exposed to dye. Haematological parameters
are very important in determining the health and physiologi-
cal status of fishes (Clauss et al. 2008, Adeyemo et al. 2009).

The present investigation was designed to study the acute
toxicity of textile effluent to the fish Clarias batrachus and
effect of the effluent on its behavioural response.
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MATERIALS AND METHODS

Collection and Acclimatization of the Experimental
Fish

Clarias batrachus fish were collected locally and transported
to the laboratory in large aerated polythene bags containing
water from the collection site. Healthy fish were placed in a
large glass aquarium. Before the experiment, the tanks were
washed and fish were treated with 0.1% of KMnO, solution
to protect from any dermal infection.

The fish were acclimatized in laboratory conditions for 2
weeks before they were used in the bioassay tests. Water was
changed every 48 hours to remove faecal matter and waste
metabolite of fish and enhance oxygen content in the water.
During acclimatization, the fish were fed with the protein
diet. The fish were starved for 24 hours before the experi-
ment. The method employed in this experiment is based on
the recommended method for the test of acute toxicity of
pollutants to fish described by APHA (2000).

Acute Toxicity Bioassay and Statistical Analysis of
Data

Six graded concentrations of textile effluents were used as
0% (control), 10%, 30%, 50% and 70%. Control did not
contain the textile effluent. Ten juvenile fish were used and
estimated for mortality rate after 24, 48, 72 and 96 hours.
Dead fish were removed immediately to prevent water pol-
lution. The 24, 48, 72 and 96hr lethal median concentration
(LC50) was determined as a probit analysis using the probit
mortality versus the log concentration. The LC50 value was
extrapolated from probit 5 to the log concentration. The
antilog values provide the LC50 in %. Percentage mortality
probit values were taken from Finney’s Table (Finney 1971)

Fig. 1: Flow of textile effluents into Bandi River near Pali industrial area.
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Mortality data were recorded after 24, 48, 72 and 96 h
to get LC50 of respective intervals. The toxicity of textile
effluent on morphological and behavioural parameters was
recorded. Control and textile effluent treated group of fish
were consistently monitored in intervals to get the frequency.
The data were recorded as suggested by Gupta & Dua (2010).

Haematological Parameters

The haematological indices of mean cell haemoglobin con-
centration (MCHC), mean cell haemoglobin (MCH) and
mean cell volume (MCV) were calculated using the total red
blood cell count (RBC), haemoglobin concentration (Hb),
and haematocrit (HCT) as given below.

Mean corpuscular volume (MCV) = HCT/RBC
Mean corpuscular haemoglobin (MCH) = [Hb x 10]/RBC

Mean corpuscular haemoglobin concentration (MCHC)
=[Hb x 10]/HCT x 100

1997

RESULTS AND DISCUSSION

Lethal Toxicity Test

The LC50 values with 95% confidence limits of different
concentrations of the textile effluent were determined and
represented in Table 6. Significant differences in (p <0.05) in
LC50 values were observed for different times of exposures.
As the exposure time increases the median lethal concentra-
tion (LC50) decreases.

Flow of textile effluent directly into bandi river near
Pali industrial area is shown in Figl. Exposure to C. ba-
trachus with different concentrations of textile industrial
effluent (TIE) showed a varying degree of mortality with a
wide range of concentrations (Table 1). The percentage of
mortality was significantly increased with the increase in the
concentration of the toxicant as well as the duration of the
experiment that is given in Tables 1-5 and Figs. 1-5.

Table 1: Mortality rate of Clarias batrachus exposed to different concentrations of the effluent.

Mortality Percentage
Concentration % (v/v)  No. of fish 24 hrs 48 hrs 72 hrs 96 hrs
M M % M M % M M % M M%
Control 10 0 0 0 0 0 0 0 0
10 % 10 0 0 1 10 2 20 3 30
30 % 10 2 20 3 30 5 50 7 70
50 % 10 3 30 5 50 7 70 9 90
70 % 10 6 60 10 100 - - - -
Table 2: Log concentrations and probit values when exposed to textile effluent after 24 h.

S. No. Conc. % (v/v) 24 hrs Log Conc. No. of Fish 24 hrs

Mortality % Probit
1 Control 0 10 0 0
2 10 % 1.0000 10 0 0
3 30 % 1.4771 10 20 4.1
4 50 % 1.6989 10 30 4.48
5 70 % 1.8450 10 60 5.25

Table 3: Log concentrations and probit values when the fish exposed to textile effluent after 48 h.

S. No. Conc. % (v/v) 48 hrs Log Conc. No. of Fish 48 hrs

Mortality % Probit
1 Control 0 10 0 0
2 10 % 1.0000 10 10 3.72
3 30 % 1.4771 10 30 448
4 50 % 1.6989 10 50 5
5 70 % 1.8450 10 100 7.37

Nature Environment and Pollution Technology ® Vol. 19, No. 5 (Suppl), 2020
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Table 4: Log concentrations and probit values when the fish exposed to textile effluent after 72 h.

Fig. 2: Linear regression curve of log concentration and mortality
response of C.batrachus after 24 hrs. exposure to textile effluent.
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Fig. 4: Linear regression curve of log concentration and mortality

response of C.batrachus after 72 hrs exposure to textile effluent.

S. No. Conc. % (v/v) 72 hrs Log Conc. No. of Fish 72 hrs
Mortality % Probit
1 Control 0 10 0 0
2 10 % 1.0000 10 20 4.1
3 30 % 1.4771 10 50 5
4 50 % 1.6989 10 70 5.52
5 70 % 1.8450 10 100 7.37
Table 5: Log concentrations and probit values when the fish exposed to textile effluent after 96 h.
S. No. Conc. % (v/v) 96 hrs Log Conc. No. of Fish 96 hrs
Mortality % Probit
1 Control 0 10 0 0
2 10 % 1.0000 10 30 448
3 30 % 1.4771 10 70 5.52
4 50 % 1.6989 10 90 6.28
5 70 % 1.8450 10 100 7.37
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Fig. 3: Linear regression curve of log concentration and mortality
response of C.batrachus after 48 hrs exposure to textile effluent.
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Fig. 5: Linear regression curve of log concentration and mortality
response of C.batrachus after 96 hrs exposure to textile effluent.

Table 6: Lethal concentrations of textile effluent at various exposure times for C. batrachus.

S.No. Time period LC50 %  Regressionline/slope  Coefficients 95% Confidence Interval Safe concentration
Lower Bound Upper Bound

1. 24h 56.23 y =6.200x - 5.875 6.1992 +1.050 1.67725 10.72132

2 48h 28.84 y =3.585x - 0.254 3.5853+1.6343 -3.4468 10.6176 32.88 %

3. 72h 22.38 y=3.181x + 1.123 3.3263+1.2012 -1.8422 8.4950

4 96h 16.59 y =3.326x + 0.49 3.1810+0.6311 0.4654 5.8965

Lethal concentration values in rows with different letters significantly differ at p < 0.05.

Vol. 19, No. 5 (Suppl), 2020 ® Nature Environment and Pollution Technology




TOXICITY AND HAEMATOLOGY OF TEXTILE EFFLUENT ON FISH

No mortality was found in the control group of fish. In
the experimental group of fish, results were noted as 10%
to 70% mortality during the experiment at 24, 48, 72 and 96
hours (Table 6). The LC50 values were found to be 56.23%,
28.84%,22.38%, 16.59% at 24, 48, 72 and 96 hours respec-
tively as summarised in Table 6. From the above results, it
was observed that the toxic effect of effluent is very high
to Clarias batrachus and it was considered to be highly toxic
wastewater to the fishes.

Safe concentration for toxic textile effluent to fish Clarias
batrachus was calculated by the method described by Hart
et al. (1945). Safe concentration was found to be 32.88 %
(Table 6). The lethal toxicity test reported that fish in the
control tank survived whereas mortalities were recorded in
all treatment concentrations. Graphs were plotted between
log concentration (mortality %) and probit value at different
internal exposure 24, 48, 72 and 96 hrs respectively (Figs.1,
2,3 and 4).Mortality increased with increasing concentration
of the toxicant in water. A similar observation of different
fish species exposed to different levels of toxicants is reported
by other workers (Agbon et al. 2002, Omoregie et al. 2009,
Umar et al. 2010).

The variation in acute toxicity may be due to alteration
in water quality and test species. Variability in acute toxicity
even in a single species and single toxicant depending on
the size, age, experimental species and factors (Farah et al.
2004). The existing physiological parameters of water were
reported by Eaton & Gilbert (2008). It is evident from the
results that the high concentration of textile effluent with
chemical dye, toxic elements and heavy metals has a direct
effect on the LC50 values of the respective fish.

Sreelekshmy et al. (2016) studied acute toxicity of indus-
trial effluent on catfish and reported that mills effluents are

1999

the main pollutants in the aquatic environment and affect the
aquatic organisms especially fishes. Mortality rate increases
with increasing toxicity level of textile effluent. LC 50 values
were declined by increasing concentration of textile effluent
and time exposure.

Behavioural and Morphological Alterations

The behavioural responses of the test fish to the toxicant
at different concentrations at the period of 96 h (Table 7)
indicated high secretion of mucus,uncoordinated movement,
restlessness, tailfin movement, loss of balance surfacing,
loss of buoyancy, escaping tendency, hyperactivity and
discolouration of the skin. Mortalities were observed in all
the treatments except control. The fish exhibits stressful
behaviour which increased with the toxicant concentration.
Similar behaviour of C. gariepinuswas observed by Fafioye
et al. (2001) and of C. punctatusby Rahman et al. (2002)
with the effluent.

Behaviour is an organism-level effect defined as the
action, reaction or functioning of a system under a set
of specific circumstances. We rationalize that a greater
understanding of behavioural responses in effect to chemical
stress may increase. Therefore, in the current scenario, there
is a need for developing newer and effective methods to
study behavioural responses. Behavioural changes in a fish
form an efficient index to measure any alterations in the
environmental conditions (Sharma 2019).

Behavioural changes are one of the most sensitive indica-
tors of potential toxic effects in fishes (Banaue et al. 2011).
Based on the results obtained and data shown in the Table 7, it
can be concluded that the TIE is toxic to the aquatic environ-
ment and fishes. Due to toxicity, morphology and behaviour
of C.batrachus are altered and it exhibits hyperactivity with
high effluent concentration.

Table 7: Behaviour of Clariasbatrachusto textile effluent during acute toxicity test.

Behavioural and morpholog- 0 % 10% Concentration ~ 30% Concentration ~ 50% Concentration ~ 70% Concentration
ical response Concentration (v/v) /v) (v/v) /v) /v)
Mucus secretion None Mild Moderate Strong Very strong
Uncoordinated movement None Mild Strong Very strong Very strong
Restlessness None Mild Moderate Strong Very Strong
Tailfin movement None Mild Moderate Strong Very Strong
Loss of balance None None Moderate Strong Very strong
Surfacing None None Moderate Maximum Maximum
Loss of buoyancy None None Mild Moderate Maximum
Escaping tendency None None Mild Maximum Maximum
Hyperactivity None None Mild Moderate Maximum
Discolouration of skin None None Mild Moderate Maximum

Nature Environment and Pollution Technology ® Vol. 19, No. 5 (Suppl), 2020
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Haematological Parameters

Haematological analysis can provide valuable knowledge
for monitoring the health and condition of both wild and
culture fish.Haematological tests and analysis for serum
constituents have shown useful information in the detection
and diagnosis of metabolic disturbance and diseases in fishes
(Jamalzadeh et al. 2009).

Bhanu et al. (2013) studied that due to the influence of
toxic mill effluent the amount of RBC and Hb have been
decreased in the blood of fish Bat the amount of WBC has
been increased as an immunological defence to survive
against the toxic substance in the effluent. Haematological
parameters of the blood of fish such as Hb%, total WBC
count, Differential count of WBC, and total RBC count after
exposure of 7. mossambica to 100% untreated and treated
textile effluent for a period of 15 days showed different
morphological changes. The morphological change of the
blood cells was more prominent in the untreated sample
than that of treated blood samples due to the high toxicity of
untreated effluent (Deepika & Noorjahan 2018).

Haematological changes in the blood due to Textile
effluent in the freshwater fish, C.batrachus on different
exposure periods is shown in Table 8.

Surendra Makwana

Different haematological parameters were evaluated.
RBC, haemoglobin (Hb), packed cell volume (PCV),
mean corpuscles haemoglobin concentration (MCHC) and
mean corpuscles haemoglobin (MCH) values exhibited
significantly decreased (Table 8 and Figs. 6-11, 13)
whereas total white blood corpuscles (WBC) and glucose
level were gradually increased (Table 8 and Figs. 12 and
14) in treated fish when compared with controls (Table 8).
The present study clearly indicates the toxic effects of these
chemicals on haematological parameters of fish that are seen
in Figs. 6-14.

CONCLUSION

The present study was carried out to evaluate the acute
toxicity and behavioural responses in Clarias batrachus
(Linnaeus) exposed to textile industrial effluent.The results
clearly indicate that exposure of fishes to industrial based
textile effluent resulted in increased mortality with increasing
concentration of the effluent. In this study it is observed that
textile effluent caused many behavioural and morpholog-
ical alterations, which may result in severe physiological
problems, ultimately leading to the death of fish.Most of
the haematological parameters like RBC, Hb, PCV, MCV,

Table 8: Haematological changes in the blood due to Textile effluent in the freshwater fish, C.batrachus on different exposure periods.

S.No. Blood parameter Control 24hr 48hrs 72hrs 96hrs
1. RBC (1x10° mm®) 2.70 £0.03 2.65 +£0.08 246 +0.14 2.35+0.06 2.24 +£0.05
2. WBC (Ix 10° mm®) 5.90 +0.12 6.35+0.08 6.58 +0.16 6.85 = 0.05 7.10+0.16
3. Haemoglobin (gm/dl) 7.65 +0.03 6.90 = 0.05 6.25 +0.08 5.90+0.12 4.65+0.04
4. Haematocrit % (PCV) 242 +0.14 22.10 +0.14 20.15+0.14 18.6 £0.14 158 +0.14
5. MCVfl) 89.62 = 1.15 83.58 £ 1.35 81.91+0.12 79.14 £ 0.08 70.53 = 1.35
6. MCH(pg) 28.33 = 1.06 26.03 = 1.04 25.40 £ 0.07 25.10+0.14 20.25+1.10
7. MCHC(g/dl) 31.61 £0.09 3115+ 1.11 31.01 £0.06 31.71 £0.09 29.43 +1.15
8. Protein g/dl 790+ 1.12 6.85+1.10 6.43 £0.54 578 £0.84 4.70 £ 0.08
9. Glucose mg/mL 80.5+3.14 82.7+2.54 84.80 +£3.10 8535+ 1.24 90.20 +2.44
Values are mean + SE of 6 values; p 0.001 Highly significant; p 0.01 Significant; p 0.05 Almost significant
; RBC count Haemoglobin %
8
2 6
4 Haemog
1 ERBC 5 lobin %
0 count 0
control 24hrs 48hrs 72hrs  96hrs control  24hrs  48hrs  72hrs

Fig. 6: Percentage changes in RBC of C.batrachus exposed to various
concentrations of textile effluent.

Fig. 7: Percentage changes in Hb % of C.batrachus exposed to various
concentrations of textile effluent.
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MCV(f) .
100 Haematocrit %
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(1) ® Haematocrit
0 10 o,
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control 24hrs

48hrs  72hrs  96hrs

Fig. 8: Percentage changes in MCV of C.batrachus exposed to various

concentrations of textile effluent.

Fig. 9: Percentage changes in Haematocrit % of C.batrachus exposed to

MCHC(g/dl)
32
31
30
29
28
control 24hrs 48hrs 72hrs  96hrs

various concentrations of textile effluent.

B MCHC
(g/dl)

Fig. 10: Percentage changes in MCHC (g/dl) of C.batrachus exposed to

various concentrations of textile effluent.
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control 24hrs 48hrs 72hrs  96hrs

WBC count
7.5
7
6.5 -
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5.5 A
control 24hrs 48hrs 72hrs 96hrs

Fig. 11: Percentage changes in MCH(pg) of C.batrachus exposed to

various concentrations of textile effluent.

10

mWBC 5
count

0

Fig. 12: Percentage changes in WBC of C.batrachus exposed to various

concentrations of textile effluent.

Plasma protein

H Plasma
protein

control 24hrs 48hrs 72hrs  96hrs

Fig. 13: Percentage changes in Plasma Protein (g/dl) of C.batrachus

exposed to various concentrations of textile effluent.

95

Plasma glucose (mg/100ml)

90

85
80 A

75

control 24hrs

48hrs  72hrs  96hrs

® Plasma
glucose
(mg/100ml)

Fig. 14: Percentage changes in Plasma glucose level of C.batrachus exposed to various concentrations of textile effluent.

MCH, MCHCand protein level were found to

while WBC and glucose level were decreased when fish was
exposed to textile effluents in different time.In the present
-based textile

investigation, it can be concluded that industrial

be increased

effluent of different textile industries of Pali city is highly
toxic to freshwater fish C.batrachus. This study observed
that CETP (common effluent treatment plants) of Pali city
is not properly working and many textile mills discharging

Nature Environment and Pollution Technology ® Vol. 19, No. 5 (Suppl), 2020
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untreated effluents into Bandi River directly. It shows that
textile effluent is highly polluted and treatment is necessary
prior to discharge of wastewater in Bandi River of Pali city.
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