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Abstract

Industrial wastewater contaminates the land, water, and air, causing serious environmental
damage. Industrial wastewater can be combustible, reactive, poisonous, or carcinogenic.
Therefore, this study was aimed to investigate the effects of industrial wastewater on the growth,
and gross and’histoarchitecture of vital organs of male Swiss albino mice. Thirty-two mice of four
weeks of age/were divided into four groups. Normal drinking water was supplied to the control
group of mice. Mice of groups 1, 2 and 3 were supplied normal drinking water mixed with
garments industrial waStewater at 5%, 10% and 20% concentrations, respectively orally up to
experimental week 24. After completing 24 weeks of treatment of mice with different
concentrations of industrial wastewater, body weight of mice, and weight of liver, heart and kidney
of mice were measured. Moreover, histepathological changes in liver, heart and kidney were
investigated. Body weight was decreased in wastewater treated mice in comparison to control
mice. Weight of liver of wastewater treated mice were inCreased. Nevertheless, weight of hearts
and kidneys were decreased in wastewater treated mice. Congestion, hepatocellular necrosis and
infiltration of inflammatory cells were observed in liver. Disruption of connective tissue were
evident in myocardium of heart of wastewater treated mice with neerosis and infiltration of
inflammatory cells. Moreover, congestion, cellular necrosis, hypertrogphied glomerulus,
degeneration in renal tubular epithelial cells, and dilated tubules were evident in kidney, From
these findings, it was concluded that industrial wastewater has detrimental effects on"the vital
organs of mice.
Abbreviations
BOD: Biological oxygen demand

COD: Chemical oxygen demand



SPF: Specific pathogen-free

ETP: Effluent Treatment Plant

Introduction

Industrial sector of Bangladesh is growing nowadays. Bangladesh is just one of the
emerging nations whose economies greatly benefit from industrialization. However, it is a question
of opinion that environmental contamination, including air, water, and soil pollution, is invariably
associated with industrial development. The main industries that create pollution include those that
deal with textiles, tanneries, fertilizer_plants, medicines, cement, pulp and paper, etc. Alkaline,
acidic pollutants such as benzidine,” beta-napthylamine, sulfide, lime, cadmium, copper,
chromium, and numerous hazardous colers, among others, are produced by these industries.
Industrial pollutants have a significant impact on the"physical and mental well-being of workers
[1].

Due to untreated effluent from industries and municipalities being dumped into natural
water sources, Gazipur areas are notorious for being extremely polluted [2]. From the polluted
water sources, this water is dispersed into the crop field which is a majorSource of food of people
of Bangladesh which is a highly populated country. Moreover, people and animal get exposed to
this waste water and suffer from various carcinogenic problems, acute and chronic diseases.

The vital organs are considered as the most important to survive. It is important to take
care of the vital organs for a healthy living. The vital organs of mice are liver, lungs, brain, heart
and kidney. Any abnormality of these organs will reflect on the general health condition which
causes great economic losses in animal production [3]. Any kind of pathological conditions of

organs indicate the presence of disease in organs and systems with all its resident microorganisms



[4]. Industrial wastage is very toxic as it contains dyes, alkalis, heavy metals etc. in high
concentration. It has been reported that industrial waste products contain many metals or toxic
organic compounds which cause damage of central nervous system of animal including human
[5,6]. Somesof the metals have carcinogenic effect as well [5,6]. Several chemicals and dyes
derived from textile industry lead to bladder cancer [7].

Industrial activity is very important from a socioeconomic standpoint, but it also poses a
serious environmental risk due to pollution [8]. The massive volume of solid or liquid waste
products from these industries are frequently dumped in watercourses without any treatment or
with insufficient or poor treatment. It has a detrimental effect on environmental ecosystems [9]. In
Bangladesh, industrial waste contamination.is a concerning problem. However, no comprehensive
study has not been performed yet in Bangladesh'to know the effects of industrial waste water in
living animal. There is scarcity of report about the.effect of these industrial wastes on the vital
organs of the living body. Therefore, this research werk was‘undertaken to investigate the effects

of industrial wastewater on the vital organs of male Swiss@lbino mice.

Results
Analysis of industrial wastewater

Wastewater collected from the garment industry were greyish in color and had foul odor.
The pH value of water sample was 8.0 (Table 1), which designated that the water was slightly
alkaline. The characteristics of the wastewater used during the present study were as follows which
were compared with normal water (Table 1). The biological oxygen demand (BOD) and chemical
oxygen demand (COD) levels exceeded the limitations established by the Department of

Environment, Bangladesh [10]. The value of BOD of the collected water was 78 mg/L. The value



of the COD of collected water was 147 mg/L (Table 1). Amongst the heavy metals, the

concentrations of lead (Pb), copper (Cu), sulphates and nickel (Ni) ranged from 0.61, 0.33, 0.22

Characteristics

Garments industrial wastewater

Normal water (control)

pH 8.0 7.0
BOD (mg/L) 78 Nil
COD (mg/L) 147 Nil
Chemicals/ Permissible limit
Metal (mg/L) inddrinking water
Lead (Pb) 0.5 0.61 Nil
Copper (Cu) 0.2 0.33 Nil
Nickel (Ni) 0.2 0.22 Nil
Sulphates 200 524 Nil
Color Grayish Transparent

and 524 mg/L (Table 1) in collected wastewater,sFhese metals in wastewater surpassed the

permissible limit in drinking water [10].

Table 1: Characteristics of industrial wastewater in comparison to normal water (control)

Effects of industrial wastewater on Body weight of mice

At the starting of the experiment, there was no significant difference (p>0.05) in'the body

weight of mice. However, after completing 24 experimental weeks, body weight of imice was

decreased in all wastewater treated mice in comparison to the control group (Figure 1). Significant

reduction of body weight of mice was observed in mice of groups 2 (46.42+1.35gm) and 3

(44.16+0.88gm) (p < 0.05) compared to the mice of control group (50.19£3.03gm) (Figure 1).

Effects of industrial wastewater on the weight of liver




Weights of different vital organs including liver of the wastewater treated mice were
evaluated, and the obtained results have showed a significant change in the relative weight of these
organs of the water treated group in comparison to control group.

After completing 24 study weeks, liver weights were increased in all water treated mice in
comparison to the control group (Figure 2). Significant increased weight of liver was recorded in
mice of group 2 (3:61+£0.06gm) and group 3 (3.7£0.06gm) (p < 0.05) compared to control group
(3.25£0.12gm). The highest increased weight of liver was observed in mice of group 3 (Figure 2).
Effects of industrial wastewater.on the weight of heart

Weights of heart were decreased in waste water treated group of mice in comparison to the
control group after completing 24 study"weeks (Figure 3). Significant reduction of weight of heart
of mice was observed in mice of group 2«0.29£0.02gm) and group 3 (0.29+0.02gm) (p < 0.05)
compared to the control group (0.34+0.01gm) (Figure"3).

Effects of industrial waste water on the weight of Kidney

Weights of kidney were decreased in all water treated mice in comparison to the control
group after completing 24 study weeks (Figure 4). Significant reduction of weight of kidney of
mice was observed in mice of groups 2(0.38+0.02gm) and 3 (0.36+£0.01gm) (p < 0.05) compared
to the mice of control group (0.41+0.01gm) (Figure 4).

Gross and histopathological assessment

Liver

Grossly, hemorrhagic spots and necrotic foci were observed in livers of wastewater treated mice.
Moreover, size of livers was also increased in all experimental group of mice in comparison to
control group of mice. A detailed histopathological investigation was conducted on the liver, heart

and kidney of waste water treated mice and control group of mice. Histological alterations were



noted in the various groups who received treatment. Hepatocellular necrosis, dilation of sinusoids
and congestion in the central vein were observed in liver sections (Figure 5A).
Heart

Grossly, size of the hearts was decreased in all experimental group of mice in comparison
to contral group of mice. Histologically, infiltration of inflammatory cells, necrosis, and disruption
of connective(tissue have been recorded (Figure 5B). Intramyocardial spaces were increased in the
sections of heart in \waste water treated group of mice (Figure 5B).
Kidney

Grossly, size of the kidneys was decreased in all experimental group of mice in comparison
to control group of mice. Histologically, there was infiltration of inflammatory cells. Congestion,
cell necrosis, degeneration of renal tubularepithelial cells, hypertrophied glomerulus, and tubular
dilatation were observed in kidney sections (Figure,5C). In case of all three organs, the
histopathologic changes were severe in the highest concentrated effluent water treated mice

(Figure 5C).

Discussion

Environments of Bangladesh suffer from the intermittent dumping of industrial waste, a
consequence of insufficient regulated disposal and industry negligence. Waste streams typically
contain a complex variety of toxic substances along with any metals, chemicals, and trace’elements
as well as pathogens that settle in lakes, streams, rivers, the ocean, and other bodies of water [11].
It has an adverse effect on environmental ecosystems [9]. In Bangladesh, textile waste
contamination poses a serious threat to the environment. The high quantity of dyes, alkalis, heavy

metals, and other contaminants in these wastes make it extremely dangerous. These wastewaters



also contain many dyes, organic solvents and fixatives which can cause damage of vital systems
of animal body including human. Some of the metals have carcinogenic effect as well [5,6].

In the present study, the effects of industrial wastewater on the vital organs namely liver,
heart and kidney of male Swiss albino mice were investigated. We firstly collected wastewater
from ETP of a garments industry located in Gazipur district. The colors of the collected wastewater
were greyishfin coelor. This investigation focused on the unpleasant odor that water emits.
Following their release.dnto a river, industrial wastewaters have a significant detrimental impact
on the river's water quality as well as the quality of other nearby water sources [12,13].

The pH values of collected wastewater was 8.0 (Table 1), which indicated that the water
was alkaline. The pH value of different industrial wastewaters in Bangladesh ranged from 7.2 to
11.9 [14,15]. BOD is defined as the amount of dissolved oxygen needed by aerobic biological
organisms to break down biodegradable organic material present in a given water sample at certain
temperature over a specific time period [16]. BOD valuesshave been widely adopted as a measure
of pollution effect. High BOD content is an indicator of polluted water, while a low BOD indicates
good quality water [16]. In the present study, the founded BOD value was 78 mg/L, which is far
above the standard permissible limits. On the other hand, COD is defined as the amount of
dissolved oxygen that must be present in water to oxidize chemical organic materials by a strong
chemical oxidant [16]. Both BOD and COD values are broadly accepted as the measure,of,the
relative oxygen-depletion effect of a waste contaminant. In this study, COD value was 447 mg/L,
which is extremely higher than the standard permissible limits. It has been reported that BOD and
COD values were higher in industrial effluents in this study area [17]. Several heavy metals
including Pb, Cu, Ni and sulphates were also found at higher concentration in these collected

effluents.
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In this study, body weight of the treated mice was declined after completing the study
period in comparison to the control mice. This may be happened due to the dissolved heavy metals
in water. Similar results were reported in rats and mice after treated with industrial effluent [18,
19] 41t has been reported that body weights of mice drop when exposed to lead acetate. Because
lead affects the satiety setup, less food was consumed, which resulted in less growth [20].

The weight of liver was increased and the weight of heart and kidneys were decreased in
all wastewater treated mice in comparison to the control group. Alteration rate was the highest in
the mice which were treated with highest concentration of industrial wastewater. Moreover, in
comparison to the control group, a number of pathologic lesions have been found in the livers,
kidneys, and hearts of wastewater-treated mice. Our findings are consistent with earlier research
on the effects of industrial wastewaters ondmammals, which documented several changes in mice
and rats following exposure [21-24]. In order to gaina deeper understanding of the impacts of
industrial wastewater on several organs of exposed mice, ahistopathology examination was carried
out. The histopathological changes in the liver, kidney, and heart of mice treated with wastewater
were examined. After treatment with industrial wastewater, several histopathological lesions were
observed in liver and kidney. In liver, congestion in the central vein, hepatic necrosis and hepatic
sinusoidal dilatation were observed. Moreover, congestion, cellular necrosis, ‘hypertrophied
glomerulus, degeneration of renal tubular epithelial cells, and dilated tubules were reported in
kidney.

In vertebrates, the liver serves as the primary organ for detoxification activities [21]. It has
a number of metabolizing enzymes that are crucial to the biotransformation process of xenobiotics.
Fewer or more harmful metabolites are produced as a result of this mechanism [25]. Due to the

adaptive response against harmful metabolites, weight of the liver might be increased after



treatment with industrial effluent. However, it has been noted that a number of metals, such as
arsenic, sulphates, cadmium, lead, nickel, mercury, and hydroxyl, can increase the generation of
reactive oxidant species (ROS), such as superoxide radicals, hydroxyl, and hydrogen peroxide
[26]¢ Lead and arsenic have been linked to oxidative stress and cell damage because they change
the enzymatic activity of antioxidant system [21].

Wastewater contains a variety of pollutants that might disrupt the antioxidant system and
metabolic processes of an animal (such the metabolism of fats and carbohydrates), which could
account for the toxicity‘of the wastewater. The damage shown in the kidney and liver of the mice
may be linked to oxidative stress in their tissue, which is most likely caused by the pollutants in
the examined wastewater. The kidney and.liver have a strong correlation with histological tests
and are the most sensitive markers of chemical toxicity [21].

Lead has been linked to oxidative stress and“eell damage via modifying the enzymatic
activity of the antioxidant system. For instance, rats exposed to lead have shown to exhibit
decreased levels of both catalase (CAT) and superoxide dismutase (SOD) activity [27]. The
oxidative damage in the liver and kidneys of exposed animals was dinked to the inhibitory effects
of heavy metals [26, 27]. Again, exposure to lead causes a substantial increase in lipid
peroxidation, which oxidatively degrades membrane polyunsaturated fatty acids, resulting in the
loss of membrane phospholipids and, ultimately, membrane integrity [28]. Furthermore, lead
causes damage to proximal tubular epithelium of kidney by altering cell membrane permeability
[20]. On the other hand, Ni is well known for being an immunotoxic, neurotoxic, genotoxic,
aspiratory poisonous, nephrotoxic, hepatotoxic, hematotoxic, and carcinogenic agent [29]. It has
been reported that Ni caused oxidative stress to regulate reactive radicals, which in turn caused

necrotic and other inflammatory reactions in the livers of rats [30, 31,22]. Rats given dietary nickel
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acetate for a few weeks were shown to exhibit renal tubular degeneration [32]. Moreover, Ni has
severe detrimental effects on heart of rat [29]. Nickel exposure causes myocardial fibrosis in rats
[32]. Nevertheless, increased level of Cu causes dysfunctions of liver and kidney [33].

Histepathological study of the heart of the wastewater treated mice showed necrosis of
connective tissues of heart and infiltration of inflammatory cells. Increased intra-myocardial
spaces were evident. These findings imply that the structure and function of cardiac tissue may be
impacted by industrial wastewater. As an adaptive response to improve the body's ability to clear
itself of invasion, the heart increases blood flow while under stress [34]. Thus, the heart is vital to
the body's defense; but several environmental pollutants may potentially disrupt or impair cardiac
function. As a result, this organ might be a.helpful indicator that provides information about the
level of toxicity.

Since elevated cholesterol is known to doesassociated with an increased risk of
cardiovascular disorders [22], the disruption of lipid®metabolism is most likely the cause of the
observed damage to heart tissue. Furthermore, fish heart tissues (e.g., catfish) treated with effluents
showed histological abnormalities such as necrosis and cellulardnfiltration [35]. It has been
reported that endocardial inflammation and cellular disintegration have een observed in animals
exposed to pharmaceutical effluent [25]. The findings of this study collectively indicated that the
vital organs of mice especially liver, kidney and heart are negatively impacted by dndustrial
wastewater.

Conclusion

The environmental pollution problem in Bangladesh is being complicated due to very fast

industrialization without proper attention to the environment. In this study, garments wastewater

among the industrial wastes was used to treat the mice. In this study, the weight of livers was
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increased in the wastewater treated group of mice. There was congestion in the central vein in
liver, hepatic sinusoidal dilatation, and hepatocellular necrosis. The weight of heart and kidneys
were decreased in all water treated mice in comparison to the control group. Reduction rate was
the fighest.dn the mice which were treated with highest concentration of industrial wastewater.
Leucocytic infiltration, cardiac necrosis, and connective tissue enlargement and disruption have
all been reparted.“The kidney showed signs of hypertrophied glomerulus, tubular dilatation,
deteriorated renal tubule epithelia, cell necrosis, and leucocytic infiltration. From these findings it
can be concluded that industrial wastewater has detrimental effects on the vital organs of mice.
The findings of this study identify the effects of industrial wastewater on vital organs, which could
be used for improvement of human,health.and animal health by increasing the awareness of the

people about the harmful and fatal effects.ef industrial effluent.

Materials and methods
Ethical statement

The study on mouse experimentation was performed under the recommendation and
guidance of the Animal Research Ethics Committee, Faculty of Veterinary Medicine and Animal
Science, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Bangladesh
(FVMAS/AREC/2023/12).
Collection of industrial wastewater

Industrial wastewater was collected from Effluent Treatment Plant (ETP) of garments
industry located in Gazipur district and was stored at 4°C during the study period.

Analysis of chemical properties of wastewater
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Sample of wastewater was collected, and its chemical composition was examined. The pH,
COD, and BOD levels of the products were measured. After passing wastewater samples through
a Whatman No. 42 paper filter, a drop of HNO3 (65%) was added to bring their pH<2 for
presérvation. The samples were then diluted to a predetermined volume. Following the
manufagturer’s instructions, the amounts of heavy metals in diluted samples were measured using
an Atomic Absorption Spectrophotometer (AAS, Perkin Elmer, the PinAAcleTM 900H, USA).
Collection of experimental animals

Swiss albino male mice (Mus musculus) that were three weeks old and specific pathogen-
free (SPF) were acquired ‘from the International Centre for Diarrheal Disease Research,
Bangladesh (icddr, b). To allow the'mice to.acclimate to their new surroundings, mice were housed
for one week prior to their usage in this study.
Rectangular plastic cages with wire mesh coveringssserved as the mice's living quarters. Under
natural daylight and well-ventilated conditions, the*cages ‘were maintained at 26+2°C with a
relative humidity of 70-80%. Adequate hygienic conditions were provided for the mice.
Experimental design

Thirty-two mice at the age of week four were randomly divided into four groups where
each group comprises eight mice. All the mice were identified by ear coding. Normal drinking
water was supplied to the mice in the control group. Mice of groups 1, 2 and 3/were supplied
normal drinking water mixed with industrial wastewater at 5%, 10% and 20% concentrations,
respectively orally up to study week 24. Equal amounts of food and water were consumed by the
mice of the experimental groups. The initial body weight of every mouse was determined by using
a digital balance. Both at the beginning and the end of the trials, body weight was measured.

Sample collection

13



After completing study week 24 of treatment of mice with different concentrations of
wastewater, mice were euthanized with high dose of ketamine hydrochloride. During necropsy,
different important organs (liver, heart and kidney) were collected from the mice of both control
anddwater treated groups to investigate the effect of wastewater. The vital organs were collected
with theelp of sterile scalpel and scissors avoiding any destruction of the organs. Weight of these
organs were measured with the help of a digital balance.

Histological study

After measuring‘'the weight of these organs, slices of these organs were collected and were
fixed in the 10% formalin solution. According to usual protocol, fixed tissue slices were prepared,
paraffin embedded, sectioned, and regularly.stained with hematoxylin and eosin (H & E) stain [36,
37]. Photomicrography was taken using phetomicrographic camera (ZEISS AxioCam ERCc5s).
Data Interpretation

At the end of the study, all the data were compiledycompared and analyzed forconstructive
interpretation. The statistical analysis was carried out using SPSS (IBM@ Version 21.0, USA).
The Means = S.D. were used to depict each outcome. One-way analysis of variance (ANOVA)
followed by Duncan’s multiple range post-hoc test was used for the comparison. When the p value
was less than 0.05, differences were deemed statistically significant.

Data availability statement
The data that support the findings of this study are available from the corresponding author

upon reasonable request.
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Figure 1. Effects of watering of mice Withgdu®wastewater on growth of mice. After
th

completing 24 study weeks, significant reduction Weight of mice of groups 2 and 3
anda moderate reduction in mice of group 1 compared<o control were observed. The values

expressed were group average weight £ SD. Significant differ@ indicated with one (p<

0.05) asterisk. / '

O

20



Weight of liver of mice at study weeks 24
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After completing 24 study weeks, significant increase eight liver mice in groups 2 and 3,

Figure 2. Effects of watering of mice with indu@«vjewater on weight of liver of mice.

and weight liver increased insignificant in those of group 1 COW control were observed.
€

The values expressed were group average weight + SD. Significant yas are indicated with

one (p< 0.05) asterisk. O
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Weight of heart of mice at study weeks 24
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Figure 3. Effects of watering of mice with indu%ter on weight of heart of mice.

After completing 24 study weeks, significant reduction eight heart inmice in groups 2 and 3,
andinsignificant reduction in mice of group 1 compared to contr re observed. The values
expressed were group average weight £ SD. Significant differences ar icated with one (p<

0.05) asterisk. O
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Figure 4. Effects of watering of mice with industrial wastewater on weight of kidney of mice.
After completing 24 study weeks, significant reduction of Wei@ inmice in groups 2 and

3, and insignifacnt reduction in mice of group 1 compared to control group b}bserved. The

values expressed were group average weight £ SD. Significant differences ar

Owith one
(p< 0.05) asterisk. /;
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Figure 5. Histopathology of liver, heaQ ney of industrial wastewater treated mice.
(A-C) No significant change was observed in liver, nd kidney of mice of control group. (D)
Congestion in the central vein of liver (yellow a@a of hepatocyte (red arrow) and
hepatic sinusoidal dilatation (blue arrow) were observed.“(E) Necrosis of muscle fibers of heart
(red arrow), increased intra-myocardial spaces (yellow arrow) @ evident. (F) congestion
(yellow arrow), cellular necrosis (blue arrow), hypertrophied glemerulus (green arrow),

degeneration of renal tubular epithelial cells (black arrow), and dilated tubu@j arrow) were

reported in kidney (H&E: x40). Of
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