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ABSTRACT:

The objective of the study was to conduct a comparative analysis between plants grown in
environments affected by pollution and those cultivated in unpolluted areas and to assess the
influence of industrial wastewater on the plants subjected to polluted conditions. The APHA
technique was used to conduct analyses of the industrial effluent. According to cytological
formulas, the cytological variables were determined. The results showed that as the amount
of the effluent discharge grew, the chemical and physical variables of the analyzed effluent
were found to have greater values compared to standard values, while the morphological and
anatomical characteristics were found to have a downward tendency in effluent treated plant
samples. In effluent treatment sets of 100%, 75%, and 50%, cytological metrics, including the
mitotic and amitotic index were reduced, while they were found to be raised in the 25%
concentration. As the effluent concentration rose, so did the number of mitotic abnormalities.
The results show that Industrial wastewater discharge significantly impacts shoot, root length,
and weight.
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INTRODUCTION:

Ahmad et al. (1988) and Threshow (1984) were among the first to draw attention to the
negative effects of pollution on vegetation. Ghaziabad is a big industrial region close to New
Delhi, India’s capital. In the area around these businesses, many medical plants are growing,
and their shape and structure are changing, which was studied in this study. It is a
widespread practice to use industrial effluents in agricultural production as a substitute for
traditional waste recycling methods. When added to soil, textile effluents may improve soil

fertility, soil organic matter, and nutrient content, all of which are important for plant
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development and yield (Jothimani et al., 2002). Elevated levels of nitrates and sulphates may
stimulate protein synthesis and the creation of other organic molecules like chlorophyll in
effluents. Even if these nutrients are present, their diluted concentration may not be enough to
promote seedling development (Yousaf et al., 2010). However, it has been found that using
undiluted effluents negatively impacts growth and development advancements in agricultural
technology. According to the source or kind of pollutant (Niroula, 2003) and the degree of
toxicity of its substance, crops may react negatively to increased levels of industrial effluents.
For instance, increased concentrations of textile waste in the water used for irrigation have
been shown to reduce the amount of sprouting in plants (Saravanamoorthy and Ranjitha-
Kumari, 2007).

High industrial effluent concentration in irrigation water can lead to delayed fruiting and poor
yield due to cytological and structural disruption of plants (Uaboi-Egbenni et al. 2009).
Heavy metal toxicity, inhibited by digestive enzymes, is another adverse effect of higher
concentrations of industrial effluents on crop germination and seedling growth (Yousaf et al.,
2010). Toxic heavy metals are often included in synthetic carbon-based organic products like
dyes (Balakrishnan et al., 2008), which may contain phytotoxic components in the effluents
from the dyeing process (Kaushik et al., 2005). Roots are the initial structures in higher plants
to come into touch with the poisonous metal, and the tip of the root is a primary site of
damage, resulting in suppression of root development, a truncated roots system, and lower
yield due to decreased absorption of both nutrients and water (Becker, 2000). Soil and crops
watered with dye-effluent pollution run the danger of becoming a storage depot for these
pollutants and other harmful heavy metals. The vitamins, minerals, and antioxidant-rich
fibres abundant in vegetables make them an essential element of the human diet. Vegetables
cultivated in polluted soils may contain genotoxic chemicals that might harm humans and
other animals (Mathur et al., 2006). Industrialization has had a negative effect on the growth
and health of medical plants. As a result, researchers in the district of Ghaziabad, Uttar
Pradesh, and at the ALTT Centre in Ghaziabad set out to examine the effects of industrial
pollution on the development of Achyranthes aspera Linn. a plant with medicinal properties
that grows abundantly in both polluted and unpolluted areas. Among its many medicinal
applications, this plant is used in the "Siddha" concoction known as "Naaga Parpam” (Tyagi
et al. 2013).

MATERIAL AND METHODS:

The effects of industrial contamination on Withania somnifera and Achyranthes aspera was
studied by collecting samples from a location of effluent discharge close to a river basin in
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Ghaziabad, UP, India. APHA, 1981 (APHA) analyzed industrial wastewater. Industrial
effluents were applied to seedlings at three concentrations for cytological analysis: 25%,
50%, and 100%. After a thorough cleaning in distilled water, the root ends were placed in
newly made Carnoy's fluid for 48 hours before being transferred to 70 per cent alcohol and
placed in the fridge. Hydrolysis in a 2% acetocarmine solution followed by retention in the
same solution allowed the root tips to be used for cytological analysis. Then, depending on
the darkness of the stain, the root tips were crushed in acetic acid at a concentration of 45 per
cent. The index of mitosis (MI) and amitotic index (A.M.l.) were used to track cytotoxicity,
while the proportion of mitotic abnormalities (M.A.) was used to track cardiotoxicity.

Study of the concentration of the industrial effluents:

Researchers collected specimens from a river body near Ghaziabad where the species of
Withania somnifera and Achyranthes aspera were growing. The samples were washed twice,
first with regular water and then with distilled water, before being dried in an oven at 60
degrees Centigrade and carefully placed in clean, dry polythene bags. Each dried sample was
then ground to a powder using an agate vibratory disc mill and sieved with a 1.3 mm stainless
steel mesh. The material was subjected to an oxidative treatment to extract the desired
components. One gram of plant material was placed in a porcelain crucible and ignited in a
muffle furnace at an elevation not exceeding 500 degrees Celsius for 24 hours to create a dry
ash. Before being broken down in a water bath for 20 minutes, the ashed sample was placed
in a beaker with 10 mL of 20% extremely pure grade HCI. The final product was filtered via
a 0.8 m pore-diameter ultrafilter membrane. After adding enough deionized water to bring the
filter up to 100 mL, it was put through a Perkin EImer A.A.S. under normal conditions for the
quantitative measurement of Cr, Zn, Cu, Cd and Ni.

B.O.D. and C.O.D. values: The samples of the industrial waste effluents were analyzed after

5 days. The formulas used are as follows:

Formula used: Formula used for calculating BOD demand= BOD, = [D;— D] /P
Where,

D; = initial sample dissolved-oxygen (D.O.) concentration,

D, = sample D.O. after 5 days,

P = Dilution factor (decimal volumetric fraction of sample used),

BOD,, = n" day biochemical oxygen demand.

The formula for calculating the C.O.D. demand values

=COD =[(A-B x N x 8 x1000)] / Volume of sample taken



Where,

A = Volume of Ferrous Ammonium Sulphate for blank
B = Volume of Ferrous Ammonium Sulphate for sample
N = Normality of Ferrous Ammonium Sulphate

V = Volume of sample taken while conducting the experiment

These parameters were calculated with the help of the following formula:

Number of dividing cells

. : 0f =
(A) Mitotic Index % Total number of cells

(B) Amitotic Index % Number of actively dividing cells
mitotic Index % =

Total number of cells

(C) Mitotic Anomalies cells % =

Number of cells showing anomalies

RESULTS AND INTERPRETATION:

Number of cells in mitotic phase

Table 1:
S. No. | Parameters Limit value of effluent Maximum permissible | 1.S.1. reference
discharge in the water limits standards
sample being checked and authentication.
investigated.
1. Colour Yellowish green It should be colourless 1SO standards:
and transparent without | 24512:2007.
odour.
2. Odour Pungent bad smell It should be odourless. I1SO standards:
24512:2007

3. pH 4.5 5.0-9.0 I1SO standards:
24512:2007

4. Total dissolved 850 2000 I1SO standards:
solids (mg/l) 24512:2007

5. Total suspended 1500 600 1SO standards:
solids (mg/l) 24512:2007

6. B.O.D. value 21 30 I1SO standards:
24512:2007

7. C.0.D. value 210 250 I1SO standards:
24512:2007

Values of different heavy metals present in the industrial effluent discharge

8. Chromium (mg/l) 6 Not applicable 1SO standards:
24512:2007

9. Zinc (mg/l) 13 Not applicable 1SO standards:
24512:2007

10. Nickel (mg/1) 16 Not applicable 1SO standards:
24512:2007

11. Cadmium (mg/Il) 5 Not applicable 1SO standards:
24512:2007

12. Copper (mg/l) 6 Not applicable I1SO standards:
24512:2007

Table 1 represents the different parameters calculated for the industrial effluent discharged

from the industries located near the river basin in Ghaziabad, Uttar Pradesh.




Table 2:
S. No. Industrial effluent Mitotic Value Amitotic Value Mitotic
under study (Mean + Standard (Mean + Standard abnormality
deviation) deviation) analysis
1 Water control 15.24 +0.82 5.23+0.54 .021 +0.002
2 25% concentration of 16.24 + 1.014 6.24 + 0.42 6.02 +0.21
discharge effluent
3 50% 12.51+0.52 5.02 +0.21 7.234 + 0.978
4 70% 8.12 + 1.05 5.05+1.12 8.231 + 0.56
5 100% 4,23 + 0.57 3.23+1.02 241+ 0.23

Table 2 provides the effect of different industrial effluent to varying concentrations on cells

undergoing mitosis in Withania somnifera plant growing near a river basin in Ghaziabad.

Figure 1:
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Fig 1. Shows the effect of different effluent concentrations on the MI, A.M.I. and M.A. in the

cells of the Withania somnifera plant. X-axis shows the key for 1: water sample, 2:25%

effluent treatment, 3: 50% effluent treatment, 4:70% effluent concentration, 5: 100% effluent

concentration treatment on the Withania somnifera plant. The X-axis shows the key for

treating the Withania somnifera plant with different concentrations of industrial effluents, and

the Y-axis shows the Ml, A.M.I. and M.A. values.




Table 3:
Effluent Effluent Heightof ~ Width  of | Fresh weight [Fresh The dry | Dry
discharge | discharge the plant the  plant | of shoot (g weight of | weight of | weight
concentration | (cm) stem (cm) per plant) root the shoot | of root
Sample 1 Control 0% 25.24 0.53 15.24 1.54 1.23 0.15
Sample 1 25% 24.12 0.49 14.21 1.02 0.87 0.09
Sample 1 50% 23.21 0.47 13.56 0.97 0.82 0.12
Sample 1 100% NA NA NA NA NA NA
Sample 2 Control 0% 32.45 0.67 25.27 2.32 1.76 0.21
Sample 2 25% 28.75 0.56 17.37 1.87 1.69 0.17
Sample 2 50% 25.74 0.53 14.26 1.54 1.58 0.11
Sample 2 100% NA NA NA NA NA NA
Sample 3 Control 0% 28.97 0.59 16.24 1.37 0.98 0.09
Sample 3 25% 24.78 0.53 11.37 1.32 0.87 0.08
Sample 3 50% 21.15 0.49 8.24 1.29 0.54 0.07
Sample 3 100% NA NA NA NA NA NA

Table 3: shows the effect of the 3 different samples of the industrial effluents collected from

a river basin in Ghaziabad with the impact on the height of the plant, width of the stem and

girth, weight of the shoot of the plant, root weight taken fresh along with the dry weight of

shoot and root after observing the growth of the Withania somnifera plant starting from the

first week to the sixth week.

Table 4:
Effluent  [Effluent Height of the | Width of Fresh weight [Fresh Thedry  Dry weight
discharge (discharge plant (cm) the plant of shoot (3 weight of weight of pf root
concentration stem (cm) per plant)  |root the shoot

Sample 1 Control 0% 26.34 0.63 16.24 1.34 1.03 0.09
Sample 1 25% 25.12 0.51 15.13 1.12 0.97 0.05
Sample 1 50% 22.21 0.31 14.56 0.91 0.79 0.14
Sample 1 100% NA NA NA NA NA NA
Sample 2 Control 0% 33.65 0.76 26.31 212 1.65 0.25
Sample 2 25% 29.31 0.61 17.29 1.79 1.61 0.11
Sample 2 50% 24.86 0.59 14.31 151 1.56 0.12
Sample 2 100% NA NA NA NA NA NA
Sample 3 Control 0% 29.91 0.51 16.12 1.30 0.91 0.08
Sample 3 25% 23.56 0.54 12.12 1.29 0.82 0.07
Sample 3 50% 20.24 0.45 8.16 1.28 0.49 0.06
Sample 3 100% NA NA NA NA NA NA

Table 4 shows the effect of the 3 different samples of the industrial effluents collected from a

river basin in Ghaziabad with the impact on the height of the plant, width of the stem and

girth, weight of the shoot of the plant, root weight taken fresh along with the dry weight of
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shoot and root after observing the growth of the Achyranthes aspera plant starting from the
first week to the sixth week.

Table 1: Results indicate that the colour of the industrial waste effluent is yellowish-green in
colour with a pungent odour. The total dissolved contents, total suspended contents, and
C.0.D. and B.O.D. values levels in the effluent discharge collected from a river source are
less than the permissible levels (Table 1). Table 2 provides the effect of different industrial
effluent to varying concentrations on the root meristem cells undergoing mitosis on Withania
somnifera plant growing near a river basin in Ghaziabad.

Table 3: shows the effect of different concentrations of industrial discharge at a
concentration of 25%, 50% and 100% on the MI (mitotic index), A.M.I. (amitotic index) and
abnormal mitosis index (AM) in the cells of Withania somnifera plant (Table 3). Table 4:
shows the effect of different concentrations of industrial discharge at a concentration of 25%,
50% and 100% on the MI (mitotic index), A.M.l. (amitotic index) and abnormal mitosis
index (AM) in the cells of Achyranthes aspera plant (Table 4). Table 4 indicates that the
levels of the mitotic index and the mitotic division decrease as the concentration of the
industrial effluent discharge increases from 25% to 50% and finally to 100%. Fig 1. Shows
the effect of different effluent concentrations on the MI, A.M.l. and M.A. in the cells of the
Withania somnifera plant. X-axis shows the key for 1. water sample, 2:25% effluent
treatment, 3: 50% effluent treatment, 4:70% effluent concentration, 5: 100% -effluent
concentration treatment on the Withania somnifera plant. The X-axis shows the key for
treating the Withania somnifera plant with different concentrations of industrial effluents, and
the Y-axis shows the MI, A.M.l. and M.A. values. The index of mitosis (MI) and amitotic
index (A.M.1.) were used to track cytotoxicity, while the proportion of mitotic abnormalities
(M.A.) was used to track cardiotoxicity.

Fig 2. Shows the changes in the different stages of mitosis in the plant Achyranthes aspera
after treating the cells with industrial effluents. Fig 3. Shows the effect of industrial effluents

on the different stages of meiosis in the plant Withania somnifera from panel ato I.



Fig: 2 Shows the changes in the different stages of mitosis in the plant Achyranthes aspera
after treating the cells with industrial effluents.

Figure 2 shows the changes in the structure of chromosomes with chromosomal
abnormalities during the different stages of mitosis as evident in the mitosis images. The
picture shows the chromosome breaks due to the effect of heavy industrial metal pollutants
present in the industrial sewage waste discharge from industries as indicated in the slides

from number 1-9.



Fig: 3 Shows the effect of industrial effluents on the different stages of meiosis in the plant
Withania somnifera from panel a to .

ANALYSIS AND INTERPRETATION:

Analysis of the mitotic abnormality results in the Achyranthes aspera plant:

Figure 2: The panel 1 picture shows the anaphase bridge fragmentations formed due to the
heavy metal pollutants found in the effluent discharge. The panel 2 picture shows the changes
in the chromosome distortions during the metaphase stage. The panel 3 picture shows the
spaces and gaps between the chromosomes in the anaphase stage leading to the segregation of
the chromosomes. The panel 4 picture shows the abnormal banding pattern after treating the
cells with industrial effluents. The panel 5 picture shows the distorted movement of the
chromosomes during the anaphase stage. The panel 6 picture shows the change in the
morphology and conformation of the chromosome present towards the side as shown with an
arrow in the figure. The panel 7 picture shows the adhering and sticking of the chromosomes
together during the telophase stage before the cell division or the cytokinesis. The panel 8
picture shows the bifurcated shaped nucleus with 2-split appearance due to the addition of
industrial waste effluents. The panel 9 shows the presence of large spacious vacuoles due to

the toxic effect of the industrial effluents.
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Analysis and interpretation of the meiotic abnormality results in the Withania somnifera
plant:

Figure 3: Panel a diagram in fig 3 shows the unaligned chromosomes during the metaphase-I
stage of meiosis. Panel b shows the abnormal condensation of the chromosomes during the
anaphase-1 stage of meiosis. Panel ¢ shows the abnormal localization and condensation of the
chromosomes towards one corner in the telophase-1 stage. Panel d diagram shows the
stickiness and aggregation of the chromosomes in the metaphase-I stage due to the effect of
the addition of the industrial effluents. Panel e shows the abnormal condensation of the
chromosomes during the telophase-l stage. Panel f shows the aggregations of the
chromosomes at the metaphase-I stage. Panel g shows the formation of the abnormal bridges
during the anaphase-1 stage of meiosis. Panel h shows the lagging of the chromosomes in the
telophase-I stage of meiosis. Panel i shows the formation of abnormal bridges between the
chromosomes during the telophase-1 stage. Panel j shows the telophase-1 stage chromosomes
with abnormal adhering of the chromosomes. Panel k shows the aggregated micronucleus in
the telophase-1 stage of the cell after addition of industrial effluents. Panel | shows the
abnormal condensation of the chromosomes towards the poles due to the addition of
industrial effluents.

DISCUSSION:

The physicochemical parameters measured in the effluent samples all had readings that were
over the thresholds set by the Indian Standard Institute (1.S.1.). Both Sujatha and Gupta
(1996) and Singh et al. (1996) found the same thing. A close examination of the data shows
that the physical and anatomical properties of plants growing in contaminated areas were
severely diminished compared to plants growing in control sites and that the number of
metrics analyzed decreased significantly. Plants gathered from contaminated areas exhibited
a decline in morphological features such as leaf surface, petiole size, amount of leaves per
plant, and lamina size. Palaniswamy et al. (1995) had their observations added together and
compared them to the total number of comments.

Similar results were found by Trivedi and Singh (1990) in microscopic investigations of the
leaf architecture of plants gathered from polluted locations, where the size and occurrence of
openings and epidermal cells were significantly reduced. Plants have diverse reactions to
various contaminants and even varying concentrations of the same pollutant. Onion leaves
produced by Hg showed structural stomatal abnormalities similar to those described here, as

Srivastava and Bansikar (1996) noted. The morphological and anatomical features of
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medicinal plants are also highly crucial for establishing their quality in terms of genuineness
or authenticity. Microscopical approaches are significant for identifying and differentiating
the realism of the plant medication since anatomical information may be used to uniquely
identify each plant. This assist demonstrates the affinities of hypothetical genera and gives
evidence for the relationships of groupings like families. Consistent structural features across
plant species include stomatal and epidermal cell densities, vein-islet and vein termination
densities, palisade ratio, stomatal index, etc.

Additionally, the presence of various stomata, crystals, fibres, trichomes, etc., in the
powdered medication aids in identifying plants or differentiation when comparing the same
plant harvested from the industrial region. A high level of environmental contamination was
linked to trichomes that were both longer and more numerous. Low stomatal frequency is
seen in plants cultivated in contaminated environments as a possible response to the restricted
and regulated entrance of dangerous gaseous contaminants into the plant tissues. Research on
the root meristem revealed that Ml and A.M.I. are reduced in cycle industrial effluent
treatment sets until at 25% concentration when they are increased. As effluent concentration
rose, so did the frequency of mitotic abnormalities. Several other researchers have come to
similar conclusions (Kaushik et al. 1997). The result is cellular abnormalities. The findings
were compared to those of Sahu et al. (1987) and Thangapandian et al. (1995). Heavy metals
in the effluent may be to blame for these shifts.

Conclusion: The conclusion is that industrial effluent discharge has a tremendous effect on
the shoot, root length and weight of the plants Withania somnifera and Achyranthes aspera

growing in the water body region near Ghaziabad.

Future scope: Development of Bioindicators: Establish these plants as bioindicators for
monitoring environmental pollution and its impact on ecosystems.

Biotechnological Interventions: Investigate the potential for genetic and biotechnological
interventions to enhance the tolerance of these plants to industrial pollutants.
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