Environment & Ecology 27 (2A) : 927—930, 2009
© Copyright by MKK Publication 2009 ISSN 0970-0420

927

Effect of Pig Iron Factory Effluent on Growth, Protein and
Chromosome of Lathyrus sativus L.

ASIS KUMAR NANDI AND ANIRBAN MUKHERJEE

Department of Botany & Forestry, Vidyvasagar University
Midnapore 721102, India
E-mail : asiskumarnandi@yahoo.com

Abstract

Effluent from the pig iron factory at Khargapore, West Bengal showed detrimental influence on
seed germination, plant growth, cell division and chromosome morphology in the test plant Lathyrus
sativus L. at different concentrations. Germination percentage exhibited gradual decrease with an increase
in effluent concentration. Internode number and length were found to change not always in accordance
with the increase of effluent concentration. Increase of effluent concentration caused a decrease in mitotic
index, whereas an increase in chromosomal and cell divisional abnormality.
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Industries dealing with the metal extraction pu-
rify the metals from ores and in the process vari-
ous heavy metals pass to the nearby environment in
the form of effluent, dump and dust. Effluents of me-
tallic industries are good sources of heavy metals.
Albeit the plants entailing some heavy metals in trace
amount for their normal growth the inordinate pres-
ence of these elements in the surrounding environ-
ment impaired permeability of cell membrane, bio-
chemical functions, division of cells and overall
growth (1—3). Heavy metals adversely affect the elec-
tron transport during respiration and the growth by
impairing the enzyme function partially or absolutely
(4). Even these elements at a micro level leads to the
anomalous mitotic division, chromosomal aberra-
tions, intra-chromosomal mutation and micronucl-
eus formation (5—7). Copper and mercury are known
to prevent DNA synthesis and protein synthesis cul-
minating to the mitotic and chromosomal anomal-
ies (8). Effects of such heavy metal contaminants on
live plants, seedling or adult plants (9—11) or
seed (1, 12, 13) are quite abounding. The present
study is aimed at revealing the impact of effluent of a
pig iron factory on the growth of an agricultural
plant species and some of the vital life processes of it
namely, seed germination, seedling growth, cell divi-
sion, chromosomal conformity and protein con-
tent.
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Methods

The effluent was collected from the sewage out-
let of the pig iron factory at Nimpura, near Kharga-
pore of West Bengal. Collected effluent was consid-
ered as 100% concentration and other concentra-
tions (6.25, 12.5, 25, 50% vol/vol) were made by
dilution with double distilled water.

Lathyrus sativus L. was taken as test plant.
Seeds of the species were collected from the Sate
Seed Corporation of West Bengal. Fifty seeds of test
species were soaked in 50 ml of each of the effluent
concentrations and in the double distilled water, taken
as control, for six hours. Seeds were then washed
thoroughly with water and allowed to germinate and
grow plants on sterilized soil-sand mixture. Germina-
tion percentage was studied till seventh day. Seed-
ling growth was measured from 15-day old seedling
growing in the pot. Growth was measured in terms of
number of internodes per plant and average length of
internode.

Cytological studies were carried out with the root
tips of the treated plants fixed in 1 : 3 acetoethanol
and stained with 2% aceto orcein following the
squash technique. Quantitative estimation of buffer
soluble protein was done by following Lowry me-
thod (14).
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Table 1. Effect of effluent at different concentrations  on
the growth performance of Lathyrus sativus L.

Con-

trol Concentrations (%)

0) 6.25 12.5 25 50 100
Germina-
tion per- 88.66 86.00 85.34 84.00 79.34 75.34
centage +1.34 4£2.16 £2.03 +3.17 £1.83 +2.38
Internode 420 346 3.65 397 3.87 3.97
Number +0.83 +£1.02 +£0.98 +0.73 £1.15 +0.53
Internode
Length 2.09 237 2.61 290 2.38 2.28
(cm) +£0.93 £1.52 +£2.1 +£0.85 +1.31 =*1.62

Results and Discussion

Effluent of pig iron factory showed an inhibi-
tory effect when present at a higher concentration,
however 25% concentration of it showed better
growth performance, in terms of internode length and
number of internodes per plant (Table 1).

Seed germination percentage was found to de-
cline in response of increasing concentrations of ef-
fluent (Table 1). Increased osmotic pressure due to
high concentration of salt might be the possible ca-
use of the inhibition of germination.

Growth of the species as portrayed in terms of
internode number and internode length showed vari-
able impact of effluent at different concentrations
(Table 1). While the number of internodes per plant
was greater in control plants than the plant under the
influence of effluent, the length of internode was least
in control plants. The number and length of intern-
ode uniformity increased up to the effluent concen
tration of 25% but showed no regularity in response
with further increase of effluent concentration. Bet-
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Figure 1. Chromosomal abnormalities at metaphase of
Lathyrus sativus L. (a) Spindle disturbance and stickiness of
chromosomes (b) Erosion and clumping of chromosome.
Figure 2. Erosion of chromatin of Lathyrus sativus L.
(a) Prophase (b) Ana-telophase. Figure 3. Laggard chro-
mosome of Lathyrus sativus L. at anaphase.

ter performance of plants regarding internode len-
gth with the increase of effluent concentration up to

Table 2. Effect of different concentrations of the effluent on cell division and chromosome in Lathyrus sativus L. P =

Prophase, M=Metaphase, A = Anaphase, T = Telophase.

Effluent

concen- Abnormal Abnormality percentages at different

trations Div. cell cell stages of cell division

(%) (%) (%) P M A T

Control (0) 31.10 £ 2.12 0.52 +£0.93 0.00 =+ 0.00 15.58 +30.33 7.88 + 19.55 4.04 +13.78
6.25 10.59 + 4.35 0.58 +£0.52 10.00+ 2949 21.25 + 38.95 20.75+ 39.36 17.00 + 34.28
12.5 8.99 =+ 3.89 0.62 +0.64 15.00+ 3590 16.25 +36.94 20.00+ 38.99 13.75 £ 34.28
25 9.03 +3.14 0.79 £ 0.50 21.25+ 3948 26.25 +£42.70 20.00+ 35.74 17.50 £ 35.27
50 7.74 £ 281 0.90 +0.73 19.75+ 35.66 22.34 + 38.00 22.25+ 35.96 16.25 £ 33.19
100 5.12 £ 2.51 1.68 +£1.01 3.50 + 12.10 33.87 + 38.03 20.12+ 27.94 27.70 + 32.96
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Table 3. Effect of different concentrations of the effluent
on protein content in Lathyrus sativus L.

Con-

trol Concentrations (%)

0) 6.25 12.5 25 50 100
Protein
content 140.00 134.00 125.67 98.00 89.33 73.67
(ppm) +1.73  £1.73  £0.57 +£4.58 +£8.08 +5.13

a certain level might be due to the nutritive effects
of heavy metals at a lower concentration as sup-
ported by Fernandes and Henriquies (3).

Different concentrations of effluent produced
different degrees of impact on cell division and chro-
mosomal morphology. With the increase in concen-
tration of effluent the percentage of chromosomal
abnormality also increased and the mitotic index de-
creased in the test plant (Table 2). Maximum chromo-
somal abnormality was noticed at 100% of concentra-
tion and the maximum mitotic index at control set. The
kinds of anomalies met were mostly spindle distur-
bance, lagged chromosome, stickiness and clumping
of chromosomes and erosion of chromatin contents
(Figs. 1—3). Percentage of cytological abnormality
was found to be proportional to the concentration of
the effluent used. Reduction in mitotic index by heavy
metals was witnessed in earlier works also (15). The
formation of chromosomal aberration is assumed to
be due to complex formation between the active
agents and heavy metals presumably iron, within the
chromosomes (16). A simultaneous negative influ-
ence on the division of cell and chromosome mor-
phology extends support to the gross detrimental ef-
fect of the effluent.

A gradual decline in seedling protein content with
the increase of the effluent (Table 3) concentration
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signifies impairment at the molecular level and the
aberration in chromosomal complement is also ex-
pected to have enough reason for such implica-
tion.

Pearson correlation showed significantly posi-
tive relationship between effluent concentration and
cytological abnormality and also between germina-
tion percentage and protein content (Table 4), but
negative relationship between effluent concentration
and germination percentage, effluent concentration
and protein content, germination percentage and
abnormality percentage and between abnormality
percentage and protein content.

The effluent from metal factory proves to have
the potential to encumber the normal development of
plants by affecting the efficiency of cell division,
chromosomal conformity, protein contents, ability
of germination and also the growth in general. Since
growth of plant is rather a complex attribute, affected
by various factors, the expression at the level of
internode number and internode length becomes
confounding with respect to the effects revealed at
the level of protein content or chromosome. The
plants seemingly enjoy a better nutritional effect of
effluent contents at certain concentrations of'it, even
surpassing the detrimental effect to cell division
and chromosomal entity and thus do not corrobo-
rate with the cytological and biochemical results.
The impaired cell division efficiency and chromo-
somal structure due to the action of effluent con-
tents seem to provide enough reason for explaining
the decline in protein content, seed germination and
also to some extent the plant growth, in general ; still
then some other finer causes at the molecular level,
not revealed in the present study, might also be
playing vital role in contributing the unusual expres-
sions of the plants under the influence of effluent.

Table 4. Correlation between different parameters of Lathyrus sativus L. and effluent concentrations. * Significant at the

0.05 level, **Significant at the 0.01 level.

Inter- Inter- Abnor-

node node Mitotic mality Treat-

No. length index (%) Protein ment
Germination —-0.083 0.016 0.699 —0.931*%*  0.944** —-0.977**
Internode no. -0.255 0.528 0.229 -0.233 0.211
Internode length -0.532 -0.112 -0.211 -0.104
Mitotic index -0.536 0.679 -0.583
Abnormality (%) -0.871%* 0.984**
Protein —0.919%*
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