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Abstract

Due to increasing awareness of toxic heavy metals
contamination to the environment, studies of metal accumulation from
the view point of metal removal from the contaminated water have been
performed. The use of biological systems for removing metals from metal
solution has the potential to achieve greater performance at lower cost.
This is an emerging biological application based on ‘Green Liver Concept’
and operates on the principles of biogeochemical cycling.

The present study focuses on zinc toxicity on morphology and
some biochemical parameters of Salvinia molesta Mitchell and
Spirodela polyrhiza (L.) Schleid. The laboratory experiments were
conducted for the assessment of morphological index parameters (MIP),
biochemical parameters and metal (Zn) accumulation profile in test plants
at various concentrations (viz. 5,10, 20, 30 and 40 ppm Salvinia and
Spirodela at regular interval for 12 days. Salvinia and Spirodela shows
visible symptoms like withering of roots, chlorosis and necrosis at higher
concentration. With respect to Spirodela at higher concentration the
lower surface of leaf turns pink to whitish. However, the test plants
showed normal growth at lower concentration (5.0 ppm). The estimation
of biochemical parameters i.e total chlorophyll, protein and carbohydrate
of test plants showed a significant increase at lower concentration (5
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ppm) of zinc and showed significant decrease with increase in exposure
concentration and duration. Metal accumulation by test plants was
maximum at 4 days exposure duration and marginal at subsequent
concentrations and exposure duration. With respect to biochemical
parameters the concentrations are significant. However, metal
accumulation is significant at different concentrations and exposure

duration.

Heavy metal pollution is a major

environmental problem facing the modern
world®*®. The global heavy metal pollution is
increasing in the environment due to increase
of human activities. However, it is gaining
importance day by day due to its obvious effect
on human health through the food chain'®. Due
to the increasing awareness of toxic heavy
metals contamination to the environment,
studies of metal accumulation from the view
point of metal removal from the contaminated
water have been performed*®. Conventional
methods including precipitation, oxidation,
reduction, ion exchange, filtration, electroche-
mical treatment, membrane technologies and
evaporation recovery are expensive or
ineffective®. The use of biological systems for
removing metals from low metal solution (1 to
100 mg/g) has the potential to achieve greater
performance at lower cost.

Aquatic plants and / or algae are
known to accumulate metals and other toxic
elements from contaminated water**. The bio-
removal process using aquatic plants often
exhibits two staged uptake process: on initial
fast, reversible, metal binding process (biosorption)
followed by a slow, irreversible, ion sequestra-
tion step (bioaccumulation). The initial metal
biosorption by different parts of cells can occur
via complexation coordination, chelation of
metals, ion exchange, adsorption and micro

precipitation. The bioaccumulation process is
an active mode of metal accumulation by living
cells**2, This process is dependent on the
metabolic activities of the cell, which inturn
can be affected by the presence of metallic
ions®. The accumulation of metals at higher
concentration causes retardation of growth,
biochemical activities and also generation of
—SH groups containing enzymes.

The main goal of this study was to
determine the performance of the test plants
i.e Salvinia molesta and Spirodela polyrhiza
to the different concentrations of Zinc (Zn)
on morphology, biochemical constituents and
accumulation of metal profile from the
experimental pond under laboratory conditions.

Salvinia and Spirodela, free floating
aquatic plants for unpolluted water bodies is
maintained in a cement pots (1 meter diameter)
under conditions at a temperature 28-30°C.
About 20 g of young healthy Salvinia and
Spirodela were acclimatized for two weeks
in Arnon and Hoagland nutrient solution
maintaining pH between 7.1-7.4. The
concentrations of Zinc in the polluted water
are in the range of 5, 10, 20, 30 and 40.0 mg/1
and tap water as a control. Morphological
Index Parameters (MIP) viz, root length, leaf
length and breadth were observed for 12 days
at interval of 4 days. Photographs of Salvinia
and Spirodela which were taken by using
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Canon’s Power Shot G, digital camera were
treated with different concentrations of zinc.
For the further study the plants were harvested
at the end of 4, 8 and 12 days exposure and
are thoroughly washed with distilled water and
used for the estimation of total chlorophyll,
protein and carbohydrate and also for morpho-
logical observations. Plants harvested after 48
hrs were dried at 80°C for 2 days for metal
extraction.

The fresh test plant samples of 1 g is
macerated in 100 ml of 80% (v/v) chilled
acetone by using pestle and mortar. The
centrifuged and supernatant was used for the
estimation of total chlorophyll by standard
Arnon method using 652 nm against the solvent
(80% acetone as a blank)'?. The protein was
estimated by Lowry’s method’ using Bovine
Serum Albumin (BSA) as a standard, using
660 nm and carbohydrates by phenol sulphuric
acid method (Dubois) using glucose as
standard at 490 nm'. Morphological characters
were identified with the help of photographs,
using Canon’s Power Shot G, digital camera.

The estimation of metal Zn in the test
plant was carried out by using standard
method®. The dried and powdered 1 g plant
material was digested by using mixed acid
digestion method in Gerhardt digestion unit. The
digested samples were diluted with double
distilled water and filtered through Whatman
filter paper No. 44. The estimation of Zn was
done by atomic absorption spectrophotometer
(AAS) (GBC 932 Plus Austrelia) with air
acetylene oxidizing flame and metal hollow
cathode lamp at 217.00 nm wavelength.
Working standards (SISCOP-CHEM-

Bombay Lab) were used for the calibration of
instrument.

Statistical Analysis :

Data are presented as mean values +
SE from two independent experiments with
three replicates each. Data were subjected to
Two — way ANOVA to know significance
between concentrations and between exposure
duration for the accumulation of heavy metal,
(Zn). Further, Dunet’s test is also applied for
multiple comparisons between control and
other concentrations. Two — way ANOVA test
also extended to know the significance
between concentration and duration for
biochemical parameters.

Toxic effect of Zinc on morphology :

The test plant showed luxuriant
growth, shows increase in the lamina and
breadth at low concentration (5.0ppm) in both
test plants. In Salvinia at (5.0 ppm) of zinc
was found to promote the laminal length by
1.48 +£ 0.020 cm, 1.5 £ 0.04 cm, 1.666 +
0.14cm and breadth by 1.6 = 0.169cm, 1.666
+ 0.14cm and 1.7 = 0.027cm at 4, 8 and 12
days exposure duration. Similarly root length
by2.61 £0.216 cm, 2.2 +0.205cmand 2.4 +
0.216 cm. In Spirodela at the lower concentra-
tion (5.0 ppm) showed increase in laminal
length by 0.866 +0.027 cm, 1.0 + 0.01cm and
1.1 £ 0.072cm and breadth by 0.633 = 0.072
cm, 0.666 + 0.054 cm and 0.766 + 0.054 cm
at 4, 8 and 12 days exposure duration
respectively. Similarly the root length by 2.766
+ 0.144cm, 2.866 =+ 0.165¢cm and 3.0 +
0.216cmat 4, 8 and 12 days exposure duration
respectively.
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Morphometric assay is one of the quantitative
tool for the assessment of toxicants measured
by using Morphological Index Parameter
(MIP). The rate of inhibition in the root and
leaf (Fronds) is directly proportional to the
concentration of zinc and in both test plants.
Two way ANOVA test states that the concen-
trations are significantly toxic at 5% level but
duration is not significant. MCA test also
represents maximum deviation is at higher
concentration compared to control. Both the
test plants showed normal growth at their
respective lower concentration (5.0 ppm).

However, in Salvinia at 40 ppm
concentration shows severe inhibition of
laminal length by 1.1 £ 0.081 cm, 1.033 +
0.072cm and 0.933 + 0.081cm and laminal
breadth by 1.0 = 0.08 cm, 0.966 = 0.072 cm
and 0.911 + 0.081 cm at 4, 8 and 12 days
exposure duration. Similarly the root length
mhibition was noticed to 0.933 £+ 0.222 cm,
0.9+0.047 cmand 0.8 +£0.216 cm at4, 8 and
12 days exposure duration respectively.
Similarly, in Spirodela also at 40 ppm
concentration shows severe inhibition of
laminal length by 0.600 + 0.047 cm, 0.533 +
0.027 cm and 0.366 + 0.027 cm and laminal
breadth by 0.60 = 0.047 cm, 0.466 £ 0.027 cm
and 0.311 + 0.027 cm at 4, 8 and 12 days
exposure duration. Similarly the test plant
(Spirodela) also exhibited root inhibition by
1.566+0.098 cm, 1.10 £ 0.047 cm and 0.80 +
0.216 cmat 4, 8 and 12 days exposure duration
(Tables-1 and 2).

The higher concentration of Zn (10
ppm to 40 ppm) exhibited toxicity symptoms
like chlorosis, fall of leaves were observed
about particularly after 8 days to 12 days exposure
brownish marks were observed in Salvinia,

however, in Spirodela the plants have lost their
roots, leaves turned green to yellow on the
upper surface, lower pink colour tends to
creamy white in colour. Our results of toxicity
symptoms of Zn at higher concentrations
observed and were similar to Saygideger®.
Sobero confirmed elongation of root in some
members of Lemnaceae at different
concentration of Zn'.

Toxicity effect of Zn on Biochemical
parameters :

The chlorophyll content was very
sensitive to heavy metal toxicity. The results
found that at 5 ppm of Zn is found to augment
chlorophyll synthesis and was directly
proportional to the concentration and exposure
duration in both test plants. The chlorophyll of
Salvinia increased by 3.08% (0.701 mg/g),
4.62% (0.724 mg/g) and 5.22% (0.725 mg/g)
respectively at 4, 8 and 12 days exposure
duration to 5 ppm Zn in comparison to control.
The chlorophyll content in Spirodela increased
with increase in the exposure duration at an
exposure concentration of 5 ppm Zn to 0.721
mg/g, 0.752 mg/g and 0.806 mg/g respectively
at 4, 8 and 12 days exposure duration (Tables
3 and 4).

A number of heavy metals are
required by the plants as micronutrients* and
they act as a cofactors of enzymes as part of
prosthetic groups and involved in a wide variety
of metabolic pathways, but higher concentration
of heavy metals are toxic to plants®. Heavy
metals in ecosystem induces physiological and
genetical changes in plants’. The zinc is one
of the important nutrient for various metabolic
processes and required in minute quantities®.
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It is evident from the data that the lower
concentration of 5 ppm stimulates chlorophyll
synthesis. Pandey reported the stimulation of
chlorophyll synthesis at lower concentration
of Nickel in Spirodela®. The 5.0 ppm of Zn
promotes the chlorophyll synthesis from 0.701
mg/g to 0.745 mg/g in Salvinia and 0.721 mg/
g to 0.806 mg/g in Spirodela during 4 and 12
days. The enhancement percentage of
chlorophyll at 12 days exposure is 5.22% in
Salvinia, 15.14% in Spirodela when compared
to its respective controls. Choudhary and
Ramachandra observed stimulatory effect of
1.5 mg/lt Zn on Nostoc muscorum including
chlorophyll, carbohydrate and protein content'.
Plant possess unique ability to evolve tolerance
by the induction of phytochelatin (PC)>!6,

However, the higher concentration of
Zn found to inhibit the chlorophyll synthesis in
both test plants. The present inhibition is 12.5%
(0.595 mg/g), 23.26% (0.529 mg/g) and 42.1%
(0.410 mg/g) at 40 ppm concentration
respectively at 4, 8 and 12 days exposure
duration respectively in comparison to control
in Salvinia. Similarly Spirodela also shows
inhibitory effect at 40 ppm of zinc towards
chlorophyll synthesis by 1.57% (0.628mg/g),
19.18% (0.590 mg/g) and 41.88% (0.465 mg/
g) respectively at 4, 8 and 12 days exposure
duration. The severity of chlorophyll inhibition
increases with increase in the duration of
exposure. The percent inhibition of chlorophyll
at 12 days exposure is 12.1% in Salvinia and
41.88% in Spirodela when compared to their
respective control. Van Asche and Clijsters
reported the chlorophyll biosynthesis is
attributed to the interaction of metals with —
SH group involved in catalytic activity’. Algal
cultures exposure to higher concentrations of

Zn exhibited chlorosis and cell lysis. The
degradation of light harvesting pigments might
be attributed to the disruption of thylakoid
membranes within the cell’. The inhibition of
photosynthesis is mainly because of proteolytic
PC halide reductase complex and the synthesis
of 8 amino levulinic acid (ALA)*.

Two way ANOVA represents
biochemical toxicity to the test plants,
concentrations were significant at P>0.01 level
but duration is not significant. (Tables 3
and 4).

The increase in carbohydrate content
at 5 ppm, Zinc promotes the carbohydrate
content by 52mg/m (18.3%), 66.0mg/m
(24.52%) and 76.0mg/m (28.8%) respectively
at 4,8 and 12 days exposure. In Spirodela,
the carbohydrate synthesis is increased at 5 ppm
exposure to 32.0 mg/m (6.66%), 38.0mg/m
(11.76%) and 44.0mg/m (18.91%) respectively
at 4,8 and 12 days in comparison.

The carbohydrates form an important
organic constituent of the plant tissues. Our
investigation showed that at lower concentra-
tions of Zn (Sppm) enhances the carbohydrate
synthesis from 52mg/m to 76mg/m in Salvinia
and 32mg/m to 44mg/g in Spirodela from 4 to
12 days exposure respectively. The enhance-
ments of carbohydrates at 12 days exposure
is 28.8% in Salvinia and 18.91% in Spirodela
when compared to their respective controls.
Increased carbohydrate content in Nostoc
muscorum at lower concentrations of Nickel
and Magnesium observed®. Lower concentra-
tion of Zn activates the enzyme or is incorporated
into metalloenzymes in electron transport
system (ETS)*.
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Table-3. Two way ANOVA for biochemical effects of Zn on Salvinia molesta

Total chlorophyll Protein Carbohydrate
F-Value (between 10.027%* 10.56** 6.787%*
concentration)
F-Value (between 2.66 1.24 0.013
duration)

**Significant at P <0.01 level

Table-4. Two way ANOVA for biochemical effects of Zn on Spirodela polyrhiza

Total chlorophyll Protein Carbohydrate
F-Value (between
concentration) 5.808** 23.84%* 15.468**
F-Value (between
duration) 0.488 0.249 0.045

**Significant at P <0.01 level

Table-5 . Two way ANOVA with Dunet’s test for multiple comparison for

accumulation of Zn by aquatic macrophytes

Salvinia Spirodela
F-Value (between concentration) 5621.50%* 2247.42
F-Value (between duration) 13.90** 6.723
Dunet’s value 265.164 386.60
Control V/s 5.0 ppm 2690.41 2880.33
Control V/s 10.0 ppm 5202.50 5446.00
Control V/s 20.0 ppm 10768.08 11573.66
Control V/s 30.0 ppm 15645.00 13784.33
Control V/s 40.0 ppm 17804.50 16866.00

** Significant at P < 0.01 level
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However, the higher concentration of
Zn 10, 20, 30 and 40 ppm of Zn, Salvinia was
found to exhibit inhibition of carbohydrate
synthesis. The 40 ppm Zn inhibited the
synthesis of carbohydrate to 39.0mg/g, 34.0
mg/g and 29.0 mg/g respectively at 4, 8 and
12 days of exposure duration in comparison to
control. In Spirodela at 40 ppm of Zn the
inhibition of carbohydrate synthesis is 16.0 mg/
g (46 %), 15 mg/g (55.88%) and 13.0 mg/g
(64.87%) respectively at 4, 8 and 12 days
exposure duration, the reduction in carbohydrate
content can be attributed to the reduced rates
of photochemical activities'” and also Succinic
Dehydrogenase (SDH) of all in cells indicate
oxygen stress and energy crisis and mitochondria
disturbances’. Our experimental results shows
that 40 ppm Zn inhibit the carbohydrate
synthesis from 39 mg/g to 29 mg/g in Salvinia
and 18 mg/g to 13 mg/g in Spirodela from 4
to 12 days exposure duration respectively. The
percent inhibition of carbohydrate during 12
days exposure is 50.85% in Salvinia and
64.87% in Spirodela in comparison to its
respective control.

The 5 ppm of Zn in Spirodela promotes
the protein synthesis and is directly proportional
to exposure duration. The rate of increase is
6.8mg/g (9.67%), 7.1 mg/g (10.93%) and
48.4mg/g (21.73%) respectively at 4, 8 and
12 days exposure duration. In Salvinia also at
5 ppm of Zn promotes the protein synthesis
by 47.8% (5.6mg/g), 45.58% (6.1mg/g) and
46.6% (6.6 mg/g) respectively at 4, 8 and 12
days exposure in comparison to control. The
proteins are one of the most important group
of biomolecules, includes maintenance of
osmotic balance, storage of some particular
elements, enzymes to catalyse biochemical
reactions. Our investigation revealed the

stimulation percentage of protein during 12 day
exposure is 46.66 % in Salvinia, 21.73% in
Spirodela compare to control. Similar
observations were in Potamogeton pectinatus
at lower concentration of Zn*’. Phytochelatin
(PC) produces enzymes like Glutathione
reductase and PC synthetase bind and sequesters
metal toxicity in the plant cell and increases

the protein content at lower concentration®'->,

However, the higher concentration of
40ppm in Salvinia was decreased by 2.57%
(3.8mg/g), 19.05% (3.4mg/g) and 40.82%
(2.9mg/g). Similarly in Spirodela at 40ppm of
Zn, the percent inhibition was 43.54% (3.5mg/
g), 53.12% (3.0mg/g) and 65.2% (2.4mg/g) at
4,8 and 12 days exposure in comparison to
respective control (Fig. 1 and 2). Further
40ppm of Zn found to inhibit the protein
synthesis from 3.8mg/g to 2.9mg/g in Salvinia
and 3.5mg/g to 2.4mg/g in Spirodela from 4
and 12 days exposure respectively. The percent
inhibition of protein is 40.82% in Salvinia and
65.82% in Spirodela during 12 days exposure
duration, compared to control. The decline in
protein content at high metal concentration may
be due to the oxidation of protein®* and also
due to increased activate of protease or other
catabolic enzymes which are activated and
destroy the proteins. The high concentration
of Zn metal ions binds with —SH functional
groups resulting in the disruption of protein
synthesis pathway.

Profile of Metal accumulation :

Fig. (3) shows the concentration of
Zn accumulation in Salvinia and Spirodela
was directly proportional to its concentration
and exposure duration. The accumulation of
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metal in test plants at 4 days duration is more
pronounced irrespective of exposure duration.
However, at remaining duration of exposure it
remains marginal.

The Salvinia exposed to Sppm found
to accumulate 2675.25 pg/g, 2998.25 pg/g and
3121.75 pg/g during 4, 8 and 12 days exposure
duration respectively. However, at subsequent
exposure duration, it shows marginal increase
in their accumulation. Salvinia grown in
experimental ponds containing 40ppm of Zn
found to accumulate 17525.00 pg/g, 18130.75
ug/g and 18481.75 ng/g respectively at 4, 8
and 12 days exposure (Fig. 3). The Spirodela,
test plant exposed to Sppm of concentration
accumulated 2802.0 pg/g, 3088.0 png/g and
3403.0 pg/g respectively at 4, 8 and 12 days
exposure. Similar to Salvinia, Spirodela at
40ppm concentration, Zn accumulation was
16925.0 ng/g. 17125.0 ng/gand 17200.0 png/g
respectively at 4, 8 and 12 days exposure.

(Fig. 3).

Application of Two way ANOVA, it
is found that both concentration and exposure
duration are significant at P < 0.01 level in
Salvinia. Further Dunet’s test is applied for
multiple comparison between control and
different concentration, it is clear that all
treatment means significantly differ with
control. However, in case of Spirodela, by
applying Two way ANOVA it is found that
both concentration and exposure duration are
not statistically significant (Table-5).

The Zinc is an essential micronutrient
required for several metabolic activities of the
plants and has a long biological half life'.
Heavy metal pollution of water is a major

environmental concern, is increasing at alarming
rate due to anthropogenic activities. In the
present investigation aquatic macrophytes viz,
Salvinia and Spirodela are used to measure
accumulation status.

It was found that Spirodela to
accumulated maximum content of Zn (3403.0
ug/g) from the experimental pond containing
5.0 ppm zinc followed by Salvinia (3121.75
ng/g) during an exposure duration of 12 days.
The accumulation of Zn in the plants exposed
to 40ppm are as follows: Salvinia (1848.75
ug/g) following Spirodela (17200 ng/g) during
12 days exposure. The accumulation of Zn in
plants exposed to 40 ppm of Zn are as : Salvinia
(18481.75 pg/g) followed by Spirodela (17200
ug/g) during 12 days exposure. Our findings
confirms observation of Jain and they found
that Pb anf Zn content in 4Azolla pinnata and
Lemna minor increased at initial concentra-
tion®. The rate of accumulation of Zn in
Potamogeton pectinatus increases with
increase in the exposure duration®’. There are
two phases in metal absorption by the plants.
The first phase is rapid while 2™ phase is slow
and extended. Our results are in total agreement
with the above statement. The increase in the
accumulation might be due to increased number
of binding sites for the complexation of heavy
metal ions, leading to the increased absorption,
however, slow accumulation may be attributed
to binding ions to the plants and establishment
of equilibrium status between adsorbant and
adsorbate.

It is concluded from the findings that
the morphological, biochemical responses and
metal accumulation profile by Salvinia and
Spirodela were directly proportional to
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concentration of metal and maximum metal
uptake was recorded at 4 days exposure and
later it was marginal at subsequent concentrations
and exposure duration, Spirodela polyrhiza
is found to be suitable candidate for toxicity
evaluation. However, the Salvinia molesta is
the tolerant species and can be used for
remediation of heavy metals from the aquatic
ecosystem and environmental monitoring.

The authors are thankful to the
Principal, B.L.D.E.A’s Degree College,
Jamkhandi (587301) India, Basaveshwar
Science College Bagalkot, Shri Jagadambha
Degree College Hittinahalli (L.T). and also JSS
College Dharwad for providing necessary
facilities to carry out research work.
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Unscientific management practices of pollutants lead to ecological imbalance. The use of sewage
for irrigation is a common practice in majority of peri-urbans. The present study was focused to
assess the levels of heavy metals viz, Pb, Cd, Mn, Ni, Zn and Cu in vegetables irrigated with sewage.
The results represents sustainable build up of heavy metals in ditferent parts of vegetables irrigated
with sewage. The maximum accumulation of Zinc was noticed in Beetroot (729 + 1.58 pglg ),
copper in beetroot (5.90 = 0.61 pg /g), Manganese in beetroot (171.14 = 1.54 pg/g), Nickel in
beetroot  (5.90 £ 0.51 pg /g), lead in beetroot (30.40+ 0.6 ng /g) and Cadmium in beetroot (2.91 +
1.84 pg /g). The present study highlights that adults and children consuming vegetables grown in
waste water irrigated soils ingest significant amount of these metals. However, the values of these
metals were below the recommended maximum tolerable levels proposed by the WHO, expert
committee on Food Additives (1999) and Kabata-Pendias, (2003). However. the regular monitoring
of levels of these metals from sewage, in vegetables and in other food materials is essential to

prevent excessive build up of these xenobiotics in the food chain.

Copyright © N.M, Rolli et al, 2020, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is

properly cited.

INTRODUCTION

| The rapid development of urbanization and industrialization,
together with the shortage of availability of fresh water to be
used for irrigation has led to raising use of sewage for
agricultural land irrigation, mainly in periurban ecosystem
due to easy availability and disposal problem. Irrigation with
waste water is known to contribute significantly to the heavy
metals content of the soil (Arora et al., 2008, Singh et al:
2010). Heavy metals are very harmful because of their non-
biodegradable nature, long biological half lives and their
potential to accumulate in different parts.

Most of the heavy metals are extremely toxic because of their
solubility in water. Even low concentrations of heavy metals
have damaging effects to man and animals because there is no
good mechanism for their elimination from the body (Ashish
Sharma et al., 2016). Excessive accumulation of heavy metals
in agricultural soil through waste water irrigation, may not

result in soil contamination, but also affect food quality and |

safety (Chen Wang and Wang, 2005). The use of sewage has
significant health implications for both farmers and
consumers. Therefore, for better satisfactory result, waste

*Corresponding author: N.M, Rolli

BLDEA's Degree College Jamkhandi (587301), Karnataka, India

water should be treated to remove harmful substances and
microorganisms  before  used is  for irrigation
(Phytoremediation technique). Special attention has been paid
to those vegetables that are eaten raw. Since the
microorganisms that settle over them are able to survive for
several weeks and when these vegetables are consumed, they
produced diarrhea, salmonellosis, shigellosis (Zhaung P et.al;
2009) The indiscriminate use of causes clogging of soil pores
resulting in decreased permeability. Lack of aeration in
sewage produces toxic gases which were found to create
unhygienic conditions (Guerra ef al: 2012).

Further more, the consumption of heavy metal contaminated
food can seriously deplete some essential nutrients in the body
causing a decrease in immunological defences, intrauterine
growth retardation, impaired psycho-social behavior,
disabilities associated with malnutrition and a high prevalence
of upper gastro-intestinal cancer (Orisakwe et al; 2012; Alam
et al, 2003: Dube er al, 2004).The present study was
conducted with an aim to compare the heavy metals
accumulation potential in different parts of vegetables. The
effect of irrigation with waste water is also studied in different
vegetables to which human beings are exposed and it is found
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proper health education is indispensible in relation
nsumption of vegetables.

ATERIALS AND METHODS

The experiments were conducted at Environmental Science
Laboratory, Karnatak University Dharwad and BLDEA's
Environmental Science Laboratory, Degree College,
Jamkhandi. Samples of some commonly grown vegetables viz,
beetroot (Beta vulgaris ), Tomato (Solanum lycopersicum ),
Pudina (Mentha spicata ), Brinjal (Solanum melongena),
Coriander (Coriandrum sativum) and Carrot (Daucas carota)
were collected from Madihal (Periurban area nearer to
Dharwad city) which is one km away from the main sewage
canal from the field which is irrigated with sewage, however,
Ammanagatti village is selected as a control site, where the
farmers were using bore well water for the irrigation (Fig.3).

The vegetables were collected very randomly from three
different sites (results were in triplicates). Experimental
samples were collected in a large presterilized containers and

. transported to the laboratory for various parameters of sewage,

control and vegetables. Sewage and control (bore well water)
were analyzed for its physico chemical parameters as per
standards methods (APHA- 1998) and Na(Sodium) is analysed
using Atomic Absorption Spectrophotometer. Soil samples,
vegetable samples of sewage and bore well were analysed for
heavy metals present using mixed acid digestion method
(Allen et al, 1974) soil samples irrigated with sewage and
bore well were collected with an average depth of 5.20cm
randomly where vegetables were growing.

The soil is air dried, sieved to desired particle size for analysis.
Similarly for the estimation of heavy metals in vegetables
were dried at 80° C in an oven for 24 hours to get constant
weight. The dried part (Root, Stem, Leaf and Fruit) of the
plant individually is homogenized with a blender to a powdery

form. One gram of each sample was separately digested by

using analytical grade (AR) chemicals such as nitric acid
(HNO;), Sulphuric acid (H,SO,) hydrogen peroxide (H.Oj)
and perchloric acid (60%) in Gerhardt digestion unit.

The solution was filtered using whattman filter paper number,

/44 in a volumetric flask by adding distilled water and final

volume is made to 100 ml and analyzed for heavy metals such
as zinc (Zn, wavelength 213.9 nm), copper (Cu, wavelength
324.7 nm), Manganese (Mn, wavelength 279.5 nm), Nickel
(Ni, wavelength 232.0 nm), , Lead (Pb, wavelength 217.0 nm)
and Cadmium (Cd, wavelength 217.0 nm) with GBC -932 plus
Atomic Absorption Spectrophotometer (Australia) with an air
/ acetylene) flame and their respective wavelength metal
hollow cathode lamps. Standard solution for heavy metals
were purchased from Siscochemical Laboratory Bombay
(1000 mg/lt). The working standards were prepared by serial
dilutions of standard stock solutions and were used for the
calibration of the instrument. The experiment results were in
triplicate. :

Table I Comparison of sewage with WHO standards

TDS HardnessAlkalinity COD Chloride Ca Mg Na S0,
4245 41 421 8l 4 121 52

Parameters pH Odeur EC

S L L e
smell

6.5~ Accepta 1400
uohms

Sewage 7.3
WHO

_(1993) 88 ble 100 150 200 250

1000 500 120 3 250

Note : All parameters are in mg/lt except pH and EC
Table 2 WHO Standards

Zine 50 50 Jl< MUDDE
Copper 10 208 BIHAL
Manganese - -

Nickel 10 02

Lead 2 0.05

Cadmium 10 .

Iron 20 1.0

Plant - pg/g, water - pg/ml : i
Table 3 Kabata- Pendias (2003)

Sufficient or

Excessive or Tolerable in

Heavy metal

normal toxic agricultural crops
Zing 27-150 100 - 400 300
Copper 5-30 20 - 100 30
Manganese 30-300 400 - 1000 300
Nickel 0.1-5 10-100 50
Lead 5-15 30-300 10
Cadmium 0.05-02 5-30 3

Iron 375 - 400 600 - 700 500

Table 4 Vegetable edible part used

Common name Scientific name Family Part used
Beet root Beta valgaris L. Amaranthaceae  Root
Coriander Coriandrum sativum L. Apiaceae Leaf
Toristo Solanum Inypea'stczufl (L) P Fruit
Carrot Daucas carota L Apiaceae Root
Pudina Menthe spicata 1. Lamiaceae Leaf
Brinjal Solanum melongena L Solanaceae Fruit
RESULTS AND DISCUSSION

The physicochemical characteristics of sewage sampled from
the experimental site were presented in the table. 1. The
sewage was dark brown in colour with unpleasant odour. All
the physicochemical parameters were within WHO (1993)
range except chloride, COD and alkalinity. The alkalinity of

- the sewage is due to soap and detergents (WHO- 1993) (Table

1).

Sewage also contains excess content of heavy metals. The
heavy metals except Zn, Cu, Mn exceeding the sufficient and
normal status but are tolerable level in agricultural crops
(Kabata-Pendias, 2005). The concentration of heavy metals in
different vegetables with respect to different parts are
presented in the table 5 and 6. The data analysis represents the
metal translocation and accumulation potentiality vary from
vegetable and also different parts of the vegetables also.
Among the vegetables the underground edible parts and fruit
bearing vegetables shows significant accumulation of metals.
The heavy metal concentration in edible parts of vegetables
are shown in table 4,5 and 6, and in fig. 1 and 2. It was clearly
observed that the concentration of all heavy metals is higher in
sewage irrigated vegetables than the bore well water (control)
irrigated plants. The above figs. and tables represents high
concentration of heavy metals in vegetables irrigated with
sewage,
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Table 5 Accumulation profile of heavy metals in vegetables

Vegetables i ) Ma
Control Sewage Control Sewage Control Sewage
Root 21.10+1.20 72.9+1.58 4.0940.30 5.90+0.61 2541+1.20 171.14=1.54
Beetroot Stem 19.08+1.94 65.8+1.45 401085 4.4+0.35 21.44£1.26 164.18+1.84
Leaf 18.01+0.68 61.1=1.41 3.01+1.58 4.2+]1.49 19.51+1.40 151 14+0.72
Root 15.31£1.68 49.8=1.45 4.01£1.13 5.80+1.81 22.11+1.30 121.14£1.25
Temuto Stem 14.01£1.13 40.9£1.20 3.0141.41 5.15¢1.42 20.41£1.55 54.80£1.30
Leaf [3.41x1.02 34.7+1.13 304147 4.92:1.05 19.80+£0.72 51.74+1.85
Fruit Ly B R | 31.4+1.02 3.03x1.81 4.81+1.41 19.75+0.77 48.82+1.30
Root 20914098 41.8:0.72 4.10+1.47 5.70+1.05 26.11%1.52 118.4+0.51
Pudina Stem 18.04+1.12 40.4:+1.45 4.08+1.81 5.61=141 21.80£0.30 112.4:091
Leaf 17.04£1.51 38.18+1.69 391+1.13 491£1.81 18.14£1.72 112.4+1.40
Root 15.01x1.64 44 8+1.45 4.10£1.41 5.91£0.61 22.19£1.50 123.14£1.5
Brinjal Stem 13.94£1.13 38.4£1.20 3.41+1.84 584149 20.41£0.60 56.80+0.60
Leaf 13.111.02 34.5+1.13 314241 .84 S41+1.42 19.5+1.05 35.74%1:14
Fruit 10.12+1.51 31.8+1.09 341+1.81 5.42+1.05 10.3£0.77 49,82+0.72
Root 1491149 42 8+0.72 4.11%1.47 564+1.81 26.01+0.30 117.41=0.61
Coriander Stem 13.11£1.04 40.9+1.45 4.09+1.81 5.10£1.47 20.91+0.85 113.54+0.35
Leaf 13.01:=1.68 3841=12 3914184 492+1.81 17.40£1.18 109.51+1.49
Root 20.10£1.20 71.8£1.38 4.14+0.30 5.94£0.35 2591+1.87 168.41+1.25
Carrot Stem 14.13£1.94 64.941.45 4.04+1.54 5.1520.61 22.40£1.55 159.4841.38 /: .
Leaf 18.04=0.68 60.01=1.12 391113 4.51+1.41 18.51£1.26 148.41+0.98 f}"_:?M
Soil 2024+1.16  47.56+142 - 8.42+¢L11 24.12+1.05 18.8541.65 202.6+1715 | <T UDDEBIHAL @
Water 4156117 24.03:1.62  31.3+122 191024084 24126231 310.3:1.58 || 3 D}-sa_gz‘lz ,'
W\ va 4
Vegetables & Soil: ng/g 3 g
Sewage / fresh water: pg/lt
Table 6 Accumulation profile of heavy metals in vegetables
: Ni Pb Cd
Vg Control Sewage Control Sewage Control Sewage
Root 3.06+1.50 591=051 9.12£1.52 30.40=0.60 1.60+0.60 291+1.84
Beetroot Stem 2.91+0.60 5.01+0.92 8.09+0.83 2521%1.14 1.22+1.42 2.82+092
Leaf 1.92+1.05 4.41=1.40 7.05+0.81 21.18+1.12 1.1240.64 2.76+1,52
Root 1.91£1.87 5.01£1.40 5.01£2.51 22.10+1.12 1.08+1.14 2.7641.14
ok Stem 1.25+1.55 4.98£1.71 4924262 19.4241.14 1.06£1.10 21520,
Leaf 1.16£1.42 4.51x1.25 4.40=1.82 1801£0.72 1.04::1.12 2.4540.64
Fruit 1.0441.25 4.41£1.05 3.9442.42 7.12:0.64 1.00+0.60 2.41+0.86
Root 1.81%1.50 5.09+1.14 5.02+1.40 29 4240.86 1.60+1.40 2.72+0.72
Pudina Stem 1.50+0.60 4.58:0.64 4.91+0.92 22.14+0.82 1.42+1.10 2:64+0.64
Leaf 1.14+1.05 4.12+0.72 4.60+0.60 16.41£0.78 1.21+1.81 2.42+0.92
Root 1.89+1.25 5.02£1.21 5.04+0.80 28.9240.80 1.08+0.60 2.78£0.61
Brinjal Stem 12 1E 22 4.81£1.25 4.82:0.48 24.14+0.42 1.04£0.30 2.6440.81
Leaf 13150, 4.48+1.52 4.38+0.64 18.2240.62 1.01£0.80 2.52£1.24
Fruit 1.0d+1.34 4.21+1.36 3.84+0.82 18.08+0.92 0.92+0.60 2.40+0.64
Root 1.81+1.52 5.0241.40 5224134 26,8240.82 1.62+0.86 2.42+1.42
Coriander Stem 1.49+1.23 4.58+1.36 4.92+].12 24.82+] 68 1.58+0.64 2.4020.60
Leaf L 11%] 25 4.14+1.52 4 6241.68 18.18+1.38 1.32%1.52 2382110
Root 3.08+0.96 5.8:1.68 8.98x1.12 4 1.80x1.62 3.01x0.64
Carrot Stem 290+1.58 S:.0EETS 8.04=1.34 1.62:1.10 291+1.42
Leaf 1.80+1.26 4.4240.95 6.92+0.64 2 2.75+0.82
Soil 1.810.51 8.86:1.13 8.12+1.45 34.01+0.94 341084
Water 59.5£1.70 58.97+1.57 18.41+1.04 5491=1.15 8.42+0.41
Vegetables & Soil: pg/g
Sewage / fresh water: pg/lt
¥s Accumulation Profile of Zn
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Zinc

The tolerable limit of agricultural crops for zinc is 300 pg/g
and normal is 27-150 pg/z. Among the vegetables the
underground edible parts shows significant accumulation of
metals compared to other parts of vegetables.

Beetroot (root) > Carrot (root) > Coriander (leaf) >
Pudina (leaf) > Brinjal (fruit) > Tomato (fruit)
72.9+1.58 png/g > 71.8+1.38 pg/g > 3841+ 1.2 png/g >
38.18£1.69 pg/g> 31.8+ 1.09 pg/g > 31.4+1.02 pg/g

In the vegetables irrigated with fresh water recorded
maximum in (18.04 = 0.68 pg/g) and minimum was recorded
in brinjal fruit (10.12 % 1.51 pg/g). However, sewage irrigated
beetroot was found to accumulate to the extent of 72.9+1.58
pg/g and minimum was recorded in Pudina leaf to the extent
of 38.18 = 1.69 pg/g. Zinc is considered to be relatively
nontoxic, however, excess amount <can cause system
dysfunctions that result in the impairment of growth and
reproduction. The clinical signs of zinc toxicosis have been
reported as vomiting, diarrhoea, bloody urine, icterus (yellow
mucus membrane), liver failure, kidney failure and anaemia
(Duruibe er @f, 2007), Zinc is nutritionally essential metal but
excess in the body bound in various trans¢ription regions such
as polymerase enzymes (Wang et al., 1997).

Copper

Tolerable limit in agricultural crops for Cu is 50 pg/g and
normal limit is about 5-30 pg/g. The vegetables irrigated with
fresh water contains maximum 4.14 + 0.30 pg/g in carrot root
and minimum in beet root leat to the extent of 3.01+1.58 pg/g.
However, maximum accumulation of Cu was recorded with
irrigated (sewage) crop carrot (root) to the extent of 5.94 +
0.35 pg/g and minimum was recorded in 4.21 £ 1.49 pg/g in
beet root leaf. Copper is essential element, but higher
concentration intake leads to severe mucosal irritation,
widespread capillary damage (Salmeron and Pozo, 1989).
Excessive accumulation of copper in liver, brain, kidneys,
menifests into *Wilson disease’ (This disorder is also called
hepatolenticular degeneration).

Carrot (root) > Beetroor (root) >  Brinjal (fruit) >
Coriander (leaf) > Pudina (leaf) > Tomato
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038 pg/g > 39% 0.61ngg > 5.42% 1.05pg/s >
|81 pg/g > 491+ 1.8l pgig >481= 1.41 pg/g

ganese

lerable limit for Mn in agricultural crops is 300 pg/g and
rmal value is 30-300 ng/g (Kabata- Pendias, 2005). Tn our
pservation maximum content of Mn was recorded in Pudina
leaf- 26.11 = 1.52 pe/g and minimum content in coriander

/ lenf- 17.40 * 1.18 pg/g. irrigated with fresh water. However,

;i the order of accumulation in different vegetables irrigated with

¥
!

SeWage is:

~ Carrot (root) > Pudina (leaf) =
Brinjal (fruit)

Beetroot  (root)
Coriander (leaf) =

> Tomato
171141 .54pgle = l68.41.v‘:1.25ugf'g > 112.41x1.40pglg >
109.51=1.49 pg/g> 49.82+ 0.72pg/g > 48.82+1.30 ng'g

essential for physiological
it is toxic causing

is micronutrient,
At higher concentrations

Manganese
functions.

neuropsychiatic disorder characterized by irritability,
difficulty in walking and speech disturbances (Singh and

Kalamdhad, 2011).

Nickel

Nickel has been considered to be an essential trace element for
human health (animal) (Zighan et al.. 2012). The permissible
tolerable limit in agricultural crops (Kabata-Pendias, 2003) is
50 pg/gand normal is about 0.1 to 5.0 pg/g. In carrot root Ni
was found to accumulate to the extent of 3.08 0.96 pg/g in
carrot root and minimum accumulation was recorded in 1.04+
1.25 pg/g in tomato fruit, when the vegetables were treated
with bore well water (control). However,
treated with sewage the accumulation leads to the extent of
591+ 0.51 pg/g in beet root (root) and minimum record was
noticed in pudina leaf 4.12 = 0.72 pg/g.

Due to bioaccumulation Ni shows skin irritation, damage to
the lungs, nervous system and mucosa membranes. When
present easily distributed to kidneys, pituitary, lungs, skin,
adrinals, ovaries and testis but however, risks were highest for
lungs and nasal cancers (Singh and Kalamdhad, 2011).
However, the order of accumulation in different vegetables
irrigated with sewage is as follows:

Beet root (root) > Carrot (root) > Tomato (fruit) = Brinjal
(fruity > Coriander(leaf) > pudina (leaf) 5,91+ 0.51pg/g> 5.8
+ 1.64ug/g > 441 £ 1.05pg/g > 421 = |.36pg/g > 4.14
+1.52png/e > 4,12+ 0.72 pg'g

Nickel occurs mainly in the form of sulphide and silicate
minerals. Nickel when administrated 10 animals is rapidly
distributed to kidneys, pituitary, lungs, skin, adrenals, ovaries
and testis (Sunderman, 1989). Nickel is carcinogenic to human
and risks are highest for lung and nasal cancers. Nickel also
damages DNA directly through reactive oxygen species
(McCoy and Kinney, 1992).

Lead

The permissible tolerable limit in agricultural crops is 10.0
g and normal is varying from 5.0 to 15.0 pg/g (Kabata-

“Pendias, 2005). The vegetables grown using bore well water

contains maximum in carrot (root) to the extent of 9.12+ 1.52
pg/g and minimum was noticed in brinjal fruit to about 3.84 =

‘Liu et al, 2006). The usage of sewage,

2.41 pg/g. However, the vegetables grown in using sewage
et 0.60

contain maximum in beet root (root) to abou
pg/g and minimum in tomato fruit to the ex it

ng/'e.

Lead is a poisonous metal, in human it-{ 4
into the blood stream and is stored in Q |
teeth. Due to bioaccumulation it leads to "‘:\ G
Central Nervous System (CNS) 1B
System (PNS). Lead can also causes difficulties in pregnancy
(Peokjoo et al., 2008). Lead is ubiquitous metal and
predominantly poisoning children. Children absorbs greater
proportion of lead than adults and also it induce aberrant gene
transcription (Boutan éf al.. 2001). Lead brings weakness,
anemia, kidney and brain damage and even death. It has been
reported that lead can cross the placental barrier, implying that
pregnancy women may results in defects to the unborn foetus.
However, the order of accumulation of Pb in different
vegetables irrigated with sewage is as follows:

Beetroot (root) > Carrot (root) > Coriander (leat) > Brinjal
(fruit) > Pudina (leafy > Tomato (fruit) 30.40 £ 0.6 ng/g >
5892 + 0.61ug/g > 18.18+1.38 pg/g > 18.08 £0.92 pg/g >
16.41+0.78 ug/g >7.12% 0.64 ng/g

Cadminm

The permissible tolerable limit in agricultural crops for Cd is
3.0 pg/g and normal is varying from 0.05 to 0.2 pgig
(Kabata-Pendias — 2003). In control experimental vegetables
(fresh water) maximum accumulation is recorded in carrot
(root) is 1.80 % 1.62 ug/g and minimum was recorded in
brinjal fruit to 0.92 + 0.60 pg/g. However, sewage irrigated
vegetables  shows surprising results and maximum
accumulation was noticed in carrot (root) is 3.01 + 0.64 pg/g
and minimum was recorded in 2.38 % 1.10 pg/g (coriander
leaf). However, the order of accumulation of cadmium in
different vegetables irrigated with sewage is as follows:

Carrot (root) > Beetroot (root) = Pudina (leaf) > Brinjal
(fruit) > Tomato (fruit) = Coriander (leaf) 3.01 0.64ug/g >
7 91+1.84 pg/g > 242 0.92pg/g > 240 0.64 pg/g>241 %
0.86 ug/g > 238+ 1.10 pg/g

Cadmium accumulate in the human kidney, respiratory
system, cardiac failure and is also associated with bone
diseases (Singh and Kalamdhad, 2011). Cadmium affects the
transcription of number of genes (Schmidt, 1995). Wang and
Crowley (2005) also  reported that discruption in the
transcription of genes in coding ribosomal proteins explains
molecular mechanism of cadmium toxicity. International
Agency for Research on Cancer (IARC) has introduced Cd as
a Carcinogenic agent which is a main cause of kidney
dysfunction.

It has been reported that the entry of heavy metals to the food
chain through vegetables consumption (Dubey ef al., 2004
contaminated
vegetables  with heavy metals has significant health
implications for both farmers and consumers (Birley ef al.,
2002: Alam er al., 2003). Lead cumulative poisoning effects
are with haematological damage,, anaemia, Kidney
malfunctioning, brain damage etc (Patra et al, 2001).
Cadmium is also one of the serious environmental pollutants.
Cadmium enters the organism primarily via the alimentary and
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mory tract. Cadmium damages specific structure of the
lonal unit of kidney (Lal, 2005; Tuzen er a/., 2005) and
letal deformities commonly known as itai — itai disease
nonymous, 1997). Thus, the increased circulation of heavy
etals in vegetables results in inevitable build up of toxins in
Ahe human food chain and their accumulation leads to various
{f allments. Our results shows the agreement with previous

/ showing elevated levels of heavy metals in the edible part of

the vegetables (Khan et al., 2007).

The results of the present study reports that the vegetables
grown using sewage constitute risk due to accumulation of
metals. In our collected experimental samples it was recorded

that heavy metal concentrations are above the permissible .

limit of WHO but are in the range proposed by Kabata —
Pendias (2005) except Ni, Cd and Pb. It was agreed that the
use of vegetables have potentiality to remove the metals from
the soil, thereby, cleaning the environment, but it enters the
food chain due to consumption. The sewage has significant
health implications for both consumers and farmers, and
hence, proper health education is quite essential for women
and men who were in contact with sewage during farming
(Hunashyal et al., 2005).
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