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ABSTRACT 
Pollution of the environment with toxic metals has increased dramatically since onset of the 
industrial revolution. Although heavy metals are naturally present in soil as the contaminants and 
comes from local sources mostly from industries. The aim of present study was to know the 
accumulation of heavy metals in plant’s leaves and their effects on total photosynthetic pigments 
of plants growing under industrial pollution.  In present study the accumulation of heavy metals 
like Pb, Cd, Cu and Ni in the leaves of naturally growing plants i.e. A. indica (Neem), C.  
gigantea (Aak), D. sissoo (Shishum), E. jambolana (Jamun), M. indica (Aam), N. indicum 
(Kaner) of Pithampur Industrial area sector-1, 2 and 3  determined and compared with control 
plants. The result of present study demonstrated that there was a significant accumulation of 
heavy metals in leaves of plants growing in Pithampur Industrial area sector-1, 2 and 3 when 
compared with control. Highest accumulation of heavy metal was observed in A.indica 
(59.11µg/gm of dry weight of leaves) and the lowest accumulation was observed in C. gigantea 
(14.68 µg/gm dry weight of leaves). There was negative correlation between heavy metal 
accumulation and total photosynthetic pigment. Significant negative correlation was observed in 
sector -2 i.e. r = -0.61 i.e. accumulation was adversely affecting the total photosynthetic 
pigments.                                   

Key Words : Heavy metal accumulation, Photosynthetic pigment, Pithampur industrial              
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INTRODUCTION 

Growing industrialization and environmental 
pollution has adverse effects on human health.1 
Heavy metal pollution can arise from many 
sources. Unlike organic pollutants, heavy metals 
do not decay and thus pose a different kind of 
challenge for remediation. Plants or 
microorganisms are tentatively used to remove 
some heavy metals such as mercury. Plants 
which exhibit hyper accumulation can be used to 
remove heavy metals from soils by concentrating 
them in their bio-matter.2 The heavy metals are 
essential elements for living organisms but their 
excess amounts are generally harmful to plants, 
animals and human health.3 Heavy metals are 
highly  toxic  for  plants  and  their  uptake and  

accumulation by plant tissues cause various 
morphological, physiological and biochemical 
responses.4 Currently, contamination of soil in 
cultivated fields with toxic heavy metals such as 
cadmium, copper, nickel and zinc has emerged 
as a new threat to agriculture.5,6 Long-range 
transport of atmospheric pollutants adds to the 
metals in the natural environment. Environ-
mentally hazardous matters have been emitted 
into the atmosphere from factories, building 
heating systems and motor vehicles using fossil 
fuels. According to Cho et al.7 the effect of air 
containing hazardous matter varies with chimney 
height, climatic factors, topographic layout and 
wind direction and speed. Heavy metal      
toxicity has an inhibitory effect on plant                  
growth,  enzymatic   activity,  stomatal   function,  *Author for correspondence 
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photosynthetic activity and accumulation of other 
nutrient elements and also damages the root 
system.8 Botanical materials such as fungi, 
lichens, tree bark, tree rings, grasses, leaves of 
higher plants and soil samples have been used to 
detect the deposition, accumulation and 
distribution of metal pollution.9 The monitoring 
of levels of atmospheric trace metallic content by 
using different types of plants has been 
reported.10 Heavy metals are emitted into the 
environment in different ways i.e. transportation, 
industry, fossil fuels, agriculture and other 
human activities.11,12 Accumulation of heavy 
metals in leaves of higher plants of the industrial 
areas was investigated.13 Heavy metals have 
detrimental effect on plants by reducing plant 
growth.14 Because of the different characteristics 
of foliar uptake, accumulation and translocation 
of atmospheric heavy metals by leaves, plant 
leaves are used as bioindicators of heavy metal 
pollution in the terrestrial environment.8,9 

Therefore, chlorophyll content can be used as an 
indicator of metal toxicity13-15 

AIMS AND OBJECTIVES 
The aim of present study was to determine the 
accumulation of heavy metals like Lead (Pb), 
Cadmium (Cd), Copper (Cu) and Nickel (Ni) 
in the foliage of naturally growing plants       
i.e. A.  indica.  (Neem,)  C. gigantea. (Aak), D.  

sissoo. (Shishum), E. jambolana. (Jamun), M. 
indica (Aam), N. indium. (Kaner) and to study 
their relative effects on total photosynthetic 
pigments, of Pithampur industrial area sector-
1, 2 and 3.  

MATERIAL AND METHODS 
Study area 
Leaves were collected for analysis from 
Pithampur industrial area sector 1, 2 and 3 
(polluted area). For control leaves were 
collected from the Pattharmundla Gaon (Un-
polluted area) which is situated away from the 
industries. Pithampur is located at a latitude 
22˚  37’27” N and longitude 75˚ and   34’58” E 
at the east central border of Dhār District in 
M.P., India about 45 km from Indore altitude is 
about 550 meter above mean sea level. 
Pithampur is located about 16 km away from 
NH-3.  
Wind direction 
December to February. The average rainfall is 
about 900 mm about 90% of the annual rain 
fall is received during monsoon. Pithampur 
Industrial area is divided in to three sectors 
named: sector -1, sector -2 and, sector-3. Site 
plan of Pithampur industrial area was shown in 
Fig. 1 and emission of pollutants from 
industries was shown in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig. 1 :  Site plan of Pithampur industrial area sector-1, 2 and 3 
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Fig. 2 : Emission of pollutants from industries 

Plants 
Leaves were collected from six different plant 
species in triplicate i.e. Azadirechata indica, 
(Neem), Calotropis gigantea (Aak), Dalbergia 
sissoo (Shishum), Euginia jambolana (Jamun), 
Mangifera indica (Aam) and Nerium indicum 
(Kaner). Following parameters were estimated 
from the leaves. 
Heavy metal estimation 
Thoroughly washed leaf samples were oven 
dried and powdered. This was sieved through 
100 mesh screen. Estimation of lead, cadmium, 
copper and nickel was done as Perkin Eimer 
Manual.17 0.5 gram sample of dry powder was 
digested with 10 ml con. HNO3 and allowed to 
stand overnight. This was heated carefully on 
hot plate till initiation of red nitric acid fumes 
and then allowed to cool. Two ml of HClO4 
(70%) was added to it and heated until 
evaporation. Now dissolved in 50 ml distilled 
water and filtered through whattman no. 42 
filter. The clear solution obtained was analyzed 
for lead, cadmium, copper and nickel content 
by atomic absorption spectrophotometer.  
Total photosynthetic pigment 
The leaves were washed with distilled water 
and cut into small pieces. 100 mg each fresh 
leaves were taken for analysis. The samples 
were  crushed  with  5  ml  of 80% acetone in a  

glass pestle with a pinch of washed sand. The 
crushed samples along with washings were 
collected, centrifuged for 3 minutes, superna-
tant was collected and sediment was washed 
with 2 ml of 80% acetone and again 
centrifuged for 3 minutes supernatant was 
collected. The final volume of supernatant was 
made up to 10 ml by adding 80% acetone for 
analysis. The samples were analyzed with the 
help of visible spectrophotometer. Absorbance 
was read in 645 to 663 nm for chlorophyll, 480 
and 510 nm for carotenoids. The concentration 
of chlorophyll and carotenoid were calculated 
with the help of absorption coefficient of 
Arnon.18  Following formulae are used : 
Photosynthetic pigment mg/gm of leaves = 
Chl.a + Chl.b+ Carotenoid    
Chl.a (mg/gm) = 22.7× OD 663-2.69 ×OD 645   
Chl.b (mg/gm) =12.9× OD 645-4.68 ×OD 663    
Carotenoied (mg/gm) =7.6 × OD 480 – 1.49 × 
OD 510. 

RESULTS AND DISCUSSION 
Total Chlorophyl content (mg/gm) of leaves of 
studied plants was shown in Fig. 1 growing in 
(Pithampur Industrial Area sector 1, 2 and 3 
vs. Control)  was  shown  in  Table 1 and 
graphical representation in Fig. 3. Total heavy 
metal content of leaves of studied plants was 
shown in Table 2, Fig. 4 and Table 3, Fig. 5  
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showing correlation between total Heavy metal 
content and total Chlorophyll content of leaves 
of studied plants. 
In present study highest accumulation of Lead 
(14.79±0.63), Cadmium (1.29±0.01) and Copper 
(14.54±0.01) was found in D. sissoo.in sector- 3 
and of Nickel (28.60 ±1.14) in A. indica. Over all 
highest heavy metal accumulation was observed 
in (59.11) in A. indica in sector-3. Significant 
negative correlation (r = - 0.62 in sector -2) was 
observed between accumulated heavy metal 
content and total photosynthetic pigment in 
Pithampur industrial area while it was positive in 
control(r= 0.39). Heavy metals show negative 
effects on plants though plants have their own 
resistance mechanisms against toxic effects and  
for detoxifying heavy metal pollution.19,20  

Reduction of photosynthetic pigments21  is one of 
the responses to heavy metal exposure.  Heavy 
metals such as Cu, Zn, Pb and Cd cause 
reduction of chlorophyll and carotenoid contents 
in plants.21, 4 For example, 15-30% decreases of 
chlorophyll content were observed in plants 
grown in a Cu-Ni-polluted area similarly, 43-
66% decreases were reported for urban tree 
leaves compared to control.21 It was reported that 
reduction in photosynthetic pigment content by 
Cu, Pb, Zn and Cd exposure was due to damage 
to the protein protochlorophyllide system. Thus, 
heavy metal accumulation in soil can reduce the 
chlorophyll content of trees and shrubs, planted 
in polluted area.21 The results of our study are our 
study is also supporting previous study and 
helping in making hypothesis. 

Table 1 :  Total chlorophyll content (mg/gm) of leaves of studied plants growing in 
(Pithampur Industrial Area sector 1, 2 and 3 vs. control) 

S/N Name of Plants 
Total Photosynthetic Pigment (mg/gm) 

Control Sector-1 Sector-2 Sector-3 
1 A. indica (Neem) 7.15+0.03 0.55±0.04 0.51±0.04 0.51±0.20 
2 C. gigantea(Aak) 5.75±0.01 1.09±0.07 1.06±0.08 0.99±0.07 
3 D. sissoo(Shishum) 7.18±0.03 1.14±0.18 1.15±0.18 1.07±0.16 
4 E.jambolana (Jamun) 6.17±0.02 0.89±0.13 0.84±0.11 0.79±0.10 
5 M. indica (Aam) 4.52±0.02 1.14±0.22 1.12±0.0.23 1.11±0.26 
6 N. indicum (Kaner)  3.06±0.01 0.72±0.06 0.67±0.06 0.65±0.05 

 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : Total chlorophyll content (mg/gm) of leaves of studied plants growing in (Pithampur 
Industrial Area sector 1, 2 and 3 vs. control) 
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Table 2 :  Total heavy metal content of leaves of studied plants growing in (Pithampur 
Industrial Area sector 1, 2 and 3 vs. control) 

 

 
Fig. 4 : Total heavy metal content (µg/gm) of leaves of studied plants growing in (Pithampur 

Industrial Area sector 1, 2 and 3 vs. control) 

Table 3 : Correlation coefficient between total heavy metal content (µg/gm) and 
total chlorophyll content (mg/gm) of leaves of studied plants (Pithampur industrial 

area sector 1, 2 and 3 vs. control) 

S/N 
Name of 
Plants 

 

Control Sector 1 Sector 2 Sector 3 

Total 
heavy 
metal 

(µg/gm) 

Total Chl. 
content 
(mg/gm) 

Total 
heavy 
metal 

(µg/gm) 

Total Chl. 
content 
(mg/gm) 

Total 
heavy 
metal 

(µg/gm) 

Total Chl. 
content 
(mg/gm) 

Total 
heavy 
metal 

(µg/gm) 

Total 
Chl. 

content 
(mg/gm) 

1 A. indica 7.61 7.15 53.23 0.55 58.21 0.51 59.11 0.51 
2 C. gigantea 3.86 5.75 14.68 1.09 16.6 1.06 18.67 0.99 
3 D. sissoo 8.19 7.18 40.34 1.14 34.46 1.15 57.91 1.07 
4 E. jambolana 7.34 6.17 55.7 0.89 55.82 0.84 55.91 0.79 
5 M. indica 7.31 4.52 51.67 1.14 52.39 1.12 55.75 1.11 

6 N.indicum 
 5.94 3.06 48.43 0.72 53.94 0.67 55.67 0.65 

Correlation 
coefficient ( r) 
between total 
heavy metal 
content and total 
chlorophyll content 

R = 0.39 r= -0.46 R = -0.62 R = - 0.30 

S/N Name of Plants 
Total Heavy metal content of leaves( µg/gm dry weight of leaves) 

Control Sector-1 Sector-2 Sector-3 

1 A. indica (Neem) 7.61 53.23 58.21 59.11 

2 C. gigantea(Aak) 3.86 14.68 16.6 18.67 
3 D. sissoo(Shishum) 8.19 40.34 34.46 57.91 
4     E. jambolana(Jamun) 7.34 55.7 55.82 55.91 
5 M. indica (Aam) 7.31 51.67 52.39 55.75 
6 N. indicum (Kaner)  5.94 48.43 53.94 55.67 
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 THMC –Total heavy metal content. TChl- Total Chlorophyll content 

Fig. 5 : Total heavy metal content (µg/gm) and total chlorophyll content (mg/gm) of leaves of 
studied plants growing in (Pithampur Industrial Area sector 1, 2 and 3 vs. control) 

CONCLUSION 
There is decline in chlorophyll content in plants 
exposed to cadmium, lead and copper and nickel 
stress. It is because of inhibition of important 
enzymes, such as δ-aminoleuvulinic acid 
dehydrates associated with chlorophyll 
biosynthesis and impairment in the supply of 
Mg2+ Zn2+ and Mn2+ cadmium affect chlorophyll 
biosynthesis and inhibit protochlorophyll 
reductase and aminolevullinic acid (ALA) 
synthesis. Therefore, chlorophyll content can be 
used as an indicator of metal toxicity 
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