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ABSTRACT 

Phytoremediation is an emerging technology that uses various plants to degrade, extract, contain or immobilize 

contaminants from soil and water. Plants can help clean up many kinds of pollution including metals, pesticides, 

explosives and oil. This technology has been receiving attention as an innovative, cost-effective alternative to the 
more established treatment methods used at hazardous waste sites. Contaminated soils and waters pose a major 

environmental and human health problem. Oil refineries and chemical plants produce billions of gallons of 

contaminated wastewater each year. Soils may become contaminated by the accumulation of heavy metals and 

metalloids through emissions from the rapidly expanding industrial areas, mine tailings, disposal of high metal 

wastes, leaded gasoline and paints, land application of fertilizers, animal manures, sewage sludge, pesticides, waste 

water irrigation, coal combustion residues, spillage of petrochemicals and atmospheric deposition. In the present 

study tagetes patula (marigold) has been used for phytoremediation. Experiments were conducted using Chemistry 

lab effluent.  

 

Accumulations of the heavy metals were analyzed after 30, 60 and 90 days in flowers, leaves, stem and roots by 

AAS. The results showed that metals are highly accumulated by the leaves than stem and roots. It was concluded 

that the plant species was a good accumulator of metals. 
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I. INTRODUCTION 
 

Phytoremediation technique has been identified as a cost-effective approach for remediating heavy metal 

contaminated sediments [1-3]. Phytoremediation approaches to utilize a particular group of plants, known as hyper-
accumulators, to extract and concentrate particular heavy metal elements from the environment. Hyper-accumulator 

plant species are capable of accumulating metals at levels 100 fold greater than those typically found in common 

plants [4-5]. These hyper-accumulator species have strongly expressed mechanism of metal sequestration and, 

sometimes, greater internal requirement for specific metals. It offers removal of heavy metal in a particular site by 

maintaining the biological activity and structure of the soils and with the possibility of bio-recovery of metals [6]. 

The field of phytoremediation is harnessing greater acceptance because phytoremediation technique can offer the 

only effective means of restoring hundreds and thousands of square kilometers of land area and water that have been 

polluted by irresponsible activities of humans [3, 7, 8]. 

 

Metals are natural components in soil. Some of these metals are micronutrients necessary for plant growth, such as 

Zn, Cu, Mn and Co, while others have unknown biological function, such as Cd, Pb, Ni, Cr, As and Hg [9-10]. Many 

species of plants have been successful in absorbing contaminants such as lead, cadmium, chromium, arsenic, and 
various radionuclides from soils. Toxic heavy metals such as Pb, Co, Cd, Ni, As, Cr are accumulated in the plants 

and animals. Heavy metals are the major environmental contaminants and pose a severe threat to human and animal 

health by their long-term persistence in the environment [11-12]. Heavy metals constitute an ill-defined group of 

inorganic chemical hazards, and those most commonly found at contaminated sites are lead (Pb), chromium (Cr), 

arsenic (As), zinc (Zn), cadmium (Cd), copper (Cu), mercury (Hg) and nickel (Ni)[13].  
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The plants act both as “accumulators” and “excluders”. Accumulators survive despite concentrating contaminants in 

their aerial tissues. They biodegrade or biotransform the contaminants into inert forms in their tissues. The excluders 

restrict contaminant uptake into their biomass. Plants to be used for phytoextraction should have: (a) tolerance to 
high concentrations metals, (b) high metal-accumulation capability, (c) heavy biomass, (d) ability to grow fast and a 

(e) profuse root system. The success of phytoextraction depends especially on the plant’s ability (a) to accumulate 

biomass rapidly, and (b) to store large quantities of the uptake metals in the shoot tissue [14-17]. 

 

The present research aims to study the potential use of tagetus patula in remediating heavy metal 

contaminated soils. 
 

II. MATERIALS AND METHOD 
 

Plant Details 

Kingdom : Plantae 

Division  : Angiosperms 

Class  : Eudicots 

Order  : Asterales 

Family  : Asteroceae 

Genus  : Tagetes 
 

Tagetes species vary in size from 0.1 to 2.2 meter. Most species have pinnate green leaves. Blooms naturally 

occurring golden, orange, yellow, and white colours, often with maroon highlights. Floral heads are typically (1 to 

6) cm diameter, generally with both ray florets and disc florets. Depending on the species, Tagetes species grow 

well in almost any sort of soil. Most horticultural selections grow best in soil with good drainage, even though 

some cultivars are known to have good tolerance to drought. The plant species is shown in Figure 1. 

 
Figure 1: Tegetes Patula (Marigold)   

 

Mechanisms of metals uptake 
It is important to note that of the total amount of ions associated with the root, only a part is absorbed into cells. A 

significant ion fraction is physically adsorbed at the extracellular negatively charged sites (COO-) of the root cell 

walls. The cell wall-bound fraction cannot be translocated to the shoots and, therefore, cannot be removed by 

harvesting shoot biomass (phytoextraction). Thus, it is possible that a plant exhibiting significant metal 

accumulation into the root, to express a limited capacity for phytoextraction. For example, many plants accumulate 



 
[FRTSSDS- June 2018]    ISSN 2348 – 8034 
DOI: 10.5281/zenodo.1321896                                                                                                       Impact Factor- 5.070                                                                                                                                                         

    (C)Global Journal Of Engineering Science And Researches 

 

449 

Pb in roots, but Pb translocation to shoot is very low [18]. Binding to the cell wall is not the only plant mechanism 

responsible for metal immobilization into roots and subsequent inhibition of ion translocation to the shoot. Metals 

can also be transformed into metal complex and sequestered in cellular structures (e.g., vacuole), which become 

unavailable for translocation to the shoot [19]. In addition, some plants, coined excluders, possess specialized 
mechanisms to restrict metal uptake into roots. However, the concept of metal exclusion is not well understood [20]. 

 

Uptake of metals into root cells, the point of entry into living tissues, is a step of major importance for the process of 

phytoextraction. However, for phytoextraction to occur metals must also be transported from the root to the shoot. 

Movement of metal-containing sap from the root to the shoot, termed translocation, is primarily controlled by two 

processes: (a) root pressure and (b) leaf transpiration.  

 

Experimental setup 

Marigold seedlings were planted in an area of 360 cm x 60 cm in the college premises and in pots. The garden area 

was irrigated with the chemistry lab effluent after neutralization.  

 

Plant Harvesting 
Plant area was divided into three parts and one third of the plants were harvested after 30 days, 60 days and the 

remaining one third were harvested after 90 days. Similar potted plants were also harvested after 30 days, 60 days 

and 90 days. The plants were divided into four parts as roots, stem, leaves and flowers.  

 

Digestion of Sample 

The different parts of the plants were dried in shadow for 2 days and then in hot air oven for 8 hours, then the 

sample was ground in a grinder. The grinded samples were digested with nitric acid for extraction of metal ions. For 

digestion, 2.5 ml concentrated nitric acid was added to 1 gm grinded oven dried sample taken in a 100 ml beaker. 

Then the beaker was heated on the hot plate till complete dryness. The content of the beaker was dissolved in 

distilled water and finally filtered using a filter paper (0.45 micron) in a 100 ml volumetric flask. The filtrate was 

stored in a plastic bottle for analysis using an AAS or atomic absorption spectrophotometer. 
 

III. RESULTS AND DISCUSSION 
 

The different parts of the plants were analysed for four metals viz. Iron (Fe), Nickel (Ni), Cadmium (Cd) and Copper 

(Cu). The analyses data for metal uptake by different parts of the plants using AAS is shown in the tables 1-3.  

 
Table 1:Analyses of plant parts after 30 days 

Plant part 
Control plant (mg/kg biomass) Experimental plant (mg/kg biomass) 

Fe Ni Cd Cu Fe Ni Cd Cu 

Roots 0.32 0.02 ND 0.03 1.3 0.11 0.22 1.17 

Stems 0.11 0.01 0.03 0.02 2.86 0.08 0.37 3.71 

Leaves 1.27 0.01 0.07 0.02 6.42 0.3 0.44 0.66 
Flowers - - - - - - - - 

 
Table 2:Analyses of plant parts after 60 days 

Plant part 
Control plant (mg/kg biomass) Experimental plant (mg/kg biomass) 

Fe Ni Cd Cu Fe Ni Cd Cu 

Roots 0.37 0.01 0.01 0.03 2.47 0.83 1.28 3.40 

Stems 0.14 0.01 0.02 0.04 6.82 0.76 3.64 8.53 

Leaves 1.14 0.01 0.09 0.04 15.78 1.23 4.21 12.28 

Flowers 0.13 ND 0.01 ND 3.11 0.74 0.21 0.91 
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Table 3:Analyses of plant parts after 90 days 

Plant part 
Control plant (mg/kg biomass) Experimental plant (mg/kg biomass) 

Fe Ni Cd Cu Fe Ni Cd Cu 

Roots 0.46 0.04 0.01 0.05 6.33 1.41 3.89 4.92 

Stems 0.28 0.03 0.04 0.03 7.46 1.67 9.57 11.46 

Leaves 1.46 0.01 0.08 0.02 23.46 4.12 12.76 16.55 

Flowers 0.88 0.01 0.02 0.01 5.78 1.16 3.22 2.38 

 

From the tables 1-3 it is seen that the metal uptake by the specie is significant and it has increased with time. The 
metal uptake is found to be more in leaves than other parts of the plant.   

 

IV. CONCLUSION 
 

Heavy metals uptake by plants using phytoremediation technology seems to be a prosperous way to remediate heavy 

metals contaminated environment. Fast growing plants with high biomass and good metal uptake ability are needed. 
In most of the contaminated sites hardly, tolerant, weed species exists in phytoremediation, through these and other 

non-edible species can restrict the contaminant from being introduced into the food web.  

 

In the present study, tagetus patula, as non-edible, shrub species, aesthetically pleasant with beautiful flowers is used 

for metal uptake successfully. Plants showed high accumulation of metals in all plant parts with the maximum being 

in leaves and the least in flowers. 
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