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Abstract 

The study performed was from an applied experimental type, of a mixed nature, 

namely, it had qualitative and quantitative phases and variables that served for 

the correct development of the objectives and to generate reliability results, 

where not only the reduction percentages were evaluated of heavy metals 

dissolved in the water, but a detailed description of the changes presented by 

the experimental plant population was made, from the beginning of the 

investigation until the end of its useful life in the project. 
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INTRODUCTION 

In the department of Huila there are no appropriate methods to mitigate the 

environmental damage caused by the contamination of water sources with industrial 

discharges, especially those from the productive sectors of the region; the objective of 

this project was to evaluate the effectiveness of the rhizofiltration of the zea mays plant 

(maize) for the extraction of heavy metals like Chromium, Mercury and Lead in 

laboratory conditions [1], [2], [3]. 

The project consisted in performed bioassays with the presence of Chromium, Mercury 

and Lead using the zea mays species, including a control test, in order to make 

comparisons with the contaminated media. With the results obtained, it is intended to 

create an alternative environmental tool for the recovery of water sources through the 

rhizofiltration process by applying the zea mays plant [4], [5], [6]. 
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MATERIALS AND METHODS 

Design a greenhouse for the establishment of the zea mays plant. 

o Study Area: A greenhouse was taken as a study area with the purpose of using 

resources from the region, guaduas cuts were selected for the construction of the 

structure, the cover was made with greenhouse plastic, which clung to the bases; for the 

roof support, tempered strings were used in the upper part of the structure [7]. 

o Selection of Seeds: For the selection of the most appropriate seeds, a technique was 

used as a reference that suggests that the seeds with greater probability of germination 

are denser than water, so the zea mays seeds were introduced in a full container of water 

where the seeds that were precipitated to the bottom were selected and those that 

remained on the surface were eliminated [8]. 

o Pre-Germination Process: The selected seeds were taken with a 1% sodium 

hypochlorite solution for two minutes to eliminate the presence of pathogens, then they 

were cleaned with distilled water to eliminate the chlorine residues. Subsequently, a 

pre-germination process was applied ensuring that the seeds had enough oxygen and 

moisture, which consisted of putting the seeds in a cloth bag and leaving them to soak 

[9]. 

o Sowing and Transfer to Hydroponic Crops (Floating Root): Once the 

preliminary processes have been completed, the previously selected seeds are taken to 

germination trays with soil. After a while, the plants were selected to take hydroponic 

crops with floating roots, which were constituted by two containers with capacities of 

20 liters, with a system of supports based on polystyrene sheets, on which perforations 

were made and introduced the plants making use of a foam to cover the roots [10]. 

The aquatic environment consisted of 20 l of drinking water and 100 g. of micro-

irrigation, ensuring a sufficient nutrient medium for the optimum growth of the plants, 

the water was changed on the fourth day of the test to incorporate nutrients again. The 

plants were kept under these conditions for 7 days, at which time they are suitable for 

the experiment. During the entire course of the hydroponic phase, aeration was 

provided. 

o Evaluation: The effectiveness of the greenhouse and the pre-germination process 

was evaluated taking into account the number of seedlings successfully germinated 

under the conditions established at convenience in the study greenhouse [11]. 

 

Toxicity of zea mays at different concentrations. 

o Experimental Design: Three tests were carried out, with their respective replicas, 

constituted by four experimental media each, three of them had a specific concentration 

of Chromium, Mercury and Lead; the remaining medium did not have the presence of 

heavy metals in order to determine the toxicological behavior of the plants according 
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to the medium in which they were found. 

o Registration: The following variables were taken into account: mortality and 

toxicological behavior, which was measured through the appearance of the following 

diseases: reduction of color and presence of damage on the leaves, decay of the upper 

leaves, no growth of the plant, weakening of the stem.  

 

Potential for absorption and bioaccumulation. 

Tests: Three tests were carried out with conditions similar to those proposed to identify 

the effective lethal concentration, with the difference that they had previously defined 

single concentrations, which were: i) Chromium 5 mg/l, ii) Mercury 2 mg/l, iii) Lead 5 

mg/l and iv). 

o Analysis: The samples were analyzed through an atomic absorption 

spectrophotometer, to identify the concentration of heavy metals dissolved in the water. 

The results allowed through a descriptive analysis to evaluate the rhizofiltration 

capacity of the zea mays where the concentrations identified through the atomic 

absorption spectrophotometer were compared with the initial concentrations with a 

statistical formula that showed the reduction percentages for each one of the treatments 

with the presence of metals. With the final concentrations, the effectiveness of the 

rhizofiltration of the zea mays was corroborated [12]. 

 

MATERIALS USED IN CROPS AND BIOASSAYS 

 

Materials # Unit 

Bases of Guadua (3m) 11 

Transparent plastic (m²) 8 

Galvanized screws 4 

Tip box 1 

Rope 1 

Box of nuts and washers 1 

Bulto de arena 1 

Seeds of zea mays 1 

Germination tray (128) 1 

Bulk of ground 3 

30 Lt. containers 2 
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Aeration equipment (2-port motor) 1 

Polystyrene sheets 6 

1% Sodium Hypochlorite 2 

Distilled water 2 

Cloth bag 1 

Chromium solution 1000ppm 1 

1000ppm Lead Solution 1 

1000ppm Mercury Solution 1 

10 Lt. containers 8 

Aeration equipment 2 

20 Lt Refrigerators 2 

Anti-fluid gowns 2 

Box of gloves 2 

 

RESULTS 

 

Table 1. Development of plants on land, cultivation 1 

In the cultivation 1, 121 plants germinated (94%), dozens on the eighth day, 86% (104 

plants) raised three leaves, the remaining 14% (17 plants) reached two leaves. As for 

the height of the germinated plants 75% (91 plants) reached a height between 20 to 30 

cm and only 2% (3 plants) exceeded 30 cm, see [13], [14]. 
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Table 2. Development of plants on land, cultivation 2 

At the end of the ground phase of cultivation 2, 124 plants (97%) germinated, of which 

85% (106 plants) obtained three leaves and 15% (18 plants) culminated with two leaves. 

Regarding the height variable, it was observed that 73% (91 plants) developed a height 

between 20 to 30 cm and 3% (4 plants) exceeded 30 cm, see [15], [16]. 

 

 

Table 3. Development of plants on land, cultivation 3 

 

In the cultivation 3 germinated 112 plants (88%), on the eighth day in the terrestrial 

phase 83% (93 plants) developed three leaves and only 17% (19 plants) finished with 

two leaves. Likewise, 71% (80 plants) reached a height between 20 to 30 cm and only 

1.7% (2 plants) exceeded 30 cm. 
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Table 4. Development of plants on land, cultivation 4. 

 

At the end of the ground phase of cultivation 4, 117 plants (91%) sprouted, of which 

88% (103 plants) developed three leaves and only 12% (14 plants) finished with two 

leaves. As for the height of the total of germinated plants, 74% (86 plants) achieved a 

height between 20 to 30 cm and 3% (4 plants) exceeded 30 cm. 

o Hydroponic Phase: For each of the four tests in hydroponic cultivation, 80 

individuals of the zea mays species were transplanted, staying for seven days in an 

aquatic environment with dissolved nutrients, the data obtained are summarized below: 

 

.

 

Table 5. Development of plants in hydroponic medium, cultivation 1 

 

The survival of the hydroponic phase of cultivation 1 was 100%, with 98% (78 plants) 

in optimal condition, 73% (58 plants) increased the number of leaves to four and 6% (5 

plants) developed five leaves. Regarding the height variable, it was obtained that 70% 

(56 plants) reached the height range between 35 and 40 cm, 13% (10 plants) reached 

the range between 40 and 45 cm and only 3% (2 plants) exceeded 45 centimeters. 
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Table 6. Development of plants in hydroponic medium, cultivation 2 

 

In the cultivation 2 the survival was 98% (78 plants) with 97% in optimal condition, on 

the seventh day 77% (59 plants) increased the number of leaves to four and only 2% (2 

plants) managed to develop 5 leaves In terms of height, 69% (54 plants) obtained a 

height between 35 to 40 cm, 12% (9 plants) reached the range between 40 and 45 cm 

and only 3% (2 plants) exceeded 45 centimeters. 

 

.

 

Table 7. Development of plants in hydroponic medium, cultivation 3 

 

The survival in the cultivation 3 was 96% (77 plants) with 97% (75 plants) in optimal 

condition, of these 68% (52 plants) increased the number of leaves to four leaves and 

only 4% (3 plants) managed to develop 5 leaves. Regarding the height reached by the 

plants on the seventh day, it was obtained that 65% (50 plants) reached the range 

between 35 and 40 cm, while 18% (14 plants) reached the range between 40 and 45cm 

and 4% (3 floors) exceeded 45 centimeters. 
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Table 8. Development of plants in hydroponic medium, cultivation 4. 

 

About the hydroponic cultivation 4 a survival of 99% was obtained (79 plants) of which 

97% (77 plants) were kept in optimal  condition, of these 71% (56 plants) managed to 

develop four leaves, while the 5 % (4 plants) reached 5 leaves. Regarding height, 66% 

(52 plants) achieved a height between 35 and 40 cm, 16% (13 plants) reached the range 

between 40 and only 4% (3 plants) exceeded 45 centimeters. 

 

Tests with Presence of Chromium 

The development of the three tests allowed the generation of graphs 1 and 2 where the 

mortality and the variation of the states of the plants are expressed on the fourth day of 

the trial. 

 

 

Graph 1: Mortality of zea mays at different concentrations of Chromium. 
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From the fourth day, the beginning of the mortality of zea mays individuals can be seen. 

From the seventh day, the mortality was increased according to the increase of the metal 

concentration in the study media, where at 2.5mg/l it was 30% (6 plants), at 7.5mg/l it 

was 35% (7 plants) and at 10.0 mg/l it was 40% (8 plants). 

 

 

Graph 2. Variation of the state of the plants exposed to Chromium, fourth day. 

 

The graph 2 corresponding to the fourth day of bioassays at different concentrations of 

Chromium, reveals that for 2.5 mg/l 50% of the individuals (10 plants) were in optimal 

state, at 7.5 mg/l the percentage of plants in optimal condition was 40% (8 plants) and 

10 mg/l 40% (8 plants) were in good condition. 

 

 

Tests with the presence of Mercury 

The mortality that the individuals presented before the mercury is exhibited in the graph 

3, the variation of the states of the plants to the third day is evidenced in the graph 4. 
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Graph 3. Mortality of zea mays at different concentrations of Mercury. 

 

As seen in graph 3, the mortality for the concentration of 1.0 mg/l is 20% (4 plants) 

which is given from the fourth day, while the concentration of 3.0 mg/l showed a 

mortality of 25% (5 plants) and started on the third day, the concentration of 4.0mg / l 

exhibited a mortality of 40% (8 plants) which had occurred on the third day of the test. 

 

Graph 4. Variation of the state of the plants exposed to Mercury, fourth day. 

 

The graph 4 shows that for the low concentration, 1.0 mg/l  55% (11 plants) were kept 

in optimum condition, for the high concentration, 3.0 mg / l, 50% (10 plants) they 

remained in optimum condition and for the very high concentration, 10 mg / L, 50% (8 

plants) were in good condition. 
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Tests with the presence of Lead 

The mortality of the individuals exposed to lead is presented in graph 5, the variation 

of the states of the plants on the sixth day are shown in graph 5. 

 

 

Graph 5. Mortality of zea mays at different concentrations of Lead. 

 

As shown in graph 5, the mortality for the concentration of 2.5 mg/l  is 10% (2 plants), 
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Graph 6. Variation in the status of plants exposed to lead, sixth day. 

 

Graph 6 corresponding to the sixth day of testing, shows that for the concentration of 

2.5 mg/l that 40% (8 plants) were kept in optimal state, at 7.5 mg/l 45% (9 plants) they 

were kept in good condition and for the concentration of 10 mg/l 50% (10 plants) 

remained in good condition. 

 

Control Test (Without the Presence of Metals) 

The development of the three tests allowed to generate graphs 7 and 8 where the 

mortality of the Zea mays is expressed when being in an aquatic environment free of 

contaminants and the variation of the states of the plants on the tenth day of the test. 

 

 

Graph 7. Mortality of zea mays in control cultivation. 
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Graph 7 shows that no individual dies before the eighth day and mortality for the three 

trials is 5% (1 plant). 

 

 

Graph 8. Variation of the conditions of the plants in control cultivation 1, tenth day. 

The graph 8 shows that 45% (9 plants) were kept in optimal condition, 40% (8 plants) 

went into good condition and only 10% (2 plants) finished trials without metals in poor 

condition. 

 

Identify the potential for Absorption and Bioaccumulation of Heavy Metals in the 

zea mays Plant. 

The initial concentration of the metal and its reduction through the days of the bioassay 

are expressed in the graphs presented below. 

 

CHROME 

 

Graph 9. Levels of absorption of plants from zea mays to Chromium. 

9
8

1
2

OPTIMO ESTADO  BUEN ESTADO ESTADO MEDIO  MAL ESTADO

Control 1

5

3.29

5.04

3.09

6.39

4.3

3.49

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

0 5 10 15 20

C
o

n
ce

n
tr

at
io

n
  m

g/
L

Days of the bioassay

CROMO…



22 Luis Carlos Losada Benavides, et al 

The reduction of the chromium concentration at day 1 was 34%, later an increase was 

observed on day 8 obtaining the highest concentration during the bioassay of 6.39 mg/l 

to finally stabilize and culminate at day 16 with a reduction of 30%. % of chromium 

with respect to the start of the bioassay. 

 

MERCURY 

 

Graph 10. Absorption levels of plants from zea mays to Mercury. 

 

The reduction of mercury at day one was 87%, at day three the concentration falls to 

0.024 mg/l, after day three a gradual increase is observed up to 0.288 mg/l on day 12, 

on day 16 a percentage of reduction of 88%. 

 

LEAD 

 

Graph 11. Levels of absorption of plants from zea mays to Lead. 
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The decrease in the concentration of lead on day 1 was 57%, the reduction is continuous 

until the fifth day of testing where the concentration is 1.58 mg/l, afterwards there is an 

increase that has its highest point in On day 12 with a concentration of 2.35 mg/l, the 

final reduction at day 16 is 68% compared to the initial concentration. 

 

DISCUSSION 

The four cultivations implemented in this study, germinated between the second and 

fifth day, at the end of the terrestrial phase 73% of the plants achieved a height between 

20 to 30 cm and 3% exceeded 30 cm, which demonstrates the accelerated development 

of the zea mays, as presented in the study (A, JY, MA, & MC, 2010) where the maize 

plants were developed in a period of 14 days. Later the plants that were taken to 

hydroponic crops with floating roots exhibited continuous growth, which was reflected 

in the increase in height, where 67.5% reached the range between 35 to 40 cm and 15% 

reached the range between 40 to 45 cm. 

Regarding the comparison between the control trials (without metals) and the Cr, Hg 

and Pb tests, it was identified that, regardless of the medium, the nutritional contribution 

was deficient in nitrogen because 50% of the plants in control trials showed a decrease 

in natural color of the leaves of the zea mays and appearance of superficial damage on 

the leaves. 

The bioassays performed to determine the toxicity of zea mays to different 

concentrations of Cr, Hg and Pb, point to a higher concentration of heavy metals 

dissolved in the aquatic environment, greater toxicity on individuals, as well as toxicity 

of metals on plants is enhanced by the capacity of transformation and reaction with 

other chemical elements, as discussed in (Schinitman, 2004). The toxicological 

behavior of the zea mays is similar to that of the sambo, grass and alfalfa plants 

implemented in the study (Guevara, Torre, Villegas, & Criollo, 2008). 

The zea mays presented deficiencies in the accumulation of Cr (Vl) because the content 

is lethally toxic for plants, before the concentration of 2.5 mg/l the mortality was 30%. 

On the other hand Zea mays had a better affinity for the accumulation of Pb and Hg, 

because these metals are more stable than Chromium and therefore the plants were not 

strongly affected. The mortality at the concentration of 1.0 mg/l Mercury was 20% and 

for 2.5mg / l Lead was 10%. 

Finally, on the absorption and bioaccumulation of heavy metals in the plants of the zea 

mays, it was found that at high concentrations of heavy metals the individuals become 

saturated, presenting stress and later release of the excess of the absorbed metal, as 

explained in the section on rhizofiltration in the guide of measures of phytoremediation 

(EPA, 1996). This behavior was not registered in the researches developed with beet 

(López, Melaj, Tomellini, & Martin, 2005) or with water lilies (Núñez, Vong, Borges, 

& Olguín, 2009). 
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CONCLUSIONS 

The implementation of the greenhouse was adequate for the establishment of the zea 

mays, with a germination percentage of 92.5% of the seeds, a 100% survival of the 

plants in the terrestrial phase and 97% survival of the plants in hydroponics cultivations 

of floating root. 

The increase in mortality is directly proportional to the increase in the concentration of 

the metal used. The mortality for Chromium at 2.5 mg/l was 30%, for 7.5 mg/l it was 

35% and for 10 mg/l it was 40%; the percentage of mortality for Hg at a concentration 

of 1.0 mg/l was 20%, for 3.0 mg/l it was 25% and for 4.0 mg/l it was 40%; Finally, the 

mortality in the presence of Pb at a concentration of 2.5 mg/l was 10%, for 7.5 mg/l it 

was 15% and for 10 mg/l there was a mortality of 20%.  

It was identified that zea mays has a high potential for absorption and bioaccumulation 

of the Mercury metal, with a percentage decrease of 88% (1,758 mg/l) compared to the 

initial concentration of 2.0 mg/l. Likewise for the Lead metal, the absorption potential 

was high, with a 68% decrease percentage (3.42 mg/L) compared to the initial 

concentration of 5.0 mg/L. The absorption potential of Chromium was not as significant 

as for the other metals, the reduction percentage was only 30% (1.51 mg/l). 
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