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ABSTRACT

The phytosorption potential of metals of Hydrocotyle ranunculoides was evaluated for the
mitigation of water pollution in the high Andean wetlands of Peru. The plants were selected
from 10 wetland sites in the community of Pomachaca- Tarma and were washed with potable
water, dried, ground, weighed, chemically digested and read with Varian AA 240 atomic
absorption equipment. The plant showed copper concentrations in the root (12.08 + 1.67 mg/kg)
greater than the stem (7.37 + 1.00 mg/kg), followed by the leaves (7.37 £ 1.56 mg/kg). Lead
concentration in the root was 0.228 + 0.711 mg/kg, but was not found in the stem or leaves.
The highest zinc concentration was in the root (67.52 + 12.57 mg/kg) to the stem (53.30 £ 0.61
mg/kg), followed by the leaves (43.99 + 8.49 mg/kg). Finally, iron was higher in the root
(5571.28 + 693.94 mg/kg) than in the leaves (342.76 £122.09 mg/kg), followed by the stem
(291.94 + 54.84 mg/kg). Surrounding water had pH between 7.2 and 7.6; no copper and lead
were found, zinc was 0.005 + 0.012 mg/L and iron was 0.009+ 0.007 mg/L. In the sediment,
copper was 26.12 + 0.65 mg/kg, lead 28.25 * 2.41 mg/kg, zinc 85.98 + 11.38 mg/kg and iron
26111.89 + 614.37 mg/kg. These results indicate that this plant absorbs metals in the order of
Fe>Zn>Cu>Pb and is an alternative for the development of phytotechnology, oriented to the
treatment of effluents with metals that contaminate water in wetlands.

Keywords: aquatic environment, heavy metal, Hydrocotyle ranunculoides, phytoabsorbing potential,
pollution.

Potencial de fitoabsorc¢édo de metais por Hydrocotyle ranunculoides
para a mitigacao de poluicdo de agua nas areas umidas altas andinas
do Peru

RESUMO

O potencial de fitoabsorcdo de metais provenientes de Hydrocotyle ranunculoides foi
avaliado para mitigar a contaminacdo da agua nas areas umidas altas andinas do Peru. As
plantas foram selecionadas de 10 zonas Umidas da comunidade de Pomachaca-Tarma e lavadas
com agua potavel, secas, moidas, pesadas, quimicamente digeridas e lidas com o equipamento

@ @ 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.


http://www.ambi-agua.net/seer/index.php/ambi-agua/index
http://dx.doi.org/10.4136/1980-993X
http://dx.doi.org/10.4136/1980-993X
http://www.ambi-agua.net/splash-seer/
http://www.ambi-agua.net/splash-seer/
https://doi.org/10.4136/ambi-agua.2535
mailto:wjcuadrado@hotmail.com
https://orcid.org/0000-0002-4766-2867
https://orcid.org/0000-0003-1994-010X
https://orcid.org/0000-0002-1522-0845
https://orcid.org/0000-0001-9848-1815

2 Walter Javier Cuadrado Campo et al.

de absor¢do atomica Varian AA 240. A planta apresentava concentrac@es de cobre na raiz de
12.08 + 1.67 mg/kg seco, no caule de 7.37 = 1.00 mg/kg seco e nas folhas de 7.37 £ 1.56 mg/kg
seco. Quanto as concentragdes de chumbo na raiz foi de 0.228 £+ 0.711 mg/kg seco, no caule e
nas folhas néo foi encontrado. O zinco mais elevado estava na raiz 67.52 + 12.57 mg/kg seco,
no caule 53.30 £ 0.61 mg/kg seco e seguido pelas folhas 43.99 + 8.49 mg/kg seco. Finalmente,
o ferro era mais elevado na raiz com 5571.28 + 693.94 mg/kg seco, depois nas folhas 342.76
+122.09 mg/kg seco e seguido do caule 291.94 + 54.84 mg/kg seco. A &gua circundante tinha
pH entre 7.2 e 7.6. N&o foram encontrados cobre e chumbo, o zinco foi 0.005 + 0.012 mg/L e
o ferro 0.009+ 0.007 mg/L. No sedimento, o cobre foi 26.12 + 0.65 mg/kg seco, 0 chumbo
28.25 £ 2.41 mg/kg seco, 0 zinco 85.98 + 11.38 mg/kg seco e o ferro 26111.89 + 614.37 mg/kg
seco. Estes resultados indicam que esta planta absorve metais na ordem de Fe>Zn>Cu>Pb e é
uma alternativa para o desenvolvimento da fitotécnica, orientada para o tratamento de efluentes
com metais que contaminam a dgua em zonas Umidas.

Palavras-chave: ambiente aquético, Hydrocotyle ranunculoides, metais pesados, polui¢do, potencial de
fitoabsorcao.

1. INTRODUCTION

The pollution of the aquatic environment by potentially toxic contaminants has been of
concern to humans for the last few decades (Mimba et al., 2018). Anthropogenic sources have
been identified as significant contributors to environmental pollution problems (V&ananen et
al., 2018). As a result, ecosystems are damaged or altered by products containing heavy metals,
such as copper (Cu), calcium (Ca), zinc (Zn), manganese (Mn) and iron (Fe), many of which
are essential micronutrients for plant metabolism, but when present in excess can become
extremely toxic (Chatterjee et al., 2011). The importance of the environmental problem in
modern society is the pollution of water by heavy metals that enter aquatic ecosystems through
the discharge of wastewater from industrial, urban and agricultural runoff (Nazeer et al., 2014).
Compared to organic contaminants, natural decomposition processes do not remove heavy
metals.

In contrast, they can accumulate in aquatic biota and develop into organic complexes,
which can potentially become more toxic (Mazej and Germen, 2009). The accumulation of
metals by macrophytes is affected by the concentrations of metals in water and sediments and
by the speciation of metals such as free ions and humic complexes (Kramer, 2010). Aquatic
macrophytes are predominant organisms in lake ecosystems that, in comparison with other plant
species, can absorb metals through their roots as well as through their leaves (Twardowska and
Kyziol, 2003; Lojko et al.,2015). Hydrocotyle ranunculoides, as well as the cattail (Scirpus
californicus) in the study area, serves as animal feed.

Tarma, a province of the Junin region, has a population whose main activity is agriculture
and livestock. In the community of Pomachaca, cattle farmers feed their cattle with H.
ranunculoides, which are contaminated with heavy metals. They use the manure of these
animals in agriculture and their meat for food, causing possible damage to the health of the
inhabitants. The objective of this study was to determine the phytosorption potential of metals
from H. ranunculoides, to be used as an alternative to mitigate water pollution in high Andean
wetlands in Peru.

2. METHODS AND RESOURCES

2.1. Study area
The study area is located in the province of Tarma in the central Andes of Peru, latitude
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11°22'51.9" S and longitude 75° 41' 12" W, at an altitude of 3031 masl (Figure 1). In wetlands
of the area, Hydrocotyle ranunculoides is the predominant macrophyte and very important for
the Pomachaca community, because their life activities depend on livestock and agriculture.
Their livestock feed on these aquatic plants which, due to their characteristics, absorb heavy
metals, compromising the health of the people who feed on the meat and milk of this livestock.

424570 424640 424780

424640 424710

Figure 1. Location map of the study area in high Andean wetlands of Peru.

2.2. Sampling and analysis of plants, sediment and water

Ten sampling sites in the wetlands were selected; from each site three single samples were
taken to form a composite sample of 3 kg of plants, passing a visual inspection, such as size,
good physical condition and maturity (Figure 2). The water was collected from each sampling
site in a one-litre volumetric glass bottle. Similarly, 2 kg of sediment sample was obtained in
polyethylene bags. All samples, with their respective identification, were taken directly to the
Chemistry and Environment Laboratory of the Universidad Nacional del Centro del Peru for

their respective analyses.
Lea7 !
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Figure 2. Macrophyte Hydrocotyle ranunculoides.

The determination of the concentration of metals in the plant, sediment and water was
performed by chemical digestion with hydrochloric acid, nitric acid and chemically pure
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perchloric acid at 80°C, according to the standardized method of atomic absorption (APHA et
al., 2012), as shown in Figure 3.

Selection « Visual inspection, taking care of the good condition of the plant

Wash 1 « It allows to eliminate the impurities that accompany the plant, such as sediment, stones, etc., until
the water is clean and free of solids.

Wash 2 « Washing with distilled water to remove impurities that can precipitate metals
Sampling * In duplicate. The samples were divided into parts; leaves, stems, root

Dried up * The samples were dried at 60 * C for 80 hours

X *The Cu, Pb, Zn and Fe. were using the method of atomic absorption such
Analysis as: chemical digestion with nitric acid [HNO3] Q.P. and hydrochloric acid [HCI] Q.P. and reading with the
atomic absorption equipment Varian AA240

Report « For parts of plants and sediments they are reported in mg / kg dry and waterinmg / L

Figure 3. Flowchart of the evaluation of the Hydrocotyle ranunculoides plant: (a)
sampling site, (b) sample digestion, (c) atomic absorption analysis.

2.3. Analysis of data

For the comparison of the concentration of each metal by the factor evaluated (water,
sediment and plant part), the Kruskall Wallis test was used with a post hoc procedure (Kruskal
and Wallis, 1952; Katz and Mcsweeney, 1980), with null hypothesis indicating statistical
similarity in the concentrations of elements. To test the relationship between element
concentrations in water and sediment with element concentrations in plant tissues, a redundancy
analysis (RDA) was performed using Canoco software. RDA is used in ecology for
management by direct gradient analysis, where a matrix of response variables, Y, is analyzed
with respect to a corresponding matrix of environmental variables, X (Gan et al., 2017). RDA
can be described as a series of multiple regressions followed by a principal component analysis
(Legendre and Andersson, 1999). Here, instead of one vector for one variable, y, we are
analyzing a data matrix with many variables, Y. Each vector variable, y, is regressed on the
matrix of dummy variables corresponding to the environmental variables, X (Legendre and
Andersson, 1999).

3. RESULTS AND DISCUSSION

The plant, like any living being, has the capacity to absorb or adsorb substances such as
heavy metals. However, many of them are beneficial for its subsistence, while others are
harmful to its physiological processes. The heavy metal contents in the samples are listed in
Table 1, for each part of the plant evaluated (leaf, stem and root) and each characteristic of the
growing environment (water and sediment). It should be noted that, in order of concentration,
Fe is significantly higher in all the factors under study (p<0.05), with the logical sequence of
concentration Fe>Zn>Cu>Pb, for all the factors under study. Because H. ranunculoides, like
other macrophytes, absorb Cu, Pb, Zn and Fe (Cuadrado et al., 2019). This behavior is due to
the greater capacity of plants to absorb micronutrients compared to non-essential or toxic
elements, for which plants can generate tolerance strategies (Kabata-Pendias, 2011).

A range of Zn concentrations between 70 and 400 mg/Kg could be considered toxic to
plants, while the level of toxic Zn in plant tissue is 23 mg/Kg tolerance (Kabata-Pendias, 2011,
Li et al., 2009). This plant has the capacity to absorb significant amounts of Fe in its leaves and
stems and the largest amount was in the root. The tolerance of plants to high concentrations of
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heavy metals is determined by several internal and external factors, such as phenology, vigor,
growth, speciation of elements and water chemistry (Yang and Ye, 2009). Pb, is more toxic
than other metals and immobile due to its strong bond with organic matter and other plant
components (Aksoy et al., 2005; Kastratovi¢ et al., 2013). The results obtained are supported
by Zevallos et al. (2015), who report that the accumulation of Pb?* in plants is regulated by
physicochemical parameters such as the pH of the medium, the presence of exudates, the cation
exchange capacity of its surface, etc. Vascular plants absorb and accumulate Pb?* mainly in the
roots and only a small part moves to the air part (Marmiroli et al., 2005).

Table 1. Mean heavy metal concentration in plants, sediments and water in the study area (mg/L
water and mg/Kg sediment and plant).

Leaf Stem Root Sediment Water
Mean SD Mean SD Mean SD Mean SD Mean SD
Copper 7.37° + 156 7.37° = 1 12.08® + 167 26122 + 0.65 0d + 0
Lead o¢ + 0 0 + 0 0.226° + 0711 28.252 + 2412 0 + 0
zZinc 4399 + 849 533 + 061 6752® + 1257 8598 + 11.38 0.005¢ =+ 0.012
Iron 342.8° + 1221 291.9° + 5484 5571° + 6939 261122 + 6144 0.009¢ =+ 0.007

* Kruskal Wallis analysis, where the different letters as coefficient in the mean (a, b, ¢, d and ) show
significant difference against the mean value of each heavy metal (p< 0.05) due to the effect of the
location factor (leaf, stem, root, sediment and water).

Table 1 shows the results of the Kruskall Wallis test, summarizing and comparing the
concentrations of the four metals evaluated in different parts of the plant (stem, leaf and root),
water and sediment. The distribution of the concentrations shows significant differences
depending on the part of the plant evaluated as being superior to the average values of each
element evaluated. A similar behavior to the transfer factor is observed, both for the
concentration of metals in the roots and leaves with respect to their environment (water and
sediment). Therefore, the analysis was given according to these last two factors, since the
concentrations of elements found in the plant respond to the concentration of elements from its
development environment.

The results show that, in the case of Cu, the root tends to significantly absorb this metal,
since the disparities in concentrations tend to be half of what is reported in the sediment.
However, the distribution of this metal along the leaves and the stem with concentrations of 7
to 8 mg/kg for both is one third of what is reported in the sediment. In addition, the Cu
concentrations detected in the sediment are significantly higher than those recorded in the other
factors under study, either in the water or in the plant parts.

In the case of lead, the Kruskal Wallis analysis shown in Table 1 indicates that
concentrations in the sediment are significantly higher than reported. The capacity of the plant
to absorb lead is not significant, although there is a slope that the root absorbs much more lead
from the sediment and that lead is not distributed along the leaf and stem. However, no lead
concentrations were reported in the water. The case of zinc tends to have a similar distribution
in relation to the absorption and distribution of copper, probably because they are essential
metals and are more easily distributed. While it is true that zinc concentrations in water are
significantly lower (0.005 £ 0.012 mg/kg), there is no inclination for zinc and copper elements
to have been absorbed from water. In general, a higher absorption of metals is observed in
relation to the sediment. It is observed that copper shows a distribution that tends to be
significant in the stem and leaf compared to the concentration in the root, while iron and lead
tend to be concentrated in the root.

Table 2 shows the maximum permissible limits of heavy metals in water and sediments,
showing that the average of the metals evaluated and detected in water are significantly lower
than the maximum allowed (p > 0.05). However, in the sediment it was found that the average
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copper concentration was significantly higher than the maximum allowed value (p < 0.05);
while the average concentrations of the other elements are less or equal to the maximum
allowed.

Table 2. Permissible levels of heavy metals in various components of international
agencies (mg/L water and mg/Kg sediment).

Factor International agencies Cu Pb Zn Fe Reference
Water EPA 0.007 0.01 0.086 0.3 Nazeeretal. (2014)
WHO 2 0.01 3 0.3 WHO (1993)
Sediment CEQG 187 302 124 NA CEQG (2001)

Redundancy analysis of correlations between plant metal concentrations and
environmental factors are presented in the biplot for each plant part and environmental factor
studied. Figure 4A shows the correlation between the matrices of the distribution of metal
concentrations in the water and leaf independently. The eigenvalues for the first and second
coordinates are 0.79 and 0.0082; i.e., the explained variation of what happens in the original
data can only be interpreted as a function of the first common axis 79.45%,since the second
axis has a low level of explained variation of 0.82%. The PCO 1 tends to have a higher
correlation with the X axis, and whose vector is wider. In addition, the analysis indicates that
Sample 1 is the one that mainly determines the distribution of environmental and biological
vectors with respect to the concentration of metals. Direct selection redundancy analysis of the
table indicates that the concentrations of zinc and iron present in the leaf correlate with the
distribution of zinc and iron concentrations in the water; although the iron vector tends to have
a different orientation, it is the weight of the second coordinate that determines that orientation
IS not significant.

(=} o 0 f
© {Metal contents in water iron A =B Zinc | Metal contens in water C
- ¥ - MR ron A s

Metal contents in leaf / \ Metal contens in root
/ /
- p
Samples / \copper ~ /
\ M2 1

\ z
w \ [pcos/

% of¢ o

a0 10 5 ) ) ) TR ) ’ s
Figure 4. Redundancy analysis of the correlations between the metal content

in leaves (blue lines), total metal concentrations in water (red lines) and vector
direction of the first two coordinates (black lines).

For the correlation of the concentration of metals present in the water and in the plant stem,
Figure 4B shows the same distribution trend and behavior pattern of the samples, and the
coordinates tend to have the same loads. Coordinate one was found to have an explained
variation of 77. 02%, and the second coordinate of only 0.96%, with the latter not being very
relevant in the interpretation. The analysis shows the interaction of the two matrices of metal
concentrations in the water and in the stem, finding that it is ample 1 that determines the
distribution of the observations.

Table 3 shows Zinc as the only element that tends to correlate with its pair for both water
and stem in relation to its concentrations, indicating that zinc is the only element that is
significantly transferred from water to the stem. For the correlation of the element
concentrations of the water that are transferred to the root, Figure 4C shows redundancy
analysis of the integration of the two matrices, showing that the loads for the first and second
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coordinates are significantly lower compared to the correlation of the leaves and stems. The
first coordinate has an explained variation of 47.1% and the second coordinate has a
significantly lower variation of 0.01%. This is due to the fact that the distributions of the
samples do not tend to correspond for both matrices, and as shown in Table 3, in the direct
selection redundancy analysis neither of the elements that present concentrations of zinc or iron
in the water presents a significant correspondence in relation to the distribution of the
concentrations in the root of the plant; that is to say that the concentrations of elements found
in the water tend to explain the concentration of elements found in the root of the plant.

Table 4 shows the direct selection redundancy analysis for the correlation of metal
concentration matrices in the plant explained by the sediment. The first analysis of metal
concentration in sediment and the correlation of the distribution of the samples for the metal
content in the leaves is summarized in Figure 5A. The redundancy analysis indicated that the
load for the first coordinate was 82.89% variation explained and the second a load of 2.41%.
The biplot indicates that Sample 1 determines the distribution of the observations in relation to
the others, although there is a tendency for horizontal ordering favored by the trajectory of the
first coordinate. The perceptual map shows that Cu, Fe and Pb in sediment have a negative
correlation, while in the concentration in the leaf there is a certain tendency of positive
correlation between Cu and Zn. Direct selection redundancy analysis indicates that Zn is the
only element that tends to bioaccumulate significantly in leaves.

Table 3. Redundancy analysis based on distance, step
by step direct selection for water factor.

Name Explains % Contribution % pseudo-F P

Forward Selection Results: Water — root

Zn 20 425 2 0.206
Fe 27.1 57.5 3.6 0.092

Forward Selection Results: Water — stem

Fe 25.9 33.2 2.8 0.122
Zn 521 66.8 16.6 0.012

Forward Selection Results: Water — leaf

Zn 70.8 88.2 19.4 0.04
Fe 9.5 11.8 3.4 0.038

Table 4. Redundancy analysis based on distance, step
by step direct selection for sediment factor.

Name Explains % Contribution % pseudo-F P

Forward Selection Results:Sediment - root

Pb 57.3 65.2 10.7 0.068
Zn 22 251 7.5 0.01
Fe 6.1 7 2.5 0.092
Cu 2.5 2.8 1 0.342

Forward Selection Results: Sediment - stem

Pb 26.9 62.2 2.9 0.12
Fe 154 35.6 1.9 0.252
Zn 0.8 18 <0.1 0.856
Cu 0.1 0.3 <0.1 0.988

Forward Selection Results: Sediment - leaf

Zn 56.9 66.6 10.6 0.048
Cu 16.9 19.8 4.5 0.058
Fe 7.2 8.4 2.3 0.146
Pb 45 53 15 0.228
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Figure 5. Redundancy analysis of correlations between metal content in parts of the plant A,
By C (blue lines), total metal concentrations in sediment (red lines) and vector direction of the
first two coordinates (black lines).

For matrix correlations of element concentrations that bioaccumulate from the sediment to
the stem, the loads for the first two coordinates of the redundancy analysis are lower. For the
first coordinate, the explained percentage of pressure is 41.9 percent, and for the second
coordinate 0.84 percent; these values indicate that there is apparently no correspondence
between the distribution of observations for the element concentration matrices in the sediment
and the element concentration in the stem. Figure 5B shows the distribution of the vectors and
their direction either for the element variables in the sediment or in the stem, since no correlation
slope is observed for any of the variables. In addition, Table 4 of the direct selection redundancy
analysis for the case of the sediment with the stem indicates that none of the elements evaluated
are affected in their distribution for both factors. That is, even at a significance level of 0.05,
we can infer that the concentrations of elements found in the stem are not a function of the
concentrations of elements present in the sediment, and that these concentrations are probably
a product of transfer from the root to the stem.

Finally, the correlation analysis of the matrices of element concentration in the sediment
and root tend to have a better perspective, since the load of the coordinates in the analysis and
redundancy are significantly higher than all other loads of the correlations evaluated. The first
two coordinates have an explained cumulative variation of 87.84%, having for the first
coordinate an explained variation of 75.08% and 12.76% for the second coordinate. These
values indicate that there is a better representativeness and a better adjustment of the matrices
that explains the distribution of the observations and variables studied. In addition, a high
degree of explained variation of the second component compared to the other one shows that
interpretation for the Y-axis is feasible, as shown in Figure 5C. This indicates that for the
concentrations of elements in the root there is a positive correlation between Fe and Cu, in
addition to the positive correlation of Pb in the root and Zn in the sediment. The direct selection
redundancy analysis in Table 4 shows the integration of all matrices for element concentration
in the sediment and in the root. In addition, Zn is the only element that corresponds to its
distribution for both the root and the sediment. That is, at a significance level of 0.05, the Zn
concentrations reported in the sediment tend to have a higher affinity for transfer to the root.

4. CONCLUSIONS

Polluted water treatment systems based on the use of aquatic plants have proven to be
highly efficient in removing metals. H. ranunculoides showed phytoabsorbing potential for Cu,
Zn and Fe concentrations in its root, stem and leaves, which exceed the concentrations in plants
in normal conditions. Taking into account each characteristic of the growth environment (water
and sediment), in order of concentration Fe was significantly higher in all factors under study
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(p<0.05), having the logical sequence of concentration Fe>Zn>Cu>Pb. Therefore, it is
considered as a potential accumulator, mainly in the root of the majority of heavy metals
investigated; the mechanism involved allows for the removal of heavy metals from water and
sediments, except for Pb, for which the capacity of the plant to absorb is not significant.
However, there is a slope that the root absorbs much more Pb from the sediment, and this is not
distributed along the leaf and stem. These results generate knowledge and contribute to the
development of phytotechnologies oriented to the treatment of effluents contaminated with
heavy metals to mitigate water pollution in wetlands.
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