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ABSTRACT

Given the imminent deterioration of environmental quality, the accumulation of heavy metals in agricultural soil
is one of the main concerns worldwide. Therefore, this research aimed to evaluate the adsorption potential of
mercury and zinc by Sphagneticola trilobata. After 60 days, the distribution of heavy metals in the roots and the
leaves of the plants was determined. As a result, the plant adsorbed mercury between 43.49 and 59.22%, and zinc
between 32.68 and 64.37%. According to the bioconcentration and translocation factors of Sphagneticola trilobata
obtained in the present work, the phytostabilizing capacity of mercury and zinc is like Eichhornia crassipes and

Sorghum bicolor.
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INTRODUCTION

The intensification of industrial processes
and agricultural activities has led to a notable de-
terioration in environmental quality (Yan et al.,
2020). One of the worldwide concerns is the ac-
cumulation of heavy metals in the soil since these
compounds are not degradable but persist in the
environment, representing a threat to biota when
biomagnified (Furini et al., 2015; Khalid et al.,
2018). These heavy metals come from natural or
anthropogenic sources, such as water generated in
the oil and gas industries, phosphate fertilizers in
agriculture, sewage sludge, mining, metal smelt-
ing, pesticide application, and burning of fossil
fuels (Yan et al., 2020). Mercury (Hg) is one of
the most dangerous environmental pollutants
with carcinogenic, teratogenic, neurotoxic, geno-
toxic, and bioaccumulation effects, which cause
damage to the human body and ecosystem; ex-
posure to soils contaminated with Hg has caused
devastating neurological damage, kidney dam-
age, and even death, is a threat to human health
(Liu et al., 2020; Tiodar et al., 2021). Zinc (Zn) is
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an essential heavy metal because it is indispens-
able for physiological and biochemical processes
during the life cycle of plants; however, it can be-
come toxic in excess (Yan et al., 2020). Both Hg
and Zn cause environmental pollution and severe-
ly affect various physiological and biochemical
processes in crop plants and reduce agricultural
productivity (Furini et al., 2015).

Given the above problems, phytoremediation
is a cost-effective ecological technique that takes
advantage of the ability of some plant species to
extract and adsorb heavy metals or reduce their
bioavailability in the soil (Vimal and Singh, 2020).
The main advantages of phytoremediation are: (i)
reduced cost of installation and maintenance, (ii)
reduction of the exposure of pollutants to the en-
vironment and ecosystems, (iii) prevention of ero-
sion and leaching of metals, reducing the risk of
contamination, (v) can also improve soil fertility by
releasing various organic matter into it (Yan et al.,
2020; Vimal and Singh, 2020; Furini et al., 2015).

In recent decades, numerous studies are aimed
to determine the molecular mechanisms about the
tolerance of heavy metals and how to develop
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techniques to enhance phytoremediation efficien-
cy. In this sense, this research aims to evaluate the
potential of phytoadsorption of mercury and zinc
in agricultural soils by Sphagneticola trilobata.

METHODOLOGY

The soil and plant samples used in this research
were collected from a community known as Balsa-
En-Medio with coordinates 617373 E; 9890506 N,
belonging to the Bolivar canton, Manabi-Ecuador
(Figure 1). This study area has characteristics of
tropical climate, influenced by the changes that oc-
cur in the Pacific Ocean and by the movement of
the Intertropical Convergence Zone; according to
the bioclimatic map of Ecuador, this region is clas-
sified as Tropical Sub-humid, located in an ecolog-
ical region of tropical dry forest type.

Soil collection and planting of
Sphagneticola trilobata in microcosmos

Sphagneticolatrilobatawaschosenconsidering
adaptability, physiological characteristics, and
wide distribution in tropical and subtropical areas
(Sun et al., 2019). The microcosmos test was

performed in a greenhouse (8%12 meters) from
the City of Agricultural Research, Innovation, and
Development (CIIDEA) at the ESPAM MFL, at
approx. 25 °C avoiding significant variations in
light and temperature for which the area was cov-
ered with cadi leaves (Phytelephas). The following
procedure was performed:

Individuals of Sphagneticola trilobata from
20 to 25 cm in height were considered. The initial
content of Hg and Zn in roots and the plant-
air zone was evaluated by inductively coupled
plasma — optical emission spectrometry (ICP-
OES) method. At a depth of 0 to 30 cm, 15 kg
of soil were taken from the greenhouse. This soil
was contaminated with solutions of Hg(NO,),
and Zn(NO,), (Ortega et al., 2011), to achieve fi-
nal concentrations of 27 nug/g of Hg and 180 pg/g
of Zn. Contaminated soil was distributed in pots
of 6 kg. In each pot, individuals of Sphagneticola
trilobata were planted and watering was applied
every three days (200 ml of water per pot).

At the end of the trial period (60 days), the
concentrations of Hg and Zn in soil and Sphag-
neticola trilobata were quantified by the ICP-
OES method.
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Figure 1. Location of the soil collection site (Balsa-En-Medio, Ecuador)
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Application of Sphagneticola trilobata
in situ phytoremediation

The phytoadsorption test in situ on the banks
of the river of the Balsa-En-Medio community,
a place selected for the constant development of
agricultural activities in which contamination of
Hg and Zn was previously detected. The follow-
ing procedure was performed:

The initial concentrations of Hg and Zn were
determined. Sphagneticola trilobata was sowed
in two plots of 40 m? each one (Length = 10 m;
Width = 4 m). After 90 days, the final concentra-
tions of Hg and Zn in the soil were determined.

Comparison of the phytoremediation
potential of Sphagneticola trilobata
with other plant species

A systematized literature review was carried
out in research databases like Scopus and Web
of Sciences to identify quantitative references on
the phytoremediation potential of Hg and Zn that
other plant species possess. The selection criteria
were based on the following: publications with
quantitative data of the initial and final concen-
trations of Hg and Zn content in plants and soil;
publications with high solidity in their results;
and selected research over the last ten years.

RESULTS AND DISCUSSION

Adsorption effects in microcosmos

At the start of the experiment, the seedlings of S.
trilobata revealed a Hg content <0.001 pg/g in roots

and leaves. The concentration of Zn in roots was
2.79 pg/g and 2.32 ng/g at the leaves, indicating that
the seedlings did not contain higher concentrations
of heavy metals. Regarding the phytoadsorption test
in microcosmos pots, it was found that the Hg soil
content was reduced from 26.53 ug/g to 10.83 ug/g,
obtaining the removal of 59.22%. A concentration
of 12.57 ng/g was determined in the roots, while
0.09 pg/g was in the leaves (Figure 1). These find-
ings agreed with Ranieri et al. (2019), who obtained
a reduction of 52.30% using H. annuus (sunflower)
for phytoadsorption of soils contaminated with Hg.

Regarding the Zn content, this was reduced
from 186.69 pg/g to 66.51 pg/g, meaning a
64.37% of removal; in this case, 70.15 pg/g of Zn
were found at the roots and 24.39 pg/g of Zn in
the leaves of S. trilobata respectively (Figure 2).
The high absorption capacity of Zn by S. trilo-
bata could be attributed to the large amount of pa-
renchyma in its tissues. In addition, Zn is mostly
concentrated in the roots of plants belonging to
the Asteraceae family in relation to its leaves.

Adsorption effects in soil

In soil, the level of Hg was reduced from
24.88 ng/g to 14.06, representing a decrease of
43.49%; results that agree with the reports of Hg
reduction with Eichhornia crassipes (Rusnam and
Efrizal 2016). Similarly, soil Zn levels went from
101.24 ng/gto 68.15 ng/g, reflecting a reduction of
32.68%; in agreement with the reduction of Zn in
soil by Eichhornia crassipes (Bassey et al., 2018).

According to Marrugo et al. (2015), the Bio-
concentration Factor (BCF) records the metal up-
take from soil to roots, while the Translocation
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Figure 2. Hg concentration in the microcosmos phytoadsorption assay
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Table 1. Distribution of Hg and Zn in soil, roots and shoot of Sphagneticola trilobata

Initial concentration | Final concentration Concentration Concentration . .
Heavy metals . ; . ) . ] BCF TF
in soil in soil in roots in leaves
Hg (ng/g) 26.53 10.83 12.57 0.09 1.16 0.01
Zn (ug/g) 186.69 66.51 70.15 24.40 1.06 0.35

*BCF — bioconcentration factor, **TF — translocation factor.

Factor (TF) is the metal uptake from roots to shoot
(Tripti & Vimal, 2019). Table 1 shows the results
of the analysis of Hg and Zn in the soil, roots and
leaves of Sphagneticola trilobata, finding that the
BCF of Hg is 1.160, with a TF of 0.006. Therefore,
the plant is considered a phytostabilizing system,
where Hg is highly transferable during early pe-
riods of exposure. In addition, it has been shown
that the greatest translocation of Hg occurs when
the roots are exposed to a greater volume of soil,
promoting better absorption of the metal (Smolin-
ska and Szczodrowska, 2016). On the other hand, a
low TF represents low plant adsorption to the con-
taminant to avoid its toxic effects.

The BCF of Zn in Sphagneticola trilobata was
1.055, and the TF of 0.348, showing also a phy-
tostabilizer effect for Zn. Similar results were ob-
tained for Helianthus annuus in soils contaminated
with Zn, with an BCF of 0.973 and a TF of 0.464
(Arunakumara et al., 2015). In general, the amount
of Hg that accumulates in the roots and aerial parts
of the species analyzed in this research is directly
proportional to the concentration of Hg in the soil
and the time of exposure; in addition, normally the
concentration of Hg in the roots is higher than in
the leaves, because the absorption of metals by the
roots is rapid compared to transport to other tissues

(Marrugo et al., 2015; Lominchar et al., 2015;
Chattopadhyay et al., 2012).

Comparison with other species

Regarding the efficiency of other plant species
in Hg adsorption (Figure 3), Jatropha curcas rep-
resented a removal up to 2 pg/g in decreasing or-
der: roots> leaves> stems (Marrugo et al., 2015).
The species Oxalis comiculata shows a smaller
distribution in the removal of Hg, reaching up to
0.5 ng/g, pointing out that the amount of Hg in all
parts of this species and especially in the shoots,
can be increased using enhancers such as Na S,0,
(Liu et al., 2018). Sorghum bicolor showed the
largest distribution in terms of Hg removal, with a
maximum of 2.6 ug/g, suggesting that this species
can survive and grow well in soils contaminated
with Hg (Kokyo et al., 2016).

Bypha domingensis is the species with the
lowest distribution for Hg adsorption, reaching a
maximum limit of 0.3 pg/g; although, the accumu-
lation of Hg in the organs of this species depends
on the concentration of Hg in the environment
(Lominchar et al., 2015). Eichhornia crassipes de-
scribe a remarkable distribution, with an upper
limit of 1.91 pg/g, emphasizing that this species
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Figure 3. Zn concentration in the microcosmos phytoadsorption assay
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can adsorb both Hg and methylmercury (MeHg)
in significant amounts even under extremely high
levels of pollution (Chattopadhyay et al., 2012).
As shown in Figure 4, Arundo donax repre-
sents the largest distribution in terms of Zn re-
moval in contaminated soils, with an upper limit
of up to 10.45 pg/g, reporting that the biomass
and root length of this species are directly propor-
tional to the concentration of Zn (Li et al., 2014).
On the other hand, Helianthus annuus L. showed
a maximum of up to 7.84 ug/g with a narrower
distribution; in addition, this species accumulates
up to 45.46 ug/g of Zn (Mani et al., 2015).
Besides, Salix pedicellata achieves a removal of
up to 9.71 pg/g of Zn; in this species, high concen-
trations of Zn cause immediate wilting and the
appearance of chlorosis (Amdoun et al., 2020).
Miscanthus sacchariflorus shows a remarkable
distribution with a limit of decrease of 5.77

pg/g of Zn with levels of two to seven times
higher in the roots than in the shoots, and, cor-
relating significantly in a positive way with the
concentration of Zn (Li et al., 2014) (Figure 5).

CONCLUSIONS

In conclusion, processes such as phytoad-
sorption in agricultural soils reduce the content
of heavy metals. After 60 days, regarding the phy-
toadsorption test in microcosmos pots, it was found
that the Hg soil content was reduced up to 59.22%,
and Zn was reduced up to 64.37%. In soil, the level
of Hg was reduced up to 43.49% meanwhile Zn
concentrations were reduced up to 32.68%. Accord-
ing to the factors of bioconcentration and transloca-
tion, Sphagneticola trilobata is phytostabilizing for
both metals. Like other species, the adsorption time
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Figure 4. Bibliographic review of various species used in the phytoremediation of soils contaminated with Hg
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Figure 5. Bibliographic review of various species used in the phytoremediation of soils contaminated with Zn
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of this plant species is directly proportional to the
extraction of the heavy metal.

Acknowledgements

The authors thank the valuable collabora-
tion of the Agricultural Association of the Com-
munity Balsa-En-Medio AGROBEM, Carlos
Banchoén, César Pinargote and Maria Delgado
from ESPAM-MFL.

REFERENCES

1. Amdoun R., Bendifallah N., Sahli F., Moustafa K.,
Hefferon K., Makhzoum A., Khelifi L. 2020. Im-
proving zinc phytoremediation characteristics in
Salix pedicellata with a new acclimation approach.
International Journal of Phytoremediation, 1-10.
DOI: 10.1080/15226514.2019.1708862

2. Arunakumara K., Walpola B., Yoon M. 2015. Bioaug-
mentation-assisted phytoextraction of Co, Pb and Zn:
an assessment with a phosphate-solubilizing bacterium
isolated from metal-contaminated mines of Boryeong
Area in South Korea. Biotechnology, Agronomy, So-
ciety and Environment, 19(2), 143—152.

3. Bassey E., Ajayi L., Ugbaja A. 2018. Pb, Zn, Cu, Ni
and Co Contents of water and sediments, in rela-
tion to phytoremediation and translocation by wa-
ter hyacinth (Eichhornia crassipes Mart. Solms.) at
some creeks of the Great Kwa River, Southeastern
Nigeria. International Journal of Environment and
Pollution Research, 6(2), 16-37.

4. Chattopadhyay S., Fimmen R., Yates B., Lal V.,
Randall P. 2012. Phytoremediation of Mercury- and
Methyl Mercury-Contaminated Sediments by Wa-
ter Hyacinth (Eichhornia crassipes). International
Journal of Phytoremediation, 14(2), 142—-161. DOI:
10.1080/15226514.2010.525557

5. Furini A., Manara A., DalCorso G. 2015. Editorial:
Environmental phytoremediation: plants and microor-
ganisms at work. Frontiers in Plant Science, 6. https://
www.frontiersin.org/article/10.3389/fpls.2015.00520

6. Khalid A., Berhan A., Graham B. 2018. Phytore-
mediation of Pb and Cd contaminated soils by us-
ing sunflower (Helianthus annuus) plant. Annals of
Agricultural Sciences, 63(1). https://www.science-
direct.com/science/article/pii/S0570178318300174

7. Kokyo O., Sachiko T., Sri W., Hardita L., Retno
R., Irfan D. 2016. Phytoremediation of mercury
contaminated soils in a smallscale artisanal gold
mining region of Indonesia. International Journal
of Biosciences and Biotechnology, 3(1). https://ojs.
unud.ac.id/index.php/jbb/article/view/18672

8. LiC., XiaoB.,WangQ.,Yao S., WuJ. 2014. Phytore-
mediation of Zn- and Cr-contaminated soil using two

promising energy grasses. Water, Air, & Soil Pollu-
tion, 225(7). DOI: 10.1007/s11270-014-2027-5

9. Liu Z., Chen B., Wang L., Urbanovich O., Na-
gorskaya L., Li X., Tang L. 2020. A review on
phytoremediation of mercury contaminated soils.
Journal of Hazardous Materials. DOI: 10.1016/j.
jhazmat.2020.123138

10. Liu Z., Wang L., Ding S., Xiao H. 2018. Enhancer
assisted-phytoremediation of mercury-contaminat-
ed soils by Oxalis corniculata L., and rhizosphere
microorganism distribution of Oxalis corniculata
L. Ecotoxicology and Environmental Safety, 160,
171-177. DOI: 10.1016/j.ecoenv.2018.05.041

11. Lominchar M., Sierra M.J., Millan R. 2015. Accu-
mulation of mercury in Typha domingensis under
field conditions. Chemosphere, 119. 994-999. DOI:
10.1016/j.chemosphere.2014.08.085

12. Marrugo J., Durango J., Pinedo J., Olivero J., Diez S.
2015. Phytoremediation of mercury-contaminated
soils by Jatropha curcas. Chemosphere, 127. 58-63.

13. Ranieri E., Moustakas K., Barbafieri M., Ranieri A.,
Herrera J., Petrella A., Tommasi F. 2019. Phytoex-
traction technologies for mercury- and chromium-
contaminated soil: a review. Journal of the Society
of Chemical Industry. DOI: 10.1002/jctb.6008.

14. Rusnam, Efrizal. 2016. The Ability of Water Plants
to Reduce the Level of Mercury Pollution in Wa-
ter Quality in Irrigation. International Journal of
Waste Resources, 6. https://www.longdom.org/
open-access/the-ability-of-water-plants-to-reduce-
the-level-of-mercury-pollution-inwater-quality-in-
irrigation-2252-5211-1000225.pdf

15. Smolinska B., Szczodrowska A. 2016. Antioxida-
tive response of Lepidium sativum L. during assisted
phytoremediation of Hg contaminated soil. New
Biotechnology. DOI: 10.1016/j.nbt.2016.07.004.

16.Sun L., Wang Z., Wang Y., Xu J., He X. 2019. An-
ti-proliferative and anti-neuroinflammatory eudes-
manolides from Wedelia (Sphagneticola trilobata
(L.) Pruski). Fitoterapia, 104452. DOI: 10.1016/j.
fitote.2019.104452

17. Tiodar E., Vacar C., Podar D. 2021. Phytoremedia-
tion and Microorganisms-Assisted Phytoremedia-
tion of Mercury-Contaminated Soils: Challenges
and Perspectives. Int. J. Environ. Res. Public Health,
18. DOI: 10.3390/ijerph18052435

18. Tripti M., Vimal C. 2019. Phytoremediation of Red
Mud Deposits Through Natural Succession. Else-
vier Inc, 409-424.

19. Vimal C., Singh D. 2020. Phytoremediation Poten-
tial of Perennial Grasses. Elsevier Inc.

20.Yan A., Wang Y., Tan S., Yusof M., Ghosh S., Chen
Z.2020. Phytoremediation: A Promising Approach
for Revegetation of Heavy Metal-Polluted Land.
Frontiers in Plant Science, 11. https://www.fron-
tiersin.org/article/10.3389/fpls.2020.00359

235



