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Abstract

The pervasive issue of water contamination by heavy metals poses significant environmental and public health
challenges, requiring innovative and effective remediation strategies. This study aims to compare the use of dead
and live hyperaccumulators that could be implemented as an environmentally friendly, practical and economical-
ly viable method for the removal of heavy metals from contaminated bodies of water; in order to do so, Helian-
thus annuns, Cynodon dactylon, Jacaranda mimosifolia (dead) and Spirulina sp. (alive) were selected and employed due
to their phytoremediation properties. The results demonstrate a significant reduction in Cd, Cu, Pb, and
Zn levels in the water samples, further demonstrating the potentials of kinds of hyperaccumulators as a sustai-

nable solution for cleaning heavy metal contaminated bodies of water.
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Introduction

Usually, the cleaning of bodies of water consists only
of the removal of plastics from them; in some more
isolated cases, oils are also cleaned from their surfa-
ces, but this only creates an illusion of cleanliness;
while not to be underestimated, and ultimately better
done than not, these efforts often forget that while
the surface of the water is clean, the water per se is
still contaminated. Contamination can be both
biological and chemical, however between the two
there are, in most cases the chemical is the one that is
hardest to treat, being heavy metals some of the more
serious contaminants due to their harmful effects in
low quantities, their hardness to remove, the
exponential increase of their presence in the ambient
among others. Therefore and in other to contribute to

the solution of this problem, we found inspiration in

phytoremediation, which consists of "taking advan-
tage of the capacity of certain plants to absorb, accu-
mulate, metabolise, volatilise or stabilise pollutants
present in the soil, air, water or sediments..."
(Delgadillo-Loépez et al., 2011); we believe it has been
misunderstood, usually only using one agent at a time,
when in reality several could be used simultaneously,
thus achieving greater efficiency in the method. In
this way, it is possible the recovery of bodies of water
for both human and endemic species use, while at the
same time avoiding problems such as the creation of
chemical sludge (precipitation and mixing of metals
with the bodies of water sediment when trying to
decontaminate them), or the use of other chemical
agents that can be harmful. Yet, it was hard to decide
which hyperaccumulators to use because, and as we
consider, there are two main types; dead hyperaccu-
mulators, acting more like an sponge by absorbing the
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heavy metal ions, and the live ones, which ingest the
ions and overtime start decomposing, using or just
absorbing them; in order to know their advantages
and disadvantages contrasted to the other, we decided
compare them side to side in a fairly identical scena-
rio. This does not change our view in the joint
utilizations of hyperaccumulators and consequently,
we believe that by placing the selected hyperaccumu-
lators in the heavy metal contaminated water, the
heavy metal ions will be attached to the structures of
the dead hyper-accumulators and consumed by the
live one, making it possible to remove the heavy
metals from the water in which they are found and
measure said removal, determining which performs
the best taking into consideration the circumstances
in which they could be used.

Limitations of the study

It is important to bear in mind that when non-native
species are introduced into the environment, in this
case the spirulina sp. which must be used alive, they
must be contained or highly monitored to prevent

them from becoming invasive species or disrupting
the ecosystem, thus generating more harm than good;
factor that has been considered in the planning and
research. Due to the limited budget available for this
research, measurements could only be made for
groups of hyperaccumulators and not each individual
one, however there have been previous studies regar-
ding the capabilities of each one; also, only four me-
tals were measured, which were selected because they,
as we consider, are not only the most common but al-
so some of the most harmful to the environment and

people.

Materials and methods

In the present study the heavy metals studied were
Cd, Cu, Pb and Zn, whereas the hyperaccumulators
used were Helianthus annuus, Cynodon dactylon, Jacaranda
mimosifolia’s flowers (all the mentioned before dead
and excluding the roots; for Helianthus annuns the
leaves were also excluded) and Spirulina sp. (alive).
The totality of materials used is listed in Table 1.

Organic matter

Table 1

Inorganic matter Full list of materials nsed

100 g of Spirulina sp. (obtained through private cultivation)

100 cm of cotton thread

200 g of Helianthus annuus (obtained through private
cultivation)

5 coffee filters

100 g of Cynodon dactylon (obtained from Colonia Santin,
Toluca)

2004 ml of distilled water

100 g of flowers of Jacaranda mimosifolia (obtained from

trees in the Ciudad Universitaria, Mexico City and Colonia 7 mg of Cd
Santin, Toluca).
100 g of flowers of Jacaranda mimosifolia (obtained from
trees in the Ciudad Universitaria, Mexico City and Colonia 13 mg of Cu
Santin, Toluca).
7 mg of Pb
25 mg of Zn

4 ml of HNOs (nitric acid)

Experimental design

Two beakers were first treated with nitric acid, dissol-
ved at a 1:1 ratio with distilled water, to prevent the
metal ions from adhering to their walls, then 1000
ml of distilled water were added to each. Subsequently
5gof Cd, 10 g of Cu, 5 g of Pb and 20 g of Zn were
mi-xed into one beaker (water sample #1) and 2 g of
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Cd, 3 gof Cu, 2 g of Pb and 5 g of Zn were mixed
into the other one (water sample #2); it was cho-
sen to mix different amounts of heavy metals into
the samples due to the negative effects it could have
in the spirulina sp. and considering the difference in
mass of the hyperaccumulators; next the pH of both
water samples was measured to see if the proposed
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method has any influence in it. Afterwards, 200 g of
the dead hyperaccumulators (100 g  Helianthus
annuns, 50 g Cynodon dactylon and 50 g Jacaranda
mimosifolia) were added into each of the two bags,
each made of two coffee filters and sewn together
with thread to avoid the spreading of the hyperaccu-
mulators facilitating their extraction, as shown in Fi-
gure 1; another bag was also made, this time with a
single coffee filter in which 100 g of Spzrulina sp.
were placed, being the bag of the live hyperaccumu-
lator. Subsequently, the first bag of dead hyperaccu-
mulators was submerged, in its entirety, in the water
sample #1 for a total of 120 seconds, after the time
has passed it was extracted and pressed in order to
remove all the water it could have absotbed, then the
pH of the solution was measured. For the second bag
of dead hyperaccumulators the above steps were
repeated and it was also submerged in water sample
#1. At the end of the second pH measurement of the
solution, an aliquot was separated and dissolved, due
to measurement requirements, to a 1:3 aliquot-
distilled water ratio and later marked as treatment
sample #1. Afterwards, the bag with the spirulina sp.
was introduced into the water sample #2, in which
was kept submerged for 5 minutes; once this time had
elapsed, the bag was removed, the pH of the solution
was measured, an aliquot was separated and dissolved
to a 13:37 aliquot-distilled water ratio, then labelled as
treatment sample #2. Next, the treatment samples
were sent to a laboratory certified by the EMA to
measure the heavy metals concentrations; This was
done by Atomic Absorption Spectrometry according
to the standards of Mexico’s Ministry of Economy. It
is worth mentioning that all the bags were properly
discarded after their use.

Figure 1. The two dead hyperaccumulators and the smaller
livelyperaccumulator bags.

Results

Measurements

To obtain the correct data, and because the samples
had to be dissolved to make the measurements, we
calculated the real concentrations following Eq. [1]:

3 b+c [1]
d

where a is the actual metal concentration in mg,
b is the ml of water of which the concentration
to be
aliquot dissolved and d is the ml of water of the
aliquot.

known, c¢ is the mg of metals in the

; Figure 2
- Change in the amount of metal mg Initial and fnal
i concentration of
20 beavy metals per
. Liter of water in
1= the two water
10 sanples
5 c c
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Changes in the samples

The total metal concentration in the treatment
sample #1 decreased by 72.5% on average respect
to the original one; similarly, the total metal
concentration in the treatment sample #2 decreased
by 38.7% on average with respect to the original one.
The individual decrease per metal is shown in Figure 2
for each treatment sample and the overall for dead

and live hyperaccumulators is show in Table 2.

For the
solution changed from transparent at the beginning to
a light orange shade after adding the first bag of dead

water sample #1, the colouring of the

hyperaccumulators, it changed again when the second
bag was added to a darker shade of orange; It did not
change when the bag with the live hyperaccumulator
was added. The original pH of both water samples
marked a value of 1, which did not change
throughout the measu-rements done.

Table 2. Performance of each hyperaccumulator group.

Hyperaccumulator Total mass of the Initial total Total massof mg of metal absorbed per g of
group hyperaccumulators ~ massof metals metal absorbed hyperaccumulator mass
Live 100 g 12mg 4.65 mg 4.65 * 1072
Dead 400 g 40 mg 29.02mg 7.255 % 1072
Discussion they are given time, while the dead hyperaccu-
) . ) mulators have a fixed amount of heavy metals they
Although there is and important difference

can absorbe and once reached, the absorbance will
irremediably finish. Yet this doesn’t mean they
necessatily have to be used nor understood separately,
if the joint absorption of heavy metals is measured it
shows an average reduction of 64.7%. If analyzed as
so, the results would corroborate the effectiveness
of a joint treatment by theoretically managing to de-

between the capabilities to absorb the heavy metals
between dead and live hyperaccumulators, being the
dead ones the group that overperformed compared to
the live one, it is fair to remark the fact that the live
hyperaccumulators have the cappability to continuing
absorbing and digesting the heavy metals as long as

Table 3. SEMARNAT water quality standards (SEMARNAT, Normas Oficiales Mexicanas, 2013)

MAXIMUM PERMISSIBLE LIMITS FOR HEAVY METALS AND CYANIDES
— NATURAL AND
£ COASTAL
" RIVERS ARTIFICIAL WATERS SOIL
E RESERVOIRS a
g LlTse in Usban Prorecri911 p]se in Urban Fifh_‘u?g, . ‘ FTse in Natural
= agricultural . of aquatic agricultural . navigation, Recreation Estuaries agricultural
o = public use X s public use A N s wetlands
= irrigation ®) life irrigation © and other B) ®B) irrigation B)
P (A) © B) uses (A) A)
mg/l DA. | MA. | DA, | MA. | DA. | MA. | DA, | MA. | DA, | MA. | DA, | MA. | DA, | MA. | DA, | MA. | DA, | MA. | DA, | MA
As 0.2 04 0.1 0.2 0.1 0.2 0.2 04 0.1 0.2 0.1 0.2 0.2 0.4 0.1 0.2 0.2 04 0.1 0.2
Cd 0.2 0.4 0.1 0.2 0.1 0.2 0.2 0.4 0.1 0.2 0.1 0.2 0.2 0.4 0.1 0.2 0.05 0.1 0.1 0.2
Cn 1.0 3.0 1.0 20 1.0 20 20 3.0 1.0 20 1.0 1.0 1.0 3.0 1.0 20 20 30 1.0 20
Cu 4.0 6.0 4.0 6.0 4.0 6.0 4.0 6.0 4.0 6.0 4.0 6.0 4.0 6.0 4.0 6.0 4.0 6.0 4.0 6.0
Cr 1.0 1.5 0.5 1.0 0.5 1.0 1.0 1.5 0.5 1.0 0.5 1.0 1.0 1.5 0.5 1.0 0.5 1.0 0.5 1.0
Hg 0.01 0.02 | 0.005 | 0.01 | 0.005 | 0.01 0.01 0.02 | 0.005 | 0.01 0.01 0.02 0.01 0.02 0.01 0.02 | 0.005 | 0.01 | 0.005| 0.01
Ni 20 4.0 20 4.0 20 4.0 20 4.0 20 4.0 20 4.0 20 4.0 20 4.0 20 4.0 20 4.0
Pb 0.5 1.0 0.2 0.4 0.2 0.4 0.5 1.0 0.2 0.4 0.2 0.4 0.5 1.0 0.2 04 5.0 100 | 02 0.4
Zn 100 | 200 | 100 | 200 | 100 | 200 | 10.0 | 200 | 100 | 200 | 10.0 | 200 | 100 | 200 | 10.0 | 200 | 100 | 200 | 100 | 20.0
(*) Measured in total
D.A. = Daily Average — M.A. = Monthly Average
(A), (B), (C) = Type of receiving body according to the Federal Rights Law
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crease the concentration of Zn to one that complies
with the SEMARNAT (Mexico’s
ministry) water quality standards, shown on Table 3, in
all aspects, the concentration of Cu would have
complied to the daily limits,
the monthly ones, the concentration of Pb would
be 1.55 mg/L short of the monthly limits and 2.05
mg/L short of the daily limits, both for irrigation
use, the concentration of Cd would be 2.25 mg/L
short of the monthly limits and 2.45 mg/L short of the
daily limits, both for irrigation use (all of them in the
rivers section). It is worth mentioning that the dead
hyperaccumulators bags presented some ruptures
when extracted. Emphasizing that the dead and live
hyperaccumulators used, in their respective contexts,
have shown the capacity to absorb Ag, As, Au, Ba, Cr,
Co, Hg, Li, Ni, Sn, U (Acefiolaza et al., 1999; Cuizano
and Navarro, 2008)
quantities is important because it allows to estimate
that effective in the
phytoremediation process than has been demonstrated
in the present research.

environment

yet it wouldn’t for

among others in different

they are even more

Conclusions

As previously stated, we do not want to generate
division between which kind of hyperaccumulators is
better than the other, because it really depends on each
independent situation to determine the ones that are
best suited for the needs presented as well as taking
into consideration the ones available; We rather intend
to give more information regarding the phytoreme-
diation topic, along with proposing another way to
extract heavy metals from bodies of water than the
ones currently being used that can be harmful in the
long term, expensive or complex to implement in more
marginalized communities, which are the ones that
tend to be more affected by the contamination. Also,
we want to acknowledge the possibility to repeat the
study by now taking into consideration different
variables in order to be able to give a more complete
picture regarding the different capabilities of the
hyperaccumulators.

Acknowledgements

We especially thank Ana E. Valdez for mentoring and
accompanying us through the investigation. We also thank
M. Noemi Ahumada, Mirna G. Florez, G. Carolina Jardon
and Margarita Enriquez for all their support. This study was
funded in its totality by the authors.

62

Conflict of interest
The authors declare that there are no conflicts of
interest.

References

ACENOLAZA P.G., GALLARDO M., GONZALEZ
J.A., FERNANDEZ-TURIEL J.L. (2005) Analisis de
elementos contaminantes en especies arbéreas en la locali-
dad de Lastenia (Provincia de Tucumdn, Argentina): 1-
Metales Pesados. Natura Neotropicalis, 2(29):97-103.
https://doi.org/10.14409 /natura.v2i29.3727.

BEDOYA BETANCUR S., ARRIOLA-VILLASENOR
E., VALENCIA GONZALEZ ].D., ORTIZ MUNOZ
D.A., BARRERA ZAPATA R., HERNANDEZ J.A,
ARDILA ARTAS A.N. (2023) Adsorcién de metales pesa-
dos presentes en aguas residuales no domésticas usando
residuos agroindustriales de banano. Revista ION, 36(2):
15-32. https://doi.org/10.18273 /revion.v36n2-2023002

CUIZANO N.A., NAVARRO A.E. (2008) Biosorcién de
metales pesados por algas marinas: posible solucién a la
contaminacién a bajas concentraciones. Anales De

Quimica de La RSEQ, 2(104):120-125. https://anales de

quimica.es/index.php/AnalesQuimica/article/view/1578

DELGADILLO-LOPEZ A.E-. GONZALEZ-RANI-
REZ C., PRIETO-GARCIA F., ACEVEDO O. (2011)
Phytoremediation: an alternative to eliminate pollution.
Tropical and Subtropical Agroecosystems. Universidad
Auténoma  del Estado de Hldalgo 2(14):597-612.

rticle/view/814.

GOBIERNO DE MEXICO (2013) Secretaria de Medio
Ambiente y Recursos Naturales and Comisién Nacional
del Agua: Normas Oficiales Mexicanas. https://www. Con
agua.gcob.mx/CONAGUAOQ7/Publicaciones/Publicacione
s/S GAA-15-13.pdf.

GOBIERNO DE MEXICO (2016)
Economia: anali-sis de agua - determinacién de metales

Secretaria de

por absorciéon até-mica en Aguas naturales, potables,
residuales y residuales tratadas - método de prueba
(cancela a la nmx-aa-051- 2001). (nmx-aa-051-scfi-2016).
http://www.economia-nmx.gob.mx/normas/nmx/2010
nmx-aa-051-scfi-2016.pdf, 2016.

GOBIERNO DE MEXICO (2020) Sectetaria de Medio
Ambiente y Recursos Naturales and Comisién Nacional
del Agua: Diagnostico de calidad del agua de la Region
Hidrolégica Lerma Santiago Pacifico: Resultados de 1a Red
Nacional de Medicion de la Calidad del Agua. ttps://files.

conagua.gob.mx/conagua/generico/calidad del agua/dia
gnostico lerma santiago pacifico 2012-2018.pdf, n.d.


https://doi.org/10.14409/natura.v2i29.3727
https://doi.org/10.18273/revion.v36n2-2023002
https://ana/
https://www.revista.ccba.uady.mx/ojs/index.php/TSA/article/view/814
https://www.conagua.gob.mx/CONAGUA07/Publicaciones/Publicaciones/S GAA-15-13.pdf
http://www.economia-nmx.gob.mx/normas/nmx/2010/nmx-aa-051-scfi-2016.pdf
https://files.conagua.gob.mx/conagua/generico/calidad_del_agua/diagnostico_lerma_santiago_pacifico_2012-2018.pdf

A. Zimerman, D.H. Herndndez,

DOI: 10.6092/issn.2281-4485/20146

EQA 063 (2024): 58-63

GOBIERNO DE MEXICO (2024) Comisién Nacional
del Agua: Programa Hidrico Regional 2021-2024: Region
Hidrolégico-Administrativa VIII Lerma Santiago Pacifico.
https://files.conagua.gob.mx/conagua/generico/PNH
PHR 2021- 2024 RHA VIII I.SP.pdf.

HORTA-PUGA G., CHAZARO-OLVERA S., WIN-
FIELD 1, LOZANO-ABURTO M.A.,, ARENAS-
FUENTES V. (2016) Metales pesados en macroalgas del
Sistema Arrecifal Veracruzano, sur del Golfo de México.
Revista bio ciencias. 4(3):326-339. https://doi.org/10.
15741 /revbio.03.04.07

ITESM - Instituto Tecnolégico de Estudios Superiores
Monterrey (2021) Protocolo de manejo de productos y
residuos quimicos. https://repositorio.tec.mx/bitstream
handle/11285/641058/Protocolo%20de%20manejo%20d
€%20qu%C3%ADmicos%20v%20residuos%2020211105.
pdf?sequence=1&isAllowed=y

63

SANCHEZ-SILVA ].M., GONZALEZ-ESTRADA R..
R, BLANCAS-BENITEZ F.J., FONSECA-CANTA-
BRANA A (2020) Utilizacién de subproductos agroindu-

striales para la bioadsorcion de metales pesados. TIP

Revista Especializada en Ciencias Quimico-Bioldgi-
cas,12(23):1-18. https://doi.org/10. 22201/fesz.239587
23¢.2020.0.261

SEKABIRA K., ORYEM-ORIGA H., MUTUMBA G. ,
KAKUDIDI E.. BASAMBA T.A. (2011) Heavy metal
phytoremediation by Commelina benghalensis (L) and Cynodon
dactylon (L)) growing in Urban stream sediments. Interna-

tional Journal of Plant Physiology and Biochemistry,
2(15):133-142. https://doi.org/10.5897/1]PPB2023.0318

TEJADA C., VILLABONA A, GARCES 1. (2015) Ad-
sorcién de metales pesados en aguas residuales usando
materiales de origen biolégico. Tecno Logicas, 34(18):109
—123.  https://www.redalyc.org/pdf/3442/3442343360

10.pdf



https://files.conagua.gob.mx/conagua/generico/
https://files.conagua.gob.mx/conagua/generico/PNH/PHR_2021-
https://files.conagua.gob.mx/conagua/generico/PNH/PHR_2021-2024_RHA_VIII_LSP.pdf
https://doi.org/10.15741/revbio.03.04.07
https://repositorio.tec.mx/bitstream/handle/11285/641058/Protocolo de manejo de qu%C3%ADmicos y residuos 20211105.pdf?sequence=1&isAllowed=y
https://repositorio.tec.mx/bitstream/handle/11285/641058/Protocolo de manejo de qu%C3%ADmicos y residuos 20211105.pdf?sequence=1&isAllowed=y
https://doi.org/10.22201/fesz.23958723e.2020.0.261
https://doi.org/10.5897/IJPPB2023.0318
https://www.redalyc.org/pdf/3442/344234336010.pdf

