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Abstract
Cadmium (Cd), a toxic heavy metal is a common contaminant in rice paddy soil.
Phytoremediation is seen as one of the cheaper methods of removing heavy metals from
contaminated soil. This research was designed to test the efficacy of three weed species
(Ipomoea aquatica L, Sphenoclea zeylanica Schmidt and Pistia stratiotes L.) associated
with low-land rice (Oryza sativa L.) to extract Cd from a rice paddy soil near two industrial
establishments in a rural area in the Philippines. Levels of initial and final Cadmium content
of the soil were analyzed. Soil pH, and moisture, as well as the Cd content of the plants
were also compared after harvest. The tested weed species significantly reduced the soil Cd
level compared to rice and the negative control, suggesting the potential of these weeds in
extracting Cd from the soil. Among the three weeds, Pistia stratiotes had the highest total
cadmium concentration level followed by Ipomeoa aquatica, and Sphenoclea zeylanica, while
rice had the lowest concentration. These weeds then can be used for the phytoremediation
of Cd-contaminated soil.
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Introduction
Heavy metal contamination has ecological
risks and is detrimental to human health
(Henry, 2000; Sawabe et al., 2006; Subhashini
& Swamy, 2015). Non-essential Cadmium
(Cd) is among the toxic heavy metals that
pose great hazards to humans (Adriano,
2001; Hu et al., 2013; Jiang et al., 2016;
Yuan et al., 2014). It can cause kidney
disease, bone damage and cancer (WHO,
*Correspondence: marialeah322@gmail.com

2007). Short-term exposure to this metal has
been also previously associated with fever,
leukocytosis (Johnson & Kilburn, 1983) and
pulmonary edema (Blejer et al., 1966).
Rice (Oryza sativa L.) is vulnerable to
Cd contamination especially those planted in
paddies located near mining and industrial
firms (Sriprachote, 2012; Kim et al., 2015;
Honda et al., 2010; Williams et al., 2009).
Phosphate fertilizers are also shown to
increase soil cadmium levels (Godt et al.,
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2006) which may be absorbed by the plants.
This is of particular concern in Asian countries
where rice is the staple (Horiguchi et al.,
2012). Treatment of Cd-contaminated soil is
necessary but conventional physical treatment
methods are difficult and expensive (Sawabe
et al., 2006; Mahbubeh & Bahare, 2012;
Subhashini & Swamy, 2015). There is a
need therefore for less expensive clean-up
technologies (Lasat, 2000).
Using plants for phyto-extraction of Cd is
increasing due to their natural capacity to
accumulate heavy metals. Phytoremediation,
in particular phytoextraction is the process by
which contaminants in the environment are
removed by plants (Sawabe et al., 2006). It
is a cost-effective potential strategy for the
clean-up of contaminated soils (Mahbubeh &
Bahare, 2012). Phytoremediation has been
attracting attention as a rapidly developing,
inexpensive
plant-based
remediation
technology (Carbisu & Alkorta, 2001).
The ability to accumulate heavy metals to
high levels and tolerate elevated levels of toxic
metals have been reported in a number of
plant species. The use of non-edible plants
such as weeds for phytoextraction rather than
edible ones is more practical because weeds
can be removed and destroyed before actual
cropping. Weeds are a good choice for metal
accumulation studies since these mostly are
hardy, tolerant species that can grow in harsh
conditions over large areas and give a good
amount of biomass as a secondary product
(Sanghamitra et al., 2011).
Some grasses and weeds have high
biomass and dense root which could be
used for phytoextraction (Mahbubeh &
Bahare, 2012). Chenopodium album and
Chenopodium murale were evaluated for
their comparative potential to phytoremediate
cadmium (Cd) from soil (Zulfiqar et al., 2012).
Wang et al. (2008) did a phytoremediation
study of Cd by Ipomoea aquatica (water
spinach) in hydroponic solution and found
that this plant can potentially remediate
Cd-contaminated wastewater.
Agunbiade
et al. (2009) also reported that Eichornia

crassipes accumulated toxic metals such as
Cr, Cd, Pb and As, both at the root and at the
shoot in high degrees.
More weed species were used in
phytoremediation studies such as: Eichhornia
crassipes,
Spirodela
for
cleaning-up
As-contaminated surface water and wetland
areas (Mahmud et al., 2006); Alternanthera
philoxeroides, Zizania latifolia, Echinochloa
crus-galli and Polygonum hydropiper for Cd,
Pb and Zn (Liu et al., 2007); Monochoria
vaginalis for Cd and Pb, Isachne globosa
for Cd and Zn, and Digitaria sanguinalis and
Fimbristylis miliacea for Zn (Liu et al., 2007).
Moreover, Hammami et al. (2016) reported
that T.officinale and S. nigrum are effective
species to phytoremediate Cd-contaminated
soil while Eddy and Ekop (2007) reported that
Phyllanthus amarus, Chromolaena odorata,
Stachytarpheta indica, Bryophyllum pinnatum
and Murraya koenigii can absorb Pb, Zn, Cd,
Cu and Ni from contaminated soil.
The Leyte province is predominantly a
rice-growing area in the Philippines. Few
industries exist here and are located near rice
paddies. Cadmium levels in these paddies
may be elevated because of phosphate
fertilizer applications and especially in rice
field near a phosphate-fertilizer processing
plant such as one located in Isabel.
Ipomoea aquatica, Sphenoclea zeylanica
and Pistia stratiotes are three of the most
common broadleaf weeds growing in lowland
rice paddies in the province.
Although
considered as nuisance to rice production,
these three weed species may have the
potential to extract Cd in rice paddy soils.
This research therefore was designed to
test the efficacy of the three weed species
(Ipomoea aquatica L, Sphenoclea zeylanica
Schmidt and Pistia stratiotes L.) associated
with low-land rice to rice (Oryza sativa L.) to
extract Cd from a rice paddy soil near big
industries in Leyte.
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Materials and Methods
Fresh soil samples were collected from the
rice paddy fields in a barrio which is at close
proximity to two big industries (fertilizer and
smelting) of the province. Soil samples up
to 20 cm depth from the surface were taken
at 15 points in a zigzag pattern within the
paddy fields. These samples were stored
in polyethylene plastic bags.
For every
field, 800g of the soils from 15 locations
were weighed and mixed together to form
a homogenous sample. Global Positioning
System (GPS) meter was used to determine
the current location of the paddy field.
Sample preparation and preliminary
analysis were conducted in the Department
of Pure and Applied Chemistry, and the Plant
Disease Diagnostic Laboratory of the Visayas
State University. To determine the moisture
content, an empty evaporating dish container
was dried for 2 days in the oven at 105°C. It
was cooled and weighed. Fifteen grams of
homogenized soil was placed into the tared
evaporating dish and dried for 48 hours in the
oven at 105°C. The dried soil and container
was again weighed. The ratio of dried soil to
the undried soil was used in the computation
of Cd concentration as shown.
The initial cadmium concentration of the
soil was determined using the following
method: Five grams of soil sample was
weighed, placed in Erlenmeyer flasks, and
added with 25 mL 0.1M HCl. The soil-HCl
mixture was shaken for 1 hour and filtered
using 5C Whatman filter paper. The filtrate
was submitted to the Central Analytical
Service Laboratory of the Philippine Root Crop
Research Center where it was analyzed for
extractable Cd by flame atomic absorption
spectrophotometry. Cadmium concentration
per dry weight soil was calculated using the
formula:

with buffers of pH 4, 7, 12 prior to pH
measurement. Ten (10) grams of fresh soil
sample was placed in the Erlenmeyer flask,
and 25 mL distilled water were added. The
mixture was shaken for 1 hour, and then soil
pH was measured.

Preparation of Soil Medium for the
Phytoremediation Study
Pistia stratiotes, Sphenoclea zeylanica,
Ipomoea aquatica and rice were planted
using plant sprouts in pots (Fig. 1). Three
pots (plastic cups) with soil samples only
served as negative control. The same volume
of distilled water was used to water the
plants throughout the whole experiment. The
amount of extractable Cd content, moisture
content and pH of soil were determined prior
to the planting and during harvesting (on the
7th week). Other parameters such as plant
height and total no. of leaves were noted
every week. After harvesting, the plants were
washed and weighed. Root lengths were also
determined after harvesting.

Figure 1.
Phytoremediation set-up
(rice-leftmost row,
Pistia stratiotes-2nd
from left, Sphenoclea zeylanica-3rd from
right, Ipomoea aquatica -2nd from right and
control (rightmost)

A PB-11 Sartorius pH meter was calibrated
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Total Cadmium Determination of in Cd level was shown by soil planted with
the weeds, (from 0.649 to 0.356 for Pistia
Plants
The plants were washed to remove the soil
from the roots, dried in the oven for 3 days at
50°C (Fig. 2a), and ground using a blender.
Ashing was done in a furnace at 500°C for
5 hours (Fig. 2b). Cadmium extraction
was done using 5 mL 6M HCl (Fig. 2c)
and the extracts were filtered using no.42
quantitative filter paper. The filtrate was diluted
to 25 mL in the volumetric flask and subjected
to total Cd analysis by atomic absorption
spectrophotometry.

Figure 2. Preparation of samples for total
Cd determination, a) oven-drying b) ashing c)
extraction with 6M HCl)

Results and Discussion
Cadmium Absorption
Weed Species

Levels

of

The Cd levels before and after the pot
experiments are shown in Table 1. Readings
on the soil Cd level before planting varied
slightly between treatments but the difference
is not significant (P=0.178), as well as the
final reading (P= 0.075) after termination of
the set-up. When the difference between the
Cd concentration before planting and after
termination were, however, compared for each
weed/plant species, a significant decrease

stratiotes; P=0.014), from 0.771 to 0.559
for Sphenoclea zeylanica; P= 0.026) and
(form 0.968 to 0.738 for Ipomeoa aquatica;
P=0.05) while a non-significant difference
was observed in the soil planted with rice
(from 0.594-0.468; P=0.131) and the negative
control (from 0.594 to 0.487; P=0.176). These
results demonstrate that the weed species
used have absorbed more Cd from the soil
indicating their potentials for phytoremediation
in contaminated soils compared to rice.
With regards to soil pH, however,
no difference was observed in the pH
among treatments before planting and
after termination (P=0.701), as well as no
significant difference in the soil pH between
the soil collected before planting and the ones
sampled after termination in all the treatments
(Table 1). Similarly, there is no significant
difference between the moisture content
ratio among all the treatments indicating that
they have more or less the same water level
present in the soil.
When the plant Cd concentrations were
analyzed, Pistia stratiotes had the highest total
cadmium concentration level (4.714 mg/kg)
followed by Ipomeoa aquatica (2.184), then
Sphenoclea zeylanica (2.059) and rice had
the lowest concentration (Table 2).
This
further indicates that these weed species can
absorb more Cd and can be potentially used
to phytoremediate rice field soils.
There were no exact studies found in
literature comparing the cadmium absorption
of these three weed species to rice; however,
related studies showing the phytoremediation
ability of the individual weed species were
found. In a study by Mehmet et al. (2018),
Pistia stratiotes exposed to 1, 2.5 and 5 ppm
of Cd in periods of 1, 4 and 7 days were
tested for their phytoremediation potential.
Their results showed that maximum level
of Cd accumulation was observed in the
plants exposed to 5 ppm Cd for 7 days
and that there were no significant differences
on the basis of exposure duration in plants
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Table 1. Comparison of Cd levels and soil pH before planting and after termination of the
experiment as affected by the different treatments

exposed to 1 and 5 ppm Cd. Their results
indicated that P. stratiotes can be used as
a remediator for the removal of Cd for a
longer duration up to 5 ppm. Another study
by Das et al.
(2013) investigated Pistia
stratiotes for its Cd phytoremediation ability
for 21 days and evaluated its bioconcentration
factor (BCF), translocation factor (TF) and
translocation efficiency. The maximum BCF
values obtained, for 5 mg/L Cd, for the
shoot and root tissues were 870 and 2,294,
respectively. This suggests that the plant was
a Cd hyperaccumulator. The TF maxima was
found to be 0.6 and as much as 60% root
to shoot translocation efficiency was observed
for 15 mg/L Cd which indicate the suitability of
Pistia stratiotes for removing Cd from surface
waters.
With regards to Ipomoea aquatica, Baysa
et al. (2006) measured the concentrations
of cadmium (Cd) in the top, middle, and
bottom of the edible portions, and in the
different organs of Ipomoea aquatica grown
in Laguna de Bay.
The water spinach
was able to take up Cd in the range
of 0.0058 to 0.0466 mg/kg DW. Another
study about Cadmium phytoextraction by
Ipomoea aquatica in hydrophonic solution was
conducted by Wang et al. (2008). Their study
employed cadmium, Triton X-100 (TX-100),

and EDTA to investigate their interactions
on phytotoxicity and Cd phytoextraction of
Ipomoea aquatica (water spinach) in simulated
wastewater. Their results indicated that the
root length was a more sensitive parameter
than root weight and shoot weight. Root
elongation was affected by Cd in the Cd-EDTA
solution and TX-100 in the Cd-TX-100 solution.
Both the root length and the root biomass were
negatively correlated with the total soluble
Cd ions.
The high Cd bioconcentration
factors of I. aquatica (375-2227 l kg−1 for
roots, 45-144 l kg−1 for shoots) imply that
I. aquatica is a potential aquatic plant to
remediate Cd-contaminated wastewater.
Gowri et al.(2016) measured the heavy
metal content of the leaf, stem and flower
extracts of Sphenoclea zeylanica and found
that the concentration of heavy metals differed
for different parts of the plant. The leaf, stem
and flower extracts contained 0.0581, 0.0409
and 0.0394 ppm Cd, respectively. On the
other hand, Murtaza et. al (2012) determined
the metal concentrations in the shoots of
field crops in raw sewage - irrigated areas of
Faisalabad, Gujranwala, Lahore, Kasur, and
Multan (± standard deviation). Sphenoclea
zeylanica’s shoot cadmium content ranged
from 0.0-0.15 mg/kg, while Oryza sativa had
a wider range, from 0.00-2.15 mg/kg.
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Table 2. Relationship between root length, fresh weight, dry weight and plant height of the test
plants to the total cadmium concentration

Figure 3.
Relationship between root
length and total cadmium concentration

Figure 4. Relationship between fresh
weight and total cadmium concentration

Figure 5. Relationship between dry weight
and total cadmium concentration

Figure 6. Relationship between plant
height and total cadmium concentration

In their study, the mean Cd content of respectively.
Sphenoclea zeylanica and Oryza sativa
As shown in table 2 and the subsequent
were 0.05 ± 0.07 and 0.48 ± 0.71 mg/kg, graphs, the total Cd absorbed by the test
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crassipes in metal-contaminated coastal
plants have no relation to the fresh weight
water.
Bioresource Technology, 100,
(R2 = 0.3089), dry weight (R2 = 0.01044)
4521-4526.
https://doi.org/10.1016/j.
and plant height (R2 = 0.24632), but it
biortech.2009.04.011
was negatively correlated to the root length
(R2 = 0.86584). This means that as the root
length increases, the cadmium concentration Baysa, M.C., Anuncio R.R.S., Chiombon,
M.L.G, Dela Cruz, J.P.R., & Ramelb,
decreases. Rice had the longest roots, while
J.R.O. (2006).
Lead and cadmium
Pistia stratiotes had the shortest among
contents in Ipomoea aquatica Forsk grown
the treatment crops. However, P. stratiotes
in Laguna de Bay. Philippine Journal of
has more profuse roots, which could also
Science, 135(2), 139-143.
be responsible for its higher Cd absorption
Blejer, H.P., Caplan, P.E., & Alcocer A.E.
capacity.
(1966). Acute cadmium fume poisoning
in welders - A fatal and a nonfatal case
in California.
California Medicine,105,
Conclusion and
290-296.
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