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ABSTRACT

This study examined the phytoremediation capacity of upland kangkong (Ipomoea reptans Poir) in a
hydroponic system with elevated levels of lead (Pb). This study aimed to determine the concentration of Pb
absorbed by 1. reptans Poir and the time required for absorption, as well as to compare the absorbed
concentration with the WHO tolerable daily intake for humans. To conduct the study, I. reptans Poir seeds
were germinated in perforated cups containing charcoal and immersed in a hydroponic system filled with
water and nutrients. The plants were exposed to the lead-induced hydroponic system for 10, 20, and 30 days.
The concentration of absorbed Pb was analyzed using ICP-OES. The results revealed that Pb was not
detected in the plants exposed for 10-20 days. However, detection began after 30 days, with the amount of
Pb being <0.25 mg/kg, which is lower than the WHO’s recommended tolerable daily intake for humans.
This research suggests that further studies on phytoremediation using other Ipomoea species should be
conducted to compare the bioaccumulation among different species. These findings contribute to the
understanding of poir’s potential for phytoremediation in lead-contaminated hydroponic systems and their
safety for human consumption.
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INTRODUCTION

Environmental pollution is a major global problem that affects biodiversity, ecosystems, and human health
by contaminating the soil and water. Heavy metals in soil and water can contaminate plants and pose a risk
to human health. One of the several ways these elements can enter the human body is through the ingestion
of vegetables containing heavy metals. Once these heavy metals enter the human body, they are deposited in
the bone and fat tissues, overlapping with noble minerals. Slowly released into the body, heavy metals can
cause acute and chronic toxicities in humans. Lead (Pb), one of the extremely toxic heavy metals that does
not play any biological functions. It is usually found in leaded gasoline, lead-acid batteries, and some
household materials, such as old paints and/or lead-based paint in some toys, old water pipes, jewelry, and
lead-glazed potterymade of lead. Once the lead (Pb) contaminates the soil, especially at high concentrations,
disturbs various plant physiological processes, and may induce severe human complications such as
abdominal colic pain, bloody diarrhea, and kidney failure when eaten. Furthermore, it adversely affects
neurological, biological, and cognitive functions.

In conjunction with improvements brought about by Science and Technology, plants have been discovered
to be effective accumulators of heavy metals, such as soil pollutants. Science is now referred to as
phytoremediation, a bioremediation process that uses revegetation to remove, transfer, stabilize, and/or
destroy contaminants in the soil and water. This is an effective, affordable, eco-friendly, and cost-effective
technological approach for mitigating heavy metal pollution in soil and water.

Kangkong is a semi-aquatic herbaceous trailing vine that thrives naturally in water and moist soil. They are
primarily found in Southeast Asian countries. Kangkong can also be cultivated in high elevation areas. It has
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high economic value and is used for various purposes, including, but not limited to, the use of medicines,
vegetables, water purifiers, and soil conditioners. The plant grows well as a crop in regions with an average
temperature above 25°C. Hence, the Philippines is a conducive environment for flourishing. The upland
kangkong (Ipomoea reptans Poir) is a common type of water spinach. It is one of the cheapest vegetables
and food staples in the normal Filipino diet. It is a low-maintenance crop with a high tolerance to heavy
metals. Thus, the purpose of this study was to determine the potential role of upland kangkong (Ipomoea
reptans Poir) in the absorption of Pb in a lead-contaminated hydroponic system and to compare the
concentration to the tolerable daily intake for humans set by the World Health Organization (WHO).

METHODOLOGY
Construction of the Greenhouse

The greenhouse where the plants were grown was made up of materials such as a 6m green nylon net,
thumbtacks, and thick plastic used as perimeter cover. A green nylon net was used to deter pests from
infesting the experimental plants.

The makeshift greenhouse was roofed equally with a plastic cover. The area inside the greenhouse is enough
to accommodate an old bamboo bed measuring 2.5m x 1.5m which was cleaned and installed inside the
structure and served as a mount for the grow trays and for ease of observation. The experimental plants
planted in styro cups were fitted in holes borne in 0.44-m by 0.20-m styro grow trays. In turn, growth trays
consisting of rectangular styro foams were floated in reservoirs with a capacity of 16-L of water.

Preparation of hydroponic reservoirs and grow trays and perforated cups

The eight pieces of 0.44-meter by 0.20-meter rectangular flower pots, 8-0z styrocups and 4 pieces 1-in thick
styroboards that were bought from the Cauayan City market and the National Bookstore respectively.
Styroboards were cut to fit the tops of the rectangular reservoirs.

Soldering iron was used to make perforated cups, and a tin can with a diameter of 7.5 cm was used as a
puncher to create 11 holes on the styroboard, which served as the growth tray. Rectangular flower pots were
used as reservoirs and were filled with 16 liters of tap water to a depth of 9 cm, which was sufficient to
partially immerse the bottom part of the perforated cups with seeds.

Planting of Experimental Plants

The experimental plants used in this study were upland kangkong (Ipomoea reptans Poir), which can be
grown hydroponically and non-hydroponically (Syafitri and Fevria, 2021). Kangkong seeds from the East
West Philippines company were submerged in distilled water for two hours to affect imbibition (Sen and
Puthur, 2020; Hadas, 2005) before placing the seeds in perforated cups placed in the hydroponic system.

The 8-0z. The perforated cups were filled with %2 cup of charcoal as a hydroponic substrate and a piece of
tissue on top, enough to cover the charcoal. A tablespoon of soil was used to cover the tissue before five
pieces of seeds were placed in the soil. Additional soil was used to cover the exposed seeds. The styrocups
were then sprayed with enough water to wet the soil. Perforated cups with kangkong (Ipomoea reptans Poir)
seeds were partially immersed in water up to 3.6 cm from the bottom in the hydroponic reservoir. The setup
was placed inside a greenhouse with a 12 h natural photoperiod. After seven days of germination, the
recommended amount of prepared Yamasaki nutrients was added to the water of the hydroponic reservoir.

Preparation of Yamasaki Nutrients Stock

Yamsak Nutrient A is composed of K,O 20% and Nitrogen total of 14% total nitrogen, while Yamasaki
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Nutrient B is composed of P,Og 9%, K,O 28% and total Nitrogen of 8% total nitrogen. Yamasaki Nutrient

A (50 g) was dissolved in 500 ml tap water and stirred well. 50 grams of Yamasaki Nutrients B was also
dissolved in another 500 ml of tap water and stirred. The prepared Yamasaki nutrient stock solutions A and
B were added equally to 8 ml per liter of water in the hydroponic setup. Each hydroponic setup contained 16
liters of water; thus, 128 ml of the prepared nutrients was added per hydroponic setup.

Lead Induction of Plants

After ten days of germination, the hydroponic reservoir filled with 16 liters of tap water and prepared
nutrients was contaminated by dissolving 10 g of Pb (CH,COO), salt (available in the ISU laboratory) in 16

liters of water in the hydroponic reservoir, resulting in 625 ppm lead acetate, which is less than the
recommended 10 to 20 thousand ppm concentration in a study by Cafizares (2016). Pb acetate was used
because of its potential toxicity, which is generally attributed to the presence of Pb (Alexandrino et al.,
2021). Lead acetate is an ionic compound with the formula Pb (CH;COO),, where lead is present in the +2

oxidation state. It has a Pb™2 cation and a CH3COO™ anion. (https://www.vedantu.com/chemistry/lead-
acetate) It is water-soluble and is one of the most bioavailable forms of Pb (Ghaz and Millette, 2004). The
pH of the hydroponic solutions was measured using a digital pH meter. It is has a pH of 5.19.

The design was pre-experimental, particularly a one-shot case study with no control. Each treatment (10, 20,
and 30 days, induced with 625 ppm concentration of lead acetate).

Table 1. Treatments received by upland Kangkong in the polluted hydroponic setup and concentration of
contaminants.

Treatment{Length of Exposure|Concentration

Ty 10 days treated 625 ppm Pb(CH,COO0),
T, 20 days treated 625 ppm Pb(CH,COO0),
Ty 30 days treated 625 ppm Pb(CH,COO0),

Measurement of pH reservoir solution

The protective cap of the calibrated pH meter was removed and the electrode was rinsed with distilled water
and dried using filter paper. The pH meter was turned on by pressing the “ON/OFF” button. The pH meter
electrode was immersed in the solution used in the hydroponic setup containing lead acetate, not over the
immersion line. The solution was gently stirred, and the pH meter was released for approximately 30 s until
the reading of the instrument stabilized. The 5.19 pH level of the solution was recorded. After measuring the
pH level of the solution, the pH meter was rinsed with distilled water and dried using filter paper, and the
meter was turned off by pressing the “ON/OFF” button. Finally, the protective cap was recapped after use.

Monitoring of Plants
The experimental setup was visited every day to monitor the progress of the plants, and the water level was

monitored using a simple depth measuring device (1 foot ruler) to maintain the base of the perforated cups
above 2 cm.
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Harvesting of Samples for Analysis

Samples were taken for analysis at 10-day intervals for up to 30 days (10, 20, and 30 days). The
experimental plants chosen for analysis (samples) were uprooted from the perforated cups. Each perforated
cup was lifted from a styro board. The entire plant was then removed from the roots to the shoots. The roots
were carefully rinsed using a spray bottle with tap water to remove any dirt. The same process was
performed for the plants collected after 20 and 30 days.

The contaminated water reservoir was collected and placed in a heavy-duty container with a liters of five
gallons capacity, to be sent to the Barangay 176 Treatment, Storage, and Disposal Facility in Phase 2
Package 3, Barangay 176, Caloocan City, NCR Thirds District, which is a registered treatment, storage, and
disposal facility in the National Capital Region.

Drying and Shipping

The harvested experimental plants were air-dried on top of the table until brittle (Andress and Harrison,
2000). Dried samples were weighed using a digital weighing scale. One hundred grams (required sample
weight of Sentrotek Laboratory) were placed in labelled (7x 10 cm) and 0.12 mm thinkness transparent zip
lock plastic bags. The samples were sent through LBC Express to Sentrotek Laboratory in Mandaluyong
City, where they were analyzed using Inductively Coupled Plasma optical emission spectrometry (ICP-
OES).

Laboratory Analysis

The phytoaccumulation potential of the experimental plants was analyzed at the Sentrotek Laboratory in
Mandaluyong City from August to December 2021. Acid digestion was performed to prepare the samples,
and lead analysis was performed using Inductively Coupled Plasma optical emission spectrometry (ICP-
OES). The procedures used in the preparation of the sample (acid digestion) and lead analysis are shown in
Appendix A Procedure 4.

RESULTS AND DISCUSSION

This study aimed to determine the Pb absorption capacity of upland kangkong in a hydroponic system
induced with 625 ppm Pb(CH;COO),. The Pb concentration absorbed was determined on a dry weight

basis, involving the whole plant: leaves, stems, and roots.
Analysis of lead-induced kangkong for 10 days

Kangkong plants were harvested for analysis after exposure to Pb for 10 days using 625 ppm Pb(CH;COO0),

in the hydroponic system. The collected and air-dried kangkong samples were analyzed using Inductively
Coupled Plasma Emission Spectrometry (ICP-OES) to measure the lead concentration absorbed by the plant
samples.

Table 2. Results of analysis of kangkong after 10 days of exposure to Pb

Results Methodology
Trial 1|Trial 2|Trial 3
Lead (Pb), mg/kg|[ND |ND |ND

Parameter
ICP-OES

Legend. ND-none detection
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Table 2 shows the results of the analysis of the kangkong induced with lead after 10 days. It revealed that
there was no detection returned by the instrument at 0.25 ppm detection limit after three (3) trials of analysis
were conducted. This could probably be due to the natural tendency of plants to resist Pb intrusion into their
systems. Punz & Sieghardt (1993), described in their study of roots of herbaceous plant species that most
heavy metals, such as Pb, have proven the existence of uptake exclusion, which is also known as the
avoidance system. Another reason is the pH level of 7.0, which is the appropriate environment for the plant
and is more suitable for accumulating the metal ions based on Saygideger et al. (2004), whereas Lee et al.
(1988) stated that as the pH increases, the plant Pb absorption also increases. The 5.19 pH level of the
hydroponic solution could possibly have affected the lower Pb absorption because the roots of the upland
kangkong were immersed in the Pb-contaminated solution.

Analysis of lead-induced kangkong for 20 days
A similar result was obtained after a 20-day lead induction period in the experimental plants (Table 3).

Table 3. Results of analysis of kangkong after 20 days of exposure to Pb

Results Methodology

Parameter

Trial 1{Trial 2{Trial 3
ICP-OES

Lead (Pb), mg/kgIND |ND |[ND

Legend. ND-none detection

Based on Tables 2 and 3, there was no apparent absorption of Pb at the detection level of 0.25 mg/kg (ppm)
after exposing the kangkong with 625 ppm of Pb(CH,COO), concentration. However, this does not

necessarily mean that no lead is absorbed. This may be because of three reasons. First, the sensitivity of the
instrument (0.25 mg/kg) may have masked the level of Pb absorption, particularly after 20 days. Second,
there is a natural tendency of plants to resist Pb intrusion into their systems. Punz and Sieghardt (1993),
reported in their study of roots of herbaceous plant species that most heavy metals, such as Pb, have proven
the existence of uptake exclusion, which is also known as the avoidance system. According to Saygideger et
al. (2004) pH 7.0, is the more appropriate environment for the plant and more suitable for the plant to
accumulate metal ions, and Pb absorption also increases as the pH increases. The 5.19 pH level of the
hydroponic solution could possibly have affected the lower Pb absorption because the roots of the upland
kangkong were immersed in the Pb-contaminated solution.

The root defense of some plants is to stop metal ions, such as lead, from entering the root tissues by
rejecting them (Mishra et al.,2006). Yanai et al. (2006) and Chen et al. (2009) found that aside from plant
species, the concentration of metals, soil or nutrient solution acidity, and organic matter composition are
factors affecting the absorption and accumulation of heavy metals in plants. The formation of a mechanical
barrier is the immediate response of roots to the presence of Pb (Krzestowska, 2011). Callose forms in the
root tip as an efficient barrier against Pb penetration (Samardakiewicz et al., 1996). Lastly, the experimental
plant has a slow absorption rate, as evidenced by the study of Muryani and Hernanda (2020), who concluded
that Ipomoea reptans Poir is a food crop not suitable as a phytoremediation agent for the heavy metal lead
because the efficiency of Pb uptake in the plants is very low.
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Analysis of lead-induced kangkong for 30 days

Table 4. Results of analysis of kangkong after 30 days of exposure to Pb

Results Methodology
Trial 1{Trial 2|Trial 3
Lead (Pb), mg/kg|<0.25 |<0.25 |<0.25

Parameter

ICP-OES

Legend. ND-none detection

Table 4 shows the Pb absorption after 30 d of exposure to Pb. After three (3) trials were conducted, the
result revealed that there was a detection of <0.25 mg/kg Pb absorbed by upland kangkong (Ipomoea reptans
Poir), but still the instrument cannot quantify the exact amount due to its detection limit. Less than 0.25
mg/kg is a very small amount compare to 1.0 mg /kg maximum limit of Pb in food according to SNI No.
7387: 2009 (Badan Standarisasi Nasional, 2009) and compared to the established a provisional tolerable
weekly intake of 3 mg of Pb per person by the Joint FAO/WHO Expert Committee on Food Additives
which, correspond to 0.05 mg/kg body weight for adults. The maximum tolerable daily intake of Pb for a 60
kg man set by the WHO (2001) is equivalent to 0.42 mg/kg. Therefore, even if there is <0.25 mg/kg
detected Pb absorbed by upland kangkong (Ipomoea reptans Poir) after 30 days of exposure to lead-induced
hydroponic system. The absorbed Pb was below the maximum tolerable daily intake of Pb for the 60 kg man
set by the WHO, and it will be less once the roots are removed, due to the higher accumulation of Pb in
roots than in shoots (Jones et al., 1973; Verma & Dubey, 2003; Ng et al., 2016). Thus, upland kangkong
(Ipomoea reptans Pior) did not exceed the maximum limit set by the World Health Organization.

Summary of analysis of lead-induced kangkong for 10, 20 and 30 days

Table 5 shows that there was no absorption of Pb at the detection level of 0.25 mg/kg after inducing the
upland kangkong (Ipomoea reptans Poir) in the first 20 days in the 625 ppm Pb(CH,COO), concentration.

Hence, after 30 days of exposure to the upland Kangkong, the ICP-OES equipment detected a <0.25 mg/kg
Pb in its plant tissue.

Table 5. Summary of results of analysis of kangkong after 10, 20, 30 days of exposure to Pb

Methodology|10 days|20 days|30 days|Parameter
ICP-OES |ND ND <0.25 |Lead, mg/kg

Legend. ND-none detection

Same results were found in the study of Anit et al. (2015) where there is also no amount of Pb detected from
the plant tissues of kangkong using the Atomic Absorption Spectroscopy (AAS) while Ng et al. (2016),
found out, in their study of heavy metals phyto-assessment that water spinach or kangkong (Ipomoea
aquatic) has a good potential as Pb phytoremediation and highest accumulation of Pb was found in its
shoots.Water spinach and kangkong (Ipomoea aquatic) are mostly cultivated in moist soils (Fontanilla,
2014; Medenilla, 2021).

Huang and Cunningham (1996) found that upland kangkong, a dicot plant, accumulates significantly higher
amounts of Pb in the roots than monocots, and that the absorption and bioaccumulation of heavy metals in
plants depend on the plant species (Sharma and Dubey, 2005). This also agrees with the findings of Yanai et
al. (2006) and Chen et al. (2009) that aside from plant species, the concentration of metal, soil or nutrient
solution acidity, and organic matter composition are factors affecting the absorption and accumulation of
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heavy metals in the plant. Therefore, it is safe to say that different cultivars of kangkong are likely to have a
different array of heavy metal accumulations, as shown by He et al. (2015) and Alia et al. (2015).

These findings are somehow supportive of the results of this study because the analysis showed that Pb was
not detected from 10 to 30 days of exposure.

An important implication of this result is that the upland kangkong (Ipomoea reptans Poir) is a foodstuff
among Asians, children, and adults. Shoots are good for many food preparations in the Filipino diet. People,
especially those in poor places, are forced to obtain food at all costs. Upland kangkong (Ipomoea reptans
Poir) grows easily, even in minimal soil or in lead-contaminated bodies of water, and with regular
consumption of upland kangkong (Ipomoea reptans Poir) harvested from a contaminated area. Humans may
bioaccumulate Pb at low concentrations, stimulating respiration and increasing the ATP content, whereas
higher concentrations inhibit respiration and decrease ATP (Sharma & Dubey, 2005). Pb causes an
imbalance in K, Ca, Mg, Mn, Zn, Cu, and Fe within the tissues by physically blocking the access of these
ions to the absorption sites of the roots (Aslam, 2021).

However, children are more vulnerable to Pb or other metal poisoning. Children are more easily affected by
behavioral patterns. Pb absorption is higher among children, despite the level of exposure (Kazi et al.,
2006), and children’s poor nutritional status and low intake of essential metals also increase Pb absorption
(Wright et al., 2018). For this reason, the Food and Drug Administration has set a threshold level of 0.0005
mg/L for lead in any food product intended for infants and children (FDA, 1994), as cited by ATSDR
(2021).

A study by Gothberg and Bengtsson (2002) suggested that the roots of kangkong should be avoided when
the accumulation of heavy metals is higher. Lead concentrations in roots are higher than those in shoots
(Jones et al., 1973; Verma and Dubey, 2003; Ng et al., 2016; Pelaez et al., 2016; Ashraf et al., 2017; Castro-
Bedrifiana et al., 2021). Outridge and Noller (1991) found that in aquatic plants, roots are frequently
reported to contain higher concentrations of most metals than the aboveground parts. Since roots are not
consumed as food, the real danger lies in the shoots that humans consume, although accumulation is lower
compared to the roots, as reported by Rahman et al. (2002).

CONCLUSION

1. The study showed that upland kangkong (Ipomoea reptans Poir) can absorb Pb in its tissues, but less
than the instrument’s detection level of 0.25ppm.

2. It took 30 days of exposure to upland kangkong (Ipomoea reptans Poir) in the lead-induced
hydroponic system to detect absorption of <0.25 mg/kg.

3. Upland kangkong (Ipomoea reptans Poir) absorbed less than 0.25 mg/kg of Pb, which is a very small
amount and within the safe limits prescribed by the WHO in 2002 for a 60 kg man.

RECOMMENDATION

In accordance with the findings and conclusions, the following recommendations were made:

1. The amount of Pb per plant tissue, such as roots, stems, and leaves, was analyzed to identify the part
with the highest accumulation.

2. Similar studies should be conducted using other treatments such as 30, 45, and 60 days.

3. Soil was used instead of hydroponics to compare where the absorption of Pb is more efficient.
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4. Further studies on phytoremediation using other Ipomoea species should be conducted to compare the

bioaccumulation among Ipomoea
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