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obtained in mercury absorption by water kale and reducing Hg concentration
in water, namely treatment D (contaminated water + water kale + liquid NPK
fertilizer) on the 14th day, as evidenced by a decrease in Hg concentration in

NPK fertilizer water by 0.56 mg / | to 0.00486 mg /I, pH 10.1 to 6.86 and TSS 1695 mg / |
to 1 mg/ I and an increase in nitrate levels, Phosphate and potassium in water

can accelerate absorption by water kale.

1. Introduction

The use of mercury in the gold processing process has the potential to have an impact on environmental
damage and the health of living things. Mercury in the environment comes from several sources, namely
geogenic and anthropogenic, and has toxicity properties [1]. Gold mining activities using amalgamation
technology cause significant mercury contamination in water and soil, and the problem of mercury
pollution is very serious [2]. According to some studies, mercury-contaminated water can cause serious
threats to water supplies that will affect the quality of agriculture [3]; [4].

This research was located in gold mining in Kalirejo Village, Kokap District, Kulon Progo Regency,
Yogyakarta Special Region Province. Gold processing activities are carried out using an amalgamation
technique where mercury (Hg) is used as a material to bind gold which produces a waste substance,
namely tailings. Mercury pollution occurs during the processing process, the remaining tailings are
scattered and when the condition of the reservoir is full, so that the tailings overflow and flow into the
river, especially if there is rain, mercury contamination occurs in the surrounding environment. Heavy
metal elements in tailings ponds can react physically and chemically such as diffusion, dispersion,
desorption, and dissociation to form contamination [5].

The results of initial testing of wastewater (tailings) in the pond resulting from gold processing in the
study area, showed a very high Hg concentration value of 560 pg /1 or about 0.56 mg / 1, pH (Power of
Hydrogen) 10.1 and TSS (Total Suspended Solids) of 1695 mg / I. These contaminants can move out of
the tailings storage pondcan seep into the ground and can go to rivers until carried tens of kilometers
[6]. This is very dangerous for living things around the river, so it is necessary to remediate the water.

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 230


mailto:tedyagungc@upnyk.ac.id

Various ways have been researched to stabilize contaminated water, in a more cost-effective and
environmentally friendly way.

Phytoremediation is a technology that uses various plants to stabilize, remove, or destroy contaminants
in the environment. In this study, the phytoremediation method used water kale plants (ipomoea
aquatica forsk) with a batch system. A batch system is a process in which all contaminated water is
brought together at the beginning of the process and the product is removed at the end of the process.
The batch system will provide an overview of the ability of adsorption by inserting plants with stagnant
water that remains in constant quantity and observing changes in quality at certain intervals [7]. One
plant that can absorb heavy metal content in high enough quantities is water kale [8]. The added fertilizer
can be in the form of inorganic fertilizer, namely liquid NPK fertilizer. The addition of liquid NPK
fertilizer to water kale (ipomoea aquatica forsk) can increase fertility at optimal doses, nitrate,
phosphate, and potassium nutrients are essential nutrients for plants. Increasing the dose of nitrogen
fertilization in soil and water can directly increase protein levels and plant growth, but the fulfillment of
nitrate elements alone without phosphate and potassium will cause plants to fall off easily, be sensitive
to pest attacks, and decrease production quality [9].

Research on phytoremediation using water kale has been numerous, but research with the addition of
liquid NPK fertilizer to help the phytoremediation process of water contaminated with mercury metal
has never been done before. Therefore, the purpose of this study was to determine the effect of liquid
NPK fertilizer on water kale (ipomoea aquatica forsk) in reducing the concentration of Hg, pH, and TSS
in water. In the analysis, it is expected that there are results that prove water kale with the addition of
liquid NPK fertilizer is capable of managing mercury-contaminated water.

2. Methodology

The sample used here is mercury-contaminated water from a small-scale gold processing, Kulon Progo,
with coordinates S 07° 50' 01.5" E 110° 03' 45.8. The tools and materials used in the study are:

1) Container container as a medium for test box.

2) Water Kale (Ipomoea aquatica forsk)

3) Water as a growing medium;

4) Liquid NPK fertilizer as a nutrient for water kale.

The container used for artificial ponds has a size of 36 cm x 27 cm x 17cm. The treatment in this
experiment was a combination of water kale and liquid NPK fertilizer as presented in Table 1.

Table 1. Description of the treatment provided to the trial pool

Treatment Description
A Contaminated water (7 liters)
B Animated water (7 liters) + water
kale (7 sticks)
c Contaminated water (7 liters) +

liquid NPK fertilizer (70 mg)

Animated water (7 liters) + water
D kale (7 sticks) + liquid NPK
fertilizer (70 mg)
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Notes:

Treatment A : Contaminated water

Treatment B : Contaminated water + I[pomoea aquatica forsk

Treatment C : Contaminated water + liquid NPK fertilizer

Treatment D : Contaminated water + [pomoea aquatica forsk +
liquid NPK fertilizer

Figure 1. Test box scheme in each treatment
Samples of each treatment were tested for levels of Hg, pH, TSS, Nos, P, and K in the laboratory. The
parameter value is measured every seven days for 14 days. Table 2 shows the methods of analyzing
water samples used in the study.

Table 2. Water sample analysis methods

Sample Parameter Analysis Laboratory
Methods
Hg (mg/l) Mercury LPPT UGM
Analyzer
Ph SNI 06- BBTKLPP
6989.11-2019 Yogayakarta
TSS (mg/l) In House BBTKLPP
Method Yogyakarta
Nitrate APHA 2017, BBTKLPP
Water (mgll) Section 4500- Yogyakarta
NO3B
Phosphate APHA 2017, BBTKLPP
(mg/l) Section 4500- Yogyakarta
P-D
Sodium APHA 2017, BBTKLPP

(mafl) Section 3500-K Yogyakarta

2.1 Work Procedures and Preparatory Stage
At this stage, the preparation of tools and materials used in research is carried out.

2.2 Growing Water Water Water (Ipomoea aquatica forsk)

The water kale used in this study was first analyzed by analyzing mercury analysis to determine the
presence of Hg metal in water kale. After that water kale is taken, then the best water kale is chosen.
Then cleaned up. After that, it is done to uniform the age of water kale planted in the area where it
grows. After 20 days of kale life, water kale is ready to be treated.
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2.3 Stages of Implementation of Behavior

Water kale planted for 20 days is taken and cleaned the roots, then water kale is planted into a container
box that has been given equates of 1000 ml, Hg, and 70 mg / | NPK liquid as a growing medium for
water kale. To keep the kale growing upright, the kale stem is surrounded by rock wool. The number of
kale for each container box is 7 sticks and water is 7 liters/container box. Each container box is labeled.
To ensure that water kale can grow well and in water quality conditions, water kale and water are placed
in a place that gets enough sunlight, namely in a simple greenhouse.

2.4 Observations

Observations were made to see changes in water concentration that occurred in each treatment. In the
first 7 days of the container box, TSS decreased when compared to the initial test (control) and
experienced a significant decrease on day 14. Maintenance is carried out to avoid pest attacks that arise
during the experiment until it is complete so that pests do not interfere with the growth of water kale in
absorbing heavy metals and monitoring is carried out 3 times a day at 07.00, 12.00 and 17.00 WIB.

2.5 Sample Analysis Stage

After the treatment water was taken in each experimental box on days 0, 7, and 14 using an HDPE bottle.
A water sample is taken 250 ml with a measuring flask, filter with filter paper with a pore of 0.45 um
with a Buchner funnel using a vacuum pump. Then Mercury measurement with an Automatic Mercury
Analyzer. Make a working solution of mercury metal with a concentration of 0.05 pg/L; 0.1 pg/L; 0.2
ug/L; 0.4 ng/L; 0.8 mg/L; 1.6 ug/L; 3.2 mg / L, by pickpocketing 0.05 ml each; 0.1 ml; 0.2 ml; 0.4 ml;
0.8 ml; 1.6 ml; 3.2 ml of 10 pg/L raw solution, put in a 10 ml measuring flask, correct until the mark
with aquades, put in the vial, place the vial on the Auto Sample Automatic Mercury Analyzer instrument
and take measurements according to the SOP of tool operation. Take a sample that has been filtered,
and put it in a tube/vial. Place the vial on the Auto Sample Automatic Mercury Analyzer instrument and
measure by the SOP for tool operation (LPPT UGM).

3. Results and discussion

This study compared water kale in reducing the concentration of Hg, pH, and TSS in water without
liquid NPK fertilizer and tested water quality in water treatment contaminated with mercury metal (Hg),
pH (power of hydrogen), and TSS (Total Suspended Solids). The following treatment of water
contaminated with Hg, pH, and TSS metals is:

3.1 Changes in mercury (Hg) in water

The test results on Hg heavy metal test parameters conducted on days 0, 7 and 14 showed a decrease in
Hg concentration in water. Figure 2 presents the change in Hg concentration in water.

Hg concentration in water

Hgz (mgz/1)
oAl A~
m p

( D
B Hg Day-0 (Control ) 0.56 0.56 .56 0.56
B Hg Day-7 0.34583 0.03772 0.28429 0,02966
Hz Dav-14 0.25454 0.00755 0.20429 0.00486
m Hg Day-0 (Control ® Hg Day-7 Hg Day-14

Figure 2. Changes in Hg Concentration in Water
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The results of the analysis showed the concentration of Hg metal in water without liquid NPK fertilizer.
On day 0 (initial test) results were obtained on water of 0.56 mg / I which will be used as a reference for
comparison of treatment A (contaminated water) and B (contaminated water + water kale). Day 7
treatment without liquid NPK fertilizer, namely treatment A (contaminated water) decreased Hg
concentration from 0.56 to 0.34583 mg / | and 0.25484 mg / | on day 14, the decrease was influenced by
chemical transformation or some microorganisms in water can change the form of mercury such as
merculophilic bacteria can change organic mercury (methylmercury) being a less toxic inorganic form,
then methyl mercury can be taken up by living organisms or subjected to volatilization into the
atmosphere. Treatment B (contaminated water + water kale) decreased Hg higher than treatment A from
0.56 to 0.03772, and 0.00755 mg/l day 14. The decrease in concentration in treatment B is influenced
by the absorption of water kale which can reduce the concentration of Hg in water and treatment time
and volatilize into the atmosphere through leaves in the form of water vapor (phytovolatization). Then
the analysis results showed the concentration of Hg metal in water without liquid NPK fertilizer.

On day 0 (initial test) results were obtained on water of 0.56 mg / | which will be used as a reference for
comparison of treatment A (contaminated water) and B (contaminated water + water kale). Day 7
treatment without liquid NPK fertilizer, namely treatment A (contaminated water) decreased Hg
concentration from 0.56 t0 0.34583 mg / | and 0.25484 mg / | on day 14, the decrease was influenced by
chemical transformation or some microorganisms in the water can change the form of mercury such as
merculophilic bacteria can change organic mercury into a less toxic inorganic form, Then methyl
mercury can be taken up by living organisms or subjected to volatilization into the atmosphere.
Treatment B (contaminated water + water kale) decreased Hg higher than treatment A from 0.56 to
0.03772, and 0.00755 mg/l day 14. The decrease in concentration in treatment B is influenced by the
use of water kale can reduce the Hg concentration in water and treatment time and volatilize into the
atmosphere through leaves in the form of water vapor. This is in line with the research of Suhar et al
[10], that water kale can reduce mercury content in contaminated water. Research Sinunglinga, et al [11]
also stated, that the use of water kale water can potentially reduce the bioavailability and leaching of
heavy metals and organic pollutants in water through adsorption. Based on the results of the ANOVA
test, it can be concluded that the variable water kale without liquid NPK fertilizer and using fertilizer
influences treatment factors, and day factors, found differences in Hg heavy metal concentrations in
water in each measurement.

3.2 Changes in pH (Power of Hydrogen) in water
Based on the results of water pH testing shows that changes can be seen in Figure 3.

pH (Power of Hydrogen) in water

12
10

8

[,

4

: A B :

B pH Day-0 (Control ) 10.1 10.1 10.1 10.1

mpH Day-7 7.8 1.5 1.25 1.2
pH Day-14 7.75 7.6 7.6 6.85
B pH Day-0 (Control) ®pH Day-7 pH Day-14

Figure 3. Changes in pH (Power of Hydrogen) in water
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The results of the analysis showed that on day 0 (initial test) treatment A and B had a water pH of 10.1
alkaline, caused by gold processing wastewater pollution which can cause an increase in water pH to
alkaline. The test results decreased the pH of the water on the 7th day of treatment A (contaminated
water) from 10.1 to 7.8 and 7.75 on the 14th day, which was influenced by the absorption of carbon
dioxide (CO2) or water in the atmosphere can naturally interact with carbon dioxide from the air to form
carbonic acid (Hzcos), which then increases the acidity of the water. This process is called carbon dioxide
absorption, when carbon dioxide is dissolved in water, it will form carbonic acid which can lower the
pH of the water. Treatment B (contaminated water + water kale) decreased from 10.1to 7.5 and 7.76 on
the 14th day, the decrease in water pH was influenced by organic compounds produced by water kale
can react with water and release organic acids. The results of this study stated that the more organic
acids are leaped into the water by water kale, the pH (Power of Hydrogen) in the water decreases
(neutral). Then the analysis results showed that on day 0 (initial test) treatment C and D had a water pH
of 10.1 alkaline, caused by gold processing wastewater pollution which can cause an increase in water
pH to alkaline. The test results decreased the pH of the water on the 7th day of treatment C (contaminated
water + liquid NPK fertilizer) from 10.1 to 7.25 and 7.6 on the 14th day, which was influenced by the
absorption of carbon dioxide (CO ;) or water in the atmosphere can naturally interact with carbon
dioxide from the air to form carbonic acid (Hzcos), which then increases the acidity of the water. This
process is called carbon dioxide absorption, when carbon dioxide is dissolved in water, it will form
carbonic acid which can lower the pH of the water. Treatment D (contaminated water + water kale +
liquid NPK fertilizer) decreased from 10.1 to 7.2 and 6.86 on the 14th day, the decrease in water pH was
influenced by organic compounds produced by water kale can react with water and release organic acids.
The results of this study stated that the more organic acids are leaped into the water by water kale, the
pH (Power of Hydrogen) in the water decreases. Based on the results of the ANOVA test, it can be
concluded that the variable water kale without liquid NPK fertilizer has an influence on the day treatment
and there is a difference in the concentration of heavy metals pH (Power of Hydrogen) in the water in
each measurement.

3.3 Changes TSS (Total Suspended Solids) in water
Based on the test results showing very significant changes in TSS (Total Suspended Solids) in treatment
A, B, C and D on days 7 and 14 can be seen in Figure 4.

TSS (Total Suspended Solids) in water

1500
1600
~1400
s 200
=000
o 300
i &00
4040
200
A B L D

W TSS Day-0 (Confrol) 1695 1695 1695 1605
u TSS Day-7 1 l 7
TSS Day-14 1 1.5 2 4

TSS Day-0 (Control) BWTSSDay-7  WTSS Day-14

Figure 4. Changes in TSS (Total Suspended Solids) in water
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Nitrate levels, phosphate and potassium in the water

S
= 1
Py 3
i | 1 @) l '-.I
| = .
( D - D ( D
Nitrate Phosphate Potassium
B Day-0 (Control) 0,24 0,24 64 164 ) 2
B Day-7 3,2 0.69 2,53 )6 .5
Dav-14 .5 }.4 .36 %] 3.2 2z
EDay-0 (Control) ®Day-T ®Day-14

Figure 5. Changes in nitrate, phosphate, and potassium levels in water

The results of the analysis showed a decrease in TTS (Total Suspended Solids) in each treatment
decreased significantly. Day 0 TSS testing (initial test) on very high water of 1695 mg/l, which comes
from gold processing waste. Treatment A (contaminated water) showed a decrease from 1695 mg/l to 4
mg/l on day 7 and 1 mg/l on day 14, which was affected by precipitation in water or its weight exceeding
buoyancy and thus settling naturally. The batch system affects the deposition process on particles/solids
leading to a decrease in TSS in water. In treatment B (contaminated water + water kale) day 7
experienced a significant decrease compared to treatment A from 1695 mg/1to 1mg/land 1.5 mg/ |
on day 14. The results of the analysis showed a decrease in TTS (Total Suspended Solids) in each
treatment decreased significantly. Then the TSS test day 0 (initial test) on very high water of 1695 mg /
I, which comes from gold processing waste. In treatment C (contaminated water + liquid NPK fertilizer)
day 7 showed a decrease from 1695 mg/1to 7 mg/1and 2 mg /| on day 14, which is affected by
precipitation in water that can settle to the bottom or weigh more than buoyancy so that it settles
naturally. The use of a batch system affects the deposition process of particles leading to a decrease in
TSS in water. In treatment D (contaminated water + water spinach + liquid NPK fertilizer) day 7
experienced a significant decrease compared to treatment A from 1695 mg/lto2mg/land 4 mg/ 1 on
day 14. Based on the results of the ANOVA test, it can be concluded that the variable water kale using
liquid NPK fertilizer has an influence on the day factor, and treatment factor and found a difference in
TSS in water in each measurement.

3.4 Changes in nitrate, phosphate, and potassium levels in water
NPK testing on water has increased levels of nitrate, phosphate, and potassium. Changes in NO3, PO4,
and K levels can be seen in Figure 5.

The results of the NPK test analysis on water have increased levels of nitrate, phosphate, and potassium.
The initial test results of nitrate, phosphate, and potassium content in water amounted to NOs (0.24 mg
/1),PO4 (0.64 mg/l),and K (2 mg/ ) derived from gold processing, had low levels of nitrate, phosphate,
and potassium. Based on the results of NPK testing water has increased levels of NO 3, PO4, and K.
The nitrate content has changed in treatment C (contaminated water + liquid NPK fertilizer) from 0.24
mg/1to 3.20 mg/1and 0.50 mg /I on day 14, nitrate levels have increased due to the addition of liquid
NPK fertilizer on day 0 with a dose of 70 mg/container and decreased on day 14 which was influenced
by the absorption of water kale. The phosphate content decreased from 0.64 to 2.35 mg / | and 0.56 mg
/1 on the 14th day, which had been adsorbed by water kale. The potassium content increased from 2 mg
/1t03.51 mg/land 2 mg/ |, increased on the 7th day due to the addition of liquid NPK fertilizer to the
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treatment at a dose of 70 mg/container and decreased on the 14th day which had been adsorbed by water
kale. In treatment D (contaminated water + water kale + liquid NPK fertilizer) nitrate value decreased
onday 7 by 6.69 mg /| to 4.20 mg/ I, content from 0.64 mg/1to 0.63 mg /| on day 14 after addition,
while potassium content showed an increase in value from 2 mg/1to 1.50 mg/ | and increased by 2 mg
/ 1 on day 14, which is influenced by biological activity. If there are living organisms involved in the
experiment, they can affect the concentration of potassium in water through metabolic processes or
potassium absorption. Based on the results of the ANOVA test, it can be concluded that the variable
water kale, the addition of liquid NPK fertilizer has no effect and there is a difference in the
concentration of heavy metal Hg in water in each measurement.

The potential of Water Kale (Ipomoea aquatica Forsk) in phytoremediation for mitigating mercury
contamination in water sources, particularly from gold processing, presents a viable solution to a
significant environmental challenge. This discussion integrates findings from various studies to
underscore the effectiveness and mechanisms of Water Kale in mercury phytoremediation.

Water Kale's ability to absorb and accumulate heavy metals from contaminated environments is well-
documented. Mello et al. (2020) highlight the role of endophytic bacteria in enhancing the
phytoremediation capacity of plants through increased bioaccumulation and volatilization of mercury
[12]. This interaction suggests that Water Kale could be further optimized for mercury removal by
manipulating its microbial environment. Research conducted by Rahmawati et al. (2021) explores the
application of Water Kale in the phytoremediation of different pollutants, demonstrating its capacity to
reduce hazardous elements in hospital wastewater [16]. This versatility in treating various contaminants
suggests that Water Kale could be similarly effective in mercury-contaminated water from gold
processing. Moreover, the practical applications of phytoremediation strategies are evident in the study
by Putra et al. (2020), which provides technical guidance for reducing mercury levels in water affected
by amalgamation processes in gold mining [13]. Their findings emphasize the need for localized
treatment solutions, where Water Kale could be implemented as part of a broader integrated
phytoremediation strategy.

Supporting the use of Water Kale in broader phytoremediation contexts, Tang et al. (2017) demonstrate
its effectiveness in the co-remediation of cadmium and nitrate from contaminated soils [18]. Although
this study focuses on soil rather than water, the demonstrated capacity for heavy metal uptake is pertinent
to its potential applications in water systems. Lastly, Chen et al. (2010) explore the phytoremediation of
chromium by Water Kale, noting the enhanced removal efficiency in the presence of chelating agents
[20]. This finding suggests that similar methods could enhance mercury phytoremediation, potentially
increasing the efficiency of Water Kale in removing mercury from water bodies.

4. Conclusion

The results of the study reveal that treatment without liquid NPK fertilizer, specifically Treatment B
involving contaminated water and water kale, demonstrated the most effective reduction in mercury
levels after 14 days. Mercury concentrations decreased significantly from 0.56 mg/L to 0.00755 mg/L.
This treatment also improved water quality by reducing the pH from 10.1 to 7.6 and total suspended
solids (TSS) from 1695 mg/L to a mere 1.5 mg/L. Conversely, Treatment D, which included the addition
of liquid NPK fertilizer to the contaminated water and water kale, resulted in the lowest mercury
concentration of 0.00486 mg/L. While this represents a substantial reduction, the presence of liquid
NPK altered other water quality parameters less favorably, lowering the pH to 6.85 and TSS to 4 mg/L.
Furthermore, the use of liquid NPK fertilizer significantly increased the levels of nitrates, phosphates,
and potassium in the water—from 0.24 mg/L to 6.69 mg/L for nitrates, 0.64 mg/L to 2.53 mg/L for
phosphates, and 2 mg/L to 3.50 mg/L for potassium, indicating a potential nutrient overload.

These findings suggest that while the addition of liquid NPK fertilizer can enhance certain aspects of
water quality and reduce mercury concentrations slightly more than treatments without fertilizer, it also
introduces higher levels of nutrients which could have downstream environmental impacts.
Additionally, the increase in mercury concentration within the water kale itself when liquid NPK is used
poses further considerations for the application of this treatment in phytoremediation strategies. Thus,
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while NPK fertilizer may improve phytoremediation efficiency, its impact on water chemistry and plant
uptake of mercury warrants careful management and further study.
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