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ABSTRACT
Kale is an aquatic plant that is classified as a vegetable that is often consumed
by people and rich in various nutrients that humans need. Water kale will cause
health problems if it contains heavy metals. This study aims to determine the
effect of variations in the concentration of kaffir lime solution on soaking kale
to reduce levels of Cd and Hg metals in water kale. The research method used
wet destruction and dry destruction, and then the sample was analyzed using an
atomic absorption spectrophotometer. The results showed that the Hg metal
content was 0.0068 ± 0.0082 mg/kg, and Cd was 0.0029 ± 0.0028 mg/kg.
According to SNI 7378: 2009, the maximum limit of Hg contamination is 0.03
mg/kg and Cd in vegetables is 0.2 mg/kg. After soaking for 30 minutes with a
kaffir limesolution, a concentration of 5, 10, 15, 20, and 25%, the Cd and Hg
metals decreased. At a concentration of 25%, it shows a decrease in Cd and Hg
metals of 0.0016 ± 0.0004 mg/kg (42.86%) and 0.0079 ± 0.0016 mg/kg by
32.00%.
Keywords:Kale, Lime, Mercury, Cadmium
INTRODUCTION
Water or aquatic kale (Ipomoea aquatic Forssk) is a prevalent agricultural
plant, (Campos C. et al., 2011; Rahmi et al., 2019)with a very narrow land area
even simple farmers can create their farming business. Kale is a vegetable that is
easy to grow in damp places or near rivers(Anwar et al., 2020; Arimiyaw et al.,
2020). It is widely grown near the river and doused with river water(Tiro et al.,
2017).
Environmental pollution, which is in line with increasing development
activities especially in the industrial sector(Calbo & Ferreira, 2011), has become a
critical problem for developed and developing (Daryadar et al., 2019). The waste
that enters the waters causes changes in water quality so that the waters become
unfit for use by living things and contain dangerous metals such as cadmium (Cd)
and mercury (Hg)(Ali et al., 2020). Water plants such as water kale that grows
near rivers or sprinkling them with polluted water will have an impact on the
content of water kale(Olmedo et al., 2013)which has the ability to absorb elements
in the medium of its life including heavy metal cadmium (Cd) and mercury
(Hg)(Bedia et al., 2019). The heavy metal contamination of cadmium and mercury
in kale can cause humans' adverse effects when consuming water kale(Chen et al.,
2018).
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For the maximum limit of heavy metal contamination in food states that
the permissible levels of heavy metal in kangkong that can be consumed by
humans for cadmium (Cd) should not be more than 0.2 mg/kg(Dwivedi & Ma,
2014; Göthberg et al., 2002), while mercury metal cannot be more than 0.03
mg/kg(Ng et al., 2016). For this reason, efforts are needed to reduce levels of
cadmium (Cd) and mercury (Hg) in kale so that they are safe for human
consumption(Anuchapreeda et al., 2020). One such effort is to use a metal binder
or a chelating agent, including citric acid and acetic acid(Jain & Gauba, 2017).
According to research conducted by(Dertyasasa & Tunjung, 2017)kaffir
lime (Citrus hystrix D.C.) contains 8% citric acid(Kidarn et al., 2018), so kaffir
lime can be used to reduce metal levels(Handayani et al., 2020). Based on the
description above, the authors are interested in researching reducing levels of
Cadmium and Mercury(Tunjung et al., 2015) in water kale using kaffir lime with
a concentration of 5, 10, 15, 20, and 25% and a time of 30 minutes by determining
the levels by atomic absorption spectrophotometry(Jayasinghe, 2014). This
research is expected to produce the best method to quickly and effectively reduce
Hg and Cd metals in water kale. The dissemination of research results to the
public, especially housewives and food sellers is a great hope so that the impact of
exposure to Hg and Cd metals can be minimized.
METHOD
Research tools and materials
Water kale (Ipomoea aquatica Frossk.), fresh kaffir lime (Citrus hystrix
DC),HNO3 (p),NaBH4 0.2%, Cd (NO3) 2 1000 mg / l,HNO3 0.1M,H2O2 (p),
HCl 16%, HNO3 5N, HCl 3%, NaOH 0.05%, HCl 6M, Hg (NO3) 2 1000 mg / l,
from Merck and aquabidest.
Atomic Absorption Spectrophotometers GTA-120 AA240Z with perkinAA700 Pb Atomax Hollow Cathode Lamp. Atomic absorption
spectrophotometers with perkin-100 Hg Hollow Cathode Lamp, Flow Injection
Analysis System (FIAS), and glass tools(Smith, 2002).
1. Preparation of water kale with a concentration of kaffir lime solution
First, cleanly wash the water kale, separate the leaves and young stems
and cut into small pieces. A total of 15 grams of kale water were soaked in
kaffir limesolution for 30 minutes at each concentration of 5, 10, 15, 20, and
25%. After soaking the water kale, drain it then rinse it again with aquabidest,
while the lime solution is collected in a glass bottle.
2. Wet destruction
Water kale and ligand solution which contains the Hg metal will be
calculated,mashed first with a hand blender.The water kale that has been
refined and the lime solution is weighed 0.5 grams in a test tube container
with 6 ml HNO3 added (P), 0.5 ml H2O2 (p) let stand for 45 minutes then add
aquabidest to a scale of 15 ml. Heat it in a heating furnace at 90º C for 5 hours
and let it cool, then filtered using Whatman filter paper no 42, the sample is
collected into a 50 ml volumetric flask, 2.5 ml of 16% HCl is added and is
sufficient with aquabidest to the limit. The solution is ready for measurements
using an atomic absorption spectrophotometer at a wavelength of 253.7
nm(Smith, 2002).
3. Dry destruction
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Water kale which will be calculated the Cd metal content is destructed by
the dry destruction method(Tchounwou et al., 2012). Water kale weighed 10
grams in a porcelain dish and dried in an oven at 1000C for 1 hour. After that,
it is ignited in an electric furnace at temperature 4500C for 5 hours until the
ash is white or grey and then allowed to cool in a desiccator. 5 ml of HCl 6M
was added then heated on an electric bath then the residue was dissolved with
10 ml of 0.1M HNO3, let it cool, then filtered with Whatman filter paper no
42, the sample was accommodated in a 50 ml measuring flask and sufficient
with aquabidest to the limit line. The solution is ready for measurements using
an atomic absorption spectrophotometer at a wavelength of 228.8 nm.
4. Data Analysis
Metal concentration data from spectrophotometer will be calculated using
the AOAC formula. 999.11 / 9.1.09.2005 and SNI 19-2896-1998(Lepretre,
2012).Sample metal content calculation formula (recovery):
𝑎 × 𝑣
𝑐=
𝑚
Description:
c:Metal content in sample (mg/kg)
a:Metal concentration (µg/L)
m:Sample weight (g)
v: Solvent volume (L)
RESULT
Water kale obtained from the Cakung Industrial Area, Jakarta and Jeruk
Purut obtained from Ijem Herbal, Yogyakarta have been determined at LIPI
Biological Research Center Cibinong, Bogor to determine the type and ethnicity.
The result of the determination was that water kale had Convolvulaceae species
and kaffir lime had Rutacea species.
The sample will be crushed in the acid chamber before reading with an
Atomic Absorption Spectrophotometer (AAS).The acid crushing procedure used
is the wet method to calculate the Hg metal content, and the dry method is used to
calculate the Cd metal content in kale.(Al-Kodmany, 2018).
1. Analysis of Cd and Hg levels before treatment
A sample that has been destructedis to be measured for its metal content using
an atomic absorption spectrophotometer. In measuring the sample level, two
readings were done. From these readings, the results are averaged so that Cd and
Hg levels in the sample are obtained (Table 1).
Table 1.Analysis of Cd and Hg levels before treatment
Content (mg/kg)
Metal
Mean
SD
%RSD
I
II
Hg
0,0146
0,0121
0,0134
0,0017
13,2417
Cd
0,0029
0,0028
0,0028
0,0012
1,5020
For analysis of Hg metal before the treatment, is weighed 0.5 g of the sample
by wet destruction then check the metal content with an atomic absorption
spectrophotometer and obtained an average level of Hg metal of 0.0134 mg/kg.
Analysis of Cd levels weighed 10 g of water kale samples, dry destruction, then
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check the metal content with an atomic absorption spectrophotometer and
obtained an average Cd content of 0.0028 mg/kg.
According to SNI 7387: 2009, the maximum limit for the Hg metal content in
water kale is 0.03 mg/kg and Cd 0.2 mg/kg. Meanwhile, based on the analysis
results, Hg and Cd's metal content in water kale does not exceed the maximum
limit of the specified SNI standards.
2. Analysis of Cd and Hg levels aftertreatment
The analysis results of the reduction in Cd metal content in water kale after
treatment with kaffir lime solution based on the difference in concentration and
immersion time (Table 2).
Table 2.Analysis of Cd levels after treatment
Cd content (mg/kg)
Kaffir Lime
Content
Kale
Concentratio
SD
%RSD
reduction
Mean
n
(%)
I
II
Negative
control
5%
10%
15%
20%
25%

0,0029 0,0028

0,0028

0,0000

0

-

0,0026
0,0021
0,0022
0,0014
0,0019

0,0023
0,0020
0,0019
0,0017
0,0016

0,0005
0,0002
0,0005
0,0004
0,0004

21,7391
10
26,3157
23,5294
25

17,86%
28,57%
32,14%
39,28%
42,86%

0,0019
0,0018
0,0015
0,0020
0,0013

Cd content curve
0.0023

content (mg/Kg)

0.0023

0.0020

0.0021

0.0019

0.0019

0.0017
0.0016

0.0017
0.0015
5%

10%

15%

20%

25%

Kaffir lime concentration (%)

Figure 1. Cd content graphic
After treatment with different concentrations and 30 minutes of soaking
time, it showed a decrease in Hg levels in water spinach (Table 3).

Kaffir Lime
Concentratio
n
Negative
control
5%

Table 3.Analysis of Hg levels aftertreatment
Hg content (mg/kg)
Kale
SD
%RSD
Mean
I
II

Content
reduction(
%)

0,0146

0,0121

0,0134 0,0017

13,4328

-

0,0130

0,0083

0,0107 0,0033

30,8411

17,33%
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10%
15%
20%
25%

0,0096
0,0121
0,0064
0,0067

0,0098
0,0086
0,0100
0,0090

0,0097
0,0104
0,0082
0,0079

0,0001
0,0024
0,0025
0,0016

10,3092
24,0384
30,4878
20,2531

18,66%
25,33%
28,00%
32,00%

content (mg/Kg)

Hg content curve
0.0120
0.0110

0.0107
0.0097

0.0100

0.0104
0.0082

0.0090

0.0079

0.0080
0.0070
5%

10%

15%

20%

25%

Kaffir lime concentration (%)

Figure 2.Hg content graphic
There is a decreased metal content in water kale which is not linear from
each concentration, which is influenced by the value of the adjacent concentration
which is only 5% different so that the value of the decrease in levels looks the
same.
Analysis of Cd and Hg levels in water spinach samples after soaking
showed decreased metal content at each Jeruk Purut solution concentration.the
highest decrease is at a concentration of 25% kaffir lime solution with a metal
content of Cd 0.0016 ± 0.0004 mg / kg amounted to 42.86% and Hg metal content
of 0.0079 ± 0.0016 mg / kg of 32.00%. Kaffir lime contains 8% citric acid. Citric
acid is a tricarboxylic acid that occurs naturally in fruits(Sato et al., 2011), where
each molecule contains a carboxyl group and a hydroxyl group attached to a
carbon atom(Kasuan et al., 2013). Citric acid is an effective metal binder, and
carboxyl ions as a good electron donor will work together to form complex
electron bonds (Dumičić et al., 2014).
From the curve image above, it can be seen that there is a decrease in the
levels of heavy metals Cd and Hg contained in water kale, this proves that the
Purut orange solution can reduce/reduce or bind heavy metals in water kale
samples. Therefore, this study aims to reduce the metal content in water kale as
low as possible so that people are safe when consuming water kale as a
complementary vegetable in food.From the research and discussion results, to
reduce the metal content in water kale, kaffir lime can be used.
CONCLUSION
From the results of this study, it is known that water kale derived from
agriculture near the Cakung Industrial Area, East Jakarta, contains levels of heavy
metals Cd and Hg, respectively, 0.0028 mg/kg and 0.0134 mg/kg. The effect of
variations in immersion concentration with kaffir lime solution on reducing levels
of heavy metals Cd and Hg in water kale samples. At various concentrations of
kaffir lime solution that can reduce the highest levels of heavy metal Cd and Hg,
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namely at a concentration of 25%, namely 0.0016 ± 0.0004 mg/kg of 42.86% and
Hg metal content of 0.0079 ± 0.0016 mg/kg by 32.00%.
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