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Abstract: Wastewater from gold treatment by amalgamation has a high TSS value and
heavy metal content in the form of Cu and Hg. This content can endanger the
surrounding environment. Therefore, wastewater must be treated until it shows results
below the permitted quality standards. Wastewater treatment is carried out using the
batch reactor electrocoagulation method. The purpose of this study was to determine
the efficiency value and optimal conditions by reducing the TSS, Cu, and Hg content in
wastewater based on the effect of time (10 minutes) and voltage (4.5 volts, 6 volts, and
7.5 volts). This calculation of the efficiency and analysis showed that the optimal
conditions occurred at a voltage of 6 volts from the three parameters, there are TSS =
97.49%, Cu = 95.71%, and Hg = 98.95%. Based on the test results after treatment, the
wastewater still needs to be treated until it is below the safe quality standard according
to Government Regulation of Indonesia Republic No. 82 of 2001 class 4.
Keywords: electrocoagulation, gold treatment, batch, wastewater.
Abstrak: Air limbah pencucian emas dengan metode amalgamasi memiliki nilai TSS
yang tinggi dan kandungan logam berat berupa Cu dan Hg. Kandungan tersebut dapat
membahayakan lingkungan sekitar. Oleh karena itu, air limbah harus diolah hingga
menunjukkan hasil di bawah baku mutu yang diizinkan. Pengolahan air limbah
dilakukan dengan metode elektrokoagulasi reaktor batch. Tujuan penelitian ini adalah
untuk mengetahui nilai efisiensi dan kondisi optimal dengan mereduksi kandungan
TSS, Cu, dan Hg pada limbah cair berdasarkan pengaruh waktu (10 menit) dan
tegangan (4,5 volt, 6 volt, dan 7,5 volt). Hasil perhitungan efisiensi dan analisis ini
menunjukkan bahwa kondisi optimal terjadi pada tegangan 6 volt dari ketiga parameter
yaitu TSS = 97,49%, Cu = 95,71%, dan Hg = 98,95%. Berdasarkan hasil pengujian
setelah diolah, air limbah masih perlu diolah hingga berada di bawah baku mutu aman
sesuai dengan PP RI No. 82 Tahun 2001 pada kelas 4.
Kata kunci: air limbah, elektrokoagulasi, batch, pengolahan emas
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Introduction
Kulon Progo Regency has the potential buried gold. Due to the economic
limitations of the local people, traditional gold mining is their source of income.
Mining is carried out using simple tools such as hoes, crowbars, and hammers by
following the quartz veins in the andesite. Mining activities include extracting
gold ore, grinding gold ore using logs, and gold treatment amalgamation using
mercury as a gold binder. The working of the amalgamation process itself is
heated until the mercury is evaporated then the gold could be extracted (Esdaile
and Chalker, 2018). Mercury is a heavy metal that is liquid, volatile, and
dangerous if it accumulates in the body of living things. This gold extraction
process is carried out because it is the easiest method, low cost, and does not
require complicated equipment. According to Bazrafshan et al. (2015), mercury is
one of the toxic heavy metals components that is a neurotoxin for the body system
and causes central nervous system damages.
Waste resulting from the amalgamation of gold processing consists of
wastewater and tailings containing mercury and other hazardous contaminants.
Mining wastewater has a highly dependent composition on the type of ore being
mined and chemicals in mineral extraction (Malmekina, 2020). The waste is
immediately disposed of in a reservoir with a layer of soil without any treatment.
Meanwhile, gold treatment continues as well as the resulting waste will continue
to increase. Gold treatment was carried out on the riverbank near the resident's
houses. If the intensity of rain is high and the wastewater exceeds its volume
capacity, the wastewater in the reservoir will overflow. This can harm the
environment and the living things around it. Therefore, wastewater must be
treated first before being discharged and flowed into water bodies until it is below
the permitted quality standards. Wastewater treatment in this study used the
electrocoagulation method with a batch reactor.
Heavy metals in wastewater can be reduced using chemical treatment with
the coagulation process, absorption, and ion exchange; physically chemically by
electrocoagulation and solidification processes; and biologically by
phytoremediation and bioremediation processes (Asrifah et al., 2020; Mamelkina
et al., 2017). Many researchers have used different methods to remove heavy
metals from other wastewaters, one of which is electrochemical treatments that
contain electrocoagulation, elector-floatation, and electrodeposition process
(Azimi et al., 2016). Electrocoagulation is one of the electrochemical water
treatment methods in which the anode releases an active coagulant in the form of
metal ions into the solution. While at the cathode, there is an electrolytic reaction
in releasing hydrogen gas (Mamelkina et al., 2019; Touahria et al., 2016). The
function of electrocoagulation in the process of destabilizing suspensions,
emulsions, and solutions containing contaminants by passing an electric current
through the water to form clumps that loosen easily and result in neutralization of
negative surface charges (Shim et al., 2014). According to the research from
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Ingelsson et al. (2020), one of the purposes of electrocoagulation treatment
technology is for a sustainable alternative in economics and the environment.
Another advantage of electrocoagulation treatment is its formation of a stable floc
which can be separated by filtration. The flotation process which produces gas
bubbles can remove pollutants using flotation. Electrocoagulation devices have
fewer units and thus have lower maintenance costs (Ribeiro et al., 2019).
In the electrocoagulation unit, there are metal sheets arranged in pairs or
called electrodes. One side is called the anode, and the other is the cathode. Based
on the research from Gilhotra et al. (2018), stainless steel can also be used as
electrodes in the electrocoagulation process and, in that case, are used for arsenic
removal. Electrocoagulation uses the principle of electrochemistry, where the
cathode will lose electrons or be oxidized, while water will gain electrons, thus
making wastewater better after being treated (Hakizimana et al., 2017). Electrodes
are usually made of aluminium, iron, or a little bit of stainless because these
metals are cheap, easy to obtain, effectively proven, and non-toxic (Hernaningsih,
2016). The electrode is a device for delivering electric current into wastewater.
The electrodes in this electrocoagulation process use aluminium. Besides that,
electrocoagulation treatment can effectively remove a wide range of contaminants
and convenient in operation because of the cost-effectiveness, less sludge
generation, environmental compatibility, and safe in the process (Babu et al.,
2020). Although wastewater treatment is a stable engineering science, combining,
simplifying, and centralizing the process is a new experience and opportunity in
developing countries. The purpose of this study was to determine the efficiency
value and optimal conditions by reducing the content of suspended solids (TSS),
copper (Cu), and mercury (Hg) in gold wastewater treatment based on the
influence of time and voltage in the electrocoagulation process.
Methods
This research was conducted on a laboratory scale using original gold
wastewater treatment from traditional gold mining in Kulon Progo Regency. In
this study, the introduction treatment stage was carried out, aiming to determine
the effective time that can be used to carry out the electrocoagulation process. The
time variations used were 10 minutes, 15 minutes, and 20 minutes. The voltage
used is 6 volts (Asrifah, 2020). The principal method of electrocoagulation is
showed in Fig. 1. The test parameters used in the pretreatment were EC and
Turbidity. The purpose of this measurement is to determine the initial condition of
the wastewater.
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Figure 1. Schematic diagram of Electrocoagulation (Mollah, 2004)

The research flow diagram can be seen in Fig. 2. Then the
electrocoagulation process was carried out with a batch reactor using a 1000 mL
volume measuring cup and electrodes in the form of a pair of plates (anode and
cathode) made of aluminium with a size of 40 mm x 30 mm (length x width). The
electrodes are placed in the middle of the reactor, with a distance between the
electrodes is 40 mm. Then connect the electrodes by flowing DC (Direct Current)
electric current. The main thing in this research is the variation of contact time and
mains voltage. While the variation of the voltage used is 4.5 volts, 6 volts, and 7.5
volts with the best time selection is 20 minutes based on the introduction
treatment.

Figure 2. Research Flow Diagram

The test results after electrocoagulation treatment were calculated the
removal efficiency of TSS, Cu, and Hg parameters using the following formula:
CR %

C0 - C
C0

100%..............................................(1)
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Before electrocoagulation treatment, the initial test results were compared
with the Minister of Environment Decree No. 202 of 2004 concerning Wastewater
Quality Standards for Gold and or Copper Mining Business and or Activities.
After testing in the laboratory, the gold washing wastewater process contaminant
has various parameters that reach a higher level above quality standard. It means
that the gold washing wastewater needs treatment before being discharged into the
environment.
The wastewater treated will be checked at the level of each parameter
using Government Regulation of Indonesia Republic No. 82 of 2001 class 4
concerning Management of Water Quality and Water Pollution Control. The
results of the efficiency calculations are analyzed and graphed. Class 4 water
quality standards are intended to irrigate plants and/or other designation that
require the same water quality. The parameters, standard threshold, and test
method can be seen in Table 1.
Table 1. Water Quality Standard and Test Method
Parameter

Units

Total Suspended Solid (TSS)
Copper (Cu)
Mercury (Hg)

mg/L
mg/L
mg/L

Quality
Standard
400
0,2
0,005

Electric Conductivity (EC)
Turbidity

mS/cm
NTU

-

Test Method
SNI 6989.3-2019
SNI 6989.6-2009
Mercury Analyzer
Electricity Meter
Turbidity Meter

Result and Discussion
The wastewater of gold mining before electrocoagulation treatment
obtained very high TSS and Hg yields. The results of the TSS parameter test were
5863 mg/L, and the Hg parameter was 4.47 mg/L. Compared with the Minister of
Environment Decree No. 202 of 2004 concerning Wastewater Quality Standards
for Gold and or Copper Mining Business and or Activities, the test results for TSS
and Hg parameters are far above the safe threshold. Based on these results, it is
necessary to conduct electrocoagulation treatment to reduce levels of pollutant
parameters before they are discharged and flowed into the environment. This is to
anticipate the bad impacts caused. The result of the Cu parameter test was 0.07
mg/L. These results are below the applicable quality standard threshold. Copper is
a dangerous heavy metal and can pollute the environment by accumulating living
things around it. Therefore, treatment must still be done to reduce levels of Cu.
The results of measurements of gold processing wastewater before
electrocoagulation treatment can be seen in Table 2.
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Table 2. The Initial Test Result Before Treatment
Parameter

Units

Test Method

Result

mg/L
mg/L
mg/L

Quality
Standard
400
0.2
0.005

TSS
Cu
Hg

SNI 6989.3-2019
SNI 6989.6-2009
Mercury Analyzer

5863
0.07
4.47

EC
Turbidity

mS/cm
NTU

-

Electricity Meter
Turbidity Meter

2.8/2.87
>1000

As shown in the table above, EC and Turbidity parameters are also tested
as initial waste, namely at the Introduction Treatment stage. After testing, the
effective time of testing was 20 minutes, with the EC value increasing to
2.76/2.89 mS/cm and the turbidity to 96/167 NTU. The EC value increases after
introducing the treatment because, during the electrocoagulation process, the ions
are broken down to decompose the waste so that the EC value is higher.
Meanwhile, the turbidity value will decrease because the decomposed waste will
settle, thus reducing the turbidity value. This turbidity value indicates the number
of suspended solids and gas bubbles generated during electrocoagulation
(Niazmand et al., 2020). After the introduction of the treatment, wastewater will
be treated as the primary treatment. The result can be seen in Table 3.
Table 3. Result of Introduction Treatment
Time
(minutes)
10
15
20

EC
(mS/cm)
2.8/2.87
2.8/2.87
2.8/2.87

Before
Turbidity
(NTU)
>1000
>1000
>1000

EC
(mS/cm)
2.76/2.89
2.83/2.92
2.98/2.91

After
Turbidity
(NTU)
178/134
123/118
96/167

Electrocoagulation treatment with voltage variations of 4.5 volts, 6 volts,
7.5 volts, and constant variations, which is contact time of 10 minutes on
pollutants in gold processing wastewater decreased. The parameters measured
after treatment were TSS, Cu, and Hg. Each parameter shows a different result.
The biggest decrease occurred in TSS and Hg parameters. Based on the Minister
of Environment Decree No. 202 of 2004 concerning Wastewater Quality
Standards for Gold and or Copper Mining Businesses and or Activities, TSS
parameters before treatment shows a value above the quality standard threshold
and after treatment becomes the quality standard threshold according to
Government Regulation of Indonesia Republic No. 82 of 2001 class 4 concerning
Water Quality Management and Water Pollution Control.
Meanwhile, the results of the Cu parameter after treatment were still below
the quality standard threshold. Furthermore, for the Hg parameter, the results after
treatment were still above the quality standard threshold. Based on the test results
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of the three parameters after treatment, the wastewater still has to be processed to
a safe threshold for disposal into the environment. The test results after
electrocoagulation treatment and inefficiency values can be seen in Table 4.
Table 4. Result of Wastewater Treatment using Electrocoagulation
Voltage
(Volt)

Time
(minutes)

TSS
(mg/L)

Cu
(mg/L)

Hg
(mg/L)

4,5
6
7,5

20
20
20

133
147
387

0.04
0.003
0.02

0.0466
0.0467
0.0637

TSS
Removal
(%)
97.73
97.49
93.39

Hg
Removal
(%)
98.95
98.95
98.57

Cu

TSS
0.25

500

0.2

Conc. (mg/L)

400

Conc. (mg/L)

Cu
Removal
(%)
42.85
95.71
71.42

300
200
100
0
4.5

6

0.15
0.1
0.05
0
4.5

7.5

Voltage (Volt)
TSS

6

7.5

Voltage (Volt)
Cu

Quality Standard

Quality Standard

Conc. (mg/L)

Hg (mg/L)
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0
4.5

6

7.5

Voltage (Volt)
Hg

Quality Standard

Figure 3. The relationship between treatment results with the amount of voltage and processing
time 20 minutes at a plate distance of 4 cm.

Based on the calculation of removal efficiency results, different results are
obtained for each voltage value. The efficiency value of the TSS parameter
obtained the highest result of 97.73% at 4.5 volts. The efficiency value of the Cu
parameter obtained the highest result of 95.71% found at a voltage of 6 volts. The
efficiency value of the Hg parameter obtained the highest result of 98.95% found
at 4.5 volts and 6 volts. Electrocoagulation treatment in reducing pollutant levels
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in optimal conditions is found at a voltage of 6 volts from all parameters,
including TSS (97.49%), Cu (95.71%), and Hg (98.95%). Even though the Hg
efficiency reaches 98%, the Hg content in the wastewater is still above the initial
standard, so further processing is required. These results indicate the high
efficiency of free heavy metal removal using electrocoagulation with aluminium
electrodes. Mercury (Hg) is a heavy metal that is easy to precipitate due to its
density. The reduction and oxidation processes in the electrocoagulation process
lead to changes in plate weight, namely the initial weight of 1059 mg to 1106 mg
and 1051 to 959 mg. Electrode plate affects the electrocoagulation process. This is
related to the reactions that occur at each electrode used (Mulyani et al., 2017).
Conclusion
Wastewater treatment from the gold amalgamation process using the batch
reactor electrocoagulation method obtained optimal results at a voltage of 6 volts.
The values of the three parameters TSS, Cu, and Hg, were obtained at 97.49%,
95.71%, and 98.95%. Wastewater after electrocoagulation treatment still has to be
treated to the safe threshold for disposal into the environment because Hg levels
are still obtained above the quality standard threshold according to Government
Regulation of Indonesia Republic No. 82 of 2001 class 4 concerning Management
of Water Quality and Water Pollution Control.
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