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Abstract

This study investigatese the effect of electrocoagulation contact time on pH and TSS of wastewater discharged
from the WestJava—ProvinceMental-Hospital'sWwastewater Ftreatment Pplant (WWTP)_of the Psychiatric
Hospital of West Java Province. Using-aThe experiment followed the pretest-posttest experimentalcontrol group
design-with-a—centrel-group;. There-wereaThis study involved testing of -sample-of 56 wastewater samples-was
used-with-which-were tested-, six times-6-treatments before and after_treatment..4 Each treatment was repeated

four timestitions, and GQH{-FGJ-S—BQJ’—FQPGMchEre was_one_control _group for each repetition. The
electrocoagulation device-tool used in this study had-a-distance-betweenconsisted of 6 1-mm electrode plates which
wereef 8 cm_apart, a current strength of 5A, a voltage of 12V -and-6-electrode plates—each-Lmm-thick, withand a
50-Watt solar panel-50-watt—peak. The data were analyzedsis—censisted—of_using descriptive and inferential
statistics. The results showed that all electrocoagulation contact time treatments had a significant effect on
increasing the pH and the TSS-before-and-aftertreatment. Additionally, the electrocoagulation deviee-tool was
found to be effective, stable, portable, and environmentally friendly, with a self-cleaning system that reduced
operational costs and saved electricity through the use of solar panels. Thise study contributes to the development
of an effective electrocoagulation device-toll for wastewater treatment and the determination of optimal contact
time for the devieetool, providing a practical solution to overcome the problems of pH and TSS in wastewater.
These findings can be applied to other wastewater treatment plants, thus improving the quality of discharged
wastewater.

* Corresponding author:

d

http://dx.doi.org/10.28991 /cej-202X-XXXXXXXX

© 2021 by the authors. Licensee C.EJ, Tehran, Iran. This article is an open access article distributed under the terms
and conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Hospital waste is all waste generated from hospital activities in solid, liquid, and gas forms. Wastewater is all
wastewater including feces originating from hospital activities which may contain pathogenic microorganisms and
toxic and radioactive chemicals that are harmful to the health. Therefore, every hospital must treat its wastewater
untilso that it meets the standard requirements and does not have a direct effect on that-have-the-petential-te-impactthe

health 1], [ Formatted: Font color: Text 1

There are 334 hospitals in West Java Province has-334-hespitals-recorded-in-havingthat are making efforts to secure [FOfma“9d= Font color: Text 1

waste from Indonesian health-care facilities. Based on the recapitulation of the-wastewater discharge-reperting-data, the
daily average of hospital wastewater discharge-preduced is 0.35 m3/bed/day. Of the 334 hospitals, only 39 hospitals
have reported their wastewater discharge, including the Psychiatric Hospital of West Java Province Mental

Hospital[2], [Formatted: Font: Bold, Font color: Text 1

The Mental-Psychiatric Hospital of West Java Province is a Hhealthcare Ffacility located in the-West Bandung [FOfma“9d= Font color: Text 1

Regency-area-which_that has a Wwaste-Wwater Ftreatment Pplant (WWTP) with-using an aerobic-and--anaerobic
biofilter system. The basic principle of the system is to utilize aerobic and anaerobic bacteria in the filter to decompose
pollutants in water—where—peHutants—in—water _that occur in the process of releasing nitrogen ions that wereare

previously bound into ammonia (NHs) into nitrates and nitrites. Fhe-process-ofreleasing-these-ions-causesAs a result
the degree of acidity (pH) in water te—reduceddecreases and tends to be acidic and increases the number—oftotal

suspended solids (TSS) which can be harmful to the environment [3,4]. Formatted: Font color: Text 1

the cologarithm of the activity of dissolved hydrogen ions (H*) [5]. The standard for pH-standard of wastewater is 6-9, Formatted: Font color: Text 1

which is in accordance with the wastewater quality standards based-enset by Fthe Minister of Environment and

pH is thea degree of-acidity-used-tewhich indicates the level-of-acidity or alkalinity enin a solution. pH is defined as [ Formatted: Font color: Text 1
[Formatted: Font color: Text 1

O )

Forestry of the Republic of Indonesia_under the Regulation Number P.68/Menlhk-Setjen/2016 concerning Domestic
Wastewater Quality Standards-ranging-from-6—9. Whereas-Cenditions-of-w\\astewater whosewith-a pH-that does not
meet the Sstandards, mereeverespecially if it-that is continuously discharged into the environment, can cause the the

death-ef-aquatic organisms to die and disrupt ervirenmentak-the ecosystems [6]. Formatted: Font: Bold, Font color: Text 1

Formatted: Font color: Text 1

TFSS{Fotal-Suspended-Selid)-or-total suspended solids_(TSS) are all kindstypes of solids that comes from total

solids that are retained on a sieve-filter with a maximum particle size of 2.0 um and-can-settle[7,8]. The standard for Formatted: Font color: Text 1

) T e e

Fotal-Suspended-Sehd(TSS) in wastewater is 30 mg/L, which is in accordance with the wastewater quality standards Formatted: Font color: Text 1

o )

based-onset by the Minister of Environment and Forestry of the Republic of Indonesia under the Regulation Number
P.68/Menlhk-Setjen/2016 concerning Domestic Wastewater Quality Standards;-which-is-30-mg/k. WhereasThe Hhigh
level of TSSHevels in wastewater that enteris contained in water bodies-centiruoushwil can cause the high turbidity
of the water bodies. As a result,-se-that-it-wil-disable the-sunlight, which- is needed by autotrophs to carry out natural

remedlanon (photosynthe5|s) in the nver WI|| be hampered from entenng the riverbed where-sunlight-is-needed-by
a a ver] 9],
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Ac cordlng to the preliminary study of routme wastewater testmq conducted by the authors, the pH value of-ebtained

i y a the Wastewater Treatment
Plant of the yschlatrlc Hospltal of West Java Provmce—MentaJ—Hespﬁal— shews—an—aa*e#age—pH—that—ranges—#emwas 4-
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6 and the TSS level ranges—fromwas 35-45 mg/L_[10]; anrdOn the other hand, the—data—en—the wastewater

examinationtesting conducted by [the environmental laboratory] with—a—result—ofshowed that the pH value of the ed [f1]: Whose laboratory?

wastewater treatment plant was 4.5 and the TSS level was 45 mg/L-FSS. The previous studies showed that Fthe pH

Commented [DEF2R1]: Health polytechnic of Bandung

Formatted: Font color: Text 1

on_using the eurrent-developedlatest technology-ean-be that involves-dene-by either physical, chemical, and biological

Formatted: Font color: Text 1

systems or a combination of the three_-systems[11]. One of the combinations ofed physical and chemical systems is

electrocoagulation J12,13]. Formatted: Font color: Text 1

Electrocoagulation is the process of coagulation and deposition of fine particles contained in wastewater using Formatted: Font color: Text 1

electrical energy. Electrocoagulation is a more advanced technology and has more advantages compared to the Formatted: Font color: Text 1

chemical coagulatlonmethedwh}ehsm#use&eheweakeeagwants that can damage the enV|ronment114 184—5| one
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Eelectrocoagulation can impreveincrease the pH_value and reducedecrease the TSS level in wastewater [18-20].

Variations-ofous treatments ghvenwere done to the wastewater using aluminum electrodes; with different contact times;

and voltages. The test-treatment results using aluminum electrodes at 12V for 60 minutes showed positive results, that

is,-r_an increasinge in the degree of acidity with-a-percentage-ofby 16%.-at-12-\/-volage-treatment-and-60-minutes
with-aluminum electrodes.

Amri_et al.’s [21] also research-ir-2020-statedsuggested that electrocoagulation using aluminum electrodes can alse
improveincrease the pH_value of wastewater—withaluminum-electrodes. Variations—efous treatments are—givenwere
done-by-using with different voltages and flow rates [21]. The treatment results at a voltage of 12V and a flow rate of
0.087 L/m ofthese-trials-also showed positive results, that is,-ir an increasinge in the degree of acidity with-an-inerease
from 3.6 to 6.7 and a decrease in the level of TSS ef-by 90.90% from 1100 mg/L to 100 mg/L-at-a-voltage-treatment-of
12-V-and-a-flowrate-of-0-:087-L/m J21], Fhe-two-previousOther researchers used-variationsingave different treatments
in_terms of contact time, w—in—their—research-hich—Coentact-—time is a factor that—affects—the—process—ofin the
electrocoagulation process J22], The results showed that tincreasing the contact time of electrocoagulation can increase
the efficiency of remeving-pollutants removal [23-25],

TFhe-eElectrocoagulation-technigue is quite effective in reducing the values of turbidity, color, free ammonia, TSS,
and heavy metals as well as improving the pH value in wastewater treatment of non-fisherying industryial-wastewater
treatment [26-28]. However, itelectrocoagulation has not been widely applied into—the hospital management—of

[ Formatted: Font color: Text 1
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wastewater_management-from-hespital-activities. Hospital wastewater has characteristics-of-a-peHutant-load-that-is
relatively the same characteristics of pollutant load as domestic wastewater-in-general.

[Previous studies have reported errthe use of electrocoagulatlon for wastewater thetreatmentehwastewater
from various sources . For example,
Raju et al. [29](2008) |nvest|gatedd the use of electrocoagulatlon for the removal of suspended solids from
textile wastewater,—generated—in—the—textie—industry[29}—Similarly,_ while Omwene et al. (2018)[30]

studiedinvestigated the effect of electrocoagulation on the removal of suspended solids and chemical oxygen

Formatted: Font color: Text 1
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demand (COD) from municipal wastewater{36}-Recentresearch-hasfocused-on-the-use-ofelectrocoagulationto
Meanwhile, Rookesh et al. [31] {2622}-investigatede the removal of

treat wastewater. For-example.-a study by

COD and TSS from landfill leachate using electrocoagulationf3t], Anether—study—byl astly, Kobya et al.
{2007[32] evaluatedinvestigated the removal of pollutants from textile wastewater using an-electrocoagulation
prosessf32},

While the_abovementionedse studies have provided valuable insights into the use of electrocoagulation for
wastewater treatment, there is still a gap in the literature regarding the use of solar—panels—to—powered
electrocoagulation systems—for thewastewater treatment-of-wastewater. This is an-important-gap—te—fill—as
because the use of solar panels eeutd-may provide a sustainable and cost-effective solution for wastewater
treatment in areas with limited access to electricity.

To address this gap, thepresentis study aims to investigate the use of ansolar-powered electrocoagulation

for-theto neutralizeation-of the pH and reduction-efe the TSS in wastewater.

Thise study wil-evaluates the effectiveness of the system in treating the wastewater generated-byfrom the

wastewater treatment plant of the Psychiatric Hospital of West Java Province-Mental-Hospital \WAATFR. The

findings of this study eeutd-may contribute to the development of sustainable and cost-effective solutions for
wastewater treatment, particularly in areas with limited access to electricity,,

2. Methods

This type-efresearchstudy is a pretest-posttest true experimental control group design-with-a-centrol-group. Ha-this
research-designBefore the treatment, randomization was carried out in each experimental greup-and control groups so
that both groups had the same characteristics-befere-treatment. FhenSubsequently a pretest was carried out in all
experimental groups, then-after-some-timefollowed by a posttest. was—carried-out-and-tThe post-test results ofin all
thesegroups eeuld—bewere referred to as the effect of treatment i331 [Fhe-purpose-of this-study-was-to-determine-the

June 2022.
The population in-this-study-was the-entireall wastewater at-the-outlet-offrom the Wwastewater Ftreatment pPlant
(WWTP) of the Psychiatric Hospital ofat West Java Province-Mental-Hospital. The sampling-technigue-used-in-this

researehe was chosen usmg —|§;§S|mple Rrandom Ssampllng by means of of chemlcal deoxygenatlon Fl:he—sample—m—this
Fy— The sample size in-this
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entire population had the same opportunity to become the chosen.
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The experiments were done SIX tlmes for 10, 20 30, 40 50, and 60 minutes. Each experlment was repeated four

i@%@%@%@%@%@%ﬂn&e&eﬁe@%&%ﬁeremre the re were 24 sample waLnembepef%amples in the
experimental qroup In addltlon thereLwa&one sample was jin the control group for each repetition,was-24-samples
vasthere-were resulting in -28 samples._in total. Fhe-rumber
ef—sameles—m—l—#epetttten—osMoreover there were 45even samples_for each repetition.; fer—1tEach sample it
takesconsisted of 3,000 ml of wastewater, and thus and-—fer-1se-each repetition it-takesconsisted of 21,000 ml of
wastewater. Se-In other words, for-4-repetitions-the sample size wasis 84,000 ml of wastewater for four repetitions.
The-toel-in-this study eonsisted-ofused a tool, that is, an electrocoagulation bath with a configuration of sixé
aluminum_plates equipped with: (1) an integrated total solids spectrophotometer, which was used to measure TSS in
wastewater; (2); a stopwatch which was used to measure the contact time between—wastewater—in the
electrocoagulation process; (3); a multitester, which was used to measure the electrical voltage that-enteredin the
electrocoagulation process-—electrocoagulation-process;; (4) thea stabilizer, which was-is used to stabilize the electrical
voltage thaeentepsm the electrocoagulatlon process,i) a 12V and 5A transformer; and (6)-that-has-a-velage-of-12
with a mini generator as a power backup-pewer.

N 253
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Figure 1. Electrocoagulation Fbathub Bdesign in cm, (left to right: Ttop Mview, and-Llateral Mview)-{unitinem)
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Figure 2. Solar-powered eElectrocoagulation-Equipped-with-Selar-Panel

WThe wastewater wil-bewas ir-contacted with six6 aluminum plates in the electrocoagulation bath for 10, 20, 30,
40, 50, and 60 minutes as-a-process-to see-determine the effect of contact time on the degree of acidity (pH) and the
level total suspended solids (TSS). Examination—efThe pH was determined using a pH meter based—enwith the
Indonesian National Standard number 06-6989.11-2004, while -andthe TSS was determined using thea gravimetric
method-analysis with an balance based—enwith the Indonesian National Standard number 06-6989.3-2004. The
following Figure 3 shows the research flowchart-can-be-seen-in-Figure-3-below:
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reduction reaction occurs;-hamehy-when_because cations (positive ions) are attracted byto the cathode, thus-ane-wit
receivinge additional electrons which reduced the oxidation number. The cathode will produce hydrogen ions which
lift-removevarious_the flocculants formed during—in the electrocoagulation process;. therefore—when—After the
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electrocoagulation process is eempletedfinished, white spots will be-seen-enstick to the cathode; as a sign of the
release of hydrogen ions there a-that-spot[43],
In contrast to the cathode, in-the-process-of-electrolysis-and-electrocoagulation-the anode acts as the positive pole. At«
the anode, an oxidation reaction witl-occurs;-ramely_because anions (negative ions) is-are attracted byto the anode,

thus releasing-and-the-number-of electrons-wit-reduce-se-that-the which increase the oxidation_-inereasesnumber. Se
this—is—what—causes—that—during—the—electrocoagulation—process—As _a result, the flocculants formed in the
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electrocoagulation process will stick to the anode as a coagulant-agent [44,45].
Aluminum is a silvery-white metal and is the thirteenth13* element in the periodic table. ‘a—general—pPure

aluminum is not found in nature because of itsthe tendency to easily bond with other elements [46]. Aluminum is the
most common electrode material used in the electrocoagulation process. The aluminum electrode is oxidized as Al3*.
The resistivity of aluminum itself—is 2.65 x 10° Ohm—meterohms. In many cases, aluminum electrodes have
advantages—m—term&e#are more effectlve in terms of removale#ﬁe&eney whmcompared to other electrodes [47].
Aluminum has been widely
used in the electrocowlon process. When alumlnum is used as anthe anodematenal metal ions are released from
the anode and many-hydrolyzed species-ef-ionic monomers are formed, depending on the pH of the solution. The
reactions that occur at the electrodes according to Khandegar and Saroha;2013 [48] are as followsf48]s:

Oxidation reaction at the anode:

Al — Al¥ (g + 3e”

Reduction reaction at the cathode:

3H;0 + 3e" — (3/2-)Hz + 30H"

All reactions during the electrolysis-:

AR — AI(OH),®M — Aly(OH),** — Al3(OH)s** — Aliz — complex — Al (OH)3

.The use of electrocoagulation (EC) technelogy-for wastewater treatment has gained increasing attention in
recent years due to its advantages, such as high efficiency, low energy consumption, and environmentally
friendly operation. Several studies have been conducted to investigate the effectiveness of EC in removing
various pollutants from wastewater, including pH and TSS. For example, Khandegar [49]{2013) used EC to
remove TSS from textile the-wastewater-of-a-textile-industryf49], while Li et al. {2011)[50] used EC-investigated
the_to removeval-of pH from landfill leachate-using-EC[50], WhHe-many-studies-have-been-conducted-on-the-use
of EC technology for wastewater treatmentHowever, there is still a need to compare and discuss the
effectiveness of this-technelegyEC in different countries_still needs to be investigated. In Iran, Nouri et al.
[51]€202%) investigatedstudied the use of EC to the-removeal ef-zinc and copper from frem-aqueous solutions
using—ECI54]. In Turkey, Koyuncu et al. {2020}[52] investigated the use of EC for the-domestic wastewater
treatment-of domestic-wastewater52], In Indonesia, Alam et al. (2022)[53] examined-investigated the use of EC
to_removeal-of Fe from a-mining wastewater—using-EC[53], tr—tndia,—Lakshmi and Sivashanmugam et-al
{2013)[54] in_India studiedinvestigated the use of EC for the-treatment-of-oil tanningf54], while Tak et al.
{2014)[55] in Korea; investigated the use of EC tothe removeal ef-Ccolor and COD from livestock wastewater
using-EC[55], In Jordan, Al-Shannag et al. {2011)[56] investigated the use ofthe EC to removeal-of TSS and
COD from paper mill wastewater-using-EC[56]. In China, Sia et al. {2020)[57] investigated the use of EC theto
removeal-ef TSS, COD and color from ei-palm_oil mill effluent-using-EC[57], In Saudi Arabia, Al-Othman et

al. {2022)[58] examined the use of EC for themunicipal wastewater treatment-ef-municipal-wastewater[58],
Lastly, tin Brazil, Valente et al. {2032)[59] studiedinvestigated the use of EC-the to removale-ef TSS from dairy
industry wastewater-using-EC[591,

Overall, while there are many studies on the use of EC technelogy-for wastewater treatment, few studies
have compared—and—discussedfocused on the effectiveness of this—technologyEC in different countries.
Therefore, this study aims to investigate the effectiveness of EC for the removal of pH and TSS from
wastewater at-a-mentalfrom a psychiatric hospital in West Java, Indonesia; and to compare-and-diseuss the
results with similar studies conducted in other countries. The findings of this study will contribute to a better
understanding of the effectiveness of EC technelogy-in wastewater treatment and provide insights for future
research and application of this technology in different countries.

:The results of the pH examination in this study are presented in the following table-belows:s.

Table 1. OverviewofpH values of the Scontrol grougﬁBeiereandAﬂeFWﬂithout any Given-Ftreatment (60
Mminutes)
. pH Values Quality

Repetition Before Description After Description Standard
1 3.63 3.63
2 3.71 Does not meet 371 Does not meet the 6-9
3 3.69 the requirements  3.69 requirements
y.) 3.7 3.7,
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A

In-table-L-abeveit-can-be-seenTable 1 above shows that the pH value before and after each repetition did not
change and was ineluded-in-the-category-ef-netconsidered not meeting the standard requirements-aceording-to-guatity
standards of wastewater set by the Minister of Environment and Forestry.

The WWTP eutlet-wastewater-atof the Psychiatric Hospital of West Java Province’s-Mental- Hespital hasd a«
low or acidic pH_value—Fhis-is due to the activity-of-decomposingtion of nitrogen ions that were previously bound into
ammonia (NHs) into nitrates and nitrites. The Hhyydrogen ifons released from the nitrogen ions becaeme free,
therefore-causing the pH of the wastewater to become acidic.
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m—table—Z—abeve—n—ean—be—seenTable 2 above shows that the pH_value, before treatment did not meet the

standard everal#reqmrements according-to-the-guality-standard-of wastewater set by the Minister of Environment and

Forestry. At-the-pH-after 10 minutes of treatment, there was a change in the pH valuewas-seen, but it stil-did not meet
the guality-standard requirements_of wastewater yet. However, apH-in-a-variation-after 20 to- 60 minutes of treatment,
the pH value finally-has met the guality-standard requirements of wastewater. At-theAfter 60 minutes of treatment, the
pH value alse-increased, approaching the alkahine-pH_value of alkaline.

The results of the data analysis showed that the-10-minute electrocoagulation contact time ef-10-minutes
treatment—could increase the pH value of the wastewater but-although itstilh did not meet the gquality—standard
requirements yets. This eondition-was is-caused-because the-10-minute contact time ef-10-minutes-iswas not sufficient
for the electrocoagulation-cation reaction in-to reducinge water to hydrogen (H.) and_hydroxide (OH") which can affect
the pH value. The-time-of-15—30-minutes-is-the ideal contact time for-to improvinge the quality of wastewater
parametersis between 15 and 30 minutes, which can increase-ene-ef-which—is the pH_value;—, while the optimum
contact time for the electrocoagulation process is within the initial 15 minutes [60]. Meanwhile,

Fthe optimum contactization time ef-for the electrocoagulation process_to improve the quality of wastewater

is 30 minutes, in-improving-the-parameters-of-the-wastewater—one-ef-which iscan increase the pH_value [60,61]. On
the other hand,Fhe 45 minutes is erough-sufficient to form a-flocculants threugh-via Al(OH); as a coagulant, se
#which can affect the pH value of the wastewater[62]. Considering the fact that Fthe electrocoagulation process
consists of the-cations and anions reactions:, Fthe cation reaction of H* from the acid will bereduced-teresult in the
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reduction of hydrogen which will be released as gas bubbles. Meanwhile,-and-_the anion reaction at the anode will
produce gas, foam, and Al(OH)3[63]. At a50-minute Gcontact time-ef-50-minutes, there wasis a considerable change

effective in increasing the pH_value [66-68].

which can also be harmful to the environment [70].

rangesis between 6 and 8.5.

influence-effect on the electrochemical reactions that occur at the anode and cathodef71}. At a low pH, the
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Fthe 60--minutes contact time of electrocoagulation with aluminumaluminium, electrodes wasis found to be the most [ d. | :
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The changes in pH bin they electrocoagulation process weare due to the electrolysis process through [Formatted: Font color: Text 1
alumnamalummmm consisting of a cathgde and manodeqa_r(_;ees_s. At the_ cathodeq@meess,_a reduction precess [Formatted: Font color: Text 1
reaction occurs where—because the negative attracts the positive ions, resulting in the formation of H, and OH-. -
Meanwhile, inat the cathode-anodeprocess, the pH_value in the wastewater increases. This is in line with the previous [meatted: Font color: Text 1
researeh-study by Kobya et al. {2014)[69] whereas-that the cathode process-in the electrocoagulation process will [Formatted: Font color: Text 1
produce H, and OH" which will affect the pH_value;. £The longer the contact time and the more-higher voltage is-used [ Formatted: Font color: Text 1
in electrocoagulation, the greater the reduction of wastewater pollutants_that occurs J69]. In this senseease, if the [F & F or: Text 1
electrocoagulation contact time is extended, there is a possibility that the pH will become very alkaline (above>-9). [ ormatted: Font color: Text
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) PpH is an important parameter in_the elec_trocoagulation process as it can affect the solubility of metal [Fo,maued: Font color: Text 1
ions and the formation of flocculants, which can impact-affect the efficiency of pollutant removal. When-tThe [F matted: Font color: Text 1
pH_value that is too low or too high—it-ean_may result in incomplete coagulation or destabilization of ormatted: Font color: Tex
flocculants, leading to poor treatment efficiency. Generally, the optimal pH range-value for electrocoagulation [FOrmatted: Font color: Text 1
! . i [ Formatted: Font color: Text 1
According to the-study-by-Arroyo et al. {2009)[71], pH affects the electrocoagulation process due to its [Formatte d: Font: Bold. Font color: Text 1

concentration of H+ ions increases, leading to a decrease in the solubility of metal ions and a decrease in the
rate of coagulation. On the other hand, at a high pH, the concentration of OH- ions increases, which-can
resultresulting in the formation of insoluble metal hydroxides that can reduce the efficiency of pollutant
removal.

The results of the TSS examination in this study are presented in the following tables-belows:.

Table 3. Overview-of TSS Control Before-and-Afterlevel Wwithout Given-any Ftreatment (60 Mminutes)

Repetition TS.S I__e_\mIVawes — Quality
Before Description After Description Standard
1 122 122
123 Does not meet 123 Does not meet 30
3 123 the requirements 123 the requirements
4 122 122,

m—table%—abeve—n—ean—be—seeﬂable 3 above shows that-F the TSS value before and after each repetition
shows—no—reductiondid not change and was_considered—ineluded—in—the—categery—of not meeting the standard
requirements set by the Minister of Environment and Forestry aceording-to-the-guality-standard-because it exceeded
the quality standard of 30 mg/L.

The WWTP eutlet-wastewater-atof the Psychiatric Hospital of West Java Province’s-Mental- Hespital hasd a
high TSS level-This-is due-to-the-condition-efbecause the biofilter-whieh-is was full of mud. An-exeess-ofExcess mud

in the biofilter causes suspended particles to be carried away,~which-eventuatly-causes resulting in the high TSS values
levelin of the wastewater.

Table 4. Overview-of TSS levelBefore-and-After Freatment with Mvarious Eelectrocoagulation Scontact

Ftimes
. TSS LevelValue Quality
Repetition Before Description After Description Standard
10 Minutes Treatment
1 122 39
2 124 Does not meet 37 Does not meet
3 123 the requirements 36 the requirements
A 123 38
20 Minutes Treatment
1 123 36 0
2 122 Does not meet 34 Does not meet
3 124 the requirements 34 the requirements
A 122 35
30 Minutes Treatment
é igg Does not meet 273 Does not meet
3 123 the requirements BT the requirements
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Repetition TS.S _Le_veNalHe — Quality
Before Description After Description Standard
A 124 31
A0 Minutes Treatment
1 124 30
2 124 Does not meet 28 Meets the
3 123 the requirements 29 requirements
A 122 28
50 Minutes Treatment
1 122 25
2 121 Does not meet 23 Meets
3 123 the requirements 24 requirements
4 124 24
60 Minutes Treatment
1 122 20
2 121 Does not meet 19 Meets
3 124 the requirements 19 requirements
4 123 18

l-n—table—4—abeve—+t—ean—be—seenTable 4 above shows that the TSS level before treatment did not meet the
standard requirements i of wastewater. At FSS-after-10 minutes to 30
minutes of treatment,_there was a reduction in the TSS_level-was-seen, but it still-did not meet the guality-standard
requirements_of wastewater yet. FSS-aAfter 40- to 60 minutes of treatment, the TSS level hasfinally met the guality
standard requirements of wastewater.

The-TFSS-aAfter 10 to— 30 minutes of treatment, the TSS level iswas sti-in-the-categery-efconsidered not
meeting the requirements because it is-stiwas above the guatity-standard requirements of wastewater, which is 30
mg/L. This ecendition—iswas becaused—by the electrocoagulation process in—the—reaction—was not maximized
withinbetween 10 -and 30 minutes;. because-As a result,the there was not much AI(OH)s and flocculants has—ret
beenwere not formed-much and-net-many-flees-have-been-formed-to precipitate suspended particles.

Fhe-FSS-aAfter 40 —to 60 minutes of treatment, the TSS level is-already-in-the-category-ofwas considered

meeting-gquatifyying the standard requirements of wastewater because it is below 30 mg/L-accerding-to-theregulation.
This eendition-iswas becaused bythe —the—maximized-reaction in the electrocoagulation process_was maximized
withinbetween 40 —to 60 minutes. As a result,-because-during-that-time there was a lot of AI(OH); has-been-formed
and flocculants have-beenwere formed which ean-to precipitate suspended particles.

Contact-time—of-40—60-minutes—is—tThe ideal contact time ferto improvinge the quality of wastewater
parametersis between 40 to 60 minutes, enre-ef-which-iswhich can reduce the TSS level [21], whereas—F the optimum
contact time to improve the quality of wastewater ferin the electrocoagulation process is 30 minutes_-in-improving
wastewater-parameters—one-of which-is FSS[72]. Aftert 45 minutes, rumereus-flocculants awere formed through-via
AIl(OH)s. The formed flocculants has-bineund a lot of suspended and settled-precipitated substances, therefere-so it ean
may reduce the TSS vatue-level in wastewater [73]. Fhe-eElectrocoagulation precess-consists of the reaction-of-cations
and anion_reactionss. The cation reaction of-cations H* from the acid will be—reduced-teresult in the reduction of
hydrogen which will be released as gas bubbles, while the-and anion reactions at the anode will produce gas, foam,
and flocculants of AI(OH)s [74].

The changes in TSS value-level which-changes-due-toin the electrocoagulation process is-occurreding because
of the electrolysis process through aluminrumaluminium, consisting of a-a cathode and an anode-precess. In contrast to
the cathode, as an oxidation process of the positive pole occurs at the anode, which releases
the coagulant agent-(AI**), which is aluminumaluminium,-in-this-casealuminum into the wastewater. This coagulant
will form flocculants which will be precipitated—therefore-it-can in-ordertotq reduce the TSS value-level and improve
the guality of the wastewater-guality. This is in line with the previous researeh-study by Feng et al 2007)[75] in which
the anode proeeess-in the electrocoagulation process will form a coagulant (Al3*) where-this—coagulantwhich will
attract suspended substances-particles to form flocculants that will settle-precipitate to the bottom of the tub-bath.and
tThe longer the contact time and the higher voltage used in electrocoagulation, the greater the pollutants thatmere-it
will reduce-the-pollutants-parameters-nbe removed from the wastewater[75].

TSS can affect the electrocoagulation process because it can interfere with the coagulation and
flocculation of suspended particles in the wastewater. TSS can also lead to fouling onef the electrode surfaces,
which can reduce the effectiveness of the process. The amount and nature of the suspended solids in the
wastewater can_also-influence affect the performance of electrocoagulation.

A study conducted by Bazrafshan et al. (2013)[76] investigated the effect of TSS on the performance of
the-electrocoagulation precess-for the dairy industry wastewater treatment ef-daiwastewater]76]. The results
showed that the remeval-efficiency of chemical oxygen demand (COD) and total suspended solids (TSS)
removal decreased with the increasing concentration of initial TSS-ceneentration. The study suggested that the
presence of TSS in the-wastewater can lead to a decrease in the efficiency of electrocoagulation-efficieney, and
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thusso it should be taken into account when designing and eperating-performing electrocoagulation systems,,
3.1 Suggestions and limitations

Among the contributions of this study are as follows;,
e The results of this study can increase the knowledge in wastewater management, especially in relation to
increasing the e-pH value and reducing thee TSS level in wastewater.
e The results become an input for WWTP managers in treating wastewater, especially in increasing the pH
value and reducing the TSS level in wastewater.

e It isbecomes an alternative inof wastewater management effortsJ,—espeeiaHy—in—ineFeasing—pH—and—Fedueing
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e Further research is needed en—to investigate other chemicals—elements in wastewater after the
electrocoagulation process is carried out.

o A real field application is—reguired-asof the results of this study_is necessary; in order to resolve the problem
of wastewater quality standard_requirements, especially on the pH and TSS parameters.

In-this-study-there-are-stitAmong the limitations_of the studyir-which-there are in relation to the differences between
among appheation-and-implementations in the field, namely:

e In this study, the electrocoagulation bath was—used—using—used a batch system, while in the field
implementation, it-was-a continuous system_was used. In principle, the wastewater residence-retention time
will be different between batch and continuous systems. Therefore, it is necessary forte further research to
investigate the effect of contact time electrocoagulation using-using a continuous system.

o In this study, the electrocoagulation bath used-did not use effluents to remove wastewater. This condition-with
caused the mixing of solid particles that have-settledprecipitated or floated,~which-will affecting the TSS
valuelevel when enterirg-moving the sample into the sample-bottle. Therefore, it is necessary to measure TSS
using Fthe Ftotal Ssolids integrated spectrophotometric-methedy.

e In this study, only one tub-bath of electrocoagulation was used. Therefore, the difference in treatment is-was
not carried out at-ene-timesimultaneously, eausing-leading to a possibility of bias in the research.

o In this study, the determination-of-the-sample-number of samples required was determined refersaccording to
the minimum number of samples required for inspection, but deesdid not-refer_consider-te the amount of
wastewater discharge—ef-wastewater—debit. Therefore, it is necessary to carry out further research with
reference-teby considering the amount of wastewater discharge-debit.

4. Conclusion

Fhe-Solar-powered electrocoagulation (SPEC) system with-a-selarpanel-has been shown to be an efficient
and environmentally friendly technology for the wastewater treatment-of-wastewater, particularly in terms of
neutralizing the acidity (pH) and reducing the total suspended solids (TSS). Through a review of previous
researchstudies, it is clear that EC—electrocoagulation has been widely investigated for its effectiveness in
removing various pollutants from wastewater. However, there—is—still-a—need-to—compare—and-discuss—the

effectlveness of this technology in dlf'ferent countries still needs to be |nvest|qated

e#pHAnwastewate#The results of thIS study have practlcal |mp||cat|ons for the development of sustamable
and efficient wastewater treatment systems.

This study motivates the academic community to continue researching and developing practical and
actionable solutions for wastewater treatment. By exploring the potential of the SPEC system-with-a-selar
panel, researchers can contribute to the development of sustainable and environmentally friendly technologies
for wastewater treatment, which are critical for protecting the environment and ensuring the public health.
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Abstract

This study investigates the effect of electrocoagulation confact time on the pH and TSS of wastewater discharged from the
‘wastewater treatment plant (WWTP) of the Psychiatric Hospital of West Java Province. The experiment followed the
pretest-posttest control group design. This study mvolved festing 56 wastewater samples six times before and after
treatment. Each treatment was repeated four times. and there was one conmtrol group for each repetition. The
electrocoagulation tool used in this study consisted of six 1-mm electrode plates that were 8 cm apart, a current strength of
5A. avoltage of 12V, and a 50-Watt solar panel. The data were analyzed using descriptive and inferential statistics. The
tesults showed that all electrocoagulation contact time treatments had a significant effect on increasing the pH and the
TSS. Additionally, the electrocoagulation tool was found to be effective, stable, portable, and environmentally friendly.
‘with a self-cleaning system that reduced operational costs and saved electricity through the use of solar panels. This study
contributes to the development of an effective electroc 1 toll for treatment and the determination of
the optimal contact time for the tool, providing a practical solution to overcome the problems of pH and TSS m wastewater.

These findings can be applied to other wastewater treatment plants, thus improving the quality of discharged wastewater.

Keywords: Wastewater; Electrocoagulation Contact Time; pH; TSS; Solar Panel.
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