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Absiract

Wasta has become @ compbex problem taced by all countries worldwide, including indonesia. As a
byproduct of hwnian sctivily, wasty 13 poeducsd dally L lieeasing guaiilitles abong with

ulatan growth, changex tn consumptinon patterns, and technological developments. The
marthod umed i thid atody 48 quantitatlve method with 3 Steictuel Equation Madelling (SEM]
approach, The results of the stody related to Tavtors infucncng commumity behavior in efforts 1o
aiilress i ropliste woste b Malaigy Clty fond that pellcy standards aed targels play o
significant role i shaping community hehavior tawards reducing micmaplastic emissians, and
countribote posilively tosupporung e microplastic reducton prograggamd are a key Gelor in U
sovoess of seclaliaton The characleristcs of e implemenlers play a cnuclal role o the
aftarrivensess of implamentation. The implemantton of Circular Lerter Koo 82021 of the Mayar
of Malang has heen proven to he affective in menuraglng the reduction nf microplastic smiggdone
Keywords: lmpact Asuleuis, Implemoontotion of (he Muavor of Mulng's Circulur Letber,
Micraplastics

Emﬂm

Indansiia, a5 0 devebaping enintry niprth lavgmat pojuilating i the warld, facen
sigmificant challenges [n waste managempnt. frarm the Ministry of Environmant and Forestry
(ELIE) b thal molional waste production will resch 3190 millon tona by 2024, with plastic
waste contributing approsimarely | 7% ol toral waste generation [Maleng City Governmant, 20021
This Bjgure continues W lnerease ane ]y, relloetng e complexity of the problem. Indo pesls's
wasle mangement system B st domingted by o collecttransport-dispose approady, with
approximarely Gk T of waste ending up in landfills (TPA} withoutr adequare processiog. This
situation is exacerbatod by Umited wirsle mangeisent nfrastrocture, low pubilic swdreness, and
suboptimal implementation of waste management policles in various reginn

The developenent of waste vilwme in Indonesld shows o slgnificinl nerease [rom yeal o
year In 2021 waste generation wis recorded ol 21,45 million tons, then jumped deastically o
AR.Z4 milllon tans In 20ZL This trend contlnued In 2023 with & tota] wiste generation of 3592
million o, and by omid-2024, the natonal waste volume had repched 3190 milllon tons |
Indonesias Worte Valume Wl Reéach B2 Willton Tons by 2045 - GoodStars . nd.) . Although
Nuituating the overall tremd shows 3 significant Inerwosie, Ddleating the ned e strateghc steps
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i kst than ageament (Corlova gﬂ, 2018},

Amnng the varimus types of waste produced by humans, tic waste has hecome a
slgniflcant concem due (o 118 dontributlon o widespedsid mbcroplasie pollution. Microplastics,
defined as plastic particles menmiring less than 5 millimetres, can be formed throegh two main
mechanisms: primary microplastice produced ggeectly for various industrial purpeses, such as in
cosmetics, teatiles, and cleaning products; il secondiry microplastics derived from the
degradation of larger plastic waste due tn pxposure to sunlight. friction, and ather naniral
processes [Thompson of al. 2004) . Publlc bebaviour in managing plasthc waste ressains o
simificant challenge |n ceducing micreplastic pollution n the environment. A natlonal survey
conducted by the Ministry of Environment and Forestry (KLHK) in 2021 revealed that only 35%
of the pubilic had an adequeate und ecstan of the dangers of mlcroplusticd This Indicales that
the majority of penple are still unaware nf the Jongterm fmpacis nf plastic waste on ecsysEms
atie] mein halth Furthermore, 85% of responde nts @l routlnely use singhe-use plistics in ther
dally Hves, whether in e form of plastic bags food packaging. or disposabbe deinking botdes This
hahit further exacerhates the plastic wastz prohlem hecause many of thess producss ared ificele
o devompose noturally and have the potential to pollute the eovironment in the long term
| Mindarti et al, 2023,

Even more worrying. survey resulls also show that 45% of people sGll dispose of plastic
wiasle carclossly, whether in rivers, guiters, beaches, o vacant o, This habit net oaly pollutes
the environment bt aksn increases the risk of flonding due to waterways cogged with plasne
wasle, Fusthermore, 30% of Pesporidels mbinilled o burning plaste wiaste as Uhdr primiry
dispozal methad. However, humning plastic produres teyic substances such as dinxing and turans,
which arm harmtul tn haman health, especially i inhaled over the long term. Brpasure tn thess
substances can cause varivus heal (b problems, moglng from respinalory dbserders Lo the fsk of
chromic diceases surh as cancer |Diayanto et al, 2023)

Revognising the cwmplexily of the mivroplastic problem,; the Muling Gty Govemument has
taken proactive measures throngh varions waste management policies and programs Mata from
the Malang City Envirenmental Apeney [Malang City Government, 2021] indicates that plastic
wasle production o Mulang City reschies 200 wns per diy, with the poleotial for signifivant
mitroplistis formatlon. A 2020 study by Urawljoya Unlbverity Tound that mio plae
corcmitrations & varlous lcitions in Malkarg CHy ranpged from 100 66 500 tone. Particles per
kfeyerum of sedlment, o fgure far ubove (he safe trueshold according w international stosdards,
This sifuatinon demmmstrates the urgen oy of addressing micmplastic pallution through appropriate
policies. Do siop Usal hay been Wken (s Uhe lmplementatlon of i bors regard g resirlclions
ot shngle-use plastios wnd public eduction aboul the pegative ets of microplosties on the
euyiTonment.

In adddithon, the Malany City Government bs abso (mplemsionting edocationsl programs amd
campalgns to reduce siogleaise plastic waste tn ralse public awarenest. The Malang City
Envirunmental Agoncy actively promotos the importsnce of proper waste management and the
negative Impacts of plastic waste on Uhe cousyutom 'With o combination of effective regulations
il comprelienmve education, it 1s hoped that public swaredeas and participation ia reduclag
plastic waste production will significantly increase, therolny mitigoting the limpact af micro plastic
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pollution in Malang Cliy [Rohmk ot al, 2023) .

The impact af this policy implementation is cudal for determining the effectiveness of the
regultations in reducing plastic waste production and micrsplastic emisshons in Malang City, Data-
based evaluation will provide [nsight into potential lmplementation challenges such & the kvel
of public ompliance, the effectiveness of outreach, and the availshifity of adequate waste
management infrastrocture (Waloomli et al, 2008) . This canalso help design more efective amd
sustainahle policy strategies. Suppose existing policies are found tn have mot had a significant
impact. In thit case, research-based recommendations cun serve as o basis for the government Lo
improve regulations for example, theough incentives for eavironmentally friendly businesses, the
implementation of hetter recycling systems, ar strengthening sanctions for yvinlators. With this
pesearchy 11 Ls hoped that waste management policles o Malang Clly can be more svldence-bosed,
50 that they are not-merely administrative regulations but sre acmally capable of reducing
o kstic polhatlen o real terms (5lsillia et al, 20240) ,

Z.M

The in this study is 4 quantitative methad with a Structural Fquation Madelling
(SEM] appruach. SEM 52 statistica] wnaly 58 lechinigue tsel o Test e celstioaship botween latent
variables and manlfest vanables simultaneously, thus enahling more accorate restng o complex
theerelical mudels (Pullely ef al, 2021) |, The oevearch steps with the SEM appiroach, bn geiensil,
thar researchers carry aut are: Preparation, in this case, determining the hackground, problem
tormulation, shjectives, hypotheses, variables, and research mstruments: Dara onllection, namely
distribublng guestivnnaires W collect valid and reliably dla from fepresentalive respomslents
Preparation of the SEM Mndel, Model Estimatian, namely using 5EM sottware (SmarPl5) o
eslimate model paramcters. Model Evaluation 2od conchuding the cesully of the eslimation aml
evalmation nf the model to assess the impact of fe implementation of the Circnlar Letter (Oda et
al, 2014] .

L Whis case, the Georpe Edward I policy Impletcentation model asabysis was also wsed. This
method tn discuss the results of the data nhtained fmm SEM was alin chosen hecase it can
amalysis the direct aml indirect infleenves betwaen varkables in the smdy,ﬂua providing a more
comprehensive undersanding of Uhe Getors thal infuesce miceoplastic wisle managemenl n
Malang City, This study used a survey techmique by distributing questionnaires oo related
respondents, such as Malang Clly residents, business adiors, and related agendes alfected by the
implementation of the Malang Mavor's Clreular Latter Mo, 8 of 2021, Data processing in this stedy
was camicd ol using SEM softwane such as AMOS or Smirt PLS 1w ensure the accuracy of e
anabyuis results, as well as the validity and reliability of the resemrch instruments Solimun in
[Wiliango, 20211 .

3. Results and Discussion
In this case, the researcher describes the results of a consistent study, n thee first
study conducted by (Sutanhall et al., 20215 . In this study, they amalysed the -of

micreplastics |n the surface witer of the Matrn Rlver, Malang. The results showed that the
of microplastic fbres films and fragments with the highest abondance were found in the
downstream of the rver. The source of microplastics comes from the use of plastcs in
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agricultural and residentia) areas that are part of the Lind use af the Metro Maling Watershed
The type of microplastic measuring around 177 gm was most co Iy found. The second
study wits conducted by (Ritongs et al, 2025] . This study fooused G the characnadstics o
abundance of microplistics In the aquatic environment of South Malang, confirming the
dominance of filres, frapments. and films with similar spurces, namely domestic activities and
agriculbural waste, This study also emp ed the increasing exposure to microplastics and
their impact on public health, reinfordng the urpency af reducing single- uss i ud the
third study was conducted by (Eka P, 2021) . This study fecused on identifving the Gypes and
abondance of microplasies in sediment and water in cosstal areas of Malang, Microplastics of
varinus colours were found, with s dominant size of 50 pm

Recent ressmireh related tothe lmpleinentatlon of Malang Maver's Clrailar Letter Mo, 8 of
2021 shows that despite the existence nf regulatons, the reduction in micopdastic emissons
I Matkang City has ool bees stgnificant. This is becase the droaliar |5 merely an advisory letter
without sied seslght and sanctbons, This copditlen allgns with previous rescards fndings
that shawed a high abandance af mirroptastics fn the aquatic environment of Malang and ix
surmeendings. The main dilferemoe in this ovw ressarch B i focus on evaluating pollces and
the effects of implementing existing regulatinns, highfighting the need for srengthening
romlations through cegional regulatons aid #elet oversightl (o minimise the mmpact of
microplast ice. While previows research provided an ocolegion] weerview of the abumdanoe and
sources of mionplastics in the Malang region, this mew resaarch adds the dimension of
evaliating milgation pollcive deiponstiallng that witheul stiey linplemenlation smd

spght, aptimal microplastic reduction cannot e achisved.

& resiles of '@ recent study condugted [Prahardika et al, 2023), with Selorain in
Malang Regiency, showed significent microplastle conlaminalbon in waler and sedlmont with
an average total of 33.5 x 1041 micrnplastic particles per tince of water and .92 particlas par
wram of sediment, The highes U suncentrstlon polnt was fouml sl te Konto River castuury, with
the nivmbear of miroplastics in water nf 3E2T ¥ 10% particles pec Tore and in sediment nf
168 particles par gram,

Table 1. Percentage of mloroplastic size in water

Lacarien Wiake Miwplastics et vl Mz o s e
{particles )/ lier] [pariiclon/grom)

Rt Biver ESusry IR 10"L 368
Rialrntial Aren 1534 v 1651 13

Timar bt et AP RIOE 108
::m’*'?“"‘ Kiver 2407 % 10%] 150
BisrvnF Dol 084 % 1071 .12

Source: Primary data 2025 a

The highest fevels of microplastics were fosnd v river estuaries, which serve as
connecting routes between community activitivs and waterways, particulardy fishing activitios
that usr plastic fishing gear, The predominance of fibres asa type of micoplastic indicates that
the primary snurce of wastz comes from fishing psar fragments and wextile waste dissolved in
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domestic waste. This high concentration of microplastics underscores the neal for integrated
plastic waste mansgement and redoction, as stpulated in the Mayor's Circelar Lietter. Mayor's
Clreular Letter Number 8 of 2021, which emphasises the reduction of plastic and microplastic
wasie, 15 2 highly relevant policy that requires stricter |mplementition to reduce poilutlon
levels im Matang City, [Adi et al, 2025). Tofind out more detailed resuits related to the ntest
research, the researcher describes the resalts of the analysis of the George Edward 111 policy
implementation modal with the folkowing four indicatars in the form of SEM analysis

a) Communication

The communicatinn variahle (X¥1) has & highty signiticant direct effect on reducing
sileroplastlc eimbssions [Y) with a path coeffieleat of (39 (P=20.01) Thiz infuence 5 eelaforced
by the mediating effect of implementation effectiveness (7], wiich shows a path eoefficient of
36 (P=0.01) Thess fndings refliect conditions on the ground where efective commumcation
between government and industry playvers has succeeded Instgnificantly reducing microplstle
emissions. This success s supported hy the use of digital platnrms that ensble real-tme
soordination beiween stalochokders, as well ss routine moothly coondination metings. An
integrated online reporting system alpg tacilitates monitoring and evahustion of the
microplastic eimsion reduction progeam This i s line with findings (Wang eCal, 202 1) which
canpisin the [ mportasce ol bweway commatitivn in eonplementing coviceneen il polices
Violators [Sukoon et al, 2024}

Repulior Urainking piugracis Tor Uhe Lio plense cila U e Jave Linproved il oo peloney
in kandling and monitoring microplastic emEssions A regoosie feedhock setem easbles rapid
sniatioms oo problems enoow tered i the field, The pmgram's positive fmpact is alsn evident in
the wverall reduclion lo indusbrbal plaile vwasie, Field data shows o 35% reduction b plastlc
wante ynlume during the program’s implamentation pedod, Thic success is supported by an
incntive system provided (o indwtores thot sucovssiully achiove emission reductlon targels
ar well as the implementation of strict sanctinns e vinlators {(Mayanglora, 2006)

Sywstematic documentation of program pragress facilitates evaluation and asfjustment of
implomentation stralegics w eellecl Beld comlitons, Field Godings also indicate incincd
awarsness nf the impacts of micrnplastic amissions amang industry players. This s svident in
sivetal dualsy oilatves to imploiment more sdvancial mleroplastic Bliraton wechinaluglos
and nvestrnenis o research smd development of more eovirenmestally Fleodly production
methnds, Inter-industry mentoring programs, mifated through cegular comminication
forems. have helped awelerale the adopilon of best pracices In mlcroplasile emivalon
management

The wuccess of il program provides clear evidence that the combination of effective
comumuiicatbon and structured Jmplementation can have o significant lmpaclt on reducing
microplagtic amissions, Fisld experienct demanstrates the mpartance of a comprohensive
approach invalving all stalkehoklers, supported by a robust monitorisg system and regular
evaluation w ensure the sustainabllitg of the microplastic emission reductlon program. The
Imiplemettathon of Making Mayor's Clrculir Lotter Nuiber 8 ol 2021 eogpirding the miUigation
of mlcroplastic emissions b lad diverse impacts ond resgonaes from various partics. 1L has
also had positive impacts, but still requices Improvement in varous aspecte The sucoessful
Imiplemeitation of this pelicy redubres continued sopport from all stakebolders, afipatructire
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Imprevements, and strengthening of sn effective monltoring systemn. (Anis Rosina Nmo
Flikhah, Z016),

b} Resource

The resource variahle [¥2] has a significant direct effect on the reduction of microplastic
emizsions (Y] with a path coeflicent of (31 (P=0.02), The indirect effect through
implementation effectivengss (2] alsn shows significant results with a coefficient of 035
(F=0.01). These fndings indicate the imporsance of the rale of resourees In the ssicoess of the
microplastic emission reduction program in Malang Cliy, ln the fiekd, the availubility of
competent humsn resources has been proven to increase progam effectiveness. A special
ileroplastlc mansgement leam formed by the Malang City Environmental Servioe consists of
25 traimed persannel equipped with hazardous waste manapemant certificatinn. Thay routinely
conduct munitecing at 12 maln meniecing points in the river aod 8 industrial areas (Dtami «
al, 2022).

Field data shows that with the presemce of this dedicated team, the detection rate of
vigkitions increased by 409 and the mesponse Ume for haomdling micoplastic pollution
incidents decreased from m werage nf 48 hours W 24 hoors: From the hodget sida, the
allocution of lumly fur the miccoplastic emisshon roductlon progeam increased slgnificanly
feom 10K 2.5 Bilion in 2032 to IDER 4.2 billlon in 2023, This increase allows for the procurement
of 5 wnits of porable micoplastic detection equipment worth DR RS0 miifion and the
wtﬁﬂm‘ti-.m ol 3 kil Tabsoiat uelis [or sarmply analbsks b U subedistrict level, o bvest el
that is in Fmewith the findings [ (Thompsnn etal, 2004, Which states that an increass in the
environmantal program budget hy 354 can incraesn the effectivenass nfimplementation hy up
Lo 2% [Falli & Picad, 20257 .

Supparting facfities M the feld have alsn shows significant improvemente. The
sumitiuction of 15 sutumated monitoring peints equippal with micoplstic sensory has
facifitated early detection of pellution, An integrated database system connecting afl
manitor|ing paints to tha contrenl center at the Emvirnnmental Agancy enahles rapid response to
iscrvanes in microplastic concentrtions. This suggests Gl the ntegration of momtoring
technalogy ain increase the sffmctivenesy of pollatant ennernl programs by up oo 55%, The
medialng elfea of lmplemenlatlon efleclveness la vvident ln the manngement of peogram
resources. A welldrsined implerneniativo temn was able (o oplimistic the wie of deiection
equipmant and lnbatatory facilifies, resulting In an imcreasn in messurament accuracy from
B5% Lo 958, (Nurmlstl et ul, 2018,

¢) Disposition

The dispesition variable (X3) has o very signifiéant effect on the reduction of microphstic
emixgions (V) with a direct path cnalficlent of 0.54 (P=f1], The (ndirect sffect through
implementation effectivenees (Z) is even more substantial with o coellicien of 1.32 [P=0.01}
Theese findings demanstrate the creclal role of implementors’ sieitudes and commitment in the
suiiwend of the microplisthe amlualon reduction progras o Malamng City. bn the Beld, the stromg
disposition of policy tmplementers i evident in wirious progrom initiatibves thal exceod
standard expertations. The mplementing team from the Malang City Environmental Agency
velutarily added worldng hours w conduc monitonng owside of the regular schedule,
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Inereasing the frequency of mosltoring from 2 to 4 thimes per week at each monktoring pol6e

Field officers also demonstrated strong commitment by developing 3 mohile app-based
dggital recording system thit facl litares real-thme docimentation and reporting Howsver, this
Is mok yei inchuded in standard S0P, The proactive attltude of implementers was also evident
in the initiative to estahlish a cross-agency coordination forum invelving the Envimomental
Agency, the Water Services Agency, and the Health Agency, This forum meets regularly every
twn weeks to discuss implementation progress and solutions t challenges encountered. The
results of this coordinution are evident in the accelerited rosponde to microplastic pollution
reports, from an average of 98 hours to just 24 hours, Flokd data shoews that the problem-solving
rate has increased from 659 1o 855 in the past six months.

The mediating effect of lmplementation effectiveness is evident ln the lncreasing injsect
of disposition on reducing microplastic emissinns. The implemeantation team, with a deep
uriderstanding of the program's wgency, developa] a cortipeebe nshae monito g system that
Integrates data from muliiple sources. Thls system swecssully Jdentified microplstle
pollution patterns and critical hotspote requiting special attantion. As 2 reswit. the earfy
detection rete of poflution cases iocooased by 75%. cmabling more cifective preventive
measures. The capacity-huilding pmgram initiated by the implementation team alsn
domupstrated positive resulie Moothly worlshops not only enbancod Uwe team's (edindcal
winderstandiog bt also strengthened their motivaiion and commitment

An intermal survay showed an increase in ]'nh satisfactinm from 72% tn AR, which
pusitively corrckiled with @ 35% licrvase bn progran performance. The Weam's lnitlatlve W
develop a training madule specificrly for microplastic management has hesn adopted a5 2
provingal training standard The tmpace of stromg ecommitmant is alea evident in program
managemenl dnnovalons, The lmplementation team developed an effecive rewand amd
punishmant systam, whara tmp-performing work wmits receive additional incantives and carser
develupment opporbunitivs, This systeom has Tostored pesttve competition belween wmits and
driventhe achirsamant of program frgeis ahead of schrdule. Data shiws that the plasmed 30%
reduction in microplastic emisgions was achieved in 18 months, shead of the initial 24-month

Ll

i) Bureaucrutle structure

Durcancratic strucure hos an isterosting Influence pattern an the Reduction of
Microplastic Emissans through the Fffeceiveness af the Implemantation of the Malang Mayor's
Clreuler Letber No. B/20021 s o mediatlng vartable. Directly. the bureaucratic stracture shows
an insignificant effect (DL15, Pell 16] on the reductinn of microplastic emissinnd. However,
when medlated by the effectivencs of the implecnemitation of the Making Maypor's Circular
Letter No. 872021, thy effect becosnes very significant (0,61, P<0.01). This indiles that the
rode of hursasceatic structure in doving the roduction of microplastic smissions (2 highly
dependent on fow efectively e Moyor's Circalar Letter is implemonted. Field fndings
revealed several structural challenges, such as overlapping mithorioy berween agencies and
suboptinal cross-sectoral coordination in t mplomentation of the Malasg Mayar's Cieeular
Letter Moo 87202 L However, when there is a clear division of s and good coordination
between work wnits, the [mplementaton of the microplastic emlssion reduction program
shows muore elfective resilis
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Edwearids " buresscratle theory (Dakel @1 al, 2022) emphasizes the importance of a dear
hierarchy and a spectic divison of |sbor to achieve nrganizational elfectiveness. This is
reinforced by Ambarsar] & Anggand [2022) whe emphasise that effective  policy
Implemestation regquires clear standards and objectives, as well a5 good inter-organisational
commumnicatonsStandandisation of procedures and formal and informal communication has
been shown To play @ croctal rode in Increasing the effectvmess of the Mayor’s Circular Letter
implementation.  Figld ohservations |ndicate that work units wich inepated standard
operating procedures tend (o be more successful in schieving their microplastic emission
reeduction targets: However, fragmeniation of wsle and cesponsbilities sl exists, hindoring
effective implementation. To optimise the mediating role of the effectivenass of the Mayor's
Cleeulir Letver implimentathon, structunil improvemints aie needed through remapping of
authority and strengthening cross-sectoral conrdinatinn, a5 well as increasing effectiveness
throughy strengthenlng cootdination mechatisms aml noreasing butman resource capacty
(Blam etal., 2025) .

4. Conclusion

Bassd oy the analysis off the impact of the impl ementation nfg.l Malang Mayor's Gircular
Lingr Nigiber 0 of 2021 on it gsl mileroplisiic cimksibons o Malang City, I chn be
eoncluded that the implementation of the Malang Mayor's Cirailar Letter Numbsr 8 nf 2021
haas badd @ promitive ot In ceggulntlog Wy reduction of stegle-use plstic use in Malang City.
However, its effectivencss bs sl lmilled because the clecular (v an appead wilhoul strid
supervision and sanctinne Thiz resolts inmany himinesges, sich as cates and M5MEs, still using
shigle-wse plastiivg su thal micreplailic codssions ool be o plimally ceduced, Varlows purtics
are pushing for a replarmment of the dreolar with stronger ragalations, such o a mayoral
regoalation or regioeal regudation. us well as o sysieen of ineenlives and sanctboms so that
microplastic reduction can be implemented elfectively, Hundling microplastics in Malang Cite
is alse urgent hocause plhgtic wiste is aconmmlating and microplastics have hean foond in
biiiimn rguiis, muklig 16 serlous puble himth prolbeo.
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