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ABSTRACT

Industrial development, not only produces posiiiwpact, but also the negative ones, that are thistenxce of
pollution. Metal industry produces dioxin/furan giollution that adversely affects living organismoth long-term
and short term. This research aims to formulateigyolalternative in controlling dioxin/furan pollutn in
developing a dynamic model of the impact of pahutf the environment, social and economic. Spesiéips were
executed for to estimate the emission dischargeuh fmetal industry; computing the level of emissiopact on
social, economic and environmental factors; andaldithing the recommendation of the alternativeigqyoffor
decreasing dioxin/furan pollution. The methods uaede the emission factor, dispersion method, dynaystem
and Multi Criteria Decision Analysis (MCDA). Thestdt showed that the dioxin/furan emission in tlssessed
area had reached 9.38-13.54 g TEQ yearly for tmeual production as much as 1.874— 2.152 milliom ®ased
on the simulation, if there was no emission reduncpolicy, the result would be an emission increafs278% from
1995 up to the end of 2025, a decrease as theuaility by 0.45-0.49; 1,092 potential cancer casesyell as the
social cost. However, by the emission reductiod@&fl%, there would be a significant improvementsegaon
MCDA analysis, the best alternative policy is eomimental-based policy, compared to “Do Nothing” and
“economic-based” policy. Environment-based policy dontrolled and reduction of dioxin/furan emissitirat
conducted by the “Command and Control” and “Econorinistrument” policy system.
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INTRODUCTION

Developments in technology and industry providetp@sand negative impacts for human life. The pesiimpact
is expected to raise human welfare, but the negatifects can degrade the quality of human lifeaA®nsequence,
the amount of raw materials and industrial wastmgseasing, both in terms of quality and quantitpis might
impact the increase in pollution and environmemtainage, either occurred in the air, soil or walgmpe of
pollutants from chemical compounds, there is pastscompound, which is resistant to the degradasfghysical
or metabolic. One persistent compound is dioximafia that are produced from the combustion proakEis®rganic
or organic compounds. Dioxins and furans are twiferdint compounds, but have their physical or cloami
properties are almost identical [1,2]. Compoundgliokins/furans consist of chlorine and phenyl @ e ring
group, Figure 1.).
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One of the properties of dioxins/furans is, theyéha negative impact on the environment that is/ \stow
degradation, either on land, air and water [3]lWRion that is caused by the dioxin/furan compoumdhaving a
devastating effect on the long-term and short-tesm the health of living beings and the environment.
Dioxins/furans are harmful to human health andetheironment, such as, can trigger cancer, allewsdamage
the nervous system (either central or peripheibxins/furans may also interfere endocrine systhat causes
damage to the reproductive system and the immustrmsyin living organisms, including the fetus [4,B]ore
broadly due to the pollution of these compoundshesocial and economic losses.

Contamination of dioxin/furan can cause a decrd@asair quality, such as the iron smelting indusiny the
Netherlands led to contaminated air quality by ditfuran of 22,700 pg TEQ/g dust [6]. Another exdefs in
Germany, the average concentration of dioxins/faifsom the chimney waste incinerator was 8 ng I-TEQ@3,
whereas the concentration limit is 0.1 ng I-TE®Im 1994 [7]. A decrease air quality, will indirgcreduce the
function of the environment or environmental degtaah.

The Indonesian government has yet to give spettettion to the danger of contamination of dioximén even it
was estimated that in 2000 the total emissionsiafinifuran was 21.126 g TEQToxic Equivalent)[8]. This
amount is quite high when compared with other céesit such as China 10.200 g TEQ in 2002/20041{9%3. seen
from the absence of the policy or regulations goiey these pollutants. Not look a like the devetbpeuntries
such as America, Japan and countries in Europehtihhat had the rules for dioxins/furans which betmh¢p the
POPs (Persistent Organic Pollutants). Some cosnapply the rule’s tolerance threshold are allowédiioxin
concentrations in the human body or Total Dailyakat (TDI) for dioxin range from Japan 4 pg TEQsdeay,
WHO 2.3 pg kg-day, the United Kingdom 2 pg kg-ddyand the European Union 2 pg kg-efairhe United States
does not have a TDI standard, but does have a stegheeference dose of 0.7 pg kg-d§$0]. In Canada 10 pg/kg
body weight/day, and Germany 1 pg/kg body weight/déhe result of research the University of Kieldate
Environmental Protection Agency [11] shows the raradult human body can accept dioxins as much-E3 1
pag/kg body weight/day without harmful to healthcAncentration that is considered safe in infants @808 pg/kg
body weight/day [12]. According to [13], when expdsto dioxin concentrations of 1 pg/kg body weiday/, the
risk of getting cancer is 1%.

Pollution will also have implications on costs. Tdwdra cost that must be paid by a company to edthe level of
pollution is called abatement cost. This reductian be accomplished through changes in technofoggxample,
add a filter on the dust expenditure), schedulifog éxample, reducing the hours of operation) av raaterial
changes [14, 15]. To raise awareness of the cegnirithe world, in May 2001, there was POPs Cotiwerosted
in Stockholm, Indonesia also took part in the caiem. The Convention aims to protect human heaitd the
environment from persistent organic pollution. Qsfethe points of agreement generated is providedetiuce
emissions of dioxin/furan [16]. Therefore, the Indsian government needs to prepare a set of polena
regulations on pollution control of dioxin/furam the period of 7-8 years, the US managed to reduodssions of
dioxins/furans drastically. This substantial deseeas due to the success of the US government ttstset
restrictions on the use of an incinerator in thdustry that has the potential to emit dioxin/furbmaddition to strict
regulation, monitoring and control conducted alsmtmuously [17]. In Japan, dioxin is a dangeroadiypant
substances (Hazardous Air Pollutants) are prefdmesdiling. In 1999, the Japanese government haa spécial
step of handling the type of dioxin to prevent aregulate the disposal of environmental pollution these
compounds. This regulation establishes the basizsséssment and standards (environmental, dispasdlthe
regulatory [18].

One of the constraints on the research dioxin/fisamquired the expensive costs of analysis. Ma@edahe very
low of dioxin/furan concentration levels requireghly sensitive equipment. To overcome these obetache
modeling approach is expected to be one of theisnki Studies dioxins/furans by using models,enegal, is still
a separate study. Research on dioxin/furan foc#theulation of the impact of pollution on the econpois also still
not a lot to do. Studies have been conducted ginévaused on the effects of dioxins/furans in tiealth and use
of technology to reduce pollution. Development aixih/furan pollution models have not been publkdizvery
much. Whereas, by knowing the value of environmet@anage caused by emissions of dioxins/furansarit be
used as a basis for decision-makers to make pdligg. expected by knowing the value of the ecorwiosses
caused by the emission of dioxins/furan, then thele/society will be more aware of the amount gkks resulting
pollution. Estimation and the impact of pollutionllvibe mapped through a dynamic model where sinmuatesults
can be used as a basis for policy-making scendiie alternative policy that will be built based dme
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guantification of the variables involved in the nebdThis information is expected to be input aspgupng the
decision and policy makers.

EXPERIMENTAL SECTION

Estimation of emissions and concentration

Estimates of emissions of dioxin/furan into the iemvment for each year, (expressed in g TEQ fohegar) are
strongly influenced by activity data that is theguction generated or raw materials used [11, &ermination of
emission factors can be done by using the Starmtatdioolkit issued UNEP [19]. The value of emissiactors
depending upon the category and sub-category atawvity. Moreover, emission factors are also detaed by the
type of technology and the spread of media typesragsion.

The concentration of pollutants into the air iseaféd by the dispersion factor, which is also deiteed by
meteorological conditions. Dispersion factor isvesl used to describe the effect of distance theag of the
ambient concentration. Especially for dioxins/fuggi20], as well as [21] using an ISC model, tisa imodel which
has been modified Gaussian dispersion equatiorel&ted with sub-model used to estimate the impéctioxin

pollution/furans in terms of counting the numbercahcer cases used equation based on [20].

The research was conducted in the Cilegon industréa (Industrial Estate Cilegon Zone, KIEC). Tygendustry

within the region is potentially industries emitoglins/furans through the burning of materials cuonig non-

ferrous metals and iron (ferrous and non-ferrougpeding to Standard Toolkit [19]. There are fivlustries in
Cilegon area that potentially emit dioxins/furafibere is one industry that has three major divisiao that overall.
There is seven samples industry.

Research Model

The models that will be built into the researchtaeimpact of pollution emissions of dioxins/fusamodels, which
is a dynamic model, and the policy formulation nled&ach model requires data and has a differesis Har
calculation. In general, the basic calculationha modeling study using time-series data for 10sygaamely from
the year 1995- 2004, while the data is being useghdamary and secondary data.

The output of the regression analysis and simulatiodynamic systems will be input for the multiteria analysis,
which is as the basis for various policy scenatm$e taken in controlling the contamination of xdis/furans
caused by the industry. Scenarios are developesllbas three alternatives, first, the policy altéires that take
place as it is now or not doing anything (Do nothibN), second, an alternative policy-based ecgn(Economic
Driven), and third policy-based environment (Enwiment Driven).

RESULTS AND DISCUSSION

Estimates of emissions and concentrations

Estimates of dioxins/furans emissions from industiif non-ferrous metals and iron in Cilegon areanf 1995-
2004 amounted to 9.38 to 26.98 gTEQ derived froenttital production of 1.87 to 5.21 million tonnés.2002,
China which produces 182 million tons of steel lesla 127-1820 gTEQ dioxins/furans emissions. Eioiss
data show that emissions from process categorgusrmetals contributed the largest emissions im&22], but
not in Indonesia. In Indonesia, the emissions oXidis/furans originating from the metal industrg #ine 4th largest
source of emissions of dioxins/furans [8].

Based on research that has been done [8] Achm@dB)2with emissions of 21 126 gTEQ for Indonetading into
account the population, the exposure per persofiKgdyw reached 4686.3 pgTEQ. Meanwhile, when exathin
emissions generated from this study were deriverh fthe metal industry ferrous and non-ferrous ile@in and
Serang, the exposure per person/day/kg body whaghteached 205.13 to 325.96 pgTEQ. This figureeded the
threshold limit of the maximum that has been deteech by WHO or EPA which is 10 pgTEQ, so that einiss of
dioxins/furans must be reduced.
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The results showed that the concentration is diredfected by the emissions, wind speed, tempegatdistance
deployment and indirectly affected by the stabitifthe weather. The calculation of the emissioncemtration of
dioxin/furan to some area can be an agglomerati@mission concentrations in the surrounding af2as24]. In
this study, the concentration of dioxins/furansdusespread 36 km distance, which affects the satimg society
and economy and the concentration is 62,850-96H8EQ/nT.

Model of impact dioxin/furan emissions and result bsimulation

Stock Flow Diagram (SFD) of dynamic model

Models that built a dynamic system is a compretvensiodel of sub models (a part of the model) wiialie been
studied previously. Model the impact of emissiorfsdmxins/furans only takes into account emissidrem
industries that have been mentioned that are ‘efgendustrial metals that emit of the air.

SFD the dynamic systems model is shown in Figurd@hgoretically, the greater the resulting productithe
emissions are released is also higher, which cathgeambient concentration as well increased. Wilsgive a
negative impact on the environment, so the airityue diminishing. The higher the concentrationtiire ambient
will significantly affect the potency of cancer easand deaths, socially will have an impact onpihyeulation. Of
course, the existence of environmental degradati@hcancer cases will have an impact not only erstitial, but
also to the economy. Economically, the increasenmssions will lead to increased social cost, sortbt benefit
would be reduced. On the other hand, the increapeoduction will provide increased benefits to hdustry, so it
will be able to improve the local GDP. The dynamodel consists of sub-model of production withgtewth;
sub-model of the impact of the environment, sucheasssions, concentrations in ambient and the oéte
degradation; sub-model of the impact of the sosiath as the potential of cancer, deaths and sbeial cost and
sub-model of the impact of the economy, such asiltfa¢ement cost, the net benefits and the net profi

The simulation will be done by variables changeashsas: simulation baseline (0% emissions reduytgimulation
of technological improvements (30.3%, 40.7% aBd% emission reductions with abatement costEQ T, 2,
3), and simulation of the increase in productio® &% (with 0%, 30.3%, 40.7% and 46.1% emisséaxzfuction).

Simulation Results

Environmental Impact

Environmental impacts were analyzed based on emnisgriables, ambient concentration and rate ofatkgion.
In this case, the rate of degradation is an dsereé air quality that is ratio between ambientaantration and
standards of ambient concentration. Based on thelation of baseline for total emissions (FigurgiBjs estimated
that dioxins/furans emissions will increase veuycjly if there is no reduction in emissions. If we nothing, an
increase of 278% of emissions will occur from theoant of emissions around 11.01 gTEQ in 1995 t6SHTEQ
at the end of 2025. Of course, this will be the aetpof the ambient concentration. Ambient conceiatna ranged
from 0.57 to 5.92 pgTEQ/frfrom the year 1995-2025. When referring to thedtads issued by WHO in 1998 [25]
the concentration of dioxins/furans in Cilegon &atang has exceeded the threshold. Meanwhile, veffierring to
the standards issued by Rao and Brown [26], theemdmation has exceeded the threshold concentrati@008.
Japan has also issued a threshold of standard mimtmacentration, namely 0.6 pgTEQ/ii7,27]. In this case,
Indonesia has not been determinted threshold foiemhconcentrations of dioxins/furans.
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Figure 3. Simulation results of (a) the emission tal, (b) the ambient concentration
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A 46.1% reduction in emissions can decrease thdesiboncentration and environmental degradatioa ftam

0.63 to 3.75% and ambient concentration 5.61-80.(A66 industry, the emission's reductions will haveimpact
on costs. It must be balanced with a productioneiase of the industry. Assuming a 3.8% increaggaduction, it
will have a significant impact on the total emissidn the ambient concentration and the rate gfatkation as in
Table 1.

Table 1. Results of simulation estimated the totamissions in the ambient concentration and the ratef degradation with the increase in
production and an emission's reduction in 1995-2025

The average percentage of the addition/subtrauetitnthe increase in production of 3.8%, and asagmai

Variable reduction in emissions kt
0% 30,3% 40,7% 46,1%
Total emission +11,70 -22,14 - 33,76 -39,79
Ambient concentration + 36,29 -28,15 -39,53 -43,7
Degradation ra + 0,57 -1,5¢ -2,51 -3,0¢

Social impact

Estimation of social impact is assessed by a paleoft cancer, deaths and social cost. The redudtroulation of
potential cancer cases and deaths is given ineTablThe 46.1%% reduction in emission will reduse tancer
cases and death by 69%. However, if there is aease in production by 3.8% and 46.1% reducticeniissions, it
will cause a reduction in cancer cases and degti§%.

Table 2. The results of the simulation estimatehe potential cancer cases and deaths by assumptiohemission reductions in 1995-2025

The number of cases with the assumption of enriggiductions:
0% 30.3% 40.7% 46.1%
Cancer cases 1092 485 (-55.6%) 377 (-65.48% 336 (-69.23%)
Deaths 175 78 (-55.43%) 60 (-65.71% 54 (-69.14%)

According to previous research, if many cases afteaoccur due to dioxins/furans, then 16% of thses will
result in death [20, 28]. This rate is used toneste mortality. The highest estimate of the pos¢mtancers would
have implications for the socio-economic and thkieaf statistical life (VOSL) as well as the valoéinjury
(VOI). In Indonesia, VOSL value is very low whenngpared with the VOSL from other countries. When
quantified, based on the model output, the healthesdue to cancer cases and deaths that occtio @nessions of
dioxins/furans from the year 1995-2025 is an ID865177.00 billion.

If policy interventions are not developed to coh&missions of dioxins/furans, ambient concentratidll increase,
and cancer cases will increase linearly. Dioxinsifis are substances that are harmful for the bBdgn if in
minute quantities, these chemicals may be toxi¢Herody, and can accumulate in fat tissue.

The reduction of emissions has an impact on thekoast. Calculation of social cost is not justéed on estimates
of cancer cases and deaths, but also includesbiiteraent cost. Although the estimated of potemtaicer cases
and death have been reduced, but the abatemesttodsie industry may have a considerable impaattribeds to
be taken into account when estimating social cdgigs also causes the social cost of emissionsctieniu46.1%

greater than the social cost reduction of 30.3% gieater the reduction in emissions, the greaterabatement
cost.

Emission of dioxin/furan will provide estimatestbg social impacts that need to be considered cieglyein cancer
cases and mortality. Although it takes a long tbmeee the effect of the dioxin/furan emission, these emissions
cannot be ignored, because it is accumulated,ghdangering future generations as well.

Economic impact

The impact of the economy will be assessed witlal tabatement cost, profits, and net benefit. Thiuced
emissions can be done by industries with technoddgmprovements, which have an impact upon thescof
industrial. Reduction in emissions will also beldaled by the abatement costs that must be paithdyndustry to
improve the environment. The abatement cost perQy@Epending upon the technology used. Estimateideent
abatement costs increased during the period 1995;2@Qith the assumption that the greater the récludn
emissions, the whole abatement cost would incréastal abatement costs will reduce the net prdfthe industry,
because the industry to spend additional costsetlmae emissions of dioxins/furans. It based theulsition,
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abatement costs have a small value when compatbdive net profit of the industry. Assuming a 46.6éduction
in emissions, then the net profit will be reduceahf 4.25 to 6.79%. Based on estimates of abateousts that
must be paid, the industry should reduce emissaodsexpend abatement cost because evidently a pfafidustry
is significantly not reduced. On the other hand, riduction of emissions indicates that the ingustncerned with
the environment.

Table 3. shows the data related to the impactefdsumption of an increase in production of 3.8¥%enet profit,
the net benefits and abatement cost. Increasedigiod, followed by a reduction of 46.1% has thethmpact of
the economy and the environment.

Table 3. The impact of the assumption of an inceese in production of 3.8% of the net profit, the nebenefits and abatement cost

Variable Percentage (%) increase in value, assugmmgsion reduction
0% 30,3% 40,7% 46,1%
Net Profit 3.67-48.50 3.68-48.60 3.70-48.82 833.50.12
Net Benefi  3.7€-38.5:  3.61-43.41 3.8€-45.9¢ 4.1£-50.07

The results of the dynamic simulation can expléi@ impact of emissions of dioxins/furans to theiemment,
economic and social. In the long term, when we dthing, it will cause damage to environmental atpec
community or social as well as the economy. Onremvihental aspects, the losses will occur due taremwmental
degradation and the increasing concentration ofidégfurans in ambient. The losses occurred instheal aspect,
namely an increase in cancer cases and deathiedldiato increased social cost. Losses that occtih@r®conomic
aspects, for instance the net benefits are on #mew

Alternative Models of Policy and Policy Implicatiors

An Alternative Model of Policy

The model of alternative policy is such as the siais reduction policies, the increase productioticy and
establishes of ambient concentration's policy. ®pgonal policy model is performed using the melttad multi
criteria analysis software with PRIME and dynamisahulation results using the data as well as thalitive
judgement. The stages are performed on the modelafgment policy alternatives [29] that determihe triteria
(sub attribute) as well as sub-criteria, which \aitfect alternative policies are taken. This reslearses the criteria
of environmental, social, economic and govermestifintion. Sub-criteria selected based on variabletained in
the dynamic systems as well as for governmentri@itesed qualitative judgement. Value tree forecid and sub
criteria in Fig. 4.

32 .1
= 2, Environment Criteria[0.303 .. 0.339]
4% Emission [0.164 _ 0.199]
#% Ambient Concentration [0.125 .. 0.15k]
= 2 Social Criteria [0.203 ... 0.245]
#% Potential of cancer cases [0.061 .. 0.059]
#% Potential of death [0.043 . 0.06E]
%% Sosial cost[0.081 0112
2 Economic Criteria[0.156 ... 0.157]
% Net profit industry  [0.063 ... 0.089]
4% Met benefit [0.047 .. 0.071]
4% Methen (0033 . 0.054]
- 2 Government/Institution Criteria [0.254 ... 0.308)
4% Fund [0.061..0.09]
4% Human Resources [0.03 .. 0.11]
%% Involvement [0.096 .. 0128

Figure 4. Value Tree for criteria and sub criteria

The next stage is the determination of policy ak¢ives that will be used as a reference scenarivedl as its
weighting. There are three alternative policy sc@saare used, that are 1).The scenario |, Do Mgth2). The
scenario Il, policy-based environment (Environmeniven) that is an emissions reduction of up to aimum of
46.1%; 3). The scenario lll, policy based econogohomic Driven), that is the increase in indusfpi@duction,
which is assumed to be 3.8% of production. Figuietbe alternatives of PRIME analysis with eadteda.
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Figure 5. The alternatives of PRIME analysis with ach criteria

Based on the output of PRIME, the dominant politgraative is an alternative environment-basedgyplhamely
the presence of emission reduction up to 46.1%sé& mesults are in accordance with the value inteveat have
been produced and are reinforced with a value ecisile as the final output (Figure 6). The demisiules stating
how much damage will be accepted if the policyraliives are implemented. Decision rules in thieagch show
that the smallest losses retrieved when the saebased environmental policies are implementedalree it has
the smallest possible loss (-0.201).

Maniman Maximin CentralValues | Minimax Regret| Possible Loss

Do Nothing 0432

Environment Driven ' + ' + 020

Economic Driven 0432

Figure 6. Decision rules for alternative policy oflioxins/furans

Policy implications

In the case of dioxins/furans, policy alternatiyeEst obtained through the application of dynamgyastems and
multi criteria analysis that is an alternative @amiment-based policy. This aspect is related tdrohimg reduction
of emission dioxin/furans. The impacts of emissiofiglioxins/furans to the human being are indireethd take
time until the impact can be seen.

Macro Policy

In the context of the macro policy, showing that pbllution, in particular emissions of POPs inaud
dioxins/furans, are still not aware of. Althoughdémesia has signed the Stockholm Convention on PORs
Indonesia still does not have a specific policyuteting device for controlling dioxin/furans. In d@dition, an
understanding of dioxin/furan among the public adl\®s government authorities is also unknown. . dther
hand, the level of pollution of dioxins/furans imdbnesia has been quite high [8].

Macro policy in economic criteria requires improvants such as creating a stable and conducive ecompawth.
This will have implications for the increasing irsdial growth as well as the development throughitivestment.
Economic growth is closely related with the impnment in the social field, namely an increase in leympent
opportunities and people's income, because mdkegieople in the area of research are worketseigetindustries.
However, the growth within the industry will have enpact of the increase in pollution and has @ewnen by the
results from this study, namely the increase irdpotion will increase the concentration of emissitinearly. As
consequently, on the macro policy in economicaiigds to be included in emission's policy control.
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In the industrial sector, Act No. 5 of 1985 abautlustry can be used as a basis for policy develapmeorder to
prevent the occurrence of air pollution from indiadtactivity. The regulation describes prohibitsomor the
activities within the industry to pollute the eroment. Every industrial activity is obligated toad up
environmental management documents the activitidtsnthe industry at the time of filing a busind&®nse. The
document contains information of emission that éssby industry and the setting of emission starsldndt is
stated in Decree of the Minister of Environment, thhe emission standards for dioxins/furans areyabtisted.

To control dioxin/furan, inclusion parameters ofxdns/furans in Government Regulations No. 41 oPd9
regarding air pollution control, becomes importaBioxin/furan emission parameters can also be adued
Government Regulations No. 74 of 2001 about managénof hazardous toxic materials. In Government
Regulations, organoclorin use of POPs and PCBS bweh banned, but has yet to include the dioxinffura
compounds. Although dioxins/furans is the derivatod pesticide that the rule has been listed inrdgailation of
hazardous toxic materials, but dioxin/furan nestkti clearly as hazardous materials. This is becals sources of
the dioxin/furan are not just from pesticides, &ls comes from a variety of sources. Dioxin/futampounds can
as well be added to the regulation of the qualitsaav emission's sources in Decree of the MinisfdEnvironment
No. 13 in, particularly in industries that potehganit dioxin/furan emissions, for example, pap®tustry, iron/steel
industry, cement industry, chemical industry andriarators. At the national level, Governments $thandertake
an inventory of emissions of dioxins/furans peraadly. This is intended so that the emissions cardétected
accurately.

Expected with the determination of standards argllations for air pollution parameters that incluthe

dioxin/furan, or in other regulations, can incre#ise awareness among the public and the trade fsiEms and
environmental threshold is met. The setting of déads for threshold should be done based upondbearch.
There are three standard designs, i.e. determimafiambient standards, setting emission's stasdard the setting
of standards of technology. The third such as statware intended so that emissions are expendeestrained.
The setting of these standards can be done bydepiartmental coordination, for example, in the déad ambient
concentrations for an assignment, afterwards oftthedso needs to be involved; on the determinatibrithe

emission's standards and technologies, after thwaistly of Industry and Ministry of Trade neededb® involved.

The economic impact is on the existence of a stahdssignment tax environment for the industryxoeed the
emission's standards in the form as a fine. Theevaf fines can be set according to the abatenwsttand social
cost to be born. The incoming funds originatingeirtan be managed in a container that its uséuisiea for repair
to the environment, infrastructure and facilities.

The industry should be removing the social cogtntthe image of the industry will be better, sa tha trust and
support from the community are increasing and afiiéct the work environment is conducive. As congation to

the industry, subsequently the local Governmentumss a work environment that is safe and contnulti
Government or Ministry of Environment can also teea public campaign to arouse the society will actp
emission of dioxins/furans on health, so that thblip is becoming concerned. It is expected theliputan

participate in controlling industries that emit esions of dioxins/furans.

Micro Policy

Micro policies are policies that particularly fondustrial metals and non-ferrous metal and for siois of
dioxins/furans. The micro policy will identify thguantity of emission reductions from industry, theoduction of
technology, and the role of Local Government (L&) rhonitoring, information in the public and polt control
of dioxins/furans.

The model results show that the best alternativieypoption is the reduction of emissions. Emissteaulting from
industrial metals and non-ferrous metals in thseeech in 2004 was 11.03 to 11.86 gTEQ/year. Wissessed
upon the basis of population, average weight and, TiDthe same year emissions allowances are 0.3p31
TEQ/year. Emission reduction that must be donenisumted to 10.667 g.TEQ/year or 97%. Based on tiyees of
technology, the technology at the abatement coasécan reduce emissions up to a maximum of 46sbo4, is
still a necessary decrease of 50.9%. Reductiont @@in be done with technology or other improvemenfts
technology. Setting these emissions need to beostgapby policies on the level of regional/national

Emission control can be done by two treatmentsdahathe primary treatment and secondary treatrbetti, among
them involve technology used [7]. Primary treatmignatt is preventing the formation of dioxins/furamgich can
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be done by substitution of raw materials, the factperating modifications or change designed factBecondary
treatment is reducing emissions of dioxin/furantiie outside of the environment, which can be doitd the
introduction of technology to the industry.

Emission reductions can also be done by settingtébbnology for high chimney and the distance frtira
settlement. The Government may issue a policy ler about a minimum chimney height should be usedelsas
the nearest distance between residential and inalusteas, because the distance distribution égtd ¢himney are
very influential in the magnitude of emission camitations are acceptable.

Excellent cooperation between Government and imgusta good example for the case of dioxins/furemghe
USA. The USA can reduce dioxin emissions of 99%nfrb987 until 2010 because the USA Government issued
strict rules that must be obeyed by the industhe @reatest reduction was caused due to changeshinology for

the incinerator, which is the greatest source ofssions of dioxins/furans in America [30]. In adllit to the
incinerator, the source of dioxins also comes femtietal sources (e.g., burning garbage in the apgmand natural
sources (e.g., forest fires. To address it, theBP3:- did campaigns that are intended to educatetidic to be
more aware of the dangers of dioxins in the envirent by not burning trash carelessly. In Brazig tiiganization
which is responsible for establishing national neramd standards of pollution control is CONAMA ('felho
Nacional do Meio Ambiente" - National Council oktEnvironment). It established that dioxin and fueanissions
can not exceed 0,5 ng TEQ/Ruring thermal treatment of waste [31].

In Japan, controlling emissions of dioxins in thational agenda is handled directly by the Goverrim&he
planned decrease in emissions of dioxin reaches @8%ng from 1997 to four years to the future,doyducting
monitoring and evaluation each year [27]. Policdes that use more leads on Command and Control JOAith
regulations and standards issued by the Governaielatpan, in addition to using tax instrumentsh® mechanism
of investment facilities. UNEP also proposed, conémission's dioxins/furans can be done from tiistry itself,
i.e. in primary or secondary [7]. Industry can ceedhow to the best control the technology effebtivand
efficiently. Indonesia may follow the example o&tllSA and Japan in controlling emissions of diofimans. In
addition to setting a TDI and quality of ambierigtGovernment along with industry can agree on latigns
regarding operational industrial combustion or stdal potential dioxin/furan emissions, e.g. comstinn
temperature or high chimney, which is used. Deteation of ambient concentration should set moreifipdased
on research, similar to the TDI also relies heawitythe condition and health of the local community

Based on the macro and micro policy which has lee@amined, later the policy instrument used is aldaation

between the CAC and the determination of the ftagstalled Economic Instruments (IE). According tie

Stockholm Convention, emission of dioxins/furanensissions that must be eliminated, so that basdti@source
(in this study is the industry), afterwards contolmonitor can be done by the industry. The Govenmt should
make strict regulations to control emissions emittg industry, so that the CAC is the instrumentstrhe carried
out with a supported IE.

CONCLUSION

Based on the analysis that has been done in $esaureh, some conclusions can be stated as follows:
1.Dynamical Model to measure the level of dioxin/furmissions impacted environmental, social and @oan
factor successfully built and can do a simulatimedlculate the impact of such emissions.

2.In the period 1995-2025, the emission's reductm®unted to 46.1% will affect the reduction at thte of
degradation of 0.63-3.75%, ambient concentratia@B8,61%, lowering the potential cancer and deathsunting
to 69%, reduced net profit of 4.25-6.79% and redusecial cost area on 7.69-16.27% of net profit.iAcrease
over the production of 3.8% with emissions reduwid6.1% will impact the rising the net benefitsoodlers of
4.16-50.07% and abatement cost 0.20-26.19%. |a spithe reduction in emissions will only slightgduce the net
profit of the industry, but not necessarily the ustty wants to do it. In this case, it is a veryportant role of
Governments in defining the policies.

3.Compared to the economic-based policy and Do NgthEmvironment-based policy alternative gives timelgest
impact on emissions reductions based on the mddmblicy alternatives. Control pollution of dioxiafan can be
done by applying a policy mix of CAC System, thatiith the determination of the standard technal@gybient
concentration and maximum allowable emissions;esmhomic instrument systems (El), that are therdétation
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of the fines. The funds generated from fines mestdburned for repair the environment. Channelimd @atilization
mechanisms need for improvements in the environment
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