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Abstract

Household pharmaceutical waste has emerged as a boundary-spanning policy problem in rapidly aging local cities,
intersecting environmental, public health, community care, and local governance domains. As Korea entered a
super-aged society in 2025—with 20.3% of the population aged 65 or older—the latent generation of unused medications
is structurally expanding, yet domestic management remains confined to a linear collection system centered on
pharmacies and public health centers, producing wide regional disparities and accessibility barriers for mobility-limited
populations. This study analyzes the household pharmaceutical waste-management system of Gimhae City through a
regional Environmental, Social, and Governance (ESG) lens. Using an exploratory case study based on documentary
review and triangulation of secondary data, the three ESG dimensions are reconstructed at the regional unit, and an
evaluation framework of twelve indicators is proposed. Diagnostic findings show strong environmental processing
capacity but inadequate monitoring, rich integrated care infrastructure underused alongside limited civic awareness, and
a structurally linear governance leaving key actors' roles unspecified. Accordingly, the study proposes three
ESG-integrated policy models—a Visiting Collector model, a postal-network reverse collection model, and a smart
collection hub model—operating within a six-actor collaborative governance framework supported by a phased five-year
roadmap. The study contributes by translating ESG to the regional unit, reconceptualizing pharmaceutical waste as a
boundary-spanning problem, and positioning regional anchor universities as core actors integrating University Social
Responsibility with regional ESG governance.
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Table 1. International comparison of pharmaceutical waste management systems

Country/

Key feat
Region ey feature

Legal basic Operating body EPR application

Secure and
United States Responsible Drug
Disposal Act (2010)

Biannual Take-Back Day: approx. 5,300
permanent collection sites

DEA, pharmacies, Partial; state-by-
non-profits state

Full (province- Non-profit funded by pharmaceutical-firm

Canada Provincial legislation HPSA (non-profit) by-province) dues; pharmacy recovery rate Y90%
. Operating since 1998; continuous
Th
Australia erapeutic Goods RUM Project Full collection at PBS-approved pharmacies;
Act
»700 tonnes/year
Furopean  Directive Member-state Adoption by member Mandatory member-state systems;

multi-channel collection via pharmacies,
civic centres, post offices

governments and

Union 2004/27/EC i
pharmaceutical firms

state

Municipalities,
pharmacist
associations, public
health centres

Wastes Control Act +
municipal
ordinances

Autonomous municipal operation; 17-fold
regional gap in recovery

Republic of

Not introduced
Korea

Source: Reconstructed by the authors based on Ryu et al.(2025) and Bae et al.(2024)
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Table 2. Regional ESG evaluation framework for pharmaceutical waste management
ESG . Example . . Polic
. . Sub-domain o p Indicator details v
dimension indicators stage
Estimated Demographic  Elderly population share, per-capita pharmaceutical Inout
generation risk expenditure, share of patients with chronic disease P
Collection Per-capita recovered pharmaceutical waste, per-site
Recovery X R Outcome
Environment performance recovery, share of improper disposal
® Processing Resource-circulation facility grade, capacity for high-

. Infrastructure - . ! Process
capacity temperature incineration, air-pollutant management level
Environmental Residue Detection data of pharmaceutical residues in local water Outcome
monitoring surveillance bodies, soil monitoring data

. Awareness of correct disposal methods, recognition of
Citizen awareness  Knowledge . . Input
environmental risk
s . . Collection sites per 1,000 elderly, average distance to nearest
Accessibility Spatial equity ; p Y 8 Process
Society site
© Support for . . Provision of visiting-type collection services for solitary
Visiting services 3 L, Process
vulnerable groups elderly and persons with disabilities
Frontline Self-reported workload of pharmacists and care personnel,
Worker burden . .p - . P . P Process
support provision of training and incentives
Institutional Law-ordinance Clarity of ordinance, coherence with higher-level law (Wastes Input
coherence fit Control Act) P
Multi-actor Number and effectiveness of agreements among city,
cooperation Partnerships university, pharmacist association, postal service, Process
Gove(r(}r;ance P pharmaceutical firms
Information Annual disclosure of recovered volume, processing volume,
K Transparency R K o Outcome
disclosure and processing cost; data accessibility
Responsibility Producer Cost-sharing structure for pharmaceutical and distribution Input

sharing (EPR)

responsibility

firms, incentive design

Source: Authors' own construction based on Rogowska and Zimmermann(2022), Bae et al.(2024), and Kharat et al.(2025)
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Table 3. Operational definitions of the twelve indicators

Indicator Operational definition and measurement method Data source Cycle
Per-capita pharmaceutical Annual collected volume + registered resident Municipality; pharmacist Annual
waste recovered (kg) population association

Estimated generation - formal recovery) + estimated Ministry of Environment;
Improper disposal rate (%) (Bsti e 8 ! very) ! L isty Vi Annual
generation X 100 citizen surveys
Resource-circulation facilit
arade 3 frewiatt Hty Ministry of Environment evaluation grade (A-D) Ministry of Environment Annual
Korea Environment
Pharmaceutical residue Number of pharmaceutical compounds detected in . ' : .
. . Corporation; research Biannual
species detected local water bodies o
institutes
Correct-disposal awareness ~ Share of correct responses on a structured citizen . .
0 Citizen survey Biennial
rate (%) survey
Pharmacies + public health centres +
Collection sites per 1,000 (Pharmaci p.u © . oS S
apartment-housing sites) + population aged 65+ X Municipality Annual
elderly
1,000
Visiting collection service Households reached + integrated-care registered Ministry of Health and

9 . IR Annual

coverage (%) elderly households x 100 Welfare: municipality
Mean of 5-point self-report among pharmacists and

Worker burden index >p P 8P Sector-specific surveys Biennial
care personnel

. Share of six higher-law items explicitly codified in the Korea Law Information o

Ordinance coherence score . Periodic
ordinance (0-100) Center

Multi-actor agreement Weighted mean of number of agreements X activity L

. Municipality Annual

effectiveness frequency x budget

Annual data disclosure rate  Disclosed items + recommended disclosure items (8) .

o Municipal gazette Annual

%) x 100
Pharmaceutical/distribution-firm contribution + total

EPR cost share (%) r ical/distributi r ributt Financial records Annual
recovery cost x 100
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Table 4. Data sources and analytical purposes

Data type Data source

Analytical purpose

Statistics Korea; Ministry of the Interior and

hi
Demographic data Safety; Gimhae Research Institute

Analyse ageing trajectory and latent potential for
pharmaceutical waste generation

Health Insurance Review and Assessment
Health care data Service (HIRA); Ministry of Food and Drug
Safety

Identify trends in elderly pharmaceutical use and
market scale

Environmental and waste  Ministry of Environment; Gimhae City
data resource-circulation data

Analyse pharmaceutical-waste processing system
and environmental management capacity

Korea Law Information Center; Gimhae

Institutional data . .
municipal ordinances

Analyse coherence of law/ordinance and
governance structure

Domestic academic

; Korean Citation Index (KCI) journals
literature

Review empirical results on
pharmaceutical-waste recovery and policy
effects

International academic

A IJERPH, Sustainability, PLoS ONE, etc.
literature

Survey theory and comparative cases on ESG,
circular economy, and EPR

Ministry of Health and Welfare guidelines:

Integrated-care policy data . .
regional integrated-care reports

Assess regional applicability of a visiting-type
collection model
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Table 5. Projection of the elderly population in Gimhae City

Year Elderly population (persons) Share (%)
2025 78,557 14.2
2030 89,245 16.8
2035 98,124 18.9
2040 105,893 20.7
2045 111,782 21.8
2050 117,939 23.3

Source: Reconstructed by the authors from Gimhae Research Institute(2025)
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Table 6. Integrated ESG diagnostic matrix for Gimhae City
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ESG Strengths

Weaknesses

Environment

Environment; high-temperature incineration above
(B) . G L S
850°C feasible; high waste-disposal self-sufficiency

Resource-circulation facility rated A by the Ministry of ~ No routine monitoring of pharmaceutical residues in

local water bodies and soils; low estimated
formal-recovery rate relative to generation

Rich integrated-care resources across the regional

Low rate of proper citizen disposal; weak awareness of

Societ anchor university, city government, pharmacist
¥ . ¥ Cliy 8 e p disposal methods by formulation; accumulated
O] association, and welfare facilities; high-trust o - A
- . . A . workload on pharmacists; absence of incentives
relationships of visiting care personnel with residents
Linear pharmacy- and health-centre-centric structure;
Ordinance on Unused Medicines (2017); traceability P macy - A .
Governance . . lack of codified cooperation with the postal service,

through publicly funded bags labelled with pharmacy . . . S

G) regional university, and pharmaceutical firms; EPR not

of origin

introduced
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Table 7. Risk-response for the visiting collector model

Risk type Specific content Response
. . Codify auxiliary-collection authority by ordinance
Absence of legal authority for non-licensed v ane . v
Legal ersonnel to handle medications amendment; obtain advance interpretations from
P MOE and MOHW
R . Mandatory double-sealed bags; supply
Leakage, contamination, or cross-contamination . R
Safety A leak-resistant pouches; distribute
during transfer
emergency-response manual
Personal Disclosure of patient identifiers on prescriptions Standardise identifier-removal procedures before
information and dispensing envelopes collection: emphasise in worker training
Per-visit additional allowance; mileage and
Degradation of primary duties and risk of . . o g .
Workload regional-currency incentives; commendation

personnel attrition

scheme

Specialist scope

encroachment counselling or reusability decisions

Risk of non-licensees performing medication

Codify role boundaries; restrict specialist judgment
to pharmacists and public health centre staff

Accident liability

Unclear allocation of responsibility in case of
incidents during collection or transport

Conclude tri-party agreement among city, care
organisation, and public health centre; mandate
insurance
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Table 8. Safety protocol for the postal collection model

Safety item

Operating standard

Eligible formulations

Solid-form medications (tablets and capsules) permitted for postbox deposit

Restricted formulations

Liquids, syrups, injectables, and ointments prohibited from postboxes and directed to dedicated

bins at public health centres and community service centres

Packagin: o .
8ing contamination of mail

Mandatory use of the dedicated collection envelope with double-sealing to prevent

Personal information

Guidance to remove patient identifiers from prescriptions and dispensing envelopes; no

identifiers permitted on the envelope

Collection cycle

Regular collection at least once a week; ad-hoc additional collection if backlog occurs

R ibility shari
esponsibility sharing postal service

Codify costs, responsibilities, and incident response in an agreement between the city and the
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Table 9. Roles in the six-actor collaborative governance framework

Participating actor

Principal role

Gimhae City

Update the ordinance and ensure coherence with higher-level law; secure budget and oversee
programmes; routinely disclose annual recovery and processing data

Regional anchor
university

Provide education and research infrastructure; conduct citizen-awareness surveys and
policy-effectiveness evaluations; operate student-participation volunteering and fieldwork
programmes; analyse regional data and provide policy advisory

Pharmacist association
and pharmacies

Provide specialist medication counselling; classify pharmaceutical waste and judge reusability;
operate hub pharmacies and receive incentives

Postal service :
and hand-over to drop-off sites

Provide collection services using the postbox and post-office network: perform regular transport

Apartment-housing and

public facilities campaigns

Provide neighbourhood collection sites and routine management; cooperate in resident awareness

Pharmaceutical and

distribution firms products

Share costs under EPR; sponsor recovery campaigns; routinely share recovery data on their own
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Table 10. Phased implementation roadmap (2026~2030)
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Phase / Year

Principal tasks

Lead actors

KPI

Year 1 (2026):

Amend ordinance (codify key provisions:
multi-actor cooperation, auxiliary-collection
authority, information disclosure, EPR

City; anchor university;

Number of agreements
concluded; publication of

Foundation cost-sharing — see 6.6.1); select pilot pharmacist association manuals
eup-myeon-dong; conclude six-actor
agreements; develop standard manuals
Year 2 (2027): Pilot Visiting Collector model in 1-2 Public health centres; Pilot recovery volume; +10
Pilot ' eup-myeon-dong; pilot postal collection; postal service; anchor percentage-point increase

conduct citizen-awareness survey

university

in citizen awareness

Year 3 (2028):
First Expansion

Expand to 50% of eup-myeon-dong based on
pilot evaluation; install 10 smart collection bins

City; apartment-housing
bodies

Doubling of per-capita
recovery; +30% increase in
collection sites

Year 4 (2029):
Consolidation

Expand citywide; pilot EPR agreement; build and
disclose integrated data platform

Pharmaceutical firms:
city; anchor university

EPR cost share of 10%; data
disclosure rate of 80%

Year 5 (2030):
Evaluation and
Diffusion

Five-year performance evaluation;
policy-transfer consulting to neighbouring cities
(Yangsan, Jinju); recommend statutory measures

City; anchor university;
central government

50% recovery rate; one or
more policy-transfer cases

Table 11. Key provisions to be codified in the ordinance amendment (Year 1)

Provision

Core content

Purpose and definitions

Clearly define unused pharmaceutical waste, auxiliary collection, integrated care-linked
collection, and multi-channel collection.

Legal basis for multi-actor
cooperation

Establish the legal basis for agreements and the operation of a consultative body among
Gimbhae City, regional anchor universities, the pharmacist association, the postal service,
apartment-housing management bodies, and pharmaceutical/distribution firms.

Specify the scope of auxiliary collection tasks, including visual identification, separation

Authority for auxiliary
collection by care personnel
training.

guidance, sealing, and transfer. Clarify role boundaries through a two-stage responsibility
separation model, and mandate the provision of protective equipment and standardized

Legal basis for multi-channel
collection

Provide the legal basis for postal collection, collection boxes in apartment complexes and
public facilities, and the installation and operation of IoT-based smart collection boxes.

Information disclosure
obligation

Require regular public disclosure of annual collection volume, treatment volume, treatment
costs, collection-site information, and citizen participation rates, along with the operation of a
digital information platform.

EPR-based cost-sharing
mechanism

Provide a pilot legal basis for cost sharing by pharmaceutical and distribution firms and the
design of incentive mechanisms under an extended producer responsibility framework.

Safety, liability, and personal

information protection . L. X
dispensing information.

Specify responsibility-sharing procedures in case of accidents, mandatory insurance coverage,
and standardized procedures for removing personal information such as prescription and
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Table 12. Indicative cost structure of the three models (illustrative estimates)

Model Main cost items

Indicative unit cost (example)

Dedicated collection bags, leak-proof

Model 1 pouches, protective equipment such as
(visiting gloves and sealed containers, incentives
collector) for care personnel, training programs,

and operational manuals

Dedicated bags and leak-proof pouches: approximately KRW
300-800 per unit; protective equipment: approximately KRW
1,000-2,000 per visit; incentives for care personnel:
approximately KRW 3,000-5,000 per collected household. The
total cost is therefore estimated at approximately KRW
5,000-8,000 per household collection.

Dedicated collection bags and delegated

Model 2 collection/transportation costs through
(postal the postal service, using existing post
collection) boxes without additional initial

installation costs

Dedicated bags: approximately KRW 300-800 per unit. Since the
model relies primarily on negotiated collection and transportation
fees with the postal service, additional infrastructure costs can be
minimized, and the cost structure is expected to be mainly
operation-oriented.

Model 3 Standard collection boxes, IoT-based
(smart smart collection boxes, and annual
collection hub) maintenance costs

Standard collection boxes: approximately KRW 100,000-300,000
per unit; loT-based smart collection boxes: approximately KRW
2,000,000-5,000,000 per unit, with annual maintenance costs of
approximately KRW 200,000-500,000 per unit. Due to the
relatively high initial investment, phased expansion is required.
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