
1. 

Project: Removal of technical and economic 
barriers to initiating the clean-up activities for 

alpha-HCH, beta-HCH and lindane contaminated 
sites at OHIS  

                       Beneficiary: Macedonian Government 
                   Financing Agency: GEF, Government 
  National Execution Agency: POPs Unit 
                                 GEF Grant: USD 3,100,000 
                             Co-financing: USD 12,450,000 
                      Project duration: 2015-2022 



2. 

Project Justification 
In the frames of the Community Assistance for Reconstruction, Development and Stabilisation (CARDS) 2007 project  for 
development  of the National Waste Management Plan with Feasibility Studies, 16 Industrial Contaminated Sites - “hotspots” 
were identified and ranked according to environmental  indicators. 



 

The Lindane complex in AD OHIS–Skopje had the plants producing HCH- 
Lindane, trichlorobenzene (TCB) and hydrochloric acid. These plants formed 
a united technological  circle supporting each other. 
 

With photosynthesis of chlorine and benzyl the technical mixture of 
hexachlorocyclohexane have been produced  consisting 12-14% of the 
active gamma isomer while around 85% are non-active isomers such as 
alpha, beta and delta (by-products).  
 

The rest of inactive isomers (alpha, beta and delta-isomers) were dumped 
on the very site. The efforts to utilize them for the production of TCB 
(trichlorobenzene) and HCl failed.  
 

The Lindane was functioning from 1964 until 1977, when it was abandoned 
and stopped for ecological reasons and change of the market conditions.  
 
The total Lindane production was around 2.800 tons resulting in a 
generation of around 25.000-30.000 tons of inactive isomers that were 
improperly dumped, causing secondary contamination of the soil and 
underground water, and emissions to air as well.  
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4. 

HCH on-site dumping 



The long-term project objective is to have the OHIS contaminated site 
free from HCH waste and other hazardous contaminants for future 
industrial use.  

The main goal is protection of the human health and the environment 
from the adverse effect of contaminants by reducing and/or eliminating 
the releases and exposure through remediation of the HCH 
contaminated sites. 

The main outcome of the project will be enhanced national policy, 
institutional and technical capacities for management of contaminated 
sites by establishing financially and technically sustainable mechanism 
for securing continuation of the remedial activities of the HCH 
contaminated site in a safe manner.  

Project goal 



LEGAL FRAMEWORK AND INSTITUTIONAL CAPACITIES TO SUPPORT, JUSTIFY AND 
EVALUATE THE CLEAN-UP OF THE OHIS SITE CONTAMINATED WITH ALPHA-HCH, 
BETA-HCH AND LINDANE ESTABLISHED, ENHANCED AND ENFORCED 

CHARACTERIZATION OF THE HCH CONTAMINATED SITE COMPLETED, RISK 
ASSESSED AND RISK MANAGEMENT OPTIONS DEFINED 

CONTAMINATED SITE CLEAN UP PLAN AND STRATEGIES ESTABLISHED AND KEY 
STAKEHOLDERS INCLUDING LOCAL COMMUNITIES READY TO COOPERATE 

CLEAN UP OPERATION INITIATED AND THE EXECUTION MECHANISM IN PLACE TO 
SUSTAIN THE CLEAN UP OPERATIONS BEYOND THE PROJECT PERIOD 

PROJECT MANAGEMENT STRUCTURE ESTABLISHED, AND MONITORING AND 
EVALUATION CONDUCTED 

Project components/Work Plan 



7. 

Component 1: Legal framework and institutional capacities to support, justify and 
evaluate the clean-up of the OHIS site contaminated by alpha-HCH, beta-HCH and lindane 
established, enhanced and enforced 

- Output 1.1: Legal acts on contaminated site management (identification, securing and 
protection of the contaminated sites, remediation, monitoring provisions) prepared and 
expected to be approved by the first quarter of 2023; 

- Output 1.2: Technical guidelines, tools and procedures enabling contaminated site management 
(identification, prioritization, risk assessment, safety and risk reduction measures and 
remediation) prepared and approved; 

- Output 1.3: Relevant stakeholders (environmental officers from the respective Ministries, 
environmental inspectors, environmental consulting agencies, specialists on waste 
management, potential contaminated site clean-up operators) trained on practical use of the 
technical guidelines; 

- Output 1.4: Laboratory personnel from two laboratories (Institute of Public Health and the 
Central Laboratory of the MoEPP) trained on eco/bio monitoring through sampling and 
analytical standards and protocols for POPs/HCH in different matrices. 



8. 

Output 1.1: Legal acts on contaminated site management (identification, securing and 
protection of the contaminated sites, remediation, monitoring provisions) prepared and 
approved 



9. 

Output 1.2: Technical guidelines, tools and procedures enabling contaminated site 
management prepared and approved; 

Technical instructions on all phases of 
the contaminated site management: 
- Preliminary site assessment  

(desktop study, site visit, ICSM, preliminary 
risk assessment,….) 

- Detailed site assessment  
(gap analysis, investigation plan, field 
investigation, CSM, risk assessment,….) 

- Remediation assessment  
(selection of feasible remediation techniques, 
MCDA, selection of best remedial option, 
preliminary design of the preferred remedial 
option, H&S plan, risk management,.….) 

- Remediation management  
(tendering process, detailed remediation 
design, site preparation: zoning, site work 
analysis, administrative tasks, remediation 
evaluation, remediation closure,…..)  

- Monitoring and aftercare  
(monitoring and aftercare plan, organization 
of monitoring and aftercare, costs, ……) 

- SOPs 
(personnel health and safety, preliminary site 
assessment, ICSM, site assessment; gap 
analysis, field investigation, soil profile 
description, data management, CSM, drilling 
methods, installation of monitoring wells, 
field testing, soil and groundwater sampling, 
remediation assessment, remediation 

supervision, monitoring aftercare,…..)    



10. 

Output 1.3: Relevant stakeholders (environmental officers from the respective Ministries, 
environmental inspectors, environmental consulting agencies, specialists on waste management, 
potential contaminated site clean-up operators) trained on practical usage of the technical guidelines 

Training for the relevant 
stakeholders including theoretical 
and practical part covering all 
phases of contaminated site 
management. Twenty eight 
participants have been trained.  



11. 

Output 1.4: Laboratory personnel from two laboratories (Institute of Public Health and the Central 
Laboratory of the MoEPP) trained on eco/bio monitoring through sampling and analyses standards 
and protocols for POPs/HCH in different matrices 



CHARACTERIZATION OF THE HCH CONTAMINATED SITE COMPLETED, RISK 
ASSESSED AND RISK MANAGEMENT OPTIONS DEFINED 

Project components/Work Plan 



Component 2: Characterization of the HCH contaminated site completed, risk assessed 
and risk management options defined 

- Output 2.1: Detailed site investigation conducted and the level of contamination for the 
different environmental media (soil, groundwater and air), as well as the vegetables defined; 

- Output 2.2: Groundwater surveyed and the level of contamination of the groundwater at the 
contaminated site and at the nearby resident area defined; 

- Output 2.3: : Current risk assessment analyses updated and  the  risk management options 
defined. 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 

48 boreholes were drilled 
on the big and small HCH 
dumps and the perimeter of 
the same; 146 soil/waste 
samples were collected 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 

10 superficial soil samples for the determination of 
the background HCH concentration were collected 
at ten locations of the surroundings of OHIS site and 
the city  of  Skopje (from 0.7 km up to 17 km). 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 

None of the external superficial soil samples taken during Polyeco's 
campaigns  exceeded  Dutch  Intervention  Values,  although  in  most  
of  them  (9  out  of  10)  some  minor concentrations of HCH isomers 
were detected. Other analyzed pesticides were below detection 
limits 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 

10 vegetables samples (2 cabbage, 2 beetroot, 2 potatoes, 2 
parsley, 1 onion and 1 pumpkin) were collected at three different 
locations, i.e. from the locations of the 3 domestic wells 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 

The results of the tested 
vegetables were within the 
maximum residue level (MRL) 
of pesticides as defined by 
Regulation (EC) No 396/2005, 
except for α-HCH parameter 
for 2 samples of parsley (27 
μg/kg and 26 μg/kg) and 1 
sample of cabbage (23 μg/kg) 
when the MRL is 10 μg/kg. 
The rest of the samples and 
parameters (DDE, DDE, DDT, 
aldrin, dieldrin, endosulfans, 
other HCH isomers, 
heptachlors, methoxychlor, 
PCB and others) were below 
the detection limits. 



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 

Two air monitoring locations:  
One pump was set at OHIS site, 
next to the site where the drilling 
of boreholes took place. 
Second pump in the city of Skopje, 
close to Novo Lisice and next to a 
school.  
In both places air samples were 
collected before (1 sample), during 
(2 samples) and after (1 sample) 
the completion of the drilling 
works.  
In total eight (8) air samples were 
collected: four (4) samples at OHIS 
and other four (4) in the city of 
Skopje.  



Output 2.1: Site characterization, i.e. detailed site investigation completed by 
sampling and analyses 

Ambient air samples analysis 
results were compared with 
the applicable threshold limit 
values (TLV) and the Maximum 
Acceptable Toxic Concentration 
(MATC) of Dutch Soil 
Remediation Circular (2009).  
 
In all samples collected in OHIS 
dump sites area, α-HCH 
parameter exceeded the MATC 
(Dutch Soil Remediation 
Circular 2009).  
 
PCB concentrations were 
within the levels for industrial 
areas, while PAH presented 
levels above environmentally 
degraded areas. 



Output 2.2:  Survey of ground water for drinking and irrigation purposes 
conducted including installation of boreholes where needed 

In the course of 2 sampling 
campaigns  
36 groundwater samples 
taken from: 
15 monitoring wells and  
3 domestic wells 



Output 2.2:  Survey of ground water for drinking and irrigation purposes conducted including 
installation of boreholes where needed 

The results of the groundwater 
taken from the monitoring 
wells exceeded the intervention 
values for HCH (1 μg/l) at all 15 
monitoring wells; 
then exceeded the intervention 
value for mercury (0.3 μg/l) in 
the majority of the wells,  
and the levels of 
chlorobenzenes, chlorethenes 
and ethanes are mainly 
between the target and 
intervention values, while for 
the domestic wells the levels of 
HCH, chlorobenzenes, 
chlorethenes and ethanes are 
between the target and 
intervention values. 



Output 2.2:  Survey of ground water for drinking and irrigation purposes conducted including installation of 
boreholes where needed 



Output 2.2:  Survey of ground water for drinking and irrigation purposes 
conducted including installation of boreholes where needed 



Output 2.3: Current risk assessment analyses updated and the  risk 
management options defined 



Output 2.3: Current risk assessment analyses updated and the  risk 
management options defined 

The risk assessment analysis updated, 
based on the findings from the detailed 
site investigation (identifying the sources 
of contamination, the exposure pathways, 
the receptors, the contaminant migration, 
the risk characterization identifying 
unacceptable risks for certain receptors) 
and the defining corresponding risk 
management options towards 
reduction/elimination of the risks. 



Output 2.3: Current risk assessment analyses updated and the  risk management options defined 



Output 2.3: Current risk assessment analyses updated and the  risk 
management options defined 



CONTAMINATED SITE CLEAN UP PLAN AND STRATEGIES ESTABLISHED AND KEY 
STAKEHOLDERS INCLUDING LOCAL COMMUNITIES READY TO COOPERATE 

Project components/Work Plan 



Component 3: Contaminated site clean-pup plan and strategies established and key 
stakeholders including local communities ready to cooperate    

- Output 3.1: Clean up operation/remediation plan prepared by the company selected for the 
remediation of the delta dump;  

- Output 3.2: Awareness raising campaign conducted to gain and mobilize the public opinion 
towards successful realization of the foreseen contaminated site clean-up activities at OHIS; 

- Output 3.2: Cost-benefit analysis prepared with the main objective to quantify the expected 
costs and the social, public health benefits from the intervention. 



Output 3.2: Consensus among the general public and major stakeholders built 
for the establishment/improvement of OHIS contaminated site 

Awareness raising campaign conducted to gain and mobilize the public opinion towards successful realization of 
the foreseen contaminated site clean-up activities at OHIS, within which following activities have been realized:  
i) questionnaires formulated and general survey about the current level of knowledge of the local population 

of the particular problem and planned actions for clean-up activities for HCH contaminated sites at OHIS 
conducted;  

ii) two awareness raising workshops on health and environmental hazards posed by POPs/HCH, socio-
economic impacts of POPs/HCH,  regulatory requirements, and on the establishment of sustainable 
operation for the OHIS contaminated site among different target groups (government institutions, local 
community, the print and electronic media, NGOs, women associations and the general public as well, 
especially the vulnerable population) organized with the participation of 71 persons;  

iii) Awareness raising materials prepared, printed and disseminated; 
iv) Awareness raising activities at five schools on the harmful impact of the Lindane on human health and the 

environment organized; 
v) Visibility event to inform the public and other interested parties in initiation of the cleaning activities 

organized; 
vi) Clean-up activities regularly promoted in printed and electronic media; 
vii) Media event organized at OHIS site for demonstration of the progress of the remediation activities (12 

media presented at the site, statements on the progress of the remediation works given and the 
explanation on the technical aspects of the clean-up provided to journalists inside the tent; 

viii) Three panel discussions organized with POLYECO and the other stakeholders (NGOs, local residents, local 
communities) on the progress of the clean-up, the difficulties in the process and the corrective measures 
undertaken; 

ix) Video material on the site clean-up activities to contribute to the overall support of the local population 
and stakeholders of the entire three-month process of clean-up activities prepared and promoted. 



Output 3.2: Consensus among the general public and major stakeholders built 
for the establishment/improvement of OHIS contaminated site 



Output 3.2: Consensus among the general public and major stakeholders built 
for the establishment/improvement of OHIS contaminated site 



Output 3.2: Consensus among the general public and major stakeholders built 
for the establishment/improvement of OHIS contaminated site 

Cost-benefit analysis prepared to quantify the expected costs 
and the social, public health benefits from the intervention 
demonstrating how this project will be beneficial to the 
society and therefore justifying the clean-up activities. 



CLEAN UP OPERATION INITIATED AND THE EXECUTION MECHANISM IN PLACE TO 
SUSTAIN THE CLEAN UP OPERATIONS BEYOND THE PROJECT PERIOD 

Project components/Work Plan 



40. 

Component 4: Clean-up operation initiated and the execution mechanism in place to sustain 
the clean-up operations beyond the project period 

- Output 4.1: ToR for the selection of the technology/service providers for the HCH contaminated 
site remediation prepared; 

- Output 4.2: Technology/service provider selected; 

- Output 4.5 and 4.6: Clean up operation/remediation plan prepared by POLYECO and approved 
by the working group established within the MoEPP upon consultations with all relevant 
institutions to secure safe and environmentally sound remediation; 

-  Output 4.7: Environmental monitoring system/programme established; 

- Output 4.8: Clean up operation executed. 



 
Output 4.1: ToR for the selection of the technology/service providers for the HCH 
contaminated site remediation prepared 
 

ToR for the selection of the 
technology/service providers for the 
HCH contaminated site remediation 
prescribed: 
 1.   Тhe scope of the services;  
 2. Safety requirements to avoid 
fugitive odour, vapour and dust 
emissions during the remedial 
operations;  
 3. Provisions related to the 
excavation, packing, transportation 
and disposal of the HCH 
waste/contaminated soil,  
4. Monitoring aspects of the 
remediation.  
Upon the finalization of review of 
Bidders’ technical and commercial 
proposals, the company POLYECO 
have been selected to perform the 
remediation of the delta dump. 



Output 4.5: Clean up operation/remediation and business plan prepared by the 
selected operating entity in consultation with the technical providers and all 
stakeholders and its approval by the operating entity 

Clean up 
operation/remediation plan 
prepared by POLYECO and 
approved by the working 

group established within the 
MoEPP upon consultations 

with all relevant institutions 
to secure safe and 

environmentally sound 
remediation.  



Output 4.5: Clean up operation/remediation and business plan prepared by the 
selected operating entity in consultation with the technical expertise providers 
and all stakeholders and its approval by the operating entity 



Output 4.6:  Needed permits for the technology treatment installation obtained 



Output 4.8: Clean up operation executed – Delivery of equipment  

The needed equipment and tools (compressors for negative pressure, UN 
approved drums and containers; PPE; fog cannon, waste water collection 
tanks and waste water filtration unit; decontamination units for the 
workers; air monitoring instruments; handheld instrument for soil analyses 
(XRF); machinery (conveyor belt with the mounted funnel; trucks, 
bulldozers, cranes, etc.) delivered on site 



Output 4.8: Clean up operation executed – Delivery of equipment  



Output 4.8: Clean up operation executed– site set-up (environmental enclosure)  



Output 4.8: Clean up operation executed – site set-up ( foundations for the environmental enclosure)  



Output 4.8: Clean up operation executed – site set-up (environmental enclosure) 



Output 4.8: Clean up operation executed – site set-up (environmental enclosure) 



Output 4.8: Clean up operation executed – site set-up (negative pressure in the environmental enclosure)  



Output 4.8: Clean up operation executed – site set-up (Zoning)  



Output 4.8: Clean up operation executed – site set-up (Zoning) 



Output 4.8: Clean up operation executed – site remediation supervision and personnel training 



Output 4.8: Clean up operation executed – Excavation  

The foreseen quantities of 477 tons of 
HCH waste and 127 tons of HCH 
contaminated soil excavated based on 
the developed excavation strategy for 
separation and prevention of mixing 
the HCH waste and soil, packed, 
temporarily stored, exported (in 
accordance with the Basel Convention 
requirements) and disposed.  



Output 4.8: Clean up operation executed – Excavation  



Output 4.8: Clean up operation executed – Excavation  



Output 4.8: Clean up operation executed – Excavation  



Output 4.8: Clean up operation executed– Packing (HCH contaminated soil)  



Output 4.8: Clean up operation executed – Packing (HCH waste) 



Output 4.8: Clean up operation executed - Loading (HCH waste) 



Output 4.8: Clean up operation executed– Loading (HCH contaminated soil)  



Output 4.8: Clean up operation executed- Disposal (HCH waste)  

HCH waste - incineration 



HCH contaminated soil - thermal desorption 

Output 4.8: Clean up operation executed- Disposal (HCH contaminated soil)   



Output 4.8: Clean up operation executed – disposal certificates  



Output 4.7: A monitoring program/system established in the location  

The environmental and human bio-
monitoring programme established prior 
to and during the site clean-up activities 
(2 air sampling points at the residential 
area in the vicinity of OHIS site; 3 air 
sampling points in the remediation area in 
OHIS; 1 air sampling point inside the 
environmental enclosure; 2 soil sampling 
points at the residential area in the 
vicinity of OHIS; workers’ blood and rain 
water collected from working area). 



Output 4.7: A monitoring program/system established in the location 
- delivery of laboratory equipment -  



Output 4.7: A monitoring program/system established in the location 
- delivery of laboratory equipment   



Output 4.7: A monitoring program/system established in the location 
- working area 



Output 4.7: A monitoring program/system established in the location 
- working area    



Output 4.7: A monitoring program/system established in the location 
- residential area -  



Output 4.7: A monitoring program/system established in the location 
- residential area -  



Output 4.7: A monitoring program, system established in the location 
- collected rain water -   



Output 4.7: A monitoring program/system established in the location 
- Medical check up (general condition and workers blood)   



Output 4.8: Clean up operation executed 
– financial mechanism for remediation continuation – 

In order to secure the sustainability of 
the clean up activities beyond the 
project lifetime, the government 
established a mechanism (Multi-
partner Environmental Fund) for 
continuous provision and generation of 
funds that are particularly needed after 
the project phase for ensuring the 
complete remediation of the 
contaminated site. 



Achieved results and challenges 

Achieved results Challenges 

1,610 tons of HCH waste and HCH 
contaminated soil exported and 
disposed, while 210 tons of HCH 
contaminated soil packed, temporarily 
stored awaiting exportation 

Closing of the financial construction for 
finalization of the clean-up of the smaller 
dump 

Analytical capacities for detection of 
POPs in different matrices enhanced 

Lack of financial resources for clean-up of 
the bigger HCH dump (around 50,000 
tons) 

A monitoring program, system 
established at OHIS for monitoring of the 
remediation process 
 

Lack of financial resources for clean-up of 
the dump in Pelenica (around 51,500 
tons of mixed waste containing HCH, 
industrial and construction waste and 
contaminated soil) 

Regular inspection supervision 
established to control the remediation in 
OHIS 

Satisfactory 

Financial mechanism established to 
sustain the clean-up of the smaller HCH 
dump 

The mobilization of new funds is very 
slow but there are promising signals 



Thank you for the attention 

POPs Unit 
Ministry of Environment and Physical Planning 

Suzana Andonova  
POPs Unit 

s.andonova@pops.org.mk 
suzana_andonova@yahoo.com  

Aleksandar Mickovski 
POPs Unit 

a.mickovski@pops.org.mk 
aleksandar_mickovski@yahoo.com 
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