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1. Project Description 

This document is the Final Report of POLYECO S.A. (Polyeco) for the execution of the project 
ñProvision of services on the Site Investigation related to Removal of Technical and Economic Barriers 
to Initiating the Clean-up Activities for Alpha-HCH, Beta-HCH and Lindane Contaminated Sites at the 
Organic Chemical Industry of Skopje AD (OHIS)ò. 

Table 1: Management Team 

Project Details: ñProvision of services on the Site Investigation related to 
Removal of Technical and Economic Barriers to Initiating 
the Clean-up Activities for Alpha-HCH, Beta-HCH and 
Lindane Contaminated Sites at the Organic Chemical 
Industry of Skopje AD (OHIS)ò 

Project Leader: Ilias Avramikos 

Project Manager: Kostas Tsirikos 

Site Managers:  Georgios Tsaimos, Anastasios Kostogiannis 

HSE Manager: Panagiotis Manolopoulos 

 

 

1.1. Overview of the project 

The project ñProvision of services on the Site Investigation related to Removal of Technical and 
Economic Barriers to Initiating the Clean-up Activities for Alpha-HCH, Beta-HCH and Lindane 
Contaminated Sites at the Organic Chemical Industry of Skopje AD (OHIS)ò consists a part of the main 
Project ñRemoval of Technical and Economic Barriers to Initiating the Clean-up Activities for Alpha-
HCH, Beta-HCH and Lindane Contaminated Sites at OHISò. The latter comprises of the following 
components: 

1. Legal framework and institutional capacities; 

2. Characterization of the site and risk assessment; 

3. Clean up strategies and plan; 

4. Establishment of clean up mechanism and operations 

The scope of the project that Polyeco executed is services within the framework of the component 
óCharacterization of the site and risk assessmentô, Site investigation by sampling and analyses of the 
HCH contaminated site at the OHIS plant in Skopje. So far extensive field investigation was performed 
by Enacon, but more detailed information on contamination extend and character was needed, 
especially for ŭ-HCH dump and surrounding HCH-impacted soil.  

The characterization includes both Ŭ,ɓ-HCH dump and ŭ-HCH dump, as well as the surrounding HCH 
contaminated soil and the wider area. Soil under the ŭ-HCH dump was not investigated, in order to 
prevent further contamination due to the opening of boreholes at the dump in accordance with contract 
provisions. 

The first sampling campaign took place in October 2017 and included mobilization and preparatory 
works for the activities, training of local counterparts, drilling of boreholes, collection of soil, air, 
groundwater and vegetables samples.  

The second sampling campaign took place in April 2018 and included groundwater sampling, which 
will serve as baselines for future evaluation of remedial actions.  
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2. Collection of samples 

Site investigation comprised of following activities: 

¶ Surveying 

¶ Drilling of boreholes 

¶ Collection of waste samples 

¶ Collection of soil and vegetables samples 

¶ Collection of groundwater samples 

¶ Collection of ambient air samples 

¶ Laboratory analysis 

 

2.1. Preparation for project activities  

The following mobilization actions were carried out prior to the commencement of field activities in 
OHIS premises: 

¶ Finalisation of importation of all necessary equipment and storage at OHIS premises 

¶ Set up all equipment at suitable places at the site. 

¶ Marking position of all piezometers 

¶ Mark and zone work areas. 

¶ Erect signals, labels, prohibition signs and traffic management signs as necessary. 

¶ Place fire safety equipment in strategic areas. 

¶ Place first aid paramedic kit in prominent area. 

SOPs, HSE plan and Emergency Response Plan were placed in prominent places on site and are 
presented in Appendix A. 

 

Picture 1: Equipment stored at customs office storage 
area 

 

Picture 2: Equipment storage area ï OHIS premises 
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2.2. Equipment 

The equipment that was used in the context of the project is presented in the table below: 

 

Table 2: List of equipment 

NO. DESCRIPTION INDICATIVE PICTURE ITEMS 

4.1 Packaging materials (e.g. UN approved Drum, FIBC; pallets, packing medium) 

4.1.1 
Plastic jerrycans, closed head, UN 3H1/X, 
PGI, 60Lt 

 

146 

4.2 Personal Protective Equipment 

4.2.1 
Coveralls, TYVEC TYCHEM type 3/4, with 
hood, taped seams, EN 14605, EN ISO 
13982-1, EN 340, jet test  

  

  

16 

4.2.2 Coveralls, type 5, with hood, EN ISO 13982-1 372 

4.2.3 Coveralls paper to wear inside 86 

4.2.4 High visibility jackets EN 471 

  

12 

4.2.5 Helmets, EN397 

  

12 

4.2.6 
Gloves, Nitrile rubber, EN 388 , EN 374 JKL 
CAT III (4101) 

  

372 

4.2.7 
Gloves, PVC rubber, EN 420 , EN 374 CAT 
III (4121) 

  

48 

4.2.8 
Gloves, Leather, rigger style, EN388 (2142) 
for general work 

  

48 
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4.2.9 
Eye Protection: Safety spectacles (clear), 
EN166 

  

20 

4.2.10 Eye Protection: Safety goggles, EN166 

  

15 

4.2.11 
Work boots, Wellington style, no laces, toe 
protection, EN ISO 20345:2011 S5 

  

12 

4.2.12 
General leather work boots, EN ISO 20345 
S3 

  

12 

4.2.13 Shoe covers for shoes 

  

50 

4.2.14 
Dust masks with valve, FFP2 protection level, 
EN149 

  

50 

4.2.15 
Full face reusable respirator for use with 
combination filter for organic materials and 
particulates, EN136 

  

2 

4.2.16 
Filters for the above full face respirator, 
A2P3, ȺɁ 143/ ȺɁ14387 

  

10 

4.2.17 Half face reusable respirator, ȺɁ 140 

  

16 

4.3 
Site Zoning / HSE Equipment (e.g. heavy duty HDPE sheeting; Plywood board; Fire extinguishers 
for sites and vehicles; First Aid kit) 

4.3.1 
Heavy duty 1000 gauge Polythene sheeting 
(5m by 25m per roll) 

  

750 
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4.3.2 Reflective barrier mesh (rolls at 50 m each) 

  

4 

4.3.3 
Fire extinguishers, dry powder, 6Kg  or 
equivalent 

 

2 

4.3.4 
First aid kit (standard kit, plus eye wash 
solution, narthex, atropine and adrenaline) 

  

1 

4.4 Analysis equipment 

4.4.1 Portable XRF analyzer 

 

1 

4.5 Sampling equipment 

4.5.1 Drilling machine 

 

1 

4.5.2 Auger sampler 

 

1 

4.5.3 Shovels 

 

4 

4.5.4 Rope 

 

4 
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2.3. Training of subcontractor personnel 

Polyeco executed a training course on 12/10/2017 to subcontractorôs personnel and projectôs 
stakeholders before commencement of the operations. The training included: 

¶ Information about the hazards of POPs and HCH  

¶ Site management and control 

¶ Health, Safety and Environmental measures along with the Standard Operating Procedures 
(SOPs) 

¶ Risk assessment 

¶ Emergency procedures, including fire fighting and first aid 

¶ Use of Personal Protection Equipment 

 

  

4.5.5 Disposable bailers 

 

40 

4.5.6 Sampling bags, bottles 

 

100 

4.5.7 Portable freezer 

 

5 

4.5.8 Underground water pump 

 

1 
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2.4. Surveying  

GPS coordinate measurements (longitude, latitude, elevation) for all sampling locations were taken in 
RTK mode, with the using of MAKPOS for correction of surveyed data. Tables of coordinates of soil 
and ground water samples with sample code, X, Y, Z are presented in the tables below and in 
Appendix N (in xlsx format).  

Table 3: Soil Sample Coordinates 

Point Ɂɞ X Y Z Sample Code 

1 7539753,358 4647006,488 244,029 L-1-1 

2 7539747,391 4646999,574 241,953 L-1-2 

3 7539741,314 4646992,699 240,624 L-1-3 

4 7539739,740 4646984,949 240,161 L-1-4 

5 7539741,898 4646977,160 240,070 L-1-5 

6 7539749,670 4646974,007 240,802 L-2-5 

7 7539753,028 4646969,734 240,747 L-3-5 

8 7539752,914 4646978,704 240,736 L-2-4 

9 7539753,530 4646985,793 240,880 L-2-3 

10 7539758,209 4646989,956 240,889 L-2-2 

11 7539764,766 4647000,551 242,350 L-2-1 

12 7539773,425 4646993,542 240,875 L-3-1 

13 7539770,530 4646987,524 240,487 L-3-2 

14 7539765,786 4646980,252 240,147 L-3-3 

15 7539761,716 4646972,654 241,049 L-3-4 

16 7539757,800 4647022,563 241,114 AB-1-1 

17 7539775,976 4647010,985 241,308 AB-1-2 

18 7539794,284 4647009,758 244,474 AB-1-3 

19 7539807,781 4647001,042 244,393 AB-1-4 

20 7539821,427 4646990,691 243,944 AB-1-5 

21 7539835,709 4646981,857 243,467 AB-1-6 

22 7539839,483 4646990,474 243,896 AB-2-6 

23 7539828,701 4647009,246 244,216 AB-2-5 

24 7539814,745 4647017,875 243,801 AB-2-4 

25 7539802,609 4647026,949 244,045 AB-2-3 

26 7539791,280 4647037,283 244,075 AB-2-2 

27 7539779,187 4647043,223 243,969 AB-2-1 

28 7539797,588 4647048,196 244,008 AB-3-2 
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Point Ɂɞ X Y Z Sample Code 

29 7539810,927 4647040,512 243,921 AB-3-3 

30 7539827,213 4647031,746 243,720 AB-3-4 

31 7539831,526 4647019,598 243,768 AB-3-5 

32 7539836,945 4647014,561 243,690 AB-3-6 

33 7539777,610 4647061,226 240,461 AB-3-1 

34 7539748,749 4647026,241 239,173 PA-1 

35 7539795,195 4646995,709 239,083 PA-2 

36 7539828,035 4646975,967 238,894 PA-3 

37 7539859,297 4646989,891 239,054 PA-4 

38 7539856,158 4647013,119 239,147 PA-5 

39 7539837,299 4647024,959 237,111 PA-6 

40 7539827,995 4647042,109 239,222 PA-7 

41 7539796,751 4647061,475 239,301 PA-8 

42 7539768,611 4647062,388 238,902 PA-9 

43 7539757,444 4647045,427 238,872 PA-11 

44 7539736,159 4647009,685 241,433 PA-12 

45 7539728,745 4646993,571 239,583 PA-13 

46 7539744,748 4646961,391 240,321 PA-14 

47 7539770,502 4646973,314 239,982 PA-15 

48 7540973,308 4647896,474 235,700 SOIL-OUT-1 

49 7540699,585 4646850,199 236,588 SOIL-OUT-2 

50 7539889,862 4646609,162 248,997 SOIL-OUT-3 

51 7540364,415 4647862,743 236,130 SOIL-OUT-4 

52 7541518,518 4644877,876 245,018 SOIL-OUT-5 

53 7543890,783 4643189,034 252,263 SOIL-OUT-6 

54 7548603,895 4641246,413 230,815 SOIL-OUT-7 

55 7552091,717 4634617,333 219,895 SOIL-OUT-8 

56 7540659,446 4646511,674 239,107 SOIL-OUT-9 

57 7527978,385 4651442,918 270,265 SOIL-OUT-10 

58 7542651,852 4652185,481 244,546 SOIL-OUT-11 
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Table 4: Water Sample Coordinates 

Point Ɂɞ X Y Z Sample Code 

1 7539958,570 4647008,990 239,100 MW 1 

2 7539843,450 4647020,450 239,440 MW 2 

3 7539921,350 4647067,550 239,250 MW 3 

4 7539704,700 4647106,300 239,570 MW 4 

5 7539925,600 4647124,320 239,260 MW 6 

6 7539971,040 4647135,140 239,020 MW 7 

7 7540070,520 4647064,150 239,230 MW 8 

8 7539912,630 4647108,030 238,990 MW 9 

9 7539912,520 4647161,420 238,960 MW 10 

10 7540156,430 4647025,160 238,960 MW 11 

11 7540183,110 4646962,980 239,170 MW 12 

12 7540076,350 4646930,620 238,750 MW 13 

13 7540018,410 4647082,760 238,730 MW 14 

14 7540024,270 4647081,740 238,700 MW 15 

15 7540034,210 4647080,340 238,810 MW 16 

16 7540973,310 4647896,470 235,700 DW-BOR 

17 7540699,590 4646850,200 236,590 DW-LIS 

18 7540364,420 4647862,740 236,130 DW-3 
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2.5. Drilling of boreholes and sampling 

The investigative drilling of boreholes was carried out based on a rotary principle with dry drilling on 
the Ŭ,ɓ-HCH dump, ŭ-HCH dump and in the perimeter of both dumps. Positions for drilling the 
boreholes were jointly defined by Polyeco, drilling company and A. Mickovski, taking into consideration 
the existence of underground installations and vegetation. 

During the drilling and upon extraction of the soil samples from each borehole, the samples were 
placed in wooden core boxes, ñon-siteò mapping was performed and documented with photos. Drilling 
and sampling photo documentation is presented in the following tables. Boring logs and vertical profile 
based on ñon-siteò mapping are presented in Appendix M.  

All samples were sent to SGS Institute Fresenius GmbH in Berlin for analyses in portable refrigerators 
under controlled temperature. Furthermore, all soil samples from OHIS site were re-analyzed for organ 
chlorine parameters at ALS Czech Republic, s.r.o.in Prague. Samples analysis results are presented 
in the relevant chapter.  

2.5.1. Drilling and sampling at ŭ-HCH (Lindane) dump 

Drilling at ŭ-HCH (Lindane) dump commenced on 16/10/2017 and lasted for 3 days. In total, 15 
boreholes were drilled and 50 discrete samples were collected. There is a deviation in the number of 
samples collected (50 samples) and the number defined in ToR (45 samples) as Mr. A. Mickovski 
requested to continue the drilling of boreholes up to the point of the underlying concrete of the pit, 
since the depth was more than 3,6 meters. It was mutually agreed that additional samples would be 
taken from deeper depth in boreholes in case there is more visually recognized samples and this was 
the situation for 5 boreholes. The positions of boreholes at ŭ-HCH dump were changed due to the 
vegetation (trees and large bushes) and the dimensions of the dump.  

On 19/10/2017 8 composite samples of drilling core from ŭ-HCH (Lindane) dump and 2 undisturbed 
samples of HCH waste and 2 undisturbed soil samples were collected.  

All collected samples were sent to SGS Institut Fresenius GmbH in Berlin for analyses. After 
completion of drilling, the boreholes were re-filled partially with the core, and the upper part was filled 
with bentonite. In the table below photo documentation is presented from drilling and sampling 
activities.  

Precise depth interval of sampling along with a brief description of the status per depth are presented 
in the table 5 below: 

Table 5: Sampling Depths and description of ŭ-HCH (Lindane) dump  

Borehole Code Sample Code Description Sampling depth (m) 

L-1-1 
Lowest Level (m) 

  
3,6   

Sample Code 

SK-S-L-1-1-1 Clean Soil - some chemical smell 1,5 

SK-S-L-1-1-2 
Light Brown Paste with chemical odor, 

semi-dry 
2,9 

SK-S-L-1-1-3 Dark Brown Paste with chemical odor 3,4 

L 1-2 
Lowest Level (m) 

  
3,6 

  

Sample Code 

SK-S-L-1-2-1 Soil with chemical odor 1,1 

SK-S-L-1-2-2 Soil with brown paste 3,1 

SK-S-L-1-2-3 
Light Brown Paste with chemical odor, 

semi-dry 
3,5 
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Borehole Code Sample Code Description Sampling depth (m) 

L-1-3 
Lowest Level (m) 

  
4,2 Concrete 

 

Sample Code 

SK-S-L-1-3-1 Soil with chemical odor 0,7 

SK-S-L-1-3-2 White powder with chemical odor 1,6 

SK-S-L-1-3-3 Clay with chemical odor 2,5 

SK-S-L-1-3-4 Sand with chemical odor 4,1 

 

L-1-4 
Lowest Level (m) 

  
2 Concrete 

 

Sample Code 

SK-S-L-1-4-1 Soil with light chemical odor 0,8 

SK-S-L-1-4-2 Oil sludge with chemical odor 1,3 

SK-S-L-1-4-3 Clay with black liquid & chemical odor 1,5 

SK-S-L-1-4-4 Black liquid like oil and chemical smell 1,8 

 

L-1-5 
Lowest Level (m) 

  
4 Concrete 

 

Sample Code 

SK-S-L-1-5-1 Soil with chemical odor 0,8 

SK-S-L-1-5-2 Clay with chemical odor 2,5 

SK-S-L-1-5-3 Sand with chemical odor 3,7 

   

 

L 2-1 
Lowest Level (m) 

  
3,6 

  

Sample Code 

SK-S-L-2-1-1 Soil with white powder and chemical odor 1,1 

SK-S-L-2-1-2 Dark Brown Paste with chemical odor 2,3 

SK-S-L-2-1-3 
Light Brown Paste with chemical odor, 

semi-dry 
3,4 

 

L-2-2 
Lowest Level (m) 

  
2 Concrete 

 

Sample Code 

SK-S-L-2-2-1 Soil with light chemical odor 0,9 

SK-S-L-2-2-2 Oil sludge/tar with chemical odor 1,7 

SK-S-L-2-2-3 Grey-green liquid with oil odor 2,5 

SK-S-L-2-2-4 Dark Brown Paste with chemical odor 3,2 

 

L 2-3 
Lowest Level (m) 

  
4,1 Concrete-Sand 

 

Sample Code 

SK-S-L-2-3-1 Soil with rust traces & chemical odor 0,6 

SK-S-L-2-3-2 Clay with chemical odor 2,5 

SK-S-L-2-3-3 Sand with light chemical odor 3,5 

 

L-2-4 
Lowest Level (m) 

  
4,3 Concrete 
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Borehole Code Sample Code Description Sampling depth (m) 

Sample Code 

SK-S-L-2-4-1 Soil with light chemical odor 0,4 

SK-S-L-2-4-2 Clay with chemical odor 2,5 

SK-S-L-2-4-3 Dark Brown Paste with chemical odor 3,3 

SK-S-L-2-4-4 
Light Brown Paste with chemical odor, 

semi-dry 
4 

 

L 2-5 
Lowest Level (m) 

  
4,8 Concrete-Sand 

 

Sample Code 

SK-S-L-2-5-1 Soil with chemical odor 0,5 

SK-S-L-2-5-2 Clay with chemical odor 2,8 

SK-S-L-2-5-3 Sand with light chemical odor 4,3 

 

L 3-1 
Lowest Level (m) 

  
2,1 Concrete 

 

Sample Code 

SK-S-L-3-1-1 Soil 0,4 

SK-S-L-3-1-2 Dark Brown Paste with chemical odor 1,7 

SK-S-L-3-1-3 White powder with chemical odor 1,9 

 

L 3-2 
Lowest Level (m) 

  
2,9 Concrete 

 

Sample Code 

SK-S-L-3-2-1 Soil 0,7 

SK-S-L-3-2-2 
Dark Brown Paste with tar and chemical 

odor 
1,6 

SK-S-L-3-2-3 
Light Brown Paste with chemical odor, 

semi-dry 
2,3 

 

L 3-3 
Lowest Level (m) 

  
2 Concrete 

 

Sample Code 

SK-S-L-3-3-1 Soil 0,6 

SK-S-L-3-3-2 Clay with chemical odor 1 

SK-S-L-3-3-3 Clay with tar 1,5 

 

L 3-4 
Lowest Level (m) 

  
4 Concrete 

 

Sample Code 

SK-S-L-3-4-1 Soil 0,5 

SK-S-L-3-4-2 Clay with chemical odor 1,4 

SK-S-L-3-4-3 
Light Brown Paste with chemical odor, 

semi-dry 
2,5 

SK-S-L-3-4-4 
Dark Brown Paste with tar and chemical 

odor 
3,7 

 

L 3-5 
Lowest Level (m) 

  
4,8 Concrete 

 

Sample Code 

SK-S-L-3-5-1 Soil 0,6 

SK-S-L-3-5-2 Clay with chemical odor 3,1 

SK-S-L-3-5-3 Sand with light chemical odor 4,5 
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Photos from drilling and sampling at ŭ-HCH (Lindane) dump are presented in the table below. 

Table 6: Photos from drilling and sampling at ŭ-HCH (Lindane) dump  

Drilling and sampling at ŭ-HCH (Lindane) dump 

 

 

Picture 3: Setting up of the drilling machine Picture 4: Drilling process 

 

 

Picture 5: Extracting the core from the drill Picture 6: Dark brown paste, with intense chemical 

odor   

Picture 7: Brown paste stuck on the drill, along with 

white powder 

Picture 8: Light brown paste, dryer than the dark 

brown, with similar intense odor 
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Picture 9: Underground profile, along with samples 

of 1
st
 borehole 

Picture 10: Underground profile, along with samples 

of 2
nd 

borehole 

  

Picture 11: Underground profile, along with samples 

of 3rd
 
borehole 

Picture 12: Underground profile, along with samples 

of L1-2 borehole 

 

 

Picture 13: Cleaning the drill from the oil scented 

liquid 

Picture 14: The same oil scented liquid 
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Picture 15: The underground profile of the borehole 

(L 2-2) where the liquid was found. 

Picture 16: Underground profile of borehole L 3-2. 

 

 

Picture 17: Underground profile of borehole L 3-3. Picture 18: Underground profile of borehole L 2-3. 

 

  

Picture 19: Underground profile, along with samples 

of borehole L 2-4 

Picture 20: Underground profile, of borehole L 3-4 

  

Picture 21: Part of the dark grey oil/diesel scented 

liquid 

Picture 22: The vertical profile of borehole L-1-4 

where the liquid was found  
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Picture 23: The vertical profile of the borehole (L 1-

4) where the liquid was found 

Picture 24: Image of the liquid found in borehole L-

1-4 

  

Picture 25: Vertical profile of borehole L-1-5 Picture 26: Vertical profile of borehole L 3-4 

  

Picture 27: Vertical profile of borehole L-1-3 Picture 28: White powder found in borehole L-1-3 

  

Picture 29: View of the liquid at the bottom of 

borehole L-1-4 

Picture 30: Borehole on L dump site filled with 

bentonite 
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Picture 31: Preparation of composite sample from 

the L dump 

Picture 32: Small dump pit (Lindane) 

 

Locations of the boreholes at the ŭ-HCH (Lindane) dump are presented in the soil contamination maps 
(Appendix H). 

 

 

2.5.2. Drilling and sampling at the Ŭ,ɓ-HCH dump 

Drilling at the Ŭ,ɓ-HCH dump commenced on 19/10/2017 and lasted for 2 days. During the drilling 
process it was determined that the final depth for 3 boreholes was more than 1.8 meters and based on 
relevant approval given by Mr. A. Mickovski in order to acquire a comprehensive knowledge of the 
total volume of the dump, boreholes had a depth of 3.2m, 2.0m and 2.4m. In total, 18 boreholes were 
drilled and 18 composite samples were collected (one composite sample per borehole). All samples 
were sent to SGS Institut Fresenius GmbH in Berlin for analyses. In the table below photo 
documentation is presented from drilling and sampling activities.  

The depths of sampling along are presented in the table below: 

Table 7: Sampling Depths and description of Ŭ,ɓ-HCH dump 

Borehole Code Sample Code 
Depth(m) where components taken for the 

composite sample 

AB 1-1 SK-S-AB-1-1 0.60,1.40,2.20,3.00 

AB 1-2 SK-S-AB-1-2 0.20,0.40,0.60,0.80 

AB 1-3 SK-S-AB-1-3 0.40,0.80,1.20,1.80 

AB 1-4 SK-S-AB-1-4 0.20,0.40,0.60,0.80 

AB 1-5 SK-S-AB-1-5 0.30,0.50,0.90,1.10 

AB 1-6 SK-S-AB-1-6 0.30,0.70,1.00,1.30 

AB 2-1 SK-S-AB-2-1 0.20,0.40,0.80,1.00,1.20 

AB 2-2 SK-S-AB-2-2 0.15,0.40,0.60 
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Borehole Code Sample Code 
Depth(m) where components taken for the 

composite sample 

AB 2-3 SK-S-AB-2-3 0.20,0.50,0.70 

AB 2-4 SK-S-AB-2-4 0.20,0.40,0.50 

AB 2-5 SK-S-AB-2-5 0.20,0.50 

AB 2-6 SK-S-AB-2-6 0.20,0.40 

AB 3-1 SK-S-AB-3-1 0.20,0.40,0.75 

AB 3-2 SK-S-AB-3-2 0.20,0.40,0.80 

AB 3-3 SK-S-AB-3-3 0.20,0.50,0.70,0.90 

AB 3-4 SK-S-AB-3-4 0.20,0.50,0.80 

AB 3-5 SK-S-AB-3-5 0.20,0.40,0.60 

AB 3-6 SK-S-AB-3-6 0.10,0.30,0.50 

 

Photos from drilling and sampling at Ŭ&ɓ-HCH dump are presented in the table below. 

 

Table 8: Photos from drilling and sampling at Ŭ,ɓ-HCH dump 

Drilling and sampling at Ŭ,ɓ-HCH dump 

  

Picture 33: Ŭ&ɓ-HCH dump  Picture 34: Placing the drill in one of the lower levels 

of the dump 
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Picture 35: Vertical profile of borehole AB 1-1, with 

final depth of 3.20 meters 

Picture 36: Vertical profile of borehole AB 1-6 

  

Picture 37: Vertical profile of borehole AB 2-6 Picture 38: Vertical profile of borehole AB 3-2 

 

Picture 39: Vertical profile of borehole AB 2-5 

 

Picture 40: Vertical profile of borehole AB 1-4 

 

Locations of the boreholes at Ŭ,ɓ-HCH dump are presented in the soil contamination maps (Appendix 
H). 
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2.5.3. Drilling and sampling in the perimeter of ŭ-HCH (Lindane) and Ŭ,ɓ-
HCH dumps 

Drilling of boreholes in the perimeter of the dumps commenced on 23/10/2017 and lasted for 5 days. 
In total 15 boreholes were drilled and 60 discrete samples were taken according to the terms of 
reference of the project in the depths of 0.5 to 0.7 m, 1.70 to 1.90 m, 2.90 to 3.10 m and finally 5.80 to 
6.00 meters depth (4 discrete samples per borehole).  

All samples were sent to SGS Institut Fresenius GmbH in Berlin for analyses.  

The depths of sampling along with a brief description of the status per depth are presented in the table 
below: 
 

Table 9: Samples description and depths of perimeter of ŭ-HCH (Lindane) and Ŭ,ɓ-HCH dumps 

Borehole 
Code 

Sample Code Sample Description 
Sampling 
depth (m) 

PA 1 

SK-S-PA-1-A Grey clay with chemical odor 0,6 

SK-S-PA-1-B Brown and red clay with chemical odor 1,8 

SK-S-PA-1-C Brown clay mixed with sand and chemical odor 3 

SK-S-PA-1-D Sand with pebbles and chemical odor 5,9 

PA 2 

SK-S-PA-2-A Grey Clay with light chemical odor 0,6 

SK-S-PA-2-B Brown Clay 1,8 

SK-S-PA-2-C Sand 3 

SK-S-PA-2-D Sand with pebbles and chemical odor 5,9 

PA 3 

SK-S-PA-3-A Grey Clay with light chemical odor 0,6 

SK-S-PA-3-B Brown Clay 1,8 

SK-S-PA-3-C Sand 3 

SK-S-PA-3-D Sand with pebbles and chemical odor 5,9 

PA 4 

SK-S-PA-4-A Soil mixed with clay 0,6 

SK-S-PA-4-B Light brown clay 1,8 

SK-S-PA-4-C Light brown clay with light chemical odor 3 

SK-S-PA-4-D Sand with pebbles 5,9 

PA 5 

SK-S-PA-5-A Grey Clay with oil odor 0,6 

SK-S-PA-5-B Brown Clay 1,8 

SK-S-PA-5-C Sand with light chemical odor 3 

SK-S-PA-5-D Sand with pebbles and chemical odor 5,9 

PA 6 

SK-S-PA-6-A Grey Clay with oil odor 0,6 

SK-S-PA-6-B Grey Clay mixed with oil sludge 1,8 

SK-S-PA-6-C Sand with pebbles and chemical and oil odor 3 

SK-S-PA-6-D Sand with pebbles and chemical and oil odor 5,9 

PA 7 

SK-S-PA-7-A Grey clay with chemical odor 0,6 

SK-S-PA-7-B Brown clay with chemical odor 1,8 

SK-S-PA-7-C Brown clay with chemical odor 3 

SK-S-PA-7-D Sand with pebbles and chemical odor 5,9 

PA 8 

SK-S-PA-8-A Brown clay with chemical odor 0,6 

SK-S-PA-8-B Brown clay with chemical odor 1,8 

SK-S-PA-8-C Clay mixed with sand and light chemical odor 3 
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Borehole 
Code 

Sample Code Sample Description 
Sampling 
depth (m) 

SK-S-PA-8-D Sand  5,9 

PA 9 

SK-S-PA-9-A Brown Clay 0,6 

SK-S-PA-9-B Brown Clay 1,8 

SK-S-PA-9-C Sand 3 

SK-S-PA-9-D Sand with pebbles and chemical odor 5,9 

PA 10 

SK-S-PA-10-A Brown Clay with light chemical odor 0,6 

SK-S-PA-10-B Brown Clay with light chemical odor 1,8 

SK-S-PA-10-C Sand with pebbles and chemical odor 3 

SK-S-PA-10-D Sand with pebbles and chemical odor 5,9 

PA 11 

SK-S-PA-11-A Soil with light smell 0,6 

SK-S-PA-11-B Brown Clay with light chemical odor 1,8 

SK-S-PA-11-C Sand 3 

SK-S-PA-11-D Sand 5,9 

PA 12 

SK-S-PA-12-A Brown Clay with light chemical odor 0,6 

SK-S-PA-12-B Brown Clay with light chemical odor 1,8 

SK-S-PA-12-C Sand with light odor 3 

SK-S-PA-12-D Sand with light odor 5,9 

PA 13 

SK-S-PA-13-A Brown Clay with light chemical odor 0,6 

SK-S-PA-13-B Brown Clay with light chemical odor 1,8 

SK-S-PA-13-C Brown Clay with light chemical odor 3 

SK-S-PA-13-D Sand with light odor 5,9 

PA 14 

SK-S-PA-14-A Soil with light chemical odor 0,6 

SK-S-PA-14-B Brown Clay with light chemical odor 1,8 

SK-S-PA-14-C Sand with light odor 3 

SK-S-PA-14-D Sand with light odor 5,9 

PA 15 

SK-S-PA-15-A Brown Clay with light chemical odor 0,6 

SK-S-PA-15-B Brown Clay with light chemical odor 1,8 

SK-S-PA-15-C 
Brown Clay mixed with sand and pebbles and 
light chemical odor 3 

SK-S-PA-15-D Sand mixed with pebbles and light odor 5,9 

 

Photos from drilling and sampling at the perimeter of ŭ-HCH (Lindane) and Ŭ,ɓ-HCH dumps are 
presented in the table below. 
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Table 10: Photos from drilling and sampling at the perimeter of ŭ-HCH (Lindane) and Ŭ&ɓ-HCH dumps 

Drilling and sampling in the perimeter of both dumps of ŭ-HCH (Lindane) and Ŭ&ɓ-HCH dumps 

  

Picture 41: Vertical profile of borehole PA ï 9 Picture 42: Vertical profile of borehole PA ï 10 

 

 

 

 

 Picture 43: Vertical profile of borehole PA ï 2 Picture 44: Removing the core from the drill 

 

 

 

 Picture 45: Vertical profile of borehole PA 3 Picture 46: Vertical profile of borehole PA 5 
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Picture 47: Vertical profile of borehole PA 6 Picture 48: View of the oil sludge found in borehole 

PA 6.  

 

 

 

 

 

 

 

 

 

Picture 49: Adding a second pipe at the drill Picture 50: Drilling process 

 

 

 

 Picture 51: Vertical profile of borehole PA 7 Picture 52: Vertical profile of borehole PA 5 
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Picture 53: Vertical profile of borehole PA 4 Picture 54: Vertical profile of borehole PA 13 

 

 

 

 Picture 55: Vertical profile of borehole PA 11 Picture 56: Vertical profile of borehole PA 12 

 

 

 

 Picture 57: Vertical profile of borehole PA 14. Picture 58: Vertical profile of borehole PA 15. 

 

Locations of the boreholes at the perimeter of ŭ-HCH (Lindane) and Ŭ,ɓ-HCH dumps are presented in 
the soil contamination maps (Appendix H). 
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2.6. Collection of superficial soil and vegetables samples  

Ten superficial soil samples were collected at ten locations of the surroundings of OHIS site and the 
city of Skopje. Ten vegetables samples were collected at three different locations (2 cabbage, 2 
beetroot, 2 potatoes, 2 parsley, 1 onion, 1 pumpkin). Coordinates of the sampling locations have been 
presented above.  

All samples were sent to SGS Institute Fresenius GmbH in Berlin for analysis. 

Superficial soil and vegetables samples description is presented in the table below: 

Table 11: Superficial soil and vegetables samples description  

Location code Type of samples acquired Sample code 

Soil-out-1 

Superficial soil 
SK-S-OUT-1 /  

SK-S-BOR-1 

Beet root SK-VEG-BOR-1 

Cabbage SK-VEG-BOR-2 

Potatoes SK-VEG-BOR-3 

Parsley SK-VEG-BOR-4 

Soil-out-2 

Superficial soil 
SK-S-OUT-2 / 

SK-S-LIS-1 

Beat root SK-VEG-LIS-1 

Pumpkin SK-VEG-LIS-2 

Cabbage SK-VEG-LIS-3 

Soil-out-3 Superficial soil SK-S-OUT-3 

Soil-out-4 

Superficial soil SK-S-OUT-4 

Potatoes SK-VEG-LIS-3 

Parsley SK-VEG-LIS-4 

Onions SK-VEG-LIS-5 

Soil-out-5 Superficial soil SK-S-OUT-5 

Soil-out-6 Superficial soil SK-S-OUT-6 

Soil-out-7 Superficial soil SK-S-OUT-7 

Soil-out-8 Superficial soil SK-S-OUT-8 

Soil-out-10 Superficial soil SK-S-OUT-10 

Soil-out-11 Superficial soil SK-S-OUT-11 

 

Photos from sampling of superficial soil and vegetables are presented in the table below. 
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Table 12: Photos from sampling superficial soil and vegetables 

Collection of superficial soil and vegetable samples 

  

Picture 59: Collection of superficial soil samples by 

hand auger 

Picture 60: Collection of superficial soil samples by 

hand auger 

  

Picture 61: Collection of vegetable samples Picture 62: Collection of vegetable samples 

 
Locations of the samples collected at the surroundings of OHIS site are presented in the soil 
contamination maps (Appendix H). The locations where the vegetable samples were collected are 
shown in the figure below: 

 

Figure 1: Vegetable samples overview layout  
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2.7. Collection of groundwater samples 

Based on coordinates provided in ToR and in cooperation with topographer 15 ground water 
monitoring wells were identified in the premises of OHIS (out of 18 included on the ToR). Two 
piezometers were not accessible (destroyed or completely blocked with debris or soil through the 
years) and the third one is close to the road where road construction is ongoing and it was destroyed.  

Collection of groundwater samples was carried out in two different time periods, October 2017 and 
April 2018. 

The 1
st
 groundwater sampling campaign was executed during the period 19-21/10/2017 while the 2

nd
 

one during 24-25/4/2018.   

Before collection of groundwater sample, three volumes of the water inside the monitoring well was 
pumped. Then the groundwater samples were collected by disposable bailers.  

Physical-chemical parameters of pumped water from piezometers were measured on site 
(temperature, pH, redox potential and specific conductivity) and results of measurements are 
presented in Appendix C. Three samples were collected from 3 domestic wells of OHIS wide area.  

Photo documentation from sampling is presented in the table below.  

All the samples were kept at low temperature in coolers with ice packs and were sent to the SGS 
laboratory. 

 

Table 13: Photos from groundwater sampling 

Groundwater sampling ï 1
st

 Campaign 

 

 

Picture 63: Piezometric monitoring well. Picture 64: Pumping out the required water volume 

before sampling. 
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Picture 65: Pumping out the required water volume 

before sampling 

Picture 66: Purging the piezometric well before 

sampling 

 

 

 

Picture 67: Measurement of pH of groundwater 

sample 

Picture 68: Cleaning of the pump with non-chlorinated 

non phosphate water 

 

 

Picture 69: Taking samples by the use of disposable 

bailer 

Picture 70: Taking samples by the use of disposable 

bailer 
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Picture 71: Taking samples from domestic well Picture 72: Taking samples from domestic well 

 

 

 

 

 

Groundwater sampling ï 2
nd

 Campaign 

 

 
Picture 73: Labelling of specialized SGS containers Picture 74: On site analysis for pH, conductivity, Redox 

 

 

Picture 75: On site analysis for pH, conductivity, 

Redox 

Picture 76: Sampling with bailer, Monitoring Well No. 1. 
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Picture 77: Removal of water before sampling with 

underground pump 

Picture 78: Sampling at Domestic Well No. 1 

 

Locations of the monitoring wells within OHIS premises and domestic wells outside OHIS are 
presented in the groundwater contamination maps (Appendix I). 
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2.8. Collection of ambient air samples 

On 12/10/2017 two high volume samplers were installed for collection of air samples prior to drilling 
works. A specialized scientist (Mr. P. Panagopoulos) from the Greek National Center for Scientific 
Research óDemokritosô (http://www.demokritos.gr) carried out a presentation and training on the 
operation of the air pumps to two representatives from the Ministry of Environment and Physical 
Planning of Macedonia (Macedonian Environmental Information Center Division for Air Quality 
Monitoring, National Automatic Monitoring System for Ambient Air Quality, Air Quality Calibration 
Laboratory), and executed the first batch of ambient air sampling.  

One pump was set at OHIS site, next to the site where the drilling of boreholes took place and the 
second one in the city of Skopje, close to Novo Lisice and next to a school. This second pump was 
located inside the premises of an area secured by fence, where the ministry of Environment has set a 
monitoring station.  

Two more sets of samples were collected during the drilling works in OHIS (one set of samples per 
week) and last set of air samples were collected after finalization of drilling and sampling works.  

All samples were sent to SGS Institute Fresenius GmbH in Berlin for analysis. Photo documentation 
from air sampling is presented in the table below. 

Table 14: Photos from air sampling 

Air sampling 

  

Picture 79: Position of air pump at monitoring station 

in the city of Skopje 

Picture 80: Position of air pump at monitoring station 

in the city of Skopje 

  

Picture 81: Filter at OHIS site after 24h of sampling Picture 82: Change of filter at OHIS site pump 
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Picture 83: New filter placed at OHIS site pump Picture 84: Change of foam at OHIS site pump 
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3. Topographic Plans 

GPS coordinate measurements (longitude, latitude, elevation) for Ŭ,ɓ-HCH and ŭ-HCH dumps were 
taken in RTK mode, with the using of MAKPOS for correction of surveyed data. The list of measured 
points is presented in the table below and in Appendix N (in .xlxs format).  

Table 15: List of measured points of topographic plans 

Point Ɂɞ X Y Z 

1 7539790.890 4647062.353 239.418 

2 7539790.890 4647062.353 239.418 

3 7539790.851 4647062.375 240.372 

4 7539784.852 4647065.896 239.377 

5 7539784.783 4647065.934 240.293 

6 7539778.201 4647069.485 240.375 

7 7539778.359 4647069.553 239.349 

8 7539775.083 4647069.659 239.378 

9 7539775.061 4647069.608 240.365 

10 7539772.823 4647069.302 240.363 

11 7539772.883 4647069.371 239.414 

12 7539761.440 4647051.102 239.514 

13 7539761.475 4647051.110 240.428 

14 7539755.985 4647044.856 239.447 

15 7539751.016 4647033.910 239.522 

16 7539750.993 4647033.792 240.496 

17 7539749.852 4647030.060 240.481 

18 7539749.915 4647030.018 239.515 

19 7539750.600 4647025.723 239.532 

20 7539750.587 4647025.676 240.500 

21 7539753.230 4647021.936 240.514 

22 7539753.258 4647021.960 239.535 

23 7539794.672 4646996.447 239.509 

24 7539794.705 4646996.319 240.689 

25 7539793.716 4646995.222 239.434 

26 7539827.361 4646976.366 239.502 

27 7539827.469 4646976.332 240.677 

28 7539826.645 4646975.437 239.424 
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Point Ɂɞ X Y Z 

29 7539834.475 4646972.147 239.494 

30 7539834.668 4646972.181 240.661 

31 7539837.592 4646970.830 239.519 

32 7539837.696 4646970.871 240.620 

33 7539837.677 4646970.870 240.619 

34 7539844.068 4646975.721 239.436 

35 7539841.208 4646976.789 239.677 

36 7539841.218 4646976.853 240.379 

37 7539856.587 4647009.132 240.339 

38 7539853.106 4647011.740 242.180 

39 7539852.984 4647011.529 242.195 

40 7539841.507 4647019.204 242.272 

41 7539832.234 4647025.105 242.260 

42 7539837.214 4647033.942 242.280 

43 7539820.604 4647044.234 242.339 

44 7539820.384 4647044.046 242.326 

45 7539817.383 4647042.118 243.563 

46 7539830.774 4647031.576 243.457 

47 7539829.043 4647024.519 243.625 

48 7539837.489 4647014.913 243.706 

49 7539826.774 4647003.104 243.918 

50 7539840.215 4646988.586 243.401 

51 7539834.512 4646979.315 243.134 

52 7539822.130 4647009.287 244.218 

53 7539810.204 4646995.206 243.599 

54 7539799.690 4647027.955 244.333 

55 7539809.545 4647047.117 243.592 

56 7539796.165 4647055.675 243.504 

57 7539795.722 4647059.332 242.267 

58 7539789.765 4647057.140 243.328 

59 7539777.828 4647056.256 243.291 

60 7539781.501 4647058.387 243.311 

61 7539780.201 4647045.208 244.059 
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Point Ɂɞ X Y Z 

62 7539772.526 4647051.741 243.635 

63 7539774.583 4647029.194 243.970 

64 7539768.416 4647023.592 243.664 

65 7539760.532 4647030.229 243.501 

66 7539762.017 4647036.716 243.462 

67 7539756.401 4647037.086 240.896 

68 7539754.360 4647032.155 240.485 

69 7539756.106 4647025.491 240.585 

70 7539760.395 4647020.807 240.454 

71 7539765.589 4647017.947 240.557 

78 7539790.921 4647062.363 239.388 

79 7539856.562 4647009.290 239.412 

81 7539841.575 4647019.298 239.400 

82 7539832.351 4647025.119 239.394 

83 7539837.214 4647033.942 239.389 

84 7539820.664 4647044.336 239.388 

100 7539795.768 4647059.397 239.387 

101 7539734.333 4646989.917 239.955 

102 7539736.530 4646989.248 240.866 

103 7539735.093 4646981.860 240.542 

104 7539730.939 4646981.656 240.025 

105 7539734.446 4646974.521 240.238 

106 7539736.586 4646974.568 240.908 

107 7539742.123 4646975.254 241.192 

108 7539742.956 4646967.142 241.242 

109 7539742.934 4646964.913 240.334 

110 7539747.991 4646971.581 241.237 

111 7539752.541 4646966.392 241.162 

112 7539752.819 4646963.291 240.054 

113 7539757.445 4646969.204 241.212 

114 7539758.270 4646965.463 239.986 

115 7539760.634 4646962.226 239.817 

116 7539766.425 4646965.531 239.721 
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Point Ɂɞ X Y Z 

117 7539762.317 4646968.230 239.879 

118 7539760.932 4646971.051 241.079 

119 7539763.398 4646973.378 241.083 

120 7539765.575 4646973.042 239.932 

121 7539768.841 4646970.898 239.645 

122 7539764.078 4646970.295 239.819 

123 7539771.949 4646983.783 239.834 

124 7539770.752 4646985.494 240.999 

125 7539775.555 4646994.098 241.090 

126 7539774.011 4646995.703 241.176 

127 7539776.135 4646998.914 239.656 

128 7539779.473 4647000.359 239.509 

129 7539778.822 4646995.288 239.804 

130 7539768.751 4647002.223 239.666 

131 7539769.843 4647004.849 239.506 

132 7539767.178 4647001.621 240.807 

133 7539766.098 4646999.891 241.295 

134 7539758.810 4647005.002 241.336 

135 7539752.879 4647008.304 241.226 

136 7539753.468 4647011.169 239.745 

137 7539752.683 4647015.511 239.583 

138 7539744.688 4647012.206 239.767 

139 7539748.709 4647008.227 239.876 

140 7539744.029 4647003.709 239.799 

141 7539740.784 4647004.598 239.725 

142 7539745.368 4647001.135 241.407 

143 7539740.352 4646994.886 241.216 

144 7539737.788 4646996.198 239.813 

145 7539734.876 4646990.997 239.929 

146 7539730.700 4646990.697 239.793 

147 7539732.671 4646987.435 239.982 

148 7539734.937 4646986.758 240.597 

149 7539741.756 4646983.556 240.792 
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Point Ɂɞ X Y Z 

150 7539749.797 4646984.934 241.144 

151 7539759.972 4646988.100 241.240 

152 7539768.520 4646992.766 241.391 

153 7539761.909 4646995.935 241.229 

154 7539753.533 4647002.726 241.467 

155 7539753.676 4646993.023 241.299 

156 7539754.901 4646980.339 241.219 

157 7539749.899 4646970.018 241.259 

 

Based on the results of the surveying a detailed topographic plan of both dumps (Ŭ,ɓ-HCH and ŭ-HCH 
dumps) was prepared in .dgn and .dwg formats along with elevation contour map of the site (Appendix 
O).  

A figure of the topographic plan with equilateral curves is presented below. 

 



 

Provision of services on the Site Investigation related to Removal of Technical and Economic Barriers to Initiating the Clean-up Activities for Alpha-HCH, Beta-HCH and 
Lindane Contaminated Sites at the Organic Chemical Industry of Skopje AD (OHIS) ï FINAL SURVEY REPORT 

41 

 

Figure 2: Topographic plan of ŭ and a&b dump sites 
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4. Samples Analysis Results - Evaluation 

In this chapter, the results of the samples analysis along with tables of measured field data are 
presented.  

 

4.1. Introduction 

All samples (soil, groundwater, vegetables & air) were originally analyzed in the accredited 
laboratory of SGS Institute Fresenius GmbH in Berlin. Samples were sent in multiple shipment into 
portable refrigerators under controlled temperature and received by the laboratory gradually. 
Analysis of the samples of the 1

st
 campaign was completed on 28/12/2017 and the relevant 

laboratory protocols were released early January 2018. 

Analysis of the samples of the 2
nd

 campaign (groundwater samples) was completed on 18/05/2017 
and the relevant laboratory protocols were released mid-June 2018. 

The analysis parameters and the total number of analyzed samples are presented in the table 
below. 

Table 16: Samples analysis parameters 

Parameters Number of samples 

Analyses ï soil, waste:   

Chlorinated pesticides (Aldrin, Ŭ, ɓ, ɔ and ŭ isomers of HCH, DDD, 
DDE, DDT, Dieldrin, Endosulphan, Endrin, HCB, Heptachlor, 
Methoxychlorine, t-heptachlorepoxide) 

146 

Dioxins 8 

Chlorobenzenes:   

1,2 Dichlorobenzene, 1,4 Dichlorobenzene, 1,3 Dichlorobenzene,                         
1,3,5 Trichlorobenzene, 1,2,4 Trichlorobenzene, 1,2,3 
Trichlorobenzene, Sum of 1,2,3,5 Tetrachlorobenzene and 1,2,4,5 
Tetrachlorobenzene, 1,2,3,4 Tetrachlorobenzene, 
Pentachlorobenzene, HCB. 

8 

Chlorophenols: 2-Chlorophenol, 3-Chlorophenol, 4-Chlorophenol, 
2,6-Dichlorophenol, 2,4@2,5-Dichlorophenol, 3,5-Dichlorophenol, 
2,3-Dichlorophenol, 3,4-Dichlorophenol, 2,4,6-Trichlorphenol, 2,3,6-
Trichlorphenol, 2,3,5-Trichlorphenol, 2,4,5-Trichlorphenol, 2,3,4-
Trichlorphenol, 3,4,5-Trichlorphenol, 2,3,5,6-Tetrachlorophenol, 
2,3,4,5-Tetrachlorophenol, 2,3,4,6-Tetrachlorophenol, 
Pentachlorphenol 

8 

PCB 8 

Metals (As, Hg, Cd, Zn, Pb, Cu, Ba, Ni, V, Cr, Sn, Co) 8 

Soil pH 8 

Combustible Sulphur content 8 

Total organic Halogens (TOX) 8 
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Parameters Number of samples 

Total Halogens (TX) 8 

 Total Petroleum Hydrocarbons (TPH) 8 

Polycyclic Aromatic Hydrocarbons (PAH) 8 

Bulk density 4 

Particle Size Distribution 4 

Analyses ï Water: 
 

Chlorinated pesticides (Aldrin, Ŭ, ɓ, ɔ and ŭ isomers of HCH, DDD, 
DDE, DDT,  Dieldrin,  Endosulphan,  Endrin,  HCB,  Heptachlor, 
Methoxychlorine, t-heptachlorepoxide) 

36 

Chlorobenzenes 36 

Volatile organic compounds (chlorinated ethenes, including 
Vinylchloride and Ethanes, BTEX) 

36 

Mercury 36 

Analyses ï Ambient Air: 
 

Ŭ-HCH, ɓ-HCH, ɔ-HCH, ŭ-HCH and Chlordane, DDT, dl-PCB - 
coplanar, PCB-indicator and selected set Polyaromatic 
Hydrocarbons (PAHs - set of 16 by US EPA standard) 

8 

Analyses ï Vegetables: 
 

Chlorinated pesticides (Aldrin, isomers HCH, DDD, DDE, DDT,  
Dieldrin,  Endosulphan,  Endrin, HCB, Heptachlor, 
Methoxychlorine, t-heptachlorepoxide) 

10 

PCB 10 

 

The analysis results of SGS of the soil samples in both dumps (Laboratory protocols of SGS are 
presented in Appendix B) showed relatively high concentrations in Ŭ, ɓ, ɔ and ŭ isomers of HCH, 
especially in the overlaying soil of the dumps, comparing to the results of Enacon study (2009) as 
well as past Polyeco investigation and study in ŭ-HCH dump which was conducted in 2015.  

On 19/04/2018 a meeting was held in Skopje with the participation of Mr. Aleksandar Mickovski, 
Prof. Hazhi-Jordanov (National Consultant of UNIDO for OHIS project), Mrs. Suzana Antonova 
(Ministry of Environment of Macedonia / POPs Unit) and Mr. Kostas Tsirikos (Polyeco) for the 
evaluation of the investigation results. After depth consideration of all projectôs critical aspects, the 
following actions was taken by Polyeco so as to further examine and evaluate the quality and 
representativeness of SGS analytical results on soil samples:  

¶ On-site screening of the overlaying soil (up to depth of 0,2-0,3 m) of both dumps through a 
portable XRF during the 2nd groundwater sampling campaign for the measurement of 
Chlorine concentration. The on-site screening identified heterogeneity in chlorine 
concentration and in most measuring point low chlorine presence.  

¶ Re-analysis of indicative soil samples in a third-laboratory ISO 17025 accredited for HCH 
parameters. The collected soil-waste samples (116 samples), which were stored in SGS 
laboratory in accordance with ISO 17025 procedures, were returned Polyecoôs laboratory 
in Athens Greece. Receipt of the samples at Polyeco laboratory was carried out with the 
presence of Mr. Mickovski on 21-22/05/2016. Upon receipt of the samples, 20 indicative 
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overlying soil samples was mutually selected with projectôs stakeholders and after 
screening at Polyecoôs laboratory by the use a portable XRF for the measurement of 
Chlorine concentration were sent for organochlorine pesticides parameters re-analysis at a 
third, ISO 17025 accredited, laboratory.  

¶ Polyeco, in collaboration with projectôs stakeholders examined accredited laboratories 
alternatives and after relevant consultation was mutually agreed to send the samples to 
ALS Czech Republic, s.r.o. in Prague. ALS, a lab with presence in many European 
countries, has increased experience and analytical capabilities. Furthermore ALS is 
accredited in accordance with ISO 17025 for the analysis of organochlorine pesticides in 
solids based on US EPA 8081 method (a suitable method which was also included in 
ToR).  

¶ The 20 indicative soil samples was received on 18/06/2018 by ALS laboratory and relevant 
analysis was completed on 25/06. Laboratory protocols of ALS are presented in Appendix 
B. The analysis results of ALS of the soil samples showed low concentrations in Ŭ, ɓ, ɔ and 
ŭ isomers of HCH, with most sum HCH concentration significantly below 1%.ALS results 
were within the expected range and in line with XRF screening test performed and the 
investigation results of ENACON and Polyeco past studies.  

¶ Taking into account the above results and after Polyecoôs proposal for re-analysis of all 
solid samples of Ŭ,ɓ & ŭïHCH dumps and their perimeter, it was mutually agreed with 
projectôs stakeholders to proceed accordingly. 116 soil-waste samples of Ŭ,ɓ & ŭïHCH 
dumps and their perimeter was received gradually by 23/07 and analysis was completed 
on 20/08. Laboratory protocols of ALS (presented in Appendix B) was released by the end 
of August. 

Therefore, 136 soil - waste samples (out of 146 in total ï soil samples from outside OHIS area 
were excluded since the results of SGS were within expected values) were re-analyzed The cost 
for all the above mentioned actions was covered by Polyeco. 

The deviations in the results of the soil samples analyses between the two laboratories (SGS and 
ALS) is possibly connected to the fact that the environmental analysis method applied by SGS is 
dedicated to traces of these contaminants and conclusively appears less sensitivity for pure chloro 
organics matrices. As a result, extensive dilution of the samples should be carried out in order the 
sample to be appropriately prepared for analysis within the calibration range of the analytical 
instruments. Dilution of the samples results in significant increase of the uncertainty of method and 
statistical error of calculated results. 

Conclusively, evalution of the soil analysis results in below paragraphs will be carried out based on 
ALS laboratory (for organochlorine parameters) results since are considered within the expected 
range taking into account the investigation outcome of ENACON and Polyeco past studies and 
XRF screening test performed. 
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4.2. Soil samples analysis results 

Soil samples analysis results for both dumps and their perimeter including comparison with Dutch 
soil intervention values (Dutch Ministry of Housing, Land Planning and Environment 2009) are 
presented in detail in Appendix D. 

GIS information including maps of soil contamination (sum HCH and sum DDE-DDD-DDT) in depth 
intervals of 0-1m, 1-2m, 2-4m, 4-6m is presented in Appendix H. 

 

4.2.1. ŭ-HCH dump 

Soil samples analysis results including comparison with Dutch soil intervention values (Dutch 
Ministry of Housing, Land Planning and Environment 2009) are presented in detail in Appendix D. 
Laboratory protocols are presented in Appendix B. 

Samples were analyzed by ALS laboratory. Concentration of 44 parameters was determined in 50 
discrete samples which were collected from 15 boreholes (one composite sample per borehole) up 
to the depth of 4.8m. All sampling points are presented in the Soil contamination maps (Appendix 
H). 

Furthermore 8 composite samples of drilling core from ŭ-HCH dump and 2 undisturbed samples of 
HCH waste and 2 undisturbed soil samples were collected and analyzed in accordance with ToR.  

In all samples the concentration of HCH isomers are mostly exceeding the soil intervention values 
with the exception of the sample SK-S-L-2-5-3 (sand with light chemical odor ï depth 4,3m). The 
maximum sum HCH concentration determined is 26,96% in the sample SK-S-L-1-1-2 (light brown 
paste with chemical odor ï depth 2,9m) and the minimum is 0.0002% in the sample SK-S-L-2-5-3. 

The sum-HCH concentration of all different waste streams identified in the dump (composite 
samples) are summarized in the table below. 
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Table 17: HCH isomers analysis results for ŭ-HCH dump composite samples 

Sample label SKSL COMP1 SKSL COMP2 SKSL COMP3 SKSL COMP4 SKSL COMP5 SKSL COMP6 SKSL COMP7 SKSL COMP8 

Sample description SOIL SAND 
DARK BROWN 

PASTE 
LIGHT BROWN 

PASTE 
CLAY WITH TAR 

CLAY WITH 
CHEMICAL ODOR 

COMPOSITE 
CLAY 

WHITE POWDER 

Parameter Unit Result Result Result Result Result Result Result Result 

alpha-HCH mg/kg d 1050 467 53400 230000 19800 650 0,651 8720 

beta-HCH mg/kg d 76,4 355 1510 4130 1560 142 0,658 307 

gamma-HCH mg/kg d 87,6 56,2 119000 394000 4590 601 0,105 4570 

delta-HCH mg/kg d 262 75,2 78000 326000 6400 630 0,787 3840 

epsilon-HCH mg/kg d 32,9 45,2 4320 16200 303 47,8 0,196 575 

sum-HCH 
mg/kg d 1508,9 998,6 256230 970330 32653 2070,8 2,397 18012 

% d 0,15 0,10 25,62 97,03 3,27 0,21 0,0002 1,80 

 



 

Provision of services on the Site Investigation related to Removal of Technical and Economic 
Barriers to Initiating the Clean-up Activities for Alpha-HCH, Beta-HCH and Lindane Contaminated 
Sites at the Organic Chemical Industry of Skopje AD (OHIS) ï FINAL SURVEY REPORT 

47 

In many samples the values determined for the parameters of sum of 3 tetrachlorobenzenes and 
Pentachlorobenzene are higher than soil intervention values. Maximum values are detected in 
sample SK-S-L-1-1-2 (light brown paste with chemical odor ï depth 2,9m) 5900mg/kg in sum of 3 
tetrachlorobenzenes and 828 mg/kg in Pentachlorobenzene. 

In ENACON study, soil samples (S-B-01, S-B-02, S-B-03 and S-B-04) from 4 different spots on ŭ-
HCH dump, were collected and analyzed. A representative comparison among ENACON and 
Polyeco analysis results for these samples cannot be done since differences in depths and location 
could mislead to false evaluation and conclusions.  

In the past Polyeco study 2015, an investigation including collection and analysis of 8 mixed soil ï 
waste samples from 10 boreholes was carried out. The samples were analyzed by SGS laboratory. 
A comparison of the analysis results of Polyecoôs past study with the current one, indicates 
similarities in the level of contamination. The analysis results of sum HCH Polyeco study 2015 are 
presented in the table below.  

Table 18: Sum HCH analysis results for ŭ-HCH dump from Polyeco study 2015 

Sample description Parameter Unit Result 

SOIL MIɉ 1 Sum HCH %w/w d 0,69 

SOIL MIɉ 2 Sum HCH %w/w d 0,60 

SOIL MIɉ 3 Sum HCH %w/w d 1,47 

CLAY MIɉ 1 Sum HCH %w/w d 0,42 

CLAY MIɉ 2 Sum HCH %w/w d 0,03 

CLAY MIɉ 3 Sum HCH %w/w d 0,14 

WHITE WASTE Sum HCH %w/w d 11,98 

VISCOUS/Colloidal 
Waste 

Sum HCH %w/w d 49,00 

 

Soil contamination maps are presented in Appendix H. 

 

4.2.2. Ŭ,ɓ-HCH dump 

Soil samples analysis results including comparison with Dutch soil intervention values (Dutch 
Ministry of Housing, Land Planning and Environment 2009) are presented in detail in Appendix D. 
Laboratory protocols are presented in Appendix B. 

Samples were analyzed by ALS laboratory. Concentration of 44 parameters was determined in 18 
composite samples which were collected from 18 boreholes (one composite sample per borehole) 
up to the depth of 1.8m (in 3 boreholes the depth was increased up to 3.2m). All sampling points 
are presented in the Soil contamination maps (Appendix H). 

In all samples the concentration of HCH isomers are exceeding the soil intervention values. The 
concentration of the sum of HCH varies between 0,007% and 0,24%. In the parameter of sum of 3 
tetrachlorobenzenes the samples from boreholes SK-S-AB-3-5, SK-S-AB-1-3 SK-S-AB-1-2 are 
slightly higher than the relevant soil intervention value. Exceedance of soil intervention value is also 
determined in the samples SK-S-AB-3-5 and SK-S-AB-3-1 for the sum of 6 isomers DDT.  
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In ENACON study, soil samples (S-B-05, S-B-06, S-B-07, S-B-08, S-B-09, S-B-10, S-B-11 and S-
B-12) from 8 different spots on Ŭ-ɓ dump, were collected and analyzed. A comparison among 
ENACON and Polyeco analysis results cannot be carried out since ENACON discrete samples 
depth mostly exceeds 3.2m. The only exception is ENACON sample S-B-06 (depth 0,6-0,8m) 
which can be considered closed to the location POLYECO SK-S-AB-1-3. The results of these 
samples can be considered at the same level of contamination taking into account statistical error 
of the method and the fact that POLYECO samples are composite while ENACON are discrete 
(ENACON: 0,09% and POLYECO: 0,15%). 

Soil contamination maps are presented in Appendix H. 

 

4.2.3. Perimeter of Ŭ,ɓ & ŭ-HCH dumps 

Soil samples analysis results including comparison with Dutch soil intervention values (Dutch 
Ministry of Housing, Land Planning and Environment 2009) are presented in detail in Appendix D. 
Laboratory protocols are presented in Appendix B. 

Samples were analyzed by ALS laboratory. Concentration of 44 parameters was determined in 60 
discrete samples which were collected from 15 boreholes in the depths of 0.5 to 0.7 m, 1.70 to 1.90 
m, 2.90 to 3.10 m and finally 5.80 to 6.00 meters (4 discrete samples per borehole) in the perimeter 
of both dump sites. All sampling points are presented in the Soil contamination maps (Appendix H). 

The maximum sum of HCH concentration is detected in sample SK-S-PA-10-A (depth 0,6 m ï 
brown clay) 5906 mg/kg while relatively high values comparing to the other samples of the 
perimeter is identified in samples SK-S-PA-15-C and SK-S-PA-7-B (approx. 0,1%). In all the other 
samples sum of HCH concentration is lower than 0,1%. 29 samples out of 60 in total have 
concentration in the parameters of HCH and sum of 3 tetrachlorobenzenes which exceeds the 
intervention values. 

In ENACON study, soil samples (S-A-05, S-A-06, S-B-13, S-B-15, S-B-16 S-B-17 and S-B-18) from 
5 different spots on the perimeter of Ŭ-ɓ and ŭ-dumps, were collected and analyzed. A comparison 
between ENACON and Polyeco analysis results indicates that both investigations and results are in 
line since most of the sum HCH concentrations of the contaminated soils are significantly lower 
than 0,1%. A difference is identified in the perimeter of ŭ-HCH dump (Polyeco sample code: SK-S-
PA-15 / Enacon sample code: S-B-16. The maximum sum of HCH value in this location is 38,44% 
in Enacon study (depth 0,3 to 0,7m) while in the current investigation in the same depth value is 
0,01% with a maximum value of 0,1% at the depth of 3m. 

Soil contamination maps are presented in Appendix H. 

 

4.2.4. Outside of OHIS 

Soil samples analysis results including comparison with Dutch soil intervention values (Dutch 
Ministry of Housing, Land Planning and Environment 2009) are presented in detail in Appendix D. 
Laboratory protocols are presented in Appendix B. 

Samples were analyzed by SGS Institute Fresenius GmbH. Concentration of 23 parameters was 
determined for 10 superficial soil samples collected at ten locations of the surroundings of OHIS 
site. 

The laboratory analysis showed that in all the above mentioned soil samples concentrations were 
lower than the intervention limit and cannot be considered as contaminated areas.  

Soil contamination maps are presented in Appendix H.  
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4.3. Vegetable samples analysis result 

Vegetable samples analysis results including comparison with Regulation EC 396/2005 (as 
amended) are presented in detail in Appendix F. Laboratory protocols are presented in Appendix B. 

Samples were analyzed by SGS Institute Fresenius GmbH. Concentration of 26 parameters was 
determined for 10 vegetable samples (2 cabbage, 2 beetroot, 2 potatoes, 2 parsley, 1 onion, 1 
pumpkin). The samples were collected at three locations of the surroundings of OHIS site. 

All the results are within the maximum residue levels (MRL) of pesticides as defined by (EC) No 
396/2005 apart from 2 samples of parsley and 1 sample of cabbage for alpha-HCH parameter 
(0,023-0,027mg/kg). Traces (below quantitation limit and MRL) of all isomers of HCH were 
detected in all vegetable samples. 

In Enacon study (2009), considering that the area of sampling is within the same boundaries (as 
the maximum distance between the Enacon samples and the current samples is approx. 250m 
from OHIS site) one potato sample exceeded MRL for sum of HCH isomers parameter 
(0,025mg/kg). 

 

4.4. Groundwater samples analysis results  

Groundwater samples analysis results including comparison with comparison with Dutch 
groundwater and intervention values (Dutch Ministry of Housing, Land Planning and Environment 
2009) are presented in detail in Appendix E. Laboratory protocols are presented in Appendix B. 

Samples were analyzed by SGS Institute Fresenius GmbH. Concentraion of 125 parameters was 
determined for 36 groundwater samples (2 sampling campaigns). 30 samples were collected from 
monitoring well located in OHIS site and 6 from domestic located in the surroundings of OHIS. The 
125 parameters are defined into 6 main categories: 

1. Mercury (1 element) 
2. Chloro organic parameters (19 elements) 
3. BTEX (5 elements) 
4. Chloro Benzenes (11 elements) 
5. Chloro ethenes and ethanes (15 elements) 
6. Further VO(H)C (74 elements) 
The on site analysis results (field data) of the groundwater samples taken, during the first and 
second sampling campaign are presented in the table below. Results are also presented in 
Appendix C. 

Table 19: Groundwater well information (1
st

 campaing - October 2017) 

Well Id 
Date of 

sampling 
Groundwater 

level (m) 
pH 

Temperature 
(
o
C) 

Redox 
(mV) 

Conductivity 
(ɛS/cm) 

MW1 19-21/10/2017 8 7.30 15.8 247.9 736 

MW2 19-21/10/2017 3.2 6.98 13.3 190.3 1774 

MW3 19-21/10/2017 3 7.28 15 247.6 784 

MW4 19-21/10/2017 2.3 7.04 14.4 178.4 874 

MW6 19-21/10/2017 3.8 7.3 15.7 251.3 698 

MW7 19-21/10/2017 4 7.37 15.2 249.3 695 



 

Provision of services on the Site Investigation related to Removal of Technical and Economic 
Barriers to Initiating the Clean-up Activities for Alpha-HCH, Beta-HCH and Lindane Contaminated 
Sites at the Organic Chemical Industry of Skopje AD (OHIS) ï FINAL SURVEY REPORT 

50 

Well Id 
Date of 

sampling 
Groundwater 

level (m) 
pH 

Temperature 
(
o
C) 

Redox 
(mV) 

Conductivity 
(ɛS/cm) 

MW8 19-21/10/2017 3.8 7.03 15.8 331.2 1535 

MW9 19-21/10/2017 8.8 7.72 15.1 247.3 1068 

MW10 19-21/10/2017 4.4 7.33 15.4 181.6 716 

MW11 19-21/10/2017 2.5 7.08 15.8 231.5 948 

MW12 19-21/10/2017 2.6 7.19 15.9 191.6 757 

MW13 19-21/10/2017 2.3 7.12 15.6 224.2 731 

MW14 19-21/10/2017 3 7.52 14.6 224.2 1322 

MW15 19-21/10/2017 3.3 7.51 11.4 260.1 1516 

MW16 19-21/10/2017 3.4 7.38 15.6 254.1 1400 

DW1 19-21/10/2017 N/A 7.22 13.2 183.2 678 

DW2 19-21/10/2017 N/A 7.38 12.3 194.1 690 

DW3 19-21/10/2017 N/A 7.39 11.2 159.3 586 

 

Table 20: Groundwater well information (2
nd

 campaing - April 2018) 

Well Id 
Date of 

sampling 
Groundwater 

level (m) 
pH 

Temperature 
(
o
C) 

Redox 
(mV) 

Conductivity 
(ɛS/cm) 

MW1 24/4/2018 8.3 7.71 16.6 140.7 757 

MW2 24/4/2018 3.4 7.13 17.7 151.5 1404 

MW3 24/4/2018 3.2 7.93 17.8 193 434 

MW4 24/4/2018 2.4 7.22 17.3 166.3 773 

MW6 24/4/2018 4 7.98 18.6 207 1147 

MW7 24/4/2018 4.2 7.42 16.7 217.3 587 

MW8 24/4/2018 4 7.9 17.3 276.9 1244 

MW9 24/4/2018 9 7.85 17.4 207.3 939 

MW10 24/4/2018 4.7 7.93 17.9 118 1093 

MW11 24/4/2018 2.8 7.37 15.7 174.4 979 

MW12 24/4/2018 2.6 7.28 15.4 159.3 1072 

MW13 24/4/2018 2.8 7.39 16.4 153.1 1293 

MW14 24/4/2018 3.3 7.91 17.7 176.6 1215 

MW15 24/4/2018 3.5 7.8 18.4 233 1206 

MW16 24/4/2018 3.6 7.89 17.2 172.3 1237 
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Well Id 
Date of 

sampling 
Groundwater 

level (m) 
pH 

Temperature 
(
o
C) 

Redox 
(mV) 

Conductivity 
(ɛS/cm) 

DW1 24/4/2018 N/A 7.63 19.3 150.1 695 

DW2 24/4/2018 N/A 7.49 17.5 148.3 688 

DW3 24/4/2018 N/A 7.55 18.8 151.3 701 

 

4.4.1. Comparison of 1st and 2nd campaign results 

The maximum concentration value of Mercury is identified in the 1
st
 campaign in MW8 (71ɛg/l) 

while the values of 2
nd

 campaign has more wells exceeding the groundwater intervention value. 

The selected chloro-organic parameters have a significant reduction in 2
nd

 campaign in sum HCH 
(alpha, beta, gamma and delta).   

The 5 BTEX parameters remains the same level for both campaigns.  

Chloro Benzenes parameters of 2
nd

 campaign Batch have more values exceeding groundwater 
intervention value comparing to the 1

st
 campaign (6 over 3). Besides these 6 values are 

significantly higher than the average of the 3 ones of 1
st
 campaign with a maximum value of 

170ɛg/l for 1,2,3-Trichloro benzene in MW16 (the corresponding value in 1
st
 campaign is 11ɛg/l). 

Furthermore a reduction in the 2
nd

 campaign is observed in the values that remains over target and 
below intervention values (1

st
 campaign: 16, 2

nd
 campaign: 61). 

Same conclusion can be observed Chloro ethenes and ethanes parameters. In 2
nd

 campaign some 
of the detected concentrations are reduced tending to target values. The results of MW14,15 &16 
for Trichloro-ethane and Tetrachloro-ethane are extremely higher comparing with the intervention 
value (i.e. result: 740ɛg/l / intervention value: 40ɛg/l).  

In the last main category Further VO(H)C which consist of 74 parameters, both campaigns does 
not have any value in exceeding intervention and target values.  

 

4.4.2. Comparison of results with Enacon study 

In Enaconôs study 25 measurement groundwater points (monitoring wells) was examined and the 
list of parameters differs from the current investigation. The following conclusion could be reached:  

Mercury concentration in Enacon study in most case is lower comparing to the results of current 
investigation.  

Regarding HCH isomers concentrations comparison, the sum of HCH in 1
st
 campaign is higher 

than Enacon values in most of the monitoring wells, while 2
nd

 campaign determined values are 
generally lower. The values are summarized in the following table.  
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Sum HCH (a,b,c,d,) ɛg/l 
 

Sum HCH (a,b,c,d,) ɛg/l 

MW Enacon 
Polyeco 
Batch1 

 
MW Enacon 

Polyeco 
Batch2 

1 116,88 4,12 
 

1 116,88 1,12 

2 6,19 15,64 
 

2 6,19 2,49 

3 1,68 1,91 
 

3 1,68 1,19 

4 3,93 9,23 
 

4 3,93 2,44 

5     
 

5     

6 1,74 2,39 
 

6 1,74 1,05 

7 1,52 1,54 
 

7 1,52 <0,1 

8 0,98 4,21 
 

8 0,98 2,16 

9 <0,1 2,79 
 

9 <0,1 1,94 

10 0,12 14,9 
 

10 0,12 <0,1 

11 4,21 2,46 
 

11 4,21 1,32 

12 4,86 1,85 
 

12 4,86 0,38 

13 2,78 1,11 
 

13 2,78 1,72 

14 3,77 4,25 
 

14 3,77 3,43 

15 1,78 4,59 
 

15 1,78 7,04 

16 2,9 7,01 
 

16 2,9 9,08 

 
4 11 

  
11 4 

 

In the BTEX parameters all detected values in Polyeco study are lower than the limit of 
quantifation. In Enaconôs study a set of 17 BTEX elements was examined. Benzene, Toluene and 
Ethylbenzene concentration values are lower than the limit of quantitation (<2 ɛg/l) while Xylene 
values are higher than intervention values for all the wells except from MW14, 15 &16.  

Chloro Benzenesô parameters examined in Polyeco study (11) are more than these examined in 
Enacon (3). The amount of red values (values over intervention according to Dutch list) in Enaconôs 
study is only 2 despite the fact that not all the wells did had results. In Polyeco study Batch1 there 
are 3 red values and 6 in Batch 2 respectively.  

In Enacon study there are not accurate parameters for chloro ethenes and ethanes. In Polyeco 
study Chloro ethenes and ethanes parameters includes 15 elements. Although in Enacon study 
there are many samples with no result, all presented results are within the acceptable limits.  

In current study, 74 parameters of VO(H)C was analyzed was examined which was not determined 
in Enacon study therefore a comparison cannot be carried out. 
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4.5. Ambient air samples analysis results 

Ambient air samples analysis results including comparison with applicable treshold limit values 
(TLV) are presented in detail in Appendix G. Laboratory protocols are presented in Appendix B. 

Samples were analyzed by SGS Institute Fresenius GmbH. Concentration of 55 parameters was 
determined for 8 different ambient air samples. Four samples were collected from OHIS, next to the 
dump sites where the drilling of boreholes took place and four more in the city of Skopje, close to 
Novo Lisice, before, during and after completion of drilling works. 

Most of the parameters determined in the air monitoring campaign featured only by occupational 
exposure limits (TLV-TWA) and Maximum Acceptable Toxic Concentration (MATC) of Dutch Soil 
Remediation Circular (2009).  

All the results are found within the applicable occupational exposure limits apart from Alpha-HCH 
parameter which exceeds Maximum Acceptable Toxic Concentration (Dutch Soil Remediation 
Circular 2009) in all samples collected in OHIS dump sites area. It should be noted that the TLV 
cannot be completely comparable with projectôs analysis results since the methodology and 
sampling strategy applied within the context of this project refers to ambient air measurements and 
not to occupational. Ambient air threshold limit values does not exist for the analysed parameters. 

Conclusively, taking into account international bibliography and similar case studies:  

¶ HCH concentrations in OHIS site are considered relatively high (clearly depicting necessity 

of site rehabilitation works). Alpha-HCH parameter exceeds Maximum Acceptable Toxic 

Concentration (Dutch Soil Remediation Circular 2009) in all samples collected in OHIS 
dump sites area.  

¶ PCBs at levels of industrial areas 

¶ PAHs at levels above environmentally degraded areas 
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5. Volume and mass of soil and waste 

For the calculation of waste and overlying soil volume in the Ŭ,ɓ & ŭ-HCH dumps a 3D model was 
developed based on boring information from the boring logs of the Enacon (2009) report and the 
boring campaign carried out in the context of the project. Borehole profiles developed 3D models 
are presented in Appendices M and L respectively. 

 

5.1. Ŭ,ɓ-HCH dump 

Mass calculations were performed according to density values for waste and overlying soil, in 
respect to the Enacon (2009) report. The applied density values are presented in the following 
table.  

Material 

Density 
(mean 
value) 
[kg/mį] 

Data Source 

Waste  

(white powder) 
1870 

Enacon (2009). Project of Development cooperation of the 
Czech Republic and Macedonia. ñOld environmental burdens 
in chemical plant Ohis, Skopjeò. Updated Risk Assessment 
Report 

Overlying soil 1800 

Enacon (2009). Project of Development cooperation of the 
Czech Republic and Macedonia. ñOld environmental burdens 
in chemical plant Ohis, Skopjeò. Updated Risk Assessment 
Report 

 

The results of volume and mass calculations are summarized in the following table. 

Waste properties of the Ŭ&ɓ-dump 

Waste 
(white powder) 

Volume [mį] 22261 

Density [kg/mį] 1870 

Mass [tn] 41628.1 

Soil properties of the Ŭ&ɓ-dump 

Overlying soil 

Volume [mį] 5812.7 

Density [kg/mį] 1800 

Mass [tn] 10462.9 

 

For the above calculations a model with the finite elements method was used including the 
following characteristics: 

¶ Number of dimensions: 3 

¶ Element type: triangular prism with 6 nodes per element 

¶ Mesh elements: 12372 

¶ Mesh nodes: 8616  
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5.2. ŭ-HCH dump 

Mass calculations were performed according to bulk density measurements for waste (dark brown 
paste, light brown paste) which were carried out within the framework of the current project. Bulk 
density measurements are presented at the following table. The relevant laboratory protocols are 
presented in Appendix B. 

Sample no. 171134673 171134674 171134675 171134676 

Sample label 
SKS-L-

UNDIST-1 
SKS-L-

UNDIST-2 
SKS-L-

UNDIST-3 
SKS-L-

UNDIST-4 

Sample description 
LIGHT 

BROWN 
PASTE 

DARK 
BROWN 
PASTE 

SOIL SOIL 

Parameter Unit 
Standard 
LOQ 

Method Result Result Result Result 

Dry mass w-% 0.1 
DIN ISO 
11465 

96.4 67.1 96.7 94.9 

Bulk density 
kg/mį 

0.1 DIN 18123 1034 988 1480 1303 

 
The results of volume and mass calculations are summarized in the following table. 

Waste properties of the ŭ-dump 

Dark Brown Paste 

Volume [mį] 223 

Bulk density [kg/mį] 988 

Mass [tn] 220 

Light Brown Paste 

Volume [mį] 562 

Bulk density [kg/mį] 1034 

Mass [tn] 581 

White powder 

Volume [mį] 427.4 

Bulk density [kg/mį] 1870 

Mass [tn] 799.3 

Total Mass [tn] 1600.3 

Soil properties of the ŭ-dump 

Overlying soil 

Volume [mį] 1490 

Bulk density [kg/mį] 1480 

Mass [tn] 2205 

Underlying sand and clay properties of the ŭ-dump 

Underlying sand and 
clay 

Volume [mį] >742.6 

Bulk density [kg/mį] 1800 

Mass [tn] >1336.7 
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6. Soil contamination maps 

The analysis results of soil-waste samples collected from Ŭ,ɓ & ŭ-HCH dumps and outside in the 
wide area of OHIS in accordance with ToR were processed and analyzed in Geographic 
Information Systems software. 

Maps of soil contamination for sum HCH and sum DDE-DDE-DDT were developed in the depth 
intervals of 0-1m, 1-2m, 2-4m, 4-6m. 

Indicative soil contamination maps are presented below. All maps are presented in Appendix H. 

 
Figure 3: Map of soil contamination by sum of HCH (0-1m). 

 
























































