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Abbreviations 

 

CAS: : Chemical Abstract Service Registry Number 

LEL: Lower Explosive Limits 

LFM: Landfill Mining  

PB: Plastic Bags 

PDU: Pilot Demonstration Unit  

PL: Polygyros Landfill  

PM: Particulate Matter 

RCT: Rainwater Collection Tank 

SCOEL: Scientific Committee on Occupational Exposure Limits 

SLM: Sound Level Meter 

SPL: Sound Pressure Level 

STEL: Short-term exposure limit 

TSP: Total Suspended Particulate 

TWA: Time-Weighted Average 

UEL: Upper Explosive Limits 
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Chapter 1. Description the Environmental Monitoring Works 

The monitoring process is a crucial step in order to safeguard the successful implementation of any 

Landfill Mining (LFM) scheme and to minimise any potential impacts to the environment of the 

area. Thus, it is an essential task to document the findings of the pilot application, to assess the 

overall performance of the mining and processing operations as well as to evaluate the strains 

posed to the environment of the area. Finally, one of its most important aspects is to assist in the 

identification of solutions and measures to tackle, control or mitigate the impacts deriving from the 

LFM operations in the Polygyros Landfill (PL) site. 

The environmental monitoring in an LFM project is made by taking into consideration the following 

issues: 

 release of landfill gases and odors  

 release of liquids and leachates 

 dust emissions 

 noise emissions 

 waste generation due to processing or valorisation  

 excavation safety (subsidence / collapses) 

The above threats, determine the type of measurements and specify to a great extend the design 

of the environmental monitoring campaign. In the case of the PL site, the monitoring is designed so 

as to be able to quantify the impacts and is mainly concentrated on the monitoring of the site's air 

quality (gas emissions/odours as well as dust problems), other nuisance issues (noise problems) and 

finally the waste generation relating to the processing and valorisation actions taken place there 

(waste sampling). Thus, special attention was given to the safety of the workers during the mining 

process and to the minimization of the impacts to the environmental condition of the neighboring 

areas.  

This is made possible through the installation of fixed as well as mobile monitoring apparatuses and 

equipments capable of capturing the changes in the site's environmental characteristics as a result 

of the mining and the processing of the waste materials. A key element of the monitoring process is 

the identification of the site's background (ambient) data, which sets the baseline reference case 

for the assessment of the possible impacts. 

A detailed list of the monitoring equipment and their capabilities and characteristics has already 

been given in previous project's reports (Technical Report of The Installation of the Pilot 

Demonstration Unit of Αction Β5), however a brief description will be made hereinafter in order to 

fully analyse the monitoring campaign and the work path adopted for the PL site. The monitoring 

equipment used on-site are: 

 Continuous Ambient Particulate Mass Monitor - TEOM™ 1400ab (Rupprecht & Patashnick 

Co. Inc.), compatible with the EN12341 standard, which is used for the continuous 

monitoring of the air quality in the site and more particular the PM-10 concentration 



 

B6 

RESULTS FROM TESTING OF AIR & WATER SAMPLES 

 

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy    4 

(particulate matters – dust concentration) in the atmosphere of the PL. Real-time monitoring 

of the PM-10 concentration is achieved, while the reporting is made available according to 

the relevant standards in hourly and daily (24h) intervals. 

 Personal Samplers MultiRAE-Plus, QRAE-Plus (RAE Systems Inc.). These two (2) monitoring units 

are used to detect gaseous emissions during the excavation and the processing of the 

waste and ensure the safety of the personnel, under the EN482 guidance. The gases 

measured by the 2 devices are: O2 (0%-30%), CO (0-500 ppm), CO2 (0-20,000 ppm), CH4 (0-

100% LEL), NOx (0-250 ppm), H2S (0-100 ppm). 

 Sound Level Meter – SLM-116 (Norsonic AS), used for the monitoring of the noise and sound 

levels. In the PL site it will be used to assess the change in the acoustic environment inflicted 

by the activities taking place during the pilot scale landfill mining application. 

 

1.1. Implementation of Environmental Monitoring Plan 

The monitoring campaign commenced with the starting of the pilot application and the 

consequent excavation and processing of the waste materials. In Figure 1.1-1 the general layout of 

the PL facility is given, along with the areas where the main works related to the pilot LFM 

application were located. These particular zones, along with the internal route developed for the 

haulage of the waste, from the mining area to the processing plant, were the main targets areas of 

the monitoring campaign; the excavation and processing were taking place there, and also, the 

majority of the employees worked there.  

 

Figure 1.1-1: Target areas (excavation and processing areas) of the monitoring campaign. 
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It should be noted that the results incorporate the impacts and the environmental burden deriving 

also from the use of heavy machinery and the operations that are carried out on a daily basis to 

facilitate the whole landfilling process of the municipal wastes at the PL site. This is a result of the 

concept used to for the identification of the background levels of the environmental indicators that 

were measured during the non-working days, usually during weekend times. 

In Figure 1.1.-2 the types and locations of the monitoring activities that were carried out at the PL 

site are given.  

 

Figure 1.1-2: Locations and types of monitoring performed for the LFM pilot application at the PL. 

More specifically, the air-quality measurements (denoted as 1 in Fig. 1.1-2) related to the PM-10 

concentration took place at the north-eastern part of the site, as at this particular location was the 

most well suited to facilitate the special requirements of the TEOM instrument. In there, the TEOM 

unit was located throughout the monitoring period, to assess in real time the concentration of dust 

releases to the atmosphere (Fig. 1.1-3).  

The monitoring of gaseous emissions (denoted as 2 in Fig. 1.1-2) took place at the excavation stage 

of the waste as well as at the area of the processing plant. The monitoring was performed with 

portable units, as described, and were focused on the possible release of toxic or explosive gases 

(Fig. 1.1-4). The role of portable detectors was to identify the events and to warn personnel to timely 

leave the affected zone. The alarm limits for such detectors are directly related to exposure limits 

and are typically set at lower levels than instantaneous alarms for fixed detectors, to prevent injury. 

 



 

B6 

RESULTS FROM TESTING OF AIR & WATER SAMPLES 

 

reclaim - Landfill mining pilot application for recovery of invaluable metals, materials, land and energy    6 

 

Figure 1.1-3: Set-up location of the TEOM PM-10 monitoring unit. 

 

Figure 1.1-4: Monitoring gaseous emissions at the waste excavation area. 

 

Figure 1.1-5: Monitoring sound pressure level (SPL) at the waste processing area. 
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Finally, the sound pressure levels (noise) in the PL area were measured (denoted as 3 in Fig. 1.1-2) 

with portable equipment to identify the impacts to the workers and the nuisance to the surrounding 

area (Fig. 1.1-5). More particularly, measurements took place in the vicinity of the excavation and 

of the processing unit to record the sound levels for occupational hygiene purposes, as well as in 

the greater area of the site to assess possible impacts to the environment. 

Besides the above measurements, that were implemented throughout the timeline of the pilot LFM 

application, a number of water samples were taken for further analysis. The samples were 

collected during the waste valorisation process, mainly involving the washing out of the waste, 

especially plastics (PET and/or HDPE), in an effort to enhance the quality of the material and attract 

higher sell values. The samples were analysed at a later stage and the results and their 

environmental characterization are provided in this report. 
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Chapter 2. Legislative Framework – Thresholds and Limits 

In order to assess the environmental conditions the legislative framework describing the limits and 

thresholds of both national (Greek) and EU standards is briefly given.  

 

2.1. Air quality - Particulate matter (PM-10) 

Particulate matters is the term used to describe particles of solid or liquid state found in the air. 

Accordingly, PM-10 denotes the particles having a diameter of 10 µm - micrometers or less. The 

introduction of the PM-10 standard for the monitoring of the ambient air-quality was made at the 

end of the 1980’s, replacing the Total Suspended Particulate (TSP) air quality standard. The PM-10 

standard is focusing on smaller particles that have potential adverse health effects because of their 

ability to reach the lower regions of the human respiratory tract. Besides the PM-10 standards the EU 

directive 2008/EC/50 also introduces the use of PM-2.5 (fine particles) to assess the air-quality, 

including the limit value and exposure concentration obligation and exposure reduction targets.  

Particulate matter can be characterized as either primary or secondary. Primary particles are 

released directly into the air from the sources (e.g. carbon PM from combustion, mineral PM from 

stone abrasion), while secondary particles are formed in the atmosphere by chemical reactions. 

The main sources of primary PM are road transport (combustion, braking and tyre wear by-products 

as well as dust mobilization from road surfaces); stationary combustion (mainly from domestic fuel 

burning); and industrial processes (production of metals, cement, lime, coke and chemicals, bulk 

handling of dusty materials, construction, mining and quarrying).  

In EU the standards relating to the air quality are defined by the relative directive (2008/EC/50), 

entered into force on 11 June 2008. Through this standard the EU has set two limit values for 

particulate matter (PM-10) concentration, relating to the daily average and to the annual average 

concentration value. Their limits is as follows: 

- the daily mean value concentration may not exceed 50 micrograms per cubic meter (µg/m3) 

more than 35 times in a year 

- the annual average concentration value that may not exceed 40 micrograms per cubic meter 

(µg/m3) 

The above standards have been also introduced to the Greek legislation regarding air-quality 

through the Ministerial Decision M.D. 14122/549/Ε.103/2011 (Official Gazette 488/Β`/30.3.2011). 

 

2.2. Air quality – Odors and Gaseous Emissions 

The air quality in terms of odors and other gaseous emissions can be interpreted through the 

release of these substances to the atmosphere as well as to the issues raised to the health and 

safety of the personnel.  
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In terms of the air quality the limits are determined through the EU directive 2008/EC/50, which also 

provide limits for some of the gases found in the landfill site. These limits are: 

- the hourly (1hr) mean value concentration of NO2, not exceed the limit of 200 μg/m3 more 

than 18 times a calendar year 

- the yearly mean value concentration of NO2, not exceed the limit of 40 μg/m3 

- the maximum daily eight hour (8hr) mean concentration of CO, not to exceed the limit of 10 

mg/m3 

With respect to the air quality standards related to the exposure of the personnel to toxic gases, 

there are several EU directives dealing with such issues and propose indicative occupational 

exposure limit values. These are the directives 91/322/EEC, 2000/39/EC, 2006/15/EC and 

2009/161/EU. These have been incorporated to the Greek legislation through the Presidential 

Decree P.D. 90/1999 (Official Gazette 94/Α`/13.5.1999), as well as through the Greek Regulation of 

Mining and Quarrying Operations (Ministerial Decision M.D. D7/A/12050/2223/2011 - Official 

Gazette 1227/Β`/14.6.2011).  

Apart from the above, there is an ongoing investigation on the recommendations relating to the 

limits of several agents made by the Scientific Committee on Occupational Exposure Limits 

(SCOEL). These limits for the CO, NO, NO2 and H2S, are given in Table 2.2-1.  

For the case of the methane (CH4), the limits are not mainly related to the impacts to the human 

health, but the exposure limits are rather linked to the explosive characteristics of this particular gas. 

Hence, the presence of CH4 in concentrations between its lower and upper explosive limits (LEL 

and UEL, respectively) can be a significant risk factor. The LEL and UEL values for the case of CH4 is 

approx. 5% and 15% respectively, and consequently, extreme caution should be given when those 

limits are reached. 

 

Table 2.2-1. Indicative limit values for occupational exposure (source: SCOEL) 

CAS (1) AGENT 

INDICATIVE LIMITS -  OCCUPATIONAL EXPOSURE 

NOTES 8 hour TWA(2) STEL (15 mins) (3) 

mg/m3  (4) ppm (5) mg/m3 ppm 

630-08-0 CO 23 20 117 100 SCOEL/SUM 57 

10102-43-9 NO 2.5 2 - - SCOEL/SUM 89 

10102-44-0 NO2 0.955 0.5 1.91 1 SCOEL/SUM 53 

7783-06-4 H2S 7 5 14 10 SCOEL/SUM/124 

(1) CAS: Chemical abstract service registry number. 

(2) Measured or calculated in relation to a reference period of eight-hours time-weighted average (TWA). 

(3) Short-term exposure limit (STEL). A limit value above which exposure should not occur and which is related to a 15-minute 

period unless otherwise specified. 

(4) mg/m3: milligrams per cubic metre of air at 20 °C and 101,3 KPa. 

(5) ppm: parts per million by volume in air (ml/m3). 
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2.3. Sound levels - Noise 

In terms of the sound levels the respective legislative framework set by the EU is given in the 

2003/10/EC directive. The directive establishes two indicators to assess the noise impacts at the 

workplace area. The daily noise exposure level (LEX,8h) (dB(A) in relation to 20 μPa) is defined as the 

time weighted average of the noise exposure levels for a nominal eight-hour working day covering 

all noises present at work, including impulsive noise. Also the weekly noise exposure level (LEX,8h) is 

defined as the time-weighted average of the daily noise exposure levels for a nominal week of five 

eight-hour working days. This directive is also included in the Greek legislation through the 

Presidential Decree P.D. 149/2006, and through the Greek Regulation of Mining and Quarrying 

Operations (Ministerial Decision M.D. D7/A/12050/2223/2011 - Official Gazette 1227/Β`/14.6.2011). 

According to the Directive the exposure limit values and exposure action values in respect of the 

daily noise exposure levels and peak sound pressure are fixed at: 

- exposure limit values: LEX,8h = 87 dB(A) and peak = 200 Pa (140 dB(C) in relation to 20 μPa) 

respectively; 

- upper exposure action values: LEX,8h = 85 dB(A) and  peak = 140 Pa (137 dB(C) in relation to 20 

μPa) respectively; 

- lower exposure action values: LEX,8h = 80 dB(A) and peak = 112 Pa (135 dB(C) in relation to 20 

μPa) respectively. 

Furthermore, industrial noise should conform with the guidelines set by the Presidential Decree P.D. 

1180/81, where the upper noise levels are defined at 70 dB(A), measured at the border of the 

facility. However, for the cases where mobile equipment and machinery are operated, where in 

general, the noise produced is higher, the permissible noise limits are set by the 2000/14/EC 

directive. This has been incorporated to the Greek legislative framework with the Ministerial 

Decision M.D. 37393/2028/2003 (Official Gazette 1418/Β`/1.10.2003) 
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Chapter 3. Results of the On-Site Monitoring campaign 

In this section the measurements and the data gathered from the environmental monitoring 

campaign are given. These are analysed and finally compared with the respective limits as 

proposed by the EU and Greek legislative framework. 

 

3.1. Air quality (PM-10 measurements) 

The PM-10 measurements were made over a total period of more than 1 month, in June and July of 

2015. Based on the data from the Polygyros meteorological station, the prevailing wind direction at 

the wider area was the N-NE one, with an overall average wind speed of 6.8 km/hr. The details 

about the distribution of the wind direction and speed for the period of monitoring period (June 

and July 2015), are presented in Fig. 3.1-1. 

 

Figure 3.1-1: Details of the prevailing wind direction (a) and wind speed (b) during the monitoring 

period. 

The background values of the area are taken from the weekend days, where no operation was 

taking place there. That included both the landfilling and the landfill mining or waste processing.  

In Figure 3.1-2 the results of the PM-concentrations (μg/m3) throughout the duration of the 

measurement period are given in detail. In the diagram, the average daily (24h) results are 

depicted in yellow bars, while the green triangles represent the hourly (1h) average values. In the 

diagram, the background value as well as the total average PM-10 value measured on a daily 

basis are also depicted. The background value is rather low, at 8.2 μg/m3, while the overall 

average daily value (24h) of particle concentration (PM-10) is also low, calculated at 9.3 μg/m3, 

almost 1 μg/m3 more than the ambient values. The maximum daily PM-10 value recorded was 14.6 

μg/m3 (July 8th 2015), while the minimum was almost 4.8 μg/m3 (June 18th 2015).  
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Figure 3.1-2: PM-10 concentration values recorded - 1hr and 24h average values (μg/m3) - during the LFM pilot application, at the PL site. 
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Even though the hourly (1h) values are not part of the standard, the research team has decided to 

include their values in the analysis in order to better depict the conditions at the PL site. In this 

manner, as seen from Fig. 3.1-2, fluctuations at an hourly basis do exist, with a PM-10 peak value at 

56.6 μg/m3 recorder between 09.00 and 10.00 in July 7th. Nevertheless, the average daily PM-10 

concentration is also low in the range of 9.3 μg/m3. The complete distribution of the hourly recorder 

values are given in Fig. 3.1-3. It can be see that the majority of the recorded values (approx. 55%) 

are found between 10 and 15 μg/m3, while values greater than 30 μg/m3 represent only a mere 2% 

of the sampling data. 

 

 

Figure 3.1-3: PM-10 distribution of the hourly (1hr) concentration values at the PL site. 

 

In any case, in terms of the PM-10 daily values, the data gathered indicate that there isn’t any 

significant impact in the deterioration of the air-quality of the site, as the average values recorder 

(9.3 μg/m3) are less than the 1/5th of the limit values as given in the 2008/EC/50 directive (50 μg/m3). 

The extremely small difference between the average background values and the average 

measured ones further indicates the extremely small impacts from the operations to the 

environmental conditions in terms of air-quality. 

 

3.2. Air quality – Odors and Gaseous Emissions 

The monitoring relating to odors and other gaseous emissions (CO, CO2, CH4, NOx, H2S), did not 

yield any significant results, even if there was a quick response from the monitoring team in the 
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event of an odor problem, as identified by the personnel. Thus, even if there was a relevant 

direction to try and quickly transfer the portable sampling devices at the location where the odor 

was detected, the samplers haven’t actually recorded any significant event. The odor problems at 

the pilot LFM application at the PL site were erratic in nature and rather small in both number of 

incidents and spread area and thus it can be deduced to have negligible impacts.  

Figures 3.3-1a and 3.3-1b, show the graphical representation of the recordings of a case where the 

sampling units actually identified the presence of NO (Nitrogen oxide) at low levels of 0.5 ppm and 

the presence of NO2 (Nitrogen dioxide) at 0.1 ppm. There are also some additional cases with NO 

recordings at low levels (0.4-0.5 ppm) but these instances are scarce, with the majority of recorded 

values to be 0. As far for the CO2 concentrations, these were found to be in the range between 610 

and 700 ppm. Apart from the above, no detection of hydrogen sulfide (H2S) or methane gas (CH4), 

was made. Especially the latter is of great importance as it can potentially result to the 

development of an explosive prone situation and consequently to high risk levels. Thus, the no 

detection during the operations is a positive issue for the safety of the workers and the operation 

itself. 

With respect to the exposure limits as indicated in section 2.2, the monitoring concentrated on the 

assessment of the short-term exposure limits (STEL). The values monitored were way below the 

thresholds indicated, as the peak values that were previously described are many times below 

these particular limits (NOPeak=0.5 ppm – NOLimit=2 ppm, NO2Peak=0.1 ppm - NO2Limit=1 ppm). 

Consequently, it can be deduced from the above data that the impacts to the workers due to the 

presence of gases are extremely limited. 

 

3.3. Sound Levels - Noise 

The sound level measurements were made to assess the overall noise from the LFM pilot 

application. The measurement of the background ambient noise was also performed, when no 

operation took place, during the day time, so as to be able to compare and benchmark the 

results. No measurements were executed during night time.  

The background noise levels at the PL site can be characterized as “typical” for a rural area with 

Leq values to be at around 58 dB(A). In the operation of the machinery, as it was expected higher 

noise levels were recorded. In Figure 3.3-2, two sound level measurements are presented, the 

background levels (lower) and the noise levels (upper) as monitored at a distance of about 2 to 5m 

from the operating mobile waste processing unit. 

More particularly, the data presents two measurement types, the sound pressure level (SPL) and the 

equivalent continuous noise level (Leq), which represents the average sound energy produced in 

the monitoring period. These measurements are made using the A and C weighting filter. The 

equivalent continuous noise level for the background noise is Leq(A)_back=58.6 dB(A), while for the 

operating unit is Leq(A)_oper=77.6 dB(A). The peak values are Lpeak(C)_back= 93.0 db(C) and the 

Lpeak(C)_oper= 107.6 dB(C). Figure 3.3-3 presents the data corresponding to the measurements 
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performed in the vicinity of the operating mobile processing unit, as derived from the Norsonic 

Sound Level Meter (SLM-116). 

 

 

Figure 3.3-1.a,b. Graphical timeline of the measurements of the gaseous emissions performed and 

details of the event recoding the presence of NO (0.5 ppm) and NO2 (0.1 ppm). 

 

Several other sound level measurements were made in different operation phases and at various 

distances from the operating machinery and locations at the PL site. The data gathered expressed 

as equivalent continuous noise level (Leq), can be seen in Figure 3.3-4.  
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Figure 3.3-2. Measurement of the sound levels in the PL site (background noise and noise generated 

from the waste processing unit). 
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Figure 3.3-3. Sound level monitoring data at the location of the mobile processing unit. 

 

Figure 3.3-4: Noise measurements at the PL site for various scenario in terms of machine operation 

and distances from the monitoring source. 
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As it can be seen from Fig. 3.3-4, the sound levels from 78 dB(A) at a 5-m distance from the 

operating plant, drop to 73 dB(A) at a distance of 50 m from it, and to 60 dB(A) at a distance of 120 

m. The latter is approximately the same with the ones recorded at the same distance (120 m) as 

result from the excavation and haulage operations taking place there to facilitate the LFM pilot 

operation. It is directly comparable though to the everyday normal landfilling operations taking 

place at the PL site, and 2 - 5 dB(A) higher from the background noise recorded there. 

In terms of the conformity to the standards, the noise level measurements relating to the LFM pilot 

operation are considerably less than the ones dictated from the standards. They are measured 

almost 10 dB(A), lower than the LEX,8h (87dB(A)) and 80 dB(C) lower than the peak limits (200 dB(C)). 

They are also lower from the lower exposure action values (LEX,8h = 80dB(A), peak = 112dB(C)). Also, 

they monitored values are lower from the permissible ones set by the 2000/14/EC directive (the 

lowest limit is mandated at 83dB(A)). 
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Chapter 4. Environmental Characterisation of Water Samples 

4.1. General Details - Sampling and Experimental Procedure 

For the purposes of the LIFE project, Recyclables Bottles (B) and Plastic Bags (PB) were washed in a 

metallic washing device (laundry), targeting on the examination of the possibility of materials re-

use/recycling. Nevertheless, washing of waste coming from an operative landfill site, results in the 

production of a leachate that needs to be evaluated in terms of its further environmental 

management. 

The washing procedure took place in a special laundry designed for that purpose consisted by a 

rotary device, where the materials were placed manually. The rotary device is powered by an 

electric motor of 5.5 kW and has a special gate for the materials import. It is connected to the 

water supply from the water system but there is also a choice of manual water supply. When the 

materials are placed and the import gate is closed, the washing cycle begins by the pressure of 

the start/stop button. The duration of the washing cycle depends on the kind of the materials. After 

the end of the wash the materials may exit manually from the same gate. More technical details 

about the laundry operation are given in "Technical Report of The Installation of the Pilot 

Demonstration Unit of Αction Β5". 

Washing Tests were performed for seven different samples. The latter were either plastic bags (PB) 

containing waste or recyclable bottles (B) coming from the landfill. Different samples were washed 

first with water and then with a common detergent and leachates were collected from the laundry 

for further analysis and environmental characterization. A second series of samples were collected 

for purposes of metals determination and acidified in order to preserve metals in dissolution during 

to their transportation to the laboratory. All series of samples were immediately stored below 4◦C 

after sampling, for purposes of adequate preservation. The samples are coded as follows: 

- PB: Plastic Bags 

- W: Washed with water 

- D: Washed with detergent 

- B: Bottles 

One sample (RCT 1) was also collected from the rainwater collection tank (RCT), situated in the 

area of the Pilot Demonstration Unit (PDU) preparation works. The purpose of investigating the 

particular sample was in order to identify if any leachate produced from the particular area may 

pollute the surface runoff collected in RCT. Collected samples are presented in the following Table 

4.1-1. 

 

Table 4.1-1: Identification of Samples Collected for Environmental Characterization. 

Sample code Sampling Date Type of waste Washing Agent 
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RCT 1 24/6/2015 - - 

PBW1 24/6/2015 Plastic Bags Water 

PBD1 24/6/2015 Plastic Bags Detergent 

PBW2 25/6/2015 Plastic Bags Water 

PBD2 25/6/2015 Plastic Bags Detergent 

BW1 25/6/2015 Bottles Water 

BD2 25/6/2015 Bottles Detergent 

BW2 27/6/2015 Bottles Water 

 

4.2. Materials and Methods of Analysis 

Chemical analysis was performed focusing on some of the typical parameters that are usually 

monitored in leachate produced at landfill sites (Syed et al., 1994; Kjeldsen et al., 2002). In Table 4.2-

1 typical values and range of some key leachate parameters are illustrated. Emphasis should be 

given to the age of waste, since there is a significant reduction of leachates pollution load for 

wastes remaining on a landfill site for more than 2 years. According to this approach, the 

parameters illustrated in Table 4.2-2 were measured. In the same Table, the respective standards 

and the analytical methods/devices used for each parameter are also presented. 

Table 4.2-1: Key parameters of leachate composition according to landfill age (Syed et al., 1994; 

Kjeldsen et al., 2002). 

Parameter Range (mg/l)-Typical Values (mg/l) except pH Landfill > 2 years 

BOD 2000-30000/ 10000 100-200 

COD 3000-60000/18000 100-500 

TDS 200-1000/500 100-400 

NH4+ 10-800/200 20-40 

NO3- 5-40/25 5-10 

Total P 5-100 30 

pH 5,3-8,5/6 7,5  

Cl 100-3000/500 100-400  

SO4-2 300-9000/1500 60-150 

Fe 50-600/60 20-200  

Table 4.2-2: Physicochemical Parameters measured in the leachates after waste washing 

Parameter Standard Analysis Device 

BOD DIN 38409T51, DIN 38409T52 OxiTop IS 6 

COD ISO 15705/2002 Titrimetric Analysis 

pH ISO 10523/2008 Mettler – Toledo pH Analyst 

Conductivity (μS/cm) ISO 8502-6/ISO 8502-9 Mettler – Toledo Conductivity Meter 
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Total Dissolved Solids 

(mg/l) 

ISO 8502-6/ISO 8502-9 Mettler – Toledo Conductivity Meter 

Total P ISO 6878/2004 Orbeco – Hellige Series 942 – Water 

Analysis System 

SO4-2  Gravimetric Analysis (Vogel et al., 

2000) 

Cl- (mg/l) Volhard Method Volumetric (Titrimetric) Analysis (Vogel 

et al., 2000) 

NH4+ (mg/l) ISO 15923-1/2013 Orbeco – Hellige Series 942 – Water 

Analysis System 

NO3- (mg/l) ISO 15923-1/2013 Orbeco – Hellige Series 942 – Water 

Analysis System 

Pb, Cr, Ni, Mn, Fe, Zn, Cu, 

(mg/l) 

DIN EN ISO 11885 ICP – AES - Prodigy – Teledyne, 

Leeman Labs 

 

4.3. Results of the Water Samples  

In Tables 4.3-1 and 4.3-2, the chemical analysis results of the water/leachate samples are illustrated, 

in terms of physicochemical parameters and metal concentration.  

Table 4.3-1: Values of Physicochemical Parameters measured in leachate samples. 

Sample pH 
Conductivity 

(μS/cm) 

TDS 

(mg/l) 
BOD COD SO4

2- Cl- NH4
+ P NO3

- 

RCT 1 8.3 2050 1027 50 115 292 391 216 35 25 

PBW1 7.0 1090 546 100 510 163 320 302 20 <5 

PBD1 8.0 1001 500 70 270 < 5 320 202 15 <5 

PBW2 6.8 2880 1438 2200 5300 2022 355 360 45 <5 

PBD2 7.0 1167 582 80 210 170 310 252 12 <5 

BW1 6.5 5558 2760 2500 7800 907 480 504 75 <5 

BD1 7.1 1050 530 55 125 363 320 209 15 <5 

BW2 6.8 1480 738 70 190 129 340 288 25 <5 

 

Table 4.3-2: Values of Metals Concentrations measured in leachate samples (in mg/l). 

 Mn Pb Fe Zn Cu Ni Cr 

RCT 1 0.25 <0.01 0.53 0.03 <0.005 0.21 <0.005 

PBW1 0.46 <0.01 2.01 0.56 <0.005 <0.01 <0.005 

PBD1 0.34 <0.01 0.34 0.28 <0.005 <0.01 <0.005 
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PBW2 0.21 <0.01 2.00 0.47 <0.005 <0.01 <0.005 

 

Based on the above data, the following can be deduced for the collected samples:  

RCT1: pH of water selected in the RCT is alkaline (Table 4.3-1), probably due to the interaction 

between the surface runoff and the sandy upper layer of the site insulation system. Values of BOD 

and COD are low, indicating a very small amount of organic load entering the RCT. Conductivity 

value is probably attributable to the presence of ions other than metals since the latter 

concentrations are very low (Table 4.3-2). 

PBW1: pH value of the leachate produced under water effect is neutral (Table 4.3-1), indicating 

that waste are probably more than 2 years old, thus entering the methanogenic phase of 

decomposition. That is confirmed from the low BOD and COD values and BOD/COD ratio. 

Considering the age of the waste, the valued of the measured anions and cations are more or less 

expected. 

PBD1: The leachate produced from washing the same waste sample with detergent presents 

slightly ameliorated attributes. In fact, pH value is becoming alkaline due to detergent effect, while 

notable is the significant decrease of the sulphates and iron load. 

PBW2: Leachate produced from the second PB sample, indicates the presence of more recent 

waste, probably less than 2 years old. pH is acidic while BOD, COD, BOD/COD ratio and sulphates 

values are relatively high, as they should be for waste during the acid phase of decomposition. 

PBD2: Leachate produced from washing the same waste sample (2) with detergent, presents 

significant reduction with respect to conductivity, TDS, BOD, COD and sulphates load. On the 

contrary, pH is very little affected. 

BW1: The particular leachate was the one with the highest pollution load. pH indicates waste in the 

acidic phase of decomposition (i.e. less than 2 years old), while conductivity value is at least twice 

higher than the average of all other samples. The high values of BOD, COD, SO4-2, ΝΗ4+and Cl-, 

confirm the problematic nature of the sample, with respect to its environmental management. 

BD1: With respect to the previous sample (BW1), re-washing of the same bottle butch with 

detergent results in a leachate with low pollution load. pH is slightly alkaline, while conductivity and 

TDS are reduced more than 80%. All other measured parameters (especially BOD and COD), are 

significantly ameliorated.  

BW2: The leachate produced after washing the second batch of bottles with water, is much less 

polluted than the BW1, indicating lower pollution levels in the second batch. 
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4.4. Leachate Management  

Leachates produced from the washing of municipal waste (plastic bags and bottles) as described 

above, are considered as a waste water and require further management before entering soil or 

water bodies and before considering any possible reuse as mandated in the Directive 91/271/EEC 

concerning urban waste water treatment, as well as the Greek Ministerial Decision M.D. 5673/400 

(Official Gazette 192B/14-3-1997). Greek legislation relative to landfill operation and management 

(M.D. 29407/3508 - Official Gazette 1572B’/16-12-2002) forbids any leachate, (produced in 

municipal waste landfills) release into soil or water bodies, without previous appropriate treatment. 

The obligatory stages of leachate treatment scheme depend on certain chemical and biological 

parameters of the liquid waste.  

Nevertheless, many of the leachates and especially those produced under detergent effect, 

present improved quality compared to those typically produced in landfill sites. Bearing in mind the 

existed two-stage biological treatment plant at Polygyros Landfill Site, the leachates PBW1, PBD1, 

PBD2, BD1 and BW2, may enter directly to the secondary treatment stage, with no need of primary 

treatment. That is due to the relatively low BOD, COD and solids concentrations of the particular 

samples. On the other hand, PBW2 and BW1 need by all means to undergo a primary treatment 

stage (e.g. precipitation, coagulation) for reducing solids and BOD loads. 

Generally, since the existing biological treatment plant operating at Polygyros Landfill Site, has two 

treatment stages, may accept all the leachates produced by the washing of plastic bags and 

bottles. It should be mentioned that metals concentrations are presented significantly low in all 

leachates examined. Thus, the implementation of a common biological treatment procedure for 

leachates management is feasible.   
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Chapter 5. DIFFICULTIES - DEVIATIONS 

The monitoring procedure related both to the on-site implementation of the measurements and to 

the implementation of the laboratory evaluation and characterisation of the water samples has not 

encountered any particular difficulties. On the contrary, the campaign can be characterised as a 

successful one, allowing a wide variety of measurements to take place. In this manner, the main 

characteristics of the prevailing environmental conditions and possible threats have been 

quantitatively assessed. Furthermore and more importantly though, the levels of the measured 

environmental indicators show that the impacts generated to the environment of the PL site and to 

the health and safety of the workers is minimal.  

Nevertheless, it should be noted that the above are related to the impacts of the pilot LFM 

application and a possible transition from a pilot to a full scale operation should be examined with 

caution so as to mitigate and control any negative impacts. 
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