
1216

Agronomy Research 17(S1), 1216–1226, 2019
https://doi.org/10.15159/AR.19.016

Management of wastewater from landfill of inorganic fiberglass

K. Tihomirova1,2,*, V. Denisova1, K. Golovko1, O. Kirilina–Gutmane2, 
L. Mezule1 and T. Juhna1

1Riga Technical University, Faculty of Civil Engineering, Research Centre for Civil 
Engineering, Water Research Laboratory, Kipsalas 6a–263, LV–1048 Riga, Latvia
2The Institute of Food Safety, Animal Health and Environment ‘BIOR’ Elemental 
analysis division, Lejupes street 3, LV–1076 Riga, Latvia
*Correspondence: kristina.tihomirova@rtu.lv

Abstract. Sustainability is one of the key factors in smart environment management and include 
the reduction of environment footprint. The waste and wastewater management plans are aimed 
on actions to reduce the amount of waste and environmental pollution. This includes collection 
of waste, logistics, storage, processing or valorisation and also treatment. The aim of this research 
was to evaluate environmental pollution risk and to demonstrate one of the wastewater 
management schemes to reduce the pollution level.
Evaluation of the better management scheme was performed in one of the landfills in Latvia, 
where fiberglass waste and other inorganic waste is stored. Onsite evaluation results demonstrated 
the need to develop a better wastewater management scheme of inorganic fiberglass landfill. 
After that, laboratory–scale experiments for conventional coagulation and biodegradation tests 
have been performed for efficient management.

Key words: landfill leachate, fiberglass, wastewater management, wastewater treatment, 
environmental pollution.

INTRODUCTION

Over the recent years, people have become aware that environment is a 
comprehensive resource that requires smart management. This has led to an increased 
need for sustainable energy management, steady energy supply, reduced energy 
consumption and search of new renewable energy sources (Coaffee, 2008). In the 
meantime the security policy has been focused on terrorist hazards and natural disasters 
(Collier et al., 2013), resource recovery and reduction of wastes.

Efficient waste management is one of the priorities in EU use of resources and is 
described in Waste Avoidance and Resource Recovery Act from 2001, Waste Avoidance 
and Resource Recovery Amendment (Container Deposit Scheme) Act 2016 No. 57 and 
Waste Avoidance and Resource Recovery (WARR) Strategy updated every five years. 
In 1992 the Convention on the Protection of the Marine Environment of the Baltic Sea 
Area (Helsinki Convention) was signed to reduce the inflows of nutrients and hazardous 
substances, as well as to promote a cleaner future of the Baltic Sea. The document was
adopted by HELCOM in 1993 (Fuller, 2013). The international convention encompasses 
various measures for prevention and elimination of pollution of the Baltic Sea. Due to 
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high anthropogenic activities, increase in the level of the nutrients (nitrogen and 
phosphorus) in the Baltic Sea catchment area, eutrophication process occurs faster than 
expected (Ærtebjerg et al., 2003). The waste and wastewater management descriptions 
are aimed on actions to reduce the amount of waste and environmental pollution 
generated by households and industry, resource recovery including re–use, recycling, 
reprocessing and also better waste and wastewater management procedure. This includes 
collection of waste, logistics, storage, processing or valorisation and also treatment.

Although glass can be repeatedly recycled with no loss of quality, there are still 
large volumes of glass ending up in the landfill. Glass recycling rates in European Union 
nations are the world's highest, averaging 73% (FEVE News Corner, 2017), but in other 
countries glass recycling rate is less significant, for example in the US (34%) and 
Singapore 20%. One major barrier to conventional recycling is the need to separate 
glasses into its various types (Heiriyanto et al., 2018), e.g., fiberglass, cullet, container 
glass, mirrors and other metal–coated products. Thus, the formation of highly pollutant 
leachate by water infiltration through waste deposits is inevitable. The control of a 
landfill site and effective appropriate treatment has a high–priority importance for the 
present and future environmental conditions. 

The most popular method to reduce the pollution from landfill leachates is reverse 
osmosis (RO). RO systems were developed in 1950 in USA for water desalination. These 
systems use a semipermeable membrane to remove ions, molecules and larger particles 
from solution (Busch et al 2010; Šír et al., 2012). These are effective, but have several 
disadvantages, for example, become clogged often and produce a limited amount of 
water per day. The RO filter system management is quite expensive and it is predicted 
that the amount of global landfill wastewaters will increase in the future; therefore, it is 
necessary to apply cost effective and alternative wastewater treatment methods such as 
coagulation and biofiltration. Certainly, advantages and disadvantages depend on the 
untreated water quality and requirements for treated water quality before it can be 
released into the environment.

The aim of this research was to evaluate environmental pollution risk and to 
demonstrate one of the wastewater management schemes to reduce pollution level with 
cost effective approaches like coagulation and biofiltration. The proposed technological 
approach was tested on wastes from a landfill where fiberglass and inorganic material is 
traditionally deposited.

MATERIALS AND METHODS

Sample collection
Wastewater samples (storm water after the direct contact with fiberglass waste) 

were collected from a landfill in Latvia in plastic carboys (50 mL–2 L) stored in a 
refrigerator (2 °C to 5 °C) after transport and analysed within 24 h for their chemical 
characteristics. 

After field inspection there were six types (Table 1) of fiberglass solid wastes, 
based on the difference on its structure, hardness and thickness. All types were collected 
in plastic bags and stored at room temperature (RT) before experiments.
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Table 1. Description of fiberglass samples

Sample Picture of fiberglass Description
1. White, hard, dense, long threads with glass 

capsules

2. Yellow, hard, dense, long threads

3. Light yellow, soft fibre, short threads

4. Yellow, hard, dense, long threads, similar to glass 
with fluffy surface

5. Natural white, soft fibre, short threads

6. Light white, hard, dense, very long threads, similar 
to fabric yarn

Experimental setup
In this study, the management scheme for wastewater from landfill of inorganic 

fiberglass was developed via: field inspection, sampling on the field, contaminant 
migration tests, coagulation tests, biodegradation tests, development of 
recommendations for waste management on the landfill.
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Contaminants migration tests
To determine the contact time required to extract the maximum amount of 

contamination from the fiberglass samples and its migration into the water phase 200 g
of fiberglass samples were soaked in 2 L of water (10% w v-1) and kept for 24 hours at 
dark (RT = 21 ± 2 °C) in reservoirs with headspace. Six type of collected fiberglass were 
used to determine the amount of contamination from different type of fiberglass samples. 
Subsamples were taken for analysis after 48 h (Table 2).

To prepare average artificial wastewater fiberglass sample were homogenised 
trough the mixing in equal amount fiberglass, an average sample were soaked in tap 
water (10% w v-1) and kept for 24 hours.

Coagulation or Jar tests
Standard Jar tests (Phipps & Bird PB–900 Six Paddle) were used to investigate the 

removal of the organic matter. Aliquots (2 L) of sample were dosed with 3 stock 
solutions of coagulant (aluminium sulphate, iron chloride, bentonite). Samples were 
refrigerated prior to coagulation Jar testing, which was undertaken at room temperature 
(21 °C) and involved a 1 min rapid mix at 313 rpm, a 30 min slow mix at 41 rpm and 1 h
sedimentation period. The pH was adjusted before the coagulation using concentrated 
hydrochloric acid and 10 M sodium hydroxide. At the end of the sedimentation period 
subsamples were taken for analysis (Table 2).

Biodegradation tests
The biodegradation kinetic tests were performed by the manometric methods

(Jouanneau et al., 2014) for BOD determination using the OxiTop® IS 12 system 
(WTW, Germany). The samples were incubated for 5 days at 20 ± 1 °C (incubator) in 
510 mL nominal volume brown bottles closed tightly with the OxiTop® measuring head 
and placed at the stirring platform. The results were expressed as mg O2 L-1 and this 
allowed to investigate the BOD removal efficiency.

Analysis of wastewater samples
All analyses were conducted according to the standard methods (Table 2).
Total organic carbon 

(TOC) measurements were 
performed with Primacs 
MCS TOC analyser 
(Scalar, Netherland) based 
on high temperature and 
acidification of sample and 
by the difference of the total 
carbon and inorganic 
carbon measurement. Each 
sample was tested in 
duplicate and the mean 
values were calculated (CV 
≤ 2%). 

Table 2. Water quality analytical methods

Parameter Reference
Total Organic Carbon LVS EN 1484:2000
Chemical Oxygen Demand LVS ISO 6060:1989
Biological Oxygen Demand
Total Nitrogen
Total Phosphorus

LVS EN 1899–2:1998
LVS EN ISO 11905–1:1998
LVS 6878:2005 (part 7)

Metals LVS ISO 17294–2:2016
pH LVS EN ISO 10523:2012
Dissolved oxygen LVS EN ISO 5814:2013
Turbidity LVS EN ISO 7027–2002
Conductivity LVS EN 27888:1993
Elements LVS EN ISO 17294–2:2016

Total organic carbon (TOC)measurements were performed with Primacs MCS 
TOC analyser (Scalar, Netherland) based on high temperature and acidification of 
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sample and by the difference of the total carbon and inorganic carbon measurement. 
Each sample was tested in duplicate and the mean values were calculated (CV ≤ 2%).

Determination of concentration of Total Nitrogen (TN) and Total Phosphorus (TP) 
were performed with UV–Vis spectrophotometer M501 (Camspec, UK) after sample 
mineralisation.

Electrical conductivity (EC), pH, RedOx potential and dissolved oxygen were 
determined using Multi 340i SET B (WTW, Germany).

Turbidity was measured using the turbidimeter HACH 2100 P (HACH, USA).
Elements (boron (B), sodium (Na) and zinc (Zn)) concentrations were determined 

by Agilent 7700x ICP–MS (Inductively Coupled Plasma Mass Spectrometer, USA) 
using Nitric acid (69.0%, Trace Select) to preserve the samples.

Z–potential was determined using Zetasizer Nano ZS90 (Malvern, UK). The 
samples were taken for measurements of Z–potential at different pH level. Each sample 
was analysed at least 15 times and the arithmetic mean and standard deviation was 
calculated. Measurements were made at 20 °C. Analysis of control solutions was 
performed with each series of samples to evaluate the accuracy of the results.

Several repetitions of each sample (n = 3) were analysed to check the 
reproducibility of each method.

RESULTS AND DISCUSSION
In this study, the management scheme for wastewater from landfill of inorganic 

fiberglass was developed thought various laboratory scale tests.

Field inspection
Landfill under study can be divided into old organic and intermediate inorganic 

wastes sectors. If the organic waste sector is fully managed, thus inorganic wastes are 
located on a field without drainage and treatment system. 

About 80% of wastes in inorganic sector are fiberglass, and other 20% form rubber 
tires, plastic, metal, textile and organic wastes, including wood. 

Sampling on the field was performed in 3 sampling points. Sample points can be 
characterised as water ditches or pits on different landfill sites, where storm water after 
contact with wastes on landfill was collected. Results of the analysis of wastewater 
samples collected on the field showed that pollution risk is high (Table 3).

Table 3. Results of chemical characterization of samples from the field

1. 2. 3.
pH 10.2 ± 0.1 9.2 ± 0.1 8.84 ± 0.1
EC, µS cm-1 2,100 ± 21 2,030 ± 40 1,783 ± 35
COD, mg L-1 2,580 ± 258 153 ± 13 200 ± 19
BOD5, mg L-1 1,491 ± 218 40 ± 3 12 ± 1
TN, mg L-1 149 ± 12 5.41 ± 0.43 17.7 ± 1.8
TP, mg L-1 10.6 ± 0.5 0.24 ± 0.02 9.62 ± 0.98
B, mg L-1 102 ± 10 46 ± 3 199 ± 16
Na, mg L-1 13,452 ± 1,345 397 ± 27 2,694 ± 215

COD maximum was 2,580 ± 258 mg L-1, BOD5 1,491 ± 218 mg L-1, total nitrogen 
149 ± 12 mg L-1 and total phosphorus 10.6 ± 0.5 mg L-1. Due to the fact that main 
industries using the landfill are linked with glass and fiberglass production, boron and 
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sodium concentrations were evaluated primarily (EPA Report 815–R–08–012, 2008). 
Presence of high amount of boron was determined 102 ± 10 mg L-1. With respect to the 
industry specifics (fiberglass processing), presence of elevated concentrations of other 
metals (especially Ni and Cr) might be regarded as an environmental risk a problem 
(Modin et al., 2011). According to the results, less than half of the organic substances 
are biodegradable (Table 3), indicating the need to combine various treatment methods, 
e.g. biological treatment with coagulation or other physicochemical methods.

The wastewater formed at the landfill can be compared with industrial wastewater 
that has strict management requirements. Difference between the results can be 
explained with the following remarks after field inspection: (I) the waste is located on 
an area without drainage system; (II) therefore, the collection of a representative sample 
was difficult. According to Brennan et al. (2017) inorganic waste on landfills are more 
biodegradable during the first 10 years.

After that, laboratory–scale experiments with collected fiberglass solid wastes for 
conventional coagulation and biodegradation tests have been performed.

Migration tests
The goal of the migration tests was to evaluate the pollution level from various 

fibreglass waste types. The results showed that the migration of contamination occurred 
already after 15 minutes, the peak was reached after 3 h and did not change significantly 
during the next 48 h. A tap water was used as a blank sample and a correction was made 
to calculate the contamination level for analysis (Table 4).

Table 4. Results of chemical characterization of samples after 24 h of contact time of fiberglass 
and water (n = 1)

Sample* pH
EC, 
µS cm-1 NTU

TOC,
mg L-1

B,
mg L-1

Na,
mg L-1

Zn,
mg L-1

Blank 7.39 451 0.88 7.4 0.003 9.60 0.025
1. 10.98 649 143 34.5 0.006 152.00 5.320
2. 6.94 514 61.2 25.8 0.243 10.30 0.077
3. 7.55 535 6.60 23.6 0.373 10.50 0.050
4. 7.55 504 16.9 26.7 0.101 9.76 0.033
5. 11.97 1,620 299 79.5 0.032 730.00 7.430
6. 7.56 544 16.7 25.6 0.584 20.40 0.214
*Sample identification according to Table 1.

Results of samples after 24 h contact of fiberglass and water showed that pH 
increased in the water and reached 10.98 and 11.97 in samples No. 1 and 5 after 
24 h contact time. Turbidity level increased up to 143 and 299 NTU, respectively. The 
conductivity level increased to 1,620 µS cm-1 only in the solutions with sample No. 5. 
As a result of the migration process, a solution containing several elements is obtained 
(Table 4). Higher concentrations of boron were found in samples No. 6 (0.584 mg L-1), 
3 (0.373 mg L-1) and 2 (0.243 mg L-1), sodium – in sample No. 5 (20.40 mg L-1), and 
zinc – in sample No. 5 (7.430 mg L-1) and 1 (5.320 mg L-1). According to results, there 
are two samples that have significant influence on the environment (No. 1 and 5). If it is 
not possible to sort the waste, homogenisation (e.g. mixing in equal amount) of all 
fiberglass waste is recommended for the treatment plant to obtain average leached 
wastewater from the field.
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To determine the stability of the fiberglass solutions, measurements of Z–potential 
at different pH level were performed for average artificial wastewater solutions (Fig. 1).

Figure 1. Changes of Z–potential in solution at different pH level.

Usually pH has a significant effect on Z–potential and indicates that coagulation 
process is active and agglomeration of contaminants and coagulant is performed. The 
results showed that the Z–potential ranged from -20.2 to -25.8 mV with pH of 3.99 to 
10.02. This means that the solution contains a suspension whose balance does not change 
with changing environmental conditions, thus the optimisation of coagulation to increase 
efficiency by using the pH control is impossible.

Coagulation tests
To evaluate the potential of coagulation for removal of the fiberglass pollution, 

three coagulants were tested on average artificial wastewater solutions: aluminium 
sulphate; iron chloride and bentonite.

The results with aluminium sulphate showed that pH of the solution decreased from 
5.17 to 4.45, but the EC of the solution increased from 686 to 828 µS cm-1 with an 
increase in coagulant dose from 35 mg Al L-1 to 60 mg Al L-1, respectively. TOC 
removal was not effective (24%). The boron concentration in the initial solution was 
3.50 ± 0.35 mg L-1 and ranged from 2.90 ± 0.29 to 2.83 ± 0.28 mg L-1 in samples after 
coagulation. Z–potential in the initial solution was -17.50 ± 5.08 mV and increased to 
1.27 ± 4.33 mV with alum dose of 35 mg Al L-1 and reached a maximum of 
5.81 ± 3.03 mV at alum dose of 60 mg Al L-1. The maximum removal of TOC 
concentration was only 30% after coagulation with alum dose 35 mg Al L-1 and pH 5. 
After coagulation with 55 mg Al L-1 coagulant doses, the maximum turbidity reduction 
(2.59 NTU) was observed (Fig. 2). No changes in element concentrations at different 
coagulant doses and pH level were observed.

Similar tendency was observed with iron coagulant. The pH decreased from 9.55 
to 6.48 and the EC of the solutions increased from 685 to 1,030 µS cm-1 with increase in 
coagulant dose from 35 mg Fe L-1 to 60 mg Fe L-1. TOC removal was not effective (only 
20%). Removal of elements was not observed. Z–potential ranged from -7.72 ± 5.72 mV 
in the initial solution to 2.75 ± 5.28 mV and 2.28 ± 3.92 mV at various Fe doses. The 
lowest turbidity was obtained at a coagulant dose of 60 mg Fe L-1 (4.68 NTU) and the 
same dose at pH 5 (8.91 NTU) (Fig. 2).
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Bentonite was chosen as natural and low cost coagulant. It demonstrated the 
maximum reduction of turbidity (97%) and TOC (71%) at the dose of 1,050 mg L-1 and 
pH 5 (Fig. 2). Unfortunately, element concentrations in solutions before and after 
coagulation did not change (including coagulation with aluminium and iron) or slightly 
increased boron by 0.4% and sodium by 20% after coagulation with bentonite. This 
observation can be explained by the fact that bentonite coagulants are clays containing 
natural hydrated aluminium silicates, in which some magnesium and iron atoms replace 
aluminium and silicon atoms. Due to the inefficient coagulation process, overall 
concentration of elements in wastewater sample and added coagulant solutions can 
increase. At the same time bentonite coagulant showed significantly higher efficiency 
on the removal of organic and colloidal particles.

Figure 2. Changes of turbidity level during the coagulation process with alum, iron and bentonite 
coagulants (to compare process efficiency the volume concentration of coagulants was used in 
this graph).

Approximately 90% of hydrophobic contaminants can be removed by coagulation 
(Hu et al., 2016; Bu et al., 2019) due to the solubility (hydrophobic is less soluble) and 
stronger interaction with metal coagulant (hydrophobic fractions form stable metal –
organic complex) (Sharp et al., 2006; Ghernaout, 2014). Wastewater formed after 
fiberglass contact with water contains high concentrations of organic matter, metals and 
elements. Main component of fiberglass is the silicon that form complex compounds 
with metals, resulting in low efficiency of surface discharge (e.g. coagulation).

Biodegradation tests
The aim of the experiments was to estimate the degradation rate of BOD in pre–

treated wastewater samples. BOD kinetic tests were performed with an untreated and 6 
pre–treated samples after coagulation: (1) IN (pH 10.63); (2) 35 mg Al L-1 (pH 6.75); (3) 
35 mg Al L-1 (pH 5.40); (4) 35 mg Fe L-1 (pH 9.37); (5) 35 mg Fe L-1 (pH 5.20); (6) 
1,050 mg of Bentonite L-1 (pH 10.35); (7) 1,050 mg of Bentonite L-1 (pH 5.42).

Fig. 3 shows the removal efficiencies after pre–treatment with three different 
coagulant types at the best pH level.
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Figure 3. BOD removal through 5 incubation days for pre–treated samples after coagulation.

After the pre–treatment, among three coagulants, iron chloride at pH 5.20 showed 
the highest removal of BOD – 36%, the concentration reduced from 131 mg L-1 to 
83 mg L-1. Similar result was observed with the bentonite coagulant at pH 10.35, 34% 
BOD removal was achieved. The aluminium sulphate coagulant showed the lowest BOD 
removal efficiency – 26%. The average BOD removal after coagulation process can be 
estimated at about 30% (not effective).

The results showed that the COD value in the initial (IN) fiberglass solution was 
635 ± 64 mg L-1 and the biodegradable fraction was only 20%. In the pre–treated 
samples after coagulation, the COD concentration decreased to 346 mg L–1 with 35 mg 
Al L-1, 279 mg L-1 – with 35 mg Fe L-1 and 299 mg L-1 – with 1,050 mg Bentonite L-1. 
The biodegradable fraction was 31%, 30% and 38% respectively.

The efficiency of biological treatment depends on the type of substrate 
(hydrophobicity/hydrophilicity, concentration of contaminants), the age of landfill and 
continuous biological activity (Costa et al., 2019). BOD can be calculated from the 
decrease of the dissolved oxygen concentration that is proportional to the initial 
biodegradable substrate concentration. (Pitman et al., 2015). Biological treatment 
processes usually remove about 70–90% of BOD (Peng, 2017), thus, increasing water 
stability. To avoid bacterial regrowth after wastewater treatment, the threshold value for 
the BOD5 is set to ≤ 25 mg L-1, however, the effluent limit values for WWTPs with 
pollution load less than 2,000 population equivalent (PE) are not regulated by these 
requirements (Council Directive 91/271/EEC, 1991).

Approximately 30% of organic contaminants can be removed by biodegradation 
(Table 5).
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Taking into account the 
maximum process efficiencies, 
obtained during the laboratory 
tests, it can be concluded that by 
coagulation about 40% of 
organic compounds and 90% of 
colloidal particles can be 
removed. Element concentrations 
were  not  significantly   affected. 

Table 5. Efficiency of used methods

Coagulant
Coagulation 
stage

Biological 
treatment

Total efficiency 
of contaminant 
removal, %

Alum 46% 31% 77%
Iron 56% 30% 86%
Bentonite 53% 38% 91%
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Existing rules (Council Directive 91/271/EEC, 1991) set that the BOD and COD 
should be reduced by 50–70% and 50–75%, respectively (for pollution load 200–2,000 
PE). Laboratory experiments have shown that combination of chemical coagulation and 
biological purification can reduce organic matter and turbidity according to the rule 
requirements (Table 5). However, these methods were not effective to reduce metals 
concentration and boron. Therefore, further purification with activated carbon or 
biosorption technologies can be recommended.

CONCLUSIONS

Management scheme, developed during this study is based on the field survey and 
laboratory scale tests and include two main steps:

1) Provide a waste sorting process and suitable drainage system for landfills that 
provide collection of one type wastewater in the receiving chamber (avoiding different 
consistency of wastewater mixing). The volume of the receiving chamber should provide 
well homogenisation of wastewater contaminants in this volume.

2) Plan for two–stage treatment: coagulation/sedimentation with bentonite and 
biological treatment (aerobic). The dose of coagulant (bentonite) is about 1,000 mg L-1

without changing the pH of the water. Both active sludge reactors and biofilter can be 
used for biological purification, but effective separation of phosphorus and nitrogen must 
be ensured.

To provide efficient separation of metals and other specific chemicals, e.g., boron, 
post–treatment with filtration system (ex. activated carbon or biosorbent) are necessary.

ACKNOWLEDGEMENTS. This work has been supported by the INTERREG Baltic Sea region 
program project BEST (Better Efficiency for Industrial Sewage Treatment, #R054). We thank 
the Llc ZAOO and Landfill Daibe for providing test site and materials.

REFERENCES

Ærtebjerg, G., Andersen, J.H. & Hansen, O.S. 2003. Nutrients and Eutrophication in Danish 
Marine Waters. A Challenge for Science and Management. National Environmental 
Research Institute. 126 pp.

Brennan, R., Clifford, E., Morrison, L., Healy, M.G. & Devroedt, C. 2017. Treatment of landfill 
leachate in municipal wastewater treatment plants and impacts on effluent ammonium 
concentrations. Journal of Enviromental Management 188, 64–72.

Bu, F., Gao, B., Yue, Q., Shen, X. & Wang, W. 2019. Characterization of dissolved organic 
matter and membrane fouling in coagulation-ultrafiltration process treating micro-polluted 
surface water. Journal of Enviromental Sciences 75, 318–324.

Busch, J., Ahrens, L., Sturm, R. & Ebinghaus, R. 2010. Polyfluoroalkyl compounds in landfill 
leachates. Enviromental Pollution 158(5), 1467–1471.

Coaffee, J. 2008. Risk, resilience, and environmentally sustainable cities. Energy Policy 36, 
4633–4638.

Collier, M.J., Nedovic-Budic, Z., Aerts, J., Connop, S., Foley, D., Foley, K., Newport, D., 
McQuaid, S., Slaev, A. & Verburg, P. 2013. Transitioning to resilience and sustainability 
in urban communities. Cities 32(1), S21–S28.

Costa, A.M., Alfaia, R.G.S.M. & Campos, J.C. 2019. Landfill leachate treatment in Brazil – An 
overview. Journal of Enviromental Management 232, 110–116.

Council Directive 91/271/EEC of 21 May 1991 concerning urban wastewater treatment.



1226

EPA Report 815-R-08-012. Regulatory Determinations Support Document for Selected 
Contaminants from the Second Drinking Water Contaminant Candidate List (CCL 2). Part 
II: CCL 2 Contaminants Undergoing Regulatory Determination. (2008).

FEVE News Corner (accessed in 10.05.2017). Glass recycling hits 73% in the EU. Retrieved 
from FEVE: http://feve.org/glass-recycling-hits-73-eu/

Fuller, B.S. 2013. The Precautionary Principle in Marine Environmental Law, 320 pp. 
https://doi.org/10.4324/9780203765715

Ghernaout, D. 2014. The hydrophilic/hydrophobic ratio vs. dissolved organics removal by 
coagulation – A review. Journal of King Saud University - Science 26(3), 169–180.

Heiriyanto, Pahlevani, F. & Sahajwalla, V. 2018. From waste glass to building materials – An 
innovative sustainable solution for waste glass. Journal of Cleaner Production 191, 
192–206.

Hu, H., Ding, L., Geng, J., Huang, H., Xu, K. & Ren, H. 2016. Effect of coagulation on dissolved 
organic nitrogen (DON) bioavailability in municipal wastewater effluents. Journal of 
Enviromental Chemical Engineering 4(2), 2536–2544.

Jouanneau, S., Recoules, L., Durand, M.J., Boukabache, A., Picot, V., Primault, Y., Lakel, A., 
Sengelin, M., Barillon, B. & Thouand, G. 2014. Methods for assessing biochemical oxygen 
demand (BOD): a review. Water Research 49, 62–82.

LVS 6878:2005 (part 7). Water quality. Determination of phosphorus. Ammonium molybdate 
spectrometric method.

LVS EN 1484:2000. Water analysis. Guidelines for the determination of total organic carbon 
(TOC) and dissolved organic carbon (DOC).

LVS EN 1899–2:1998. Water quality. Determination of biochemical oxygen demand after n days 
(BODn). Part 2: Method for undiluted samples (modificated ISO 5815:1989).

LVS EN 27888:1993. Water Quality. Determination of Electrical Conductivity.
LVS EN ISO 10523:2012. Water quality. Determination of pH.
LVS EN ISO 11905–1:1998. Water quality. Determination of nitrogen. Part 1: Method using 

oxidative digestion with peroxodisulfate.
LVS EN ISO 5814:2013. Water quality. Determination of dissolved oxygen. Electrochemical 

probe method.
LVS EN ISO 7027–2002. Water quality. Determination of turbidity. Part 1: Quantitative 

methods.
LVS ISO 17294–2:2016. Water quality. Application of inductively coupled plasma mass 

spectrometry (ICP-MS). Part 2: Determination of selected elements including uranium 
isotopes.

LVS ISO 6060:1989. Water quality. Determination of the chemical oxygen demand.
Modin, H., Persson, K.M., Andersson, A. & van Praagh, M. 2011. Removal of metals from 

landfill leachate by sorption to activated carbon, bone meal and iron fines. Journal of 
Hazardous Materials 189(3), 749–754.

Peng, Y. 2017. Perspectives on technology for landfill leachate treatment. Arabian Journal of 
Chemistry 10(2), S2567–S2574.

Pitman, K., Raud, M. & Kikas, T. 2015. Biochemical oxygen demand sensor arrays. Agronomy 
Research 13(2), 382–395.

Sharp, E.L., Jarvis, P., Parsons, S.A. & Jefferson, B. 2006. Impact of fractional character on the 
coagulation of NOM. Colloids and Surfaces A: Physicochemical and Engineering Aspects 
286(1–3), 104–111.

Šír, M., Podhola, M., Patočka, T., Honzajkov , Z., Kocurek, P., Kubal, M. & Kuraš, M. 2012. 
The effect of humic acids on the reverse osmosis treatment of hazardous landfill leachate. 
Journal of Hazardous Materials 207–208, 86–90.


