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Municipal solid waste leachate treatment from Cr 
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Abstract – Sanitary landfilling nowadays is the most common way for elimination of the municipal solid waste. Generation of polluted leachate presents significant variations of its volume and chemical composition changes in the time. In this case a very significant step is to choose the leachate treatment method or methods which are effective and economically justified. Usually there are many problems – volume and concentration of leachate are very different for each landfill. The result is that there is no common leachate treatment solution. This paper is a review of peat as sorbent investigations for Cr sorption and real landfill leachate treatments with peat sorbent. 

The results present the peat to be a very good sorbent of heavy metals. Efficiency of sorption for various metals is different. Peat as sorbent in leachate treatment cannot be the main method of treatment since in this case leachate treatment becomes more expensive than other methods, however the peat is a very good material for extra leachate treatment till definite concentrations. 
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I. Introduction
Nowadays one of the parameters of social welfare is the produced amount of waste. Due to developing economical situation in the world within the last decades also production of municipal and hazardous waste has increased rapidly. Waste management depends on the legislation and waste management infrastructure in each country. In any case there are always problems with waste deposition and directly with leachate.  

The most important problems with designing and maintaining a sanitary landfill is managing the leachate that is generated when water passes through the waste body. Depending on the type of waste deposited and the age of landfill, the leachate may be relatively harmless or extremely toxic. Generally leachate has a high chemical oxygen demand and high concentrations of organic carbon, nitrogen, chloride and phenols. Many other chemicals may be present, including pesticides, solvents, and heavy metals [1]. 

The problem with leachate treatment involves its composition changes in terms of strength, biodegradability, and toxicity as the wastes in the landfill age over time. Leachate produced in young landfills is usually high-strength wastewaters, characterized by low pH, high BOD5 and COD values, as well as by presence of several hazardous compounds. However leachate from old landfill mainly contains refractory organic compounds and high concentration of ammonium, which constitute an environmental problem due to its fertilizing and toxic effects [2]. Leachate quality depends of many factors e.g. type of waste, waste composition, precipitation, season, landfill age etc. The main methods for leachate treatment are biological, chemical, physical and thermal processes [3,4,5,6].

In Latvia work with implementation of modern waste management system was started in middle nineties of the 20th century. Up to date the system is sufficiently well developed, especially in landfill field. Till year 2012 in Latvia is planning to build 10-12 municipal solid waste sanitary landfills.

II.  Materials and methods

Leachate

Leachate used in this study was collected from the municipal solid waste landfill Krizevnieki (Latvia) in 4 different places (Fig. 1):

1 – Waste cell;

2 – Leachate basin;

3 – Leachate pumping well;

4 – Ditch (for analyses after RO).
Landfill has been in operation since 01.01.2008. Landfill area - 5.4 ha. Till the end of 2009, 6.7% of total landfill volume was filled. Deposited waste volume 35500 m3, waste density 1286 kg/m3. Composition of deposited waste:

Non sorted municipal solid waste – 85.9%;

Waste of construction materials  – 8.0%;
Street cleaning waste – 2.95%;

Biodegradable organic waste – 2.55%;

Others – 0.6%.

During the first year of landfill operation a huge amount of construction materials was deposited. It has an extremely large impact on the leachate composition. Leachate treatment facility – reverse osmosis (RO) the disc-tube-module (DT-module). The calculated leachate volume – 12 000 m3/year.  

[image: image1.jpg]6005000

73T6WAE0NE

SEKCIJA™ V=

v

e Y

.
Y

i
i

PR, - TE7500603524
o
v T - % e
. ] 4 R
e SEKCIA IV
- %
¥ P R
v -
8 . 3
:
’ L 4
> 4
¥
.
_I.
6006032

1- waste cell

2- leachate basin
3 - leachate pumping well

4 - ditch (after RO)

A ——
50 m




Fig. 1. 
Municipal solid waste landfill Krizevnieki 

 Peat

Peat is an accumulation of partially decayed vegetation matter. Peat deposits are found in many places around the world, notably in Ireland, Russia, Belarus, Ukraine, Finland, Lithuania, Latvia, Estonia, Scotland, Poland, northern Germany etc.

Peat is an effective medium for the removal of dissolved metal pollutants. The mechanism of binding the metal ion to peat remains a controversial area with ion exchange, complexation, and surface adsorption being the prevalent theories. Peat has a high cation exchange capacity [7]. Peat contains polar functional groups such as aldehydes, ketones, acids and phenolics. These groups can be involved in the bonding of chemicals and are responsible for the cation exchange capacity of the peat [8, 9]. In the ion exchange, the ions of heavy metal change with the H+ from the peat, which will result in a decrease of pH in solution. In the adsorption processes of heavy metals onto peat, the ion exchange between the ions of metals and H+ causes a decrease of pH in solution, which will increase solubility of fulvic acid and result in increase of chemical oxygen demand (COD) and colour in the effluent [10]. 

The total area of peatlands in Latvia is 698,918 ha representing 10.7% of country surface area. Peat reserves are more than 1.5 thousand million t or approximately 0.5 % of the global peat resources. The variety is a characteristic feature of Latvian peat reserves. It represents all types and different characteristic of peat. Peat media have a surface area of 1.006 m2/kg, and a total pore volume 2.738 x 10-5 m3/kg.

 Experimental procedure

Municipal solid waste landfill Krizevnieki leachate investigations were done between October 2009 and January 2010. 
For leachate treatment investigations with peat as sorbent, the peat from the peat bog Knava (East Latvia) was used. Peat was collected from the high type peat bog and investigated for heavy metals sorption from leachate. 

Adsorption isotherms. Cr solution was prepared in deionised water using analytical quality CrCl3.6H2O. 

One gram of dry peat was thoroughly mixed into 100 mL of 50 to 2200 mg/L (for Cr). The suspensions were shaken for 24 h at the temperature of 20±1 0C. 

Adsorption kinetics. Cr solution was prepared in deionised water using analytical quality CrCl3.6H2O. 

10 g of peat were thoroughly mixed with 500 mL of Cr solution in the reaction vessel at the temperature of 20±1 0C. Different initial concentrations (0.001 N and 0.01 N) of Cr were used in experiments. 1 mL samples were withdrawn at suitable time intervals during 24 h.

Static sorption for leachate. For investigations 10 g of dried and shredded peat was used. Leachate volume 500 mL. Sorption experiments were conducted at room temperature (20±1 0C) on orbital shaker at 150 rpm, contact time – 24 h. 

Dynamic sorption in filtration column for leachate. In each experiment 500 mL of leachate were used. Parameters of column: 

Height of sorbent (peat), H = 0.05 m;

Diameter, D = 0.06 m;

Leachate level above sorbent, h = 0.01 m;

Sorbent weight, m = 0.01 kg.

Leachate researches were done according EN ISO 15587-1:2002 “Water quality - Digestion for the determination of selected elements in water - Part 1: Aqua regia digestion”. 

Concentrations of heavy metals in the solutions were determined with an inductively coupled plasma optical emission spectrometer (ICP OES) Perken Elmer OPTIMA 2100 DV. The pH values of the solutions were determined using a pH meter. Analytical grade reagents were used in all cases.

Analysis was performed using A class vessels, calibrated measuring instruments and equipment. All samples were analysed in triplicate. Metal removal data from the equilibrium batch sorption experiments was applied to the adsorption isotherm model, according to Langmuir. 

III. Results and discussion

 Leachate 

Table 1 presents concentrations of main parameters, which characterise the landfill leachate. All these data are obtained from the landfill monitoring. Data shows that all parameters are typical for a young landfill. It means that concentrations of all the parameters experience very sharp changes in the timescale. Concentrations increase during the observed period for COD from 370 mg/L in 2008 to 3570 mg/L in 2009. The same situation is with electrical conductivity (EC), results changes from 4650 to 12083 µS/cm. 
Table 1.        
Leachate composition (monitoring data)

	Param.
	Unit of measure
	26.06.08
	08.10.08
	23.12.08
	01.10.09

	COD
	mg/L
	370
	820
	2130
	3570

	pH
	
	8.05
	8.5
	7.92
	7.43

	EC
	µS/cm
	4650
	9400
	10290
	12083

	BOD5
	mg/L
	10.2
	8.1
	10.4
	18.9

	Ntot.
	mg/L
	262
	621
	720
	505

	Ptot.
	mg/L
	2.9
	5.45
	6.2
	10.4

	Cl-
	mg/L
	753
	1550
	1550
	2750

	SO42-
	mg/L
	 
	86.8
	104
	654


For leachate BOD5 is very low, varying from 8.1 to 18.9 mg/L, which is non-typical for young landfill leachate. The reason of this can be landfill management, where concentrate from RO returns back to waste cell. In this case values of COD increased due to organic matters are not degraded but over the left were concentrated. It will constitute a huge problem for landfill managing company in the future since at present there is no even gas collection system. 
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Fig. 2. 
Heavy metals in leachate 

For more details the landfill Krizevnieki leachate investigations were analyzed as to concentration of heavy metals in four different places (before and after RO). The results are evident (Fig. 2) that RO is not right enough for some heavy metals treatment, e.g. concentration of Zn, Pb and Mo after leachate treatment in RO decreased very little from 1.26 to 1.07, 1.16 to 1.14, 0.72 to 0.44 mg/L, respectively. 
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Fig. 3. 
Ca and Mg concentration in leachate 

According to literature data for RO values of the rejection coefficient referred to COD parameter and heavy metals concentrations higher than 98 and 99%, respectively [6]. In these investigations it was not found, e.g. for Ca (Fig. 3) values of the rejection coefficient  is only 92%, for Cd (Fig. 2) – 87.5%, Cr – 80%, Cu – 45%, Zn – 15% etc. It means that existing RO equipment is not eligible for the landfill leachate treatment or else equipment service or managing is inadequate. 

Adsorption kinetics 

Adsorption kinetics for Cr+3 was analyzed at initial concentrations 0.001 and 0.01 N (Fig. 4 and 5). 
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Fig. 4. 
Cr+3 adsorption kinetics for ions concentration 0.001N
During the first hour 10 samples were taken. The first sample in the first minute and adsorbed has 54.4% of Cr+3. Very intensive sorption processes was running up to 50 minutes. During the first hour 74% of Cr+3 was adsorbed. The maximum adsorption was during the 12th hour with adsorption efficiency 86% (Fig. 4). 
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Fig. 5. 
Cr+3 adsorption kinetics for ions concentration 0.01N
For Cr+3 concentration 0.01 N (Fig. 5) during the first hour 10 samples were taken, during the first minute 2.49% of analysed metal ions were adsorbed. During the first hour 18% of Cr+3 was adsorbed. The maximum of adsorption is during the 20th hour with adsorption efficiency 78%. 
Adsorption process passes very quickly at lower concentration (0.001 N) of Cr+3. 
Adsorption isotherms 

In analyses the initial concentrations of Cr+3 solutions are from 50 mg/L to 2200 mg/L. As shown in Fig. 6, the absolute number of ions adsorbed per gram of peat are from 5 mg/g to 136 mg/g.
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Fig. 6. 
Cr+3 adsorption isotherm 
The adsorption isotherm of Cr3+ on peat demonstrates the level of sorption capacity of the Knavas peat, which is 13 mg/g. 
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Fig. 7. 
Equilibrium liquid phase concentrations for Cr+3 and changes of Ca, Mg and Fe 

Analyzes of Ca, Mg and Fe changes (Fig. 7) show that sorption processes have a good correlation between Cr+3 sorption and increasing of Ca, Mg and Fe ion concentration into solution. It means that sorption reactions proceed through the ion exchange mechanism. Ca is a metal which comes into solution in bigger concentrations as Mg and Fe. 

Leachate treatment in the filtration column 

For leachate treatment in the filtration column leachate from leachate pumping well (Fig. 1) and peat from Knavu peat bog were used.
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Fig. 8. 
Leachate treatment from metal elements in filtration column 
Investigations of heavy metals sorption onto peat show (Fig. 8) that number of heavy metals is very quickly removed from leachate and adsorption capacity was not reached. 
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Fig. 9. 
Leachate treatment from heavy metals in filtration column 
Such metals as Cd, Co, Ni, Pb, Sb and Tl were fully adsorbed. The final concentration thereof was under ICP OES detection level. In this investigation the adsorption capacity for peat was reached only for Li where after 500 mL leachate its concentration increased again. 

Concentrations of Ca, Mg and Fe in solution increased (Fig. 9). It means that one part of sorption processes onto peat is a ion exchange e.g. Mg, Ca and Fe concentrations increased from 295 to 1678, from 327 to 791 and from 14 to 340 mg/L, respectively. 

Leachate treatment in static conditions

For leachate treatment investigation in static conditions leachate from waste cell (Fig. 1) and peat from Knavu peat bog were used. Analyses were done after 1, 30 and 1440 minutes.
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Fig. 10. 
Leachate treatment from metal elements in static conditions 
Fig. 10 shows that for such metals as Cd, Co, Ni and Pb only its concentrations in leachate were detected. Already after the 1st minute of leachate analyses these metals were not found in them. Very good sorption results were for Cr, Mn, Sb and Sr within the time period up to 30 minutes, however during 24 hours period concentrations for these elements increased from 1.62 to 1.82, from 0.75 to 0.79, from 2.8 to 5.79 and from 1.37 to 1.38 mg/L, respectively. 
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Fig. 11. 
Leachate treatment from heavy metals in static conditions 
In static conditions for Ca, Mg and Fe situation was practically similar to that of the filtration column. Concentrations of these metals during the 1st minute increased with a very high speed (Fig. 11) for Ca from 305.25 to 1098 mg/L, for Mg from 255.95 to 1913 mg/L and for Fe from 12.52 to 46.5 mg/L. It shows that during the first stage of sorption process one of the main sorption form is the ion exchange and especially it is characteristic directly for landfill leachate, where there is very high mixture of different pollutants in different forms. 

After 30 and 1440 minutes situation in sorption process changes and concentrations for Ca, Mg and Fe are decreasing in comparison with the first minute. After 24 hours concentrations of Ca, Mg and Fe in solution are 696.9, 119.3 and 22.78 mg/L, respectively. It shows that there were changes in sorption processes and for these metals this stage was a desorption period.
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Fig. 12. 
Effect of contact time on Cr adsorption in static conditions

Efficiency of Cr adsorption onto peat in leachate (Fig. 12) shows that the main sorption process is made during the first 2 hours. After this very fast adsorption process a desorption process begins. In the real leachate sorption efficiency constitutes only 57%. It means that for the real leachate treatment equipment production evaluation of all the essential elements of sorption capacity is extremely important. 

Not in the least indication is required to what kind of leachate treatment method in particular landfill can take sorption onto peat. The investigations are evident that this method can be used only as an extra treatment method since otherwise operating expenses for enhancement of peat use are increased to a large extent.  

IV. Conclusion

Landfill leachate is a significant environment pollutant. Therefore correct management thereof is highly important. This is a problem for all the landfills. As being evident from investigations in landfill Krizevnieki, especially new landfills and leachate treatment operators without good experience encounter problems with the leachate treatment facilities. 

RO is one of the leachate treatment methods that concentrated pollutants and the further concentrate management is exerting big influence on the leachate quality if it is pumping back to the waste cell. The result is a very fast increase of concentrations of the parameters e.g. COD, Cl- and EC. 

The kinetic studies indicated that Cr (III) adsorption on the peat is very fast (within the first hour), while equilibrium is reached within 18 hours for theoretical studies. For real leachate treatment in static conditions contact time of peat and leachate cannot be longer than 2 hours since after this time desorption starts. 

Results with leachate investigations for heavy metals sorption onto peat are evident that Cd, Co, Ni and Pb will be very good treated from leachate in static and dynamic conditions. 

More effective sorption processes were detected for solutions with concentration of Cr+3 0.001 N.
Type of peat as well as the pH, ionic strength and metal concentration all have an effect on sorption. 
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