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Municipal sewage sludge from the wastewater treatment plant o f Thessaloniki was examined for leaching o f heavy metals using a standard leaching test and various extracting solutions. The parameters which affect leaching are: liquid to solid (L/S) ratio, contact time, pH, type o f leaching agents, and particle size. For most values o f L/S tested, the percentage o f leached amounts for the examined metals followed the order Cd > Zn > Pb > Fe > Mn. As pH decreased, metal concentrations measured in the leaehate increased. In general, EDTA showed the greatest mobilization ability, followed by NaOH, acid solutions (HCI, H3PO4), and water. Particle size distribution had negligible effect on Cd, Mn, and Pb leaching from sewage sludge. However, a decrease in the amount ofFe, Zn, and Cu leached was observed with increasing particle size. ¢]99s Else~e~ScienceLtd



INTRODUCTION



In recent years, the large increase in the quantity of sludge originating from water treatment processes has resulted in significant disposal problems. Two frequently used sludge disposal methods are dumping after the treatment process to sea or landfill, and reduction of sludge to ash before its disposal. Currently, the most widespread method for sludge disposal is landfilling, since ocean dumping has been entirely stopped (EPA 1983; 1984). When large quantities of municipal sludge are deposited for long periods, hazardous substances may be released in the landfill and may percolate through the soil layers and reach the groundwater (Vanni 1994; Cortes et al. 1992). Thus, in order to minimize health risks, it is important to know both the total content of hazardous substances and the chemical forms in which they are present in the sludge (Steinle 1993). Sewage sludge composition is essentially organic, although



measurable quantities of metals and other toxic materials, originating from industrial and commercial sources, can also be present (Van Voorneburg and van Veen 1993). There is an interest in following the fate of heavy metals in the environment because these elements continue to reach groundwaters (Jorgensen 1976; Berthet et al. 1989). Fatta et al. (1997) reported that contaminant metal concentrations in leachates from sewage sludge disposal were higher than those from representative refuse-only sites. Heavy metals were also considerably increased over background concentration levels and exceeded drinking water standards at different distances from the disposal area boundaries. Heavy metals in sludges are distributed between the liquid and solid phases, within adsorbed and exchangeable forms or incorporated in crystalline and amorphous solids. Metals may leach as aquo-ions or as 467
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complex species formed with organic and inorganic ligands (Lewin 1996; Angelidis and Gibbs 1989). Metal speciation is important, because its toxicity varies according to the chemical form of the metal (Campanella et al. 1987; Rudd et al. 1998). Total metal content is important in characterizing sewage sludge, but not sufficient in predicting sludge effect on plant growth or on ground water quality. The chemical association of metals in sludge greatly influences their release into the environment, as well as their bioavailability. There is a large body of evidence indicating that the contamination of groundwater through leaching of waste contaminants from land-disposed wastes is one of the most prevalent pathways by which toxic constituents migrate to the environment (Van der Sloot 1996). The distribution ratio of total metal content between the sludge and the water phase depends upon the chemical properties of the metal and of the physicochemical properties of the sludge. The latter, in turn, depends on the conditions employed in the sludge treatment process, such as pH, temperature, redox potential, presence and concentration of complexing or precipitating agents. Leaching tests are widely used for the assessment of the release of contaminants from different matrices and for the evaluation of the effects of landfill applications, e.g., leaching tests for waste materials, single extractions for soil and compost materials, and sequential extractions for sediments (Vanni et al. 1994; Fallman and Aurell 1996; Van der Sloot et al. 1996). In recent years, the discussion about test methods to assess the leaching behaviour of waste materials has entered a new phase as the urge to recycle and reuse waste materials is increasing. This policy of recycling and reuse of waste materials requires a better control over the undesirable release of contaminants into the environment. The release of contaminants from waste is influenced by a large number of physical (e.g., particle size, temperature, mode of contact with water, and porosity) and chemical (e.g., pH, redox, sorption properties, complexing agents, and reaction kinetics) parameters. A variety of test procedures are available to characterize materials with respect to their leaching behaviour. Each addresses certain aspects of leaching (Quevauviller et al. 1996). Worldwide, many different leaching tests have been developed to assess the release from waste materials under a variety of conditions (Environment Canada
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1990). In recent studies, the leaching data of different tests carried out on the same material have been compared (Van der Sloot et al. 1992). The lack of an appropriate test for a specific application leads local authorities to choose an inappropriate test, such as applying the EP-TOX test (EPA 1990) that uses acetic acid (municipal landfill scenario) for assessing a marine application of stabilized waste as an artificial reef (Parker et al. 1992). From a technical point of view, tests can be classified into those aimed at attaining equilibrium conditions at the end of the leaching experiment and those aimed at dynamic aspects of leaching (e.g., time-dependence). Another type of classification is the distinction of tests in relation to practice. In that context, tests can be classified as characterization tests aimed at understanding the leaching behaviour of materials, compliance tests, which are generally of much shorter duration and are aimed at a direct comparison with regulatory thresholds, and finally on-site verification tests. The latter distinction has been adopted in the draft Landfill Directive of the European Communities (EC), as proposed by the European Standardization Organization (CEN), as the basis for leach test development (EC 1997). Some of the most common regulatory leaching tests are: 1. In the U.S., the Toxicity Characteristic Leaching Procedure (TCLP 1990), which officially replaced the EP-toxicity, since 1990, was designed to determine the mobility of organic and inorganic contaminants in liquid, solid, and multiphased wastes. 2. The German Leach Test Procedure (DIN 38414 $4) was developed to assess leaching of sludge and sediments from water and wastewater treatment. The method is considered applicable to solids, pastes, and sludges. 3. The French Leach Test (X31-210) (AFNOR 1988) is restricted to solid residues. The pH is not controlled in the French procedure. The method is similar to the German procedure. 4. The Swiss Leach Test TVA (1988) is based on leaching under CO2 saturated conditions. The leach test is not considered the only criterion to decide about disposal of waste materials. 5. The Availability Test (NEN 7341) is aimed at assessing the fraction of the total mass potentially available for leaching under environmental conditions. This implies that the silicate matrix and poorly soluble mineral phases are not dissolved.
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6. The Column Test (NEN 7343) is considered to simulate the leaching behaviour of a waste material in the short, medium, and long term by relating the release expressed as mg/kg leached to the liquid to solid (L/S) ratio. 7. The pH Static Test is used to assess the influence of pH on the leaching of contaminants from waste by extracting waste at L/S = 5-10 for 24 h under pH-controlled conditions, using automated pH control equipment with NaOH or HNO3 addition. 8. The Compacted Granular Leach Test allows the measurement of the release from granular materials by diffusion. This method has been developed in relation to the judgement of stabilization processes, where the original waste needs to be evaluated in a similar manner as the solidified/stabilized waste. The EP-TOX, TCLP, DIN 38414 $4, X31-210, and TVA are typically compliance tests. The tests specified cover release as a function of L/S ratio (L/S in L/kg), the leaching potential and the influence of pH. On-site verification tests have not been proposed yet. These may be simple tests such as pH measurement, soluble salt content (conductivity), and loss on ignition. It is clear that all tests developed so far focus on a specific aspect of leaching, but cannot cover individually all aspects that need to be covered. A rational combination of existing procedures can deal with the complexity caused by the most relevant parameters influencing the release of contaminants through leaching. Existing regulatory tests are implied in the concise procedure. The objective of this work was to determine the leaching behaviour of heavy metals from sewage sludge, by means of a standardized procedure (Van der Sloot et al. 1984), as well as their mobilization potential by different organic and inorganic agents. The metals of interest were Pb, Cd, Zn, Cr, Cu, Fe, and Mn, and were selected because of their toxicity. Although disposal of the sewage sludge constitutes a serious environmental problem in Greece, there are not enough studies dealing with the leaching behaviour. Knowledge of the leaching behaviour may be important for several reasons, such as: 1) to assess the elemental leaching behaviour of sludge amended soil to devise environmentally and agronomically sound management practice; 2) to determine what proportion of the elements present in the residue can be removed by leaching; and,
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3) to determine what will be the behaviour of a dump of this material when exposed to external influences and how this will affect the environment in Northern Greece. MATERIALS AND METHODS



Samples of aerobic-stored sewage sludge were obtained from the municipal wastewater treatment plant in Thessaloniki (Greece). This plant is treating approximately 40 000 ma/d of municipal wastewaters by the activated sludge process. The produced sludge (25-30 Mg/d) is anterobically digested and filter press dewatered. After collection, sludge samples were ovendried at 105 ° and then homogenized by grinding and mixing. In some cases, following grinding and homogenization, sludge samples were passed through a series of sieves in order to determine their fractional size distribution. To determine the initial metal content of the sludge, 500 mg of dried sample was treated overnight with 20 mL HNO3 and 40 mL HCI at 110°C. The resulting solution was analyzed by Atomic Absorption Spectroscopy (AAS), using the standard addition technique. All measurements were carried out as triplicate runs. All reagents used were of analytical grade.



Leaching test The leaching test developed by van der Sloot et al. (1984) was used in the present study. Unlike existing methods, the present test aims at a close approximation of field conditions, so as to improve the prediction of possible environmental effects. The objective of the present work was to study the long-term leaching behaviour and determine the maximum quantity of the material leached out of the sewage sludge. Therefore, the cascade rather than the column leaching test was used. In the cascade test, the same quantity of solid residue is extracted a number of times with fresh leaching agent. An advantage over the column test is that, in special cases, the test may be performed on unbroken material and that high L/S ratios are reached in much shorter times. The test utilises a liquid to solid ratio from L/S = 5 to L/S = 100. For the leaching test, 4.5 L of distilled water was acidified with nitric acid to pH 4 and 0.5 L of this solution was stored, as a blank. Forty g of each sludge sample were placed in a 1 L polyethylene bottle and 0.8 L of the acidified water was added. The samples were shaken for 23 h, ensuring an intimate contact
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between liquid and solid. After filtration through a 0.45 lam membrane filter, the separated sludge was used for the next leaching test, in which it was extracted again for 23 h with fresh acidified water (pH = 4) at an L/S ratio of 40. The sludge was transferred, including the membrane filter, to the bottle for the next extraction. This saved the trouble of rinsing (or scratching) the ash from the filter. These extractions were repeated for a total of five times (L/S from 20 to 100). For L/S from 5 to 15, another run of experiments was done following the same procedure. All the leachates were separated from the sludge by vacuum filtration using a 0.45 pm Millipore filter. The filtered leachates were transferred to glass flasks, acidified with nitric acid to pH < 2, and stored prior to analysis. For the measurements, a Perkin-Elmer Model 2380 AAS, equipped with a graphite furnace HGA 400, was used. The heavy metals determined were lead, cadmium, zinc, copper, manganese, chromium, and iron, by employing standard methods o f analysis (APHA 1989). Leaching experiments as a function of time The leaching process was performed on 50 g o f sludge in Erlenmeyer flasks. Each sample was treated with deionized water and with four different extractants, namely, 0.01 M HC1, 0.01 M H3PO4, 0.01 M NaOH, and 0.01 M EDTA. The solution to sludge ratio was L/S = 10 (mL/g). The extraction process was carried out by shaking the mixture for different periods o f time (0.5, 1, 2, 3, 5, 24, and 48 h). The solution was then separated from the sludge by filtration, pH and specific conductivity were measured after collection. The solution was then analysed for heavy metals. pH effect To assess the effect o f pH on heavy metals leaching from sludge, experiments were conducted at different pH values. Fifty g of sludge was contacted with 500 mL of deionized water adjusted to the appropriate pH value with HC1 or NaOH solutions. Liquid samples were withdrawn at selected times and analyzed by AAS. RESULTS AND DISCUSSION Heavy metal content of the sludge The mean concentrations of heavy metals (Cd, Cr, Cu, Mn, Pb, Zn, and Fe) determined in sludge of the municipal wastewater treatment plant o f Thessaloniki are presented in Table 1.



Table 1. Averageheavy metal concentrations(dry weight) in the municipal sludge of Thessaloniki in mg/g. Concentration Element (mean+ standard deviation) Cd Pb Zn Cr Cu Mn Fe



1.52 + 0.5 98.8 + 17 961 ± 87 66.6 + 34 178 q- 52 238 + 21 6250 ± 93



The heavy metal content of the municipal sludge of Thessaloniki was similar to those of some other municipal sludges (Voutsa et al. 1996). Leaching test Cumulative percentages for a number o f elements leached out of the sludge in distilled water as a function of the L/S ratio used in the cascade test are presented in Fig. 1. In general, Cd showed the highest leachability and Mn the lowest. The percentage of leached amounts for the different metals follow the order Cd > Zn > Pb > Fe > Mn at L/S = 20. At L/S > 40, the leaching order is slightly modified (Fig. 1). If the results are expressed in terms of absolute mass leached out o f sludge, the leaching order is Fe > Zn > Mn > Pb > Cd (Fig. 2). This order is in general in agreement with the initial metal concentration in sludge (Table 1). The effect o f pH on leaching is presented in Fig. 3. The six metals studied exhibited an increase in the leachate concentration as the leachant pH was reduced from 11 to 2. It is evident from this figure that Cd exhibits the maximum % extractability in almost all pH values. The increase in the leachability o f all metals at lower pH levels can be attributed to an increase in the metal solubility under these conditions. Effect of leaching agents Batch experiments were also performed to simulate likely leaching conditions for heavy metals under various disposal scenarios of sewage sludge using different extracting solutions (Quevauviller et al. 1995). The EDTA solution was employed in order to simulate mobilization effects induced by competitive release equilibria which can take place between the sludge humic substances and the massive presence in domestic
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Liquid to Solid Ratio (L/S) Fig. 2. Cumulative mass leached from sludge as a function of L/S ratio.



wastewater of detergent and water softening agents contained in surfactants (Katzika and Kouimtzis 1990). Acid and alkaline solutions were used to simulate conditions which could occur during codisposal of acid and alkaline wastes.



The maximum value of % mobilization noticed for each agent at 48 h is given in Fig. 4. In general, EDTA showed the greater mobilization ability, followed by NaOH, and the acid solutions. Lead showed the greater tendency for leaching by EDTA, while Cr and Cu
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Fig. 4. Effect of leaching agents on heavy metal extractability. Leaching time: 48 h.



showed the smaller. Copper, iron, and zinc exhibited the greatest leachability by NaOH. With the exception of Cd, which showed the greatest leachability with the HC1, H3PO4, and 1-120, all other metals were leached at about the same percentage. This can be explained on the basis of Fig. 5, which shows approximately the same final pH values at a leaching time of 48 h for HC1, H3PO4, and 1-120.



Figure 6 represents the change of specific conductivity of the sludge extracts as a function ofleachingtime for the five leaching agents used. With the exception of NaOH, specific conductivity remained low (< 400 laS cm'~). In the case of NaOH, specific conductivity decreased from approximately 1000 to 500 ~tS cm~. This could be attributed to a decrease in O H concentration by 2.5 orders of magnitude, as shown in Fig. 5.



Heavy metal leaching t~om sewage sludge



473



14



12



10



='



"T" n



)( ¢ pH H20 --'I-" pH HCL '--~'-- pH NAOH ,X pH H3PO4 pH EDTA



4



0



!



0



10



20



I



(



30



40



50



TIME(hours)



Fig. 5. The pH values of the sludge extractants with different extracting solutions as a function of time.



1200 ¢ H20 --B-- HCL NAOH X H3PO4 )K EDTA



1000 ~



800 ~



-



600



o0



400



200 ~



)¢



0 0



10



20 30 TIME(hours)



40



50



Fig. 6. Specific conductivity of the sludge extracts with different extracting solutions as a function of time.



474



K. Fytianoset al.



V f~



0.1



¢ Cu ~ Z n l ~Cd X' Fe )1( Mn .-.O~Pb



.2= 0.01 U



E 0.001



0.0001 











>630



particle size (pm)



Fig. 7. Effect of particle size on heavy metal leaching from sewage sludge. Leaching time: 48 h.



1°I 1



X



X



X



_m



=



•



i



--4,--Cu --Ii--Zn --~mCd



0 O}



--



--~



~



W



0.1



- - X - - Fe )K Mn ~Pb



O=



E



0.01



0.001



!












size






>630



(pm)



Fig. 8. Heavy metal concentration of sewage sludge as a function of particle size (before leaching).



Effect of particle size of sludge The heavy metal leachability as a function of sludge particle size is presented in Fig. 7. There is no significant effect o f the particle size for leaching o f Cd,



Mn, and Pb. However, there is a decrease with increasing particle size, in the amount of Fe, Zn, and Cu leached, which indicates a higher concentration of these metals associated with the finer fractions of the sludge (Fig. 8).



Heavy metal leaching from sewage sludge



REFERENCES AFNOR (Association Francaise de Normalisation). Dechets: Essai de Lixiviation X 31-210. Paris: AFNOR; 1988. Angelidis, M.; Gibbs, R. Chemistry of metals in anaerobically treated sludges. Water Res. 23: 29-33; 1989. APHA (American Public Health Association); AWWA (American Water Works Association); WPCF (Water Pollution Control Federation). Standard methods for examination of water and wastewater. 17th ed. Washington, D.C.: American Public Health Association; 1989. Berthet, B.; Amiard, J.; Maillet, C.; Pelletier, J.; Lijklema, L. Fate of metals linked with sewage sludges or municipal refuses used as improvements in market gardening. Water Pollution Research and Control, Part 5. Oxford, UK: Pergamon/AWPRC; 1989: 1917-1920. Campanella, L.; Cardarelli, E.; Ferri, T.; Petronio, B.; Pupella, A. Evaluation of heavy metals speciation in an urban sludge. Sci. Total Environ. 61: 217-228; 1987. Cortes, A.; Tapias, J.; Foich, M.; Salgot, M. Wastewater sludge quality for agricultural purposes, a comparison. Fresenius Environ. Bull. 1: 262-267; 1992. DIN 38414 $4. German standard procedure for water, wastewater and sediment testing - Group S (sludge and sediment); Determination of leachability ($4). Berlin: Institut fOr Normung; 1984. EC (European Communities). Landfill directive of waste EC DG XI; 1997. Off. J. Eur. Communities C156, 40: 10-26; 1997. Environment Canada. Compendium of waste leaching tests. Environmental Protection Series, Report EPS 3/HA/7. Ontario, Canada: Environment Canada; 1990. EPA (Environmental Protection Agency). Toxicity test procedure (EP-TOX). Appendix II. Fed. Reg. 45(98): 33127-33128; 1980. EPA (Environmental Protection Agency). Land application of municipal sludge. EPA/625/1-83-016. Washington, DC: EPA; 1983. EPA (Environmental Protection Agency). Use and disposal of municipal wastewater sludge. EPA/626/10.84/003. Washington, DC: EPA; 1984. Fallman, A.; Aurell, B. Leaching tests for environmental assessment of inorganic substances in wastes, Sweden. Sci. Total Environ. 178: 71-84; 1996. Fatta, D.; Voscos, C.; Haralambous, A.; Loizidou, M. A study on the groundwater quality in the surroundings of landfill. J. Environ. Sci. Health A32: 2275-2287; 1997. Jorgensen, S. An ecological model for heavy metal contamination of crops and groundwater from sludge application. Ecol. Model. 2: 59-67; 1976. Katzika, A.; Kouimtzis, T. Examination and chemical treatment of industrial solid wastes for some land application. Sci. Total Environ. 91: 97-105; 1990. Lewin, K. Leaching tests for waste compliance and characterisation: Recent practical experiences. Sci. Total Environ. 178: 8594; 1996.



475



NEN 7341 (European Norms in The Netherlands). Determination of the availability for leaching from granular and monolithic construction materials and waste materials. Winter, J.A.,ed.; 1993. Available from: Asser Institute, Den Haag, Netherlands. NEN 7343. Determination of leaching from granular construction materials and wastes by means of a column test. Winter, LA.,ed.; 1994. Available from: Asser Institute, Den Haag, Netherlands. Parker, J.; Woodhead, P.; Duedall, I.; Carleton, H. Coal waste artificial reef plant. EPRI report CS 2574. 1992. Washington, DC: EPRI. Quevauviller, P.; Rauret, G.; Ure, A. Preparation of candidate certified reference materials for the quality control of EDTA and acetic acid-extractable trace metal determinations in sewage sludge amended soil and Terra Rossa soil. Microchim. Acta 120: 289-300; 1995. Quevauviller, P.; van der Sloot, H.; Muntau, H.; Rauret G. Conclusions of the workshop: Harmonization of leaching/extraction tests for environmental risk assessment Sci. Total Environ. 178: 133-139; 1996. Rudd, T.; Lake, D.; Mehrotra, I.; Lester, J. Characterisation of metal forms in sewage sludge. Sci. Total Environ. 74: 149-175; 1988. Steinle, E. Sludge treatment and disposal systems for rural areas in Germany. Water Sci. Technol. 27: 159-171; 1993. TCLP (Toxicity Characteristic Leaching Procedure). Fed. Reg. 51(114): 21685-21693; 1986. Fed. Reg. 261, 1990: 9842-9854. TVA (Bericht zum Entwurf fllr eine technische Verordnung fiber Abfalle). Bern, Switzerland: Departement Federal de I' Interieur; 1988. Van der Sloot, H., Piepers, O.; Kok, A. A standard leaching test for combustion residues. Energieonderzocek Centrum Nederland. Amsterdam: SOSUV; 1984. Van der Sloot, H. Developments in evaluating environmental impact from utilization of bulk inert wastes using laboratory leaching tests and field verification. Waste Manage. 16: 65-81; 1996. Van der Sloot, H.; Comans, R.; Hjelmar, O. Similarities in the leaching behaviour of trace contaminants from waste, construction materials and soils. Sci. Total Environ. 178:111-126; 1996. Van der Sloot, H.A.; Hoede, D.; Bonouvrie, P. Comparison of different regulatory leach test procedures for waste materials and construction materials. ECN-C-91-082. 1992. Available from: Netherlands Energy Research Foundation (ECN), PO Box 11755, ZG Petten, The Netherlands. Van Voorneburg, F.; van Veen, H. Treatment and disposal of municipal sludge in the Netherlands. J. IWEM 7:116-121; 1993. Vanni, A.; Gennaro, M.; P ~ l l i , G.; Liberatori, A. Leachability of heavy metals in municipal sludge particulate. Environ. Technol. 15: 71-78; 1994. Voutsa, D.; Zachariadis, G.; Samara, C.; Kouimtzis, T. Evaluation of the toxic content of sludges produced during the biological treatment of municipal and industrial waste waters. J. Environ. Sci. Health A 31(3): 657-671; 1996.
























×
Report "Leaching of heavy metals from municipal sewage sludge"





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Send

























Contact information


Joseph Rodriguez

 [email protected].


 Address: 


Tiptrans, Ste #29578,

Slevacska 476/2A,

Rumburk,

Ustecky / Usti nad Labem, 40801

Czech Republic






Helpful Links

	About Us
	Contact Us
	Copyright
	Privacy Policy
	Terms and Service
	FAQ
	Cookie Policy








Subscribe our weekly
Newsletter




Subscribe



















Copyright © 2024 C.COEK.INFO. All rights reserved.

	
	
	
	
	



























Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & close




