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1. INTRODUCTION

Landfills are among the most widely practiced methods for the disposal of municipal solid residues [1]. During this process, a complex mixture of liquid effluent, commonly called leachate, s generated by the precipitation and penetration of water into the mass of residues i fon [2]. Leachate is ized by high
concentrations of organic and inorganic compounds [3]. The contact of such a complex mixture with the surrounding water bodies, could lead to environmental alterations [4,5], thus it is considered as an environmental matter of concern. Different biotests have shown significant toxic effects of leachate in various organisms [2,4-5]. One of the known
parameters to affect leachate strength and toxic potency is the local rainfall regime, but little it is known about the way that happens, especially in semi-arid climatic conditions, such as the most of the Mediterranean countries [6]. Since the knowledge of leachate composition is necessary in order to manage the long-term impacts of a landfill[1], the
aim of the present study was to monitor leachate composition and toxic potency alterations with time and to what extent the local rainfall regime could mediate leachate strength and toxicity.

2. EXPERIMENTAL PROCEDURE

2.1 Landfill area characteristics and climatic data — -
The municipal landfill site of Aigeira (Peloponissos, Greece) has operated since 2006 and covers a total surface area of 48 ha (Fig.1). It is an active landfill, receiving urban wastes from o Statistical analysis |

three towns (total population ranged from 12003 to 55990 inhabitants in winter and summer months respectively). During the year 2011, the amount of waste disposed into the landfill - Data sets were checked for homogeneity of variance (Levene's test of equality of
ranged from 343 to a maximum of 1127 tonnes/month. Climatic data, in terms of rainfall and temperature, for the current area were kindly provided by the Hellenic National error variances) and the significant differences between parameters tested were
Meteorological Service (meteorological station in Velo, Korinthia, Greece). The mean temperature was ranged from 10°C (on January) to 29°C (on July and August), while there was a assessed by ANOVA (Bonferonni test, p<0.05, IBM SPSS 19 Inc. software package).
great fluctuation of rainfall, with maximum values in February (135.5 mm/month) and minimum values (0 mm/month) in June, August, November and December. During this period, there For the estimation of both LCso and ICsy endpoints, log-transformed values were
was a gradient decrease of leachate flowrate, with minimum values in August, October and December (Fig. 2A,B). analyzed by Probit analysis (p<0.05). The sensitivity of species to leachate toxic
potency was investigated non-parametrically with the use of Mann-Whitney u-test.
2.2 Leachate collection and handling z “ (p<0.05). Pearson rank correlation analysis (N=36, p<0.05) was performed, in order
Leachate samples were regularly collected every 2 months (6 sampling dates/periods, from February till December), from a single released sampling point of the landfill during the first m ﬁ to investigate significant relationships among rainfall data with all the leachate

five days of each month. Leachate's flowrate was daily measured, before the onset and after the end of the sampling period (0 and 5 days respectively, which means 6 measurements in physicochemical parameters tested. The obtained rainfall-related parameters were
all cases). Samples (at least 10 L) were collected in polyethylene containers and/or glass bottles sterilized by autoclaving (121°C, 20 min) and maintained under conditions with used in Principal Component Analysis (PCA), in order to evaluate potential
minimized exposure to oxygen. differences among them. The Factor Scores of the first two components extracted
were used for investigating possible seasonal differences among sampling

2.3 Chemical analysis of leachate samples dates/periods. Since PCA allows the reduction of the number of the parameters used

i i were ically monitored according to Standard Methods for the Examination of Waters and Wastewaters [7]. In the case of the BODS/COD and - - o : for further correlations, the parameters with the larger weights (in terms of absolute
BODs/ NH,-N ratio units, each unit was calculated from the respective value of each parameter observed from each different measurement (N=6 in each case). Concentrations of metals Figure 1. Municipal landfil site of Aigeira (Peloponissos, Greece). Values) for the PC1 were further used for investigating the relationships with the
were determined with the use of a Perkin Elmer AAnalyst 300 Atomic Absorption spectrometer (AAS), after digestion of the samples with HNO;. The metal analysis method was verified Leachate samples. toxicity values obtained in all species tested (Pearson rank correlation analysis,
with known concentrations of each metal tested (Pure Atomic Spectroscopy standards, purchased by Perkin Elmer Life and Analytical Sciences, USA). Values of each parameter tested P<0.05), (for further details see Pablos et al. [10]).

are mean * SD from 6 different measurements in each case.

24 Toxicity tests with the use of microbiotests and the microalgal Dunaliella tertiolecta R v
Leachate toxicity test were performed with the use of the Artemia franciscana and platyurus, as well as of the estuarine rotifer Brachionus plicatilis. All - JPe—
organisms were hatched from cysts derived from Screening Toxicity test supplied by MicroBio Tests Inc. (Artoxkit M™, Thamnotoxkit FT™ and Rotoxkit M™™ respectively). Toxicity tests s

were performed according to the Standard Operational Procedures, in terms of constant levels of pH, temp, sal and DO, The results, expressed as 24h LCsoendpoints (the percentage of
the leachate concentration that causes 50% of mortality in each species tested within a period time of 24h), are the mean % SD from 6 replicates in each case. Moreover, the observed

endpoints were transformed into toxic units (TU= 1/E(L)Cso X 100) and ranked into one of five classes according to Sprague and Ramsay [8]. Leachate inhibitory effects on the i o -
microalgal flagellate . tertiolecta (strain ) were investigated according to well-known protocols and guidelines [3]. Each experimental procedure was carried out in duplicate o p
and the results expressed as ICs (the percentage of the leachate concentration, % viv, that causes 50% of growth inhibition per day (24, 48 and 72h ICs)] are the mean  SD from 6 "
replicates.
5
3. RESULTS o
3.1 Physicochemical parameters and metal content in leachate samples dan o Mr Ap My i A Sep Ot Nov.Dee
pH and DO values measured in leachate samples showed slight variations throughout the year, while Sal, Cond, TDS, COD, NH-N, Cu, Cd, Cr, Pb and As showed seasonal alterations
throughout the year, with highest values in samples from October and December (Table 1A,B). In addition, CI, NOg, TN, NH-N, PO;*-P, P,05 and T-Ph levels measured in leachate Figure 2. Temperature data (A), as well as rainfall data and leachate flowrate (B) during the year 2011, including the sampling dates/periods (underlined).
samples showed a gradient increase throughout the year, with highest values in samples from October and December (Table 1A). On the other hand, SO, as well as TSS and VSS Values are the amount of rainfall data for each month, the accumulative amount of rainfall with time, the mean & SD temperature per month, as well as

measured in samples from October and/or December showed low values, compared to the previous months/periods. Similarly, both BODs/ NH-N and BODS/COD ratios showed a the mean 2 SD value of leachate flowrate estimated during sampling dates/perlods (before and within the first 5 days of each sampling date/period).

gradient decrease throughout the year, with lowest values in samples from October and December (Fig. 3A,B).
3.3 Significant relationship among leachate physi ical and
Pearson rank correlation analysis (N=36, p<0.05) showed that there was a strong negative correlation among the amount of rainfall obtained

Table 1. Physicochemical parameters (A) and metal periods. A BODS/COD throughout the year with the majority of leachate parameters measured in samples from each sampling date/period. Moreover, rainfall seemed to be
Tob Ao Jun g ot Dec 1 actg positively correlated with leachate flowrate, BODs, Mn as well as with the BOD5/COD and the BOD/ NH,-N ratios in each case (Table 2). PCA analysis
09 " resulted in a partial grouping of leachate parameters tested. Regarding seasonal differences among sampling datesiperiods, the scatter plot graph
A pH 825:0.05%0  8.38+0.020  874+0.04%IK  B67+0.06TM 819100055  8.11+0,0099Mkm 05 i conducted with the Factor Scores of the first two components extracted, showed a clear grouping among sampling dates/periods (Fig. 6).
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Cond(mSicm)  375:0.05%c%  395:0.049N  455:0.0190  5.91:0.0766mM 12,49:0.030m0  §.65:0,046i0 06 and NH,-N, PO, P,0; and As. Pearson rank correlation analysis, performed with those parameters, showed significant relationships among each of
8. them with the toxicity values obtained in all species tested. Leachate salinity was routinely normalized before executing toxicity tests and excluded
DO (ppm) 023002 0182002 0.28:0.02  0.18:0.029"  0.06:0.04%°9 0481013 §05 I for the aforementioned analysis. In specific, Cond, TDS, NOy-, TN and NH,-N values showed a significant negative correlation with 24h LCsy andior
04
DS (glL) 30260070 220500100 2414003004 3,0040.01c6™  6.9240.020%n  6.98:0,02¢i o 72h IC5o values observed in all species tested. Similarly, the BODs/ NH,-N ratio showed a significant positive correlation with 24h LCsy andlor 72h ICsp
88 17041549 16041265 35254607900 4933457.5%eN 101743430  1250:19.49 o dgi values observed in all species tested. COD, T-Ph, CI, PO;*-P and P,05 showed a significantly negative correlation with LCs, values obtained in T
Vss 13028439 15434104490 321803985 4B4sATO2bNN  182753543%  118.328.349 o i i ’l’e’:l?::e’:lsa?r‘:blﬂ; ;;)Imalms, as well as with 24h Cs; values obtained in D. tertiolecta, while As showed a negative correlation with B. plicatilis and D.
COD(glL) 22454010 25024036 2.110+0.008%0  2.692:0.24N  3810+0.28%M  6.040+0.390%si 0 . . . ’
ja jabed be d Fe A A De
BOD; (glL) 069:0.06°  1.925:0.78; 138820.33°  0.5250.02  1.170:0.02° 0.98420.41 @ Apr Jm  Aug Ot Dec Table 2. Correlation coefficient (Pearson test, p<0.05) rainfall (RF) data with each of the leachate parameters obtained during sampling dates/periods
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abe 4 ad b
cd 003001 0.04£001% - 0.1420.04 013£004  0.4740.06% 010::0.08 sampling dates/periods Table 3. Correlation coefficient (Pearson test, p<0.05) vainfall (RF) data with each of the leachate parameters obtained during sampling dates/periods
Hg 0.0010.00%¢  0.003£0.002*  0.006:0.00° 0.009+0.003%  0.008+0.004°  0.0070.005¢ (N=36)... Significant at the 0,05 level. *. Significant at the 0.01 level.
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ratio estimated from each parameter tested (BOD;, COD and
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All concentrations are given in mg/L. Values are mean + SD from 6 independent measurements in each case. Values with the same letter indicate indicate significant difference from each other (Bonferroni - - - - . - - - - - -
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3.2 Toxicity of leachate samples collected throughout the year

In all cases, leachates appeared to have toxic effects on all species tested, showing type- and time-dependent alterations. Leachate samples from October and December o \Sameing B BODJNH N
showed the highest toxicity in all species tested (Fig. 4A-D). Sensitivity of all species to leachate toxic effects, as obtained by the average LCs or ICso mean values from each . @ Fab 24hLCs Th 0320
species tested, was ranked as Thamnocephalus platyurus> Dunaliella tertiolecta> Brachionus plicatilis2 Artemia franciscana (Fig. 5). & o 24h LCsp At 0.528
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2 According to the results of the present study, leachate toxic potency showed species- and time-dependent alterations, thus reflecting changes of
) ) ) i ) i 0 ) its strength. The occurrence of seasonal alterations of leachate parameters, such as Cond, TDS, and N-derived parameters are significantly

d related with the observed toxic effects in all species tested, thus mdlca(mg the dele(erlous effects of leachate. Similar findings were also
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sanpling deealporiods sampling dates/periods Alterations of the were significantly related with the amount of rainfall thus the rainfall regime could affect leachate’s

Figure 4, Delernination of 24 h LCS0 in (3) Thamnocephlus platyurus, (5] Arfemia anciscan, (C) Brachionus Figure 5 Senalivity of specis teted, Values are e average of strength and toxic potency. Indeed, the low amount of rainfall could attenuate degradation process, while increased amount of rainfall could lead
pifais sndlor 72 G50 values in (D) unaisl trtolect sler exposur to feachate collected during samping LG50 or IC50 mean values. obtained by each foxcity test 1o intensive degradation of solid residues. The fact that during “wet” months the leachate i diluted and seems less polluted indicates that the
24hLC50 oy viY) +S0fam i while 72h et N A tecratcfasen [0 iate e el local rainfall regime could regulate the “age” of the leachate and its degree of stabilization and commonly indicated

1C50 values are mean + SD from 3 i (eac vas performed in duplicate). Values that share the same letter indicate significant difference by the BODs/NH,~N ratio, as well as its toxic potency. According to the latter, the estimation of a battery of leachate physicochemical parameters,
the same letter indi ignif f from ucl\ otlur(Bonftnvm test, p <0.05).. from each other (Mann-Whitney u-test, p < 0.05). such as Cond, TDS, NH4-N and the respective BODs/NH,-N ratio, could be used as a low-cost effective tool in order to estimate leachate strength

and toxicity, at least in the case of semi-arid areas, such as the most of the Mediterranean countries.
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