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Abstract

Contaminations carried by effluents from communal waste dumps are a serious thre-
at to underground waters. The effluents may contain solutes washed away by precipita-
tion and also organic and mineral substances that arise during anaerobic and aerobic wa-
ste decomposition. Aside of substances that are known to be harmful to the human health
(heavy metals), the effluents may contain a large number of common elements which are
not regarded harmful at natural concentrations. In effluents from “young” dumps, where
the waste undergoes acidic fermentation mainly, calcium concentration may exceed
3,000 mg-dm™ and that of magnesium reach 1,500 mg-dm3. Effluents from “old” dumps,
where methane fermentation dominates, most often contain up to 400 mg-dm™ of calcium
and 200 mg-dm3 magnesium.

The aim of the work was to elucidtyate the character and dynamics of changes in
concentration of the elements studied in effluents from a municipal waste dump at Masli-
ce near the city of Wroctaw, and in underground waters of the adjacent land. Deposition
of waste in this area began in the late 1960s. The ground conditions provide for an easy
contact between underground water and dumped waste, and transport of the washed-out
pollutants. Only part of the dump has sealing and drainage that conducts the effluents to
a reservoir, where samples for this study were taken. At the turn of 1999 and 2000 the
utilization of the dump was terminated and its reclamation began. Thus, the slopes of the
refuse heap were fortified with reinforced ground, the cap sealed with synthetic-mineral
material, and from the side of underground water inflow a shield was made (in 2002) that
reached down to the impermeable ground layer in order to stop the inflowing waters. In
2004 the reservoir for effluents was filled in.

The results, presented in this report, on the content of calcium and magnesium in
underground waters flowing into the dump did not show any other extra contamination.
In dump effluents the relations between calcium and magnesium concentration remained
on similar levels. Like for other dumps, in the first years of study calcium concentration
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prevailed, whereas effluents from older dumps contained greater amounts of magnesium.
Increased contents of calcium and magnesium in underground waters flowing under the
unsealed part of the dump indicated at continuous inflow of contaminations, that were not
eliminated by the technical means applied during reclamation of the installation. Variations
in the properties of waters flowing out of the dump depended mainly on the composition
of the inflowing waters (max. concentrations occurred concurrently) and the amount of
contaminants emitted into the ground from the dump (relations between mean contents
of calcium and magnesium varied in them like in the dump effluents).

Key words: municipal waste dump, underground waters, dump effluents, calcium, mag-
nesium.

WAPN I MAGNEZ W WODACH PODZIEMNYCH NA TERENACH OTACZAJACYCH
SKEADOWISKO ODPADOW KOMUNALNYCH

Abstrakt

Zanieczyszczenia przenoszone przez odcieki ze sktadowisk odpadéw komunalnych sa
powaznym zagrozeniem dla wod podziemnych. Moga zawiera¢ substancje rozpuszczone, wy-
mywane przez opady atmosferyczne, a takze substancje organiczne i mineralne powstajace
w trakcie beztlenowego rozkltadu odpadéw. Oprocz substancji uznawanych za szkodliwe dla
Srodowiska (jak np. metale cigzkie), odcieki moga zawieraé¢ duze iloSci pierwiastkow wyste-
pujacych powszechnie w przyrodzie, ktore w naturalnych stezeniach nie sg uznawane za nie-
bezpieczne. W odciekach z ,mlodych” sktadowisk, na ktérych odpady podlegaja glownie pro-
cesom fermentacji kwasnej, stezenie wapnia moze przekraczaé¢ 3000 mg-m3, a magnezu
dochodzié¢ do 1500 mg-dm3. Odcieki ze ,starych” sktadowisk, z dominacja proceséw fermenta-
¢ji metanowej, najczesciej zawieraja do 400 mg-dm= wapnia i do 200 mg-dm= magnezu.

Celem pracy bylo wykazanie charakteru i dynamiki zmian stezen badanych pierwiast-
kow w odciekach ze sktadowiska odpadow komunalnych ,Maslice” we Wroctawiu oraz w wo-
dach podziemnych terenow przylegtych. Deponowanie odpadéw na tym terenie rozpoczeto
pod koniec lat szescdziesigtych XX wieku. Warunki gruntowe utatwiajg kontakt wod pod-
ziemnych ze sktadowanymi odpadami oraz transport wymywanych zanieczyszczen. Tylko
cze$¢ sktadowiska ma uszczelnienie i drenaz odprowadzajacy odcieki do zbiornika, z ktore-
go pobierano proby do badan. Na przetomie lat 1999-2000 zakoriczono eksploatacje sktado-
wiska 1 rozpoczeto jego rekultywacje. W ramach tego procesu wzmocniono zbocza hatdy
odpadéw gruntem zbrojonym, czasze uszczelniono materialem syntetyczno-mineralnym, aod
strony doptywu wod podziemnych (w 2002 r.) wykonano ekran siegajacy do warstwy nie-
przepuszczalnej, majacy zatrzymywac doptywajace wody podziemne. W 2004 r. zasypano
zbiornik na odcieki.

Analizujgc zawartosci wapnia i magnezu w wodach podziemnych doptywajacych do skia-
dowiska, nie wykazano innego Zrodta zanieczyszczenia. W odciekach sktadowiskowych pro-
porcje miedzy stezeniami wapnia i magnezu utrzymywaly sie na zblizonym poziomie. Po-
dobnie jak na innych sktadowiskach, w pierwszych latach badan wykazano wieksze stezenia
wapnia, odcieki z dtuzej sktadowanych odpadéw zawieraly wigksze iloSci magnezu. Podwyz-
szone zawartoSci wapnia i magnezu w wodach podziemnych przeptywajacych pod nie-
uszczelniong czescia skladowiska wskazywaly na ciagly doptyw zanieczyszczer, nie zahamo-
wany przez zabiegi techniczne zastosowane w trakcie rekultywacji obiektu. Zmiany wtasci-
wosci wod odptywajacych za sktadowiskiem zalezaty glownie od sktadu wod doptywajacych do
obiektu (maksymalne stezenia wystapily w podobnym czasie) oraz iloSci zanieczyszczen emi-
towanych do podltoza ze ztoza odpadéw (proporcje miedzy Srednimi zawartoSciami wapnia i ma-
gnezu zmienialy sie w nich podobnie jak w odciekach ze sktadowiska).

Stowa kluczowe: skitadowisko odpadéw komunalnych, wody podziemne, odcieki
sktadowiskowe, wapn, magnez.



393

INTRODUCTION

Calcium and magnesium are two elements which are chemically similar
and common in the environment. In underground waters calcium concen-
trations do not usually exceed 100 mg-dm™, and those of magnesium
50 mg-dm™3. The ratio Ca/Mg in slightly mineralized waters has most often
the value 2-6 (Macroszczyk, DoBRzYNSKI 2002).

Contaminations carried by effluents from communal waste dumps are
a serious danger to underground waters. They can contain solutes washed
away by atmospheric precipitation, and also organic and mineral substances
that are produced in aerobic decomposition of waste. The greatest amounts
of contaminants are found in effluents that appear during the first few years
of dumping. With oncoming stabilization of the decomposition processes, con-
centrations of most contaminants in effluents decrease. Aside of substances
known to be harmful to the environment (e.g., heavy metals), effluents may
contain large amounts of elements commonly occurring in nature, which
are regarded not dangerous at natural concentrations. In effluents from
“young” dumps, where the waste undergoes acidic fermentation mainly, cal-
cium concentrations may exceed 3,000 mg-dm and that of magnesium up
to 1,500 mg-dm3. Effluents from “old” dumps, where methane fermentation
dominates, most often contain up to 400 mg-dm™ calcium and 200 mg-dm3
magnesium (THORNTON et al. 2005, PapapoPopuLOU et al. 2007).

The aim of the work was to find out the character and dynamics
of changes in concentrations of the elements studied in effluents from a com-
munal waste dump at Maslice near Wroctaw and in underground waters in
its vicinity.

MATERIAL AND METHODS

The investigations were carried out in the area around the communal
waste dump at Maslice near Wroctaw. Dumping of waste on this spot began
in the late 1960s, utilizing for that purpose an excavation (of 7 ha area) that
remained after sand exploitation. The ground under the dump is formed of
sand-gravel formations, and the underground water surface is found at 1-2
m above the dump bottom. Such conditions facilitate contact between un-
derground waters and the dumped waste, and transport of washed-out con-
taminants. The direction of underground water flow is from south-west to
north-east towards the Odra river (SzymaNska-PuLikowska 2001). Only part of
the dump has sealing and drainage that directs the effluents to a reservoir,
where the study samples were taken. At the turn of 1999-2000 the dump
exploitation was terminated and its reclamation started. Consequently, the
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slopes of the refuse heap were fortified with reinforced ground, the cap
sealed with synthetic-mineral material, and from the side of underground
water inflow a shield was made (in 2002) that reached down to the imper-
meable ground layer in order to stop the inflowing waters. In 2004 the
reservoir for effluents was filled in (SzymaNska-PuLikowska 2005).

The paper presents the results of research on the content of calcium
and magnesium in underground waters flowing into the dump, in dump ef-
fluents and in underground waters flowing out of the dump. The investiga-
tion was conduced in 1995-2007, while the investigations on the dump efflu-
ents were terminated when the reservoir was filled in. The samples were
taken 3 times a year — the effluents from the reservoir and underground
waters from four piezometers localized on the inflow (2) and outflow sides
(2). Before sampling the water stagnant in the piezometric well was pumped
out twice. Calcium and magnesium contents in the samples taken were de-
termined according to methods described in the literature (NAMIESNIK et al.
1998, HErMaNowiIcz et al. 1999). Statistical analysis of the results was con-
ducted using the Statistica 7.1 program.

RESULTS AND DISCUSSION

Table 1 presents the characteristic values (mean, standard deviation,
variance coefficient) and mean calcium to magnesium ratios of concentra-
tion in successive years of investigation on underground waters flowing into
the dump.

Calcium content in the samples assayed exhibited great variation, being
in the range 4.803-154.3 mg-dm™ and with maximum in the years 1998-
-2000. Magnesium contents varied similarly, the mean being in the range
6.683-87.20 mg-dm™ and culminating in 1998-2000. Large differentiation was
also shown by the relation between mean calcium and magnesium concen-
trations (from 0.435 to 7.260), exceeding slightly the range determined for
natural conditions. In spite of the large variation, the contents of calcium
and magnesium observed in waters flowing into the dump did not diverge
(aside of 1998-2000) from values that were regarded natural (MACIOSZCZYK,
DogrzyNskr 2002).

Table 2 shows the characteristic values (mean, standard deviation, vari-
ance coefficient) and means calcium to magnesium ratios of concentrations
in successive years of investigation on the dump effluents at Maslice (the
years 1995-2003, without 1998).

The highest values occurred in the beginning of the study period in
1995. The effluents then contained, on average, 480.7 mg-dm™ calcium and
280.0 mg-dm™ magnesium. In the successive years the concentrations did
not reach such high values. Since 2000 the mean contents of both elements
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Table 1
Characteristic values and mean calcium to magnesium ratios
in waters coming to the dump

Years 1 (mg-dm3) Ca/Mg 0 v (%)
Ca 35.58 16.71 46.95

1995 3.881
Mg 9.167 2.251 24.56
Ca 31.58 17.13 54.24

1996 4.725
Mg 6.683 3.543 53.01
Ca 79.13 47.21 59.66

1997 7.260
Mg 10.90 7.034 64.54
Ca 129.9 39.58 30.48

1998 1.881
Mg 69.05 73.53 106.5
Ca 117.8 76.92 65.33

1999 1.351
Mg 87.20 91.01 1044
Ca 154.3 55.53 36.00

2000 6.674
Mg 23.12 28.47 123.1
Ca 55.83 22.60 40.47

2001 1.794
Mg 31.12 43.37 139.3
Ca 38.57 30.55 79.21

2002 4.838
Mg 7.973 6.905 86.60
Ca 18.22 13.98 76.73

2003 2.240
Mg 8.133 4.955 60.92
Ca 19.57 14.42 73.68

2004 2.082
Mg 9.400 6.232 66.30
Ca 4.803 2.854 59.43

2005 0.435
Mg 11.05 7.656 69.29
Ca 74.98 73.71 98.30

2006 4.403
Mg 17.03 18.00 105.7
Ca 77.38 44.30 57.25

2007 3.726
Mg 20.77 10.59 51.00

Explanations: # — mean, 0 — standard deviation, v — variance coefficient

systematically decreased, which may indicate a depletion of the “resources”
accumulated in the dump. Studies conducted on Dyer Boulevard Landfill
(Florida, USA) found that effluent samples (taken after dump closure) con-
tained 176.13 mg-dm™= Ca and 53.75 mg-dm™ Mg (StaToM et al. 2004) —
values only slightly higher than those for the Maslice dump after closure.
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Table 2
Characteristic values and mean calcium to magnesium ratios in dump run-offs

Years 1 (mg-dm3) Ca/Mg 0 v (%)
Ca 480.7 160.1 33.29

1995 1.717
Mg 280.0 20.00 7.143
Ca 131.7 100.1 75.99

1996 1.289
Mg 102.2 76.24 74.59
Ca 117.8 40.51 34.38

1997 1.758
Mg 67.00 24.62 36.75
Ca 121.1 130.6 107.9

1999 0.590
Mg 205.3 15.14 7.375
Ca 137.1 49.81 36.32

2000 1.023
Mg 134.6 95.02 70.57
Ca 93.33 11.55 12.37

2001 1.150
Mg 81.17 52.98 65.27
Ca 66.43 16.99 25.57

2002 0.840
Mg 79.00 40.95 51.84
Ca 60.67 44.76 73.78

2003 0.851
Mg 71.33 44.24 62.02

Explanations: # — mean, 0 — standard deviation, v — variance coefficient

Relations between calcium and magnesium concentration in the dump
effluents varied from 0.590 to 1.758, departing markedly form the values
found in waters flowing to the dump. During all the study period the values
observed showed large variation. In the first years of the study calcium
concentrations prevailed. After the dump closure the concentrations of both
the elements reached a similar level, with magnesium concentration even
starting to prevail. This tendency could be confirmed by the research done
by WiLLiams (2002). He reported that effluents arising in the phase of acidic
fermentation may contain 270-6240 (151 on average) mg Ca-dm™ and 25-
-820 (384 on average) mg Mg-dm™; whereas concentration ranges for the
phase of methane fermentation are: 20-501 (151 on average) mg Ca-dm™
and 40-1580 (250 on average) mg Mg-dm™. A similar trend in the changes
of calcium and magnesium concentrations in dump effluents was shown in
an investigation conducted on a dump in Sierakéw (MELLER et al. 2001). The
highest concentrations of calcium and magnesium were found in effluents
from the youngest quarter of the dump, with calcium concentration prevail-
ing. Effluents from older quarters contained concentrations of the elements
that were several times lower, with magnesium concentration prevailing.
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Table 3 shows the characteristic values (mean, standard deviation, vari-
ance coefficient) and ratio of mean concentrations of calcium and magnesi-
um in successive years of research on underground waters flowing out of the
dump. Contents of calcium and magnesium were markedly higher than those
in waters flowing into the dump, with large variance. Mean calcium concen-

Table 3
Characteristic values and mean calcium to magnesium ratios
in waters flowing from the dump

Years 1 (mg-dm3) Ca/Mg 0 v (%)
Ca 177.0 37.26 21.06

1995 5.836
Mg 30.33 7.250 23.90
Ca 122.6 72.15 58.86

1996 8.212
Mg 14.93 3.000 20.10
Ca 201.1 84.05 41.79

1997 4.428
Mg 45.42 29.38 64.70
Ca 254.8 96.43 37.85

1998 0.879
Mg 290.0 171.5 59.15
Ca 415.7 106.6 25.64

1999 1.488
Mg 279.3 78.28 28.03
Ca 624.3 205.3 32.86

2000 3.315
Mg 188.3 179.9 95.54
Ca 422.5 293.5 69.46

2001 2.809
Mg 150.4 73.86 49.10
Ca 156.4 79.24 50.67

2002 1.185
Mg 132.0 23.26 17.62
Ca 204.8 166.0 81.11

2003 1.476
Mg 138.8 34.46 24.84
Ca 212.9 141.9 66.64

2004 1.476
Mg 144.2 49.18 34.11
Ca 49.61 33.53 67.59

2005 0.404
Mg 122.8 70.72 57.61
Ca 293.9 271.8 92.50

2006 3.016
Mg 97.43 62.71 64.50
Ca 118.4 72.15 60.95

2007 1.611
Mg 73.48 61.19 83.27

Explanations: # — mean, 0 — standard deviation, v — variance coefficient
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trations were from 49.61 to 624.3 mgldm™, and those of magnesium 14.93
to 290.0 mgidm™3. The highest contents of the elements discussed occurred
in underground waters flowing out of the dump in the years 1998-2001. At
the beginning of the study period (1995-1997) in the waters analyzed calci-
um prevailed, in later years the prevalence was not so distinct. A high and
distinct differentiation in concentrations of the elements was also noticed in
studies on a dump in Radiowo (Pacaura, Kopa 2001). Underground waters
around the dump contained from 68.25 to 329.75 mg Ca-dm™, and from
14.02 to 193.87 mg Mg-dm™3. Similar results were obtained in investigations
in the vicinity of an unsealed communal dump in Gazipur (Delhi). Under-
ground waters contained from 43 to 447 mg Ca-dm™ and up to 220 mg
Mg-dm3 (Mor et al. 2006). On the other hand, investigation of underground
waters from dug wells near a communal waste dump situated in the Green
Region of Poland (Taratas 2001) showed lower calcium concentrations
(73.4 mg-dm™ on average) and that of magnesium (34.1 mg-dm™ on aver-
age), with high variations.

Increased contents of calcium and magnesium in underground waters
under the unsealed part of the communal waste dump indicated a continu-
ous inflow of contaminants, not eliminated by the technical means applied
during the reclamation of the site. Changes in the composition of waters
flowing out of the dump depended mainly on two factors: composition
of incoming waters (max. concentrations occurred concurrently) and contam-
inants emitted into the ground from the dump (relations between mean
contents of calcium and magnesium varied in them like in effluents from
the dump).

CONCLUSIONS

1. Calcium and magnesium contents in underground waters flowing out
of the dump did not indicate other sources of contamination.

2. In spite of the variation in mean concentrations of calcium and magne-
sium in the dump effluents in the successive years of study, relations be-
tween contents of the elements remained at a similar level (the ratio Ca/Mg
was from 0.590 to 1.758). Like in other dumps, in the first years of study
calcium concentrations prevailed, whereas effluents from old dumps con-
tained more magnesium.

3. The content of calcium and magnesium in underground waters flow-
ing out of dump depended on both quality of incoming waters and composi-
tion of effluents to the ground.
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