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Abstract. Non-compliant landfills present on intervals of time after the closure period pollutants
emissions that affect the environmental quality. It is, therefore, imperative to identify and study the
hazards induced by the emissions of the pollutants into the environment, representing an important
step in the environmental risk assessment. For a landfill site chosen as a case study, located in Bu-
charest, were conducted in situ and laboratory investigations which consisted of: drilling a number
of 6 wells for groundwater quality control, located in downstream, reported to the direction of the
groundwater flow; sampling and characterisation of the 24 soil samples from the unsaturated zone
and samples of the groundwater from the wells. A small stream that drains the area to the south to
the river Dambovita was also qualitatively analysed. The quality indicators analysed were consid-
ered representative of the activities carried out in the area of the landfill site, and the results were
correlated with lithologic elements identified in location. The results presented in this article led to
important conclusions: highlighting the hydraulic connections between surface and underground
water, where there are permanent exchanges, the pollutants emitted by the landfill are accumulated
mainly on this level.
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AIMS AND BACKGROUND

The aim of the research activities was to highlight the existing interrelations be-
tween the saturated and the unsaturated zones' situated in proximity of the waste
landfills, that has effectively stop the activity more than 22 years ago.

The ‘Giulesti Sarbi’ is a landfill located in the western part of Bucharest, at
an average distance of only 10 km from the city center. The landfill makes its
presence felt in a negative way, by degradation of the quality of the environmental
components, after a considerable period after closing of its activity. Furthermore,
facilities for the protection®?® of the environmental components do not exists.
Therefore, the percolating rainwater on the deposit*’, with an appreciable surface
estimated at 68 ha, conducts to formation of a leachate® taken over by a stream of

* For correspondence.
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the hydrographic networks tributary of the Dambovita river, located in proximity
of the landfill on the southern side’.

EXPERIMENTAL

Investigations carried out to establish the interrelations between the saturated and
the unsaturated zones consisted of:

— manual drillings of 6 wells for the groundwater control, set location in the
downstream position of ‘Giulesti Sarbi’ landfill, on the direction of groundwater
flow (this direction is from north to south) by the Dambovita river;

— sampling and geochemichal characterisation of 24 samples of the soil and
subsoil (from the unsaturated zone) up to intercept groundwater level,;

— sampling and characterisation of the underground water samples from all
6 wells;

— sampling and characterisation of the surface water samples from the natu-
ral emissary located near the landfill, which is in the hydraulic connections with
groundwater.

Once drilling was made the local lithology and the specific hydraulic charac-
teristics were identified. The lithological characteristics identified were: a topsoil
layer with thickness up to 0.30 m, as it is a layer of 0.6 to 1.0 m thickness, consisting
of sandy clay, brown-reddish colour and plastic in wet conditions. The behaviour
of this layer is semi-permeable. Then comes a layer with a thickness of 0.7 to 0.9
m, consisting of sandy-clay with fine to medium sands with a moderate perme-
ability. In this layer is quartered the ground water. It is of a slightly ascending, the
hydrostatic level located at 0.5 to 0.6 m below topographical level.

All the wells were placed in a geometric network (Fig. 1), the two alignments
are: SG1-SG3 in the upstream position and SG4—-SG6 in the downstream position.
Between wells was maintained an equal distance of about 30 m. At the moment
of the drillings were collected soil samples from levels: 0—-10 cm, 0.5 m, 1.5 m
and 2.0 m.

For all samples of the soil/subsoil were analysed the following quality indica-
tors: pH, sulphate, ammonium, the Kjeldahl nitrogen, chloride, nitrate, cadmium,
total chromium, copper, nickel, lead and zinc. For the groundwater samples were
determined in laboratory quality indicators: pH, BOD, ammonia, nitrites, phenols,
substances extractable with organic solvents, total chromium, copper, nickel, lead,
zinc, sulphur and hydrogen sulphide.

1609



‘Giulesti Sarbi’
waste disposal

SGS7

SGS/6 SGS/5 SGS/4
] [} [ ]

the Dambovita river

Fig. 1. Location of the sampling points

RESULTS AND DISCUSSION
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In the unsaturated zone the pores are filled partly with water and partly with air,
allowing phase co-existence at this level in solid, liquid and gas. The liquids ar-
rived, loaded or not with pollutants will go after a vertical component.

The results of the physicochemical determination of the unsaturated zone are

presented in Table 1.

Table 1. Results of physicochemical indicators determination

No Quality indicator Measure SGS1 SGS2 SGS3 SGS4 SGS5 SGS6
units
1 2 3 4 5 6 7 8 9
Depth level 0-10 cm
1 pH pH units 731 749 7.4 738 740 7.3
2 moisture content % 22.84 2635 26.1 2143 2203 2421
3 sulphates mg/kgds 269.93 139.26 144.06 114.09 109.31 246.47
4 ammonium mg/kg ds 1576 1226 10.01 11.84 14.37 19.45
5 the Kjeldahl nitrogen % ds 045 047 040 043 046 049
6 chlorides mg/kg ds 356.7 331.92 419.66 269.34 404.63  96.2
7 nitrate mg/kgds  144.17 110.77 143.06 119.71 182.43 150.94
8 cadmium mg/kg ds 028 070 082 042 0.17 0.14
9 total chromium mg/kg ds 12.06 1294 1253 6.00 10.66 10.60
10 copper mg/kg ds 15.06 14.06 13.77 7.12 999 12.75
11 nickel mg/kg ds 23.29 2727 2851 17.74 13.19 11.81
12 lead mg/kg ds 11.65 745 537 223 386 6.04
13 zinc mg/kg ds 43.84 4273 33.18 2347 20.25 36.23
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Continuation of Table 1

1 2 3 4 5 6 7 8 9
Depth level 0.5 m
1 pH pH units 790 724 743 732 764 7.61
2 moisture content % 25.74 2483 27.57 20.70 20.02 22.22
3 sulphates mg/kgds 133.57 153.14 154.46 175.56 278.75 250.20
4 ammonium mg/kg ds 1047 946 1231 1228 12.70 15.36
5 the Kjeldahl nitrogen% ds 041 046 036 040 044 046
6 chlorides mg/kgds  429.07 374.26 395.19 447.15 190.06 494.70
7 nitrate mg/kgds 129.41 114.23 133.63 114.01 123.48 116.05
8 cadmium mg/kg ds 0.14 083 057 0.14 0.15 0.10
9 total chromium mg/kg ds 6.65 9.80 13.73 552 10.18 10.86
10 copper mg/kg ds 12.88 11.72 1272 594 488 10.26
11 nickel mg/kg ds 2576 24.69 27.16 1795 992 7.90
12 lead mg/kg ds 7.08 6.07 6.00 2.07 244 6.85
13 zinc mg/kg ds 40.05 35.03 42.74 2223 14.66 25.62
Depth level 1 m
1 pH pH units 747 7.66 740 725 776  7.30
2 moisture content % 17.76 ~ 22.1 2223 21.14 2270 22.99
3 sulphates mg/kgds 141.76 237.75 255.59 347.34 215.05 164.55
4 ammonium mg/kg ds 1690 15.06 1698 11.03 11.14 12.38
5 the Kjeldahl nitrogen% ds 040 046 034 039 039 041
6 chlorides mg/kgds 31524 377.27 405.78 224.09 445.28 358.00
7 nitrate mg/kgds 107.16 126.55 105.50 88.84 106.03 92.02
8 cadmium mg/kg ds 0.11  0.15 037 0.11 0.08 0.03
9 total chromium mg/kg ds 558 11.81 7.69 290 10.08 3.40
10 copper mg/kg ds 492 12,67 899 251 3.01 692
11 nickel mg/kg ds 1262 299 1129 965 720 431
12 lead mg/kg ds 518 499 299 053 1.18 2.88
13 zinc mg/kg ds 34.68 3589 2595 16.12 1492 21.28
Depth level 2 m
1 pH pH units 727 720 733 752 7770 740
2 moisture content % 26.81 28.76 27.89 29.69 2842 28.19
3 sulphates mg/kgds 114.56 237.43 163.27 176.06 217.99 168.82
4 ammonium mg/kg ds 9.19 1648 12.73 13.08 19.48 12.93
5 the Kjeldahl nitrogen % ds 040 043 029 037 043 038
6 chlorides mg/kgds 17791 333.43 333.61 276.25 148.72 553.41
7 nitrate mg/kgds 119.76 96.50 109.24 89.35 104.73 118.68
8 cadmium mg/kg ds 0.08 0.09 0.13 0.05 0.05 0.03
9 total chromium mg/kg ds 2.13 1.63 1.31 241 460 137
10 copper mg/kg ds 425 041 1.57 027 171 252
11 nickel mg/kg ds 135 259 274 535 6.17 3.64
12 lead mg/kg ds 198 081 026 013 1.05 1.01
13 zinc mg/kg ds 22.81 2994 1539 13.66 27.58 11.30

ds — dry substance.

The local spatial variations of the values obtained upstream versus downstream,
and changes in concentrations of the pollutants in depth from the surface (from the
aerated zone) to the saturated zone where groundwater quartered reveal:
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—pH-values in the neutral — slightly alkaline domain, the highest value being
recorded in SGS1 well (7.90 pH units);

— the moisture content shows the maximum contact with the saturated. The
lowest values of the moisture content are found at 1-m depth in upstream wells
and 0.5-m depth in downstream;

— the values of the quality indicator ‘sulphate’ show variations both in depth
and space upstream-downstream. The higher values are found at levels of 0.5- and
1-m depth in boreholes located downstream, the maximum value is recorded in
drilling SG4 (347.39 mg/kg ds);

— variations of values as ‘ammonium’ and ‘the Kjeldahl nitrogen’ reveal
higher values in the wells located downstream, but variations are small compared
to downstream;

— variations of values of the quality indicator ‘chloride’ reveal that the abso-
lute values increase to downstream, but the distribution of the levels of upstream
versus depth shows variations downstream;

— the values of the quality indicator ‘nitrates’ increase from upstream to
downstream area in samples coming from the surface. It is found lower values of
this indicator as in the saturated zone.

Analysis of the values for ‘heavy metals’ reveals:

— values of ‘cadmium’ decrease in the depth and upstream to downstream,;

—values of ‘total chromium’ decrease in downstream section, but with reduced
amplitude. The lowest values are found in contact with the saturated zone;

— ‘copper’ values decrease in the unsaturated zone with depth and, in general,
to the downstream;

—values of ‘nickel’ decrease in depth in wells located in the upstream section
and with a lower amplitude in the downstream section;

—values of ‘lead’ decrease to the saturated zone and upstream to downstream,
with a small exception to the 0.5-m depth;

—values of ‘zinc’ show the decrease in the upstream with depth. In the down-
stream is found that the values recorded at a 2-m depth are similar to those recorded
in the upstream section.

The saturated zone is the area where the rock pores are completely filled with
water, and water movement in porous medium is imposed by hydraulic load.

The analysis highlights the values obtained to ground water quality control
in the vicinity of ‘Giulesti Sarbi’ landfill:

—neutral pH of all samples analysed;

— values of quality indicators ‘ammonium’ and ‘nickel’ in relation to the limit
values required by Law 458/2002 (republished on 15.12.2011), induce a significat
contribution in pollution of the groundwater quality. It is felt both in upstream
wells and those located in the downstream, no appreciable differences with large
amplitudes. The results showed that the saturated zone is completed with the
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surface water quality in the vicinity of the ‘Giulesti Sarbi’ landfill, because the
groundwater is in hydraulic connection with the surface water.

For the natural emissary values of quality indicators reveal: ‘bad’ ecological
state induced by values of quality indicators ‘nitrate’ and ‘cadmium’, ‘poor’ eco-
logical state values induced by values of quality indicators ‘ammonium’, ‘nitrogen’
and ‘biochemical oxygen demand’; ‘moderate’ ecological state quality induced
by values of ‘chlorides’.

CONCLUSIONS

For the saturated zone, the hydraulic connections with natural emissary (stream)
from the vicinity are evident, its ecological state is degraded because the pollution
induced by the percolating waters of the ‘Giulesti Sarbi’ landfill (its leachate) and
the water erosion on its slopes, come directly in this one. At the same time it rep-
resents an important source of the groundwater pollution caused by infiltration and
hydraulic conections established between surface water and underground water.

Analysis of quality indicators in the unsaturated zone revealed higher values
in contact with the saturated zone, upstream and downstream differences, meaning
that there were higher values in downstream sections corresponding with the river
drainage area Dambovita located south of the site analysed.

The moisture content in the clay layers from the unsaturated zone makes pores,
identified in the local lithology, to be occupied by water, fact which elucidates
aspects of migration possibilities of the landfill gas in its vicinity, limited by the
presence of water in the pores of rocks.
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