ARCHIVES OF ENVIRONMENTAL PROTECTION
vol. 35 no. 3 pp. 101 - 107 2009

PL ISSN 0324-8461

© Copyright by Institute of Envionmental Engineering of the Polish Academy of Sciences, Zabrze, Poland 2009

IMPACT OF UNCONTROLLED WASTE DUMPING ON SOIL
CHEMICAL AND BIOCHEMICAL PROPERTIES

ELZBIETA JOLANTA BIELINSKA'", AGNIESZKA MOCEK-PLOCINIAK?

"University of Life Sciences, Institute of Soil Science and Environmental Development
ul. Leszczynskiego 7, 20-069 Lublin, Poland
2 University of Life Sciences, Department of Agricultural Microbiology
ul. Szydtowska 50, 60-656 Poznan, Poland
" Corresponding author e-mail: elzbieta.bielinska@up.lublin.pl

Keywords: Soil, chemical properties, enzymatic activity, uncontrolled waste dumping.

Abstract: The study makes an attempt to assess the impact of uncontrolled waste dumps on soil chemical and
biochemical properties. Investigations were carried out on five waste disposal sites situated in the south-eastern
outskirts of the city of Lublin. The samples of soils collected from the adjacent arable land were used as ref-
crence material. In soils of four landfills, which were established relatively recently (four to five years ago);
several times higher activity of the examined enzymes (dehydrogenases, acid phosphatase, basic phosphatase,
ureasc, protease) than in the soils from the adjacent cultivated land was determined. Opposite trends were found
in the case of a waste dump established 20 years ago. The determined lack of negative influence of the examined
waste dumps on the soil chemical and biochemical properties of the adjacent arable land shows that the range
of the contamination effect on the surrounding arca was limited.

INTRODUCTION

Municipal wastes exert a steady negative influence on the natural environment. The func-
tioning of ecosystems as well as man’s health and well-being are particularly threatened
by uncontrolled waste dumps which appear increasingly frequently in urban areas. The
hazards are associated, among others, with the presence of dangerous refuse, i.e. house-
hold chemicals, expired pharmaceuticals, used bulbs and fluorescent lamps etc. [12]. Ob-
viously, it is the topsoil that is the most exposed to the effect of toxic substances contained
in wastes [15].

Biomonitoring employing methods based on biochemical tests allows for complex
and comprehensive assessment of changes taking place in the soil environment under the
influence of natural and anthropogenic factors [3, 5].

The objective of the undertaken investigations was to evaluate the effect of five un-
controlled waste dumps situated in the suburbs of Lublin on soil chemical and biochemi-
cal properties.
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MATERIAL AND METHODS

The performed investigations comprised five uncontrolled waste landfill sites located in
the outskirts of the city of Lublin in Felin district. Felin 1 is the waste dump which was
established 20 years ago on which mainly car tyres, roofing paper, plastics, tar, bricks and
construction debris were dumped. The remaining four dumps Felin 2, Felin 3, Felin 4 and
Felin S appeared (four to five years ago) where household wastes, street garbage collected
from waste bins, mainly food stuffs, paper, glass and metals were deposited.

Felin is situated in the south-eastern part of Lublin (S1°15°N; 22°35’E) in the
part of Lublin Upland deprived of ravines. According to the physiographic division of
Chatybinska and Wilgata, this area constitutes part of the region of Gietczewski High-
land. On the other hand, according to the geobotanical division of Poland, the discussed
area is situated in the sub-district known as Swidnik Plateau which, in turn, is part of the
Lublin District belonging to the region called Lublin Highland. The soils found here are
typical grey brown podsolic soils (Haplic Luvisols) rated as class IIUR and 1 complex
(very good wheat complex). The texture composition of these soils classifies them as
dust-loam formations.

Pooled samples collected from the soil surface layers (0-25 cm) of the examined
waste dumps as well as arable land adjacent to them (at the distance of 50-80 cm) on
which wheat cv. Almari was cultivated were used to assess the extent of influence of the
uncontrolled landfills on soil chemical and biochemical properties. The analyzed samples
were means from 5 samples collected from each object.

The performed analyses comprised determinations of: organic carbon [ISO 14255],
total nitrogen [ISO 13878], ammonia nitrogen and nitrate nitrogen [ISO 14255]. In addi-
tion, soil reaction — pH in H,O and in | mol-dm~ KCI [ISO 10390] — as well as the total
content of heavy metals (Cu, Pb, Zn, Ni, Cr and Cd) by the method of atomic absorption
spectrometry (AAS) following sample digestion in aqua regia (HCl : HNO, 3 : 1) were
determined.

Within the framework of biochemical analyses, the authors determined the activity
of dehydrogenases with a TTC (triphenyltetrazole chloride) substrate [22], acid phos-
phatase (Pac) and basic phosphatase (Pal) [21], urease [24] and protease [14]. The activity
of dehydrogenases was given in ecm® H, necessary to reduce TTC to TFP (triphenylfor-
mozane), that of phosphatases — in mmols of PNP (p-nitrophenol) formed from sodium
4-nitrophenylphosphate, urease — in mg N-NH,~ developed from hydrolyzed urea, pro-
tease — in mg tyrosine from sodium caseinate.

All assays were prepared in three replications.

RESULTS AND DISCUSSION

Majority of the examined soils exhibited neutral reaction with the exception of soils from
object F5, where the soil reaction was slightly acid (Tab. 1). Soil alkalization on urban
areas is associated both with alkaline dust deposits and salinity [4]. Soils from the waste
dumps were characterized by higher pH values than spoils from the arable land neighbor-
ing them. The observed differences ranged from: 0.2-0.5 pH units in H,0 and 0.3-0.4 pH
units in 1 mol-dm= KCI (Tab. 1).
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Table 1. Concentrations of: organic carbon, total nitrogen, ammonia and nitrate nitrogen, C:N ratio and pH in

soils
Location, number and pH ¢ { N C:N | N-NH/ | N-NO
character of object H.O KCl [gkg'] [mgkg']

Felin 1| waste dump 7.4 7.2 10.59 0.55 19.2 31.06 10.05
arable land 7.2 6.8 11.42 0.87 13.1 54.29 28.16
Felin 2 | waste dump 7.4 7.0 16.09 1.72 9.3 67.36 8.46
arable land 7.1 6.6 6.36 0.69 9.2 53.72 24.59

Felin 3| waste dump 7.3 7.1 15.34 1.66 9.2 61.84 106.87
arable land 7.1 6.8 8.35 0.82 10.2 53.22 27.09

Felin 4 | waste dump 7.2 7.0 14.03 1.38 10.1 56.08 73.49
arable land 7.0 6.7 9.45 0.93 10.1 50.09 28.31
Felin 5| waste dump 6.7 5.8 12.48 1.32 9.4 64.54 8.85
arable land 6.2 5.5 8.32 0.81 10.2 50.21 32.06
LSD, .. 2.32 0.24 2.6 494 | 16.08

In the case of objects F2 — F5, the content of organic carbon and total nitrogen in the
soils collected from the waste dumps was by about 1.5 to 2.0 times higher in comparison
with the adjacent arable land, which was associated with the supply of fresh organic mat-
ter contained in municipal wastes. The C : N ratio in the soils of these objects fluctuated
from 9.2 to 10.2 (Tab. 1). In the case of the F1 object, the content of organic C and total
nitrogen in the soil derived from the uncontrolled landfill was smaller than in the arable
land. Following the increased supply of C of anthropogenic origin (among others, dusts
of carbon black formed from rubbed out car tyres, tar particles), and very low content of
the value of the C : N ratio in soils from the F1 object was significantly higher than in the
soils from objects F2 — FS5 and amounted to: 19.2 in the soil from the landfill and 13.1 —in
the soil from the arable land (Tab. 1).

The content of nitrogen mineral forms, i.e. N-NH," and N-NO, ranged from 50.09
to 54.29 mg-kg' and from 24.59 to 32.6 mgkg', respectively in the examined arable
soils, whereas in the soils from the landfills — from 31.06 to 67.36 mg-kg ™' and from 8.46
to 106.87 mg-kg' (Tab. 1). Statistically significant differences in the content of these
constituents between individual inspection points were apparent only in the case of soils
from the uncontrolled waste disposal sites. This could have been caused by consider-
able heterogeneity of the raw material and chemical composition of wastes deposited on
landfills.

In the case of the F1 object, a significantly lower content of ammonia nitrogen was
determined in the soil derived from the landfill than from the arable land, contrary to
trends found in soils in objects F2 — F5 (Tab. 1), which was probably attributable to the
presence of biodegradable municipal wastes deposited on these waste disposal sites. The
quantity of nitrate nitrogen in the soils of F3 and F4 objects was several times higher in
comparison with the soils of the adjacent arable land (Tab. 1). The recorded relatively low
content of this compound in the soils of the F1, F2 and FS5 objects (8.46-10.05 mg-kg™")
could have been connected with the dissimilation reduction of nitrates(V) stimulated by
the enzymes of the denitrification path when, in conditions of low oxygen concentration,
microorganisms utilize NO, as electron acceptors to secure energy from organic com-
pounds. Several times lower content of nitrates(V) determined in the soils derived from
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these landfills, in comparison with the neighboring arable land, appears to confirm this
suggestion. It is evident from other studies [8, 23] that, in conditions of low O, concentra-
tion, nitrates(V) utilizing reductases as the primary acceptor of electrons become active.
But the main reason of a low concentration of N-NO," in the soils of the plots F1, F2, and

F5 were the factors with negative influence on nitrification.

In light of the existing standards [18], the soils of the examined objects, derived
both from waste dumps and arable land neighboring with them, were characterized by a
natural content of the analyzed heavy metal (Tab. 2). Nevertheless, the determined quan-
tities of these elements found in the soils from landfills were higher in comparison with
the soils derived from the adjacent fields, which indicates a trend for the accumulation of

heavy metals in places where wastes were deposited.

Table 2. Heavy metal content in examined soils

Location, number and Cu l Pb | Zn I Ni [ Cr Cd
character of object [mgkg']

Felin 1 waste dump 10.1 10.9 46.0 10.8 15.3 0.16
arable land 6.3 6.7 32.0 92 12.9 0.10

Felin2 | waste dump 6.3 7.9 39.2 15.3 20.9 0.33
arable land 51l 75 25.4 8.6 10.4 0.17

Felin 3 | waste dump 13.5 16.8 47.2 14.2 16.8 0.42
arable land 7.3 i 37.9 9.3 12.5 0.27

Felin 4 waste dump 22.9 9.4 37.6 92 12.5 0.35
arable land 6.2 9.1 33.8 8.1 11.2 0.22

Felin 5 | waste dump 5.5 11.5 35.7 6.8 6.8 0.31
arable land 4.5 9.7 28.9 6.1 6.1 0.29

The activity of the examined soil enzymes varied significantly in relation to the ob-
ject position and way of its utilization (Tab. 3). The soil from under the 20-year-old waste

site (object F1) was characterized by the lowest enzymatic activity.

Table 3. Soil enzymatic activity (Dh — dehydrogenases in cm® H_-kg™'-d"', Pac — acid phosphatase and AFz —
basic phosphatase in mmol PNP-kg"-h"', AU — urease in mg N-NH "-kg'-h"',

AP — protease in mg tyrosine-g'-h")

Location, number and Dh Pac AFz AU AP
character of object

Felin 1 waste dump 1.27 34.41 50.53 3.34 6.09
arable land 2.97 68.31 127.29 20.54 15.72

Felin 2 | waste dump 4.64 142.95 208.84 38.06 17.80
arable land 2.39 67.58 106.41 10.09 912

Felin 3 waste dump 4.58 173.17 216.49 43.58 13.85
arable land 2.04 85.58 106.90 25.52 7.53

Felin 4 | waste dump 4.85 179.72 200.06 41.82 20.72
arable land 2.09 84.63 108.26 18.19 11.38

Felin 5| waste dump 4.62 214.70 117.61 19.27 15.97
arable land 2.05 105.97 46.06 6.43 9.02

NIR 133 12.62 14.18 2.89 2.74
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In the case of soils from objects F2 — F35, the activity of all the examined enzymes
was several times higher on landfills than in the arable land neighboring them. Opposite
tendencies were observed in the case of object F1 (Tab. 3).

The observed stimulation of the enzyme activity on waste dumps in the soils from
objects F2 — F5 was connected with the abundance of the organic compounds contained
in municipal wastes reactivating the circulation of nutrients. The presence of carbon sub-
strates induces and stimulates enzyme biosynthesis by soil microorganisms [6]. It should
be emphasized that fresh organic matter not only activates the metabolic activity of mi-
croorganisms but, equally importantly, exerts a positive impact on the decomposition
rate of contaminants [11]. Numerous researchers reported elevated biological activities
in soils from landfills of municipal wastes [7, 15, 17]. Niedzwiedzki et al. [15] claim that
the biological balance in the soils from under landfills was disturbed following increased
numbers of microorganisms which, in turn, led to the increased enzymatic activity and
changes in soil metabolism. On the other hand, experiments conducted by Nowak et
al. [16] dealing with the assessment of the effect of uncontrolled landfills established
recently on the arable land of Gumnicka Plain on soil enzymatic activity carried out in
laboratory conditions of model studies, revealed strong inactivation of dehydrogenases
and phosphatases. Pot experiments, undoubtedly very valuable from the cognitive point
of view, fail to reflect complex relationships between the activity of the soil biota and soil
constituents which “buffer” the impact of external factors. Numerous researchers [among
others, 2, 10] point to the defence mechanism which occurs in natural soils and protects
microorganisms and enzymes against the influence of environmental stresses.

The weakening of the activity of the examined enzymes on object F1 in the soil from
under the waste dump established 20 years ago (Tab. 3) could have been associated with
the prolonged influence of contamination in the soil environment. It is worth mentioning
here that numerous chemical compounds assume toxic or mutagenic properties follow-
ing metabolic transformations taking place in living organisms [9]. Investigations carried
out by Niedzwiedzki ef al. [15] corroborate considerable differences in soil biological
activities on and in the surroundings of uncontrolled waste dumping sites as well as ob-
served variations in the degree of contamination of these soils. Ashford ef a/. [ 1] maintain
that every site where municipal wastes are deposited results in the accumulation of toxic
substances in the soil environment. Among factors which contributed to the weakening
of the enzyme activity in the soil under the landfill of object F1 was, undoubtedly, the
limited supply of fresh organic matter caused by the long-term deposition of wastes (cov-
ered with a thick, compact layer the soil surface) as well as a low proportion of humic
substances in the total soil content of organic matter (as indicated by the determined wide
value of the C : N ratio) restricting the accessibility of easily available C determining the
development of soil bacteria manufacturing enzymes. The proportion of C of the micro-
biological biomass in the total content of soil organic C is an indicator of the relative
substrate accessibility for enzymatic reactions [13].

Generally speaking, the soil enzymatic activity of arable lands adjacent to the ex-
amined waste dumps was at the level characteristic for soils of the undisturbed course of
biological processes, which indicates that the scale of the impact of contamination caused
by them on the surrounding land was limited. Studies conducted by Siuta ez al. [20] re-
vealed that increased numbers of microorganisms in the soils adjacent to municipal waste
dumps appear only in the direct neighborhood of such sites which does not exceed several
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dozen meters. Also Quant and Sobocinki [19] reported that the zone affected by waste
dumps does not exceed 50 meters.

Simultaneously, it should be stressed that soil — as an open system into which vari-
ous substances have unlimited access to — is exposed to continuous anthropopressure.
This speaks in favor of continuing studies assessing the impact of gradual accumulation
of contaminations in soils both under uncontrolled municipal waste dump sites and in
their surroundings.

CONCLUSIONS

1. The observed increase of soil enzymatic activities in the majority of the examined
landfills was associated with the supply to the soil environment of wastes of organic
origin.

2. The determined high inactivation.of the examined enzymes in the soil under the 20-

year-old waste dump confirms a negative impact of the prolonged period of deposi-

tion of municipal wastes on soil biological properties.

The enzymatic activity of farmland soils neighboring the examined waste dumps did

not differ significantly from the biological activity of soils of good quality.

4. The determined lack of the negative impact of the examined waste dumps on the
chemical and biochemical properties of the soils from the adjacent farmland con-
firms that the area surrounding these sites which was affected by landfill contamina-
tion was limited.

5. The content of the analyzed heavy metals in the examined soils failed to exceed
values considered as acceptable, although it was higher in the area of the waste sites
than in the soils of the adjacent farmland. This may indicate a tendency for the ac-
cumulation of heavy metals in waste dump sites.

6. The performed investigations revealed that the determination of changes in the bio-
chemical parameters in the soils from uncontrolled waste dumps as well as from
the farmland in their surroundings provides reliable information about the condition
of the soil environment. Studies in this area should be continued because they will
make it possible to assess the ecological impact of the gradual accumulation of con-
taminants in soils surrounding uncontrolled sites of communal wastes.

()
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WPLYW NIEKONTROLOWANYCH WYSYPISK ODPADOW NA WLASCIWOSCI CHEMICZNE
I BIOCHEMICZNE GLEBY

W pracy podjeto probg oceny oddziatywania niekontrolowanych wysypisk odpadéw na wiasciwosci chemi-
czne i biochemiczne gleby. Badaniami objgto pigé niekontrolowanych wysypisk odpadéow zlokalizowanych
na potudniowo-wschodnim obrzezu Lublina. Odniesieniem byty probki glebowe pobrane z pdl uprawnych
znajdujacych sig¢ w sgsiedztwie badanych wysypisk. W glebach na czterech wysypiskach, ktore pojawity si¢
stosunkowo niedawno (przed czterema — pigcioma laty), stwierdzono kilkakrotnie wigksza aktywno$¢ bada-
nych enzymoéw (dehydrogenaz, fostatazy kwasnej, fostatazy alkalicznej, ureazy i proteazy) niz w glebie z pél
uprawnych. Przeciwne tendencje zanotowano w przypadku sktadowiska odpadéw powstatego przed dwu-
dziestu laty. Stwierdzony brak ujemnego oddziatywania badanych wysypisk odpadéw na wiasciwosci chemiczne
i biochemiczne gleb sasiadujacych z nimi uzytkow rolnych $wiadczy, ze zasi¢g oddzialywania zanieczyszczen
wokot wysypisk byt ograniczony.



