GEOLOGIJA. 2011. Vol. 53. No. 4(76). P. 193-197

© Lietuvos moksly akademija, 2011

Repellency as a criterion for urban topsoil quality

assessment

Ieva Bauziené,
Ricardas Taraskevicius,

Rimanté Zinkuté

Bauziené I, Taraskevicius R., Zinkuté R. Repellency as a criterion for urban topsoil qua-
lity assessment. Geologija. Vilnius. 2011. Vol. 53. No. 4(76). P. 193-197.ISSN 1392-110X.

Urban soil quality standards are very complex because of a lot of chemical, physical
and biological indicators. That is why soil pollution by heavy metals prevails in the top-
soil quality evaluation schemes. Soil repellence and specific surface area were examined
in this study as physical indicators of urban soil quality that can be detected in com-
posite topsoil samples, common for sanitary soil quality evaluation. It was discovered
that more repellent topsoil with smaller specific surface area is typical to the topsoil
from industrial and traffic environs and centrum of Siauliai and Joniskis towns. A high
percentage of repellent and consequently lower quality topsoil samples were discovered.
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INTRODUCTION

In 1990s the knowledge of urban soils shifted
away from studies restricted to soil pollution and
a reasonable number of anthropogenic urban soils
were examined with pedological methods (Blume,
1989; Lehmann, Stahr, 2007; IUSS, 2006; Pro-
kofyeva et al., 2011). The comprehensive systems
of soil properties including morphological, physi-
cal, chemical and biological indicators were pro-
posed for soil quality assessment (Blume, 1989;
Ajmone-Marsan, Biasoli, 2010), but only in some
evaluations they act together (Schindelbeck et al.,
2008). It is assumed that the legislative soil quality
standards are very complex and have hardly been
defined (Karlen et al., 1997).

The most developed studies of urban soils still
are the sanitary assessment issues in topsoil includ-

ing only chemical characteristics. The evaluation
according to the degree of chemical pollution is
among the most widely applied soil quality indica-
tors. The topsoil in Lithuania was explored proper-
ly on the total heavy metal content (Kadnas et al.,
1999). However, there is no relation between labile
and total forms of heavy metals (Plyaskina, Ladonin,
2009). Hazard of migration of hardly soluble com-
pounds to groundwater and plants is determined
by physical conditions of environment, i. e. soil
moisture capacity and water filtration coefficient.
That is why it is necessary to estimate soil physical
properties. There are seven indicators in the clas-
sical list of characteristics that distinguish urban
soils from their natural counterparts: the great
vertical and spatial variability, modified soil struc-
ture leading to compaction, presence of the surface
crust that tends to be water repellent, modified
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soil pH which is usually elevated, restricted aera-
tion and water drainage, interrupted nutrient
cycling and modified soil organism activity, pres-
ence of anthropogenic materials and other contam-
inants, modified soil temperature regimes (Craul,
1985).

In this study soil repellence was used as one of
the physical indicators of urban soil which can be
detected in composite topsoil samples, common
for sanitary soil quality evaluation. The repellence
reduces water permeability, soil water cleaning po-
tential, and induces sheet erosion (Ritsema et al.,
1998; Ritsema, Dekker, 2005). The soil repellence
emerges because of a hydrophobic organic matter
covering soil particles and aggregates. A repellent
sandy soil is more common (King, 1981; Ritsema,
Dekker, 2005).

An effort was made in this study to use soil
samples collected for the sanitary assessment of
urban soil for a more comprehensive evaluation
by including two physical indicators, the specific
surface area and the repellence of composite soil
samples.

STUDY SITES AND METHODS

Siauliai and Joniskis are not metropolitan areas
with high population density. There were about
20 thousand citizens in Siauliai at the beginning
of the 20th century, and about 120-150 thousand
citizens were living in the past 30 years (1,426
people per km?). Joniskis had 8-11 thousand ci-
tizens at the end of the 20th century and similar
population density to Siauliai (1,194 people per
km?). The soil forming rocks in both cities are gla-
cier tills and soils are classified to the same soil
region of sandy loams and loams of Middle Lithu-
ania. That is why the territories of the cities can be
compared.

Urban soil in this study means the soil from
the municipal territory. Composite soil samples
were collected separately from functional zones of
Siauliai (106 samples) and Jonigkis (42 samples)
municipal territories.

Five functional zones were distinguished: ag-
ricultural (gardens, suburban territories), rec-
reational (wood stands, forest parks), public-
residential (tenements, schools and commercial
territories), centrum (the oldest territories, build-
up for more than 150 years), industrial and traffic

(mill and environs of infrastructural intersections).
Each zone was represented by about 20 samples of
Siauliai and 5-18 samples of Joniskis soils. There
are no recreational and forest parks zones and little
areas of tenements in Jonigkis. Only 5 soil samples
were collected from public-residential territories in
Joniskis.

The great part of the composite samples was
from topsoil (0-5 cm). Dust sweep from the cor-
ners of the pavements was mixed with a sample in
some cases of hard paving. The sample was at least
250 ml in volume and consisted of material from
more than 10 sampling points.

Soil samples were mixed and ground, sieved and
tested for water drop penetration time (WDPT).
The sample was identified as repellent after the
5 seconds test (Bisdom et al., 1993). More differ-
entiated time scale fits more for soil material from
a single point.

The contents of 14 chemical elements (Zn, Pb,
Cu, Sn, Ag, Mo, Ni, Cr, Co, Mn, V, B, Ba, Sr) in
the topsoil samples were measured by atomic opti-
cal emission spectrophotometry. Soil pollution by
these chemical elements was evaluated according
to the coeflicients of concentration Kk and their
total contamination index Z (Kadunas et al., 1999;
Taraskevicius, Zinkute, 2003).

The specific surface area of soil was determined
by the express method, using the single point ap-
proach (Puri, Murari, 1964).

RESULTS AND DISCUSSION

It was found that higher percentage of repellent
topsoil with smaller specific surface area is typical
to industrial and traffic environs and the centrum
(older than 150-year town). Higher percentage of
repellent soil samples was discovered in Joniskis
(Fig. 1).

The greater difference between the repellent
samples percent from highly urbanized (centrum
and industrial) and moderately urbanized (agricul-
tural and public) functional zones in Joniskis re-
flects the lower anthropogenic pressure in Joniskis
town in comparison with Siauliai town.

In relatively non-polluted (Z < 16) by harmful
chemical elements samples the same proportion of
hydrophilic and hydrophobic samples was found,
about 50%, but most of polluted (Z > 16) samples
(70-80%) were hydrophobic (Fig. 2).
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Fig. 1. The part of repellent samples (line) and the average of
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According to the results, it is obvious that wa-
ter repellence is more common in polluted samples
and it can be used as a criterion for a more complex
evaluation of the urban soil quality.

However, the value of repellence depends on
the objectives of research. It must be noted that
repellent soils are passive in water cleaning. In
particular conditions (on slopes), if the repellent
topsoil is polluted, repellence can be approached

as a positive feature because repellent topsoil
protects groundwater from pollution, but con-
taminates surface water.

Dust sweep was more repellent than samples
from A and C horizons of urban soil, but the buried
horizon was a little more repellent than topsoil (ho-
rizon A). After 5 seconds, water drop on Ab hori-
zon preserved a convex form. Water drop was fully
soaked to the material of Ab (buried soil organic

After 5 seconds

Dust A

P 4

Aftef 2 Lminutes

// - ;,‘\ !

Fig. 3. Comparison of the water drop penetration test after 5 seconds
and 2 minutes in dust and urban soil horizons of the profile from
Vilnius, Naujamiestis region (the profile is above). The soil samples
are single, neither ground nor sieved

3 pav. Vandens laselio jsigérimo testo rezultaty palyginimas po 5 sek.
ir 2 min. dulkése ir dirvozemio genetiniuose horizontuose Vilniaus
Naujamiesc¢io profilyje (profilio nuotrauka vir§uje). Dirvozemio
meéginiai yra atsitiktiniai, nemalti ir nesijoti
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horizon) only after 10 seconds (Fig. 3). It seems like
aerosols are one of the main sources of urban top-
soil repellence and pollution too.

Moreover, the impact of the soil organic matter
content must be involved in the urban soil quality
determination, because the correlation between
heavy metal and soil organic matter content is
reported by a lot of investigators (Ajmone-Mar-
san et al., 2010; Guney et al., 2010).

ACKNOWLEDGEMENTS

The investigations were funded by the Lithuanian
State Studies Foundation, Project No. 90300 “Eco-
logical geochemical state and change tendencies
of urban soil (ground) and water bodies bottom
sediments”. The authors are grateful for the posi-
tive opinion and valuable comments made by
Dr. Tatyana Prokofyeva (Moscow State Univer-

sity).
REFERENCES

1. Ajmone-Marsan E, Biasoli M. 2010. Trace ele-
ments in soil of urban areas. Water Air & Soil
Pollution 213: 212-143.

2. Bisdom E. B. A., Dekker L. W., Schoute J. F. T.
1993. Water repellency of sieve fractions from
sandy soils and relationships with organic material
and soil structure. Geoderma 56: 105-118.

3. Blume H. P. 1989. Classification of soils in urban
agglomerations. Catena 16: 269-275.

4. Craul P. J. 1985. A description of urban soils
and their desired characteristics. Journal of
Arboriculture 11(11): 330-339.

5. Guney M., Onay T. T., Copty N. K. 2010. Impact of
overland traffic on heavy metal levels in highway
dust and soils of Istanbul, Turkey. Environmental
Monitoring and Assessment 164(1-4): 101-110.

6. IUSS Working group WRB. 2006. World Reference
Base for Soil Resources. 2nd ed. World Soil
Resources Reports No. 103. Rome: FAO. 128 p.

7. Kadanas V., Budavi¢ius R., Gregorauskiené V.,
Katinas V., Kliaugiené E., Radzevi¢ius A.,
Taraskevi¢ius R. 1999. Geochemical Atlas of
Lithuania. Vilnius. 90 p.

8. Karlen D. L., Mausbach M. ], Doren R. G,
Cline R. G., Harris R. E, Schuman G. E. 1997. Soil
Quality: A Concept, Definition, and Framework
for Evaluation (A Guest Editorial). Soil Science
Society of America Journal 61: 4-10.

9. King P M. 1981. Comparison of methods for
measuring severity of water repellence of sandy
soils and assessment of some factors that affect its

measurement. Australian Journal of Soil Research
19(5): 275-285.

10. Lehmann A., Stahr K. 2007. Nature and signifi-
cance of anthropogenic urban soils. Journal of Soils
and Sediments 7(4): 247-260.

11. Plyaskina O. V., Ladonin D. V. 2009. Heavy me-
tal pollution of urban soils. Eurasian Soil Science
42(7): 816-823.

12. Prokofyeva T., Martynenko I, Ivannikov E 2011.
Classification of Moscow soils and parent materials
and its possible inclusion in the classification system
of Russian soils. Eurasian Soil Science 44 (5): 561-571.

13. Puri B., Murari K. 1964. Studies in surface-area
measurements of soils. 2. Surface area from a single
point on the water isoterm. Soil Science 97: 341-
343.

14. Ritsema C. J., Dekker L. W, Nieber J. L.,
Steenhuis T. S. 1998. Modeling and field evidence
of finger formation and finger recurrence in a wa-
ter repellent sandy soil. Water Resources Research
34(4): 555-567.

15. Ritsema C. J., Dekker L. W. 2005. Behaviour and
management of water repellent soils — Preface.
Australian Journal of Soil Research 43: i—ii.

16. Schindelbeck R. R., van Es H. M., Abawi G. S,
Wolfe D. W.,, Whitlow T. L., Gugino B. K,
Idowu O. J., Moebius-Clune B. N. 2008.
Comprehensive assessment of soil quality for
landscape and urban management. Landscape and
Urban Planning 88: 73-80.

17. Taragkevi¢ius R., Zinkuté R. 2003. Sanitary geo-
chemical evaluation of topsoil quality in urbanized
territories. The Geographical Yearbook (Annales
Geographicae) 36(1): 161-170 (in Lithuanian).

Ieva BauzZiené, Ricardas Taraskevicius, Rimanté Zinkuté

HIDROFOBISKUMO KRITERIJAUS NAUDOJIMAS
MIESTO DIRVOZEMIO KOKYBES VERTINIMO
SISTEMOJE

Santrauka

Nuo paskutiniojo XX a. deSimtmecio Zinios apie miesto dir-
vozemiy savybes ir funkcionavimo ypatybes jgavo mokslinj
pagrinda. Sukurtos miesto dirvoZemiy kokybés vertinimo
sistemos, kuriose naudojami fiziniy-cheminiy ir biologiniy
dirvozemio funkcijy indikatoriai.

Vis délto iki $iol miesto dirvozemiy sanitarinés baklés
vertinimo sistema evoliucionuoja tik geocheminés kokybés
jvertinimo kryptimi. Darbe sitloma praplésti miesto dirvo-
zemiy sanitarinés buklés vertinimo sistema fiziniais para-
metrais, apibadinanciais dirvozemiy imluma tersalams ir jy

tolesnés migracijos geosistemoje perspektyva.
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Tyrimai buvo atlikti Siauliy ir Joniskio miestuose. Misris
pavir$inio dirvozemio horizonto (0-5 cm) pavyzdziai buvo
surinkti i§ penkiy funkciniy miesto zony: infrastruktaros ir
pramoneés (1), centro (2), visuomeninés (3), rekreacinés (4)
ir Zemés tkio (miesto teritorijoje esanéiy Zemés Gkio naud-
meny). Misrieji dirvozemiy pavyzdziai sutrinti, sumaisyti
ir persijoti. Atliktas vandens laselio jsigérimo testas, taip
pat nustatytas dirvozemio daleliy pavirSiaus plotas pagal
Kutileka. Tuose paciuose méginiuose nustatytas uzterStumas
sunkiaisiais metalais.

Tyrimo rezultatai rodo, kad maziausias daleliy pavirsius
budingas dirvozemio pavir$inio horizonto pavyzdziams i$
infrastruktaros ir pramonés bei centro funkciniy zony. 80 %
Siauliuose ir 71 % Joniskyje uzter$ty méginiy buvo hidrofo-
biski, o mazai uzterSty méginiy hidrofobiskumo tikimybé
sieké 54 % (Joniskyje) ir 50 % (Siauliuose). Daroma prielaida,
kad hidrofobiskumo kriterijus yra tinkamas miesto dirvoze-
mio kokybei vertinti, nes yra susijes su potencialia galimybe
apsaugoti pro dirvozemj besifiltruojantj vandenj nuo tarsos.

Norint toliau tobulinti dirvozemio kokybés vertinimg, be
fiziniy indikatoriy, turéty bati nustatomi ir biologiniai, pa-
vyzdziui, organinés medziagos bukleé.

RaktaZodziai: miesto dirvoZemiai, pavirsinio horizonto
kokybé, uzterStumas, sunkieji metalai, fizinés savybés, hidro-

fobiskumas, specifinis pavirsiaus plotas



