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Abstract: CO, production of soil from variously treated municipal sewage sludges from three
big cities in Hungary was studied in pot experiment. Although all the three sewage sludges
resulted higher CO, production in soil than the control treatment, but no significant
difference was found between the effect of sludges dosage rates on the soil CO; production.
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1. INTRODUCTION
Sewage sludges are unavoidable by-products of sewage treatment. Controlled agricultural
utilization of sewage sludges — in accordance with EU directions - is preffered in Hungary
(PALNE, 1996). Municipal sewage sludges are rich in plant nutrients (nitrogen, phosphorus,
trace elements), humusforming and soil-ameliorative substances, which are increasing the
fertility of arable soils. Beside beneficial substances various toxic materials are also present in
municipal sewage sludges, among which heavy metals (Cd, Hg, Pb, Zn, etc.) and organic
micro-pollutants are the most dangerous (VERMES, 2003). Depending on their origin there is
a great variation in heavy metal concentrations of municipal sewage sludges. Uncontrolled
amendment of arable soils with sewage sludges may results in excessive accumulation of
heavy metals in soil, and through soil-plant system these dangerous materials can get into the
food chain.

Moreover negative effect of heavy metals, dosed out with sludges and accumulated in
soil, means an additional danger on soil microbiological processes. The 2/3 part of the
bioproduced CO, derivated from the microbiol activity and 1/3 part of it derived from root-
respiration of plants (LUNDEGARDTH, 1923-24). The decay of organic matters enhances
the above mentioned CO, production int he soil. CO, has a dual porpose in soil. On one hand

it joins to the water content of the soil and they create H,COj;, which helps the chemical
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weathering process. On the other hand the CO; serves as a carbon source for autotrophic and
heterotrophic organisms. The quantity of produced CO, depends on soil moisture content
(DAVIDSON et al., 2000; SAVAGE ¢és DAVIDSON, 2001; 2003; PIAO et al., 2000), soil
temperature (ZISKA, 1998), amount of microbes (PANTOS-DERIMOVA, 1983). Since the

2. MATERIALS AND METHODS
Controll (non-polluted) soil used in our pot experiments originated from the top 0-30 cm layer
of the experimental site belongs to the College of Nyiregyhdza. The main characteristics of
these neutral, loamy sand textured brown forest soil (URI et al., 2003b) met the criterias of
50/2001 Order of Council, and the concentration of poisoning elements (URI et al., 2003a) in
that soil did not exceed the limiting value.

The effect of treated municipal sewage sludge on the CO, production of soil was
studied in our experiments. The sewage sludges originated from three Hungarian cities, such
as Nyiregyhaza, Debrecen and Miskolc. The heavy metal concentration of sludges, which has
been already published (URI et al., 2003a; URI et al., 2003b), was low enough allowing their
agricultural utilization.

This current pot experiment, where we used fodder pea as test plant, could be regarded
as the continuation of our previous experinets (URI et al., 2003a; URI et al., 2003b), carried
out with rye, Sudan grass and fodder rape test plants. Pots were placed into a controlled area
plant-growing room of College of Nyiregyhéaza. Test plants were grown up on non polluted
brown forest soil (it meant the control treatment) and on soil-sludge mixtures. These mixtures
contained sewage sludges from the three cities separately. The rates of sewage sludges in the
mixtures was 10 and 15 %. Sluedges were added to soil 2 weeks before sawing of test plants.
The test plants were harvested 60 days after sawing (Figure 1).

The CO; production was measured in laboratory after 2-hours incubation period
according to WITKAMP (1966 cit. SZEGI, 1979). Based on this method 10 ml 0,In NaOH
was measured into a 25 ml beaker glass and placed on the soil surface of the pots. Every
beaker glass was covered immediately by a bigger glass to avoid the NaOH losses. After the
incubation period the NaOH was titrated with HCI in presence of fenolftalein and after
discolouration it was titrated with HCI in presence of metilorange indicator. The difference of
the lost HCI quantity during the two titration was multiplying with the titre of NaOH and of
HCI and 2,2. It gives the quantity of CO; production. During the experiments CO, production

was detected ten times.
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Fig. 1. 60 days old test plants just before harvesting



3. RESULTS AND DISCUSSION

It could be seen form Figure 2 that in case of sewage sludge originated from Nyiregyhaza 10
% dosage rate of sludges had the most advantageous effect on CO, production. The lowest
value was given by control treatment. These figures is applied with equal force to sewage
sludge originated from Debrecen (Figure 3).

In case of sewage sludge originated from Miskolc the 15 % dosage rate application resulted
the highest CO, production in soil, followed by 10 % dosage rate and control treatment
(Figure 4).

To sum up the examined sewage sludges increased the soil CO, production significantly both
the 10% and the 15 % dosage rate in compare to control treatment. The difference found

between the effect of the two applied dosage rates on soil CO; production were no significant.
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Fig. 2. Effect of municipal sewage sludge from Nyiregyhdza on CO, production of soil

Note: Values indicated with different letters are significantly different at P<0.05
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4. CONCLUSIONS

Application of sewage sludges increased the soil CO, production in compare to control
treatment. In our opinion this advantageous effect is due to the high organic matter and low
heavy metal contant of sludges. According to our experiments, based on measuring of soil
CO; production it could be said that the professional agricultural application of municipal
sewage sludges could have positive effect on soil life, which is very important in terms of soil

fertility.

5. REFERENCES

BAKONDINE, Z. E. (1984): Novekvé Cr-dozisok hatasa a talajok mikrobiolégiai folyamataira. In: Telepiilési
szennyviziszapok mezdgazdasagi elhelyezésének talajtani és agrokémiai kérdései. (Szerk.:
BENESOCZKINE, J. - BAKODINE, K.) 151-159. MEM NAK, Budapest.

DAVIDSON, E.A.-VERCHOT, L.V.-CATTANIO, J.H.-ACKERMAN, I.L.CARVALHO, J.E.M. (2000):

Effects of soil water content on soil respiration in forests and cattle pasture

of eastern Amazonia. Biogeochemistry 48. 53-69.
LUNDEGARDTH, H. (1923-24): Die natiirliche CO, Produktion des Bodens. Nord.
Jordbv. Forskn. 5/6.

PALNE, K. (1996): A szennyviziszap-kezelés fejlesztési iranyai Eurépaban. Kornyezetvédelmi Fiizetek.
OMIKK, Budapest.

PANTOS-DERIMOVA, T. D.(1983): A talaj enzimaktivitisa néhany erdei

Okoszisztémaban. Agrokémia és talajtan. Tom 32. No 1-2.
PIAO, H.C.-WU, Y.Y.-HONG, Y.T.-YUAN, Z.Y. (2000): Soil-released carbon dioxide
from microbial biomass carbon in the cultivated soils of carst areas of southwest
China. Soil Biol. Fertil. 31: 422-426.p.

SAVAGE, K-DAVIDSON, E.A. (2001): Interannal variation of soil respiration in two New
England forest. Global Biogeochemical Cycles 15, 337-350.p.

SAVAGE, K-DAVIDSON, E.A. (2003): A comparision of manual and automated systems

for soil CO, flux measurements: trade offs between spatial and temporal resolution.
J. of Exp. Bot. Vol 54, No 384. 891-899.p.

SZEGI, J. (1979): Talajmikrobiologiai vizsgalati modszerek. Mez6gazdasagi Kiado,
Budapest. 311.p.

URI, ZS.- SIMON, L. - KOVACS, B. (2003a): Heavy metal concentration in rye grown in soil treated with three
different municipal sewage sludges from Eastern Hungary. Proceedings of the 7 ™ International
Conference on the Biogeochemistry of Trace Elements, June 15-19, 2003, Uppsala, Sweden. Volume 1.
Scientific Progrms I. SPO3p-Trace Elements in the Food Chain, 300-301.

URI, ZS.- SIMON, L. - KOVACS, B. (2003b): Szudanifli nehézfém akkumulacidjanak vizsgalata
szennyviziszapokkal kezelt talajbol. In: Mikroelemek a taplaléklancban. (Szerk.: SIMON L. - SZILAGYI M.)
290-300. Bessenyei Gyorgy Konyvkiado, Nyiregyhaza.

VERMES, L. (2003): Szakirodalmi attekintés a szennyviziszapok elhelyezésével és hasznositasaval foglalkozo
publikaciokrél. BKAE Kertészettudomanyi Kar Talajtan és Vizgazdalkodas Tanszék, Budapest.

ZISKA, L. H. (1998): The influence of root zone temperature on photosynthetic
acclination to elevated carbon dioxide concentrations. Annulas of Botany 81:6,

717-721, 22. ref.

50/2001. (IV.3.) Korm. rendelet a szennyvizek ¢és szennyviziszapok mezdgazdasagi felhasznalasanak és

kezelésének szabalyairol.



