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Abstract: Using nitrogen fertilizer can be a potential contamination to underground water. In general,
disposal of an industrial by-product is a potential pollution. There are such cases, when two potential
pollutants can extinguish each other harmful effect. Contaminated glycerol as a by-product from biodiesel
production is available in increasing amounts. The conventional utilization of glycerol can not be substantially
increased, therefore investigation of alternative ways of usage should be searched for. The contamination
content of the glycerol by-product mainly consist of useful materials from plant seeds and potassium
hydroxide catalyst. Glycerol such as sugars represents an easily accessible source of energy for
microorganisms in soil. It is well known that if nitrogen poor organic matter (e.g. straw) added into the soil, it
can cause, through assistance of microbes, temporary reduction of the nitrogen supply. Our experiment was
performed in small scaled soil columns. Different treatments were applied on a sandy soil. Nitrate leaching
can be significantly decreased by using glycerol treatment.
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Introduction

Nitrate is very mobile in soil (Tisdale and Nelson, 1966). The other nitrogen forms (am-
monium-N, organic-N) are quickly converted into nitrate in well-ventilated soils. Nitrate
can accumulate in the deeper soil zones (Kadar and Németh, 1993), and moving down it
can contaminate the groundwater (Németh, 1995). Nitrate leaching was particularly fast
in small soil columns under laboratory condition (Lasztity et al., 1994; Lasztity et al.,
2010). The added organic materials control the nitrate leaching (Griiner et al., 2007).

In European Union biodiesel is rapeseed-oil methyl ester (Kovacs, 2000). Approxima-
tely from 100 litres of vegetable oil are produced 75 litres of biodiesel and 25 litres of
crude glycerol (Wilkie, 2008). In generally the glycerol used by cosmetic and chemical
industry but biodiesel by-product is contaminated by vegetal parts. But this ,,vegetal
contamination” makes it perfect for use by-product like fertilizer on fields. Glycerol of
biodiesel production is well utilized by micro-organisms (Papanikolaou et al., 2008;
Temudo et al., 2008). A couple of studies have investigated that utilization of glycerol
by micro-organisms is a great possibility to convert that into value-added products
(Barbirato et al., 1998; Johnson and Taconi, 2007; Yazdani and Gonzalez, 2007).

The carbohydrates and similar organic materials directed in the soil have a strong effect
on the nutrition providing abilities of the soil (Gulyas and Fiileky, 1994; Kovacs et al.,
2011). In particular this effect shows through the change of the amount of nitrogen that
can be taken from the soil by changing the C/N rate (Tisdale and Nelson, 1966). The
glycerol is an easily available and adequate carbon source for micro-organisms (Lee et
al., 2001; Tickell, 2003). It can intensify microbial activity which can help to increase
availability of vegetal nutrient. Provisionally, microbes immobilize nitrogen of chemical
fertilizer and mineral nitrogen part of soil, but later mobilize those (Tolner et al., 2010).
The glycerol increase storage capacity of soil and help adsorption of nutrients. There is
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a correlation between organic carbon and mineral nitrogen content of the soils based on
the results of long term experiments (Vago et al., 2005). There are differences in the
microbial activities of these soils (Katai et al., 2005). Szegi et al. (1988) examined the
interaction of cellulose and nitrogen according to the Kkinetics of soil microbial
respiration.

Materials and methods

The experiments were carried out using two types of soil columns. The first type of
columns (diameter: 6 cm, length: 10 cm) contained 400 g soil (C1), the second type of
the columns (diameter: 4 cm, length: 3 cm) contained 80 g soil (C 2).

A sandy soil from Fot was applied for treatments. The main properties of this soil:
saturation percentage, K,=28.33, lime content, CaCO; %=8%, pHp»0=8.2, humus
content, H %=1.4%., AL-P,05=95 ppm, AL-K,0=120 ppm.

The solution were: 1000 mg N dm™ KNO; (7.221 g of KNO; were dissolved in 1000
cm?® solution) and glicerol 5% C content (128.55 g 95% glycerol in 1000 cm?® solution ).
Four types of treatment were used. (Table 1).

Table 1. The treatments of the first type of soil columns (C1)

Treatment N ppm N-sol. cm® C % G-sol. cm® DV cm®
1. Control 0 0 0 0 100
2.N 100 40 0 0 60
3. Glycerol 0 0 0,5 40 60
4. N+glycerol 100 40 0,5 40 20

The treatments of the second type soil columns (C2) were similar to first type soil
columns (C2) (Table 2).

Table 2. The treatments of the second type soil column (C2)

Treatment N ppm N-sol. cm® C% G-sol. cm® DV cm?
1. Control 0 0 0 0 20
2.N 100 8 0 12
3. Glycerol 0 0 0,5 8 12
4. N+glycerol 100 8 0,5 8 4

The columns were leached with 100-100 cm?® distilled water (C1) and 40-40 cm?
distilled water (C2) for 3 days. The nitrate and glycerol contents were measured in the
effluent solutions. After 3 days this method was repeated using half dose of distilled
water.

The nitrate content was determined by diphenylamine test. The glycerol content was
determinate with refractometer (CARL ZEISS F1). We used a program for ANOVA
which made by Tolner in Microsoft Office Excel (Aydinalp et al., 2010; Sipos et al.,
2009; Vago et al., 2008). This program was created by an algorithm of Svab (1981).
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Results and discussion

The experimental dates of two types of soil columns (C1 and C2) were evaluated using
two ways ANOVA. The nitrate-N concentrations are in ppm (mg dm™®) unit (Table 3).

Table 3. The means of nitrate concentrations (ppm, mg dm®)

Control N Glycerol Glyc.+ N Time mean
3.day 338 2375 0 128 710
4.day 275 1625 0 0 475
5.day 225 1063 0 0 322
6.day 125 838 0 0 241
7.day 30 353 0 0 96
Treat. mean 199 1251 0 26 369

Investigate of treat means it can be seen that the nitrate content in the effluent solutions
decreased using glycerol treatment. The effect of the N treatment was reduced by
glycerine (Glyc.+N) significantly (LSDsy,=231). The glycerol treatment reduced the
effect of the control treatment significantly (10% probability) (LSD10:,=191). The time
means show decreased tendency (LSDsy,=213).

The glycerol was not measured in effluent dilution of soil columns which did not get
glycerol treatment. The glycerol-C contents in effluent solutions are in Table 4.

Table 4. The means of glycerol-C concentrations (%)

Glycerol Glyc.+ N Time mean
3.day 0.50 0.05 0.28
4.day 0.50 0.40 0.45
5.day 0.20 0.35 0.28
6.day 0.30 0.10 0.20
7.day 0.28 0.25 0.26
Treat. mean 0.36 0.23 0.29

The soil in columns blocks the leaching of glycerol. The slow effect significantly forced
by the effect of nitrogen treatment. Because of nitrogen treatment the mean
concentration of leached glycerol were reduced from 0.36% to 0.23% (LSDsy=0.06%)
and the glycerol content appeared in the effluent solution one day later (LSDsy=0.13%).

Conclusions

In summary, the glycerol treatment significantly reduced the flow of nitrate through the
soil column. Nitrate treatment reduced the effluent glycerol content. Both effects
suggest that the treatments provided favourable conditions for microbial activity, so the
nitrogen immobilized totally and the glycerol immobilized partially.

Acknowledgements

This work was supported by Hungarian Development Agency (NFU) TECH-09-A4-
2009-0133, BDREVAM?2

269 DOI: 10.1556/Novenyterm.61.2012.Suppl.3



Vol. 61, 2012, Suppl. Novénytermelés

References

Aydinalp C. — Fiileky Gy. — Tolner L.: 2010. The Comparison Study of Some Selected Heavy Metals in the
Irrigated and Non-Irrigated Agricultural Soils. Bulgarian Journal of Agricultural Science, 16: 754-768.
Barbirato F. — Conte T. — Bories A.: 1998. 1,3-propanediol production by fermentation: An interesting way to

valorize glycerole from the ester and ethanol industries — Industrial Corps and Products, 7: 281-289.

Griiner A. — Képpen D. — Vago 1. 2007. Lysimeterversuch zum Nitrataustrag mit dem Sickerwasser in
unterschiedlichen Bodennutzungssystemen. Z. Pflanzenbauwissenschaften, 11: 12-19.

Gulyas F. — Fiileky Gy.: 1994. C- and N-transformation dynamics in the soil. Die Bodenkultur Journal fiir
landwirtschaftliche Forschung, 1994: 313-318.

Johnson D.T. — Taconi K.A.: 2007. The glycerol glut: Options for the value added conversion of crude
glycerol resulting from biodiesel production. Environmental Progress, 26: 338-348.

Kadar, I. — Németh T.: 1993. Study on nitrate leaching in long-term fertilization trial. Novénytermelés, 42:
331-338

Katai J. — Vago 1. — Lukacsné Veres E.: 2005. Relationships between the carbon content and some microbial
characteristics in the different soil types. Cereal Research Communications, 33: 389-392.

Kovacs A.: 2000. Biodizel Technologia. Nadasdy Nyomda és Kiad6 Kft., Balatonalmadi, 168. p.

Kovacs A. — Czinkota I. — Vago L. — Kovacs A.: 2011. Regulation of soil nitrogen supply by using glycerol as
a biodiesel by-product. Novénytermelés, 60: 247-250.

Lasztity B. — Biczok G. — Jaki L: 2010. Nitrate desorption analysis on pseudomyceliar chernozem soil.
Agrokémia és Talajtan, 59: 249-254.

Lasztity B. — Jaki I. — Biczok G.: 1994. Nitrate desorption studies on calcareous sandy soil. Névénytermelés,
43: 327-332.

Lee P.C. — Lee W.G. — Lee S.Y. — Chang H.N.: 2001. Succinic acid production with reduced by-product
formation in the fermentation of Anaerobiospirillum succiniciproducens using glycerol as a carbon
source. Biotechnology & Bioengineering, 72: 41-48.

Németh T.: 1995. Nitrogen in Hungarian soils - nitrogen management relation to groundwater protection.
Journal of Contaminant Hydrology, 20: 185-208.

Papanikolaou S. — Fakas S. — Fick M. — Chevalot I. — Galiotou-Panayotou M. — Komaitis M. — Aggelis I.M. —
Aggelis G.: 2008. Biotechnological valorisation of raw glycerol discharged after bio-diesel (fatty acid
methyl esters) manufacturing process: Production of 1,3-propanediol, citric acid and single cell oil
Biomass and Bioenergy, 32: 60-71.

Sipos M. — Kincses I. — Berta Szabo E.: 2009. Study of the effect of limiting production factors — hybrid,
nutrient-supply level and irrigation — on the yield and starch-content of maize (Zea mays L.) Cereal
Research Communications, 37. 145-149.

Svab J.: 1981. Biometriai modszerek a kutatasban. Mez6gazdasagi Kiado, Budapest

Szegi J. — Gulyas F. — Fiileky Gy. — Tolner L.: 1988. Influence of NPK fertilization and cellulose application
on the CO; production of soils. Ztbl. Mikrabiol., 143: 303-308.

Temudo M.F. — Poldermans R. — Kleerebezem R. — Van Loosdrecht M.C.M.: 2008. Glycerol fermentation by
(open) mixed cultures: A chemostat study. Biotechnology and Bioengineering, 100: 1088-1098.

Tickell J.: 2003. From the fryer to the fuel tank; The complete guide to using vegetable oil as an alternative
fuel. Joshua Tickell Media Production, 1000 Bourbon St. #354, New Orleans LA 70116, 165. p.

Tisdale S. — Nelson W.: 1966. Soil fertility and fertilizers. Macmillan Company, New York.

Tolner L. — Czinkota I. — Sandor G. — Tolner K.: 2010. Testing the effect of redirected glycerol by-products
on the nutrition providing ability of the soil. In: Gilkes RJ, Prakongkep N, editors. Proceedings of the
19th World Congress of Soil Science; Soil Solutions for a Changing World; ISBN 978-0-646-53783-2;
Published on DVD; http://www.iuss.org; 2010 Aug 1-6. Brisbane, Australia: IUSS; 2010, pp.298-301.

Vagé L. — Katai J. — Kovacs A. B.: 2005. Changes in the carbon cycle parameters in a pot experiment under
ryegrass. Cereal Research Communications, 33: 381-384.

Vago, 1. — Tolner L. — Eichler-Lobermann B. — Czinkota |. — Kovacs B.: 2008. Long-term effects of liming on
the dry matter production and chemical composition of perennial ryegrass (Lolium perenne L.). Cereal
Res. Commun., 36: 103-106.

Wilkie A.C.: 2008. Biomethane for Biomass, Biowaste, and Biofuels — In :Wall, J.D.-Harwood, C.S.-Demain,
A.: Bioenergy-ASM Press, 1752 N St., N.W., Washington, DC 20036-2904, U.S.A 195-205. p.

Yazdani S.S. — Gonzalez R.: 2007.: Anaerobic fermentation of glycerol: A path to economic viability for the
biofuels industry. Current Opinion in Biotechnology, 18: 213-219.

270


http://en.wikipedia.org/wiki/Lolium_perenne

