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The aims of this study were to determine the phytotoxicity of stored rapeseed (Brassica rapa) oil (RSO) 

and rapeseed oil methyl ester (RME) after “spill like” contamination on the growth of barley (Hordeum 

vulgare) and the biodegradability of these substances in OECD 301F test conditions and in ground water. 

Rapeseed oil and rapeseed oil methyl ester were both stored for a period of time and their fuel characteristics 

(e.g. acid number) had changed from those set by the fuel standards and are considered to have an effect on 

its biodegradation. The phytotoxicity was tested using two different types of barley cultivars: ‘Saana’ and 

‘Vilde’. The phytotoxic effect on the barley varieties was determined, after the growth season, by measuring 

the total biomass growth and the mass of 1000 kernels taken from the tests plots. Also visual inspection was 

used to determine what the effects on the barley growth were. These measurements suggest that both RSO 

and RME have a negative impact on barley sprouts and therefore the total growth of the barley. RSO and 

RME both decreased the total amount of harvested phytomass. The weight of 1000 kernels increased with 

low concentrations of these contaminants and high contamination levels reduced the mass of the kernels. 

The results of these experiments suggest that the stored rapeseed oil and rapeseed oil methyl ester are both 

phytotoxic materials and therefore will cause substantial loss of vegetation in the case of a fuel spill. The 

RSO and RME biodegraded effectively in the measurement period of 28 days under OECD test conditions: 

the degree of biodegradation being over 60%. The biodegradation in the ground water was much slower: 

the degree of biodegradation being about 10% after 28 days. 
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Introduction

The use of diesel-like renewable fuels is increasing 

due to the decisions made by the European Union. 

The amount of renewable fuel used by the end of 

2010 should have reached 5.75% of all transportation 

fuel used. The next goals are 10% by the year 2020 

and 25% by the year 2030. These goals have been 

set to decrease the total CO
2
 emissions produced 

by vehicles. 

These goals mean that the use of renewable 

fuels will also increase in agriculture. Agriculture 

will continue to use mainly diesel-like fuels in the 

near future. The renewable fuels used in agricul-

tural diesel engines are at the moment vegetable 

oils, certain animal fats and biodiesels. 

This study focuses on two main renewable fuel 

types used in Finnish agriculture; rapeseed oil and 

rapeseed oil methyl ester. Esters produced from 

various vegetable oils and animal fats are com-

monly known as biodiesel (Demirbas and Kars-

lioglu 2007). Biodiesel and vegetable oils are the 

only liquid transportation fuels that it is possible to 

produce on a farm scale. The production of other 

transportation fuels such as ethanol, pyrolysis oil 

and renewable diesel (Knothe 2009) need much 

larger facilities and more complex methods. 

The use of neat oils and fats means that the 

diesel engine is run with a fuel that it hasn’t been 

designed to use. The vegetable oils and fats have a 

greater viscosity which can cause problems when 

using the engine. The transesterification process 
is done to improve the physical properties of the 

fuel to make them similar to those of crude oil 

based diesel fuel (Demirbas 2008). This process 

also changes the characteristics of the fuel with the 

result that the produced fuel can actually weaken 

the fuel lines and gaskets of the engine. These char-

acteristics increase the risk of engine failure and 

the probability of a fuel leakage and therefore con-

tamination of the soil or water systems. The fatty 

acid compositions are still similar and therefore the 

biodegradation rate and intermediate non-volatile 

biodegradation product levels are close despite 

the chemical alteration (Lapinskiené & Martinkus 

2007). 

This means that the effects on the ecosystems 

must be studied thoroughly so that in cases of fuel 

spillages adequate responses can be taken. The re-

newable liquid fuels (biodiesel and bio-oils) are 

said to be biodegradable (Sendzikiene et al. 2007) 

but nevertheless these still have an impact on the 

ecosystem (plant growth etc.) if an oil or fuel spill 

happens (Lauhanen et al. 2000, Lapinskiene et al. 

2006, Peterson and Möller 2004, Gong et al. 2008). 

Biodiesel is reported to biodegrade more rap-

idly and to be less toxic than normal crude oil based 

diesel fuels (Lapinskiené et al. 2006, Mariano et al. 

2008, Zhang et al. 1998). In those reported tests the 

biodiesel has filled the EN 14214 standard. Also 
the biodegradation rate of vegetable oils is faster 

in comparison to mineral based oils (Aluyor et al. 

2009, Kuokkanen et al. 2004). It has been shown 

that both mineral and bio-oil contamination in for-

ests have a negative effect on wood growth; when 

the foliage has been contaminated (Lauhanen et 

al. 2000). Vegetable oil processing residues such 

as olive processing waste is also found to act as 

an herbicide to certain types of weeds (Boz et al. 

2010). 

In this work we used rapeseed oil and rape-

seed methyl ester that were stored in storage tanks 

for over a year. Both of these were still usable 

in fuel production and as a fuel for tractors and 

combine harvesters. The RSO and RME studied 

didn’t have any detectable properties which would 

have led us to believe that they had gone rancid 

(appearance, smell, viscosity). However, the stor-

age life for vegetable oils and biodiesels is lim-

ited: because they all contain fatty acids that tend 

to oxidize (Vauhkonen et al. 2009). As a result of 

oxidation the chemical and physical properties, 

such as: acid value, viscosity and peroxide value 

start to change (Knothe 2007, Thompson et al. 

1996). Oxidation also causes formation of formic 

acid and other organic acids (e.g. acetic acid) in the 

oils and biodiesels. This means that the toxicity of 

these substances changes when compared to fresh 

oil and biodiesel. These oxidation products might 

therefore change the biodegradation rates of these 

studied substances.

The main aims of the current study were to 

determine 1) the phytotoxicity of RSO and RME 
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on barley growth when typical fuel-leakage type 

contamination takes place, 2) the biodegradability 

of stored RSO and RME in OECD 301F conditions 

and in ground water. 

Material and methods

The RSO used in this study was cold pressed in 

Ilmajoki at Seinäjoki University of Applied Sciences, 

School of Agriculture and Forestry, using a screw 

press. The rapeseeds were harvested in the autumn 

of 2006 and the oil was pressed in the summer of 

2007. The rapeseed oil was therefore two years 

old at the beginning of these experiments in 2009. 

The RME used in this study was taken directly 

from its storage tank at the school of agriculture 

and forestry in Ilmajoki and was being used as a 

fuel for tractors during the spring and summer of 

2009.

Rapeseed oil methyl ester was produced using 

a commercial biodiesel processor manufactured by 

Preseco Ltd, Espoo, Finland. The processor uses a 

transesterification process where the oil is allowed 
to react with an alkali based catalyst and methanol 

to remove glycerol from the fatty acid chains. 

The fuel properties of RSO and RME were 

measured at the Biofuel Laboratory of Vaasa En-

ergy Institute and at the Department of Chemistry, 

University of Oulu. These measurements were 

made to evaluate the quality of the liquids used 

in this study. 

Test sites and experimental design

Two different test sites were chosen for this study. 

The test sites were cultivated with two different 

barley (Hordeum vulgare) cultivars during the 

summer of 2009. The “Koulutila” test site (62°43’N 

22°31’E) was cultivated using spring barley cultivar 

Saana (two-rowed) and the “Rahkakorpi” test site 

(62°45’N 22°39’E) with Vilde (multi-rowed), also 

a spring barley cultivar. 

The Koulutila soil was classified as very fine 
sand and Rahkakorpi as mould when the nutrient 

analyses of these test fields were carried out in the 
year 2007. The pH value and nutrient contents of 

the soils at the test sites are presented in Table 1. 

The amounts of minerals, besides potassium, were 

higher in the Rahkakorpi soil than in the Koulutila 

soil. Both of these sites were cultivated in 2008 

and therefore the nutrient levels in these soils had 

changed from those determined in 2007. 

Cultivation of test fields

The field where the Koulutila test site was located 
was harrowed using a disk harrow at the end of 

May 2009. Sowing was made two days after the 

harrowing. The field had been fertilized with dry 
manure in the autumn of 2008 (10 tonnes ha-1) and 

again in the spring of 2009 (18 tonnes ha-1). The 

last fertilization was done during sowing using 40.5 

kg N ha-1 (Suomensalpietari, N-P-K: 27-0-1, Yara 
International ASA). The total fertilization of the 

test field was 79 kg N ha-1.

The Rahkakorpi test site was rotary harrowed 

in May 2009 and was fertilized with 60 kg N ha-1 

(YaraMila Pellon Y1, N-P-K: 26-2-3, Yara Interna-

tional ASA) at the same time as the sowing of the 

field took place. Pesticide treatment was made for 
both test sites using K-MCPA (active substance: 

MCPA, 1.00 l ha-1, BASF, Ludwigshafen, Ger-

many) and Express 50T (active substance: Triben-

uronmetyl, 7.50 g ha-1, E. I. du Pont Nemours & 
Co, (Inc.), USA) at the end of June. 

Table 1. Results of the soil analyses from the year 2007.

Koulutila Rahkakorpi

pH 6.3 5.5

Calcium, mg l-1 1090 2600

Phosphorus, mg l-1 6.9 16.0

Potassium, mg l-1 125 88

Magnesium, mg l-1 135 310

Sulphur, mg l-1 17.0 21.0
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The total yields from the Koulutila and Rahka-

korpi test fields were 2800 kg ha-1 and 3350 kg 

ha-1, respectively. 

Founding the test sites

The test matrices were established 3 weeks after 

cultivation. The barley sprouts were approximately 

10–15 centimeters long and the overall growth had 

been normal up to that point. 

At both of the test sites the test matrices had 

15 test plots (50 cm × 50 cm). The test matrices 

had three reference plots with zero contamination 

and three plots for each of the two contamination 

levels: 0.5 and 2.0 l m-2 for both contamination 

substances RSO and RME. The test plots for the 

different contamination levels were chosen at ran-

dom within the matrix. 

The RSO and RME were poured on the barley 

sprouts. This method was chosen to resemble an oil 

or fuel leakage from a tractor or combine harvester. 

However, the spreading of the contaminants was 

still made as evenly as possible on the test plots.

After the spreading there was a distinct film 
of RSO and RME on the leaves that had been in 

direct contact with the substances used. Most of 

the contaminants settled on the soil surface under 

the barley sprouts. At the Koulutila test site both 

of the contaminants left a puddle on the surface 

of the soil. At the Rahkakorpi test site both of the 

contaminants were absorbed into the soil. 

Climate conditions during the study

The climatic condition (temperature and rainfall) was 

followed at two different locations (Saari’s Weather 

Station at Jouppila, Seinäjoki and at the School of 

Agriculture and Forestry) that were close to the test 

sites Rahkakorpi and Koulutila, respectively. The 

effective heat sum was 1090 °C during the growing 

season (109 days) for the test matrices. The total 

rainfall during this time was 110.8 mm at Jouppila 

weather station and 175 mm at the Koulutila test 

site. The difference in the rainfalls according to the 

measurement data can be explained by harder local 

rainfall at Koulutila test site on 3 to 4 days during 

the total growing season. 

Phytomass measurements

The influence of the contaminants with different 
contamination levels at different test sites were de-

termined by measuring the total phytomass growth 

of the test plots. In these tests the measured values 

were total wet mass, dry mass and the weight of 

1000 kernels that were harvested from each test plot. 

The effect of the contaminants was also determined 

using visual inspection (for withering). 

The barley crop from the tests plots were har-

vested and collected into sheaves at the start of 

September 2009. The weight of the sheaves (total 

wet mass) from the test plots was measured. The 

crop was then dried using a cold air dryer for a 

period of 3 weeks. After the sheaves were dried 

the dry masses of the sheaves were measured and 

the kernels were separated from the straw by hand 

and stored in air tight containers. 

The harvested kernels were weighed at the Bio-

fuel Laboratory of Vaasa Energy Institute in Vaasa. 

To determine the weight of 1000 kernels 50 kernels 

were counted from each test plot and weighed. Af-

ter each measurement the kernels were mixed back 

into the kernels harvested from the same test plot. 

These measurements were repeated three times 

for each batch of kernels harvested from the test 

plots. The official measurement for the mass of 
1000 kernels should be made by weighing a mass 

of 500 kernels. This was impossible to do due to 

the small test plots and therefore small kernel yield. 

The moisture contents of the kernels were deter-

mined using the ISO 712 oven method (ISO 712).

Statistical analysis

Statistical analyses were performed by using the 

IBM SPSS Statistics 18.0 statistical software. The 
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influence of the contamination level on growth was 
conducted by using one-way ANOVA for both con-

taminants RSO and RME separately. The influence 
of the test site and contamination level was analyzed 

by using 2-way ANOVA where the contamination 
level and the test site were used as factors. This was 

done for both contaminants separately. The effect 

of the contamination level on the weight of 1000 

kernels was also conducted using one-way ANOVA. 
The effect of the test place wasn’t evaluated due 

to the fact that the test sites had different types of 

barley cultivars.

Biodegradation tests

Biodegradation of RSO and RME were measured 

both in OECD 301F tests conditions (OECD 1992) 

and in the ground water provided by the water treat-

ment plant Paavolan Vesi Ltd in Ruukki. 

The biodegradation in OECD 301F conditions 

is used to measure the biodegradation in optimal 

conditions. The biodegradation in ground water 

was measured for ground water protection pur-

poses to have information on how these substances 

behave if contaminants leak and transfer though the 

soil into the ground water.

The biodegradation tests were carried out us-

ing the manometric respirometric BOD (Biological 

Oxygen Demand) Oxitop® method. This method 

is based on very accurate automatic pressure mea-

surements in closed bottles under constant temper-

ature (here 20.0 ± 0.2 °C). When organic matter 

degrades, it requires a certain amount of oxygen, 

Equation (1): 

C
org

 + O
2
(g) → CO

2
(g) (1)

CO
2
(g) + 2NaOH(s) → Na

2
CO

3
(s) + H

2
O(l) (2)

When oxygen is consumed from the gas phase the 

pressure falls and at the same time carbon dioxide 

gas is produced; but in this method the carbon 

dioxide is absorbed onto solid sodium hydroxide 

pellets and therefore it does not affect the measured 

pressure, Equation (2). The measurement time of 

28 days was used in our biodegradation tests. The 

measurement is fully automated and for measure-

ments in solutions the instrument calculates the 

BOD value in the unit [mg L-1] using Equation (3) 

 (3)

where M (O
2
) is the molecular weight of oxygen 

(32000 mg mol-1), R is a gas constant (83.144 l hPa 

mol−1 K−1), T
m
 is the measuring temperature (K), T

0
 

is 273.15 K, V
tot

 is the bottle volume (ml), V
l
 is the 

liquid phase volume (ml), α is a Bunsen absorption 

coefficient (0.03103) and Δp (O2) is the difference 

in partial oxygen pressure (hPa) as given by WTW. 

The degree of biodegradation of the substance in 

percentages can be calculated from the Equation (4): 

   (4)

where ThOD is the theoretical oxygen demand and 

is calculated here from the carbon content of the oil 

[mg mg-1]. BOD in Equation (4) is also in the unit 

[mg mg-1] and is calculated from the BOD [mg L-1] 

value by Equation (5): 

 (5)

where V
sample

 is the volume of sample [L] and m
sample

 

is the mass of the sample [mg].

Results 

Fuel specifications of RSO and RME 

Some physical properties of RSO and RME were 

measured to evaluate the quality of these liquids. 

The density, surface tension, water content and 

oxidation stability were measured at the Biofuel 

Laboratory of Vaasa Energy Institute. The higher 

heat value, viscosity and acid number were measured 

at the Department of Chemistry, University of Oulu. 

Measured values are presented in Table 2. 
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Table 2. Physical and chemical properties and elemental analyses of the rapeseed oil (RSO) and rapeseed oil methyl es-

ter (RME).

Property RSO RME Standard

Density at 20°C, kg m-3 918.0 880.0 ISO 649

Surface tension at 20°C, dyn cm-1 32.9 31.4 ISO 6889

Water content, mg kg-1 414.0 462.5 ISO 12937

Oxidation stability, h 1.97 1.64 EN 14112

Higher Heat Value, MJ kg-1 39.4 40.0 ASTM D240

Viscosity at 20°C, mm2 s-1 58.0 6.4 ASTM D2983

Acid Number, mg KOH g-1 5.45 0.86 EN 12634 

Carbon, % 77.8 74.8 EN 14538

Hydrogen, % 12.1 11.6 EN 14538

Phosphorus, mg kg-1 16.0 0.1 EN 14538

Sodium, mg kg-1 0.8 0.5 EN 14538

Iron, mg kg-1 <0.1 0.3 EN 14538

Potassium, mg kg-1 13.5 0.2 EN 14538

Magnesium, mg kg-1 2.7 <0.1 EN 14538

Calcium, mg kg-1 35.4 0.4 EN 14538

Copper, mg kg-1 <0.1 <0.1 EN 14538
Zinc, mg kg-1 0.2 0.1 EN 14538

Fig. 1. The withering effect of rapeseed oil (on left) and rapeseed methyl ester (on right) with contamination level of 2.0 

liters per square meter at the Koulutila test site.

Effects on the vegetation

The barley sprouts showed signs of stress and 

started to wither straight away at the beginning of 

the experiment. After one week the barley vegetation 

inside the test plots with the RME contamination 

started to wither from where the RME had been in 

direct contact with the leaves.



A G R I C U L T U R A L  A N D  F O O D  S C I E N C E

Vol. 20(2011): 131–142.

137

This effect was not detected at the same time on 

test plots with RSO contamination. However, later 

on the effect of the RSO increased and the sprouts 

in the test plots with RSO contamination started to 

wither rapidly (Fig. 1). 

When the harvesting of the barley vegetation 

from the test plots was started, the vegetation with 

the highest contamination level of both contami-

nants was almost totally withered. 

Three months after the actual test ended there 

were noticeable differences in the test matrices. 

The test plots with the largest concentration of 

contaminants RSO and RME, had only a small 

amount of undergrowth compared with those with 

zero contamination. The soil surface inside the 

plots which had had 2.0 liters of RSO contamina-

tion had also turned dark (Fig. 2). 

Effects on phytomass

The contamination with both RSO and RME had 

phytotoxic effect on the barley growth at both test 

sites. Both RME and RSO caused significant losses 
of vegetation by the end of the test period (Table 

3 and Fig. 3).

The RSO contamination at the Koulutila test 

site reduced (F = 13.13, p = 0.01) the harvested 

wet mass by 29% with a contamination level of 

Fig. 2. The effect of rapeseed oil (RSO) in the Koulutila 

test matrix 3 months after the test ended.

Table 3. The relative reduction of phytomasses caused 

by the contaminants rapeseed oil (RSO) and rapeseed oil 

methyl ester (RME).

Rahkakorpi Koulutila

Contamination 

level
RSO RME RSO RME

0.0 l m-2 0% 0% 0% 0%

0.5 l m-2 -29% -41% -41% -46%

2.0 l m-2 -84% -55% -77% -71%

Fig. 3. The measured phytomasses (±SD) of barley crops 

with different contamination levels of rapeseed oil (RSO) 

and rapeseed oil methyl ester (RME) at the Koulutila and 

Rahkakorpi test sites.
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0.5 liters per square meter and by 84% with a con-

tamination level of 2.0 liters per square meter. At 

the same test site the RME reduced (F = 18.68, p 

< 0.001) the recovered wet mass by 41% with a 

contamination level of 0.5 liters per square meter 

and by 55% with a contamination level of 2.0 liters 

per square meter.

RSO contamination levels of 0.5 and 2.0 liters 

per square meter decreased (F = 24.67, p < 0.001) 

the amount of harvested wet masses at the Rahka-

korpi test site by 41% and 77%, respectively. The 

wet mass reduction (F = 167.51, p < 0.001) in the 

test squares, with RME as a contaminant, was 46% 
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with 0.5 liters per square meter and 71% with 2.0 

liters per square meter.  

There was considerable variations between 

some of the test plots (RSO 0.5 liters per square 

meter at Koulutila and RSO 0.5 and 2.0 liters per 

square meter at Rahkakorpi). This might be the re-

sult of the uneven spread of the contaminant. 

The mass reduction was similar at both of the 

test sites despite different cultivars and the fact that 

the Koulutila test site was partly contaminated with 

oat growth. The oat was transferred to the test site 

along with the dry manure. 

The cold air drying reduced the total mass of 

the sheaf’s by 34.80 ± 1.06% (mean value ± SD) 

and because of the consistent reduction of mass, 

after the drying, the effects on the phytomass was 

only evaluated using harvested wet masses. The 

variance analyses using dry masses showed simi-

lar dependency between contamination levels vs. 

harvested dry masses. 

The weight of 1000 kernels

The measured kernel masses from the plots with-

out contamination were higher compared to those 

reported with the Saana and Vilde cultivars; 46.1 g 

and 41.9 g, respectively (Kangas, et al. 2009). The 

moisture content of the kernels was determined for 

kernels harvested from the test plots. The barley 

harvested from the Koulutila test site had a moisture 

content of 9.2 ± 0.2% and at Rahkakorpi it was 10.4 

± 0.2% (mean value ± mean error).  

The weight of 1000 kernels was also influenced 
by both of the contaminants (see Table 4). The 

changes in the kernel masses were influenced by 
the contamination level introduced to the test plots. 

The RSO (F = 13.59, p < 0.001) and RME (F = 

10.87, p < 0.001) showed a small increase in kernel 

masses with the 0.5 liter contamination level at the 

Rahkakorpi test site and the 2.0 liter contamination 

level decreased the kernel masses. 

The effects of RSO at the Koulutila test site 

was similar to other measurements taken but they 

were still insignificant (F = 0.47, p = 0.63). RME 

contamination at the Koulutila test site slightly in-

creased (F = 3.69, p = 0.04) the kernel masses with 

contamination level of 0.5 liters per square meter 

and the 2.0 liter contamination level decreased the 

kernel masses.

Biodegradation

The biodegradations of RSO and RME in OECD 

301F conditions are presented in Fig. 4. The bio-

degradation levels (BOD/ThOD) after a time period 

of 28 days for RSO and RME, were 65.8% and 

60.6%, respectively. The small difference between 

the biodegradation levels can be explained by the 

differences in the chemical compositions of RSO 

and RME, and therefore their different biodegrad-

ing components. The studied liquids had been aged 

which can be seen with the increase in their acid 

value. The differences in chemical compositions 

mean differences in the oxidation components in the 

RSO and RME which can inhibit the biodegrada-

tion of these substances. The RME should actually 

biodegrade more rapidly than the RSO because the 

RSO was more stable in the oxidation stability test. 

Table 4. The effect of rapeseed oil (RSO) and rapeseed oil methyl ester (RM) to the measured dry 

masses (g) of 1000 kernels harvested from the test plots. Data are mean ± SD

Rahkakorpi Koulutila

Contamination level RSO RME RSO RME

0.0 l m-2 45.1±1.6 45.1±1.6 48.0±2.0 48.0±2.0

0.5 l m-2 47.1±1.5*** 45.3±2.3*** 48.7±3.4ns 49.9±1.7**

2.0 l m-2 40.1±4.6*** 41.6±1.6*** 47.4±1.4ns 47.9±1.5**

Statistically significant differences are indicated as follows: ns = not significant, *, p<0.05; **, p<0.01; ***, p<0.001
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The biodegradation results determined in the 

ground water differed from those measured in 

OECD 301F optimal conditions (Fig. 5). RSO and 

RME both started to degrade in an almost similar 

way when compared to each other. The biodegra-

dation level after the 28 day period was 9.9% for 

RSO and 10.0% for RME. Both substances still 

started to degrade during this measurement period 

and therefore both are fairly biodegradable also in 

the ground water.

Discussion 

Fuel properties

The physical parameters measured for RSO and 

RME are similar to the ones measured previously 

in our own studies (Niemi et al. 2009). The only 
properties that could indicate that these substances 

might have been stored for a period of time are the 

oxidation stability and acid number which doesn’t 

meet the limits set by the EN 14112 standard (6 h 
and less than 0.5 mg KOH g-1, respectively).

Oxidation stability doesn’t have a straight cor-

relation to the time that the RME is stored. The 

reasons for these changes in oxidation stability are 

related to: the fatty acid composition of the oil or 

biodiesel, the concentration of certain metals (e.g. 

Cu and Fe) and water content (Vauhkonen et al. 

2009). The oxidation stability doesn’t therefore 

have a straight correlation to the age and/or the 

quality of the vegetable oil or biodiesel as a fuel. 

As a result of oxidation, formic and other or-

ganic acids are formed in vegetable oils and biodie-

sel. These substances increase the acid value. The 

RSO and RME investigated had high acid values 

5.45 and 0.86 mg KOH g-1, respectively. This in-

dicates that both RSO and RME have been partly 

oxidized. 

The RSO had large amounts of phosphorus 

(16.0 mg kg-1), potassium (13.5 mg kg-1), magne-

sium (2.7 mg kg-1) and calcium (35.4 mg kg-1) com-

pared to those of RME. This might be a result of a 

high pressing temperature and a lack of adequate 

filtering of the oil. 
Phosphorus is normally fixed in the plant fib-

ers and a high pressing temperature can transfer 

phosphorus into the pressed oil.  If the rapeseed 

oil has a large phosphorus content it is dangerous 

to the engine because it is abrasive. Large amounts 

of phosphorus can also cause blocking of the fuel 

filters and deposits on valves and pistons (Thuneke 
2006). Studies have also shown that phosphorus 

can have a poisoning effect to the catalyst materials 

in exhaust gas catalyzers (Kröger 2007, Rokosz et 

al. 2001). Magnesium and calcium can cause po-

lymerization, similar to making soap with rapeseed 

Fig. 4. The biodegradation of rapeseed oil (RSO) 

and rapeseed oil methyl ester (RME) in OECD 301F 

conditions.

Fig. 5. The biodegradation of rapeseed oil (RSO) and 

rapeseed oil methyl ester (RME) in ground water.
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oil (Baquero et al. 2010). High concentrations of 

these elements have also been related to the ash 

content of the oils and biodiesels in our previous 

measurements. Kröger (2007) has concluded that 

calcium also can decrease the catalytic activity of 

components used in automotive catalysts. The RSO 

used in these measurements therefore could not be 

used in diesel engines, as such.

The alkali metals sodium and potassium are 

both measurable values in the EN 14214 standard 
for biodiesels. For RME these values are under 

the maximum limit (less than 5.0 mg kg-1) set for 

biodiesels. The concentrations of hazardous heavy 

metals copper and zinc were also measured in this 

work. The concentrations of these metals in both 

RSO and RME were lower than 0.2 mg kg-1, and 

therefore these metals shouldn’t cause problems in 

the soil or to the vegetation.

The concentration of iron in RME was 0.3 mg 

kg-1 which is high enough concentration to have 

a negative impact to the oxidation stability. Sarin 

et al. (2009) reported that an iron concentration 

of 0.5 mg kg-1 decreased the oxidation stability of 

Jatropha oil methyl ester by an hour. 

Phytotoxicity tests

The results of this study indicate that both RSO and 

RME have a negative impact on barley growth. The 

phytomass growth (wet mass) was highly influenced 
by the amount of contaminant introduced to the test 

sites. Despite the contaminants not being spread 

evenly on the sprouts some of the test plots showed 

almost total loss of vegetation.

Similar types of contamination measurements 

have been earlier carried out with pine seedlings 

(Lauhanen et al. 2000, Flykt et al. 2003) and in 

these studies there have been noticeable disorders 

in the plant’s physiology. In our study we used 

barley sprouts that are much more sensitive to 

contaminants than pine seedlings due to the larger 

respiration surfaces of the barley sprouts compared 

to those of pine seedlings. 

Gong et al. (2008) found that sunflower oil 
had an inhibitory effect on Brassica rapa L. bio-

mass growth, the effect increased with increasing 

amounts of sunflower oil. Similar effects, such 
as reduction of biomass, was also shown in this 

work with both of the studied contaminants RSO 

and RME. Boz et al. (2010) showed that the olive 

processing residues can also inhibit the growth of 

certain weeds.

The contaminants left a noticeable film on the 
barley sprouts. The rapeseed oil and also rapeseed 

oil methyl ester, both being in contact with air, 

start to form polymers as a result of oxidation. This 

means that contaminants in the case of polymeriza-

tion formation will suffocate the plant. Therefore 

stored rapeseed oil and rapeseed oil methyl esters 

can be said to act as herbicides.

The dry weight of kernels was also influenced 
by both of the contaminants. Small contamination 

levels showed a small increase in kernel masses 

and higher contamination levels reduced the ker-

nel masses. There could be several reasons for this 

effect. The studies with pine seedlings (Flykt et 

al. 2003) showed that the bio-oil contamination 

increased the amount of dissolving nitrogen in the 

soil at low oil contamination levels. This might 

partly explain the small increase of the measured 

kernel masses with small contamination levels in 

this study. The reduction of kernel masses might 

be explained by the uneven spread of the rapeseed 

oil and rapeseed oil methyl ester. The leaves that 

were contaminated by the substances used withered 

and therefore the natural growth of the barley was 

disturbed. The contaminants were absorbed into 

the soil more efficiently at the Rahkakorpi test site 

because the soil type was more porous than the soil 

at the Koulutila site. This means that the contami-

nants might have reached the root zone and dam-

aged the root system. This could explain the reduc-

tion of kernel masses at the Rahkakorpi test site. 

Both the rapeseed oil and rapeseed oil methyl ester 

will also change the pH level of the soil and there-

fore also have an effect on the micro-organisms and 

their interrelationships (Lapinskiene et al. 2006). 

The contaminants used might have also therefore 

affected the normal metabolism of the microbes in 

the soil. Microbes have been reported to be able to 

consume small amounts of bio-oils and the amount 

of microbes has increased and larger contamination 
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levels have decreased the amount of microbes in 

the soil (Flykt et al. 2003). Al-Darbi et al. (2005) 

showed that the different types of oils had different 

kind of effect to the amount of microbes in seawa-

ter and waste water contaminations. 

Biodegradability tests

The studied rapeseed oil and rapeseed oil methyl 

ester were effectively biodegradable in OECD 

301F test conditions but also at a slower rate in 

ground water. The large difference in biodegrada-

tion levels between these two conditions is caused 

by the fact that the OECD 301F condition is the 

optimal condition for biodegradation and the ground 

water test is closer to the natural environment for 

biodegradation. The biodegradation rates of RSO 

and RME measured in these test vary from those 

reported in various studies in both; optimal and 

also in aquatic conditions (Peterson and Möller 

2004, Zhang et al. 1997). The reason for this might 

be that the substances used in this study had been 

stored over a period of time and the fuel charac-

teristics had changed. The acid values were higher 

due to the increased amounts of organic acids (e.g. 

formic acid) in these fuels as a result of oxidation. 

The organic acids can also be formed as a result 

of microbial activity (Schricher et al. 2009). It has 

also been suggested that the viscosity, structure and 

compostion of the oils and fats have an effect on 

the biodegradation rates and also oxidation products 

can either accelerate or inhibit the biodegradation 

(Al-Darbi et al. 2005). Lapinskiené and Martinkus 

(2007) studied the intermediate biodegradation 

products of biodiesel, sunflower oil, diesel and 
beef grease. These measurements showed that the 

biodegradation products that are formed consist 

of acetic acids and propionic acids that both are 

antibacterial substances. There is also evidence 

that the autoxidation as a part of the deterioration 

process can accelerate the biodegradation process 

by producing smaller and easier compounds to be 

biodegraded or inhibits it by producing antibacterial 

products (e.g. formic acid) (Al-Darbi et al. 2005). 

Therefore it can be concluded that the oxidation 

products could have affected the biodegradation 

tests in this study. 

Conclusions

This study concentrated on phytotoxic effects of 

stored rapeseed oil and rapeseed oil methyl ester and 

the biodegradability of these substances in OECD 

301F conditions and ground water. Some of the 

fuel properties (acid value and oxidation stability) 

had been affected by the storing and did not meet 

the values set by the standards. The results indicate 

that the stored rapeseed oil and rapeseed oil methyl 

ester used in this study both had a phytotoxic effect 

when they were in direct contact with barley sprouts. 

Both substances biodegraded in the laboratory tests 

and therefore it can be concluded that, in small 

spill-like contaminations, they should not cause 

long term environmental problems to the soil or 

ground water. There were also indications that the 

seed masses could be affected by the contamination. 
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