Anna PARUS!, Piotr SZULC?, Zbyszek ZBYTEK?

!Poznan University of Technology, Institute of CheahiTechnology and Engineering

ul. Berdychowo 4, 60-965 Poanadoland

2 Pozna University of Life Sciences, Department of Agrongral. Dojazd 11, 60-632 PozinaPoland
3Industrial Institute of Agricultural Engineering, $tarotcka 31, 60-963 PoznaPoland

e-mail: anna.parus@put.poznan.pl

EFFECT OF PETROLEUM DERIVATIVES CONTAMINATED SOIL O N GERMINATION
AND EARLY GROWTH OF CHOSEN PLANTS

Summary

Most of products of petroleum have a toxic effezfslants, animals and also to man. Overworked moils and mixtures
of different petroleum substances are especiallygdeous for environment. The aim of this work waddtermine the ef-
fect of overworked motor oil, diesel and their migs on the growth and advancement of chosen spetiglants. The ef-
fect of increasing concentration of the petroleurbstances in the soil (0.5, 1.0, 2.5, 5.0, 10.00 28l kg') on: seed ger-
mination, the elongation of shoot and root of bgslmaize and mustard were studied. On the basissgfarch results it
was stated that limited germination and growth laings was caused by used petroleum substanceshairdntixture. In-

creasing the dose of xenobiotic caused reductiahénguantity of seeds or inhibition of germinatemwell as considera-
bly limited lengths of roots and shoot of all telsptants. The studied species showed differenitsatysto the concentra-
tion of overworked motor oil. The highest toxicitsis observed for mixture of overworked motor ofhwdiesel. Among all
tested plants, the mustard was the most sengititeetpresence of petrochemical impurities.
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WPLYW ZANIECZYSZCZENIA GLEBY POCHODNYMI ROPY NAFTOW ~ EJ NA
KIELKOWANIE | POCZ ATKOWY WZROST WYBRANYCH RO SLIN

Streszczenie

Wieksza¢ z produktéw naftowych oddziatuje toksycznie naoigmyzywe, w tym na rdiny, zwierzta a take na cztowie-
ka. Szczegdlnie gfone dlasrodowiska g przepracowane oleje silnikowe oraz mieszanimyéh substancji petrochemicz-
nych, np. diesla i przepracowanego oleju silnikowve@elem pracy byto okflenie wptywu przepracowanego oleju silni-
kowego, diesla oraz ich mieszaniny na wzrost i @avwybranych gatunkéw gtin. Badano wptyw substancji ropopochod-
nych w glebie w dawkach 0,5, 1,0, 2,5, 5,0, 1@B iml kg' gleby na kietkowanie, wzrosteszi nadziemnych i podziem-
nych pczmienia, kukurydzy oraz gorczycy. Na podstawigkéynprzeprowadzonych badlatwierdzono,z obecndgé die-
sla oraz przepracowanego oleju silnikowego wptywaograniczenie kietkowania i wzrostustio. Zwiekszenie dawki kse-
nobiotyku spowodowato zmniejszenigdldub catkowite zahamowanie kietkowania nasional@ée wptywato na znaczne
ograniczenie wzrostu e&i nadziemnych i podziemnychslio uzytych w déwiadczeniu. Badane gatunki wykazatyznié
cowary wrazliwosé na zanieczyszczenie gleby substancjami ropopoghadiNajwiksz; toksyczné® wykazuje mieszanina
diesla i przepracowanego oleju silnikowego.

Stowa kluczowediesel, przepracowany olej silnikowy, kietkowanaesion, gczmiei, kukurydza, gorczyca

1. Introduction and soil microflora population [18, 22]. The sadlintamina-

tion with diesel strongly inhibits nitrification pcess and

The development of civilization, accompanied bgus-
trialization, has caused severe contamination tirahen-
vironment over extensive parts of many countriesluBon
of the soil and water with petroleum compounds figero

also causes a significant reduction in organic @arbon-
tent. Authors described a reduction in seed gerimand
primary root length of peanut, cowpea, sorghum,zmai
rape, bean [2, 39, 13, 19]. This reduction depamrddoth

observed in area where petroleum is obtained aiild solevel of contamination and plant species. Gasotinethe

around industrial plants [1, 7]. The contaminatafnsoils
also occurs while processing and distributing getnm hy-
drocarbons as well as using petroleum products [5].

other hand is a complex mixture of organic compauasuad
it also has been shown to be toxic to plants [2, 19
The phytotoxicity tests could be a way of findpwgtential

The presence of petroleum compounds in soils esluc bioindicators of the presence of petroleum prodinctee en-

the growth of plants, among others, by the inhilitiof
germination and growth, photosynthesis, and retpira
processes. The anatomical changes of roots, defionmaf
cells, reduction in the amount of root hair, vaacabstruc-
tion, and oil accumulation in tissues and theirydization
were also observed [16, 23]. The petroleum derreati
change soil properties and also can lead to watgroxy-
gen deficits as well as to shortage of availablenfof ni-
trogen and phosphorous [21]. Diesel reduces sdiiliti
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vironment and an assessment method of the effaetgeof
the conducted remediation treatments [15].

The effect of the individual petroleum products pants
was evaluated by many studies [2, 3, 8, 15, 23] itmited
information is available on the combined effectdifferent
petroleum products on plant species. There isdbd o study
the combined effects of petroleum products on piecause
most of them are present in an environment atahedime or
on same environment at different times.
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The objective of the study was to determine thécto 3. Results

influence of diesel and overworked motor oil anelitmix-
tures on barleyHordeum vulgare)maize Zea maysand
mustard(Sinapis.

2. Materials and methods

Figure 1 demonstrates the germination index 6 ddys
ter sowing for barley, maize and mustard exposeuktoo-
leum derivatives. The ability of the tested platatggermi-
nate in soil contaminated with diesel, overworkeatan oil

and their mixtures varied and largely dependedherptant

The experiment was conducted with three common
crops and included barleyH¢rdeum vulgarg maize Zea
may9g, mustard $inapig which was treated with a diesel,
overworked motor oil and their mixture along witman-
contaminated soil (control). Culture was carried iouver-
tical plastic Phytotoxkit! containers (Phytotoxkit, Tigret
company, Belgium). Onto the plates 100 g of soitenap-
plied, and then a quantity of the analyzed substamas
added. The experiments consisted of following sét3:
control — soil without analyzed compounds, (2) smh-
taminated with diesel (at 0.5, 1, 2.5, 5, 10, 25kgt
d.w.s), (3) soil contaminated with overworked matdr(at
0.5, 1, 2.5, 5, 10, 25 ml-Kgd.w.s.), (4) soil contaminated
with diesel + overworked motor oil (at 0.5 mikgl.w.s
diesel + 0.5 ml-ky d.w.s overworked motor oil, 1.25
ml-kg* d.w.s. diesel + 1.25 ml-Kgd.w.s. overworked mo-
tor oil, 2.5 ml-kg' d.w.s. diesel + 2.5 ml-Kgd.w.s. over-
worked motor oil, 5 ml-kg d.w.s.. diesel + 5 ml-kgd.w.s.
overworked motor oil, 12.5 ml-Kgd.w.s. diesel + 12.5
ml-kg® d.w.s. overworked motor oil). The experiment in-
volved five repetitions and three series for easahiant.
Phytotoxkit plastic containers were placed in thekdcon-
stant parameters such as temperature (25 + 1°Chamdl-
ity (80%) were maintained. On thus prepared s@ilséeds
of plants were put (5 plates for each concentratibthe
test compounds). After the end of the experimenint®
were made of the number of germinated seeds and-mea
urements were taken of the root and shoot length.

On the basis of the obtained results the gernainati-
dex (GI) for each treatment was calculated usingagqgn
[11]:

o8]

where G and G are the number of seeds germinated in the
sample and control, respectively wheregahd L, are the
length of root in the sample and control, respetyiv

For the experiment, the soil was used having aHevi-
ing elemental composition: 81 mg P'kof soil, 88 mg
K-kg* of soil, 69 mg Mg-kg of soil, pH of 5.92 (in KCI),
C organic content of 1.01% (10.1 g-kgf soil), 2.4 mg N-
NH,-kg* of d.w.s. and 9.2 mg N-Ngkg® of d.w.s. Grain
size distribution, particle size: 1 — 0.1 mm = 9504] —
0.02 mm = 5%, < 0.02 mm 0%. Soil granulation was ho

mogenous, composed of well-homogenized loamy sand.

The influence of diesel oil and overworked motdrweéas
investigated using the phytotoxicity test basedhenSO-
11269-2:2012 International Standard [10].

species and type of pollution. Increasing overwdrketor
oil and mixture of diesel with overworked motor oibn-
centration in the soil below 1.0 ml-kgl.w.s. significantly
decreased seed germination, and at 2.5 fhiakgl below of
petroleum derivatives in soil germination of analyplants
was completely inhibited.
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Fig. 1. Influence of petroleum derivatives on themgina-
tion index of plants after 6-day germination. (aoil con-

Petroleum diesel (EN 590:2004) was purchased frortaminated with diesel, b - soil contaminated withee
PKN Orlen, Poland. Overworked motor oil was obtdine worked motor oil, ¢ - soil contaminated with mixtuof

from local auto repair facility.

diesel and overworked motor oil)

Average values were calculated for each analyseRys. 1. Wplyw zwrkdw petrochemicznych na indeks kiet-

group. All phytotoxicity tests were carried outthree se-
ries and five replicates. Average values were atatliwith
their standard deviations (SD). Results were plottéth

Microsoft Excel software.
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kowania ralin po 6 dniach uprawy. (a - gleba zanieczysz-
czona dieslem, b - gleba zanieczyszczona przepeagyow
olejem silnikowym, ¢ - gleba zanieczyszczona mi@sza
przepracowanego oleju silnikowego z dieslem)

,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(4)



Slightly different situation was observed for pkan Diesel, overworked motor oil and their mixtureatraent
which were sown in soil contaminated with diesddeTe- decreased seed germination percentage and mdw eééd-
ducing in seed germination was observed for higtiestel  ling growth parameters such as shoot and rootHeRgduc-
concentration in soil (10 and 25 mlkd.w.s.), and seed of tion in seed germination and seedling growth patarsef all
barley and mustard was completely inhibited, butzema tested plants provided evidence that the petrolptoducts
seed germination was reduced to 60%. Among aledest such as diesel and overworked motor oil if presetite soil —
plants, the mustard was the most sensitive to thegpce plant environment are responsible for producingctetfects
of petrochemical impurities which reduced plant development.

The combination of the petroleum compounds contrib
uted to a drop of the GI in the case of all tegiahts,
which was the most significant at the highest cotration a) 15 Ebarley
of diesel, overworked motor oil and their mixtuksfective 13 Emaize
concentration of diesel, which caused 50% inhibitiof
root growth was: 17, 25 and 5 mlkgl.w.s., respectively
for barley, maize and mustard. Soil contaminateth wi
overworked motor oil was more toxic and EC50% vi&as;
4.0 and 1.0 ml-k§ d.w.s., respectively for barley, maize
and mustard. The significant decreasing in the & most
notable for mixed xenobiotic (diesel with overwodkeno-
tor oil) and EC50% was 0.5 + 0.5 mlkg.w.s. diesel +
overworked motor oil for all tested plants.

Figure 2 indicates the shoot length of barley,zmaind
mustard exposed to diesel, overworked motor oil it
mixture. The concentration of xenobiotics in thdl #aflu- b)
enced due to the shoot length. Significant intohitof shoot 15 W barley
growth was observed for plants which were sowrpihcen- 13 mmaize
taminated with overworked motor oil and mixed xgotbs
(diesel with overworked motor oil). The influenca shoot
length also depended on the level of contaminalimneasing
xenobiotics concentration in the soil caused treredesing in
shoot growth. The overworked motor oil inhibitedshlength
with a decrease from 16% to 100% in barley, 50%0@% in
maize and 26% to 100% in mustard at range contentra -1
1.0 to 2.5 ml-kg d.w.s. The mixture of petroleum compounds
(overworked motor oil with diesel) significantly hibited compaounds concentretion
shoot length of barley, maize and mustard with ducton [mlkgt dw.s.]
from 86% to 100%, from 78% to 100% and from 45% to
100% at concentration range 0.5+0,5 mt-kbw.s. diesel + C) B barlev
overworked motor oil to 12.5+12.5 mlkgl.w.s. diesel + 15 o
overworked motor oil, respectively. 13 BWinaize

Root length was also negatively affected by petnol
compounds, especially overworked motor oil and unétof
diesel with overworked motor oil (Figure 3). Diestibhtly
inhibited growth of root barley and maize, but ffigantly
reduced mustard root by 80% at 10 mif-kigw.s. The presence
of overworked motor oil in soil was more toxic thdiesel and
at 2.5 ml-kg d.w.s. reduced root length by 83% and 100%,
respectively for maize, mustard and barley. Mixedobiotics i - =
reduced root length of barley and maize from 70%.00% i 0 1 25 10 75
and mustard from 36% to 100% at range concentrétion compoounds concentration
0.5 + 0.5 ml-kg d.w.s. diesel + overworked motor oil to 12.5 [mlkgt c.w.s.
+12.5 ml-kg d.w.s. diesel + overworked motor oil.
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4. Discussion Fig. 2. Influences of petroleum compounds contationa

Petroleum derived products are important polligdr®- on shoot length of barley, maize and mustard.g@il-con-
cause they influence the functioning ecosystemgolem taminated with diesel, b - soil contaminated withem
derivatives are phytotoxic to plants at relatividyv con-  worked motor oil, ¢ - soil contaminated with mixtuof
centration. Petroleum products toxicity is an impot fac-  diesel with overworked motor oil)
tor governing germination and seedling growth aing$. Rys. 2. Wplyw zanieczyszczeniagziami petrochemicz-
The effects of toxic substances are dependent tmleéeel nymi na dtugé¢ peddéw pczmienia, kukurydzy i gorczycy.
of contamination and plant species. Germination seell- (a - gleba zanieczyszczona dieslem, b - gleba eayie-
ling establishment are vulnerable stages in thetpiie cy- czona przepracowanym olejem silnikowym, c - gleimaez
cle [20]. Seedling growth is considered as an midic of czyszczona mieszaniprzepracowanego oleju silnikowego
petroleum products stress on plant ability to sugyL2]. z dieslem)
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Fig. 3. Influences of overworked motor oil contaation
on root length of barley, maize and mustard. (ail-®n-
taminated with diesel, b - soil contaminated wither
worked motor oil, ¢ - soil contaminated with mixupf
diesel with overworked motor oil)

Rys. 3. Wplyw zanieczyszczeniagzkami petrochemicz-
nymi na dtugé¢ korzeni gczmienia, kukurydzy i gorczycy.
(a - gleba zanieczyszczona dieslem, b - gleba zayse-
czona przepracowanym olejem silnikowym, ¢ - gletraez

czyszczona mieszaniprzepracowanego oleju silnikowego

z dieslem)

ture. The work Adedokun and Ataga [2] reported that
treatment of soils with crude oil, automotive gaseloil
and spent motor oil significantly affected the timieger-
mination, germination percentage, plant height #eaf
production of cowpea. The toxic effect on germioatper-
centage and seedling growth in this work could teeved
as a function of lower water and nutrient uptakates to
water and nutrient bioavailability. The degradirftpet of
petroleum derivative compounds on soil leads toesi-
trogen and phosphorus depletion, reduction in whtds
ance and biological equilibrium [6]. According tod@m
and Duncan [1], the degree of germination inhilitend
plant growth depends not only on the plant spedissul-
tivar, time of exposure, and contamination concdiun,
but also on the volatile content of the fuel frantiConven-
tional fuel has an adverse effect on the watereddttions in
the soil, creating an impermeable oily film layeoand the
seeds or roots and interfering with proper gernmaand
growth of plants [1, 23]. If oil is sprayed on véafon, it
penetrates into the plant tissues, through theitsensto-
mata, the thin cuticle and also through the epiderirthese
penetrations are possible by its transfer throhghviscular
system of the plant. This is due to insufficientasien of
the soil because of displacement of air from thee mpace
between the soil particles by crude oil [19]. Oarle stud-
ies [14] also show that the soil contaminated vdibsel,
sodium chloride and their mix are potentially toxac the
natural vegetation. We observed toxicity to maizhijch
seems to be dependent on the type and level aiftpotlin
soil. The highest concentration of sodium chlorghe die-
sel reduced seed germination and shoot and roalagv
ment. But higher toxicity was observed for shoairthoot.
Furthermore, the presence of several impuritiegésoil
causes an increase in the toxicity manifested tilrquartial
or complete inhibition of seed germination and plan
growth.

5. Conclusion

Petroleum products polluting environment are arreias-
ingly serious ecological problem as contaminatibmvater
and soil with these chemicals has adverse effeth®tio-
chemical properties of soil and plant productiorenéral
observation in this study can conclude that dieseér-
worked motor oil and mixture of these petroleumduats
produced toxic impact on seed germination and gegdl
growth of plants. Mixture application into the sbilought
up changes in all of the determined germination eady
seedling growth parameters. The identificationhef éffect
of individual and mixed petroleum products on diiet
plant species would be helpful for the establishmadran
environment quality standard.
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