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The incidence of keratinolytic fungi in an acidic petroleum waste lagoon
(before bioremediation) at a petroleum refinery situated within a highly populated
area was examined. High concentrations of petroleum hydrocarbons (aliphatics
and PAHs) made the growth of keratinolytic fungi in clay and litter collected
from the lagoon impossible. The natural self-purification process considerably
decreased the hydrocarbon contamination, increased the pH and caused the
abundant growth of Trichophyton ajelloi in organic soil that contained the
root-adjacent material from the grass growing in green oases at the lagoon.
Ecological and epidemiological aspects of the data were discussed.

INTRODUCTION

The contamination of soils and aquifers with petroleum hydrocarbons and their
derivatives is an important environmental problem in many countries all over the world,
including Poland. This contamination often occurs in areas of petroleum refineries,
coking plants, military and transport bases, fuel basins and refilling stations. Factors
affecting the contamination include evaporation of volatile compounds, dissolution,
adsorption, emulsifying and photochemical and microbiological degradation. The con-
tamination of soil and other habitats with petroleum hydrocarbons considerably chan-
ges the qualitative and quantitative compositions and the activities of indigenous
microorganisms [8, 9]. Our preliminary experiments (unpublished data) showed that
this contamination also altered the composition of keratinolytic fungi in soil. These
fungi are able to degrade keratinous substrata provided to the environment by animals,
including humans. Therefore, keratinolytic fungi are extremely abundant at highly
populated areas and sites penetrated by animals [4]. Due to the pathogenic or
potentially pathogenic properties of keratinolytic fungi, studies of these microorganisms
are also of epidemiological significance. Areas rich in keratinous substrata and kera-
tinolytic fungi are often contaminated with petroleum hydrocarbons and their deriva-
tives. It is, therefore, of interest to recognize the influence of these compounds on
keratinolytic fungal populations. This paper addresses the incidence of keratinolytic
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fungi in an acidic petroleum waste lagoon (before bioremediation) at a Polish petro-
leum refinery situated within a highly populated area.

MATERIAL AND METHODS

There were three acidic petroleum waste lagoons (I-III) at the refinery in Czechowice-Dziedz-
ice [21]. This paper concerns the second (middle) lagoon before bioremediation. The litter
containing wastes from the acidic refining (with H2SO4) of petroleum and clay heavily conta-
minated with wasted oils from the refinery’s area were disposed in this lagoon for more than
one hundred years. Most of the lagoon’s surface was devoid of plants. However, there were
several small green oases of shrubs and grass on this surface. The materials collected from the
lagoon were the following: litter, clay (named clay 2) and organic soil. The first two materials
were taken directly from the lagoon’s surface, while shaking the roots of the grass growing in
the green oases allowed to collect the organic soil. The control sample was clay 1, which was
not contaminated with petroleum hydrocarbons and collected from the bottom of a dried pond.
This pond was situated at the distance of ca. 3 kilometers from the lagoons’ area. The bottom
of the pond was devoid of plants. Each sample was collected from 5 places of the lagoon or
the pond from the depth of up to 20 cm. Subsamples from each place had ca. 1 kg so that the
total weight of each sample was ca. 5 kg. Samples were first cleaned from stones and plant
remains, then crumbled and thoroughly mixed. These mixed samples were examined for
keratinolytic fungi and physico-chemical parameters.

The mixed samples were surveyed for keratinolytic fungi using the standard hair baiting
technique [20]. Each sample was distributed into forty Petri dishes. Forty grams of the examined
material were put into each Petri dish and the dishes were covered with 400 mg of defatted,
cut into 1-cm long pieces and autoclaved children’s hair. The dishes were incubated for four
months in the dark at 23 °C. The moisture of the materials in the dishes was kept at the level
of 25-30%. At two-week intervals, the dishes were examined for growth of keratinolytic fungi.
The pieces of hair that had been attacked by these microorganisms were observed under light
microscopy and inoculated on 1:10 Sabouraud + salts medium (TK medium) [11] with chlo-
ramphenicol (100 mg/l) and cycloheximide (500 mg/l). Pure fungal cultures were identified
according to their macro-and micromorphological characteristics, with the aid of selected
taxonomic monographs [2, 5, 10]. The general rule was that the presence of a given species on
hair bait confirmed by its growth on TK medium meant the isolation of one strain of this species
from a Petri dish. The test for keratinolytic activity of isolated strains was that of Ulfig et al.
[14].

Each mixed sample was examined for the following physico-chemical parameters: particle
size distribution by Bouyoucosa-Casagrande aerometric method in Prészyriski’s modification
[PN-R-04032]; humidity by gravimetric method [6]; pH in H2O by electrometric method (PN
ISO 10390); conductivity by conductometric method (PN ISO 11265); total organic carbon
(Cror) by Tiurin method (PN-91/Z-15005); total nitrogen (Ntor) by Kjeldahl method (ISO
11261); total sulfur (Stor) by Eschka method (PN ISO 334); S-SO4 by gravimetric method (ISO
11048); available phosphorus (P20s) by Egner-Riehm method (PN-R-04023); available potassium
(K20) by Egner-Riehm method (PN-R-04022); total petroleum hydrocarbons (TPH, non-polar
aliphatic hydrocarbons) by infrared spectrometry (FT-IR) with extraction in CClg; total petro-
leum organic carbon (TPOC, polar and non-polar aliphatic compounds) by infrared spectrometry
(FT-IR) with extraction in CCls (PB-07, PB-10, PN-82/C-04565.01, EPA 3620, EPA 8440,
PN-V-04007); and polycyclic aromatic hydrocarbons (PAHs) by HPLC with fluorescence de-
tection (PB-06, PB-09, ISO/FDIS 13877). The mixed samples from the lagoon were also
examined for the total organic matter content extractable by petroleum ether (petroleum ether
extract = PEE; PN-75/C-04573.10), heavy metals (Fe, Mn, Ni, Cr, Zn, Cu, Pb, Cd, Co, and Hg)
by ICP and AAS atomic spectrometry methods (EPA 6010B), and BTEXs (benzene, toluene,
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ethylobenzene, m+p-xylene, o-xylene, 1,2,5-trimethylobenzene, 1,2,4-trimethylobenzene, and
naphthalene) by GC/MS method [12]. However, the concentrations of heavy metals and BTEXSs
were low and, therefore, are not presented in the paper.

RESULTS

The occurrence of keratinolytic fungi in the samples from the lagoon and in the
control sample (clay 1) is presented in Table I. Among 160 Petri dishes examined, 80
(50%) were positive for the above-mentioned microorganisms. Altogether, 104 fungal
strains belonging to three species were isolated. Good growth of keratinolytic fungi
was observed in clay 1. The mycelium and macroconidia of Trichophyton ajelloi
predominantly covered the hair bait in all Petri dishes with clay 1. The “colonies” of
Aphanoascus durus, or only of its anamorph Chrysosporium sp., and Chrysosporium
anamorph of Arthroderma curreyi were noticed in nine and seven Petri dishes, respe-
ctively. Abundant growth of Trichophyton ajelloi (monoculture) was observed in all
Petri dishes with organic soil from the lagoon. No keratinolytic fungi were detected
in litter and clay 2.

Physico-chemical characteristics of the samples are presented in Table II. The
samples clay 1, clay 2 and organic soil belonged to the granulometric (mechanical)
group loamy silt, whereas the litter was classified to the sandy loam by USDA. The
terminology of these granulometric groups by PTG was different. The humidity range
of the samples was rather narrow (19,7-27,2%). The reaction (pH) of clay 1 and
organic soil was nearly neutral, while the reaction of litter and clay 2 was acidic. The
highest conductivity was observed in clay 1 and the lowest was measured in clay 2.
The lowest Cror was noticed in clay 1 and the highest was in the litter. The Cror and
Nror values of the samples from the lagoon were much higher than the Cror and Nror
values for clay 1. The C:N ratios were generally high. The highest C:N ratio was in
the litter, while the lowest C:N ratio was calculated for clay 1. The C:N ratios for the
samples from the lagoon were significantly higher than the C:N ratio for clay 1. Also,
the Stor values for the samples from the lagoon were much higher than the Stor value
for clay 1. Similar was the distribution of S-SO4 concentrations. The highest concen-
tration of available phosphorus (P,Os) was noticed in clay 2. The P,Os concentrations
were much lower in other samples. The highest concentration of available potassium
(K20) was observed in organic soil and the lowest was measured in clay 2. The TPH
concentration in clay 1 was under the detection limit of the method, while the TPH
concentrations were high in the samples from the lagoon. In the lagoon, the highest
TPH concentration was noticed in litter and the lowest was in organic soil. Similar
were the distributions of TPOC and PEE values. The concentration of total PAHs was
low in clay 1. The concentrations of these compounds were much higher in the lagoon;
the highest was in clay 2 and the lowest in organic soil.
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Table 1.
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Table II.
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Table II cd.



Nr 3 Grzyby keratynolityczne w kwasnych odpadach rafineryjnych 273

DISCUSSION

The nearly neutral reaction (pH), high C:N ratio, low nitrogen, sulfur and available
phosphorus contents along with high potassium content characterized the clayey soil
from the bottom of the dried pond (control). The localization of the pond in the
vicinity of a human population, as a source of keratinous remnants, along with the
above-mentioned factors resulted in the good growth of keratinolytic fungi in the
control soil. However, the qualitative composition of these microorganisms was rather
restricted. Trichophyton ajelloi prevailed on hair bait, with only several strains of
Aphanoascus durus and Chrysosporium anamorph of Arthroderma curreyi observed. The
geophilic dermatophyte Trichophyton ajelloi is considered as a species favoring high
humidity and acidophilic reaction as well as irrespective to organic carbon content [3,
4]. The latest studies [18, 19] confirmed the higrophilic nature of this fungus and its
independence of Cror. However, the above-quoted studies also showed that the
incidence of Trichophyton ajelloi was rather associated with low total nitrogen and
sulfur contents than with acidic reaction. The present data appear to confirm the
association of this dermatophyte with low total nitrogen and sulfur content. Little is
known on the ecology of Aphanoascus durus. This species abundantly occurred in the
ash heap ground considerably influenced by a municipal landfill site [13]. However,
no correlation between its frequencies and physico-chemical and microbiological cha-
racteristics of soils was found [16]. The third species, Arthroderma curreyi, is considered
as acidophilic. Studies of keratinolytic fungi in the surrounding of a municipal landfill
site [16] and in sewage sludge [18] univocally corroborated the acidophilic nature of
this species. The studies also showed that the occurrence of Arthroderma curreyi was
associated with high concentrations of available potassium and total nitrogen. The
results obtained in this study only confirmed the association of this fungus with
available potassium.

The data indicate that a remarkable part of the lagoon’s content was the clay (silty
medium loam by PTG or loamy silt by USDA) typical of the examined area of
Czechowice-Dziedzice. However, the lagoon’s physico-chemical conditions were diffe-
rent from those observed in the control clay, which was caused mainly by high
quantities of petroleum hydrocarbons and their derivatives together with acidic reaction
derived from sulfuric acid. The contaminants were predominantly non-polar aliphatic
hydrocarbons and polar derivatives extractable in CCls and petroleum ether. Most of
the contaminants were liquid hydrocarbons (heavy oils), black solid compounds such
as asphaltenes and resins, and PAHs. The concentrations of toxic BTEXs were
negligible. There is little information on the influence of petroleum hydrocarbons on
keratinolytic fungi in available literature. On the basis of general data [1] and our
preliminary reports [15, 17] it can be assumed that the high concentrations of petro-
leum hydrocarbons made the growth of keratinolytic fungi in clay 2 and litter from
the lagoon impossible. Shaking the roots of the grass growing in the lagoon’s green
oases allowed to collect the sample of organic soil so that this sample included the
root-adjacent material. There are a number of microorganisms able to degrade hyd-
rocarbons in the root-adjacent soil, including the rhizosphere [7]. It is believed,
therefore, that due to the long-term activity of these microorganisms the concentrations
of hydrocarbon contaminants were much lower in organic soil than in other materials
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from the lagoon. The relatively low concentrations of hydrocarbons enabled the
abundant growth of Trichophyton ajelloi. The other species characteristic for the
contaminant-free control clay was however eliminated in the natural process of soil
self-purification from petroleum contaminants. It is possible that the strains of 7ri-
chophyton ajelloi adapted to the extreme lagoon’s conditions participated in this process
[17].

Trichophyton ajelloi has been reported to be a causative agent of cutaneous mycoses
in humans [5]. However, these cases are very rare. Therefore, it can be generally
considered that the keratinolytic fungi from the lagoon and its surrounding did not
pose a threat to public health. It was observed, however, that petroleum contaminants
supported the growth of potentially pathogenic species, Microsporum gypseum in
particular in other types of soils (unpublished data). This finding illustrates possible
epidemiological problems that may arise from the contamination of the environment
with petroleum hydrocarbons.

K. Ulfig, G. Ptaza, M. Terakowski, A. Worsztynowicz

KERATINOLYTIC FUNGI IN AN ACIDIC PETROLEUM WASTE LAGOON AT
A PETROLEUM REFINERY

Summary

The study was to examine the incidence of keratinolytic fungi in the lagoon with acidic
petroleum wastes (before bioremediation) at a petroleum refinery situated within a highly
populated area. High concentrations of petroleum hydrocarbons (non-polar and polar aliphatics
and PAHs) made the growth of keratinolytic fungi in clay and litter from the lagoon impossible.
The natural self-purification process considerably decreased the hydrocarbon contamination,
increased the pH and caused the abundant growth of Trichophyton ajelloi in organic soil. This
soil included the root-adjacent material from the grass growing in several green oases at the
lagoon. It is possible that the strains of Trichophyton ajelloi adapted to the extreme lagoon’s
conditions actively participated in the soil self-purification process. The fungal species isolated
in the present study did not pose a threat to public health. However, petroleum contaminants
may support the growth of potential pathogens, for example Microsporum gypseum, in other
types of soils.
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Streszczenie

Celem pracy bylo przebadanie grzybéw keratynolitycznych w lagunie kwasnych odpaddéw
rafineryjnych (przed bioremediacja) w obrebie rafinerii ropy naftowej znajdujacej si¢ na terenie
gesto zaludnionym. Wysokie stezenia weglowodordw ropopochodnych (nie polarnych i polarnych
zwiazkow alifatycznych oraz WWA) uniemozliwily wzrost badanych grzybow w glinie i odpadach
z laguny. Naturalny proces samooczyszczania znacznie obnizyl zawarto$¢ weglowodoréw, pod-
wyzszyt pH i spowodowatl obfity wzrost Trichophyton ajelloi w glebie organicznej. Gleba ta
zawierala material pochodzacy ze strefy korzeniowej traw rosnacych w kilku zielonych oazach
na obrzezu laguny. Nie mozna wykluczyé, ze szczepy Trichophyton ajelloi zaadaptowane do
skrajnych warunkow w lagunie braly aktywny udziat w procesie usuwania zanieczyszczefi ropo-
pochodnych. Gatunki grzybdw wyizolowane w niniejszej pracy nie stwarzaly istotnego zagrozenia
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epidemiologicznego. Zanieczyszczenia ropopochodne moga jednak sprzyja¢ wzrostowi potencjal-
nych patogendw, np. Microsporum gypseum w innych typach gleb.

ACKNOWLEDGEMENT. The study was conducted with financial support from the State

Scientific Research Council (Warsaw) and the U.S. Department of Energy (FSU). The authors
are grateful to Mr. T. Marnko and the team of the Central Laboratory at IETU for providing
physico-chemical data and to Mrs. 1. Biedrori for technical assistance. Special thanks are given
to Mrs. M. Cyrana-Szram for English correction of the manuscript.

\]

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

. Atlas R.M.: Petroleum microbiology. Macmillan Publishing Company, USA, 1984.
. Cano J.F., Guarro J.: The genus Aphanoascus. Mycol. Res. 1990, 94, 355-377.
. Bohme H., Ziegler H.: The distribution of geophilic dermatophytes and other keratinophilic

fungi in relation to the pH of the soil. Mycopathol. Mycol. Appl. 1969, 38, 247-254.

. Garg A.P., Gandotra S., Mukerji K.G., Pugh G.J.F.: Ecology of keratinophilic fungi. Proc.

Indian Acad. Sci. (Plant Sci.) 1985, April-May, 149-163.

. Hoog de, G.S., Guarro, J.: Atlas of clinical fungi. Centraalbureau voor Schimmelcultures,

Universitat Rovira i Virgili, Baarn-Reus, 1995.

. Lityaski T., Jurkowska H., Gorlach E.: Analiza chemiczno-rolnicza. PWN, Warszawa, 1976.
. Matachowska-Jutsz A., Miksch K.: Rola ryzosfery ro§lin jedno-i dwuliSciennych w usuwaniu

WWA, TPH oraz frakgji ci¢zkich ze Srodowiska glebowego. Zeszyty Naukowe Politechniki
Slaskiej (Inzynieria Srodowiska) 2000, 45, 75-88.

. Michalcewicz W.: Wplyw oleju napedowego do silnikéw Diesla na liczebno$¢ bakterii,

grzybdw, promieniowcéw oraz biomase¢ mikroorganizméw glebowych. Roczn. PZH 1995, 96,
91-97.

. Niewolak S.: Mikrobiologiczne aspekty rekultywacji gleb uprawnych skazona ropa naftowa.

Wiadomosci Ekologiczne 1978, 29, 109-117.

Oorschot van C.A.N.: A revision of Chrysosporium and allied genera. Studies in Mycology
20, 1980.

Takashio M.: Etudes des phénoménes de reproduction liés au vieillissement et au rajeunis-
sement des cultures de champignons. Ann. Soc. Belge Méd. Trop. 1973, 53, 427-580.
Pawliszyn J.: Application of solid phase microextraction. The Royal Society of Chemistry,
Cambridge, 1999.

Ulfig K., Terakowski M., Plaza G.: First isolation of Microsporum racemosum Borelli in
Poland. Roczn. PZH 1996, 47, 313-318.

Ulfig, K., Guarro, J., Cano, J., Gené, J., Vidal, P., Figueras, M.J., Lukasik, W.: A preliminary
study of the occurrence of actidione-resistant fungi in sediments of Catalonian river mouths
(Spain). I. Keratinolytic fungi and related Onygenales. Mycopathologia 1998, 141, 143-151.
Ulfig K., Plaza G., tukasik K., Krajewska J., Marnko T., Wypych J., Dziewiecka B., Worsztyno-
wicz A.: Wybrane grzyby strzepkowe jako wskazniki toksycznoSci odciekOw i postepow
bioremediacji. Ogdlnopolskie Sympozjum Naukowo-Techniczne “Bioremediacja Gruntow”,
Wista-Bukowa, 1998.

Ulfig K., Plaza G., Sztyler A., Bronder J., Terakowski M., Guarro J.: General assessment of
the influence of a municipal landfill site and environmental factors on the occurrence of
keratinolytic fungi in soil. Roczn. PZH 2000, 51, 167-181.

Ulfig K., Plaza G., Wypych J., Lukasik K., Dziewiecka B., Mariko T., Krajewska J., Terakowski
M., Staszewski T.: Badania wstepne nad usuwaniem weglowodoréw ropopochodnych przez
Trichophyton ajelloi szczep R66 w czasie biodegradacji keratyny. Zeszyty Naukowe Poli-
techniki Slaskiej (Inzynieria Srodowiska) 2000, 45, 101-108.



276 K. Ulfig i in. Nr 3

18. Ulfig K., Plaza G., Marnko T., Krajewska J., Wypych J., Lukasik K., Dziewiecka B., Terakowski
M., Staszewski T., Worsztynowicz A., Dlugosz J.: Scieki, osady Sciekowe i grunty rekultywowane
tymi odpadami jako zrodto zagrozenia zdrowia publicznego grzybami chorobotwdrczymi.
Projekt KBN 6P04G0812, maszynopis IETU, Katowice, 2001.

19. Ulfig K., Plaza G., Terakowski M.: Wstepne badania grzybow keratynolitycznych i keratyno-
filnych w osadzie Sciekowym zmodyfikowana metoda przynety wlosowej. Zeszyty Naukowe
Politechniki Slaskiej 2001 (w druku).

20. Vanbreuseghem R.: Technique biologique pour lisolment des dermatophytes du sol. Ann.
Soc. Belge Med. Trop. 1952, 32, 173.

21. Worsztynowicz A., Tien A., Rzychon D., Ulfig K.: Technologia oczyszczania gruntu w rafinerii
Czechowice. V Ogdlnopolskie Sympozjum Naukowo-Techniczne ,,Biotechnologia Srodowis-
kowa”, Ustron-Jaszowiec, 1997.

Otrzymano: 2001.08.03



