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Abstract. In the leather industry, the shaved wastes after the wet blue phase, which are exposed by the shaving process,
are one of the substances that cause environmental pollution for the leather industry. Most of the time, these wastes can
be buried and may cause serious environmental pollution. In this study, wet blue shaved wastes to be mineralized to
chromium and so prevented oxidise to Cr (VI) by using oyster mushrooms (Pleurotus ostreatus) .Wet blue shaved wastes
were mixed with 0,5%, 1%, 1,5% and 2% doses into the growth medium. After the oyster mushroom growth, the
consuming of chromium from the growth media and chromium content that uptaken by the mushroom were investigated
with in House Method/ICP-MS.

1 Introduction

Nowadays, pollution in different steps of production in many industrial branches causes serious
irremediable problems. [Yilmaz and Ozgiin, 2016]. Industrial production can be considered as the main
reason of global warming, water pollution, air pollution and soil pollution [Unal and Yiimaz, 2015].

There are many chemicals used in leather industry that cause pollution. Chromium is one of them
and it is the most preferred tanning agent in leather industry. 80-90% of leather tanning is
performed by Cr (lll) salt [European Commission, 2013]. At the end of the chromium tanning,
leathers are waited for the chemical reaction to continue. The leathers that become wet blue are
shaved for the thickness adjustment. Wet blue shaved waste is one of the biggest factors that cause
pollution in leather industry. Commercially, their biological and chemical treatments are
endeavored; however, they are not fully succeeded. High amount of chromium is present in
shavings. In many countries, these shavings are buried to the ground and ignored but they might
cause severe health issues in the future. Due to toxic Cr (IV) and toxic gas outlet, removal of the
shavings by burning is not recommended (http://www.mneproje.com/public/website/news/deri-
sanayinde-krom-geri-kazanimi_20180924031547.pdf).

Chromate and chromate compounds can be used by plants and they can infiltrate through the
deep soil layers causing the pollution in water resources. Chromates can be absorbed to the
positively charged soil particles in less amount and they are prevented from convection to the
atmosphere. However, unregulated storage of solid wastes containing chromium cause increment
of the chromium concentration in soil and cause pollution in water resources [Environmental and
Water Resources Institute (U.S.)., 2004].

When the waste produced during production or after production in leather industry which
contains chromium is buried and if the burying area is not insulated enough, the filtration,
transportation or mixing of theses wastes to the soil is inevitable. Cr (lll) present in the leather is
oxidized to Cr (VI) in the nature and creates great problems for being carcinogenic.
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Table 1. Evaluation of Cr(lll) and Cr(IV) from the point of human health. (IULTCS, IUR-1, August 2013)

Sensitivity Does not create sensitivity (no sensitization)
Cr (1) Acute Toxicity No harmful or toxic related to impact amount and compound
Carcinogen Is not included on CMR list
Sensitivity Does create sensitivity
Cr (VI) Acute Toxicity Toxic
Carcinogen Carcinogen and Mutagen

It has been reported that Cr (lll) is generally not including any risk [REACH report Annex XV, Chapter
B.5.8 (ECHA 2011)]. Cr (VI) salt is not used in leather processing however Cr (VI) can be observed on
finished leathers and this is not an intended feature [Bayramoglu et al., 2012]. For instance, pH
increase during neutralization causes the oxidation of Cr (lll) to Cr (VI) or the drying the leather
provides a backdrop for the formation of Cr (VI) [European Commission, 2013].

Discharge of heavy metals to the earth and water without disintegration is very important. It
cannot be divided to non-toxic forms and leaves therefore a lasting effect on the ecosystem. Most
of them are toxic even in very low concentrations. Arsenic, cadmium, chromium, copper, lead,
mercury, selenium, silver, zinc, etc. are not only cytotoxic but also carcinogenic and mutagenic in
the nature. This fact is clearly observed on several reports which show harmful effects of heavy
metals on human health [Shukla et al., 2017].

We have to find effective, cheap and practical solution proposals for the removal of waste
chromium without harming the environment if we want to use chromium as tanning material in
leather production. It is required that chromium should be disintegrated before turning out to
Chromium (IV) at that the quantity of chromium in the environment should be decreased. Bioremediation,
in this context, is an innovative and promising methodology for the removal of heavy metal. Micro-
organisms, since they have developed new strategies to remain alive in environments including heavy
metals, have adapted themselves to various detoxification mechanisms such as biosorption, bio-
accumulation, biotransformation and biomineralization. They can thus make ex situ or in situ bioremediation.

Organisms which are mostly used on biological treatments in the scope of waste and
environment technology are white rot fungi [Yesilada, 1995]. Disintegration feature of white rot
fungi is determined through various researches. They occupy an important and privileged place due
to their characteristics. It is known that white rot fungi included in Basidiomycetes group, play a
role in the elimination of environmental pollution shown up due to dense industrial activity, and
the oxidation of organic compounds possessing very different molecular structures, together with
various enzymes they synthesize, ie: lignin peroxidase (LIP), peroxidase related to manganese
(MnP), to begin with laccase (lak) enzyme [Kunamneni et al., 2008; Pease et al., 1991].

Wood destroying Pleurotus ostreatus are saprophytic fungi. Easy development and yield on
organic materials including lignin and cellulose without requiring any fermentation due to their
strong mycelium structure allow the use of different industrial and agricultural wastes in the
cultivation of Pleurotus ostreatus [Kurt, 2008]. Pleurotus ostreatus is resistant to toxic chemicals
existing in the nature. It possesses a very strong oxidative biodecomposition potential.

We have tried in this research to show that white rot fungus will mineralize chromium wastes
within its body and make them harmless and that the chromium can be decomposed without being
oxidized to Cr (VI). Chromium on elementary level does not have any risk for human health is shown
on Table 1 [IULTCS, 2013]. Leather wastes with chromium are mixed to the specially prepared
compost in the research and chromium quantity existing in the compost before fungus inoculating
and after fungus development and chromium quantity transferred to the fungus fruiting body are
observed. Besides, impacts of chromium on the development and yield of fungus are also examined.
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2 Material and Method
2.1 Material
Wheat straw and wheat bran to be utilized in the research are provided from local suppliers and

chromium added leather shaving wastes from “Lider Leather Tannery” located in Menemen Leather
Free Zone (Figure 1).

Figure 1. Shaving wastes containing chromium.

Sypra PL 28 (Pleurotus ostreatus) type mycelium is used in the test and is provided from the
importer company “OPE Agriculture”.

2.2 Method

Nitrogen content of shaving wastes containing chromium is determined through Kjeldhal Method
[Standard Methods, 1995].

2.2.1 Assembly of Tests

2.2.1.1. Preparation of Growing Environments

Wheat straw (WS) is used as basic material in the research, and wheat bran (WB) and leather shaving
wastes containing chromium (Cr) are used as additives. Mixture rates and codes of growing environments
used in the research are given on Table 2.

Figure 2. Preparation of Compost used on Tests.

Substrate prepared from the mixture of wheat straw and wheat bran (WS80+WB20) is used as the
admixture (C) in the research. Leather shaving wastes containing chromium mixed in 4 different
rates (0,5%, 1%, 1,5% and 2%) with wheat straw and wheat bran are used as control compost.
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Table 2. Mixture substrate contents.

Compost Mixture Rates Code

Wheat Straw (80%) + Wheat Bran (20%) (Mixture) Control (WS80+WB20)
0,5% Cr + 99,5% Mixture (80% wheat straw + 20% wheat bran) 0,5% Cr

1% Cr + 99% Mixture (80% wheat straw + 20% wheat bran) 1% Cr

1.5% Cr + 98.5% Mixture (80% wheat straw + 20% wheat bran) 1,5% Cr

2% Cr + 98% Mixture (80% wheat straw + 20% wheat bran) 2% Cr

Shaving wastes containing chromium are grinded and sterilized. Every substrate mixture having
different chromium dosage is separated into 4 groups and study is conducted with 4 repetitions.
Convenient substrate mixture for the growing of Pleurotus ostreatus is prepared in Bergama
Technicial and Bussiness Collage, Ege University. Materials are weighed with predetermined
weights by taking percentage of dry substance if their mixture substrate as basis, for the
preparation of substrate. Then, mixtures are damped and humidity rate is accessed to 70%.

2.2.1.2. Sterilization and Mycelium Grafting

Mixture substrate are pasteurized, after damping, by boiling in water (70°C) for 2 hours. Substrate are
left for cooling after pasteurization and 1% plaster over the basis of weight is added to all mixtures to
adjust pH level. Temperature is rapidly decreased to nearly 25°C, by draining excess water on the
table possessing perforated grill with ventilation from the bottom. Growing mixtures with decreased
temperatures are put into bags of 40x50 cm dimensions, 2 kg of mixtures substrate being in each bag
and inoculation is done, by homogenously mixing 2% of the weight of spawn suitable for inoculation.
Bags which are inoculated with spawn are compressed and their openings are covered by fastening.

=i N

Figure 3. Fungus Growing Room and Pre-tests.

2.2.1.3 Incubation and Harvest

Inoculated bags were incubated at 25°C+2°C temperature and 70-80% humidity during incubation
period (15 days) until mycelium colonized. Bags are perforated after full colonization, for the induce
fructification. Temperature is adjusted to 15°C+2°C in the production room to promote fungus
formation, and the humidity is increased up to 85-90%.

Figure 4. Monitoring system of fungus production room which adjusts required parameters for fungus development.
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12 hours of illumination with fluorescent lamps of 200 lux intensity is provided per day [Delmas and
Mamoun, 1983]. Fresh air is supplied to the production room to promote primordium formation,
and CO; level is gradually decreased. Mushrooms are harvested by cutting with a knife after having
reached a giving size. Chromium contents existing in the substrate and mushroom fruiting body are
determined in “Argefar Lab., Ege University” through ICP-MS In House Method.

2.2.2 Statistical Evaluation

Tests related to mushroom development and yields are structured with 4 repetitions, 4 bags
existing on each repetition, according to random plots test design [Diizglines et al., 1983]. Variance
analyses of data obtained are done through SPSS (ver. 17.0 for Windows) statistical program and
Duncan Test of Multiple Comparisons is used for groupings.

Wilcoxon Signed Ranks Test is applied to prove whether there is any difference or not on
statistical meaning in chromium quantity within the mushroom and compost samples collected
before the spawning of Pleurotus ostreatus and after the harvest [Ozdamar, 2011].

Kruskal-Wallis Test is applied to prove whether there is any meaningful difference or not on
determined Cr rates (0,5%, 1%, 1,5% and 2%)[Ozdamar, 2011].

3 Results and Discussion

Nitrogen content in shaving wastes containing chromium is determined as 14,18% . Fungi of
Pleurotus genus are cellulosic [Silva et al., 2012]. Even if nitrogen content may show a development
on substrates which have a nitrogen content from 0,03% to 1,0% [Machado et al., 2015], the best
development is observed on 1,0% rate.

Addition to growing media of leather waste with chromium content is kept on rather low level
due high N content. Correspondingly, N percentage content obtained from admixture substrate is
given on Table 3.

Table 3. Composts possessing different chromium dosages.

Substrate N (%)
Control (C) 0,84
0,5 % (Cr) 1,02
1,0 % (Cr) 1,17
1,5 % (Cr) 1,27
2,0 % (Cr) 1,44

Mushroom development is determined during the research, on tests conducted on 5 different
groups. It is observed that the mushroom has incorporated the chromium to its body and that
chromium quantity is decreased in the environment when chromium quantity is examined before
spawning after the preparation of compost and after the harvest. Arithmetic means of these values
are seen on Table 4 whereas arithmetic means of chromium left in the compost before and after
spawning are seen on Figure 5. Chromium quantity existing in shaving waste containing chromium
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is also examined during tests and 42330 mg/kg Cr content is determined in shaving waste through
ICP-MS In House Method.

Table 4. Arithmetic means of Cr quantity left in the compost before and after mycelium inoculation and the
one incorporated into the fungus fruiting body.

Compost Before Pleurotus After Pleurotus (Cr) within
(wet blue ostreatus spawn ostreatus harvest Pleurotus
shaving inoculation (mean) (mean) (media) ostreatus fruiting
dust) (media) (Cr) (Cr) body
0% - 0,122 mg/kg
(Control) 4,33 me/ke
0,5% (Cr) 530 mg/kg 177,8 mg/kg 0,372 mg/kg
1% (Cr) 724 mg/kg 205,6 mg/kg 0,361 mg/kg
1,5% (Cr) 6374 mg/kg 482,8 mg/kg 0,568 mg/kg
2% (Cr) 11690 mg/kg 951,1 mg/kg 0,422 mg/kg

Kruskal-Wallis test is applied to examine whether Cr rate affects or not the capacity of Pleurotus
ostreatus to incorporate into its body the Cr existing in the compost. Ho is rejected according to test
result obtained (Asymp. Sig. < 0.05). This fact proves that Cr rates create an important difference
from the statistical point of view, on the capacity of Pleurotus ostreatus to incorporate Cr into its body.

Simple Line Mean of Before_Planting, Mean of After_Planting by Amount_of_Chromium...
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Figure 5. Statistical diagram graph of the chromium content in the media- before mycelium inoculation and
after the harvest.
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Figure 6. Arithmetic means diagram of Cr quantity left in the compost before mycelium inoculation and after
the harvest.
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Figure 7. Chromium quantity left in the compost before the mycelium inoculation and after the harvest.

Under analyses done, it has been determined that Pleurotus ostreatus, while uptake into its body
the chromium from convenient growing media containing shaving waste with different chromium
rates, achieves the highest rate when 1,5 % is added to the compost (Figure 8).
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Figure 8. Uptake rate of chromium into the mushroom fruiting body.
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Figure 9. Chromium quantity the mushroom uptakes into its body in different compost contents.

The difference between compost mixed with shaving waste containing chromium with different
rates and mushroom yield values obtained in the test conducted with the admixture substrate is
determined as important statistically speaking. According to results of the study seen on Table 6,
whereas the highest yield is obtained from the compost to which 1,5% shaving waste containing
chromium is added (214,81 g/kg), 35% vyield increase is observed when compared to the mixture
(WS80+WB20) environment (159,00 g/kg). The lowest yield is obtained from control application.
Substrate where 0,5%, 1,0% and 2,0% shaving waste containing chromium are included in the same
group and yield increase of 14-26% is obtained when compared to the control [Yang et al., 2013].
Indicated that he obtained a yield of 214,6 g/kg from the substrate he prepared with WS80 (wheat
straw) + WB20 (wheat bran). In another study, the yield of P. ostreatus in wheat straw growing
media is indicated as 175 g/kg compost [Yildiz et al., 1998] and 246,5 g/kg compost [Kiclikomuzlu
and Peksen, 2005]. [Kurt and Bliylikalaca, 2008] indicated through the study conducted, the highest
yield obtained from 2 WS (wheat straw) + WB (wheat bran) media (300,24 g/kg). It can be observed
that yield values obtained in this study are coherent with data of these researchers.
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Table 5. Physical measurements of mushroom grown in different compost contents.

Substrate Yield Quantity of Cap Stalk Stalk
(g/ke) mushroom Diameter Diameter Length
(pes/kg) (mm) (mm) (mm)
Control (Mixture) X .
(WS80+WB20) (0%) 159 20,69° 69,43™ 9,71™ 24,08™
0,5%Cr+99,5% Mixture 195,69° 30,257 68,26 9,54 21,13
1,0% Cr+99% Mixture 200,06%° 33,20° 75,06 10,00 19,38
1,5% Cr+98,5% Mixture 214,812 33,442 74,17 9,92 24,29
2,0% Cr+98% Mixture 180,81%° 30,502 69,12 10,46 24,42

Asterisks indicate significance at *P <0.05, ™ not significant; values within the same column followed
by the same letter are not significantly different according to Duncan test.

In another study, it is indicated that high N quantity caused yield decrease on Pleurotus types
[Desrumeaux et al., 2003]. Concordantly, yield value obtained in the study from 2.0 shaving
containing chromium, where N content is higher indicated a decrease when compared to vyield
values obtained from substrates prepared with other shavings containing chromium.

The difference between the quantity of caps obtained from compost media mixed with different
rates of shaving waste containing chromium and the test conducted with the control media is
determined as important statistically speaking. When Table 5 is examined and concerning the
quantity of caps obtained during the test from different compost media, the highest quantity of
caps (33,44 pieces) is obtained from the substrate where 1,5% shaving containing chromium is
added (Figure 8). Then we have substrates where 1% (33,20 pieces), 2% (30,50 pieces) and 0,5%
(30,25 pieces) shaving containing chromium is added respectively. All substrates where shaving
containing chromium is added are included in the same group. The lowest quantity of caps is
obtained from the control media with 20,69 pieces.

[

Figure 8. Mushroom which are grown in mushroom production room, developed in compost media with 1,5%
chromium dose and which are available for harvest.

Differences among values concerning cap diameter, stalk diameter and stalk length are not considered
as important.
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4 Conclusion

It has been understood through the study that Pleurotus ostreatus can easily develop and grow on
leather shaving waste containing chromium and mineralize the chromium element by incorporating
it in a certain extent into its body, when optimum conditions are provided. An important difference
is determined in the quantity of chromium in the compost concerning composts prepared by adding
different doses shaving waste containing chromium. The existence of chromium in the compost did not
create any question in Pleurotus ostreatus growing from the stand point of mushroom development.
On the contrary, a yield increase is observed due nitrogen existing in leather shaving waste containing
chromium. However, though nitrogen rate is the highest in the compost having 2% rate of shaving
waste containing chromium, the yield and chromium absorption are not at the maximum rate. As a
reason we may say that high rate of nitrogen creates a negative impact for the development of
Pleurotus ostreatus, and this point is coherent with the study of Desrumeaux et al., 2003.

When we compare both from the stand point of uptake of chromium to the body and high yield,
most successful results are observed on fungi developed on the compost where 1,5% shaving
containing chromium is added.

It has clearly been determined as the result of our study that chromium does not have any
negative impact for the development of Pleurotus ostreatus. Moreover, Pleurotus ostreatus,
mineralizes the chromium by uptaking it to its body and decomposes it from the environment. We
showed with this study that Pleurotus ostreatus can be used as mycoremediation in leather wastes
containing chromium. Edibility of fungi obtained is the subject of another research. On the other
hand, whether these mushroom can be used as fertilizer or animal feed should also be searched.
The mushroom obtained can also be used for several different purposes as chromium source. This
study conducted is a basic research which can light the way for many scientists.
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