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Abstract: Spent mineral oil-based metalworking fluids arest@aproducts of the machining processes and
contribute substantially to the global industriallption with petroleum oil products. Wastewateositaining oily
emulsions are ecologically hazardous and thus eetyanf methods have been implemented to prevesdeth
effluents from affecting the natural environmentod¥l of these methods rely upon physical-chemiesttnent
and phase separation; however, none of them pravéa effective enough to meet tightening environtale
regulations. Therefore, novel technologies neebleelaborated and there is growing interest in émeinting
biological treatment methods based on microbiatdmdiation. In this study an oil/water emulsiortaifed
from a waste stream of the metal-processing ingwgas tested for biodegradability of its organimstituents.
This liquid waste was found non-toxic to bactedahsortia and was colonized with indigenous miaaaisms
(approx. 16 cfu - cn®). The total load of organic content was determiasd chemical oxygen demand (COD)
value of 48 200 mg ©- dn>. Emulsion treatment was carried out using a titdefiastewater dilution and
employing two variants of biostimulated aerobic tkdal communities: (1) uninoculated emulsion, veher
bioremediation was carried out by the autochthormacteria alone, and (2) wastewater samples inteclilgith

a ZB-01 microbial consortium which served as a sewf specialized bacteria for process bioaugmientat
Biodegradation efficiency achieved in a 14-day tes$ monitored by measuring both the COD paraneetéithe
concentration of high-boiling organic compounds.tiB@pproaches yielded satisfactory results showing
significant reduction of the emulsion organic fiant however, the resultant decrease of wastevieder tended
to be more efficient for the case where the proseass bioaugmented with the inoculated consortiuras G
chromatography analyses coupled with mass spectriendetection (GC-MS) confirmed high degradatioelgs
obtained for both cases studied (58 and 71%, réspBg in a 28-day test. It is concluded that loélsed
metalworking emulsions can undergo efficient biaag treatment under conditions enabling aerobictdréal
proliferation and that xenobiotic biodegradationétics can be accelerated by bioaugmenting theepsowith
allochthonous microbial consortia.
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Introduction

Oily wastewaters are regarded as main industridlugamts of soil and aquatic
environments. They can occur as free-floating wilstable or stable oil-in-water (O/W)
emulsions, and in the case of extreme organic leadwater-in-oil (W/O) emulsions.
Technological streams of oil-containing wastewatars discharged by several dominant
industrial branches such as crude oil refiningbledioil and meat processing in food
industry as well as in metallurgy. The necessity tfieatment of these wastewaters has
focused much attention because of high environreista caused by contamination with
oily substances.

Spent O/W emulsions contribute profoundly to théaltmily wastewater volume
discharged by the industry [1, 2]. The main sourckthe O/W emulsion waste are the
so-called cutting or metalworking fluids (MWFs) [3WWFs are industrial fluids used in
metal grinding and cutting where they act as lunis, cooling factors and rust controlling
agents in machining processes [1, 3, 4]. Nowadagsnological practice is dominated by
the use of mineral oil- based MWFs, occurring eiglgcin the emulsified (O/W) form
[1, 4], besides the efforts to introduce biolodigdlased MWFs and synthetic fluids [4-8].
The annual use of the MWFs exceeds 2 millichworldwide [9, 10]; however, the final
volume of wastewater discharge may be even 10 tiiggeer since technological processes
require MWF dilution. MWFs are usually very cheniggomplex. Apart from oil-derived
xenobiotics they contain a number of additivesudirig biocides, heavy metals, surfactants
and many other agents [3, 11]. In addition, cutfingls are often contaminated by various
bacterial (both gram-negative and gram-positive)d anngal strains (for detailed
information see the review articles [12-16]). Sunbdigenous microbial strains may be
beneficial for their tolerance towards toxic chemhiconstituents; however, they are often
pathogenic and can cause adverse effects on huewth,hespecially on the respiratory
system and skin [3, 17-21]. High contaminant loasl well as the chemical and
microbiological complexity make the spent MWFs algoy hazardous to the environment
[2,9, 22, 23].

The above risks have forced the worldwide enviramiade authorities to tighten
regulations regarding the MWF use, treatment amghatial [9, 10, 23-25]. In addition,
water-miscible MWF emulsions can hamper conventisvastewater treatment processes.
Therefore the disposal of such waste streams birecsewage systems is strictly forbidden
and manufacturing companies are urged to treat thaste on-site [2, 10]. The reuse of
spent MWFs is not practically possible due to tlkiemical ageing and microbiological
deterioration [1, 4, 26]. For the reasons descrifigalve there is a strong need to elaborate
economically-efficient and technologically reasdeatmethods to treat the MWFs streams.
Most of the efforts taken to date have relied uptiysical and chemical treatment or
mechanical attempts towards oil phase separatioh(JL Among the elaborated techniques
are: chemical or electrochemical pretreatment ¢fidetion, coagulation, destabilization,
electrochemical splitting), gravity or membrane a@gion as well as thermal emulsion
breaking, vacuum evaporation and finally, incinera{l, 2, 9, 10, 27-32].

All the listed methods are insufficient, howeverteérms of the current strict ecological
legislation requirements. For that reason micralgjmal remediation has been proposed as
an advantageous and high-yield method, which mexeses a cost-competitive, low energy
demanding and environment-friendly alternative [1d, 32-37]. The applicability of
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biological methods is particularly high for the étment of water-miscible emulsions. In
such a case the organic phase becomes availatmliermorganisms while the costs of waste
management with conventional methods increase pnoly due to difficulties in
separation of the dispersed phase [1].

However, to optimize final effects of MWF bioremation, several problems must be
considered prior to launching any bioprocess. Simazobiological techniques are based
on the microbial enzymatic activities the toxicitf contaminants has to be tested, first.
Then, it should be verified whether the wastewatariironment enables microflora to grow
and metabolize hydrocarbon xenobiotics [9]. Sudiminary evaluation is necessary for
each particular MWF waste effluent because diffetechnological processes generate
spent emulsions varying in their chemical contertt eontaminant load, which in turn may
affect biodegradability [9, 32]. In addition to ttedove, enough care must be taken to
ensure proper stability maintenance of the develapierobial population as pointed out by
some authors [1, 9, 38].

Microbiological treatment of the MWF emulsions miag performed employing both
the autochthonous bacteria that colonize particastewater and the specialized
allochthonous strains which are cultivated undertrmdled laboratory conditions and then
become inoculated for process bioaugmentation. Tilst strategy involves either
biostimulation of the indigenous microflora withime treated MWF [9, 39] or selection of
the most active strains from various MWF samplégntcultivation and inoculation to
a new wastewater to be treated [9, 30, 34, 35, 20-Zhe use of indigenous
microorganisms is of a special interest since tresistance to a complex chemical content
of MWFs might result in elevated xenobiotic biodsdgtion activity [13, 14, 40, 43].

The second strategy requires introduction of badtégolates obtained from different
niches and revealing unique biochemical activitidgs approach should be explored more
thoroughly since it has focused only limited atigmtto date [42]. We believe that the
application of allochthonous bacteria may enricle tvorking biocenosis with rare
biochemical activities enabling biodegradation aftjgularly recalcitrant xenobiotics. Such
a synergy effect could be crucial in terms of thalftreatment result.

In this study, a microbiological method is proposéar the treatment of
a heavily-loaded wastewater, that is a water-miscibil-based, spent metalworking fluid.
A combined bioprocess is suggested which emplaysititochthonous microflora occurring
within the emulsion together with the exogenougipleed bacterial consortium consisting
of specialized microorganisms capable of biodegigadecalcitrant petroleum oil-derived
xenobiotics.

Materials and methods

The metalworking fluid (MWF)

A spent MWF tested in this study was an effluerdcharged by the local metal
processing plant where it had been used for meitadigg, cutting and forming. The sample
was an inhomogeneous oil-in-water (O/W) emulsiorarabterized by a chemical
oxygen demand (COD) value of 48200 mg Odmi™. It was earlier found to be
colonized with indigenous bacterial microflora atdansity of 1.36 - fOcfu - cm®
(cfu - colony-forming units). The detailed charaisics of the effluent are provided
elsewhere [44].
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Biodegradation tests

Biodegradation observations lasted typically forat£28 days and were carried out at
conditions earlier determined [44] as the most fakite ones for microbial communitigs,
fully aerobic growth (vigorous shaking on thermtsthlaboratory shakers allowing free
oxygen penetration) at 25°C. The samples weredilpiincubated in 300 chflasks, each
containing 50 crh of a tested fluid. No additional supplementatioithwany trophic
substances was necessary to sustain growth ant meagimum biomass. Due to the
relatively high organic contaminant load, the orai MWF suspension was diluted
threefold with the sterile water prior to experirteenTwo bioremediation variants were
tested: (i) the uninoculated emulsion where onéydahtochthonous bacteria were stimulated
to proliferate (depicted as “autochthons” in Figleagends) and (ii) the emulsion inoculated
with a specialized microbial consortium ZB-01 (de#ow) for process bioaugmentation
(depicted as “auto- + allochthons”).

Bacterial consortium used for bioaugmentation

A microbial ZB-01 consortium was used to bioaugmgntemediation of xenobiotics
in the tested MWF. Typically, the oily emulsion wa®culated with ZB-01 (initial cell
density of approx. 5 - f@fu - cm® at a 334-fold dilution (by adding 3 érof ZB-01 to
a 1 drf of the sample). ZB-01 is a biodiverse biocenoaitier constructed at Biochemistry
Department, University of Agriculture in Krakow, daigrown under selective conditions to
form a stable, biologically balanced microbial coomity consisting of a number of
bacterial strains, capable of biodegrading enviremtally recalcitrant organic xenobiotics.
All the constituent microorganisms are naturallgurcing environmental isolates collected
at ground-water sites long-term polluted with pletson-derived hydrocarbons. More details
on the consortium development, cultivation and i@pfibns are given elsewhere [45-47].

Microbiological monitoring

Bacterial cell population density was monitored easlier described [44, 47] with
a Koch surface-plating method. Briefly, 25 throlumes of sample serial dilutions were
spread onto agar-solidified optimal media (2.5%alved agar, Biomed, Poland). Prior to
dilutions, in order to obtain homogeneous cell sasjpns, each MWF specimen (1%m
was sonicated under mild conditions for 10 min veittaboratory ultrasound washer (UN-2
Unitra/Unima, Poland). Colony forming units wereunted after 3 d incubation at 37°C and
the resultant cell frequencies were expresseduagarfcni of original samples.

Analytical procedures

Chemical oxygen demand (COD)was determined with a dichromate procedure
according to the protocols of the standardized Hamtge DR5000 (Germany) automated
ampoule-based analytical system, in accordancetivttiHach-Lange LCK 914 COD Test
manufacturer's manual.

The organic content of the MWF samples was extracted with petroleulneret
(fractions 40-60°C, POCh, Poland) using a modifsendardized protocol published
previously [46]. Briefly, a 10 cthsample was weighed, thoroughly mixed (laboratory
vortex shaker), acidified with 1 ¢nof 18% HCI and dried with approx. 30 g of anhydrou
MgSQ,. The sample was then placed in a nitrocellulogeaetion thimble (Sigma-Aldrich)
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and extracted in a 65 éSoxhlet apparatus at 40-60 extraction runs (apmrately 6 h).
The extractions were carried out at least in dajpdis. After evaporating the excess solvent
at 85°C, the flasks containing extracted materilendried at 105°C for 1.5 h, then cooled
in a vacuum desiccator and finally, high-boilind.(5°C) residual material was weighed.

Gas chromatography analysesvith a mass spectrometric detection (GC-MS) were
done on a Shimadzu GC-17A ver.3 gas chromatograpipled with a QP-5000 mass
spectrometer equipped with an auto-sampler ShimA@»@-20i. A capillary 60 m column
SLB-5ms (Supelco, USA) was filled with a non-polaed (5% phenyl, 95% methyl
residues@® = 0.25 mm, film thickness: 0.28n). Helium 5.0 was used as a carrier gas. The
analyte sample volume wasd; temperature program: initial temp. 50°C, 5 mihen
increase by 5°C - mihtill 310°C, maintained for 20 min. Temperaturetbé injection
chamber and the linker: 330°C; mode of action:ysnt cut off time”, 9 min; method for
data detection: total ion current (TIC) within thess ion range of 35 to 500 m/z (time
range: 10 to 78 min). Chromatographic data weréecd using the Shimadzu GCMS
Solution ver 1.1 Software. Xenobiotic contents wemdculated as areas under the
respective chromatographic profiles and expressethea % value of the initial amount
(ie untreated MWF).

Statistical data and error analysis

COD values and the content of organic substancee aeeraged based on two
independent analyses. Microbiological frequency watermined upon three repetitions.
The mean experimental error, represented by thgectise error bars in Figures, was
calculated on the basis of multiple repetitive gse$ of each of the above parameters and
was assumed as 10, 15 and 12%, respectively. ThdSzehromatographic analyses were
always made in duplicates. The error bars in GCElts represent standard deviations
calculated for each individual sample.

All the chemicals were of analytical grade. Whemeegjuired, sterile conditions were
applied.

Results

Based on a set of microbiological tests publishedier [44] the studied MWF
emulsion proved non-toxic to allochthonous bactedammunities and revealed the
presence of indigenous microflora population of treler of 16 cfu - cm® These
characteristics suggested that the fluid mightuseeptible to biological treatment.

Cell population dynamics in the MWF upon biostimulgion and bioaugmentation

When the ZB-01 consortium (initial bacterial biomaensity of 5 - cfu - cm?) was
inoculated (at 334-fold dilution, that is 3:100@y) to the tested MWF emulsion (diluted
threefold), bacteria kept their survivability rand revealed the ability to further
proliferate. Xenobiotics were seemingly non-toxiclaerved as an efficient carbon source
for microbial growth (Fig. 1, dark gray-bars). Siani result was observed for the
uninoculated sample (Fig. 1, light bars), wherey @utochthonous bacteria were monitored.

Figure 1 also showsf( time 0 and 1 day of incubation) that right aftez #tart of the
experiment for both cases studied there was obdesvdramatic increase (close to two
orders of magnitude) in bacterial population. Tleason for this rapid initial biomass
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increase was apparently a biostimulation effectseduby efficient aeration and active
agitation on rotary shakers, which favored aergpmnth and caused better availability of
the organic fraction of the emulsion. The xenokiaintent must have served as a carbon
source since no supplementation with any othetimgagents was provided. Biostimulation
was thus considered as the first key conditiong&itng bioremediation. The second
important factor was the presence of allochthortmacteria introduced to bioaugment the
process. The inoculation enabled the developingedibiocenosis to grow more
dynamically and to exceed the indigenous microdeganfrequency df. the respective
dark-gray and light-gray bars of Figure 1). Theaténce in microbial population became
significant at day 7 (2.0 - i@fu - cm®and 6.8 - 1bcfu - cm® respectively), and then
tended to grow to reach a 25-fold higher biomasshat end of the test (day 28,
4.0 - 16 cfu - cm® and 1.6 - 1Dcfu - cm® respectively). The favorable effect of
introducing specialized bacteria on the bioreméatiagield is confirmed by the appropriate
biodegradation tests presented below.
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Fig. 1. Microorganism population dynamics throughthe MWF bioremediation test. Explanations:

dark-gray bars - sample inoculated with the ZB-@hsortium (3:1000, v/v) prior to the
experiment (day 0); light bars - uninoculated sar{pltochthons only)

Biodegradation of the petroleum ether-extractable manic fraction

The fraction of high-boilingT, > 105°C) organic compounds in the treated emulsion
samples, as determined with petroleum-ether eitrachethod, was degraded significantly
only in experimental variant involving indigenougcmflora bioaugmentation with a ZB-01
consortium. A 14-day test resulted in a 24.8% hipddation yield. The organic fraction
content in the studied samples is presented inr&igu
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Fig. 2. Content of high-boiling organic compoundsttie MWF as observed upon 14-d bioremediation
test. Explanations: bars (from left to right) regmet the starting level, values obtained upon
treatment with biostimulated autochthons, and oleiupon process bioaugmentation with
allochthonous bacteria (ZB-01 consortium); otherditions were as described above

COD (chemical oxygen demand) observations

The COD parameter determinations were carried @ueteal changes of the total
organic pollutant load of the waste fluid duringatment. The results are presented in
Figure 3 and they correspond to the ones preseaiek.
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Fig. 3. Changes of a COD parameter as observdtilvitVF upon 14-d bioremediation. Explanations:
see Figure 2
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In the 14-d biodegradation process the only cassigifificant COD decrease was
observed for the inoculated sample, and the fir@tlywas calculated as 25.6%. The slight
7% decrease of the COD value determined for the-bimeugmented sample might
represent some activity of the indigenous bacteitapugh it has to be noted that this result
remains within the experimental error.
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Fig. 4. Chromatographic GC-MS profiles obtaineceaf28-d biodegradation of the MWF (threefold
dilution) carried out with: b) biostimulated autélcbns alone; c) autochthons together with the
allochthons inoculated as a ZB-01 consortium (30108V); a) untreated sample (a control
profile)



Bioremediation of a spent metalworking fluid withta- and allochthonous bacterial consortia 29

GC-MS analyses

Gas-chromatography analysis of the organic frastextracted from the emulsion fluid
was carried out after completing the bioremediatiest (28 days of treatment). For both
samples studied (uninoculated as well as inoculst@d), a high-yield biodegradation of
the GC-detectable analytes was shown. Detailed GCdWiromatographic profiles are
presented in Figure 4 a, b and c, for the raw éatéd) emulsion, for the MWF treated with
autochthonous microorganisms, and for the MWF &edcwith a ZB-01 consortium,
respectively.

The chromatogram shown (Fig. 4a) reveals the poesefi over 100 distinct peaks.
Upon the emulsion treatment the number of deteetabhlytes tended to decrease. Taking
into consideration the 26 dominant analytes thatrdmuted to approximately 90% of the
total chromatogam area, the lower number was finaletected for the case of
bioaugmented biodegradation than for uninoculasedpde (Table 1).

Table 1
GC-MS analysis of the diversity of dominant xenaigidractions upon MWF biotreatment (28 d)
MWF emulsion sample No. of analytes detected with GMS
untreated 26
treated with autochthonous microflora 20

treated with auto- and allochthonous microflora

(inoculated with ZB-01) 15

It should be noted here that a lack of a particalzalyte at given retention time may
suggest complete biodegradation or, at least, dieformation into another metabolic
intermediate that would appear elsewhere in thélgro

Figure 5 compares the total xenobiotic contenhtested samples.
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Fig. 5. Biodegradation efficiency (28-d) as moremrwith GC-MS. Explanations: bars represent the
total amount of xenobiotic compounds as represehjedreas under chromatographic profiles
obtained for the following samples (from left tght): untreated MWF emulsion, MWF treated
with biostimulated autochthonous bacteria, and MWé&ated with the mixed auto- and
allochthonous biocenosis
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As it can be seen, the resultant value dropped alieafly and was statistically
significant. The calculated biodegradation yieldseded 58 and 71% for the emulsion
treated with the autochthonous and with the mixadqa- and allochthonous) biocenoses,
respectively. These results, again, point to tloalgmented process as the most efficient
one, which is in accordance with the conclusionslenearlier upon testing with the other
methods (see above). However, due to the high t@icallyerror of the GCMS data the
evaluation of the two treatment approaches hasatistical support.

Discussion

Among recent MWF treatment trends there are presessmbining various techniques
in order to meet high environmental standards. $&guential approach involves three
operational stages: a primary treatment applieshéchanically remove the free-oil phase,
secondary step aimed at braking O/W emulsions antbval of the dispersed oil, and
tertiary treatment based on biological degradadiotihe remaining emulsified and dissolved
oil [1, 10, 30]. The so-called hybrid processes enalke of more than one separation
techniques that complement one another and theyomaypported by biological treatment
stage [1, 9]. Such integrated processes take tremntate of the novel technological as well
as biotechnological achievements to reduce totalttnent costs, energy consumption, and
finally to give the most efficient result [1, 9,,180, 32, 34, 40, 41, 43, 48].

Microbiologically-based treatment processes make afsthe activities of activated
sludges working in aeration chambers of wastewatestment plants or of bacterial
consortia constructed upon specialized strain22934, 35, 39, 40, 42]. Bioremediation of
recalcitrant MWF constituents was shown to be éffeceither with aerobic or anaerobic
methods [9, 14, 3949]. However, in general the aerobic process, ampeoed to the
anaerobic one, resulted in better COD removal reded higher contribution of
biodegradation mechanism [14, 50]. It thus app#asthe anaerobic treatment technology
requires further optimization actions such as smpphtation with complementary
physical-chemical processes, addition of co-sutestrand/or extensive bioaugmentation
[50, 51].

In this work a water-miscible, oil based metalwarkifluid was subjected to fully
aerobic bioremediation without any preliminary treant. The main aim of the study was to
show that the emulsion could be efficiently treatdth a microbiological method. One of
the most important novelties of the proposed apgrosas to prove the applicability of
allochthonous bacterial consortia used to bioaugrh@degradation reactions within the
tested MWF.

Bacteria of the ZB-01 consortium have been seledteth various polluted sites
containing numerous contaminants of different cloamstructure. Thus, it was expected
that bioaugmentation with these microorganisms iiggh crucial for enabling the newly
formed microbial community to biodegrade the whspectrum of xenobiotics present in
the metalworking fluid. The observed lack of towjcifor either autochthonous or
allochthonous bacteria does not necessarily impdy the biodegradation potential would
be high against all the xenobiotics, especiallyarding the most resistant fractions such as
branched aliphatic hydrocarbons, aromatic and poiyatic compounds or chemical
additives.
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However, although the resultant decrease in MWFamigg load could be clearly
observed for both tested approaches, the degradatield proved higher for the
bioaugmented process. A straightforward explanaifathese phenomena would be that the
indigenous biocenosis was capable of utilizing amlgart of the organic fraction that was
the most metabolically accessible and abundantgmtw ensure high bacterial frequency
throughout the test. This carbon-source abundaookl de expected on the basis of the
high organic content of the tested emulsicihthe COD value). The application of a ZB-01
inoculum, in turn, apparently enabled the mixedcbimsis to utilize additional recalcitrant
compounds thanks to the enrichment with highly Edieed strains.

For any cleanup project it is important that ak thollutants are eliminated and the
total contamination load is expected to decreabstantially. It should be stressed here that
each of the methods employed to monitor bioremigiabrings information about the
content of different carbon fractions. In this @it the experimental variant employing
both, auto- and allochthonous biocenoses gave s satisfactory results since it was the
only one that proved effective by all the analytieghniques used for evaluation (that is the
decrease of COD, extractable organic fraction a#f a& qualitative and quantitative
GC-MS measurements).

We note that biodegradation rates obtained forntioglels tested in this study were
calculated upon a limited observation time (14 8rdays) which implies that the results
represent only some stage of the process stilgbeanried out by bacterial biocenoses. This
fact should be combined with the high initial valoé the organic contaminant load
(COD = 11 116 mg ©- dm?). Taking into consideration both of the above dtous the
final bioremediation yield should be thus considegeod.

At the same time it is difficult to confront our tdawith the results of other authors.
Although these teams dealt with a similar subjéetirt methodologies involved different
approaches such as a long-term simulated wastefl@atesetup [39], mixed anoxic/aerobic
SBR cycles [35], combined two-step anaerobic/aerolprocess [39], hybrid
physical-biological or chemical-biological treatnt®efi34, 41] or high dilution of the MWF
wastewater (concentrations below 3%) [42]. Morepverhas to be emphasized that
different working-fluid sources generate effluentrying dramatically in their chemical
content. A single MWF product can consist of everdéferent chemical compounds, and
over 300 substances are known to be used duritipgtiuids production and application
[1, 9, 11]. Therefore, when comparing various MVEEstoxicities, contents of organic and
inorganic contaminants, and finally biodegradaietit the specificity of the individual
industrial processes must be taken into account.

To show the best MWF treatment results reportedatie the work of Kim et al [39]
should be mentioned. The authors achieved 88% gsogeeld (COD decrease from
3300 mg @ - dm® to about 400 mg ©- dm? in continuous, simulated-flow
biodegradation tests conducted either with an aerothamber or a two-step
anaerobic/aerobic bioreactor. Using a stabilizedi eariched microbial consortium, Hilal et
al [34] were able to reduce the wastewater loadou@0% (from 6000-9000 mg,Q dm®
to 700-2000 mg © - dm?). Their results were even better (the end value of
800-1200 mg @- dm®) when effluent recirculation was applied. A 30% E@moval
efficiency (from 9980 to 7028 mg,Q dm?) was reported by Connolly et al [41] and 70%
by MacAdam et al [10] (MWF added at relatively l@oncentrations; COD ranged from
412 to 998 mg ©- dm”). Moscoso et al [42] in a 2-week biodegradaticst tmmploying



29€ Pawet Kaszycki, Przemystaw Petryszak and PaulipelSu

the specialized, MWF-isolated bacterial consortexevable to reduce the total petroleum
hydrocarbon (TPH) fraction by 50%. In the same wibikauthors proved even higher TPH
biodegradation yield (up to 70%) using monocultusEa Pseudomonas stutzeri isolate. It
should be noted here that the researchers statt@% of microbialinoculum (v/v) was
sufficient to launch dynamic biodegradation of &rgpMWF. Our study shows that the
ZB-01 biocenosis proved efficient upon significgritiwer inoculation (about 0.3%v).

The tested microbiological remediation approachliagpior the management of the
MWF-based emulsion waste can be easily scaled thettechnical level. It is also believed
to be economically acceptable especially when ested to the other, physical-chemical
treatment methods as describedlntroduction. In particular, the amount of bacterial
inoculum required to launch bioremediation prodsseelatively low (3:1000v/v, that is
three liters of the pre-grown culture per cubic enedf the MWF) and can be easily
obtained [45] provided the specialized microbialngartium is available. The other
conditions such as vigorous agitation (paddle orcaimpressor-based agitation), active
aeration system (fine-bubble technique using mimigressors) and temperature
maintenance (25°C) can be easily implemented andarexpensive [52].

Conclusions

Water-miscible, spent metalworking fluids can beldujically treated provided they
are non-toxic to microorganisms capable of xenddsobiodegradation. If the MWF
emulsions are colonized with autochthonous straffisient treatment is achievable when
the indigenous microflora is properly biostimulatedproliferate and reveal the necessary
enzymatic potential. The tested oil/water emulgienerated as a waste stream of the metal
processing industry was shown to undergo microlgiokd treatment upon activities of both
autochthonous and allochthonous bacteria. Howaherfraction of organic contaminants
was reduced significantly better when the bioprecess augmented with specialized
bacteria. For that purpose a pre-grown microbiat@Bconsortium was used, which
consisted of unique strains adapted to the preseihorganic pollutants and specialized at
metabolizing hydrocarbon compounds. Bioaugmentatiwinonly accelerated the treatment
process but also enabled to eliminate a wider fspauicular xenobiotics. Microbiological
treatment was monitored using various analyticehné@ues such as gravimetric analyses
(Soxhlet extraction of high-boiling organic compdsjy chemical oxygen demand (COD)
measurements, and gas-chromatography coupled waks nspectrometry (GC-MS).
Apparently, inoculation with the consortium lederichment of the active biocenosis with
bacteria able to biodegrade the most recalcitnatmstances.

The study proves that the proposed approach tobmetty treat MWFs with
biostimulated indigenous bacteria together withabhigmented microbial consortia can be
regarded as a cheap and efficient method with titenpial of application on the industrial
scale. We believe that such a simple, single-stégrofnial bioprocess can be further
improved by taking relevant optimization actionsomler to accomplish the expected high
bioremediation yield.
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BIOREMEDIACJA ZU ZYTEGO PLYNU OBROBKOWEGO METALI
Z WYKORZYSTANIEM KONSORCJOW BAKTERII
AUTO- | ALOCHTONICZNYCH

Zaktad Biochemii, Instytut Biologii Rdin i Biotechnologii
Uniwersytet Rolniczy im. Hugona Kathja w Krakowie

Abstrakt: Zuzyte plyny obrébkowe metali, powstate na bazie olejineralnego, $ produktami odpadowymi
przemystu maszynowego i znace przyczynia sie do globalnego sk&nia poprzemystowego substancjami
ropopochodnymiScieki zawierajce emulsje olejowe stanawkagraenie ekologiczne i z tego powodu pgidj
szereg dziala mapcych na celu ograniczenie ich negatywnego oddzemiyav na srodowisko naturalne.
Wigksza¢ stosowanych metod opieragsna oczyszczaniu i separacji fazowej z wykorzystiamiprocesow
fizykochemicznych.Zadna z opracowanych technologii nie jest jednaktavgzajco efektywna, aby spethi
coraz ostrzejsze norm§rodowiskowe. Opracowuje ¢sizatem nowe metody, $ndd ktorych rosgce uznanie
znajduje oczyszczanie biologiczne, wykorzystej drobnoustroje zdolne do bioremediacji zanieaz@z
W pracy badano mitiwosci biodegradacji organicznych sktadnikow emulspuyolej/woda, bdacej odpadowym
ptynem obrébkowym przemystu metalurgicznego. Stdeno,ze odciek nie byt toksyczny wobec konsorcjow
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bakteryjnych, bdac jednoczénie skolonizowany przez mikroorganizmy autochton&zok. 18 jtk - cnid).
Calkowite obcizenie emulsji zwjzkami organicznymi, wyznaczone jako chemiczne zapbbwanie tlenu
(ChZT), wynosito 48 200 mg ©- dm®. Testowano dwa warianty procesowe oczyszczégieku trzykrotnie
rozcieiczonego z wykorzystaniem biostymulowanych, aerolmbwybiocenoz bakteryjnych: (1) emulsja
niezaszczepiona, w ktorej bioremediacja prowadzbgia wylcznie przez drobnoustroje autochtoniczne,
(2) sciek zaszczepiony konsorcjum mikroorganizmoéw ZB4abre stanowitarrédio wyspecjalizowanych bakterii
wspomagajcych bioproces. Wydaj§é biodegradacji uzyskana wagu 14-dniowego testu byla mierzona
wartascia ChZT oraz koncentragjwysokowracych zwizkéw organicznych. Wyniki obu podéj badawczych
byly zadowalajce, a uzyskany spadek zawddo frakcji organicznej znagey. Jednoczmie stwierdzono
wickszy stopié obnizenia tadunku wcieku oczyszczanym metodioaugmentacji po zaszczepieniu konsorcjum
bakteryjnym. Analizy chromatografii gazowej z detfgk spektrometrii mas (GC-MS) potwierdzitly wyspk
wydajnai¢ biodegradacji otrzymanw ciagu 28 dni dla obu wariantéw (odpowiednio 58 i 71®ydsumowujc,
wykazano,ze zaolejone ptyny obrobkowe podglajc oczyszczaniu biologicznemu w warunkach pozvgalah

na proliferac bakterii tlenowych, a kinetyka biodegradacji kdeintykbw mae by przyépieszana poprzez
bioaugmentagj procesu konsorcjami drobnoustrojéw alochtonicznych

Stowa kluczowe:ptyny obrébkowe metali, emulsje olejowe, biostyamja, bioaugmentacja, biodegradacja,
konsorcja drobnoustrojéw, mikroflora autochtoniczmékroorganizmy alochtoniczne



