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WASTEWATER TREATMENT

CROSS-REFERENCE TO DEPOSITED MATERIALS
The present application refers o deposited microorganisms. The contents of the
deposited microorganisms are fully incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the invention

The present invention relates (o wastewaler treatment in gensral and to methods of
condraliing odors, reducing chemical oxygen demand (COD}, and degrading compounds
contained in wastewater in particular.

Description of Related Art

The main chemical compounds in wastewaler are nitrogen, phosphorus, fats, oils
and grease.

Objectionable odors are caused by a variety of substances typically present in
wastewater. These include sulfur and several sulfur containing compounds including hydro
suffuric acid, sulfuric acid, mercaptans (R-SH) including especially methyl and dimethyl
mercaptans, and dimethyl disuifide (DMDS); numerous organic acids including propionic
ackd, acetic acid, butyric acid, isovaleric acid; ammonia; urea; and various terpenes including
carene, pinene, imonene. These substances most frequently lead to noticeable odors under
anaerobic conditions.

Octel Gamiden has sold a waslewater treatment composition comprising a strain of
sach of Mucor hlemalis, Trichoderma atroviride, FPaecilomyces variolti, and Aspergilius
niger.

U.S. Patent No. 7,160,458 discloses a method for purifying process water from &
kerosene desulfurization plant comprising adding bacterial species.

B is an object of the invention o provide an improved wastewater freatment
composition.

SUMMARY OF THE INVENTION

The present invention is directed to wastewater treatment compaositions comprising a
strain of Mucor racemosus, Paecilomyces fifacinus, Aspergiflus ustus or Trichoderma
inhamatum {anamorph is Hypocrea gelatinosa).
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in another embodiment, the present invention refates to methods for the treatment of
wastewaler comprising adding to the wastewaler a sitrain of Mucor racemosus,
Paecifomnyces lilacinus, Aspergilius ustus or Trichoderma inhamatum (anamorph is
Hypocrea gelatinosa).

The present invention also relates to a process of degrading compounds contained in
a wastewater and biologically pure cullures of one or more microbial strains.

DETAILED DESCRIPTION OF THE INVENTION
Wastewater Treatment Compositions

The present invention is directed to wastewater treatment compositions comprising a
strain of Mucor racemosus, Paecilomyces lifacinus, Aspergiflus ustus or Trichoderma
inhamatum and to methods for the ireatment of waslewater comprising adding to the
wastewater a strain of Mucor racemosus, Paecilomyces llacinus, Aspergilius ustus or
Trichaderma inhamatum.

Strains of Mucor racemosus, Paecifomyces lilacinus, Aspergiffus usfus and
Trichoderma inhamatum strains were deposited for patent purposes under the {erms of the
Budapest Treaty at the NRRL USDA-ARS Palent Cullure Collection, 1815 N. Universily
Street, Peoria, lHfinois 61604. The deposits were made on March 20, 2007 by Novozymes

Biclogicals Inc. and were accorded deposit numbers:

Mucor racemosus NRRL 86031
Paecitomyces lilacinus NRRL 50032
Aspergillus ustus NRRL 50033
Trichoderma inhamatum NRRL 50034

In a preferred embodiment, the wastewater composition comprises 8 strain of Mucor
racemosus.

Inn another preferred embodiment, the wastewater composition comprises a strain of
Fagcifomyces fifacinus.

In another preferred embodiment, the wastewater composition comprises a strain of
Aspergifius ustus.

Iy another preferred embodiment, the wastewater compuosition coniprises a strain of
Trichoderma inhamatum.

In another preferred embodiment, the wastewater composition comprises a strain of
Mucor racemuosus and Paecilomyces lilacinus.

In another preferred embodiment, the wastewater composition comprises a strain of
Mucor racemosus and Aspergiflus ustus.
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In another preferred embodiment, the wastewater composifion comprises a strain of
Mucor racemosus and Trichoderma inhamatum.

In another preferred embodiment, the wastewsler composition comprises a strain of
Paecilormyces llacinus and Aspergillus ustus.

I another preferred embodiment, the wastewater compaosition comprises a strain of
Raecifomyces filacinus and Trichoderma inhamatum.

In another preferred embodiment, the wastewater composition comprises a sirain of
Aspergillus ustus and Trichoderma inhamatum.

Iy another preferred embodiment, the wastewater composition coniprises a strain of
Mucor racemosus, Paecilomyces Hlacinus, and Aspergiffus ustus.

In another preferred embodiment, the wastewater composition comprises a strain of
Mucor racemosus, Paecillomyres lifacinus, and Trichoderma inhamatum.

In another preferred embodiment, the wastewater composition comprises a strain of
Paecitomyces filacinus, Aspergifius ustus and Trichoderma inhamatum.

In another preferred embodiment, the wastewater composition comprises a sirain of
Mucor racemosus, Paecdifomyces llacinus, Aspergiifus ustus and Trichoderma inhamatum.

The sirains may be wild-lype or mudant strains.

In a preferred embodiment, the composition comprises the microorganism at a
concentration of 1 x 10° to 1 x 10¥ colony forming units (CFUYmL, preferably 1 x 107 to 1 x
10° colony forming unils (CFUymL. When the composition cortains more than one
microorganism, each microorganism is present at a concentration of 1 x 10° to 0.5 x 10°
colony forming unifs (CFUY/mL.

Iny ancther preferrad embodiment, the composition further comprises nutrients for the
microorganism(s). For example, the nulrients may be an inorganic phosphorus compound,
particularly a soluble phosphate or an orthe phosphate, preferably, phosphoric acid, mono,
di, or tri sodium phosphate, or diammonium phosphate. In addition, the nutrients may be
ammonia (NH) or an ammonium (NH) salt, preferably anhydrous ammonia, ammonia-
water solutions, ammonium nitrate, or dismmonium phosphate. The nulnignts may also be
trace metails, preferably sluminum, antimony, barlum, boren, calcium, coball, copper, iron,
lead, magnesium, manganese, molybdenum, nickel, strontium, titanium, fin, zing, andior
zirconium.

In another preferred embodiment, the composition futher comprises a sugar
selected from the group consisting of arabinan, arabinose, cellulose, fruciose, galactan,
galaclose, glucan, glucose, mannan, mannose, sucrase, xylan, and xylose, or wood fiber,
woad pulp, or other pulping byproducts. Preferably, the compeosition comprisas the sugar at

L)
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a concentration between 100 and 400 mg/l, when the sugar is 2 monosaccharide and a
concentration between 8,000 and 15,000 mg/l., when the sugar is a polysaccharide.

The wastewaler to be subjected to the process of this invention may contain
sufficient nutrients, e.g.. nitrogen and phosphorus, for culturing without the need for any
additional source of nittogen or phosphorus being added. However, in the event the
wastewater is deficient in these components, nutrients can be added to the wastewater. For
gxample, phosphorous can be supplemented, § necessary, by addition of a phosphorous
source such an inorganic phosphorus compound, pasticularly a seluble phosphate or an
orthophosphate, preferably. phosphoric acid, mono, di, or i sodium phosphate, or
diammonium phosphate, to achieve a phosphorus level in the wastewater of about 1 ppm or
more per 100 BODs. Similarly, a nitrogen source, such as ammonia (NHy), urea, or an
ammonium sall, preferably anhydrous ammonia, ammonia-water solutions, ammonium
nitrate, or diammonium phosphate, can be added to achieve an available nitrogen content of
at least about 18 ppm or more per 100 BOD:.

In another embodiment, the nutrients comprise trace melals, preferably aluminum,
antimony. barium, boron, caicium, coball, copper, on, lead, magnesium, manganess,
molybdenum, tin, or zinc.

Methods for Treating Wastewater
The praesent invention also relates to methods for treating wastewaler with a

wastewater treatment composition of the present invention.

The wastewater treatment process of the present invention may reduce odor, as well
as degrade compounds contained In wastewaler such as butanoic acid, 2-methyiphenol,
heptanoic acid, nonanoic acid, S-bromothiophene-2-carboxamide, isoxazolidine and
2-methyl-1-nitropropane.

Other odor-causing compounds which may be degraded by a wastewater treatment
composition of the present invention are hydrogen sulfide, trimethylamine, methanethiol,
butanoic acid, 3-methylbutanoic acid, pentancic acid, 4-methyiphenol, dimethylsulfide,
dimethyldisulfide, propanoic acid, acetic acid, 2-methylpropancic acid, indole, and 3-methyl-
1H-indole.

The wastewater freatment compounds may also reduce chemical oxygen demand
{COD) of wastewater.

The strains used in the present invention can be cultured in wastewater from, e.g., 3
pulp or paper mill either using a batch process, a semi-continuous process of a conlinuous
process, and such is cultured for a time sufficient to degrade compounds present in the
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wastewater and remove them or break them down into components capable of being
degraded by other organisms normally found in biological wasiewater treatment systems.

The microbigl strains of this invention can be empioyed in ion exchange resin
treatment systams, in trickling filler systems, in carbon adsorption systams, in activated
studge treatment systems, in outdoor lagoons or pools, etc.

Basically, all that is necessary is for the microorganism(s) to be placed in a situation
of contact with the wastewater effluent from a pulp or paper mill. In order o degrade the
material present in the wastewater, the wastewater is freated with the organism{s) at a
temperature between 15°C and 45°C, preferably between 20°C and 45°C, more preferably
between 18°C and 37°C, and mosi preferably between 30°C and 35°C. Desirably, the pH is
maintained in a range of 4 and 10, preferably 4.5 to 8.5, The pH can be conirolied by
monitoring of system and an addition of appropriate pH adjusting materials {o achieve this
pH range.

In general, the treatment is conducted for a sufficient time to achieve the reduction in
odor or degradation of compounds desired and, in general, about 24 hours to about 8 weeks
or longer, although this will depend upon the lemperature of culluring, the liguor
concentration and volume to be treated and other factors. in a preferred ambodiment, the
wastewater is treated with the microorganism(s) for between 2 hours and 14 days, preferably
between 2 hours and 5 days.

The treatment can be conducted under aerobic or anaerobic conditions. When
aerobic condilions are used, the freatment is conducied at a dissolved oxygen concentration
of between 0.5 and 7.0 milligrams per liter. These condilions can be simply achieved in any
manner conventional in the art and appropriate to the treatment system design being
smployed. For example, air can be bubbled into the system, the system can be agitaled, a
trickling system can be employed, etc. In an aerobic process, the treatment is done at a
REDCGX potential between -200 mV and 2060 mV, preferably belween 0 mV and 200 my.
VWhen anaerobic conditions are used, the ireatment is done at 3 REDOX peotential between
-550 mV and -200 mV.

Normally aerchic measures are undertaken to reduce coloranis and biochemical
oxygen demand (BOD) in wastewater. Aerobic technologies include trickling filter, activated
sludge, rotating biological contactors, oxidation ditch, sequencing batch reaclor and sven
controlied wetlands.

An anaerobic or anaerchic-friendly type of technology can also be used for treating
the wastewater. Anaerobic technologies currently available are high-rate systems inciuding
continuous-flow stirred tank reactors, contact reactors, upflow siudge blankets, anaerobic
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filters (upflow and downflow), expanded or fluidized bed and lwo-stage systems that
separate the acid-forming and the methane-forming phases of the anaerobic process,

Agrobic and anaerobic processes can be combined into a treatment system.
Anaerobic treatment may be used for removing organic matter in high concentration
streams, and aerchic trealment may be used on lower conceniralion streams or as a
polishing step to further remove residuatl organic matter and nutrients from wastewater.

In a preferred embodiment, the wastewater freatment comprises 1-5 cycles,
prefarably 1 cycle or two oycles, of treatment with the microorganism(s). Preferably, each
cyele comprises alternating aerobic and anaerobic treatments, More preferably, the first
cycle is conducted under aerobic conditions. In & preferred embodiment, the cycles are
conducied in a sequencing balch reactor. In another preferred embodiment, the process
further comprises adding an alkali between cycles.

Preferably, the wastewater is a pulp and paper mill wastewater such as strong or
concentrated pulp mill wastewaler, weak black liguor, acid stage bleach plant fillrate, or
alkaline stage bleach planti filtrale. Other types of wastewaters that might be treated includs
cleaning and laundry wastewaters, food processing wastewaters, and indusirial process
waters such as vegetable oil exiractions or waste materials having fiber-containing by-
producis.

The process also can be used {o treal waste from chemical color separstion
processes commonly used in wastewater treatment, including gravity clarifiers, gas flotation
units, or in filtration processes such as membrane processes.

Int ancther preferred embodiment, the ratio of solids {o lquid waste is between 1:50to
10:1 preferably 11010 5:1,

In another preferred embodiment, the wastewater passes through wood fibers at
anaerchbic conditions, particularly in a packed biological reactor or column, an artificial
wetland, or an anaerobic sequencing batch reactor (AnSR}. Alternatively, the wastewater
passes through a8 mass comprising waste wood fiber from a puilp & paper process, lime, and
fly ash. Preferably, the wastewater passes through wood fiber together with cellulosic fiber,
plastic, powdered or ceramic media. The ralte of the wastewater is preferably 0.05-1 liter
wastewater/day per kilogram of wet wood {iber mass.

In a most preferred embodiment, wood fiber is used as a biological medium at
anaercbic conditions, comprising one or more of the following steps of:  (a) sequencing
bateh reactors, (b} a facultative lagoon or a stabilization basin, {¢) an aclivated sludge
system, (d} coagulation and flocculation followed by setiling, and (&) filtration.
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The wastewaler may be freated with the microorganism(s) in the presence of an
electron acceptor, paricuiarly chioroethanes, chloroform, chicrolignins, chioromethanes,
chiorophenols, humates, lignin, quinines, or sulfonated lignins.

The microorganisms of the present invention can be employed alone or in
combination with convestionally means for trealing wastewater, e.g., chemical (e.g., alum,
ferric, ime or polyelectrolyies), biclogical (e.g., white rot fungus), and physical processes
(e.g., ultrafiiration, ion exchange and carbon absorption).

In the above manner, organic compounds which are present in such wastewater
sireams, can be advantageously treated {0 provide ireated wastewater suitable for discharge
after any additional conventional processing such as settling, chiorination, etfe. into rivers and
streams.

Formulations

The individual fungal strains or the blends noted above can be provided on the
original media material used to culture the strains, or they can be removed from the original
growth substrate by various physical mechanisms and reblended on a separate substrate or
addition {o achieve the desired concentration for a given application. For example, fungal
spores or other discrest propaguiles might be removed by sonication, washing, or substrate
breakdown, followed by a concentration strep such as sieving, centrifugation, or other size-
exclusion techniques familiar 1o those skilled in the art.  Such separated andior
concentrated, propagules may be either blended and applied directly, or placed on a
separate subsirate for application. In this way, undesirable physical propetties of the original
growth substrate, such as fack of solubllity. or poor liquid pumping characteristics, can be
improved and the product may be more readily, easily, or economically applied. In a
preferred embodiment, fungal spores of the Mucor racemosus strain can be removed from
the growth media by sonication, concenirated by sieving and centrifugation, then combined
with one or more of the other strains, to provide a liquid concentrate suspension that may be
automatically delivered by pumping to the desired wastewater reaction area. Various
suspension agents andfor surfactants could be added {o aid pumping or reduce setfling of
the concentrated fungal propagule blend.

Cultures
The present invention also relates 1o a biologically pure culture of a strain of Mucor
racemosus, Paecilomyces lilacinus, Aspeargifius ustus or Trichoderma inhamatum.
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The following examples are given as exemplary of the invention but without infending
to limit the same. Unless otherwise indicated herein, all parts, percents, ratios and the ke
are by weight.

EXAMPLES

EXAMPLE 1

Materials and Methods:

Media and substrates;

Fulp and Paper Mill waste streams. The wastewaler used in the laboratory studies were
cbtained from various pulp and paper mills in the U.S. and France. The waste stream
material was brought to pH 7.8 by the addition of a nutrient (N&P) amended media based on
SBC (see the table below).

SAMPLE A SAMPLE B
- packaged in 0.5 kg water-soluble sachet - packaged boxes of bulk powder
- 2 fungal strains © - 3 fungal strains:
- Mucor hiemalis Mucar hiemalis
~ Trichoderma atroviride Aspergillus niger

Paecilomyces variottii

- Carvier of fungi | maltedextrine - Carrier of fungi © maltodextring
- Additional medium {excipient} - Additional medium {excipient) : wheat bran
fithothamne
- Dosage rate : 2 g of A per kg of COD - Dosage rate : 2 g of B per kg of COD

- Total count : 1 x 10" propagules per gram | - Total count : 1 x 10° propagules per gram

industrial Waste Stream:  The wasle stream was used as received in this study except
where noted, The waste siream comes from a site that produces architectural and functionat
coatings and plastics additives {Impact modifiers and processing aids) and has regular
problems with fatex. The pH of the waste stream was found to be 8.9 and it was also found
o contain a number of protozea. The soluble COD was 477 +/- 8 mygil.. The waste stream
was reported {o have an average influent COD of 1400 mg/L with an effiuent COD of 400
mg/l. The waste stream as received had a low COD which was not due to COD loss during
transportation, but instead was due to the low COD of the waste stream when collected.
Microscopic examination of the waste revealed protozoa present in the sample.
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Laundry Waste Stream. The laundry waste stream was used as received and was from a
denim fabric factory with 0.2% Aquazyme Ultras 1200 L. The initial pH of this waste stream
was 5.6.

Waste stream preparation. Stesilization of the waste stream where noted was accomplished
by filtration. The waste stream was first centrifuged at 12,000 X G for 80 minutes. This
material was then passed in 100-150 ml aliquots over YWhatman 834-AH filters, followed by
filtration through Whatman GF/F filters, followed by filtration though a Gelman Sciences 0.45
micro-m Metricel membrane filter. Final sterilization was accompiished by fitering though a
pre-sierilized Nalgene filtration unit equipped with a 0.22 micro-m membrane filter.

Nutrient Additions: The components of the nutriend media are listed in the table below.
These were prepared as a ten fold concentrate and added to the waste siream {o give the
final concentrations listed in the following table.

Nuttisnt Media
Component {g/l)
K:HPO, 20
KH.PO, 3.08
NHLCI 0.8
MgS07TH,O 0.2
CaCl*H0 o.M
Zn80;, 0.000140
MnSO¢H0 0.000084
NaMoQ2H,0 0.000024
FeSO,7H,0 0.000028
CuSQO5H.:0 0.000025
CaCly6H.0 0.000024
Adjust pH {o 7.5 with KOH

Culture Conditions: Incubations of the pulp mill waste were carried out in sterdle 150 mb
serum vials containing 10 mL of filter-sterilized waste. The tops of the vials were covered
with “steam paper” to allow for oxygen transfer. Incubations were carried out at 30°C. The
reactions with the Laundry waste and the industrial wasle were carried out in 250 mbL shake
flask with 50 or 100 mb of filter-sterilized waste.
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Inocutus Preparation: For experiments involving the formulated Sample A, Sample B, or
NZB-C sample product, to 0.1-1 grams of product was added slerile phosphate buffer {o give
a final concantration of 0.11 grams product/mi of buffer. This was then agitated on a wrist
aclion shaker for 30 minutes. Except were noted, the producis were added to a final
concentration of 1 gram/300 mL waste stream.

Dry product production: The dty products used in this study had the characteristics lisied in
table below, The sample products were made by first growing the isolated fungus in 110
gram lots on a medium consisting of 50 grams of rice hulls, 50 grams bran and 10 grams
starch. To this material was added 100 mbL of 50% potalo dexirose agar (PDA) for moisture.
The material was autoclaved and inoculated with fungal mycelia and spores from pre-grown
PDA plates. With the exception of P. chirysosporium, all incubations were inftially casried out
at 25°C for 7-10 days in a humidified growth chamber in 180 X 100 mm glass dishes. P
chrysosporium was initially cultured at 39°C. At the end of the initial incubation, the cultures
were removed from the humidified growth chamber and allow to air dry at room temperature
for an additional 5-7 days. Final drying was accomplished under reduced pressure in a
lyophilizer.

The raw material was then subjected to hydration and serial difution to determineg the number
of propagules/gram using standard laboratory procedures.  With the exception of P
chrysasporium, all fungt had vields of 1.0 X 10% to 1.0 X 10" propagulesigram. P
chrysoporium vieided 4.0 X 10° propagules/gran.

Concentration {propagules/gram) of
Organisms in NZB-C Dry Formulated sample
SINGLE ORGANISMS NZB-C
Mucor racemosus 2.0 X 107 (range 0.1 to 10 X 10%)
Aspergiffus ustus 2.9 X 107 range 0.1 1o 10 X 107
Paecilomyces lilacinus 1.3 X 10° (range 0.1 {0 10 X 10%)
Trichoderma inhamatum 3.0 X 107 {range 0.1 t0 10 X 107
Total 8.2 X 10° (range 0.4 to 40 X 107

10
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COD Assay. Al the indicated time, soluble COD was determined by Method 5220C
{Standard Methods). All materal was centrifuged at 13,000 X G for 20 minutes {o remove
particufates. Al data represents soluble COD and unless noted the mean of three

daterminations +/ one standard deviation unit.

Results:

Experiments with Pure Cultures: In order to assess the role of individual fungi, pure and
mixed cultures of the fungi were incubated with waste from a puip and paper mill "strong
pond.” The species and concentration of each fungus are listed in the table below. it is
important to nole that for the fungal consortia, the compstilor fungi were added in greater

concenirations.

ORGANISMS AND THEIR CONCENTRATIONS USED FOR "PURE" CULTURE STUDIES

Single Crganisms Propagule/mi. | Consortia Consorlia Propagule/mlL
Name Composition

Mucor racemosus 1.8 X 10° Sample A

Hypocrea gelatinosa 28 X107 Trichoderma 1.4 X 107
atroviride

Phenerochaete 1.0 X107 Mucor hiemalis 1.8 X 10

Chrysesporium

Aspergilius ustus 32X 108 Sample B

Faecilomyces lilacinus | 1.4 X 10" Mucor hiemalis 8.0X10°

Aspergillus sp. 5.4 X 10 Paecilomyces 2.7 X107
variottii
Aspergilius niger 31X 10

The degradation of the waste from the primary clarifier from a pulp and paper mill is
shown in Table 1. The NZB-C sample demonstrated befier removal of COD than the
competitor samples.

11
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Table 1. Laboratory pulp and paper mill wastewater assessment; 8 Days post-treatment
Treatment Total COD {mgfl. % €0D Reduction vs. Control
Contral 310 0
Sample A 285 5
Sample B 270 13
NZB-C 225 28
EXAMPLE 2

For this experiment, a total of 60 150 mi serum vials were used and were capped
with butylated rubber stoppers. Each sample was done in riplicate. Vials were then
steritized by autoclave @ 121°C for 30 min.

14

The wastewater was obtained from France. Due {o the iarge amount of particulate
matter suspended in the samples, the middle and outlet wastewalers were fillered. Filtering
was accomplished by using successively smaller filter sizes untll the final filter size was 0.2
micro-m. A Whatman 834-AH filter (1.5 micro-m) was used first to remove large particulate
i3  matter in the samples. Then a Fisherbrand G.45 micro-m Membrane MCE filter (catalog #
08-718-2E) and Fisherbrand 0.2 micro-m Membrane MCE filter {catalog # 09-719-2B) was
used successively 1o achieve the desired 8lfration size.
After filler-sterilizing the middle and outlet waste, a 10 ml volume of wastewater was
added {o each of the vials under a laminar flow hood. Each vial was supplemented with

I,
T4

1xS8C to aid in fungal growth.

12
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A 1x8EC nutrient media was prepared as follows:

xS8C Nutrient Media
Compeonent gl
KHPO, 2.0
KHPO, 3.086
NH,CI 0.8
MgSO»7H0 0.2
CaCl:«H.0 0.01
ZnS0; 0.000140
MnSO.HO 0.000084
NaMoQe#2H;C 0.000024
FaS0#7THO 0.000028
CuS0,5H,0 0.000025
CoCl*6H,0 0.000024
Adjust pH to 7.5 with KOH

1x8S8C was added {o each of the serum vials. To prepare the inocula from the fwo
dry products {NZB-C, a consortium of strains of Mucor racemosus, Paecflomyces lilacinis,
Aspergillus ustus, and Trichoderma inhamatum deposited with NRRL and accorded deposit
nos. NRRL 50031, NRRL 50032, NRRL 50033, and NRRL 50034, respectively, and
Bi-Chem1005FP, a bacterial product from Novozymes Biologicals) 2.5 g of the product was
added to 25 mi of sterile phosphate buffer in a sterile test tube which was then agitated on a
wrist action shaker for 15 min. To prepare the inocula from a single fungal sirain culture, a
plate of each strain was obtained and the mixture of spores and mycelia were scraped from
the surface of the plate with a sterile colton swab. The swab was then submerged in 98 ml
0.3 mM phosphate buffer with 2 mM MgCl;, pH 7.4 and vigorously agitated for 15 min to
release the sporesimycelia into the buffer. Due to the absorbent properties of the cotton
swabs, some volume of the phosphate buffer was lost. The volume was brought back to 10
ml after compietion of the swabbing of the plate. in the case of Mucor, two plates of Mucor
grows on PDA were cut into § sactions and were added to 88 ml of phosphate buffer. After
agitation, the inocula (dry blend or scrapped from individual culture) was set to stand for 10
min aliowing the particulate matter to settle, then 100 microliters of each suspension was
taken and used {o incculate the corresponding serum vials containing the wastewater and
1xS8C. Vials were then incubated at 35°C for 14 days.
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GCME with SPME Analysis of Treated Wastewater from Norampac

In order to detect specific compounds present in the waslewater, GC/MS (Gas
chromatography/Mass spectrometry) analysis of the samples was conducted using SPME
{Solid-Phase Microsxdraction). After COD analysis of each sample, the remainder of the
sample (roughly 8 mi) was added 1o a 20 ml head space vial A
Divinyibenzene/Carboxen/Polydimethyisiloxane (DVB/CAR/PDME) fiber (grey holder) was
selected. The samples were heated to 60°C for & minutes while being agiated at 320 rpm
for 5 seconds and off for 30 seconds to ald in volatilization. Samples were then exdracied for
30 minutes at 60°C while being agitated as prescribed before. Samples were desorbed for 1|
minute at 250°C. The split ratio was set {o 1.2 and the septum purge was set at 2.5 m¥/min.
The sampies were analyzed on a SPB-1 sulfur column because it was believed that
suifurous compounds contributing 1o the odor would be present in the samples. Afer
desorbtion, the column was held at 40°C for 3 minutes. Then the temperature was raised to
125°C atl a rate of 4°C/min. This was followed by a more rapid ramp of 25°C/min to 200°C.
The mass spectrometer was set to scan from 45-1000 amu afler a fresh tune,

GCAMS with SPME Analysis of Treated Wastewaler from Norampac friaf 2

ARter it was confirmed that compounds can be deteclted using GC/MS with SPME, a
second trial was set up in order 1o show degradative abilily of the unknown compounds in
the wastewater. #t was hypothasized that if NZB-C was capable of degradation then it would
show up in the chromalograms generated from unirgated vs. treated samples. For example,
a peak with a retention time of 16,382 minutes in an untrealed sample should theoretically
show up al 16.382 minutes in the treated sample. One could anaiyze the areas of these
peaks and draw a conclusion as to the degradative ability of the fungal product. For this
particutar study, outlet water from Norampac was filterad through a 0.2 micro-m sterile filter,
and then added to each respective 20 mi headspace vile. This was done in triplicate. SSC
was added to each vial to bring the S8C concentration to 1x. The following recipe was used
for this:
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8S&C Trace Minerals Solution for 10x3SC preparation

Component mgfl.
Zn8C,THO0 146.0
MnSQeH,C 84.0
NaMoQs2H,0 24.0
FeSGs#7TH,Q 280
CuSO,#5H;0 250
CoCl+6H,0 24.0

Di Water To 1000 mL

The media components for ten fold concentrate of SSC are shown in the following
table. A white pracipitate will form and is normal. The 10X medium is shaken then diluted
10 fold before use inlo distilled water. The final medium may be auloclaved, but filter
3 sterilization is preferred.

70X S8C Nuirient Medium

Compoenent gfl.
KHPO, 200 T
KHPOy 306

NH,Cl 8.0

MgSo.TH.O T 20
CaClyH. 0 Q.1

FeClh 0.05

S§8C; Trace Minerals Solution found in Table 2 10.0 mL

B Water To 1000 mL

Adjust pH to 7.0 ~ 7.5 with KOH

Ta prepare the treated samples, a 10% solution of NZB-C was prepared using 2.5 g
of NZB-C dry product added to 25 mi of sterile phosphate buffer housed in a 50 ml test tube.
1 The tube was the agitated for 15 minutes. Once agitation was complete and the bran was
alfowed fo settle {o the bottom, 100 microliters were taken from the fiquid layer above the
bran. This was used to incculate each of the respeclive freated vials. Vials werg then
capped and incubated at 30°C for 14 days and then read using the GC/MS protocol
prescribed in the previous section entled, "GO/MS with SPME Analysis of Treated
15 Wastewater from Norampac.”
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GCME with SPME Analysis of Treated Wastewater from Norampac trial 2
After confirming that cerlain compounds could be detecled using GC/MS headspace
analysis with SPME, a comparison of the degradation of the compounds by simple peak
comparison between {reated and unitreated samples was made. Three peaks were isolated
for this comparison study. The identity of these peaks was provided by the internal
compound library of the Shimadzu GC/MS system used (GCMS-QC20108). The results are
provided in Tabie 2. it is evident that NZB-C is able to degrade these delected compounds.

Table 2. Assessment of NZB-C Activity against Waste Compounds in Puip and Paper Mill

Middie and Qutlet Wastewater using GC/MS with SPME.

Compound in Middie Waste Amount Amount % NZB-C
Water Remaining - Remaining - Degradation
Control {Peak NZB-C improvement
area units) {Peak area units} | vs. Control
5-bromo-thiophene-2- 3,058 1.721% 437
carboxamide
lsoxazolidine G 945 8,860 10.9
Dodecamethylcyciohexasiloxane 13,064 11,987 82
Compound in Qutiet Waste Amount Amount % NZB-C
Water Remaining - Remaining - NZB- | Degradation
Controi (Peak C {Peak area improvement
area units) units} vs, Control
§-bromo-thiophene-2- 8. 800 1,822 732
carboxamide
Isoxazofidine 10,779 7ATT 334
2-methyl-1-nitropropane 4,507 1,228 727

The results show that

NZB-C  degrades

isoxazelidine and 2-methyl-1-nitropropane.

Example 3

S-bromothiophene-2-carboxamide,

A field assessment of the ability of the NZB-C fungal consortium to reduce odor-

causing and certain recalcitrant waste compounds in a Pulp and Paper mill lagoon treatment

16




(v

WO 2008/128032 PCT/US2008/060019

11102 204-W0

facility in Bonduelle, France was underiaken. NZB-.C material, prepared as described
above, was added ai a rate of 1.5 g NZB-C per 1.0 Kg of total COD prasent into a treatment
lagoon with a flow rate of 7,500 m'/day. A similar but separate lagoon on location was not
treated with NZB-C and served as a control. Samples were taken at the lagoon outiet al the
initiation of the experiment (Day 0} and at Day 23. These were assessed using the GC/MS
with SPME analytical method described in Example 1. The results are provided in Table 3,
and indicate that considerable and significant reduction in certain odor-associated

compounds occurred in this time period.

Table 3. Field Assessment of NZB-C Activily against Qdor-Associated Compounds in Pulp
and Paper Mill Qutlet Wastewater using GC/MS with SPME.

% NZB-C

Amount Degraded - | Amount Degraded - | Degradation

Odor Associated Control {Peak area NZB-C {Peak area |Improvemen

Compounds {Qutlet water) units) units) t vs. Control

Butanoic Acid 837,018 894,748 8.90

2-Methyipheanol 192,031 401,808 108.24
Heptanoic Acid 6,278,573 8,593,919 36.54
Nonanoic Acid 708,757 14108612 99.03
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Claims
{ claim:
1. A process for irealing wastewaler, comprising adding io the wastewater a
wastewater trealment composition comprising a strain of Mucor racemosus, Paescilomyces

lifacinus, Aspergillus ustus or Trichoderma inhamatum.

2. The process of claim 1, wherein the wasiewater treatment composition comprises a
strain of Mucor racemosus.

3. The process of claim 1, wherein the waslewater treatment composition comprises a
strain of Paecilomyces lilacinus.

4. The process of claim 1, wherein the wasiewater treatment composition comprises a

strain of Aspergitlus ustus.

5. The process of claim 1, wherein the wastewater treatment composition comprises a
strain of Trichoderma inhamatum.

6. The process of claim 1, wherein the wastewater treatment composition comprises a

sirain of Mucor racemosus and Paedilomyces filacinus.

7. The process of claim 1, wherain the wastewater treatment composttion comprises a
strain of Mucor racemosus and Aspergilfus ustus.

8. The process of claim 1, wherein the wastewater treatment composition comprises a
strain of Mucor racemasus and Trichoderma inhamatum.

9. The process of claim 1, wherein the wasiewater treatment composition comprises a
strain of Pascilomyces lilacinus and Aspergilius ustus.

10.  The process of claim 1, wherein the wasiewater treatment composition comprises a

strain of Paecilomyces filacinus and Trichodarma inhamatum.

18
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11. The process of claim 1, wherein the wastewater treatment composition comprises a
strain of Aspergifus ustys and THchoderma inhamatum.

12. The process of claim 1, wherein the wastewater treatment composition comprises a
strain of Mucor racemosus, Paecilomyces lfacinus, and Aspergiflus ustus.

13. The process of claim 1, wherein the wastewater treatment composition comprises a
strain of Mucor racemosus, Faecifomyces lifacinus, and Trichoderma inhamatum.

14. The process of claim 1, wherein the wastewater {reatment composition comprises a

strain of Paecilomyces lilacinus, Aspergillus ustus and Trichoderma inhamatum.

16. The process of claim 1, wherein the wastewater treatment composition comprises a
strain of Mucor racemosus, Paecilomyces lilacinus, Aspergiius ustus and Trichoderma

infiamatum.

18. The process of claim 1, wherein the wastewater tresiment composition further
comprises a carbohydrate selected from the group consisting of arabinan, arabinose,
ceflulose, fructose, galactan, galactose, glucan, glucose, mannan, mannose, sucrose, xylan,
and xylose, or wood fiber, wood pulp, or other pulping byproducts.

17. The process of claim 1, wherein the wastewater treatment compaosition comprises the
carbohydrate at a concentration between 180 and 400 mgfl., when the carbohydrate is a
monosaccharide and a concentration between 8,000 and 15000 mg/l, when the
carbohydrate is a polysaccharide.

i8. The process of claim 1, whevein the treatment is performed under aerobic conditions.

18.  The process of claim 18, wherein the trealment is done at a REDOX potential
between -200 mV and 200 mV. preferably between § mV and 200 my.

20.  The process of claim 18, wherein the dissolved oxygen conceniration is between 0.5
and 7.0 milligrams pey liter.
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21, The process of claim 1, wherein the treatment is performed at a pH between 4 and
10, more preferably between 4.5 and 8.5,

22. The process of claim 1, wherein the freatment is performed at a temperature
between 20°C and 45°C, preferably between 30°C {o 35°C.

23, The process of claim 1, wherein the treatment is performed for between 2 hours and
14 days, preferably between 2 hours and 5 days.

24, The process of claim 1, wherein the treatment is a balch, semi-continuous or

confinuous treatment.

25,  The process of claim 24 wherein the treatment is done in cycles in a sequencing
batch reactor.

26.  The process of claim 25. further comprising addition of an alkali between cycles.

27.  The process of claim 1, wherein the treatment of the wastewater comprises 1.5
oycles, preferably, 1 cycle, of reatments with the wastewater treatment compaosition.

28. The process of claim 27, wherein each cycle comprises alternating aerobic and
anaerobic reatments.

28, The process of claim 28, wherein the first treatment is anaerobic.

306.  The process of claim 1, further comprising adding nutrients o the wastewater.

31 The process of claim 30, wherein the nulrients comprise an inorganic phosphorus
compound, particularly a soluble phasphate or an ortho phosphate, preferably, phospharic
actd, mono, di, or tri sodium phosphate, or diammornium phosphate.

32. The process of claim 30, wherein the nulrients comprise ammonia (NHy) or an

ammonium  (NH,} salt, preferably anhydrous ammonia, ammonia-water solutions,
ammonium nitrate, or dlammonium phosphate.
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33 The process of claim 30, wherein the nulrients comprise trace metals, preferably
aluminum, antimoeny, barium, boron, calcium, coball. copper, iron. ilead, magnesium,
manganese, molybdenum, nickel, strontium, titanium, tin, zing, or zircorium.

34.  The process of claim 1, wherein the wastewater is a pulp and paper mill wastewaler.

35, The process of claim 34, wherein the pulp and paper mill wastewaler is strong or
concentrated pulp mil wastewater, weak black liquor, acid stage bleach plant filtrate, or
alkaline stage bleach plant filtrate.

36.  The process of claim 1, comprising passing the wastewater through wood fibers at
anaegrobic conditions, particularly in & packed biological reactor or column, an aificial
wetland, or an anaerobic sequencing batch reactor (AnSR).

37. The process of claim 1, comprising passing the wastewater through a mass

comprising waste wood fiber from a pulp & paper process, lime, and fly ash.

38.  The process of claim 37, wherein the wastewater is passed through wood fiber at a
rate of §.05-1 liter wastewales/day per kilogram of wel wood fiber mass.

38, The process of claim 37, wherein the waslewater is passed through wood fiber
together with cellulosic fiber, plastic, powderad or ceramic media.

40. The process of claim 1, wherein the treatment is done in the presence an electron
accepior, particularly chioroethanes, chloroform, chiorofignins, chioromethanes,

chiorophenols, humates, lignin, quinines, or sulfonated lignins.

41, The process of claim 1, wherein the wasiewater comprises chiorinated organic
compounds, particularly chloroform, chlorophenals, chloromethanes, or chlarcethanes.

42, The process of claim 1, wherein the chemical oxygen demand of the wastewater is
reduced.

43 A wastewater treatment composition, comprising a strain of Mucor racemosus,
Paegcitomyces Hlacinus, Aspergiius ustus or Trichoderma inhamatum.
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44,

A method for reducing odors in a wastewater, comprising adding to the wasiewater a

strain of Mucor racemosus, Paecilomyeces lilacinus, Aspergilius ustus or Trichoderma

inhamatum.

45. A biologically pure culture of a strain of Mucor racemosus, NRRL 50031

46. A biologically pure culture of a strain of Paecifomyces filacinus, NRRL 50032.
47. A biologically pure culture of a strain of Aspergilius ustus, NRRL 50033.

48. A biologically pure culture of a sirain of Trichoderma inhamatum, NRRL 50034.
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