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Abstract

This study evaluates changes in the microbial community
structure and function of a pilot-scale denitrifying
fluidized bed reactor during periods of constant operat-
ing conditions and periods of perturbation. The pertur-
bations consisted of a shutdown period without feed, two
disturbances in which biofilms were mechanically sheared
from carrier particles, and a twofold step increase in feed
nitrate concentration. In the absence of perturbations,
nitrate removal was stable and consistently greater than
99%. The structure and dynamics of the microbial
community were studied using cloning and sequencing
techniques and terminal restriction fragment length
polymorphism (T-RFLP) of the SSU rRNA gene. Under
unperturbed operating conditions, stable function was
accompanied by high constancy and low variability of
community structure with the majority of terminal
restriction fragments (T-RFs) appearing throughout op-
eration at consistent relative abundances. Several of the
consistently present T-RFs correlated with clone sequences
closely related to Acidovorax (98% similarity), Dechlor-
omonas (99% similarity), and Zoogloea (98% similarity),
genera recently identified by molecular analyses of
similar systems. Significant changes in community
structure and function were not observed after the
shutdown period. In contrast, following the increase in
loading rate and the mechanical disturbances, new T-RFs
appeared. After both mechanical disturbances, function
and community structure recovered. However, function
was much more resilient than community structure. The
similarity of response to the mechanical disturbances
despite differences in community structure and operating
conditions suggests that flexible community structure and
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potentially the activity of minor members under non-
perturbation conditions promotes system recovery.

Introduction

The maintenance of stable function is the goal of system
design and operation for bioremediation and biological
wastewater treatment. A fundamental understanding of
the relationship between functional stability and micro-
bial community dynamics could be an essential compo-
nent of designing and operating stable treatment systems
[2, 6]. Such an understanding could allow for improve-
ment of engineering models for treatment system design,
determination of candidate populations for bioaugmen-
tation or genetic manipulation, and establishment of
rigorous methods for monitoring and controlling biore-
actor systems.

The relationship between community dynamics and
functional stability under unperturbed operating con-
ditions has been explored in a variety of reactor systems.
The microbial communities in some systems were
unstable with intermittently present populations and
many fluctuations in dominance [12, 39, 48], whereas
the microbial communities in other systems were stable
with many continuously present populations and fewer
fluctuations in dominance [35, 44]. The reason for this
apparent disparity among systems remains unclear.

In practice, bioreactors rarely experience steady
conditions and are often subject to changes in opera-
tional parameters and disturbances, but little is known
about how such disturbances affect community dynamics
and, in turn, functional stability. Results from the few
studies that have examined the microbial community in
response to disturbances have demonstrated a shift in
community structure [13, 17, 37, 40]. In some cases,
community structure was resilient [13, 17, 37], meaning
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that it eventually returned to its original state following
disruption [16, 32].

Denitrification is a critical process in many engi-
neering applications including nitrogen removal from
wastewater and bioremediation of polluted groundwater
[18, 21, 36]. However, investigation of community
dynamics in denitrifying systems has been somewhat
limited. Community analysis results from a methanol-fed
denitrifying FBR over a short time scale (11 weeks)
revealed that a stable community was established after
start-up [24]. Less is known about community dynamics
in denitrifying systems over longer time scales.

In this investigation, a pilot-scale denitrifying fluid-
ized bed reactor (FBR) fed lactate and ethanol was
examined. This pilot-scale reactor was used as an
inoculum for a field-scale FBR at the Field Research
Center (FRC) in Oak Ridge, Tennessee [19]. The FBR at
the FRC is currently one of many treatment steps used in
remediation experiments on groundwater contaminated
with nitrate and uranium. During a 370-day period of
operation, the pilot-scale FBR was subjected to several
periods of constant operating conditions as well as
operational changes and disturbances. Microbial com-
munity structure and function were stable under con-
stant operating conditions. In response to disturbance,
both function and community structure were resilient,
although on different time scales.

Methods

FBR Parameters.  The pilot-scale FBR consisted of a
glass column with a recycle line for fluidization as
detailed in Table 1. Granular activated carbon was used
as the biofilm carrier. The FBR was inoculated with a
denitrifying enrichment culture developed from
groundwater from well TPB-16 at the FRC [19]. The
groundwater in well TPB-16 had a circum neutral pH
and moderate nitrate levels (30 mg/L).

FBR Feed Solutions.  The reactor received two
separate, nonsterile feed streams, one for nitrate plus
nutrients and the other for lactate and ethanol. Initially,
the nitrate feed contained 3.02 g/L of NaNO3, 30 mg/L of
Na3P30,, 20 mg/L of NaSO,, 30 mg/L MgCl,-6H,0, 0.3
mg/L of FeCl,4H,0, 0.1 mg/L of ZnSO,7H,0, 85 pg/L
of MnSO,H,0O, 60 ug/L of H3;BO;, 19 ug/L of

Table 1. FBR physical dimensions and operational parameters

Diameter (cm) 6.4
Bed volume (L) 6.4
Total volume (L)” 15.3
Bed porosity (%) 33-49
Linear velocity (cm/s) 1.3

“For fully expanded bed.
¥Including recycle lines.
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CoCl,:6H,0, 4 pg/L of CuSO,5H,0, 28 ug/L of
NiSO,6H,0, and 40 ug/L of Na,MoO,2H,0. As the
sodium nitrate concentration was increased later in
operation, the concentrations of Na;P;0y, NaSO,, and
MgCl,6H,0 were increased proportionally, whereas all
other nutrients were held at their original concentrations.
The concentration of the lactate and ethanol were
adjusted to minimize the chemical oxygen demand
(COD) in the effluent and ensure complete reduction
of nitrate and nitrite. This was accomplished using a
CODI/N ratio for the combined feeds of 4.0 to 6.3 g
COD/g N. The electron donor feed consisted of equal
concentrations of lactic acid and ethanol on a COD basis.

FBR Operational Parameters and Disturbances.
Samples for microbial community analysis were
collected over a period of 370 days, including several
operational changes and disturbances (Fig. 1). Day zero
of the period reported on in this study was 200 days after
the FBR was inoculated. From day 33 to day 58, the FBR
experienced a shutdown in which both feed pumps and
the fluidization pump were off. For the first 180 days, the
loading rate was 1.1-1.4 g N/L bed volume per day. From
day 180 to day 192, the loading rate was increased
through step increases in feed nitrate concentration.
From day 192 to the end of the study, the loading rate
was 2.7-2.9 g N/L bed volume per day. Disturbances on
days 125 and 273 involved mechanical shearing of
biofilms from carrier particles.

Analytical Methods. Nitrate and nitrite concentra-
tions were measured using an ion chromatograph
(Dionex, Sunnyvale, CA, USA). Nitrogen was quantified
by a gas chromatograph with a thermal conductivity de-
tector (Gow-Mac Instrument Company, Lehigh, PA, USA).

Microbial Community Analysis

DNA Extraction and Purification. Carrier particles with
biofilms were removed from the reactor, centrifuged for
2 min at 16,000 x g, decanted, and stored at —20°C until
analysis. For terminal restriction fragment length
polymorphism (T-RFLP) analysis, DNA was extracted
using an Ultraclean Soil DNA Isolation Kit according to
the manufacturer’s instructions (Mo Bio Laboratories,
Solana Beach, CA, USA). A clone library was con-
structed from one portion of the biofilm sample
archived on day 25. For clone library construction, the
biomass was resuspended in a lysis buffer and the cells
were disrupted using a previously described grinding
method [47]. DNA was then extracted for clone library
construction as previously described [20, 47], and was
purified by gel electrophoresis plus a minicolumn
preparation (Wizard DNA Clean-Up system, Promega,
Madison, WI, USA) [47].
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Polymerase Chain Reaction Amplification and Purification.
For clone library construction, the SSU rRNA genes were
amplified in a 9700 Thermal Cycler (PerkinElmer,
Wellesley, MA, USA) with the primer pair 8F (5-
AGAGTTTGATCCTGGCTCAG-3') and 1540R (5'-
AAGGAGGTGATCCAGCC-3'). The polymerase chain
reactions (PCRs) (20 pL) contained 1x PCR buffer (50
mM KCI, 10 mM Tris—HCI, pH 9.0, and 0.1% Triton X-
100), 1.8 mM MgCl,, 80 ng bovine serum albumin
(Boehringer Mannheim, Indianapolis, IN, USA), 0.25
mM 4x dNTPs (USB Corporation, Cleveland, OH,
USA), 10 pmol each primer, 2.5 U Taq polymerase, and
1 pL purified DNA (5-10 ng). To minimize PCR-
induced artifacts, the optimal number of cycles was
determined and five PCRs were combined prior to
cloning as described previously [33]. The PCR thermal
cycling parameters were as follows: 80°C for 30 s, 94°C
for 2 min; 94°C for 30 s, 58°C for 1 min, 72°C for 1 min,
26 cycles; 72°C for 7 min. PCR products were analyzed
on 1.5% (w/v) Tris acetate_EDTA agarose gels, and the
product size was confirmed. The combined PCR
products were separated by electrophoresis in a low-
melting-point agarose gel (0.8%). The appropriate band
was excised and the DNA was recovered using a Wizard
Prep Kit (Promega).

For T-RFLP, SSU rRNA genes were amplified in a
PTC-150 MiniCycler™ (M] Research, Waltham, MA,
USA) from community DNA using primer pair 8F
fluorescently labeled with hexachlorofluorescein (HEX)
and 1392R (5'-ACGGGCGGTGTGTRC-3') [25] (Qiagen
Operon, Alameda, CA, USA). The PCRs (50 pL)
contained 1x PCR buffer (100 mM KCI, 20 mM Tris—
HCI, pH 8.0, 0.1 mM EDTA, 1 mM dithiothreitol, 50%
glycerol, 0.5% Tween® 20, and 0.5% Nonidet® P40), 2.5
mM MgCl,, 5% dimethyl sulfoxide, 0.4 mM 4x dNTPs
(Invitrogen, Carlsbad, CA), 12.5 pmol each primer, and
40 ng of template DNA. Samples were denatured at 94°C
for 5 min. Promega Taq DNA polymerase (1.5 U) in
storage buffer B (Promega) was then added. The PCR
thermal cycling parameters were as follows: 94°C for 45 s,
55°C for 30 s, 72°C for 1.5 min, 30 cycles; 72°C for 7

Wb b bbb T

Figure 1. Timeline of FBR opera-
tional changes, disturbances, and
community structure sampling
events for the 370 days of this
investigation. The mechanical dis-
turbances on days 125 and 273
resulted in the shearing of biofilms
from carrier particles.
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min. PCR products were analyzed on 1.8% (w/v) Tris
borate-EDTA agarose gels, and the product size was
confirmed. Products for three replicate PCR reactions
were combined for each sample and purified with the
Montage PCR Centrifugal Device (Millipore, Billerica,
MA, USA).

Cloning, Sequence Determination, and Phylogenetic
Analysis.  The PCR products purified for clone library
construction were resuspended in 6 uL ddH,0. Two-
microliter aliquots of PCR products were directly ligated
to the pCR 2.1 vector obtained from Invitrogen (San
Diego, CA, USA) and transformed [33] in Escherichia coli
cells. All white colonies were picked and screened for
desired gene inserts, which were detected with primers
specific for the polylinker of the vector pCR 2.1.

PCR products (100 pL) were amplified from clones
with vector-specific primers via colony PCR and were
then purified with the Arraylt™ PCR Purification Kit
(TeleChem International, Inc., Sunnyvale, CA, USA) or
treated with ExoSAP-IT™ (USB Corporation) according
to the manufacturer’s instructions. Partial sequences
were obtained from the purified inserts with the SSU
rRNA gene primer 529r (5-CGCGGCTGCTGGCAC-3')
using an ABI PRISM BigDye Terminator kit (Applied
Biosystems, Foster City, CA, USA) and an ABI PRISM
3700 DNA analyzer (PerkinElmer). DNA sequences were
edited using the Sequencher™ program (v. 4.0, Gene
Codes Corporation, Ann Arbor, MI, USA).

Clone sequences were aligned with SSU rRNA
sequences from the Ribosomal Database Project (RDP)
[3] in ARB [29]. A phylogenetic tree of clone sequences,
closely related database sequences, and isolate sequences
(discussed below) was constructed using the neighbor-
joining method within PAUP version 4.0 with the
sequence alignment exported from ARB. Bootstrap anal-
ysis and sequence similarity calculations were performed
in PAUP. The abundance-based coverage estimator (ACE)
in EstimateS was used to estimate species richness using a
species definition of 97% sequence similarity [4].

Restriction Digests and T-RELP Data Analysis. ~ PCR
product purified for T-RFLP analysis (95 ng/puL) was
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cleaved with 0.25 U/uL of either Rsal (Invitrogen) or
Mspl (Promega) in buffer provided by the manufacturer
for 2.5 h in a 37°C waterbath. Restriction digest products
were analyzed on an ABI PRISM® 3100 Genetic Analyzer
at the Genomics Technology Support Facility, Michigan
State University.

T-RFLP profiles were standardized based on the
methods of Dunbar and Kaplan [8, 23]. Total signal was
calculated as the sum of peak heights. Profiles were
standardized to the sample with the lowest total signal
and peaks with adjusted heights lower than the threshold
(50 units) were removed. The relative abundance of each
T-RF was calculated as the ratio of peak height for that
T-RF to the sum of peak heights for all T-RFs in the
profile and expressed as a percentage. Histograms were
prepared from relative abundance data. Principal com-
ponent analysis (PCA) of T-RFLP profiles was performed
with the ADE4 software package [41] in R 1.9.0. Clusters
were determined using hierarchical agglomerative clus-
tering with average linkage in R1.9.0. ADE4 and R1.9.0
were downloaded from the Comprehensive R Archive
Network (CRAN, http://cran.r-project.org). The Hellinger
distance metric was used for PCA and cluster analysis.

Isolations.  Isolates were obtained 10 days prior to
the beginning of this study and on day 11 of this study.
Serial dilutions of effluent and homogenized biofilms
were plated on several different types of media: R2A,
nutrient broth, Luria—Bertani (LB) medium, and filter
sterilized reactor effluent supplemented with nitrate.
Plates were incubated aerobically at 30°C. Morpho-
logically distinct isolates were picked, restreaked to
purity, and stored in 20% glycerol at —80°C.

Representative isolates of the distinct colony mor-
phologies were identified by SSU rRNA sequence
analysis. Cells were lysed by boiling in Tris~EDTA buffer
for 5 min at 96°C. The SSU rRNA gene was amplified

Shutdown Mechanical Loading Rate Mechanical
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with the universal primers 8F and 1540R as previously
described [14]. Prior to sequence determination, PCR
reactions were treated with ExoSAP-IT™ (USB Corpora-
tion) according to the manufacturer’s instructions. The
primer 529r was used for sequence determination with a
BigDye Terminator kit (Applied Biosystems) using a
3700 DNA analyzer (PerkinElmer) according to the
manufacturer’s instructions. SSU rRNA sequences were
aligned with sequences from the RDP in ARB. The
aligned sequences were inserted into the phylogenetic
tree of RDP sequences in ARB using the parsimony
method and nearest neighbors from the database were
selected. A phylogenetic tree of isolate, clone, and
database sequences was constructed as described above.

Isolates were assayed to determine their ability to
denitrify. Batch denitrification assays were carried out in
sealed anaerobic culture tubes with a helium headspace
and the following media composition: 5 mM NaNO3, 4.5
mM C;HsNaO; or C,HgO, 15 mM K,HPO, 15 mM
KH,PO, and other nutrients in the same proportions as
the FBR media.

Results

Functional Performance.  Nitrogen removal was used
as a metric of functional performance in this study and
was computed as one minus the sum of the effluent
concentrations of nitrate and nitrite divided by the
influent nitrate concentration and was expressed as a
percentage. Functional performance was monitored
throughout the 370-day period of operation (Fig. 2).
During this period of operation, several disturbances
and changes to operating conditions occurred that could
arise in the field. To test the effect of a shutdown on
functional performance and community structure in this
system, a planned 17-day shutdown period was instituted
from day 33 to 58. System shutdowns are sometimes

Figure 2. Functional performance of the denitrify-
ing fluidized bed reactor. Nitrogen removal is one
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required in practice when maintenance is being per-
formed or during times when water does not need to be
treated. On day 125, a pump failed, and air was pumped
into the reactor, shearing biofilms from carrier particles.
Many months later, on day 273, this disturbance was
recreated by the purposeful mechanical shearing of
biofilms from carrier particles. From days 180 to 192,
the loading rate was increased roughly twofold through
step increases in feed nitrate concentration.

During periods of constant operation, nitrogen
removal was consistently greater than 99.3%, and this
level of performance was not affected by the shutdown
period or increase in loading rate. In contrast, lapses in
performance did occur after the mechanical disturbances
on days 125 and 273. Functional recovery from these
instances was complete within 6 days. Nitrate removal
decreased several times from day 300 to day 360, possibly
the result of growth of fungal contaminant in the
electron donor storage tank during this period.

The height of the fluidized bed is an indicator of
biofilm growth because the buoyancy of carrier particles
increases with increased biofilm thickness. After both of
the mechanical disturbances, the height of the bed
dropped as biofilms were stripped from carrier particles.
The bed height recovered within 5 days of the disturbance
on day 125 and 18 days after the disturbance on day 273.

Characterization of Community Structure

Clone Library. A clone library of the SSU rRNA gene
was constructed with DNA extracted from the sample
collected on day 25. The analysis revealed low diversity.
Using a species definition of 97% sequence similarity, 10
operational taxonomic units (OTUs) were detected in
the clone library and total richness was estimated to be
12 with the abundance-coverage estimator.

The majority of sequences were closely related to
genera within the B-Proteobacteria including Acidovorax
(96-100% sequence similarity to Acidovorax 3DHBI),
Zoogloea (98-100% sequence similarity to Zoogloea DhA-
35), and Dechloromonas (96% sequence similarity to
Dechloromonas SUIL) (Fig. 3). A significant portion of
sequences (17%) were closely related to the Sporomusa
DR15 (96% sequence similarity) in the low G + C Gram-
positive bacteria. In addition, a few clone sequences were
related to Dugenella zoogleoides (92-96% sequence
similarity) and Xanthomonas campestris (95% sequence
similarity).

A large cluster of clone sequences related to Acid-
ovorax species predominated the library, accounting for
44% of the sequences. One group of sequences in this
cluster was closely related to Acidovorax 3DHBI1 (98%
sequence similarity), whereas a separate group of
sequences was most closely related to Acidovorax G8B1
(96-100% sequence similarity). Acidovorax species have
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also been found in isolations and molecular inventories
of many other denitrifying bioreactors and enrichment
cultures [1, 10, 11, 26, 34, 38, 45, 46] and significant
levels of Acidovorax have been measured in activated
sludge by fluorescent in situ hybridization with Acid-
ovorax-specific probes [1, 34].

Isolates. Partial SSU rRNA sequences were analyzed
for 17 of the FBR isolates. The majority of isolates were
related to Acidovorax 3DHBI (99% similarity) and
Acidovorax G8B1 (99% similarity). Despite the minor
representation of clone sequences closely related to D.
zoogloeoides and X. campestris, several isolates were
closely related to these species (99% and 96%
similarity, respectively). No representatives of the
Zoogloea and Dechloromonas/Dechlorosoma clusters were
isolated.

Functional assays of select isolates were performed to
determine if they could reduce nitrate to nitrogen with
lactate or ethanol as electron donors. Representative
isolates were tested from clusters most closely related to
Acidovorax (isolates G1, G2, S3, G17), D. zoogloeoides
(isolate G7), and Xanthomonas (isolate S8). When lactate
was provided as the electron donor, all isolates reduced
nitrate to nitrogen, except for isolate G2, which reduced
nitrate only to nitrite. None of the isolates were capable
of nitrate reduction using ethanol as an electron donor.

Community Dynamics

Overall. The dynamics of the community over time are
presented in Fig. 4 as a histogram of T-RF relative
abundance for Rsal T-RFLP profiles. Most T-RFs (the
117, 118, 475, 480, 489, 491, 582, 825, and 878 bp) were
present throughout operation at consistent relative
abundances during periods of constant operating
conditions. These T-RFs, with the exception of the 475
and 825 bp T-RFs, were identified by correlation of
fragment sizes to those predicted in silico from isolate
and clone sequences (Fig. 3).

The 425-bp T-RF ranged in relative abundance from
21 to 58% and had the highest relative abundance in all
profiles except on days 290, 307, and 339. This T-RF was
associated with sequences from clones and isolates that
clustered with Acidovorax species. In silico digestion of
the clone sequences yielded predicted fragments of 427
or 428 bp. There was a 2- to 3-bp discrepancy between
the 425-bp T-RF observed and the 427- and 428-bp in
silico predictions from Acidovorax-like clones. This
discrepancy is within the range that was observed in a
detailed comparison of actual and predicted T-RF
lengths [22].

T-RFLP of isolates Gl and G2 from within the
Acidovorax cluster produced a dominant fragment at 425
bp, verifying assignment of this fragment to the Acid-
ovorax cluster. Additional fragments appeared as minor
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peaks in the T-RFLP analyses of these isolates. Minor
peaks for fragment sizes 62, 470, and 878 bp were
produced for isolate G1, and minor peaks for fragment
sizes 198 and 470 bp were produced for isolate G2. These
fragments are possibly due to multiple copies of the SSU
rRNA gene on the genome [5] or the formation of
pseudoterminal fragments [9]. Although the occurrence
of several T-RFs for a single organism misrepresents the
diversity of the community, the comparisons between
samples made in this study are still meaningful, because
the same biases apply to all samples.

Several other T-RFs were present throughout opera-
tion in lower relative abundances and were also correlated
with sequences from the clone library. The restriction
fragments for sequences related to Dechloromonas and
Zoogloea are predicted to have a size of 120 bp. This
likely correlates with the 117- or 118-bp OTUs that were
detected throughout operation. OTUs for fragment sizes
480, 489, 491, and 582 bp could not be identified by
correlation to clones in the library, because these lengths
are greater than those of the clones (400-480 bp).
However, predictions made from the longer, closely
related sequences in the NCBI database and verified by

digestions of selected samples with Mspl (data not
shown) indicated that the 480-bp T-RF correlated with
Xanthomonas, the 489- or 491-bp T-RFs with Sporomusa,
and the 582-bp T-RF with D. zoogloeoides.

Effect of Loading Rate Increase and Shutdown. Despite
the stability of community composition during periods
of unvarying operating conditions, a significant change
occurred after the roughly twofold increase in loading
rate between days 180 and 192. Beginning with day 205, a
previously undetected 473-bp T-RF appeared. By day 213,
this T-RF had the second highest relative abundance and
remained as one of the three T-RFs with the highest
relative abundances for the duration of operation. This T-
RF did not correlate with predicted T-RFs from any
sequences in the clone library. The changes due to
increased loading contrasted with the lack of any
detectable change for the shutdown period from day 38 to
day 55. Profiles from the month before the shutdown were
similar to those observed in the month after the shutdown.

Effect of Disturbance. On days 125 and 273, biofilms
were mechanically sheared from the carrier particles.
Similar transient responses occurred after both dis-
turbances, despite the difference in operating conditions

Figure 3. Phylogenetic analysis of partial SSU rRNA sequences. The tree was constructed with the neighbor-joining (NJ) method using
sequences of 400 nucleotides. Clostridium botulinum is the outgroup species. The scale bar represents 0.005 nucleotide substitution per
position. Bootstrap values below 50 are not shown. Numbered sequences are of the FBR clone library (FBR) and isolates from the FBR
(FBRIso). Length of in silico restriction digests with Rsal are given in parentheses. When no restriction site was found, the sequence is

labeled (> clone sequence length).
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and community structure observed prior to the distur-
bance. In both cases, a previously undetected 423-bp T-RF
appeared concurrently with the decline in relative abun-
dance of the dominant Acidovorax-like 425-bp T-RF.
Subsequently, the 423-bp T-RF disappeared and the
425-bp T-RF returned to predisturbance levels. The two
disturbances differed in the maximum relative abun-
dance of the 423-bp T-RF. Following the first mechanical
disturbance on day 125, the 423-bp T-RF appeared in
samples from days 126 and 158 (1 and 24 days following
the disturbance, respectively) and became the T-RF of
second greatest relative abundance, with a maximum of
18.4%, in these samples. On day 175, 51 days postdis-
turbance, the 423-bp T-RF was no longer detected. After
the second disturbance, the 423-bp T-RF remained in the
profiles 74 days postdisturbance and did not disappear
until day 366, 93 days after the disturbance. Additionally,
the 423-bp T-RF surpassed the 425-bp T-RF as the
dominant peak in profiles on days 290, 307, and 339 and
obtained a maximum relative abundance of 38.5% on
day 290.

Principal Component Analysis. The results of PCA and
cluster analysis (Fig. 5) revealed the relative impact of the
different disturbances on community structure. Re-
duction of the entire data set to the first two principal
components accounted for 86% of the total variability.
The PCA results are presented in two biplots (Fig. 5), one
showing samples before, during, and after the first
mechanical disturbance (A) and the other showing
samples before, during, and after the second mechanical
disturbance (B). Clusters determined by cluster analysis
are circled on the PCA biplots. The cluster of samples
from days 0 to 80 emphasized the minimal impact of the
shutdown on community structure. Samples before each
of the mechanical disturbances clustered together.
Following both mechanical disturbances, samples
deviated from the original cluster, indicating a change
in structure. The community ultimately returned to the
original cluster indicating the return to a predis-
turbance structure. The dominant, Acidovorax-like
425-bp T-RF had the highest loading on the first
principal component 1 (Fig. 5C). The unidentified 423-
and 473-bp T-RFs had the highest loadings on the
second principal component (Fig. 5C), indicating that
the appearances of previously undetected T-RFs were
significant to overall community dynamics.

T-RFLP was performed on seven replicates from day
307. The replicates were composed of four PCR replicates
of one DNA extraction and three PCR replicates of a
separate extraction. The principal component coordinates
for day 307 (£ 95% confidence intervals) were (0.88 +0.02,
—0.39 £ 0.02). These results suggest that the T-RFLP was
sufficiently sensitive and reproducible to differentiate
replicate samples from other closely related samples, as
demonstrated by the error bars on day 307 in Fig. 5.
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Figure 5. PCA analysis of the entire set of T-RFLP profiles based
on relative T-RF abundance. (A) Score plot of samples before,
during, and after the first disturbance. (B) Score plot of samples
before, during, and after the second disturbance. Closed squares,
samples before the disturbance. Open squares, samples after the
disturbance. Of the total variability, 72.6% and 13.7% were
accounted for by the first and second principal components,
respectively. Circles indicate clusters determined by hierarchical
agglomerative clustering with average linkages. (C) Loading plot:
labels indicate T-RF length of T-RFs with high loadings.
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Discussion

Functional Stability and Community Dynamics under
Constant Operating Conditions. Under constant
operating conditions, variability, the variance of
community structure over time [32], and constancy, the
property of staying essentially unchanged [16], are useful
descriptors for characterizing the stability of community
structure. In this investigation, the community was
characterized by low variability and high constancy,
because most T-RFs were present at fairly steady relative
abundances in samples taken during periods of constant
operating conditions. The constant microbial community
was accompanied by functional stability. Microbial
communities characterized by similarly high constancy
and functional stability under constant operating con-
ditions were also observed in a methanol-fed denitrifying
FBR and a full-scale activated-sludge system treating pulp
and paper mill wastewater [24, 35]. In contrast, highly
variable community structure accompanied functional
stability in a methanogenic dispersed growth reactor [12]
and a methanogenic FBR [48]. In these systems,
completely different populations dominated the
community during different periods of operation and
most populations were only transiently present.

The diversity was low in the highly constant systems,
the FBR in this study, the methanol-fed FBR, and the
activated sludge reactor. In this study the denitrifying FBR
had an estimated richness of 12, whereas the methanol-fed
denitrifying FBR and the activated sludge system had an
estimated richness of 15 and between 12 and 16, re-
spectively [24, 35]. In contrast, the variable bacterial com-
munity in the methanogenic FBR was extremely rich with
133 T-RFs observed in the clone library [15, 48]. Many
ecologists now theorize that as diversity increases the var-
iability of aggregate ecosystem properties (e.g., total
biomass) decrease [7, 27, 28, 30, 42, 43], whereas the
variability of individual populations may increase [27,
28, 30, 42]. This could explain the constancy of community
structure observed in this work, because diversity was low,
but it would not explain the stability of denitrification.

Functional stability could depend on how the func-
tion is packaged within and between species. It could
remain high at low diversity if all of the enzymes needed
for the function of interest can be packaged within one
organism. This is the case for denitrification. In contrast,
methanogenic communities degrade fermentable sub-
strates by a variety of pathways, some linear and some
branched, and the requisite enzymes are parsed among
distinctive organisms. In such systems, shifts in pathways
and community composition would be more probable.

Functional Stability and Community Dynamics in
Response to Disturbances.  In this investigation, the
microbial community structure was not altered by a
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shutdown period of 17 days and the functional
performance recovered quickly upon start-up after the
shutdown. Similar results were observed after an 11-day
shutdown in a full-scale activated-sludge system [35].
Community structure might be expected to change upon
shutdown due to differences in decay rates among
populations or differences in rates of biofilm detach-
ment in fixed film systems, but these effects were not
observed in the present study.

The community response to the mechanical distur-
bances observed in the present experiment had two
interesting features: the community was disrupted and
subsequently returned to its original state and the function
recovered more quickly than the community structure.
These behaviors were observed in response to both
disturbances despite differences in community structure
and operating conditions at the time of disturbance.

The transient presence of a new 423-bp T-RF
following perturbation indicates a temporary change to
conditions that favored that T-RF. After the first
disturbance, the 423-bp T-RF appeared very quickly, just
1 day, after the shearing event, indicating that this T-RF
was already present in the community. Perhaps this T-RF
increased in relative abundance because it was more
prevalent deeper within the biofilm in a region that
remained after shearing. However, this T-RF remained at
a substantial relative abundance for several weeks after
the biofilms recovered, indicating that it was able to
compete better after disturbances than during undis-
turbed operation.

In a study of methanogenic bioreactors, resilient
function and community structure also correlated with
the transient appearance of previously undetected pop-
ulations, and authors hypothesized that “flexible” com-
munity structure promoted functional recovery [13, 17].
In that case, the temporary prevalence of the previously
minor T-RF was attributed to its fast growth rate under
briefly high substrate concentrations [13]. The similar
community response observed in the current system
despite application of an extremely different perturbation
supports the hypothesis that flexible community struc-
ture and potentially the activity of populations present as
minor members under nonperturbation conditions pro-
motes system recovery.

In this study, both function and community struc-
ture were disrupted by the mechanical disturbances, but
the time for recovery, as described by the ecological
metric, resilience [17, 31], was on different scales. After
both disturbances, nitrogen removal recovered within a
few days, indicating a high functional resilience. This
occurred despite the removal of a large amount of
biomass in the disturbance. However, recovery of
community structure was on the order of months,
indicating low resilience of community structure. Slow
recovery of community structure may reflect the amount
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of time required for populations prevalent in biofilms
during perturbation to be degraded. A similar observa-
tion was made for anaerobic digestors perturbed with
glucose: Community structure resilience was at least
seven times less than functional resilience [40]. Nitrate
removal was efficient during the several weeks it took for
the community structure to recover in the present study,
indicating that this function did not depend on one
particular community structure.

Acknowledgments

We thank Qi Ye for assistance in 16S rRNA sequencing
of bacterial isolates. This research was supported by the
Natural and Accelerated Bioremediation Research pro-
gram, Biological and Environmental Research, U.S.
Department of Energy under grant number DE-F603-
00ER63046. Margaret Gentile was supported by a
Stanford Graduate Fellowship sponsored by James Clark
and a fellowship from the U.S. Environmental Protection
Agency Science to Achieve Results program.

References

1. Amann, R, Ludwig, W, Schulze, R, Spring, S, Moore, E, Schleifer,
KH (1996) rRNA-targeted oligonucleotide probes for the identifi-
cation of genuine and former pseudomonads. Syst Appl Microbiol
19: 501-509

2. Briones, A, Raskin, L (2003) Diversity and dynamics of microbial
communities in engineered environments and their implications
for process stability. Curr Opin Biotechnol 14: 270-276

3. Cole, JR, Chai, B, Marsh, TL, Farris, RJ, Wang, Q, Kulam, SA,
Chandra, S, Mcgarrell, DM, Schmidt, TM, Garrity, GM, Tiedje, J]M
(2003) The ribosomal database project (RDP-II): previewing a new
autoaligner that allows regular updates and the new prokaryotic
taxonomy. Nucleic Acids Res 31: 442443

4. Colwell, RK (2004) EstimateS: Statistical Estimation of Species
Richness and Shared Species from Samples. Version 7 [Online.].
User’s guide and application available at: http://Purl.Oclc.Org/
Estimates

5. Crosby, LD, Criddle, CS (2003) Understanding bias in microbial
community analysis techniques due to rrn operon copy number
heterogeneity. Biotechniques 34: 790-802

6. Curtis, T, Head, I, Graham, D (2003) Theoretical ecology for
engineering biology. Environ Sci Technol 37: 64A-70A

7. Doak, DF, Bigger, D, Harding, EK, Marvier, MA, O’Malley, RE,
Thomson, D (1998) The statistical inevitability of stability—
diversity relationships in community ecology. Am Natural 151:
264-276

8. Dunbar, J, Ticknor, L, Kuske, C (2000) Assessment of microbial
diversity in four southwestern United States soils by 16S rRNA gene
terminal restriction fragment analysis. Appl Environ Microbiol 66:
2943-2950

9. Egert, M, Friedrich, M (2003) Formation of pseudo-terminal
restriction fragments, a PCR-related bias affecting terminal
restriction fragment length polymorphism analysis of microbial
community structure. Appl Environ Microbiol 69: 2555-2562

10. Etchebehere, C, Errazquin, I, Barrandeguy, E, Dabert, P, Moletta,
L, Muxi, L (2001) Evaluation of the denitrifying microbiota of
anoxic reactors. FEMS Microbiol Ecol 35: 259-265

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

M. GENTILE ET AL.: STABILITY IN A DENITRIFYING BIOREACTOR

Etchebehere, C, Errazquin, M, Dabert, P, Muxi, L (2002)
Community analysis of a denitrifying reactor treating landfill
leachate. FEMS Microbiol Ecol 40: 97-106

Fernandez, A, Huang, SY, Seston, S, Xing, J, Hickey, R, Criddle, C,
Tiedje, ] (1999) How stable is stable? Function versus community
composition. Appl Environ Microbiol 65: 3697-3704

Fernandez, AS, Hashsham, SA, Dollhopf, SL, Raskin, L, Glagoleva,
O, Dazzo, O, Hickey, RF, Criddle, CS, Tiedje, JM (2000) Flexible
community structure correlates with stable community function in
methanogenic bioreactor communities perturbed by glucose. Appl
Environ Microbiol 66: 4058-4067

Fields, MW, Yan, T, Rhee, S-K, Carroll, SL, Jardine, PM, Watson,
DB, Criddle, DB, Zhou, J (2005) Impacts on microbial commu-
nities and cultivable isolates from groundwater contaminated with
high levels of nitric acid—uranium waste. FEMS Microbiol Ecol 53:
417-428

Godon, JJ, Zumstein, E, Dabert, P, Habouzit, F, Moletta, R (1997)
Molecular microbial diversity of an anaerobic digestor as deter-
mined by small-subunit rDNA sequence analysis. Appl Environ
Microbiol 63: 2802-2813

Grimm, V, Schmidt, E, Wissel, C (1992) On the application of
stability concepts in ecology. Ecol Model 63: 143-161

Hashsham, S, Fernandez, A, Dollhopf, S, Dazzo, F, Hickey, R, Tiedje,
J, Criddle, J (2000) Parallel processing of substrate correlates with
greater functional stability in methanogenic bioreactor communities
perturbed by glucose. Appl Environ Microbiol 66: 40504057
Hiscock, K, Lloyd, J, Lerner, D (1991) Review of natural and
artificial denitrification of groundwater. Water Res 25: 1099-1111
http://www.esd.ornl.gov/Nabirfrc/. Cited November 19, 2004
Hurt, RA, Qiu, XY, Wu, LY, Roh, Y, Palumbo, AV, Tiedje, M,
Zhou, JH (2001) Simultaneous recovery of RNA and DNA from
soils and sediments. Appl Environ Microbiol 67: 4495-4503
Janda, V, Rudovsky, J, Wanner, J, Marha, K (1988) In situ
denitrification of drinking-water. Water Sci Technol 20: 215-219
Kaplan, G, Kitts, C (2003) Variation between observed and true
terminal restriction fragment length is dependent on true
TRF length and purine content. ] Microbiol Methods 54: 121—
125

Kaplan, CW, Astaire, JC, Sanders, ME, Reddy, BS, Kitts, CL (2001)
16S ribosomal DNA terminal restriction fragment pattern analysis
of bacterial communities in feces of rats fed lactobacillus acid-
ophilus NCFM. Appl Environ Microbiol 67: 1935-1939

Labbe, N, Juteau, P, Parent, S, Villemur, R (2003) Bacterial
diversity in a marine methanol-fed denitrification reactor at the
Montreal Biodome, Canada. Microbial Ecol 46: 12-21

Lane, D (1991) 16S/23s rRNA sequencing. In: Stackebrant E,
Goodfellow M (Eds.) Nucleic Acid Techniques in Bacterial
Systematics. Wiley, New York, pp 115-175

Lee, H, Lee, S, Lee, J, Park, J, Choi, E, Park, Y (2002) Molecular
characterization of microbial community in nitrate-removing
activated sludge. FEMS Microbiol Ecol 41: 85-94

Lehman, CL, Tilman, D (2000) Biodiversity, stability, and
productivity in competitive communities. Am Nat 156: 534552
Loreau, M, Naeem, S, Inchausti, P, Bengtsson, J, Grime, J, Hector,
A, Hooper, A, Huston, M, Raffaelli, D, Schmid, B, Tilman, D,
Wardle, D (2001) Ecology—biodiversity and ecosystem function-
ing: current knowledge and future challenges. Science 294: 804—
808

Ludwig, W, Strunk, O, Westram, R, Richter, L, Meier, H, Kumar,
Y, Buchner, A, Lai, T, Steppi, S, Jobb, G, Forster, W, Brettske, W,
Gerber, S, Ginhart, AW, Gross, O, Grumann, S, Hermann, S,
Jost, R, Konig, A, Liss, T, Lussmann, R, May, M, Nonhoff, B,
Reichel, B, Strehlow, R, Stamatakis, A, Stuckmann, N, Vilbig, A,
Lenke, M, Ludwig, T, Bode, A, Schleifer, KH (2004) ARB: a
software environment for sequence data. Nucleic Acids Res 32:
1363-1371



30.

3

—_

32.

33.

34.

35.

36.

37.

38.

39.

. GENTILE ET AL.: STABILITY IN A DENITRIFYING BIOREACTOR

Mcnaughton, SJ (1977) Diversity and stability of ecological
communities a comment on the role of empiricism in ecology.
Am Nat 111: 515-525

. Neubert, M, Caswell, H (1997) Alternatives to resilience for

measuring the responses of ecological systems to perturbations.
Ecology 78: 653—-665

Pimm, S (1984) The complexity and stability of ecosystems.
Nature 307: 321-326

Qiu, XY, Wu, LY, Huang, HS, McDonel, PE, Palumbo, AV, Tiedje,
JM, Zhou, JM (2001) Evaluation of PCR-generated chimeras:
mutations, and heteroduplexes with 16S rRNA gene-based cloning.
Appl Environ Microbiol 67: 880887

Schulze, R, Spring, S, Amann, R, Huber, I, Ludwig, W, Schleifer,
KH, Kampfer, KH (1999) Genotypic diversity of acidovorax strains
isolated from activated sludge and description of Acidovorax
defluvii sp nov. Syst Appl Microbiol 22: 205-214

Smith, N, Yu, Z, Mohn, W (2003) Stability of the bacterial
community in a pulp mill effluent treatment system during normal
operation and a system shutdown. Water Res 37: 4873-4884
Smith, R, Miller, D, Brooks, M, Widdowson, M, Killingstad, M
(2001) In situ stimulation of groundwater denitrification with
formate to remediate nitrate contamination. Environ Sci Technol
35: 196-203

Son, K, Hall, E (2003) Use of a similarity index based on microbial
fatty acid (MFA) analysis to monitor biological wastewater
treatment systems. Environ Technol 24: 1147-1156

Song, BK, Palleroni, NJ, Haggblom, MM (2000) Isolation and
characterization of diverse halobenzoate-degrading denitrifying
bacteria from soils and sediments. Appl Environ Microbiol 66:
3446-3453

Stamper, D, Walch, M, Jacobs, R (2003) Bacterial population
changes in a membrane bioreactor for graywater treatment

40.

41.

42.

43.

44.

45.

46.

47.

48.

321

monitored by denaturing gradient gel electrophoretic analysis of
16S rRNA gene fragments. Appl Environ Microbiol 69: 852-860
Sundh, I, Carlsson, H, Nordberg, A, Hansson, M, Mathisen, B
(2003) Effects of glucose overloading on microbial community
structure and biogas production in a laboratory-scale anaerobic
digester. Bioresour Technol 89: 237-243

Thioulouse, J, Chessel, D, Doledec, S, Olivier, J-M (1997) Ade-4: a
multivariate analysis and graphical display software. Stat Comput
7: 75-83

Tilman, D (1996) Biodiversity: population versus ecosystem
stability. Ecology 77: 350-363

Tilman, D (1999) The ecological consequences of changes in
biodiversity: a search for general principles. Ecology 80: 1455-1474
Von Canstein, H, Li, Y, Felske, A, Wagner-Dobler, I (2001) Long-
term stability of mercury-reducing microbial biofilm communities
analyzed by 16S-23s rDNA interspacer region polymorphism.
Microbial Ecol 42: 624-634

Wang, CC, Lee, CM (2001) Denitrification with acrylonitrile as a
substrate using pure bacteria cultures isolated from acrylonitrile—
butadiene—styrene wastewater. Environ Int 26: 237-241

Yoshie, S, Noda, N, Miyano, T, Tsuneda, S, Hirata, A, Inamori, Y
(2001) Microbial community analysis in the denitrification process
of saline-wastewater by denaturing gradient gel electrophoresis of
PCR-amplified 16S rDNA and the cultivation method. J Biosci
Bioeng 92: 346-353

Zhou, JZ, Bruns, MA, Tiedje, JM (1996) DNA recovery from soils
of diverse composition. Appl Environ Microbiol 62: 316-322
Zumstein, E, Moletta, R, Godon, JJ (2000) Examination of two
years of community dynamics in an anaerobic bioreactor
using fluorescence polymerase chain reaction (PCR) single-
strand conformation polymorphism analysis. Environ Microbiol
2: 69-78



	Stability in a Denitrifying Fluidized Bed Reactor
	Abstract
	Introduction
	Methods
	FBR Parameters
	FBR Feed Solutions
	FBR Operational Parameters and Disturbances.
	Analytical Methods
	Microbial Community Analysis�
	DNA Extraction and Purification
	Polymerase Chain Reaction Amplification and Purification
	Cloning, Sequence Determination, and Phylogenetic Analysis
	Restriction Digests and T-RFLP Data Analysis

	Isolations

	Results
	Functional Performance
	Characterization of Community Structure�
	Clone Library
	Isolates

	Community Dynamics�
	Overall 
	Effect of Loading Rate Increase and Shutdown
	Effect of Disturbance
	Principal Component Analysis


	Discussion
	Functional Stability and Community Dynamics under Constant Operating Conditions
	Functional Stability and Community Dynamics in Response to Disturbances

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


