
Monitoring of Anaerobic Degradation in
Batch Assays Using Fiber Bags

The anaerobic batch digestion of freeze-dried and ground (< 1.5 mm) maize silage,
wheat straw, cattle manure, pig manure, and cellulose filter paper was investigated
with substrates placed in polyester filter bags. Gas production dynamics of bagged
and non-bagged substrates were compared. By using batch bottles running in par-
allel with those used for gas measurement, substrates could be sampled over time
and various parameters measured for both substrate and bulk liquid. The bags
allowed an immediate mass loss into the bulk liquid with some substrates and a
generally lower rate of gas production. This method requires refinement but has
potential for the study of the dynamics of substrate degradation during anaerobic
digestion.
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1 Introduction

Anaerobic digestion (AD) to produce biogas is a popular meth-
od of renewable energy production. In addition, digestion of
animal manures is of great interest as a means to mitigate the
methane emissions during storage. The digestate resulting from
AD is often applied as a fertilizer, where digestate has an
advantage over raw slurry, as part of the organic nitrogen is
mineralized to ammonium during digestion, so is immediately
available for crop uptake. Due to the decomposition and gas-
eous emission of the readily degradable organic carbon, the
remaining organic matter is proportionately more recalcitrant
[1]. While this means that anaerobic digestion has little effect
on the non-term sequestration of carbon in the soil [2, 3], the
amount of undegraded organic matter and volatile fatty acids
in the digestate can impact the short-term availability of nitro-
gen to the crop [4, 5].

To assess the characteristics of substrates, the anaerobic
batch assay is used to quantify the specific biogas yield (SBY)
and methane yield (SMY). The batch assay process requires an
active microbial inoculum [6], which needs to be mixed with
substrates and this contamination makes analysis of the sub-
strate difficult.

Measuring degradation in bags is a commonly used tech-
nique in animal sciences, where the bags are placed directly
inside the animals, to be collected and measured after a period
of time [7]. The bags can be retrieved and analyzed to examine
substrate degradation with minimal contamination by the
inoculum material. Anaerobic digestion of substrates in bags
has been previously reported by Negri et al. [8] and Mulat et al.
[9], who found the method useful to prevent contamination of
substrate with inoculum. However, the porous nature of the
bags makes them unsuitable for containing liquid substrates
such as livestock slurries.

The work presented here examined batch AD of a range of
substrates in polyester bags. The aims were to examine degra-
dation and to directly assess the bag technique with maize
silage, wheat straw, cattle and pig manure, and cellulose (in the
form of filter paper). The gas production data were compared
to that obtained from biogas batch assays with substrates
placed freely in the bottles. The bagged substrates and bulk
liquids were examined for mass loss and nitrogen throughout
the duration of the batch assay, and neutral detergent fiber of
substrates was also measured.

2 Materials and Methods

2.1 Substrates

The substrates dairy cattle (CM) and fattening pig (PM) man-
ures were from storage tanks located at Aarhus University,
Foulum, Denmark; wheat straw (WS) and maize silage (MS)
were also sourced from Aarhus University, Foulum, Denmark.

These were freeze-dried and ground (< 1.5 mm) using a mill
(Retsch MM 400, Haan, Germany). Cellulose (CE) controls
were set up to compare the gas production of a substrate with a
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8830 Tjele, Denmark.
3Dr. Nicholas John Hutchings
Aarhus University, Department of Agroecology, Blichers Allé 20,
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known specific methane yield. In addition, a further triplicate
set of controls was also set up containing only inoculum and
empty bags, to examine any effect on gas yields. CE used in this
work consisted of Whatman 41 ashless 125 mm filter paper
circles ( ‡ 98 % alpha cellulose), cut into pieces of 1–2 cm2.

2.2 Polyester Bags

The bags used in the experiment were made of polyester (Saati-
fil PES 38/31, 38 mm pore size; Saatitech S.p.A., 22070 Veniano,
Como, Italy). The bags were heat-sealed with a size of ca.
145 ·50 mm and a surface area of 14 500 mm2 (Fig. 1).

Upon removal from the batch bottles, the bags were washed
twice in a domestic washing machine (Miele Novotronic W506
Water Control System) at 25 �C, using 2 ·20 L washes, each of
5 min duration. The bags were then dried at 60 �C and weighed
before opening. A bag for each substrate was tested for imme-
diate mass loss by adding substrate then washing, drying, and
weighing.

2.3 Batch Assay

Inoculum was sourced from a mesophilic (35 �C) digester of
the biogas plant at Aarhus University, Foulum, Denmark. The
biogas plant at the time of sampling treated pig and cattle man-
ures, deep litter manures, straw, and grasses. The inoculum was
filtered (< 1 mm) before degassing for two weeks at 35 �C.

The inoculum-to-substrate ratios, in terms of VS, were
approximately 1.5:1. This was lower than the 2:1 ratio recom-
mended by Angelidaki et al. [10] yet higher than the 1:1 ratio
used by Feng et al. [11]. An amount of 500 g of inoculum was
added to each 1-L infusion bottle. The assay included triplicate
inoculum-only controls for measuring inoculum gas production.
The bags were added to the batch bottles, which were flushed
with N2 for 2 min, shaken vigorously, and incubated at 35 �C.
The batch assay bottles were also shaken thoroughly before each
measurement took place. Three bottles of each bagged substrate
set were used for gas measurement throughout the batch assay
and three bottles for each substrate were also prepared with non-
bagged substrate, to compare gas production. For the rest of the
bottles containing bagged substrates, a single bottle for each
bagged substrate was opened after gas volume was measured
and the bag contents and bulk liquid were collected for analysis.

2.4 Gas Measurement

Gas production was measured volumetrically as described by
[12]. Gas volumes were corrected to dry gas at STP. Samples of
biogas were collected for compositional analysis by gas chro-
matography (Agilent technologies 7890A, CA 95051, USA).

2.5 Analytical Procedures

All substrates retrieved from the bags were analyzed in dupli-
cate for total solids (TS), volatile solids (VS), neutral detergent
fiber (NDF), and total Kjeldahl nitrogen (TKN). The liquid
fractions of the opened bottles were examined for TS, VS, vola-
tile fatty acids (VFA), TKN, and total ammonia nitrogen
(TAN). Cellulose (CE) was not probed for N or NDF.

The TS of the substrates retrieved from bags was measured
by drying at 60 �C and VS by incineration at 550 �C. TS and VS
of the liquid fractions were determined according to [13]. VFA
was verified by gas chromatography (Agilent Technologies, CA
95051, USA). TAN was determined by photometry (Spectro-
quant Kit, Merk, NJ, USA) and TKN according to [13]. Dried
samples for fiber analysis were milled to < 0.8 mm using a
CyclotecTM 1093 mill (FOSS, MN, USA) and NDF was deter-
mined according to [14] and corrected for residual ash.

3 Results and Discussion

3.1 Gas Yields

The gas production of the empty bag controls were not signifi-
cantly different from inoculum-only controls (p < 0.001) (data
not shown).

Gas production repeatability was calculated by relative stan-
dard deviations (RSD) as percentages of the mean biogas meth-
ane yields. The final (day 90) RSD values were all less than the
5 % maximum value for homogeneous substrates recom-
mended by [6] as acceptable.

The cumulative biogas and methane yields (Fig. 2) were
modeled by fitting first-order curves [15] as shown in Eq. (1),
where Y(t) is the gas yield (biogas or methane) at time t, P is
the maximum specific yield, and k is the rate constant.

Y tð Þ ¼ P 1� e�kt� �
(1)

The hydrolysis of complex organic molecules is expected to
be the slowest process during anaerobic degradation, so the
rate constant is the apparent hydrolysis rate khyd [16]. The gas
data are shown in Tab. 1, where the letter B in subscript means
bagged substrate and F means free (not bagged) substrate. The
cumulative methane yield values of bagged and free substrates
on specific measurement days were also assessed by Student’s
t-test analysis (Tab. 2).

It is clear from Fig. 2, Tab. 1, and Tab. 2 that the bags had a
negative effect on khyd values and final gas yields, although to a
lesser extent for the latter. Many anaerobic organisms produce
multienzyme cellulase complexes called cellulosomes and do
not produce significant amounts of soluble cellulases [17]. Cel-

Chem. Eng. Technol. 2022, 45, No. 00, 1–9 ª 2022 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

Figure 1. Polyester bag prior to insertion into a batch bottle.
The bag shown contains cellulose filter paper substrate and the
steel balls fixed into two of the corners.
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lulosomes are attached to the cell surface and therefore could
be more restricted in passing through the bag. Mixing in anaer-
obic batch assays has been shown to increase the final SMY as
well as the rate constant k for viscous substrates but had less
effect with fine-powdered or easily degradable substrates. This
was partly due to bubbles being trapped in the substrate rather
than actual lower gas production [18]. The obstruction by the
polyester bags could produce similar results, with reduced
microbial access and gas release. Improved mixing of the batch
bottles should be incorporated into future experiments.

The study conducted by [8] included data from two separate
experiments, namely, one with and one without bags, using the
same substrates and inocula that was sourced from a number
of digesters and found no effect of using the bags on the biogas

production. However, the inocula microbial community struc-
tures may have changed between experiments. Mulat et al. [9]
also found little effect of nylon bags but used continuous
mixing.

The CE control demonstrated the greatest difference in khyd

between free and bagged substrate, with the values for the
bagged substrate being only 57 % and 52 % of the khyd values of
the free substrate (methane and biogas, respectively). This was
because practically all the substrate remained in the bags prior
to hydrolysis, with only a measured 1.2 % mass loss upon
washing at time zero. The first-order models did not fit as well
to the CEB measured data as was found with other substrates
(Tab. 1) due to a noticeable lag phase for CEB (Fig. 2e). A modi-
fied Gompertz model may have fitted better [15] but would not

Chem. Eng. Technol. 2022, 45, No. 00, 1–9 ª 2022 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

a) b)

c) d)

e)

Figure 2. Cumulative specific biogas (gray lines) and methane (black lines) yields for bagged substrates (solid lines) and free substrates
(dotted lines) with methane % for bagged substrates (+) and free substrates (£): (a) MS, (b) WS, (c) PM, (d) CM, (e) CE. Y-axis error bars
show maximum and minimum values of the triplicate gas yields.
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have been so suitable for the other substrates. CE was expected
to be 100 % degradable when subjected to anaerobic digestion.
The SMY of CEB, at 348 mL gVS

–1 was slightly below the accept-
able minimum value of 352 mL gVS

–1 recommended by [6] but
CEF was above this value.

The maize silage experiment resulted in a significantly higher
SMY and SBY for MSB (p < 0.05, Tab. 2). However, the methane
yields at days 21 and 34 were not significantly different
(p > 0.05) yet the biogas yields were significantly different
(p < 0.05). This was due to slightly higher biogas methane con-
centration for MSB on these days (Fig. 2a). The SMY values
were comparable with published values [19]. The khyd rates for
MSB were 57 % (CH4) and 54 % (biogas) of the rates calculated
for MSF, which was larger than with WS, PM, or CM.

The SMY of WSB was not significantly different to WSF

(p > 0.05) whereas the SBY was significantly different (p < 0.01).

Biogas and methane yields at £ 34 days were significantly dif-
ferent. A reasonably large difference in the khyd rates was
found: the WSB substrates had rates that were 68 % and 70 % of
the WSF substrates (methane and biogas, respectively). The
SMY values were rather high when compared to literature val-
ues of ca 215–225 mL gVS

–1 [20].
The SBY of PMB was not significantly different (p > 0.05) to

PMF whereas SMY was significantly different (p < 0.05). The
khyd values of PMB were 63 % and 62 % of PMF (methane and
biogas, respectively). Overall SMY values were comparable to
the 294 mL gVS

–1 published by [21].
CM showed no significant difference (p > 0.05) for both bio-

gas and methane yields at days ‡ 34. SMY values were lower
than the 281 mL gVS

–1 found by [21]. khyd values for CMB were
81 % and 74 % of the CMF values (methane and biogas, respec-
tively).

Chem. Eng. Technol. 2022, 45, No. 00, 1–9 ª 2022 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

Table 1. Apparent hydrolysis rates (khyd), mean measured specific methane and biogas yields, and mean modeled specific methane and
biogas yields and the fit of the models. The letter B in subscript means bagged substrates, whereas F is used for free substrates.

Substrate Measured SMY
[mL gVS

–1]
Methane khyd

[d–1]
Modeled SMY
[mL gVS

–1]
Methane model fit (R2)
[–]

Measured SBY
[mL gVS

–1]
Biogas khyd

[d–1]
Modeled SBY
[mL gVS

–1]
Biogas model fit (R2)
[–]

MSB 338 0.065 354 0.977 649 0.075 666 0.991

MSF 325 0.114 324 0.994 688 0.139 673 0.997

WSB 272 0.040 290 0.968 549 0.045 576 0.980

WSF 287 0.059 294 0.984 589 0.064 594 0.993

PMB 298 0.032 323 0.981 510 0.033 551 0.983

PMF 317 0.051 330 0.981 516 0.053 531 0.993

CMB 254 0.048 266 0.975 467 0.052 482 0.989

CMF 254 0.059 259 0.987 472 0.070 471 0.996

CEB 389 0.037 432 0.938 784 0.045 844 0.971

CEF 348 0.065 366 0.979 776 0.086 799 0.991

Table 2. Student’s t-test p values comparing the difference in cumulative methane yields of free and bagged substrates on specific mea-
surement days. NM means that gas production was not measured on a particular day for that substrate and NS means non-significance
(p > 0.05).

Day 4 Day 5 Day 10 Day 14 Day 17 Day 21 Day 34 Day 90

MS (biogas) < 0.001 < 0.001 < 0.001 < 0.01 NM < 0.05 < 0.05 < 0.05

MS (methane) < 0.001 < 0.001 < 0.001 < 0.05 NM NS NS < 0.05

WS (biogas) < 0.001 < 0.001 < 0.001 < 0.01 NM < 0.01 < 0.01 < 0.01

WS (methane) < 0.001 < 0.001 < 0.001 < 0.01 NM < 0.05 < 0.05 NS

PM (biogas) NM < 0.01 < 0.001 NM < 0.01 NM NS NS

PM (methane) NM < 0.01 < 0.001 NM < 0.001 NM < 0.05 < 0.01

CM (biogas) NM < 0.001 < 0.01 NM < 0.01 NM NS NS

CM (methane) NM < 0.001 < 0.01 NM < 0.05 NM NS NS

CE (biogas) < 0.001 < 0.001 < 0.001 < 0.001 NM NS NS NS

CE (methane) < 0.001 < 0.001 < 0.001 < 0.001 NM < 0.05 < 0.01 < 0.001
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3.2 Mass Reduction

The VS concentrations of the freeze-dried sub-
strates were: 97.8 % (MS), 96.3 % (WS), 75.0 %
(PM), and 86.8 % (CM). Fig. 3 shows mass loss over
time. There were considerably greater losses mea-
sured at time 0 from MSB (57.2 %), PMB (52.1 %),
and CMB (41.6 %) than with WSB (7.3 %) and CEB

(1.2 %). These losses will be referred to as immedi-
ate mass losses.

The mass of CE remaining in the bag likely
reached zero before day 34. The mass loss of CE is
more linear than the other substrates in this study,
which followed an exponential decay pattern. As
CE was not ground to < 1.5 mm, the low immediate
mass loss was expected. Particle size was not ana-
lyzed in this study, but the reduction in particle size
of WS was solely due to the grinding process. Man-
ures have a wide-ranging particle size distribution:
Moller et al. [22] reported that for pig manure,
approximately 65 % of particles were categorized as
< 0.0025 mm, whereas for cattle manure 45 % of
particles were of this size category. For maize silage,
Fernandez et al. [23] categorized approximately
25 % of particles as < 0.05 mm. Thus, it was
assumed that small particles could easily pass
through the bag. The greater proportion of smaller
particles in pig manure, when compared to cattle
manure, is consistent with the greater mass loss
measured, yet does not explain why maize silage
lost the most material. It can be clearly seen that
the three substrates with high immediate mass
losses experienced an increase in bulk liquid TS
and the substrates with low immediate mass loss
(WSB and CEB) underwent a decrease in bulk
liquid TS (Fig. 4).

The reduction in total TS (combined bag and
bulk liquid) was calculated. The TS of the bulk
liquid was adjusted for VFA losses during drying
according to [24], using Eq. (2).

TScorrected ¼ TSmeasured þ 0:95 VFA
þ 1 n alcohols
þ 0:08 lactic acids (2)

where parameters are in the units of g kg–1. Alco-
hols and lactic acid were not measured in this
study.

The reduction in total TS was also correlated with the biogas
and methane yield data and the squared Pearson coefficients of
determination (R2) are given in Tab. 3.

The C content of the substrates was not determined at the
start of the experiment, so it was not possible to calculate the
loss of substrate C and relate this to the emission of C in biogas.
However, based on a typical C concentration in TS, the esti-
mated loss of C from wheat straw was closely related to biogas
C (see the Supporting Information).

3.3 Volatile Fatty Acids

The VFA concentration data are presented in the Supporting
Information. VFA in the inoculum (time 0 for all samples) was
low at 213 mg L–1 for acetic acid and < 35 mg L–1 for other
VFAs, and a total VFA concentration of 302 mg L–1. VFA evolu-
tion followed a typical pattern for batch digestion, with an
increase shortly after the start and a gradual fall in concentra-
tion over time. CE and MS both had the highest levels of VFA,
which corresponded with the higher methane yields and gener-
ally higher degree of degradation of these substrates.

Chem. Eng. Technol. 2022, 45, No. 00, 1–9 ª 2022 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

Figure 3. Substrate masses measured in retrieved dried bags as a percentage of
the initial mass added: MSB (£), WSB (^), PMB (D), CMB (·), CEB (+).

Figure 4. Total solids concentrations of bulk liquid fractions: MSB (£), WSB (^),
PMB (D), CMB (·), CEB (+).

Table 3. Squared Pearson coefficients showing the correlation of TS reduction
with final cumulative biogas and methane yields (day 90).

MSB WSB PMB CMB CEB

Biogas 0.973 0.973 0.851 0.896 0.963

Methane 0.982 0.952 0.846 0.863 0.991
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3.4 Total Kjeldahl Nitrogen and Total Ammonia
Nitrogen

The TKN data are presented as both concentrations (g per
100 g) and as total mass (g) of TKN remaining in the bag, the
latter value calculated from the TKN concentration and the
masses of material in the bags. For the manures from day 0 to
day 5, a sudden decrease in the TKN masses retrieved from
bags (Fig. 5b) can be partly attributed to the high immediate
mass losses. MSB showed a small decrease in the rate of TKN
mass loss over time. For WSB, however, there was
an increase in the total TKN mass in the bags up to
day 21, and a slow decrease after day 21. The
increased N can only have come from the inocu-
lum, either microbial cells or enzymes that were
not removed from the bags during the washing
procedure. This suggests that the decreasing masses
of TKN in the bags MSB, PMB, and CMB could
have been greater than observed, as the microbial
N flux into the bags may have been similar for all
substrates. It has been shown that microbial N can
remain in the porous bags after washing, and a
device called a stomacher can be used to remove
some of the microbial biomass [7].

The losses of TKN mass in MSB, PMB, and CMB

bags correspond to increases in the TKN concen-
tration data in the liquid fraction (Fig. 5c). WSB

concentrations in the bulk liquid fractions
remained more constant than the other substrates.

The total masses of TKN, calculated from the bag and bulk
liquid TKN masses, are displayed in Fig. 5d. There was consid-
erable variation in the total TKN masses, despite the measure-
ments having a mean SD of only 0.011 g per 100 g.

The TAN measurements in the bulk liquid increased during
the batch assay (Fig. 6), as was expected when organic N com-
pounds are mineralized. The concentrations of TAN increased
by ca. 0.2 g kg–1, which is a similar increase to that seen for
TKN in the bulk liquid.

Chem. Eng. Technol. 2022, 45, No. 00, 1–9 ª 2022 The Authors. Chemical Engineering & Technology published by Wiley-VCH GmbH www.cet-journal.com

a) b)

c) d)

Figure 5. (a) TKN concentrations of substrate from bags, (b) TKN masses for substrate from bags, (c) TKN concentrations of bulk liquid
fractions, and (d) total grams of TKN (bag + bulk liquid): MSB (£), WSB (^), PMB (D), CMB (·).

Figure 6. TAN concentrations of bulk liquid fractions: MSB (£), WSB (^), PMB (D),
CMB (·).
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3.5 Neutral Detergent Fiber

NDF is displayed as both concentration (g per 100 g) and total
mass of NDF retrieved from the bags (Figs. 7a and b, respec-
tively). The latter was calculated from the NDF concentration
and the mass of material retrieved from the bags. As the NDF
value is a combination of all fiber components but not the solu-
ble carbohydrates, the loss of NDF in the bags should represent
the hydrolysis of these fiber components or reduction of parti-
cle size until they are sufficiently small to pass through the bag
pores. Fig. 7a shows that the concentration of NDF increased
for all substrates from day 0 to the first measurement day as
the loss of solubles increased the relative concentrations of
fibers.

For the manures PM and CM, a smaller change in total NDF
mass was measured when compared to MS and considerably
smaller than the WS total NDF mass. From this, it would seem
that the manure fiber fractions are less degradable due to them
having passed through an animal’s digestive tract, which would
remove a considerable portion of the easily degradable materi-
al. It would be expected, however, that MS would be more
degradable than WS. The apparent higher degradation of WS
was mainly because this substrate had considerably less imme-
diate mass loss (Fig. 3) than the other substrates included in

the NDF measurements. It is worth noting that the NDF
concentration and NDF masses of CM, PM, and WS (Fig. 7)
all reach similar values at the end of the batch assay. The
final masses of these substrates left in the bags (Fig. 3) were
also very similar. This would suggest that the remaining
material is the most recalcitrant part and likely to be pre-
dominantly lignin. This is in agreement with [1], who
showed that during anaerobic digestion the more labile frac-
tions are degraded to biogas, which led to a relative increase
in more stable compounds.

4 Conclusions

The batch digestion degradation rates and the N and NDF
fluxes of the analyzed substrates were successfully measured
with less inoculum contamination when using polyester bags.
Grinding samples to a small particle size led to considerable
immediate losses from the bags. Total gas production was little
affected when substrates were contained in bags, but gas pro-
duction rates were significantly reduced. This was assumed to
be caused by limited mass transfer through the bag pores,
which could possibly be improved by increasing mixing rates
during digestion.

Supporting Information

Supporting Information for this article can be
found under DOI: https://doi.org/10.1002/
ceat.202100303. This section includes additional
references to primary literature relevant for this
research [25, 26].

The authors have declared no conflict of interest.

Symbols used

k [day–1] rate constant
P [mL gVS

–1] maximum specific yield
t [s] time
Y [mL gVS

–1] gas yield

Sub- and superscripts

B bagged substrate
F free substrate
hyd hydrolysis

Abbreviations

AD anaerobic digestion
CE cellulose
CM cattle manure
MS maize silage
NDF neutral detergent fiber
PM pig manure
SBY specific biogas yield
SMY specific methane yield
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a)

b)

Figure 7. NDF shown as (a) NDF concentrations (g per 100 g) of solid fractions
retrieved from bags and (b) total NDF masses (g) of solid fractions retrieved from
bags: MSB (£), WSB (^), PMB (D), CMB (·).
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TAN total ammonia nitrogen
TKN total Kjeldahl nitrogen
TS total solids
VFA volatile fatty acids
VS volatile solids
WS wheat straw
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Research Article: The anaerobic
degradation of a range of materials in a
batch assay was performed with
substrates in fiber bags to enable easy
separation from the inoculum material
after specific digestion periods. The
technique allowed for temporal
tracking of nitrogen and fiber
degradation, although a lag phase in
gas production was measured, when
compared to the normal batch
digestion method.

Monitoring of Anaerobic Degradation
in Batch Assays Using Fiber Bags

Alastair James Ward*,
Martin Riis Weisbjerg, Peter Lund,
Nicholas John Hutchings

Chem. Eng. Technol. 2022, 45 (XX),
XXX K XXX

DOI: 10.1002/ceat.202100303

Supporting Information
available online

Research Article 9

These are not the final page numbers! ((  15214125, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ceat.202100303 by N

ew
 A

arhus U
niversity, W

iley O
nline L

ibrary on [04/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.252 858.853]
>> setpagedevice


