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Nitrogen loss from landscapes affects downstream freshwater and marine systems. Constructed wetlands,
which are ecologically-engineered systems, can mitigate nitrogen loss from various landscape types. We
examined the efficacy of a large-scale constructed wetland (the marsh flow-way at Lake Apopka) to
remove particulate nitrogen and other nitrogen species from eutrophic lake water. During the first seven
years of operation, the hydraulic loading rate to the flow-way was high (mean & SD; 34+ 10 myr—'). Inflow
concentrations of total nitrogen (TN) were also high and variable (mean + SD; 4 + 1 mg L~'). Both hydraulic
loading rate and concentration of N species were affected by variations in lake level. Inflow nitrogen
was mostly in particulate forms (particulate organic nitrogen [PON] was 58% of TN). Subsequently, the
dominant biogeochemical mechanism for nitrogen removal was sedimentation of PON. Average annual
removal rates were 56 gPONm—2yr~!, while TN and total Kjeldahl nitrogen removal rates were similar,
about30gNm~2 yr-1. Nitrogen removal was seasonally dependent, with greatest removal rates occurring
during cool periods (October through May). Although the marsh flow-way showed substantial removal of
particulate N, the wetland released dissolved inorganic N fractions. Release of ammonium (NH4) averaged
21gNm~2yr-'. Release of NH4 was greatest during warm periods (June through September), which was
probably related to increased water temperature, associated increased decomposition, and decreased
dissolved oxygen content of wetland waters. Long-term first order rate constants (k) for removal were
also high. Annual k values for PON were 85 myr—'. Managing the marsh flow-way to maximize particulate
N removal in the long-term, while mitigating the release of inorganic N during warm periods, will require
dynamic wetland management.
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1. Introduction

Discharge of excess nitrogen (N) affects both fresh and marine
water quality (Echols and Vitousek, 2012; Howarth et al., 2012).
For example, surface and subsurface water runoff from agricultural
lands can contain excessive amounts of nutrients and pesticides
(Sharpley, 1999; Power, 2010). At a larger scale, N loss from
watersheds can contribute to algal blooms, hypoxia, and ecological
damage to receiving aquatic systems (Howarth et al., 2011). Excess
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ammonia, in the unionized form, can also be toxic to fish and
invertebrates at concentrations greater than 0.2 mgNL~! (Kadlec
and Wallace, 2009).

For many years, management practices within watersheds have
tried to (1) control N loss at sources and (2) mitigate N losses
downstream by restoring and enhancing landscape hydrology and
increasing landscape nutrient storage. In combination with source
control practices, ecologically engineered systems can mitigate N
losses downstream. Ecologically-engineered systems to mitigate
N loss and enhance water and ecosystem quality include natural
wetlands (Kadlec, 2009), constructed wetlands (Braskerud et al.,
2005; Blankenberg et al., 2006; Maynard et al., 2009), ponds and
reservoirs (David et al., 2006; Hunt et al., 2006; Collins et al., 2010),
denitrification walls (Schipper et al., 2010), wastewater applica-
tions to pasture and croplands (Healy et al., 2007), and within-river
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restoration (Toth, 1993; Bernhardtetal., 2005). Approaches can dif-
fer due to the type of N loss scenario, to site-specific characteristics
like climate, topography, soils, hydrology, and to the availability
of resources. However, one common characteristic across prac-
tices is that they adopt a process approach using sound ecological
principles.

Wetlands contain a unique assemblage of water, vegetation,
soils, and microbes because of their landscape position (Mitsch
and Gosselink, 1993). These ecosystem components contribute to
wetlands typically being net sinks for N, phosphorus (P) and car-
bon (C) (Brenner et al., 2001; Kadlec, 2005b; Poach et al., 2007;
Kayranli et al., 2010). However, both natural and constructed wet-
lands can also be sources of N, P and C. For example, systems can
release C and nutrients upon reflooding after water level draw-
down (Olila et al., 1997; Pant and Reddy, 2001). The net effect
of whether a system is typically a sink or a source of nutri-
ents often depends upon the dominant biogeochemical processes,
the environmental conditions that influence process rates, and
the associated timescale. If wetland managers know the domi-
nant biogeochemical processes that govern both retention and
release, they can manage their system to provide suitable con-
ditions for desired processes. For example, they can manipulate
water level, flow, depth, and duration to provide aerobic conditions
for nitrification and anaerobic conditions to facilitate denitrifica-
tion. In practice, this could include a very shallow or intermittently
flooded emergent marsh or wet prairie, followed by a deeper marsh
zone.

The transformation and translocation of N in wetlands can occur
via various processes, which include nitrification-denitrification,
mineralization, sedimentation, resuspension, diffusion, sorption,
assimilation, and volatilization (Craft, 1997; White and Reddy,
2003; Ardén et al., 2010; DeMeester and de Richter, 2010; Kadlec,
2010). Environmental factors that influence process rates include
but are not limited to, temperature, pH, soil organic matter,
water depth, water flow rate, alkalinity, dissolved oxygen, con-
centration gradients, and biota (Picard et al., 2005; Kadlec, 2010;
Toth, 2010). There are numerous studies that report nitrifica-
tion/denitrification dynamics and N budgets within wetlands from
around the world (Kadlec, 2005a; Reinhardt et al., 2006; Hernandez
and Mitsch, 2007; Kadlec et al., 2010; Watson et al., 2010; Tao
et al.,, 2012; Martin et al., 2013). To our knowledge, few stud-
ies report the effectiveness of constructed wetlands to remove
particulate N (Braskerud, 2002). We address this gap of knowl-
edge with our paper. In addition, we demonstrate that particulate
removal can be the primary N-removal mechanism for constructed
wetlands treating eutrophic lake water. We also describe other
N transformations that occur as water passes through the large-
scale constructed wetland (the marsh flow-way) at Lake Apopka,
FL.

The overall restoration program for Lake Apopka, implemented
by the St. Johns River Water Management District, focuses on
cost-effective methods to reduce external nutrient loading and
remove nutrients already in the lake (Dean and Lowe, 1998;
Hoge et al., 2003). A component of this programmatic approach
is to use the marsh flow-way to remove nutrients from lake
water. The marsh flow-way was designed to accelerate Lake
Apopka’s response to reduced loading by removing the nutri-
ent inventory already in the lake (Lowe et al., 1992; Coveney
et al, 2002). The primary goal was to remove phosphorus
(P), but the effectiveness for N removal is an important bene-
fit.

The marsh flow-way differs in some ways from conventional
surface-flow constructed wetland systems. The aim of the sys-
tem is to reduce the inventory of nutrients in the lake rather than
attain specific outflow criteria. Therefore, it is more important that

the system removes N at a high rate, rather than achieving high
percent removal. The system also has varying hydraulic inflows
and varying inflow organic N concentrations. This variability is
a function of the rise and fall of lake water levels and the asso-
ciated variation in lake nutrient concentrations. In addition, the
native organic soils at the marsh flow-way have a legacy of soil-
stored nutrients due to past agricultural land practices (Dunne
etal., 2012), which also has management implications for the flow-
way.

The objectives of our manuscript were to: (1) determine the
efficacy of the marsh flow-way to remove N, specifically particu-
late nitrogen, from incoming eutrophic lake water; (2) examine the
different N species in lake water and how they change via wet-
land treatment; and (3) investigate the effect of environmental
factors like temperature, pH, dissolved oxygen and seasonality on
N transformation and removal.

2. Materials and methods
2.1. Site description and maintenance

The marsh flow-way is located along the northwest shore
of Lake Apopka (Fig. 1). We described site details in a previ-
ous publication (Dunne et al., 2012). Briefly, the marsh flow-way
consists of four independently operated treatment cells (Fig. 1).
Lake water enters each cell through an array of culverts. Water
passes through each cell and flows out over riser boards and
through culverts. All treated water collects in a pump basin. Electric
pumps return water back to the lake. About 80+ 15% (mean + SD)
of the treated water returns to the lake, while the remainder
flows downstream (north) through the Apopka-Beauclair Canal
(Fig. 1).

Site maintenance was undertaken between years 2007 and
2009. Between March 2007 and January 2008, we drew down B
cell water levels, mowed vegetation removed sediment from lat-
eral ditches, reflooded and used alum injection post reflooding for
a few months. During B cell maintenance, C cells did not treat lake
water for about three months. The C cells also underwent main-
tenance between November 2008 and October 2009. During this
period, cells were drawn down, vegetation mowed removed sedi-
ment from lateral ditches, cells reflooded with lake water and alum
was injected post the reflood period. We also constructed small
finger dikes in C2 to mitigate a hydraulic short circuit.

2.2. Sample collection

During the operating period covered herein (November 2003
through December 2010), weekly water samples were collected
from the main inflow and outflow of the system. The main inflow
is a feeder canal from the lake and the main outflow is located in
the pump basin. At both locations, a Van Dorn horizontal water
sampler (Wildco, Yulee, FL) was placed to mid-water depth and
water samples were collected. Samples were filtered (if required)
in the field to 0.45 pm and preserved (if required). Samples were
placed onice and stored at 4 °C prior to laboratory analyses. During
the maintenance periods, treatment flows were stopped, and water
samples were not collected from most of the marsh flow-way.

2.3. Laboratory analyses and nitrogen forms

We measured total Kjeldahl N (TKN) on preserved (H,SO4)
water samples using a Perstorp Autoanalyzer, according to EPA
method 351.2. Ammonium was also measured in acid preserved
water samples using a LaChat Quickchem AE flow injection ana-
lyzer (EPA method 350.1). Both nitrate and nitrite (NOy) were
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Fig. 1. Inset map shows location of Lake Apopka Basin (highlighted in black) in north central Florida. Map of the marsh flow-way, which is located on the northwest shore

of Lake Apopka. The four treatment cells illustrated as B1, B2, C1 and C2. The main inflow canal from the lake is south of the cells. Outflows can return to the lake or flow
downstream via the Apopka-Beauclair Canal. The area highlighted in grey, north of the lake is the North Shore Restoration Area.

measured on a chilled water sample using a Seal QuAAtro seg-
mented flow analyzer according to EPA method 353.2. Other
nitrogen forms were calculated and not analytically measured.
These included total nitrogen (TN, the sum of TKN and NOy), par-
ticulate organic N (PON, the difference between TKN-total and
TKN-dissolved), and dissolved organic N (DON, the difference
between TKN-dissolved and NH,). Dissolved inorganic nitrogen
(DIN) was calculated as the sum of NH4 and NOx.

2.4. Calculations, data analyses and statistics

We used data from normal operating periods, that is, periods
when the marsh flow-way was treating Lake Apopka water. The
hydraulic loading rate (HLR) and the nominal hydraulic residence
time were calculated as described by Dunne et al. (2012). To calcu-
late daily loads into and out of the system, daily measured and
estimated flows were multiplied by daily concentrations. Daily
concentrations were determined by linear interpolation between
weekly measurements. Mass removal rates, percent mass removal
and mass areal removal rates were also calculated. In addition, we

calculated monthly flow-weighted concentrations by dividing the

monthly mass totals by monthly flow volume totals into and out of
the system.

To characterize long-term TN and PON removal, we calculated

the rate constant (k) using a combined removal model. Kadlec and
Wallace (2009) define this model as:

Co—C* 1
G=C" (1+k/P)

where, G, is the outlet concentration, mgL-!, C; the inlet concen-
tration, mgL~1, C* the background concentration, mgL~!, k the
modified first-order constant, myr—1, P the number of tanks in
series, g the hydraulic loading rate, myr~1.

We used a background TN concentration (C*) of 1.5mgL~! and
three tanks in series (Kadlec and Wallace, 2009). For PON, we
also used three tanks in series. From observing our PON data, it
seemed that a C* concentration of 0.05 mgL~! was appropriate, as
outflow concentrations of PON tended towards a low concentra-
tion limit of about 0.05mgNL-! (see Fig. 4). We used this value
when estimating the rate constant (k) for long-term removal. This
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Fig. 2. Yearly box plots of the hydraulic loading rate (HLR) to the marsh flow-way.
The annual box plots were generated from monthly median values. The boundary
of the box closest to zero is the 25th percentile, median is the line within the box,
and the boundary of the box farthest from zero, is the 75th percentile. Error bars
above and below the box indicate the 90th and 10th percentiles. Solid circles are
data outliers. The operating period for the flow-way was from November 23, 2003
through December 31, 2010.

concentration is one-half the minimum PON outflow concentration
that we observed during the seven years of operation.

We found weak temperature dependence for TN k values
(r=-0.2; p=0.03; n=83; data not shown) and no temperature
dependence for PON k values. Due to the lack of strong tempera-
ture dependence with k, we do not present temperature dependent
k values.

In many places of the text and tables, we report summary statis-
tics like mean, standard deviation (SD), coefficient of variation (CV),
medians, quartiles, and correlations. Fig. 2 summarizes annual data
using a range of summary statistics illustrated in box plot format.
See figure legend for further detail. Other figures include linear
regressions and correlations (Pearson product moment correla-
tion) that report R? and r-values, respectively. We also show the
statistical significance of these relationships at the p<0.05 level.
We used Minitab (Version 16) for all statistical analyses.

3. Results and discussion
3.1. Hydraulic loading rate and residence times

We reported the HLRs from November 2003 through March
2007 in detail previously (Dunne et al., 2012). Briefly, median

Table 1

annual HLR generally increased from 2003 through 2006 (Fig. 2).
During 2007, the HLR decreased below 30myr~! and was quite
variable. Both the decrease and the associated variability in 2007
were mostly due to maintenance of the B cells between March and
December. Maintenance included a range of activities: water level
drawdown, vegetation mowing, lateral ditch cleaning, and reflood-
ing. We also used alum injection for about two to three months to
mitigate within-cell soluble P release upon reflooding. We hypoth-
esize that the release was from historically P laden soils along with
the decomposition of senescing vegetation (Dunne et al., 2012).

For years 2008 through 2010, the HLR to the flow-way was
typically less than previous years, with annual medians ran-
ging between 22 and 35myr—!. During 2009, we also undertook
maintenance in the C cells due to the development of hydraulic
short-circuits - the legacy of initial site conditions incompletely
resolved during construction. During this maintenance period, only
the B cells treated incoming lake water.

Relative to flows, which varied because one or more cells were
offline, nominal residence times changed little from year to year;
valuesranged between 3 and 5 days (Table 1). Annual median water
depths were also stable, ranging between 40 cm (2010) up to 57 cm
(2006). Deepest water depths generally corresponded with high
flow years. Inflow volume of Lake Apopka water to the flow-way
was the dominant hydrologic loading variable. It was, on average,
30 times greater than rainfall inputs (Table 1).

3.2. Concentrations

Inflow concentrations of TN, TKN and PON were typically greater
than outflow concentrations, with greatest differences occurring
between PON inflow and PON outflow (Fig. 3). This indicates greater
retention of PON relative to the two other fractions. Particulate
organic N concentrations were slightly less than TN and TKN con-
centrations, with the latter two being similar. Both inflow and
outflow concentrations of TN, TKN, and PON increased sharply
between 2008 and 2009. During this period, water levels in the
lake were extremely low; Lake Apopka lost up to 52% of its volume
(Coveney, 2009). We found an inverse relationship between inflow
TN concentrations and HLR to the marsh flow-way (Spearman rank
correlation r=—0.25; p=0.02). This corresponded to higher in-lake
nutrient concentrations during low lake water levels. During these
periods, it becomes difficult, due to infrastructure, to operate at
high HLR to the marsh flow-way.

For the seven years of operation, monthly median inflow TN
concentrations ranged between2.7 mgL~—! and 8.1 mgL~!, whereas
outflow concentrations ranged between 2.0mgL-! and 6.4mgL-1.
Dissolved organic N concentrations and NH4 concentrations were
typically greater in outflow waters than inflow waters (Fig. 3). This

Annual hydrologic parameters for the marsh flow-way constructed wetland at Lake Apopka, FL. Water depth and residence times are yearly medians calculated from daily
values. Rainfall and evapotranspiration (ET) are yearly totals, calculated from daily values. Inflow and outflow are also yearly totals. Flow totals (m3) were calculated on a
daily basis, summed for the year, and then divided by the treatment cell area (276 ha).

Parameter Years

20032 2004 2005 2006 2007 2008 2009 2010
Water depth, m 0.47 0.52 0.56 0.57 0.50 0.45 0.52 0.40
Residence time, days 8 3 4 3 3 4 5 3
Inputs
Rainfall, m 0.01 1.2 1.26 1.02 1.03 0.96 1.15 0.88
Inflow, m 1.6 41.5 36.7 49.4 25.1 30.2 214 36.7
Outputs
ET, m 0.06 1.11 1.11 1.11 1.13 1.13 1.13 1.18
Outflow, m 1.6 41.6 40.1 49.3 25.0 30.1 215 36.4

22003 is a partial year (November 23 through December 31). All other years are full calendar years.
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organic nitrogen (DON), (e) ammonium (NHy), and (f) nitrate + nitrite (NOx ) through time. Monitoring period was from November 2003 (03) through December 2010 (10).

E.J. Dunne et al. / Ecological Engineering 61 (2013) 224-234

TN

10

PON

(c)

03 04 05 06 07 08

NH

4

09

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

03 04 05 06

Total Kjehldahl Nitrogen (TKN), mg L'

—0— In
Year

Dissovled Organic Nitrogen (DON), mg L'

NO,, mg L™

TKN

-
o

[eS)
|

o

DON

3.0

2.5

2.0

1.5

1.0 +

0.5

00 +——7T T T T T T T T T
03 04 05 06 07

NO

0.6

(f)

054 O
0.4
0.3

0.2

0.1 H

Solid circles represent monthly inlet concentrations and open circles represent outlet concentrations.



E.J. Dunne et al. / Ecological Engineering 61 (2013) 224-234 229

indicates a net release of dissolved organic and inorganic N forms
through time. Similar to changes in TN, TKN, and PON; concentra-
tions of DON also increased between 2008 and 2009.

Ammonium (NHy4) concentrations in outflows increased during
summer periods (Fig. 3). This seasonal pattern of release sug-
gests that the biological transformation rate of organic nitrogen to
NH,4 (ammonification) increased during warmer summer periods.
Ammonification can occur via microbial breakdown of organic
tissues containing amino acids (Kadlec and Knight, 1996) with opti-
mum pH ranges between 6.5 and 8.5 (Reddy and Patrick, 1984).
Other contributing factors include dissolved oxygen and water
temperature, which we discuss later.

Since NH3 can be toxic to biological organisms, we also calcu-
lated NH3 concentrations based upon NH4 concentrations, pH and
temperature in marsh flow-way treated waters (data not shown).
For the seven years of operation, NH3 concentrations were well
below 0.2mgL-1. For most years, monthly median values were
below 0.01 mgNH3; L-! and undoubtedly were lower in localized
mixing zones at the outflow where wetland treated water mixed
with lake water.

Inflow and outflow NOy concentrations were typically similar,
and concentrations were typically low (<0.2 mgNL-1). However,
during winter periods there was a small peak in NOx concentrations
(Fig.3).This was probably related to decreases in winter water tem-
perature and an increase in DO concentrations relative to warmer
summer periods (see later section for further discussion).

Inflow and outflow concentrations of TN, TKN, and DON were
positively related (R? >0.72; p<0.001; Fig. 4). Inflow and outflow
concentrations of PON were also related, but in a non-linear fash-
ion. For example, at inflow PON concentrations of about 4 mgNL-1,
outflow concentrations increased abruptly (Fig. 4). No relationships
existed between inflow and outflow concentrations for inorganic
fractions (NH4 and NOy).

3.3. Mass areal loadings, removals and performance patterns

There were statistically significant, but much weaker (relative to
concentration data), correlations between inlet mass areal loading
rate(gNm~2yr-1)and outflow concentrations of TN, TKN, and PON
(r>0.29; p<0.01)(Fig.5). Representing loading rate against outflow
concentration data is a standard approach to illustrating wetland
performance data (Kadlec and Wallace, 2009). The lack of strong
relationships is not surprising, as we do not operate the marsh flow-
way to attain a certain outflow concentration; rather, we operate to
maximize nutrient removal rate. No relationships between loading
rate and outflow concentration existed for the inorganic fractions
(NHg4 and NOy).

Total N and TKN removal rates (gNm~2yr-!) were similar
during the seven years of operation, with greatest removal rates
occurring during 2007 and 2008 (Table 2); years that had both high
HLR and high inflow concentrations. Greater loading rates provide
greater opportunities for increased nutrient removal (Reddy et al.,
1999). Generally, there is a similar pattern of storage for TN and
TKN in wetland ecosystem components like water, detritus, soils,
and biological organisms (Kadlec and Knight, 1996).

Annual PON removal rate was much greater than both TN and
TKN removal rates because dissolved N fractions (DON, NH4 and
NOy) were typically released from the marsh flow-way (Table 2),
with the magnitude of retention/release being seasonally depend-
ent. Thus the areal removal rates for TN and TKN decreased during
the warm months (June through September) and increased during
the cooler months (October through May) (Fig. 6a). Removal rates
were variable across months; however, the magnitude of that vari-
ability was consistent through time. The coefficient of variation
(CV) for both TN and TKN removal rates across months was about

55%. There was an increase in removal rate variability during the
later warm months (August and September); CV values increased
up to 85%.

The average percent mass removal for PON and TN during the
seven years of operation was 78+ 10% (mean 4 SD) and 24 4+ 9%,
respectively. Total N percent removal decreased much more dur-
ing warm months, relative to PON (Fig. 6b). During the warmer
summer/fall months, TN percent removal was less than 20%. Asso-
ciated with the summer decrease in percent removal, the CV
increased up to 66%. However, the CV associated with PON percent
removal, remained somewhat consistent, averaging 13%. This sug-
gests that the process governing PON removal (i.e. sedimentation)
was not affected by the time of year, whereas additional transfor-
mation processes like ammonification, nitrification-denitrification,
and assimilation may have affected TN percent removal.

Our results indicate that the dominant mechanism for
N removal within the marsh flow-way constructed wet-
land was sedimentation of PON. Annual removal rates were
31+10gTNm2yr-! (mean+SD). The dominance of PON in
inflows-coupled with high HLRs-provided high inlet loading rates,
which in turn, provided an opportunity for high removal rates.
Short retention times (3-5 days) limited the transformation rate
of settled particulates relative to the settling rate. Thus, it appears
that the settling of particles overwhelmed competing biogeochem-
ical processes such as decomposition and release of dissolved
N fractions. Braskerud (2002) reported that various constructed
wetlands in an agricultural landscape removed between 50 and
285g TNm~2yr~1, most of which was retained via sedimentation.
The high removal rates were stimulated by the high hydraulic load-
ingrates. Reinhardt et al. (2006) undertook an isotope mass balance
approach to quantify flux of N in a small constructed wetland.
In contrast to the previous study, they found that denitrification
accounted for 94% of the removal, while only 6% accumulated in
sediments. The TN removal rate reported was 45 gm~2yr-!. Many
other studies report that the dominant N removal pathway in wet-
lands is denitrifcation (Verhoeven et al., 2006; Batson et al., 2012;
Kadlec, 2012) with both denitrification and sedimentation related
to TN loading rate (Saunders and Kalff, 2001). The relative impor-
tance of one biogeochemical process to remove N, depends upon a
range of components that include characteristics of the inflowing
water (Kadlec, 2012), hydrologic characteristics of the site (Brinson
et al., 1984), environmental factors like the O, content of wetland
water and soil (Batson et al., 2012), along with wetland manage-
ment regimes.

Annual areal removal rates of DON and NOy were typically
negligible or slightly negative indicating N release (Table 2).
However, we did find that net production of NOx was greater dur-
ing cooler periods, as NOx concentrations tended to increase in
outflows (Fig. 3). This is not surprising due to the temperature-
dependent solubility of oxygen (Kadlec and Reddy, 2001); DO
concentrations tended to increase during cool periods and decrease
in warm periods. In cool periods, monthly DO concentrations
ranged between 3 and 5mg0, L1, while during warm periods,
monthly concentrations ranged between 1 and 2mgL-!. As the
marsh flow-way typically released NHy4, there probably was an
ample supply of ammonium for nitrification to occur during
cool periods; however, the rate of nitrate production may have
been limited during warm periods due to low DO concentra-
tions.

Ammonium release rates (denoted as a negative) were great-
est in 2006 and 2007 and least in 2004 (Table 2). As the marsh
flow-way retained most of its nitrogen in particulate organic frac-
tions (Table 2), there probably was an ample supply of organic
nitrogen for ammonification/mineralization to occur; thereby, sup-
plying NH4 to the water column. Further, organic N mineralization
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through December 2010.

can increase in wetland soils that are P loaded (White and Reddy,
2000), and the marsh flow-way has a P legacy in soils due to
the history of farming. Ammonium release rates were season-
ally dependent, with outflow concentrations typically increasing
during warm periods, when temperature was high and DO was
low (Figs. 3 and 7). During warm periods, water temperature

ranged between 25 and 29 °C, whereas during cool months, out-
flow water temperature ranged between 15 and 20°C. Average
monthly water temperatures for the complete operating period
was 22+5°C (mean+SD). As water passed through the marsh
flow-way, water temperature typically decreased by about 1-2°C
(data not shown).
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Table 2

Yearly nitrogen fractions (total nitrogen [TN], total Kjeldahl nitrogen [TKN], particulate organic nitrogen [PON], dissolved organic nitrogen [DON], ammonium [NH4], and
nitrate + nitrite [NOx]) that were removed or released from the marsh flow-way constructed wetland at Lake Apopka. Yearly values were calculated from monthly medians.
Yearly medians precede values in brackets. Values in brackets are the first and third quartiles. Year 2003 is a partial year (November 23 through December 31). All other

years are full calendar years through December 31, 2010. "Data was not available.

Year TN TKN PON DON NH4 NOx

gm2yr!
2003 7(%7) 8(%%) 14(%7) =5(%7) 0" -04(%7)
2004 37(31,54) 38 (30, 54) 56 (41, 57) ~3.4(-47,-0.1) —9(-17,-3) 0(-0.3,0.1)
2005 (12, 36) 25 (13, 37) 41(35,47) _3.4(-54,-15) ~17 (=19, —10) ~0.5(~1.5,0)
2006 2 (20, 55) 35(20, 55) 72 (62, 82) —2(-46,0.6) ~39(-48, —18) ~0.3(~12,0.1)
2007 39(34,44) 40 (34, 45) 63(61,92) -0.7(-34,0.3) —35(-41, -22) -0.3(-04,0.1)
2008 (28,62) 42 (28, 61) 70 (47, 81) ~2.6(-5.4,04) ~21(-24,-18) ~0.1(-0.3,0.1)
2009 (10, 21) 3(10,21) 36 (29, 39) —2(-35,-13) 17 (=22, -13) —0.2(-0.4,-0.1)
2010 (19, 34) 28 (19, 37) 51 (41, 57) _5.1(-5.9,-2) ~21(-25, -15) ~0.5(-3.5,-0.1)

As outflow water temperature increased, the relative propor-
tion of NH4 to DIN concentrations increased exponentially (Fig. 8).
Between water temperatures of 25 and 30 °C, NH,4 constituted more
than 95% of DIN. Conversely, as water temperatures decreased, the
relative proportion of NOy increased; however, even at relatively
low water temperatures (~10 °C) NOx was never the dominant DIN
fraction in marsh flow-way treated water.
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Fig. 6. (a) Plot of TN, TKN, PON, DON, NH4, and NOx monthly median mass areal
removal rates (gm~2 yr—!) for all months during the seven-year operating period
(November 2003 through December 2010). (b) Percent mass removal of TN and
PON during the same period. Values are also monthly medians.

3.4. Rate constants

For the period of marsh flow-way operation, annual k values
for TN averaged 22 +6myr-! (mean=+SD) and PON values were
85423 myr-! (mean + SD). Variability among years was high due
to greater k values occurring during the early years (2004-2006) of
operation relative to the later years (2007-2010). This was proba-
bly associated with the system start-up phase during the first few
years.

4. Implications for management

We manage the marsh flow-way, which is a free water surface
wetland, to maximize nutrient removal rates. We do not operate
and manage the system to achieve a specific outflow concentration
criterion. This is a major management difference to many con-
ventional constructed wetlands. Although empirical relationships
between removal rates and loading may not be useful for wetland
design (Kadlec and Wallace, 2009), we do find them important
for operation and management. For example, at a given loading
rate, how much removal might one expect? Since 2004, annual
TN loading rates were high, with subsequent high removal rates

(Fig. 9).

30 4.5
—O— Temperature
—@— Dissolved oxygen

28 - 4.0

26 35
‘TJ
—~ 24 Fr30 o
£ E
e 5
=1 (=
& 227 25 3
[9] o
Q e
§ g
= 20 r20 g
£
=}

18 15

16 1.0

14 T T T T T T 0.5

0 2 4 6 8 10 12 14
Month
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marsh flow-way treated water. We show all months during the seven-year operating
period (November 2003 through December 2010).
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We generally found higher TN and PON removal during win-
ter/spring periods relative to summer/fall periods. Using seasonal
data in a dynamic operational context, we have increased cost-
effectiveness for nutrient removal by shutting down cells that
perform poorly during the summer. Further, increasing HLR dur-
ing cooler periods, for example those periods when the system
removes highest rates of TN and PON, may also contribute to
increased N removal from eutrophic lake water.

Total Nitrogen

80
. [¢]
TNremoved = -5.55+0.29*TNin o
R2=0.54; p<0.001 3

60 -
s

QL 40 1
1S
(@)}
kel
(9]
>
o
§

o 20 1
z
'_

O 4

® Yearly
O Monthly
T T T T
0 50 100 150 200 250

TNIng m-2 yr'1

Fig. 9. Plot of total nitrogen (TN) inlet loading rate relative to areal removal rate
(gm~2yr-1). Open circles represent monthly medians and solid circles are yearly
medians.

Looking at constructed wetland performance and characteris-
tics during the long-term by using multiple lines of evidence helps
provide context and improve understanding of N removal perfor-
mance and system characteristics at the operational wetland-scale.
Tracking data (flows and water quality) through time and using
these data to support dynamic management decisions was, and is,
critical to sustaining present and future performance of a changing,
ecologically-engineered system.

We expect lake nutrient concentrations to decline during the
long-term because of reductions in watershed loading and through
efforts to reduce nutrients in the lake. Lower concentrations of N
in lake water have the potential to reduce loading rates; thereby,
affecting constructed wetland removal rates. This presents both a
challenge and an opportunity for wetland management. To respond
to decreases in nutrient concentrations, we may consider season-
ally increasing the HLR to sustain higher loadings and subsequently
higher rates of nutrient removal.

5. Conclusions

Our results indicate that the marsh flow-way constructed wet-
land removed significant amounts of nitrogen, mostly particulate
N, from eutrophic water. The dominant biogeochemical N removal
process for this constructed wetland was sedimentation. Removal
of N was affected by variation in lake water N concentrations, in
addition to variable HLRs. Areal removal rates were linearly related
to loading rates, and both TN and PON removal rates were great-
est when incoming lake N concentrations and HLR were high. This
increased the opportunity for N removal, which typically occurred
during cooler periods.

There were significant relationships between inflow and out-
flow concentrations. The strongest relationships occurred between
inflow/outflow concentrations of TN and PON fractions. Outflow
concentrations of NH4 were typically greater than inflow con-
centrations, with release being greatest during summer periods.
This was probably a result of increased water temperature and a
decrease in DO, with subsequent increases in ammonification.

The marsh flow-way, which is an ecologically-engineered sys-
tem, continues to change through time. Rate constants for removal
of TN and PON were greater in early years relative to later years.
To sustain N removal performance into the future, dynamic man-
agement of the system is required, as it responds to both declining
lake nutrient concentrations and within-system changes.

Acknowledgments

J. Peterson, P. Ek, E. Bailey, L. Lilja, and D. Nickerson conducted
water sampling and other field activities. C. Dewey, J. Richmond,
M. Henderson, and J. Shields provided engineering management
and support. Colleagues in the Department of Operations and Land
Resources were responsible for project maintenance. District lab-
oratory staff analyzed numerous water samples for a whole range
of parameters. E. Mace maintained the water quality database.

References

Ardén, M., Morse, ].L., Doyle, M.W., Bernhardt, E.S., 2010. The water quality conse-
quences of restoring wetland hydrology to a large agricultural watershed in the
Southeastern Coastal Plain. Ecosystems 13, 1060-1078.

Batson, ].A., Mander, U., Mitsch, WJ]., 2012. Denitrification and a nitrogen budget of
created Riparian Wetlands. J. Environ. Qual. 41, 2024-2032.

Bernhardt, E.S., Palmer, M.A,, Allan, ].D., Alexander, G., Barnes, K., Brooks, S., Carr, J.,
Clayton, S., Dahm, C., Follstad-Shah, ]., Galat, D., Gloss, S., Goodwin, P., Hart, D.,
Hassett, B., Jenkinson, R., Katz, S., Kondolf, G.M., Lake, P.S., Lave, R., Meyer, J.L.,
O’Donnell, T.K., Pagano, L., Powell, B., Sudduth, E., 2005. Synthesizing US river
restoration efforts. Science 308, 636-637.


http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0005
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0010
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0015

234 E.J. Dunne et al. / Ecological Engineering 61 (2013) 224-234

Blankenberg, A.G.B., Braskerud, B., Haarstad, K., 2006. Pesticide retention in two
small constructed wetlands: treating non-point source pollution from agricul-
ture runoff. Int. J. Environ. Anal. Chem. 86, 225-231.

Braskerud, B.C., 2002. Factors affecting nitrogen retention in small constructed wet-
lands treating agricultural non-point source pollution. Ecol. Eng. 18, 351-370.

Braskerud, B.C., Tonderski, K.S., Wedding, B., Bakke, R., Blankenberg, A.G.B., Ulen,
B., Koskiaho, J., 2005. Can constructed wetlands reduce the diffuse phospho-
rus loads to eutrophic water in cold temperate regions? J. Environ. Qual. 34,
2145-2155.

Brenner, M., Schelske, C.L., Keenan, L.W., 2001. Historical rates of sediment and
nutrient accumulation in marshes of the Upper St. Johns River Basin, FL, USA. J.
Paleolimnol. 26, 241-257.

Brinson, M.M., Bradshaw, H.D., Kane, E.S., 1984. Nutrient assimilative capacity of an
alluvial floodplain swamp. J. Appl. Ecol. 21, 1041-1057.

Collins, K.A., Lawrence, T.J., Stander, E.K., Jontos, R., Kaushal, S.S., Newcomer, T.A.,
Grimm, N.B., Ekberg, M.L.C., 2010. Opportunities and challenges for managing
nitrogen in urban stormwater: a review and synthesis. Ecol. Eng. 36, 1507-1519.

Coveney, M.F,, Stites, D.L., Lowe, E.F., Battoe, L.E., Conrow, R., 2002. Nutrient removal
from eutrophic lake water by wetland filtration. Ecol. Eng. 19, 141-159.

Coveney, M.F., 2009. The St. Johns River Water Management District’'s Restoration
Program for Lake Apopka, FL - Summary of Water Quality. Palatka, FL.

Craft, C.B., 1997. Dynamics of nitrogen and phosphorus retention during wetland
ecosystem succession. Wetlands Ecol. Manage. 4, 177-187.

David, M.B., Wall, L.G., Royer, T.V,, Tank, ].L., 2006. Denitrification and the nitrogen
budget of a reservoir in an agricultural landscape. Ecol. Appl. 16, 2177-2190.

Dean, H., Lowe, E.F., 1998. The restoration program for Lake Apopka, Florida. In:
WEFTEC 98: Water Environment Federation 71st Annual Conference and Expo-
sition, Orlando, FL, pp. 313-316.

DeMeester, J.E., DeB Richter, D., 2010. Differences in wetland nitrogen cycling
between the invasive grass Microstegium vimineum and a diverse plant com-
munity. Ecol. Appl. 20, 609-619.

Dunne, EJ., Coveney, M.F., Marzolf, E.R., Hoge, V.R., Conrow, R., Naleway, R., Lowe,
E.F., Battoe, L.E., 2012. Efficacy of a large-scale constructed wetland to remove
phosphorus and suspended solids from Lake Apopka, Florida. Ecol. Eng. 42,
90-100.

Echols, A., Vitousek, P., 2012. Managing water, harvesting results. Front. Ecol. Envi-
ron. 10, 3.

Healy, M.G., Rodgers, M., Mulqueen, J., 2007. Treatment of dairy wastewater using
constructed wetlands and intermittent sand filters. Bioresour. Technol. 98,
2268-2281.

Hernandez, M.E., Mitsch, W.J., 2007. Denitrification in created riverine wetlands:
influence of hydrology and season. Ecol. Eng. 30, 78-88.

Hoge, V., Conrow, R,, Stites, D.L., Coveney, M.F., Marzolf, E.R., Lowe, E.F., Battoe, L.E.,
2003. SWIM plan for Lake Apopka, Florida. St. Johns River Water Management
District, Palatka, Florida.

Howarth, R., Swaney, D., Billen, G., Garnier, ]J., Hong, B., Humborg, C., Johnes, P.,
Morth, C.-M., Marino, R., 2012. Nitrogen fluxes from the landscape are controlled
by net anthropogenic nitrogen inputs and by climate. Front. Ecol. Environ. 10,
37-43.

Howarth, R., Chan, F., Conley, DJ., Garnier, J., Doney, S.C., Marino, R., Billen, G.,
2011. Coupled biogeochemical cycles: eutrophication and hypoxia in temperate
estuaries and coastal marine ecosystems. Front. Ecol. Environ. 9, 18-26.

Hunt, P.G., Poach, M.E., Matheny, T.A., Reddy, G.B., Stone, K.C., 2006. Denitrifica-
tion in marsh-pond-marsh constructed wetlands treating swine wastewater at
different loading rates. Soil Sci. Soc. Am. ]. 70, 487-493.

Kadlec, R.H., 2005a. Nitrogen farming for pollution control. J. Environ. Sci. Health.
Part A Toxic/Hazard. Subst. Environ. Eng. 40, 1307-1330.

Kadlec, R.H., 2005b. Phosphorus removal in emergent free surface wetlands. J. Envi-
ron. Sci. Health. Part A Toxic/Hazard. Subst. Environ. Eng. 40, 1293-1306.

Kadlec, R.H., 2009. Wastewater treatment at the Houghton Lake wetland: hydrology
and water quality. Ecol. Eng. 35, 1287-1311.

Kadlec, RH., 2010. Nitrate dynamics in event-driven wetlands. Ecol. Eng. 36,
503-516.

Kadlec, R-H., 2012. Constructed marshes for nitrate removal. Crit. Rev. Environ. Sci.
Technol. 42, 934-1005.

Kadlec, R.H., Reddy, K.R., 2001. Temperature effects in treatment wetlands. Water
Environ. Res. 73, 543-557.

Kadlec, R.H., Knight, R.L., 1996. Treatment Wetlands. CRC Press, Boca Raton, FL.

Kadlec, R.H., Wallace, S.D., 2009. Treatment Wetlands, 2nd ed. CRC Press, Boca Raton,
FL.

Kadlec, R.H., Roy, S.B., Munson, R.K,, Charlton, S., Brownlie, W., 2010. Water quality
performance of treatment wetlands in the Imperial Valley, California. Ecol. Eng.
36, 1064-1069.

Kayranli, B., Scholz, M., Mustafa, A., Hedmark, A., 2010. Carbon storage and fluxes
within freshwater wetlands: a critical review. Wetlands 30, 111-124.

Lowe, E.F., Battoe, L.E., Stites, D.L, Coveney, M.F., 1992. Particulate phosphorus
removal via wetland filtration: an examination of potential for hypertrophic
lake restoration. Environ. Manage. 16, 67-74.

Martin, M., Oliver, N., Hernandez-Crespo, C., Gargallo, S., Regidor, M.C., 2013. The
use of free water surface constructed wetland to treat the eutrophicated waters
of lake L’Albufera de Valencia (Spain). Ecol. Eng. 50, 52-61.

Maynard, J.J., 0’Geen, A.T., Dahlgren, R.A., 2009. Bioavailability and Fate of Phospho-
rus in Constructed Wetlands Receiving Agricultural Runoff in the San Joaquin
Valley, California. J. Environ. Qual. 38, 360-372.

Mitsch, W.]., Gosselink, ].G., 1993. Wetlands, 2nd ed. John Wiley and Sons, Inc., New
York.

Olila, O0.G., Reddy, K.R,, Stites, D.L., 1997. Influence of draining on soil phosphorus
forms and distribution in a constructed wetland. Ecol. Eng. 9, 157-169.

Pant, H.K,,Reddy, K.R.,2001. Hydrologic influence on stability of organic phosphorus
in wetland detritus. J. Environ. Qual. 30, 668-674.

Picard, C.R,, Fraser, L.H., Steer, D., 2005. The interacting effects of temperature and
plant community type on nutrient removal in wetland microcosms. Bioresour.
Technol. 96, 1039-1047.

Poach, M.E., Hunt, P.G.,Reddy, G.B., Stone, K.C., Johnson, M.H., Grubbs, A.,2007. Effect
of intermittent drainage on swine wastewater treatment by marsh-pond-marsh
constructed wetlands. Ecol. Eng. 30, 43-50.

Power, A.G., 2010. Ecosystem services and agriculture: tradeoffs and synergies. Phi-
los. Trans. R. Soc. B: Biol. Sci. 365, 2959-2971.

Reddy, K.R,, Kadlec, R.H., Flaig, E., Gale, P.M., 1999. Phosphorus retention in streams
and wetlands: a review. Crit Rev. Environ. Sci. Technol. 29, 83-146.

Reddy, K.R., Patrick Jr.,, W.H., 1984. Nitrogen transformations and loss in flooded
soils and sediments. CRC Crit. Rev. Environ. Control 13, 273-309.

Reinhardt, M., Muller, B., Gachter, R., Wehrli, B., 2006. Nitrogen removal in a small
constructed wetland: an isotope mass balance approach. Environ. Sci. Technol.
40, 3313-3319.

Saunders, D.L., Kalff, ]., 2001. Nitrogen retention in wetlands, lakes and rivers. Hydro-
biologia 443, 205-212.

Schipper, L.A., Robertson, W.D., Gold, AJ]., Jaynes, D.B., Cameron, S.C., 2010. Denitri-
fying bioreactors — an approach for reducing nitrate loads to receiving waters.
Ecol. Eng. 36, 1532-1543.

Sharpley, A.N., 1999. Global issues of phosphorus in terrestrial systems. In: Reddy,
K.R., O’Connor, G.A., Schelske, C.L. (Eds.), Phosphorus Biogeochemistry in Sub-
tropical Ecosystems. Lewis Publishers, Boca Raton, FL, pp. 15-46.

Tao, W.D., Wen, J.F., Han, Y., Huchzermeier, M.P., 2012. Nitrogen removal in con-
structed wetlands using nitritation/anammox and nitrification/denitrification:
effects of influent nitrogen concentration. Water Environ. Res. 84, 2099-2105.

Toth, L.A., 1993. The ecological basis of the Kissimmee River restoration plan. Florida
Scientist 56, 25-51.

Toth, L.A., 2010. Restoration response of relict broadleaf marshes to increased water
depths. Wetlands 30, 263-274.

Verhoeven, J.T.A., Arheimer, B., Yin, C.Q., Hefting, M.M., 2006. Regional and global
concerns over wetlands and water quality. Trends Ecol. Evol. 21, 96-103.

Watson, T.K,, Kellogg, D.Q., Addy, K., Gold, A}]., Stolt, M.H., Donohue, S.W., Groffman,
P.M,, 2010. Groundwater dentrification capacity of riparian zones in suburban
and agricultural watersheds. J. Am. Resour. Assoc. 46, 237-245.

White, ].R., Reddy, K.R., 2000. Influence of phosphorus loading on organic nitrogen
mineralization of everglades soils. Soil Sci. Soc. Am. J. 64, 1525-1534.

White, J.R.,, Reddy, K.R., 2003. Nitrification and denitrification rates of Everglades
wetland soils along a phosphorus-impacted gradient. J. Environ. Qual. 32,
2436-2443.


http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0020
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0025
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0030
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0035
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0040
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0045
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0050
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0055
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0060
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0065
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0070
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0075
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0080
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0085
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0090
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0095
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0100
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0105
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0110
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0115
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0120
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0125
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0130
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0135
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0140
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0145
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0150
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0150
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0150
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0150
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0150
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0150
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0150
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0155
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0155
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0155
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0155
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0155
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0155
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0155
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0155
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0155
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0160
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0165
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0170
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0175
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0180
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0185
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0190
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0195
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0200
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0205
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0210
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0215
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0220
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0225
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0230
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0235
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0240
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0245
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0250
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0255
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0260
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0265
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0270
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275
http://refhub.elsevier.com/S0925-8574(13)00385-6/sbref0275

