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Abstract Dissolved organic carbon (DOC) dynam-
ics in streams is important, yet few studies focus on
DOC dynamics in Midwestern streams during storms.
In this study, stream DOC dynamics during storms in
two Midwestern watersheds with contrasting land
uses, the change in character of stream DOC during
storms, and the usability of DOC as a hydrologic
tracer in artiWcially drained landscapes of the Mid-
west are investigated. Major cation/DOC concentra-
tions, and DOC speciWc UV absorbance (SUVA) and
Xuorescence index (FI) were monitored at 2–4 h inter-
vals during three spring storms. Although DOC is less
aromatic in the mixed land use watershed than in the
agricultural watershed, land use has little impact on
stream DOC concentration during storms. For both
watersheds, DOC concentration follows discharge,
and SUVA and FI values indicate an increase in
stream DOC aromaticity and lignin content during
storms. The comparison of DOC/major cation Xushing

dynamics indicates that DOC is mainly exported via
overland Xow/macropore Xow. In both watersheds,
the increase in DOC concentration in the streams dur-
ing storms corresponds to a shift in the source of
DOC from DOC originating from mineral soil layers
of the soil proWle at baseXow, to DOC originating
from surWcial soil layers richer in aromatic substances
and lignin during storms. Results also suggest that
DOC, SUVA and FI could be used as hydrologic trac-
ers in artiWcially drained landscapes of the Midwest.
These results underscore the importance of sampling
streams for DOC during high Xow periods in order to
understand the fate of DOC in streams.
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Introduction

A thorough understanding of carbon cycling in the
environment is critical in order to predict the eVects
of climate change in a world where biogeochemical
cycles are increasingly inXuenced by human activi-
ties. Carbon dynamics in streams is a critical compo-
nent of the carbon cycle and acidiWcation processes
(Wigington et al. 1996). For instance, organic carbon
dynamics in streams during high Xow periods inXu-
ences heterotrophic productivity and respiration in
small streams, which is important in inXuencing rates
of C cycling and short term CO2 outgasing (Dalzell
et al. 2005). Understanding the processes controlling
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the delivery of organic carbon to streams is therefore
important in order to be able to predict the impact of
changes in land use and precipitation patterns on C
cycling in streams, assist in the development of better
water quality criteria for the future (e.g. total
maximum daily load criteria), and assist modelers in
developing better algorithms linking precipitation,
discharge, landscape characteristics, and organic
carbon concentration in streams.

It is well established that most carbon export occurs
during precipitation events when large quantities of
solutes (including dissolved organic carbon (DOC))
are Xushed from the soil proWle (Boyer et al. 1997).
Nevertheless, recent research on DOC dynamics at the
watershed scale suggests that considerable uncertain-
ties still remain on the processes controlling DOC
delivery to streams during storms. For instance, in for-
ested mountainous catchments of Colorado, stream
DOC concentration typically peaked prior to dis-
charge, on the rising limb of the snowmelt hydrograph,
and then quickly decreased as snowmelt continued
(Hornberger et al. 1994; Boyer et al. 1997). To the
contrary, Inamdar et al. (2004) indicate that DOC typi-
cally peaked with or slightly after the peak in discharge
during summer storms in a forested catchment of the
Adirondack Mountains, NY. Research in H.J. Andrews
experimental forest in Central Oregon has also shown
that the character of DOC (aromaticity, relative abun-
dance of humic–non humic substances) in streams var-
ies during storms, indicating a change in the source of
DOC to the stream as a function of discharge (Hood
et al. 2006). In that study, Hood et al. (2006) used the
Xuorescence properties of DOC and the changes in the
speciWc UV absorbance of DOC (SUVA) during
storms to show the change in character of stream DOC
during Xushing in three small watersheds (<100 ha).
High SUVA is related to a high amount of aromatic
substances (Weishaar et al. 2003; Mladenov et al.
2005) and the Xuorescence properties of DOC are
related to the presence of lignin and can be used to dis-
tinguish between aquatic autochthonous material that
lacks lignin and allochthonous (terrestrial) material
containing lignin (McKnight et al. 2001).

Research therefore suggests complex delivery Xow-
paths for DOC in mountainous catchments, including
variations in the sources of DOC to streams during
storms. In addition, recent research has also suggested
that DOC can be employed as a useful hydrologic
tracer in a watershed context (Katsuyama and Ohte

2002; McGlynn and McDonnell 2003; Hood et al.
2006). For instance, in a forested mountainous catch-
ment of New Zealand, McGlynn and McDonnell
(2003) indicate that DOC could potentially be used to
identify the mixing of spatially distinct streamXow
source waters at the catchment outlet. Similarly,
Katsuyama and Ohte (2002) successfully used the
Xuorescence properties of DOC as a hydrologic tracer
in forested headwater catchments in Japan.

Over the past 10 years, many studies have there-
fore investigated the processes controlling the deliv-
ery of DOC to streams, the change in the character of
stream DOC during storms, and the usability of DOC
as a hydrologic tracer in forested mountainous catch-
ments (Katsuyama and Ohte 2002; McGlynn and
McDonnell 2003; Inamdar et al. 2004; Hood et al.
2006). However, there is a lack of similar studies in
agricultural and urban Midwestern watersheds,
despite the importance of many Midwestern water-
sheds as nutrient and carbon sources to the Missis-
sippi River and eventually the Gulf of Mexico
(Goolsby et al. 2000; Royer et al. 2006). Dalzell et al.
(2005) investigate the quantity, source, and relative
degradation state of total organic carbon in an agricul-
tural watershed of the Midwest by collecting aquatic
organic matter during Xood and baseXow conditions,
but did not investigate the progressive change in the
character of DOC in streams during storms as a func-
tion of discharge at a high temporal resolution. The
objectives of this study are therefore threefold: (1)
develop a better understanding of stream DOC
dynamics (concentration, timing of delivery to
streams) across land uses in glaciated landscapes of
the Midwest during storms; (2) determine the change
of character of stream DOC during storms in an agri-
cultural and a mixed urban/agricultural land use
watershed, and (3) assess the usability of DOC as a
hydrologic tracer in artiWcially drained landscapes of
the Midwest. The research approach chosen in this
study is similar to the one used by Hood et al. (2006)
in a forested watershed in Central Oregon. It consists
in monitoring the change in the quantity and character
of DOC in the stream during storms, and in compar-
ing the Xushing behavior of DOC to major cation
Xushing characteristics. This approach allows for
the determination of the Xowpath associated with the
Xushing of DOC from the soil proWle, and for the
determination of the usability of DOC as a hydrologic
tracer at the watershed scale.
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Study area

The two Wrst order watersheds used in this study are
located in Central Indiana near Indianapolis, IN,
USA. Indiana has a temperate continental and humid
climate. The average annual temperature for central
Indiana is 11.7°C with an average January tempera-
ture of ¡3.0°C and an average July temperature of
23.7°C. The long term average annual precipitation
(1971–2000) in the watersheds studied is 105 cm
(NOAA 2005). Highest stream discharge is observed
in March while the lowest discharge typically occurs
in September (Clark 1980). Topography in the area is
nearly Xat with slope angles mainly between 1 and
2% despite steeper areas of 2–6% slopes (Waldrip
and Roberts 1972). Sediments are mainly composed
of till, outwash and patchy thin loess. These uncon-
solidated glacial deposits may be several hundred feet
thick and are dominated by till. Soil proWles in Cen-
tral Indiana and in the watersheds studied in particular
are poorly drained, deep, and nearly level to gently
sloping silt loams and silty clay loams (USDA 1974).

Study Watershed A (Fig. 1) is a 10.9 km2 agricul-
tural watershed with a stream length of 5.7 km and an
average slope of 0.08%. ArtiWcial tile drainage is
widely used in this watershed and land use is approxi-
mately 85% agricultural (corn-soybean rotation) with
small percentages of residential, forest, and other land
uses (roads, open water). Study Watershed M (Fig. 1)
is a 6.7 km2 mixed land use watershed with a stream
length of 4.6 km and an average slope of 0.4%. This
watershed consists of residential neighborhoods
(33%), agriculture (tile drained Welds with corn-soy-
bean rotation) (33%), pasture (17%), forest (13%) and
other land uses (roads, open water) (4%). Single-fam-
ily residential dwellings built in the 1980 s-to-present
dominate development in the residential areas. New
neighborhoods in the headwaters of watershed M
contains at least three artiWcial wet retention ponds
that feed into the stream.

Methods

Three storm events were monitored between May
2006 and July 2006 (Fig. 2). Precipitation timing and
intensity was recorded at 15-min intervals in each
watershed by two Vaisala WXT510 Multi-Parameter
Transmitter weather stations. In addition, graduated

rain gages were distributed throughout each water-
shed (10 in Watershed A; 5 in Watershed M) to cap-
ture variability in bulk precipitation and chemistry of
precipitation (Fig. 1). Stream stage was recorded at
15-min intervals using a levelogger (Solinst 3001) at
each watershed outlet. A Doppler acoustic velocity
meter (Sontek Argonaut-SW) was installed in rotation
at the outlet of each watershed to develop a rating
curve for discharge estimation. A simple mixing
model using oxygen-18 of water was also used to sep-
arate event (direct precipitation/overland Xow/prefer-
ential Xow) from pre-event water (water stored in the
watershed prior to the storm event) in the streams
during the storms studied (Sklash, 1990; Hill and
Waddington 1993). A detailed description of the
methodology and results of this hydrograph separa-
tion is presented in details in Wagner et al. (2008).
Soil characteristics were determined using a combina-
tion of Weld observation and USDA soil maps. In
addition, a total of 20 piezometers were installed in
watershed A to characterize groundwater chemistry
under agricultural land use. All piezometers were

Fig. 1 Experimental site locations

Watershed M

Watershed A

0        1        2 km

Rain gage Weather station P Piezometers

P
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installed using a hand auger and constructed of
1.27 cm diameter PVC pipe with a 20 cm screen
length. In watershed A, ten of these piezometers were
installed at 90 cm depth and ten at 150 cm depth at
the boundary between an agricultural Weld (corn/soy
rotation) and a riparian zone along a deeply incised
(3 m deep) section of the stream channel to capture
the groundwater chemistry under agricultural condi-
tions. A total of six tile drain outlets draining agricul-
tural Welds were also sampled to further characterize
groundwater chemistry under agricultural conditions
in the watersheds studied. Finally, three residential
water retention ponds were sampled before each
storm in watershed M to characterize water chemistry
originating from residential areas. Stream samples
were collected during storms using four ISCO brand
auto-samplers, with two samplers located at the outlet
of each watershed. One sampler per watershed con-
tained bottles with 8 mL of 11 N sulfuric acid to pre-
serve the DOC (Standard Method SM 5310C). ISCO
brand auto-samplers were triggered manually and
samples were taken every two hours on the rising
limb of the hydrograph and every four hours on the
falling limb. Each stream sample is a composite of 4
sub-samples taken every 30–60 min. Field blanks
(Milli-Q water) were collected to insure the integrity
of Weld sampling methods.

All water samples were Wltered using Whatman
GF/F 0.7 �m Wlters within a few hours of collection
and frozen until analysis for DOC and major cations
(generally within a few weeks of collection).
Although freezing samples with high DOC concentra-
tions (>15 mg/L) may aVect DOC, SUVA and FI
values, freezing typically does not aVect these param-
eters if DOC concentrations are less than 15 mg/L
(Hood 2007, oral communication).Triplicate analysis
of 10% of all samples and the analysis of check

standards every 10 samples were performed to assess
measurement error. DOC samples were analyzed
using a persulfate oxidation to CO2 and an OI Analyt-
ical DOC/DIC analyzer interfaced to an IRMS.
SUVA was determined following the method
described by Weishaar et al. (2003) using a UV spec-
trometer (Ocean Optics Inc.) and a quartz cell of 1 cm
path length. SUVA was obtained by dividing the
UV absorbance of each water sample at 254 nm
(measured in m¡1) by the DOC concentration and is
reported in units of L mg C¡1 m¡1 (Weishaar et al.
2003). The Xuorescence index of each DOC sample
was measured using a full range Xuorometer (Gilford
Fluoro IV spectroXuorometer) and is expressed as the
ratio of the emission intensity at 450 nm to that of the
emission intensity at 500 nm, with an excitation
wavelength of 370 nm (McKnight et al. 2001). Major
cation concentrations were determined using a Dionex
DX500 Ion Chromatograph with a CS15 column and
an 11 N sulfuric acid eluent.

Results

Storm characteristics and stream hydrology

Stream hydrographs (15 min intervals) for watersheds
A and M between May 2006 and July 2006 are shown
on Fig. 2. Average discharges for the study period in
watersheds A and M were 139 L/s and 147 L/s,
respectively. For the three spring storms studied in
each watershed, bulk precipitation, average intensity,
maximum intensity and 7-day antecedent precipita-
tion are shown in Table 1. In both watersheds, storm 1
is the smallest and storm 3 is the largest, both in terms
of bulk precipitation and in terms of the increase in
discharge generated in each watershed. In watershed

Fig. 2 Daily precipitation 
(cm) and stream discharge 
(L/s) (15 minute intervals) 
between May 2006 and July 
2006. Numbers 1, 2 and 3 
indicate the storms studied. 
The Wrst, second and third 
pulses in discharge during 
storm 3 are indicated by i, ii, 
and iii
123



Biogeochemistry (2008) 88:257–270 261
A, storm 3 contained 3 pulses with the Wrst pulse
being the largest. To the contrary, the third pulse in
discharge is the largest in watershed M for storm 3.
Overall, discharge increased in watershed A from less
than 50 L/s to 360 L/s for storm 1, 1,500 L/s for storm
2, and 2,900 L/s for storm 3 (Fig. 2). In watershed M,
discharge increased from less than 100 L/s to 470 L/s
for storm 1, 2,100 L/s for storm 2 and 5,200 L/s for
storm 3. The average water table depth below ground
surface (BGS) as measured in piezometers before
each storm was 90 cm BGS for storm 1, 80 cm BGS
for storm 2 and 52 cm BGS for storm 3. As indicated
earlier, a thorough analysis of each storm using a
simple hydrograph separation technique based on
oxygen-18 of water was also conducted to determine
the proportion of event and pre-event water in the
stream for each storm. BrieXy, although hydrograph
separations indicate that streamXow was dominated
by pre-event water for all storms in both watersheds,
the proportion of event and pre-event water in the
stream varied during the storms studied and between
land uses (Table 2). Average contributions of event
water were larger in watershed M than watershed A
for storm 1, similar for storm 2, and smaller than in
watershed A for storm 3 (Table 2). However, maxi-
mum instantaneous contributions of event water to

stream Xow were consistently higher in watershed M
(77% for storm 1; 48% for storm 2, 96% for storm 3)
than in watershed A (32% for storm 1; 34% for
storm 2, 61% for storm 3). In all cases, maximum
event water contribution coincided with maximum
discharge (data not shown).

Concentration and spectroscopic characteristics
of DOC

The average DOC concentration, and SUVA and FI
values in shallow (90 cm) and deep (150 cm) piezom-
eters, in tile drains, in residential ponds and in the
streams before each storm are shown in Table 3.
Stream DOC concentration at baseXow in watershed
A (4.78 mg/L) is higher than in tile drains (2.28 mg/L)
but similar (p < 0.05) to groundwater (4.34 mg/L at
90 cm and 3.60 mg/L at 150 cm). In watershed M,
DOC is highest in retention ponds (6.11 mg/L). In
watershed A, SUVA in the stream at baseXow is
similar to SUVA of DOC in piezometers (p < 0.05),
but is higher than in tile drains. In watershed M, SUVA
of stream DOC at baseXow (1.09 L mg C¡1 m¡1) is
similar to SUVA of wet residential ponds (1.04 L
mg C¡1 m¡1). The Xuorescence index (FI) of stream at
baseXow ranges between the FI of deep piezometers

Table 1 Seven-day ante-
cedent precipitation (cm), 
bulk precipitation (cm), and 
average and maximum pre-
cipitation intensities (cm/h) 
for storms 1, 2, and 3 in 
watersheds A and M

7-day antecedent 
precipitation (cm)

Bulk 
precipitation (cm)

Average 
intensity (cm/h)

Maximum 
intensity (cm/h)

Watershed A

Storm 1 1.7 2.8 0.51 1.80

Storm 2 1.9 3.6 1.31 2.84

Storm 3 5.9 5.8 0.76 5.26

Watershed M

Storm 1 n/a 2.7 n/a n/a

Storm 2 1.9 3.4 2.96 4.55

Storm 3 3.8 8.0 0.96 6.22

Table 2 Average event water contribution (average % event)
as a % of total discharge for each storm, and maximum event (%
max event) and maximum pre-event (% max pre-event) water

contributions as percentage of instantaneous discharge for
storms 1, 2, and 3 for Watershed A and Watershed M

Watershed A Watershed M

Average % event % max event % max pre-event Average % event % max event % max pre-event

Storm 1 11 32 97 44 77 99

Storm 2 23 34 99 23 48 95

Storm 3 33 61 88 23 96 97
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and tile drains in both watersheds. Nevertheless, less
variation within each group (lower standard devia-
tion) is observed in the Xuorescence index in both
streams at baseXow than in any other group (except
when compared to the retention pond water group).

Changes in DOC, SUVA, and FI in the stream in
watersheds A and M during the three storms studied
are shown on Fig. 3 (storm 1), Fig. 4 (storm 2) and
Fig. 5 (storm 3). With the exception of storm 3 in
watershed A where DOC peaks slightly after the peak
in discharge during the Wrst and largest peak of the
storm, DOC peaks with discharge in both watersheds.
Maximum DOC concentrations in watershed A dur-
ing storms 1, 2, and 3 reach 5.0 mg/L, 7.6 mg/L and
11.1 mg/L, respectively. In watershed M, maximum
DOC concentration during storms 1 and 2 are higher
than in watershed A, but lower for storm 3 (6.5 mg/L
for storm 1, 8.9 mg/L for storm 2, 9.5 mg/L for storm
3). Average DOC concentrations in watershed A dur-
ing storms 1, 2, and 3 are 4.55 mg/L, 6.02 mg/L and
8.80 mg/L, respectively. In watershed M, average
DOC concentrations during the storms studied are
4.63 mg/L for storm 1, 6.38 mg/L for storm 2, and
6.95 mg/L for storm 3. However, when all samples
are combined, DOC concentration is higher (p < 0.01)
in watershed A (6.6 mg/L) than in watershed M
(6.0 mg/L).

Similarly to DOC, SUVA quickly increases and
decreases with discharge for all storms in both water-
sheds. In watershed A, maximum SUVA values are
3.4 L mg C¡1 m¡1 for storm 1, 3.9 L mg C¡1 m¡1 for
storm 2, and 4.4 L mg C¡1 m¡1 for storm 3, with aver-
age SUVA values for storms 1, 2, and 3 of 2.8 L mg
C¡1 m¡1, 2.1 L mg C¡1 m¡1, and 2.9 L mg C¡1 m¡1,
respectively. In watershed M, maximum SUVA values
for storm 1 is 1.9 L mg C¡1 m¡1, 3.8 L mg C¡1 m¡1

for storm 2, and 5.2 L mg C¡1 m¡1 for storm 3. Aver-

age SUVA values in watershed M are signiWcantly
lower (p < 0.01) than in watershed A with average
SUVA values of 1.3 L mg C¡1 m¡1, 1.8 L mg
C¡1 m¡1, and 1.9 L mg C¡1 m¡1, for storms 1, 2, and 3,
respectively.

Although FI appears to follow discharge in water-
shed M when it is less than 200 L/s (Fig. 3), FI is
inversely correlated to discharge during all storms in
both watersheds and drops quickly at the onset of the
storm as discharge and DOC concentration start
increasing in the streams (Figs. 3–5). Minimum FI
reached during the peak in discharge in watershed A
are 1.32, 1.19, and 1.19 for storms 1, 2, and 3, respec-
tively. Minimum values for FI in watershed M are
1.33 (storm 1), 1.24 (storm 2), and 1.19 (storm 3).
Average FI values for the entire duration of the
storms are generally slightly higher in watershed M
(1.36 for storm 1, 1.32 for storm 2, 1.31 for storm 3)
than in watershed A (1.36 for storm 1, 1.28 for storm
2, 1.26 for storm 3).

DOC and major cation hysteresis

The Xushing dynamics of DOC and major cations is
presented using hysteresis analysis for storms 1, 2,
and 3 in each watershed in Fig. 6 (DOC) and Fig. 7
(cations). The hysteresis patterns for calcium and
sodium were similar to magnesium, suggesting a sim-
ilar Xushing behavior. Consequently, only the hyster-
eses for magnesium and potassium are shown on
Fig. 7 to minimize the number of Wgures. In water-
shed A, the analysis of DOC hystereses (Fig. 6) indi-
cates a clockwise rotation for storms 1, 2, and 3 with
the exception of the Wrst pulse in storm 3. This indi-
cates a higher concentration of DOC on the rising
limb of the storm hydrograph than on the falling limb,
except during the largest increase in discharge of all

Table 3 Average dissolved organic carbon concentration
(DOC), DOC speciWc UV absorbance (SUVA) and DOC Xuo-
rescence index (FI) in shallow (90 cm) and deep (150 cm) piez-

ometers, in tile drains, in residential water retention ponds, and
in the stream in watersheds A and M for baseXow conditions in
Spring 2006. Values in parenthesis indicate standard deviation

DOC (mg/L) SUVA (L mg C¡1 m¡1) Fluorescence index

Shallow Piezometer (90 cm) (n = 9) 4.34 (§1.30) 1.04 (§0.69) 1.36 (§0.09)

Deep Piezometer (150 cm) (n = 28) 3.60 (§1.30) 1.33 (§1.47) 1.34 (§0.13)

Tile drains (n = 17) 2.28 (§1.04) 0.72 (§0.58) 1.39 (§0.07)

Residential water retention ponds (n = 9) 6.11 (§1.22) 1.04 (§0.49) 1.38 (§0.03)

Stream in watershed A (n = 12) 4.78 (§1.39) 1.35 (§0.39) 1.37 (§0.03)

Stream in watershed M (n = 12) 4.85 (§1.10) 1.09 (§0.22) 1.36 (§0.02)
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Fig. 3 Discharge, stream 
dissolved organic carbon 
concentration (DOC) (mg/
L), speciWc UV absorbance 
of stream DOC (SUVA) 
(L mgC¡1 m¡1), and Xuo-
rescence index of stream 
DOC (FI) in watersheds A 
and M during storm 1
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Fig. 4 Discharge, stream 
dissolved organic carbon 
concentration (DOC) 
(mg/L), SpeciWc UV absor-
bance of stream DOC 
(SUVA) (L mgC¡1 m¡1), 
and Xuorescence index of 
stream DOC (FI) in 
watersheds A and M 
during storm 2
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storms (Wrst peak of storm 3) where the DOC hystere-
sis rotates in a counterclockwise motion, suggesting
higher DOC concentration on the falling limb of the
hydrograph than on the rising limb. In watershed M,
DOC Xushing dynamics for storm 1 and 2 was very
similar to DOC behavior in watershed A with hystere-
ses of similar shapes and rotations in a clockwise
direction. For storm 3, DOC hystereses all rotated in a
clockwise motion, whereas a counterclockwise rota-
tion was observed for the Wrst and largest peak in
watershed A.

For storm 2 and the second and third pulses of
storm 3 in watershed A, the shape and rotation of
potassium hystereses are similar to the one of DOC,
which indicates a similar Xushing behavior. Both
show an increase in concentration with discharge and
higher concentration on the rising limb than the fall-
ing limb (clockwise rotation). Although data also
indicate an increase in concentration with discharge
for both potassium and DOC for the Wrst and largest
peak in storm 3 in watershed A, the potassium hyster-
esis rotates in the clockwise direction and presents a
Wgure eight shape, whereas the DOC hysteresis
rotates in a counterclockwise direction and presents a
single loop. In watershed M, potassium data also indi-

cate an increase in concentration with discharge for
all storms but hysteresis loops in the counterclock-
wise direction, except for the largest and third peak in

Fig. 5 Discharge, stream 
dissolved organic carbon 
concentration (DOC) 
(mg/L), SpeciWc UV 
absorbance of stream DOC 
(SUVA) (L mgC¡1 m¡1), 
and Xuorescence index of 
stream DOC (FI) in 
watersheds A and M 
during storm 3
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discharge for storm 3. When compared to DOC
hysteresis loops, DOC and potassium in watersheds A
and M both increase with discharge, suggesting a
similar Xushing behavior.

In watershed A, hysteresis for magnesium indi-
cates a dilution trend as discharge increases, and
shows a clockwise rotation for all storms, except the
Wrst and largest peak in discharge for storm 3 for
which a counterclockwise rotation is observed. For
watershed M, magnesium hysteresis loops also indi-
cate a dilution trend for storms 1, 2, 3, with lower
concentrations at high discharge than at baseXow.
When DOC Xushing behavior is compared to magne-
sium Xushing dynamics, shapes are diVerent and
hysteresis rotations are not consistently the same, sug-
gesting overall diVerent Xushing behavior for DOC
and magnesium in both watersheds.

Discussion

As indicated on Figs. 3–5, DOC concentration
increases and decreases quickly with discharge
regardless of land use, and DOC concentration typi-
cally peaks with discharge. This suggests a quick
transfer of DOC to the stream as soon as discharge
increases due to precipitation. This behavior is similar
to the Xushing behavior of DOC reported by Inamdar
et al. (2004) in the Adirondack Mountains of New
York, where DOC peaks with or slightly after the
peak in discharge. When looking at DOC dynamics in
the streams studied, it does not appear that land use is
a strong control on stream DOC concentration or

dynamics. Indeed, DOC typically peaks with dis-
charge regardless of land use. In addition, although
when all storms are grouped together average DOC
concentration is slightly higher in watershed A
(6.6 mg/L) than M (6.0 mg/L), a detailed analysis of
each storm revealed that average DOC concentrations
for storms 1 and 2 were higher in watershed M than
A. On the other hand, precipitation characteristics /
discharge appear to be the primary control on stream
DOC concentration during storms. For both water-
sheds, DOC concentration is strongly positively cor-
related to discharge (Pearson correlation coeYcient
�xy = 0.65 in watershed A (n = 50); �xy = 0.69 in
watershed M (n = 56)). In addition, when the data
from watersheds A and M are grouped together, the
Pearson correlation coeYcient between discharge and
DOC concentration remains almost the same
(�xy = 0.65, n = 106). This suggests that precipitation
characteristics and stream response to precipitation
(discharge) are the primary controls on stream DOC
concentration during storms in spite of diVerences in
hydrological functioning between the two watersheds.
Indeed, although surWcial geology is the same in both
watersheds, artiWcial drainage is commonly used in
watershed A, whereas artiWcial wet retention ponds
that feed into the stream are present in watershed M.
In spite of these diVerences, land use appears to be
only a secondary control on DOC concentration in the
watersheds studied.

Another point of interest is that although hydro-
graph separation data indicate that the proportion of
event/pre-event water changes over the course of the
storms (Table 2), event water peaks with maximum

Fig. 7 Concentration/dis-
charge plots for potassium 
(K+) and magnesium (Mg2+) 
in watersheds A and M for 
storms 1, 2, and 3. Numbers 
3�, 3��, and 3��� indicate the 
1st, 2nd, and 3rd peaks in 
discharge during storm 3 for 
both watersheds A and M. 
Because of initial equipment 
malfunction, potassium 
hysteresis data for storm 1 in 
watershed A are not shown
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discharge (data not shown). The fact that event water
contribution is maximum when discharge is maxi-
mum and therefore when DOC concentration is at its
highest, suggests that high DOC concentrations are
associated with high contributions of event water
(direct precipitation/overland Xow/preferential Xow).
This is consistent with DOC being exported mainly as
overland Xow or preferential Xow through soil
macropores.

Overall, data suggest that the diVerences in precip-
itation event characteristics and associated response
in terms of discharge for each storm is directly related
to DOC concentration patterns, with DOC concentra-
tion showing a strong positive correlation with dis-
charge. Bulk precipitation, maximum precipitation
intensity and 7-day antecedent precipitation neverthe-
less all increase from storms 1 to 3, so although these
variables certainly aVect DOC exports, it is not possi-
ble to determine which of these precipitation charac-
teristics has the most impact on DOC concentration in
the streams studied.

Data also indicate that the increase in concentra-
tion of DOC in the streams studied during storms is
not simply due to an increased mobilization of a
given pool of DOC, but rather to the mobilization of a
diVerent pool of organic carbon than the organic
carbon pool contributing to baseXow. The increase in
the speciWc UV absorbance of DOC (SUVA) during
storms 1, 2, and 3 across land use indicates a change
in the character of stream DOC during storms. Using
the regression model developed by Weishaar et al.
(2003), where SUVA is directly linked to the percent
of aromaticity of DOC, the aromaticity of stream
DOC in watershed A increases from 15% to 25% dur-
ing storm 1, from 9% to 29% for storm 2, and from
7% to 32% for storm 3. Similarly, in watershed M,
the aromaticity of stream DOC increases from 9% to
16% for storm 1, from 10% to 28% for storm 2, and
from 7% to 38% for storm 3. It is important to note
here that DOC aromaticity was not directly measured
in this study and that the Weishaar model was not
developed for artiWcially drained landscapes of the
Midwest. Although this does not aVect the validity of
the patterns of aromaticity observed in this study,
caution should be used in interpreting the absolute
values of aromaticity estimates presented here.
Regardless, data indicate an increase in stream DOC
aromaticity during storms regardless of land use,
which is consistent with the mobilization of near sur-

face soil DOC rich in aromatic substances (Hood
et al. 2006). This is also consistent with the model of
DOC Xushing presented by McGlynn and McDonnell
(2003) in forested mountainous catchments of New
Zealand, which suggests that DOC early in the storm
likely originates from shallow organic soils which
have high concentrations of aromatic DOC.

Low SUVA values at baseXow in watersheds A
and M, and low SUVA values in tile drains and piez-
ometers at baseXow (Table 3) are also consistent with
stream DOC at baseXow originating from mineral
soils poor in aromatic substances (Hood et al. 2006).
Indeed, mineral soils such as soil derived from glacial
till are common in the watersheds studied. The water
table was also always below 50 cm deep before each
storm, indicating that during baseXow, the surWcial
soil rich in organic carbon and in aromatic substances
was hydrologically disconnected from the stream.
SUVA data therefore suggest that DOC originating
from mineral soils in the watersheds studied (low
SUVA) is likely the main source of DOC to the
stream at baseXow. As precipitation starts and stream
discharge increases, DOC richer in aromatic sub-
stances located near the soil surface is mobilized and
quickly reaches the stream (high SUVA).

For our watersheds, we believe that the presence of
tile drains oVers a quick transfer mechanism for near
surface soil DOC to the stream. We did not directly
measure the relative importance of overland Xow rel-
ative to the Xushing of near surface soil DOC to tile
drain via preferential Xow through soil macropores
during storms; however, many studies have shown the
importance of macropores in solute transport to tile
drains in artiWcially drained landscapes of the
Midwest (Kladivko et al. 1991; Kung et al. 2000a, b;
Stone and Wilson, 2006). In particular, Stone and
Wilson (2006) indicate that for two storms in an agri-
cultural watershed East of Indianapolis, IN, preferen-
tial Xow through soil macropores can represent up to
15% of total tile drain Xow, with maximum instanta-
neous contribution of 81%. This suggests that the
transport of near surface soil water to tile drains
through soil macropores can be an important transfer
mechanism in artiWcially drained landscapes. On the
other hand, many studies have also shown that the
mobilization of near surface soil DOC by overland
Xow could be an important transport mechanism for
DOC to streams (Stottlemyer and Toczydlowski
1991; Stevens et al. 1999; Hyer et al. 2001; Johnson
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et al. 2006). Consequently, we believe that in the
watersheds studied, the increased contribution of
DOC rich in aromatic substances to the streams dur-
ing storms is likely due to the mobilization of near
surface soil DOC rich in aromatic substances, and that
this DOC is transported to the streams via either over-
land Xow or preferential Xow through soil macrop-
ores. These results indicate that the increase in DOC
concentration in the stream during storms in the
watersheds studied is not simply due to an increased
mobilization of a given pool of DOC, but rather to a
shift in the dominant source of DOC from mineral
soil DOC poor in aromatic substances at baseXow, to
near surface soil DOC rich in aromatic substances
during storms. More investigations are underway to
characterize the nature and concentration of DOC in
tile drains during storms and the relative importance
of overland Xow and tile Xow in DOC export at the
watershed scale.

Average SUVA values in watersheds A and M also
indicate that on average, DOC is more aromatic in
the agricultural watershed (watershed A) than in the
mixed land use watershed (watershed M). Indeed, the
average percent of aromatic substances in stream
DOC as estimated using the Weishaar model (Weis-
haar et al. 2003) in watershed A is 22% for storm 1,
17% for storm 2, and 23% for storm 3; whereas it is
12% for storm 1, 15% for storm 2 and 16% for storm
3 in watershed M. The higher aromaticity of stream
DOC during storms in watershed A could simply be
due to the larger availability of crop residues rich in
aromatic substances near the soil surface in watershed
A, and to the widespread use of artiWcial drainage in
this watershed, which can facilitate the transfer of
near surface soil DOC rich in aromatic substances to
the stream via macropore Xow to tile drains. SUVA
data also indicate that in addition to land use, precipi-
tation characteristics and stream discharge inXuence
the nature of DOC in the stream. There are highly sig-
niWcant (p < 0.001) correlations between SUVA
values and discharge in both watersheds (�xy = 0.44
in watershed A, �xy = 0.77 in watershed M). This
suggests that although discharge cannot explain all
variations in SUVA values, high SUVA values tend
to be associated with high discharges. It is diYcult to
dissociate the impact of antecedent moisture condi-
tions (7 day antecedent precipitation), bulk precipita-
tion and maximum precipitation intensity on SUVA
or DOC values as all increase from storms 1 to 3;

however, there is a clear relationship between dis-
charge and SUVA suggesting that as discharge
increases, DOC in the stream becomes more aromatic
(higher SUVA). Although the total and maximum
contribution of new water to the stream increases
from storms 1 to 3 in watershed A, there are no clear
relationships between event water contributions and
discharge or precipitation characteristics in watershed
M (Table 1, 2). Higher event water contributions
(direct precipitation/overland Xow/preferential Xow)
therefore appear to be related to higher SUVA and
DOC values in watershed A, but no clear relation-
ships between event water contributions and SUVA
or DOC values are observed in watershed M.

Overall, inter-storm comparison clearly indicates
that variability in SUVA values during the storms
studied is directly related to discharge; however, no
clear relationships could be identiWed between spe-
ciWc precipitation characteristics and event water con-
tributions on one hand, and DOC concentrations and
SUVA values on the other.

In addition to SUVA data, the Xuorescence index
data (FI) are consistent with an inXux of terrestrial
DOC more aromatic and containing more lignin than
DOC at baseXow to both streams during storms. As
indicated by McKnight et al. (2001), the Xuorescence
index (FI) of Wltered whole water samples is related to
the presence or absence of lignin in organic matter,
and to aromaticity. Hood et al. (2006) indicate that the
FI of Wltered whole water samples can therefore be
used to diVerentiate between aquatic autochthonous
material that lacks lignin (high FI around 1.8) and ter-
restrial material that contains lignin (low FI around
1.3). In our streams, FI values range between 1.18 and
1.40 suggesting that most of the DOC in the streams
studied is terrestrial (allochthonous) in origin. This is
consistent with results reported by McKnight et al.
(2001), which indicate that most organic carbon in US
rivers is terrestrial in origin. It is nevertheless impor-
tant to note here that direct comparison of FI values
between studies is always diYcult as FI values tend to
be extremely sensitive to instrument type. Triplicate
analysis of 10% of all samples allowed us to deter-
mine a standard error on all measurements of 0.01.
Although the accuracy of our measurement was not
determined relative to other studies, the high preci-
sion of our measurements suggest that variations in FI
along the hydrograph reported in this study are
signiWcant. Although data suggest that most of the
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carbon in our streams is likely terrestrial in origin, the
sharp decrease in FI as discharge increases during
storms in both watersheds is consistent with an input
of terrestrial organic carbon rich in aromatic sub-
stances and containing a higher amount of lignin than
the DOC present in the stream at baseXow (McKnight
et al. 2001; Hood et al. 2006). FI values between 1.34
and 1.39 in piezometers and tile drains before the
storms (Table 3) are also consistent with DOC
present in groundwater before each storm having less
lignin and a lower aromaticity than DOC present in
the stream during storms (1.18 < FI < 1.32). These
results are consistent with SUVA data and with a
change in the source of DOC to the streams during
storms from terrestrial DOC originating from mineral
soil layers and containing low amounts of lignin at
baseXow, to near surface soil DOC with a higher aro-
maticity and containing a higher amount of lignin
during storms.

Finally, the comparison of DOC Xushing hystere-
ses with the Xushing trajectories of major cations
revealed that DOC was not exported along with mag-
nesium, but had a Xushing trajectory relatively similar
to potassium. As indicated by many studies, magne-
sium is typically exported via groundwater Xow and
dilution trends in magnesium concentration are often
observed as discharge increases (Reid et al. 1981;
Elwood and Turner 1989; Kahl et al. 1992; Hill 1993;
Hood et al. 2006). On the other hand, as indicated by
Hood et al. (2006), potassium concentration in
streams is likely to have precipitation contributions,
whereas magnesium is likely to have only weathering
contributions. It is also usual for potassium to be
applied to the soil surface in agricultural Welds along
with nitrogen. This suggests that magnesium is likely
exported with groundwater in the watersheds studied,
whereas potassium is more likely to be exported from
the soil surface via overland Xow or preferential Xow
through soil macropores. The similarity of DOC and
potassium Xushing trajectories in both watersheds is
therefore consistent with DOC being exported mainly
as overland Xow or preferential Xow through soil
macropores in the watersheds studied. These results
are also consistent with results reported by Hood et al.
(2006) for a forested mountainous watershed in Ore-
gon, where DOC and potassium often had similar
Xushing trajectories.

Another interesting aspect of this study is that it is
consistent with studies in forested mountainous

landscapes in that it indicates that DOC could be used
as a hydrological tracer to identify the mixing of vari-
ous water sources at the watershed scale (Katsuyama
and Ohte 2002; McGlynn and McDonnell 2003;
Hood et al. 2006). For instance, sharp changes in
DOC concentration, and SUVA and FI values of
stream DOC during storms suggest that diVerent
pools of water contribute DOC to the stream in diVer-
ent ways as storms progress. More research needs to
be conducted to better identify the chemical signature
of surface soil DOC vs. deeper soil DOC (90–150 cm);
however, our results suggest that the analysis of the
speciWc UV absorbance and Xuorescence properties
of DOC could be used in artiWcially drained land-
scapes of the Midwest to quickly separate water origi-
nating from the near soil surface from water originating
from deeper soil horizons.

Conclusion

This study investigates the changes in concentration
and character of stream DOC in an agricultural and a
mixed agricultural/urban land use watershed during
three spring storm events ranging from 2.8 to 8.0 cm
near Indianapolis, IN, USA. Although DOC is less
aromatic in the mixed land use watershed than in the
agricultural watershed, results indicate that land use
has little inXuence on DOC concentration or DOC
delivery to the streams studied. Instead, data indicate
that discharge/precipitation characteristics are the pri-
mary controls on stream DOC concentration. The
spectroscopic analysis of stream DOC (SUVA and
FI) reveal a clear shift in the source of DOC to the
streams during storms. In particular, results suggest
that the increase in DOC concentration in the streams
during storms is not simply due to the increased
mobilization of a given pool of DOC during storms,
but rather to the mobilization of near surface soil
DOC with higher aromaticity and lignin content than
the DOC derived from mineral layers of the soil pro-
Wle and contributing DOC to the stream at baseXow.
Together, SUVA and FI data, and the comparison of
DOC Xushing trajectories with major cations Xushing
behavior all point to DOC being exported via over-
land Xow or tile drains via preferential Xow through
soil macropore during storms, regardless of land use.
Results also suggest that DOC, SUVA and FI could
be used as hydrologic tracers to determine the mixing
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of various water reservoirs at the watershed scale in
artiWcially drained landscapes of the Midwest.

Overall, these results have signiWcant implications
regarding the fate of DOC in streams, as organic car-
bon containing high amounts of lignin is typically less
easily degraded than organic carbon containing low
amounts of lignin (Melillo et al. 1982). This study
also indicates that since most DOC is exported during
episodic precipitation events (Boyer et al. 1997; Dalz-
ell et al. 2007), it is essential to characterize the nature
of DOC in streams during high Xow periods, as
opposed to baseXow, in order to fully comprehend the
fate of DOC in streams. Additional research is under-
way to further characterize the relative contribution of
overland Xow and preferential Xow through soil mac-
ropores in DOC transport across land uses in glaci-
ated landscapes of the Midwest, as well as variations
in the character of DOC in tile drains during storms.

Acknowledgments This research was supported by a Central
Indiana Water Resources Partnership (C.I.W.R.P.) grant to
Dr. Vidon and a C.I.W.R.P. Fellowship to L. E. Wagner. The
C.I.W.R.P. is a research and development program between Ve-
olia Water Indianapolis LLC and the Center for Earth and Envi-
ronmental Science (C.E.E.S.) at Indiana University-Purdue
University at Indianapolis (IUPUI). The authors would also like
to thanks Drs. Tedesco and Licht for their input at various stages
of this project, and C.E.E.S for logistical support. Finally, the
authors would like to thank Lani D. Pascual and Dr. Dria for
help in the laboratory with SUVA and FI measurements.

References

Boyer EW, Hornberger GM, Bencala KE, McKnight DM
(1997) Response characteristics of DOC Xushing in an
alpine catchment. Hydrol Process 11:1635–1647

Clark GD (1980) The Indiana water resource—availability,
uses, and needs. Governor’s Water Resource Study
Commission, State of Indiana, Indiana Department of
Natural Resources,  508 p

Dalzell BJ, Filley TR, Harbor JM (2005) Flood pulse inXuences
on terrestrial organic matter export from an agricultural
watershed. J Geophys Res 110:G02011. doi:10.1029/
2005JG000043

Dalzell BJ, Filley TR, Harbor JM (2007) The role of hydrology
in annual organic carbon loads and terrestrial organic mat-
ter export from a midwestern agricultural watershed. Geo-
chim Cosmochim Acta 71(6):1448–1462

Elwood JW, Turner RR (1989) Streams: water chemistry and
ecology. In: Johnson DW, Van Hook RI (eds) Analysis of
biogeochemical cycling processes in Walker branch water-
shed. Springer-Verlag, New York, pp 301–350

Goolsby D, Battaglin WA, Aulenbach BT, Hooper RP (2000)
Nitrogen input to the Gulf of Mexico. J Environ Qual
30:329–336

Hill AR (1993) Base cation chemistry of storm runoV in a
forested headwater wetland. Water Resour Res 29(8):
2663–2673

Hill AR, Waddington JM (1993) Analysis of storm run-oV
sources using oxygen-18 in a headwater swamp. Hydrol
Process 7:305–316

Hornberger GM, Bencala KE, McKnight DM (1994) Hydrolog-
ical controls on dissolved organic carbon during snowmelt
in the Snake River near Montezuma, Colorado. Biogeo-
chem 25:147–165

Hood E, GooseV MN, Johnson SS (2006) Changes in the char-
acter of stream water dissolved organic carbon during
Xushing in three small watersheds, Oregon. J Geophys Res
111:G01007. doi:10.1029/2005JG000082

Hyer KE, Hornberger GM, Herman JS (2001) Processes con-
trolling the episodic streamwater transport of atrazine and
other agrichemicals in an agricultural watershed. J Hydrol
254(1–4):47–66

Inamdar SP, Christopher SF, Mitchell MJ (2004) Export mech-
anisms for dissolved organic carbon and nitrate during
summer storm events in a glaciated forested catchment in
New York, USA. Hydrol Process 18:2651–2661

Johnson MS, Lehmann J, Couto EG, Novaes JP, Riha SJ (2006)
DOC and DIC in Xowpaths of Amazonian headwater
catchments with hydrologically contrasting soils. Biogeo-
chem 81(1):45–57

Kahl JS, Norton SA, Haines TA, Rochette EA, Heath RH,
Nodvin SC (1992) Mechanisms of episodic acidiWcation
in low-order streams in Maine, USA. Environ Pollut
78:37–44

Katsuyama M, Ohte N (2002) Determining the sources of
stormXow from the Xuorescence properties of dissolved or-
ganic carbon in a forested headwater catchment. J Hydrol
268:192–202

Kladivko EJ, Van Scoyoc GE, Monke EJ, Oates KM, Pask W
(1991) Pesticide and nutrient movement into subsurface
tile drains on a silt loam soil in Indiana. J Environ Qual
20:264–270

Kung KJS, Steenhuis TS, Kladivko EJ, Gish TJ, Bubenzer G,
Helling CS (2000a) Impact of preferential Xow on the
transport of adsorbing and non-adsorbing tracers. Soil Sci
Soc Am J 64:1290–1296

Kung KJS, Kaldivko EJ, Gish TJ, Steenhuis TS, Bubenzer G,
Helling CS (2000b) Quantifying preferential Xow by
breakthrough of sequentially applied tracers: silt loam soil.
Soil Sci Soc Am J 64:1296–1304

McGlynn BL, McDonnell JJ (2003) Role of discrete landscape
units in controlling catchment dissolved organic carbon
dynamics. Water Resour Res 39(4):1090. doi:10.1029/
2002WR001525

McKnight DM, Boyer EW, WesterhoV PK, Doran PT, Kulbe T,
Andersen DT (2001) SpectroXuorometric characterization of
dissolved organic matter for indication of precursor organic
material and aromaticity. Limnol Oceanogr 46(1):38–48

Melillo JM, Aber JD, Muratore JF (1982) Nitrogen and lignin
control of hardwood leaf litter decomposition dynamics.
Ecology 63(3):621–626

Mladenov N, McKnight DM, Wolski P, Ramberg L (2005)
EVect of annual Xooding on dissolved organic carbon
dynamics within a pristine wetland, the Okavango Delta,
Bostwana. Wetlands 23(3):622–638
123

http://dx.doi.org/10.1029/2005JG000043
http://dx.doi.org/10.1029/2005JG000043
http://dx.doi.org/10.1029/2005JG000082
http://dx.doi.org/10.1029/2002WR001525
http://dx.doi.org/10.1029/2002WR001525


270 Biogeochemistry (2008) 88:257–270
NOAA (2005) Climatological data, Indianapolis. National
Oceanic and Atmospheric Administration, National Cli-
matic Data Center: http://www.crh.noaa.gov/ind/climate-
normals.txt. Date accessed: Jan 16, 2005

Reid JM, MacLeord DA, Cresser MS (1981) Factors aVecting
the chemistry of precipitation and river water in an upland
catchment. J Hydrol 50:129–145

Royer TV, David MB, Gentry LE (2006) Timing of riverine ex-
port of nitrate and phosphorus from agricultural water-
sheds in Illinois: Implications for reducing nutrient loading
to the Mississippi River. Environ Sci Technol 40:4126–
4131

Sklash MG (1990) Environmental isotope studies of storm and
snowmelt runoV generation. In: Anderson MG, Burt TP
(eds) Process studies in hillslope hydrology. Wiley, pp
410–435

Stevens DP, Cox JW, Chittleborough DJ (1999) Pathways of
phosphorus, nitrogen, and carbon movement through tex-
turally diVerentiated soils, South Australia. Aust J Soil Res
37(4):679–693

Stone WW, Wilson JT (2006) Preferential Xow estimates to an
agricultural tile drain with implications for Glyphosate
Transport. J Environ Qual 35:1825–1835

Stottlemyer R, Toczydlowski D (1991) Stream chemistry and
hydrologic pathways during snowmelt in a small water-
shed adjacent Lake-Superior. Biogeochem 13(3):177–197

USDA (1974) Soil Survey of Hendricks County, Indiana
Wagner LE, Vidon P, Tedesco LE, Gray M (2008) Stream

nitrate and DOC dynamics during three spring storms
across land uses in glaciated landscapes of the Midwest. J
Hydrol (in press)

Waldrip DB, Roberts MC (1972) The distribution of slopes in
Indiana. Proc Indiana Acad Sci 81:251–257

Weishaar JL, Aiken GR, Depaz E, Bergamaschi B, Fram M,
Fujii R (2003) Evaluation of speciWc ultra-violet absor-
bance as an indicator of the chemical composition and
reactivity of dissolved organic carbon. Environ Sci
Technol 37:4702–4708

Wigington PJ, Baker JP, DeWalle DR, Krester WA, Murdoch
PS, Simonin HA, Van Sickle J, McDowell MK, Peck DV,
Barchet WR (1996) Episodic acidiWcation of small streams
in the northeastern United States: ionic control of episodes.
Ecol Appl 6:389–407
123

http://www.crh.noaa.gov/ind/climatenormals.txt
http://www.crh.noaa.gov/ind/climatenormals.txt

	Changes in the character of DOC in streams during storms in two Midwestern watersheds with contrasting land uses
	Abstract
	Introduction
	Study area
	Methods
	Results
	Storm characteristics and stream hydrology
	Concentration and spectroscopic characteristics of DOC
	DOC and major cation hysteresis

	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


