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Abstract. The objective of this study was the detection 1 Introduction

and assessment of nutrient entry pathways in a complex

mesoscale lowland catchment. The central aim was the deSince December 2000, the integrated protection of all wa-
velopment of a transferable method for an efficient estima-er bodies has been legally regulated for all European Union
tion of instream water quality in rural environments. The member states by the European Water Framework Directive
investigated Kielstau catchment with a size of approximately(EC, 2000). Many rivers still do not reach a good status,
50 kn? is located in the North German lowlands. Land use Which is aimed at for the year 2015. Concerning the chemical
is dominated by agriculture as well as pasture and is characwater quality the sources of poor quality and their pathways
terised by extensive artificial drainage systems. Additionallyhave to be detected. Tributaries can have a substantial influ-
wastewater treatment plants influence the river water quality€nce on the nutrient balance of surface water bodies. Some

Six measuring campaigns were carried out over the periodl’ibutaries can differ considerably from the main stream re-
of one year. Each time, water quality was assessed at 18arding the analysed parameters. According to Johnes and
locations along a 12 km longitudinal transect of the streamBurt (1993), obvious changes of nutrient concentrations and
to consider the influence of each tributary or inflow. The re-10ads can occur downstream of tributaries and point sources.
sults showed that the applied measuring method was useful teowland areas are characterised by a flat topography, low
assess nutrient entry pathways into surface waters from difhydraulic gradients and near-surface groundwater. Drainage
fuse and point sources. Some tributaries increased the maisystems like tile drainage and open ditches change the natural
stream NQ-N concentrations especially in autumn. Using water balance and influence the instream water quality due to
a German classification system (LAWA, 1998), the ;NO & faster nutrient transport. Hooda et al. (1997) examined six
N results can mostly be assigned to water quality class llismall streams in agricultural catchment areas in Scotland and
(heavily contaminated). Water balance and nitrate loads weréound that field drains or smaller ditches, despite having rela-
modelled with the river basin scale model SWAT (Soil and tively high NOs;-N concentrations, contributed small overall
Water Assessment Tool, Arnold et al., 1998). The measuredoadings and had either only short-range or no detectable im-
and modelled discharges showed a good correlation. Whildact on stream concentrations. David et al. (1997) detected
nitrate load range and dynamics are well represented durin§igh NOs-N concentrations within the range of 5 to 49 mg/|
the summer periodsy they show a poor correlation during thén drainage tiles in an agricultural catchment area in lllinois.
winter period. In addition they found that during high flow events and in-
tense precipitation the drainage systems have a substantial
contribution to the N@-N loss from agricultural fields.

The objective of this study was the assessment of nutri-
ent entry pathways and the development of a transferable
methodology for an efficient estimation of water quality in
a complex hydrological lowland catchment. Measurement
campaigns, concepts and analyses of the presented approach
were adjusted to the demands of the European Water Frame-
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of the Kielstau with LAWA water quality classes (GK) at 2 dates:
The mesoscale investigation area “Kielstau catchment” is lo{above) 19 July 2006 and (below) 15 November 2006. Sampling
cated in the lowland area of Schleswig-Holstein in North- points situated upstream (a) and downstream (b) in the Kielstau as
ern Germany. Sandy and loamy soils are characteristic forvell as directly in the tributary (z).
the catchment, with peat occurring along the streams. Land
use is dominated by arable land and pasture. The maximum  \ethods
height difference is 49 m. The precipitation is 841 mm/a (sta-

tion Satrup, 1961-1990, DWD, 2008) and the mean annuairhe water quality was measured at seven single points (no. 0,
temperature 8L (station Flensburg 1961-1990, DWD, 1 4 5 10, 12, 15) and nine tributaries (ditches no. 3, 8, 14;
2008). The size of t_he Kielstau catchment (Fig. 1) is abOUtdrainage pipes no. 7, 11, 13; tributaries no. 2, 6, 9) along
50 kn?. The river Kielstau has a total length of 17 km and ¢ |ongitudinal profile of the Kielstau during six campaigns
flows through _the Lake Wl_nderatt, which is s_urrounded BY from March 2006 to January 2007 (Fig. 1). The first sample
nature protection areas with moderate grazing. There argas taken from the Lake Winderatt, the next sampling point
two important tributaries from the north, the Moorau and 55 sjtuated 700 m downstream of the lake outflow and the
the Hennebach. In addition various smaller tributaries ag,5¢ one was located at the gauge Soltfeld at the catchment
well as drainage pipes and open ditches discharge into thgiet (no. 15). Altogether a stream section of about 12 km
Kielstau. The drained fraction of agricultural area in the 55 considered. At the confluence of tributaries the sampling
Kielstau catchment is estimated to be 38% (Fohrer et al.;yk place upstream (a) and downstream (b) in the Kielstau
2007). ] ] ] ) as well as directly in the tributary (z; abbreviations used in
In the Kielstau catchment, nutrient entries from various Fig. 2). The nitrogen fractions NfHN, NO3-N and Nog were
farms in form of mineral fertiliser and manure application analysed in the lab according to standard methods using pho-
or animal husbandry in river vicinity as well as urban areasiometry and ion chromatography. A general water quality
and a total of six wastewater treatment plants play an imporassification was conducted using the “LAWA procedure for
tant role for the instream water quality (Schmalz etal., 2007).tne chemical classification of water bodies” (LAWA, 1998).
One wastewater treatment plant is situated at the beginning of e | AWA is the German Working Group on water issues of
the Moorau (3000 population equivalents), three are locateqne Federal States and the Federal Government. This system
along the Hennebach (461, 447, and 240 population equivagpecifies water quality classes (Table 1) from | (unpolluted)
lents) and another two (1880 and 350 population equivalents), |y (excessively contaminated). Quality class Il (moder-
are discharging directly into the Kielstau (Fig. 1). ately polluted) represents the target value for water quality
until the year 2015 according to the European Water Frame-
work Directive.

Additionally, an ecohydrological modelling exercise with
the river basin model SWAT (Soil and Water Assess-
ment Tool, Arnold et al., 1998, version 2005) was con-
ducted to simulate the water balance and water quality in
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Table 1. Water quality classes for surface water bodies according to LAWA (1998) and their thresholdsfd At NG;-N.

Water quality class Degree of degradation NN [mg/1] NO3-N [mg/l]
| unpolluted or very lightly polluted <0.04 <1

Il lightly polluted <0.1 <15

Il moderately polluted <0.3 <25

1-111 critically polluted <0.6 <5

II- heavily contaminated <12 <10

"-1v very heavily contaminated <24 <20

\% excessively contaminated >2.4 >20

this complex hydrological catchment. SWAT is a semi- 4 Nitrogen concentrations and loads

distributed, process-oriented model for simulating water, nu-

trient and pesticide transport in mesoscale catchments. Thé.1 Measured nitrogen concentrations along the river lon-
catchment area is represented by subbasins and Hydrological ~ gitudinal profile

Response Units (HRU; hydrotopes).

The Kielstau model is based on data collected during oufNOs-N concentrations at the beginning of the Kielstau down-
own measuring campaigns and data provided by Germastream of the Lake Winderatt (no. 1) were relatively low,
authorities and institutions (see in detail in Tavares, 2006 whereas the tributary Moorau (no. 2z) showed clearly ele-
Bieger, 2007): vated NQ-N values at all six measuring dates (Fig. 2). The

NH4-N concentrations were also high in the Moorau and in-

— digital elevation model 25m25 m (LVermA, 1995), creased the Kielstau concentrations at all six dates. The water

— soil map 1:200 000 (BGR, 1999), quality of the Moorau 'i§ strongly influenced by a wastewater
) treatment plant. Additionally a poultry farm in close prox-

— land use map 25m25m (Deutsches ZentrurifLuft-  jmity to the stream affects the water quality and storm water

und Raumfahrt DLR, 1995), drains from a nearby village enter the stream through a pipe.

_ climate data (temperature, precipitation, wind speed, Considering the summer period, in July 2006, no further

humidity) 1957-2006 (Deutscher Wetterdienst DWD NOs-N concentration increase by tributaries was measured,
2007) " because they were carrying little or no water or exhibited low

nutrient concentrations. Along the river profile B con-

— hourly discharge data of Kielstau at gauge Soltfeld centrations decreased by dilution, denitrification and plant
(StUa Schleswig, 2007) 1984-2006 uptake (Fig. 2). Looking at the late autumn conditions, in
yovember 2006, Tributaries no. 3, 6 and 13 caused an in-

crease of the observed N values in the Kielstau, result-
ing in a slight increase of the values along the entire river
The model runs covered the time period from Novemberprofile (Fig. 2).
1984 until October 2006. Due to lack of a longer measured In six agricultural catchment areas in Scotland also Hooda
time series the N@N modelling was conducted only for the etal. (1997) observed that nitrate stream concentrations were
period from June 2005 until October 2006. Simulations weregenerally larger downstream compared with upstream, re-
run on a daily time step. flecting input from the farms. Seasonal variations of riverine
The catchment was divided into 8 subbasins and 117export of nitrate from agricultural watersheds in lllinois were
HRUs. Wastewater treatment plants were implemented agxamined by Royer et al. (2006). They found that the major-
point sources. Fertiliser inputs were taken into consideratiority of the annual N@-N export occurred from mid-January
by adjusting the management options for the land use classethrough June across all monitored sites and years from 1994
Arable land is implemented with two different crop rotations to 2005.
considering a) winter wheat—rape, and b) maize. Measured Using the LAWA classification, the NON values
NOs-N concentrations (June 2005-October 2006 of Depart{Kielstau without tributaries) can be categorized in the fol-
ment of Hydrology and Water Resources Management ofiowing water quality classes:
Ecology Centre at Kiel University, Tavares, 2006, Bieger,
2007) were used for estimation of the model efficiency (Nash — mean of all 6 measurement campaigns: mostly IlI
and Sutcliffe, 1970). (range from 11 to I11)

— sewage disposal data of 6 wastewater treatment plant
(Kreis Schleswig-Flensburg, 2006).
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Fig. 3. Measured and modelled daily discharge at the Kielstau

catchment outlet, gauge Soltfeld, during calibration period Novem-Fig. 4. Measured and modelled daily NEN loads at the Kielstau

ber 1989-October 1999 (Nash-Sutcliffe index is 0.73; coefficient of catchment outlet, gauge Soltfeld, during calibration period June

correlation is 0.86). 2005-October 2006 (Nash-Sutcliffe index is 0.55; coefficient of cor-
relation is 0.84).

— in July 2006: mostly lI-lll (range from Il to Ill) (Fig. 2)

. 5 Conclusions
— in November 2006: mostly Ill (range from Il to III)

(Fig. 2).

4.2 Modelled nitrate loads

Nutrient entry pathways into surface waters from diffuse and
point sources were assessed by measurements and an eco-
hydrological modelling. Inputs from agriculture as well as

. . wastewater treatment plants were taken into account. We
Modelling the water balance with SWAT, the measured andtested a measuring method to consider the totality of in-

modelled discharges showed a good correlation with a Nash

Sutcliffe index of 0.73 during calibration period (November lows like larger tributaries as well as smaller ditches or drain
S i S tiles. The strat ful by identifying th i
1989-0ctober 1999; Fig. 3) and 0.46 during validation pe- res e strategy was successful by identifying the main

. - inflows which contribute the largest concentrations. Using
riod (November 1999-October 2006). The coefficient of cor- . :

: : the Kielstau catchment as an example for a typical lowland
relation was 0.86 and 0.73, respectively. The model setu P yp

. . . . . atchment with mainly agricultural land use and a large frac-
and the calibration were based on implementing drainage yeg 9

d d wetland I the adiust tof C tion of drained fields, this method is transferable to other
ponds and wetlands as well as on the adjustment of “UVg, 44 catchments with a large fraction of drained agricul-
Number values and specific groundwater parameters (B'ege{UraI areas

2007). The results can be used to assess the amounts of d|s—.|.he ecohydrological model SWAT was successfully used

f;?c:g: in the Kielstau area which is the base for load calcu-as a tool for the assessment of nutrient entry pathways

Ei 4sh th delled dailv N loads at th ¢ under differentiation into point and diffuse sources. The

let c:?turfz c;[cﬁvr::anteag;uz; Sol%‘le% deithot?]esSaWA'l? r(l)"nlé);iel agricultural entries into the river can be better quantified by

. : ‘considering different agricultural management practices. For
During the summer periods 2005 and 2006 the range as we 9 9 9 P

th ld ic of the nitrate load I is study we considered the current agricultural practices
as the general dynamic of the nitrate load were Well repre-, sewage disposals to represent the current status. For a
sented by the model. In contrast, the NN values during

the wint iod ted . Thi b tsustainable river basin management in terms of the European
i .E \f[\"g ?r E)eno were .relgrezentﬁ zporhy. IS Zan N E:j'\Nater Framework Directive potential different management
tributed 1o two reasons. FIrsty, the discharge and, accor options can be tested as scenario runs with the implemented
ingly, the nitrate loads are underestimated by the model. Sec-

. . . X model. Using the knowledge of the measurement campaigns
ondly, the higher N concentrations in winter, caused by N 9 9 baig

AT . and applying SWAT as a management tool, future strategies

mobilisation from the catchment, are not represented in the ; . :
e ' X . . . tan more easily be developed to improve the water qualit

model. The Nash-Sutcliffe index for the calibration period y P P a y

is 0.55 and the coefficier_1t of correlatio_n is 0.84_. _Calibration Qe:g;)é;]ntsgrgg s?rtatjh\?v;rtlgru ;ir;?i‘:’)’, Ellgé st rl]lein'\/lﬁgr;rél ;Ta?;:der
was conducted by the nitrate percolation coefficient as well
as by the rate factor for humus mineralization of active or-
ganic nutrients. Further calibration is required to improve
the model performance. The period of existing measuring

data is still too short for a model validation.
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