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Abstract. Diverting river water into agricultural areas or na- to counteract salinization (e.g. Roelofs, 1991; Runhaar et al.,
ture reserves is a frequently applied management strategy tt996; Delaune et al., 2005). In the Netherlands, for exam-
prevent fresh water shortage. However, the river water mighple, water inlet from the Meuse and Rhine rivers influences
have negative consequences for chemical and ecological wanore than 60 % of the surface water system in dry periods
ter quality in the receiving water bodies. This study aimed to(Roelofs, 1991).
obtain a spatial image of the diverted river water propagation In both agricultural areas and nature reserves, the inlet of
into a hydrologically complex polder area, the polder Quar-river water might have major negative consequences for wa-
les van Ufford in The Netherlands. We used anthropogenider quality. In some arid areas, the available river discharge
gadolinium (Gd-anomaly) as a tracer for river water that waslargely consists of untreated urban sewage effluent (Ryan et
diverted into the polder. A clear reduction in the river water al., 2006; Srinivasan and Reddy, 2009). Using this water for
contribution was found between very dry conditions on 5 Au- irrigation obviously brings risks for human health through
gust 2010 and very wet conditions on 22 October. Despite thénfection by pathogens and through accumulation of heavy
large river water impact on 5 August, the diverted river wa- metals in the food chain. In more temperate climates, pol-
ter did not propagate up into the small agricultural headwateilutant concentrations in river discharge may also increase in
ditches. Gadolinium proved to be an effective tracer for di- dry periods due to less dilution of industrial spills and (par-
verted river water in a polder system. We applied our resultdially treated or untreated) sewage effluent. Van Vliet and
to upgrade the interpretation of water quality monitoring dataZwolsman (2008) reported a general deterioration of the wa-
and to validate an integrated nutrient transport model. ter quality of the Meuse river (France, Belgium, The Nether-
lands) during droughts with respect to many elements includ-
ing nutrients and heavy metals.

Diverted river water often causes direct or indirect eu-
1 Introduction trophication in the receiving surface waters. In the coastal

wetlands of Louisiana (US), for example, water inlet from

Local governments invest heavily in the identification and the Mississippi is used to counteract the increasing salt-water
mitigation of water quality problems. In many agricultural ar- jntrusion due to ongoing land subsidence (Delaune et al.,
eas and nature reserves worldwide, the inlet of diverted rive005). Miao et al. (2011) reported the possible negative con-
water influences the chemical and ecological water quality ofsequences of introducing nitrogen-rich Mississippi water into
the receiving water bodies. Agricultural areas often dependan N-limited wetland ecosystem. The inlet of alkaline (HCO
on river water inlet for irrigation and groundwater recharge and SQ-rich) river water may also enhance the release of
(e.g. FAO, 2003). In wetland nature reserves, the introducphosphorus from sediments in the receiving surface waters

tion of diverted river water is an increasingly applied man- (Smolders et al., 2006). Roelofs (1991) reported that this
agement tool to compensate for water shortage in summer or
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“internal eutrophication” process caused the disappearanc2 Methods
of Stratiotes aloides L. (Water soldier) from a mire complex
in The Netherlands. Runhaar et al. (1996) gave several othe?.1 Study area

examples of negative ecological consequences of water inlet
into nature reserves This study focuses on the 120 kmpolder area Quarles van

Considering the possible negative consequences of rivetfford in The Netherlands (Fig. 1) (S50'N, 5°35E). An
water inlet, information on the spatial propagation of the di- €Xt€nsive description of the study site was given in Soppe et

verted river water is important for water quality and nature & (2005). The polder is located between the rivers Meuse
reserve management. The impact of diverted river water rel{S0uth) and the main Rhine branch called Waal (north). Sur-
ative to other sources of water and contaminants is ofter{ace elevations in the relatively flat area range from 3to 7m

assessed through water and mass balance studies (e.g. VAROVE Sea level from west to east. About 80 % of the area is
den Eertwegh et al., 2006: Kieckbusch and Schrautzer, 20071 agricultural land use, of which 71 % is grassland, 15% is
Antonopoulos, 2008). However, this approach deals with th¢@ize, 7 % is fruit orchard, and 7 % is arable land with other
watershed as one “black box” reservoir and does not pro_c:rops. 16 % of the total area is urban and some small patches

vide any insight into the spatial propagation of the diverted©f forest cover 4% of the polder. The shallow subsurface
river water within the reservoir. Whether the diverted river Mainly consists of Holocene fluvial flood basin deposits (clay

water remains within the main channels or whether it also®d Silt) with an average thickness of 3-6 m. Locally, sandy
penetrates into the smaller ditches remains unknown. Thighannel bed deposits and inland aeolian dune sand reach the
information could be obtained from more detailed water angStrface. The deeper subsurface consists of Pleistocene fluvial
mass balances or from process-based hydrological water arf'd @eolian deposits (sand and gravel).

solute transport modeling. These models, however, are typ- 1€ Polder Quarles van Ufford has a semi-humid sea cli-
ically calibrated towards an optimal representation of water™até with an average yearly precipitation of 800mm and an

levels or fluxes at specific monitoring locations (Gallart et al., 2Verage yearly estimated evaporation of 550 mm, resulting in
2007). Their performance in reproducing correct spatial pat-2" average estimated yearly recharge of 250 mm. The surface
terns of diverted river water proportions is not known, due toWater system consists of a dense artificial network of chan-

the absence of appropriate measurements for calibration arf€!S and ditches with a total length of 850km (Fig. 1). The
validation. spacing between the ditches averages 200 m. Inlet of water is

The objectives of this study were (1) to obtain a spatial possible through five human controlled inlet locations, as in-

image of the contribution of diverted river water to the water dicated in Fig. 1. The two western inlets directly divert water
composition in the channels and ditches of a hydrologically "o the river Meuse into the polder. The other inlets in the
complex polder system and (2) to apply this information for east br.mg wa_ter from thg nelghb_ormg polder Bloemers. This
the interpretation of chemical water quality monitoring data Water is a mixture of diverted river water from the Meuse
and for the evaluation of an integrated water and solute transd"d local agricultural and urban drainage water from polder
port model. We introduce gadolinium as an effective tracerBloemers. There are no inlet structures that make it possible

for the detection of areas affected by river water. This first!0 divertriver water from the Waal into the polder.
time application of gadolinium for this purpose was a part ~EXcess water from Quarles van Ufford drains towards the
of an extensive monitoring and modeling study of the agri-"Ve' Meuse at one outlet location at the western side of the

cultural polder Quarles van Ufford in The Netherlands. In Polder (Fig. 1). The overall surface water flow direction is
addition to the monthly and weekly nutrient concentration fFom €ast to west. Locally, the flow directions are complex

measurements, we sampled 22 monitoring locations twicé"d Only marginally known. The local flow directions depend
for analysis of gadolinium and other Rare Earth Elementsn the precedent weather conditions, weir crest levels, and
n the intermittent influence of several small-scale pumping

(REE). One sampling run was conducted after a dry period®" " k - ik
in summer on 5 August 2010 and the second run took plac§tations. During wet conditions, the flpw is directed fro.m the

after a wet period in autumn on 22 October 2010. ThroughSmaller headwaters towards the main channels. During dry
these measurements, we successfully measured the impactBriods opposite flow directions may occur, as diverted river
diverted river water at the sampled locations during distinct"Vater is distributed through main channels and possibly pen-

hydrological conditions. These results enabled us to improveetrates into the smaller headwater ditches. o
our interpretation of the water quality monitoring data and | "€ nutrients in the surface water system mainly originate

to evaluate the spatial performance of our water and solutdrom diverted river water and agricultural drainage. Most ur-
transport model. ban sewage water is treated and discharged directly to the

Meuse and the Waal. One small-scale waste water treatment
plant (WWTP) in the south discharges its effluent to the lo-
cal surface water system, which can influence the local water
quality (Fig. 1). Several sewer overflows located in the urban
areas may also have local impact on water quality.
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Fig. 1. Study area Quarles van Ufford with the inlet locations and the outlet, the main ditches, a small-scale waste water treatment plant
(WWTP), and the water quality monitoring locations.

2.2 Research activities face (ANIMO, Groenendijk et al., 2005), water flow in the
surface water system (SWQN, Smit et al., 2009), and nutrient

The study area, Quarles van Ufford, is one of four pilot catch-transport in the surface water system (NUSWAIite, Siderius

ments in the research project Catchment Monitoring. Thiset al., 2009). Supplement 1 gives a more detailed description

project aims to monitor the impact of the Dutch manure leg-©f our integrated water and nutrient transport model.

islation on the nutrient concentrations at the catchment-scale Precipitation data for this research were derived from a

(Woestenburg and Van Tol-Leenders, 2011). Nutrient source§€arby precipitation measurement station of the Royal Dutch

and pathways in the pilot catchments were studied by comMeteorological Institute (KNMI) in Megen. For estimating

bining detailed water quality monitoring with process-basedevapotranspiration, the Makkink relation (Makkink, 1957)

models of catchment-scale nutrient transport. was applied using temperature and net incoming radiation
In Quar|es van Ufford, 22 water qua“ty monitoring loca- data from the main KNMI weather station in De Bilt.

tions were sampled from 2003-2010 (Fig. 1). The monitor-

ing network was designed to provide a good spatial cover2.3 Tracer method: gadolinium

age over the polder and to include main channels, smaller

ditches, the inlet locations, and the catchment outlet. 15 lo\We used the Rare Earth Element gadolinium (Gd) as a tracer

cations were sampled monthly and 6 locations were sampletb assess the diverted river water influence at the monitoring

weekly. A continuous flow proportional sampler was situatedlocations. Gd has been used in several studies to trace urban

at the catchment outlet. The samples were, among other pavastewater through rivers, lakes, estuaries, and coastal sea-

rameters, analyzed fakot, Niot, NO3 -N, qu, pH,and EC. waters (Mller et al., 2000; Kulaksiz and Bau, 2007; Rabiet
The integrated water and nutrient transport model consist&t al., 2009; Petelet-Giraud et al., 2009; Lawrence and Bariel,

of four coupled submodels for water flow in the subsurface2010). The widespread occurrence of elevated Gd concen-

(SWAP, Kroes et al., 2008), nutrient transport in the subsur-trations results from the use of a very stable Gd complex
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(Gd-DTPA) as a contrast agent in magnetic resonance imagspiration). Water inlet during these months was:2 70° m3
ing (MRI) in hospitals. Patients are injected with the Gd com- (25 mm).
plex prior to their MRI-scan. After the research, the complex Both on 5 August and 22 October 2010, surface water was
is excreted and transported conservatively through sewagsampled at 22 locations in the polder Quarles van Ufford.
systems and WWTPs towards the surface water system. Ahe locations were selected from the regular water quality
a consequence, rivers and other surface water bodies dowrgampling program. We included the five inlet locations, the
stream of populated areas generally show REE patterns witlkatchment outlet, some main channels, and some small agri-
positive Gd anomalies (Mler et al., 2000). This study is the cultural ditches. In addition, we selected a sampling loca-
first to apply REE patterns and Gd anomalies to trace thdion where we expected the minimum influence of diverted
propagation of diverted river water into a polder area. river water. This location was chosen in the first part of a
To quantify the Gd-anomaly, it is common practice to first ditch draining a slightly elevated field, situated on an old river
normalize the measured REE concentrations against the awand dune.
erage natural REE composition of the earth’s upper crust The samples were taken using a peristaltic pump and fil-
(e.g. Rabiet et al., 2009). Here, we used the REE compotered through 0.45 um polyethersulfon filters. We collected
sition of the North American Shale Composite (NASC, Han- the samples in pre-washed 100 ml HDPE bottles. The sam-
nigan and Sholkovitz, 2001) as a reference standard. Theles were acidified with 1% ultra pure HNGand stored
Gd-anomaly is calculated from the shale-normalized concenat 4°C until analysis. The samples were analyzed using
trations of Gd and its neighboring REE elements Samariuman innovative ICP-MS setup (Inductively Coupled Plasma

(Sm) and Terbium (Tb): Mass Spectrometry, Thermo Fisher Scientific, X-series 2,
Waltman, MA, USA). Very accurate measurements of low
Gdano= Gdy (1) REE-concentrations< 0.001 ppb) were produced by cou-
(0.33-Smy +0.67-Thy) pling the ICP-MS with an MP2 micro-peripump, a FAST

where G, is the shale-normalized Gd concentration,ssm Precision pump, and an APEX desolvation nebulizer (all El-
is the shale-normalized Sm concentration, and, Tothe ~ €mental Scientific, Omaha, NE, USA), which improved the
shale-normalized Th concentration (e.g. Petelet-Giraud et alionization efficiency of the pre-dry particles. This setup en-
2009). Gd-anomalies larger than 1 suggest elevated Gd corfbled accur_ate measurements (with a reprodu_C|b|I|ty_ limit of
centrations relative to the other REE elements. Rabiet ef@ 10 %) without the frequently applied labor-intensive pre-
al. (2009) considered Gd-anomalies lower than 1.4 unconfoncentration procedure.

taminated by anthropogenic sources as Gd-anomalies up to

1.3 have been found in natural waters. In WWTP effluents,

Gd-anomalies up to 1680 have been reported in literatured Results

(Bau and Dulski, 1996). In rivers, Gd-anomalies may vary .

in time and space and depend on the number of MRI patients-1  Gd-anomalies

and on the contribution of effluent from WWTPs to the to- )
tal discharge. For the German rivers Weser, Ems, and Elbe! € Gd-anomalies calculated from the REE measurements
f 5 August and 22 October 2010 are shown in Fig. 2. The

Kulaksiz and Bau (2007) reported Gd anomalies around 5. © : i |
full shale-normalized REE concentration patterns are given

2.4 Samp“ng timing, locations, and procedures in Supplement 2. On 5 August, the Gd-anomalies of the di-
verted Meuse water at the two direct inlet locations were 8.6
We sampled the surface water monitoring locations for REEand 9.5 (Fig. 2a). The other inlets that bring water from the
analysis on 5 August and 22 October 2010. These two samreighboring polder Bloemers showed lower Gd-anomalies of
pling moments represented two extremes in the hydrologicalt.2, 5.8, and 7.9. This water partly consists of diverted river
situation. On 5 August, hydrological conditions were very water from the Meuse and partly of local agricultural and ur-
dry and we anticipated a relatively large impact of river wa- ban drainage water. The relatively high Gd-anomaly of 7.9 is
ter inlet on the local surface water composition throughoutprobably caused by the short and direct flow route from the
the polder. The total precipitation deficit during the precedingMeuse water inlet of polder Bloemers towards this location.
two months was 118 mm (101 mm precipitation and 219 mmLess mixing with locally drained water occurred compared
evapotranspiration). The volume of water inlet during theseto the two other inlet locations from polder Bloemers.
months was 5.% 10°m3 (50 mm). On 22 October, in con- Despite the positive Gd-anomalies at the inlet locations,
trast, hydrological conditions were very wet. We expectedsome of the measurements show very low Gd-anomalies
local drainage of excess rainfall water to dominate the lo-of 1.2 and 1.3 on 5 August. The lowest Gd-anomaly (1.2)
cal surface water composition and a much lower impact ofwas measured at the specially selected location where a
diverted river water compared to 5 August. The total pre-minimum influence of diverted river water was expected.
cipitation excess during the two months before 22 OctobefThe two locations with Gd-anomalies of 1.3 are relatively
was 184 mm (275 mm precipitation and 91 mm evapotran-small agricultural headwater ditches. These negligible values
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Fig. 2. Measured Gd-anomalies ¢a) 5 August andb) 22 October 2010. The arrows indicate the inlets and the outlet.

indicate that no diverted river water penetrates up into thesdace water system (Fig. 1). In dry periods, the water man-
small ditches. agers block the discharge from this area to prevent water

In most larger channels, Gd-anomalies on 5 August rangedhortage and the WWTP effluent spreads out over the sub-
between 3.9 and 6.8. These values indicate that this waeatchment. The high Gd-anomaly at this monitoring location
ter consists of a mixture of diverted river water and locally indicates that the effluent influenced local surface water qual-
drained water. We found one very high Gd-anomaly of 30.3ity on 5 August. In the northeast, we found another high
in the south. This location is in a small ditch near the small-Gd-anomaly of 10.2 with an unknown source. A possible
scale WWTP that discharges its effluent into the local sur-

www.hydrol-earth-syst-sci.net/16/2405/2012/ Hydrol. Earth Syst. Sci., 16, 2405415 2012
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Table 1. Results of the non-parametric Kolmogorov-Smirnov tests on the difference between the solute concentrations in local drainage and

diverted river water.

Difference
M50 local M50 diverted  KS-test significant
drainage river water  statistic p (p<0.05)?
Pot 0.26mgrl  0.10mgt? 0.61 <22e-16 yes
Niot 1.8mgl? 31mgrl 0.32 1.5e-9 yes
NO3 0.025mgt? 2.3mgl? 0.62 <22e-16 yes
SOy 3smgil 53mgt1 0.55 4.3e-4 yes
pH 7.4 7.9 0.62 < 2.2e-16 yes
EC 72mSm!  55mSm! 0.65 <22e-16 yes
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Fig. 3. Boxplots summarizing the 2003—-2010 water quality monitoring data. The left-side boxplots represent the low Gd-anomaly moni-
toring locations (local drainage dominated water) and the right-side boxplots represent the high Gd-anomaly locations (diverted river water

dominated water).
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explanation of this high value is the influence of a nearbyIn the local drainage dominated locations, this MAC-value is
sewer overflow. generally exceeded and concentrations up to 0.9thgkre

On 22 October, the Gd-anomalies for the two direct Meusemeasured. The high concentrations in the locally drained wa-
water inlet locations of 8.6 and 8.4 were similar to thoseter are caused by the leaching of phosphorus from the agri-
measured on 5 August. However, the Gd-anomalies of thecultural fields (Siderius et al., 2011).
inlet locations from polder Bloemers were lower on 22 Oc- The concentrations ¥t were significantly higher at the
tober (2.4, 2.1, and 3.5). In addition, all other monitoring lo- diverted river water dominated locations. The MAC-value of
cations within Quarles van Ufford also showed much lower 2.8 mg 1 is exceeded in more than 50 % of the diverted river
Gd-anomalies compared to 5 August. These results indicatevater samples. The highéky; concentrations in the diverted
a decrease in the proportion of diverted Meuse water in theiver water dominated locations can mainly be attributed to
polder and a larger influence of locally drained water. the higher NQ@-N concentrations (Fig. 3). The low NEN

At the monitoring location near the WWTP, the Gd- concentrations in locally drained water are probably caused
anomaly decreased from 30.3 on 5 August to 1.1 on 22 Ocby denitrification and uptake of N&N in biomass (Siderius
tober. Possibly, the effluent of the WWTP does not spreackt al., 2011).
out through the sub-catchment during wet conditions and The significantly higher EC in the local drainage domi-
therefore does not influence the water quality at this lo-nated locations can be attributed to the leaching of salts from
cation on 22 October. Another possible explanation is thatmanure and fertilizer from the agricultural fields. The /SO
no MRI-patients have contributed Gd to this small-scaleconcentrations and pH-values were significantly higher in
sewage WWTP at the time of the second measurement roundhe diverted river water dominated locations. The diverted
The Gd-anomaly at the location in the northeast decreasedver water from the Meuse is more alkaline than the local
from 10.2 on 5 August to 4.2 on 22 October. Still, the rel- drainage water, which is more directly influenced by precipi-
atively high value relative to the other locations indicatestation water. The inlet of this alkaline Meuse river water may
that the unknown local source of Gd is also active duringenhance the release of phosphorus from sediments (Smolders

wet conditions. etal., 2006).
In general, the direct inlet of Meuse water leads to higher
3.2 Surface water quality measurements Niot concentrations and lowe?o: concentrations in the sur-

face waters of Quarles van Ufford. The direct inlet of Meuse

The consequence of the spatial propagation of diverted rivewater may therefore enhance N-limited algal growth, but at
water within the polder depends on the difference betweerthe same time reduce P-limited algal growth. The reduction
the composition of the diverted river water and the com-of Pi; may, however, be counterbalanced by the enhanced
position of the locally drained water. Therefore, we com- release of phosphorus from sediments, caused by the higher
pared the water quality data from the 2003—-2010 regularalkalinity of the Meuse diverted river water. The nutrient con-
monitoring program of the locations that were most affectedcentrations in Quarles van Ufford can be influenced by in-
by diverted river water with the locations that were not or creasing the inlet from the neighboring polder Bloemers and
only marginally affected. In Fig. 3, the left-side boxplots reducing the direct inlet of Meuse water via the two western
summarize the measured concentrations at the two moniinlet locations (see Fig. 1). This measure would increse
toring locations with the lowest Gd-anomalies 1.3). The  concentrations and redu@g,; concentrations in the Quarles
right-side boxplots give the results for the three locationsvan Ufford surface water system (Siderius et al., 2011).
near the direct inlets with Gd-anomalies ranging from 7.9
to 9.5. Table 1 gives the results of a non-parametric tes8.3 Modeled proportions of diverted river water
(Kolmogorov-Smirnov) on the difference in solute concen-
trations between the diverted river water locations and theThe proportions of diverted river water within the surface
local drainage locations. water system of Quarles van Ufford were further analyzed

Figure 3 shows clear differences in water composition be-through the integrated water and nutrient transport model.
tween the locations that were most affected by diverted riverFigure 4 gives the modeled fractions of diverted river water
water and those that represent locally drained water. Table In the main channels and ditches at the sampling dates 5 Au-
shows that all these differences are statistically significantgust and 22 October 2010. The modeled fractions confirm the
The locally drained water of Quarles van Ufford is charac- large difference in the proportions of diverted river water be-
terized by a significantly higheP; concentration and EC, tween the two sampling rounds that was also found from the
a significantly lower pH, and significantly lower concentra- REE-measurements. On 5 August, during very dry hydrolog-
tions Niot, NOs-N, and SQ (Fig. 3 and Table 1). ical conditions, the diverted river water from the Meuse and

Pyt concentrations were significantly higher in the locally the neighboring polder Bloemers controls the water compo-
drained water dominated locations. The concentrations at theition in most main ditches and channels. The low diverted
diverted river water dominated locations are around the maxsiver water proportions in the northern part of the polder
imum allowable concentration (MAC) value of 0.15 mg are probably caused by an incorrect parameterization of a

www.hydrol-earth-syst-sci.net/16/2405/2012/ Hydrol. Earth Syst. Sci., 16, 2405415 2012
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Fig. 4. Modeled proportions of diverted river water in the main ditches and channels on 5 August and 22 October 2010.

small-scale pumping station or an incorrect weir crest level.tions, some channels still have a large proportion of diverted
In the slightly elevated northern part, ditches not reached byiver water on 22 October.
diverted river water sometimes run dry in summer. However, The small agricultural headwater ditches were not explic-
the extent of this seems to be overestimated by the model. Aiitly incorporated in the model, but were represented as a
incomplete parameterization of the manual control of small-lumped storage. The fraction of diverted river water in this
scale pumping stations and weir crest levels under dry contumped storage decreased from 50 % on 5 August to 5% on
ditions are likely to be the cause. 22 October.

The model results for 22 October show much lower di-
verted river water proportions. During very wet conditions,
the large amounts of locally drained water control the chemi-
cal composition of most channels. Near the active inlet loca-
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4 Discussion and conclusions (e.g. Roelofs, 1991; Runhaar et al., 1996; Delaune et al.,
2005). Nevertheless, we did not find any international sci-

entific literature on the spatial propagation of drought miti-

In this study, we obtained a spatial image of the propagation o diverted river water within a surface water body. Still,
of diverted river water into a hydrologically complex polder . approach of our study is comparable to studies on the

system during dry and wet conditions. We applied this infor- 5,3 yation of storm water that is diverted into constructed
mation for the interpretation of chemical water quality mon- wetlands for purification (e.g. Dierberg et al., 2005; Paudel

itoring data and for the evaluation of an integrated water and, al., 2010). With respect to these studies, there are large
solute trans_po_rt model. . . . differences in properties of the receiving water bodies (semi-
The spatial image of diverted river water propagation Wasy yra| wetlands versus an agricultural polder) and in the hy-
based on gadolinium-anomalies that were measured dufg,s|ogical conditions during main water inlet periods (storm
ing very dry conditions (August 2010) and very wet Con- giseharge versus dry periods). Nevertheless, these studies
ditions (November 2010). Sampling during hydrologically support our finding that the diverted water takes short circuits

distinct conditions has also been carried out in several freethrough the receiving water body and will not be fully mixed.
flowing catchments by Rabiet et al. (2009), Petelet-Giraud gafore this study, our assumption was that the diverted

et al. (2009), and Lawrence and Bariel (2010). Similar 0 er water would propagate up into all small headwater

our results, these studies report low variability in the Gd- iches in dry periods. Figure 5a visualizes this concept. To

anomalies of surface waters unaffected by wastewater. Foéompensate for the water loss through evapotranspiration,

example, Petelgt-Giraud etal. (2009) repqrted Gd-anomalie§jich \ater will infiltrate from the ditches into the agricul-
of 1.24+0.05 in 20 samples taken during June 2005 10y, 5 fie|ds. The headwater ditches will be replenished with
July 2006 from the Run-catchment. Larger temporal vari-gierted river water distributed through the main channels

ability in Gd-anomalies is reported for surface waters thatand ditches. Our REE measurement results. however. con-
are affected by wastewater. In this study, we reported a deg,qicted our initial conceptual model as they proved that

crease in the Gd-anomalies from dry conditions in August Othe diverted river water did not penetrate into the headwa-
wet conditions in November. Although less distinct, a similar (o, gitches. We developed an alternative conceptual model
difference was reported by Rabiet et al. (2009) for the lower, i js shown in Fig. 5b. In this concept, the locally drained

part of the Herault catchment. Rabiet et al. (2009) attributed surface water is pushed back into the headwater ditches by

this seasonal change to the lower river flows in summer andye \yater pressure from the main ditches and channels that
the larger relative contribution of wastewater effluent. The ;.o fijled with diverted river water. Instead of a gradual de-

_highest Gd-an_omalies and the_ highest short-scale variability,ina of the proportion of diverted river water (Fig. 5a), a
in Gd-anomalies were found in WWTP effluents (Bau and o|5tively sharp transition from diverted river water domi-
Dulski, 1996; Lawrence and Bariel, 2010). The diverted river ,oieq syrface water to locally drained surface water exists
water Gd-anomalies in Quarles van Ufford did not changegig spy This concept is supported by previous research
significantly between August and November 2010. Probably,based on modeling in a similar polder (Hendriks, 1990) and
most of the short-scale variability is lost due to the mixing of corresponds with experiences of the local water managers.

Gd-sources in the Meuse catchment. Still, the spatial propagation of diverted river water also de-
Several previous studies reported on the adverse eﬁeCtﬁends on local hydrological conditions

the inlet of diverted river water on surface water quality
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ter within the polder system. Stopping the water inlet would  catchment information to reduce the uncertainty of discharge and
lead to a dominance of locally drained water and to longer baseflow predictions, Adv. Water Resour., 30, 808-823, 2007.
residence times, especially during dry periods. It is unclearGroenendijk, P., Renaud, L. V., and Roelsma, J.: Prediction of Nitro-
whether the increased residence time will lead to a building 9en and Phosphorus leaching to groundwater and surface waters;
up of even higher concentrations Bf; and other agrochem- Process descriptions of the animo4.0 model, Alterra-report 983.
icals or that a longer residence time will increase the effect Altérra, Wageningen, The Netherlands, 2005. _
of biochemical processes that reduce the concentrations. Hannigan. R. E. and Sholkovitz, E. D.. The development of middle
Rare Earth Element enrichments in freshwaters: weathering of
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