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1 Introduction 

Many European rivers like Danube, Elbe and Rhine have been regulated by engineering works for 
navigation and bank erosion protection. Regulating cross structures along the river banks, so called 
groynes, concentrate the discharge on the middle part of the river channel and hence, provide higher 
water level for navigation during low discharge periods. During low water level suspended material is 
being trapped in the slowly flowing water of the groyne fields and partly deposited whereas sediments can 
be re-suspended during high water stage (Ockenfeld & Guhr 2003). The German part of the Elbe River 
has a length of about 730 km, approximately 485 km of this stretch being regulated by about 6900 
groynes field elements. Beside groyne fields, floodplains of about 800 km

2
 are the main morphological 

features of the middle part of the Elbe River.  

In the past, organic and inorganic pollutants have been discharged into the river system and are still 
present in deposited sediments due to historical contamination by industrial and municipal activities in the 
river basin (Heise et al. 2008). However, the water quality of the Elbe River and its tributaries improved 
considerably within the last two decades (Lehmann & Rode 2001; Zerling et al. 2003; Klemm et al. 2005; 
Guhr et al. 2006) comparable to other European rivers (Vink et al. 1999). Remobilization of deposited 
contaminants is a key issue for the river sediment management because of its impact on river ecology. 
Erosion, dispersion and re-deposition of groyne field sediments are important processes for environmental 
risk assessment. Hence, pollution sources must be explored and knowledge about erosion stability of fine 
contaminated sediments must be available to foster a sustainable development of the river system. As 
shown by Haag et al. (2001) and Gerbersdorf et al. (2007), cohesive sediment stability is characterized by 
high variability as depending on physico-chemical and biological properties. To assess the spatial 
variability of the heavy metal pollution of Elbe groyne field sediments, investigations considering horizontal 
and vertical gradients were performed. 

2 Study area and methods  

A groyne field, representative for the middle part of the Elbe River, located at rkm 319.5, left bank (nearby 
Magdeburg), was chosen as study area. The sediments are influenced by polluted discharges of 
industries located upstream and the input of two major tributaries, Mulde and Saale. The groyne field area 
is about 1034 m

2
.  
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Since 2005 several investigations have been performed at this site in order to quantify the 
sedimentation/erosion dynamics (Prohaska et al. 2008). The results show high spatial heterogeneity of 
sediment quality and quantity in the observed groyne field, depending on the sampling spot, sediment 
layer and the sampling season. 

In June 2008 an additional sediment sampling campaign took place at mean discharge. Depth profiles of 

critical erosion shear stress (crit,e), heavy metals and arsenic concentrations were investigated. Two 
parallel undisturbed sediment cores (10 cm diameter) up to 50 cm length were taken at 12 spots in the 
groyne field (Figure 1).  

The critical erosion shear stress was measured in a laboratory channel, so called SETEG system (Kern et 
al. 1999). Heavy metals and arsenic concentrations were measured in sediment samples sieved < 2mm. 
After freeze-drying of the sieved samples, the bulk material was ground, pressed to pellets and finally 
analyzed by means of both energy- and wave length dispersive X-ray fluorescence analysis (EDXRF: 
XLAB2000, Spectro Instruments and WDXRF: S4 Pioneer, Bruker-axs). Detailed information on the 
methodology such as sample preparation, matrix influence and correction, precision and recovery are 
given in Morgenstern et al. (2004, 2005). The capabilities of different analytical techniques for the analysis 
of heavy metals in solid and liquid samples are discussed in Wennrich et al. 2004. In a former study 
(Morgenstern et al. 2008) it was shown, that for the analytical method used, most of the variability of the 
analytical results (97-99% of the total variance) arose due to the location variance resulting from true 
concentration differences between individual sampling sites. Estimates for the relative measurement 
uncertainty (caused by both analytical- and sampling variance) on the other hand amount to 2.5 % for As, 
12 % for Cd, 2 % for Cu, 4 % for Cr, 12 % for Hg, 4.5 % for Ni, 1.5 % for Zn, 2% for Pb and 15% for U. 
Each uncertainty was obtained from a 95% prediction interval and analyte concentrations sufficiently 
beyond of the detection limit. 
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Figure 1. Topography of the fine sediment deposits within the groyne field (contour lines given in meters) with position 

of sampling sites 
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3 Results and discussion 

According to morphological and changing hydrological conditions, the groyne field sediments in the middle 
part of the Elbe are characterized by varying fine and coarse material layers of different thickness. 

Expectedly, the critical erosion shear stress crit,e shows a high variability, ranging from 0.3 up to 13.4 Pa. 
The heavy metal concentrations also show large vertical gradients in each of the cores: the median values 
of the 12 sediment cores at different depths are displayed in Table 1. The top sediment layer (0-10 cm), 
representing recently deposited, non-consolidated material, is less polluted compared to deeper and older 
sediment layers, proving the decreasing trend of the contamination; a more detailed overview of 
particulate arsenic contamination is shown in Figure 2. Beside the vertical variability, the graphs presented 
in Figure 2, demonstrate also a high spatial variability of the sediment composition. 

 

Table 1. Median concentration and range (minimum-maximum) of heavy metals and arsenic of sediment layers in 
different depth (in mg/kg) 

 

Because of the high vertical variability, sediment monitoring must capture not only surface sediments but 
also deeper layers. As shown in Table 1 and Figure 2, monitoring based on sampling and analyzing 
surface sediments allows only assessing the environmental impact of discharges causing an erosion 
depth of less than 10 cm, while the level of uncertainty could be high for discharge events with higher 
shear stress. Monitoring for environmental risk assessment must be based on data about erosion 
threshold and contamination up to an anticipated erosion depth. Since environmental risk increases with 
erosion potential of discharge and contamination level, risk reduction for downstream river stretches, 
floodplains, coastal area and the sea can be achieved by considering the mobility and bioavailability of 
deeper contaminated layers of sediments. These are important aspects for the prioritization of sediment 
management measures targeted to achieve a good ecological status of the water bodies in the river basin. 

4 Outlook and conclusions 

With respect to remediation projects which are required to achieve the implementation of the EC Water 
Framework Directive (WFD), appropriate monitoring of sediment and water quality is necessary to assess 
the efficiency and success of measures. To reduce the uncertainty level, optimization of monitoring 
strategies is recommended. A first model based approach has been developed to estimate the sediment 
erosion in groyne fields along the River Elbe in terms of statistical values (Prohaska et al. 2008). Field and 
laboratory investigations are expensive and model simulations are complex. Therefore, complementary to 
erosion measurements, tailor-made monitoring of water quality during flood events at river basin scale 

 

Depth 

 

As 

 

Cd 

 

Cu 

 

Cr 

 

Hg 

 

Ni 

 

Zn 

 

Pb 

 

U 

0-10 cm 

 

33 

(15-267) 

6 

(1-24) 

88 

(30-525) 

101 

(41-350) 

2 

(1-25) 

38 

(11-95) 

999 

(249-2120) 

99 

(36-476) 

1 

(1-21) 

0-20 cm 73 

(15-269) 

13 

(1-24) 

322 

(30-553) 

244 

(41-385) 

18 

(1-78) 

75 

(11-102) 

1402 

(249-2228) 

188 

(36-520) 

8 

(1-45) 

0-30 cm 114 

(15-343) 

18 

(1-24) 

377 

(30-553) 

274 

(41-385) 

19 

(1-149) 

83 

(11-102) 

1598 

(249-2407) 

270 

(36-568) 

13 

(1-69) 

Whole core 118 

(15-343) 

18 

(1-24) 

400 

(30-553) 

283 

(41-385) 

21 

(1-149) 

84 

(11-102) 

1658 

(249-2407) 

271 

(36-568) 

13 

(1-69) 
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may be an alternative. Monitoring efficiency can be enhanced by appropriate design of measuring 
campaigns focusing on erosive discharge events, when remobilization of contaminated sediments is 

expected (Baborowski et al. 2004); concerted actions together with the Federal State Authorities and the 

main stakeholders are advisable (Baborowski et al. 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                          

 

 

 

 

Figure 2. Horizontal and vertical variability of arsenic concentrations in the cores from the considered groyne field 
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