
 

 

   

 «  -  

   . . » 

 

 

 

 

 :  .     

 

 

 

 

     

   , 

    

 

 

  5  

 

 

 

 II       

    

 

 

 

 

 

 
      

 ( ), ,   

 

 2018 
  



 

 

RUSSIAN ACADEMY OF SCIENCES 

FSBSI «ALL-RUSSIAN RESEARCH INSTITUTE OF AGROCHEMISTRY  

NAMED AFTER D.N. PRYANISHNIKOV» 

 

 

 

 

Main editors: Viktor G. Sychev and Lothar Mueller 

 

 

 

 

NOVEL METHODS AND RESULTS  

OF LANDSCAPE RESEARCH IN EUROPE,  

CENTRAL ASIA AND SIBERIA 

 

 

Monograph in 5 Volumes 

 

 

 

Vol. II Understanding and Monitoring Processes in 

Soils and Water Bodies 

 

 

 

 

 

 
With friendly support of the Mitscherlich Academy  

for Soil Fertility (MITAK), Paulinenaue, Germany 

 

Moscow 2018 
  



 

 

 4035 

 504.54:631.42 

 78 

 
       ,    -

 (   ).  2.          /  

   . . , . . – .: -   «  », 

2018. – 456 . 

ISBN 978-5-9238-0248-1 (  2) 

 

      . .  ( ), . a ( -

), .  ( ). 

 

 :   (    , -

, )   .  (  -   -

 . . . , , ) 

 

          -

 .         -

, ,   ,        -

.        ,  -

   ,        . 

         

    . 

 

     .       

 . 

 

Novel Methods and Results of Landscape Research in Europe, Central Asia and Siberia (in five 

volumes). Vol. 2. Understanding and Monitoring Processes in Soils and Water Bodies /main editors 

Viktor G. Sychev, Lothar Mueller. – .: Publishing House FSBSI «Pryanishnikov Institute of Agrochem-

istry», 2018. – 456 p. 

 
Team of authors and editors under the guidance of: Viktor G. Sychev (Moscow), Abdulla Saparov 

(Almaty), Frank Eulenstein (Muencheberg). 

 

Main editors: Lothar  Mueller (Leibniz Centre for Agricultural Landscape Research, Muencheberg, 

Germany) and Viktor G. Sychev (All-Russian Research Institute of Agrochemistry named after D.N. 

Pryanishnikov» , Moscow, Russia) 

 

This monograph shall inform you about up to date methodologies and recent results in landscape re-

search. It is intended as a guide for researchers, teachers, students, decision makers, stakeholders interest-

ed in the topic of landscape science and related disciplines. It provides information basis for decision 

makers at various levels, from local up to international decision bodies, representing the top level of land-

scape science in a very short form. 

 

Authors are responsible for the content of their chapters. Neither the authors nor the editors can accept 

any legal responsibility for any errors or omissions that may be made. The editors make no warranty, 

express or implied, with respect to the material contained herein. 

 

 

 

ISBN 978-5-9238-0246-7 

ISBN 978-5-9238-0248-1 (  2) 

DOI 10.25680/3139.2018.68.11.002 

©  «  » 2018 



369 

 

Chapter II/79: MODEL-BASED ANALYSIS OF WATER POLLUTION BY HUMAN  

PHARMACEUTICALS AT THE LANDSCAPE SCALE 

 II/79:        -

    

 

Bj rn Tetzlaff*
1
; Dieter Steffen

2 

DOI 10.25680/2266.2018.94.61.176 
*Email: b.tetzlaff@fz-juelich.de 

1.Research Centre J lich (FZJ), Institute IBG-3: Agrosphere, 52425 J lich, Germany 

2.Formerly: State Agency for Water Management, Coastal and Nature Protection of Lower Saxony (NLWKN), An 

der Scharlake 39, 31135 Hildesheim, Germany  
 

ABSTRACT. We developed and tested a model for delineating levels of human pharmaceutical 

pollution of surface waters at the landscape scale. Water quality experts have been suspecting sig-

nificant concentrations of human pharmaceutical substances in surface waters and harmful effects 

on the aquatic biocenosis for more than 25 years. Although human pharmaceuticals in the envi-

ronment belong to the group of emerging substances, reliable data on effects are widely missing 

due to the system complexity. The same is true for official regulations. Up to now knowledge on 

pollution levels in Northern Germany as in most of Europe was restricted to point information at 

few gauging stations. Our model results allow for a state-wide identification of polluted river 

reaches and pollution sources. About 70 % of the total river length is non-polluted, 16 % has low, 

7 % medium and another 7 % high pollution levels. Our research results are being used for plan-

ning of ecological investigations and for optimization of cost-efficient monitoring programs. 
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INTRODUCTION  
Human pharmaceutical consumption in Germany is high. According to Schwabe and Paffrath [1] more 

than 3000 substances for human pharmaceutical production are approved in Germany. The situation is 

enhanced by demographic change as the demand for consuming pharmaceutical substances increases with 

human age. The substances have in common, that they are mostly polar, non-volatile and persistent alt-

hough they originate from a diverse range of pharmaceuticals, so as antibiotics, antiepileptics, antiphlo-

gistics, lipid regulators, betablockers, contrast media or hormons. Further characteristics are high re-

sistance against enzymes and low pH as well as stability for long-term storage. High amounts of sub-

stances are not retained by the human body (up to 50 %) and are excremented. In waste water treatment 

plants retardation and decay of human pharmaceuticals are mostly low given their chemical persistence 

and that the existing purification techniques were installed to eliminate nutrients and organic matter pre-

dominantly. Ternes et al. [2] state overall removal rates between 0 and more than 90 %, but for widely 

used substances like sulfamethoxazole, carbamazepine or diclofenac rates are relatively low with 24, 0 

and 33 %. As a consequence, high amounts of substances are discharged into rivers by waste water treat-
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ment plant effluents. Partly high concentrations are measured in different landscapes [3], [4], [6], [10], 

[11]. 

The processes described are not new but the awareness among experts and in the public has increased in 

recent years due to improved lab analytics and new discussions, e.g. about the growing number of micro-

bial resistances against antibiotics. This puts pressure on environmental policy, on all EU, national and 

federal levels to develop strategies for tackling all micro-pollutants. Numerous studies are dealing now 

with pharmaceuticals as “emerging substances” and “micro-pollutants”. But nevertheless knowledge is 

still restricted to pollution levels at single gauging stations or effects of single substances on very specific 

aquatic organisms. Studies on ecological risks reveal histopathological changes in the kidney of rainbow 

trouts, alteration of sex ratios and decreased egg fertilization in fish [5], [8]. With regards to concentra-

tions relevant for risks, river reaches directly downstream of waste water effluent locations appear to be 

the main target areas. 

Widely unknown is how human pharmaceutical pollution differs in the landscape and how a mixture or 

“cocktail” of substances is effective for the entire biocenosis or even for human exposition via the drink-

ing water pathway, if surface water is being used as a resource [7]. Therefore, the main objective of our 

research works were the state-wide identification of surface waters with high risk for pollution (hot spot 

analysis) in Northern Germany (state of Lower Saxony, 48,000 km ). We determined the waste water load 

in all rivers and major creeks, i.e. the cumulated share of annual effluent after waste water purification in 

the average natural discharge in the stream. This waste water load is regarded as a proxy for the contami-

nation of the stream with human pharmaceutical substances as studies show that there is a close depend-

ence [4].  

The research results are required by the State Agency for Water Management, Coastal and Nature Protec-

tion of Lower Saxony (NLWKN) for planning ecological investigations in the vicinity of treatment plant 

discharges and for optimization of cost-efficient monitoring programs. 

MATERIAL AND METHODS 

In a first step a very detailed river network is divided into sub-catchments, whereupon the boundaries 

coincide with river sub-branches and effluent locations of waste water treatment plants. A distributed 

hydrologic model is used to supply grid based information on mean runoff and discharge at selected sta-

tions. Here, the GROWA model has been used based on climate, land use, artificial drainage, surface 

geology and relief data as well as soil parameters [9]. Spatial discretization was 100 meters. Model runs 

have been performed for an average period 2004-2014, a wet year (2008) and a dry year (2014). 

The advantage of using a hydrologic model instead of discharge measurements is the availability of data 

for ungauged catchments, too. GROWA model results have been validated successfully at 192 gauging 

stations throughout the state. Coefficients of determination range between 0.9 and 0.95 for the model 

periods. 

Furthermore, the annual waste water effluents from 455 sewage treatment plants have been evaluated and 

effluent locations have been assigned to specific river reaches. In a pollution load analysis the cascading 

relation between treated waste water and mean discharge has been assessed for each river segment and 

each effluent location. The general simulation process is shown in figure 1. For validation, simulation 

results on waste water loads were checked with measured concentrations of three selected substances 

which are widely used: sulfamethoxazole, carbamazepine or diclofenac [10].  

RESULTS AND DISCUSSION 

Figure 2 shows simulation results on pharmaceutical pollution levels for all 3000 river branches in the 

State of Lower Saxony. About 30 percent of all stream lengths are polluted with pharmaceuticals. The 

substances make their way into the rivers via the waste water discharge of sewage plants after treatment. 

According to our study, 7 percent of all rivers have a "high" or "very high" level of contamination, 7 per-

cent "medium", and 16 percent "low". A waste water portion of less than 4 % is regarded as “low”, a por-

tion between 4 and 7 % is regarded as “medium” and a portion higher than 7 % as “high” polluted. Offi-

cial classifications are missing. 

Highly contaminated river reaches are typical for the conurbations Osnabr ck, Hannover, and Braun-

schweig. Water bodies at times do not carry enough water into these densely populated areas to dilute the 

waste water from sewage plants sufficiently. As a result, wide stretches of the rivers Hase, Wietze, Fuhse, 

and Oker are heavily polluted. Such distribution patterns following densely urbanized areas were con-

firmed for dryer regions in Spain by Osorio et al. [11]. 
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Furthermore, figure 2 shows very well dilution effects caused by non-polluted tributaries, e.g. east of the 

city of Bremen. The comparison of simulation results between the average period and the wet and dry 

year does not show strong variations. In the wet year 2008 the hot spot regions described above are still 

outlined, even with additional dilution. In the dry year 2014 the strongly polluted area around the city of 

Hannover is extended downstream towards Bremen. 

Model results reveal pollution levels for all 3000 river reaches in Lower Saxony for the first time. Up to 

now insights on pollution levels were restricted to 80 water quality gauging stations and to the pharma-

ceuticals Diclofenac, Sulfamethoxazol and Carbamazepin. Checking model results with these measured 

concentrations show reasonable fit for all substances. But about 50% of the total variance is not ex-

plained, meaning that additional factors like waste water „import“ from states upstream, heterogenous 

composition of waste water between plants, demographic reasons etc. play a significant role. Further-

more, the sampling frequency was between 4 and 8 in a two year period (2010-11), leading to increased 

uncertainty associated with the average concentrations. This is being evaluated currently in greater detail 

in a follow-up project. Public as well as media interest in this project is high.  

CONCLUSIONS 

1. Strongly urbanized regions are hot spots of pharmaceutical pollution in rivers, even in temperate zones 

2. The contribution of waste water to the discharge in streams does not explain substance concentration 

satisfactorily. Additional factors like demography, varying waste water contents, number of hospitals 

etc. need to be included in pharmaceutical load assessments. 

3. Great public interest in the project should be used to raise awareness of the problem and for simple 

countermeasures, like disposal of unused pharmaceuticals not via the toilet, reduction of pharmaceuti-

cal usage in favour of household remedies, if possible. 

 

 
 
Figure 1 – General overview in simulation process 
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Figure 2 – Simulation results on pharmaceutical pollution levels in river reaches in the 

State of Lower Saxony (Northern Germany) and location of Lower Saxony in Germany 

(small map) 

REFERENCES 
[1]Schwabe, U., Paffrath, D. 2011. Arzneiverordnungsreport 2011. Berlin, Heidelberg, 1121 p. 

[2]Ternes, T.A., Bonerz, M., Herrmann, N., Teiser, B., Andersen, H.R., 2007. Irrigation of treated 

wastewater in Braunschweig, Germany: An option to remove pharmaceuticals and musk fragrances. 

Chemoshere 66: 894-904 

[3]Steffen, D. 2009. Humanarzneimittel in Oberfl chen- und K stengew ssern. Wasser und Abfall 11, 5: 

18-22 

[4]Ternes, T.A. 1998. Occurrence of drugs in German sewage treatment plants and rivers. Water Re-

search 32, 11: 3245-3260 

[5]Richardson, S.D. 2007. 2007. Water analysis: emerging contaminants and current issues. Analytical 

Chemistry 79: 4295-4324 

[6]Richardson, S.D., Kimura, S.Y. 2016: Water analysis: emerging contaminants and current issues. Ana-

lytical Chemistry 88: 546-582 

[7]Szymonik, A., Lach, J., Malinska, K. 2017. Fate and removal of pharmaceuticals and illegal drugs 

present in drinking water and wasterwater. Ecological Chemistry and Engineering S 24, 1: 65-85 

[8]Schwaiger, J., Ferling, H., Mallow, U., Wintermayr, H., Negel, R.D. 2004. Toxic effects of the non-

steroidal anti-inflammatory drug diclofenac - part I: histopathological alterations and bioaccumulation in 

rainbow trout. Aquatic Toxicology 68: 141-150 

[9]Kunkel, R., Wendland, F. 2002. The GROWA98 model for water balance analysis in large river basins 

- the River Elbe case study. Journal of Hydrology 259: 152-162 

[10]Girbig, A.-K., Steffen, D. 2013. Untersuchung nieders chsischer Oberfl chengew sser auf bestimmte 

Humanarzneimittel (Carbamazepin, Diclofenac und Sulfamethoxazol. NLWKN Hildesheim, 10 p. 

[11]Osorio, V., Larranaga, A., Acenaa, J., Perez, S., Barcelo, D. 2016. Concentration and risk of pharma-

ceuticals in freshwater systems are related to the population density and the livestock units in Iberian 

Rivers. Science of The Total Environment 540: 267-277 

  


