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Can NoMix Help to Prevent 
Environmental Problems 
Caused by Medicines?
One of the aims of the NoMix system is to produce fertilizers from source-

separated urine. But urine also contains traces of pharmaceuticals and 

hormones, which need to be completely removed during treatment. To assess 

the efficiency of treatment processes, we developed a procedure combining 

chemical and ecotoxicological analytical methods.

Many of the medicines that we consume are excreted in urine. 

This is also true of hormone products, such as oral contracep-

tives, and even hormones produced naturally within the body. 

These substances enter wastewater streams and are conveyed 

to treatment plants, where in many cases they are not completely 

eliminated. They can therefore subsequently be detected in 

receiving waters, albeit generally in very low concentrations – in 

the nanograms to micrograms per litre range. Together with other 

organic compounds found in the environment, pharmaceutical 

residues are known as micropollutants. Individually, these sub-

stances rarely pose a risk to aquatic life, but as mixtures, they 

may well have adverse impacts. Collection of urine at source, i. e. 

in NoMix toilets, followed by separate treatment thus represents 

a significant opportunity. But here too, there is a need to ensure 

that micropollutants are not released into the environment – espe-

cially if a fertilizer is to be produced from the urine. Accordingly, as 

part of the Novaquatis project, we developed a testing procedure 

which both allows individual substances to be chemically detect-

The algal assay is used to determine non-specific toxic effects of pharmaceuticals. 
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ed and enables mixtures of pollutants to 

be analysed for ecotoxicological effects. 

This makes it possible to monitor the fate 

of micropollutants throughout the urine 

treatment process.

Ecotoxicological Analysis: Yeast Screen 

for Hormonal Activity and Algal Assay 

for Cytotoxicity. The fact that urine is 

a complex mixture of substances makes 

ecotoxicological assessment difficult. 

In order to be certain that the effects 

observed were not caused by the pH 

value of urine, or by salts or other natural 

components, we first had to isolate the 

micropollutants from the urine. For this 

purpose, we successfully refined an exist-

ing method of solid-phase extraction [1]. 

The extracts thus obtained were subse-

quently subjected to a series of ecotoxi-

cological tests designed to detect various 

modes of action in vitro. This approach can 

be used, for example, to find out whether 

a urine sample damages cell membranes, 

disrupts photosynthesis or is toxic to ge-

netic material. The tests were originally 
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from pharmaceuticals and hormones, urine naturally contains 

large quantities of organic substances. With the ozone dose 

applied in our method (1.1 g per litre of urine), the organic com-

pounds are oxidized to such an extent that estrogenic activity is 

completely eliminated. However, this dose is not sufficient for 

the cytotoxic substances to be also completely destroyed. In our 

tests, cytotoxicity was only reduced by a little more than 50 % 

(Fig. 1). Consequently, the urine must still contain relatively large 

molecular fragments.

Chemical Analysis: Measurement of Specific Substances. 

With the aid of chemical analysis, we also investigated whether 

certain commonly used pharmaceutical agents that are partially 

excreted in urine – such as propranolol, ibuprofen, diclofenac, car-

bamazepine and ethinyl estradiol – remain detectable after urine 

treatment. In our tests, to facilitate detection, urine was spiked 

with a known quantity of each of these agents prior to treatment. 

By and large, the results of the ecotoxicological tests were con-

firmed by the chemical analysis [3].

Chemical and Ecotoxicological Tests: Mutually Complemen-

tary. Depending on the specific question, either chemical or eco-

toxicological analysis or a combination of these methods can be 

used. For example, if the behaviour of individual substances is to 

be characterized, chemical analysis is appropriate. The ecotoxi-

cological tests are more suitable for estimating how efficiently 

an unknown mixture of micropollutants is removed by a given 

treatment process. In these tests, the combined effects of all the 

components in the mixture are measured – including unknown 

substances and metabolites, and pharmaceuticals present in the 

urine in extremely small amounts. However, certain natural urine 

components also contribute to the overall toxicity.

Urine Source Separation to Reduce Pollutant Loads in Water-

bodies? Our results show that, with appropriate treatment, it is 

possible to obtain a pollutant-free urine-based fertilizer product. 

But our research involves the pursuit of further questions: Could 

micropollutant loads in wastewater streams be significantly re-

duced by consistent application of urine source separation? And 

would this make it possible to relieve the burden on wastewater 

treatment plants and to avoid environmental problems?

To assess these questions, one needs to know how medi-

cines and hormones behave in the body. In general, a certain 

proportion of the active ingredient is absorbed, transformed 

(metabolized) and – given the generally higher water solubility of 

the metabolite – often excreted in the urine. The remainder, which 

is not absorbed or is less heavily metabolized, leaves the body 

with the feces. We therefore estimated the relative proportions 

excreted via the urinary or fecal route for 212 pharmaceutical sub-

stances [5]. Although the variation among individual medicines is 

extremely wide, an average of 64 % (standard deviation ± 27 %) of 

a substance ingested is excreted in the urine.

Another factor that needs to be taken into account is the toxic-

ity of individual metabolites to aquatic organisms. Here, we used 

modelling techniques to estimate the toxicity of the urinary and 
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Fig. 1: Decreases in estrogenic activity (blue) and cytotoxicity (yellow) 

 observed with three different methods of urine treatment. The reduction  

is expressed as a percentage of the pre-treatment value.

developed to assess the hazards posed by pharmaceuticals to 

aquatic organisms [2].

As we aimed to analyse a large number of urine samples 

rapidly and economically in the Novaquatis project, we focused on 

two bioassays of particular relevance [1, 3]. The yeast estrogen 

screen (YES test) indicates whether hormonally active micropol-

lutants, such as the sex hormones estradiol and ethinyl estradiol 

(active substance of oral contraceptives), are present in urine [4]. 

The algal assay is used to detect substances with non-specific 

toxic effects on cells by determining the extent to which algal 

photosynthesis is inhibited.

In both cases, it is not specific agents that are detected but 

the effects caused by the mixture of substances contained in the 

urine. For each of these parameters, the potency is first deter-

mined in untreated urine and this value is set at 100 %. Decreases 

in estrogenic activity and in cytotoxicity can then be monitored in 

the course of urine treatment.

Greater Elimination of Pollutants with Struvite Precipita-

tion than with Nanofiltration and Ozonation. As part of the 

Novaquatis project, a variety of processes were developed for 

the treatment of urine (see the article by Max Maurer on p. 14). 

Here, however, we focus on only three methods: nanofiltration 

and struvite precipitation for fertilizer production, and ozonation 

for the removal of micropollutants (the overall results of the study 

are presented in [3]).

When nanofiltration is used to produce a fertilizer (see the arti-

cle by Wouter Pronk on p. 20), the nutrients are to be found in the 

liquid that passes through the filter, i. e. in the so-called permeate. 

The bulk of the pharmaceuticals and hormones accumulate in the 

solution that is retained (and disposed of), with estrogen activity 

being reduced by 54 % and cytotoxicity by 87 % in the permeate 

(Fig. 1). Struvite precipitation is even more efficient, removing 

98 % of the hormonally active and cytotoxic micropollutants, and 

thus leaving a clean fertilizer product (Fig. 1).

In the ozonation process, very high doses of ozone are used 

to eliminate micropollutants. This is due to the fact that, apart 
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higher than that of the urinary fraction. However, the situation is 

more complicated, since not only the chemical properties of the 

metabolites but also the quantity needs to be considered, and the 

greater part of an active substance is usually excreted via the 

 urinary route. Our analysis, indeed, revealed major variations 

(Fig. 2). Nonetheless, for 24 % of the substances studied, toxicity 

is released exclusively via the urine, and for 67 % at least 50 % of 

the total toxicity is excreted in the urine [7]. With urine source 

separation, it is thus possible to prevent a large proportion of 

pharmaceuticals and hormones from entering wastewater. This 

would not only relieve the burden on wastewater treatment plants 

but also reduce water pollution.   
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Fig. 2: Mean relative toxicity of the urinary (yellow) and fecal (blue) fractions 

for 42 pharmaceutical active substances after metabolism in the human body 

[7]. The values are scaled up to 100 %. It is not possible for the various sub-

stances to be compared in absolute terms. For example, the entire toxicity of 

acetylsalicylic acid resides in the urine, whereas in the case of diclofenac only 

44 % of the toxicity is excreted in the urine. Nonetheless, it is possible that  

the residues of diclofenac excreted via this route pose a greater risk to aquatic 

organisms than those of acetylsalicylic acid. To investigate this, further model-

ling is required [7].

* No suitable literature data on ranitidine available for this specific modelling 

procedure.

fecal fractions for 42 pharmaceuticals widely used in Switzerland 

[6, 7]. The model is based on the assumption that the biological 

activity of a substance depends on its chemical structure. As a 

general rule, the more hydrophobic or poorly water-soluble a 

 substance, the greater its toxicity to aquatic organisms. This 

would suggest that the toxicity of the fecal fraction is generally 


