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Abstract: Source separated human urine is a valuable and sustainable alternative for mineral
fertilizers. Urine contains most of the nutrients coming to wastewater treatment plants and the
use of separating toilets can help to reduce this load and to recycle nutrients more efficiently.
Yet, the current legislation in the European Union does not directly allow or forbid the use of
human urine as a fertilizer. The aim of this paper was to find out more about the possible
micropollutants present in urine in developed (Finland as an example) and developing
countries. It was discovered that while many pharmaceutical compounds have been detected
from the environment in developed countries, practically no data was available on the situation
in the developing parts of the world. Source separation of urine and dry toilet technology
provide a way to cut the risk chain before possible harmful substances are released untreated
into the environment. Dry toilets are also a viable alternative to be used in developing
countries.
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Introduction

Every single compound that we humans consume to treat pain, cardiovascular diseases or for
example epilepsy, is excreted through our body via faeces or urine. In a modern society
where water and wastewater management are well attended, the wastewater produced by a
person in a day (approximately 120 litres) is collected into treatment plants and afterwards
discharged into to receiving waters. This raises one major problem: all the medicines and
other pharmaceutical compounds we consume are excreted through our body into urine and
faeces, and thus into wastewater. Not everyone has stopped to think about that and the
following consequences.

Urine comprises only about 1 % of the wastewater each person produces in a day (Jjemba,
2006), which makes the amount of urine about 1-1.5 litres/person/day. Yet, urine contains
most of the macronutrients and micropollutants which arrive as diluted wastewater stream
from households to the wastewater treatment plant. Micropollutants are defined as
compounds with molecular weight range of 200 to 500/1000 Da (1 Da = 1.66 x 10°%" kg) and
being present in the aquatic environment at pg or ngL™* range. (Kummerer, 2009) Here we
refer to pharmaceutical compounds as micropollutants as well.
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In the European Union (EU), over 3 000 different substances have been used in medicines
(Ternes, 2001). Consequently, many biologically active compounds enter wastewaters and
the receiving water bodies without any analyses for specific environmental effects.
Municipal wastewater is one of the main exposure routes that bring human pharmaceuticals
into the environment: people in private households are either excreting the pharmaceuticals
or are improperly disposing of unused or expired drugs into the toilets. To a minor extent,
hospital wastewater also contributes to the total loads, though it is highly concentrated and
separate treatment for those wastewaters have been studied extensively (Kimmerer, 2001;
Kimmerer, 2009). (Zuccato et al., 2000; Ternes et al., 2004)

Urine diversion and diverting toilets (NoMix-technology) allow the use of human urine as
an efficient fertilizer. One person produces approximately 2.5-5.7 kg of nitrogen, 0.3-0.6 kg
of phosphorous (Mihelcic et al., 2011) and 0.1-1.2 kg of potassium per year (Kirchmann &
Pettersson, 1995; Heinonen-Tanski & van Wijk-Sijbesma, 2005). Urine is regarded as sterile
unless cross-contamination from faeces occur, which leads to possible persistence of viruses.
(Karak & Bhattacharyya, 2011) By utilizing source separated urine the wastewater volume
coming to wastewater treatment plants (WWTPSs) can be reduced and the nutrient burden
arriving to WWTPs can be minimized and redirected: effluent quality is improved, energy
savings are gained and nutrients can be recycled better already in their birthplace or near it
(Ternes et al., 2004; Ronteltap et al., 2007; Winker et al., 2008; Karak & Bhattacharyya,
2011). Source separation of human urine presents also an opportunity to remove organic
micropollutants originating from human metabolism (Maurer et al., 2006).

Yet, the current legislation in the European Union (laws on organic farming, fertilizer
products etc.) does not directly allow or forbid the use of human urine as a fertilizer. In
Finland, fertilizer regulations don’t include the concept urine, only chemically pure urea.
(Council Regulation (EC) 2003/2003; 834/2007; 1069/2009) In people’s perception, source
separated urine might be seen as unsafe or unhygienic compared to cattle manure which
contains antibiotics and hormones fed to the animals. And still, only pathogens and heavy
metals are considered as harmful substances and therefore analyzed from the manure.
Previous studies have tested e.g. the occurrence of pharmaceuticals in Finnish sewage
treatment plants and surface waters (Vieno, 2007) and the potential risks of pharmaceuticals
in fertilizer use in agriculture (Winker, 2009).

Pharmaceutical compounds are knowingly designed to affect biochemical and physiological
functions of biological systems in humans. Nonetheless, they can also elicit biochemical and
physiological changes in soil, plants and aquatic organisms. Most of the pharmaceuticals
humans consume are excreted via urine (partly via faeces) as unchanged parent compound
or as metabolites. (Jjemba, 2006; Jones et al., 2007; Kiimmerer, 2009)

Pharmaceutical residues of medicines and hormonal compounds may be excreted through
human urine and therefore, usage of urine is associated with risk of transfer of
pharmaceutical residues to agricultural fields (Winker et al., 2010). Currently, there are no
specific threshold values available for micropollutants in fertilizers (Pronk et al., 2006), but
still the introduction of potential hazardous substances into the environment should be
avoided. One obstacle for fertilizer use of source separated urine is that there is not enough
knowledge about the disadvantageous actions these compounds may elicit in crop plants.
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The aim of this paper was to investigate what are the most commonly used pharmaceuticals
and hormonal compounds in Finland (per capita per year) that can cause environmental
problems directly (improper disposal) or through a secondary exposure via excretion to
urine. Also attention was paid on pharmaceutical compounds that are widely used in
developing countries and have not yet been properly studied. These micropollutants can be
considered as the most important ones to cause endocrine disruptive effects in aquatic
animals, induce antibiotic resistance in bacteria or other harmful actions in the environment
and thus breaking the risk chain at the premises of the wastewater source is important.

Methods

Pharmaceutical consumption in Finland was studied using statistics gathered by Finnish
Medicine Agency, Fimea (2012). The Defined daily dose (DDD) values were obtained from
World Health Organization database (WHO, 2012). DDD is specified as the assumed
average maintenance dose per day for a drug used for its main indication in adults. By
analyzing collected data according to Equation 1

DDD 66 g inh
a

——— %3 X (1)
1000 inh 1000000

C (%j = DDD (g) x

the consumed amounts of pharmaceuticals in Finland could be calculated. C is the
consumption in kilograms per year, DDD is the defined daily dose, 366 are the number of
days in a year and inh is the amount of inhabitants. Also, information on the HIV and
tuberculosis situation around the world was examined by searching WHO documents.

Results and Discussion

The selected micropollutants with their consumed amount in Finland in parenthesis
included hormonal compounds found in contraceptives (estrogenic hormones, 267 kg a™)
and pharmaceutically active compounds found in epilepsy drugs (29 870 kg a™),
analgesics and anti-rheumatics (151 577 kg a%), antibiotic quinolines and mycobacterials
(2 186 kg a™), lipid modifying agents (7 266 kg a™) and beta blockers (8 430 kg a™%), see
Figures 1 and 2.
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Figure 1. The consumption of both painkillers and antirheumatics, and epilepsy drugs in Finland 2010.
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Figure 2. The consumption of beta blockers, anti- and mycobacterials, lipid modifiers and hormones in
Finland 2010.

Many of the micropollutants belonging to these categories are excreted to urine as parental
compounds or metabolites. In previous studies [e.g. Vieno (2007) and papers related] it
has been demonstrated that in developed country such as Finland these compounds can be
recovered from environmental matrices, such as surface waters. One of the emerging
concerns over the years has been the occurrence of endocrine disrupting compounds
(EDCs) such as estrogenic hormones. They are a group of biologically active compounds
that are used in both human and veterinary purposes. The adverse health effects of
estrogens found in the environment to both animals and humans have been known for
some time, and also the harm caused by pharmaceuticals to the ecosystem have been
recognized. (Jones et al. 2007)
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The problem with pharmaceuticals is even bigger in developing countries, where no
adequate sanitation system is available. People consume large amounts of antiamoebiasis
and antiprotozoal pharmaceuticals as well as drugs designed to treat HIV-infections. Yet,
practically no information is available on the excreted amounts of these different medical
classes and on their effect in the environment.

In the poorer parts of the world HIV-infections (human immunodeficiency virus) are
relatively common among the population and pharmaceutical compounds used to treat it
include many antiviral and antiretroviral drugs, such as nevirapine, lamivudine and
zidovudine. These pharmaceuticals are in most cases used as combinations with other
medicines to prevent infections caused by weakened immunology. Such compounds are
for instance sulfamethoxazole and trimethoprim, antibiotics commonly used as a cocktail
referred as ‘cotrimoxazole’. This combination is used by approximately 76 % of all HIV
patients in Sub-Saharan Africa (Alcorn, 2010). In addition to those, HIV can lead to
emerging of latent tuberculosis which in turn is treated in many cases with combination of
antibiotics rifampicin and ciprofloxacin. Tuberculosis infections occur in one third of the
HIV-patients (UNAIDS, 2009). The overall infections of malaria, tuberculosis and HIV in
the world 2008 are presented in Figure 3.

In total 287.4 Million
infectionsinyear

11 Millions HIV
2008 (3%) 33.4 Millions
(12 %)
Malaria
243 Million

(85 %)

Figure 3. Malaria, tuberculosis and HIV-infections in 2008. (UNAIDS, 2009; Canadian International
Development Agency, 2012)

It was discovered from literature that these micropollutants have been detected in aquatic
environment on several occasions, the reason being a discharge from wastewater treatment
plants. In addition, some studies have reported accumulation of micropollutants in soils
that have been irrigated with wastewater. Thus, the micropollutants may migrate into
plants and pose risk to edible plants. Trace concentrations of these compounds can cause
potential impacts to human health. This is why more knowledge is needed on their
negative effects and ways to remove them prior to utilizing source separated urine as a
fertilizer. In the case of antiviral drugs, attention has only begun to turn towards them.
They have been detected from central European wastewaters and surface waters (Prasse et
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al., 2010) and it would appear that they are not removed efficiently in the wastewater
treatment plants. Antibiotic resistance of bacteria in wastewater treatment plants has also
been a matter of concern for a long time now, but there has been little discussion about the
possible resistance of viruses on anti(retro)virals. There are no data available on how these
compounds used widely in developing countries will behave in soils and plants or do they
inflict negative effects in humans, plants or on other organisms when released into the
environment.

Conclusions

It was discovered that while many pharmaceutical compounds have been detected from the
environment, practically no data was available on the situation in the developing countries. It
is there where the problem with antivirals and antibacterials could be of emerging concern
later on. Source separation and dry toilet technology provide a way to cut the risk chain
before urine is mixed with clean water and directed to wastewater treatment plants. It also
works in countries with less developed infrastructure and this way it might be possible to
remove the micropollutants from urine before the environment or humans are exposed. This
is yet under study. More knowledge is needed on the (i) negative effects of pharmaceutically
active ingredients, the (ii) possible risk caused by leaching and infiltration of them into the
groundwater and (iii) ways to remove them prior to utilizing source separated urine as a
fertilizer.
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