
Urine, faeces, greywater, and biodegradable solid waste as
potential fertilisers

Helena Palmquist* and Håkan Jönsson#

*Div. of Sanitary Engineering, Luleå University of Technology, SE-971 87 Luleå, Sweden
Phone: ++46 920 49 14 52, Fax: ++46 920 49 14 93, e-mail: hepa@sb.luth.se
#Department of Agricultural Engineering, Swedish University of Agricultural Sciences

Abstract
To  increase  the  knowledge  concerning  the  flows  and  compositions  of  wastewater  fractions,  field
measurements were performed on the Gebers wastewater system (80 residents), which source separates
the flow into four fractions of urine, dry collected faeces, greywater, and solid biodegradable waste. The
flows were 1.77; 0.22; 110 and 0.18 kg per person and day respectively. The chemical compositions were
reported for the following compounds: TS, COD, BOD7, N-tot, P-tot, K, S, Ag, B, Bi, Cd, Co, Cr, Cu, Hg,
Mn, Mo, Ni, Pb, Pd, Pt, Rh, Sb, Se, Sn, Sr, Te, W,  and Zn. The NPKS relationships of urine mixture,
faeces, and biodegradable solid waste at Gebers corresponded well to the crop uptake of macronutrients,
which make them to potential fertilisers from a plant nutrients point of view. 
A ratio of hazardous elements vs. nutrients was calculated to evaluate the potential for nutrient recycling.
The lower the quotient, the better quality of the fertiliser. Obtained ratios were compared to the analogous
ratios  for  wastewater  sludge  and  a  chemical  fertiliser.  The  ratios  of  12  non-essential  elements  to
phosphorous and nitrogen were lower in the urine than in all of the other fractions The fertilising potential
for the sludge, greywater and biodegradable solid waste was questioned in the long term perspective due
to  higher  ratios of  hazardous elements contra  nutrients  than the plant  uptake,  which implies  that  an
accumulation of these metals may occur in the fields. To reach a mass balance on the field the fertiliser
should contain lower or the same ratios than the food. Since the food is the main source of the discussed
metals in urine and faeces these fractions could be potential fertilisers, provided that external sources can
be restricted. 

Introduction
A water and wastewater system accounts for a large portion of the flows of both water and plant
nutrients in an urban society. Most plant nutrients in wastewater originate from arable land and
their flow is via food and human excreta into the wastewater system. To preserve its fertility,
arable  land  needs  to  be  compensated  for  the  plant  nutrients  removed.  Today,  chemical
fertilisers produced by fossil resources do mostly this. In the long-term perspective we cannot
securely rely on fossil resources, while the recycling of plant nutrients from human excreta to
arable land could be another way of compensating soil fertility. Another important issue is that
treated wastewater should be pure enough when it is returned to nature to not influence the
ecosystem.
Stormwater,  industrial  discharges,  and greywater are considered to be the main sources of
pollution  in  conventional  wastewater  systems.  Greywater  is  generally  defined  as  household
wastewater  without  any input  from toilets,  which corresponds  to  wastewater  produced from
bathing, showering, laundry, and the kitchen sink. While much information is available on the
flow  and  composition,  including  hazardous  substances,  of  mixed  wastewater,  reliable
information  is  lacking  concerning  the  flow and  composition  of  its  different  fractions,  urine,
faeces, and greywater. According to Jefferson et al. (1999), Palmquist (2001), and Eriksson et
al. (2002), published and reviewed literature focusing on the characterisation of greywater is
very limited.  The  same applies to urine and faecal  matter  (Jönsson et  al.,  2000;  Vinnerås,
2002). For the development and evaluation of source separating wastewater systems, reliable
information is needed on the composition of  the wastewater fractions.  Increased knowledge
concerning flows and composition, of both nutrients and hazardous substances, is necessary
for assessing the quality of the fractions and the potential for nutrient recycling on arable land.
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To increase the knowledge concerning the flows and compositions of wastewater fractions, field
measurements  were  performed  on  the  Gebers  wastewater  system.  Gebers  is  a  house
consisting of 32 apartments, communal recreational facilities, kitchen, and dining hall, and is
situated in the suburb of Skarpnäck nearby Stockholm, Sweden. Gebers has approximately 80
residents, many of them with environmental concerns, including their housing. The wastewater
system of Gebers source separates the flow into three fractions of urine mixture (urine + small
amounts of flush water), faeces (faeces + toilet paper collected dry), and greywater. The solid
biodegradable waste is also source separated. 
Objectives
This paper has two main objectives. The first is to analyse and describe the flow and chemical
composition of the following four waste and wastewater fractions; urine, faeces, greywater, and
solid biodegradable waste at Gebers. The four fractions cover the output waste streams from
households.  The second objective is to consider the potential  of  these fractions for  nutrient
recycling based on their ratios between hazardous substances and plant nutrients.
Methods
Selection of indicator substances
Today, more than 75,000 chemical compounds are present in the technosphere, with 30,000 of
these being regarded as everyday chemicals that are regularly used in households (Palmquist,
2001). Due to the vast number of chemicals used in households, the high analytical costs of
both organic and inorganic substances, and a limited analyses budget, a restricted number of
indicator substances had to be selected for the investigation at Gebers. The choice of indicator
substances  was  made  by  a  group  of  experts.  The  base  of  the  selection  was  ordinary
wastewater  variables  supplemented  by some hazardous organic  and  inorganic  substances.
Urine,  faeces,  greywater,  and  solid  biodegradable  waste were  analysed  for  29  metals
(elements).  The greywater was additionally investigated for the following organic compounds;
polycyclic  aromatic  hydrocarbons  (PAHs),  poly  chlorinated  biphenyls  (PCBs),  phthalates,
alkylphenol  etoxilates,  organotin  compounds,  brominated  flame-retarding  agents,  and  linear
alkylbenzene sulphonate (LAS). A total number of 80 organic compounds were investigated but
they will not be considered in this paper due to the restricted space. 
The plant nutrients of most interest, when evaluating the recycling potential of the four fractions,
are nitrogen, phosphorous, potassium, and sulphur (Swedish EPA, 2002). The four of these
nutrients were measured.

Sampling
The sampling of  source separated urine,  faeces,  greywater,  and biodegradable  solid  waste
from the households at Gebers was performed during three weeks in October 2001, divided
into three periods of one week each. During this period samples of all four fractions were taken
and their total mass flows were measured. In addition, during the whole period, the residents
noted on a questionnaire  how much time they spent  at  home each day.  During  the whole
measurement period, residents were supplied with toilet paper. All samples were collected as
weekly  mixed  samples,  and  were  stored  at  -20°C  until  they  were  analysed.  The  solid
biodegradable  waste  samples  were  ground  and  homogenised  before  they  were  sent  for
analysis.
The samples of greywater were collected proportionally to the flow. Equipment for automatic
sampling was installed on the two outgoing sewage pipes from the house. For every 100 litres
of greywater passing a ski board, 160 ml of sample was collected and stored in a refrigerator.
The collected greywater from the two sampling points was mixed into daily samples, which were
placed into -20°C. After 7 days, weekly samples were mixed from the daily mixed samples.
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At Gebers,  the urine is normally collected in 3 - 6 m3 tanks in the basement of  the house.
During the sampling period the urine was instead piped into 3 - 25-litres plastic containers that
were emptied manually twice daily into a 1 m3 tank.  At the end of each weekly measurement
period, the urine was thoroughly mixed in a closed system before the samples were collected.
Faeces were collected in separate  bins for  each of  the 32 apartments;  the bins were also
emptied after each of the three sampling weeks. The faecal matter and the used toilet paper
were  mixed into  a  homogeneous  slurry  after  an addition of  deionised  water,  and  then  the
samples  were  extracted.  All  solid  biodegradable  waste  was  collected  and  divided  into
representative  samples  twice  weekly.  These  samples  were  later  ground  and  homogenised
before being divided into smaller samples submitted for analysis.  
Analyses
Accredited  contract laboratories  were  engaged  for  all  the  analysis  work  (SGAB  Analytica,
AnalyCen,  ALcontrol).  Two weekly  mixed  samples  per  fraction  were  analysed for  TS,  ash,
COD, BOD7, TOC, nitrate, and nitrite, and four weekly mixed samples per fraction for ammonia
and Kjeldal-nitrogen.  There  were  no  accredited  methods  available  for  BOD7 and  COD for
faeces  and  the  biodegradable  solid  waste.  Furthermore,  two  weekly  mixed  samples  were
analysed for each fraction during the first two weeks, and three samples during the last week
for the total phosphorus (Ptot) and the elements K, Ca, Fe, Mg, Na, S, Ag, Al, B, Bi, Cd, Co, Cr,
Cu, Hg, Mn, Mo, Ni, Pb, Pd, Pt, Rh, Sb, Se, Sn, Sr, Te, W, and Zn. The element analyses were
performed by SGAB Analytica using ICP-AES/ICP-SMS. Accredited methods for the following
element analyses were not available in urine; Ag, B, Bi, Fe, Hg, Pd, Pt, S, Sb, Se, Sr, and W
(SGAB Analytica, 2002). For urine and greywater, the pH and conductivity was measured daily.
Suspended solids (SS) and phosphate were measured on urine and greywater twice weekly (on
fresh daily mixed samples). 
Results
During the measurement period, residents were at home on average 15.3 hours per day. Thus,
the measured flows of urine and faecal matter have been linearly extrapolated to the estimated
flow during the whole day, i.e. during 24 hours. No extrapolation has been made for the flow of
greywater or solid biodegradable waste. The reason for this is that the amount of showering,
laundry, and cooking will only slightly be affected by the time spent at home, while the residents
will most likely use other toilets when not at home. 
Data for urine was denoted urine mixture, meaning that urine samples with flush water were
included. The results from the faeces measurements are presented with toilet paper included.
Table 1 gives the flows of  ordinary wastewater variables,  including seven heavy metals,  in
Gebers put forward as mass flows per person and year. 
Additional metals, many of them considered as hazardous, were analysed in source separated
wastewater fractions and biodegradable solid waste at Gebers (see Table 2). 
Samples of urine were analysed for antibiotics resulting in concentrations below the detection
limit 0.25 μg per litre (Johansson, 2002). 43 out of the 80 investigated organic substances were
detected  in  the  greywater.  Substances  from  all  the  seven  groups  were  found.  Significant
variations in the presence and concentrations of the investigated substances were observed
over the three sampling weeks. These results are presented in greater detail in Andersson &
Jenssen (2002).
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Unit Urine
mixture

Faeces +
toilet paper

Greywater Biodegradable
solid waste

Wet mass kg 646 81a 40150 67
TS kg 7.0 18.6a 14.6 16.5
BOD7 g 1829 1223 7700 1051
COD g 3720 1668 17500 2931
N g 3830 710 510 324
P g 250 250 220 57
K g 820 280 350 182
S g 230 78 584 33
Cu mg 17.2 635 2370 162
Cr mg 0.16 49 149 182
Ni mg 4.2 82 241 89
Zn mg 107 16940b 2255 675
Pb mg 4.2 13.5 88 40
Cd mg 0.08 5.7 5.5 2.5
Hg mg 0.16 3.2 1.1 2.7

a) The use of toilet paper was: 8.5 kg TS per person and year
b) This value is probably partly due to corrosion from the galvanised pipes which were a part of the system

Table 1: Results from measurements of source separated wastewater fractions at Gebers. The
results are given as a  mass flow per person and year. Urine mixture means urine with flush
water included. The faeces measurements are presented with toilet paper included.

Urine mixture Faeces + TP Greywater Biodegr. solid waste
Unit μg l-1 Std.

dev.
mg (kg TS)-1 Std.

dev.
μg l-1 Std.

dev.
mg (kg TS)-1 Std.

dev.
Ag 0.03 0.01 0.64 0.40 0.265 0.007 0.022 0.011
B 969 9 7.8 0.7 49.7 11.7 10.6 2.2
Bi <0.050 - 0.014 0.004 <0.050 - 0.017 0.010
Co 0.25 0.04 0.518 0.005 0.394 0.009 0.58 0.49
Mn 1.5a - 100 3 33 3 63.4 24.1
Mo 44.4 1.4 2.24 0.04 1.10 0.03 0.83 0.18
Pd <0.020 - <0.020 - <0.020 - <0.020 -
Pt <0.003 - 0.003 0.002 0.014 0.002 <0.020 -
Rh <0.010 - <0.020 - <0.010 - <0.020 -
Sb 0.17 0.05 0.060 0.002 0.189 0.025 0.045 0.025
Se <20 - 0.60 0.03 0.177 0.011 <0.40 -
Sn 0.917 0.138 16 6 1.65 0.31 1.33 1.44
Sr 42.7 1.1 33.6 1.9 60.3 2.0 40.0 14.4
Te 0.02 0.01 <0.005 - 0.019 0.003 <0.09 -
W 0.099 0.012 0.062 0.017 0.079 0.002 0.005 0.000

a Based on two values only

Table 2: Rare elements in source separated wastewater fractions and biodegradable solid
waste at Gebers. The results originate from the average values from the three (weekly mixed)
samples for each fraction. 
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Discussion
Ratios between hazardous substances and plant nutrients
For some of the substances, the relation between hazardous elements and the plant nutrients
phosphorous and nitrogen were studied in the four fractions (Tables 3a and 3b).  A ratio of
hazardous  substances  contra  nutrients  is  one  way  of  evaluating  the  potential  for  nutrient
recycling. The lower the quotient, the better quality of the fertiliser. Obtained ratios for the waste
and wastewater fractions were compared to the analogous ratios for  sludge from municipal
wastewater treatment plants (WWTP) and a chemical fertiliser (Eriksson, 2001).  The sludge
ratios were calculated from the median values of selected metals vs. phosphorous and nitrogen
from  32  Swedish  WWTPs  with  less  than  20,000  people  connected  (Eriksson,  2001).  The
reason for selecting these WWTPs was that mainly households are connected to those small
WWTPs,  making  the  comparison  between  the  sludge  ratios  and  the  ratios  for  waste  and
wastewater fractions more adequate. 

[mg / kg P]
Urine Faeces Greywater Biodegr. solid

waste
WW sludgea Chemical

fertilisera

Ag 0.08 48 52 6.2 141 <
Cd 0.31 23 27 44 37 0.24
Co 0.64 39 77 158 144 4.5
Cr 0.66 196 739 3220 926 37
Cu 68.6 2530 11550 2865 11520 6.9
Hg 0.65 13 5.3 4.2 29 0.04
Ni 16.6 330 1170 1581 480 22
Pb 16.9 54 425 710 963 2
Pt < 0.2 2.8 < 5 0.03
Sb 0.45 4.5 37 12.4 48 0.2
Sn 2.4 1200 324 386 593 0.4
Sr 110 2520 11820 11090 3500 270
Te 0.05 < 3.7 < 5 <
W 0.26 4.7 15.5 25.4 89 0.2
Zn 426 67700b 12370 11940 16440 76

a) Values from Eriksson (2001). WW sludge refers to median values for WWTP with less than 20,000 persons connected. The
chemical fertiliser refers to NPK-S 21-4-7
b) this high value was probably partly due to corrosion from the galvanised pipes which were a part of the system

Table 3a: The flow of metals per kg phosphorous in the wastewater fractions urine, faeces,
greywater,  and  biodegradable solid waste at  Gebers  compared to  analogous  ratios of  WW
sludge and a chemical fertiliser.

The total uptake of macronutrients of the crop is approximately 100 times larger than the total
uptake of micronutrients (Hammar et al., 1993). The macronutrients are nitrogen, phosphorous,
potassium,  sulphur,  magnesium  and  calcium.  Of  these,  yearly  additions  are  normally  not
needed of  calcium and magnesium,  since soils with acceptable pH values normally contain
enough calcium and magnesium.  When the pH value of  the soil  is  too low, it  is  raised by
additions of lime, which often also contains magnesium (Hammar et al., 1993). 
In most cultivation areas yearly additions are needed of nitrogen, phosphorous, potassium and
sulphur.  Thus,  these  four  elements  are  of  high  significance  when  waste  and  wastewater
products are discussed as potential fertilisers. The mass ratios between the four elements are
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also of importance, since different kinds of crops have different uptake of these substances.
Compared to phosphorous,  most  crops take up 4-10 times as much nitrogen,  1-8 times as
much potassium while the uptake of sulphur is 0.3-1 times the phosphorous (Hammar et al.,
1993). 
The composition of the waste and wastewater fractions, which are derived from food, matches
these ratios well. Compared to phosphorous, the N:P:K:S relationships of urine mixture, faeces,
greywater,  and  biodegradable  solid  waste  at  Gebers  were  15:1:3:1,  3:1:1:0.3,  2:1:2:3  and
6:1:3:0.6. These ratios show that the urine mixture is a very nitrogen rich fraction which makes
it a potential fertiliser. It is also seen that the sulphur/phosphorous ratio falls within the range,
0.3-1, for urine, faeces and biodegradable solid waste, which correspond to the plant uptake of
the S:P ratio (Hammar et al., 1993). For greywater though the S:P ratio is 3, which means that
sulphur would be added in excess if greywater would be used for P-fertilising purposes. Surplus
amounts of sulphur may have acidifying effects in the soil.

[mg / kg N]
Urine Faeces Greywater Biodegr. solid

waste
WW sludgea Chemical

fertilisera

Ag 0.01 16.7 20.5 1.1 100 <
Cd 0.02 8.1 10.6 7.7 27 0.08
Co 0.04 13.7 30.5 27.6 103 1.5
Cr 0.04 69 292 562 658 12
Cu 4.5 889 4566 500 8184 2.3
Hg 0.04 4.6 2.1 0.74 20 0.01
Ni 1.1 117 462 276 342 7
Pb 1.1 19 168 124 684 0.7
Pt < 0.08 1.1 < 4 0.01
Sb 0.03 1.6 14.6 2.2 34 0.07
Sn 0.16 417 128 67 421 0.13
Sr 7.2 892 4674 1936 2487 90
Te 0.003 < 1.5 < 3 <
W 0.02 1.6 6.1 4.4 63 0.07
Zn 28 24b 4891 2083 11684 25

a) Values from Eriksson (2001). WW sludge refers to median values for WWTP with less than 20,000 persons connected. The
chemical fertiliser refers to NPK-S 21-4-7
b) this high value was probably partly due to corrosion from the galvanised pipes which were a part of the system

Table  3b: The  flow  of  metals  per  kg  nitrogen  in  the  wastewater  fractions  urine,  faeces,
greywater,  and  biodegradable solid waste at  Gebers  compared to  analogous  ratios of  WW
sludge and a chemical fertiliser.

The plants also require micronutrients such as boron, cobalt, cupper, iron, manganese and zinc
(Hammar et al., 1993). Ratios for cobalt, cupper and zinc in the waste and wastewater fractions
are given in the Tables 3a and 3b. The mass flows of micronutrients in the urine and the faeces
are likely to correspond to the mass flows of these substances in the food, due to the mass
balance of the human body. Increased zinc values in the faeces indicate that they might have
been  contaminated  by  zinc  from  the  galvanised  pipes  in  the  collecting  system.  The
cupper/phosphorous  ratios  for  greywater  and  sludge,  show  that  contamination  of  cupper
probably occur due to e.g. corrosion of the cupper pipes for drinking water. 
The other 12 elements in the Tables 3a and 3b are not needed by the plants and most of them
can be toxic to soil microbes, plants, and animals including humans. Therefore, accumulation of
these elements in the soil might be harmful in a long term perspective. Furthermore, the natural
concentration of some of these substances, e.g. Ag, in the soil is very low, which means that
also small additions rapidly increase the concentration in the soil. Table 3a and 3b show that
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the ratios were lower for urine than in the other waste and wastewater fractions. Several studies
have  furthermore  shown  that  the  fertilising  effect  of  human  urine  is  good  (Kirchmann  &
Pettersson, 1995; Kvarmo, 1998; Richert-Stintzing, et al., 2001).
The ratios of the 12 non-essential elements to phosphorous and nitrogen is higher in the faeces
than in the urine (Table 3a and 3b). If bound to particles or low solubility in the intestines liquids
the  elements,  taken  via  the  food,  goes  directly  into  the  faeces,  while  the  nutrients  are
metabolised and excreted via the urine (Birgersson et al.,1983). Normally the pollution level of
the food equals the pollution that is removed from the fields, and to reach a mass balance on
the field of these substances the fertiliser should not contain higher ratios than the food. Since
the food is the main source of the discussed metals in urine and faeces these fractions could
be potential fertilisers, provided that external sources of hazardous elements can be restricted.
According to the Tables 3a and 3b the ratios of WW sludge in general are higher than for urine
and faeces. The same applies for the greywater, which makes them to difficult fractions when it
comes to their fertilising potentials. Receiving a lot of chemicals and residues from our daily
activities  e.g.  personal  care  products,  washing  powders  etc.  makes  them  doubtful  from  a
chemical risk point of view. The ratios for the solid biodegradable waste were also generally
higher  than  for  urine  and  faeces,  which  partly  might  be  due  to  pollution  from  peels  and
contamination form surfaces e.g. some chromium might come from stainless steel surfaces. All
in all the potential as fertiliser for food production for the fractions WW sludge, greywater and
biodegradable solid waste must be questioned in the long term perspective due to higher ratios
of hazardous elements contra nutrients than what the plant uptake can counter balance.
Conclusions
The flows of source separated urine, faeces, greywater, and biodegradable solid waste from
the households at Gebers were 1.77; 0.22; 110 and 0.18 kg per person and day during the
three  weeks  of  measurements.  The  chemical  compositions  were  reported  for  the  following
compounds: TS, COD, BOD7, N-tot, P-tot, K, S, Ag, B, Bi, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb,
Pd, Pt, Rh, Sb, Se, Sn, Sr, Te, W, and Zn in the Tables 1 and 2. 
The NPKS relationships of urine mixture, faeces, greywater, and biodegradable solid waste at
Gebers were 15:1:3:1, 3:1:1:0.3, 2:1:2:3 and 6:1:3:0.6.  Except for greywater this corresponded
well to the crop uptake of macronutrients, which make them to potential fertilisers from a plant
nutrients point of view.
The ratios of the 12 non-essential  elements to phosphorous and nitrogen were lower in the
urine than in all of the other waste and wastewater fractions. To reach a mass balance on the
field of these substances the fertiliser should not contain higher ratios than the food. Since the
food is the main source of the discussed metals in urine and faeces these fractions could be
potential fertilisers, provided that external sources can be restricted. The fertilising potential for
the fractions WW sludge, greywater and biodegradable solid waste must be questioned in the
long term perspective due to higher ratios of hazardous elements contra nutrients than what the
plant  uptake can counter  balance, which implies that  an accumulation of  these metals  may
occur in the fields.
The content  of  both inorganic and organic hazardous substances in wastewater fractions is
difficult to relate to a comprehensible reference frame due to the lack of knowledge. Even in
such  a  small  and  well-defined  wastewater  system  as  Gebers,  the  diffuse  sources  to  the
chemical flow are difficult to keep track of, which also show how difficult it is to keep fractions
unpolluted in our chemical society. The obtained results, for both the more well-known and the
new compounds, are important pieces for accomplishment of substances flow analyses for the
material flows within different types of wastewater systems.
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