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Assessing perceptions and willingness to use urine in
agriculture: a case study from rural areas of eThekwini
municipality, South Africa
A. E. Okem, S. Xulu, E. Tilley, C. Buckley and E. Roma

ABSTRACT
In recent years there has been a growing body of knowledge exploring the beneﬁts of using
sanitation-derived nutrients. Such studies aim to uncover strategies that facilitate nutrient recovery
from urine and faecal sludge for agricultural use. This paper presents the ﬁndings of a study which
assessed the willingness to handle and use urine in agriculture among people living in rural areas of
eThekwini Municipality, South Africa. Results show that less than 5% of participants are using urine
as a fertiliser. This could be attributed to limited awareness of the value of urine in agriculture since
only 9.7% are aware that urine contains essential nutrients that can support plant growth.
Furthermore, health concerns, smell and the opinions of others are identiﬁed as barriers to the
handling of urine. The study therefore recommends that participatory ﬁeld trials and promotional
activities are conducted to improve users’ awareness and acceptance. The outcome of this research
is of importance to help inform low- and middle-income countries’ governments as they address
urban and environmental challenges such as access to adequate sanitation, poverty and
food security.
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INTRODUCTION
Fast-paced population growth and increasing water stress

developing countries (Jackson ) argues that the primary

conditions are critical factors affecting the provision of

reasons for introducing such systems are to minimise the

waterborne sanitation facilities and sewerage connections

environmental and health risks related to inadequate and

in developing countries (Moe & Rheingans ). Acknowl-

poor sanitation. Increasingly, however, applied research

edging these challenges, a growing number of researchers

on dry sanitation has been linked to the idea of nutrient

and practitioners have been investigating the feasibility of

recovery through the re-use of urine and faeces in agricul-

dry sanitation options to address the sanitation backlog in

ture (Lienert et al. ). Human urine contains nitrogen

challenging topographical and infrastructural conditions

(N), phosphorus (P) and potassium (K), in a ratio of

(Drangert et al. ). The concept of ecological or dry sani-

11:1:2, which can be used as a fertiliser. Urine application,

tation (sometimes called EcoSan) broadly encompasses

after appropriate storage, has been reported to be a safe

technologies which aim to make use of waste (urine and

alternative to the application of mineral fertilisers in plant

faeces) as a resource. Sanitation technologies such as the

production (World Health Organization [WHO] ;

urine diversion dehydration toilet (UDDT), which allows

Richert et al. a, b).

for the separation of urine from faeces at the source is one

The use of urine in agriculture is particularly urgent in

such example. A review of past EcoSan projects in

view of the increase in the demand for and use of phosphorus
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in fertiliser production, which is estimated to grow at a

allows for nutrient recovery from human waste. The

yearly rate of 3%, boosted by the economic growth of devel-

implementation of dry sanitation requires a critical under-

oping countries (Drangert ). Furthermore, the depletion

standing of users’ awareness of human waste and how

of phosphate rock supply (Cordell & White ), combined

they relate to the process of applying and reusing it in agri-

with recent price increases of fertilisers by 350% have

culture (Roma et al. ). In South Africa, very few

further exacerbated global food prices, impacting negatively

studies have explored the impact of social and cultural fac-

on food security, particularly in developing countries

tors on the acceptability of urine-based fertiliser (Duncker

(Cordell & White ). Establishing a sustainable phos-

et al. ; Water Research Commission ). Thus, our

phorus supply is fundamental for long-term food security

research provides an important contribution to the body of

for a booming world’s population, yet nutrient recovery

knowledge exploring the dynamics relating to the manage-

from human waste remains largely unutilised due to the

ment of human waste, providing recommendations for

common perception of human urine and faeces as some-

appropriate interventions.

thing that should be disposed of.
While it has been scientiﬁcally proven that urine and
faeces can be safely used in agriculture (Schönning ;

METHODS

Phasha ; WHO ), users’ acceptance of such practices
has been an increasing concern for policy makers and prac-

This study was undertaken in nine rural and peri-urban

titioners in the sanitation sector (Richert et al. a).

areas of eThekwini Municipality. Table 1 illustrates the dis-

A recent meta-analysis of user perceptions of the prac-

tribution of participants across the different locations. The

tice of applying human urine in agriculture (Roma et al.

site selection was conducted in collaboration with local

) identiﬁed common hurdles in the acceptance of such

authorities (ward councillors) and EWS according to the

practice. Poor awareness of the fertilising value of urine rep-

following criteria: (a) households had a UDDT; (b) ward

resents one obstacle in the uptake of such practice. In a

councillors agreed to the research; (c) areas were safe for

study in Nigeria, Sridhar et al. () found that just 7.7%

conducting the study. Furthermore, none of the selected

of respondents were in favour of using urine as a fertiliser

areas had received education on reusing urine. This was

for vegetable production. Interestingly, after demonstrating

extremely important to minimise bias in the respondents’

the value and potential of urine in agriculture, the research

answers.

identiﬁed a sharp increase in acceptance, with 80% of the

Data were collected using mobile phones and the

respondents showing willingness to use urine in agriculture.

supporting software platform, ‘Mobenzi Researcher’ (see

Similarly, concerns for the presence of pathogens in urine
and health risks from using it have represented an important

Table 1

|

Project area name

hurdle in reusing urine in agriculture (Roma et al. ).
Studies from Ghana and Nigeria (Cofie et al. ) reported
that quality assurance for the produce grown using urine is
important in increasing acceptance.
In the eThekwini municipality of KwaZulu-Natal (South
Africa), the eThekwini Water and Sanitation Unit (EWS)
has installed 75,000 UDDTs in rural areas to address
the sanitation backlog and a cholera outbreak in 2000
(Sustainable Sanitation Alliance ). The municipality
has provided households with training on how to use and
maintain UDDTs, and more recently has been exploring
the potential for reusing urine in agriculture, thus transforming UDDTs into ‘productive’ sanitation technologies, which
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Number of people surveyed

Percentage of sample

Crowder

28

5.9

Ehlanzeni

40

8.5

Umnini Informal

39

8.2

Cliffdale

101

21.4

48

10.1

Livapho

52

11.0

Mnamatha

35

7.4

Luganda

71

15.0

Salem

22

4.7

Ntshongweni

37

7.8

eSthumba

Total

473

100

584
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Java application which can be downloaded on mobile

Number of
responses

Percentage of
responses

phones used by ﬁeldworkers when administering the

Sex

survey. Upon completion of the survey, the data were auto-

Male

158

33.4

matically sent to a web console, which allowed the

Female

315

66.6

researcher to monitor and analyse data in real time. Upon

Main language

completion of the study, all the data were exported to Micro-

Zulu

471

99.6

soft Excel spreadsheets. Coding and analysis of the data was

Xhosa

1

0.2

performed using Statistical Package for the Social Sciences

Don’t know

1

0.2

(SPSS) version 19.0. Descriptive statistics were used to

Level of education
93

19.8

as some of the variables explored by the research. An inde-

Did not ﬁnish primary
school

pendent χ2 test was used to determine the relationship

Completed primary school

189

40.2

between the willingness to use urine-based fertilisers and

Completed high school

150

31.9

the demographic characteristics of respondents. Variables

Completed university
education

26

5.5

Do not know/do not
remember

11

2.3

with p-value <0.05 were considered statistically signiﬁcant.

RESULTS
We surveyed 473 respondents, of which more than half
(66.6% n ¼ 314) were females and 33.4% (n ¼ 158) were
males (See Table 2). IsiZulu is the main language of nearly

03.4

|

2013

Demography of participants

form facilitates the translation of a questionnaire into a

describe some general characteristics of respondents as well

|

Age
28 years and below

123

26

29–38 years

115

24.3

39–55 years

118

24.9

51 þ

117

24.7

all participants (99.6% n ¼ 471). Only 5.5% (n ¼ 26) participants completed university. About a third (31.9% n ¼ 150)

Table 3

|

Gardening

completed high school while 19.8% (n ¼ 93) did not complete primary school education.
Less than half of the respondents (46.9% n ¼ 222) own a
garden while 52.2% (n ¼ 247) do not or have never owned a

46.9
52.2
0.8

222
247
4

Purpose of
gardening

For eating/using
for ourselves
For selling
Both
Don’t know

95.1

215

0.4
2.7
1.8

1
6
4

Yes
No
More than
enough
Don’t know

61.5
35
0.9

139
79
2

2.7

6

By the house
In a communal
place
Don’t know

94.2
4

213
9

1.8

4

n ¼ 139) of respondents who own gardens reported that
their agricultural produce is enough for the family while
35% (n ¼ 79) reported that not enough for subsistence is produced. The gardens of the majority of respondents (94.2%
n ¼ 213) are located in close proximity to their households.

Produce from
garden enough
to feed family

Only 4% (n ¼ 9) of respondents’ gardens are located in a
communal place.
Half of those who own a garden sometimes use fertiliser
(52.2% n ¼ 118), whilst the remaining 44.7% (n ¼ 101) have
never used fertiliser. There are different types of fertilisers
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responses

Yes/sometimes
No/never
Do not know/
do not
remember

n ¼ 215) reported that the cultivated produce is for family
garden produce (See Table 3). More than half (61.5%

Number of

responses

Have a garden

garden. Nearly all respondents who own gardens (95.1%
consumption, while less than 1% (0.4% n ¼ 1) sell their

Percentage of

Garden location
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|

(n ¼ 90) use animal dung. Chemical fertilisers (12.2% n ¼
15) are also used by participants. Of those respondents
their neighbours. Another 13.6% (n ¼ 16) buy fertilisers
from shops in the city.
Exploring respondents’ willingness to own a garden is
important to understand the potential for promoting gardening practices in the study areas (Table 5). Over a third of
those who currently do not own a garden (79% n ¼ 195)
expressed willingness to have one. Conversely, 20% (n ¼ 49)
reported that they will not/will never own a garden. Table 5
shows that nearly all male respondents (81.4%) want to own
a garden while 116 (77.3%) of the 315 female respondents
would like to own a garden. This result shows that among
the study participants, willingness to own a vegetable
garden is slightly higher in male participants compared to
female participants though it is unclear who would be
responsible for the act of gardening. Respondents aged 28
years and below constitute the highest percentage (82%
n ¼ 50) of those who would like to own a garden. This is

03.4

|
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Willingness to own vegetable garden

pits/vaults is used least often (1.7% n ¼ 1) while 76.9.9%

who use fertiliser, close to half (44.1% n ¼ 52) get it from

|

Yes/sometimes
Number of

No/never
Number of

Do not know
Number of

responses

responses

responses

(percentage)

(percentage)

(percentage)

Sex
Male

79 (81.4)

16 (16.5)

2 (2.1)

Female

116 (77.3)

33 (22.0)

1 (0.7)

Total

195 (79.0)

49 (19.8)

3 (1.2)

28 and
below

50 (82.0)

11 (18.0)

0

29–38

57 (79.2)

14 (19.4)

1 (1.4)

39–50

46 (78.0)

13 (22.0)

0

51 þ

42 (76.4)

11 (20.0)

2 (3.6)

Age

followed by respondents in the 29–38 age group, 79.2%
(n ¼ 57) of whom indicated willingness to own a garden.
These results show that willingness to own a vegetable
garden is higher among respondents in the lower age
brackets.
Understanding the current practices, use and willingness to handle urine are important precedents for the
successful adoption of urine as a fertiliser. Such understand-

Table 4

|

Fertiliser usage in vegetable garden

Use fertiliser
for garden

Yes/sometimes
No/never
Do not know/do
not remember

ing would also uncover the constraints to handling and
Number of

Percentage of

using urine for agricultural purposes. For this purpose,

responses

responses

respondents were asked to choose from a list of options of

52.2
44.7
3.1

what they think are the effects of urine on ﬂora and fauna

118
101
7

(see Figure 1). Results show that close to half of respondents
(41.6% n ¼ 197) think that urine kills plants. Only 9.7% (n ¼
46) think that urine helps plants to grow. Similarly, 4% (n ¼

Type of
fertiliser

Where
fertilisers are
obtained

Store bought
(pellets)
Compost
Animal dung
Content of toilet
pits/vault
Don’t know

15

12.8

9
90
2

7.7
76.9
1.7

1

0.9

Local shop
From a shop in
the city
From our
neighbours
Given free from
government
From our animals

5
16

3.4
13.6

52

44.1

6

5.1

40

33.9

19) of respondents hold that urine pollutes the soil, whilst
14.8% (n ¼ 70) said that urine kills insects in the garden.
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usefulness of urine in the study area is quite limited. Given

ﬁfth of respondents stated that they would be willing to use

that only 9.7% of participants think that urine could help

urine-based fertiliser from urine of others.

plants grow, acceptance of urine-based fertiliser in the study

A χ2 test of independence shows that the level of edu-

area is expected to be very low. This is exacerbated by the

cation is not statistically related in a signiﬁcant way to

fact that 41.6% think that urine kills plants.

willingness to use urine-based fertiliser from either the

Participants were also asked to indicate the various

urine of family members (p-value ¼ 0.63) or urine of

ways that they have used urine in the past. Figure 2 shows

others (p-value ¼ 0.53). Furthermore, a χ2 test of indepen-

that, despite fears about urine in agriculture, the usage of

dence shows that the relationship between gender and

urine among study participants is surprisingly high. More

willingness to use urine-based fertiliser from family mem-

than a quarter of respondents (27.1% n ¼ 128) have used

bers

urine for antiseptic/medicinal purpose. As illustrated in

Similarly, the relationship between gender and the willing-

Figure 2, 5.5% (n ¼ 26) have used urine for magical or

ness to use urine-based fertiliser from urine of other

ritual purposes while 1% (n ¼ 1) have used it for washing

people is not statistically signiﬁcant (p-value ¼ 0.23).

is

not

statistically

signiﬁcant

(p-value ¼ 0.76).

or cleaning. Only 3.6% (n ¼ 18) have used urine-based ferti-

A cross tabulation between age and the willingness to

liser in their garden. This limited usage could have

use urine-based fertiliser from urine of family members

implications for the introduction of interventions or pro-

shows an inverse relationship between the two variables.

grammes aimed at encouraging urine usage.

These results shows that younger respondents are more willing to use urine-based fertiliser from the urine of family

Agricultural purpose

members but less willing to use urine-based fertiliser from
the urine of neighbours. However, the relationship between

An exploration of respondents’ perceptions about the use of

age and the willingness to use urine-based fertiliser from the

urine-based fertiliser for agriculture is important for the Muni-

urine of either family members (p-value ¼0.55) or the urine

cipality to understand the potential for developing activities

of others (p-value ¼0.79) was not statistically signiﬁcant.

involving the collection, processing and distribution of

A further question asked the study participants to give the

urine-based fertiliser for agriculture. To this end, respondents

reason why they would not use urine-based fertilisers made

were asked whether they would use fertiliser based on the

from the urine of either family members or other people.

urine of their family members or urine obtained from other

Table 7 shows that health hazards has the highest response

people (See Table 6). More than half of respondents (53.3%

in terms of the reason why respondents would not use

n ¼ 252) reported they would use fertiliser from urine of

urine-based fertiliser from the urine of either family members

family members. Conversely, only 20.5% (n ¼ 97) would use

(42.1% n ¼ 93) or urine of others (48.1% n ¼ 181). This is fol-

urine-based fertiliser from urine of their neighbours. There

lowed by smell which is the reason why 34.4% (n ¼ 76)

is no difference between male (53.8%) and female (53%)

respondents would not use urine-based fertiliser from the

respondents in terms of their willingness to use urine-based

urine of family members and 34% (n ¼ 128) would not use

fertiliser from the urine of their family members; only a

fertiliser from others’ urine. Only one respondent would not
use urine-based fertiliser from the urine of family members
while seven respondents would not use urine-based fertiliser
from urine of neighbours due to magical reasons. Apart from
religious reasons, other reasons for being unwilling to use
urine-based fertiliser are higher for urine-based fertiliser
from urine of neighbours. This shows that respondents are
more willing to use urine-based fertiliser from urine of
family members compared to that from urine of neighbours.
We hypothesised that perceptions of family members

Figure 2

|

Uses of urine.
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Willingness to use urine-based fertiliser from urine of family members and urine of other people

Would use urine-based fertiliser from family urine

Total responses

Would use urine-based fertiliser from urine of other people
Total

χ2

Yes

No

Number of

Number of

responses
(percentage)

responses
(percentage)

Number of
responses

252 (53.3)

221 (48.8)

473

0.76

( p-value)

Total

χ2

responses
(percentage)

Number of
responses

( p-value)

376 (79.5)

473

–
0.23

Yes

No

Number of

Number of

responses
(percentage)

97 (20.5)

Sex
Male

85 (53.8)

73 (46.2)

158

167 (53.0)

148 (47.0)

315

33 (20.9)

125 (79.1)

158

64 (20.3)

251 (79.7)

315

28 and below

70 (56.9)

53 (43.1)

123

25 (20.3)

98 (79.6)

123

29–38

67 (58.3)

48 (41.8)

39–50

60 (50.8)

58 (49.2)

115

21 (18.3)

94 (81.7)

115

118

23 (19.5)

95 (80.5)

118

51 þ

55 (47.0)

62 (53.0)

117

28 (23.9)

89 (76.0)

117

Did not ﬁnish
primary
school

47 (50.5)

46 (49.5)

93

17 (18.3)

76 (81.7)

93

Completed
primary
school

98 (51.9)

91 (48.1)

189

39 (20.6)

150 (79.4)

189

Completed high
school

87 (58.0)

63 (42.0)

150

35 (23.3)

115 (76.7)

150

completed
university
education

12 (46.1)

14 (53.9)

26

5 (19.2)

21 (80.8)

26

Female
Age

0.55

0.79

Level of
education

Table 7

|

Why wouldn’t use fertiliser from urine of family members or others

0.51

0.61

use urine-based fertilisers. Respondents were therefore
asked to respond to the question ‘would your family approve

Family members

Neighbours

Number of
response

Percentage of
response

Number of
response

Percentage of
response

The smell

76

34.4

128

34.0

ture. As illustrated in Figure 3, there is no signiﬁcant

Health
hazard

93

42.1

181

48.1

percentage difference in the level of agreement between

Magical
powers

1

0.5

7

1.9

Religious
reasons

15

6.8

14

3.7

Others’
opinion

22

10.0

27

7.2

Don’t
know

14

6.3

19

5.1

if you used urine-based fertiliser for agriculture?’ In
addition, respondents were asked if their neighbours
would approve if they used urine-based fertiliser for agricul-

male and female. Neighbours’ approval had the highest
level of disagreement for both male (40.5% n ¼ 64) and
female (52.9% n ¼ 166) respondents. The highest level of
expected approval comes from family members (30%
n ¼ 49 and 34.1% n ¼ 107 respectively) for both male and
female respondents. These show that approval of the use
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Expected level of approval of the use of urine-based fertiliser.

Given the potential for employment in the collection of

signiﬁcant (p-value ¼ 0.60). This relationship could be

urine, respondents were asked to indicate their willingness

attributed to the rising level of unemployment with the

to take a job that would require handling urine. More than

active age group having the highest unemployment. As a

half of respondents (63.2% n ¼ 299) are willing to take jobs

result of the high unemployment rate, unemployed youths

that involve working with urine (Table 8). When compared

might become more willing to overcome their perceptions

with the distribution of the gender of respondents in the

in order to get a job. The percentage of those who would

sample, nearly the same percentages of male (63.3%) and

take up jobs that require working with urine was highest

female (63.2%) respondents are willing to take up a job that

(73.2%) for those who did not ﬁnish high school while

2

requires working with urine. The result of the χ test for inde-

those who have completed university education had the

pendence shows that the relationship between gender and

lowest percentage (56.5%).

willingness to take a job that would require the handling of
urine is not statistically signiﬁcant (p-value ¼ 0.95).
A cross tabulation between age and willingness to have

DISCUSSION

a job involving handling of urine shows an inverse relationship between the two variables. Respondents aged 28 years

This study has explored UDDT users’ perceptions of using

and below have the highest willingness (73.2% n ¼ 90) to

urine in agricultural activities. The results of this study

take a job that would require the handling of urine while

demonstrate that gardening is a common activity in the

those above 50 years are the least willing (56.4% n ¼ 66).

study area with nearly half (46.9%) of participants reporting

The relationship between age and willingness to take a job

to own a garden for food and/or ﬂowers. In addition, more

that would require the handling of urine was not statistically

than half (79%) of those who do not own a garden would

Downloaded from https://iwaponline.com/washdev/article-pdf/3/4/582/384752/582.pdf
by guest

A. E. Okem et al.

589

Table 8

|

|

Assessing perceptions and willingness to use urine in agriculture

Journal of Water, Sanitation and Hygiene for Development

|

03.4

|

2013

Willingness to handle urine by age

Yes
Number of responses (percentage)

No
Number of responses (percentage)

Total
Number of responses

χ2
( p-value)

0.95

Sex
Male

100 (63.3)

58 (36.7)

158

Female

199 (63.2)

116 (36.8)

315

28 and below

90 (73.2)

33 (26.9)

123

29–38

72 (62.6)

43 (37.4)

115

Age

39–50

71 (60.2)

47 (39.8)

118

51 þ

66 (56.4)

51 (43.6)

117

90 (73.2)

33 (26.8)

123

Completed primary school

72 (62.6)

43 (37.4)

115

Completed high school

71 (60.2)

47 (39.8)

118

Completed university education

66 (56.5)

51 (43.6)

117

0.60

Level of education
Did not ﬁnish primary school

0.71

like to have one. Despite the proven value of urine in agricul-

associated with urine (Beler Baykal et al. ), 42.1% of

ture, our study shows that only 3.6% of the participants

our study’s participants showed concern about the health

currently use urine as an alternative fertiliser in their gardens

implications of using urine in agriculture. In this respect, per-

and less than 1% (0.4% n ¼ 1) of respondents sell the pro-

ceptions play an important role in the acceptance of such

duce of their gardens. The limited usage of urine as an

practice. Similarly, 34.4% are concerned about the smell of

alternative fertiliser could be attributed to the lack of knowl-

urine, corroborating previous results from Kenya (Mariwah

edge that urine could act as a sustainable and effective

& Drangert ), associating urine smell with a feeling of dis-

replacement to conventional ones. This lack of knowledge

gust and the presence of pathogens. These constraints call for

is evident given that only 9.7% of respondents are aware

the development of sound sanitation technologies and

that urine helps plants to grow. While current usage of

hygiene practices to minimise health risks of urine collection

urine is low among respondents, more than half (53.3%

and handling (Richert et al. b; Roma et al. ), coupled

n ¼ 252) are willing to use urine-based fertiliser from the

with education on the appropriate use and maintenance of

urine of their family members. Conversely, only 20.5%

existing UDDTs. Furthermore, technical interventions, such

(n ¼ 97) would use urine-based fertiliser from the urine of

as the development of appropriate guidelines and standard

others. These results are consistent with previous studies of

measures on health effects related to the re-use of urine

users’ perceptions of urine from Ghana and Nigeria (Cofie

based on rigorous evidence should be developed and

et al. ), where low awareness of the possibility of using

implemented by local authorities.

urine in agriculture constituted hindrance to such practice.

An additional hurdle to the re-use of urine relates to the

The most recent literature has shown that participatory

social stigma linked to using dry sanitation and urine-based

trials to sensitise all stakeholders involved (from users to con-

fertiliser. Our study showed that concern about the opinion

sumers), coupled with promotion and education activities,

of others may impact on users’ willingness to apply urine in

are fundamental to establish use of urine in agriculture (Srid-

agriculture. For instance, less than half of respondents

har et al. ; Kassa et al. ). Such activities may also be

(43.1% n ¼ 204) reported that their family members would

crucial to address the cultural, religious and health concerns

approve of them collecting urine for agricultural purposes.

that inhibit the re-use of urine (Cho ). In line with pre-

Additionally, only 23.8% (n ¼ 109) of respondents reported

vious research reporting concerns for health hazards

that their neighbours would approve of them collecting
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increase users’ awareness of the value of urine-based fertiliser and acceptance of the practice.

ACKNOWLEDGEMENT
This study was part of the VUNA project funded by the Bill
and Melinda Gates Foundation.

Downloaded from https://iwaponline.com/washdev/article-pdf/3/4/582/384752/582.pdf
by guest

Beler Baykal, B., Allar, A. & Bozkir, E.  A preliminary survey
of the public acceptance of the use of human urine as
fertilizer. In Paper Presented at the 3rd International
Congress ‘Wastewater in Small Communities Towards the
Water Framework Directive and the Development Goals’,
Istanbul, Turkey.
Cho, E.  Urine Therapy – Beneﬁts and Uses. Available at http://
health.amuchbetterway.com/urine-therapy-beneﬁts-anduses/ (accessed 13 May, 2012).
Coﬁe, O., Olubenga, A. & Amoah, P.  Introducing urine as an
alternative fertiliser source for urban agriculture: Case studies
from Nigeria and Ghana. Urban Agri. Mag. 23 (2), 49–50.
Cordell, D. & White, S.  Peak phosphorus: Clarifying the key
issues of a vigorous debate about long-term phosphorus
security. Sustainability 3, 2027–2049.
Drangert, J. O.  Fighting the urine blindness to provide more
sanitation options. Water SA 24 (2), 157–164.
Drangert, J. O., Duncker, L., Matsebe, G. & Atukunda, V. 
Ecological Sanitation, Urban Agriculture and Gender in Periurban Settlements: A Comparative Multidisciplinary Study of
Three Sites in Kimberley in South Africa and Kampala,
Kabale and Kisoro in Uganda. SAREC PROJECT Report
SWE-2002–136 (13).
Duncker, L. C., Matsebe, G. N. & Moilwa, N.  The Social/
cultural Acceptability of Using Human Excreta (faeces and
urine) for Food Production in Rural Settlements in South
Africa. WRC Report No TT 310/07.
Jackson, B.  A review of EcoSan experience in Eastern and
Southern Africa. Sanitation and Hygiene Series. Water and
Sanitation Programme (WSP), World Bank, Nairobi, Kenya.
Kassa, K., Meinzinger, F. & Zewdei, W.  Experiences from the
use of urine in Arab Minch, Ethiopia. Sustain. Sanitation
Pract. 3, 12–17.
Lienert, J., Haller, M., Berner, A., Stauffacher, M. & Larsen, T.
 How farmers in Switzerland perceive fertilizers from
recycled anthropogenic nutrients (urine). Water Sci. Technol.
48 (1), 47–56.
Mariwah, S. & Drangert, J. -O.  Community perceptions of
human excreta as fertilizer in peri-urban agriculture in
Ghana. Waste Manag. Res. 29 (8), 815–822.
Moe, C. L. & Rheingans, D. R.  Global challenges in water,
sanitation and health. J. Water Health (supplementary
edition), 41–57.
Phasha, M. C.  Health and Safety Aspects of the use of
Products from Urine-diversion Toilets. Master of Science
thesis in Microbiology, University of Pretoria.
Richert, A., Gensch, R., Jönsson, H., Dagerskog, L., Stenström, T.
& Bonzi, M. a Food security and productive sanitation:
Practical guideline on the use of urine in crop production.
Urban Agric. Mag. 3, 43–44.
Richert, A., Gensch, R., Jönsson, H., Stenström, T. & Dagerskog,
L. b Practical Guidance on the Use of Urine in Crop

591

A. E. Okem et al.

|

Assessing perceptions and willingness to use urine in agriculture

Production. Stockholm Environmental Institute, EcoSanRes
Series (2010–1).
Roma, E., Benoit, N., Buckley, C. & Bell, S.  Using the
receptivity model to uncover ‘urine blindness’: Perceptions
on the re-use of urine. Waste Manag. Res. 31 (6), 648–654.
Schönning, C.  Recommendation for the Re-use of Urine and
Faeces in Order to Minimize the Risk for Disease
Transmission. Swedish Institute for Infectious Disease
Control, Stockholm, Sweden.
Sridhar, M. K. C., Coker, A. O., Adeoye, G. O. & Akinjogbin, I. O.
 Urine harvesting and utilization for cultivation of
selected crops: trials from Ibadan, South West Nigeria.
In A paper presented at the 3rd International

Journal of Water, Sanitation and Hygiene for Development

03.4

|

2013

Ecological Sanitation Conference, 23–26 May, Durban,
South Africa.
Sustainable Sanitation Practice  Large-scale peri-urban and
rural sanitation with UDDTs eThekwini Municipality
(Durban) South Africa. Available at http://www.susana.org/
docs_ccbk/susana_download/2-791-en-susana-cs-southafrica-ethekwini-durban-uddts-2010.pdf (accessed 02 July,
2013).
Water Research Commission  Food Production in Rural
Settlements. Policy Brief. Water Research Commission,
Pretoria.
World Health Organization  Guidelines for the Safe use of
Wastewater, Excreta and Greywater. WHO, Geneva.

First received 4 January 2013; accepted in revised form 30 June 2013. Available online 17 August 2013

Downloaded from https://iwaponline.com/washdev/article-pdf/3/4/582/384752/582.pdf
by guest

|

