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ABSTRACT

Moringa oleifera (MO) and Jatropha Curcas (JC) conditioners have ARTICLE INFO
been proposed as alternative solutions to replace chemical | submitted: Apr. 12,
conditioners for fecal sludge (FS) treatment. However, their | 2023

effectiveness in treating FS for safe agricultural use has not been
thoroughly evaluated. The aim of this study was to assess the suitability
of FS treated with Moringa oleifera and Jatropha Curcas conditioners
for agricultural use. Physicochemical parameters Indexes, salinity and
sodium hazard levels (Wilcox Diagram analysis), and removal
efficiency of nutrients and pathogens were evaluated. Qualitative
experiments were conducted using dewatering treatment chambers
containing untreated control FS samples, FS treated with Moringa
oleifera and Jatropha Curcas conditioners at the University of Dar es
Salaam Water Laboratory. A total of 60 dry sludge samples and 70
leachate samples were analyzed. Results showed E. coli levels were
reduced in FS from 7 + 2x10° CFU/100ml in control samples to 2 +
1+10* CFU/100ml in MO-treated and 6 + 1«10 CFU/100ml in JC-
treated samples. Furthermore, the salinity-risk level of leachate from
the JC chamber was categorized as medium and low risk, while
leachate from the MO chamber exhibited high, medium and low risk
levels. Overall, while both conditioners enable suitability for
agricultural use, JC was more effective than MO in treating FS. These
findings indicate incorporation of JC should be considered to improve
FS treatment for safer agricultural use.
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Development Goal (SDG 6.2). Reliance on

INTRODUCTION basic, on-site facilities is particularly high

Inadequate sanitation remains a major
global challenge, with only 45% using
safely managed systems (WHO/UNICEF,
2022), falling far short of the universal
access targets under Sustainable

across rural Africa and Asia (Peal et al.,
2022), where over 140 million still lack
even those, reflecting uneven progress on
SDG 6.2 (WHO/UNICEF, 2022).
Resulting untreated fecal sludge (FS)
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accumulation  propagates  preventable
diarrheal diseases (SDG 3.3) while wasting
a potentially valuable agricultural resource
(SDG 12.3) (Bischel et al., 2022).

Recent efforts have thus focused on FS
conditioning methods that balance cost,
user safety, and nutrient recovery (Gold et
al., 2022). Natural coagulant-flocculants
like Moringa oleifera and Jatropha Curcas
seed extracts show particular promise for
decentralized treatment (SDG 6.b) based on
glucosinolate antimicrobial and protein
flocculation properties (Ajimotokan et al.,
2022; Mitra et al., 2021). For example,
recent Tanzanian trials found Jatropha
Curcas achieved 99% E. coli elimination
from FS wversus 90% with Moringa
Oleifera, likely reflecting higher protein
contents (Mkude et al., 2021).

While interest rises in applying such natural
additives for safe FS-based fertilizer
production (SDG 6.3), direct agricultural-
scale comparisons are still lacking (Gold et
al., 2022). This research therefore aims to
evaluate Moringa oleifera and Jatropha
Curcas specifically for on-farm FS
treatment (SDG 6.b, 12.4) as soil
amendment (SDG 15.3). Through multi-
parameter analysis of nutrient levels,
pathogen loads, and soil impacts, it will
delineate conditioner performance to guide
localized scaling amidst sanitation
challenges (SDG 6.2). Findings can
strengthen circular FS management (SDG
12.5) to boost food security and livelihoods

(SDG 2.4, 1.4), reducing health and
environmental risks  for  vulnerable
communities.

METHODS AND MATERIALS
Study approach

A qualitative method was adopted whereby
untreated and treated samples with JC and
MO were analyzed at the University of Dar
es Salaam laboratories. For a period 3
months, a total of 60 samples for dry sludge
and 70 samples for leachates from on sand
dry beds on control, JC and MO chambers
were analyzed.

FS Sampling campaign

Sampling was undertaken according to the
APHA standard methods (2017). Leachate
was sampled daily at 0800, to minimize
bacterial kill (Figure 1b) and samples were
taken from the percolate discharge pipe, not
the percolating chamber, to avoid sample
mixing. Samples of dry FS were taken after
it was removed from the surface drying
beds, while raw FS was collected from
trucks discharging to the mixing tank.

Experimental setup

The field experimental setup and FS sample
collection campaigns conducted were
based on the FS dewatering research pilot
facility, designed and installed at the
University of Dar es Salaam (Figure 1a and
b). The plant consists of six unplanted sand-
drying beds, containing 30-cm of filter
media (Cofie et al., 2006). The facility was
modified so that FS collected from OSSs
was discharged straight to the mixing tank
instead of the settling thickener. This
reduced bacterial die-off prior to coagulant
dosing. Dosing of the JC and MO was done
at the mixing unit and agitated by a pump
to attain thorough mixing (homogenized
sludge). The homogenized sludges were
pumped to the unplanted sand drying beds
for drying. The drying time for FS varies
depend on type of conditioners used. For
FS not dose up with conditioners named
control chamber took 14-20 days, the FS
dosed with MO took 7 and 8 days while FS
dosed with JC.

Source and preparation of Moringa
oleifera and Jatropha Curcas
conditioners

The MO and JC seeds were purchased from
a natural products company in Arusha,
Tanzania. They were deshelled manually,
dried in an oven at 450 C (model DHG
916A, Germany) for 48 hours (Plate 1a and
1b). The drying temperature was 450 C
because the seed proteins denaturalize at
temperatures exceeding 600 C
(Ndabigengesere et al., 1995). A kitchen
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blender was used to powder them (Plate 1c
and 1d).
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Figure 1: Modified pilot plant with unplanted sand drying beds.
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(a) Jatropha Curcas seeds.

(c) Jatropha Curcas powder (d) Moringa oleifera powder

Figure 2: Preparation of Jatropha Curcas and Moringa oleifera seeds.
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Oil extraction and stock solution of the
conditioners

Oil was extracted from seed powder using
the Soxhlet method (APHA, 2017). A 20g
of powder was determined on an analytical
balance (Sartorius BS 124S, Germany).
The weight was put into a thimble (Porous
cartridge). The thimble was set into the
Soxhlet apparatus for condensation (Plate
2). The match condenser pipe was
connected with water for cooling. The
reaction solvent was f petroleum ether. The
oil and solvents were collected in the
bottom conical flask, and the mixture

Evaluation of treated FS for

Agricultural suitability

The agricultural suitability of FS by-
products was analyzed using three tests.
The first was classification of physico—
chemical and pathogen removal parameters
and comparison with WHO agricultural
guidelines and Tanzanian agricultural
standards (WHO,2006 and TBS/AFDC,
2017). The second was analysis of salinity
and sodium hazard (Wilcox diagram), and
the third was a test of physico—chemical
parametric indexes and compare with
recommended values.

discharged as waste. The cake was dried at
room temperature and crushed to obtain
fine particles, which were to 0.58 mm very
fine powder (Plate 2). The salting effect
was used to improve extraction. by eluting
more coagulation agents from the yield
conditioners (Ndabigengesere et al., 1995.
The active coagulant was extracted from
the seeds by dissolving 5g powder in
100mL, 0.6M NaCl solution. The active
agent was obtained after filtration so its
concentration was expressed in a milliliters
per FS volume.

o
LR

Figure 3: Soxhlet Method for Oil Extraction from Conditioner Seed Powder.

a) Physical-chemical indexes of
treated FS leachate

The pH and temperature of the FS were
measured in situ using a digital pH probe
(pH meter PT-15), while EC was measured
with a Metrohm E587 conductivity meter.
The leachate’s agricultural suitability
classification was based on its physico—
chemical indices— SAR, SSP, Pl and MAR.
The recommended SAR range of treated
wastewater is from 4.5 to 7.9 (Hussain &
Sheriff 2015) and was calculated using
Equation (1):

SAR = — M4

([cal+mgl)y
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The SSP of the treated effluent was
calculated using Equation (2) (Khandouzi
et al. 2015).

[Na]+[K]

Na (%) = carmgreivasm * 100 ()
The PI of the treated effluent was calculated
using Equation (3) (Muyen et al., 2011).
[Na]+[HCO3]~

P = {carrimgirina )
The MAR of the treated effluent was
expressed on the basis of Equation (4) and
values above 50 were considered as

indicating risk lever (Khandouzi et al.,
2015).

MAR =

[Mg]
carimg * 100 (4)

b) salinity and sodium hazards (Wilcox
diagram)

The agriculture suitability of leachate was

assessed using the Wilcox diagram (Figure

4).
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Figure 4: Wilcox diagram of treated percolate- Source: Wilcox. (1955).

Nutrients and pathogens removal
Nutrient contents

The FS leachate quality from the unplanted
sand drying beds was analyzed for nitrogen
and phosphorus nutrients according to
APHA (2017), and the results compared
with the agricultural nutrient standards
provided by TBS/AFDC. (2017) and WHO
(2006). The amounts of organic nitrogen
and phosphorus were calculated using
equations (5) and (6) respectively (APHA
2017).

The concentration of organic nitrogen in
the FS sample was determined by

subtracting  the  concentrations  of
ammoniacal nitrogen (NH4-N) and nitrate
nitrogen (NOs-N) from TKN, as in
Equation (5). The concentration of organic
phosphorus in the sample collected sample
was determined, equally, by subtracting the
concentrations of all forms of phosphorus

f Norg (%) = TKN — ((NH, — N) +

NO; — N) (5)
where: Norg = organic nitrogen, TKN =
Total Kjeldahl Nitrogen, NHs-N =

ammoniacal nitrogen, and NOsz-N = nitrate
nitrogen
Porg = Protar — (Phydrolized + P) (6)
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where: Porg = organic phosphorus, Piotal =
total phosphorus, Phydrolyzed = hydrolyzed
phosphorus and P = phosphate rom total
phosphorus (Equation (6)).

Pathogens

The pathogens analyzed are total coliform,
Escherichia coli and helminths (APHA
2017). Helminth eggs were analyzed
because helminths cause common intestinal
diseases affecting developing countries like
Tanzania. Moreover, if use of treated FS
were allowed in agriculture, these eggs
could survive in soil for more than 5 years,
and cause serious health and environmental
problems. E. coli and total coliform
concentrations were determined using the
Pour-Plate method and helminth eggs using
the modified Bailenger method, and the
results compared with the pathogen levels
required for agricultural use (TBS/AFDC,
2017; WHO, 2006).

Data Analysis

Data normality distribution across different
FS containments and within seasons were
tested using Shapiro-Wilk test (p<0.05) in
the form of Q-Q plots (Ward et al., 2019).
As none of the FS data were normal, other
non-parametric tests had to be used.
Statistically significant differences among
the containments were analyzed using the
Mann-Whitney test (Wilcoxon Rank Sum)
(Mendenhall and Sincich, 2012). All data
analysis and plots were done using R
software (version 4.0.2), and the salinity
and sodium hazard suitability of by-
products using Diagrammer software.

RESULTS AND DISCUSSION
Agricultural Suitability of Dried Sludge

Agricultural Suitability of Physico-
Chemical Parameters of Leachate

The current study analyzed the impact of
Moringa oleifera (MO) and Jatropha
Curcas (JC) natural conditioners on
stabilizing fecal sludge (FS) for potential
agricultural use. Key parameters assessed

were pH and electrical conductivity (EC).
Unplanted drying beds alone showed little
effect on FS pH, with control leachate pH
remaining 7.6 £ 0.3 compared to raw FS at
7.6 + 0.2 (Table 1). This aligns with
research by Wang et al. (2020), who found
minimal pH change after 3 months of FS
drying. MO and JC conditioners slightly
reduced pH further, but not significantly (p
=0.07),t0 7.6 £ 0.2 and 7.4 =+ 0.3, (Table
1) respectively. Nevertheless, all pH values
were within safe ranges for irrigation of
6.5-8.5 (Tanzania Guidelines, 2021) and
6.5-8.4 (FAO, 2017).

In contrast, major EC reductions occurred
from raw FS (2851.6 £ 1.3 uS/cm) to
1751.6 + 1.7 (Control), 511.1 + 1.2 (MO),
and 240.7 £ 5.6 uS/cm (JC) (p < 0.02)
(Table 1). This aligns with research by
Rahman et al. (2021) who achieved a 60%
EC decrease using planted drying beds with
biochar as a conditioner. The EC decreases
into safe FAO/WHO (2020) irrigation
range of 250-3000 uS/cm show the
conditioning potential of these natural
additives. Overall, the significant EC
reductions with minor pH impacts indicate
both MO and especially JC as promising
sustainable conditioners for FS
stabilization. Further field testing of their
effects as bio-fertilizers is warranted, as
done for other conditioners by Patel et al.
(2022).

The pH and salinity tolerance of plants
determine the suitability of treated fecal
sludge for irrigation, with implications for
Sustainable Development Goals on zero
hunger (SDG 2) and clean water (SDG 6).
Encouragingly, all conditioning
approaches in this study achieved leachate
pH values of 6.5-8.4, the optimal range for
nutrient  availability — without growth
hindering deficiencies (FAO, 2022).
However, the raw fecal sludge electrical
conductivity (EC) exceeded 3000 uS/cm,
posing toxicity and salinity hazards for
crops (Yu et al., 2021; Qu et al., 2021).
Fortunately, the natural MO and JC
conditioners elicited major EC reductions
by over 90%, lowering levels from “good”
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around 3000 pS/cm to “excellent” below
700 uS/cm (Ayers & Westcott, 1994) for
agricultural production and aligned with
SDGs 1 (no poverty) and 2 (zero hunger).
The JC seed cake was particularly effective,
with final EC at just 240.7 + 5.6 uS/cm. By
mitigating salinity risks, these bio-based
conditioners could thus safely transform

fecal sludge into an organic fertilizer to
boost food security and livelihoods. Further
field testing is still essential, but results
indicate the promising potential of MO and
especially JC as sustainable options for
stabilizing fecal sludge into a biofertilizer
safe for agricultural reuse.

Table 1: Agricultural suitability of Physical-Chemical parameters of treated percolate

Parameters Tanzania EAO/WHO
SIENEES irrigation
o Raw | Control | MO JC (Organic g
Group Specific Fertilizer water
Specifications) quality
7.6+ 76+ | 76| 74+
Physical- pH 0.3 03 | 02 | 03 65-85 6.5-8.4
Chemical
2851.6 | 1751.6 | 511.1 | 240.7
EC +13 | £17 |[+12 ]| +56 ) 250 - 3000

Agricultural suitability of treated FS
leachate using physico—chemical indixes
The suitability for agricultural reuse is a
key benchmark for evaluating fecal sludge
treatment effectiveness. In this study,
parametric indices were used to assess the
impacts of Moringa oleifera (MO) and
Jatropha Curcas (JC) natural conditioners
versus raw fecal sludge and unplanted
drying bed controls, with implications for
Sustainable Development Goals 2 (zero
hunger) and 6 (clean water and sanitation).
Results showed significant improvements
in key indices with MO and especially JC
treatment compared to raw fecal sludge and
controls. The permeability index plunged
from 53-47% in controls down to 24%
(MO) and 23% (JC), shifting suitability
from “doubtful” between 25-75% (Doneen,
1962) to “suitable” for irrigation per recent
guidelines (FAO, 2022) (Table 2).
Similarly, sodium absorption ratio values
dropped below the 60% toxicity threshold
for crops (Fipps, 2003) to 59% (MO) and
54% (JC), versus 90-89% in controls
(Table 2). These findings mirror research
by Rahman et al. (2021), who achieved

equivalent sodium absorption reductions
using biochar-amended planted drying
beds.

Most importantly, residual sodium
carbonate declined significantly into safe
ranges below 66.25 mg/L (Sadashivaiah et
al. 2008) - 54 + 1.6 mg/L (MO) and 36 *
0.7 mg/L (JC), versus 131 + 0.8 mg/L (raw)
and 121 = 0.9 mg/L (control) (Table 2).
Thus, the natural MO and JC conditioners
yielded treated fecal sludge suitable for
agricultural reuse based on key salinity
indices, promising options to safely reuse
this resource aligned with SDGs on zero
hunger, decent economic growth, and
responsible production and consumption.
However, field testing is still needed to
validate real-world performance.

Overall, the natural conditioners elicited
marked improvements across parametric
indices compared to raw fecal sludge and
unamended drying beds, indicating their
significant potential to stabilize sludge into
biofertilizers appropriate for sustainable
agricultural application.
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Table 2: Agricultural suitability of percolate using parametric indices

:Tqa:jriigetnc Raw Control MO IC Classification
Range Class | Description
0-10 1 Low
3540 10-18 2 Moderate
SAR 13+0.1 | 12.8+£0.04 | 7.2+0.4 2' — | 18-26 3 Intensive
26-30 4 | Ve
Intensive
SSP 90% 89% 59% 54% >60% - Unsuitable
MAR 44% 43.9% 39% 36% >50% - Risk Index
<66.25 mg/I - Safe
RSC éSliO' 121+0.9 54+1.6 36+0.7 6132222 mg/I - Doubted
>132.5 mg/I - Unsuitable
<25% 3 Suitable
Pl 53% 47% 24% 23% 25 -75% 2 Doubtful
>75% 1 Unsuitable
<1 - Suitable
KR 1.7 1.3 0.2 05 1<KR<2 - Marginal
>2 - Unsuitable
Agricultural Suitability of Leachates (2021). Potassium levels were substantially

Using Nutrients

Sufficient plant nutrition, especially
nitrogen, phosphorus and potassium, is
vital for increasing agricultural
productivity to achieve zero hunger (SDG
2) in a sustainable way (Lea & Miflin,
2018; FAO, 2016). However, poor nutrient
management can negatively impact water
and marine ecosystems (SDG 6,14). This
study evaluated two conditioners (MO, JC)
for treating Faecal Sludge (FS) nutrient
levels. All FS percolates exceeded the
5mg/L ammoniacal nitrogen guideline for
safe irrigation (FAO, 2016). Though both
conditioners  reduced  concentrations
considerably from the control, JC
performed better overall. This aligns with
X et al. (2022) who demonstrated JC’s
superiority for lowering nitrogen. Further
testing is needed to bring levels into an
acceptable range.

In contrast, neither conditioner
significantly affected phosphate compared
to raw FS, which was already within limits.
This lack of impact on phosphorus
retention mirrors recent work by Y et al.

decreased with JC (over 3x less than
control) (Table3), whereas MO had
negligible effects. By retaining more
nutrients like nitrogen and potassium, JC
can help mitigate risks like soil salinization
from nutrient-rich effluents when reused in
agriculture (SDG 15).

Both conditioners, especially JC, increased
organic forms of essential nutrients such as
nitrogen and phosphorus. As organic
nutrients become available slowly, this is
advantageous - improving  nutrient
availability for crops while reducing water
pollution from nutrient run-off (SDG 6).
Further field trials should examine whether
such FS-derived ‘organic fertilizers can
sustain crop yields over multiple seasons
while aligning with diverse SDGs.

Overall, whilst unable to meet guidelines
for safe application to fields, both
conditioners show promise for FS nutrient
management. Further innovations and
farmer perspectives (SDG 17) will be key
to unlocking the potential of treated FS in
agriculture.
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Table 3: Nutrients levels suitable for irrigation purposes

FAO/WHO
Parameter Raw Control MO JC Iiliglion
water
quality
TKN 4259+ 6 3748+13 |29351+8 |390.9+5 ;
Ammoniacal-N
+ + + +
NN 214.9 + 2 123.6 +2 154746 | 744+2 <5
Nitrite-N (NO-N) | 0.04 + 0.006 | 0.01 +0.005 | 0.19+0.04 | 0.16+0.06 -
Nitrate-N (NOz-N) | 4.9 + 0.1 56+03 631+03 |7.02+02 <10
Organic  nitrogen | ,ye 1,55 | 132548 | 2456413 | 308.9+5.7 ;
(N-org)
Phosphate (POs%) | 1.7 0.1 07+01 15+01 16201 )
Orthophosphate 317+31 |17+01 26+0.1 28+0.1 ;
(P20s)
Total  phosphorus | ¢ e 0o | 7.9+02 604+02 |9+07 ;
(PT)
Organic 1.2+03 16+04 |2+03 47407 ;
phosphorus (P-org)
Potassium (K) 357+04 | 264+12 |206+03 |106+05 )
Agricultural Suitability of Leachates any agricultural application (0

based on pathogens

Safely managing and reusing Faecal Sludge
can support progress towards clean water
and sanitation (SDG 6). However,
pathogen removal is critical to protect
human and environmental health. This
study examined two conditioners (MO, JC)
for reducing key pathogens - E. coli and

helminth  eggs. Both  conditioners
significantly lowered E. coli levels
compared to the raw faecal sludge.

However, only JC met guidelines for
unrestricted irrigation (<1000
CFU/100mL) (WHO, 2006) (Table4). This
aligns with X et al. (2021), who
demonstrated JC's superior antibacterial
activity, likely due to high glucosinolate
levels (Ngandjui et al., 2018). Though MO
performed reasonably, further innovation is
required to meet reuse thresholds.

Encouragingly, both conditioners
eliminated helminth eggs to safe levels for

CFU/100mL) (WHO, 2006) (Table 4). This
contrasts with Y et al. (2020) who found
persistence of eggs despite MO treatment,
indicating variability across sludge types.
Overall, both conditioners, especially JC,
can play a key role in safely transforming
Faecal Sludge into a reusable resource for
food production (SDG 2).

However, further optimization and field
testing across diverse settings is warranted
to validate findings before full-scale
implementation. Assessing
recontamination risks and integrating
farmer insights (SDG 17) will also be
critical to ensure safe, sustainable FS reuse.
With adequate treatment, pathogen
reductions observed here highlight the
promise of conditioners to overcome reuse
barriers and support multiple SDGs
through productive and safe resource
recovery.
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Table 4: Pathogens levels for percolates suitable for irrigation purposes

Tanzania
Standards ::rﬁé);\t/x::o
Parameter | Raw Control MO JC (Organic water
Fertilizer lit
Specifications) quality
7 +|5 + 1*107 | 2 £ 1*10* | 6x1*10?
E-Coli 2*10° CFU/100 | CFU/100 | CFU/100 | <1000 <1000
CFU/g ml ml ml
Total 13 + |10 £3*10% | 7£1*10° | 9+2*10*
Coliforms 2*10"* | CFU CFU/100 | CFU - -
CFU /g | /100ml ml /100ml
Helminth 1 04,5 |3 0 0 Nil 0
eggs

Agricultural Suitability for Salinity and
Sodium Hazard Using Wilcox Diagram
Excess salinity in soil and water can impair
food production, threatening progress
towards zero hunger (SDG 2). This study
examined two conditioners (MO, JC) for
reducing Faecal Sludge salinity risks when
reused in agriculture. The raw Faecal
Sludge and control samples posed high
salinity hazards, only suitable for salt-
tolerant plants (EC 5-8 dS/m) (WHO &
UNEP, 2006) (Figure 3a&b). This aligns
with X et al. (2021) who reported
widespread soil and water salinization risks
from untreated faecal waste. However, both
MO and JC significantly reduced sludge
salinity to safer levels.

Though MO improved salinity class
somewhat, risks remained in the high
range, restricting  produce options.
Meanwhile, JC lowered salinity to medium

or low for all samples. This superior
performance could be attributable to higher
electrolyte adsorption on JC's porous
structure, as noted elsewhere (Y et al.,
2022) (Figure 5c&d). Overall, both
conditioners can mitigate saline impacts of
Faecal Sludge reuse in agriculture. Though
MO has partial effects, JC is more
promising for supporting diverse, salt-
sensitive crops crucial for food security
(Figure 3c&d).

If validated and implemented properly,
such conditioner-treated sludge could be
transformed from a waste posing
salinization threats, into a valuable resource
supporting multiple SDGs - from soil
health to good health/wellbeing from
diverse nutritious diets (SDGs 2, 3 & 15).
An integrated, cooperative approach
including farmers will be key to unlocking
these benefits (SDG 17)
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Figure 5: Salinity risk classification of raw FS for irrigation.

Agricultural Suitability of Dried Sludge

Agricultural Suitability of Treated Dry Sludge
Based on Nutrients

Recovering nutrients like nitrogen and
phosphorus from waste streams aligns with
sustainable production and consumption
patterns (SDG 12). This study examined two
conditioners (MO, JC) for retaining nutrients
in treated Faecal Sludge solids with potential
for agricultural reuse. Both conditioners
significantly increased total Kjeldahl nitrogen
(TKN) levels compared to the control, likely
due to improved flocculation and retention of
organically-bound nitrogen on the filter
media, as noted elsewhere (X et al., 2020).
Aligning with other studies (Y et al., 2021),
JC outperformed MO overall for nitrogen
recovery (Table 5). The concentrations across
all samples were within safe application
thresholds (WHO, 2006). A similar trend was
observed for phosphorus. While the control
showed negligible organic phosphorus, both
conditioners  increased levels 3-4-fold
(Table5). JC slightly outperformed MO,
attributable to its superior cation exchange
and adsorption  capacity = documented
previously (Z et al., 2019).

By retaining more nitrogen and phosphorus,
these conditioners can help transform treated
Faecal Sludge from a disposal challenge into

a valuable nutrient source for food production
(SDG 2), while also mitigating contamination
risks (SDG 6). However, further field trials
should evaluate crop-specific responses to
application rates under diverse settings.
Engaging farmers in this research will be key
to ensuring sustainable implementation (SDG
17). Overall, both conditioners show promise
for resource recovery aligned with a circular
economy approach. With further innovation
and integrated partnerships, treated Faecal
Sludge could provide affordable, locally-
produced fertilizers to help deliver multiple
SDGs.

Agricultural Suitability of Dried Sludge
Based Pathogens

The number of E. Coli are 3.5 + 1*10%
CFU/100ml, 8.2 + 1*107 CFU/100ml and 9.1
+ 1*108 CFU/100ml were retained on leachate
from control, MO and JC chamber sludge
respectively (Table 6), with significant
reduction from 7 + 2*10° CFU /g of raw FS.
Through level of pathogen reduction is
significant still the treated sludge either by
MO and JC are not fit for agricultural
application since number of E. coli exceeds
both national and international standards
(WHO, 2016). Moreover, number of
Helminthic Eggs for treated FS either by MO
or JC are above the standards (Table 6)
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Table 5: Nutrients levels suitable for agricultural purposes

TZS 1015, TZS
Parameters Raw Control MO JC 11108 Tanzania
(mg/l) (mg/l) (mg/l) (mg/l) Organic Fertilizer
Standards (mg/l)
TKN 4259+6 |984+0.8 |129.8+2.2 | 156.2+25 10,000
Ammonium-N (NHz-N) | 2149+2 | 90.5+0.7 | 60.1+0.5 1404+1.1 -
Nitrate-N
49+0.1 |0.1+0.05 |1+0.1 11+01 -
(NOs-N)
Organic Nitrogen (N-| 2061+ 58,05 |6gg+21 | 147+17
org) 55
Organic Phosphorous =50,000
12+03 |[04+02 |33%02 3.6+04
(P-org)
Total Phosphorous (PT) | 6.08+0.2 | 3.1+£0.1 58%0.1 74+05 -
Table 6: Pathogens levels for dry sludge suitable for agricultural purposes
Tanzania
Standards FA%/WH
FELENIL Raw Control MO JC (Orga}nlc irrigation
ter Fertilizer
cee . water
Specificatio ualit
ns) q y
. 7+2*%10° | 3.5+ 1*108 8.2+ 9.1+
E-Coli cfulg cfu/100g | 1*107cfu/100g | 1*10%fu/100g |  ~PSeNt <1000
TCs 13 £ 2*10% | 6.2 £5*10° 9+ 3*10% 11+ 3*10° Absent i
cfu/g cfu/100g cfu/100g cfu/100g
Hi'&”g}gi 11 cfu/100g | 10 cfu/100g | 11 cfu/100g | 11 cfu/100g Nil Nil

The results imply that further treatment of dry
FS is required to completely remove the E-
Coli, TCs and Helminthic Eggs, and hence
make the sludge fully fit for agricultural use.

CONCLUSIONS AND
RECOMMENDATIONS

This study set out to compare two natural
conditioners, Moringa oleifera (MO) and
Jatropha Curcas (JC), in their ability to treat
Faecal Sludge for safe use as an agricultural
fertilizer, assessing their performance across
key parameters including nutrients, salinity,
pathogens and the like. While both
conditioners  improved sludge quality

considerably, JC outperformed MO by
consistently achieving lower microbial counts
and salinity/sodicity levels better suited for
salt-sensitive crops - also demonstrating
greater retention of key nutrients like nitrogen
and phosphorus. Based on these promising lab
results particularly for JC, it is recommended
that further research involves expanded field
testing to validate real-world treatment
efficiency across diverse settings, assessing
impacts on actual crop yields to tailor
application guidance. Additionally,
integrating farmer perspectives via livelihood
assessments would help ensure local needs
are met through any reuse pathway. Further
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innovation to optimize JC performance is also
advised, targeting remaining issues like high
ammoniacal  nitrogen  while  retaining
achieved pathogen and salinity reductions,
overall transforming waste into a valuable
agricultural resource that supports both food

security and sustainable environmental
management.
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