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ABSTRACT

Generally, kitchen-sink grey water (KW) is suitable for cost-effective treatment by anaerobic
baffled reactors (ABRs) due to an unbalanced COD/nutrient ratio. ABRs provide irrigation water,
particularly in water-scarce regions of Iran. One solution for the safe sewage irrigation is to dilute
it. In this study, KWwas diluted with distilled water to obtain control, D50 (50% KW), D75, and
D100 for maximum germination rate and seedling growth in Petri dish treatment of wheatand
lentilseeds. Some effluent parameters were investigated including pH (7.9-8.1), electrical
conductivity (EC) (850-920 ìS/cm), chemical oxygen demand (35- 68 mg/l), suspended solid (8-26
mg/L), and turbidity (2.2-8 NTU). All of them met the local irrigation standard except for
EC.Statistical analysis was conducted using IBM SPSS version 29.The irrigation of both seeds and
comparison with different dilutions, showed that the worst germination was obtained from D100.
The germination percentage of wheat and lentil at D50 and D75 was >80%. The highest mean
seedling length (11.71 cm) for wheat irrigation was obtained at D50 followed by D75 (9.10 cm).
While, the highest value for lentil seedling length were 9.74 (D50) and 13.86 (D75) cm. The lentil
seedling vigor index (SVI) using D75 provided the most effective irrigation water (approximately
2.5 times that of D100) requiring minimal dilution water. However, for wheat, D50 increased SVI
by 79% more than D100. We conclude that KW can be harmful, but after proper dilution, it may
allow it to provide potential fertilizer for the growth of wheat and lentil seedlings.

KEYWORDS : Anaerobic sewage treatment; Kitchen wastewater; Sewage irrigation;
Electrical conductivity; Seed germination; Wheat; Lentil.
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 D75 (i.e., 75% KW) and D50 show the best seed
vigor indexfor lentil and wheat, respectively.

 Irrigation of lentils with D75 significantly
reduced dilution water demand.

Abbreviation

KW: kitchen-sink Greywater; EC: electrical
conductivity; COD: chemical oxygen demand; TSS:
total suspended solid; HRT: hydraulic retention
time; TDS: total dissolved solid; ABR: anaerobic
baffled reactor; MFABR: modified filter-less ABR;
FOG: Fats, oils, and grease; ISTA: International Seed
Test Association;FAO: Food and Agriculture
Organization;NTU: nephelometric turbidity unit;
DO: dissolved oxygen; GP: germination percentage;
SVI: seedling vigor index; ìS/cm: micro Siemens per
centimeter; ìm: micro meter; N: Nitrogen; P:
Phosphorus.

INTRODUCTION

The depletion of fresh water due to continuous
urbanization, economic development, as well as
climate change; dictates the use of marginal water,
especially used water (Parwin et al., 2020). Kitchen-
sink wastewater (KW), often categorized as
greywater, has significant reuse potential for
fertigation (i.e., water and nutrient recovery).
Irrigation potential comes from: (i) The nutrient
content (Shi et al., 2018); (ii) Generally containing
lower levels of certain micro-pollutants compared to
municipal wastewater (Nneka et al., 2018; https://
w w w. c o n s i l i u m . e u ro p a . e u / e n / p o l i c i e s /
wastewater-treatment/); (iii) Large volume
availability up to 44 vol% of the domestic sewage
(Fountoulakis et al., 2016), and (iv) Proximity of
some commercial kitchens to smallholder
agricultural farms. The KW, due to the

contamination by fats, oils and grease (FOG) and
organic waste, must be treated as black water
(Shekhar et al., 2022). The KW treatment system,is
briefly a combination of physical (i.e., degreasing)
and biological methods (Shi et al., 2018). Skimmed
KW with enhanced biodegradability, can be
effectively treated using biological methods,
particularly the anaerobic baffled reactor (ABR).
ABR offers several advantages, including: (i) KW
with an unbalanced COD: N:P ratio of 200:4:1
indicates nitrogen deficiency, making it suitable for
anaerobic treatment (Noutsopoulos et al., 2018), (ii)
ABR works off-grid (Abu Ghunmi et al., 2010), and
(iii) Leaves considerable amounts of nutrients in the
effluent, which can be a source of fertilizer.
Literature review showed that KW has been utilized
for irrigation. The result obtained from the US
Salinity Laboratory classification system suggested
that 30% concentration of untreated hostel KW is
safe for Food and Agriculture Organization (FAO)
irrigation standards (Parwin et al., 2020). The use of
untreated KW for irrigation of cucumbers indicated
no threat to soil quality. However, some negative
effects on leaf area and number were observed
(Abegunrin et al., 2013).

This study was conducted in Iran, with very little
sewer coverage in rural areas, leading to direct
discharge of KW into fields. This practice poses
significant risks to public health and the
environment. In addition to reduce direct discharge
of KW into the environment, it has great potential
for agriculture purposes including of saving water
consumption and minimization dependence on
fresh water. Some of opportunities for treated kW
irrigation are followed below:
i) Peri-urban agriculture and small-scale farming

in village areas through back-yard farming;
ii) Public areas that are equipped with large-scale

kitchens include campuses, prisons, and so on;
iii) Restaurants, hotels, banquet halls, and

centralized kitchens located outside cities;
iv) Reusing treated industrial KW for agro-industry

is a sustainable practice that conserves water
and provides nutrients for crops.

v) Reclaiming irrigation water from catering units
in the large-scale company within a green
production.

On the other hand, KWirrigation showed several
environmental concerns due to the presence of
several contaminants, mainly salts, detergents, and
heavy metals (Petkar et al., 2021; Li et al., 2024;
Oteng-Peprah et al., 2018; Kalinowska et al., 2020).
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Furthermore, they may also have the property of
accumulating in soil and plant tissues (Heidari et al.,
2019). In regions with limited water resources (Al-
Hamaiedeh et al., 2010) or countries with high water
use efficiency (Bailey et al., 2019), concern about
presence of the pollutants in irrigation water reaches
its maximum due to less dilution of wastewater. The
main contributors to salinity from the KW are: (i)
Sodium salt, the most common food flavoring and
preservative agent (Oteng-Peprah et al., 2018). Due
to dewatering of kitchen waste and the washing of
dishes with salty food (e.g., seafood), most salt
concentrates in KW (Oteng-Peprah et al., 2018); (ii)
Sodium-based salts used in detergents and soaps
such as sodium lauryl ether sulfate (Ikhajiagbe et al.,
2020); and (iii). The salinity of KW, can be influenced
by the concentration of total dissolved solids (TDS)
in the source water (Dinh et al., 2021).

According to FAO, salinity of irrigation water
classified by electrical conductivity (EC) as follow:
low salinity: 0-250 yS/cm, medium: 250-750 yS/cm,
high: 750-2,250 yS/cm, very high, 2,250-4,000, and
extremely high,>4,000 yS/cm (Wasonga et al., 2024).
According to the U.S. Department of Agriculture
(USDA) and Chang et al. (1997), 750 µS/cm is a
threshold for general irrigation suitability, but
sensitive crops may experience issues in the range of
250-750 µS/cm. High levels of sodium in the
irrigation source may affect the yield of salt-sensitive
crops by negatively affecting water uptake and
subsequently photosynthesis (Shi et al., 2018;
Ikhajiagbe et al., 2020). However, to reduce the
salinity in irrigation water, farmers can employ
several strategies, including using it for specific
plants, diluting it with fresh water, or using
desalination technologies such as reverse osmosis
(Karimzadeh et al., 2024). Soil salinity is particularly
prevalent in areas with limited rainfall, such as Iran,
where high evaporation rates and inadequate
drainage may significantly increase soil sodicity.
Sewage irrigation also exacerbates soil and water
salinity (Marvi and Moharami, 2025). Moreover, if
wastewater is treated in a lagoon, the concentration
of pollutants, including salts, increases due to the
high rate of evaporation.

Wheat is the most important food crop since it is
grown in many countries and often consumed by
more than one-third of the global population (Grote
et al., 2021). Wheat irrigation is responsible for
almost one-eighth of global agricultural water
consumption (Muratoglu et al., 2025). Legumes were
also found to be a low-cost and high-quality source

of plant-based protein for many people globally.
They have additional environmental and economic
advantages by fixing atmospheric N2 in the soil and
reducing the need for nitrogen fertilizers (Khazaei et
al., 2019). Moreover, heavy metals may be absorbed
by legume plants through symbiosis with
rhizobacteria (Shannag et al., 2021). Lentils are the
most popular among major pulses due to their quick
cooking time (Khazaei et al., 2019).

Root system physiology plays an important role
in the essential functions of plants. Easy-to-use Petri
dish experiments is useful for studying root growth
characteristics, especially works well for evaluating
small seeds (Salian et al., 2018).In addition, strong
seed vigor is crucial for crop productivity because it
dictates overall plant growth across various
conditions (Divya et al., 2015). Seed development is
the most sensitive period to salinity stress (Liu et al.,
2023). Certain plant species are more vulnerable to
wastewater contaminants, than others. For example,
wheat, a cereal crop, shows moderate salt tolerance
(Zhang et al., 2024), while lentils, like other legumes,
are salt-sensitive (Navyashree et al., 2023). The
general findings suggest that undiluted treated
sewage can negatively affect seed vigor (Karaer et
al., 2021). The issue of irrigating salt-sensitive crops
is a significant concern for farmers and researchers.
Further, farmers must dilute sewage effluents before
using them (Yip et al., 2018). Dilution of septic tank
effluent from a hostel at 50 % supported better
growth of wheat in a pot experiment (Rajor et al.,
2016). Likewise, the best lentils seeds germination
results were obtained from treated effluent with a
concentration of 75% (Karaer et al., 2021).

The objective of this document was to determine
the potential for seed vigor, which could be achieved
by examining toxicity tolerance in the richest KW.
The advantages of this study lies in reducing
freshwater consumption in KW dilution to make it
suitable for irrigation, as there is limited research on
the specific effect of ABR-treated KW on salinity-
sensitive crops. The necessity of our research arises
from the urgent need for efficient recovery of
irrigation water from kW, particularly in rural
Iran.This study acknowledges the trade-off between
KW’s nutritional value and its potential toxicity
during the germination phase under hydroponic
conditions, while comparing it to distilled water.
Hence, the guiding hypotheses of the work plan
were: (i) anaerobic effluent from a pilot-scale ABR is
suitable for crop irrigation; (ii) diluting of KW can
reduce the concentration of seed growth inhibitors;
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and (iii) the use of KW as liquid fertilizer, positively
impacting crop growth when properly diluted.

MATERIALS AND METHODS

This experimental study was conducted with the
support of Kashan University of Medical Sciences to
treat KW from a three-person one-family building in
Chalus, Mazandaran, Iran with UTM of (36.6585° N,
51.4081° E), 30 m elevation, from July  to September
2024. Experimental research approach through
Petri-dish method was chosen to conduct this
research. In this research, skimmed KW treated by
ABR after dilution was used as irrigation source for
studying seedling growth.

Kitchen wastewater

The real domestic KW used for this study was
collected from a kitchen sink outlet. Tap water
having an EC in the range of 700-750µS/cm that was
used to generate KW by rinsing dishes with dish
soap, Peril, Iran, containing linear alkyl sulfonate
and sodium lauryl ether sulfate, based on the label
on the container. The detergent brand was
maintained the same at the full length of the study
period. Per capita kitchen water consumption was
measured at 70 liters per day. The climate in the
region where the study was conducted was
temperate, with hot summers (an average high of 30
°C)an average relative humidity of 70% and cold
and partly cloudy winters (an average low of 6 °C)
(weatherandclimate.com).

Modified anaerobic baffled reactor

In this study a modified 8-compartments ABR was
designed for on-site treatment and reuse of KW (Fig.
1). The bioreactor (135 cm length; 20 cm width, and
27 cm effective height) was made up of clear glass
and had an available capacity of 66 l. Each
compartment consisted of down-flow and up-flow
sections using vertical baffles with a volume ratio of
1:4 (Sheng-nan et al., 2015). The temperature was
controlled by an electric thermostat at 30 ± 1 !. More
details of the reactor can be found in our
unpublished study (Miranzadeh et al., 2015). A
gravity grease trap, with a 2 h hydraulic retention
time (HRT) at peak flow, was designed to separate
FOG from KW as a form of pre-treatment.
According to the American Petroleum Institute
(API), the type of oil is classified according to
droplet diameter as free (>150/µm), dispersed (20-
150/µm), or emulsified oil (<20/µm) (Gurd et al.,

2019). In the study, simple grease trap was found to
be effective at removing free droplets
(Chinwetkitvanich et al., 2020). Skimmed KW is
more readily utilized by microorganisms, making
biological treatment an effective method for
removing the remaining FOG (Gurd et al., 2019). The
grease trap effluent was applied to ABR with HRT of
72-24 hours. Then, KW treated by ABR after dilution
was used as the irrigation source in this study.

Fig. 1. Schematic diagram of producing irrigation water
for kitchen sink drain; Two-compartment gravity
grease trap for primary treatment unit (left) and
pilot-scale modified ABR for secondary
treatment (right).

Sampling and analytical methods

Sampling of influent was done at the valve that was
integrated into the feeding pump. The composite
effluent from the 8th compartment was collected in
1.5 l airtight plastic bottles. Collected samples were
immediately added acid (if needed) and stored in
refrigerator at 4 °C for a maximum of 7 d. Then they
were transported by a cool box to the local
laboratory. This study checked the KW for the
following parameters pH, temperature, turbidity,
EC, total suspended solid (TSS), chemical oxygen
demand (COD), ammonium-N, phosphate-P, and
dissolved oxygen (DO) for both raw and treated
samples. Since TSS values in skimmed samples were
low, turbidity analysis was often used as a substitute
for TSS (Dorji et al., 2021). All sampling and analyses
were performed according to the standard methods
(APHA, 2005). The EC were analyzed by an EC
meter (Cond 3110, WTW, Germany). The pH was
measured by a digital pH meter (WTW 330i,
Germany). The turbidity of the samples were
measured by a turbidimeter (HACH 2100AN,
Germany). The DO analysis of samples was carried
out by using a portable DO meter (HI98193,
HANNA instruments, Germany). COD, phosphate-
P and ammonium-N of samples were measured by
a spectrophotometer (Wagtech 7100, Palintest, UK).
Prior to analysis, ammonium and phosphate
samples were filtered with a pore size of 2.50 ìm
paper filter to remove of solid particles. For TSS
determination, filter paper is weighted by an
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analytical balance capable of reading to 0.0001 g (TE
214S, Sartorius). The obtained results are compared
with Iranian discharge limits (Dehghani and Taleb,
2018).

Seed germination

Germination studies of common wheat (Scientific
name: Triticum aestivum) and green lentil (Scientific
name: Lens culinaris) were carried out using
Petriplate technique. Wheat from the cereal group
and lentils from the legume group were compared
in a germination test, the former being moderately
salt-tolerant and the other being salt-sensitive
(Zhang et al., 2024; Navyashree et al., 2023). The
commercially available seeds were procured from
local agronomic supermarket. The healthy and
uniform seeds were selected and surface cleaned
with distilled water (Divya et al., 2015). Petridishes
were washed well, first with distilled water and
then with alcohol, and oven dried (at 70 °C for 20
minutes) to eliminate fungal contamination. To
soften the seed coat, all seeds were soaked in
distilled water for 24 hours before germination
(Langa et al., 2024). For each irrigation treatment, the
100 air-dried seeds were then placed equidistantly
in 10-cm-diameter clear plastic Petridishes
containing filter paper at the bottom (Mangwane et
al., 2024). All Petri dishes were placed in a room
temperature varying from 25/32 °C (night/day),
natural light (FAO and ISTA, 2023), and relative
humidity (RH) varied between 65-75% ambient air
to facilitate germination. The irrigation water,
namely KW effluent was used after dilution with
distilled water to D50 (50% KW), D75 (75% KW) and
in full concentration (D100). Using a D25 (25% KW)
was avoided because the goal was to minimize the
amount of dilution water needed when irrigating in
the field. For preparing D50 and D75 concentrations,
50 ml and 75 ml of effluent were diluted with 50 ml
and 25 ml of distilled water, respectively (Divya et
al., 2015). The seeds were irrigated daily with 5 ml of
ABR effluent. Irrigation water was obtained and
diluted daily. A control was maintained for each set
by using distilled water in this study (Divya et al.,
2015; Bakirov et al., 2022; Mosse et al., 2010). To
prevent evaporation, the Petri dishes were sealed in
clear plastic bags during germination (FAO and
ISTA, 2023). For both species, germination
percentages were counted after 7 days of sowing
(FAO and ISTA, 2023). The seeds were considered
germinated when the radicle showed 2 mm in
length (Gómez et al., 2023). The germination

percentage (GP) was calculated according to Divya
et al., (2015) by the following equation:

GP= (Number of germinated seeds/Total number
of seeds) ×100 .. eq. (1)

Seedling growth and Seedling vigor index (SVI)

The seedling lengths of all the germinated seeds
were measured after 7 days of irrigation using a
standard scale and were recorded in centimeters
(cm) (FAO and ISTA, 2023). The plant height was
measured from the cotyledonary node to the tip of
the shoot, and root length was measured from the
point of first cotyledonary node to the tip of longest
root (Wang et al., 2025). Moreover, the longest root
and shoot were also recorded. The SVI is expressed
in numbers by using below formula (Gómez et al.,
2023):

SVI = Germination (%) ×(Mean Root Length +
Shoot Length)(cm) .. eq. (2)

Data analysis

All statistical analyses and graphics were performed
or produced using IBM SPSS version 29. The data on
seedling height was transformed using the Log (x+1)
and tested for normality using Shapiro Wilk’s
Normality test. The data were found not to be
normally distributed and thus a General linear
model ANOVA with a Tukey HSD post-hoc test was
applied to test the significant difference between the
species, different concentrations as the treatments,
and their interactions. The species and treatments
were specified as predictor (independent) variables
while the transformed height was treated as the
response (dependent) variable.

RESULTS

Overall, the lentil was significantly different to
wheat (F = 20.513; df = 1; P <0.001; Fig. 2) and the

Fig. 2. Overall variation between species (Lentil and
Wheat) seedling height.
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Fig. 3. Interactions among different KW concentrations
on seedling height across the species.

treatments (concentrations) had a significantly
different influence on the seedling height (F = 4.531;
df = 4, 37; P = 0.001; Fig. 3) and there were also
significant interactions (F = 8.384; df = 2; P <0.001).

Physico-chemical characterization of irrigation
water

The physico-chemical analysis of tap water and
treated KW used in this study is presented in Table
1. Treatment of skimmed KW using a modified ABR
significantly decreased COD, TSS, and turbidity of
35-68 mg/l, 8-20 mg/l, and 2.2-8 NTU, respectively.
All the measured physico-chemical parameters were
within the permissible limits of the national
irrigation standard except for EC. Treated KW was
generally alkaline in nature, had a pH level in the
range of 7.90-8.10. This increase in pH, is caused by
the production of ammonia from the breakdown of

Table 1. Physico-chemical characteristics of the source water skimmed and treated KW; compared with local irrigation
limit.

Analysis Unit Source Control Skimmed Treated National permissible
parameters of water (Distilled water)  KW  KW   limits for irrigation

(Dehghani and
Taleb, 2018)

pH - 7.3-7.7 7-7.5 6.7-7.0 7.9-8.1 6-8.5

Temperature ° C - - 20-25 - -
TSS mg/l - - 38-65 8-26 100
Turbidity NTU 0.5-0.8 - 115-130 2.2-8 50
COD mg/l - - 260-370 35-68 200
NH3-N mg/l - - - 3.0-3.70 -
PO4-P mg/l <0.1 - - 0.15-0.21 -
DO mg/l - - 0.5-1 2-2.5 >2
EC µS/cm 700-750 5-7 850-920 850-920 Optimum <700

Note: NTU: Nephelometric turbidity unit; COD: Chemical oxygen demand; TSS: Total suspended solid; EC: Electrical
conductivity; DO: Dissolved oxygen; yS/cm: Micro Siemens/centimeter.

proteins due to its weak basic nature (Renuka et al.,
2016). However, the pH of the irrigation water
remained within the acceptable limits for use on
agriculture lands. Moreover the effluent was slightly
saline. Likewise, sampled ABR effluent in this study
reported EC between 850-920 µS/cm. As mentioned
before, irrigation water with EC higher than 750µS/
cm is called high saline, whereas tap water from
kitchen had EC of 740-750µS/cm (Wasonga et al.,
2024).

Germination percentage

Exposure of wheat seeds to all dilutions of KW
resulted in a significantly lower GP compared to the
control (Table 2 and Fig. 4). The lowest germination
rate of all samples irrigated with KW was achieved

Fig. 4. Effects of KW irrigation on germination percentage
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by D100. In the lentil
assay, all treatments
resulted in increased
germination compared
with distilled water (i.e.,
71% germination),
except 100% KW, which
was the minimum
germinating rate of 61%.
Remarkably, the
maximum germination
of 94% observed when
lentil seeds were
irrigated with 75% KW.

Seedling length

In all treatments which
were irrigated with
effluent, a continuous
increase in the lengths of
roots and shoots was
observed during the
germination stages of
seedlings. The seedling
lengths vary with
respect to the
concentration of the
treated KW (Fig. 5). In
wheat irrigation, the
minimum average
seedling length was
measured at 7.34cm for
D100, then increased by
increasing the dilution
of KW. Therefore, the
maximum average
seedling length was
observed by D50. In
wheat treatment, just
irrigation with D50 led
to greater growth length
of 11.71cm compared to
the control seedling by
9.70 cm. The maximum
shoot length (15.1 cm)
was noticed at D75 and
the maximum root
length (11.1 cm) of
wheat seeds were
recorded at D50.

While irrigation of
lentil under D75 effluent

has the highest mean seedling length by 13.86cm,
which was higher than the control seedling by
11.54cm. Similar to wheat result, the lowest mean
seedling length of lentil seeds (8.70 cm) was
reported at D100 effluent, compared to the control
by 11.32 cm. The maximum shoot length (17.0 cm)
was noticed at D75 and the maximum root length
(7.5 cm) of lentil seeds were reported at control
water.

Fig. 5. The average seedling length of germinated seeds
irrigated with KW

SVI

The SVI is an important aspect of seed quality from
the point of view of seed germination and growth
under unfavorable environment (Divya et al., 2015).
We can see the logic by increasing the SVI of wheat
seeds when KW concentration is decreasing. As
shown in Table 4, the highest SVI (960.22) is reported
for wheat seedling cultivated in D50, slightly more
than the control (921.50). The pure effluent indicated
the lowest SVIof 535.82.

In lentil samples, as expected, the highest SVI was
reported in D75, which was nearly 2.5 times more
than irrigation with D100 (1302.84 compared to

Fig. 6. Vigor index of irrigated seeds.
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530.70), respectively. Similar to the result of wheat
irrigation, D100 lentils treatment led to the lowest
SVI (Table 2 and Fig. 6).

DISCUSSION

MFABR operation

During the final acclimatization phase, a consistent
COD removal efficiency of over 90% was recorded.
The use of KW anaerobic treatment of KW resulted
in a turbidity reduction of up to 98%, resulting in a
very clear effluent that often visually resembles tap
water. However, a slight odor of anaerobically was
felt. Therefore, the reactor performance in terms of
COD and turbidity also indicated that the successful
start-up process took approximately 41 d, thanks to
mesophilic temperature, hydrodynamic flow
pattern and injected sludge type. The turbidity of
the effluent meets the turbidity limit of 10 NTU for
UV disinfection or pathogen removal by sand
filtration before final use (Cardoso and Bodnar,
2022).

Germination experiment

Although KW contains beneficial nutrients and
moisture, its high mineral content, particularly
sodium and chloride, can inhibit seed germination.
Therefore, caution should be exercised when using it
for irrigation fertilizer (Bakirov et al., 2022). As
previously mentioned, the recycled KW examined in

this study was affected by the average irrigation
water. ABR is effective in removing organic matter
and oils through biodegradation but is not designed
to remove salts. It has been  documented that genetic
variation in salt tolerance varies with plant species
and within species (Saberali and Moradi, 2019).
However, a profitable option to bypass relatively
saline wastewater could be the use of moderately
saline-tolerant plants. This technique helps rural
farmers maintain regional production and local
markets for saline irrigation, where less irrigation
water is available for agriculture (Saberali and
Moradi, 2019).

In this study, seed germination and growth
response of selected crops to the irrigation water
were significantly affected by KWdilution. As
shown in Fig. 4, the worst practice was obtained
when 100% KW was used. The decrease in seed
germination at 100% concentration may be due to
the presence of salt in the growth medium, which
leads to a higher osmotic pressure that reduces
water uptake, or due to the toxic effects of sodium
and chloride ions (Divya et al., 2015). Exposure to
other pollutants, such as untreated detergents, can
have a direct impact on seed germination, thereby
delaying plant growth (Divya et al., 2015).

EC of KW was higher than recommended quality
for sensitive crops. Dilution with fresh water is a
good solution and simple way to overcome this
problem. According to Fig. 6, this means that
wastewater must be diluted to achieve an effective

Table 3. Some challenges of and solutions to reducing limitations of applicability of anaerobic treated sewage

No Limitations Proposed solutions Ref.

1 Odour problem during storage 1. Minimizing turbidity (One of the (Ahmad et al., 2011).
tank particularly in warm main cause of odour), by improving
climates sand filtration system;

2. Increasing the residual chlorine;
3. Regularly flushing the distribution network;
4. A more compact storage solution that can

be designed to minimize odor and
prevent contamination.

2 Alga production 1. Controlling nutrient levels by improving 1-3(Ahmad et al., 2011);
sand filtration system; 4. (Peng et al., 2023).

2. Minimizing sunlight exposure;
3. Ultra violet radiation;
4. Ultrasound technology.

3 Reducing the quality of Increasing the number of tanks (Chojnacka et al., 2020).
wastewater

4 Clogging of irrigation systems 1. Regularly flushing the distribution network; (Areosa et al., 2024).
2. Flushing velocity was recommended to

a minimum of 0.3 m/s, to prevent
sedimentation and biofilm formation.
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SVI (Bakari et al., 2022). Recently, the greywater
footprint has received attention with a focus on
salinity. This refers to the volume of fresh water
required to dilute pollutants to environmentally
acceptable levels (Zhang et al., 2022). The amount of
dilution water depends on several factors, including
sewage quality, crop sensitivity, and water quality
requirements. In water-scarce regions, insufficient
access to fresh water for sewage dilution is a
significant barrier to the expansion of sustainable
agriculture (Siddiqui, 2024). Minimizing the need
for sewage dilution is a key strategy for sustainable
sewage irrigation in arid regions, achieved by
finding the best dilution ratio for moderately
salinity-tolerant crops.

On the other hand, this is consistent with past
studies that nutrients, especially N and P are
beneficial for crop performance (Zaouri et al., 2021).
In lentil cultivation, D75 not only achieved optimal
nutrient concentration, but was also able to slightly
reduce the abundance of hazardous pollutants,
especially salts and detergents. These positive effects
of grey water irrigation may be due to increased
uptake of macro- and micronutrients present in KW.
Notably, this finding is consistent with the results of
Karaer et al. (2021), who showed that the
concentration of treated wastewater increased the
germination rate of lentil up to D75 and then
decreased it again (Karaer et al., 2021). Manisha et al.
(2015) found that D75 sewage dilution was better for
black-eyed pea seed germination (Manisha et al.,
2015). Therefore, the lowest dilution rate seems
essential to minimize freshwater consumption when
faced with high wastewater volumes.

In the field of wheat, the results indicate that
moderate concentrations (D50) could serve as
suitable irrigation water for wheat plants, whereas
the SVI decreases with increasing KW
concentrations up to D100. These results were
confirmed by the study of Karaer (2025), which
showed that moderate levels of treated wastewater
at low concentrations can be effectively utilized as
an irrigation source to increase maize yield due to
increased availability of nutrient by the wastewater
(Karaer, 2025). Dash (2012) showed that germination
and growth of wheat seeds increased with
increasing wastewater concentration up-to 50%
dilution and then decreased (Dash, 2012). As the
concentration of treated wastewater exceeds 50%
and leads to toxic effects, especially due to salinity
and accumulation of heavy metals, it can have a
negative impact on reducing plant yield.

Field Application of KW

To scale this initiative to a practical level, we need to
know where we are getting the KW from. For
example, for 1 hectare of wheat, about 5000 m3 of
irrigation water are needed. For this purpose, we
need a small town or village, and we also need to
store it. Distance to agricultural fields was shown to
be the main factor determining viability. This
requires the construction of treated wastewater
distribution systems that can be piped to fields for
irrigation. In addition, when wastewater is stored, it
smells and encourages algae growth. Additionally,
the best germination of wheat occurs with irrigation
water containing some salt, which is why, in some
cases, highly diluted irrigation water works well.
Additionally, after germination, the roots begin to
use soil water. As previously mentioned, the plant
life cycle begins with seed germination, which is one
of the most sensitive stages of plant growth to
salinity (Bakirov et al., 2022). Therefore, it is wise to
germinate the seeds with fresh water at a maximum
of D25 and then increase the KW concentration
when the plant is much stronger. For this, a new
salinity test should be carried out until harvest. This
should also be a consideration for the KW dilution
rate.

Effluent dilution

There are two types of reuse of treated sewage for
irrigation purposes: (i) On-site application of KW
without an environmental buffer, near the
wastewater source, and (ii) Mixing of treated KW
with fresh water (if available) that can reduce the
overall concentration of pollutants in wastewater
(Shannag et al., 2021). Dilution can reduce the
overall toxicity of wastewater and make it safer for
irrigation by reducing the risk of direct toxicity to
plants or soil, but it does not remove the
contaminants themselves. Therefore, the
concentration of nutrients and salts, both present in
the irrigation source, decreases with increasing
dilution. It has been reported that mixing with
groundwater (known as Soil Aquifer Treatment-
SAT) is the only economical and most common
approach to reduce salt concentration in irrigation
water. Most organic carbon and suspended solids
are removed by ABR. However, the biological
process does not remove the mineral salts that
remain in the treated water unless reverse osmosis is
used as one of the treatment processes. Desalination
of reused water, including membrane processes



16 EBRAHIMI ET AL

such as reverse osmosis, has recently been
introduced in Israel. These technologies are limited
by high capital and operational costs (Shtull-
Trauring et al., 2020). It is worth noting that when
desalination removes salt, nutrients are also
removed, so the final result is clean water that needs
to blend with saline recycled sewage (Chojnacka et
al., 2020). Additionally, discharging recycled water
into streams and diluting it with rain/storm water
are suggested options that improve dilution
performance and increase the profitability of
wastewater use (Yip et al., 2018).

Limitations of treated kW for irrigation

Despite the potential of irrigation with anaerobically
treated wastewater, some problems are also
observed (Table 3). Treated sewage by anaerobic
methods can lead to clogging of irrigation systems,
especially in micro-irrigation, due to the presence of
suspended solids, chemical deposits, and biological
growth such as algae and bacteria. Clogging can
reduce water flow, reduce irrigation uniformity, and
ultimately lead to system failure. Algal growth can
be stimulated by the presence of nutrients remaining
after anaerobic treatment. As algal blooms growth,
they consume large amount of oxygen and
negatively impact aquatic life.

CONCLUSION

This study has highlighted the feasibility assessment
of KW treated by a grease trap followed by ABR for
Petri dish irrigation of selected crops. The effluent
was diluted with distilled water to obtain control,
D50 (50% KW), D75, and D100 dilutions. Data on
GP, seedling length, and SVI showed significant
dependence on crop species, dilution levels, and
their interactions.Although the seed irrigation
results showed that germination behavior between
wheat and lentil was somewhat different, the worst
performance for both was obtained with D100.
Diluted effluent was highly effective in improving
wheat and lentil seeds germination at concentrations
of D50 and D75, respectively, compared to distilled
water. The increase in SVI is likely due to nutrient
availability, lower toxicity, lower salinity, and greater
compliance with the reclaimed water standard.
Mixing treated sewage with freshwater sources and
using desalination methods are used to control its
toxicity. This is a brief study based on a limited
number of species, dilutions, and Petri-dishes. In
addition, much more research needs to be done on

full-season cultivation and cultivation in-soil. Long-
term monitoring under field or pot experiments is
needed to support the results in order to provide
valid and clear recommendations to farmers.
Overall, it can be concluded from this study that
KW, after proper treatment and dilution, can
provide a potential source of fertigation for wheat
and lentil seed growth.
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