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Hospital wastewater treated with a novel bacterial

consortium (Alcaligenes faecalis and Bacillus

paramycoides spp.) for phytotoxicity reduction in

Berseem clover and tomato crops

Aneeba Rashid, Safdar A. Mirza, Ciara Keating, Sikander Ali

and Luiza C. Campos
ABSTRACT
Hospital wastewaters are produced in large volumes in Pakistan (∼362–745 L/bed.day) and are

discharged without proper treatment. They are widely used by farmers for crop irrigation and induce

a phytotoxic effect on plant growth. The study was conducted to evaluate the effect of untreated and

treated hospital wastewater on seed germination of a fodder crop Trifolium alexandrinum (Berseem

clover) and a food crop Solanum lycopersicum (tomato). A bacterial consortium was formed with

three bacterial strains, i.e., Alcaligenes faecalis and Bacillus paramycoides spp., which were

individually proven efficient in previous studies. The concentrations of untreated and treated hospital

wastewater (25, 50, 75 and 100%) were used to irrigate these crop seeds. To assess the efficiency of

treatment, the germination percentage, delay index, germination index, stress tolerance indices,

seedling vigour index and phytotoxicity index were calculated and were statistically proven

significant. The seeds grown in treated wastewater concentrations showed negative values of

phytotoxicity indices (tomato: �0.36, �0.47, �0.78 and �1.11; Berseem clover: �0.23) which

indicate a stimulatory or non-toxic effect on seedling growth. Our work proposes that this bacterial

consortium is efficient for hospital wastewater treatment before crop irrigation.

Key words | Alcaligenes faecalis, Bacillus paramycoides, biodegradation, fodder and cash crops,

phytotoxicity, wastewaters
HIGHLIGHTS

• Bacterial consortia proficiently used for hospital wastewater treatment.

• Novel combination of Alcaligenes faecalis and Bacillus paramycoides spp. promotes

the efficiency of hospital wastewater treatment.

• Consortium proved to be capable of phytotoxicity reduction in two crop plants,

Trifolium alexandrinum (Berseem clover) and Solanum lycopersicum (tomato),

irrigated with treated hospital wastewater concentrations.
This is an Open Access article distributed under the terms of the Creative

Commons Attribution Licence (CC BY 4.0), which permits copying,
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(http://creativecommons.org/licenses/by/4.0/).

doi: 10.2166/wst.2021.079

om http://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
Y COLLEGE LONDON user
1

Aneeba Rashid
Safdar A. Mirza
Department of Botany,
GC University Lahore,
Lahore 54000,
Pakistan

Aneeba Rashid
Luiza C. Campos (corresponding author)
Department of Civil, Environmental and Geomatic
Engineering,

University College London,
London WC1E 6BT,
United Kingdom
E-mail: l.campos@ucl.ac.uk

Ciara Keating
Division of Infrastructure and Environment,
James Watt School of Engineering,
University of Glasgow,

Glasgow G12 8LT,
United Kingdom

Sikander Ali
Institute of Industrial Biotechnology (IIB),
GC University Lahore,

Lahore 54000,
Pakistan

mailto:l.campos@ucl.ac.uk
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.2166/wst.2021.079&domain=pdf&date_stamp=2021-02-22


1765 A. Rashid et al. | Hospital wastewater treated to grow Berseem clover and tomato Water Science & Technology | 83.7 | 2021

Downloaded from http
by UNIVERSITY COLL
on 19 April 2021
GRAPHICAL ABSTRACT
INTRODUCTION
Agriculture, a major contributing factor to the gross dom-
estic product of Pakistan (∼21%), is considered as the
foundation of the country’s economy (GOP ). The
majority of the country’s population (∼63%) is rural and is

directly or indirectly associated with the agriculture sector
(TWB ). Almost 90% of all the country’s agricultural
food production is carried out using water from the Indus

Basin irrigation system (Qureshi ), which is regarded
as the world’s largest natural and continuous irrigation
system. It is used for various purposes (PCRWR ): irriga-

tion (∼60%), drinking (∼90%) and industrial use (∼100%).
However, the system is now becoming one of the world’s
most overstressed and quickly diminishing natural water

systems (NASA ). Additionally, Pakistan is predicted to
face a shortage of water in the near future (Roberts ),
with the country listed as the third most water-deficit in
the world (IMF ) and its groundwater table is predicted

to disappear by 2025 (PCRWR ).
Due to this freshwater shortage, the farmers are

irrigating their crops with raw wastewaters coming from

domestic, hospital, industrial and other waste effluent
sources (Qadir et al. ). In Pakistan, the municipal
wastewater production (3.06 × 109 m3/year) is more than

70% of the total produced wastewater (4.37 × 109 m3/year)
(Murtaza & Zia ). The remaining 30% wastewater
(1.31 × 109 m3/year) is produced from industrial use. All of
these wastewaters are discharged into combined sewers

in Pakistan (Murtaza & Zia ) containing impurities,
dyes, disinfectants, pharmaceuticals, heavy metals, solvents
and toxic chemical compounds without proper treatment

(Emmanuel et al. ). The hospital wastewater containing
pharmaceutical contaminants, heavy metals and toxic
://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
EGE LONDON user
chemical compounds is more than 10% of the municipal
wastewater (Ashfaq et al. ). The rest of the municipal
wastewater is produced from domestic and other sources.
The hospital wastewater is produced in large volumes

(∼362–745 L/bed.day) and is discharged without proper
treatment despite hospital waste management rules issued
by the Ministry of Environment, Pakistan since 2005 (GoP

). This enormous amount of unsafe hospital wastewater
needs special consideration (Meo et al. ). Reusing this
untreated hospital wastewater for crop irrigation is extre-

mely harmful to plants (Hamilton et al. ; Dwivedi
), animals and humans (Qadir et al. ; Keraita et al.
; Qadir et al. ; Contreras et al. ). It also pollutes

the aquatic environment, leading to fish kills etc. (Hernando
). The treatment of hospital wastewater before its dis-
charge into combined sewers would help to reduce
freshwater pollution and increase its availability for safe

use in crop irrigation. Previously, the biological methods
using bacteria have been recognised as efficient, eco-friendly
and more cost-effective than physicochemical methods for

the treatment of combined wastewaters (Phugare ).
However, their role in treatment of hospital wastewater
was not confirmed. In our previous study (Rashid et al.
), we have shown the capacity of three bacterial strains
(Bacillus paramycoides spp. and Alcaligenes faecalis) iso-
lated from domestic and pharmaceutical wastewaters for
the treatment of hospital wastewater. The hospital waste-

water under study was characterised with pH (7.4), electrical
conductivity (EC) (444 μs/cm), salinity (0.2 ppt), turbidity (51
NTU), total suspended solids (TSS) (2300 mg/L), total dis-

solved solids (TDS) (296 mg/L), chemical oxygen demand
(COD) (396 mg/L), biological oxygen demand (BOD)
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(246 mg/L), biodegradability index (0.62), chromium

(1.8 mg/L), lead (0.17 mg/L) and nickel (1.8 mg/L) and it
contained a mixture of emergent pharmaceutic contaminants
(i.e., phenol, salicylic acid, caffeine, naproxen, octadecene

and diazepam). Though most of the parameters for untreated
hospital wastewater are beyond the National Environment
Quality Standards (NEQS), we achieved high percentage
decolourization (>93%) and degradation (100–43%) of phar-

maceutic pollutants found in hospital wastewater. This work
recommends the potential use of these strains as a consor-
tium as it involves a combined mechanism of metabolism

among the co-existing bacterial isolates. For this, the first
step would be to demonstrate the safe use of this consortium
for crop irrigation by performing a phytotoxicity analysis.

Phytotoxicity is the induction of any toxic effect induced
within plants due to pollutants that delay seed germination
or affect plant growth parameters (length and weight)
(WRAP ). Previously, a reduction in phytotoxicity was

observed in Lactuca sativa (lettuce) seeds irrigated with con-
sortia treated wastewaters (Ceretta ). It has also been
observed that biologically treated textile wastewaters used

for crop irrigation were capable of improving the growth of
plants (Velayutham ). However, extended work is still
required for a comprehensive evaluation of the phytotoxicity

of untreated and treated hospital wastewaters for crop
irrigation.

The present study aimed to assess the phytotoxicity

reduction by a novel bacterial consortium (B. paramycoides
spp. and A. faecalis) (Rashid et al. ) in hospital waste-
waters which are highly toxic, to allow the wastewater to
be used safely for the irrigation of the main fodder crop in

Pakistan i.e. Trifolium alexandrinum (Berseem clover),
and the most popular food crop in Pakistan i.e. Solanum
lycopersicum (tomato). Berseem clover is a vital winter

fodder crop that plays an essential role in improving the
dairy industry in Pakistan. Comparatively, tomato is a
rapid-growing vegetable crop, providing a higher yield

which is economically important. The reason for selecting
these crops is that they are both considered highly valuable
for the country’s economy and it is the first time that these

plants have been tested for phytotoxicity after wastewater irri-
gation. This will be determined using a range of matrices to
assess plant health – seed germination percentage, delay
index (DI), germination index (GI), stress tolerance indices

(STIs), seedling vigour index (SVI) and phytotoxicity index
(PI). These indices are predictors of phytotoxicity reduction
in crop plants after irrigating with treated hospital wastewater

and are compared with the irrigation with untreated hospital
wastewater. The potential application of this work is to
om http://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
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determine if the biotreatment with this consortium is a feas-

ible method to treat highly toxic hospital wastewater and
allow its safe reuse to irrigate two important crop plants,
and therefore be an attractive alternative to meet the increas-

ing demand of freshwater.
MATERIALS AND METHODS

Collection of hospital wastewater

The hospital wastewater sample (50 L) was collected from
three different points of discharges from a drainage site of

a local hospital in Lahore, Pakistan, according to the stan-
dard protocols (APHA ). The drainage site of the
hospital had a combined disposal tank station containing

homogenized waste from all wards. The geographical coor-
dinates of Lahore city are 31� 340 55.36″ north and 74�

190 45.75″ east at an altitude of 217 m (712 ft). The sample

was collected on 15 March 2019.
Characterization of hospital wastewater

The full characterization of hospital wastewaters is not part

of present study. However, in order to assess the efficiency
of biotreatment, the following parameters were investigated
according to standard protocols (APHA ) before and
after the biotreatment of hospital wastewater. These par-

ameters were compared with the NEQS (NEQS )
(Table 1), i.e. physical components (colour, odour, pH, EC,
TDS, TSS, salinity [ppt] and turbidity [NTU]); biological com-

ponents (BOD and isolation and identification of bacterial
isolates); and chemical components (COD, heavy metal esti-
mation – arsenic, cadmium, chromium, lead and nickel, and

identification of pharmaceutic contaminants). The heavy
metal estimation was carried out using an Atomic Absorption
Spectrophotometer (AA 7,000 F with Autosampler and
Hydride Vapour Generator, Shimadzu, Japan) to access the

efficiency of biotreatment. Most of the parameters for
untreated hospital wastewater were beyond the range of the
NEQS. The presence of pharmaceutic contaminants also

highlighted the necessity of an effective biotreatment.
Characterization and development of the bacterial
consortium

The bacteria used in the consortium were isolated in our
previous study (Rashid et al. ). The isolates were



Table 1 | The characterization of hospital wastewater

Parameters NEQS Hospital wastewater

Physical components Colour – Light yellow
Odour – Fishy
pH 6.6–8.5 7.4***
EC (μs/cm) – 444****
TDS (mg/L) 1,000 296****
TSS (mg/L) <500 2,300****
Salinity (ppt) – 0.2**
Turbidity (NTU) 5 51***

Biological components BOD5 (mg/L) 80–250 246****
Bacterium 1 – H-1 (Bacillus sp.)
Bacterium 2 – H-2 (Pseudomonas sp.)
Bacterium 3 – H-3 (Bacillus sp.)
Bacterium 4 – H-4 (Bacillus sp.)
Bacterium 5 – H-5 (Pseudomonas sp.)
Bacterium 6 – H-6 (Bacillus sp.)
Bacterium 7 – H-7 (Bacillus sp.)
Bacterium 8 – H-8 (Pseudomonas sp.)
Bacterium 9 – H-9 (Bacillus sp.)

Chemical components COD (mg/L) 150–400 396****
Arsenic (As) 0.05 mg/L Nd
Cadmium (Cd) 0.01 mg/L Nd
Chromium (Cr) 0.05 mg/L 1.8
Lead (Pb) 0.05 mg/L 0.17
Nickel (Ni) 0.02 mg/L 1.8
Phenol (μg/L) (Aromatic) – 876
Salicylic acid (μg/L) (Metabolite) – 48
Caffeine (μg/L) (Stimulant) – 7
Naproxen (μg/L) (NSAID) – 23
Octadecene (μg/L) (Organic) – 185
Diazepam (μg/L) (Sedative) – 14

Nd, Not detected; NSAID, non-steroidal anti-inflammatory drug. Significance is indicated by *P< 0.05, **P< 0.01, ***P< 0.001, ****P< 0.0001.
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identified as B. paramycoides spp. and A. faecalis sp.
(Figure 1).

Phylogenetic analysis of the strains was carried out

using the top 20 BLAST hits for each isolate. This was
Figure 1 | Bacterial isolates for consortium development.
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achieved by aligning the sequences using Muscle v. 3.8.425
(Edgar ) and a phylogenetic tree assembled in Geneious
Prime using the Tamura–Nei genetic distance method

(Tamura & Nei ) and Neighbor-Joining tree building
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method (Saitou & Nei ). The phylogenetic tree was then

imported in to the Newick file format and edited in Evol-
view (Zhang et al. ). Phylogenetic analysis was
conducted to determine the similarity of these species to

each other and their respective closely identified BLAST
sequences. The three isolates were distinct from these
BLAST matches. Both B. paramycoides spp. clustered
together, demonstrating that these isolates were highly simi-

lar. The closest cluster for three of the species was identified
as Paenalcaligenes suuwonensis and Paenalcaligenes homi-
nis (Figure 2). For consortium development, one colony was

picked from each of the plates of the three bacterial isolates.
These were inoculated in a test tube (20 mL) containing
Figure 2 | Phylogenetic relationship between the three isolates and associated BLAST referen
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sterilized Lysogeny broth medium (10 mL) and incubated at

37 �C in a shaking incubator. After 24 h of incubation, the con-
sortium was ready to be used for the biotreatment experiment.

Biotreatment

One colony of the consortium was added to a test tube
(20 mL) with deionized water (10 mL) to form a consortium

suspension (optical density¼ 1). The consortium suspension
(10%) was added to a conical flask (250 mL) containing hos-
pital wastewater (100 mL) and incubated at 37 �C for 48 h in
a shaking incubator for the biotreatment. This suspension

was considered as treated wastewater after this period.
ce sequences.
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Phytotoxicity experiments

Seed selection and sterilization

The fodder crop (T. alexandrinum, Berseem clover) and food
crop (S. lycopersicum, tomato) seeds were generously provided
by the Seed Certification Department, Lahore, Pakistan. The
names of the certified variety for the crop seed were Berseem

clover seed (Anmol) and Seminis Hybrid Tomato ONYX
(Ori-Thailand). The germination experiments were conducted
within a randomized complete block design with three replica-

tions. Fifteen Berseem clover seeds were sterilized in a laminar
fume hood with 4% (v/v) bleach solution. Then, 50 μL of
Tween 20 detergent was added to the bleach solution to

avoid any contamination during germination.
Preparation of wastewater concentrations and
germination experiment

A broad selection of dilutions of untreated and treated hos-
pital wastewater concentrations, i.e. 25, 50, 75 and 100%,
Figure 3 | Concentrations of untreated and treated hospital wastewater (WW, wastewater; HW

://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
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were chosen to simulate different levels of contaminant con-

centrations (Figure 3). These concentrations were diluted
with deionized water to assess the differential extent of phy-
totoxicity (Ceretta ). The sterilized seeds were placed on

cotton (1 g) placed in sterilized glass Petri dishes (dimen-
sions 100 × 15 mm). The cotton was wetted with a similar
volume of the different dilutions of untreated and treated
hospital wastewater (20 mL). Tap water (TW, 20 mL) and

deionized water (20 mL) were used for the control treat-
ment, separately (Kaushik et al. ). In total, there were
30 Petri dishes, including controls. Seeds were germinated

under continuous white fluorescent tube lights with the
light intensity of 2,500–3,500 lx/m2/s inside a growth
room at 25 �C.
Measurements of length and weight

The observations of seeds and growth parameters were
recorded daily up to 1 week and germination indices were

calculated. A seed was considered as germinated when its
root was visible and measurable (i.e. >0.5 mm); the root
W, hospital wastewater).
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lengths of ungerminated seeds were considered as zero. The

length of root and shoot of the germinated seeds were
measured from each experimental set. The shoot length
was measured from the base of the primary leaf to the

base of the hypocotyl in centimetres. Root length was
measured from the tip of the primary root to the base of
the hypocotyl in centimetres. By adding the root length
and shoot length, the seedling length was calculated and

expressed in centimetres. Both shoots and roots were
oven-dried at 65 �C overnight and the dry weights were
determined.
Germination percentage (GP)

The GP is the ratio between the total number of germinated

seeds to the total number of viable seeds. This parameter is
an indicator to assess the viability of seeds and to see
whether the treatment condition is suitable for the seeds

to grow or not. The range of desirable GP for seeds irrigated
with treated hospital wastewater is between 80 and 100%;
whereas, less than 75% GP indicates poor germination

(Solomon ). The GP was calculated using Equation (1)
(Amin et al. ):

GP(%) ¼ no: of germinated seeds
total no: of viable seeds

× 100 (1)
Delay index (DI)

DI is the ratio between delay in germination time over con-
trol to germination time for control. This parameter is an

indicator to see the delay in seeds that are germinated in
different dilutions of untreated and treated hospital waste-
water compared to the time required by those seeds
germinated in control (DW). The desirable DI for seeds irri-

gated with treated hospital wastewater should be the same
as the control. The higher the DI, the poorer the ability of
seeds to germinate. DI was calculated using Equation (2)

(Kaushik et al. ):

DI ¼ delay in germination time over control (X)
germination time for control (Y)

(2)
Germination index (GI)

The GI is the product of relative seed germination (RSG)
and relative root growth (RRG). This is the parameter
om http://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
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associated with the two different characteristic features of

any wastewater, i.e. EC and heavy metals. The increase in
GI values in crop plants irrigated with treated wastewater
may indicate the efficiency of the treatment in removing

or reducing the concentration of heavy metals and may
cause an increase in the EC value. This efficacy also pro-
motes the increase in RSG as well as the RRG. GI values
are used to elucidate possible differences in phytotoxicity

induced in seeds in the presence of different concentrations
of untreated and treated hospital wastewater. The desirable
GI value for seeds irrigated with treated hospital waste-

water is 100% larger than the GI value for the control
(Hoekstra et al. ). The RSG, RRG and the GI of the
plants were calculated using Equations (3)–(5) (Hoekstra

et al. ):

RSG ¼ no:of seeds germinated in sample
no:of seeds germinated in control

× 100 (3)
RRG ¼ mean root length in the sample
mean root length in control

× 100 (4)
GI ¼ RSG × RRG
100

(5)
Stress tolerance indices (STIs)

STI is a valuable parameter to determine the high yield

and stress tolerance capability in crop plants. STIs are
comprised of six indices, namely the root length stress
tolerance index (RLSTI), shoot length stress tolerance

index (SLSTI), root fresh weight stress tolerance index
(RFSTI), shoot fresh weight stress tolerance index
(SFSTI), root dry weight stress tolerance index (RDSTI)

and shoot dry weight stress tolerance index (SDSTI).
These values determine the difference between the
stress tolerance potential in shoots and roots between
plants irrigated with untreated and treated hospital

wastewater in terms of their lengths and fresh and dry
weights. The desirable range of all STIs for seeds irri-
gated with treated hospital wastewater is larger than

the STI values for the control and seeds irrigated with
untreated hospital wastewater. These were calculated
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using Equations (6)–(11) (Amin et al. ):

RLSTI ¼ root length of stress plant
root length of control plant

× 100 (6)

SLSTI ¼ shoot length of stress plant
shoot length of control plant

× 100 (7)

RFSTI ¼ root fresh weight of stress plant
root fresh weight of control plant

× 100 (8)

SFSTI ¼ shoot fresh weight of stress plant
shoot fresh weight of control plant

× 100 (9)

RDSTI ¼ root dry weight of stress plant
root dry weight of control plant

× 100 (10)

SDSTI ¼ shoot dry weight of stress plant
shoot dry weight of control plant

× 100 (11)

Seedling vigour index (SVI)

This is the property of seed that determines the level of per-
formance of seed to germinate and emerge as a seedling. It
is a measurable parameter to describe the germination charac-

teristics linked with the seed performance. The desirable SVI
values for seeds irrigated with treated hospital wastewater are
larger than the SVI values for control and seeds irrigated with
untreated hospital wastewater (Amin et al. ). These were

calculated according to Equation (12), where the higher the
SVI, the more dynamic the growth (Amin et al. ):

SVI ¼ germination percentage × seedling length (12)

Phytotoxicity index (PI)

The PI indicates any delay in seed germination, plant growth

inhibition or any side effect on seedlings caused by toxic pol-
lutants. It also specifies any danger happening to the plant
growth. The possible range of PI values is between 0 and

1, in which a positive PI value indicates a toxic effect on
seedlings, whereas a negative PI value demonstrates a
stimulatory or non-toxic effect (Tiquia et al. ). It was

calculated based on germination and root elongation
according to Equation (13) (Rusan et al. ):

PI ¼ 1� root length of sample
root length of control

(13)

Statistical analysis

Experiments were statistically analyzed through one-way

analysis of variance (ANOVA) in which the factor was the
concentration of hospital wastewater from biotreatment and
://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
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the effects were the indices. The obtained data were statisti-

cally analyzed using GraphPad Prism® 2020. The results
were presented as means± standard deviation (SD). The
data were compared using a t-test with Welch’s correction

and two-tailed p-value calculation using GraphPad Prism soft-
ware. The comparisons included the control (DW) with each
treatment (tap water, TW, R25, T25, R50, T50, R75, T75, R100
and T100) and the raw wastewater within each concentration

level with the corresponding treated wastewater (e.g. R25 with
T25). For all comparisons, differences were considered signifi-
cant when the probability level was less than 0.05.
RESULTS AND DISCUSSION

Characterization of hospital wastewater

The biotreatment was highly effective to show reduction in
the values of TSS (79%; 2,300 to 483 mg/L), TDS (26%;
296 to 220 mg/L), COD (34%; 396 to 260 mg/L), BOD

(68%; 246 to 78 mg/L), EC (40%; 444 to 267 μs/cm) and
heavy metals nickel (86%; 1.8 to 0.25 mg/L), lead (100%;
0.17 mg/L to non-detected) and chromium (100%; 1.8 mg/L

to non-detected) after the treatment of hospital wastewater.
In addition, the pharmaceutic contaminants, i.e. phenol
(100%; 874 μg/L to non-detected), salicylic acid (85%; 48

to 7 μg/L), caffeine (100%; 7 μg/L to non-detected),
naproxen (74%; 23 to 6 μg/L), octadecene (90%; 185 to
19 μg/L) and diazepam (100%; 14 μg/L to non-detected)
were degraded after the biotreatment (Figure 4(a)–4(c)).

Characterization of the bacterial consortium

The bacteria used in the consortium were isolated from our
previous study (Rashid et al. ). The isolates were ident-

ified as two B. paramycoides species and A. faecalis sp.
Phylogenetic analysis was conducted to determine the simi-
larity of these species to each other and their respective
closely identified BLAST sequences. The three isolates

were distinct from these BLAST matches. Both B. paramy-
coides spp. clustered together, demonstrating that these
isolates were highly similar. The closest cluster for three of

the species was identified as P. suuwonensis and P. hominis.

Phytotoxicity experiments

Germination percentage

According to Solomon (), seeds grown in the laboratory
showing more than 90% GP (e.g. super germination) are



Figure 4 | (a) Physicochemical parameters, (b) heavy metals and (c) pharmaceutic contaminants in hospital wastewater before and after treatment.
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expected to grow ex situ with a GP of 65% or higher. Simi-

larly, seeds with 85% GP in the laboratory (e.g. good
germination) are expected to possess more than 50% GP.
om http://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
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Finally, seeds with 75% or less GP in the laboratory (e.g.

legal germination) are expected to have at least 15% practi-
cal GP in fields. Both Berseem clover and tomato seeds
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showed 60–80% growth in all untreated hospital wastewater

concentrations (R25, R50, R75 and R100), while the seeds
tested showed super germination (95–100%) in different
concentrations of treated hospital wastewater concen-

trations (T25, T50, T75 and T100).

Delay index

The Berseem clover plant was strongly influenced by irriga-
tion with untreated wastewater at all concentrations as it
showed a higher value of DI (2) for all untreated hospital

wastewater concentrations. The tomato showed a high
value of DI (1.25) at all concentrations of untreated hospital
wastewaters. The order of DI among these two crop plants

followed the trend: Berseem clover< tomato.

Measurements of length and weight

The effects of treated (T) and untreated (R) wastewater con-
centrations (25, 50, 75 and 100%) were compared for the
seedling growth of Berseem clover and tomato. The associ-

ated statistical measurements indicated that the means of
lengths and weights were statistically significant. The com-
parisons included the control (DW) with each treatment

(TW, R25, T25, R50, T50, R75, T75, R100 and T100) and
the raw wastewater within each concentration level with
the corresponding treated wastewater (e.g. R25 with T25).

It was observed that the seedling length of Berseem clover
(shoot and root) was longer (shoot: 1.6–2.7 cm; root: 2.9–
4.6 cm) in treated wastewater concentrations than in
untreated wastewater concentrations (shoot: 1–1.8 cm;

root: 1.2–2.9 cm). Likewise, the root and shoot weights of
Berseem clover (fresh and dry) were found to be greater in
treated wastewater concentrations than in untreated waste-

water concentrations (Table 2).
It was also observed that the seedling lengths of tomato

(shoot and root) were longer (shoot: 3.7–4.4 cm; root: 4.9–

7.6 cm) in treated wastewater concentrations than in
untreated wastewater concentrations (shoot: 1.6–2.8 cm;
root: 1.7–3.3 cm). Similarly, the root and shoot weights of

tomato (fresh and dry) were found to be greater in treated
wastewater concentrations than in untreated wastewater
concentrations (Table 3).

Germination index

In our previous study, we showed the presence of organic

pollutants (phenol, salicylic acid, caffeine, naproxen, octade-
cene and diazepam) in the raw/untreated hospital
://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
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wastewater (Rashid et al. ). In this present study, the

GI values for Berseem clover and tomato seeds irrigated
with four concentrations of untreated hospital wastewater
(R25, R50, R75 and R100) were increased to 60–150% and

189–278% in treated hospital wastewater (T25, T50, T75
and T100), respectively. Compared to seeds irrigated with
tap water (as control), the GI values for tomato seeds irri-
gated with treated hospital wastewater were higher

(Figure 5(a)). Although the GI values of Berseem clover
seeds irrigated with treated hospital wastewater were
lower than control (TW) they were higher than the GI

values of seeds irrigated with raw hospital wastewater
(Figure 5(b)). This result also indicates the sensitivity of
tomato seeds compared to the Berseem clover seeds.

Zucconi & De Bertoldi () previously mentioned that
the 60% increase in GI values compared to distilled water is
an indication of improved germination. Our results indicate
100% increase in GI values compared to distilled water.

The low values of GI in both crop seeds irrigated with
untreated wastewater concentrations reflect the presence of
organic pollutant compounds that inhibited the RSG as well

as the RRG. Our results agree well with the previously
reported work by Tiquia et al. (). The increase in GI
values in Berseem clover and tomato seeds irrigated with trea-

ted hospital wastewater concentrations suggest the efficiency
of the treatment in removing or reducing the concentrations
of organic pollutant compounds. The present study also con-

firms the presence of three heavy metals: nickel, chromium
and lead (Figure 4(b)) in untreated hospital wastewater with
low GI and high EC values (Figure 5(a)). However, the trea-
ted hospital wastewater showed high GI and EC values due

to the negligible amounts of heavy metals (Figure 5(b)). This
efficacy indicates the increase in RSG as well as the RRG
(Selim et al. ). The high GI values in seeds irrigated

with treated hospital wastewater also elucidate the decrease
in phytotoxicity (Tiquia et al. ).

Stress tolerance indexes

Each of the six stress tolerance indices (RLSTI, SLSTI,

RFSTI, SFSTI, RDSTI and SDSTI) for Berseem clover and
the tomato crop plant were compared with the treated (T)
and untreated (R) wastewater concentrations (25, 50, 75
and 100%) (Tables 4 and 5).

The values of six STIs (RLSTI, SLSTI, RFSTI, SFSTI,
RDSTI and SDSTI) for Berseem clover seeds grown in
untreated wastewater concentrations were increased to

276, 170, 733, 185, 14,800 and 539%, respectively in treated
wastewaters (Table 4). Zvobgo et al. () noted that the



Table 2 | Effect of treated (T) and untreated (R) wastewater concentration (25, 50, 75 and 100%) on seedling growth of Berseem clover plant (T. alexandrinum)± SD in brackets

Root length Shoot length Seedling length Root fresh weight Shoot fresh weight Root dry weight Shoot dry weight

Treatment cm g

1. DW 3.2 (±0.031)****2,3,5,6,7,9,10 2.7 (±0.041)****2,3,4,5,7,8,9 5.9 (±0.072)****2,3,4,5,6,7,8,9 0.006 (±0.0003)****2,4,6,8,10 0.023 (±0.0009)***2,8****3,4,5,6,9,10 0.001 (±0.0003)*3,5****2,4,6,8,10 0.009 (±0.0008)**2,6****3,4,5,9,10

2. TW 4.8 (±0.0895)****1 2.1 (±0.065)****1 6.9 (±0.1545)****1 0.017 (±0.0006)****1 0.027 (±0.0003)***1 0.008 (±0.0007)****1 0.011 (±0.0003)**1

3. R25 2.1 (±0.041)****1,4 1.6 (±0.101)****1 3.7 (±0.142)****1,4 0.004 (±0.0007)****4 0.029 (±0.009)****1 0.0001 (±0.0001)*1****4 0.013 (±0.0004)**4****1

4. T25 3.1 (±0.0322)****3 1.6 (±0.038)****1 4.7 (±0.0702)****1,3 0.012 (±0.0007)****1 0.031 (±0.0003)****1 0.003 (±0.0003)****1,3 0.019 (±0.001)**3****1

5. R50 2.9 (±0.028)****1,6 1.7 (±0.0455)****1,6 4.6 (±0.0735)****1,6 0.004 (±0.0001)****6 0.033 (±0.002)****1,6 0.0001 (±0.00)*1 0.0106 (±0.0007)****1,6

6. T50 4.6 (±0.051)****1,5 2.5 (±0.122)****5 7.1 (±0.173)****1,5 0.019 (±0.0012)****5 0.016 (±0.0007)****1,5 0.008 (±0.0004)****1,5 0.007 (±0.0002)****5

7. R75 1.2 (±0.0431)****1,8 1.0 (±0.001)****1,8 2.2 (±0.0441)****1,8 0.006 (±0.0005)****8 0.022 (±0.0007)*8****1 0.001 (±0.0002)****8 0.01 (±0.0003)**8

8. T75 3.2 (±0.054)****7 2.2 (±0.102)****1,7 5.4 (±0.156)****1,7 0.02 (±0.0011)****1,7 0.019 (±0.0012)*7***1 0.009 (±0.0001)****1,7 0.008 (±0.0006)**7

9. R100 2.2 (±0.022)****1,10 1.8 (±0.055)****1,10 4.0 (±0.077)****1,10 0.007 (±0.0002)****10 0.012 (±0.0007)****1 0.001 (±0.0002)****10 0.003 (±0.0003)****1,10

10. T100 2.9 (±0.021)****1,9 2.7 (±0.1325)****9 5.6 (±0.1535)****9 0.033 (±0.0021)****1,9 0.034 (±0.0008)****1,9 0.014 (±0.0001)****1,9 0.016 (±0.0008)****1,9

F-value 1,700 138.9 461.9 302.5 177.5 754.3 195.9

The associated statistical measurements are calculated from one-way ANOVA and Sidak multiple comparison testing. The comparisons included the control (DW) with each treatment (TW, R25, T25, R50, T50, R75, T75, R100 and T100) and

the raw wastewater within each concentration level with the corresponding treated wastewater (e.g. R25 with T25). *Denotes the p-value *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001 within different treatments. The F-value is

the ratio of two mean square values. A large F ratio means that the variation among group means is higher than expected by chance.

Table 3 | Effect of treated (T) and untreated (R) wastewater concentration (25, 50, 75 and 100%) on seedling growth of tomato plant (S. lycopersicum)± SD in brackets

Treatment

Root length Shoot length Seedling length Root fresh weight Shoot fresh weight Root dry weight Shoot dry weight

cm g

1. DW 3.6 (±0.141)****2,3,4,5,6,7,8,9,10 3.7 (±0.048)*4****2,3,5,7,8,9,10 7.3 (±0.189)****2,3,4,5,6,7,8,9,10 0.0240 (±0.002)*2***4****3,5,7,8,9,10 0.037 (±0.0025)***2,6****3,5,7,8,9,10 0.012 (±0.0004)****2,3,4,5,7,8,9,10 0.021 (±0.0015)***2,6,10****3,4,5,7,8,9

2. TW 2.9 (±0.025)****1 3.4 (±0.033) **1 6.3 (±0.058)****1 0.027 (±0.0006)*1 0.032 (±0.0012)***1 0.013 (±0.0007) 0.019 (±0.0006)***1

3. R25 2.5 (±0.035)****1,4 2.8 (±0.025)****1,4 5.3 (±0.006)****1,4 0.009 (±0.0007)****1,4 0.011 (±0.0006)****1,4 0.002 (±0.0004)****1,4 0.003 (±0.0007)****1,4

4. T25 4.9 (±0.025)****1,3 3.8 (±0.033)*1****3 8.7 (±0.058)****1,3 0.028 (±0.0015)***1****3 0.03 (±0.00012)****3 0.015 (±0.0007)****1,3 0.017 (±0.0003)****1,3

5. R50 1.7 (±0.0541)****1,6 1.6 (±0.005)****1,6 3.3 (±0.0591)****1,6 0.012 (±0.0007)****1,6 0.006 (±0.0011)****1,6 0.003 (±0.0009)****1,6 0.001 (±0.0001)****1,6

6. T50 5.3 (±0.0745)****1,5 3.7 (±0.025)****5 9 (±0.0995)****1,5 0.024 (±0.012)****5 0.032 (±0.012)***1****5 0.012 (±0.0009)****5 0.019 (±0.0005)***1****5

7. R75 2.2 (±0.0115)****1,8 1.9 (±0.035)****1,8 4.1 (±0.0465)****1,8 0.006 (±0.007)****1,8 0.009 (±0.0006)****1,8 0.001 (±0.0001)****1,8 0.002 (±0.0002)****1,8

8. T75 6.4 (±0.044)****1,7 4.4 (±0.021)****1,7 10.8 (±0.065)****1,7 0.034 (±0.0004)****1,7 0.046 (±0.0006)****1,7 0.022 (±0.0005)****1,7 0.033 (±0.0007)****1,7

9. R100 3.3 (±0.041)****1,10 1.6 (±0.055)****1,10 4.9 (±0.096)****1,10 0.006 (±0.0009)****1,10 0.007 (±0.0003)****1,10 0.001 (±0.0001)****1,10 0.001 (±0.0002)****1,10

10. T100 7.6 (±0.011)****1,9 4.4 (±0.0325)****1,9 12 (±0.0435)****1,9 0.038 (±0.0007)****1,9 0.03 (±0.0003)****1,9 0.024 (±0.0008)****1,9 0.018 (±0.0003)***1****9

F-value 3812 2600 3492 427.7 523.2 645.5 651.3

The associated statistical measurements are calculated from one-way ANOVA and Sidak multiple comparison testing. The comparisons included the control (DW) with each treatment (TW, R25, T25, R50, T50, R75, T75, R100 and T100) and

the raw wastewater within each concentration level with the corresponding treated wastewater (e.g. R25 with T25). *Denotes the p-value *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001 within different treatments. The F-value is

the ratio of two mean square values. A large F ratio means that the variation among group means is higher than expected by chance.
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Figure 5 | Germination indices for (a) tomato and (b) Berseem clover. *Denotes the p-value *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001.
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higher the tolerance index, the more tolerant the genotype.
This higher percentage in STIs for Berseem clover seeds irri-
gated with treated wastewaters therefore indicates the high

yield and stress tolerance capability in Berseem clover.
These high values determine the stress tolerance potential
in plant shoots and roots in terms of lengths and fresh and

dry weights. The values of the six STIs (RLSTI, SLSTI,
RFSTI, SFSTI, RDSTI and SDSTI) for tomato seeds irri-
gated with untreated wastewater concentrations were also
increased to 349, 177, 536, 675, 2,400 and 3,040%, respect-

ively, in treated wastewaters (Table 5). This percentage
increase is indicative of high yield and stress tolerance
capacity in the tomato plant. It also supports the efficacy

of hospital wastewater treatment that enhanced the extent
of stress tolerance capability in both crop plants.
://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
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Seedling vigour index

The SVI values of Berseem clover seeds irrigated with

untreated hospital wastewater concentrations (R25, R50,
R75 and R100) were increased to 27, 54, 145 and 40% in
treated wastewater concentrations (T25, T50, T75 and

T100), respectively. Similarly, the SVI value of tomato
seeds irrigated with untreated wastewater concentrations
(R25, R50, R75 and R100) were increased to 82, 173, 339
and 206% in treated wastewater concentrations (T25, T50,

T75 and T100), respectively. These increased SVI values of
Berseem clover and tomato plants germinated at different
concentrations of treated hospital wastewater demonstrate

that the growth is more dynamic in these treated waste-
waters. Previously, Rusan et al. () showed that the SVI



Table 4 | Stress tolerance indexes (RLSTI, SLSI, RFSTI, SFSTI, RDSTI and SDSTI) of Berseem clover plant (T. alexandrinum) in the treated (T) and untreated (R) wastewater concentration (25, 50, 75 and 100%)± SD in brackets

Treatment RLSTI SLSTI RFSTI SFSTI RDSTI SDSTI

1. TW 149.991 (±1.344)****2,3,4,5,6,7,8,9 77.765 (±1.227)****2,3,4,5,6,8,9 283.473 (±4.179)****2,3,4,5,6,7,8,9 117.477 (±3.295)**2****3,4,5,6,7,8,9 837.363 (±189.595)*9**2,4,6,8 122.672 (±7.601)**2****2,3,4,5,6,8,9

2. R25 65.621 (±0.646)****1,3 59.230 (±2.842)****1,3 66.388 (±8.358)****1,3 126.114 (±1.023)**1,3 9.890 (±8.583)**1 144.946 (±8.473)**1****3

3. T25 96.875 (±0.068)****1,2 59.254 (±0.508)****1,2 199.944 (±1.672)****1,2 134.886 (±3.977)**2****1 313.187 (±66.916) 211.568 (±7.725)****1,2

4. R50 90.625 (±0.003)****1,5 62.956 (±0.729)****1,5 66.722 (±1.672)****1,5 143.398 (±3.087)****1,5 10.659 (±3.346)**1****5 178.257 (±8.099)****1,5

5. T50 143.749 (±0.201)****1,4 92.561 (±3.113)****1,4 316.527 (±4.179)****1,4 69.557 (±0.322)****1,4 843.956 (±223.053)**4 78.058 (±4.735)****1,4

6. R75 37.494 (±0.984)****1,7 37.042 (±0.526)****1,7 99.889 (±3.343)****1,7 95.670 (±0.701)****1,7 102.198 (±11.153)**1***7 111.502 (±6.604)**7****1

7. T75 99.995 (±0.719)****1,6 81.456 (±2.541)****6 333.278 (±1.672)****1,6 82.557 (±1.988)****1,6 957.143 (±289.968)***6 88.963 (±1.246)**6

8. R100 68.750 (±0.021)****1,9 66.656 (±1.025)****1,9 116.750 (±2.507)****1,9 52.148 (±1.004)****1,9 102.198 (±11.153)**1****9 33.311 (±0.374)****1,9

9. T100 90.62 (±0.222)****1,8 99.966 (±3.390)****1,8 549.749 (±7.522)****1,8 147.886 (±2.310)****1,8 1490.110 (±457.258)*1****8 178.191 (±6.978)****1,8

F-value 9166 254.7 3737 658 19.79 232.7

The associated statistical measurements indicated are calculated from one-way ANOVA and Sidak multiple comparison testing. *Denotes the p-value *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001 within different treatments. The

F-value is the ratio of two mean square values. A large F ratio means that the variation among group means is higher than expected by chance.

Table 5 | Stress tolerance indexes of tomato plant (S. lycopersicum) in treated (T) and untreated (R) wastewater concentration (25, 50, 75 and 100%)± SD in brackets

Treatment RLSTI SLSTI RFSTI SFSTI RDSTI SDSTI

1. TW 80.620 (±2.465)***8****3,4,5,6,7,9 91.894 (±0.300)****2,3,4,5,6,7,8,9 112.885 (±6.931)****2,4,6,7,8,9 86.604 (±2.614)****2,4,6,7,8 108.284 (±2.225)*5****2,3,4,6,7,8,9 90.649 (±3.627)****2,4,6,7,8

2. R25 69.490 (±1.751)****3 75.678 (±0.306)****1,3 37.512 (±0.210)****1,3 29.747 (±0.389)****1,3 16.605 (±2.781)****1,3 14.175 (±2.327)****1,3

3. T25 136.232 (±4.645)****1,2 102.706 (±0.427)****1,2 116.861 (±3.501)****2 81.182 (±2.247)****2 124.963 (±1.669)****1,2 81.161 (±4.380)****2

4. R50 47.231 (±0.347)****1,5 43.247 (±0.426)****1,5 50.070 (±1.260)****1,5 16.131 (±1.887)****1,5 24.852 (±6.675)****1,5 4.755 (±0.137)****1,5

5. T50 147.358 (±5.192)****1,4 99.999 (±0.135)****1,4 100.396 (±7.141)****4 86.690 (±4.516)****4 99.963 (±1.669)*1****4 90.489 (±0.274)****4

6. R75 61.165 (±2.078)****1,7 51.349 (±0.280)****1,7 24.953 (±0.840)****1,7 24.325 (±0.022)****1,7 8.321 (±0.556)****1,7 9.511 (±0.274)****1,7

7. T75 177.928 (±5.751)****1,6 118.927 (±0.975)****1,6 142.234 (±10.222)****1,6 124.631 (±6.815)****1,6 183.377 (±1.947)****1,6 157.521 (±7.938)****1,6

8. R100 91.731 (±2.456)****9 43.235 (±0.926)****1,9 24.907 (±1.680)****1,9 18.940 (±0.470)****1,9 8.321 (±0.556)****1,9 4.733 (±0.616)****1,9

9. T100 211.319 (±7.977)****1,8 118.925 (±0.664)****1,8 158.908 (±10.362)****1,8 81.292 (±4.693)****8 200.000 (±0.000)****1,8 85.939 (±4.722)****8

F-value 532.2 8802 220.6 396.2 2276 635

The associated statistical measurements indicated are calculated from one-way ANOVA and Sidak multiple comparison testing. *Denotes the p-value *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001 within different treatments. The

comparisons include between the control (DW) and six stress tolerance indexes (RLSTI, SLSTI, RFSTI, SFSTI, RDSTI and SDSTI). The F-value is the ratio of two mean square values. A large F ratio means that the variation among group means

is higher than expected by chance.
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Figure 6 | Phytotoxicity indices for (a) tomato and (b) Berseem clover. *Denotes the p-value *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001.
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for barley plant was highest for the control treatment (TW).

Similarly, the higher the SVI, the more dynamic the growth
(Amin et al. ). Our results agree well with these as we
obtained much higher SVI values. This indicates the level
of performance of these seeds, which have been irrigated

with treated hospital wastewater, to germinate and emerge
as a seedlings.

Phytotoxicity index

In the present study, the PI values in seeds irrigated with trea-

ted hospital wastewater were statistically proven significant
compared to the PI values of seeds irrigated with untreated
hospital wastewater for both crop plants. For tomato seeds

grown in tap water (TW) and untreated hospital wastewater
concentrations (R25, R50, R75 and R100), the PI values
were positive (0.15, 0.31, 0.53, 0.39 and 0.08), which indicates
an extremely toxic effect on seedling growth (Figure 6(a)). In

contrast, the seeds irrigated with all treated hospital waste-
water concentrations (T25, T50, T75 and T100) showed
negative PI values (�0.36, �0.47, �0.78 and �1.11), which

indicates a strong stimulatory or non-toxic effect on seedling
growth. For Berseem clover seeds grown in untreated hospital
://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
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wastewater concentrations (R25, R50, R75 and R100), we

observed positive values of PI (0.60, 0.27, 0.42 and 0.42)
(Figure 6(b)). This highlights a highly toxic effect induced by
the raw wastewater even when diluted. However, the seeds
irrigated with the T75 treated hospital wastewater and tap

water showed negative PI value (�0.23 and �0.51), which
indicates a stimulatory non-toxic effect on seedling growth.
Referring to the previous literature, the low PI value in seeds

irrigated with tap water is attributed to the presence of
higher concentrations of nitrogen, phosphorous and potassium
(Rusan et al. ). After irrigation with treated hospital waste-

water, it may be considered that the reduction in the
phytotoxicity value is due to the reduction in heavy metal con-
centration, phenolic and other toxic organic compounds, and

stress tolerance (Aviani et al. ; Ben-Gal et al. ;
Kopittke et al. ).
CONCLUSIONS

In this present study, we used a novel consortium made of

three bacterial strains (two B. paramycoides spp. and one
Alcaligenes faecalis) for irrigating Berseem clover and
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tomato that were individually proven efficient in our pre-

vious studies (Rashid et al. ). The germination
percentages for both crop plants irrigated with treated hospi-
tal wastewater concentrations (T25, T50, T75 and T100)

were between 95% and 100%, which is considered as
super germination. The seedling lengths and weights of Ber-
seem clover and tomato (shoots and roots) were higher in
treated wastewater concentrations than in the untreated

wastewater concentrations. The values of six STIs (RLSTI,
SLSTI, RFSTI, SFSTI, RDSTI and SDSTI) for Berseem
clover and tomato seeds irrigated with treated wastewater

concentrations were increased from 170% to 14,800%. The
seeds grown in all treated wastewater concentrations (T25,
T50, T75 and T100) showed negative values for phytotoxi-

city indices (tomato: �0.36, �0.47, �0.78 and �1.11;
Berseem clover: �0.23), which indicates a strong stimu-
latory or non-toxic effect on seedling growth. Our work
endorses that the biotreatment with this consortium is a

feasible method to treat hospital wastewater before irriga-
tion of tomato and Berseem clover crop plants and
therefore is an attractive alternative to meeting the increas-

ing demand for freshwater. However, if fruits and nuts are
produced by plants irrigated by treated hospital wastewater,
the authors recommend that these produces should be

tested to make sure they are safe for consumption.
ACKNOWLEDGEMENTS

Authors acknowledge the Seed Certification Department,
Lahore, Pakistan, for generously providing the seeds.

Authors also acknowledge the Department of Botany and
GC University Lahore for their support throughout the
research work.
FUNDING

Aneeba Rashid has been supported under the 5000-Indigen-
ous PhD Scholarship funded by Higher Education
Commission, Pakistan (PIN: 315-4354-2BS3-051).
DATA AVAILABILITY STATEMENT

All relevant data are included in the paper or its Supplemen-
tary Information.
om http://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
Y COLLEGE LONDON user
1

REFERENCES

Amin, H., Arain, B., Amin, F. & Surhio, M.  Phytotoxicity of
chromium on germination, growth and biochemical
attributes of Hibiscus esculentus L. American Journal of
Plant Sciences 4 (12), 2431–2439. https://doi.org/10.4236/
ajps.2013.412302.

APHA  Standard Methods for the Examination of Water and
Wastewater, 21st edn. American Public Health Association,
Washington DC, USA.

Ashfaq, M., Khan, K. N., Rehman, M. S. U., Mustafa, G., Nazar, M.
F., Sun, Q., Iqbal, J., Mulla, S. I. & Yu, C.  Ecological risk
assessment of pharmaceuticals in the receiving environment
of pharmaceutical wastewater in Pakistan. Ecotoxicology and
Environmental Safety 136 (2017), 31–39. https://doi.org/10.
1016/j.ecoenv.2016.10.029.

Aviani, I., Raviv, M., Hadar, Y., Saad, I. & Laor, Y.  Original
and residual phytotoxicity of olive mill wastewater revealed
by fractionations before and after incubation with Pleurotus
ostreatus. Journal of Agricultural and Food Chemistry
57 (23), 11254–11260.

Ben-Gal, A., Borochov-Neori, H., Yermiyahu, U. & Shani, U. 
Is osmotic potential a more appropriate property than
electrical conductivity for evaluating whole-plant response to
salinity? Environmental and Experimental Botany 65 (2–3),
232–237.

Ceretta, M. I.  Biodegradation of textile wastewater:
enhancement of biodegradability via the addition of co-
substrates followed by phytotoxicity analysis of the effluent.
Water Science and Technology 2017 (2), 516–526. https://doi.
org/10.2166/wst.2018.179.

Contreras, J. D., Meza, R., Siebe, C., Rodríguez-Dozal, S., López-
Vidal, Y. A., Castillo-Rojas, G., Amieva, R. I., Solano-Gálvez,
S. G., Mazari-Hiriart, M., Silva-Magaña, M. A., Vázquez-
Salvador, N., Pérez, I. R., Romero, L. M., Cortez, E. V.,
Riojas-Rodríguez, H. & Eisenberg, J. N. S.  Health risks
from exposure to untreated wastewater used for irrigation in
the Mezquital Valley, Mexico: a 25-year update. Water
Research 123 (2017), 834–850. https://doi.org/10.1016/j.
watres.2017.06.058.

Dwivedi, P. R.  Bioremediation of textile effluent for
degradation and decolourization of synthetic dyes: a review.
International Journal of Current Research in Life Sciences
7 (4), 1948–1951.

Edgar, R. C.  MUSCLE: multiple sequence alignment with
high accuracy and high throughput. Nucleic Acids Research
2004 (32), 1792–1797. http://dxdoiorg/101093/nar/
gkh340.

Emmanuel, E., Perrodin, Y., Keck, G., Blanchard, J. M. &
Vermande, P.  Ecotoxicological risk assessment of
hospital wastewater: a proposed framework for raw effluents
discharging into urban sewer network. Journal of Hazardous
Materials 117 (2005), 1–11. https://doi.org/10.1016/j.
jhazmat.2004.08.032.

GOP  Statistical Supplement, Economic Survey. Ministry of
Finance Division, Economic Advisor’s Wing, Islamabad,
Pakistan.

http://dx.doi.org/10.4236/ajps.2013.412302
http://dx.doi.org/10.4236/ajps.2013.412302
http://dx.doi.org/10.4236/ajps.2013.412302
http://dx.doi.org/10.1016/j.ecoenv.2016.10.029
http://dx.doi.org/10.1016/j.ecoenv.2016.10.029
http://dx.doi.org/10.1016/j.ecoenv.2016.10.029
http://dx.doi.org/10.1021/jf901984k
http://dx.doi.org/10.1021/jf901984k
http://dx.doi.org/10.1021/jf901984k
http://dx.doi.org/10.1021/jf901984k
http://dx.doi.org/10.1016/j.envexpbot.2008.09.006
http://dx.doi.org/10.1016/j.envexpbot.2008.09.006
http://dx.doi.org/10.1016/j.envexpbot.2008.09.006
http://dx.doi.org/10.2166/wst.2018.179
http://dx.doi.org/10.2166/wst.2018.179
http://dx.doi.org/10.2166/wst.2018.179
http://dx.doi.org/10.1016/j.watres.2017.06.058
http://dx.doi.org/10.1016/j.watres.2017.06.058
http://dx.doi.org/10.1016/j.watres.2017.06.058
http://dx.doi.org/10.1093/nar/gkh340
http://dx.doi.org/10.1093/nar/gkh340
http://dx.doi.org/10.1016/j.jhazmat.2004.08.032
http://dx.doi.org/10.1016/j.jhazmat.2004.08.032
http://dx.doi.org/10.1016/j.jhazmat.2004.08.032


1779 A. Rashid et al. | Hospital wastewater treated to grow Berseem clover and tomato Water Science & Technology | 83.7 | 2021

Downloaded from http
by UNIVERSITY COLL
on 19 April 2021
GoP/DoE  Hospital Waste Management Rules, 2005.
S.R.O.1013 (1)/2005, Government of Pakistan/Ministry of
Environment, Islamabad.

Hamilton, A. J., Stagnitti, F., Xiong, X., Kreidl, S. L., Benke, K. K.
& Maher, P.  Wastewater irrigation the state of play.
Vadose Zone Journal 6 (4), 823–840. Available from: https://
pdfs.semanticscholar.org/1a27/
bccd2c6aba1ed9b1e70b7b600196e2d97c78.pdf

Hernando, M. M. A.  Environmental risk assessment of
pharmaceutical residues in wastewater effluents, surface
waters and sediments. Talanta 69 (2), 334–342. https://doi.
org/10.1016/j.talanta.2005.09.037.

Hoekstra, N. J., Bosker, T. & Lantinga, E. A.  Effects of cattle
dung from farms with different feeding strategies on
germination and initial root growth of cress (Lepidium
sativum L.). Agriculture, Ecosystems & Environment 93 (1–3),
189–196. https://doi.org/10.1016/S0167-8809(01)00348-6.

IMF  Issues in Managing Water Challenges And Policy;
Instruments: Regional Perspectives And Case. International
Monetary Fund. Available from: https://www.imf.org/
external/pubs/ft/sdn/2015/sdn1511tn.pdf

Kaushik, P., Garg, V. K. & Singh, B.  Effect of textile effluents
on growth performance of wheat cultivars. Bioresource
Technology 96 (1), 1189–1193. https://doi.org/10.1016/j.
biortech.2004.09.020.

Keraita, B., Jimenez, B. & Drechsel, P.  Extent and
implications of agricultural reuse of untreated, partly treated
and diluted wastewater in developing countries. CAB
Reviews: Perspectives in Agriculture, Veterinary Science,
Nutrition & Natural Resources 3 (58), 1–15. https://doi.org/
10.1079/PAVSNNR20083058.

Kopittke, P. M., Blamey, F. P. C., Asher, C. J. & Menzies, N. W.
 Trace metal phytotoxicity in solution culture: a review.
Journal of Experimental Botany 61 (4), 945–954.

Meo, M. I., Haydar, S., Nadeem, O., Hussain, G. & Rashid, H.
 Characterization of hospital wastewater, risk waste
generation and management practices in Lahore.
Proceedings of the Pakistan Academy of Sciences 51 (4),
317–329. Available from: https://paspk.org/wp-content/
uploads/proceedings/51,%20No.4/
7db29e88Characterization%20of%20Hospital.pdf

Murtaza, G. & Zia, M. H.  Wastewater Production, Treatment
and use in Pakistan. Final country report. UN-Water Activity
Information System.

NASA  Study: Third of Big Groundwater Basins in Distress. (T.
Greicius, ed.) USA. Available from: https://www.nasa.gov/jpl/
grace/study-third-of-big-groundwater-basins-in-distress.

National Environment Quality Standards (NEQS)  The Gazette
of Pakistan. Ministry of Environment, Local Government and
Rural Development, Government of Pakistan, Islamabad,
Pakistan, pp. 1289–1294. Available from: http://epd.punjab.
gov.pk/system/files/National_Environmental_Quality_
Standards_for_Municipal_and_Liquid_Industrial_
Effulents.pdf

PCRWR, P. C  PCRWR Annual Report 2018-19. Pakistan
Council of Research in Water Resources, Islamabad, Pakistan.
://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
EGE LONDON user
Available from: http://www.pcrwr.gov.pk/Publications/
Annual%20Reports/Annual-Report-2018-19.pdf.

Phugare, S. K.  Ecofriendly degradation, decolorization and
detoxification of textile effluent by a developed bacterial
consortium. Ecotoxicology and Environmental Safety 74 (5),
1288–1296. https://doi.org/10.1016/j.ecoenv.2011.03.003.

Qadir, M., Sharma, B. R., Bruggeman, A., Choukr-Allah, R. &
Karajeh, F.  Non-conventional water resources and
opportunities for water augmentation to achieve food
security in water scarce countries. Agricultural Water
Management 87 (1), 2–22. https://doi.org/10.1016/j.agwat.
2006.03.018.

Qadir, M., Wichelns, D., Raschid-Sally, L., McCornick, P. G.,
Drechsel, P., Bahri, A. & Minhas, P. S.  The challenges of
wastewater irrigation in developing countries. Agricultural
Water Management 97 (4), 561–568. https://doi.org/10.1016/
j.agwat.2008.11.004.

Qureshi, A. S.  Water management in the indus basin in
Pakistan: challenges and opportunities. Mountain Research
and Development 31 (3), 252–260. https://doi.org/10.1659/
MRD-JOURNAL-D-11-00019.1.

Rashid, A., Mirza, S. A., Keating, C., Ali, S. & Campos, L. C. 
Indigenous Bacillus paramycoides spp. and Alcaligenes
faecalis: sustainable solution for bioremediation of hospital
wastewater. Environmental Technology. https://doi.org/10.
1080/09593330.2020.1858180.

Roberts, R.  Pakistan Could Face Mass Droughts by 2025 as
Water Level Nears ‘Absolute Scarcity’. The Independent, UK.
Available from: https://www.independent.co.uk/news/
world/pakistan-droughts-2025-warning-water-levels-
a7949226.html.

Rusan, M. J., Albalasmh, A. A., Zuraiqi, S. & Bashabsheh, M. 
Evaluation of phytotoxicity effect of olive mill wastewater
treated by different technologies on seed germination of
barley (Hordeum vulgare L.). Environmental Science and
Pollution Research 22 (12), 9127–9135. https://doi.org/10.
1007/s11356-014-4004-3.

Saitou, N. & Nei, M.  The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Molecular
Biology and Evolution 4 (4), 406–425. https://doi.org/10.
1093/oxfordjournals.molbev.a040454.

Selim, S. M., Zayed, M. S. & Atta, H. M.  Evaluation of
phytotoxicity of compost during composting process. Nature
and Science 10 (2), 69–77. Available from: http://www.
sciencepub.net/

Solomon, S.  Growing Vegetables West of the Cascades, 6th
edn. The Complete Guide to Organic Gardening Updated
Edition. Sasquatch Books, pp. 10–384.

Tamura, K. & Nei, M.  Estimation of the number of nucleotide
substitutions in the control region of mitochondrial DNA in
humans and chimpanzees. Molecular Biology and Evolution
10 (1993), 512–526.

Tiquia, S. M., Tam, N. F. Y. & Hodgkiss, I. J.  Effects of
composting on phytotoxicity of spent pig-manure sawdust
litter. Environmental Pollution 93 (3), 249–256. https://doi.
org/10.1016/S0269-7491(96)00052-8.

http://dx.doi.org/10.2136/vzj2007.0026
https://pdfs.semanticscholar.org/1a27/bccd2c6aba1ed9b1e70b7b600196e2d97c78.pdf
https://pdfs.semanticscholar.org/1a27/bccd2c6aba1ed9b1e70b7b600196e2d97c78.pdf
https://pdfs.semanticscholar.org/1a27/bccd2c6aba1ed9b1e70b7b600196e2d97c78.pdf
https://pdfs.semanticscholar.org/1a27/bccd2c6aba1ed9b1e70b7b600196e2d97c78.pdf
http://dx.doi.org/10.1016/j.talanta.2005.09.037
http://dx.doi.org/10.1016/j.talanta.2005.09.037
http://dx.doi.org/10.1016/j.talanta.2005.09.037
http://dx.doi.org/10.1016/S0167-8809(01)00348-6
http://dx.doi.org/10.1016/S0167-8809(01)00348-6
http://dx.doi.org/10.1016/S0167-8809(01)00348-6
http://dx.doi.org/10.1016/S0167-8809(01)00348-6
https://www.imf.org/external/pubs/ft/sdn/2015/sdn1511tn.pdf
https://www.imf.org/external/pubs/ft/sdn/2015/sdn1511tn.pdf
https://www.imf.org/external/pubs/ft/sdn/2015/sdn1511tn.pdf
http://dx.doi.org/10.1016/j.biortech.2004.09.020
http://dx.doi.org/10.1016/j.biortech.2004.09.020
http://dx.doi.org/10.1079/PAVSNNR20083058
http://dx.doi.org/10.1079/PAVSNNR20083058
http://dx.doi.org/10.1079/PAVSNNR20083058
http://dx.doi.org/10.1093/jxb/erp385
https://paspk.org/wp-content/uploads/proceedings/51,%20No.4/7db29e88Characterization%20of%20Hospital.pdf
https://paspk.org/wp-content/uploads/proceedings/51,%20No.4/7db29e88Characterization%20of%20Hospital.pdf
https://paspk.org/wp-content/uploads/proceedings/51,%20No.4/7db29e88Characterization%20of%20Hospital.pdf
https://paspk.org/wp-content/uploads/proceedings/51,%20No.4/7db29e88Characterization%20of%20Hospital.pdf
https://www.nasa.gov/jpl/grace/study-third-of-big-groundwater-basins-in-distress
https://www.nasa.gov/jpl/grace/study-third-of-big-groundwater-basins-in-distress
https://www.nasa.gov/jpl/grace/study-third-of-big-groundwater-basins-in-distress
http://epd.punjab.gov.pk/system/files/National_Environmental_Quality_Standards_for_Municipal_and_Liquid_Industrial_Effulents.pdf
http://epd.punjab.gov.pk/system/files/National_Environmental_Quality_Standards_for_Municipal_and_Liquid_Industrial_Effulents.pdf
http://epd.punjab.gov.pk/system/files/National_Environmental_Quality_Standards_for_Municipal_and_Liquid_Industrial_Effulents.pdf
http://epd.punjab.gov.pk/system/files/National_Environmental_Quality_Standards_for_Municipal_and_Liquid_Industrial_Effulents.pdf
http://epd.punjab.gov.pk/system/files/National_Environmental_Quality_Standards_for_Municipal_and_Liquid_Industrial_Effulents.pdf
http://www.pcrwr.gov.pk/Publications/Annual%20Reports/Annual-Report-2018-19.pdf
http://www.pcrwr.gov.pk/Publications/Annual%20Reports/Annual-Report-2018-19.pdf
http://www.pcrwr.gov.pk/Publications/Annual%20Reports/Annual-Report-2018-19.pdf
http://dx.doi.org/10.1016/j.ecoenv.2011.03.003
http://dx.doi.org/10.1016/j.ecoenv.2011.03.003
http://dx.doi.org/10.1016/j.ecoenv.2011.03.003
http://dx.doi.org/10.1016/j.agwat.2006.03.018
http://dx.doi.org/10.1016/j.agwat.2006.03.018
http://dx.doi.org/10.1016/j.agwat.2006.03.018
http://dx.doi.org/10.1016/j.agwat.2008.11.004
http://dx.doi.org/10.1016/j.agwat.2008.11.004
http://dx.doi.org/10.1659/MRD-JOURNAL-D-11-00019.1
http://dx.doi.org/10.1659/MRD-JOURNAL-D-11-00019.1
http://dx.doi.org/10.1080/09593330.2020.1858180
http://dx.doi.org/10.1080/09593330.2020.1858180
http://dx.doi.org/10.1080/09593330.2020.1858180
https://www.independent.co.uk/news/world/pakistan-droughts-2025-warning-water-levels-a7949226.html
https://www.independent.co.uk/news/world/pakistan-droughts-2025-warning-water-levels-a7949226.html
https://www.independent.co.uk/news/world/pakistan-droughts-2025-warning-water-levels-a7949226.html
https://www.independent.co.uk/news/world/pakistan-droughts-2025-warning-water-levels-a7949226.html
http://dx.doi.org/10.1007/s11356-014-4004-3
http://dx.doi.org/10.1007/s11356-014-4004-3
http://dx.doi.org/10.1007/s11356-014-4004-3
http://dx.doi.org/10.1093/oxfordjournals.molbev.a040454
http://dx.doi.org/10.1093/oxfordjournals.molbev.a040454
http://www.sciencepub.net/
http://www.sciencepub.net/
http://www.sciencepub.net/
http://dx.doi.org/10.1016/S0269-7491(96)00052-8
http://dx.doi.org/10.1016/S0269-7491(96)00052-8
http://dx.doi.org/10.1016/S0269-7491(96)00052-8


1780 A. Rashid et al. | Hospital wastewater treated to grow Berseem clover and tomato Water Science & Technology | 83.7 | 2021

Downloaded fr
by UNIVERSIT
on 19 April 202
TWB  Rural population – Pakistan. Retrieved
from World Bank Data. Available from: https://data.
worldbank.org/indicator/SP.RUR.TOTL?
locations=PK&view=chart

Velayutham, K. M.  Biodegradation of Remazol Brilliant Blue
R using isolated bacterial culture (Staphylococcus sp. k2204).
Environmental Technology 3 (1), 1–8. https://doi.org/10.
1080/09593330.2017.1369579.

WRAP, The Composting Association  Public Available
Specification 100 – Specification for composted material,
Annex D: Method to assess contamination by weed
propagules and phytotoxins in composted material.

Zhang, H., Gao, S., Lercher, M. J., Hu, W. & Chen, W. 
Evolview, an online tool for visualizing, annotating and
om http://iwaponline.com/wst/article-pdf/83/7/1764/870804/wst083071764.pdf
Y COLLEGE LONDON user
1

managing phylogenetic trees. Nucleic Acids Research 2012
(40), W569–W572. https://doiorg/101093/nar/gks576.

Zucconi, F. & de Bertoldi, M.  Compost specification for the
production and characterization of compost from municipal
solid waste. In: Compost, Production, Quality and Use (M. de
Bertoldi, M. P. Ferranti, P. L. Hermite & F. Zucconi, eds.).
Elsevier Applied Science, London, pp. 30–50.

Zvobgo, G., Wa Lwalaba, J. L., Sehar, S., Mapodzeke, J. M.,
Shamsi, I. H. & Zhang, G.  The tolerance index and
translocation factor were used to identify the barley
genotypes with high arsenic stress tolerance.
Communications in Soil Science and Plant Analysis
49 (1), 50–62. https://doi.org/10.1080/00103624.2017.
1421645.
First received 11 November 2020; accepted in revised form 10 February 2021. Available online 22 February 2021

https://data.worldbank.org/indicator/SP.RUR.TOTL?locations=PK&view=chart
https://data.worldbank.org/indicator/SP.RUR.TOTL?locations=PK&view=chart
https://data.worldbank.org/indicator/SP.RUR.TOTL?locations=PK&view=chart
https://data.worldbank.org/indicator/SP.RUR.TOTL?locations=PK&view=chart
http://dx.doi.org/10.1080/09593330.2017.1369579
http://dx.doi.org/10.1080/09593330.2017.1369579
http://dx.doi.org/10.1093/nar/gks576
http://dx.doi.org/10.1093/nar/gks576
http://dx.doi.org/10.1080/00103624.2017.1421645
http://dx.doi.org/10.1080/00103624.2017.1421645
http://dx.doi.org/10.1080/00103624.2017.1421645

	Hospital wastewater treated with a novel bacterial consortium (Alcaligenes faecalis and Bacillus paramycoides spp.) for phytotoxicity reduction in Berseem clover and tomato crops
	INTRODUCTION
	MATERIALS AND METHODS
	Collection of hospital wastewater
	Characterization of hospital wastewater
	Characterization and development of the bacterial consortium
	Biotreatment
	Phytotoxicity experiments
	Seed selection and sterilization
	Preparation of wastewater concentrations and germination experiment
	Measurements of length and weight
	Germination percentage (GP)
	Delay index (DI)
	Germination index (GI)
	Stress tolerance indices (STIs)
	Seedling vigour index (SVI)
	Phytotoxicity index (PI)

	Statistical analysis

	RESULTS AND DISCUSSION
	Characterization of hospital wastewater
	Characterization of the bacterial consortium
	Phytotoxicity experiments
	Germination percentage
	Delay index
	Measurements of length and weight
	Germination index
	Stress tolerance indexes
	Seedling vigour index
	Phytotoxicity index


	CONCLUSIONS
	Authors acknowledge the Seed Certification Department, Lahore, Pakistan, for generously providing the seeds. Authors also acknowledge the Department of Botany and GC University Lahore for their support throughout the research work.
	FUNDING
	DATA AVAILABILITY STATEMENT
	REFERENCES


