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Abstract
i1
 

Nanotreated wastewater safety is assessed via phytotoxicity tests, checking its impact on plants. So, understanding how 

nanoparticles treated surface water affect plant growth is key to assessing environmental risks to food safety and human 
health. This study was undertaken to determine the disinfecting potentials and ecological safety evaluation of post - 

nanotreated surface water resources by biogenic silver nanoparticles using bacterial load and phytotoxicity indices. M. 

oleifera and C. papaya aqueous seed extracts were phytochemically analyzed and used to synthesize silver nanoparticles via 

titration. The nanoparticles were characterized using UV-VIS spectroscopy. Surface water samples (1 L) treated with 5 
mg/mL nanoparticles for 30 - 120 min were analyzed for physicochemical and bacterial changes. The phytochemical results 

revealed that flavonoids, terpenoids and saponins were present in both M. oleifera and C. papaya aqueous seed extracts. The 

conversion of colourless silver nitrate to brownish then to dark brown colour after 24 hr confirming the successful synthesis 

of silver nanoparticles. The UV - Vis spectral revealed that the maximum peak of both AgNPs was at 400 nm each while the 
minimum peaks were at 800 nm and 700 nm, respectively. It revealed that M. oleifera and C. papaya-synthesized silver 

nanoparticles effectively reduced bacteria count in water samples. The nanoparticles' effect increased with contact time (30 

- 120 min) showing time dependence (P < 0.05). Also, it revealed that the bacterial strains were all Gram negative short rods 

and classically identified using Bergeys’ Manual as Klebsiella pneumoniae, Enterobacter aerogenes and Escherichia coli 
as the indigenious possible bacterial pathogens. Moreso, sample A of  C. papaya treatment had the highest (68.19 %) and 

sample D of M. oleifera treatment had the lowest (29.74 %) germination index in Zea mays L. while sample C of CaOCl2 

treatment had the highest (45.83 %) and sample E of C. papaya treatment had the lowest (6.66 %) germination index in 

Phaseolus vulgaris. Thus, the present study demonstrated the facile synthesis of low cost, moderate ecofriendly and efficient 
green water purifiers. 
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Introduction 
Water pollution is generally a worldwide problem leading to different health issues and the World Health Organization (WHO) 

has estimated that up to 80 % of all diseases and sickness in the world is caused by inadequate sanitation, polluted water or 

unavailability of water. In Nigeria, the most common source of drinking water for the rural population is from ponds, wells, 
rivers, stream, and borehole water. Water from these sources is usually consumed without treatment whatsoever (Megersa et 

al., 2014). However, 10 % of these diseases could be prevented by improvements related to drinking water, sanitation, hygiene 

and water resource management (WHO, 2008; Uba et al., 2017; Dokubo et al., 2022a; Anidu et al., 2023;Obiefoka et al., 

2023).  

 

Chemical methods such as chlorination, coagulation and physical methods are the most conventional methods of purifying 

water. These methods are usually expensive, not efficient and pose threats to both human and environmental health. Water 
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purification using green nanotechnology is an alternative to chemical and physical water treatments and is environmentally 

friendly, benign, green, cost effective, safe, and easily sourced and scale up potable water for large scale synthesis (Okafor et 

al., 2023; Ubani et al., 2025). 

 

Recently, membrane and polymers incorporated nanoparticles (NPs) which were developed for the water purification system, 

and NP-coated fabrics, bandages, walls, bed linen, surfaces, and medical equipment were examined as magic cure against 

microbial contamination (Yah and Simate, 2015). Among others, transition metal oxide NPs were deemed particularly 

attractive for the application of a new class of antimicrobial agents. Interestingly, several studies speculated that metals and 

metal oxide NPs utilize multiple mechanisms simultaneously in the microbial combating battle, placing MDR microorganisms 

in a critical position to develop resistance (Eltarahony et al., 2016). 

 

The large-scale production of nanomaterials and their use for various agronomic applications, such as nano pesticides and nano 

fertilizers, as well as controlling the pathogens can also impact the ecosystem. In addition, their interaction with plants needs 

to be investigated (Libralato et al., 2016; Hasan et al., 2018). Moreover, tons of waste from the industry dealing with the 

synthesis of a variety of nanomaterials is added to the aquatic, terrestrial, and atmospheric environments that directly and 

indirectly impact the plants (Qasim et al., 2020). Plants are the primary producer of the ecosystem and play a vital role in 

cycling the food chain for all living organisms. Therefore, understanding the impact of nanoparticles on plant growth and 
development is crucial for the evaluation of potential environmental risks on food safety and human health imposed by NPs 

(Lehner et al., 2019; Hasan et al., 2021). 

 

The safety of nanotreated wastewater is evaluated for phytotoxicity by observing its toxic effects on plant health and growth 

through standardized bioassays, typically involving model plants like cress (Lepidium sativum) and mustard (Sinapis alba). 

These tests help determine if the treated water is safe for potential reuse, particularly in agriculture, and identify safe dilution 

ratios. Phytotoxicity testing involves exposing plant seeds or seedlings to the treated wastewater under controlled conditions 

and comparing their development to control samples (usually distilled water) (Uba et al., 2021; Ifediegwu et al., 2023; Ubani 

et al., 2024). Previous studies reported the nanotreatment of different water resources with focus on bacterial removal or 

inhibition after experiment but little or no information on isolation and characterization of possible pathogens from those 

sources. The available published works also did not report ecological safety evaluation of the post nanotreated surface water 

sources and therefore necessitated the current study. This study was undertaken to determine the disinfecting potentials and 

ecological safety evaluation of post - nanotreated surface water resources by biogenic silver nanoparticles using bacterial load 

and phytotoxicity indices.  

 

Materials and Methods 
Sample Collection 
By adopting the methods of Dibua et al. (2020), Ibo et al. (2020); Chukwura et al. (2025); Okpalaunegbu et al. (2025) and 

Dibua et al. (2025a); (2025b); (2025c), the water samples used in this study were aseptically collected into 10 L sterile plastic 

containers at 3 different points and 5 cm depth by direct and Bellas’s methods from five studied areas which include: Neni 
Water Shed, Orsu Ihite-Ukwa (well water), Ukwaka River, Sacred Heart Waste Water Reservoir and Ulasi River, respectively. 

All the sites are located in Anambra and Imo States. A representative water sample was obtained for each site by mixing 

samples from the individual sampling points and immediately transported to Microbiology Postgraduate Laboratory, 

Chukwuemeka Odumegwu Ojukwu University Uli Campus Anambra State, Nigeria laboratory for further analysis. 

 

Specimen Collection 
C. papaya was obtained from a farm in Abubor Nnewichi, Nnewi town in Nnewi North Local Government Area of Anambra 

State, Nigeria.  

 

Extraction of the Plant Constituent 
By adopting the methods of Shittu and Ihebunna, (2017) and Uba and Obiefuna, (2023), the moist fresh seeds of C. papaya 

were room dried for 2 weeks after cutting of the fruits and washing of the seeds with sterile clean water. The seeds were 

degraded to powdery form using an industrial electric blender at high-speed rate. Thereafter, 500 mL distilled water was used 

to dissolve 25 g weight of the C. papaya seed powder and heated at 80 ̊C for 25 min under magnetic stirring in a 1000 mL 

conical flask. The hot solution of the C. papaya seed powder was cooled and double filtered to obtain an aqueous extract which 

was later preserved in a refrigerator at 4 ̊C till further analysis. 

 

Phytochemical Screening of the Aqueous Extract  
Phytochemicals like phenols, tannins, alkaloids, terpenoids, steroids, saponins, flavonoids, glycosides, and proteins of C. 

papaya aqueous extract were tested using modified methods from various studies (Iheukwumere et al., 2012a; 2012b; Mundi 

et al., 2013; 2014; Okoye et al., 2014; Uba et al., 2016; Umeh et al., 2021; Anameze et al., 2023; Ezeamama et al., 2025a; 

2025b). Results will be shown as positive (+) or negative (-).   
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Synthesis of the Silver Nanoparticle 
The green silver nanoparticle was synthesized titrimetrically through dropwise addition of the aqueous extract into 5 mM 

aqueous silver nitrate (AgNO3) solution under heating at 70 °C with magnetic stirrer till the observation of dark brown colour 

confirming silver nanoparticles synthesis (Shittu & Ihebunna, 2017; Okonkwo and Uba, 2025). 

 

Characterization of the Synthesized Silver Nanoparticle 
The physical and chemical characteristics of the synthesized green silver nanoparticle were determined using colour change 

formation and Ultraviolet-visible spectrophotometer (Okafor et al., 2023; Dokubo and Uba, 2023; Uba and Obiefuna, 2023; 

Ubani et al., 2024; Uba et al., 2024; Ele et al., 2025). 

 

Bacteriological Analysis of Water Sample 
The standard method of APHA (2012) as described by Eltarahony et al. (2016) and Dokubo et al. (2022b) was adopted in the 

bacteriological analysis. The presence of fecal coliforms, total coliforms, Salmonella/ Shigella were determined before and 

after treatment of the water samples using membrane filtration technique.  

 

Disinfecting Potential Testing 
In this study, the five (5) water samples were exposed with 0.5 mg/mL of the green silver nanoparticles and incubated at 30 °C 
for 120 min. The treated samples were taken at intervals of 30, 60 and 120 min and their bacteriological contents were 

determined as previously described above (Kamal et al., 2020). 

 

Isolation and Characterization of Selected Bacterial Strains 

Microscopic characteristics 
The standard methods for determining the gram stain and motility test as previously described by Uba (2019); Dokubo et al. 

(2022b); Alfred et al. (2025) and Uba et al., 2025 were employed in the post treatment microscopic characterization. 

 

Biochemical characteristics 
The standard methods for determining citrate, catalase, urease, nitrate reduction, methyl red- Voges Proskauer (MR-VP) test, 

indole test, gelatin hydrolysis and sugar fermentation test as previously described by Nwigwe et al. (2022), Nwigwe et al. 

(2023), Ibe et al. (2023), Alfred et al. (2023), Alfred et al. (2025) and Okolo et al. (2025) and were employed in the post 

treatment biochemical characterization. 

 

Toxicity Assay 

Phytotoxicity evaluation 
The methods of Selim et al. (2012); Uba et al. (2021) Egurefa et al. (2020a), (2020b); Ubani et al. (2025) and Enemchukwu et 
al. (2026a); (2026b) were adopted with slight modification. The phytotoxicity of the nanoparticle treated water samples were 

evaluated using the seed germination technique. A monocotyledonous plant maize seeds (Zea mays L.) and dicotyledonous 

bean seeds (Phaseolus vulgaris) went through a floatation test to select out the non-viable seed out. After the floatation test, 

the viable seeds were surface sterilized by immersion in 75 % ethanol for 3 min followed by transferring in 0.001 M mercury 

chloride (HgCl2) solution for 2 min with periodical agitation and finally thoroughly washed with sterilized distilled water to 

get rid of toxic chemicals. Thereafter, 10 mL of the treated water was applied to filter paper in a Petri dish and 10 sterile seeds 

were then placed on the filter paper. All experiments were run in triplicate. The Petri dishes were sealed with tape to minimize 

water loss while allowing air penetration and then incubated in the dark for 72 h at room temperature. After counting the 

number of germinated seeds and measuring the root length, the seed germination in distilled water was used as control. The 

seed germination percentage and root length of the plants in the water was determined The germination index (GI) was well as 

the vigour index (VI) were also determined from these variables and expressed as follows: 

 

Seed germination (%) =    
Number of seeds germinated in the treated water 

Numcer of seeds germinated in control
  × 100      

 

Root elongation (%) =
Mean root elongation in the growth media 

Mean root length in control
   × 100      

 

Germination Index =
Seed germination (%)  ×  Root elongation (%) 

100
 

 

Vigour index = % Germination × (mean root length + mean shoot length) 

 

Biostatistical Management 
The data obtained were statistically described in mean and standard deviation. The mean data were simultaneously subjected 

to two-factor analysis of variance (ANOVA) and Tukey multiple comparison test using GraphPad Prism Version 8.0.2. 

Statistical significance was set at the probability level less than 0.05 (Uba and Chukwura, 2016; Uba et al. 2018a; 2018b; 

2018c; Uba, 2019a; 2019b; 2019c; Uba et al. 2019b; 2019c; 2019d; 2019e; Alisa et al., 2020; Anukam et al., 2020a; 2020b; 
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Uba et al., 2020a; 2020b; 2020c; 2020d; 2020e; 2020f; 2020g; Uba et al., 2021a; 2021b; Ifediegwu et al. 2023a; 2023b; 2024a, 

2024b; 2024c; Nnaka et al. 2024). 

 

Results and Discussion 
The phytochemical characteristics of the two plants used: C. papaya and M. oleifera were summarized in the Table 1. The 

results revealed the presence of some active compounds in the plants. From the table, it could be seen that flavonoids, terpenoid, 

saponins were present in both plants. Glycosides, steroids, phenols, tannins, alkaloids and steroids were present in C. papaya 

but absent in M. oleifera while Protein was present in M. oleifera but absent in C. papaya, respectively. M. oleifera and C. 

papaya seed extract's phytochemicals matched with previous reports by Uba and Obiefuna et al. (2023) and Ubani et al. (2024) 

showing these bioactive compounds are abundant and give the extract its unique properties. 

 

Table 1: Phytochemical constituents of the aqueous seed extracts of C.papaya and M. oleifera 

Constituents C. papaya M. oleifera 

Phenols +ve +ve 

Tannins +ve +ve 

Alkaloids +ve +ve 
Terpenoids +ve +ve 

Steroid +ve -ve 

Saponin +ve +ve 

Flavonoid +ve +ve 

Glycosides +ve -ve 

Protein -ve +ve 

Keys: +ve = positive result for a test; - ve = Negative result for the test  
 

The result in Figures 1A - C and 2 demonstrated the sequentially formations of silver nanoparticles. It can be seen that there 

was colourless appearance of silver nitrate solution at the beginning of the synthesis but later precipitated to brownish then to 

dark brown colour appeared after 24 hr upon constant heating on magnetic stirrer at 70 ℃ confirming the successful synthesis. 

The dark brown colour emerged from Ag⁺ reducing to Ag⁰ due to C. papaya and M. oleifera seed extract's bioactive compounds 

and corroborated with the published works of Dokubo and Uba (2023) and Uba and Okonkwo (2025) who reported several 

bioactive ingredients as the reducing and stabilizing agents during silver nanoparticle formation. 

 
Figure 1: (A) Silver nitrate (AgNO3) solution (B) C. papaya aqueous seed extract and (C) M. oleifera aqueous seed extract 

 

 
Figure 2: Silver nanoparticle synthesis 

 

The UV-VIS spectroscopy revealed absorbency peaks of both C. papaya and M. oleifera synthesized AgNPs in the range from 

200 to 800 nm (Figure 3 A - B). From the figures, the maximum peak of both AgNPs was at 400 nm each while the minimum 

peaks were at 800 nm and 700 nm, respectively. These colour changes that occurred at the peak absorbances could be due to 
surface plasmon activation on the silver nanoparticles by the electromagnetic field (Uba and Okonkwo, 2025). There have 

reports of silver nanoparticle having wavelength of 400 - 500 nm thereby uphelding the findings obtained in the present study.  
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Figure 3: (A) UV-VIS spectral of C. papaya (B) UV-VIS spectral of M. oleifera 

 

The results of the bacterial load indices of the treated and untreated water samples are presented in Table 2. From the Table 2, 

the agent M. oleifera had the lowest count (02 CFU) in the sample D and the agent C. papaya had the highest count (110 CFU) 

in sample C. Also, the result in Table 2 revealed that M. oleifera and C. papaya-synthesized silver nanoparticles effectively 

reduced bacteria count in water samples, likely due to increased pH and altered physicochemical properties, damaging bacterial 

cells and disrupting the metabolic activity and corroborated with the published works of Kamal et al. (2020); Dokubo and Uba 

(2023) and Uba and Okonkwo (2025) who observed significant reduction in bacteria loads of their treated water samples. The 

nanoparticles' effect increased with contact time (30 - 120 min) showing time dependence (P < 0.05). 

 

The result of the biochemical and microscopic profile of the bacterial strains isolated from the water samples is presented in 

Table 3. From the table, most isolates were positive to citrate, H2S production, motility, urease, nitrate, fructose, maltose, 

mannitol, xylose, galactose, indole tests and negative to Voges-Proskauer, urease, mannitol, xylose, galactose ad indole. The 
biochemical test as shown in Table 4 revealed that the bacterial strains were all Gram negative short rods and classically 

identified using Bergeys’ manual as Klebsiella pneumoniae, Enterobacter aerogenes and Escherichia coli as the indigenious 

possible bacterial pathogens. All the isolates were Gram negative short rods with Klebsiella pneumoniae as the dominant 

species and aligned with Dokubo et al. (2022a), Dokubo et al. (2022b), Alfred et al. (2025) and Uba et al. (2025) who identified 

these bacterial strains from different water sources. 

 

Phytotoxicity testing is a crucial, high-sensitivity, and environmentally relevant method for evaluating the safety, efficacy, and 

ecological impact of water treated with nanotechnology (nanotreated water). The result of the percentage seed germination of 

Zea mays and P. vulgaris when exposed to water sample treated with biosynthesized silver nanoparticles and calcium 

hypochlorite is shown in Figure 4. From the figure, sample C of C. papaya synthesized treated water and sample E of M. 

oliefera synthesized treated water had the highest (93.75 %) percentage seed germination in Zea mays and the lowest (37.5 %) 

is from sample D of  M. oleifera synthesized treated water. While sample B of M. oleifera had the highest (83.33 %) and and 

both sample D and E of C. papaya had lowest (16.6 %) percentage seed germination in P. vulgaris, respectively. The result of 

the percentage root length of Zea mays and P. vulgaris when exposed to water sample treated with biosynthesized silver 

nanoparticles and Calcium hypochlorite is shown in Figure 5. From the figure, sample B of M. oleifera synthesized treated 

water had the highest (86.21 %) and sample E of C. papaya had the lowest (54.48 %) percentage root length. While sample D 

of C. papaya had the highest (90 %) percentage and sample B, D of M. oleifera and sample D of CaOCl2 had the lowest (30 % 
respectively) percentage root length in P. vulgaris, respectively. The result of the germination index of Zea mays and P. 

vulgaris when exposed to water sample treated with biosynthesized silver nanoparticles and calcium hypochlorite is shown in 

Figure 6. From the figure, sample A of C. papaya had the highest (68.19 %) and sample D of M. oleifera had the lowest (29.74 

%) germination index in Zea mays. While sample C of CaOCl2 had the highest (45.83) and sample E of C. papaya had the 

lowest (6.66 %) germination index in Phaseolus vulgaris. The result of the vigor index of Zea mays and P. vulgaris when 

exposed to water sample treated with biosynthesized silver nanoparticles and Calcium hypochlorite is shown in Figure 7. From 

the Figure, sample B of M. oleifera had the highest (1284.98) and sample D of C. papaya had the lowest (604.57) vigor index 

in Zea mays. While sample C of M. oleifera  had the highest (350.62) and sample E of C papaya had the lowest (53.28) 

germination index in Phaseolus vulgaris. Summarily for the toxicity testing, the treated water was effective in plant growth 

except a stunted seed growth of Phaseolus vulgaris in C. papaya treatment set ups but grew massively in M. oleifera silver 

nanoparticles treatment set ups. The germination index accounted for both low toxicity which affects root growth and high 

toxicity, which affects seed germination of Zea mays L. and Phaseolus vulgaris and the possible reason could be the toxicity 

of AgNPs is due to the bioaccumulation of silver ions (Ag+ ions) that lower the production of chlorophyll, ultimately reducing 

the photosynthesis and impacting the cell growth (Zhang et al., 2019). Hassan et al. (2021) reported that moderate 

concentrations of AgNPs have a stimulatory effect on seedling growth of lettuce seed, while higher concentrations induced 

inhibitory effects due to the release of Ag+ ions. 
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Table 2: Disinfecting potential of the biosynthesized silver nanoparticle on treated and control fresh water sample 
Culture 

Media 

Water sample 

 

Control 

(Colony/100 

mL) 

                                                             Treated (Colony/100 mL) 

                      M. oleifera (Min)                                C. papaya (Min)                                  Calcium hypochlorite (CaOCl2) (Min) 

    30     60   120   30    60   120 30 60 120 

EMBA Neni Water Shed  31.0±1.00 10.7±0.3

2 

38.7±0.31 22.5±0.22 28.0±0.70 20.0±0.70 13.0±1.41 41.9±0.40 38.7±0.42 45.2±0.24 

  Orsu Ihite-Ukwa 

well water  

91.0±1.53 19.7±0.1

2 

63.7±0.56 82.4±0.32 46.0±4.40 27.0±1.53 26.0±0.58 75.8±0.48 86.8±0.06 80.2±0.23 

 Ukwaka River  318.0±4.51 93.1±0.5

3 

69.2±0.01 95.9±0.32 110.0±1.68 80.0±0.02 29.0±0.36 55.9±0.08 64.2±0.02 69.2±0.64 

 Sacred heart 

waste water 

reservoir  

112.0±3.00 98.2±0.0

4 

94.6±0.05 85.7±0.06 70.0±1.17 26.0±0.03 18.0±1.32 87.5±0.04 89..3±0.01 89.2±0.05 

 Ulasi River  162±2.52 40.7±0.0

4 

93.2±0.08 91.4±0.06 09.0±0.34 17.0±0.12 19.0±1.41 95.7±0.07 93.2±0.03 93.8±0.00 

MCA Neni Water Shed  362.0±1.73 28.2±0.0

2 

33.7±0.05 52.2±0.06 163.0±1.00 151.0±2.08 134.0±2.65 95.6±0.01 97.2±0.01 96.4±0.02 

  Orsu Ihite-Ukwa 

well water  

53.0±3.61 75.5±0.1

8 

52.8±0.19 47.2±0.67 33.0±4.27 35.0±1.27 27.0±4.89 69.8±0.15 69.8±0.63 77.4±0.08 

 Ukwaka River  305.0±3.56 94.1±0.4

6 

93.1±0.08 79.3±0.04 72.0±3.26 70.0±1.48 51.0±00 95.7±0.07 97.3±0.35 97.7±0.29 

 Sacred heart 

waste water 

reservoir  

120.0±2.00 80±0.01 86.7±0.14 88.3±0.03 73.0±4.62 50.0±3.43 40.0±1.76 79.2±0.08 76.7±0.37 58.3±0.11 

 Ulasi River  328.0±2.00 92.9±0.1

1 

69.2±0.57 70.1±0.43 200.0±3.21 189.0±2.08 146.0±1.07 90.9±0.67 81.7±0.43 91.5±0.77 

SSA Neni Water Shed  344.0±2.52 71.2±0.7

7 

75.6±0.38 72.1±0.35 173.0±1.25 101.0±4.93 89.0±1.53 27.0±0.21 28.0±0.48 41.0±1.33 

  Orsu Ihite-Ukwa 

well water  

220.0±3.51 59.1±0.0

4 

87.3±0.01 73.6±0.03 10.0±1.68 24.0±1.53 16.0±2.52 56.8±0.02 91.4±0.22 90.5±0.08 

 Ukwaka River  180.0±2.52 72.2±0.6

1 

83.9±0.08 77.8±0.02 14.0±2.34 23.0±1.76 45.0±3.41 89.4±0.04 95.6±0.03 90.0±0.04 

 Sacred heart 

waste water 

reservoir  

39.0±2.08 61.5±0.7

2 

43.6±0.78 23.1±0.43 17.0±3.9 12.0±1.43 06.0±3.78 28.2±0.12 30.8±0.73 53.9±0.50 

 Ulasi River  318.0±3.51 92.8±0.5

7 

93.7±0.31 94.0±0.01 15.0±2.34 13.0±1.76 18.0±0.12 90.9±0.02 92.5±0.08 90.6±0.03 

Key: EMB = Eosine Methylene Blue Agar; MCA = MacConkey Agar; Salmonella Shigella Agar; mL = Millilitre
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Table 3: Biochemical and microscopic profile of the bacterial strains isolated from the water sample 

 

Test 

 

EMB1                EMB2 

Isolate code 

SSA1                       SSA2 

 

MAC1                 MAC2 

Gram 

reaction 

-ve -ve -ve -ve -ve -ve 

Morphology Short rods Short rods Short rods Short rods Short rods Short rods 

Motility +ve +ve +ve +ve +ve +ve 

Citrate +ve +ve +ve +ve +ve +ve 

Urease +ve -ve +ve -ve +ve -ve 

Nitrate 

reduction 

+ve +ve +ve +ve +ve +ve 

M R +ve +ve +ve +ve +ve +ve 

V P +ve +ve -ve -ve -ve -ve 
Indole -ve +ve +ve +ve -ve +ve 

Maltose +ve +ve +ve +ve +ve +ve 

Fructose +ve +ve +ve +ve +ve +ve 

Xylose +ve +ve +ve -ve -ve -ve 

Mannitol +ve -ve -ve +ve +ve +ve 

Galactose +ve +ve +ve -ve -ve -ve 

Identities Klebsiella 

pneumoniae 

Enterobacter 

aerogenes 

Klebsiella 

pneumoniae 

Enterobacter 

aerogenes 

Klebsiella 

pneumoniae 

Escherichia 

coli  
Key: MAC = MacConkey Agar, EMB = Eosin Methylene Blue Agar, SSA = Salmonella-Shigella Agar, -ve = negative, 

 +ve = positive, H2S= hydrogen sulfide, MR = Methyl red, VP = Voges-Proskauer 
 

 
Figure 4: Percentage seed germination of of Zea mays and Phaseolus vulgaris when exposed to water sample treated with 

biosynthesized silver nanoparticle. 
Key: A= Neni watershed, B = Well water from Orsu-ihitteukwa, C = Ukwaka river, D = Wastewater reservoir Sacred heart Uli, 

 E = Ulasi river, CaOCl2 = Calcium hypochlorite, % = Percentage  
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Figure 5:  Percentage root length of of Zea mays and Phaseolus vulgaris when exposed to water sample treated with 

biosynthesized silver nanoparticle. 
Key: A= Neni watershed, B = Well water from Orsu-ihitteukwa, C = Ukwaka river, D = Wastewater reservoir Sacred heart Uli,  

E = Ulasi river, CaOCl2 = Calcium hypochlorite, % = Percentage  
 

 
Figure 6: Germination index of of Zea mays and Phaseolus vulgaris when exposed to water sample treated with biosynthesized 

silver nanoparticle. 
Key: A= Neni watershed, B = Well water from Orsu-ihitteukwa, C = Ukwaka river, D = Wastewater reservoir Sacred heart Uli,  

E = Ulasi river, CaOCl2 = Calcium hypochlorite, % = Percentage  
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Figure 7: Vigor index of of Zea mays and Phaseolus vulgaris when exposed to water sample treated with biosynthesized silver 

nanoparticle. 
Key: A= Neni watershed, B = Well water from Orsu-ihitteukwa, C = Ukwaka river, D = Wastewater reservoir Sacred heart Uli,  

E = Ulasi river, CaOCl2 = Calcium hypochlorite, % = Percentage  

 

Conclusion 
In conclusion, the aqueous seed extract of C. papaya successfully synthesized silver nanoparticles by reducing silver nitrate 

(AgNO₃) to elemental nanometal form likely due to the presence of hydroxyl groups which act as capping and reducing agents 

during nanoparticles formation. This synthesized nanoparticles was able to significantly reduced the microbial load in water 

samples and also makes the treated surface water resources less toxic for environmental usage for at least after treatment time 

of 120 min. 
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