Archives of Agriculture and Environmental Science 9(3): 540-548 (2024)
https://doi.org/10.26832/24566632.2024.0903019

This content is available online at AESA

Archives of Agriculture and Environmental Science

Journal homepage: journals.aesacademy.org/index.php/aaes
e-ISSN: 2456-6632 - )

ORIGINAL RESEARCH ARTICLE S
CrossMark

Physicochemical characteristics and antibiotic resistance patterns of enteric bacteria
isolated from harvested rainwater (HRW) in Oraukwu, Anambra State, Nigeria

E.C.S. Okoye'! ® ,S.C. Onuorah? ® ,L.C. Okoye®, L.C. Eleanya'! ® ,G.C. Agu* ® , U.C. Okafor? ® and
N.A. Egudu’

'Department of Microbiology, Chukwuemeka Odumegwu Ojukwu University, Uli Anambra State, Nigeria

’Department of Applied Microbiology and Brewing, Nnamdi Azikiwe University, Awka, Anambra State, Nigeria

®Department of Pharmaceutical Microbiology and Biotechnology, Nnamdi Azikiwe University, Agulu, Anambra State, Nigeria
“4Bacterial Vaccine Production, National Veterinary Research Institute, Vom Plateau State, Nigeria

>Department of Agricultural Technology and Microbiology, School of Agriculture, Enugu State Polytechnic, Iwollo Enugu State, Nigeria
"Corresponding author’s E-mail: ec.okoye@coou.edu.ng

ARTICLE HISTORY ABSTRACT

Received: 09 July 2024 The aim of the study was to evaluate the physicochemical properties and antibiotic resistance pat-
Revised received: 21 August 2024 terns of enteric bacteria isolated from HRW in Oraukwu, Anambra State. Duplicate water samples
Accepted: 31 August 2024 were aseptically collected from below-the-ground concrete reservoirs in twelve households using

sterile 5 L plastic containers. Physicochemical parameters such as pH, temperature, colour, turbidi-
ty, DO, TDS, TSS, alkalinity, hardness, chloride, and some heavy metals of the water samples were
examined using APHA method. Bacteriological analyses were performed using the membrane

Antibiogram filtration technique. Colonies formed were counted and expressed in CFU/100mL. Enteric bacteria
Enteric bacteria

Keywords

were enumerated and characterized by their morphological characteristics and biochemical tests.
Axenic cultures of the isolates were further subjected to antimicrobial susceptibility testing (AST)
using the modified Kirby-Bauer disc diffusion method, based on the guidelines by CLSI. Results
revealed that physicochemical parameters and some heavy metals were within acceptable limits,
except for Fe (0.01-0.72 mg/L) and Pb (0.01-0.25 mg/L). Total bacterial counts ranged from
1.2x10* to 6.8x10*CFU/100mL, indicating high contamination. Morphological characteristics re-
vealed twelve (12) isolates of enteric bacteria, comprising Escherichia coli (41.67%), Salmonella sp.
(33.33%) and Shigella sp. (25%). All isolates exhibited 100% resistance to augmentin and tetracy-
cline, but showed varying degrees of susceptibilities; E. coli to levofloxacin (60%), Salmonella sp. to
ertapenem, imipenem, levofloxacin and nalidixic acid (100%), and Shigella sp. to ceftriaxone and
ertapenem (100%). ‘First flush’ diverters are recommended to be installed within the
water collecting system, in order to divert runoff from the rooftop after a period of no rainfall.
Antibiotics which the isolates were susceptible to are recommended for the treatment of
infections caused by these pathogens.

Harvested rainwater
Multidrug resistance
Oraukwu
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INTRODUCTION survival of man and other living things (Abaasa et al., 2024). In

emerging nations like Africa, millions of people suffer from
Water is a valuable commodity which is essential for human water-borne infections (Khayan et al., 2019). The WHO posits
existence. The usefulness of water to human life can never be that 1 of every 5 infant deaths, especially between ages of 1to 5
over-emphasized, as it is a natural resource that is linked to the in sub-Saharan Africa, is associated with inadequate wash
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(WHO, 2019). According to the United Nations Children’s Fund
(UNICEF), about 4000 children pass away per day globally due
to preventable contaminated water causes (UNICEF, 2014).
Over one billion people in the world lack access to safe drinking
water, and about 2.5 billion people do not have access to ade-
quate sanitation services at all (WHO & UNICEF, 2024). The
sixth sustainable development goal (SDG 6) of the United Na-
tions Agenda 2030 - Clean Water and Sanitation for All, states
that more than 733 million people still live in countries with high
and critical levels of water crisis (UN, 2019). Consequently,
various countries have adopted programmes aimed at improv-
ing the quality and accessibility of water to their citizens. The
paucity of piped-borne water supply in most rural communities
and even urban cities necessitated storing rainwater in tanks
and underground concrete reservoirs as alternative sources of
water supply, used for both drinking and domestic purposes
(Nnajietal.,2018; Zdeb et al., 2020).

Rainwater is obtained from rainfall, and it is one of the forms of
surface water. It occurs as a result of the condensation of water
molecules in the atmosphere, and could be collected from differ-
ent catchments (Campisano et al., 2017; Zdeb et al., 2020;
Nwogu et al., 2024). Rainfall is readily available during wet sea-
sons and can be used at multiple scales from residential to com-
mercial levels. From the earliest times, rainwater has been, and
it is still an excellent source of drinking water, especially for
people in rural communities. It is collected, piped into clean and
closed underground tanks known as reservoirs or tanks, and
used later. However, it can be contaminated by dirty roofs, dirty
containers and tanks (Kelemewerk et al., 2020). Harvested
rainwater (HRW) is one of the dependable sources of domestic
water supply for the residents of Oraukwu, Anambra State,
Nigeria. It involves collection and storage of rainwater in a natu-
ral or artificial container, either for immediate use or use before
the onset of the next season for domestic, agricultural, industrial
and environmental purposes (Girma et al., 2019; De Sa Silva
et al., 2022; Ross et al., 2022; Ghodsi et al., 2023). Despite its
usefulness, HRW stored in underground tanks harbour millions
of microbes, resulting from animal wastes and organic matter on
the rooftops or land areas (Sefton et al., 2022). The initial water
runoff from rooftops usually contains impurities from particles
of dust and other harmful substances. HRW can also harbour
traces of heavy metals, which can be washed down from roofing
materials of the catchment surface, and this may pose severe
health risks (Naser et al., 2017; Nnaji et al., 2018). Previous stud-
ies on physical and chemical properties of harvested rainwater
showed that critical physicochemical parameters were within
acceptable limits, using standard guidelines set by the WHO and
NIS. Several studies reveled that below-the-ground concrete
reservoirs are situated close to septic tanks, refuse dumps and
animal farms, and this can lead to microbial contamination with
enteric bacteria (Hamilton et al., 2019; Waideman et al., 2020).
The microbiological quality of drinking water is among the
prerequisites for the provision of safe and clean water for
human consumption (Khan et al., 2023). This is because drinking
water contaminated with pathogenic microorganisms exposes

an individual to various water-borne diseases such as cholera,
typhoid fever, dysentery, and gastroenteritis, which are charac-
terized by diarrhoea (Pal et al., 2018; Amos et al., 2020; Okoye
etal., 2022b). Faecal bacteria such as Escherichia coli, Shigella sp.,
Klebsiella sp., Salmonella sp., etc. and other pathogenic bacteria
have been isolated from harvested rainwater, stored in tanks
and underground reservoirs (Amin & Alazba, 2019; Ewelike
et al., 2020; Morka, 2022). The World Health Organization
(WHO) guidelines for drinking water quality identify faecal
contamination as the greatest risk to human health associated
with drinking water quality (Ekelozie et al., 2018).

The rapid increase and spread of microorganisms and antibiotic-
resistant genes in the environment, and the unappealing mani-
festation of this situation which is the increasing persistence of
bacterial infections among members of a population is a public
health concern (Reygaert, 2018; Fukuda et al., 2023). This devel-
opment requires urgent attention by health policy makers and
authorities. Earlier studies on antimicrobial resistance focused
more on environments and samples considered to be antibiotic
resistance hotspots which include sewage, dairy effluent, munic-
ipal wastewater, medical environments, and effluents, but only a
few extensive studies exist on the prevalence of antibiotic
resistance in harvested rainwater samples from solely residen-
tial areas (Khayan etal., 2019; Onah et al., 2019; Maspalma et al.,
2022). Hence, the study examined the physicochemical charac-
rainwater samples obtained from
Oraukwu, Anambra State, and profiled the antibiotic resistance
patterns of enteric bacteria in the water samples.

teristics of harvested

MATERIALS AND METHODS

Description of the study area

Oraukwu, a town in Idemili North Local Government Area of
Anambra State, Nigeria, is geographically located between lati-
tude 6°06’ 31” North and longitude 6°59’ 16" East, and has an
elevation of 180m above sea level. It is bounded in the East by
Abacha and Nimo, West by Adazi Ani and Neni, North by Alor,
and South by Abatete. It has a population of 60,700 according to
the 2006 national census, and includes adults and children, with
a growth rate of 3%. The most dominant source of water in the
area is rainwater, followed by streams. This is due to the unavail-
ability of piped-borne water, and also due to the high depth of
groundwater level which makes groundwater sourcing uneco-
nomical.

Study design and description of sites

Harvested rainwater (HRW) samples were collected for a period
of three months (May-July, 2023), and 12 different households
with underground concrete reservoirs were randomly selected
in Oraukwu, Anambra State. The examined storage reservoirs
are made of concrete walls and a top surface that extends 2 feet
from the ground surface level, and is covered with a circular
reinforced concrete slab. An opening is provided at one edge for
the purpose of water extraction from the storage by manual
means, using a fetching bucket which is attached to a rope. The
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opening is provided with a lid that must be closed when the
reservoir is not in use, thereby making the facility safe and well
protected from external factors such as sunlight, dust, birds
droppings, reptiles and their excreta, etc. which may contami-
nate the stored water.

Sample collection

Duplicate harvested rainwater samples from selected house-
holds in Oraukwu, Anambra State were collected over 3-month
sampling regime (May-July, 2023) using sterile 5-L plastic con-
tainers. Water samples were collected from underground con-
crete reservoirs by lowering a sterile 5-Litre containers into the
pool of water, and filling them with water. Each of the sample
was collected in duplicates, and used for physicochemical and
bacteriological Samples were
(reservoirs A to L), and transported to the Microbiology Labora-

analyses. labelled properly
tory of Chukwuemeka Odumegwu Ojukwu University, Uli, Nige-
ria for bacteriological analysis, while samples for physicochemi-
cal analysis were transported to Graceland Analytical Laborato-
ry, Awka Anambra State, Nigeria.

Determination of physicochemical parameters

The pH and temperature of the water samples were determined
in-situ, using the APHA (2023) method, and were recorded ac-
curately using a pH meter (Uric 9v) and thermometer (Tex care).
Analyses for other physicochemical parameters such as turbidi-
ty, colour, taste, total dissolved solids (TDS), total suspended
solids (TSS), dissolved oxygen (DO), alkalinity, hardness, chlo-
ride, and heavy metals were performed. Concentrations of
heavy metals were determined using atomic absorption spec-
trophotometer (AAS).

Determination of total bacterial counts

The total bacterial count was carried out using the membrane
filtration technique, as described by Cheesbrough (2006).
Water samples were filtered through 0.45 um pore size filter
paper, using two stages vacuum pump (Ve 215). The filter
papers were aseptically placed on nutrient agar plates, to obtain
total bacterial counts. Colonies formed were counted using the
colony counter, and thereafter sub-cultured on agar plates
containing Eosin Methylene Blue (EMB) agar and Salmonella-
Shigella agar, and incubated at 37 °C for 24 hours.

Isolation and enumeration of enteric bacteria

Discrete colonies on Eosin Methylene Blue (EMB) agar and
Salmonella-Shigella agar were counted and recorded, and
thereafter sub-cultured onto nutrient agar. Morphological
characteristics (pattern of growth, shapes and appearance/sizes
on EMB and SSA agar plates) were observed after incubation.
Cell morphology (Gram reactions) and other biochemical tests
of the isolates were done. Further identification was made by
comparison of their cultural, morphological and physiological
characteristics with those of known taxa using the Bergey’s
Manual of Determinative Bacteriology (Holt et al., 2002).

Antibiotics sensitivity testing (AST)

The AST of the identified isolates was performed against a wide
range of antibiotics, using the Kirby-Bauer disc diffusion meth-
od, as modified by Nassar et al. (2019). The identified bacterial
isolates were standardized to 0.5 MacFarland turbidity prior to
antimicrobial susceptibility testing. This was swabbed on the
entire surface of solidified Mueller-Hinton agar plates using
sterile swab sticks. The surface of the medium was streaked in
four directions, while the plates were rotated at approximately
60° to ensure even distribution. The inoculated agar plates were
allowed to dry for a few minutes, and sterilized forceps were
used to place the antibiotics discs evenly on the inoculated agar
plates so that the disc was 15mm from the edge of the plate.
After 30 minutes, the plates were inverted and incubated at 37
°C for 24 hours. After incubation, the diameter of the zones of
growth inhibition around discs was measured to the nearest
millimeter using a meter rule. The results were interpreted as
sensitive or resistant using the performance standards of CLSI
(CLSI, 2020). Standard antibiotic discs (Table 1) were used
against the isolates.

Multiple antibiotic resistance phenotype (MARP) and multiple
antibiotic resistance index (MARI)

MARP is the number of antibiotics which a particular isolate is
resistant to. MAR index is calculated as the ratio of the number
of antibiotics to which an organism is resistant to the total
number of antibiotics to which the organism is exposed. MARI is
calculated as a/b, where a = the number of antibiotics isolate
was resistant to, b = the total number of antibiotics used.
Bacteria having MAR index = 0.2 originate from a high-risk
source of contamination where several antibiotics are used
(Malema et al., 2018; Afunwa et al., 2020; Manyi-Loh et al.,
2023).

Quality control

The reliability of the study findings was guaranteed by
implementing quality control measures throughout the whole
laboratory work. Staining reagents, culture media, and antibiotic
discs were checked for their normal shelf life before use. All
culture plates and antibiotic discs were stored at recommended
refrigeration temperature after being prepared and sterilized by
autoclaving at 121 °C for 15 minutes. The standard reference
bacterial strains were tested as a positive control on the
biochemical tests, and agar plates with antibiotic discs.

Statistical analysis

This was conducted using the SPSS software. One-way analysis
of variance (ANOVA) was performed to determine whether
there was a significant difference between all locations for each
parameter at a confidence level of p-value = 0.05. The Pearson
correlation analyses were also done to analyze the relationship
between the parameters.
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RESULTS AND DISCUSSION

Physicochemical properties

Water for human consumption should be colourless, tasteless,
odourless and free of turbidity, and must be free of chemicals and
should not contain any microorganisms known to be pathogenic or
any bacteria indicative of faecal pollution (Khayan etal., 2019; Onah
et al, 2019; Maspalma et al., 2022). The results of the examined
physicochemical parameters are presented in Table 1. Most param-
eters were within the acceptable limits by the World Health Organi-
zation (WHO) and Nigerian Industrial Standards (NIS). The HRW
samples had acceptable levels of pH in the range of 6.48-7.18. This is
an acceptable range, as it falls within the WHO and NIS standards.
The pH values of water samples analyzed in this study was slightly
higher than the mean values obtained from Zaria road, Kano me-
tropolis, as reported by Mukhtar et al. (2019), while Onah et al.
(2019), reported values above the present study from five different
sites in Enugu metropolis. This implies that the HRW samples in this
study were neither acidic nor alkaline in nature, close to neutrality.
The values of temperature obtained ranged between 27.8 to 29.8
°C, with a general mean of 29.0 °C. This is generally classified as
ambient temperature according to the WHO and NIS. The values
agree with the reports of Amin & Alazba (2019) and Nwogu et al.
(2024), who reported that temperatures of HRW samples ranged
between 26.8 to 28.2 °C and 27.2 to 29.5 °C, respectively. However,
the values of temperature in this present study contradicts the
study of Morka (2022), who reported that temperature in HRW in
Eku and Abraka, Delta State, Nigeria, were between 26.0-27.2°C.
Colour is an important physical quality of water, which affects
its acceptability by consumers. The values of colour in this study
ranged between 5.0 to 8.4 TCU, which is within the acceptable
limit of 10 TCU, as recommended by WHO and NIS. Therefore,
the colour of HRW samples is considered as ‘colourless’. This
was also reported by Onah et al. (2019), although Coal camp and
Agbani road samples recorded higher values of colour. He
attributed it to the mineral composition of the sites, which could
affect the colour of the water especially if iron compounds are
present. Hardness and alkalinity of drinking water are said to be
acceptable at 150 mg/L and 100 mg/L respectively, according to
the WHO and NIS. Based on these standards, the levels of total
hardness and alkalinity recorded for all the samples can be said
to be within safe limits. Other researchers also corroborated the
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levels of alkalinity and hardness in HRW samples (Morka, 2022;
Teston et al., 2022; Fukuda et al., 2023; Nwogu et al., 2024). The
levels of TDS and TSS are related to one another (Mazurkiewicz
etal., 2022), and it can be observed that the TDS of the samples
increased geometrically with increasing TSS as presented in Table 1.
Also, the levels of TDS (10.5 - 135 mg/L) and TSS (45.82- 224.5 mg/
L) of all HRW samples were found to be within the standard limit of
500 mg/L as recommended by WHO (2008) and NIS (2007).

In the case of turbidity, the limit is 5 NTU. Most of the analyzed sam-
ples had turbidity level below 5 NTU, except for sites D and J which
levels (9.58 NTU) and (6.52 NTU) respectively, which had levels
above the standard limit. In most waters, turbidity is due to colloidal
and extremely fine dispersions (Girma et al., 2019; Stys$ & Stec, 2020;
Ghodsi et al., 2023). The traces of heavy metals in HRW are also
shown in Table 2. The concentration of Pb were found to be be-
tween 0.01 to 0.25 mg/L, and this is slightly above the standard limit
of 0.001. This could be attributed to presence of objects such as
radio and phone batteries, pencil, erasers, paints, e.tc, in the reser-
voir tanks. These materials are made of Pb substances, and can
found its way into underground reservoirs by playful acts from chil-
dren or leaching of plastered walls of the storage reservoirs. Amin &
Alazba (2019), also reported that Pb is one of the probable sources
of rainwater contamination. Similarly, Onah et al. (2019), reported
elevated levels of Pb in HRW samples of Enugu metropolis, Nigeria.
High levels of lead in drinking water can be hazardous to health, as it
can linked to lead poisoning. The concentrations of Fe were found to
be in the range of 0.01 to 0.72 mg/L, and most of the HRW samples
exceeded WHO limits of 0.3 mg/L for drinking water. Mukhtar et al.
(2019), reported that three out of seven HRW samples analyzed had
Fe levels above WHO and NIS limits. Iron is not hazardous to health,
but it is considered a secondary or aesthetic contaminant. Essential
for good health, iron helps transport oxygen in the blood (IDPH,
1999). Concentrations of Cu range from 0.01 to 1.02 mg/L, and it
was observed that all the HRW samples had Cu within the WHO
limit of 1.0 mg/L, except at site L which had 1.02 mg/L. Ewelike etal.
(2020) and Okoye et al. (2022a), reported that Cu levels in HRW
samples in Southeast and spring water sources in Oji River LGA,
Enugu State, Nigeria respectively were within the WHO limits.
Anabtawi etal. (2022), attributed presence of trace metals in HRW
to anthropogenic activities such as indiscriminate dropping of mate-
rials or substances made of heavy metals into the reservoir, and also
from rusting of metal lids of the reservoirs.

Table 1. Details of the antibiotics that were used in the study to test for antibiotic resistance (CLSI, 2020).

Group Antibiotics Abbreviation  Disc potency (ug) Zone of_Re5|stant |nh|b.|t|on SEsceptlbIe
<or=nm Intermediate nm =or>nm
Combined B-lactam Ampiclox ACX 30 <13 14-22 223
Augmentin AUG 30 <13 14-17 218
Carbapenem Ertapenem ERT 10 <18 19-21 222
Imipenem IMP 10 <19 20-22 223
Nalidixic acid NA 30 <13 14-18 =219
Fluoroquinolones Ciprofloxacin CIp 5 <20 21-30 231
Levofloxacin LBC 5 <16 17-20 221
Tetracyclines Doxcycline DXT 30 <10 11-13 214
Tetracycline TET 30 <11 12-14 215
Cephalosporins Cefuroxime CXM 30 <14 15-22 >23
Ceftriaxone CRO 30 < 2

Folate Trimethoprim- TMP-SMX 25 <10 11-15 216

sulfamethoxazole

Source: The concentrations used as well as measurement of zones of inhibition were according to the National Committee on Clinical Laboratory Standards Institute (CLSI, 2020).
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Table 2. Physicochemical parameters in harvested rainwater samples in Oraukwu, Nigeria.

Parameter A B C D E F G H | J K L WHO NIS
pH 6.48 6.86 7.02 7.18 701 707 6.71 7.10 7.06 6.91 6.95 7.13 6.5-8.5 6.5-8.5
Temp (°C) 29.8 297 293 298 285 29.6 280 285 295 298 278 281  Ambient Ambient
Tur (NTU) 3.06 342 385 9.58 4.18 3.17 3.68 32 3.85 6.52 4.02 381 5 5
Colour 50 75 55 84 6.5 50 6.2 64 82 7.6 74 58 10 10
TDS (mg/L 10.5 250 38.0 135 83.7 15.0 45.0 54.5 1015 108.0 30.8 358 500 500
TSS (mg/L 4582 8005 925 2245 1458 5587 8545 1205 1905 21523 6358 9050 500 500
DO (mg/L) 12.0 14.5 11.6 12.8 12.3 10.8 124 11.8 12.2 10.5 115 105 5 5
Alk (mg/L) 72 15.2 6.5 30.5 12.8 10.5 14.8 15.5 85 215 17.3 14.5 100 100
Had (mg/L) 85 184 224 384 320 16.8 287 6.50 19.2 275 228 155 150 150
Cl(mg/L) 564 1518 2051 2860 1865 19.70 448 1892 1348 1452 1251 2265 250 250
Pb (mg/L) 0.05 0.08 0.05 0.15 0.02 0.06 0.03 0.04 0.01 0.02 0.01 0.25 0.01 0.01
Cu (mg/L) 0.02 0.01 0.03 0.85 0.06 0.03 0.08 0.07 0.04 0.65 0.02 1.02 1 1
Fe (mg/L) 0.03 0.30 0.48 0.56 040 045 0.35 0.38 0.52 0.50 0.01 0.72 <0.30 <0.30

Key: Temp=Temperature; Tur=Turbidity; TDS=Total dissolved solids; TSS=Total suspended solid; DO=Dissolved oxygen; Alk=Alkalinity;

Had=Hardness; Cl=Chloride; Pb=Lead; Cu=Copper; Fe=Iron; NIS = Nigerian Industrial Standards; WHO = World Health Organization.

Table 3. Evaluation of total bacterial counts in harvested rainwater samples in Oraukwu.

Sites A B C D E

G H | J K L

CFU/mL  24x10* 12x10° 1.8x10* 48x10* 3.7x10*

5.1x10*

28x10* 58x10* 6.3x10*  62x10*  6.8x10°  3.2x10°

Table 4. Colonial morphological, microscopic and biochemical characteristics of the bacterial isolates from HRW.

Cell morphology Colour Gramrxn MOT CAT OX IND MR VP CIT Detected organism

Rod Metallic green - + + - + + - - Escherichia coli
sheen

Rod Colourless - - + - - + + + Salmonella sp.

Rod Opaque - + + - - + - - Shigella sp.

Key: + = positive, - = negative, Gram rxn = Gram reaction, MOT = Motility test, CAT = Catalase test, OX = Oxidase test, IND = Indole test, MR =

Methyl red test, VP = Voges-Proskauer, CIT = Citrate test.

Enumeration of bacteriological parameters

Total bacterial counts

Total bacterial counts obtained from this study ranged from
1.2x10%*to 6.8x10*CFU/100mL (Table 3), showing a high level
of contamination. These values are above the guidelines set by
the World Health Organization (WHO, 2008) and Nigerian In-
dustrial Standards (NIS, 2007), which recommend that total
heterotrophic bacterial count in 100 mL drinking water should
be <100, as counts above 100 CFU/100 mL indicate a general
decrease in water quality. Hence, the HRW samples used by
Oraukwu residents are highly contaminated, and this poses a
risk to those consuming the water. The results agreed with the
findings of Mazurkiewicz et al. (2022), who reported that total
heterotrophic bacterial counts in HRW, stored in underground
retention tanks in Poland ranged from 1.9x10% to 2.64x10°
CFU/100 mL. Several other researchers reported similar results
of high values of total bacterial counts in HRW (Khayan et al.,
2019; Ewelike et al., 2020; Tiwari et al., 2021; Maspalma et al.,
2022). This study has shown that HRW samples contain faecal
bacteria. The presence of these bacteria in the sampled water
sources is of public health concern, because it does not comply
with the WHO and NIS standards for coliform bacteria of zero
total coliform per 100 mL of drinking water. Ghodsi et al. (2023),
opined that siting of reservoirs 20-30m away from septic tanks
will prevent sewer flow into nearby reservoirs, and this would
ensure zero faecal coliform in the water source.

Morphological and biochemical identification of bacterial
isolates

Morphological and biochemical tests revealed the presence of
different rod-shaped bacteria in HRW samples (Table 4), and
twelve (12) isolates were recovered; Escherichia coli (n=5),
Salmonella sp. (n=4) and Shigella sp. (n=3). Escherichia coli was the
most prevalent isolate (41.7%) in HRW samples, with Salmonella
sp. having 33.3% and Shigella sp. having 25%. Nwogu et al.
(2024), reported presence of E. coli, Shigella dysentriae, Entero-
coccus faecalis and Salmonella typhi in the harvested rainwater
from rooftops in Umuahia, Southeastern Nigeria. It is widely
acknowledged that the presence of E. coli in a drinking water
sample is an indication of faecal contamination, and the poten-
tial presence of other pathogenic organisms. There should be 0%
CFU/100 mL of enterococci and E. coli counts in drinking water in
the order of 0 CFU/100 mL (conformity), 1-10 CFU/100 mL (low
risk), 10-100 CFU/100 mL (intermediate risk), 100-1000
CFU/100 mL (high risk), and above 1000 CFU/100 mL (very high
risk) (Gwimbi et al., 2019). The presence of E. coli in drinking water,
therefore, implies the water in unfit for drinking. The presence of
Salmonella sp. and Shigella sp. as reported in this study could lead to
gastroenteritis. The result is consistent with the finding of Ekelozie
et al. (2018), who reported human health risks associated with
drinking water contaminated with Salmonella sp. in Anambra State,
Nigeria. Olalemi et al. (2021) and Nwogu et al. (2024) also reported
the presence of these pathogenic bacteria (Salmonella sp. and
Shigella sp.) in harvested rainwater in Ogun State and Abia Sate,
Nigeria respectively.
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Table 5. Antibiotic resistance patterns of enteric bacterial isolates in harvested rainwater samples.

T E. coli (n=5) Salmonella sp. (n=4) Shigella sp. (n=3)
Antibiotics R (%) 1(%) S (%) R (%) 1(%) S (%) R (%) 1(%) S (%)
ACX 5(100) 0(0) 0(0) 3(75) 1(25) 0(0) 3(100) 0(0) 0(0)
AUG 5(100) 0(0) 0(0) 4(100) 0(0) 0(0) 3(100) 0(0) 0(0)
CIP 2 (40) 1(20) 2 (40) 4(100) 0(0) 0(0) 1(33.3) 0(0) 2(66.7)
CRO 3(60) 0(0) 2 (40) 4(100) 0(0) 0(0) 0(0) 0(0) 3(100)
CXM 4(80) 1(20) 0(0) 3(75) 0(0) 1(25) 3(100) 0(0) 0(0)
DXT 5(100) 0(0) 0(0) 1(25) 0(0) 3(75) 1(33.3) 0(0) 2(66.7)
ETP 5(100) 0(0) 0(0) 0(0) 0(0) 4(100) 0(0) 0(0) 3(100)
IMP 5(100) 0(0) 0(0) 0(0) 0(0) 4(100) 1(33.3) 0(0) 2(66.7)
LBC 2 (40) 0(0) 3(60) 0(0) 0(0) 4(100) 1(33.3) 0(0) 2(66.7)
NA 3(60) 1(20) 1(20) 0(0) 0(0) 4(100) 3(100) 0(0) 0(0)
SXT 1(20) 3(60) 1(20) 1(25) 0(0) 3(75) 2(66.7) 0(0) 1(33.3)
TET 5(100) 0(0) 0(0) 4(100) 0(0) 0(0) 3(100) 0(0) 0(0)

Key: ACX = Ampiclox; AUG = Augmentin; CIP = Ciprofloxacin; CRO = Ceftriaxone; CXM = Cefuroxime; DXT = Doxcycline; ETP = Ertapenem; IMP =
Imipenem; LBC = Levofloxacin; NA = Nalidixic acid; SXT = Trimethoprim-sulfamethoxazole; TET = Tetracycline.

Table 6. Summary of multiple antibiotic resistance phenotype (MARP) and multiple antibiotics resistance index (MARI) of isolates

(n=12).
S. No. Isolates MARP MARI
1 ACX/AUG/CIP/CRO/CXM/DXT/ETP/IMP/LBC/NA/SXT/TET 1.0
2 ACX/AUG/CIP/CRO/CXM/DXT/ETP/IMP/LBC/NA/TET 0.9
3 E. coli (n=5) ACX/AUG/CRO/CXM/DXT/ETP/IMP/NA/SXT/TET 0.7
4 ACX/AUG/CXM/DXT/ETP/IMP/TET 0.5
5 ACX/AUG/DXT/ETP/IMP/TET 0.5
1 ACX/AUG/CIP/CRO/CXM/DXT/SXT/TET 0.6
2 Salmonella sp. (n=4) ACX/AUG/CIP/CRO/CXM/TET 0.5
3 ACX/AUG/CIP/CRO/CXM/TET 0.5
4 AUG/CIP/CRO/TET 0.3
1 ACX/AUG/CIP/CXM/DXT/IMP/LBC/NA/SXT/TET 0.8
2 Shigella sp. (n=3) ACX/AUG/CXM/NA/SXT/TET 0.5
3 ACX/AUG/CXM/NA/TET 0.4

Antibiotic sensitivity testing (AST)

The transmission of antimicrobial-resistant bacteria among the
community is a public health threat, leading to hospitalizations,
increased treatment costs and/or mortality (Reygaert, 2018).
The AST of enteric bacteria from HRW samples is shown in Table
5. Escherichia coli isolates were highly resistant to AUG, ACX,
DXT, ETP, IMP and TET (100%). This is similar with other studies
which showed that E. coli isolates exhibited high resistance to
combined B-lactam, carbapenem and tetracycline drugs (Breijyeh
et al., 2020; Ripanda et al., 2023). It is reported that @-lactam
drugs have a B-lactam ring, provided with a Zwitterionic struc-
ture that protects these drugs from hydrolysis by p-lactamases
(Sabrina et al., 2021). E. coli showed susceptibility to only LBC
(60%). The AST of Salmonella sp. revealed that all the isolates
were highly 100% resistant to AUG, CIP, CRO and TET, but were
100% susceptible to ETP, IMP, LBC and NA. Sabrina
et al. (2021), reported high resistance of Salmonella enterica to
TET and CIP. PCR studies on S. enterica revealed that tetracy-
cline resistance genes most frequently detected were tetA and
tetB genes, which are often associated with plasmids, transpos-
ons, or both, and are often conjugative, highlighting the transfer-
ence potential of these genes to other bacteria, animals, environ-
ments and humans (Frieri et al., 2017; Sabrina et al., 2021).
Similarly, other research findings reported that Salmonella sp.
isolated from drinking water exhibited the highest resistance to
CRO, AUG and TET (Saeed etal., 2019; Okoye etal., 2024), and
were highly susceptible to NA (Sjolund-Karlsson et al., 2014),

carbapenem drugs and LBC (Titilawo et al, 2024). Hence,
carbapenem drugs and LBC can be used as a drug of choice in
treating Salmonella infections. Antibiotic susceptibility tests of
Shigella sp. isolates revealed that all the isolates were highly
resistant to ACX, AUG, CXM, NA and TET (100%), but were
completely susceptible to CRO and ETP (100%), and relatively
susceptible to CIP, DXT, IMP and LBC at 66.7%. This agrees
with the study of Abaasa et al. (2024), who showed Shigella sp.
were resistant to TET and NA, but were highly susceptible to
IMP and ETP. Similarly, the result is consistent with the WHO
(2008) recommendation that cases of Shigella dysenteriae should
be treated with CRO as first-line treatment, and Pivmecillinam,
CIP and Azithromycin as second-line treatment. Resistance to
AUG (100%) as reported in this study corroborated with the
research of Siraj etal. (2019), who obtained a resistance rate of
95%. Tetracycline resistance occurs in increasing numbers in
pathogenic, opportunisticc and commensal bacteria. S.
dysenteriae is the first TET-resistant bacterium (Frieri et al.,
2017). The presence of TET-resistant pathogens limits the use

of these agents in the treatment of diseases.

Multiple antibiotic resistance phenotype (MARP) and multiple
antibiotics resistance index (MARI)

The MARI is a tool that shows the spread of bacterial resistance
in a given population or sample (Afunwa et al., 2020). Table 6
shows the MARP and MARI of all isolates, where MAR Index =
a/b, where a = number of antibiotics to which a particular
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organism is resistant to; b = total number of antibiotics tested.
MARI = 0.20 implies that the strains of such bacteria originate
from an environment where several antibiotics are misused
(Manyi-Loh et al., 2023). The implication is that relatively large
proportion of the bacterial isolates have been exposed to several
antibiotics, and thus, have developed resistance to the antibiot-
ics used. All isolates had MAR index greater than 0.20, with E. coli
having the highest index of 1.0, followed by Shigella sp. (0.8) and
Salmonella sp. (0.6). Malema et al. (2018), reported that all the E.
coli isolates from rooftop rainwater-harvesting tanks in the
Eastern Cape, South Africa had MAR index = 0.2. Similarly,
Titilawo et al. (2024), reported that all pathogenic enteric bacte-
rial isolates from roof-harvested rainwater had MAR index = 0.2,
although same set of antibiotics were not used. Hence, high
MARI values obtained in this study indicates that there is a great
threat for persistent and recurrent infections in the study area.

Conclusion

The results from the physicochemical analysis of HRW samples
shows that tested parameters were within the recommended
specifications of WHO and NIS. Thus, based on this, HRW can be
used for drinking, domestic or agricultural purposes. However,
the bacteriological analysis says otherwise, because all the HRW
samples exceeded the recommended WHO and NIS limits for
total bacterial counts and coliform bacteria, thereby rendering
the water samples unfit for human consumption, but could be
used for domestic and agricultural purposes. All bacterial iso-
lates were highly resistant to augmentin and tetracycline, but
Salmonella and Shigella species were highly susceptible to
ertapenem. Additionally, all the isolates had MAR index 20.20,
and poses high risk of resistance. It is recommended that ‘first
flush’ diverters be installed within the water collecting system, in
order to divert runoff from the rooftops after a period of no rain-
fall. This usually helps to effectively eliminate bacteriological as
well as physical and chemical contaminants. Antibiotics which
the isolates were susceptible to, are recommended for the treat-
ment of infections caused by these pathogens. Treatment of
HRW and all other forms of water should be a matter of great
concern to the people of Oraukwu, and other areas where HRW
serve as their main source of drinking water.

DECLARATIONS

Author’s contribution: Conceptualization, Investigation, Meth-
odology, writing original draft, writing review and editing: Oko-
ye, E.CS.; Formal analysis, Data curation, Investigation and
Methodology: Onuorah, S.C., Alor, C.J. and Okafor, U.C.; Antibi-
otic susceptibility testing and Interpretation of data: Okoye, L.C,;
Methodology, Writing review and Editing: Eleanya, L.C.; Project
administration, Resources and Validation: Agu, G.C. and Egudu,
N.A. All authors have read and agreed to the published version of
the manuscript.

Conflict of interest: The authors declare no conflict of interest.

E.C.S. Okoye et al. /Arch. Agric. Environ. Sci., 9(3): 540-548 (2024)

Consent for publication: All co-authors gave their consent to
publish this paper in AAES.

Ethics approval: The study did not involve any animal or human
participant, and thus, ethical approval was not applicable.

Data availability: Data will be made available on request.

Supplementary data: Not available.

Funding statement: Not available.

Additional information: No additional information is available
for this paper.

Open Access: This is an open access article distributed under
the terms of the Creative Commons Attribution Non-
Commercial 4.0 International License, which permits unrestrict-
ed use, distribution, and reproduction in any medium, provided
the original author(s) or sources are credited.

ACKNOWLEDGEMENTS

We are grateful to the Department of Pharmaceutical Microbi-
ology and Biotechnology, Nnamdi Azikiwe University, Awka,
Nigeria, for providing a Laboratory space for this research work.
We wish to also thank the Lab Technologists at Graceland Ana-
lytical Laboratory, Awka, Nigeria, for assisting us with their AAS
equipment for determination of physicochemical parameters.

REFERENCES

Abaasa, C. N., Ayesiga, S., Lejju, J. B., Andama, M., Tamwesigire, |. K., Bazira, J., & Byaru-
gaba, F. (2024). Assessing the quality of drinking water from selected water
sources in Mbarara city, South-western Uganda. PLoS One, 19(3), 1342-1351.

Afunwa, R. A, Ezeanyika, J., Afunwa, E.C., Udeh,A.S., Oli, A. N., & Unachukwu, M.
(2020). Multiple antibiotic resistant index of Gram-negative bacteria from
bird droppings in two commercial poultries in Enugu, Nigeria. Open Journal of
Medical ~ Microbiology, 10(4), 171-181. https://doi.org/10.4236/
0jmm.2020.104015

Amin, M. T., & Alazba, A. A. (2019). Probable sources of rainwater contamination in
a rainwater harvesting system and remedial options. Australian Journal of
Basic and Applied Sciences, 5(12), 1054-1064.

Amos, C. C,, Rahman, A., Gathenya, J. M,, Friedler, E., Karim, F., & Renzaho, A.
(2020). Roof-harvested rainwater use in household agriculture: Contribu-
tions to the sustainable development goals (SDGs). Water, 12(2), 332-340.
https://doi.org/10.3390/w12020332

American Public Health Association (APHA) (2023). Standard methods for the
examination of water and wastewater, 24" edition. APHA, American Water
Works Association (AWWA) and Water Environment Federation (WEF),
Washington D.C., pp. 545-578.

Anabtawi, F., Mahmoud, N., Al-Khatib, I. A., & Hung, Y. (2022). Heavy metals in
harvested rainwater used for domestic purposes in rural areas: Yatta Area,
Palestine as a case study. International Journal of Environmental Research and
Public Health, 19(5), 2683-2691. https://doi.org/10.3390/ijerph19052683

Breijyeh, Z., Jubeh, B., & Karaman, R. (2020). Resistance of Gram-negative bacteria to
current antibacterial agents and approaches to resolve it. Molecules, 25, 13-40.

Campisano, A, Butler, D., Ward, S., Burns, M. J,, Friedler, E., DeBusk, K., Fisher-
Jeffes, L. N., Ghisi, E., Rahman, A., & Furumai, H. (2017). Urban rainwater
harvesting systems: Research, implementation and future perspectives.
Water Resources, 115, 195-209. https://doi.org/10.1016/
j.watres.2017.02.056

T AEM



E.C.S. Okoye et al. /Arch. Agric. Environ. Sci., 9(3): 540-548 (2024)

Cheesbrough, M. (2006). District laboratory practice in tropical countries, part 2.

Clinical and Laboratory Standard Institute (CLSI) (2020). Performance standard for
antimicrobial susceptibility testing, 30" edition, CLSI supplement M100-524,
Wayne, P.A. United States. pp. 50-57.

De Sa Silva, A. C. R,, Bimbato, AM., Balestieri, J. A. P., & Vilanova, M. R. N. (2022).
Exploring environmental, economic and social aspects of rainwater harvest-
ing systems: A review. Sustainable Cities and Society, 76, 103475.
https://doi.org/10.1016/j/scs.2021.103475

Ekelozie, 1.S., Ekejindu, I.M., Ochiabuto, O.M.T.B., Obi, M.C., Onwuasoanya, U.F.. &
Obeagu, E.I. (2018). Evaluation of Salmonella species in water sources in two
Local Government Areas of Anambra State. Cohesive Journal of Microbiology
and  Infectious  Diseases, 1(1), 1-9. https://doi.org/10.31031/
cjmi.2018.01.000501

Ewelike, N.C., Ogbonnaya, P.C., Ekwebelem, V.C., Onyema, J.U., Chuku, P.E., &
Anoka, E.O. (2020). Microbiological quality of harvested rainwater used for
drinking and domestic purposes in Southeastern Nigeria. Singapore Journal of
Scientific Research, 10(1), 47-51. https://doi.org/10.17311/sjsres.2020.47.51

Frieri, M., Kumar, K., & Boutin, A. (2017). Antibiotic resistance. Journal of Infections
and Public Health, 10, 369-378. https://doi.org/10.1016/].jiph.2016.08.007

Fukuda, K., Lam, T., Tun, H., Peiris, J.5.M., Cowling, B.J., & Zhang, T. (2023). Surveil-
lance of environmental contamination by antibiotics and antibiotic-resistant
pathogens: abridged secondary publication. Hong Kong Medical Journal, 1(1),
32-33.

Ghodsi, S.H., Zhu, Z., Matott, L.S., Rabideau, AJ., & Torres, M.N. (2023). Optimal
siting of rainwater harvesting systems for reducing combined sewer over-
flows at City scale. Water Resources, 230, 119533. https://doi.org/10.1016/
j.watres.2022.119533

Girma, A., Kassie, M., Bauer, S., & Leal, F.W. (2019). Integrated rainwater harvesting
practices for poverty reduction under climate change: Micro-evidence from
Ethiopia. In University Initiatives in Climate Change Mitigation and Adaptation;
Springer International Publishing: Cham, Switzerland, pp. 159-174.
https://doi.org/10.1007/978-3-319-89590-1_10

Gwimbi, P., George, M., & Ramphalile, M. (2019). Bacterial contamination of drink-
ing water sources in rural villages in Mohale Basin, Lesotho: exposures
through neighbourhood sanitation and hygiene practices. Environmental
Health of Preventive Medicine, 24, 33-41. https://doi.org/10.1186/s12199-
019-0790-z

IDPH (1999). “Iron in Drinking Water” Division of Environmental Health: Spring-
field, 217-782-5830.

Hamilton, K., Reyneke, B., Waso, M., Clements, T., Ndlovu, T., Khan, W., & Ahmed,
W. (2019). A global review of the microbiological quality and potential health
risks associated with roof-harvested rainwater tanks. NPJ Clean Water, 2,
7-15. https://doi.org/10.1038/s41545-019-0030-5

Holt, J. G, Krieg, N. R,, Sneath, J. T., & Williams, S. T. (2002). Bergey’s manual of
determinative bacteriology, 19" edition. Lippincot: Williams and Wilkins,
Philadelphia, USA. pp. 151-156, 542.

Kelemewerk, M. Z., Kassegn, A. A., & Endris, M. E. (2020). Adoption of rainwater
harvesting and its impact on smallholder farmer livelihoods in Kutaber
district, South Wollo Zone, Ethiopia. Cogent Food Agriculture, 6, 1834910.
https://doi.org/10.1080/23311932.2020.1834910

Khan, S., Shahnaz, M., Jehan, N., Rehman, S., Shah, M. T, & Din, I. (2023). Drinking
water quality and human health risk in Charsadda District, Pakistan. Journal of
Cleaner Production, 70, 93-101. https://doi.org/1016/j.clepro.2022.02.016

Khayan, K., Husodo, A. H., Astuti, I, Sudarmadji, S., & Djohan, T. S. (2019). Rainwater
as a souce of drinking water: Health impacts and rainwater treatment. Journal
of Environmental and Public Health, 2019(1), 1760950.
https://doi.org/10.1155/2019/1760950

Malema, M.S., Abia, A.L.K,, Tandlich, R., Zuma, B., Kahinda, J.M., & Ubomba-Jaswa, E.
(2018). Antibiotic-resistant pathogenic Escherichia coli isolated from rooftop
rainwater-harvested tanks in the Eastern Cape, South Africa. International
Journal of Environmental Research and Public Health, 15(5), 892-902.
https://doi.org/10.3390/ijerph15050892

Manyi-Loh, C.E., Okoh, A.l., & Lues, R. (2023). Prevalence of multidrug-resistant
bacteria (enteropathogens) recovered from a blend of pig manure and pin-
ewood saw dust during anaerobic co-digestion in a steel bio-digester. Interna-
tional Journal of Environmental Research and Public Health, 20(2), 984-994.
https://doi.org/10.3390/ijerph200020984

Maspalma, G.A,, Ndonya, AEE., Maryam, U.A., Hamman, K.S., & Ogbusua, K.N.
(2022). Assessment of the quality of natural rainwater for domestic use in
Jimeta, Yola metropolis, Adamawa State. Journal of Chemical Society of Nigeria,
47(4). https://doi.org/10.46602/jcsn.v47i4.787

547

Mazurkiewicz, K., Jez-Walkowiak, J., & Michatkiewicz, M. (2022). Physicochemical
and microbiological quality of rainwater harvested in underground retention
tanks. Science  of The Total Environment, 814, 152701.
https://doi.org/10.1016/j.scitotenv.2021.152701

Morka, E. (2022). Microbial and physicochemical quality of harvested rainwater in
Eku and Abraka metropolis. Nigerian Journal of Pure and Applied Science, 35
(1),4239-4249. https://doi.org/10.48198/NJPAS

Mukhtar, H. 1., Yaro, M. A, Suleiman, M., & Unguwa, N. M. (2019). Physicochemical
analysis of rainwater harvested from different rooftop along Zaria road, in
Kano metropolitan. Journal of Physics and Chemistry of Materials, 6(1),1-4.

Naser, A.M,, Martorell, R., Narayan, KM.V., & Clasen, T.F. (2017). First do no harm:
The need to explore potential adverse health implications of drinking
rainwater. Environmental Science and Technology, 51, 5865-5866.
https://doi.org/10.1021/acs.est.7b01886

Nassar, M. S. M., Hazzah, W. A.,, & Bakr, W. M. K. (2019). Evaluation of antibiotic
susceptibility test results: How guilty a laboratory could be? Journal of the
Egyptian Public Health Association, 94, 4-9. https://doi.org/10.1186/s42506-
018-0006-1

Nigerian Industrial Standards (NIS) (2007). Nigerian standard for drinking water
quality. P. 30.

Nnaji, C.C., Edeh, G.C., & Nnam, J.P. (2018). Status of domestic water supply and
prospects of rainwater harvesting in Southeastern Nigeria. International
Journal of Water, 12(1), 82. https://doi.org/10.1504/ijw.2018.090189

Nwogu, F.U., Ubuoh, E.A.,, & Kanu, S.C. (2024). Chemical characteristics and micro-
biological loads of harvested rainwater run-off from roof tops in South East-
ern Nigeria. Discovery  and  Sustainability, 5(4), 145-161.
https://doi.org/10.1007/s43621-023-00177-z

Okoye, E. C. S., Onuorah, S. C., Okoye, L. C., & Nwadiogbu, J. O. (2022a). Effect of
seasonal variations on the physicochemical characteristics of spring water in
Oji River LGA, Enugu State, Nigeria. Archives of Agriculture and Environmental
Science, 7(1), 86-92. https://doi.org/10.26832/24566632.2022.0701012

Okoye, E. C. S., Onuorah, S. C., Okoye, L. C., & Mbonu, C. F. (2022b). Impact of
seasonal variations on the physicochemical and bacteriological parameters
of spring water in Qji River LGA, Enugu State, Nigeria. International Journal of
Environmental and Ecology Research, 4(4), 15-23. https://doi.org/10.13189/
ijeer.2022.040407

Okoye, E C. S, Egudu, N. A, Dibua, N. A,, & Okoye, L. C. (2024). Seasonal variation
and antibiotic susceptibility patterns of bacteriological parameters in
groundwater sources in Oyi LGA, Anambra State, Nigeria. Journal of
Advances in Microbiology, 24(5), 40-54.

Olalemi, A. O, Ige, O. M,, James, G. A, Obasoro, F. ., Okoko, F. O., & Ogunleye, C.
0. (2021). Detection of enteric bacteria in two groundwater sources and
associated microbial health risks. Journal of Water Health, 19(2), 322-335.
https://doi.org/10.2166/wh.2021.212

Onah, J. C,, Obasi, B. M. P., & Amanoh, C. F. (2019). Physicochemical analysis of
rainwater from five different sites in Enugu Metropolis (Emene, IMT Campus
3, Agbani Road, Abakpa and Coal Camp). IDOSR Journal of Experimental
Sciences, 4(1), 91-97.

Ross, T. T., Alim, M. A, & Rahman, A. (2022). A community-scale rural drinking water
supply systems based on harvested rainwater: A case study of Australia and
Vietnam. Water, 14, 1763-1774. https://doi.org/i:10.3390/w.14111763

Pal, M., Ayele, Y., Hadush, M., Panigrahi, S., & Jadhav, V. J. (2018). Public health
hazards due to unsafe drinking water. Air, Water Borne Diseases, 7,1000138.

Reygaert, W.C. (2018). An overview of the antimicrobial resistance mechanisms of
bacteria.AIMS  Microbiology, 4, 482-501. https://doi.org/10.3934/
microbial.2018.3.482

Ripanda, A.S., Rwiza, M.J,, Nyanza, E.C., Miraj, |.H., Bih, N.L., Mzula, A., & Machunda,
R.L. (2023). Antibiotic-resistant microbial population in urban receiving
waters and wastewaters from Tanzania. Environmental Chemistry and
Ecotoxicology, 5,1-8. https://doi.org/10.1016/j.enceco.2022.10.003

Sabrina, L. S. P, AnaCarolina, A. D. F., Angeisienie, R. M. R, Callandra, M. D. S,,
Daniela, C. O., & Izabel, C. R. D. (2021). Presence of tetracycline and sulphon-
amide resistance genes in Salmonella sp.: Literature review. Antibiotics, 10
(11),1314. https://doi.org/10.3390/antibiotics10111314

Saeed, N., Usman, M., & Khan, E.A. (2019). An overview of the extensively drug-
resistant Salmonella typhi from a tertiary care hospital in Pakistan. Cureus, 11
(9),e5663. https://doi.org/10.7759/cureus.5663

Sefton, C., Sharp, L., Quinn, R., Stovin, V., & Pitcher, L. (2022). The feasibility of
domestic rain-tanks contributing to community-oriented urban flood resili-
ence. Climate Risk Management, 35, 100390. https://doi.org/10.1016/
j.crm.2021.100390

A

«




548

Siraj, H., Getamesay, M., & Zemenu, Y. K. (2019). Prevalence of Shigella species and
its drug resistance pattern: a systematic review and meta-analysis.
Annals  of Clinical  Microbiologyand  Antimicrobials,  18(22),5s12941.
https://doi.org/10.1186/s12941-019-0321-1

Sjolund-Karlsson, M., Howie, R.L., Crump, J.A,, & Whichard, J.M. (2014). Fluoroquin-
olones susceptibility testing of Salmonella enterica: detection of acquired
resistance and selection of zone diameter breakpoints for levofloxacin and
oxfloxacin.  Journal  of  Clinical 52(3), 877-884.
https://doi.org/10.1128/JCM.02679-13

Stys, D., & Stec, A. (2020). A centralized or decentralized rainwater harvesting
system: A case study. Resources, 9(1), 5-13. https://doi.org/10.3390/
resources9010005

Teston, A, Scolaro, T. P., Maykot, J. K., & Ghisi, E. (2022). Comprehensive environ-
mental assessment of rainwater harvesting systems: A literature review.
Water, 14(17),2716-2723. https://doi.org/10.3390/w14172716

Titilawo, M. A,, Josiah, G. G,, Simeon, O. N., Ali, C. M,, Ugwuocha, C. S., Ojediran, G.
Q,, Titilawo, O. Y., & Olaitan, J. O. (2024). Physical quality and antibiotic sus-
ceptibility profile of Escherichia coli isolates from roof-harvested rainwater:

26(1), 213-221.

Microbiology,

A microcosm study. Ife Journal
https://doi.org/104314/ijs.v26i1.5
Tiwari, B., Khuc, T., Abidin, Z., Gul, S., Trofort, M., & Lliou, C. (2021). Bacterial analy-
sis of roof-harvested rainwater and their implications to public health in the
Caribbean Island of Anguilla. Nepal Medical College Journal, 23(1), 66-71.

https://doi.org/10.3126/nmcj.v23i1.36235

of Science,

E.C.S. Okoye et al. /Arch. Agric. Environ. Sci., 9(3): 540-548 (2024)

United Nations (UN) (2019). Available online: https://sdgs.un.org/goals/goal6é
(accessed on 28 February, 2024).

United Nations Children’s Emergency Fund (UNICEF) (2014). World water day
2025: 4,000 children die each day from a
http://www.unicef.org/wash/index_25637.html.

Waideman, M. A, Teixeira, V. P., Uemura, E. H., Stamford, T. M,, Leal, D. A. G,,
Stangarlin-Fiori, L., Ferreira, S. M. R,, Taconeli, C. A., & Beux, M. R. (2020).
Enterococci used as complementary indicator of faecal contamination to
assess water quality from public schools in the city of Curitiba, Parana,
Brazil. Brazilian Journal of Food Technology, 23(2), €2019155.
https://doi.org/10.1590/1981-6723.15519

World Health Organization (WHO) (2008). Guidelines for drinking-water quality:
third edition, incorporating first and second addenda. WHO Press, Geneva,
Switzerland.

WHO (2017). Guidelines for drinking water quality: fourth edition incorporating
the first addendum. Geneva: License: CC BY-NC-SA 3.0 IGO.

WHO (2019). Water Sanitation and Hygiene: Management advice sheet 6.11

harvesting. http://www.who.int/water_sanitation_health/

lack of safe water,

Rainwater
gdwaqrevision/rainwater.pdf.

WHO & UNICEF (2024). Joint monitoring programme for water supply, sanitation
and hygiene (JMP). WHO Press Geneva, Switzerland.

Zdeb, B., Zamorska, J., Papciak, D., & Stys, D. (2020). The quality of rainwater
collected from roofs and the possibility of its economic use. Resources, 9(2),
12-22. https://doi.org/10.3390/resources9020012

«



https://sdgs.un.org/goals/goal6

