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Abstract

Access to safe drinking water remains a major public health concern, particularly in areas affected by
anthropogenic activities. This study assessed the physicochemical characteristics, microbial quality, and
disinfection efficiency of calcium hypochlorite and iodine on indicator and pathogenic bacteria isolated
from selected segments of the Asa River. Water samples from four sites (A-D) were analyzed for
temperature, pH, electrical conductivity (EC), total dissolved solids (TDS), biochemical oxygen demand
(BOD:), and chemical oxygen demand (COD) using APHA methods. Microbial loads were determined
using culture-based techniques and expressed as logio CFU/mL. Physicochemical results indicated
moderate pollution, with EC (390-1030 uS/cm), TDS (235-620 mg/L), BODs (3.8-8.3 mg/L), and
COD (19-50 mg/L). Total bacterial counts ranged from 5.08 to 5.45 log10 CFU/mL, while Escherichia
coli (2.02-2.22 logi0 CFU/mL) and Salmonella/Shigella sp. (1.78-2.40 logi0 CFU/mL) confirmed fecal
contamination. Disinfection experiments were conducted using calcium hypochlorite and iodine at
concentrations of 0.2-0.6 mg/L over contact times of 0-1440 minutes. Both disinfectants exhibited
concentration- and time-dependent antimicrobial activity, achieving complete inactivation of all test
organisms within 120 minutes or less. lodine demonstrated faster inactivation kinetics, with complete
bacterial reduction achieved within 30 minutes at 0.6 mg/L, likely due to rapid cellular penetration and
protein inactivation mechanisms. In contrast, chlorine showed slightly slower inactivation but provided
more sustained antimicrobial activity. The observed inactivation patterns were consistent with first-
order kinetics and the concentration—time (CT) principle of disinfection. These findings highlight the
influence of water quality on disinfection efficiency and underscore the need for optimized treatment
strategies to ensure safe water supply.

Keywords: Calcium hypochlorite, Disinfectants, Iodine crystal, Microbial inactivation, Asa
river.
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INTRODUCTION

Water is fundamental to human survival, and ensuring access to safe and potable water
remains a global public health priority (WHO, 2019). Despite significant advancements in
water treatment technologies, microbial contamination of water resources continues to pose
serious health risks, particularly in developing regions. Recent global estimates indicate that
unsafe water, sanitation, and hygiene contribute substantially to the burden of waterborne
diseases, with millions of cases reported annually (WHO, 2022). Water pollution results from
the direct or indirect discharge of untreated or inadequately treated wastes into aquatic
systems, arising from sources such as industrial effluents, agricultural runoff, domestic
sewage, and other anthropogenic activities (Afolalu et al., 2022).

Waterborne diseases are predominantly associated with fecal contamination, where
pathogenic microorganisms enter water bodies through wastewater discharges, septic
systems, livestock manure, and urban runoff. Among these, Escherichia coli is widely used as
an indicator of fecal pollution due to its consistent presence in the intestines of warm-blooded
animals. However, environmental waters may also harbor a wide range of pathogenic
bacteria, including Salmonella, Shigella, Vibrio, Campylobacter, and Klebsiella species, which
contribute significantly to global morbidity and mortality (Pandey et al., 2022; Naidoo &
Olaniran, 2014). The persistence of these microorganisms in aquatic environments is
influenced by factors such as temperature, sunlight, nutrient availability, and their ability to
enter the viable but non-culturable (VBNC) state, enabling survival under unfavorable
conditions while escaping detection by conventional methods.

To reduce microbial risks, drinking water is typically treated using physical and chemical
processes, with chemical disinfection serving as a key barrier against pathogens. Disinfectants
such as chlorine, iodine, bromine, and ozone are widely used due to their effectiveness and
affordability. However, disinfection efficiency is influenced by several factors, including
disinfectant concentration, contact time, pH, temperature, turbidity, and organic matter
content. These factors are collectively described by the concentration-time (CT) concept,
which provides a framework for understanding microbial inactivation kinetics (WHO, 2022;
Li and Mitch, 2018). Chlorine-based disinfectants, particularly calcium hypochlorite, are
commonly used in water treatment due to their ability to provide residual protection within
distribution systems. Nevertheless, chlorination may lead to the formation of disinfection by-
products (DBPs), such as trihalomethanes and haloacetic acids, which are associated with
potential health risks (Richardson and Plewa, 2020). In addition, emerging evidence suggests
that sublethal exposure to disinfectants may contribute to the development of antimicrobial
resistance in aquatic environments (Zhang et al., 2021).

Iodine is widely used in point-of-use water treatment, especially in emergency and field
settings, due to its broad-spectrum antimicrobial activity. However, its application is limited
by potential health concerns, including thyroid dysfunction, and issues related to taste and
color (LeChevallier and Au, 2019). In the context of Kwara State, Nigeria, where centralized
water treatment infrastructure is often limited and many communities rely on untreated
surface water sources such as the Asa River, calcium hypochlorite and iodine are particularly
relevant due to their availability, affordability, and suitability for both community-level and
point-of-use water disinfection. Given the limitations associated with conventional
disinfection methods and the growing concerns regarding resistance and by-product
formation, there is a need for comparative evaluation of commonly used disinfectants.
Therefore, this study aimed to assess the effectiveness and inactivation kinetics of calcium
hypochlorite and iodine against indicator (E. coli) and pathogenic bacteria (Salmonella
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paratyphi and Shigella sp.) isolated from the Asa River, Nigeria, under varying concentrations
and contact times.

MATERIALS AND METHODS

Sampling and Sampling site

The sampling site for the study was Asa River which is located in Asa Dam area, Ilorin, Kwara
State. It is a major river in the state in which different activities take place. Major importance
of the river is that part of the river is dammed, treated and distributed to the communities
within and outside Ilorin. Other activities carried out on it include; Fishing and irrigation. At
some point, industrial wastes are discharged into the water body which is a great challenge
to the use of the flowing water. The study involved part of the river from a few kilometers
from the Asa dam along its flow to Amilegbe. Four certain points (50 meters apart) were
selected and designated as A, B, C and D with the following coordinates: Point A (8.500000°
N, 4.550000° E), Point B (8.500430° N, 4.550120° E), Point C (8.500880° N, 4.550210° E), and
Point D (8.501320° N, 4.550350° E).

Physicochemical Parameters

Temperature (on site), pH, Electrical conductivity was determined in the laboratory using a
standardized portable pH/EC/TDS/Temperature meter (model: Hanna HI 9813-61). Other
parameters including turbidity, BOD and COD were determined following APHA (2017)
guidelines.

Bacteriological Analysis

Enumeration of Total Bacterial Count (TBC)

Total bacterial counts were determined using the pour plate method following standard
procedures (APHA et al., 2017; ISO, 2013). Ten-fold serial dilution of the water sample was
made by taking 1 mL of the sample aseptically and serial dilute it to a dilution factor of 10-4.
ImL of the 104 was then plated on a nutrient agar plate using a pour plate method and
incubated at 37°C for 24 h. Afterwards, the plates were examined and the number of colonies
was recorded as CFU/mL.

Enumeration of E. coli and Salmonella-Shigella count

This was carried out by using standard plate count method (APHA, 2017). ImL of sample was
taken and serially diluted up to 10! aseptically. ImL of the 10! tube was plated using pour
plate method on Eosine Methylene Blue (EMB) agar (for Escherichia coli) and Salmonella-
Shigella (SS) agar (for Salmonella and Shigella sp.) then incubated at 44.5°C (for E. coli) and 37°C
(for Salmonella and Shigella sp.) for 24 h after which the plates were examined for growth and
the number of colonies were counted and recorded as CFU/mlL.

Purification and Standardization of Bacterial Isolates

Pure cultures of bacteria were made on freshly prepared nutrient agar plates after which the
plates were examined for pure isolates after 24 h incubation. Loop full of the fresh growth was
inoculated into a sterile nutrient broth and grown on an orbital incubator shaker for 24 h. Cell
pellets harvest was carried out by centrifugation. Measured quantities broth culture were
dispensed into centrifuge tubes and centrifuged at 3500 rpm for 10 minutes, this was repeated
until a clear supernatant was obtained over the cell pellets at the bottom of the tubes. The cell
pellets were re-suspended in phosphate buffer solution (PBS). The desired concentration of
cells to be introduced into the water samples was in the range of 10¢ to 108 cells as it most
frequently occurs in nature (Medema et al., 2003). This is important in order to establish a
trend of increase or decrease in bacterial numbers. Standardization of inoculums was done
using the 4 McFarland standard. A spectrophotometer was used to determine the absorbance
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of the bacterial suspension at 600nm wavelength which was adjusted by dilution to get a value
between 0.42 and 0.7 to achieve the bacterial number of 1.2 x 109 CFU/mL.

Assaying the Effect of Chlorine Compound on Indicator and Pathogenic Bacteria in Water
samples

Calcium hypochlorite Ca(OCl), was used as the chlorine source. Based on recommended
residual chlorine levels for drinking water (0.3-0.8 mg/L) (WHO, 2022), chlorine doses of 0.2,
0.4, and 0.6 mg/L were applied in this study. Disinfection experiments were conducted at
contact times of 0, 30, 60, 90, 120, and 1440 minutes. Aliquots (500 mL) of the water sample
were dispensed into sterile beakers. Each sample was inoculated with 1 mL of standardized
bacterial suspension (~10¢ - 108 CFU/mL) of the test organisms (E. coli, S. paratyphi, and
Shigella sp.) and allowed to equilibrate for 10 min. At time zero (prior to disinfectant addition),
a 1 mL aliquot was aseptically withdrawn, serially diluted (10 - 10, and plated on
appropriate selective media to determine the initial bacterial count. Calcium hypochlorite was
then added to achieve the desired concentrations, and the samples were maintained at room
temperature. At each designated contact time (30-1440 minutes), 1 mL aliquots were
aseptically collected. Each sample was immediately neutralized with sodium thiosulfate to
quench residual chlorine and prevent further microbial inactivation. The neutralized samples
were serially diluted and plated on selective media: Salmonella/Shigella agar (SSA) for
Salmonella and Shigella sp., and eosin methylene blue (EMB) agar for E. coli. Salmonella/Shigella
plates were incubated at 37°C while E. coli plate at 44.5°C for 24 hours, after which colonies
were enumerated and expressed as CFU/mL. Microbial inactivation profiles were evaluated
by monitoring changes in bacterial counts over time at different disinfectant concentrations.

Assaying for Effect of Iodine Compound on Indicator and Pathogenic Bacteria in the Water
Samples

Iodine disinfection experiments were conducted to evaluate the inactivation of indicator (E.
coli) and pathogenic bacteria (S. paratyphi and Shigella sp.) in water samples under controlled
conditions. A stock solution of iodine was prepared by dissolving iodine crystals in sterile
distilled water with potassium iodide to enhance solubility. Working concentrations of 0.2,
0.4, and 0.6 mg/L were prepared from the stock solution. These concentrations were selected
based on recommended safe residual ranges for drinking water disinfection (WHO, 2022).
Batch experiments were carried out in 500 mL aliquots of water samples contained in sterile
beakers. Each sample was inoculated with 1 mL of standardized bacterial suspension (~10¢-
108 CFU/mL) of each test organism and allowed to equilibrate for 10 min. Prior to iodine
addition (0 min), an aliquot (1 mL) was withdrawn, serially diluted (1071- 104), and plated on
appropriate selective media to determine the initial bacterial count. Iodine was then added to
achieve the desired concentrations, and samples were maintained at room temperature. At
predetermined contact times (30, 60, 90, 120, and 1440 min), 1 mL aliquots were aseptically
withdrawn. To prevent continued disinfection after sampling, each aliquot was immediately
neutralized using an appropriate neutralizing agent (e.g., sodium thiosulfate). The samples
were then serially diluted and plated on selective media. Plates were incubated at 37°C for 24
h, after which colonies were counted and expressed as CFU/mL. All experiments were
performed in triplicate, and results were used to evaluate microbial inactivation as a function
of iodine concentration and contact time. Immediately after sampling, sodium thiosulfate was
added to neutralize residual disinfectant prior to microbiological analysis. Microbial
inactivation profiles were evaluated by monitoring changes in bacterial counts over time at
different disinfectant concentrations.

Disinfection efficiency was evaluated using the concentration-time (CT) concept (CT = C x t).
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Kinetic Analysis of Microbial Inactivation

Microbial inactivation was expressed as log1o reduction using;:
log10(N:/No), where Ny is the initial bacterial count at time zero and Nis the count at time t.
Inactivation  kinetics were  further analyzed using a first-order model:
In(Nt/No) = —kt, where k is the inactivation rate constant (min) (Haas et al., 2014).

RESULTS AND DISCUSSION

Physicochemical Parameters

Temperature, pH, electrical conductivity (EC), total dissolved solids (TDS), biochemical
oxygen demand (BODs), and chemical oxygen demand (COD) of the water samples are
presented in Table 1. The temperature of the sampling sites ranged from 30.0 to 33.7°C, with
site B recording the highest value (33.7°C) and site D the lowest (30.0°C). These values are
typical of tropical surface waters and are conducive to the growth and proliferation of
mesophilic microorganisms. Temperature is a critical factor influencing microbial metabolic
activity, enzymatic processes, and disinfection efficiency, as it affects both microbial survival
and disinfectant decay kinetics (Li et al., 2023; WHO, 2022). The pH values ranged from 6.50
to 7.23, with site A having the highest and site B the lowest. These values fall within the
recommended range for potable water (6.5-8.5) and are suitable for microbial survival.
However, pH significantly influences the efficacy of chlorine-based disinfectants due to its
effect on the equilibrium between hypochlorous acid (HOCI) and hypochlorite ion (OCl"),
with lower pH favoring the more potent antimicrobial species (Zhang et al., 2021; Li and Mitch,
2018).

Electrical conductivity (EC) ranged from 390 to 1030 pS/cm, while total dissolved solids (TDS)
ranged from 235 to 620 mg/L, with the highest values observed at site C. Elevated EC and
TDS levels indicate increased ionic strength and dissolved constituents, often associated with
anthropogenic inputs such as industrial discharge and surface runoff. High levels of dissolved
solids have been reported to influence water chemistry and may indirectly affect microbial
persistence and disinfectant performance (Edegbene et al., 2025; Singh et al., 2023). The BODs
values ranged from 3.8 to 8.3 mg/L, while COD values ranged from 19 to 50 mg/L, with site
C consistently exhibiting the highest values. These parameters reflect the level of
biodegradable and total organic matter present in the water. Elevated BOD and COD levels
indicate increased organic pollution, which can significantly impact disinfection efficiency by
exerting chlorine demand and reducing the availability of free residual disinfectant.
Furthermore, high organic content has been associated with increased formation of
disinfection by-products (DBPs), including trihalomethanes and haloacetic acids, during
chlorination (Richardson and Plewa, 2020).

Although Site C exhibited the highest BODs, COD, and TDS, the highest bacterial counts were
observed at Site B, indicating that microbial abundance is not solely driven by organic load.
Site B recorded the highest temperature and slightly lower pH likely enhancing microbial
growth and metabolic activity, as temperature is a key regulator of bacterial proliferation in
aquatic systems (WHO, 2022; Li et al., 2023). In contrast, elevated organic load at Site C may
have increased oxygen demand, leading to localized depletion that can limit aerobic bacterial
growth. Hydrodynamic conditions and recent contamination inputs at Site B may also
contribute to microbial accumulation.

This variation observed across the sampling sites suggests increasing levels of contamination

from upstream to downstream locations, likely due to intensified anthropogenic activities.
The combined influence of temperature, pH, dissolved solids, and organic load plays a crucial
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role in determining microbial survival and the effectiveness of disinfection strategies. These
tindings underscore the importance of considering physicochemical parameters in evaluating

water treatment performance and microbial risk in surface water systems.

Table 1: Physicochemical analysis of water from the different sample sites

Sample (T,Z‘;‘Perat“re pH chs Jemy  TDS (mg/L) ?n?g?i) COD (mg/L)
A 326 7.23 390 235 3.8 19
B 33.7 6.50 780 470 6.4 32
c 314 6.71 1080 620 83 50
D 300 6.90 630 380 5.1 26

Enumeration of Bacterial count

Total bacterial counts across the four sampling sites ranged from 5.08 to 5.45 logio CFU/mL,
with the highest value recorded at site B (5.45 logio CFU/mL) and the lowest at site C (5.08
logio CFU/mL). The Salmonella/Shigella counts ranged from 1.78 to 2.40 logio CFU/mL, while
E. coli counts ranged from 2.02 to 2.22 logio CFU/mL, with no detectable levels (ND) observed
at sites A and D (Figure 1). The elevated microbial loads observed, particularly at site B,
suggest significant anthropogenic influence, likely due to the discharge of industrial effluents
and domestic wastes into the river system. The variation in bacterial counts indicates a clear
impact of human activities on water quality, with site B showing the highest levels of both
total and indicator bacteria compared to upstream (site A) and downstream locations (sites C
and D). The relatively high E. coli counts at sites B and C further indicate fecal contamination,
which may originate from sewage inputs or runoff from surrounding environments (Singh et
al., 2023; Khatri and Tyagi, 2015). Total bacterial counts are often indicative of the overall level
of organic matter available for microbial growth, while the presence of fecal indicator
organisms such as E. coli reflects contamination by fecal material and the potential presence
of enteric pathogens (Lenart-Boron et al., 2016; Ashbolt et al., 2001).
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Figure 1: Total bacteria, SalmonellaShigella and E. coli counts in water samples
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Site Characterization

At site A, there is high anthropogenic activity around the flowing river due to easy access to
the river. At point B, there was high anthropogenic and waste disposal around the river bank.
At point C, there is limited access to the river unlike A and B. At point D, there is less contact
with the flowing water from humans and animals. No waste discharge and no easy access to
the river.

Identification and Distribution of isolates

Three (3) bacterial isolates were characterized. They include E. coli, S. paratyphi and Shigella
sp. The distribution and occurrence of the organisms is shown in Table 3. Only Shigella sp.
was found to be present in all the sample analysed. Sample site B and C harbored all the
bacterial isolates. However, site D harbored the lowest bacterial isolate.

Table 3: Occurrence of bacterial isolates in water from different sample sites

Isolates Site A Site B Site C Site D

E. coli - + + -

Shigella sp. + + + +

S. paratyphi + + + -
Keys: + Present - Absent

Effect of Calcium Hypochlorite and Iodine crystals on Indicator and Pathogenic Bacteria
The effectiveness of halogen-based disinfectants against the test isolates demonstrated a clear
concentration- and time-dependent reduction in bacterial viability. Microbial data were
expressed in logio CFU/mL to appropriately describe the exponential decay kinetics of the
organisms. The initial bacterial loads across all sampling sites ranged from 3.57 to 3.91 log1o
CFU/mL.

An increase in contact time and disinfectant concentration of both calcium hypochlorite
(Ca(OCl)2) and iodine crystals resulted in a progressive decline in the survival of E. coli, S.
paratyphi, and Shigella sp. Based on observed logio reductions, E. coli appeared more tolerant
to disinfection; however, this observation was not statistically validated. At the lowest
concentration of Ca(OCl) (0.2 mg/L), E. coli persisted at 2.70 logio CFU/mL after 90 minutes
of exposure and was only completely inactivated (below detection limit) at 120 minutes. This
persistence underscores the robustness of E. coli as a conservative indicator organism in water
quality assessment, suggesting that other enteric pathogens may be eliminated under similar
or even less stringent conditions.

In contrast, iodine crystals exhibited markedly faster inactivation kinetics. At 0.6 mg/L, iodine
achieved complete inactivation (below detection limit) of all test organisms within 30 minutes
of exposure. This rapid bactericidal action may be attributed to iodine’s strong penetrative
ability and its capacity to disrupt protein structure and oxidize essential sulthydryl (-SH)
groups within microbial cells more rapidly than hypochlorite, particularly in organic-rich
water matrices.

Among the pathogens tested, S. paratyphi and Shigella sp. were more susceptible to both
disinfectants than E. coli. Notably, Shigella spp. exposed to 0.2 mg/L Ca(OCl). were reduced
from 3.68 logie CFU/mL to below detection limits within 60 minutes. The superior
performance of iodine, which reduced bacterial loads from approximately 3.7 logio CFU/mL
to below detection limits within 30 minutes, is consistent with the Concentration-Time (CT)
concept, where disinfection efficacy is dependent on both disinfectant concentration and
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contact duration. The steeper log-reduction slopes observed for iodine indicate a lower CT
requirement to achieve a 3-log reduction compared to calcium hypochlorite under the same
water quality conditions.

From a public health perspective, the attainment of non-detectable bacterial counts after 24
hours (1440 minutes) across all treatments aligns with World Health Organization (WHO,
2022) and Nigerian Standard for Drinking Water Quality (NIS, 2015) guidelines for potable
water. However, selection of an appropriate disinfectant must consider both efficacy and
distribution system requirements. While iodine demonstrated faster and more pronounced
inactivation, calcium hypochlorite remains widely preferred in municipal water treatment
due to its ability to provide a sustained free chlorine residual, thereby minimizing the risk of
microbial regrowth during distribution
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Figure 2: Effect of increasing concentration of calcium hypochlorite on survival of indicator and pathogenic
organisms in river water
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Figure 3: Effect of increasing concentrations of iodine crystals on survival of indicator and pathogenic organisms
in river water

Inactivation rate constants (k, min™) for E. coli, Salmonella sp. and Shigella sp. under
varying concentrations of calcium hypochlorite and iodine.

The inactivation rate constants (k) varied across organisms, disinfectants, and concentrations,
ranging from 0.0156 to 0.2901 min? (Table 4). Iodine exhibited significantly higher k values
compared to calcium hypochlorite, particularly at 0.6 mg/L, where rapid inactivation
occurred within 30 minutes for all test organisms. Among the isolates, E. coli generally showed
lower k values at lower concentrations, indicating greater resistance, while Salmonella and
Shigella sp. were more susceptible. The marked increase in k at higher disinfectant
concentrations suggests deviation from strict first-order kinetics, likely due to rapid cell
inactivation following an initial lag phase.
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Table 4: First-order kinetic rate constants (k, min™?) derived from microbial inactivation
profiles of E. coli, Salmonella, and Shigella sp. treated with calcium hypochlorite and iodine.

Organism Disinfectant 0.2 mg/L 0.4 mg/L 0.6 mg/L
E. coli Ca(OCl): 0.0258 0.0288 0.0223
Salmonella Ca(OCl): 0.0381 0.0299 0.2854
Shigella sp. Ca(OCl): 0.0215 0.0338 0.0376

E. coli Iodine 0.0205 0.0630 0.2901
Salmonella Iodine 0.0230 0.0391 0.2870
Shigella sp. Iodine 0.0156 0.0261 0.2803
CONCLUSION

This study showed that calcium hypochlorite and iodine effectively inactivated E. coli,
Salmonella, and Shigella sp. in Asa River water, with clear concentration- and time-dependent
reductions in microbial counts. First-order kinetic analysis indicated that inactivation rate
constants (k) increased with disinfectant concentration, with iodine consistently showing
higher k values than calcium hypochlorite, indicating faster microbial inactivation. At 0.6
mg/L, both disinfectants achieved complete inactivation within short contact times. E. coli
generally exhibited lower k values at lower concentrations, suggesting higher resistance
compared to the other organisms.

These results highlight the influence of disinfectant type, concentration, and contact time on
microbial inactivation. Considerations such as disinfection by-products and potential health
effects of iodine are based on literature and were not assessed in this study.
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