
 

 

Quality of drinking water points in Ntui (Centre Region, Cameroon) based on the 

abundancedynamics of bacteria of the genusAeromonas 

 

 

Abstract 

A study to assess the microbiologicalquality of drinking water in the town of Ntuiwascarried 

out fromFebruary to July 2022. The microbiologicalqualitywasassessed by monitoring the 

abundancedynamics of bacteria of the genusAeromonasisolatedfrom surface and ground 

water. Samplesweretakenfromten water points. The 

parametersconsideredwerephysicochemical and bacteriological. The samplesweretaken and 

analysedusing standard methods. Theseincludetemperature and pH. Bacteriologically, 

HeterotrophicAerobicMesophilicBacteria (HAMB) and bacteria of the 

genusAeromonaswereisolated on Plate Count Agar and AmpicillinDextrin Agar culture media 

using surface spreading techniques respectively.  The data 

obtainedwasanalysedusingappropriate software. The results show that certain physico-

chemicalparameterssuch as temperaturevaryrelativelylittlefrom one sampling point to another, 

remaining at around 23.14±2.69°C. There wasalso a slightlyacidicaverage pH of 6.87 U.C. 

This acidityis a consequence of the nature of the soilsleached by the water. Microbiologically, 

an averagedensity of 215 CFU/100 ml wasrecorded for the HAMB. A total of 06 species of 

opportunisticAeromonaspathogenic to humanswereisolatedduring the study. Thesewere A. 

hydrophila, A. salmonicida, A. schubertii, A. jandaei, A. média and A. veroniibiovarveronii, 

with variable meandensities of up to 22 CFU/100ml. The mostabundantspecieswas A. 

veroniibiovarveronii (22 CFU/100ml). In short, the presence of theseAeromonasmakes the 

water unfit for humanconsumptionwithoutpriortreatment.  
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Introduction 

 

Drinking water is essential to life. It helps to maintainhealth and isinvolved in 

varioushumanactivities (Boucenna, 2011). At present, the problem of drinking water 

qualityremains a public healthpriority, because water isincreasinglysubject to anthropogenic 

pressures. Nearly 400 million Africansstill do not have access to basic water supply services 

(UN, 2022). In several countries, despite the implementation of the United Nations' 

SustainableDevelopment Goal (SDG) 6, whichaims to "ensureaccess for all to 

sustainablymanaged water supply and sanitation services", billions of people, mainly in rural 

areas, still do not have access to these basic services, because one person in threedoes not 

have access to safedrinking water (UN, 2022). This has led to the emergence of the scourge of 

water-borne entericdiseases, typhoid, diarrhoea and aeromoniasis (Balenget al., 2021). 

Aeromoniasisis a waterbornehumaninfectiousdisease, the best-knownhumanpathogenbeingA. 

hydrophila, whichiswidespread in nature (Odeyemiet al., 2012). It istransmitted by ingestion 

of contaminated water and mainly affects pregnantwomen and people withimpaired immune 

systems. Studies have shownthatspecies of the Aeromonasgenus are capable of 



 

 

survivingconventionalwastewatertreatmentprocesses, which justifies 

theirubiquitousnature(Evangelista-Barretoet al., 2010) 

In severalemerging countries, the inadequateresources of local municipalities to ensure 

optimum distribution of drinking water are pushing people to use surface and groundwater. 

Ibrahim et al (2014) mention thatthese populations often face water supplyproblems in their 

distribution network. However, the people who use these waters for theirfoodbecause of their 

apparent clarity are unaware of theirmicrobiologicalquality (ZébazéTogouetet al., 2011). To 

this end, the authoritiesnowneed to take a particularinterest in monitoring waterbornediseases, 

by developing new approachesthatlink the control of seriousdiseasescaused by disinfection 

by-products to the control of the mostresistantmicro-organisms (ManouoreNjoyaet al., 2022). 

In Cameroon, severalstudies have already been carried out on water quality in the town of 

Ntui. They have shownthatthese waters harbour a bacterialmicrofloraconsisting of 

pathogenicbacteriasuch as V. cholerae and V. parahaemolyticus (Noah Ewotiet al., 2021d). In 

addition to vibrioplankton, these waters harbourpathogenicbacteria of the Salmonella genus, 

such as S. enterica (Balenget al., 2022b). In addition, the parameterslikely to influence the 

abundancedynamics of thesegerms are temperature, pH and conductivity (Noah Ewotiet al., 

2021a;Balenget al., 2022a). Otherstudiescarried out in the city of Douala show that the 

presence of bacteriaisolatedfrom the Vibrio genus in these waters causes real public 

healthproblems, as they are responsible for gastroenterics (TamsaArfaoet al., 2021b). 

Similarly, workcarried out in the town of Mbalmayo shows the presence of stygobiaspecies 

and high levels of suspendedsolidsin these waters (TuekamKayoet al., 2021). 

Despitethis information, littleisknown about the quality of drinking water in the town of 

Ntuion the basis of monitoring of the abundancedynamics of pathogenicbacteria of the 

Aeromonasgenus. Furthermore, littleisknown about the impact of abiotic water factors on the 

spatiotemporal variation of bacteria of the genusAeromonasisolatedfrom water used by the 

population of the town of Ntui. The aim of thisstudyis to assess the quality of drinking water 

points in the town of Ntui by monitoring the dynamics of the abundance of bacteria of the 

genusAeromonasand the physico-chemicalfactors of the water. 

 

Materials and methods 

 

Choice and geographical position of sampling points The sampling points werechosen on the 

basis of the interest of the water point for the riparianpopulations ; the activitiescarried out by 

the riparian populations aroundthese points and theiraccessibility and position in relation to 

the entirewatercourse and springs. Based on thesecriteria, ten (10) points wereselected, 

including four (04) on the Ntui-ossombowatercourse and three (03) on the Bololowatercourse, 

and three (03) spring water points respectively. The geographicalcoordinates of each sampling 

point wererecordedusing a GARMIN GPS. Table 1summarises all the 

geographicalcoordinates, codes, altitudes and environmentalcharacteristicsaround the sampled 

points. Figure 1 shows the positions and distribution of the sampling points on the map of the 

town of Ntui.  

 

 



 

 

Table 1: Geographicalcoordinates of sampling points and point source pollution points 

Points Codes Altitudes 

(m) 

Pollution points Latitudes Longitudes 

Ntui- Ossombo 1  TSO1 548 Laundry, washing-up, 4°26’01,8’’  N  0  11°37’46,6’’ E 

Ntui-Ossombo 2 TSO2 521 Laundry, rubbishheap, 

asphalt road 

4°26 ’39,1’’ N  0  11°37’22,3    E 

Ntui-Ossombo 3 TSO3 528 Laundry, machine washing 4° 26’33,1’’ N  0  11°37’34,9’’ E 

Ntui-Ossombo 4 TSO4 533 Regular laundry 

 machine washing, asphalt 

bridge 

4° 26’23,2’’ N  0  11°37’35,8’’ E 

Bololo river 1 BOL1 524 Frequentwashing, 

cocoa nursery 

4° 26’39,4’’ N  0  11°38’06,0’’ E 

Bololo river 2 BOL2 520 Machine washing, 

dishes, nursery in Cocoa 

4° 26’45,5’’ N  0  11°38’04,8’’ E  

Bololo river 3 BOL3 513 Asphalt bridge, fishing, laundry 4° 26’57,8’’ N  0  11°37’52,2’’ E 

Source Bololo SB 539 Large dustbin 15m away 4°26’24,9’’  N 11°38’11,2’’ E        

Source Tamba ST 523 Pesticide sachet 4° 26’13,8’’ N  0  11°36’37,5’’ E 

Source Hôpital  SH 537 Cocoa field 4° 26’18,6’’ N  0  11°37’20,8’’ E 

 

Collection and transport of water samples 

Water samples for physico-chemical analyses werecollectedusingappropriate techniques in 

twobatches of double-cappedpolyethylenebottles per point and per campaign, one 250-ml bottle and 

another 1000-ml bottle, all transported to the laboratory in a refrigerated enclosure (around 4°C) and 

immediatelyanalysed (Rodieret al., 2009). 

Table 2:Parametersanalysed, measurementmethods, equipment and unitsused for eachparameter 

(Rodier et al., 2009). 

Parameters Technique Site Apparatus Units 

Temperature Direct In situ Thermometer °C 

pH Direct In situ pH-meter C.U 

Conductivity Direct In situ Conductimeter µS.cm
-1

 

Dissolved O2 Volumetry by Na2S2O3 Laboratory Titrimetry % saturation 

Suspended 

Matter 

Colorimetry (810 nm) Laboratory Spectrophotometer mg l
-1

 

Color Colorimetry (455 nm) Laboratory Spectrophotometer Pt.Co 

Dissolved CO2 Volumetry by HCl Laboratory Titrimetry mg l
-1

 

PO4
3-

 Colorimetry (880 nm) Laboratory Spectrophotometer mg l
-1

 

NO3
-
 Colorimetry (570 nm) Laboratory Spectrophotometer mg l

-1
 

NH4
+
 Colorimetry by Nessler (425 Laboratory Spectrophotometer mg l

-1
 



 

 

nm) 

Assessment of the abundancedynamicsof HAMB and Aeromonas in the water collected 

Water samples for bacteriologicalanalysiswerecollected in sterilised 500 ml glass bottles and 

transported to the laboratory in a refrigeratedchamber (Rodieret al., 2009). 

Choice of germs 

The germssoughtwereHAMB, pathogenicbacteria of the Aeromonasgenus. HAMBsweresought in 

order to get an idea of the total mesophilic flora thatcouldberevived (Holt et al., 2000). 

Pathogenicbacteria of the genusAeromonaswerechosenbecause of theirrecurrentinvolvement in 

waterbornediseases and epidemics in emerging countries, and in order to reach a conclusion about 

water quality (Minsanté,2021). 

Isolation and enumeration of viable germs 

Germ isolation wascarried out using surface spreading techniques for HAMB and Aeromonas. The 

culture media usedwere PCA and AmpicillinDextrin Agar (ADA) for HAMB and 

Aeromonasrespectively (Holt et al., 2000). 

Germcountswerecarried out by direct counting of colonies withvaried cultural characteristics for 

HAMB and satisfactory cultural characteristics for Aeromonas (Marchal et al., 1991). The cultural 

characteristics of Aeromonas colonies on ADA medium are small or large, domedwith a regularedge, 

yellow or milky white in colour. For each sampling campaign, the 

bacteriaisolatedwerecounteddirectlyusing a colonycounter pointer (Diagnostic Pasteur, 1987). 

Concentrations wereexpressed as 

Colony Forming Units per 100mL ( CFU/100mL). 

 

Macroscopicexamination and identification of Aeromonasspecies 

Aftercounting the colony-forming units on the basis of the cultural characteristics of the bacteria, the 

cellsfromeachcolonywererecultured on standard (non-selective) agar, whichhad been solidified in the 

inclined test tubes. After Gram staining, biochemical tests werethencarried out using standard 

galleries made up of media contained in tubes (Diagnostic Pasteur, 1987). Some of the 

metabolitesproducedwereidentified by colourreactions or by addition of reagentsafter 24 to 48 hours 

incubation at 37°C. Identification of the bacterialstrainwasthereforeobtained by matching and 

comparingitsbiochemical profile withthosepre-established in the catalogue provided in the leaflet for 

the Api 10S and 20
E
galleries Data analysis. 

 

The Spearman test wasused to establishcorrelationsbetween the parametersevaluated by SPSS 

version 26.0 software. The Kruskal-Wallis H test wasused to compare the medians of the various 

physico-chemicalparameters and bacterialmicrofloraabundances over time and space, in order to 

detectanydifferences. This test wascarried out using SPSS software version 26.0. Canonical 

CorrespondenceAnalysis (CCA) wasperformedusing R software to characterise the sampling points 

on the basis of all the physico-

chemicalparametersmeasuredinfluencingbacterialabundancethroughoutthe study. 

Results and discussion  



 

 

Physicochemicalparameters 

Physical parameters (Temperature, Suspendedsolid, Turbidity, Colour and TDS) 

Surface water 

The physicalparametersconsideredvariedoverallfrom one campaign to another and from one point to 

another. The temperature values measuredfluctuatedbetween 20˚C and 29.1°C (Figure 2A). The 

highest value wasrecorded at point BOL1 in February and the lowest at points TSO4, TSO3, TSO1 in 

June. However, the average value was 23.12 ±2.69°C. 

Suspendedsolid values (Figure 2B) obtainedduring the studyperiodrangedfrom 0 to 76 mg/L. The 

highest value wasobtained at points TSO1 and BOL1 in February. The lowest values wererecorded at 

points TSO1, BOL1, TSO3 and BOL2 in May and July, corresponding to the rainyseason. TSS 

levelsfluctuatedaround an average value of 22.21± 25.061 mg/L. 

Turbiditylevelsfluctuatedoverallbetween 0 FTU and 92 FTU whenconsidering all the sampling points 

at streamlevel. The lowest values wereobtained in May at points BOL1, BOL2, TSO1 and TSO3; and 

in July at points BOL1, BOL2 and TSO2. The highestlevelswere in February at point TSO3 (Figure 

2C). 

Overall, water colour values rangedfrom 0 to 392 Pt. Co with an average value of 111.82±71.589 Pt. 

Co (Figure 2D). The highest value wasrecorded at point TSO3 in April and the lowest value 

wasrecorded at point TSO1 in May. 

The TDS values measuredfluctuatedbetween 32 and 108 mg/L, with an average value of 

61.41±10.966 mg/L (Figure 2E). The highest value wasobtained at point BOL3 in March and the 

lowestwasrecorded at point TSO1 in June and July. 

Groundwater 

The physicalparametersconsideredvariedfrom one campaign to another and from one source to 

another. The temperature values measuredfluctuatedbetween 20 and 25.3°C (Figure 3A). The highest 

value wasrecorded at point SB in April and the lowest at point ST in February.  A mean value of 

23.31 ±1.36°C wasrecorded. 

Suspendedsolid values (Figure 3B) obtainedduring the studyperiodvariedbetween 0 and 25 mg/L. 

The highest value wasobtained at point SH in February. The lowest values wererecorded at points ST 

(February and July) and SB (July). TSS levelsfluctuatedaround a mean value of 5.50 ±6.207 mg/L. 

Overall, water colour values rangedfrom 0 to 106 Pt Co with a mean value of 24.55 ±28.569 Pt Co 

(Figure 3C). The highest value wasrecorded at point S.H in July and the lowest value wasrecorded at 

all points in May. 

Turbiditylevelsfluctuatedoverallbetween 0 FTU at all points (ST, SH, SB) in May, at points ST, SB 

in July and April and finally at point SB (March, February) and 50 FTU (SH in February) (Figure 

3D). The mean value was 9.44±11.124 FTU. 

As for total dissolvedsolids, the values measuredfluctuatedbetween 19 and 45 mg/L, with an average 

value of 29.76±5.340 mg/L (Figure 3E). The highest value wasrecorded at point SB in February and 

the lowest at point ST in July. 



 

 

Taking all the physicalparameterstogether, the Kruskal-Wallis H test shows thatthereis no 

significantdifferencebetween the levels of theseparameters in spatial terms.  

 

 

Figure 2: Spatial and temporal variations in physicalparametersmeasured in riversduring the 

studyperiod (A: temperature; B: SS; C: turbidity; D: colour; E: TDS). 

 

Figure 3: Spatial and temporal variations in physicalparametersmeasured at springsduring the 

studyperiod (A: temperature; B: SS; C: colour; D: turbidity; E: total dissolvedsolids). 



 

 

Chemical parameters (pH, Conductivity, Dissolvedoxygen, Carbon dioxide, Nitrates, 

Phosphates, Salinity and Ammoniacal nitrogen) 

Surface water 

The chemicalparametersconsideredthroughout the studyvariedoverallfrom one sampling point to 

another and from one month to another.  The pH values fluctuatedbetween 6.54 and 7.57 U.C, with 

an average value of 6.85± 0.187 U.C. The highest value wasobtained at point TSO2 in June and the 

lowest value wasobtained at the same point TSO2 and TSO1 in March (Figure 4A).  

Electricalconductivity values rangedfrom 63.3 to 215 µS/cm, with an average value of 124.38± 

23.275 µS/cm. The highest value wasrecorded at point BOL3 in March and the lowest at point TSO1 

in June (Figure 4B). 

Maximum dissolvedoxygen saturation fluctuatedbetween 4.70% and 99.9%. It reachedits maximum 

value in March at point TSO3 and the minimum saturation rate at the same point but in May, July 

and at point BOL2 in May (Figure 4C). A mean value of 5.068 ± 0.261 %O2 wasrecorded. However, 

therewas a relative increase in values over time. 

Carbon dioxide values rangedfrom 3.52 to 163.68 mg/L (Figure 4D). The highest value wasrecorded 

at point BOL3 in April. The lowest value wasrecorded at point TSO2 in July. A mean value of 32.24 

±48.173 mg/L wasrecorded. 

Nitrate levels show irregular variations and fluctuatedbetween 0.1 and 4.5 mg/L, with an average 

value of 1.26 ± 0.841 mg/L (Figure 4E). The highest value wasrecorded in March at point TSO2 and 

the lowest in February at point TSO1 (Figure 4E). 

Orthophosphatelevels in the water variedirregularly, with a value of 1.491 mg/L in March at point 

BOL1 (Figure 4F). Theywere rare in most points 0 mg/L in March and July in points (BOL2, TSO3, 

BOL3). However, an average value of 0.30 ± 0.263 mg/L wasnoted. 

Ammoniacal nitrogenlevelsvariedbetween 0 and 0.67 mg/L. The highest value wasrecorded in 

February at point TSO2 (Figure 4G). The lowest value wasrecorded at point BOL2 in April. 

However, an average value of 0.16 ± 0.145mg/L wasrecorded. 

The salinity values (Figure 4H) obtainedduring the studyperiodvariedbetween 0 and 1%. The highest 

value wasobtained in February at points (TSO2, BOL1, BOL3 and TSO4). The lowest values 

wererecorded at most points in March, April and July. Salinitylevelsfluctuatedaround an average 

value of 0.13± 0.239%. 

Groundwater 

The chemicalparametersconsideredvariedfrom one sampling source to another and from one month to 

another. Overall, pH values fluctuatedbetween 6.54 and 7.57 U.C, with an average value of 

6.96±0.239 U.C. The highest value wasobtained at point ST in June and the lowest value 

wasobtained at the same point ST in March (Figure 5A). 

Electricalconductivity values rangedfrom 39 to 85 µS/cm (Figure 5B), with a mean value of 60.02 ± 

8.351µS/cm. The highest value wasrecorded at point ST in February and the lowest at point SB in 

February. 

Dissolvedoxygen saturation levelsfluctuatedbetween 61% and 99.3%. It reachedits maximum value 

in April at point SB and the minimum saturation level at point SH in May (Figure 5C). A meanvalue 



 

 

of 86.72 ± 0.081% O2 wasrecorded. As in the case of the watercourses, a relative increase in values 

over time wasnoted. 

Carbon dioxide values rangedfrom 5.28 mg/L to 123.2 mg/L. The highest value wasrecorded at 

points ST and SH in April. The lowest value wasrecorded at point SH in July and May (Figure 5D). 

A mean value of 41.81 ±47.995 mg/L wasrecorded.   

Nitrate levels show irregular variations and fluctuatedbetween 0 and 1.8 mg/L with an average value 

of 1.98± 0.490 mg/L (Figure 5E). The highest value wasrecorded in July at point SH and the lowest 

in April and June at points ST and SB. 

Orthophosphatelevels in the water variedirregularly, rangingfrom 0 to 0.679 mg/L. The highest value 

wasrecorded at point SB in April. The lowest value wasrecorded at several points (Figure 5F) in July 

and March.  A mean value of 0.27 ± 0.226 mg/L wasrecorded. 

Ammoniacal nitrogenlevelsvariedbetween 0 and 0.16 mg/L. The highest value wasrecorded in July at 

point ST. The lowest value wasrecorded at points ST and SB in May and July (Figure 5G).  A mean 

value of 0.66 ±0.218 mg/L wasrecorded. 

The salinity values (Figure 5H) obtainedduring the studyperiodvariedbetween 0 and 0.01%. The 

highest value wasobtained in February at points (ST and SH). The lowest value wasrecorded in 

mostmonths at the various points. Salinitylevelsfluctuatedaround an average value of 0.0005 ± 

0.002%. 

Taking all the chemicalparameterstogether, the Kruskal-Wallis H test shows thatthereis no 

significantdifferencebetween the levels of theseparameters in spatial terms (P˃0.05). 



 

 

 

Figure 4: Chemical parametersmeasuredduring the studyperiod in the watercourses (A: pH; B: 

Electricalconductivity; C: Dissolvedoxygen; D: Dissolvedcarbondioxide; E: Nitrates (NO3
-
 ); F: 

Phosphates (PO4³
-
); G: Ammoniacal nitrogen (NH4

+
 ); H: Salinity). 



 

 

 

Figure 5: Spatiotemporal variations in chemicalparametersmeasuredduring the studyperiod at springs 

(A: pH; B: Electricalconductivity; C: Dissolvedoxygen; D: Dissolvedcarbondioxide; E: Nitrates 

(NO3
-
); F: Phosphates (PO4³

-
); G: Ammoniacal nitrogen (NH4

+
); H: Salinity. 

Bacterialabundancedynamics 

Qualitative aspect 

HeterotrophicAerobicMesophilicBacteria (HAMB) 

Aftergrowth of the colonies on PCA (Plate Count Agar) medium, the qualitative bacterialanalysis 

shows bacterial colonies of variousshapes, colours, sizes and appearances 

Bacteria of the Aeromonasgenus 

Macroscopicexamination of bacterial colonies isolated on AmpicillinDextrin Agar (ADA) medium 

showedseveral aspects of typicalisolated colonies with cultural characteristicssimilar to those of 

differentAeromonasspecies. Thesedifferent cultural characteristicsincludedyellow colonies 2-3 mm in 

diameterwith an irregularoutline; milky white colonies 1-2 mm in diameter; milky white colonies 1 

mm in diameter forming the blue halo; milky white colonies with a compact centre withblue halo 2-3 

mm in diameter; milky white colonies with a yellow centre 3 mm in diameter forming the blue halo 

and milky white colonies with a yellow centre 2 mm in diameter. 

 

 



 

 

Germ identification results 

Tests carried out on colonies isolated on ADA medium show thatAeromonasspecies are catalase and 

oxidase positive. Thesebacteriatherefore use enzymes in the electron transport chain. In addition, the 

use of lactose as a substratewas positive in the species A. hydrophila, A. media and A. 

veroniibiovarveroni, showingthatthesebacteria have the ability to ferment sugar and 

convertpyruvicacidintogaseous by-products. However, the use of urea as a substratewasnegative in 

all species, reflecting the bacterium'sinability to produce the ureaseused to hydrolyse urea. These 

tests made it possible to identify six (6) species of Aeromonasqualified as opportunisticpathogens, 

namely : A. Hydrophila, A. media, A. veroniibiovarveronii, A. Jandaei, A. schubertii and A. 

salmonicida (Table 3). 

 

Table 3: Identification tests carried out on Aeromonasstrains 

Tests 

performed 

Bacterialspecies 

hydrophila A. media 

 

veroniibv v  

 

jandaei schubertii Salmonicida 

Catalase +( bubbles) +( bubbles) +( bubbles) +( bubbles) +( bubbles) +( bubbles) 

Oxydase +( purple) +( purple) +( purple) +( purple) +( purple) +( purple) 

Mobility +++(disorder) ++( disorder)  ++( disorder) ++( disorder) ++(disorder) ++( disorder)  

Uréase - (yellow) - (yellow) - (yellow) - (yellow) - (yellow) - (yellow) 

H2S +( black) - (black) +( black) +( black) +( black) - (grey) 

Citrate ++ (bleu) ++( bleu) 

 

+ ( bleu) ++ ( bleu) ++ ( bleu) ++ ( bleu)   

ONPG +++( yellow) +++( yellow) +++ (yellow) +++ (yellow) ++ (yellow) +++ (yellow) 

Indole ++ (pink) +++( pink) +++( pink) +++(pink) + (pink) +++( pink) 

TDA - (yellow) - (yellow) - (yellow) - (yellow) -  (yellow) - (yellow) 

Glucose ( gaz) ++( bubbles)        - +( bubbles) +++( bubbles)        -  ++( bubbles) 

L- Arabinose ++( yellow) +++( yellow) +( yellow) - ( bleu) - ( bleu) +++( yellow) 

ADH +++( purple) ++( purple)  +++( purple) +++( purple) ++( purple) ++( purple)  

LDC 

 

+++ (orange) - (yellow) ++ ( orange) +++(orange) ++(orange) ++ ( orange) 

ODC 

 

- (yellow) - (yellow) ++ (red) - (yellow) - (yellow) - (yellow) 

Lactose +( yellow)  ++( yellow)  +( yellow)          -           -  ++( yellow)  

D-Mannitol ++( yellow) +++(yellow) +++( yellow) +++( yellow) -( red)  +++( yellow) 

Legend: ADH: Arginine Di Hydrolase; LDC: Lysine Decarboxylase; H2S: Dihydrogen Sulfide; 

ODC: Ornithine Decarboxylase; TDA: TryptophanDeaminase; +: Positive (˂50%); ++: Positive (50-

70%); +++: Positive (˃70%) -: Negative; n = strainnumber 

Quantitative analysis 

Variation in bacterialabundanceisolated over the studyperiod 



 

 

Overall, HAMB and Aeromonas concentrations variedfrom point to point and duringeachmonth of 

sampling. HAMB concentrations fluctuatedbetween 2 and 1120 CFU/100 ml of water. The 

lowestconcentration wasobtained at sampling point ST in March and the highest concentration at 

point TSO2 in May (Figure 6A). 

As for A. hydrophila, itsabundancevariedfrom 0 to 6 CFU/100 mL of water. The lowest value (0 

CFU/100 mL) wasobserved in differentmonths and at several points, and the highest value (6 

CFU/100 mL) in March at point BOL2 (Figure 6B) ; 

The abundance of A. media variedfrom 0 to 280 CFU/100 mL of water (Figure 6C). The minimum (0 

CFU/100 mL) wasrecorded in everymonth and at every point, with the maximum (280 CFU/100 mL) 

in February at point TSO2. 

The abundance of A. jandaeifluctuatedbetween 0 and 157 CFU/100 mL of water during all the 

surveys (Figure 6D). Minimum values (0 CFU/100 mL) wereobserved at all points in the 

differentmonths and the maximum value (157 CFU/100 mL) in February at point BOL3. 

Abundances of A. veroniibiovarveroniivariedfrom 0 to 268 CFU/100 ml of water throughout the 

studyperiod. Minimum values (0 CFU/100 mL) wererecorded in almosteverymonth (February, 

March, April, May, June and July) at the various points, and the maximum value (268 CFU/100 mL) 

wasobserved at point BOL1 in July (Figure 6E). 

A. salmonicidaabundancesrangedfrom 0 to 54 CFU/100 ml of water during all sampling months. 

Minimum values (0 CFU/100 mL) wereobserved in all months at points ST, TSO3, SH, TSO4 and 

SB, with the maximum value (54 CFU/100 mL) at point BOL1 in March (Figure 6F). 

The abundance of A. schuberttifluctuatedbetween 0 and 85 CFU/100 ml of water during all the 

surveys (Figure 6G). Minimum values (0 CFU/100 mL) wereobserved in almosteverymonth at points 

TSO3, ST, TSO1, BOL3 and the maximum value (85 CFU/100 mL) in July at point BOL2. 

Taking all theseabundancestogether, the Kruskal-Wallis H test shows thatthereis no 

significantdifferencebetween the levels of thisabundance in spatial terms (P˃0.05). 



 

 

 

Figure 6: Variations in bacterialabundance over the studyperiod at each sampling point (A: 

BHAM; B: A. hydrophila; C: A. media; D: A. jandaei; E: A. veroniibiovarveronii; F: A. 

salmonicida; G: A. schurbertii).  

Absolute and relative abundances of isolatedAeromonasspecies 

A total of 2375 colonies of the genusAeromonaswerecounted, isolated and dividedinto 6 species. The 

mostrepresentedspecieswas A. veroniibiovarveroniiwith a relative abundance of 50%, followed by A. 

media (20%), A. jandaei (12%), A. schubertii (10%), A. salmonicida (6%) and A. hydrophila (2%). 

(Figure 7) 



 

 

 

Figure 7: Diversity of Aeromonassppidentified. 

Spatial and temporal variation   

Temporally, the number of colonies isolatedwashighest in May with 515 CFU/100 ml, followed by 

July with 367 CFU/100 ml (Figure 8A). Spatially, the density of Aeromonasisolatedwashighest at 

point BOL1 with 500 CFU/100 ml corresponding to the species A. veroniibiovarveronii, followed by 

point TSO 2 with 324 CFU/100ml for the species A. media. The lowestdensitywasrecorded at point 

TSO3 with 43 colonies, of all the colonies isolated (Figure 8B). The lowestdensitywasrecorded in 

June with 19 colonies, corresponding to the start of the WSP.  

 

Figure 8: Distribution of bacterialabundances of isolatedspecies (A: temporal variation; B: spatial 

variation). 

Correlationbetween physico-chemical variables and bacterialabundance 

Correlationsbetweenbacteriological and physico-chemical variables in the riversstudied 

The correlationsbetween the physico-chemicalparameters and the densities of the 

bacteriaisolatedwerecarried out usingSpearman's "r" correlation test. A significantnegativecorrelation 

(P ≤ 0.05; r = -0.360) wasfoundbetween the densities of A. hydrophila, A. media and CO₂  levels, 

and between the densities of A. veronii and dissolved 0₂  concentrations. (P ≤ 0.05; r = -0.420)( 

Table 4). 



 

 

Table 4: Correlation coefficients betweenAeromonas inhibition diameters and physico-

chemicalparameters in rivers. 

Physico-chemical 

Variables 

Bacteriological variables 

Hydrophila Media jandaei Veronii salmonicida schubertii 

Temperature -0,145 -0,281 0,   0,072 0,  0,171  0,054 0,051 

pH -0,312  0,205 -0 -0,338 -- -0,160 -0,137 -0,262 

Conductivity  0,108 -0,125  0,171 -0 -0,021 -0,057 0,021 

O2 dissolved -0 -0,107 0,   0,079 -0,122 -0 -0,420
*
 -0,238 -0,078 

Dissolved CO2 -0,360
*
 -0,411

*
  0,028 -0,154 -0,289 0,087 

SuspendedSolids -0,088 -0,111  0,113  0,014 -0,023 0,158 

Color  0,099  0,010 -0,118 -0,186 -0,302 0,290 

Total DissolvedSolids  0,040 -0,073  0,009 -0,016 -0,140 0,030 

Salinity  0,185 -0,336 -0,118  0,267  0,364
*
 -0,081 

Nitrates  -0,401
*
 0,   0,156 -0,276 -0,272 -0,229 0,029 

Phosphates  -0,120 -0,319  0,133  0,079 -0,172 0,162 

AmmoniaNitrogen -0,380
*
 -0,035 -0,261 -0,292 -0,078 -0,043 

*Significantcorrelation, p ≤ 0.05 : **Very significantcorrelation, p ≤ 0.01 P= significancelevel 

Correlationsbetweenbacteriological and physico-chemical variables in spring water. 

A significant and positive correlation (P ≤ 0.01; r= 0.762) wasobservedbetweenelectricalconductivity 

and A. hydrophiladensities (Table 5). The sameresultwasobservedbetweenthisspecies and TDS (P ≤ 

0.01; r= 0.777); between A. media densities and water salinity ( p ≤ 0.05; r= 0.468), between A. 

veroniidensities and electricalconductivity, TDS and ammoniawhose ¨ r¨ coefficients are 0.581 ;0.582 

and 0.513 respectively ( p ≤ 0.05). Table 5 

Table 5: Correlation coefficients between the inhibition diameters of eachspecies for all the 

ATBsused and the physicochemicalparameters in the spring water. 

Physico-chemical 

variables 

Bacteriological variables 

hydrophila Media jandaei veronii schubertii 

Temperature -0,048 0,056 -0,078 -0,302 0,352 

pH -0,123 -0,225 -0,065 -0,042 0,023 

Conductivity 0,762
**

 0,094 0,112 0,581
*
 0,07 

O2 dissolved 0,065 0,249 -0,252 0,07 0,304 

Dissolved CO2 -0,356 0,152 -0,153 0,019 -0,166 

SuspendedSolids 0,052 0,352 -0,405 0,078 0,362 

Color 0,024 0,005 -0,065 0,176 0,307 

Total 

DissolvedSolids 
0,777

**
 0,057 0,126 0,582

*
 0,07 

Salinity -0,205 0,468
*
 -0,039 0,406 -0,089 

Nitrates 0,296 0,151 -0,176 0,137 -0,156 

Phosphates -0,133 0,167 -0,027 -0,142 -0,166 

AmmoniaNitrogen 0,269 -0,073 0,272 0,185 0,513
*
 

*Significantcorrelation, p ≤ 0.05 : **Very significantcorrelation, p ≤ 0.01 P= significancelevel 



 

 

N1 

N2 

Affinitiesbetween physico-chemical and biologicalparameters 

Canonical CorrespondenceAnalysis (CCA) applied to the variousbiological and physico-chemical 

variables shows that the parameters are groupedintotwonuclei. Nucleus 1 (N1) includes points TSO1, 

BOL3 and BOL2 wherelaundry, dishwashing and machine washing are practised, in 

whichAeromonasspp have a strongaffinitywithturbidity, nitrate, SS, TDS, ammoniacal nitrogen, 

conductivity, salinity, phosphate and pH levels, indicating a high degree of heterogeneous pollution. 

The species in question are hydrophila, jandaei, salmonicida and schuberti. In the nucleus (N2) 

containing the points ST, TSO2, TSO4, SH, BOL1 and SB, a strongaffinityisobservedbetween CO2, 

O₂ , temperature, colour, and salinity (A. média, A. veronii). The length of the temperature, turbidity, 

TDS, conductivity and salinityarrowsprovide information on the importance of theseenvironmental 

variables (Figure 9). 
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Figure 9: CCA values for affinitiesbetweenbacterialabundance and physico-chemicalparameters. 

Discussion 

Physico-chemicalparameters 

The results of thiswork show that the temperature of the water sampledfrom the stream and springs 

(19˚C-29.1°C) variedverylittlethroughout the studyperiod, with an average of 23.12 ± 2.69°C 

compatible with the activity of the organisms in the environment. This low thermal variation recorded 

over the studyperiodcouldbe due to the seasons or to the influence of sunshine, as the sun's rays reach 

the surface of the water directly at certain points. The data obtainedduring the study are similar to 

those of Noah Ewoti et al, 2021d and Balenget al., 2022b whoworked on the microbiological and 

physico-chemicalquality of some water points in Olézoa and the town of Ntuirespectively. In fact, 

these water temperature values varyaccording to the ambient temperature and are largelydependent on 

the time of sampling.(Rodier et al., 2009) 

 

The pH values of the water at the time of sampling variedfrom 6.54 UC to 7.57 UC, showing a 

changefromslightacidity to a neutral trend. This lowacidityisthought to belinked to the hydromorphic 



 

 

and ferralitic nature of the soils in the study area. In this respect, Nola et al (2002) considerthat the pH 

of natural water depends on the nature of the groundthroughwhichit flows. This 

acidityisslightlyhigheringroundwater (6.96 UC) than in surface water (6.85 U.C) and is the result of 

direct contact and leaching of the soilscrossed (Nola et al., 2001). 

 

The relatively high suspendedsolid, turbidity and colour values in the watercoursesstudied (mean 

values of 22.35 mg/L; 28.23 FTU; 111.82 PtCorespectively) couldbeexplained by the high load of 

variousorganic and mineralmatter in the water and the high input of non-native matterinto the water 

bodies. However, the highlysignificantcorrelations (P˂0.01) of these variables between the months of 

February and March for most of the points wouldindicate the presence of heavyanthropogenic 

pollution. Theserelatively high values for theseparametersdifferfromthoseobtained by FotoMenbohanet 

al, (2012) on the assessment of the quality of peri-urbanwatercourses in Cameroon. 

 

With regard to the average values for electricalconductivity (96.29 Us/cm) and TDS (45.84 mg/l), 

comparedwithEuropean standards for the quality of water for humanconsumption, the water 

analysedispoorlymineralised and not verypolluted (Ajeagahet al., 2018). Furthermore, the high values 

of these variables at point BOL 3 (March and April) can beexplained by the occasionaldischarge of 

organicmatter by the population, leading to times when the water is more polluted, and by the 

factthatduring the rainyseason, some of the agricultural and urbanwasteistransported by the water 

vector. These values differfromthoseobtained (111 to 885 µS/cm) by DjialaTagneet al (2022), 

whostudied the abundance of twospecies of bacilli in groundwater and rainwater in an urban area of 

Cameroon (Yaoundé). 

Duringthisstudy, the average percentage values of dissolvedoxygen saturation for surface water 

wererelativelylow (57.4%) and those for groundwater (70.72%) which shows thatwatercourses have 

lowlevelssuggesting the presence in these waters of reducingmatter, particularlyorganicmatter and 

heterotrophicbacteria, which consume oxygen (Hade, 2002) unlikespring water. The values average 

39.49 mg/l dissolved CO₂ . According to Rodier et al, (2009), theselevels are influenced by climate 

and seasons, as well as by the nature of the soil and vegetation in the variousstudy areas. The mean 

values for NO3
-
 (1.085 mg/l NO3

-
) and NH4⁺  (0.176 mg/l NH4⁺ ) remainverylowcomparedwith WHO 

(2011) standards, whichrecommend 50 mg/l nitrate ions and (0.2 mg/l NH4⁺ ) for drinking water.  

This wouldbe due to the lowmineralisation of the water and the lowlevel of humanactivity in the study 

area. The relatively high levels of PO4³
-
 (1.133 mg/L) in May at point TSO4 couldbeexplained by 

exogenous inputs. According to ZébazéTogouetet al, (2011), thiscould come fromdetergents, or even 

faecal pollution thatreaches the environment via runoff. 

 

Microbiologicalparameters 

From a bacteriological point of view, the water usedharbours a bacterialcommunitydescribed as 

opportunisticpathogens. In the course of thisstudy, severalspecies of the Aeromonasgenus, namely : A. 

hydrophila, A. jandaei, A. schubertii, A. media, A. salmonicida and A. veroniibiovarveronii, 

includingHAMB, wereisolatedfrom water samplescollectedusing the methodsrecommended by Rodier 

et al. 2009. The concentrations of Aeromonasspecieswere 2375 CFU/100mL, whichiswellabove the 

WHO (2011) standard of 200 CFU/100mL. This meansthat the water isunfit for consumption. The 

abundance of the germsisolatedvariedspatio-temporally. Aeromonaswere more abundant in surface 

water (557 CFU/100mL) than in groundwater (210 CFU/100mL). This high density in surface water, 



 

 

observed at points (TSO2, BOL1, BOL3, TSO4) couldbeexplained by the availability and high levels 

of organicmatterused as food by the microorganisms (Leclerc, 2003). 

Link between the parametersassessed 

The results of the correlationsbetween physico-chemical and biological variables show thatamong the 

physico-chemicalparametersanalysed, certain variables had a significant influence on the population 

and distribution of Aeromonassppbacteriathroughout the study. The results show that a positive and 

significantcorrelation (P ≤ 0.05) wasobtainedbetween the abundance of A. salmonicida and salinity, 

followed by TDS. The lowdensity of bacteria in the springscouldbeexplained by the filtration of the 

water and the absorption of soilfrom the surface water, or by the percolation of the water when the 

groundwaterisrecharged, or by slight contamination at the outlet via the supply channels (Noah Ewoti, 

2012). The increase in physico-chemicalparameterssuch as dissolved CO₂ , Nitrate, NH4⁺ , 

O2negatively and significantly (P ≤ 0.05) influenced the distribution of A. hydrophila, A. media and A. 

veronii. This could lead to a decrease in bacterialdensity in these waters. Thus, Nola et al (2002) point 

out that in a givenenvironment, increases in pH favour the development of Pseudomonas and 

Aeromonas as well as the abundance of faecalcoliforms and faecalenterococci. On the other hand, the 

positive and significantcorrelations (P≤0.05) of the high abundances of A. hydrophila and A. 

salmonicida in the springsstudied, thustestifying to theirgreatrichness in biodegradableorganicmatter. 

Thus, an increase in factorssuch as water temperature, pH, colour and 

conductivityverysignificantlyincreases the abundance of Aeromonas. This couldbe due to the 

factthatbacterialstrainsreactdifferently to organicmatter and according to its composition. (Ehethet al., 

2019). 

Conclusion 

The workshowedthat the water hosts heterotrophicaerobicmesophilicpathogenicbacteria ( HAMB) and 

six strains of the Aeromonasgenus (hydrophila, media, veroniibiovarveronii, schuberti, jandaei and 

salmonicida ) opportunisticpathogens in high proportions, the most dominant of whichis the 

A.veroniibiovarveroniispecies. Due to the density of Aeromonas, the water sampledis not 

recommended for consumption. In addition, certain factorssuch as pH, temperature, total 

dissolvedsolids, TSS, conductivity and turbidityprovide information on the variation in Aeromonasspp. 

densitiesduring the study. 
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