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The incidence of environmental pollutants on bacterial strains isolated from the New Calabar River in 
the Niger Delta region of Southern Nigeria were investigated in order to ascertain the possible effects 
on antibiotic resistance and patterns. The physico-chemical parameters of the water samples assayed 
included temperature, pH, biochemical oxygen demand, chemical oxygen demand, dissolved oxygen, 
salinity, chloride, nitrate, phosphate, total dissolved solids, sulphate, oil and grease, cadmium, copper, 
nickel, lead, mercury and iron. Antibiogram of bacterial isolates from the water samples were sought 
using the disk diffusion method. Results showed multiple antibiotic resistance patterns among the 
bacterial isolates. The levels of resistance exhibited by the isolates to specific antibiotics were: 
Ampicillin 66.7%, Rifampicin 66.7%, Tetracycline 53.3%, Cephalothin 46.7%, Erythromycin 46.7%, 
Novobiocin 40%, Chloramphenicol 33.3%, Nalidixic acid 33.3%, Streptomycin 33.3%, Cotrimoxazole 
26.7%, Norfloxacin 13.3%, Ciprofloxacin 6.7%, Ofloxacin 6.7%, Amikacin 0%, Gentamycin 0% and 
Pefloxacin 0%. Higher incidence of antibiotic resistance was observed at sites with pronounced 
industrial and human activities, suggesting possible effect of pollutants on the ecosystem. There was 
weak correlation (r = 0.28) between incidence of antibiotic resistance and faecal coliforms. This 
suggests that the antibiotic resistance patterns of these bacterial isolates may be due to factors that are 
not linked to faecal pollution. The presence of chemical pollutants may have contributed to the 
increased antibiotic resistance observed at sites with pronounced industrial and human activities.  
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INTRODUCTION 
 
In Nigeria, the input of environmental pollutants in aquatic 
systems is a common phenomenon. The New Calabar 
River is among the important water resources in the 
Niger Delta region of Southern Nigeria; it is in the vicinity 
of the rapidly expanding oil city of Port Harcourt in Rivers 
State, Southern Nigeria. Most communities within this 
area are directly dependent on the river for their agricul-
tural, recreational, and sometimes, domestic water sup-
plies. The river is subjected to effluent discharge from 
Industries sited along its banks. Also, surface run-off 
resulting from soil erosion, lumbering activities, forestry 
operations, dredging activities, and domestic sewage 
inputs may lead to wide scale contamination of the river. 
A previous study (Ogan and Nwiika, 1993), revealed mul- 
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tiple antibiotic resistance in bacterial populations of some 
lower Niger Delta rivers including the New Calabar River. 
This was attributed to indiscriminate waste disposal in the 
fresh and brackish water bodies. Ten years later, Odo-
kuma and Ijeomah (2003) reported on heavy metal resis-
tance among bacterial populations of the New Calabar 
River. Odokuma and Okpokwasili (1997) had also report-
ed on the organic pollution of the New Calabar River, and 
showed that seasonal changes as well as industrial 
effluent discharges influenced the organic load of the 
river. The concern over water quality relates not just to 
the water itself, but also to the danger of diffusion of toxic 
substances into other ecosystems (Pretorius, 2000; 
Bezuidenhout et al., 2002). The aquatic environment for 
living organisms can be affected and bioaccumulation of 
harmful substances in the water-dependent food chain 
can occur (Alam et al., 2006). Surface water is vulnerable 
to pollution from untreated industrial effluents and munici- 



 
 
 
 
municipal wastewater, run-off from chemical fertilizers 
and pesticides, as well as oil and lube spillage in the 
coastal area from the operation of sea and river ports 
(Odokuma and Okpokwasili, 1997; Krantz and Kifferstein, 
1998; Morrison et al., 2001; Alam et al., 2006). Similarly, 
increase of faecal pollution in source water is also a pro-
blem in developing as well as developed countries 
(Sinton et al., 1993; Bezuidenhout et al., 2002). This pro-
blem is further aggravated where there is lack of sanita-
tion systems, thus posing an increased risk for the out-
break of waterborne diseases (Pretorius, 2000). Accord-
ing to Bahe et al. (2005) many compounds can impose 
effects at low concentrations within chemical mixtures 
occurring in the environment. This poses unique moni-
toring and measurement challenges as well as ways of 
understanding risks. Exposure to environmental pol-
lutants and changes in nutrient composition could lead to 
selective pressures favoring certain organisms or geno-
types (Lin et al., 2004), resulting in the existence of 
organisms “resistant” to stressors posing a threat to their 
very own survival (Phillips et al., 2004). Among the novel 
selective pressures that face environmental bacterial 
populations from the industrial revolution include heavy 
metals, xenobiotic compounds, antibiotics, agrochemi-
cals, as well as organic solvents; these can have a 
remarkable role on the environmental selection of antibio-
tic resistance genes (Alonso et al., 2001). Rivers conta-
minated with urban effluent and agricultural run-offs have 
been observed to harbor greater antibiotic resistant 
bacterial populations than areas upstream of the contami-
nation source (Leff et al., 1993; Wiggins et al., 1999; 
Goni-Urriza et al., 2000; McArthur and Tuckfield, 2000). 
Such systems show positive correlation between the 
presence of pollutants and spatial distribution of antibiotic 
resistance among the microbial populations (Goni-Urriza 
et al., 2000; McArthur and Tuckfield, 2000). Ogan and 
Nwiika (1993) suggested that the contribution of faecal 
bacteria, in the New Calabar River, to multiple antibiotic 
resistance gene pools might be quite significant. Never-
theless, there is very little information on environmental 
isolates antibiogram profiles within this region, as limited 
surveys have been conducted. In the present study, the 
impact of environmental pollutants on the distribution of 
antibiotic resistance in bacterial populations within geore-
ferenced sites on the New Calabar River was ascertained 
without differentiating transferable and non-transferable 
resistance traits. We georeferenced the sampling sites 
even though the river is tidal. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
Ten sites within the New Calabar River were selected for the study 
(Figure 1). Site 1 is Emohua village, and close to it is an extension 
base of Wilbros Nigeria Limited (WNL), an oil services industry. The 
activities here include the building and repair of oil pipelines as well 
as mini-oil rigs. Dredge pipes laid by WNL mainly surround site 2, 
although the area formerly harboured a fibre industry whose activity 
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included the manufacture of fibre and allied materials. Within site 3 
is WNL and located near it is the Choba market with its terminals 
close to the river. Site 4 sustains a jetty adjoining the University of 
Port Harcourt Teaching Hospital (UPTH) staff quarters. The region 
surrounding site 5, which is Aluu village, is used mainly for dredging 
as well as other domestic and recreational activities. Site 6 is a 
narrow creek linking the discharge point of the farming activities 
within the African Regional Aquaculture Centre (ARAC) into the 
river. Site 7 is the immediate upstream of the discharge point of 
ARAC. The ARAC operates on integrated poultry and fish farm. Site 
10 is the upstream of the discharge point of ARAC. Sites 8 and 9 
are located on a creek adjoining the New Calabar River, between 
sites 7 and 10. These sites (8 and 9) are considered to be removed 
from industrial and domestic activities.  
 
 
Sample collection  
 
Water samples were aseptically taken from the river using 1 � sterile 
screw-capped bottles at different sites. The bottles were opened at 
about 15 cm depth, allowed to fill, closed under water, and quickly 
transferred into an ice container. Temperature and pH of the water 
samples were measured in situ at different sites using a mercury 
bulb thermometer and pH indicator strips non-bleeding (color 
pHast® pH 5 – 10) respectively. All sites were georeferenced using 
a handheld global positioning system (GPS) receiver unit (Megallan 
GPS 315) to generate geographic coordinates (longitudes and 
latitudes) on the New Calabar River. The water samples were then 
transported to the laboratory and analyzed within 8 h of collection.  
 
 
Isolation of bacteria  
 
A ten-fold serial dilution of the water samples from different sites 
were used for the enumeration of bacterial species using the 
spread plate technique; and membrane filtration technique was 
employed for total and faecal coliform counts. Tryptone Soy Agar 
(TSA), Eosin Methylene Blue (EMB) agar, Thiosulphate Citrate Bile 
Sucrose (TCBS) agar and Salmonella-Shigella Agar (SSA) were 
used to determine total aerobic heterotrophic bacterial (THB) 
population, total and faecal coliforms, Vibrio species and  S. 
shigella species respectively. All plates were incubated at 35oC for 
24 h with the exception of EMB plates meant for the isolation of 
faecal coliforms, which were incubated at 44.5oC for 24 h. Analyses 
of water samples were performed in triplicates.  
 
 
Characterization and identification of bacterial isolates  
 
Single colonies of bacteria were randomly selected from different 
media plates based on their morphology. These bacterial cultures 
were subsequently isolated in pure forms. Representative bacterial 
isolates were characterized and identified as described by Holt et 
al. (1994). This was based on Gram-reaction, Acid-fast staining 
reaction, spore staining, motility test and biochemical reaction tests. 
 
 
Physicochemical analysis  
 
The physico-chemical parameters such as dissolved oxygen (DO), 
total dissolved solids (TDS), biochemical oxygen demand (BOD), 
chemical oxygen demand (COD), chloride, salinity, sulphate, 
phosphate, nitrate, oil and grease, cadmium, copper, nickel, lead, 
mercury and iron analyses of the water samples were determined 
as described by the American Public Health Association ( APHA 
,1992). 
 
 
Antibiotic susceptibility test 
 
Antibiogram of the bacterial isolates from water samples in this
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Figure 1. A map showing the ten (1-10) georeferenced sites on the New Calabar River. 

 
 
 
study was ascertained on Mueller-Hinton agar using the Kirby-
Bauer disc diffusion method as described by Harley and Prescott 
(1990). A total of 16 antibiotics corresponding to drugs most com-
monly used in the treatment of human and animal infections caused 
by Gram-negative and Gram-positive bacteria were employed in 
this study. The antibiotics and their concentrations included Ampi- 
cillin (ß-lactamases) 30 µg, Cotrimoxazole (Folate inhibitors) 30 µg, 

Nalidixic acid (Quinolones) 30 µg, Cephalothin (Cephalosporins) 30 
µg, Streptomycin (Aminoglycosides) 30 µg, Novobiocin (Aminocou-
marins) 30 µg, Pefloxacin (Fluoroquinolones) 10 µg, Gentamycin 
(Aminoglycosides) 10 µg, Tetracycline (Tetracyclines) 30 µg, Oflo-
xacin (Fluoroquinolones) 10 µg, Amikacin (Aminoglycosides) 30 µg, 
Ciprofloxacin (Fluoroquinolones) 10 µg, Rifampicin (Ansamycins) 
20 µg, Erythromycin (Macrolides) 30 µg,  Norfloxacin  (Fluoroquino- 
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Table 1. Mean values of physico-chemical indicators of the pollution status of the New Calabar River. 
 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 Site 10 WHO standard 
Temperature (0C) 27 26 27 26 26 26 26 25 25 24 NA 
pH 5.5 6.0 6.0 5.0 5.5 5.5 5.0 5.0 5.0 5.0 6.5 – 8.5 
BOD (mg/�) 2.42 2.40 2.72 2.34 2.60 2.50 2.30 2.00 1.62 1.50 0 – 6 
COD (mg/�) 7 11 9 6 9 7 5 4 3 3 NA 
DO (mg/�) 6.24 6.00 5.08 6.45 5.20 5.72 6.92 7.00 7.40 7.10 0 – 20 
Salinity (ppt) 0.019 0.015 0.017 0.011 0.0096 0.0093 0.0089 0.0049 0.0022 0.0021 0.5 
Chloride (mg/�) 10.42 8.24 9.31 6.00 5.32 5.12 4.90 2.72 1.21 1.17 250 
Nitrate (mg/�) 0.35 0.33 0.32 0.24 0.54 0.41 0.42 0.27 0.10 0.20 50 
Phosphate (mg/�) 0.24 0.14 0.25 0.10 0.29 0.32 0.13 0.10 0.05 0.07 2 
TDS (mg/�) 1.34 1.25 1.64 1.14 1.52 1.47 1.12 1.08 1.02 1.04 1000 
Sulphate (mg/�) 29.4 25.1 30.4 23.2 30.5 31.2 17.4 16.6 12.2 13.5 250 
Oil and Grease (mg/�) 0.020 0.042 0.024 ND 0.009 0.005 0.005 0.001 ND ND NA 
Cadmium (mg/�) 0.020 0.072 0.065 0.010 0.097 0.055 0.045 0.036 ND ND 0.003 
Copper (mg/�) 0.072 0.104 0.090 0.060 0.090 0.076 0.050 0.040 0.010 ND 2 
Nickel (mg/�) ND 0.006 0.0072 ND 0.009 ND ND ND ND ND 0.07 
Lead (mg/�) 0.124 0.230 0.180 0.120 0.180 0.160 0.135 0.120 0.09 0.1 0.01 
Mercury (mg/�) ND ND ND ND ND 0.01 ND ND ND ND 0.006 
Iron (mg/�)  0.23 0.31 0.37 0.22 0.40 0.21 0.18 0.16 0.12 0.15 1 – 3 

 

ND = Not detected; NA = Not available. 
 
 
 
lones) 10 µg and Chloramphenicol (Phenicols) 30 µg. 
 
 
Statistical analysis 
 
Analysis of Variance (ANOVA) was used to ascertain significant 
variations of parameters within different sites of the New Calabar 
River. Pearson’s correlation coefficient (r) was used to represent 
the relationship between bacterial/physico-chemical parameters of 
the New Calabar River and incidence of antibiotic resistance within 
different sites. Probability was set at P = 0.05.  
 
 
RESULTS 
 

Variation of bacterial groups in water samples from differ-
rent sites of the New Calabar River is as shown in Figure 
2. The total aerobic heterotrophic bacterial (THB) counts 
of the water samples ranged from 1.0 x 104 – 9.2 x 108 
cfu/m�. Total coliform and faecal coliform counts of the 
water samples ranged from 2.0 x 102 – 6.0 x 105 
cfu/100m� and 2.0 x 101 – 1.0 x 105 cfu/100m� respect-
tively. Results on physico-chemical parameters (Table 1) 
revealed that higher values in BOD, COD and TDS were 
observed in sites 3, 5, 6, 2 and 1. Contrarily, lower values 
in DO were observed in these sites as compared to other 
sites. The pH range of 5.0 – 6.0 which is moderately 
acidic was observed in this study. The values of nitrate, 
sulfate and phosphate were higher in sites 5 and 6. The 
salinity and chloride levels were 0.0021 – 0.019 ppt and 
1.21 – 10.42 mg/m� respectively indicative of brackish 
water. Concentrations of individual heavy metals in the 
water samples were in the order: Fe > Pb > Cu > Cd > Ni 
> Hg. With the exception of cadmium, lead and pH (which 
is acidic at a mean value of 5.35), the mean values of the 

physico-chemical parameters of the New Calabar River 
fell within acceptable standard guidelines for potable 
water (WHO, 2006). Analysis of variance (ANOVA) at P = 
0.05 showed significant differences in physico-chemical 
parameters for water samples from the different sites. 

The results revealed marked differences among bac-
terial isolates in their susceptibility and resistance pat-
terns to a particular antibiotic. All isolates were suscepti-
ble to amikacin, gentamycin and pefloxacin. These iso-
lates were also sensitive to ofloxacin with the exception 
of some Bacillus species. Only Alcaligens species show-
ed resistance to ciprofloxacin. Similarly, only some spe-
cies of Bacillus and Pseudomonas were resistant to nor-
floxacin. The bacterial isolates were generally resistant to 
ampicillin and rifampicin. In general, over 70% of all bac-
terial isolates were susceptible to ofloxacin, pefloxacin, 
norfloxacin, ciprofloxacin, cotrimoxazole, gentamycin and 
amikacin. Over 50% were sensitive to cephalothin, novo-
biocin, chloramphenicol, nalidixic acid, streptomycin and 
erythromycin. At least 20% of bacterial isolates demon-
strated susceptibility to ampicillin, tetracycline and rifam-
picin. The level of resistance shown by bacterial isolates 
to specific antibiotic is as follows: Ampicillin 66.7%, Ri-
fampicin 66.7%, Tetracycline 53.3%, Cephalothin 46.7%, 
Erythromycin 46.7%, Novobiocin 40%, Chloramphenicol 
33.3%, Nalidixic acid 33.3%, Streptomycin 33.3%, Cotri-
moxazole 26.7%, Norfloxacin 13.3%, Ciprofloxacin 6.7%, 
Ofloxacin 6.7%, Amikacin 0%, Gentamycin 0% and Peflo-
xacin 0%. The result shows that susceptibility of bacterial 
isolates to antibiotics was generally less for the older and 
widely used antibiotics. Figure 3 shows the incidence of 
antibiotic resistance among  bacterial  isolates  within  the 
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Figure 2. Variatons of total aerobic heterotrophic bacterial (THB) counts (�), total coliforms (TC) 
counts (�) and faecal coliforms (FC) counts (�) in water samples of the New Calabar River. 

 
 
 
different sites. High incidence of antibiotic resistance pat-
terns was found in the order: site 3 > site 2 > site 5 > site 
1 > site 6 > site 4 > site 8 > site 9 > site 7 > site 10. From 
the result, slight variations were observed in the antibiotic 
resistance patterns of individual bacterial isolates within 
the different sites. The resistance patterns of different 
bacterial isolates from the New Calabar River to tested 
antibiotics are shown in Figure 4. It indicated that Pseu-
domonas exhibited the highest resistance to the anti-
biotics. Salmonella, Shigella, Alcaligens, Micrococcus 
and Klebsiella had the least level of resistance. Statistical 
analysis (ANOVA) showed significant variations in the 
incidence of antibiotic resistance within the different sites 
and the resistance patterns of bacterial isolates to anti-
biotics respectively. 
 
 
DISCUSSION 
 

The current level of faecal coliforms suggests that the 
New Calabar River is unfit for domestic purposes include-
ing human consumption. Ogan and Nwiika (1993) pu-
blished results on the ecology of aquatic bacteria of some 
lower Niger Delta Rivers in Nigeria, including the New 
Calabar River which indicated that the rivers had high 
levels of faecal coliforms. The levels of faecal coliforms in 
the river water could be associated with defaecation into 
the river by inhabitants of densely populated settlements 
in and around the region. Washing of faecal material 

deposited within adjoining land into the river by rain has 
its own contribution to the level of contamination of the 
river. The high values of nitrates, sulphates and phos-
phate within sites 5 and 6 could be attributed to agricul-
tural and human activities in the area. Although most 
physical and chemical parameters obtained in the pre-
sent study were of acceptable World Health Organization 
(WHO) standards, sites 3, 5, 2, 6 and 1 were of poor qua-
lity compared to other sites. Cumulatively, human (Indus-
trial, agricultural and domestic) activities around these 
sites were pronounced during the study period. These 
factors could have contributed independently or in combi-
nation, to the very high levels of BOD, COD and TDS as 
well as lower levels of DO observed within these sites. 
Odokuma and Ijeomah (2003), stated that the pollution 
potential of industrial effluent discharges in the New 
Calabar River was negligible and as such did not contri-
bute to the seasonal variation in the heavy metals content 
of the river water and sediment during the course of their 
study. The pollution trend may have changed between 
2003 (Odokuma and Ijeomah, 2003) and the period of 
our study. Thus, the antibiotic susceptibility testing of 
bacteria isolated from water samples of the New Calabar 
River in our study showed that a large proportion was 
resistant to antibiotics. High resistance of bacterial iso-
lates in this study to ampicillin, tetracycline, rifampicin, 
cephalothin and erythromycin corroborates the findings of 
Obi et al., (2004) who showed that at least 20% of  bacte-



Abu and Egenonu        139 
 

 
 

0

2

4

6

8

10

12

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 Site 10

Sites

N
u

m
be

r o
f a

n
tib

io
tic

s

Pseudomonas spp. Citrobacter spp. Bacillus spp. Staphylococcus spp. Arthrobacter spp.
Proteus spp. Serratia spp. Klebsiella spp. Enterobacter spp. Vibrio spp.
Shigella spp. Escherichia spp. Salmonella spp. Alcaligens spp. Micrococcus spp.

 
 
Figure 3. Incidence of antibiotic resistance in water samples of the New Calabar River. 
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Figure 4. Antibiotic resistance patterns of different bacterial isolates in water samples of the New 
Calabar River. 

 
 
 

terial isolates from water supply in rural Venda commu-
nities of South Africa demonstrated antibiotic resistance 
to cotrimoxazole, tetracycline, ampicillin, erythromycin 
and chloramphenicol. However, in the current study, dif-
ferences were observed in the incidence of antibiotic 
resistance within the different sites. Bacterial isolates 
from sites 3, 2, 5, 6 and 1 showed higher level of resis-
tance against several antibiotics compared to isolates 
from other sites. These differences in incidence of anti-

biotic resistance may be attributed to the impact of Indus-
trial and human activities on the bacterial isolates within 
these sites. This is in harmony with the strong correlation 
observed between incidence of antibiotic resistance and 
physico-chemical parameters of the sites within the New 
Calabar River. There are reports demonstrating the role 
played by industrial and human activities on the antibiotic 
resistance distribution of bacterial isolates in the environ-
ment (Davidson,  1999;  Lin  et al.,  2004).  McArthur  and 
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Tuckfield (2000) demonstrated that chemically contami-
nated streams might contribute to increased antibiotic 
resistance. Goni-Urizza et al. (2000) found a correlation 
between antibiotic resistant bacteria in rivers and the 
input of urban effluents. In the present study, sites 8 and 
9, which have little or no industrial and human activities 
within them, were observed to have high incidence of 
antibiotic resistance. The presence of Pseudomonas spe-
cies, which are naturally multi-resistant organisms 
(Quinn, 1998; Goni-Urizza et al., 2000) within these sites, 
may explain that situation. This should imply that species 
composition might have influenced the frequency and 
distribution of antibiotic resistance in the environment. 
Ogan and Nwiika (1993) tended to attribute the preva-
lence of antibiotic resistance in river water to faecal 
bacteria such as the coliforms. But, the weak correlation 
(r = 0.28) between faecal coliforms and incidence of 
antibiotic resistance observed in our study, suggests that 
the impact of faecal coliforms on antibiotic resistance 
among isolates within the New Calabar River is insigni-
ficant. However, a wide variation in antibiotic resis-tance 
patterns was found among the different bacteria genera 
isolated in our study. These variations may be attributed 
to predisposition of isolates to the prevailing selective 
pressure in the river or to pre-existing such as genetic 
composition and molecular mechanisms including cell 
permeability in the organisms (Guardabassi and 
Dalsgaard, 2002; Kummerer, 2004). This could possibly 
explain why resistance to ofloxacin and ciprofloxacin in 
our study was seen only among Bacillus species and 
Alcaligens species respectively. It is therefore imperative 
to note that susceptibility of bacteria to antibiotics could 
be altered by the impact of environmental and human 
activities on such isolates. This possibly results in the 
development and selection of antibiotic resistant strains. 
This is a health risk as infections of such resistant strains 
are more difficult to treat. Heavy metals such as mercury 
can be mobilized into the food chain when they are 
methylated by bacteria under anaerobic conditions. 
 
 
Conclusion 
 
Evidence provided in this study indicated that high levels 
of antibiotic resistance were observed within sites with 
pronounced industrial and human activities. It showed 
that the presence of environmental pollutants in the New 
Calabar River might have contributed to the observed 
phenomenon. Observation of antibiotic resistance around 
areas with little or no indicators of pollution suggests that 
the expression of multiple antibiotic resistance property 
by bacteria is a function of several inter-related factors. 
These could mainly be due to intrinsic disposition of iso-
lates and environmental impacts. However, there is need 
for further studies in order to ascertain the underlying 
factors responsible for this trend within the New Calabar 
River. Thus, careful measures should be adopted with 
regards to the input of environmental pollutants, because  

 
 
 
 
their potential impact on the ecosystem may be much 
greater than its direct effect on human life. 
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