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Q BSTRACT

Understanding the components of pharmaceutical wastewaters and their potential risk as sources of pollution
when discharged into the environment is imminent for environmental and public health significance. This study was
aimed at evaluating untreated wastewaters from pharmaceutical industries in Nigeria. Results obtained showed that the
colors of the wastewaters were mostly turbid, few in brown and only one colorless sample; revealed high turbidity (16
- 999 NTU). The pH ranged from 2.9 to 9.2, whereas phosphate and nitrate levels were between the ranges of 0.0122-
15.66 mg/L and 0.18-87.02 mg/L respectively. Heavy metal analysis showed high levels of iron at 53.53 mg/L and 25.6
mg/L, with chromium at 7.190 mg/L. The BOD and COD were high for most of the wastewaters. Bacteria isolates were
detected in all samples with population ranging from 3.0 x 10* cfu/mL to 2.7 x 10** cfu/mL, while fungi was averaged at
7.0 x 105 cfu/mL and total coliform was between 2.6 x 10? to 2.7 x 107 cfu/mL. Although total susceptibility to gentamicin
and sulphamethozazole/trimethoprin was observed in isolates from two industries, there was an obviously high (20 -
100%) drug resistance among the bacteria tested. The most frequently resisted drugs were ampicillin, sulphamethozazole/
trimethoprin, cefuroxime, augumentin and clindamycin at values of 90.6%, 89.3%, 85,9%, 85.9% and 83.9% respectively;
while nitrofurantoin (36.9%) and chloramphenicol (32.2%) were the least resisted drugs. The discharge of wastewaters
without adequate treatment into aquatic environments could result in severe pollution, hence the need for proper treatment
to protect the ecosystem and public health is necessary.
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Agency, 1997).

Theintricate nature of the wastewateris obvious,
consisting of the combination of suspended solids,
nutrients, biodegradable organics, microorganisms,
heavy metals, refractory organics, salts, dissolved
inorganic solids together with active pharmaceutical
ingredients (APIs), most especially. These wastewaters
get into the environment by direct discharge or through
other ways such as seepage from landfills sites, sewer
lines and runoff from animal wastes. Although these
components undergo various physical and biological
processes in the aquatic ecosystem, however, they
constantly reveal the varying concentrations which

1. INTRODUCTION

The production process proceeding with cleaning
of equipment, pipes and floors in pharmaceutical
industries usually results in generation of wastewater.
The quantity of wastewater generally depends upon the
industrial scale and process involved (Venkatappa et
al., 2012; Idris et al., 2013; Patneedi and Prasadu, 2015;
Bhatti et al., 2017). The 1990 survey conducted by U.S
EPA (Environmental Protection Agency) consisting of
244 chemical facilities estimated that the average daily
wastewater generation by pharmaceutical industries is
about 266 million gallons (Environmental Protection
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are still being detected in the environment. The
content of the wastewater, and in some instances, their
metabolites, poses high risk to aquatic life and public
health (Fakorede et al., 2013; Patneedi and Prasadu,
2015; Guo et al., 2017).

Concerns over the increasing role of
environmental microbes as potential reservoirs
of antibiotic resistance genes are rising recently,
with a high possibility of transferring these genes
to pathogens (Agwu, 2013; Yakubu, 2017). Hence,
considering the amount of antibiotics usually present
in pharmaceutical wastes, there is the danger of
occurrence of drug resistance among the microbes
in the waste, and their subsequent release to natural
water bodies. The discharge of wastewater into the
environment without proper pre-treatment to remove
pharmaceuticals may lead to contamination of water
sources, particularly drinking water. Wastewater is
usually generated daily, so proper disposal should be
regulated by the government regulatory authorities
in order to protect public health. Developed countries
may be exploring new technologies in treatment plants,
such as flocculation, ozonation, advanced oxidation,
membrane filtration and photocatalysis to improve
treatment of pharmaceutical wastes (Packer et al.,
2003; Larsen et al., 2004; Zuccato et al., 2006; Placide
et al., 2016). However, most developing countries such
as Nigeria are yet to scrutinize the wastewater from

3"300"E 3"400E
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treatment plants before releasing into the lakes and
rivers (Ngwuluka et al., 2011). For that reason, this
study was aimed at assessing the level of physical and
chemical pollutants of environmental significance,
as well as characterising the bacteria with antibiotic
resistance in pharmaceutical wastewaters from South-
Western, Nigeria.

2. MATERIALS AND METHODS

2.1. Description of study area

This study was conducted in Lagos and Ogun states in
the South-Western part of Nigeria where most of the
pharmaceutical industries are located. The industry
samples were selected taking into due consideration
that the wastewaters are untreated, and these are
discharged directly into the environment, such that
the contaminants and the pollution dynamics of the
wastewaters seep into habitats of plants, animals as
well as human ecosystems (Figure 1).

2.2. Sampling design and operation
Ten pharmaceuticals industries were selected

randomly for sampling, of which four were from Lagos
and six were from Ogun states.Wastewater discharged
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Figure 1. Map of Lagos and Ogun states showing sampling locations of wastewaters from pharmaceutical

industries in South-western Nigeria
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from the product manufacturing division at the
time of sampling were not taken into consideration.
Untreated wastewater samples (n=30) were collected
from discharge points directly into 1.5 L sterile plastic
bottles, preserved in cold storage and immediately
taken to the laboratory for routine physico-chemical
and microbiological analysis. Sampling period was 18
months; April, 2011 to October, 2012. The industries
are producers of antibiotics, e.g. ciprofloxacin and
cotrimoxazole; analgesic agents, cough syrups and a
few other healthcare products.

2.3. Physico-chemical Analysis

The following physicochemical parameters were
done in the analytical laboratory of the department of
chemistry, University of Lagos, Nigeria.

2.3.1. Physical parameters

Colour, temperature, electrical conductivity, pH,
turbidity (ftu), total suspended solids (TSS), total
dissolved solids (TDS), and total solids (TS) were
analyzed using standard methods (AOAC, 1990).

2.3.2. Chemical parameters

Chloride (mg/L), salinity (%), total alkalinity (mg/L),
total acidity (mg/L), total hardness (mg/L) and oil
and grease (mg/L) were analyzed using the titrimetric
method (AOAC, 1990).

2.3.3. Environmental parameters

Dissolved oxygen (DO), biochemical oxygen demand
(BOD), chemical oxygen demand (COD) using Winklers
method (Alsterberg) (Helm et al., 2012; Hassaan, 2016;
Manyuchin et al., 2018).

2.3.4. Nutrient composition

The nutrient composition of the water samples was
analyzed using standard chemical methods using
the spectrophotometer (model spectronic 20°*) as
described by the standard analytical methods for
water and wastewater (Rice et al., 2012). The following
nutrients are analyzed ; nitrite (mg/L), nitrate (mg/L,
phosphorous (mg/L), sulphate (mg/L), potassium
(mg/L), magnesium (mg/L), calcium (mg/L) and
sodium (mg/L)

2.3.5. Heavy metal analysis

Water samples were digested by an oxidizing acid and
the digests were analysed using appropriate lamps of
flame atomic absorption spectrophotometer (AAS;

model: Analyst 200 Perkins Elmer) (Campbell and
Ingram, 2014). The heavy metals analyzed include:
cadmium (mg/L), manganese (mg/L), zinc (mg/L),
copper (mg/L), lead (mg/L), iron (mg/L) and
chromium (mg/L).

2.4. Microbiological analysis: enumeration
and isolation of microorganism

The standard ten-fold serial dilution of the wastewater
sample was carried out and aliquots of the lower,
middle and high dilutions were inoculated in
duplicates into already prepared plates of Nutrient
Agar (Biotec; UK) for bacteria; Potato Dextrose agar
for fungi and MacConkey agar for total coliform.
These were incubated aerobically at 37°C for 18-24 h
for the overall bacteria count. Colonies on plates were
observed and counted and the population density
estimated, bacterial colonies were picked according
to their cultural morphology on the plates and these
were streaked on new nutrient agar plates for pure
colonies (Nwachukwu and Apata, 2003; Forbes et al.,
2017). Gram staining was done to determine the Gram-
reaction of the bacterial isolates.

2.5. Antibiotic susceptibility tests

After proper purification of selected morphologically
different bacterial isolates, the isolates were grown on
nutrient broth (NB) at 37 °C for 24 h. A McFarland
standard of 0.5 was achieved with an overnight culture
in a tube and a sterile cotton wool swab dipped into the
bacterial suspension was streaked over the entire sterile
Mueller-Hinton agar plates, streaking was repeated
two more times, rotating the plates approximately 60°
each time to ensure even distribution of inoculums.
As a final step, the rim of the agar is swabbed. The
inoculated plates were allowed to dry before placing
the diffusion discs containing antibiotics. Susceptibility
of the isolates to 13 types of antibiotics was performed
using the standard Kirby-Bauer method as described
(Robert et al.,, 2009). Commercially available discs
(Oxoid and Abtek, UK) containing ampicilline (AMP10),
gentamycine (GEN10), ciprofloxacine (CPRj5),
ofloxacine (OFL5), augumentine (AUG30), ceftazidime
(CAZ30), cefurozime (CRX30) and nitirofurantoin
(NIT300), erythromycin (E15); clindamycin (DA2);
nalidizic acid (NA30); chloramphenicol (C30);
sulphamethozazole/trimethoprin (SXT25) were placed
on the surface of the agar plates and incubated at 37
°C for 24 h. The diameters of inhibition zones formed
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Table 1. Physical parameters of wastewater samples from ten pharmaceutical industries in Lagos and Ogun

state environs of South-Western Nigeria

Parameter FDO WTO |NGO |SVL NTL MCL RGL DFO FAO UNO
Colour Turbid |Brown | Tea |Turbid | Colourless | Brown | Turbid | Turbid | Turbid | Turbid
pH {6-9} 5.1 8 3.5 5.1 6.2 5.1 9.2 2.9 3.1 5
Conductivity

(uS/cm) {500} | 411.3 419.4 |368.8 | 363 364.1 2997.8 | 760 359 674.6 | 320
Turbidity

(NTU) {o} 122 648 457 | 217 0 999 20 181 65 16
TSS (mg/L)

{30} 570 2270 |3250 1220 |O 73090 200 960 250 ND
TDS (mg/L)

{2000} 720 1040 |1230 |260 500 22780 380 1030 840 160
TS (mg/L) 1290 3310 |4480 |1480 |500 95870 ND |1990 1090 |ND
Salinity

(g/L) {o} 288.3 |290.7 |273.9 |273.7 |273.7 1064 ND 272.5 [367.8 |0
Alkalinity

(mg/L) {50} 63.6 2650 |45.8 |64.6 84.8 2250 86 NIL 42.4 ND
Hardness

(mg/L) {120} |630 9760 | 6840 |5400 |90 11160 400 540 6080 |180

TSS, Total suspended solids; TDS, Total dissolved solids; TS, Total solids; {}: Environmental Protection Agency (EPA) standard limits

for wastewater

surrounding each isolate were measured including
the diameter of the discs. Results were expressed as
susceptible (21 mm); intermediate (16 to 20 mm) or
resistant (<15 mm) following a standard range (Liasi et
al., 2009). Escherichia coli and Bacillus subtilis served
as control strains for these assays.

2.6. Frequency of antibiotic resistance

A descriptive chart obtained from GraphPad Prism
(5.0 version) from windows 8.1 operating system were
used to analyze the data for the frequency of antibiotic
resistance of the bacterial isolates.

3 . RESULTS AND DISCUSSION

The environmental impact of the physical, chemical
and microbiological characteristics of wastewaters
from pharmaceutical industries disposed into receiving
water bodies is crucial and need to be evaluated for
public health significance. The present study assessed
these parameters in the pharmaceutical wastewaters
from South-Western Nigeria.

3.1. Physico-chemical analysis

3.1.1. Physical parameters

The physical parameters of the wastewater samples
from ten pharmaceutical industries in Lagos and Ogun
state environs of South-Western Nigeria is depicted in
Table 1. The colour of these wastewaters were either
turbid or brown with exception that one (NTL) was
colourless. The conductivity values were within the
limit value (500 pS/cm), however, two industries
(RGL and FAO) had slightly higher values while MCL
had recorded very high value of 2997.8 uS/cm. Aside
the wastewater from NTL which had zero turbidity, all
the other samples had high turbidity value. A similar
result was also noted for total suspended solids, while
there were none detected in the samples from NTL
and UNO, other samples had very high values (200
— 73,000 mg/L) beyond the EPA limits. The total
dissolved solid values observed in most of the samples
were within the acceptable limit (2000 mg/L) except
for the sample from MCL which had 22780 mg/L.
Total Solids was not detected in two samples (RGL and
UNO) meanwhile the value noted in the other samples
ranged between 500 and 95870 mg/L. Suspended
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solids are the major physical pollutants as they
cause turbidity, reduce light penetration and hence
hinder photosynthesis (Lester and Birkett, 2018).
They are also associated with dramatic change in the
concentrations of the water-quality variables (Yang
et al., 2017). According to Placide et al. (2016), total
suspended solids signify the total organic and inorganic
particles in the wastewaters, and after observing low
values (< 50 mg/L) in wastewaters from the teaching
hospital of Treichville, they proposed that most of the
pollutants were soluble. On the contrary, high values
(= 200mg/L) were encountered in almost all the
wastewaters in this study, suggesting that most of the
pollutants are non-soluble. It is also noteworthy that
high concentration of total soluble solids also resulted
in reduction of oxygen in the water sample (Agwu,
2013). Furthermore, Singal and Kaur (2018) had noted
that untreated effluent containing loads of suspended
substances appear cloudy and exhibits either very
high or low pH values. The pH of most of the samples
tends towards acidic (pH 2.9 — 5.1), while a few had pH
between 6 and 9 which are within the EPA acceptable
limit for effluent discharge. Aquatic organisms are
naturally adapted to pH values of between 6 and 8;
hence any considerable change will affect their lives.
Aside direct effect of pH values to living organisms
in the environment, they also exert secondary effect
by influencing other environmental components. For
instance, the solubility and toxicity of heavy metals
tend to increase at acidic media (Lester and Birkett,
2018). This suggests that the possible impact these
wastewaters will have when they enter natural water
bodies could be enormous and this is worrisome.

3.1.2. Chemical parameters

Parameters for the chemical attributes of the
wastewaters are shown in Table 2; the level of chloride
was higher than the stipulated limit of 600 mg/L, only
in sample from MCL; the other samples had values
ranging from o to 274.9 mg/L which were within the
acceptable concentrations in all wastewaters except in
one sample (MCL) at 2281 mg/L. This element is also
known to occur in a variety of concentrations in natural
water and is usually influenced by the dissolution of
salts deposits and discharge of untreated wastewaters
from chemical industries. It becomes injurious to
human health when high concentrations are present
particularly in drinking water (Venkatappa et al., 2012;
Bhatti et al. 2017). The alkalinity of four samples (NGO,
DFO, FAO and UNO) was within acceptable value
while the other six samples were above the 50 mg/L.
The alkalinity is used to support water quality metrics

for additional chemical and biological parameters
which is an important task for water quality regulators
(Tappin et al., 2018). The salinity of two samples was
at zero but the other samples had very high salinity
values (273.7 - 1064 g/L). Rusydi (2018) reported
that conductivity and total dissolved solids are water
quality parameters which are used to describe salinity
level. The value obtained for hardness ranged between
90 and 11160 mg/L and only the sample from NTL was
below the acceptable limit of 120 mg/L. Hard water is
classified based on the Ca?* and Mg?* ion concentration
in the water as follows: 0-60 mg/L soft; 61-120 mg/L
as moderately hard; 121-180 mg/L as hard and more
than 180 mg/L as very hard water. Most water utilities
consider a hardness level between 50 and 150 mg/L
CaCO3 as publicly accepted (Ahn et al., 2018). Oil
and grease were absent from most of the wastewater
samples and reasonably low (0.1 and 1.56 mg/L) in the
two samples where they were detected. Oily wastewater
pollution is manifested in affecting drinking water
and ground water resources, endangering human
health, causing atmospheric pollution, affecting crop
production and destruction of the natural landscape
(Yu et al., 2017).

3.1.3. Environmental parameters

Dissolved Oxygen (DO) was not detected in five of
the ten samples tested, the other five samples showed
between 2.2 and 7.6 mg/L. The BOD of two samples
(NTL and UNO) was below the acceptable limit while
the other samples had very high values range of 56 to
976.5 mg/L. The COD of all the samples were between
72 and 8536.2 mg/L which was above the <1.0 mg/L
acceptable limit. Biological oxygen demand (BOD) and
Chemical oxygen demand (COD) are also recognized
as crucial pollution index for industrial wastewaters.
BOD measures the total amount of oxygen required
by bacteria for complete decomposition of organic
matters, while COD determines the oxygen needed for
oxidation of both available and inert organic matters
(Lokhande et al., 2011; Venkatappa et al., 2012; Rim-
Rukeh and Agbozu, 2013; Lee and Nikraz, 2014; Bhatti
et al., 2017; Singal and Kaur, 2018). A good percentage
(70%) of the samples tested in the present study had
very high levels of BOD and COD values, exceeding
recommended 50 mg/L. This further supports the
fact that these wastewater samples will be a source of
pollution to any receiving water body if not adequately
treated. In this study, considering the high levels of
BOD in most of these wastewaters, it was not surprising
to note that dissolved oxygen (DO) was either absent
or obviously low in most of wastewater samples. Since
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Table 2. Chemical parameters of wastewater samples from ten pharmaceutical industries in Lagos and Ogun

state environs of South-Western Nigeria

Parameters FDO WTO |NGO |SVL |NTL |MCL RGL | DFO FAO |UNO
Chloride (mg/L){600} 45.6 52.6 4.2 3.5 3.5 2281 96 NIL 274.9 | 66
Sulphate (mg/L){500} 41.9 20021 | 6.6 411 |19.7 |1237.5 |22.5 |23.3 |1354 |5
Phosphate (mg/L){5} 0.04 |0.09 |0.012 |0.622 4.952 15.66 |1.18 |0.13 |0.99 | 1.96
Nitrite (mg/L){1.0} 0.04 |0.24 |0.043 |0.025|0.045|0.21 |03 |0.04 |0.01 |0.01
Nitrate (mg/L){20} 6.96 17.4 3.494 |2.09 |2.44 |10.45 |3.48 87.02 |8.01 |0.18
Oil and grease (mg/L){10} \NIL. |NIL |NIL |NIL |NIL |NIL |156 |NIL |NIL |o.
DO (mg/L){4.0} NIL |NIL |NIL |7 76 |NIL |22 |NIL (4.8 |47
BOD (mg/L){50} 773.2 | 841.2 |536.1 |134.8 | 44.8 |976.5 |56 |668.4 |276.2 |36
COD (mg/L) {<1.0} 2704.2 | 3450.7 | 2816.4 | 224 |51.8 |8536.2 |100 |3080.4|403.2 |72
Calcium (mg/L){200} 0.846 1 0.824 |0.781 |0.668 | 0.794 | 8.61 280 |0.646 |0.791 | 120
Potassium (mg/L){200} | .088 |0.069 |0.061 |0.128 |0.076 | 0.88 |ND |0.088 |0.106 ND
Magnesium (mg/L){200} | .081 | 0.024 |0.046 |0.096 |0.058 |3.9 120 |0.061 |0.086 |60
Zinc (mg/L){<1} 0.034 |0.062 |0.044 |0.056 |0.066 |1.24 1.45 |0.041 |0.068 | 0.88
Copper (mg/L) {<1} ND 0.002 |0.302 |0.208 |0.153 |0.28 | 0.86 |0.048 |0.126 | 0.82
Lead (mg/L){<1} 0.1 0.011 |0.009 |[ND |0.061 |0.14 |0.12 |0.009 |0.014 |0.22
Chromium (mg/L){<1} ND ND ND 058 10459 |7.19 |ND |ND 0.719 | 0.31
Iron (mg/L){20} ND ND ND 0.293 | 0.074 |53.53 |25.6 [1.697 |ND |36.45

{}: Environmental Protection Agency (EPA) standard limits for wastewater

elevated BOD values consequently reduce the dissolved
oxygen as most of the available oxygen will be used by
the microbes (Al-Othman, 2015).

3.1.4. Nutrient composition

The concentrations of sulphate in eight wastewater
samples tested were evidently low and within the
limit; however two samples (WTO and MCL) had
very high concentrations of 2002.1 mg/L and 1237.5
mg/L, exceeding the limits. Likewise, the phosphate
concentrations were within the acceptable range
in most of the wastewater samples except for one
which had a considerable high value (15.66 mg/L).
Interestingly, Nitrite concentration was tolerable
in all the samples, meanwhile nitrate concentration
was over the acceptable limit in DFO (87.02 mg/L),
but the other samples had lower concentrations.

Nitrogen and phosphorus are usually used to evaluate
the nutrient status of wastewaters (Singal and Kaur,
2018). The concentrations of the nitrates, phosphates
and sulphates in the wastewater tested in this study
were within the acceptable limits although a few had
higher concentrations. In accordance with an earlier
report by James et al. (2014), they attributed the low
concentration of these compounds in pharmaceutical
wastewater to the absence or minimal concentration of
nitrates, phosphates and sulphates in the raw materials
used in drug production. Sulphate as a stable highly
oxidized soluble form of sulphur serves as an alternate
electron acceptor in oxygen depleted ecosystems
(Venkatappa et al., 2012).
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Figure 2. Frequency of antibiotic resistance of bacterial isolates from pharmaceutical wastewaters in south-
western Nigeria. (AMP10, ampicillin; CAZ30, ceftazidime; CRX30, cefuroxime; GEN10, gentamycin; CPR5,
ciprofloxacine; OFLj5, ofloxacine, AUG30, augumentine; NIT300, nitrofurantion, E15, erythromycin; DA2,
clindamycin; NA3o0, nalidizic acid; C30, chloramphenicol; SXT25, sulphamethozazole/trimethoprin).

3.1.5. Heavy metal analysis

Assessment of the metal components of the wastewater
samples revealed that the concentration of potassium,
zinc, copper and lead were below the acceptable limits.
However, a high concentration (280 mg/L) of calcium
was obtained in the sample from RGL. Also, MCL
sample exhibited elevated concentration of chromium.
On the other hand, iron concentrations of 53.53 mg/L,
25.6 mg/L and 36.45 mg/L observed in three samples
(MCL, DFO and UNO, respectively) were higher than
the acceptable limits. Although small amounts of
heavy metals are essential for metabolic processes in
living organisms, it is also pertinent to note that high
concentrations of these elements can be detrimental
(Singal and Kaur 2018). Therefore, determination of
their concentrations in wastewater prior to disposal is
also crucial. Interestingly, majority of the heavy metals
tested in this study were less than the acceptable limit
(< 1 mg/L). Nevertheless, the high concentrations
of chromium and iron in a few of the wastewater
samples require attention before discharge into the
environment.

Indeed, when natural ecosystems are exposed
to these multipart pharmaceutical wastes over a long
period of time, the inhabitants are impacted in diverse
ways including acute and chronic damages, behavioral
changes, accumulation of toxic components in tissues,
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reproductive damages and cell multiplication inhibition
(Patneedi and Prasadu, 2015; Placide et al., 2016 ).

3.2. Microbiological analysis: Microbial
population and morphological
characterization

Bacterial isolates were present in all the wastewater
sample tested (Table 3). However, the population
density ranged between 3.6 x 104 and 2.7 x10* cfu/mL,
with the highest value observed in UNO. Contrary to
the bacterial occurrence in the wastewater samples,
fungi were not detected in two samples (NTL and
RGL). Meanwhile the population noted in the other
samples were in the range of 1 x 103 to 6.3 x 10° cfu/
mL. Similarly, coliform bacteria were not detected in
three samples (FDO, FAO and UNO) while an average
of 3.07 x 10° cfu/mL was observed in the other seven
wastewater samples. Morphological characterization
of bacterial isolates on plates showed that they were
mostly roundish, transparent and opaque, milky in
colour, raised or flat, and smooth on the surface. To be
precise, 145 bacteria were isolated, of which 121 were
bacilli of tiny, short, long and slender rods; 21 were
cocci of various sizes and 3 were coccobacilli.

The bacterial counts corresponded with
the counts earlier reported for the pharmaceutical
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Table 3. Population of bacteria, fungi and total coliform in ten pharmaceutical wastewaters from Lagos and

Ogun state environs of South-Western Nigeria

Pharmaceutical Industry | Bacterial (cfu/mL) | Fungi (cfu/mL) | Total coliform (cfu/mL)
FDO 3.0 X 10* 2.0 X103 ND
NGO 2.8 x 107 6.3 x 10° 2.7 X 107
WTO 1.1x 108 1.0 X 10° 2.6 X 102
SVL 8.0x10* 1x103 1.2 X 10°
NTL 1.4 x 108 ND 5.1X 102
MCL 3.8x 107 1.4 X10° 4.4 X105
RGL 6.0 x 10° ND 3.1x10°
DFO 1.2 X 10° 4.0 X 105 5.3x103
FAO 3.6 x 104 1.0 X 10° ND
UNO 2.7 X10* 4.8 x104 ND

ND = not detected

Table 4. Percentage (%) values in antibiotic resistance of bacteria from ten pharmaceutical wastewaters

discharged into the environs in South-Western Nigeria

Antibiotics | FDO NGO |WTO |SVL NTL MCL RGL DFO UNO |FAO
AMP10 77.78 8o 83.33 |97.71 8o 100 87.5 93.75 |81.82 |100
CAZ30 77-78 75 75 80 90 75 87.5 68.75 |72.73 |84.62
CRX30 77-78 70 83.33 /9429 |90 87.5 87.5 93.75 |72.73 | 84.62
GEN10 0 40 41.67 |51.43 |70 12.5 50 56.25 |18.18 23.08
CPR5 11.11 20 33.33 |82.86 |70 43.75 | 62.5 25 36.36 |30.77
OFLs 11.11 35 41.67 |82.86 |80 37.5 75 25 36.36 | 23.08
AUG 66.67 |80 83.33 |94.29 |90 93.75 | 87.5 87.5 81.82 |69.23
NIT300 22,22 |20 41.67 |28.57 |80 37.5 75 50 27.27 | 23.08
E 15 11.11 35 66.67 |57.14 70 31.25 |25 62.5 27.27 |15.38
DA2 77.78 90 66.67 |88.57 |80 75 87.5 87.5 72.73 |92.31
NA30 33.33 65 50 71.43 90 50 50 50 36.36 | 23.08
C3o 0 30 41.67 |68.57 |60 25 12.5 43.75 |0 7.69
SXT25 100 90 91.67 |88.57 |90 87.5 87.5 93.75 |72.73 |84.62

AMP10, ampicillin; CAZ30, ceftazidime; CRX30, cefuroxime; GEN10, gentamycin; CPR5, ciprofloxacine; OFL5, ofloxacine, AUG30,
augumentine; NIT300, nitrofurantion, E15, erythromycin; DA2, clindamycin; NA3o, nalidizic acid; C30, chloramphenicol; SXT25,

sulphamethozazole/trimethoprin

wastewater (Lateef, 2014) and brewery wastewater
(Fakorede et al., 2013). Also, the total coliform counts
were comparable to the counts from a hospital effluent
asreported by Placide et al. (2016). The high occurrence
of microbes in these wastewaters is expected; owing to
the high level of nutrients present, the heterotrophic
nature of most microorganisms makes it possible for
them to utilize the organic matter in the wastewater and
subsequently proliferate profusely. Furthermore, the
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observed physical parameters such as pH were within
the range for microbial survival. The occurrence of
total coliforms in some of the wastewater samples also
indicated fecal contamination of the samples. These
groups of bacteria are normal flora of human intestinal
organs hence it might be possible that contamination
occurred during production processes by personnel, as
a result of poor sanitary and handling techniques.
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3.3. Antibiotic susceptibility of bacterial
isolates from the different wastewaters

The bacterial isolates from the different pharmaceutical
wastewaters exhibited different levels of resistance
to the 13 antibiotics tested (Table 4). A total of 145
bacterial isolates from the 10 wastewater samples
were used for antibiotic  susceptibility studies.
Antibiotic resistance for all bacterial isolates for
possible detection of antibiotic resistant bacteria
(ARB), were analyzed for each wastewater. All the
isolates from FDO were susceptible to gentamycin
and chloramphenicol, nevertheless they were all
resistant to sulphamethozazole/trimethoprin with
about 11 to 78% resistant to the other antibiotics. A
total susceptibility to chloramphenicol was also noted
in isolates from UNO, while a reasonable percentage
of them (27 — 82%) resisted the other antibiotics.
An outstanding percentage resistance (60=90%) to
all the tested antibiotics was observed in the isolates
from NTL. The percentage susceptibility value of the
isolates from the other pharmaceutical wastewaters
that were resistant to the antibiotics ranged from
low (< 30%) to moderate (30 > 50%) and very high
(55 = 100%). Bacterial antibiotic resistance was high
for most drugs tested in this study. The resistance to
ampicillin was most prominent and it is noteworthy
that Agwu (2013) had reported high resistance of this
drug among heterotrophic bacteria from Lagos lagoon
surface water. Indeed, resistance to beta lactam class
of antibiotics to which ampicillin belongs to, has been
frequently noted and attributed to the ability of many
bacterial species, due to their production of the beta
lactamase enzyme which destroys the beta lactam ring
of the drug. Besides, there are other basic mechanisms
of resistance which involve inactivation, the creation
of substitute metabolic pathways, impermeability of
cytoplasmic membranes, alteration in the target site
and drug modification. However, inherent resistance
could also be a possibility and sometimes combination
of mechanisms of resistance such as impermeability
and efflux (Weldhagen et al. 2003; Al Naiemi et al.,
2006; Ong et al.,, 2011). The bacteria isolated by
Lateef (2014) from pharmaceutical effluents showed
higher resistance (76%) to nitrofurantoin compared
to 36.9% resistance noted by the isolates of this study.
Nevertheless, the percentage resistances (55.7% and
52%) to nalidixic acid in the isolates from the two
studies were similar. Considering that some of the
pharmaceutical industries were producing antibiotics
during the period of wastewater collection, it is obvious
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that residues of these antibiotics will remain in the
wastewater as reported in previous studies (Bhatti et
al., 2017; Obayiuwana et al., 2018). Li et al. (2010)
had also implied widespread of tetracycline and other
antibiotic resistance gene in effluent receiving water
is due to the selective pressure exerted by elevated
concentration of oxytetracycline from the production
plant. Furthermore, Yakubu (2017) had noted that
antibiotics form a substantial component of active
pharmaceutical ingredients (API) found in the
environment, and various concentrations have been
detected in industrial effluents.

3.4. Frequency of antibiotic resistance

The frequency at which the isolates in this study
resisted the thirteen antibiotics tested, is depicted in
Figure 2 utilizing the GraphPad statistical tool. The
highest percentage of resistance (90.6%) was observed
for ampicillin, followed by 89.3%, 85.9%, 85.9%
and 83.9% for sulphamethozazole/trimethoprin,
cefuroxime, augmentin, clindamycin respectively. On
the other hand, the percentage resistance of bacterial
isolates to the other antibiotics ranged between 36.2%
to 55.7%. According to Hancock (1998), selective
pressure such as antibiotic contact results in observable
change in genotype because of exposure of the strains
to a set of inducing conditions. These resistant strains
might have resistance gene coded in the R plasmid or
coded in the transposon (Herwig et al., 1997). Plasmids
play a major role in microbial ecology and evolution
as vehicles of lateral gene transfer and reservoirs of
accessory gene functions in microbial populations
(Wein et al., 2019). The R plasmid can transfer genetic
material among different species through conjugation
and transformation processes. Hence, when these
wastewaters are discharged into water bodies, these
resistance genes can be disseminated in nature and
transferred to pathogenic counterparts of bacterial
species by genetic mobile elements, this will further
increase difficulty in the treatment of infections
(Wellington et al., 2013). Thus, there is need for
effective treatment of the drug wastewaters before they
are discharge into the environment.

This preliminary study has been able to establish
the fact that the wastewaters from pharmaceutical
industries in Nigeria were polluted and the bacterial
isolates showed resistance to antibiotics. There is also
a possibility of co-resistance of these heavy metals and
antibiotics in the bacterial isolates of this study which
could have also contributed to the development of
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multidrug-resistance in microorganisms, even in the
absence of antibiotics. It has been shown that continued
exposure of microorganism to chromium in industries
might contribute to the development of multidrug-
resistance in microorganisms even in the absence of
antibiotics (Mahmud et al., 2015). Also, it has been
observed during a study on the role of intracellular
iron in antibiotic-induced mutagenesis by Mehi et
al. (2014) that iron uptake, storage, and metabolism
have a key role in stress-induced mutagenesis during
antibiotic stress in E. coli K-12. The development of
future antimicrobial strategies was suggested, through
binding unincorporated free iron. Iron chelators can
slow down the development of resistance, i.e. targeting
bacterial iron uptake and iron metabolism using novel
compounds, as iron appears to be critical for both
bacterial growth and mutagenesis (Mehi et al., 2014).
Microorganisms are capable of adapting rapidly to
heavy metal toxicity mostly by gaining mutations,
by nonspecific adsorption phenomenon or by the
spreading of the resistance factor (R-factor). Thus,
future research will disclose the possible mechanism
underlying the existence of such dual resistance, and
also its impact on public health as well as the identity
of the species of all the isolates, using the most widely
known method; genetic techniques such as the 16S
rRNA gene analysis for phylogenetic study.

4. CONCLUSIONS

Through this study, the pollution levels in various
pharmaceutical wastewaters were evaluated using
number of the physicochemical parameters, and the
resultsrevealed an elevated microbialload and presence
of total coliforms, indicating fecal contamination of
some wastewaters. Although high levels of chloride,
sulphate, phosphate and nitrates were detected in at
least one of the samples tested, most of these were within
the prescribed limit for most of the samples. However,
BOD and COD values detected were very high; iron
levels in some of the samples were also high, as well
as chromium in a sample. In addition, the frequencies
of antibiotic resistance of the bacterial isolates from
the industrial wastewater samples were enormous,
ranging from 83.9% to 90.6% for clindamycin and
ampicillin. Analyzing the antibiotic resistance profile
and detected heavy metals, one could attribute the
high levels of antibiotic resistance of bacteria from
few wastewaters to de due to the heightening of iron
in the wastewaters as observed in MCL and RGL. In
addition to selective pressure in antibiotic resistance
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acquisition, this data further supports the role of iron
in bacterial resistance from the wastewaters; revealing
the fact that targeting iron acquisition could be a novel
approach to explore for future antimicrobial drug
development. Inappropriate disposal of chromium or
chromium containing by-product into the environment
causes severe pollution and these call for serious
environmental and public health concerns. This study
further affirms that pharmaceutical wastewaters are
complex in nature with both organic and inorganic,
and biological pollutants.
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