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INTRODUCTION 
 
The rapid increase in human population and urbanization causes 
various freshwater habitats were exposed to anthropogenic 
distresses leading to aquatic eutrophication[1]. Plankton 
composition is a vital tool to assess the ecological reliability of 
aquatic habitats for fish growth and productivity [2]. The free-
floating microscopic plants known as Phytoplankton make up the 
photoautotrophic component of the plankton community and 
form the major primary producer of organic carbon in the pelagic 
zone of the seas and of inland waters [3]. They are the base of the 
food chain in open water bodies and also provide food for 
organisms that are higher in the trophic levels [4,5]. 
Phytoplankton play a critical role in primary production, nutrient 
cycling and food web, and are used in assessing the degree of 
pollution or as indicators of Pollution of different water bodies 
due to their very sensitive nature and response to changes in their 

environment [6–8]. In a fresh water bodies changes in 
phytoplankton community can result in changes in the fish 
production and the entire productivity of water, because once the 
community of plankton change by the effects of pollutants; the 
structure, stability and function of ecological system can be 
changed as well. The phytoplankton population of freshwater 
response to parameters like temperature, dissolved oxygen, pH 
and nutrient concentration of the medium and these parameters 
are influence by the inflow of effluents, sewage and 
decomposition of waste materials [9]. 
 

River Rido like other freshwater bodies is a very important 
water resource and is used for both domestic and industrial 
purposes. These include drinking, irrigation, fishing, laundry, 
bathing, and processes of industrial activities. However, the 
discharge of industrial effluent into water bodies is one of the 
main causes of environmental pollution which leads to 
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 ABSTRACT 
The effects of effluent discharged from Kaduna Refining and Petrochemical Corporations 
(KRPC) on the Phytoplankton species distribution and abundance was studied along river Rido 
for a period of twelve months from February 2013 to January 2014. A total of Ninety-three (93) 
species of phytoplankton distributed in five divisions were recorded from four different study 
stations (A, B, C and D) along the river. Random sequential sampling was employed for selecting 
a sampling station. Physicochemical parameters were determined in accordance with the standard 
procedure for wastewater assessment guidelines of American Public Health Association (APHA). 
Phytoplankton identification was done using appropriate reference materials. The phytoplankton 
community was dominated by Bacillariophyta9 constituting 78.98% with 41 species, followed 
by Chlorophyta (6.67%) having 25 species, and then Cyanophyta (6.46%) having 12 species, 
while 10 species of Dinophyta and 5 species of Euglenophyta constituting 5.42% and 2.49% 
respectively were observed. The results from the study revealed low density of phytoplankton in 
station B, while high density of phytoplankton was observed in stations A and D. The 
physicochemical parameters showed both seasonal and spatial variations. Values of some 
parameters studied were observed to be above Federal Environmental Protection Agency (FEPA) 
limits at station B. Thus, effluent from KRPC is a source of contamination of water quality and 
adversely affects phytoplankton community along river Rido. Therefore, effluent retention 
facility should be established for long term treatment of effluent before discharge into the river. 
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environmental degradation in many communities especially in 
developing countries [10] and thus put stress on the aquatic biota. 
Refinery and petrochemical effluents are characterized by the 
presence of large quantity of polycyclic and aromatic 
hydrocarbons (PAH), phenols, metal derivatives, sulphides, 
surface active substances, napthalylenic acids and other 
chemicals [11].  
 

The content of the effluents have been classified as 
detrimental to public health, especially where they contain 
petroleum components such as aliphatic hydrocarbons, heavy 
metals and polycyclic aromatic hydrocarbon (PAH) [12,13]. 
Akpan and Offem [14] observed that decrease in productivity of 
most inland wetlands of the Niger Delta region has been 
attributed to poor water quality cause by anthropogenic inputs 
from neighboring communities and oil industries. Achudume 
[15] reported that fish and aquatic life were absent at the site of 
effluent discharge from Warri refinery and petrochemical 
company (WRPC) and at each site downstream to Ubeji River. 
Kemdirim [16] observed that Kaduna Refining and 
Petrochemical effluent has negative effect on reduction of the 
chlorophyll ‘a’ and the gross primary productivity particularly at 
the point of effluent discharge compare to other points 
downstream along river Rido.  
 

The physico-chemical study of water could also help in 
understanding of the structure and function of a particular water 
body in relation to its inhabitant [17]. Lekwot et al. [10] reported 
that the physicochemical parameters measured in river Romi 
were higher than the acceptable limit set by National Standard of 
Nigeria and World Health Organization as a result of 
contaminants from the effluent discharged into the river. The 
present study was therefore aim at assessing the effect of effluent 
discharge by the Kaduna Refining and Petrochemical 
Corporation (KRPC) on the phytoplankton species abundance 
and distribution along river Rido, and its effects on the 
physicochemical factors which have great influence on the biotic 
community including phytoplankton in an aquatic ecosystem. 
 
MATERIALS AND METHODS 
 
Study Area 
The study was conducted along river Rido (figure 1), located in 
Chikun Local Government Area, the outskirts of southern part of 
Kaduna metropolis, Kaduna state in the North-Western Nigeria. 
It is located on latitude 100 35’N and longitude 070 28’E of the 
equator. Kaduna state experiences two (2) distinct seasons, dry 
and wet seasons. River Rido has its origin from Kujama and 
stretched about 16km, passes through many communities and 
runs behind the Kaduna Refining and Petrochemical Corporation 
and eventually empties into River Kaduna.  
 
Sampling sites 
Random sequential sampling was employed for selecting a 
sampling stations. Four sampling stations (station A, B, C, and 
D), were selected for the purpose of this study as follow: 

 
Station A: this is located upstream of the river after Rido 

town before Kaduna Refining and Petrochemicals Corporation. 
At that point, the river is deep and moves moderately without 
much speed and is shaded with few riparian trees. Station A was 
taken as the control point for the study, due to its clear nature and 
has no contact with the effluent.  

Station B: this is located at the point of discharge of Kaduna 
Refining and Petrochemical effluent into River Rido. The water 
is shallow, fast moving, and turbid with surface oil on the water 
and the area is shaded with trees. 

Station C: is the point downstream about 2 km away from 
the point of discharge of Kaduna Refining and Petrochemical 
Cooperation effluent. The water at this point is shallow, open and 
fast moving. 

Station D: this is the point about 4 km downstream of the 
river about 4 km farther away from the point of effluent discharge 
into the river. At that point, the river is deep, open and moves 
slowly. 

 

 
 

Fig. 1. Four Sampling stations (A, B, C and D) along the river Rido 
Kaduna State, Nigeria. 

 
Water sampling 
Samples of water were collected early between 8am to 11am at 
each sampling station once monthly for a period of 12 months 
from February 2013 to January 2014 and analyzed for 
physicochemical parameters. A clean 4 L container was used to 
collect the water sample by lowering it into the river subsurface. 
Glass bottles were used to collect water samples for trace metals 
analysis. After labeling, the bottles and jerry cans of the water 
samples were put inside plastic containers and transported to the 
Department of Biological Sciences Laboratory, Nigerian Defense 
Academy (NDA) Kaduna for physicochemical parameters 
analysis using the methods of [18] and American Public Health 
Association APHA [19] guidelines. 

 
Determination of Physicochemical parameters 
Physico-chemical parameters were determined in accordance 
with the standard procedure for waste water assessment 
guidelines[19]. Temperature and pH were measured with Micro-
computer pH meter (HI8424 HANNA instrument). Depth of the 
water was measured with a string tight to a heavy load and 
lowered into the water. Transparency was measured with black 
and white Secchi disc. Conductivity and Total Dissolved Solid 
(TDS) were determined with PHOX 52 combined Conductivity 
and TDS meter insitu, while Dissolved Oxygen (DO) was 
measured with Jenway 970 Model waterproof DO meter. 
Biochemical Oxygen Demand (BOD) was determined by taking 
differences between initial and final DO after incubation for five 
(5) days. Chemical Oxygen Demand (COD) was obtained by 
reflux digestion and titrimetric method (APHA 1998). 
Spectrophotometer (DR2010 model) was used in determination 
of Sulphate, Nitrite, Phosphate, Chloride, and Magnesium. Oil & 
Grease was determined n-Hexane gravimetric method. Trace 
metals including Copper, Zinc, Lead (Pb), Nickel (Ni), and Iron 
(Fe), were determined, after nitric acid (NHO3) digestion of the 
samples, using Atomic Absorption Spectrophotometer (AAS) in 
line with standard procedure [19]. 

 
Plankton sampling  
The Phytoplankton samples were collected by filtering 100 L of 
water through the 25 µm mesh size plankton net attached to a 
specimen bottle at the bottom with a ring opening of 10 cm 
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diameter at each sample station. Water was scooped 10 times 
from the euphotic zone of the river with 10 L plastic bucket and 
poured through the wide mouth opening of the plankton net held 
above the surface of the river. The net was shaken gently and 
sprayed from outside with tap water to concentrate the organisms 
at the bottom of the container. The plankton sample in the test 
tube was then transferred into 50 mL specimen bottles and 
preserved by adding 2-3 drops of lugols iodine and closed tightly 
[20,21].  
 

All the plankton samples were placed inside black nylon 
container and transported to the Microbiology Laboratory of the 
Department of Biological Sciences, Nigeria Defense Academy 
Kaduna, where they were preserved. The samples were 
transferred into test tube for sedimentation. The test tubes were 
covered with cover slip and arranged on a rack, and labeled 
accordingly. The rack was placed on a vibration free surface in 
the dark cupboard and allowed to stay over a period of 24-48hrs. 
After then, the supernatant from each plankton sample in the test 
tube was decanted and the concentrated plankton samples were 
transferred into a 10 mL specimen bottle. Distilled water was 
added up to the plankton sample to make up to 10 mL 
suspension[22,23]. The prepared slides were separately mounted 
on low and high-power compound microscope (Olympus Japan) 
and viewed using 10X, 40X, 100X and 200X magnifications. 
Standard keys and monograph [24–28] were used for 
identification of the phytoplankton species. 
 
Statistical Analysis 
The physico-chemical and biological data generated were 
subjected to both descriptive and inferential statistical analysis. 
SPSS version 2010 was employed for the data analysis.  
 
 
RESULTS AND DISCUSSION 
 
Physico-chemical parameters in river Rido 
Table 1 shows the mean values of physico-chemical parameters 
at stations A, B, C and D in river Rido. The highest average depth 
of 81.07cm was recorded in station A while average lowest depth 
of 39.78cm was recorded in station B. The highest mean value of 
temperature of 30.88 oC was recorded in station B and lowest 
value (24.22 oC) was recorded in station A. The temperature 
values in all the stations were within permissible limits provided 
by FEPA and WHO. There was not much variation in mean 
values of pH in all the stations. The pH ranged between 7.19 in 
station C and 7.74 in station D. The mean value of Dissolved 
Oxygen (DO) observed was low (4.77 mg/L) and was recorded 
in station B, while the highest mean value of DO was observed 
in station A (6.21 mg/L). The mean values of Biochemical 
Oxygen Demand (BOD) did not show any variation among the 
study stations and ranged between 3.01 mg/L in station A and 
3.77 mg/L in station C.  
 

The mean average Chemical Oxygen Demand (COD) 
values were very low in all the stations and ranged between 0.02 
mg/L recorded in station D and 0.314 mg/L obtained in station 
A. The mean value of Alkalinity was highest (40.29 mg/L) in 
station B and lowest (24.921 mg/L) in station A. The average 
mean values of Total Dissolved Solids (TDS) ranged between 
43.75 mg/L obtained in station A and 224.17 mg/L obtained in 
station B.  

 
 
 
 

The mean conductivity was higher in station B (334.5 mg/L) 
and was above permissible limits of FEPA and WHO and the 
lowest value 63.08 mg/L was recorded in station A. The mean 
value of transparency was highest (30.08 cm) in station A while 
it was lowest (12 cm) in station B. The highest mean value of 
Sulphate was recorded in station B (41.92 mg/L) and lowest 
value (8.78 mg/L) was recorded in station A. The mean values of 
Nitrite ranged between 0.065 mg/L obtained in station C and 
0.123 mg/L obtained in station B. The mean value of Magnesium 
was highest (205.02 mg/L) in station D and this was above FEPA 
and WHO permissible limits, while the lowest value of 143.02 
mg/L was recorded in station B. The mean values of Phosphate 
ranged between 13.15 mg/L in station B and 17.28 mg/L in 
station A.  

 
The mean value of Chloride was highest (31.88 mg/L) in 

station B and lowest (13.78 mg/L) in station A. Oil and Grease 
values ranged between 0.964 mg/L obtained in station A and 1.83 
mg/L obtained in station B. Lead showed gradient decrease 
downstream in the river from 0.099 mg/L, 0.078 mg/L and 0.068 
mg/L in station B, C and D respectively and all values were above 
the permissible limits of FEPA (0.05 mg/L), except the lowest 
value (0.041 mg/L) recorded in station A. The mean values of 
Nickel, Copper, Zinc and Iron were all insignificant in all the 
study stations. It was observed that temperature, conductivity, 
Total Dissolved Solid and Lead in station B were above the 
permissible limits set by FEPA and WHO (Table 1). 
 
Table 1. Mean values of physico-chemical parameters and heavy metals 
of River Rido, Kaduna, Nigeria. 
 
Physicochemical 
Parameters                                

Sampling Stations  
 

FEPA* WHO** 

 A B C D   
Depth (cm) 81.07 39.78 74.83 75.54 NS NS 
Temperature 0C 24.22 30.88 25.58 26.00 30 30 
pH 7.22 7.29 7.19 7.74 6.5-8.5 6.5-8.5 
D.O (mg/L) 6.21 4.77 5.98 5.38 10 10 
BOD (mg/L) 3.01 3.38 3.77 3.57 10 10 
COD (mg/L) 0.03 0.02 0.026 0.02 40 40 
Alkalinity (mg/L) 24.92 40.29 29.54 30.71 NS 600 
TDS (mg/L) 43.75 224.17 108.42 120.58 200 250 
Conductivity (µS/cm) 63.08 334.50 155.75 172.25 240 250 
Transparency (cm) 30.28 12.00 26.09 26.47 NS NS 
Sulphate (mg/L) 8.78 41.92 23.33 17.33 500 400 
Nitrite (mg/L) 0.11 0.13 0.07 0.08 NS NS 
Magnesium (mg/L) 165.92 143.02 196.66 205.23 200 150 
Phosphate (mg/L) 17.28 13.15 14.18 15.65 5 10 
Chloride (mg/L) 12.78 31.88 14.99 16.47 200 250 
Oil & Grease (mg/L) 0.96 1.83 1.25 1.59 10 NS 
Lead Pb (mg/L) 0.04 0.10 0.08 0.07 0.05 <1 
Nickel Ni (mg/L) 0.12 0.097 0.12 0.13 <1 <1 
Copper Cu (mg/L) 0.020 0.026 0.02 0.01 1.5 <1 
Zinc Zn (mg/l) 0.009 0.009 0.01 0.01 1 <1 
Iron Fe (mg/l) 0.118 0.067 0.09 0.11 1 1 
*FEPA (1991): Federal Environmental Protection Agency effluent Standards 
**WHO (1996): World Health Organization guidelines for drinking water 
NS= Not Specified 
 
Phytoplankton species identified in River Rido 
The results of phytoplankton species identified in Rido River 
over a period of 12 months is presented in Table 2. The Table 
revealed a total number of 93 phytoplankton species identified in 
5 major classes of phytoplankton. Bacillariophyta had the highest 
number of 41 phytoplankton species identified, followed by 
Chlorophyta with 25 species identified, Cyanophyta had 12 
species, whereas Dinophyta and Euglenophyta were represented 
by 10 and 5 phytoplankton species respectively. 
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Table 2. The phytoplankton species identified in River Rido Kaduna, Nigeria. 
 
  Major classes   
Bacillariophyta Chlorophyta Cyanophyta Dinophyta Euglenophyta 
     
Phyto-plankton species 
Achnanthes spp. Actinastrum  Anabaena spp. Closterium spp. Astasia spp. 
Achnanthidium spp. Actinotaenium spp. Aphanizomenon spp. Cosmarium spp. Euglena mutabilis 
Afrocymbella spp. Ankistrodesmus Aphanocapsa spp. Desmidium spp. Euglena spp. 
Amphipleura spp. Asteriococcus spp. Arthrospira spp. Docidium spp. Phacus spp. 
Amphora spp. Chlamydomonas spp. Chroococcus spp. Euastrum spp. Trachelomonas 

spp. 
Asterionella spp. Chlorella Cylindrospermompsis  spp. Gonatozygon spp.  
Aulacoseira spp. Cladophora spp. Gleocapsa spp. Hyalotheca dissiliens  
Brachysira spp. Crucigenia fenestrate Merismopedia spp. Micrasterias spp.  
Caloneis spp. Dictyospherium spp. Microcoleus spp. Peridinium spp.  
Capartogramma spp. Eudorina spp. Microcystis spp. Staurastrum spp.  
Craticula spp. Genicularia spp. Oscilllatoria spp.   
Cyclotella spp. Gloeocystis spp. Spirulina spp.   
Cymatopleura spp. Haematococcus spp.    
Cymbella spp. Hydrodictyon spp.    
Cymbopleura spp. Microspora spp.    
Diatoma spp. Mugeotia spp.    
Didymosphenium spp. Nitella spp.    
Diploneis spp. Oedagonium spp.    
Encyonema spp. Pedistrium spp.    
Eunotia spp. Pleurococcus spp.    
Fragilaria spp. Scenedesmus spp.    
Fragilariaforma virence Spirogyra spp.    
Frustulia spp. Stichococcus spp.    
Gomphonema spp. Stigeoclonium spp.    
Gyrosigma spp. Zygnema spp.    
Hyalodiscus spp.     
Melosira      
Navicula spp.     
Navicula tripunctata     
Nedium spp.     
Nitzschia spp.     
Pinnularia spp.     
Plagiotropsis      
Playensis spp.     
Stauroneis spp.     
Stephanodiscus spp.     
Surirella spp.     
Synedra spp.     
Tabellaria spp.     
Tetracyclus spp.     
Thallososianema spp.     
 
 
Relative abundance of phytoplankton in Rido River 
The relative abundance of major phytoplankton classes in Rido 
River is displayed in Fig. 2. There was higher relative abundance 
of phytoplankton in station A with the exception of Cyanophyta 
which shows higher relative abundance in Station D and least 
relative abundance of phytoplankton in station B in all the classes 
of phytoplankton under investigation. 
 
DISCUSSION 
 
The high values of temperature, TDS, conductivity and chloride 
recorded at station B could be the resultant pollutant content of 
the effluent discharged, while the low values of transparency and 
depth observed could be due to presence of suspended particles 
as well as shallowness of the river at station B. However, it was 
noted that there was dilution and self-purification process by the 
river downstream as distance from the effluent entry point 
increased and thus increase in the density of phytoplankton 
downstream was observed. Egborge [29] reported that increasing 
levels of dissolved oxygen in aquatic systems are usually 
associated with eutrophic and productive water bodies. This 
corresponds to high density of phytoplankton, and thus high 
primary productivity which might in turn lead to high dissolved 
oxygen concentration [30].  

 
The high transparency observed in stations A and D, could 

be due to low TDS, and suspended particles which interfere with 
light intensity and could also be due to reduction in suspended 
substances  and allochtonous substance that find their ways into 
the water with flood [31]. The high concentration of chloride in 
stations C and D could be due to high fertilizer and nutrient 
loading washed into the river by rain runoff from agricultural 
farmland. Higher concentration of chloride in fresh water is an 
indication of organic pollution [32]. In the freshwater 
environment, low availability of phosphate is one of the several 
factors which cause a decline in primary productivity. Dissolved 
orthophosphate is one of the nutrient sources for phytoplankton 
as it is taken rapidly by phosphorus deficient cells until very low 
concentrations remain in the water [33]. The low mean value of 
DO obtain in station B could be due to higher load of organic 
matter from the effluent received. Lower DO value has a serious 
consequence on the proper functioning of the aquatic body and 
can lead to death of aquatic organisms including fish.  
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Fig. 2. Relative abundance of phytoplankton in River Rido, Kaduna 
Nigeria. 
 

The high values of phosphate (above FEPA and WHO 
permissible limits) could lead to Eutrophication and bring about 
high primary productivity and result in algal bloom which causes 
subsequent poor water quality and result in fish kills [34]. The 
high values of lead recorded in all the stations, except station A-
the control point, was a discernable indication of effluents 
manifestation in the aquatic environment, particularly as the 
highest concentration recorded value was obtained at the point of 
effluent discharge from the Refinery.  
 

The recorded values of Conductivity and magnesium which 
were above the FEPA and WHO level in station B and D have 
shown the high presence of dissolved ions in the water which 
could be received directly from the effluent discharge point as 
well as the adjacent farmland around the bank of the river. Also, 
the higher values of some of the physico-chemical parameters 
such as temperature, conductivity, TDS and sulphate (above 
permissible limit by FEPA and WHO), chloride, oil and grease 
as well as the relative low values of DO, transparency and 
phosphate recorded at station B showed that the effluent 
contributed significantly toward pollutants loading which 
induced alteration and impairment of the physico-chemical 
properties and consequent deleterious effects to the planktons 
community and other aquatic biota. 
 

The order of phytoplankton abundance and distribution 
Bacillariophyta >Chlorophyta >Cyanophyta >Dinoflagellates 
>Euglenophyta is similar to the observations reported from Oyun 
reservoir [35]. The dominance and high density of 
Bacillariophyta was similar to the result obtained from the study 
of Khan and Ejike [36] in Plateau reservoir and might be 
attributed to their high rate of reproduction within a short period 
of time. The species with the highest self-sustaining natural 
mechanisms of increase usually become dominant in the 
environment [37,38]. This may account for high density and 
dominance of Bacillariophyta in some freshwater bodies such as 
river Rido. Also, the presence of Chlorophyta which is next to 
Bacillariophyta in abundance may be due to availability of 
nutrients such as phosphate and nitrogen which are essential for 
phytoplankton growth [39]. The low abundance of Euglenophyta 
could be due to its preferences of brackish water or high saline 
water [35].   

Opute [40] reported that Dinoflagellates and Euglenophyta are 
often not significantly abundant in Nigerian fresh water. There 
was high abundance and distribution of planktons at station A 
and D compared to station C, while station B which had the 
lowest abundance of plankton species. This might be adduced to 
the facts that station B which is closer to the point of entry of the 
refinery effluent, might have been contaminated by the effluent 
thereby becoming unfavorable for the survival and reproduction 
of planktons. This finding is in line with the observation made by 
Kemdirim [16] that the effects of the effluent discharge by KRPC 
into river Rido decrease as the distance from the point of entry of 
the effluent increased and the area with high concentration of 
effluent has low density of primary productivity. Ogbeibu and 
Edutie [41] stated that sensitive species disappeared at the site of 
pollution while tolerant ones survive pollution stress and readily 
recover downstream in the river. Also, the impact of the effluent 
as observed from the result decreases as the distance from the 
point of effluent discharge increases downstream in the river. The 
finding showed that there was increase in the density of planktons 
from station B to C and then D downstream in the river. This 
could be as a result of recovery and natural purification capability 
of the river as had been also observed by [42].  
 

The presence of pollution indicator algae such as Navicula 
spp., Nitzschia spp., Scenedesmus spp. Oscillatoria spp., 
Microcystist spp., Euglena spp. etc. identified in all the stations 
is an indication of organic pollutant present in the environment 
[43]. This also indicated high nutrient loading and alkaline pH 
which could influence high phytoplankton production and 
growth and increase of the primary production in the river [33]. 
 
CONCLUSION 
 
The Kaduna Refining and Petrochemical Corporation effluent 
discharged into river Rido resulted in decreased density of 
phytoplankton population at the area around the point of entry, 
but the effects decreased as the distance increases farther away 
from the point of discharge downstream into the river. The 
variation in some of the physico-chemical parameters such as 
Depths, Transparency, Temperature, Total Dissolved Solids, 
Conductivity, and Chloride, between other stations with the 
station located near effluent discharge point has indicated 
adverse effects of the effluent in the water. Also, the 
identification of organic pollutant indicator algal species such as 
Navicula spp., Nitzschia spp., Scenedesmus spp., Oscillatoria 
spp., Microcystist spp., Euglena spp. among others is evidence of 
organic pollution of river Rido due to pollution discharge from 
the Kaduna Refining and Petrochemical Corporation. 
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