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ABSTRACT 

The petroleum refinery and petrochemical companies have been recognized as indispensable to any country or society that wants to 

develop into a modern industrial based economy. However, petroleum refining and petrochemical industries have been implicated as one of 

the major contributors to environmental degradation and pollution of various magnitudes. If not effectively treated, wastewaters generated 

during refinery and petrochemical operation may become toxic to receiving water bodies with potentially serious consequences on the 

ecosystem.  

In this study, the performance of wastewater treatment in a refining and petrochemical company and the impacts on the recipient medium 

were evaluated. Waste water samples (treated and untreated) from the refinery and from water bodies of recipient medium at the designated 

points were collected weekly and analyzed for a period of four weeks. The samples were analyzed for a number of standard 

physicochemical parameters and metal contents using standard analytical methods.  

Performance evaluation of the waste treatment efficiency was carried out by comparing parameters of treated waste waters with industry 

standard; and by comparing the treatment efficiency obtained with the standard treatment efficiency required. In addition, the impacts on 

the recipient medium were determined by comparing waste water parameters obtained at the designated points in the recipient medium 

with the industry standard.  While some parameters were within the industry standard, some were out of range. However, 82.64% 

efficiency was achieved. In addition, as the distance of the recipient medium increases from the discharge points, the water tends to self-

purified.  

Keywords: Refinery and petrochemical, Wastewaters, Environmental Degradation, Performance Evaluation, Physicochemical 

Parameters  
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1. INTRODUCTION 
 

The petroleum refinery and petrochemical companies have been recognized as indispensable to any country and any society that 

wants to develop into a modern industrial based economy (Uzoigwe, 1996; Gary and Handwerk, 2005).   

Petroleum refineries separate crude oil into a wide array of petroleum products through a series of physical and chemical 

separation techniques (Jones, 1995; USDOE, 2007). These products include Premium Motor Spirit (PMS), Automotive Gas Oil (AGO), 

Aviation Turbine Kerosene (ATK), asphalt based heating oil, Dual Purpose Kerosene (DPK) and Liquefied Petroleum Gas (LPG) among 

others. The petrochemicals industry sources raw materials from refining and gas-processing plants and converts these raw materials into 

valuable petrochemicals such as Ethylene, Polypropylenes, Linear Alkyl Benzene, Carbon black, Heavy Alkylate etc. using a variety of 

chemical process technologies. These petrochemicals can be converted into thousands of industrial and consumer products, 

including plastics, paints, synthetic rubber,  fertilizers, pharmaceuticals products; building materials, detergents, dyes, textiles, solvents, 

explosives, adhesives etc.,(Uzoigwe, 1996; Gary and Handwerk, 2005;  Gabriel ,2014). Based on the usefulness of the refinery and 

petrochemical companies the Federal government established four of them in Nigeria.  

However, petroleum refinery and petrochemical operations have proven to result in the generation and discharge of gaseous, 

liquid and solid pollutants and hazardous wastes into the environment (Reis, 1996; Atubi, 2011; Vivian et al., 2012).The pollutants 

generated in the course of petroleum industry activities potentially pose great hazards to human and animal health. Some of the wastes are 

known to frequently bio-accumulate, very persistent in the environment and often toxic, even at very low concentrations (Sullivan, 1991; 

Suleimanov, 1995; Abui et al. 2017). These wastes could be lethal, non-degradable and persistent in nature, biologically magnified or cause 

detrimental effects. 

Of all the classes of wastes (gaseous, liquid and solid) generated in the oil and gas industry, liquid wastes constitute the largest 

percentage by volume and waste water constitutes the greatest percentage of the liquid wastes (Reynolds, 2003;  Khatib and Verbeek, 2003; 

Veil, 2004; Obot et al., 2008).  

Wastewaters released during refining and petrochemical operations contain hazardous chemicals. They are characterized by the 

presence of large quantities of crude oil products, polycyclic and aromatic hydrocarbons, phenols, metal derivatives, surface-active 

substances, sulfides, naphthylenic acids, heavy metals, and other chemicals (Suleimanov, 1995; Obot et al., 2008; Diya‟uddeen et al 2011; 

Inengite et al. 2013).  If not effectively treated, wastewaters may become seriously dangerous, leading to the accumulation of toxic 

products in receiving water bodies with potentially serious consequences on the ecosystem (Yunker, et al, 2002; Yan et al. 2011; Adegoke, 

2013) .The discharge of „raw‟ or poorly treated waste into the environment causes pollution and degradation of the receiving environment 

(Beg et al, 2003; Osuji et al, 2007). 

Admittedly, oil and has played an important role in the economy of Nigeria (Gabriel, 2014), however, Oil and gas exploration, 

production refining and petrochemical industries have been implicated as one of the major contributors to environmental degradation and 

pollution of various magnitudes (Alegbeleye, 2017). And the threat to human, fauna and flora life arising from oil and operations in Nigeria 

cannot be over-emphasized. Successive pollution has significantly altered the ecology of the regions close to petroleum industries 

(Asakitikpi and Oyelaran, 2000, Eweje, 2006; Aderogba, 2011; Adegoke, 2013; Vivan et al, 2014). The problem is aggravated due to 

indiscriminate discharge of oil and gas wastes (particularly the wastewaters) into the environment (recipient water bodies - rivers). This has 

been the source of conflicts between the host communities and the oil and gas companies; and has led to incessant reports of disturbances 

in the host communities. Thus waste water treatment in oil and gas companies is not an options but a necessity. Although, petroleum 

refinery and petrochemical companies are equipped with waste water treatment plants, however there can be pitfalls in the operations of the 

waste water treatment plants, particularly if the refinery is bad shaped. With the continuous discharging of waste waters into water bodies 

(rivers), there is a need to protect aquatic life. Environmental pollution evaluation programmes have been recommended to monitor the 

problem before it becomes critical. Numerous reasons for conducting environmental evaluation and monitoring have been recognized 

(Binning and Baird, 2001; NESREA, 2007; DPR, 2012).  

The purpose of this study was therefore to carry out a performance evaluation of wastewater treatment in petroleum refining and 

petrochemical company and the impacts on the recipient medium. The choice of Refining and Petrochemical Company is based on the 

recent environmental concerns on the areas surrounding some of the refineries (Obot et al., 2008; Emeaso, 2011, Suzie et al, 2012; Ishaya, 

2016; Ogbozige et al, 2017; Liman and Rabi, 2018). 

.  
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2. MATERIALS AND METHODS 

2.1 An Overview of the Study Area 
The study area comprises Refining and Petrochemical Company and the river unto which it discharges its waste water effluents 

(Figure 1).  The refinery lies between latitudes 10° 24΄ 36.18”N and longitudes 7° 29΄17.37˝E, while river is a  stream body of water that lie 

on 10°27'0" N and 7°22'0" E in DMS (Degrees Minutes Seconds).  The refinery was designed to process both imported paraffinic and 

Nigerian crude oils into fuels and lubes products. Human activities in the area are basically agriculture and trading. 

 

 

Fig 1: Refining and Petrochemical Complex, Recipient River and  Environs (Ishaya, 2016) 

 

2.2. Sample Collection 
In the study, waste water samples (treated and untreated) from the refinery and from water bodies of recipient medium at the 

designated points were collected weekly and analyzed weekly for a period of four weeks using standard methods. The temperature and pH 

of the sample were taken at the point of collection. Standard field methods were used in the sample collection at the site as recommended 

by DPR EGASPIN, (2002) and NESREA, (2007).   

 

2.3 Laboratory Analyses 
Samples of the wastewater were taken to the laboratory for analysis. The samples were analysed for a number of standard 

physicochemical parameters such as pH, Temperature, Electrical Conductivity, Dissolved Oxygen (DO), Biochemical Oxygen Demand 

(BOD), Chemical oxygen demand (COD), Total Solids (TS), Total Suspended Solids (TSS); Total Dissolved Solids (TDS), Turbidity, 
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Cyanide, Sulphide, Nitrates, Phosphates, Sulphates, ammonium, Oil/Grease, Total Hydrocarbon Content (THC), Ammonia, Benzene , 

Phenol, Salinity (Chloride), Alkalinity and metal contents (Lead, Iron, Copper, Cadmium, Zinc, Magnesium) using standard analytical 

methods (Table 1). The analyses were based on the temperature and pH values recorded at the collection points.   

 

Table 1. Parameters and analytical methods 

PARAMETER UNIT LABORATORY STANDARD METHOD 

pH  ASTMD1293B-90 

TEMP. oC EPA 1979 

ELECTRICAL CONDUCTIVITY μS/cm EPA 1979 

DO mg/l ASTMD 888-92(96) 

BOD mg/l APHA-507 

COD mg/l ASTMD 4903 

TS mg/l ASTMD 1252-95 

TSS mg/l ASTMD 5907-10 

TDS mg/l ASTMD 1868 

TURBIDITY NTU ASTMD1889-94 

SALINITY (CHLORIDE) mg/l ASTMD 512-89 

OIL & GREASE mg/l ASTMD3921 

SULPHATE mg/l TITRIMETRY 

AMMONIA  mg/l ASTMD1426-93 

Benzene mg/l UV/VISIBLE SPEC. 

Phenol mg/l UV/VISIBLE SPEC. 

ALKALINITY mg/l ASTMD1067-92A 

TOTAL HYDROCARBON CONTENT mg/l UV/VISIBLE SPEC. 

PHOSPHATES mg/l EPA, ALPHA 

NITRATE mg/l EPA, ALPHA 

CARBONATES mg/l EPA, ALPHA 

LEAD mg/l ASTM D3559 

IRON mg/l ASTM 1068 

COPPER mg/l ASTM D1688 

CADMIUM  mg/l ASTM D1687 

CHROMIUM mg/l ASTM D1687 

BARIUM mg/l ASTM D1688 

ZINC mg/l ASTM D1691 

MERCURY mg/l ASTM D1694 

MAGNESIUM  mg/l ASTM D1687 

 

2.3.1 Data analyses and comparative   study 
The average values of the physio-chemical properties of the waste waters collected from each of the oil gas companies were 

determined. They were compared with plant designed specifications and with the standards set by the regulatory bodies (DPR- EGASPIN, 

2002; and NESREA, (2007). Standards statistical tools in Excel package were used in the analyses. The performance efficiency of waste 

treatment was determined as follows: 

                       ( )  ∑
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3. RESULTS AND DISCUSSIONS 
 

The results of the study are shown in Table 2 and Figure 2 and 3. Results showed that the untreated waste water effluents were 

above maximum permissible limit in the industry (DPR- EGASPIN, 2002 and NESREA, 2007).   For the treated waste water, some 

parameters are within the industry standard, while some are out of range.  However, 82.64% waste water treatment efficiency was 

achieved. In addition, as the distance of the recipient medium increases from the discharge points, the water tends to self-purified. This is in 

line with the findings of Emeaso, (2011) and Ishaya (2016). These results are further discussed. 

 

Table 2. Results of Wastewater Effluents Analysis 

Parameters Unit 

Effluent waste 

water 

allowable 

limits  

Refinery & 

Petrochemical 
Recipient River  

Untreated Treated 

At 

Discharge 

Point 

5km Down Stream 

from Discharge 

Point 

10km Down 

Stream from 

Discharge Point 

pH   6.5-8.5 3.82 6.6 6.63 6.67 6.74 

TEMP. oC 30 34 29.6 32 29.4 22.6 

Electrical 

Conductivity 
μS/cm 240 1200 789 775 565 247 

DO mg/l 5 2.32 4.16 4.6 5.28 5.72 

BOD mg/l 10 11.6 6.34 5.28 3.67 2.32 

COD mg/l 40 54 38 36 32 30 

TSS mg/l 30 50 32 44 48 32 

TDS mg/l <2,000 2361 660 578 268 185 

TS mg/l 2,030 2441 692 622 316 216 

Turbidity NTU <10 40 14 20 17 14 

Salinity 

(Chloride) 
mg/l 600 266.5 20.65 20.3 17.1 12.8 

Oil & Grease mg/l 10 22.5 8.95 8.3 5.98 3.9 

Sulphate mg/l 200 261.12 205.6 124.75 124.75 78.14 

Sulphide  mg/l 0.2 2.72 0.23 0.22 0.21 0.18 

Ammonia mg/l 0.2 3.2 2.7 2.55 0.605 0.47 

Benzene mg/l 0.5 0.07 0.03 0.025 0.015 0.012 

Phenol mg/l 0.2-0.5 0.58 0.27 0.26 0.25 0.22 

Cyanide  mg/l 0.05 0.004 0.003 0.002 0.001 0.001 

Alkalinity mg/l 22 58 54.9 52 49 52 

THC mg/l 10 12.71 6.42 5.6 3.45 2.505 

Phosphates mg/l 2.0-5.0 6.74 5.2 5.1 4.8 5.4 

Nitrates mg/l 10 8.49 5.49 4.62 1.01 1.785 

Carbonates mg/l 10 28 34 35.6 38 45 

Lead mg/l 0.05 0.06 0.04 0.03 0.02 0.01 

Iron Total mg/l 1 13.1 10.3 8.34 7.34 5.24 

Copper mg/l 15 13.48 12.48 11.5 10.2 7.34 

Cadmium mg/l 0.003 0.33 0.2 0.18 0.15 0.05 
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Chromium mg/l 0.03 0.09 0.05 0.04 0.03 0.02 

Chromium 

Total 
mg/l 0.3 0.49 0.33 0.3 0.23 0.18 

Zinc mg/l 1 0.42 0.34 0.26 0.15 0.1 

Magnesium mg/l 200 102.2 103.6 103.8 125.5 132 

 

 

Fig 2: Comparison of the waste water treatment efficiency 
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Fig 3: Comparison of the Impact of Waste Water effluent on Recipient Medium (%) 

-100.00 -80.00 -60.00 -40.00 -20.00 0.00 20.00 40.00 60.00

pH

TEMP.

Electrical Conductivity

DO

BOD

COD

TSS

TDS

TS

Turbidity

Salinity (Chloride)

Oil & Grease

Sulphate

Sulphide as H2S

Ammonia

Benzene

Phenol

Cyanide CN

Alkalinity

THC

Phosphates

Nitrates

Carbonates

Lead

Iron Total

Copper

Cadmium

Chromium

Chromium Total

Zinc

Magnesium

Impact of  Waste Water effluent on Receiptient mediem (%) 

P
ar

am
e

te
rs

 

River Romi Impact of
Waste Water effluent at
10km Down Stream from
Discharge Point (%)

River Romi Impact of
Waste Water effluent at
5km Down Stream from
Discharge Point (%)

River Romi Impact of
Waste Water effluent at
Discharge Point (%)



Vol-6, Issue-6                                                                                                             Global Journal of Advanced Research 

231| P a g e                               3 0  J u n e  2 0 1 9                      w w w . g j a r . o r g  

3.1 pH  
The pH of a solution measures the hydrogen ion concentration in that solution (EPA, 2006). pH between the range of 6.0 to 9.0 as 

favorable for fresh water fishes and bottom dwelling invertebrates. Results of the effluent water analysis in Table 2 showed that the pH 

values of the treated waste water effluents from all fields are all within the limit of 6.5-8.5.  This is capable of protecting fishes and bottom 

dwelling invertebrates in the area. The study further showed that the required treatment effectiveness was 96.34% but only 72.77% was 

obtained .Furthermore,the results showed acidity of the recipient medium  decreases as distance of the recipient medium  increases from  

the discharge point (- 0.45% for discharge point, -0.45 for 5km and -2.12 for 10km away from  the discharge point).. 

 

3.2 Temperature  
Temperature influences the distribution many aquatic organisms (Bradford, 1993); many may not survive very high or low 

temperatures. The waste water temperature within the study area ranges from 220C to 320C. This signifies the most favourable condition 

for the survival of aquatic life (UNEP, 1997).  

The study showed while only 11.76% treatment effectiveness was needed, fortunately 12.94% was obtained.  The temperature of 

the recipient medium decreased with increased in distance of the recipient medium from the discharge point (a positive impact of- 0.68% 

for 5km and 23.65% for 10km away from the discharge point). 

 

3.3 Electrical Conductivity (EC)  
Electrical Conductivity (EC) is related to the concentration of ionized substances in water or the measure of ionic richness in a 

river course. The conductivity of most streams range between 50 to 1500 µS/cm. Freshwater streams ideally should have 

conductivity between 150 - 500 µS/cm to support diverse aquatic life (UNEP, 1997). This was achievable in study as shown in the 

treatment efficiencies and degree of impact plots (Figure 2 and 3) untreated and treated waste water effluents having a value of 1200 and 

789 μS/cm respectively. 

 

3.4  Dissolved Oxygen (DO)  
This is the measure of the amount of gaseous oxygen dissolved in an aqueous solution. It is one of the most important parameters 

in aquatic life as it is an absolute requirement for the metabolism of aerobic organisms and also influences inorganic chemical reactions 

(WHO.1989; (UNEP, 1997; Richard and Ivanildo, 1989; EPA, 2000).  

 

Values of DO for untreated and treated waste water effluents are 2.32mg/l and 4.16mg/l respectively as compared to allowable 

limit of 5mg/l. This showed that while the treatment effectiveness needed was 115.52%, only 79.31% was achievable. However, the 

Dissolve oxygen increases as distance from the discharge point increases (4.6 mg/l or 10.58% for discharge point, 5.28 Mg/l or 36.92% for 

5km and 5.72mg/l  or 37, 5% for 10km away from the discharge point). Thus, the dissolve oxygen in the river is adequate to sustain aquatic 

life. 

 

3.5 Biochemical Oxygen Demand (BOD) and Chemical oxygen demand (COD)                                                
Biochemical oxygen demand is an indirect measure for the amount of biologically degradable organic materials in water 

(UNESCO/WHO/UNEP, 1996). On the other hand, COD is widely used as a measure of the susceptibility to oxidation of the organic and 

inorganic materials present in water bodies and in the effluents from sewage and industrial plants (UNESCO/WHO/UNEP, 1996). The 

values of BODs and COD of 6.34 mg/l and 38mg/l respectively for the treated waste water effluent are within the permissible values.  

 

3.6 Total Solids (TS); Total Suspended Solids (TSS); Total Dissolved Solids (TDS)  
Total solid is a measure of the suspended and dissolved solids in water.  In this study, the untreated and treated waste water 

effluents have TSS values of 50 mg/l and 32 mg/l respectively are greater the allowable limit of 30 mg/l. This means that whereas treatment 

effectiveness required was 40%, only 36% was achieved. Suspended matter consists of silt, clay, fine particles of organic and inorganic 

matter, soluble organic compounds, plankton and other microscopic organisms. Such particles vary in size from approximately 10 nm in 

diameter to 0.1 mm in diameter (UNESCO/WHO/UNEP, 1996). High TSS can block light from reaching submerged vegetation and thus 

slows photosynthesis slows down. Reduced rates of photosynthesis causes less dissolved oxygen to be released into the water by plants 

(Sheila, 2007). In terms of water quality, high levels of total suspended solids will increase water temperatures and decrease dissolved 

oxygen (DO) levels (Wetzel, 2001). 
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Dissolved solids" refer to any minerals, salts, metals, cations or anions dissolved in water and can pass through a water filter.  

Some amount of TDS is necessary for aquatic life, but when TDS concentrations becomes too high or too low, the growth of many aquatic 

lives can be limited, and death may occur (Mitchell and Stapp, 1992). Like TSS, high concentrations of TDS may also reduce water clarity, 

contribute to a decrease in photosynthesis, combine with toxic compounds and heavy metals, and lead to an increase in water temperature 

(Sheila, 2007). Water with high TDS often has a bad taste and/or high water hardness, and could result in a laxative effect.  In this study the 

amount of TDS in the untreated waste water effluent (2361mg/l) is greater   than the allowable limit of 2000 mg/l, however, the amount of 

TDS in the treated waste water effluent (660mg/l) is less than the allowable limit. 

 

3.7 Turbidity 
Turbidity is a measure of the degree to which the water loses its transparency due to the presence of suspended particulates 

(Sheila, 2007). The turbidity values of untreated and treated waste water effluents of 40 NTU and 14 NTU respectively. These values are 

greater than the maximum allowable limit of 10 NTU. These high values of the turbidity are due to high amounts of the total suspended 

solids in the water.  These may results to decrease in the amount of light needed for photosynthesis. However, the decreases with distances 

from the discharge point. 

 

3.8 Nutrients: Nitrates, Phosphates, Sulphates  
The amount of sulphate in the untreated and treated wastes streams are 261.12mg/l and 205.6 mg/l respectively as against the 

allowable limit of 200mg/l. The amount of phosphates in the untreated and treated wastes streams are 6.74g/l and 5.2g/l respectively as 

against the allowable limit of 2-5mg/l. The amount of nitrates in the untreated and treated wastes streams are 8.49g/l and 5.49mg/l 

respectively as against the allowable limit of 10mg/l. Nitrogen, phosphorus and Sulphur are critical to plant life in the aquatic 

environment.  However, excess amount of the nutrients cause an excessive growth of phytoplankton and other organisms that can deprive 

aquatic life including fish and plants of oxygen (Enger and Smith, 2004). The study showed that nutrient level in the recipient is capable of 

sustaining life. 

 

3.9 Oil/Grease, THC, Benzene and Phenol 
The presence of Oil/Grease, THC, Benzene and Phenol in water are detrimental to aquatic life.  The values of Oil/Grease, THC, 

Benzene and Phenol in the treated waste water effluent in this study are generally lower than the allowable limits indicating low level of 

hydrocarbon contamination (Table 2). For example, the amount Oil/Grease in the untreated waste water effluents was 22.5mg/l and in 

treated waste water effluents it was 8.95mg/l as against the allowable limit of 10mg/l.  This showed that while the treatment effectiveness 

required for the oil/grease was 55.56 %, only 60.22% was achieved. Similarly, the amount Total hydrocarbon content (THC) in the 

untreated waste water effluents was 12.71mg/l and in treated waste water effluents it was 6.42mg/l as against the allowable limit of 10mg/l.  

This also showed that while the treatment effectiveness required for the THC was 21.32 %, only 49.49% was achieved.  The same trends 

were observed in the case of Benzene and Phenol. 

 

3.10 Salinity (Chloride)  
Salinity affects aquatic life (Miguel et al, 2019), however, the salinity levels of the waste water effluents were below the 

regulatory limits of 600mg/l.  

 

3.11 Metal Contents 
Most metal are toxic to aquatic life (Onwumere, and Oladimeji, 1990), although some are essential to life when in right quantities 

(Iron, Magnesium, zinc etc.). Table 2 showed that the metal levels were within the recommended discharge limits. In general, the impacts 

of metals of the waste water effluents decreases further away from the discharge point. 

4. CONCLUSION  

In the study, the performance of wastewater treatment in Kaduna Refining and Petrochemical Company and the impacts on the 

recipient medium was determined. Waste water samples (treated and untreated) from the refinery and from water bodies of recipient 

medium at the designated points were collected weekly and analyzed for a number of standard physicochemical parameters including pH, 

hardness, total hydrocarbon content, specific gravity (Sp. Gr.), salinity, total dissolved solids (TDS) conductivity, alkalinity, chloride, 

nitrates, ammonia, sulphates, phosphates etc. and metal contents using standard analytical methods.  While some parameters are within the 

industry standard, some are out of range. However, 82.64% efficiency was achieved. In addition, as the distance of the recipient medium 

increases from the discharge points, the water tends to self-purified. 
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