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ABSTRACT 

This project was an attempt to develop a mathematical modd flJr some parameters 

contained in Liquid effluent discharged into the river using Kaduna Refinery and 

Petrochemical Company (KRPC) as case study and Romi river as a specific case study. 

Experimental data were collected from KRPC over a period ofthree months and 

the analysis of the data carried out to know the factors that atYect the pH of the liquid 

cfiluent s most. Model equations were developed ror the pH based on the analysis of the 

data results obtained. These parameters include Temperature, Biochemical Oxygen 

demand (BOD), Turbidity, Total dissolved Solids, Dissolved Oxygen among others. The 

model was obtained using MathCA£) and Excel Programming Soil wares. 

The results obtained, showed a slight deviation from the experimental pH. A 

typical model expression for May 2004 is given below. 

pH mode\:= 0.18.T -- 0.00393.U + 0.006797.D + 0.008037.0 -I- 0.043.B - 0.025.C 

+ 2.578.D - 0.159.P - 0.033.S 

Generally it was observed that there is a slight increase in the modeled pH as 

against the experimental value. This suggests that some experimental parameters were 

not determined, due to fc'luity equipments and lamp failure. 
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CHAPTER ONE 

1.0 INTROl)llCTION 

1.1 BACKGROUND OF STUDY 

The need for treating Industrial W(lste water before being disch.arged into any river 

body cannot be over emphasized. Many processing Companies utilize large volume 

(quantity) of water in this Course of production with little or no treatment given to this 

waste water (by product) thereby posing danger to both plants and animals. Chemical 

Engineers in their capacities are concerned with the maintenance of the guidelines 

stipulated as the threshold limit values of these water contaminants. 

During processing of petroleum in KRPC, liquid efi1uent is the major by product 

with minimal solid wastes and gaseous efi1uent. Hence for this project to be within a 

reasonable scope, attention is focused only on the impact ofliquid etl1uent to the 

receiving water body. 

Indiscriminate discharge of wastes; both Domestic and Industrial et1luent have adverse 

etTects on the quantity of water resources. Water as an important input of production has 

to be preserved in quality. Effective implementation of the environmental guidelines and 

standards for pollution control by FEPA gives a bettcr protection of the water body(river) 

from pollution. 

It is the duty oflndividuals, Societies, National and International bodies to protect 

water/river against an overload by sewage so as to preserve it for various utilization by 

man. 



In order to achieve this, all Manufacturing and Processing lndustries are forced to 

control the amount of disposed water and the concentration of harmful impurities as well 

as monitoring carefully, the residual inf1ucnce on the receiving water body (FEPA). 

One of the methods of achieving this, is by modeling of analytical data given for 

the liquid etlluent so as to take measures and control orthe impurities present in the 

waste water for subsequent use. Modeling can be described as the determination of a 

quantitative picture of an impOIiant system Characteristic. It could be inform of collected 

data, analytical studies or Computer simulation of the actual system. 

The interest is in formulating Mathematical Models that yield reasonable 

accurate descriptions or prediction about a given system, while minimizing 

Computational and Programming time. Modeling and Simu.lation can be carried out with 

the aid of some softwares like Excel MathCAD e.t.c (Bryan William Scotney). 

1.2 AIMS OF THE PROJl~CT. 

The aim of this Research work is to develop a Mathematical Medel for liquid 

etlluent discharge of some parameter into (water) rive in an Industrial area, Case study of 

KRPC. This can be achieved through the following processes: 

i. Collection of data. 

ii. Analyzing the data. 

iii. Modeling. 
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1.3 SCOPE. 

In order to ensure that adequate Information of the variolls parameters present in 

liquid eftluent (waste water) from KRPC were obtained for this work, data lIsed were 

collected at various seasons and stages. 
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CHAI)TER TWO 

2.0 LITERATURE REVIE\V. 

2.1 MATHEMATICAL MODELING. 

Mathematical modeling is an explicit technique for representing real world 

phenomena in terms of Mathematical equations which gives a good understanding of the 

phenomena and can be used to predict likely occurrences. The model equations and 

number of variables must be equal i.e. "degree of fi-eedom" of the system must be zero. 

(WiIJiam 1990). Model is a simplitied representation ofa system intended to enhance our 

ability to understand, explain, change, preserve, predict and possibly control the 

behaviour of a system (Naelamkavil 1987), James (1973), defined a model as a 

representation of a system in a form suitable for demonstrating the way the system 

behaves. 

Mathematical Modeling has wide areas of applications in Chemical Engineering, 

from Research and Development, to plant operations and even in Business and Economic 

studies. (Luyben, \995). In developing a Mathematical Model, the necessary parameters 

need to be identitied, in order to obtain a very good representation or approximation of 

the actual process. 

2.2 CLASSIFICATION OF THE MATHEMATICAL MODELS. 

Mathematical Model can be grouped into two classes, namely; DYNAMIC and 

STEADY STATE MODELS. 

I.DYNAMIC STATE MODELS are time dependent models. 

4 



2. STEADY STATE MODELS shows the interactive behaviours of the system at steady 

state. 

Dynamic models are further classified into continuous time and discrete time models. 

(Luyben, 1995). 

Another classification of the Mathematical Model is the 

STOCHASTIC(Probabilistic) and DETERMINISTIC models. Stochastic models have at 

least one random variable in their description Model other than these are called 

Deterministic. (Luyben, 1995). 

2.3 PRINCIPLES OF MODI~L FORMATION. 

In forming mathematical Models the following Principles ought to be applied. 

2.4 BASIC. 

The basis is the fundamental, physical and chemical laws like laws of energy, 

mass conservation and momentum. In studying the dynamics, the time derivatives are 

also included. 

2.5 ASS1JMPTIONS. 

In making assumptions, care must be taken as these serve as limitation beyond 

which the Model would not hold. It is necessary to make simple but reasonable 

assumption while modeling. A simple Model needs many assumptions and yields an 

approximate result quickly, while a complex model of the same system needs just few 

assumptions to give an accurate answer by the use of more advanced Mathematical 

techniques. 

5 



2.6 MATHEMATICAL CONS1STfi:NCY OF A MO()EL. 

The number of variables alld equations describing any system or process must not 

be under-specitied or over-specified. The o-called degree offh~edom" of the system must 

be zero, i.e. the number of'lariables must equal the number of equations in order to 

obtain a solution. The unit oftenn used in the equations mllst aiso be in consistency. 

2.7 SOLUTION OF THE MODEL EQUATION. 

When the model has been developed, certain approximations and boundary 

conditions ought to be taken, outside which the required solution cannot be obtained. The 

equations should be those which could be solved by the available techniques without 

much difficulties. 

2.8 VERIFICATION. 

This is an important aspect of Mathematical Modeling, airiled at proving that the 

model actually describes the real world situation. One way of achieving this aim, is by 

comparing the experimental result to the Computer results. 

2.9 SIMULATION. 

Simulation of a system is designed as the operation of a model, which is a 

representation of the system, the model being amenable to manipUlation which would be 

impossible, too expensive or impracticable to perform on the system it portrays (Martin 

Shubik). 

A Computer Simulation is used to predict the effect of changing conditions and 

capacity of mass energy balance and to optimize operation easily and quickly. It provides 

in-depth Knowledge about complete system behaviour, improve and ~'lcjlitate cost 

evaluation and planning of operations. 
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2.10 SIMULATION PItOCI~l)tJRK 

The logical steps of Simulation are listed below: 

1. Data Collection. 

2. Analysis of the problem. 

3. Simulation and Model specification. 

4. Model Programming. 

5. Model Verifications. 

6. Simulation Experiments. 

7. Evaluation and Interpretation or Simulation results. 

8. Report generation. 

In Summary, the aims of Modeling and Simulation are itemized below: 

1. To estimate the process variable which are not directly measurable. 

2. To predict system behaviour in different levels, where any level of predictive 

ability represents a benefit. 

3. To improve understanding of some mechanisms in the studied process. 

4. To optimize system behaviour and efl'icient fault diagnoses. 

Modeling and Simulat iOIl as a mcans or control measure becomes neccssary in 

this project as a result of constant monitoring of environment required in KRPC area 

and its environs, to evaluate the extent of pollution caused by waste water. Modeling 

could eliminate time and material wastage in carrying out experimental work aimed at 

finding the impact of waste water on the river body. 
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2.11 LIQUID ~FFLU I~NT CHARACTERIZATION. 

Liquid effiuent is obtained as a result of various processing and stages of 

production of liquid emuent (waste water) becomes contaminated with either solid, 

liquid or gaseous substances or Compounds ',,,,,hich in turn causes some changes in tl10 

Physical and Chemical properties in water. 

The Physical properties (characteristics) are used in qualifying the Physical 

appearance of the waste water, examples of these includes; Tastes and Odour, 

Temperature, Tmbidity, Suspended pat1icles, Colour, d.c. A brief explanation of 

some of these properties arc given below. 

• Taste and Odour which may be due to dissolved impurities, examples like 

Phenol and Chlorophenols. 

• Temperature: Temperature have effects on some other properties like in 

speeding up the rate of Chemical reaction. 

• Turbidity could be due to Clay and Silt particles, discharge of Industrial 

wastes which gives a cloudy appearance and may be harmful. 

• Colom: This is the elreet of the Industrial waste particles which may be 

present in liquid effluent. The colour usually depends on the nature of the 

materials in it. 

The Chemical properties of liquid eflluent are of two categories; The Organic and 

Inorganic matters present in it. The test used to determine the Organic contents are 

biochemical Oxygen demand (BOD), dissolved Oxygen (DO), Chemical Oxygen 

demand (COD), Phenols, Oil concentration, e.t.c. 
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c Determination ufInorganic contents ofliquid effluent carried out by the following 

te~ts; pH, alka~ihity, acidity, sulphates, heavy metals (such as Lead, Mercury, Silver, 

c.t.c ). Some important Chemical Characteristics are described below. 

pH: It measures the concentration of hydrogen ion present in it. The intensity of 

acidity or alkalinity of Industrial waste water sample is measured on pH scale. 

Dissolved Oxygen(DO): Oxygen is an important element in water quality control, as 

it is needed by both plants and animals for their well-being, since most of the liquid 

effluents are discharged into the river, the level of dissolved Oxygen ought to be 

known as it has impact on the aquatic lives. 

2.12 "TABLE. SOME EXAMI)LES OF "WHO" GlJlDELINES FOR 

URINKING WATER QUANTITY . 

. ----------~---.------.---r_ -----------, 
CHARACTERISTIC ACTION LEVEL 

Arsenic O.OSmg/J 

Cadmium O.OOSmg/1 

Chromium O.OSmg/1 

Cyanide O.lmg/l 

Fluoride l.Smg/1 

Lead O.OSmg/1 

Mercury O.OOlmg/l 

Nickel O.lmg/I 

Nitrate and Nitrite IOmgll 

Selenium O.Olmg/1 

~----------------------------~~------------------------------~ 
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Chloride 

Sulphate 

Hardness as in CaCo) 

Total dissolved Solids 

Aluminum 

Chlorophenols 

Chloroform 

Monochlorobenzene 

1,4-dichlorobenzene 

pH 

250mgll 

400mgll 

SOOmgll 

IOOOmg/1 

0.2mg/1 

0.1 ~g/l 

30~gn 

3.01-1911 

0.11-19/1 

6.5 to 8.51-19/1 

*Guidelines for drinking Water Quality, WHO, Geneva, 1984 

2.13 EFFECTS OF LIQUID EFFLUENT ON MAN AND ENVIRONMENT 

Liquid efiluent of large quantities (volume) are being discharged from Industrial 

Companies into the river alillually which have cllcct 011 both man and environmcnt. 

Waste water from processing Industries contain a lot of hazardous paJticles or 

substances which could be in low or higher concentration, depending on the nature of 

such industries. For instance, Petroleum Industries like KRPC will have liquid 

10 
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f effluent with high concentration of Organic Compounds and certain percentage of 

non-organic compounds present in it. These compounds adversely affect the health of 

man, animals and cause damages to plant and materials as well as aquatic life. 

The global effects of water pollution on man and his environment due to 

increased levels of phenols, Chlorophenols, benzene, heavy metals (slich as Silver, 

Mercury, Lead) as well as non-metals (like Arsenic) in poisoning and severe toxicity 

to both living organisms and non-living organisms (material damages) cannot be 

over-emphasized. The main concern in water supply is the presence of low levels of 

contaminants which may produce observable health etrects after long exposure, 

perhaps after many years, some potentially harmful substances appear to have a 

threshold effect in the sense that, provided the concentration remains below some 

critical level, no harm is caused. Other contaminants appear not to have a threshold 

level, so that any intake is potentially harmful and substances which cause Cancer 

(Carcinogens) often follow this pattern. Contaminants, pal1icularly potential 

Carcinogens such as polyaromatic hydrocarbons (PAH) trihalomethanes (THM) and 

organochlorine as well as organophosphorus compounds, it is advisable to ensure that 

their concentrations in drinking water are kept as low as possible. 

Liquid effiuent also contains significant amount of Nitrogen in form of nitrate. Its 

presence in drinking water has not shown any harmful effect on adults and children 

but it can be dangerous fbr hott Ie fed babies lip to age or six months. At this stage, 

babies lack the normal bacterial tlora in their intestines which deal with the nitrite 

produced by the reduction of nitrate in the stomach. The nitrite when absorbed into 

11 
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the blood, prevents Oxygen transport and causes Methacmoglobinemia or "blue-baby 

disease". (T.H.Y TEBBUTT). 

in Summary, pollution causes an economic loss due to the damages and 

destruction of resources required by man for the normal living standard oflife. In 

other words, a polluted environment posses risks to health of all living things, 

economic well being of man, as well as development. 
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CHAPTER THRF:t: 

3.0 t:XPERIMENTAL DATA 
3.1 LIQUID EFFLUI~NT/WATER ANALYSIS 

_________________________ DATE: N9V~M!!~~~000 
------; 

1 2 3 4 
-------- - ------

Date Sampled 2/11/2000 9/1112000 6/1112000 2311112000 

Installation/Sampling Point IU:FINERY EFFLUENT 

Area KADUNA 
State KADUNA 
Type of Recipient Environment ROMI IUVE:n 

All Season Discharge rate (m·l/day) 
FARMING AND IIABITATION Usage 

_ Emuent Q~~an~i!.yj)isch~~(ll~!d~yl __ --------- ------,---~-.. ~ 

Characteristics 
pH 10.08 7.43 8.91 9.14 

() 
26.6 26.1 Temperature C 28.8 28.7 

Turbidity NTU 42 19 31 19 
Total Dissolved Solids (TDS) mg/l 518 310 402 306 
Suspended Solids 88 30 50 158 
Alkalinity P 128.00 NIL 12 28 
Alkalinity M 128.00 60.00 84 64 
Dissolved Oxygen (DO) mg/l 13.65 8.03 9.92 10.7 
Biochemical Oxygen Demand mg/ I 616.94 102.67 720 537.50 
Chemical Oxygen Demand mg/ I 204.46 57.86 101.45 37.74 
OH + Grease Content mg/ I 3.61 15.15 701 12.8 
Surfactants mg/ 1 
Phenolic Compounds mg/ I NIL o 15 0.68 0.08 
Salinity as Chloride (Cn mglJ 38.26 13.87 27.74 22.54 

+- 1.15 2.65 2.86 _An!!1l0ni<~.i.~Ii'L) mgll ______________ 1.41 , ----.--------
Anions 

--~---.------ ---------.. 

Nitrate (N03-) mgll 2.94 10.22 8.16 6.5 
3 

Phosphate (P04 -) mg/ I 4.42 5.94 9.03 5.33 

Sulphate (S04-) mg/I 

Sulphide as IhS mg/I 
0.6 1.37 1.96 NIL Free C02 mg/I 

Bicarbonate (HC03-) mg/I as CaCO] 

Carbonate (CO/-) mg/1 as CaC(h 
Conductivity 840 560 840 900 
-~~!1lE_~~l_ 
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LIQUID EFFLUENT/WATr~R ANALYSIS 
__ ~_~TE;_~O"'~MJ.lJ:=!~) __ ~~_QO___ ________ _ ________________________ ---.-_____ _ 

5 

Date Sampled 
Installation/Sampling Point 
Area KADUNA 
State KADUNA 
Type of Recipient Environment 

All Season Discharge rate (m )/day) 
Usage 

i 
------ .. -------------.. -- -------------- ---_____ J 

30/1112000 
nEFJNERY J<:'FFLlJENT 

ROl\-U RIVER 

FARMING ANI> HABITATION 

£!lluen~ Quanti!Y..Oisc~'!r~_~11f~!~~ayl _____ _ 
------- ------------- ---------- -------

Chn .. ncte .. istics 
pll 
rr' (Ie' emperature ./ 
Turbidity NTU 
Tolal Dissolved Solids (TDS) mg/I 
Suspended Solids 
Alkalinity P 
Alkalinity M 
Dissolved Oxygen (~O) mg/l 
Biochemical Oxygen Demand mg!1 
Chemical Oxygen Demand mg/I 
OH + Grease Content mg/I 
Surfactants mg/l 
Phenolic Compounds mg!l 
Salinity as Chloride (Cr) mg!l 

Ammonia (NH4 +) mg/I 
~------~~~~--------

Anions 
Nitrate (N03-) mg/I 

Phosphate (P04 
3 -) mg/I 

Sulphate (So,,-) mg/J 

Sulphide as 112S mg/I 

Free C02 mg/I 

Bicarbonate (HC03-) mg/las CaC03 

Carbonate (C032 -) mg/l as CaC03 
Conductivity 
()al~i~~_~ (ppm) ______________ _ 

7JJ7 
28_1 
32 
240 
24 
NIL 
52 
11.04 
360 
120.32 
45.7 

0.23 
13.87 
0.48 

10.00 
7_20 

NIL 

420 

14 
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I 
I , 

------------- --- ---- ---------------------- -------- --- ---~- -------------
2 :> 

METALS 

Sodium (Na) mg/J 

Potassium (K) mg/I 

Calcium (Ca) mgll 

Magnesium (Mg) mg/I 

Lead (Pb) mg/I 

Cadium (Cd) mg/I 

Zinc (Zn) mg/I NOT OETEllMINED 

Copper (Cu) mg/I 

Chromium (Total) mg/I 

Chromium (Cl') mgll 

Barium (Ba) mg/I 

Vanadium (V) mg/I 

Nickel (Nl) mg/l 

Iron (Fe) mg/l 

Mercury (Hg) mg/l 

_._---------------------_. ---------- ----------_.-----_ .. _----- ---... _- --- .. ------------_._--- . __ .... _ .. __ . ------_. 

ANALYSIS LABORATORY: WATEn SECTION (lU:F. LAIl) 

NO - NOT DETERMINED 
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LIQUID EFFLlJENTIWATER AMALYSIS 
____ !)ATE: l'lQyE}~~B~!~~}O_t!~_ _________ __ _ ________________ _ 

Date Sampled 
Installation/Sampling Point 
Area KADUNA 
State KADUNA 
Type of Recipient Environment 
All Season Discharge rate (mJ/day) 
Usage 
§!!Iuent Quantity Discharge (mJ/day) 
Char~t;;:i-;ti~---------···----·--·-·---

pH 
Temperature ()C 
Turbidity NTU 
Total Dissolved Solids (TDS) mg/I 
Suspended Solids 
Alkalinity P 
Alkalinity M 
Dissolved Oxygen (DO) mg/I 
Biochemical Oxygen Demand mg/l 
Chemical Oxygen Demand mg/I 
OB + Grease Content mg/I 
Surfactants mg/l 
Phenolic Compounds mg/l 
Salinity as Chloride (Cn mg/I 
Ammonia (NI-!t +) mg/l 

') 

30/1112000 30111/2000 
1) ()STREAM DOWNSTREAM 

ROMI RIVER 

FARMING AND HADITATION 

.---.----.--~ ----------- ----------

6.65 
24.6 
23 
74 
20 
NIL 
36 
11.04 
296.10 
184.02 
40.9 

NIL 
NIL 
0.82 

6.98 
25.3 
22 
110 
24 
NIL 
46 
9.95 
275.99 
78 
37.7 

NIL 
NIL 
0.74 

"'--- ------- ---. ---
Anions 

Nitrate (N03-) mg/I 
Phosphate (Po.1

3 
-) mg/I 

Sulphate (S04-) mg/I 
Sulphide as 112S mg/l 
Free C02 mg/l 
Bicarbonate (lICOJ-) Ing/J as CaCO) 

2 -
Carbonate (C03 -) mg/I as CaCO] 
Conductivity 
Cyanide (ppm) 

3.4 
2.28 

0.39 

92 

16 

2.6 
1.47 

NIL 

280 
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1 
1 
i 
I 

2 
--------

METALS 

Sodium (Na) mg/I 

Potassium (K) mg/I 

Calcium (Ca) mg/I 

Magnesium (Mg) mg/I 

Lead (Ph) mg/I 

Cadium (Cd) mg/I 

Zinc (Zn) mg/I NOT DETERMINED 

Copper (Cu) mg/I 

Chromium (Total) mg/I 

Chromium (Cr6+) mg/I 

Barium (Sa) mg/l 

Vanadium (V) mg/I 

Nickel (NI) mg/I 

Iron (Fe) mg/l 

Mercury (Hg) mg/I 

-------------

ANALYSIS LABORATORY: WATER LAB SECTION W) 

NO - NOT DETERMINII:I) 
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A~AL YSIS REPORT 

I RfVER 'VATER : CLARIFIER OUTLET 
DATA I Des~n s~ec. I Design spec. i 

! ! 

pH I 7.0-7.3 i 
, 

7.66 7.0-7 , 
i i 

Electrical conductivity I 13-105 I I 90 220(niax.370) : i I 

Total solids ppm I 38-3,328 ! i 88 200(max.350) I 

Suspended solids i 18-3.000 I I 4 20(max.SO) I 
Turbidity 20-3,000 i i 26 I 20(max.50) I , 

Alkalinity (HC03) 20-62 I 
, 

40 62.0 i I 
I 

_-.-Iatal Iron ppm I 0.02-5.S i i - I 1.0 ! , 
I 12.0 -30.0 I I -

Iotal Hardness ppm I 28 38.0 I 

Ca Hardness ppm 
I 

I j 14 I I I I I 

Mg Hardness ppm I i 14 I i 
I I 

Chloride ppm i 0.2-24.8 i ! NIL I 27.8 I I I I 

Silica (SiOl ) ! 0.8-9.3 I : 24.20 I 1.7 I 

I 
I 

I 
I 
I 
I 
I 
! 

! 
I 
I 
I , 

REFINERY EFFLUENT 
Design spec. 

Clear, 
Colorless 
7.0-8.5 

10.0mg\litre 
SO.Ounits 

0.3 mg\litre 

I 
I 

I 

I 
I 

I 
! 

500.0 mg\litre I 
I 
I 
1 
i 

7.07 
420 
264 
24 
32 
52 
-

",.., .J ... 

18 
14 

13.37 
-

I ! 30 
, I 

Sulphate ppm , - I ! 200.0 mg\litre -Slllohate ppm -~-f~T-~'--'~ -.30 200.0 mg\litre 

Phosphate ppm ! i " ..,,, i i I 7.20 I .:.. . .J .J I 
I i 

B.O.D (S days) ppm I I i125.19j I 25 mg\litre 360 

I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

i 
j 

i 
C.O.D ppm I ! I 88 38.40 ! 60.0 mg\litre 120-32 I , 

I I 

Settle able Solids I 70-326 i - i I 0.3 mg\litre - I 
Total Dissolved Solids i I 84 .350 I 2.000.0 mg\litre 240 I 

Oil i i 3.88 I 
I 0.3 mg\litre 45.7 I ! 

Hydrocarbons (I.R methods) I I - I 0.0 mg\litre - I , 

Phenols , I ~1L I 0.1 mg\litre 0.23 I 
Tar NLL 

·,,;J·,Jlwr.·,,,,' 



I RIVER WATER CLARIFIER OUTLET REFINERY EFFLUENT 
DATA I DESIGN SPEC. I DESIGN SPEC. DESIGN SPEC. 

Ammonia I 0.70 1.0mg/Litre as N 0.48 I 

Sulphide as H2S i NIL 0.2mg/Litre NIL I 

I Zinc i - 5.0mg/Litre I 
I ! -

Lead i I - I I 0.05mg/Litre ; I -
Arsenic ) I - I 0.05mg/Litre I I I -
Cyanide ! 

I I ! I 0.05mg/Litre I I - I -
Cadmium 

I 

0.05mg/Litre j - I -: 
Boron I i - i 0.05mg/Litre I -I I 

Vanadium I I 
, 

0.05mg/Litre - i -
Hexa Chromium j i I - I 0.03mg/Litre -

Selenium ! I O.Olmg/Litre I i - -
lVIercury I - I 0.001 mg/Litre i -I -

Temperature 
I 

I 25.4 36uC 28.1 

I Taste 
I 

I _" Unoj>jectionable I -I 
I --- - - - ---~ ~------ --_ ... _-

O.OSmg/Litre is expected value, O.lmg/Litre is guaranteed value 



3.2 LIQUID EFFLla:NT/WATEI{ ANALYSIS 
[)ATE: AUGlJS'f! 20_0} ______ .. -----_._-- ----------_.- ----.-

J 2 J 
--------------.~-- .----~.~----- ----------- ----.----~---- -' 

Date Sampled 
Installation/Sampling Point 
Area KADUNA 

7/0812003 14/0812003 21/0812003 
REFINERY I~FFLUENT 

State KADUNA 
Type of Recipient Environment ItOMI IUVER 

All Season Discharge rate (ml/day) 
FARMING ANI) HABITATION Usage 

Et1luent Quantity Discharge (nhday) 
Chnr-ncteristics 
pH 8.24 6.31 6.77 7.58 

() 
27.00 26.60 Temperature C 26.60 28.00 

Turbidity (NTU) 15.00 14.50 14.00 12.00 
Total Dissolved Solids (TDS) mg/I 189.00 234.11 408.25 225.93 
Suspended Solids 123.00 160.22 lOO.42 39.90 
Alkalinity P <0.01 NIL NIL NIL 
Alkalinity M 52.00 38.20 24.50 23.30 
Dissolved Oxygen (DO) mg/I 7.28 6.70 6.67 7.75 
Biochemical Oxygen Demand mg/I 110.25 45.57 88.20 99.96 
Chemical Oxygen Demand mg/I 600.00 260.00 140.00 220.00 
01-1 t- Grease Content mg/I ND* N()* N()* ND* 
Phenolic Compounds mg/I 0.30 0.49 0.40 0.14 
Salinity as Chloride (Cn mg/I 15.40 16.00 14.80 19.30 

_AmE~_~~ia (NI!iJ-.!ng/I ___ .. __ .. _. _____ . 1.75 1.68 0.36 0.40 
Anions 

------ 1---------- ----

Nitrate (N03-) mg/l 1.20 0.70 0.50 0.50 

Phosphate (P043-) mg/l 5.23 1.76 9.29 8.83 

Sulphate (S042") mg/I 162.50 215.00 130.00 87.50 

Sulphide as H2S mg/I 
0.04 NIL NIL 0.04 
657.00 318.00 490.00 405.00 Conductivity (~s) 
ND* ND* ND* ND* Cyanide (ppm) 

NO'" - NOT DET .. :RMINEO I)UE TO li'AULTY EQUIPMI~NT 
---_._-------'-----

20 

i 



, 

ANALYSIS LABORATORY: WATER SECTION (Refinery Laboratory) 

ND - NOT DETEI~MINED DUE TO LAMP FAILURE 

21 



LIQUID EFFLlJENTIW ATER ANALYSIS 
__ [)ATE: AI}GlJS~JOO} ________ _ 

24/0812003 Date Sampled 
Installation/Sampling Point 
Area KADUNA 

IlOM( UPSTRIi:AM 

State KADUNA 
Type of Recipient Environmenl 
All Season Discharge rate (m1/day) 
Usage 

J:ft~l~~nt Quantity Discharge (m)d~y)_ 
Chnr~lcteristics 

pH 
'I' °c emperature . 
Turbidity (NTU) 
Total Dissolved Solids (TDS) mg/I 
Total Hardness mg/l as CaC01 
Alkalinity P mg/I 
Alkalinity M mg/l 
Dissolved Oxygen (DO) mg/J 
Biochemical Oxygen Demand mg/I 
Chemical Oxygen Demand mg/I 
OB -+- Grease Content mg/I 

Phenolic Compounds mg/I 
Salinity as Chloride (Cn mg/I 

Ammonia (NH4 +) mg/I 
1----:---------------

Anions 

Nitrate (N03-) mg/I 

Phosphate (PO/-) mg/I 

Sulphate (SO/-) mg/I 

Sulphide as H2S mg/I 
Electricity Conductivity (lJs) 

Cyanide (ppm) 

ROMI 

FARMING 

{).55 
27.80 
160.00 
228.79 
20.30 
NIL 
13.50 
7AI 
58.80 
380.00 
ND 

0.04 
12.00 
1.24 

0.70 

7.56 
46.00 
0.03 
251.30 
ND 

22 

28/0812003 
nOWNSTIU:Al\'1 

RIVER 

ANn HABITATION 

5.83 
28.00 
116.00 
216.55 
27.50 
NIL 
6.70 
7.76 
70.56 
319.20 
ND 

1.29 
13.50 
1.66 

NIL 

6.93 
90.00 
0.03 
394.00 
ND 



ANALYSIS LABORATORY: WATER LABORATORY (REFINEllY) 

ND - NOT DETERMINED DUE TO FAULTY LAMP 
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ANALYSIS REPORT AUGUST, 2003 

I RIVER WATER ! CLARIFIER OUTLET REFINERY EFFLUENT I ! .- .. -
I DATA Design spec. i Design spec. Design spec. -_. 

i I 

I 
i 

I Clear, 
I 

, 
I i 

I Colorless I I ! 

pti 7.0-7:3 I I 6.76 
I 

7.0-7 7.0-8.5 i 7.58 I I 
I I 

Electrical conductivity (jJ s) 
I 

13-105 45.40 I 210(max.370) ! I 405.00 I 
I 

j 38-3,328 
-

274.23 i 200(max.350) I i Total solids ppm I 265.83 
Suspended solids PPM l 18-3,000 41.13 I 20(max.50) I 10.0mg\litre i 39.90 

Turbidity (NTU) i 20-3,000 i I 290.00 ! 20(max.50) 50.0units I 12.00 
Alkalinity Mppm 20-62 17.40 I 62.0 I I I 23.30 

Total Iron ppm I 0.02-5.5 13.89 1.0 0.3 mg\litre i 2.99 
Total Hardness ppm I 12.0 -38.0 I 16.40 38.0 I 500.0 mg\litre I 28.60 
Ca Hardness ppm i i 10.10 I 18.00 
Mg Hardness ppm i I 6.30 I 10.60 I 

Chloride ppm I 0.2-24.8 I I 7.40 27.8 I 19.30 I I I 

Silica (Si02) 0.8-9.3 i ! 13.05 1.7 i - I 
Sulphate ppm ! I 9.00 

I 

3.0 i i 200.0 mg\litre ! 87.50 I I ! 

Phosphate ppm ! I 22.97 I j i 3.83 i i 

B.O.D (5 days) ppm ! 29.40 I 25 mg\litre 
, 

99.96 I ! 
C.O.D ppm 212.80 38.40 I 60.0 mg\litre 220.00 

Settle able Solids - 0.3 mg\litre -
Total Dissolved Solids ppm 70-326 I 233.10 .350 2.000.0 mg\litre i 225.93 

Oil ~1)* 0.3 mg\litre ~'D 

Hydrocarbons (LR methods) - 0.0 mg\litre I -
Phenols ppm 0.10 O. 1 mg\litre I 0.14 

I '7 ()7 i 1I..ITT I '7 '7::' I Ul;);)UlYCU v""yg"u Iii ;.v; i I'LL... I. IJ 

ND - NOT DETE:&'''IL~ED DUE TO FAuLTY EQUIPIHENT. 
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I 

RIVER WATER CLARIFIER OUTLET 
DATA (mglI) DESIGN SPEC. 
Ammonia-N 1.48 

Sulphide as H2S 0.05 

Zinc 0.30 
Lead ND 

Arsenic - I 
CYanide ND 

Cadmium I NIL 
Boron I -

Vanadium I I -I I 

Hexa Chromium I NIL 
Selenium i -
:Mercury ND 

Temperature (oC) 26.80 

Taste -
0.05mglLitre is expected value, O.lmg/Litre is guaranteed value. 
ND* - NOT DETERl\flNED DUE TO FAULTY EQUIPMENT. 

DESIGN SPEC. 

, 

I 

REFINERY EFFLUENT 
DESIGN SPEC. 

1.0mgiLitre as N 0.40 
0.2mg/Litre I 0.04 
5.0mgiLitre 0.80 
0.05mgiLitre ND 
0.05mglLitre I -
0.05mglLitre I NIL 
0.05mg/Litre ! 
0.05mgiLitre I 
0.05mglLitre I 

I 
I 

0.03mgiLitre I NIL I 

O.OlmgiLitre I 
! -

0.001 mglLitre I 

ND ! 

36°C I 28.00 I 

, Unob.iectionable I -



3.3 LIQUID EFFLlJlCNT/WATER ANALYSIS 
r-__ J!.AT~~.£_~ A Y, 20_04 ____________ ___________ _ _________ -----.-______ ~ 

I 2 3 4 
6/51200413/512004 2015/2004 27/512004 ---------1-------- -----

Date Sampled 
Installation/Sampling Point 
Area KADUNA 
State KADUNA 
Type of Recipient Environment 
All Season Discharge rate (m3/day) 

REFINERY EFFLUENT 

ROMI IUVER 

Usage FARMING AND HAIlITATION 
Eflluent Quantity Discharge (m3/day) 

f----------------------------------- --------+-------- _______ +-___ ----1 

Characteristics 
pH 
rr °c emperature 
Turbidity (NTU) 
Total Dissolved Solids (TDS) mg/I 
Suspended Solids 
Alkalinity P mg/I 
Alkalinity M mg/I 
Dissolved Oxygen (DO) mg/I 
Biochemical Oxygen Demand mg/I 
Chemical Oxygen Demand mg/l 
OB + Grease Content mg/I 
Phenolic Compounds mg/I 
Salinity as Chloride (CI") mg/l 

7.36 
29.2 
22 
437.71 
38.29 
NIL 
60.00 
6.80 
179.34 
360.00 
ND* 
0.55 
27.80 
0.92 

2.85 
29.1 
21 
467.57 
35.43 
NIL 
84.00 
6.90 
14.70 
46.16 
ND* 
0.49 
31.60 
0.66 Ammonia (NI-4 +) mg/l 

f---.-~~-...::!....~!iiL.:... ____ . _____ +_-----_I_----.-
Anions 

Nitrate (N03-) mg/I 

Phosphate (P04
3
-) mg/l 

Sulphate (S042-) mg/I 
Sulphide as H2S mg/I 
Conductivity (~s) 
Cyanide (ppm) 

1.10 

6.87 
42.00 
0.01 
342 
ND* 

OAO 

3.25 
165.00 
0.0] 
1048 
ND* 

6.09 
29A 
16 
410.85 
41.22 
NIL 
67.00 
8.16 
\99.90 
203.08 
ND* 
0.36 
18.30 
0.33 

0.50 

0.92 
200.00 
0.07 
832 
ND* 

5.54 
29.1 
80 
321.94 
54.32 
NIL 
44 
267.62 
72.99 
l20.99 
ND* 
0.16 
20.8 
1.25 

0.50 

13.50 
90.00 
0.0\3 
577 
ND* 

L........::-::~:_::__-::::-:::;::::_:__:_:_:::::_:_:_:::::_::_::-:-:-_==:-::::-~:_L::~::__--..l----.- ------___ -L _____ ~ 
LIQUID EFFLUENTIW ATI~R ANALYSIS - MAY 2004 

N))* - NOT ))ETERMINED DUE TO FAlJLTY EQlJlJ>MENT 
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~--

1 .- 3 
6/5/2004 131512004 20/5/2004 ------ ----.---~- ------. 

MKf'ALS 

Sodium (Na) mg/l ND* , ND* ND* 

Potassium (K) mg/I ND* ND* ND* 

Ca\c.ium (Ca) mg!l ND* ND* ND* 

Magnesium (Mg) mg/I ND* ND* ND* 

Lead (Pb) mg!l ND* ND* ND* 

Cadium (Cd) mg/I ND* ND* ND* 

Zinc (Zn) mg/I ND* ND* ND* 

Copper (Cu) mg/I ND* ND* ND* 

Chromium (Total) mg!1 ND* ND* ND* 

Chromium (Cr6+) mgJi ND* ND* ND* 

Barium (8a) mg!l ND* ND* ND* 

Vanadium (V) mg!1 
ND* ND* ND* 

Nickel (Nl) mg/l 
ND* ND* ND* 

Iron (Fe) mg/I 
ND* ND* ND* 

Mercury (Hg) mgll ND* ND* ND* 

N[) - NOT DETF:RMINEI> nUE TO LAMP FAILURE AND ALSO, -FAULTY 
li~QUIPMENT 

ANALYSIS LAUOI~ATOnY: \VATIi:R SECTION (Rcfinc."y Lubo."u'ory) 

27 

4 
27/5/2004 i 

---' 

ND* 

ND* 

ND* 
N[)* 

ND* 

ND* 

ND* 

ND* 

ND* 

ND* 

ND* 

ND* 

ND* 

ND* 
ND* 



L1QIJIl) Eli'FLUENT/\V ATER ANALYSIS 
DATE: A lJGUST, 2003 ._--------------------------

1--,--,------ ---_. __ 

Date Sampled 
Installation/Sampling Point ROMI 
Area KADUNA 
State KADUN A 

27/5/2004 
UPSTREAM 
KRI>C 

27/5/2004 
DOWNSTREAM 

Type of Recipient Environment n.OMI I~IVER 
Ail Season Discharge rate (m]/day) 
Usage FARMING AND HAllITATION 

Eft.!L.~~nt Quantity_ Discharg~0~~~~~ly1_ ---------.-.--1-------.------1 
Characteristics 
pH 

o 
Temperature C 
Turbidity (NTU) 
Total Dissolved Solids (TDS) mg/l 

Total Hardness mg/l as CaC03 
Alkalinity P mg/l 
Alkalinity M mg/l 
Dissolved Oxygen (DO) mg/I 
iliochemical Oxygen Demand mg/l 
Chemical Oxygen Demand mg/I 
OH + Grease Content mg/I 
Surfactants mg/I 
Phenolic Compounds mg!1 
Ammonia (NHt+) mg/l 

Anions 

Nitrate (N03-) mg/l 

Phosphate Sulphate (P043) mg/I 

Sulphate (SO/-) mg/I 

Sulphide as H2S mg/I 
Electricity Conductivity (I.ls) 

Cyanide (ppm) 

66.0 
27.5 
450.00 
95.49 
17.60 
NIL 
29 
6.80 
26.16 

ND* 
<0.01 
12.60 
1.44 

2.60 

32.10 
NIL 
0.05 
79.60 
NO 

6.47 
28.9' 
270.00 
49.65 
31.40 
NIL 
43 
7.34 
98.49 
36.50 
ND* 
0.04 
19.90 
2.20 

0.90 

18.01 
25.00 
0.03 
425 
NO 

NI> - NOT J)[~TERMINEi) UUIi: 1'0 FAULTY EQUIJIMr~Ni;------------------
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ANALYSIS LABORATORY: WATER SECTION (llEFINl~llY LAB) 

Nil - NOT IlETEllMINEI) I)UE TO FAULTY LAMP 
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ANALYSIS REPORT l\'tAY, 2003 

RIVER \VATER CLARIFIER OUTLET I REFINERY EFFLUENT 
DATA Design spec. Design sQec. 1 Design spec. 

I 
! Clear, 

I ! Colorless 
,--

pli I ! I I 7.0-7.3 ! I ~ 1- I 7.0-7 7.0-S.5 5.54 I 
i l. ~ I 

I Electrical conductivity (lJ s) 13-105 I I .:;.:; ,..., i ')"'O(max ""70) i I 577.00 I , ~ _ . L \.J : -- • ..) I I 

Total solids ppm 38-3,328 I 49i.59 i 200(max.350) 1 I 32l.94 
Suspended solids PPM 18-3,000 I I 73.58 ! 20(max.50) ! 10.Omg\litre 54.32 

Turbidity (NiU) 20-3,000 I I 480 
I 20(max.50) i 50.0units SO.OO i 

Alkalinity M ppm 20-62 ! I 35 ! 62.0 I I 44.00 ! 
Total Iron ppm 0.02-5.5 I I NTI* j 1.0 I I 0.3 mg\litre ~TI* -

Total Hardness ppm 12.0 -38.0 I I 16.70 ! 3S.0 I 500.0 mg\litre 48.50 
Ca Hardness ppm I 11.50 i I 

27.20 ! 

Mg Hardness ppm I I 5.20 ! i 2l.30 
i Chloride ppm i 0.2-24.8 i I 10.60 i 27.S I I 20.S0 I 

Silica (Si02) 0.S-9.3 i i 1 - ""S ! ! ) . ..;. ! l.7 I -
Sulphate ppm I I I l\1L I 3.0 I I 200.0 mg\litre 90.00 i I 

I I 

i Phosphate ppm ; 79.58 ; I I i 13.50 
, 

I I I 

I 
B.O.D (5 davs) ~~m I I i 20.58 , I 

25 mg\litre 72.99 I 

C.O.D Eeffi ! - i 3S.40 i 60.0 mg\litre 120.54 
Settle able Solids I I I 

OJ mg\litre - I ! -
Total Dissolved Solids ppm I 70-326 I I 424.01 I .350 I 2.000.0 mg\litre 267.62 

Oil I I ~TI* ! I I 0.3 mg\litre ND* 

I Hvdrocarbons (LR methods) 
, 

I 0.0 mg\litre l\ITI - i 
Phenols ppm I <0.01 I I 0.1 mg\litre 0.16 

Dissolved Oxygen I 6.66 i ! NIL 7.09 I 

ND - NOT DETERl'HINED DUE TO FAULIT EQUIPME~T. 

}O 



i , 
I 

I 

I 
i 
I 

I 
I 

I 

i RIVER WATER I CL-\.RlFIER OUTLET 
DATA (mg/l) I DESIGN SPEC. I 

Ammonia - N i 3.25 i I 

I 
I I 0.11 

I 

Sulphide as HzS I I [ 

Zinc I I I ND* I 
I 

Lead I I ND* , I I 

Arsenic i i I NIL : 
I I i 

Cyanide ! I ND* i i 

Cadmium ! ND* i 
Boron I i ND* ! j ! 

Vanadium I I I ND* ! I 

Hexa Chromium I I NIL i 
Selenium I I I I I --
Mercury I i 

I I I -
Temperature (uC) I I 

I 

28.9 I 
I 

I 
Taste I I I I - I 

I 

0.05mg/Litre is expected value~ O.lmg/Litre is guaranteed value. 
ND* - NOT DETER\IINED DUE TO FAULTY EQUIP)IE:"fT. 

31 

DESIGN SPEC. 
I 
I 

I 
I I 
i 
I ! 
i 
I 
I 

I 

I 
i 
I 

I 
! 
I 
! 

I 
I 

i 

REFINERY EFFLUENT 
I DESIGN SPEC. 

1.0mgiLitre as N i 1.25 
0.2mglLitre J 0.01 
5.0mg/Litre I ND* 

0.05mgJ1itre i ND* I 

0.05mg/Litre I ND* 
0.05mgiLitre 

I 

ND* I 
I 

I 0.05mg/Litre I ND* 
0.05mg/Litre i ND* 
0.05mg/Litre ND* I 

I 0.03mg/Litre NIL 
O.Olmg/Litre -

O.OOlmg/Litre -
36uC 29.1 

Uno b.i ectio nable" -
-



3.4 METHODOLOGY 

1. Procedure for the analysis of Total Suspended Dissolved Solids (TSS). 

100ml of water sample was filtered through fibre glass filter, the filter was placed in an 

evaporating dish and dried in the oven at temperature of about 10S()C for one hour. The 

fibre glass intermittently and dried repeatedly till a constant weight was obtained. 

Total dissolved solids is given by the equation 

(A-B)xIOO 
volume of water sample. 

Where A=weight of filter + residue 

B=weight of filter only 

2. Procedure for the analysis of Turbidity. 

Turbidity was delcrmined using attach turbid meter, the meter was calibrated f<)r 

operation and the standard supplied with the unit were checked. The appropriate range 

was selected (IOONTU). The cell riser was properly installed in the cell holder. The cell 

sample was filkd with 25ml of sample being tested and covered inside the instrument. 

The meter readings were recorded. 

3. Procedure for analysis of Temperature 

Temperatures were determined using a mercury -glass thermometer ofrange lOoC-50°e. 

The thermometer was placed at a depth of about IScm for five minutes before taking 

reading. 

4. Procedure for analysis of pH 

pH was determined with Beckam Electric pH meter model H%. The reference electrode 

was standardized before use. The pH meter was kept on for about 2 hours to warm the 

32 



equipment. The green bulb was cleaned repeatedly with fresh distilled water and the 

Temperature of the instrument was adjusted to the room Temperature. 

5. Procedure for the analysis of Dissolved oxygen (DO). 

Oxygen was determined by Winkler Titrimetric method. The sample was acidified by 

adding 1011 of concentrated H2S04 and then shaken properly. 100mi of the sample was 

introduced into a beaker,S drops of starch was also added. 

Dissolved Oxygen in the sample was titrated using Na2S04.51-hO until a pale 

straw or colourless solution was obtained within 2 minutes. 

The amount of Dissolved Oxygen in mg/l is given by the equation 

Titrants Vol. x 1000 
Vol. of water sample x Vol. of sample bottle 

6. Biochemical Oxygen Demand's Procedure. 

The diluted water was pre-treated followed by pre-treatment of sample. The samples 

were kept in the water- cooled incubator; at room Temperature before dilution. All 

samples were well mixed before dilution. 

7. Procedure for Analysis of Total Dissolved Solids (TDS). 

Total Dissolved Solid was determined by Wrinkle's method. 10ml of the sample was 

weighed inside a crucible. The sample was dried in a steam bath and dried completely in 

an oven. The dried crucible was weighed when cold. 

TDS mg/J = Initial weight of crucible + sample -- Final weight after drying. 



" 

4.0 MODEL DEVELOPMENT. 

4.1 MODELING FOn LIQUID EFFLUENT USING 1)11 AS 

DEPENDENT VARIABLK 

Modeling for Liquid efiluent using pH as the optimization criteria (dependent 

variable), 

The pH ofliquid eft1uent is dependent upon certain parameters present in the 

waste water, such as temperature, biochemical oxygen demand (BOD), heavy metal 

c.t.c. Mathematically, pH is represented as: 

pH = f(temperature, BOD, TDS)------------------------( 1) 

In this model, the parameters considered include Temperature, Turbidity, TOS, 

Dissolved Oxygen (DO), BOD, CO, Nitrate, Phosphate, Sulphate, Sulphide. 

Let Temperature = T; Turbidity = U; TDS = D; Dissolved Oxygen = 0; 

Biochemical Oxygen Demand = B; Chemical Oxygen Demand = C; 

Nitrate = N; Phosphate = P; and Sulphate = S. 

Therefore, the pH can be written as: 

pH = f(aT + bU + cD + dO + eB + fC + gN + hP + is)-----------------------(2) 

where, pH is the dependent variable in the equation, T,U,D,O,B,C,N,P,S are the 

independent variables, a,b,c,d,e,f,g,h,i are the constants. 

Letting I to represent the square of the difference between the values of observed pH 

and its modeled values (pH model) i.e. 

I = [pH - (aT + bU + cD + dO + eB + fC + gN + hP + is)]2-_________________ (3) 

For m experimental values, 
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In order to minimize ml with respect to the coefficients, using the first partial 

derivatives of mI and equating these to zero, the necessary minimum conditions can 

be obtained. i.e. from equation (4) we have; 

O(ml) =-2 rTf [pHI- aTI - bUI - cDI- dOl - eBI - tel - gN, - hPI- iSI1
2 = 0 -----(5) 

oa 

O(ml) =-2 rUI [pHI - aTI - bUI - cDI- dOl - cBI - fCI - gNI - hPl - iSl]2 = 0 -----(6) 
ob 

O(ml) =-2 rDI [pH,- aT,- bUt - cD, - dO(- eB,- re[ - gN. - hPI - iStl2 
= 0 -----(7) 

OC 

O(ml) =-2 rO. [pHI - aT. - bUI - cD. - dOl - eBI- fe, - gN, - hP.- iSt1
2 = 0 -----(8) 

od 

O(ml) =-2 rBI [pHI - aTI - bU. - cD, - dO. - eBI - tel - gNI - hPI - is,12 = 0 -----(9) 
oe 

O(ml) =-2 reI [pHI - aT[ - bU,- cD, - dOl - eBI - fe. - gNI - hPI - iStl
2 = 0 ----( 1 0) 

of 

O(mI) =-2 rN[ [pHI - aT(- bUI - CDI - dOI- CBI - fLI - gN. - hP(- iSd
2 

= 0 ----(11) 
og 

O(mI) =-2 rPI [pH(- aT) - bU. - COl - dOl - eBI- tel - gN(- hPI- iSd2 = 0 ----(12) 
oh 

O(ml) =-2 rSI [pH(- aTI- bUI - COl - dOl - eBI- tel- gN(- hPI - iSI]2 = 0 ----(13) 
oi 

equations (5)-(13) can be arranged to give: 

O(mI) = rT. [pHI - aT. - bUI - cD[- dOl - eBI - tel - gNI - hPI - iSrl = -2 x 0 
oa 
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which can be written as : 

Expanding the bracket gives: 

IT] pHI - a IT2] - b ITIU, - C ITIO, - d ITIO, - c IT]BI - rITIC, - g ITIN, -
h ITIPI - i IT,S.] = 0 -----(14) 

from equation (14), making IT. pHI the subject of the formula, we have: 

ITf pHI = aIr. + b ITIUI + C IT.D[ + d ITIOI + e ITIBI + rITlcl + g IT.N. + 

h ITIPl + i IT.SI-----------( 15) 

applying the technique to the other equations (6)-(13), we obtain: 

Iu, pHI = a rU11. + b rU
2

1 + c rUIO. + d Iu]ol + e rUIB, + frUICI + g rUINI + 
h IUIPI + i IUISI-----------( 16) 

Io. pHI = a IO']I + b Io,u, + C I02. + d Io,o, + c IO,B( + [I.DIC, + g IDINI + 

h rDIP. + i rOISI-----------( 17) 

Io. pH. = a rOll l + b rO.UI + + c IOID. + d I021 + e IO.BI + rIOICl + g IO.NI 
+ h IO[Pl + i Io.s.-----------( 18) 

IB. pH} = a IB." + b IBIUl + + c IBID. + d ISIOI + e IB2. + rIBICl + g IBIN. 
-/- h IBIP} + i IS.S1-----------(19) 

rCI pHI = a ICII( -/- b IC,uI + + C ICIDI + d ICIOI + e IC,B. + frC21 + g ICIN, 
+ h ICIPI + i ICISI-----------(20) 

IN] pHI = a INIII + b IN,U, + c IN.OI + d IN,OI + e INIBI + fINICI + g IN2
, 

+h IN}PI + i rNISI-----------(21) 

Ip} pHI = a Irlll + b IPlllt + c IrlOl + d IPIOl + e IPIBI + rIPICI +g IPINI + h 
Ip2 I i IP.SI-----------(22) 
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1 
I 

I 
I 
1 

I.S. pH. = a rS111 + b Is1uI + C ISIDI + d Isio. + e ISIB. + [ISlc. +g IS1NI + 
h ISIPI + i Ip21 -----------(23) 

Where r = 2:::=1 where n = 6. The summation was obtained from the data using 

MathCAD. 

Applying the forrnula, t
1 = 1. Solve (Z, z) s MathCAD programming language used in 

solving two matrices to a solution. 
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pH 

datil := 

I"fi ,>~WQ,'::~' 
If 
1" 
J. 
:r 
4' 
~' 

pH:= data (0) 

13:== data (5) 

I ~ =: 4287.15 

--~ 

10.08 

7.43 

8.91 

9.14 

6.65 

6.98 

I ('1' . B) = 69521.362 

--7 Iu· II) == 117.759 

--~ I (U . 0) == 1709.51 

--~ L (lJ . P) == 765.43 

---* L (D . N) = 10498.04 

---* L (0. U) == 1709.51 

---7 L (0 . C) == 7473.378 

--7 L (13 . T) == 69521.362 

I(n1 = 1362361.339 

--~ L (B . H) = 2037.536 

NOY2000 

T lJ D o 13 C 

.;;'t( 2 3 4 \5,. ;,J}p~>, 
26.6 42 518 13.65 616.94 204.46 

26.1 19 310 8.03 102.67 57.86 

28.8 31 402 9.92 720 101.45 

28.7 19 306 10.7 537.5 37.74 

24.6 23 74 11.04 296.19 184.02 

25.3 22 110 9.95 275.99 78 

T:== data (I) lJ:= data (2) D:= data (3) 

C:= data (Ii) N;= data (7) P:= data (x) 

-----? L (T . U) = 4173.6 
-----? L(T' D) = 46833 

---7 -----? L cr . C) == 17453.972 L (T . N) = 915.924 

------7 L(U . T) = 4173.6 L(u1 = 44('() 

~ L (U . B) == 73278.86 
~ L (U . C) == 19497.13 

------7 
~ L (U . II) == 120.96 

L (D . T) == 46833 

~ 
~ L (D . 0) = 1~733.5 L (D· 13) = 857594.58 

---7 L (D . P) = 91">7.72 
~ L (D . II) = 1552.28 

~ L(O. D) = 18733.5 

---~ L (0 . N) == 3.lh.11I1 
---7 Leo. P) = 294.972 

~ L (B . lJ) = 7.1278.86 
~ L (B . D) = 857594.58 

------7 ~ L(B. C) = 301441.392 L(B. N) == 13956.661 

---7 L (C· T) = 17453.972 
~ L(C ·lJ) = 19497.13 

, 

N p II 

,7 8 9 
2.94 4.42 0.6 

10.22 5.94 1.37 

8.16 9.03 1.96 

6.5 5.38 0 

3.4 2.28 0.39 

2.6 1.47 

(\:= data (4) 

11:== data (9) 

-----? L (l' . 0) = 1688.778 

--7 L cr . P) = 780.355 

~ L(U' D) = 50044 

~ L (U . N) == 829.52 

~ L (D . U) = 50044 

----7 L (D . C) = 198375.7 

------7 L (0· '1') = 1688.778 

~ 

0 

L (0 . B) == 28155.359 

-.--.--~ L{O' II) = 42.94 

-~ L (13 . 0) = 28155.359 

-------7 L(B. P) == 13S1l.l03 

~ L {c . D) = 198375.7 



--~ --:. ----7 -~ 

2)c . 0) = 7473.3711 I (C· Il) =" 301441.392 I(e) =- 96815.442 L(e. N) =- 3094052 

.--'; --~ ----+ --~ L (C· P) :: 2900.762 L (C· II) ." 472.554 L (N . '1') =- 915.\)'24 L (N . U) == H2<).52 

----~ -_.:> --~ _._-)0 

I (N . D) = 1049l!O4 L (N . (» '" 33(>.lO) L (N . B) :: 13956.661 L (N . C) == 30<)·1.052 

----7 -~ --~ -----) L (N2) == 240.248 L (N . P) = 193.93 L (N . II) = 33Jl85 L (P . '1') = 7110.355 

---'; ~ --~ ----:> I (p. U) :: 765.43 I (P . D) == 9737.72 I (P . U) == 294.972 L (p. B) :: l381L103 

---~ ~ 
--, ----7 I (1) . C) == 2900.762 L (P . N) == 193.93 L (p2) == 172.665 2: (J> . II) :: 29.378 

--)- --)- --)- --)0 L (II· T) == 117.759 L(H. U) == 120.96 L (II· D) :: 1552.28 ~)ll. U) :: 42.94 

----)0 --:> ---)0 --)-L (II· B) == 2037.536 L(B. C) == 472.554 L (I I . N) == 33.085 L (If· P) == 2<).378 

--)0 ) ----0)- ---) I (112) == 6.231 L (plJ . T) = 1321.161 L(pIl. U) == 1320.91 I(pIJ' J)) == 15163.3 

--_.:> -----)0 ---_ ... :> .----~ L (pi I . 0) == 526.307 L (pi I . B) ~. 22205.617 L (pi 1 . C) == 5507.ll93 L (pi I . N) == 27M.443 

--~ -----)0 L (pH· P) == 243.741 L (pH· ll) == 36.284 

LM ---)0 ---)0 --) ~ --) ----+ -----) ----7 I(T' U) Lcr .1) L(T.O) L(T.B) I(T'C) L('J'·N) L(T.P) L(T·If) 

--) --)0 
---~ -------)0 ---)0 ---)0 -----? ~ ------7 L(U' '1') L((i) I (lJ . I) L(U'O) L(U' B) Leu. C) L(u, N) L(u, P) L(u, II) 

--) -----)0 --0)- -----? --~ -------)0 -----? ~ --) L(D. T) L(D. U) L(1)2) L(I)·O) L(D. B) L(I)· C) L(D' N) L(I)· P) L(D ·11) 

---)0 --)0 ----.. ---, --~ --~ -----7 -----7 ---, ----+ 
:L(()' 'J') :L(o' U) L(o.D) I(d) :L«)'B) :L(C>' C) L«)·N) L(C)' P) L(o.lI) 

----7 --~ -----)0 ---)0 L(~~;) ----;l> ------)0 --------)0 ~ 

'1.:= L(B. '1') L(B. U) L(B.I) L(B.O) L(B. C) L(B. N) L(n. P) L(B ·11) 

--~ ---)0 ---)0 ---)0 --) ~ --~ --------)0 ~ 

L (C . T) L (C . U) L (C . D) L(c,O) L(c, B) I(c2) L(c, N) L(c, P) L(c, II) 
--) -----? -----? -----? ---)0 ---)0 -)- ~ ------7 

I(N.T) L(N. U) L(N. I) L(N. 0) 2)N. B) L(N. C) :L(N2
) L(N. P) L(N. H) 

-----) ~ ---~ -------) ----) ---)0 ---+ --------)0 I (p. T) L (P . U) L (p . D) L (P . 0) L (P . B) L (P . C) L (1) . N) L(P, H) 



4287.15 4173.6 

4173.6 4460 

46833 50044 

1688.77!1 1709.51 

Z= 69521.362 73278.86 

11453.972 19491.13 

915.924 82').52 

780.355 765.43 

117.759 120.96 

----)< 

.~)pH . B) = 222()5.617 

-----"7 L (pi I . I I) = 36.2114 

46833 )(.88.778 69521.362 

50044 1709.51 73278.86 

637240 187:B5 857594.58 

18733.5 fiH4.584 28155.359 

1151594.58 211155.35<) \3()236 1.339 

198315.7 7473.378 301441.392 

10498.04 336.101 13956.661 

9737.72 294.972 13811.103 

1552.28 42.94 2037.536 

.. --~ L (pI 1 . C) = 5507.H93 

I(pll. T) 

L(piI. U) 

--~ 

L(pll. D) 

._----) 

L((111.0) 

--~ 

z:= L(p!!, H) 

----~ 

Llpli. C) 

---'; 

I(pH. N) 

---~ 

L(pil. P) 

17453.972 915.924 7!W.355 117.759 

19·; "17.13 829.52 765.43 120.96 

19h17S.7 10498.04 9737.72 1552.211 

7473.378 336.101 2<)4.97L. 42.94 

301441.392 13956.661 13811.103 2031.536 

96815.442 3094.052 2900.762 472.554 

309·W52 240.2411 193.')3 33.0115 

2900.762 193.93 172.665 29.378 

472.554 33.085 29.3711 6.231 

_._-) ----)<0 

L(Pll. D) = 15163.3 L (pH· 0) = 526.307 

L(Pll. N) = 2711.4-0 
L(pH. P) = 2·t3.W 



\]21.161 

1.120.91 

15163.3 

526.307 

Z= 22205.617 

5507.893 

278.443 

243.741 

36.284 

I' :'= Isolvc(Z, z) 

(Ul~) 

-02·\1 

(1,(11·\ 

OA)1 

I' '" ·'O.OUI 

O.()OI 

-0.592 

-0.004 

1.421 

pEm ;= 0.329· T - 0.241 . U + 0.014· D + 0.423·0 - 0.00106· B + 0.001044· C - 0.592 . N _ 0.004394. P + 1.421 . H 

SIMULATION 

10.308 

7.567 

9.086 

9.271 

6.666 

7.014 

error := pH - pH
m 

error ::: 

-0.228 

-0.137 

-0.176 

-0.131 

-0.016 

-0.034 



(
enor ) %error := --. lOU 
pH 

707.56 

6!11.21 
~ 

(r2) = 829.44 

823.69 

605.16 

640.09 

~ 

L(r2) == 4287.15 

16410.604 

2679.687 

~ 

(T· B) = 
20736 

15426.25 

7286.274 

6982.547 

~ L (1' . B) :;:: 69521.362 

~ 

cr· H) = 

~ 

15.96 

35.757 

56.448 

o 
9.594 

o 

L cr· H) = 1I7.759 

~ 

(U· 0) = 

573.3 

152.57 

307.52 

203.3 

253.92 

218.9 
--~ L(U' 0) ::: 1709.51 

-2.257 

-1.838 

%crror = 
-1.973 

-1.438 

-0.238 

-0.484 

1117.2 

495.9 

~ !l92.8 
('1'. U) = 

545.3 

565J! 

556.6 

-~ LeI'· U) =: 4173.6 

543!U>36 

15Hl.146 

~ 

(T· C) = 
1921.76 

10113.138 

4526.892 

1973.4 

~ L ('I' . C) == 17453.972 

--~ 

(U . '1') = 

1117.2 

495.9 

892.l! 

545.3 

565.8 

556.6 

~ L(V' T) = 4173.6 

~ 

(U . B) = 

2591 1.4 !I 

1950.73 

22320 

10212.5 

6812.37 

6071.78 
-~ L (U . B) :;:: 73278.86 

1377U 

8091 

~ 

('1'. D) = 11577.6 

8782.2 

1!120.4 

2783 

~ 

LeT. D) = 46833 

n.204 

266.742 

~ 235.008 rr· N) = 
186.55 

83.64 

65.78 

~ L ('1' . N) = 915.924 

1764 

361 
~ 

(u2
) = 

961 

361 

529 

484 

~ 

(U· C) = 

8587.32 

1099.34 

3144.95 

7l?06 

4232.46 

1716 

363.0l) 

209.583 

-~ 285.696 cr· 0) = 
307.09 

271.584 

251.735 

~ LeI'· 0) = 1688.778 

117.572 

155.034 

--70 260.064 
(T . P) = 

154.406 

56.088 

37.191 

--70 L (T . P) ::: 780.355 

~ 

(LI· D) = 

21756 

5890 

12462 

5814 

1702 

2420 

~ L(V' D) = 50044 

~ 

(u· N)::: 

123.4!1 

194.18 

252.96 

123.5 

78.2 

57.2 

~ L (U . C) :;:: 19497.13 
~ L(U' N) = 829.52 



---) 

(LJ . p) =, 

185.64 

112.86 

279.93 

1Il2.22 

52.44 

32.34 
--7 

~) U . P) = 765.43 

---------+ 
(D· N) == 

268324 

96 1Il0 

161604 

93636 

5476 

12100 

1522.92 

316l1.2 

32!!O.32 

1989 

251.6 

286 

--~ L (D . N) = 1Il498.04 

----7 

(0· U) = 

----7 

573.3 

152.57 

307.52 

203.3 

253.92 

218.9 

L(O. II) == 1709.SI 

~ 

(0· C) == 

27'J().1I7~) 

464.616 

1006.384 

403.818 

2031.581 

776.1 

~ L (0 · C) = 7473.378 

---? 

(B· '1') == 

16410.604 

2679.687 

20736 

15426.25 

7286.274 

6982.547 

25.2 

26.03 

---~ flO.76 
(lJ·Il)= 

() 

8.97 

(I 

--~ L(U, II) == 120.96 

---~ 

(D· 0) == 

7()7().7 

2489.3 

39!l7J!4 

3274.2 

816.96 

1094.5 

~ L (D . 0) '" J 8733.5 

221i'i.5(, 

----_ .. ). 
(I) . p) =: 

IK·I!.4 

3630.U6 

1646.28 

168.72 

161.7 

--~ L (I). P) == 9737.72 

----7 

(0· D) == 

7070.7 

2489.3 

3987.84 

3274.2 

816.96 

1094.5 

----) L «() . I) == 111733.5 

---) 

(0· N) == 

---) 

40.UI 

82.067 

80.947 

69.55 

37.536 

25.87 

L (0· N) == 336.101 

~ 

(B . U) == 

25911.48 

1950.73 

2232() 

\0212.5 

681237 

6U7!.78 

---~ 

(I) . T) == 

1377l!.8 

11091 

11577.6 

117tl2.2 

1820.4 

2783 
--~ L(D' '1') '" 46tl33 

-~ 

(D· B) == 

319574.92 

31827.7 

289440 

164475 

21918.06 

30358.9 
---) L (D . Il) =~ K575,)4.5K 

311U! 

42-U 

----). 7K7.'12 
(D· II) == 

(I 

2!U!6 

'- 0 

--~ 

----~ 

(i). IJ) == 

~ 

21756 

5890 

12462 

5814 

1702 

2420 

LtD. LJ) == 50044 

---~ 

(1) . C) == 

1()5910.28 

17936.6 

40782.9 

11548.44 

13617.48 

858!) 

---+ LO)' C) == 191mS.7 

363.0') 

20').583 

--~ 

(0. '1') == 
285.696 

307.09 

271.584 

251.735 

--~ 

L(D.II):: 1 552.21! L(O' T) == 1681!.771! 

-7 

(d) == 

---? 

(0 - P) == 

---? 

186.323 

64.481 

98.406 

114.49 

121.882 

99.(102 

6O .. H:1 

47.69tl 

89.57l! 

57.566 

25.171 

14.626 

L (0· P) == 294.972 

~ 

(B· D) == 

319574.92 

31827.7 

289440 

164475 

21918.()6 

30358.9 

8421.231 

824.44 

---) 

(0·13) == 
7142.4 

5751.25 

3269.938 

2746.101 

~ L (0. B) == 28155.35') 

8.19 

----7 

(0· H) == 

II.UOI 

19.443 

o 
4.306 

o 

----7 L (0· H) == 42.94 

~ 

(13·0) = 

8421.231 

824.44 

7142.4 

5751.25 

3269.938 

2746.101 



~ 

I(B. T) = 69521.362 

380614.964 

10541.129 

~ 518400 
(8· B) =: 

288906.25 

87728.516 

76170.48 

--) 

I(B. B) =: 1362361.339 

--~ 

(13 . II) =: 

370 164 

140.65H 

1411.2 

o 

115.514 

o 

~ I (8 . H) =: 2037.536 

~ 

(C- 0) =: 

2790.879 

464.616 

1006.384 

403.818 

2031.581 

776.1 

--~ 

I(C. 0) = 7473.378 

~ 

(C. P) =: 

903.713 

343.688 

916.093 

203.041 

419.566 

114.66 

~ I (C . P) =: 2900.762 

~ 

(N· D) = 

1522.92 

3168.2 

3280.32 

1989 

251.6 

286 

~ I (N . D) := 10498.04 

--~ 

I(B. U) =: 73278.86 

126139.552 

5940.486 

~ 73044 
(8· C) == 

20285.25 

54504.884 

21527.22 

--~ I(B. C) == 301441.392 

5~38.636 

1510.146 

--~ 

(C· '1') =: 
2921.76 

1083.138 

4526.892 

1973.4 

~ 

I(C. '1') == 17453.972 

~ 

(C· B) = 

~ 

126139.552 

5940.486 

73044 

20285.25 

54504.884 

21527.22 

I(C. B) = 301441.392 

~ 

(C· 1-1) =: 

--) 

122.676 

79.268 

198.842 

o 

71.768 

o 

I(C' H) = 472.554 

~ 

(N·O) = 

40.131 

82.067 

80.947 

69.55 

37.536 

25.87 

~ 

I(N.O) == 336.101 

~ I<S. D) =: 857594.58 

-~ 

(B· N) == 

~ 

1813.804 

1049.287 

5875.2 

3493.75 

1007.046 

717.574 

I(B. N) == 13956.661 

-~ 

(C· U) =: 

858"1.32 

1099.34 

3144.95 

717.06 

4232.46 

1716 

~ 

I(C. U) =: 19497.13 

41803.892 

3347.7& 

10292.103 

1424.308 

33863.36 

6084 

I(c2) = 96815.442 

78.204 

~ 

(N· T) == 

266.742 

235.008 

186.55 

83.64 

65.78 

~ 

I(N. '1') =: 915.924 

--~ 

(N· B) == 

~ 

1813.804 

1049.2H7 

5875.2 

3493.75 

1007.046 

717.574 

I(N' S) = 13956.661 

~ 

I(B. 0) =: 28155.359 

~ 

(8· P) =: 

2726.875 

609.86 

6501.6 

2891.75 

675.313 

405.705 

~ I(B. P) == I3HIII03 

-~ 

(C· D) == 

105910.28 

17936.6 

40782.9 

11548.44 

13617.48 

8580 

~ 

I(C. D) =: 198375.7 

~ 

(C· N) =: 

601.112 

591.329 

827.832 

245.31 

625.668 

202.8 

~ 

I(C. N) =: 3094.052 

~ 

(N· U) =: 

123.48 

194.18 

252.96 

123.5 

78.2 

57.2 

~ 

L(N. U) =: 829.52 

~ 

(N· C) = 

601.112 

591.329 

827.832 

245.31 

625.668 

202.8 

~ L (N . C) == 3094052 



~ 

8.644 

104.44H 

66.586 

42.25 

11.56 

6.76 

185.64 

112.86 

279.93 
(p. U) : 

102.22 

52.44 

32.34 

~ L (P . 0) : 294.972 

--~ 

(p.L'): 

903.713 

343.68!! 

916.093 

203.041 

419.566 

114.66 

~ L (P . C) = 2900.762 

~ 

(II· T) : 

15.96 

35.757 

56.448 

o 
9.594 

o 
~ L:(II. '\") = 117.759 

(

370.164 

140.65!! 

~: l14~1.2 
115.514 

o 

~ I (II· B) = 2037.536 

0.36 

\.877 
-~ 

(lIZ) = 3.842 

0 

0.152 

0 

~ 

IN· P) == 

12.995 

60.707 

73.6l!5 

3·1.97 

7.752 

3.1122 

--~ 

L(N.P)", 1939, 

--~ 

(p. D) : 

~ 

22!N.56 

18·11.4 

3630.06 

1646.2t! 

168.72 

\(,1.7 

L (p. D) == 9737.72 

12.995 

60.707 

~ 

). N): 
73.6115 

34.97 

7.752 

3.822 

~ L (P . N) : 193.93 

~ 

(11· U) : 

25.2 

26.03 

60.76 

o 

8.97 

o 

----) L (II· U) : 120.96 

-~ 

(l1·C): 

In.676 

79.26l! 

19!U142 

o 

71.768 

o 

--7 

~ 

~ 

(N . II) = 

---~ 

1.764 

14.001 

15.<)<)4 

o 

1.326 

(I 

L (N . H) : 33.085 

60.333 

47.698 

(p. 0): 
89.578 

57.566 

25.171 

14.626 

~ I (P . 0) = 294.972 

19.536 

3D84 

II 1.54 I 

llI.944 

5. I')!! 

2.161 

~ 

(II· 0) == 

310.8 

424.7 

787.92 

o 
28.86 

o 

----) L (II· D) : 1552.28 

~ 

(Il· N) : 

1.764 

14.001 

15.994 

o 
1.326 

o 

I (I J . C) : 472.554 

~ I(II. N) = 33.0ll5 

L:6f) == 6.231 

--_.,. 
(I>. '1") : 

117.572 

155.034 

260.064 

154.406 

56.01l8 

37.191 

----L (P . "1") == 780.355 

---) 

(}>. B) == 

2726.1!75 

609.86 

6501.6 

2891.75 

675.3 \3 

405.705 

-----i)o 

(I' . II) ~, 

2.652 

17.699 

o 

O.!!!!9 

o 

----). L (P . H) : 29.378 

~ 

(H·O) == 

-----i> 

8.19 

11.001 

19.443 

o 
4.306 

o 

L (11· 0) == 42.94 

----;0 

(II . 1') = 

----). 

2.652 

8. \3!! 

17.699 

o 

0.889 

o 

L (II· P) : 29.378 

.~. 



Days 

E • 
J: 
Co 
"'C 
c: cu 
J: 
Co 

pH 
1 
2 
3 
4 
5 
6 

pH-m 
10.08 10.308 

7.43 7.567 
8.91 9.086 
9.14 9.271 
6.65 6.666 
6.98 7.014 

pH and pH-m against Days for 
November, 2000 

; 2 -------------------------------------.--------------------

10 --

8 

6-

4-

2-

o . 
0 2 4 

Days 
6 8 



AUGUST 2003 

MODELLING 

IpH IT ITu ITOS 100 11?00 Icoo INa Ipo I~~ 

~r"""" ,,2 .•. 3 4 5 6: .... T. a 9 10 11 :,1, .' . " " .. 

data :== 

1 1 8.24 27 15 189 7.28 110.25 600 1.2 5.23 162.5 

2 2 6.31 26.6 14.5 234.11 6.7 45.57 260 0,7 1.76 215 

~ 3 6.77 26.6 14 408.25 6.67 88.2 140 0.5 9.29 130 

4 4 7.58 28 12 225.93 7.75 99.96 220 0.5 8.83 87.5 

5 5 6.55 27.8 160 228,79 7.41 58.8 380 0.7 7,56 46 

6 6 5.83 28 116 216.55 7.76 70.56 319.2 a 6.93 90 

pH := data (2) T:= datu (3) D:= data (5) 0:= datu (Ii) 

H:= data (7) C:= data (8) N := data (9) P:= data (10) S := data (I) 

--) 

L ("1'/ = 4.485x Hf 

---)-L (T . S) = 1. 981 x 10
4 

-~ 

L(U, '1') = 9,195 x 10
3 

~ L (U . B) = 2.234 x 10
4 

~ 

L(U, S) = 2.623 x 10
4 

~ L (D . '1') = 4J)94 x 104 

~ L(D. H) '" 1.188 x 105 

~ -L (I) . S) = 1.831) x 10' 

, ~ \L ~ ~ 3.454< 10' 

~(O. S) = 5.208 x 10
3 

? 

---) L(\" 1') = I.Og7 x 10
3 

~ 

I(U2
) = 3.983 x 104 

---) , 

L(U, 0) = 2.478 x Hr' ---) 4 I(U. D) = 7.638 x to 

~ ---) 

L(U,C)= 1.152 x 105 LCU.N)= 153.15 

--) 

L(U, P) = 2.353 x }O3 

---) 4 I>]) . IJ) "" 7.6:\8 x 10 

~ 

L(I/) = 4.075 x lOs 

----) Lcn. C) = 4.372 x 10
5 

---) L(D. N):: 867.n 

---) 3 I(O, U) "" 2.478 x 10 

~ ---) L(O' C) '" 1.404 x lO4 L(O' N) = 25.823 
~ L (0, 1') :: 290.06 



---l

L«).B)::3.454x 10
1 

-----'; 3 L(O. S) = 5.208 x 10 

-----'; 4 ICn ·1) == 1.294 x 10 
-----? L(B. U) = 2.234 x 10

4 

----? 

I (13
2
) = 4.044 x 10

4 

.--.~ L(C, B):: 1.572 x 105 

~ 

L(C.S)::2.371x 10
5 

~ I(N' T) =: 97.78 

--------+ 

--? 

L(c2)=7419X 10
5 

~ L(N. U) = 153.15 

"(N. B) = 299.439 --------+ 3 
~ L (N . C) = 1.348 x 10 

~ L (N . S) :: 486.45 

--~ L 03· N) = 299.439 
~ , I (13 . P) :: 3.292 x 10" 

---) L(C, D):: 4.372 x 105 

--7 -~ ICN. D) = 867.92 I (N . 0) = 25.823 

--7 I(N' P):: 2\.86 

~ 

2: (I'. I) = 1042 x )()4 
--~ 

2: (\>·0) :: 2900() 

~ L(I>· N) = 21.8(i 

--7 

2:(1'2) :: 299.902 

------) ICS. T) = 1.981 x 10
4 ~ 4 I (8. U) :: 2.621 x 10 

~ , L (S ·0) :: 5.208 x 10-' 

~ 4 L(S, B) = 5.698 x 10 
~ L (S . N) :: 486.45 

~ , :L>:.;' P) :: 4.18 x 10-' 

--7 

L (S2) =: \.074 x 105 



--t 
~ ~ ------t ~ ---t -.--~ ~ ~ LCl')2 LeI'· U) L(T. I) Lcr .o) LCT ' B) L(T. C) LeI'· N) In .1') L(T'S) 

-~ 
-~ 
~ ~ ~ ----t --~ --)- ~ L(U .'1') L (lJ)2 )(U·D) L Cu , O) Leu Il) L(u, C) ~)u. N) L(u, P) ·~)u. S) 

~ 

-----)0 ~ 
-~ --)0 -~ --)0 --~ --~ ~ 

L(D.T) L(D.O) L(D)2 L(I)· 0) LCD. B) L(D. C) LCD. N) LCD. P) LCD. S) 

----)0 --)0 --)0 
--) 
~ --> .. ----~ ~ ~ 

}CO·T) L(o. LJ) L(O' D) L(0)2 L(O' B) L(O' C) L lo . N ) L lO ' P) Llo. S) 
~ 

---~ ~ ---7 -----7 
----)0 ----t ----) --~. ~ 

11:= L:(B.1) L(B. U) ~)B.I) L Oi .() L (13)2 L(B.C) L m·N ) .L(I~· Pl L(B. S) 

---~ --7 ------? ----_._). --> ----)0 
---) ~ ----7 

Icc. T) Icc .U) Icc. D) Icc.O) Lcc. [3) L(C)2 L(C' N) L(C' P) IcC. s) 

----t ~ --7 ----+ ----+ --)0 
--)0 

---). ---)0 

I CN . T) I (N . U) ICN.D) LCN. U) L (N . 13) L CN . C) L(N)2 L (N . P) L (N . S) 

-----)0 ~ ~ ----)0 ~ -_ .. ) --~ 
~ -----t LCP, T) L(P, U) L:cP' D) L:cP. 0) L(I>· B) L(P' C) L CP . N) LCP)2 L(P' S) 

----t ~ ----)0 ~ ~ --)0 ~ -----t ~ 

2:(s' T) L(S' U) LCS' D) 2::CS ·0) 2::(S'11) 2::(8. C) L(S' N) I(s, P) 2: (S)2 

4.485x Id 9.195x lCr 4.094x ]04 1.192x w' l.294x lO4 5.25x lO4 9778 I.087x 1(( 
L981x 10'1 

9.195x Id 3.983x 104 7.638x ]04 2.478x )0' 2.234x 104 1.152x lO5 153.15 2.353x )0' 2.623x 10-1 

4.094x 104 
7.638x 104 4.075x ){)5 1.079x 104 1.188x 105 

4.372x 10
5 

867.92 l.042x 104 1.839x 105 

Ll92x 10
3 

2.478x 10' 1.079x 10
4 

117.565 3.454x 10
3 

1.404x 10
4 

25.823 290.06 5.208x )03 

II= 1.294x )04 2.234x lO4 1.l88x lO5 3.454x Id~ 4.044x 10
4 

1.572x 10
5 

299.439 3.292x l(J 5.698x )04 

5.25x 104 
1.152x 10

5 
4.372x 10

5 
1.404x 10

4 
1.572x 105 

7.419x Id 1.348x 10
3 l.l92x )04 2.371x 10

5 

97.78 153.15 867.92 25.823 299.439 1.348x Ilf 2.92 21.86 486.45 

1.087x ]03 2.353x Ie( l.042x 104 290,Cl6 3.292x Ie( l.192x 10
4 

21.86 299.902 4.18x )0' 

1.981x ]04 2.623x ]04 1.839x 105 5.208x 10'3 5.698x 104 2.371 x 105 
486.45 4.18x 10

3 
1.074x 105 



-----~ L(T' pll) 

L(O. pH) 

constants := L (13 . pI I) 

--.~ L(e. pll) 

1128 x \031 2.125 x 103 

1.027 X 104 

299.941 

constanls = 3.347 x 103 

1.355 x 104 

26.065 

273.945 

5.065 x 103 

c' := Isolve(H,constants) 

LtN . pll) 

--------- .. ) L(P' pll) 

-------) L(S, pll) 

c' = 

0.465 

-0.057 

0.093 

2.915 

0.187 

1.754 x 10- 3 

-0.737 

-5.5 

-0.21 

B:J 



pIlmodel :.= 0.465· T - 0.057·{] + 00(>:1· J) + 2.915·0 + 0.187· B + 0.001754· C·- 0.7:.7· N - 5.5· P - 0.21· S 

SIMULATION OF MODEL 

error ;= pI I - pI Imodel 

error == 

(
error \ 

%error:= --. 100 I 
pH J 

%crror == 

8.39J 

6.477 

6.957 

7.709 

6.S91 

5.')07 

-0.15J 

-0.\67 

-0.187 

-0.129 

-0.041 

-0.077 

-1.856 

-2.646 

-2.759 

-1.697 

-0.624 

-1.323 

51 



E 
I 

::c 

pH pH-m 
1 8.24 8.393 
2 6.31 6.477 
3 6.77 6.957 
4 7.58 7.709 
5 6.55 6.591 
6 5.83 5.907 

--------------------

pH and pH-m against Days for 
August, 2003 

10 - -------------- ------------------------

8 -
Q. 6-
"0 
c: 4 --
C\1 

J: 2-Q. 

o -
0 

--T------r---- r-~-PH-----I 

4 6 8 l-w-pH-m J 2 

Days 
------ ------------------------------



MAY2004 

IpH IT ITu ITOS 100 1800 Icoo INa Ipo IsO 

. 0 '.' '1,:';, :2 .3, 4 5> 
0 7.36 29.2 22 37,71 6,8 P9.34 

1 2.85 29.1 21 ~64.57 6.9 14.7 

2 6.09 29.4 16 rl1O.85 8.16 199.9 

3 5.54 29.1 80 ~21.94 1267.62 72.99 

4 6,{) 27.5 450 95.49 6.8 26.16 

5 6.47 28.9 270 49.65 7.34 98.49 

(0) 
pH:= data ' T:= data (1) U:= duta (2) 

C:= data (6) N := data (7) P:= data (l!) 

---J> 
--~ --7 --7 I (r2) Ier ·lJ) L(T. D) I(T.O) 

--~ ---+ ---; --~ L(U' T) L(u2
) L(U' D) L(U,O) 

-~ ~ ---+ --? 
L(D. '1') L(D'lJ) I (D2) L(D.O) 

'------7 -~ --~ 
--.~ 

L(O' T) L(O' U) L(O. I) L(d) 

~ -~ --7 -----» 
M'- L(B. T) L(B. U) L(B. D) L03. O) .-

~ 

I(c' "1') 
--7 L(C' U) 

--7 

Lcc.D) 
-------)-

L(C'O) 

~ ------? ------ ----7 L (N . '1') L (N . U) ~)N.D) L(N.O) 

~ ~ --~ ~ L(I>· I) L(P' lJ) L(P'))) L(P' 0) 

~ 

LU~·T) 
~ 

2:(8. U) 
--7 

2:(S ·D) 
---» 

L(s,O) 

' .. 
I 6,·, J. " 8, 9 10 

360 1.1 6.87 42 

46.16 0.4 3.25 165 

~03.08 0.5 0.92 200 

120,9 0.5 13.5 90 

0 2,6 32,1 0 

36.5 0.9 18.01 25 

0:= data (~) 

s:= data (9) 

~ ~ --~ L(T. B) IeI'· C) I(I'· N) 

--7 --~ ------L(U' B) L(U' C) L(U, N) 

--7 

L(I)· B) 
--~ 

L(I)·q 
--~ 

L(I)· N) 

------+ L(O' B) 
----"~ 

L(O' C) 
----'''~ 

L(o. N) 

--7 
~ --). I (B2) LlB. C) L(ll. N) 

~ 
------? 

------L(C' B) I(c2) L(C' N) 

---+ ---? ----7 

L(N. B) I(N. C) I(N
2) 

--------7 -~ --). 

L(I>· H) L(I>· C) L(P.N) 

--) 

L(S' B) 
--~ 

L(s, C) 
----) 

L(s, N) 

11 

--+ ---? i L(T. P) L(T' S) 
f 

~ ~ 

I L(u, P) L(u, S) 

~ ~ L(D. P) Lll), S) 

I ------~ -'~ 
)-",\0. p) ~)o, S) 1 ..... 

I , 
~ 

L(B. P) 
~ 

L(B. S) 

-----) --7 

2)c. P) L(c, S) 

--7 ~ L (N . P) I (N . S) 

---J> 

L(p2) -~ 

LlP' s) 

--~ -~ 

L(s, P) I(s2) 



5 x 10
3 

2.42 x 10
4 5,18 x 10

4 
8,83 x 10

3 
1.72 x 10 

4 
2,24 x 10 

4 
1.71 x 10

2 2,12 x )0 
3 

1.52 x 10 
4 

2.42 x 10
4 2,83 x 105 l.08 x 105 2,69 x lO4 5,17xl0

4 
3,17xl0

4 1.49x )03 2,06x 10
4 

2.15 x 10
4 

5.18 x 10
4 

1.08 x 10
5 6,91 x 10

5 9,67 x 10
4 

l.98 X 10
5 

3,03 x 10
5 

1.33 x 10
3 

1.32 x 10
4 2.(l7 x 10

5 

8,83 x 10
3 2,69 X 10

4 9,67 X 
[04 7.l9x 10

4 2,34 x 10
4 3,7 x 10

4 1.72 X It? 4,04 X 10
3 2,73 X 10

4 

M= 1.72 X 10
4 5,)7 X 10

4 I ')g )' 105 2,34 x 10
4 g,81 x 10

4 
1.18 x 10

5 4,96 x l<? 5,06 x 103 5,9 x 104 

2,24 X J04 3,17 x 10
4 3.(f\ X 10

5 3,7 X lO4 1.18 X 10
5 

l.89 X 10
5 /J.O<) X 10

2 5, I x 10
3 

7.51x 10
4 

1.71 x 102 1.49 X 10
3 1.31 ;:, J03 1.72 X \ 0

2 4,96 X \0
2 

(d)1) X 102 'J,4-I 1.\ () x 102 2,8 x 102 

2,12 X 10
1 2Njx 104 1.32 X 10

4 
404 x 10:1 

5'c)6 x 1(? 5, I x 10
3 1.1 () X I<? I.() X 103 2e)7 X \03 

1.52 X 10
4 

2,15x10
4 2.07 X 10

5 2,73 X 10
4 5,1) x \04 7,5 \ X \()4 V~ X 10

2 2.67 X 10
3 7,77 X 10

4 

j 
--~ 

j L(pll. T) 

I ----)-

! LCpH. U) 
; 
! 
j ) 

1 L(pll. I)) 

I 
1 ------"--i> 

i L(pll.O) 

! 
I --~ I 
'I, 

ITI:= L(pll. B) ) 
i -----» 

~ L(pll. C) , 

1 
) L (pH· N) 

l 
.1 

~ 
I -~ 

I L(plI. P) 

I ) 

i L(pll. S) 

1 
1 
I l.007 X \03 , 
I 
i 

5.479 X 10
3 

I 
j <),783 X \03 
t 
1 

1.694 x 10
3 

t 
m= 

3.793 X 10
3 

I 
4.924 x \03 

38.034 , 
468.603 

j 
~ 

2.658 X 10
3 j 

I 54-i 
\ 

I 
i 
f 
; 

j 
\ 
# 



d' := Isolve(M, m) 

d' == 

0.18 

-3.93 x 10-3 

6.797 x 10-3 

8.037 x 10-3 

0.043 

-0.025 

2.578 

-0.159 

-0.033 

pH model := 0.18· T - 0.00393 . U + 0.()06797 . D + 0.008037 . 0 + 0.043 . B - 0.025 . C+- 2.578 . N - 0.159· P - 0.03: 

pHmodel == 

error :== pH - pHmodel 

error := 

0.092 

-0.066 

-0.059 

-0.011 

7.268 

2.916 

6.149 

5.551 

6.609 

6.492 

-8.977 x 10-3 

-0.022 

(
error ~) 

%error:= --. 100 
pH 

%error == 

1.245 

-2.321 

-0.963 

-0.203 

-0.136 

-0.333 



--, 
2:(2) = 5.002 x 103 

-.~ --, 2:Ct'. Il) == 1.723 x 10
4 ~(T' C) '" 2.2·1 x 10" 

---) --~ 2)'1' . S)= 1.525 )( 10
4 L (lJ . 'I) c.= 2.423 x 10" 

--~ -~ 
L<'U,O) == 2.688 x 104 ~(U. B) ",'d()() x \0

4 

~ 

2:(D2
) = 6.914 x 105 

----)0 I(D' 0) == ').671 x ]()4 

I(D' N) = 1.327 x 10
3 ~ 4 I (D· P) '" 1.32 x lO 

--7 ~ 

L(O' C) == 3.705 X 10
4 ~(O. N) == 172.416 

__ ~ -------7 

"'cr. D) == 5.1R1 x 104 )'n· 0) "" R.R26 x IU
3 

~ _ .. 
---~ 2: cr· N) = 170.52 

:L(li) == VB x 10'\ 

--_ .. _-_.} 
~~ 5 2)1). D) == 1.0RI x 10 

---)0 I(D' U) == l.ORI x 10
5 

-~ ----} 

~(j). 13) == 1.9R3 X 10
5 I(D' C) == 3032 x \05 

I(-o.s) == 2.074 x 105 L»'"\') == H.R26 x 10"' 

--, I (0· B) == 2.339 X Hil 

~ 

L(O.S)=2.733 x 10
4 

~ ~ ,........~ -----7 

L(B.'!')== 1.723 x 104 ~(B.U)=5.16('x 10
4 ~(B.D)"" 1.9H3x lO5 E<B.(»=2.339x 10

4 

L(ni) =, H.805 x lO4 L(B.t.'~ = 1.181 x 10
5 ~(i~--N~ =- 4%.25() L(I~-:-i-; = 5.063 x 10

3 

L~ == 5.897 x 104 L(c.l) == 2.24 x 104 L(C' U) == 3.1(,7 x 10
4 
~(C. D) = 3.032 x \O~ 

Itc . c~ == 3.705 x 104 LtC. B) == I. un x 1O~ 

L(C' P) == 5.1 x 1O~ Itc . S)::;; 7.515 x 10" 

~ 

L(N. D) == 1.327 x \03 ~(N' 0) = 172.416 

~ 

L(N. p) == 115.736 

J. (c:i) == I.H89 X \05 ......, 

L(N. T) == 170.52 

-----} I (N . B) == 496.256 

-~ 

2:(N. S) ='279.7 

L(P.U)=2.062x 10
4 ~(P.])== 1.32>-:10" ~(P.O)=404X 10

3 

--7 --) ----} 

L(P.C)==5.lx 10' L(P·N)= I I.S 71() L(p2) = 1.5%x)(? 

--) L(C' N) = 609.304 

L (N . U) = 1.494 x 10" 

----~ L(N. C) == 609.304 

--7 

2: ~J> . '\') =.= 2.11 X x \03 

-----? 2:(1" B) == 5,0(;3 x I(? 

L(I'·S)==2.674x )()~ 

2)S' 'J') == 1.525 x 10" L(S.lJ) =- 2.154 x. 10
4 ~(s.l) == 2.074 x lOS 

L(S' Ii) == 5.897 x 104 L(S' C) = 7.515 x 10" L(s, N) == 279.7 

---7 

~ (S· 0) =.= 2.733 x 10-1 

L (S . \') = 2.674 x \O~ 

• --) ) ----)0 

I(S2) == 7.771 x 104 L(pll. T) == 1.007 x lO3 2:(pll' U) = 5.47lJ x 10
3 ~(pll. D) == lJ.783 x 10

3 

---7 --)0 -~ L (pH·· 0) == 1.694 x 103 E (pH· B) == 1.793 x 103 )pH. C) == 4.924 x 103 L (pH· N) == 38034 

---) 

2: (pH· P) == 468.603 I (pJl . S) ~c 2.658 x H? 



1 
{Days 

I 
pH pH-m 

1 7.36 7.268 
2 2.85 2.916 
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4.5 DISCUSSION OF RESULTS 

The results obtained for the modeled pH (,rthe three months showed that the 

values were very close to the experimental values. The percentage error for November 

2000 ranged from -2.25% to -0.238%, for August 2003 the percentage error ranged from 

-2.759% to -0.624% also May 2004 have percentage error range of-2.321% to 1.2455. 

pH which is the dependent variable depends on certain parameters such as 

temperature, total dissolved solids, biochemical oxygen demand, chemical oxygen 

demand, dissolved oxygen, turbidity, Nitrate, Sulphate and Phosphate compounds. These 

parameters alTect the pit orthe liquid effiuent either directly or indirectly. 

Considering the graphs of the three months, it was observed that the curves for the 

experimental pH and modeled pH overlapped due to the closeness of their values. Take 

for instance the experimental pH values obtained for November 2000 were 10.08,7.43, 

8.91,9.14,6.65,6.98 with the corresponding modeled pH as 10.308, 7.567,9.086,9.271, 

6.666, 7.014 respectively. For August 2003, the pH values obtained were 8.24, 6.31, 6.77, 

7.58,6.55 and 5.83 with the conesponding modeled pH as 8.393, 6.477, 6.957, 7.709, 

6.591 and 5.907 respectively. The experimental pH values obtained for May 2004 were 

7.36,2.85,6.09, 5.54,6.60 and 6.47 with the corresponding morleled pH as 7.268, 2.916, 

6.149, 5.551, 6.609 and 6.492 respectively. 

The two graphs for November 2000 and August 2003 showed the same pattern of 

curve which was as a result of similar variation in their pH values. The liquid 

effiuents discharged were either in acidic or basic medium. In case of May 2004, 
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the liquid effiuent was mainly in acidic medium because the values were below 

7.0 on the pH scale. 

It can be said that pollutants presents in water seriously affect its pH. 

Water being an effective solvent can easily be ionized by another compound 

thereby replacing its ions with other ions causing an increase or decrease in the 

concentration of hydrogen ions present. Example of such pollutants include 

Sulphide Phosphate, Nitrate compounds among others. 
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CHAPTER FIVE 

5.0 CONCLlJSION 

pH, which is a term indicating the hydrogen ion concentration of a solution either 

in acidic or basic medium. It depends upon cetiain parameters such as temperature, 

dissolved oxygen, biochemical oxygen demand, pollutants (like Nitrate, Phosphate, 

Sulphide). These parameters either increase or decrease the pH level of the liquid effiuent 

The modeled pH equations for the three months were given below 

1. November 2000 

pHm: = 0.329. l' - 0.241 . U+ 0.014. D + 0.423 .0-0.0011 . B + 0.001.4. C-

0.592. N - 0.00439. P + 1.421 . H 

II. August 2003 

pUm: = 0.465 . l' - 0.057. U -+ 0.09 3. D +2.915. () I- 0.187. B + 0.001754 

.C - 0.737.N - 5.5 . P - 0.21. S 

Ill. May 2004 

pHm: = 0.18. T - 0.00393 .U+ 0.006797 . 0 + 0.008037 .0 + 0.043 . B-0.025 

.C + 2.578 . N - 0.159 . P - 0.033 . S 

Comparing the coefiiciculs of the three equations it was observed that the 

temperature (1'), total dissolved solids (D),dissolved oxygen (0) all had positive values, 

Phosphate (P) has negative value while those of turbidity (U), biochemical oxygen 

demand (B), chemical oxygen demand (C) and Nitrate (N) changed. 
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.. 
5.1 RECOMMENDATION 

Facilities for determination of metallic pollutants in the liquid eft1uent should be 

provided. 

pH of the liquid effluent should be checked before being discharged into the river. 

The standard pH (5.6) value for the Industrial liquid eftluent should not be neglected 

(F.E.P.A). 

More treatment procedures should be carried out because most of the pH values were 

either above or below the standard value stipulated as a result of certain parameters not 

determined due to faulty equipment and lamp failure. 

Government should provide proper funding for the environmental protection 

agencies to ensure effective implementation of the pre-sent sewage policy. 
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