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Abstract: The negative impact of industrial wastewaters on water bodies cannot be over emphasised in the

environment. The only way out of these negative impacts is proper protection of the environment through

environmental pollution control measures. This paper provides an outline result of characterisation of textile

wastewaters. Wastewater samples were collected from six textile mills in the northern part of Nigeria. The

samples were subjected to laboratory tests (determination of BOD, COD, pH, chloride, sulphate, TKN, some

heavy metals and TP concentrations). The study revealed that textile wastewaters is nutrient deficient, contain

chloride, some heavy metal,  high COD, BOD , very high  colour, COD: TKN and COD : TP ratio. The results

show that textile wastewater has mean concentration for BOD, COD, pH, colour, TKN, TP, chloride, sulphate,

cadmium, chromium and zinc to be 1593.42 mg/l, 6477.57 mg/l, 9.79,230, 13.87mg/l, 7.79mg/l, 312.35 mg/l,

8.56 mg/l, 0.06mg/l, 0.01 mg/l and 1.25 mg/l. The study revealed that 60.9 to 79.0 % of the COD concentration

would be degraded biologically and average flow rate was found to be 352.8 m /d. TKN: COD ratio revealed3

that textile wastewater requires no carbon source and TP: COD ratio indicates that pre –chemical treatment

before biological treatment  of the wastewater would not required to reduce some of the pollutants.

Keywords: Textile mill wastewaters, pollution control measures, heavy metals, colour,  COD:TP: TKN ratio,

BOD

INTRODUCTION

Industries have four possibilities for disposal of their

wastewaters, namely:

1. They may  treat their wastewaters separately in an

industrial wastewater treatment plant prior to

discharge into a water course.

2. They may discharge their wastewaters into municipal

treatment plant for complete treatment.

3. Their wastewaters can be pre treated at the industrial

wastewater treatment plant prior to discharge in to

the municipal sewerage system.

4. Industrial wastewaters can be discharged directly into

water course without any treatment ( industries will

prefer this method because of the economic

advantage).

The first three options require careful studies to

determine the most feasible methods for the disposal .[1]

Wastewater treatment processes could be physical,

chemical, biological, electrical, solar and membrane

methods . Literature  discussed about disadvantages,[2] [3-6]

advantages and limitations of these treatment methods.

Studies in the selections of appropriate methods involve

characterisation (statistical or general). Literature[7-10]

provide general characterisation. A statistical

characterisation of wastewater has been described as

significant in environmental engineering because it

provides data for the design of wastewater treatment

plants . Documentations on statistical characterisation of[10]

industrial wastewaters are needed always. This, therefore

calls for generation of statistical characterisation of

industrial wastewaters. The main objective of this study

is to present a statistical characterisation (variation) of

textile mill’s wastewaters in Northern part of Nigeria.

MATERIALS AND METHODS

Grabbed wastewater samples were collected

according to standard methods  weekly from six[11]

selected textile industries in the Northern part of Nigeria

(fig.1) for a period of 3 months to characterize them. The

characterisation was accomplished by laboratory testing

5,of colour, pH, Chemical oxygen demand (COD), BOD

21, BOD heavy metals, sulphate, solids and phosphate

concentrations. In the determination of colour 1.26gram

2 6of potassium chloroplatinate (K PtCl ) and 1.00 gram of

2 2Cobaltous chloride (CoCl -6H O) both of analytical

reagents were dissolved in 100 ml of hydrochloric acid 
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Fig. 1: Locations of some textile industries in Nigeria.

(HCl) and diluted to 1000ml mark with distilled water. A

set of standard solutions (0, 1, 10, 20, 30 and 50 colour

unit) were prepared from the stock solution  and were

used to estimate the colour of 50 ml wastewater samples.

Computation of the colour was carried out using

expression below (equation 1a):

           (1a)

Measurement of COD was based on closed reflux

method, total phosphorous was based on stannous

chloride method, sulphate concentration and all heavy

metals were based on gravimetric method with drying of

5 21residue and AAS methods respectively. BOD  and BOD

were based on Azide’s method. All the methods are as

specified in Standard Methods of Water and Wastewater

Analysis .[11]

RESULTS  AND DISCUSSIONS

The results were presented in three parts, namely:

selection of sampling size, physical and chemical

characteristics.

Sampling Size: In any study proposed to be carried out

by sampling, the size of the sample affects the standard

error . Literature states that the adequacy for the[12 ,1 3 ]

acceptable precision of sample size can be stated in term

of variance as:

              (1)

Loveday  describes standard deviation as a function of[14]

number of desired samples, probability  of occurrence(p)

and un-occurrence (q) of the sample  as

             (2)

With p = 0.12 (textile industries from industries in both

Kano and Kaduna) and q = 1- p  = 0.88. N number of

industries operating at the time of the study = 100

(number of industries operating in combined Kano and

Kaduna) and assume a standard error to be 15 %.,

expected sampling size can be computed as follows:

From              (1)
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and 

This result indicates that expected number of

sampling size is 5 but 6 sampling sizes were selected

indicating the 6 is adequate for maximum error of 15 %

statistical characterisation.

Physical Characterisation: The physical characterisation

of wastewater involves temperature, colour, odour,

turbidity, solids, density, flow rate and conductivity.

Colour in water may be resulted from the presence of

natural metallic ions such as iron and manganese, humus,

peat materials, plankton weeds and industrial wastes.

Colour in the wastewater under investigation was

classified into two (true and apparent colours). Apparent

colours are the total colour due to both turbidity and the

colour of the wastewater. True colour is the colour after

filtration of the wastewater ( after removal of suspended

solids). The true colour has a mean of 60, a minimum

value of 40 and maximum of 80 colour unit. The apparent

colour has 310, 200 and 230 colour unit for maximum,

minimum and the mean respectively. This result may be

attributed to the dyes used  in the production of textile

materials. With the result of apparent colour, which

indicates that floating materials or suspended solids

contributed to the colour more than dissolved materials.

This value for the colour is similar to the values stated in

literature (appendix A).

Temperature is basically important for its effects on

other properties of wastewater. Average temperature   of

 wastewater  under  investigation  is 41.07 °C. This result

indicates that some reactions could be speeded up by the

discharge of this wastewater in to the stream. It will also

reduce solubility of oxygen and amplify odour due to

anaerobic reaction (less dissolved oxygen). Solid in

wastewater was developed according to the relative size

and condition of solids particles. Literature characterised

raw wastewater into four categories, based on the settling

properties of the constituent material. The total solid

material can be characterised into non-filterable and

filterable solids fraction. The non-filterable fraction

consists of settleable and non-settleable fraction, and the

filterable fraction consists of total dissolved solids (TDS)

and colloidal fraction. Each of these fractions consists of

volatile (organic) and fixed (inert) fraction. Evaluation of

the suspended solid includes the settleable solid in the

liquid streams and the total solid. Settled sludge are used

to determine solids removal by any biological treatment

system. Solids in wastewater may be present in

suspension or in solution. They may be divided into

organic matter and inorganic matter .  Total dissolved[15]

solid (TDS) are due to soluble materials whereas

suspended solid (SS) are discrete particles, which can be

measured by filtering the wastewater.  Suspended solids

(SS) concentration is the measure of amount of floating

matter in the wastewater, because of its relationship with

sedimentation tank, sludge formation and biological

treatment suspended solids of the wastewater under

investigation were measured. The suspended solids

concentration was in the range of 580.6mg/l to 854.2 mg/l

with a mean of 725.9 mg/l (table 1) with volatile

suspended solids fraction of total solid varying from 0.861

to 0.914 and non-volatile fraction of total solid ranges

from 0.086 to 0.139 (Table 2).  Literatures classified

wastewaters with SS as follows: SS less than 100 mg/l as

weak, SS greater than 100 mg/l but less than 220 mg/l as

medium and SS greater than 220 mg/l as strong

wastewater.  Results of the study show that wastewaters

from textile mills can be classified as strong wastewater

and cannot be discharged in to the stream, as it will

encourage sludge formation the stream, which will in turn

encourage anaerobic reaction that will affect self-

purification of the stream. Similarly, dissolved solid

concentration was in the range of 2080.50 to 3100.6 mg/l

with the mean of 2702.26 mg/l with a fraction range of

0.717 to 0.831 of total solids (tables 1 and 2) indicating

that textile wastewaters contain soluble solid as well as

floating solids which must be taken care of in wastewater

treatment process design and sludge removal. Results for

solids in textile fall in the range stated in literature.  The

flow rate characteristics measurement reflects a mean of

flow  rate  of  352.8m /d,  maximum  flow rate value of3

500 m /d and minimum flow rate of 212.5 m /d (table 1)3 3

there is no FEPA  limit for quantity of wastewater to be[17]

discharged into the environment, therefore it is a free

access of assessment. It can be said that textile industries

discharge a large volume of wastewater 

Chemical characteristics: In addition to physical

characteristic, chemical characteristics tend to be more

specific in nature than some physical parameters.

Chemical properties are more useful in assessing the

properties of wastewater samples. It includes oxygen

demand, acidity and alkalinity, nitrogen, chloride, toxic

metals, cyanides, phenols, oils and greases. Oxygen

demand is important because organic compounds are

generally unstable and may be oxidized biologically and

chemically to a stable relatively inert end product..  An

indication of organic oxygen demand content of

wastewater can be obtained by measuring the amount of

oxygen required for its stabilization either as BOD, COD

or PV. Biological Oxygen demand (BOD) is the measure

of the oxygen required by microorganisms whilst

breaking down organic matter. Permanganate value (PV)

is the amount of oxygen used by chemical (Potassium

permanganate) to breakdown organic and inorganic matter

while Chemical Oxygen Demand (COD) is the measure

of amount of oxygen required by both potassium 
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Table 1:  Some physical properties of textile wastewaters.

Parameter M ean M aximum M inimum Standard Coefficient FEPA (1991)

deviation variation (% ) Lim it

Discharge (litres/day) 352800 500000 212500 20400 5.78

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

Temperature ( C) 41.07 44 36 2.58 6.27 < 41 Co o

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

Colour (colour unit) 230 310 200 11.04 4.8

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

Suspended solid(mg/l) 725.9 854.2 580.6 105.02 14.47 30

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

Dissolved solid (mg/l) 2702.26 3100.6 2080.5 264.97 9.81 2000

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

Total solid (mg/l) 3428.16 3954.8 2900.5 267.85 7.81 2030

Table 2:  fractions of some physical  composition of textile wastewaters.

Parameter M ean M aximum M inimum Standard Coefficient

deviation variation (%)

Suspended solid fraction 0.213 0.283 0.169 0.033 15.702

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

Dissolved solid fraction 0.787 0.831 0.717 0.033 4.239

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

Settle able fraction 0.878 0.911 0.858 0.016 1.817

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

Non- Settle able fraction 0.122 0.142 0.089 0.016 13.132

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

Volatile solid fraction of total solid 0.748 0.77 0.725 0.014 1.92

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

Non volatile solid fraction of total solid 0.252 0.275 0.23 0.014 5.714

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

Volatile solid fraction of suspended solid 0.888 0.914 0.861 0.017 1.92

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

Non volatile solid fraction of suspended solid 0.112 0.139 0.086 0.017 15.254

dichromate and concentrated sulphuric acid to breakdown

both organic and inorganic matters.  BOD and COD

concentrations of the wastewater were measured, as the

two were important in unit process design. The

wastewater  has  an average COD concentration of

6477.57 mg/l of which non-biodegradable fraction has the

range of 0.21 to 0.391 fractions (table 3). Biodegradable

fraction of COD (slowly and readily) has the range of

0.609 (slow 0.446 against 0.153 for readily) to 0.790

(0.547 for slow and 0.243 for readily). This indicates that

about 60.9 % to 79.0 % of the influent COD will be

5degraded biologically. BOD  concentration of the

wastewater has a maximum value of 2010.60 mg/l, a

minimum of 1260.4 mg/l, an average of 1593.42 mg/l

21with a standard deviation of 229.80.  BOD  concentration

5has a mean of 4858.64 mg/l.   High COD and BOD

concentration observed in the wastewater might be due to

the use of chemicals, which are organic or inorganic that

are oxygen demand in nature or variation in the process or

5method of production. Results of BOD  and COD fall in

the range documented in previous studies elsewhere

(Appendix A).

The carbonaceous materials content of the

wastewater is estimated by the chemical oxygen demand.

The typical chemical oxygen demand is subdivision into

three main fractions, biodegradable (organic) chemical

oxygen demand, non-biodegradable (inert) chemical

oxygen demand and heterotrophic active biomass. The

heterotrophic active biomass fraction is approximated as

zero, as the influent is considered to be anaerobic, not

seeded with recirculated-activated sludge or stabilization

pond, and the wastewater is not supporting active biomass

generation. The non-biodegradable (inert) chemical

oxygen demand is further subdivided into particulate

chemical oxygen demand and soluble chemical oxygen

demand fractions, based on physical settling properties.

The biodegradable (organic) chemical oxygen demand is

further subdivided into slowly chemical oxygen demand

and readily biodegradable chemical oxygen demand

fractions, based on bio-kinetic responses. The readily

biodegradable chemical oxygen demand can be further

subdivided into short-chain volatile fatty acids (SCVFA)

and non- short-chain volatile fatty acids (non-SCVFA or

fermentable). These two divisions are normally

represented by volatile fatty acids and fermentable readily

biodegradable chemical oxygen demand. Alternatively,

chemical oxygen demand is subdivision into two physical

fractions, contains total soluble and total particulate

chemical oxygen demand component. The non-

biodegradable (inert) chemical oxygen demand

fractions  can behave as conservative substances that[15]

can not be removed by the sedimentation process. The

particulate material (particulate chemical oxygen demand)

is mainly removed with the waste sludge and the soluble

material (soluble chemical oxygen demand) passes

through biological treatment processes largely unchanged.
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Table 3:  Some chemical properties of textile wastewaters.

Parameter M ean M aximum M inimum Standard Coefficient

deviation variation  (%)

pH 9.79 11.5 8.3 1.04 10.65

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

Biochemical oxygen demand (mg/l) 1593.42 2010.6 1260.4 229.8 14.42

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

Chemical oxygen demand (mg/l) 6477.57 9361.35 4761.6 1311.5 20.25

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

Chloride (mg/l) 312.35 442.5 112.89 72.97 23.4

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

Chromium  (mg/l) 0.01 0.02 0 0.01 41.96

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

Cadmium (mg/l) 0.06 0.08 0.04 0.01 17.9

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

Zinc (mg/l) 1.25 2.01 0.65 0.35 27.69

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

Sulphate (mg/l) 8.46 13.54 4.5 2.81 33.19

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

Total phosphorous (P, mg/l) 7.79 15.3 1.29 4.49 57.59

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

Nickel (mg/l) 0.04 0.05 0.02 0.01 26.67

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

Total  Kjeldahl nitrogen (TKN, mg/l) 13.87 22 7.49 4.6 33.18

The biodegradable (organic) chemical oxygen

demand fractions are used by organisms in the biological

process with the soluble material (readily biodegradable

chemical oxygen demand) being used more rapidly than

the slowly biodegradable chemical oxygen demand

material, as measured by oxygen or nitrate utilization rate

tests. The short-chain volatile fatty acids fraction is

increased in a wastewater with the solubilisation of slow

biodegradable chemical oxygen demand to readily

biodegradable chemical oxygen demand, and the

fermentation of fermentable readily biodegradable

chemical oxygen demand to short-chain volatile fatty

acids . pH value of wastewater is the intensity of[15 ,16]

acidity or alkalinity of the wastewater, which is actually

the  measure  of hydrogen ion concentration in the

wastewater. pH value of wastewater has no health

implication but many chemical reactions are controlled by

the pH value.  Biological activities and some chemical

treatment processes are usually restricted by pH.

Wastewater for biological process is fairly narrowed in

the pH range of 6-8 as highly acidic or highly alkaline

wastewaters are undesirable because of corrosion hazard

to sewers and possible difficulties in the treatment. pH

value of the wastewater ranges from 8.3 to 11.50 with a

mean of 9.79. FEPA  recommends pH value of range[17]

6.0 – 9.0 for effluent to be discharged into stream, with

this range of 8.3 to 11.50 for textile wastewaters, the

wastewaters are alkaline, can not be discharged into

stream based on FEPA  limit because it will be harmful[17]

to man, aquatic animals and will disturb biological

activity (self purification) of the stream if discharged

untreated.

Textile wastewater studied contains 22.0 mg/l of

TKN (as maximum) and 7.49 mg/l as minimum with

13.87 mg/l as the mean. The presence of TKN can be

attributed to the use of animal gum as adhesive in the

production line of textile materials..  Nitrogenous

compounds, termed total nitrogen, are in the form of

organic (proteinaceous) nitrogen and inorganic total

3 4ammonia (NH  –N plus NH  –N) and oxidized nitrogen

3 2compounds, such as nitrate (NO -N) and nitrite (NO  -N)

represented together by the total Kjeldahl nitrogen (TKN).

The oxidised nitrogen compounds are usually present in

low quantities in typical wastewaters. The inorganic total

3ammonia nitrogen exists in solution as ammonia (NH  -N)

4and ammonium (NH  -N). These fractions depend on the

4pH, with NH  -N being predominant at conditions with a

pH below 7, as found in the wastewater sludge. It is

difficult   to   fractionate   organically  bound  nitrogen

(e.g. protein, urea) into biodegradable and non-

biodegradable soluble and particulate fractions of

nitrogenous compounds. Bacterial decomposition and

hydrolysis convert organically bound nitrogen to

ammonia and ammonium. The non-biodegradable

particulate and soluble nitrogen fractions are handled in a

similar fashion as the conservative non-biodegradable

(inert) chemical oxygen demand. The evaluation of the

3 4total Kjeldahl nitrogen and the NH  – N plus NH  –N

fractions in wastewater is used to determine the changes

in total Kjeldahl nitrogen to chemical oxygen demand

nutrient ratio and the concurrent ammonia fraction

changes across the treatment plant. This result of TKN

seems lower than expected for value for wastewater to be

treated biologically, but there is away of inducing TKN in

nitrogen deficient wastewaters. This result of the TKN

agrees with result of general classification of textile

wastewaters elsewhere (appendix B).

The wastewater under investigation has total

phosphorus of a maximum value of 15.30 mg/l, minimum

value of 1.29 mg/l and a mean of 7.79 mg/l of TP as
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phosphorus. The presence of this pollutant can be

attributed to washing activities (through the use of

detergent and other phosphate products). Like nitrogenous

compounds phosphorus compounds are also found in

wastewaters, predominantly as phosphates and can be

categorized by physical means (dissolved and particulate

fractions) and by chemical means as phosphate

compounds. The chemical fractions consist of dissolved

4inorganic orthophosphate (o-PO ), polyphosphate or

condensed phosphate, and organically bound phosphate.

 4  4 2 3The orthophosphates (PO ; HPO , H  PO , and H–3  -2  4  -

4PO ), usually the predominant fraction in wastewater, are

available for biological metabolism without further

breakdown. The polyphosphates include two or more P

 3 10  2 7atoms (P  O  , P  O  ) in a complex molecule, and -5 -2  

revert together with the organic phosphates through a

slow-rate hydrolysis process to the soluble dissolved

inorganic orthophosphate forms. The organic phosphorus

fraction refers to phosphate in organic chemicals (cells,

pesticides and detergents) for which typical soluble and

particulate constituent percentages are not available.

Evaluation of biological treatment plant is based on the

total phosphorous and inorganic orthophosphate fractions

of liquid and sludge streams to determine the changes in

the total phosphorous to chemical oxygen demand ratio

and the concurrent inorganic orthophosphate fraction

change across the biological treatment plant . This[15]

concentration of TP seems to be low to support biological

treatment of textile wastewater, but the way out is to

increase TP source through seeding and chemical nutrient

addition. 

Chlorides in wastewater indicate the contact with

human excreta (urine, or with common salt).  Effect of

chloride on biological treatment process has been

discussed in standard environmental literature. Chloride

concentration was in the range of 112.89 to 442.5 mg/l

with the mean of 312.35 mg/l indicating that textile

wastewaters under investigation was in contact with

chloride source, FEPA  limits for chloride in wastewater[17]

is 600 mg/l with lower concentration of chloride in textile

wastewater it will not be harmful to man, aquatic animals

and biological treatment process. 

It is well known that day-to-day wastewater

constituent concentrations usually exhibit considerable

variations, but the ratios of constituents accommodate

such fluctuations to some extent, the constituent ratios can

be used as fairly representative benchmarks to

characterise the wastewater for biological treatment

evaluations. Wastewater with high nutrient ratios will not

produce adequate denitrification for certain biological

process configurations, which is a prerequisite for tertiary

treatment. The strength of the settled sewage must also be

considered, together with the total Kjeldahl nitrogen to

chemical oxygen demand ratio, as the chemical oxygen

demand content in the settled sewage contributes to the

establishment of anaerobic conditions in the anaerobic

zone of the biological treatment reactor. Substantial

chemical oxygen demand consumption takes place during

the biological process and about 8.6 mg/l chemical

oxygen demand is needed to reduce 1 mg/l nitrate

nitrogen to nitrogen gas during denitrification, and about

50 mg/l chemical oxygen demand, is required per 1 mg/l

total phosphorous removed. The most efficient type of

chemical oxygen demand fraction utilised during

denitrification and phosphate removal is volatile fatty

acid, which can be increased in the sedimentation process.

A low strength biological process feed (chemical oxygen

demand less than 250 mg/l ) can therefore reduce the[15]

biological process performance. At a total phosphorus to

total chemical oxygen demand ratio of greater than 0.02

chemical treatment will be necessary to precipitate

phosphorus. When the total Kjeldahl nitrogen to chemical

oxygen demand ratio is higher than 0.11 and the volatile

fatty  acid  content  is  low  (volatile  fatty  acid less than

50 mg/l), an external carbon source should be used (such

as methanol), the anaerobic zone of biological reactor

must be enlarged or sedimentation must be implemented.

Sedimentation is currently incorporated as a standard

practice worldwide at many biological treatment

processes, even for industrial wastewater treatment plant

with feed total Kjeldahl nitrogen to chemical oxygen

demand ratios of lower than 0.11 . With TP to COD[15]

ratio of the wastewater been 0.0016 less than 0.02

chemical treatment would not be needed. Also with TKN

to COD ratio been 0.0024, which is less than 0.11 carbon

source will not be required. .BOD: TKN: P ratios are

important in process design. Horan  highlights that[16]

BOD: TKN: P greater than 100; 5;1 is for anaerobic

system and less than the value is for aerobic. The

maximum COD: TKN: P ratio of the wastewater is

3690:5.8: 1, mean ratio of 832:2:1 and minimum ratio of

624: 1.5: 1 with BOD :TKN: P  ratio as  973 : 6:1  for

maximum; 204:2:1for  mean  and 134:2:1 minimum .

These are clear indication that carbon and phosphorus are

available in textile wastewater but nitrogen content is

deficit for effective biological treatment process.

Therefore biological treatment of textile wastewater is

possible but efficiency can be improved upon if nitrogen

source can be added or if sedimentation tanks can be

provided.

Refractory in wastewaters include heavy metals,

which are zinc, aluminium, lead, manganese, iron, copper

and cadmium. The accumulation of metals in an aquatic

environment has direct consequences to man and to the

ecosystem. Interest in metals like Zn which is required for

metabolic activity in organisms, lies in the narrow

“window” between their essentiality and toxicity. Others

like  Cd and Pb exhibit extreme toxicity even at trace

levels. Zinc is present in wastewater streams from

steelworks, rayon yarn, fiber manufacture, ground wood-
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pulp production and recirculating cooling water systems

employing cathodic treatment the plating and metal

–processing industry. Nickel originates from the metal

processing industries, steel foundries, motor vehicles and

aircraft industries, printing and in some cases the

chemical and food processing industry. Zn,  Pb and Cd

are common pollutants, which are widely distributed, in

the aquatic environment. Their sources are mainly  from

weathering of minerals and soils; atmospheric deposition;

industrial effluents ,  domestic effluents, urban storm

water runoff  and spoil heaps . Extensive literature on[15]

the aquatic toxicity of Zn and especially its toxicity to

fishes has been reviewed by Alabaster and Lloyd . Zinc[24]

is unusual in that it has low toxicity to man, but relatively

high toxicity to fish

Lead  is  present  in  wastewater  mainly  from

storage battery manufacturing, petroleum refinery and

run-off.  Lead is defined by the United States

Environmental Protection Agency (USEPA) as potentially

hazardous to most forms of life, and is considered toxic

and relatively accessible to aquatic organisms . Low Pb[17]

concentrations affect fish by causing the formation of

coagulated mucous over the gills and subsequently over

the entire body and thus cause the death of fish due to

suffocation. Lead is bio-accumulated by benthic bacteria,

freshwater plants, invertebrates and fish. The chronic

effect of Pb on man includes neurological disorders,

especially in the foetus and in children. This can lead to

behavioural changes and impaired performance in IQ

tests .[27]

Cadmium is from metallurgical alloying, ceramics,

electroplating, photography, pigment works, textile

printing, chemical industries and lead mine drainage.

Cadmium has been found to be toxic to fish and other

aquatic organisms . The effect of Cd toxicity in man[15]

includes kidney damage and pains in bones (Itai-itai

disease). Cd also has mutagenic, carcinogenic and

teratogenic effects 

These heavy metal concentrations were determined

because of their importance as nutrient and as toxic

substance at a certain concentration.. Statistical

information on these heavy metals is as shown in table 3.

The results indicate that these heavy metals are not in

concentrations that are harmful to humans, but their

removal is essential to prevent accumulation in aquatic

animals.

Sulphate rich effluents can be treated biologically

when sulphates reducing bacterial (SRB) and organic

matter are present. The products of the biological sulphate

removal technology are sulphide and alkalinity, which

contribute to the pH increase of the treated wastewater. It

has been reported that sulphides are fatally toxic to

humans at gaseous concentration of 800 to 1000mg/l .[2 8 ]

Sulphate concentration of the wastewater under

investigation is less than 800 mg/l which indicates that the

wastewater can not cause serious damage to human and

can not cause corrosion in sewerage system.

Conclusions: It can be concluded that:textile wastewaters

requires a bacterial seeded acclimated to the wastewaters

because of the alkalinity nature of the effluents. There is

a need to increase nitrogenous compounds to aid

biological treatment of the wastewater.

ACKNOWLEDGEMENTS

The authors wish to acknowledge Ahmadu Bello

University, Zaria Nigeria for funding part of this study

through University Research Board (URB) with a

research grant number DAPM/BOD/06 and the

Department of Water Resources and Environmental

Engineering for providing some valuable equipment.

Also we wish to acknowledge Mr. P.C Alika, Late Halilu

Buhari, Yahaya Yakubu and Other members of staff of

the Department of Water Resources and Environmental

Engineering for their roles in the research work.

REFERENCES

1. Viessman, W. (Jr). and M.J. Hammer, 1993. Water

Supply and Pollution Control, 5th edn, Harper

Collins College Publishers, New York.

2. Noyes, R., 1994. Unit Operations in Environmental

Engineering, 1st edn, Noyes Publication, New Jersey.

3. Adewumi, I., I.A. Oke and P.A. Bamgboye, 2005.

Determination of the Deoxygenation Rates of a

Residential Institution’s Wastewater. Journal of

Applied Sciences 5 (1): 108-112.

4. Ahmed, S.U. and M. Henze, 2004. Biological

denitrification of fertiliser wastewater at high

chloride concentration. Water SA, 30 (2), 191-196.

5. Babel, S. and T.A. Kurniawan, 2003. Low-cost

adsorbents for heavy metals uptake from

contaminated water: a review. Journal of Hazardous

Materials, 97: 219-243.

6. Bae, B.U., C.H. Kim and Y.I. Kim, 2004. Treatment

of spent brine from a nitrate exchange process using

combined biological denitrification and sulphate

precipitation. Water    Science    and   Technology

49: (5), 413-419.

7. Tebbutt, T.H.Y., 1991. Principles of Water Quality

Control, 3rd  edn, Pergamon Press, Oxford.

8. Sawyer, C.N. and P.L. McCarty, 2004. Chemistry for

sanitary Engineers, 2nd edn, McGraw-Hill Book

Company, Toronto.

9. Metcalf and Eddy Inc., 1991. Wastewater

Engineering Treatment Disposal and Reuse, 3rd edn,

McGraw-Hill Book Company, New York.

http://javascript:ExtWindow('http://www.iwaponline.com/wst/04905/wst049050413.htm');
http://javascript:ExtWindow('http://www.iwaponline.com/wst/04905/wst049050413.htm');
http://javascript:ExtWindow('http://www.iwaponline.com/wst/04905/wst049050413.htm');
http://javascript:ExtWindow('http://www.iwaponline.com/wst/04905/wst049050413.htm');


 J. Appl. Sci. Res., 2(4): 209-216, 2006

216

10. Eckenfelder, W.W., 1989. Industrial Water Pollution

Control, 2nd edn, McGraw Hill Book Company,

Tokyo.

11. APHA, 1998. Standard Method for the Examination

of Water and Wastewater, 20th edn, America Water

Works Association and Water Pollution Control

Federation, Washington DC.

12. Singha, P. 1992. An Introductory textbook on

Biostatistics, 1st edn. ABU Press, Nigeria.

13. Harry, F. and C. Steven, 1995. Statistics Concepts

and Application. 1st edn.Cambridge University Press.

Australia.

14. Loveday, R., 1980. Statistics, A second course in

statistics, 2nd edn, University Press Cambridge.

15. Rossle, W.H and W.A. Pretorius, 2001. A Review of

characteriza tion requirements for on line

prefermenters, Paper1: Wastewater Characterization.

Water SA, 27: (3), 405-412.

16. Horan, N.J., 1993. Biological Wastewater Treatment

System, Theory and Operation, 1st edn, John Wiley

and Sons, New York.

17. FEPA, 1991. “Guidelines to Standards for

Environmental Pollution Control in Nigeria”, Federal

Environmental Protection Agency (FEPA), Lagos.

18. Ahmet, B., Y. Ayfer, L. Doris, N. Nese and K.

Antonius, 2003. Ozonation of high strength

segregated effluents from a woollen textile dyeing

and finishing plant, Dyes and Pigments, 58, 93-98.

19. Arslan, I.A. and A.B. Isil, 2002. The effect of pre-

ozonation on the H2O2 / UV –C treatment of raw and

biologically pre-treated textile industry wastewater,

Water Science and Technology, 45: 297- 304.

20. Arslan, I.A., A.B. Isil and W.B. Detlef, 2002.

Advanced oxidation of a reactive dyebath effluent:

comparison of O3, H2O2/UV-C and TiO2/UV-A

processes, Water Research, 36: 1143-1154.

21. Azbar, N., T. Yonar and K. Kestioglu, 2004.

Comparison of various advanced oxidation processes

and chemical treatment methods for COD and colour

removal from a polyester and acetate fiber dying

effluent, Chemosphere, 55: 35-43 .

22. Georgiou, D., P. Melidis A. Aivasidis and K.

Gimouhopoulos, 2002. Degradation of azo-reactive

dyesby ultraviolet radiation in the presence of

hydrogen peroxide, Dyes and Pigments, 52: 69-78. 

23. Mehmet, F.S. and Z.S. Hasan, 2002. Ozone treatment

of textile effluents and dyes: effect of applied ozone

dose, pH and dye concentration, Journal of Chemical

Technology and Biotechnology, 77: 842-850.

24. Olcay, T., K. Isik, E. Gülen and O. Derin, 1996.

Color removal from textile wastewaters, Water

Science and Technology, 34: 9-11.

25. Sheng, H.L. and M.L. Chi, 1993. Treatment of textile

waste effluents by ozonation and chemical

coagulation, Water Research, 27: 1743-1748.

26. Stanis£aw, L. and G. Monika, 1999. Optimization of

oxidants dose for combined chemical and biological

treatment  of  textile  wastewater,  Water Research,

33: 2511-2516.

27. Fatoki, O.S. and A.O. Ogunfowokan, 2002. “Effect

of Coagulant Treatment on the Metal Composition”,

Water SA, 28(3): 293-297.

28. Greben, H.A., J.P. Maree, E. Eloff and K. Murray,

2005. Improve of Sulphate Removal rates at

increased Sulphide Concentration in  the

Sulphidogenic bioreactor. Water SA, 31(3): 351- 358

SYMBOLS AND ABBREVIATIONS

TKN Total Kjeldahl nitrogen

TP Total phosphorus

COD Chemical Oxygen Demand

BOD Biochemical Oxygen demand

SS Suspended solids

FEPA Federal Environmental Protection Agency

3NH    - N Ammonia -nitrogen

n. Desired sample size

N Total samples available

ä Standard deviation

V(x) Variance

A Estimated colour of the diluted samples

B Volume of the samples used (ml)

D Dilution factor

APPENDIX A (source )[18-26]

Parameters Values

pH 7.0-9.0

Biochemical Oxygen Demand (mg/L) 80-6,000

Chemical Oxygen Demand (mg/L) 150-12,000

Total suspended solids (mg/L) 15-8,000

Total Dissolved Solids (mg/L) 2,900-3,100

Chloride (mg/L) 1000-1600

Total Kjeldahl Nitrogen (mg/L) 70-80

Colour (Pt-Co) 50-2500

APPENDIX B

Compound Concentration (mg/L)

Sodium, Na 630+

Potassium, K 18+

Magnesium, Mg 7++

Calcium, Ca 69++

Chloride, CT 854

3Nitrate-N, NO -N 53

4Phosphate-P, PO -P 15

4Sulfate, SO 93-2


