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Introduction
Paint industry is one of the industry the causes of water 

pollution. Wastewater is generated primarily due to cleaning 
operations of mixers, reactors, blenders, packing machines 
and floors [1]. The effluent has high organic and inorganic 
toxic pollutants. The discharge of such wastewater with high 
pollutants into the environment damage the quality of water 
bodies and also affect food chain hence it is essential to treat 
the wastewater before its disposal [2]. Paint is generally 
considered as a mixture of pigment, binder, solvent and 
additives, and the type and proportion of each component in 
the mixture characterize the properties of a particular paint. 
The components of paint also determine the characteristics of 
the waste generated in its manufacture and use [3]. Water-based  

 
paints generally consist of organic and inorganic pigments and 
dyestuffs, extenders, cellulosic and non-cellulosic thickeners, 
latexes, emulsifying agents, anti-foaming agents, preservatives, 
solvents and coalescing agents [4]. The paint wastewaters are 
characterized by including substantial organic matter, high 
salinity, sulfate rich and high suspended solid [5]. Untreated 
or allegedly treated paint industrial effluents contains variable 
amounts of heavy metals such as arsenic, lead, nickel, cadmium, 
copper, mercury, zinc and chromium[6,7], which have the 
potential to contaminate crops growing under such irrigation. 
These heavy metals have a marked effect on the aquatic flora and 
fauna which through bio-magnification enter the food chain and 
ultimately affect the human beings as well. Heavy metal pollution 
is an ever increasing problem of our oceans, lakes and rivers.

Abstract

The present research work deals with the assessment of pollution due to toxic heavy metals in the industrial effluents collected from paint 
industries. The study reveals that paints industries are some of the major industries contributing to the heavy metal pollutants in the surrounding 
aquatic environment. It was observed that paint manufacturing industries are the major contributors of toxic Cu, Cd and Pb amounting to 189.16, 
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industries. The results obtained from the physicochemical analysis of all the samples of effluent indicated high alkaline pH, BOD, COD TSS and 
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 Incidence of heavy metal accumulation in fish, oysters, 
sediments and other components of aquatic ecosystems has 
been reported globally [8-18]. These toxic heavy metals entering 
in aquatic environment are adsorbed onto particulate matter, 
although they can form free metal ions and soluble complexes 
that are available for uptake by biological organisms. The metals 
associated with particulate material are also available for 
biological uptake [19], and are deposited in estuarine sediments 
[20]. Once deposited, binding by sulfides and/or iron hydroxides 
immobilizes trace metals until a change in redox or pH occurs 
[21,22]. Thus, surfical sediments, particularly the fine fraction, 
accumulate trace metals and provide a means for evaluating the 
long term accumulation of contaminants [23,24]. The present 
day by day increasing tremendous industrial pollution [8-18] has 
prompted us to carry the systematic and detail study of pollution 
due to toxic heavy metals in waste water samples collected from 
Addis Ababa paint Industries which is considered as one of the 
fastest developing industrial belt, Ethiopia. The aim of the work 
was evaluating the heavy metal contents and Physico-chemical 
properties of paint waste waters.

Materials and Methods
The study was conducted in Addis Ababa at five paint 

manufacturing industries. Namely Nifas Silk, Zemilli, Cadisco, 
Bright and Rain Bow paint factories. This Paints Factory is an 
Ethiopian manufacturer of different kinds of Paint products 
which were used widely in constructions industries and 
transport sectors. The industrial waste water effluent samples 
were collected randomly twice in a year from different 
paintingindustries like Nifas Silk, Zemilli, Cadisco, Bright and 
Rain Bow paint industries, Addis Ababa Industrial belt. For each 
of paint industry three representative units was selected. The 
sample were collected by 2L polyethene bottle, the bottles were 

thoroughly cleaned with hydrochloric acid, washed with tape 
water to render free of acid, washed with distilled water twice, 
again rinsed with the water sample to be collected and then filled 
up the bottle with the sample leaving only a small air gap at the 
top. Water samples (500 mL) were filtered using Whitman No. 
41 (0.45 μm pore size) filter paper for estimation of dissolved 
metal content. Filtrate (500mL) sample was preserved with 
the 1ml conc. HNO3 to prevent the precipitation of metals and 
stored at 4oC until use. Samples were kept in a portable cooler 
containing ice, to maintain an inert temperature condition for 
the effluent and were transported to the laboratory for analysis. 
The samples were concentrated to tenfold on a water bath and 
subjected to nitric acid digestion using the microwave-assisted 
technique [25,26].

A.	 Physical and Chemical Analyses of Waste Water 
Samples 

 All the physical and chemical analyses were determined 
by the procedures recommended in the Standard methods for 
the examination of Water and Wastewater [27]. PH, Chemical 
Oxygen Demand (COD), Biological Oxygen Demand (BOD5), 
reactive phosphate and Suspended solids (SS) were detected.

B.	 Heavy Metal Analysis 

 The analysis for the majority of the trace metals like 
chromium (Cr), cadmium (Cd), copper (Cu), lead (Pb) and Silver 
(Ag) was done by Atomic Absorption Spectrophotometer. The 
calibration curves were prepared separately for all the metals 
by running different concentrations of standard solutions. A 
reagent blank sample was analyzed and subtracted from the 
samples to correct for reagent impurities and other sources of 
errors from the environment. Average values of three replicates 
were taken for each determination.

C. Result and Discussion 

Table 1: Heavy Metal Content and Physico Chemical properties of Effluent Samples Collected from different paint Industries.		

Parameter
Name of painting  Industries

Nifas Silk Zemillic Cadisco Bright Rainbow

PH 6.72 7.16 6.77 6.48 7.7

SS 6912.5 9525 1965 8862.5 22528

PO-24 15.37 41.8 2.265 44.5 65.375

BOD 350 246 47 360 600

COD 1949 3524 425 2887.2 7662.5

Cr 9.32 8.25 1.5 5.28 2.95

Pb 8.33 24.84 0.68 18.73 53.4

Cd 7.813 2.47 1.58 16.82 69.22

Cu 2.24 9.22 2.09 189.16 22.47

Ag 5.69 15.23 6.08 28.06 14.72

*All parameters are in mg/l except PH*
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Figure 1: BOD and COD content in the waste water effluents 
released from different paint industries of Addis Ababa, Ethiopia.

Figure 2: BOD and COD content in the waste water effluents 
released from different paint industries of Addis Ababa, Ethiopia.

Figure 3: Heavy metal content in the waste water effluents 
released from different paint industries of Add is Ababa, Ethiopia

The experimental data on heavy metal content and physico 
chemical properties of waste water effluent samples collected 
from different paint industries of Addis Ababa industrial City 
of Ethiopia for the assessment were presented in Table 1. The 
heavy metal concentration and physico Chemical properties in 
mg/L for different paint industries are graphically represented 
in Figures 1-3 and Table 1. Heavy Metal Content and Physico 
Chemical properties of Effluent Samples Collected from different 
paint Industries. The results of the study revealed that the pH 
of untreated paint effluent has a minimum range of 6.72 and a 
maximum range of 7.77 this indicate the alkaline nature of the 
paint effluent.PH is a measure of the acidity or alkalinity of water 
and one of the stable measurements. PH is a simple parameter 
but it is extremely important, since most of the chemical 
reactions in aquatic environment are controlled by any change 
in its value. Anything either highly acidic or alkaline would kill 

marine life. Aquatic organisms are sensitive to pH changes and 
biological treatment requires pH control or monitoring. The 
toxicity of heavy metals also gets enhanced at particular pH. 
Thus, pH is having primary importance in deciding the quality of 
waste water effluents [28]. 

Suspended solid (SS): Suspended Solid level of untreated 
paint effluent ranges from 6912.5 mg/1 to 22528 mg/l this 
indicating that the values of SS was higher than the permissible 
limit (100 mg/l) prescribed by [29] which may be due to 
presence of large amounts of salts in the effluent. High suspended 
concentration can block light from reaching submerged 
vegetation and it causes less oxygen to be released in to the river. 
It also causes an increase in surface water temperature absorb 
heat from sun light, this can cause dissolved oxygen level to fall.

Determination of Phosphorus (PO-24): It is noted that 
all measured value of reactive phosphate of the paint industries 
were above the standard limit of 5mg/l set by WHO. This may 
cause an over growth of plants and algae, as the plants and algae 
die, they become organic material in the water. The enormous 
decay of this plant matter in turn lowers the oxygen level.

6.3.	 Determination of biological oxygen demand: BOD 
levels of untreated paint effluent have a minimum value of 
47mg/l and maximum value of 600mg/l which were higher than 
the permissible limit (50 mg/l). Increased concentrations of 
dissolved organic carbon can create problems in the production 
of safe drinking water if chlorination is used, as disinfection by-
products, such as trihalomethanes and other compounds toxic to 
humans, may be produced. Increased oxygen consumption poses 
a potential threat to a variety of aquatic organisms, including 
fish. It is, therefore, important to monitor organic pollution 
to identify areas posing a threat to health, to identify sources 
of contamination, to ensure adequate treatment, and provide 
information for decision making to enhance water sustainability.

Determination of Chemical Oxygen Demand: COD of 
untreated paint effluent ranges between 425 mg/l and 7662.5 
mg/l and the values of the COD of untreated sample are beyond 
the permissible limit (250 mg/l) of [29]. This may be due to 
the presence of large amount of toxic substances present in 
the effluent. This implies an access of organic matter enters 
the waters; the number of decomposers was increase. These 
decomposers grow rapidly and use a great deal of Oxygen during 
their growth this leads to depletion of oxygen can kill aquatic 
organisms. As the aquatic organisms die, they are broken down 
by decomposers which lead to further depilation of the oxygen 
level.

Determination of Chromium (Cr): Cr content in waste 
water samples was found to be minimum of 1.5 mg/L in effluent 
sample collected from Cadisco paint industry and maximum of 
9.32 mg/L from Nifas Silk paint industry (Figure 3), which was 
very much higher than the permissible limit of 0.05 mg/L set by 
WHO. The experimental data indicates that paint manufacturing 
industries are the major source for release of toxic Cr metal 
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in surrounding aquatic environment. Acute toxicity of Cr to 
invertebrates is highly variable, depending upon species. For 
invertebrates and fishes, its toxicity is not much acute. Cr is 
generally more toxic at higher temperatures and its compounds 
are known to cause cancer in humans. The toxic effect of Cr 
on plants indicate that the roots remain small and the leaves 
narrow, exhibit reddish brown discoloration with small necrotic 
blotches.

Determination of cadmium: Cd is contributed to the surface 
water through paints, pigments, glass enamel, and deterioration 
of the galvanized pipes etc. Cd content in water samples were 
found to be minimum of 1.58 mg/L and maximum 69.22 mg/L 
in the effluent samples collected from Cadisco and Rainbow 
paint industries respectively. The second largest contribution 
(16.82 mg/L) of Cd metal was due to the effluent from Bright 
paint manufacturing industry (Figure 3). The experimental 
values indicate that Rainbow and Bright paint manufacturing 
industries are the major source for release of toxic Cd in the 
surrounding water bodies. The values obtained were found to 
be extremely higher than the permissible limit of 0.01 mg/L set 
by WHO and also according to USPH standards. There are a few 
recorded instances of Cd poisoning in human beings following 
consumption of contaminated fishes. It is less toxic to plants 
than Cu, similar in toxicity to Pb and Cr. It is equally toxic to 
invertebrates and fishes. 

Determination of copper: From the results it appears that 
the Cu content was minimum of 2.09 mg/L in the effluent samples 
collected from Cadisco paint industry, while maximum Cu 
content of 189.16 mg/L was found in effluents from Bright paint 
manufacturing industry (Figure 3). It was observed that rainbow 
paint industry was the second largest contributors of toxic Cu 
in the aquatic environment showing respectively 22.47 mg/L of 
Cu in their effluent samples. The observed concentration of Cu 
in the effluent samples collected from different paint industries 
were above the permissible limit of 0.05 mg/L set by WHO and 
1.0mg/L as per the USPH standard. It is important here to note 
that Cu is highly toxic to most fishes, invertebrates and aquatic 
plants than any other heavy metal except mercury. It reduces 
growth and rate of reproduction in plants and animals. The 
chronic level of Cu is 0.02-0.2 mg/L .Aquatic plants absorb three 
times more Cu than plants on dry lands. Excessive Cu content 
can cause damage to roots, by attacking the cell membrane 
and destroying the normal membrane structure; inhibited 
root growth and formation of numerous short, brownish 
secondary roots. Cu becomes toxic for organisms when the rate 
of absorption is greater than the rate of excretion, and as Cu is 
readily accumulated by plants and animals, it is very important 
to minimize its level in the waterway.

Determination of lead: Lead is one of the oldest metals 
known to man and is discharged in the surface water through 
paints, solders, pipes, building material, gasoline etc. Lead is a 

well-known metal toxicant and it is gradually being phased out 
of the materials that human beings regularly use. Atmospheric 
fallout is usually the most important source of lead in the fresh 
water. In the present investigation, it was observed that the 
maximum concentration of Pb was 53.4mg/L in effluent samples 
collected from rainbow paint manufacturing industry, while 
second largest contribution of 24.84 mg/L was found in the 
effluents of Zemillic paint manufacturing industry (Figure 3). 

The minimum concentration (0.68 mg/L) of Pb was found 
in the effluent samples collected from Cadisco paint industry. 
However in all the cases the concentration of toxic Pb in effluent 
samples was found to be extremely above the permissible limit 
of <0.05 mg/L lead in drinking water according to the USPH 
drinking water standards. Acute toxicity generally appears in 
aquatic plants at concentration of 0.1-5.0 mg/L. In plants, it 
initially results in enhanced growth, but from a concentration 
of 5 ppm onwards, this is counteracted by severe growth 
retardation, discoloration and morphological abnormalities. 
There is an adverse influence on photosynthesis, respiration and 
other metabolic processes. Acute toxicity of Pb in invertebrates 
is reported at concentration of 0.1-10 mg/L. Higher levels pose 
eventual threat to fisheries resources.

Determination of Silver (Ag): In the present study, the 
maximum concentration of Ag was 28.06 mg/L in the effluent 
samples collected from Bright paint industry (Figure 3). It was 
observed that paint manufacturing industries are the largest 
contributor of toxic Ag in aquatic environment. The minimum 
concentration of Ag (5.69mg/L) was found in the effluent sample 
released from Nifas Silk paint industry. However, it was observed 
that the concentration of toxic Ag in effluent samples collected 
from different paint industry ware very much higher than the 
permissible limit of 0.3 mg/L set by WHO. The presence of high 
concentration of Ag may increase the hazard of pathogenic 
organisms; since most of these organisms need Ag for their 
growth.

Conclusion

Around the world as countries are struggling to arrive at an 
effective regulatory regime to control the discharge of industrial 
effluents into their ecosystems, the present experimental data 
indicates high level of pollution along Addis Ababa, Ethiopia. 
The experimental data suggests a need to implement common 
objectives, compatible policies and programs for improvement 
in the paint industrial waste water treatment methods. It also 
suggests a need of consistent, internationally recognized data 
driven strategy to assess the quality of waste water effluent 
and generation of international standards for evaluation of 
contamination levels. The existing situation if mishandled 
can cause irreparable eco-logical harm in the long -term well 
masked by short term economic prosperity. From the results 
of the Physico-chemical analysis and heavy metal contents are 
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evident that all the analyzed parameters showed compliance 
with EPA and WHO standard limits. The results of the Atomic 
Absorption Spectroscopy indicate that different kinds of metals 
are contained in the waste water samples; hence contamination 
of the ecosystem is eminent.
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