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Abstract: Processing of metals have been increased greatly in recent years. As a result, quantities of waste 

material and pollutants have also increased. The present research work deals with the study of some of the 

important physicochemical and heavy metal parameters of Waste Water of Metal Processing Industries. In this 

study, like; physicochemical and heavy metal parameters PH, COD, BOD, TDS, TSS, DO, TOC, Oil and Grease 

percentage, Cd, Cr, Ni, Pb, Hg, Cu, Zn, Fe, Mg, Mn and bacterial and fungal species from wastewater samples 

were analyzed.  The results of the physico-chemical analysis were obtained in the following range; pH (8.8-

10.2), BOD (456.56-1931.48 mg/ L), COD (585.42-1967.51 mg/ L), TDS ( 23.34- 894.56 mg/L), TSS (63.67- 

243.45 mg /L), DO (7.3 – 13.5), Oil & grease (7.6 – 21.6 mg/l). The concentration of some metals (mg/L) in the 

samples analysed were found to be in the following range; Cd (0.32- 0.56), Cr (0.08- 4.56),  Ni (0.32- 1.43), 

Pb(0.07- 0.41), Hg(0.06- 0.36),, Cu (0.23- 1.43),  Zn (0.09- 0.27), Fe (0.37- 1.67), Mg (0.45- 1.12), Mn (0.23- 

0.58) and Total coliform count was >100. Some of the results were above the permissible limits set by World 

Health Organisation (WHO) most especially, effluent from metal processing Industry. It can be concluded that 

all the effluents required further treatment before releasing them into water body or land in other to prevent 

pollution.  

Keywords: Physicochemical, Heavy Metals, Effluent and Metal Processing Industries 

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

Date of Submission: 04-10-2019                                                                           Date of Acceptance: 21-10-2019 

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

 

I. Introduction 
The mining and metallurgical industries were known to be a source of toxic materials since ancient 

times. The Romans, for example, used to send convicts to work in mercury mines because it was known that 

they will die shortly from the air in the mine. Metal processing factories are the accessory units of many 

industries, along with the automobile industries, therefore, it is evident that the waste water from metal 

processing industries is definitely contributing to soil and water pollution problems.(Cheng, 2006), waste waters 

from these metal processing industries have permanent toxic effects on human and environment.(Rehman et al., 

2008). Cadmium is non-essential but poisonous for plants, animals and humans (Gupta and Gupta 1998). Nickel 

has been implicated as an embryo toxin and teratogen (Chen and Lin 1998). Thus, cadmium, chromium, copper, 

nickel, arsenic, lead and zinc are some of the major metals in waste waters of metal processing industries. Due 

to their high solubility in aquatic environment they are absorbed by living organisms, once they enter in food 

chain large concentrations may get accumulated in human body leading to serious health disorders (Babel and 

Kurniawan 2004).  

All these chemical wastes are hazardous to plant, animal, human being also and techniques available 

for waste treatment are costly and not proper also.So, we have proposed to undertake the studies with the help of 

microorganisms. Microbiological techniques are efficient and also not very costly. There are some reports about 

the growth of microorganisms in waste water which contain heavy metal, oil and grease. So it is very easy to 

deal this waste with microorganism and use of microbiological techniques. In steel and Automobile industries 

metal working fluids (MWF) are used to optimize the process of machining operations such as turning, grinding, 

drilling, boring and milling. They flush away chips and metal fines from tools and workpieces, as well as acting 

as coolants and lubricants. (Muszynski and Lebkowska, 2005); Oily emulsions are common waste products of 

petrochemical metal and food processing industries (Coca et al., 2011, Abdel-Raouf 2012); Due to the discharge 

of large amounts of metal contaminated wastewater, industries bearing heavy metals, such as Cd, Cr, Cu, Ni, 

As, Pb and Zn are the most hazardous among the chemical intensive industries. Because of their high solubility 

in the aquatic environments, heavy metals can be absorbed by living organism. Once they enter the food chain, 

large concentrations of heavy metals may accumulate in human body. If the metals are ingested beyond the 

permitted concentration, they can cause serious health disorders. (Babel and Kurniwan, 2004) The pollution of 

the environment with toxic heavy metals is spreading throughout the world along with industrial progress micro-

organisms and microbial products can be highly efficient bioaccumulators of soluble and particulate forms of 
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metals especially dilute external solutions. Microbe related technologies may provide an alternative or addition 

to conventional method of metal removal or metal recovery(C. Edward Raja, G.S. Selvam, and Kiyoshi Omine 

2009). Therefore, there is an urgent need for the treatment of metal processing industry waste. Waste 

management strategies adopted in India have failed to keep pace with the industrial growth and urbanization. 

Physicochemical analysis of the waste water for important parameters, take colour, PH, COD, BOD, TDS, TSS, 

DO, TOC, Oil and Grease percentage, microbial analysis, Cd, Cr, Ni, Pb, Hg, Cu, Zn, Fe, Mg, Mn was carried 

out. 

 

II. Materials And Methods 
Collection of Effluent Samples: The sampling was carried out in January, 2019. The sampling site in the 

present study was a metal processing industry in the Marathwada region. Samples were collected from the 

different sites of the selected area in a wide mouth polyethylene bottle. One portion of each effluent sample was 

immediately preserved with concentrated nitric acid for heavy metal analysis. After acidification the samples 

were stored at 4
o
 C in refrigerator to prevent change in volume due to evaporation. 

Chemicals: All the chemicals used in the study were of analytical grade and were procured from Merck 

(Mumbai, India). 

Sample Analysis: Physico- chemical parameters of biochemical oxygen demand (BOD), total dissolved solid 

(TDS), pH, dissolved oxygen (DO), total hardness, chloride, sulphate, nitrate, phosphate, chemical oxygen 

demand and alkalinity were measured in triplicate. pH was measured in situ using a pH meter. Dissolved 

oxygen, alkalinity, sulphate, nitrate, phosphate, chloride and total hardness were determined by titration (Boyd, 

1981). Total Dissolved Solids (TDS), chemical oxygen demand (COD) and biochemical oxygen demand (BOD) 

was determined sequel to APHA (2005).Analysis of different metal ions in the effluent samples was determined 

by Atomic Absorption Spectrophotometer as per the standard methods (APHA, 2005, Kamaruzzamanet al., 

2011: Rahman et al., (2012). Total coliform count was determined by MPN method (WHO, 1989). 

 

III. Results and Discussion 
In the present study, effluent samplesfrom metal processing industry were collected each month between 

January 2019-June 2019. The physicochemical parameters of the effluents were analyzed (Table 1).  

Color:The result of the study revealed that colour of the untreated effluent was brownish in colour with 

offensive odour. A large number of pollutants can impart colour, taste and odour to the receiving water, thereby 

making them unaesthetic and unfit for domestic consumption (Jamal et al., 2011). The colour of the effluent 

might be due to the presence of high amount of inorganic chemicals like sodium and chromium used during the 

processing of metal. 

pH: 

The pH of the samples ranged from 8.8-10.2 so presented in Table-1. Sample SR1 has the lowest (8.8), while 

sample B has the highest pH value of 10.35. All the pH values were within the permissible limits for industrial 

effluents set by WHO except sample SR3 and SR5. The pH of samples SR1, SR2, SR4 and  SR6 are  below the 

permissible standard for drinking water set by W.H.O while the pH of sample SR3 and SR5 was found to be 

above the standard. 

 

Total suspended solids TSS: The TSS values (Table-1) of the samples ranged from 63.67- 243.45 mg /L. 

WHO standard for TSS is 10 mg/l. So it is clear that all the samples have very high TSS values which may be 

due to the fact that the waste contains many suspended particle. The maximum value of TSS (63.67- 243.45 mg 

/L) was recorded in the effluent of sample SR3 and SR5. Effluents of such high TSS may cause handling 

problem, if directly applied to agricultural field, or if this effluent is discharged to river or stream, it will make it 

unsuitable for aquatic life. Literature classified wastewater TSS as follows: TSS < 100 mg/l as weak, TSS > 100 

mg/l as but < 220 mg/l as medium and TSS > 220 mg/l as strong wastewater. Therefore, waste water from SR3 

and SR6 is strong and cannot be discharged into stream. 

 

Total dissolved solids TDS:The TDS values of the samples ranged from 23.34- 894.56 mg/L (Table-1). The 

lowest value was found in sample SR2 while the highest value was found in sample SR5 and SR6. The WHO 

standard for TDS is 500 mg L
-1

. The samples SR5 and SR6 not have values within the permissible limit, where 

as SR2, SR3and SR4 are within permissible limit as per WHO standard. High TDS is caused by high solids 

loading.  
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Biological and Chemical oxygen demand BOD & COD:  
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 and COD. Biological Oxygen demand (BOD) is 

the measure of the oxygen required by microorganisms whilst breaking down organic matter. While Chemical 

Oxygen Demand (COD) is the measure of amount of oxygen required by both potassium dichromate and 

concentrated sulphuric acid to breakdown both organic and inorganic matters The BOD values ranged from 

456.56-1931.48 mg/ L as presented in Table-1. The COD values ranged from 585.42-1967.51 mg/. Sample SR2 

has the lowest BOD and COD while sample remaining are having the highest BOD and COD. These effluents 

on entering fresh water (rivers, stream etc) make the O
2 

depleted, causing suffocationof fish and other aquatic 

fauna and flora resulting in the death of aquatic life. The concentrations of BOD and COD in all the samples 

were higher than the WHO values of 50 mg/l for the discharged of wastewater into stream. 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. 

 

Oil and Grease 
Oil and grease if present in excess amount it interfere with aerobic and anaerobic biological process. 

The all samples contain high quantity of oil and grease which causes serious problems. The average value of oil 

and grease was 21.6mg/L which is higher than the recommendations of WHO (2003). Akan et al. (2008) 

showed comparatively less value as 680mg/L in untreated effluent. Trivedi et al., (1986) reported oil and grease 

in textile industry effluent varies from 230 to 1897 mg/L. 

 

Heavy metals:  
Investigated metals in the industrial effluents of various industries are presented in Table-2. The 

composition of metals in the wastewater samplesranged from Cd (0.32- 0.56), Cr (0.08- 4.56),  Ni (0.32- 1.43), 

Pb(0.07- 0.41), Hg(0.06- 0.36),, Cu (0.23- 1.43),  Zn (0.09- 0.27), Fe (0.37- 1.67), Mg (0.45- 1.12), Mn (0.23- 

0.58). The concentrations of metals in the samples analysed are in the following order 

Mg>CD>Mn>Ni>Mn>CuZn>Cr>Hg>Pb. While  Mg can improve crop yield, only trace amount of Zn is 

required but, Pb and Cd are toxic. Highest amount of all the heavy metals analysed were found in sample D 

while, the lowest amount of Cd and Pb were found in sample A. The concentration of heavy metals (Pb, Cd and 

Zn) in all the samples analysed were far above the maximum permissible level recommended by WHO 

 

 

Table 1. Physico-Chemical analysis of Effluent Samples Collected from different Metal processing 

Industries 
Sample Colour pH BOD 

(mg/L)) 

COD 

(mg/L 

TDS(mg/

L) 

TSS(mg/

L) 

DO 

(ppm) 

Oil & 

Grease 
(mg/L) 

T.coliform 

(MPN/100ml) 

SR1 Brown 9.2  1726.52 1585.30  584.83 167.34 10.2 17.3 86 

SR2 Clear 8.8  456.56 585.42 23.34 75.34 6.8 7.6 40 

SR3 Dark 10.1  1852.23 1886.62 495.35 243.45 13.5 21.6 170 

SR4 Gray 8.10  787.73 678.93 31.27 63.67 7.3 12.4 63 

SR5 Dark 10.2 1931.48 1931.48 894.56 189.45 12.6 20.8 480 

SR6 Brown 9.4 1811.56  1774.19 765.98 211.39 9.78 13.6 210 

WHO 

Standard 

Clear 6.5 – 9.2 00 20.00 500 10.00 NS NS Zero 

 

Table 2. Metal ions (mg/L) present in effluent at various sites (mean of 3 analysis) from different Metal 

processing Industries 
Sample Cd Cr Ni Pb Hg Cu Zn Fe Mg Mn 

SR1 0.35 0.17 0.62 0.26 0.06 0.63 0.13 0.58 0.98 0.23 

SR2 0.43 2.34 0.32 0.16 0.12 0.78 0.07 1.41 1.12 0.41 

SR3 0.32 4.56 1.24 0.07 0.06 1.17 0.11 1.27 0.68 0.21 

SR4 0.27 0.08 0.86 0.17 0.13 0.38 0.09 1.67 0.77 0.58 

SR5 0.56 5.67 1.32 0.34 0.23 1.43 0.27 0.78 0.45 0.36 

SR6 0.73 1.43 1.43 0.41 0.36 0.23 0.12 0.37 0.85 0.17 

WHO 

Standard 

0.003 0.05 0.02 0.05 0.001 0.10 <1.0 1.00 0.05 0.5 

 

The sample SR3 and SR 6 was found more polluted than other sites. Wastewater discharge from metal 

processing industries are major component of water pollution, contributing to oxygen demand and nutrient 

loading of the water bodies, promoting toxic algal blooms and leading to a destabilized aquatic ecosystem. The 

presence of oil and grease in an effluent was mainly due to the processing operations. It should be removed 
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since they usually float and affect the oxygen transfer to the water and also objectionable from an aesthetic point 

of view.  

Microbial Analysis: The wastewater contained a large number of bacteria and fungal count is given in Table 3. 

Total count the quantitative idea about the presence of microorganisms such as bacteria, yeast and mold in a 

sample was recorded using total viable count (TVC) which represents the number of colonies forming units 

(CFU) per g (or per ml) of the sample. 

The bacteriological assessment of effluents from metal processing industries reveals the presence of 

bacterial contaminants and this is in agreement with the findings of (Mohapatra, 2008; Morley,2007).There is a 

greater risk to public health from microbes that is associated with wastewater consumption that is contaminated 

with human and animal excreta. Hence wastewater can be faecally contaminated and can contain a variety of 

intestinal pathogens which cause diseases ranging from mild gastro- enteritis to the serious dysentery, cholera 

and typhoid. The most predominant waterborne disease, diarrhea has an estimated annual incidence of 4.6 

billion episodes and causes 2.2 million deaths every year (Paul and Clark, 1989; Najafpour et al., 2008) These 

sources of bacterial contamination include surface runoff, pasture and other land areas where animal wastes are 

deposited. Additional sources include seepage or discharge from septic tanks and sewage treatment facilities 

(WHO,1989). 

The waste discharged from metal processing industries is degradable waste, though it is hazardous to 

microorganism in the costal water. The extent of pollution was high as expressed by physicochemical properties. 

Analysis of industrial effluent discharge showed that the various parameters are beyond the permissible limit. 

The effluent from two industries shows acidic pH while remaining samples have alkaline pH. These values are 

generally due to the decomposition of the proteinaceous matter and emission of ammonia 

 

Table 3. Microbial analysis of Effluent Samples Collected from different Metal processing 

Industries 
Sample Total viable bacteria count (CFU g-1) Total viable fungi count (CFU g-1) 

SR1 5.43 X 105 4.76 X 103 

SR2 4.78 X 107 5.23 X 103 

SR3 6.54 X 106 4.64 X 104 

SR4 4.45 X 105 3.23 X 103 

SR5 8.78 X 107 4.75X 103 

SR6 7.34 X 106  5.64 X 104 

 

IV. Conclusion 
Heavy metals and Elements from the sampled wastewater analyzed, were found to be present in 

quantities not withinthe recommended safe limits as set by the World Health Organisation (WHO). this was 

obviously due to the use of various metals and its discharge in the water bodies from the metal processing 

industries. Overall findings indicated that effluent discharge of fish processing industries in Marathwada region 

is highly polluted and remedial steps should be to be taken for avoiding water pollution. 
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