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Abstract

Ferrous block metals are used frequently in large quantities in various sectors of industry for making automotive,
furniture, electrical and mechanical items, body parts for consumables, and so forth. During the manufacturing
stage, the block metals are subjected to some form of material removal process either through turning, grinding,
milling, or drilling operations to obtain the final product. Wastes are generated from the machining process in the
form of effluent waste, solid waste, atmospheric emission, and energy emission. These wastes, if not recycled or
treated properly before disposal, will have a detrimental impact on the environment through air, water, and soil
pollution. The purpose of this paper is to determine the impact of the effluent waste from the machining process
on the environment through water analysis. A twofold study is carried out to determine the impact of the effluent
waste on the water stream. The preliminary study consists of a scenario analysis where five scenarios are drawn out
using substances such as spent coolant, tramp oil, solvent, powdered chips, and sludge, which are commonly
found in the effluent waste. The wastes are prepared according to the scenarios and are disposed through the
Institute of Product Design and Manufacturing (IPROM) storm water drain. Samples of effluent waste are collected
at specific locations according to the APHA method and are tested for parameters such as pH, ammoniacal
nitrogen, dissolved oxygen, biochemical oxygen demand, chemical oxygen demand, and total suspended solids. A
subsequent study is done by collecting 30 samples of the effluent waste from the machining operations from two
small- and medium-scale enterprise locations and the IPROM workshop to test the quality of water. The results
obtained from the tests showed high values of chemical oxygen demand, ammoniacal nitrogen, and total
suspended solids when compared with the Standard B specification for inland water bodies as specified by the
Department of Environment, Malaysia.

Keywords: Effluent waste, Ammoniacal nitrogen, Biochemical oxygen demand, Chemical oxygen demand, Total
suspended solids, Dissolved oxygen, pH

Background
The rapid deterioration of the world's environment in
the name of development is a major cause of concern
for every human being on this planet. Both individuals
and businesses have a social and environmental respon-
sibility to keep this planet clean. With the rapid develop-
ment in today's industrialized world, the issue of
preserving and managing our environment has become
crucial. The need for a good environmental management

system is evidenced by the amendments made to the En-
vironmental Quality Act 1974 and other environmental
regulations, which serve to ensure stricter compliance of
environmental standards in Malaysia. Malaysia also
adopted the National Environment Policy in 2002 as a
means of addressing environmental issues in an inte-
grated manner, while more and more companies are
striving to attain the MS14001 EMS certification [1].
Small- and medium-scale enterprises (SMEs) are the

backbone of industrialization in many developed and
developing countries and play a crucial role in the growth
of the country's economy. While most SMEs are in the
service sector, approximately one quarter or so that are
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engaged in manufacturing contributes to a major portion
of industrial waste [2]. Most of the SMEs that are in the
metal industry and engaged in the manufacturing sector
utilize one form of machining or another for material re-
moval process. During the machining operation, any ma-
terial or energy generated in addition to the final product
is termed as waste. The waste generated due to machin-
ing process is a major environmental concern for manu-
facturers. With the emergence of new manufacturing
industries, a large amount of block metals and other fer-
rous metals are subjected to machining process, resulting
in a considerable amount of machining waste generated
in the form of effluent and solid waste, and atmospheric
and energy emission, as shown in Figure 1.
The cutting oil, coolant, lubricants, solvents, and addi-

tives used in the metal working processes helps to im-
prove machinability, increase productivity, and extend

tool life. They are also used to reduce friction and wear,
to flush away the chips from the cutting zone, and to
protect the machined surface from environmental corro-
sion. When performing these functions, they become
contaminated with foreign organisms, causing coolants
to lose effectiveness and develop foul odors. Hence,
coolants are used only for a short time and then dis-
carded. The practice of discarding and recycling coolants
can be costly and troublesome. Many small- and
medium-scale enterprises often dispose the used coolant
and cutting fluids in an improper manner into the envir-
onment, often neglecting the consequences of such be-
havior. The wastes, if not recycled or treated properly
before disposal, have negative impacts on the environ-
ment in terms of water, soil, and sediment pollution [3].
People, the flora and fauna, and the living environment
in general are therefore affected adversely. The effluent
wastes from the industries are classified as scheduled
wastes and are hazardous to nature. In view of the prob-
lem above, the Department of Environment (DOE) has
made it mandatory for the manufacturers to comply
with the Malaysian Environmental Quality (Industrial Ef-
fluent) Regulations 2009 (PU (A) 434).
The hazardous waste in Malaysia has been gradually in-

creasing over the years, as shown in Figure 2, a response
to a survey from United Nations Statistical Division
(UNSD) and United Nations Environment Programme
(UNEP).This paper investigates the potential impact of ef-
fluent waste from the machining processes on the envir-
onment through water analysis.
Numerous studies have been carried out in Malaysia

and abroad on the environmental performance assess-
ment among the SMEs. The impact of machining waste
on the environment is an area that has to be considered
in view of the machines used widely among the manufac-
turing companies in Malaysia. The machines under con-
sideration are the lathe machines, drilling machines,
boring machines, and the milling machines. Work was
conducted on field exposures of grade 304 and 316
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Figure 1 Schematic representation of machining process.
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Figure 2 Hazardous waste generation in Malaysia. Source: UNSD/UNEP Questionnaires on Environment Statistics [4].
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stainless steels and a laboratory percolation study simulat-
ing 20 to 25 years of chromium- and nickel-containing
runoff water interaction with soil [5]. Total metal annual
release rates varied between 0.2 and 0.7 mg/m2/year for
Cr, between 0.1 and 0.8 mg/m2/year for Ni, and between
10 and 200 mg/m2/year for Fe. Soil extractions showed
Cr and Ni to be very strongly retained within the soil.
This confirms that the corrosion from the metals can
enter the nearby field and pollute the environment
through the runoff water [5].
Continuous monitoring and assessment of the physical,

chemical, and biological parameters of water is an essen-
tial part of the water quality control program. The dis-
posal of machining waste through the water stream
affects the aquatic organisms living in the water. Most
countries practice the water quality index (WQI) method,
which is similar to the existing DOE index [6]. The con-
cept of WQI is based on the comparison of the water
quality parameter with respective regulatory standards [7].
According to the DOE, the WQI is defined by six

parameters, namely the biochemical oxygen demand
(BOD), chemical oxygen demand (COD), dissolved oxy-
gen (DO), pH, total suspended solids (TSS), and ammo-
niacal nitrogen. BOD is the most commonly used
parameter for determining the oxygen demand on the
receiving water of a municipal or industrial discharge.
High BOD is an indication of poor water quality, while
COD is an indicator of organics in the water, usually
used in conjunction with BOD. COD test is commonly
used to measure the amount of organic and inorganic
oxydizable compounds in the water [8]. Generally, the
BOD/COD ratio should be equal to or less than 1.0 [9].
The BOD/COD ratios for industrial waste water can be
lower than 0.5 [10]. Oxygen is essential for all plants and
animals to survive, whether they live on land or in water.
Aquatic organisms rely on oxygen that is dissolved in
the water. A low DO (less than 2 mg/l) indicates poor
water quality and, thus, is not conducive for sustaining
many sensitive aquatic lives. DO also depends on
physiochemical parameters such as temperature, salinity,
and pH [11]. The ammonia molecule is a nutrient
required for life, but excess ammonia accumulates in the
organism and causes alteration of metabolism or in-
crease in body pH. TSS refers to the particles in the
water that are larger than 0.45 μm. TSS includes pollu-
tants such as minute metal swarfs, filings, and powdered
chips [12], high concentrations of which can damage the
habitats of fish and other aquatic organisms [13]. The
presence of synthetic organic chemicals like solvents,
paints, and detergents can impart offensive tastes, odors,
and colors to fish and aquatic plants even if present in
low concentrations [14]. Oil in the water also affects the
lives of the aquatic beings by inhibiting the atmospheric
oxygen from dissolving in the water. Free oil found in

the effluent waste rises to the surface of the water and
prevents the sunlight from reaching the depths of the
water. Oil and grease also become chemically emulsified,
primarily through the use of detergents and other alkalis
[15]. pH is an indicator of the existence of biological life
as most of them thrive in a quite narrow and critical pH
range. The discharge of industrial effluents and urban
wastes into the river water causes an increase in BOD,
COD, and TSS [14,15].

Methods
A twofold study was conducted to determine the impact
of the effluent waste on the water stream. The prelimin-
ary study consisted of a scenario analysis where five sce-
narios were drawn out using substances which included
spent coolant, tramp oil, solvent, powdered chips, and
sludge [16]. These substances are used for preparing the
scenarios as they are commonly found in the effluent
wastes which are disposed from the manufacturer's prem-
ises. Of all the life cycle stages directly influenced by
metal working fluids, the disposal stage has the largest
impact on the environment as it impacts the environment
through hazardous metal carry-off, hazardous chemical
constituents, oxygen depletion, oil content, and nutrient
loading [16]. The reaction of the coolant between the
fluids, additives, and the metals being machined may
cause spent fluid to become hazardous even if the ‘clean’
product was not hazardous [17]. Table 1 shows the most
commonly found combinations of effluent waste confined
to machining process, taken from the preliminary survey
among the SMEs in Malaysia.
A scenario analysis was chosen because the effluent

waste from the manufacturers may contain different
combinations of the above mentioned substances de-
pending upon the usage during the machining process.
The variations in the effluent waste can cause varying
impact on the water body if the waste reaches the water
stream without any prior treatment or separation. The
purpose of conducting this study is to determine the sce-
nario of effluent waste that can cause the greatest impact
on the water stream if it were to be disposed in an in-
appropriate manner.
Scenario 1 consists of the basic coolant obtained from

a lathe machine after 6 months of usage. Scenario 2 con-
sists of the basic coolant mixed with 10% of tramp oil.

Table 1 Scenarios of waste for simulation

Number Different scenarios

1 Coolant

2 Coolant, oil

3 Coolant, oil, chip

4 Coolant, sludge

5 Coolant, sludge, solvent
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The amount of tramp oil in the effluent waste was found
to be between 1% and 16% [18]. Tramp oil originates as
lubrication oil seeping out from the slideways and wash-
ing into the coolant mixture, as the protective film with
which the steel supplier coats the bar stock to prevent
rusting, or as hydraulic oil leaks. In extreme cases, it can
be seen as a film or skin on the surface of the coolant or
as floating specks of oil. A tramp oil level above 2%
could cause health issues due to emulsification [18]. Sce-
nario 3 consists of the basic coolant mixed with 10% oil
and around 10 g of ferrous material chips in near-
powdered form [19]. Generally the effluent waste from a
grinding machine includes minute particles of iron and
worn-out or burnt-out abrasives from the wheel, which
are difficult to segregate from the used coolant. The
complexity of the fluid is compounded by contamination
from a combination of substances from the manufactur-
ing process, such as tramp oils, hydraulic fluids, and par-
ticulate matter from the machining operations [19].
Scenario 4 consists of 10% sludge mixed with the basic
coolant. Sludge is a heavy residue that lies at the bottom
of the sump or in a drum where the used coolants are
stored before disposal. Microorganisms such as bacteria
tend to multiply and grow in the sludge that is present
in the effluent waste. Scenario 5 consists of the basic
coolant mixed with 10% sludge and 2% solvent. Solvents
are used to clean and degrease the finished goods and
even certain machine parts after the machining oper-
ation. The effluents, in combination with oil and grease,
can form a toxic substance for the aquatic organisms [8].
These wastes are then diluted with 20% of water from

the Institute of Product Design and Manufacturing
(IPROM) workshop to simulate the type of effluent
waste which is disposed by manufacturers into the water
stream. These wastes are disposed into the storm water
drain in the IPROM; from there, the effluent waste flows

into a bigger drain which runs along the periphery of
the campus.
The experiments are conducted on three different

occasions, and on each occasion, the experiments are
repeated thrice for reliability. Samples of effluent waste
are collected for each of the simulated scenarios from
the IPROM storm water drain according to APHA
methods. A bar chart is plotted using the mean values to
assess the WQI parameters against the Standard B speci-
fication from the DOE, Malaysia.
The second part of the research consists of a compara-

tive study where 30 samples of effluent wastes were col-
lected from the machining workshops of two SMEs and
the IPROM. The samples were diluted and tested for the
WQI parameters. A statistical analysis was conducted
using the SPSS software to determine the homogeneity
of variance, the mean between the samples, and the ef-
fect of covariance among the samples of effluent waste
collected from the SMEs and from the IPROM.

Results and discussion
The effluent quality of any discharge from a point of
source to an inland body of water should meet the mini-
mum requirements of the Environmental Quality Act
1974, and the limits set down by the Environmental
Quality Act are the Standard A and Standard B specifi-
cation in accordance with the Sewage and Industrial Ef-
fluent Regulations, 1979. Standard A criteria applies to
catchment areas located upstream of drinking water sup-
ply offtakes, while Standard B specification refers to
areas downstream from the point of discharge.

Scenario analysis
Figure 3 shows the BOD values for different scenarios of
effluent waste. The maximum BOD is between 15 to 16
mg/l, which is below the Standard B specification for
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Figure 3 BOD for different scenarios.
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inland bodies of water and is within the permissible
range by the DOE. However, this would place the BOD
limit above category 4 according to the Interim National
Water Quality Standard (INWQS). The increase in
values of the BOD for scenario 4 can be due to the pres-
ence of microorganisms in the sludge generated during
the storage of the waste coolant before disposal. The un-
treated or partially treated sewage from the outlets into
the drain can also cause the BOD to go high [15].
Figure 4 shows the COD values for different scenarios

of effluent waste. The maximum COD is around 31 mg/l,
which is below the Standard B specification, and it can be
placed in category 3 according to the INWQS. Sample1
shows a higher COD limit due to the presence of anaerobic
microbes generated in the stored effluent waste before dis-
posal. A higher COD results in a reduced oxygen level in
the water.

Figure 5 shows the DO values for different scenarios of
effluent waste. The minimum DO is around 1 mg/l, which
is very low for aquatic beings and indicates poor water
quality according to Standard B specification. This would
place the DO limit to category 4 according to the INWQS.
Scenarios 1, 2, and 3 show the presence of greater amount
of oxygen in the water. However, for scenarios 4 and 5,
the amount of DO is below 2 mg/l in samples 2 and 3.
Scenarios 4 and 5 constitute one part of sludge, which is a
thick viscous liquid where microorganisms such as bac-
teria can easily multiply and grow. These microorganisms
take in the dissolved oxygen, consequently reducing the
overall level of DO in the water. The low water level in
the drain, together with high atmospheric temperature,
can also reduce the level of DO in water.
Figure 6 shows the values of ammoniacal nitrogen

(AN) for different scenarios of effluent waste. The
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than the Standard B specification limit and places the
AN limit in category 5 according to the INWQS. Am-
monia is produced from the decay of organic matter and
animal waste. The bacteria break down the organic mat-
ter into nitrate. The sources of AN can also be from the
domestic sewage that is resident in the drain. Excess am-
monia accumulates in the organism and causes alter-
ation of metabolism or increase in body pH.
Figure 7 shows the pH values for different scenarios of

effluent waste. The samples containing the effluent
waste appear to be mildly alkaline as they exceed 7 on
the pH scale. The levels are within the range of Standard
B specification and can be placed in category 2 accord-
ing to the INWQS.
Figure 8 shows the values for TSS for different sce-

narios of effluent waste. The maximum limit of TSS

obtained from the samples is between 50,000 and
60,000 mg/l.
This is much higher than the Standard B specification

limit. It places the TSS limit to category 5 as specified by
the INWQS. The TSS limits are very high during the
third sampling conducted with scenario 4 of the effluent
waste. The effluent waste from the IPROM containing
sludge and small particles of iron chips contributes to
this effect. High suspended solids also prevent the sun-
light from penetrating into the water [8].
The Water Quality Index for the five scenarios is shown

in Figure 9. According to the DOE standards, a range
from 0 to 59 indicates a high pollution level, while a range
from 60 to 80 indicates slight pollution, and any value
higher than 81 indicates no pollution. The results of the
experiment show that when the effluent waste is disposed
into the water stream, the water can be polluted. However,
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heavy flow of water in the drain.

Comparative study
A comparative study through water analysis was also
conducted among the SMEs on the impact of effluent
waste on the environment. Thirty samples of effluent
waste derived from the machining process were col-
lected from two SMEs and the IPROM for the compara-
tive study. A statistical analysis was done on the data
obtained through experimentation.
The data from the samples indicate a positive correl-

ation to that obtained from the IPROM during the sce-
nario analysis. An ANOVA was performed on the data
obtained from the two SME premises and the IPROM.
The BOD analysis shows that the test of homogeneity of
variance is not significant at the 5% significance level
according to Levene's statistic (as P value > 0.05). Thus,

the null hypothesis of homogeneity of variances cannot
be rejected. The estimated F statistics is 9.413 and sig-
nificant at the 5% level (as P value 0.00 < 0.05). Hence,
the decision was to reject the null hypothesis of equal
means at the 5% level of significance. This shows that
the mean of the BOD between the groups of samples are
different from each other in a significant manner. The
post hoc comparison test shows that the SME1 samples
indicate a higher BOD compared to the SME2 and
IPROM samples, as shown in Figure 10.
The COD analysis shows that the test of homogeneity

of variance is not significant at the 5% significance level
(as P value > 0.05). Thus, the null hypothesis of homo-
geneity of variances cannot be rejected. The estimated F
statistics is 0.538 and is not significant at the 5% level of
significance (as P value 0.586 > 0.05). Hence, the decision
was not to reject the null hypothesis of equal means at
the 5% level of significance. This proves that the mean
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COD between the groups of samples is not significantly
different from each other. The post hoc comparison test
shows that the SME1 samples indicate a higher COD
compared to the SME2 and IPROM samples, as shown
in Figure 11.
The DO present among the three samples was also sub-

jected to an ANOVA test. The test of homogeneity of
variance shows that Levene's statistic is not significant at
the 5% significance level (as P value > 0.05). Thus, the null
hypothesis of homogeneity of variances is not rejected.
The estimated F statistics is 15.970 and significant at the
5% level of significance (as P value 0.00 < 0.05). Hence,
the decision was to reject the null hypothesis of equal
means at the 5% level of significance. This proves that
the mean of the DO between the groups of samples are
different from each other in a significant manner. The

post hoc comparison test with honestly significant differ-
ence (HSD) test shows that the SME1 samples indicate a
higher DO compared to the SME 2 and IPROM sam-
ples, as shown in Figure 12.
In the analysis for TSS, the test of homogeneity of

variance shows that Levene's statistic is not significant
at the 5% significance level (as P value > 0.05). Thus, the
null hypothesis of homogeneity of variances cannot be
rejected. The estimated F statistics is 0.021 and is not
significant at the 5% level of significance (as P value
0.979 > 0.05). Hence, the decision was not to reject the
null hypothesis of equal means at the 5% level of sig-
nificance. This proves that the mean TSS values of
SME1, SME2, and the IPROM are not significantly dif-
ferent from each other. The post hoc comparison test
shows that the SME1 samples indicate a higher TSS
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Figure 10 Mean value of BOD between samples.
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compared to the SME2 and IPROM samples, as shown
in Figure 13.
The AN present among the three samples was also

subjected to an ANOVA test. The test of homogeneity
of variance shows that Levene's statistic is not significant
at the 5% significance level (as P value > 0.05). Thus, the
null hypothesis of homogeneity of variances cannot be
rejected. The estimated F statistics is 1.657 and not sig-
nificant at the 5% level of significance (as P value
0.197 < 0.05). Hence, the decision was not to reject the
null hypothesis of equal means at the 5% level of signifi-
cance. This proves that the mean AN values of the
SME1, SME2, and IPROM samples are not significantly
different from each other. The post hoc comparison test
with HSD shows that the SME2 samples indicate a
higher AN compared to the SME1 and IPROM samples,
as show in Figure 14.

The statistical analysis indicate that the mean of the
samples may or may not be different from each other,
depending upon several factors such as the age of the ef-
fluent waste that was disposed, the nature of the effluent
waste, the scenario of waste disposal, and the amount of
waste disposed.
An analysis of covariance (ANCOVA) was also con-

ducted based on the samples to determine the effect of
the independent variables on the dependent variables
sub-index value of BOD (QBOD) and sub-index value of
COD (QCOD) without the existence of any extraneous
variables. The possible effect of any extraneous variables
such as temperature and turbidity (covariates) on the
dependent variable is statistically controlled in the ana-
lysis of covariance.
When an ANCOVA is performed on QBOD with tur-

bidity as the covariate, Levene's test of equality of error
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between the variances of the QBOD values of the three
samples (as P value 0.174 > 0.05). As the probability
value obtained from SPSS (0.662 for the sample com-
prised of the IPROM, SME1, and SME2) is higher than
the predetermined value (0.05), the null hypothesis was
not rejected. Hence, there exists adequate evidence to
show that there is no significant difference in the mean
score of QBOD between the different samples when tur-
bidity is statistically controlled. As the probability value
obtained from SPSS (0.730 for turbidity) is higher than
the predetermined value (0.05), the null hypothesis was
not rejected. There exists adequate evidence to show
that there is no significant difference in the mean score
of QBOD due to turbidity. When the ANCOVA was
performed on QBOD with temperature as the covariate,
Levene's test of equality of error variances shows that
there is no significant difference between the variances
of the QBOD values of the three samples (as P value
0.153 > 0.05). As the probability value obtained from
SPSS (0.006 for the samples comprised of the IPROM,
SME1, and SME2) is lower than the predetermined value
(0.05), the null hypothesis is rejected. Hence, there exists
adequate evidence to show that there is a significant dif-
ference in the mean score of QBOD between the differ-
ent samples when temperature is statistically controlled.
The ANCOVA was also conducted on QCOD with tur-

bidity as the covariate. Levene's test of equality of error
variances shows that there is no significant difference be-
tween the variances of the QCOD values of the three
samples (as P value 0.365 > 0.05). As the probability value
obtained from SPSS (0.388 for the sample comprised of
the IPROM, SME1, and SME2) is higher than the prede-
termined value (0.05), the null hypothesis was not
rejected. Hence, there exists adequate evidence to show
that there is no significant difference in the mean score of

QCOD between the different samples when turbidity is
statistically controlled. As the probability value obtained
from SPSS (0.294 for turbidity) is higher than the prede-
termined value (0.05), the null hypothesis was not
rejected. There exists adequate evidence to show that
there is no significant difference in the mean score of
QCOD due to turbidity. When the ANCOVA was con-
ducted with temperature as the covariance, Levene's test
of equality of error variances shows that there is no sig-
nificant difference between the variances of the QCOD
values of the three samples (as P value 0.311 > 0.05). As
the probability value obtained from SPSS (0.576 for the
sample comprised of the IPROM, SME1, and SME2) is
higher than the predetermined value (0.05), the null hy-
pothesis was not rejected. Hence, there exists adequate
evidence to show that there is no significant difference in
the mean score of QCOD between the different samples
when temperature is statistically controlled. As the prob-
ability value obtained from SPSS (0.591 for Temperature)
is higher than the predetermined value (0.05), the null hy-
pothesis was not rejected. There exists adequate evidence
to show that there is no significant difference in the mean
score of QCOD due to temperature.
The ANCOVA is used to minimize the possible errors

by individual differences in the samples. The results for
the ANCOVA show that the covariates considered in
this study, turbidity and temperature, do not have sig-
nificant influence on the dependent variable, apart from
the case when temperature causes a fluctuation in the
QBOD. The temperature of the water causes the DO to
fluctuate, and colder water can hold more oxygen com-
pared to warmer waters [20].

Conclusions
Numerous studies through water analysis have been made
on the impact of effluent waste on the environment, a few
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Figure 14 Mean value of AN between samples.
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of which are compiled in Table 2. Most of these experi-
ments show high amounts of BOD and COD in combin-
ation with low DO in the presence of effluent waste. The
resident waste in the channel, wastes flowing down from
upstream, wastes from sewages, and waste due to the in-
flux of the effluents from the industries can be the source
of contamination. The current study showed that the
BOD and COD are within the Standard B specification,
while TSS and ammoniacal nitrogen are high compared
to the Standard B specification for inland waters. The
WQI parameters may show a different result, depending
upon several factors. These factors can be broadly classi-
fied as internal factors and external factors. The internal
factors consist of the nature of the effluent waste that is
disposed from the SME, the amount of waste disposed on
one occasion, the treatment done on the effluent waste
before disposal, the frequency of disposal, and the time of
disposal. These factors are within the control of the com-
pany, while the external factors lie outside the control of
the company. The external factors consist of the amount
of water flowing down the drain at the point of disposal,
the flow of water in the drain, the slope of the drain to-
wards the merging river, and upstream pollution. Ad-
equate measures must be taken on the internal factors to
comply with the Malaysian environmental law before the
effluent waste is released into the drain. Subsequent to
this research, an acute test with LC50 as the end point is
recommended to determine the degree of toxicity of the
effluent waste.
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