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RESEARCH AND DEVELOPMENT

COMPARISON OF COD AND TOC
OF WASTEWATER

Chemical Oxygen Demand (COD) is used as
a measure of the oxygen equivalent of the
organic matter content of a sample that is
susceptible to oxidation by a strong chemical
oxidant. A portion of the COD of many
industrial wastes is attributed to the
dichromate oxidation of ferrous iron,
nitrogen, sulphites, sulphides and other
oxygen-consuming inorganics. Moreover,
COD and Biochemical Oxygen Demand
(BOD) tests do not include many organic
compounds that are partially or completely
resistant to biochemical or dichromate
oxidation.

However, all organic carbon in the
compounds is oxidised by combustion and
converted to carbon dioxide, which is then
measured by using non-dispersive infrared
detector in the analysis of Total Organic
Carbon (TOC). Total organic carbon is a more
convenient and direct expression of the total
organic content than COD or BOD. TOC is

not a replacement of BOD or COD. TOC
may be correlated to COD or BOD on a
consistent sample stream. This relationship
must be established independently for each set
of matrix condition, such as various points in
a treatment process. It may vary on seasonal
basis also.

The TOC test does not differentiate between
compounds with same number of carbon
atoms in different stages of oxidation and will
thus produce different oxygen demand:

Oxalic acid : C2H2O4 + 1/2 O2
= 2CO2 + H2O

Ethanol : C2H6O + 3O2 = 2CO2 + 3H2O

TOC results are identical for both the
compounds but the oxygen demand of ethanol
is six times greater than oxalic acid.

In the WBPCB laboratory, the COD of
wastewater was determined by micro-
colorimetric closed reflux method and TOC
was determined by combustion infrared
method using Shimadzu TOC Analyser.
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In attempting to correlate COD of wastewater
with TOC, several industrial wastewater
samples of different type or category were
studied for a considerable period of time in
respect to the above-mentioned parameters. In
the study, two or more industrial units of each
type were studied for considerable period of
time and the COD and TOC of each samples

(treated or untreated) were determined.
From the analytical results of COD & TOC,
sample-wise COD/TOC ratio, its average for
treated and untreated samples, Pearson�s
correlation coefficient (r) for treated, untreated
and overall samples were calculated by
regression analysis, the details of which are
given in Table 2.6.1.

TABLE: 2.6.1
PEARSON�S CORRELATION COEFFICIENT FOR TREATED,

UNTREATED AND OVERALL WASTEWATER SAMPLES

Sl. Type of Average Pearson�s Overall
No. Industry COD/TOC Correlation Regression

Ratio Coefficient (r) Equation

Untreated  Treated Untreated  Treated  Overall (Y=COD, X= TOC)
1 Distillery 2.59 2.82 1  0.8855 0.9858 Y = 2.1901x+ 4502

(IFB Agro
Industries Ltd.)

2 Meat Processing 3.23 4.29 1  1.00 0.9987 Y = 4.3351x - 240.84
(Frigerio Conserva
Allana)

3 Soap Detergent 4.26 5.08 0.9  0.9972 0.9719 Y = 4.0393x+43.788
Mfg.(Hindustan
Lever Ltd.)

4 Vegetable Oil 3.38 6.79  �  � 0.8653 Y= 3.3349x+136.79
Mfg.(Rasoi Ltd.)

5 Paints
i) Shalimar Paints 10.05 9.12 0.9999 1.00 0.9938 Y=10.906x - 7.94
ii) Berger Paints 3.97 3.76 � � 0.9956 Y= 4.1803x - 52.398

6 Soft Drinks 3.29 4.81 0.99  0.9992 0.9955 Y= 3.6105x - 25.223
(Pepsico Holding(I)
Pvt Ltd., Hindustan
Coca Cola
Beverages,
Diamond
Beverages)

7 Electroplating 3.45 4.46 1  0.9962 0.9998 Y= 3.1688x+7.3479
(Stone india Ltd.)

8 Petrochemicals � 2.32  �  1.00 0.9300 Y= 0.9774x+17.981
(Haldia Petroche-
micals, South
Asian Petrochem)

9 Dry Cell Mfg. 4.58 3.29  �  � 0.9469 Y= 3.5723x+59.634
(Eveready
Industries)

10. Thermal Power
Plant
i) CESC, New 19.55 5.15 0.8573 � 0.8666 Y= 29.019x - 78.648

Cossipore
ii) CESC, Southern 2.56 1.62 0.9343 1.00 0.7667 Y= 3.0933x - 3.3077
iii) NTPC Ltd. � 4.67 � 0.7966 � Y= 6.749x - 3.6306
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Pearson�s correlation coefficients (r) of COD
and TOC data pair of treated, untreated and
overall for each type of industry are in most
cases very close to +1. Hence, the correlation
between COD and TOC data pairs in
particular type of industry is judged to be
excellent. There is significant linear relationship
between COD and TOC data pair of each
type of industry except thermal power plant
and the data pairs are positively correlated with
a high value of r.

In case of Thermal Power Plant, especially
CESC (New Cossipore unit), the COD/TOC
ratio of few untreated samples is showing very
high value due to presence of larger coal
particles in the sample, which creates high
oxygen demand by reaction with concentrated
acid in presence of strong oxidant but does
not give proportionate increase of TOC as the
larger coal particles are not sucked by the
needle of auto sampler of TOC analyser.
Therefore, the correlation coefficient of such
data pair is not showing good correlation
between them.

Moreover, similar type of studies should be
carried out to determine the correlation of
COD and TOC in other type of industries
also, and more studies may be made in the
above-mentioned type of industry to update
the correlation due to the change of sample
matrix as a result of change in treatment
processes, if any.

ANIONS IN THE AMBIENT AIR OF
KOLKATA

South Asian cities record some of the highest
levels of outdoor particulate pollution
worldwide. Scientific research over the last two
decades has demonstrated that particulate
matter (PM) is the major air pollutant of
concern from the health perspective.

All ambient PM irrespective of size is referred
to as suspended particulate matter (SPM) or
total suspended particles (TSP). Particulate
matter less than 10 microns in diameter is
referred to as PM10, and PM less than 2.5

microns is referred to as PM2.5. The term fine
particulate matter (FPM) has also come to
associated with PM2.5, ultra fine with PM less
than 0.1 microns in diameter (PM0.1), and
coarse with PM in the size range between 2.5
and 10 microns.

Airborne particulate matter is not a single
pollutant, but rather a mixture of many
subclasses of pollutants in solid and liquid
forms, with each subclass containing many
different chemical species. There are some
inorganic anions, which are associated with fine
and coarse particulates. Most prominent of
these inorganic anions are sulphate and nitrate.

Sulphate gets dissolved in water giving rise to
the formation of sulphuric acid mist, and
airborne manganese and iron oxides play the
important role of catalysing this reaction.
Nitrate, in its turn, is produced through
aerobic oxidation of oxides of nitrogen which,
dissolved in water, gives rise to the nitric acid
aerosol enhancing the chances of acid rain. The
present study, conducted near Beliaghata
connector on EM Bypass during the winter
season of the year 2004-2005 had the aim to
note the behaviour of the two inorganic anions
namely sulphate and nitrate, associated with
coarse and fine fractions of particulates in
Kolkata air.

The air sampling was conducted continuously
for 24 hours by Anderson PM10 and Anderson
PM2.5 samplers. For the determination of
anions, extraction was done from 10 cm2 of
the deposited area of the filter paper in ultra
pure distilled water. Extensive ultra-sonication
was employed for extraction of the water-
soluble ions from the particulates deposited
on the portion of the exposed filter paper and
the estimation of the ions were performed
employing ion chromatograph with anion
column after thorough multilevel calibration
of the instrument with known reference
standards of interest.

The total time span of the study for the year
2004-2005 was October-end to March-end
when the major and recognisable changes in
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the atmosphere take place in Kolkata after the
heavy downpour of monsoon. The graphical
representation of the sulphate ions and nitrate
ions associated with 2.5 microns to 10 microns
size fractions of the particulates determined
by Anderson Sampler are presented in Figures
2.6.1, 2.6.2 and Fig 2.6.3.

From these figures, it is evident that the PM10

fraction, i.e. the heavier ambient particles

contributes larger proportion of sulphate and
nitrate ions in comparison to the finer ambient
particles i.e. PM2.5. The concentration of
particulate matter in ambient air increases as
we move towards the colder days having a peak
during the month of January . This increment
is further assisted by less and less velocity of
the wind, which ensures lowering of the
inversion layer and less possibility of diffusion
of aerosols in the atmosphere.

FIGURE: 2.6.1
VARIATION OF PM10 / PM2.5 IN AMBIENT AIR

FIGURE: 2.6.2
VARIATION OF SULPHATE ION CONCENTRATION
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From the study, the following conclusions can
be drawn:

� The respirable particulate matter (RPM or
PM10) was recorded to be 283.38 µg/m3 on
an average during the study period. The
corresponding values of concentration of
fine particulate matter (FPM or PM2.5) was
154.76 µg/m3;

� FPM was found to be 56 per cent of RPM
as sampled by Anderson. The ratios were
found to be fairly steady throughout;

� Sulphate ion concentration in RPM was
found to be around 20.83 µg/m3 with
maximum and minimum limits at 36.63 µg/
m3 and 9.8 µg/m3. In FPM, the concen-
tration was 11.8 µg/m3 with maximum
and minimum limits at 19.57 µg/m3 and
6.98 µg/m3; and

� Nitrate ion concentration in RPM was
found to be around 14.33 µg/m3 with
maximum and minimum limits at 38.72 µg/
m3 and 5.2 µg/m3. In FPM, the
concentration was 8.22 µg/m3 with

maximum and minimum limits at 15.68 µg/
m3 and  2.18 µg/m3.

AMBIENT AIR QUALITY
ASSESMENT

In the year 2003, a project was undertaken by
the West Bengal Pollution Control Board for
the measurement of air pollutants. This is the
first initiation of the West Bengal Government
for systematic simultaneous measurement of
air pollutants over the Gangetic Plains of West
Bengal. The results of measurement of SO2,
NO2, RSPM, CO,THC, CH4 and NMHC
at five stations, such as  Victoria Memorial
Hall Compound (VMH), Rabindra Bharati
University Campus (RBU) in Kolkata and the
industrial towns of Howrah, Haldia and
Durgapur were presented.

SO2 concentration was recorded well within
the permissible limit at all monitoring locations
while Respirable Particulate Matter (RSPM)
exceeded the limit. NO2 concentration had a
mixed trend against the permissible limit.
Carbon monoxide concentration was also
within the prescribed permissible limit

FIGURE: 2.6.3
VARIATION OF NITRATE ION CONCENTRATION
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(eight�hourly). The monitoring depicted the
following findings:

� Respirable Suspended Particulate Matter
(RSPM) exceeded the prescribed standards
at all the monitoring locations;

� Sulphur dioxide (SO2) was recorded within
limit at all the monitoring stations.

Therefore, this was not considered a
problematic parameter at the monitoring
locations; and

� Nitrogen dioxide (NO2) exceeded the air
regulatory standard at Howrah and
Victoria Memorial Hall premises (during
April 2004 to March 2005), while at other
places it was within the standards.

FIGURE: 2.6.4
SO2 CONCENTRATION IN AMBIENT AIR IN DIFFERENT SITES

IN WEST BENGAL (APRIL 2003 TO MARCH 2006)
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FIGURE: 2.6.5
NO2 CONCENTRATION IN AMBIENT AIR IN DIFFERENT LOCATIONS

IN WEST BENGAL (APRIL-2003-MARCH-2006)

N
O

2 
C

o
n

ce
n

tr
at

io
n

 in
 µ

g
/m

3

0

20

40

60

80

100

Durgapur Haldia Howrah RBU VMH

Apr-03 - Mar-04 Apr-04 - Mar-05
Apr-05 - Mar-06 Annual standard

Research and Development



86 Annual Report 2005-2006

Part II • Chapter 6

FIGURE: 2.6.6
RSPM CONCENTRATION IN AMBIENT AIR IN DIFFERENT LOCATIONS

IN WEST BENGAL (APRIL-2003-MARCH-2006)
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FIGURE: 2.6.7
CO CONCENTRATION IN AMBIENT AIR IIN DIFFERENT LOCATIONS

IN WEST BENGAL (APRIL-2003-MARCH-2006)
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Reports were being made for measurements
of ozone during the months of November to
February of the years 2003� 2004 , 2004� 2005
and 2005-2006 vis-à-vis its other precursor
primary pollutants. Diurnal (24-hourly,
during a day) variation of ozone, CO and NOx
were computed and compared at the different
sites (Victoria Memorial Hall Compound,
Rabindra Bharati University Campus,
Howrah, Haldia and Durgapur) in West
Bengal. Relatively high levels of ozone were
found during noon, mainly due to
photochemical reactions in between the species
being monitored. The concentration of NOx
and CO are at relatively higher levels at the

FIGURE 2.6.11
MEAN DISTRIBUTION OF O3 (ppb) NOX (µg/m3) & CO (mg/m3) DURING

WINTER (NOV-FEB) ACCORDING TO 15 MINUTES INTERVAL OF DAY

Observations

Brief descriptions are presented below to characterise the overall air quality pattern in the
Gangetic Plains of West Bengal. Anthropogenic activity and meteorological conditions are
known to differ according to the time of the day, The diurnal variation of CO, NOX and O3

concentrations were analysed by computing their average values as a function of time of the
day.
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morning and late evening. NOx, CO profiles
are the combined effects of local emissions,
boundary layer process and chemical reaction.
The diurnal patterns of precursor gases of
ozone at the different regions during winter
seasons show strong anti-correlation with
diurnal profile of ozone concentration in the
ambient air.

ATTEMPT TO ENGINEER OIL-SEEDS
FOR BIO-DIESEL

Air pollution has a vulnerable impact on
human health. Most of the air pollutants like
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SOX, NOX, particulate matter, hydrocarbons,
VOCs etc. are either carcinogens themselves
or precursors of some other carcinogen and
to the opinion of many who views demand
respect, automobile tail-pipes is a major source
for such vulnerable air pollutants. We all know
that burning of fossil fuel is at the helm and
most obvious search worldwide then, is for
cleaner fuel. The ever-increasing cost of
petroleum fuel and depletion of its reserve
naturally adds to the worry and search for
alternative source of petroleum-like fuel gathers
momentum.

Bio-fuel, specifically bio-diesel, is not the term
coined in relatively recent time. Automobile
fuel of vegetable oil origin may be a relatively
new concept in the west, but the idea has been
around for as long as the diesel engine itself.
Rudolf Diesel invented Diesel Engine in the
late 1800s and his designed one ran on peanut
oil. Petroleum was cheaper at that time and
in no time standard was set with it. The
technology for diesel engines had to be
customised accordingly under sheer economic
pressure of the market. Diesel himself
although hold on to his vision, and in a speech
he had proclaimed �the use of vegetable oils
as engine fuels may seem insignificant today.
But such oils may become, in course of time,
as important as petroleum and the coal tar
products of the present time�. Nearly a
century later, Diesel�s vision may be
considered to have become a reality with the
approval of the United States (US) Congress,
in the year 1998, of biodiesel use for
compliance with the Energy Policy Act 1992
of the US Energy Policy Act 1992, in the US,
requires, federal, state and public utility fleets
to have a certain percentage of alternative fuel
run vehicles in their fleet.

Bio-diesel, an extract of vegetable oil mixed
with diesel in different proportion is a good
source of alternative fuel for diesel-driven
engines. Most popular in this line is making
bio-diesel using Jatropha extract. Even a 10
per cent Jatropha extract bio-diesel is found
to be a viable replacement of diesel without

any modification in the combustion
technology in vogue in the present day diesel
engines. Bio-diesel is very easy to produce, it
is biodegradable and substantially reduces
unburnt hydrocarbons and particulate in the
exhaust. Essentially, bio-diesel is methyl esters
of long chain saturated and unsaturated fatty
acids (FAME). Vegetable oil seeds like
Jatropha, soyabeen, mustard etc. contains
triglyceride of saturated fatty acid like
palmitic acid (C16:0), stearic acid (C18:0) and
unsaturated fatty acid like oleic acid (C18:1),
linoleic acid and linolenic acid in different
proportions. Bio-diesel is produced by a
process called trans-esterification where
methylation of fatty acids take place with
sodium methoxide using sodium hydroxide
or potassium hydroxide as catalyst.

A good quality bio-diesel can be produced
from oil seeds where there is high content of
palmitic and stearic acid in comparison to the
other unsaturated fatty acids. Here lies the
need to increase the concentration of palmitic
and stearic acid in vegetable oil seed. The
WBPCB in collaboration with Bref
Biotechnology of the Indian Institute of
Technology, Kharagpur have started a project
to augment the production of the above
components in oil-seeds employing
biotechnology approach.

Although the initial trials for air has not yet
yielded any result, the entire methodology
including quantitative estimation of FAMEs
has been established in the laboratory.
Considering the conventional and time/
chemical involving saponifiation and
methylation for quantitation of FAMEs, a new
method has successfully been developed in the
laboratory employing conventional domestic
microwave assisted simultaneous saponification
and trans-esterification of the triglycerides in
a pool of living bacteria. Followed by
quantitative analysis of FAME by GC/FID
and GC/MS where a wax column
(polyethylene glycol bonded stationary phase)
was used, the stage is set for progress in the
bio-control of FAME production now.
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