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When insyfﬁcient oxygen i§ available or when oxygen is exhausted by the aerobic
decomposition of wastes, .dlfferent set of microorganisms carry out the decomposition
anaerobically (Eq. 2) producing highly objectionable products including H,S, NH3 and CHa.

Anaerobic bacteria
Organic matter

> CO, + CH4 + New cells + Unstable products )

The amount of oxygen required by microorganisms to oxidize organic wastes aerobically called
“Biochemical Oxygen Demand” (BOD). BOD may have various units, but most often it is
expressed in mg of oxygen required per liter of water/ wastewater (mg/L). The total amount of

oxygen that will be required for bio-degradation is an important measure of the impact that a
given stream would have on the receiving water body.

Dissolved oxygen is the most commonly used indicator of the general health of a surface water
body. If DO goes below 4 to 5 mg/L (due to decomposition of organic wastes), forms of life that
can survive begin to be reduced. When anaerobic condition exists, higher life forms are killed.or

driven off. Noxious (unhealthy) condition, including floating sludge, bubbling, odorous gases,
and slimy fungus growth prevails.

THEORY

The biochemical oxygen demand (BOD) determination is an empirical test, in which
standardized procedures are used to determine the oxygen requirements of wastewater, effluents
and polluted waters. It has become a standard practice to simply measure and report the oxygen
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The five-day BOD of a diluted sample is given by

|
BOD4 = [DO; — DO x DF 3)

where, DF = Dilution Factor = (Vol. of wastewater + dilution water)/ (Vol. of wastewater)

In some cases, it becomes necessary to seed the dilution water with microorganisms to ensure
that there is an adequate bacterial population to carry out the biodegradation. In such cases, two
sets of BOD bottles must be prepared, one for just the seeded dilution water (called the ‘blank™)
and the other for the mixture of wastewater and dilution water. The change in DO for both is

measured. The oxygen demand of the wastewater (BOD,,) is then determined from the following
relationship:

BODn Vi =BOD,, Vy + BOD4 V4 4)

where,

BODy,, = BOD of the mixture of wastewater and dilution water
BODg = BOD of the dilution water alone

Vw = Volume of wastewater

V4= Volume of dilution water

V= Volume of the mixture = Vy + V4

 Dilution water and seed:

A wide variety of dilution waters have been use_d for BOD \A!ork. Natural 'surface waters !\ave
°en used, but they suffer from a number of disadvantages including variable BOD, vanablF
micro-organism population and variable mineral content. Tap water has also .be.:e.n used, b}xt. it
also suffers from many of the limitations of the surface w?te_r plus the possibility of toxicity
0 . . '
ylrlrt]hce}t‘il:i;?]i triisr:dvl:::; prepared by adding different salts. to fiistilled water has been found to be
the most ideal for use as dilution water. The pH of the dilution water should be between 6.5 to
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ntations of Eq. (6) and Eq. (8) respectively.

Figure 1(a) and 1(b) show the graphical represe
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Figure 2. Illustration of Carbonaceous and Nitrogenous Biochemical Oxygen Demand

| BOD reaction rate constant, k

The BOD reaction rate constant, k, is a factor that indicates the rate of biodegradation of wastes.
As k increases. the rate at which dissolved oxygen is used increases, although the ultimate

amount required, Lo, does not change.

K = Ky 6720
0°C.
Where, ky is the reaction rate constant at standard 2

T or 0 is 1.047. - "
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Mangae o white precipitate of manganous hydroxide. ¢ potassium iodide solution to

Pro

MnSO4 +2KOH = Mn(OH),  +K,SO, 9
(white precipitate) )

white precipitate is obtained, there was no dissolved oxygen in the sample and there is no
" proceed fufther. A brown precn'pl.tate §hows that oxygen is present and reacted with the
s hydroxide. The brown precipitate is manganic basic oxide and formed as follows:

the
‘need t

2Mn(OH); + O2 = 2MnO(OH), (10)
(brown precipitate)

Upon the addition of (sulphuric) acid, this precipitate is dissolved, forming manganic sulfate:

MnO(OH), + 2H,S04 = Mn(SO4); + 3H,0 ' (11)

' This compound immediately reacts with potassium iodide, liberating iodine and resulting in the
 typical iodine (blue) coloration of the water.

Mn(SO4)+ 2KI=MnSOQ4 + K;S0,4 + 12 o (12)
(blue)
these reactions is equivalent to the quantity of oxygen

The quantity of iodine liberated by
titrating a portion of the solution

present in the sample. The quantity of iodine is determined by
with a standard solution of sodium thiosulfate solution.

2Na,S;03 + I,= NayS40¢t+ 2Nal Q13

REAGENTS

1. Manganous sulfate solution

2. Alkaline potassium iodide solution
3. 0.025N sodium thiosulfate

4. Starch solution (indicator)

5. Concentrated sulfuric acid.

APPARATUS
- 1.BOD bottle . 33mos
- 2. Beaker (250 ml) + 1 no.
3. Measuring cylinder : 1 no. .
4. Dropper : 1 no.
: 1 no.

3. Stirrer




cEDURE for determination of DO)
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(2) Add 1 ml of alkaline potassium iodide solution to the BOD bottle in a similar manner.
(3) Insert the stopper and mix by inverting the bottle several times.

(4) Allow the “precipitates” to settle halfway and mix again.

(5) Again allow the “precipitates” to settle halfway.

(6) Add 1 ml. of concentrated sulfuric acid. Immediately insert the stopper and mix as before.

(7) Allow the solution to stand at least 5 minutes.

(8) Withdraw 100 ml of solution into an Erlenmeyer flask and immediately add 0.025N sodium
thiosulfate drop by drop from a burette until the yellow color almost disappears.

(9) Add about 1 ml. of starch solution and continue the addition of the thiosulfate solution until

the blue color just disappears. Record the ml. of thiosulfate solution used (disregard any
return of the blue color).

CALCULATION

Dissolved Oxygen, DO (mg/L) = mL of 0.025N sodium thiosulfate added x 2

Calculate BOD of the sample according to Eq. 3 or Eq. 4.



(GNMENT QUESTIONS
A5
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() !n aBOD /ESt on a diluted wastewater sample (1:20 dilution, but not seeded), the initial DO
is 8.4 mg/L and final DO after § days is 4.2 mg/L. If the reaction rate constant is 0.22/day,
calculate: (a) S-day

.BOD of the wastewater, (b) ultimate carbonaceous BOD of the
wastewater, (C) remaining Oxygen demand after 5-days.



