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ABSTRACT

TITLE.1

COMPARATIVE ANALYSIS OF THE IODINE VALUE OF 

SUNLIGHT BLENDS USING WIJS METHOD AND GLC 

METHOD

The iodine value (IV) is a measure of the unsaturat ion  of fats 
and oi ls and is expressed in terms of  the number  of cent igrams 
of iodine absorbed per gram of sample  (% iodine absorbed) .

The IV values for Sunl ight  Blend oi l  samples  were ca lcu la ted  

using two methods.

1 .Wi js method

2 .GLC method

Wijs method was al lowed to ca lcu la te  the number  of double 
bond carbon (C = C) absorbed and rema in ing  l 2 was ca lcu lated 

by iodomatr ic  t i t rat ion.

GLC method was used to analyze the methyl  esters using fat ty  

acid prof i le and IV was ca lcu lated theo re t i ca l l y .

The IV valuies of 30 Sunl ight  Blend oi l  samples were 
determined over a period of two months .  The average % IV 
content  from GLC Method was 3 4 .4 3 ± 2 .1 559, average IV from 
Wi js Method was 34.44±2.4656.
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TITLE.2

TREND ANALYSIS OF ENVIRONMENTAL PARAMETER  

IN FATS AND OIL PROCESSING INDUSTRIAL  

EFFLUENT

Analys is  of  Env i ronmenta l  parameters in e f f luents  f rom fats & 
oil p rocess ing  indust ry  is an important factor  to measure  the 
qual i ty  of e f f luen ts .  The ef f luents  are col lect  f rom var ies  
depar tmen ts .  In Un i lever  Ceylon Ltd, the e f f luents  are ma in ly  
conta in ing  fats,  caust ic ,  act ive detergent  & shampoo.  F i rs t l y  
the e f f luen ts  are co l lec ted in the large pans and the inso lub le  
par t ica ls  l ike fats are separated by physical  separa t ion .  The pH 
of e f f luen ts  is reduced by the addi t ion of acids. Once the 
soluble par ts  are separa ted the ef f luents are chem ica l l y  

t reated.

Three types  of  was tewate r  samples were co l lected da i ly  f rom
m

the e f f luen t  t rea tment  plant as e f f luent ,aerat ion tank  and 
t reated a f f l uen t  sample.  Two types of parameters are used to 
measure the qua l i ty  of ef f luents.  Chemical  parameters  such as „ 
COD, BOD, D.O &TDS and physical  parameters such as 
tempera tu re ,  pH & f low rate. COD, BODt pH & TDS were 

measured in e f f luen t  & t reated ef f luent  samples wh i le  on ly  pH 
& TDS in aera t ion  tank.

The average pH/TDS values of ef f luent,  t reated e f f luen t  & 
aerat ion tank  was 6 .7 4 /1 0 8 0 .5mg/l ,  7.35/1 148.7 mg/ l  and 
7 .16 /1156 .8  mg/l  respect ive ly .  The average BOD/COD va lues  of 

e f f l u e n t ' s  t rea ted  e f f luen t  was 546.44/1045 mg/l  & 17 .12 /35 .8  
mg/l  respec t i ve ly .  The Central  Envi ronmental  A u th o r i t y  (CEA) 
spec i f i ca t ions  for pH, BOD & COD in t reated e f f luen t  are 7,
< 30 and < 250 respect ive ly .
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CHAPTER.1

1.1 .Introduction

Uni lever  Ceylon Ltd is one of the leading soap manufactur ing 
company in sr i lanka.  There is a range of d i f fe ren t  soap brands 
and sun l ight  is one of the most  popu lar  brand in sr i lanka.  
Sunl ight  blend is used to p roduce the sun l ight  soap. There are 
lot of parameters  which are m easure  the qua l i ty  of sun l ight  
blend. The iodine value is one of the impor tan t  parameter .

The iodine value (IV) is a measure  o f  the unsatura t ion  of fats 
and oi ls and is expressed in terms of the number  of 
cen t r ig rams of iodine absorbed  per  gram of s a m p le .1 The IV 
serves as an ind ica tor  of re la t ive  hardness  or sof tness of fats 
& resu l t ing fat ty  acids & soap p roduc ts .  In the most genera l  
sense, h igher  levels of unsa tu ra t ion ,  re f lec ted  by higher  iodine 
values,  indicate a tendency  toward  so f te r  mater ia l  & 
subsequent ly ,  so f te r  soap p roduc ts .  Lower IV ind icat ing less 
unsa tu ra t ion .w i l l  exhib i t  a h igher  mel t ing point  and wi l l  resul t  
in f i rmer  soap than wi l l  l a rd .4

o

Sunl ight  blend is being main ly  used to p repara t ion  of Hard 
Soap such as, Sunl ight .  In the p repara t ion  of Hard Soap the 

Iodine Value is an impor tan t  p a ra m e te r  in the determin ing  the 

hardness associated with Sun l igh t  blend. The IV is going to 
be determined using two methods ,  the GLC and Wi js  method.  
The IV is depend on the number  of  double  bonds.

Since there are two accepted methods .  It is impor tan t  to f ind 
out the agreement  of the resu l ts  obta ined by both methods.  

There fo re  my study invo lve in compar ison  of resul ts obtain for  
the iodine value from GLC & Wi js  method.

2



1.2.Objectives

This study also focas on minimiz ing the cost  and improvement  
of the accuracy of these methods.

3



CHAPTER.2

2 .MATERIALS & METHADOLOGY 

2 .1 .Sample collection

S u n l ig h t  blend samples f rom the bulk m a te r ia ls  depar tmen t  
were co l lec ted .  30 number of samples per batch was col lected 
and ana lyzed for the iodine value using GLC & W i js  method.

2 .2 . Iodine value (IV) analysis

2.2.1. Wijs method1

2.2.1 .1 .  Apparatus & Reagents

Glass  s toppered iodine f lask  500ml ,P ipe t  2 0m l ,B u r re te ,  Fi l ter  
paper .

0.2N 10 1, CCI4/CHCI3 (Carbon te t rach lo r ide  (or)  ch lo ro form) ,  
10% Potass ium iodide (Kl)  solut ion,  Starch  so lu t ion ,  0.2N 
N a 2 S 2 0 3 ,

2.2.1 ^ .S tandard isat ion  of sodiumthiosulphate  

s o lu t io n 2

The w e ig h t  of 0.20 - 0 .25g(Wg)  of wel l  dr ied K2C r 20 7 was 
d isso lve d  in d is t i l led water.  5ml of cone. HCI & 25ml of 10%KI1

were added and Kept in a dark place for  ha l f -hou r .  Using 
s ta rch  as indicator ,  the sample was t i t ra ted  w i th  prepared 
sod ium th iosu lpha te  so lu t ion(Vml) .  Car ryou t  th ree  
d e te rm in a t io n  to get an average f igure.

K2C r20 7 + 6KI + 14HCI ->8KCI + 2CrCI3 + 3I 2 + 7 H 2Q

4



2 N32S203"^l2 —̂ N02S2O6  ̂ 2N3l

Normality = (1000*W)/(49.03*V)

2.2.1.3. Procedure

The prescribed amount of sample was weighed accurate ly  
into a iodine f lask. Weight of sample can be determined as 
fol lows.

Weight = 20/Expected IV

The weighed sample was dissolved in an appropr ia te  
amount of solvent CCI4/CHCI3(10.00ml).20.00ml of Wijs 
solut ion and 10.00m l .o f  10% Kl were added and mixed 
well. The mixture was kept in the dark for about 30-60 
minutes. Dist i l led water was added and t i t ra ted with 
standardized 0.2N Na2S203 solution, with constant  &‘
vigorous shaking. The starch indicator was added when 
the solut ion was turned to pale yellow (straw co lour ) ’. 
Simultaneously a. blank t i tration was carried out using the 
same quanti ty of reagents under same condit ions

5



2.2.2.1.  A p p a r a t u s  & R eagen ts

Gas C h r o m a t o g r a p h ,

Recorder ,  I n t e g r a t e r  (or )  Ca l cu l a t o r ,  Syr i nge C h r o m a t o g r a p h i c  

co lumn.

2 . 2 . 2 .  G L C  M e t h o d 3

F ig .1 . GLC M a c h in e

Gases,  R e f e r e n c e  s t a n d a r d s .

2.2.2.2.  P r o c e d u r e

The met hy l  es t e r s  was  p repa r ed  and i n j ec ted d i r ec t l y  in a gas 

c h r o m a t o g r a p h .

2.2 .2 .2 .1 .  P r e p a r a t i o n  o f  m e th y l  es te rs

2 .2 .2 .2 .1 .1 .  A p p a r a t u s  & R eagen ts

125ml  f l a t  b o t t om bo i l i ng  f l asks ,  W a t e r  cooled c o n d e n s e r s .

B F 3 - Me t h a n o l ,  0 . 5N m e t h a n o l i c  sod i um hydrox i de,  S o d i u m  

ch lor i t e  , (NaCI ) ,  S a t u r a t e d  so l u t i on  in water ,  I sooc t ane .

6



2 .2 .2 .2 .1 .2 . Procedure

The oil ( f i l tered oil) was in t roduced  into f la t  bot tom boi l ing 
f lask (Accurate  weigh ing is not requi red about  8 drops) .  ,Jhe 
spec i f ied  amount  of (5ml)  0.5N methanol ic  sodium hydroxide 
was added and a boi l ing ch ip  was added. A condencer  was 
a t tached and the mixture  was heated on a steam bath unti l  the 
fat  g lobu les went into s o lu t i o n ( 5 - 1 0 minutes) .  3.00ml  of BF3- 
Methanol  was added th rough  the condenser  and boi led for  two 
m inu tes .Two to 5ml of i sooc tane  was added th rough  the 
condencer  and boi led fo r  one minute  longer.  The f lask was 
removed f rom heat and condenser .  And the enough amount of 
sa tu ra ted  sal t  solut ion was added to f loat  the isooctane 
so lu t ion of the methyl  es te rs  into the neck of  the f lask.  About  
1ml of  the isooctane so lu t ion  was t rans fe r red  into a test  tube.

___  i

The isoocta.ne solut ion was in jec ted  d i rec t ly  in to the gas 
ch romatograph.

2.2.2.2.1.3. Identif ication of peaks

The re fe rence  standard m ix tu re  of known compos i t ion  was 
analyzed under the same ope ra t ing  condi t ions  as those 
employed for  the sample and re ten t ion  d is tances (or  retent ion 
t ime ) was measured.  C o n s t ru c t  graphs showing the logar i thm 
of the re tent ion  t ime as a fu n c t ion  of the number  of carbon 

atoms of the ac ids .Under  i so the rm a l  condi t ions,  the graphs 
for  s t ra igh t  chain esters of the same degree of  unsaturat ion  
should be s t ra ight  l i n e s .3The peaks of the sample from 

chromatogram was iden t i f ied  by compar ing the re tent ion t ime 
of the s tandard  mixture.

7
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CHAPTER.3

3 .RESULTS

3.1. Calculated iodine values from Wijs method

Weight  of sample in grams = W,

Volume of th iosu lpha te  used for  s a m p le  = V s>

Volume of th iosu lpha te  used for  b lank  = V B.

Normal i ty  of th iosu lpha te  = N,

IV = [ (V B- V S) *N *1 2 6 .9 *100] / [W*1 000]
t i

IV = [1 2 .6 9 *N * (V b- V s) ] /W 

Example

IV = [1 2 .6 9 *N * (V b-V s)] /W 

V S = 22.4ML,

V B = 16.8ML,

W = 0.3662g,

N = 0 . 1939,

IV = [ 1 2 .6 9 * 0 .1 93 9 * (22 .4 -16 .8 ) ] /0 .3662  

IV=37.6,

9



Tab le .  1. Used fo r  the C a l c u la t i o n s  o f  i o d i n e  v a lu e s  f rom  GLC 
m e th o d

SAMPLE SL 14/11/02

B lend
SOURCE BMD

CONDIT IONS

I n i t i a l  T e m p e r a t u r e : 1 00 0C /

Rate :  09 0C per m in / S p l i t

r a t i o :  1:100

F in a l  T e m p e ra tu re :2 0 0  BF3 Method

O C /A t te n u a t i o n :  1/Range :2 /

METHOD OF ESTERIFICATION

A N A L Y S T

C o m p o n e n t  in Ref. M ix tu re
i

C a p r o i c  acid 

C a p ry l i c  acid 

C a p r i c  acid 

Laur ie  acid 

M i r i s t i c  acid 

M i r i s t o l e i c  acid 

P la s t i c  acid 

P a lm i t o l e i c  acid 

S t e a r i c  acid 

O le i c  acid 

L i n o l e i c  acid 

A r a c h i d i c  acid 

L i n o le n i c  acid

IG AREA % by mass

No of C 0 0.000

atoms
C6 0 0 .000

C8 0 0 .0 00

C10 512 0.443

C 1 2 1589 1.375

C 1 4 0 0 .0 00

C 1 4 : 1 70993 61.423

C 1 6 1 1 3 0.098

C 1 6:1 5093 4.406

C 1 8 30891 26.727

C 1 8 : 1 6139 5.31 1

C 1 8 251 0.217

C20 0 0 .0 00

C 1 8 : 3 115581 ^ A A ' A  A r \  • .

wm m

10



T a b le .2. .Used for the Calculations, of  io d in e  values from GLC
m e t h o d -

Formula Mol
Wt.

IV

C H O
6 12 2 116 0.00 0.00
8 16 2 144 0.00 0.00
10 22 2 174 0.00 0.00
12 24 2 2-00 0.00 0.00
14 28 2 228 0.00 0.00
14 26 2 226 0.00 0.00
16 32 2 256 0.00 0.00
16 30 2 254 99.92 0.10
18 36 2 284 0.00 0.00
18 34 2 282 90.00 24.05
18 32 2 280 181.29 9.63
20 40 2 312 0.00 0.00
18 30 2 278 273.88 0.00

33.78
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T a b le .3 . Used for the Iodine va lues  from Wijs and GLC method

bATE IV IV

[WIJS [GLC

METHOD] (C A LC U L A T E D )

METHOD]

02 /OCT/02 32.82 33.78

03/OCT/02 30.68 31.75

05 /OCT/02 30.30 - 31.59

06/OCT/02 32.69 32.00

07 /OCT/02 31.93 31.25

08 /OCT/02 31.63 30.47

1 O/OCT/02 32.60 31.86

11/OCT/02 30.29 31.61

12 /OCT/02 33.72 • 34.32

14/OCT/02 33.60 33.78

1 6 /OCT/02 33.37 33.87

21 /OCT/02 34.01 33.20

25 /OCT/02 35.82 35.02

25/OCT/02 32.57 33.87

02/NOV/02 33.22 32.73

02/NOV/02 33.12 3 3 .87

09/NOV/02 33.46 34.32

1 3 /NOV/02 35.91 35.47

1 6 /NOV/02 35.12 35.32

21/NOV/02 35.05 35.27

25 /NOV/02 37.08 36.98

29/NOV/02 35.02 34.75

05/DEC/02 35.78 35.47

09/DEC/02 34.46 35.60

09/DEC/02 37.06 36.79

10/DEC/02 36.36 35.33

12



1 0/DEC/02 36.36 35.33
1 3/DEC/02 35.47 35.07
1 7/DEC/02 37.6 37.23
21/DEC/02 38.3 37.25
27/DEC/02 38.38 38.79
31/DEC/02 40.3 38.69

A v e ra g e  f rom Wi j s  method = 34 .44±2 .466 ,

A v e ra g e  f rom GLC method = 3 4 . 4 3 ± 2 . 1 56,

Cor re la t i on  C o - e f f i c i e n t = 0 .944668953 ,

IV FROM WIJS & GLC METHOD

IV FROM WIJS 
METHOD
IV FROM GLC 
METHOD

F ig .3 .Var ia t ion  of IV from Wijs & GLC method

13



CHAPTER.4

4 .DISCUSSION
I '

*

4.1 Wijs method

The sam p le  to be inves t iga ted  is t reated wi th an ICI so lut ion 
(Wi js  so lu t ion ) .  The l2 is l iberated from excess  ICI and Kl and 
is t i t r a te d  wi th s tandard ized  th iosu lphate so lu t ion .

ICI + l 2 -» 3ICI

ICI +KI -» l 2+ KCI

l 2 + 2 N a 2S20 3 -»Na2S40 6 +2Nal

S ta n d a rd i z a t i o n  of the sodium th iosu lphate so lu t io n  is very 
im p o r ta n t  in Wi js  method.  Here the s t rength is ob ta ined  to four- 
d ec im a ls .  If the s t rength is varies s l igh t l y , the  iod ine  value 
a l s o c h a n g e d .

Be fo re  we igh ing  the sample it should be f i l t e red  th rough  f i l te r  
paper  to remove any sol id impur i t ies and the last  t races  of 
m o is tu re .  The mechanica l  st i r r ing was very s a t i s f a c to r y  for  
a g i ta t i n g  dur ing the add i t ion of th iosu lpha te .  Then only we can 
get  the sharp  end point .  And also we should keep the sample 
wi th W i js  so lu t ion  in dark room, because of W i js  so lu t ion  is 

se ns i t i ve  to tempera tu re ,  moisture,  and l ight ,  fo r  1 hour  at 
room te m p e ra tu re  for  complete  absorpt ion of  iod ine .

14



4.2.GLC (Calculated)  method

Methyl  es te rs  of  f a t t y  acids are separated and_ de te rm ined  
quan t i ta t i ve ly  by GLC using a packed column. The methoxd is 
app l icab le  to methy l  es ters  of fa t ty  acids having 8 to 24 
carbon atoms and to animal  fats,  vege tab le  oi ls, mar ine o i ls  
and fa t ty  ac ids a f te r  the i r  convers ion of methyl  es ters .  The 
method permi ts  q ua n t i t a t i ve  separat ion of mix tures con ta in ing  
satura ted & u n sa tu ra te d  methyl  esters.  The cond i t ions  
spec i f ied  in th is method  are not su i tab le  for  de te rmin ing  epoxy  
(or) ox id ized fa t t y  ac ids  (or) fa t ty  ac ids that  have been 
p o ly m e r i s e d .3

Prepara t ion  of methy l  esters (which due to thei r  g rea te r  
vo la t i l i ty )  of l on g -ch a in  fat ty  acids is very essent ia l  fo r

i 1 i «

fu r the r  ana lys is  by gas l iquid ch romatography  method.

In this method,  i f  po lyunsa tu ra ted  components  wi th more than  
three doub le  bonds are present ,  they may decompose in a 
s ta in less -s tee l  c o l u m n . 3

The requ i red  reac t ion  t ime appears to increase as both the 
carbon number  and degree  of unsatura t ion  increase.  For 
longer  chain and more unsaturated fp t ty  acids, a genera l  
observa t ion  is tha t  the react ion should be al lowed to p roceed  
jus t  unt i l l  the re  is no v isual  ev idence of oil g lobu les in the 

react ion mix ture .  The methyl  esters should  be ana lyzed as 
soon as p o s s ib l e . 3

Al l  g lassware  must  be abso lu te ly  clean and comple te ly  dry.

15



Fresh cyc lohexane (or) ch lo ro fo rm  should be used when 
prepared the Wi js  so lu t ion .  Er ra t i c  resul ts may be obta ined if 
old cyc lohexane (or) ch lo ro fo rm  is used.
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CHAPTER.5

CONCLUSION

Accord ing  to the resul ts there is no s ign i f i can t  d i f fe rence  
between two iodine values obta ined f rom Wi js  and GLC 
methods.
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CHAPTER.1

1 . Introduction

The d isposa l  of waste  waters is of w idespread na t iona l  
concern.  In the chemica l  f ield alone there is a large vo lume of 
l i te ra ture .  The prob lem of adequately handl ing indust r ia l  was te  
wate r  is more complex and much more d i f f i cu l t  than sewage.  In 
fac to r ies  hav ing both acid & basic wastes.  It reduces the cost  
of neu t ra l i za t ion .  In plant  having waste water  conta in ing  large 
amount  of o rgan ic  mater ial  this resul ts  in a dec rease  in 
suspended mat te r  and a reduct ion of the BOD.3

Ana lys is  fo r  o rgan ic  matter  in water  and waste wate r  can be 
c lass i f ied  into two general  types of measuremen ts .Those  tha t  
quan t i ty  an aggrega te  amount of organic  matter  compr is ing

t

organ ic  cons t i tuen ts  with a common charac te r is t i c  and those 
that  quan t i f y  ind iv idua l  organic compounds .1

Methods for  to ta l  organ ic  carbon and chemica l  oxygen demand • 
are used to assess  the total  amount of organics present .  Gross  
f rac t ions  of the organic  matter can be ident i f ied ana ly t i ca l l y .  As 
in the m easu rem en t  of BOD in an index of the b iodeg radab le  
organ ics  p resen t  oil arid grease, which represents m a te r ia l s  
ex t rac tab le  f rom a sample by a nonpolar  so lven t  (or) 
to tao rgan ic  ha l ide(TOX) ,  which measures o rgan ica l ly  bound 
h a lo g en s .T r ih a lo m e tha n e  format ion potent ia l  is an. agg rega te  
measure of the tota l  concent rat ion of t r iha lomethane  fo rmed 
upon ch lo r ina t ion  of a water  samp le .1

Ana lyses  of o rgan ics  are made to assess the concen t ra t ion  and 
genera l  compos i t ion  of organic matter  in raw water  supp l ies  
waste  w 'ater . t reated ef f luents and receiv ing water  and to 
de te rm ine  the e f f i c iency  of t reatment  p ro ce sse s .1
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Parameters which measure the qua l i ty  of ef f luents.  Chemica l  
parameters are COD, BOD, DO (Dissolved Oxygen),  & Total  
Sol ids [TS ] /Suspended  Sol ids [TSS] /Disso lved Sol ids [TDS].  
Physical  pa ramete rs  are Tempera ture  & pH.
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CHAPTER.2

2 .MATERIALS & METHADOLOGY  

2 .1 .Sample collection

Three types of w as tew a te r  samples were co l lec ted  f rom the 
e f f luen t  t rea tmen t  p lant  and used for analysis.

1 .  E f f luen t  sample,

2 . Ae ra t ion  tank  sample,

3 .  T rea ted  e f f luen t  sample.

2.2. pH value

pH va lue  of samples  were determined using Or ion 4 1 0 .A pH 
m e te r .4

t

2.3. Total Dissolved Solids [TDS]

TDS va lues  of  samples  were determined using ORION 115 
co nduc t i v i t y  mfeter.5

2.4. Biochemical Oxygen Demand [BOD]6

2.4.1. Apparatus & Reagents

Incuba t ion  bot t les,  A i r  incubator  & Ordinary  labora to ry  
appara tus ,

Seeded d i lu t ion  so lu t ion (one  ml of each Ferr ic  ch lo r ide  s tock  
so lu t ion ,  CaCI3 s tock so lu t ion ,  Magnesium su lphate  s tock  
so lu t ion ,  Phosphate  buf fer  solut ion [pH 7.2], Seed ing so lu t ion  
were mixed wi th 1L of Wate r -d is t i l led  (or) de ion ised) ,  D isso lved  
Oxygen R e a g e n ts ( s e e .2 .4 .2 .2 .1).
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2.4-2. Procedure

2.4.2.1 .Sample Preparation

The sample was neutral ized with H2S 0 4(0.5M) and 1M NaOH. 
The pH was moni tered using a pH meter (or)pH paper 
between 6.5 and 8.5 if necessary .500ml  of seeded d i lu t ion 
solut ion was t ransfered into cy l inder(1  L) ,ensur ing no air was 
mixed into the l iquid.One ml of mixed sample was added to the 
cy l inder  and f i l l  to the 1 Litre mark wi th  seeded di lut ion solu t ion 
and st i r red wi th a glass rod(No air  bubb les  t rapped) .The d i lu ted 
samples were t ransfered to incubat ion  bot t les.The bot t les were 
comple te ly  f i l led to the brim and let them for few minutes.To 
remove all air bubbles, the bot t les were tapped gent ly and 
care fu l ly  s topper  taking care that  no air  bubbles were t rapped

» t

under  the s topper .Two bot t les of  b lank  were prepared using 
the same seeded di lut ion so lu t ion . [F i l l  2 bot t les of each sample 
one to be used for  ini t ial  d isso lved oxygen(D.O)  test and other  
for  f inal  D.O test  af ter  incubat ion]

Determine the ini t ial  D.O of one set [Sample & Blank]  
immedia te ly  af ter  complet ing the p repara t ion .
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2 .4 .2 .2 .Determination of D.O6

2.4.2 .2.1.  Apparatus & Reagents
i

Incuba t ion  bot t les,  Air  incubator  & Ord inary  labo ra to ry  
appara tus ,

Manganous  sulphate,  Alka l ine Iodide Azide reagent ,  
C o n c .H 2S 0 4i 1Q%V/V Sulphur ic  acid, A ccu ra te l y  s tandard ised 
0 .0250N Na2S20 3 solut ion

2 .4 .2 .2 .2 .Standardisation of sodium thiosulphate  
so lu t io n 6

The 5g of Kl was d isso lved in 100ml of d is t i l l ed  water .  10ml of
i

d i lu ted  su lphur ic  acfid and exact ly 40ml of s tandard  K2Cr20 7 
so lu t ion  were added;, and Stand for  5 minutes.  Then 200ml of 
d is t i l l ed  was added . and t i t rated wjth p repared  Na2S20 3 adding 
s ta rch  ind ica to r  near the endpoint  where the l iqu id  is pale 
ye l low.  T i t ra t ion  was. cont inued u.ntil the blue cq lou r  deve loped 
by the s tarch has changed to l ight green. The vo lume of 
Na2S20 3 added was noted.

2.4 .2 .2 .3 .  Procedure

The samp le  was poured di rect ly  into the g lass s toppered  bot t le 
in such a way that no air bubbles were t rapped  in the l iquid and 
s toppe red  the bot t le .The stopper was removed and 2 .0 0 ml of 
m anganese  sulphate solut ion was added f rom a p ipe t te .The 
t ip of tha-bo t t le  was placed below the sur face of the l i q u id .2ml 
of a lka l ine  azide reagent  was added in the same manner .The 
s toppe r  was replaced wi thout  t rapping air  bubb les .The  bott le 
was shaked for  20-25 seconds by inver t ing the bot t le  about
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once each second.The bott le was let to stand unt i l  the brown 
p re c ip i ta te  has set t led leaving a clear supe rnan t .The  s topper  
was removed and 2ml of conc .H2S 0 4 was added .The  s topper  
was rep laced and mixed we l l .200ml was measured  to a 
con ica l  f lask  and t i t rate with standard Na2S.20 3 so lu t ion  unt i l  a 
pale s t raw co lour  was obtained.The starch was added as 
i n d i c a to r  and the t i t rat ion was cont inued t i l l  a pale green 
e n d p o in t  was obtained.The volume of used Na2S 20 3 was 
noted .

The o ther  two (Sample & Blank) bott les were kept  in an 

in c u b a to r  at 30°c for 3 days. The f inal  D.O was de te rm ined  as 
m en t ioned  in above and the volume of Na2S20 3 added for blank 
& samp les  were noted.

2.5. Chemical Oxygen Demand(C.O.D)2

2.5.1 .  Apparatus & Reagents

Round borrom f lask, Condenser  with g round -g lass  jo in t ,  Hot 
p la te .

N/16 K2C r20 7i N/200 FAS (Ferrous Ammonium Su lpha te ) ,  
H2S 0 4/ A g S 0 4 solut ion,  20% W/V HgS0 4 so lu t ion  in 10% V/V 
s u lp h u r i c  acid,. Ferr ic ind icator  (O.Phenan th ro l ine ) .

2.5.2 .  Procedure

The samp le  was homogenised for 2 m inu tes .0 .5m l  of  e f f luent  
sa m p le  and 5.0ml of t reated ef f luent  sample were p laced 
s e p a ra te l y  in a 50ml round borrom f lask and d is t i l l ed  water  was 
added up to 5ml . I f  C.O.D values were suspected to be greater  
than 400mg/ l  a smal ler  al iquot  of the sample can be 
t a k e n . 1.0 0 ml of H g S 0 4 and 4.00ml of K2C r20 7 were  
a dd e d .12 .0 m l  of A g S 0 4 /cone. H2S 0 4 was added ca re fu l l y  and 
mixed wel l .  A blank was prepared using 5ml of d is t i l l ed  water.
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The samp-le and blank were ref luxed for 2 hours. The 
c o n d e n s e r  was r insed wi th dist i l led water  and a l lowed to cool .  
The f lask  was removed from condencer  and 2 drops of  fe r ro in  
i nd ica to r  was added. T i t rated with N/200 FAS to a co lou r less  of 
fa in t  p ink end point.  The FAS solut ion was s tanda rd ized  by 
using 2 .5ml  of d is t i l led  water,  0.5ml of H g S 0 4l 2 .00ml  of
K2C r 2O7 and 6 .0 ml of A g S 0 4/conc .H2S 0 4 solut ion w i thou t  
re f lux ing .
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CHAPTER.3

3 .RESULTS

Table.4.Used for the pH Values of Effluent Samples

DATE INEFFLUENT
(EFFLUENT)
SAMPLE

TREATED
EFFLUENT
SAMPLE

AERATION
TANK
SAMPLE

0 1 / N O V / 2 0 0 2 6.2 7.3 7 .0 5

0 2 / N O V / 2 0 0 2 6.0 7.3 7.1

0 4 / N O V / 2 0 0 2 6 .8 5 7 .25
Ii

6.9

0 5 / N O V / 2 0 0 2 6.7 7.0 6 .8

0 6 / N O V / 2 0 0 2 6.1 7.3 7.1

07 /N  O V / 2 0 0 2 5.3 7.1 7 .0

0 8 / N O V / 2 0 0 2 7 .45 7.3 7 .2 5

0 9 / N O V / 2 0 0 2 6 .3 5 7.4 7.2

1 0 / N O V / 2 0 0 2 6.4 7 .35 6.0

12 / N O V / 2 0 0 2 8.5 7 .35 7.1

1 3 / N O V / 2 0 0 2 6 .7 7.2 7.1

14 / N O V / 2 0 0 2 7.0 7 .35 7 .0

1 5 / N O V / 2 0 0 2 6.7 7.3 . 7.1

1 6 / N O V / 2 0 0 2 7.4 7.4 7.1

1 8 / N O V / 2 0 0 2 6.2 7.4 7.1

2 0 / N O V / 2 0 0 2 6.7 7.5 7 .1 5

21 / N O V / 2 0 0 2 6.7 7.3 7 .1 5

2 2 / N O V / 2 0 0 2 7.3 7.5 7 .3

23 /N  O V / 2 0 0 2 6.5 7.5 7 .1 5

2 5 / N O V / 2 0 0 2 6.5 7.2 7 .1 5

2 6 / N O V / 2 0 0 2 6 .15 7.4 7.1

2 7 / N O V / 2 0 0 2 7.3 7.2 7.1
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2 8 / N O V / 2 0 0 2 6.6 7 .25 7.1

2 9 / N O V / 2 0 0 2 7 .05 7.4 7.1

3 0 / N O V / 2 0 0 2 6.5 7.4 7 .2

0 2 / D E C / 2 0 0 2 7 .25 7.3 7.2

0 3 / D E C / 2 0 0 2 6.7 7.4 7 .3

0 4 / D E C / 2 0 0 2 . 7 .05 7.3 7 .2

0 5 / D E C / 2 0 0 2 7 .05 7.3 7 .3

0 6 / D E C / 2 0 0 2 7.3 7.4 7 .2 5

0 7 / D E C / 2 0 0 2 7.1 7.3 7 .2

0 9 / D E C / 2 0 0 2 9.3 7.4 7 .3

10 / D E C / 2 0 0 2 6.0 7 .45 7.1

1 1 / D E C / 2 0 0 2 6:8 7.4 7 .3

12 / D E C / 2 0 0 2 6.5 7.6 7 .3

1 3 / D E C / 2 0 0 2 6.3 7.5 7 .2

14 / D E C / 2 0 0 2 6 .9 5 7.5 7 .3

1 6 / D E C / 2 0 0 2 6.8 7.2 7 .2

1 7 / D E C / 2 0 0 2 7.3 7.4 7 .2

1 8 / D E C / 2 0 0 2 6 .25 7.3 7 .2

2 0 / D E C / 2 0 0 2 6.5 7.5 7 .3  -

2 1 / D E C / 2 0 0 2 6.4 7.2 7 .3

2 3 / D E C / 2 0 0 2 6.8 7.5 7 .4

2 4 / D E C / 2 0 0 2 6.6 7 .55 7 .1 5

2 6 / D E C / 2 0 0 2 6.6 7.3 7 .3

2 7 / D E C / 2 0 0 2 6 .35 7.4 7 .4

2 8 / D E C / 2 0 0 2 6.2 7.3 7 .0

3 0 / D E C / 2 0 0 2 6.3 7.5 7 .2

Average pH of  e f f luen t  sample = 6.74± 0.635,

Average pH of  Treated ef f luent  sample =7.35 ±0.119 

Average pH of Aerat ion  tank sample =7.16±0.125,
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Table.5.Used for the TDS Values of Effluent Samples

DATE INEFFLUENT
(EFFLUENT)
SAMPLE[mg/l]

TREATED
EFFLUENT
SAMPLE[mg/l]

AERATION
TANK
SAMPLE
[mg/l]

0 1 / N O V / 2 0 0 2  : 977 1330 1290 •

0 2 / N O V /2 0 0 2 1290 1350 1230

0 4 / N O V / 2 0 0 2 1600 1770 1840 -

0 5 / N O V / 2 0 0 2 1750 2160 2 14 0

0 6 / N O V / 2 0 0 2 994 2000 1900

0 7 / N O V / 2 0 0 2 1240 1760 1740

0 8 / N O V / 2 0 0 2 994 1670 1600

0 9 / N O V / 2 0 0 2 2 33 0 1520 1460 - *

1 0 / N O V / 2 0 0 2  . 548 1490 1 4 4 0 "  •

1 2 / N O V / 2 0 0 2 1150 1350 1310  -

1 3 / N O V /2 0 0 2  • ,1570 1260 1230  ■ -

14 / N O V / 2 0 0 2 937 1210 1150

1 5 /N O V / 2 0 0 2 1210 1150 1 1 0 0 -.

1 6 / N O V / 2 0 0 2 981 1130 1110 ^ o

1 8 /N O V / 2 0 0 2 2130 1100 1090

2 0 / N O V / 2 0 0 2 534 1060 1030

2 1 / N O V / 2 0 0 2 766 982 957

2 2 / N O V / 2 0 0 2 762 942 903

2 3 / N O V / 2 0 0 2 1100 903 880

2 5 / N O V / 2 0 0 2 1940 1040 1040

2 6 / N O V / 2 0 0 2 1300 1240 1240

2 7 / N O V / 2 0 0 2 1170 1190 1180

2 8 / N O V / 2 0 0 2 1150 1200 1150

2 9 / N O V / 2 0 0 2 831 1080 1070

3 0 / N O V / 2 0 0 2 1060 1140 1080
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0 2 / D E C / 2 0 0 2 1 1 0 0 1100 1090

0 3 / D E C / 2 0 0 2 4 7 8 1130 1110

04 / -DEC/2002 1 0 3 0 1060 1030

0 5 / D E C / 2 0 0 2 1 0 5 0 1170 1200*

0 6 / D E C / 2 0 0 2 9 9 5 1050 1030

0 7 / D E C / 2 0 0 2 4 7 0 1000 1010

0 9 / D E C / 2 0 0 2 8 0 2 960 970

1 0 / D E C / 2 0 0 2 1 0 2 0 1030 957

1 1 / D E C / 2 0 0 2 1 3 5 0 906 891

12 / D E C / 2 0 0 2 912 926 931

1 3 / D E C / 2 0 0 2 6 5 9 880 894

14 / D E C / 2 0 0 2 9 9 0 822 872

16 / D E C / 2 0 0 2 5 3 8 866 853

.1 7 / D E C / 2 0 0 2 8 3 5 871 879

1 8 / D E C / 2 0 0 2 936 989 983

2 0 / D E C / 2 0 0 2 1 5 2 0 927 930

21 / D E C / 2 0 0 2 2 8 2 943 922

2 3 / D E C / 2 0 0 2 2 1 1 0 915 953

2 4 / D E C / 2 0 0 2 1 1 0 0 1120 1130
o

2 6 / D E C / 2 0 0 2 1 3 7 0 1150 1170

2 7 / D E C / 2 0 0 2 9 0 7 1080
l

1330

2 8 / D E C / 2 0 0 2 5 1 0 836 870

3 0 / D E C / 2 0 0 2 5 9 0 767 974

Average  TDS of e f f l u en t  sample = 1 080 .6± 448.99,

Ave rage  TDS of T rea ted  e f f luent  sample =1148.7±302.07,  

Average  TDS of A e ra t io n  tank sample =11 56.8±287.62,
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3.1. B&D~?Values of Effluent Samples

D.O in mg/ l i t re  = [ 4 0 *B *4 0 *0 .0041 67*6] /A

= 40B/A

A-Volume of Na2S20 3 used in the standardizat ion test

B-Volume of Na2S20 3 used for  the sample

D.O concen t ra t ion  [mg/ l ] - in sample before incuba t ion-S i

D.O concen t ra t ion  [mg/ l ]  in sample af ter  incuba t ion -S2

D.O concen t ra t ion  [mg/ l ]  in blank sample before incubat ion-B-i

D.O concen t ra t ion  [mg/ l ]  in blank sample after i n cuba t ion -B 2
• i

<

V Ef = Amount  of e f f luen t  taken before di lut ion with aerated 
water.

{ [ S i - S 2] - [ B 1- B 2]} = Volume of Na2S20 3 required for V Ef volume 
of e f f luent .

B.O.D = { [S 1-S 2] - [ B 1- B 2]} N /1 00 0 *1 /4 *3 2 /V Ef*1000 *1 0 3

B.O.D = f rS1-S2MB1-B2n*N* i000

V ef*0 .0125

E xa m p le -1 .BOD for  e f f luen t  sample

51 = 7 .3ml,

52 = 5.65ml,

B1 =7 .4ml,

B2 = 6.9ml,
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VEF for  e f f l u e n t  sample  = 1 /6 0 0 *1 0 0 0

N = 0 .0 1 15M,
1.667,

BOD = { \1 .3-5 .6 5 H 7 . 4-6.911*0.01 15*1000

1.667*0.0125

BOD = 635mg/ l i t re,

Example -2 .BOD for t reated e f f luen t  

T 1 = 7 .3ml,

T2 = 6.35ml,

B 1 =7 .4ml,

B2 = 6.9ml,

VEF for t reated ef f luent  = 12/600*1 000,

= 20

.BOD =( \7 .3-6.351-17.4-6.911*0.011 5*1000

20*0.0125

= 21 mg/ l i t re.

T a b l e . 6 . Used fo r  the BOD V a lu e s  o f  E f f l u e n t  Samples

DATE BOD VALUES FOR BOD VALUES FOR
INEFFLUENT TREATED
(EFFLUENT) EFFLUENT
S A M P L E [ m g / l i t r e ] S A M P L E [m g / l i t r e ]

0 4 / N O V / 2 0 0 2 635 21

0 6 / N O V / 2 0 0 2 800 18

0 8 / N Q V / 2 0 0 2 304 21

1 0 / N O V / 2 0 0 2 690 16

1 3 / N O V / 2 0 0 2 552 14
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1 5/NL0V/2OO2 469 12

18 / N O V / 2 0 0 2 635 18

2 0 / N O V / 2 0 0 2 607 16

2 2 / N O V / 2 0 0 2 276 14

2 5 / N O V / 2 0 0 2 1463 1 8

2 7 / N O V / 2 0 0 2 717 21

2 9 / N O V / 2 0 0 2 414 18

0 2 / D E C / 2 0 0 2 221 16

0 4 / D E C / 2 0 0 2 331 16

0 6 / D E C / 2 0 0 2 276 18

0 9 / D E C / 2 0 0 2 579 23

1 1 /D E C /2 0 0 2 635 12

14 / D E C / 2 0 0 2 166 12

1 6 / D E C / 2 0 0 2 193 14

1 8 / D E C / 2 0 0 2 414 23

2 0 / D E C / 2 0 0 2 304
*

9

2 3 / D E C / 2 0 0 2 745 21

2 6 / D E C / 2 0 0 2 690 14

2 8 / D E C / 2 0 0 2 745 18

3 0 / D E C / 2 0 0 2 800 25

Ave rage  BOD of ef f luent  sample =5 4 6 .4 4 ± 2 7 9 .359, 

Ave rage  BOD of Treated ef f luent  sample = 17.12±4.003,

3 .2 .COD Values of Effluent Samples

1ml N/8 K2Cr20 7 =1 mg 0 2i

1ml N/16 K2Cr20 7 = 0 .5mg 0 2i

But 1 ml N/200 FAS = 0.08ml N/16 K20 r 2O 7i
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1 ml N /200  FAS = 0.04mg of 0 2l

Amount  of 0 2 consumed by sample = blank t i t ra t ion (B) -sample  
t i t ra t ion  (S),

*

So amount  of  0 2 consumed by Vml of sample = (B -S ) * 0 ,0 4 m g ,

Amount  of 0 2 consumed by 1 l i t re of samp le  = [ ( B - 
S)*0 .04*  1 000 /V ]  mg,

But no rma l i t y  of FAS may not be exact ly  N/200 and is g iven by

(2 *0 .0625 ) /T  where T=Volume of FAS used in the 
s ta n da rd iza t ion  t i t rat ion,

t .

Thus B & S must  be converted to exact ly  N/200 FAS. ie .B  & S 
should be mu l t ip l ied  by N/0.025

t

Where

N is the actua l  normal i ty of FAS.Thus subs t i tu t ing  same in 
equat ion .

Amount  of 0 2  consumed by 1 l i tre of sample

= [ (B -S ) *N /0 .005*0.04*1 000/V]  mg

C.O.D = [ (B-S)*N/V*8000]  mg/ l i t re

Example  -1.

COD for  e f f l uen t  sample,

B = 2 4.4 5 m I ,

S = 1 7.3ml ,

T =1 2 .55ml,

V = 0 .5 m  I,

N = [2 *0 .0 6 2 5 ] /T

34



N = [ 2 * 0 . 0 6 2 5 ] / 1 2 . 5 5

N = 0 .00996.

So COD = [ (B -S ) *N /V*8000 ]  mg/ l i t re

= [ (24.45-1 7 .3 ) *0 .00996/0.5*8000]

= 11 39mg/ l i t re ,

Example-  2 . COD for  t reated e f f luent  sample

B = 24.45ml,

S = 21.95ml,

V=5.0ml,

N = 0 .00996,

COD = [ ( 2 4 .4 5 -2 1 .9 5 ) *0 .00996/5.0*8000]  mg/l i t re,

= 3 9 . 84mg/ l i t re ,

.= 40mg/ l i t re ,

T a b l e . 7 . Used f o r  the  COD Va lues  o f  E f f l u e n t  S a m p le s

DATE COD VALUES FOR COD VALUES FOR
INEFFLUENT TREATED
(EFFLUENT) EFFLUENT
SAMPLE [ m g / l i t r e ] SAMPLE [ m g / l i t r e ]

0 4 / N O V / 2 0 0 2 1254 44

0 6 / N O V / 2 0 0 2 1586 39

0 8 / N O V / 2 0 0 2 606 45

1 0 / N O V / 2 0 0 2 992 43

1 3 / N O V / 2 0 0 2 802 37

1 5 / N O V / 2 0 0 2 885 19
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18 /N O V / 2 0 0 2 1290 44

2 0 / N O V / 2 0 0 2 937 33

2 2 / N O V / 2 0 0 2 445 24

2 5 / N O V / 2 0 0 2 3108 32 t
2 7 / N O V / 2 0 0 2 1641 35

2 9 / N O V / 2 0 0 2 656 34

0 2 / D E C / 2 0 0 2 306 35

0 4 / D E C / 2 0 0 2 656 30

0 6 / D E C /2 0 0 2 419 32

0 9 / D E C /2 0 0 2 1150 45

1 1 /D E C /2 0 0 2 1451 20

14 /D E C /2 0 0 2 540 27

16 /D E C /2 0 0 2 412 24

18 / D E C / 2 0 0 2• 992 48 i
2 0 / D E C / 2 0 0 2 678 18

2 3 / D E C / 2 0 0 2 1659 33

2 6 / D E C / 2 0 0 2 1433 32

2 8 / D E C / 2 0 0 2 835 50

3 0 / D E C / 2 0 0 2 1392 71

Average

Average

COD.of  e f f luent  sample =1 045±,597.27,

COD of Treated e f f luen t  sample 35.76±1 1.652,
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a
INEFFLUENT 
TREATED EFFLUENT 
AERATION TANK

DATE
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B O D  F O R  E F F L U E N T  S A M P L E S

F i g . 6 .V a r i a t i o n  o f  BOD f o r  e f f l u e n t  s a m p le

BOD OF TREATED EFFLUENT SAMPLES

DATE

F ig .7 .Var ia t ion  of BOD for t reated e f f luent  sample
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COD OF INEFFLUENT SAMPLE
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CHAPTER.4

4 .DISCUSSION

Before measure the pH and TDS, the p H meter  & conduct iv i ty  
meter  should be cal ibrated.

The BOD of the sample under inves t iga t ion  is the amount of 
f ree oxygen expressed in mg/l i t re,  requ i red  for  the b iochemical  
ox id izat ion of the organic matter in the sample under the 

condi t ions of the test.

The test  measures the oxygen ut i l i zed dur ing a speci f ic  
incubat ion period for the biochemical  degrada t ion  of organic 
mater ia l  (carbonaceous demand) and the oxygen used to 
ox id ize inorganic mater ial  such as su l f ides  and ferrous i ron .1

The BOD concentrat ion in most w a s te w a te r  exceeds the 
concent rat ion of dissolved oxygen (D.O)  avai lable  in an air- 
saturated sample. Therefore,  it is necessa ry  to di lute the 
sample before incubat ion to bring the oxygen  demand and 
supply  into appropr iate balance. Because bacter ia l  growth 

requires nutr ients such as ni t rogen, phosphorus  and t race 
metals.  These are added to the d i lu t ion  wate r  which is buf fered 
to ensure that the pH of the incubated samp le  remains in a 
range sui table for bacter ial  g row th .1

The sample is di luted with aerated w a te r  contain ing neutr ients 
and microbiological  seed and its oxygen content  is determined.  

It is then incubated (or) 30°c for 3 days and the oxygen content  

is again determined the same procedure  is for  a blank (dist i l led 
w a te r ) . 1
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When efetertnrine the BOD, the sample consists of f i l l ing wi th 
sample,  to over f lowing,  an airt ight bott le of the spec i f ied size 
and incubat ing it at the 30°C for 3 days. Dissolved oxygen is 
measured in i t ia l ly  and after incubation, arnd the BOD is 
computed from the di f ference between ini t ial  and f inal  D O v> 
Because the ini t ial  DO is determined immediate ly  a f ter  the 
d i lu t ion is made, all oxygen uptake.1

Determination of D.O [Winkler Method]6

The d isso lved oxygen content of the sample under inves t iga t ion  
is the amount  of free atmospher ic oxygen expressed in mg/ l i t re  
at the t ime of determinat ion under condi t ions of the test .

\ m

Manganous sulphate is added to the e f f luent  sample under  
a lka l ine condi t ions.  Here the precipi tat ion of Manganous (II) 
hydrox ide occurs and with the 0 2 present h igher  hydrox ides  
such as Manganous (111) hydroxide forms on ac id i f i ca t ion  in 
the presence of iodine irons, l2 is l iberated & es t imated by 
Na2S20 3 t i t ra t ion .

4Mn(OH)2 + 0 2+ 2H20  —> 4Mn(OH)3 4,(Brown) — (1) 

When t i t rate  with acid 

2 I -> l 2 + 2e

2Mn(OH)3 + e +3H+->Mn2 + + 3H20 

2 M n ( 0 H ) 3 + 2l '  + 6H +-» l2 + Mn2+ + 6H20 — (2)

Liberated l 2 is determined by a t i t rat ion wi th Na2S20 3 

12 2 e- —̂ 2 1

2 S 20 32 —> S40 62 + 2e

2 S 20 32' + l 2 -> S40 62' +2I '  — (3)

By equat ions (1), (2)  & (3)

1 mole of 0 2 = 4 moles of Na2S20 3
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Standardizat ion of the sodium th iosu lphate solut ion is very 
important  in this method.Here the strength is obtained to four 
decimals.  If the st rength is var ies s l ight ly ,  the DO value also 
changed.

COD is the Amount  of chemica l ly  ox id izab le  matter of o rgan ic ,  
as well  as inorganic present  in wastewater  expressed in 
mg/ l i t re of the sample.

The chemical  oxygen demand (C.O.D) is used as a measure of 
the oxygen equ iva lent  of the organic mat ter  content of a 
sample, that is suscept ib le  to oxidat ion by a strong chemical  

ox idan t .1

Cr20 72' + 6e +14H+-> 2 C r3+ + 7H20

■ *

6(Fe2+ -» Fe3+ +e)

Cr20 72' + 6Fe2+ +14H+->2Cr3+ + 6Fe3+ + 7 H 20

A g + catalyses the react ion under strong acidic media and Hg + 
prevents the chlor ide in ter ference.  If not

2 CI C12 + 2e

Determinat ion of COD, 20%w/v Hg2S 0 4 solut ion in 10%v/v 
sulphur ic acid is used to prevent  the ch lor ide inter ference.  
Hg2S 0 4 is toxic. Therefore  a f ter  determinat ion  of COD, the 
solut ion should be replaced separately.
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CH APTER .5

CONCLUSION

\ '
According to our results, the parameters  which measure the 
qual i ty  of water  are maintain to the level ,  which speci fy by the 
Central  Envi ronmental  Author i ty (CEA).  Therefore the t reated 
ef f luent  can be reused for c leaning purposes (or) safe to be 
released to the envi ronment.
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