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ABSTRACT

T h e  g ro w th  o f  n a tu ra l  r u b b e r  la te x  p ro c e s s in g  in d u s tr ie s  h a s  r e s u l te d  in  

an  in c re a s e  in  th e  q u a n tu m  o f  e f f lu e n t  b e in g  d is c h a rg e d  in to  th e  

e n v iro n m e n t .  I t  is  e s s e n t ia l  to  d e v e lo p  c o s t - e f f e c t iv e  a n d  e f f ic ie n t  

t r e a tm e n t  m e th o d s  f o r  th e  r e m o v a l o f  p o l lu ta n ts  f ro m  th e s e  e f f lu e n ts .  

A m o n g  th e  d i f f e r e n t  r u b b e r  p ro c e s s in g  in d u s t r ie s ,  la te x  c e n tr i fu g in g  

u n its  p ro d u c e  s e ru m  e f f lu e n t  w h ic h  is  h ig h ly  p o l lu t in g . T h e  th ru s t  o f  

th is  w o rk  is  to  m in im is e  th e  p o l lu ta n t  lo a d  o f  th e  s e ru m  e f f lu e n t  u s in g  

e n v iro n m e n ta l ly  f r ie n d ly  m e th o d s . T o  h a v e  a n  u n d e r s ta n d in g  o f  th e  

p o l lu ta n t  lo a d , c h a r a c te r is t ic s  o f  th e  s e ru m  w e re  s tu d ie d  a n d  i t  w as  

fo u n d  th a t  th e  e f f lu e n t  f ro m  la te x  c e n tr i fu g in g  u n its  is  a c id ic  a n d  

c o n ta in s  h ig h  a m o u n t  o f  o rg a n ic  as w e ll  as  in o rg a n ic  p o l lu ta n ts .  L im e  

a n d  s o d iu m  h y d r o x id e  w e re  a d d e d  to  r a is e  th e  p H . E f f ic ie n c y  o f  fe w  

m e ta l  c o a g u la n ts  w e re  a s s e s s e d  to  r e m o v e  c o l lo id a l  a n d  s u s p e n d e d  

p a r t ic le s .  T h e  e f f e c t  o f  n a tu ra l  a n d  s y n th e t ic  p o ly e le c tro ly te s  as 

c o a g u la n t  a n d  c o a g u la n t  a id  w a s  a lso  s tu d ie d . A f te r  c o a g u la t io n , th e  

e f f lu e n t  w a s  tr e a te d  u s in g  U A S B  re a c to r  f o r  d i f f e r e n t  o rg a n ic  lo a d in g  

a n d  h y d ra u l ic  r e te n t io n  tim e . T h e  in f lu e n c e  o f  tr a c e  m e ta ls  l ik e  c o b a lt ,  

n ic k e l  a n d  m o ly b d e n u m  in  th e  a n a e ro b ic  t r e a tm e n t  w a s  in v e s t ig a te d  

u s in g  a  b a tc h  r e a c to r .  T h e  e f f lu e n t  f ro m  th e  U A S B  re a c to r  w a s  t r e a te d  

b y  e le c t ro c h e m ic a l  o x id a t io n  in  th e  p re s e n c e  o f  F e n to n ’s r e a g e n t  a n d  i t  

w a s  f o u n d  th a t  th is  p ro c e s s  c o u ld  e n h a n c e  th e  r e m o v a l o f  p o l lu ta n ts  

f ro m  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t .  S o la r  r a d ia t io n  w a s  a ls o  u s e d  as an  

a l te rn a t iv e  s o u rc e  o f  p o w e r  fo r  e le c tro c h e m ic a l  o x id a t io n  w ith  th e  h e lp  

o f  p h o to v o l ta ic  c e l l .  T h e  e f f lu e n t  a f te r  th e  e le c t ro c h e m ic a l  o x id a t io n  w a s



f u r th e r  p u r i f ie d  b y  a d s o rp t io n . D if f e r e n t  fo rm s  o f  a c t iv a te d  c a rb o n , 

f u rn a c e  b la c k  a n d  n a n o  c la y s  w e re  u s e d  to  p u r ify  th e  e f f lu e n t .  T h e  e f fe c t  

o f  g a m m a  i r r a d ia t io n  f ro m  a C o -6 0  g a m m a  r a d ia t io n  s o u rc e  in  th e  

p r e s e n c e  o f  F e n to n ’s r e a g e n t  o n  th e  t r e a tm e n t  o f  ra w  a n d  a n a e ro b ic a l ly  

t r e a te d  s k im  s e ru m  e f f lu e n t  w a s  a lso  in v e s t ig a te d .  T h e  e f f e c t iv e n e s s  o f  

th e  d i f f e r e n t  ty p e s  o f  t r e a tm e n t  w a s  a s s e s s e d  in  te rm s  o f  c o n ta m in a n t  

r e m o v a l  as in d ic a te d  b y  C O D , B O D , to ta l  K je ld a h l  n i t ro g e n , 

a m m o n ia c a l  n i t ro g e n , s u lp h id e , to ta l  s o lid s  a n d  d is s o lv e d  s o lid s . 

B io c h e m ic a l  a n d  m ic r o b io lo g ic a l  a n a ly s is  w a s  a ls o  u s e d  to  a s s e s s  th e  

t r e a tm e n t  e f f ic ie n c y . T h ro u g h  c o a g u la t io n ,  a n a e ro b ic  t r e a tm e n t  u s in g  

U A S B  re a c to r ,  e le c tro c h e m ic a l  o x id a t io n /g a m m a  ir r a d ia t io n  an d  

a d s o rp t io n , i t  is  p o s s ib le  to  b r in g  d o w n  th e  p o l lu ta n t  lo a d  o f  th e  s e ru m  

e f f lu e n t  to  th e  le v e ls  p r e s c r ib e d  b y  th e  s ta tu to r y  a u th o r i t ie s .

K e y  w ords: N a tu ra l m b b e r  la tex  p ro cess in g  in d u stries, la te x  cen trifu g in g  un its , 
s e m m  efflu en t, p o llu tan t lo ad , m e ta l co ag u lan t, U A S B  reac to r, h y d rau lic  
re ten tio n  tim e, an ae ro b ic  trea tm en t, e lec tro ch em ica l o x id a tio n , F e n to n ’s 
reag en t, g a m m a  irrad ia tio n , C O D , B O D , to ta l K je ld ah l n itro g en , adso rp tion .



PREFACE

H evea brasilien sis  is  o n e  o f  th e  m a jo r  s o u r c e s  o f  n a tu ra l  r u b b e r .  I n d ia  is  th e  

f o u r th  la r g e s t  p r o d u c e r  o f  n a tu ra l  r u b b e r  in  th e  w o r ld ,  p r o d u c in g  8 5 2 8 9 5  

to n n e s  in  th e  y e a r  2 0 0 6 - 0 7 .  K e ra la  e n jo y s  a  n e a r  m o n o p o ly  b y  p r o d u c in g  

7 8 5 6 2 0  to n n e s  (9 2 %  o f  th e  to ta l  p r o d u c t io n )  in  2 0 0 6 - 0 7 .  R a w  n a tu ra l  

r u b b e r  is  h a r v e s te d  f r o m  th e  t r e e  in  th e  f o rm  o f  la te x  w h ic h  n e e d s  to  b e  

p r o c e s s e d  to  a v o id  p u tr e f a c t io n  a n d  to  im p r o v e  i ts  p r o p e r t ie s .  D if f e r e n t  

f o rm s  o f  p r o c e s s e d  r u b b e r ,  p r e p a r e d  f ro m  la te x  a re  r ib b e d  s m o k e d  s h e e t ,  

e s ta te  b r o w n  c r e p e ,  p a l e  la te x  c re p e ,  t e c h n ic a l ly  s p e c i f ie d  r u b b e r  a n d  la te x  

c o n c e n t r a te  ( c e n t r i f u g e d  la te x  ( c e n e x ) /c r e a m ) .  A m o n g  th e s e  p r o c e s s in g  

u n i ts ,  s h e e t  r u b b e r  i s  m o s t ly  p r o d u c e d  b y  in d iv id u a l  g r o w e rs  in  th e i r  o w n  

h o ld in g s .  P r o c e s s in g  n a tu ra l  R ib b e r  e s p e c ia l ly  in to  la te x  c o n c e n t r a te  

p r o d u c e s  e f f lu e n t  c o n ta in in g  o r g a n ic  c o n te n t .

T o  h a v e  a  s u s t a in a b le  g r o w th  a n d  d e v e lo p m e n t ,  i t  i s  n e c e s s a r y  to  

r e d u c e  p o l lu t io n ,  e s p e c ia l l y  p o l lu t io n  o f  w a te r  w h ic h  is  a  m a jo r  p r o b le m  

f a c in g  m a n k in d .  T h e r e f o r e ,  i t  is  a b s o lu te ly  e s s e n t i a l  to  t r e a t  e f f lu e n t  f ro m  

n a tu ra l  r u b b e r  p r o c e s s in g  u n i ts  b e f o r e  b e in g  d is c h a r g e d  in to  th e  w a te r  

b o d ie s ;  h e n c e ,  th e  s tu d y  w a s  u n d e r ta k e n .  T h o u g h  th e  s c ie n c e  u n d e r ly in g  

th e  t r e a tm e n t  o f  e f f lu e n t  e s p e c ia l ly  b io lo g ic a l  t r e a tm e n t  i s  h ig h ly  c o m p le x ,  

th e  m a in  o b je c t iv e  o f  th e  s tu d y  is  to  d e v e lo p  a  t r e a tm e n t  s y s te m  to  r e d u c e  

th e  c o n c e n t r a t io n  o f  th e  p o l lu t a n ts  f ro m  la te x  c e n t r i f u g in g  u n i ts .

T h is  th e s is  is  s t r u c tu r e d  in to  e ig h t  c h a p te r s .  T h e  f i r s t  c h a p te r  

in c lu d e s  a  b r i e f  d e s c r ip t io n  o f  n a tu ra l  r u b b e r  l a te x ,  p o s s ib le  s o u r c e s  o f  

e f f lu e n t ,  e x i s t in g  t r e a tm e n t  p r a c t ic e s  a n d  th e  o b je c t iv e s  o f  th e  s tu d y . T h e  

s e c o n d  c h a p te r  g iv e s  a n  a c c o u n t  o f  th e  c h a r a c te r i s t i c s  o f  s k im  s e ru m  

e f f lu e n t  f ro m  la te x  c e n t r i f u g in g  u n i ts  a n d  im p o r ta n t  p h y s ic a l ,  c h e m ic a l  a n d



b io c h e m ic a l  m e th o d s  o f  a n a ly s is .  C h a p te r  3 is  d iv id e d  in to  P a r t  A  a n d  P a i't 

B . P a r t  A  e x p la in s  th e  e f f ic a c y  o f  m e ta l  c o a g u la n ts  a n d  P a i’t B  d is c u s s e s  th e  

e f f e c t iv e n e s s  o f  n a tu r a l  a n d  s y n th e t ic  p o ly e le c t r o ly te s  a s  c o a g u la n t  a n d  

c o a g u la n t  a id .  P a r t  A  o f  C h a p te r  4  e v a lu a te s  th e  p e r f o r m a n c e  o f  a n a e r o b ic  

t r e a tm e n t  u s in g  U A S B  r e a c to r  a n d  P a r t  B  e x p la in s  th e  e f f e c t  o f  t r a c e  m e ta ls  

o n  a n a e r o b ic  t r e a tm e n t .  C h a p te r  5 d e a ls  w i th  th e  e le c t r o c h e m ic a l  t r e a tm e n t  

o f  r a w  a n d  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  a n d  C h a p te r  6  g iv e s  th e  d e ta i l s  o f  

f u r th e r  p u r i f i c a t io n  o f  a n a e r o b ic a l ly  a n d  e le c t r o ly t ic a l l y  p r e - t r e a t e d  e f f lu e n t  

u s in g  v a r io u s  a d s o r b e n ts .  C h a p te r  7  in v e s t ig a te s  th e  e f f e c t  o f  g a m m a  

r a d ia t io n  o n  r a w  a s  w e l l  a s  a n a e r o b ic a l ly  t r e a te d  s e ru m  e f f lu e n t .  T h e  l a s t  

c h a p te r  s u m m a r is e s  th e  o v e r a l l  r e s u l t s  a n d  p r o p o s e s  a  t r e a tm e n t  s y s te m  f o r  

s k im  s e r u m  e f f lu e n t .
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CHAPTER 1 

INTRODUCTION AND OBJECTIVES

The concern for the ever increasing pollution of water, land and air is 

growing all over the world. One of the major challenges facing mankind 

today is to provide clean water to a vast majority of the population around 

the world. All forms of life on earth depend upon water and each human 

being needs to consume several litres of fresh water daily to sustain life. 

Today India is amongst the water stressed countries with a deficit of 25 

percent and by the year 2025, it will be amongst the water scarce countries 

with a deficit of 33 percent'. This is an average figure, but for a large 

fraction of the Indian population, water scarcity is already a reality. For a 

secure future, it is necessary to improve water quality and its availability. 

Rivers, canals, estuaries and other water bodies are constantly polluted due 

to the indiscriminate dischai'ge of industrial effluents, other anthropogenic 

activities and natural processes. The increasing population, accelerating 

urbanisation and climate changes have made it imperative to treat 

wastewater and reuse it in water stressed countries.

With the development of economy, pollution, particularly water 

pollution, caused by industries has turned out to be serious. The increasing 

awareness about the potential health hazards of insufficient or inappropriate 

handling of wastewater has stimulated the search for effective treatment



alternatives. Hence, there is an urgent need to develop innovative, more 

effective and economical methods for the treatment of wastewater.

1.2. Natural rubber
Hevea brasiliensis, a forest tree, is one of the most domesticated crop species 

in the world and is the major commercial source of natural mbber (NR). In 

India rubber cultivation is mainly concentrated in Kerala, Kanyakumari 

region of Tamil Nadu, Kai'nataka, North Eastern region, Andaman and 

Nicobar Islands, Goa and Maharashtra. It has been recently introduced in 

Orissa, Andhra Pradesh, Madhya Pradesh and West Bengal. However, 

Kerala enjoys a near monopoly by holding 82 (501700 hectares) percent of 

the area under the crop in the country of which 23 percent of the ai'ea is in 

Kottayam district. Today, India is the fourth largest producer of natural 

rubber in the world, having 615000 hectares under cultivation in 2006 -  07. 

India is also the fourth largest consumer of natural rubber after China, USA  

and Japan .̂ The total production of NR in India in the year 2006 - 07 was 

852895 tonnes. Out of it Kerala’s contribution was 785620 tonnes (92 

percent o f total production in India) and Kottayam district alone accounts for 

179910 tonnes (23 percent of total production in Kerala).

1.3. Composition of NR latex

NR latex is the milky white or slightly yellowish opaque plant fluid of the 

rubber tree {Hevea brasiliensis). Latex is obtained from the bark o f the tree 

by tapping and it is collected by fixing a spout and collection cup. NR is a 

high molecular weight polymer with viscoelastic properties. Structurally it 

is cis-1, 4-polyisoprene (CsHs). The diameter of the rubber particles in the 

latex is widely distributed from several tens of nm to several hundreds of 

nm .̂ The NR latex is a colloidal system comprising of, lyophilic negatively



charged spherical or pear shaped rubber globules dispersed in an aqueous 

senim. The dispersed mbber particles are strongly protected by a complex 

film made of protein, lipids and phospholipids. This complex film renders 

lyophilic colloidal nature to latex. The stability of latex is due to the 

negative charge present on the protective layer The field latex contains 

a variety of non-rubber constituents both organic and inorganic, in addition 

to rubber. The propordon of these constituents varies with clones, nutrition, 

climate etc. General composition o f the latex is given in the Table 1.1

Table 1.1. General composition of natural rubber latex

Constituents

Rubber

Resin

Protein

Sugar

Ash

water

% Composition

30-40

1-2

2-2.5

1-1.5

0.7-0.9

55-65

(Source- N .U sha N air in “N atural R ubber, A gronianagcm ent and crop  processing” , P.J. G eorge, C.K. 

Jacob, Eds., RRII, K erala, India, 2000, pp 250-253 )

During coagulation of NR latex, a large amount of liquid called 

natural i-ubber serum (NRS) is obtained as a byproduct. The serum contains 

primarily water and various non-rubber substances. The non-rubber 

substances include nitrogenous materials like ammonium salts, proteins and 

amino acids, sugars and pseudo-sugars (quebrachitol, glucose, fructose and 

galactose), ash (K, P, Zn, Mg, Na, Ca, Fe, Al, Rb), and fatty acids (lauric,



palmitic, stearic, oleic, linoleic)^. Various amino acids found in NRS are 

glutamic acid, aspartic acid, alanine, glycine, leucine, lysine, cystine, 

serine, valine, tyrosine, proline, tryptophan, threonine, histidine and 

arginine®. The second largest group of compounds found in NRS is sugar 

and pseudo-sugar. The presence of large amount of reducing sugars leads to 

the quick putrefaction of latex by bacteria if  it is not properly preserved. 

Hence, the amount of such sugars found in NRS depends on the extent of 

bacterial decomposition. Most of the ash compounds and fatty acids do not 

occur naturally in NR latex but result from the addition of various 

chemicals before and during the course of processing the latex®.

1.4. Processing of NR

Fresh latex, as it comes out of the tree is slightly alkaline or neutral and 

microorganisms contaminate it. They metabolise the non-rubber 

constituents o f the latex and produce volatile fatty acids such as formic, 

acetic and propionic acids. These acids neutralise the negative charge on 

rubber particles and the latex gradually thickens and gets coagulated within

6 to 12 hours o f its collection’ . Therefore, anticoagulants (or preservatives) 

like ammonia, sodium sulphite or formalin (depends on the type of
7 8processing) are added to keep it for longer periods before it is processed ' . 

Among the various chemicals used as preservatives, ammonia is o f prime 

importance. NR latex harvested from plantations needs to be processed 

soon after hai-vesting to maintain its quality. Processing of this latex is 

essential also for easy storage, transportation, better uniformity in quality 

and utilization by manufacturing industries. A large number o f rubber 

processing units (RPUs) have been established in Kerala for the processing 

of latex and the field coagulum into different marketable forms of NR.



The major categories of processed aibber are;

(a) Ribbed smoked sheets (RSS)

(b) Pale latex crepe (PLC)

(c) Technically specified rubber (Block rubber) (TSR)

(d) Preserved field latex and latex concentrate [centrifuged latex (cenex

/cream)]

In these four types of processing, the first category (i.e. ribbed 

smoked sheets) is carried out mostly by individual growers in their own 

holdings. The different types of processed iiibber produced during the year 

2005-2006 comprised latex concentrates 10.6%, solid block rubber 11.3%, RSS 

70.9% and others 7.2%

Table 1.2 gives the statistics (on Mai'ch 31 ‘̂2007) of different types 

of NR processors in India.

Table 1.2. Number of diffei-ent types processors of NR in India

Type of units No

Centrifuged Latex Concentrating Units 68

Creamed Latex Units 15

Ammoniated Latex 8

Pale Latex Crepe 9

Estate Brown Crepe 15

Technically specified rubber 52



A brief description of various processing methods and sources of 

effluents are given in the following sections

(a) Ribbed smoked sheets (RSS)

It is the oldest and simplest method o f processing latex into a marketable 

form. Latex collected from the field is first sieved to remove foreign 

materials. It is then bulked for uniform property and diluted to standard 

dry rubber content (DRC) of 12.5 per cent to improve the quality of 

coagulum. Chemicals like sodium bisulphite and paranitrophenol are 

added to prevent discolouration/mould growth. They also act as 

preservatives. The latex is then coagulated using formic acid or acetic 

acid. After completion of coagulation, the serum is drained out and the 

coagulum is obtained in the form of blocks. Washed coagulum is then 

rolled to sheets using a pair of plain rolls and another set of grooved ones. 

The sheets are then allowed to drip in shade and dried in smoke houses 

for producing ribbed smoked sheet.

Water is used in the process for diluting the latex and washing the 

coagulum during sheeting operations. This water forms part o f the 

effluent. The water consumpfion is in the range o f 20-30 litre/kg o f dry 

rubber.

Fig. 1.1 depicts the sources of effluent generation from ribbed 

smoked sheet producing units from latex

(b) Pale latex crepe (PLC)

When coagulated latex or any form of field coagulum or RSS cutfings, 

after necessary preliminary treatments, are passed several times through a



set of creping machines, lace-like rubber is obtained. This lace like rubber 

when air-dried is called crepe rubber.

Different stages in the manufacture o f pale latex crepe (PLC) are 

shown in Fig. 1.2. The field latex containing anticoagulants like sodium 

sulphite is received at the factory. The latex is then sieved, bulked, 

standardised by dilution and chemically treated. The chemically treated 

latex is then subjected to fractional coagulation using acetic acid for 

removing colouring materials^. It is then sieved through a 60 mesh sieve. 

The latex after fractional coagulation and bleaching is coagulated using 

formic acid. About 4 mL of formic acid per kg of dry rubber is used. The 

coagulum obtained in the form of block is milled in creping machines. 

Water is used for washing coagulum during milling to wash out the seaim  

and other non-rubber materials. The crepe is then dried at ambient or 

slightly elevated temperature in drying sheds and packed.

In a pale latex crepe unit, water is required for diluting the latex, 

washing the coagulum and for cooling the rollers. Wastewater is released 

from the latex coagulation section and crepe milling s e c t io n W a te r  

consumption per kg DRC of the product is about 35-50 litres. The effluent 

discharged marginally exceeds the quantity of water consumed, because 

of the addition of serum in the process of coagulation.

(c) Technically specified rubber (TSR)

TSR or ci-umb rubber is mostly produced from field coagulum". The 

stages in the process are collection of field coagulum, soaking and pre­

cleaning, blending, milling and size reduction, drying, pressing and 

packing. When crumb rubber is produced from field latex, the additional



stages required are bulking, coagulation and pre-machining. Sodium 

bisulphite at the rate o f 1 g/kg DRC rubber is added as I % solution to the 

bulking tank to prevent surface darkening of the coagulum. Coagulation 

of latex is done using either formic or acetic acid. Individual slabs of latex 

coagula are cut into smaller pieces before feeding to an extruder or one or 

two passes are given through a creper before feeding to a hammer mill for 

final size reduction. Water is required for scrap soaking, .milling, size 

reduction and cmmb collection. The water consumption and effluent 

generation is estimated to be 35-55 litres per kg of DRC. The flow  

diagram o f the process is shown in Fig. 1.3.

(d) Preserved field latex and latex concentrate

Field latex preserved with suitable preservatives is termed as preserved 

field latex. Processing into preserved field latex consists of adding the 

preservative, bulking, settling and blending into consignments of suitable 

size for despatch.

Latex concentrate is an important raw material having wide uses. 

The process of latex concentration removes substantial quantity of serum 

from field latex, thus making the cream richer in rubber content. The 

major processes in a latex concentrating unit are ammoniation, 

desludging, latex concentration and skim recovery.

The latex from the field is sieved and bulked and ammonia is 

bubbled through it so as to get a concentration o f 0.7 to 1.0 per cent by 

weight o f latex. Ammonia inhibits bacterial growth, acts as an alkaline 

buffer and raises the pH and neutralises the free acid formed in latex*". 

The degree o f ammoniation depends on the period, which has elapsed



since collection and ranges from 0.25% for immediate centrifuging to

0.8% for two days or more. Only the minimum required quantity of 

ammonia should be added since most o f it goes to the skim which makes 

coagulation of the skim difficult. Ammonia deactivates some metal ions 

which tend to coagulate latex by forming insoluble compounds or 

complexes with them. For the complete precipitation of magnesium as 

magnesium ammonium phosphate, calculated quantity of diammonium 

hydrogen orthophosphate is added if the phosphate ions already present in 

the latex are not sufficient.

After ammoniation, latex is left undisturbed for about 15-20 

minutes to allow separation of sedimentable impurities and reaction 

product (magnesium ammonium phosphate).

Preserved field latex is unsuitable for most latex applications as its 

rubber content is low. For most product manufacture, latex of minimum

60 per cent dry Ribber content is essential. The important methods for the 

concentration of preserved field latex are (i) centrifuging and (ii) 

creaming. These methods involve partial removal of non-rubber 

constituents. The particle size distribution of the concentrate differs from 

that of the initial latex. A portion of the smaller particles escapes to the 

serum. At present, more than 90 per cent o f the latex concentrate is 

obtained by centrifuging.

1. Centrifuging

Different types of centrifuging machines are used for concentration of 

latex and the most widely used machine is of Alfa Laval make. In the 

centrifuging process o f latex, the centrifugal force brings about separation



of rubber particles from the serum. The rotating mass o f ammoniated field 

latex is broken up into a number of thin conical shells within the bowl 

rotating around 6000 ipm whereby individual mbber particles tend to 

separate into a layer surrounding the axis of rotation leaving behind an 

outer layer (skim) having a comparatively lower rubber content. The DRC 

of the centrifuged latex is around 60 per cent. About 85 to 93 per cent of 

the total rubber in the field latex will be separated into the cream or 

concentrated fraction. The cream is separately collected in a bulking tank, 

its ammonia content estimated and made upto 0.7% on latex and packed 

in drums.

LATZ latex

Centrifuged latices are commercially available as high ammonia (HA- 

minimura 0.6% ammonia), and low ammonia (LA- maximum 0.3% 

ammonia), types. The former is preserved solely with ammonia and the 

latter contains one or more preservatives in addition to ammonia and the 

most popular LA type latex is low ammonia-TMTD-Zinc oxide(LA-TZ) 

which contains 0.2% ammonia, 0.013% tetramethyl thiuram disulphide 

(TMTD), 0.013% ZnO and 0.05% lauric acid. Major advantages of LATZ 

are reduced cost o f production through, savings in preservatives, acid and 

effluent treatment and improvement in the quality o f output. It also 

ensures better working environment in the factory.

Double centrifuged latex is a purer form of concentrated latex 

obtained by a second stage o f centrifuging ordinary centrifuged latex after 

dilution to 60% DRC.



Skim latex and serum effluent

When field latex is centrifuged /creamed, in addition to the concentrate 

containing most o f the rubber, an equal fraction in volume, containing a 

very small proportion of rubber is also obtained. This is known as skim 

latex. 3.5 to 6 per cent rubber will be lost into the skim fraction. It 

contains about two thirds o f the total serum from the field latex. To 

recover the rubber in skim latex, it is coagulated with sulphuric acid and 

the serum left out is drained off and is known as skim serum effluent. In 

2005-06, India produced about 802,625 tonnes of natural rubber o f which 

10.6 % was in the form of latex concentrate^.

In-depth study conducted in RPUs reveal that the volume of water 

consumed by latex concentrating units is much less when compared to 

that of other processes. The water requirement in centrifuging process is 

in the range of 3.5 to 6.0 litres per kg of dry rubber as latex concentrate. 

The quantity o f effluent generated is found to vary widely from unit to 

unit and depends on the processing capacity of the unit. Apart from the 

water consumed for processing, the serum left out after coagulation of the 

skim latex is also discharged from industries which have adopted 

centrifuging process. Hence, the quantity of effluent discharged is much 

higher than that o f the water consumed'^. The water requirement is 

mainly for cleaning the latex storage tanks once a week, washing the 

barrels and floor, washing the bowls of the centrifuging machine twice in 

a shift and coagulation o f skim latex. Apart from the skim serum, all the 

water used in the process comes out as effluent.



The flow diagram of the process with effluent generation is shown 

in Fig. 1.4.

2. Creaming

Field latex is amn:ioniated to 1 % and kept for a few days for ageing. 

Ammonium alginate or cooked tamarind seed powder is usually used as 

the creaming agent. A 3% solution of the seed powder is prepared by 

boiling the required quantity in water. The calculated quantity of the 

creaming agent solution which has been sieved to remove uncooked 

materials and a 10 per cent soap solution is added to latex in order to get a 

final concentration of 0.3 per cent in latex. The latex is stirred for one 

hour. After stirring, the latex is allowed to remain undisturbed for a 

minimum period o f 48 hours to obtain the desired level of creaming".

Although a minimum period of 48 hours is usually required for 

creaming, fixed time can be set for all conditions. After the creaming 

agent is added there is an induction period of several hours before any 

creaming is visible. For the first 24 - 40 hours, creaming is rapid and then 

it becomes slower. The gravitational force brings about the separation of 

rubber particles during creaming. When the desired level of creaming is 

obtained, the skim layer is drained off. Latex with 55-58 per cent DRC is 

obtained by the creaming method. The skim seram left behind will 

contain 2-3 per cent rubber. The water requirement in a latex creaming 

unit is for operations like cleaning the reception tanks and floor o f the 

factory. This water goes out as effluent.



2 0 - 3 0  cu.iTi/tonne of 

rubber (dry basis)



3 0 - 4 0  cu.m/tonne o f  
rubber (dry basis)





Fig.1.4. Process flow chart of latex centrifuging unit



1.5 General wastewater characteristics

A general idea of the physical, chemical, biological and biochemical 

characteristics of the wastewater is essential to assess the water quality, 

pollutant load, efficiency of wastewater treatment method and disposal 

facilities. The pollution potential of wastewater, (no matter it be domestic 

or industrial) is expressed in terms of these characteristics.

I.5.A. Physical characteristics

The most important physical characteristics of wastewater are colour, 

odour, temperature, total solid content and turbidity’'̂ .

(1) Colour

Colour in water may result from the presence of natural metallic ions, 

humus, industrial waste, organic components, turbidity, suspended matter 

etc. Colour changes to black as organic compounds are broken down by 

bacteria resulting in the depletion of dissolved oxygen in wastewater‘s. In 

this condition, the wastewater is said to be septic (or stale). Some industrial 

wastewaters are coloured in nature and the colour is related to pH.

(2) Odour

Odour and taste depend on the actual contact of the stimulating cell and it 

varies from person to person. Acceptability o f drinking water is determined 

by its taste and odour. Organic as well as inorganic matter contributes taste 

and odour. Many inorganic salts produce taste without odour. 

Uncontaminated water has neither odour nor taste. Odours in wastewater 

usually are caused by gases produced by the decomposition of organic 

matter. The most characteristic odour of industrial wastewater or septic 

wastewater is that of hydrogen sulphide, which is produced by anaerobic



microorganisms that reduce sulphates to sulphides during the process of 

wastewater treatment. Odour and taste are useful as a check on the quality 

of raw and finished water, and as means of tracing the source of 

contamination'®.

(3) Temperature

Elevated temperatures resulting from hot water discharges may have 

significant ecological impact. The temperature of water is a very important 

pai'ameter because of its effect on aquatic life, the chemical reactions and 

reaction rates, and the suitability of water for beneficial uses'^. Water 

temperature as a function of depth is required for limnological studies. 

Identification of the source of water supply, such as deep wells, is possible 

by temperature measurements alone.

(4) Total solids

Any solid matter suspended or dissolved in water or wastewater is known 

as residue. The total solids content of wastewater is the sum total of 

floating matter, matter in suspension, colloidal matter, and matter in 

solution. Analytically, the total solids content of a wastewater is defined as 

all the matter that remains as residue upon evaporation at 103 to 105°C. 

The total solids can be classified as either suspended solids or filterable 

solids by passing a known volume of liquid through a filter. The filter is 

commonly chosen so that the minimum diameter o f the suspended solids is 

about 1 micron'®. The filterable-solids fraction consists of colloidal and 

dissolved solids. The colloidal fraction consists of particulate matter with 

an approximate diameter ranging from 1 milli micron to 1 micron. The



dissolved solids consist of both organic and inorganic molecules and ions 

that are present in true solution in water.

(5) Turbidity

Turbidity, a measure of the light-transmitting properties of water, is used to 

indicate the quality of wastewaters and natural waters with respect to 

colloidal matter. Colloidal matter will scatter or adsorb light and thus 

prevent its transmission‘s. Turbidity in water is caused by the presence of 

suspended matter, such as clay, slit, finely divided organic and inorganic 

matter, plankton, and other microscopic organisms. Turbidity is usually 

measured using nephelometric turbidimeter.

1.5. B. Chemical characteristics
In chemical characteristics, the components of importance are organic 

matter, inorganic matter, nitrogen, phosphoms, and gases.

(1) Organic matter

Most of the suspended solids and filterable solids are organic in nature*'̂ . 

These solids are derived from both animal and plant kingdoms and the 

activities of man as related to the synthesis of organic compounds. Organic 

compounds are normally composed of a combination of carbon, hydrogen, 

and oxygen, together with nitrogen in some cases. Other important 

elements such as sulphur, phosphorus and iron, may also be present. The 

principal groups of organic matter found in wastewater are proteins, 

carbohydrates, fats and oils.

The commonly used indices for the measurement of organic content in 

wastewater ai'e biochemical oxygen demand (BOD) and chemical oxygen 

demand (COD). BOD test is an empirical test used to determine the relative



oxygen requirement of wastewaters, effluents, and polluted \Vaters. The most 

widely used parameter of organic pollution is the 5-day BOD (BOD5). Its 

determination involves the measurement of the dissolved oxygen used by 

microorganisms in the bio-chemical oxidation of organic matter. Biochemical 

oxidation is a slow process and theoretically takes infinite time to complete"®. 

The oxidation is about 95 to 99 per cent complete within 20 days of incubation 

which is too long for practical puiposes. For this reason, the 5-day period at 

20°C has been accepted as standai'd' .̂

The COD test is employed to measure the content of organic matter 

of both wastewater and natural waters. It also measures the inorganic 

substances that can react with and are oxidised by the dichromate. COD is 

in fact the total oxygen demand while BOD is the oxygen demand for 

biological oxidation. In this test, the oxygen equivalent of the organic 

matter that can be oxidised is measured by using a strong chemical 

oxidising agent in acidic medium, at an elevated temperature. Potassium 

dichromate is an excellent oxidising agent for this purpose. Compared to 

the BOD test which takes 5 days, the COD can be determined within 3 

hours. The total organic content (TOC) of the wastewater is also widely 

used as an index of organic matter.

(2) Inorganic matter

Some of the parameters of importance are pH, metals, nitrogen and 

phosphorus.

(a) pH

The pH of a solution refers to its hydrogen ion activity and is expressed as 

the logaiithm of the reciprocal o f the hydrogen ion concentration in moles



per litre at a given temperature. Generally water is slightly basic in nature 

because of the presence of carbonates and bicarbonates. Departure from 

neutral state is caused by the influx of acidic or alkaline industrial waste. In 

wastewater treatment, measurement and regulation of pH is required for 

water pollution control. It is the pH which is more important than acidity or 

alkalinity since the latter measures resistance to pH change or buffering 

capacity of a sample. Wastewater with high concentration of hydrogen ion 

is difficult to treat by biological means.

(b) Metals

Metals are classified as macronutrients and micronutrients. Excess 

concentration of metal causes toxicity in living system and the presence of 

metals is a matter of serious concern in potable water, domestic wastewater, 

industrial wastewater and receiving waters due to its toxic effect. Presence 

of metals may be determined by atomic absorption spectrophotometer.

(c) Nitrogen

Since nitrogen is an essential building block in the synthesis of protein, 

nitrogen content of the wastewater will be required to evaluate its 

treatability by biological processes. Insufficient nitrogen may necessitate 

the addition of nitrogen to make the wastewater treatable. Where control of 

algal growth in the receiving water is necessary to protect beneficial uses, 

removal or reduction of nitrogen in wastewaters prior to discharge may be 

desirable

(d) Phosphorus

Like nitrogen, phosphorus is also essential for the growth of algae and 

other biological organisms. The usual forms of phosphorus that are found



in aqueous solutions include the orthophosphate, polyphosphate, and 
0 1 _

organic phosphate . Excessive concentrations of phosphates cause noxious 

algal blooms in surface waters. Hence, there is a need for controlling the 

amount of phosphorus compounds that enter surface waters through 

domestic and industrial waste discharges and natural runoff.

(3) Gases

Some of the gases present in the untreated wastewater include nitrogen, 

oxygen, carbon dioxide, ammonia, hydrogen sulphide and methane. The first 

three ai'e common gases of atmosphere and will be found in all waters exposed 

to air. The last tliree are derived from the decomposition of the organic matter 

present in wastewater. Ammonia is found in the untreated wastewater as 

ammonium ion or free ammonia. Hydrogen sulphide is formed from the 

decomposition of organic matter containing sulphur or from the reduction of 

sulphites and sulphates. It is not foiTned in the presence of an abundant supply 

of oxygen. The blackening of wastewater and sludge usually results from the 

formation of hydrogen sulphide that has combined with the iron present to 

form ferrous sulphide"'. One of the principal by-products of the anaerobic 

decomposition of organic matter in wastewater is methane gas. Methane is a 

colourless, combustible hydrocarbon of high fuel value. It is also one of the 

most important green house gases.

1.5. C. Biochemical characteristics

The organic matter that may be present in wastewater belongs to major 

groups like proteins, amino acids, reducing and non reducing sugars, 

phenols, lipids, fats and oils etc. Estimation of these groups gives an



indication about the different types of organic pollutants and the method of 

treatment to be adopted for their removal.

1.5. D. Biological characteristics

Protista and plants are the principal groups of organisms found in wastewater. 

The category protista includes bacteria, fungi, protozoa and algae. Among 

them, bacteria play a fundamental role in the decomposition and stabilisation 

of organic matter, both in nature and in treatment plants''*. Seed plants, ferns, 

mosses and liverworts are classified as plants. Viuises ai-e also found in 

wastewater and ai'e classified according to the host infected.

Pathogenic organisms found in wastewater may be discharged by 

human beings who are infected with disease or who are carriers of a 

particular disease. The usual bacterial pathogenic organisms that may be 

excreted by man cause diseases of the gastrointestinal tract, such as 

dysentery, diarrhea, cholera, typhoid and paratyphoid fever" .̂

Identification of pathogenic organisms in water and wastewater is 

both extremely time-consuming and difficult. The coliform group of 

organisms is now used as an indicator of the presence of feces in
O'X

wastewater and hence pathogenic organisms" . Coliform organisms are the 

countless rod-shaped bacteria present in the intestinal tract of man. Each 

person discharges 100 to 400 billion coliform organisms per day.

1.6. Water consumption and wastewater generation in rubber 
processing units

Quantity of water consumed and the wastewater generated depend upon the 

processing of NR. Processing of NR requires large quantity of water for 

various purposes such as dilution of latex, cleaning of utensils and 

machinery used, floor and bowl washings, cooling etc. In the latex



processing unit wastewater generated is higher than the water consumed 

due to the generation of serum during coagulation whereas in the field 

coagulum they are almost same""*. In a centrifuging unit the effluent 

generated depends on the processing capacity of the unit. The average 

quantity of effluent generated by each centrifuging machine is around 

12,600 litres per day.

1.7. Characteristics of effluents from natural rubber processing units

An understanding of the characteristics of various types of effluent is 

necessary for developing proper environmental management practices in 

rubber processing units.

Table 1.3. Characteristics of effluents from natural inbber processing units

Type of 
units

Parameters

pH COD BOD TS DS
Total

Kjeldahl
nitrogen

Amm.
nitrogen

Latex
centrifuging

(Composite)

3.2-
4.2

3800-

10200

2500-

5200

6050-

26500

4500-

23000

1150-

3950
900-
3850

Technically
specified
rubber

6.5-
7.1

850-
4850

400-
2450

800-

5000

500-

3200
50-250 20-230

Pale latex 
crepe units

5.5-
6.3

3000-
7000

1800-
2800

1900-
3500

1810-
2800 10-30 8-25

Ribbed
smoke
sheets

4.9-
5.0

4590-
8080

2030-
4080

3600-
4150

3550-
4020 18- 30 10-15

(All values arc expressed in mg/L except pH)



Table 1.4. Characteristics of effluents from individual sections of latex 
centrifuging units

Sections in Latex 
centrifuging units

Parameters

pH COD BOD TS DS
Total Kjeldahl 

nitrogen
Amm.

nitrogen

Bowl washings + 
Floor washings

6.7- 500-
12850

300-
3400

500-
10500

250-
5000 100-600 60-400

Skim serum 3.6-
4.7

27000-
38800

10500-
23280

59000-
70000

56000-
68000 7000-11000 2500-

5000

(All values are expressed in mg/L except pH)

Earlier studies carried out in India, Malaysia, Indonesia, Sri Lanka, 

Vietnam and Tiiailand on pollution from mbber processing factories 

accentuate the fact that effluent from RPUs ai-e highly polluting 

Table 1.3. shows the characteristics of effluent generated from different 

processing units and Table 1.4. shows the characteristics of effluent from 

different sections of latex centi'ifuging units^ ’̂ The presence of a

number of viable and indicative bacteria in the skim serum effluent makes it a 

highly oxygen absorbing liquid^ .̂ The bacterial population is comparatively 

low in the effluent from centrifuging latex unit due to the Wgh acidity of the 

effluent^ .̂ The ammoniation of field latex and acid coagulation of skim latex 

during the processing of latex concentrate contribute to the high pollution 

load^ .̂ The skim seaim effluent contains high concentration of proteins, 

carbohydrates, carotenoids, sugars, lipids, inorganic and organic salts^ ’̂ 

These substances form excellent substrates for the proliferation of 

microorganisms which in turn leads to high BOD and objectionable odour^ ’̂'*°. 

Natural rubber serum contains micro and macronutrients and therefore could 

be used as a fertilizer for young plants and as a feed supplement for micro­



organisms, fish and animals^^’"̂ ''̂ .̂ It can also be used for deriving 

pharmaceutical-grade quebrachitol'^ .̂

The acidic nature of the effluent is attributed to the use of formic, 

acetic, phosphoric or sulphuric acid in the process line. The high biochemical 

oxygen demand (BOD) and chemical oxygen demand (COD) of the latex 

concentrate and ribbed sheet factory eflluent indicate that the total solids in the 

effluents are mainly of organic origin with high oxygen demand for their 

oxidation. The high ammoniacal and total nitrogen of latex concentrate 

effluent is due to the use of substantial quantity of ammonia in the preservation 

of latex. Hence, the two potential pollutants in rubber effluent ai'e organic 

carbon and ammoniacal nitrogen. The characteristics of individual sections of 

effluent from latex centrifuging units show that skim serum effluent from the 

coagulation secdon has the highest pollution load.

1.8. Impact of effluent discharge on water bodies

In Kerala there are 41 rivers flowing towards west. Most of them originate in 

the Westem Ghats and fall into the Arabian Sea. Besides, there are 3 rivers 

originating in Kerala, which flow towards east thimigh the states of Karnataka 

and Tamil Nadu. In addition, Kerala is rich with 29 fresh water resei'voirs and 

lakes. The entire state is divided into 32 river basins with reference to the 

catchment area of the major rivers .̂ Most of the RPUs in the country is in 

Kerala and Kottayam district alone accounts for high concentration of these 

units. The factors which contribute to the regional concentration of RPUs are 

the availability of raw material and water for processing. The pollution load of 

the effluent from RPUs varies depending upon the type, size and quantity of 

water used in the factory operation.



Fig.1.5. Clusters of RPUs in Kottayam district47



The clusters o f RPUs in Kottayani district shows (Fig. 1.5) that there is a wide 

net work o f streams near to the RPUs'^  ̂ Most of the RPUs are established in 

river basins and some o f them are on the banks o f the major rivers. These units 

discharge treated as well as untreated effluents directly or indirectly into the 

water bodies or open land ’̂ The pollution o f water bodies and landmass is a 

very serious problem facing Kerala today. The discharge of raw effluent into 

the environment, if  goes on unchecked, will adversely affect the quality o f the 

receiving water bodies. If the untreated effluents from rubber latex 

centrifuging units are discharged into any stream or river, it will deplete the 

dissolved oxygen concentration o f the water body due to the high organic 

content, thus affecting the survival o f aquatic life. The acidic nature o f the 

effluent also may affect the growth o f fish and other aquatic life. The presence 

o f ammonia, nitrogen, and phosphate in the effluent leads to a phenomenon 

called 'eutrophication' which supports the unchecked growth o f aquatic weeds 

and algae causing annihilation o f aquatic animal life'’̂ . The foul smell and dirty 

appearance of the polluted water is unhealthy even for bathing. The menace of 

water-borne diseases and epidemics still looms large on the populace of 

developing countries like India.

Effective control and corrective measures, by adopting appropriate 

treatment methods, are to be taken on a war footing to reduce the impact o f the 

pollution load on the environment, lest the long term damages to the 

environment and living organisms in this part o f the countiy will be beyond 

any stretch o f imagination. The destiny of Kerala, the 'Gods Own Country’, 

may not be so promising unless people and authorities take cognisance o f the 

severity o f the hazards o f pollution and enforce effective control and 

regulatory measures.



1.9. Existing treatment practices

Based on pollution potential, industries ai'e categorized into red/orange/green. 

Among the aibber processing units, latex centrifuging /creaming units come 

under red category. Crepe, cnimb and RSS units belong to the orange 

category. Environment (Protection) Rules"̂  ̂ has prescribed standards for the 

discharge of effluents from natural rubber industiy. Statutory standards are 

fixed for the discharge of effluents into inland surface waters and on land for 

irrigation. The standards and guidelines given by the Kerala State Pollution 

Control Board'"̂  ai’e presented in the Table 1.5.

The earlier practice was to discharge the effluents indiscriminately to 

the surroundings without treatment. Some of these units have provided nibber 

traps to detain nibber particles and one or two settling tanks before discharging 

the effluent to public waterways^. Some factories dischai'ge the effluent into 

their own estates where it is allowed to percolate in the soil or used for 

irrigation puiposes. The growing environmental awareness among people and 

the inti’oduction of various environmental legislations have forced the mbber 

processing units in India, mostly situated in the South Indian states of Kerala, 

Tamil Nadu and Karnataka, to adopt suitable effluent treatment systems.



Table 1.5. The standards given by the Kerala State Pollution Control Board

Standards

Parameters

Inland
surface
waters

On land for 
irrigation

Inland
surface
waters

On land for 
irrigation

Centrifuging and Creaming 
Units

Crepe and Crumb units

pH 6 to 8 6 to 8 6 to 8 6 to 8

BOD 50 100 30 100

COD 250 250

Oil and grease 10 20 10 20

Total Kjeldahl 
nitrogen

100 jlj jlj j>; 50

Ammoniacal
nitrogen

50 25

Sulphides 2 2

Total D issolved 
Solids (TDS)

2100 2100

Suspended Solid 
(SS)

100 200 100 200

(A ll values except pH  are expressed in m g/L)

** N ot prescribed in case the effluent is used for rubber plantations o f  their own 

*** N ot specified

The early investigations carried out by the Rubber Research 

Institute o f Malaysia (RRIM) suggested trickling filter method, aeration 

systems and sequencing batch reactor method, oxidation ditch method, 

biological oxidation using rotating biodisc, algaf pond method, anaerobic 

reactor and anaerobic-facultative ponding system for the treatment of 

effluent from rubber processing u n i t s ' " A l l  these systems are 

found suitable for the rubber processing factory effluents under Malaysian



conditions Isâ  ̂ used a high rate anaerobic reactor to treat diluted 

sulphate-rich serum and found that the digestion process was inhibited.

In India, Kumaran et al ‘̂ investigated flocculation followed by 

oxidation, Doraisamy^^ applied upflow anaerobic sludge blanket (UASB) 

and upflow anaerobic hybrid reactor (UAHR) methods for mbber latex 

processing wastewater and Mathew et al used anaerobic immobilised 

growth digester for treatment of RSS effluent and biological treatment for 

cmmb mbber effluent^" ’̂̂ .̂ Investigations had been made in the treatment of 

composite effluents from centrifuge latex concentrate units using 

coagulation and laboratoiy scale anaerobic treatment methods, and UV 

radiation treatment methods'^’

1.10. Objectives and scope of the work

Among the rubber processing units, centrifuge latex concentrate units 

produce acidified skim serum effluent, which causes deleterious effects on 

environment. Treatment of the skim seiiim is a difficult task, since it is 

highly acidic and contains large amount of sulphate Very few studies 

have been conducted on the treatment of acidified skim serum effluent and 

most of the treatment systems were developed under Malaysian conditions. 

However, a detailed systematic study on the efficiency of different 

treatment systems for the natural inbber serum effluent under Indian 

conditions is not available^®. Hence, there is an urgent need for carrying out 

detailed and systematic studies on highly polluted skim serum effluent to 

develop an eco-friendly and cost effective treatment scheme.

The present study was initiated to develop a treatment system 

consisting of physico-chemical, electrochemical, biological and radiation



methods for the effective treatment of acidified skim serum effluent from 

natural rubber centrifuging units. The treatment methods evaluated were a 

combination of different methods which have been successfully applied for 

sewage and effluents from other industries like, pulp and paper mills, 

slaughterhouses, pharmaceutical units, citric acid units, distilleries, 

tanneries, textiles, dye industry, sugar industry, food processing, etc.

The endeavour of this project is to employ these methods for the 

complete and systematic treatment of skim serum effluent from latex 

centrifuging units.

The objectives of the study are as follows;

1. Characterisation of skim semm effluent from latex centrifuging units.

2. Evaluation of metal coagulants in treating skim serum effluent from 

latex centrifuging units.

3. Evaluation of the effectiveness of natural and synthetic 

polyelectrolytes as coagulant and coagulant aid.

4. The performance evaluation of an upflow anaerobic sludge blanket 

reactor for the treatment of skim serum effluent.

5. Studies on the influence o f trace metals in anaerobic treatment of 

semm effluent.

6 . Investigations on the effectiveness of electrochemical technique for 

the treatment of raw and anaerobically treated serum effluent.

7. Evaluation of adsorption efficiency of activated carbon and carbon 

black in purifying electrochemically treated semm effluent.



8 . Evaluation of adsorption efficiency of clay and nano clays in 

purifying electrochemically treated serum effluent.

9. Investigations on the effect of gamma radiation in treating raw and 

anaerobically treated serum effluent.

10. To evolve a treatment system for skim seaim effluent using a 

combination of different methods namely coagulation, anaerobic 

treatment using UASB reactor, electrochemical /gamma radiation 

and purification by adsorption.

1.11. Organisation of the thesis

The thesis is divided into eight chapters.

In Chapter 1, a general introduction on natural aibber and its 

composition, an overview of the various methods of natural rubber 

processing and sources of effluent generation are presented. The physical, 

chemical and biological characteristics of effluent have been discussed in 

brief. The impact of effluent discharge on receiving waters and the present 

treatment practices in natural rubber processing units have been described. 

The scope and objectives of the present work are defined in this chapter.

In Chapter 2, the methods for characterisation of acidified skim 

serum effluent from latex centrifuging units are described.

Chapter 3 is divided into two parts: Part A and Part B. Part A 

delineates the results of coagulation studies using five metal coagulants. 

The coagulants used are potash alum, ferric alum, aluminium sulphate, 

aluminium chloride, and ferrous sulphate. The efficiency of metal 

coagulants was evaluated in terms of the removal of turbidity, COD, total 

Kjeldahl nitrogen, ammoniacal nitrogen and phosphate.



Part B explains the results of coagulation studies using three natural 

polyelectrolytes and two synthetic polyelectrolytes. The natural 

polyelectrolytes used are drum stick seed powder, goose-berry powder and 

tamarind seed powder. The synthetic polyelectrolytes used for the study are 

polyacrylamide based cationic and polyamine based anionic 

polyelectrolytes. The effectiveness of the polyelectrolyte as primary 

coagulant and coagulant aid has been evaluated.

Chapter 4 is divided into two parts: Part A and Part B. Part A deals 

with the anaerobic treatment of skim serum effluent using an upflow 

anaerobic sludge blanket (UASB) reactor at various hydraulic retention 

times and different organic loadings. The effectiveness of the reactor has 

been evaluated in terms of the removal of COD, BOD, pH, volatile fatty 

acid, total solids, dissolved solids, volatile suspended solids, total Kjeldalil 

nitrogen, ammoniacal nitrogen, phosphate, and heavy metals. The 

formation of sulphide and biogas also has been assessed. Biochemical 

parameters like soluble proteins, amino acids, sugars and phenols have 

been applied to confirm the efficiency of the UASB reactor.

Part B deals with the effect of two different concentrations of trace 

metals like cobalt, nickel and molybdenum individually and in combination 

on the anaerobic treatment of skim serum effluent using batch type upflow 

anaerobic sludge blanket reactor. The influence of these trace metals was 

assessed in terms of variation in pH, sulphide, turbidity, COD, BOD, total 

Kjeldahl nitrogen and ammoniacal nitrogen.

The effect of anodic oxidation of raw and anaerobically treated skim 

serum effluent using different electrodes like aluminium, stainless steel, mild 

steel and cast iron is explained in Chapter 5. The efficacy of solar radiation



using photovoltaic cell as well as the presence of Fenton’s reagent in treating 

the effluents has also been explained. The effects of operating factors such as 

supporting electrolyte, solar radiation, direct current, pH, pollutant 

concentration of the effluent, duration of electrolysis, and presence of chemical 

oxidant on the removal of COD, BOD, total Kjeldahl nitrogen (TKN), 

ammoniacal nitrogen (AN), turbidity, sulphides and phosphates were 

investigated. The influence of these factors on the biochemical constituents 

and population o f total bacteria was also studied.

Chapter 6 describes the results of the study carried out to purify 

anaerobically and electrolytically treated skim semm effluent using 

different adsorbents. Adsorbents like commercial activated carbon and 

activated carbon prepared from different natural sources like rice husk, 

coconut shell, sawdust, furnace carbon black and silica based adsorbents 

like clays and nanoclays (bentonite and montmorillonite) were used. The 

effectiveness of treatment was evaluated in terms of the removal of COD, 

BOD, TKN, AN, and phosphate along with the biochemical and 

microbiological parameters.

Chapter 7 gives an account of the investigations using gamma radiation for 

the treatment of raw and anaerobically treated skim seixim effluent at 

various pH, radiation dose and concentrations of Fenton’s reagent. The 

treatment efficiency was evaluated in terms of effective organic 

contaminant decomposition as indicated by the measurements of COD, 

BOD, turbidity, total Kjeldahl nitrogen (TKN), ammoniacal nitrogen (AN), 

total sohd (TS), dissolved solid (DS) and sulphide. The impact of these 

factors on the biochemical constituents like protein, free amino acids,



phenol, total sugar, reducing and non-reducing sugars and population of 

total bacteria were also studied.

Finally the Chapter 8 summarises the results and conclusions of the 

work done.
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CHAPTER 2

CHARACTERISATION OF 
SKIM SERUM EFFLUENT

Centrifuging involves separation of field latex into two fractions, one 

containing the concentrated latex of more than 60% of dry rubber and the other 

containing 4-6 % dry rubber, using a centrifuging machine. To recover the 

inbber from the skim latex containing ammonia, latex is coagulated using 98% 

sulphuric acid and the senim left out is drained off. This is known as skim 

serum effluent. It is collected in skim iiibber traps for recovery of rubber 

before going to wastewater treatment. Apart from the skim seaim, the water 

used for cleaning the latex storage tanks once a week, washing the barrels and 

floor and that for washing the bowls of the centrifuging machine twice in a 

shift form part of the effluent. The washings are collected in separate loibber 

trap for aibber recovery. The water requirement in centiifuging process is in 

the range of 4-6 litres per kg of di-y rubber as latex concentrate. Since the 

serum left out after coagulation of the skim latex is discharged, together with 

the water used in the processing, the quantity of effluent discharged is much 

higher than the quantity of water consumed for the processing'. The skim 

serum effluent contains significant amount of non-rubber particles like 

proteins, sugars, lipids, cai’otenoids and organic and inorganic salts originating 

from the latex and very little amount of uncoagulated latex .̂ These 

constituents are excellent substrates for the proliferation of micro organisms, 

which generate high BOD and obnoxious odour.



To develop an effective treatment scheme, it is necessary to have an 

exhaustive knowledge about the basics of physico-chemical, biochemical 

and bacteriological characteristics of the effluent. This chapter delineates 

the evaluation of the characteristics of skim serum effluent. The methods 

used for the characterisation are also included in this chapter.

2.2. Experimental

The samples used for the study and the methods followed for analyses are 

explained in the following section.

2.2. A. Sample collection

The skim seium effluent samples were collected from a centrifuge latex 

concentration unit in Kottayam district of Central Kerala. The sources of 

effluents from a centrifLiging unit are shown in Fig. 1.4

Ammoniated field latex containing 30 to 33% rubber is 

concentrated by centrifuging to 60% aibber and skim latex containing 4-6 

percent rubber. High speed centrifuges are used in this process. The 

concentrated latex is stored in drums and marketed. The skim latex, which 

contains about 0.8 per cent ammonia, is coagulated with 98% sulphuric 

acid to recover rubber. The skim serum produced after coagulation of 

rubber is stored in a separate trap. Samples of the senim were collected at 

periodical intervals for the study.

2.2.B. Physico-chemical parameters of the effluent

The physico-chemical characteristics of the effluent samples were analysed 

as per standard methods^ for the following parameters



1. pH

2. Turbidity

3. Chemical oxygen demand (COD)

4. Biochemical oxygen demand (BOD)

5. Sulphates

6 . Total solids

7. Total dissolved solids (TDS)

8 . Total suspended solids (TSS)

9. Total Kjeldahl nitrogen (TKN)

10. Ammoniacal nitrogen (AN)

11. Phosphate

12. Volatile fatty acids (VFA)

13. Sulphide

14. Nitrate

15. Free ammonia

16. Oil and grease

17. Chloride 

Procedure

Determination of chemical oxygen demand

The chemical oxygen demand (COD) is a measure of oxygen equivalent of 

that portion of organic matter in a sample that is susceptible to oxidation by



a strong chemical oxidant. Most types of organic matter are destroyed by 

boiling the mixture o f chromic acid and sulphuric acid. The sample was 

refluxed with a known amount of potassium dichromate and sulphuric acid 

along with silver sulphate as catalyst, and the excess dichromate was 

titrated with ferrous ammonium sulphate using ferroin indicator to get a 

sharp end point. The straight-chain compounds were oxidized more 

effectively when silver sulphate was used as catalyst. Mercuric sulphate 

was added to the samples before refluxing to mask chlorides. The amount 

of the organic matter, measured as oxygen equivalent, was proportional to 

the potassium dichromate consumed. A blank (with out sample) with 

distilled water and all other reagents was refluxed in the same manner. The 

result was calculated from the equation:-

V

where a = volume in mL of ferrous ammonium sulphate used for blank.

b = volume in mL of ferrous ammonium sulphate used for sample.

N = normality of ferrous ammonium sulphate, and

V = volume in mL of the sample taken for the test 

Determination of biochemical oxygen demand

The biochemical oxygen demand (BOD) determination is an empirical test 

in which standardised laboratory procedures are used to determine the 

relative oxygen requirements for polluted waters.

Amount of oxygen demand in the sample will depend on the degree 

of dilution. It provides a measure of the dissolved oxygen consumed by the 

aerobic microbiological oxidation of the sample under defined conditions



over a specific period. Normally BOD was determined by measuring the 

loss in dissolved oxygen of the sample by incubating it for five days at 

20°C and has been accepted as standard.

The dissolved oxygen oxidises the manganous hydroxide to 

manganic hydroxide, which in turn oxidises iodide to free iodine in the 

acid medium. The iodine thus liberated is determined by titrating with 

standard sodium thiosulphate using starch as indicator. BOD (5 days at

20°C) mg/L =
P

where Di = Initial dissolved oxygen content (mg/L)

D2 = Dissolved oxygen content after incubation, 

p = decimal fraction of the sample used 

Determination of total solids.

Total solids (TS) are the materials left in the vessel after evaporation of a 

sample and its subsequent drying in an oven at defined temperature. Total 

solids include non filterable solids and filterable solids.

A well mixed sample was evaporated in a weighed dish and dried to 

constant weight in an oven at 103°C to 105°C. The increase in weight over 

that of the empty dish represents the total solids.

Total solids (mg/L) = (^~B)xiOQO
V

where A = weight in mg of the residue and dish 

B = weight in mg of the dish, and

V = volume in mL of the sample taken for the test.



Determination of total dissolved solids

Total dissolved solids (TDS) is the material that passes through a standard 

glass fiber filter and remains after evaporation, and drying to constant 

weight at 103°C to lOŜ Ĉ.

A well mixed sample was filtered through a standard fiber filter and 

the filtrate was evaporated to dryness in a weighed dish to constant weight 

at 103°C to 105 ‘̂ C. The increase in dish weight represents the total 

dissolved solids.

. . .  . j (a - b )xioooDissolved solids (mg/L) = -̂--------
V

where A = weight in mg of dish with dried residue 

B = weight in mg of the dish, and

V = volum e in mL of sample taken for the test.

Determination of total suspended solids.

The total suspended solids (TSS) are the retained materials on a glass filter

after filtration of a well mixed sample. The well mixed sample was

filtered through a weighed standard glass fiber filter and the residue

retained on the filter was dried to a constant weight at 103°C to 105°C.

The increase in weight o f the filter represents the total suspended solids.

^  ̂  ̂ ( A - B ) x IOOOTotal suspended solids (mg/L) = -------- ----------
V

where A = weight in mg of the filter with dried residue

B = weight in mg of the filter, and

V = volume in mL of the sample taken for test.



Determination of sulphides
A known quantity of well mixed sample was titrated with an excess amount 

of acidified iodine solution and the amount of untreated iodine was
I

measured by titrating with a standard thiosulphate solution using starch 

indicator. A blank (without sample) with distilled water and all other 

reagents including same quantity of iodine is also to be conducted.

Sulphides (as H2S) (mg/L) =
V

where A = volume in mL of standard sodium thiosulphate for blank.

B = volume in mL of standard sodium thiosulphate for sample.

N = Normality of thiosulphate solution, and

V = volume in mL of the sample taken for test.

Determination of phosphates
In a dilute orthophosphate solution, ammonium molybdate reacted under 

acid conditions to form molybdophosphoric acid. In the presence of 

vanadium the vanadomolybdophosphoric acid yellow colour was formed. 

The intensity of the colour was proportional to the phosphate concentration 

in the solution. The developed colour was measured using 

spectrophotometer at 470 nm. A blank was conducted with distilled water 

and all the reagents.

The calibration curve was prepared using standard phosphate

solution. Phosphates (as P), (mg/L) _  (wxlOOO)
v

where w = weight in mg of phosphates (P) as read from the calibration 

curve, and

V = volume in mL of the sample taken for test.



Determination of total Kjeldahl nitrogen

The total kjeldahl nitrogen (TKN) is a measure o f organic nitrogen and 

ammonia.

In the presence of sulphuric acid, potassium sulphate and mercuric 

sulphate catalyst, amino nitrogen of many organic materials were converted 

to ammonium sulphate (NH4)2S0 4 - Free ammonia and ammonium-nitrogen 

also were converted to (NH4)2S0 4  . During digestion mercury ammonium 

complex was formed and then decomposed by sodium thiosulphate. After 

decomposition the ammonia was distilled from an alkaline medium and

absorbed in boric acid. The amount of ammonia was determined by

titrating with standai’d mineral acid using methyl red-methylene blue mixed 

indicator for a sharp end point. A blank (without sample) with all the 

reagents was also conducted.

Total Kjeldahl nitrogen (as N) mg/L = ( ^ - B ) x N ^ l_yOO
V

where A = volume in mL of the acid used for sample.

B = volume in mL of the acid used for blank,

N= normality of the acid, and

V = volume in mL of the sample taken for test

Determination of ammoniacal nitrogen
A well mixed sample was buffered at pH 9.5 with a borate buffer to 

decrease hydrolysis of cynates and organic nitrogen compounds and 

distilled into solution of boric acid. The ammonia in distilled water was 

measured by titrating with standard mineral acid using methyl red - 

methylene blue mixed indicator. A blank (without sample) was also 

conducted with all the reagents and distilled water



■ . • . „ ( A - B ) x N x 14000Ammoniacal nitrogen (as N), mg/L = -------- ------------------
V

where A= volume in mL of standard sulphuric acid used for sample.

B = volume in mL of standard sulphuric acid used for blank.

N = normality of the sulphuric acid, and

V = volume in mL of the sample taken for the test.

Determination of free ammonia
On heating the free ammonia was released and the same can be got 

absorbed in boric acid. It was measured by titrating with standard mineral 

acid using methyl red - methylene blue indicator.

• / xn /T (A -B )x N x 1 4 0 0 0  Free ammonia (as N), mg/L = --------------------------
V

where A= volume in mL of standard acid used for titration.

B = volume in mL of standard sulphuric acid used for blank.

N = normality of the acid, and

V = volume in mL of the sample taken for the test.

Determination of nitrate nitrogen
The effluent sample was treated with sodium salicylate in an acid medium, 

the mixture was made alkaline and the yellow colour obtained was 

measured using a spectrophotometer at 420 nm. A blank (without sample) 

with all the reagents and distilled water was also conducted.

A calibration curve is detemined with standard nitrate solution.

w
Nitrate nitrogen (as N) mg/L = —

V
w = weight in mg of nitrogen (as N) as read from the curve, and

V = volume in mL of the sample taken for test.



Turbidity was measured using digital Nephelo Turbidity Meter 

(Rangel-1000, No.24), pH was determined using digital pH meter 335- 

systronics and phosphate by using Geneys 20 spectrophotometer (Thermo 

Electron coi'poration, Thermospectronic).

Heavy metals were estimated using Atomic Absorption 

Spectrophotometer (AAS, Model-Avanta., GBC.) at Rubber Research Institute 

of India (RRII), Kottayam.

2.2. C. Biochemical analysis
(1) Estimation of soluble protein
Protein was estimated by Lowry’s method'^

In this method folin ciocalteus phenol reagent is reduced by the 

copper treated protein giving a blue colour. The colour yield of this reaction 

is considered to arise mainly from the tyrosine, tryptophan and phenyl 

alanine and to some extent from the sequence of certain amino acids 

bearing functional side group such as arginine, glutamic acid and histidine. 

The method is sensitive and there is negligible interference from non­

protein substance.

Reagents.

A; - 2% NazCOs in O.IN NaOH;

B; - 0.5% CUSO4 in 1% Rochelle salt (sodium potassium 

tartarate)

C;- Alkaline copper reagent was prepared on the day of use 

by mixing 50 mL A + ImL B

D;- Folins’ reagent; - 1 : 2  diluted



E:- 10 % Trichloro acetic acid (TCA)

BSA; Albumin standard- 10 mg Bovine serum albumin in 20 mL 

ofO .lN . NaOH

Procedure: 0.2, 0.5 mL aliquots were taken from the sample. An equal 

volume of 10% TCA was added and kept over night in refrigerator. The 

tubes were centrifuged at 5000 rpm for 30 minutes, decanted and the 

precipitate was dissolved in 1 mL of 0.1 N NaOH. 5 mL of reagent C was 

added to the above solution and kept for 10 minutes. Then 0.5 mL diluted 

Folins’ reagent was added, and the optical density was measured at 660 

nm in a UV spectrophotometer after keeping it for 30 minutes. A blank 

containing ImL of O.IN NaOH, 5mL of reagent C and 0.5 mL diluted 

Folins’ reagent was also prepared along with the sample. BSA was used 

as standard.

(2) Estimation of total sugars

This method was suggested by Scott and Melvin^

Reagents:

1. 0.1 g Anthrone was dissolved in a mixture of 29 mL water and 100 

mL concentrated H2SO4 under ice cold conditions and kept in ice 

bath.

2. Sucrose (standard)

Procedure: To 0.1 mL sample, 0.4 mL 2.5% TCA was added and kept the 

tubes in ice bath and then added 3 mL cold anthrone reagent. Standards 

were also treated in the same way. It was heated in boiling water bath for



15 to 20 minutes and cooled in an ice bath. The absorbance was measured 

at 627 nm in a UV spectrophotometer. Sucrose was used as standard.

(3) Estimation of reducing sugars

Reducing sugar was estimated according to the procedure suggested by 

Nelson^

Reagents;

Alkaline copper reagent; - copper reagent A and B in the ratio 25; 1 by volume

Copper reagent A: - 25 g Na2 C0 3 , 25 g sodium potassium taitarate, 20 g 

NaHCOs and 200 g Na2 S 0 4  were accurately weighed and dissolved in 800 mL 

water and made up the volume to 1000 mL.

Copper reagent B: - 15% CUSO4  in water containing 1 or 2 drops of conc. 

H2SO4. Copper reagent was prepared on the day of use by mixing reagent A 

and reagent B in the proportion 25:1 by volume

Arsinomolybdate: - 25 g ammonium molybdate in 450 mL water was 

prepared. Added 21 mL conc.H2 S0 4  and mixed well. Added 3 g sodium 

arsenate dissolved in 25 mL water and added to the above solution. The 

solution was mixed well, filtered and kept at 37°C. Glucose was used as 

standard.

Procedure:- Pipetted out 0.5 mL aliquot into a test tube and evaporated it 

completely. 0.5mL distilled water and ImL cupper reagent (freshly prepai'ed

25 mL A and ImL B) were added to this and heated on boiling water bath for

20 minutes. It was cooled and added ImL arsenomolybdate and kept for 15 

minutes to develop colour and then made up the volume to 12.5 mL. Optical 

density was measured at 520 nm in a UV spectrophotometer. A blank with



ImL of distilled water and all the reagents were also prepared along with the 

sample. Concentration of non reducing sugar was estimated from the 

difference between total sugar and reducing sugar.

(4) Estimation of amino acids

Amino acids were estimated according the procedure described by Moore 

and Stein^

Ninhydrine method:- When amino acids ai'e heated with ninhydrine, 

they are quantitatively deammoniated and a blue colour appears. The blue 

coloured substance (Ruheman’s purple) is formed by the reaction of some 

of the ninhydrine with its reduction product hydrin and ammonia. Optical 

density was measured at 570 nm in a UV spectrophotometer. Leucine was 

taken as the standard.

Reagents

1. 0.2 g of reagent grade SnCl2 -2 H2 0  was dissolved in 125 mL citrate 

buffer. Added this solution to 5 g of ninhydrine dissolved in 125 mL 

of methyl cellosolve.

2. 0.2 M. citrate buffer - pH 5. 10.507 g of reagent grade citric acid 

monohydrate was dissolved in 100 mL of IN NaOH and diluted to 

250 mL.

3. Diluent solvent. It was prepared by mixing equal volumes of water 

and reagent grade n-propanol.

Procedure: - Added 1 mL of ninhydrine reagent to 0.5 mL sample and 

standard solutions. Mixed well and heated for 20 minutes in boiling water 

bath. 5 mL of diluent was added to each tubes and the content were mixed 

and optical density was measured at 570 nm after 15 minutes. A blank was



also prepared along with the sample. The colour is stable for at least one 

hour.

(5) Estimation of phenol

Phenol was estimated according the procedure described by Swain and 

Hills*

Reagents: IN Folins’ reagent and saturated Na2 C0 3 .

Procedure: - To 0.5 mL sample 0.5 mL distilled water was added to make 

the volume to 1 mL. To this solution 0.5 mL IN Folins’ reagent and 1 mL 

saturated Na2 C0 3  were added, made the volume to 5 mL with distilled 

water. The mixture was incubated for 1 hour and optical density was 

measured at 725 nm in a UV spectrophotometer. A blank was also prepared 

along with the sample. Catechol was used as standard.

The Spectrophotometer used for measuring optical density is UV-visible  

Recording spectrophotometer, UV-240.

(6) Total lipids

Total lipids were extracted according the procedure described by Bligh and 

Dyer^. 100 mL of the effluent sample was concentrated by evaporation on a 

water bath at 100°C. To this 25 mL of methanol was added and kept over 

night. Then 50 mL of chloroform was added and shaken well. It was then 

filtered to a stoppered conical flask and washed with chloroform and 

methanol (2:1, 2 mL each) at least three times. To the filtrate distilled water 

was added (2 0 % of total volume) and allowed to stand overnight at 4°C for 

phase separation. The aqueous layer was removed with the help o f a 

Pasteur pipette. Bottom layer was evaporated to reduce the volume, 

transferred it to a previously weighed beaker using 5mL of solvent and



evaporated to dryness. The beaker was kept in a vacuum dessicator over 

KOH until constant weight was obtained. The difference between the two 

weights was taken as the weight of total lipids present. The process was 

duplicated.

2.2. D. Microbiological analysis

The population of total bacteria in the raw effluent was enumerated using 

appropriate media. The standard serial dilution plate technique of Pramer 

and Schmidt'” was employed for the enumeration of microbiological 

population. The sample of wastewater to be tested was diluted serially. A 

small amount of each dilution (ImL) was then mixed with warm agar liquid 

culture medium poured into a culture dish, allowed to solidify, and 

incubated under controlled conditions. The separate distinct bacterial 

colonies formed on the plates after incubation was counted, and the results 

reported as colony-forming units (cfu) per unit volume of the sample. The 

total number of bacteria was determined using appropriate dilutions".

The medium was prepared as follows:- peptone - 5 g, glucose - 5g, 

NaCl - 5g, beef extract - 3g, agar - 15g, water - 1 litre, pH - 6 .8 . All these 

compounds were accurately weighed-and dissolved in one litre of water. It 

was then transfen-ed to (250 mL each) 4 conical flasks, corked and kept in 

autoclave for 1  hour.

2.3. Results and discussion

2.3. A. Physico-chemical characteristics

Table 2.1 shows the values of physico-chemical characteristics of skim 

senim effluent collected at various intervals of time and their average 

values. It is apparent from Table 2.1 that the values in most cases vary 

widely. The average of these values is shown in column (8 ).



Table 2.1 Physico-chemical characteristics of skim serum effluent from 
latex centrifuging units

No Param eters Effluent 1 Effluent 2 Effluent 3 Effluent 4 E fnuent 5 Average values

(1) (2) (3) (4) (5) (6) (7) (8)

1 pH 3.8 4.15 4.3 4.7 3.6 4.11

2 Turbidity (NTU) 140 170 160 153 157 156

3 COD 27500 37216 27000 27500 38800 31603

4 BOD 10500 22500 14000 13500 23280 16756

5 Sulphates 16500 17000 17000 16000 17000 16700

6 TS 69000 70000 59000 59000 60000 63400

7 TDS 67500 65000 56000 56000 58100 60600

8 TSS 1500 5000 3000 3000 1900 2800

9 VSS 1470 4170 2950 2965 1770 2745

10 TKN 7000 11000 7000 8000 7000 8000

11 AN 2500 5000 2500 4500 5000 3900

12 Phosphate 1400 1500 3000 4000 2900 2560

13. VFA 1300 1500 1600 2000 1200 1520

)4. Sulphide 20.00 31.00 25.00 25.00 14.00 23

15 Nitrate Trace Trace Trace Trace Trace Trace

16 Oil and Grease 5.5 19.5 17.5 Trace 24 16.625

17 Chloride 55.5 56 69 60 Trace 60.125

(All values expect pH and turbidity are expressed in mg/L)



The general trend observed for various physico-chemical 

parameters of skim serum effluent are discussed below.

(a) pH

The pH values of skim serum effluent varied between 3.6 and 4.7 with an 

average value of 4.11. This shows that serum effluent is highly acidic and 

the high acidity of the effluent can be attributed to the use of sulphuric acid 

for the coagulation of skim latex.

(b) Organic matter

Organic compounds are normally made up o f a combination of carbon, 

hydrogen, oxygen and nitrogen. COD is used to measure the oxygen 

equivalent of the organic material in wastewater that can be oxidised 

chemically using dichromate in acid solution. BOD determination involves 

the measurement of dissolved oxygen used by microorganisms in the 

biochemical oxidation of organic matter.

The organic matter in serum effluent was estimated in terms of 

COD and BOD. The COD and BOD values of serum effluent were in the 

range of 27000-38800 mg/L and 10500-23280 mg/L respectively. The 

average values of COD and BOD were 31603 and 16756 respectively. 

These figures indicated the presence of high concentration of organic 

compounds in the seaim effluent. The high pollutant effect of seaim  

effluent was mainly due to its high organic nature. The relationship 

between BOD and COD is shown in the Table 2.2. Typical values for the 

ratio BOD/COD for untreated municipal wastewater are in the range from

0.3 to 0.8. If the BOD/COD ratio for untreated wastewater is 0.5 or greater, 

the waste is considered to be easily treatable by biological process. If the



ratio is below 0.3 the waste may have some toxic components in it and 

acclimated microorganism may be required for its stabilization. For the 

final effluent the ratio should be 0 . 1  to 0.3**.

Table 2.2. Relationship between BOD and COD

Sample No.

BOD/COD 0.38 0.49 0.51 0.6 0.6

Average value

0.516

The average value of BOD/COD ratio of the seram effluent is

0.516 which shows that major pollutant is organic in nature and could be 

removed by biological methods.

(c) Solids

The solid content of the wastewater is expressed in terms of turbidity, total 

solids, dissolved solids, total suspended solids and volatile suspended 

solids.

Measurement of turbidity is based on the comparison of the 

intensity of light scattered by a sample to the light scattered by a reference 

suspension under the same conditions. The results of turbidity are reported 

as nephelometric turbidity (NTU) **. The turbidity values of the seaim  

effluent varied between 140 and 170 NTU with an average value of 156 

NTU. The turbidity value shows that serum effluent does not contain too 

much colloidal or residual suspended matter.

TS is obtained by evaporating a sample of wastewater to dryness at 

100-105°C and measuring the mass of residue. Serum effluent contains 

59000-70000 mg/L o f TS with an average value o f 63400 mg/L. TDS by 

definition, is the solids contained in the filtrate that passes through a filter



with a nominal pore size of 2.0 |xm or less^. The TDS content in serum 

effluent was in the range of 56000-68000 mg/L having an average value of 

60600 mg/L. This shows that the serum effluent from the latex 

concentration unit contains high concentration of dissolved solids and the 

major fraction of total solids are in the dissolved form which may vary 

from 92.8 to 98.5 per cent of the total solids showing an average value of

95.5 percent. The high concentration of TDS indicates the presence of high 

amount of organic matter in the wastewater^. TSS is the portion of TS 

retained on a filter with a specified pore size, measured after drying at a 

specified temperature of 105°C. It is somewhat arbitrary because it depends 

on the pore size of the filter paper used for the test. TSS of seaim effluent 

was in the range of 1500-5000 mg/L and the average value was 2880 mg/L. 

Volatile suspended solids (VSS) are those solids that can be volatilized and 

burnt off when the TSS are ignited at 500 to 550°C and are considered as 

organic matter. VSS of serum effluent was in the range of 1470-4170 mg/L 

and the average value was 2745 mg/L. The major fraction of total 

suspended solid is considered as organic matter since 95.3 %  of total 

suspended solid is volatile in nature.

(d) Nitrogen

TKN content of serum effluent varied between 7000 mg/L and 11000 

mg/L with an average value of 8000 mg/L whereas the AN content varied 

between 2500 and 5000 mg/L with an average value o f 3900 mg/L. At pH 

levels below 7, ammonium ion is the predominant species whereas at pH 

above 7, the predominant species is free ammonia. Therefore, ammonia is 

determined by raising the pH and distilling off the ammonia into a solution 

of boric acid and estimated titrimetrically with standard sulphuric acid.



The TKN includes ammonia and organic nitrogen but does not 

include nitrite and nitrate nitrogen. Hence, the TKN content monitored in 

the samples include the ammoniacal nitrogen and organic nitrogen present 

in the proteinaceous matter which is a constituent of natural rubber latex. 

The presence of ammoniacal nitrogen in the effluent is attributed to the 

fact that the field latex is preserved with ammonia to prevent coagulation 

and microbial action. From Table 2.1, it is evident that the ammoniacal 

nitrogen content of the effluents from the skim senim section is very high. 

The skim which is coagulated with sulphuric acid contains about 0.8 per 

cent ammonia and this should be the reason for the higher ammoniacal 

nitrogen content in the skim serum effluent.

(e) Phosphates

The usual forms of phosphates that are found in aqueous solutions include 

orthophosphate, polyphosphate and organic phosphates. Phospholipids in 

the original latex get hydrolysed into phosphates. Dihydrogen 

orthophosphate is also added during processing of inbber latex. The total 

concentration of phosphate in the semm effluent was in the range of 1400 

to 4000 mg/L and its average value was 2560 mg/L.

(f) Volatile fatty acids (VFA)

Concentration of VFA was in the range of 1200 to 2000 mg/L and the 

average value is 1520 mg/L. For soluble and easily degradable substrates, 

such as sugars and soluble starches, the acidogenic reactions can be much 

faster and may increase the volatile fatty acid and hydrogen concentrations 

and depress the pH“ .

(g) Sulphates and sulphides



The concentration of sulphate is very high since sulphuric acid is added to 

coagulate skim latex. Sulphur is also required in the synthesis of proteins 

and is released during their degradation. Sulphate content of serum varied 

between 16000-17000 mg/L and with an average value of 16700 mg/L. 

Sulphate is gradually converted to sulphides in anaerobic conditions which 

in turn combine with hydrogen to form hydrogen sulphide. Concentration 

of sulphide in the serum effluent was 14 to 31 mg/L and the average value 

was 23 mg/L.

(h) Oil and grease

Oil and grease includes fats, oils, waxes and other allied constituents. It 

was estimated by extracting with petroleum ether. The concentration of oil 

and grease in serum effluent ranges from trace amount to 24 mg/L. The 

average value was 16.625 mg/L.

(i) Nitrate and chloride

Concentration level of nitrate was not significant enough to detect. 

Chloride concentration in the senim effluent varied between trace to 69 

mg/L and the average value was 60.125 mg/L. Very small amount of 

chlorine is associated with natural mbber latex and the rest may originate 

during processing.

2.3.B. Metallic constituents

Many metals in trace quantities are necessary for the growth of biological 

life and the absence of sufficient quantities of these could limit biological 

growth. But higher concentration of these will lead to toxicity"’ The 

concentration of metals is high in the effluent compared to the original 

s e r u m H i g h  concentration of these metals may come from the processing



of rubber latex since preservatives like TMTD-zinc oxide (Tetramethyl 

thiuram disulphide) are added in addition to ammonia. Serum effluent 

contained 7.099 ppm of iron, 0.025 ppm copper, 204.5 ppm zinc, 0.037 

ppm manganese, 3.44 ppm calcium and 1.61 ppm magnesium (Table 2.3) 

when analysed using atomic absorption spectrophotometer (AAS).

Table 2.3 Concentrations of metal ions estimated using AAS

Element

Fe

Cu

Zn

Mn

Ca

Mg

Concentration in ppm

7.099

0.025

204.500

0.037

3.440

1.610

2.3. C. Biochemical constituents

Biochemical analysis of seaim effluent showed the presence 865 mg/L of 

proteins (soluble), 589 mg/L phenol, 1250 mg/L total sugars, 1095 mg/L 

reducing sugar, 155 mg/L non-reducing sugar, 15952 mg/L free amino acid 

and 540 mg/L lipids (Table 2.4). The high concentration of proteins, sugars 

and amino acids contributes to the pollutant effect.

Table 2.4 Biochemical constituents of serum effluent

Parameters Concentration in mg/L



Soluble protein 865

Phenol 586

Total sugar 1250

Reducing sugar 1095

Non-reducing sugar 155

Free amino acid 15952

Lipids 540

2.3.D. Bacteriological properties

The total viable bacterial population present in skim serum effluent was 

determined by pour and spread plate method. This method was used to 

culture, identify, and enumerate bacteria". The colony forming units per 

unit volume (cfu/mL) of the sample is 22 x lO'̂ . The high acidity of the 

effluent from latex concentrate units adversely affects growth of bacteria 

and hence the bacterial population is comparatively low ‘ .̂

2.4. Conclusion

>  The skim serum effluent discharged from a latex centrifuging unit 

is strongly acidic in nature. The average pH value of the effluent is 

4.11. The high acidity is due to the use of sulphuric acid in skim 

latex coagulation.

^  The average values of COD and BOD are 31603 mg/L and 16756 

mg/L respectively. The average value of .BOD/COD ratio is 0.516 

which shows that the major pollutant in the serum effluent from



latex centrifuging unit is organic in nature which could be removed 

by biological methods.

>  The turbidity values of the seaim effluent (average value of 156 

NTU) shows that semm effluent does not contain too much colloidal 

or residual suspended matter. The average value of TDS content in 

serum effluent is 60600 mg/L showing that the serum effluent from 

latex concentration unit contain high amount of dissolved solids. A 

major fraction of total solids is present in the dissolved form 

showing an average value of 95.5 per cent o f total solids.

>  The average value of TKN content of seaim effluent is 8000 mg/L 

whereas the AN content is 3900 mg/L. The TKN includes ammonia 

and organic nitrogen.

>  Phosphates, VFA, sulphates and sulphides, oil and grease, nitrate

and chloride were also estimated. The concentration of sulphates is

very high (16700 mg/L) since sulphuric acid is added to coagulate 

skim latex.

>  Metallic constituents of serum effluent were also estimated using 

AAS. It contains 7.099 ppm of iron, 0.025 ppm copper, 204.5 ppm 

zinc, 0.037 ppm manganese, 3.44 ppm calcium and 1.61 ppm 

magnesium.

>  Biochemical analysis of serum effluent shows the presence

865mg/L of soluble protein, 586 mg/L phenol, 1250 mg/L total 

sugar, 1095 mg/L reducing sugar, 155 mg/L non-reducing sugar, 

15952 mg/L free amino acid and 540 mg/L lipids. High



concentration of proteins, sugars and amino acids contributes to its 

pollutant load.

>  The colony forming bacterial units per unit volume (cfu/mL) of the

sample is 22 x 10“̂. The high acidity o f the effluent from latex 

concentrate units adversely affects the growth of bacteria and hence 

the bacterial population is comparatively low.
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CHAPTERS 

TREATMENT USING COAGULANTS

PART A:
METAL COAGULANTS

3. A. 1 Introduction

A viable pre-treatment technology for reducing the pollution problems is the 

physico-chemical treatment using conventional coagulants and this has been 

successfully applied to various wastewaters. This process transforms the 

dissolved contaminants into an insoluble solid, facilitating the contaminants’ 

subsequent removal from the hquid phase by sedimentation or filtration. This 

process usually uses pH adjustment, addition of a chemical precipitant and 

flocculation. Precipitation, coagulation/flocculation and sedimentation are 

consecutive treatments to the same stream in wastewater treatment process. 

Precipitation removes a substance in solution and transforms it into a second 

phase, often in the form of solid particles that may be small or even colloidal. 

Coagulation transforms small suspended pailicles into larger suspended 

particles so that they can be more easily removed. Sedimentation removes the 

suspended particles from the hquid *.

When paiticles in the liquid suspension are in the low or sub-micron 

range they either remain in suspension or settle too slowly for subsequent 

filtration. Unless individual primary particles are aggregated into larger units 

appreciable settlings cannot be observed .̂ Aggregation may result from one or 

more of the following mechanisms^, (a) Charge neutralization by double layer

(b) The bridging action by added materials of high molecular weight (c) 

Entrapment of smaller particles within a loose fibrous structure of a floe foniied.



In the precipitation process, chemical precipitants, coagulants and 

flocculants are used to increase particle size through aggregation. The 

precipitation process can generate very fine particles that are held in 

suspension by electrostatic surface charges. These charges cause clouds of 

counter-ions to form around the particles, giving rise to repulsive forces that 

prevent aggregation and reduce the effectiveness of subsequent solid-liquid 

separation processes. Therefore, chemical coagulants are often added to 

overcome the repulsive forces of the particles. The three main types of 

coagulants are inorganic electrolytes (such as alum, lime, ferric chloride and 

ferrous sulphate), organic polymers, and synthetic polyelectrolytes with 

anionic or cationic functional groups. Coagulation is a process in which 

colloidal and suspended particles, organic matter impaiting turbidity and 

colour, and bacterial and algal cells are removed efficiently by a group of 

chemicals known as ‘coagulants’. Coagulation is the term used to describe the 

aggregation of very small particles, usually colloidal in size, often encountered 

in water and wastewater soUd-liquid separation process' .̂ Coagulation may be 

defined as the process in which chemicals are added to an aqueous system to 

create rapidly setthng aggregates out of colloidal matter present .̂ The addition 

of coagulants is followed by low-shear mixing in a flocculator to promote 

contact between particles that coalesce or flocculate, during sedimentation 

operation. As coalescence or flocculation occurs, the particles increase in mass 

and settle at a faster rate.

3. A. 2. Fundamentals of coagulation

(a) General

Colloidal dispersions in water consist of discrete particles held in suspension 

by their extremely small size ( 1 - 2 0 0  nm), state of hydration and surface



electrical charge. Surface charge develops most commonly through 

preferential adsorption, structural imperfections, ionization, and isomorphous 

replacement®. To settle easily, it is necessary to overcome the stability of 

colloidal dispersion through aggregation into larger particles. According to 

Stokes’ law, particles will settle far more quickly the heavier they are. Colloids 

can be divided into two:-hydrophilic and hydrophobic. Hydrophilic colloids 

are readily dispersed in water, and their stability depends upon a marked 

affinity for water rather than upon the slight negative charge that they possess. 

Hydrophobic colloids have no affinity for water and owe their stability to the 

electric charge they possess. Metal oxide colloids, most of which ai’e positively 

charged are examples of hydrophobic sols. A charge on the colloid is gained 

by adsorbing positive ions from the water solution’ . Electrostatic repulsion 

among the charged colloidal particles produces a stable sol.

A colloidal suspension is said to be stable when the dispersion shows little 

or no tendency to aggregate. The repulsive force of the charged double layer 

disperses particles and prevents aggregation, thus particles with high zeta potential 

produce a stable sol. Factors tending to destabilize a sol ai'e van der Waals’ forces 

of attraction and Brownian movement^, van der Waals’ forces are the molecular 

cohesive forces of attraction that increase in intensity as particles approach each 

other. These forces are negligible when the particles are slighdy separated but 

become dominant when they come in contact. Brownian movement has a 

destabilizing effect on a sol because aggregation may result.

Destabilization of hydrophobic colloids can be accomphshed by 

adding electrolytes to the solution. Counter ions of the electrolyte suppress the 

double layer charge of the colloids and lower the zeta potential permitting the 

particles to contact closely^. Upon meeting, van der Waals’ forces of attraction



become dominant and aggregation results. The most effective electrolytes are 

multivalent ions of opposite charge to that of the colloidal particles. As most of 

the counter ions in aqueous systems are positively charged, destabilization is 

done in practice by the use of aluminium and iron salts. Highly charged 

hydrolysis products of these metal salts reduce the repulsive forces between 

the colloids by compressing the double-layer charge, bringing in coagulation. 

Hydrolysed metal ions are also adsorbed on the colloids, creating bridges 

between the particles.

Colloids in domestic wastes or inorganic wastes are hydrophilic 

Their affinity for water arises from the presence of polar groups like 

-OH, -COOH, and -N H 4 on the particle surface. These groups are water 

soluble. Thus they acquire a sheath of water firmly around the particle. The 

primary charge on hydrophilic colloids arises from the ionization of the 

chemical groups present at the surface of the paiticles. Extent to which these 

surface groups ionize, determines the charge: and therefore, charge is pH 

dependent". Most of the particles in wastewaters are stabilized by negative 

charges. Therefore, salts of polyvalent cations such as Al"̂ ,̂ Fe”̂ ,̂ Fe'̂  ̂and Ca"̂  ̂

are used as coagulants in conformity with the Schulze Hardy rale’̂ .

(b) Hydrolysis of metal salts

When salts of metals of like aluminium or iron are added to water or 

wastewater, they hydrolyse into polyvalent cations Al"̂  ̂ and Fe"̂  ̂which reduce 

the zeta potential and facilitate coagulation. In the past it was thought that free 

Al"̂  ̂ and Fe'̂  ̂ were responsible for the effects obsei-ved during particle 

aggregation; however it is now known that their complex hydrolysis products 

are responsible'^’ A typical hypothetical model for Al"̂  ̂is shown below*^. A 

number of alternative formation sequences have also been proposed*’



OH'
[A1(H20)6] ------ ► [AI OH

OH'
(H20)5] ------ ►[A1(0H)2 (H20)4]

OH' o h :

i I A r 6(H2 0 )r5]^ '(a q )  or [A l sCHaO),^ (a q ),

OH'

[Al (0H )3(H 20)3] (s) 

OH'

[ A r ( 0 H ) 4 (H 2 0 ) 2 ] -

Before the reaction proceeds to a point where a negative ion is produced, 

polymerization as depicted in the following equation will usually take place'’ .

H
/Qs

(H 20 )4M e< ^  /M e (H 2 0 )4

H

4+



The complex compounds given above are known as coordination 

compounds, which are defined as a central metal ion attached to a group of 

surrounding molecules or ions by coordinate covalent bonds. The metal 

ions are called ligands, and the atoms attached directly to the metal ion are
1 S

called ligand donor atoms . A number of coordination compounds ai’e
1

also amphoteric in that they can exist both in acids and in strong bases . 

In acid solutions aluminium hydroxide forms and in basic solutions it 

forms A 1 (0 H)4 '

Amritharajan and Mills'^, Sturrum and Morgan'^, Stumm and 

O’Melia''^ provided a good overview of the subject. The metal ions such as 

Fe (III) and A1 (III) ai'e hydrolyzed in water and wastewater and present as 

aqua complexes. It was thought that numerous hydrolysis intermediates are 

formed prior to the precipitation of aluminium hydroxide or iron hydroxide 

like Al(OH)^", [Al8 (OH)2 o]- ,̂ [Al6(OH),5]•^^ AI,3(OH)34]-^, [Al7(0H)n]^", 

Fe(OH)^^, Fe(OH)2 '*', Fe(OH)3 . Some of these are monomeric and dimeric 

hydroxo-complexes and they have a dramatic role in the interaction of 

colloids. One or more o f the hydrolysis processes may be responsible for 

the coagulation action of metal salts. These hydrolysis reactions are 

sensitive to pH and hence pH may have to be adjusted"®. Laboratory 

analysis can be performed to find out the concentration of metal salt just 

sufficient to cause coagulation in solutions of various pH. These critical 

values can then be plotted as boundaries between stable and unstable zones, 

thus establishing domains o f stability^'. The coagulation region defines the 

conditions of pH and coagulant concentrations that produce rapid 

clarification. Turbidity removal in water treatment practice is accomplished 

by applying the coagulant dosage within the region where it is most



efficient. Several investigations have indicated that the most important 

parameters to be considered in coagulation are pH, concentration of 

metallic ions and electrolyte concentration

Stumm and O’ Melia‘'‘ have defined coagulation as a time-dependant 

process including the following reaction steps:

1. hydrolysis of multivalent metal ions and subsequent polymerization 

to multinuclear hydrolysis species;

2. adsoiption of hydrolysis species at the solid-solution interface to 

accomplish destabilization of the colloids;

3. aggregation of destabilized particles by interparticle bridging 

involving particle transport and chemical interactions;

4. aggregation of destabilized particles by particle transport and van 

der Waals’ forces;

5. “ageing” of floes, accompanied by chemical change in the stmcture 

of metal-OH-metal linkages, concurrent change in the floe 

sorbability and in the extent of hydration ; and

6. precipitation of metal hydroxide.

Some of these steps occur sequentially, some overlap (step 1 and 2), and 

several may occur concurrently under certain conditions (steps 3 and 4 or 

step 6 with steps 1-5).

Several studies have been reported on the use o f metal coagulants in 

the treatment of industrial wastewaters. In some cases sedimentation and 

precipitation are the only treatments to which the wastewater is subjected^'’. 

The study revealed that the coagulant demand depends on characteristics of



wastewater such as pH, solids content, phosphates etc. Loehr '̂  ̂reported that 

the reduction of BOD, COD and suspended solids of agricultural 

wastewaters is a function of the amount and types of chemical coagulant
rye

added, pH of the effluent and type of wastewater. Smith has shown that 

most of the suspended solids and part of the BOD are removed by the 

addition of alum or ferric chloride with or without polyelectrolyte. Weber' 

states that coagulation of wastewater can be accomplished by any of the 

coagulants including lime, iron and aluminium salts and synthetic 

polymers. The choice is to be made on the basis of suitability, cost and 

sludge treatment and disposal considerations.

Several coagulants like alum, ferric chloride and ferrous sulphate 

have been tried for the chemical coagulation o f tannery effluents"^. Ferrous 

sulphate is reported to be the best coagulant for the removal of sulphides 

and may be used for the effective removal of colour, BOD and suspended 

solids from chrome-tan wastes. Kothandaraman et al reported that 

calcium chloride is very effective in the treatment of wool-scouring wastes 

from textile mills. Bhole and Dhabadgaonkar^^ evaluated the efficiency of a 

number of coagulants to remove colour and COD of textile mill waste. 

Aluminium chloride was found to be the best coagulant for the removal of 

both colour and COD. Commonly used inorganic coagulants are alum, poly 

aluminium chloride, sodium aluminates and lime^°. Thomas et aP' 

explained the effect of precipitation and flocculation on the removal of 

phosphates from industrial effluents.

Rao and Sastry^  ̂ reported that several coagulants like lime and 

Nirmal seed extract could be effectively used for the clarification of coal 

washery wastes. Wastewaters from antibiotic manufacturing units can



neither be clarified in settling tanks nor can be chemically coagulated to 

reduce BOD^^. The poor response of the waste to coagulation is due to the 

fact that most of the substances contributing to BOD appear in solution. 

Thakur et al studied the chemical treatment o f sewage using alum, ferric 

chloride, ferrous sulphate and lime.

Coagulation using metal salts has been investigated for the 

treatment of composite effluents from latex centrifuging units No 

systematic study has been reported in literature on the use of chemical 

coagulants in the treatment of skim serum effluent from natural mbber latex 

processing units. The aim of the present study is to evaluate the 

effectiveness of a few metal coagulants in the treatment of skim senim 

effluent from centrifuge latex concentration units. The effectiveness of 

coagulants was assessed in terms of the reduction of COD, turbidity, 

phosphate, TKN and AN. The influence of pH on the action of coagulants 

and sludge settling characteristics were also studied.

3.A. 3. Experimental

The coagulants used for the study were of commercial grade. The 

compositions of the coagulants were as follows:

1. Potash alum, KAl (SO4) 2-12 H2O (MERCK). M = 474.39 g/mol

2. Ferric alum, NILjFe (SO4) 2 . 12 H2O (MERCK). M = 482.19 g/mol

3. Aluminium sulphate, Al2(S04)3-16 H2 O (MERCK).M = 630.39 

g/mol with product strength of 17 percent as AI2O3

4. Aluminium chloride, AI2 CI6 .I 2  H2 O (MERCK). M =482.7 g/mol

5. Ferrous sulphate, FeS0 4 . 7  H2 O (MERCK). M =278.02 g/mol.



The skim serum effluent samples were collected from a natural rubber 

latex concentration factory situated in Kottayam district of central Kerala. 

The serum effluent was analyzed for pH, turbidity, COD, BOD, total solids, 

dissolved solids, suspended solids, TKN, AN, sulphate, and phosphate as 

per standard methods^^.

Coagulation experiments were carried out in a jar test apparatus 

provided with four stirrers having speed regulator. Different coagulants 

were compared for their ability to remove turbidity, COD, BOD, TKN, AN, 

and phosphate. Required dosages of the coagulants were added to the 

senim effluent samples. The contents were stirred thoroughly at 100 rpm 

for 1 minute and then at a speed of 30 rpm for 15 minutes for flocculation. 

The contents of the beakers were allowed to settle for 30 minutes. The 

supernatants were siphoned off for the analysis o f pH, turbidity, COD, 

BOD, TKN, AN, and phosphate.

To find out the optimum pH needed for effective coagulation, the pH 

of the samples were adjusted to optimum levels using sodium hydroxide 

and sulphuric acid. 400 mg/L of each of the coagulants were added to the 

effluent samples having different pH.

Sludge settling characteristics were studied in an imhoff cone of one 

litre capacity by adding the optimum dosage of the coagulants and 

adjusting the pH to the optimum value. The samples in the imhoff cone 

were stirred well for 4 to 5 minutes. The rate of settling of the floe formed 

was measured by noting the position of the sludge at regular intervals until 

further settling was negligible.



3.A.4. Results and discussion 

3.A.4.1 Optimisation of pH on the coagulation efficiency of metal 
coagulants

To determine the optimum pH needed for the coagulation of the five metal 

coagulants, pH of the serum effluent samples were adjusted to 3, 5, 7, 9 and

11 using IN sodium hydroxide and sulphuric acid. After 30 minutes of 

settling, the coagulation efficiency was estimated in terms of percentage 

removal of vai'ious parameters like turbidity, COD, BOD, TKN, AN and 

phosphate achieved for a coagulant dosage of 400 mg/L.

(i) Potash alum

For potash alum, pollutant removal efficiency (turbidity, COD and BOD) 

increased steadily on increasing the pH from 3 to 9. But on increasing the 

pH further, the efficiency of potash alum in removing pollutants was 

dropped. Maximum percentage removal of turbidity, COD and BOD are 

24, 36 and 56 respectively at pH 9 (Fig.3.A. 1). Therefore pH 9 could be 

taken as the optimum pH when potash alum is used as coagulant.



(ii) Ferric alum

The effect of pH on the coagulation efficiency of ferric ahim is illustrated 

in Fig. 3.A.2. As the pH increased from 3 to 7, a gradual increase in the 

efficiency to remove turbidity, COD, BOD, TKN, and AN were observed. 

Maximum amount of pollutants were removed at pH 7. For further increase 

in pH to 9 and 11, a steady decline in the percentage removal was observed. 

Therefore, pH 7 could be taken as the optimum pH.

Fig. 3.A. 2. pH Optimisation curve for ferric alum as coagulant 

(iii) Aluminium sulphate



After adjusting the pH of the serum effluent to 3, 5, 7, 9 and 11, 500 mg/L 

of Al2 (S0 4 ) 3  was added, shaken, allowed to settle and analyzed for the 

efficiency of treatment in terms of turbidity, COD, AN and phosphate. 

Maximum percentage removal of all these parameters took place at pH 9 

and hence this pH could be taken as the optimum for the coagulation using 

aluminium sulphate (Fig. 3.A. 3).

Î iv) Aluminium chloride

pH of the effluent was adjusted to 3, 5, 7, 9 and 11 and 400 mg/L o f  

aluminium chloride was added in each of the samples. The results are given 

in the Fig. 3.A. 4. As the pH increases from 3 to 11 turbidity value also 

increased and reached a maximum of 72 percent. Maximum COD (35%) 

and phosphate (22%) removal took place at pH 7. Therefore, pH 7 could be 

taken as the optimum pH for aluminium chloride.



(v) Ferrous sulphate

The optimum pH was assessed in terms of the removal efficiency of 

turbidity, COD and phosphate. Since the highest percentage removal of 

these parameters is observed at pH 9, this could be taken as optimum for 

effective coagulation using ferrous sulphate (Fig. 3.A. 5).

Due to the presence of polai' groups like -OH, -COOH, and -N H 4 on 

surface of colloid particles are hydrophihc*° and they are water soluble. The 

primary charge on hydrophilic colloids arises from the ionization of the 

chemical groups present at the surface of the particles. Extent to which these 

surface groups ionize, determines the charge: and therefore, charge is pH 

dependent**. A number of coordination compounds are amphoteric in that they 

can exist in both acids and in strong bases. The acid and base properties of the 

hydroxides and nature of the covalent bond will depend on the position of the 

element in the periodic table. By the addition of potential determining ions like



Strong acids or bases to promote coagulation, reduce the charge of metal 

oxides or hydroxides near to zero so that coagulation can occur .̂ Therefore 

extent of coagulation depends on the chai’ge neutralisation which in turn 

depend on the pH of the solution.

3.A.4.2 Effect of concentration of coagulant

To study the effect of concentrations of coagulants, different concentrations 

viz: 200, 400, 600, 800 and 1000 mg/L of coagulants were added. After 

shaking, the precipitate was allowed to settle for thirty minutes and the 

clear solution was taken for analysis. The percentage removal of turbidity, 

COD, BOD, TKN and AN were estimated.

(a) Potash alum

Percentage removal of turbidity increased as the concentration of potash 

alum increased and the highest percentage removal of 56 was achieved at 

1000 mg/L. From the graph (Fig.S.A. 6) it is clear that maximum 

percentage removal of COD, BOD, TKN and AN are 34, 30, 25 and 30 

respectively for a concentration of 400 mg/L and this could be taken as the 

optimum concentration for the removal of pollutants. When alum was used, 

a P"̂  ions combines with the OH' ions to form a precipitate of A1(0H)3 

which settled down at the bottom^ .̂ Double salts break up in solution into 

their constituent ions, [K(H20)e]’̂ , [A1(H20)6]^’̂  and two S04'^.

Aggregation of destabilized particles by intei-particle bridging with a P"̂  

involves particle transport and chemical interactions that enhanced the 

removal of dissolved organics from the effluent



(b) Ferric alum

Turbidity removal increased as the concentration of ferric alum 

increased and the highest percentage removal achieved was 77 percent 

for a concentration o f 1000 mg/L. For a ferric alum concentration of 200 

mg/L, the COD removal efficiency was 24 percent and the value 

dropped to 17 percent when the concentration o f fem e alum increased to 

400 mg/L (Fig. 3 .A. 7). Further increase in the concentration increased 

COD removal efficiency from 21 percent to 27 percent. In the case of TKN, 

the removal efficiency increased from 3 percent to 15 percent as the 

concentration of the ferric alum increased from 200 mg/L to 1000 mg/L. 

Only 9 percent of AN was removed when the concentration changed from 

200 mg/L to 600 mg/L. A further increase in the concentration of ferric 

alum to 800 mg/L showed no influence in the removal of AN and for 1000 

mg/L, AN removal efficiency showed negative value (-3). 600 mg/L could 

be taken as the optimum concentration for ferric alum since after this 

concentration removal of pollutants was not so significant.



Fig. 3.A. 7. Effect of concentration of ferric alum as coagulant

Ionization of ferric alum might have produced NH4'*' ions at higher 

concentrations. This resulted in an increase in the concentration of NH4'  ̂

ions and thus a negative percentage removal of AN at higher concentrations 

of ferric alum.

(c) Aluminium sulphate



Effect of concentration of aluminiunm sulphate was studied by adding 

varying concentration of AI2 (8 0 4 )3.14 H2O viz; 100 mg/L, 200 mg/L, 250  

mg/L, 500 mg/L, 750 mg/L, 1000 mg/L to the skim serum effluent and 

analysed the effect in terms of the removal of COD, AN, phosphate and 

total solids. From the Fig. 3.A. 8 . it is clear that maximum removal of COD 

(34%), AN (30%) and total solids (20%) is obtained for a concentration of 

250 mg/L of aluminium sulphate. Phosphate removal increased as the 

concentration of aluminium sulphate increased and maximum removal of

19 percent was obtained for 1000 mg/L. As the concentration of Ar^ ions 

increased it combined with phosphate to form sparingly soluble aluminium 

phosphate which was removed as precipitate or by adsoiption on excess of 

metallic hydroxide. Since maximum removal of COD, AN and total solids 

was obtained for a concentration of 250 mg/L of aluminium sulphate, this 

could be taken as optimum concentration.

(d) Aluminium chloride

Fig. 3.A. 9. Effect of concentration of aluminium chloride as coagulant



Percentage removal of turbidity, phosphate, COD, BOD and AN were 

estimated for varying concentrations of aluminium chloride and the results 

are given in Fig. 3.A. 9. Turbidity and phosphate removal efficiency 

increased as the concentration of aluminium chloride increased and reached 

40 % and 52% respectively for aluminium chloride concentration of 1000 

mg/L, whereas the maximum percentage removal of COD, BOD and AN 

are 37, 29 and 27 respectively for a concentration of 400 mg/L. Aluminium 

chloride exists as a dimer AI2CI6.I2 H2O in the solid state. When the halides 

dissolve in water, the high enthalpy of hydration is sufficient to break the 

covalent dimer into [M(H20)6]^^ and 3X‘ ions. When the solution of AICI3 

is added to the effluent, the coordinated water molecules in the 

[M(H2 0 )6]̂ ’*' could be replaced by ammonia molecules or phosphate 

molecules. Chemical changes in the structure of hydrated metal, metal-OH- 

metal linkages and concurrent change in the floe sorbability made AIC13 a 

good coagulant'" .̂ Maximum percentage removal of COD, BOD and AN 

were for a concentration o f 400 mg/L of AICI3 and hence this could be 

taken as the optimum concentration.

(e) Ferrous sulphate

Effect of concentration of ferrous sulphate was assessed by adding ferrous 

sulphate in the range of 200 to 1000 mg/L to the skim serum effluent at pH

9. Analysis of the supernatant liquid showed that the highest percentage 

removal of turbidity, phosphate, BOD and AN were 75, 67, 33 and 26 

respectively for a concentration of 600 mg/L (Fig. 3.A. 10). Phosphate 

removal efficiency was comparatively high since iron combines with 

phosphate to form a precipitate of iron hydroxophosphate which is 

insoluble and settle down.



Fig.3.A.10. Effect of concentration of ferrous sulphate as coagulant

COD removal efficiency increased as the concentration of ferrous sulphate 

increased and reached a maximum value o f 43 percent. The highest 

percentage removal o f turbidity, phosphate, BOD and AN was observed for 

a concentration of 600 mg/L and hence this could be taken as the optimum 

concentration.

The addition of electrolytes have the effect o f reducing the thickness of 

the diffuse electiic layer and thereby, reduce the zeta potential and coagulate 

colloidal suspension. Increased concentration of the electrolyte will cause a 

decrease in zeta potential and a corresponding decrease in repulsive forces. 

The concentration of an electrolyte that is needed to destabilise a colloidal 

suspension is known as the critical coagulation concentration. A change in 

particle size will occur when chemicals are added to adjust the pH of the 

effluent to optimise the performance of hydrolysed metal ions used as 

coagulants^.



3.A.4.3. Sludge settling characteristics
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Fig. 3.A. 11. Sludge settling characteristics of coagulants

Imhoff cones of one litre capacity were used for measuring the settling 

rates and sludge volume.

In order to study the rate of sludge settling of different coagulants, 

400 mg/L each of potash alum, ferric alum, ferrous sulphate, aluminium 

chloride and aluminium sulphate were added to 250 mL of effluent taken in 

separate imhoff cones. These were stirred well and allowed to settle and the 

sludge height measured at every five minutes interval and the results are 

shown in the Fig. 3.A. 11. Aluminium chloride and aluminium sulphate 

showed poor characteristics of the sludge in terms of settling rate and 

compactness. The highest sludge height was observed for aluminium 

chloride and aluminium sulphate. This could be due to the gelatinous nature 

of the aluminium precipitate formed. The sludge settling characteristics of 

potash alum and ferric alum were almost similar and settling became



constant within 35 minutes. Settling of the precipitate formed by potash 

alum and ferric alum showed moderate rate. On the other hand with ferrous 

sulphate, floe formation was rapid and settling rate was also fast. Sludge 

settling became almost constant within 20  minutes.

3.A.5. Conclusion

Optimum pH values for the effective action of five coagulants, viz. potash 

alum, ferric alum, aluminium sulphate, aluminium chloride and ferrous 

sulphate were determined. The optimum pH value is 9 for potash alum, 

aluminium sulphate and ferrous sulphate. For ferric alum and aluminium 

chloride the optimum pH is 7.

Among the five coagulants studied, COD removal efficiency is in 

the range of 34 to 38 percent for all coagulants except ferric alum.

Sludge settling characteristics of potash alum and ferric alum show 

moderate rate, whereas with ferrous sulphate floe formation is rapid and 

settling rate is also fast. Sludge settling becomes almost constant within 20 

minutes. The compressibility of the sludge is comparatively low for 

aluminium chloride and aluminium sulphate.
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PARTB: 

NATURAL AND SYNTHETIC 
POLYELECTROLYTES

3.B.I. Introduction

Polyelectrolytes are polymers with high molecular weight having electrical 

charges and ionisable groups. The term polyelectrolyte was first coined by 

Fuoss' for those polymers which, by action of an acid or alkali, can be 

converted into charged ions. Polyelectrolytes are divided into natural and 

synthetic, based on their origin. Naturally occurring polyelectrolytes are 

termed as biocolloids^. The common feature of natural and synthetic 

polyelectrolytes is the presence of recurring units containing ionisable 

groups in the molecule. Polyelectrolytes are classified into cationic, anionic 

and non-ionic depending on the charge of the recurring units. The choice of a 

proper polyelectrolyte for a given application is of paramount importance. 

The bacteria and colloidal matter present in natural waters generally carry 

negative charge. Hence, cationic polyelectrolyte which produce positively 

charged functional group on dissolution in water, are most suitable. If water 

contains only mineral suspended solids, cationic polyelectrolytes are found to 

be very effective as primai'y coagulants^ and if both mineral and organic 

substances are present, a combination of inorganic coagulants such as alum 

or ferrous sulphate with cationic polyelectrolytes gives the best results' .̂ Even 

for waters with mineral solids, a combination of alum with a cationic 

polyelectrolyte may prove to be more economical than any single 

coagulant^ because the polyelectrolytes do not have great capacity for 

charge neutralization due to their large molecules and small doses used. In 

non-ionic polyelectrolytes, charge neutralization has to be brought about



solely by inorganic coagulants. The non-ionic polyelectrolyte serves as a 

bridge between neutralized particles^. The combination generally results in 

excellent clarification. But the doses of non-ionic polymers required are 

generally ten times that o f cationic ones^. Anionic polymers are found to 

be inefficient as primary coagulants for natural waters. This is due to the 

electrostatic repulsion between the colloids and the functional group 

obtained on dissolution of the polymer in water having similar charges. The 

higher the moleculai' weight o f a polyelectrolyte, the more effective it is. 

The bridging mechanism basically depends on the molecular weight which 

determines the size and segments of the polymer formed on dissolution in 

water. The effectiveness of polyelectrolytes for various uses can be found 

out by suitable experimental procedures. However, jar test can give 

valuable information about the effectiveness of polyelectrolytes not only 

for coagulation but also for filtration and sludge conditioning. It is used to 

indicate the relative efficiency o f various fiocculants and possible range of 

effective doses^.

Natural and synthetic polyelectrolytes are used in water and 

wastewater treatment either alone or along with metal coagulants to 

improve clarification. These are long chain compounds and in water they 

act as polyvalent ions^. Charge neutralization of colloids and agglomeration 

of smaller particles into bigger pardcles are the processes involved in the 

coagulation using polyelectrolytes. Large number of ionic sites are present 

in the polymer chain. Coagulation takes place by the neutralization of 

charge on the electronegative colloid particles by these ionized centers or 

by hydrogen bonding among the charged surfaces. Electrostatic cross- 

linking also binds the linear chains together. Effective removal of colloids 

is obtained when zeta potential of particles (15-25 mV) is reduced to zero



plus or minus 5 mV. Even if a polyelectrolyte is not very efficient in charge 

neutralization, they may be effective in formation of floe by what is known 

as “bridging”. The polymer is adsorbed on the surface of the particle and 

bridges between them with the aid of free segments of the adsorbed 

polymer^. The bridging results in the formation of large, strong, three 

dimensional and quickly settleable floes.

3.B.2. Natural polyelectrolytes

Natural organic polyelectrolytes are highly active materials that are 

practically present in all natural water systems. They interact with both 

organic and inorganic pollutants and nutrients, influencing and in many 

instances controlling the toxicity, rate of movement, persistence and rate of 

degradation of the pollutants and nutrients in aquatic environment. 

Detailed knowledge o f the interaction and chemistry of natural 

polyelectrolytes is, therefore, of primary importance. Vanerkar studied 

herbal pharmaceutical wastewater treatment using conventional 

coagulants coupled with synthetic p o ly e le c t r o ly t e s A  mixture of 

aluminium salts and natural polyelectrolytes extracted from the cactus 

Opuntia ficu s  indica, has been used for the cleaning of wastewater from 

slaughterhouse“ . Ganjidoust'^ investigated the effect of synthetic polymer 

and the natural polymer chitosan and the coagulant alum on the removal of 

lignin from pulp and paper industrial wastewater. Kawamura'^ conducted 

bench and pilot scale tests and confirmed the effectiveness of the natural 

polyelectrolytes, chitosan, and sodium alginate, in water treatment. 

Chitosan performed better than synthetic polyelectrolytes, both as a 

coagulant aid and as a filtration aid. A paste from the seed of Strychnos 

potatorum  L inn  commonly known as clearing nut or nirmali seed 

precipitates suspended siliceous impurities in raw water''*. Electrophoretic



measurements of the seed paste showed a weak negative charge and 

attributed its coagulating properties to its strychnine and albumin content’ .̂ 

Jamuna River water was treated using nirmali seed alone and in 

conjunction with metal coagulants'^. Bulusu and Sharma'^ have confirmed 

these findings on a pilot plant using Jamuna River water having high
1 R

turbidity. Rao and Sastry found that 2 mg/L of nirmali seed extract reduce 

the alum dose by more than 50%. Bulusu and Pathak'^ identified the seeds 

of Red Sorella to be very effective as primary coagulant.

Natural polyelectrolytes have been used as auxiliary materials for 

flocculation and coagulation in wastewater treatment and water cleaning 

process^°. Floccotan, extracted from quebracho and chemically modified, is 

largely used as a water clarifier in South America. Opiintia ficus  indica  a 

cactus that grows naturally in South America is also a source of viscous 

natural polyelectrolytes bearing negative surface charges^'. The 

flocculation process induced by anionic polyelectrolytes such as the natural 

polyelectrolytes extracted from O piintia ficu s  indica  is greatly facilitated by 

the presence of low concentration of a metal ion (Ar^) capable of binding 

with the functional groups on the polyelectrolytes. The positive metal ion 

sei"ves to form a bridge among the anionic polyelectrolytes and negatively 

charged functional groups on the colloidal particle surface. Due to its 

hydrophilic character, several hydrogen bonds are formed among 

polyelectrolytes and water molecules. This association tends to occupy 

larger surface area causing very high viscosity^". Sadgir tested amla as 

coagulant and coagulant aid in the water purification system and confirmed 

its effectiveness^^.

Tripathi et al̂ '̂  established the anionic nature o f nirmali seed extract 

by I.R. spectral studies and found that even though it is very efficient in the



coagulation-flocculation of hydrophobic colloids, it is a poor flocculant in 

the case of hydrophilic colloids such as bacteria. Prasad and Jivendra^  ̂

investigated the performance of Tamarindus indica  seed extract as 

coagulant aid in water clarification and reported that it can reduce the alum 

dose by 50 percent. Vaidya and Bulusu^® studied the potential of chitosan as 

a coagulant and coagulant aid in water clarification and Karim^  ̂

investigated the use of inorganic salts and polymers in the treatment of 

palm oil effluent.

Table 3. B. 1. Indian herbs useful for coagulation in water purification"^

No Local
name Botanical Name Family Part

used

1 Khas Veteveria zizanioide, staff G r a m i n e a e Root

2 Amla Phyllanthus emblica E i i p h o r b i c e a s e Fmit

3 Anantvel Hemidesmus indicus, R.Br. A s c l e p i a d a c e a s e Root

4 Singhada Trap bispinosa. Roxb T r a p a Fruit

5 Shewaga Moringo oleifera Lam. Gaertn M o r i n g a c e a e Seed

6 Hirda Terminalia chebula, Retz. C o m b r e t a c e a e Fniit

7 Elaichi Elattaria cardamomum S c i t a m i n e a e Seed

8 Nirmali Strychnos potatorum Linn. L o g a n i a c e a e Fruit

Different types of herbs have been used as coagulant and coagulant 

aid for water purification^®. Natural polyelectrolytes were used since 2000 

B.C. where Strychno potatorium  L inn  extracted from seeds was used for 

water clarification^^. Plant based substitute to treat water is economical and 

a number of herbs are useful for purification of water. In ancient India



many Acharyas like Dhanvantari,Charaka, Sushruta and Varaharnihir made
OS

serious efforts to purify water by using herbal extracts . Sushruta 

advocated the use o f natural herbs like nirmali seed, roots o f kamal, 

rhizomes o f Algae and three stones namely gomedmani, moti, sphatik and 

he recommended the disinfection of contaminated water by exposing it to 

the sun or immersing red hot iron and hot sand in it °̂. Table 3. B. 1 gives a 

description o f various herbs traditionally used for purification of water^ .̂

Table 3.B.2. Products and uses o f the M oringa  oleifera  tree

Parts of tree Products and uses

Seed Crushed whole seed or press cake remaining after oil 
extraction as a coagulant for water and wastewater treatment

Vegetable Green pods as fresh or canned vegetable, leaves and flowers 
used as a relish

Oil Seeds contain 40 % oil by weight used for cooking, soap 
manufacture, as a cosmetics base and to provide illumination

Other uses All plant organs as constituents in traditional medicines, 
leaves and oil press cakes as cattle fodder

Drum stick ( M o r i n g a  o l e i f e r a )

Seeds of a few plants like M oringa oleifera  and Strychnos potatorum  make 

effective coagulant in the clarification of turbid water '̂'^ .̂ Sudanese 

villagers used powdered M oringa  oleifera  seeds to clarify river water from
T O

Nile . Alum and broad beans were used for the traditional clarification of 

Nile water^ .̂ Raveendra Babu and Malay Chaudhuri"*® used a coagulation- 

filtration test to examine quality improvement of surface water treatment by



direct filtration with S .  p o t a t o r u m  s e e d  or M o r i n g a  o l e i f e r a  seed as the 

coagulant. Branches of M o r i n g a  o l e i f e r a  tree are lopped and thrown into 

turbid and contaminated wells that turn clear"” . Table 3. B.2 give a 

description of the products and uses of the M o r i n g a  o l e i f e r a  tree.

Drum stick, M o r i n g a  o l e i f e r a  tree [Drumstick (describing the shape 

of the pods) or horseradish (describing the taste of its roots)] though a 

native species of India, is now grown extensively throughout the tropics 

and is f o u n d  i n  m a n y  countries o f Africa, Asia a n d  S o u t h  America. The 

seed pods are allowed to dry naturally on the tree prior to harvesting. The 

seeds are crushed and sieved. The seed contains 40 percent by weight of

oil, with the remaining press cake containing the active ingredients for 

natural coagulation. The crushed seed powder, when added to water, yields 

water soluble proteins that possesses a net positive charge. The solution, 

therefore, acts as a natural cationic polyelectrolyte during treatment^ .̂ 

Using M o r i n g a  o l e i f e r a  as a replacement for proprietary coagulants meets 

the need for water and wastewater technology in developing countries 

which is simple to use, robust and cheap.

Goose berry [Amla or Indian Goose berry]

The emblic tree is native to tropical South Eastern Asia, particularly in 

central and southern India, Pakistan, Bangladesh, Sri Lanka, Malaysia, and 

China. Its botanical name is P h y l l a n t h u s  E m b i l i c a  l i n n  and the family is 

Euphorbiaceae. The stem less fruit is round and its skin is thin and 

translucent, light green at first and becomes greenish- yellow as it matures. 

Ripe fruits are astringent, extremely acidic, and some are distinctly bitter.

Ascorbic acid in the emblic is highly stable, apparently protected 

by tannins which retard oxidation. Biochemical studies sho^the presence



of 13 tannins plus 3 or 4 colloidal complexes. The dry powdered fruit 

contains 6 . 3% phyllemblinic acid, 6% fatty matter, 5% gallic acid, ellagic 

acid, emblicol (a phenolic product) and other constituents like 

carbohydrate, sucrose, fiber etc^ .̂

Tamarind seed powder

The seeds o f Tam arindus inclica exhibit coagulating properties. The Seeds 

of the tamarind collected was dehusked in mills and the kernel of the seed 

is powdered. The ground seeds are sieved through 200 ASTM mesh and 

the solution was prepared by boiling. It gives a gelatin material that is 

used like other creaming agents. This powder is not soluble in water. The 

powder is first allowed to swell in water for some time before making it 

into slurry. It holds large quantity of water in a loosely bound condition 

and gives a viscous solution in water. The slurry is then boiled. It is a 

hydrophilic colloid.

3. B. 3. Synthetic polyelectrolytes

Synthetic polyelectrolytes are acrylamide and acrylic acid polymers and 

copolymers having a very high molecular weight. Molecules of 

polyelectrolytes are tightly bound and compact and they carry ionic 

charges. Unwinding and opening of the polymer molecules take place in 

aqueous media and ionic charges present in the polymer attract suspended 

fine particles in the media which get agglomerated forming macroflocs. As 

flocculation proceeds these macroflocs settle to the bottom of the container 

giving a very clear supernatant solution. Prasad and Belsare'^  ̂ studied the 

effectiveness of polyacrylamide as a coagulant aid in water treatment and 

found that a relatively small concentration (0.1 ppm) o f polyacrylamide 

could remove high turbidity to the acceptable level and reduce half of the



original amount of alum without any difference in the achievement of 

steady state. Sihorwala and Reddy'*  ̂ studied the use of synthetic 

polyelectrolytes and metal salts in the treatment of cotton textile waste. 

Madhu'̂ '̂  and Ponnamma'^  ̂ studied the effect of a few natural and synthetic 

polyelectrolytes to treat composite effluent from latex centrifuge units.

No systematic study has been reported in literature on the use of 

natural and synthetic polyelectrolytes as coagulants and coagulant aids in 

the treatment o f skim serum effluent from natural rubber latex centrifuging 

units. The aim of the present study is to evaluate the effectiveness of three 

natural polyelectrolytes viz: dried goose-berry powder, dried drum stick 

seed powder and tamarind seed powder and two synthetic polyelectrolytes 

as coagulant and coagulant aid to treat skim serum effluent from natural 

rubber centrifuging factory.

3. B. 4. Experimental

Skim semm effluent from natural rubber centrifuging factory was 

collected and analyzed as per standard methods'^®. It was then subjected to 

treatment with three natural coagulants and two synthetic coagulants 

using jar test apparatus. Stock solution of the coagulants were prepared 

and used for the studies. After mixing, the samples were allowed to settle 

for half an hour. The supernatant liquid was withdrawn and analyzed for 

various parameters. To find out the optimum pH needed for effective 

coagulation, the pH of the samples were adjusted to optimum levels using 

2N sodium hydroxide and sulphuric acid.

Polyelectrolytes used for the study were

a) Natural polyelectrolytes

1. Dmmstick seed powder {M oringa oleifera]



2. Goose-berry powder [ P h y l l a n t h u s  e m b i l i c a  l i n n  ]

3. Tamarind seed powder [ T a m a r i n d u s  i n d i c a  ]

The natural polyelectrolytes was prepared in the following ' w o . y - M o r i n g a  

o l e i f e r a  seeds were dried and thoroughly powdered in a mortar to produce a 

pasty powder, 0 .1% solution was prepared by boiling and the solution was 

filtered to remove suspended particles.

P h y l l a n t h u s  e m b i l i c a  l i n n  fruits were collected from the market, 

dried in the sunlight, removed the seeds, powdered the fleshy part and 

sieved through 200 ASTM mesh. 0.1% solution was prepared by boiling 

the powder. It was filtered to remove suspended particles.

T a m a r i n d u s  i n d i c a .  Tamarind seed powder was collected from the 

Rubber Research Institute of India. A 0.1% solution was prepared by 

boiling.

b) Synthetic polyelectrolytes

1. Cationic polyelectrolyte, Maxflock -504 . Polyacrylamide based

polyelectrolj^e. Trade name-Sonimer. Supplier-Roop Rasayan 

Ind.Pvt.Ltd., Mumbai, India. It is a viscous liquid. A 0.1 percent 

solution was prepared by dissolving 100 mg of the polyelectrolyte 

in 100 mL of water.

2. Anionic polyelectrolyte, Maxflock-107. Polyamine based

polyelectrolyte. Trade name-Sonimer. Supplier-Roop Rasayan 

Ind.Pvt.Ltd., Mumbai, India. It is a crystalline solid and 0.1% 

solution was prepared by dissolving 100 mg of the polyelectrolyte 

in 100 mL of water.



Turbidity, a measure of the light-transmitting properties of water, is 

used to indicate the quality of wastewaters and natural waters with respect 

to colloidal matter. Turbidity is measured to evaluate the performance of 

water treatment. Higher the intensity of scattered light, the higher the 

turbidity. Turbidity was measured using digital Nephelo Turbidity Meter 

(Range 1-1000, No.24). pH was determined using digital pH meter 335- 

Systronics.

All poJyeJectrolytes, both natural and synthetic, were assessed for 

their effectiveness, both as a coagulant and coagulant aid in the treatment of 

serum effluent of natural rubber centrifuging factory.

3.B.5. Results and discussion

Polyelectrolytes have many advantages as coagulant and coagulant aid. The 

relationship between polymer molecular weight, charge density, polymer 

type, mixing condition and flocculated particle size distribution are the 

main factors in the selection of polyelectrolytes in water and wastewater 

treatment . Presence of polyelectrolytes in low doses enhances settling 

properties.

3.B.5.A Optimisation of pH

To determine the optimum pH for the coagulation of polyelectrolytes, the 

pH of effluent samples was varied between 3 and 11.5. The coagulation 

efficiency was estimated in terms of turbidity removal achieved for the 

polyelectrolyte dosage of 4 mg/L.



(i) Drumstick seed powder

Effect of pH on the coagulation efficiency of drumstick seed powder is 

shown in Table 3. B. 3.

Table 3.B.3.Effect of pH on the coagulation efficiency of drumstick seed powder

pH Turbidity before treatment 
(NTU)

Turbidity after treatment 
(NTU)

164 154

67 62

7 63 183

112 194

10 30 10

11.5 183 201

From the table it is clear that as the pH increased from 3 to 5, the 

turbidity decreased. But for pH 7 and 9, turbidity increased when 

drumstick seed powder was added to the effluent. For pH 10, maximum 

removal o f turbidity was observed and the solution became very clear at 

this pH. On increasing the pH to 11.5, a negative effect was again 

observed. From the study it was clear that pH 10 could be taken as the 

optimum for drumstick seed powder when used as coagulant. Drumstick 

seed powder is a natural cationic polyelectrolyte and act as a coagulant 

that neutralises or lower the charge of the wastewater particles. Since the 

wastewater particles are normally negatively charged, cationic 

polyelectrolytes are found to be highly effective for coagulation. When 

chemicals are added to adjust the pH of the wastewater, a change in the



particle charge w ill occur. Depending on the pH, the formation of mono 

and polynuclear and polymer hydroxide species occurs in fraction o f a 

second"̂ .̂

(ii) Goose-berry powder

The pH dependence on the coagulation of goose-berry is shown in 

Table 3. B. 4.

Table 3. B. 4. Effect of pH on the coagulation efficiency of goose-berry powder

pH Turbidity before treatment 
(NTU)

Turbidity after treatment 
(NTU)

3 164 148

5 67 45

7 63 161

9 112 170

10 30 5

11.5 183 181

For goose-berry, maximum removal o f turbidity was observed at pH

10. At this pH, the turbidity came down from 30 to 5 NTU when goose­

berry was added as coagulant. On further increase of the pH to 11.5, again a 

negative removal of turbidity was observed.



(iii) Tamarind seed powder

Table 3. B. 5. Effect of pH on the coagulation efficiency of tamarind seed 

powder

pH

7

10

11.5

Turbidity before (NTU)

164

67

63

112

30

183

Turbidity after (NTU)

131

60

165

181

192

When pH increased from 3 to 5 turbidity removal efficiency decreased 

and for pH 7 and 9, turbidity increased when tamarind seed powder was 

added to the effluent. Maximum removal o f turbidity was observed at pH

10 (Table 3. B. 5). At this pH, the turbidity came down from 30 to 3 when 

tamarind seed powder was added giving 93 percent removal.



(iv) Cationic polyelectrolyte

Table 3. B. 6. Effect of pH on the coagulation efficiency of cationic 

polyelectfolyte

pH Turbidity before 

(NTU)

Turbidity after 

(NTU)

3 164 131

5 67 60

7 63 165

9 112 181

9.5 70 15

10 30 10

11.5 183 192

Table 3. B. 6 shows that at pH 10, 67 % turbidity was removed. 

This was the maximum percentage removal efficiency obtained for a 

change in pH from 3 to 11.5. Therefore, pH 10 could be taken as the 

optimum pH when cationic polyelectrolyte was used as coagulant.



(v) Anionic polyelectrolyte

Table 3. B. 7. Effect of pH on the coagulation efficiency of anionic 

polyelectrolyte

pH Turbidity before (NTU) Turbidity after (NTU)

127 97

23 18

88 127

123 148

9.5 70 25

10 21

11.5 126 115

At pH 10, 71 % turbidity was removed (Table 3. B. 7). On increasing the 

pH to 11.5, a negative removal o f turbidity was observed. Therefore pH 10 

could be taken as the optimum pH.

3.B.5.B Effect of concentration of polyelectrolyte

To study the effect of coagulant dosage, the concentration of 

polyelectrolytes was varied between 2 mg/L to 12 mg/L at pH 10 and its 

effect was estimated in terms of turbidity removal.



(i) Concentration of drumstick seed powder.

Table 3.B.8. Effects of concentration of drumstick seed powder on 
turbidity removal

Concentration of drumstick 
seed powder mg/L

Initial turbidity 
(NTU)

Final turbidity 
(NTU)

2 30 14

4 30 0

6 30 14

8 30 14

10 30 12

12 30 12

From the Table 3.B.8 it is clear that 4 mg/L could be taken as the optimum 

dosage for drumstick seed powder since at this concentration complete 

removal of turbidity was observed.

(ii) Concentration of goose-berry powder

Table 3. B. 9. Effect of concentration of goose-berry powder on turbidity 
removal

Concentration of 
goose-berry powder 

(mg/L)

Initial turbidity 
(NTU)

Final turbidity 
(NTU)

2 30 6

4 30 4

6 30 6

8 30 7

10 30 8

12 30 10



Table 3. B. 9 shows that minimum turbidity was observed for a 

dosage of 4 mg/L and this could be taken as the optimum dosage o f goose­

berry when used as coagulant.

(iii) Concentration of tamarind seed powder

Minimum turbidity of 3 NTU was observed for a dosage of 4 mg/L (Table

3. B. 10) and this could be taken as the optimum dosage of tamarind seed 

powder when used as coagulant.

Table 3. B. 10. Effect o f concentration of tamarind seed powder on 
turbidity removal

Concentration of 
tamarind seed 

powder (mg/L)

Initial turbidity 

(NTU)

Final turbidity 

(NTU)

2 30 5

4 30 3

6 30 4

8 30 5

10 30 10

12 30 10



(iv) Concentration of cationic polyelectrolyte.

Table 3. B. 11. Effect of concentration of cationic polyelectrolyte on 
turbidity removal

Concentration of cationic 
polyelectrolyte (mg/L)

Initial turbidity 

(NTU)

Final turbidity 

(NTU)

1 30 14

2 30 10

4 30 15

6 30 15

8 30 15

10 30 12

12 30 12

For cationic polyelectrolyte the concentration was varied between 1 mg/L 

to 12 mg/L at pH 10 and minimum turbidity of 10 NTU was observed for a 

concentration of 2 mg/L and this could be taken as the optimum 

concentration to treat semm effluent



(v) Concentration of anionic polyelectrolyte.

Table 3.B.12. Effect of concentration of anionic polyelectrol3̂ e on 
turbidity removal

Concentration o f anionic 
polyelectrolyte (n:ig/L)

Initial turbidity 
(N T U )

Final turbidity 
(N T U )

2 21 7

4 21 5

6 21 8

8 21 8

10 21 10

12 21 10

From Table 3. B. 12 it is clear that minimum turbidity o f 5 NTU was 

observed for a concentration of 4 mg/L of the anionic polyelectrolyte and 

this could be taken as the optimum concentration o f anionic polyelectrolyte 

to treat serum effluent.

3.B.5.C. Polyelectrolytes as coagulant aid

Four different metal coagulants viz. aluminium chloride (AICI3), potash 

alum (KA1(S0 4 )2-12 H2O), ferrous sulphate (FeS0 4 .7  H9O) and ferric alum 

(NH4Fe(S0 4 )2. 12 H2O) were selected for the present study. 200 mg/L of 

metal coagulant was added to the effluent having pH 10 along with 4 mg/L 

of polyelectrolyte as coagulant aid and its effect was observed in terms o f  

turbidity removal.



(i) Drumstick seed powder 

Table 3. B. 13. E ff e c t  o f  d r u m s t ic k  s e e d  p o w d e r  a s  a  c o a g u la n t  a id

2 0 0  m g /L  m e ta l  c o a g u la n t  +  4 m g /L  

d r u m s t ic k  s e e d  p o w d e r

I n i t ia l  tu rb id ity . 

(NTU)

F in a l  tu r b id i ty  

(NTU)

A IC I3 3 0

KA1(S04)2.12H20 3 0 0

F e S 0 4 .7  H 2O 3 0 18

N H 4 F e (S 0 4 )2 . 12 H , 0 3 0 19

T h e  T a b le  3 . B . 13 s h o w s  th a t  a m o n g  th e  f o u r  c o a g u la n ts  s tu d ie d ,  

K A 1( S 0 4 )2 .12  H 2O  a lo n g  w ith  d m m  s t i c k  s e e d  p o w d e r  r e m o v e d  th e  

tu rb id i ty  c o m p le te ly .

(ii) Goose-berry

Table 3. B. 14. E f f e c t  o f  g o o s e -b e ix y  p o w d e r  a s  a  c o a g u la n t  a id

2 0 0  m g /L  m e ta l  c o a g u la n t  +  
4 m g /L  g o o s e -b e r ry

I n i t ia l  tu r b id i ty  

(NTU)

F in a l  tu r b id i ty  

(NTU)

A IC I3 3 0 2

K A 1 (S 0 4 )2 .1 2  H 2O 3 0 0

F e S 0 4 .7  H 2O 3 0 13

N H 4 F e (S 0 4 )2 . 1 2  H 2O 3 0 2 3



C o m p le te  r e m o v a l  o f  tu r b id i ty  w a s  o b s e rv e d  w h e n  K A 1 (S 0 4 )2 .1 2  H 2O  

a lo n g  w i th  g o o s e -b e r r y  w a s  u s e d  a s  c o a g u la n t  ( T a b le  3 . B . 14).

(iii) Tamarind seed powder

Table 3. B. 15. E f f e c t  o f  ta m a r in d  s e e d  p o w d e r  a s  a  c o a g u la n t  a id

2 0 0  m g /L  m e ta l  c o a g u la n t  +  
4 m g /L  ta m a r in d  s e e d  p o w d e r

I n i t ia l  tu r b id i ty  

N T U

F in a l  tu r b id i ty  

N T U

A IC I3 3 0 3

K A 1 (S 0 4 )2 .1 2  H 2O 3 0 0

F e S 0 4 .7  H 2O 3 0 19

N H 4 p e (S 0 4 )2 .  12 H 2O 3 0 19

T u r b i d i t y  w a s  c o m p le t e ly  r e m o v e d  w h e n  p o ta s h  a lu m  a lo n g  w i th  

t a m a r in d  s e e d  p o w d e r  w a s  u s e d  a s  c o a g u la n t  ( T a b le  3 . B . 1 5 ).

(iv) Cationic poly electrolyte

W h e n  c a t io n ic  p o ly e le c t r o ly te  w a s  u s e d  a s  c o a g u la n t  a id , 2  m g /L  o f  

p o ly e le c t r o ly te  w a s  a d d e d  to  th e  e f f lu e n t  a t  p H  1 0  s in c e  th e  o p t im u m  

c o n c e n t r a t io n  d e te r m in e d  w a s  2  m g /L .  I ts  e f f e c t  w a s  o b s e rv e d  in  te rm s  o f  

tu r b id i ty  r e m o v a l  a n d  th e  r e s u l t s  a r e  g iv e n  in  th e  T a b le  3 . B . 16.

T u r b id i ty  w a s  c o m p le te ly  r e m o v e d  w h e n  a lu m in iu m  c h lo r id e  a lo n g  

w i th  th e  c a t io n ic  p o ly e le c t r o ly te  w a s  u s e d  a s  c o a g u la n t .



Table 3. B. 16. E ffe c t  o f  c a t io n ic  p o ly e le c t r o ly te  a s  a  c o a g u la n t  a id

2 0 0  m g /L  m e ta l  c o a g u la n t  +  2 m g /L  

c a t io n ic  p o ly e le c tro ly te

I n i t ia l  tu rb id i ty  

(NTU)

F in a l  tu r b id i ty

(NTU)

A IC I3 3 0 0

K A 1 (S 0 4 )  2 .12  H 2O 3 0 2

F e S 0 4 .7  H 2O 3 0 12

N H 4 p e ( S 0 4 )  2. 12 H 2O 3 0 18

(v) Anionic polyelectrolyte

Table 3. B. 17. E ffe c t  o f  a n io n ic  p o ly e le c t r o ly te  as  a  c o a g u la n t  a id

2 0 0  m g /L  m e ta l  c o a g u la n t  +  4 m g /L  

a n io n ic  p o ly e le c tr o ly te

I n i t ia l  tu r b id i ty  

(NTU)

F in a l  tu r b id i ty  

(NTU)

A IC I3 21 15

K A 1 (S 0 4 )  2 .12  H 2O 21 9

F e S 0 4 .7  H 2O 21 10

N H 4F e ( S 0 4 ) 2. 12 H 2O 21 2 2

T a b le  3 . B . 17 s h o w s  th a t  m in im u m  tu r b id i ty  w a s  o b s e rv e d  w h e n  p o ta s h  

a lu m  a lo n g  w i th  a n io n ic  p o ly e le c t r o ly te  w a s  u s e d  as  c o a g u la n t .



3.B.5.D. Effect of polyelectrolyte as coagulant and coagulant aid to 
remove COD, phosphate and TKN.

A  s tu d y  o n  th e  e f f e c t iv e n e s s  o f  p o ta s h  a lu m  a n d  p o ly e le c t r o ly te

in d iv id u a l ly  a n d  in  c o m b in a t io n  to  r e m o v e  C O D , p h o s p h a te  a n d  T K N  o r

A N  w e r e  c a r r ie d  o u t  a t  p H  10. 2 0 0  m g /L  o f  p o ta s h  a lu m  a n d  4  m g /L  o f

p o ly e le c t r o ly te  w e r e  u s e d  f o r  th e  s tu d y .

(i) Drumstick seed powder

P e r c e n ta g e  r e m o v a l  o f  C O D  a n d  T IC N  in c r e a s e d  w h e n  m o v e d  f ro m  

d r u m s t ic k  to  p o ta s h  a lu m  a n d  in  c o m b in a t io n  o f  b o th  ( T a b le  3 . B .1 8 ) .  B u t  

h ig h  p h o s p h a te  r e m o v a l  w a s  o b s e r v e d  f o r  d a i m s t i c k  th a n  f o r  p o ta s h  a lu m . 

D m m s t ic k  s e e d  in  c o m b in a t io n  w i th  p o ta s h  a lu m  s h o w e d  m a x im u m  

p e r c e n ta g e  r e m o v a l  o f  C O D , p h o s p h a te  a n d  T K N  a n d  th e  v a lu e s  a r e  3 7 , 3 8  

a n d  3 2  r e s p e c t iv e ly .

Table 3. B. 18. D r u m s t ic k  s e e d  p o w d e r  a s  a  c o a g u la n t  a n d  c o a g u la n t  a id

C o a g u la n t
P e r c e n ta g e  r e m o v a l  o f

C O D P O 4 T K N

D ru m s t ic k  s e e d 18 3 2 2 0

P o ta s h  a lu m 3 5 2 7 2 4

P o ta s h  a lu m  +  

D r u m  s t i c k  s e e d
3 7 3 8 3 2

W a te r  s o lu b le  p r o te in s  p r e s e n t  in  th e  s e e d  c a u s e s  a  n e t  p o s i t iv e  c h a r g e  a n d  

th e  s o lu t io n  th e r e f o r e  a c ts  a s  a  n a tu r a l  c a t io n i c  p o ly e le c t r o ly te  d u r in g  

tre a tm e n t^ ^ . C o a g u la t io n  m a y  ta k e  p la c e  b y  th e  n e u t r a l iz a t io n  o f  c h a r g e  o n



th e  e le c t r o n e g a t iv e  c o l lo id  p a r t ic le s  b y  th e s e  io n iz e d  c e n te r s  o r  b y  

h y d r o g e n  b o n d in g  a m o n g  th e  c h a r g e d  s u r fa c e s .

(ii) Goose-berry powder

Table 3. B.19. G o o s e - b e r r y  p o w d e r  a s  a  c o a g u la n t  a n d  c o a g u la n t  a id

C o a g u la n t

G o o s e - b e r r y  p o w d e r

P o ta s h  a lu m

P o ta s h  a lu m  +  G o o s e - b e r r y  
p o w d e r

P e r c e n ta g e  r e m o v a l  o f

C O D

2 3

3 5

4 0

P O 4

14

2 7

2 9

T K N

15

2 4

20

T h e  e f f e c t  o f  g o o s e -b e r r y  a s  a  c o a g u la n t  a n d  c o a g u la n t  a id  in  th e  p r e s e n c e  

o f  p o ta s h  a lu m  to  t r e a t  s e a i m  e f f lu e n t  w a s  s tu d ie d  a t  p H  10  ( T a b le  3 . B .1 9 ) .

4 0  %  C O D  c o u ld  b e  r e m o v e d  w h e n  i t  w a s  u s e d  a s  a  c o a g u la n t  a id . G o o s e ­

b e r r y  c o u ld  b e  u s e d  as  a  g o o d  c o a g u la n t  s in c e  i t  r e m o v e d  2 3  %  o f  C O D . 

P e r c e n ta g e  r e m o v a l  o f  p h o s p h a te  a n d  T K N  w e r e  2 9 %  a n d  2 0 %  

r e s p e c t iv e ly  w h e n  g o o s e -b e r r y  w a s  u s e d  a s  a  c o a g u la n t  a id .

S in c e  th e  p o w d e r e d  d r y  f ru i t  c o n ta in s  a c id  g ro u p s  l ik e  

p h y l le m b l in ic  a c id ,  g a l l ic  a c id ,  e l la g ic  ac id^^ , i t  m a y  p r o d u c e  - C O O ' a n d  

io n s  d u r in g  io n iz a t io n  a n d  c a n  n e u t r a l iz e  th e  c h a r g e  o n  th e  c o l lo id a l  

p a r t ic le s  c a u s in g  c o a g u la t io n .  T h e  p r e s e n c e  o f  lo w  c o n c e n t r a t io n  o f  m e ta l  

io n  ( A ^ ^ )  is  c a p a b le  o f  b in d in g  w ith  th e  fu n c t io n a l  g r o u p s  o n  th e  

p o ly e le c t r o ly te s  f a c i l i ta t in g  r a p id  c o a g u la t io n .



(iii) Tamarind seed powder 

Table 3. B. 20. T a m a r in d  s e e d  p o w d e r  a s  a  c o a g u la n t  a n d  c o a g u la n t  a id

C o a g u la n t

T a m a r in d  s e e d  p o w d e r

P o ta s h  a lu m

P o ta s h  a lu m  +  T a m a r in d  s e e d  p o w d e r

P e r c e n ta g e  r e m o v a l  o f

C O D

2 7

3 5

4 2

P O 4

4 4

2 7

4 6

T K N

16

2 4

2 8

T h e  c o a g u la t io n  e f f ic i e n c y  o f  ta m a r in d  s e e d  p o w d e r  to  t r e a t  s e r u m  e f f lu e n t  

w a s  c a iT ie d  o u t  in  th e  p r e s e n c e  o f  p o ta s h  a lu m  a t  p H  10  ( T a b le  3 . B .2 0 ) .  

2 0 0  m g /L  o f  p o ta s h  a lu m  a n d  4  m g /L  o f  ta m a r in d  s e e d  p o w d e r  w e r e  u s e d  

f o r  th e  s tu d y .  T a m a r in d  s e e d  p o w d e r  w a s  g o o d  in  r e m o v in g  p h o s p h a te .  4 4  

p e r c e n t  p h o s p h a te  w a s  r e m o v e d  w h e n  t a m a r in d  s e e d  p o w d e r  w a s  u s e d  

in d iv id u a l ly  a n d  4 6 %  p h o s p h a te  w a s  r e m o v e d  w h e n  u s e d  in  c o m b in a t io n  

w i th  p o ta s h  a lu m .

M a x im u m  p e r c e n ta g e  r e m o v a ls  o f  C O D  a n d  T K N  w e r e  4 2  a n d  2 8  

r e s p e c t iv e ly  w h e n  ta m a r in d  s e e d  a n d  p o ta s h  a lu m  w e r e  u s e d  in  

c o m b in a t io n .

T h e  a c t iv i ty  o f  ta m a r in d  s e e d  p o w d e r  a s  a  p o ly e le c t r o ly te  m a y  b e  

a t t r ib u te d  to  th e  p r e s e n c e  o f  c a r b o x y l ic  g r o u p  ( - C O O H )  in  th e  m o le c u le  

w h ic h  d is s o c ia te s  in to  - C 0 0 ‘ a t  h ig h e r  H e n c e ,  ta m a r in d  s e e d  a c ts  a s



a n io n ic  p o ly e le c t r o ly te  a n d  e f f e c t iv e  f o rm a t io n  o f  f lo e  m a y  b e  d u e  to  

“b r id g in g ”  m e c h a n is m .

(iv) Cationic polyelectrolyte

T h e  e f f e c t iv e n e s s  o f  c a tio n ic  p o ly e le c tro ly te  a s  a  c o a g u la n t  a n d  c o a g u la n t  a id  

to  r e m o v e  C O D , p h o s p h a te  a n d  a m m o n ia c a l  n i t ro g e n  f ro m  s e ru m  e f f lu e n t  

w a s  a s s e s s e d  in  th e  p re s e n c e  o f  2 0 0  m g /L  a lu m in iu m  c h lo r id e  a n d  4  m g /L  o f  

c a tio n ic  p o ly e le c tr o ly te  a t  p H  9 .5  (T a b le  3 . B .2 1 ) .

Table 3. B. 21 C a tio n ic  p o ly e le c t r o ly te  a s  a  c o a g u la n t  a n d  c o a g u la n t  a id

C o a g u la n t

C a t io n ic  p o ly e le c t r o ly te

A lu m in iu m  c h lo r id e

A lu m in iu m  c h lo r id e  +  

C a t io n ic  p o ly e le c t r o ly te

P e r c e n ta g e  r e m o v a l  o f

C O D

15

3 2

3 5

P O 4

0 5

2 3

2 8

A N

16

2 5

2 7

T h e  c o a g u la t io n  e f f ic ie n c y  w a s  a s s e s s e d  in  te rm s  o f  C O D , p h o s p h a te  a n d  

A N  re m o v a l.  C a t io n ic  p o ly e le c tr o ly te  in  th e  p r e s e n c e  o f  a lu m in iu m  c h lo r id e  

c o u ld  r e m o v e  3 5  %  o f  C O D , 2 8  %  p h o s p h a te  a n d  2 7  %  A N . T h e  a c t iv i ty  o f  

c a t io n ic  p o ly e le c tr o ly te  a s  a  p o ly e le c tr o ly te  m ig h t  b e  a t tr ib u te d  to  th e  c h a rg e  

n e u tra l iz a t io n  a n d  b r id g in g  a c tio n . P o ly a c ry la m id e  is  a  n o n - io n ic  

p o ly e le c tr o ly te  w h ic h  is m a d e  c a tio n ic  b y  s p e c ia l  processes '^*  a n d  g iv e s  b e s t  

r e s u l ts  w h e n  m o le c u la r  w e ig h t  is  h ig h . P e r c e n ta g e  r e m o v a l  o f  C O D , 

p h o s p h a te  a n d  A N  w e r e  c o m p a r a t iv e ly  le s s  w h e n  c a tio n ic  p o ly e le c tro ly te  

w a s  u s e d  in d iv id u a lly .  T h is  m a y  b e  d u e  to  th e  in a d e q u a te  p o s i t iv e  c h a rg e



im p a r te d  to  th e  p o ly a c r y la m id e  m o le c u le  b y  th e  s p e c ia l  p r o c e s s .  T h e  a c tio n  

o f  h ig h  m o le c u la r  w e ig h t  c a t io n ic  p o ly e le c tro ly te s  is  d u e  to  th e  c h a r g e  

n e u t r a l is a t io n  a n d  b r id g in g  p h e n o m e n o n .  B e s id e s  lo w e r in g  th e  s u r fa c e  

c h a r g e  o n  th e  p a r t ic le ,  th e s e  p o ly e le c tro ly te s  a ls o  f o rm  p a r t ic le  bridges'^^ .

(v) Anionic polyelectrolyte

Table 3. B . 22. A n io n ic  p o ly e le c t r o ly te  a s  a  c o a g u la n t  a n d  c o a g u la n t  a id

C o a g u la n t

A n io n ic  p o ly e le c t r o ly te

P o ta s h  a lu m

P o ta s h  a lu m  +

A n io n ic  p o ly e le c t r o ly te

P e r c e n ta g e  r e m o v a l  o f

C O D

13

3 2

3 4

P O 4

0 4

2 3

2 6

A N

18

2 7

2 7

E f f ic i e n c y  o f  a n io n ic  p o ly e le c t r o ly te  a s  a  c o a g u la n t  a n d  c o a g u la n t  a id  w a s  

d e t e r m in e d  in  te rm s  o f  th e  p e r c e n ta g e  r e m o v a l  o f  C O D , p h o s p h a te  a n d  

a m m o n ia c a l  n i t r o g e n  in  th e  p r e s e n c e  o f  2 0 0  m g /L  o f  p o ta s h  a lu m  a n d

4  m g /L  o f  th e  a n io n ic  p o ly e le c t r o ly te  a t p H  10  ( T a b le  3 . B .2 2 ) .  T h e  a n io n ic  

p o ly e le c t r o ly te  in  th e  p r e s e n c e  o f  p o ta s h  a lu m  c o u ld  r e m o v e  3 4  %  o f  C O D ,

2 6  %  p h o s p h a te  a n d  2 7  %  A N . T h e  c o a g u la t io n  a c t io n  o f  th e  a n io n ic  

p o ly e le c t r o ly te s  c o u ld  b e  a t t r ib u te d  to  th e  in te ip a r t i c l e  b r id g in g  m e c h a n is m .  

A n io n ic  p o ly m e r s  b e c o m e  a t ta c h e d  to  a  n u m b e r  o f  a d s o r p t io n  s i te s  to  th e  

s u r f a c e  o f  th e  p a r t i c le s  f o u n d  in  th e  w a s te w a te r .  A  b r id g e  is  f o r m e d  w h e n  

tw o  o r  m o r e  p a r t i c le s  b e c o m e  a d s o rb e d  a lo n g  th e  le n g th  o f  th e  p o ly m e r .  

B r id g e d  p a r t i c le s  b e c o m e  m o r e  in te r tw in e d  w i th  o th e r  b r id g e d  p a r t i c le s



d u r in g  th e  f lo c c u la t io n  p r o c e s s .  T h e  s iz e  o f  th e  r e s u l t in g  th r e e  d im e n s io n a l  

p a r t ic le s  g ro w s  u n t i l  th e y  c a n  b e  r e m o v e d  e a s i ly  b y  s e d im e n ta tio n '^ ^ .

T h e  f lo c c u la t io n  p r o c e s s  in d u c e d  b y  a n io n ic  p o ly e le c t r o ly te s  is

f a c i l i ta te d  b y  th e  p r e s e n c e  o f  lo w  c o n c e n t r a t io n  o f  a  m e ta l  io n  (A l^^)

c a p a b le  o f  b in d in g  w ith  th e  fu n c t io n a l  g r o u p s  o n  th e  p o ly e le c t r o ly te s .  T h e

p o s i t iv e  m e ta l  io n  s e rv e s  to  f o rm  a  b r id g e  a m o n g  th e  a n io n ic

p o ly e le c t r o ly te s  a n d  n e g a t iv e ly  c h a r g e d  f u n c t io n a l  g r o u p s  o n  th e  c o l lo id a l

p a r t i c le  s u r fa c e .  D u e  to  its  h y d ro p h i l ic  c h a r a c te r ,  s e v e r a l  h y d r o g e n  b o n d s

ai'e f o rm e d  a m o n g  p o ly e le c t r o ly te s  a n d  w a te r  m o le c u le s .  T h is  a s s o c ia t io n

22
te n d s  to  o c c u p y  la r g e r  s u r fa c e  a r e a  c a u s in g  v e r y  h ig h  v is c o s i ty  .

T h e  e f f ic i e n c y  o f  th e  f iv e  p o ly e le c t r o ly te s  a s  p r im a r y  c o a g u la n t  a n d  

c o a g u la n t  a id  w e r e  a s s e s s e d  in  te rm s  o f  th e  p e r c e n ta g e  r e m o v a l  o f  C O D . 

T h e  C O D  r e m o v a l  e f f ic ie n c y  is  in  th e  o r d e r  o f  ta m a r in d  s e e d  p o w d e r  

f o l lo w e d  b y  g o o s e  b e r r y ,  d r u m s t ic k  s e e d  p o w d e r ,  c a t io n ic  p o ly e le c t r o ly te  

a n d  a n io n ic  p o ly e le c t r o ly te .  T h e  s tu d y  s h o w e d  th a t  n a tu ra l  p o ly e le c t r o ly te s  

p e r f o r m  b e t te r  th a n  th e  s y n th e t ic  p o ly e le c t r o ly te s  to  r e m o v e  C O D  f r o m  th e  

s e r u m  e f f lu e n t .  T h e  e f f ic i e n c y  to  r e m o v e  p h o s p h a te  f ro m  th e  e f f lu e n t  

fo l lo w s  th e  o r d e r  o f  ta m a r in d  s e e d  p o w d e r  f o l lo w e d  b y  d r u m s t ic k  s e e d  

p o w d e r ,  g o o s e  b e r r y ,  c a t io n ic  p o ly e le c t r o ly te  a n d  a n io n ic  p o ly e le c t r o ly te .  

T h e  r e m o v a l  e f f ic i e n c y  in  te rm s  o f  T K N  fo l lo w s  th e  o r d e r  o f  ta m a r in d  s e e d  

p o w d e r  f o l lo w e d  b y  d r u m s t ic k  s e e d  p o w d e r  a n d  g o o s e  b e r r y .  In  th e  c a s e  o f  

s y n th e t ic  p o ly e le c t r o ly te s ,  A N  r e m o v a l  is  c o m p a r e d  in s te a d  o f  T K N  a n d  

b o th  p o ly e le c t r o ly te s  s h o w e d  th e  s a m e  e f f ic ie n c y  in  r e m o v in g  A N  w h e n  

u s e d  a s  a  c o a g u la n t  a id .



3, B. 6. Conclusion

T h e  o p t im u m  p H  v a lu e s  f o r  th e  e f f e c t iv e  c o a g u la t io n  o f  th e  f iv e  

p o ly e le c t r o ly te s ,  v iz . ,  ta m a r in d  s e e d  p o w d e r ,  g o o s e  b e r r y  p o w

d e r ,  d m m s t i c k  s e e d  p o w d e r ,  c a t io n ic  p o ly e le c t r o ly te  a n d  a n io n ic  

p o ly e le c t r o l j^ e  w e r e  d e te rm in e d .  T h e  o p t im u m  p H  v a lu e  w a s  10  f o r  a ll 

p o ly e le c t r o ly te s .

T h e  n a tu r a l  p o ly e le c t r o ly te s  s h o w e d  h ig h  p o te n t ia l  a s  c o a g u la n t  a id  

in  th e  t r e a tm e n t  o f  s k im  s e r u m  e f f lu e n t  f r o m  n a tu ra l  r u b b e r  c e n t r i f u g in g  

u n i t .  A  s m a l l  q u a n t i ty  o f  p o ly e le c t r o ly te ,  4  m g /L ,  a lo n g  w i th  v e r y  s m a l l  

a m o u n t  o f  m e ta l  c o a g u la n t  c o u ld  r e d u c e  c o n s id e r a b le  a m o u n t  o f  C O D  a n d  

p h o s p h a te .

A m o n g  th e  f iv e  p o ly e le c t r o ly te s  ta m a i 'in d  s e e d  p o w d e r  w a s  f o u n d  to  

b e  th e  m o s t  e f f e c t iv e  p r im a r y  c o a g u la n t  a n d  c o a g u la n t  a id  to  r e m o v e  C O D .

P o ta s h  a lu m  w a s  f o u n d  to  b e  th e  m o s t  e f f e c t iv e  a m o n g  th e  m e ta l  

c o a g u la n ts  s tu d i e d  in  m o s t  o f  th e  c a s e s .  In  th e  c a s e  o f  c a t io n ic  

p o ly e le c t r o ly te  th e  c o m b in a t io n  w i th  a lu m in iu m  c h lo r id e  w a s  m o r e  

e f f e c t iv e .

A m o n g  th e  s y n th e t ic  p o ly e le c t r o ly te s ,  th e  c a t io n ic  p o ly e le c t r o ly te  

w a s  f o u n d  to  b e  m o r e  e f f e c t iv e  to  t r e a t  s e r u m  e f f lu e n t  th a n  th e  a n io n ic  

p o ly e le c t r o ly te .
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CHAPTER 4

ANAEROBIC TREATMENT 
PART A: UASB REACTOR

B io re m e d ia t io n  is  d e f in e d  a s  th e  r e c u p e r a t io n  o f  a  c o n ta m in a te d  s i te  

th r o u g h  th e  a c t iv i ty  o f  l iv in g  o r g a n is m s ,  u s u a l ly  m ic r o o rg a n is m s ,  th a t  

b r e a k d o w n  th e  p o l lu t a n t^  B io re m e d ia t io n  o f fe r s  th e  p o te n t ia l  to  p r o te c t  

h u m a n  h e a l th  a n d  th e  e n v i ro n m e n t ,  m a in ta in s  th e  p r o te c t io n  o v e r  t im e  a n d  

m a x im iz e  w a s te  t r e a tm e n t  b y  e x p lo i t in g  n a tu r a l ly  o c c u r r in g  b io d e g r a d a b le  

p ro c e s s e s ^ . W h e n  o x y g e n  is  u s e d  as  th e  e le c t r o n  a c c e p to r ,  th e  r e a c t io n  is  

te rm e d  a e r o b ic  a n d  r e a c t io n s  in v o lv in g  o th e r  e le c t ro n  a c c e p to r s  a re  

c o n s id e r e d  a n a e r o b ic .  T h e  te rm  a n o x ic  is  u s e d  to  d is t in g u is h  th e  u s e  o f  

n i t r i t e  o r  n i t r a te  a s  e le c t r o n  a c c e p to r s  f r o m  o th e rs  u n d e r  a n a e ro b ic  

c o n d i t io n s .  U n d e r  a n o x ic  c o n d i t io n s ,  r e d u c t io n  o f  n i t r i t e  o r  n i t r a te  to  

g a s e o u s  n i t r o g e n  o c c u r s ,  a n d  th is  r e a c t io n  is  r e f e r r e d  to  a s  b io lo g ic a l  

d e n i t r i f ic a t io n ^ .  A n a e ro b ic  d ig e s t io n  is  a  b io lo g ic a l  t r e a tm e n t  p r o c e s s  f o r  

th e  d e g r a d a t io n  o f  s im p le  o r g a n ic s  in  a i r  f re e  e n v i ro n m e n t .

A n a e ro b ic  f e r m e n ta t io n  a n d  o x id a t io n  p r o c e s s e s  a re  u s e d  p r im a r i ly  

f o r  th e  t r e a tm e n t  o f  s lu d g e  a n d  h ig h  s t r e n g th  o r g a n ic  w a s te s .  T h e  m a in  

a d v a n ta g e s  o f  a n a e r o b ic  f e r m e n ta t io n  p r o c e s s  a r e  lo w e r  y ie ld  o f  b io m a s s  

a n d  e n e r g y  f o rm a t io n  f r o m  m e th a n e  d u r in g  th e  b io lo g ic a l  c o n v e r s io n  o f  

o r g a n ic  s u b s t r a te s .  I t  is  a  c o s t  e f f e c t iv e  m e th o d  to  t r e a t  h ig h  s t r e n g th  

o r g a n ic  w a s te s  in  c o m p a r i s o n  to  a e ro b ic  t r e a tm e n t  w i th  s a v in g s  in  e n e r g y ,  

n u t r ie n t  a d d i t io n  a n d  r e a c to r  v o lu m e ^ . A n a e ro b ic  o r g a n is m s  u t i l i z e  p a r t  o f  

th e  c a r b o n  s u b s t r a te  f o r  c e l l  g ro w th , a n d  c o n v e r t  th e  o th e r  p a r t  to  m e th a n e



a n d  c a r b o n  d io x id e .  S in c e  a n a e r o b ic  d e c o m p o s i t io n  r e s u l t s  in  le s s  e f f ic i e n t  

u t i l i z a t io n  o f  o r g a n ic  s u b s t r a te  f o r  c e l l  g r o w th  th a n  a e r o b ic  d e c o m p o s i t io n  

th e  p r o c e s s  h a s  th e  a d v a n ta g e  o f  lo w  w a s te  s o l id s  g e n e r a t io n .  A n a e r o b ic  

t r e a tm e n t  is  e c o n o m ic a l ly  m o r e  v ia b le  th a n  th e  a e r o b ic  p ro ce ss '^ . T h e  

s lu d g e  p r o d u c t io n  in  a n a e r o b ic  p r o c e s s  is  le s s  th a n  in  th e  a e r o b ic  p r o c e s s .  

A e r o b ic  p r o c e s s  m e ta b o l i s e s  u p  to  4 0 %  o f  th e  B O D  in to  s lu d g e ,  w h e r e a s ,  

in  a n a e r o b ic  p r o c e s s  5 to  1 0 %  o f  B O D  m e ta b o l i s e s  to  p r o d u c e  s lu d g e ^ . 

H ig h  s t r e n g th  o r g a n ic  in d u s t r ia l  w a s te s  h a v e  b e e n  t r e a te d  b y  th is  m e th o d  

w i th  a  m in im u m  o f  la n d  u s a g e  a n d  e n e r g y ,  u s in g  f i l te r s ,  f lu id iz e d  b e d s  a n d  

U A S B  s y s te m s .  A n d e r s o n  e t  al^ s ta te d  th a t  a n a e r o b ic  t r e a tm e n t  is  m o r e  

e c o n o m ic a l  f o r  in d u s t r ia l  e f f lu e n t s  c o n ta in in g  C O D s  g r e a te r  th a n  4 0 0 0  

m g /L ,  a n d  s h o w e d  th a t  i f  th e  C O D  o f  th e  e f f lu e n t  is  a b o v e  2 0 ,0 0 0  m g /L  

th e n  a n a e r o b ic  t r e a tm e n t  c o u ld  s a v e  7 5 %  o f  th e  c a p i ta l  a n d  o p e r a t in g  c o s ts  

c o m p a r e d  to  a n  a e r o b ic  s y s te m . T h e  p r o c e s s  d o e s  n o t  n e e d  e n e r g y  in te n s iv e  

o x y g e n  t r a n s f e r  f o r  o x id a t io n  o f  o r g a n ic  p o l lu ta n ts  in  th e  w a s te w a te r .  

R a th e r ,  e n e r g y  r ic h  g a s e o u s  f u e l  m e th a n e  is  th e  b y - p r o d u c t  o f  th is  p r o c e s s  

th a t  c a n  s u p p le m e n t  th e  e n e r g y  n e e d s  o f  th e  in d u s t ry .

A n a e r o b ic  d ig e s t io n  is  a p p l ic a b le  o n ly  to  s im p le  o r g a n ic  w a s te  

s t r e a m s - p r im a r i l y  c a r b o h y d r a te s ,  l ip id s ,  p r o te in s ,  a lc o h o ls ,  a n d  o r g a n ic  

a c id s ’ . I f  to ta l  s u s p e n d e d  s o l id  c o n c e n t r a t io n  is  g r e a te r  th a n  6  g  T S S /L ,  

a n a e r o b ic  d ig e s t io n  o r  a n a e ro b ic  c o n ta c t  p r o c e s s  m a y  b e  m o r e  a p p ro p r ia te ^ .  

E s s e n t i a l ly  n o  d e g r a d a t io n  o f  lo n g - c h a in  o r  c y c h c  h y d r o c a rb o n s  o c c u r s .  

M e ta l  c o n c e n t r a t io n s  a r e  to le r a te d  in  th e  s y s t e m  a s  lo n g  a s  th e y  a re  

in s o lu b le .  O n ly  s o lu b le  m e ta l  s p e c ie s  a r e  to x ic  to  m ic r o b ia l  a c t iv i ty  a n d  

g e n e r a l ly  th e  h e a v ie r  th e  m e ta l  io n ,  th e  g r e a te r  th e  in h ib i t io n ’ .



4. A . 2. Reactions in anaerobic process

T h e  m a jo r  s te p s  in v o lv e d  in  th e  a n a e r o b ic  p r o c e s s  a r e  h y d r o ly s is ,  

a c id o g e n e s is  a n d  m e th a n o g e n e s is .  In  h y d r o ly s is ,  m a te r ia ls  l ik e  

p o ly s a c c h a r id e s ,  p ro te in s ,  l ip id s  a n d  n u c le ic  a c id s  a re  c o n v e r te d  to  s im p le  

a n d  s o lu b le  m o n o m e r s  w h ic h  is  th e  f ir s t  s te p  in  a n a e r o b ic  p r o c e s s .  

P o ly s a c c h a r id e s  a re  c o n v e r te d  to  m o n o s a c c h a r id e s ,  p r o te in s  to  a m in o  a c id s ,  

l ip id s  to  f a t ty  a c id s  a n d  n u c le ic  a c id s  to  p u r in e s  a n d  p y r im id in e s .  In  

a c id o g e n e s is  th e s e  a re  d e g r a d e d  fu r th e r  to  a c e ta te ,  h y d r o g e n ,  C O 2, 

p r o p io n a te  a n d  b u ty r a te .  P ro p io n a te  a n d  b u ty r a te  a re  a ls o  f u r th e r  d e g r a d e d  

to  a c e ta te ,  h y d r o g e n  a n d  C O 2. O rg a n ic  s u b s t r a te s  s e rv e  a s  b o th  e le c t r o n  

d o n o r s  a n d  a c c e p to r s .  T h e  p r e c u r s o r s  o f  m e th a n o g e n e s i s  a re  a c e ta te ,  

h y d r o g e n  a n d  C 0 2 .^

In  m e th a n o g e n e s is ,  th e  th ir d  s te p  in  a n a e r o b ic  o x id a t io n ,  tvi^o g ro u p s  

o f  m e th a n o g e n ic  o r g a n is m s  a re  in v o lv e d . O n e  g r o u p  is  ace tic la stic  

m ethanogens  w h ic h  s p l i t  a c e ta te  in to  m e th a n e  a n d  c a r b o n  d io x id e .  T h e  

s e c o n d  g ro u p  is h y d r o g e n  u t i l iz in g  m e th a n o g e n s ,  u s e  h y d r o g e n  a s  th e  

e le c t ro n  d o n o r  a n d  C O 2 a s  th e  e le c tro n  a c c e p to r  to  p r o d u c e  m e th a n e .  

A c e to g e n s ,  th e  b a c te r ia  p r e s e n t  in  a n a e ro b ic  p r o c e s s ,  u s e  C O 2 to  o x id iz e  

h y d r o g e n  a n d  f o rm  a c e t ic  a c id .  T h is  a g a in  g e ts  c o n v e r te d  to  m e th a n e  a n d  

th e re fo r e  th e  im p a c t  o f  th is  r e a c t io n  is  m in o r .  In  a n a e r o b ic  p r o c e s s  a b o u t  

7 2 %  o f  th e  m e th a n e  is  p r o d u c e d  f ro m  a c e ta te  f o rm a tio n ^ .  B a s e d  o n  th e  

g e n e t ic  t r a i ts ,  c e l lu la r  l i f e  is  d iv id e d  in to  th r e e  b a s ic  d o m a in s ,  tw o  

c o m p o s e d  o f  p r o k a r y o t ic  c e l ls  ( A r c h a e a  a n d  b a c te r ia )  a n d  th e  th i r d  g r o u p  is  

e u k a r y a  c e lls .  A m o n g  th e  n o n m e th a n o g e n ic  b a c te r ia  th a t  a r e  c o m m o n ly  

f o u n d  in  a n a e r o b ic  s lu d g e  d ig e s te r s  a re  C lostridium  s p p . ,  P eptococcu s  

anaerobus.. B ifidobacterium  s p p . ,  D esu lphovibrio  s p p . ,  C orynebacterium
3 8

s p p .,  Lactobcicilhis, A ctinom yces, S taphylococcus  a n d  E scherich ia  co li ' .



M a n y  o f  th e  a n a e r o b ic  b a c te r ia  i s o l a te d  f r o m  a n a e r o b ic  d ig e s te r s  a r e  

s im i la r  to  th o s e  f o u n d  in  th e  s to m a c h  o f  r u m in a n t  a n im a ls  a n d  in  o r g a n ic  

s e d im e n ts  ta k e n  f ro m  la k e s  a n d  r iv e rs ^ ’ M ic r o o r g a n is m s  r e s p o n s ib le  fo r  

m e th a n e  p r o d u c t io n  a re  a r c h a e a ,  w h ic h  a r e  s t r ic t  o b l ig a te  a n a e r o b e s .  

M ethcinosarcina  a n d  M ethanothrix  ( s p h e r e s )  a r e  th e  o n ly  o r g a n is m s  w h ic h  

a re  a b le  to  u s e  a c e ta te  to  p r o d u c e  m e th a n e  a n d  c a r b o n  d io x id e ^ . T h e  

m e th a n o g e n s  a n d  th e  a c id o g e n s  f o rm  a  s y n t r o p h ic  ( m u tu a l ly  b e n e f ic ia l )  

r e la t io n s h ip  in  w h ic h  th e  m e th a n o g e n s  c o n v e r t  f e r m e n ta t io n  e n d  p r o d u c ts  

s u c h  as  h y d r o g e n ,  f o r m a te ,  a n d  a c e ta te  to  m e th a n e  a n d  c a r b o n  d io x id e .  

M e th a n o g e n s  r e d u c e s  p a r t i a l  p r e s s u r e  o f  h y d r o g e n ;  th e  e q u i l ib r iu m  o f  

f e r m e n ta t io n  r e a c t io n  is  s h i f te d  to w a r d s  th e  f o r m a t io n  o f  m o r e  o x id iz e d  e n d  

p r o d u c ts  l ik e  f o rm a te  a n d  a c e ta te  th u s  s e r v in g  a s  a  s in k  f o r  h y d r o g e n  th a t  

a l lo w s  th e  f e r m e n ta t io n  r e a c t io n s  to  p r o c e e d .  I f  m e th a n o g e n s  a re  n o t  a b le  to  

u t i l iz e  h y d r o g e n  d u e  to  p r o c e s s  u p s e t ,  th e  p r o p io n a te  a n d  b u ty r a te  

f e r m e n ta t io n  w il l  b e  s lo w e d  d o w n  w i th  th e  a c c u m u la t io n  o f  v o la t i le  f a t ty  

a c id s  in  th e  a n a e r o b ic  r e a c to r  a n d  a  r e d u c t io n  in  th e  p H .

M a d ig a n  e t  a l '°  s h o w e d  th a t  m e th a n o g e n s  u s e  l im i te d  n u m b e r  o f  

s u b s t r a te s  a s  s h o w n  b e lo w .

4 H 2 + C O 2  - >  CH4 + 2 H 2 O

4 H C O O + 4 H ^ ^  C H 4  + 3 C O 2  +  2H 2O

4 C O  +  2H 2O  - >  C H 4 + 3 C O 2

4 C H 3 O H  ^  3 C H 4 + C O 2  + 2 H 2 O

4  (C H 3)3N  +  H 2O  9 CH4 +  3C O 2 +  6 H 2O  +  4 N H 3

C H 3 C O O H  C H 4 + C O 2

T h e  a b o v e  re a c tio n s  in v o lv e  th e  o x id a tio n  o f  h y d ro g e n , fo rm ic  a c id , c a rb o n  

m o n o x id e ,  m e th a n o l ,  m e th y la m in e  a n d  a c e ta te .



R a te  d e te rm in in g  s te p s  in  th e  a n a e ro b ic  p ro c e s s  a re  h y d ro ly s is  

c o n v e rs io n  a n d  th e  s o lu b le  s u b s tra te  u ti l iz a t io n  r a te  f o r  f e rm e n ta tio n  a n d  

m e th a n o g e n e s is .  M in im u m  le v e l o f  V F A  c o n c e n tra t io n  c a n  b e  ta k e n  as a n  

in d ic a tio n  o f  su f f ic ie n t m e th a n o g e n ic  p o p u la tio n . T h e  r a te  d e te rm in in g  s te p  is  

th e  c o n v e rs io n  o f  V F A s  b y  m e th a n o g e n ic  o rg a n is m s  a n d  n o t  th e  fe rm e n ta tio n  

o f  s o lu b le  s u b s tra te s  b y  f e m e n ta t i n g  b a c te r ia .  3 0  -  3 5  %  o f  C O 2 is  p re s e n t in  

th e  g a s  d e v e lo p e d  in  th e  a n a e ro b ic  p ro c e s s  a n d  h e n c e  a  h ig h  a lk a lin ity  is  

n e e d e d  to  e n s u re  n e u tra lity . E n v iro n m e n ta l  fa c to rs  s u c h  a s  p H  a n d  te m p e ra tu re  

h a v e  im p o r ta n t  e f fe c t o n  th e  s e le c tio n , su rv iv a l a n d  g ro w th  o f  m ic ro o rg a n ism s . 

T h e  k e y  fa c to r  in  th e  g ro w th  o f  m ic ro o rg a n is m  is  th e  p H  a s  m o s t  b a c te r ia  

c a n n o t to le ra te  p H  le v e ls  a b o v e  9 .5 . A  p H  v a lu e  n e a r  n e u tra l  is  p re fe r re d  a n d  

b e lo w  6.8  th e  m e th a n o g e n ic  a c tiv ity  is  in h ib ite d . T h e  o p t im u m  p H  fo r 

b a c te r ia l  g ro w th  lie s  b e tw e e n  6 .5  a n d  7 .5 . T a b le  4 .A .1  s h o w s  th e  re a c tio n s  o f  

a n a e ro b ic  b a c te r ia  a n d  th e  p ro d u c ts  fo rm e d  d u r in g  a n a e ro b ic  re a c tio n .

Table 4.A. 1. R e a c tio n s  o f  a n a e ro b ic  b a c te r ia  s h o w in g  c a rb o n  so u rc e , 
e le c tro n  d o n o r , e le c tro n  a c c e p to r  a n d  e n d  p ro d u c ts^ .

Common 
reaction names

Carbon
source

Electron
donor

Electron
acceptor Products

Acid
fermentation

Organic
compounds

Organic
compounds

Organic
compounds

VFAs such as 
acetate, propionate, 

butrate

Iron reduction Organic
compounds

Organic
compounds Fe(in) Fe(n), CO2, H2O

Sulphate
reduction

Organic
compounds

Organic
compounds SO4 H2S, C02 ,H20

Methanogenesis Organic
compounds VFAs CO2 Methane

A c c o rd in g  to  the  o p e ra tin g  te m p e ra tu re  ra n g e  b a c te r ia  c a n  b e  c lass ified  

a s  p sy c h ro p h ilic  (10-30 '^C ), m e so p h ilic  (2 0 -5 0 °  C )  a n d  th e rm o p h ilic  (3 5 -7 5 °  C )^ .



S o lid  r e te n tio n  t im e  (S R T )  g re a te r  th a n  2 0  d a y s  is  n e e d e d  f o r  a n a e ro b ic  

p ro c e s s  a t 3 0 °C  f o r  e f f e c tiv e  t r e a tm e n t p e r f o rm a n c e  w ith  h ig h e r  S R T  v a lu e s  a t 

lo w  te m p e r a tu r e s " .

A n a e ro b ic  p ro c e s s e s  a re  w id e ly  u s e d  th ro u g h  o u t th e  w o r ld  fo r  

w a s te w a te r  t r e a tm e n t  d u e  to  th e  c o n t in u in g  r is e  in  th e  c o s t  o f  e n e rg y  a n d  th e  

e m e rg e n c e  o f  m o r e  s tr in g e n t le g is la t io n  c o n c e rn in g  th e  d is c h a rg e  o f  in d u s t r ia l  

e f f lu e n ts .  A n a e ro b ic  p ro c e s s e s  h a v e  b e e n  f o u n d  to  p ro v id e  a  f e a s ib le  

a l te rn a t iv e  to  a e ro b ic  a n d  c h e m ic a l  m e th o d s .  E f f e c t  o f  p a r t ic u la te  C O D  o n  

a n a e ro b ic  d e g r a d a b il i ty  w a s  e v a lu a te d  b y  P r a s h a n th ‘“ u s in g  s y n th e tic a lly  

p re p a re d  w a s te w a te r  a t  d if fe re n t fo o d  to  m ic ro o rg a n is m  ra tio s . A n  a n a e ro b ic -  

fa c u lta t iv e  la g o o n  s y s te m  c o u ld  r e m o v e  9 6 %  B O D , 8 9 %  C O D , a n d  6 6 %  to ta l 

n itro g e n  f ro m  la te x  c o n c e n tra te  e f f lu e n t '^ .  S aravanane '"*  in v e s tig a te d  th e  

v ia b il i ty  o f  b io g a s  g e n e ra tio n  b y  in te g r a t in g  p re s s m u d , a  w a s te  p ro d u c t  o f  

sugar- in d u s t ry  w ith  m u n ic ip a l  s e w a g e  u s in g  c o w  d u n g  a n d  w a te r  as  in o c u lu m  

in  th e  b io m e th a n a t io n  p ro c e s s .  T h e  o p t im u m  to ta l so lid  c o n te n t w a s  fo u n d  to  

b e  5 %  a n d  m a x im u m  C O D  re m o v a l  e f f ic ie n c y  w a s  7 0 %  w ith  b io g a s  y ie ld  o f  

0 .6 3  m '^/kg o f  C O D . A n  in n o v a t iv e  a n a e ro b ic  d ig e s tio n  e lu tr ia te d  p h a s e  

tre a tm e n t (A D E P T )  h a s  b e e n  e v a lu a te d  a t m e s o p h il ic  (M -A D E P T , 3 5 °C ) a n d  

th e rm o p h lic  (T -A D E P T , SS'^C) te m p e ra tu re s  in  w h ic h  th e  o rg a n ic  lo a d in g  r a te  

w a s  in c re a s e d  u n ti l  th e  r e a c to r  fa ils '^ .

4. A.3. Anaerobic treatment process and some important parameters

T h e  f o llo w in g  a re  s o m e  o f  th e  p a ra m e te r s  th a t  in f lu e n c e  th e  a n a e ro b ic  

t r e a tm e n t p ro c e s s .



4.A.3.I. Types of anaerobic treatment process

(a) General

A n a e ro b ic  p ro c e s s e s  in c lu d e  a n a e ro b ic  s u s p e n d e d  g ro w th , u p f lo w  a n d  d o w n  

f lo w  a n a e ro b ic  a tta c h e d  g ro w th , f lu id iz e d -b e d  a t ta c h e d  g ro w th , u p f lo w  

a n a e ro b ic  s lu d g e  b la n k e t  (U A S B ) , a n a e ro b ic  la g o o n s  a n d  m e m b ra n e  

se p a ra tio n  a n a e ro b ic  p ro cess^ . A  d is a d v a n ta g e  o f  th e  a n a e ro b ic  p ro c e s s  is  th e  

lo w  b a c te r ia l g ro w th  ra te  w h ic h  m a y  re su lt  in  th e  w a s h o u t o f  b io m a ss . U p flo w  

a n a e ro b ic  s lu d g e  b la n k e t (U A S B )  re a c to r  d e v e lo p e d  in  th e  la te  197 0 s in  th e  

N e th e r la n d s  b y  L e t t in g a  a n d  c o w o rk e r s '^ ''^  is  n o w  th e  m o s t  w id e ly  u s e d  

a n a e ro b ic  tr e a tm e n t s y s te m  f o r  th e  b io d e g ra d a tio n  o f  in d u s tr ia l  w a s te w a te rs '^ .  

T h e  m o d if ic a tio n s  o f  th e  o r ig in a l d e s ig n  o f  U A S B  p ro c e s s  a re  h o r iz o n ta l f lo w  

f ilte r , e x p a n d e d  g ra n u la r  s lu d g e  b e d , u p f lo w  a n a e ro b ic  f ix e d  b io f i lm  re a c to r  

e tc . O th e r  p r in c ip a l ty p e s  o f  a n a e ro b ic  s lu d g e  b la n k e t  p ro c e s s  in c lu d e  th e  

a n a e ro b ic  b a f f le d  re a c to r  (A B R )  d e v e lo p e d  in  e a r ly  1980s^® a n d  a n a e ro b ic  

m ig ra tin g  b la n k e t  re a c to r  (A M B R )  d e v e lo p e d  b y  A n g e n e n t e t  a P  in  2 0 0 0 . 

U A S B  re a c to r  h a s  h ig h  lo a d in g  c a p a c ity  a n d  s im p le  d e s ig n . T h is  p ro c e s s  is  a 

c o m b in a t io n  o f  p h y s ic a l  a n d  b io lo g ic a l  p ro c e s s . N o  s e p a ra te  s e td e r  w ith  s lu d g e  

re tu rn  p u m p  is  re q u ire d  as in  a n a e ro b ic  c o n ta c t  p ro c e s s .

(b) UASB reactor

U A S B  re a c to r  c o n s is ts  o f  a  v e r t ic a l  c o lu m n  c o n ta in in g  a n  a c tiv e  p o p u la tio n  o f  

a n a e ro b ic  b a c te r ia ,  w h ic h  s e ttle  u n d e r  g ra v ity  to  fo rm  a  th ic k  f lu id  s lu d g e  b e d  

in  th e  lo w e r  p a r t  o f  th e  re a c to r .  U A S B  r e a c to r  h a s  th e  fo llo w in g  m a jo r  

c o m p o n e n ts ; m f lu e n t d is t r ib u t io n  sy s te m , s lu d g e  b e d , s lu d g e  b la n k e t,  a n d  a  

th re e  p h a s e  s e p a ra to r  c o n s is t in g  o f  g a s -s o l id  s e p a ra to r ,  a n d  th e  e f f lu e n t 

w ith d ra w a l design*^’’’ (F ig . 4 .A . I . ) .  In  th e  U A S B  re a c to r  th e  w a s te w a te r  is  

d is tr ib u te d  a t th e  b o tto m  a n d  tra v e ls  in  a n  u p f lo w  m o d e  th ro u g h  th e  s lu d g e



b la n k e t .  T h e  la y e r  o f  b io m a s s  s e ttle d  a t  th e  b o t to m  o f  th e  r e a c to r  is  c a lle d  

s lu d g e  b e d . In  th is  z o n e , th e  o rg a n ic  c o m p o u n d s  in  th e  in f lu e n t  a re  c o n v e r te d  

to  th e  e n d  p ro d u c ts ,  s u c h  a s  b io g a s  a n d  c e llu la r  b io m a s s ,  a s  f lo w  p a s s e s  

u p w a rd  th r o u g h  a  h ig h ly  a c tiv e  b io m a s s . B u lk  o f  s ta b il iz a t io n  o c c u r s  in  th is  

z o n e . V e r y  h ig h  s lu d g e  c o n c e n tra t io n  is  m a in ta in e d  in  th is  z o n e . T h e  s lu d g e  

b la n k e t  z o n e  is  o n  th e  to p  o f  th e  s lu d g e  b e d . T h e  s lu d g e  b la n k e t  z o n e  is  a  

s u s p e n s io n  o f  s lu d g e  p a i’tic le s  m b c ed  w ith  g a s e s  p ro d u c e d  in  th e  p ro c e s s . 

D e g r a d a t io n  o f  re s id u a l  o rg a n ic  m a t te r  f ro m  th e  s lu d g e  b e d  ta k e s  p la c e  in  th e  

s lu d g e  b la n k e t  z o n e . T h e  b io m a s s  in  a  U A S B  re a c to r  a g g re g a te s  to  fo rm  

c o m p a c t  g ra n u le s  o r  p e l le ts  th a t  m a y  b e  u p  to  5  m m  in  d ia m e te r .

F ig .  4 .A , 1 . T h e  sc h e m a tic  d ia g ra m  o f  U A S B  re a c to r  (A f te r  L e t t in g a  e t  a l . , ‘®)



T h e  c o n d i t io n s  s u i t a b le  f o r  th e  g r a n u la r  s lu d g e  f o r m a t io n  w e r e  

e s ta b l is h e d  b y  S p e e c e ^ .  A  n e u t r a l  p H , a  p lu g -  f lo w  h y d r a u l ic  r e g im e ,  a  

z o n e  o f  h ig h  h y d ro g e n  p a r t i a l  p r e s s u re ,  a  n o n - l im i t in g  s u p p ly  o f  

a m m o n ia c a l  n i t r o g e n  a n d  a  l im i te d  a m o u n t  o f  th e  a m in o  a c id  c y s te in e  

f a v o u r  th e  f o r m a t io n  o f  d e n s e  g r a n u la te d  s lu d g e  f lo e  p a i t ic le s .  In  p r e s e n c e  

o f  s u f f i c ie n t  a m o u n t  o f  a m m o n ia c a l  n i t r o g e n  a n d  h y d r o g e n ,  th e  b a c te r ia  

r e s p o n s ib le  f o r  g ra n u la t io n  m a y  p r o d u c e  a m in o  a c id s ,  b u t  th e i r  s y n th e s is  is  

l im i te d  b y  c y s te in e  su p p ly . T h e  e x t r a c e l lu la r  p o ly p e p t id e s  w h ic h  b in d  

o r g a n is m s  to g e th e r  to  f o rm  d e n s e  p e l le t s  o r  f lo e  g r a n u le s  a re  s o m e  o f  th e  

e x c e s s  a m in o  a c id s  se c re te d ^ . A t  h ig h  r a te  o f  h y d r a u l ic  lo a d in g ,  e x c e s s iv e  

a g i ta t io n  c a n  le a d  to  w a s h  o u t  o f  th e  s lu d g e  a n d  s y s te m  f a i lu re ,  i f  p o o r ly  

f lo c c u la te d  s lu d g e  is  f o rm e d .  U A S B  r e a c to r  c o n c e p t  i s  b a s e d  o n  th e  

f o rm a t io n  o f  w e l l  s e t ta b le  f lo e s  o r  g r a n u le s  th a t  a re  r e ta in e d  in  th e  r e a c to r  

b y  a n  e f f ic i e n t  g a s  / l iq u id  s o l id  s e p a r a to r  (G L S S )  d e v ic e  lo c a te d  a t  th e  to p  

o f  th e  r e a c to r^ ’ M ix in g  in  th e  r e a c to r  is  c a u s e d  b y  th e  e v o lv e d  g a s e s .

T h e  in p u t  a r r a n g e m e n t  o f  th e  U A S B  r e a c to r  h a s  th e  f o l lo w in g  

a d v a n ta g e s :

S lo p p in g  b o t to m  o f  th e  s e t t le r  s e rv e s  a s  g a s  s e p a r a to r .  N o  a d d i t io n a l  

s p a c e  is  r e q u i r e d  f o r  s e tt l in g .  T h e  s lu d g e  s e p a r a te d  in  th e  s e t t le r  c a n  f lo w  

b a c k  d i r e c t ly  in to  th e  r e a c to r  w i th o u t  m e c h a n ic a l  m e a n s  a n d  th u s  p r e v e n ts  

th e  w a s h o u t  o f  s o l id s .  T h e  s lu d g e  is  n o t  e x p o s e d  to  th e  a l ie n  e n v i ro n m e n t  

as  i t  r e m a in s  w ith in  th e  sy s te m ^ . I n o c u lu m s  g e n e r a l ly  u s e d  a re  a n a e r o b ic  

d ig e s te d  s e w a g e  s lu d g e  o r  c o w  d u n g  m a n u re .  T h e  a m o u n t  o f  in o c u lu m s  

r e q u ir e d  in  U A S B  r e a c to r  h a s  b e e n  f o u n d  to  b e  10 to  2 0  k g  V S S W  o f  th e  

r e a c to r  v o lu m e " ^ . D e v e lo p m e n t  o f  d e n s e  g r a n u la r  s lu d g e  h a v in g  a  p a r t ic le  

s iz e  o f  1 to  3 m m  h e lp s  th e  u s e  o f  h ig h  v o lu m e tr ic  C O D  lo a d in g s .



T h e  U A S B  r e a c to r  is  u s u a l ly  o p e r a te d  o n  lo n g  h y d r a u l i c  r e te n t io n  

t im e  ( H R T s )  i n i t i a l ly  p r o v id in g  v e r y  lo w  o r g a n ic  lo a d in g  r a te  ( O L R ) .  T h is  

is  n e c e s s a r y  in  th e  b e g in n in g  s o  a s  to  a c c l im a t iz e  th e  m ic r o o rg a n is m s  

e s p e c ia l l y  th e  m e th a n o g e n s ,  to  a v o id  s h o c k  lo a d in g  a n d  to  in c r e a s e  

m e th a n o g e n s ’ p o p u la t io n .  T h is  s te a d y  s ta te  o f  o p e r a t io n  in d ic a te d  s u f f i c ie n t  

p o p u la t io n  o f  m ic r o o rg a n is m s " ^ .  D u r in g  s ta r t - u p  p e r io d ,  C O D  r e m o v a l  

g r a d u a l ly  in c r e a s e s  in  th e  U A S B  a s  s lu d g e  a c c u m u la t io n  o c c u r s .  O n c e  

p r o p e r  s ta r tu p  o f  th e  r e a c to r  is  a c h ie v e d  w i th  g e n e r a t io n  o f  g o o d  q u a l i ty  o f  

g r a n u la r  s lu d g e ,  h a v in g  g o o d  s e t t l in g  p r o p e r t ie s  a n d  a c t iv i ty ,  v e r y  h ig h  

o r g a n ic  lo a d in g  r a te s ,  g r e a te r  th a n  3 0  k g  C O D /  m ^ c a n  b e  a p p lie d ^ .

U A S B  b a s e d  p la n ts  h a v e  p r o v e d  to  b e  e f f e c t iv e  in  th e  t r e a tm e n t  o f  

d i s t i l l e r y  w a s t e w a te r ,  b r e w e r y  w a s te w a te r ,  m a iz e  s ta rc h  p r o c e s s in g  e f f lu e n t  

a n d  p a p e r  m i l l  w astew ate r^® . A  la b o r a to r y  s tu d y  e s ta b l i s h e d  th e  p o te n t ia l  o f  

a n a e r o b ic  u p f lo w  f i l t e r  f o r  t r e a t in g  r u b b e r  e f f lu e n t s  a t  a n  o r g a n ic  lo a d in g  o f

8 k g  C O D  p e r  d a y ^ ‘ . A n a e ro b ic  p r o c e s s  w i th  tw o  U A S B  r e a c to r s  w a s  

p r o p o s e d  a s  th e  b e s t  a l te r n a t iv e  to  t r e a t  th e  w a s t e w a te r  f r o m  c i t r ic  

p r o d u c t io n  b y  b ig  m a n u f a c tu r in g  u n its^^ ’ B a ts to n e ^ '^  e x a m in e d  s p e c i f ic  

a s p e c ts  in  th e  t r e a tm e n t  o f  c o m p le x  w a s te w a te r  in  h ig h  r a te  a n a e r o b ic  

t r e a tm e n t  p la n t s  a n d  th e  in f lu e n c e  o f  d i f f e r e n t  c o n v e r s io n  p r o c e s s e s  a n d  

m ic r o b ia l  c h a r a c t e r i s t i c s  o n  d e s ig n  a n d  o p e r a t io n .  T h e  m a c r o s c o p ic  

c o n v e r s io n  p r o c e s s e s  w e r e  e x a m in e d  b y  in v e s t ig a t in g  a n d  m o d e l l in g  a  tw o  

s ta g e  h ig h  r a te  a n a e r o b ic  r e a c to r  in  A u s t r a l ia .  H e  f o u n d  th a t  d e g r a d a t io n  o f  

s o lu b le  p r o te in s  w a s  r a p id  a n d  a l l  p r o te in s  w e r e  f u l ly  a c id i f ie d  in  th e  

a c id o g e n ic  s ta g e  e v e n  a t  lo w  r e te n t io n  t im e s .  A n a e ro b ic  t r e a tm e n t  o f  

a l c o h o l i c  w a s te w a te r s  in  U A S B  r e a c to r s  w e r e  in v e s t ig a te d  b y  F lo re n c io ^ ^ .

T h e  s a v in g  in  o p e r a t in g  p o w e r  r e q u i r e m e n ts  m a k e s  th e  U A S B  

c h e a p e r  in  te rm s  o f  o v e r a l l  c o s t  th a n  m a n y  o th e r  s y s te m s  in  w a r m  c o u n t r i e s



( w i th  r e a c to r  te m p e r a tu re s  o f  m o r e  th a n  2 0 ° C ) . T h e  m e th o d  is  u s e fu l  fo r  

m e e t in g  la n d  i r r ig a t io n  r e q u ir e m e n ts  e c o n o m ic a l ly  in  a  c o u n t r y  l ik e  India^®. 

I n  te rm s  o f  s im p l ic i ty  a n d  c o m p a c tn e s s ,  th e  m o s t  a t t r a c t iv e  a p p r o a c h  is  

w h e r e  m ic r o -o r g a n is m s  a re  k e p t  in  th e  r e a c to r  e i th e r  th r o u g h  th e i r  n a tu ra l  

c h a r a c te r is t i c s  o r  th ro u g h  m e c h a n ic a l  m e a n s  a n d  n o  e x te r n a l  s e p a r a t io n  is  

n e e d e d .  T h e  b e s t  e x a m p le  o f  th is  a p p r o a c h  is  th e  U A S B  r e a c to r ,  w h e r e  th e  

m ic r o - o r g a n is m s  g ro w  n a tu ra l ly  in  a  d e n s e ,  g r a n u la r  fo rm . T h e  a n a e r o b ic  

u n i t  d o e s  n o t  n e e d  to  b e  f i l le d  w ith  a n y  s to n e s  o r  o th e r  m e d ia ;  th e  

u p f lo w in g  s e w a g e  i t s e l f  f o rm s  m il l io n s  o f  s m a ll  ‘g r a n u le s ’ o r  p a r t ic le s  

w h ic h  a re  h e ld  in  s u s p e n s io n  a n d  p r o v id e  a  la r g e  s u r f a c e  a r e a  o n  w h ic h  

o r g a n ic  m a t te r  c a n  a t ta c h  a n d  u n d e r g o  b io d e g r a d a t io n .  A  h ig h  s o l id  

r e te n t io n  t im e  (S R T )  o f  3 0 - 5 0  d a y s  o r  m o re  o c c u r s  w i th in  th e  un it^^ . 

P a i’t ic u la r  a t t r a c t iv e  f e a tu re s  o f  th e  U A S B  r e a c to r  d e s ig n  in c lu d e  i ts  

in d e p e n d e n c e  f r o m  m e c h a n ic a l  m ix in g  o f  th e  d ig e s te r  c o n te n ts ,  r e c y c l in g  

o f  s lu d g e  b io m a ss^ ^  a n d  i ts  a b i l i ty  to  c o p e  w i th  p e r tu r b a n c e s  d u e  to  h ig h  

lo a d in g  r a te s  a n d  te m p e r a tu r e  fluctuations^® . N o  m ix tu r e s  o r  a e ra to r s  a re  

r e q u i r e d ,  th u s  c o n s e r v in g  e n e r g y  a n d  r e s u l t in g  in  v e r y  lo w  o p e r a t in g  c o s t .

4. A. 3. 2. Nutrients

T o  s u p p o r t  m ic r o b ia l  g r o w th  in  b io lo g ic a l  s y s te m s ,  a p p r o p r ia te  n u tr ie n ts  

m u s t  b e  p ro v id e d ^ . N u tr ie n ts  o th e r  th a n  c a r b o n  o r  e n e r g y  s o u r c e s  m a y  a t  

t im e s  b e  th e  l im i t in g  m a te r ia l  f o r  m ic r o b ia l  c e ll  s y n th e s is  a n d  g ro w th .  T h e  

p r in c ip a l  in o r g a n ic  n u tr ie n ts  n e e d e d  b y  m ic r o o rg a n is m s  a r e  n it r o g e n ,  

p h o s p h o m s ,  s u lp h u r ,  p o ta s s iu m ,  m a g n e s iu m , c a lc iu m ,  i r o n ,  s o d iu m , a n d  

c h lo r in e .  N i t r o g e n  a n d  p h o s p h o r u s  a re  c o n s id e r e d  a s  m a c r o  n u tr ie n ts  

b e c a u s e  th e y  a re  r e q u ir e d  in  la rg e  a m o u n ts .  T h e y  a l s o  r e q u ir e  tr a c e  

a m o u n ts  o f  m e ta l l ic  io n s  o r  m ic ro  n u tr ie n ts  s u c h  a s  z in c ,  m a n g a n e s e ,  

c o p p e r ,  m o ly b d e n u m , s e le n iu m , n ic k e l  a n d  co b a lt^ ^ . T h e  th r e e  m a jo r



g r o w th  r e q u i r e m e n ts  a re  a m in o  a c id s ,  n i t r o g e n  b a s e s  a n d  v i ta m in s .  U s in g  

th e  f o r m u la  C 12H 87O 23N 12P  f o r  th e  c o m p o s i t i o n  o f  c e l l  b io m a s s ,  a b o u t  12 .2  

g  o f  n i t r o g e n  a n d  2 .3 g  o f  p h o s p h o r u s  a r e  n e e d e d  p e r  10 0  g  o f  c e l l  b io m a s s ^ .  

T h e  r e c o m m e n d e d  C O D :N :P  d u r in g  s ta r t  u p  is  3 0 0 :5 :1  a n d  d u r in g  s te a d y  

s ta te  p r o c e s s  th e  r a t io  is  6 0 0 :5 :1  .

4. A.3. 3. Methane gas production

T h e  a m o u n t  o f  C H 4 p r o d u c e d  p e r  u n i t  o f  C O D  c o n v e r te d  u n d e r  a n a e r o b ic  

c o n d i t io n s  a t  3 5 ° C  is  e q u a l  to  0 .4 8  L ^. B u s w e l l  a n d  B o r u f f  s u g g e s te d  a 

r e la t io n s h ip  to  e s t im a te  th e  p r o d u c ts  o f  a n a e r o b ic  r e a c t io n .  I f  th e  

c o n s t i tu t io n  o f  th e  w a s te  is  k n o w n , a n d  n e g le c t in g  th e  a m o u n t  o f  th e  

c o n s t i tu e n t  u s e d  f o r  c e ll  s y n th e s is ,  th e  f o l lo w in g  r e la t io n s h ip ,  c a n  b e  u s e d  

to  e s t im a te  th e  a m o u n t  o f  m e th a n e  ( C H 4) , c a r b o n  d io x id e  ( C O 2) , a m m o n ia  

( N H 3) a n d  h y d r o g e n  s u lp h id e  (H 2S )  th a t  w il l  b e  p r o d u c e d  u n d e r  a n a e r o b ic  

c o n d i t io n s ^ .
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C O  2 +  yNH-^ +  z H^S  E q .  1

T h e  g a s e o u s  a m m o n ia  ( N H 3) th a t  is f o rm e d  w ill  r e a c t  w i th  th e  c a r b o n  

d io x id e  to  f o rm  a m m o n iu m  io n  a n d  b ic a r b o n a te  a c c o r d in g  to  th e  f o l lo w in g  

r e la t io n s h ip .

N H 3 +  H 2O  +  C O 2 ^  N H 4̂  +  H C O g- E q . 2

E q . 2  is  th e  r e p r e s e n ta t io n  o f  th e  f o rm a t io n  o f  a lk a l in i ty  u n d e r  a n a e r o b ic  

c o n d i t io n s ,  d u e  to  th e  c o n v e r s io n  o f  o r g a n ic  c o m p o u n d s  c o n ta in in g  p r o te in s  

( i .e . ,  n i t r o g e n ) .  P e r c e n ta g e  o f  c a r b o n  d io x id e  c a n  b e  a s  h ig h  a s  5 0  p e r c e n t .



H o w e v e r  s in c e  C O D  is  r e m o v e d  in  v a r io u s  w a y s ,  th e  e f f e c t iv e  g a s  

p r o d u c t io n  m a y  b e  0 .1 0 -0 .3  m ^ p e r  k i lo g r a m  o f  C O D  r e m o v e d .  1 m ^ o f  

b io g a s  w ith  7 5  p e r c e n t  o f  m e th a n e  is  e q u iv a le n t  to  1 .4  k W h  elec tric ity^® . 

R e c o v e r y  o f  g a s  is  o p t io n a l  a n d  i f  c o l le c te d  b u t  n o t  u s e d ,  a  f la r e  m a y  b e  

in s ta l le d  to  b u rn  th e  b io g a s .  T h e  b u r n in g  o f  b io g a s  a v o id s  n o t  o n ly  o d o u r  

n u is a n c e  f ro m  th e  H ^S  p r e s e n t  in  th e  gas^® b u t  a ls o  to  p r e v e n t  e m is s io n  o f  

C H 4 (a  p o w e r fu l  g re e n  h o u s e  g a s  c o m p a r e d  C O 2).

4. A.3.4. Sulphide production

A  g ro u p  o f  b a c te r ia  ( m a in ly  o b l ig a te  a n a e r o b e s )  r e d u c e  s u lp h a te  in  e x c e s s  

th a n  th e i r  m e ta b o l ic  r e q u ir e m e n ts  a n d  p r o d u c e  h y d r o g e n  s u lp h id e  in  la rg e  

a m o u n ts '* '.  T h is  ty p e  o f  s u lp h a te  r e d u c t io n  is k n o w n  a s  d is s im i la to r y  

s u lp h a te  re d u c t io n .  S u lp h a te  fu n c t io n s  as  th e  te rm in a l  e le c tro n  a c c e p to r  in  

th e  a n a e r o b ic  r e s p i r a t io n  b y  th e s e  o r g a n is m s  a n d  th e  a m o u n t  o f  s u lp h id e  

p r o d u c e d  is  p r o p o r t io n a l  to  th e  a m o u n t  o f  h y d r o g e n  o r  o r g a n ic  m a te r ia l  

d iss im ila te d '* * ’ '*̂ .

S u lp h a te  r e d u c in g  b a c te r ia  c a n  b e c o m e  a  n u is a n c e  w h e n  th e  

w a s te w a te r  c o n ta in s  s ig n i f ic a n t  c o n c e n t r a t io n  o f  s u lp h a te .  T h e s e  b a c te r ia  

r e d u c e  s u lp h a te  to  s u lp h id e ,  a n d  c a n  b e c o m e  to x ic  to  m e th a n o g e n ic  

b a c te r ia .  O n e  s o lu t io n  to  th is  p r o b le m  is  to  a d d  iro n  a t  c o n t r o l le d  a m o u n ts  

to  fo rm  iro n  s u lp h id e  p r e c ip i ta te .  D esu lph ovibrio  a r e  g r o u p  I  s u lp h a te  

r e d u c e r s  w h ic h  u s e  o r g a n ic  c o m p o u n d  as th e i r  d o n o r ,  o x id iz in g  th e m  to  

a c e ta te  a n d  r e d u c in g  s u lp h a te  to  s u lp h id e .  G r o u p  I I  s u lp h a te  r e d u c e r s  a re  

D esu lph obacter  w h ic h  r e d u c e  f a t ty  a c id s  p a r t i c u la r ly  a c e ta te  to  c a r b o n  

d io x id e ^ . In  a d d i t io n ,  f a c u l ta t iv e  a n a e ro b ic  b a c te r i a  s u c h  a s  P seudom onas  

r e d u c e  n i t r a te  to  n i t r o g e n  g a s  ( d e n i t r i f ic a t io n ) .  R e d u c t io n  o f  s u lp h a te  to  H 2S 

u s in g  m e th a n o l  a s  th e  e le c t ro n  d o n o r  is a s  fo llo w s^



0 .119  S 0 4 -̂ +  0 .167  C H 3O H  +  0 .0 1 0  C O 2 +  0 .003  N H 4^ +  0 .003  H C O /  +  0 .178  

H " =  0 .003  C 5H 7N O 2 (new  cells) +  0 .0 6 0  H 2S + 0 .0 6 0  H S ' +  0.331 H 2O

P ro d u c t io n  o f  f e r ro u s  s u lp h id e  le a d s  to  b la c k  c o lo u r  in  th e  r e a c to r .  

B la c k e n in g  o f  th e  m e d iu m  is  a  d ia g n o s t ic  c h a r a c te r i s t i c  o f  D esu lh oovibrio  

desu lphuricans  g r o w th .  D esu lph ovibrio  desulphuriccm s  c a n  c a u s e  

s ig n i f ic a n t  r e m o v a l  o f  h e a v y  m e ta l  io n s  b y  p rec ip ita tion"^^ .

H 2S  is m a lo d o r o u s  a n d  c o r r o s iv e  to  m e ta ls  a n d  h ig h ly  s o lu b le  in  

w a te r ,  w ith  a  s o lu b i l i ty  o f  2 6 5 0  m g /L  a t  3 5 ° C . S u lp h a te  r e d u c in g  b a c te r ia  

c o m p e te  w ith  th e  m e th a n o g e n ic  b a c te r ia  f o r  C O D  a n d  th u s  c a n  d e c r e a s e  th e  

a m o u n t  o f  m e th a n e  g a s  p r o d u c t io n .  W h i le  lo w  c o n c e n t r a t io n s  o f  s u lp h id e  

( le s s  th a n  2 0  m g /L )  a r e  n e e d e d  f o r  o p t im a l  m e th a n o g e n ic  a c t iv i ty ,  h ig h e r
9 0

c o n c e n t r a t io n s  c a n  b e  to x ic  . M e th a n o g e n ic  a c t iv i ty  h a s  b e e n  d e c r e a s e d  b y

5 0  p e r c e n t  o r  m o r e  a t  H 2S c o n c e n t r a t io n  r a n g in g  f ro m  5 0  -  2 5 0  mg/L'*^. 

U n io n is e d  H 2S is  m o r e  to x ic  th a n  io n iz e d  H 2S , a n d  th e r e f o r e  th e  p H  is 

im p o r ta n t  in  d e te r m in in g  its  to x ic i ty .  T y p e  o f  a n a e r o b ic  b io m a s s ,  ty p e  o f  

m e th a n o g e n ic  p o p u la t io n  a n d  th e  fe e d  C O D /S O 4 r a t io  d e te r m in e s  th e  H 2S 

to x ic i ty .  A t  a  p H  v a lu e  o f  7  a n d  3 0 °C , a b o u t  6 0  p e r c e n t  o f  th e  to ta l  H 2S is 

p r e s e n t  a s  g a s e o u s  H 2S.

4. A. 3. 5. Ammonia toxicity

A m m o n ia  h a s  b e e n  f o u n d  to  b e  to x ic  to  a n a e r o b ic  t r e a tm e n t  o f  w a s te w a te r .  

H ig h  c o n c e n t r a t io n  o f  p r o te in s  a n d  a m in o  a c id s  p r e s e n t  in  w a s te w a te r  m a y  

g e t  d e g r a d e d  to  p r o d u c e  a m m o n iu m  io n s .  H ig h  c o n c e n t r a t io n s  o f  f re e  

a m m o n ia  a re  a ls o  to x ic  to  m e th a n o g e n ic  b a c te r ia .  S in c e  a m m o n ia  is  a  w e a k  

a c id ,  th e  a m o u n t  o f  f re e  a m m o n ia  is  a  f u n c t io n  o f  te m p e r a tu r e  a n d  p H  2  to

4  p e r c e n t  o f  a m m o n iu m  io n  is  in  th e  f o rm  o f  f r e e  a m m o n ia  a t  a  p H  o f  7 .5  

a n d  a  te m p e r a tu r e  o f  3 0 - 3 5 ° C “^. 100  m g /L  is  r e p o r te d  a s  th e  th r e s h o ld



to x ic i ty  f o r  a m m o n ia c a l  n itrogen '^^ . L a y  e t  al f o u n d  th a t  5 0 0  m g /L  is th e  

th r e s h o ld  to x ic i ty  le v e l  f o r  m e th a n o g e n ic  a c t iv i ty .  M cC arty"^^ r e p o r te d  th a t  

3 0 0 0  m g /L  o f  a m m o n ia c a l  n i t r o g e n  is  to x ic  a t  a n y  p H . N o  in h ib i t io n  fo r  

m e s o p h i l ic  a n d  th e r m o p h i l ic  d ig e s t io n  o f  m u n ic ip a l  s lu d g e  w a s  o b s e rv e d  

f o r  N H 4 -N  c o n c e n t r a t io n  u p  to  2 4 0 0  mg/L"^*. P a r k in  a n d  M iller'^^  a n d  

v a n V e ls e n ^ °  h a v e  r e p o r te d  n o  e f f e c t  o f  a m m o n ia  to x ic i ty  o f  a m m o n ia c a l  

n i t r o g e n  in  th e  r a n g e  o f  5 0 0 0  to  8 0 0 0  m g /L .

4. A. 3. 6. Biological phosphorus removal

In  b io lo g ic a l  p h o s p h o a is  r e m o v a l  o c c u r r in g  in  th e  a n a e r o b ic  z o n e ,  a c e ta te  

is p r o d u c e d  b y  f e r m e n ta t io n  th a t  c a n  b e  a s s im ila te d  b y  th e  b io m a s s .  U s in g  

e n e r g y  a v a i la b le  f ro m  s to r e d  p o ly p h o s p h a te s ,  th e  p h o s p h o r u s  a c c u m u la t in g  

o r g a n is m s  ( P A O s )  a s s im i la te  a c e ta te  a n d  p r o d u c e  in t r a c e l lu la r  

p o ly h y d r o x y b u t r a te  (P H B ) . S o m e  g ly c o g e n  c o n ta in e d  in  th e  c e l l  is  a ls o  

u s e d .  C o n c u r r e n t  w ith  th e  a c e ta te  u p ta k e  is  th e  r e le a s e  o f  o r th o p h o s p h a te  

(O -PO 4), as  w e ll  a s  m a g n e s iu m , p o ta s s iu m ,  a n d  c a lc iu m  c a t io n s .  T h e  P H B  

c o n te n t  in  th e  P A O s  in c re a s e s  w h i le  th e  p o ly p h o s p h a te  d e c r e a s e s .  A c e ta te  

u p ta k e  is  c r i t ic a l  in  d e t e r m in in g  th e  a m o u n t  o f  P A O s  th a t  c a n  b e  p r o d u c e d  

a n d  th e  a m o u n t  o f  p h o s p h o r u s  th a t  c a n  b e  r e m o v e d  b y  th is  p a th w a y .  A b o u t  

10 g  o f  b io d e g r a d a b le  s o lu b le  C O D  (b s C O D )  w ill  b e  r e q u ir e d  to  r e m o v e  I g  

o f  p h o s p h o r u s  b y  b io lo g ic a l  s to r a g e  m e c h a n is m . P e r io d s  o f  s ta rv a t io n  o r  

lo w  b s C O D  c o n c e n t r a t io n s  r e s u l t  in  c h a n g e s  in  th e  in t r a c e l lu la r  s to r a g e
u

r e s e rv e s  o f  g ly c o g e n ,  P H B  a n d  p o ly p h o s p h a te s  a n d  r a p id ly  le a d  to  

d e c r e a s e d  p h o s p h o r u s  r e m o v a l  e f f ic ie n c y ^ '.  In  b io lo g ic a l  p h o s p h o r u s  

r e m o v a l ,  f o r  a n  in f lu e n t  s o lu b le  p h o s p h o r u s  c o n c e n t r a t io n  o f  10  m g /L , 5 .6 , 

6 .3  a n d  3 .2  m /L  o f  M g , K , a n d  C a  r e s p e c t iv e ly  w o u ld  b e  re q u ire d ^ .



4. A. 3. 7. Advantages of UASB.

T h e  d a i ly  o p e ra tio n  o f  th e  U A S B  re q u ire s  m in im u m  a tte n tio n . N o  s p e c ia l 

in s tru m e n ta tio n  is  n e c e s s a r y  f o r  c o n tro l ,  a n d  th e  r e a c to r  m a y  b e  e m p tie d  

c o m p le te ly  o n c e  in  f iv e  y e a r s  w h ile  th e  s c u m  a c c u m u la te d  in s id e  th e  g a s  

c o l le c to r  c h a n n e ls  m a y  h a v e  to  b e  re m o v e d  e v e ry  tw o  y e a rs  to  e n s u re  f re e  f lo w  

o f  gas^^. H ig h  lo a d in g  ra te ,  u p  to  3 0  k g /m ^  p e r  re a c to r  p e r  d a y  a n d  lo w  

d e te n tio n  tim e s  a n d  e l im in a t io n  o f  c o s t  o f  p a c k in g  m a te r ia l a re  th e  s ig n if ic a n t  

a d v a n ta g e s  o f  th is  m e th o d . I t is a  p ro v e n  p ro c e s s  in  o p e ra tio n . L o w  la n d  

re q u ire m e n t, m in im u m  s lu d g e  p ro d u c tio n ,  lo w  n e e d  o f  n u tr ie n ts ,  lo w  

o p e ra tin g  p o w e r  c o s t  ( e v e n  a f te r  n e g le c tin g  th e  g a s  r e c o v e ry  a n d  e c o n o m ic  

b e n e f its  o f  e n e rg y  s a v in g s )  a re  th e  m a jo r  a d v a n ta g e s  o f  U A S B  o v e r  h ig h  

c a p ita l c o s ts  fo r  e f f lu e n t  tr e a tm e n t.  P o w e r  s u p p ly  is n e e d e d  o n ly  fo r  in it ia l 

p u m p in g  o f  r a w  e f f lu e n t  a n d  th e  w h o le  p la n t  c a n  b e  k e p t o p e ra tio n a l a t a ll 

t im e s  a n d  th is  is a  g re a t  a d v a n ta g e  in  m a n y  p a r ts  o f  In d ia  w h e re  re g u la r  p o w e r  

c u ts  occur^®. O rg a n ic  c o n ta m in a n ts  a re  tr a n s fo rm e d  in to  g re e n  e n e rg y  (b io g a s ) . 

T h e  m a in  a d v a n ta g e s  o f  U A S B  s y s te m s  a re  th e  s im p lic i ty  in  d e s ig n , a b i l i ty  to  

re ta in  h ig h  b io m a s s  th a t  le a d s  to  th e  e f f ic ie n t  r e m o v a l o f  o rg a n ic s  a t h ig h  

lo a d in g  ra te s  a n d  lo w  e n e r g y  d e m a n d s

U A S B  s y s te m  is  a  w e l l - p r o v e n  t e c h n o lo g y  f o r  t r e a tm e n t  o f  a  w id e  

r a n g e  o f  e f f lu e n t s  in c lu d in g  to x ic  a n d  in h ib i to r y  c o m p o u n d s .  T h e  

k n o w le d g e  o n  th e  im p o r ta n c e  o f  th e  r o le  o f  n u t r ie n ts  a n d  t r a c e  m e ta ls  th a t  

a f f e c t  th e  m e ta b o l ic  in te r m e d ia te s  a n d  e n d  p r o d u c ts  f a c i l i ta te s  p r o c e s s  

c o n tro l .

4. A. 3. 8. Disadvantages

D is a d v a n ta g e s  o f  a n a e r o b ic  p r o c e s s  a r e  lo n g e r  s ta r t - u p  t im e  to  d e v e lo p  

n e c e s s a r y  b io m a s s  in te n s i ty ,  a lk a l in i ty  a d d i t io n ,  u p s e t  d u e  to  to x ic



s u b s ta n c e s  a n d  th e  n ee d  f o r  f u r th e r  tr e a tm e n t^ . T h e  p r e s e n c e  o f  s u lp h a te s  in  

th e  in f lu e n t  m a y  le a d  to  th e  p r o d u c t io n  o f  h ig h ly  c o r r o s iv e  a n d  to x ic  fo rm  

o f  s u lp h id e s .  C e r ta in  h e a v y  m e ta ls  p r e s e n t  in  th e  in d u s t r ia l  w a s te  c a n  e i th e r  

im p e d e  b io lo g ic a l  a c tio n  in  U A S B s  o r  g e t  p r e c ip i ta te d .  I n f lo w  f lu c tu a t io n s  

m a y  a f f e c t  th e  u p f lo w  v e lo c i t ie s  c a u s in g  c a r ry  o v e r  s o m e  so lid s^^ .

T h e  a im  o f  th e  p r e s e n t  s tu d y  is  to  e v a lu a te  th e  v a r io u s  a s p e c ts  o f  

t r e a t in g  h ig h ly  p o llu te d  s k im  s e m m  e f f lu e n t  f ro m  n a tu ra l  r u b b e r  la te x  

c e n tr i f u g in g  u n i t  e m p lo y in g  U A S B  te c h n iq u e .

4. A. 4. Experimental

A  b e n c h  s c a le  U A S B  re a c to r  w a s  f a b r ic a te d  u s in g  P V C  p ip e  h a v in g  

in te rn a l d ia m e te r  10.5 c m  a n d  4 6 0  c m  h e ig h t  w ith  a  to ta l v o lu m e  o f  3 6  lite rs . 

A  f le x ib le  s id e  tu b e  o f  2 0  m m  d ia m e te r  w a s  p r o v id e d  to  fe e d  th e  e f f lu e n t  a t 

th e  b o tto m . A n  e x h a u s t  w a s  p ro v id e d  a t  th e  b o t to m  to  a v o id  c lo g g in g . F iv e  

s a m p lin g  p o r ts  (P o r t I f ro m  b o tto m  to  P o r t  5 a t  th e  to p  o f  th e  re a c to r )  w e re  

p ro v id e d  a t  e v e r y  10 0  c m  in te rv a ls .  A  s p a c e  o f  3 0  c m  h e ig h t w a s  p r o v id e d  a t 

th e  to p . A  h o o d  h a v in g  a n  o u t le t  tu b e , w h ic h  w a s  f re e  to  m o v e  in s id e  th e  

o u te r  tu b e , h a d  b e e n  p ro v id e d  to  c o l le c t  th e  g e n e ra te d  g a s  a t th e  to p . T h e  

w a s te w a te r  w a s  fe d  b y  g r a v i ty  to  th e  b o t to m  o f  th e  r e a c to r  (F ig . 4 .A  2 .) . T o  

s ta r tu p , th e  r e a c to r  w a s  f i l le d  w ith  w a te r  a n d  f i l te re d  c o w  d u n g  s lu r ry .

p H  o f  th e  s e ru m  w a s  m a in ta in e d  a b o v e  s e v e n  b y  a d d in g  l im e  a n d  

s o d iu m  h y d r o x id e .  A f te r  c o a g u la t in g  w ith  p o ta s h  a lu m , th e  c le a r  s o lu t io n  

w a s  f i l te r e d  a n d  a n a ly s e d  a s  p e r  s ta n d a rd  m e th o d s^ ^ . E x o g e n o u s  a d d i t io n  o f  

b ic a r b o n a te  is  r e c o m m e n d e d  fo r  p r o p e r  a n a e r o b ic  c o n v e rs io n ^ ^ . T o  th e  

c le a r  s o lu t io n  s o d iu m  b ic a rb o n a te  w a s  a d d e d  to  m a in ta in  th e  p H  b u f fe r in g  

c a p a c i ty  o f  th e  s y s te m . I t  w a s  th e n  fe d  in  d r o p s  to  th e  b o t to m  o f  th e  r e a c to r  

th r o u g h  th e  s id e  tu b e  a t  th e  ra te  o f  o n e  l i t r e  p e r  d a y . A f te r  3 6  d a y s  o f



c o n t in u o u s  a c c l im a t iz a t io n  s ig n i f ic a n t  g r o w th  o f  b a c te r ia  w a s  o b s e r v e d  

b e in g  e v id e n t  f ro m  th e  v o la t i le  f a t ty  a c id  a n d  m e th a n e  g a s  f o r m a t io n .  W h e n  

th e  r e a c to r  e f f ic i e n c y  a t ta in e d  a  s te a d y  s ta te ,  th e  C O D  r e m o v a l  e f f ic i e n c y  

b e c a m e  a lm o s t  c o n s ta n t  ( m o re  th a n  8 5 % )  fo r  a  c o n s ta n t  o r g a n ic  lo a d . 

C o n t in u e d  th e  f e e d in g  w i th  e f f lu e n t  s a m p le s  a t th e  r a te  o f  o n e  l i t r e  p e r  d a y  

( m a in ta in in g  C O D  0 .7 5  k g /m ^  a n d  1 .0 7  k g /m ^ )  a n d  tw o  l i t re s  p e r  d a y  fo r  an  

H R T  o f  3 6  d a y s  a n d  18 d a y s  r e s p e c t iv e ly .  F o r  H R T s  o f  12 d a y s  a n d  9  d a y s ,

2  l i t r e s  o f  th e  e f f lu e n t  w a s  d i lu te d  to  3 a n d  4  l i t re s  r e s p e c t iv e ly  to  m in im is e  

th e  o v e r lo a d in g  o f  th e  r e a c to r .  E v a lu a te d  th e  p e r f o r m a n c e  o f  th e  r e a c to r  b y  

d r a w in g  s a m p le s  f ro m  th e  f iv e  d i f f e r e n t  p o r ts  f o r  d i f f e r e n t  h y d r a u l ic  

r e te n t io n  t im e s  (H R T s )  a n d  v a r io u s  o r g a n ic  lo a d in g s  fo r  a  p e r io d  o f  

fo u r te e n  m o n th s .

S a m p le s  w e re  d ra w n  e v e ry  w e e k  f ro m  th e  s a m p lin g  p o r ts  a n d  an a ly se d  

as  p e r  s ta n d a rd  m ethods^^  fo r  v a r io u s  p a ra m e te r s  lik e  p H , C O D , B O D , su lp h id e , 

V F A , T K N , A N , T S , D S , p h o s p h a te  a n d  V S S . T h e  b io g a s  p ro d u c e d  w a s  a lso  

c o lle c te d  a n d  m e a su re d  b y  th e  d o w n w a rd  d is p la c e m e n t o f  w a te r.

E s tim a te d  th e  p re s e n c e  o f  h e a v y  m e ta ls  u s in g  a to m ic  ab so rp tio n  

sp e c tro p h o to m e te r  (A A S ) a t th e  R u b b e r  R e se a rc h  In s titu te  o f  In d ia  (R R H ), 

K o tta y a m , In d ia . In s tru m e n t p a ra m e te rs  a re  S y s te m  ty p e  - F la m e . ,  In s tra m e n t 

m o d e  - A b s .B C  O n ., M e a s u re m e n t m o d e  -  In te g ra tio n ., R e a d  T im e -  3 .0  s., 

F la m e  ty p e -  A ir-A c e ty le n e .

B io c h e m ic a l a n a ly s is  o f  ra w  as  w e ll as a n a e ro b ic a lly  tre a te d  e ff lu e n t 

w a s  d o n e  u s in g  a  U V - v is ib le  re c o rd in g  sp e c tro p h o to m e te r  U V -2 4 0 . 

C o n c e n tra tio n  o f  to ta l su g a rs^ ^  re d u c in g  s u g a r s ^ \  p ro te ins^^ , phenols^^  a n d  f re e
CO

a m in o  a c id s ' w e re  e s tim a te d  as  p e r  s ta n d a rd  an a ly tic a l te c h n iq u e s , a n d  as 

d e sc r ib e d  in  C h a p te r  2.





4. A. 5. Results and discussion 
4. A. 5.1. COD removal
(a) Effect of organic loading rate and hydraulic retention time

A n  organic  lo a d in g  o f  0 .7 5  k g /m V d  f o r  3 6  d a y s  w a s  u s e d  fo r  

a c c l im a t is a t io n  o f  th e  r e a c to r .  F e e d in g  w a s  c o n t in u e d  f o r  a n  o r g a n ic  

lo a d in g  o f  0 .7 5  a n d  1 .0 7  k g /m V d  f o r  th e  s a m e  H R T . E f f lu e n t  w a s  

w i th d r a w n  f ro m  th e  f iv e  s a m p l in g  p o r ts  e v e r y  w e e k  a n d  a n a ly s e d . T h e  

p e r c e n ta g e  C O D  r e m o v a l  f o r  H R T  o f  3 6  d a y s  a n d  18 d a y s  a t  tw o  d i f f e r e n t  

o r g a n ic  lo a d in g s  a re  g iv e n  in  F ig .4 .A . 3 to  6 . T h e  C O D  r e m o v a l  e f f ic ie n c y  

is  th e  r a n g e  o f  41 to  7 2  p e r c e n t  a t  th e  b o t to m  o f  th e  r e a c to r  ( P o r t  1), 8 0  to  

9 2  in  P o n  2 , 8 0  to  93  in  P o r t  3 , 81 to  9 4  in  P o r t  4  a n d  85  to  9 5  p e r c e n t  in  

P o r t  5 , a t  th e  to p  o f  th e  r e a c to r  f o r  H R T  o f  3 6  d a y s  a n d  f o r  a n  o r g a n ic  

lo a d in g  o f  0 .75  k g /m ^ /d  in  d i f f e r e n t  w e e k s  o f  t r e a tm e n t .  G ra d u a l  in c re a s e s  

in  v a lu e s  w e r e  o b s e rv e d  u p  to  th e  th i r d  w e e k  a n d  th e  v a lu e s  b e c o m e  a lm o s t  

s te a d y  d u r in g  th e  n e x t  tw o  w e e k s .  In  th e  s ix th  w e e k , a g a in  i t  in c re a s e d  a n d  

r e a c h e d  u p  to  9 5  p e r c e n t  w h ic h  w a s  th e  h ig h e s t  r e m o v a l  e f f ic ie n c y .  T h is  

o b s e r v a t io n  s h o w s  th a t  a n  o r g a n ic  lo a d in g  o f  0 .7 5  k g /m V d  f o r  a n  H R T  o f  3 6  

d a y s  c a n  b e  s u c c e s s fu l ly  u s e d  to  t r e a t  th e  s e ru m  e f f lu e n t .  W h e n  o rg a n ic  

lo a d in g  w a s  in c re a s e d  to  1 .07  k g /m ^ /d  f o r  th e  s a m e  H R T , th e  p e r c e n ta g e  

r e m o v a l  o f  C O D  d r o p p e d  to  6 0  a n d  th e n  i t  s ta r te d  in c re a s in g  r e a c h in g  a 

s te a d y  v a lu e  o f  8 7  (F ig .  4 . A .4 ). In  P o r t  1, f o r  th is  H R T  a n d  O L R  th e  

p e r c e n ta g e  r e m o v a l  w a s  in  th e  r a n g e  o f  6 0  to  68  a n d  in  P o r t  5 , i t  w a s  8 4  to  

8 7  w h e n  m o v e d  f ro m  w e e k  1 to  w e e k  5. C O D  v a lu e s  d e c r e a s e d  g r a d u a l ly  

o n  m o v in g  f ro m  P o r t  1 to  P o r t  5 . T h e  s a m e  t r e n d  w a s  o b s e rv e d  w h e n  H R T  

w a s  r e d u c e d  to  18 d a y s  a n d  o r g a n ic  lo a d in g  w a s  in c re a s e d  to  3 a n d  4 .3  

k g /m V d  ( fo r  2  l i t re s  o f  th e  e f f lu e n t  p e r  d a y )  (F ig .  4 .A . 5 &  6 ) . P e r c e n ta g e  

C O D  r e m o v a l ,  th o u g h  d e c r e a s e d  in i t ia l ly ,  i t  g r a d u a l ly  in c re a s e d  a n d



r e a c h e d  a  v a lu e  o f  88 p e r c e n t  f o r  a n  o r g a n ic  lo a d in g  o f  3 k g W / d .  B u t  

w h e n  o rg a n ic  lo a d in g  in c re a s e d  f u r th e r  to  4 .3  k g /m V d  f o r  th e  s a m e  H R T  o f  

18 d a y s , i t  d r o p p e d  to  53 p e r c e n t  a n d  o n ly  a  m a x im u m  o f  7 0  p e r c e n t  C O D  

r e m o v a l  c o u ld  b e  a c h ie v e d  a t th is  H R T . F o r  H R T  o f  12  d a y s ,  th e  a v e r a g e  

C O D  re m o v a l  e f f ic ie n c y  d r o p p e d  to  5 8  a n d  5 2  p e r c e n t  fo r  th e  s a m e  

o rg a n ic  lo a d in g  o f  3 an d  4 .3  k g /m ^ /d  r e s p e c t iv e ly  a n d  f o r  H R T  o f  9  d a y s  it 

d ro p p e d  to  5 2  a n d  4 7  p e r c e n t  r e s p e c t iv e ly  f o r  th e  s a m e  o r g a n ic  lo a d in g  

(F ig . 4 .A . 7 ) .

In  m o s t  o f  th e  c a s e s ,  th e  e f f ic ie n c y  o f  t r e a tm e n t  re a c h e d  a  s te a d y  

s ta te  a f te r  a  p e r io d  o f  o p e r a t io n  a t  a  g iv e n  o r g a n ic  lo a d in g .  T h e  in it ia l  

d e c r e a s e  in  p e r c e n ta g e  r e m o v a l  o f  C O D  f o r  h ig h e r  o r g a n ic  lo a d in g s  m ig h t  

b e  d u e  to  in it ia l  s u b s t ra te  in h ib i t io n  o r  in s u f f ic ie n t ,  im m o b i l iz e d  a n d  

b a la n c e d  m ic r o b ia l  c o m m u n it ie s '^ .



F ig .  4 . A . 4 . P e r c e n ta g e  C O D  r e m o v a l  v s  w e e k s  o f  o p e r a t io n  fo r  H R T  
3 6 d a y s  &  O L R  1 .0 7  k g W / d
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F ig .  4 . A . 6 . P e r c e n ta g e  C O D  r e m o v a l  v s  w e e k s  o f  o p e r a t io n  fo r  H R T
18 d a y s  &  O L R  4 .3  k g /m V d

In f lu e n c e  o f  H R T  o n  C O D  re m o v a l fo r  th e  s a m e  o rg a n ic  lo a d in g  w a s  

c o m p a re d  fo r  H R T s  o f  18, 12 a n d  9  d a y s  s in c e  th e  s a m e  o rg a n ic  lo a d in g  w a s  

u se d  o n ly  fo r  th e s e  H R T s . F o r  18 to  9  d a y s  o f  H R T s ’ a n d  fo r  an  o rg a n ic  

lo a d in g  o f  3 k g /m ^ /d , C O D  re m o v a l e f f ic ie n c y  d ro p p e d  f ro m  8 4 .5  to  6 4  

p e rc e n t an d  fo r  an  o rg a n ic  lo a d in g  o f  4 .3  k g /m ^ /d  th e  v a lu e  d ro p p e d  to  51 

f ro m  6 5 .5  p e rc e n t r e s p e c tiv e ly  (F ig . 4 . A . 8).

A s  th e  H R T  in c re a s e d ,  C O D  r e d u c t io n  e f f ic i e n c ie s  o f  th e  s y s te m  

a ls o  in c re a s e d  a n d  vice versa . A t  lo w e r  H R T s ,  h ig h e r  l iq u id  v e lo c i t ie s  

c a u s e d  s h o r te r  c o n ta c t  p e r io d  b e tw e e n  o r g a n is m  a n d  o r g a n ic s ,  r e s u l t in g  in  

p o o r  m a s s  t r a n s f e r  r a te s ,  le a d in g  to  d e c r e a s e d  p e r f o rm a n c e  e f f ic ie n c y ^ ° . A t  

lo w e r  H R T s ,  T h e  p o s s ib i l i ty  o f  w a s h o u t  o f  b io m a s s  is  m o r e  p ro m in e n t .  

T h is  m a k e s  it  d i f f i c u l t  to  m a in ta in  th e  e f f e c t iv e  n u m b e r  o f  u s e fu l  m ic ro

1 'SO
o rg a n is m s  in  th e  s y s te m s  .
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F ig .  4 .A .  7 .  Percentage COD removal for HRT 12 & 9 days and for OLR 3 & 4.3 
kg/m^/d

F ig . 4 .A . 8 . P e rce n tag e  C O D  rem o v a l vs H R T  fo r  O L R  3 &  4 .3  kg /m V d



(b )  I n f l u e n c e  o f  f i l t e r  h e i g h t

F ig .  4 .A . 9 . P e r c e n ta g e  C O D  r e m o v a l  v s  f i l te r  h e ig h t  f o r  th e  e f f lu e n t  
h a v in g  C O D  0 .7 5  k g /m V d

F ro m  F ig . 4 . A . 9 , it is  c le a r  th a t  p e r c e n ta g e  re m o v a l o f  C O D  

in c re a s e d  as  th e  e f f lu e n t  m o v e d  u p w a r d s  a n d  m a x im u m  p e rc e n ta g e  re m o v a l 

w a s  o n  th e  to p  o f  re a c to r .  T h e  a v e ra g e  p e r c e n ta g e  re m o v a l in c re a s e d  f ro m  

6 5 .7  to  8 8 .7  f o r  H R T  3 6  d a y s  a n d  O L R  0 .7 5  k g /m ^ /d . I t in c re a s e d  f ro m  7 3  to  

8 5 , 4 5  to  5 8  a n d  41 to  5 2 %  re s p e c t iv e ly  f o r  H R T s l8 ,  12, 9  d a y s  a n d  f o r  an  

o rg a n ic  lo a d in g  o f  3 k g /m 'V d  a s  th e  h e ig h t  o f  th e  r e a c to r  in c re a s e d  f ro m  P o r t  

1 to  P o r t  5 . T h e  in f lu e n c e  o f  th e  r e a c to r  h e ig h t  w a s  a lm o s t s a m e  fo r  th e  tw o  

d if fe re n t  o rg a n ic  lo a d in g s  h a v in g  th e  s a m e  H R T  (T a b le  4 . A . 2 ) . A  m a jo r  

p o r t io n  o f  th e  C O D  w a s  re m o v e d  b e lo w  1.3 m e tre . T h e  h ig h  p e r c e n ta g e  

re m o v a l o f  C O D  a t th e  lo w e r  p a r t  o f  th e  r e a c to r  w a s  d u e  to  th e  p r e s e n c e  o f  

a c tiv e  p o p u la t io n  o f  a n a e ro b ic  b a c te r ia  w h ic h  s e t t le  u n d e r  g ra v ity  to  fo rm  a  

th ic k  f lu id  s lu d g e  b la n k e t  in  th e  lo w e r  p a r t  o f  th e  r e a c to r ’^. T h e  C O D



re m o v a l  e f f ic ie n c ie s  a c h ie v e d  f o r  d if fe r e n t  H R T s , O L R s  a n d  f i l te r  h e ig h ts  

a re  s u m m a r iz e d  (a s  f iv e  w e e k s  a v e ra g e )  in  T a b le  4 .A . 2 .

T a b l e  4 .A .  2 . S u m m a r y  o f  th e  e f f e c t  o f  H R T , O L R  a n d  f i l te r  h e ig h t  o n  th e  
p e r c e n ta g e  r e m o v a l  o f  C O D

H R T (d ay s)  O L R  ( k g /m 7 d )

P e r c e n ta g e  r e m o v a l  o f  C O D

P o r t  1 

( b o t to m )
P o r t  2 P o r t  3 P o r t  4

P o r t  5  

(T o p )

H R T  3 6  days 8c O L R  0 .75 6 5 .7 66 8 4 8 4 .8 8 8 .7

H R T  3 6  days &  O L R  L 0 7 5 5 .4 6 9 .8 7 5 7 6 .6 7 9

H R T  18 days &  O L R  3 7 3 7 8 8 0 8 2 8 5

H R T  18 days &  O L R  4 .3 5 8 61 6 4 66 66

H R T  12 days &  O L R  3 4 5 51 5 4 5 4 5 8

H R T  12 days &  O L R  4 .3 4 2 4 9 51 5 2 5 2

H R T  9 days &  O L R  3 41 4 6 5 0 5 2 5 2

H R T  9 d ay s  &  O L R  4 .3 3 9 41 4 3 4 6 4 7

4 . A . 5 .  2 .  B O D  r e m o v a l

E f f lu e n t  s a m p le s  h a v in g  2 7 .5  kg/m ^ C O D  a n d  1 0 .5  kg/m ^ B O D  w a s  u s e d  

d u r in g  th e  s ta r t  u p  p e r io d .  T h e n  th e  r e a c to r  w a s  f e d  w ith  e f f lu e n t  h a v in g  

C O D  2 7  kg/m ^ a n d  B O D  14  k g /m ^  D u r in g  th e  w h o le  t r e a tm e n t  p e r io d ,  th e  

e f f lu e n t  u s e d  w a s  h a v in g  B O D  le s s  th a n  C O D  a n d  in  m o s t  c a s e s  it  w a s  

a lm o s t  h a l f  o f  C O D . A s  a n a e r o b ic  t r e a tm e n t  p r o c e e d s ,  a n  u n u s u a l  in c re a s e  

in  th e  v a lu e  o f  B O D  w a s  o b s e rv e d  f o r  H R T s  3 6  a n d  18  d a y s  a s  is  e v id e n t  

f ro m  T a b le  4 .A . 3 to  6 . T h e  r e s u l t s  a r e  s u m m a r iz e d  in  T a b le  4 .A .  7 . a  a n d  7 .



b . T h e  v a lu e s  o f  B O D  w e re  f o u n d  to  e x c e e d  th e  v a lu e  o f  C O D  d u r in g  th is  

e x p e r im e n t ,  th o u g h  the e s t im a t io n  o f  C O D  s h o w s  8 0  to  9 5  p e r c e n t  

tr e a tm e n t  e f f ic ie n c y  fo r  H R T s  o f  3 6  a n d  18 d a y s . T h e  s a m e  t r e n d  w a s  

o b s e rv e d  e v e n  a f te r  re p e a t in g  th e  p r o c e s s  to  c o n f i r m  its  e f f ic ie n c y .  F o r  

H R T s  o f  12 a n d  9  d a y s ,  th e  t r e a tm e n t  e f f ic i e n c y  is  lo w  a n d  th e  B O D  v a lu e s  

d id  n o t  e x c e e d  th e  C O D  v a lu e s .  F o r  H R T s  o f  9  d a y s  th e  B O D /C O D  ra t io  

w a s  o n ly  0 .6 . T h e  h ig h e r  v a lu e  o f  B O D  th a n  C O D  d o e s  n o t  m e a n  th a t  th e  

t r e a tm e n t  is  n o t  e f fe c tiv e .  F o r  h ig h e r  H R T s  i t  s h o w e d  s o m e  k in d  o f  

in te r f e re n c e  in  th e  m e a s u r e m e n t  o f  B O D . T h is  m a y  b e  d u e  to  io n s  l ik e  

n i t r a te s ,  s u lp h id e s ,  s u lp h i te s  e tc .

T a b l e  4 .A .  3 . T h e  v a lu e s  o f  C O D  a n d  B O D  f o r  a n  H R T  o f  3 6  d a y s  a n d  
O L R  0 .7 5  k g /m V d

Week
COD BOD

Port 1 Port 2 Port 3 Port 4 Port 5 Port 1 Port 2 P orts Port 4 Port 5

1 15927 5556 5345 5185 4400 18528 16320 15456 15648 15400

2 8968 4248 4115 4012 3900 20305 15540 16660 16576 16470

3 8779 3965 4531 4106 3823 19000 16000 14400 15600 15000

4 7439 7298 5235 4912 4070 20800 20000 17000 17600 17400

5 7415 7130 5035 4814 3972 18490 16792 16037 15849 15094

6 7579 2246 1825 1684 1403 18480 8310 7250 6260 4235



T a b l e  4 .A .  4 . T h e  v a lu e s  o f  C O D  a n d  B O D  f o r  a n  H R T  o f  3 6  d a y s  a n d  
O L R  1 .0 7  k g /m ^ /d

Week COD BOD

Port ] Port 2 Port 3 Port 4 Port 5 Port 1 Port 2 Port 3 Port 4 Port 5

1 14882 9354 6803 8504 8952 15810 15220 14586 9690 9384

2 22110 17008 14456 13606 13606 11016 9435 9282 8670 8313

3 21260 13606 13464 11120 9719 12240 11526 11200 11832 13056

4 12753 9285 5927 5029 5029 11760 12642 13328 14112 14504

5 12075 6792 6038 5014 4817 15484 16807 15827 14210 17493

T a b l e  4 .A .  5 . T h e  v a lu e s  o f  C O D  a n d  B O D  f o r  a n  H R T  o f  18 d a y s  a n d  
O L R  3 k g /m ^ /d

Week
COD BOD

Port 1 Port 2 Port 3 Port 4 Port 5 Port 1 Port 2 Port 3 Port 4 Port 5

1 7177 7373 6902 6275 5333 18454 15292 14773 15622 16425

2 7683 5802 5174 5174 4860 17606 16223 16808 17606 15478

3 7526 5488 5331 5018 4233 17024 14044 13406 14258 14044

4 7526 5018 4077 3920 3293 14688 14112 12192 12000 9549

T a b l e  4 .A .  6 . T h e  v a lu e s  o f  C O D  a n d  B O D  f o r  a n  H R T  o f  18  d a y s  a n d  
O L R  4 .3  k g W / d

Week
COD BOD

Port 1 Port 2 Port 3 Port 4 Port 5 Port 1 Port 2 Port 3 Port 4 Port 5

1 18230 15840 15471 15460 15451 19320 17128 16760 15568 15254

2 15900 15390 14350 13900 13890 19004 17320 16320 17070 15254

3 15880 14750 13900 12410 12420 18560 17115 15760 15350 16750

4 15440 14730 12000 11640 11650 18032 16072 15680 14504 14798



T a b l e  4 .A  7 a .  S u m m a ry  o f  th e  C O D  r e m o v a l  d u r in g  a n a e r o b ic  t r e a tm e n t

HRT (days) & OLR 
(kg /m V d)

COD during anaerobic treatment

Port 1 
(bottom)

Port 2 Port 3 Port 4
Port 5 
(Top)

HRT 36 days & OLR 0.75 9351 5074 4348 4119 3595

HRT 36 days & OLR 1.07 16616 11209 9338 8655 8425

HRT 18 days & OLR 3 7478 5920 5371 5489 4430

HRT 18 days & OLR 4.3 16262 15177 13930 13352 13352

HRT 12 days C& OLR 3 14850 13230 12425 12390 11340

HRT 12 days & OLR 4.3 22564 19780 19000 18620 18620

HRT 9 days & OLR 3 15930 14580 13500 12960 12930

HRT 9 days & OLR 4.3 23660 22830 22170 20900 20560

T a b l e  4 . A . 7 b .  S u m m a r y  o f  th e  B O D  re m o v a l  d u r in g  a n a e r o b ic  t r e a tm e n t

HRT (days) & OLR 
(kg /m ^/d)

BOD during anaerobic treatment

Port 1 
(bottom)

Port 2 Port 3 Port 4
Port 5 
(Top)

HRT 36 days & OLR 0.75 19267 15493 14467 14588 13933

HRT 36 days & OLR 1.07 13262 13126 12844 11702 12550

HRT 18 days & OLR 3 16943 14917 14294 14871 13874

H RT 18 days & OLR 4.3 18032 16079 15680 15123 14798

HRT 12 days & OLR 3 13680 13250 13180 12052 11012

HRT 12 days & OLR 4.3 15960 15177 14550 14034 14000

HRT 9 days & OLR 3 12400 11320 10800 9974 8102

HRT 9 days & OLR 4.3 15300 14443 13840 13152 12690



T a b l e  4 .  A .  8 . C O D  &  B O D  r e la t io n s h ip  o f  r a w  &  a n a e r o b ic a l ly  t r e a te d  
e f f lu e n t

R a w  e fflu en t A n ae ro b ica lly  trea ted  e ff lu en t

C O D B O D B O D /C O D H R T (clays) C O D B O D B O D /C O D

2 7 5 0 0 10500 0.38 36 3595 13933 3 .9

3 7 0 0 0 2 2 5 0 0 .60 8425 12550 1.5

2 7 0 0 0 14000 .52 18 4 4 3 0 13874 3.1

2 7 5 0 0 13500 .49 13352 14798 1.1

3 8 8 0 0 2 3 2 8 0 .60 12 11340 11012 0 .9

18620 14000 0.8

12930 8102 0.6

2 0 5 6 0 12690 0.6

T a b le  4 .  A . 8 s h o w s  th e  C O D  a n d  B O D  r e la t io n s h ip  o f  th e  r a w  e f f lu e n t  a n d  

a n a e r o b ic a l ly  t r e a te d  e f f lu e n t .  T h e  ta b le  g iv e s  th e  a v e r a g e  v a lu e s  o f  f o u r  to  

f iv e  w e e k s  o f  a n a e r o b ic  t r e a tm e n t  o f  th e  e f f lu e n t  a t  v a r io u s  H R T s .  T h e  

B O D /C O D  r a t io  o f  th e  r a w  e f f lu e n t  is  in  th e  r a n g e  o f  0 .3 8  to  0 .6 0  w h e r e a s  

f o r  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  it is  in  b e tw e e n  0 .6  to  3 .9 . F o r  lo w e r  

H R T s  th e  r a t io  is a lm o s t  th e  s a m e  a s  th a t  o f  th e  r a w  e f f lu e n t .

B io c h e m ic a l  a n a ly s i s  o f  th e  r a w  e f f lu e n t  ( T a b le  4 .A .1 8 )  s h o w e d  th a t  

i t  c o n ta in e d  8 6 5  m g /L  s o lu b le  p r o te in ,  1 6 0 0 0  m g /L  o f  a m in o  a c id s  a n d  

3 9 0 0  m g /L  o f  a m m o n ia .  T h e r e  is  a  p o s s ib i l i ty  o f  n o n - c a r b o n a c e o u s  m a t te r  

s u c h  a s  a m m o n ia  b e in g  p r o d u c e d  d u r in g  th e  h y d r o ly s is  o f  p ro te in s ^ .  F re e  

a m m o n ia  in  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w a s  e s t im a te d  o c c a s io n a l ly  

a n d  th e  v a lu e s  w e r e  b e tw e e n  3 5 0 0  m g /L  a n d  4 5 0 0  -m g /L  f o r  h ig h e r  H R T s . 

D e n s e  w h i te  fu m e s  o f  a m m o n iu m  c h lo r id e  w a s  o b s e rv e d  w h e n  H C l w a s  

a d d e d  to  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  d u r in g  th e  e s t im a t io n  o f



s u lp h id e .  A  n u m b e r  o f  b a c te r ia  a re  c a p a b le  o f  o x id iz in g  a m m o n ia  to  n i t r i t e  

a n d  s u b s e q u e n t ly  to  n itra te ^ . C o n v e r s io n  o f  a m m o n ia  to  n i t r i t e  b y  

N itrosom onas  is

N H 3 +  3 / 2 O 2 ^  H N O 2 + H 2O

C o n v e r s io n  o f  n i t r i t e  to  n i t r a te  b y  N itro b a c te r  is  

H N O 2 + I / 2 O 2 H N O 3 

A n d  o v e r a l l  c o n v e r s io n  o f  a m m o n ia  to  n i t r a t e  is  

N H 3 +  2  O 2 ^  H N O 3 + H 2O

T h e  o x y g e n  d e m a n d  a s s o c ia te d  w ith  th e  o x id a t io n  o f  a m m o n ia  to  

n itra te  is  c a lle d  th e  n itro g e n o u s  b io c h e m ic a l  o x y g e n  d e m a n d  (N B O D ). T h is  

m a y  in te r fe re  w ith  B O D  v a lu e s  a t h ig h e r  H R T s  le a d in g  to  e r ro n e o u s  

in te rp re ta t io n s  o f  tr e a tm e n t as  re f le c te d  in  th e  ta b le  4 .A .8 .  A t  lo w e r  H R T ’s 

th e  h y d ro ly s is  o f  p ro te in s  a n d  a m in o  a c id s  w ill b e  s lo w  b e c a u s e  o f  th e  h ig h  

u p f lo w  v e lo c it ie s .  T h e  m o re  th e  h y d ro ly s is  o f  p ro te in s  a n d  a m in o  a c id s , th e  

h ig h e r  w ill  b e  th e  p ro d u c tio n  o f  a m m o n ia . W h e n  n i t r i f ic a t io n  o c c u rs ,  th e  

m e a s u re d  B O D  v a lu e s  w ill b e  h ig h e r  th a n  th e  B O D  e x e r te d  b y  th e  

c a rb o n a c e o u s  m a te r ia l^  A c c o rd in g  to  R a m a lh o ^ ° , th e  o x y g e n  d e m a n d  o f  

w a s te w a te r s  is e x e r te d  b y  th r e e  c la s s e s  o f  m a te r ia ls :  c a r b o n a c e o u s  o rg a n ic  

m a te r ia ls  u s e d  as  a  s o u rc e  o f  fo o d  b y  a e ro b ic  o r g a n is m s ;  o x id is a b le  n itro g e n  

d e r iv e d  f ro m  n itr ite ,  a m m o n ia  a n d  o rg a n ic  n i t ro g e n  c o m p o u n d s  w h ic h  s e rv e  

as  fo o d  fo r  s p e c if ic  b a c te r ia  a n d  c h e m ic a l  r e d u c in g  c o m p o u n d s  l ik e  fe r ro u s  

io n , s u lp h i te s ,  a n d  s u lp h id e s ,  w h ic h  a re  o x id iz e d  b y  d is s o lv e d  o x y g e n . A ll 

th e s e  h a v e  a  b e a r in g  o n  th e  o x y g e n  b a la n c e  o f  th e  r e c e iv in g  water^*^’̂ ^. 

Y o u n g ^ ' s u g g e s te d  th a t  v a r io u s  m e th o d s  l ik e  p a s te u r iz a t io n  a n d  c h lo r in a tio n  

c o u ld  b e  u s e d  to  s u p p re s s  th e  n itr ify in g  o rg a n is m . T o  s tu d y  th e  in f lu e n c e  o f  

p a s te u r iz a tio n  o n  B O D  te s t to  su p p re s s  th e  n it r i f y in g  o rg a n is m , th e  te s t  w a s



d o n e  a f te r  p a s te u r iz a t io n .  A n  e f f lu e n t  s a m p le  (C O D  o f  1 5 1 5 8  m g /L )  h a v in g  a  

B O D  o f  1 5 6 0 0  m g /L  b e f o r e  p a s te u r iz a t io n ,  g iv e s  a  B O D  o f  1 5 4 4 5  m g /L  a f te r  

p a s te u r iz a t io n .  T h is  s h o w e d  th a t  p a s te u r iz a t io n  w a s  n o t  s o  e f f e c t iv e  to  

s u p p r e s s  th e  n i t r i f y in g  o r g a n is m  in  th is  e f f lu e n t .  T h is  m ig h t  b e  d u e  to  th e  

p r e s e n c e  o f  h ig h  a m o u n t  o f  f re e  a m m o n ia  in  th e  tre a te d  e f f lu e n t .  T h e  ra w  

e f f lu e n t  c o n ta in e d  a ro u n d  1 7 0 0 0  m g /L  o f  su lp h a te .  D u r in g  a n a e ro b ic  

tr e a tm e n t ,  i t  w a s  r e d u c e d  to  s u lp h id e  e q u iv a le n t  to  o n e  th ird  o f  th e  s u lp h a te  

r e m o v e d  s to ic h io m e tr ic a lJ y ^ . T h e  h ig h  a m o u n t  o f  s u lp h id e  p r o d u c e d  d u r in g  

a n a e r o b ic  t r e a tm e n t  w a s  o x id is a b le  b y  m o le c u la r  o x y g e n  a n d  m ig h t  c a u s e  

in te r f e re n c e  in  B O D  v a lu e s .  T h e r e f o r e ,  i t  is  c o n c lu d e d  th a t  B O D  v a lu e s  h a v e  

l im i te d  u s e  in  a s s e s s in g  th e  e f f ic ie n c y  o f  a n a e r o b ic  t r e a tm e n t  o f  s k im  se ix im  

e f f lu e n t  a t h ig h e r  H R T s .

4 . A .  5 . 3 . p H a n d V F A

T a b l e  4 . A . 9 .a .  V a r ia t io n  o f  p H  a t  d i f f e r e n t  s ta g e s  o f  th e  r e a c to r

H R T (d ay s)  &  
O L R (k g /m V d )

pH

P o rt 1 P o rt 2 P o rt 3 P o rt 4 P o rt 5

H R T  36  days &  O L R  0 .75 5 .6 0 5 .30 5 .3 0 5 .3 0 5 .3 0

H R T 3 6 d a y s &  O L R  1.07 7 .6 0 7 .3 0 7 .2 0 7 .2 0 7 .2 0

H R T  18 d ay s  &  O L R  3 7 .25 7 .05 7 .1 0 7 .1 0 7 .1 0

H R T  18 days &  O L R  4 .3 6 .9 0 5 .0 0 6 .6 0 6 .6 0 6 .7 0

H R T  12 days &  O L R  3 6 .2 0 5 .75 5 .7 0 5 .7 0 5 .7 0

H R T  12 days &  O L R  4 .3 6 .0 0 5 .65 5 .6 0 5 .6 0 5 .6 0

H R T  9 days &  O L R  3 7 .2 0 7 .1 0 7 .1 0 7 .0 0 7 .0 0

H R T  9 d ay s &  O L R  4 .3 7 .0 0 6 .95 6 .8 0 6 .75 6.75



p H  o f  th e  r a w  e f f lu e n t  w a s  in  th e  r a n g e  o f  3 .6  to  4 .7  a n d  V F A  o f  th e  ra w  

e f f lu e n t  w a s  in  th e  r a n g e  o f  1 2 0 0  to  2 0 0 0 . B e f o r e  s u b je c t in g  it  f o r  

a n a e r o b ic  t r e a tm e n t ,  p H  w a s  b r o u g h t  u p  to  7  b y  a d d in g  s o d iu m  h y d r o x id e ,  

l im e  a n d  s o d iu m  b ic a rb o n a te .  T h e  a v e r a g e  p H  a n d  V F A  v a lu e s  f o r  f o u r  to  

f iv e  w e e k s  a t  d i f f e r e n t  H R T s  a n d  O L R s  a r e  g iv e n  in  th e  T a b le  4 .A .9 .  a  

a n d  b . In  th e  in i t ia l  s ta g e , p H  d e c r e a s e d  f ro m  7  to  5 .3  (H R T  3 6 )  a n d  th is  

m a y  b e  d u e  to  th e  p r o d u c t io n  o f  v o la t i le  f a t ty  a c id  (2 3  to  15.3  g /L  as  a c e t ic  

a c id ) .  I t  s e e m s  th a t  lo w  p H  v a lu e s  a re  n o t  in f lu e n c in g  m u c h  o n  th e  C O D  

re m o v a l  e f f ic ie n c y  (T a b le  4 .A .2 ) . F lo re n c io ^ ^  r e p o r te d  th a t  m e th y lo t ro p h ic  

m e th a n o g e n s  a re  a c t iv e  o v e r  a  b ro a d  p H  ra n g e .

T a b l e  4 . A . 9 .b .  V a r ia t io n  o f  V F A  a t d i f f e r e n t  s ta g e s  o f  th e  r e a c to r

H R T (d ay s) &  O L R (k g /m V d )
V F A  g /L

P o r t  I P o r t  2 P o r t  3 P o r t  4 P o r t  5

H R T  36 days &  O L R  0.75 2 3 .0 1 9 .2 1 8 .9 1 5 .2 15 .3

H R T  36 days &  O L R  L07 13.7 1 2 .9 13 .9 1 1 .5 11 .2

H R T  18 days &  O L R  3 11.4 14.3 14.1 14.1 1 3 .0

H R T  18 days &  O L R  4.3 16.9 1 7 .4 1 6 .0 15.8 15 .2

H R T  12 days &  O L R  3 12.5 12 .8 11 .9 1 1 .0 10 .2

H R T  12 days &  O L R  4.3 11 .8 11 .7 11 .4 11.3 10 .8

H R T  9 days &  O L R  3 10 .6 10 .8 10 .4 10 .3 1 0 .2

H R T  9 days &  O L R  4 .3 10 .2 10 .5 9 .8 9 .6 9 .3

In  o r d e r  to  a v o id  th e  fall o f  p H  to  a  m in im u m  le v e l, the pH  o f  th e  in f lu e n t w as  

k e p t a ro u n d  7 .5  to  8 .5  b y  a d d in g  N a O H , N a H C O s  (2 5  m e q /L )  a n d  lim e  fo r  

H R T  3 6  d a y s  a n d  O L R  1.0 7 k g /m V d  o n w a rd s . T h e  b a s ic  s te p s  in  th e  a n a e ro b ic



p ro c e s s  a re  h y d ro ly s is  in  w h ic h  p a r t ic u la te  m a te r ia l is  c o n v e r te d  to  its  

m o n o m e rs . T h e  s e c o n d  s te p  is fe iT n e n ta tio n  o r  a c id o g e n e s is  a n d  th e  p r in c ip le  

p ro d u c ts  a re  a c e ta te , h y d ro g e n  a n d  C O 2. T h e  th ird  s te p  is m e th a n o g e n e s is  

w h ic h  is c a r r ie d  o u t b y  tw o  g ro u p s . O n e  g ro u p  is a ce tid a stic  m ethanogens 

w h ic h  s p li t  a c e ta te  in to  m e th a n e  a n d  C O 2. T h e  s e c o n d  g ro u p , te rm e d  

h y d r o g e n - u t i l i s in g  m e th a n o g e n s ,  u s e  h y d ro g e n  as  th e  e le c tro n  d o n o r  a n d  C O 2 

as th e  e le c tro n  a c c e p to r  to  p ro d u c e  m e th a n e . B a c te r ia  w ith  in  a n a e ro b ic  

p ro c e s s , te rm e d  a c e to g e n s ,  a re  a ls o  a b le  to  u s e  C O 2 to  o x id is e  h y d ro g e n  a n d  

fo rm  a c e tic  a c id . A b o u t  7 2  %  o f  th e  m e th a n e  p ro d u c e d  in  a n a e ro b ic  d ig e s tio n  

is f ro m  a c e ta te  fo rm a tio n ^ . U n d is s o c ia te d  V F A  is to x ic  to  m e th a n o g e n s .  In  

o rd e r  to  p r e v e n t  th e  a c c u m u la t io n  o f  u n d is s o c ia te d  V F A , h ig h  le v e ls  o f  

a lk a lin ity  s h o u ld  a lso  b e  app lied^^ . H ig h  c o n c e n tra t io n  o f  V F A  f o r  H R T  3 6  

a n d  18 d a y s  s h o w s  th e  f o im a tio n  o f  a c e ta te . B u t  it m a y  b e  th e  b u f fe r  a c tio n  

e x e r te d  b y  th e  a d d e d  N a H C O a  to  p ro c e e d  to  a c e to g e n e s is  a s  e v in c e d  f ro m  th e  

re m o v a l o f  m o re  th a n  8 0  p e r c e n t  C O D  (T a b le  4 A .2 ) . B ic a rb o n a te  p la y s  an  

im p o r ta n t  ro le  in  th e  a n a e ro b ic  c o n v e r s io n  as  a  w e a k  ac id  in  th e  p H  b u f fe r in g  

s y s te m  a n d  a s  a  c o s u b s tr a te  in  ace to g en e sis^ ^ . S in c e  3 0  to  3 5  %  o f  C O 2 is 

p re s e n t in  th e  g a s  d e v e lo p e d  in  th e  a n a e ro b ic  p ro c e s s , a  h ig h  a lk a lin ity  is 

n e e d e d  to  e n s u re  n e u tra lity .  F o r  s lu d g e  d ig e s tio n  su f f ic ie n t  a lk a lin ity  is  

p ro d u c e d  b y  th e  b re a k d o w n  o f  p ro te in  a n d  a m in o  a c id s  p r o d u c in g  a m m o n ia . 

T h e  g a s e o u s  a m m o n ia  (N H 3) th a t  is fo rm e d  w ill r e a c t  w ith  th e  c a rb o n  d io x id e  

to  fo rm  a m m o n iu m  io n  a n d  b ic a rb o n a te  (E q . 2 ). T h is  e q u a tio n  is th e  

re p re s e n ta t io n  o f  th e  fo rm a tio n  o f  a lk a lin ity  u n d e r  a n a e ro b ic  c o n d i tio n s , d u e  to  

th e  c o n v e rs io n  o f  o rg a n ic  c o m p o u n d s  c o n ta in in g  p ro te in s  ( i.e ., n itro g e n ) . 

M e a g re  e n d o g e n o u s  r e s o u rc e s  o f  b ic a rb o n a te  th a t a re  g e n e ra te d  b y  

m e th a n o g e n e s is  c a n n o t  s u p p o r t  s ig n i f ic a n t  a c e to g e n e s is .  E x o g e n o u s  a d d itio n  

o f  b ic a rb o n a te  is r e c o m m e n d e d  f o r  p ro p e r  a n a e ro b ic  co n v ersio n ^^ .



W h e n  lo a d in g  c o n tin u e d  w ith  1 .07  k g /m ^ /d  fo r  th e  s a m e  H R T  o f  th e  

e f f lu e n t h a v in g  in itia l p H  a ro u n d  8, th e  p H  o f  th e  tre a te d  s a m p le  d e c re a s e d  

o n ly  u p  to  7 .2 0  a n d  v o la tile  fa tty  ac id  (V F A )  d e c re a s e d  to  11.2 g /L . T h is  m a y  

b e  d u e  to  c o n v e rs io n  o f  V F A  to  b io g a s .W h e n  H R T  w a s  re d u c e d  to  18 d a y s  

an d  o rg a n ic  lo a d in g  w a s  in c re a se d  to  3 k g /m ^ /d , V F A  in c re a se d  to  13 g /L  a n d  

p H  d e c re a s e d  in it ia l ly  an d  la te r  it b e c a m e  s te a d y . O n  v a ry in g  H R T  to  12 a n d  9 

d ay s , p H  w a s  in  th e  ra n g e  o f  5 .7 0  a n d  7 .0 0  re sp e c tiv e ly . In  th is  tr e a tm e n t th e re  

m a y  b e  th e  d o m in a n c e  o f  m e th y lo tro p h ic  m e th a n o g e n s  s in c e  th e y  a re  a c tiv e  

in a  w id e  p H  ra n g e . T h e  ra te  d e te rm in in g  s te p  is th e  c o n v e rs io n  o f  V F A s  b y  

m e th a n o g e n ic  o rg a n ism s  a n d  n o t th e  fe rm e n ta tio n  o f  so lu b le  s u b s tra te s  b y  

fe rm e n ta tin g  b a c te r ia .  E n v iro n m e n ta l fa c to rs  su c h  as  p H  a n d  te m p e ra tu re  h a v e  

im p o r ta n t e f fe c t o n  th e  se le c tio n , su rv iv a l a n d  g ro w th  o f  m ic ro o rg a n ism s . T h e  

k e y  fa c to r  in  th e  g ro w th  o f  m ic ro o rg a n is m  is th e  p H  an d  m o s t b a c te r ia  c a n n o t 

to le ra te  p H  le v e ls  a b o v e  9 .5 .

I t is c le a r  f ro m  th e  T a b le  4 .A .9 .b  th a t  d u r in g  th e  w h o le  tre a tm e n t 

p ro c e ss , V F A  d e c re a s e d  a s  th e  e f f lu e n t m o v e s  u p w a rd s  in  th e  re a c to r  a n d  th e  

d e c re a s e  w a s  s te a d ie r  a f te r  P o r t  2 . A t  th e  b o tto m  le v e l (b e lo w  P o r t  2 )  th e  V F A  

c o n c e n tra tio n  w a s  a lw a y s  h ig h e r  a n d  s h o w e d  s l ig h t  f lu c tu a tio n s  in  v a lu e s  

b e tw e e n  P o r t  1 a n d  P o r t  2 . A f te r  P o r t 2 , th e  V F A  v a lu e  a lw a y s  d e c re a s e d . T h e  

sa m e  tre n d  w a s  o b s e rv e d  in  p H  v a lu e s  a lso . C h a n g e  in  p H  w a s  m o re  

p ro m in e n t b e lo w  P o r t  2 , a n d  b e y o n d  P o r t  2 , th e  p H  v a lu e s  re m a in e d  a lm o s t 

s te ad y . p H  a n d  V F A  c h a n g e s  w e re  m o re  p ro n o u n c e d  b e lo w  1.3 m e tre  ( i.e ., 

b e lo w  P o r t  2 ), in d ic a t in g  h ig h  ra te  o f  a n a e ro b ic  re a c tio n s  a t th e  lo w e r  p a r t  o f  

th e  re a c to r . A s  H R T  d e c re a s e d , g ra d u a l d ro p  in  V F A  v a lu e s  w a s  o b se rv e d . 

V F A  fo rm a tio n  g ra d u a lly  re a c h e d  9 .3  g /L  fo r  an  H R T  o f  9  d ay s . T h is  m ig h t b e  

d u e  to  th e  w a s h o u t o f  m e th a n o g e n ic  b a c te r ia  a n d  p ro to n  re d u c in g  a c e to g e n ic  

b a c te r ia  fo r  h ig h e r  H R T s .



4. A. 5.4. Removal of TS and DS
E ff e c t  o f  H R T s  a n d  o rg a n ic  lo a d in g s  o n  th e  re m o v a l e f f ic ie n c ie s  o f  T S  a n d  D S  

w a s  s tu d ie d  fo r  f o u r  to  f iv e  w e e k s . T h e  lo w e r in g  o f  H R T  f ro m  3 6  d a y s  to  9 

d a y s  d e c re a s e d  th e  e f f ic ie n c y  o f  re m o v in g  T S  a n d  D S , w h e re a s  in c re a s in g  

o rg a n ic  lo a d in g , in c re a s e d  th e  p e rc e n ta g e  re m o v a l o f  T S  a n d  D S .

F ig .4 .  A , 1 0 . P e rc e n ta g e  T S  re m o v a l v s w e e k s  o f  o p e ra tio n  f o r  H R T  3 6  d ay s  
&  O L R  0 .7 5  k g /m V d

F ig .  4 .A .1 1 . P e rc e n ta g e  T S  re m o v a l v s  w e e k s  o f  o p e ra tio n  fo r  H R T  3 6  d a y s  
& O L R  1 .07  k g /m V d



F ig . 4 .A . 1 2 . P e rc e n ta g e  T S  re m o v a l v s  w e e k s  o f  o p e ra tio n  fo r  H R T  18 d ay s  
&  O L R  3 k g /m ^ /d



F ig .  4 .A . 1 4 . P e rc e n ta g e  D S  re m o v a l vs w e e k s  o f  o p e ra tio n  fo r  H R T  
3 6 d a y s  &  O L R  0 .7 5  k g W / d



F ig . 4 .A . 16 . P e rc e n ta g e  D S  re m o v a l vs w e e k s  o f  o p e ra tio n  fo r  H R T  
18 d a y s  &  O L R  3 kg/m ^ /cl



Table 4. A. lO.a. S u m m a r y  o f  th e  e f f e c t  o f  H R T , O L R  a n d  f i l te r  h e ig h t  
o n  p e r c e n ta g e  r e m o v a l  o f  T S

HRT(days) & OLR (k g /m 'V d)
Percentage removal of TS

Port I (bottom) Port 2 Port 3 Port 4 Port 5 (Top)

HRT 36 days & OLR 0.75 31 56 63 69 70

HRT 36 days & OLR 1.07 60 70 73 73 74

HRT 18 days & OLR 3 40 44 49 54 55

HRT 18 days & OLR 4.3 48 54 57 60 61

HRT 12 days & OLR 3 40 45 45 47 53

HRT 12 days & OLR 4.3 42 46 49 53 55

HRT 9 days & OLR 3 23 24 24 25 26

HRT 9 days & OLR 4.3 27 30 32 33 33

Table 4. A. lO.b. S u m m a r y  o f  th e  e f f e c t  o f  H R T , O L R  a n d  f i l t e r  h e ig h t  
o n  p e r c e n ta g e  r e m o v a l  o f  D S

HRT(days) & OLR 

(kg /m ^  /d )

Percentage removal of DS

Port 1 (bottom) Port 2 Port 3 Port 4 Port 5 (Top)

HRT 36 days & OLR 0.75 46 54 63 69 70

HRT 36 days & OLR 1.07 60 70 71 73 74

HRT 18 days & OLR 3 42 43 45 50 53

HRT 18 days & OLR 4.3 49 56 57 59 60

HRT 12 days & OLR 3 45 46 50 52 53

HRT 12 days & OLR 4.3 46 48 52 55 56

HRT 9 days & OLR 3 20 22 23 25 26

HRT 9 days & OLR 4.3 23 25 28 32 33



F ig . 4 .A . 10 to  13 sh o w  th e  p e rc e n ta g e  re m o v a l o f  T S  a n d  F ig . 4 .A . 14 

to  17 s h o w  th e  p e rc e n ta g e  re m o v a l o f  D S  f o r  v a r io u s  H R T s  a n d  O L R s . O n  

d e c re a s in g  H R T  f ro m  3 6  d ay s  to  9  d a y s  p e rc e n ta g e  re m o v a l e f f ic ie n c y  

d e c re a s e d  f ro m  7 0  an d  74  to  2 6  a n d  33  r e s p e c tiv e ly  fo r  T S  a n d  D S . F o r  th e  

s a m e  H R T , h ig h e r  o rg an ic  lo a d in g  s h o w e d  m o r e  p e rc e n ta g e  re m o v a l o f  T S  

an d  D S . S in c e  th e  e f f lu e n t c o n ta in e d  v e ry  h ig h  a m o u n t  o f  T S  a n d  D S , lo n g e r  

p e r io d  o f  re te n tio n  tim e  in th e  re a c to r  re m o v e d  a p p re c ia b le  a m o u n ts  o f  T S  a n d  

D S . In c re a s in g  th e  f ilte r  h e ig h t in c re a se d  th e  re m o v a l e f f ic ie n c y  o f  T S  a n d  D S , 

b u t b e y o n d  th e  th ird  p o rt th e  e f fe c t w a s  o n ly  m a rg in a l.  M a jo r  p o r tio n  o f  th e  T S  

an d  D S  w a s  re m o v e d  b e lo w  1.3 m e te r  h e ig h t.

F ig .  4 .A . 1 8 . P e r c e n ta g e  r e m o v a l  o f  T S  v s  H R T  a t  d i f f e r e n t  O L R s



F ig .  4 .A . 1 9 . P e r c e n ta g e  r e m o v a l  o f  D S  v s  H R T  a t  d i f f e r e n t  O L R s

H u ls c h o f f  P o l  e t  a l^“ h a v e  s h o w n  th a t  th r e e  p h a s e s  c a n  b e  

d is t in g u is h e d  in  th e  d e v e lo p m e n t  o f  g r a n u la r  s lu d g e .  In  p h a s e  I, e x p a n s io n  

o f  s lu d g e  b e d  o c c u r s  d u e  to  g a s  p r o d u c t io n  c a u s in g  th e  d e v e lo p m e n t  o f  le s s  

s e t t le a b le  s lu d g e .  In  p h a s e  2 , th e  p o o r ly  s e t t l in g  s lu d g e  b e g in s  to  w a s h o u t  

a n d  th e  h e a v ie r  p a r t ic le s  b e g in  to  c o n c e n t r a te  a t th e  b o t to m . P h a s e  3 o c c u r s  

a s  th e  g r a n u la r  g r o w th  b e g in s  to  e x c e e d  w a s h o u t  a n d  a  n e t  a c c u m u la t io n  o f  

b io m a s s  o c c u r s .  L o a d in g  r a te s  c a n  b e  in c re a s e d  m o r e  r a p id ly  in  th is  s ta g e  

a n d  th e  in c re a s e  s h o u ld  b e  s m a ll  to  a v o id  o v e r lo a d in g  o f  th e  b io m a s s  

p r e s e n t .  W h e n  th is  h ig h ly  p o l lu t e d  e f f lu e n t  w a s  r u n  f o r  a n  H R T  o f  3 6  d a y s ,  

th e  p e r c e n ta g e  r e d u c t io n  o f  T S  a n d  D S  w a s  in  th e  r a n g e  o f  7 0  to  7 4  w h ic h  

s h o w e d  th a t  a  h ig h  r e te n t io n  t im e  w a s  n e e d e d  f o r  g r a n u la r  s lu d g e  

f o rm a t io n .  In  th e  s e c o n d  s ta g e ,  H R T  w a s  r e d u c e d  to  h a l f  ( I S d a y s )  a n d  

o r g a n ic  lo a d in g  w a s  in c re a s e d ,  i t  h a d  a  n e g a t iv e  im p a c t  o n  th e  s lu d g e  

f o r m a t io n  d u e  to  th e  w a s h o u t  o f  b io m a s s  a n d  o v e r lo a d in g ‘s. T h i s  r e s u l te d  

in  th e  lo w  p e r c e n ta g e  r e m o v a l  o f  T S  a n d  D S  f o r  lo w e r  H R T s .



F i l te r  h e ig h t  h as  a  p r o fo u n d  in f lu e n c e  o n  th e  r e m o v a l  o f  T S  a n d  D S  

w h ic h  w a s  m o re  p r o m in e n t  in  th e  lo w e r  p a r ts  o f  th e  r e a c to r  ( T a b le  4 .A .1 0  a

&  b ). A s  th e  r e a c to r  h e ig h t in c re a s e d ,  th e  p e r c e n ta g e  r e m o v a l  o f  T S  a n d  D S  

a ls o  in c re a s e d .  A lm o s t  th e  s a m e  tr e n d  w a s  o b s e r v e d  f o r  P o r t  4  a n d  5  w h ic h  

s h o w e d  th a t  g o o d  s e tt l in g  o f  th e  s lu d g e  to o k  p la c e  a t  lo w e r  h e ig h ts .

F ig .  4 .A . 18 an d  19 s h o w s  th e  in f lu e n c e  o f  H R T  o n  T S  a n d  D S  

re m o v a l .  F ro m  th e  f ig u re  it is c le a r  th a t  a s  th e  H R T  d e c r e a s e d  f ro m  18 to  9 , 

th e  T S  a n d  D S  re m o v a l e f f ic ie n c y  a ls o  d e c r e a s e d .  T S  d e c r e a s e d  f ro m  5 5  to

2 6  a n d  61 to  3 3  w h e n  o rg a n ic  lo a d in g  w a s  3 k g /m 3 /d  a n d  4 .3  k g /m 3 /d  

r e s p e c t iv e ly  f o r  th e  c h a n g e  o f  H R T  f ro m  18 to  9 . S im ila r ly  f o r  th e  s a m e  

H R T  c h a n g e  a n d  O L R , c o r r e s p o n d in g  d e c r e a s e  in  D S  w a s  5 3  to  2 6  a n d  6 0  

to  3 3 .

4.A.5.5. Volatile suspended solid

T h e  in c re a s e  in  b io m a s s  in  a n  a n a e r o b ic  s y s te m  c a n  b e  m e a s u r e d  b y  V S S . 

P ro d u c t io n  o f  b io m a s s  in d ic a te s  c e ll  g ro w th  a n d  in  b io lo g ic a l  t r e a tm e n t  

p r o c e s s ,  c e l l  g r o w th  o c c u r s  c o n c u r r e n t  w ith  th e  o x id a t io n  o f  o r g a n ic  o r  

in o rg a n ic  c o m p o u n d s .  T h e  r a t io  o f  th e  a m o u n t  o f  b io m a s s  p r o d u c e d  to  th e  

a m o u n t  o f  s u b s t r a te  c o n s u m e d  is  d e f in e d  a s  th e  b io m a s s  y ie ld ^ .

V S S  is  th e  p a r a m e te r  m o s t  c o m m o n ly  u s e d  to  fo l lo w  b io m a s s  

g r o w th  in  fu l l - s c a le  b io lo g ic a l  w a s te w a te r  t r e a tm e n t  s y s te m s  b e c a u s e  its  

m e a s u r e m e n t  is  s im p le  a n d  r e q u ir e s  m in im u m  t im e  f o r  a n a ly s is .  V S S  

m e a s u re d  a ls o  in c lu d e s  o th e r  p a r t i c u la te  o r g a n ic  m a t te r  in  a d d i t io n  to  

b io m a s s .  V S S  m e a s u r e m e n t  is  u s e d  a s  a n  a p p a r e n t  in d ic a to r  o f  b io m a s s  

p r o d u c t io n  a n d  a ls o  p r o v id e s  a u s e fu l  m e a s u r e m e n t  o f  r e a c to r  s o l id s  in  

g e n e r a l .



T a b le  4 .A . 11 s h o w s  th e  fo rm a tio n  o f  V S S  d u r in g  a n a e ro b ic  tre a tm e n t.  

A t  th e  lo w e r  p a r t  o f  th e  re a c to r ,  h ig h  a m o u n t  o f  V S S  w a s  fo rm e d  c o m p a re d  to  

th e  to p  p a r t  o f  th e  re a c to r .  T h is  s h o w s  th a t  fo rm a tio n  o f  b io m a s s  is h ig h  a t  th e  

lo w e r  p a r t  o f  th e  r e a c to r .  In  th e  m id d le  re g io n  o f  th e  re a c to r ,  c o n c e n tra tio n  o f  

V S S  s h o w e d  s l ig h t  f lu c tu a tio n s  th o u g h  th e  g e n e ra l tre n d  w a s  a  d e c re a s in g  o n e . 

A  s lig h t in c re a s e  in  th e  c o n c e n tra t io n  o f  V S S  o b s e rv e d  a t th e  to p  o f  th e  re a c to r  

m a y  b e  d u e  to  th e  a c c u m u la t io n  o f  n o n  se tt le a b le  f lo a t in g  so lid s  fo rm e d  d u r in g  

th e  p ro c e s s  o f  tr e a tm e n t.  H ig h  c o n c e n tra t io n  o f  V S S  w a s  o b s e rv e d  fo r  H R T s  

o f  18 a n d  3 6  d a y s . L o w e r in g  th e  H R T  fu r th e r  to  12 an d  9  d a y s  d e c re a s e d  th e  

c o n c e n tra t io n  o f  V S S . A t  h ig h e r  u p f lo w  v e lo c it ie s  ( i.e ., lo w e r  H R T s )  g ra n u le s  

a re  p a r t ia l ly  d is in te g ra te d  a n d  a re  w a s h e d  o u t o f  th e  bed^^. T h e  f ra c tio n  o f  

g ra n u le s  w ith  s lo w  s e tt l in g  ra te  in c re a s e s  a n d  th u s  in f lu e n c e s  th e  d is t r ib u t io n  

o f  s lu d g e  g ra n u le s .

T a b l e  4 .A .1 1 .  S u m m a r y  o f  th e  e f f e c t  o f  H R T , O L R  a n d  f i l te r  h e ig h t  o n  th e  
f o r m a t io n  o f  v o la t i le  s u s p e n d e d  s o l id

HRT (days) & OLR 

(kg/m-Vd)

Concentration of VSS (mg/L)

Port 1 
(bottom) Port 2 Port 3 Port 4 Port 5 

(Top)

HRT 36 days & OLR 0.75 6797 2875 2830 1250 2020

HRT 36 days & OLR 1.07 7820 4536 4472 2668 2762

HRT 18 days & OLR 3 7880 4890 4830 4850 4930

HRT 18 days & OLR 4.3 8510 3330 3810 3850 4900

HRT 12 days & OLR 3 4780 1500 1330 1400 1600

HRT 12 days & OLR 4.3 6110 2150 2100 2190 2210

HRT 9 days & OLR 3 3370 1470 1275 1360 1550

HRT 9 days & OLR 4.3 3150 1100 700 730 1030



4 . A . 5 . 6 . T K N  a n d  A N  r e m o v a l

T K N  a n d  A N  re m o v a l  w e re  r a th e r  lo w  c o m p a r e d  to  C O D  re m o v a l .  F ig .4 .A .

2 0  to  2 3  s h o w s  p e r c e n ta g e  T K N  re m o v a l  a n d  T a b le  4 .A .1 3  a n d  14  s h o w s  

p e r c e n ta g e  A N  re m o v a l d u r in g  d i f f e r e n t  w e e k s  o f  t r e a tm e n t  a t v a r io u s  

H R T s  a n d  O L R s . T h e  a v e r a g e  v a lu e s  o f  th e  p e r c e n ta g e  r e m o v a l o f  T K N  

a n d  A N  a t d i f f e r e n t  H R T s  a re  g iv e n  in  T a b le  4 .A . 14  a  a n d  14 b. A t  an  

H R T  o f  3 6  d a y s  th e  m a x im u m  a n d  m in im u m  p e r c e n ta g e  r e m o v a l  o f  T K N  

w e re  5 6  a n d  2 5  r e s p e c t iv e ly  fo r  a n  O L R  0 .7 5  k g /m V d  ( F ig .4 .A .2 0  a n d  

T a b le  4 .A . 14 a ). T h e  a v e r a g e  v a lu e  w a s  f o u n d  to  b e  4 8  p e rc e n t .  B u t  a s  th e  

o rg a n ic  lo a d in g  in c re a s e d  to  1 .0 7  k g /m ^ /d , th e  m a x im u m  p e r c e n ta g e  

r e m o v a l  e f f ic i e n c y  in c re a s e d  u p  to  7 1 ,  g iv in g  a n  a v e r a g e  v a lu e  o f  6 7  

p e r c e n t  r e m o v a l  ( F ig .4 .A .2 1  a n d  T a b le  4 .A .1 4  a).

1st 2nd W e e k 3rd 4th



F ig .  4 .A .  2 1 .  P e r c e n ta g e  T K N  r e m o v a l  v s  w e e k s  o f  o p e ra t io n  f o r  H R T  
3 6  d a y s  &  O L R  1 .07  k g /m ^ /d



F ig .  4 .A . 2 3 .  P e r c e n ta g e  T K N  re m o v a l  v s  w e e k s  o f  o p e r a t io n  f o r  H R T  
1 8 d a y s & O L R 4 . 3  k g /m V d .

F ig .  4 .A .  2 4 .  P e r c e n ta g e  r e m o v a l  o f  T K N  v s  H R T  a t  tw o  O L R s



T a b l e  4 .A .1 2 .  P e r c e n ta g e  A N  r e m o v a l  f o r  H R T  3 6  d a y s  &  organic loading 
0 . 7 5  &  1 .0 7  k g /m V d

W e e k

%  A N  r e m o v a l  fo r  H R T  3 6  O L R  0 . 7 5  

k g /m ^ /d
% A N  re m o v a l fo r  H R T  3 6  O L R  1 .0 7  

k g /m V d

P o r t  1 P o r t2 P o r t3 P o r t  4 P o r t s P o r t l P o r t2 P o r t3 P o r t  4 P o r t  5

1 7 2 4 2 5 2 5 2 7 - 1 1 - 5 1 7 1 2 1 2

2 2 1 2 3 2 5 3 0 3 6 - 1 5 - 9 4 6 1 2

3 3 7 1 6 11 3 2 15 3 1 3 7 3 8 4 2

4 15 4 1 5 1 8 8 3 7 3 8 3 8 3 8 3 7

5 5 5 2 1 1 5 4 2 8 2 8 2 8 3 3 3 3

T a b l e  4 .A .  1 3 . P e r c e n ta g e  A N  re m o v a l f o r  H R T  18 d a y s  &  o rg a n ic  
lo a d in g  3 &  4 .3  k g W / d

W e e k

%  A N  r e m o v a l  fo r  H R T  1 8  O L R  3  

k g /m ^ /d
% A N  re m o v a l  fo r  H R T  1 8  O L R  4 . 3  

k g /m V d

P o r t  1 P o r t2 P o r t3 P o r t  4 P o r t  5 P o r t l P o r t2 P o r ts P o r t  4 P o r t  5

1 6 1 0 1 0 1 5 1 7 1 9 2 8 3 0 3 5 3 9

2 6 1 0 8 6 15 2 0 2 9 3 5 4 8 5 2

3 3 3 6 8 1 0 3 5 6 9 1 2

4 1 0 1 5 1 5 15 15 0 3 9 1 2 17

5 6 1 0 1 8 2 3 2 3



Table 4.A.14.a. S u m m a ry  o f  th e  e f fe c t  o f  H R T , O L R  a n d  f i l te r  h e ig h t  o n  
p e r c e n ta g e  re m o v a l  o f  T K N

H R T  (days) &  O L R  
(k g /m ^ /d )

P erce n tag e  rem o v a l o f  T K N

P o rt 1 (bo ttom ) P o rt 2 P o rt 3 P o rt 4 P o rt 5 (T op)

H R T  36 days &  O L R  0.75 31 36 37 39 48

H R T  36 days &  O L R  1.07 55 61 63 65 67

H R T  18 days &  O L R  3 32 35 36 39 41

H R T  18 days &  O L R  4.3 24 27 29 30 33

H R T  12 days &  O L R  3 29 22 26 30 32

H R T  12 days &  O L R  4.3 16 19 22 28 29

H R T  9 days &  O L R  3 15 17 20 22 23

H R T  9 days &  O L R  4 .3 10 14 17 20 20

Table 4.A. 14.b. S u m m a r y  o f  th e  e f f e c t  o f  H R T , O L R  a n d  f i l te r  h e ig h t  o n  

p e r c e n ta g e  re m o v a l  o f  A N

H R T  (days) &  O L R
( k g W / d )

P e rce n tag e  rem o v a l o f  A N

P o rt 1 
(bo ttom )

P o rt 2 P o rt 3 P o rt 4
P o rt 5 
(T op)

H R T  36  days &  O L R  0.75 10 13 20 20 21

H R T  36 days &  O L R  1.07 11 17 25 25 27

H R T  18 days &  O L R  3 6 10 11 13 16

H R T  18 days &  O L R  4 .3 11 16 20 26 30

H R T  12 days &  O L R  3 4 7 10 15 19

H R T  12 days &  O L R  4.3 9 10 20 25 26

H R T  9 days &  O L R  3 4 7 7 16 31

H R T  9 days c& O L R  4.3 5 6 8 19 33



W h e n  H R T  w a s  r e d u c e d  to  18 a n d  O L R  w a s  in c r e a s e d  to  3 k g /m ^ /d , th e  

v a lu e  d r o p p e d  to  5 3  p e r c e n t  g iv in g  a n  a v e r a g e  r e m o v a l  o f  4 1  p e r c e n t  

(F ig .4 .A .  2 2  a n d  T a b le  4 .A . 14 a ) . O n  in c re a s in g  O L R  to  4 .3  k g W / d  f o r  

th e  s a m e  H R T , th e  r e m o v a l  e f f ic i e n c y  a g a in  d r o p p e d  to  3 0  p e r c e n t  s h o w in g  

a n  a v e r a g e  v a lu e  o f  3 3  p e r c e n t  ( F ig .4 .A . 2 3  a n d  T a b le  4 ,  14 a ). P e r c e n ta g e  

r e m o v a l  o f  T K N  d e c r e a s e d  f u r th e r  to  3 2  a n d  2 9  w h e n  H R T  w a s  r e d u c e d  to

12 d a y s  a n d  2 3  a n d  2 0  f o r  9  d a y s  o f  H R T  f o r  th e  c o r r e s p o n d in g  O L R s  o f  3 

a n d  4 .3  k g /m ^ /d  r e s p e c t iv e ly .  T h e  r e la t io n s h ip  b e tw e e n  p e r c e n ta g e  r e m o v a l  

o f  T K N  a n d  H R T  fo r  tw o  O L R s  is  g iv e n  in  F ig .  4 .A .2 4 .  I t  s h o w s  th a t  as  

H R T  d e c r e a s e s  th e  p e r c e n ta g e  r e m o v a l  o f  T K N  a ls o  d e c r e a s e s .  A n a e ro b ic  

t r e a tm e n t  is  u n a b le  to  r e m o v e  to ta l  K je ld a h l  n i t ro g e n  b y  m e a n s  o f  o x id a t io n  

a n d  v e r y  lo w  a m o u n t  o f  n i t r o g e n  is  r e m o v e d  in  th e  U A S B  process®"^.

P e r c e n ta g e  r e m o v a l  o f  a m m o n ia c a l  n i t r o g e n  s h o w s  w id e  v a r ia t io n  

r a n g in g  f ro m  n e g a t iv e  to  z e r o  a s  s h o w n  in  th e  T a b le s  4 .A .1 2  a n d  13. 

E s t im a t io n  o f  A N  f o r  v a r io u s  o r g a n ic  lo a d in g  d id  n o t  f o l lo w  a  r e g u la r  

p a t te r n .  T h e  m a x im u m  ( a v e ra g e  p e r c e n ta g e )  r e m o v a l  o f  A N  o b s e r v e d  w a s

3 3  f o r  a  lo w e r  H R T  o f  9  d a y s .

A n a e r o b ic  d ig e s t io n  p r o c e s s  d o e s  n o t  r e m o v e  n i t r o g e n  e f f e c t iv e ly  as  

e x p e c te d  in  a n y  a n a e r o b ic  t r e a tm e n t  process® ^. E f f lu e n t  f ro m  a n a e r o b ic  

t r e a tm e n t  w il l  ty p ic a l ly  c o n ta in  n i t r o g e n  in  th e  f o rm  o f  a m m o n iu m  io n  

( N H 4 ‘̂ ). S o m e  o r g a n ic  n i t r o g e n  is  a l s o  r e d u c e d  to  A N . In  th e  lo w e r  p a r t  o f  

th e  r e a c to r ,  th e  p e r c e n ta g e  r e m o v a l  o f  A N  w a s  lo w  c o m p a r e d  to  th e  to p . 

T h is  m ig h t  b e  d u e  to  th e  f o rm a t io n  o f  a m m o n ia  f ro m  th e  d e g r a d a t io n  o f  

p r o te in s  a n d  a m in o  a c id s  a t  th e  lo w e r  p a r t  o f  th e  r e a c to r .  A s  th e  h e ig h t  o f  

th e  r e a c to r  in c re a s e d ,  a  p a r t  o f  th e  a m m o n ia  f o r m e d  e s c a p e d  a lo n g  w i th  th e  

o th e r  g a s e s .  In  f a c t  th e  n e g a t iv e  p e r c e n ta g e  r e m o v a l  o f  a m m o n ia c a l



n itro g e n  s h o w e d  th a t  a m m o n ia c a l  n i t r o g e n  le v e l  in c re a s e d  a f te r  a n a e r o b ic  

d ig e s t io n .  T h e  s a m e  o b s e rv a t io n  w a s  a ls o  r e p o r te d  b y  Z a id  I s a  d u r in g  th e  

a n a e r o b ic  t r e a tm e n t  o f  d i lu te d  s k im  s e ru m .

T h o u g h  th e  p r e s e n c e  o f  a m m o n ia  is  c o n s id e r e d  to  b e  to x ic  in  

a n a e r o b ic  t r e a tm e n t  a s  r e p o r te d  b y  M cC arty"^^ a n d  M o e n ''* , n o  to x ic i ty  w a s  

f o u n d  d u r in g  th is  p r o c e s s  o f  a n a e ro b ic  t r e a tm e n t  a s  r e p o r te d  b y  P a r k in  a n d  

Miller"*^ a n d  v a n  V e lsen ^ ° . F o r  ir r ig a tio n  p u r p o s e  u s e  th is  is n o t  a  p ro b le m . 

H o w e v e r ,  f o r  s u r fa c e  w a te r  d is c h a r g e  T K N  s h o u ld  b e  l im ite d  to  1 0 0  m g /L  

in  In d ia . T h e r e f o r e ,  p o s t  t r e a tm e n t  l ik e  n i t r i f ic a t io n  o r  d e n i t r i f ic a t io n  is 

r e q u ir e d  a f te r  U A S B ^ ^ .

4.A.5.7. Soluble organic nitrogen

S o lu b le  o rg a n ic  n itro g e n  in f lu e n c e s  th e  to ta l n i tro g e n  c o n c e n tra tio n  in  th e  

e ff lu e n t. R a w  e f f lu e n t c o n ta in s  6 0 0 0  to  2 9 0 0  m g /L  o f  s o lu b le  o rg a n ic  n itro g e n . 

A f te r  a n a e ro b ic  tre a tm e n t,  th e  v a lu e  d ro p p e d  f ro m  1 6 9 0  to  178 m g /L  (T a b le  

4 .A . 15). F o r  h ig h e r  H R T s , 9 7  p e rc e n t re m o v a l o f  so lu b le  o rg a n ic  n itro g e n  

c o n te n t w a s  a c h ie v e d  d u r in g  a n a e ro b ic  tre a tm e n t. H ig h  p e rc e n ta g e  re m o v a l o f  

s o lu b le  o rg a n ic  n itro g e n  in d ic a te d  th e  d e g ra d a tio n  o f  n itro g e n  c o n ta in in g  

c o m p o u n d s  l ik e  p ro te in s  a n d  a m in o  a c id s  d u r in g  a n a e ro b ic  tre a tm e n t.



A n a e r o b ic a l ly  t r e a te d  e f f lu e n t R a w  e f f lu e n t

H R T
d a y s

S o lu b le  o r g a n ic  n i t r o g e n  
( m g /L )

S o lu b le  o r g a n ic  n i t ro g e n  
(m g /L )

3 6 4 0 2 4 5 0 0

3 6 178 6 0 0 0

18 686 4 5 0 0

18 9 4 7 3 5 0 0

12 1 4 0 0 2 9 0 0

12 1 5 1 3

1 6 1 4

1 6 9 0

4 .A .5 .8 .  P h o s p h a t e  r e m o v a l

M ic r o b ia l  g r o w th  in  b io lo g ic a l  s y s te m s  n e e d s  n u t r i e n t s  l ik e  n i t r o g e n ,  

p h o s p h o R is  a n d  s u lp h u r .  N u t r i e n t s  o th e r  th a n  c a r b o n  m a y  a t  t im e s  b e  th e  

l im i t in g  f a c to r  f o r  m ic r o b ia l  c e l l  s y n th e s is  a n d  g r o w th .  P h o s p h o r u s  is  

c o n s id e r e d  a s  a  m a c r o  n u t r i e n t  b e c a u s e  i t  is  r e q u i r e d  in  la r g e  a m o u n ts .  

A b o u t  2 .3  g  o f  p h o s p h o r u s  a r e  n e e d e d  p e r  1 0 0  g  o f  c e l l  b io m a s s  a n d  th e  

r e c o m m e n d e d  C O D : N : P  r a t io  d u r in g  s t a r t  u p  is  3 0 0 :5 :1  a n d  d u r in g  th e  

s te a d y  s ta te  p r o c e s s  th e  r a t i o  is  6 0 0 :5 :1  . A b o u t  10  g  o f  b io d e g r a d a b le  

s o lu b l e  C O D  ( b s C O D )  w i l l  b e  r e q u i r e d  to  r e m o v e  I g  o f  p h o s p h o r u s  b y  

b io lo g ic a l  s to r a g e  m e c h a n is m .  P h o s p h o r u s  r e m o v a l  e f f i c i e n c y  d e c r e a s e s  

d u e  to  s ta rv a tio n  o r  lo w  b sC O D '^ ’. R a w  e f f lu e n t  c o n ta in s  1 5 0 0  to  4 0 0 0  m g /L



p h o s p h a te  a n d  th e re fo r e ,  a d d i t io n  o f  p h o s p h a te  w a s  n e e d e d  o n ly  d u r in g  

th e  s ta r t  u p  p e r io d .  H ig h  r a te  r e m o v a l  o f  p h o s p h a te  w a s  o b s e r v e d  d u r in g  

a n a e r o b ic  t r e a tm e n t  p r o c e s s  s in c e  it w a s  u s e d  f o r  th e  b io m a s s  c e ll  

f o r m a t io n .  In  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t ,  o n ly  t r a c e  a m o u n t  o f  

p h o s p h a te  w a s  fo u n d  fo r  a n  H R T  o f  3 6  d a y s  th o u g h  b e f o r e  t r e a tm e n t  it 

c o n ta in e d  3 0 0 0  m g /L  o f  p h o s p h a te .  F o r  a n  H R T  o f  18 d a y s  a n d  12 d a y s ,  

th e  c o n c e n t r a t io n  o f  p h o s p h a te  w a s  5 2 5  a n d  6 8 0  m g /L  r e s p e c t iv e ly .  T h is  

s h o w e d  th a t  b io lo g ic a l  p h o s p h o r u s  r e m o v a l  w a s  h ig h e r  f o r  lo n g e r  

r e te n t io n  t im e s  in  th e  U A S B  r e a c to r .

4.A.5.9. Sulphide formation

O n e  o f  th e  m a in  d i s a d v a n ta g e s  o f  a n a e r o b ic  p r o c e s s  is  th e  p r o d u c t io n  o f  

f o u l s m e l l in g  h y d ro g e n  s u lp h id e  i f  s u lp h a te s  a r e  p r e s e n t  in  th e  e f f lu e n t .  

D u r in g  p r o c e s s in g  o f  n a tu ra l  r u b b e r  la te x ,  th e  s k im  la te x  (4 %  D R C )  f ro m  

th e  c e n t r i f u g e  m a c h in e  is  d e a m m o n ia te d  a n d  c o n c e n t r a te d  s u lp h u r ic  a c id  

is  a d d e d  a s  a  c o a g u la n t .  T h e  s e r u m  e f f lu e n t  c o n ta in s  1 6 0 0 0  m /L  t o l 7 0 0 0  

m g /L  o f  s u lp h a te .  S u lp h a te  r e d u c in g  b a c te r i a  c a n  b e c o m e  a  n u is a n c e  

w h e n  th e  w a s te w a te r  c o n ta in s  s ig n i f i c a n t  c o n c e n t r a t io n  o f  s u lp h a te .  T h e s e  

b a c te r i a  r e d u c e  s u lp h a te  to  s u lp h id e ,  w h ic h  is to x ic  to  m e th a n o g e n ic  

b a c te r ia .  T a b le  4 .A . 16 s h o w s  th e  a v e r a g e  c o n c e n t r a t io n  o f  s u lp h id e  

p r e s e n t  in  th e  e f f lu e n t  d r a w n  e v e r y  w e e k  f r o m  th e  r e a c to r  f o r  a n a ly s i s .  

F ro m  th e  ta b le  it is  c l e a r  th a t  l a r g e  a m o u n t  o f  s u lp h id e  (u p  t o ! 4 0  m g /L )  

w a s  f o rm e d  d u r in g  th is  p r o c e s s ,  b u t  i ts  p r e s e n c e  d id  n o t  s e r io u s ly  a f f e c t  

th e  t r e a tm e n t  e f f ic i e n c y  s in c e  h ig h  a m o u n t  o f  C O D  w a s  r e m o v e d  d u r in g  

th is  t r e a tm e n t  p r o c e s s .  T a d e s s e ^ ^  r e p o r te d  th a t  th e r e  is  a  c o m p e t i t io n  

b e tw e e n  s u lp h a te  r e d u c in g  b a c te r i a  a n d  m e th a n o g e n ic  a r c h a e a  in  th e  

a n a e r o b ic  t r e a tm e n t  o f  ta n n e r y  e f f lu e n t  a n d  th e  r e la t iv e  e le c t r o n  f lo w  

to w a r d s  s u lp h a te  r e d u c t io n  w a s  h ig h e r  th a n  to w a r d s  m e th a n o g e n e s i s .



a l th o u g h  th e  C O D  r e c o v e r y  w i th in  th e  r e a c to r  v a r ie d  b e tw e e n  15 a n d  9 0  

p e r c e n t .  S u lp h id o g e n e s i s  a l s o  d e p e n d s  o n  th e  C 0 D /S 0 4 '"  r a t io .  I n c r e a s e  

o f  s u lp h a te  c o n c e n t r a t io n  a n d  d e c r e a s e  o f  th e  C 0 D / S 0 4 '"  r a t io  in c r e a s e s  

th e  f lo w  o f  e l e c t r o n  to w a r d s  s u lp h a te  r e d u c in g  bac teria® ^. I n c r e a s e  o f  

O L R  in c r e a s e d  th e  f o r m a t io n  o f  s u lp h id e  a n d  th e  d e c r e a s e  o f  H R T  

d e c r e a s e d  th e  s u lp h i d e  f o r m a t io n  w i th  v e r y  f e w  e x c e p t io n s  ( T a b le  4 .A . 

16).

T a b l e  4 .A .1 6 .  S u m m a r y  o f  th e  e f f e c t  o f  H R T ,  O L R  a n d  f i l te r  h e ig h t  o n  
th e  f o r m a t io n  o f  s u lp h id e

H R T (d a y s )  &  O L R  

(k g /m ^ /d )

C o n c e n t r a t io n  o f  s u lp h id e  f o rm e d  (m g /L )

P o r t  1 

(b o t to m )
P o r t  2 P o r t  3 P o r t  4

P o r t  5 

(T o p )

H R T  3 6  d a y s  &  O L R  0 . 7 5 4 3 .4 2 0 .9 2 3 .9 2 2 2 .5 2 2 .0

H R T  3 6  d a y s  &  O L R  1 .0 7 8 7 .4 8 3 .0 9 4 .8 8 6 .9 8 6 .9

H R T  1 8  d a y s  &  O L R  3 1 1 8 .5 1 3 4 .5 1 3 8 .8 1 3 5 .4 1 4 0 .0

H R T  1 8  d a y s  &  O L R  4 . 3 1 0 1 .8 10 2 .0 1 1 1 . 0 107 .6 1 0 0 .4

H R T  1 2  d a y s  &  O L R  3 7 5 .3 7 2 .0 7 3 .5 7 1 .3 6 9 .4

H R T  1 2  d a y s  &  O L R  4 . 3 8 3 .4 8 0 .6 7 5 .2 7 7 .7 7 5 .0 2

H R T  9  d a y s  &  O L R  3 5 1 .0 5 4 .2 5 3 .7 4 9 .5 4 8 .7

H R T  9  d a y s  &  O L R  4 . 3 5 6 .3 5 8 .0 5 4 .5 5 1 .0 4 9 .0

A s  a n a e r o b ic  r e a c t io n  p r o c e e d e d ,  f o r m a t io n  o f  iro n  s u lp h id e  w a s  

e v id e n t  f ro m  th e  b la c k  c o lo u r  o f  th e  e f f lu e n t .  B la c k e n in g  o f  th e  m e d iu m  is 

a  d ia g n o s t ic  c h a r a c t e r i s t i c  o f  D esu lph ovibrio  clesiilphw icans  g r o w th .  

D esu lph ovibrio  desu lph iiricans  c a n  c a u s e  s ig n i f ic a n t  re m o v a l o f  h e a v y



m e ta l io n s  b y  p re c ip ita t io n " ^ .  A n a ly s is  o f  m e ta l  io n  c o n c e n t r a t io n  s h o w e d  

th a t  h ig h  c o n c e n t r a t io n s  o f  m e ta l  io n s  w e r e  r e m o v e d  f ro m  th e  e f f lu e n t  a f te r  

a n a e ro b ic  t r e a tm e n t .  M a lo d o r o u s  a n d  c o r r o s iv e  h y d r o g e n  s u lp h id e  h a s  to  

b e  r e m o v e d  f ro m  th e  e f f lu e n t .  T h e  d is c h a r g e  s ta n d a rd s  in  I n d ia  a l lo w  

s u lp h id e s  u p  to  2  m g /L  in  e f f lu e n ts  to  b e  d is c h a r g e d  to  s u r fa c e  w a te r s  a n d  5 

m g /L  to  m a r in e  c o a s ta l  w a te rs^^ . T h is  d e m a n d s  f u r th e r  t r e a tm e n t  a f te r  

a n a e ro b ic  d ig e s t io n .

4. A. 5.10. Biogas formation.

P ro d u c t io n  o f  m e th a n e  g a s  is  th e  s lo w e s t  a n d  th e  m o s t  s e n s i t iv e  s te p  o f  

th e  a n a e r o b ic  d ig e s t io n  p r o c e s s .  T h e  g a s  p r o d u c e d  w a s  c o l le c te d  b y  th e  

d o w n w a r d  d i s p l a c e m e n t  o f  w a te r .  F o r  a n  H R T  o f  3 6  d a y s ,  p r o d u c t io n  o f  

g a s  o n  an  a v e r a g e  w a s  2  to  3 l i t r e s  p e r  d a y  a n d  it in c re a s e d  to  3 .5  l i t r e s  

w h e n  O L R  in c r e a s e d  fo r  a n  H R T  o f  18 d a y s .  B u t  w h e n  H R T  w a s  r e d u c e d  

to  12 a n d  9 d a y s  th e  p r o d u c t io n  o f  g a s  d e c r e a s e d  to  o n e  l i t r e  a n d  0 .7 5  l i t r e  

p e r  d a y  r e s p e c t iv e ly .  P a s t  s tu d ie s  in d ic a t e d  th a t  th e  p r e s e n c e  o f  1 6 5 0  

m g /L  o f  s u lp h a te  c o u ld  r e d u c e  th e  b io g a s  p r o d u c t io n  b y  5 0  percen t® ^. 

S in c e  th e  s k im  s e r u m  e f f lu e n t  u s e d  c o n ta in s  1 6 0 0 0  to  1 7 0 0 0  m g /L  o f  

s u lp h a te ,  p r o d u c t io n  o f  b io g a s  is c o m p a r a t iv e ly  lo w  a n d  th e  g a s  c o l l e c te d  

w a s  h a v in g  fo u l s m e l l  d u e  to  th e  p r e s e n c e  o f  h y d r o g e n  s u lp h id e ,  a n d  o th e r  

g a s e s  l ik e  a m m o n ia ,  m e r c a p ta n s  e tc .  H e n c e ,  th e  r e c o v e r y  o f  g a s  is 

o p t io n a l .  O d o u r  n u is a n c e  is  o f  g r e a t  c o n c e r n  d u r in g  th e  a n a e r o b ic  

t r e a tm e n t  o f  w a s te w a te r s  w i th  h ig h  s u lp h a te  c o n te n t  in  th e  w a s te w a te r .  I t 

is  d i f f i c u l t  to  c o n t r o l  f o u l  s m e l l  f r o m  th e  r e a c to r  a s  lo n g  a s  s u lp h u r ic  a c id  

is  u s e d  in  s k im  p r o c e s s in g .  I t  is  b e t t e r  n o t  to  u s e  th e  g a s  c o l le c te d .  A  f la r e  

m a y  b e  in s t a l l e d  to  b u rn  th e  b io g a s  s in c e  b u r n in g  a v o id  o d o u r  n u is a n c e  

f ro m  th e  H 2S p r e s e n t  in  th e  gas^^ .



4. A. 5 .11. Removal of heavy metals

In  th e  a n a e r o b ic  t r e a tm e n t  p r o c e s s  h e a v y  m e ta ls  w e r e  r e m o v e d  b y  

a d s o r p t io n  a n d  c o m p le x a t io n  o f  m e ta ls  w ith  th e  m ic r o o rg a n is m s .  

T r a n s f o r m a t io n  a n d  p r e c ip i ta t io n  o f  m e ta ls  o c c u r  in  th e  b io lo g ic a l  t r e a tm e n t  

p r o c e s s .  A d s o r p t io n  a n d  c o m b in a t io n  o f  m e ta l  io n s  ta k e  p la c e  d u e  to  th e  

in te r a c t io n  o f  m e ta l  io n s  a n d  n e g a t iv e ly  c h a r g e d  m ic r o b ia l  s u r f a c e s .  M e ta l  

io n s  c o m p le x  w i th  c a r b o n y l  g ro u p s  f o u n d  in  m ic r o b ia l  p o ly s a c c h a r id e s  a n d  

o th e r  p o ly m e r s  a d s o rb e d  b y  p r o te in  m a te r ia l s  in  th e  b io lo g ic a l  c e lls ^ . 

C o n c e n t r a t io n  o f  h e a v y  m e ta l  io n s  in  th e  r a w  e f f lu e n t  a n d  a n a e r o b ic a l ly  

t r e a te d  e f f lu e n t  w a s  e s t im a te d  u s in g  a to m ic  a b s o rp t io n  s p e c t r o p h o to m e te r  

(A A S )  a n d  th e  r e s u l t s  a r e  g iv e n  in  th e  T a b le  4 . A . 17.

Table 4.A. 17. E s t im a t io n  o f  m e ta l  io n s  u s in g  A A S .

E le m e n t
L a m p  c u r r e n t  

m A
W a v e le n g th

n m
C o n c e n t r a t io n  in  

p p m P e r c e n ta g e
r e m o v a l

R E A T E

F e 7 .0 2 4 8 .3 7 .0 9 9 1 .7 2 5 7 5 .7

C u 3 .0 3 2 4 .7 0 .0 2 5 0 .0 1 4 4 4 .0 0

Z n 8.0 2 1 3 .9 2 0 4 .5 0 0 1 .7 5 0 9 9 .1 4 4

M n 8.0 2 7 9 .5 0 .0 3 7 0 .1 9 8 in c r e a s e d

C a 5 .0 4 2 2 .7 3 .4 4 0 8 7 1 .9 0 0 in c r e a s e d

M g 4 .0 2 8 5 .2 1 .6 1 0 1 3 .1 0 0 in c re a s e d

(R E : R a w  e f f lu e n t. ,  A T E : A n a e r o b ic a lly  tre a te d  e f f lu e n t)

A ll l iv in g  o r g a n is m s  r e q u ir e  v a r y in g  a m o u n ts  o f  (m a c ro  a n d  m ic r o )  

m e ta l l ic  e l e m e n ts .  P r e s e n c e  o f  a d e q u a te  a m o u n ts  o f  p h o s p h a te ,  m a g n e s iu m



a n d  c a lc iu m  a r e  r e q u ir e d  f o r  s a t is f a c to r y  r e a c to r  p e r f o r m a n c e  a n d  s lu d g e  

g ra n u la tio n * ^ . A l th o u g h  m e ta ls  a r e  r e q u ir e d  f o r  g r o w th  o f  m ic r o o rg a n is m s ,  

th e ir  h ig h e r  c o n c e n t r a t io n  w ill  le a d  to  to x ic i ty .  M a c r o  n u tr ie n ts  l ik e  C a , F e ,  

M g , K  a n d  N a  a n d  m ic ro  n u tr ie n ts  l ik e  C r ,  C o , C u , P b , M g , M n , M o ,  N i ,  

S e , W , V  a n d  Z n  a re  n e e d e d  fo r  b io lo g ic a l  g r o w th

T a b le  4 . A . 17. re v e a ls  th a t  th e  a n a e ro b ic  p ro c e s s  re m o v e s  7 5 .7 %  F e , 

4 4 %  C u  a n d  9 9 .1 4 4 %  Z n  fo r  an  H R T  o f  18 d a y s . 2 0 4 .5  p p m  o f  Z n  w a s  p re s e n t  

in  th e  ra w  e f f lu e n t an d  a f te r  a n a e ro b ic  t r e a tm e n t it w a s  o n ly  1.75 p p m . H ig h  

re m o v a l o f  Z n , F e  a n d  C u  m a y  b e  e i th e r  d u e  to  f o n n a tio n  o f  s u lp h id e s  o r  

a d s o rp tio n  b y  m ic ro o rg a n is m  d u r in g  a n a e ro b ic  re a c tio n . D esulphovibrio  

desiilphuricans c a n  c a u se  s ig n if ic a n t  re m o v a l o f  h e a v y  m e ta l io n s  b y  

p re c ip ita tio n ‘s .  In  a n a e ro b ic  p ro c e s s  th e  re d u c tio n  o f  s u lp h a te  to  h y d ro g e n  

su lp h id e  c a n  p ro m o te  p re c ip ita tio n  o f  m e ta l su lp h id es^ . M e ta ls  l ik e  iro n , 

c o p p e r  a n d  z in c  a re  re m o v e d  as th e ir  s u lp h id e s  d u r in g  a n a e ro b ic  tre a tm e n t 

p ro c e ss . In c re a s e  in  th e  c o n c e n tra t io n  o f  C a , M g  a n d  M n  c o u ld  b e  d u e  to  th e  

a d d itio n  o f  l im e  (c o m m e rc ia l g ra d e )  to  a d ju s t p H  o f  th e  ra w  e ff lu e n t.

4.A.5.12. Biochemical analysis

Table 4.A. 18. R e s u l ts  o f  b io c h e m ic a l  a n a ly s is

S am p le  d e ta ils
S o lu b le
p ro te in

P heno l
T o ta l
su g a r

R e d u c in g

sugar

N on
red u c in g

sugar

F ree
am in o
acids

R E 865 586 1250 1095 155 15952

A T E  (H R T  12) 450 4 3 4 107 83 24 79 3 2

A T E  (H R T  18) 310 370 96 42 54 5719

A T E  (H R T  36) 280 45 65 56 9 5779

(R E ; R a w  efflu en t., A T E : A n aero b ically  treated efflu en t., A ll values are  ex p ressed  in m g/L )



B io c h e m ic a l  s tu d ie s  o f  th e  s e ru m  e f f lu e n t  s h o w  th a t  i t  c o n ta in e d  

8 6 5  m g /L  so lu b le  p ro te in , 5 8 6  m g /L  p h e n o l ,  1 2 5 0  m g /L  to ta l  s u g a r ,  1 0 9 5  

r e d u c in g  s u g a r ,  1 5 5  m g /L  n o n  r e d u c in g  s u g a r ,  1 5 9 5 2  m g /L  o f  f r e e  a m in o  

a c id s .  A n a e r o b ic  t r e a tm e n t  b y  U A S B  m e th o d  c o u ld  r e d u c e  a ll th e s e  

c o n s t i tu e n ts  ( T a b le  4 . A . 1 8 .), b u t  w h e n  H R T  w a s  r e d u c e d  to  18 a n d  12 

d a y s ,  th e  p e r c e n ta g e  r e m o v a l  o f  a ll th e s e  w e r e  lo w . F r o m  th e  t a b le  it is 

c l e a r  th a t  a n a e r o b ic  t r e a tm e n t  c o u ld  r e m o v e  s o lu b le  p r o te in ,  s u g a r  a n d  e v e n  

p h e n o l .  T o  d e g r a d e  p h e n o l  b y  a n a e r o b ic  t r e a tm e n t ,  lo n g e r  p e r io d s  o f  

r e te n t io n  w a s  r e q u ir e d  a n d  o r g a n ic  lo a d in g s  s h o u ld  b e  lo w . T o x ic  a n d  

r e c a lc i t r a n t  o r g a n ic  c o m p o u n d s  l ik e  p h e n o ls  w e r e  d e g r a d e d  u n d e r  

a n a e r o b ic  c o n d i t io n s ,  w ith  th e  c o m p o u n d  s e rv in g  a s  a  g r o w th  s u b s t r a t e  w ith  

f e r m e n ta t io n  a n d  u l t im a te  m e th a n e  p r o d u c t io n  . T h e s e  to x ic  c o m p o u n d s  

w e r e  t r a n s f o r m e d  in to  n o n - to x ic  e n t i t ie s  b y  s p e c ia l iz e d  m ic r o b e s .  A  lo n g ­

te rm  e x p o s u r e  to  th e  o r g a n ic  c o m p o u n d  m a y  b e  n e e d e d  to  in d u c e  a n d  

s u s ta in  th e  e n z y m e s  a n d  b a c te r ia  r e q u ir e d  fo r  d e g ra d a tio n ^ ^ . R e m o v a l  o f  

a m in o  a c id s  b y  U A S B  w a s  c o m p a r a t iv e ly  lo w . In  th e  p r e s e n c e  o f  s u f f i c ie n t  

a m o u n t  o f  a m m o n ia c a l  n i t r o g e n  a n d  h y d r o g e n  c o n c e n t r a t io n ,  th e  b a c te r ia  

r e s p o n s ib le  f o r  g r a n u la t io n  m a y  p r o d u c e  a m in o  a c id s ,  b u t  th e i r  s y n th e s is  

w a s  l im i te d  b y  c y s te in e  s u p p ly .  T h e  e x t r a c e l lu la r  p o ly p e p t id e s  w h ic h  b in d  

o r g a n is m s  to g e th e r  to  f o r m  d e n s e  p e l le t s  o r  f lo e  g r a n u le s  w e r e  s o m e  o f  th e  

e x c e s s  a m in o  a c id s  s e c r e te d  d u r in g  U A S B  tr e a tm e n t^ ’

B io c h e m ic a l  a n a ly s i s  a l s o  r e v e a le d  th a t  a n a e r o b ic  t r e a tm e n t  is  an  

e f f e c t iv e  m e th o d  to  t r e a t  h ig h ly  p o l lu te d  s k im  s e ru m  e f f lu e n t .



4. A. 6. Conclusion

1. U A S B  r e a c to r  c o u ld  b e  s u c c e s s fu l ly  u s e d  to  t r e a t  s k im  s e ru m  e f f lu e n t ,  

a  h ig h - s t r e n g th  o rg a n ic  w a s te  ( C O D  3 8 8 0 0  m g /L ) .  F o r  a n  H R T  o f  3 6  

d a y s ,  th e  a v e r a g e  C O D  re m o v a l  e f f ic i e n c y  a c h ie v e d  w a s  8 9  a n d  7 9  

p e r c e n t  a t O L R s  o f  0 .7 5  a n d  1 .0 7  k g /m ^ /d  r e s p e c t iv e ly .  In  m o s t  c a s e s ,  

th e re  w a s  a n  in it ia l  d e c r e a s e  in  th e  e f f ic i e n c y  o f  C O D  re m o v a l  f o r  

h ig h e r  o r g a n ic  lo a d in g s  b u t  i t  r e a c h e d  a  s te a d y  s ta te  a f te r  a  p e r io d  o f  

o p e r a t io n  a t  a  g iv e n  o r g a n ic  lo a d in g .

2 . A s  th e  H R T  in c re a s e d  C O D  r e d u c t io n  e f f ic i e n c ie s  o f  th e  s y s te m  a ls o  

in c re a s e d  a n d  vice-versa . O n  v a r y in g  th e  H R T  f r o m  18 to  9  d a y s ,  f o r  

an  o r g a n ic  lo a d in g  o f  3 k g /m ^ /d , C O D  r e m o v a l  e f f ic i e n c y  d r o p p e d  

f ro m  8 4 .5  to  6 4  p e rc e n t.

3 . T h e  in f lu e n c e  o f  th e  r e a c to r  h e ig h t  w a s  a lm o s t  th e  s a m e  f o r  th e  tw o  

d i f f e r e n t  o r g a n ic  lo a d in g s  h a v in g  th e  s a m e  H R T . P e r c e n ta g e  r e m o v a l  

o f  C O D  in c re a s e d  as  th e  e f f lu e n t  m o v e d  u p w a r d s  a n d  th e  m a x im u m  

p e r c e n ta g e  r e m o v a l w a s  o b ta in e d  a t th e  to p  o f  th e  r e a c to r .

4 . E f f ic ie n c y  o f  t r e a tm e n t  c o u ld  n o t b e  a s s e s s e d  in  te rm s  o f  B O D  

re m o v a l  s in c e  B O D  v a lu e s  w e r e  u n u s u a l ly  h ig h  d u r in g  a n a e r o b ic  

tr e a tm e n t  f o r  lo n g e r  H R T s .

5 . D u r in g  th e  w h o le  t r e a tm e n t  p r o c e s s ,  V F A  d e c r e a s e d  a s  th e  e f f lu e n t  

m o v e d  u p w a r d s  in  th e  r e a c to r  a n d  th e  d e c r e a s e  w a s  s te a d ie r  b e y o n d  

P o r t  2 . A t  th e  b o t to m  le v e l (b e lo w  P o r t  2 )  th e  V F A  c o n c e n t r a t io n  w a s  

a lw a y s  h ig h e r .  T h e  s a m e  tr e n d  w a s  o b s e r v e d  in  p H  v a lu e s  a lso . 

C h a n g e  in  p H  w a s  m o r e  p r o m in e n t  b e lo w  1.3 m e tr e ,  a n d  a b o v e  1.3 

m e tre ,  th e  p H  re m a in e d  a lm o s t  s te a d y . p H  a n d  V F A  c h a n g e s  w e re



m o r e  p r o n o u n c e d  b e lo w  1.3 m e tre ,  in d ic a t in g  h ig h  r a te  o f  a n a e r o b ic  

r e a c t io n s  a t  th e  l o w e r  p a r t  o f  th e  r e a c to r .

6 . L o w e r in g  H R T  f r o m  3 6  d a y s  to  9  d a y s  d e c r e a s e d  th e  e f f ic i e n c y  o f  

r e m o v in g  T S  a n d  D S , w h e re a s  in c r e a s in g  o r g a n ic  lo a d in g  in c re a s e d  

th e  p e r c e n ta g e  r e m o v a l  o f  T S  a n d  D S .

7 . I n c r e a s in g  th e  f i l t e r  h e ig h t  in c re a s e d  th e  r e m o v a l  e f f ic ie n c y  o f  T S  a n d  

D S , b u t  b e y o n d  th e  th i r d  p o r t  th e  e f f e c t  w a s  o n ly  m a rg in a l .  M a jo r  

p o r t io n  o f  th e  T S  a n d  D S  w e re  r e m o v e d  b e lo w  1.3 m e te r  h e ig h t  

w h ic h  s h o w e d  th a t  g o o d  s e t t l in g  o f  th e  s lu d g e  to o k  p la c e  b e lo w  th is  

h e ig h t.

8 . H ig h  a m o u n t  o f  V S S  w a s  fo rm e d  a t  th e  lo w e r  p a r t  o f  th e  r e a c to r ,  

c o m p a r e d  to  th e  to p  p a r t  o f  i t ,  s h o w in g  th e  fo rm a t io n  o f  h ig h  b io m a s s  

in  th e  lo w e r  p a r t  o f  th e  re a c to r .  H ig h  c o n c e n t r a t io n  o f  V S S  w a s  f o u n d  

f o r  H R T s  o f  18 a n d  3 6  d a y s  a n d  d e c r e a s e  o f  H R T  re s u l te d  in  a  d r o p  in  

th e  c o n c e n t r a t io n  o f  V S S .

9 . T o ta l  K je ld a h l  n i t r o g e n  a n d  a m m o n ia c a l  n i t r o g e n  r e m o v a l  w a s  r a th e r  

lo w  c o m p a i 'e d  to  C O D  re m o v a l .  H ig h e s t  p e r c e n ta g e  r e m o v a l  o f  T K N  

a c h ie v e d  w a s  6 7  f o r  3 6  d a y s  o f  H R T  h a v in g  o r g a n ic  lo a d in g  o f  1 .0 7  

k g /m V d .

10. E s t im a t io n  o f  A N  f o r  v a r io u s  o r g a n ic  lo a d in g s  d id  n o t f o l lo w  a  

r e g u la r  p a t te r n .  A n a e r o b ic  d ig e s t io n  p r o c e s s  d id  n o t  r e m o v e  n i t r o g e n  

e f f e c t iv e ly .  W id e  f lu c tu a t io n s  in  th e  v a lu e s  o f  A N  w e re  o b s e r v e d  

s h o w in g  n e g a t iv e  to  z e r o  p e r c e n ta g e  r e m o v a l  f o r  h ig h e r  O L R s .

11. F o r  h ig h e r  H R T s ,  9 7  p e r c e n t  r e m o v a l  o f  s o lu b le  o r g a n ic  n i t r o g e n  

c o n te n t  to o k  p la c e  d u r in g  a n a e r o b ic  t r e a tm e n t .  H ig h  p e r c e n ta g e  

re m o v a l  o f  s o lu b le  o r g a n ic  n i t r o g e n  in d ic a te d  th e  d e g r a d a t io n  o f



n i t r o g e n  c o n ta in in g  c o m p o u n d s  l ik e  p ro te in s  a n d  a m in o  a c id s  d u r in g  

a n a e r o b ic  tre a tm e n t.

12. B io lo g ic a l  p h o s p h o ru s  r e m o v a l  w a s  h ig h e r  f o r  lo n g e r  r e te n t io n  t im e s  

in  th e  U A S B  re a c to r  a n d  vice-versa .

13. A n a e ro b ic  t r e a tm e n t o f  s e ru m  e f f lu e n t  u s in g  U A S B  r e a c to r  p r o d u c e s  

h y d r o g e n  s u lp h id e . L a rg e  a m o u n t  o f  s u lp h id e  (u p  to  140  m g /L )  

f o rm e d  d u r in g  th is  p r o c e s s  o f  t r e a tm e n t  d id  n o t  s e r io u s ly  a f f e c t  th e  

t r e a tm e n t  e f f ic ie n c y  o f  th e  U A S B  r e a c to r  a s  it w a s  e v id e n t  f ro m  8 5  to  

9 5  p e r c e n t  C O D  re m o v a l.

14. P ro d u c t io n  o f  b io g a s  w a s  f o u n d  to  d e c r e a s e  w h e n  H R T  w a s  r e d u c e d  

f ro m  3 6  d a y s  to  9  d a y s .  T h e  g a s  c o l le c te d  w a s  h a v in g  fo u l s m e ll  

o w in g  to  th e  p re s e n c e  o f  h y d r o g e n  s u lp h id e .

15. C h a n g e s  in  th e  c o n c e n tra t io n  o f  h e a v y  m e ta ls  w e re  e s t im a te d  u s in g  

A A S  a n d  th e  a n a e ro b ic  p r o c e s s  w a s  f o u n d  to  r e m o v e  7 5 .7 %  F e , 4 4 %  

C u  a n d  9 9 .1 4 4 %  Z n  fo r  a n  H R T  o f  18 d a y s .  A d d i t io n  o f  l im e  to  a d ju s t  

p H  o f  th e  e f f lu e n t  w a s  th e  r e a s o n  f o r  th e  in c re a s e  in  th e  c o n c e n t r a t io n  

o f  C a , M g  a n d  M n .

16. B io c h e m ic a l  s tu d ie s  o f  th e  s e m m  e f f lu e n t  s h o w e d  th a t  a n a e ro b ic  

t r e a tm e n t  b y  U A S B  m e th o d  c o u ld  r e m o v e  p r o te in ,  s u g a r  a n d  e v e n  

p h e n o l .  T o  d e g r a d e  p h e n o l  b y  a n a e r o b ic  t r e a tm e n t ,  lo n g e r  p e r io d s  o f  

r e te n t io n  w a s  r e q u ir e d  a n d  o r g a n ic  lo a d in g s  s h o u ld  b e  lo w . 

B io c h e m ic a l  a n a ly s is  a ls o  p r o v e d  th a t  a n a e ro b ic  t r e a tm e n t  is  a n  

e f f e c t iv e  m e th o d  to  t r e a t  h ig h ly  p o l lu te d  s k im  s e ru m  e f f lu e n t .
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PARTB: 

TRACE METAL EFFECT IN ANAEROBIC 
TREATMENT

4. B. 1. In troduction

G ro w th  f a c to rs  d i f f e r  f ro m  o n e  o r g a n is m  to  a n o th e r .  M a jo r  g ro w th  f a c to rs  

a re  a m in o  a c id s ,  n i t r o g e n  b a s e s  a n d  v i t a m in s '.  N u tr ie n ts  l ik e  i r o n  (F e ) ,  

c o b a l t  (C o ) ,  n ic k e l  (N i) ,  m o ly b d e n u m  ( M o ) ,  z in c  (Z n ) ,  m a n g a n e s e  (M n ) , 

m a g n e s iu m  (M g )  a n d  c o p p e r  ( C u )  a re  th e  tr a c e  m e ta l  e le m e n ts  r e q u ir e d  fo r  

m e th a n o g e n s  f o r  g ro w th  a n d  a c tiv i ty '''^ .  A d d i t io n  o f  th e  m is s in g  e le m e n ts  

a c c e le ra te s  a n a e r o b ic  d e g r a d a t io n .

S p e e c e ^  s tu d ie d  th e  im p o r ta n c e  o f  tr a c e  m e ta l s  to  s t im u la te  

m e th a n o g e n ic  a c t iv i ty  a n d  th e  r e c o m m e n d e d  r e q u i r e m e n ts  f o r  i ro n ,  c o b a l t ,  

n ic k e l  a n d  z in c  as  0 .0 2 ,  0 .0 0 4 ,  0 .0 0 3  a n d  0 .0 2  m g /g  a c e ta te  p ro d u c e d  

r e s p e c t iv e ly .  I n c r e a s e d  a n a e r o b ic  a c t iv i ty  w a s  n o te d  a f te r  tr a c e  a d d i t io n s  o f  

iro n ,  n ic k e l  a n d  c o b a l t ,  b u t  th e i r  c o n c e n t r a t io n s  v a r y  f o r  d if f e r e n t  

w a s te w a te r s  w ith  h ig h  V F A  c o n c e n t r a t io n s .  A  r e c o m m e n d e d  d o s e  o f  tr a c e  

m e ta ls  p e r  l i t e r  o f  r e a c to r  v o lu m e  is  1 .0  m g  F e C l2, 0 .1  m g  C o C lo , 0 .1  m g  

N iC l?  a n d  0 .1  m g  Z n C l2.

M e ta b o l ic  c a p a b i l i ty  o f  m ic r o o r g a n is m s  in  w a s te w a te r  t r e a tm e n t  is  

d e te r m in e d  b y  c e ll  e n z y m e s .  I t  c o n s is ts  o f  p r o te in  a n d  a  c o f a c to r  s u c h  a s  a 

m e ta l  io n  (Z n , F e ,  C u , M n  a n d  N i) .  E n z y m e s  a r e  la r g e  o r g a n ic  m o le c u le s  

th a t  c a ta ly s e  b io lo g ic a l  r e a c t io n s  l ik e  c e ll  s y n th e s is ,  h y d r o ly s is  a n d  

o x id a t io n - re d u c t io n .  P r o k a r y o te s  r e q u ir e  tr a c e  a m o u n ts  o f  m e ta l l ic  io n s  Z n , 

F e , C u , M o , C o , M n  a n d  N i a n d  a ll th e s e  e le m e n ts  a re  d e r iv e d  f ro m  th e  

e n v i ro n m e n t .  S h o r ta g e  o f  th e s e  m e ta ls  c a n  in h ib i t  o r  a l te r  g r o w th '.  I t  h a s



b e e n  r e p o r te d  th a t  m e ta l  d e f ic ie n c ie s  c a n  l im i t  th e  p e r f o r m a n c e  o f  

a n a e r o b ic  d ig e s t io n  s y s te m s  a n d  th a t  m e ta l  s u p p le m e n ta t io n  m a y  

s u b s t a n t ia l ly  im p r o v e  a n a e r o b ic  t r e a tm e n t  o f  d i f f e r e n t  ty p e s  o f  w a s te  

s trea m s® ''^ . S h a r m a  e t  al^  r e p o r te d  th a t  m ic r o n u t r i e n ts  (N i , F e ,  a n d  C o )  

im p r o v e  b o th  s lu d g e  v o lu m e  in d e x  a n d  m e th a n o g e n ic  a c t iv i t ie s  o f  th e  

s lu d g e .  A d d i t io n  o f  s a l ts  o f  N i ,  F e ,  a n d  C o  a t  0 .1 0  a n d  0 .5  m g /L  to  d is t i l le ry  

e f f lu e n t  im p r o v e d  i ts  a n a e r o b ic  d ig e s t io n  a n d  s e d im e n ta b i l i ty  o f  s lu d g e '^ ,  

i n c r e a s e d  c o n c e n t r a t io n  o f  N i  a n d  C o  a c c e le r a te d  th e  in i t ia l  e x p o n e n t ia l  a n d  

f in a l  a r i th m e t ic  in c r e a s e s  in  th e  m e th a n e  p r o d u c t io n  r a te  a n d  r e d u c e d  th e  

te m p o r a r y  d e c r e a s e  in  r a te  d u e  to  m ic r o  n u tr ie n t  lim ita tio n * '^ . F lo r e n c io  

s tu d ie d  th e  e f f e c t  o f  c o b a l t  in  th e  a n a e r o b ic  d e g r a d a t io n  o f  m e th a n o l  a n d  

f o u n d  th a t  a d d i t io n  o f  c o b a l t  s t im u la te d  o n ly  th o s e  t r o p h ic  g r o u p s  w h ic h  

d i r e c t ly  u t i l i z e d  m e th a n o l ,  w h i le  o th e r  t r o p h ic  g r o u p s  u t i l i z in g  d o w n  s t r e a m  

in te r m e d ia te s ,  H 2/C O 2 o r  a c e ta te ,  w e r e  la r g e ly  u n a f fe c te d * ^ ’

4. B. 2. Aim

N a tu r a l  r u b b e r  s e m m  c o n ta in s  s u lp h u r ,  p o ta s s iu m ,  p h o s p h o r u s ,  c h lo r in e ,  

z in c ,  m a g n e s iu m ,  s o d iu m , c a lc iu m , iro n ,  a lu m in iu m  a n d  i t i b id iu m  w h e r e a s  

p r e s e n c e  o f  C o , N i  a n d  M o  w e r e  n o t  r e p o r te d  in  th e  n a tu ra l  m b b e r  s e m m * ’ . 

T h e r e f o r e ,  w h e th e r  th e  a d d i t io n  o f  th e s e  t r a c e  m e ta ls  w i l l  s t im u la te  th e  

a n a e r o b ic  d e g r a d a t io n  o f  s e m m  e f f lu e n t  l ik e  m e th a n o l  w a s  a  p e r t in e n t  

q u e s t io n  a n d  th is  s tu d y  is  f o c u s in g  o n  it.

T h e  p r e s e n t  s tu d y  is  a n  in v e s t ig a t io n  o n  th e  e f f e c t  o f  C o , N i  a n d  M o  

in d iv id u a l ly  a n d  in  c o m b in a t io n  o n  th e  a n a e r o b ic  t r e a tm e n t  o f  s k im  s e r u m  

e f f lu e n t ,  u s in g  a  b a t c h  ty p e  u p f lo w  a n a e r o b ic  s lu d g e  b la n k e t  r e a c to r  a n d  

c o m p a r in g  i t  w i th  a n o th e r  s e t  w i th o u t  a n y  a d d e d  m e ta l  ( c o n tr o l) .



F ig .  4 .  B , 1, B a tc h  ty p e  r e a c to r

C o m m e r c i a l  g r a d e  m e ta l  s a l ts  l ik e  c o b a l t  c h lo r id e ,  n ic k e l  c h lo r id e  a n d  

a m m o n iu m  h e p ta  m o ly b d a te  te t r a  h y d r a te  (a l l  f ro m  M e rc k )  w e r e  u s e d  f o r  

th e  a d d i tio n  o f  C o , N i a n d  M o . 100  m L  o f  th e  e f f lu e n t w a s  a d d e d  d ro p  b y  d ro p  

e v e ry  d a y . In  th e  f irs t p h a s e  o f  th e  e x p e r im e n t 100  ^ g /L  ( i .e .lO  |ig /1 0 0  m L )  a n d  

in  th e  s e c o n d  p h a s e  10 |i g /L  ( i . e . l  ^ g /1 0 0  m L )  o f  m e ta l s  w e r e  a d d e d  to  th e  

e f f lu e n t .  O v e r  f lo w e d  e f f lu e n t  w a s  c o l le c te d  e v e r y  w e e k  a n d  a n a ly s e d  f o r  

v a r io u s  p a r a m e te r s  l ik e  C O D , B O D , p H , tu r b id i ty ,  s u lp h id e ,  T K N  a n d  A N .

C h a r a c t e r i s t i c  o f  th e  s e ru m  e f f lu e n t  a r e  g iv e n  in  th e  T a b le  4 . B . 1.



4. B . 3. Experimental

F iv e  p o ly e th y le n e  c o n ta in e r s  o f  2 .5  l i t r e  c a p a c i ty  e a c h  w e r e  f i l l e d  w ith  

w a te r  a n d  d i lu te d  a n d  f i l te r e d  c o w  d u n g  s lu r r y ,  o n e  l i t r e  e a c h .  I t  w a s  c lo s e d  

w i th  a  l id  h a v in g  tw o  h o le s .  F iv e  s e ts  o f  b o t t l e s  w i th  tu b e s  w e r e  c o l le c te d ,  

w a s h e d  a n d  s te r i l iz e d  a n d  p la c e d  o n  a  ta l l  s u p p o r t in g  s ta n d . O n e  e n d  o f  th e  

tu b e  f ro m  th e  b o t t l e  w a s  p a s s e d  th r o u g h  a  h o le  o n  th e  l id  to  r e a c h  th e  

b o t to m  o f  th e  c o n ta in e r .  T h e  e f f lu e n t  f r o m  th e  b o t t l e  p a s s e d  th r o u g h  th is  

tu b e ,  a n d  th e n  r e a c h in g  th e  b o t to m  o f  th e  c o n ta in e r  a n d  r is in g  g r a d u a l ly .  

A n o th e r  s m a l l  tu b e  w a s  f ix e d  a b o v e  th e  le v e l  o f  w a te r  th r o u g h  th e  o th e r  

h o le  o n  th e  l id  f o r  g a s e s  to  e s c a p e .  A n  o u d e t  tu b e  w a s  f ix e d  o n  th e  

p o ly e th y le n e  c o n ta in e r s  e x a c t ly  a t  th e  p o s i t io n  w h e r e  th e  v o lu m e  o f  

c o n ta in e r  r e a c h e d  2  l i t r e .  T h e  p H  o f  th e  e f f lu e n t  w a s  a d ju s te d  to  7 .5  b y  

a d d in g  l im e  a n d  s o d iu m  b ic a r b o n a te .  I t  w a s  a l lo w e d  to  s e t t le ,  f i l te r e d  a n d  

a n a ly s e d  a s  p e r  s ta n d a r d  m e th o d s* ^ . 1 0 0  m L  o f  e f f lu e n t  w a s  ta k e n  in  e a c h  

b o t t le .  T h e  f iv e  b o t t l e s  w e r e  m a rk e d  a s  E , C o ,  N i ,  M o , a n d  C o + N i+ M o .  In  

b o t t l e  E ,  e f f lu e n t  a lo n e  w a s  ta k e n . In  o th e r  b o t t l e s  m a r k e d  a s  C o , N i ,  M o , 

a n d  C o + N i+ M o , 1(X) m L  e f f lu e n t  a n d  C o ,  1 0 0  m L  o f  e f f lu e n t  a n d  N i ,  1 0 0  

m L  e f f lu e n t  a n d  M o , 1 0 0  m L  e f f lu e n t  a n d  e q u a l  a m o u n ts  o f  C o , N i ,  a n d  

M o  to g e th e r  r e s p e c t iv e ly  w e r e  ta k e n ,  m ix e d  w e l l  a n d  a l lo w e d  to  f lo w  d ro p  

w is e .  D u r in g  f e e d in g ,  a n  e q u a l  v o lu m e  o f  t r e a te d  e f f lu e n t  o v e r f lo w e d  

th r o u g h  th e  o u t l e t  tu b e  a n d  c o l le c te d  f o r  a n a ly s i s  (F ig .  4 .  B . l ) .  A  p e r io d  o f

3 0  d a y s  w a s  a l lo w e d  f o r  a  p r o p e r  s t a r t  u p .



Table 4. B. 1. C h a r a c te r i s t i c s  o f  e f f lu e n t

N o P a r a m e te r s
V a lu e s  (m g /L )  

(Except for pH)

pH 7 .5

C O D 2 4 6 2 7

B O D 9 6 4 9

S u lp h a te s 1 6 0 0 0

T S 5 9 0 0 0

D S 5 7 1 0 0

T S S 1 9 0 0

T K N 5 7 4 0

A N 3 7 5 0

10 S u lp h id e 2 4

4. B. 4. Results and discussion 

(a) pH

F ig . 4 . B . 2  s h o w s  th e  a v e r a g e  v a r ia t io n  o f  p H  re s u l t in g  f ro m  th e  a d d i t io n  

o f  1 0 0  [xg /L  o f  d i f f e r e n t  m e ta l  io n s  to  th e  e f f lu e n t .  T h e  a v e r a g e  p H  o f  th e  

e f f lu e n t  w a s  f o u n d  to  b e  a b o v e  7 .5 7 .  T h is  r e v e a ls  th a t  V F A  f o r m a t io n  d id  

n o t  in f lu e n c e  m u c h  o n  th e  p H  o f  th e  s e ru m  e f f lu e n t  d u r in g  th e  a n a e r o b ic  

t r e a tm e n t  in  th e  p r e s e n c e  o f  1 0 0  |j,g /L  o f  t r a c e  m e ta ls .  M in im u m  le v e l  o f  

v o la t i le  f a t ty  a c id  ( V F A )  c o n c e n t r a t io n  c a n  b e  ta k e n  a s  a n  in d ic a t io n  o f  

s u f f i c ie n t  m e th a n o g e n ic  p o p u la t io n .  T h e  lo w  p H  d u e  to  u n d is s o c ia te d  V F A  

p r o d u c e d  b y  a c e to g e n s  i s  to x ic  to  m e th a n o g e n s '^ ’ T h e  p H  a r o u n d  7 

in d ic a te d  th e  c o n v e r s io n  o f  V F A s  b y  m e th a n o g e n ic  o r g a n is m s  w h ic h  is  th e  

p r e d o m in a n t  r e a c t io n  a n d  n o t  th e  f e r m e n ta t io n  o f  s o lu b le  s u b s t r a te s  b y  

f e r m e n ta t in g  b a c te r ia  ( T a b le  4 . B . 2  &  3 ).



Table 4 . B .  2 .  V a r ia t io n  o f  p H  b y  th e  a d d i t io n  o f  1 0 0  o f  tr a c e  m e ta l  io n s

T y p e  o f  m e ta l  a d d e d  a n d  p H  (C o n e , o f  m e ta l-100 ^ig/L)

W e e k E C o N i M o C o + N i+ M o

1 7 .7 5 7 .7 7 .7 7 .7 7 .6 5

2 7 .8 8 .0 5 7 .7 in 8 .4

3 7 .6 5 7 .5 7 .4 7 .3 5 7 .3 5

4 7 .9 5 7 .9 7 .4 5 7 .4 5 7 .5

5 8.1 8-1 7 .8 5 7 .7 7 .8

6 7 .9 7 .9 5 7 .8 5 7 .6 5 7 .7 5

7 7 .5 7 .5 5 7 .6 5 7 .4 5 7 .5

Co M Mo

Type of metal added & Concn.of metal lOOpg/L

Co+M+rAD

Fig.4. B. 2 . A v e r a g e  v a r ia t io n  o f  p H  c a u s e d  b y  th e  a d d i t io n  o f  1 0 0  |Ag/L 
o f  t r a c e  m e ta l  io n s

I f  s u f f i c ie n t  b u f f e r in g  c a p a c i ty  is  p r e s e n t  V F A  p r o d u c e d  w i l l  n o t

d e c r e a s e  th e  p H  a n d  c o n s e q u e n t ly  th e  u n d is s o c ia te d  V F A  f ra c t io n  w il l  b e



to o  s m a ll  to  s ig n i f ic a n t ly  d is tu r b  th e  m e th a n o g e n s* ^ . T o  p r o v id e  a  b u f fe r in g  

m e d iu m  s o d iu m  b ic a r b o n a te  w a s  a d d e d  a lo n g  w i th  l im e  to  a d ju s t  th e  p H  o f  

th e  ra w  e f f lu e n t .

Table 4 . B. 3 . V aria tio n  o f  p H  b y  the  ad d itio n  o f  10 |ig /L  o f  tra c e  m e ta l io n s

T y p e  o f  m e ta l a d d e d  a n d  p H  (C o n e, o f  m etal; 10 ^ g /L )

Week

7 .6 0

7 .5 5

7 .7 5

7 .6 5

7 .9 0

C o

7 .8 0

7 .7 0

7 .9 0

7 .7 0

7 .9 5

N i

7 .7 5

125

7 .5 5

7 .5 5

7 .8 5

M o

7 .7 0

7 .4 5

7 .5 5

7 .4 5

7 .8 0

C o + N i+ M o

7 .5 0

7 .0 5

7 .7 5

7 .6 5

7 .9 0

B ic a r b o n a te  is  u s e d  n o t  o n ly  a s  a  w e a k  a c id  in  th e  p H  b u f fe r in g  

s y s te m  b u t  a l s o  a s  a  c o s u b s t r a te  in  th e  a c e to g e n ic  b r e a k d o w n . W h e n  

u n d is s o c ia te d  V F A  re m a in s  h ig h  fo r  p r o lo n g e d  p e r io d ,  m e th a n o g e n s  a r e  

s lo w ly  w ip e d  o u t  a n d  a c e to g e n s  p r e d o m in a te  in  th e  b i o r e a c t o r s T h e  

p r e s e n c e  o f  M o  a n d  N i lo w e r  th e  p H  o f  th e  e f f lu e n t  w h e r e a s  C o  in c re a s e s  

th e  p H . T h is  m a y  b e  d u e  to  th e  p r o d u c t io n  o f  b ic a r b o n a te  ( in  p r e s e n c e  o f



X
a
0)D)
<0
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1 1 1

Ni Mo Co+Ni+Mo

Type of metal added & Concn.of meta\ 10 \ig/L

Fig. 4 . B , 3 . A v e r a g e  v a r ia t io n  o f  p H  b y  th e  a d d i t io n  o f  10 |,ig /L  o f  tr a c e  
m e ta l  io n s

In  th e  s e c o n d  p h a s e  o f  th e  e x p e r im e n t ,  a d d i t io n  o f  10 p .g /L  o f  t r a c e  

m e ta l  a l s o  h a s  a lm o s t  th e  s a m e  e f f e c t  o n  p H  a s  th a t  o f  1 0 0  ^ tg /L . A d d i t io n  

o f  N i a n d  M o  a n d  c o m b in a t io n  o f  a l l th e  m e ta l s  lo w e r  th e  p H  o f  th e  e f f lu e n t  

c o m p a r e d  to  th a t  o f  th e  c o n t r o l  w i th o u t  a n y  m e ta l .  In  th e  p r e s e n c e  o f  C o  

(F ig . 4 . B . 3 )  p H  s h o w e d  a  h ig h  v a lu e  th a n  th a t  o f  th e  c o n t ro l .  H e r e  a l s o  th e  

p r e s e n c e  o f  b ic a r b o n a te  a c ts  a s  a  b u f f e r in g  s y s t e m  a n d  th e r e fo r e ,  p H  is  n o t  

lo w e r e d  m u c h .

(b) Sulphide formation

S u l p h i d e  f o r m a t i o n  w a s  f o u n d  to  b e  th e  m a x im u m  in  th e  p r e s e n c e  o f  

1 0 0  f ig /L  c o b a l t  w h e n  c o m p a r e d  to  th e  o t h e r  t r a c e  m e ta l s .  W h e n  th r e e  

m e ta l s  a r e  a d d e d  in  c o m b i n a t i o n ,  th e  a m o u n t  o f  s u l p h i d e  f o r m e d  w a s  

a l s o  h ig h ,  b u t  n o t  a s  h ig h  a s  t h a t  o f  c o b a l t  ( F ig .  4 .  B . 4 ) .  F o r m a t io n  o f  

s u l p h i d e  w a s  a l m o s t  c o n s t a n t  in  th e  c o n t r o l  w h e r e  h e a v y  m e ta l s  w e r e  

a b s e n t  ( T a b le  4 .B .4 ) .  T h e  c o n t in u o u s  a d d i t i o n  o f  m o s t  m e ta l s  r e s u l t e d



in  a  g r a d u a l  in c r e a s e  in  th e  f o r m a t io n  o f  s u l p h i d e  u p  to  a  c e r t a in  le v e l  

a n d  th e n  g r a d u a l l y  d e c l in i n g .  T h is  i n d i c a t e s  t h a t  a s  a n a e r o b ic  r e a c t io n  

p r o c e e d s  w i th  i n c r e a s in g  c o n c e n t r a t i o n  o f  m e ta l s ,  g r o w t h  o f  

D esu lp h o v ih rio  desu lp fiiir ican s  a l s o  i n c r e a s e s ,  a n d  a f t e r  a  p a r t i c u l a r  

c o n c e n t r a t i o n  it b e c o m e s  in h ib i to r y .  T h ic k  b l a c k  c o l o u r  o f  th e  e f f l u e n t  

is  a  d i a g n o s t i c  c h a r a c t e r i s t i c  o f  D esu lp h o v ih rio  desu lph u riccm s  g r o w t h  

a n d  f o r m a t io n  o f  m e ta l  s u lp h i d e s .  D esu lp h o v ih r io  desu lph u riccm s  c a n  

c a u s e  s i g n i f i c a n t  r e m o v a l  o f  m e ta l  io n s  b y  p r e c i p i t a t i o n " ' .  S in c e  th e  

r a w  e f f lu e n t  c o n t a in s  1 6 0 0 0  m g /L  o f  s u lp h a t e ,  f o r m a t io n  o f  h ig h  

a m o u n t  o f  s u l p h i d e  is e x p e c t e d .  S u lp h id e  f o r m a t io n  is  c o m p a r a t i v e ly  

le s s  in  th e  p r e s e n c e  o f  N i a n d  M o .

T a b l e  4 . B . 4 . F o rm a tio n  o f  s u lp h id e  in  th e  p r e s e n c e  100  }.ig/L o f  tr a c e  
m e ta l  io n s

T y p e  o f  m e ta l  a d d e d  a n d  s u lp h id e  f o rm e d  ( m g /L )  (C o n e .o f  

m etal; lO O jig /L )

W e e k E C o N i M o C o  +  N i +  M o

1 9 19 2 7 3 3 2 4

2 151 6 9 36 1 20 2 7

3 8 2 3 0 2 148 159 7 7

4 8 2 2 9 7 165 7 7 2 3 4

5 8 2 173 3 4 15 155

6 8 2 128 35 4 2 170

7 102 38 18 2 3 3 0
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F ig .  4 .  B .  4 .  A v e r a g e  s u lp h id e  f o rm a t io n  in  th e  p r e s e n c e  o f  1 0 0  |,ig /L  o f  

tr a c e  m e ta l  io n s

In  th e  s e c o n d  p h a s e  o f  e x p e r im e n t  w ith  10 |,ig /L  o f  m e ta l 

c o n c e n t r a t io n ,  f o rm a t io n  o f  s u lp h id e  ( a v e ra g e )  is  h ig h  ( T a b le  4 . B . 5  &  F ig .

4 . B . 5 ) . E f f lu e n t  c o n ta in in g  M o  s h o w s  lo w  v a lu e  f o r  s u lp h id e .  N i 

c o n ta in in g  e f f lu e n t  s h o w s  th e  n e x t  h ig h e r  v a lu e .

T a b J e  4 ,  B . 5 . S u lp h id e  f o rm a t io n  in  th e  p r e s e n c e  o f  10  ,u g /L  o f  tr a c e  

m e ta ls

T y p e  o f  m e ta l  a d d e d  a n d  s u lp h id e  f o r m e d  ( m g /L )  (C o n e , of
m e ta l;  1 0  |.ig /L )

W e e k E C o N i M o C o  +  N i +  M o

1 2 3 2 2 1 2 1 00 9 6 2 1 6

2 162 2 9 8 2 2 7 9 4 3 1 0

3 197 2 4 6 187 9 4 134

4 161 2 6 5 2 6 4 4 65

5 117 3 5 2 9 4 3 2 7 0



L ik e  th e  f ir s t  p h a s e  o f  th e  e x p e r im e n t  w ith  1 0 0  ^ ig /L  o f  m e ta l ,  th e  

e f f lu e n t  c o n ta in in g  10 ^ ig /L  o f  C o  s h o w s  th e  h ig h e s t  v a lu e  f o r  s u lp h id e  

fo rm a tio n .  T h is  s h o w s  th a t  th e  p r e s e n c e  o f  c o b a l t  e n h a n c e s  th e  g ro w th  o f  

D esulphovihrio  desulphiiricans.

F ig .  4 . B . 5 . A v e r a g e  s u lp h id e  f o rm a t io n  in  th e  p r e s e n c e  o f  10 ^ ig /L  o f  
t r a c e  m e ta l io n s

(c )  T u r b i d i t y

T u r b id i ty  v a lu e s  in  th e  p r e s e n c e  o f  100  \xglL  o f  d i f f e r e n t  m e ta l  io n s  s h o w e d  

th a t  m e ta l  io n s  in f lu e n c e d  th e  f o rm a t io n  o f  tu r b id i ty .  T h e  h ig h e s t  v a lu e  fo r  

tu r b id i ty  w a s  in  th e  p r e s e n c e  o f  C o  ( T a b le  4 . B . 6 . &  F ig . 4 . B . 6 .). In  th e  

p r e s e n c e  o f  c o b a l t ,  tu r b id i ty  g r a d u a l ly  in c r e a s e d ,  r e a c h e d  a  m a x im u m  a n d  

th e n  d e c r e a s e d .  T h e  d e c r e a s in g  t r e n d  w a s  o b s e r v e d  d u r in g  th e  s ix th  a n d  

s e v e n th  w e e k . T h e  a v e r a g e  v a lu e  o f  tu r b id i ty  f o r  s e v e n  w e e k s  s h o w e d  th a t  

p r e s e n c e  o f  C o  in  th e  e f f lu e n t  e n h a n c e d  tu rb id i ty .  T h e  n e x t  h ig h e r  v a lu e s  

w e re  o b s e r v e d  f o r  th e  a d d i t io n  o f  M o .



T a b l e 4 .  B . 6 . F o r m a t io n  o f  tu r b id i ty  in  th e  p r e s e n c e  o f  100  |ig /L  

t r a c e  m e ta ls

o f

T y p e  o f  m e ta l  a d d e d  and  tu r b id i ty  (NTU) (Cone, o f metal ;100 ^ig/L)

W e e k E C o N i M o C o + N i+ M o

135 152 124 193 4 7

2 144 194 136 2 3 4 5 4

3 2 4 5 2 3 4 2 2 9 2 5 7 2 1 1

4 134 2 4 8 8 0 157 1 1 1

5 91 2 8 8 8 4 2 0 7 2 2 6

6 9 4 2 2 7 191 2 5 2 2 3 0

7 2 7 8 2 7 9 193 2 2 0 2 3 7

250

--------------------------------- 1 ---------------------------

E Co M Mo Co+NI+IVb

Type of metal added & Concn.of metal 100 |ig/L

F ig .  4 .  B . 6 . A v e r a g e  tu r b id i ty  in  th e  p r e s e n c e  o f  1 0 0  ( ig /L  o f  tr a c e  m e ta ls



T u rb id i ty  m e a s u r e m e n ts  m a y  b e  u s e d  to  p r o v id e  a  r a p id  a n d  s im p le  

m e a n s  o f  o b s e r v in g  c e ll  g r o w t h ’. I t w a s  o b s e rv e d  th a t  th e  p r e s e n c e  o f  

c o b a l t  f a v o u re d  c e l l  g r o w th  c o m p a r e d  to  o th e r  m e ta ls .  P re s e n c e  o f  C o  a ls o  

in c re a s e s  th e  C O D  r e m o v a l  e f f ic ie n c y  w h ic h  f u r th e r  c o n f i r m e d  th e  

in f lu e n c e  o f  C o  o n  b io m a s s  fo rm a tio n .

T a b l e  4 , B . 7 . F o rm a t io n  o f  tu r b id i ty  in  th e  p r e s e n c e  o f  10  ^ ig /L  o f  tr a c e  

m e ta ls

T y p e  o f  m e ta l  a d d e d  an d  tu rb id ity (N T U ) (C o n e , o f  m e ta l;IO  ^g/L)

W e e k

141

145

170

164

171

C o

148

152

144

145

153

N i

104

143

130

113

153

M o

145

165

185

169

174

C o + N i+ M o

117

130

128

137

157

T h e  tu r b id i ty  v a lu e s  o f  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  a f te r  

a d d in g  10 [ig/L  o f  tr a c e  m e ta ls  s h o w e d  th a t  M o  c o n ta in in g  e f f lu e n t  h a d  

h ig h  v a lu e  o f  tu r b id i ty  ( T a b le  4 . B . 7 . &  F ig . 4 .  B . 7 ) . T h is  is  a n  in d ic a to r  o f  

g r e a te r  b io m a s s  g r o w th  in  th is  r e a c to r  a n d  th e  p r e s e n c e  o f  h ig h  b io m a s s  

c o n te n t  is  h e lp fu l  to  t r e a t  th e  e f f lu e n t  a n a e r o b ic a l ly .  B u t  th e  a v e r a g e  v a lu e  

o f  tu r b id i ty  is  h ig h e r  f o r  e f f lu e n t  t r e a te d  w i th  1 0 0  [xg/L  o f  m e ta l  th a n  w ith

10 [ ig /L  o f  m e ta l .  S im ila r ly  C O D  re m o v a l  e f f ic i e n c y  is  a ls o  h ig h e r  f o r  th e  

fo rm e r  w h ic h  c o n f i r m s  th e  r e la t io n  o f  tu r b id i ty  a n d  b io m a s s  c o n c e n tra t io n .
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Type of metal added & Concn.of metal 10 mq/L

F ig .  4 . B .  7 .  A v e r a g e  tu r b id i ty  in  th e  p r e s e n c e  o f  10 ^ g /L  o f  t r a c e  m e ta ls

( d )  C O D  r e m o v a l

A d d i t io n  o f  100  ^ ig /L  o f  t r a c e  m e ta ls  o n  C O D  r e m o v a l  e f f ic i e n c y  w a s  

e s t im a te d  f o r  s e v e n  w e e k s  a n d  th e  r e s u l t s  a r e  g iv e n  in  T a b le  4 .  B . 8 .

T a b l e  4 . B . 8 . E f f e c t  o f  1 0 0  [,ig /L  o f  t r a c e  m e ta l  io n s  o n  C O D  r e m o v a l

T y p e  o f  m e ta l  a d d e d  (C o n e , o f  m etal; 100 |.ig/L) a n d  %  C O D  re m o v a l

W e e k E C o N i M o C o + N i+ M o

1 6 4 5 2 6 7 8 2 6 2

2 6 0 6 7 4 6 4 5 4 6

3 51 5 5 5 3 3 8 4 0

4 4 3 4 9 41 5 5 53

5 4 6 4 8 4 2 4 4 4 3

6 4 6 2 3 13 2 1 13

7 4 2 2 2 13 2 1 11



D u r in g  th e  f ir s t  w e e k , a d d i t io n  o f  M o  a n d  N i r e s u l te d  in  a  h ig h  

p e r c e n ta g e  r e m o v a l  o f  C O D , p o in t in g  to  th e i r  in i t ia l  h ig h  in f lu e n c e .  

I n f lu e n c e  o f  th e s e  m e ta ls  w a s  n o t  s o  p r o m in e n t  in  th e  la te r  w e e k s .  T h o u g h  

th e  in f lu e a c e  o f  c o b a l t  w a s  n o t  s o  p r o m in e n t  in  th e  f i r s t  w e e k ,  i t s  

c o n t in u o u s  a d d i t io n  in c re a s e d  th e  p e r c e n ta g e  r e m o v a l  o f  C O D  to  6 7 %  in  

th e  s e c o n d  w e e k . A f te r  th e  f i f th  w e e k , a  s u d d e n  d e c r e a s e  in  th e  C O D  

r e m o v a l  e f f ic i e n c y  w a s  o b s e r v e d  in  a l l m e ta l  io n  c o n c e n t r a t io n s .  A n  a b r u p t  

d ro p  in  p e r c e n ta g e  r e m o v a l  o f  C O D  f ro m  4 2  to  13 w a s  o b s e r v e d  w h e n  N i 

w a s  a d d e d  c o n t in u o u s ly  ( s ix th  a n d  s e v e n th  w e e k ) .  T h e  s a m e  e f f e c t  w a s  a ls o  

o b s e rv e d  d u r in g  th e  c o n t in u o u s  a d d i t io n  o f  a  c o m b in a t io n  o f  a l l  th e  th r e e  

m e ta ls .  T h e  s u d d e n  d e c r e a s e  in  C O D  r e m o v a l  c o u ld  b e  a t t r ib u te d  to  th e  

h ig h  c o n c e n t r a t io n  o f  N i a d d e d . A d d i t io n  o f  N i b e c a m e  in h ib i to r y  d u r in g  

a n a e r o b ic  t r e a tm e n t .  T h e  s a m e  e f f e c t  w a s  o b s e r v e d  b y  G o n z a le z -G i l  e t  a l''^  

d u r in g  th e  m e th a n o g e n ic  c o n v e r s io n  o f  m e th a n o l  a n d  th e y  r e p o r te d  th a t  4 0 0  

^iM  o f  N i w a s  in h ib i to r y .  F o r  e f f lu e n t  w i th o u t  a n y  m e ta l ,  th e  d e c r e a s e  in  

th e  p e r c e n ta g e  r e m o v a l  o f  C O D  w a s  g r a d u a l .  T h is  g r a d u a l  d e c r e a s e  m ig h t  

b e  d u e  to  th e  w a s h  o u t  o f  b io m a s s  s in c e  th e  r e c to r  w a s  o f  lo w  h e ig h t .  T h e  

d r o p  in  th e  C O D  re m o v a l  e f f ic i e n c y  w a s  a l s o  o b s e rv e d  d u r in g  th e  a d d i t io n  

o f  C o  a n d  M o  a f te r  th e  f i f th  w e e k  b u t  n o t  a s  h ig h  a s  th a t  o f  N i. A d d i t io n  o f  

m e ta ls  e n h a n c e s  th e  t r e a tm e n t  o f  e f f lu e n ts ,  b u t  e x c e s s  o f  n u tr ie n ts  c a n  le a d  

to  in h ib i to r y  e f f e c ts  o n  th e  b io m a s s  a n d /o r  to  m e ta l  a c c u m u la t io n  in  th e  

sludge '"^ . F o r  a n a e r o b ic  t r e a tm e n t ,  N i a n d  M o  w e r e  n e e d e d  o n ly  in i t ia l ly  

a n d  its  c o n t in u o u s  a d d i t io n  d id  n o t  s h o w  a n y  p o s i t iv e  in f lu e n c e  o n  th e  

t r e a tm e n t  o f  e ff lu e n t. In flu e n c e  o f  c o b a lt  in  tre a tin g  se ru m  e f f lu e n t w a s  e v id e n t 

f ro m  th e  h ig h  p e rc e n ta g e  re m o v a l o f  C O D  in  th e  p re se n c e  o f  th is  m e ta l, w h e n  

c o m p a re d  to  th e  tre a tm e n t w ith o u t u s in g  a n y  m e ta l (T a b le  4 . B . 8 , s e c o n d  to  

f i f th  w e e k ) .  B u t  h ig h  c o n c e n t r a t io n  s h o w e d  in h ib i to r y  e f f e c t  w h ic h  w a s



e v id e n t  f ro m  th e  s u d d e n  fa ll  o f  C O D  r e m o v a l  f ro m  4 8  to  2 3 .  A c c o r d in g  to  

F lo re n c io * '' m e th a n o g e n s  a re  b e t te r  s c a v e n g e r s  f o r  c o b a l t  th a n  a c e to g e n s  

a n d  c o b a l t  le v e ls  c a n  b e  u s e d  to  p r e v e n t  a c e ta te  f o r m a t io n  f ro m  m e th a n o l .  

F o r  g r o w th  a n d  a c t iv i ty ,  b o th  t r o p h ic  g ro u p s  h a d  s im i la r  c o b a l t  o p t im a  w ith  

th e  v a lu e s  a r o u n d  0 .0 5  m g /L . W i th  m e th y lo t r o p h ic  s u b s t r a te s ,  c o b a l t  is  an  

im p o r ta n t  n u tr ie n t  d u r in g  a n a e r o b ic  t r e a tm e n t  a n d  th i s  h ig h  r e q u i r e m e n t  f o r  

c o b a l t  is  p r e s u m a b ly  d u e  to  th e  p r o d u c t io n  o f  c o r r in o id s  ( i .e . ,  v i ta m in  B 1 2 ) 

w h e r e  c o b a l t  is  th e  c e n t r a l  io n ” .

In th e  s e c o n d  p h a s e  o f  th e  e x p e r im e n t 10 |x g /L  o f  th e s e  m e ta ls  w e re  

a d d e d  d a i ly  a n d  its  e f f e c t  o n  C O D  re m o v a l is g iv e n  in  T a b le  4 . B . 9 . F ro m  th e  

ta b le  it is  c le a r  th a t  a s  th e  c o n c e n tra tio n  o f  m e ta l  g o e s  o n  in c re a s in g , 

p e rc e n ta g e  re m o v a l a ls o  in c re a s e s  fo r  C o  a n d  M o . I n f lu e n c e  o f  M o  w a s  h ig h e r  

th a n  C o  fo r  10 (.ig/L  c o n c e n tra tio n ,  w h e re a s  fo r  100  r e v e rs e  e f f e c t  w a s  

o b s e rv e d . A s  c o n c e n tra t io n  o f  M o  in c re a se d , p e r c e n ta g e  C O D  re m o v a l a lso  

in c re a s e d ,  in d ic a t in g  th e  n e e d  fo r  tra c e s  o f  M o  in  a n a e ro b ic  tre a tm e n t. 

In c re a s e  in  C o  c o n c e n tra t io n  h a d  a  c o r re s p o n d in g  im p a c t in  th e  p e rc e n ta g e  

re m o v a l o f  C O D  a n d  it w a s  m o re  p ro m in e n t w h e n  100  [.ig/L  w a s  a d d e d .

T a b l e  4 .  B . 9 . E f f e c t  o f  10 |.ig /L  o f  t r a c e  m e ta l  io n s  o n  C O D  r e m o v a l

T y p e  o f  m e ta l  a d d e d  (C o n e , o f  m e ta l ;  10 [xg/L ) a n d  %  C O D  removal

W e e k E C o N i M o C o + N i+ M o

1 31 36 22 52 43

2 62 54 30 52 36

3 65 46 41 58 45

4 49 55 29 61 41

5 49 55 35 64 46



(e) BOD rem oval

P e r c e n ta g e  B O D  r e m o v a l  e f f i c i e n c y  d e c r e a s e d  o n  m o v in g  f r o m  th e  f i r s t  

w e e k  to  th e  th i r d  w e e k  a n d  th e n  i t  s t a r t e d  s h o w in g  n e g a t iv e  p e r c e n ta g e  

r e m o v a l .  A s  a n a e r o b ic  t r e a tm e n t  c o n t in u e d  f u r th e r ,  B O D  v a lu e s  w e r e  

f o u n d  to  in c r e a s e  a b o v e  th e  v a lu e s  o f  th e  r a w  e f f lu e n t  a s  s h o w n  in  

F ig .  4 .  B . 8 . T h e  s a m e  ty p e  o f  n e g a t iv e  p e r c e n ta g e  B O D  r e m o v a l  w a s  

o b s e r v e d  in  th e  U A S B  r e a c t o r  a l s o .  W h e n  a n a e r o b ic  t r e a tm e n t  p r o c e e d s ,  

a n  u n u s u a l  in c r e a s e  in  th e  v a lu e  o f  B O D  w a s  o b s e r v e d .  T h e  v a lu e  o f  

B O D  e x c e e d s  th e  v a lu e  o f  C O D  f ro m  th e  f o u r th  w e e k  o n w a r d s  w h ic h  

in d ic a t e d  a  c o n s ta n t  i n te r f e r e n c e  in  th e  m e a s u r e m e n t  o f  B O D . M e t c a l f  &  

E d d y ' r e p o r te d  th e  i n te r f e r e n c e  d u e  to  n i t r o g e n o u s  b io c h e m i c a l  o x y g e n  

d e m a n d  ( N B O D )  in  B O D  v a lu e s  l e a d in g  to  e r r o n e o u s  in te r p r e t a t i o n s  o f  

th e  t r e a tm e n t .

T h e  m e a s u r e d  B O D  v a lu e s  w e r e  h ig h e r  th a n  th e  t r u e  v a l u e  d u e  to  

o x id a t io n  o f  n i t r o g e n o u s  c o m p o u n d s  a lo n g  w i th  c a r b o n a c e o u s  m a te r ia l s .  

B O D  t e s t  m e a s u r e s  th e  o x y g e n  d e m a n d  p r o d u c e d  b y  c a r b o n a c e o u s  a n d  

n i t r o g e n o u s  c o m p o u n d s .  S u lp h i t e ,  s u lp h i d e  a n d  f e r r o u s  i r o n  a r e  

o x d i s a b l e  b y  m o le c u l a r  o x y g e n  a n d  th e s e  a l s o  h a v e  a  b e a r in g  o n  th e  

o x y g e n  b a l a n c e  o f  th e  r e c e iv in g  w a te r '



F ig .  4 .  B .  8 . E f f e c t  o f  t r a c e  m e ta l  (1 0 0 |.tg /L )  o n  p e r c e n ta g e  B O D  r e m o v a l

T h e  s a m e  e f f e c t  w a s  a ls o  o b s e rv e d  w h e n  10  |x g /L  o f  t r a c e  m e ta l  w a s  

a d d e d  to  th e  e f f lu e n t  d a i ly  (T a b le  4 .B .1 0 .) -  S in c e  s o m e  k in d  o f  c o n s ta n t  

in te r f e r e n c e  w a s  o b s e r v e d  in  th e  B O D  v a lu e s ,  th e  e f f ic i e n c y  o f  t r e a tm e n t  

c a n n o t  b e  a s s e s s e d  in  te r m s  o f  B O D  a lo n e .

T a b l e  4 .  B .  1 0 . E f f e c t  o f  tr a c e  m e ta l s  (1 0 [.ig /L ) o n  B O D  r e m o v a l

T y p e  o f  m e ta l  a d d e d  a n d  %  B O D  r e m o v a l  (C o n e , o f  m etal 10 ^ig/L)

W e e k E C o N i M o C o + N i+ M o

1 2 9 10 9 31 18

2 4 -5 -5 0 -7

3 -1 6 - 6 -3 4 -2 7 -3 6

4 -1 8 -1 4 - 1 0 -2 5 -3 6

5 -1 7 -1 9 -1 9 -1 7 -1 3



(f) TKN and AN removal

T r a c e  m e ta l s  d id  n o t  h a v e  m u c h  i n f lu e n c e  in  t h e  r e m o v a l  o f  T K N  a n d  

A N . R e m o v a l  o f  T K N  d e c r e a s e d  a s  a n a e r o b i c  r e a c t i o n  p r o g r e s s e d  

( T a b le  4 .B .1 1 ) .  D u r i n g  th e  in i t i a l  s t a g e ,  T K N  r e m o v a l  w a s  

c o m p a r a t i v e l y  h ig h  in  th e  p r e s e n c e  o f  1 0 0  |x g /L  C o ,  N i  a n d  M o . 

A n a e r o b i c  t r e a t m e n t  is  n o t  c o n s id e r e d  a s  a n  e f f i c i e n t  m e th o d  to  r e m o v e  

n i t r o g e n  s in c e  i t  i s  u n a b l e  to  r e m o v e  T K N  b y  m e a n s  o f  o x id a t io n ^ ^  a n d  

v e r y  lo w  a m o u n t  o f  n i t r o g e n  w a s  r e m o v e d  in  th e  U A S B  p r o c e s s  a l s o .

A m m o n ia c a l  n i t r o g e n  ( A N )  c o n c e n t r a t i o n  in c r e a s e d  a f t e r  th e  

f i r s t  w e e k  ( T a b le  4 . B . l l ) .  A n a e r o b i c  d i g e s t i o n  p r o c e s s  d o e s  n o t  

r e m o v e  n i t r o g e n  e f f e c t i v e l y  a n d  th i s  c a n  b e  e x p e c t e d  in  a n a e r o b ic  

t r e a t m e n t “^. A n a e r o b i c a l l y  t r e a t e d  e f f l u e n t  c o n t a i n s  n i t r o g e n  in  th e  

f o r m  o f  a m m o n iu m  ( N H 4 ^ ) .  O r g a n ic  n i t r o g e n  p r e s e n t  in  th e  p r o t e i n s  

a n d  a m in o  a c id s  is  c o n v e r t e d  to  A N  d u r in g  a n a e r o b ic  t r e a tm e n t .  

R e m o v a l  o f  a m m o n ia c a l  n i t r o g e n  w a s  n e g a t iv e  d u r i n g  a n a e r o b ic  

t r e a tm e n t ,  d u e  to  f o rm a t io n  o f  A N . N o  s ig n i f ic a n t  in f lu e n c e  o f  t r a c e  m e ta ls  

w a s  o b s e r v e d  in  th e  a n a e r o b ic  t r e a tm e n t  o f  s e r u m  e f f lu e n t  to  r e m o v e  to ta l  

K je ld a h l  n i t r o g e n  a n d  a m m o n ia c a l  n i tro g e n .

In  th e  s e c o n d  p h a s e  o f  e x p e r im e n t  w h e n  10 \kgfL o f  m e ta ls  w e r e  

a d d e d  d a i ly ,  T K N  r e m o v a l  in c re a s e d  fo r  C o , N i a n d  f o r  th e  c o m b in e d  

a d d i t io n  o f  m e ta ls .  W h e n  M o  w a s  a d d e d , n o  r e g u la r  p a t te r n  f o r  th e  r e m o v a l  

o f  T K N  w a s  o b s e rv e d .  R e m o v a l  o f  a m m o n ia c a l  n i t r o g e n  a ls o  d id  n o t  

f o l lo w  a n y  r e g u la r  p a t te r n .  D u r in g  th e  f i r s t  th r e e  w e e k s  a m m o n ia c a l  

n i t r o g e n  c o n c e n t r a t io n  in c re a s e d  w h ic h  s h o w e d  a  n e g a t iv e  r e m o v a l  a n d  

th e n  its  c o n c e n t r a t io n  d e c r e a s e d  s h o w in g  a  p o s i t iv e  r e m o v a l .



T a b l e  4. B, 11. P e r c e n ta g e  r e m o v a l  o f  T K N  &  A N  in  th e  p r e s e n c e  o f  100  

|Ag/L o f  t r a c e  m e ta ls

T y p e  o f  m e ta l  a d d e d  (C o n e ,  o f  m e ta l  1 0 0  [ ig /L )

P e r c e n ta g e  T K N  r e m o v a l P e r c e n ta g e  A N  r e m o v a l

W e e k E C o N i M o
C o +

N i+ M o
E C o N i

M

0

C o +
N i-i-M o

1 31 5 2 4 9 3 9 4 3 3 0 2 6 2 2 2 5 2 5

2 2 0 3 8 3 6 3 2 37 -5 - 1 2 - 1 2 - 1 2 6

3 4 10 10 8 2 2 -2 5 -2 3 -2 5 - 2 1 -7

4 3 2 3 0 5 - 1 2 -1 9 -2 3 -1 9 -1 9

5 0 0 3 0 3 -1 8 - 3 0 -3 4 -3 4 -2 3

6 17 12 12 12 17 -3 4 -3 4 -3 4 -3 4 -2 7

7 5 4 8 3 3 -2 3 -2 6 -3 0 -2 3 -2 7

T a b l e  4. B. 12. P e r c e n ta g e  r e m o v a l  o f  T K N  &  A N  in  th e  p r e s e n c e  o f  10 
|.ig /L  o f  t r a c e  m e ta ls

Type of metal added (Cone. ofmetal10^g/L)

Percentage TKN removal Percentage AN removal

Week E Co Ni Mo CO+Ni+Mo E Co Ni Mo Co+
Ni+Mo

1 15 10 15 15 19 -12 -15 -14 -8 -1

2 16 10 17 15 15 -12 -12 -15 -13 -5

3 18 25 20 25 15 -14 -1 -5 -8 -1

4 29 29 29 32 24 7 14 3 5 14

5 25 46 32 25 34 7 1 7 8 10



L o w  p e r c e n ta g e  r e m o v a l  o f  to ta l  n i t r o g e n  a n d  in c re a s e  in  th e  le v e l 

o f  a m m o n ia c a l  n i t r o g e n  w e r e  d u e  to  th e  c o n v e r s io n  o f  o r g a n ic a l ly  b o u n d  

n i t r o g e n  to  a m m o n iu m  b y  a n a e r o b ic  b a c te ria ^ ^ .

4 . B . 5 . C o n c lu s io n

>  A d d i t io n  o f  tr a c e  m e ta ls  l ik e  M o  a n d  N i in d iv id u a l ly  a n d  in  

c o m b in a t io n  (M o , N i a n d  C o )  a t 1 0 0  a n d  10 [.ig/L  c o n c e n t r a t io n  

r e d u c e d  th e  p H  o f  th e  s e ru m  e f f lu e n t ,  w h e r e a s  in d iv id u a l  C o  m e ta l  

a d d i t io n  in c re a s e d  th e  p H  a t b o th  le v e l  o f  c o n c e n t r a t io n s .

>  D u r in g  th e  a d d i t io n  o f  100  [ ig /L  o f  m e ta ls  c o n s e c u t iv e ly  a t w e e k ly  

in te r v a ls ,  s u lp h id e  f o rm a tio n  in c re a s e d  g r a d u a l ly  a n d  th e n  

d e c r e a s e d .  A v e r a g e  s u lp h id e  f o r m a t io n  is  h ig h e r  f o r  th e  m e ta l  

c o n c e n t r a t io n  o f  10 \xgfL th a n  f o r  100  [ ig /L  a n d  f o rm a tio n  o f  

s u lp h id e  is  c o m p a r a t iv e ly  lo w  in  th e  p r e s e n c e  o f  N i a n d  M o

In  th e  p r e s e n c e  o f  c o b a l t  ( 1 0 0  ^ g /L )  tu r b id i ty  g r a d u a l ly  in c re a s e d ,  

r e a c h e d  a  m a x im u m  a n d  th e n  d e c r e a s e d  s h o w in g  th a t  th e  p r e s e n c e  o f  c o b a l t  

f a v o u re d  c e l l  g r o w th  th a n  a n y  o th e r  m e ta ls .  A d d i t io n  o f  10 n g /L  o f  tr a c e  

m e ta ls  to  th e  e f f lu e n t  s h o w e d  th a t  M o  c o n ta in in g  e f f lu e n t  h a d  h ig h  v a lu e  o f  

tu r b id i ty .  B u t  th e  a v e r a g e  v a lu e  o f  tu r b id i ty  w a s  h ig h e r  f o r  e f f lu e n t  w ith

1 0 0  ^ ig /L  o f  m e ta l s  c o m p a r e d  to  e f f lu e n t  c o n ta in in g  10 f ig /L .

C o n t in u o u s  a d d i t io n  o f  1 0 0  \ig /L  o f  C o  in c r e a s e d  th e  r a te  o f  r e m o v a l  o f  

C O D , r e a c h e d  a  m a x im u m  a n d  th e n  d e c r e a s e d .  A n  a b ru p t  d r o p  in  

p e r c e n ta g e  r e m o v a l  o f  C O D  w a s  o b s e rv e d  d u r in g  th e  a d d i t io n  o f  N i a lo n e  

a n d  a l l th e  th r e e  m e ta ls  to g e th e r ,  s h o w in g  th e  in h ib i to r y  e f f e c t  o f  m e ta ls .  In  

th e  r e m o v a l  o f  C O D , in f lu e n c e  o f  M o  w a s  h ig h e r  th a n  C o  w h e n  10 ( ig /L  o f  

th e  tr a c e  m e ta l s  w e r e  a d d e d  in d ic a t in g  th e  n e e d  f o r  t r a c e s  o f  M o  in  

a n a e r o b ic  t r e a tm e n t .



>  I n c r e a s e  in  B O D  w a s  o b s e r v e d  d u r in g  a n a e r o b ic  t r e a tm e n t  a n d  th e  

v a lu e  o f  B O D  e x c e e d e d  th e  v a lu e  o f  C O D , w h ic h  in d ic a te s  a  c o n s ta n t  

in te r f e r e n c e  in  th e  m e a s u r e m e n t  o f  B O D .

>  T r a c e  m e ta ls  d id  n o t  h a v e  m u c h  in f lu e n c e  o n  th e  r e m o v a l  o f  T K N  a n d  

A N . P e r c e n ta g e  r e m o v a l  o f  T K N  d e c r e a s e d  a s  a n a e r o b ic  r e a c t io n  

p r o g re s s e d .  P e r c e n ta g e  r e m o v a l  o f  a m m o n ia c a l  n i t r o g e n  w a s  

n e g a t iv e ,  w h ic h  c o n f i r m e d  th e  f o rm a t io n  o f  a m m o n ia  d u r in g  

a n a e r o b ic  t r e a tm e n t .  N o  s ig n i f ic a n t  in f lu e n c e  o f  t r a c e  m e a ls  w a s  

o b s e r v e d  in  th e  a n a e r o b ic  t r e a tm e n t  o f  s e r u m  e f f lu e n t  to  r e m o v e  to ta l  

K je ld a h l  n i t r o g e n  a n d  a m m o n ia c a l  n i t ro g e n .

>  T h e  s tu d y  c o n f i r m s  th e  s ig n i f ic a n t  r o le  o f  m ic r o g r a m  q u a n t i t ie s  o f  

t r a c e  m e ta ls  l ik e  C o  a n d  M o  in  th e  a n a e r o b ic  t r e a tm e n t  o f  s e a im  

e f f lu e n t .
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CHAPTERS 

ELECTROCHEMICAL TREATMENT

5 .1 . In troduction

E le c tro c h e m ic a l  t r e a tm e n t  e n a b le s  p r o te c t io n  o f  th e  e n v i r o n m e n t  r e d u c in g  

s u b s ta n t ia l ly  th e  p o l lu t in g  e f f e c ts  o f  w a s te s  a n d  to x ic  m a te r ia ls  in  e f f lu e n ts .  

E le c tro ly s is  is  a  n o n - b io lo g ic a l ,  c h e m ic a l  f re e  a n d  e n v i r o n m e n t  f r ie n d ly  

p ro c e s s  th a t  e n s u re s  a  b e t te r  q u a l i ty  o f  t r e a te d  w a te r .  I t  is  a  n o is e le s s  a n d  

o d o u r le s s  o p e r a t io n  a n d  p u r i f i e s  w a te r ,  w h ic h  is  g e t t in g  s c a r c e  d a y  b y  d a y . 

B io lo g ic a l  p r o c e s s e s  a re  u s e d  to  r e m o v e  b io d e g r a d a b le  o r g a n ic s ',  a n d  i f  

p a r t  o f  th e  o r g a n ic  c o m p o u n d  p r e s e n t  in  th e  e f f lu e n t  is  p e r s is te n t ,  

m ic ro o rg a n is m s  a re  n o t  a b le  to  d e g r a d e  it. F u r th e r  t r e a tm e n t ,  fo l lo w in g  

b io lo g ic a l  p r o c e s s ,  i s  in e v i ta b le  a n d  e le c tro c h e m ic a l  t r e a tm e n t  is  a n  e f f e c t iv e  

m e th o d  f o r  th e  p u r i f ic a t io n  o f  th is  k in d  o f  w a s te w a te r .  E le c tro c h e m ic a l  

tr e a tm e n t m e th o d  is  w id e ly  a c c e p te d  a n d  a p p l ie d  b e c a u s e  o f  its  v e rs a ti l i ty , 

e n e rg y  e f f ic ie n c y , a m e n a b il i ty  to  a u to m a t io n  a n d  e n v iro n m e n ta l  

c o m p a tib ility ^ . In  fa c t  th e  m a in  r e a g e n t  in  th e  e le c tro c h e m ic a l  t r e a tm e n t  is 

th e  e le c tro n  w h ic h  is  a  “c le a n  r e a g e n t” ^. A p p lic a t io n  o f  e le c tro ly tic  

d is s o c ia t io n  a t th e  a n o d e  f o r  w a s te w a te r  t r e a tm e n t  is  m o re  th a n  a  c e n tu r y  o ld  

p ro c e ss . T h e  e a r l ie s t  r e p o r te d  u s e  o f  e le c tro ly tic  t r e a tm e n t w a s  in  th e  y e a r  

188 0  in  E n g la n d ‘S. E le c t r o ly s is  h a s  b e e n  u s e d  s in c e  th e n  fo r  t r e a tm e n t  f o r  

v a r io u s  w a s te s  a n d  w a s te w a te r s ,  in c lu d in g  w a s te w a te r s  f ro m  a  n u m b e r  o f  

in d u s tr ie s ,  s u c h  a s  te x t i le ‘s ^  p u lp ‘d, f o o d  p ro c e s s in g ^ , p e t ro c h e m ic a l '^ ,  

d e fe n c e '* , m e ta l  w o rk in g '^ ,  tannery*'^ s la u g h te r  house"*’ d ia ry  p r o d u c ts '" ,  

d o m e s tic  w a s te w a te r '^ ,  a n d  la n d  f ill  le a c h a te '^ .



E le c tr o c h e m ic a l  o x id a t io n  (E C O )  o r  e l e c t r o  c o a g u la t io n  h a s  b e e n  

u s e d  in  N o r th  a n d  S o u th  A m e r ic a  a n d  E u ro p e  to  t r e a t  in d u s t r ia l  w a s te w a te r s  

c o n ta in in g  m e ta l  i o n s ‘^. D e s t ru c t io n  o f  n a p h th o l '^ ,  4 -c h lo ro p h e n o P ® , lig n in , 

E D T A  a n d  c h lo ro te tra c y c lin e *  in  s im u la te d  w a s te w a te r s  c a n  b e  a c h ie v e d  

th r o u g h  e le c t ro c h e m ic a l  o x id a t io n .  R e a l w a s te w a te r s  c a n  a ls o  b e  t r e a te d  b y  

th is  m e th o d " ''^ ^ . E le c t r o c h e m ic a l  o x id a t io n  u s in g  c a s t  i ro n  e le c t ro d e  fo r  th e  

e f f e c t iv e  t r e a tm e n t  o f  p h a r m a c e u tic a l  w a s te w a te rs " ^  a n d  c ig a r e t te  in d u s t ry  

w a s te w a te r s “^, c o lo u r  r e m o v a l  o f  d is t i l le ry  e f f lu e n t  u s in g  c a ta ly t ic  an o d es^^  

a n d  d y e  w a s te w a te r s  w ith  g ra p h ite  a n o d e  a n d  s te e l  c a th o d e “^ w e r e  a ls o  

r e p o r te d .  F e n to n ’s  r e a g e n t  w a s  u s e d  f o r  th e  t r e a tm e n t  o f  o l iv e  o il  m il l  a n d  

te x t i le  d y e in g  w astew ater^® ’ E le c tro c h e m ic a l  t r e a tm e n t  h a s  s h o w n  to  b e  a n  

e f f e c t iv e  a l te r n a t iv e  w a> ' f o r  th e  t r e a tm e n t  o f  th e s e  d i f f e r e n t  ty p e s  o f  

in d u s t r ia l  e f f lu e n ts .

E le c t r o c o a g u la t io n  (E C )  is  b a s e d  o n  s c ie n t i f i c  p r in c ip le s  in v o lv in g  

th e  r e s p o n s e s  o f  w a te r - b a s e d  c o n ta m in a n ts  to  s t r o n g  e le c t r i c  f ie ld s  a n d  

e l e c t r i c a l ly  in d u c e d  o x id a t io n  a n d  r e d u c t io n  r e a c t io n s .  T h e  p r o c e s s  r e m o v e s  

o v e r  9 9 %  o f  s o m e  h e a v y  m e ta l  c a t io n s  a n d  e le c t r o c u te s  m ic r o o rg a n is m s  in  

w a te r .  T h e  E C  te c h n o lo g y  o f fe r s  a n  a l te r n a t iv e  to  th e  u s e  o f  m e ta l  s a l ts  o r  

p o ly m e r s  a n d  p lo y e le c t r o ly te s  f o r  b r e a k in g  s ta b le  e m u ls io n s  a n d  

s u s p e n s io n s .  T h is  te c h n o lo g y  r e m o v e s  m e ta ls ,  c o l lo id a l  s o l id s  a n d  

p a r t i c u la te s  a n d  s o lu b le  in o r g a n ic  p o l lu ta n ts  f r o m  a q u e o u s  m e d ia  b y  

in t r o d u c in g  h ig h ly  c h a r g e d  p o ly m e r ic  m e ta l  h y d r o x id e  s p e c ie s .  T h e s e  

s p e c ie s  n e u t r a l i s e  th e  e le c t r o s ta t ic  c h a r g e s  o n  s u s p e n d e d  s o l id s  a n d  o il  

d r o p le t s  to  f a c i l i t a te  a g g lo m e r a t io n  o r  c o a g u la t io n  a n d  th e  r e s u l t a n t  

s e p a r a t io n  f ro m  a q u e o u s  s o lu t io n s .



5. 2. A dvantages of electrochem ical trea tm en t

E le c t r o c h e m ic a l  t r e a tm e n t  is  a  s im p le  a n d  e a s y  m e th o d  a n d  a t  th e  s a m e  

t im e  e n s u r e s  r a p id  p r o c e s s in g .  I t  r e m o v e s  v e r y  f in e  c o l lo id a l  p a r t i c le s  

th r o u g h  c o a g u la t io n  r e s u l t in g  f r o m  th e  f a s te r  m o t io n  o f  th e  c o l lo id a l  

p a r t i c le s  in  th e  a p p l ie d  e l e c t r i c  f ie ld .  E le c t r o c h e m ic a l  t r e a tm e n t  a s  s u c h  

d o e s  n o t  n e e d  a n y  c h e m ic a l s  u n le s s  o x id a n t s  a r e  u s e d .  T h e  u s e  o f  o x id a n ts  

w il l  r e s u l t  in  a d d i t io n a l  c o s t ,  a d d i t io n a l  s lu d g e  a n d  s a l t  p r o d u c t io n  s in c e  

th e y  a r e  b a s e d  o n  th e  a d d i t io n  o f  s u p p le m e n ta r y  c h e m ic a l  r e a c ta n ts .  In  E C  

t r e a tm e n t  th e  p o l lu ta n ts  a r e  c a r r ie d  to  th e  to p  o f  th e  s o lu t io n  th r o u g h  th e  

g a s  b u b b le s  f o r m e d  d u r in g  e l e c t r o ly s i s  w h ic h  c a n  b e  r e m o v e d .  T h e  

q u a n t i ty  o f  th e  s lu d g e  g e n e r a te d  a n d  w a te r  b o u n d  to  th e  s lu d g e  is  le s s  a n d  

th e r e f o r e  e a s y  f o r  d e w a te r in g .  T h e  d e s i r e d  e f f ic i e n c y  c a n  b e  a c h ie v e d  a t 

v e ry  lo w  c o n c e n t r a t io n  o f  io n s .  A n o th e r  a d v a n ta g e  o f  E C  is  e m u ls io n  

b r e a k in g  r e s u l t in g  f ro m  th e  o x y g e n  a n d  h y d r o g e n  io n s  th a t  b o n d  to  th e  

w a te r  r e c e p to r  s i t e s  o f  o i l  m o le c u le s .  M e ta l  io n s  c o m p le x  w i th  c h lo r in e  in  

a  c h lo r in a te d  h y d r o c a r b o n  m o le c u le  r e s u l t in g  in  la rg e  in s o lu b le  c o m p le x  

m a te r ia ls .  B le a c h in g  b y  o x y g e n  io n s  p r o d u c e d  in  th e  r e a c t io n  c h a m b e r  

o x id is e s  d y e s ,  c y a n id e s ,  b a c te r ia ,  v i r u s e s ,  b io h a z a r d s  etc^^. O n e  o f  th e  

m a in  a t t r a c t io n s  o f  e l e c t r o c h e m ic a l  t r e a tm e n t  is  th e  u s e  o f  s o la r  e n e r g y  f o r  

e l e c t r o ly s i s  w i th  th e  h e lp  o f  p h o to v o l t a ic  c e l l s  a n d  th e r e f o r e  th is  m e th o d  

c a n  b e  a p p l ie d  in  r u ra l  a r e a s  to o .  S in c e  e l e c t r i c i t y  is  e x p e n s iv e ,  u s e  o f  

s o la r  e n e r g y  r e d u c e s  th e  r u n n in g  c o s t  o f  th e  t r e a tm e n t  p r o c e s s e s .  

R e p la c e m e n t  o f  th e  e l e c t r o d e s  a s  a  r e s u l t  o f  o x id a t io n  is  th e  m a in  

d is a d v a n ta g e  o f  th i s  p r o c e s s .



5. 3. T heory  o f electrochem ical trea tm en t.

T h e  te r m  e le c t r o ly s i s  o r  e l e c t r o ly te  r e a c t io n  is  a p p l ie d  to  th o s e  r e a c t io n s ,  

o x id a t io n  o r  r e d u c t io n ,  w h ic h  ta k e  p la c e  a t  t h e  s u r fa c e  o f  c o n d u c t iv e  

e l e c t r o d e s  im m e r s e d  in  a  c h e m ic a l  m e d iu m ,  u n d e r  th e  in f lu e n c e  o f  a n  

a p p l ie d  p o te n t ia l .  A t  th e  n e g a t iv e  e le c t ro d e ,  o r  c a th o d e ,  th e  r e a c t io n s  m a y  

in c lu d e  th e  r e d u c t io n  o f  a  m e ta l  io n .

M '^ +  e ' ^  M  (1 )

o r, in  a q u e o u s  m e d ia ,  th e  re d u c tio n  o f  h y d ro g e n  io n  o r  w a te r  to  h y d ro g e n  g as

2H'^ + 2 e ' H2 (2)

o r

2 H 2O  +  2 e '  H 2 +  2 0 H ‘  (3 )

T h e  p o te n t ia l  a t  w h ic h  s u c h  r e a c t io n s  ta k e  p la c e  a t 2 5 ^ C  a n d  w i th  a l l 

r e a c ta n ts  a n d  p r o d u c ts  a t u n i t  a c t iv i ty  is  t e r m e d  o f  th e  r e a c t io n .  F o r  

c o n d i t io n s  in  w h ic h  a l l r e a c ta n ts  a n d  p r o d u c ts  a r e  n o t  a t  u n i t  a c t iv i ty ,  th e  

r e q u i r e d  p o te n t ia l  is  g iv e n  b y  th e  N e r n s t  e q u a tio n '^ ^ ;

E  =  l o g Q  (4)
n

w h e r e  ‘n ’ is  th e  n u m b e r  o f  e l e c t r o n s  r e q u ir e d  in  th e  r e d u c t io n  ( o r  o x id a t io n )  

s te p  a n d  ‘Q ’ is  th e  p r o d u c t  o f  a c t iv i t ie s  o f  p r o d u c t  m a te r ia ls  d iv id e d  b y  th e  

a c t iv i t ie s  o f  th e  r e a c ta n ts .

F o l lo w in g  a re  th e  o x id a t io n  rea c tio n s^ ^ .

2 C r  ^  C I2 +  2 e ‘ (5 )

o r

2 H 2O  ^  O 2 +  +  4 e  ■ ( 6 )

or



W h e n  D C  p o w e r  is  tu rn e d  o n , e le c t ro n s  f lo w  to  th e  m e ta l  a n o d e .  T h e y  

r e a d i ly  c o m b in e  w ith  h y d r o g e n  io n s  d is s o c ia te d  f ro m  w a te r  m o le c u le s  to  

f o rm  h y d ro g e n  g a s  w h ic h  e s c a p e s  a s  r i s in g  b u b b le s .  T h e  r e m a in in g  

h y d ro x y j  io n s  c o m b in e  w ith  th e  m e ta l  io n s  to  f o rm  c o a g u la n ts  in  th e  c e ll .  

O x y g e n  a n d  o z o n e  a re  a l s o  g e n e r a te d .  C h lo r id e  io n s  a r e  o x id is e d  to  

c h lo r in e  g a s ; th e  e le c tro n s  th a t  a re  fo rm e d , g o  th ro u g h  th e  g r a p h ite  c a th o d e  

b a c k  to  th e  p o w e r  s o u rc e  to  c o m p le te  th e  c u r r e n t  f lo w  c y c le .  C h lo r in e  

fo rm a tio n  ta k e s  p la c e  o n ly  in  th e  to p  la y e r  a n d  is  th e re fo r e ,  n o t  e x c e s s iv e .  

H e y ro v sk y ^ ^  s h o w e d  th a t  th e  m ig r a t io n  c u r r e n t  c a n  b e  c o m p le te ly  

e l im in a te d  b y  a d d in g  an  in d i f f e r e n t  e l e c t ro ly te  in  a  c o n c e n t r a t io n  s o  la rg e  

th a t  i ts  io n s  c a r r y  e s s e n t ia l ly  a l l th e  c u r r e n t .  A n  in d if f e r e n t  e l e c t r o ly te  is  

o n e  w h ic h  c o n d u c ts  th e  c u r r e n t  b u t  d o e s  n o t  r e a c t  w ith  th e  m a te r ia l  u n d e r  

in v e s t ig a t io n ,  n o r  a t  th e  e le c t ro d e s  w ith in  th e  p o te n t ia l  r a n g e  s tu d ie d .  T h is  

m e a n s  th a t  th e  c o n c e n t ra t io n  o f  th e  a d d e d  e le c t r o ly te  ( ‘s u p p o r t in g  

e l e c t r o ly te ’) m u s t  b e  a t le a s t  1 0 0 - fo ld  th a t  o f  th e  e l e c t r o  a c t iv e  m a te r i a P ^  

S o d iu m  c h lo r id e  a d d e d  to  th e  e le c t ro ly te  r e s u l t s  in  th e  p r o d u c t io n  o f  

h y p o c h lo r i te  u p o n  e le c t ro ly s is .  T h e  h y p o c h lo r i te  th e n  r e a c ts  w i th  th e  

o rg a n ic  c o n s t i tu e n ts  to  y ie ld  u l t im a te ly  c a r b o n  d io x id e ,  n i t r o g e n ,  a n d  

s o d iu m  h y d r o x id e  a n d  it is  a n  e f f e c t iv e  d isin fectan t^"^ .

In  e le c t ro  c o a g u la t io n  a  m e ta l  c o a g u la n t  is  p r o v id e d  b y  e le c t r o ly s in g  

a n  e le c t ro d e  o f  a n  e le c t ro ly t ic  c e ll  w h ic h  th e n  r e a c ts  to  f o rm  m e ta l -  

h y d r o x id e  a n d  s e t t le  d o w n . O n e  a d v a n ta g e  o f  e l e c t r o  c o a g u la t io n  o v e r  

c h e m ic a l  c o a g u la t io n  is  th a t ,  in  c h e m ic a l  c o a g u la t io n ,  a n io n s  s u c h  a s  

s u lp h a te  o r  c h lo r id e  a re  in t r o d u c e d  to  th e  s o lu t io n ,  a n d  th e s e  a n io n s  c a n  

c a u s e  p r o b le m s  w ith  r e u s e  o f  th e  w a te r .  In  a d d i t io n ,  f o r  e le c t ro  c o a g u la t io n ,  

th e  c o a g u la n t  is  in t r o d u c e d  in to  th e  w a te r  in  d ir e c t  r e la t io n s h ip  w i th  th e  

a m p e ra g e  a p p l ie d  to  th e  e le c t r o ly t ic  c e ll  a n d  th e re fo r e  c a n  b e  c o n t r o l le d  b y



c o n t r o l l in g  th e  a p p l ie d  cu rre n t^ ^ . T h e r e f o r e ,  i t  h e lp s  th e  p r o c e s s  o f  

d e c a n ta t io n ,  c o a g u la t io n  a n d  f lo c c u la t io n  a n d  i f  a p p l ie d  b e f o r e  th e  

c o n v e n t io n a l  b io lo g ic a l  t r e a tm e n t  i t  in c r e a s e s  th e  e f f ic i e n c y  o f  th e  a e ro b ic  

a n d  a n a e r o b ic  la g o o n s .  A ls o  i t  a v o id s  th e  u s e  o f  c h e m ic a l  p r o d u c ts  f o r  

n e u t r a l i s a t io n  a n d  th e  r e a c te d  w a s te  m a y  b e  r e u s e d  in  th e  p r o c e s s ;  th u s  

p r o je c te d  a s  a  t r e a tm e n t  m e th o d  c o m p a t ib le  w i th  th e  c o n s e r v a t io n  o f  th e  

e n v iro n m e n t'^ ^ . In  e le c t ro  c o a g u la t io n  th e  r e le a s e d  io n s  r e m o v e  u n d e s i r a b le  

c o n ta m in a n ts  e i th e r  b y  c h e m ic a l  r e a c t io n s  c a u s in g  p r e c ip i ta t io n  o r  b y  

c a u s in g  th e  c o l lo id a l  p a r t i c le s  to  c o a le s c e ,  w h ic h  c a n  b e  r e m o v e d  b y  

f lo ta t io n .  In  a d d i t io n ,  w a te r  c o n ta m in a n ts  m o v e  th r o u g h  th e  a p p l ie d  e le c t r i c  

f ie ld ,  a n d  th e r e  m a y  b e  io n is a t io n ,  e l e c t r o ly s i s ,  h y d r o ly s is  a n d  f r e e - ra d ic a l  

f o r m a t io n  w h ic h  c a n  a l te r  th e  p h y s ic a l  a n d  c h e m ic a l  p r o p e r t ie s  o f  w a te r  a n d  

c o n ta m in a n ts* '^ .

A n o d ic  o x id a t io n  s c h e m e s  g e n e r a l ly  in v o lv e  th e  d e s t ru c t io n  o f  

s p e c i f ic  o r g a n ic  c h e m ic a ls .  I t  r e d u c e s  th e  to x ic i ty  th r o u g h  th e  

t r a n s f o r m a t io n  o f  r e s is ta n t  g r o u p s  ( a r o m a t ic  r in g s  e tc )  to  b io d e g r a d a b le  

s u b s ta n c e s .  T h is  c a n  b e  c a i r ie d  o u t  th r o u g h  th e  e l e c t r o  o x id a t io n  o f  o r g a n ic  

s u b s ta n c e ,  e i th e r  th r o u g h  th e  e le c t r o d e  o r  th r o u g h  th e  p o te n t ia l  o f  o x id e -  

re d u c tio n ^ ^ .

F e n to n ’s r e a g e n t  g e n e r a te s  f e r ro u s  io n s  to  r e a c t  w i th  h y d r o g e n  

p e r o x id e ,  p r o d u c in g  h y d r o x y l  r a d ic a l s ,  w h ic h  a r e  s t r o n g  o x id is in g  a g e n ts .  

T h e y  c a n  r e a c t  w i th  o r g a n ic s  a n d  d e g r a d e  th e m ^ ^ ’

H 2O 2 +  Fe-^^ ^  ■ O H  +  O H ' +  Fe^^ A: =  7 0  M  ' s'* ( 8 )

T h e  h y d r o x y l  r a d ic a l  p r o p a g a te  th e  r e a c t io n  b y  r e a c t in g  w ith  th e  o r g a n ic s  to  

p r o d u c e  f u r th e r  r a d ic a ls ,  w h ic h  c a n  th e n  r e a c t  in  m a n y  w a y s .

• O H  +  R H  H a O  +  R* /: =  10 1 0 M ' ‘ s ' ( 9)



R*+ H 2O 2 ^  R O H  + H O -  (10)

A d d i t io n a l ly  m a n y  o th e r  r e a c t io n s  a r e  a l s o  p o s s ib le ,  w h ic h  in c lu d e  th e  

r a d ic a l - r a d ic a l  in te r a c t io n  o r  th e  r e a c t io n  o f  th e  O H  r a d ic a l  w i th  H 2O 2

•O H  +  0 H  ^  H 2O 2 (1 1 )

• O H + H 2O 2 ^  H 2O  + H 0 2 - /t =  3 . 3 x  I O ’ m  ' s '  (1 2 )

T h e  p e r o x id e  r a d ic a l  (H O 2 ) p r o d u c e d  in  th e  a b o v e  c a s e  c a n  f u r th e r  o x id is e  

o th e r  s p e c ie s  p r e s e n t  in  th e  s o lu t io n .

H O z '+ F e ^ ' '  ^  0 2 + F e ^ ^  +  k  =  1 .2 6  x  10  * M  ' s '  (1 3 )

T h e  r a p id  c o n s u m p tio n  o f  H 2O 2 th a t  is  o f te n  o b s e rv e d  w ith  F e n to n ’s 

r e a g e n ts  is  p r o b a b ly  d u e  to  c o m b in e d  e f f e c t  o f  r e a c t io n s  ( 8 ) to  ( 1 1 ). 

H o w e v e r ,  s in c e  r e a c t io n  9  h a s  th e  h ig h e s t  r a te  c o n s ta n t ,  i t  is  m a in ly  

r e s p o n s ib le  f o r  th e  d e g r a d a t io n  o f  th e  o r g a n ic  c o m p o u n d s .  F u r th e r m o r e ,  i t  

is  p o s s ib le  f o r  F e ^ “ to  b e  a u to - r e g e n e r a te d  in  th i s  s y s te m , a n d  a c t  a s  

catalyst̂ ^̂ .̂

F e ^ ’ +  H 2O 2 ^  Fe^^ +  H + + H 0 2 '  (1 4 )

T w o  p r o c e s s e s  n a m e ly  p a s s iv i ty  a n d  m a s s  t r a n s p o r t ,  c o n t r o l  th e  

e le c t r o ly t ic  p ro c e ss '^ '.  F o r  s o m e  s y s te m s ,  in c r e a s e  in  c u r r e n t  d o e s  n o t  le a d  

to  c o r r e s p o n d in g  in c re a s e  in  e le c t ro ly s is  o f  th e  e le c t ro d e .  I n s te a d ,  a  

d e c r e a s e  in  e le c t ro ly s is  is  o b s e rv e d ;  th is  p h e n o m e n o n  is  c a l le d  p a s s iv i ty .  

P a s s iv i ty  is  c a u s e d  b y  th e  a c c u m u la t io n  o f  a  c o a t in g  o f  in s o lu b le  s a l ts ,  

o x id e s ,  o rg a n ic  m a te r ia ls ,  a n d  b io lo g ic a l  f i lm s  o n  th e  s u r fa c e  o f  th e  

e le c t r o d e s ,  w h ic h  in c re a s e s  th e  r e s is ta n c e  to  th e  e l e c t r o ly t ic  p ro c e s s .  

B e c a u s e  o f  th e  l im i ta t io n s  o n  th e  t r a n s p o r t  o f  io n s  to  a n d  f ro m  th e  

e le c t r o d e s ,  f o r  e v e r y  s y s te m  th e re  is  a  l im it in g  c u r r e n t  d e n s i ty ,  a t  w h ic h  

m a s s  t r a n s p o r t  c o n t ro ls  th e  r a te  o f  th e  r e a c t io n  in s te a d  o f  th e  current'^*’.



E le c t r o c h e m ic a l  c e l ls  g e n e r a l ly  a d o p t  s o m e  f o rm  o f  s t i r r in g  to  

r e d u c e  c o n c e n t r a t io n  c h a n g e s  in  th e  n e ig h b o u r h o o d  o f  th e  e l e c t r o d e  a n d  

n a r r o w  e le c t r o d e  s p a c in g  m in im is e s  r e s is ta n c e .  E le c t r o f lo ta t io n  s e rv e s  a s  a n  

in te r e s t in g  e x a m p le  o f  th e  in d i r e c t  u s e  o f  e l e c t r o ly s i s  to  a c h ie v e  u s e fu l  e n d  

in  w a te r  t r e a tm e n t .  E le c t r o ly t i c a l ly  g e n e r a te d  b u b b le s  a r e  u s e d  f o r  

s e p a r a t io n  o f  o i l - w a te r  m ix tu r e s ^ '.

5 .3 .1 . Theory of chemical oxidant - F e n to n ’s  r e a g e n t  ( H y d r o g e n  

p e r o x id e  a n d  F e r r o u s  s u lp h a te )

F e n to n ’s r e a g e n t  is  u s e d  to  t r e a t  d i f f e r e n t  ty p e s  o f  in d u s t r ia l  w a s te s

c o n ta in in g  to x ic  o r g a n ic  c o m p o u n d s  ( p h e n o ls ,  f o r m a ld e h y d e  a n d  c o m p le x

w a s te s  d e r iv e d  f r o m  d y e s tu f f s ,  p e s t ic id e s ,  w o o d  p r e s e r v a t iv e s ,  p la s t ic s

a d d i t iv e s ,  a n d  r u b b e r  chem icals)"^^ . M a n y  m e ta l s  h a v e  s p e c ia l  o x y g e n

tr a n s f e r  p r o p e r t ie s  e s p e c ia l l y  i r o n  w h e n  u s e d  in  th e  p r e s c r ib e d  m a n n e r ,

r e s u l t s  in  th e  g e n e r a t io n  o f  h ig h ly  r e a c t iv e  h y d r o x y l  r a d ic a ls  ( O H ) .  T h e

r e a c t iv i ty  o f  th i s  s y s te m  w a s  f i r s t  o b s e r v e d  in  1 8 9 4  b y  i t s  in v e n to r  H .J .H .

F e n to n ,  b u t  i ts  u t i l i ty  w a s  n o t  r e c o g n iz e d  u n t i l  th e  I 9 3 0 ’s  o n c e  th e

m e c h a n is m s  w e r e  id e n t i f ie d .  T h is  c a n  b e  a p p l ie d  to  t r e a t  w a s te w a te r s  a n d

s lu d g e  s in c e  i t  h a s  th e  a b i l i ty  to  r e m o v e  o d o u r ,  c o lo u r ,  B O D /C O D  a n d

o r g a n ic  p o l lu ta n ts .  I t r e d u c e s  to x ic i ty  a n d  im p r o v e s  b io d eg rad ab ility "* ^ .

T h e  r e a c t io n  c a n  b e  r e p r e s e n te d  a s

F e  +  H 2O 2 F e  +  O H  ■ +  O H

F e  +  H 2O 2 ->■ F e  +  O O H  +  H ^

T o  a t ta in  m a x im u m  e f f ic ie n c y  o f  th e  r e a g e n t  th e  p r o c e d u re  n e e d s  to  s a t is f y  

th e  f o l lo w in g  c o n d i t io n s .  T h e  p H  o f  th e  w a te r  s h o u ld  b e  in  th e  r a n g e  o f  3  to

5 . I ro n  c a ta ly s t  s h o u ld  b e  a d d e d  a n d  th e  a d d i t io n  o f  H 2O 2 s h o u ld  b e  s lo w . I f  

th e  p H  is  to o  h ig h ,  th e  i r o n  p r e c ip i ta te s  a s  F e ( O H )3 a n d  c a ta ly t ic a l ly



d e c o m p o s e s  th e  H 2O 2 to  o x y g e n ,  p o te n t ia l ly  c r e a t in g  a  h a z a r d o u s  

situation '*^ .

R e a c tio n  r a te s  w i th  F e n to n ’s r e a g e n t  a r e  g e n e r a l ly  l im i te d  b y  th e  

r a te  o f  O H  g e n e r a t io n  ( i .e . ,  c o n c e n t r a t io n  o f  i r o n  c a ta ly s t )  a n d  le s s  s o  b y  

th e  s p e c if ic  w a s te w a te r  b e in g  tr e a te d .  F e : H 2O 2 r a t io s  a re  1 :5 -1 0  w t/w t,  

th o u g h  iro n  le v e ls  <  2 5 -5 0  m g /L  c a n  r e q u ir e  e x c e s s iv e  r e a c t io n  t im e s  (1 0 -

2 4  h o u r s ) .  T h is  is  p a r t ic u la r ly  t r u e  w h e re  th e  o x id a t io n  p r o d u c ts  ( o rg a n ic  

a c id s )  s e q u e s te r  th e  i ro n  a n d  r e m o v e  i t  f ro m  th e  c a ta ly t ic  cycle"^^. F e n to n ’s 

r e a g e n t  is  m o s t  e f f e c t iv e  a s  a  p r e - t r e a tm e n t  to o l ,  w h e r e  C O D ’s  a re  >  5 0 0  

m g /L . T h is  is  d u e  to  th e  lo s s  in  s e le c t iv i ty  a s  p o l lu t a n t  le v e ls  d e c re a s e .

O H  +  H 2O 2 - >  O 2H  -f H 2O

O H  +  F e  F e  - V  O H  ■

In  a d d i t io n  to  f re e  r a d ic a l  s c a v e n g e r s ,  th e  p r o c e s s  is  in h ib i te d  b y  

( i ro n )  c h e la n ts  s u c h  a s  p h o s p h a te s ,  E D T A , f o r m a ld e h y d e ,  a n d  c i t r ic /o x a l ic  

a c id s .  F e n to n ’s R e a g e n t  is  s e n s i t iv e  to  d i f f e r e n t  w a s tew a te rs '^ " . T h e  

h y d ro x y l  r a d ic a l  is o n e  o f  th e  m o s t  r e a c t iv e  c h e m ic a l  s p e c ie s  k n o w n , 

s e c o n d  o n ly  to  e le m e n ta l  f lu o r in e  in  its  r e a c t iv i ty .  T h e  c h e m ic a l  r e a c t io n s  

o f  th e  h y d r o x y l  r a d ic a l  in  w a te r  a r e  o f  fo u r  ty p e s :

A d d it io n :  * 0 H  +  C 6H 6 ^  (O H )C 6H 6*

w h e re  th e  h y d ro x y l  r a d ic a l  a d d s  to  a n  u n s a tu r a te d  c o m p o u n d ,  a l ip h a t ic  o r  

a r o m a tic ,  to  f o rm  a  f re e  r a d ic a l  p r o d u c t  ( c y c lo h e x a d ie n y l  r a d ic a l  s h o w n  

a b o v e ) .

H y d ro g e n  a b s tr a c t io n :  O H  +  C H 3O H  —  ̂ 'C H 2 0 H  +  H 2O  

w h e r e  a n  o r g a n ic  f re e  r a d ic a l  a n d  w a te r  a r e  fo rm e d .

E le c tr o n  t r a n s fe r :  O H  +  [F e (C N ) 6] ' ' '  ^  [ F e (C N ) 6] ’ ' +  O H '



w h e r e  io n s  o f  a  h ig h e r  v id e n c e  s ta te  a r e  f o rm e d ,  o r  a n  a to m  o r  f r e e  r a d ic a l ,  

i f  a  m o n o n e g a t iv e  io n  is  o x id iz e d .

R a d ic a l  in te r a c t io n :  'O H  +  *OH —> H 2O 2

w h e r e  th e  h y d r o x y l  r a d ic a l  r e a c ts  w ith  a n o th e r  h y d ro x y l  r a d ic a l ,  o r  w i th  a n  

u n l ik e  r a d ic a l ,  to  c o m b in e  o r  to  d is p r o p o r t io n a te  to  fo rm  a  s ta b le  p r o d u c t .

F e n to n ’s  r e a g e n t  w h e n  a p p l ie d  f o r  in d u s t r ia l  w a s te  t r e a tm e n t ,  th e  

c o n d i t io n s  o f  th e  r e a c t io n  a r e  a d ju s te d  s o  th a t  th e  f i r s t  tw o  m e c h a n is m s  

( h y d r o g e n  a b s t r a c t io n  a n d  o x y g e n  a d d i t io n )  p r e d o m in a te .  T y p ic a l  r a te s  o f  

r e a c t io n  b e tw e e n  th e  h y d r o x y l  r a d ic a l  a n d  o r g a n ic  m a te r ia ls  a re  1 0 ^ - lO '^  k  

(M-* s - ' / l

C o n c e n t r a t io n  o f  iro n  a n d  ty p e  o f  i r o n  u s e d  ( F e r r o u s  o r  F e r r ic ) ,  

H 2O 2 a n d  i t s  c o n c e n t r a t io n ,  te m p e ra tu re ,  p H  a n d  r e a c t io n  t im e  a r e  th e  

f a c to rs  w h ic h  a f f e c t  th e  r e a c t io n  r a te  in  p r e s e n c e  o f  F e n to n ’s  r e a g e n t .  

H y d ro x y l  r a d ic a l  f o r m a t io n  is  n o t  o b s e r v e d  in  th e  a b s e n c e  o f  iro n .  A  

m in im a l  th r e s h o ld  c o n c e n t r a t io n  o f  3 -1 5  m g /L  F e  a l lo w s  th e  r e a c t io n  to  

p r o c e e d  w i th in  a  r e a s o n a b le  p e r io d  o f  t im e  r e g a rd le s s  o f  th e  c o n c e n t r a t io n  

o f  o r g a n ic  m a te r ia l .  A  c o n s ta n t  r a t io  o f  F e : s u b s t r a te  a b o v e  th e  m in im a l  

th r e s h o ld ,  ty p ic a l ly  1 p a r t  F e  p e r  1 0 -5 0  p iu ts  s u b s t r a te ,  w h ic h  p r o d u c e s  th e  

d e s i r e d  e n d  p r o d u c ts .  T h o u g h  i t  d o e s  n o t  m a t te r  w h e th e r  Fe^"^ o r  Fe'^"^ s a l ts ,  

i f  lo w  d o s e s  o f  F e n to n ’s  r e a g e n t  a re  b e in g  u s e d ,  f e r ro u s  i r o n  m a y  b e  

p r e f e r r e d .  A s  th e  H 2O 2 d o s e  is  in c re a s e d ,  a  s te a d y  r e d u c t io n  in  C O D  m a y  

o c c u r  w i th  l i t t l e  o r  n o  c h a n g e  in  to x ic i ty  u n t i l  a  th r e s h o ld  is  a t ta in e d ,  

w h e r e u p o n  f u r th e r  a d d i t io n  o f  H 2O 2 r e s u l t s  in  a  r a p id  d e c r e a s e  in  

w a s te w a te r  to x ic i ty .  M o s t  c o m m e r c ia l  a p p l ic a t io n s  o f  F e n to n ’s  r e a g e n t  

o c c u r  a t  t e m p e r a tu r e s  in  b e tw e e n  20-40*^C. T h e  o p t im a l  p H  f o r  F e n to n ’s 

r e a g e n t  o c c u r s  b e tw e e n  p H  3 a n d  6 . In  a lk a l in e  p H  h y d r a te d  f e r ro u s  i r o n  is



t r a n s f o r m e d  in to  c o l lo id a l  f e r r ic  s p e c ie s  w h ic h  d e c o m p o s e  H 2O 2 to  o x y g e n  

a n d  w a te r .  T h e  t im e  n e e d e d  to  c o m p le te  a F e n to n  r e a c t io n  w il l  d e p e n d  o n  

c a ta ly s t  d o s e  a n d  w a s te w a te r  s t r e n g th .

5. 4. Aim

T h e  o b je c t iv e  o f  th e  s tu d y  is  to  in v e s t ig a te  th e  e f f e c t  o f  a n o d ic  o x id a t io n  o f  

ra w  a n d  a n a e r o b ic a l ly  t r e a te d  s k im  s e r u m  e f f lu e n t  u s in g  d i f f e r e n t  

e le c tro d e s  l ik e  a lu m in iu m , s ta in le s s  s te e l ,  m i ld  s te e l ,  a n d  c a s t  iro n . 

P h o to v o l ta ic  c e l ls  h a r n e s s in g  s o la r  e n e r g y  w e r e  u s e d  to  t r e a t  th e s e  

e f f lu e n ts .  T h e i r  e f f ic i e n c y  w a s  c o m p a r e d  w ith  th a t  o f  D C  p o w e r .  S o d iu m  

c h lo r id e  w a s  u s e d  a s  th e  s u p p o r t in g  e le c t ro ly te .  In  o r d e r  to  s tu d y  th e  

e f f ic ie n c y  o f  t r e a tm e n t  u s in g  a d v a n c e d  o x id a t io n  p r o c e s s  F e n to n ’s  r e a g e n t  

w a s  u s e d  a s  th e  c h e m ic a l  o x id a n t .  T h e  e f f e c t  o f  o p e r a t in g  f a c to rs  s u c h  a s  

s u p p o r t in g  e le c t ro ly te ,  d u ra t io n  o f  e l e c t r o ly s is ,  s o la r  r a d ia t io n ,  d i r e c t  

c u r r e n t ,  p H , c o n c e n t r a t io n  o f  e f f lu e n t  a n d  th e  p r e s e n c e  o f  c h e m ic a l  o x id a n t  

o n  th e  r e m o v a l  o f  C O D , B O D , T K N , A N , tu rb id i ty ,  s u lp h id e s  a n d  

p h o s p h a te s  w e r e  s tu d ie d .  T h e  in f lu e n c e  o f  th e s e  f a c to rs  o n  th e  b io c h e m ic a l  

c o n s t i tu e n ts  a n d  p o p u la t io n  o f  to ta l  b a c te r ia  w a s  a l s o  in v e s t ig a te d .

5. 5. E xperim ental

N a tu r a l  r u b b e r  s k im  s e m m  e f f lu e n t  w a s  c o l le c te d  a c c o r d in g  to  th e  m e th o d s  

d e s c r ib e d  in  C h a p te r  2 . T o  o b ta in  a n a e r o b ic a l ly  t r e a te d  s a m p le  f o r  th e  

s tu d y , th e  e f f lu e n t  w a s  s u b je c te d  to  a n a e r o b ic  t r e a tm e n t  in  a  b e n c h  s c a le  a n  

u p f lo w  a n a e r o b ic  s lu d g e  b la n k e t  (U A S B )  r e a c to r  a s  e x p la in e d  in  C h a p te r  4 . 

R a w  a n d  t r e a te d  s a m p le s  w e r e  a n a ly s e d  f o r  v a r io u s  p a r a m e te r s  a s  p e r  

s ta n d a r d  m e th o d s  a n d  th e  r e s u l t s  o f  a n a ly s i s  a r e  g iv e n  in  T a b le  5 . I .



N o P a r a m e te r s R E A T E ( l ) A T E  (2 )

p H 3.6 8.2 8 .5

C O D 3 8 8 0 0 1 0 9 0 0 4 5 0 8

B O D 2 7 6 5 0 7 8 9 0 1015

T K N 7 0 0 0 2 3 8 0 4 4 8 0

A N 5 0 0 0 1 6 8 0 3 5 0 0

P h o s p h a te 2 5 8 3 6 8 0 5 2 5

S u lp h id e 14 45 235

8 T u r b id i ty  ( N T U ) 3 5 0 110 107

(A ll  v a lu e s  a r e  in  m g /L  e x c e p t  p H  &  tu r b id i ty ;  R E -  R a w  e f f lu e n t ;  A T E -  

a n a e r o b ic a l ly  t r e a te d  e f f l u e n t , ( I )  S a m p le  1- H R T - 1 8  d a y s ,  ( 2 )  S a m p le  2 -  

H R T -  3 6  d a y s )

A  g la s s  r e a c to r  w i th  a  c a p a c i ty  o f  5 0 0  cm ^  w a s  u s e d  f o r  a l l th e  e le c t r o  

o x id a t io n  e x p e r im e n ts .  P la te s  m a d e  o f  c a s t  ir o n ,  a lu m in iu m ,  m iJd  s te eJ  a n d  

s ta in le s s  s te e l  ( 7 c m x 5 c m )  w e r e  u s e d  a s  a n o d e s .  G r a p h i te  o f  s im i la r  g e o m e t r ic  

d im e n s io n s  w a s  u s e d  a s  th e  c a th o d e .  T h e  a r e a  o f  th e  e le c t r o d e  e x p o s e d  to  

e le c t r o ly s i s  w a s  f ix e d  a t  2 5  c m “ a n d  th e  r e m a in in g  a r e a  w a s  p r e v e n te d  f r o m  

e x p o s u r e .  T h e  c a th o d e  a n d  a n o d e  w e r e  p la c e d  v e r t i c a l ly  a n d  p a r a l le l  to  e a c h  

o th e r  a t  a  f ix e d  d is t a n c e  o f  2  c m  a p a r t  u s in g  a  n o n c o n d u c t in g  m a te r ia l  in  th e  

e l e c t r o ly t ic  c e l l  (F ig .5 .1 ) .

T o  c o m p a r e  th e  e f f ic i e n c y  o f  d i f f e r e n t  e l e c t r o d e s  in  r e m o v in g  

p o l lu ta n ts ,  g a lv a n o s t a t ic  c o n d i t io n s  w e r e  m a in ta in e d  u s in g  D .C  p o w e r  

s u p p ly  ( S y s t r o n ic s  d u a l  c h a n n e l  p o w e r  s u p p ly  6 1 5 D )  a n d  a  c u r r e n t  o f  1 .3 A



w a s  a p p l ie d .  10  g /L  o f  N a C l  s o lu t io n  w a s  a d d e d  to  th e  e f f lu e n t  p r io r  to  

e le c t r o ly s is  a s  th e  s u p p o r t in g  e le c t ro ly te .  T h e  c e l l  w a s  e q u ip p e d  w i th  a  

m a g n e t ic  s t i r r e r  in  o r d e r  to  k e e p  th e  e le c t r o ly te  w e l l  m ix e d  d u r in g  

e le c t r o ly s i s  a n d  v o l ta g e  a n d  c u r r e n t  w e r e  r e c o r d e d  a t e v e r y  f iv e  m in u te  

in te r v a ls .  F e n to n ’s  r e a g e n t  w a s  p r e p a r e d  f r o m  3 5 %  h y d r o g e n  p e r o x id e  a n d  

F e S 0 4  ( o b ta in e d  f ro m  M e rc k ) .  2 0 0  m g /L  o f  F e  a n d  2  m lT L  o f  H 2O 2 w e r e  

a d d e d  d u r in g  e le c t ro ly s is .

Anode(̂ )

Cad»te(.|

I — I

F  L

F ig  5 . 1  S c h e m a t ic  d ia g r a m  o f  th e  e le c t r o c h e m ic a l  rea c to r^ ^

A :-  R e g u la te d  D .C  p o w e r  s u p p ly  B :-  H e a d  p la te  C : -G la s s  r e a c to r  

D : - P a i r  o f  e l e c t r o d e s  E : - M a g n e t ic  b a r  s t i r r e r  F : - M a g n e t ic  s t i r r e r  u n i t



A  p h o to v o l t a ic  c e l l  ( o f  1 2 v o lt)  w a s  e m p lo y e d  to  c o n v e r t  s o la r  

e n e r g y  to  e le c t r i c a l  e n e r g y  a n d  e le c t r o ly s i s  w a s  c a r r ie d  o u t  u s in g  

a lu m in iu m  a s  a n o d e  a n d  g r a p h i t e  a s  c a th o d e  (F ig .  5 . 2 )

Fig. 5.2. E le c t r o c h e m ic a l  o x id a t io n  u s in g  p h o to v o l t a ic  c e ll

R a w  a n d  a n a e r o b ic a l ly  t r e a te d  s a m p le s  w e r e  s u b je c te d  to  

e le c t r o c h e m ic a l  t r e a tm e n t  f o r  d i f f e r e n t  in te r v a ls .  D u r in g  e le c t ro c h e m ic a l  

t r e a tm e n t ,  s a m p le s  w e r e  d r a w n  a t  r e g u la r  in te r v a ls  a n d  p a r a m e te r s  l ik e  p H ,  

tu r b id i ty ,  C O D , B O D , T K N , A N , s u lp h id e s  a n d  p h o s p h a te s  w e r e  

d e t e r m in e d  a s  p e r  s ta n d a r d  m ethods '*^ .

B io c h e m ic a l  a n a ly s i s  o f  th e  d i f f e r e n t  ty p e s  o f  e f f lu e n t  w a s  d o n e  

u s in g  a  U V - v is ib le  r e c o r d in g  s p e c t r o p h o to m e te r ,  U V -2 4 0 .  C o n c e n t r a t io n  o f  

to ta l  sugars '*^ , r e d u c in g  sugars'*^, s o lu b le  p ro te in s '* ^ , pheno ls '*^  a n d  f re e

48
a m in o  a c id s  w e r e  e s t im a te d  a s  p e r  s ta n d a r d  a n a ly t i c a l  te c h n iq u e s .



T h e  p o p u la t io n  o f  to ta l  b a c te r ia  in  th e  r a w  a n d  t r e a te d  e f f lu e n t  w a s  

e n u m e r a te d  u s in g  a p p r o p r ia te  m e d ia .  T h e  s ta n d a r d  s e r ia l  d i lu t io n  p la te  

te c h n iq u e  o f  P r a m e r  a n d  Schm idt"^^ w a s  e m p lo y e d  f o r  th e  e n u m e r a t io n  o f  

m ic r o b io lo g ic a l  p o p u la t io n .

5. 6. Results and  discussion

5. 6 .1 . Effect of supporting  electrolyte in electrochem ical trea tm en t

T h e  e f f e c t  o f  N a C l  ( s u p p o r t in g  e l e c t r o ly te )  in  e le c t r o c h e m ic a l  t r e a tm e n t  

w a s  a s c e r t a in e d  b y  e l e c t r o l y s in g  th e  r a w  e f f lu e n t  w i th  s te e l  a s  a n o d e  a n d  

g r a p h i t e  a s  c a th o d e  f o r  t h r e e  h o u r s  in  th e  p r e s e n c e  a s  w e l l  a s  a b s e n c e  o f  

N a C l .  T h e  v a r i a t i o n  o f  c e l l  v o l t a g e  a n d  c u r r e n t  w i th  t im e  f o r  th e  tw o  

c a s e s  a r e  s h o w n  in  F ig .  5 . 3 a n d  F i g .5 . 4

8 n

7  

6 -  

5  H 

4

3  - 

2 -  

1 1 

0

♦ Current A 

—Q—VoltageV

& "El"

0
—I—

5 0 100
Time in minutes

1 5 0 200

Fig. 5. 3. V a r ia t io n s  o f  c u r r e n t  a n d  v o l ta g e  w i th  t im e  ( w i th o u t  o f  N a C l)

F ig . 5 .3 . s h o w s  th a t  c u r r e n t  a n d  c e l l  v o l ta g e  r e m a in e d  a lm o s t  

c o n s ta n t  w h e n  e le c t ro ly s e d  w i th o u t  N a C l. W h e n  r e p e a te d  in  th e  p r e s e n c e  o f  

(1 0  g /L )  N a C l c u r r e n t  a n d  v o l ta g e  d r o p p e d  in  th e  b e g in n in g  a n d  th e n



m a in ta in e d  a  s te a d y  v a lu e  a s  s h o w n  in  F ig .  5 .4 .  T h e  c e l l  v o l ta g e  a n d  c u r r e n t  

w e r e  u n c h a n g e d  d u r in g  e le c t ro ly s i s  in  th e  a b s e n c e  o f  N a C l ,  s u g g e s t in g  th e  

a b s e n c e  o f  e l e c t r o d e  d e g r a d a t io n .  T h e  h ig h e r  v a lu e s  o f  c e l l  v o l ta g e  in  

F ig .5 .3  m ig h t  b e  d u e  to  th e  a b s e n c e  o f  s o d iu m  c h lo r id e ,  th e  s u p p o r t in g  

e le c t ro ly te .  T h e  p r e s e n c e  o f  th e  s u p p o r t in g  e le c t r o ly te  d e c r e a s e d  th e  c e l l  

v o l ta g e ,  w h ic h  le a d  to  a  d e c r e a s e  in  p o w e r  c o n s u m p tio n .

F ig .  5 . 4 . V a r ia t io n s  o f  c u r r e n t  a n d  v o l ta g e  w i th  t im e  in  th e  p r e s e n c e  o f  N a C l 

T a b l e  5 . 2 . E f f e c t  o f  s u p p o r t in g  e l e c t r o ly te  o n  e f f lu e n t  p a r a m e te r s

S u p p o r t in g
e l e c t r o ly te

p H  b e f o r e p H  a f te r
P e r c e n ta g e  r e m o v a l

C O D B O D T K N A N

W ith o u t  N a C l 3 .4 5 3 .5 1 7 .3 4 0 13 2 3

W i th  N a C l 3 .8 5 .6 5 3 1 .5 5 8 16 3 0



In  th e  a b s e n c e  o f  s u p p o r t in g  e le c t ro ly te  s l ig h t  v a r ia t io n  in  p H  w a s  o b s e rv e d  

d u r in g  e le c t ro ly s is  a n d  p H  w a s  f o u n d  to  in c r e a s e  f ro m  3 .8  to  5 .6 5  in  th e  

p r e s e n c e  o f  N a C l .  T h e  in c r e a s e  in  p H  o f  th e  t r e a te d  e f f lu e n t  m ig h t  b e  d u e  to  

th e  f o rm a tio n  o f  h y d ro x y l  r a d ic a l  d u r in g  e le c t ro ly s is .  B e t te r  p e r f o r m a n c e  

w a s  o b s e rv e d  w h e n  e le c t ro ly s is  w a s  c a r r ie d  o u t  in  th e  p r e s e n c e  o f  s o d iu m  

c h lo r id e .  W h e n  e le c t ro ly s e d  in  th e  p r e s e n c e  o f  s u p p o r t in g  e le c t r o ly te  

p e r c e n ta g e  r e m o v a l  o f  C O D , B O D , T K N  a n d  A N  w a s  f o u n d  to  in c re a s e  

(T a b le  5 . 2 ) . T h e  r e a s o n  fo r  th is  tr e n d  c a n  b e  a t t r ib u te d  to  th e  d if f e r e n t  

o x id a t io n  m e c h a n is m s  p r e v a i l in g  in  th e  p r e s e n c e  o f  N aC l^^  a n d  a b s e n c e  o f  

it. A t h ig h e r  c o n c e n t r a t io n  o f  N a C l,  th e  d e s t r u c t io n  o f  o r g a n ic s  m ig h t  b e  

d u e  to  th e  p r e s e n c e  o f  c h lo r in e  a n d  h y p o c h lo r i te s .  T h e  o f f - g a s e s  f ro m  th e  

c e ll  w e re  c o l le c te d  a n d  te s te d .  W h e n  th e  g a s  w a s  p a s s e d  th r o u g h  l im e  

w a te r ,  th e  la t te r  tu rn e d  o u t  m i lk y  in d ic a t in g  th e  f o rm a t io n  o f  c a r b o n  d io x id e  

d u r in g  e le c t ro ly s is .  T h e  g a s  e m a n a te d  f ro m  th e  a n o d e  f o rm e d  a  w h i te  c u r d y  

p r e c ip i ta te  w h e n  t r e a te d  w ith  d i lu te  n i t r ic  a c id  a n d  s i lv e r  n i t r a te .  P re s e n c e  

o f  c h lo r in e  g a s  c a u s e d  th is  c h a n g e . P r e s e n c e  o f  h y p o c h lo r i te  w a s  a ls o  

e v id e n t  f ro m  i ts  s m e ll  d u r in g  e le c tro ly s is .  T h e  r e m o v a l  o f  o r g a n ic s  th r o u g h  

e le c tro  g e n e r a te d  o x id is in g  a g e n ts  l ik e  c h lo r in e  /  h y p o c h lo r i te  h a s  a l r e a d y  

b e e n  e s ta b lish e d ^ '^ ’̂ ^. h i  g e n e r a l  th e  f o l lo w in g  r e a c t io n s  to o k  p la c e  d u r in g  

e le c t ro ly s is  o f  th e  e f f lu e n t .  A t  th e  a n o d e  :

2Cr CI2 + 2e

4 0 H '  - >  O 2 +  2 H 2O  +  4 e

A t  th e  c a th o d e :

2 H 2O  +  2 e  ^  H 2 +  2 0 H '

In  th e  u n d iv id e d  c e l l ,  c h lo r in e  fo rm e d  a t  th e  a n o d e  a n d  h y d r o x id e s  f o rm e d  a t 

th e  c a th o d e  r e a c te d  to  f o rm  c h lo r in e  a n d  h y p o c h lo r i te s .  B o th  th e



h y p o c h lo r i te s  a n d  f r e e  c h lo r in e  w e r e  c h e m ic a l ly  r e a c t iv e  a n d  o x id is e d  

o r g a n ic s  in  th e  e f f lu e n t  to  c a r b o n  d io x id e  a n d  w a te r .

5. 6. 2. Comparison of different electrodes

E le c tr o ly s is  o f  r a w  e f f lu e n t  (R E )  w a s  c a r r ie d  o u t  f o r  2 0  m in u te s  u s in g  

e le c t ro d e s  m a d e  o f  a lu m in iu m ,  c a s t  i r o n ,  m i ld  s te e l  (M S ) ,  a n d  s ta in le s s  

s te e l  (S S )  in  th e  p r e s e n c e  o f  10  g /L  o f  N a C l  a s  s u p p o r t in g  e le c tro ly te .  A f te r  

e le c t ro ly s is  s a m p le s  w e r e  a n a ly s e d  as  p e r  s ta n d a r d  m ethods '*^ . A n a ly s is  o f  

th e  r e s u l t  p r o v e d  th a t  a lu m in iu m  e l e c t r o d e  h a s  g r e a te r  e f f ic i e n c y  in  

r e m o v in g  C O D , B O D , T K N  a n d  A N  a s  s h o w n  in  F ig .5 .5 .

B u t  in  p h o s p h a te  ( P O 4) r e m o v a l  th e  r e v e r s e  o r d e r  w a s  o b s e rv e d .  

S te e l  e l e c t r o d e  s h o w e d  th e  m a x im u m  p h o s p h a te  r e m o v a l  o f  7 4  p e r c e n t  

f o l lo w e d  b y  M S , c a s t  i r o n  a n d  a lu m in iu m . W h e n  a lu m in iu m  e le c t ro d e  w a s  

u s e d  a s  a n o d e , th e  c u r r e n t  v a r ia t io n  w a s  in  th e  r a n g e  o f  1 .3 8 A  to  1 .3 4 A  a n d  

v o l ta g e  5 .9 V  to  5 .7 V . F o r  c a s t  i r o n  th e  c u r r e n t  v a r ia t io n  w a s  in  th e  r a n g e  o f  

1 .2 9 A  to  1 .2 3 A  a n d  v o l ta g e  1 0 .3 V  to  7 .9 V . F o r  M S  th e  c u r r e n t  v a r ia t io n  

w a s  f ro m  1 .3 4 A  to  1 .3 2 A  a n d  v o l ta g e  w a s  6 V  to  5 .8 V . F o r  s te e l  e l e c t ro d e  

th e  c u r r e n t  v a r ia t io n  w a s  in  th e  r a n g e  o f  1 .3 5  A  to  1 .3 3  A  a n d  v o l ta g e  

v a r ia t io n  w a s  f ro m  5 .5 V  to  4 .3 V . A lu m in iu m  e le c t r o d e  p r o d u c e d  a  v e r y  

c l e a r  s o lu t io n  a f te r  s e t t l in g  th e  c o a g u la te d  p a r t i c le s .  T h is  m ig h t  b e  d u e  to  

th e  g r e a te r  c h a r g e  n e u t r a l iz a t i o n  o f  c o l lo id a l  p a i t i c l e s  b y  p o s i t iv e ly  c h a r g e d  

m e ta l  io n s  g e n e r a te d  in situ  b y  e le c t r o ly t ic  o x id a t io n .



F ig .  5 . 5 . C o m p a r a t iv e  p lo ts  o f  C O D , B O D , T K N , A N  a n d  PO4 
re d u c t io n  u s in g  d i f f e r e n t  e le c tro d e s .

A lu m in iu m  is  th e  b e s t  a n o d e  m a te r ia l .  A ls o  i t  is  th e  m o s t  a f f o rd a b le  

m a te r ia l  th a t  p r o v id e s  t r iv a le n t  c a t io n s  a n d  c a n  b e  u s e d  in  a lm o s t  a ll k in d s  

o f  w a s te w a te r  t r e a tm e n t  a p p l ic a t io n s .  T h e  t r iv a le n t  m e ta l  io n s  h a v e  a  h ig h e r  

c h a r g e  d e n s i ty ,  w h ic h  a l lo w s  fo r  th e  s u p e r io r  a d s o r p t io n  c a p a b ilitie s^ ^ .

T h e  d o m in a n t  r e a c t io n s  a t  th e  a n o d e  a n d  c a th o d e  w i th  a lu m in iu m  

e le c tro d e s  a re :

2A 1 (s) ^  2A1^-" +  6 e  ( A n o d e )

6 H 2O  +  6e ' ^  3 H 2(g) +  6 0 H '  (c a th o d e )

T h e  d is s o lu t io n  o f  a n o d e  c a n  b e  r e p r e s e n te d  b y  th e  e q u a t io n  as :



T h e  a lu m in iu m  io n s  r e le a s e d  f ro m  th e  s a c r if ic ia l  e le c tro d e s  n e u t ra l is e  

th e  e le c tro s ta t ic  c h a r g e s  o n  th e  c o l lo id a l /s u s p e n d e d  s o lid s , e n a b l in g  th e  

fo rm a t io n  o f  f lo e s .  I t  h a s  b e e n  r e p o r te d  th a t  e le c tro ly t ic a l ly  a d d e d  a lu m in iu m  

io n s  a re  m u c h  m o r e  a c tiv e  th a n  c h e m ic a l ly  a d d e d  a lu m in iu m  io n s  a n d  c a u s e  

h ig h e r  d e g r e e  o f  d e s ta b i l is a t io n  a n d  f lo c c u la t io n  in  r e la t iv e ly  s m a ll  

dosages^® . T h e  e le c t ro  c o a g u la te d  f lo e  d if fe r s  s ig n i f ic a n t ly  f ro m  th e  f lo e  

fo rm e d  d u r in g  c h e m ic a l  c o a g u la t io n  p ro c e s s . T h e  f o rm e r  c o n ta in  le s s  b o u n d  

w a te r  a n d  h a s  m o r e  r e s is ta n c e  to  sh e a r . H e n c e ,  th e y  e x h ib i t  b e t te r  d e w a te r in g  

c h a ra c te r is tic s^ ^ . A lu m in iu m  e le c tro d e  h a s  p r o v e n  to  b e  v e ry  e f f e c t iv e  w h e n  

c o m p a re d  to  i ro n  a n d  c o m b in a t io n  o f  i ro n /a lu m in iu m  e le c tro d e s  a n d  

a lu m in iu m  e le c t ro d e  h a s  th e  a b i l i ty  to  h a n d le  a  w id e  v a r ie ty  o f  w a s te w a te r  

c o m p o s i t io n s  a n d  f lo w  ra te s^ ’

5. 6. 3. Pollutant removal as a function of time
R a w  e f f lu e n t  w a s  s u b je c te d  to  e le c t r o ly s is  a t  p H  3 f o r  1 5 0  m in u te s  to  s tu d y  

th e  e f f e c t  o f  d u r a t io n  o f  e l e c t r o ly s is  o n  p o l lu ta n t  r e m o v a l  u s in g  a lu m in iu m  

a n o d e  a n d  g r a p h i t e  c a th o d e .  10  g /L  o f  N a C l  w a s  a d d e d  as  s u p p o r t in g  

e le c t ro ly te .  A f te r  e v e r y  15 m in u te s  a  m in im u m  q u a n t i ty  o f  e f f lu e n t  w a s  

d r a w n  f r o m  th e  c e l l  fo r  a n a ly s is .

Fig. 5. 6. V a r ia t io n  o f  v o l ta g e  a n d  c u r r e n t  a s  a  f u n c t io n  o f  t im e



Table 5 . 3 . P o l lu ta n t  r e m o v a l  a s  a  f u n c t io n  o f  t im e  u s in g  A1 e le c t ro d e

T im e  m in p H
P e r c e n ta g e  r e m o v a l

C O D B O D T K N A N

0 3 .0 0 - - - -

15 3 .6 0 23 6 9 18 14

3 0 4 .3 0 3 2 83 20 16

4 5 4 .5 5 35 83 2 1 16

6 0 4 .7 0 3 5 8 2 20 16

7 5 4 .9 0 3 5 -80 20 16

9 0 5 .1 0 3 4 7 3 20 16

105 5 .2 0 3 2 6 9 2 1 16

12 0 5 .3 5 3 2 71 2 0 16

135 5 .4 5 3 4 7 0 2 1 16

150 5 .6 5 3 4 6 2 2 1 16

irre n t a n d  v o l ta g e  w e re  n o te d  a t e v e r y  5  m in .  in te rv a l .  C u r r e n t  w a s  ir

ra n g e  o f  1 .2 9  A  to  1 .3 6  A  a n d  c e l l  v o l ta g e  w a s  in  th e  r a n g e  o f  5 .7  V  to  7 .3  V . 

(F ig . 5 . 6 .). C u r r e n t  r e m a in e d  a lm o s t  c o n s ta n t  d u r in g  e le c tro ly s is .  T h is  

d e m o n s tr a te s  th a t  th e  e le c t ro c h e m ic a l  c e l l  c o n s t i tu e n ts  a re  u n a f f e c te d  d u r in g  

th e  e n t i r e  p e r io d  o f  e le c t ro ly s is .  T h o u g h  v o l ta g e  d r o p p e d  a s  e le c t ro ly s is  

p ro c e e d s ,  i t  r e m a in e d  c o n s ta n t  a t  th e  e n d  o f  th e  e le c t ro ly s is ,  in d ic a t in g  th e
O  Q

a b s e n c e  o f  a d s o r p t io n  o r  p a s s iv a t io n  o f  th e  e le c t r o d e  . M a x im u m  r e m o v a l  o f  

B O D  w ith in  3 0  m in u te s  a n d  C O D  to o k  p la c e  w i th in  4 5  m in u te s  (T a b le  5 . 3 ) . 

A f te r  th is ,  e le c t ro ly s is  d id  n o t  s h o w  m u c h  e f f e c t  o n  th e  p o l lu ta n t  r e m o v a l .  

T h e r e f o r e  4 5  m in u te s  c o u ld  b e  ta k e n  a s  th e  o p t im u m  t im e  fo r  e le c t ro ly s is .  

T h e  lo n g  d u r a t io n  o f  e l e c t r o ly s is  le a d s  to  th e  d is s o lu t io n  o f  e le c t ro d e  w h ic h



m a k e s  th e  e f f lu e n t  m o r e  v is c o u s .  T h e  p H  o f  th e  s o lu t io n  w a s  f o u n d  to  b e  

in c r e a s in g  f r o m  3 to  5 .6 5  a t  th e  e n d  o f  th e  e le c tro ly s is .

5. 6.4. Determination of instantaneous current efficiency

C u r r e n t  e f f ic i e n c y  d e c r e a s e s  d u r in g  th e  e l e c t r o c h e m ic a l  t r e a tm e n t  o f  

w a s t e w a te r  c o n ta in in g  o r g a n ic  p o l lu ta n ts  d u e  to  th e  s id e  r e a c t io n  o f  o x y g e n  

e v o lu t io n ^ '.  I n s ta n ta n e o u s  c u r r e n t  e f f ic i e n c y  ( IC E )  is  th e  c u r r e n t  e f f ic i e n c y  

m e a s u r e d  a t  a  p a r t i c u la r  t im e  o r  c o n s ta n t  t im e  in te r v a ls  d u r in g  th e  

e l e c t r o c h e m ic a l  t r e a tm e n t  o f  w a s te w a te r .  C a lc u la t io n  o f  I C E  g iv e s  

in f o r m a t io n  a b o u t  th e  f o r m a t io n  o f  p o ly m e r ic  p r o d u c ts  a t  th e  a n o d e  d u r in g  

t r e a tm e n t .  T w o  m e th o d s  h a v e  b e e n  u s e d  fo r  th e  d e t e r m in a t io n  o f  th e  I C E  

d u r in g  e l e c t r o c h e m ic a l  o x id a t io n :  th e  o x y g e n  f lo w  r a te  ( O F R )  m e th o d  a n d  

th e  c h e m ic a l  o x y g e n  d e m a n d  m e th o d ^ '.  T h e  c h o ic e  o f  th e  m e th o d  d e p e n d s  

o n  th e  s o lu b i l i ty  o f  th e  e le c t r o ly s is  p r o d u c t .  T h e  C O D  m e th o d  is  u s e d  o n ly  

i f  th e  e le c t r o ly t ic  p r o d u c ts  a re  s o lu b le  in  th e  e le c t ro ly te .  T h e  O F R  m e th o d  

is  u s e d  w h e r e  e le c t r o ly s i s  p r o d u c ts  a r e  s o lu b le  o r  in s o lu b le .  In  th e  O F R  

m e th o d ,  th e  I C E  is  c a lc u la te d  b y  th e  o x y g e n  p r o d u c t io n  m e a s u r e d  d u r in g  

th e  e l e c t r o c h e m ic a l  o x id a t io n  o f  o r g a n ic  p o l lu ta n ts .

In  th e  p r e s e n t  s tu d y ,  I C E  v a lu e s  w e re  c a lc u la te d  b y  th e  C O D  m e th o d  u s in g  

th e  f o l lo w in g  r e la t io n

I C E  =  [ ( C O D ) , - ( C O D ) t  + A t] F V

8 1 A t

w h e r e  [ (C O D )  t a n d  ( C O D )  , + At a r e  th e  c h e m ic a l  o x y g e n  d e m a n d s  a t  t im e s  

t  a n d  t  +  A t ( in  m g  O a /d m ^ ) r e s p e c t iv e ly ,  T ’ is  th e  c u r r e n t  (A ) ,  ‘F ’ th e  

F a r a d a y  c o n s ta n t  ( 9 6 4 8 7  C /m o l)  a n d  ‘V ’ th e  v o lu m e  o f  th e  e le c t r o ly te  

(d m ^ ). T h e  c a lc u la t e d  I C E  v a lu e s  w e r e  p lo t t e d  w i th  r e s p e c t  to  t im e  w h e n  

a lu m in iu m  w a s  u s e d  a s  a n o d e  (F ig . 5 . 7 .) .



Fig. 5 . 7 . P lo ts  o f  IC E  v a lu e s  w ith  r e s p e c t  to  t im e

T h e  I C E  w a s  fo u n d  to  d e c r e a s e  w ith  t im e  d u r in g  e le c t ro ly s is  a n d  g r a d u a l ly  

r e a c h e d  a  c o n s ta n t  v a lu e  a f te r  1 2 0  m in u te s .  T h e  in i t ia l  d e c r e a s e  m ig h t  b e  

d u e  to  p a r t ia l  c o v e r a g e  o f  th e  a c t iv e  e le c t ro d e  s u r fa c e  b y  b u lk y  m o le c u le s  

in  th e  m e d iu m . B e c a u s e  o f  c o n t in u o u s  o x id a t io n ,  s u r f a c e  c o v e r a g e  w a s  n o t  

in c r e a s e d  f u r th e r .  A t lo n g e r  d u r a t io n ,  n o t  m u c h  c h a n g e  in  I C E  w a s  

o b s e rv e d .  T h is  in d ic a te d  th a t  th e  e le c t r o d e  s u r fa c e  r e a c t io n s  w e re  n o t  

a f f e c te d  m u c h  d u r in g  e le c t ro ly s is  a n d  th e  c o n s ta n c y  in  I C E  v a lu e s  w a s  d u e  

to  th e  s te a d y  s ta te  o b ta in e d  b e tw e e n  th e  m a s s  a n d  c h a r g e  t r a n s f e r s .  T h is
Oft

w a s  in  a g r e e m e n t  w ith  th e  r e s u l t s  o f  e a r l ie r  o b s e r v a t io n s  .

5. 6. 5. Effect of cast iron electrode

T o  s tu d y  th e  e f f e c t  o f  F e n t o n ’s r e a g e n t  in  th e  p r e s e n c e  o f  c a s t  i r o n  

e l e c t r o d e  a t  d i f f e r e n t  p H , r a w  e f f lu e n t  w a s  s u b je c te d  to  e l e c t r o ly s i s  a t  p H

3 a n d  6 .5  u s in g  c a s t  i ro n  a s  a n o d e  a n d  g r a p h i t e  a s  c a th o d e  a n d  10  g /L  o f  

N a C l  a s  s u p p o r t in g  e l e c t r o ly te ^ ’ . C u r r e n t  ( 1 .3 2  - 1 .2 9  A )  r e m a in e d  a lm o s t  

c o n s ta n t  f o r  th e  v a r ia t io n  o f  c e l l  v o l ta g e  r a n g e  o f  1 1 -  6 .9  V . A n o th e r  s e t



o f  e f f l u e n t s  u n d e r  th e  s a m e  c o n d i t io n s  b u t  w i th  2 0  m g /L  F e  a n d  2  m L /L  

H 2O 2 ( F e n t o n ’s r e a g e n t )  w a s  a l s o  e le c t r o ly s e d  f o r  a  c u r r e n t  o f  1 .3 2  to  1 .2 6  

A  h a v i n g  a  p o t e n t i a l  o f  8 .5  - 9  V .

Table 5. 4. P o l lu ta n t  r e m o v a l  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  u s in g  
c a s t  i r o n  e le c t r o d e

p H R e a g e n t
P e r c e n ta g e  r e m o v a l

C O D B O D T K N A N

3 N il 2 4 .9 4 1 .5 1 7 .5 15 .1

6 .5 N il 2 6 .1 4 2 .8 2 1 .6 2 1 .2

3 F R 3 2 .5 7 5 .8 18 .3 6

6 .5 F R 3 2 .5 7 6 .1 18.3 6

(F R : F e n t o n ’s r e a g e n t)

T h e  r e s u l t s  a r e  g iv e n  in  T a b le  5 . 4  s h o w e d  th a t  th e  c h a n g e  o f  p H  f r o m  3 to  

6 .5  in c r e a s e d  th e  p e r c e n ta g e  r e m o v a l  e f f ic i e n c y  o f  C O D  f r o m  2 4 .9  to  2 6 .1 ,  

B O D  f r o m  4 1 .5  to  4 2 .8 ,  T K N  f ro m  1 7 .5  to  2 1 .6  a n d  A N  15 .1  to  2 1 .2 .  

A d d i t io n  o f  F e n to n ’s r e a g e n t  in c re a s e d  th e  C O D  r e m o v a l  e f f ic i e n c y  to  3 2 .5 %  

a n d  B O D  r e m o v a l  e f f ic i e n c y  to  7 6 .1 % . B u t  T K N  a n d  A N  r e m o v a l  e f f ic i e n c y  

d r o p p e d  to  1 8 .3  a n d  6 %  r e s p e c t iv e ly .  T h e  r e s u l t s  s h o w  th a t  c a s t  i r o n  

e le c t r o d e  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  is e f f e c t iv e  in  r e m o v in g  h ig h  

p e r c e n ta g e  o f  B O D .

5. 6. 6. Effect of pollutant concentration on electro chemical treatment

R a w  e f f l u e n t  a n d  tw o  d i f f e r e n t  f o r m s  o f  a n a e r o b ic a l l y  t r e a t e d  e f f lu e n t s  

v i z : - A T E  ( 1 )  &  A T E  (2 )  w e r e  e l e c t r o l y s e d  u s in g  a l u m in iu m  a n o d e  a n d  

g r a p h i t e  c a t h o d e  f o r  4 5  m in u te s  b y  a d d i n g  F e n t o n ’ s r e a g e n t  a n d  10  g /L



o f  N a C l  a s  s u p p o r t in g  e l e c t r o l y te .  I t  w a s  f o u n d  th a t  f o r  th e  R E ,  c u r r e n t  

v a r i e d  f r o m  1 .3 7  to  1 .2 9 A  f o r  a  c e l l  v o l t a g e  o f  5 .7  to  9 .4 V ,  f o r  A T E  (1 )  

t h e  c u r r e n t  w a s  1 .3 8  to  1 .3 4 A  f o r  a c o n s t a n t  p o t e n t i a l  o f  5 .8 V  a n d  f o r  

A T E ( 2 ) th e  c u r r e n t  w a s  in  th e  r a n g e  o f  1 .3 2  to  1 .2 9 A  h a v i n g  a  c o n s ta n t  

p o t e n t i a l  o f  6 .7 V .

120 n

100

a  RE + FR 
ED ATE (1) + FR 
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COD BOD P04 Sulphide

Fig. 5. 8. E f f e c t  o f  p o l lu ta n t  c o n c e n t r a t io n  o f  e f f lu e n t  o n  e le c t ro ly s is

F ig . 5 . 8 . s h o w s  th a t  th e  p e r c e n ta g e  C O D  r e m o v a l  e f f ic i e n c ie s  w ej 

3 1 , 4 2  a n d  7 4  c o r r e s p o n d in g  to  th e  in i t ia l  C O D  c o n c e n t r a t io n s  o f  388C 

m g /L ,  1 0 9 0 0  m g /L  a n d  4 5 0 8  m g /L , r e s p e c t iv e ly .  T h e  lo w e r  th e  C O D  o f  tl  

e f f lu e n t  u s e d  fo r  e l e c t ro ly s is ,  th e  h ig h e r  th e  r a te  o f  r e m o v a l .  B u t  in  th e  ca : 

o f  B O D , th e  r e m o v a l  e f f ic i e n c y  w a s  83  p e r c e n t  f o r  R E  a n d  it  d e c r e a s e d  to  1 

a n d  f in a l ly  to  7 3  p e r c e n t  f o r  a n a e r o b ic a l ly  t r e a te d  e f f lu e n ts .  T h is  m a y  b e  d i 

to  th e  r e m o v a l  o f  b io d e g r a d a b le  s u b s t ra te s  d u r in g  a n a e r o b ic  t r e a tm e n t .  A fti 

e l e c t ro ly s is  p h o s p h a te  r e m o v a l  e f f ic ie n c y  w a s  5 6  p e r c e n t  f o r  r a w  e f f lu e n t  a r



i t  i n c r e a s e d  to  9 9 .5  p e r c e n t  f o r  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w h ic h  s h o w e d  

th a t  w h e n  th e  c o n c e n t r a t io n  o f  p h o s p h a te  d r o p p e d  f r o m  2 5 8 3  to  5 2 5  m g /L  b y  

a n a e r o b ic  t r e a tm e n t ,  i ts  r e m o v a l  e f f ic i e n c y  a l s o  in c re a s e d .  T h is  m ig h t  b e  d u e  

to  th e  a b i l i ty  o f  m e ta l  io n s  (A l^^ ) to  c o m b in e  w i th  p h o s p h a te s  to  f o rm  A IPO 4. 

M e ta l  io n s  f o r m e d  f ro m  th e  a n o d e  b e c o m e  n e w  c e n tr e s  f o r  la rg e ,  s ta b le  a n d  

in s o lu b le  c o m p le x e s^ ^ . C o m p le te  r e m o v a l  o f  s u lp h id e  w a s  o b s e r v e d  in  a ll th e  

t r e a tm e n t  t r ia ls .  F ro m  th is  i t  is  c l e a r  th a t  e l e c t r o c h e m ic a l  m e th o d  is  m o re  

e f f e c t iv e  f o r  th e  t r e a tm e n t  o f  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  h a v in g  lo w e r  

o r g a n ic  lo a d .

5. 6. 7. Influence of concentration of iron in Fenton’s reagent using 
aluminium electrode

T o  s tu d y  th e  e f f e c t  o f  c o n c e n t r a t io n  o f  i r o n  in  F e n to n ’s r e a g e n t ,  a n a e r o b ic a l ly

t r e a te d  e f f lu e n t  w a s  s u b je c te d  to  e le c t r o ly s i s  f o r  3 0  m in u te s  a f te r  a d d in g  2 0 ,

1 0 0 , 2 0 0  a n d  3 0 0  m g /L  o f  F e  (a s  F e ”̂ ^) r e s p e c t iv e ly  in  f o u r  d i f f e r e n t  s e ts  o f

e f f lu e n t  ( 2 5 0  m L  e a c h )  a lo n g  w i th  2  m L /L  o f  H 2O 2 in  e a c h .  A  c o n t r o l  c e l l

w i th o u t  a n y  F e n to n ’s r e a g e n t  w a s  a l s o  s u b je c te d  to  e le c t r o ly s is .  A  c u r r e n t  in

th e  r a n g e  o f  1 .2 6 A  to  1 .3 2 A  a n d  c e l l  v o l ta g e  in  th e  r a n g e  o f  5 .9 V  to  7 .4 V  w a s

u s e d  in  a l l  s e t  o f  e x p e r im e n ts .  C u r r e n t  a n d  v o l ta g e  w e r e  r e c o r d e d  a t  e v e r y  5

m in u te  in te r v a ls .  10  g /L  o f  N a C l  w a s  a d d e d  a s  s u p p o r t in g  e l e c t r o ly te  in  e a c h

se t.  T h e  r e s u l t s  a r e  g iv e n  in  T a b le  5 . 5 . T u r b id i ty  w a s  c o m p le t e ly  r e m o v e d

a f te r  e l e c t r o ly s i s  u s in g  F e n to n ’s r e a g e n t .  P e r c e n ta g e  r e m o v a l  o f  C O D , B O D ,

T K N  a n d  A N  w e r e  m a x im u m  f o r  2 0 0  m g /L  o f  i r o n  c o n c e n t r a t io n  in  F e n to n ’s

r e a g e n t .  B u t  m a x im u m  r e m o v a l  o f  s u lp h id e  a n d  p h o s p h a te  w e r e  f o r  3 0 0

m g /L  o f  ir o n .  A s  th e  c o n c e n t r a t io n  o f  i r o n  in c r e a s e d ,  m o r e  s u lp h id e s  a n d

p h o s p h a te s  c o m b in e d  to  f o rm  c o r r e s p o n d in g  i r o n  s a lts .  T h e  in c r e a s e  in  th e

r e m o v a l  o f  p o l lu ta n ts  w i th  th e  in c r e a s e  in  th e  c o n c e n t r a t io n  o f  i r o n  m ig h t  b e

d u e  to  th e  f o r m a t io n  o f  h y d r o x y l  r a d ic a l  in  p r e s e n c e  o f  Fe"^" a n d  H 2O 2. A



c o n s ta n t  r a t io  o f  F e : s u b s t r a te  a b o v e  th e  m in im a l  th r e s h o ld  le v e l  p r o d u c e d  th e  

d e s ir e d  e n d  product'^^ .

Table 5. 5. E f f e c t  o f  c o n c e n t r a t io n  o f  F e  in  F e n to n ’s r e a g e n t  o n  A T E  

u s in g  A1 e le c t ro d e

Reagent pH
Percentage Removal of

Turbidity COD BOD TKN A N Sulphide P O 4

Nil 75 57 20 22 17 57 52

20 mg/L Fe 100 57 20 28 15 65 60

100 mg/LFe 100 60 22 2 ! 15 72 68

200 mg/L Fe 100 67 54 30 20 78 83

300 mg/L Fe 100 66 53 28 16 81 86

5. 6. 8. Effect of pH on electrolysis of ATE using aluminium electrode 
in presence of Fenton’s reagent

O n e  o f  th e  p a r a m e te r s  th a t  p o s s ib ly  a f f e c t  th e  e x te n t  o f  t r e a tm e n t  is  th e  p H  o f

th e  w a s te w a te r .  T o  s tu d y  th e  in f lu e n c e  o f  p H  o n  p o l lu t a n t  r e m o v a l ,  p H  o f  th e

a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w a s  a d ju s te d  f ro m  8 .5  to  3 , 5 , 7  a n d  9  u s in g

s u lp h u r ic  a c id  a n d  s o d iu m  h y d ro x id e .  2 0 0  m g /L  o f  F e  (a s  Fe'^^) a n d  2  m L /L

o f  3 0  %  H 2O 2 w e re  a d d e d  to  e a c h  se t. I t  w a s  th e n  s u b je c te d  to  e l e c t r o ly s is  f o r

2 0  m in u te s  u s in g  a lu m in iu m  a n o d e  a n d  g r a p h i t e  c a th o d e .  10  g /L  o f  N a C l  w a s

a d d e d  a s  s u p p o r t in g  e le c tro ly te .  C u r r e n t  s t r e n g th  a n d  v o l ta g e  w e r e  n o te d  a t

e v e r y  f iv e  m in u te s  in te rv a l .  T h e  v a lu e s  w e r e  p lo t t e d  a g a in s t  t im e  in te r v a ls .

(F ig . 5 . 9 , 10 , 11 a n d  12).



Fig. 5 . 9 . V o l ta g e  &  c u r r e n t  v a r ia t io n  w i th  t im e  a t  p H  3
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Table 5. 6. E f f e c t  o f  p H  o n  p o l lu t a n t  r e m o v a l  d u r in g  e le c t ro ly s is

p H P e r c e n ta g e  R e m o v a l

B e fo re
e le c t ro ly s is

A f te r
e le c t ro ly s i s

T u r b id i ty

(N T U )
C O D B O D T K N A N S u lp h id e PO 4

3 4 .9 1 0 0 65 5 0 31 2 0 1 0 0 8 9

5 6 .8 1 0 0 7 0 7 9 3 0 2 0 85 81

7 7 .6 100 6 2 59 2 8 2 0 4 0 9 6

9 8 .7 1 0 0 5 5 4 8 2 9 2 0 2 9 8 5

W h e n  F e S 0 4  w a s  a d d e d  to  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  th e  c o lo u r  o f  th e  

s o lu t io n  c h a n g e d  to  b la c k ,  d u e  to  th e  f o rm a t io n  o f  i ro n  s u lp h id e ,  a s  

a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  c o n ta in s  s u lp h id e .  W h e n  p H  c h a n g e d  f r o m  3 to

9  th e  c o lo u r  o f  th e  e f f lu e n t  c h a n g e d  f ro m  c o lo u r le s s  to  b r o w n  a f te r  

e l e c t r o ly s is ;  th e  b r o w n  w a s  d u e  to  th e  fo rm a t io n  o f  f e r r ic  h y d r o x id e  in  

a lk a l in e  p H . F r o m  th e  f ig u re s  (F ig .5 .9  to  5 .1 2 )  i t  is  c le a r  th a t  c u r r e n t  a n d  c e il  

v o l ta g e  r e m a in e d  a lm o s t  c o n s ta n t  th r o u g h o u t  th e  e x p e r im e n t .  T h is  

d e m o n s tr a te s  th a t  th e  e l e c t ro c h e m ic a l  c e ll  c o n s t i tu e n ts  a re  u n a f f e c te d  d u r in g  

th e  e n t i r e  p e r io d  o f  e l e c t r o ly s i s .  I t  is  a n  in d ic a t io n  o f  th e  a b s e n c e  o f  

a d s o rp t io n ,  p a s s iv a t io n  a n d  a n o d e  d is s o lu t io n  d u r in g  e le c t ro ly s is .  F r o th  

f o rm a t io n  w a s  o b s e r v e d  a s  e le c t ro ly s i s  p r o g r e s s e d  a n d  m o r e  f r o th  w a s  o n  th e  

c a th o d e  ( g r a p h i te )  s id e  a n d  th e  q u a n t i ty  o f  f r o th  d e c r e a s e d  a s  p H  in c r e a s e d .  

M a x im u m  p e r c e n ta g e  r e m o v a l  o f  C O D  a n d  B O D  w e r e  o b s e r v e d  a t p H  5 , 

T K N  a n d  s u lp h id e  a t  p H  3 a n d  p h o s p h a te  a t  p H  7  (T a b le  5 . 6 ) . R e m o v a l  o f  

a m m o n ia c a l  n i t r o g e n  w a s  n o t  a f f e c te d  b y  p H  c h a n g e .  C o m p le te  r e m o v a l  o f  

s u lp h id e  w a s  p o s s ib le  a t  p H  3 . A s  p H  in c re a s e s ,  th e  r e m o v a l  o f  s u lp h id e



d e c re a s e s .  T h e r e f o r e  p H  a r o u n d  5 c a n  b e  ta k e n  a s  o p t im u m  p H  fo r  

e le c tro ly s is  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t .  In  a lk a l in e  p H  h y d r a te d  

fe r ro u s  i r o n  is  t r a n s f o r m e d  in to  c o l lo id a l  f e r r ic  s p e c ie s  w h ic h  d e c o m p o s e  

H 2O 2 to  o x y g e n  a n d  w ater'^^.

5. 6. 9. Electrolysis using solar cell and its comparison with DC power 
supply

E le c tro ly s is  o f  r a w  as  w e ll  as  a n a e ro b ic a lly  tre a te d  e f f lu e n t w a s  ca i'ried  o u t  w ith  

a lu m in iu m  e le c tro d e  u s in g  s o la r  e n e rg y  a n d  D C  p o w e r  su p p ly  a t th e  o p t im u m  

p H  o f  5 a n d  c o m p a re d  th e ir  e f f ic ie n c y . I t  w a s  o b s e rv e d  th a t s o la r  ra d ia tio n  w a s  

e f fe c tiv e  in  tre a tin g  R E  a n d  a n a e ro b ic a lly  t re a te d  e f f lu e n t (A T E ).

Table 5.7. C o m p a r is o n  o f  th e  e ffe c t o f  s o la r  e n e rg y  a n d  D C  p o w e r  s u p p ly

T y p e  o f  
E le c tr o ly s is

P e r c e n ta g e  R e m o v a l

T u r b id i ty C O D B O D T K N A N P O 4

R E + S E 7 5 2 9 8 7 1 2 13 68

R E  +  D C 9 9 2 1 7 8 2 0 16 71

R E  + F R + S E 8 9 35 8 9 14 2 2 5 6

R E  + F R + D C 9 9 2 7 83 2 0 2 4 7 4

A T E + S E 2 5 4 0 2 4 20 2 3 89

A T E + D C 7 8 4 6 20 2 2 17 6 5

A T E + F + S E 7 4 6 2 7 4 2 0 23 5 8

A T E + F + D C 9 9 6 7 5 4 2 3 20 9 4

(A b b rev ia tio n s u sed ; R E ; R a w  E fflu en t, SE : S o la r  E n e rg y , A T E : A n ae ro b ica lly  
T rea ted  E fflu e n t D C : D ir e c t  C u r re n t ,  F R : F e n to n ’s R e a g e n t) .



F r o m  th e  T a b le  5 . 7  i t  i s  c l e a r  th a t  e le c t r o ly s i s  o f  R E  u s in g  s o la r  e n e r g y  

r e m o v e s  m o r e  C O D  (2 9  % ) a n d  B O D  (8 7  %) th a n  th e  s te a d y  D C  p o w e r  

s u p p ly .  B u t  d u r in g  e le c t ro ly s i s  o f  A T E  u s in g  s o la r  e n e r g y  B O D  r e m o v a l  

e f f ic i e n c y  o f  2 4  %  a n d  C O D  r e m o v a l  e f f ic i e n c y  o f  4 0  %  w e r e  o b s e rv e d  

c o m p a r e d  2 0  %  B O D  r e m o v a l  e f f ic i e n c y  a n d  4 6  %  C O D  r e m o v a l  

e f f ic i e n c y  a c h ie v e d  u s in g  D C  p o w e r  s u p p ly .  W h e n  a n a e r o b ic a l ly  t r e a te d  

e f f lu e n t  w a s  e l e c t r o ly s e d  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t ,  6 2 %  a n d  6 7 %  

o f  C O D  r e m o v a l  w a s  o b s e r v e d  in  s o la r  r a d ia t io n  a n d  D C  p o w e r  s u p p ly  

r e s p e c t iv e ly  c o m p a r e d  to  3 5 %  a n d  2 7 %  in  th e  c a s e  o f  R E . In  th e  a n a e r o b ic  

r e a c t io n  o r g a n ic  m o le c u le s  a r e  d e g r a d e d  b y  h y d r o ly s is ,  f e r m e n ta t io n ,  a n d  

m e th a n o g e n e s i s  in to  s im p le  m o n o m e r s ,  a c e ta te ,  h y d r o g e n ,  m e th a n e  a n d  

c a i 'b o n  d io x id e ^ “, p r e s u m a b ly  f a c i l i t a t in g  th e  e a s y  d e c o m p o s i t io n  b y  

e le c t r o ly s is .  P e r c e n ta g e  r e m o v a l  o f  B O D  w a s  v e r y  h ig h  c o m p a r e d  to  C O D  

a n d  th is  e f f e c t  w a s  m o r e  p r o n o u n c e d  in  th e  c a s e  o f  R E . L o w  p e r c e n ta g e  

r e m o v a l  o f  B O D  in  th e  c a s e  o f  A T E  m a y  b e  d u e  to  th e  r e m o v a l  o f  

b io lo g ic a l ly  d e g r a d a b le  s u b s t r a te  b y  m e th a n o g e n ic  b a c te r ia  in to  m e th a n e  

a n d  c a r b o n  d io x id e  d u r in g  a n a e r o b ic  t r e a tm e n t .  A d d i t io n  o f  F e n to n ’s 

r e a g e n t  in c r e a s e d  th e  r e m o v a l  e f f ic i e n c y  o f  C O D  a s  w e ll  a s  B O D . F e n to n ’s 

r e a g e n t  p la y s  a n  im p o r ta n t  r o le  in  th e  p h o to ly t ic  o x id a t io n  o f  o r g a n ic  

p o l lu ta n ts .  P h o to ly s i s  o f  H 2O 2 p r o d u c e d  h y d r o x y l  r a d ic a l  in  a  p H  r a g e  o f  3 

to  5 . M a n y  m e ta l s  h a v e  s p e c ia l  o x y g e n  t r a n s f e r  p ro p e r t ie s  w h ic h  im p r o v e  

th e  u t i l i ty  o f  h y d r o g e n  p e r o x id e .  T h e  m o s t  c o m m o n  o f  th e s e  is  i r o n  w h ic h  

r e s u l t s  in  th e  g e n e r a t io n  o f  h ig h ly  r e a c t iv e  h y d r o x y l  r a d ic a ls  ( .O H ) .  I r o n  

a c ts  a s  c a ta ly s t  a n d  i f  th e  p H  is  to o  h ig h ,  th e  i r o n  p r e c ip i ta te s  a s  F e  ( O H )3 

a n d  c a ta ly t i c a l l y  d e c o m p o s e s  th e  H 2O 2 to  oxygen"^^. P r e s e n c e  o f  F e n to n ’s 

r e a g e n t  e n h a n c e d  th e  C O D  a n d  B O D  r e m o v a l  e f f ic i e n c y  in  b o th  ty p e s  o f  

e f f lu e n ts .  S in c e  th e r e  is  a  p o s s ib i l i ty  o f  s u lp h id e  in  th e  a n a e r o b ic a l ly  t r e a te d



e f f lu e n t  f o r m in g  i ro n  s u lp h id e  ( v is u a l iz e d  b y  th e  f o rm a t io n  o f  b la c k  c o lo u r )  

a n d  p h o s p h a te s  p r e s e n t  in  th e  s k im  s e r u m  c h e la t in g  w i th  iro n ,  th e r e  is  a  

n e e d  f o r  s u p p le m e n ta l  a l iq u o t  o f  F e  w h ic h  s a tu ra te s  th e  c h e la t in g  p r o p e r t ie s  

in  th e  e f f lu e n t  th e re b y  a v a i l in g  u n s e q u e s te r e d  i r o n  to  c a ta ly z e  th e  fo rm a t io n  

o f  h y d r o x y l  r a d ic a ls  in  F e n to n ’s r e a g e n t .  2 0 0  m g /L  o f  F e  a n d  2  m L /L  o f  

H 2O 2 w a s  u s e d  to  p re p a re  F e n to n ’s r e a g e n t .  B y  e le c t ro ly s is  5 6  to  9 4  

p e r c e n t  o f  p h o s p h a te  w a s  r e m o v e d  s in c e  m e ta l  io n s  f o r m e d  o r  a d d e d  m a y  

c h e la te  w i th  th e  p h o s p h a te .  C h lo r id e s  h a v e  b e e n  w id e ly  u s e d  in  th e  

t r e a tm e n t  o f  d i f f e r e n t  ty p e s  o f  e f f lu e n ts  a s  s u p p o r t in g  e lec tro ly te^^ ''"* ’̂ ’ . 

C h lo r id e  io n  in  th e  s u p p o r t in g  e le c t ro ly te  n o t  o n ly  p r o m o te s  c u r r e n t  f lo w  

f o r  d i r e c t  o x id a t io n  b u t r e a c ts  to  f o rm  o x id iz e d  c h lo r in e  s p e c ie s  r e s p o n s ib le  

f o r  in d i r e c t  o x id a t io n  o f  th e  p o l lu ta n ts .  T K N  a n d  A N  r e m o v a l  w e r e  in  th e  

r a n g e  o f  2 0  to  2 4  p e r c e n t  in  th e  c a s e  o f  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  in  

b o th  ty p e s  o f  e le c t ro ly s is .  A m m o n ia  w a s  d e c o m p o s e d  b y  e le c t ro ly s is  w ith  

th e  p r o d u c t io n  o f  h y d r o g e n  gas^^. T h e  g a s e s  p r o d u c e d  w h e n  p a s s e d  th r o u g h  

l im e  w a te r  tu r n e d  m ilk y ,  in d ic a t in g  th e  f o r m a t io n  o f  C O 2. F o r m a t io n  o f  

c h lo r in e  g a s  w a s  d e te c te d  b y  th e  fo rm a t io n  o f  w h i te  p r e c ip i ta te  w h e n  th e  

g a s  w a s  p a s s e d  th ro u g h  s i lv e r  n i t r a te  s o lu t io n .

C o l lo id a l  p a r t ic le s  in  th e  e f f lu e n t  w e r e  in v is ib le  a n d  a s s u m e d  to  b e  

h y d r o p h il ic ,  s in c e  th e  tu r b id i ty  v a lu e s  a re  h ig h  w i th  a n  a v e r a g e  v a lu e  o f  

3 5 0  N T U  f o r  R E  a n d  1 2 0  N T U  f o r  A T E . 9 9  p e r c e n t  o f  tu r b id i ty  w a s  

r e m o v e d  w h e n  r a w  a n d  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w a s  e le c t ro ly s e d  

u s in g  D C  c u r r e n t  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t .  E le c t r o n  f lo o d in g  o f  

th e  w a te r  e l im in a te s  th e  p o la r  e f f e c t  o f  th e  w a te r  c o m p le x ,  a l lo w in g  

c o l lo id a l  m a te r ia ls  to  p re c ip ita te ^ ^ . W h e n  s o la r  r a d ia t io n  w a s  u s e d ,  

p e r c e n ta g e  tu r b id i ty  r e m o v a l  d r o p p e d  to  8 9  a n d  7 4  in  th e  c a s e  o f  R E  a n d  

A T E  r e s p e c t iv e ly .  T h e  p o s i t iv e ly  c h a r g e d  m e ta l  io n s  f o rm e d  d u r in g



e le c t r o ly s i s  a n d  h y d r o x y l  f r e e  r a d ic a l s  p r o d u c e d  b y  a d d i t io n  o f  H 2O 2 m a y  

n e u t r a l i s e  th e  c h a r g e  w h ic h  te n d s  to  d e s ta b i l iz e  c o l lo id a l  p a r t i c le s .  I t  w a s  

o b s e r v e d  th a t  s ig n i f ic a n t  a m o u n t  o f  f lo e  g e n e r a te d  s e t t le  a t  t h e  b o t to m  o f  

th e  r e a c to r  c a u s in g  e le c t r o  c o a g u la t io n  a n d  c o n t r ib u t in g  to  C O D  re m o v a l .  

P r e s e n c e  o f  s u lp h id e  in  th e  A T E  w a s  q u i te  h ig h  (2 3 5  &  4 5  m g /L ) ,  s in c e  

H 2SO 4 w a s  u s e d  a s  a  c o a g u la n t  f o r  s k im  la te x .  A f te r  a n o d ic  o x id a t io n  H2S 

w a s  c o m p le te ly  r e m o v e d  in  th e  p r e s e n c e  o f  F e n t o n ’s r e a g e n t .

5. 6.10. Biochemical and microbiological analysis of the electrolysed 
Effluent

E le c t r o ly s i s  u s in g  s o la r  a n d  d i r e c t  c u r r e n t  w a s  e q u a l ly  g o o d  in  r e m o v in g  

s o lu b le  p r o te in ,  p h e n o l  a n d  to ta l  s u g a r  f r o m  r a w  e f f lu e n t .  E le c t r o ly s i s  w a s  

m o r e  e f f e c t iv e  in  t r e a t in g  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t .  S o lu b le  p r o te in  

a n d  to ta l  s u g a r  w e r e  c o m p le te ly  r e m o v e d  f ro m  th e  a n a e r o b ic a l ly  t r e a te d  

e f f lu e n t  w h e n  e le c t r o ly s e d  u s in g  s o la r  o r  D C  p o w e r  e v e n  in  th e  a b s e n c e  o f  

F e n to n ’s r e a g e n t .  R e s u l ts  o f  b io c h e m ic a l  a n a ly s i s  o f  r a w  a n d  t r e a te d  

e f f lu e n t  a r e  g iv e n  in  T a b le  5 . 8 . E le c t r o c o a g u la t io n  c a n  b e  s u c c e s s fu l ly  

e m p lo y e d  f o r  th e  r e m o v a l  o f  p r o te in  a n d  f a t  p r e s e n t  in  w a s te w a te r^ ^ .

C o m p a r is o n  o f  b io c h e m ic a l  c o n s t i tu e n ts  o f  a n a e r o b ic a l ly  t r e a te d  

e f f lu e n t s  h a v in g  1 0 9 0 0  a n d  4 5 0 8  m g /L  C O D  (N o . 7  &  13 in  T a b le  5 . 8 ) 

s h o w e d  th a t  a s  C O D  d e c r e a s e s ,  b io c h e m ic a l  c o n s t i tu e n ts  a l s o  d e c r e a s e .  A s  

t im e  o f  e l e c t r o ly s is  o f  A T E  in c r e a s e s  f r o m  3 0  m in u te s  to  4 5  m in u te s  

(N o . 1 4  &  15 in  T a b le  5 . 8 ), a  r e d u c t io n  in  th e  b io c h e m ic a l  p a r a m e te r s  w e r e  

o b s e r v e d .  C o m p le te  r e m o v a l  o f  f r e e  a m in o  a c id s  b y  e le c t r o ly s i s  w a s  n o t  

p o s s ib le .  T h is  m a y  b e  d u e  to  th e  g e n e r a t io n  o f  in d iv id u a l  a m in o  a c id s  b y  

th e  d e g r a d a t io n  o f  p r o te in s .



T a b l e  5 .8 . B io c h e m ic a l  a n a ly s is  o f  r a w  a n d  t r e a te d  e f f lu e n t

N o S am p le  d e ta ils
S o lub le
p ro te in

P heno l
T o ta l
su g a r

R e d u c in g

su g a r

N on
red u c in g

su g a r

F ree
am ino

ac id

1 R E 870 586 1250 1095 155 16120

2 R E + S E 305 195 335 264 71 15060

3 R E  +  D C 285 182 390 295 95 14724

4 R E + F R 351 335 639 4 5 0 189 2 0 0 8 2

5 R E  + F R + S E 48 153 285 195 90 14280

6 R E + F R + D C 65 165 270 156 114 16611

7 A T E (1 ,C 0 D  10900) 425 434 107 83 24 7 9 3 2

8 A T E + S E nil 89 nil n il nil 71 0 0

9 A T E  + D C nil 59 nil nil n il 6831

10 A T E + F R 114 224 42 25 17 6417

11 A T E + F R + S E nil 20 nil n il nil 5 9 8 0

12 A T E +  F R + D C nil 25 nil nil nil 6157

13 A T E (2 ,C 0 D  45 0 8 ) 289 45 65 56 9 5779

14 A T E + F R + D C (3 0 m in ) 17 17 nil nil nil 4 3 2 2

15
A T E + F R + D C
(45m in)

nil 7 nil n il nil 4 2 9 0

(A bbrev iations used : R E ; R aw  effluen t., SE; S o la r energy , A T E : anaerob ically  

treated  effluen t, D C : d irec t curren t, FR : F en to n ’s reagen t. A ll values a re  expressed  

in m g/L )



T h e  p o p u la t i o n  o f  to ta l  b a c t e r i a  p r e s e n t  in  r a w ,  a n a e r o b ic a l l y  

t r e a t e d  a n d  e l e c t r o l y s e d  e f f lu e n t  w a s  e n u m e r a t e d  u s in g  a p p r o p r ia t e  

m e d ia  a n d  f o u n d  t h a t  R E  a n d  A T E  c o n t a in s  2 5  x  1 0  a n d  3 0 x  10^ to ta l  

b a c t e r i a  r e s p e c t i v e ly .  A f t e r  e l e c t r o l y s i s  u s in g  F e n t o n ’s r e a g e n t  f o r  2 0  

m in u t e s  n o  s u c h  c o l o n y  f o r m i n g  u n i t s  w e r e  o b s e r v e d  w h ic h  s h o w s  th a t  

e l e c t r o l y s i s  in  t h e  p r e s e n c e  o f  F e n t o n ’s r e a g e n t  c o u l d  r e m o v e  to ta l  

b a c te r i a l  p o p u la t i o n  c o m p l e t e l y  ( T a b le  5 . 9 ) .  T h e  p h o to g r a p h s  o f  s o m e  

o f  th e  c u l tu r e d  s a m p le s  (1 to  8 )  a r e  g iv e n  in  F i g  5 .1 3 .  T h e  s a m e  ty p e  o f  

o b s e r v a t io n  w a s  r e p o r t e d  b y  M o h a n a s u n d a r a m  th a t  e l e c t r o c o a g u l a t i o n  

p r o c e s s  d e s t r o y s  f e c a l  c o l i f o r m  b y  9 9 .9 9 9  p e rc e n t^ ^ .  W i th o u t  F e n t o n ’s 

r e a g e n t  a  l i t t l e  m o r e  t im e  f o r  e l e c t r o l y s i s  ( 4 5 m in )  w a s  n e e d e d  to  r e m o v e  

to ta l  b a c t e r i a l  c o u n t .  T h e  in c r e a s e  o f  e l e c t r o n s  c r e a te s  a n  o s m o t ic  

p r e s s u r e  th a t  r u p tu r e s  b a c t e r i a ,  c y s t s  a n d  v i r u s e s  a n d  th u s  e l e c t r o c u te  

m ic r o o r g a n i s m  in  th e  w a te r^ ^ .



Table 5.9. R e su lts  o f  m ic ro b io lo g ic a l a n a ly s is

N o S a m p le c fu  p e r  m L
S e ria l N o . o f  P h o to g ra p h  
g iv e n  in  th e  f ig u re  5 .1 3

1 R E 25x 10'' 1

2 R E + E L 5x 10 2

3 R E + F R 8x 10’ 3

4 R E + F R + E L nil 4

5 A 'l'E 30 X 10̂ 5

6 A T E + F R 4x 10̂ 6

7 A T E + E L  1 5 ’ 3x 10̂

8 A T E + E L  2 0 ’ 1 x 10̂

9 A T E + E L  2 5 ’ 23 7

10 A T E + E L  3 0 ’ 3

11 A T E + E L  4 5 ’ n il

12 A T E + F H  +  E L  2 0 ’ n il 8

13 A T E + F R  +  E L 4 5 ’ n il

(R E : ra w  e ff lu e n t; E L ; E le c tro ly s is ; F R : F e n to n ’s re a g e n t)



F ig .  5 .1 3 .  P h o to g r a p h s  s h o w in g  th e  e f f e c t  o f  e l e c t r o ly s i s  o n  th e  p o p u la t io n  
o f  to ta l  b a c te r ia

1 -R E , 2 - R E + E L , 3 - R E + F R , 4 - R E  + F R + E L , 5 -A T E , 6 - A T E + F R ,  7 -  A T E +  E L  

f o r  2 5 m in .  8 - A T E + F R + E L  ( R E  =  r a w  e f f lu e n t ,  E L  =  E le c t r o ly s e d ,

F R  =  F e n to n ’s  R e a g e n t ,  A T E  =  A n a e r o b ic a l ly  t r e a te d  e f f lu e n t )



5.7. Conclusion

A p p l ic a t io n  o f  e l e c t ro c h e m ic a l  o x id a t io n  to  t r e a t  r a w  a n d  a n a e r o b ic a l ly  

t r e a te d  s e m m  e f f lu e n t  w a s  th e  f o c u s  o f  th e  s tu d y . I t  w a s  f o u n d  th a t  

e le c t ro c h e m ic a l  m e th o d  c o u ld  b e  u s e d  fo r  p r e - t r e a tm e n t  as  w e l l  a s  f o r  p o s t ­

t r e a tm e n t  o f  th is  e f f lu e n t ,  b u t  th e  l a t te r  b e in g  m o r e  e f f e c tiv e .

V a r io u s  m e ta l  e le c t ro d e s  l ik e  a lu m in iu m , c a s t  iro n , s te e l ,  a n d  m ild  

s te e l  w e r e  c o m p a r e d  fo r  th e i r  e f f ic i e n c y  in  r e m o v in g  C O D , B O D ,T K N , A N  

a n d  p h o s p h a te  a n d  f o u n d  th a t  a lu m in iu m  a n o d e  w a s  m o re  e f f e c t iv e  to  

r e m o v e  p o l lu ta n ts  c o m p a r e d  to  o th e rs .  R o le  o f  F e n to n ’s r e a g e n t  in  

e le c tro ly s is  w a s  a ls o  s tu d ie d  a n d  f o u n d  th a t  i t s  a d d i t io n  d u r in g  e le c t ro ly s is  

w a s  v e r y  e f f e c t iv e  in  r e m o v in g  p o l lu ta n ts .

E le c t r o c h e m ic a l  o x id a t io n  in  th e  a b s e n c e  o f  s u p p o r t in g  e le c t r o ly te  

d o e s  n o t  c a u s e  m u c h  c h a n g e  in  th e  p H  o f  th e  s o lu t io n ,  b u t  b y  a d d in g  

s u p p o r t in g  e le c t r o ly te  th e  p H  in c r e a s e d  f ro m  3 .8  to  5 .6 5 .  P r e s e n c e  o f  

s u p p o r t in g  e le c t r o ly te  in c r e a s e d  th e  p e r c e n ta g e  r e m o v a l  o f  C O D , B O D , 

T K N  a n d  A N .

T h e  m a x im u m  r e m o v a l  o f  C O D  to o k  p la c e  w ith in  4 5  m in u te s  a n d  

B O D  w i th in  3 0  m in u te s  o f  e le c t r o ly s is .  A f te r  th is ,  e le c t ro ly s is  d id  n o t  s h o w  

a n y  s ig n i f ic a n t  e f f e c t  o n  p o l lu t a n t  r e m o v a l .

T h e  I C E  d e c r e a s e s  w i th  t im e  d u r in g  e le c t ro ly s is  a n d  g r a d u a l ly  

re a c h e s  a  c o n s ta n t  v a lu e .  E f f e c t  o f  p o l lu ta n t  c o n c e n t r a t io n  o f  e f f lu e n t  o n  

e le c t ro c h e m ic a l  o x id a t io n  s h o w e d  th a t  th e  lo w e r  th e  C O D  o f  th e  e f f lu e n t  

u s e d  f o r  e l e c t ro ly s is ,  th e  h ig h e r  th e  r a te  o f  r e m o v a l .  A f te r  e l e c t r o c h e m ic a l  

o x id a t io n  p h o s p h a te  r e m o v a l  e f f ic i e n c y  w a s  5 6  p e r c e n t  f o r  r a w  e f f lu e n t  a n d  

it  in c re a s e d  to  9 9 .5  p e r c e n t  f o r  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t .  C o m p le te  

r e m o v a l  o f  s u lp h id e  w a s  o b s e r v e d  in  a ll t r ia ls .  I t is  c o n c lu d e d  th a t



e l e c t r o c h e m ic a l  o x id a t io n  is  v e r y  e f f e c t iv e  f o r  th e  t r e a tm e n t  o f  

a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  h a v in g  lo w  o r g a n ic  lo a d .

P e r c e n ta g e  r e m o v a l  o f  C O D , B O D , T K N  a n d  A N  w e r e  m a x im u m  

f o r  2 0 0  m g /L  o f  i r o n  c o n c e n t r a t io n s  in  F e n to n ’s r e a g e n t .  B u t  m a x im u m  

r e m o v a l  o f  s u lp h id e  a n d  p h o s p h a te  w e r e  f o r  3 0 0  m g /L  o f  i ro n .

E le c t r o c h e m ic a l  o x id a t io n  o f  A T E  u s in g  a lu m in iu m  e le c t r o d e  a t  

v a r io u s  p H  s h o w e d  th a t  H 2S w a s  c o m p le te ly  r e m o v e d  a t  p H  3 . H ig h e s t  

p e r c e n ta g e  r e m o v a l  o f  C O D  a n d  B O D  c o u ld  b e  a t ta in e d  a t  p H  5 . T h e r e f o r e ,  

p H  a r o u n d  5  c a n  b e  ta k e n  a s  o p t im u m  p H  f o r  e le c t ro ly s is  in  th e  p r e s e n c e  o f  

F e n to n ’s r e a g e n t .

T h e  p r e s e n t  w o rk  s h o w e d  th e  p o te n t ia l  o f  s o la r  c e l l  a s  a n  a l te r n a te  

s o u r c e  o f  p o w e r  f o r  th e  e l e c t r o c h e m ic a l  t r e a tm e n t  o f  e f f lu e n t .  E le c t r o ly s i s  

w a s  f o u n d  to  b e  m o r e  e f f e c t iv e  f o r  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t .

B io c h e m ic a l  a n a ly s i s  r e v e a le d  th a t  e l e c t r o ly s is  in  th e  p r e s e n c e  o f  

F e n to n ’s r e a g e n t  is  e f f e c t iv e  in  r e m o v in g  s o lu b le  p r o te in ,  p h e n o l  a n d  s u g a r s  

e s p e c ia l ly  f r o m  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t .  M ic r o b io lo g ic a l  a n a ly s i s  

s h o w e d  th e  c o m p le t e  r e m o v a l  o f  to ta l  b a c te r ia  b y  2 0  m in u te  e le c t ro ly s is  in  

th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t .  T h u s  i t  is  c o n c lu d e d  th a t  a n o d ic  o x id a t io n  

c o u ld  b e  e f f e c t iv e ly  u s e d  f o r  th e  p o s t - t r e a tm e n t  o f  a n a e r o b ic a l ly  t r e a te d  

e f f lu e n t s  f r o m  la te x  c e n t r i f u g in g  u n it .
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CHAPTER 6 

PURIFICATION BY ADSORPTION

A d so ip tio n  is  a n  e ffe c tiv e  p u r if ic a tio n  a n d  se p a ra tio n  te c h n o lo g y  fo r  w a s te w a te r  

ti'eatm en t. A m o n g  th e  p h y s ic o -c h e m ic a l tre a tm e n t p ro c e sse s  a d so rp tio n  is  fo u n d  

to  b e  h ig h ly  e ffe c tiv e , c h e a p  a n d  e a sy  to  ad o p t. A d so rp tio n  is  th e  p ro c e ss  b y  

w h ic h  a  so lid  a d so rb e n t c a n  a tta c h  a  c o m p o n e n t d is so lv e d  in  w a s te w a te r  v ia  

p h y s ic a l o r  c h e m ic a l b o n d s , th u s  re m o v in g  th e  c o m p o n e n t f ro m  th e  f lu id '.  

W h e n  a d s o ip tio n  tiikes p la c e , m o le c u la i ' s p e c ie s  is  a c c u m u la te d  m o re  a t th e  

su rfa c e  th a n  in  th e  b u lk  o f  a  so lid  o r  liq u id . T h e  m o le c u la i’ sp e c ie s  o r  su b s ta n c e , 

w h ic h  c o n c e n tra te s  o r  a c c u m u la te s  a t th e  su rfa c e , is  te rm e d  a d so rb a te  a n d  th e  

m a te ria l (so lid , l iq u id  o r  g as) o n  th e  su rfa c e  o f  w h ic h  ad so rp tio n  ta k e s  p la c e  is 

c a lle d  ad so rb e n t. A d s o ip tio n  is  a  su rfa c e  p h e n o m e n o n . I t is th e  p ro c e ss  o f  

a c c u m u la tin g  su b s ta n c e s  th a t ai-e in  so lu tio n  o n  a  su itab le  in te rfa ce . D u rin g  

a d s o ip tio n  m o le c u le s  a d h e re  to  th e  in te rn a l w a lls  o f  th e  p o re s  o f  a d s o rb e n t 

p a rtic le s . I t is  a  m a ss  tra n s fe r  p h e n o m e n o n  in  w h ic h  a  c o n s titu e n t in  th e  liq u id  

p h a se  is  tra n s fe rre d  to  th e  so lid  p h a se . M a ss  tra n s fe r  z o n e  (M T Z ) is  d e f in e d  as  

th e  z o n e  w h e re  th e  a d s o ip tio n  p ro c e s s  ta k e s  p la c e . In  th e  M T Z , th e  so lu te  

p a rtic le s  a re  tran sfen -ed  f ro m  th e  b u lk  o f  th e  s o lu t io n  o n to  th e  so lid  ad so rb e n t. 

A d so rp tio n  is  b e in g  e x te n s iv e ly  u se d  fo r  th e  tre a tm e n t o f  w a s te w a te r  c o n ta in in g  

o rg an ic s , w h e re  b e t te r  q u a lity  o f  ti’e a te d  w a s te w a te r , in c lu d in g  to x ic ity  

re d u c tio n , is  in  d e m a n d . A d so rp tio n  is  u se d  to  a t ta c h  re la tiv e ly  sm a ll q u a n titie s  

o f  so lu b le  o rg a n ic  a n d  in o rg a n ic  c o m p o u n d s  s u c h  as n itro g e n , su lp h id e s  a n d  

h e a v y  m e ta ls  re m a in in g  in  th e  w a s te w a te r  a lre a d y  su b je c ted  to  b io lo g ic a l o r



p h y s ic o -c h e m ic a l  tre a tm e n t. T h e  e f f ic a c y  o f  th is  m e th o d  to  r e d u c e  c o n ta m in a n ts  

f ro m  w a te r  a n d  to  im p ro v e  its  ta s te , c o lo u r  a n d  o d o u r  h a s  b e e n  k n o w n  fo r  a  lo n g  

tim e . T h e  a n c ie n t E g y p tia n s  u s e d  c h a rc o a l l in e d  v e s se ls  to  s to re  w a te r  fo r  

d r in k in g  p u rp o ses^ . I t  is  u s e d  in  in d u s try  fo r  p ro d u c t s e p a ra tio n  a n d  w a s te  

tre a tm e n t. T h e  c o n c e n tra tio n  o f  a d so rb e n ts  in  th e  e f f lu e n t sh o u ld  b e  le s s  th a n  1%  

w h e n  r e c o v e iy  is  n o t n e e d e d ; c o n c e n tra tio n s  u p  to  5 %  ai'e a c c e p ta b le  w h e n  

re c o v e ry  is  e s se n tia l.

T h e  m o s t  w id e ly  a c c e p te d  a d s o rb e n t in  w a s te w a te r  tr e a tm e n t  is 

a c tiv a te d  ca rbon^ '^ . T h e  m a jo r  b e n e f its  o f  c a rb o n  t r e a tm e n t  in c lu d e  th e  

re m o v a l  o f  a  w id e  v a i ie ty  o f  o rg a n ic s  a n d  in o rg a n ic s ,  in s e n s i t iv i ty  to  to x ic  

m a te r ia ls  a n d  m in im u m  la n d  re q u ire m e n t^ . T h e  a d s o ip t io n  o f  p h e n o l f ro m  

a q u e o u s  s o lu t io n  o n to  ca i 'b o n  is  w id e ly  k n o w n , a n d  a n  e x h a u s t iv e  r e v ie w  h a s  

b e e n  p u b lis h e d  b y  R a d o v ie  e t  al®. G ra n u la r  a c tiv a te d  ca rb o n ^ ’̂ , b i tu m in o u s  

c o a ls  a n d  c o a l  b a s e d  a d s o r b e n t s ^ 'p e t i 'o l e u m  c o k e ’  ̂ a r e  s o m e  o f  th e  

a d s o rb e n ts  th a t  h a v e  b e e n  u s e d  to  re m o v e  p o llu ta n ts .  H ig h  c o s t  a n d  lo w  r a te  o f  

r e g e n e ra t io n  o f  a c tiv a te d  c a rb o n  in d u c e d  th e  s e a rc h  fo r  o th e r  c a rb o n a c e o u s  

m a te r ia ls  f ro m  a c tiv e  b io m a s s .  F a i'm  w a s te  is  g e n e ra te d  in  a m p le  q u a n titie s  

a n n u a l ly  in  o u r  c o u n try  a n d  th e ir  u s e  in  th e  tre a tm e n t o f  w a s te w a te r  is  n o t  o n ly  

e c o n o m ic a l  b u t  a lso  e n v iro n m e n t  f r ie n d ly . T h e s e  a re  l ig n o c e l lu lo s ic  m a te r ia ls ,  

w h ic h  h a v e  a n  in h e re n t  a b i l i ty  to  a d s o rb  w a s te  c h e m ic a ls  su c h  as  d y e s , 

o rg a n ic s ,  m e ta ls  a n d  n o n -m e ta ls .  T h e  p ro c e s s  o f  tr e a tm e n t  is  e n v iro n m e n t  

f r ie n d ly  a n d  th e  m a te r ia ls  a re  b io d e g ra d a b le . T h e s e  m a te r ia ls  in c lu d e  r ic e  

h u s k ,’'‘'^° s a w  dust^ ''^ '^, p a lm  s e e d  c o a t  carbon^^  a n d  u s e d  te a  leaves^^’“^. 

C a rb o n is e d  c o ir  p i th  h a s  b e e n  e x a m in e d  f o r  th e  r e m o v a l o f  dyes^®, p h e n o ls  a n d
9 0  ”31

c h lo ro p h e n o ls ” ’ a n d  to b a c c o  s te m s  fo r  th e  re m o v a l  o f  c h ro m iu m  (V I)  . 

M e ta l  a d s o rp tio n  f ro m  a c id ic  sy n th e tic  so lu t io n s  w e re  c a r r ie d  o u t  u s in g  o y s te r  

sh e lls ,  c e d a r  b a rk , v e rm ic u li te ,  c o c o  s h e lls  a n d  p e a  n u t s h e lls  a n d  fo u n d  th a t



th e y  ai’e  e f fe c tiv e  n a tu ra l a d s o rb e n ts  fo r  th e  r e c o v e r y  o f  le a d  a n d  ch ro m iu m ^^ . 

C o c o n u t sh e ll c a rb o n  a n d  its  n i tra te d  a n d  s u lp h o n a te d  fo rm s  w e re  u s e d  fo r  th e  

a d so rp tio n  o f  c h ro m iu m  (V I)

W a s te w a te r  c a n  b e  tre a te d  u s in g  n a tu ra l  a d s o rb e n ts  lik e  q u a r tz , 

b e n to n ite  a n d  k a o l in ite  f o r  th e  a d s o rp tio n  o f  h ex ach lo ro b en zen e^ '^ . L a rg e  

n u m b e r  o f  m in e ra ls  l ik e  r e d  m ud^^’ a n d  m o n tm o ri llo n ite ^ ’ h a v e  b e e n  u ti l is e d  

as a d so rb e n ts  fo r  w a s te w a te r  tre a tm e n t. S r ih a r i  s tu d ie d  th e  a d s o ip tio n  c a p a c ity  

o f  th re e  d if fe re n t ty p e s  o f  u n tr e a te d  n a tu ra l c la y s  n a m e ly  la te r ite , k a o l in ite  a n d  

m o n tm o rillo n ite  fo r  th e  s u g a r  in d u s t ry  effluen ts^^ . A d s o rp tio n  o f  th e  p e s tic id e  

d a z o m e t a n d  c o p p e r  io n  o n  b e n to n ite  a n d  c h n o p tilo lite ^ ^ ’"'®, z in c  o n  fu l le r ’s 

earth"*' h e a v y  to x ic  m e ta ls  o n  u s a r  soil"*^ a n d  a m m o n iu m  io n  o n  z e o lite  

(c o n ta in s  5 0 %  c l in o p tilo lite )  deposit"*^ a re  s o m e  o f  th e  a d s o ip tio n  s tu d ie s  

c a rr ie d  o u t u s in g  n a tu ra l c la y  ty p e  a d so rb e n ts .

6.2.1 Theory

A d so rp tio n  is  a  m e c h a n is m  in  w h ic h  th e  fo rc e s  o f  in te ra c tio n  b e tw e e n  th e  

su rfa c e  a to m s  a n d  th e  a d s o rb a te  m o le c u le s  a re  s im ila r  to  v a n  d e r  W a a ls  fo rc e s  

th a t e x is t b e tw e e n  a d ja c e n t m o le c u le s . T h e re  a re  b o th  a ttra c tiv e  fo rc e s  a n d  

r e p u ls iv e  fo rc e s  w ith  th e  n e t fo rc e  d e p e n d in g  o n  th e  d is ta n c e  b e tw e e n  th e  

su rfa c e  o f  th e  a d s o rb e n t a n d  th e  a d s o rb a te  m o le c u le . In  g e n e ra l, a d s o rp tio n  is  

th e  p ro c e ss  b y  w h ic h  a  c o m p o n e n t  m o v e s  f ro m  o n e  p h a s e  to  a n o th e r  p h a s e  

w h ile  c ro s s in g  s o m e  b o u n d a ry .  E x p e r im e n ts  b y  s e v e ra l sc ie n tis ts  in c lu d in g  

B n in a u e r , E m m e t  a n d  T e lle r ,  M c B a in  a n d  Langm uir"*^ fo c u se d  o n  th e  m a n n e r  

in  w h ic h  a d s o rb e n ts  r e m o v e d  a d s o rb a te s  f ro m  b o th  g a s e s  a n d  liq u id s . T h e  

o b se rv e d  e f fe c t  o f  a d s o rp tio n  w a s  a c h ie v e d  w ith in  p o ro u s  so lid s  a n d  th a t  

a d so rp tio n  w a s  th e  re su lt  o f  in te ra c t iv e  fo rc e s  o f  p h y s ic a l  a t tra c tio n  b e tw e e n



th e  s u r fa c e  o f  p o ro u s  s o lid s  a n d  c o m p o n e n t m o le c u le s  b e in g  r e m o v e d  f ro m  th e  

b u lk  p h a s e .

A d s o rp t io n  c a n  b e  c la s s if ie d  as e i th e r  p h y s ic a l  o r  c h e m ic a l .  P h y s ic a l  

a d s o rp tio n  in v o lv e s  w e a k  fo rc e s  a n d  is  th e re fo re  r e v e rs ib le . P h y s ic a l  

a d s o rp tio n  o c c u rs  a t lo w  te m p e ra tu re s  a n d  is  v e ry  s im ila r  to  c o n d e n s a tio n  

p ro c e s s  a n d  th u s  is  e x o th e rm ic  w ith  h e a t o f  a d s o rp tio n  s im ila r  to  th a t  o f  th e  

la te n t  h e a t  o f  c o n d e n s a tio n .  C h e m ic a l  a d s o rp tio n  o r  c h e m is o rp t io n  is  im p o r ta n t  

in  g a s  p h a s e  c a ta ly s is ,  b u t  is  n o t  g e n e ra lly  r e le v a n t  to  l iq u id  -  so lid  a d s o rp tio n  

a t  o rd in a ry  te m p e ra tu re s .

T h e re  a re  s e v e ra l  f a c to rs  th a t in f lu e n c e  p h y s ic a l  a d s o rp tio n . T h e  m a jo r  

fa c to rs  w h ic h  a f fe c t  p h y s ic a l  a d s o ip tio n  in c lu d e  th e  s u r fa c e  a re a  o f  th e  

a d s o rb e n t,  p o r e  s tru c tu re  o f  th e  a d s o rb e n t, s u r fa c e  c h e m is try  o f  th e  a d s o rb e n t,  

n a tu re  o f  th e  a d s o rb a te ,  p H  o f  th e  s o lu tio n  a n d  th e  p re s e n c e  o f  c o m p e tin g  

a d s o rb a te s . D u e  to  th e s e  fa c to rs , p h y s ic a l a d s o rp tio n  is  c o n s id e re d  to  b e  a  

c o m p le x  p h e n o m e n o n .

T h e  a b i l i ty  o f  c a rb o n  to  re m o v e  d e s ire d  c o n s ti tu e n ts  su c h  as  C O D , 

B O D , n itro g e n , p h o s p h a te ,  c o lo u r  a n d  p h e n o l ,  e tc . is  k n o w n  a s  its  a d s o rp tio n  

c a p a c ity . T h e  ‘p h e n o l  n u m b e r ’ s ta te s  th e  c a r b o n ’s a b i l i ty  to  r e m o v e  ta s te  a n d  

o d o u r  o f  c o m p o u n d s .  T h e  c a p a c i ty  o f  c a rb o n  to  a d s o rb  lo w -m o le c u la r  w e ig h t  

s u b s ta n c e s  is  g iv e n  b y  its  ‘io d in e  n u m b e r ’. T h e  c a r b o n ’s a b i l i ty  to  a d s o rb  h ig h -  

m o le c u la r -w e ig h t  s u b s ta n c e s  is  g iv e n  b y  its  ‘m o la s s e s  n u m b e r ’"̂ .̂

6.2.2 Process of adsorption

T h e  f o u r  d if fe re n t p ro c e s s e s  th a t  o c c u r  in  d if fe re n t  p h a s e s  o f  a d s o rp tio n  a re  (1 ) 

b u lk  s o lu t io n  tra n s p o r t,  (2 )  f i lm  d if fu s io n  tra n s p o r t ,  (3 )  p o r e  t r a n s p o r t  a n d  (4 ) 

a d s o rp tio n  (o r  s o rp tio n /® . T h e  p ro c e s s  in  b u lk  s o lu t io n  tr a n s p o r t  is  th e  

m o v e m e n t  o f  th e  o rg a n ic  m a te r ia l  to  b e  a d s o rb e d  th ro u g h  th e  b u lk  h q u id  b y



a d v e c tio n  a n d  d is p e rs io n  in  c a rb o n  c o n ta c to rs  to  th e  b o u n d a r y  la y e r  o f  f ix e d  

f i lm  o f  l iq u id  su r ro u n d in g  th e  a d so rb e n t. T h e  p ro c e s s  in  f i lm  d if fu s io n  

tra n sp o r t in v o lv e s  th e  tra n s p o r t b y  d if fu s io n  o f  th e  o rg a n ic  m a te r ia l  th ro u g h  th e  

s ta g n a n t liq u id  f ilm  to  th e  e n tra n c e  o f  th e  p o re s  o f  th e  a d s o rb e n t.  P o re  tra n s p o r t 

is  th e  p ro c e s s  in  w h ic h  th e  tra n s p o r t o f  th e  m a te r ia l to  b e  a d s o rb e d  th ro u g h  

p o re s  b y  a  c o m b in a t io n  o f  m o le c u la r  d if fu s io n  th ro u g h  th e  p o re  l iq u id  a n d  /o r  

b y  d if fu s io n  a lo n g  th e  s u r fa c e  o f  th e  a d s o rb e n t. A d s o ip t io n  in v o lv e s  th e  

a t ta c h m e n t o f  th e  m a te r ia l to  b e  a d s o rb e d  to  th e  a d s o rb e n t a t a n  a v a ila b le  

a d s o rp tio n  site"*^. A d s o rp tio n  c a n  o c c u r  o n  th e  o u te r  s u r fa c e  o f  th e  a d s o rb e n t 

an d  in  th e  m a c ro p o re s , m e so p o re s , m ic ro p o re s , a n d  s u b m ic ro p o re s , b u t th e  

s u r fa c e  ai’e a  o f  th e  m a c ro  a n d  m e so p o i’e s  is  sm a ll c o m p a re d  w ith  th e  s u r fa c e  

a re a  o f  th e  m ic ro p o re s  a n d  su b m ic ro p o re s  a n d  th e  a m o u n t o f  m a te r ia l a d s o rb e d  

th e re  is  u s u a lly  c o n s id e re d  n e g lig ib le . A d s o ip t io n  fo rc e s  in c lu d e  c o u lo m b ic -  

u n lik e  c h a rg e s , p o in t  c h a rg e  a n d  a  d ip o le , d ip o le - d ip o le  in te ra c tio n s , p o in t  

c h a i'g e  n e u tra l s p e c ie s ,  L o n d o n  o r  v a n  d e r  W a a ls  fo rc e s , c o v a le n t b o n d in g  w ith  

r e a c tio n  a n d  h y d ro g e n  bonding"*^. A fte r  in it ia l ly  c o n ta c tin g  an  a d s o rb e n t w ith  a  

so lu tio n , an  e q u i l ib r iu m  w ill  b e  re a c h e d  su c h  th a t  th e  ra te s  o f  s o lu te  a d s o ip tio n  

a n d  d e s o ip tio n  a re  e q u a l. G e n e ra l iii le s  o f  a d s o rp tio n  are : -  h ig h e r  s u r fa c e  ai’e a  

w ill g iv e  g re a te r  a d s o rp tio n , la rg e r  p o re  s iz e  w ill  g iv e  g re a te r  a d s o ip tio n  

c a p a c ity  fo r  la rg e  m o le c u le s , a d s o ip tiv i ty  w ill  in c re a s e  as  th e  s o lu b ih ty  o f  th e  

so lu te  d e c re a s e , a d s o rp tio n  c a p a c ity  w ill d e c re a s e  w ith  in c re a s e  in  te m p e ra tu re  

an d  fo r  io n is a b le  g ro u p s , m a x im u m  a d s o rp tio n  a t a  p H  c o r re s p o n d in g  to  

m in im u m  io n isa tio n ^ .

6.2.3 Adsorption isotherms

A d so rp tio n  is  a  fu n c tio n  o f  b o th  th e  c h a ra c te r is tic  a n d  c o n c e n tra t io n  o f  

a d s o rb a te  a n d  te m p e ra tu re . T h e  a m o u n t o f  m a te r ia l a d s o rb e d  is  d e te rm in e d  as  

a  fu n c tio n  o f  th e  c o n c e n tra t io n  a t a  c o n s ta n t  te m p e ra tu re , a n d  th e  re su lt in g



fu n c tio n  is  c a lle d  a n  a d s o rp tio n  is o th e rm . A d s o rp tio n  is o th e rm s  c a n  b e  

d e v e lo p e d  b y  e x p o s in g  a  g iv e n  a m o u n t o f  a d s o rb a te  in  a  f ix e d  v o lu m e  o f  th e  

l iq u id  in  v a ry in g  a m o u n ts  o f  a c tiv a te d  c a rb o n . T h e  a d s o rb e n t p h a s e  

c o n c e n tra t io n  a f te r  e q u i l ib r iu m  is c o m p u te d  u s in g  th e  e q u a tio n

qe =  (Co - C e)V

m

w h e re  qe =  a d s o rb e n t p h a s e  c o n c e n tra tio n  a f te r  e q u i l ib r iu m , m g

a d s o rb a te /g  a d s o rb e n t

Co =  in it ia l  c o n c e n tra t io n  o f  th e  a d s o rb a te , m g /L

Ce =  f in a l e q u i l ib r iu m  c o n c e n tra t io n  o f  th e  a d s o rb a te  a f te r

a d s o rp tio n  h a s  o c c u n 'e d , m g /L

V  =  v o lu m e  o f  h q u id  in  th e  re a c to r ,  L

m  =  m a s s  o f  a d s o rb e n t,  g

6.2.4 Freundlich isotherm

T h e  b a s ic  id e a s  b e h in d  th is  e q u i l ib r iu m  m o d e l a re : it is a  m u lt i la y e r  so rp tio n  

a n d  th e  s o ip t io n  p ro c e s s  d o e s  n o t o b e y  H e n r y ’s la w  a t lo w e r  c o n c e n tra t io n s . 

F re u n d lic h  is o th e rm  is  u s e d  to  d e s c r ib e  th e  a d s o rp tio n  c h a ra c te r is t ic s  o f  th e  

a c tiv a te d  c a rb o n  u s e d  in  w a te r  a n d  w a s te w a te r  tre a tm e n t. D e r iv e d  e m p ir ic a lly  

in  1 9 9 2 , th e  F re u n d lic h  is o th e rm  is  d e f in e d  as  follows"*^:

x /m  =  K fC e 1/n

w h e re  x /m  =  m a s s  o f  a d s o rb a te  a d s o rb e d  p e r  u n it  m a s s  o f  a d s o rb e n t,  m g  

a d s o rb a te  /g  a c tiv a te d  c a rb o n

K f =  F re u n d lic h  c a p a c i ty  fa c to r ,  (m g  a d s o rb a te  /g  a c tiv a te d  c a rb o n )  

(L  w a te r /m g  a d s o rb a te )



Ce =  e q u ilib r iu m  c o n c e n tra tio n  o f  a d s o rb a te  in  so lu t io n  a f te r  

a d s o rp tio n , m g /L

1/n =  F re u n d lic h  in te n s ity  p a ra m e te r  a n d  th e  c o n s ta n ts  in  th e  F re u n d lic h  

iso th e rm  c a n  b e  d e te rm in e d  b y  p lo tt in g  lo g  (x /m ) v e rs u s  lo g  Ce a n d  th e  a b o v e  

e q u a tio n  c a n  b e  re w ritte n  as

L o g  (x /m )  =  lo g  K f + l / n  lo g  Ce

6 .2 .5  L a n g m u i r  i s o t h e r m

T h e  b a s ic  id e a s  b e h in d  th is  e q u ilib r iu m  m o d e l a re  th a t  it is  a  m o n o la y e r  

so rp tio n  a n d  th e  a d s o rp tio n  p ro c e ss  o b e y s  H e n r y ’s la w  a t lo w e r  in itia l 

c o n c e n tra tio n  o f  a d s o rb a te . A t h ig h e r  c o n c e n tra t io n s ,  i t  p re d ic ts  a  m o n o la y e r  

a d s o ip tio n

L a n g m u ir  is o th e r m  c a n  b e  re p re se n te d  as 

x /m  =  abCp

1 + b C e

w h e re  x /m  =  m a s s  o f  a d s o rb a te  a d s o rb e d  p e r  u n i t  m a s s  o f  a d s o rb e n t,  m g  

a d s o rb e n t/g  a c tiv a te d  c a rb o n , a  an d  b  a re  e m p ir ic a l  c o n s ta n ts .

Ce =  e q u i l ib r iu m  c o n c e n tra t io n  o f  a d s o rb a te  in  s o lu t io n  a f te r  a d s o rp tio n , m g /L

A s s u m p tio n s  in  L a n g m u ir  is o th e rm  are : a  f ix e d  n u m b e r  o f  a c c e s s ib le  

s ite s  a re  a v a ila b le  o n  th e  a d s o rb e n t su r fa c e , a ll o f  w h ic h  h a v e  th e  s a m e  e n e rg y  

an d  a d s o rp tio n  is re v e rs ib le . E q u il ib r iu m  is  r e a c h e d  w h e n  th e  ra te  o f  

a d s o rp tio n  o f  m o le c u le s  o n to  th e  su r fa c e  is  th e  s a m e  as  th e  ra te  o f  d e s o rp tio n  

o f  m o le c u le s  f ro m  th e  su rfa c e . T h e  c o n s ta n ts  in  th e  L a n g m u ir  is o th e rm  c a n  b e  

d e te rm in e d  b y  p lo t t in g  C e /(x /m ) v e rsu s  Cg a n d  th e  e q u a t io n  c a n  b e  re w ri t te n  as

Ce 1 1— ^  =  — + - x C ,
(x /m )  a b  a



6.2.6 Types of adsorbents.
A  w id e  v a r ie ty  o f  a d s o rb e n ts  a re  u s e d  fo r  th e  p u r if ic a tio n  a n d  se p a i'a tio n  o f  

o rg a n ic s  a n d  w a s te w a te rs . T h e y  in c lu d e  a c tiv a te d  c a rb o n , sy n th e tic  p o ly m e r , 

a n d  s il ic a  b a s e d  a d so rb e n ts , a l th o u g h  th e  c o s t  o f  th e  sy n th e tic  p o ly m e r ic  an d  

s il ic a  b a s e d  a d s o rb e n ts  ai’e  h ig h . A c tiv a te d  c a rb o n  tre a tm e n t o f  w a s te w a te r  is 

u s u a lly  th o u g h t o f  as a  p o lis h in g  p ro c e s s  fo r  w a s te w a te r  th a t h a s  a lre a d y  

re c e iv e d  n o rm a l b io lo g ic a l tre a tm e n t. T h e  c a rb o n  in  th is  c a s e  is  u s e d  to  re m o v e  a  

p o r tio n  o f  th e  re m a in in g  o rg a n ic  m a tte r . A  su ita b le  a d s o rb e n t h a s  th e  fo llo w in g  

p ro p e r tie s : - h ig h  a f f in ity  a n d  h ig h  a d s o rp tio n  c a p a c ity  fo r  th e  a d so rb a te , sa fe  

a n d  e c o n o m ic a l ly  v ia b le  tre a tm e n t, to le ra n c e  fo r  a  w id e  ra n g e  o f  w a s te w a te r  

p a ra m e te rs ,  e a s y  re g e n e ra tio n  a n d  sh o u ld  n o t p ro d u c e  se c o n d a ry  p o llu tan ts .

Activated carbon
T h e  te rm  a c tiv a te d  c a rb o n  a p p lie s  to  a n y  a m o ip h o u s  f o rm  o f  c a i t o n  th a t h a s  

b e e n  s p e c ia l ly  t re a te d  to  g iv e  h ig h  a d s o ip t io n  c a p a c itie s .  A c tiv a te d  c a ib o n  is  

p re p a re d  b y  c a rb o n is a t io n  o f  th e  o rg a n ic  m a te r ia l s u c h  as  p e a t,  w o o d , c o c o n u t 

sh e ll, s a w  d u s t, r ic e  h u sk , a n d  l ig n i te  (a  so f t  b ro w n  c o a l)  b y  h e a t in g  to  r e d  h e a t 

b e lo w  6 0 0 ° C  in  a  m u f f le  f u rn a c e  to  d r iv e  o f f  th e  h y d ro c a rb o n s  b u t  w ith  an  

in s u f f ic ie n t  s u p p ly  o f  o x y g e n  to  s u s ta in  c o m b u s tio n .  T h e  c a rb o n is a t io n  p ro c e s s  

is  e s s e n tia l ly  a  p y ro ly s is  p ro c e s s . T h e  c h a r  p a r t ic le  is  th e n  a c tiv a te d  b y  

e x p o s u re  to  o x id is in g  g a s e s  s u c h  a s  s te a m  a n d  c a rb o n  d io x id e  a t h ig h  

te m p e ra tu re  in  th e  r a n g e  f ro m  8 0 0  to  9 0 0 °C . T h e s e  g a s e s  d e v e lo p  a  p o ro u s  

s tru c tu re  in  th e  c h a r  a n d  th u s  c re a te  a  la rg e  in te rn a l  s u r fa c e  a re a , 1 4 0 0  s q u a re  

m e tre s  p e r  g r a m  w h ic h  m a k e s  it  a n  e x c e l le n t  a b s o rb e n t.  T h e  r e s u lt in g  p o re  

s iz e s  a re  d e f in e d  as  follows"*^

M a c ro p o re s  > 2 5 n m .

M e s o p o re s  >  I n m  a n d  <  2 5  n m  

M ic ro p o re s  <  In m .



M a n y  v a r ia tio n s  in  s u r fa c e  p ro p e r tie s  a re  p o s s ib le  d e p e n d in g  o n  th e  

ty p e  o f  m a te r ia l u se d  a n d  th e  p re p a ra tio n  p ro c e d u re . M o s t  o f  th e  a v a ila b le  

su r fa c e  a re a  is  n o n -p o la r  in  n a tu re , b u t  th e  in te ra c t io n  w ith  o x y g e n  (in  

p ro d u c tio n )  d o e s  p ro d u c e  s p e c if ic  a c tiv e  s ite s  w h ic h  g iv e  th e  s u r fa c e  a  s lig h tly  

p o la r  n a tu re . T h e  ty p e  o f  b a s e  m a te r ia l f ro m  w h ic h  th e  a c tiv a te d  c a rb o n  is 

d e r iv e d  m a y  a lso  a ffe c t th e  p ro c e s s  d is tr ib u t io n  a n d  th e  r e g e n e ra tio n  

c h a ra c te r is tic s .  A f te r  a c tiv a tio n , c a rb o n  c a n  b e  s e p a ra te d  in to  o r  p rep a i-ed  in  

d if fe re n t s iz e s  w ith  d if fe re n t a d s o ip tio n  c a p a c ity . T h e  tw o  s iz e  c la s s if ic a t io n s  

a re  p o w d e re d  a c tiv a te d  ca i'b o n  (P A C ), w h ic h  ty p ic a l ly  h a s  a  d ia m e te r  le s s  th a n  

0 .0 7 4  m m  (2 0 0  s ie v e ) , a n d  g ra n u la r  a c tiv a te d  c a rb o n , (G A C )  w h ic h  h a s  a  

d ia m e te r  g re a te r  th a n  0 .1 m m  ( 140  sieve)"*^.

6 .2 .7  C a r b o n  b la c k

C a rb o n  b la c k  is  e s se n tia lly  e le m e n ta l ca i'b o n  a n d  is c o m p o s e d  o f  p a r tic le s  

w h ic h  ai'e p a i t ia l ly  g ra p h it ic  in  s tn ic tu re . T h e  ca i 'b o n  a to m s  in  th e  p a r t ic le s  a re  

in  la y e r  p la n e s , p a ra lle l  a l ig n m e n t a n d  o v e r ia p p in g , w h ic h  g iv e  th e  p a i t ic le s  

th e ir  se m i g ra p h it ic  n a tu re . T h e  o u te r  la y e rs  a re  m o re  g ra p h it ic  th a n  th o s e  in  

th e  c e n tre . I t is  p ro d u c e d  b y  c o n v e r tin g  e i th e r  l iq u id  o r  g a s e o u s  h y d ro c a ib o n s  

to  e le m e n ta l  c a rb o n  a n d  h y d ro g e n  b y  p a r tia l  c o m b u s tio n  o r  th e rm a l 

d e c o m p o s i tio n . D e p e n d in g  o n  th e  p ro c e s s  a d o p te d  fo r  th e  p re p a ra tio n , c a rb o n  

b la c k s  a re  c la s s if ie d  as fu rn a c e  b la c k s , th e rm a l b la c k s , c h a n n e l b la c k s  a n d  

la m p  b la c k s . F u rn a c e  b la c k s  a re  p ro d u c e d  b y  in c o m p le te  c o m b u s tio n  o f  

n a tu ra l g a s  o r  h e a v y  a ro m a tic  re s id u e  o ils  f ro m  th e  p e t ro le u m  in d u s tr ie s . 

T h e rm a l b la c k s  a re  p ro d u c e d  b y  th e  d e c o m p o s i t io n  o f  n a tu ra l  g a s  o r  o il  a t 

13(X)°C in  th e  a b s e n c e  o f  a ir. C h a n n e l b la c k s  a re  p r o d u c e d  b y  fe e d in g  th e  

n a tu ra l g a s  o r  o il  in to  th o u sa n d s  o f  sm a ll b u r n e r  t ip s  w h e re  th e  sm a ll  f la m e s  

im p in g e  o n to  a  la rg e  ro ta t in g  d ru m . L a m p  b la c k s  a re  m a d e  b y  b u rn in g  o il a n d  

a l lo w in g  th e  b la c k  fo rm e d  to  s e td e  o u t b y  g ra v ity  in  a  se r ie s  o f  chambers"^^.



T h e  c a rb o n  b la c k  p a r t ic le s  a re  n o t  d is c re te  b u t  a re  c lu s te rs  o f  in d iv id u a l  

p a r tic le s . E le c tro n  m ic r o s c o p e  is  u s e d  to  d e te rm in e  th e  p a r t ic le  s iz e  a n d  it  

r a n g e s  f ro m  10  n m  to  4 0 0  n m  in  d ia m e te r ,  th e  s m a lle r  o n e s  b e in g  le s s  

g ra p h it ic . C a rb o n  p a r t ic le s  a re  jo in e d  to g e th e r  to  f o rm  lo n g  c h a in s  a n d  ta n g le d  

th re e  d im e n s io n a l  a g g re g a te s . T h e  o il f u rn a c e  p ro c e s s  u s in g  h ig h ly  a ro m a tic  

ra w  m a te r ia ls  g iv e s  b la c k s  o f  h ig h  s tru c tu re . In  a  p a r t ic le  th e  c a rb o n  a to m s  a re  

p re s e n t in  la y e r  p la n e . C a rb o n  b la c k s  c o n s is t  o f  9 0 -9 9  p e rc e n t o f  e le m e n ta l  

ca i'b o n , sm a ll a m o u n ts  o f  h y d ro g e n  a n d  o x y g e n  a n d  tra c e s  o f  s u lp h u r  

d e p e n d in g  o n  th e  h y d r o c a rb o n  u s e d  in  th e  m a n u fa c tu re .  D u e  to  th e  re a c tio n  o f  

o x id is in g  g a se s  s u r fa c e  o f  th e  c a rb o n  b la c k  a re  n o t s m o o th . O x id a t io n  ta k e s  

p la c e  a t th e  n o n - g ra p h it ic  a to m s  a n d  c a n  p ro g re s s  in to  th e  p a r t ic le  to  g iv e  

p o re s . T h e  ty p e s  o f  ca i 'b o n  b la c k  s e le c te d  f o r  th e  p r e s e n t  s tu d y  a n d  i ts  

p a r t i c le  s iz e  a re  g iv e n  in  th e  T a b le  6 . 1.

Table 6.1. P a r tic le  s iz e  o f  c a rb o n  b la c k

N o T y p e  o f  c a rb o n  b la c k P a r t ic le  s iz e  
(n m )

1 S A F  ( S u p e r  a b r a s io n  fu rn a c e  b la c k ) 2 0 -2 5

2 I S A F  ( In te rm e d ia te  s u p e r  a b ra s io n  fu rn a c e  b la c k ) 2 4 -3 3

3 H A F  (H ig h  a b ra s io n  fu rn a c e  b la c k ) 2 8 -3 6

4 S R F  (S e m i r e in f o r c in g  fu rn a c e  b la c k ) 7 0 -9 6

6.2.8 Clay-based adsorbents

N a tu ra l  a d s o rb e n ts  l ik e  c la y  a n d  n a n o  c la y s  l ik e  m o n tm o r i l lo n i te  a n d  b e n to n i te  

( la y e re d  s il ic a te s ) ,  a re  u s e d  f o r  th e  p u r if ic a tio n  o f  w a s te w a te r  th ro u g h  

a d s o rp tio n . R e q u ir e m e n ts  n e e d e d  to  u s e  th is  m e th o d  o f  a d s o rp tio n  a re ; i t



s h o u ld  b e  a c tiv e , s ta b le , a c c e s s ib le ,  e a s y  to  re g e n e ra te  a n d  m o s t  im p o r ta n t  is  

th a t  th e  e x c h a n g e  io n s  sh o u ld  b e  h a rm le s s  a n d  sh o u ld  n o t  p r o v o k e  s e c o n d a ry  

w a te r  p o llu t io n . T h e  n a tu ra l m in e ra ls  re s p o n d  to  th e se  re q u ire m e n ts .

6.2.9 Structure and properties of layered silicates

T h e  te rm  la y e re d  s il ic a te s  a lso  k n o w n  as  p h y llo s ilic a te s  in c lu d e  n a tu ra l  c la y s  

a n d  s y n th e s is e d  la y e re d  s il ic a te s  s u c h  a s  m ic a  a n d  la p o n ite . M o n tm o r il lo n ite  

(M M T )  is  th e  m o s t  a b u n d a n t a n d  w id e ly  u s e d  n a tu ra lly  o c c u r r in g  c la y . I t  is  th e  

d e te rm in a te  c o m p o n e n ts  in  b e n to n ite . T h e  c o llo id a l s ta te  o f  th e  M M T  p a r tic le s  

in  th e  b e n to n ite  d is p e rs io n  is  d e c is iv e  in  m a n y  p ra c tic a l  a p p lic a tio n s . A n  

o u ts ta n d in g  p ro p e r ty  o f  d is p e rs e d  M M T  is  d e la m in a tio n  in to  s in g le  s il ic a te  

la y e r s  o r  th in  p a c k e ts  o f  ti ie m  w h e n  th e  c o u n te r  io n s  a re  a lk a li  c a t io n s , a n d  th e  

s a lt  c o n c e n tra tio n  is  s u f f ic ie n tiy  s m a l l^ .  I t  h a s  a n  a v e ra g e  s iz e  o f  0 .5 [xm  a n d  

th e  p a r t ic le s  a re  o f  i r re g u la r  in  s h a p e . T h e y  c a n  b e  c o m p a c t  b u t ,  m o s tiy , th e y  

a re  fo l ia te d  a n d  lo o k  l ik e  p a p e r  s h e e ts  to m  in to  s m a lle r  pieces^® (Fig.6.1).

T h e  f ra m e  w o rk  o f  la y e r e d  s il ic a te s  c o n s is ts  o f  a  tw o  d im e n s io n a l  la y e r  

o f  tw o  f u s e d  S i0 4  te tra h e d ra l s h e e ts  s a n d w ic h in g  a n d  e d g e  s h a re d  o c ta h e d ra l 

s h e e t  o f  m e ta l  a to m s , su c h  a s  A1 o r  M g . T h e  n e ig h b o u r in g  la y e rs  a r e  s e p a ra te d  

b y  a  v a n  d e r  W a a ls  g a p , c a lle d  a  g a l le ry  o r  in te rs ta tu m . T h e s e  g a l le r ie s  a re  

u s u a l ly  o c c u p ie d  b y  c a tio n s  th a t  c o u n te rb a la n c e  th e  e x c e s s  o f  n e g a tiv e  c h a rg e s  

g e n e ra te d  b y  th e  i s o m o jp h o u s  s u b s t i tu tio n s  o f  S i"^ f o r  A l^^ in  th e  te tra h e d ra l 

la t t ic e  a n d  Al^"^ fo r  M g^^ in  th e  o c ta h e d ra l  sh e e t. D u e  to  the p a r t ia l  p o s it iv e  

c h a rg e  f o rm e d  w ith in  th e  g a l le ry ,  la y e re d  s il ic a te s  a re  h ig h ly  h y d ro p h ilic .  T h e  

m o d e l s tru c tu re  o f  la y e re d  s il ic a te s  p ro p o s e d  b y  H o ffm a n n  e t  is  p re s e n te d  

in  F ig .6 .2 . T h e  th ic k n e s s  o f  s in g le  la y e r  o f  s il ic a te s  is  0 .9 6  n m . T h e  n a n o  

r e g im e  is  n o rm a l ly  c o n s id e re d  to  e n c o m p a s s  th e  r a n g e  b e tw e e n  1 n m  a n d  100  

n m -  th e  re g io n  in te rm e d ia te  b e tw e e n  m ic ro n  sc a le  a n d  m o le c u la r  sc a le .



Fig.6.1. Delamination of layered silicates in water 

G. Lagaly, S Ziesmer, Adv. Colloi. Interf. Sci, 100, 105,2003^“.)
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Fig.6.2. S tr u c tu r e  o f  m o n tm o r i l lo n i te .

U. Hoffmann, K., Endell, D. Wilm , Krist, 86, 340(1933



6.3. Aim

T h is  s tu d y  w a s  to  a s s e s s  th e  f e a s ib i l i ty  a n d  e f f ic ie n c y  o f  d i f f e r e n t  

a d s o rb e n ts  a n d  to  s e le c t  a  b e s t  a d s o rb e n t  to  p u r i fy  a n a e r o b ic a l ly  a n d  

e le c t ro ly t ic a l ly  t r e a te d  s k im  s e r u m  e f f lu e n t .  A d s o r b e n ts  l ik e  a c t iv a te d  

c a rb o n  p r e p a r e d  f ro m  d if f e r e n t  n a tu ra l  s o u r c e s  a n d  s i l ic a  b a s e d  a d s o rb e n ts  

in c lu d in g  n a n o c la y s  w e re  u s e d .  T h e  e f f ic i e n c y  o f  t r e a tm e n t  w a s  e v a lu a te d  

in  te rm s  o f  th e  r e m o v a l  o f  C O D , B O D , T K N , A N , a n d  p h o s p h a te  a lo n g  

w ith  th e  b io c h e m ic a l  a n d  m ic r o b io lo g ic a l  p a r a m e te r s .  S in c e  th e  p r e s e n t  

s tu d y  c o n c e n t r a te s  m a in ly  o n  th e  e f f ic i e n c y  o f  d i f f e r e n t  a d s o rb e n ts  to  

r e m o v e  p o l lu ta n ts ,  n o t  m u c h  a t te n t io n  w a s  g iv e n  to  th e  k in e t ic  a n d  

th e rm o d y n a m ic  a s p e c ts  o f  th e  a d s o rp t io n  s y s te m .

6.4. Experimental

S k im  s e r u m  e f f lu e n t  a f te r  a n a e r o b ic  t r e a tm e n t  a n d  e le c t ro ly t ic  o x id a t io n  

w a s  u s e d  f o r  a d s o rp t io n  s tu d ie s .

6.4.1. Raw materials: - activated carbon (AC)

C o m m e r c ia l ly  a v a i la b le  a c t iv a te d  c a rb o n  w a s  s h a k e n  w i th  a n a e r o b ic a l ly  

a n d  e l c t r o ly t i c a l ly  t r e a te d  e f f lu e n t  in  a  r o ta r y  s h a k in g  m a c h in e  a t r o o m  

te m p e ra tu re .

6.4. 2. Rice husk (RH)

A tm o s p h e r ic  d r ie d  a n d  f r e s h  g o ld e n  b r o w n  r ic e  h u s k  w a s  c o l le c te d  f r o m  a  

r ic e  m il l  in  c e n tr a l  K e r a la  a n d  u s e d  a s  r a w  m a te r ia l  to  p r o d u c e  a c t iv a te d  

c a rb o n . T h e  r ic e  h u s k  w a s  s u b je c te d  to  p y r o ly s is  a t  2 0 5 ° C  a n d  5 5 0 ° C  in  a  

m u f f le  fu rn a c e .  T h e  a c t iv a t io n  a g e n ts  u s e d  w e r e  s o d iu m  h y d r o x id e  a n d  

o r th o  p h o s p h o r ic  a c id  ( M e rc k ) .



6 . 4 . 2 .  ( a ) .  A c t iv a t io n  w i th  s o d iu m  h y d r o x id e

2 0  g  o f  d r ie d  r i c e  h u s k  w a s  t r e a te d  w i th  2 0 0  m L  o f  1 0 %  s o d iu m  h y d r o x id e  

a t  1 0 0 °C  f o r  o n e  h o u r .  S o d iu m  h y d r o x id e  r e m o v e d  th e  s i l i c a  p r e s e n t  in  th e  

r ic e  h u s k .  I t  w a s  th e n  f i l t e r e d  a n d  w a s h e d  w i th  d is t i l l e d  w a te r  to  r e m o v e  

e x c e s s  o f  s o d iu m  h y d r o x id e .  W a s h in g s  w e r e  c o n t in u e d  t i l l  th e  f i l t r a te  g a v e  

n e u t r a l  p H . T h e  t r e a te d  h u s k  w a s  th e n  d r ie d  in  a n  a i r  o v e n  a t  1 0 0 °C  f o r  

I h o u r .  H a l f  o f  i t  w a s  s u b je c te d  to  p y r o ly s is  a t  2 0 5 ° C  in  a  m u f f le  f u r n a c e  

a n d  s ie v e d  th r o u g h  2 0 0  m e s h  s iz e  a n d  c o d e d  a s  N R H .

6 .4 .  2 . ( b ) .  A c t iv a t io n  w i th  p h o s p h o r ic  a c id

2 0  g  o f  d r ie d  r ic e  h u s k  w a s  t r e a te d  w ith  1 0 0  m L  o f  4 0 %  p h o s p h o r ic  a c id  

a n d  k e p t  o v e r n ig h t .  I t  w a s  f i l te r e d  a n d  w a s h e d  w i th  d is t i l le d  w a te r  a n d  

d r ie d  o v e r  n ig h t  in  h o t  a i r  o v e n  a t  1 0 0 °C  a n d  h a l f  o f  i t  w a s  s u b je c te d  to  

p y r o ly s is  a t  2 0 5 ° C  in  a  m u f f le  f u rn a c e  a n d  s ie v e d  th r o u g h  2 0 0  m e s h  s iz e  

a n d  c o d e d  a s  P R H .

6 .4 . 3 . C o c o n u t  s h e l l  ( C S )

C o c o n u t  s h e l l  w h ic h  is  a v a i la b le  in  p le n ty  in  K e r a la  w a s  d r ie d  in  th e  s u n . 

T h e  o u ts id e  a n d  in s id e  o f  th e  s h e l l  w a s  c l e a n e d  b y  r e m o v in g  th e  f ib re s .  I t 

w a s  b r o k e n  in to  s m a l l  p ie c e s  a n d  k e p t  in  a  m u f f le  f u r n a c e  f o r  5 5 0 ° C , 

g r o u n d  a n d  s ie v e d  to  1 7 0 - 2 0 0  m e s h  s iz e . T h e  p o w d e r e d  c a r b o n  w a s  t r e a te d  

o v e r n ig h t  w i th  0 .7 5  N  s u lp h u r ic  a c id . T h e  c a r b o n  w a s  w a s h e d  r e p e a te d ly  

t i l l  th e  w a s h in g s  g iv e  a  p H  7 . I t  w a s  th e n  d r ie d  o v e r n ig h t  in  h o t  a i r  o v e n  a t  

1 0 0 °C  a n d  c o d e d  a s  C S

6 .4 .  4 . ( a ) .  S a w  d u s t  (S D )

S a w  d u s t  w a s  c o l le c te d  f ro m  a  s a w  m il l  a n d  d r ie d .  O n e  p a r t  o f  i t  w a s  

s u b je c te d  to  p y r o ly s i s  in  a  m u f f le  f u r n a c e  a t  SSO'^C a n d  a n o th e r  p a r t  f o r



2 0 5 ° C  f o r  3 h o u r s .  O n e  p a r t  o f  s a w  d u s t  a f te r  p y r o ly s is  a t  2 0 5 ° C  w a s  t r e a te d  

w ith  c o n c e n t r a te d  s u lp h u r ic  a c id , f i l te re d ,  w a s h e d  w i th  d i s t i l le d  w a te r  to  

r e m o v e  s u lp h u r ic  a c id  a n d  f in a l ly  d r ie d  in  h o t  a i r  o v e n  a t  1 0 0 °C . I t  w a s  

g r o u n d  a n d  s ie v e d  to  1 7 0 -2 0 0  m e s h  s iz e ,  a n d  c o d e d  a s  S D .

6.4. 4. (b). Teak wood saw dust (TSD)

S a w  d u s t  f ro m  te a k  w o o d  a lo n e  w a s  c o l le c te d  a n d  s o a k e d  in  2 0 %  s o d iu m  

h y d r o x id e  a n d  a u to c la v e d  f o r  3 h o u r s .  T h is  c o n v e r ts  f ib re s  to  m ic r o  f ib re s .  

R e a g e n ts  f o r  t r e a t in g  s a w  d u s t  w a s  p r e p a r e d  a s  fo l lo w s .  S o lu t io n  (a ): -  2 8  g  

o f  s o d iu m  h y d r o x id e  w a s  d is s o lv e d  in  7 5  m L  o f  g la c ia l  a c e t ic  a c id  a n d  

d i lu te d  to  1 l i t r e .  S o lu t io n  (b ) :-  S o d iu m  h y p o c h lo r i te  a n d  w a te r  w e r e  m ix e d  

in  th e  r a t io  1 :3  b y  v o lu m e .  E q u a l  v o lu m e s  o f  s o lu t io n  (a )  a n d  (b )  w e re  

m ix e d  a n d  te a k  w o o d  s a w  d u s t  w a s  s o a k e d  in  th is  r e a g e n t  t i l l  th e  r e a g e n t  

c o v e r s  th e  w h o le  s a w  d u s t ,  h e a te d  to  8 0  t i l l  d e c o lo u r a t io n  w a s  o b s e rv e d ,  

w a s h e d  a n d  d r ie d .  T h is  t r e a tm e n t  r e m o v e s  a l l  o th e r  c o m p o n e n ts  le a v in g  

b e h in d  o n ly  c e l lu lo s e .  I t w a s  k e p t  in  m u f f le  f u rn a c e  f o r  3 h o u r s  a t 2 0 5  °C , 

g r o u n d  a n d  s ie v e d  to  1 7 0 -2 0 0  m e s h  s iz e  a n d  c o d e d  a s  T S D

6.4. 5. Furnace carbon black

F u rn a c e  c a r b o n  b la c k s  n a m e ly  S A P , I S A F , H A F , S R F  w e r e  c o l le c te d  f ro m  

R u b b e r  R e s e a r c h  I n s t i tu te  o f  I n d ia ,  K o tta y a m , K e ra la .  T h e s e  w e r e  o f  m b b e r  

c o m p o u n d in g  g ra d e .

6.4. 6. Clay-based adsorbents

6.4. 6. (a). Clay

E n g l is h  In d ia n  c la y  ( c o m m e r c ia l  c la y ,  a m o rp h o u s ) .  G ra d e  a n d  s u p p l ie r -  

E n g l i s h  I n d ia n  C la y s ,  T h ir u v n a n th a p u r a m ,  In d ia .



T h e  c o m p o s i t io n  o f  c la y  is  4 5 %  S iO z , 3 8 %  A I2O 3, 0 .5 %  F c 2 0 3 , 

0 .5 5 %  T iO s ,  0 .0 6 %  C a O , 0 .0 7 %  M g O , 0 .2 5 %  N a a O , 0 .1 %  K 2O , lo s s  o n  

ig n i t io n  1 4 .5 % .

6.4. 6. (b). Nano clay

(1 )  B e n to n i t e  ( la y e r e d  s i l ic a te )

B e n to n i t e  ( E X M  7 5 7 )  is  p u r i f i e d  n a tu r a l  c l a y  o b ta in e d  f ro m  S u d  C h e m ie ,  

G e r m a n y .  T h e  c h a r a c te r is t i c s  o f  b e n to n i te  a re ; T r a d e  n a m e -  E X M  7 5 7 ,  

c h e m ic a l  n a m e -  N a - b e n to n i te ,  c h e m ic a l  f o r m u la - (A l  3.2M g o .8)  S i8O 20( O H )4 

N ao.8, io n  e x c h a n g e  c a p a c i ty -  8 0  m e q u iv /1 0 0  g , la y e r  d i s t a n c e -  1 .2 4  n m

(2 )  M o n tm o r i l lo n i te  ( la y e re d  s i l ic a te )

M M T -  O D A . G ra d e  a n d  s u p p lie r -  N a n o m e r  1 .3 0 P , N a n o c o r  I n c ,  U S A . 

C h a r a c te r is t i c s :  O c ta d e c y la m in e  (O D A )  m o d i f ie d  m o n tm o r i l lo n i te ,  s p e c if ic  

g r a v i ty  1 .9  g /c m ^ , p a r t i c le  s iz e  16-20^,im , in te r  l a y e r  d is t a n c e  2 .1 0  n m

(3 )  M o n tm o r i l lo n i t e  ( la y e re d  s i l ic a te )  M M T - T M D A . G ra d e  a n d  s u p p l ie r -  

C lo is i te  3 0 B , S o u th e r n  C la y  P r o d u c ts ,  U S A . C h a r a c te r is t ic s :  M e th y l ta l lo w  

b is - 2 - h y d r o x y e th y l  q u a te r n a r y  a m m o n iu m  (T M D A ) ,  m o d if ie d  

m o n tm o r i l lo n i te ,  s p e c i f ic  g r a v i ty  1 .5 -1 .7  g/cm"*, in te r la y e r  d is t a n c e  1 .8 5 n m

6.4. 7. Batch studies

B a tc h  a d s o r p t io n  s tu d ie s  w e r e  c a r r ie d  o u t  b y  s h a k in g  5 0  m L  o f  th e  

a n a e r o b ic a l ly  a n d  e l e c t r o ly t ic a l ly  t r e a te d  e f f lu e n t  s a m p le s  w i th  a p p r o p r ia te  

c o n c e n t r a t io n  o f  th e  a d s o rb e n t  in  1 0 0  m L  g la s s  s to p p e r e d  c o n ic a l  f la s k s  

u s in g  a  t e m p e r a tu r e  c o n t ro l le d  h e a v y  r o ta r y  s h a k in g  m a c h in e  ( H e a v y  

R o ta r y  S h a k e r ,  K e m i ,  m o d e l  N o .K R S - 1 ) .  A d s o r p t io n  te s ts  w e r e  p e r f o r m e d  

a t r o o m  te m p e r a tu re .  T h e  p r o g re s s  o f  a d s o rp t io n  d u r in g  th e  e x p e r im e n ts  

w a s  d e te r m in e d  b y  r e m o v in g  th e  f la s k s  f r o m  th e  s h a k in g  m a c h in e  a f te r  th e



d e s ire d  c o n ta c t  t im e , f i l te r in g  a n d  a n a ly s in g  th e  e x te n t  o f  t r e a tm e n t  in  te rm s  

o f  p H , C O D , B O D , T K N , A N , a n d  p h o s p h a te  b y  u s in g  s ta n d a r d  m e th o d s^ ^ . 

D if f e re n t  p ro p o r t io n s  o f  p re  w e ig h e d  a d s o rb e n ts  w e r e  a ls o  s h a k e n  w i th  5 0  

m L  o f  e f f lu e n t  s a m p le s  a n d  a n a ly s e d  to  s tu d y  th e  e f f e c t  o f  a d s o r b e n t ’s 

c o n c e n tra t io n .

6.5. Results and discussion
6.5.1. Adsorption using activated carbon (AC)

A d s o r p t io n  e x p e r im e n ts  w e r e  c o n d u c te d  in  b a t c h  m o d e  w i th  5 0  m L  o f  th e  

a n a e r o b ic a l ly  a n d  e le c t ro ly t ic a l ly  p r e - t r e a te d  e f f lu e n t ,  h a v in g  d i f f e r e n t  

c o n c e n t r a t io n s  w ith  Ig  o f  A C  a d s o rb e n t  f o r  3 0  m in u te  in  s e p a r a te  f la s k s  a t 

p H  8.

(a) Effect of pollutant concentration on AC adsorption

F ig .6 .  3 s h o w s  th e  r e m o v a l  e f f i c i e n c y  o f  C O D , B O D  a n d  T K N  w i th  

r e s p e c t  to  th e  c o n c e n t r a t io n  o f  p o l lu t a n t s  in  th e  e f f l u e n t  w h e n  a d s o r b e d  

o n  a c t iv a te d  c a r b o n .  T h e  p e r c e n ta g e  r e m o v a l  o f  B O D  a n d  T K N  

g r a d u a l ly  d e c r e a s e d  w h e n  th e  in i t i a l  C O D  o f  th e  e f f lu e n t  u s e d  fo r  

a d s o r p t io n  in c r e a s e d .  P e r c e n ta g e  r e m o v a l  o f  C O D  r e m a in e d  a lm o s t  

c o n s ta n t  w h e n  th e  in i t i a l  C O D  o f  th e  e f f l u e n t  u s e d  f o r  a d s o r p t io n  

in c r e a s e d  f r o m  8 1 6  to  1 4 4 9  m g /L  ( F ig .6 .  3 ) .  B u t  a  s u d d e n  d ro p  in  th e  

p e r c e n ta g e  r e m o v a l  o f  C O D , B O D  a n d  T K N  w a s  o b se i-v e d  f o r  th e  in i t ia l  

C O D  c h a n g e  f ro m  1 4 4 9  to  1613 m g /L . F r o m  th e  f ig u re  i t  is  c l e a r  th a t  th e  

lo w e r  th e  in i t ia l  C O D  o f  th e  e f f lu e n t  u s e d  f o r  a d s o ip t io n ,  th e  h ig h e r  th e  

re m o v a l  o f  p o l lu ta n ts .  T h is  is  in  a g r e e m e n t  w i th  th e  o b s e rv a t io n s  r e p o r te d  

in  l i te r a tu r e



Fig .6 .3 . E f f e c t  o f  in i t ia l  C O D  o f  th e  e f f lu e n t  o n  th e  r e m o v a l  o f  
C O D , B O D  &  T K N  b y  a c t iv a te d  c a r b o n  a d so i-p tio n

(b) Effect of pre-treatment of the effluent on AC adsorption

A n o th e r  o b s e r v a t io n  f o u n d  in  a d s o r p t io n  b y  a c t iv a te d  c a i 'b o n  w a s  th a t  th e  

e f f lu e n t  w i th  h ig h  d e g r e e  o f  p r e - t r e a tm e n t  b y  a n a e r o b ic  a n d  e le c t ro ly t ic  

m e th o d  w a s  m o r e  e f f e c t iv e ly  p u r i f i e d  b y  a d s o rp t io n  th a n  w i th  lo w  le v e l  o f  

p r e - t r e a tm e n t .

Table 6 .2 . E f f e c t  o f  p r e - t r e a tm e n t  o n  A C  a d s o r p t io n

C O D  b e f o r e  

a d s o rp t io n

C O D  a f te r  

a d s o r p t io n
%  r e m o v a l  o f  C O D

S a m p le - 1 

(without dilution)

1185 180 83

S a m p le - 2
(diluted)

366 2 2 4 39



S a m p le -1  in  th e  T a b le  6 . 2  is  h ig h ly  p r e - t r e a t e d  b y  a n a e r o b ic  ( H R T

18 d a y s )  a n d  e le c tro ly t ic  m e th o d  ( w i th o u t  d i lu t io n ) .  S a m p le - 2  h a s  lo w  

p e r c e n ta g e  o f  p r e - t r e a tm e n t  b y  a n a e r o b ic  ( H R T  9  d a y s )  a n d  e le c t ro ly t ic  

m e th o d  ( C O D  o f  2 4 8 1 m g /L ) ,  b u t  d i lu te d  to  g iv e  a  lo w  C O D . T h o u g h  

s a m p le -2  h a d  a  lo w  C O D  b y  d i lu t io n ,  a d s o ip t io n  w a s  n o t  s o  e f f e c t iv e  o n  

a c t iv a te d  c a rb o n  c o m p a r e d  to  s a m p le - 1. T h is  o b se i-v a tio n  s h o w e d  th a t  i t  is  

n o t  th e  C O D , b u t  th e  e f f ic i e n c y  o f  p r e - t r e a tm e n t  b e f o r e  a d s o rp t io n  th a t  

in f lu e n c e d  a d s o rp t io n .  B y  a n a e r o b ic  t r e a tm e n t  h ig h ly  p o ly m e r ic  o r g a n ic  

m o le c u le s  w e r e  c o n v e r te d  to  i t s  m o n o m e r s  th r o u g h  h y d r o ly s is ,  

f e r m e n ta t io n  a n d  m e th a n o g e n e s is ''^ .  T h e r e f o r e ,  i t  c a n  b e  c o n c lu d e d  th a t  

s m a ll  o r g a n ic  m o le c u le s  a r e  m o r e  s u s c e p t ib le  to  a d s o rp t io n  th a n  la rg e  

p o ly m e r s  a n d  th e  s iz e  o f  th e  p o r e  o n  a c t iv a te d  c a r b o n  m a y  b e  m o r e  s u i ta b le  

fo r  th e  s m a ll  m o le c u le s .

(c) Freundlich adsorption isotherm

T h e  a d s o rp t io n  d a ta  w e re  a n a ly s e d  a t d i f f e r e n t  in i t i a l  c o n c e n t r a t io n  o f  

e f f lu e n t  in  th e  l ig h t  o f  F r e u n d l ic h  e q u a t io n

L o g  (x /m )  =  lo g  K f +  l / n  lo g  Ce

w e r e  K f a n d  1 /n  a re  F r e u n d l ic h  c o n s ta n ts  r e la te d  to  a d s o r p t io n  c a p a c i ty  a n d  

a d s o rp t io n  in te n s i ty  r e s p e c t iv e ly  ( F ig .6 . 4 .) .



F ig .6 ,  4 .  F r e u n d l ic h  a d s o rp t io n  i s o th e r m

T h e  lin e a i ' p lo ts  b e tw e e n  lo g  (x /m )  a n d  lo g  C e c o n f i r m s  th e  a p p l ic a b i l i ty  o f  

th e  m o d e l .

( d )  L a n g m u i r  a d s o r p t i o n  i s o t h e r m

A d s o r p t io n  d a ta  w e r e  a n a ly s e d  in  th e  l ig h t  o f  L a n g m u i r  a d s o rp t io n  m o d e l .  

T h e  l in e a r  p lo ts  o f  1 /x /m  v e r s u s  1/C e s u g g e s t  th e  a p p l ic a b i l i ty  o f  

L a n g m u i r  a d s o r p t io n  m o d e l  w h ic h  is  in  th e  f o rm

C .  1 1 ^■ = — + - x C
( x /m )  a b  a

1 1 1 1---= - + —  X —
x /m  a  a b

w h e r e  C e is  th e  e q u i l ib r iu m  c o n c e n t r a t io n  ( m g /L )  a n d  x /m  is  th e  a m o u n t  o f  

C O D  a d s o r b e d  a t  e q u i l ib r iu m  ( m g /g )  a  a n d  b  a r e  L a n g m u ir  c o n s ta n t s  

r e la te d  to  a d s o r p t io n  c a p a c i ty  a n d  e q u i l ib r iu m  c o n s ta n t  r e s p e c t iv e ly .  T h e



l in e a r  p lo ts  o f  1 /x /m  v e r s u s  1 / Ce c le a r ly  in d ic a te  m o n o la y e r  c o v e r a g e  o f  

a d s o rb a te  a t th e  o u te r  s u r f a c e  o f  th e  a d s o r b e n t  ( F ig .6 .  5 ).

F ig .6 .  5 .  L a n g m u ir  a d s o r p t io n  is o th e r m

6 .5 . 2 . R ic e  h u s k  ( R H )

1 g  o f  r ic e  h u s k  ( d if f e re n t  f o rm s )  w a s  s h a k e n  w i th  5 0  m L  o f  

a n a e r o b ic a l ly  a n d  e l e c t r o ly t ic a l ly  p r e - t r e a te d  e f f lu e n t  in  s e p a r a te  f la s k s  a t 

p H  8 .1  a n d  a n a ly s e d  fo r  i ts  e f f ic ie n c y  to  r e m o v e  C O D  a n d  B O D  a n d  fo u n d  

th a t  r ic e  h u s k  m u f f le d  a t 2 0 5 ° C  is  a  b e t te r  a d s o r b e n t  th a n  r ic e  h u s k  m u f f le d  

a t  5 5 0 ° C  (T a b le  6 . 3 ). R ic e  h u s k  w a s  a c t iv a te d  w i th  N a O H  a n d  H 3P O 4 a n d  

m u f f le d  a t 2 0 5 ° C . B a tc h  a d s o rp t io n  s tu d ie s  w e r e  c o n d u c te d  w ith  th e  

a c t iv a te d  f o rm  a n d  m u f f le d  f o rm  o f  th e  r ic e  h u s k .  2 9  p e r c e n t  C O D  a n d  7 5  

p e r c e n t  B O D  w e r e  r e m o v e d  b y  r ic e  h u s k  t r e a te d  b y  N a O H  a n d  m u f f le d  

w h e r e a s  H 3P O 4 t r e a te d  a n d  m u f f le d  f o rm  r e m o v e s  o n ly  21 p e r c e n t  C O D  

a n d  6 9  p e r c e n t  B O D . A c t iv a t io n  w i th  s o d iu m  h y d r o x id e  a lo n g  w ith  

c a r b o n is a t io n  m a d e  it  m o r e  e f f ic ie n t  to  t r e a t  th e  e f f lu e n t .  10  p e r c e n t  N a O H  

c a n  d is s o lv e  th e  s i l ic a  p r e s e n t  in  th e  r ic e  h u s k  w h ic h  p r o v id e s  a  p o r o u s



S tru c tu re  f o r  it*^. O r g a n ic  m o le c u le s  c a n  o c c u p y  th e s e  p o r e s ,  r e s u l t in g  in  

g r e a te r  e f f i c i e n c y  o f  s o d iu m  h y d r o x id e  a c t iv a te d  a n d  c a r b o n is e d  r ic e  h u s k .

T a b l e  6 . 3 . D i f f e r e n t  f o r m s  o f  t r e a te d  r ic e  h u s k  a s  a d s o rb e n ts

N o T y p e  o f  T re a tm e n t
% C O D
r e m o v a l

% B O D
r e m o v a l

1 R ic e  H u s k  m u f f le d  a t 5 5 0 ° C 16 2 5

2 R ic e  H u s k  m u f f le d  a t  2 0 5 ° C 2 0 7 2

3 R ic e  H u s k  +  N a O H  ( n o t  m u f f le d ) 19 6 9

4 R ic e  H u s k  +  H 3P O 4 ( n o t  m u f f le d ) 14 3 2

5 R ic e  H u s k  + N a O H  m u f f le d  a t  2 0 5 ° C 2 9 7 5

6 R ic e  H u s k  +  H 3P O 4 m u f f l e d  a t  2 0 5 ° C 2 1 6 9

6 . 5 . 3 .  C o c o n u t  s h e l l  ( C S )

( a )  E f f e c t  o f  p H

5 0  m L  o f  th e  p r e - t r e a te d  e f f lu e n t  h a v in g  C O D  3 4 6  m g /L , B O D  9 0  m g /L , 

T K N  3 0 1  m g /L  a n d  A N  2 3 8  m g /L  w a s  s h a k e n  w ith  1 g  o f  c o c o n u t  s h e ll  

c a r b o n  a t  p H  3 , 5 , 7 ,  9  fo r  3 0  m in u te s ,  f i l te re d  a n d  a n a ly s e d  fo r  th e ir  

e f f ic ie n c y  in  r e m o v in g  C O D , B O D , T K N  a n d  A N . F ig .6 .6 . s h o w s  th e  

p e r c e n ta g e  r e m o v a l  o f  C O D , B O D , T K N  a n d  A N  as a  fL inction  o f  p H . I t  is  

e v id e n t  f r o m  th e  f ig u r e  th a t  m a x im u m  re m o v a l  o f  C O D  a n d  B O D  w e r e  3 0  

a n d  7 8  r e s p e c t iv e ly  a t  p H  7  w h e r e a s  m a x im u m  re m o v a l  o f  T K N  a n d  A N  

w e r e  21  p e r c e n t  a n d  3 0  p e r c e n t  r e s p e c t iv e ly  a t p H  9.

I t  w a s  o b s e r v e d  th a t  a d s o rp t io n  o n  C S  is  h ig h ly  d e p e n d e n t  o n  p H  o f  th e  

e f f lu e n t ,  s in c e  p H  in f lu e n c e s  th e  s u r fa c e  c h a r g e s  o f  C S  a s  w e l l  a s  th e  

d e g r e e  o f  io n is a tio n ^ ^ .



Fig.6. 6. E f f e c t  o f  p H  o n  a d s o rp t io n  b y  c o c o n u t  s h e ll  o n  th e  r e m o v a l  o f  
C O D , B O D , T K N  &  A N

(b) Effect of adsorbent (CS) concentration

5 0  m L  o f  p r e - t r e a te d  e f f lu e n t  w a s  s h a k e n  w i th  d i f f e r e n t  c o n c e n t r a t io n s  o f  

C S  f o r  4 5  m in u te s ,  f i l te r e d  a n d  a n a ly s e d  f o r  v a r io u s  p a r a m e te r s .  T h e  r e s u l t s  

o f  t r e a tm e n t  a re  g iv e n  in  th e  T a b le  6 . 4 .

Table 6 . 4 . E f f e c t  o f  a d s o rb e n t  c o n c e n t r a t io n  (C S )

N o
C o n c e n t r a t io n

o f C S g / L

P e r c e n ta g e  r e m o v a l

C O D B O D T K N A N

1 5 31 12 5 7

2 10 3 8 18 8 10

3 2 0 41 2 3 12 14

4 3 0 5 6 2 8 17 15

5 4 0 61 3 5 2 0 21



F ro m  th e  ta b le  i t  is  e v id e n t th a t as th e  c o n c e n tra tio n  o f  a d s o rb e n t in c re a se s , 

p e rc e n ta g e  r e m o v a l o f  C O D , B O D , T K N  a n d  A N  a lso  in c re a se s . T h is  m a y  b e  

d u e  to  th e  a v a ila b ili ty  o f  h ig h  s u r fa c e  a re a  to  a d s o rb  p o llu ta n ts  in  th e  e ff lu en t.

6.5. 4. Saw dust carbon (SD) and Teak wood saw dust carbon (TSD)

A d s o r p t io n  e x p e r im e n ts  w e r e  c o n d u c te d  in  b a tc h  m o d e  w i th  5 0  m L  o f  th e  

a n a e r o b ic a l ly  a n d  e l e c t r o ly t ic a l l y  p r e - t r e a te d  e f f lu e n t  h a v in g  p H  8 w i th  I g  

o f  a d s o r b e n t  f o r  3 0  m in u te s .  I t  w a s  th e n  f i l t e r e d  a n d  a n a ly s e d  f o r  i ts  

e f f ic i e n c y  o f  t r e a tm e n t .  T h e  r e s u l t s  a re  g iv e n  in  th e  T a b le  6 . 5 . F r o m  th e  

ta b le  i t  is  c l e a r  th a t  S D  p y r o ly s e d  a t  2 0 5 ° C  is  m o r e  e f f ic i e n t  to  t r e a t  th is  

e f f lu e n t  th a n  S D  p y r o ly s e d  a t  5 5 0 ° C . S u lp h u r ic  a c id  t r e a te d  S D  is  m o r e  

e f f i c i e n t  to  a d s o rb  o r g a n ic s  s in c e  p e r c e n ta g e  r e m o v a l  o f  C O D  a n d  B O D  a re

19  a n d  4 5  r e s p e c t iv e ly  (T a b le  6 . 5 .) . B u t  th e r e  is  n o  c h a n g e  in  th e  

c o n c e n t r a t io n  o f  T K N  a n d  A N , th o u g h  th e  r e m o v a l  e f f ic i e n c y  o f  th e s e  w e r e  

le s s  in  S D  a t  550^^0 a n d  2 0 5 ° C .

Table 6. 5. E f f e c t  a d s o rp t io n  o n  s a w  d u s t

N o T y p e  o f  a d s o r b e n t
P e r c e n ta g e  R e m o v a l

C O D B O D T K N A N

1 S a w  d u s t  ( S D )  5 5 0 ° C 11 14 3 5

2 S a w  d u s t  (S D )  2 0 5 ° C 15 18 5 8

3 S D  2 0 5 ° C + H 2 S 0 4 ( S D ) 19 4 5 0 0

4 T e a k  S D  2 0 5 V  (T S D ) 2 2 8 0 5 4 31

S a w  d u s t  o f  t e a k  w o o d  w a s  t r e a te d  a s  d e s c r ib e d  a n d  p y r o ly s e d  a t  2 0 5 ° C  a n d  

a d s o r p t io n  e x p e r im e n t s  w e r e  c o n d u c te d  w i th  5 0  m L  o f  th e  a n a e r o b ic a l ly



a n d  e le c t r o ly t ic a l ly  p r e - t r e a te d  e f f lu e n t  h a v in g  p H  8  w i th  I g  o f  a d s o r b e n t  

f o r  3 0  m in u te s .  T h e  r e s u l t s  s h o w e d  th a t  p e r c e n ta g e  r e m o v a l  o f  C O D , B O D , 

T K N  a n d  A N  w e r e  2 2 , 8 0 , 5 4  a n d  31 r e s p e c t iv e ly .  B O D , T K N  a n d  A N  

r e m o v a ls  w e r e  m u c h  h ig h e r  th a n  th a t  o f  o th e r  S D  c a r b o n s .  T h e  h ig h e r  

e f f ic i e n c y  o f  th is  t r e a tm e n t  c a n  b e  a t t r ib u te d  to  th e  r e m o v a l  o f  o r g a n ic  a n d  

in o r g a n ic  c o m p o n e n ts  d u r in g  th e  p r o c e s s  o f  t r e a tm e n t ,  l e a v in g  b e h in d  

m ic r o  f ib ro u s  p a r t ic le s  h a v in g  h ig h ly  p o ro u s  s u r fa c e  e n h a n c in g  th e  p r o c e s s  

o f  a d s o rp tio n .

6.5. 5. Furnace carbon black

(a) Comparison of different types of carbon black

5 0  m L  o f  a n a e r o b ic a l ly  a n d  e le c t r o ly t ic a l ly  p r e - t r e a te d  e f f lu e n t  h a v in g  p H  

8 .1 5  w a s  a d s o rb e d  o n  1 g m  o f  f u rn a c e  c a r b o n  b la c k  u s in g  b a tc h  m o d e  

a d s o ip t io n  f o r  3 0  m in u te s .  I t w a s  f i l te r e d  a n d  th e  p H  o f  th e  r e s u l t in g  

s o lu t io n  w a s  m e a s u r e d  a n d  th e  r e s u l ts  o b ta in e d  a re  g iv e n  in  th e  T a b le  6 .6 . 

A d s o ip t io n  o n  S A F , I S A F , H A F  a n d  S R F  r e d u c e d  th e  p H  f ro m  8 .1 5  to  

5 .5 0 ,  6 .1 5 ,  6 .3 0  a n d  7 r e s p e c t iv e ly .

Table 6. 6. C o m p a r is o n  o f  th e  e f f ic a c y  o f  d i f f e r e n t  ty p e s  o f  c a r b o n  b la c k

N o T y p e
p H  b e f o r e  
a d s o rp t io n

p H  a f te r  
a d s o rp t io n

P e r c e n ta g e  r e m o v a l

C O D B O D P 0 4 T K N A N

1 S A F 8 .1 5 5 .5 0 5 9 85 1 0 0 2 6 5 5

2 I S A F 8 .1 5 6 .1 5 4 8 63 100 10 14

3 H A F 8 .1 5 6 .3 0 4 4 8 0 100 5 7 65

4 S R F 8 .1 5 7 .0 0 5 0 8 4 1 0 0 2 4 3 9



W h e n  S A F  w a s  a p p l i e d  th e  C O D  a n d  B O D  r e m o v a l  w e r e  5 9 %  a n d  8 5 %  

r e s p e c t i v e ly .  T h i s  w a s  th e  m a x im u m  r e m o v a l  a c h i e v e d  d u r in g  

a d s o r p t i o n  u s in g  f u r n a c e  c a r b o n  b la c k .  D u e  to  t h e  s m a l l  s i z e  a n d  l a r g e  

s u r f a c e  a r e a ,  S A F  c o u l d  a d s o r b  l a r g e  a m o u n t  o f  p o l lu t a n t s  a n d  th is  

r e s u l t e d  in  th e  h ig h  r a t e  o f  r e m o v a l  o f  p o l lu t a n t s .  A d s o r p t io n  o n  I S A F  

r e m o v e d  4 8  %  C O D  a n d  6 3  %  B O D ,  o n  H A F  4 4 %  C O D  a n d  8 0  %  B O D , 

a n d  o n  S R F  5 0  %  C O D  a n d  8 4  %  B O D  w h e n  u s e d  a s  a d s o r b e n t s .  

M a x im u m  T K N  ( 5 7 % )  a n d  A N ( 6 5 % )  w e r e  r e m o v e d  w h e n  H A F  w a s  

u s e d  a s  a d s o r b e n t .  T h e  p o r e  s i z e  w a s  a p p r o p r i a t e  to  a c c o m m o d a t e  

n i t r o g e n o u s  c o m p o u n d s  a n d  in o r g a n i c  a m m o n iu m  io n s .  A l l  th e s e  

a d s o r b e n t s  c o u l d  r e m o v e  th e  d i r ty  w h i t e  c o l o u r  o f  th e  s o lu t io n  a n d  g a v e  

v e r y  c l e a r  s o lu t io n  a f t e r  a d s o r p t io n .  A d s o r b e n t s  s e t t l e d  d o w n  a t  th e  

b o t to m  o f  t h e  f l a s k s  a f t e r  a d s o r p t i o n  e x c e p t  f o r  S A F .  I n  S A F  t r e a t e d  

s o lu t io n  n o t  m u c h  s e d im e n ta t i o n  w a s  o b s e r v e d ,  in s t e a d  i t  b e c a m e  f lu f f y ,  

b u t  f i l t r a t i o n  g a v e  v e r y  c l e a r  s o lu t io n .

( b )  E f f e c t  o f  p H

T a b l e  6 . 7 .  I n f lu e n c e  o f  p H  o n  a d s o r p t io n  o n  I S A F

N o p H

P e r c e n ta g e  r e m o v a l

C O D B O D T K N A N

1 3 5 4 6 3 12 11

2 5 5 0 3 7 10 12

3 7 4 5 6 0 10 14

4 9 19 9 3 5 2 8



T o  s tu d y  th e  e f f e c t  o f  p H  o n  fu rn a c e  c a r b o n  b la c k ,  5 0  m L  o f  th e  e f f lu e n t  a t  

p H  3 , 5 , 7  a n d  9  w e r e  s h a k e n  w ith  0 .5  g m  o f  I S A F  in  s e p a r a te  f la s k s  f o r  3 0  

m in u te s ,  f i l te r e d  a n d  a n a ly s e d . A t  p H  3, 5 4  %  C O D  a n d  6 3  %  B O D  w e r e  

r e m o v e d  ( T a b le  6 . 7 )  a n d  th is  w a s  th e  h ig h e s t  p e r c e n ta g e  o f  r e m o v a l  

o b s e rv e d  d u r in g  th is  tr e a tm e n t .  B u t  m a x im u m  e f f ic i e n c y  f o r  th e  p e r c e n ta g e  

r e m o v a l  o f  T K N  a n d  A N  w e re  35  a n d  2 8  r e s p e c t iv e ly  a t  p H  9 . H ig h  r a te  o f  

r e m o v a l  o f  a m m o n ia  a t h ig h e r  p H , is in f e r r e d  to  th e  d e c o m p o s i t io n  o f  

a m m o n iu m  io n  to  a m m o n ia .

6.5. 6.1. Nano clays as adsorbents

(a) Influence of pH on montmorlllonite

T a b le  6 .8  s h o w s  th e  e f f e c t  o f  p H  o n to  th e  a d s o r p t io n  o f  m o n tm o r i l lo n i te .  

p H  p la y s  a n  im p o r ta n t  r o le  in  a d s o rp t io n .  A f t e r  a d s o r p t io n  a t  p H  9  a n d  11, 

it  d r o p p e d  to  8 .2 0  a n d  1 0 .1 . B u t  f o r  p H  3 , 5 a n d  7  th e  p o s t - t r e a tm e n t  

v a lu e s  in c r e a s e d  to  3 .1 5 ,  5 .2 0 ,  a n d  7 .4 5  r e s p e c t iv e ly .  T h e r e  w a s  c o n s i s t e n t  

in c r e a s e  in  p e r c e n ta g e  r e d u c t io n  o f  C O D , B O D , T K N  a n d  A N  

c o r r e s p o n d in g  w i th  th e  in c r e a s e  in  p H  u p  to  9  a n d  th e r e a f te r  th e  v a lu e s  

s ta g n a te d .  P e r c e n ta g e  r e m o v a l  o f  C O D , B O D , T K N  a n d  A N  a t  p H  9  w e r e  

4 5 ,  19 , 4 5  a n d  3 0 . T h e  p h y s ic o - c h e m ic a l  c h a r a c t e r i s t i c s  o f  th e  a d s o r b e n t  

p la y e d  a n  im p o r ta n t  r o le  in  th e  a d s o rp t io n .  T h e  c la y s  a r e  a l u m in o s i l ic a te s ,  

h a v in g  l a y e r e d  s t r u c tu r e  a n d  b e a r s  c h a r g e  o n  th e  s u r f a c e  a n d  e d g e s  a n d  

s ta b le  b o n d s  m ig h t  b e  f o r m e d  a t a lk a l in e  p H .



Table 6 . 8 . I n f lu e n c e  o f  p H  o n  m o n tm o r i l lo n i te

N o
p H  b e f o r e  
t r e a tm e n t

p H  a f te r  
t r e a tm e n t

P e r c e n ta g e  r e m o v a l

C O D B O D T K N A N

3 .1 5 12

5 .2 0 20 16 15

7 .4 5 2 3 12 19 20

8.20 4 5 19 4 5 3 0

11 10.1 4 4 19 4 5 31

(b) Adsorption on montmorillonite as a function of time

A d s o r p t io n  s tu d ie s  w e r e  e a r n e d  o u t  w i th  2 g  o f  a d s o r b e n t  w i th  1 0 0  m L  o f  

p r e - t r e a t e d  e f f lu e n t  h a v in g  C O D  9 8 3  m g /L  in  b a t c h  a d s o rp t io n  m e th o d .  

F ig .6 .7  s h o w s  th a t  a  s l i g h t  v a r ia t io n  o f  p H  f r o m  8 to  7 .5  a s  t im e  o f  

■ a d s o r p t io n  in c r e a s e d  to  2 4 0  m in u te s  d u e  to  th e  e x c h a n g e  o f  io n s  in  s o lu t io n  

w i th  th e  a d s o rb e n t .  R a te  o f  r e m o v a l  o f  C O D , T K N  a n d  A N  in c r e a s e d  a s  

t im e  o f  c o n ta c t  in c r e a s e d  a n d  r e a c h e d  a  s te a d y  v a lu e  a f te r  a t ta in in g  th e  

e q u i l ib r iu m  in  1 8 0  m in u te s .  B u t  B O D  r e a c h e d  a  s te a d y  v a lu e  a f te r  2 1 0  

m in u te s .  T h e  in c r e a s e  in  r e m o v a l  e f f ic i e n c y  w i th  c o n ta c t  t im e  w a s  d u e  to  

th e  t r a n s p o r t  o f  th e  m a te r ia l  to  b e  a d s o r b e d  th r o u g h  la y e r s  a n d  h e n c e  

a v a i la b i l i ty  o f  m o r e  a c t iv e  s i te s  f o r  a d s o rp t io n .



Fig.6. 7. A d s o ip t io n  o n  m o n tm o r i l lo n i te  a s  a  f u n c t io n  o f  t im e  

(c) Effect of adsorbent dosage (montmorillonite)

A n a e r o b ic a l ly  a n d  e le c t ro ly t ic a l ly  p r e - t r e a t e d  e f f lu e n t  h a v in g  C O D  3 6 9  

m g /L  w a s  a d s o rb e d  o n  m o n tm o r i l lo n i te  v a r y in g  th e  d o s a g e  le v e l  f r o m  5 g /L  

to  4 0  g /L . F ig .6 .  8 s h o w s  th e  e f f e c t  o f  d o s a g e  o n  th e  p e r c e n ta g e  r e m o v a l  o f  

C O D , B O D , T K N  a n d  A N . A s  th e  a d s o r b e n t  d o s a g e  in c r e a s e d  p e r c e n ta g e  

r e m o v a l  o f  a ll p a r a m e te r s  in c re a s e d  a n d  b e c a m e  a lm o s t  c o n s ta n t  a t  3 0  to  4 0  

g /L . T h e  in c r e a s e  in  p e r c e n ta g e  r e d u c t io n  w ith  in c r e a s e  in  d o s a g e  is  

a t t r ib u ta b le  to  th e  s u r fa c e  a re a  a v a ila b ili ty '® .



F ig .6 .  8 . E f f e c t  o f  a d s o r b e n t  d o s a g e  ( m o n tm o r i l lo n i te )

6 .5 . 6 .2 . C o m p a r i s o n  o f  c l a y s  a n d  n a n o  c la y s

C la y  ( a m o r p h o u s )  w a s  c o m p a r e d  w i th  m o d i f i e d  n a n o  c la y s  

m o n tm o r i l lo n i t e  ( M M T - T M D A ) ,  m o n tm o r i l lo n i t e  ( M M T - O D A )  a n d  

b e n to n i te  ( a n  u n m o d i f i e d  n a tu r a l  l a y e r e d  s i l i c a te  c la y )  w i th  r e s p e c t  th e i r  

e f f ic i e n c y  in  t r e a t in g  th e  p r e - t r e a t e d  e f f lu e n t .  5 0  m L  o f  th e  e f f lu e n t  w a s  

s h a k e n  w i th  I g m  o f  th e  a d s o r b e n t  f o r  3 0  m in u te s .  T h e  e f f i c i e n c y  o f  

t r e a tm e n t  w a s  c o m p a r e d  in  te rm s  o f  th e  p e r c e n ta g e  r e m o v a l  o f  C O D , 

B O D , T K N  a n d  A N  ( T a b le  6 . 9 ) .  p H  o f  th e  e f f lu e n t  d e c r e a s e d  f r o m  i ts  

o r ig in a l  v a lu e  a f te r  a d s o r p t io n .  E f f ic ie n c y  o f  t r e a tm e n t  w a s  in  th e  o r d e r  o f  

c l a y  <  M M T - T M D A <  M M T -  O D A  <  b e n to n i te .  M M T - O D A  a n d  b e n to n i te  

a re  o f  th e  s a m e  m a g n i tu d e  o f  t r e a tm e n t  e x c e p t  in  th e  r e m o v a l  o f  B O D  a n d  

A N . B u t  in  th e  c a s e  o f  b e n to n i te ,  th o u g h  th e  r e m o v a l  e f f ic i e n c y  w a s  g o o d  

c o m p a r e d  to  th e  o th e r  n a n o  c la y s ,  i t  s w e l ls  a n d  w a s  d i f f i c u l t  to  f i l te r  w h e n  

t r e a te d  w ith  th e  e f f lu e n t .  T h o u g h  M M T - O D A  w a s  d i f f i c u l t  to  w e t,  p o l lu t a n t



r e m o v a l  e f f ic ie n c y  w a s  b e t t e r  th a n  M M T - T M D A . T h is  is  d u e  to  th e  

d i f f e r e n c e  in  m o d if ic a t io n s  a d o p te d  to  e x p a n d  th e  in te r  la y e r  distance"^^.

T a b l e  6 . 9 . C o m p a r is o n  o f  c la y s  a n d  n a n o  c la y s

T y p e  o f  n a n o  
c la y

pH
b e fo re

tr e a tm e n t

p H  a f te r  
t r e a tm e n t

P e r c e n ta g e  r e m o v a l

C O D B O D T K N A N

C la y 7.90 7.9 7 25 12

M M T  - T M D A 7.90 7.8 25 20 18 23

M M T -  O D A 7.90 7.5 29 35 23 43

B e n to n ite 7.90 7.6 29 40 23 50

A d s o ip t io n  u s in g  n a n o  c la y s  to  p u r i f y  th e  e f f lu e n t  d e p e n d s  la rg e ly  

o n  th e  ty p e  o f  e f f lu e n t  u s e d .  H ig h ly  p r e - t r e a te d  e f f lu e n ts  b y  a n a e r o b ic  a n d  

e le c t ro ly t ic  m e th o d  g a v e  b e t te r  r e s u l t .  T h o u g h  th e  p r o b a b i l i t ie s  o f  le a c h in g  

o f  th e  m o d if ie r s  w e r e  n e g l ig ib le  a  f u r th e r  c a r e f u l  a n a ly s is  w a s  n e e d e d  to  

c o n f i r m  th a t  s e c o n d a ry  p o l lu ta n ts  w e r e  n o t  p r o d u c e d  d u r in g  th e  p r o c e s s  o f  

t r e a tm e n t .  S rih a ri^^  s u g g e s te d  th e  p o te n t ia l  u s e  o f  c l a y - b le n d  a n d  m o d if ie d  

c la y s  w i th  p r e - d e te rm in e d  a d s o r p t io n  c a p a c i ty  f o r  w a s te w a te r  t r e a tm e n t .  

E n v ir o n m e n ta l  im p a c t  o f  u s in g  n a n o  c la y s  in  w a s te w a te r  t r e a tm e n t  is  

a n o th e r  a s p e c t  th a t  n e e d s  f u r th e r  r e s e a r c h .  H ig h  c o s t  o f  n a n o  c la y s  w a s  a n  

im p e d im e n t  to  u s e  i t  a s  a n  a d s o r b e n t  to  t r e a t  w a s te w a te r ,  b u t  in  f u tu re ,  

d e v e lo p m e n t  o f  n e w  te c h n o lo g ie s  to  p r o d u c e  m o d if ie d  a n d  e c o - f r ie n d ly  

n a n o  c la y s  w o u ld  h e lp  to  ta c k le  th e  p r o b le m  a n d  p r o v id e  a  v e r y  c le a n  

t e c h n o lo g y  to  t r e a t  w a s te w a te r .



6.5.7. Comparison of different types of adsorbents

A d s o r p t io n  o n  a c t iv a te d  c a r b o n  p u r c h a s e d  a n d  p r e p a re d  f ro m  d i f f e r e n t  

s o u r c e s ,  c l a y s  a n d  n a n o  c la y s  w e r e  c o m p a r e d  f o r  th e i r  e f f ic i e n c y  to  p u r i f y  

th e  b io lo g ic a l ly  a n d  e le c t r o ly t ic a l ly  p r e - t r e a te d  e f f lu e n t .  T h e  r e s u l t s  o f  

a n a ly s i s  a r e  g iv e n  in  th e  T a b le  6 . 10.

Table 6 . 10. C o m p a r is o n  o f  d i f f e r e n t  ty p e s  o f  a d s o rb e n ts

N o T y p e  o f  a d s o r b e n t
P e r c e n ta g e  r e m o v a l

C O D B O D T K N A N

A c tiv a te d  c a i 'b o n  ( c o m m e r c ia l ) 85 9 7 5 0 3 3

F u rn a c e  c a r b o n  b la c k 5 9 85 2 6 5 5

C o c o n u t  s h e l l  c a r b o n 4 1 7 8 14 15

N a n o  c la y 2 9 4 0 2 3 5 0

R ic e  h u s k  c a r b o n 29 7 5 10 11

T e a k  w o o d  s a w  d u s t  c a r b o n 22 80 5 4 31

S a w  d u s t  c a r b o n 19 4 5 0

C la y 25 12

F r o m  th e  ta b le  i t  is  c l e a r  th a t  c o m m e r c i a l l y  a v a i la b le  a c t iv a te d  

c a rb o n  is  th e  b e s t  f o r  t r e a d n g  b io lo g ic a l ly  a n d  e l e c t r o ly t ic a l ly  p r e - t r e a t e d  

e f f lu e n t  f r o m  r u b b e r  p r o c e s s in g  f a c to r ie s .  I t  r e m o v e d  8 5  p e r c e n t  o f  C O D , 

9 7  p e r c e n t  o f  B O D , 5 0  p e r c e n t  o f  T K N  a n d  3 3  p e r c e n t  o f  A N . H ig h  

r e m o v a l  e f f i c i e n c y  o f  th e s e  p a r a m e te r s  is  a t t r ib u te d  to  th e  h ig h  s u r f a c e  a r e a  

a n d  la r g e  p o r e  v o lu m e  o f  a c d v a te d  c a r b o n .  T h e  s e c o n d  b e s t  a d s o r b e n t  w a s



f u rn a c e  c a r b o n  b la c k  w h ic h  r e m o v e d  5 9  p e r c e n t  o f  C O D . C o c o n u t  s h e ll  

s to o d  th e  n e x t  w i th  4 1 %  C O D  r e m o v a l .  T re a te d  te a k  w o o d  c a r b o n  c o u ld  

r e m o v e  T K N  (5 4 % )  a n d  A N  (3 1 % ) . R e m o v a l  o f  to ta l  n i t r o g e n  a n d  

a m m o n ia c a l  n i t r o g e n  w e re  lo w  c o m p a r e d  to  o r g a n ic  p o l lu ta n t  r e m o v a l  fo r  

m o s t  o f  th e  a d s o rb e n ts .

U s in g  n a n o  c la y s  a s  a n  a d s o r b e n t  is  a  n e w  a p p r o a c h  a n d  f o u n d  th a t  

it is g o o d  in  r e m o v in g  C O D  a n d  B O D  a n d  a m m o n ia c a l  n i t r o g e n .  S in c e  

n a n o  c la y s  a re  la y e r e d  s i l ic a te s ,  p o l lu ta n ts  l ik e  a m m o n ia ,  a m in o  a c id s  a n d  

p h e n o ls  c a n  b e  e a s i ly  e n t r a p p e d  in  th e i r  la y e r s  a n d  th u s  in c r e a s e s  th e ir  

r e m o v a l e f f ic ie n c y .  T r e a te d  r ic e  h u s k  c a r b o n  r e m o v e d  2 9 %  C O D  a n d  7 5 %  

B O D  a n d  i t  c a n  b e  s u g g e s te d  fo r  a d s o ip t io n  s in c e  th e  r a w  m a te r ia l  h u s k  is 

c h e a p  a n d  e a s i ly  a v a i la b le  in  K e ra la .  S a w  d u s t  a n d  c la y  a re  p o o r  a d s o rb e n ts  

fo r  th is  ty p e  o f  w a s te w a te r ,  s in c e  th e  p e r c e n ta g e  r e m o v a l  o f  p o l lu ta n ts  w a s  

c o m p a r a t iv e ly  lo w .

6.5. 8. Estimation of metal ions

A fte r  a d s o ip t io n  o n  a c t iv a te d  c a r b o n  th e  c o n c e n t r a t io n  o f  m e ta ls  w e re  

e s t im a te d  u s in g  A A S . A n d  th e  r e s u l t s  a r e  g iv e n  in  T a b le  6 . 11. C o p p e r  w a s  

c o m p le te ly  r e m o v e d  a f te r  t r e a tm e n t .  9 7 .6  p e r c e n t  o f  m a g n e s iu m  a n d  9 5 .8  

p e r c e n t  o f  c a lc iu m  w e r e  r e m o v e d  a f te r  e l e c t r o ly s is  a n d  p u r i f i c a t io n  b y  

a d s o rp t io n .  P e r c e n ta g e  r e m o v a l  o f  i r o n  a n d  z in c  w e r e  7 5 .7 7  a n d  2 .1 7  

r e s p e c t iv e ly .  A n  in c r e a s e  in  th e  c o n c e n t r a t io n  o f  m a n g a n e s e  w a s  d u e  to  th e  

im p u r i t ie s  a s s o c ia te d  w i th  th e  e l e c t r o d e  u s e d  f o r  e le c t ro ly s is .  T h o u g h  

F e n to n ’s r e a g e n t  (Fe^^  a n d  H 2O 2)  w a s  a d d e d  d u r in g  e le c tro ly s is ,  

c o r r e s p o n d in g  in c re a s e  in  th e  c o n c e n t r a t io n  o f  i r o n  w a s  n o t  o b s e rv e d  a f te r  

t r e a tm e n t .  I ro n  p r e c ip i ta te d  a lo n g  w i th  th e  im p u r i t ie s  p r e s e n t  in  e f f lu e n t .  

T h e  r e s u l t  s h o w s  th a t  a n a e r o b ic  t r e a tm e n t  s u p p le m e n te d  b y  e le c t ro ly s is  a n d



a d s o r p t io n  o n  a c t iv a te d  c a r b o n  r e m o v e s  m o s t  o f  th e  m e ta l  io n s  p r e s e n t  in  

th e  e f f lu e n t .

Table 6 . 11. E f f e c t  o f  t r e a tm e n t  o n  m e ta l  io n  c o n c e n t r a t io n

E le m e n t
L am p  

c u rre n t m A
W av elen g th

nm
A fte r  A T E  

ppm

A fte r  E L  &  
A d so rp tio n  

pp m

%  R em o v a l 
fro m  A T E

F e 7 .0 2 4 8 .3 1 .7 2 5 0 .4 1 8 7 5 .7 7

C u 3 .0 3 2 4 .7 0 .0 1 4 n il 1 0 0

Z n 8 .0 2 1 3 .9 8 .7 5 8 .5 6 2 .1 7

M n 8 .0 2 7 9 .5 0 .1 9 8 9 .2 2 3 in c r e a s e d

C a 5 .0 4 2 2 .7 8 7 1 9 3 6 4 9 5 .8

M g 4 .0 2 8 5 .2 1 3 1 0 3 1 .5 9 7 .6

(A T E : A n a e r o b ic a l ly  t r e a te d  e f f lu e n t . ,  E L : E le c t r o ly t i c  t r e a tm e n t .)

6.5. 9. Biochemical and microbiological analysis

Table 6.12. R e s u l ts  o f  b io c h e m ic a l  a n a ly s i s

S a m p le

d e ta i l s

S o lu b le

p r o te in
P h e n o l

T o ta l

s u g a r
R e d u c in g

s u g a r

N o n
r e d u c in g

s u g a r

F r e e
a m in o

a c id

A d s o r b e d  
o n  A C

n il 6 n il n il n il 4 2 3 5

(All values are expressed in mg/L)

R e s u l t s  o f  b io c h e m ic a l  a n a ly s i s  o f  e f f lu e n t  a d s o r b e d  o n  a c t iv a te d  

c a r b o n  a f te r  a n a e r o b ic  a n d  e le c t r o ly t ic  t r e a tm e n t  a re  g iv e n  in  T a b le  6 . 12. 

A f t e r  a d s o ip t io n  o n  a c t iv a te d  c a rb o n ,  C O D  a n d  B O D  v a lu e s  a re  122  a n d  9



r e s p e c t iv e ly .  C o n c e n t ra t io n  o f  p h e n o l  a n d  f re e  a m in o  a c id s  a r e  6  a n d  4 2 3 5  

m g /L . S u g a r  a n d  so lu b le  p r o te in s  w e r e  c o m p le te ly  r e m o v e d  b y  e le c t ro ly s is  

i ts e lf .  C o m p a r a t iv e ly  le ss  r e m o v a l  o f  p h e n o l  a n d  a m in o  a c id s  to o k  p la c e  b y  

a d s o rp t io n .

P re s e n c e  o f  to ta l b a c te r ia  w a s  n o t d e te c te d  a f te r  a d s o rp t io n  s in c e  

to ta l  b a c te r ia  p r e s e n t  in  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w a s  c o m p le te ly  

r e m o v e d  b y  e le c tro ly t ic  tr e a tm e n t .

6.6. Conclusion

T h e  e n d e a v o u r  w a s  to  f in d  o u t th e  e f f ic i e n c y  o f  d i f f e r e n t  c a r b o n  fo rm s  a n d  

n a n o  c la y s  to  p u r i fy  th e  p r e - t r e a te d  n a tu ra l  r u b b e r  s k im  s e m m  e f f lu e n t  f ro m  

c e n tr i f u g e  la te x  fa c to ry . T h is  s tu d y  s h o w s  th a t  c o m m e r c ia l ly  a v a i la b le  

a c t iv a te d  c a r b o n  a n d  fu rn a c e  c a r b o n  b la c k  a re  g o o d  a d s o rb e n ts  to  p u r ify  

th is  e f f lu e n t .

A c t iv a te d  c a rb o n s  p r e p a r e d  f r o m  c o c o n u t  s h e l l ,  r i c e  h u s k ,  s a w  d u s t  

a n d  te a k  w o o d  s a w  d u s t  c a n  a ls o  b e  u s e d  a s  a d s o rb e n ts  s in c e  th e s e  n a tu ra l  

s u b s ta n c e s  a re  c h e a p  a n d  e a s i ly  a v a i la b le  in  K e r a la .  O u t  o f  th e s e ,  c a rb o n  

p r e p a r e d  f ro m  c o c o n u t  s h e l l  is  th e  b e s t  a d s o rb e n t  in  te rm s  o f  C O D  re m o v a l .  

T h e  o r d e r  o f  th e i r  e f f ic ie n c y  in  te rm s  o f  C O D  a n d  B O D  r e m o v a l  is , 

c o c o n u t  s h e l l  >  r ic e  h u s k  >  te a k  w o o d  s a w  d u s t  >  s a w  d u s t .  N a n o  c la y s  a re  

a ls o  g o o d  to  r e m o v e  C O D , to ta l  n i t r o g e n  a n d  a m m o n ia c a l  n i t r o g e n .

T a b le  6 .1 3  s h o w s  c h a r a c te r is t ic s  o f  th e  e f f lu e n t  a f te r  

e l e c t r o c h e m ic a l  t r e a tm e n t  a n d  a d s o rp t io n .  A f te r  e le c t ro c h e m ic a l  t r e a tm e n t  

th e  C O D  a n d  B O D  v a lu e s  r e a c h e d  to  8 1 6  a n d  2 9 0  m g /L  r e s p e c t iv e ly .



T able 6 .1 3 . C h a ra c te r is t i c s  o f  e f f lu e n t  a f te r  t r e a tm e n t

Type of treatment
Q
O
U

Q
O
PQ 5 g

c

°00
13 c3
H  w

. 1 ^  
E y

"o
§

After electrolytic
Treatment 816 290 3480 2580 7 nil nil 4322 7

After adsorption
on activated 122 9 1740 1728 6 nil nil 4235 6
carbon

(All values are expressed in mg/L)

A f te r  a d s o r p t io n  o n  a c t iv a te d  c a r b o n  th e  v a h ie s  o f  C O D , B O D  a n d  

p h o s p h a te  a r e  1 2 2 , 9  a n d  6  m g /L  r e s p e c t iv e ly  w h ic h  ai'e  b e lo w  th e  l im i ts  

p r e s c r ib e d  b y  th e  P o l lu t io n  C o n t ro l  B o a rd .  B u t  f u r th e r  t r e a tm e n t  is  n e e d e d  

f o r  th e  c o m p le t e  r e m o v a l  o f  T K N , A N  a n d  a m in o  a c id s .  T o ta l  s u g a r  a n d  

s o lu b le  p r o te in  w e r e  c o m p le te ly  r e m o v e d  th o u g h  t r a c e  o f  p h e n o l  w a s  

d e t e c te d  in  th e  p u r i f i e d  e f f lu e n t .
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GAMMA RADIATION TREATMENT

7.1, Introduction

R a d ia t io n  t r e a tm e n t  is  e m e r g in g  a s  a n  e n v i r o n m e n t  f r ie n d ly  te c h n o lo g y  fo r  

r e c y c l in g  w a s te w a te r .  T o  o v e r c o m e  th e  p ro b le m  o f  p o l lu ta n ts  w h ic h  p o s e  a  

s e r io u s  th r e a t  to  p u b l ic  h e a l th ,  i t  is  e s s e n t ia l  to  d e v e lo p  c o s t  e f f e c t iv e  a n d  

e n v i r o n m e n t- f r ie n d ly  te c h n o lo g ie s .  R a d ia t io n  s y s te m s  l ik e  g a m m a  ra y , 

e le c tro n  b e a m , u l t r a v io le t  a n d  x -  r a y  a re  c u r r e n t ly  b e in g  u s e d  to  t r e a t  w a s te  

a n d  w a s te w a te r .

G a m m a  r a d ia t io n  h a s  b e e n  w id e ly  a c c e p te d  a s  a  m e th o d  o f  

w a s te w a te r  t r e a tm e n t  a n d  d is in fe c t io n .  U n l ik e  U V  r a d ia t io n ,  g a m m a  ra y s  

a re  h ig h ly  p e n e tr a t in g .  G a m m a  r a d ia t io n  h a s  th e  a b i l i ty  to  a l te r  o r g a n ic  a n d  

in o r g a n ic  m o le c u le s  a n d  th is  e f f e c t  h a v e  a p p l ic a t io n  o n  te r t ia r y  t r e a tm e n t  

p r o c e s s '.  R a d ia t io n  te c h n o lo g y  is  a n  e n v i r o n m e n t - f r i e n d ly  a p p r o a c h  fo r  

c le a n in g  c o n ta m in a te d  g r o u n d  w a te r  a n d  in d u s t r ia l  w a s te w a te r .  R a d ia t io n  

te c h n o lo g ie s  t r e a t  m u l t i - c o m p o n e n t  w a s te  s t r e a m s  a n d  d o  n o t  r e q u ir e  a n y  

h a z a r d o u s  c h e m ic a l  a d d i t iv e s ,  n o r  d o e s  i t  c r e a te  a n y  s e c o n d a r y  w a s te s .  

A d v a n c e d  o x id a t io n  p r o c e s s  u s in g  g a m m a  ra y s  is  u s e d  f o r  t r e a t in g  

in d u s t r ia l  e f f lu e n ts  th a t  a r e  v e r y  h a r d  to  b e  t r e a te d  b y  c o n v e n t io n a l  

m e th o d s " .  T h e  m e c h a n is m  o f  c h a in  r e a c t io n s  w h ic h  in v o lv e s  h y d r o x y l  a n d  

h y d r o p e r o x y  r a d ic a ls  ( d u e  to  th e i r  h ig h  r e a c t iv i ty  a n d  lo w  s e le c t iv i ty ) ,  

e n a b le s  th e  a p p l ic a t io n  o f  th e  p r o c e s s  to  a  l a r g e  n u m b e r  o f  c o m p o u n d s  

p r e s e n t  in  th e  w a s te w a te r ,  e s p e c ia l ly  f o r  d e c o lo u ra t io n .  A d v a n ta g e s  o f  th e  

m e th o d  m a in ly  a re  (i)  it d o e s  n o t  c r e a te  b y - p ro d u c ts ,  ( th a t  m a y  c a u s e



s e c o n d a r y  p o l lu t io n  o f  th e  e n v i r o n m e n t) ,  ( i i)  e l im in a t io n  o f  th e  h a z a r d  o f  

o v e r d o s in g  o f  o x id iz in g  a g e n ts ;  a n d  ( i i i )  h ig h  p r o c e s s  r a te  a n d  e f f ic i e n c y .  

T h r o u g h  p r im a r y  a n d  s e c o n d a r y  p r o d u c ts  o f  w a te r  r a d io ly s is ,  th e  io n iz in g  

r a d ia t io n  c a u s e s  th e  d e c o m p o s i t io n  o f  o r g a n ic  c o m p o u n d s  c o n ta in e d  in  

w a te r .  I t  w a s  f o u n d  th a t  th e  p r e s e n c e  o f  o x y g e n  in  th e  s o lu t io n  h a d  a 

p o s i t iv e  e f f e c t  o n  th e  r a te  o f  d e s t r u c t io n  p r o c e s s  d u e  i ts  c o n t r ib u t io n  in  th e  

c h a in  p r o c e s s  o f  o x id a t io n .  T h e  m e c h a n is m  o f  th e  p r o c e s s  is  c o m p le x  

b e c a u s e  o f  v a r io u s  a g e n ts  th a t  in i t ia t e  th e  d e c o m p o s i t io n  a n d  a  n u m b e r  o f  

c o n s e c u t iv e  r e a c t io n s  th a t  f o l lo w . A s  a  r e s u l t ,  th e re  is  a  v a r ie ty  o f  

in te r m e d ia te  a n d  f in a l  p ro d u c ts ^ .

T h e  d e v e lo p m e n t  o f  n e w  te c h n o lo g ie s  w h ic h  a r e  a b le  to  m in im iz e  

d is c h a r g e s  a r e  e s s e n t i a l  s in c e  u n p o l lu te d  w a te r  is  n e c e s s a r y  f o r  h u m a n  

b e in g s .  T h e  c h e m ic a l  p r o c e s s e s  th a t  a r e  t r ig g e r e d  b y  r a d ia t io n  o f  w a te r  a r e  

k n o w n . T h e r e f o r e ,  r a d ia t io n  p r o c e d u re s  c o u ld  b e  a d v a n ta g e o u s  in  

e n v i r o n m e n ta l  a p p l ic a t io n s  c o m p a r e d  to  o th e r  te c h n iq u e s .  R a d ia t io n  is  a  

f le x ib le  p r o c e s s  in  c o m p a r is o n  to  c h e m ic a l  p r o c e s s  b e c a u s e  o f  i ts  s a f e ty  a n d  

u n p o l lu t in g  m echan ism "* .

7.2. Forms of radioisotopes and their applications

R a d io is o to p e s  a re  u s e d  f o r  n u c le o n ic  c o n t r o l  s y s te m s ,  r a d ia t io n  p r o c e s s in g ,  

n o n - d e s t r u c t iv e  te s t in g  ( N D T )  a n d  in  r a d io t r a c e r  s tu d ie s .  S e a le d  n e u t r o n  

s o u r c e s  o f  C s -1 3 7 ,  C o - 6 0 ,  A m - 2 4 1 ,  K r - 8 5 ,  P m - 1 4 7 , S r - 9 0 /Y -9 0 ,  T l - 2 0 4 ,  

C f - 2 5 2 ,  N i -  6 3 , F e - 5 5 ,  C d - 1 0 9 ,  C o - 5 7  a n d  A m - B e - 2 4 1  a r e  u s e d  in  

n u c le o n ic  c o n t r o l  s y s te m s .  C o b a l t - 6 0  in  th e  f o rm  o f  h ig h  in te n s i ty  s o u r c e s  

is  th e  m a in  is o to p e  u s e d  f o r  r a d ia t io n  p r o c e s s in g .  I r - 1 9 2  s o u r c e s  a r e  u s e d  in  

m o r e  th a n  9 0 %  o f  th e  g a m m a  r a d ia t io n  d e v ic e s .  T h e r e  is  c o n s id e r a b le  

in te r e s t  in  th e r a p y  u s in g  r a d io p h a r m a c e u t ic a l s .  T h e  r a n g e  o f  is o to p e s  a n d



th e i r  p r o d u c ts  in  r e g u la r  u s e  is  e x p e c te d  to  e x p a n d  s ig n i f ic a n t ly .  A  la rg e  

n u m b e r  o f  i s o to p e s  in  v a r io u s  c h e m ic a l  f o rm s  a re  u s e d  a s  t r a c e r s  in  

in d u s t ry .  I d e n t i f ic a t io n  a n d  c o n s e r v a t io n  o f  a r t  o b je c ts  a n d  a r t i f a c ts  b y  

n e u t r o n  a c t iv a t io n  a n a ly s is ,  c a r g o  in s p e c t io n ,  s te r i l i s a t io n  o f  m e d ic a l  

d e v ic e s ,  fo o d  ir ra d ia tio n ,  n o n - d e s t r u c t iv e  te s t in g  (N D T ) ,  a n d  m o d if ic a t io n  

o f  p o ly m e r s  a re  th e  m a jo r  a re a s  o f  a p p lic a tio n ^ '^ . C o b a l t - 6 0  is  a  d e l ib e r a te ly  

p r o d u c e d  r a d io  a c tiv e  i s o to p e  a n d  th e  s a m e  is  u s e d  in  th e  t r e a tm e n t  o f  

c a n c e r  p a t ie n t s  in  h o s p ita ls .  C e s iu m - 137  is  th e  m a jo r  c o m p o n e n t  o f  n u c le a r  

w a s te  m a te r ia l ,  w h ic h  is  a  b y - p r o d u c t  o f  n u c l e a r  p o w e r  p la n ts  a n d  is  

th e re fo r e  a v a i la b le  a s  a s o u r c e  o f  g a m m a  r a y s  f o r  w a te r  p u r i f ic a t io n ,  a n d  

th e re b y  d im in is h e s  th e  a m o u n t  o f  c h lo r in e  r e q u i r e d  f o r  d i s i n f e c t i o n ‘.

G a m m a  r a y s ,  e le c tro n  b e a m  o r  io n  b e a m  a re  u s e d  to  r e d u c e  h a rm fu l  

in d u s t r ia l  e m is s io n s  lik e  S O x  a n d  N O x  a n d  to  r e p r o c e s s  w a s te  s t r e a m s .  T h e  

o th e r  p o s s ib le  a p p l ic a t io n  o f  th e  te c h n o lo g y  is  in  th e  t r e a tm e n t  o f  v o la t i le  

o r g a n ic  c o m p o u n d  (V O C )  a n d  p o ly c y c l i c  h y d r o c a r b o n s  e .g . in  th e  g a s  

p u r i f i c a t io n  u n i ts  o f  m u n ic ip a l  w a s te  in c in e r a to r  p la n ts ^ . T h e  e le c t r o n  b e a m  

f lu e  g a s  t r e a tm e n t  p la n ts  a r e  o p e r a t in g  in  th e  c o a l - f i r e d  p o w e r  p la n ts  in  

C h in a  a n d  P o la n d .  R a d ia t io n  te c h n o lo g y  b e in g  a  c le a n  a n d  e n v i r o n m e n t  

f r ie n d ly  p r o c e s s  h e lp s  to  c u rb  p o l lu t a n t s ’ e m is s io n * . S te r i l i s a t io n  o f  w a s te  

s t r e a m s  a n d  s lu d g e  h y g e n is a t io n  a re  o th e r  a p p l ic a t io n s  o f  r a d ia tio n ^ .

U s e  o f  g a m m a  ir r a d ia to r s  in  th e  d is in f e c t io n s  o f  s e w a g e  s lu d g e  h a s  

b e e n  d e m o n s tr a te d  o n  a  fu ll  s c a le  b a s is  a t  a  p la n t  n e a r  M u n ic h ,  G e r m a n y  

a n d  a t  a  b io m e d ic a l  w a s te  s te r i l i s e r  in  A rk a n s a s ,  U S A  f o r  th e  t r e a tm e n t  o f  

h o s p i ta l  w a s te s .  I ts  u s e  f o r  d e g r a d a t io n  o f  to x ic s  in  s o i l s  is  c u r r e n t ly  u n d e r  

in v e s t ig a t io n .  S im i la r ly  e le c t ro n  b e a m  h a s  b e e n  p r o v e n  e f f e c t iv e  in  th e  

d is in f e c t io n s  o f  d r in k in g  w a te r  a n d  w a s te w a te r .  M o r e  r e c e n t ly ,  i t  h a s  b e e n  

u s e d  in  p i lo t  s c a le  s tu d ie s  to  b r e a k  d o w n  c o n ta m in a n ts  in  s o i ls  a n d



in d u s t r ia l  w a s te  s lu r r ie s .  I r r a d ia t io n  f a c i l i t i e s  f o r  t r e a tm e n t  o f  w a te r  h a v e  

b e e n  c o n s t r u c te d  in  m a n y  c o u n t r i e s  o f  th e  w o r ld ’ .

In  p i lo t  p la n t  a n d  in d u s t r ia l  in s ta l l a t io n s ,  th e  a d v a n c e d  o x id a t io n  

p r o c e s s  h a s  b e e n  u s e d  in  th e  t r e a tm e n t  o f  d r in k in g  a n d  in d u s t r ia l  w a te r .  A t  

p r e s e n t ,  s u c h  in s t a l l a t io n s  a re  u s e d  f o r  w a s te w a te r  t r e a tm e n ts  in  s e v e r a l
_ Q Q ___

c o u n t r ie s ,  in c lu d in g  G e r m a n y ,  F ra n c e ,  C a n a d a  a n d  U n i te d  S ta te s  ’ . T h e  

f ir s t  la r g e - s c a le  p la n t  w a s  th e  G e is e lb u l la c h  g a m m a  s lu d g e  i r r a d ia to r ,  

c o n s t ru c te d  in  G e r m a n y  in  1 9 7 3 . A n o th e r  c o m m e r c ia l  a p p l ic a t io n ,  a l s o  in  

G e r m a n y ,  is  th e  u s e  o f  i r r a d ia t io n  to  r e d u c e  b io lo g ic a l  f o u l in g  o f  d r in k in g  

w a te r  w e l l s ’ .

R e s e a r c h  a n d  d e v e lo p m e n t  o n  th e  u s e  o f  e le c t r o n  a c c e le r a to r s  f o r

e n v i r o n m e n ta l  c o n s e r v a t i o n  in  K o r e a  h a v e  c o v e r e d  w a te r  a n d  w a s t e w a t e r

t r e a tm e n t  a n d  a i r  p o l lu t i n g  w a s te  t r e a tm e n t .  I n v e s t i g a t io n  w a s  in  p r o g r e s s  

in  th e  a p p l i c a t io n  o f  r a d ia t io n  te c h n iq u e  f o r  th e  t r e a tm e n t  o f  d y e s  in  

w a s te w a te r ^ ’'^  ''^ a n d  a  p i l o t  p la n t  f o r  d y e  f a c to r y  w a s t e w a te r  t r e a tm e n t  

e q u ip p e d  w i th  a n  e l e c t r o n  a c c e le r a to r  h a s  b e e n  c o n s t r u c te d  in  S o u th  

K o r e a '- \

T h o u g h ,  e m p lo y m e n t  o f  r a d ia t io n  te c h n iq u e s  in  w a s te w a te r

tr e a tm e n t  o n  a n  in d u s t r i a l  s c a le  is  r a th e r  n o n - e x is t e n t ;  o f  la te ,  m u c h  in te r e s t  

is  e v in c e d  o n  th e  p o te n t ia l  o f  u s in g  g a m m a  r a d ia t io n  in  th e  t r e a tm e n t  o f  

m u n ic ip a l  a n d  in d u s t r ia l  w a s te w a te r  a n d  d r in k in g  w a te r^ ’*®. R a d ia t io n  

c o m b in e d  w i th  b io lo g ic a l  p r o c e s s e s  w a s  u s e d  in  th e  t r e a tm e n t  o f  

w a s te w a te r  o r ig in a t in g  f r o m  p r o d u c t io n  o f  a n t ib io t ic s  a n d  m e ta l lu r g y  w h e r e  

la rg e  q u a n t i t ie s  o f  d e te r g e n ts  a n d  f a ts  a re  u s e d  in  th e  p r o d u c t io n

p ro c e s s ^ ’'®’' ’ . P ik a e v '^  c o n d u c te d  e le c t r o n - b e a m  p u r i f i c a t io n  o f  w a s t e w a te r



f ro m  c a r b o x y l ic  a c id s  a n d  r e m o v a l  o f  p e t r o l e u m  p r o d u c ts  ( d ie s e l  fu e l ,  

m o to r  o il  a n d  r e s id u a l  fu e l o il)  f ro m  w a te r  b y  g a m m a  i r r a d ia t io n .

I n v e s t ig a t io n s  o n  th e  e f f e c t  o f  g a m m a  r a d ia t io n  o n  p o l io v i r u s  

in f e c t iv i ty  s e e d e d  in  s lu d g e  s a m p le s ,  e l im in a t io n  o f  th e  e n d o c r in e -  

d i s r u p t in g  a c t iv i ty  ( ‘f e m in iz a t io n ’) o f  17 b e ta - e s t r a d io l  u s in g  r e a c t iv e  

s p e c ie s ,  r e d u c t io n  in  th e  p o p u la t io n  o f  c o l ip h a g e ,  to ta l  c o l i f o r m s  a n d  to ta l  

f lo r a  p r e s e n t  in  r a w  s e w a g e  a n d  s e c o n d a r y  e f f lu e n t ,  c o m p a r is o n  o f  th e  

to x ic i ty  r e s p o n s e s  o f  i r ra d ia te d  w a s te w a te r  e f f lu e n t  s a m p le s  to  c h lo r in a te d  

m u n ic ip a l  w a s te w a te r  e f f lu e n t  s a m p le s  a n d  t r e a tm e n t  o f  s e v e r a l  a n im a l  

v iru s e s  f o u n d  in  e f f lu e n t  f ro m  a n  a n im a l  d is e a s e  la b o r a to r y  h a v e  b e e n  

r e p o r te d

J u n g  e t  a l in v e s t ig a te d  r a d ia t io n  t r e a tm e n t  u s in g  g a m m a  r a y s  in  

o r d e r  to  r e c la im  th e  s e c o n d a ry  e f f lu e n t  f ro m  a  s e w a g e  t r e a tm e n t  p la n t  a t  a  

d o s e  o f  15 kG y^^. G a m m a  ra y s  e f f e c t iv e ly  d is in f e c te d  m ic r o o r g a n is m s  a n d  

c o m p le te ly  r e m o v e d  th e m  a t  a  d o s e  o f  0 .3  k O y .  R a d ia t io n  t r e a tm e n t  

r e d u c e d  B O D  b y  8 5 %  ir r e s p e c t iv e  o f  th e  a b s o rb e d  d o s e ,  a n d  th e  r e m o v a l  o f  

C O D , T O C  a n d  c o lo u r  w e r e  u p  to  6 4 % , 3 4 % , a n d  8 8 % , r e s p e c t iv e ly ,  a t  a  

d o s e  o f  15 k G y .

T h e  e f f e c t  o f  g a m m a - r a y  r a d io ly s is  o f  a q u e o u s  p h e n o l  s o lu t io n s  

d is p e r s in g  T i 0 2  a n d  A I2O 3 n a n o p a r t ic le s  w a s  s tu d ie d  a n d  f o u n d  th a t  o rg a n ic  

c o m p o u n d s ,  in c lu d in g  p h e n o l  a n d  a r o m a t ic  in te r m e d ia te s  in d u c e d  b y  

r a d io ly s is ,  w e r e  e f f e c t iv e ly  r e m o v e d  f r o m  th e  a q u e o u s  p h a s e  in  th e  

p r e s e n c e  o f  th e  n a n o p a r tic le s^ ^ .

T h e  a p p l ic a t io n  o f  a  5 0 0 0  C i c o b a l t - 6 0  g a m m a  r a d ia t io n  s o u r c e  a s  a  

s u r r o g a te  f o r  e le c t ro n  b e a m  i r r a d ia t io n  is  p o te n t ia l ly  a n  e m e r g in g  

te c h n o lo g y  f o r  w a s te w a te r  tr e a tm e n t .  A  p r e l im in a r y  s tu d y  to  t r e a t  p a p e r



m il l  b le a c h  e f f lu e n t  s h o w e d  th a t  f o r  a n  a b s o r b e d  d o s e  o f  8 0 0  k x ad s , C O D  

w a s  r e d u c e d  b y  1 3 .5 5  M e e r o f f  e t  a l  c o n d u c te d  la b o r a to r y  a n d  p i lo t  te s t  

s tu d ie s  to  in v e s t ig a te  th e  u s e  o f  io n iz in g  r a d ia t io n  a t  a n  a c t iv a te d  s lu d g e
OS

w a s te w a te r  t r e a tm e n t  p la n t"  . A  d o s e  o f  2 -3  k G y  w o u ld  b e  s u c c e s s f u l  f o r  

b u lk in g  c o n t r o l  a n d  r a d ia t io n  a s s is te d  a n a e r o b ic  d ig e s t io n .

P ik a e v  s tu d ie d  r a d ia t io n  p u r i f i c a t io n  o f  w a s te w a te r  f r o m  s u r fa c ta n t  

a n d  p e t r o l e u m  p r o d u c ts ,  d y e in g  c o m p le x  a n d  p a p e r  m i l P .  H e  in v e s t ig a te d  

th e  r e m o v a l  o f  h e a v y  m e ta l s  (C d , P b , C r ,  &  H g )  f r o m  w a te r  a n d  

w a s te w a te r ,  d e c o m p o s i t io n  o f  s o m e  d y e s ,  h y d r o g e n  p e r o x id e ,  c h lo r in e -  

c o n ta in in g  o r g a n ic  c o m p o u n d s  a n d  f o r m ic  a c id  u s in g  e le c t r o n - b e a m  

t r e a tm e n t  in  c o m b in a t io n  w i th  o r d in a r y  m e th o d s  (b io lo g ic a l ,  c o a g u la t io n ,  

a d s o r p t io n ,  f lo ta t io n  e tc ) .  G a m m a - i r r a d ia t io n  s h o w e d  e f f e c t iv e  o r g a n ic  

c o n ta m in a n t  d e c o m p o s i t io n  a n d  r e s u l t e d  in  th e  r e d u c t io n  o f  B O D , c o lo u r ,  

C O D  a n d  to ta l  o r g a n ic  c a r b o n  d u r in g  th e  t r e a tm e n t  o f  s e c o n d a r y  e f f lu e n t  

f r o m  a  s e w a g e  t r e a tm e n t  plant^ '^ .

A  s tu d y  w a s  c o n d u c te d  b y  B a s f a r  e t  a P '  to  d e te r m in e  th e  

e f f e c t iv e n e s s  o f  g a m m a  i i r a d ia t i o n  in  th e  d i s in f e c t io n  o f  w a s te w a te r ,  a n d  

th e  im p r o v e m e n t  o f  th e  w a te r  q u a l i ty  b y  d e te r m in in g  th e  c h a n g e s  in  o r g a n ic  

m a t te r  a s  in d ic a te d  b y  th e  m e a s u r e m e n ts  o f  B O D , C O D  a n d  T O C . T h e  

s tu d ie s  w e r e  c o n d u c te d  u s in g  a  la b o r a to r y  s c a le  C o - 6 0  g a m m a  s o u r c e .

A n  in d u s t r ia l  p la n t  f o r  w a s te w a te r  t r e a tm e n t  is  u n d e r  d e v e lo p m e n t  

in  K o r e a  a n d  a  p i l o t  p la n t  f o r  s e w a g e  s lu d g e  i r r a d ia t io n  h a s  b e e n  in  

o p e r a t io n  in  I n d ia  f o r  m a n y  y e a r s .  T h e r e  a r e  o v e r  1 6 0  g a m m a  in d u s t r ia l  

i r r a d ia to r s  a n d  1 3 0 0  e le c t r o n  in d u s t r ia l  a c c e le r a to r s  in  o p e r a t io n  w o r ld
Q

w id e  . I n d i a ’s s lu d g e  h y g ie n iz a t io n  r e s e a r c h  r a d ia to r  (S H R I )  in  V a d o d a ra ,  

f u rn is h e d  w i th  C o - 6 0  g a m m a  s o u r c e  h a s  b e e n  o p e r a t in g  s in c e  1 9 9 2  a n d  is



th e  s e c o n d  s u c h  p la n t  in  th e  w o r ld .’  A  r a d ia t io n  d o s e  o f  a b o u t  3 k G y  

d e l iv e r e d  to  th e  s e w a g e  s lu d g e  e n s u re s  r e m o v a l  o f  m o r e  th a n  9 9 .9  %  o f  

d is e a s e  c a u s in g  b a c te r ia .  T h e  i r r a d ia te d  s lu d g e  is  “ p a th o g e n  f r e e ”  w h ic h  

c a n  b e  b e n e f ic ia l ly  u s e d  a s  m a n u re  in  th e  a g r ic u l tu r a l  f ie ld s  a s  i t  is  r ic h  in  

n u tr ie n ts  r e q u i r e d  f o r  th e  so il .  A t  p r e s e n t  th is  is  th e  o n ly  o p e r a t io n a l  p la n t  

in  th e  w o r ld  f o r  d e m o n s tr a t in g  th is  te c h n o lo g y ^ ^ .

R a d ia t io n  t r e a tm e n t  o f  s e w a g e  s lu d g e  o f fe r s  a n  e f f ic ie n t ,  s im p le  

r e l i a b le  m e th o d  to  p r o d u c e  p a th o g e n  f re e  sludge. The  w a s te w a te r  sludge  

g e n e r a te d  b y  a  s e w a g e  p la n t  is  v e ry  o d o r o u s  a n d  c o n ta in s  a  h ig h  le v e l  o f  

p a th o g e n s  w h ic h  l im i ts  i ts  r e u s e ,  w h ic h  is  o th e rw is e  a  r ic h  s o u r c e  o f  

n u tr ie n ts .  I ts  d is p o s a l  in  th e  p r e s e n t  f o rm  is  a n  e c o n o m ic  lo s s  to  th e  

c o u n try .  F u r th e r  p r o c e s s in g  o f  th e  s lu d g e  to  r e d u c e  o d o u r  a n d  p a th o g e n s  is  

th e r e f o r e  n e c e s s a r y ,  b e f o r e  b e n e f ic ia l  u t i l iz a t io n .  T h u s  th e re  e x i s ts  a  n e e d  

to  f u r th e r  e x te n d  th e  t r e a tm e n t  p r o c e s s e s  to  in c lu d e  a  s te p  th a t  e n s u re s  

r e m o v a l  o f  th e  p a th o g e n ic  b a c te r ia  w ith  h ig h  d e g r e e  o f  r e l ia b i l i ty .  T h e  m a in  

a d v a n ta g e  o f  th e  g a m m a  ra d ia t io n  t r e a tm e n t  is  th e  a b i l i ty  to  in a c t iv a te  

p a th o g e n s  w i th  a  h ig h  d e g r e e  o f  r e l i a b i l i ty  a s s o c ia te d  w i th  th e  p r o c e s s  in  a  

c le a n  a n d  e f f ic i e n t  m a n n e r  a n d  e a s y  o p e r a t io n  a n d  m a in te n a n c e  o f  th e  

p la n t .  I n d ia ’s M in i s t r y  o f  E n v ir o n m e n t  a n d  F o re s ts  h a s  e x p r e s s e d  in te r e s t  in  

r a d ia t io n  te c h n o lo g y  fo r  la rg e  s c a le  t r e a tm e n t  o f  m u n ic ip a l  s e w a g e  e f f lu e n t  

in  c i t ie s  a lo n g  th e  G a n g a  R iv e r  in  N o r th  In d ia  ’ .

S in c e  th e re  is  a  g r o w in g  in te r e s t  in  a d v a n c e d  o x id a t io n  p ro c e s s e s  

l ik e  r a d ia t io n  te c h n o lo g y  to  t r e a t  w a s te w a te r ,  a  s tu d y  w a s  in i t ia t e d  to  a p p ly  

th is  m e th o d  in  c o m b in a t io n  w i th  c h e m ic a l  o x id a n ts  ( F e n to n ’s r e a g e n t)  to  

t r e a t  s k im  s e ru m  e f f lu e n t  f ro m  c e n tr i f u g in g  r u b b e r  la te x  f a c to ry .



7.3. Theory of gamma radiation treatment

T h e  a c t io n  o f  io n iz in g  r a d ia t io n  o n  w a te r  r e s u l t s  in  th e  f o r m a t io n  o f  

io n s  a n d  e x c i te d  s ta te  e le c t ro n s  c lo s e  to  i ts  p a th s  o r  t r a c k .  T h e  e l e c t r o n s  s o  

f o rm e d  h a v e  s u f f i c ie n t  e n e r g y  to  io n iz e  a  f e w  o th e r  m o le c u le s  o f  w a te r .  T h e  

c lu s te r s  o f  io n s  th u s  p r o d u c e d  a re  c a l le d  ‘s p u r s ’. A  f e w  o th e r  m o le c u le s  o f  

w a te r ,  lo c a te d  a  l i t t l e  f u r th e r  a w a y , b p c o m e  e x c i te d .

T h e  s e c o n d a r y  e le c tro n ,  a f te r  lo s in g  i t s  e n e r g y  is  s o lv a te d  s o m e  

d is t a n c e  a w a y ,  f o r m in g  a  h y d r a te d  e le c t ro n .  T h e  m o th e r  io n  a l s o  r e a c ts  w i th  

w a te r  m o le c u le  p r o d u c in g  a n  O H  r a d ic a l .  T h e  e x c i te d  w a te r  m o le c u le  e i th e r  

lo s e s  i ts  e n e r g y  o r  d e c o m p o s e s  in to  H  a n d  O H  r a d ic a ls  w h ic h  s u b s e q u e n t ly  

r e c o m b in e  to  g iv e  w a te r  a s  th e y  a re  f o r m e d  c lo s e  to g e th e r .

T h e  H  a n d  O H  ra d ic a ls  f o rm e d ,  r e a c t  w i th  e a c h  o th e r  in  th o s e  r e g io n s  

w h e r e  th e i r  c o n c e n t r a t io n  is  h ig h .  W h e n  l in e a r  e n e r g y  t r a n s f e r  o f  r a d ia t io n  

in c r e a s e s ,  th e  r e c o m b in a t io n  o f  r a d ic a ls  a m o n g  th e m s e lv e s  b e c o m e s  m o r e ,  

l e a d in g  to  d e c r e a s e  in  r a d ic a ls  a n d  a n  in c r e a s e  in  H 2 a n d  H 2O 2 p ro d u c tio n ^ ^ . 

T h e  m a jo r  r e a c t io n s  in  th e  r a d io ly s i s  o f  w a te r  a r e  g iv e n  below ^'^ .

H 2O  H 2 0 ^  e '  a n d  H 2O*

H sO ^  +  H 2O  ____ ► H a O ^  +  O H

H 2O* ------- ► H 2O

e  ■ +  n H 2 0  ^  e'aq ( h y d ra te d  e le c t ro n )

e  'aq +  H 2O  _____^  H  +  O H '



e  'aq +  O H

e  aq +

2 H

H  +  O H  

2 0 H

O H  +  H 2O 2 

2 H O 2

H 2 + O H

O H '

H  +  O H  

H 2 

H 2O  

H 2O 2

H 2O  + H O 2 

H 2O 2 +  O 2

T h e  r e a c t io n s  d e p e n d e n t  o n  p H , im p u r i t ie s ,  te m p e r a tu re ,  O H  r a d ic a ls ;  H  

r a d ic a ls  a n d  h y d r a te d  e le c t ro n s  ( e 'a q )  a r e  f o rm e d  a s  a  r e s u l t  o f  r a d io ly s i s  o f  

water^"^. B a s e d  o n  th is ,  th e  o v e r a l l  e q u a t io n  f o r  r a d io ly s is  o f  w a te r  m a y  b e  

w r i t te n  as

H 2O e-an, H , O H , H 2 ,H 2 0 2

In  a c id ic  s o lu t io n s  th e  h y d r a te d  e le c t ro n s  a re  c o n v e r te d  to  h y d r o g e n  

a to m s . In  a lk a l in e  s o lu t io n s ,  h y d r o g e n  a to m s  a re  c o n v e r te d  to  h y d r a te d  

e le c t ro n s  a n d  th e re  is  io n iz a t io n  o f  O H  ra d ic a ls .  W h e n  o x y g e n  is  p r e s e n t  in  

th e  s o lu t io n ,  H  a n d  e'aq r e a c t  v e r y  f a s t  w i th  it.  In  n e u t r a l  a n d  a lk a l in e  

s o lu t io n s  H O 2 a l s o  io n iz e s .  T h e  y ie ld  o f  p r im a r y  r a d ic a l  a n d  m o le c u la r  

p r o d u c ts  d e p e n d s  o n  p H  o f  th e  so lu tio n s^ ^ .

I n  a q u e o u s  s o lu t io n s ,  th e  p r im a r y  s p e c ie s  e i th e r  in te r a c t  a m o n g  

th e m s e lv e s  o r  w i th  th e  d is s o lv e d  s o lu te  a s  m e n tio n e d  e a r l ie r .  T h e  r e a c t io n s



o f  p r im a r y  s p e c ie s  w i th  s o lu te s  a re  (i) o x id a t io n  ( ii)  r e d u c t io n  ( i i i )  a d d i t io n  

( iv )  a b s t r a c t io n  (v )  e l e c t r o n  t r a n s fe r .  T h e  r e a c t io n s  w i th  th e  o r g a n ic  s o lu te s  

a re  a d d i t io n ,  a b s t r a c t io n  a n d  e le c t ro n  t r a n s f e r ,  w h e r e a s  r e a c t io n s  w i th in  

o r g a n ic  s o lu te s  a r e  g e n e r a l ly  o x id a t io n - r e d u c t io n .  T h e  in i t ia l  p r o d u c ts  f ro m  

th e  r e a c t io n  o f  p r im a r y  r a d io ly t ic  s p e c ie s  w i th  d is s o lv e d  s o lu te s  m a y  

f u r th e r  u n d e r g o  v a r io u s  ty p e s  o f  r e a c t io n s  d e p e n d in g  u p o n  th e  ty p e  o f  th e  

s y s te m  b e in g  i r r a d ia te d .  T h e s e  r e a c t io n s  m a y  b e  d i f f e r e n t  in  th e  p r e s e n c e  

a n d  a b s e n c e  o f  o x y g e n ^ ^ .

T h e  p r im a r y  p r o d u c ts  o f  w a te r  r a d io ly s is ,  w h ic h  a re  f o r m e d  a s  a  

r e s u l t  o f  io n iz in g  r a d ia t io n  f o r m  p e r o x id e  (H O V ) r a d ic a ls  in  th e  r e a c t io n s

w i th  o x y g e n  d is s o lv e d  in th e  system ^'"’

H 2O ^ H ' +  O H ' +  e..r| ( 1 )

H - + 0 2 ► H O a- (2 )

Caq +  O2 ----------^  O2- (3 )

02' + H - ^ -► H 0 2 ’ , p K = 4 .8 8 (4 )

D e c o m p o s i t io n  o f  o r g a n ic  m o le c u le s  w il l  ta k e  p la c e  in  w a te r  s o lu t io n s  

e x p o s e d  to  io n iz in g  r a d ia t io n ,  b y  th e  h y d r o x y l  O H ’ r a d ic a ls  f o r m e d  d u r in g  

w a te r  ra d io ly s is^ ^ .

R H  Y ^ R -  +  H- (5 )

R H  +  O H  • ----------► R  • +  H 2O  (6 )

R - + 0 2  ---------- ► R 0 2 ‘ (7 )

In  a d v a n c e d  o x id a t io n  p r o c e s s  0 H ‘ h a s  g o t  a  p r e d o m in a n t  f u n c t io n  

in  th e  d e c o m p o s i t io n  o f  o r g a n ic  m olecule^"*. T h e  m e c h a n is m  o f  g e n e r a t in g



0 H ‘ r a d ic a ls  in  w a te r  a n d  th e i r  r e s to r a t io n  in  c h a in  r e a c t io n s  w i th  o z o n e , 

h y d r o g e n  p e r o x id e  a n d  U V  ra d ia t io n  h a s  b e e n  p r e s e n te d  b y  B enitez^® . 

R e a c t io n s  o f  w a s te w a te r  p la y  a n  im p o r ta n t  r o le  in  th e  d e c o m p o s i t io n  o f  

im p u r i t ie s  b y  r a d ia t io n .  T h e  h ig h e s t  d e c o m p o s i t io n  w a s  o b ta in e d  a t  n e u t r a l  

o r  s l ig h t ly  a lk a l in e  pH ^^.

T h e  r a d io i s o to p e  m o s t  c o m m o n ly  u s e d  in  m a k in g  o f  h ig h  in te n s i ty  

r a d ia t io n  s o u r c e s  is  C o -6 0 . I t  is  an  is o to p e  fo rm e d  b y  th e rm a l  n e u t ro n  

c a p tu r e  in  a  n u c l e a r  r e a c to r  f r o m  C o - 5 9

C o  +  n  ____ ^  C o  +  y

C o  _____( !_ ►  N i +  2  Y

C o -6 0  is  a  b e ta  e m it te r  a n d  th e  e m is s io n  o f  tw o  g a m m a  ra y s  f ro m  N i-  

6 0  h a v in g  e n e r g y  o f  1 .33 a n d  1 .17  M e V  c o m b in e d  w ith  a  u s e fu l  h a l f - l i f e  o f  

5 .3  y e a r s  m a k e s  it  a  u s e fu l  r a d io is o to p e .  C a e s iu m -1 3 7  is  a n o th e r  u s e fu l  

r a d io is o to p e  w h ic h  is  f o rm e d  f ro m  th e  f is s io n  o f  U -2 3 5  in  a  n u c le a r  re a c to r .  

C a e s iu m -1 3 7  is a ls o  p r im a r i ly  b e ta  e m it te r  b u t  i ts  d a u g h te r  p r o d u c t  B a -1 3 7  

(h a lf -  l i f e  2 .6  m in )  is  a  s o u rc e  o f  0 .6 6  M e V  g a m m a  ra y s . C a e s iu m - 137  h a s  a  

h a l f  l i f e  o f  3 0  y e a rs .  A  C o -6 0  s o u rc e  is  u s u a l ly  k e p t  in  th e  f o rm  o f  m e ta l  

s lu g , p e l le t  o r  ro d . T h e y  a re  d o u b ly  e n c a p s u la te d  w ith  s ta in le s s  s te e l  in  th e  

fo rm  o f  a  p e n c il .  A  f in a l s o u rc e  a s s e m b ly  c o n ta in s  m u lt ip le  p e n c ils  in  a  c a s e  

o r  p la q u e  w ith  p la n a r ,  c i rc u la r ,  o r  o th e r  g e o m e tr ic  co n f ig u ra tio n ^ ^ . In  m o s t  

C o -6 0  i r ra d ia to rs ,  th e  p e n c ils  o f  C o -6 0  a re  m o u n te d  v e r t ic a l ly  in  a  s o u rc e  

ca se . T h e  s o u r c e  c a s e s  a re  a s s e m b le d  in to  a  s o u rc e  ra c k . T h e  r a c k  is  p u t  o n  

th e  l i f te r  s y s te m  o r  s u s p e n d e d  f ro m  a  h o is t  m e c h a n is m  o n  th e  r o o f  o f  th e  c e ll .

R a d ia t io n  d o s e s  a re  a lm o s t  a lw a y s  q u o te d  in  te rm s  o f  a b s o r b e d  d o s e  

to  w a te r ,  th e  o n ly  s ig n i f ic a n t  e x c e p t io n  b e in g  th e  s e m ic o n d u c to r  in d u s t ry ,  

w h ic h  u s e s  a b s o rb e d  d o s e  to  s i l ic o n .  U n le s s  o th e rw is e  s ta te d ,  th e  u s e  o f  th e



w o rd  dose s h o u ld  b e  ta k e n  to  m e a n  absorbed dose to water®. T h e  a m o u n t  

o f  r a d ia t io n  a b s o rb e d  b y  a  m a te r ia l  is  d e f in e d  a s  th e  d o s e .  I ts  u n i t  is  ‘r a d ’ 

( r a d ia t io n  a b s o r b e d  d o s e ) .  1 r a d  =  1 0 0  e r g /g m  T h e r e f o r e ,  1 0 0  r a d s  = 1  G y

T h e  s ta n d a r d  in te r n a t io n a l  (S I )  u n i t  o f  d o s e  is  th e  G r a y  ( G y ) ,  w h ic h  

r e p r e s e n ts  J /k g .  W h e n  1 k g  o f  m a te r ia l  a b s o rb s  1 J  o f  e n e rg y ,  th e n  th is  

m a t te r  is  s a id  to  h a v e  r e c e iv e d  a  d o s e  o f  1 G ra y .

W h e n  1 k g  o f  m a te r ia l  a b s o rb s  1 0 0 0  J  o f  e n e r g y ,  th e n  th is  m a t te r  is  

s a id  to  h a v e  r e c e iv e d  a  d o s e  o f  1 k G y  (K i lo  G ra y )

In  in d u s t ry ,  th e  a m o u n t  o f  r a d io  is o to p e  is  in d ic a te d  b y  th e  C i u n i t .  

O n e  C i o f  a  r a d io i s o to p e  d is in te g r a te s  a t  3 .7  x  1 0 '°  p e r  s e c o n d .  A  y -  r a y  o f  

2 .5 0 6  M e V  is  e m i t te d  b y  e a c h  d is in te g ra tio n ^ '^ .

T h e  th e o r y  a n d  r e a c t io n s  o f  F e n to n ’s r e a g e n t  a n d  th e  e f f e c t  o f  

v a r io u s  f a c to r s  to  t r e a t  to x ic  o r g a n ic  c o m p o u n d s  in  th e  p r e s e n c e  o f  F e n to n ’s 

r e a g e n t  w e r e  d i s c u s s e d  in  d e ta i l  in  C h a p te r  5  d e a l in g  w i th  e l e c t r o c h e m ic a l  

treatment̂ '̂̂ .̂

7. 4. Aim

T h e  o b je c t iv e  o f  th e  p r e s e n t  s tu d y  w a s  to  in v e s t ig a te  th e  im p a c t  o f  g a m m a  

i r r a d ia t io n  o n  th e  t r e a tm e n t  o f  r a w  a n d  a n a e r o b ic a l ly  t r e a te d  s k im  s e ru m  

e f f lu e n t .  T h e  c o m b in e d  e f f e c t  o f  g a m m a  r a d ia t io n  a n d  F e n to n ’s r e a g e n t  o n  

th e s e  e f f lu e n t s  w a s  a l s o  in c lu d e d  in  th e  s tu d y .  T h e  t r e a tm e n t  e f f ic i e n c y  

w a s  d e t e r m in e d  in  te rm s  o f  e f f e c t iv e  o r g a n ic  c o n ta m in a n t  d e c o m p o s i t io n  a s  

in d ic a te d  b y  th e  m e a s u r e m e n ts  o f  C O D , B O D ,  T K N , A N , p h o s p h a te ,  T S  

a n d  D S . T h e  im p a c t  o f  r a d ia t io n  t r e a tm e n t  o n  th e  b io c h e m ic a l  c o n s t i tu e n ts  

l ik e  s o lu b le  p r o te in ,  f r e e  a m in o  a c id s ,  p h e n o l ,  to ta l  s u g a r ,  r e d u c in g  a n d  n o n  

r e d u c in g  s u g a r s  a n d  p o p u la t io n  o f  to ta l  b a c te r i a  w e r e  a l s o  s tu d ie d .  T h e



i r r a d ia t io n  o f  th e  s a m p le s  w a s  c o n d u c te d  u s in g  a  la b o r a to r y  s c a le  C o - 6 0  

g a m m a  s o u rc e .

7. 5. Experimental

7. 5.1. Treatment procedure

Table 7 . 1. C h a ra c te r is t ic s  o f  ra w  a n d  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t

P a ra m e te r

p H

T u r b id i ty  ( N T U )

C O D

B O D

T K N

A N

T S

D S

S u lp h id e

P h o s p h a te

R a w  e f f lu e n t

3 .6

3 5 0

3 6 4 0 0

2 7 3 0 0

7 0 0 0

5 0 0 0

6 0 0 0 0

5 8 0 0 0

1 4 .0 0

2 6 0 0

A n a e ro b ic a l ly  
tr e a te d  e f f lu e n t

8 .5

107

4 5 0 8

8 1 5

4 4 8 0

3 5 0 0

3 2 4 1 8

3 0 5 5 4

2 3 5

1 5 2 5

(A ll u n its  e x c e p t  p H  a n d  tu rb id ity  a re  e x p re s s e d  in m g /L )

N a tu r a l  r u b b e r  s k im  s e ru m  e f f lu e n t  w a s  c o l le c te d  a c c o r d in g  to  th e  

m e th o d s  d e s c r ib e d  in  C h a p te r  2  a n d  a n a ly s e d  f o r  v a r io u s  p a r a m e te r s  a s  p e r  

s ta n d a rd  m e th o d s ' ’̂  a n d  th e  v a lu e s  a re  g iv e n  in  T a b le  7 .1 . I t  w a s  th e n  

s u b je c te d  to  g a m m a  r a d ia t io n  a n d  th e  e f f e c t  o f  th e  f o l lo w in g  f a c to r s  w e re  

in v e s t ig a te d :  th e  d o s e  o f  r a d ia t io n  v iz . 0 .5  k G y  to  1 0 0  k G y , p H  o f  th e



e f f lu e n t ,  a d d i t io n  o f  v a r io u s  c h e m ic a l s  l ik e  f e r r o u s  s u lp h a te ,  F e n to n ’s 

r e a g e n t  a n d  p o l lu ta n t  c o n c e n t r a t io n  o f  th e  e f f lu e n t .  T o  s tu d y  th e  e f f e c t  o f  

g a m m a  r a d ia t io n  b y  a d d in g  F e n to n ’s r e a g e n t  o n  a n a e r o b ic a l ly  t r e a te d  

e f f lu e n t ,  th e  s a m p le  w a s  c o l le c te d  f ro m  th e  U A S B  r e a c to r  a s  e x p la in e d  in  

C h a p te r  4  (T a b le  7 .1 ) .  A f te r  i r r a d ia t io n ,  s a m p le s  w e r e  a n a ly s e d  to  s tu d y  

th e  e x t e n t  o f  t r e a tm e n t  in  te rm s  o f  p H , tu r b id i ty ,  C O D , B O D , to ta l  K je ld a h l  

n i t r o g e n ,  a m m o n ia c a l  n i t r o g e n ,  to ta l  s o l id s ,  d i s s o lv e d  s o l id s  a n d  s u lp h id e .

G a m m a  i r r a d ia t io n  o f  e f f lu e n t  s a m p le s  w a s  c o n d u c te d  a t  th e  

R a d ia t io n  V u lc a n iz a t io n  o f  N a tu r a l  R u b b e r  L a te x  ( R V N R L )  P la n t  o f  

R u b b e r  R e s e a r c h  I n s t i tu te  o f  I n d ia  ( R R I I ) ,  K o t ta y a m ,  K e r a la ,  In d ia .

7. 5. 2. Description of the radiation source

Table 7 . 2 . S p e c i f i c a t io n s  o f  G a m m a  c h a m b e r  5 0 0 0 :

1 M a x im u m  C o -6 0  so u rce  ca p ac ity 4 4 4 ( 1 2 0 0 0  C i)

2 D o se  ra te  a t m ax im u m  c a p ac ity -9  k G y /h r  (0 .9  M e g a  R a d /h r)  at the  cen tre  
o f  th e  sa m p le  c h a m b e r

3 D o se  ra te  u n ifo rm ity + 2 5 %  o r b e tte r  rad ia lly ; 

-2 5 %  o r  b e tte r  ax ia lly

4 Irrad ia tio n  vo lum e 5 0 0 0  cc  ap p ro x .

5 S iz e  o f  sam p le  ch a m b e r 17.2 cm  ( d ia ) X 2 0 .5  cm  (h t)

6 S h ie ld in g  m ateria l L e a d  &  s ta in le ss  steel

7 W e ig h t o f  th e  un it 5 6 0 0  kg. ap p ro x .

8 S ize  o f  th e  un it 125 cm (l) X  106.5 cm  (w ) X  150 cm  (ht)

9 T im e r  ran g e 6 se co n d s  on w ard s.



G a m m a  C h a m b e r  5 0 0 0  is  a  c o m p a c t  s e l f  s h ie ld e d  C o - 6 0  g a m m a  i r r a d ia to r  

p r o v id in g  a n  i r r a d ia t io n  v o lu m e  o f  a p p r o x im a te ly  5 0 0 0  c c . T h e  m a te r ia l  f o r  

i r r a d ia t io n  is  p la c e d  in  a n  i r r a d ia t io n  c h a m b e r  lo c a te d  in  th e  v e r t ic a l  d r a w e r  

in s id e  th e  le a d  f la s k .  T h is  d r a w e r  c a n  b e  m o v e d  u p  a n d  d o w n  w ith  th e  h e lp  

o f  a  s y s te m  o f  m o to r iz e d  d r iv e  w h ic h  e n a b le s  p r e c is e  p o s i t io n in g  o f  th e  

i r r a d ia t io n  c h a m b e r  a t  th e  c e n t r e  o f  th e  r a d ia t io n  f ie ld .  S p e c i f i c a t io n s  o f  

G a m m a  C h a m b e r  5 0 0 0  a r e  g iv e n  in  T a b le  7. 2 ,

Fig.7.1 Radiation plant

R a d ia t io n  f ie ld  is  p r o v id e d  b y  a  s e t  o f  s ta t io n a r y  C o - 6 0  s o u r c e s  

p la c e d  in  a  c y l in d r ic a l  c a g e .  D e ta i l s  r e g a r d in g  C o - 6 0  s o u r c e  a r e  g iv e n  

T a b le  7 . 3 . T h e  s o u r c e s  a r e  d o u b ly  e n c a p s u la te d  in  c o r r o s io n  r e s i s ta n t  

s ta in le s s  s te e l  p e n c i l s  a n d  a r e  te s te d  in  a c c o r d a n c e  w i th  in te r n a l  s ta n d a r d .



T w o  a c c e s s  h o le s  o f  8  m m  d ia m e te r  a r e  p r o v id e d  in  th e  v e r t ic a l  d r a w e r  f o r  

in t r o d u c t io n  o f  s e rv ic e s  s le e v e s  f o r  g a s e s ,  th e rm o c o u p le ,  e tc .  A  m e c h a n is m  

f o r  r o ta t in g  / s t i r r in g  s a m p le s  d u r in g  i r r a d ia t io n  is  a l s o  in c o rp o r a te d .  T h e  

le a d  sh ie ld  p ro v id e d  a ro u n d  th e  s o u rc e  is  a d e q u a te  to  k e e p  th e  e x te rn a l 

ra d ia tio n  f ie ld  w e ll  w ith in  th e  p e rm is s ib le  lim its . T h e  g a m m a  c h a m b e r  5 0 0 0  

u n it  c a n  b e  in s ta l le d  in  a  ro o m  m e a s u r in g  4  m e te rs  x  4  m e te rs  x  4  m e te rs

Table 7 . 3 .  D e ta i ls  r e g a r d in g  C o - 6 0  s o u r c e

N a m e C o b a l t

S y m b o l C o

A to m ic  n u m b e r 2 7

A to m ic  w e ig h t 5 8

M a s s  n u m b e r 5 9

M e l t in g  p o in t 1495®C

B o i l in g  p o in t 2 9 0 0 “C

C ry s ta l  s t r u c tu re H e x a g o n a l

D e n s i ty  ( g /m L ) 8 .9

W a v e  le n g th  o f  y - r a y  o f  ( 1 .2 5 M e V )  C o - 6 0 1 0 '^ -1 0 ’̂  n m

F r e q u e n c y  o f  y - ra y s 3 x 1 0 ^ ^  H z

Irradiation time
I r r a d ia t io n  t im e  is  c a lc u la te d  u s in g  th e  fo rm u la

Irradiation time =Dose/Dose rate

T h e  v a lu e  o f  d o s e  r a te  c h a n g e s  f ro m  d a y  to  d a y , w h ic h  is  o b ta in e d  f ro m  th e  

ta b le .  T h e  d o s e  r a te  d e c r e a s e s  d a y  b y  d a y  d u e  to  th e  d is in te g r a t io n  o f  C o - 6 0



7. 5. 3. Biochemical and microbiological analysis

B io c h e m ic a l  a n a ly s i s  o f  th e  d i f f e r e n t  ty p e s  o f  e f f lu e n t  w a s  d o n e  u s in g  a  

U V -v is ib le  R e c o r d in g  s p e c t r o p h o to m e te r  U V -2 4 0 .  C o n c e n t r a t io n  o f  to ta l  

s u g a r s '" ,  r e d u c in g  sugars '*", to ta l  a n d  s o lu b le  p ro te in s '* ^  phenols'*'*, a n d  f re e  

a m in o  ac id s '* '\ w e r e  e s t im a te d  as  p e r  s ta n d a r d  a n a ly t ic a l  te c h n iq u e s .

T h e  p o p u la t io n  o f  to ta l  b a c te r ia  o f  th e  r a w  a n d  t r e a te d  e f f lu e n t  w a s  

e n u m e r a te d  u s in g  a p p r o p r ia te  m e d ia .  T h e  s ta n d a r d  s e r ia l  d i lu t io n  p la te  

te c h n iq u e  o f  P r a m e r  a n d  S c h m id t  w a s  e m p lo y e d  f o r  th e  e n u m e r a t io n  o f  

m ic r o b io lo g ic a l  p o p u la tio n '* '’.

7. 6. Results and  discussion

7. 6. 1. Effect of irrad ia tio n  dose on po llu tan t rem oval

(a) Effect on C O D  and  B O D  rem oval

Fig. 7. 2. P e r c e n ta g e  r e m o v a l  o f  C O D  &  B O D  v s  r a d ia t io n  d o s e

T h e  e f f e c t  o f  e x p o s u r e  r a te  o n  th e  t r e a tm e n t  o f  th e  r a w  e f f lu e n t  w a s  

in v e s t ig a te d  w i th in  th e  r a n g e  o f  0 .5  k G y  ( 0 .0 5 M r a d )  to  100  k G y  (1 0  M ra d ) .



T h e  C O D  r e m o v a l  e f f ic i e n c y  in c r e a s e s  as  th e  d o s e  o f  g a m m a  r a d ia t io n  

in c r e a s e s  f r o m  0 .5  to  2 .5  k G y . T h e  m a x im u m  C O D  r e m o v a l  e f f ic i e n c y  w a s  

a t  2 .5  k G y  w h ic h  w a s  2 4  p e r c e n t  a n d  th e r e a f te r  i t  s h o w e d  f lu c tu a t io n s  as  

s h o w n  in  th e  F ig .  7 . 2 . A  f u r th e r  in c r e a s e  o f  th e  d o s e  u p  to  1 0 0  k G y  h a d  

p r a c t ic a l ly  l i t t le  e f f e c t  o n  C O D  re m o v a l .

In  r e m o v in g  B O D  a lm o s t  th e  s a m e  tr e n d  w a s  f o l lo w e d .  F r o m  2 .5  to

3 k G y  B O D  r e m o v a l  e f f ic i e n c y  w a s  6 0 -6 5  p e r c e n t  w h ic h  w a s  th e  

m a x im u m  o b s e rv e d  d u r in g  th e  t r e a tm e n t  th o u g h  th e  d o s e  w a s  in c r e a s e d  u p  

to  1 0 0  k G y

(b) E f f e c t  o n  p H

T h e r e  w a s  n o  s ig n i f ic a n t  c h a n g e  in  p H  a f te r  i r r a d ia t in g  w ith  g a m m a  ra y s  as  

i t  w a s  e v id e n t  f ro m  th e  F ig .7 .3 .  V e r y  s l ig h t  in c re a s e  in  p H  w a s  o b s e r v e d  fo r  

a lm o s t  a ll i r r a d ia t io n  d o s e s  a n d  th is  m a y  b e  d u e  to  th e  r e a c t io n s  o f  h y d r o x y l  

r a d ic a ls  g e n e r a te d  d u r in g  r a d io ly s is .



(c )  E f f e c t  o n  T K N , A N , T S , D S  a n d  tu r b id i ty  r e m o v a l

G a m m a  r a d ia t io n  s h o w e d  o n ly  2 3  p e r c e n t  a n d  2 8  p e r c e n t  r e m o v a l  o f  T K N  

a n d  A N  r e s p e c t iv e ly  in  th e  r a n g e  o f  1 to  2 .7 5  k G y  (F ig .7 .  4 ) .  M a x im u m  

r e m o v a l  o f  T S  a n d  D S  w e r e  16 p e r c e n t  a n d  14  p e r c e n t  r e s p e c t iv e ly  in  

b e tw e e n  d o s e s  o f  1 to  2 .7 5  k G y . B u t  th e  tu r b id i ty  r e m o v a l  w a s  in  th e  r a n g e  

o f  8 0  to  8 2  p e r c e n t .  M a x im u m  tu r b id i ty  r e m o v a l  w a s  f o r  a n  i r r a d ia t io n  d o s e  

o f  0 .5  to  2 .5  k G y  a n d  7 0  to  1 0 0  k G y  (F ig .7 .  5 ). I t  w a s  o b s e r v e d  th a t  a f te r  

g a m m a  i r r a d ia t io n  th e  e f f lu e n t  b e c a m e  v e r y  c le a r  a n d  g o o d  s e t t l in g  w a s  

o b s e rv e d  e v e n  w h e n  th e  d o s e  w a s  a s  lo w  a s  0 .5  k G y .

F r o m  th e  p e r c e n t  r e m o v a l  o f  p o l lu ta n ts ,  2 .5  k G y  w a s  ta k e n  as  

o p t im u m  d o s e  o f  i r r a d ia t io n  to  t r e a t  s k im  s e r u m  e f f lu e n t .
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Fig. 7. 5. E f f e c t  o f  r a d ia t io n  d o s e  o n  T S , D S  &  tu r b id i ty  r e m o v a l

7.6.2. Factors influencing the efficiency of radiation treatment
(1) Influence of pH and gamma radiation on COD and BOD removal

T o  s tu d y  th e  e f f e c t  o f  p H  a n d  g a m m a  r a d ia t io n  o n  th e  r e m o v a l  o f  

p o l lu ta n ts ,  th e  p H  o f  th e  e f f lu e n t  w a s  a d ju s te d  to  3 , 4 ,  5 , 6 , 7 , 8 a n d  9 

b e f o r e  s u b je c t in g  to  g a m m a  r a d ia t io n  a t a  d o s e  o f  2 .5  k G y .  T h e  e f f e c t  o f  p H  

o n  p e r c e n ta g e  r e d u c t io n  o f  C O D  a n d  B O D  is  i l l u s t r a te d  in  F ig .7 .6  . I t  w a s  

f o u n d  th a t  th e re  w a s  a  d e c r e a s e  in  th e  p e r c e n ta g e  r e m o v a l  o f  C O D  a n d  

B O D  a s  th e  p H  o f  th e  e f f lu e n t  w a s  in c re a s e d  f r o m  3 to  5 a n d  th e n  a  s te a d y  

in c r e a s e  w h e n  th e  p H  w a s  c h a n g e d  f ro m  5  to  7 . T h e  v a lu e s  r e m a in e d  

a lm o s t  c o n s ta n t  a f te r  p H  7  (F ig .  7 .6 ) .  T h e r e f o r e  p H  b e tw e e n  7  a n d  8 c o u ld  

b e  ta k e n  a s  th e  o p t im u m .



F ig .  7 .6 .  E f f e c t  o f  p H  o n  C O D  a n d  B O D  r e m o v a l  e f f ic ie n c y

I n  th e  a d v a n c e d  o x id a t io n  p r o c e s s  O H ' h a s  g o t  a  p r e d o m in a n t  r o le  in  

th e  d e c o m p o s i t io n  o f  o r g a n ic  m o le c u le .  P e rk o w s k i^ ^  a l s o  o b se i-v e d  th e  

s a m e  e f f e c t  th a t  th e  h ig h e s t  d e c o m p o s i t io n  w a s  o b ta in e d  a t  n e u t r a l  o r  

s l ig h t ly  a lk a l in e  p H  in  th e  d e c o lo u r a t io n  o f  m o d e l  d y e  h o u s e  w a s te w a te r  

w i th  a d v a n c e d  o x id a t io n  p ro c e s s .

(2 )  I n f l u e n c e  o f  v a r i o u s  r e a g e n t s

F u n c t io n  o f  e a c h  r e a g e n t  w h e n  s e p a r a te ly  a d d e d  to  th e  e f f lu e n t  a n d  

s u b je c te d  to  g a m m a  r a d ia t io n  w a s  th e  th r u s t  o f  th is  s tu d y . T h e  f o l lo w in g  

r e a g e n ts  w e r e  a d d e d  to  th e  r a w  e f f lu e n t  (a ) 2 0 0  m g /L  o f  i r o n  (b )  5  m L /L  

H 2O 2 (c )  2 0 0 m g /L  o f  i r o n  a n d  5  m L /L  H 2O 2 a lo n g  w i th  a  c o n t ro l  w i th o u t  

a n y  r e a g e n t ,  s u b je c te d  to  g a m m a  ra d ia t io n  h a v in g  a  d o s e  o f  2 .5  k G y  a n d  

a n a ly s e d  f o r  v a r io u s  p a r a m e te r s  a s  p e r  s ta n d a r d  m e th o d s  T h e  r e s u l t s  a r e  

g iv e n  in  th e  T a b le  7 . 4 .

A  s l ig h t  in c r e a s e  in  p H  o c c u r s  w h e n  th e  e f f lu e n t  w a s  i r ra d ia te d  

a lo n e  a n d  a  d e c r e a s e  in  p H  o c c u r s  w h e n  th e  e f f lu e n t  w a s  i r r a d ia te d  e i th e r  in



th e  p r e s e n c e  o f  i r o n  o r  iro n  a n d  h y d r o g e n  p e r o x id e .  W h e n  h y d r o g e n  

p e r o x id e  a lo n e  w a s  a d d e d  th e re  w a s  n o  c h a n g e  in  p H  a f te r  i r r a d ia t io n .

Table 7. 4. I n f lu e n c e  o f  g a m m a  r a d ia t io n  in  p r e s e n c e  o f  v a r io u s  r e a g e n ts  
to  r e m o v e  p o l lu ta n ts

R E  an d  th e  fo llo w in g  
rea g en ts

pH P e rc e n ta g e  rem o v a l

befo re a fte r
T u rb id ity

(NTU)
C O D B O D

Y 4.15 4 .2 0 45 23 64

y +  2 0 0  m g /L  o f  F e 3.15 3 .1 0 55 29 69

7  +  5 m L /L  H 2O 2 4.15 4 .1 5 -53 25 63

Y+ 2 0 0  m g /L  iro n  +  
5 m L /L  H 2O 2

2 .9 2 .8 0 82 36 73

M a x im u m  r e d u c t io n  o f  C O D  a n d  B O D  to o k  p la c e  w h e n  th e  r a w  e f f lu e n t  

w a s  i r r a d ia te d  in  th e  p r e s e n c e  o f  2 0 0  m g /L  o f  i r o n  +  5 m L /L  o f  H 2O 2 th a n  

in d iv id u a l  a p p l ic a t io n s  o f  th e  r e a g e n ts .  R a d ia t io n  in  th e  p r e s e n c e  o f  H 2O 2 

a lo n e  s h o w e d  n e g a t iv e  v a lu e s  in  th e  r e m o v a l  o f  tu r b id i ty  a n d  th e  C O D  a n d  

B O D  r e d u c t io n  w e r e  a ls o  c o m p a r a t iv e ly  lo w . In  th e  a b s e n c e  o f  i ro n ,  

f o r m a t io n  o f  h y d r o x y l  r a d ic a l  w a s  n e g l ig ib le ^ ’ a n d  th is  n e g a t iv e ly  a f f e c te d  

th e  t r e a tm e n t  e f f ic ie n c y .

(3) Effect of gamma radiation at various concentration of iron in
Fenton’s reagent (FeS04 + H2O2)
E ffe c t  o f  g a m m a  ir ra d ia t io n  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  to  

r e m o v e  p o l lu ta n t  w a s  s tu d ie d . O x id a t io n  b y  F e n to n ’s r e a g e n t  is  c a ta ly s e d  b y  

F e ^ “. E x p e r im e n ts  w e r e  c o n d u c te d  to  k n o w  th e  e f f e c t  o f  Fe"^’ a n d  to  fm d  o u t 

th e  o p t im u m  d o s a g e  o f  Fe"^^ o n  th e  d e g ra d a tio n  o f  p o llu ta n ts  in  th e  w a s te w a te r .  

T h e  e f f lu e n t  s a m p le  w a s  s u b je c te d  to  g a m m a  ra d ia t io n  h a v in g  a  d o s e  o f  2 .5



k G y  in  th e  p re s e n c e  o f  F e n to n ’s r e a g e n t h a v in g  d if fe re n t  c o n c e n tra tio n s  o f  iro n  

v iz ., 2 0  m g /L , 8 0  m g /L , 140  m g /L , 2 0 0  m g /L , 3 0 0  m g /L , 4 0 0  m g /L  a lo n g  w ith  

a  f ix e d  d o s e  o f  H 2O 2 (5 m LTL o f  3 0  p e rc e n t H 2O 2). I t  w a s  th e n  a n a ly s e d  fo r  

v a r io u s  p a ra m e te r s  as p e r  s ta n d a rd  methods'*®.

B y  th e  a d d i t io n  o f  f e r ro u s  s u lp h a te  a n d  h y d r o g e n  p e r o x id e ,  p H  

d e c r e a s e d  s in c e  th e  a d d i t io n  o f  F e S 0 4  c a ta ly s t  ty p ic a l ly  c o n ta in s  r e s id u a l  

H2SO4. W h e n  th e  e f f lu e n t  w a s  s u b je c te d  to  g a m m a  r a d ia t io n  in  th e  

p r e s e n c e  o f  F e n to n ’s r e a g e n t ,  p H  d e c r e a s e d  a g a in  in  a l l  c a s e s ,  w h ic h  is  

e v id e n t  f ro m  T a b le  7 .5 . T h is  d ro p  in  p H  c o u ld  b e  a t t r ib u te d  to  th e  

f r a g m e n t in g  o f  o r g a n ic  m a te r ia l  in to  o r g a n ic  a c id s  a n d  th e  r e a c t io n  is 

p r o g r e s s in g  a s  e n v isa g e d ^ ^ . O p tim u m  d o s e  r a n g e  f o r  i ro n  c a ta ly s t  v a r ie s  

b e tw e e n  w a s te w a te rs^ ^ .

T h e  e f f e c t  o f  iro n  c o n c e n t r a t io n  in  F e n to n ’s r e a g e n t  o n  th e  r e m o v a l  

o f  tu r b id i ty  s h o w e d  th a t  m a x im u m  tu r b id i ty  r e m o v e d  w a s  9 5  p e r c e n t  w h e n  

th e  c o n c e n t r a t io n  o f  iro n  w a s  2 0 0  m g /L  to  4 0 0  m g /L .  T h e r e  w a s  a  s te a d y  

in c r e a s e  in  th e  r e m o v a l  o f  tu r b id i ty  a s  th e  c o n c e n t r a t io n  o f  iro n  in c re a s e d  

f ro m  8 0  m g /L  to  2 0 0  m g /L . G o o d  s e d im e n ta t io n  o f  c o a g u la te d  p a r t ic le s  

w e r e  o b s e r v e d  a f te r  i r r a d ia t io n  a n d  th e  e f f lu e n t  b e c a m e  v e r y  c le a r .

O p t im u m  d o s e  o f  iro n  c o n c e n t r a t io n  in  F e n to n ’s r e a g e n t  w a s  

a s s e s s e d  in  te rm s  o f  i t s  e f f ic ie n c y  to  r e m o v e  C O D  a n d  B O D . I t  w a s  

o b s e rv e d  th a t  o n  in c re m e n ta l  in c re a s e  o f  Fe'^^ d o s a g e s ,  in c r e a s e  in  th e  

r e d u c t io n  o f  C O D  a n d  B O D  v a lu e s  w e r e  o b s e r v e d  a s  is  e v id e n t  f r o m  T a b le  

7 . 5 a n d  m a x im u m  p e r c e n ta g e  r e m o v a l  o f  C O D  a n d  B O D  to o k  p la c e  a t  a  

c o n c e n t r a t io n  o f  2 0 0  m g /L  o f  iro n .



T a b l e  7 .5 ,  E f f e c t  o f  g a m m a  r a d ia t io n  a t  v a r io u s  c o n c e n t r a t io n  o f  i r o n  in  
F e n to n ’s R e a g e n t

RE+H 2O 2 
(5mL/L+Fe 
(conc. given 
below) before y Turbidity

(NTU)
COD BOD Phosphate

RE+ 7 (with 
out any 
reagents)

4.00 4 .0 5 45 23 63 12

20 mg/L iron 3.90 3.80 87 29 70 17

80 mg/L iron 3.50 3.40 90 30 72 29

140 mg/L iron 3.25 3.15 92 31 74 35

200 mg/L iron 2.90 2.80 95 33 75 44

3 0 0  m g /L 2.75 2.70 95 33 74 46

400 mg/L iron 2.25 2.20 95 31 73 54

3 3  p e r c e n t  C O D  a n d  7 5  p e r c e n t  o f  B O D  w e r e  r e m o v e d  a t  th is  

c o n c e n t r a t io n  o f  i ro n .  F u r th e r  in c r e a s e  in  th e  c o n c e n t r a t io n  o f  i r o n  ( 2 0 0  

m g /L  to  4 0 0  m g /L )  h a d  o n ly  a  m a r g in a l  im p a c t .  T h e  r a te  o f  O H  g e n e r a t io n  

( i .e . ,  c o n c e n t r a t io n  o f  i r o n  c a ta ly s t )  l im i ts  th e  r e a c t io n  r a te s  w i th  F e n to n ’s 

r e a g e n t  a n d  le s s  s o  b y  th e  s p e c i f ic  w a s te w a te r  b e in g  t r e a te d .  A  c o n s ta n t  

r a t io  o f  F e : s u b s t r a te  a b o v e  th e  m in im a l  th r e s h o ld  le v e l  p r o d u c e d  th e  

d e s i r e d  e n d  p r o d u c ts .  T h e  r a t io  o f  F e ;  s u b s t r a te  m a y  a f f e c t  th e  d is t r ib u t io n  

o f  r e a c t io n  p r o d u c ts ;  a n d  a  s u p p le m e n ta l  a l iq u o t  o f  F e  w h ic h  s a tu r a te s  th e  

c h e la t in g  p r o p e r t ie s  in  th e  w a s te w a te r ,  th e r e b y  a v a i l in g  u n s e q u e s te r e d  i ro n  

to  c a ta ly s e  th e  f o rm a t io n  o f  h y d r o x y l  r a d ic a ls ^ ’ . S in c e  th e  p o l lu t io n  lo a d  is  

v e r y  h ig h  in  th is  w a s te w a te r ,  a  c o n c e n t r a t io n  o f  2 0 0  m g /L  o f  i r o n  c o u ld  b e



ta k e n  a s  th e  o p t im u m  c o n c e n t r a t io n  in  F e n to n ’s r e a g e n t  to  t r e a t  th is  

e f f lu e n t .

In  th e  c a s e  o f  p h o s p h a te ,  th e  r e m o v a l  e f f ic i e n c y  in c r e a s e d  as  th e  

c o n c e n t r a t io n  o f  iro n  in c re a s e d  f ro m  2 0  m g /L  to  4 0 0  m g /L . W i th o u t  

F e n to n ’s r e a g e n t  p h o s p h a te  r e m o v a l  e f f ic i e n c y  w a s  o n ly  12 p e r c e n t  a n d  it  

in c re a s e d  f ro m  17 to  5 4  p e r c e n t  w h e n  i r o n  c o n c e n t r a t io n  in  F e n to n ’s 

r e a g e n t  in c re a s e d  f ro m  2 0  m g /L  to  4 0 0  m g /L . A s  c o n c e n t r a t io n  o f  iro n  

in c re a s e d ,  i t  c o m b in e d  w i th  th e  p h o s p h a te  a n d  r e m o v e d  a s  iro n  p h o s p h a te .

(4) Effect of gamma radiation at various concentration of H2O2 in 
Fenton’s reagent

T h e  e f f e c t  o f  d i f f e r e n t  c o n c e n t r a t io n s  o f  h y d r o g e n  p e r o x id e  o n  r a w  e f f lu e n t  

in  th e  p r e s e n c e  o f  2 0 0  m g /L  o f  i ro n  a n d  g a m m a  r a y  w a s  in v e s t ig a te d  b y  

a d d in g  5  m L /L  to  3 0  m L /L  o f  3 0 %  H 2O 2 to  th e  e f f lu e n t  a n d  i r r a d ia t in g  it 

w ith  a  d o s e  o f  2 .5  k G y . O p t im u m  d o s e  o f  H 2O 2 w a s  10 m L /L  in  th e  

p r e s e n c e  o f  2 0 0  m g /L  o f  i r o n  s in c e  th e  h ig h e s t  r e m o v a l  o f  tu r b id i ty ,  C O D , 

B O D  a n d  p h o s p h a te  to o k  p la c e  a t  th is  d o s e  ( T a b le  7 . 6 ). A  h ig h  r a t io  o f  

Fe"^^ a n d  H 2O 2 w a s  n e e d e d  f o r  c h a in  in i t ia t io n  a s  s h o w n  in  th e  E q . l"^’ .

F e ^ -  +  H 2O 2 F e^^ +  O H *  +  O H ' K , =  7 0  m ‘‘s ' '  ( C h a in  in i t ia t io n )  E q . 1

A t lo w  c o n c e n t r a t io n s  o f  H 2O 2 th e  r a d ic a l  c h a in  r e a c t io n s  a re  

q u ic k ly  te rm in a te d  s in c e  O H  r a d ic a ls  p r o d u c e d  m a in ly  r e a c t  w i th  th e  

f e r ro u s  i r o n  a n d  n o t  w ith  h y d r o g e n  p e ro x id e .  E q . 2"*̂

O H *  +  Fe'*'^ —> O H  +  F e “̂  ̂ K 2 =  3 .2  x lO ^  m  's  ' '  ( C h a in  te rm in a t io n )  E q . 2

E x c e s s  o f  H 2O 2 r e a c ts  w i th  O H *  a n d  th u s  s c a v e n g in g  h y d r o x y l  r a d ic a ls  

b y  H 2O 2 a n d  c o n s e q u e n t ly  r e d u c in g  th e  e f f ic ie n c y  o f  t r e a tm e n t  a s  s h o w n  in  

E q . 3 . T h e  o x id a t io n  r a te  s e e m s  to  b e  n e g a t iv e ly  a f f e c te d  b y  th e  in c re a s e  o f  

H 2O 2 c o n c e n t ra t io n .



O H *  +  H 2O 2 ^  H 2O  +  H O 2 E q .  3

T h e  h ig h e r  p e r c e n ta g e  d e g r a d a t io n  e f f ic i e n c y  is  th a t  h y d r o x y l  r a d ic a ls  

c a n  o x id is e  o r g a n ic  p o l lu t a n ts  b y  a b s t r a c t io n  o f  h y d r o g e n  p r o d u c in g  

o r g a n ic  r a d ic a ls  w h ic h  a r e  h ig h ly  r e a c t iv e  a n d  c a n  b e  f u r th e r  o x id iz e d

R H  +  * O H  ^  H 2O  +  R *  E q . 4

H ig h e r  c o n c e n t r a t io n  o f  H 2O 2 r e a c ts  w i th  th e  h ig h ly  p o te n t  O H *  

r a d ic a ls  to  p r o d u c e  p e r h y d r o x y l  r a d ic a l  O H 2 w h ic h  h a s  lo w  o x id a t io n  

p o te n t ia l  th a n  O H *  r a d ic a l .

A s  c o n c e n t r a t io n  o f  H 2O 2 in c re a s e d ,  a  s u d d e n  fa l l  o f  p h o s p h a te  

r e m o v a l  to o k  p la c e  ( f r o m  4 6  to  5 a n d  2  f o r  10 to  2 0  a n d  3 0  m L /L  

re s p e c t iv e ly ) .  T h is  m ig h t  b e  d u e  to  th e  in te r f e r e n c e  c a u s e d  b y  th e  e x c e s s  

p e r h y d r o x y l  r a d ic a l  O H t  p r o d u c e d  b y  th e  a d d i t io n  o f  h ig h  a m o u n t  o f  H 2O 2 

d u r in g  th e  f o r m a t io n  o f  i r o n  p h o s p h a te .  F o r m a t io n  o f  la rg e  a m o u n t  o f  f ro th  

w a s  o b s e r v e d  w h e n  c o n c e n t r a t io n  o f  h y d r o g e n  p e r o x id e  in c r e a s e d  f r o m  10 

m L /L  to  3 0  m L /L  d u e  to  th e  e v o lu t io n  o f  g a s e s  l ik e  C O 2, H 2 a n d  O 2.

T a b l e  7 .  6 . E f f e c t  o f  g a m m a  r a d ia t io n  a t  d i f f e r e n t  c o n c e n t r a t io n s  o f  H 2O 2 

in  F e n to n ’s r e a g e n t

R E + 2 0 0 m g /L  o f F e  
+ y  +  H 2O2 

(Cone, given below)

pH Percentage rem oval

B efore

y

A fter

Y

Turbidity
(N T U )

C O D B O D phosphate

5 m L/L 2.75 2 .8 75 33 71 43

10 m L/L 2 .7 0 2 .8 82 35 77 46

2 0  m L/L 2 .7 0 2 .8 66 35 75 5

30  m L/L 2 .25 2 .3 40 3 0 75 2



F ro m  th e s e  s tu d ie s  i t  w a s  c o n c lu d e d  th a t  o p t im u m  d o s e  o f  i r o n  a n d  

h y d r o g e n  p e r o x id e  n e e d e d  in  F e n to n ’s r e a g e n t  to  t r e a t  s k im  s e r u m  e f f lu e n t  

w e re  2 0 0  m g /L  a n d  10 m L /L  re s p e c t iv e ly .

(5) Effect of gamma radiation on different concentration levels of 
effluent

R a w  e f f lu e n t  o f  d i f f e r e n t  c o n c e n t r a t io n  l ik e  1 0 0 % , 7 5 % , 5 0 %  a n d  2 5 %  

w e re  p r e p a r e d  b y  d i lu t in g  r a w  e f f lu e n t  w i th  d is t i l le d  w a te r  a n d  p H  w a s  

a d ju s te d  to  4  a n d  p la c e d  in  g a m m a  c h a m b e r  f o r  g a m m a  ra d ia t io n  h a v in g  a 

d o s e  o f  2 .5  k G y . T h e  e f f e c t  o f  g a m m a  r a d ia t io n  o n  d i f f e r e n t  c o n c e n t r a t io n s  

o f  e f f lu e n t  w a s  th e n  a n a ly s e d  in  te rm s  o f  C O D , B O D  a n d  p h o s p h a te .

Fig. 7.7. E f f e c t  o f  e f f lu e n t  c o n c e n t r a t io n  a n d  g a m m a  r a d ia t io n

H ig h e s t  C O D , B O D  a n d  p h o s p h a te  r e m o v a l  w e r e  f o r  u n d i lu te d  

e f f lu e n t .  W h e n  c o n c e n t r a t io n  o f  e f f lu e n t  d e c r e a s e d  f ro m  100  to  2 5  p e r c e n t ,  

C O D  r e m o v a l  d e c r e a s e d  f ro m  2 7  to  19 p e r c e n t .  B u t  B O D  r e m o v a l  w a s  6 6  

p e r c e n t  f o r  th e  d i lu t io n  u p  to  5 0  p e r c e n t  e f f lu e n t  c o n c e n t r a t io n ,  w h ic h  

d e c l in e d  to  5 2  p e r c e n t  f o r  th e  2 5  p e r c e n t  e f f lu e n t  c o n c e n t r a t io n  (F ig .7 .  7 ) .



In  th e  c a s e  o f  p h o s p h a te ,  th e r e  w a s  a  s te a d y  d e c r e a s e  f r o m  14  to  8 p e r c e n t  

r e m o v a l  f o r  th e  c o n c e n t r a t io n  c h a n g e  f r o m  1 0 0  to  2 5  p e r c e n t .  A s  d i lu t io n  

in c r e a s e s  th e  e f f e c t iv e  n u m b e r  o f  io n s  p e r  m L  th a t  c a n  b e  d e g r a d e d  b y  

g a m m a  r a d ia t io n  a l s o  d e c r e a s e s .  T h is  m a y  b e  th e  r e a s o n  f o r  th e  lo w  

p e r c e n ta g e  r e m o v a l  o f  C O D , B O D  a n d  p h o s p h a te  w h e n  d i lu te d .

7.6.3. Effect of gamma radiation and Fenton’s reagent on 
anaerobically treated effluent (ATE).

7. 6. 3. A. Effect of gamma radiation and various reagents on ATE

W h e n  A T E  e f f lu e n t  w a s  s u b je c te d  to  g a m m a  i r r a d ia t io n  o f  2 .5  k G y  w ith o u t  

F e n to n ’s r e a g e n t ,  5 5 %  tu r b id i ty ,  2 9  %  C O D , 4 5  %  B O D  a n d  2 7 %  s u lp h id e  

w e r e  r e m o v e d .

Table 7. 7. E f f e c t  o f  g a m m a  r a d ia t io n  a n d  v a r io u s  r e a g e n ts  o n  A T E

Reagent type ATE

pH Percentage removal

before y after Y
Turbidity

(NTU)
COD BOD sulphide TKN AN

ATE + y

(Without reagent)
7.8 8 55 29 45 27 8 6

ATE+ 200 mg/L Fe +5mL/L
H202(without y)

3.25 3 100 35 59 81 12 8

ATE+20mg/L Fe + 5mL/L 

H2O2+ V
3.75 3.5 100 41 57 52 16 8

ATE+80mg/LFe+5mL/L 
Hs02+ y

3 2.9 100 54 80 64 18 9

ATE+140mg/L Fe + 5mUL 
H2O2+ Y

3 2.9 100 66 81 83 19 9

ATE+200mg/L Fe +5mL/L 
H2O2 + Y

2.7 2.6 100 77 96 95 19 10

ATE+300mg/L Fe +5mUL 
H2O2 + Y

2.6 2.5 100 76 95 94 19 10

ATE+400mg/L Fe +5mL/L 

H2O2 + Y
2.6 2.5 100 77 96 92 19 10



B u t  w h e n  tr e a te d  w i th  F e n to n ’s r e a g e n t  a lo n e  ( w i th o u t  g a m m a  i r r a d ia t io n )  

1 0 0 %  tu r b id i ty ,  3 5  %  C O D , 5 9 %  B O D  a n d  8 9  %  s u lp h id e  w e r e  r e m o v e d .  

T h is  s h o w e d  th a t  F e n to n ’s r e a g e n t  is  g o o d  to  r e m o v e  s u lp h id e  a n d  

tu rb id i ty .  R e m o v a l  o f  p o l lu ta n ts  w a s  h ig h  c o m p a r e d  to  r a w  e f f lu e n t  w h e n  

a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w a s  s u b je c te d  to  g a m m a  r a d ia t io n  in  th e  

p r e s e n c e  o f  F e n to n ’s r e a g e n t  ( T a b le  7 . 7 ) . In  th e  a n a e ro b ic  r e a c t io n  o r g a n ic  

m o le c u le s  a re  d e g r a d e d  b y  h y d ro ly s is ,  f e r m e n ta t io n  a n d  m e th a n o g e n e s i s  

in to  s im p le  m o n o m e r s ,  a c e ta te ,  h y d r o g e n ,  m e th a n e  a n d  c a r b o n  dioxide^®  

a n d  th is  m a y  b e  th e  r e a s o n  f o r  th e  h ig h  r e m o v a l  o f  C O D  a n d  B O D  

c o m p a r e d  to  r a w  e f f lu e n t .

A s  c o n c e n t r a t io n  o f  iro n  in  F e n to n ’s r e a g e n t  in c re a s e d  f ro m  2 0  

m g /L  to  2 0 0  m g /L ,  p e r c e n ta g e  r e m o v a l  e f f ic i e n c ie s  o f  C O D  in c r e a s e d  f ro m

4 1  to  7 7 ,  B O D  f ro m  5 7  to  9 6 , s u lp h id e  f ro m  5 2  to  9 5  a n d  T K N  f r o m  16 to

19  u p  to  2 0 0  m g /L .  T h e  v a lu e s  r e m a in e d  a lm o s t  c o n s ta n t  f o r  f u r th e r  

in c re a s e  in  th e  c o n c e n t r a t io n  o f  iro n  to  4 0 0  m g /L . B u t  i ts  e f f e c t  o n  A N  w a s  

n o t  s o  p r o m in e n t .  H u n d r e d  p e r c e n t  r e m o v a l  o f  s u lp h id e  to o k  p la c e  in  a ll 

t r e a tm e n ts  w h e r e  F e n to n ’s r e a g e n t  w a s  u s e d .

7. 6. 3. B. Effect of pH and Fenton’s reagent on radiation 
treatment of anaerobically treated effluent

T o  s tu d y  th e  e f f e c t  o f  p H  a n d  g a m m a  r a d ia t io n  in  th e  p r e s e n c e  o f  F e n to n ’s 

r e a g e n t  o n  A T E , p H  o f  th e  A T E  w a s  a d ju s te d  to  2 .5 , 3 , 5 , 7  a n d  8. T o  th e s e  

e a c h  s e t  5 m L /L  o f  H 2O 2 a n d  2 0 0  m g /L  o f  i r o n  w e re  a d d e d  a n d  i r r a d ia te d  

w i th  2 .5  k G y .



p H

b e f o r e
p H  a f te r

P e r c e n ta g e  r e m o v a l

T u r b id i ty
(NTU)

C O D B O D S u lp h id e

2 .5 9 7 7 0 86 100

2 .3 9 7 7 2 88 100

4 .5 6 3 68 7 6 9 9

7 .4 9 8 33 7 4 9 5

8 8 9 8 2 3 7 5 7 7

F r o m  T a b le  7 . 8 i t  is  c l e a r  th a t  9 7 %  tu r b id i ty ,  7 2 %  C O D , 8 8 %  B O D  a n d  

h u n d r e d  p e r c e n t  s u lp h id e s  w e r e  r e m o v e d  a t  p H  3 . T h is  w a s  th e  m a x im u m  

r e d u c t io n  o f  p o l lu ta n ts  o b ta in e d  w h e n  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w a s  

s u b je c te d  to  g a m m a  i r r a d ia t io n  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  a t 

v a r io u s  p H . P r e v io u s  s tu d ie s  u s in g  F e n to n ’s r e a g e n t  h a d  s h o w n  th a t  p H  

n e a r  3 w a s  o p t im u m  f o r  F e n to n  oxidation"^^. A t  h ig h e r  p H , th e  f e r r ic  io n s  

f o r m  F e ( 0 H ) 3  w h ic h  h a s  a  lo w  a c t iv i ty  a n d  d o e s  n o t  r e a c t  w i th  h y d r o g e n

p e ro x id e '47

Fe-"̂  + H2O2

2 Fe+̂  + H2 O2 + 2 H"

Fe'"^ +  0H='= +  O H

2Fe^ -̂"2H20

E q . 5  

E q . 6

T h e  p H  v a lu e  in f lu e n c e d  th e  g e n e r a t io n  o f  * O H  r a d ic a ls  a n d  th u s  in c r e a s e d  

th e  o x id a t io n  e f f ic i e n c y .  T h e  p r e c ip i ta t io n  o f  i r o n  a s  i t s  h y d r o x id e  r e d u c e d  

th e  a v a i la b i l i ty  o f  Fe"^^ a n d  o x id a t io n  t r a n s m is s io n ^ ’’ T h e  n e e d  o f  H'^ io n  

to  d e c o m p o s e  H 2O 2 i s  e v id e n t  f r o m  E q . 6  in d ic a t in g  th e  n e c e s s i ty  f o r  a n  

a c id ic  e n v i r o n m e n t  to  p r o d u c e  th e  m a x im u m  a m o u n t  o f  h y d r o x y l  r a d ic a ls .



7. 6. 4. Biochemical analysis of the radiated effluent
B io c h e m ic a l  a n a ly s i s  o f  r a w  a n d  i r r a d ia te d  e f f lu e n t  w e re  d o n e  b y  

e s t im a t in g  c h a n g e  in  th e  c o n c e n t r a t io n s  o f  s o lu b le  p r o te in ,  p h e n o ls ,  to ta l  

a n d  r e d u c in g  s u g a r s  a n d  f re e  a m in o  a c id s .

S o lu b le  p ro te in  c o n c e n tra t io n  o f  ra w  e f f lu e n t (R E ) w a s  8 6 5  m g /L . 

R e m o v a l e f f ic ie n c y  o f  it in c re a s e d  f ro m  3 8 .8  p e rc e n t to  4 7  p e rc e n t a s  th e  d o se  

o f  ra d ia tio n  in c re a s e d  f ro m  2 .5  k G y  to  5 0  k G y  (T a b le  7 . 9 ). A d d id o n  o f  

F e n to n ’s re a g e n t a lo n e  re m o v e d  3 6 .3  p e rc e n t s o lu b le  p ro te in . B u t g a m m a  

ra d ia tio n  o f  2 .5  k G y  in  th e  p re s e n c e  o f  F e n to n ’s r e a g e n t re m o v e d  8 7  p e rc e n t o f  

so lu b le  p ro te in . In  th e  c a s e  o f  p h e n o l a lso  m a x im u m  re m o v a l e f f ic ie n c y  w a s  

fo r  a  ra d ia tio n  d o s e  o f  2 .5  k G y  w h ic h  w a s  2 5  p e rc e n t.  B u t  as th e  d o se  o f  

ra d ia d o n  in c re a s e d  f ro m  2 .5  k G y  to  5 0  k G y , a n  u n u s u a l in c re a se  in  th e  

c o n c e n tra t io n  o f  p h e n o l th a n  th e  o r ig in a l o n e  w a s  o b s e rv e d . I t is  r e p o r te d  th a t  

th e  f irs t  s te p  in  th e  p h e n o l d e c o m p o s i t io n  b y  ra d io ly s is  a n d  p h o to  c a ta ly s is  is 

o x id a tio n  o f  p h e n o l fo rm in g  v a r io u s  ai’o m a tic  in te rm e d ia te s  su c h  as 

h y d ro q u in o n e , c a te c h o l,  p y ro g a llo l  a n d  h y d ro x y h y d ro q u in o n e ^ ^ . T h e  h y d ro x y l 

ra d ic a ls  p ro d u c e d  d u r in g  ra d io ly s is  m ig h t h a v e  c o m b in e d  w ith  so m e  o f  th e  

o rg a n ic  m o le c u le s  p r o d u c in g  p h e n o ls . B u t in  th e  p re s e n c e  o f  F e n to n ’s r e a g e n t 

a lo n e  a n d  c o m b in a t io n  o f  F e n to n ’s re a g e n t a n d  g a m m a  ra d ia tio n , p h e n o l 

re m o v a l e f f ic ie n c y  w a s  4 3  a n d  4 8  p e rc e n t re s p e c tiv e ly . R e p o r ts  sh o w  th a t 

F e n to n ’s r e a g e n t w a s  u s e d  to  tre a t a  v a r ie ty  o f  in d u s tr ia l  w a s te s  c o n ta in in g  a  

ra n g e  o f  to x ic  o rg a n ic  c o m p o u n d s  (p h e n o ls , fo rm a ld e h y d e  a n d  c o m p le x  

w a s te s  d e r iv e d  f ro m  d y e s tu ff s ,  p e s d c id e s , w o o d  p re s e rv a tiv e s , p la s tic s  

add iU ves, a n d  m b b e r  chem ica ls)'^ ’ .



T a b l e  7 . 9 . R e s u l ts  o f  b io c h e m ic a l  a n a ly s i s

No
Sample details 

(Y in kGy)
Soluble
protein Phenol

Total
sugar

Reducing
sugar

Non
reducing

sugar

Free
amino
acid

1 RE 865 586 1250 1095 155 15952

2 RE + 2.5 y 529 440 793 666 127 11633

3 RE +50 7 458 710 405 317 88 14929

4 RE+FR 551 335 456 267 189 20082

5 RE+FR+2.5 7 110 307 1567 2912 203 17556

6 ATE 289 45 56 36 20 5779

7 ATE+ 2.5 y nil 52 nil nil nil 7726

8 ATE+ 3.5 y nil 60 nil nil nil 5145

9 ATE+ FR nil 22 nil nil nil 5650

10 ATE+FR+2.5 y nil 27 nil nil nil 6442

11 ATE+FR+5 y nil 27 nil nil nil 6123

(Abbreviations used: RE; Raw effluent, ATE: anaerobically treated effluent, y: Gamma 

radiation, FR: Fenton’s reagent. All values are expressed in mg/L)

T o ta l  s u g a r  c o n c e n t r a t io n  w a s  1 2 5 0  m g /L  f o r  th e  r a w  e f f lu e n t .  

G a m m a  r a d ia t io n  c o u ld  r e m o v e  3 6 .5  to  6 7 .6  p e r c e n t  o f  to ta l  s u g a r  w h e n  

th e  d o s e  o f  r a d ia t io n  in c r e a s e d  f r o m  2 .5  k G y  to  5 0 . B u t  th e  p r e s e n c e  o f  

F e n t o n ’s r e a g e n t  a n d  g a m m a  r a d ia t io n  in c r e a s e d  th e  c o n c e n t r a t io n  o f  to ta l  

s u g a r  f r o m  1 2 5 0  m g /L  to  1 5 6 7  m g  /L .  E s t im a t io n  o f  r e d u c in g  s u g a r  a n d  

n o n  r e d u c in g  s u g a r  a l s o  s h o w e d  u n u s u a l  v a lu e s  b y  th e  s im u l ta n e o u s  e f f e c t  

o f  F e n t o n ’ s r e a g e n t  a n d  g a m m a  r a d ia t io n .  T h is  m a y  b e  d u e  th e  

d e c o m p o s i t io n  o f  b ig  o r g a n ic  m o le c u l e s  to  s m a l l  s u g a r  m o le c u l e s  in  th e  

p r e s e n c e  o f  F e n t o n ’s r e a g e n t  a n d  g a m m a  r a d ia t io n .  T h e  in i t ia l



c o n c e n t r a t io n  o f  f r e e  a m in o  a c id s  w a s  1 5 9 5 2  m g /L .  F o r  a  r a d ia t io n  d o s e  

o f  2 .5  k G y  i t s  c o n c e n t r a t io n  d e c r e a s e d  to  1 1 6 3 3  m g /L  w h ic h  w a s  2 7  

p e r c e n t  r e m o v a l  f r o m  th e  o r ig in a l .  A s  th e  r a d ia t io n  d o s e  in c r e a s e d  f u r th e r  

f ro m  2 .5  k G y  to  5 0  k G y  f r e e  a m in o  a c id s  r e m o v a l  d e c r e a s e d  to  6 .4  

p e r c e n t .  B u t  a d d i t io n  o f  F e n to n ’s r e a g e n t  a lo n e  a n d  w i th  g a m m a  

r a d ia t io n ,  c o n c e n t r a t io n  o f  f re e  a m in o  a c id s  in c r e a s e d  to  2 0 0 8 2  m g /L  a n d  

1 7 5 5 6  m g /L . I n c r e a s e  o f  f re e  a m in o  a c id s  m a y  b e  d u e  to  th e  

d e c o m p o s i t io n  o f  p r o te in s  in to  in d iv id u a l  a m in o  a c id s  in  th e  p r e s e n c e  o f  

F e n to n ’s r e a g e n t  a n d  g a m m a  r a d ia t io n .

S o lu b le  p ro te in  w a s  c o m p le te ly  r e m o v e d  w h e n  a n a e ro b ic a lly  tre a te d  

e f f lu e n t w a s  s u b je c te d  to  ra d ia tio n  a t a  d o s e  o f  2 .5  k G y  in  th e  p re s e n c e  o f  

F e n to n ’s re a g e n t.  P h e n o l c o n c e n tra tio n  w a s  fo u n d  to  in c re a s e  f ro m  4 5  m g /L  to  

5 2  a n d  6 0  m g /L  fo r  a  g a m m a  ra d ia tio n  d o s e  o f  2 .5  k G y  a n d  3 .5  k G y . B u t  w h e n  

tre a te d  w ith  F e n to n ’s re a g e n t p h e n o l c o n c e n tra t io n  d e c re a s e d  b y  5 1 %  a n d  th e  

c o m b in e d  e f fe c t  o f  F e n to n ’s re a g e n t a n d  g a m m a  r a d ia t io n  re m o v e d  o n ly  4 0 %  

p h e n o l. A lm o s t  c o m p le te  re m o v a l o f  to ta l su g a i' a s  w e ll  as re d u c in g  a n d  n o n ­

re d u c in g  su g a rs  w e re  p o s s ib le  w h e n  a n a e ro b ic a lly  tre a te d  e f f lu e n t w a s  

s u b je c te d  to  ir ra d ia tio n . E s tim a tio n  o f  f re e  a m in o  a c id  s h o w e d  a n  in c re a se  

f ro m  5 7 7 9  m g /L  to  7 7 2 6  m g /L  w h e n  a n a e ro b ic a lly  tre a te d  e f f lu e n t w a s  

su b je c te d  to  a  r a d ia tio n  d o s e  o f  2 .5  k G y . T h is  m a y  b e  d u e  to  th e  c o m p le te  

d e c o m p o s i tio n  o f  p ro te in s  le a d in g  to  th e  f o rm a tio n  a m in o  a c id s . B u t  w h e n  

d o se  w a s  in c re a s e d  to  3 .5  k G y , a m in o  a c id s  c o n te n t  d e c re a s e d  f ro m  5 7 7 9  to  

5 1 4 5 . A g a in  its  c o n c e n tra t io n  in c re a se d  to  6 4 4 2  m g /L  a n d  6 1 2 3  m g /L  w h e n  

tre a te d  w ith  F e n to n ’s re a g e n t  a n d  a  c o m b in a t io n  o f  F e n to n ’s r e a g e n t w ith  

g a m m a  ra d ia tio n . T h e s e  c h a n g e s  m a y  b e  d u e  to  th e  fo rm a tio n  o f  ra d ic a ls  a n d  

th e  c le a v a g e  o f  c a rb o n -c a rb o n , c a rb o n -h y d ro g e n , c a rb o n -o x y g e n  a n d  c a rb o n -  

n itro g e n  b o n d s  u n d e r  h ig h -e n e rg y  ra d ia tio n .



7. 6. 5. Microbiological analysis of the gamma irradiated effluent 
Table 7.10. R e s u l t s  o f  b a c te r io lo g ic a l  a n a ly s i s

N o
S am p le  

(y in kG y)
T o ta l b ac te ria  

(c fu /m L )

S eria l N o. o f  
P h o to g ra p h  g iven  

in th e  fig u re  7.8

1 R E 2 7 x  10-* 1

2 R E + F R 2 x  10^

3 R E + F R + 2 .5  y n il

4 R E + 2 .5  y n il 2

5 A T E 19 X 10^ 3

6 A T E  +  0.5 y 1 3 x  10“*

7 A T E  +  I y 6 x  10^

8 A T E +  1.5 y 23 X 10^

9 A T E  + 2 y 6 0  X 10^

10 A T E + 2 .5  y 4 6  X 10^

11 A T E  +  3 y 3 0  X 10^

12 A T E  + 3.5 y 18 X 10“

13 A T E + F R 4 x  10^ 4

14 A T E + F R + 2 .5  y 2 x  10- 5

15 A T E + F R + 5  y Ix  10 6

16 A T E + F R + lO y nil 7

(A b b rev ia tio n s  u sed : R E ; R a w  eff lu en t., A T E ; a n a e ro b ic a lly  trea ted  effluen t, 

y: G am m a rad ia tio n ., FR: F e n to n ’s reag en t.)
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Fig.7.8. E f f e c t  o f  g a m m a  r a d ia t io n  o n  to ta l  b a c te r ia  

(1 =  R E .,  2  =  R E + 2 .5 y .,  3 =  A T E .,  4  =  A T E + F R . ,  5 =  A T E  + F R + 2 .5 y . ,

6  =  A T E  + F R + 5 y  7 =  A T E  + F R + 1 0 y )

(Abbreviations used: RE; Raw effluent, ATE: anaerobically treated effluent, 

y: Gamma radiation., FR: Fenton’s reagent,)



T o ta l  b a c te r ia l  c o u n t  o f  th e  r a w  a s  w e l l  a s  i r r a d ia te d  e f f lu e n t  w a s  

f o u n d  o u t  b y  c u l tu r in g  th e  s a m p le s .  T h e  r e s u l t s  w e r e  g iv e n  in  th e  T a b le  7 . 

10  a n d  p h o to g r a p h s  o f  s o m e  o f  th e  c u l tu r e d  s a m p le s  (1 to  7 )  a r e  g iv e n  in  

F ig  7 .8 . G a m m a  i r r a d ia t io n  h a v in g  a  d o s e  o f  2 .5  k G y  in  th e  p r e s e n c e  o r  

a b s e n c e  o f  F e n to n ’s  r e a g e n t  c o m p le te ly  r e m o v e d  to ta l  b a c te r ia l  p o p u la t io n  

o f  r a w  e f f lu e n t .

A n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w h e n  s u b je c te d  to  G a m m a  i r r a d ia t io n  

h a v in g  a  d o s e  o f  2 .5  k G y  in  th e  p r e s e n c e  o r  a b s e n c e  o f  F e n to n ’s  r e a g e n t  d id  

n o t  r e m o v e  to ta l  b a c te r i a  c o m p le te ly .  R a d ia t io n  d o s e  o f  5  to  10  k G y  in  th e  

p r e s e n c e  o f  F e n to n ’s  r e a g e n t  w a s  n e e d e d  to  r e m o v e  b a c te r i a  c o m p le t e ly  

f r o m  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t .

7.7. Conclusion

W h e n  r a w  e f f lu e n t  w a s  s u b je c te d  to  g a m m a  r a d ia t io n  a t  a  d o s e  r a n g e  o f  0 .5  

to  1 0 0  k G y ,  m a x im u m  p e r c e n ta g e  r e m o v a l  o f  p o l lu ta n ts  w a s  o b s e r v e d  f o r  

th e  d o s e  r a n g e  o f  2 .5  to  3  k G y .  T h e r e f o r e ,  2 .5  k G y  c o u ld  b e  ta k e n  a s  th e  

o p t im u m  d o s e  o f  r a d ia t io n  to  t r e a t  r a w  s e r u m  e f f lu e n t .  N o t  m u c h  c h a n g e  in  

p H  w a s  o b s e rv e d  a f te r  i r r a d ia t in g  w i th  g a m m a  ra y s .

2 0 0  m g /L  o f  i r o n  a n d  10  m lV L  o f  H 2O 2 c o u ld  b e  ta k e n  a s  th e  

o p t im u m  d o s e  in  F e n to n ’s  r e a g e n t  s in c e  th e  h ig h e s t  r e m o v a l  o f  tu r b id i ty ,  

C O D  a n d  B O D  to o k  p la c e  a t  th i s  d o s e . P h o s p h a te  r e m o v a l  e f f ic i e n c y  

in c r e a s e d  a s  th e  i r o n  c o n c e n t r a t io n  in c r e a s e d  in  F e n to n ’s  r e a g e n t .  O n  

c o m p a r is o n  o f  th e  e f f e c t  o f  c o n c e n t r a t io n  o f  e f f lu e n t  o n  g a m m a  r a d ia t io n ,  

th e  h ig h e s t  C O D , B O D  a n d  p h o s p h a te  r e m o v a l  w e r e  f o r  1 0 0  p e r c e n t  

e f f lu e n t  th a n  f o r  d i lu te d  e f f lu e n t .

E f f e c t  o f  i r r a d ia t io n  w a s  m o r e  p r o m in e n t  in  th e  p r e s e n c e  o f  

F e n to n ’s  r e a g e n t .  p H  a r o u n d  7  c o u ld  b e  ta k e n  a s  th e  o p t im u m  p H  to  t r e a t



r a w  e f f lu e n t  u s in g  g a m m a  ra d ia t io n  b u t  p H  a r o u n d  3 w a s  e f f e c t iv e  fo r  

g a m m a  ir r a d ia t io n  a lo n g  w i th  F e n to n ’s r e a g e n t .

A n a e r o b ic a l ly  t r e a te d  e f f lu e n t  c o u ld  b e  m o r e  e f f e c t iv e ly  t r e a te d  

u s in g  g a m m a  ra d ia t io n  a n d  F e n to n ’s r e a g e n t .  S u lp h id e s  p r e s e n t  in  th e  

a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  c o u ld  b e  c o m p le te ly  r e m o v e d  w h e n  i r r a d ia te d  

in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t.

B io c h e m ic a l  a n a ly s is  o f  th e  r a d ia te d  e f f lu e n t  ( ra w )  s h o w e d  th a t  

8 7 %  s o lu b le  p r o te in  c o u ld  b e  r e m o v e d  f o r  a  d o s e  o f  2 .5  k G y  in  th e  

p r e s e n c e  o f  F e n to n ’s r e a g e n t .  4 8  %  o f  p h e n o l  w a s  r e m o v e d  in  th e  p r e s e n c e  

o f  F e n to n ’s r e a g e n t  a n d  g a m m a  r a d ia t io n .  G a m m a  ra d ia t io n  a lo n e  c o u ld  

rem o v e 36.5 %  o f  total sugai- an d  27  %  o f  f e e  a m in o  acids for a  dose  o f  2 .5  kG y.

A n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w h e n  s u b je c te d  to  g a m m a  r a d ia t io n  

fo r  a  r a d ia t io n  d o s e  o f  2 .5  k G y , s o lu b le  p r o te in  w a s  c o m p le te ly  r e m o v e d .  

W i th  F e n to n ’s r e a g e n t  p h e n o l  c o n c e n t r a t io n  d e c r e a s e d  b y  5 1 %  a n d  a lm o s t  

c o m p le te  r e m o v a l  o f  to ta l  s u g a r  as  w e l l  a s  r e d u c in g  a n d  n o n - re d u c in g  

s u g a rs  w a s  p o s s ib le  w h e n  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w a s  s u b je c te d  to  

ir ra d ia t io n .

G a m m a  ir r a d ia t io n  h a v in g  a  d o s e  o f  2 .5  k G y , i r r e s p e c t iv e  o f  

F e n to n ’s r e a g e n t  a d d e d  o r  n o t,  c o m p le te ly  r e m o v e d  to ta l  b a c te r ia l  

p o p u la t io n  o f  r a w  e f f lu e n t ,  w h e re a s  in  th e  c a s e  o f  a n a e r o b ic a l ly  t r e a te d  

e f f lu e n t ,  a d d i t io n  o f  F e n to n ’s r e a g e n t  in  c o m b in a t io n  w i th  a  r a d ia t io n  d o s e  

o f  5 to  10 k G y  w a s  n e e d e d  to  r e m o v e  b a c te r ia  c o m p le te ly .

F u tu re  r e s e a r c h  in  th is  a re a  is  l ik e ly  to  p a v e  th e  w a y  f o r  th e  

a p p l ic a t io n  o f  r a d ia t io n  te c h n o lo g y  o n  a  c o m m e r c ia l  b a s is  to  t r e a t  

w a s te w a te r  f ro m  ru b b e r  in d u s t r ie s .
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CHAPTERS 

SUMMARY AND CONCLUSION

P o l lu t io n  o f  w a te r  is  a  s e r io u s  th r e a t  to  p u b l ic  h e a l th  a n d  th e  s i tu a t io n  c a l ls  

fo r  th e  d e v e lo p m e n t  o f  c o s t  e f f e c t iv e  a n d  e n v i r o n m e n ta l ly  f r ie n d ly  

te c h n o lo g ie s  to  a m e l io r a te  th is  p ro b le m . S k im  s e r u m  e f f lu e n t  g e n e r a te d  in  

la te x  c e n tr i f u g in g  u n i ts  is  h e a v i ly  p o l lu te d ,  r e q u i r in g  m a n d a to r y  t r e a tm e n t  

so  a s  to  r e d u c e  th e  im p a c t  o f  p o l lu t io n  in  la n d  a n d  w a te r .  T h is  is  m o r e  

im p o r ta n t  in  th e  c o n te x t  o f  h ig h  d e n s i ty  o f  p o p u la t io n  a n d  c lo s e ly - k n i t  

d w e ll in g s  in  th e  s ta te  o f  K e ra la .  T h e  w a te r  b o d ie s  w h ic h  w e re  o n c e  th e  l i f e  

l in e s  o f  h u m a n  h a b i ta t io n  h a v e  tu rn e d  o u t  to  b e  th e  b r e e d in g  g r o u n d s  o f  

d is e a s e  c a u s in g  m ic r o o r g a n is m s .  N o tw i th s ta n d in g  a ll k in d s  o f  p o l lu t io n  

c o n tro l  m e a s u r e s  im p o s e d  b y  th e  g o v e r n m e n t  a n d  lo c a l  b o d ie s ,  u n tr e a te d  o r  

p a i 't ia lly  t r e a te d  e f f lu e n t s  a r e  d is c h a r g e d  in d is c r im in a te ly  to  th e  th e s e  w a te r  

b o d ie s .  C o n s e q u e n t ly  th e  w a te r  h a s  tu r n e d  o u t  to  b e  u n f i t  f o r  a q u a t ic  l i f e  

a n d  h u m a n  n e e d s .

T h e  o v e r a l l  o b je c t iv e  o f  th e  p r e s e n t  w o r k  is  to  s tu d y  th e  

e f f e c t iv e n e s s  o f  c e r ta in  p h y s ic o -c h e m ic a l ,  e le c t r o c h e m ic a l ,  b io lo g ic a l  a n d  

r a d ia t io n  m e th o d s  fo r  th e  t r e a tm e n t  o f  th e  h ig h ly  p o l lu te d  a c id ic  s k im  

s e r a m  e f f lu e n t  o n  a  l a b o r a to r y  s c a le  a n d  th u s  to  d e v e lo p  a  s y s te m a tic  

t r e a tm e n t  s y s te m . T h e  t r e a tm e n t  m e th o d s  e v a lu a te d  in  th is  s tu d y  h a d  b e e n  

e f f e c t iv e  p r o v e d  to  b e  e f f e c t iv e  f o r  s e w a g e  a n d  e f f lu e n ts  f ro m  in d u s t r ie s  

l ik e  p u lp  a n d  p a p e r  m il ls ,  s la u g h te rh o u s e s ,  p h a r m a c e u t ic a l  u n i ts ,  c i tr ic  a c id  

u n its ,  d is t i l le r ie s ,  ta n n e r ie s ,  te x t i le s ,  d y e  in d u s t ry  a n d  s u g a r  in d u s t ry .

I t  is  n e c e s s a r y  to  k n o w  th e  c o m p o s i t io n  o f  r u b b e r  la te x  to  d e v e lo p  a 

t r e a tm e n t  s y s te m  a n d  i ts  p r o c e s s in g .  T h e r e f o r e ,  a  c o m p re h e n s iv e



d e s c r ip t io n  a b o u t  n a tu ra l  r u b b e r ,  c o m p o s i t io n  o f  m b b e r  la te x ,  d i f f e r e n t  

m e th o d s  o f  p r o c e s s in g  n a tu ra l  r u b b e r  la te x  a n d  p o s s ib le  s o u r c e s  o f  e f f lu e n t  

g e n e r a t io n  a r e  g iv e n  in  th e  f i r s t  c h a p te r .  T h e  v a r io u s  p h y s ic a l ,  c h e m ic a l  a n d  

b io lo g ic a l  p r o p e r t ie s  o f  th e  w a s t e w a te r  a re  d is c u s s e d .  T h e  c h a r a c te r i s t i c s  o f  

e f f lu e n t  f r o m  n a tu r a l  r u b b e r  p r o c e s s in g  u n i ts ,  im p a c t  o f  e f f lu e n t  d i s c h a r g e  

o n  w a te r  b o d ie s  a n d  th e  e x i s t in g  t r e a tm e n t  p r a c t ic e s  a re  a l s o  d is c u s s e d  in  

b r ie f .  T h e  o b je c t iv e s  a n d  s c o p e  o f  th e  w o r k  a r e  a ls o  d e f in e d  in  th is  c h a p te r .

In  C h a p te r  2 , th e  c h a r a c te r i s t i c s  o f  s k im  s e n im  e f f lu e n t  f r o m  la te x  

c e n t r i f u g in g  u n i t s  a re  d e s c r ib e d .  T h e  a v e r a g e  p H  o f  th e  s e n im  e f f lu e n t  is  

4 .1 1 ,  in d ic a t in g  its  a c id ic  n a tu re .  C O D  a n d  B O D  o f  th e  s e n im  e f f lu e n t  w e r e  

e s t im a te d  a n d  th e  a v e r a g e  v a lu e s  w e r e  3 1 6 0 3  m g /L  a n d  1 6 7 5 6  m g /L  

r e s p e c t iv e ly .  T h e  a v e r a g e  r a t io  b e tw e e n  B O D /C O D  is  0 .5 1 6  w h ic h  in d ic a te s  

th a t  th e  m a jo r  p o l lu ta n t  is  o r g a n ic  in  n a tu re .  9 5 .5  p e r  c e n t  o f  th e  to ta l  s o l id s  

is  in  th e  d is s o lv e d  f o r m  in d ic a t in g  h ig h  c o n c e n t r a t io n  o f  o r g a n ic  m a tte r .  

T h e  m a jo r  f r a c t io n  o f  to ta l  s u s p e n d e d  s o l id s  c o u ld  b e  c o n s id e r e d  a s  o r g a n ic  

m a t te r ,  s in c e  9 5 .3  %  o f  i t  is  v o la t i le  in  n a tu re .  T h e  p r e s e n c e  o f  to ta l  

K je ld a h l  n i t r o g e n ,  a m m o n ia c a l  n i t r o g e n ,  p h o s p h a te s ,  v o la t i le  f a t ty  a c id s ,  

s u lp h a te s ,  s u lp h id e ,  o il  a n d  g r e a s e ,  tu r b id i ty  a n d  c h lo r id e s  w a s  a ls o  

e s t im a te d .  C o n c e n t r a t io n  o f  m e ta ls  a s  w e l l  a s  b io c h e m ic a l  a n d  

b a c te r io lo g ic a l  p r o p e r t ie s  w e r e  e s t im a te d .  M o s t  o f  th e  c h a r a c te r i s t i c s  

s tu d ie d  a re  a b o v e  th e  l im i ts  s p e c i f ie d  b y  th e  K e r a la  S ta te  P o l lu t io n  C o n t ro l  

B o a rd .  T h e r e f o r e ,  i t  n e e d s  p r o p e r  t r e a tm e n t  b e f o r e  d is c h a r g in g .

P a r t  A  o f  th e  th i r d  c h a p te r  c o m p r i s e s  th e  r e s u l t s  o f  a  c o m p a r a t iv e  

s tu d y  o f  f iv e  c o m m o n ly  u s e d  m e ta l  c o a g u la n ts  to  r e m o v e  v a r io u s  p o l lu ta n ts  

f ro m  th e  s e r u m  e f f lu e n t .  T h e  c o a g u la n ts  u s e d  w e re  p o ta s h  a lu m , f e r r ic  

a lu m , a lu m in iu m  s u lp h a te ,  a lu m in iu m  c h lo r id e  a n d  f e r ro u s  s u lp h a te s .  T h e  

e f f e c t iv e n e s s  o f  m e ta l  c o a g u la n ts  w a s  e v a lu a te d  in  te rm s  o f  th e  r e d u c t io n  o f



tu rb id i ty ,  C O D , B O D , T K N , A N  a n d  p h o s p h a te .  T h e  e f f e c t  o f  p H  o n  

c o a g u la t io n  w a s  a ls o  in v e s t ig a te d .  T h e  o p t im u m  p H  v a lu e  f o r  p o ta s h  a lu m , 

a lu m in iu m  s u lp h a te  a n d  f e r ro u s  s u lp h a te  is  9 . F o r  f e r r ic  a lu m  a n d  

a lu m in iu m  c h lo r id e  th e  o p t im u m  p H  is  7 . A m o n g  th e  f iv e  c o a g u la n ts  

s tu d ie d ,  C O D  re m o v a l  e f f ic i e n c y  w a s  a b o v e  th i r ty  p e r c e n t  fo r  a ll 

c o a g u la n ts  e x c e p t  fe r r ic  a lu m . S lu d g e  s e t t l in g  c h a r a c te r is t ic s  o f  p o ta s h  

a lu m  a n d  fe r r ic  a lu m  w e r e  f o u n d  to  b e  m o d e r a te ,  w h e r e a s  w i th  fe r ro u s  

s u lp h a te ,  f lo c  fo rm a t io n  w a s  r a p id  a n d  s e t t l in g  r a te  w a s  a ls o  fa s t.  S e t t l in g  o f  

s lu d g e  b e c a m e  a lm o s t  c o n s ta n t  w ith in  2 0  m in u te s .  F o r  a lu m in iu m  c h lo r id e  

a n d  a lu m in iu m  s u lp h a te  s lu d g e  h e ig h t  w a s  q u i te  h ig h  s h o w in g  lo w  

c o m p re s s ib i l i ty  o f  th e  s lu d g e .

E f f e c t iv e n e s s  o f  th r e e  n a tu ra l  p o ly e le c t r o ly te s  v iz ; d r ie d  g o o s e ­

b e r r y  p o w d e r ,  d r ie d  d m m  s t i c k  s e e d  p o w d e r  a n d  ta m a r in d  s e e d  p o w d e r  a n d  

tw o  s y n th e t ic  p o ly e le c t r o ly te s  ( c a t io n ic  a n d  a n io n ic )  a s  c o a g u la n t  a n d  

c o a g u la n t  a id  to  t r e a t  s k im  s e ru m  e f f lu e n t  is  d e s c r ib e d  in  P a i t  B  o f  th e  th ird  

c h a p te r .  T h e  o p t im u m  p H  v a lu e  fo r  th e  e f f e c t iv e  c o a g u la t io n  w a s  10 f o r  a ll 

th e  p o ly e le c t ro ly te s .  T h e  n a tu ra l  p o ly e le c t r o ly te s  s h o w  h ig h  p o te n t ia l  a s  

c o a g u la n t  a id  in  th e  t r e a tm e n t  p r o c e s s .  T a m a r in d  s e e d  p o w d e r  w a s  fo u n d  to  

b e  th e  m o s t  e f f e c t iv e  p r im a r y  c o a g u la n t  a n d  c o a g u la n t  a id  a m o n g  th e  f iv e  

p o ly e le c tr o ly te s .  A  s m a ll  q u a n t i ty  o f  p o ly e le c t r o ly te ,  4  m g /L , a lo n g  w ith  a 

v e r y  s m a ll  a m o u n t  o f  m e ta l  c o a g u la n t  c o u ld  r e d u c e  C O D  a n d  p h o s p h a te  

c o n s id e r a b ly .  W h e n  p o ly e le c t r o ly te s  in  c o n ju n c t io n  w i th  m e ta l  c o a g u la n ts  

w e re  s tu d ie d ,  p o ta s h  a lu m  w a s  f o u n d  to  b e  th e  m o s t  e f f e c t iv e  a m o n g  th e  

m e ta l  c o a g u la n ts  in  a ll c a s e s  e x c e p t  c a t io n ic  p o ly e le c t r o ly te .  In  th e  c a s e  o f  

c a t io n ic  p o ly e le c t r o ly te ,  a lu m in iu m  c h lo r id e  w a s  m o r e  e f f e c t iv e .  A m o n g  

th e  s y n th e t ic  p o ly e le c t r o ly te s ,  c a t io n ic  p o ly e le c t r o ly te  w a s  m o r e  e f f e c t iv e  

th a n  a n io n ic  p o ly e le c t ro ly te .



T h e  to p ic  o f  d i s c u s s io n  in  P a r t  A  o f  th e  f o u r th  c h a p te r  is  th e  

t r e a tm e n t  o f  s k im  s e r u m  e f f lu e n t  b y  U A S B  r e a c to r .  P e r f o r m a n c e  o f  th e  

r e a c to r  w a s  e v a lu a te d  in  te rm s  o f  th e  v a r ia t io n s  in  p H , C O D , B O D , 

s u lp h id e ,  v o la t i le  f a t ty  a c id s ,  to ta l  K je ld a h l  n i t r o g e n ,  a m m o n ia c a l  n i t r o g e n ,  

to ta l  s o l id s ,  d i s s o lv e d  s o l id s ,  p h o s p h a te  a n d  v o la t i le  s u s p e n d e d  s o l id s .  T h e  

v o lu m e  o f  b io g a s  p r o d u c e d  w a s  m e a s u r e d  b y  th e  d o w n w a r d  d is p la c e m e n t  

o f  w a te r .  T h e  s tu d ie s  r e v e a le d  th a t  U A S B  r e a c to r  c o u ld  b e  s u c c e s s f u l ly  

u s e d  to  t r e a t  s k im  s e ru m  e f f lu e n t .  F o r  a n  H R T  o f  3 6  d a y s ,  a v e r a g e  C O D  

r e m o v a l  e f f ic i e n c y  w a s  8 9  a n d  7 9  p e r c e n t  a t  a n  o r g a n ic  lo a d in g  o f  2 7  a n d

3 7  k g /d a y /m ^  r e s p e c t iv e ly .  D e c r e a s in g  H R T  a n d  in c r e a s in g  o r g a n ic  lo a d in g  

d e c r e a s e d  th e  e f f ic i e n c y  o f  th e  t r e a tm e n t .  T h e  r e a c to r  h e ig h t  in f lu e n c e d  th e  

t r e a tm e n t  e f f ic i e n c y  a n d  th e  p e r c e n ta g e  r e m o v a l  o f  C O D  in c r e a s e d  a s  th e  

e f f lu e n t  m o v e s  u p w a r d s  a n d  th e  m a x im u m  p e r c e n ta g e  r e m o v a l  w a s  a t  th e  

to p  o f  th e  r e a c to r .  E f f ic ie n c y  o f  t r e a tm e n t  c o u ld  n o t  b e  a s s e s s e d  in  te rm s  o f  

B O D  s in c e  B O D  v a lu e s  w e r e  u n u s u a l ly  h ig h  d u r in g  a n a e r o b ic  t r e a tm e n t  f o r  

lo n g e r  H R T s .  p H  a n d  V F A  c h a n g e s  a r e  m o r e  p r o n o u n c e d  b e lo w  1.3 m e tr e  

h e ig h t ,  in d ic a t in g  h ig h  r a te  o f  a n a e r o b ic  r e a c t io n s  a t  th e  l o w e r  p a r t  o f  th e  

r e a c to r .  L o w e r in g  H R T  f r o m  3 6  d a y s  to  9  d a y s  d e c r e a s e d  th e  e f f ic i e n c y  o f  

r e m o v in g  to ta l  s o l id s  a n d  d is s o lv e d  s o l id s ,  w h e r e a s  in c r e a s in g  o rg a n ic  

lo a d in g  in c r e a s e d  th e  p e r c e n ta g e  r e m o v a l  o f  T S  a n d  D S  s h o w in g  th e  n e e d  

f o r  lo n g e r  p e r io d s  o f  r e te n t io n  f o r  th e  r e m o v a l  o f  s o l id s .  M a jo r  p o r t io n  o f  

th e  T S  a n d  D S  w a s  r e m o v e d  b e lo w  1 .3  m e te r  h e ig h t  p r o v in g  s u b s ta n t ia l  

s e t t l in g  o f  th e  s lu d g e  b e lo w  th is  h e ig h t .

H ig h  a m o u n t  o f  V S S  is  f o rm e d  a t  th e  lo w e r  p a r t  o f  th e  r e a c to r .  T h is  

c o u ld  b e  a  s ig n  o f  h ig h  b io m a s s  f o rm a t io n  a t  th e  lo w e r  p a r t  o f  th e  r e a c to r .  

T o ta l  K je ld a h l  n i t r o g e n  a n d  a m m o n ia c a l  n i t r o g e n  r e m o v a l  w e r e  r a th e r  lo w  

c o m p a r e d  to  C O D . P e r c e n ta g e  r e m o v a l  o f  a m m o n ia c a l  n i t r o g e n  s h o w s  w id e



v a r ia t io n  r a n g in g  f ro m  n e g a t iv e  to  z e ro .  F o r  h ig h e r  H R T s ,  9 7  p e r c e n t  

r e m o v a l  o f  s o lu b le  o r g a n ic  n i t r o g e n  c o n te n t  w a s  a c h ie v e d  d u r in g  a n a e r o b ic  

t r e a tm e n t .  H ig h  p e r c e n ta g e  r e m o v a l  o f  s o lu b le  o r g a n ic  n i t r o g e n  in d ic a te d  th e  

d e g r a d a t io n  o f  n i t r o g e n  c o n ta in in g  c o m p o u n d s  l ik e  p r o te in s  a n d  a m in o  a c id s  

d u r in g  a n a e r o b ic  t r e a tm e n t .  B io lo g ic a l  p h o s p h o r u s  r e m o v a l  w a s  h ig h e r  fo r  

lo n g e r  r e te n t io n  t im e s  in  th e  U A S B  r e a c to r  a n d  vice versa. L a r g e  a m o u n t  o f  

s u lp h id e  w a s  f o rm e d  d u r in g  th is  p r o c e s s  o f  t r e a tm e n t  b u t  i ts  p r e s e n c e  d id  n o t  

s e r io u s ly  a f f e c t  th e  t r e a tm e n t  e f f ic ie n c y  s in c e  85  to  9 5 %  C O D  w a s  r e m o v e d .  

T h e  b io g a s  p r o d u c e d  w a s  m e a s u r e d  a n d  i t s  q u a n t i ty  d e c r e a s e d  w h e n  H R T  

d e c re a s e d .  A n a e ro b ic  p r o c e s s  r e m o v e d  th e  c o n c e n t r a t io n  o f  h e a v y  m e ta ls  

l ik e  i ro n ,  c o p p e r  a n d  z in c .  B io c h e m ic a l  s tu d ie s  o f  th e  s e ru m  e f f lu e n t  s h o w e d  

th a t  a n a e ro b ic  t r e a tm e n t  b y  U A S B  r e a c to r  is  a n  e f f e c t iv e  m e th o d  to  r e m o v e  

p ro te in ,  s u g a r  a n d  e v e n  p h e n o l .

P a r t  B  o f  th e  f o u r th  c h a p te r  e x p la in s  th e  in v e s t ig a t io n s  in to  th e  

e f f e c t  o f  tr a c e  m e ta ls  l ik e  C o , N i  a n d  M o  in d iv id u a l ly  a n d  in  c o m b in a t io n  

a t 1 0 0  a n d  10 [,ig/L  c o n c e n t r a t io n s  o n  th e  a n a e r o b ic  t r e a tm e n t  o f  s k im  

s e ru m  e f f lu e n t  u s in g  b a tc h  ty p e  u p f lo w  a n a e r o b ic  s lu d g e  b la n k e t  in  

c o m p a r is o n  w ith  a n o th e r  s e t  w i th o u t  a n y  a d d e d  m e ta l .  A v e r a g e  s u lp h id e  

fo rm a t io n  w a s  h ig h e r  w h e n  m e ta l  c o n c e n t r a t io n  w a s  10 [xg/L  th a n  a t 

1 0 0  (.ig/L. B u t ,  f o r m a t io n  o f  s u lp h id e  w a s  c o m p a r a t iv e ly  lo w  in  th e  

p r e s e n c e  o f  N i a n d  M o . T u r b id i ty  in  th e  p r e s e n c e  o f  c o b a l t  w a s  

c o m p a r a t iv e ly  h ig h ,  s h o w in g  th a t  th e  p r e s e n c e  o f  c o b a l t  f a v o u r e d  c e ll  

g r o w th  th a n  a n y  o th e r  m e ta l .  B u t  f o r  10  [.ig/L  c o n c e n t r a t io n  o f  t r a c e  m e ta ls  

M o  c o n ta in in g  e f f lu e n t  h a d  h ig h  v a lu e  o f  tu rb id i ty .  M e a s u r e m e n t  o f  

tu r b id i ty  c o u ld  b e  u s e d  to  a s s e s s  th e  c e ll  g ro w th . C o n t in u o u s  a d d i t io n  o f  

1 0 0  f.ig/L  o f  C o  in c re a s e d  th e  p e r c e n ta g e  r e m o v a l  o f  C O D  to  a n  o p t im u m  

v a lu e  a n d  th e n  d e c l in e d .  C o n t in u o u s  a d d i t io n  o f  N i a n d  a ll th e  th r e e  m e ta ls



to g e th e r  c a u s e d  a n  a b r u p t  d e c l in e  in  th e  p e r c e n ta g e  r e m o v a l  o f  C O D , 

s h o w in g  th e  in h ib i to r y  e f f e c t  o f  m e ta ls .  In  th e  r e m o v a l  o f  C O D , in f lu e n c e  

o f  M o  w a s  h ig h e r  th a n  C o  w h e n  10  p ig /L  o f  tr a c e  m e ta l  w a s  a d d e d  

in d ic a t in g  th e  n e e d  f o r  t r a c e s  o f  M o  in  th e  a n a e r o b ic  t r e a tm e n t .  I n c r e a s e  in  

B O D  v a lu e s  d u r in g  a n a e r o b ic  t r e a tm e n t  in  th e  p r e s e n c e  o f  t r a c e  m e ta l s  

in d ic a te d  a  c o n s ta n t  in te r f e r e n c e  in  th e  m e a s u r e m e n t  o f  B O D . T r a c e  m e ta ls  

d id  n o t  in f lu e n c e  m u c h  in  th e  r e m o v a l  o f  to ta l  K je ld a h l  n i t r o g e n  a n d  

a m m o n ia c a l  n i t r o g e n .  P e r c e n ta g e  r e m o v a l  o f  a m m o n ia c a l  n i t r o g e n  w a s  

n e g a t iv e ,  w h ic h  c o n f i r m e d  th e  f o r m a t io n  o f  a m m o n ia  d u r in g  a n a e r o b ic  

t r e a tm e n t .

C h a p te r  5 d is c u s s e s  th e  e f f e c t  o f  a n o d ic  o x id a t io n  o f  r a w  a n d  

a n a e r o b ic a l ly  t r e a te d  s k im  s e r u m  e f f lu e n t .  E le c t r o c h e m ic a l  m e th o d  c o u ld  

b e  u s e d  f o r  p r e - t r e a tm e n t  as  w e l l  a s  p o s t - t r e a tm e n t  o f  th is  e f f lu e n t .  B u t  

p o s t - t r e a tm e n t  w a s  m o r e  e f f e c t iv e .  S o d iu m  c h lo r id e  w a s  u s e d  as  s u p p o r t in g  

e le c t ro ly te .  V a r io u s  m e ta l  e l e c t ro d e s  l ik e  a lu m in iu m , c a s t  i r o n ,  s te e l ,  a n d  

m ild  s te e l  w e r e  c o m p a i 'e d  f o r  th e i r  e f f ic i e n c y  in  r e m o v in g  C O D , 

B O D ,T K N , A N  a n d  p h o s p h a te  a n d  f o u n d  th a t  a lu m in iu m  a n o d e  w a s  m o r e  

e f f e c t iv e  to  r e m o v e  p o l lu ta n ts  c o m p a r e d  to  o th e r s .  A ls o  s tu d ie d  th e  e f f e c t  

o f  F e n to n ’s r e a g e n t  in  e le c t r o ly s i s  a n d  f o u n d  th a t  th e  p r e s e n c e  o f  F e n to n ’ s 

r e a g e n t  d u r in g  e le c t r o ly s i s  w a s  v e r y  e f f e c t iv e  in  r e m o v in g  p o l lu ta n ts .  

M a x im u m  r e m o v a l  o f  C O D  to o k  p la c e  w i th in  4 5  m in u te s  a n d  B O D  w i th in

3 0  m in u te s .  T h e r e f o r e ,  4 5  m in u te s  c o u ld  b e  ta k e n  a s  th e  o p t im u m  t im e  f o r  

e le c t r o ly s is .  I n s ta n ta n e o u s  c u r r e n t  e f f ic i e n c y  d e c r e a s e d  w i th  t im e  d u r in g  

e le c t r o ly s i s  a n d  f in a l ly  r e a c h e d  a  c o n s ta n t  v a lu e  a f te r  1 2 0  m in u te s .  E f f e c t  

o f  c o n c e n t r a t io n  o f  e f f lu e n t  o n  e le c t r o ly s is  s h o w e d  th a t  th e  lo w e r  th e  C O D  

o f  th e  e f f lu e n t  u s e d  f o r  e le c t ro ly s is ,  th e  h ig h e r  th e  r a te  o f  r e m o v a l  a n d  i t  

w a s  m o r e  p r o m in e n t  in  th e  c a s e  o f  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t .  9 9 .5



p e r c e n t  p h o s p h a te  c o u ld  b e  r e m o v e d  f ro m  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  

b y  e le c tro ly s is .  E le c t r o ly s is  w a s  m o r e  e f f e c t iv e  f o r  th e  t r e a tm e n t  o f  

a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  h a v in g  lo w  o r g a n ic  lo a d .  C o m p le te  r e m o v a l  

o f  s u lp h id e  w a s  o b s e r v e d  d u r in g  e le c t ro ly s is .  p H  a r o u n d  5  c o u ld  b e  ta k e n  

as  o p t im u m  fo r  e l e c t r o ly s is  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  s in c e  

m a x im u m  p e r c e n ta g e  r e m o v a l  o f  C O D  a n d  B O D  to o k  p la c e  a t  p H  5 . W i th  

th e  h e lp  o f  a  p h o to v o l ta ic  c e ll ,  s o la r  r a d ia t io n  w a s  u s e d  to  t r e a t  th e s e  

e f f lu e n ts  a n d  c o m p a r e d  i t s  e f f ic ie n c y  w ith  D C  p o w e r  a n d  f o u n d  th a t  so J a r  

c e ll  w a s  v e r y  e f f e c t iv e  a s  a n  a l te r n a t iv e  s o u r c e  o f  p o w e r  to  t r e a t  s e ru m  

e f f lu e n t  b y  e le c t ro c h e m ic a l  m e th o d . T h e  u s e  o f  p h o to v o l ta ic  c e ll  is  h ig h ly  

e f f ic ie n t  a n d  e c o n o m ic a l  o n c e  i t  is  in s ta l le d .  B io c h e m ic a l  a n a ly s is  r e v e a le d  

th a t  e le c t ro ly s is  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  w a s  g o o d  in  r e m o v in g  

s o lu b le  p ro te in ,  p h e n o l  a n d  s u g a rs  e s p e c ia l ly  f ro m  th e  a n a e r o b ic a l ly  t r e a te d  

e f f lu e n t .  S u g a r  a n d  s o lu b le  p ro te in s  w e r e  c o m p le te ly  r e m o v e d  b y  

e le c tro ly s is .  M ic r o b io lo g ic a l  a n a ly s is  s h o w e d  th a t  p o p u la t io n  o f  to ta l  

b a c te r ia  c o u ld  b e  c o m p le te ly  r e m o v e d  b y  2 0  m in u te  e le c tro ly s is  in  th e  

p r e s e n c e  o f  F e n to n ’s r e a g e n t .  I t is  c o n c lu d e d  th a t  a n o d ic  o x id a t io n  is  o n e  o f  

th e  b e s t  m e th o d s  f o r  th e  t r e a tm e n t  o f  a n a e r o b ic a l ly  p r e - t r e a te d  e f f lu e n t .

C h a p te r  6 d is c u s s e s  th e  f e a s ib i l i ty  a n d  e f f ic i e n c y  o f  d i f f e r e n t  

a d s o rb e n ts  a n d  th e  s e le c t io n  o f  th e  b e s t  a d s o r b e n t  to  p u r i f y  a n a e r o b ic a l ly  

a n d  e le c t r o ly t ic a l ly  p r e - t r e a te d  s k im  s e ru m  e f f lu e n t .  D if f e re n t  f o rm s  o f  

a c t iv a te d  c a rb o n ,  c a rb o n  b la c k  a n d  n a n o  c la y s  w e r e  u s e d  to  p u r i f y  th e  p r e ­

tr e a te d  n a tu ra l  s e ru m  e f f lu e n t .  T h is  s tu d y  s h o w e d  th a t  c o m m e r c ia l ly  

a v a i la b le  a c t iv a te d  c a r b o n  a n d  fu rn a c e  c a r b o n  b la c k  w e r e  g o o d  a d s o rb e n ts  

to  p u r ify  th is  e f f lu e n t .  A c t iv a te d  c a r b o n s  p r e p a r e d  f r o m  c o c o n u t  s h e l l ,  r ic e  

h u s k , s a w  d u s t  a n d  te a k  w o o d  s a w  d u s t  w e r e  a l s o  u s e d  a s  a d s o rb e n ts ,  s in c e  

th e s e  d if f e r e n t  n a tu ra l  s u b s ta n c e s  a re  c h e a p  a n d  e a s i l y  a v a i la b le  in  K e ra la .



O u t  o f  th e s e ,  a c t iv a te d  c a r b o n  p r e p a r e d  f r o m  c o c o n u t  s h e l l  w a s  th e  b e s t  

a d s o r b e n t  f o r  th e  r e m o v a l  o f  C O D . T h e  o r d e r  o f  th e i r  e f f ic i e n c y  in  te r m s  o f  

C O D  a n d  B O D  r e m o v a l  is  c o c o n u t  s h e l l  >  r ic e  h u s k  >  te a k  w o o d  s a w  d u s t  

>  s a w  d u s t .  N a n o  c la y s  w e r e  g o o d  to  r e m o v e  C O D , to ta l  n i t r o g e n  a n d  

a m m o n ia c a l  n i t r o g e n .  T h o u g h  n a n o  c la y s  w e r e  g o o d  a d s o rb e n ts ,  f u r th e r  

s tu d ie s  n e e d  b e  c a r r ie d  o u t  to  e v a lu a te  th e  b io c h e m ic a l  a s  w e l l  as 

e c o n o m ic a l  a s p e c ts .

C h a p te r  7  e x p la in s  th e  im p a c t  o f  g a m m a  i r r a d ia t io n  f r o m  a  C o - 6 0  

g a m m a  s o u r c e  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  o n  th e  t r e a tm e n t  o f  ra w  

a n d  a n a e r o b ic a l ly  t r e a te d  s k im  s e r u m  e f f lu e n t  in  te rm s  o f  e f f e c t iv e  o r g a n ic  

c o n ta m in a n t  d e c o m p o s i t io n  a s  in d ic a te d  b y  th e  m e a s u r e m e n ts  o f  C O D , 

B O D , to ta l  K je ld a h l  n i t r o g e n ,  a m m o n ia c a l  n i t r o g e n ,  to ta l  s o l id s  a n d  

d is s o lv e d  s o l id s .  T h e  im p a c t  o f  th e s e  f a c to r s  o n  th e  b io c h e m ic a l  

c o n s t i tu e n ts  l ik e  s o lu b le  p r o te in ,  f r e e  a m in o  a c id s ,  p h e n o l ,  to ta l  s u g a r ,  

r e d u c in g  a n d  n o n - r e d u c in g  s u g a r s  a n d  p o p u la t io n  o f  to ta l  b a c te r i a  w a s  a ls o  

s tu d ie d .  M a x im u m  r e m o v a l  o f  p o l lu ta n ts  w a s  o b s e r v e d  a t  2 .5  to  3 k G y , 

w h e n  r a w  e f f lu e n t  w a s  i r r a d ia te d  f o r  a  d o s e  r a n g e  o f  0 .5  k G y  to  100  k O y . 

E f f e c t  o f  i r r a d ia t io n  w a s  m o r e  p r o m in e n t  in  th e  p r e s e n c e  o f  F e n to n ’s 

r e a g e n t .  G a m m a  r a d ia t io n  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  w a s  m o r e  

e f f e c t iv e  o n  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t .  p H  a r o u n d  7 w a s  g o o d  to  t r e a t  

r a w  e f f lu e n t  u s in g  g a m m a  r a d ia t io n  b u t  p H  a r o u n d  3 w a s  e f f e c t iv e  f o r  

g a m m a  i r r a d ia t io n  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t .  S u lp h id e s  p r e s e n t  in  

th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  c o u ld  b e  c o m p le te ly  r e m o v e d  w h e n  

i r r a d ia te d  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t .  B io c h e m ic a l  a n a ly s i s  o f  th e  

r a w  e f f lu e n t  a f te r  i r r a d ia t io n  in  p r e s e n c e  o f  F e n to n ’s r e a g e n t  s h o w e d  th a t  a  

d o s e  o f  2 .5  k G y  c o u ld  r e m o v e  a p p r e c ia b le  a m o u n t  o f  s o lu b le  p ro te in ,  

p h e n o l  a n d  f re e  a m in o  a c id s .  B u t  th e  e f f e c t  w a s  m o r e  p r o n o u n c e d  w h e n



a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w a s  s u b je c te d  to  g a m m a  r a d ia t io n  f o r  th e  

s a m e  r a d ia t io n  d o s e  o f  2 .5  k G y . C o m p le te  r e m o v a l  o f  to ta l  s u g a r  a s  w e l l  as 

r e d u c in g  a n d  n o n  r e d u c in g  s u g a r  w a s  p o s s ib le  w h e n  a n a e r o b ic a l ly  t r e a te d  

e f f lu e n t  w a s  s u b je c te d  to  i r r a d ia t io n  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t .  

G a m m a  in -a d ia t io n  h a v in g  a  d o s e  o f  2 .5  k O y  in  th e  p r e s e n c e  o r  a b s e n c e  o f  

F e n to n ’s r e a g e n t  c o m p le te ly  r e m o v e d  to ta l  b a c te r ia l  p o p u la t io n  o f  ra w  

e f f lu e n t  w h e r e a s  in  th e  c a s e  o f  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  th e  d o s e  w a s  

in  b e tw e e n  5 to  10 k G y .

Proposed treatment system for skim serum effluent

T h e  s tu d y  w a s  u n d e r ta k e n  w ith  th e  o b je c t iv e  o f  e v o lv in g  a 

t r e a tm e n t  s y s te m  to  m it ig a te  th e  h e a l th  h a z a r d s  o f  th e  e f f lu e n t ,  w ith  s p e c ia l  

e m p h a s is  o n  th e  e f f lu e n t  d is c h a rg e d  f ro m  th e  r u b b e r  p r o c e s s in g  u n i ts  w h ic h  

a re  a p le n ty  in  th e  r u b b e r  g r o w in g  b e l ts  o f  c e n t r a l  K e ra la ,  p a r t ic u la r ly  

K o tta y a m  d is t r ic t .

B a s e d  o n  th e  s tu d ie s  u n d e r ta k e n  a n d  th e  o b s e rv a t io n s  m a d e , th e  

t r e a tm e n t  s y s te m  e v o lv e d  in  a  la b o ra to r y  s c a le  is  o u t l in e d  b e lo w .

p H  o f  th e  s e ru m  e f f lu e n t  c o l le c te d  f r o m  la te x  c e n tr i f u g in g  u n i t  w a s  

in  th e  r a n g e  o f  3 .6  to  4 .7 . T h is  is  r a is e d  to  in c r e a s e  th e  p H  to  8 .5  to  9  b y  th e  

a d d i t io n  o f  s o d iu m  h y d r o x id e  a n d  l im e . S o d iu m  h y d r o x id e  w a s  u s e d  a lo n g  

w i th  l im e  to  m in im is e  th e  q u a n t i ty  o f  s lu d g e  f o rm a t io n .  A f te r  a d ju s t in g  th e  

p H , p o ta s h  a lu m  w a s  u s e d  as  a  c o a g u la n t  to  s e t t le  c o l lo id a l  a n d  s u s p e n d e d  

p a r t ic le s .  C o a g u la t io n  r e m o v e d  a  p a r t  o f  th e  p o l lu t io n  lo a d  a s  e v id e n c e d  b y  

th e  d e c r e a s e  in  th e  v a lu e s  o f  C O D  a n d  B O D . V e r y  lo w  c o n c e n t ra t io n  o f  

ta m a r in d  s e e d  p o w d e r  c o u ld  a ls o  b e  a d d e d  a lo n g  w i th  m e ta l  c o a g u la n t  to  

e n h a n c e  th e  c o a g u la t io n  p r o c e s s .  C O D  o f  th e  r a w  e f f lu e n t  w a s  in  th e  r a g e  

o f  2 7 0 0 0  to  3 8 8 0 0  a n d  B O D  w a s  1 0 5 0 0  to  2 3 2 8 0  m g A . r e s p e c t iv e ly  a n d  b y



c o a g u la t io n  th e s e  p a r a m e te r s  w e r e  r e d u c e d  to  1 9 0 0 0  to  2 7 0 0 0  a n d  7 3 5 0  to  

1 5 0 0 0  m g /L  r e s p e c t iv e ly .  T h e  c l e a r  s o lu t io n  a f te r  c o a g u la t io n  w a s  f i l te r e d  

a n d  f e d  in to  th e  U A S B  r e a c to r  f o r  a n a e r o b ic  t r e a tm e n t ,  w h e r e  th e  o r g a n ic  

p o l lu ta n ts  w e r e  r e m o v e d  b io lo g ic a l ly .  M ic r o g r a m  q u a n t i t ie s  o f  c o b a l t  

( 1 0 0  f.ig /L ) a n d  m o ly b d e n u m  (1 0  [.ig/L) e n h a n c e d  th e  t r e a tm e n t  e f f ic ie n c y  

o f  th e  U A S B  r e a c to r .  A n a e ro b ic  t r e a tm e n t  w a s  e s s e n t i a l  fo r  s k im  s e ru m  

e f f lu e n t  d u e  to  i ts  h ig h  p o l lu t io n  lo a d .  In  th e  U A S B  r e a c to r  th e  e f f lu e n t  

w i th o u t  d i lu t io n  w a s  u s e d .  T h e r e f o r e ,  a n  H R T  o f  18 d a y s  w a s  e s s e n t ia l  f o r  

p r o p e r  t r e a tm e n t ,  e s p e c ia l ly  f o r  h ig h e r  o r g a n ic  lo a d in g s .  T h e  m a in  

a d v a n ta g e  o f  U A S B  r e a c to r  w a s  th e  s im p l ic i ty  in  d e s ig n ,  a b i l i ty  to  r e ta in  

h ig h  b io m a s s  th a t  le a d  to  th e  e f f ic i e n t  r e m o v a l  o f  o r g a n ic s  a t h ig h  lo a d in g  

r a te s  a n d  lo w  e n e r g y  d e m a n d s .  O n ly  m in im u m  p o w e r  s u p p ly  w a s  n e e d e d  

a n d  th e  w h o le  p la n t  c o u ld  b e  k e p t  o p e r a t io n a l  a t  a l l  t im e s .  C O D  o f  th e  

e f f lu e n t  f ro m  th e  U A S B  r e a c to r  w a s  in  th e  r a n g e  o f  3 5 9 5  to  4 5 0 8 .  M o s t  o f  

th e  b io c h e m ic a l  c o n s t i tu e n ts  in c lu d in g  p h e n o l  w e r e  r e d u c e d .  O n e  o f  th e  

d is a d v a n ta g e s  o f  th e  a n a e r o b ic  t r e a tm e n t  p r o c e s s  w a s  th e  f o r m a t io n  o f  

s u lp h id e ,  s in c e  th e  e f f lu e n t  c o n ta in e d  h ig h  c o n c e n t r a t io n  o f  s u lp h a te .

T h e  e f f lu e n t  f r o m  th e  U A S B  r e a c to r  w a s  th e n  s u b je c te d  to  

e le c t r o c h e m ic a l  t r e a tm e n t  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t .  P h o to v o l ta ic  

c e l l  c o u ld  b e  u s e d  a s  th e  s o u r c e  o f  p o w e r  ( D C  p o w e r  c o u ld  a ls o  b e  

c o n v e n ie n t ly  u s e d ) .  C o s t  o f  t r e a tm e n t  c o u ld  b e  m in im is e d  s in c e  th e  s o u rc e  

o f  p o w e r  in  p h o to v o l ta ic  c e l ls  is  s o la r  r a d ia t io n .  E le c t r o c h e m ic a l  t r e a tm e n t  

in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  w a s  a n  e x c e l le n t  m e th o d  f o r  th e  p o s t ­

t r e a tm e n t  o f  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  s in c e  i t  c o m p le t e ly  r e m o v e d  th e  

s u lp h id e s  f r o m  th e  a n a e r o b ic  p r o c e s s .  T h e  C O D  o f  th e  e f f lu e n t  a f te r  

e ie c t r o c h e m ic a l  t r e a tm e n t  w a s  in  b e tw e e n  8 1 6  to  1 4 9 9  a n d  B O D  w a s  2 9 0



to  4 6 4 . B io c h e m ic a l  c o n s t i tu e n ts  l ik e  s o lu b le  p ro te in s  a n d  s o lu b le  s u g a rs  

w e re  c o m p le te ly  r e m o v e d  b y  th e  e l e c t ro c h e m ic a l  t r e a tm e n t .

G a m m a  r a d ia t io n  w a s  e f f e c t iv e  to  t r e a t  th e  a n a e r o b ic a l ly  t r e a te d  

e f f lu e n t  in  th e  p r e s e n c e  o f  F e n to n ’s r e a g e n t  s in c e  it  r e m o v e d  h ig h  

p e r c e n ta g e  o f  C O D , B O D  a n d  s u lp h id e s  a n d  in a c t iv a te d  p a th o g e n ic  

m ic r o o rg a n is m s  f ro m  th e  e f f lu e n t .  B u t  th e  n o n - a v a i la b i l i ty  o f  th e  r a d ia t io n  

s o u rc e  l im its  i ts  u s e  as  a  c o m m o n  m e th o d  o f  t r e a tm e n t .  E le c t r o c h e m ic a l  

t r e a tm e n t  c a n  b e  r e p la c e d  b y  g a m in a  r a d ia t io n  t r e a tm e n t ,  i f  th e  r a d ia t io n  

fa c i l i ty  is  n o t a v a i la b le .

U A S B  a n d  e le c t ro c h e m ic a l  t r e a tm e n t  w h e n  c o m b in e d  to g e th e r  

r e m o v e d  th e  m a jo r  p a r t  o f  th e  p o l lu ta n ts  f ro m  th e  s e ru m  e f f lu e n t .  T h e  

d is a d v a n ta g e s  o f  th e  U A S B  w e re  c o m p e n s a te d  b y  e le c t ro c h e m ic a l  

t r e a tm e n t .  T h e  p r e s e n c e  o f  e le c t ro n s  d u r in g  e le c t r o c h e m ic a l  t r e a tm e n t  

e le c t ro c u te  m ic r o o r g a n is m  in  th e  b io lo g ic a l ly  t r e a te d  w a te r  a n d  th e  

m ic r o b ia l  p o p u la t io n  p r e s e n t  in  th e  a n a e r o b ic a l ly  t r e a te d  e f f lu e n t  w a s  

c o m p le te ly  r e m o v e d  b y  th is  m e th o d .

T h e  e f f lu e n t  a f te r  e le c t ro c h e m ic a l  t r e a tm e n t  w a s  f u r th e r  p u r i f i e d  b y  

a d s o rp t io n  o n  a c t iv a te d  c a r b o n .  T h is  p r o c e s s  g a v e  a  v e r y  c le a r  s o lu t io n  a n d  

r e m o v e d  s u b s ta n t ia l ly  th e  r e m a in in g  p o l lu ta n ts ,  e x c e p t  T K N  a n d  A N  f o r  

w h ic h  f u r th e r  t r e a tm e n t  w a s  n e e d e d . T h e  C O D  o f  th e  p u r i f ie d  e f f lu e n t  w a s  

122  to  2 4 0  a n d  B O D  w a s  9  to  14. T h e s e  v a lu e s  w e r e  w e ll  b e lo w  th e  

s ta n d a r d s  p r e s c r ib e d  b y  th e  K e ra la  S ta te  P o l lu t io n  C o n t ro l  B o a rd .  A  f lo w  

c h a r t  o f  th e  t r e a tm e n t  s y s te m  is  g iv e n  b e lo w .



F ig .  8 .1 .  F lo w  c h a r t  o f  th e  s u g g e s te d  t r e a tm e n t  s y s te m

I t  h a s  b e e n  f in a l ly  c o n c lu d e d  th a t  th e  p o l lu ta n t  lo a d  o f  s e r u m  

e f f lu e n t  c a n  b e  b r o u g h t  d o w n  to  b e lo w  th e  to le r a b le  le v e ls - s t a n d a r d s  

p r e s c r ib e d  b y  th e  P o l lu t io n  C o n t ro l  B o a r d  - th r o u g h  th e  f o l lo w in g  s e q u e n c e  

o f  p r o c e s s e s  ( i)  c o a g u la t io n  o f  th e  s e r u m  e f f lu e n t ,  ( i i)  a n a e r o b ic  t r e a tm e n t  

u s jn g  U A S B  r e a c to r ,  ( i i i)  e l e c t r o c h e m ic a l  o x id a t io n  o r  g a m m a  r a d ia t io n  

p r o c e s s  a n d  ( iv )  a d s o r p t io n  o n  a c t iv a te d  c a r b o n ' ■


