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ABSTRACT

Physicochemical treatment of lye-peel potato waste

water and dairy waste using chemical coagulants followed by

activated carbon was shown to be possible"

COD reductions of about 90 per cent \,üere achieved"

Turbidity was afso removed, however t,he fixed residue of the

purified effluent increased as a resul-t, of the coagulation

nr^^êc Q

Ad.sorption isotherms were developed for the

chemically clarifíed wastes" The isotherm results indicated

an adsorption capacity of 309 mg/L CoD per g carbon for the

potato waste and 316 mg/L COD for the dairy waste"

Co1umn studies on the wastes indicated that a

multiple series column system r,vould be the preferential

arrangiement "

Adsorption isotherms were developed for a nurnber of

pure organic substances which could become possible

components of food processing effl-uents"
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I" INTRODUCTTON

The one-time use of water has become a luxury that
\¡/e can no longer afford" successful "ad.vanced waste water

treatment technology" by renovating wastewaters for
deliberate reuse, would al-leviate simultaneously two of our

major v¡aste resource problems - water polrution and vzater

supply.

rt is no\^i generally recognized that our relat,ivery

fixed natural- water supply will be inadequate to meet the

demands of a growing population and expanding industry.

Renovation and reuse of rvater becom-es an increasincr

necessity, with the degree of purification required varying
accord.ing to the specific use(43) .

Vüater pollution is the downgrading of water quality

to the point where it significantly affects water use. There

is a pressing need to provide better pollution contror- than

is no\,v practised" Effl-uents discharged from conventional

treatment plants contain refractory organic matter that

exerts an oxygen demand on the receiving stream" some of the

orgianics maybe toxic to fish and other forms of biotogical

1ife. The effluent may contain undesirable amounts of

minerals t oy nutrients which promote excessive a1ga1 and

other plant growt,h. Adva.nced waste treatment is needed to
remove all- types of pollutants 

"

The use of activated carbon has been demonstrated to
be the most promising of the advanced treatment



methods(103). Activated carbon lvill remove most sol-uble

organics not removed by conventional- secondary processes.

There is growing evidence that chemical treatment of primary

effluents, followed by activated carbon treatment, will

provide finat effluents of better quality than conventional

secondary treatment ( 1 05 r 1 1 4) .

Such a process has been designed. in the Department

of Food Science at the University of Manitoba by Dr. Gallop

and associates(42) to treat food industry effluents" The

food industry creates tremendous wastes, with the polluted

water containing organic material up to 40r000 mg/I COD.

Industrial- pollution accounts for 45 percent of water

pollution, r,vith 85 percent of that total attributed to the

food ind.ustry(6) " Convent,ional secondary treatment plants do

not operate effectively under the wide fl-uctuations in raw

wastewater characteristics from food plant wastes" Dairy

effluents and lye-peel effluents from potato processing are

two food industry wastes that are being purified by the

Manitoba Food Science(M"F"S") process for possible reuse

purposes.

There are many advant,ages of this advanced physico-

chemical system. A comparison of conventional biological and

M.F"S" waste treatment methods is summarized by Gallop (42) .

The effl-uent from the M"F.S. plant has the potential for

water reuse applications" The degree of purification

required. wil-l be dictated by the specific reuse intended"



Irtorris and Vleber (66) state that v¡hatever the cost of

advanced technology, it must be tÌre very lowest science and

engineering can achieve. ft is oJ:vious thaL where wastewater

can be treated and recyled for reuse, by the value of the

recovered water, and possible sludge by-product value, the

treatment costs are largely offset. R_eclamation involves

puri-fication so as to ad.equately protect the environment,

and in doing sor one greatly reduces new r,vater demand.



SCOPE OF INVESTIGATTON

Th'i q q{-rrÄ¡'o uquJ WCtì) initiated to determine the
feasibil-ity of using granular activated carbon treatment of
food- industry effr-uents for possible reuse purposes. The

activated carbon treatment foLlowed clarification of the
primary ef f ]uent using chemical- coagulant,s. Activated
carbon was also added to ravr effluents to determine the
feasibility of this procedure. The food processing
effl-uents treated were lye-peel potato waste and. dairy
\,vaste. The carbon treated water was analysed for
microbiological and chemicar (organic and inorganic) quality
to determine its reuse potent,ial. The adsorpt,ion affinity of
activated carbon for a wide rangie of organic substances,
possible contaminants in food processing effl-uents \47as arso
determined"



II. LITERATURE REVIET^]

2"1 Activated Carbon: History

Historically, evidence of the use of activated

carbon (in the form of charred wood) for improving the

potability of drinking water is given in writing predating

the Christian era (104) 
"

Scientific recognit,ion of adsorption phenomenon as

it is no\^/ understood, is attrilcuted to Scheele, who, in

1773, observed the uptake of gases from air by charcoal.

The earliest report on adsorption from aqueous

solution dates back to 1 785. Lowitz observed that charcoal-

would decolarize many liquids " He attributed the

phenomenon to the removal of organic matter by adsorption,

defined as the aclhesion of molecules on the surface of a

sol id "

The first activated carbons were produced from wood

char, bone char(34), blood char, and cocoanut char.

Industrial d.evelopment, of an activated carbon was retarded

because of engineering difficulties, and the absence of an

apparent need for an activated carbon with more adsorption

capacity. An invention patented by Ostrejko(72) in 1911 |

using steam activation, led t,o the development of modern

commerciaf activated carbons"

The first significant application of activated

carbon was in sugar refining in 1911 (50) . The use of



noxr-ous gases during WorLd Vüar I stimulated efforts to
develop highly activated carbons for use in gas-mask

filters. The period following, marked by intense competion

for new markets, led t,o cont,inual- advances in the quality of
activated carbons for liquid phase adsorption" The

applications which have successfully ut,ilized activated
carbon for liquid. purification are very numerous (50) .

2.2 Activated Carbon: Adsorption

Adsorption is a phenomenon whereby molecules from

sol-ution are att,racted to and hetd to the surface of a

sol-id. By giving a solid a very porous structure, a very
large surface per unit volume results. certain porous

sol-ids are, therefore, excell_ent adsorbenus.

2"2.1 Adsorption Properties of Activated Carbon

weber ( 1 04 ) described in detail- t,he characterist,ics

of activated carbon particles. Activated carbon is a very
porous material, which has proven to have a high adsorption
capacity for organics" The adsorption characteri stics of
activated carbon are associated with a system of remarkably

small and uniform pores. Two systems of pore sizes exist in
activated carbon particles. The macropores are large,
having diameters of 30-10r000 Angstrom units, permeate the
carbon parti-cles allowing for solute diffusion, but
contribute j-ittle to t,he surface area. The microperes are



fissures of 1 0-30 Angstrom units in diameter" The boundary

surfaces of the micropores are largely responsibl-e for t,he

adsorption action of t,he carbon. This system of pores

contributes to a surface area of approximately 400-1 000 sq

m/g for an activated carbon particle"

Structural detail-s of activated carbon have been

derived from studíes of adsorption and. from X-ray

patterns (7) . The physical nature of the surface of

activated carbon has been discussed by Snoelzink and

Weber(93,94). Investigations by Vlolff (110,111) led to the

description of activated carbon particles as consisting of

large "regions" composed of stacks of graphit,ic planes or

groups of such stacks" Channels through the graphitic

ran'i nna ârê +l-he macroperes. Fissures within and para1lel to
+1^ ^Llfc planes ¿1,- ^ mr-croperes "

2.2"2 Mechanisg of Adsorption by Activated Carbon

Activated carbon is described as a highly porous

material with a surface comprised of active sites at the

edses of the cvrstalline pfanes of the solid(104). These

active sites compete with the solvent for the solute,

breaking the solute-solvent association, establishing a

solute-so1id. associati-on" Three kinetic steps occur

consecutively in the adsorption process transport of

solute to the exterior surface of the adsorbent, diffusion

through the pore spaces (macroperes) , and the adsorption



occurs at an active site on the surfaces bordering the inner

pore space of adsorbent"

IvIost ad.sorptions are not easy to c]assify as to

whether it. involves a physical force (the enormous surface

area 1 000 sq m/g within each particle of ac|ivated carbon

exerts aLtractive forces similar to Van der Inlalls forces),

or whether a chemical change occurs" The review of the

l-iterature(104) indicates that adsorption rvith activated

carbon has many diverse aspects and no simple explanation

can fullv describe it"

2"2"3 Adsorption Theory

A number of mathematical models have been proposed

to describe adsorption. The porous nature of the activated

carbon raises a guestion as to whether adsorpt,ion results in

mono1 â\/êr ôr *"{- .;'r ^r'^ø formation of adsorbate on therrrvrrurqJç! vr ¡tlLlLrraJEr

adsorbent "

Langmuir (61,62) proposed a model which is valid for

single layer adsorpLion, but the mathematics is impossible

when allowing for interaction of molecules " The equation of

Brunauer, Emmet, and Teller(18) ' the "BET equation" is

applicable for multilayer adsorption" Sj-nce it requires

that the identity and concentration of adsorbate be known,

it is not generally applicable to waste water systems " The

Freundlich equation (41 ) , although emperical in nature, is

wid.ely used and is recommended by the A¡rerican Society for



Testing and Materials (69) for evaluating adsorpt,ion data" A

Freundlich adsorption isotherm is a plotted curve that gives

the poinLs of equilibrium between the adsorbate

concentration in the treated liquor and on the adsorbent'

at a fixed temperature"

2.2.4 Factors Influencing Ailsorption by Activateil Carbon

Adsorption as a unit operation for treatment of

wastewater requires consideration of two physical chemical

aspects of the process; the kinetics, and the equilibria of

adsorption. The rate of adsorpLion dictates the contact time

betrveen solution and adsorbent, while the capacity of the

adsorbent determines its useful life"

Inleber and Morris (106, 107) studied in detail the

kinetics of adsorption and the equilibria and capacity for

adsorption on carbon from solution" Their studies included

many results of the effects of solute, solvent' PH, and

temperature on adsorption"

The relative reaction rates of adsorption were found

to vary reciprocally as the square of the diameter of the

carbon particle; adsorption capacity was found to vary as

the inverse of the particle diameter; and both the rate and

extent of adsorption varied approximately linearly with

adsorbent dosaqe"

Both ad.sorption rate and capacity increased with

increasing concentratíon of solute in solution. An inverse

o



relationship is anticipated between the extent of adsorpt'ion

of solute, and the sofute solubility in sol-ution" This is

knor,vn as Lundelius's rule(65) . This rule is only a general

one as data in the literature both affirm and negate the

rule (22¡ . Traubers rule(99) states that adsorption from

aqueous solution increases aS a homologous serl-eS l-S

ascended. Again, this rule is only general (22) 
"

Bean et. al(13) showed that carbon surfaces carry net

negative charges. Many orgianic pollutants in wastewaters

are anionic therefore some interferences in particle

diffusion may occur. Studies indicate that adsorption is at

a maximum for neutral sPecies.

The studies by \,rieber and Morris (107) also concluded

that temperature variatíons ( 1 B-37 C) normally experienced in

wastewater treatment operations will not lead to significant

variations in adsorption by activated carbon" This was also

concluded by Linner and Gortner(63), and by Snoeyink and'

lrleber(94).

107) concluded that adsorPtion of

from wastewater increased with

wastewaters usually contain heterogeneous mixtures

of substances. Seldom will ad-sorption be limited to removal

of a single solute from solution. Weber and Morris (107)

presented data that indicated that the sum of adsorption

rates and total capacíty of solutes was greater from a

Weber and Morris (

typical organic Pollutants
decreasing pH"

10



multicomponent sol-ution than for a single sol-ute solution of

the individual- component members" Poon and Sung(79) reported

that the total adsorption capacity of activated carbon coul-d.

be enhanced. in a multicomponent solution"

Sigworth(89) has discussed. factors influencing the

efficiency of adsorpt,ion on activated carbon"

2"3 Actívated Carbon and. Pollution Control

2"3.1 Feasibility of Activated Carbon For l{astewater, Treatment

Activated carbon has been rvidely used since the

early 1900rs in water purification for the removal of taste

and odor causing organics present in water at a

concentration usually less than 5 mg/L COD (12t100r53).

The occurence in municipal i^¡aste water of organic

contaminants resistant to biological degradation presented a

major technical challenge in advanced waste treatment(103) 
"

These refractory organics contributed to a COD of 50-1 00

mg/L in the secondary effluent" Morris and Vleber in 1964(67)

conducted a study showing the feasibility of activated

carbon adsorption of biochemically resistant materials from

sol-ution" They also concluded that adsorption capacities of

at least 1 0 percent should be realized with full use of the

carbon. Morris and V,leber ( 1 03 ) reported on a lit,erature

survey indicating that the use of activated carbon for

wastev¿ater renovatíon r,rras very promising. Cassidy (22)

11



compil-ed a sunmary of numerous classes of organic compounds

subject to adsorPtion"

,royce and Sukenik (58 
' 

59 ) , and' Bishop et af (16 )

conducted studies on activated carbon treatment of waste

sev/age eff luent. And.erson (2) discussed the usefulness of

activated carbon for waste treatment.

The economic and practical feasibility of granular

activated carbon has been reviewed in the literature in

comparison with other advanced treaLment methods (3 r 4'5 t29 t

38 rg2) . The AdVanced waste Treatment research program

summary report of 1964-1967 concluded that the technical- and

economic feasibility of granular act.ivated carbon treatment

of secondary effluent was established(103) "

cooper and uager (28) in 1966, after reviewing the

feasibility of waste treatment systems utilizing regenerable

granular activated carbonr suggested íts immediate

application to t,he treatment of many industrial waste

problems for pollution abatement or reclamatíon for reuse in

industry to help alleviate the growing shortage of water"

2.3.2 Granular Activated Carbon

studies by vüeber and Morris ( 1 0 6 t1O7 ) in 1963, 1964 ,

concluded that the most efficient use of activated. carbon is

obtained by a cofumnar countercurrent operation. column

operatíon of activated carbon requíres use of granular

activated carbon"

12



Fornwalt and Hutchins(39) and cooper and Hager(28)

described the various forms of column operation" Fixed bed

adsorption \,vas reviewed by Barry(11) in 1960 " Fl-uidized bed.

adsorbers were discussed by Keinath and I¡Ieber (60) 
' and by

V'leber and Morris (108 ) . Allen et al (1 ) discussed process

design calcul-ations for adsorption from liquids in fixed

beds of granular activated carbon. Development, of

optimization models for carbon bed de.sign was presented by

Dostal- et af (36 ) and by Cookson (26 ,27 ) "

Another factor favoring use of granular activated

carbon is that it can be economicatly regenerated and reused

after it becomes spent, with average losses of about 5

percent (64,71) .

cooper and Hager(28) summarized factors favouring a

granular carbon waste treatment operation" Hager and Fulker

(48) , and Hager and Flentje (47) reported that granular

activated carbon in column design was more efficient than

powdered carbon in a batch operation" Literat'ure from the

Pittsburg Activated Carbon Company described t'he : advantages

of a granular carbon purification system(78). Hyndshaw(54)

rlrêsent-ed a crili de t.o t-he SeleCtiOn Of granUlar Ver'SUS
t/! uJv¡¡

powdered activated. carbon, The wide range of applicability

of sranular activated carbon \^Ias reported by Rizzo (85) 
"

13



2.3"3 Powdered ActivaLed Carbon

Powdered activated carbon, by its physical nature,

is normally limited to use in a batch-type operation. At

present it has decisive d.isadvantages when compared with

granular activated carbon in that it creates handling and

dust problems, is not readily adaptable to continuous

process, and creates the problem of disposal. Regeneration

of powdered activated carbon is still in an experiment,al

stage. A recent development by Zimpro Inc. (113) indicates

that regeneration of powdered activated carbon could become

economically feasible for wastewater reclamation.

Davies and Kaplan (33) attempted to use powdered

activated carbon in column operation without success, due to

a rapid pressure drop in the co1umn. Garland and. Beebe(45)

reported on the use of powdered activated carbon in advanced

waste treatment. Beebe and Stevens ( 1 5) tested operating

parameters of a powdered act,ivated carbon system for

v¡astewater renovation. Shuckrow et al (87) reported on a

physical chemical- process employing alum and powdered

activated carbon to treat wastewater with recovery of the

alum and carbon for reuse. Stander et al (97,98) and

Peck(75) suggested t,hat powdered carbon systems are feasible

for applications where dissolved organics are very low"

Studies at Windhoek, South Africa by Stander et a] (97 ,98)

confirm that application of granular activated carbon plus

regeneration is more feasible than use of powdered activated
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carbon for waste treatment"

2.3 "4 Water Purification

Early use of activated carbon for treatment of water

\'vas to remove undesireabl-e tastes and odors. During the

eighteenth century, sailing ships stored drinking water in

charred barrels for this purpose" This practice led to the

install-ation of activated carbon filters in municipal water

plants in Europe later in the century(1O4) 
"

In the late 1920rs and early 1930rs high quality

activated carbons were employed in many water treatment

facil-ities in Europe and North America. The meat packing

industry of Chicago, in 1928, is credited as being the first

industry in America to use activated carbon for water

treatment (104). Today, activated carbon is used extensively

in water treatment operations in America" Jenkins (57)

reported that in 1962 about 50 per cent of the population in

communities greater than 25r000 received water that had been

subjected to treatment with activated carbon. Advanced Waste

Treatment Research Reports (103) indicate that granular

activated carbon treatment for water and. wastes is the most

promising of the systems studied"

2.3.T Municipal Vüatqr and Waste Treatment

Early use of activated carbon in water and waste

treatment was primarily for taste and odor control.
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Hager and Flentje(47) in 1965, conducted studies

showing that granular activated carbon adsorption removed

most organic impurities from potable water supplies
ì -^] ".i i -^ 'la+ar^^^+- .i ¡-na+.ì ^ì ^^- ^^ì +.ì ^-LlruruLrrtrg LtetergienES, l-nseÇtf L:r-CIesr, vl-ruses, spec].rl-c

chemical pollutants, and taste and odor pollutants.

Joyce et aI (59) reported on the treatment of

municipal wastewater by packed activated carbon bed.s " The

colurnn ef f luent was clear, colorless, odorless, applicable

to use in many indusrial applications. The organic

content(COD) \,vas reduced from 50-70 mg/L to 12-20 mg/I"

Dostal et al (35) reported on the granular carbon

purification system íntroduced in 1 963 at Nitro o West

Virginia. The cofumn effluent met drinking water standards.

Also, column bed d.esign críteria were developed.

Parkhurst et al (73) used a packed bed. granular

activated carbon column system at the Pomona water

reclamation plant in Cal-ifornia" Removal efficiency of

organic matter (COD) of about 55 Ib/100 lb carbon \^zas

reported. Part of the removal efficiency \,vas reported to be

due to an active biological flora which d.eveloped within the

carbon beds"

Granular activated. carbon is being used as a

tertiary treatment step in water purification at South

Tahoer California to produce one of the clearest bodies of

water in the world" Culp and Roderick(3O), and Culp and

Roderick (31 ) reported on the use of activaLed carbon in the

16



treatment process. More than B0 percent of the organic

material(COD) was removed yielding a colorless, od.orless,

clear water"

At tr{indhoek and Pretoria, South Africa, granular

activated carbon is used for the reclamation of potable

water from wastewater as reported by Cillie et al (24) in

1966, and by Stander and Van Vuuren (97 ,98) "

Municipal wastewater treatment by physical chemical

methods was discussed by Vil-liers et aI(101), and by Bishop

et al(17)" From the studies it v¡as concluded that removal of

sol-ubl-e organics from ra\^/ wastewater by activated carbon

produced good quality water and should be economically

feasible 
"

2 "3 "6 Industrial- lVaste Treatment

lr7ide fluctuations in raw wastewater characteristics

are common to industrial r,vastes. These v¡astes also may

contain refractory and toxic contaminants. Convential

biological treatment systems operate least effectively under

these conditions (42) .

Activated carbon is used in a number of industrial

applications for reclaiming solutions which could create a

waste problem. Economic savings have resulted through reuse

and recovery of valuabte products, and elimination of their

discharge as wastes. Sigworth(88) in 1963, discussed the

potential of activated carbon for the treatment of

17



industrial wastes. Myrick and Dawtang ( 6B) reported on

activated. carbon adsorption as a unit process in liquid

industriaf waste treatment"

cooper and Hager(28) in 1966, suglgested vridespread

use of granular activated carbon in industrial waste

practises. Burleson et aI ( 1 9 ) in 1 968, and Zanitsch and

ir{orand (112) discussed the tertiary treatment of secondary

industrial effluents by activated carbon. They reported that

removaf of 85 percent of the refractory organic matter could

be accomplished. Eckenfelder (37) also d.iscussed' industrial

waste treatment by the use of activated carbon.

phipps (76) in 1969, reported on the use of activated

carbon to reclaim textile industry wastewater. Reclamation

and in-plant reuse of approximately B0 percent of the

plant¡s waste effluent was being achieved"

Gould and Taylor (46) reported that granular

activated carbon effectively treated phenolic wastewater

from a resin plant. Granular activated carbon treatment of

the high orgianic waste load in effluents from an insecticide

nl ant \^râ s rcnnrtod 'i n the literature from the Calgonylq¡¡ u vvqÐ ! eÈ/vr ees

corporation (20) 
"

Hager and Reilly ( 49 ) in 1969, illustrated the r^¡ide

variety of industrial wastewaters presently being treated by

activated carbon" Rizzo(85) reported on the wide range of

applications of granular carbon with case histories of the

use of carbon for treating a variety of industri-al wastes"
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2"3.7 Food Industry lVaste Treatmgnt

I,{ater is a major constituent of the food industry;

nnl I rrJ-od rnr¡teri s l-hc maìor waste from the industry" A
t/vl¿

recent report in "Food" indicated that 45 percent of water

pollution is caused by industry, with 85 percent of that

total attributed to various food processing effluents(6). As

population and demands for water increase, industry wilI be

faced with requirements for tertiary or advanced waste

treatment with need for water reuse(102) " Gallop(42)

indicated that t,he growth of the food industry is becoming

more dependent on the solution of water and. waste problems '
than on other factors" Food. industry wastes are as diverse

as its products and processes(102).

Conventional primary and secondary treatment

processes are presently largely used to treat food. industry

waste effluents. As the waste effLuents from the industry

will not meet the more stringent standards of water quality

proposed by governmental action, the U"S. food processing

industry in 1970 began a national program of research and

development of pollution control methods capable of higher

degrees of treatment with the aim of inplant water

reuse (i 02) . Activated carbon is being considered as a

possible method of advanced waste treatment.

The use of activated carbon constitut,es an integral

part of the processing of many food prod.ucts" Activated

carbon was first used in the sugar industry over a hundred
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years ago Í.or removal of col-or, and organic

contaminants (50¡ . Activated carbon is also used to remove

off-flavors in the soft drink industry, to remove colour,

odor in alcohol-ic beverages, in purÍfication purposes of

oils, fats, gelatin, pectin, alginates, maple syrup, honey,

candy, and to remove turbidity in fruit juices (50) .

¡'ox(40) reported on the purification of brines for

reuse using activated carbon filters to adsorb phenolics 
"

Ralls et. al (82) and Popper et al- (80) also reported on this

-rrlria¡l- rnlra €^^^'i r-i r 'i --' of activated carbon renovation of5(ltJJCUL. rrrË rCdÞri.JJrruy

marashino cherry brine effluent was discussed by Beavers et

al(14) " Schultz et al(86) reported on the use of activated

carbon for adsorbing volatiles in commercíal apple essence.

Ralls et al (81 ) reported on the use of granular activated

carbon for treatment of various cannery wastes"

Gallop et al (44) demonstrated the potential of

purifying several food industry wastes by the Manitoba Food

Science Department process utilizing activated carbon,

preferably made from selected solid organic wastes" The

degree of purification of the water will be dictated by its

specific reuse application. In the food processing industry,

water of drinking water standard is required only for the

final stages of production"
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2. 3. B Physical Chemical Treatment

Interest has focused- in the last few years on

development of physical chemical processes to accomplish the

degree of purity required by more stringent waste effl-uent

standards (1 03) " Conventional methods of waste treatment

which include primary screening and secondary biological

operations often do not provide the required degree of

purity. Granular activated carbon was subsequently employed

as a tertiary step following biological treatment.

The need for biological treatment before the

granular activated carbon process was then questioned. The

concept of applying activated carbon to a primary waste

rather than secondary t,reated effluent is derived from the

relative economícs of a tv¡o stage versus a three stage

system. Al-so, the leakage of certain organic fractions

through activated carbon col-umns in the three stage system

has been noLed by investigators such as Joyce(59) and

Parkhurst(73) " The organic fraction is thought to be non

adsorbable fragments produced during the biological process"

Zuckerman and Molof(114) produced high quality reuse

\^7.âtêr lrw nhr-^': ^- r ^r^^*i ,;al tfeatment. The tf eatment waSwa us! vy }/rrJ J!UAf UIIçfttIL

considered superior to the conventional tertiary treatment

sequence" Hopkins et af (51 ) reported on a physicochemical

process for treatment of raw wastewater. Better organic

removal was obtained than for conventional- treatment, a high

degree of removal of phosphate, nitrate, normally not
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removed

^€€^^l-^¡

conventional was acheived, and treatment was not

variations in waste composition and strength'

nor by toxic substances, all which adversly affect

biological treatment.

Rizzo and Schade (84) demonstrated that granular

activated carbon treatment preceeded by chemícal

clarification, purified raw sewage beyond levels normally

obtained by conventional methods" Thelz also suggested that

bacterial acLion within the carbon columns produced

beneficial results. Weber et al(105) also reported simil-ar

results "

Ayres et a] (1 0) discussed the operation and

performance of a physical chemical pilot plant treating

domestic wastewater at Owasso, Michigan"

Development of a physical chemical system at

l¡Iindhoek, SouLh Af rica to reclaim potable water f rom raw

sewage vüas reported by Stander et al (98) 
"

Physical chemical treatment for pufp and paper

wastes was reported by Smith and Berger (91 ) and by

Rimer(83); for refinery wastes by Huang and HardÍe(52); for

waste treatment by Calgon Corporation(21).

Hager and Reilfy(49) illustrated. the use of physical

chemical treatment for municipal and industrial wastes "

Cohen ( 25 ) IN 1972, reviewed the literature on

physical-chemical methods" Peackock (74) concluded that

physical-chemical- processes would replace conventional-

by

by
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biological processes "

The Manitoba Food science Department has developed

several processes of physical-chemical treatment for food

processing wastes (42) 
"

23



III. ir{ethods and Materials

3.1 Adsorption Isotherm Study

The removal of impurities from solution by activated

carbon is by adsorption. As a means of representing

adsorption as a mathematical- expression, the emperical

Freundlich equation is most widely applicable" The method of

testing and evaluation of the adsorption isotherms \'vas as

recommended by the ASTM(1965) (69) " Literature available from

the manufacturers of activated carbon describe test

procedures and use of the Freundlich equation in evaluating

adsorption isotherm data (B ,9 ,32 t55 ,69 ,77) "

3.1r 1 Adsorbent

The adsorbent chosen for use in this study was

Nuchar granular activated carbon, grade WV-L, partical size

B/30 (U.S. Seive Series) " The literature on this specific

carbon indicates that it is intended for packed bed

adsorption applications. The wide range of pore sizes

enables it to efficiently adsorb from solutions a wide

variety of both high and low molecular weight substances"

The carbon is applicable to wastewater treatment, and' can be

f rr'l 'l rz l^êcrèr1ê:^Ated ( 7 0 ) .! s!!J ¡ e:, v¡¡v! I
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Specifications and properties of h7V-L granular activated

carbon are shown in Appendix 1 "

I^IV-L activated carbon was chosen for use in this

study after comparison of four activated carbons for

treatment of the potato and d.airy ef f luents " \^lV-L carbon

exhibited the largest adsorption capacity for these wastes

as indicated in sections 4.3 and 4.4 
"

3"1.2 Equipment

( 1 ) Conventional Laboratory Shaker

The batch study experiments with activated carbon

\^/ere conducted using a lJew Brunswick Scientific (model C-33)

laboratory rotary shaker" The Erlenmeyer flasks containing

the activated carbon and the test liquid \^/ere shaken at 300

rpm for t hour"

(2) Pulverizing (77)

The giranular activated carbon used in batch study

experiments was pulverized so that it would pass through a

300 mesh screen. PulverLzi-ng the carbon shortens the

required contact time to reach equilibrium but 'does not

change the adsorption capacity. Since the rate of adsorption

does vary rvith the diameter of the carbon particles,

pulverizíng will eliminate t,his variable" The granular

carbon was ground to the powdered form using a micro beating

grinding mill.
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(3) fncubator Cabinet

For temperature control, the laboratory shaker

located in an incubator cabinet(Puffer Hubbard.) model"

Lemperature was set at 22 C"

3.1 .3 Rate of Adsorption

Duplicate 1 gram samples of activated carbon were

weighed and transferred to 250 ml Erlenmeyer flasks on a

laboratory shaker. The test liquid(1QQml) was added and the

f lasks \,vere shaken at 3 00 rpm f or predetermined time

intervals. Control samples containing 100 ml of the test

'l ìc¡rìrl alone were also Shaken for the Same time intervals"

mr-¡ --mnl aa '^rere f iltered. free f rom the activated carbon byJ-IIe ÞArtt!/rsÐ I

passing through tr{hatman filter paper No" 5" The clear

fil-trate was then analysed for impurities by the COD test.

Rate curves !üere plotted with per cent impurity

removed as the ordinate and time as the abscissa" Rate of

adsorption curves indicate the required contact time between

the adsorbent and the test liquid to achieve the required

d.egree of organic removal.

3.1.4 Ad,sorption Isotherm Procedure

Different weights of pulverized activated carbon

\^iere transferred to 250 ml Erlenmeyer flasks. The dosages of

carbon were chosen to give a wide rangie of organic removal

in order to obtain a satisfactory adsorption isotherm.

wd5

lltg
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The test liquid(i00 mt) v,/as added to flasks

containíng the activated carbon, and to one flask without

carbon. This sample served as the control. The carbon

treated samples and the control were shaj<en on the

laboratory shaker at 300 rpm for t hour. This time vras

determined from the rate of adsorption study. The test

liquid was then separated from the carbon by filtrat'ion

through Whatman f ilter paper No. 5 " The samples !'/eIe

collected after the filtrate became clear. This was

necessary as carbon fines woul-d interfere wíLh the COD test"

The control sample was filtered in the same manner.

The residual concentration of impurity remaining in

solution was determined by the COD test. The experimental

data was then calculated using the Freund.lich equation to

obtain adsorption isotherms. The adsorption capacity of the

activated carbon for the test liquid was

from the adsorption isotherm plot(logarithmic) "

calculated

3.1.5 Adsorption Isotherm Evaluation

The Freundl-ich equation for adsorption isotherms was

used to cafculate the experimental data measuring the

adsorption capacity of the activated carbon" This method of

measuring adsorption capacity is wid.ely used and is

recommended by the American Society for Testing and

Materials(ASTI{) (69)" The Freundlich equation states that. for

data on adsorption obt.ained at a uniform temperature' there
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is a mathernatical correlation between the quantity of

substance adsorbed and the unadsorbed quantity that is left

in sol-ution" The eguation which relates the amount of

impurity in solution to that in the adsorbed phase is

written:

x/m

X

kc1 /n
units of impurity adsorbed (Co-c)

equilibrium concentration of impurity

remaining in solution after adsorpt,ion

m = carbon d,osage

x/m : concentration of impurity in adsorbed state

krn = constants

The isotherm equation is most often written in graphical

form plotting 1og x/m vs log c, which theoretically yields a

straight line"

Log x/m: log k + 1/n log c

1/n : slope of the straight line plot

lç - intercept of the line at c = 1

The adsorption isotherm plot indicates the degree of purity

that can be obtained with activat,ed carbon treatment" Bv

extraplation of the isotherm plot to intersect the

horizont,al straight line drawn from the influent

concentration (Co¡, the adsorption capacity of the activated

carbon can be determined.

This value , (x/m)Co, represents the amount of

impurity adsorbed per unit, weight of carbon when the carbon
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is in equilibrium with the inf1uent concentration, and.

represents the ultimate adsorption capacity of the carbon"

This equitibrium shoul-d eventually be reached in column

treatment, when the carbon column becomes exhausted (Cf =

co) "

The slope (1/n) is significant in

evaluation of the isotherms, and in calculating the dosage

of carbon required ín countercurrent systems (B) .

3 "2 Laboratory Column Studies (9 | 32 ,39 | 56 t77 tl fPI

3 "2 "1 Column Construction

The granular carbon columns used in this study \^/ere

constructed from cylindrical glass tubing" Small stainless

steel spigots were attached by tygon tubing to drawnout

stems of the glass columns. The carbon column was 1 inch in

diameter and 25 inches in length" For bed support, a piece

of fine wire mesh screen lfas fitted to the bottom of the

column.

3.2.2 Activated Carbon Preparation

The granular activated carbon (Nuchar I^IV-L) used in

this study was of mesh size B x 30" The granular carbon was

slurried with hot water and boiled before loading into the

column. This procedure was used to expel entrapped air from

the pore structure of the granular activated carbon and also
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aided in removing carbon fines from the system"

3 " 2.3 Carbon Loading

carbon loading of the bed was accomplished by

displacing a heel of water previously placed. in the column"

The carbon v¡as added in a slurry to avoid entrapping air in

the carbon bed, which could cause channeling during column

operation. Gentle tapping of the column as the activated

carbon was added allowed the bed to pack and sett'le more

efficiently "

3.2.4 Column Preparation

The activated. carbon columns were washed free of

carbon fines by passing distilled water upivards through the

column at high flow rates " By this backwash procedure the

carbon fines lfere washed out to prevent clogging of the

small- diameter spigots used in flow rate control; also the

leakage of the carbon fines into the column effluent would

interfere with the COD analysis. This washing procedure also

hcl nad 'i n set-1- I 'i nrr J-hc r.arbon bed 
"IIEII/çV Irl Ðç L u¿ ¿r¡Y u¡¡v

3 " 2.5 Feed Delivery

The column inffuent !,7as pumped from a storage

container to a constant head overflow container" The flow

rate of the liquid to the overflow container was regulated

slighty greater than that of the column flow rate" The feed

JU



from the overflow vessel was siphoned

Thj-s procedure afso accomplished

carbon columns"

to the carbon columns"

a constant head on the

3"2"6 Flow Rate Controf

Flow rate of t,he test liquid through the columns \^/as

regulated by adjusting the opening of the stainless steel

spigots. The flow rates were measured as bed volumes per

hour (sv/Hr). Residence time in the column was calculated by

dividing Lhe fractional void volume by the number of bed

volumes of liquid pumped through per hour.

Tr = 0"4/ 1BY/HR)

Tr = column residence time

0.4 = fractional void vofume for WV-L carbon

BV = cross sectional area times the column height,

and incl-udes both carbon and void bed volume

The manufacturers' reconìmended range of flow rates was 0.5

6.0 F-V/Hr depending on the degree of purification required,

and the type and concentration of impurity in the waste to

be treated.

3"2.7 Column Evaluation

The concentrations of organics in the column

influent and the effluent from the column \,vere measured at

regular intervals by the coD test" A plot of impurity

remaining in the effluent versus throughput volume : resulted
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in a graphical picture of a wave front" The point on the

curve at which impurity first appears in the effluent is

terrned the breakpoint, while the wave front is termed the

breakthrough or column exhaustion curve" The shape of the

column exhaustion curve is significant in predicting the

proper column system for treatment of a particular waste"

Single cofumn tests yield enough parameters for the design

of multiple column systems(39) "

The number of carbon columns required in a multiple

column system can be determined by a graphical- technique.

This technique is based on the assumption that all columns

will have similar breakthrough curves (39) .

The activated carbon capacity for organics (the

organic load.ing on t,he column) v¡as determined by use of a

computor progralnme for determining "area under the curve".

The capacity was measured as mg COD/g carbon"
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3.3 Chemical Anal-Ysis

3.3.1 Chemical Oxygen Demand (COD) (96)

Reagents

1. Potassium d.ichromate solution (0"25N) : potassium

dichromate \^Zas dried in an oven f or two hours, then cooled

in a dessicator. Potassium d'ichromate (12'259g) was dissolved

in distilled. water, diluted to 1000 ml in a volumetric

flask "

2" Sulphuric acid. Silver Sulphate Solution :

silver sulphate (22.0g) was added to concentrated sulphuric

acid(4.0Bkg)andallowedtostandfortwodaysfor
dissolution.

3. Ferroin Indicator sol-ution : Hydrated ferrous

sulphate (0.695g) and 1 ,1 o-phenanthraline monohydrate

(1.aB5g) were dissolved in distilled water and diluted to

100 ml-"

4 " Mercuric SulPhate

V,/efe USed.

: Analytical grade crYstals

5 . Ferrous A-mmonium Sulphate Titrant ( 0 " 1 N) :

ferrous ammonium sulphate (39g) was dissolved in distilled

water. concentrated sulphuric acid (20m1) rvas added and' the

contents were all0wed to cool. The solution was diluted to

1 000 mI in a volumetric flask.
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l'{ethod

Mercuric sulphate (0"4g) was weighed and transferred

to a 250 m1 flat bottom boiling flask" The sample(20mI) was

added to the flask, followed by 1 0 ml of standard potassium

d.ichromate solution" The sulphuric acid - silver sulphate

solution was then carefully added to the mixture. The flasks

were swirled to ensure uniform mixing" Anti-bumping granules

(BDH) \,vere then added to each flask" The samples were

refl-uxed for 2 hours using "Corningi'r hot plates and Liebig

and coil- condensers. Blank determinations were carried out

by substituting distil-Ied water for sample substrate" After

the samples \,\iere aflowed to cool, the condensers were washed

down with distilled water to make a final volume of

approximately 1 40 ml. Ferroin indicator (3 drops) was added

to each flask which were then titrated to a reddish brown

end-point with the 0"1N ferrous ammonium sulphate solution.

Addition of Merc.uric Sulphate

Mercuric sulphate was added to the samples before

refluxing to form a soluble mercuric chloride complex ivith

the chlorides present to el-iminate the chlorides from taking

part in the reaction. A mercuric sulphate:chloride ratio of

1 0;1 is necessarv"
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Standardization of Ferrous Ammonium hate Sol-ution

A 1 0 ml_ aliquot of standard potassium

dichromate(0"25) v/as added to a 250 ml Erlenmeyer fl-ask. The

potassium dichromate solition was diluted to 1 000 ml_ with
distilled i,vater. Concentrated sulphuric acid ( 30m1) was

added, the so]ution was sv¡irled and atlowed to cool. Ferroin
indicator (3 drops) was added and the solution was titrated
to a reddish-brown end point with the ferrous ammonium

sulphate solution"

Cal-culation of COD

The coD of the samples was calculated using the
equation : (Va-Vb) (W) tB00Orzvs) .

Va = ml of ferrous ammonium sulphate used for blank

titration
Vb = ml of ferrous ammonium sulphate used for sample

titration
|d = normal-ity of ferrous ammonium sulphate used in

titration
Vs = sample size (ml)

The constant 8000

oxidant consumed. t,o milligrams

one Liter of the solution" COD

converts mill-equivalents of
of oxygen required to oxidize
was expressed in mg/L"
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3"3"2 Determination of Total Solub1e Iron

¿"

ll

Iso-amyl alcohol

Nitric acid : concentrated

Potassium thiocyanate

Ferrous ammonium sulphate

Sulphuric acíd : 5Yo ft/v)

20c,' (w/v)

soluable iron, expressed

calibration graph"

Method

A 20 ml sample was measured into a large test tube"

Nitric acid was added (4 drops) and the tube was heated in a

boiling water bath for forty minutes. The sample was cooled

and transferred t,o a 125 ml- separatory funnel" Isoamyl

alcohol(10m1) and potassium thiocyanate(5ml-) was added. The

funnef was capped., shaken 60 times, then al-lowed. to stand,

for five minutes. The colorless bottom aqueous layer was

then discarded. The alcohol layer was filtered through dry

filter paper, and the optical density was determined at 490

nm on a Bausch and Lomb "Spectronic 20" using clear isoamyl

alcohol as a blank"

Calculation of Total- Soluble Iron

The concentration of total

as mg/L iron was determíned from a



Calibration Graph

Ferrous ammonium sulphate(3,514g) was dissolved in

distilled water. sulphuric acid (100m1) rvas added and mixed,

then nitric acid (17mI) was added. The solution was allowed

to stand overnig:ht, then the volume was made up to 1 liter

in a volumetric flask using distilled water; 10 m1 of this

solution was diluted to 1 liter with distilled water (1m1 =

0.005mg Fe)" A calibration graph was prepared. using aliquots

of the above sofution (2ml to 1Qml-) and diluting to 20 mt

before using the above procedure"

3.3"3 Determination of Chloride (96)

Reagents :

1. Potassium chromate Indicator so]ution : Potassium

chromate (20g) was dissolved in distilled water' then

diluted to 1 1 with distilled. water in a volumetric flask"

2. Standard silver Nitrate Titrant : silver nitrate

of approximately 0"1 N was prepared by dissolving 8.5 g

silver nitrate in dist.illed water and diluting to 500 m1 in

a volumetric flask"

3. Sodium Chloride :

analytical grade"

Sodium chloríde was of
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it{ethod

A 1 0 mI sample was diluted to 50 ml- with distilled

water in a 250 ml Erlenmyer flask. Potassium chromate

índicator (2ml) was added. The sample was then titrated witl-)

silver nitrate solution to a pinkish-yellow end point which

is a silver chromate precipitate. Blanks were d'etermined

usinq 50 ml distilled water"

Standardization of Silver Nitrate

The stand.ardi-zation was conducted in triplicate "

Sodium chloride was dried for one hour, then cooled in a

dessicator. vüeighed portions of approximately 0.2g sodium

chloride \^/ere then :placed in separate 250 ml Erlenmyer

flasks" The sample was dissolved in 50 ml water, Potassium

chromate(2m1) !üas add.ed and the sample !üas titrated with

silver nitrate solution to a pinkish-yeltow end point.

Calculatign of Chlorid.e

chloride was calculated. from the formula : (vol A -

vol B) (N) (35,450/voL S), where vol A is the ml:titration for

sample, vol B is the mI titration for blank, vol s is the ml

sample used, N is the normality of siLver nitrate, 35r450 is

an equivalent weight, factor. The results are expressed as

rîg/L chloride"
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3-3. 4.Measurement of Turbidity (96)

Turbidity was measured with a Nephelometer (EEL,

UNIGALVO TYPE 20, U.K.) The standard was set at 100 on the

linear scale using the sensitivity control. Distilled wat,er

at 1"33 was used as the reference"

3"3.5Measurement of Total Residue (96)

Apparatus :

-

1. Evaporating dish

2. Steam bath

3" Drying oven

4. Dessicator

5" Analytical balance

Procedure

Evaporating dishes \Mere dried in the oven to

constant weight " A 20 ml sample \^/as then added to the

weighed dishes. The samples were evaporated on a steam bath'

the dishes were transferred to the drying oven maintained at

1 03 c. The dishes were again dried to constant

weight" The dishes were aflowed to cool in an a dessicator

before weighing"
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Cal-culation of Total Residue

Results were reported as mg/L total residue using

the formula : (mg total residue) (1000)/ mI sample

3. 3 " 6. Bacteriologicaf An

"*ta*uous 
column operation of the simulated wastes

resulted in biological activity in the column bed" The

number of viab]e bacteria cells ín the column inffluent'

cofumn effluent, and activated carbon from the column were

determined by the method recommended by the A.P.H.A" (1965) 
"

Using a serial d.ilution technique, the samples were ptated

at time intervals on standard plate count agar" The plates

were incubated at 32 C for 48 hours " The average of

colony counts of a suitable d.ilution containing 30-300

colonies was selected to enumerate the viable bacteria cells

per mI"

3.4 Activated carbon Adsorption of organic compounds

Phase 1 of this study dealt with adsorption studies

of a series of organic compounds which are major

constituents of food. These organics are possíble components

of the waste effluent from food processing plant's "

Substrates studied included organic acids, proteins, amino

acids, and carbohYdrates.

Batch testing was conducted wíth activated'carbon to

develop adsorption ísotherms for each constituent. The
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adsorptj-on isotherms indicated the affinity of the activated

carbon for these organics. Rate of adsorption studies vüere

íncluded for a number of selected organics to determine the

carbon contact time required for equilibrium conditions.

3.4"i Rate of Adsorption

Rate of adsorption graphs vrere obtained for sel-ected

pure compounds representative of the groups of compounds

like1y to occur in food processing effluents. The compounds

included were egg albuminf sucrose, glucose, and lactose"

The method for obtaining the plots and eval-uation of the

results were as described in section 3"1 "5"

3.4"2 Adsorptign Isotherm Study

The method for obtaining the adsorption isotherms

was as described in section 3 " 1 " 4. The adsorbates used in

this study were of analytical grade. The init,ial substrate

concentration was 1 g/t" Most solutions of the organics were

prepared by dissolving the organics in distilled water and

diluting to 1 liter in a volumetric flask. For some orqanic

substrates 'l-raa {. and/or dilute sodium hydroxide

solution(0.59/L) were required for dissolution" The method

of evafuation of the adsorption isotherms was as described

in section 3"1"5"
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3"5 Physical ChemicaL Treatment of Simulated Lye-Peel Potato l,laste

Phase 2 of this study dealt with the evaluation of

physical chemical treatment of sj-mulated lye-peel potato

wastewater. The simulated waste !\ias chemicallv clarif ied

then treated. lvith activated carbon"

Preliminary studies at the Food Science Department

indicated the feasibility of chemically clarifying this

waste" Activated carbon treatment evaluation included

adsorption isotherm studies to determine the feasibility of

this treatment step, foll-ov¡ed by granular carbon column

testing after the adsorption isotherms showed favourable

resul-ts.

3"5"1 Prepargtion of Simulated Lye-Peel Potato Wastewater

The potatoes, Netted Gem variety, were obtained from

the Department of Plant Science, University of Manitoba" The

potatoes were peeled; t,he peels were packed in polyethylene

bags and stored in a freezer. Simulated lye-peel waste \i\ias

prepared as follows: 2000 g of potato peels were blended for

5 minutes with cold water in a hlaring blender" The mix was

added to B0 1 of water in a steam kettl-e" Sodium hydroxíde

fl-akes (3209) were added as the mix was being agitated" The

temperature was raised to 78 C, then all-owed to cool to 20

C. The waste was stored overnight in a cooler at 1.7 C

before treating with chemical coagulants"
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? \-?. Treatment of Waste

t-tato waste was chemically clarified

using a solution of ferric chloride - aluminum chloride(1M'

1M). The dose of coagulant varied from 16 30 ml per 950 ml

batch size. The clarified waste was filtered through trnlhatman

filter paper No. 4 to remove any particulate matter, then

treated with activated carbon"

3.5.3 Adsorption Isotherm Study

3.5.3. 1 Selection of Actir¡ated Carbon

Four commercial granular activated carbons were

evaluated as possible adsorbents in this study. The method

of evaluation was by the adsorption isotherm test. The

carbon whose isotherm exhibited the largest (x,/m) Co

value (maximum adsorption capacity) was chosen as the most

efficient carbon"

3.5 " 3.2 Rate of Adsorption

The rate of adsorption plot \,vas obtained for

simulated potato waste by the method described in section

3"1.3.

3.5. 3. 3 Adsorption Isothe.rm Study

Ad.sorption isotherms were obtained for the lye-peel

potato vüaste treated with varying coagulant dose(16 30 ml
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rirìã.rl]¡nt r.lêr 950 ml batchVVqV e Vv.

were evaluated bY t,he method

method for obtaining the

described in section 3"1.4.

size) " The adsorPtion isotherms

described in section 3.1 " 5 " The

adsorption isotherms was as

3"5.4 Granufar Activated Carbon Cofumn Treatment

3.5.4.1 Flow Rate Determinatign

Preliminarv column studies dealt with determining

the optimum f l-ow rate and column residence time f or

continuous column operation. The chemically clarified waste

was passed through the carbon columns at flow rates 0.5

8.0 BY/Hr to determine the COD reduction at each residence

time. Column construction, dimensions, and operation were

described in section 3.2.

3.5 " 4.2 Continuous Column Testing

Chemically clarified simulated lye-peel potato

wastewater(22 ml coagulant per 950 mI batch size) was passed

throuqh activated carbon columns 1 inch in diameter,

packed to a bed depth of 20 inches with vlv-L granular

activated carbon. The potato waste(1001) was passed through

the columns operated at flow rates 1 eV/Ut, 2 BY/Hr "

Breakthrough curve !,lere devetoped for each column operation

by analysing the column influent and effluent for organic

concentration (COD) , and. plotting these resufts versus
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throughput vofume. Evaluation of the column treatment was by

the rnethod described in section 3 "2 "7 "

The column influent and effluent !úere also analysed

for turbidity, total solids, chloride, and iron content. The

methods of analYsis \^/ere described in section 3.3 "

phase 3 of this study dealt with the evaluation of

physical chemical- treatment of simulat,ed dairy(milk) waste"

A number of chemicals were used as coagulants to clarify the

waste. The clarified waste was then batch treated' with

activated carbon to determine the feasibility of the

adsornti on rrrôcêss ^ rhe adsorption isotherm resul-tsquÐv! I/ urv¡¡

v¡arranted carbon column studies "

3.6. 1 Preparation. of Simulated.-Dairy I¡Jaste

The simulated daíry waste was prepared as follows:

To 12,500 g of water| 2OO m] milk was added" "Triple"(49) a

caustic soda wash, "GLX" (2g) a washing compound, "Keego" (29)

a washing and corrosion prevention compound, "Di]ac" (2ml) an

acid. wash, and active chlorine(1ml) were then add'ed. The

simulated dairy waste was formulated by the Dairy division

of the Food Science DePartment.

3.6"2 Treatment of tr{aste

The simu]ated dairy waste was chemically clarified

sical Chemical Treatment of Simulated Dairy i{aste
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,,^.i*^ -a:çç^-uÐlrry s!!!çrent coagulants ferric chloride/aluminum

chloride (1M, 1M) , ferric chloride (2M) , al-um, and Iime"

The waste rvas allowed to settle, the supernatant was

filtered through Whatman filter paper No"4" :The waste was

then treated with activated carbon in batch and column

#ac{-q

3"6"3 Adsorption Isotherm St-udy

3"6"3"1 Selection of Activated Carbon

Four commercial granular activated carbons were

evaluated as possible adsorbents in this study" The method

of selecting an :-:activated carbon was by evaluation of the

adsorption isotherms of the test carbons" The method used to

develop the ad.sorption isotherms \^/as as described in: section

3"1.4" The method of evaluat,ion was as described in section
11trJ.l.J.

3"6"3"2 Rate ol Adsorption

A rate of adsorption graph :vas obtained for the

dairv waste" The method was described in section 3"1 "3"

3.6 " 3.3 Adsorption Isotherm

Adsorption isotherrns

chemically clarified dairy waste

The method for obt,aininq the

I¡7âts ô obtained for the

and for raw dairy waste.

'isotherms was described .in
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section 3.1 .4 " The evaluation procedure was described in

section 3.1 .5"

3"6.4 Granular Activated Carbon Column Study

The granular activated carbon column treatment of

the simulated dairv waste was the same as described in

section 3.5" 4 for the t,reatment of 1ye-peel potato

wastewater "
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IV. Results and Discussion

4.1 Data Compilation

The data analysis was carried out on the university

of Manitoba¡s IBM 360/65 system. The calculations \^/ere done

in single precision arithmetic using specially writt,en

programs in Fortran"

The programs in Fortran were set up as to calculate

adsorption isotherm data and compile this data in tabular

form; ptot the adsorption isotherm data in logarithmic form

x/m (impurity removed per unit weight' of actívated carbon)

versus final coD; and from the linear plot compute the

values (x,/m) co optimum theoretical adsorption capacity per

rrni r- r^zo.i crht of carbon , 1/n, slope of adsorption isotherm,
u¡r! u VYUIY¡¡ e

andkaconstant;to compute ttarea under a curvetr;

and to determine the correlation coefficient' of the linear

adsorption isotherm"

An important parameter of activated, carbon studies

in wastewater purification is the affinity of the adsorbent

for carbohydrates, amino acids, and organì c acids '

components which comprise a large fraction of the soluble

organic matter. These organics are food. constituents,

therefore could become components of waste effluent from

food processing operations"

Adsorption of organic solutions from Aqueous solution
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solutions of the organic components were studied at

an initiat concentration of 1 g/1. The COD values for the

--ìnri#rz aF substances at this level, \^lere within the rangelttqJ v! r uJ v!

of the COD values for food processing effluents (400-2000

mg/L) , treated with granular activated carbon later in this

study. Adsorption isotherms were obtained for each adsorbate

using the Freundlich adsorption isotherm equation. The

results are listed in t,ables 1-3. Graphical representation

of the adsorption isotherms is illustrated in figures 2-B 
"

Experimental data used to derive the adsorpt'ion isotherms

are listed in Appendix 2,3,4"

4 " 2.1 Rate of AdsorpLion Study

Rate of adsorption curves \^/ere obtained for a number

of pure substances, and also for simulated lye-peel potat'o

waste, and dairy waste"

From these rate curves (Fig " 1 ,9 ) the time required

for the adsorption system to reach equilibrium conditions

could be determined. Equilibrium conditions are required for

adsorption isotherm studies"

The rate curves were characterized by a relatively

rapid initial rate of ad.sorption which decreased markedly

after approximately 20 minutes to give a gradual approach to

an equilibrium condition. Adsorption is indicated by the

d.ecreasing concentrat,ion of impurity in the liquor as

measured by the COD test"
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4"2.2 Carbohydrate Adsorption

Adsorption isotherms were obtained for a number of

carbohydrates includ.ing a series of sugar solutions, and

high molecular weight carbohydrates "

The results are listed in table 1 " Graphical

representation of the adsorption isotherms is illustrated in

fígures 2 13. The experimental data used to develop the

adsorption isotherms is listed in Append.ix 2"

The order of adsorption of the sugars was

trisaccharide greater t,han disaccharide greater than

monosaccharide. The disaccharides maltose and lactose showed

nearly equal adsorption and showed better adsorption than

sucrose" The pentose monosaccharide sugar ribose showed

better adsorption than the hexose monosaccharides" The order

of adsorption of the monosaccharides i¿as ribose greater than

galactose gireater than glucose gireater than fructose.

The trisaccharides and disaccharides showed

remarkably high adsorption capacities of 200-300 mg COD/g

carbon. The monosaccharides v¡ere considerably less adsorbed

exhibiting adsorption capacities on activated carbon of

44-85 mg COD/9 carbon.

The sugar acid galacturonic acid showed good

adsorption on activated carbon" The adsorption capacity of

the activated carbon \,vas 119 mg COD/ g carbon "

Polygalacturonic acid was poorly adsorbed on the activated

carbon illustrated by the high slope (11"44) of the isotherm
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and low (x/m) Co value (24 mg COD/g carbon) " Potato starch

exhibited a large optimum ad.sorption vaf ue of i 16 mg COD/ g

carbon, however the slope (1"59) of the isotherm indicated

that the adsorption was large at the high initial

concentration but was considerably less at lower levels of

starch concentration" Large doses of carbon would be

required for maximum removal- of starch from solution"

4.2.3 Protein and Amino Acid Adsorption

The adsorption isotherm results for protein and

amimo acids are shown in t,able 2 " Graphical representation

of the isotherms is illustrated in figures 3,4" Experimental-

data is tabulated in Appendix 3.

The proteins casein and egg albumin \^/ere adsorbed to

a lesser degree than peptone, a hydrolysed derivative of

protein" The molecular weight of peptone is much less than

for the proteins. From a molecular weight basis it coul-d be

predicted that the amino acids should be better adsorbed

than peptone" fn general, this was not the case" Chemical

structure was probably a major factor influencing

adsorption.

The aliphaLic monoamino monocarboxylic acids

glycine, alanine, serine were poorly adsorbed on activated

carbon, showing almost negligible adsorption" The aliphatic

monoamino dicarboxylic amino acids asparagine, glutamine,

are better adsorbed indicatinq that the addition of the
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second carboxyl group to the amino aci-d increases the

adsorption capacity of adsorbate. The sulphur containing

amino acids cysteine and methionine also showed better

ad.sorption capacities than the aliphatic monoamino

monocarboxlyic amino acids" The basic aliphatic amino acid

lysine also showed good ad.sorption. In gieneral, it was found

that adsorption increased with increasing chain length of

the amino acids.

The importance of the benzene nucleus on ad.sorpÈion

v,/as indicated by the marked difference in adsorption between

the aromatic and aliphatic amino acids" Phenylalanine and

tyrosine \^/ere adsorbed to a much greater extent than the

aliphatic amino acids" Tyrosine \^/as ad.sorbed to a lesser

extent than phenylalanine"

The presence of the hydroxyt group to the ring

structure of tyrosine probably reduced adsorption by its

interaction with water, lessening the tendency toward escape

from solution to the adsorbent" The heterocyclic amino acid

Lryptophan showed better adsorption than the aromatic amino

acids. The order of adsorption of amino acids on activated

carbon was heterocylic greater than aromatic greater than

aliphatic amino acids"

From these studies, the adsorption of protien and

amino acids was shown to be favourable.
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4 " 2.4 Organic Acid Adsorption

Structure also influenced t'he adsorption of organic

acids on active carbon" The results of the adsorption

isotherm studies are shown in table 3 " The graphical

representation of the isotherms are shown in figures 5-8"

Experimental data used in d,eveloping the isotherms is listed

in Appendix 4.

Results indicated that the adsorption of organic

acids increased with increasing number of carboxylic groups"

The order of adsorption of organic acids was aromatic

greater than tricarboxylic areater than dicarboxylic areater

than monocarboxylic acid (fig" 5) " An increase in chain

length of the organic acids also increased adsorpt'ion

(fig.5) . A general rule of adsorption is that in an

homologous series, adsorption wilt increase with increasing

members of a series. The adsorption of the series of fatty

acids formic, acetic, butyric, on activated carbon carbon

illustrates this rule (fig. B) " For the series of

dicarboxylíc acids, the introduction of the double bond

increased adsorption; fumaric greater than succinic (f.íg"7) 
"

The introd.uction of an NH2 group decreased adsorption, the

order of adsorption \iüas succinic greater than aspartic and

glutaric greater than glutamic (fig" 6) " AIso for the

adsorption on l^trV-L carbon of dicarboxylic acids at an

initial concentration of 1g/I the order of adsorption was

malic greater t,han tartaríc greater than succinic (1íg"7) .
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The aromatic organic acid, benzoic acid, exhibited a much

greater adsorption capacity on acj-tvated carbon than the

aliphatic acids. Aromatic substances were shov¡n in this

stud.y of organic constituents to be wel-l adsorbed on

activated carbon.

The adsorption of pure substances has been discussed

in the literature(22,23,63) " Adsorption of the pure

substances can usual-ly be re]ated to chemical structure of

the substance(22) " The results obtained in this study in

general \i\Iere in agreement wiLh the results reported in the

literature. However, it is necessary to determine the

adsorption capacity of each particular activated carbon"

Activated carbons made from different source materials and

activation conditions will be dissimilar in adsorptive

properties. Adsorption isotherms were developed for

forty-one pure substances using I¡IV-L nuchar activated

carbon. These isotherms indicated the adsorpt'ive capacity of

the carbon for these individual pure substances. Certain

compounds such as high molecular weight carbohydrate sugars '
aromatic amíno and organic acids, and several carboxylic

acids exhibited high adsorptive capacity on the carbon"

4.3 physicaf Chemical Treatment of Lye-Peêl Potato 1¡trasteWater

The object of this phase 'of the study was to

determine the feasibility of physical chemical treatment

chemical clarification followed by activated carbon
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adsorption for simulated Iye-peel Potato was tewater.

4.3"1 Adsorption Isotherm Study

4.3.1 "1 Activated Carbon Selection

Four commerciaf granular activated carbons \^iere

evaluated to determine the feasibility of treating lye-peel

potato wastewater with activated carbon and to determine the

most efficient carbon based on results from the Freundlich

adsorption isotherm equation"

The results of t,his experiment are shown in table 4.

Graphical representation of the Freundlich adsorption

isotherms (logarithmic plots) is shown in Fig" 1 0.

Experimental d.ata for the adsorption isotherms of the four

test carbons is shown in Appendix 5.

The results indicate that wv-L granular activated

carbon was the preferred carbon based on the optimum x/m

value and the degree of purification achieved. The (x,/m)co

value indicates a capacity of 308 mg COD/g carbon or

approximately 31 percent by weight for WV-L activated

carbon. These values are only approximations of the amount

of organic adsorbed, since the COD values do not indicate

the actual weight of organics, but the weight of oxygen

consumed in the standard COD test.
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4.3 " 1 .2 Adsorption Isotherm Evalgation

Adsorption isotherms vüere obtained for the simulated

lye-peel potato wastewater chemícally clarified with ferric

chl-oride/aluminum chloride coagulant at dosages ranging from

16- 30 ml þer batch size of 950 mI" The ob-iect of this

exþeramenr was to evaluate the effect of the

clarification-adsorption treatment of the simulated

wastewater" Adsorption isotherms were also obtained for

untreated lye-peel potato wastewater.

The experimental data was evaluated using the

Freundl-ich adsorption isotherm equation (3.1.5). The results

of the experiment are shor,vn in table 5. Graphical

representation of the adsorption isotherms are shown in Fig"

11. The experimantal data used to develop the isotherms is

l-isted in Appendix 6.

The adsorption isotherms are characterized by high

slopes (greater than 2) indicating that adsorpt,ion ís great

at the 1arge initial concentration of waste, but is much

fess at dilute concentrations indicating the difficulty in

removing the final traces of COD" The resul-ts indicated that

a maximum of approxi-mately 88 percent removal of COD was

effected by the adsorption treatment stage"

The optimum ad.sorption capacity (x/m) Co found by

extrapolation of the adsorption isotherms was larger rangi¡g

from 24-35 percent COD removed per unit carbon. An (x,/m)Co

value greater than 1 0 percent indicates that a carbon

70



{

TP. FÂÏ¡4 ËNT

reCt3/AtCl'3 1ó0 ML

tB0 14L

Z0O i"tL

220 À4L

?60 ML

3OO ML

TÀBL: 5

ADSIC,pT I LjN I S 0THi F r"t S

CLART FTËD Pl]TAID WêSTû

C]D INIITIAL

888

768

ó80

6óB

625

59C

2r37F T LTf;R.I-D OML

I /r\l

2"875

?"477

2"502

?."r6,5

2"360

2"i99

l"çó7

K

0" 000

0"0ù0

0. 000

c" 000

O"OOO

c. 000

( x/¡¡l c0

257

23e

262

2+O

)53

263

t?54



3.50

3.30

3. ro

2.90

2.70

2.50

2.30

2. ro

¡ .90

r.70

co
-o
Cf
O
O
p
q)o
o
U)'o

o
O
C)

ul
E

E

><

uì
oJ

A- l6m[
o-18ml.
e-20mI.
A-22m|.
v- 26 ml.

tr- 30 ml.

NOTE. AI I

\¡
¡\)

FeCl3/AlC13

FeClu/AlC13
FeC13/AlClu

FeClu/AlC l=

FeCl./AlCl.
FeCl3/AlClu

per
tl

ll

fi

ll

It

95O ml.
il

3l

9l

t¡

le

chemicolly clorified

botch size
iltl

11 ll

il!¡

It re

ilt¡

I .50
I

l-og CF, Filtrote Concentrotion mg/l COD

Fig. ll Adsorption lsotherms for Chemicolly Treoted Potato Woste"

so [.65 r.Bo ¡.95 2. tO ?.25 2.40 2.55 27A 2.85 3.OO



adsorptíon system is likely to be feasible(55).

The simulated potato wastewater treatecl with

coagulant dose 26 ml- ferric chloride/aluminum chloride

exhibited the largest (x/m)Co value 353 mg COD/g carbon.

The (x/m)co value showed a general increase with added

increments of coagulant dose in the range 16-26 ml coagulant

per batch size of 950 mI potato wastewater. The (x,/m)Co

value f.or 16 mt dosage of coagulant was 257 mg COD/g carbon.

Coagulant doses bel-ow 22 ml were not always

effective in clarifying t,he simulated wastewater" Activated

carbon, however, was effective in removing the color

remaining in solution d.ue to the incomplete flocculation of

coagulant.

The adsorption isotherms indicated that a greater

degree of purity could be reached with added increments of

coagulant to the simulated wastewater, indicating that the

coagulant flocculates out impurities which are not adsorbed

by the activated carbon. However, from an economic

viewpoint, the lowest dosage of coagulant required. to

produce good clarity would probably be the most feasible"

Therefore, a coagulant dose of 22 mL exhibitingi an (x/m)Co

value of 309 mg COD/g carbon and 88 percent removal of

impurity from the wastewater, oî lower dosages, would be the

most feasible treatment.

The adsorption isotherm for the untreated pot.ato

wastewater showed an (x/m)Co value of 175 mg COD/g carbon.
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The adsorption isotherm is illustrated in Fig " 12 " The waste

was filtered before treatment with activated carbon" The

adsorption isotherm predicts that theoretically the waste

could be purified to about 1 60 mg/L CoD. However a

prohibitally high dosage of activated carbon would be

required. A pre-treatment of the waste before activated

carbon adsorption would be the preferential treaLment"

The clarification-adsorption treatment of the

lye-peel potato waste reduced the organic pollution by

approximately 98- 99 percent.

4.3.2 Granular Carbon Column Studies

Granular activated carbon column testing of the

chemically clarif ied simul-ated 1ye-pee1 wastewater !f as

undertaken after initial adsorpt,ion ísotherm studies

indicated that use of activated carbon for removal of

pollutants was feasible. The optimun adsorption capacity

(x/m)Co of the activated carbon was greater than 1 0 percent'

the required loacling considered ..f easible for a

system.

carbon

4 .3. 2 " 1 Flow Rate Determjnation

Initial column testing was

the effect of column residence time,

reduction of the chemically treated

ferric chloride/aluminum chloride

conducted to determine

column bed depth on COD

lye-peel waste (16-30 ml

per 950 ml- batch size).
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COAGULANT

FeClo /ALCI3

\¡

TABLE 6

EFFECT OF COLUMN RESTDENCE

DOSE COD INFLUENT (ng/L\

ml Omin

16 BBB

IB 768

20 680

22 656

. 26 6L6

30 : 590

TIME ON COD REMOVAL

3min

274

264

272

229

198

195

CoD EFFLUENT (ng/L)

6min l2min 24min

193 168 r19

r79 r47 1t5

149 119 109

149 104 94

140 r00 90

r40 100 90

4 Bmin

96

94

90

82

7B

7B



TABLE 1

EFFECT OF BED DEPTH ON COD REDUCTION

BED DEPTH
inches

20

40

BO

20

40

BO

20

40

BO

20

40

80

20

40

BO

RESIDENCE TIME
min

4B

COD INFLUENT
mg/r

644

COD EFFLUENT
mg/L

B6

B4

84

97

92

92

11s

LL2

109

L47

L47

l.42

237

233

233

2t+

L2

644

644

644

644
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The activated carbon column was as described in sec" 3"2"

The effect of column residence time on COD reduction

was determined by passing the waste through the carbon

col-umn at f low rates B ,4 ,2 | 1 | 0 "5 BV/Hr corresponding to a

column residence time of 3,6,12 t24,48 minutes

respectively" Three liters of waste were passed through

each column to determine the effect of bed dept,h on COD

removal. Results are shown in table 6"

The results of the column studies were in agreement

with the adsorption isotherm studies" There was fast initial

rate of adsorption which progressively decreased" Adsorption

was strong at high initial COD concentrations but much l-ess

at low levels of COD. There was a fast initial rate of

adsorption which progressively decreased" A 6 minute column

contact time reduced the COD about 65 percent" A 24 minute

column contact t,ime reduced the COD approximately B5

percent. This is predicted by the steep slopes (greater than

2) of the adsorption isotherms"

The adsorption isoLherms and column studies

ind.icated t,hat the lye-peel waste contained approximately 13

percent unadsorbabl-e organics. The best, resulLs indicated

that the COD could be reduced to 78 mg/I COD. Fig" 12 shows

an adsorption isotherm of column effluent, indicating the

unadsorbable nature of the organics left in solution.

Chemical analysis of the purified potato waste indicated

that dissolved starch or other high molecular weight

tó



carbohydrates were the major contributing factor of the

residual coD. Adsorpt,ion isotherms for these compounds were

steep, indicating the difficutty in removing final traces of

these compounds"

The coD reductions for the chemically treated

wastewaters \^/ere comparable at each column residence time '

Data from table 6 indicated that column residence time was

the important factor in the column studies. Increase in bed

depth at constant column resídence time did not seem to

significantly affect the COD removal (table 7) "

The column contact time will be determined by the

degree of purity of wastewater required. and. economics of the

process. The activated carbon will perform more efficiently

at longer column contact times, but at the expense of the

amount of liquid. that can be treated in a given time"

For maximum coD removal, table 6 indicates that a

contact time of at least 24 minutes is required"

4.3 "2 "2 Column Studies : Breakthrough Curve

Chemically clarified. (22mI ferric chloride/aluminum

chloride per 950 ml batch síze) lye-peel wastewater was

passed through granular active carbon columns to determine

the shape of the breakthrough curve, and to find the

adsorption capacity of the granular active carbon. The waste

passed through the carbon columns at flow rates 2 BV/HT I

1BV/Hr resulting in column residence times of 12 minutes, 24
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minutes respectively (3"2"6) " The resulting wave profile

could be used in predÍcting the number of columns and

residence time required for the proposed carbon co1umn

operatíon(39). Also, from the column exhaustion clrve the

volume of hTaste eff]eunt that can be treated before the

breakthrough point and. the point of total column exhaustion

can be determined" The wave profiles obtained. for the column

breakthrough curves are shown in Fig" 1 3.

The method for evaluating the carbon column system

r^/as as outlined in "Methods and Materials" section 3"2.7.

The relatively flat breakthrough curves indicated

that there \^/ere many impurit,ies of different composition

being removed by adsorption. The breakthrough curve was

gradual indicating that the adsorption zone was deep"

However, the all-owable effluent concentration was reached

considerably before the column \ifas exhausted, indicating

that a multiple column system was desireable. A series

column system would give most beneficial use of the carbon.

This !\zas also predicted by the adsorption isotherms for the

lye-peel potato wastewater. The steep slope of the isotherms

indicated much "reserve capacity" for the active carbon"

The number of columns required for the syst,em is

based on the column exhaustion curve. Single column

laboratory testing will yield enough parameters for design

of the series column system(39). An assumption is made that

all columns will- have similar shaped column . exhaustion

B1



curves. Actual- curves v7ill be more favourable as influent to

any column is PartIY Purified"

The column breakthrough curves for the lye-peel

waste indicated that after 1 00 liters of waste had passed

through the columns operated at a flow rate 1 BV/Hr, 2 BV/Iix

the organic loading on the activated carbon was 37 percent,

26 percent bY weight"

Lye-Pee1 Potato waste Before and After column Treatment

Analytical results were obtained for various

paramerers of water quatity criteria requirements for water

used in the food processing industrlz. Anal-ytical

determinations for levels of turbidity, total solids '
chloride ion, total iron víere performed on the

chemically treated waste before and after activated carbon

cofumn treatment. The data was obtained for waste treated

with coagulant doses of 1 6-30 ml ferric chloride/ aluminum

chloride per 950 ml batch size, and passed through an

activated carbon bed at 1 SV/H.r. Three liters of waste were

passed through the column before the water \,vas analysed. The

resufts are Presented in table 8.

The results indicate that total, solids, chloride'

iron I are not appreciably affected by granular carbon

treatment(90). The carbon column was effective in removing

turbid.itY,

4.3"2.3 Miscellaneous ena!:ftical nesults o

B2



Determination of iron and chloride was preformed as

they would be possible contaminants from the coagulation

treatment stage. Levels of either component exceeding limits

recommended for the food processing industrl'would deter the

possibility of water reuse before an added treatment stage"

Salt formed from the addition of the coagulant to the

alkaline waste would. account for the high total residue in

the purified water. Chloride ion is avail-able in solution

from the coagulant, while sodium ion results from the sodium

hydroxide flakes used in 1ye peeling of potatoes"

The reconìmended. límits for water used in the food

industry is 10 units turbid.íty, 600 mg/L chloride' 850 mg/L

residue on evaporation, and. 1 "O mg/I iron" Turbidity and

iron are within these recommended limits. Residue on

evaporation and chloride are high and increased with

increasing dosage of coagulant'.

The lov¡est possibte coagulant dose should be used to

keep the above parameters at a minimum. However coagulant

doses less than 22 ml per 950 ml batch size often showed

incomplete coagulation resulting in high turbidity which was

not always effectively removed by the activated carbon

cofumn.
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COAGULANT

TABLE B

MISCELLANEOUS CHEMTCAL ANALYSTS ON LYE - PEEL
POTATO WASTE BEFORE AND AFTER COLUMN TREATMENT

FeC13 /ALCI1

(l-M,lM)

DOSE TURBIDITY
m1

before after

L6 38 27

18 23 10

2091

222L

26 11

30 1 I

TOTAL SOLÏDS
mg/L

before after

s600 5426

6008 5767

6818 6477

7556 7215

B62L 8333

L0L20 9715

CHLORIDE
mg/r

before after

3957 3780

4418 4234

4611 4449

5913 5800

6640 6429

7000 6811

ÏRON
mg/L

before after

r"52 r.03

.48 "31

"23 " 15

-¿u "rl

"27 .23

"28 "22



sical Chemical- Treatment of Simulated Dairy VJaste

The feasibility of treating simulated daÍry waste by

physical chemical treatment was investigated. The physical

chemical treatment of the primary waste consisted of

chemical clarification followed by activated carbon

adsorption.

4.4.1 Adsorption Isotherm StudY

4.4 " 1 .1 Activated Carbon Selection

Four available granular activated carbons were used

in the initial adsorption testing to determine the

feasibility of treating simulated dairy waste with activated

carbon, and to determine the most efficient carbon for the

adsorption stage. Evaluation was based. on results using the

Freund.lich adsorption isotherm equation" The activated

carbon whose adsorption isotherm exhibit,ed the highest

(x/m) Co value (maximum theoretícal amount of impurities

adsorbed by a unit weight of carbon) was considered the most

efficient carbon. Results are shown in table 9 " Graphical

representation of the Freundlich adsorption isotherms for

the test carbons is illustrated in Fig" 1 4.

The results ind.icated that I^IV-L act,ivated carbon v¡as

the preferred carbon based on the (x/m)co value" The (x,/m)co

value {ror WV-L carbon \^/as 316 mg COD/g carbon. The dairy

waste \^/as chemicallv clarif ied (f erric chloritle, a1um,
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sulphuric acid, 1mI, 1mI, 0"5m1) prior

stage " The experimental d.ata used

adsorption isotherm equation is listed in Appendix 7 " The

initial testing also indicated the feasibility of the

adsorption stage in t,reating the simulated dairy waster âS

determined f rom the G/m) Co value.

4. 4. 1 .2 Adsorption Isotherm Evaluation

Adsorption isotherms were obtained for a series of

chemically clarified. wastes. The chemical coagulants used in

+h.i õ e#rr¡l¡z to r:lari fv the waste included ferric chloride,LllIÞ Ð uusJ uv v!s!+!J

ferric chloride/aluminum chloride, alum, lime. Acid. was also

included as an aid in removal of turbidity" The results are

shown in table 10. Graphical representation of the isotherms

is presented in Fig. 1 5. Experimental data used in

evaluating the Freundlich adsorpt,ion equation is shown in

Appendix B"

The results indicated that physical chemical

treatment of simul-ated d,airy waste is feasible" The chemical

coagulants used were effective in clarifying the wasLe"

Comparatively low levels of coagulant dose \,vere required for

clarification of the dairy waste as compared to the .dosage

'ler¡el for notato waste. Two ml ferric chloride/aluminumÍ
chloride coagulant were required for clarificat'ion of dairy

waste, while 22 ml of coagulant \^7ere required for potato

waste clarification (950 ml batch size) . The 'coaqulation

'l-n

in

the ad.sorption

evaluating the

õö



stage reduced the coD of the waste by 65-70 percent'" fn

general r âs increments of coagulant d,ose increased within a

series, the greater t,he COD reduction until a maximum was

reached. However, the optimum adsorption capacity (x/m)Co of

the activated carbon decreased., as iltustrated in table 10"

This result indicated that the preferential treatment for

util-ization of optimum adsorption capacity of the carbon is

the lowest possible dose of coagulant which would clarify

the v¡aste effectively. The waste which had been treated' with

low dosages of coagulant which would not clarify the ¡¡¡aste

completely, often exhibited high opt'imum adsorption

capacities for the activated carbon. These figures may be

unrealistic and may be attributed to the presence of very

fine suspended organic solids which pass through the filter

paper used to filter the blank samples therefore

contributing to the COD value, but are mechanically trapped

in the activated carbon filter cake when these samples are

filtered.
The adsorption isotherms of the chemically clarified

dairy waste are non-Iinear as íllustrat,ed in Fig" 15. .The

sudden change in slope of the curve indicates that two or

more major organic contaminants are present, which :ìare not

equalty adsorbed. The steep slope of the isotherm is

associated with organic content ; that ís not appreciably

adsorbed by activated carbon. Larger dosaqies of carbon:' are

required for nearly complete removal of COD. The flat'ter
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portion of the isotherm graph (sl-ope = 0.30) indicates good

adsorption throughout that range" The bulk of the organic

matter adsorbed probably consisted of the milk sugar lactose

which earlier in this study had been shown to be

appreciably adsorbed by activated carbon" About 95 percent

removal of COD was effected before the departure from

linearity "

The coagufant combination ferric chloride' alum,

sulphuric acid (1ml, 1ml, 0 " 5m1) was select'ed as the

preferred t,reatment based on clarification properties ' COD

reduction, sludge settling, turbidity removal, activated

carbon adsorption capacity"

The ad.sorption isotherm of the untreated dairy waste

is sho\n/n in Fig" 15. The isotherm graph is also non-linear"

The (x/m)Co value is extremely high 2192 mg COD/g carbon,

This value is only an approximation of the amount of

organics adsorbed since the COD value does not indicate the

actual concentration, buL the weight of oxygen consumed in

the standard COD test. A1so, this figure was calculated from

the extrapolation of the upper portion of the isotherm

before the departure from linearity" The adsorption isotherm

indicates that over 99 percent : of the COD influentr : was

removed by adsorption. The activated carbon removed the

turbidity from the dairy waste yielding a clear effluent"

The treatment of dairy waste with activated carbon has good

potential and the effluent relatively free.. from pollution,
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has a definite reuse potential-

4.4.2 Granular Column Treatment

The adsorption isotherms for chemically treated

simulated dairy waste indicated the feasibility of treating

this waste with activated carbon" An optimum loading on the

carbon of 1 0 percent by weight is considered feasible" The

adsorption isotherm values for optimum carbon capacity

exceeded t,his limit"

4. 4. 2" 1_Flow Rat,e Determination

InitÍal carbon column testing \^/as directed at

d.etermining the effect of column residence time, column bed

depth on COD reduction of the simulated dairy waste. The

dairy waste was chemically clarified and passed through

VÍhatman filter paper No"4 before column treatment. The fl-ol

rates \iüere regulated at B, 4 , 2 , 1 BV/Hr corresponding to a

column residence time of 3, 6, 12, 24 minutes respectively.

Three liters of water \^/ere passed through each column" The

results are shown in table 11 " A series column arrangement

was used to determine the effect of bed depth on COD

removal. Results are presented in table 12"

The results indicate that a short, column contact

time (3 minutes) v¡ou1d reduce the COD over 90 percent"

Approximately 99 percent COD reduction could be acheived at

hicrher column contact times of 12-24 minutes. Data from
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COAGULANT

TABLE 11

EFFECT OF COLU}iNT RESIDENCE

-E C\-t3

DOSE

.m1

1"5

L"75

2"0

COD INFLUENT (Mg/L)

0min

940

855

835

FeClu /ALCI3

TIME ON COD REMOVAL

r"75

2"0

AIum 3"0

4,0

5.0

3min

97

69

62

CoD EFFLUENT (ng/L)

6min l2min 24min 4Bmin

61 49 39 15

24 13 13 13

24 13 13 13

965

867

833

FeClg rAlum 1r1
H2SO4 0 " 5

L02

67

67

956

925

876

66

24

24

44

13

13

BBB

79

t3

6g

?rì

30

24

36

I3

13

t5

15

13

14

13

13

73 24 13

13

I3

I3

13

13

13

13 t3
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EFFECT OF BED DEPTH ON COD REDUCTION

BED DEPTH
inches

20

40

BO

20

40

BO

20

40

80

20

40

BO

RESIDENCE TIME
min

24

COD TNFLUENT
mg/L

BBB

COD EFFLUENT
mg/r

15

15

15

1B

15

15

33

29

29

79

79

73

T2 BBB

BBB

BBB

COAGULANT: FeCl. , Alum, HzSO4 (1rfr0"5mI per 950m1 batch)
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table 12 indicated that cofumn residence time was an

important factor in column studies. fncrease in bed depth

aL constant co]umn residence time did not affect the COD

removal" Cofumn residence time is the important factor in
It^^-1.: --* ,.*tl +1-^ ^r,^J-^ñÞ\-clarrr9 LrIJ ulrË ÞJ Þ uErtro

dose

The waste t,reated with lower limits of coagulant

1"5 ml ferric chloride or 1"5. ml- ferríc

chloride/aluminum chloride per 950 ml batch size, was less

effectively treated by the carbon cofumn. Slightly higher

COD values were recorded at the various residence times. The

turbidity of the waste \,vas not completely removed by the

column treatment" Incomplete coagulation at .this. . Iower

limits of coagulant dose resulted in the breakthrough in

turbidity and higher COD values than for clarified.waste.

The column studies indicated that nearly complete

removal of COD \i\ias effected by the granular activated

carbon.

4 "4 "2 "2 Column Studies : Breakthrough Curve

Chemically clarified (ferric chloride, a1um,

sulphuric acid, 1ml , 1mI, 0 . 5ml- ) simulated dairy l:\,vaste \^las

passed through an activated carbon column to determine the

capacity of the activated. carbon for organics . removal, and

to determine the shape of the resul-ting breakthrough curvet

an important parameter in designing ..4 carbon column

operation for a particular waste " The -dairy waste \^zas
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carbon columns at flow rates 2 BV/HF., 1 BV/HR.

The column breakthrough curves for the dairy waste

are shovrn in fig" 16" The relatively steep breakthrough

curve indicated t,he possibility of a single impurity being

removed by the carbon. A steep breakthrough curve is

characterized by a short ad.sorption zone"

The allowable concentration of impurity in the

effluent was reached considerably before the column was

fully exhausted, therefore indicating the probability of

using a multiple column installation. The number of columns

required for the system is calculated graphically from the

shape of t,he column breakthrough curves and is related to

the allowable concentration of impurity in the effluent.

After 100 lit,ers of clarified dairy waste had passed

through the activated carbon columns at 2 VY/nt, 1 BV,/Hr the

organic loading on the act,ivated carbon was 41 "4 percent'

51 "1 percent respectivelY.

4.4.2.3 piiscellaneous Chemical Analysis on Clarified Simulated

Dairy Waste Before and After Column Treatment

Analytical results lrere obtained for various

parameters of water quality criteria reguirements for water

used in the food processing industry. Analyt,ical

determination for levels of turbidíty, residue on

evaporation, chloride' !\7ere performed on the chemically
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TABLE 13

MISCELLANEOUS CHB}{ICAL ANALYSTS ON DAIRY VüASTE
BEFORE AND AFTER COLUMN TREATMENT (1BVIHR)

COAGULANT

r'^ar'lr çv!3

TURBÏDITYDOSE
m1

TOTAL SOLIDS
mg/r

af ter before af t.er

28 L7B4 t_683

3.2 1690 L626

L T72B L669

CHLORIDE
ms/r

before afterbefore

1.5 69

r.7 5 23

2"0 3"5

FeCl./Alcls1"5

r"75

2"0

Alum 3

ll

FeCloAlum 1r 1
H2SO4 0.5

73

27

trrì

,/9

3"5

I

3"7

L.2

I

L7 68

17L2

17 44

IB24

l-796

L9L2

rot¿

16 58

1683

17 31

L723

185B

249

387

344

222

370

331

9

9

9

270

360

402

Ì3

11

13

24LT

337

382

49

2"0

2"0 L77 6 169 B lsB 133

99



treated waste before and after activated carbon column

treatment at 1 BV/Hr. Three liters of waste were passed

through the column before the analysis. The results are

presented. in table 1 3 "

The results indicate that total residue, and

chloride are not appreciably reduced by the activated carbon

column treatment. The column \iüas effective in removinq

turbidíty.

Recommended maximum concentration l-imits for water

used in the mil-k processing industry are chloride 30 mg/I,

total solids 500 mg/l. Turbidity was within the recommended

limit, also chloride if afum or lime are used as coagulants"

Total- solidsr âr appreciable portion due to salts in aqueous

solution formed by the coagulant ions, \^/ere higher than the

recommend.ed 1imit,.

4.5 Biological Act,ivity in the Carbon Column

Continuous column operation of the simulated

lye-peel potato wastewater, and dairy waste resulted in
bi-ological acLivity in t,he carbon bed" The build up of

soluble organic material on the activated carbon rapidly
promoted biological activity within the adsorption system.

It has been suggested in the literature (51 ) that activated

carbon provides an excellent surface for concentration of

organic biological substrate material" The high organic load

of the column influent provided ample substrate material:,for
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rapid microbiological growth"

Standard plate counts were performed at time

intervals on samples of the waste influent, effluent from

the carbon bed, and on samples of activated carbon from the

column. These results are reported in t,abl-e 14.

The results indicate the rapid build up of organics

on the activated carbon, and. the gradual increase in

microbial counts in the co]umn effluent"

The biological growth first occured at the influent

end of the carbon column (where concentration of organics is

highest) and gradually spread downwards throughout the

column" The biological act,ivity produced anaerobic

conditions in the cofumns as evidenced bv the evolution of

gas bubbles " The col-umns \^7ere converted into submerged

anaerobic Lrickling filters.

The desireability of biological growth in the carbon

column has not been ful1y determined(17). I¡7eber et af (105)

reported that the biological activity did not appear to

hinder the adsorption process" The biological activity on

the carbon may remove poorly ad.sorbable organics, and, as

has been reported may increase the carbon loading in the

column up to 1 00 percent as that predicted from laboratory

adsorption isotherm studies.

However the occurance of the microbial growÈh

suggested several operat,ional difficulties. Frequent

backwashing of t,he column would be necessary to remove the
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TABLE 14

COLU}4N MICROBTOLOGY
Standard Plate Count

Lye-Peel Potato Waste

Time Column Influent Column Effluent Activated Carbon

0 19xt 0 l8xl- 0

24 29xL0 I9x10 63xI0

48 48x10 39xl-0 15x10

72 63xI0 I6x10 39xl-0

Dairy l{aste

0

24

4B

72

97x10

öJXIU

27xlj

4 5xl- 0

2 Bxl0

B4xI0

2 5xl- 0

67xLj

B 8x10

19x10

47x10
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mícrobial slimes" Chlorination or other sterilization means

r^rnrr'l A ha rÂ^îr if ed tO enSUfe deSif eable ef f 'l llcnt 61rr't ì +.,!v\jurrvs uv ç¡¡Èu!E qEÐ!!çquls ç!!Jqç¡tu yLtd.II uy c

Prechlorination of the column influent is a possible means

of controlling the microbial_ growth , hor,üever, act,ivated

carbon adsorbs chlorine, thereby reducing its adsorption

capacity for organics.

Oxygen has been added to the carbon col_umns to

eliminate t,he anaerobic conditions but this is a cost

factor, and the oxygen has been reported to stimulate
aerobic arowth resulting in increased pressure losses across

packed-bed corumns" Expanded upflow beds of carbon should

minimize the pressure losses and back wash requirements 
"

Determination of the effect of the biol-oqical activitv on

product quality and operat,ion maintenance requires
additional study as indicated by the literature(17) .
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V" Conclusions

This study indicated the technical feasibility of
physical chemical treatment for the purification of

simul-ated lye-peel potato and dairy waste effluent" The

clarification, adsorption process can be used to red.uce the

organic l-oad of the waste effluent up to approximately 99

nÂr^Ânf
vv!vv¡¡ea

The clarification process reduced the COD of the

primary effluent by approximately 75 percent. The adsorptj-on

capacity of the activated carbon for the clarified potato

309 mg/L COD per giram carbon, and 316 mg/L

COD per gram carbon for the clarified dairy waste. An

adsorption capacity of 1 0 percent is considered. desirable
for activated carbon treatment" Adsorpt,ion isotherm studies

for several commerciar carbons indicated that wv-L Nuchar

activated carbon was t,he preferred adsorbent.

A coagulation d.ose of 22 mI ferric chl_oride/aluminum

chloride (1M, 1M) per batch size 950.ml, \^/as required to
clarify t,he potato waste. The choice of coagulant was based

on previous studies at the Food science Department. Lower

limits of coagulant dose (16-20m1) \,vere not always effective
in clarification; however the adsorption process showed

favourable results" Further studies shourd deal with the

clarification-adsorption process at these lower limits of
coagulant dose"

A coagulation dose of 2 ml ferric chloride/alumunim
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chloride (1Mr1M) per 950 mI batch size was effective in

r:l ari fwi no the simulated. dairy waste" Various oLher

inorganic coagulants, singularly and in combination were

also investigated for clarification of the dairy waste" The

coagulant combination ferric chloride, a1um, sulphuric acid

(1ml, 1ml, 0"5m1) was selected as the most promising based

on clarification properties, COD reduction, sludge settling'

turbidity removal,

adsorption capacity.

economics, and act,ivated carbon

The chemical clarification process for the waste

effluents supplied inorganic ions from the coagulant in

excess of the maximum limit atlowed for water used the food

processing industry. The inorganic sal-ts aLso increased. the

fixed residue of the purified effluent. The pot,ential for

water reuse for most applications would'be deterred without'

ã'i 'l rrJ-i rtn - .\r futher advanced treatment such as reversevr¿u ulv¡¡ t v!

osmosis. Chemical coagulation dose should be kept at a

minimum for technical and economic reasons" Further studies

shoul-d examine the effectiveness of organic polyelectrolyte

flocculants in t,he clarification process.

The residual CoD in the treated potato effluent was

7O-80 mg/L COD" The major contributing factor to this coÐ

was dissotved starch or other high molecular weight

carbohydrates, The dairy waste had a

10'20 mg/L.

Iow residual COD of

The treatment process of adding activated carbon to
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primary dairy waste showed potential as a purification

method. Approximately 99 percent of the COD could be

removed, with a clear effluent resulting"

Granular carbon column t,eating of the lye-peel

potato waste anC dairy waste indicated that a multiple

column series system was the preferred system" For potato

waste, a column residence time of at least 24 minutes was

required for optimum adsorption, while 12 minutes was

required. for the simulated dairy waste,

The high organic loading on the carbon columns

initiated rapid microbial- growth within the activated carbon

cofumns. The literature indicates that the desireability of

biological growth in the adsorpt,ion system has not been

concluded" The grovzth does not appear to hinder the

adsorption processi horvever several operational diffÍculties

would probably occur and post chlorination of the column

ef f luent woul-d probably be required to ensure steri.l i l-rz of

the effluent.

Adsorption isotherms \,vere developed for a number of

organic substances which could become possible components of

food. processing effl-uents. The substances . included

carbohydrates, proteins, amino acids, and organic acids. The

adsorption capacity of the individual compounds indicat,es

the feasibility of removal in the adsorption treatment

stage.
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FÐrodu cÉ ÐaÍa E¡.¡E[eÉ! s'l

Granular Active Garbon

Grade: Nuchar WV-L 8x30

r-j/î] t t::ìçî1 T'i:,

':: t:i ,L u.!::-i i*J "

Description and Typical Appt¡cat¡ons

Nuchar WV-L I x 30 is a dense, hard
and regenerable granular active
carbon, intended for packed bed
adsorption applications. lts pore
structure has been designed to include
a broad spectrum of pore sizes.
Nuchar WV-L 8 x 30 is highly uniform
and dependable in quality, being
manufactured at Westvaco's new and
modern plant in Covington, Virginia.

Recommended Uses

The wide range of pore size in Nuchar
WV-L I x 30 enables it to efficiently
adsorb from solutions a great variety
of both high and low molecular weight
substances. lts hardness means
min¡mum losses during mechanical
handling or during thermal
regeneration. lt can be used in either
fixed bed or moving bed processes.
Applications where Nuchar WV-L
I x 30 is particularly well suited include
corn sugar and syrup processing,
purif¡cation of chemicals and
pharmaceuticals, and waste water
treatment.

Nuchar WV-L 8 x 30 can be fully
regenerated by thermal reactivation ¡n
most cases. In applications where
the usage is large regeneration may
be most economical. Under some
circumstances partial regeneration
can be accomplished by chemical
means.

Specifications

Molasses Decolorizing Index, Minimum 6.3

lodine Number, Minimum 950

Abrasion Number, Minimum 70

Moisture When Packed (%), Maximum 2

Ash (%), Maximum 7.5

Particle Size (U.S. Sieve Series)

Oversize (%), Maxímum

Undersize (%), Maximum

Typical Propert¡es

8x30

I
5

Apparent Density (lb./tts¡ 30

Bed Density, Backwashed and Drained
(tb./fr3) 26

Surface Area (Nitrogen BET Method) (mrlg) 1000

Particle Density, Wetted

Effective Size (mm)

Uniformity Coeff icient

Voids in Packed Bed (%)

in Water (g/cc) 1.4

Note: P.ec¡so po.e size d¡slribution ¡s âvailable on request.

See fev€¡se side for P¡essure Droo charact€t¡stlcs.

0.90

1.80

40
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APPENDIX TT.

ADSORPTION ]SOTHERM DATA

FOR CARBOHYDRATES



RIBOSE

GRA},IS CARBON

0.00
0. s0
1 .00
2"00
3.00
5.00

1/N= 0 .687
CORRELATfON

f\-

COEFFICIENT:1

CODF

982 "
736 "
460 "
329.
197 "

X

333"
579.

986.
1118.

x/r4

666.0
579.0
427 .5
328.7
223.6

x/M

tt96 " 0
428 "0
308"0
254.7
176"8

x /x4

376"0
322.0
258 "5
¿U¿" I
152"0

LOG CODF

3"i19
2 "992
2.867
2 "663
2 "5172.294

LOG CODF

3.033
2.920
2 "814
2 .667
2 " 500
2 "292

LOG CODF

3 " 006
2 "9162.839
2 "6954 a^-¿ "ov I
2"403

7 
^^ 

1, /\,lU(J 
^/ 

lvl

) x) <

2"763
2 "631
¿"31I
2 "349

LOG X/M

2.695
2 "631
2"489
^ 

tr^a¿"+vo
2.247

- ^^ 
</ /^nlu\f 
^/ 

lvl

2 "575
2.508
ô ,r 4 

^¿"+t¿
2 "307
2 "182

6.089
.00

oPTrMUrq x/rF 84.6
% REDUCTION= 99 "%

GLUCOSE

1/5= 0.713 I(= 4.101
CORRELATIOII COEFFICIENT=1 " 00

OPTIMUM X/M= 59.6
% REDUCTION: 99 "%

GRA}4S CARBON

0.00
0. 50
1 .00
2.00
3"00
5.00

GRAMS CARBON

0.00
0.50
1 .00
2 .00
3.00
5.00

CODF

1080.
832 "
652 "
464 .
<th

196 "

CODF

1013"
825.
6.O1

496 "
405"
253.

X

248 
"

428 
"

616 "
to+"
BB4.

1 BB.
322 "

608"
760"

FRUCTOSE

1/t't= 0.77 5 K: 2 "039
CORRELATION COEFFICIENT=1 . 00

OPTIMUM X/rtt= 43"6
% REDUCTION= 99 "f'
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1/LI= 0.718 K- 4.655
CORRELATIOII COEFFICIENT=1 " 00

SUCROSE

OPTIT'{UYI X/M= 69. B

% REDUCTION= 99.%

GRAIUS CARBOT']

0.00
0.50
1 .00
2.00
3.00
5.00

GRAIUS CARBON

0. 00
0.10
0.30
0"50
0.70
1.00

GRA}{S CARBON

0.00
0"10
0.30
0.50
0"70
1.00

CODF

1067.
781 

"
599.
q02 

"
286 

"
1s6.

CODF

10s1.
862 "
547 

"
334"
179 

"
74.

CODF

ooa
763"
404.
211 .
10s.
38"

GALACTOSE

286 "
468.
665.
'7 41

911.

x/M

572.0
468.0
332 "5
260 "3
182.2

I ao
504 "
11'7

872 
"

o'7'7

x/M

1890"0
1680"0
1 434 " 04 ^lr r -t¿+J"t

a'7'7 n

LACTOSE

x x/M

235. 2350.0
594. 1980.0
787 " 1574"0
893. 1275"7
960. 960"0

LOG CODF

3.028
2 "893
2.777
¿.ou+
^ 

lr-at 416

2 .193

LOG CODF

3 "022
2 "936
2 "738
2 "5242.253
1 .869

LOG CODF

2 "999
2"883
2 "606
2 "324
2.021
1 " 580

LOG X/M

2.757
2"670
2"522
^rrÀ-¿"+lô
2.261

LOG X/I\'t

3"276
3 "225
3.157
? nqÃ
2 "990

T-rìl: Y,/tuI

3.371
3 "297
5 " t9 I
3"106
2 "982

1/N= 0.268 K= 307 .962
CORRELATIOI.I COEFFTCIEIIIT= 1 . 00

OPTTMUI4 X/rÞ 198 "7
% REDUCTION=1 00. %

1/N= 0.303 K= 315.819
CORRELATION COEFFICIENT=1 " 00

OPTIMUIU X/I,t: 255 " 5
% REDUCT] ON= 100 "f,
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¡4ÃLTOSE

GRAI\,IS CARBO}J

0.00
0.10
0.30
0.50
0.70
1 .00

1/x= 0.307
CORRELATION

(= 309.428
COEFFICIENT:1 . 00

OPT] NIUI\Í X/14= 260 . B

% REDUCTION:100 "%

CODF

1036 "
'7 A'7

435.
223 

"
108.

46"

239 
"

601"
41"
928 "oon

x/14

2390"0
2003.3
4 a^a 

^tþzo. u
1325 "7ooñ rlJ JV. V

LOG CODF

3"015
2 "901
2 .638
2 .3t18
2"033
1 "663

LOG CODF

2 "964
2 "812
2 "593
2"294
1"964
1 .505

LOG CODF

3"017
2 "972
2 "860
2.775
2"647
z-361

T.rìl: Y,/X4

J-Jl9

3.302
3 "211
3 "122
2 "996

LOG X/r{

3 " 435
3.422
5.5ö¿
3"316
3 "249

LOG X/M

3 "017
2"802
2 "648
2"475
2 .353

1/N= 0"149 K= 1068.851
CORRELATION COEFFICIENT=0 . 9 9

POTATO STARCIJ

GRAMS CARBON

0.00
0.10
0.20
0.30
0.40
0.50

GRAMS CARBON

0"00
0"10
0.50
1.00
2"00
3" 00

CODF

q?n
648"
392 

"
1 q'7

92"
5¿ "

CODF

1041 "
937 "11 ll
qqÁ

444"
JO+ "

RAFF]NOSE

x x/M

272 " 2720 "0
528 " 2640 "0
723 " 2410.0
B2B" 2070 "0BBB. 1776 "0

1 04 "
317 "
445"
597 "
677.

x/M

1040.0
634.0
44s"0
298 "5
225 "7

oPTrMUr,r x/w 294 " 6
% REDUCTION= 98.%

1/\tr= 1"599 K= 0.017
CORRELATION COEFFICTENT=1 " 00

OPT]MUTU X/\Þ 1 16 " 4
% REDUCTION= 99 "%
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GALACTURO}TIC AC]D

1/N= 0"619 K- 20.982
CORRELATION COEFFTCIENT=1 " 00

POLYGALACTURONIC ACID

GRAMS CARBON

0"00
0"10
0"50
1" 00
2.00

GRAMS CARBON

0 " 00
0"10
0 " 50
1" 00
2.00

GRAMS CARBON

0.00
0.10
0. 50
1.00
2"00

GLYCEROL

x x/M

LOG CODF

2"831
2"754
2 .507
¿"¿55
1 " 863

OPTTMITM X /M=

LOG CODF

2.924
2 "908
2 "903
2 "BB9
2 "862

LOG CODF

3 " 069
3"054
? rì??
J. VJ¿

3 " 006
2.975

LOG X/M

3"041
ô 

^-rl¿"ó)+
2.705
2"481

118"8

LOG X/M

2.477
1.903
1"820
1"748

LOG X/M

2"602
2"274
2"196ô ^--¿"v3t

CODF

678"
568.
321 

"
171 "
73"

CODF

840"
810"
800"
774"
728"

CODF

1172"
1132 

"
1078"
1015"

9tl4 "

i10.
357 .

605"

?n
/t^

66.
I l¿.

40.
94"

228 
"

x/ r4

1100.0
714"0
507.0
302"5

x/1'4

300"0
80"0
66 " 0
56"0

400"0
188.0
157 " 0
114"0

% REDUCTION=100 "%

1/N:11.435 K- 0"000
CORRELATION COEFFICIENT:0 " 72

oPTTMUM X/rÞ 23.5
% REDUCTION: 52"%

1/¡= 6. 333 K= 0. 000
CORRELATION COEFFIC]ENT=0 " 9 3

OPTTMUM X/M= 40"9
% REDUCTION= 87 "%

120



APPENDIX IIT"

ADSORPTTON TSOTHER]4

DATA FOR PROTEINS

AND AMINO ACTDS



1/tl:1.106 K= 0"053
CORRELATION COEFFTCIENT=0 " B 6

OPTIMUM X/M= 11 "6
% REDUCTION= 74.%

GR}.}{S CARBON

0"00
0.10
0. s0
1.00
2.00

GRAMS CARBON

0.00
0"10
0 " 50
1 " 00
2.00

1/N=41.778
CORRELATION

CODF

1nq?
1041 .

oqq
956 "
861 .

CODF

B3B.
827 

"
820"
812 "

ALAN]NE

X

t¿"
trrl

97.
192 "

x/M

1 20. 0
108"0
a7n
96.0

LOG CODF

5"U¿¿
3 "017
3.000
2 "980
2 "935

LOG CODF

ô 
^^1¿-t¿5

2"918
2 "914
2 "910
2 "901

LOG CODF

^ ô^^¿. ööv
2"875
2"872
2.867
2"862

LOG X/rq

2"079
2.033
1 AA'7

1.982

LOG X/I4

2 "0q1
1 " 556
t.r+tf,
1"312

LOG X/M

"954
L"7 7

.342

.190

K- 0"000
COEFFICIENT=0.93

OPTIMUI{ X/Nt= 12 "9
% REDUCTION= 86 "%

GLYCINE

11
1a
¿o"
lt.1

¿\/ Lvt

110.0
36.0
26"0
20 "5

x/M

90 " 0
30"0
¿¿"u
15"5

GRAMS CARBON

0.00
0.10
U"fU
1.00
2. 00

CODF

759.
750.
744"
737 "
728 "

qT. Þ TNTE1

v

i5"
22"
?1

1/N=75.000 K= 0"000
CORRELATION COEFFICTENT=0 " 9 1

OPT]MUM X/W 18"1
% REDUCTfON= 83"/'
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1/N= 2"721 K: 0.000
CORRELATION COEFFICIENT=0 " 9 5

OPTIMUM X/M= 51.6
% REDUCTION= 90.7,

GRAMS CARBO}J

0"00
0"10
0" 50
1 " 00
2 "00

GRAMS CARBON

0.00
0.50
i .00
2.00
3.00
5.00

GRÄMS CARBON

0.00
0.10
nqn
1.00
2"00
3" 00

CODF

1300 
"

1250.
4 4 a-I lz¿"
1057 "

894.

CODF

1116"
900"

466.
335.
173 

"

CODF

1108"
986"
610"
321 "

BB"
33"

CASE]N

I tö"
¿+.5 "
IJñA

CYSTINE

X

216 "
377 "
650 "
'7 41

943"

x/M

500.0
?ÃÁ n

243 "0
203"0

x/M

432 "0
377 "0
325 "0
260.3
1 88 " 6

x/M

1220 "0
996"0
tó I "u
510.0
358.3

LOG CODF

3.114
3 .097
3"050
3 "024
2 "951

LOG CODF

3"048
2 "954
2"869
2 "668
2"525
2 "238

LOG CODF

3.045
2 "9942"785
2 "507
1 "9 4L+

1.519

LOG X/M

2 "699
2 "551
2"386
2 "307

LOG X/M

2"635
2"576
2"512
2"416
2"276

T.ôê Y./n4

3"086
2 "998
2 "8962.708
2 "554

1/N= 0" 494 K= 1 4.865
CORRELAT]ON COEFFICIENT=1 . 00

METHIONINE

OPTIMUM X/M= 47 "B
% REDUCTIOIT'I: 99"%

X

,122.
498"
787 

"
1020 "
1075"

1/N= 0.355 K= 1 03. 1 39
CORRELATION COEFFICIENT=1 " 00

OPTIMUM X/t:t1: 124.6
% REDUCTION= 100 " f'
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GRÀ]{S CARBON

0.00
0.10
0"50
1 .00
2"00
3. 00

GRAMS CARBON

0.00
0"10
0.50
1 " 00
2.00
3.00

GRA}{S CARBON

0.00
0.10
0.50
1.00
2"00
3"00

ASPARI\GINE

X

7II
r/o"
225 

"
296 

"332.

LOG CODF

¿"ó69ô ô^^¿.ö¿5
¿"t31
2.711
2.646
2"610

LOG CODF

2 "9BB2.964
2. BB3
2.7 62
A TFâ¿.)35
2.330

LOG CODF

? nÁq
3"041
2"974
2 "9192.852
2"809

OPTIMUM X/I'4=

LOG X/lvi

2"869
2 "5472"352
2"170
2"044

LOG X/rU

2 "716
2 "621
/ hq h

2"488
2"403

LOG X/M

¿.ö3 |

2"661
2.534
2 "362
2 "245

82"4

CODF

7?O
665 

"
563"
s14"
¿r¿l?

407 
"

x/M

740.0
352 "0
225 "0
148.0
110"7

1/N= 3.833 K= 0.000
CORRELATION COEFF] CrENT=O " 9 9

oPTrMurq x/rF 102 " 8
% REDUCT]ON= 99 "%

GLUTAMTNE

x x/MCODF

972 
"

920 "
763"
578"
?q7
)1lJ

52"
209.
394"
615 

"
758"

520 "0418"0
394 " 0
307 " 5
¿)¿" I

1/t:¡= 0 . 4 66 K- 20 .3q6
CORRELAT] OiV COEFFTCTENT=O 

" 9 g

LYSINE

OPTIMUM X/t4: 50 " 0
% REDUCT]ON= 97 "%

CODF

1171.
1i00"
942"
829 "
711"
644"

x

I t.
z¿Y.
J+ ¿.
na^

x/M

710.0
458.0
342"0
230 " 0
I t5. /

1/5= 2"57 B K= 0.000
CORRELAT]ON COEFF]CIENT=1 " 00

123

% REDUCTION=100 
"%



1 /N= 0 ,226 K= 7 93 .7 31
CORRELATIOIJ COEFFICIEIJT=1 " 00

OPTIIUUM X/M= 430.3
% REDUCT]ON=100 ",t,

GRAIVIS CARBON

0"00
0.10
0.30
0"50
0"70
1.00

GRÃ-MIS CARBON

0.00
0.10
ô 6n
i.00
2"00
3.00

GRA¡4S CARBOId

0.00
0.10
0.30
0. 50
0.70
1" 00

PHE}IYLALANINE

,r 
^nI n?o

1670"
1761 

"

x/M

4000.0
3596 "7
2910"0
2385 "7
1761 "0

TYP.OS]Ntr

x x/M

286 " 2860 "0935. 1 870 " 01268" 1268"0
1474" 737.0
1542" 514.0

TRYPTOPHAN

x x/r\

427 . 4270 "01082" 3606"7
1s51. 3102"0
1708. 2440.0
1782 " 1782 "0

LOG CODF

3 "254
^ 

á lr -J " t+f,
2"856
2 " s33
2 .100
1 " 544

LOG CODF

3 "206
3"121
2 "827
2 "529
2 "121
1 .806

LOG CODF

3 "256? 1?q
2 "859
2 .403
1"982
1 "342

LOG X/M

3 "602
3.556
3"464
3.378
3 "246

r.nr: v /n,r

3 " 456
3.272
3.103
2.867
2"711

LOG X/M

3 " 630
3.557
3"492
3 " 387
5"¿Jl

CODF

1796.
1396 "

11'7

341 .
126.

35 "

CODF

touo "
1320"

671 .
338.
132 

"
6t+ "

CODF

1804.
1377.
722.
253 

"
96"
¿¿"

1/N= 0"568 K= 47.147
CORRELATION COEFFICIEIT]T=1 . OO

OPTIMUM X/rv1= 311 "7
% REDUCTION=100 "f,

1/N= 0.208 I(= 945.875
CORRELATION COEF FICTENT=1 . 00

oPTrI4UrU X/r.t= 449 " B
% REDUCTION= 99 "y,
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GRAl.fS CARBON

0. 00
0.10
0.30
0. 50
1.00
2 .00

GRAIUS CARBON

0.00
0.10
0.50
1 .00
2.00
5"00

1/N= 1.083 K= 6"864
CORRELATTON COEFFICIENT=1 . 00

EGG ALBUMIN

OPTIMUI{ X/Yt= 1923 "9
% REDUCTTOI{=100"%

CODF

| 3¿ó "
700.

232 
"

144 
"

72"

CODF

1iBB"
1080"
800.

432 "
¿¿Q "

PEPTO}JE

x x/M

B2B" 82BO"O
1177. 3 923 "3
1296 " 2592 "0
1384 " 1384.0
14s6 " 7 28"0

X

108 "
3BB"
534.
756 "
962 

"

x/M

1080.0
776"0
534"0
?74 n

192"4

LOG CODF

3.184
2 "845
^ 

F,¡F¿"3+3
2 "365
2"158

LOG CODF

3 " 075
? n??
2 "9032.816
) 

^?q2 "354

LOG X/r,4

? qla
3"594
3"414
a 1lt1

2 "862

LOG X/M

3.033
2 "890
2 "728
2.577
2.284

1/¡= 1.094 K= 0 "496
CORRELATION COEFFTCIENT=1 " 00

OPTTMU¡.Í X/r,Þ 114 "7
% REDUCTION= 99 "%
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APPENDIX IV.

ADSORPTION ISOTHER}4

DATA FOR ORGANTC ACTDS



GLUTAMIC AC]D

1/ttr:3.000 K= 62"000
CORF.ELATION COEFFICIEITIT=i . 00

FORMIC ACID

GRAMS CARBOI{

0.00
0.10
0.50
1" 00
2"00

GRÄMS CARBON

0.00
0.s0
1" 00
2"00
3.00

GRA}{S CARBON

0.00
0. 50
1.00
2"00
3.00
4.00

CODF

864.
7q(
562 "
3s0"
1?e

CODF

325 "
273"
229 "
165 

"
tlJ"

CODF

1085.
70n
593 "
301"
180.
1 08.

6,o

302 "
514"
726"

X

52"
96"

I ou "
212 "

ACETIC

295.
492.
784 "
905.
a1'7

x /t¡

690.0
604"0
514"0
363.0

x/r.[

104.0
96 "0
80.0
70"7

ACID

x/M

qqô n

492"0
392 "0
301.7
244 .3

LOG CODF

2 "937
2 "900
2"750
2 "544
2"140

ôprrMIIM x /M=

LOG CODF

2.512
2 "436
2 "360
2 "217
2 "053

LOG CODF

3 " 035
2 "89B
2 "773
2 "479
2 "255
2 "033

LOG X/l{

2 "839
¿"tól
2 "711
2 "560

0.0

LOG X/M

2"017
| "yó¿I On?| à JWJ

1 " 849

LOG X/¡{

¿- t I I

2 "6922.593
2.480
2 " 3BB

% REDUCTION=****%

1/x= 0"447 R: 8"402
CORRELATION COEFFICIENT=0 . 99

OPTIMUI{ X/1,1: 11 "2
% REDUCTTON: 99 "%

1/N= 0.433 K: 32 "209
CORRELATION COBFFICIEIJT=1 . 00

OPTIMUM X/M= 66 "3
% REDUCT] ON= 99 "f,
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BUTYRIC ACID

1/ttr= 0.465 K= 85.246
CORRELATIOI;I COEFFICIENT=0 . 99

OPTTMUM X/rF 271 "1
% REDUCT]ON= 99.%

GRA-I{S CARBON

0"00
0.10
0. s0
1 .00
2.00
3.00

GRA]4S CARBON

0"00
0"10
0.30
0.s0
1" 00
2"00

1/N: 1 .1 43
CORRELATION

CODF

1710 
"

1467 
"

776"
?lrtr

1 05.

CODF

171 
"

150.
124 .
1 03.

77 
"

¿+5"
934"

1 365 "i605.
lbr+J "

x/M

2430"0
1868"0
1365.0

B02 "5f lr- -JLt I " I

ACTD

x/M

210"0
156 "7
136.0

qÀ ô

60"0

LOG CODF

3 "233
3"166
2 "8902.538
2"021
1.826

LOG CODF

2 "233
2.176
2"093
2"013
1 .886
1"708

LOG CODF

2 "907
2.854
2 "649
2"476
2 "215
1 "623

T ^õ \z /rtrL\J\J .^/ I'I

3 " 386
5"¿t I

3"135
2 "904
2"739

T ^r. v /\rlvu ^/ rr

¿.5¿¿
2.195
2 "134
1"973
l - | tö

LOG X/M

2 "968
2 "Bsg
2 "861
2 " BOB
2 "583

OXALIC

21 .
lt '?

68"
94 

"
t¿u"

(= 0.666
COEFFICIENT=1 " 00

OPTII4UM X/11= 23 "7
% REDUCTION=1 00 " %

GRAI'{S CARBON

0.00
0,10
0.50
0.70
1.00
2"00

CODF

807.
714 "
446 "
299 

"
164 "

+¿"

SUCCINIC

X

93.
361.
508.
or+J.
7 65.

ACID

x/M

q?n ô

722 "0
725 "7
643"0
382"5

1/L1= 0"294 K= 132.212
CORRELATION COEFFICIENT=0. 9 B

oPTrI{Urvi x/w 94"5
% REDUCTION= 96"Y,
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FUIVIARIC ACTD

1/N= 0"522 R= 34"778
CORRELATIOI.I COEFFICIENT= 1 . 00

Mè,LIC ACID

OPT]MUM X/M= 1 07.3
% REDUCTION=100 "%

GRA}{S CARBOT{

0" 00
0"10
n q.n
V. JV

1 " 00
2.00
3"00

GRÄMS CARBO}.]

0.00
0.10
0"50
i " 00
2"00
3.00

GRAÌ4S CARBON

0.00
0.10
0"50
1 .00
2"00
3.00

CODF

714 "
614 "
352 "
179 

"
tz"
36.

CODF

752 
"

632 "
404 "
¿zv.
108"
60.

CODF

608.
510"
320 "
204 

"
104 "

100 "
362.
53s"
642 "
678"

t¿v"
348"
532 "
64t1"
692 "

X

qR

2BB.
404"
Ãnlr

552 
"

x/M

1000"0
724 "0
535.0
321 "0
226 "0

x/14

1200"0
696"0
532"0
J¿¿"V
230 "7

x /l\4

980"0
576"0
404"0
252 "0
184"0

LOG CODF

2.85t1
2"788
2 "547
2 "253
1 "857
1"556

LOG CODF

2"876
2 .801
2 "606
2 "342
2.033
| " I tó

LOG CODF

2"784
2"708
2.505
2"310
2 "017
1"748

LOG X/¡.r

3.000
2 "860
2.728
2 "507
2 "354

LOG X/M

3 " 079
2 "843
2.726
2"508
2 "363

LOG x/M

2 "991
2"760
2"606
2"401
2 "265

1/tt: 0.670 K= 14"289
CORRELATION COEFFICIENT=0 . 9 9

TARTARIC ACID

OPTIMUI'I X/Itt= 120 " 6
% REDUCTIOI{= 98.%

1/W: 0"744 K= 8"402
CORRELATTON COEFFICIENT=0 " 9 9

oPTrMUr4 X/rþ 99 "2
% REDUCTTON= 98"%
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GLUTARIC AC]D

GRÄMS CARBON

0.00
0.10
0" 30
n qn

0.70
1.00

1/N= 0.231
CORRELATION

r(- 343 "97 7
COEFFICIEIIT=1" 00

OPTIIVIU}4 X/Tþ 'I 60 " 1

% REDUCTION= 100 " f,

CODF

786"
635"

202 
"

94"
31.

1s1 "
409"

692 "
755"

x/t4

510"0
363.3
168"0
988.6
755"0

LOG CODF

2"895
2"803
2 "576
2 "305I o7?
1 .491

LOG CODF

? Rqn
2 "794
2 .491
2"210
1"881
1"633

LOG CODF

3 "177
3.080
2 "955
2"667
2"190
1 " sBO

LOG X/M

3.179
3.135
? 

^â7
2 "995
2 "B7B

LOG )</M

3"188
2.969
2"788
2"544
2.388

LOG X/M

3.479
3"479
3"415
3"285
3"166

CITRIC ACID

1/ttr:0.691 K: 17"930
CORRELATION COEFFICIENT=1 " 00

OPTIMUM X/\1= 178 "2
% REDUCTION=100"%

GRAMS CARBON

0.00
0.10
0.50
1.00
2"00
3.00

GRAMS CARBON

0.00
0.10
0 "20
0.40
0.70
i .00

CODF

776"
o¿¿.
310"
162.

16,

43.

CODF

1504.
1203"

902 "
46s"
1 55 "

38.

1 s4 "
466.
614 "
700.
733"

301 "
602 "1n?o

1349"
1466.

Y / I'tl

1540"0
932 "0
614.0
<htt tl

244.3

3010" 0
3010"0
2597.5
á ^^ãlv¿t"l
1466 " 0

BEI\ÏZOIC AC]D

x x/M

1/l: 0 "220 K= 652 "97B
CORRBLATTON COEFFICIENT=0 " 9 9

oPTr¡liu¡{ x/rF 327 "3
% REDUCTION= 99 "%
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ASCORBIC AC]D

1/X= 0.680 K= 14"033
CORRtrLATION COEFFICIENT:1 " 00

LACTIC AC]D

OPTTMUM X/!4= 142 "7
% REDUCTION= 99 "f,

GRA¡{S CARBON

0. 00
0"10
0.50
1.00
2"00
? nn

GRÄ.}{S CARBON

0"00
0"10
0.50
1 .00
2"00
3.00

GRÀIVIS CARBON

0"00
0"10
0. s0
1 .00
2"00
3.00

CODF

896.
762"
462 "
278"
120 .

e1

CODF

863.
'7 1q
+ou"
240 

"
138.

96"

CODF

621 "
581.
50i.
414.
342 "
292 "

1 34 "
434 

"
618"
776.

X

144"
403.
623 "
725"
767 "

z\

lr^

120 "¿ut-
279 "??o

x/M

1340"0
B6B.O
618"0
3BB"O
271 "7

x/M

1440"0
806"0
623"0
362"5
255 "7

x/M,

400"0
240 "0
207.0
139.5
1nq 1

LOG CODF

2 "952
2"882
2 "665
2 .444
2 "079
1.908

LOG CODF

2 "936
2"857
2 "663
2 " 380
2.140
1 "982

LOG CODF

2"793
2"764
2"700
2.617
2 "534
2"465

T 
^^ 

\, /^ì
IJUTJ .^/ 1"1

3 .127
2 "939
2 "791
2"589
2"434

LOG X/M

3 " 158
2 "906
2.794
2 .559
2 .408

LOG X/M

2"602
2.380
2 "316
2"145
2 "040

1/N= 0.806 K: 6.736
CORRELATION COEFFICTENT=0 " 9 9

ASPARTTC ACID

OPTIMUM X/M= 156 "1
% REDUCTION= 98 "%

1,/N= 1"770 K= 0"005
CORRELATION COBFFICIENT=0 . 9 B

OPTTMI]M X/M= 40.7
% REDUCTIOIJ= 97 .f'
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APPENDIX V"

ADSORPTION ISOTHERM

DATA FOR TEST CARBO}]S

FOR POTATO WÄ.STE



CARBON I^IV-L

1/¡¡= 2.630 I(= 0.000
CORRELATION COEFFICIENT=1 " 00

OPTTMUM X/r.ç 307 "7
% REDUCTION:i 00. %

GRÃ-IUS CARBON

0.00
0.10
0.50
1 .00
2"00
3.00

GRAMS CARBON

0.00
0.10
0. s0
1 " 00
2"00
3.00

GRA],IS CARBON

0"00
0.10
0. s0
1 .00
2"00
3.00

CARBON A

x x/M

LOG CODF

2"761
2"635
2"477
2 "394
2.305
2.238

LOG CODF

¿" to I

2 "685
2"547
2"462
2.382
2.305

LOG CODF

2.761
2"679
2 .547
2"474
2"405
2 "364

LOG X/M

3 "161
2"744
2 .517
2 "273
2"129

T,OG X,/M

2 "968
2 "653
^ 

lrF^¿"+)ó
2 "225
2"097

LOG X/M

3"000
2 "6s3
2"446
2 "208
2 "062

CODF

s77 "
432 

"
300 "
248 

"
¿v¿"
173"

CODF

484.
352 "
290.
241 

"
202.

CODF

577 "
477.
352 "
¿Yö"
¿54 "
231 "

X

1 45 "
277 

"??q
375"
404.

x/M

1450 " 0
F-¡l)f+"u
11^ 

^J¿J.U
187 "5
134 "7

930"0
450 " 0
287 "0
168"0
lz5"u

93"
225 "
287 

"
336.
375 "

1/N= 2"350 K= 0 " 000
CORRELATION COEFFIC]ENT=1 " 00

oPTrMUr'r x/rÞ 1 41 . 3
% REDUCTION=100 "%

CARBON B

x x/M

100 "
225 "
¿tY"
323 "
346"

1000"0
450 " 0
279 "0

rt)"J

1/N= 2.968 K= 0 " 000
CORRELATION COEFFICIENT=1 " 00

oPT]MUM X/r¡r 185"4
% REDUCTION=100.%
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CARBON C

x x/MGRÄ}4S CARBON

0"00
0.10
0"50
1.00
2 ,00
3,00

CODF

577 "
+f,b "
317 

"260.
¿t5"
1 84.

t¿1"
¿ou.
317 

"
364.
?o?

1210"0
520.0
317 "0
182"0
1 31 " 0

LOG CODF

¿"tol
2 "659
¿"JUI
2 " t115
2"328
2 "265

LOG X/M

3.083
2 "716
¿"3U1
2 "260
2.117

i/N= 2" 475 K- 0 " 000
CORRELATION COEFFTCIENT=1 " 00

OPTTMUM X/Iq= 221 "9
% REDUCTTOIij=100 "%
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APPENDIX VI 
"

ADSORPTION TSOTHERJU

DATA FOR CLARIFIED

POTATO WASTE



NO TREATMENT

GRAIUS CARBO}i

0.00
0.10
0 " 50
1" 00
2"00
5.00

GRAIUS CARBO}I

0.00
0.10
0.50
i.00
2"00
3"00

GRAMS CARBON

0. 00
0"10
0 " 50
1 .00
2" 00
3.00

1/N: 1"967 R= 0"000
CORRELATTON COEFFICIENT=i " 00

OPTIMUM X/M= 175"4
% REDUCTION=100 "f,

LOG X/Mr

I 
^^rlJ"¿V1

2 "806
2 .611
2 "395
2.257

OPTTMUM X/W- 257 "0
% REDUCT]ON= 99"f,

LOG X/M

3"164
2.799
2.593
2.369
2 "228

OPTIMUIU X/M= 23 B . B

% REDUCTION=100.%

CODF

2137.
1985"
1624.
1383.
1 1 43.

812 "

CODF

BBB.
t¿ó"
568.
480.
391 

"
346.

CODF

768"
622 "
453.
376"
300"
261 

"

X

t)¿"
ã1?

994.
1325.

x/M

1520"0
1026"0

754 " 0
497 "0
265"0

LOG CODF

? ??n
3"¿vó
3 "211
3"141
3 " 058
2 "910

LOG X/I{

3 "182
3"011
) Q1'1

2 "696
2 .423

FECL3/ALCL3 (1M/1M) 1 60 ML

x x/M LoG coDF

2 "948160" 1600"0 2"862
320" 640"0 2.754
408" 408"0 2"681
497 " 248 "5 2 "592
542 " 180 "7 2 "s39

1/n= 2"876 Ii: 0.000
CORRELATIOII COEFF]CIENT:1 " 00

FECL3/ALCL3 (1M/1M) 180 rvrl,

x x/M, LoG coDF

2. BB5
146. 1460.0 2"794
315. 630"0 2"656
392" 392.0 2"575
468 " 234 .0 2 "477507. i69"0 2"417

1/N= 2.477 Yr= 0"000
CORRELATION COEFFICfENT=1 " 00
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FECL3/ALCL3 (It't/ 1¡a¡ 200 ML

1/¡: 2.502 K= 0.000
CORRELATIONi COEFFICIENT:1 " 00

GRÄMS CARBON

0.00
0.i0
0"s0
1.00
2"00
3.00

GRAMS CARBON

0"00
0.10
0 " 50
1.00
2 "003.00
5.00

CODF

oÕu"

374.
lt I

252 
"

218 .

CODF

668.
t496 

"
320 "
249 "
193 

"
168.
137 .

625 "
+f,o"
306"
244.
19.7

1 68 "
137 

"

169 
"

31 9.
5ö t"
¿r?R

+) I -

4BB"

1690 " 0
638.0
?R1 n

219"0
t5¿"5
97 "6

x x/M LoG coDF

2 "825172" 1720 "0 2 "695348" 696"0 2.505
419" 419.0 2"396
475 " 237 "5 2 "286s00" 166.7 2"225
531" 106.2 2"137

OPTIMUM X/M= 261 "6

LOG X/r4

3 "236
2 " 843
2 "622
2"376
2 "222
2"026

OPTIMUI{ X/\4= 338"9
% REDUCTION=100.%

x x/M

143" 1430.0
306 " 612 "0
367 " 367 "0
428 " 214 "0
1162 " 154.0

LOG CODF

2"833
2 "730
2 "573
2"496
2 "401
2 "338

2.796
2 "659
2"486
2 "387
2 "272
¿. ¿¿)
2 "137

LOG X/rU

3 " 155
^ -^4¿"tót
2 "565
2"330
2 "188

T.OG X,/M

3 "228
2"805
2 "581
2.340
2"183
1"989

FECL3/ALCL3 (1Ml1M) 220 ML

1/5: 2"166 K= 0" 003
CORRELATION COEFFICIENT:1 " 00

GRÃ-IqS CARBON

0.00
0.10
0.50
1 .00
2.00
3"00
5"00

1/ytr: 2.360
CORRELATÏON

ËrE./-r 2 / tr r-¡ 1L þVUJ/ Ã!V!J

CODF X

( 1Ml 1 ru) 260 l{L

X/M LOG CODF

K- 0.001
COEFFICIENT:1 " 00

OpTfIqUM X/M= 352 "7
% REDUCTTON= 100 " il;
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APPENDÏX VIT.

ADSORPTION ISOTHERTI

DATA FOR TEST CARRONS

FOR DA]RY WASTE



CARBON i"IV-L

GRA-I\,1S CARBON

0.00
0"10
0"30
0"70
0.90
1 .00
2"00

GRAI'{S CARBO}T

0.00
0"10
0"30
0.70
0"90
1 .00
¿. vv

GRÄ-MS CARBON

0.00
0.10
0.30
0.70
0.90
1" 00
2.00

CODF

864"
599 

"
308"

5B "
43"

CODF

864.
648 "
351"
104 "

70 
"

66"
52.

CODF

864 
"

682 "
415"

96.
R?

66"

CARBON

X

182 "
449.
729,
768"
781 "

x/M

26 50. 0
1853"3
1098"6
886"7
806"0
410"5

2160"0
1710"0
108s.7

BB2 "2
798"0
406"0

x/M

1820.0
1496"7
1041"4
853.3
781 .0
399 "0

LOG CODF

2.937
2"777
2"489
1"978
1 .820
A --1| . / oJ
1 " 633

LOG CODF

2 "937
2"812
^ 

F,IF¿.3+)
2.017
1 " 845
1 " 820
1"716

LOG CODF

2 "937
2.834
2 "618) 12,(\

1 "982
1"919
1"820

LOG X/M

3 "423
3 "268
3"041
2.948
) a^^
2"613

LOG X/iU

3 " 334
3 "233
3 " 036
2 "946
2 "902
2.609

LOG X/14

3.260
5" I t3
? ô1R
2 "931
2 "893
2 "601

265 "
556"
769"

806"
ó¿t"

1/n= 0.495 K= 111"030
CORRELATION COEFFICIENT=1 . 00

OPTIMUI{ X/14= 31 5 " 4
% REDUCTION:100 "%

CARBON A

x x/M

216 "
513.
tov"

'7 AIJ
?oa
ót¿-

1/l¡: 0"395 K= 168"866
CORRELATION COEFFIC]ENT:1 " 00

OPTII4UM X/1,\= 243 "5
% REDUCTION=100 "f'

1/N:0.386 K= 147.403
CORRELATION COEFFICTENT=0 . 99

OPTIMUM x/M= 200"6
% REDUCTION= 99.T'
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CARBON C

x x/M LOG CODFGRAMS CARBON

0.00
0.10
0.30
0.70
0"90
1" 00
2.00

CODF

864.
625 "
294.

58.

?q

239 
"

570.
1'7 0

806"
810"
825.

2390 " 0
1900.0
1 112 .9
895.6
810"0
412 "5

2 "937
2 "796
2"468

LOG X/M

3.378
3 "279
3 " 046
2 "952
2"908
2"615

.929
'7 6,?

"7 32
qq'1

i/N= 0.434 K= 153"025
CORRELAT]ON COEFFTC]ENT=0 " 9 9

OPTTMU¡{ X/W- 288 .1
% REDUCTION= 99 "y'
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APPENDIX VITT.

ADSORPTION ISOTI{ERM

DATA FOR CLARIFTED

DA]RY WASTE



FECL3 (1M) 1"0 ML

1 /N: 0 " 356 K- 237 " 454
CORRELATION COEFFICIENT=0 " 9 9

FECL3 (1rU) 1"5 ML

OPTTMUM X/rF 277 .6
% REDUCT] ON= 98 "i/;

GRAMS CARBON

0.00
0"10
0.30
0 " s0
0"70
i .00
2"00

GRÄIUS CARBON

0"00
0.10
0.30
0.50
0.70
1.00
2"00

GRAiUS CARBON

0.00
0"10
0.30
0"50
0.70
1 " 00
2.00

CODF

1003.
743.
+t5.
227 

"
1 03.

1A

CODF

9t+4.
689.
344"
170 

"
94.
1e
46"

CODF

852 "

^41!J¡+3"
1 63 "

xLr

62"
42"

260 
"qon

776"
900"
924 "

255 
"

600.
774.
850 "
866 

"
B9B.

FECL3 ( 1tt't¡

X

198"
507 "
689"
767 "
790 "
810"

x/ 14

2600 " 0
1966"7
1552"0
t¿ó3"t
924 "0475.0

x/M

2550.0
2000 " 0
1548.0
1214"3
866.0
449"0

a 4F| " /3 tvtL

x/M

1980"0
1690 " 0
1378.0
1095 "7
790"0
405.0

LOG CODF

3"001
2 .871
^ 

a4 a¿.oto
2 "356
2 "013
1 " B9B
1"72t+

LOG CODF

2"975
2. B3B
2 "537
2.230
1 A'7 a
l.J, J

1 "892
1"663

LOG CODF

2 "9302.816
2.538
2 "212

"929
"7 92
.623

LOG X/r4

3.415
3 "294
3 "191? 1nq
2 "966
2 "677

T.atc Y,/L4

3 "407
3"301
3 " 190
3"084
2 "938
2 .652

LOG X/M

3 "297
3 "228
3. 139
3.040
2 "89B
2"607

1/N= 0"371 K= 227"470
CORRELATION COEFFICIENT=1 " 00

OPTIMUM X/M= 288.9
% REDUCTION=100.T'

1/N= 0.288 K= 310"700
CORRBLATION COEFFICIENT=1 " 00

OPTIMUM X/t'1: 216 "9
% REDUCTTON= 99.%
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FECL3 (1rrr¡ 2"0 ML

1/N= 0 "27 1 K= 331 " 61 6
CORRELATION COEFFICIENT= 0 " 99

FECL3 (1rvr¡ 3.0 ML

OPTIMUM X/Itt= 205"8
% REDUCTION= 98"%

GRÄ}{S CARBON

0.00
0.10
0" 30
0.50
0"70
1.00
2"00

GRAMS CARBON

0"00
0.10
0"50
0.70
1" 00
2"00
3 " 00

GRÄI\TiS CARBON

0"00
0.10
0 " 30
0.50
0"70
1.00
2"00

CODF

833 "
646"

1Ãq
Q?

66.
46.

CODF

763"
f,öf, "

76"

35"
)o

CODF

756 
"

585.
302 "
149 "
75.
62.
40"

X

187 .
496 

"
674"
750"
767 "
787 

"

X

178"
btu"
687 .
708"
728"
734.

X

171 "
454 

"
607 "
681"
694 "
716"

2.883
2"767
2.185
1 " 881

x/M

1870.0
1653"3
1348"0
1071"4

-a- ^to I "v
"o? 

Ã
JJJ.J

x/M

1780"0
1220 "0
981"4
708.0
364"0
244 "7

x/M

1710.0
1513"3
1214 "0
972"9
694 "0
358"0

LOG CODF

2 "921
2.810
2 "528
2 "201
1 "919
1"820
1 " 663

LOG CODF

T.ôl: Y /L4lvv ¿¡l :r

3"272
3 "2182 1?rì
J è | JV

3"030
2 " 885
2 "595

T.ñe Y /M
!viJ ¿¡l ¡¡

3.250
3.086
2.992
2 " 850
^ 

F-4¿.JOl
2 "389

LOG X/}4

3 "233
3 " 180
3"084
2 "988
2 "841
2 "s54

1/i\= 0.290 K= 280"686
CORRELATION COEFFICIENT:1 " 00

FECL3 (1M) 3"5 I'iL

OPTIMUM X/M: 192"8
% REDUCTTON=100 "T,

'1lt^
trlr ll

.+o¿

LOG CODF

2 "879
2.7 67
2"480
2,173
1"875
1"792
1 "602

1,/N= 0 "27 9 K= 297 "512
CORRELATIOI{ COEFFICIENT:0. 9 9

oPTrMUrq x/w 1 88 " B

% REDUCTION= 99.f,
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FECL3/ALCL3 (1lV1M) 1"5 ML

1/N: 0 " 39 B K= 201 "182
CORRELATION COEFFICIENT=1 . 00

x x/M LOG CODF

2 "982
271 " 2710"0 2"838
615" 2050"0 2.538
786. 1572.0 2 "241864. 123t1 "3 1.982
898. 898"0 1.792
918" 4s9"0 1"623

OPTIMUM X/M=
% REDUCTION=1 00 " %

GRA}4S CARBON

0"00
0"10
0"30
0. 50
0.70
1.00
2" 00

GRAMS CARBON

0.00
0"10
0.30
0" 50
0"70
1" 00
2"00

GRAMS CARBON

0 " 00
0"10
0.30
0"50
0.70
1 .00
2.00

CODF

960.
oöv "
345.
17 4.
96"
62"
+¿"

CODF

öb / "
658.
325 "
155.
78"
qn

38"

CODF

a??
641 "2/r tr

41ll

a?
\H

46"

x x/M

209. 2090.0
542" 1806"7
712" 1424"0
789 " 1127 "1817" 817.0
829" 414"5

LOG CODF

2 "938
2"818
2 "512
2"190
1 "8921 âo.q

1"580

LOG x/M

3 " 433
3 "312
3 "196
" ^o 

1
J. VJ I

2 "9s3
2 "662

308.9

LOG X/M

3 "320
3 "257
3"1s4
3 "052
2 "9124 a4õz"oló

FECL3,/ALCL3 (iM,/1M) 1"75 ML

1/N= 0.293 K= 321.077
CORRELATION COEFFICIENT=0 " 9 9

x x/M LOG CODF

2 "921192. 1920 "0 2.807
488. 1626.7 2"538
659" 1318"0 2"241
7s0" 1071.4 1.919
775. 775.0 1"763
787. 393.5 1.663

oPTIMUM X/Wt= 232 " B
% REDUCTION= 99 "Y'

LOG x/M

3 "283
3 "211
3 "120
3"030
2 "BB9
2 "595

OPTIMUM X/M= 207 "B
% REDUCTION=100 "f,

FECL3,/ALCL3 (1Ml1M) 2"0 ML

1/¡tr= 0"288 K= 300"390
CORRELATION COEFFTC]ENT=1 " 0 0
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FECL3/ALCL3 (1Ml1M) 2.5 ML

1/N= 0.330 K= 232"532
CORRELATION COEFFICIENT=1 " 00

GRAMS CARBON

0.00
0.10
n ?n
0"50
0"70
1 .00
2.00

GRAMS CARBON

0"00
0.10
0"50
0"70
1" 00
2.00
3"00

GRAMS CARBON

0"00
0.10
0 " 50
0.70
1 .00
2"00
3.00

x x/M LOG CODF

OpTIMUM X/M= 207 "2
% REDUCTION=100" %

LOG X/M

3.260
3 "092
2.992
2 "853
2"561
2.389

CODF

7Ãq
569 "
304 "
l)¿"
76"
54 "
".â

CODF

763"
581"
145"

76"
Ãn

36"
29"

CODF

763"

149 "
76"

36"
28"

tó¿"
61t+"
687 "
713 .
t¿t"
735"

x/M

1820"0
1228 "0
981"4
713.0
363.s
245"0

x x/r4

190" 1900"0
4 55 " 1516 .7
607 " 1214.0
683" 975"7
705. 705"0
723" 361"s

182 "
618"
687 "
713 "
727 "
734"

LOG CODF

2.BBO
2"755
2"483
2"182
1"881
l.l5¿
1"556

LOG CODF

2 " 883
2"764
2 "173
1 " BB1
1 "6991.556
1.447

LOG X/M

3 "279
3"181
3"084
2.989
2 "B48
2 "558

FECL3,/ALCL3 (1M,/1M) 3"0 ML

2"883
1820.0 2.764
1236"0 2"161
981"4 1.881
713.0 1"699
363"s 1.556
244"7 1"462

1,/5= 0.300 K= 272.093
CORRELATIOII COEFFICIENT=1 . 0 0

OPTTMUI4 X/rt= 198.9
% REDUCTION=100.Y'

FECL3,/ALCL3 (1Ml1I\4) 3.5 ML

LOG X/M

3 "260
3.089
2 "992
2.853
^ 

Fa4¿.20 |

2 "389

1/5= 0.302 R= 268"162
CORRELATION COEFFICTENT=1 . 00

oPTrMUr{ x/w 198.4
% REDUCTTOIJ=100"%
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A],UM (iM) 2"0 ML

1/N= 0"383 K= 230"552
CORRELATION COEFFICIENT=1 " 00

OPTTMUM X/IË 320"8
% REDUCTION= 99 "T'

GRAMS CARBON

0" 00
0.10
0.30
0"50
0"70
1.00
2.00

GRAMS CARBON

0.00
0"10
0"30
0.50
0"70
1" 00
2 "00

GRAMS CARBON

0.00
0"10
0.30
0.50
0"70
1 .00
2"00

CODF

687 "
348"
156"

a'7

68.

CODF

956"
736"
382 "
183"

76"
59"
44"

CODF

924 "
685"
342 "
171 

"a?
52"
40.

X

286 "
625.
817 "
BB6 "
90s"
936"

220 "
571+ 

"
773"
880"
897 "
912 "

239.
582 "

ö+ t.
872"
BB4.

x/M

2860.0
2083 "3
1634.0
1265 "7onÃ rì¿v¿õv

468.0

X/M

2200 " 0
1913"3
1546"0
1257.1

897.0
456"0

x/M

2390 "0
1940"0
1506 " 0
1201 "t+

872 "0
442"0

LOG CODF

2 "988
2 "8372.542
¿" IYJ
1.940
1 .833
1.568

LOG CODF

2 "980
2 "8672.582
2 "262
1 .881
1 .771
1 .643

LOG CODF

2 "9662.836
2 "534
2.233
1"919
1"716
1 "602

T.r'ìr: Y,/l\4

3"456
3"319
3 "213
3 "102
2"957
2"670

LOG x/M

5"3+¿
3 "282? I qq

3"099
2 "9532.659

\r / nÀLL/Lr z\/ L"I

3.378
3.288
3.178
3.080
2.941
2.645

ALUM (1M) 3"0 ML

1/N= 0.251 K= 423"405
CORRELATION COEFFICTENT=1 . 00

OPTIMUM X/M= 236.7
% REDUCTION=1 00 "Y'

ALUM (1M) 4"0 ML

1/N= 0" 330 K= 279 "292
CORRELATION COEFFICIENT=1 " 00

OPTIMUI\iI X/NF 265 " 4

% REÐUCTION=1 00 "%
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ALUM (1M) 5"0 ¡{L

1,/N= 0.316 K- 286"107
CORRELATION COEFFICIENT=1 . 00

OPTTMUM X/M= 243 "7
% REDUCTION= 99 "T,

GRAMS CARBON

0"00
0"10
n ?rì
0.50
0"70
1 " 00
2.00

GRAMS CARBON

0,00
0.10
U.JU
0"50
0"70
1 .00
2"00

CODF

876"
6s3 "
332 "
171 "

76"
52"
40.

CODF

a'7 6,

650.
324 

"
168 "

a'7

55.
rt rì

X

223 "
s44 "

"rìÃ
800.
824 "
836"

226 "
552 "
708"
789.
821 "
836.

x/M

2230 "0
1813.3
1410"0
1142 "9
824.0
41 I " 0

x/M

2260 "0
1840"0
1416"0
1127 "1

821 .0
418"0

LOG CODF

2 "943
2 "815
2 "521
2 "233
1"881
1 116,
1"602

LOG CODF

? q¿J?

2.813
2 "511
2 "225
1"940
1"740
1 "602

LOG X/M

3.348
3 " 258
3 " 149
3"0s8
2 "916
2 "621

LOG X/M

3"354
3 "265
3.151
3 "052
2 "914
^ -^4¿.oz I

ALUM (1M) 6.0 ML

1/5= 0"351 K= 236"196
CORRELATION COEFFICIENT=1 . 00

OPTTMUM X/r,tÈ 254 "5
% REDUCTION=100.7'
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FECL3/ALUM (0"5, 3.0 l{L)

x x/M LOG CODF

1/N: 0"227 R= 381 "257
CORRELATIOIT COEFFICIENT=1 " 0 0

GR7\-MS CARBON

0"00
0"10
0.30
0.50
0.70
1 .00
2"00

GRAMS CARBOI\

0"00
0"10
0.30
0.50
0.70
1" 00
^ ^^¿"vv

GRI\MS CARBON

0. 00
0"10
0.30
0"50
0.70
1 .00
2" 00

CODF

830.
666 "
381"
200 "

91"
'7o,

CODF

853.
679 "
383.
181"

77 
"

t¿.
68"

CODF

B3B "
679 "
410.
198.

86 "

164 "
449"
630 "
739 "

775 "

174" 1740"0
470" 1566.7
672" 1344"0
776" 1108.6
781 " 781.0
785. 392 "s

x x/M

159" 1590"0
428" 1426"7
640" 1280.0
752 " 1 074.3
763" 763"0
783. 391.s

LOG CODF

2 "9232.832
2 .613
2 "297
1 "934
1 .875
1"740

LOG X/M

3 .215
3"175
3.100
3"024
2"876
2.588

LOG X/M

I 
^rr4J"¿+l

3"195
3 "128
3"045
2 "893
2 "594

LOG X/M

3 "201
3.1s4
3.1 07
3"031
2 .883
2 "593

2.919
1640,0 2"823
1496 "7 2 "581
1260 "0 2 "3011055.7 1"959

751 "0 1"898
387"5 1"740

2.931
2 "832
2 " 583
2,258
1 . 886
1"857
1 .833

OPTTMUM X/M= 17 4 "7
% REDUCTION= 99.7'

FECL3,/ALUM (1.0, 2.0 ML)

x x/M LOG CODF

1/N: 0.208 K= 452 "994
CORRELATTON COEFFICIENT=1 " 00

FECL3,/ALUM (1 .5, 1 .5 ML)

OPTTMUM X/Nt: 183"9
% REDUCTTON=100 "y'

1/N:0.185 K= 472.968
CORRELATION COEFFIC]ENT:1 . 00

OPTfMUM X/M= 1 64. B

% REDUCTTON=100 "fo
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GRAIUS CARBON

0"00
0" 10
0.30
0" 50
0.70
1.00
2"00

1/t¡= 0 "217
CORRELATTON

CODF

841"
679 "
404"
211 .

97"
ðt"

(= 393.443
COEFFICIENT:1 " 00

FECL3/ALUM (2"0, 1 .2

x x/M

162" 1620.0
437 " 14s6 "7
630 " 1260 "0
7 44 " 1062 "9760" 760"0
766" 383"0

oPTTMUM X/W 170 "2
% REDUCTION=100"%

I"IL)

LOG CODF

2 "925
2 "832
2"606
2.324
1 AA1
l. JV I

1"908
| " ö /)

LOG CODF

2 "9162.832
2 "615
2 "297
2 "193
1"908
1"778

T.ôl] Y,/M

3 "210
3 "163
3"100
3 "026
2 "881
2 "583

LOG X/M

3 "161
3"138
3 " 098
2 .980
2 "871
2 "582

GRAMS CARBON

0.00
0.10
0"30
0" 50
0 " 70
1 " 00
2 .00

FECL3/ALUM (3"0" 1"0 ML)

x x/M

145. 1450"0
412 " 1373.3
626 " 1252 "0668" 954"3
743" 743"0
764. 382"0

CODF

824 "
679 

"
412 

"
198.
1 56 "

60 "

1,/N= 0"239 K- 315"834
CORRELATION COEFFIC]ENT=0 " B7

OPTTMUM X/M: 157 "6
% REDUCTION= 76"%
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FECL3/ALUM/H?SOI (0"5 2"0 1.0 l4L)

1 /U= 0. 32 6 K= 219 "B0B
CORRELATION COEFFICIENT=0 " 9 5

OPTIMUM X/M= 198"4
% REDUCTION= 90"y'

GRAMS CARBON

0.00
0.10
0.30
0"50
0.70
1 .00
2"00

GRA}{S CARBON

0.00
0,10
0.30
tt htl

0"70
1 .00
2.00

GRA¡{S CARBON

0 " 00
0"10
0.30
0"50
0"70
1" 00
¿"UU

CODF

853 "
679 "
383.
198"

94"

¡+f,"

CODF

BB9 "
650 "
311.
1 40.

41.
26"

CODF

BBB"
629 "

1s3 "
62.
51 "
29.

X

174 
"+tu.

655"
759 

"
778"
808"

X

239 "
578 "
749.
B1B"
B4B"
863"

X

259.

826 "
ó5t"
859 "

x/M

1740.0
1566 "7
1310"0
1084"3
778.0
404"0

x/M

2390 "0
1926 "7
1498.0
1168"6

B4B"O
431.s

LOG CODF

2 "931
2 "832
2 "583
2 "297
1"973
1.875
1"653

LOG CODF

2.949
2 .813
2,493
2.146
1"851
1"613
1.415

LOG X/M

3 "241
3"195
5" | | |
3"035
2 .891
2 "606

LOG X/M

5"5tó
3 "285
3"176
3"068
2.928
2 "635

FECL3/ALUM/H2SOI (1 "0 1"0 0.s ML)

1 /N= 0 " 364 K: 235 "559
CORRELATTON COEFI'ICrENT=0 " 9 9

OPTTMUM X/M: 279 "1
% REDUCTION= 98.iÁ

LOG X/M

3"413
3 "251
3"167
3.072
2 "923
^ -1â¿ "oJ5

FECL3/ALUM/HZSOI (1"0 0"5 0"5 r{L)

x/M LOG CODF

2 "9482590"0 2.799
1783"3 2"548
1470.0 2"185
1180.0 1 "792837"0 1"708

429 "5 1 .462

1/N= 0"378 K= 214"253
CORRELATION COEFFICIENT=0 . 9 6

OPTIMUM X/M= 279.2
% REDUCTION= 93.%
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FECL3/ALUM/H?SO4 (1"5 0"5 0"5 ML)

GRAMS CARBON

0.00
0" 10
0"30
0.50
0"70
i .00
2"00

1/m= 0.295
CORRELATION

K- 296 "77 0
COEFFICIENT=0 " 9 6

OPTIMUM X/M= 218.6
% REDUCTION= 93"'/,

CODF

862 
"

670"
349.
160 

"
66.
lt'7

33.

192 "
51 3 "
702"
796.
81 5.
829.

x/M

1920 "0
1710.0
1404.0
1137 " 1

815"0
414.5

LOG CODF

2 "936
2 "8262"543
2.204
1"820
1"672
1 " 519

LOG CODF

2.966
2 "834
2 "533
2 "230
1"964
1"732
1 "602

1.5 ML)

LOG CODF

2 "952
2"833
2.554
^ 

4 -4¿" lol
1"732
1.531
1.146

LOG X/M

3 "283
3.233
3 "147
3"056
2 "911
2"618

LOG x/M

3"384
3.289
3.178
? rì'7ÃJ.Vt¿

2"940
2 "645

LOG X/M

3 "332? ?tr?
¿. aJJ

3"176
3"080
2 "935
2.644

AIUM/LIME/HCL (2"0 1"5 1.0 ML)

GRAMS CARBON

0.00
0"10
0.30
0.50
0.70
1 .00
2"00

GRÂ}{S CARBON

0.00
0"10
0.30
0.50
0.70
1.00
2.00

1/¡= 0"395 K= 190"783
CORRELATION COEFFICIENT= 0 . 9 9

ALUM/LTME/HCL (2"0 1"5

CODF

924.
682 "
341"
170"
92"
54.
/t .l

CODF

895.
680.

145"

?ll
1ll

x x/M

242. 2420 "0sB3" 1943"3
754 " 1 508.0
832" 1188"6
870" 870"0
884. 442"0

x x/M

¿t5" ¿t5u.u
537 . 1790 "0750" 1500"0
841. 1201 "4861" 861"0
881. 440"5

OPTIMUM X/M: 283"4
% REDUCTION= 99 "y,

1/N= 0 "277 R= 359 "917
CORRELATION COEFFICIENT=0 . 9B

OpTIMUM X/M= 236"5
% REDUCTION: 95"%
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1/N= 0"240 K= 408"887
CORRELATION COEFFICIENT=0 " 9 I

OPTIMUM X/M= 211"3

ALUM/LIME /HCL

CODF X

(2"0 2"5

x/M

1880.0
1773 "3
1498"0
1225 "7
896.0
458"0

x/M

12160"0
6206 "7
4362 "0
2500.0
1347"0
970"0
594.4

5 ML)

LOG CODF

2"969
2"872
2"602
2 "262

.869

.556
"204

LOG CODF

3.478
3 "254
3"060
2 .918
2"707
2"498
1"996
1 " 568

GRA.I\{S CARBON

0.00
0"10
U"JU
0.50
0"70
1 .00
2"00

GRAMS CARBON

0" 00
0"10
0"30
n trrìV ô JV

1 " 00
2"00
3"00
\ tttl

LOG X/M

3"274
3 "249
3"176
3"088
2 "952
2"661

LOG X/M

4"085
3 "793
3.640
? ?qR
3 "129
2 "987
2"774

932 "
744"
400 "
1 83 "
74"
36"
too

CODF

?nnq
1793 "
1147 

"
B2B "

315"
oo
37"

1BB"
532,
?lt o
8s8 "
896 "
v tb.

X

1216 "
1862"
2181.
2500 "
2694 "
2910"
2972"

NO TREATMENT

1,/N= 1"238 K= 1"084
CORRELATION COEFFIC]ENT=1 . 00

oPTfMUM X/t4= 2191 " 6
% REDUCTION=100 "f,
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