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INTRODUCTIO~
The fibrous raw material used in pulp and paper industry consists

of less than 50 % cellulose and the remaind~~r is mainly made up of lig-

nin, hemicellulose, ~ineral fillersj extractives, orgariic acids and in-

organic salts. Part of these substances as well as some of the process

chemicals. and the auxillary c.hemicals used in paper making cannot be

entirely recycled or reclaimed and is therefore discharged into receiv-

ing. waters. Thus the effluent from pulp and paper mills have a high

pollution .Loa d and needs to be reduced before.being discharged int·o re-

.ce t v t ng water so that the environment can be maintained safe and free

from pollution h~zards.

The eff l u en t is characterJ.zed by suspended 'sol f d s ; BOD, COD and

colour. The BOD value indicates the easily piodegradable compounds and

the amount of slowly biodegradable' compounds is indicated by (COD-BOO)

value. The lower the BOD/COD ratio, the higher is the 'fraction of s l ow-

ly biodegradable compounds. Such compounds are usually coloured and there-

fore reduce light penetration to water.

Large v o.l.umes of the effluents ar·e generated by the pulp and paper

mills. The v~lume.of the effluents as well as the poll~tion load of

the the various sections of. the large paper mills in India are given
l

'in Table No.!. The composition of effluent loads from large and small

mills is shown2 in Table N.o.2.

In order to r edu.ce ' the pollution load of the effluent, Indian Paper

Industry mainly use p r.i mary and secondary effluent treatment processes.

In the primary stage, suspended solids as well as colloidal materials
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are removed whereas in the secondary' stage" most of the ea s tLy bi ode-
gradahle compounds are removed. Thus the slowly bi odegradabl e compounds
per~ist in the treated effluent. The efiluent coming from pulP and
paper industry is highly col ou r-ed and has a high CODvalue. The dis-
charge Of5~ch an effluent is highly deterimental to the growth of ve-,
getation and aquatic floura as it contains many toxic chemicals.

During the last 10-15 yea~~, th~ toxicity of the pulp and paper
mill effluent have attracted increased attention and intense research
effort h~vebeen dire~ted to identify and itudy the toxictty of the
various chemicals coming from va r iou s .sec t t on s of pulp and paper ind-
ustry.3-20 Toxicity is'a. vague arid variable parameter. Toxicity is

difficult to quantity as the results are strongly influenced by the
intrt.cacies of test techniques. The various toxicity terms used are
given in App~ndix-I. Lethalconcentra~ion indic4ted usually as 96 h
LC50 is generally. used to express efflrient to~icity.

Ear.l y investigators recognised that volatile con s tt t uents of kraft
effluents i v e , hydrogen su Lph id e , methyl mercaptan and methyl sulphide,
were toxic to fish. They may be rapidly removed by special treatments
such asair strip~ing and oxidation prior to effluent diScharge. Over
the last 15 years mostrion-volatiletoxicants of importance have been
t d en-t t f ied and their contribution to the acute toxicity has been ass-

essed
5
(Table - 3). A perusal of Table 3 shows thai with the exception

of lignin degradation products arid chlorinated compounds which are
formed' during pulping and b l ea ch ing ,all other compounds belong to the
category of extractives and their concentrations in the effluent depe-
nds .up on the extent of recovery in pu l pi ng and other processes. Thus
toxicity of the whole mill effluent of a given mill will directly depe-
~d upon the total organically bound chlorine, the extractive content of
t ne raw material b e i ng u sed and to what extent these extractives are
removed during pulping and other processes. Thus higher the ex t rac t i- es
and total organically bound ch l or ine, ni~her will be the toxicity.
Table 4 shows the extractive content of common raw materials used in
paper industry.21
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\

-Trrve stLge.t ion!s on the' toxicity of the. unb l each ed Sl.llphatelkraft

'mill) effluents showed, that black liquor Is the mosttoxi(! followed
by the cond en sa t e , The c ompound s r e-spon.s.tb I e fotthe dominating part
oJ the ,tox~city are resin acids and to some extent unsaturated fatty
acids.3 Bleach plan t (kraft) effluent contains neutral toxic c ompou-,
ndsand chlorinated compounds- in addition to the above listed compou-«
nds.22 First chlorination step <;lccounts for the greatest quantity of

"'toxic compouf.lds.3 A significant fraction of the acute toxicity of ca'"
u st tc ext ra c t i on stage (E-stage) is due to six compounds, mono and 4t - .
chlorosteadca,cid, 3,L.,5·Jtrlchloro and 3,4,5,6 tetrachloroguaiacol.7,8

Some studies indicatet.haithe toxicity of whole sulphite mill
eff1.uent Is similar t'o that of sulphate' (kraft) min effluents.23,24

. Resin a c t d s vsu ch as abietic, dehyd r oab tet i c, isopimaricand pa l u s tr t c
acids etc. f o-rrned the maj or vcont nt bu t i on to the total tox tc tt y of the
mechanical pulping effluents. Neutral materials like dt te rp en e al.co-
hols and aldehydes, j uva j one s and related' compounds ccn t r t bu t ed about.
30 % t ~ the tot o ta I t oxi city .6,13 Soft-wood d eba rk ingwa s t e 'water

c'ontatns .mat nl y resin acids which contribute about 90-% to the total

t '. i .'t' 6 '',ox Cly •.
. '

The toxic effluents hav e vadv e r s e. I n f l u en ce-•. The,se are indicated

$ubs.e<luently. The toxic influence of ltqu.t d effluents is discussed

under the foltowin~ areas·.,

......,. 2. TOXIC EFFECTS OFEF'FLUENTS:
The t.oxi c influence of liquid -effluenLs is 'discussed under the

fo'lI OWl nga rea s :

t ) Sub level effects on aquatic animals •.
it) Toxic effects on algae.

i it) Gen 0 tox i c prop e r tt e s •
iy)Growth Simulating substances.

2.1.slibL¢1felEffettsonAquatic Animals:
The j~mpact of in~ustrialeffluents on streams, lakes, estuaries

or the sea iSI. hig~ly' tompl ex and dependent upon the cha ra c t e r t s t i c s
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of the effluent, the composition of. the receiving water, r·elative

flows and the dispersion of the wastes. MUch research ha s i b e en di-

rected towards the development of rapid bioassays to measure the

threshold at which sub-lethal e f f e cts occur.6,25 In Table - 5a're

summar i z ed different sub-lethal effects on f i sh of pulp and pap e r

mill effluents.26

Re c en.t studies have even shown that the reproduction of fish is

affected at concentrations of ,pulp mi l l effluents at which they are

frequently discharged.

Subsequental evidence now exists from different sources, relatin~

to different organ i sms,wh i ch shows a consi st en t pan ern indi ca tins

threshold concentrations for' various sublethal parameters t,O be app-

roximately between 0.05 and 0.1 of the 96- hour LC 50 value. At con'-

centrations of pu Lp vmt l I effluents in or below this range, no sublethal
6 12stresses have bee~ observed. '

Recently it has been demonstrated that chlorinated lignindegrada-

t t.on products could be accumulated in fish livin~ in water areas,whidy~

receive bleach plant e f f l u en t s; Samples of stationary fish species)
"hav e been analyzed and found to con t a in small amount s of ch l o r inat-ed

/

phenols and guaiacoles in their ex t rac t ab l e fat. The biological e f f'-«

ects of these bioaccumulating c'ompound s, originating from the bleac-

hery effluents, are presently not well known. However, this group of

chlorinated phenols is generally known to t n t e rf e rte with energy meta-

bolism in higher animalslO,12. It has also been observed that an

iJ'}creasein t empe ra t u r e generally increase the toxicity of ef f l uen t

to some ex ten t •

2.2. Toxic effects on alBae:

Most of the current knowledge concerning effects of mt l.Lvef f Iu ea ts

on produ'ctivity and growth of aquatic plants comes from laboratory

exp er imen t s . Both stimulation and inhibition of the grOwth of algae

have been shown to occur in waters receiving "mill efflueht's.'l'-he
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effects seem partly to be relaLed to the concentration of effluents.

Inhibition of photosynthesis can be caused by increased light absorp-

tion, altered pH or toxic ~roperties of the effluents~ The substahces

responsible for the latter effect have not yet been identiiied.

Occasional reduction of photosynthesis was observed at effluent

cOhcentrations as low as 0.01 % bJt at effluents concentrations ~f 1 %
and higher, consistent r~d4ction of photosynthesis of both periphyton

and phytoplankton was noticed. At high concentrations, pH elevation

accounted for a Bignificant por~i~p of the inhibiting effect. As the

reduction in available light was insignificant the depression in photo-

synthetic rates could be attributed to effluent toxicity. Cond ensa t e s

and mixed ~ffluents from bleaching have been found to be less inhibitory

than e f fl u'en t from barking and pulp washing.27 Only black liquor was

.ve ry inhibitory or toxic. The unidentified toxicants were found not to

be removed by biotreatment.28 Of six types of effluents tested, sulphate

effluent was most inhibitory to growth, while combined su l pn a t e and

newsprint effluent passed through a resin column vas least inhibito.ry.

In another laboratory experiment on mar t n e phytoplankton, it wa s sugg ••.

ested that it is possible for phytop14nkton to adapt to relatively high

ef f l u en t con c en t r a t i ons if .pH remains normaLll,29,30

2.3. Genotoxic Properties;

Nearly all of t~echlo~ination stage effluents fro~bleached soft-

wood, and hardwood sulphate and sulphite pulps were found to be mutage-

nic.31,32 The other bleaching effluents were not mutagenic at normal

p r oc es s concentrations. The mutagenicity of the standard C-stage eff-

luent decreased to zero when the effluent was t r'ea t ed for 48 hours with

a microflora adapted to thiS substra~e.

Addition of liver microsomes decreased the mutagenic activity of

the chlorination stage effluents, indicating that the mut ag en i c compounds

are partly degradable in the mammalian liver.

The structure of the, compounds. causing the mutagenicity is not yet.

known. However, they can be extracted with ether and are known to b e

of small molecular size (1000 MVJ).
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Chlorination stage effluent ha.s also been shown to be mutagenic,

to ba'c t e r i a as well as hamster c e ILs, Th e neutral fraction of the

chlorination stage effluent shows the highest mutagenic activity. One

of the key questions in studies of mutagenic substances in bleaching

effluents, is whether they are persistent enough in receiving water to

be accumulated in the food chain and thereby constitute a potential
danger to man and higher animals.

2.4. Growth Stimulating Substances:

The discharge wa ter contain significant amounts of inorganic

phosphorous and nitrogen. Investigations have shown that the population

of all types of bacteria such as h e t e r o t r opt c , organic sulphur reducers

and sulphur oxidisers and enterobactericaceae were found to be higher

near the effluent out fall than in the regions of receiving waters.33,34

Growth tests on algae have shown that mill effluents.'sometitnes enhance

growth depending on the amount arid variety of the effluents. Biotreated

effluents were mor e stimulatory than raw and lime treated effluents.35

The content of carbohydrate~ and organic acids in pulp and paper

mill effluents may also act as growth stimulators to colony forming

bacteria (Sphaerotilus) or fungi, which can be found as yellow or brow-

nish grey slimy covers on suitable substrates or floating on the sU,r-

face downstream from an effluent outlet. This often causes increased

mortality of fish eggs, anaerobic conditions and difficulties in hand-
ling fishing gear.

3. EVALUATION OF IMPACT OF PULP AND PARER ~ILL DISCHARGE:
It is:' difficult task t o t mak e an evaluation of the overall impact

in the aquatic environment caused by combined mill effluents. 'The f' Lne.l

effect of a water pollutant in the aquatic environment is the result

of many factors acting together and of the interactions between them.

The .. ".ture of these complex interactions is not well understood today.

In o+d e r to predict the environmental impact of a pollutant it is

necessary to knowhow the pollutants are distributed in the system, i.e.

between water, aq ua t i c organisms and bottom sediments over a period of

time i.e. after a few d~ys, a few w~eks and a few ye~rs. It is also

desirable to know the rate of matabolism of the pollutants by micro-
organisms and higher aquatic animals.
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The det'erminta,l effects of pu t p .and paper effluents are very di-

verse and aff ec t .s all t r oph t c level s in the aquat i c eco'sys t emv. In an
o rd er to, a r r t.ve at a common ba s i.s for ,evaluat ion' of different types :of

~etermenial influences, the effects can be'classified into two cate-

gories:

,1. extension of effect in time.
2. extension of effect iri~pace.

It should be remembered that an' ecologics.1 effect 'repersent s the'

depart~re from.n original eq~i11biium of the etosyst~m, i .•e. a d(stur-

'bance of the equ t l t b r.ium,

The 'seriousness' bf'an effect is judged by the time required from

when t he disturbance t ak es place unti I the original equ i 1ib r ium ts

rest·ored.

Effects, causing ir\reversible changes in the aqua t i c ecosystem

should consequent ly be regarded as t he most serious ones. Whereas
reversible damages should be regarded as less serious. It is a l so impo-
rtant to know the t ot a l, 'area affected.' If vast area is affected en-
yironmental effects are considered t o+be more serious than affecting a
small area. Based on 'these p r t nc'ip Les some environmental effects are

grouped in Table No.6.

~,.L Polluting sttbstances. causing shor,t term effects:
A number of short term effects are listed in Table-6, may not

cause the most adverse e¢ologicaleffec:t s but are generally con s.ide r ed
verY.drastic' (e.g. hsn kills) and have therefore 'caused much public
a tt.en.t ion, It is for this reason that the pollution abatement work in
the pulp and, paper industry has been concentrated on the elimination of

the~e6h6rtt~rm, effects~

Th~se effects. are caused by

_ substances with high acute toxicity

- I ightabsorbing substances
_ sup stances causing avoidance react ions
- ptl - ·c,hanging substances
_ sollub Le , oxyg.en-consuming substance s
_ substances stimulating het'erotrophic growth,

IPPTA Convllntion 'auII 1987
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.3.2. Polluting substances causing long term effeets:;

The long term effects, which cause irreversible dIsturbances in
the ecosystem equilibtiaare the most adverse ecological effects. Poll-
ution abatement work based on e'cological principles should give. priority

. ,

to the reduction or elimination of ~ubstances causing this type of
effect. Growing awareness for these pi-i'nciples and priorities has led to
their being incteasinglyapplied in pollution abatement technologies.
High priority should be given to reduce or eliminate substances catising
these Jong term effects. Among the substances which may cause long
term ~ff ec ts are:

- fibres and other settleable solids

substances which show a tendency to b t oac cumura r s in fish 'and.
other aquatic organisms

- substances which through their accumulation may cause, chloronic
toxiciti or interfere with reproduction

- substances giving bad tasteor~dour to fish and shell-fish.

- substances stimulating algal growth and thereby cause eutrophication
- persistant substances which have genotoxicand/or other chronically
toxic properties and thereby· present risks to consumers of drinking
water contaminated by t h'ese substances.

4. CONTROL OF TOXIC EFFLUENTS DISCHARGE:
The. minimum acceptable s t ada rd s for the quality of the effluent

for the Indian paper industry are

pH

T . S •S .( Max)
BOD (Max)
COD(Max)

5.5-9-0
100 mg/l
30 mg/l
250 mg/l

Nova hie of COD has be en
prescribed for small paper mills.

No value of the toxicity has been prescribed for the effluent in
India. Thus toxicity has been neglected so far. F~dral Republic of
Germany has also laid down values for t ox i c i t y towards fish i:.e. 0!3
GF (GF is the.d·ilution factor at which waste water is no longer lethal
to fish).
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In arriving at these values, paper industry mainly employ Primary

and Secondary effluent treatment processes. In the primary treatment
j.. . .

process, suspended solids are removed. The secondary effluent treat-
ment processes are biological treatment methods like stabilization pond,
serated lagoon, trickling filter and acti-vated sludge. The comparasion

of the va r i ou s biological methods36 is shown in Table 7.

The biological methods effectively reduce the BOD of the effluentr
COD r edu c t Lon is modest and co.lou r r edu c ti on nil. Thus the effluent
contains many t ox i c chemicals affecting .. the growth of vegetation and

aquatic floura.

The pollution load of the efflueftt being discharged can be reduc~d

by two approaches:

1. By suitably modifying the existing manufacturing processes viz,
pulpingaQd bleaching so that lesser amounts of the pollutions'

are generated.
2. By modifying the existing effluent 'treatment processes or develop-

ing new effluent treatment processes.

4.1. M)DIFICATlON OF THE EXISTING MANUFACTURING PROCESS:

Studies have shown that oxygen bleaching processes generate much
less pollution load. These processes have been tried on a pilot plant
scale but these processes are still not considered as commercially
available technology due to high capiial investment needed.

Studies have shown37 that oxygen bleaching results in reduction
of 65-77 % in BOD, 63-68 % in CODand 75-90 % in ~olour values of the
effluent, being generated38,39. Partial substitution of chlorine by
chlorine dioxide t n C stage also results in a effluent with much lowe r
tOXicity.40 The results are given in Table 8. Like wise replacement
of chlorine by Hydrogen peroxide in C-stage results in the reduction of
pollution load by 55-60 %41,42. Use of hydrogen peroxide in the extra-

ction stage (E) also tesults in the reductipn of the pollution load.
Stud. te s hav e'<al so shown43 that bleaching of a~id p r e t rea ted hardwood
.andsoftwood pulps by hydrogen peroxide in place of chlorine in C stage
results in the significant reduction in ~oxicity and corrosivity over
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90 %, BOD 64 %, colour 40 %, OS and TOC 71 % .i n comparasion to the

conventional CEDED sequence when the effluent from acid stage and

peroxide stage is recycled to the recovery system of the kraft mill.
The results are given in Table -9.

4.2.
Modification of the exi~tin effluent treatment iocesses or dev-
eloping new efflq.ent treatm~nt processes.

A number of methods have been tried. These methods can be c l a's s r ;

fi~d as chemical and physical treatment methods and are called advan-
ced methods. Many of these methods have been used in full scale or<;

large scale pilot plants but none of these methods can be considered

as commercially available technology. These methods can be divided
into:

a) adsorption and ion-exchange methods

b) flocculation and chemical precipitation methods
c) membrane methods

d) oxtdation and 6ther methods.

a) Adsorpt i on and i on-exchange methods:

Two methods namely Billerud Uddeholms AB44-46 and Rohm-Hass47,

employing ion-exchange resins have reached pilot plant scale or full

scale application. The former· isa Swed i sh development and makes use

of a weak anionic resin (phenol formaldehyde type). This process has

been applied to both chlorination and extractions~age (E
1
) of the

bleach plant effluents. It has also been reported that chlorinated.phenols like 2,4,6 trichlorophenol, tri and tetra,qhloroguaiacol which

are acutely toxic to fish are compl'etely eliminated. The later method

makes Use of a highly crosslink,ed hydrophilic porous polymer containing

no ion-exchange groups. This method has not been markered.Feldmuhle's48,49
me t hod marketed by Dr'. Otto and company fFRG) employs r-A1

2
0
3

as
adsorbent.

b) Flocculation and Chemical preCipitation method~:

i) Stor~ lime method: This method can be characterized as a combination

of sorption and preCipitation methods, suitable for treating the

IPPTA·Convention Issue 19a7
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caustic extraction effluent from bleach plant where lime mud is u s.ed

as a deaning mud.44 Th e amount of produced lime is a l t mtt t ng fact-

or for this treatment.

i t ) Precipitation with lime: Lime alone or in combinat'ion with rnCl,gnesiufl\

or ferric chloride have been shown to precipitate a number of ~olo-

ured and toxic pollutants. Based upon this property two methods vi~ ••

massive lime method50,51 and minimum lime method
52-

S4
have,been

developed and tried for the caustic extraction bleach plant effluent.

iii)Precipitation with aluminitim:

different effluents44,45 have

Precipitation with aluminium of

been tested. Results for E1 stage of

the bleach plant effluent are given in Table 10. In this process

aluminium sulphate at pH 4 is used as a precipitating chemical Cl,nd

after flocculation with polyelectrolyte the floc is separCl,ted.

c) Membrane methods
Ultrafilteration .and reverse osmosis methods are concentrCl,tina

methods and all the pollut ing component s wi 11 be present in the concen-
trate. A filter,ation method trade named ultra-sep (Sweden) has been ~
applied to the caustic extraction stage effluent .56 The main disadvant-

age of the ultrafilteration is that small molecules are transferred to

'the permeate resulting in the high BOD value in the effluent. A e omb i «

~~ation of Ultra-filtE-ration technique with other methods such a's ion-

exchange or oxidation m~thods e.g. ozone treatment may be more suitable.

Table 10 summarises the results of the above methods.

d) Oxidati on and other methods:
O~one treatment has been shown to reduce the colour and highly

toxic chlorinated ph en o ls and guaiacols in the effluent.
56

-
61

However

the COD reduction is much less.

Sulphur dioxide treatment40 at pH 5 or above has been shown t~
reduce drammatically both toxicity and mutagencity of the -k-raTtmill

chlorination stage effluent when at least 0.02 % 502(200 mg/l) is

applied. The results are shown in Table 11 and 12.
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R I I I'd' 62-64 h h becent y pi o.t p ant stu i e s ave s own that aero I c and

anaerobic treatment of NSSC and CTMP effluent generates a non-lethal

effluent. An over all reduction in BOD of over 80 %, COD 35% and

'substantial reduction of toxt c i t y ,(from 7 % 96 n LC 50 to non toxic) has
been observed.62

.\
CONCLUSION'S:

Greater social awa r en e s s to environmental pollution by paper indu-

stry and imposition of legal sanctions has made the industry to take

necessary steps to reduce the effluents being discharged. "Toxicity of

the effluent and their related impact however has not received any major

attention sofar. In order to control the toxic influence of the efflu-

ent there is a necessity to initate systematic studies on following
areas;

1) Analysis of the toxic componentsgenera,ted during'processing and

eyentuallydischarged to the surroundings. This called forad~

vanced scientific and analytio procedures using tec~niques like

,GC-MS(Ga s ch roma tog r aph y=-mas s sp e c t romet ry) •

i t ) Study of the impact of the toxic effluents (long and short range

impacts) on the eco-system particularly on aq'uat~c floura and

fauna. Th i-s would indicate a s s e s smen t of receiving wa t.e r quali-

ties, inplant process modiftcations, raw water quality, suspended

and particulate matters in liquid effluents and gaseou~ emissions.

iii) Development of suitable alternative and economicall~viable pro-

c e s s mod i f i cat i on s for r edu-c.tng toxic pollutant discharges. These

will concentrate primarily in h igh i y i e Ld pulping processes and

modifications in bleaching and washing techniques.

iv) O~velop'ment of new and cheap technologies for the external treat-

rnent of the effluent to reduce the t oxt c impact. These studies

will s I mul t an eou s Ly look into the demand for additional invest-

merrt decisions-and their influence on processing costs.
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In 'view of the growing concern of toxic e f f l'uent s and the present
state of art t.n this vital area, a g r ea.t e r support is essential from
all concerned in immediately initiating well identified R&D projects
t.n .t he area of toxic e ffl uen t s from paper industry and. alternatives to

con t rol them.
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TABLE - 3
COMPOUNDS TOXIC TO FISH IN PULP MILL EFFLUENTS

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ' •• e- ••••••

Chemical Compound(s)
Major Intermediate Minor

Toxic contribution
•••••••••••.•••••••••••.•••••••••••••• e.•••••• ~ ••••••••••••••••••••••••••

Resin acids
Abietic, dehydroabieti~.
is op irnaric. 1ev op irnaHe,
pa lu st ri c , pimaric, san-
daracopimaric, neoabietic

KP
D
M
S

Chlorinated resin acids
Mono- and dichlorodehydroabietic KC

Unsaturated fatty acids
Oleic~ linoleic, linolenic,
palmitoleic KP D

M

Chlorinated phenolics
Tri- and tetrachlofoguaiacol KC

Diterpene alcohols
Pimarql, isopimarol,dehydroabietal.
abietal M D

]uvabiones
j uv ab i on es , juvabiol, I-dehydro-
,juvabione, I-dehydrojuvabiol,
dihydrojuvabione M

Other acidics
Epoxystearic acid, dichlorostearic
acid, pitch dispersant KC

Other neutrals
Abienol ,12E-abienol ,13-epimanool D

Lignin degradation products
Euganol,isoeugenol,3,3' dimethoxy,
4,4' dihydroxy-stilbene S
~~~;;~i~;i~~;;·~:~;~i;;·~~~~i;i~~;·~:~;~~;~i~~;·~:~;~~~~i~~i;·········

S=Sulfite pulping: C=Caustic.
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TABLE - 4

EXTRACTIVE CONTENT OF FIBROUS RAW MATERIALS EXPRESSED AS ALCOHOL
BENZENE SOLUBILITY.
• ••••••••••••••••••••••••• -•••••••••••••••••••••••••••••• -e ••••••••••

Raw Material Alcohol-Benzene solubility %
· .
Cotton Stalk 1.-7

Jute 1-2

lack pine

1-7
3-11
3-6
3.3
2.5-3.6
1.5
2.9
1.8

2.8

Rice Straw

Bagasse

Bamboo

Sou the rn pin e

I Eucalyptus globulus

American aspen

European beach
Birch
• ••••••• e· ••••• ' •••••••• -•••••••••••• ., ••••••• ~.•••••••••••••••••.••• ' ••••
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TABLE ,..7

Parameter
COMPARASION BETWEEN VARIOUS BIOLOGICAL TREATMENT METHODS.....................................................................

Stabilization
Pond

Aera ted
lagoon

Tri ck ling
filter

Activated
sIudg e.............................................. ~, , .

Area
requirement

Load range
kg/mJ,d

BODS reduc-
tion

V.large
0.055....:0.01

50-80

large

0.04-0.2

50-90

srna 11

2-5

40-75

sma 11

1-4

70-95
••••••••••••••••••••••••• e- ••••••••••••••••••• , '" ••••••••••••••.•••••••.•••••
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TABLE -8
EFFECT OF CHLORINE DIOXIDE SUBSTITUTION ON COMBINED CEDED EFFLUENT

TOXICITY· .Toxicity 48 hLC 50 daphnia magnaC102 substitution in C stage· , .
0% 70.6 %

10% 64.8 %

50% 56.5 %· ~ .

TABLE - 9
PERCENT DISTRIBUTION WITHIN BLEACH SEQUENCE

........................ , \ ~ .
APPDED

C H
APP

DED
CEH

DED C E
CEDED

A PP E A PP
••••••••••••••••••••••••••.•••••••• 11 ••••••••••••••. ' •••••••••••••••••••••••• "••

DS 31 55 14 21 56 23 17 45 38 36 64
TOC 3 72 26 20 71 13 19 67 14 4 96
BOD 12 63 25 36 41 23 37 43 20' 16 84
Col our 2 57 36 20 76 4 21 77 2 3 97

••••• , II! ••••••••••••••••• ',' ".' ••••••••••••••••••••••••••.•••••••••••••••••••••••

TABLE .,...10
COMPAR I'SIONOF THE TREATMENT RESULTS OF VARIOUS METHODS FOR CAUSTIC

EXTRACTION STAGE EFFLUENT(E)
't , •••••••. ' •••••.•••••••••••••••••••••••••••••••••••.•••••••••••••••••.••••••••

% Reduction
Billerud Dr ot~o
Uddeholm & compo

Stora pptn with massive minimum ultra-
lime aluminium lime lime filteration

..~ , ; .
I

Colour 90 95 90 90 90-97 85-95 60-68
BOD 20-50 35 20 50 20-40 45 23-41
COD 60-70 70 60 75 6-7
Organ ic
chlorine 50-60 75 23-25
•••••••••••••••••••••••••••••••••••••••••••••• '! ••••••••••••••••••••••••
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TABLE - 11
LABORATORY TREATMENT OF MILL ACID BLEACH PLANT EFFLUENT

5ampl e pH* 48hLC 50 Daphnia magna**· - ' .
Untreated 1.5 33.8 %(31.6-36.2 %)

Treated(0.025 % 5°2 ) 1..5 92 % (89.4-94.6 %)

Untreated 6.0 34.8 %(32.9-36.8 %)
Treated.(0.025 %5°2) 6.0 30 % mori! at 100 %
' •• ' ••••••••••••••••• ' •••• 0' ••••••••••••••••••••••••••••••••••••••••••••••••

* inital pH all bioassays run at pH 7.5

** 95 % confidence limits for LCSO in brackets.

TABLE - 12
LABORATORY TREATMENT OF COMBINED CDEHED ~FFLUENT

• •••• ' ••••• ,e ••••••••••••••••••••••••••••• ' ••••••••••••••••••••••••••••••

5ampl e pH* 48hLC50 Daphnia magna**· ' , ' - - ..,

Un trea ted 2.9 74.0 %(66.2-82.9 %)
Treated
iO.025 % 5°2) 2 ..9 30 %. mort at. 100 %
Treated
(0.025 % 5°2 ) 6.0 10 % mort at 100 %
...................... , ' - .
*in i' ta.lpH all b ioa ssays run at pH 7.5

**95 % confidence limits for LC 50 in brackets.
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