TOXIC EFFLUENTS FROM PULP AND PAPER MILLS

Rao,N.] .* and Kumar,S.*

INTRODUCT 10N

‘ The fibrous raw materlal used in pulp and paper industry consists
of less than 50 % cellulose and the remalnder is mainly made up of lig-
nin, hemicellulose, m1neral fillers, extract1ves, organic acids and in-
organic salts. Part of these substances as ‘well as some of the process
chemlcals and the auxillary chemicals 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 load and needs to be reduced before. being discharged into re-

ceiving water so that the environment can be maintained safe and free

from pollution hazards.

The effluent is characterized by suspended solids, BOD, COD and
colour. " The BOD value 1nd1cates the easily blodegradable compounds and
the amount. of slowly blodegradable compounds is 1nd1cated by (COD-BOD)
‘value. The lower the BOD/COD ratio, the h1gher is the fraction of slow-
ly biodegradable compounds. Such compounds are usually coloured and there-

fore reduce light penetration to water.

Large volumes of the effluents are generated by the pulp ‘and paper
mills. The volume of the effluents as well as the pollut1on 1oad of
the the various sections: of. the large paper mills in India are glven1
in Table No.1l. The composition of effluent loads from’ large and small
mills is shbwn2 1n‘Teble No.2.

In order to 1~educe the pollution load of the effluent, ludlen Paper
Industry mainly use primary and secondary - effluent treatment processes.

In the primary stage, suspended solids as well as collo1dal materials

* lnetitute ef‘Pauer Technology (University of Roorkee),
Saharanpur-247001.
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are removed where as in the secondary stage, moStvéf the 'easily biode-
gradable compounds are removed. Thus the slowly biodegradable compounds
persist in the treated effluénf. "The effluent coming from pulp and
paper industry is highly ébloured and has a hlgh COD value. The dis-
‘charge of such an effluent is hlghly deterimental to the growth of ve-.
getation and aquatlc floura as it contains many toxic chemlcals. '

During the last 10-15 Years, the toxicity of the pulp and paper
mill effluent have attracted increased attention and intense research
‘effort have been dlrected to identify and study the toxicity of the
various chemlcals coming from various sections of pulp and paper ind-
ustry.3 20 Toxicity is g vague and var1ab1e parameter. Toxicity is
difficult to .quantity as ‘the results are strongly 1nf1uenced by the
intricacies of test techniques. The various toxicity terms used are
given in Appendix-I. Lethalvconcentrafion indicated usually as 96 h
LC50 is generally used to express effluent toxicity.

Early investigators recognised that volatile constituents of kraff
effluents i.e. hydfogen_sulphide; methyl mercaptan and methyl sulphide,
‘were toxic .to fish. They may be rapidly removed by special treatments
such as air stripping and oxidation prior to effluent d1scharge.V Over
the last 15 years most- non-volatile toxicants of importance have been
identified and their contribution to the acute toxicity has been ass- -
esseds(Table - 3). A perusal of Table 3 shows that with the exception
of lignin degradatioﬁ products and chlorinated"compounds which are
formed during pulping and bleaéhing, all other compounds belong- to the
category of extractives and their concentratlons in the effluent depe-
nds . upon the extent of recovery in- pulping and other processes. Thus
toxicity of the whole mill effluent of a given mill will directly depe-
nd upon the total organically bound chlorine, the extfﬁctive»content of
the raw material being used and to what extent these extractives are
removed during pulping and other processes. Thus higher the extractives
and total organically bound chlorine, higher will be the- tox1c1ty.
Table 4 shows the extractive content of common raw materials. used in

paper 1ndustry.21
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. lnvesttgatnons on the’ tox1c1ty of the unbleached sulphate (kraft
'mtll) effluents showed that black liquor is the most toxic followed -
lby the condensate‘v The compounds responsible for the dominating part
v‘,of the foxicity" are resin acids and to some extent unsatyrated fatty
ac1d5.3 Bleach plant (kraft) effluent contains neutral toxic compou- /
nds and chlorlnated compounds in addition to the above llsted compou-
',nds.22‘ First chlorination step accounts for the greatest quantity of
’i“tox1c compounds.3 A significant fraction of the acute toxicity of ca-
ustic extraction stage (E- stage) is due to six compounds, mono and d1—_

1.7:8

A_Chlorostearlc acid, 3‘4,5,trichloro and 3,4,5, 6_tetrachlorogualaco

. Some studies 1nd1cate that ‘the tox1c1ty of whole sulphite mill
' effluent is similar to that of sulphate (kraft) mill effluents.23 24
f,Restn ac1ds 'such as abietic, dehydroab1et1c, isopimaric and palustric
: ac1ds etc. f ormed the major contribution to the total toxicity of the

mechanical pulp1ng effluents. Neutral materials like diterpene alco-

1..hols and aldehydes, JuvaJones and related’ compounds contrtbuted about

30 % to the tototal. toxicity. 6,13 Sof t-wood debarktng waste water
“contains malnly resin ac1ds whlch contrtbute about 90 % to the total
1toxicxty.6m’ : , !

‘The_toxicleffluehts haue‘adVerse[influehce@ These.are‘indicated
euﬁsequently. The toXic_influence'ofiliquid effluents is discussed

‘\under the.fblloWingfareast

2. TOXIC EFFECTS OF EFFLUENTS'

The toxic influence of liquid effluents is discussed under the

following areas:

i) Sub level effects on aquatic animals.
ii) Toxic etfects on algae.
iii) Genotoxic properties.

iv) 'Growth simulating substances.

'2.l;'SuBTLevel~EffettShoniAguatic Animals:

'iThe ﬁmpact offindustrtal effluents on streams, lakes, estuaries
or the sea is.highly complex and dependent upon the characteristics
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of the effluent, the composition.oﬂ the'receiying water, relative
flows and the dispersion of the wdstes. Much research has been di-
rected towards the development of rapid'bioassays to measure the
6:25 in Table - 5are
summarized different sub-lethal effects on fish of pulp and paper

mill effluents.26 - | ‘

threshold at which sub-lethal effect's occur.

Recent studies have even shown that the reproduction of fish is
affected at concentrations of pulp miil effluents at which they are

- frequently discharged.

Subsequenial evidence now exists from different sources, relating
to different organisms, Whicﬁ shows arcOnsistent patfern indicating
threshold concentrations for various sublethal parameters to be app-
roximately between 0.05 and 0.1 of the 96- hour LC 50 value. ‘At eon-
centrations of pulp mill effluents in or below this range, no sublethal
stresses have beernt observed.6’12

Recently it has been demonstrated that chlorinated 11gn1n degrada~
tion products could be accumulated in fish living in water areas, wh1ch//m
“receive bleach plant effluents. Samples of stationary fish ‘species AN
have been analyzed and found to contain small amounts of chlorlnated N
phenols and guaiacoles in their extractable fat. The biological efff
ects of these bioaccumulating compounds, originating from the bleac-
hery effluents, are preSeﬁtly not well known. However, this group of
chlorinated phenols is generally known to interfere with energy meta-
bolism in h1gher anlmalslo 12 It has also been observed that an
increase in temperature generally increase the toxicity of effluent _

to some extent.

2.2. Toxic effects on algae:

Most of the current knowledge concerning effects of mill effluents
on product1v1ty and growth of aqua*tc plants comes. from laboratory
experiments. Both' stimulation and 1nh1b1t10n of the growth of algae

~have been shown to occur in waters receiving m111 effluents.:  The
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effects seem partly to be relaied to the concentration of effluents.
Inhibition of photosynthesis can be caused by increased light absorp-
tion, altered pH or toxic lproperties of the effluents. The substances

responsible for the latter effect have not yet been identified.

Occasional reduction of photosynthesis was observed at effluent
concentrations as low as 0.01 % buat at effluents concentrations of 1 %
and higher; consistent redyction of photosynthesis of both periphyton

~and phytoplankfoh was noticed. At high concentrations, pH elevation
:accounted for a significant portion of the inhibiting effect. As the
reduction in availabie light was insignificant thé depression in photd—
synthetic rates could be attributed to effluent toxicity. Cohdensates
‘and mixed effluents from bleaching have been found to be less inhibitory
than effluent from barking and pulp washing.27 Only black liquor was
very inhibitory or toxic. The unidentified toxicanfs were found not to
be removed by bio'treatment.28 Of six types of ‘effluents tested, sulphate
effluent was most inhibitory to growth, while eombined sulphate and.
newsprint effluent passed through a resin column was least inhibitory.
In another laboratory experiment on marine phytoplankton, it was sugg«
ested that it is possible for phytopldnkton to adapt to relatively hlgh
effluent concentrations if pH remains normal.11 29,30
;2.3; Genotoxic Properties:
Neafly all of the chlorination stége effluents from bleached soft-

wood:- and hardwood sulphate and sulphite pulps were found to be mutage-
n1c.31 32 The other bleaching effluents were not mutagenic at normal

process concentrations. The mutagenicity of the standard C-stage eff-
luent decreased to zero when the effluent was treated for 48 hours with

- a microflora adapted to this substrate.

Addition of liver microsomes decreased the mutagenic activity of
the chlorination stage effluents, indicating that the hutagenic compounds

are partly degradable in the mammalian 1iver. /

The structure of the compounds causing the mutagenicity is not yet
‘known. However, they can be extracted w1th ether and are known to be
of small molecular size (1000 MW).
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Chlorination stage effluént has also been shown to be mutagenlc
to bacteria as well as hamster cells. The neutral fraction of the
chlorination stage effluent shows the highest mutagenic activity. One
of the key questions in studies of mutagenic substances in bleach1ng
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 an1mals.

2.4. Growth Stimulating Substances:

Thevdiseharge wa ter contain significant amounts of inorganici
phosphorous and nitrogen. Investigations have shown that the population
of all types of bacteria such as heterotropic, organic sulphur reducers
and sulphur oxidisers and enterobactericaceae were found to be higher
near the effluent out fall than in the reglons of receiving waters. 33 34
Growth tests on algae have shown that mill effluents sometimes enhance
growth depending on the amount and variety of the effluents, Biotreated

effluents were more stimulatory than raw and lime treated.effluents.35

The content of carbohydrates and organic acids in pulp and paper
m111 effluents may also act as growth stimulators to colony forming
bacterla (Sphaerotilus) or fungl, which can be found as yellow or brow-
nlsh grey slimy covers on suitable substrates or floating on the sur-
face downstream from an effluent outlet. This often causes increased
morta11ty of fish eggs, anaerob1c cond1t10ns and difficulties in hand-

11ng fishing gear.

3. EVALUATION OF IMPACT OF PULP AND PAPER MILL DISCHARGE:

It is » difficult task to make an evaluation of the overall impact

in the aquatic environment caused by combined mill effluents. 'The final
effect of a water pollutant in the aquatic environment is the result
of many factors acting together and of the interactions between them.

Thc ..~ture of these complex interactions is not well understood today.

In o-der to predict the environmental impact of a pollutant it is
necessary to know how the pollutants are distributed in the system, i.e.
between water, aquatic organisms'and bottom sediments over a period of
time i.e. after a few days, a few weeks and a few years. It is also
desirable to know the rate of matabolism of the pollutants by’ micro-

organlsms and higher aquatic animals.
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The determintal’ effects of pulp-and paper. effluents are very di-
verse and affects all troph1c levels in the aquat1c ecosystem.. In an
. order to. arrive at a common basis for evaluation of diffetent types ‘of
, determental 1nf1uences, the. effects can be’ c1a551f1ed into two cate-

gories:

1. extens1on of effect in t1me.

2. exten51on of effect in-space.

It should be remembered that an ecologlcaﬂ éeffect’ repersents the
departure from an original equilibrium of the ecosystem, i.e. a distur—

“bance of the equilibrium..

The ' 'serfousness’ of -an effect is ]udged by the time requlred from
. whén the disturbance takes place until" the original equ111br1um is

restored.

Effects, causing irmeVersible"changes in the aquatic ecosystem
should consequently be regarded as the most serlous ones. Whereas
reversible damages ‘should be regarded as less serious. It is also impo-
rtant to know the total area- affected.” If vast area is affected en-
vironmental effects are considered to be more serious than affecting a.
‘small area. Based on'thesewprineiptes-some‘environmental-effects are

grouped in Table No.6.

3.1. Pollutr;gifubstances causr)g short term effects.

A number of short term effects are listed in. Table-6, may not
cause . the most adverse ecolog1ca1 effects but are generally cons1dered
very drastic (e.g. fisn kllls) and have therefore caused much public
atbent1on1' It is for th1s reason that the pollution abatement work in
the pulp and. paper industry has been_concentrated on the elimination of

these short term,‘effects.
These effects are caused by

- substances with high acute toxicity

- 11ght absorbing substances

- sdbstances causing avoidance reactlons
- pH —‘changlng substances

- soluble, oxygen-consuming substances

- substances stimulating heterotroph1c growth
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3.2. Polluting substances causing long term éffectsg
The long term effects, which'cause irreversible disturbénces,in

the ecosystem equilibria are the most adverSe ecological effects. Poll-
ution abatement work based on ecological principles should givéfpriority
to the reduction or elimination of Qubstances cadsing this type of A
effect, Growing awareness for these'pffnciples and‘priorfties'Has led to
their being increasingly applied in pollution abafement technologies. -
High priority should be given to reduce or eliminaté'subsfances-caUSing
these long term effects. Among the substances which may cause 1bng

term effects are:

~ fibres and other settleable.solidé ‘
- substénces which show a tendency to biocaccumulate in fish ‘and .
other aquatic organisms '
- substances which thréugh their accumulation may cause chloronic
toxicity or interfete with feprdduction ‘
~ substances giviﬁg'bad tas%e or odour to fish and shell-fish.
- substances‘stimulating algal growth and thereby cause eutrophication
~ persistant substancesbwhich have“genotbxic and/or dther chronically
toxic properties and thereby-present risks to consumers of drinking

water contaminated by these substances.

4. CONTRbL OF TOXIC EFFLUENTS DISCHARGE :
The. minimum acceptable stadards for the quality of the effluent

for the Indian paper Industry are

pH 5.5-9-0

T.S.5.(Max) 100 mg/1 No value of COD has been ]

BOD (Max ) 30 mg/1 prescribed for small paper mills.
COD (Max ) 250 mg/1

No value of the toxicity has been prescribed for the effluent in
India. Thus toxicity has been neglected so far. Fedral Repubfic of
Germany has also laid down values for toxicity towards fish i.e. 013
GF (GF is the.dilution 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
procesé, éuspended solids are removed. The secondary effluent treat-
ment processes are biological treatment methods like stabilization pond,
Qerated lagoon, trickling filter ggd acttvafed‘sludge. The comparasion

of the various biological methods is shown in Table 7.

The biological methods effectively reduce the BOD of the effluent,
COD reduction is modest and colour reduction nil. Thus the effluent
contains many toxjc chemicals affecting the growfh of vegetation and

aquatic floura.

The pollution load of the effluent being discharged can be reduced

by two approaches:

1. By su{tably modifying the existing manufacturing processes viz,
pulping and 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. MODIFICATION 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 capifal investment needed.

Studies have shown37 that oxygen bleaching-fesults in reduction
of 65- 77 % in BOD, 63-68 % in COD and 75-90 % in colour values of the

38,39

effluent, being generated Part1a1 substitution of chlorine by

chlorine dioxide in C stage also results in a effluent with much lower
toxiciiy 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 %hl,42

ction stage (E) also results in the reductipn of the pollution load.

Use of hydrogen peroxide in the extra-
Studies have also shownl‘3 that bleaching of ac1d pretreated hardwood
and sof twood pulps by hydrogen peroxide in place of chlorine in C stage

_results in the significant reduction in toxicity and corrosivity over
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90 %, BOD 64 %, colour 40-%, DS and TOC 71 % in comparasion to.the
convéntional 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 existing effluent treatment processes or dev-
eloping new effluent treatment processes.

A number of methods have been tried. These methods can be claésif

fied as chemical and physical tteatment methods and are called advan- -
ced methods. Many of these méthods 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 lon-exchange methods

b) flocculation and chemical Precipitation methods

¢) membrane methods

d) oxidation and Other methods.

a) Adsorption and ion—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 is a Swedi sh devel opment and‘makesuuse
of a weak anionic resin (phenol formaidehyde type). This process has
been applied to both chlorination and extraction stage (El) of the
bleach plant effluents. It has also been reported that chlorinated
phenols like 2,&,6 trichlorophenol, tri and tetraghlorbguaidcol which
are acutely toxic to fish are completely eliminated. The later method
makes use of a highly crosslinked hydrophilic porous polymer containing

no ion—exchange groups. This method has not been markeped,Feldmuhle'348’49

method marketed by Dr. Otto and. company (FRG) employs r—Ale3 as

adsorbent.

b) Flocculation and Chemical Precipitation methods:_
i) Stora lime method: This method can be characterized as a combination

of sorption and Precipitation methods;.suitable for treating the
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caustic extraction effluent from bleach plant where lime mud ‘is used
as a cleaning mud. 44 The amount of produced lime is a 11m1t1ng fact-

or for this treatment.

“ii) Préc1p1tation with lime: Lime alone or in combination with magnesium
or ferric chlor1de have been shown to precipitate a number of colo-
ured and toxic pollutants. Based upon this property two methods viz,,
massive lime methodso 51 and minimum lime method’ 2-54 have:been

developed and tried for the caustic extraction bleach plant effluent,

iii)Precipitation with aluminium: Precipitation with aluminium of
different effluent544 45, have been tested. Results for El stage of
the bleach plant effluent are given in Table 10. In thisbpfbcess
N . ' aluminium sulphate at pH &4 is used as a precipitating chemical and

after flocculation w1th polyelectrolyte the floc is separated.

¢) Membrane methods

| ; Ultrafilteration .and reverse osmosis methods. are concentrating
methods and all the polluting components will be present in the cencen-
trate. A filteration method trade named ultra-sep (Sweden) has been -

56 The main disadvant-

?

applied to the caustic extraction stage effluent.

age of the ultrafilteration is that small molecules are transferred to

Ythe permeate resulting in the high BOD value in the effluent. A combi-
“mmmation of Ultra-filteration technique with other methods such as ion-

exchange or oxidation methods e.g. ozone treatment may be more suitable,
Table 10 summarises the results of the above methods.

‘d) Oxidation and other methods:
Ozone treatment has been shown to reduce the colour and highly

56-61 -

toxic chlorinated phencls and guaiacols in the effluent. However

the COD reduction is much less.

Sulphur dioxide treatment40 at pH S or above has been shown te

reduce drammatically both toxicity and mutagencity of ‘the kraft mill
chlor1natlon stage effluent when at least 0.02 % SO, (200 mg/1) is

applxed The results are shown in Table 11 and 12.
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Recently pilot plant studles62 64

have shown that aerobic and
anaerobic treatment of NSSC and CTMP effluent generates a non-lethal
effluent. An over all reductioh in BODHo% over 80 %, COD 35 % and
substantial reduction of toxicity (from 7 % 96 n LC 50 to non toxic) has
been observed.62

CONCLUSIONS ;

Greater social awareness to environmental pollution by paper 1ndu—

stry and imposition of legal sanctions has made the industry to take
necessary steps to reduce the effluents be1ng d1scharged. ‘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 folléwing

areas:

i) . Analysis of the toxic components generated during’ processing and
‘eventually discharged to the surroundlngs This called for ad-
vanced scientific and analytio procedures u51ng techniques like

GC~ MS(Gas chromatography-mass spectrometry).

ii) Study of the impact of the toxic effluents (long and short range
impacts) on the eco-system particularly on aquatic floura and
fauna. This would indicate assessment of receiving water qua11—
ties, inplant process mod1f1cat1ons, raw water quality, suspended

and particulate matters in liquid effluents and gaéeous emissions.

iii) Development of suitable alternative and ecohomicallygviable pro-
cess modifications for reducing toxic pollutant discharges. These
‘will concentrate primarily in high yield pulping processes and

-modifieafions in bleeching and washing techniques.

iv) DeVelophent of new and cheap technologies for the external treat-
ment of the effluent to reduce the toxic 1mpact. These studies -
will 'simultaneously look into the demand for additional invest-

men't dec151ons and thelr influence on processing costs.

IPPTA Convention Issue 1987



' 214

In view of the growing concern of toxic effluents and the present
.state of art in this vital area, a greater support is essential from‘
;all concerned in immediately 1n1t1at1ng well identified R&D projects.
in the area of toxic effluents from paper 1ndustry and alternatives to

control them.

tPPTA Convention Issue 1987
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TABLE - 3
COMPOUNDS TOXIC TO -FISH IN PULP MILL EFFLUENT

Chemical Compound(s)

Resin acids

Abietic, dehydroabietic,

isopimaric, levopimaric,

palustric, pimaric, san-

daracopimaric, neoabietic

Chlorinated resin acids
Mono- and dichlorodehydroabietic

Unsaturated fatty acids
Oleic, linoleic, linolenic,
palmitoleic

Chlorinated phenolics
Tri- and tetrachloroguaiacol

Diterpene alcohols

o 6 460 060060

Toxic contribution

Major

L A R R N R N N A I A N N R

ngox

Pimarol, isopimarol,dehydroabietal,

abietal

Juvabiones

Juvabiones, juvabiol, 1-dehydro-~
juvabione, l-dehydrojuvabiol,
~dihydrojuvabione

Other acidics

Epoxystearic acid, dichlorostearic

acid, pitch dispersant

Other neutrals

Abienol,12E-abienol,l13-epimanool .

Lignin degradation products

Euganol,isoceugenol,3,3' dimethoxy,

4,4' dihydroxy-stilbene

P

Intermediate Minor

KC

KP

KC

KC

S

20
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BENZENE SOLUBILITY.

@ 6 6 8 6 8 0 8 8 0 8 s st e e s e e

Raw Material

-------------------------------

Cotton Stalk

Jute

Rice Straw

Bagasse

Bamboo

Jack pine

Southern pine
Eucalyptus globulus
American aspen
European beach

Birch
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TABLE - 4
EXTRACTIVE CONTENT OF FIBROUS RAW MATERIALS EXPRESSED AS ALCOHOL

Alcohol-Benzene solubility %

1-7
3-1
3-6
3.3
2.5
1.5
2.9
1.8
2.8

1

-3.6
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TABLE -7

COMPARASION BETWEEN VARIOUS BIOLOGICAL TREATMENT METHODS

Parameter Stabilization Aerated Trickling Activated
Pond lagoon filter sludge

Area
requirement V.large large small small

. Load range 0.055-0.01 0.04-0.2 2-5 1~-4
kg/m®,d
BOD5 reduc-
tion 50-80 50-90 40-75 70-95
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TABLE -8
EFFECT OF CHLORINE DIOXIDE SUBST ITUTION ON COMBINED CEDED EFFLUENT
TOXICITY
éiéé.;ﬁéégit&t;oé ;ﬁ.é ;tage Toxicity 48 hLC 50 daphnia magna
0% 70.6 %
10% 64.8 %
50% ' 56.5 %
TABLE - 9
PERCENT DISTRIBUTION WITHIN BLEACH SEQUENCE
ceeaaae ,Aﬁéﬁéé.........,.. B e Peeeeisseee ceeen
A PP DED C E DED C 'E H A PP
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 8¢
Colour 2 57 36 20 76 4 21 77 2 3 97
TABLE - 10

COMPARISION OF THE TREATMENT RESULTS OF VARIOUS METHODS. FOR CAUSTIC
EXTRACTION STAGE EFFLUENT(E)

, % Reduction
Billerud Dr otto GStora pptn with massive minimum ultra-

Uddeholm & comp. lime aluminium lime lime filteration
Colour 90 95 90 90 90-97 55—95 60-68
BOD 20-50 35 20 50 20-40 45 23-41
COD 60-70 70 60 75 - - 6-7
Organic
chlorine 50-60 - 75 - - - 23-25
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TABLE - 11
LABORATORY TREATMENT OF MILL ACID BLEACH PLANT EFFLUENT
é;&é{;... ....... SN ....éﬁ; ............ géﬁLé'éb.ﬁéﬁﬂ;;;.ﬁéégé;;..
Untreated 1.5 - 33.8 %(31.6-36.2 %)
Treated(0.025 % 502) 1.5 92 % (89.4-94.6 %)
Untreated 6.0 34.8 %(32.9-36.8 %)
Treated(0.025 %S0,) 6.0 30 % mor¥ at 100 %

* inital pH all biocassays run at pH 7.5

** 95 % confidence limits for LC50 ih brackets.

TABLE - 12

LABORATORY TREATMENT OF COMBINED CDEHED EFFLUENT
Sample | pH* 48hLC50 Daphnia magna**
Untreated 2.9 74.0 %(66.2-82.9 %)
Treated ‘ -
{0.025 % 302) 2.9 30 % mort at 100 %
Treated :
(0.025 % 502) 6.0 .10 % mort at 100 %

*inital p" all bioassays run at pH 7.5

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