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SYNOPSIS

The disposal of wastes from paper and pulp mills-a problem
of particular importance in the northern European countries of
Norway, Sweden and Denmark, where wood-processing is one of
the main industries-is discussed. The various types of waste
produced are described, and their pollution potential is assessed,
in terms of population equivalents, with special reference to the
present position in Finland. The methods available for the treat-
ment of these wastes are briefly outlined.

The northern European countries, Denmark, Finland, Iceland, Norway
and Sweden, are situated between latitudes 55°N and 70°N. A considerable
part of this area lies within the Arctic Circle. In normal circumstances
this would mean arctic conditions, with perpetual frost and stunted vegeta-
tion. Thanks to the Atlantic Gulf Stream, however, the climate in the
above-mentioned countries is much milder and favours the growth of wood
which is extremely well suited to the timber, pulp and paper industry. About
half the total area of Finland, Norway and Sweden is covered by forest.

The most important trees for the wood industry are the pine (Pinus
silvestris) and the fir (Picea excelsa), the latter growing as far north as
69°N. At present even the birch (Betula verrucosa forma odorata) is used.
The effective protection of forests by legislation and a high standard of
forestry guarantee the reserves of this raw material for the future.

Wood alone, however, does not make an important paper and pulp
industry possible; in addition, plenty of clear water and power are necessary.
Fortunately, all the above-named countries have sufficient water to meet the
needs of this industry and to provide hydro-electric power, and are also able
to use their watercourses for floating the timber down to the pulp mills.

Thus wood, water and power have together promoted the growth of a
flourishing wood-processing industry, which is of prime importance for all
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the northern countries. This industry accounts for about 68 % of Finland's
export trade and for about 32% and 16% of that of Norway and Sweden,
respectively.

According to the statistics, the following amounts of pulp and paper
were produced during 1951:

Number of tons produced in
Norway Sweden Finland

Sulfite pulp . . . . . . . 440 000 1 145 000 820 000
Sulfate pulp . . . . . . . 85 000 725 000 565 000
Ground wood-pulp . . . . 558 000 747 000 807000
Paper and cardboard . . . 543 000 1 248 000 891 000
Wallboard . . . . . . . . 81 000 829 000 117 000

Total . . . 1 707 000 4 694 000 3 200 000

Waste-water Problem

While the wood-processing industry accounts for a considerable part
of the national income in the northern countries, it gives rise to a national
wastes problem in each of them. As this industry utilizes enormous quanti-
ties of water, it also discharges corresponding quantities of very heavily
polluted waste water to the receiving bodies. However, the industry is to
some extent decentralized according to local geological conditions, and this
reduces the pollutional load on the receiving waters and helps to preserve
their capacity for self-purification by ensuring adequate dilution.

Pollution is caused initially by the floating of logs. This type of pollu-
tion is not very serious. However, even cold water dissolves wood so that
it can lose from 1 % to 13 % of its weight. Thus, floating wood increases
the organic content of the water in addition to constituting a mechanical
nuisance. A stationary raft can stop the absorption of oxygen from the air
in narrow bays; a complete lack of dissolved oxygen has occasionally been
observed in the upper water layer in this connexion. Water-borne diseases
can also be transmitted by floating timber.

The main source of pollution, however, is the wood-processing itself.
In order to give a picture of the nature of such pollution, the main processes
are described below.

Sulfite pulp

This is made mostly from fir chips, which are cooked in a liquor con-
taining calcium bisulfite and sulfur dioxide. The cooked mixture is washed,
often bleached, and dried in large machines. The process requires from
about 200 m3 to 1000 m3 of water per ton of pulp. The waste comprises
fibres and the cooking liquor, the so-called " spent liquor". Each ton of
pulp produced gives 8 m3 of spent liquor waste, which contains about 1 ton
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of oxidizable material such as lignin, polysaccharides and resins. The
presence of this waste liquor in the receiving waters causes the main pollu-
tion problem. Waste fibre is a slowly disintegrating material; it clogs the
fish traps and also settles to the bottom of the water, where it forms
anaerobic mud layers. These layers destroy the bottom growth (fish food),
and during the " turn-over " period they rise up and pollute the water.

Sulfate pulp
The production of sulfate pulp requires the same amount of water as

does the sulfite process, but here the wood, mostly pine, is cooked in a
solution of caustic soda and sodium sulfate. The spent liquor is treated by
evaporation, incineration and calcination; thus the heat is utilized and
chemicals are recovered for re-use in the process. The waste water contains
calcium carbonate sludge (" meesa ") and about 2% of waste fibre. The
" meesa " is also removed or recovered. If, in addition, fibre is recovered,
the pollutional effect of this waste water is not very serious. The concentra-
tion of sulfate waste is about one-tenth that of sulfite waste.

Ground wood-pulp
This is made by grinding barked fir logs in different kinds of machines.

The ground material is diluted with water, sorted and reduced to the
required consistency. The water thus extracted, which contains valuable
fibres, is generally circulated continuously; the loss of water is made up
by adding about 20% raw water. The fibres are also recovered from this
waste. Thus the wastes from the production of ground wood-pulp do not
seriously pollute the receiving waters.

Paper
In the production of paper, about 100 m3 of water are utilized per ton

of paper. The waste water contains about 0.1 %-10% of the fibre used in
the process, plus filler material and dyes. The so-called " zero-water" is
recirculated. The treatment of this waste consists primarily in recovering
the waste fibre. If the paper is made from rags, the waste water is heavier
than usual and needs additional treatment.

Wallboard

The manufacture of wallboard is the latest method for utilizing the
waste wood material from sawmills. In this process, the separation of the
fibres is not as complete as it is in pulp production. Instead of pulp, a kind
of wood-wool is produced. This material is then pressed into plates, either
with or without steam treatment. The waste water contains wood particles
and fibres.
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Pollution Potential of Wood-processing Wastes

In order to compare the pollution potential of the wood-processing
wastes described above with that of municipal sewage, some figures for
the amounts of wastes produced and their population equivalents are given
in Table I. These figures represent the average conditions in the North.
Since the population equivalents are calculated only from the five-day
biochemical oxygen demand (BOD) of the waste waters, assuming this to
be 75 g per capita per day, they cannot give a true picture of the effect of
this type of waste, but they do give some idea of it.

TABLE I. QUANTITIES OF WOOD-PROCESSING WASTES AND
CORRESPONDING POPULATION EQUIVALENTS

0 Industry Production unit per day |Volumeofwaste Population equivalentIndustry Poduction uit per day (M3Itonlday)

Sulfite pulp 1 ton of bleached pulp 450-500 2000 with alcohol
production

1 ton of unbleached pulp 250-300 3000 without alcohol
production

Sulfate pulp 1 ton of pulp 250-300 250

Ground wood-pulp 1 ton of pulp 30-40 50-100

1 ton of kraft 375 100-225
Par and card- 1 ton of printing paper 375 100-225

bOard 1 ton of fine paper 375 100-225o 1 ton of newsprint 200 100-225
1 ton of cardboard 125 100-225

Wallboard 1 ton of wallboard 125 50-100

The effects of wood-processing wastes can be compared roughly with
those of municipal sewage by comparing the total population of the country
producing the wastes with the total population equivalent of the wastes,
calculated on the basis of the annual production of paper and pulp and
on the assumption that the industry operates on an average for 8000 hours
or 335 days per year. Such a comparison for Norway, Sweden and Finland,
based on the data for 1951 (the year of peak production before 1955), is
shown below.

Country

Norway
Sweden
Finland

Total population

3 280 000
7 150000
4 100 000

Population equivalent of
wood-processing wastes

3 800 000
11 150000
7250 000
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These figures do not, of course, give an exact picture of the pulp- and
paper-mill waste problem. Moreover, the population equivalents, as an
indicator of pollution, are in this case open to criticism. However, they
indicate clearly that the problem calls for serious consideration.

It is evident from the foregoing that the main problem centres on the
treatment of spent sulfite liquor and the removal or recovery of waste fibre.
Though the waste waters from the wood-processing industry do not con-
taminate the receiving waters with pathogenic bacteria, they do impair the
quality of the fresh water used by the industry itself and by the municipalities.
They interfere with the filtration of water and increase the demand for
coagulants. The dilution of the wastes in receiving waters is generally suffi-
cient to keep the oxygen content above 5-6 parts per million (p.p.m.). The
wastes do not necessarily kill the fish, but they banish the best types of
fish, such as salmon, and spoil the taste of other fish. In addition, the fish
traps become clogged by fibres and slimy vegetation. The wastes decompose
very slowly by themselves but, when they are mixed with municipal sewage,
decomposition is accelerated and the water becomes polluted. This, in
turn, is the cause of undesirable biological growth, which changes the
character of the receiving waters.

Treatment of Wood-processing Wastes

The treatment of paper- and pulp-mill wastes is a difficult problem which
cannot be solved by normal biological methods, because these wastes do
not contain bacterial food in the same form as sewage does. Nor can they
be mixed with municipal sewage because the municipal sewage forms only
1 %-I0% of the amount of industrial waste. The only economic solution
is to be found in the recovery and utilization of spent sulfite liquor and in
the recovery of waste fibre. There are already methods which are practical
from an economic and technical standpoint, but, unfortunately, their
application entails enormous capital expenditure. Intensive research work
is therefore being carried out in this field, particularly in the northern
countries.

Since the treatment of these wastes is discussed in detail in the literature,
only the main points of the problem will be outlined here.

Dilution is at present the most important factor for the protection of
the receiving waters. Norway utilizes the dilution power of the Atlantic.
Sweden and Finland have the Baltic with its gulfs and also their large
resources of inland waters for that purpose. The natural decentralization
of the wood-processing industry facilitates the situation. Ponding, or
lagooning, is frequently practised as a means of retaining the bark and
fibre, and has been of help up to the present, but now the suitable places
-for example, bays-show signs of being filled up. Different types of
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" save-all" methods for fibre recovery are now being used to economic
advantage, and it is hoped that future legislation on water-pollution control
and the increasing demand for paper in the world will promote this type
of saving.

The treatment of spent sulfite liquor includes alcohol and yeast produc-
tion, the use of spent liquor for road binding, and evaporation and burning
to utilize the fuel properties of these wastes. Almost all the Swedish and
half of the Finnish sulfite mills produce alcohol. The problem is now to
sell the alcohol, though part of it is mixed with petrol and used in motor-
cars. The sale of yeast is even more difficult at present. The use of the
waste lye for road binding is only of local importance. The recovery and
use by the mill of 60%-70% of the heat produced by evaporation and
burning of spent liquor seems at present to be the most useful solution in
the northern countries, the high initial costs of the installation being the
main drawback. Sweden has about twenty of such installations. Finland
has three plants in operation.

Conditions in Finland

In order to give a somewhat clearer picture of the problem, the conditions
in Finland are given as an example because they are, perhaps, the most
characteristic, and the author has the most complete data from this country.

There are 20 sulfite mills in Finland and, in 1955, they produced about
950 000 tons of pulp and discharged 1 000 000 m3 of waste per day (popula-
tion equivalent, 7 500 000). The capacity of the mills varies between
20 000 and 100 000 tons per year.

There are 9 sulfate mills. In 1955 they produced about 823 000 tons of
sulfate pulp and discharged about 700 000 m3 of waste per day (population
equivalent, 600 000). The largest mill produces 200 000 tons of pulp per year.

There are 24 ground wood-pulp mills. In 1955 they produced about
919 000 tons of pulp and discharged about 100 000 m3 of waste per day
(population equivalent, 225 000).

In 1955 the paper and cardboard mills together numbered 37. Their
total production was about 1 292 000 tons per year, and the amount of
waste was about 900 000 m3 per day (population equivalent, 650 000).

In 1955, the 9 wallboard mills produced 135 000 tons of different kinds
of wallboard. The amount of waste was 50 000 m3 per day, equivalent to
a population of about 30 000.

Thus, during this year of peak production, wastes equivalent to those
from a population of about 9 000 000 were discharged.

The mills are situated either on watercourses with a mean minimum
flow of 20-447 m3/second, or on the sea coast at the estuaries of rivers.
Since the population equivalent of the wastes from all other Finnish indus-
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tries is about 2000000, the importance of the wastes from the wood-
processing industry is evident.

Fig. 1 indicates the total pollution load of the most important centres
in Finland, calculated in population equivalents. Fig. 2 shows the

FIG. 1. TOTAL POLLUTIONAL LOAD, IN POPULATION EQUIVALENTS,
OF THE MOST IMPORTANT CENTRES IN FINLAND *

* Based on a map prepared by Mr A. Koskenpato, Research Engineer of the State Committee for Water Pollution Control
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FIG. 2. POLLUTIONAL LOAD DUE TO SEWAGE AT THE MOST IMPORTANT CENTRES
IN FINLAND, AND STATE OF SEWAGE TREATMENT IN 1954*

* Based on a map prepared by Mr A. Koskenpato, Research Engineer of the State Committee for Water Pollution Control

The upper number by the square indicates the population, in thousands; the lower number indicates the per-
centage of the population served by sewers.
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percentage of the population connected to municipal sewerage systems, and
the present state of sewage treatment. If we examine conditions in our
rivers and lakes and consider the oxygen balance, we realize that the oxygen
content varies between 8 and 10 p.p.m. and the BOD between 1 and 2 p.p.m.,
in spite of the pollutional load. However, our waters are already naturally
polluted by organic matter in the form of humus (colour: 50-200 p.p.m.;
KMnO4: 40-130 p.p.m.). They are soft and slightly acid, and this together
with the cold climate interferes with the self-purification power of the water.
The additional organic load from the wood-processing industry gives rise
to difficulties in water treatment, even if it does not constitute a direct
health hazard. This concerns not only the municipalities, but the industry
itself, which requires water of even higher quality for fine pulp and paper
production. This fact has roused the industry to face the waste-water
problem and to try to solve it. The solution of the problem is an urgent
matter for Finland, because it is possible to double production in southern
and central Finland by reducing the export of raw wood and semi-manu-
factured articles. In addition, there are still unused wood reserves behind
the so-called " zero border " in the north and north-western part of the
country. It is therefore natural that the water pollution control authorities
are paying special attention to this problem.

RJSUMIt

La richesse en forets, en cours d'eau et en forces hydrauliques des pays de 1'Europe
septentrionale a permis le developpement d'une florissante industrie des produits derives
du bois. En 1951, la production des pates et du papier etait de l'ordre de 1,7 million
de tonnes pour la Norvege, de 4,7 millions pour la Suede et de 3,2 millions pour la
Finlande.

Les industries qui traitent le bois consomment des quantites d'eau enormes et en
evacuent des volumes correspondants, fortement pollues. Actuellement, la dilution est
la methode de protection contre la pollution qui est le plus en faveur. La Norvege
beneficie a cet effet de l'Ocean Atlantique, la Suede et la Finlande de la Mer Baltique,
des golfes et des nappes d'eau interieures. Certaines baies cependant donnent deja des
signes de saturation.

Les residus de la fabrication des pates au bisulfite posent les problmes de pollution
les plus serieux. Les autres industries des pates, papier, carton et bois presse donnent
des dechets de moindre importance.

Ces residus se composent de fibre et de lessive residuelle. A chaque tonne de pate
correspondent environ 8 m3 de lessive residuelle, qui contiennent une tonne environ
de substances oxydables (lignite, polysaccharides, resines). La fibre ne se decompose
que lentement. Elle se depose au fond de l'eau oii elle forme une couche de boue favo-
rable A l'anaerobiose et nocive au plancton dont se nourrissent les poissons. Bien que
ces eaux usees ne soient pas contaminees par des bacteries pathogenes, elles alterent
la qualite de l'eau d'approvisionnement utilisee par l'industrie et par les communes;
elles genent la filtration et exigent une grande quantite de coagulants; les poissons de
qualite, tels que le saumon, les desertent. Les methodes biologiques courantes ne peuvent
etre appliquees avec succes a ces eaux usees qui, contrairement aux eaux d'egout, se
pretent mal au developpement bacterien. La solution doit etre cherchee dans la recu-
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peration de la fibre et la reutilisation des lessives sulfitees. Mais ces methodes demandent
des investissements considerables.

Diverses methodes de recuperation de la fibre sont maintenant appliquees et l'on
espere que la 1lgislation relative A la lutte contre la pollution et la demande croissante
de papier dans le monde favoriseront leur generalisation.

Le traitement des lessives sulfitees residuelles comporte la production d'alcool et
de levure et la combustion des residus apres evaporation. La vente de l'alcool comme
celle de la levure deviennent difficiles. La reeuperation de 60 %-70% de la chaleur
produite par combustion des residus des lessives parait la solution la plus rationnelle
dans les pays nordiques, malgre le cout des installations.

L'auteur expose ensuite, A titre d'exemple et A l'aide de graphiques, les conditions
caracteristiques de la Finlande. Durant l'annee 1955, les fabriques de traitement du bois
ont evacue quelque 2 750 000 m3 d'eaux usees par jour, soit le volume qui correspondrait
A une population de 9 millions d'habitants, tandis que les dechets de l'ensemble des
autres industries finlandaises atteignaient un chiffre correspondant a une population
de 2 millions d'habitants. Le supplement de matieres organiques qu'apportent les eaux
usees de l'industrie entraine des difficultes dans le traitement de l'eau, sinon des pro-
blemes sanitaires proprement dits. Ces difficultes affectent non seulement les communes
mais les industries elles-memes, qui ont besoin d'eau de haute qualite pour la production
de pate fine et de papier. Ces faits ont place les industriels en face des problmes de
pollution en les obligeant A leur chercher des solutions. 11 est urgent que l'on y par-
vienne, car la Finlande pourrait, des lors, doubler sa production en reduisant l'expor-
tation de bois brut et de produits semi-manufactures, sans parler de l'exploitation des
reserves de bois encore intactes du nord et nord-ouest du pays.
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