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PREFACE

The Seventh Meeting of the Helsinki Commission, 11-14
February 1986, approved a Swedish invitation to a seminar
on Wastewater Treatment in Urban Areas to be helt in
Visby 7-9 September 1986. The seminar was organized
jointly by the National Environmental Protection Board
(SNV) and the Swedish Water and Waste Water Works
Association (VAV). Some 40 people took part in the
seminar and the following countries were represented:
Denmark, -‘Finland, the Federal Republic of Germany, the
Polish People's Republic, Sweden and the Union of Soviet
Socialist Republics.

Director General Valfrid Paulsson, SNV, opened the
meeting and presented the background to the seminar and
stressed the importance of measures against pollution
from urban areas. The Executive Secretary of the
Helsinki Commission, Professor Harald Velner, concluded
the seminar by expressing his acknowledgement to the
organizers of the seminar and to the host municipality,
Gotland, and he said that the seminar had been a corner-

stone for future activities.

All participants were very positive to the seminar and
found it an excellent forum for the generation of good
new ideas. These in turn may be used as fuel for the
projects under the Helsinki Commission. It was strongly
stressed that a continuation of the seminars is of utmost

importance.

The authors are considered to be responsible for the
contents of their papers. The Helsinki Commission is not
responsible for any statements made or opinions expressed

in this publication.
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URRAN RUNOFF - SWEDISH EXPERIENCE

Mr. Jan Falk
National Environmental Protection Board

Sweden

INTRODUCTION

During the past 20 years hard effort has been devoted to
the protection of rivers, lakes and the sea from
pollution. This effort has mainly been focused on the
obvious sources of pollution i.e. the concentrated
outlet of sewage. Currently 75 % of the urban population

is served by advanced treatment plants, see Figure 1.
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Not until recently attention was paid to sewerage. The
official policy was that separate storm sewers was the
only acceptable system and discharge permits generally
required separation of existing combined sewers. As all
combined sewers were to be abandoned there was little

concern about overflows.

The overall results of the anti-pollution measures so far
are a sharp decrease in discharged amounts of oxidizable

organic substances and phosphorus since the 1960's,
Figure 2.

kton
BODT

70

&0

50

Phosphor

40

30

20

10/ " i
[ W,

Yeat 1940 1850 1960 1970 1980 1985

Figure 2. Discharges of BOP7 and P in wastewater from

urban areas 1940-85. (Water in Sweden, 1977.)

The relative importance of the management of storm water
and combined sewer overflows thus increases with the
improvement of treatment facilities., The sources are much
more difficult to handle as the peollution occurs during
single events having a statistically distributed effect
on the receiving waters while the discharge of waste

water 1s fairly stable concerning guantity as well as
gquality. |

i
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Sweden has today some 70 000 km of wastewater pipes,

47 % of which is for sanitary sewage collection, 39 %
for storm water collection and 14 % for combined water.
Annually another 1 700 km are constructed: 60 % for
sewage water collection and 40 % for storm water

collection,

In 1981 the total investment in sewerage and treatment
plants amounted to 1 230 million SEK. The investment in
sewers only amounted to 380 million SEK., The costs for
operation and maintenance were estimated at 820 million
SEK for treatment plants and 320 million SEK for the
sewage network, The costs for operation and maintenance
of the sewage network is estimated to be 650 million SEK
by 1990, Today a sewage pipe in Stockholm is renewed on
average once every 500 years while the assumed lifetime

is less than 100 years.

POLICY

The policy of the environmental authorities has been that
all combined sewers should be replaced by a sewer system
with separate storm sewers. This was a very simple and
very expensive plan for renewal. The costs for a
replacement of combined sewers, not including house
connections in Stockholm was estimated at 1 225 million
SEK in 1983,

The 1970's research in the quality of urban storm runoff
revealed that the runoff from highly urbanized areas was
very polluted. The long accepted "truth" that a separated
system is to be preferred from a pollution point of view

thus was questioned.

Research in the 1970's also focused attention on the

possibilities of a substantial reduction in storm water
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runcff by using different methods to infiltrate the storm

water,

These facts resulted in a policy change at the Swedish
Environment Protection Board (SNV). In a letter to all
Swedish municipalities SNV declared in December 1978 that
impending requirements for separation of combined sewers
could be revised provided the local authority presented a
rehabilitation plan. General guidelines showing what a
rehabilitation plan should include were published in 1978
{(SNV, 1978). More elaborate guidelines were published in
1983 (SNV 1983 a, 1983 b).

The rehabilitation plan concept was launched by the SNV
and the focus has been on the environmental aspects. As
the existing sewer system however represents an immense
value the development of rehabilitation plans are also in
the interest of the water and sewage works. This has
urged the Swedish Water and Wastewater Works Association
to publish guidelines for the strategy of planning,
maintenance, renewal and improvements of the water supply
and sewerage networks (VAV, 1987)., This strategy may be
looked upon as a continuation of and compliment to the
work carried out by SNV and where the economical aspects

are meore in focus.

The aim of storm water management is formulated by SNV
(SNV, 1983 a) as:

to manage storm water in a way that minimizes
nuisances for buildings and environment and that
minimizes the costs of investments, operation and

maintenance.
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This aim may be reached if the following means are

regarded:

the prevailing water budget conditions should be

considered when planning an urban area

storm water should be managed at the source when

possible

measures should be taken to prevent a deterio-

ration of the quality of storm water

the risks for surcharges and shock lecading should
be minimized by using all possible means of flow

equalization

heavily polluted storm water and combined sewer
overflow should be purified before it is dis-

charged in a receiving water.

A set of new tools are as of today ready for use, making

it easier to achieve the aim set above, for example:

Mathematical modelling of the urban runoff process

- petter decision making

Swirl concentrators at combined sewer overflows -

less pollution

Renovation instead of rebuilding (see paper by Par

Sandin) ~ cost effective

CCTV-inspections ~ malfunctions discovered

Database for key information on the sewerage

network - easier planning,

.

Most permits today for discharge of treated wastewater
contains a paragraph which says that a rehabilitation
plan for the sewage system should be devised., This plan

has to be approved by the environmental authorities,

STORMWATER

During the 1970's some investigations were carried out to
determine the guality of stormwater. This information
together with results from our neigbeouring countries have
been summarized and generalized for planning purposes,

see for example Malmgvist, 1983,

You must bear in mind that it is difficult to predict the
quality of stormwater. The variation in average guality
between a clean and a dirty catchment area may be of a
factor ten., For one single catchment the variation in
quality during different runoff events may be of a factor
three. Very often you also have a variation during one
specific runoff event, with the most polluted water
entering the sewers in the beginning of the event, the so
called first flush effect.

In spite of all these difficulties to predict the quality
of stormwater a method was derived to estimate yearly
volumes and pollution load via stormwater by means of
simple hand calculation procedures (Falk 1986, 1987). The
method is appropriate for areas with a separate storm-
water system and gives as result the direct runoff due to
precipitation. This means that water entering via
connected drains and infiltration not is considered. The

calculation method may also be used eventwise,
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The stormwater runoff volume during the year considered

may be calculated according to

Oyear = & - A - (Pr-b) « 1073 m3

where a = constant showing the portion of impermeable
surfaces that is drained via the stormsewer

network

a may be estimated according to

Land use a
Single family houses 0.5~0.6
Multi family houses 0.6-0.7
Downtown areas 0.8~1.0
A = total area of impermeable surfaces in the

catchment area (m2), Varies from 10 to 100 %
{single family houses sparsely distributed to

downtown areas)

Pr = total amount of precipitation during the

considered year {(mm)}

b = total loss of precipitation due to depression

storage (mm).

b may for a year be estimated to 50 mm for

steep areas and to 100 mm for flat areas.

The yearly outlet of pollutants may be derived by
multiplying the volume calculated above with average

pollution concentrations according to Table 1.

mg/l mg/1 mg/l mg/l pg/l pg/l pg/l

Single family houses 70 0.2 2.0 0.3 75 150 35
Multi family houses 100 0.4 2,0 0.3 150 200 50
Downtown areas 150 1.0 . 230 400 100
Traffic areas 200 2.0 2.0 0.3 230 250 50
Industrial areas 110 2.0 3,0 0.4 140 500 130

Table 1, Average concentration of pollutants in
stormwater (Falk 1986, 1987).

The method should give an accuracy of + 30-50 % as
regards volumes. For pollution load calculations the
accuracy of course is smaller. It is strongly advised to
support the calculations by at least some measurements of

quantity and guality on location,

The total amount of oil discharges via the stormwater
networks for all urban areas in Sweden (4 900 km?2) may as
an example be calculated for an average year. The

following assumptions are made:

a = 0,6

= 30 % of 4 900 km?
Pr = 700 mm
b = 50 mm

Qyear = 0.6 -0.3 <4 900 -106 - (700-50) + 1073 = 573+ 106m3

However only 80 % of the urban area is served by a
separate stormwater system, which gives a corrected
runoff volume of:

Qyear = 0.8 -573 -10% = 460 -1076p3
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Assume further that the average concentration is 0.4

mg/l. The yearly load F,;j1 then becomes
Foil = 0.4 - 460 -10% 1073 = 185 -103 kg

The calculations show that the total yearly load of oil
via separate storm sewers is of the order-of-magnitute
200 tons.

COMBINED SEWER OVERFLOWS

During the 1980's some investigations on combined sewer
overflows were performed (see for example Berndtsson et
al, 1986). Figure 3 summarizes the results from those
monitorings. In the figure the minimum and maximum levels
of the concentration pertaining to each constituent are
shown together with a class interval in which 50 % of the

values occur.
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Figure 3. Combined sewer overflow discharge quality
representative of Sweden (Berndtsson et al,
1986).
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The values given in figure 3 may be used in simple
calculations of pelliution load due to overflows. However
it must be noted that values indicated rest con a limited

data base,

It is more difficult to derive a hand calculation method
for combined sewer overflows (CSO) similar to the method
above for stormwater. This depends on the fact that there
is no simple way of estimating the CSO-volume. In this
context you have to rest on the mathematical methods

avalilable.

The investigations carried out in Sweden show that yearly
overflowing‘volumes vary from 0.1 % to 10 % of the volume

going through the sewage treatment plant.

In this context a warning must be issued for using
methods that rest on dilution when calculating pollution
load due to C850. In such a method the pollution load is
calculated as the sum of the products volume and
concentration for wastewater and stormwater at the over-
flow location. In flat areas especially a considerable
sedimentation takes place during dry weather flow. The
high discharge during overflows erode this material,
which results in far larger pollution load than the
calculation method shows. For some monitored CS80's the
pollution load calculated by the dilution method was
underestimated by two to five times when compared with

what was measured.

CONCLUDING REMARKS

When managing stormwater from urban areas, and trying to
minimize its pollutional impact, you should use all
possibilities to meet the potential problems as close to

source as can be done, Figure 4 shows how you can use
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source control measures, and if you are not able to take

measures there, downstream control.
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Figure 4. Scheme of how flow equalization basins can be
systematized according to their technical
configuration and thelir location in sewer

system (Stahre, 1982).

It is not only in Europe we are using source control,
Fujita (1984) describe an Experimental Sewer System (ESS)
to cut down pollution in Tokyo. Figure 5 shows the symbol
mark of ESS, saying clean water you dispose of in the
ground and dirty water you convey to a treatment plant

via sewers.

AR R T ok

WERFE, FRETFAS

Figure 5. Symbol mark of E.S.S.
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SEWERAGE SYSTEMS: OVERFLOW PROBLEMS AND RENGVATION

METHOQDS

Mr. Unto Tanttu/Plancenter L.td/Finland

0
INTRODUCTION

Total investments in Finland (1984) spent on sewer systems were
roughly FIM 590 million. A big share, about 14 % of this sum { FIM
82 million}, was spent on rehabilitation of networks. 8ut is this still
enough? According to some evaluations the respective amount should
be about FIM 500 million for rehabilitation only. So the question, how
to keep the performance of sewer networks satisfactory in the
future, is really important.

The overflow problem is one of the most serious problems caused by
old and improperly working sewer systems. Anyhow, several other
aspects of a poor condition of sewers are to be seen:

- excess hydraulic loading of treatment plants

- normal maintemance and cperation {(flushing, opening of
clogs) increases and is more expensive

- unexpected renovation works and interruptions in
operation cause e.g. troubles in traffic, odour problems
in the environment, hygienic hazards etc.

- the performance of other underground networks (water
pipes, district heating pipes etc.) may be threatened by
earth crushings due to old sewers

In this paper a short description of these items is presented as well
as a description of the sewer renovation methods used recently in
Finland.

1
OVERFLOW OF SEWERS

The overflow problem is often seen to be in close connection with
infiltration of ground water to sewers or with surface waters in
combined systems. The bigger the excess water flow rate is, the
bigger is the overflow straight to the recipient due to the insufficient
capacity of the whole system (network and a treatment plant).
Anyhow, there are alsog other aspects of ocverflow:

~ water from the recipient (lake, river) may flow straight
into the sewer and gause total mixing and circulation of
surface waters with waste waters

- in practice the most visible effect of overflow is the
flooding of baserments; often it causes rather big costs
and other difficulties in the operation of the whole
sewerage system.
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According to the guidelines of water authorities the pollutants of the
bypasses are added to the effluent pollutant.s, when the overall
performance of the whole treatment system 1Is evaluated. Usually
there is the question of controlled and measured bypasses at the
treatment plant. 8ut still uncontrolled overflows occur in any place
within the network to some extent, and so far good means to evaluate
or measure the amounts of these overflows have not been found.

One step to improve the situation is to carry out a so called excess
water survey in the network. This means flow measurements during
nights for a rather short period, and the target is to find the parts of
the network with the highest infiltration rate (see later 1.3).
However, this does not yet tell anything about the actual overflow
amounts of network, this kind of survey only gives basic information
about the condition. Anyhow, this measure has been found to be the
start to the development. At the moment water courts, who give the
permits of sewerage discharges, normally enjoin the sewerage works
to carry out the excess water survey as one of the conditions of the
permit.

1.1
Reasons for overflow problems

The basic reason for the overflows is the infiltration of excess waters
straight into the main pipelines. This can be due to a broken or
damaged pipe wall, roots, improper flttmgs etc. All these are
consequences of poor pipe materials, improperly done‘mountmgs,
earth movings etc. Exact figures of the shares are not available.

Concerning pipe materials Finland is currently one pf the mpst
prominent countries in using PE and PVC as sewer pipe mater{al.
Roughly 75 % of the total pipe length has been constructed by using
these materials. Anyway, no exact correlation between _the new
materials used and good tightness has been _fognd. f:'rost, improper
installation, earth moving etc. have caused infiltration problems in
rather new plastic lines whilst many cases have shown old, concrete
pipes to be in a good condition.

Very often the leakage inflows to sewers ha.vg occurregi th'rf.Jugh
manholes, especially through covers, uppermost joints and pipe Joml;f.
The importance of this matter has grown e.g. 50, that_ the
Associations of both Finnish Cities and Municipalities have "pubhshed
recently a guideline booklet: "Renovation of sewer manholes”.

Problems have also been caused by old house sewers, by declined
manholes, whose bottoms have been improperly designed, and by
drains connected to sewers.

1.2
The sewerage rehabilitation program

One of the most used procedures in Finland is presented in Annex 1.
The main phases of the procedure are:

- basic data collection

- evaluation of the overall situation, if there is an excess
water problem

17~

- systematic inspections of sewer manholes

- division of the network into suitable subareas and
execution of the flow measurements

- identification of critical areas and lines

- detailed inspection of critical lines by TV-camera or
visual inspections

- classification of the renovation measures which are
feasible and economical in the case

- implementation of the renovation measures
- supervision of operation afterwards

To some extent specialized mathematic modelling and hydraulic

analysis have also been used. The biggest problem connected with this
procedure is the lack of the proper basic data.

1.3
Flow measurements

The methods used in flow measurements have been classified as
follows:

- V-notch weirs and venturi flumes

- cross area/velocity methods

- measuring by pumping

- trace liquids and temperature measurements

- visual observations

- measuring the water level fluctuation in the suction tank
of pumping stations

- flow analyses according to pump operation times

Mostly flow measurements in Finland have been carried out by
consultants, anyhow in close co-operation with the client. The most
popular methods have been moveable V-notch weirs and cross
area/velocity methods. Venturi flumes are not used. The other abaove
mentioned means are rather rarely used or are used as an additional
metheod to seme of the main methods.

Plancenter Ltd has developed a moveable V-notch weir system, which
is used very widely in Finland at the moment. The schematic idea of
the equipment is presented in Annex 2. The system enables flow rate
measurements in sewer networks without entering the manhole. The

equipment unit consists of needed amount of V-tubes, installation
devices and the level detector.

The V-tube can be installed by means of a telescoping pole and fixed
into the sewer pipe with its inflatable rubber sealing. The V-tubes
cover the range of pipe diameters from 200 mm to 400 mm. The head
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of water inside the V-tube is measured with the specially designed
digital level detector. The flow rate can be seen directly on the
screen.

When measuring flow rates in several subareas one team of two men
can operate with about 20 V-tubes. The V-tubes are installed in the
daytime and the readings are taken after midnight when the
consumption of water is lowest. This takes place with one level
detectar by the team going from point to point round the network a
few times.

Flow rates are usually measured in various weather conditions. This
makes it possible to find the amount and main reasons of excess
water for each subarea.

1.4
Example: prevention of an overflow problem in the city of Porvoo

In the city of Porvoo the main problem was overflow structures
located close to the river. When the water level in the river rose, it
caused an overflow from the river to the sewer system. This caused
sudden peak flows later at pumping stations and at the treatment
plant as well as unintentional bypasses which were not under control.
Raising of the weir level permanently was not possible because of
basement floodings. So this problem was solved by constructing an
adjustable overflow mechanism, presented in Annex 3. But still there
was the problem with flooding of basements, if the flood occured
simultaneously in the sewer system and in the river. Pumping of all
peak flows to the treatment plant was not possible due to insufficient
capacity of pumps, pipe lines and the treatment plant. The solution
was an extra submersible pump, which pumps the peak flows straight
into the river during problematic times. Even this seems to be an
Tunenvironmental® solution in a way, but it has at [east two very
important advantages compared with the previous situation:

- flooding problems of basements are prevented
- all overflows straight to the river are now under control

Of course, the target in the future is to cut away all these overflows
by the rehabilitation program of the whole network.

2
RENCVATION MEASURES

2.1
Surface water arrangements

Two items are needed for the inflow problem: the hole in the sewer
and excess water. The simplest way to decrease excess water
amounts in the sewer is to prevent flowing of these waters into the
pipeline. This can often be done very easily e.g. by leading surface
waters in another direction. This type of renovation measure has
often been found the most economical and effective way of
minimizing the disadvantages due to leakage inflows.

Py [ ¢ e

2.2
Reconstruction

Though usually being an expensive method, reconstruction is the type
of renovation used very often. The good result is sure, the capacity of
the xjeconstructed line is easy to fix beforehand, and the whole
working process is based on conventional, earlier known engineering.

2.3
Pipe sliplining

Two types of sliplining methods have been used:

- ConFinuous sliplining (Annex 4); PE-material is used, first
projects over ten years ago in Helsinki

- snap-together sliplining (Annex 5); linings made of short
PVC-parts

Qontinuous sliplining is done with together welded PE-pipe, the
dlam_eter of which ranges from 40 mm to 1600 mm. Without any
special problems can a 100 - 200 m long pipe be inserted in one piece.

Spap—together_sliplining is done with sheort (0,5 - 3 m) PVC-parts
diameter ranging from 110 mm to 400 mm. If the 0,5 m -parts are
used the work can be done from a manhole.

The prices of sliplining methods have varied between 10 - 60 %
usually 30 - 40 % cgmpared with those of total reconstruction.

2.4
Insituprocess (Insituform)

C’oat.ing the pipe line with English Insituform method is done by the
Finnish contractor. The process is shortly described (see Annex 6):

The tgry?ene stocking is filled in the workshop with polyester-liquid.
The 1.1qu:d amount is calculated exactly beforehand. On site the
stocking is inserted into an inversion tube. The end of the lining is
turnediinside-out and attached to the end of the inversion tube. Cold
water is pumped into the inversion tube, forcing the material inside-
OEJt and into the damaged pipeline. The polyester now lies against the
pipe wall. Once the lining is fully extended, the cold water within the

pipe is re-circulated through a boiler. This heat process cure
hardens the thermal-setting resin. P > ond

The process is mainly used in dense city areas {(Helsinki, Turku) and in
mdusjtry. !:'or the present about 20 km is the total length of the
repaired lines. The oldest objects are over 5 years. The experience is

that the repaired lines have been absolutely tight and h d i
good condition, ‘ 7 Hant and have stayed in
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Current costs of insituform repairing are about: DN 250 mm pipe
1 000 FIM/m and DN 500 mm pipe 2 000 FIM/m. These sums inciude
all costs, that means, the contractor carries out all works needed in
the pracess, e.g. finding the cannections by TV-inspection, cutting
the connections, flushings, water supply etc, The time needed for one
project is about one day.

2.5
Pipeline Insertion Machine (P.I.M.-method)

The newest method used in Finland is an English P.L.M.-method (ALH
Systems Limited). The first projects were carried out in 1985 and for
the present anly about 2 km is run by this method.

The idea of the system is to both pull and push the torpedo-shaped,
hammer action pipe breaker through the existing pipe, break it up and
oull a sleeve pipe of appropriate length and diameter into the void
behind it {(Annex 7). The purpose of the sleeve pipe is to pratect the
new polyethylene pipe section, which is then pulled th.rough the
sleeve, from damage by metal fragments from the broken pipe.

The unit costs are a little bit higher than those in Insituform. Mostly

the cases are economical, if there is a need to enlarge the pipe
diameter,

2.6
Renavation of manholes

Several ways of manhole renovation have been used, as e.g.:

- to use the smaller diameter plastic manhole inside the
old one and repair the bottom channels

- to change the uppermaost rings and isolate the chamber

- to cast the manhole inside by using a special casting
mould

- to install new plastic pipes through the manhole
- to coat inner walls by shotcrete

- to prevent the moving of rings due to frost by installing
a two-layer plastic film outside the wall

Pre-fabricated, polyester-made elements are not used in .Finiand.
Normally the costs of the above mentioned methods have varied from
1 000 FIM/piece to same thousands of FIM/piece.
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RENOVATION OF THE STOCRKHOLM SEWERAGE SYSTEM

Mr, Par Sandin, Chief Engineer
Stockholm Water and Wastewater Works
Swaeden

Within a few vears Stockholm will let all its treated
wastewater into the Saltsjdén. The Saltsjidn is the inner
part of the Stockholm Archipelago, which is one of the
finest recreation areas in Sweden and where many
Stockholmians spend a great deal of their leisure time,
That is one reason why it is so important that all waste-
water is-treated before it reaches the recipient., A
sewerage system in bad condition means that the risk of

not allowed/unplanned overflows is increased.

In order to prevent overflows we drafted "Plan 83" which
tells us how our sewerage system shall be constructed in
the future and what measures has to be made in the

system,

Renovations of the existing pipes is one method to get a
well functioning sewer system, Today we have made about
50 different objects at a total length of 6 000 m.

Why do we renovate sewers and why are we attempting to
develop methods for piperencvations?

Firstly: Renovation of a sewer involves far less
desruptions to traffic.

Secondly: The cost of conventional pipe laying has in-
creased considerably during recent years. The
cost of a pipe-laying project in the centre of
Stockhélm is currently about SEK 10 000 per
metre of pipe. trench. It is therefore natural

for us to try to use the hole that is already
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in the ground, i.e. the existing pipe.
Renovation may often prove less expensive than
conventional re=-laying. At best, a renovation

may be half the cost of re-laying.

Thirdly: By trying new methods in the field, in sewers
in use, we will give the different methods a

chance to develop and become even better.

In order to try and develop new techniques and materials
in connection with pipe renovation, Stockholm Water and
Wastewater Works, in collaboration with the National
swedish Board for Technical Development (STU), has
initiated a project for the acquisition of techniques in
connection with the renovation of sewers. In order to
furnish the project with the views of other Swedish
municipalities, we have set up a reference group. Inclu-
ded in this group are representatives from a number of
municipalities and the Swedish Water and Wastewater

Association.

The scheme on which the practical work is to be done 1is
an approximately 700 m long sewer in Beckombergavagen in
the west of Stockholm. Also included are a number of
approximately 15 metres long house connections that are
to be renovated. On these attempts will be made to
develop methods so that the house connections can be

connected to the main sewer without excavation.

I should now like to make a brief summary of some methods
that we use and that are currently being developed on the

Swedish market.
Relining

This means that a pipe with a smaller diameter than that

of the existing sewer is laid inside the existing pipe.
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The space between the new and the old pipes can be filled

with cement mortar in order to achieve greater strength.

The material most used for new pipes is PE, other

materials can also be used.

The method means, however, that access pits have to be
excavated and that the connection of, for instance house
connections have to be dug up. Providing that the
existing sewer does not have too many connections, and
that the reduction in area, which may be quite consider-
able, is acceptable, this is a very good method.

Progress 'is, however, being made. Today there are new
methods for the renovation of sewers which, although not

fully developed, are completely usable.

Muscle relining

A tool, referred to as a muscle, is pulled through the
existing sewer by means of a chain winch. At the same
time, specially manufactured fibre glass, reinforced
polyester pipes (GRP-pipes), are drawn into the sewer
behind the muscle, which can be opened out by hydraulic
means thereby cracking the existing pipe at the same time
ag the new pipe is pulled through the line, In this way
it is possible for a new pipe of approximately the same
cross—-sectional area to replace the old one without
having to excavate. It is also possible to feed in pipes
with a greater diameter than the o0ld ones, and thereby
increase the capacity of the sewer. I said "without
having to excavate", but I should perhaps modify this,
House connections will of course have to be exposed for
connection, but the muscle and GRP-pipes are manufactured
in sufficently long sections to permit them to be insert-

ed into ordinary manholes,
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We have tried this method on 5 schemes in Stockholm over

a total line length of about 400 m.

Pipe cracking

Produces basically the same results as the muscle. The
method involves the use of a self-propelling hydraulic
hammer that butts its way through the existing sewer, at
the gsame time cracking and widenling it. At the same time,
a PE-pipe is slid through the existing pipe. This method
can also be used to replace the old pipe with a new one
of a larger diameter, In this case too, house connec-
tions, have to be dug up for connection. Since the tool
is so large that it cannot be lowered into the manhole,

access pits have to be excavated.

Both these methods are in the process of development.
Among other things, attempts are being made to find some
way of making house connections without having to exca-
vate, In connection with trials with the muscle, we have
experimented with so-called mini-excavators in order to
make as small excavation pits as possible. It has proved
to be quite difficult to do this since we have both
sewers, water supply and gas lines in the same pipe
trenches. However, attempts to excavate with a so-called
sunk wells have proved to be successful and have resulted
in considerably narrower top widths for the pits that
have had to be excavated., This of course means less

traffic disruption and lower reinstatement costs.

Elastic linings

There are at present two types of elastic linings avail-
able on the Swedish market. A third method, which is a
completely Swedish solution, is in the process of being

developed.
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All the methods involve the insertion of a soft so-called
stocking into the existing sewer where it is allowed to

harden, after which the sewer is put back into service.

Insituform

Consists of terylene felt that has been impregnated with
polyester or epoxy. The stocking arrives at the site
inside our and is already impregnated. The stocking is
twisted into the sewer via a manhole by means of water.
The stocking is pressed and moulded against the internal
walls of the existing sewer by the water pressure., When
the entire stocking is in place, the water is heated to a
temperature of about 75°C for a period of about five

hours, during which time the material hardens.

The material thickness is normally 6-~12 mm in the case of

concrete sewers of < 400 mm diameter,

Copeflex

Consists of a fibre glass fabric that is impregnated with
€poxy. By the time the stocking arrives at the site, an
inflatable rubber balloon has already been pulled inside
it. The stocking is impregnated on site. After impregna-
tion, it is pulled by a winch into the sewer via a man-
hole. The rubber balloon is inflated with compressed air
and presses the fibre glass stocking against the pipe
wall., After 5-10 hours, depending on the external
temperature, the material has hardened, the air is let
out and the balloon removed. The material is normally

about 3 mm thick in the case of concrete sewers of <400 mm,

Inpipe svystem

Consists of a fibre glas§ plaited stocking impregnated

with epoxy. The stocking is forced into the sewer from a
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manhole by means of compressed air. The air pressure
moulds the stocking flat against the pipe walls and the
material is hardened by pulling a UV lamp through the
sewer. The design allowes changes in the diameter of the
existing pipe. The system is in the process of being
developed and is at present only available for diameters
of <200 mm, although it is planned to cover diameters of

100~400 mm.

As a complement to these methods there are various types
of remote- and TV-controlled devices., With certain types
of apparatus it is possible to open house connections
from within the sewer, and with others to cut off pro-
truding lateral connections etc., Everything in fact to

avoid having to excavate,.

Attempts are also being made to make watertight connec-
tions between, for example, house connections and mains
without the need of excavation. Practical testing and
development of this kind of apparatus and methods will be

included in the acguisition of techniques that I referred

to earlier.

Agqua rings

For sealing the joints on lines with diameters large
enough to permit the access of personnel, internal

sealing of the joints can be achieved with the aid of
rubber sleeves attached in place with stainless steel

straps.
Panels

In large manually accessable sewers, panels can be used.
There are two types of panels: fibre-—glass reinforced
cement mortar panels and fibre-glass reinforced polyester

panels, After the panels have been fitted in place, the
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space between the panels and the existing pipe walls is
filled with cement mortar. The panels can be assembled
either in complete sections or in parts that are fitted
together inside the sewer. The polyester panels offer the
advantage of being lighter, which means that larger parts

can be made.

Small diameter pipe-~jacking

Since renovation is not always suitable, for example if
the existing sewer has settled so much that its hydraulic
capacity is quite simply insufficient, the line has to be
re-layed,

And as pipeline work in build-up areas is difficult and
causes all kinds of traffic problems, the development of
technigues which also permit small diameter pipe jacking
is welcome, As a result of this development, small dia-

meter pipe jacking will prove to be a good alternative to
renovation or re-laying.

Today there are two methods of small diameter pipe

jacking available in Sweden.

The Lundby method, which is a Swedish solution, was
introduced a few years ago. The method means hydraulic
forcing of pipes with a diameter of 400 mm through the
ground. This method has for the most part been used in
clay soils.

Last year we used this method to carry out a pipe jacking
scheme. During the work the soil proved to be more
coarsly grained than expected. Together with the con-
tractor we decided to supplement the steering-pipe with
eguipment for flﬁshing water at high pressure and in this
way try to erode the soil. '
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The steering pipe was equipped with a number of nozzles
for high pressure flushing at a water pressure of 800
bars, which is very high. We were now able to erode soil
very easily into the pipe for removal. It was possible to
continuously check the pipe jacking progress and to carry
it out with the same degree of precision as when jacking
in clay soil. This was done by matching the water

pressure in the flushing nozzles with the pressure in the

pipe Jjacking eguipment.

This year another method for jacking small diameter pipes
will be introduced in Sweden. The equipment, known as the
Soltau system from West Germany, can operate in both
friction soils and clay soils. The soil is transported
into the pipe to the pressure pit by means of an earth
screw. Steering and precision is said to be of the same
order as that of the Lundby method, The Scltau system
also has equipment for jacking house connections down to
a diameter of 150 mm, which presents new possibilities
for the connecting of properties, without having to carry

out extensive excavation work.
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MANAGEMENT OF SEWER OVERFLOW STRUCTURE IN THE FRG

Dr. G. Leymann

Federal Republic of Germany

Due to the geological morphology of the south and
west of Germany, combined sewer systems are used to

drain sewage and rain water in urban areas,

In this system, industrial and domestic sewage as
well as rain water flowing off areas with sealed
surfaces are discharged into one pipe. Size and
structure of this sewer system are designed to
fulfil the criterium, that the total amount of
water, stemming from rain events of an intensity
not to be exceeded more than once a year, can be
drained without flooding any part of the area

considered.

In the past, construction costs were reduced by
building overflow structures at suitable sites:
these structures discharge a volume of water
exceeding five times the amount of water produced
during dry weather (Fig. 1) in a most direktly way
in the outlet channel. In the sewage treatment
plant, only two fifths of this remaining water
volume was treated mechanically and biologically.
Three fifths were discharged intoc the natural

waters after mechanical treatment only.

3 477IY
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Fig. 1. Flow sheet of a surplus disposal works ) ) o ) ,
Fig. 2. Calculating of the critical unit area rainfall

, ) o Thus, technical regulations based on these results
These technical standards were considered sufficient ) ] .
] ) _ provide that the especially polluted first flush at
until 1962, Since then, the regulations for the ) ] ,
. . ) the beginning of a rainfall is prevented to enter
drainage of combined sewage and rain water have been
) the natural waters and is treated in a sewage treat-—
tightened, as it became obvious that the rainwater ) )
. ment plant together with the domestic and industrial
and sewage water overflow carried a pollutant load ) )
sewage waters (Fig. 3) before finally being dis-
harmful to natural waters.
charged. These technical regulations, published by

. . i the ATV in 1977 under the title "Design and structure
Thus, regulations were formulated to define a relation
of storm water overflow treatment in combined sewer
between the volume of surplus water (sewage and storm
systems" aim at using a system in which 90 % of the
water), mean low level flow of the natural water body
. ) ' i biologically degradable and sedimentable substances
and domestic and industrial sewage water volume, which . ,
) . are digcharged into and purified in a sewage treat-
would prevent any disadvantageous influence on natural L
ment ant.
water quality caused by combined systems (Fig. 2). P

, , . . . Usually, this is attained by constructing storm water
Extensive investigations on water flowing out of
) . overflow tanks in which an overflow starts only if
combined sewer overflow structures after rain events
_ ) , and when a critical unit area rainfall of 15 1/s-ha
showed, that especially at the beginning of the )
, . ) 1s exceeded. The critical unit area rainfall refers
overflow the pollution level is high, due to a '
. ] to the sealed surfaces in the area linked to the
rinsing effect, .
drainage system. In most cases tanks are designed to

take in the first, heavily polluted flush at the
beginning of a rainfall; they are either integrated
directly into the sewer system (Fig. 4} or by a
shunt-like construction, linked to the main sewer

system by special emtying systems (Fig. 5).
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For the design of serial overflow tanks guaranteeing
the drainage of larger areas, computer programs basing

on pollutant load models were developed.

Thus, it 1s guaranteed that rainwater treatment and
sewage treatment are regarded as one unit with

respecit to their influence on the natural waters.

In most of the federal states, compliance with these
technical regulations, leads to an exemption of the
tax for discharge of rainwater into the sewer system
introduced in 1981. Due to this tax break regulation,
in the southern and western parts of Germany most
investments for water quality protection concern

the construction of storm water overflow tanks
designed to adapt existing combined sewer systems

to the commonly accepted technical standards.

Around the Baltic Sea, sewer systems exist in the
central areas of the cities of Liibeck, Schieswig

and Flensburg. The remaining communities with more
than 2000 inhabitants possess separate sewer systems,
For those cities operating a combined sewer system,
concepts exist for either construction of storm water
overflow tanks or separation of rain and sewage waters,
Progress of these projects depends on the technical

and financial circumstances.

In small communities with less than 2000 inhabitants,
combined sewer systems prevail. Reguirements concerning
rain water treatment are fulfilled by constructing
sewage lagoons. In the West German part of the Baltic
Sea area, the sewage water of 90 % of all inhabitants
are discharged into central sewer systems and dealt

with in biclogical treatment plants.
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Where separate sewer systems are in use, rainwater
is discharged into the natural waters directly.
Purification steps, such as rainwater treatment
basins, are reguired only in case especially pro-
tected waters., As in the case of the storm water
overflow tanks, size and structure of rainwater
treatment basins are based on a critical unit

area rainfall of 15 1/s-ha, which takes care of

90 % of all storm water flow off events. The size
of the basins is based on an max.hydraulic surface
load of 9m3/m2ah.

Pollution of natural waters is similar when either
combined sewer systems with rainwater treatment or
separate sewers without treatment of rainwater are
applied. Thus, both drainage methods are considered
equally suitable.
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CONCENTRATION LIMITS FROM A TECHNICAL STANDPOINT

Professor Jan Rennerfelt
K-konsult, Stockholm

Sweden

The discharge of hazardous substances in an
industrial waste water can cause a number of
negative effects in the sewers and in the
treatment plants.

The most important of these effects are

o Corrosion of sewers, pumping stations and
treatment plants. Risk for explosion and fire.

o Disturbances in the physical, biological and
chemical treatment processes.

0 Disturbances in the stabilization and de-
watering of sludge and increase of toxic com-
ponents of the sludge leading to reduced
usability in agriculture.

o Detrimental impact on the ecosystem of the
receiving streams and lakes.

© Disturbances of the working environment for the
operation staff, health risks, nuisance and
inconvenience.

Swedish requirements governing the discharge of
hazardous substances from industries into muni-
cipal sewerage systems have been put together

in a list of limit values published by the Swedish
Water and Sewage Works Association, VAV.

The list specifies the maximum cconcentrations that
can be accepted at the connection point between
the industrial plant and municipal network with
regard to the effect on the sewers, and at the
inlet to the treatment plant with regard to the
treatment processes.

The technical reasons for selecting the limit
values will be presented in the following.
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Corrosion in the gewer system

A large part of the sewer system consists of con-
crete tubes, which can be damaged by acid water.
The pH of the water should therefore not be lower
than 6.5,

Some inorganic chemicals are also detrimental to
concrete. Sulphate (and thiosulphate) ions react
with the cement in the concrete and form compounds
with a high specific volume {ettringite). This
causes swelling and cracking of the concrete. The
critical limit is considered to be 300 mg/l SOg4
and above concentrations of 1 000 mg/l the reac-—
tion is more pronounced. In gravity sewers H2S in
the water can go into the air and then dissolve in
the humidity of the inner surface, where it is
oxidized to sulfuric acid that attacks the con-
crete.

Some ~saltg can cause the calcium in the concrete
to dissolve. Magnesium concentrations above 300
mg/1l and ammonium concentrations above 30 mg/1l can
cause concrete corrosion and must be avoided.

A system with plastic tubes is more resistant to
corrosion, but temperatures above 450 ghould be
avoided.
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Risks for explosion and health risks

Discharge of organic solvents should be limited as
they may cause explosions in sewers and pumping
stations and cause temporary and chronic injuries
in the operating personel.

Examples ©f such solvents are

Explosion Health risks Limit value

risks g/ m3
Hydrocarbons {alifatic)
and esthers
gasoline X X < 10
kerosene X X 10
"white spirit" X X 10
buthyl acetate etc X X 50
Hydrocarbons (aromatic)
bensene X should not occur
toluene X
Xylene x} total value 10
Chlorinated hydrocarbons
choloroform X should not occur
carbon tetrachloride X -
trichloroethylene X o=

The limit values for solvents have been set both
with regard to the risks in the sewerage system

and with regard to the effect on the treatment
process.
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Effects of industrial wastes on sewage treatment

Discharge of industrial wastes can result in many
different types of disturbances of the treatment
processes and make the sludge less suitable for
agricultural applications.

The discharge of large amounts of corganic sub-
stance during a short time may overload a biolo-
gical treatment, especially the aeration system if
it is not designed for high loads during a few
hours per day.

A large discharge of industrial wastes can result
in an unbalanced of organic compounds e.g.
carbohydrates. This can lead to growth of fila-
mentous bacteria and sludge bulking.

It is well known that certain inorganic compounds,
e.g. heavy metals, disturb the biological treat-
ment s Thé concentration of heavy metals from metal
finishing industries must therefore be llimited.

When assessing the impact of a certain discharge,
however, consideration should be given both to the
concentration and to the gquantities and ways of
discharge e.g. flow equalization.

The limit wvalues have been set after an extensive

survey of the litterature. The values for some of
the more important metals are given below.

Limit wvalue

g/m3
Chromium 2,0
Copper 1,0
Lead 1,0 the sum must not
Nickel 1,0 exceed 5 g/m3
Zink 2,0

In an earlier issue of the list of limit values
two different values for certain metals were
given. The lower value was set with respect to the
risk for high metal concentrations in the sludge
from the treatment plant.
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Problems with toc high metal concentrations have
however been uncommon so the lower limit values
with respect to the sludge have been omitted. The
values have been replaced with guidance values for
monthly means at the inlet to the treatment plant.

Guidance value
g/m3. Monthly mean

Zink 0,5

Copper 0,25
Lead 0,05
Chromium 0,03
Nickel 0,03
Cobalt 0,003
Cadmium 0,003
Mercury 0,001

Organic substances have been divided into three
groups with regard to their capacity for de-
composition in municipal treatment plants,
toxicity and risk of biological accumulation in
biological sludge and in the natural environment
(water recipient and soil). These groups comprise:

1 Treatable
II Treatable to a limited extent
III Non treatable

Treatable substances (Group I), i.e. easily de-
composed and with a low level of toxicity, can be
discharged to the municipal sewage system provided
their concentration in the wastewater is so low
that no danger can be anticipated. However, as was
mentioned earlier, one limiting factor may be the
capacity of the treatment plant in that the sub-
stances in question both increase the specific BOD
load and thereby affect the treatment efficiency
and also require oxygen when they are decomposed,
which may mean that the aerators cannot supply all
the oxygen that is needed. Other factors can also
be of a limiting nature, e.g. the volatility or
odour of the substances or the risk of explosion.
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The substances that are treatable to a limited
extent {(Group II}, i.e. which are decomposed
slowly and/or are toxic, are grouped into three
sub~groups where the substances in Sub-group a)
are least harmful and those in Sub-group c¢) most
harmful. The factor determining in which of the
sub-groups a-c the substance is placed is its
toxicity and volatility. If the substance is not
accumulated in the natural environment it can be
discharged to a limited extent provided it cannot
be expected to cause any damage.

Non-treatable substances (Group III) are such that
cannot be decomposed in the treatment plant and
which can be accumulated in biological sludge and
in the natural environment. These substances
should not be discharged to the municipal sewage
system.

Substances belonging to group I are e.g.

ethanol
urea

Substances belonging to group II

many aldehydes and ketones

many alcohols and esthers

turpentine, petroleum spirits, mineral
olil etc

Substances belonging to group III (should not be
discharged)

chlorinated hydrocarbons
many aromatic compounds

The limit values vary considerably for the diffe-
rent compounds and the reader is referred to the
list of limit values.

It is not possible to list all substances that
might be discharged from industries. The fact that
a substance is not included in the list does not
mean that is can be discharged freely into the
sewer.

Even if many of the limit values apply to the
concentration in the inlet of the treatment plant,
the requirements should also normally apply at the
connection point between the industrial plant. The
assumption cannot be made that a dilution always
will occur in the sewers. Exemption from this
requirement necessitates a closer examination of
the dilution conditions.
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LIMIT VALUES IN SPECIAL AGREEMENTS BETWEEN PFACTORIES AND ? - operational limitations
SEWAGE WORKS f; - wastewater control

M Yr486 Lundstrdm - pre-treatment control
r. Yrjo Lun

Helsinki City Water and Sewage Works ; - duty to inform water authorities
Finland i; ~ sludge disposal
1 ; - amount of heavy metals
BACKGROUND E

The operation of sewage works is controlled in E‘l 1

Finland by the water and health authorities. These HXERPLES

authorities set special quality demands for the 9 1.1

effluent from sewage treatment plants into the
recipient. Also other wastes from treatment plants,
mainly sludges, have special regulations and opera-
tional target wvalues.

Acids and Alkalies

Acids and alkalies can be discharged if the pH~
value is between

Sewage works have to achieve the aim goals and limit
values set. In order to fulfill the regulations,
sewage works impose such limit values on factory
wastewaters that there will be no problems at the
treatment plants. Sewage works can act in two ways:

6 11 (Helsinki)
& - 10 (other parts of Finland)

2.1.2
Organic Solvents Group 1

~ require the factory to operate in such a
way that the limit values are not

_ Very hazardous, not soluble in water
exceeded ; (diethylether, petrolether)

~ the factory pays a certain sum of money to - discharge prohibited

the sewage works, which takes care of the :
whole problem. f Loy
It can be said in general, that it is not possible ﬁ Hazardous, not soluble in water (toluene,
to get rid of harmfull substances by payment to the : xylene, cyclohexane)
sewage works if the substances cause treatment :

problems or problems in sludge disposal. B discharge mainly prohibited

- if it is not possible reasonably to
remove these from the wastewaters, their
total amount may not exceed 3 mg/l

If the factory produces wastewater that contains a
higher organic lcad, more suspended solids or a
hicgher nutrient load than normal sanitary waste-
water, the problem is most often solved by paying -
an extra fee to the sewage works. i Group 3

Non-flammable, not soluble in water {(dichlor-

5 ; methane, chloroform, carbon tetrachloride)
LIMIT VALUES IN SPECIAL AGREEMENTS ; - discharge prohibited

In general the requirements are fairly similar in
all of Finland. Naturally there are also .
differences, but these are due to earlier permits : : ;
with less strict goal levels. Most often the
regulations concern the following:
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Group 4

Flamnmable, soluble in water {alcohols)

- mainly no limits

Paisons, First Class

2.1.4
Heavy Metals

Discharge is prohibited in general. The only
exceptions are weak solutions as follows:

Cyanides, limit value 0,5 mg/l
Formaldehyde, limit value 50 mg/l
Phenols, limit value 10 mg/l

Discharge of unused reagents, for instance, is not

permitted even after dilution with water.

Because of the general trend in Finland that all
sewage works dispose of their sludges for useful

purposes, there are also recommendations for sludge?

disposal. The following 1imit wvalues for -heavy
metals are imposed when sludge is used for
agricultural purposes:

Substance Max. concentration
mg/kg TS
Cadmium (Cad) 390
Cobalt (Co) 100
Chromium (Cr) 1000
Copper {(Cu) 3000
Mercury (Hg) 25
Manganese (Mn) 3000
Lead (Pb) 1200
Nickel {Ni) 500
Zinc {(Zn) 5000

Maximum amount of cadmium is 100 g/hectare
every five years.

The following table gives the concentration limits

and maximum loads for heavy metals set down in

agreements between plating plants and the Helsinki

City Water and Sewage Works:

i ATHITY

-5

Substance Concentration
mg/l

Zn
Cr
Ni
Cu
Pb
Ccd
Hg

OO D e (N
L) L) BN W)

LI T

OO
e

Leoad

g/d
300...500
100...300

50...100
160...300
100...200
0,5...1
G,5...1
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THE CONDITIONS FOR INDUSTRIAL EFFLUENT DISCHARGES TOC THE
MUNICIPAL SEWERAGE SYSTEM

Loigu E., L&&ne A,., Kriis T.
USSR

The industrial waste waters of an urban area are Jjolntly
treated with municipal sewage waters. The operation of
the municipal sewage treatment plant depends substantial-
ly on the guality and quantity of industrial waste water
conducted to the treatment plant for joint treatment and
drainage., In order to guarantee the normal run of the
plant a number of normative documents have been worked
out /1, 2/ regulating the discharge of industrial
effluents to the municipal sewer network, Detalled
reguirements for individual industrial enterprises have
been elaborated on the grounds of these documents by the
local bodies of Water Supply and Sewage Management, The
local requirements are coordinated with the institutions
for the regulation of water utilisation and water con-
servation under the USSR Ministry of Land Reclamation and
Water Conservation and the Ministry of Fisheries and are
confirmed by local municipal authorities. Control over
the implementation of obligations is exercised by Water

Supply and Sewerage Management authorities.

The discharges of industrial effluents to municipal sewer
network have to meet both general and specific reguire-

ments. The general reguirements are viewed below.

1. Industrial effluents may be discharged to municipal
sewer network in case if they do not affect the operation
of the sewer system or 1ts separate structures; provide

the safety of their operation and after joint treatment
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with municipal - domestic sewage satisfy the requirements
and standards of "The rules for protection of surface

waters from pollution by sewage waters".

2, It is prohibited to discharge to municipal sewerage
system industrial waste waters containing substances,
which could obstruct the pipes, wells, screens or deposit
on pipe walls, wells and screens (cinder, lime, gypsum,
metallic chip, etc); substances impairing the materials
of pipes and elements of sewerage installation; harmful
substances which could hinder the biological treatment
process of waste waters; harmful bacterial contaminants;
insoluble o0il, resin, fuel o0il; biologically heavily
oxidizable Substances; biologically "“hard" SAA
{surface~active agents); suspended and volatile solids
the concentration of which exceeds 500 mg/l; substances
for which limiting permissible concentrations (LPC) have
not been established in the water bodies used for

drinking - domestic, recreational and fishing purposes.

3. It is prohibited to discharge to the municipal
sewerage system of acids, combustible impurities, toxic
and soluble gaseous substances (in particular solvents:
petrol, diethyl ether, benzene etc) which may constitute
in the sewer network and installations toxic gases
(hydrogen sulphide, carbon bisulphide, carbon monooxide,
hydrocyanic acid, vapours of heavily volatile aromatic
hydrocarbons and others).

4. It is prohibited to discharge into municipal sewerage
system sewage waters the composition of which could rise
the amount of pollutants of the receiving waterbody above
the permissible amounts; industrial waste waters with the
temperature above 40°C pH being below 6.5 or over 9, COD
2.5 times higher Ehan BODs or 1.5 times higher of the
BODtotr concentrated mother and still liquor,
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The permissible concentrations of pollutants in industri-
al waste waters are calculated by the bodies of Water

Supply and Sewerage Management according to the following

scheme.,

1. The amount of pollutants in the treated effluents
discharged to the waterbody is determined according to
vrthe rules for protection of surface waters from pollu-
tion by sewage waters" and approved by water conservation
bodies of the USSR Ministry of Land Reclamation and Water

Conservation and the Ministry of Fisheries.

2. The maximum content of pollutants in municipal sewage
waters subject to treatment are determined with regard to
the treatment efficiency. If municipal sewage water is
treated by biological methods the maximum permissible
concentration of pollutants must not exceed concentration

1imits announced for biological treatment of waste

waters.

3., The concentration of pollutants in industrial
effluents is determined with regard to the dilution
degree of industrial and municipal waters and so as not
to exceed the concentration of mixed waters allowed to
enter the municipal treatment unit, In cases if the
enterprise has its own treatment plant for removal of
specific pollutants (petroleum hydrocarbons, heavy
metals, etc) the degree of treatment of industrial wastes
is determined on the account of the possibilities of

these plants.

The industrial enterprises are obliged to control
regularly the guantities and gualitative content of
industrial waste waters discharged to the municipal
sewerage system., The content of waste waters is analysed
in the laboratory and the guantity of discharged waste
water measured in the control well. Industrial waste

[ s

water, as a rule, should be conveyed to the municipal
sewerage system by separate outlets connected with
control wells located outside the territory of the

enterprise.

Returns about the volume, guantitative content, the
regime of waste water discharge to the municipal sewerage
system are to be delivered systematically to the bodies

of Water Supply and Sewerage Management.

The calculated concentrations of pollutants in industrial
effluents from Tallinn are brought as an example. The
municipal discharges from Tallinn amounts to 370 OOOHP
per day and are converted by deep sea outlets to the
Tallinn Bay to the depth of 25 m. The dilution degree at
a distance of 250 m, the radius of the protection zone
for fishery,is 65. The dilution degree considering the
LPC for fishery, the permissible concentration of several

pollutants in treated effluents are presented in Table 1.

Table 1, Permissible concentrations of pollutants in

treated effluents discharged from Tallinn.

Pollutant LPC mg/1 Background LPC after
for fishery concentration treatment,
in Tallinn Bay mg/1

— —— —
o

Chromium 0.001 - 0.065
Copper 0.005 - 0.325
Iyon 0.05 - 3.250
Zinc 0.05 0.02 1.970
Nickel 0.01 - 0.650
Cadmium 0.01 0.0004 0.610
Lead 0.01 0.006 0.270
Mercury 0.001 0.0001 0.059
Arsenic 0.01 - 0.650
Phosphorus TOT P 0.1 0.027 4.770




The calculated concentration of pollutants in municipal
sewage waters conveyed to treatment is determined with
regard to the treatment efficiency of the plant. When
biological treatment is used it is necessary to compare

the obtained figures with normative concentrations of
pollutants announced for biological purification. The

smallest values are the limiting ones.

Table 2 presents the caleulation results of concentration
of pollutants in industrial effluents allowed to

discharge to municipal sewerage system.

Table 2. Permissible concentrations of pollutants in

industrial effluents allowed to discharge to the sewerage

system of Tallinn.

LPC in
Follurant 2???2T2§2y gziggi352iion iﬁgliggcal industrial
of the in municipal treatment efflgents
plant sewerage at dilution
systems degree 2:2
% mg /L ng/1 mg /1
Chromium 80 8 2.5 5.59
Chromium 80 0.325 0.1 0.22
Copper 80 1.625 0.5 1.10
Iron 80 16.250 5.0 11.00
Zinc 70 6.560 1.0 2.20
Nickel 50 1.300 0.5 1.10
Cadmium 60 1.525 0.1 0.22
Lead 50 0.540 0.1 0.22
Mercury 60 0.118 0.005 0.01
Arsenic 50 1.300 0.1 0.22
Phosphorus 50 9,54 - 21.00
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As seen from Table 2 the calculated concentrations of
pollutants in municipal discharges are substantially
higher of the limiting permissible concentrations
announced for bicleogical treatment. The determination of
the permissible concentration for industrial enterprises
is based on the limiting permissible concentrations of
waters allowed to enter biological treatment facilities.
As the permissible concentrations of pollutants for
industrial waters are in correlation with municipal and
industrial effluent ratio, which are different for

separate towns no uniform standards have been set within
the Soviet Union.

The calculatéd concentrations of pollutants, however,
cannot always be met by enterprises discharging their
effluents to the municipal sewerage system. To these
belong the enterprises with electroplating workshops,

which are the main sources of heavy metal pollution,.

At the sewage treatment plant of the electroplating
workshop special measurements were carried out by means
of an automatic system "San-2" worked out at the Raltic
Branch of the Institute of Applied Geophysics. The system
enables to monitor simultancusly 7 parameters at a time
interval from one to 60 minutes. During the 26 day
experiment the measurements of pH were made with the
frequency of 5 minutes., The aim of experiment was to
determine the optimal frequency for monitoring quanti-
tative parameters of treated effluents having a relation-
ship with pH. The comparison of measurement results with
the technical operation cycle of the workshop and the
local sewage treatment plant have revealed that the
optimal frequency of measurements is an hour. The results

of averaged measurements are presented in Table 3,
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The average value of pH calculated on the basis of the
table data was 7.16. The 136 measurements showed lower
and one measurement higher values than the permissible
ones. This is an indication of the unsatisfactory
operation of the local sewage treatment plant and the
workshop has to pay a fine to the Water Supply and
Sewerage Management. The operation of the sewage treat-
ment plant has been repaired and the pH of effluents is

permanently between 6.5 and 9.0.

Table 3. The dynamics of acidity of treated effluents

from electroplating workshops.

X;[pH] 0-  2.0- 2.5~ 3.0- 3 5- 4,0-  4.5-
2.0 2.5 3.0 3.5 4.0 4.5 5.0
mi 2 11 4 7 6 10 8

Pi¥* 0.003 0.,00t7 0,006 0.011% 0,009 0.016 0.013

5.0- 5.%- 6,0- 6.5~ 7.,0- 7.5- 8.0- 8.5~ 9.0-
5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 .5

9 10 11 12 13 14 15 16 17

26 29 35 61 227 147 48 6 1
0.041 0.046 0.056 0.098 0.363 0.235 0.076 0.009 0.001

16
S m, = 626 g;é p* = 1

The permissible concentration of heavy metals in
effluents treated at local treatment plants may be
determined from Table 4, if measurement are not carried

out,
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Table 4. The metal removal efficiency by various treat-—
ment methods.

Treatment method Treatment Residual concentration
efficiency of heavy metals in
% treated effluents mg/l
at initial concentration
of 50 mg/1
Reagent treatment 80-95 2.5 - 10
Adsorption by carbon 90-98 1 - 5
Ion exchange 80-92 4 - 10
Reversed osmosis 65-95 2.5 - 17.5
Electrodialyse 60-80 10 - 20
Distillation : 90-~-98 1 - 5

As seen from Table 4 the concentration of heavy metals in
treated effluents at an initial concentration of 50 mg/1
varies from 1 to 20 mg/l, depending on the treatment
method used. The calculated concentrations presented in
Table 4 are higher of those shown in Table 2, The
authorities issuing permits for industrial effluent
discharges may raise the calculated concentrations 2-3
times, but it must be taken into consideration that the
averaged concentrations of municipal and industrial
effluents should not exceed normative values.

Table 5 presents the permissible concentrations of heavy

metals for effluents treated at local sewerage treatment
plants.
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Table 5, Permissible concentrations of heavy metals in TRACING AND SUPERVISION OF POLLUTANT SOURCES
industrial effluents discharged to the municipal sewerage

system after local treatment. Mr. Torsten Palmgren

RKéppalafdrbundet
Sweden
Pollutant LPC for untreated LPC for effluents
effluents discharged treated at local
to municipal sewerage treatment plants :
system ; Abstract
mg/1 mg/1 | T
Chromium 5.29 16.50 j Wastewater treatment works are mainly built to take care of wastewater
Chromiuam 0.22 0.66 : from hcuseholds., The processes are designed to remove organic
Copper 1.10 3,30 % materials, suspended solids and, at least in Sweden, phosphorus. These
Tron 11.0 33.00 substances are so called treatable pollutants. Nontreatable poliutants,
72inc 2.20 6.60 ? - for example. heavy metals, nondegradable organic substances, toxic
Nickel 1.10 3.30 f materials and so forth, are not to be discharged into the sewer system,
Cadmiumn 0.22 0.66 : The main object for an findustrial supervisory group are to keep
Lead 0.22 0.66 nontreatable polutants on as a Tow level as possible in the wastewater
Mercury 0.01 0.03 that are to be treated in the wastewater plant.
Arsenic 0.22 0.66

The problem of what to do with the produced sludge has been intensively
discussed in Sweden recently. We in the ®"business" have during a long
Tength of time tried to produce a sludge that are well fitted to be

An identical system for issuing of permits for industrial
effluents to be conveyed to the municipal sewerage system spread on arable Tand.

eXists in the whole Soviet Union. Specific reguirements
For that purpose the tracing and supervision of industry discharges are

essential. We think we have succided rather well during the Tast decade
and the discharges of nontreatable pollutants from industries are now
on a relatively low level. But neither we nor the farmers organisaticns
are completly satisfied with the quality of the siudge.

for discharges of industrial waste waters to municipal
sewerage system are different and depend on discharge
conditions of treated municipal waste waters to the

water-body and also from the relationship between the

industrial and municipal effluents,

Industry supervision are still important but the use of hazardous
materials in households and elsewhere in the community are more and
more becoming a substancial source of nontreatable pollutants that
still end up in the sludge or are discharged into the recipient. For
example the cadmium content in the sludge are now on a level that
approaches the background Tevel which are found in excrement from
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Introduction

puring the seventies great efforts have been made, from among others
the waste water treatment works in Sweden, to control industrial
outlets of nontreatable pollutants to the sewer systems. These efforts
have been rather succesful as regards to the pollutants that have been

measured, that is some heavy metals, PCB and DDT.

The aim has been to keep the concentration of the mentioned substances
in the sludge under a certain level set by the authorities. Almost all
treatment plants have today a sludge that meet now existing demands.

There are today in Sweden discussions about Towering the 1imit
concentrations for heavy metal as regards to land spreading. The major
part of the produced sludge is 1in Sweden spread on arable land.

The main efforts in controliing outlets of nontreatable pollutants have
been done in order to improve sludge quality. Nontreatable pollutants
often have other detrimental effects on the running of a treatment

plant, for example toxic effects.

1 will in this paper deal with tracing and supervision of substances
that can have a detrimental effect on the processes in the treatment
plant or pollute the sludge. 1 will give examples of how we in the
Stockholm region have tried to trace and control some important
pollutants. But before I do that I will show the different routes by
which a pollutant can enter a sewer system. Figure 1 gives a schematic

picture of this.

Important sources of nontreatable poliutants are not just industries.
Many substances have their main sources in corrosion, households, storm
water etc. That goes for both inorganic and organic polTutants.
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Tracing, general

The first step in controlling a pollutant is of course to try to track
down the main scurces. This can be done mainiy in two ways namely,
tracing in the sewerage or by direct contact with suspected sources for
example 1industries with the knowledge of processes in different
branches of industry as a background. Both ways are laborious, specialy
in big cities with a great number of industries like the Stockholm
area. One can calculate that there are perhaps up to 4.000 industry
plants of different kinds and sizes in this region that can have
outlets to the sewerage of some significance.

Tracing in the sewerage by taking out samples requires sofisticated and
expensive equipment. In many cases it 1s necessary to use battery
driven equipment, sampler and preferably flow meters. Because of the
rather low capacity of the battery used one must charge this almost

every day.

Running problems are common. Clogging occurs frequently when taking
out samples from raw waste water. If one has multiple sampling points
then it can be very difficult to make the samplers run simultancusly
with no clogging or other problems for a Tonger period. It is a tedious
and frustrating work and the automatic sampler does not feel that
automatic any more. One is almost forced to sit beside it and control
it all the time. If equipment connected to the electric net can be used
the situation is improved and the need for supervision is decreased. In
pumping stations for example sampling is more easily operated and one
has the oppurtunity to let the running time of the pumps influence the
sampling rate, that is, one gets flow proportional sampling.

Tracing pollutants in a sewer system by just taking ocut grab samples
manually 1is mainly feasible if one Tooks for a substance that is
present all the time. For example a leaking oil tank can be traced in
this way. Otherwise the only answer a grab sample gives 1is &
qualitative confirmation that the observed substance exists in the

sewer at that point at that time.

7 days averages concecutivly
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In big sewer systems with both households and industry connected the
concentration and amount of a given pollutant are fluctuating a great
deal. Figure 2 shows the Fluctuation of the amount of chromium in the

inlets of two wastewater treatment plants in stockholm. The two lines

represent consecutive seven days averages. As you can see the guota

between the highest and lowest value is over 10. Therefore, it is not

enough to take out samples during a short time, say a week if one would

like to trace major sources oOr if one is examining the general flow of

a pollutant. We have in Stockholm carried out examinations for periods
of several months. This kind of examinations fis very expensive in

labor, equipment as well as analysis.
Another conclusion one can draw from examinations of that lenght is

that a substantial part of the amount of heavy metals in the incoming
coming during few instances

For cadmium, chromium and

water to the wastewater treatment plant is
in high concentrations, so called dumpings.
nickel between 20 and 40 percent of the total amount during 3 months
was "dumped", that js these metals occurred in the inlet water in less

than five instances and each instance was just 2 few hours.

Tracing by setting up an jndustry register of known industries fis

in order to control nontreatable pollutant outlets. Often
is harmful to the waste water

necessary
sndustry personnel does not know what
treatment plant. A dialog with the people in charge where the persons
from the treatment plant explain their point of view is often a very
of small industries. I
tal and almost

effective control measure, specially in the case
will later show a case where the innocence was monumen

unbelievable.

To find industries of interest to the personnel of the treatment plant

can raise problems. We have learnd that the telephone book 1is an

offective information source as regards to small industries. Perhaps
industries do not want to be so well known by, for exampie, tax
but they must have a telephone in order to stay in

small
authorities,
business.

B

~H 1 -

To i i
keep an industry register up to date is a personal demanding task

but it i . .
ut it is a necessity. Registers of small industries more then five
years old tend to be of no use.

Lead

y . .

1ethave in Stockholm during 1981 analysed the lead content in a storm
w? er sewer during rain fall and at the same time in a pumping station
with combined and separate sewer nets connected.

R i » . + ]
esults from this investigation show that the lead concentration in

storm water is much hi cr te 4
gher than it
result. is in waste water. Table 1 shows the

Table 1

Content of lead mg/m’
dry weather 35

waste water
rainy days 55

storm water 120

Though the amount of storm water through the pumping statio
corresponds to only 5% lead from storm water corresponds to rou h1n
15% of the total amount during both dry and wet weather. The 1nf1u:ncz
of storm water 1in the waste water 1is confirmed by the higher
concentration of lead durig rainy days. The main source for 1eaj in
storm water is no ‘doubt the use of Tlead containin petrol in
automobiles. Another source is probably refuse combustion.

i

A7317TY
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Our estimations concerning lead outlets to the sewer system in
Stockholm area are that the three possible origins for a pollutant
household and storm water contributes with one third each.

In Sweden restrictions concerning the lead content in petrol have been

~ and stricter since the middie of the seventies. The effect of
se of the lead content ' industry,
Controlling the ltead outlets to the sewer system can only be done to a

significant degree by controlling the use of lead in society as a
whole., The use of lead in petrol is most probably stopped in the near
future. Lead from refuse combustion will also be reduced in the near
future by the better air cleaning devices that are being implemented.

stricte
these restrictions are clearly seen in the decrea

in the digested studge from the treatment plants.

mg/kg dry solid

150 -¢-
Industry outlets to the wastewater plant can be and will be reduced by
a better separation of waste water streams containing treatable and
nontreatable pollutants within the industry plants.
Streams. with nontreatable pollutants should not be Jlead to the
treatment plant.

100 -+

Cadmium

Also the content of cadmium has been decreasing substantially in
digested sludge in the Stockholm region during the past decade. Figure
4 shows this fact for Kdppala waste water treatment plant.

L~
mg/kg dry solid

~ ;
’1/’ ) vear : .
‘ : l ' : Timit vaiue

76 78 80 82 84 86 10
Figure 3 Concentration of lead in digested sludye. Kdppala sewage treat-
ment plant.
Figure 3 shows this decrease for Kappala treatment plant. As 1 see it
there is no other single more importent factor that has affected lead
content in sludge than lead in petrol. Industry discharges are, 1 _
s and middle : 5 cadmium

believe, roughly the same between the middle seventie

eighties.

At least that goes for the Stockholm area. Few industries in this area
have lead in their waste water. As far as I know no One of those has

made any big changes in their handling of lead. _ |

year

76 78 30 82 84 85
|

Fiqure 4 Concentration of cadmium in digested siudae, Kidpnele sewaae treat-
ment plant.
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In the beginning of the seventies several metal finishing industries

used cadmium. Most of them stopped using cadmium in the middle and in

the end of the seventies. During this period the cadmium concentration

dropped from top valuas of over 30 mg/kg dry solid in digested sTudge
from some of the Stockholm treatment plants to just under 10. During

the eighties the decrease continued and the concentration in sludge

from Kippala as one can Ssee in figur 4 is now around 2,5 mg/kg dry

solid.

The decrease during the eighties can not be explained by industry
efforts, but by efforts made from society as a whole. The only point
source in Kdppala sewage system that 1 know of is refuse dump sites.
There are five dump sites connected to the Kippala system in use today.
Their cadmium outlets contributes roughly to 10% of the total amount of

cadmium in the inlet water.

ce for cadmium in the inlet waters of StockhoTms all
This source was probably even
certain application
But tﬁe authorities

A substantial sour
treatment plants is refuse combustion.
bigger before the prohibition to use cadmium in
was introduced in the beginning of the eighties.
have not yet taken care of one item that still is being burnt and
contains a big amount of cadmium. That ditem is batteries. The
not a complete control over the use of mercury and
The matter has been discussed
activities on a

authorities have
cadmium containing batteries in -Sweden.

during the Tlast ten yares and some battery collection
I estimate that between 20 and 30% of the

e treatment plants with storm water

free base have been tried.
amount of cadmium are brought to th

and a major source of that cadmium
n not control the batteries better air cleaning at the
e and

js refuse combustion. If the

authorities ca
refuse combustion plants are the only hope to eliminate this sourc

further lower the cadmium content in digested sludge.

The cadmium concentration in sludge is, however now near the background

level that one would find in human excrements with no direct influence
of other sources. In one examination the concentration in digested

human excrements was found to be 1,5 - 1,7 mg/kg dry solid.
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Petroleum products

OTe continuous source of petroleum products are easy to point out in a
city. Car washes and garages are important contributors of these
products to the sewer., In the Stockholm region their are roughly 200
petrol stations with car wash or some other kind of service and at
?east 1.000 garages. Tracing these different kinds of service stations
is easiest done by looking in telephone books.

Earilier the garages had to pay an authorized collector to get rid of
their spent motoroil. This lead to some illegal activities where part
of the spent oil was dumped in the sewer. Now spent motor oil is paid
for and this p%pblem has stopped. Some spill still occur in the garages
and service stations which are flushed out in the sewer during cleaning
uploperatjons. Still the main source of petroleum product outlet from
this kind of plants is car washing with degreasing agents. The waste
water from car washing and other activities whithin servicestations fis
normally led to the public sewers through some kind of o0il separator.

A condition for the separator to work is that the degreasing agent does
not create a stable emulsion with the grease and oil that are washed
away from the cars. We have in Sweden a regutation that imply a Tongest
separation time of two hours. After that time the concentration of
petroleum products in the waste water should be under 100 mg/1. fhis
means that the o011 separator should have a retention time at highest
flow of at least two hours.

We have in Stockholm made a thorough survey of the servicestations and
bigger garages as regards to their oil separators. We compared the
accual dimension of the oil separator with the highest Toad measured
in m*/h. In this survey we found that out of about 170 plants roughly
half of them had underdimensioned separators. We insisted that the
underdimensioned separators either were replaced with bigger ones or
that the activity at the service station was altered in order to lower
the flow to a suitable level.

During a period of three to four years measures at the service stations
were taken. Now all of the examined plants have acceptabe instaliations
as regards to their sewer systems. The outlet water from the oil
separators have also been examined during the last years by sampling
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and analysing the oil content. The results are promising. With oil

enough, good care and with the right degreasing a?ents,
The concentration of

ch 1 think is a

separators big
the quality of the purified water fis acceptable.

petroleum products often is around 10 to 20 mg/l whi
good result. The investigation of the outlet waters often were

conducted without the owner of the service station knowing it 1n

advance.

The normal investment for a new 0il separator of ordinary size Wwas

around 100,000 SEK.

The mercury incident

I would like to finish this survey by reporting "the mercury incident

which started in the autumn 1684 and finished in the summer 1985.

We recognized in the autumn 1984 that something was going on when the

mercury concentration in the digested sludge from one of Stockholms

treatment plants slowly increased. By the end of that year the
doubled. This means an increase with about 60 kg/year
of mercury. In the begihning of 1985 the situation began to be
critical. The concentration was reaching the 1imit value Tor arabie
land spreading. The tracing of the mercury Source began. This was done
in two ways. Figur & shoes & schematic picture of the sewer system
connected to the treatment plant. Tracing by taking out samples was
his system from the plant and down into the system.

concentration had

carried out in t

HAIN SEWER

;. LochL BUMPING
A SEWER NET 7 STATION

a W

Figure 5 Schematic map of Stockholm
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We discovered from the analyses of taken samples that the "extra"
mercury occured intermittent. This made the tracing even harder. It was
sometimes more than a week between each instance, In each cross point
we therefore had to be persistant and go on taking samples for weeks.
During a coupie of months we had succeded in getting nearer and nearer
the source further and further out into the system. Simultanocusly with
the investigations in the sewer system we used our knowledge of known
and suspected mercury sources. Among other things we used a register of
firms which had reported mercury as hazardous waste. We called several
firms asking them how they dealt with their mercury waste. One of these
firms told us that one for us unknown firm purified metalic mercury
wastes. This firm was Tocated in the same area which we had pointed out
in our sewer system tracing.

We could at this point just contact the suspected firm, six months
after the beginning of the dintensified investigation, and get our

suspicions confirmed.

It was a small firm with Jjust a couple of employees. Among other
activities they purified metalic mercury for instrumental and medical
use. The amount per year was about 1.000 kg.

The purification process was made batch wise. A certain amount of
mercury was filtered through a filter paper and was then mixed with a
mixture of sulphuric acid and nitric acid. Mercury is soluble to some
degree in nitric acid but not in sulphuric acid. The spent acid mixture
was dumped 1into the sewer whithout even neutralisation which the
manager confessed without any hesitation. I don’t think he had realy
understood the concequences of hig behaviour. He was very surprised
when we told him the rather drastic consequenses, that is, jeopardizing
Stockhoims whole sludge handling. Millions of swedish crowns was at
stake if the sludge spreading was forced to be stopped.

This incident puts the spot Tights on two things. First the problem of
tracing a pollution gource and the costs involved and secondly the
impact a small firm can create by handling hazardous wastes improperly.
The tracing costs was estimated to roughly 100.000 SEK. Part of this
cost the firm was forced tc pay.
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Final remarks

I have in this paper tried to show that pollution control is not only
an industrial issue. For some pollutants industrial outlets are tbe
major source, but 1 think that for many nontreatable pollutants, tﬁ;s
is not the case. As far as industry outlets are concerned 1 would 1ike
to say that we have the situation under control. We have the tool; to
stop most of the more significant outlets or at least w? could have
them decreased to an acceptable level. It will take some time ané ? Tot
of work but with the help of the environmental protection authorities

it is possible.

There are some point sources 1 see as a problem. One of thém is dump
sites, old ones or running Ones. A1l of them leak. The drainage from
dump sites contains not only organic substances to a degree t:zt
justifies them to be treated in public treatment plants. But The
drainage also contains, among other poisons heav* metals. e
concentration is very low but the enormous amount of drainage makes the
amount in kg/year large. Other solutions for this kind of waste waters

are perhaps necessary.

Other outlets or inputs into our systems that we have no O7 11tt;e
influence over are waste waters from households and storm-water. The
only thing we can do is to try to trace the sources and point them out

to the authorities concerned.

This 1 have tried to do in this paper. I have as an example showed th?
impact which the cadmium prohibition and the decrease of lead in petro
has had on the concentrations of these substances in digested sludge.

We have at least in Sweden one source of heavy metals within our
plants. The demand on phosphorous reduction fcrce us to h?si
precipitation chemicals. Even 1if we use a cﬁem1ca1 -of ve:f 139
quality, which we do, the amount we use of this chemical makes

contribution from this source of some heavy metals substantial.

The only way to have a digested sludge and & recipient of good quality
is to control societies use of poisons and 1 mean society as a whole.

— 50—~

PROBLEMS WITH TEXTILE WASTEWATER DISCHARGE

Pentti Rantala, M.Sc.
Tampere Univeristy of Technology
P.0. Box 527, SF-33101 Tampere, FINLAND

ABSTRACT

The general character of textile industry wastewaters is
briefly discussed. General guidelines and practice in Finland
when discharging textile industry wastewaters to municipal
sewer systems is described. A survey revealed that most
municipalities experience some problems due to textile
industry wastewaters. Pretreatment is not always practiced
and in’ some cases pretreatment is not operated efficiently.

INTRODUCTION

Textile industry covers a vide range of industrial activities.
An individusal factory can be a scurce of severe environmental
problems or almost harmless tc the environment. Some are pro-
ducing tens of thousand cubicmeters of wastewater which can be
toxic or otherwise very harmful while some have only sanitary
wastewaters, This makes it very difficult to deal with the
textile industry as cne field giving certain type of wastewater
problems to be solved in a routine manner. On the contrary each
factory is to some extent an individual case and very often
great effort should be paid on thorough investigations to
chracterize the wastewater and its treatment possibilities.
This can be done by studying water palance of the process,
chemicals used and level o¢f housekeeping and management of
waters. Some laboratory or pilot scale experiments could give

valuable information for decision making in solving wastewater
problens, ’

Combining textile industry wastewaters with municipal waste-
waters is a very common solution especially in the case of small
factories., Combined treatment is in general environmentally

and economically the best solution., Very often pretreatment is

needed and operational problems at the treatment plant may
occure,

In Finland there are no special conditions established to join
textile wastewaters to municipal sewers but general conditions
for combining industrial and municipal wastewaters are followed.
In a number of cases some special conditions have been added to
the agreement between the municipality and textile factory. /1/
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CHARACTER OF TEXTILE WASTEWATERS

Textlile industry wastewaters can be described beeing very colour-
ful, having fairly high suspended and dissolved solids content,
reasonablie concentration of biodegradable matter and nutrients,
Concentration of oil, ammonia, metals, phenols, sulfates and
chlorides as well as excessive alkalinity can cause problems in
wastewater treatment. Wastewater 1s at least occasionally toxice,
pH may vary dramatically and temperature can be quite high /2/.

Textile industry can be divided based on raw materials into three
different fields /3/, Figure 1. Textile factories have often
several different departments of figure 1 but some factories have
only one of the activities (e.g. finnishing, knitting, etc.)

There are plenty of different chemicals and raw materials in use
in textile industry. During the process new combinations can be
formed. All this makes it very difficult to characterize the
wastewater based on used raw materials. There has been some
attempts to characterize the wastewater more in details regarding

tensides, carriers and some finnishing chemicals /4/, but analyticai:
problems were difficult to solve. Therefore very reliable and usefuli

results were not reached, In the Scandinavian study /4/ it was
concluded that nermally textile wastewaters should not be harmful
for activated sludge process. In practice there are many cases
where textile industry wastewaters have caused operational problems
and decreased the treatment efficiency of activated sludge process
in combined treatment /1/. The reason for this may be high pH
variations which occur during accidental spils or unproper
operation of pretreatment facilities and unfavourable dilution
situation.

COMBINED TREATMENT

General guidelines used in Finland for discharging industrial
wastewaters to the municipal sewer system tries to protect both
network and the treatment process, sludge handling as well as
operators and resipient from harmful effects /5/. It is not
practical to give exact values for all compounds which can be
found in wastewaters to fulfil the above set general guidelines.
Therefore the principle is that wastewaters which are similar to
nermal municipal wastewater (BOD, 250-450 mg/l, total P 10-20
mg/l, total N 35-7C mg/l and SS ZOO—4OO mg/l) can be discharged
to the municipal system without pretreatment. A number of in-
organic and organic compounds as well as pH and temperature are
given guideline values at the point of discharge to the sewer or
at the treatment plant., Table 1 outlines some of tThese values.

-1~
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Table 1 General guidelines in Finland for discharging industrial
* wastewaters to municilpal sewer {some examples)

A, Fysical - chemical factors

i tion
H 6-10 at the point of connect .
iemperature max 35°C in the point of connection

B. Inorganic compounds

Compound Limit in mg/1l Comments
cd 0,0t x) 0,005 x) A4t treatment plant
’ 1 _
total Cr 8,2 x) 0,5 X) -
VI i -
?E Vo) 1,0 x) 0,2 X) - " -
Ni 1,0 x) 0,1 x) -
. nt
400 at connection poin
534 +N;203 + 503 o0 0 : t
A 2500 - -
CN 0,5 - -

C. Organic compounds

Mi al oils 50 at treatment plant
iner : "
Phenol + cresol gg -
Tensides

10 at connection point
CS2

imi i int of view and
Higher limit is set from proce§s_p01n ' '
*) lo%er 1imit from the sludge utilization point of view.

Toxics like pesticides, PCB, ete. cannot be discharged to
the municipal sewer.

These values should be kept as guide}ines and excep?iogit
can be made after careful consideration based on relev

information.
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The variation of flow and pH in textile wastewaters can be 50
high that only these factors make the pretreatment very important.
The quality of textile wastewaters must be well examined before
combining it with the municipal sewer. The most economical and
appropriate actions must be taken to ensure that textile waste-
waters do not give harmful effects to the municipal system. In
the case of new factory it is difficult to know exactly the
guality of wastewater in advance but it should be possible to
get good enough estimates. Production process and water balance
can be arranged with minor modifications and improvements in
instrumentation so that remarkable savings in water consumption
can be reached /4/. This is very important because it reduces
the wastewater charges and makes the pretreatment cheaper.
Re-use of process water after treatment inside the factory may
be a very economical solution in some cases but there have been
some technical drawbacks like increased biocactivity that may
limit the possibilities of this concept /&6/. In the case of
Finland re-use has not gained very strong interest since water
is well available and there is always a fear to get problems

in the quality of products if the factory is too closed /7/.

The selection of pretreatment process depends on the factory
itself, the wastewater treatment process which the municipality

is using and the loading from the factory compared to the load
of the municipality.

In a recent study a questionnaire was sent to some 50 munici-
palities in Finland. The questions were dealing with combined
treatment. The municipalifies were gselected so that in all of
them some industries were discharging wastewater to the municipal
sewer, In eight municipalities altogether fourteen textile
factories were connected to the municipal sewer /1/. Seven
factories involved dying process, four were laundries and three
other type of factories. In all cases some type of problems were
noticed by municipality in their wastewater system. Seven
factories did not have any pretreaitment. Only in one case the
textile industry wastewaters were specially taken into consgi-
deration during the design of the treatment plant of the muni-
cipality. In that case there were no pretreatment. Flow
variations and foam formation have caused problems in this

case but treatment process has been working satisfactorily.
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some results of Finnish Survey 1986 /1/

Table 2
pProportion of

Process Pretreatment totzl o @

12
Dying 4 i

2
Dying 1,3,3 2
Dying + othere 1,O 50
Fibre processlng 5
wool production 2,3 >
Laundry o 1
Laundry 5 45
Laundry 1 0
Laundry : o0
Dying + others e .
Dying + others 0 .
Dying + others 2 A
Dying + others

Problems

colourful,
effluent

pH, others
several
foaming e€tc.

minor probliems
"

several
several

X)

x)

x)

several,
very severe

i i lization,
: ization 2, guality equa : .
Pretreatments é' Eigt;iélzrease,removal, 4, Tlow equalization,

5. settling, ©. screening

which has
) Connected to one municipal wastewater treatment plant
x

experienced number of probliems. Part of these

problems are due

lant.
to other fields of industries connected to the same P

i i industr
T+ looks qulte obvious that if fhe proportlion of textile Y

) hed
wastewaters is high the problems faeed in co?zigi .
more severe than in the case where the propo

treatment are
f industrial

. ] teon
i textile industry was
i . Anyhow in the case where ' o
Waigiz ;Zdlggen tgken seriously inte account airz:gi 2§r2?%
ga ign the problems faced in operation heve no con B ers is
eie%e though the proportion of textile industry
se

high.

i1iti ted in very high efficiency.
+ facilities are not opera ety
ggitg§2;g§2 pH has beéen found to vary Very much though

zation has been one of the pretreatment processes.
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The development of peoples fashions has also influenced the waste-
water treatment. Two laundries have been washing new Jeans which
have been over dyed and the aim of the washing is to remove the
excess dye. In these cases the proportion of textile wastewater
has been gquite high and therefore for instance effluent from the
wastewater treatment plant has still been colourful. Cotton fibres
which are removed during the washing have also caused some problems
during the wastewater treatment. Slight toxicity indications have
been found as well but the reasons for these have not been clear,
One reason may have been the pH variations.

CONCLUSIONS

Combined treatment gives environmentally good and econcomically
Justified solution to solve the wastewater disposal problems of
textile industiry. The character of industrial wastewater must be
taken intd account on an individual basisg in the case of each
factory. Textile industry wastewaters can differ very much from
one factory to another even if the production processes are close
to each others, Pretreatment should be employed to avoid harmful
effects of industrial wastegs. Neutralization and flow equalization
are the mest important pretreatment methods but case by case other
processes should be involved according to the need., Internal
measures to reduce wastewater flow and lcading are very important

steps which each factory should seriously consider hefore Joining
to a municipal sewer,
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REDUCTION OF NITROGEN
Finnish state of the art

Markku Mikeld
National Board of Waters

Finland

ARSTRACT

1n Finland nitrogen has been considered of importance as a
1imiting growth factor in some coastal areas and heavily
polluted lakes. For the present, however, the usefulness
of nitrogen removal in municipal wastewater treatment has
not been clear enough and requirements concerning removal
of total nitrogen have not been set. The need for nitrogen
removal depends mainly on the local conditions. On the
coastal regions, nitrogen removal should be started first
in the biggest of those municipalities which are loading
the Gulf of Finland and the Archipelago Sea. The city of
Helsinki has to be prepared for nitrogen removal before

the end of the next decade.

The adverse effects of ammonia are apparent in many inland
water courses. In recent years reduction of ammonia nitrogen

in wastewater treatment has been required in some cases,

mainly in order to prevent oxygen depletion caused by nitri-
fication in receiving waters. Other important reasons for
ammonia reduction have been t+he adverse effects of ammonia
in water supply and the toxic effects of molecular ammonia

on fish.

In practice, ammonia removal has been performed by nitri~
fication in connection with the activated sludge process.
The choice of process combinations and design values have
always been pased on pilot plant oY full scale experiments.
In order to reach a sludge retention time long enough during
the cold season, the design values of sludge load have been
0.06-0.08 kg BOD4/kg MLSS-d in combined carbon oxidation

and nitrification processes. At new nitrification plants,
denitrification has been used for diminishing the operation

costs.

Ry Ry

1. INTRODUCTION

?he degree of municipal wastewater treatment has been
improved step by step. In Finland, phosphorus removal was
taken into practice during the 1970°s, when it was found
nec?ssary to prevent eutrofication of the receiving water
bodies, both inland waters and sea areas. Nitrification has
been required in some casges during the 1980°s, in order to
prevent oxygen depletion in receiving inland watercourses
to prevent the adverse effects of ammonia nitrogen in wat;r
supply or to prevent the toxic effects of molecular ammonia
?n fish. Efficient nitrification is, in addition to that, an
indicator of the high degree of biological decomposition'in

wastewater Atreatment The number o© nitrificat ants 1s
2 . b £ i ifi i i
. ion pl

i g.

At pres?nt, the question of nitrogen removal is actual.

No requirements concerning removal of total nitrogen have
s¢ far been set, because the need for nitrogen removal '
compared to the technical difficulties and costs of an
efficient removal has not been clear enocugh. However, it
seems that nitrogen removal should be commenced duri;g the

1990° i
s at some of the biggest treatment plants, especially
on the coastal area of the Gulf of Finland.

2. MUNICIPAL WASTEWATER TREATMENT

2.1 Treatment methods

s .
ewerage systems designed to serve more than 200 inhabitants
covered 3.5 million inhabitants which means 72 per cent of

the total population of Fi
inland, at the beginnin £
(Table 1). TR

In terms of wastewater flow and number of inhabitants, onl
liper cent of the total amount of municipal wastewate; wasy
dlécharged without centralized treatment. The share of mech-
anical-biological treatment (mainly stabilization ponds and
land filtration) was 1 per cent, the share of mechanical-
chemical treatment (direct precipitation) was 14 per cent

6 473177Y
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Table 1. Municipal wastewater treatment in sewage works
designed to serve more than 200 inhabitants

1.1.1985.

People served

Method Number of
treatm. plants 1000 inh. 3

No treatment - 33 0.9
Direct precipitation 56 479 13.6
Simultaneous prec. 395 2 662 75.4
Pre or post prec. 40 252 7.1
Other methods 88 106 3.0
Total 579 3 532 100.0

and the share of mechanical~biological~chemical treatment

(mainly simultaneous precipitation) was 84 per cent.

At present, there are about 400 simultaneous precipitation
plants, and about 40 pre or post precipitation plants,
treating 82 per cent of the total amount of municipal waste-
water. Almost all of these plants use activated sludge
method. The proportion of simultaneous precipitation is
increasing, even 1f most plants which use primary sedi-

mentation operate with partial pre-precipitation.

verrous sulphate is the main chemical used for phosphorus
removal in simultaneous precipitation. In direct and post-~

precipitation, the share of lime has decreased and the share

of aluminium and ferric salts has increased.

Treatment regquirements

Requirements for wastewater treatment are almost always

expressed as maximum allowable concentrations of BOD, and E

phosphorus in the effluent, and as the minimum allowable
percentage reduction of these parameters (Table 2). The
requirements refer to average results during a specified
time period (3, 6 oxr 12 months), including possible by-
passes and process disturbances. BOD5 values in the new

permit conditions refer to determinations that preclude
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nitrification with allylthiocurea (ATU) additive. In most

cases the use of allylthiourea means about 10 mg/l lower
values.

Table 2. Typical new requirements for municipal waste-
water treatment in Finland.

Treatment

method mg/?OD7ATU% 5gosphorus

mg %
Direct 6070 a
precipitation 60-70 1.0 85-90
Simultaneous 15-20 - .
precipitation 85-90 0.5-1.5  80-90
Pre or post 15
precipitation 90 0.5 90

When nitrification has been required, the maximum permitted
conc?ntration of ammonia nitrogen has been 4 mgN/l, with the
requirement for 80-90 per cent reduction. The reduction

calculation has to be based on total nitrogen concentration

in i i i
influent and ammonia nitrogen concentration in effluent.

Exceptional requirements are mainly based on special needs
or possibilities to protect the receiving water bodies. Sea

areas have not had significantly different requirements com-
pared with inland waters.

All discharge permits require an efficient plant operation

re . ;
gardless of numerical concentration or performance values

The city of Helsinki is now planning a new central treatment
plant for a pergon equivalent of roughly one million. Ac-
cording to the statement of the National Board of Waters the
effluent concentration]of the new plant should not exceed
15 mg/1l of BODypqy and 0.5 mg/l1 of phosphorus. In addition
to that Helsinki should be ready to start nitrogen removal

before the end of 1990°s.
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Treatment results

i ddi-

In 1984, the total efficiency of BODg (without ATU a ‘
tive) removal was 84 per cent, which corresponds approxl-
i al

mately with 90 per cent reduction of BODgpppy- The remov

i r
efficiencies of phosphorus and nitrogen were 87 and 34 pe

cent (Table 3).

iving waters
{cipal wastewater load tg the ;ece1v1 :
Table 3. igglE;EZtment efficiencies including overflows in
1984.
i Direct
Total Discharges .
discharges to the discharges
to waters inland to tbe
waters Baltic Sea
Wastewater flow, 71
miliion mg/a 571 300
People served, |58
gillion inhabitants, 3.53 1.95
The shares of different
treatment methods, per cent
1 1
No treatment % : :
BRiological v 2 k
Chemical . i ™ =
Biological-chemical
Waste load, t/a
9 240
18 600 9 360
BoD 5 200
BODpy oy (estimated) 10 000 4 800 200
E?:ﬁgggius 13 800 & 910 6 890
Reduction, per cent
81l
84 86
BOD o5
BODgA U (estimated) zg 2? 58
Phosphorus 5, o o
Nitrogen
Concentration mg/1l
34
33 31
BOD i
BOD (estimated) 18 16 Lo
SAEU 1.0 1.05 '5
Phospnorus 5 03 5

Nitrogen

.1

-81~
NEED FOR NITROGEN REMOVAL

Ef fects of nitrogen

The nutrient load to the Baltic Sea has increased consider~
ably as a result of human activities. At the same time

effects of excessive eutrophication have been observed.

In the inland waters of Finland, besides eutrophication,
ammonia nitrogen can seriously increase oxygen consumption
because of nitrification. Also it may have harmful effects
on water supply and fish.

On the basis of annual nitrogen and phosphorus c¢ycles, con-
centrations, and N/P-ratio in the surface water it can be
assumed, that phosphorus is the most limiting nutrient for
the phytoplankton production in the Bothnian Sea and

Bothnian Bay, whereas nitrogen might be the most important
factor in the Gulf of Finland.

In the Bothnian Bay phosphate is exhausted in summer, but
dissolved nitrogen concentration remains at a high level.
In the Gulf of Finland, where the concentrations of total
phosphorus and total nitrogen are high, dissolved nitrogen
is exhausted already early in summer, and phosphate con-
centration in summer is also low. However, the upwelling of
deep Baltic water in the Gulf of Finland occasicnally in-
creases the concentration of phosphate.

The total mass balances of phosphorus and nitrogen are hard
to work out. Especially, the proportion of nitrogen fixation
by blue-green algae, denitrification and sedimentation are
very difficult to measure. Estimations and predictions may
differ from each other greatly. In any case the discharge of
municipal wastewater to the Baltic Sea plays a significant
role as a source of phosphorus, even if some countries
already have an efficient phosphorus removal, whereas its

relative importance as a nitrogen source is smaller.
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Nitrogen load

i i nd in
nitrogen discharged to the gurface waters 1in Finla

i indi muni-
1980. According to these figures, direct and indirect

f total
cipal wastewater load covered roughly 17 per cent O

(0] =]

i i do not in-
from Finland to the Baltic Sea. The estimationsg

1 i ly to the
clude the airborne nutrient loads which fall dlre?t Y
tment the proportion of
e been 50 per cent and

n load 20 per cent.

sea. Without any wastewater trea
municipal phosphorus load would hav

the proportion of municipal nitroge

oad to the surface waters (without

Table 4. Phosphorus 1 ce o8O,

airborne discharges) in Finl

Total to
the Baltic®

To inland Direct to

)
the Baltic

watexrs

t/a t/a 2 t/a %
700 17

palities¥¥) 410 390 10
. © 16
?ggigtgglltl ° 430 340 8 . ggg Lo

Agriculture 1 400 3 340 o
Total by rivers L 700 .1

other load by rivers

4 100 100 4 100 100

Total

tiec and the estimated

i Ral
x) Consists of direct load to the BRa g

proportion of discharges into inland waters,
reaches the sea.

i in the
XX) mhe total removal efficiency of phosphozgi in
municipal treatment plants was 80 per C

873 -

Table 5. ©Nitrogen load to the surface waters (without
airborne discharges) in Finland in 1980.

To inland Direct to Total to

waters the Baltic the BalticX)
t/a t/a 2 t/a %
Municipalitieg¥X) 6 300 6 700 10 10 000 1
Industry 4 200 3 000 5 5 000 8
Agriculture 31 000 20 00O 31
Total by rivers 55 000 85
Other load by rivers 30 000 46
Total 65 000 100 65 000 100
x) “Consists of direct load to the Baltic and the
estimated proportion of discharges into inland waters,
which reaches the sea.
xx)

The total removal efficiency of nitrogen in the
municipal treatment plants was 31 per cent.

Need for nitrogen removal

Compared with the phosphorus removal, which is always

necessary, the need for nitrogen removal is not self-
evident.

As far as nitrogen compounds are concerned the removal of
ammonia nitrogen (nitrification) is the principal aim in

municipal wastewater treatment by inland watercourses.

In sea the main harm caused by nitrogen 1s eutrophication.
Also in those cases, where direct discharges are concerned

the need for nitrogen removal depends mainly on the local
conditions.

Taking into account the effects of nitrogen, the share of

municipal wastewater as a nitrogen source and the technical
and economical possibilities, it is evident that in Finland
nitrogen removal should be started first in the blggest of
those municipalities which are loading the Gulf of Finland

and the Archipelago Sea.
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primarily this concerns t+he Helsinki-Espoo district (about
800 000 inhabitants) on the coast of the Gulf of Finland and
the Turku district (about 200 000 inhabitants) on the coast

of the Archipelago Sea.

By improving the nitrogen removal efficiency in the treat-
ment plants of Helsinki and Espoo to a level of 70 per cent,
the direct load of municipal nitrogen from Finland to the
Gulf of Finland could drop from today’s level of 4 000 tN/a
to a level of 2 000 tN/a. This drop is 1.5-2 per cent of
the total nitrogen load to the gulf of Finland (Table 6).

1f in addition to Helsinki and Espoo, the nitrogen removal
efficiency in the Turku area were 70 per cent, the total
amount of municipal nitrogen discharged directly to the
Baltic Sea from Finland could drop from today s level of
7 000 tN/a to a level of 4 500 tN/a. In terms of yearly
weighted average values for the whole country this corre-

sponds with effluent concentration of 16 mg N/1 and treat-
ment efficiency of 55 per cent.
Table 6. Nutrient load to the Gulf of Finland in 1980-81

(Finnish-Soviet Working Group on the Protection
of the Gulf of Finland, report no 3/1984).

Phosphorus Nitrogen
t/a % t/a %
Direct municipal )
discharges from Finland® 210 3.5 3 800 3.2
Direct industrial
discharges from Finland 40 0.7 550 0.5
River discharges from Finland 620 10 12 000 10
Total discharges from USSR 4 700 78 80 000 67

Deposition from the atmosphere 400 7 24 000 20

Total 6 000 100 120 000 100

X) 1p 1984 the total removal efficiencies for phosphorus
and nitrogen were 85 and 26 per cent and the correspond-
ing loads 160 tP/a and 3 900 tN/a, respectively.

~85w
NITROGEN REMOVAL TECHNOLOGY

Methods

In order to achieve efficient nitrogen removal primarily
combinations of nitrification and denitrification pro-

cesses have to be considered.

In Finland there are so far no treatment plants especially
designed for the removal of total nitrogen, even 1f partial
denitrification has bheen performed mainly for saving oper-
ation costs of nitrification plants. In practice, only so
called on§~sludge systems with one or two tanks have been
used in-pilot and full scale plants. The DN-process has
been the most common application.

Removal of ammonia nitrogen has been required in some cases.
In practice, ammonia removal or oxidation has been performed
by nitrification in connection with the activated sludge
process and simultaneous precipitation of phosphorus. At

present, there are several nitrifying plants.

The first nitrifying plants in Finland were comparatively
small oxidation ditches. Efficient nitrification could be
carried out with a sludge load approximately 0.05 kg
BOD7/kg MLSS.d even at process temperature lower than
59C, especially if it was possible to maintain the dis-
solved oxygen profile on a suitable level for denitrifi-
cation and hence prevent an excessive alkalinity drop. In
those cases, in addition to nitrification, about a 50 per

cent reduction of total nitrogen could be reached as an

annual average.

The first plants designed especially for an efficient nitri-
fication were built in 1983 at Hyvinkdd and Riihim&ki. Both

are oxidation ditches for person-equivalents of roughly

35 000 and 50 000, respectively. Primary sedimentation tanks
are used for partial pre-precipitation together with simul-

taneous precipitation. Denitrification takes place in the
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same aeration ditch at Riihimski and in a separate ditch

at Hyvinkda.
Process design criteria
The baslic process parameters are:

- wastewater quality, C/N-ratio etc.

- sludge age in the activated sludge process
- process temperature

- alkalinity and pH

- dissolved oxygen content in the process

According to the simplified equation for nitrification
(NH,t+20, » NO3” + 2v* + H,0), 4.6 g oxygen

and 0.14 mol alkalinity is consumed to oxidize 1 g of
ammonia nitrogen. This drop of alkalinity corresponds with

a lime dosage of 5.3 g as Ca(OH), or 7.1 g as CaCOj.
Denitrification brings back half of that alkalinity and also

about half of the oxygen consumed in nitrification.

The average amount of wastewater in Finland is about 400

1/p.d and the usual influent quality as follows:

BOD+ 200 mg
Total phosphorus 8 mg
Total nitrogen 36 mg
Ammonia nitrogen 25 mg
Alkalinity 3 mmol/1

Taking into account the effect of pretreatment, biological
decomposition of organic nitrogen compounds and nitrogen
removal in connection with excess sludge an assumption can
be made, that about 85 % or 30 mgN/l of the influent
nitrogen will be nitrified. Thus, in a complete nitrifi-
cation the oxygen consumption could be 120-150 mg/1, and the
alkalinity loss could be 3.5-4.5 mmol/). The increase of

oxygen consumption is about 60 per cent.
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Alkalinity may be consumed also by chemical precipitants.

In Finland, Fe or Al salts are used for pre- or simultaneous
precipitation. The usual dosages needed for phosphorus
removal spend alkalinity by 0.6-1.2 mmol/1l, which probably
can slightly exceed the buffer capacity of carbon dioxide
produced by biological decomposition. For maintaining the
effluent alkalinity at a level 0.5-1 mmol/l, a lime dosage
of 50-100 g Ca(OH)z/m3 or an efficient denitrification

ig needed.

As concerns nitrification, the most important factor in
Finland is the low process temperature especially during
snowmelt. The growth rate of nitrifying organisms is lower
than the éverage growth rate of biomass and also more
temperature-dependent. For that reason long sludge retention
times are needed during the cold season. According to the
design gquidelines given by the National Board of Waters the
minimum sludge retention time used in designing the process
should be 25 days at a process temperature of 59C, 15 days
at 10°C and 10 days at 159C. The design values of sludge
load for combined carbon oxidation-nitrification processes
have been 0.06~0.08 kg BOD7/kg MLSS.d, which are adequate
also for a partial denitrification. The volume of anoxic
zone has been about 40 % of the total volume of aeration

tanks.
Experiences

Several experiences, which have been gained during the last
15 years, have shown, that a complete nitrification is
possible even at the lowest temperatures, if the following

conditions are fulfilled:

- The sludge retention time must always be sufficiently
long. The necessary time is dependent on the proceasy
temperature. At 10°C the retention time must be aboul
10~14 days, which requires a sludge load of about 0.0
kg BOD,/kg MLSS.d.
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- The fall of alkalinity below the value of 0.5-1 mmol/l

must be avoided in order to maintain the pH-value at a

suitable level.

- The content of dissolved oxygen should be at least 1-2

mg/L.

Furthermore, a successfull plant operation requires good
final sedimentation. The settling properties of activated
sludge may be rather poor which demands a great capacity of
final settling but on the other hand a short detention time
of sludge in the sedimentation basin. A usual value of the
sludge volume index, SVI, has been 200 ml/g or more. Sludge
volume load is mostly the basic design criteria for dimen-
sioning of final settling tanks. In order to avoid dis-
solving of phosphate as a result of the long sludge reten-
tion time it is recommended to feed a part of precipitation

chemicals to the input of final settling, when pre-or gimul-

taneous precipitation ig used. The usual dosages of Fe and
Al precipitants have not veen found to inhibit nitrifi-
cation. When nitrification-denitrification processes have
been used in very low loaded oxidation ditches the settling

properties of activated sludge have been adequate.

The efficiencies Of denitrification processes have been cOm~
paratively low, even if the necessity for raising alka-
linity by lime has been avoided. The main reason for poor
denitrification is probably the too low supply of easily
degradable organic carbon for the denitrifying organisms.
More knowledge about the effects of different process
combinations is needed to improve the situation. The best

efficiencies of nitrogen removal have been only 50~-60 per

cent as yearly averages when ordinary municipal wastewaters

have been treated.
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Tables 7 and 8 present some recent results and process para-
meters of Hyvinkdi and Riihimdki plants. The low loading has

increased energy consumption especially at Hyvinkdid.

Table 7a. Hyvinkidd oxidation ditch.

Weighted average results in 1985-1986.

1985 1985 + 1986
=l.l.-Bl.lZ. 1.1.-31.3. 1.4.-30.6.
FParameter Inf Pr Eff Inf Pr Eff Inf Pr Eff
Alkalinity mmol/l 2.8 3.3 0.7 3.6 4.2 0.9 2,5 3.0 0.8
TH 7.4 7.9 6.7 7.6 8.3 6.8 7.2 7.8 6:8
BOD
TATU mg/l 107 65 9 132 75 11

BODjapy ~ red. 2 39 92 s o 0 ;e
P tot. mgP/1 6.0 3.8
vy IS Oéj 7.7 5.2 Oég 5.1 3.5 G.5
P soluble mgP/1 0.2 0.2 092
N tot mg/1 28 26 15
N red % A S
$4:§ g /1 21 19 0.7 28 2 1.6 17 15 0.1
No4 red. % 98 96 160

3-N mgl/ 1 13 16 10
Susp.solids mg/1 8 10 9

Inf is influent
Pr ig outlet of primary settling
Eff is effluent 4
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. Table 8a. Riihim&ki Carrousel plant.
rable 7b. Hyvink#i oxidation ditch. - Weighted average results 1.6.-31.7.1986.
Average process parameters in 1985-1986. :
Parameter Inf Pr Eff
1985 1985 + 1986 ! Alkalinity mmol/1 3.9 1.4
Parameter pH 7.0 7.1 7.3
l-la“"Bl-lzo 1-1-"31-3- 114-—'3006
] BOD~amyy mg/1 473 197 6
3 Q
BOD load kg/d 260 785 920 - BOD?ATU red % 58 99
TATU
_ P tot. mg P/1 14.5 4.0 0.3
. . total i P tot. red % ag
Electr.cons 3 0.32 0.49 0.25 P soluble mg P/1 0.2
- pexr ww.flow ki /m ’ A ‘ .
9 '
- per tot. BODg rem. kWh/kg 3.18 4.00 2
_ N tot. mg/1 52 42 20
Electr.cons. in aeratlon 1.76 1.47 N red 3 61
- per tot. BOD,; rem. ¥wh/kg 1.50 y ' . NH,-N mg N/1 27 31 0.9
Per H T 9.62 2.98 2.67 | NH,-N red % 98
— per biol. rem. BOD; Xwh/kg .
Susp.solids mg/1 3
0,. TH,O dose
FeS 4 2 / 3 128 154 100
- before prim. sed. g m3 o 18
— pefore final. sed. g/m 21 o .
~ Fe/P molaxr ratio 2.7 ) |
g Table 8b. Riihim8ki Carrousel plant.
ose . S = T
CaKﬂﬂz a / 3 15 15 15 . Average process parameters 1.6.-31.7.1986,
- +0 aeration tank g Hg o7 7 :
- to sludge treatment g/m 67 ii
BOD,ry load kg/d 5 780
1 8+12 2
Detention in anoxic + oxic z. h+h 11416 14+2 1.8
D. oxygen in oxic zone mg/1 1.9 1.8 ' g | Electr. cons. in aeration
© oW : % 700 700 700 per biol. rem. BOD7 kWh/kg 1.2
Sludge recirculation 260 140
g 220
Sludge return | . /m3 1.9 2.2 2.4 g FeSO, . 7H,0 dose g/mg 106
MLSS concentration d 0.025 0.025 - Ca(Oﬁ)z dose g/m 62
Sludge load kg BOD7/k g MLSS.d 0.06 l 07 1.67 §
. 1.32 . * . , . .
Sluvdge yield kg MLSS/kg BOD; s 31 3 Detention in anoxic + oxic z.  hth 8+20
. . d D. oxygen in oxic zone mg/1 1.4
tion time i
Sludge remen % 54 56 52 Sludge return 3 - 1e2
MLVSS/MLSS 15 18 | MLSS concentration ; kxg/m 2.0
IMLSS % 20 Sludge load kg BOD,/kgMLSS.d 0.09
Fe ml /g a7 107 78 Sludge retention time d 17
- temperature ¢ 10.3 6.5 10.0 I;I%J\I]SS/MLSS mlé(%g 23(5)
Process LeTP ' Process temperature c 16
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OF
MUNICIPAL WASTEWATER TREATMENT FOR EFFECTIVE REMOVAL
ORGANIC MATTER AND NITROGEN

Grebenevich E.V., zaletova N,A., Terentieva N.A.

USSR

The organic matter, as well as nitrogen and phosphorué,
are nutrient substances. Their eXcess concentrations 1in
water receiving bodies lead to eutrophication, moreover,
the nitrogen content in water bodies 1is standardized
according the sanitary—toxicological criterion of harm=
fulness: NHA-N <0,39-2,0 mgl™, NO3-N <9,1-10 mgl”.

The municipal wastewater contain, usually, organic matter
estimated by BOD 150-200 mgl~, and 002_300—400 mgl:, the
nitrogen compounds 50-60 mgl~, and NHg-N 20-25 m?l .
NOy—N are practically absent. Their presence indicated ©n
discharge of industrial wastewater. The total phosphorus

is present in the concentration of 15 mgl™, POy-P 5-8

mgl™.

Activated sludge process has been most widely used in the
USSR for municipal wastewater treatment. The activa?ed
sludge is biocenosis of heterotrophic and autotrophic
microorganisms. They consume nputrient matters, transferf—
ing pollution of wastewater by means of enzyme systems 1n
acceptable formes. c, N and P~containing matters are
removed from wastewater by biological intake for cell
synthesis. Moreover C-containing matters are removed by
oxydation to COp and H0. P-containing compounds under
definite conditions associate with solid fraction of
activated sludge and thus simultaneously removed from
wastewater. The removal of nitrogen in addition to
biosynthesis 1is carried out only in the denitrif%cation
process, when oxygen of NO4-N is used for oxidation of

organic matter and produced gaseous nitrogen escapes 1nto

the atmosphere,
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Till recently, the basic purpose of such treatment was
the removal of organic matter and suspended solids., The
controling parameter of the biological system is organic
load. The increasing of organic load increases the

removal rate of organic matter and decreases treatment
effectiveness.

In the USSR complete biological treatment has been most
widely used: BOD of effluent is 15 mgl™ {organic load 300
mg BODg™d™). Under this regime of work the organic matter
removal is 90 % and more,nitrogen 40 %, as well as NHZ—N.
The effluent contains of NH4~N I0~15 mgl~, of NOgx-N 2-4
mgl™. In the activated sludge process, operating in the
regime of long-~time aeration {organic load 70 mg BOD
g~™d"} provide more effective nitrification: the concen-

tration of NHsz decreases upto 1,5-2,0 mgl™, the content
of NOyx~N increases upto 15 mgl™,.

For reduction of nitrogen amount upto above mentioned
standards it is suitable to use nitrification-denitri-
fication method in the single sludge system, operating

under alternating aercobic—-anaerobic conditions.

In this case three simultaneous biological processes take
place in one unit, namely oxidation of carbonaceous
matter, nitrification and denitrification. In these
processes the reserves of biological system are fully
utilised. Treated wastewater provides a source of carbon
for denitrification, oxygen of nitrites and nitrates is
used for oxidation of organic matter; there is no need
for an increase of alkalinity for nitrification, biomass
producticn and electrical energy consumption are de-
creased, as compared with the conventional system. It is
important, that the technoloay of the single sludge
nitrification-denitrification is based on the use of the
conventional activated sludge tanks and settling. There-

fore, when necessary, the existing wastewater treatment

7 473177Y
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plants can pe transferred to the new operating regime

without considerable capital investment.

The method of the single sludge nitrification-denitri-
fication can be carried out according to one-stage and
combined schemes (1, 2). The one-stage scheme contains
denitrification tank, aeration-nitrification tank and
clarifier. The recirculation of sludge 1is carried out
from clarifier into denitrification tank and the whole
amount of influent is also delivered there. In the
combined scheme multiple alternation of aerobic-anaerobic
conditions is used. This scheme includes denitrification
tank, nitrification tank, postdenitrification tank, post-
nitrification tank and clarifier. The main part of
influent flow rate (70 %) 1is delivered to the denitri-
fication tank, 30 % - toO the postdenitrification tank.
The dissolved oxygen concentration in the aerobic zones

- is 2 mgl™, in the anaerobic zones - 18 5_0,5—0,8 mgl~.

The use of one-stage and combined schemes in municipal
wastewater treatment provides effluent with BOD 10-12,5
ngl™, COD 40-50 mgl™, NH}-N upto 2 mgl™, NOx-N apto

8-10 mgl~™ {one~-stage scheme) and upto 6 mgl™ {combined
scheme). The effect of total N removal is 75 %. These
results are obtained under municipal wastewater treatment
and characterized by the followinq valuesi BOD 125+mgl '
coD 297 mgl™, N-tot 72 mglT, NH4~N 38 mgl™, BOD/NH g—N )
3.1. Organic load is 100-200 mg BOD g~d~, MLSS 1-8,5% gl ,
sludge index 100 cm3 g7, the treatment time 4-16 hours,
sludge age 3-30 days, recirculation of sludge 400 %,
anaerobic/aerobic ratio 1:1. While treatment of waste-
water with greater ratio of BOD/NHZ—N, relative anaeyrobic

volumes must be decreased, and aerobic - increased.

The increasing MLSS reduces treatment time, however,
because of possible disturbance in operating of

clarifier, MLSS are to be not mMore than 2-3 gl™.
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For provided BOD of effluent upto 10 mgl™, COD upto 40
mgl™, on NH;FN upto 2 mgl™, NOy~-N upto 10 mgl~ with the
effect of total N by 60 % intensive biological treatment
systems with higher aerobic degree can be used (3). These
systems are the activated sludge tank with flotated
separation mixed liquor and open activated sludge tank
with use of pure oxygen. Both systems operate under MLSS
4-8 g1~ and provide the abovementioned effluent effect

with organic locad 150 mg BOD g™d™, the treatment time is
2-4 hours,

In systems with higher aerobic degree activity of nitri-
fying microorganisms is intensified, and this result is
high effective nitrification. Simultaneously with high
effective nitrification partial denitrification takes
place. The effect of denitrification makes up 40 % of the
nitrification effect., This phenomen was mentioned in the
article (4) and while investigations of the single-sludge
systems. In the single-sludge system increasing of dig-
solved oxygen concentration in aerobic zones 1s not
recommended, as in these conditions it is difficult to

establish an anaerobic regime in the denitrification
tank.

Thus, effective removal of nitrogen is possible at
existing wastewater treatment plants under decreasing of
load by 1,5-3 times and arranging aerobic and anaerobic

zones in aeration tank. Production capacity of existing
wastewater treatment plants is reduced,

The purpose of further investigation is intensification
of process so that effective removal of nitrogen can be

performed at existing wastewater treatment plants without

reduction of their input capacity.
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Construction of new wastewater treatment plants with the
use of combined and one-stage schemes requires the

increase of the cost by 11-32 % as compared with the

conventional systeuws.
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EXPERIENCE WITH BIOLOGICAL DENITRIFICATION AT THE
HIMMERFJARDEN PLANT

Bengt GOran Hellstrdm and Jan Bosander
SYVAB, Himmerfjardsverket
$-14032 GRODINGE, Sweden
Elzbieta Plaza
Royal Institute of Technology
Department of Water Rescurces Engineering
5~-100 44 STOCKHOLM, Sweden

Introduction

The Himmerfjirden Sewage Treatment Plant is situated in the
southwestern region ¢of Stockholm. The plant serves a population
of 230 000 people. The treatment includes both mechanical, bio-
logical and chemical treatment. The treated water is discharged
‘into +the Himmer Bay (Himmerfjdrden), which is a bay of the Bal-
tic Sea. Since nitrogen is regarded as the limiting nutrient in
the Baltic the discussion of nitrogen removal at plants in the
coastal region has started in Sweden. At the Himmerfjdrden Plant
full-scale experiments with biological nitrogen removal have
been carried out since 1984.

For phosphorus removal both aluminium sulfate and ferrcus sul-
fate have been used during the test periocd. The removal effici-
ency 1n the primary sedimentation tanks was for suspended solids
60-75%, organic matter (COD) 50-60% and phosphorus 45-55%. The
higher figures are for the addition of aluminium sulfate. The

usual nitrogen reduction for the plant, without denitrification,
is only 10-15%.

Experimental methods

The main aim of the experiments done at the plant was to improve
the nitrogen reduction within the existing plant by usage and
development of existing methods. These must be adapted to the
local conditions i.e. a conventional built waste water treatment
plant, low content of organic waste in the sewage and low tempe-
ratures during the winter time.

Two methods of biological nitrogen removal have been investiga-
ted, pre-denitrification and post~denitrification. For
pre~denitrification anoxic zones have been built in front of the
aerated =zones in two aeration tanks.The first tank was rebuili
in 1984 with one small anoxic zone, mixed with two mechanical
stirrers (figure la). With guidance of experiences of the first
year, another tank was rebuilt and started in 1986. In this tank
the anoxic zone is divided into three parts by wooden walls.
Three mechanical stirrers were installed for the mixing (figure

lb). Nitrified sludge and water are recirculated to the anoxic
zonea, :
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Pogst-denitrification was interesting to investigate because the
plant has sedimentation tanks both for biological and chemical
sludge. The intention was that the secondary sedimentation tanks

should be reconstructed to anoxic tanks.
for +the chemical step could then be use

The gedimentation tanks
d as sedimentation tanks

for the biological siudge. pilot-plant tests had showed interes-
ting results and therefore one aeration tank was reconstructed

for post~denitrification.

In the second half of t+he tank the

aeration system was replaced by eight mechanical stirrers. A
emall aerated =zZone was puilt just before the outlet to remove

nitrogen gas (figure 1c).
Results

Post~denitrification

Almost complete nitrification was obtained during the experiment
time. Average value of the nitrification efficiency was 8%
(figure 2), calculated according to the formula:

tot-Ni - NH4-Ne

NE =

totNiL
NE = nitrification efficiency
tot-Ni = influent total N,mg/1
NH4-Ne = effluent NH4~N, mg/1
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Figure 2 Nitrification and denitrification efficiency

g?gheimngii On;trogen concentration in the effluent was seldom
;2 mg/l. The decrease in nitrificati Lci

: on effic

during the weeks 39 and 40 was caused by a loss of mixed lizﬁgg

‘suspended solids from ]
i ‘ a concentration of about 2700 mg/l to 1500

The zreason for such a high nitrification effigi
- h%gh average wastewater temperature elglg%gncy (NE). was
- h}gh hydraulic retention time, 5,3 h’ ’
-~ high sludge age, 50 days ’
- low sludge load, 0,25 kg COb/kg S8S d

The nitrification rate ;
formula was calculated according to the following

e = LOt-Ni - NH4-Ne

ts * VS8
kn = nitrification rate
ts = hydraglic retention time in aeration tank
VSS = volatile suspended solids

The nitrificaticn rate, calculated as mean values for a week
r

varied between 1,1 to 3
in figure 3. ,8 mg N/ g VSS h. The results are shown
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Figure 3 Nitrification rate - Kn
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The denitrification efficiency was calculated by

_ tot-Ni ~ NH4-~Ne - NO3-Ne
DNE = Tot-Ni

DNE = denitrification efficiency
NO3-Ne = effluent N03~N, mg/

Ag it is shown in figure 2, the denitrification efficiency wva-
ried between 8 and 55%, with an average value for the whole
period of 34%.

The reason for not obtaining higher nitrogen reduction was lack
of organic carbon. The denitrification efficiency is primarily
dependent on the carbon/ nitrogen ratioc.This ratio is presented
in figure 4. To verify that the reason for bad denitrification
efficiency was carbon shortage, methanol was dosed as a carbon
source during two weeks, 34 and 35. The results confirm the
theory that the content of organic carbon in the water was too

iow.

ONE
100
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40
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20 ¢

335 4 4.5 8 5.5 & 6.8 7 COO/Ntot in

Figure 4 C/N ratio to denitrification efficiency

Another reason for the low denitrification efficiency was too
short retention +fime in the anoxic zone. The intention of the
experiment was that the retenticon time in the anoxic zone should
be high enough to utilize internal carbon sources. This could
not be obtained due to bad sedimentation properties of the bio-
logical sludge. The return sludge flow had to be increased to
higher flows than expected which caused too short retention time
in the anoxic zone.

The conclusion of the post-denitrification experiments was that
it was impossible to achieve a high denitrification efficiency
in the existing plant with the actual wastewater composition and

flow.
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Pre-denitrification

During 1985 a tank with one complete mixed anoxic zone at +h
1glet part of the aeration tank was investigated. In spri ;
t}me, before the snow melting period, 30% denitrification gf;@g
cience was reached. The nitrification efficiency wa 1 l;
and limited the denitrification. ! S oniy 0%

guying t@e summer period almost complete nitrification was ob-
dalned w1?h exception of some periods when the sludge content
ecreased in the tank due to bad sludge properties (figure 5)
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Figure 5 Nitrification and denitrification efficiency

The nitrification rate is shown in figure 6. It varied between

2,5 and 9,4 mg N ‘
ng N/g VSS h. g N/g VSS h. The mean value for the period was 5,5
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Figure 6 Nitrification rate - Kn

T@e denitrification efficiency during the summer became 40% (see
figure 5). The theoretical value was 50%, because the ;eturn
sludge flow was 100% of. the incoming flow. The primary reason
for the limited denitrification was, even in this experiment
the lack of easily degradable organic material as shown in fiquw
re _7. In the diagram the reached DNE/possible DNE is lotged
against the influent COpD/influent NO3-N. P
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A strong relation between the denitrification efficiency and the
organic carbon in the influent water wasgs observed. In the lite-
rature it is reported that the carbon-nitrogen ratio of the raw
sewage has to exceed the critical ratio 3-5 mg BODS/mg total
nitrogen.

reached DNE/possible DHE
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Figure 7 C/N ratio to denitrification efficiency

Another contributing reason for the low denitrification effici-
ency could be the rather short retention time in the anoxic
zone, Taking in account only the incoming flow, the retention
time was 32 minutes, and with 100% recirculation flow, the actu-
ally retention time became 1& minutes. Corresponding retention
times in the aerated zone were 2,8 h and 1,4 h respectively.

Iin opposite to studies reported by other authors on
pre-denitrification, +the bad sludge settleability caused troub-
les in keeping the concentration of suspended solids in the tank
at a high level. To try to overcome the bad sludge properties,
another +*ank, Ll, was reconstructed and started in the summer
1986. In this tank the anoxic zone was divided into three parts
by wooden walls. The first part is small to give a fast mixing
of incoming water and return sludge. The second and third part
is mixed with mechanical stirrers. The anoxic zZone has also been
increased in volume compared to the ©l1d tank, L2.

Results from 1986

Some results from this year, 1986, can be presented but must be
regarded as preliminary. The nitrification and denitrification
efficiency for the o0ld pre-denitrification tank is presented in
figure 8, and for the new tank in figure 9.
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Figure 9 Nitrification and denitrification efficiency, 12

The results from the summer peri
tanks. Any significant improveme
anoxic zone can not be shown.
ency 1s rather low, about 30%
carbon, as shown in figure lO.’

od is very similar for the two
gt in efficiency for the larger
Still the denitrification effici-
depending on shortage of organic
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DENITRIFICATION - POSSIBILITIES AND COST ALPECYS
In +the spring time, when the organic load to the plant was B
higher even the denitrification efficiency was hlgher’. ?b?ut Biorn Rosen, Ph.D. and Lars Burnarsson, Ph.D., PURALC, bLund
43%  when +the nitrification efficiency was not the limiting .
factor.
The increased plug-flow in the new tank has not 1mgrov§d the | 1 INTRODUCTION
settling properties of the sludge. The reason for this will be
more investigated the autumn 1986, i During the mid-sixties in Sweden, a common concern of
the environment spread through the country. The impor-
Respiration tests ; tance of protecting the receiving waters was rapidly
nlitically accepted. This resulted in the formation of
As the limiting factor for the denitrification efficiency seemed 2he Nationll Eﬂv?ronmental Protection Board 1969 and
+o be the access of readily degradable organic carbon, some ' shortly after, subsidies for constructing sewage and
respiration tests were done in jaboratory scale to prove it. : waste water t;eatment plants were introduced. As a
Sludge from an aeration tank was aerated and then sewage, both ; result, more than BOO advanced treatment plants are
settled and pre-precipitated, was added and the respiration 1 today serving almost 100 % of the population in Sweden,.
rates were measured. As shown in figure 11, respiration rates '
are similar for settled and pre-precipitated sewage, which pro= In the sixties and earlier, the interest had been focu-
ves that pre-precipitation do not decrease.thg §ont§nt of easily ; sed on BOD-reduction, and very littie had been done
degradable organics, essential for the denitrification. ' ' with regard to nutrient removal. In the discussion oan
ﬁ pessible Tuture action for the protection of the recei-
Oxygen consumption ving waters, it was clearly proven, that the impact
_ from nutrients causing secondary pollution, could be
A ol ] v 4 more crucial thanm that frem the BGD in the sewage. This
T”W@(JH V- _ fact was due to the particular characteristics of the
Z inland waters. FPhosphorus was shown to be the limiting
6 growth factor in most inland waters and partly along
i the Baltic coast, while nitrogen limited the growth in
some coastal receliving waters.
54
At that time there was almost no experience on nitrogen
4- I Raw sewage, Sett%e§ 4 removal available, and possible technical solutions ba-
I1 Raw sewage, precipitate sed on the present technology should also require a ve-—
111 Formic acid ry large investment program. Furthermore, a demand for
3+ IV  Aerated sludge : only nitrification in the Swedish climate would be very
costly. For phosphorus removal, however, some experi-
9. ence as well as technical-economical solutions were
available, which directed the legislation and practise
towards phosphorus removal.
1
) During the last years, however, the nitrogen load on
0 0 » Tﬁm : some recipients has grown to an alarmingly high level.
0 10 20 30 4 minutes ] Even if most of the nitrogen can be referred to as dif-
. fuse scurces from agriculture, nitrogen removal in
Figure 11 Respiration rate treatment plants in sensitive areas is of great inte-
' rect.
Conclusion
. 1 t h i 1t =] : ih b -~
The conclusion of the experiments so far, must be that there is fed, mainly baced on the evelopmant im SouthoAtrica.
no uniform solution how to manage biological denitrification. It | dur;ng the seventies. The process will give lower in-
is a question of many factors of which the composition of ‘the 3 vestment and operation costs, compared to the aoriginal
raw sewage is one of the most important and must be taken into ? process solutions, so the poégibility for successful
consideration when nitrogen removal at sewage treatment plants : application of nitrogen removal in colder climate has
is discussed. considerably been increased.
Although satisfactory results have been achileved in
full scale operation, some care is imperative. Comparei
to the situation in the sixties, when phosphorus remo-
val was introduced in Scandinavia, 1t must be stressed
that nitrification-denitrification is a far more comp:
lex process, which need further studies for optimal
application.
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11 as operational costs for nitro-
y factors, which might
This paper has no ambi-
nut will point at some
teria for the choice

The investment as we
gen removal are dependent on man
vary from one plant to anothgr.
tien to cover all possibilities,
important technigal-economical cori
of process solutions.

BASIS FOR NITROGEN REMOVAL

The nitrogen in nature is continuously circulating from
mineral to organic nitrogen, which then is biologically
deqraded and released as inerganic nitrogen.

ORGANIC NITROGEN L_ASS"”‘”.“WE -
.e reduction
X
L\ Dissimilative reduction
l | J
v v v )
NH7, NHOH N, N N MO NO3

Nitrification

Fig.1. The microbiclegical nitrogen cycle

The biological treatment of waste waters
adaption of nature's own methods. The most
microbioleogical reactions
lustrated
up below.

important

1. degradation of organic material, e.g. proteins,
which releases N-NHA.

is a technical

in the nitrogen cycle are 1l-
in Fig.1l, and the different stages are summed
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2. nitrogen is incorporated in the microorganisms
during the sludge growth

3. nitrification in twe stages, NH4 — NOZ2 - NO3,
where hydrogen i1ons are released.

NHG  + 2 (02 NO3Z  + H20 + 2 M

The oxygen consumption is 4.57 g 02 per g N
oxidized.

4. denitrification, NO3 - N2, if accessible carbon
source is available, where hydrogen ions are
consumed 1n the reqgquired oxygen—Tree (anoxic)
environment.

2 NO3 +2 H N2 + H20 + 2.5 02

The oxidation corresponds to 2.86 g BOD per g N
reduced.

Because of the chemical oxygen demand and toxicity,
caused by ammonia-nitrogen ( >0.32 mg/1l of NMH4 may harm
some prganisms), nitrification sometimes is imperative.

The nitrification is primarily dependent on tempera-
ture, oxygen concentration and sludge age. The oxygen
content in the nitrifying zones should be kept above

2 mg/l. Compared te the microorganisms removing BOD,
the nitrifying bacteria have a much slower growth. As a
consequence, the F/M-ratio (sludge load) must be lower:

at 20 degrees O, 0.19 kg BOD/kg V&5, sludge age > 3d
at 5 degrees T, 0.03 kg BOD/kg V55, sludge age > 15d

The temperature dependence on the system might be ex-
pressed by the nitrification and denitrification poten-
tial of the sludge, obtained in the Falkenberyg study,
presented below:

Temperature Nitrification rate Denitrification rate
5.5- 7 5-10 g N/kg 55 20-30 g N/kg S5
17-18 40-50 g N/kg 88 40-60 g N/kg S8

As can be seen from the Tigures above, nilitrification is
mare temperature dependent than denitrification.

The denitrification rate is dependent on an easily
accessible carbon source, which was demonstrated in the
Falkenberg study by adding acetate to the waste water.
This increased the denitrification rate from 30-60 to
180-200 g N per kg 55. The available carbon source
might be illustrated by the BOD/TKN or COD/TKN-ratio,
which should exceed S resp. 10, according to practical
experience, using only raw sewage as energy and carbon
source.,
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As a consequence, the pretreatment should not be too
efficient in carbonaceous removal, e.9. the process
sometimes operates better without than witﬁ primary
clarifiers, or an external carbon source might be ne-

cessary.

The change in alkalinity during the nitrification and
denitrification process may be used as a means for op-
timizing the chemical dosage and pH~-value in post-pre-
cipitation systems.

1t should be stressed, that the denitrificatioh of nit-
rates to gaseous nitrogen is not the only posglble re-
action for nitrogen removal. A reduction of nltra?e to
ammonia may occur. The mechanisms for these reactions
are not clearly understood.

3 SYSTEM DEVELDPMENT AND DESIGN FOR NITROGEN REMOVAL

The activated sludge process is degrading and transfor-
ming the organic compounds into biological floes, a
process during which organic nitrogen 16 transformed to

ammonium nitrogen, Fig.Za.

BOD—reduction
Organic-N to NH4

- —  —
Pre-sed Ox Sed

Fig.2a. Activated sludge process for organic carbon
removal.

The original design for nitrification was carried out
ac a second biolegical stage, Fig.2b {two-sludge BYS™
temd. la modern design, nitrification is carried out in
a one-sludpe system together with the BOD-removal by
having & longer sludge age in the system.

BOD-reduction
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In order to acrhieve denitrification, 2 third anoxic
stage after the nitrification stage was originally

included, Fig.2c, where an external carbon source,

generally methanol, had to be added.

Carbon source
BOD~reduction

Organic-N to NHq NH4 to NO3
. o TR NENDUE T S S—— — I——
Pre-sed Ox Sed 0x Sed

Fig.2b. Two-stage activated sludge for nitrification

Organic-N to NH4 NH, to NO3 NO3 to N2
Pre-sed Ox Sed Ox Sed Anox
A - | ]

Fig.2c. Three-stage activated sludge for denitri-
fication

A tH?ee;Sludge system as described above leads to un-
realistically high investment and cperational costs,
which has been inhibiting the use of the process.

The process, however, can alspo be carried out as a
one~sludge system, originally developed by Dr Jamesg
Barnard during the seventies in the BarDenPho-system.
After modifications of the system, gQuod results have
been obtained, however mostly in warm climates.

BOD-reduction

NO3 to N2 Organic-N to NO3
- S S, S 1 U o SN >
A~A Anox 0x S
1 ed
(==

Fig.2d. The BarbDernPho one sludge-system

The process involves a Tirst anoxic stage. The raw se-
wage is used as the carbon source, and is mixed with
recirculated nitrified water from the second, aeroeobic,
stage in the process and with the sliudge frem the se-
condary clarifier, Fig.2d. The denitrifyirng stage is%
thus not only avoiding the use of chemicals, but is
also reducing the organic load on the nitrification
stage, which then is leading to less oxygen and enerqgy
consumption. ‘

The denitrification rate is dependent on anoxic condi-

tions, the temperature and the available carbon source.
Oxygen may be present in lower concentrations, without

8 473177Y
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inhibiting the process. In practise, the anoxic deten-
tion time should be 1—2 hours, using 3-00Y% recircula

tion of nitrified water.

One application of the one-sludge system is the Bia-
Dentitrosystem, with double aeration tanks, which are
operated 1in series in a cycle. The first tank is fed
Wwith raw sewage without aesration and the second with
aeration (cycle 1, 1-2 h). Then bath tanks are aerated
(cycle 2, 1/2 h) and after that the second tank is fed
with raw sewage under anoxic conditions while the first

tank is aerated, starting the cycle again:

Raw sewage Tank 1 (anexic) Tank 2 (nitrification?

Raw sewage Tank 1 (aerated) Tank 2 (nitrification)
Raw sewage Tank 2 (anaxic) Tank 1 (nitrification)
Raw sewage Tank R taerated) Tank 1 (nitrification)

The results have been good, but large 5ites are re-

guired.

PRACTICAL EXPERIENCES FROM THE FALKENBERG PLANT

Some treatment plants in Sweden have recently been app~
lying 4iftferent systems for Aitrification and sometimes
denitrification in full scale tests. The first one is
the treatment plant in Falkenberag, which is situated in
an area, where nitrogen removal 1s im— portant. It has
hbeen in full scale operaticn since May 1983, using the
new approach for biological nitrogen removal. As & re-~
sult from the pxperiences, Falkenberg is the first
plant in Sweden, where denitrification has heen reguil-
red from the Environmental Court (Koncessionsnadmnden) .

The treatment plant in Falkenberg was taken intoc ope~
ration 1978. It was designed for 13,000 kg BQD7/d, and
approximately. 30.000 m3sd, for the treatment of sswage
as well as waste waters from 2.g. dairy and brewery in-
dustries. The plant is a typical Swedish plant, with
originatl effluent reguirement im accordance to Swedish
standards, i.e. 15 ppm of BOD7 and 0.3 ppm of total
phosphorus in the effluent. The demang for phosphorus
removal is not really imperative for the rveceiving war
ter, which is Kattegatt, but chould more be seen as &

way to express the need for a safe and reliable system.

The treatment COMPrises, Fig.3:
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Fig.4. The Falkemberg plant, modified for denitri-

fication

s carried out without the addition of
ut with the flotation in operation, in
order to study the effect of two-stage separation. That
part of the study was integrated, 235 it has more and
more clearly been proven, that keeping the sludge in
the biological systems is one of the most common prob-
lems all over the world. The possibie biological phos-

rus remaoval was also studied.

The cperation wa
any coagulant, b

pho

5 RESULTS AND CONCLUSIONS

The results from the study ic presented in Fig.9-8,
showing the temperature and flow variations over the
year, Fig.3. The significant infiluence of temperature
is evident, which is shown in the monthly nitrogen
removal, Fig 6. During the summer, nitrogen removal
exceeded BO%, while only &O% during the winter time was

achievable,.

During the winter 1986-87, nitrogen removal
as monthly average, in spite of
the cold winter, with water temperatures below 10 deg-
rees. Furthermore, the importance of easy accessable
carbon was stressed, as more than BO % removal was
achieved when the industry was in operation, and only
40 Y% during the weekends with no oF little industrial

waste water in the influent.

Addendum:
has been high, 70-75 %

mYd

-113-

& 0
\J ~ & w
) | y |
' |
o S o w
(e ] Q)

JUNE

JULY

JANUARY

1984

1983

Flow and temperature in the aeration tanks.




~114- -115-
e
>
20 N O JS O F M A N J ®
1 T_ S g o
T 3
2
89 m 4
i lii o B
i
man I it
6@ i I S
|
St ' r@]
I
: | ‘ i 2
49 11— i |
fi l 1 @ <
1 i : &
N | _
28 % i ! S
i |
! ! =
: !
i - | :
;783 /98 ¢ 8
£
Fig.&6. Nitrogen removal, average values with standard = -,
deviation o "
& 2 a
The tests started with having the trickling filters in @ 3 _
pperation, but they had to be by-passed. The combina- L o
tion of high oxygen cantent iv the trickling filter o =
effluent, combined with the possible removal of easy = e
accessible carbon, caused preblem in the denitvrifi- © ©
cation process. - v
3 2
g
59 J A S o N o 4 F MY A M / 8 g
s ¥
= @
vy
3 S
16 o 8
o =
9‘ -
>
12 3 3 ~
2 - =
L
® =2
® i T
! & T e
"“I 5.0
mn i 3 o
L, lig! s
“ m R i : 3
| o =&
5] —_
3 33
3 - | i 2%
4 @«
/983 /qg‘;‘ .: & e - b
. - = 20
S § o @ @ © -
- o~
Fig.7. The ratio of BOD/total-N after primary treatment ®




ma/l

-

-1i6-

The Falkenberg treatment plant makes different opera-
tional modes possible, which might be exemplified by
the present operation, which is using one of the
trickling filters during the week in order to obtain
sucressful nitrification. Az the industries are not
working over the weekends, the load decreases, and
causes problems with denitrification as well as alkali-
nity in the tertiary treatment. Conseguently, the
trickling filter is taken out of operation Friday
afternoon. On the Sunday, however, part of the primary
sludge is fed to the anoxic zones in order te offer
sufficient amocunt of carbon source.

Another issue was the importance of efficient removal
of suspended matter, particularly for low phosphorus
and BOD content in the effluent. Because of the high
sludge content in the system, necessary to achieve
nitrification, suspended solids carry-over fram the
secondary clarifiers frequently occurred. This fact,
however, did not influence the effluent, because of the
second separation stage, the flotation, Fig.9-10.
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Conclusion from Falkenberg:

The one-sludge nitrification~denitrification system can
be used in colder climates. Nitrification can be achie-
ved, also at lower temperatures, provided that the
sludge age is sufficiently high, and consequently the
F/M-ratio can be kept low. Nitrogen removal will also
otcur, provided that a carbon source is available and
that anoxic conditions are maintained. )

If a 'gfeenﬁfield' plant is decigned properly for nit-
rification, the introduction of denitrification in a
one~sludge system will not increase the investment
costs, but will decrease the operation costs.

If nitrification is required, denitrification pays off!

3
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FACTORS LIMITING NITROGEN REMOVAL

The conditions for nitrification—denitrification, as
discussed above, also indicate the limitations of the

Process.

Depending on the temperature, a sufficient amount of
active micrcorganlisms (sludge! must be kept in the
system, during the right physical conditions, having
access ta substrates and nutrients. If not the process
cannot work properly.

Critical 'key-words' are

sufficient amount of active microorganisms
sufficient sludge age, depending an the temperature
sludge to be kept in the system

right physical conditions

access to easy degradable substrates

efficient separation

INCORPORATING DENITRIFICATION IN EXISTING PLANTS

In almost all existing Swedish plants, the Biclogical
treatment stage is not designed for nitrification.
Because of the actual load cituation, however, which
might be 50-75 % of the design load, nitrification
frequently will occur during the summer. In order to
achieve nitrification all over Lhe year, the F/M-ratio
must bo decreased, which means @either increasing the
total active sludge mass in the plant, or lowering the
BOD~1oad on the bipleogical stage, OF possibly a combi-
nation of tboth.

The evident soclution is increasing the size of the
plant, which however in most cases might be netther
economically nor politically possible. The following
discussion is consequently stressing possible exten-
sions by internal means.

By simply increasing the sludge cancentration in an
activated sludge system, nitrification might be achie—
ved, provided that the sludge can be kept in the sys—
tem. This reqguires a very efficient separation system
because of the possible carry- bVver, as the Falkenberg
study stressed. In such a case the introduction of an
anoxic zone and recircula-ting the nitrified water will
give a solution at a very low investment costs. The
oxygenation capacity must probably be increaszsed in
order to maintain more than 2 mg 02/1.

Another way of increasing the sludge mass in the system
is the introduction of submersed trickling filter media
in the aeration tanks. Recent studies have shown promi-
sing results. Apart from the added attached growth on
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the mgdia,.the longer detenticn time for the air bubb-
1@5 w%ll give better utilization of the oxygen in the
air, increasing oxygen transfer with some 30 %.

A third approach to achieve nitrification 1s to de-
cregae the load on the biological stage, which might be
a;hleved by more efficient pretreatment. The introduc-
tlgn of pre-precipitation or a polishing high rate .
Frlckllng filter might give an economic sclution, which
is exgmplified below. The risk, however, in guchsa =S 51
tem, is that the easy accessible carbon might be remgv
veq, causing problem in the denitrification process
This problem might be solved by adding some carbaon -
source to the anoxic zone.

FACTORS INFLUENCING THE COSTS

There'arg §Ev9fal factors that influence the costs for
?he hztflfltatlcn—UEﬁitrificatiom. Some of the most
important are listed bhelow:

Effiuent requirement

Iﬁ i evident that more stringent effluent values also
will lead to higher investment and operational costs
The dema@d; should be adepted to the characteriaticﬁ-of
the receiving waters, taking into consideration the
temperature iImpact on the process.

If pho;phorgs removal also is required, a most complex
51§uat;onhw1ll occur, evaluating the possible bilologi-
cal and chemical process systems, and int i

and. e
optimizing them. , prating end

Waste water characteristics

The character and variation of the waste water has a
great influence on the costs. Temperature, alkalinit
BDD/TKNmratio and emasy accessible carbon ;ource are v
some important parameters. Large variations in charac-
teristics and flow will also affect the costs.

Influence from industry

wagte_waters from industries may have a positive ar
ﬁggatlve effect on efficient nitrogen removal, depen-—
ding on their characteristics. ,

A1l @asta waters, containing BOD, but little or no
ngtrlents, e.g. from food industry, will give a posi-
t}ve effect on nitrogen removal, partly because the BOD
will 'consume' nutrients for the cell metabollsm én#fﬁ
ly becagse the easy accessible carbon will accéléra;m”
the denitrification. This fact partly explains the ;6*#
results from the Falkenberg plant. o
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Waste waters, on the other hand, containing much nutri-
ents but little BOD, will have a negative influence.
Waste waters with inhibiting or toxic substances are
always a nuilsance, and their impact might be more Cru~
cial to the more sensitive nitrifying bacteria than to
a normal activated sludge system.

The normal models for charging industry for 1ts waste
water discharge into the sewage system are based on
flow and BOD or COD, letting the industry pay mare the

more BOD they let out.

If nitrification~denitrification is the lssue, more
weight should be put on nutrient discharge. Potentially
toxic waters should only be accepted, provided that the
actual industry operates a catisfactorily efficient

pre—-treatment process.

Existing plant design

The design and process solution at an actual plant will
of course influence the costs.

Existing primary clerifiers will make it possiblie to
use pre—precipitation, and also simplify the introduc-—
tion of a polishing trickling filter, if necessary.

A large aeration volume, combined with efficient sepa-
ration will make possible simple changes in the opera-
tional mode.

In case of possible extension, e.g. available land and
costs thereof, as well as s0il conditions, will affect
the choice of process and consequently costs.

cCosTs

The correct cost evaluation of any process choice is
imperative for taking the right decision. The different
cost affecting factors, however, are unigue for each
case, depending on the local condition and actual pre-
mises for the project. There are many ways of designing
a treatment plant, however ieading to different overall
costs., Nitrification and denmitrification will not only
affect the costs for directly meeting the effluent de-
mands, but will influence siudge production and pnossib-
le coagulant consumption as well.

All general cost studies must consequently be used wlth
utmost care, and more as an indication of possibili-
ties. First after being correctly applied to the actual
case, a real cost evaluation can take place.

For an actual case in Canada, the following relative
cost evaluation for a plant of the same size as Fal-
kenberg has been presented. Average flow 15.%00 m3/d,
effluent requirement: NH4 <1 mg/1, ND3 < 5 mg/i.
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P
rocess Investment Operation

AfTter denitrification, Z2-sludge system 1.07 1.10

After denitrification, l1-sludge system 1.00 1,03

Pre-nitrification, l1—-sludge system 1.01 1.00
Ammonia removal (lime treatment) 1.32 1.35
Ion exchange 1.68 1.38
Irrigation 2.04 1.56

It is evident that the one-sludge systems are most
favgraple, arid further analysis of the one-sludge pre-
denitrification, based on the Falkenberg case, is pre~
sented in the Appendix and below. ’ ©

Gperatibn costs

This_diSCUSSion is based on the Falkenberg case, and
nossible operational modes of that particular plant:

average BOD~1load: 4.000 kg/d
primary treated: 2.3500 (1.300) kg/d

average flow: 13.C000 m3/d,
average N-lcad: 300 kg/d
primary treated: 250 (150) kg/d
N to be reduced: 60 % of the N to be nitrified.

(figures within brackets include pre-precipitation)

The cost effect Df_different operational modes is shown
in enclosed.ﬁppendlx, Tables. As a summary, the most

cost—effgctlve solution for phesphorus and nitrogen

ggm?va§ 1? the Falkenberg plant is the use of two—-stage
iological treatmant and post-precipi j

plologit ] ) pitation, Table 1,

Investment costs

As been stated before, the investment costs are uniqgue
for gach plant in esch country. Consequently there ?5
of little use to try to generalize the investment
costs. On the other hand, the information in the enlo-—
sed Tables on ppssible different operational modes of
thg Fa;kenberg plant, and the resulting volumes for
trlgkllﬁg filters and aeration, will give an indication
gf investment costs. As a rule of thumb, the specific
;?:sgtm?nt c:sts (e.g. SEK/m3) for the activated .

e (aeration) i
S e trichrine f;ﬁi;rz-are approximately half of that
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FUTURE POSSIBILITIES

There are some different process development and
operational modes to be further studied, which are

looking very promising.

One is the submerged trickling filter, Fig.l1i, which
has given interesting results, and further studies are
plarmned, based on further development of this concept.
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Fig.1ll. Submerged trickling filter

High BOD and COD rempoval has besen reported by odegard,
when using very high leads, more than 10 kg BOD/m3.d
(10 g BOD/mE.h for BOD-removal, and % g BOD/m2.h for
nitrification). The positive resulis can be explained
by the increased bicmass in the system, caused by the
attached growth. If values from the sludge growth on
asrobic trickling filter media 1s used, which has been
meassured to be approximately S0 g/m@, the dgrowth may
caorrespond to an increase in sludge concentration of
5-10 g/l. As a consegquence, a sludge content in the
hivlogical process stage of up to 10-15 g/1 can be
calculated on the overall volume. The F/M-ratioc will
then be correspondingly lower, which makes the system
particularily interesting for extending existing faci~
lities.

Recent studies by Bengt Andersson on moderately loaded
trickling filters, using high rate plastic media, and
carried out in the Malmsd city sewage treatment plant at
Sjidlunda, shaow very good nitrification. The results,
Fig.12, show full nitrification during summertime and
50 % nitrification during the winter. The BOD-removal
(of soluble BOD) is accomplished already after 1 m,
corresponding to only 2 minutes detention time. Full
nitrification has been reached aftter 2 m, or
approximately. &6 minutes detention time.
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Fig.12. BOD and Nitrification profile

filters in trickling
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SUMMARY

During the last years, the nitrogen load on some recei-
ving waters has grown to an alarmingly high level. Even
if most of the nitrogen can be referred to as diffuse
courres from agriculture, nitrogen removal in treatment
plants in sensitive areas will be necessary.

The development and practical experience of the bilolo-
gical removal of nitrogen has led to good results in
warmer tclimates, using integrated processes.

Full scale operation for nitrification and denitrifica-
tion has been excuted in some existing plants in Sweden
with promising results, in spite of low temperatures in
the winters. The aim of the chosen process mode has
been to utilize existing facilities, without too costly
investment.

The results show that satisfactory nitrogen removal
might be possible to reach, provided that certain cr i
teria can be met. Further studies of e.g. the impor-
tance of an easy degradable carbon source as well as
development of e.g. the fixed bed processes and the
practical configuration of the process are imperative
for good and economical application of the process.
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14 APPENDIX, Cost analysis

14.1 Introduction

based on the Falkenherg Case, and

The calculations are
es of that particular plant:

poussible operational mod

average BOD-load: 4,000 kg/d
primary treated: 2.900 (1.500) kg/d

average flow: 15.000 m3/d,
N-load: 300 kg/sd

average
250 (150) kg/d

primary treated:

N ta be reduced: 60 Y of the N to be nitrified.

(figures within brackets include pr9wprecipitation)

The oxygen consumption 19 pased on
0.5#*BDrem + 0. l#sludge mass * 4.57 Noxidized - 2.8&*Nreduced
Sludge mass = 5 g/l o* 7.660 = 18.300 kg

MN—-load 10 % of the BROD-1cad
N-~reduced & % of the BOD-load

Operational modes, X marks function in operation

————Tabhle 1-——— —e———Table f2———"— ~—7777 Tabled————

1 2 3 4 5 & 1 2 3 4 5 & 1 2 3 4 3 6
Pre-precipitation - ~ 7 - - = % x ®r % %R M ¥ A
Denitrification N - - oy X % %X %
N-reduction LHO % &0 % 80 % a0 %
Trickling filter 1 - x » 7 7 P S S A 2R
Trickling filter 2 - - 9w - — x T 7 W e e ¥ - T ¥ T ¥
Aeration tank 1 w w ow o®oowoo®oow X W ox o®m % owoox ¥ X » P
peration tank 2 Y ~ ® ® oo * N » » ® > » -
Aeration tank 3 w % o oo X T T - = = moM W T -
aAeration. tank & e R T -

® ¥ ® w - - = - -~ * woo% - -

Post—-precipitation

n with denitrification 195 pnsing 100 mg
o 12% mg/l with normal activated < ludge
will wuee a somewhat higher

Postprecipitatio
AVR/1 compared b
operation. Pre”pr@cipitation
dosage, 130 myg/ 1.

nitrification 18 based on a sludge
of 0.1C kg BOD/kg YGS#d. The normal
ig based on 0.4-0.5 Kg

The operation for
1pad {(F/M-ratio)

activated sludge operation
BOD/kg V5S*d. The corresponding aeration volume 1s

chosen between possible alternatives, resulting in that
the necessary siudge cantent in aeration tanks varies

between 2.9 to 7 g/l.
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a 34

costs, different aerati
: i
S tforent cxamnien. on volumes are used
two (2600 m3) trickling filters

combined with no,

one

in operation.

Table 1 is presenting Fost-precipitation with

without nitrogen removal.

14.2 Table 1, primary treatment,

Operation mode

Flow, m3/d

BODin

BODprimary effluent
BODpre-precipitation
Est. dosage, mg/l
1Tr$ck1.filter§‘nas‘
Trickling filter load
Trickl.filter energy
BOD-removal

BOD to aeration
Aeration tanks nos
Volume

Sludge content
F/M-ratio

N to be cxidized, kg/d
N—-rem, % of N-load

Oxygen need

Oxygen content, mg/1l
Uxygen saturation
Alfa factor

Aerator, g 02/m3.m
Aerator depth, m
Energy, kwh/d

Recirculation, m3/d
Pumping energy, kiWh/d
TOTAL ENERGY, kwh/d

Energy cost Kr/kWh
Energy cost Kr/d

Chemical need, kg/d
Chemical cost, Kr/t
Chemical cost, Kr/d

TOTAL COST, Kr/d
Investment cost basig

Trickling filter, m3
Volume

13000
4000
2500

100

2300
3660

- 10
250
&0

4326

12
.80
i2

2357

22500
163
231

.25
6H30
1300
(=10)9)
1200

1830

3660

58]

15000
4000
2300

100

1.92
720
&0
1000

2745
3.50
-10
230
&0

2174

12
.80
12

1132

222500
1463
20146

23
504
15060
800
1200

1704

1300
2745

&0

% N-reduction

13000
4000
2500

100

LFb
1440
73
6235

1830
3.30
.10
2350
650

1630

1a
.80
i2

84S

22300
163
2452

.23
&13
1500
8OO
1200

1813

2600
1830

15000
4000
23500

123

2500

1830

Y

1799
12
.80
12

37

F37

.29
234
1875
800
1500

1734

1830

in the
{1300 m3)

and

13000
4000
2500

729

i2
.80
12
&

380

.25
279
1875
80O
1500

1300
Q1%

and

. Pl
1640

|

i
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Table 2 is presenting Pre-preci
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without nitrogen removal.

14.4 Table 2, pre-precipitation, &G %

Operation mode

Flow, m3/d

BODin

BODprimary effluent
BODpre-precipitation
Est. dosage, mg/l
Trickl.filtere nus
Trickling filter load
Trickl.filter energy
BOD-removal

BOD to aeration
Aeration tanks Nos
Vo lume

Sludge content
F/M-ratio

N to be oxidized, kg/d
N-rem, % of N~-load

Oxygen need

Dxygen content, mg/1
Oxygen saturation
Alfa factor

Aerator, g D2/m3.m
fperator depth, m
Energy, kwh/d

Recirculation, m3/d
Pumping energy, kWh/d
TOTAL ENERGY, kwh/d

Energy cost Kr/kWh
Energy cost Kr/d
Chemical need, kg/d
Chemical cost, Kr/t
Chemical cost, Kr/d

TOTAL COST, Kr/d
Investment cost basis

Trickiing filter, m3
Vo lume

15000
4000
23800
1500
150

1300

2749
5.90
.10
150
60

2688

=
.80
12

1400

22500
163
1563

.23
371
2230
800
1800

2171

2743

15000
4000
2300
1500
150

720
30
720

1830

.10
130
60

15338

12
.80
12

800

22500
163
14683

.23
421
2230
BoQC
1800

2esl

1300
1830

N-reduction

3

15000
4000
2300
1500

150
&
.58
1440
60
600
1
715
&.60
.10
150
&0

1332
2

12
.80
12

&
694

22300
163
22897

.29
o974
2250
g00
1800

2374

2600
135

I

15000
4000
2300
1500

150
Q

O

Q
1500
1
F15
4.00
b1

1116
12
.BO

12

a81

581

25
1435
2250
800
1800

1940

715

pitatiorn with and

13000
4000
2300
1500
150

1.15
720
20
730

715
2.00
-1

558

12
. 80

12

29t

1011

25
253
2250
800
1800

20583

13C0
G135

15000
4000
2500
1500

190

. 0B
1440

&0
&£00

715
1.60
41

44b

12
.BO
ie
4
233

1673

.25
418
2230
800
1800Q

2z1is

2600
715
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14.3

Table 3 is presenting operational modes to achieve 80 4
nitrogen removal with post— and preprecipitation
respectively.

14.46 Table 3, BO % N-reduction

Operation mode 1 2 3 & 5 &
Flow, m3/d 15000 15000 13000 13000 1353000 15000
BODin 4000 4C00 4000 4000 4000 4C00
BODprimary effluent 23500 2500 2500 EB00 2500 2500
BODpre—precipitation 15Q0 1500 1500
Est. dosage, mg/l 100 100 100 150 150 190
Trickl.filters nos 0] 1 2 0 1 2
Trickling filter load 1.9¢ .76 1.13 - 58
Trickl.filter energy Q 720 1440 0 720 1440
BOD-vremaval 4] &0 75 Q 50 &0
BOD to aeration 23500 1000 &23 1500 730 600
Aeration tanks nos 4 3 = 3 2 a
Vo lume 3660 27435 1830 2745 1830 1830
Sludge content 7 3.50 3.30 35.30 4,00 3.20
F/M~ratio .10 .10 -10 .10 .10 .10
N to be oxidized, kg/d 250 250 250 150 150 150
N~rem, % of N-load 80 80 80 80 80 80
Oxygen need 4383 2031 1487 2547 1449 1228
Oxygen content, mg/1 a2 e 2 2 e o
Oxygen saturation 12 12 ie i2 12 12
Alfa factor .80 .80 .80 .80 .80 .80
Aerator, g D2/m3.m 12 12 12 1a iz 12
Aerator depth, m 4 4 23 &4 o £
Emergy, kwh/d 2283 1058 77 1387 733 40
Recirculation, m3/d &0000  &0000 60000 ACOOC L0000 L0000
Pumping energy, kWh/d 436 436 436 436 43é6 G434
TOTAL ENERGY, kwh/d 2719 2214 2650 17463 1711 2915
Energy cost Kr/kWh .20 .25 .23 .25 .23 L
Energy cost Kr/d &80 553 &63 441 478 k
Chemical need, kg/d 1300 1300 1300 2250 2230
Chemical cost, Kr/t BOO BOO BOO 8OO 8BCO
Chemical cost, Kr/d 1200 1200 1200 1800 1800

TOTAL COST, Kr/d 1880 1733 1863 2241 2278

Investment cost basis
Trickling filter, m3 O 1300 2600 0 1300
Volume 3660 2743 1830 2743 1830
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INTRODUCTION

Problems related to eutrophication and oxygen consumption have been

considered as the major factors in deterioration of the water
lakes, rivers and coastal areas. Technical solu-

gquality in Swedish
tions to reduce oxygen-consuming materials and eutrophication have

up to now been directed towards the removal of biochemical oxygen
demand (BOD) and phosphorus. Thus, biological and chemical treat-
ment of municipal wastewater is usually prescribed, and at present
about 90% of the municipal wastewater from Swedish urban areas is
treated both biologically and chemically. Most plants are designed
for post~precipitation, although the treatment plants may now be
operated in a modified way, for example, with the use of pre-
precipitation, two-poelint precipitation or recirculation of chemical
sludges. Hultman and Moore {1982) have presented an overview of
gwedish practice in muhicipal wastewater treatment.

Although Swedish treatment of municipal wastewater concentrates
on the removal of biochemical oxygen demand and phosphorus, the
environmental and operational effects of nitrogen have been discus-

sed for many years. These include:

EFnvironmental effects:

o) oxygen consumption due to nitrification {oxidation of ammonium
to nitrate)

o FEutrophication due to nitrogen compounds

o Role of nitrate in preventing phosphorus ileakage from
sediments

o Acidification due to nitrification

o Toxic properties of ammonia, nitrite, nitrate and nitroso-
amines

o golubilization of metals by NTA (nitriloacetic acid; NTA is a

potential substitute for phosphates in detergents and was used
to some extent in Sweden in the middle of the 1970's).
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Operational effects:

0 Increased demand for oxygen and energy due to nitrificatiss

o] Decreased sludge production and increased sludge stabilizstiag
due to high sludge ages in nitrification -

e} Decreased production of digester gas due to the use of high
sludge ages in nitrification -

0 Dgcreased sludge production during anoxic conditions compaysd
with aerocbic conditions o

o) SéVlggé of oxygen and energy in denitrification compared wiih
nitrification only o

O savings Qf'precipitation chemicals in post-precipitation due
to alkalinity decrease in nitrification

o Igcreased corrosion due to alkalinity decrease in nitrifica-
tion

O. Dgcreased corrogion due to alkalinity increase in denitrifica-
tion . )

Q Increased concentration of soluble phosphorus in pre-precipi-

téth? or simultaneous precipitation due to sludge mineralisa-
tion in nitrification

e} pecreased chlorine or hypochlorite demand in wastewater dis-
infection due to ammonium oxidation in nitrification

e} Floating sludge due to denitrification

0 Formation of foam at high sludge ages

o Iécreased need for process control in nitrification and de-
nx:rification, as compared with removal of organic material
only.

The environmental effects of nitrogen compounds are more complex to
evaluate than those of phosphorus, where the eutrophication effects
aFe the main concexrn. It can also be seen that the effects of
nitrification and denitrification are important for operation of
plants. These effects may significantly increase the operational
costs and may cause considerable operational problems. However,

some of the effects of these reactions are beneficial to plant
operation.

A? a ?ew Swedish municipal wastewater treatment plants, nitrifica-
t}on 1s prescribed in order to aveoid oxygen deficiency in the reci-
pient. In one municipal wastewater treatment plant, Falkenberg 55
the west coast of Sweden, an average nitrogen removal of 60 pe;

cent.1§ ?réscribed. A few plants have been required to evaluate the
possibilities of removing nitrogen. o

NITROGEN REMOVAIL SYSTEMS

ieveral m?thoés are available for nitrogen removal and are discri-
ed py Gronquist and Hultman (1977), Haglund and Norrman (1984);.
Martin (1979%9) and WPCF (1983). The methods include:
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o Assimilation of nitrogen by micro-organisms (bacteria, algae
etc.) and plants

o Biological reduction (denitrification)

o Chemical reduction (for example use of ferrous jons in acid
solutions)

o Ammonia stripping (air or steam)

o gelective ion exchange

o Oxidation of ammonium to nitrogen gas (use of chlorine or
electrolytical oxidation)

o Precipitation of magnesium ammonium phosphate

e Extraction

o Electrodialysis and reverse osmosis

geveral of these methods were studied at a fairly early date on a
amall scale in Sweden, both theoretically and experimentally
(Westberg and Gustafsson, 1963, Lundberg, 1971, Hultman, 1973a,
Neretnieks et al., 1973, and Ericsson, 1975).

Although several of these methods may have a potential for use in
nitrogen removal at municipal wastewater freatment plants in
sweden, the main focus of interest at present is biological
nitrogen removal by use of nitrification and denitrification.
Several systems forxr biological nitrogen removal have been discussed
in the literature (Barnes and Bliss, 1982, Christensen and
Harremods, 1977, EPA, 1975, Martin, 1979, Sarner, 1983, and WPCF,

1983).

Biological nitrogen removal systems may be classified according to
such factors as energy source for denitrification, operational

modes, number of separate sludge systems, and type of reactor. An
example of classification of biological removal systems is presen-

+ed in Figure 1.

~133-

ERGY c OR D TRIF TIO

X Internal (sewagg and endogeneocus respiration)
External:lglggg;g {methanol, industrial wastes)
inorganic (hydrogen gas, sulphur compounds)

QCES STEM

SINGLE SLUDGE (COMBINED)
X P;e~denitrification
Simultaneous denitrification
x Post-denitrification
SEPARATE SLUDGE

OPERATIONAL MODE
x Continuous
Intermittent

REACTOR
¥ Suspended growth (acti-
vgted sludge process)
F;xed film {(trickling
filters, rotating discs,
fluidized beds)

Figure 1. Example of classification of biological nitrogen removal
systems, where x indicates process factors or systems
that have primarily been considered in Sweden.

EARLY OBSERVATIONS AND STUDIES OF BIOLOGICAL NITROGEN REMOVAL

Possibleleffects of nitrogen in eutrophication and methods to
remove'nltrogen from municipal wastewater have been known for a
long'tlme. This is illustrated by the following summation in
Chemical Abstracts (1910): “The author's experiments have shown
that.the.gro?th 0of green seaweeds of the Ulva and Enteromorpha
species in tidal species 1s mainly due to the presence of ammonium
salts énd, to a less extent, of nitrates derived from sewage. The
iollowmng method of sewage treatment has therefore been reco&mended
Og ::: Belfast Corp?ration: - (1? Removal of solid matter by means
eens, catch pits, and continuous flow sedimentation. (2)
TFeatment of a portion of the sedimentated sewage by percélati&g
fllterg f?l}owed by a short period of sedimentation. (3). A process
oftdenltrlflcatiqn consisting in submitting a mixture of the highly
sziizei effluent from the pércolating filter with the septic tank
o g ,‘to treaFment on a contact bed, so as to effect a destruc-
mezzsoonn;tizzez ;n :he one a§d purification in the other. Expexi-
pene o g lca e have given good results, and it is estimated
e method will effect a reduction of over 80 per cent in the

factors that promote the
growth of these sseweeds i
Lough." (Letts, 1910). wn Belfast
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tn this early study separate steps were used for nitrification and
denitrification. However, it was shown that a high degree of nitro-
gen removal could be attained in activated sludge processes with a
high sludge age. This is illustrated from early studies of the
activated sludge process in Tllinois, USA (Table 1).

Table 1. Results of experiments on nitrogen balance in the
activated sludge process (Metcalf and Eddy, 1935)

Test Nitrogen, ¢ N/m3 per cent Per cent
Influent Effluent siudge loss (-) of sewage

or nitrogen
gain (+) in sludge

Chicago, Ill.
Aug. 1 to Oct.

22, 1916 56.2 21.9 10.8 -41 19

oct. 23, 1916

to Mar. 26, 1917 71.0 38.8 15.6 -23 22

Mar. 27 to Nov,

1917 45 .6 19.3 10.2 -35 22
Champaign, Ill.

May 3 to Dec,

28, 1921 39.4 29.6 10.6 +2 27

A possible explanation for the nitrogen loss in the Chicago plant
is that nitrification was obtained and that there were anoxic par-
ticles (particles with no oxygen but with nitrate) inside activated
sludge flocs or in the aeration basin during high loads of organic
materials. Anoxic conditions in flocs have been suggested as a
mechanism for nitrogen removal (Riiffer, 1966).

Rittmann and Langeland (1985) have shown +hat simultaneous nitrifi-

cation and denitrification may occur in oxidation ditches. The
process may be controlled by the oxygen transfer rate, which should
be sufficient to transfer enough oxygen to satisfy nitrification
and aerobic COD oxidation and maintain a suitable dissolved oxygen
concentration to obtain anoxic conditions inside flocs. Average
concentrations of between 0.1 and 0.5 mg Op/1 were successful in
this respect at two field sites studied.

Farly observations have shown that nitrogen loss may also be obtai-
ned at low-loaded trickling filters as a result of nitrification
and denitrification (Lemoigne, 1910). The reason for this may be
the presence of anoxic parts in the piofilm, especially in the
beginning of the bed where nitrate rich wastewater 1s recirculated
and meets the influent wastewater containing high concentrations of
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organic materials. The loss of nitrogen to the atmosphere vax
betweeg 15 and 60 per cent at a BOD-load of about 100-30C0 ‘il
BODgs/m”/day (Pallasch, 1969%). Kissel et al. (1984) have sh§Wv -
use of models that it is possible to have nitrification in ?Eﬁb%

outer portions and denitrifi i i
ouser cation in the deeper porticons of biss

SWEDISH STUDIES ON NITRIFICATION AND BIOLOGICAL NITROGEN REMOVAI,

At the Peglnning of the 1970's, the Swedish National Environm#id

P;otectlon Board performed about one hundred studies on the 'f:j"”
tion of full-scale plants. The time period for the studies WZE%J )
days (normally 2 days). On the basis of data from 50 munici a;
wastewater treatment plants examined during the period 1971p~‘3ni¥

Table 2. Quality of influent wastewater at 50 Swedish municipal
wastewater treatment plants {(Ulmgren, 1975) ”

Parameter

Average Median Standard Number of
val%e, val%e, deviation, analyses
g/m g/m g/m3 performed
2837 123 116 +60 122
<2 266 259 +115 78
o 122 ; 103 +66 122
. 5.5 +2.5
Ntot 26 24 +9 133

fg ?271f the Swedish National Environment Protecgtion Board prepared
rul e}lnes for d?Slgn of sewage treatment plants" to guide those
preparing or considering proposals for treatment plants. Some of

Table 3. Design for activated sludge plants with primary sedimen-

?;;;?n followed by a post-precipitation step (Ulmgren,

Loading

Detention time
kg BOD7/kg 55/d kg BOD7/m3/d in'aerationlm‘
; tank (h)
High~loaded 1.0-1.5
Normally loaded 0.4-0.8 ?'g:f'g Teso
Low-loaded 0.2-0.3 0.6-0.9 1'g:§'g
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A summary report of the studies performed by the swedish National
Environment Protection Board was made by Eklund (1974). The results

concerning residence time and sludge load for the aeration basin of
the activated sludge process are presented in Table 4.

Table 4. Residence time and sludge load for the aeration basin of
the activated sludge process (Eklund, 1974)

Residence sludge load
time, h kg BOD7/kg S8/d
Highest value 20 g.;?
Lowest value 1.5 0.19
Average value 5.6 0.14
Median value 4.5 64.
Number of values 76

It can be seen from Table 4 that the spread of values for the
detention time and the sludge ioad is very large. The median values
for the residence time and the sludge load are about the values
necessary for nitrification, at least during the summer. This means
that a significant number of Sswedish municipal wastewater treétment
plants have the possibility of increasing the efficiency of‘nltro—
gen removal with only reasonable modifications in plant design and
operation. For a significant number of treatment plants, however,
requirements for improved nitrogen removal would mean large new
investments. Larger plants are normally less over—-dimensioned than

smaller plants.

The reasons for the over-dimensioning of aeration basins include
over-estimation in population and water consumption forecasts. At
the beginning of the 1970's, the prognosis for per capita watex‘
consumption in 2000 was much higher than the prognosis current 1n
the mid-1970's, which latter prognosis seems to be ¢uite accu#ate.
At the time of the investigations of the Swedish National Environ-
ment Protection Board, pre-precipitation was only used at a few
plants. Today pre-precipitation has pecome a fairly common process,
in which nitrification 1is facilitated as a result of increased
removal of organic material in the pre-sedimentation basin.

Pilot-plant studies on biological nitrogen removal have been repor-
ted for Kappala (Ericsson, 1975) and Rya (Balmér, 1985) treatment
plants in Lidingd and Gothenburg, regspectively.

Some full-scale studies on nitrification and biological nitrogen
removal have been performed in Sweden in a controlled way. Results
from such studies are shown in Tables 5 and 6.
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Table 5. Operational conditions in controlled studies of nitrifi-
cation and biological nitrogen removal at Swedish munici-
pal wastewater treatment plants.

Treatment Design Actual Total Retention time
plant flow flow as retention in aeration
percen- time in basin based
m3/h tage of plant based on actual flow,
design on actual h
flow flow, h
Grebro 30 000 56 - 6.8
Eskilstuna 74 000 72 14 4.4
Bromma 160 000 95 9.5 3.5
Himmerfjarden 207 000 55 17.7 2.7/5.34
Falkenberg 30 000 50 17.2 4.3
a

Residence time in aeration basin 2.7 h in
pre~denitrification and 5.3 h in post-denitrification
experiments

Table 6. Operational results in controlled studies of nitrifica-
tion and biological nitrogen removal at Swedish municipal
wastewater treatment plants

Treatment Time Anoxic BOD7 Sludge Nitrifi- Nitrogen
plant period zone Niot age, cation removal 1in
of days effi- biologi~
study g/g ciancy, cal step,
Grebro June-Dec.
1683 No - 8 96 -
Eskilstuna 1980-1983 Yes 2.5 11 0-98 a)
Bromma May-Oct. 1984 No 3.5 4 88 44, b)
Himmer - March-Dec.
f4drden 1985 Yes 2.1 20 90 23, )
June-0Oct.
1985 Yes 2.1 50 98 30, 4)
Falkenberg July 1983-Aug.
1984 Yes 4.8 6-7 84 47, e)

a) insignificant denitrification

b) denitrification degree estimated to 15-25 per cent of total
influent nitrogen

¢) pre-denitrification

d) post-denitrification:; average denitrification degree 54 per cent
with methanol

e) maximum nitrogen removal more than 90 per cent

In the study at Orebro it was found that a significant saving of
aluminium sulphate (Boliden AVR) could be achieved in post-precipi~
tation due to the decrease of alkalinity in nitrification (Ericsson
et al, 1976). Similar experience has been obtained in the case of
aluminium sulphate at Himmerfjiarden and Huskvarna wastewater treat-

ment plants (Hultman and Moore, 1982) and with lime precipitation
{(Gronquist et al., 1978).
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its from Eskilstuna wastewater treatment plant are shown in
Tt can be seen that the increase of nitrate is followed

t+he alkalinity over the biological step. The
intexr due

Resu
Figure 2.

by a decrease in
nitrification is high in the summer and low during the w

to temperature effects. gimilar results have been reported by
Elfving et al. (1975) for Borlidnge and Motala.

MEQ/1
2.3 o
Decrease of alkalinity
# (Increase of
nitrate) x 0.5
e.% T T T T T T i T T Ll T T T T T T t T T T T T T T T 1
; 18810101 | 15a2-a1-31 |1%5—Gl-fdl
Figure 2. Curves showing the decrease in alkalinity and the

increase in nitrite and nitrate, respectively, over the
activated sludge stage at Eskilstuna wastewater treatment

plant (Lilja, 1985).

The studies at Bromma wastewater treatment plant were performed
owing to a temporary effluent standard of ammonium nitrogen of
maximum 4 mg N/1 on average during the period June-Qctober (Hult-
gren, 1986). Results from studies at Himmerfjarden treatment plan
have been reported by Bosander et al. (1986) and Hellstrom et al.
(1986). The studies at Falkenberg wastewater treatment plant have

been described by Lind et al. (1985).

unicipal wastewater treatment

Preliminary results at Halmstad m
may be obtained at

plant indicate that a nitrogen reduction of B80%
certain conditions (Ericsson, 1986).

Many Swedish plants seem to be operated with nitrification during
the summer. This is the case for the treatment plants studied by

£lfving et al. (1975) (see Table 7).
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Table 7. Average values for nitrogen in wastewater effluent at the
treatment plants Sijdlevad, Leksand, Borlidnge, Vikmans-
hyttan, Motala, and Eolshdll from July 1973 through July
1974 (Elfving et al., 1975)

Treatment plant NH4"~N NOp " -N NO3 =N Total N Number of
g/m3 g/m3 g/m3 g/m3 samples
Sidlevad 10.8 0.13 .
Leksand 5.1 0.15 ;,3 fg:g fgg
Bpxlange 14.7 0.49 4.4 25.1 356
Vikmanshyttan 2.1 0,14 4.8 11.6 350
Motala 8.8 0.12 4.9 17.1 362
Eolshall 8.6 .10 3.5 15.5 90

DESIGN OF PLANT FOR BIOLOGICAL NITROGEN REMOVAL

Design procedures have been described by EPA (1975), Barnes and
Bliss (1983), WPCF (1983), Winkler (1984) and ATV (1987). The two
mailn design criteria are:

0 Possibilites for obtaining nitrification

0 Nitrogen removal due to assimilation and denitrification

The possibilities of obtaining nitrification are dependent on
sludge age and temperature. Results from Finnish and Swedish plants
are shown in Figures 3a and 3b (Valve, 1984) and compared with
results from EPA (1975). Figure 3¢ shows data from Eskilstuna
(Lilja, 1985); the results are also compared with EPA (1975). The
results show that a nitrification degree of at least 80 per cent is
normally obtained for a sludge age above 3 days at 20 °C, above 10
days at 10 °C, and above 16 days at 6 "C.

There is a stoichiometric relationship between removed organic
material and removed nitrogen by assimilation and denitrification.
Hultman {(1986) has suggested the following empirical relationship
{see Figure 4):
Pre-denitrification:

Ny = sgfa/3.7 + 0.044) (11

Post~denitrification:

Ny = 85(a/5.6 + 0.044) (3

in which N, = total nitrogen removed, g N/m3
So = influent total BOD concentration, g/m3
a = fraction in nitrification-denitrification reactds

that is not aerated (fraction of denitrification
Czone)
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Nitrification dependency on sludge age and temperature.
The curve represents the nininmum siudge age as a function
of the temperature to obtain nitrification accoxrding to

EPA (1975).

Wastewater treatment plants (from Finland and Sweden)
with a nitrification degree of more than 80 per cent at
different temperature and sludge age (valve, 1984)

Nitrification degree at different values for the tempera-
ture and siudge age for Finnish and Swedish wastewater
treatment plants (Valve, 1984) .

Nitrification degree at different values for temperature
and sludge age at Eskilstuna wastewater treatment plant

(data from Lilja, 1985).
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PREDICTED REMOVAL g N/m3

35

30 +

15 +

* Pre~denitrification
0 Post-denitrification

5 10 15 20 25 30 35

EXPERIMENTALLY OBTAINED REMOVAL g N/m3

Figure 4. Relationship between predicted and experimentally obtai-

ned removal of total nitrogen in pre-denitrification
(formula 1) and post-denitrification (formula 2) plants.
Data for pre-denitrification are mainly from full-scale
plants in the Nordic countries and for post-denitrifica-

tlont results are from studies on different scales repor-
ted in the literature {(Hultman, 1986).

The volume necessar i 1if3 i
y for nitrification and denitrifi i
. + r
is determined from the relationship: Hiieation Veoe

Viot =

Vnitr
{1 - a) (3)

in whi i = :
hich Vpity volume necessary for nitrification

10 47377Y




-142-

The volume necessary for nitrification, Vpitr, may be written:

030Y(so - 8) ”
Vnitr < X

in which ©g = sludge age for nitrification bacteria, @

¢ = substrate yield coefficient, g/g
s = effluent BOD concentration, g/m3 ,
¥ = average sludge concentration in aerated paxrts, g/m

a suitable value for a

f ©4 may be chosen from Figure 3,
e formul ? f trogen removal may

from formula 1 or 2 and the total volume for ni
be calculated from formula 3.

Tf a high degree is required of nitrogen removal, it islimp?rtant
to consider the effluent concentration of soluble ?rganlc nitrogen
(Parkin and McCarty 1981a and 1981b; Jansen and Kr%stensen, 1985).
Minimum effluent soluble organic nitrogen are predicted to res?lt
from operation of municipal activated sludge plants at conventional
loadings with solids retention times of 6 to 10 days. Uéder these
conditions and with near steady-state operati?n, an egtlmated 20 to
40 per cent of the effluent soluble organic nitrogen 185 proéuced
biologically during activated sludge treatment and the remalnde;
represents residual organics from the influent wastewater (Parkin
and McCarty, 1981a). In Table 7 it is shown that the effluent

total nitrogen concentration is considerably highex t?an the sum of
the concentration of ammonium, nitrite, and nitrate nitrogen.

OPERATIONAL PROBLEMS

These problems include:

Floating sludge due to the formation of nitrogen gas in

denitrification .
Foam formation by for instance Nocardia due to the use of a

high sludge age in nitrification .
o) solubilisation of phosphorus due to mineralisation of sludge

at high sludge ages . o .
Decrease of pH and alkalinity due to nitrification

o Increased corrosion

These operational problems must be carefully considered in imple-
mentation of nitrogen removal.
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IMPROVEMENT OF NITROGEN REMOVAL

Increagsed sludge concentration

The sludge concentration may be increased by:

0 Use of contact stabilisation, by which process a high average
sludge concentration may be used (Balmér, 1985)

o} Use of contact materials in the aeration basin

o) Inprovement of sludge sedimentation and thickening properties

The last point will be discussed here. Studies on sludge sedimenta-
tion and thickening indicate that the main two factors affecting
these properties are sludge density and structure. The sludge den-
sity is a function of the sludge volatile fraction, and the in-
fluence of the volatile fraction on the sedimentation velocity has
been described by an empirical model (Bultman 1986). A measurement
of the floc structure is given as flog filament length per g of
sludge. Rittman (1987) has shown an empirical relationship between
the solids flux due to sedimentation, the sludge concentration and
the length of filaments.

By use of contact stabilisation, contact materials, and methods to
improve sludge sedimentation and thickening properties, it is
possible to achieve significant reductions in the volume necessaxy
for nitrification and denitrification.

Recirculation

An intrinsic weakness of the pre-denitrification process is thai
only the nitrate that is recirculated into the anoxic stage can s
removed by denitrification, Thus, for a high percentage of denitris
fication, a high degree of recirculation is necessary. By applying
100 per cent recirculation, only 50 per cent of nitrate can ba
removed, theoretically, by denitrification. Howeverxr, a high ¢ :
of recirculation may cause a decrease in denitrification efficiarn:
cy. This 1s due to the facts that the hydraulic retention tims
diminishes with increasing recirculation ratio and that the da
nitrification bacteria need some time to acclimatize from aerobhis
to anoxic conditions (Xrauth, 1986).

rocess control

The influent organic material may be degraded underx aerobia ap
anoxic conditions. If organic material is a limiting factor
denitrification, it is important to avoid unnecessary orga
degradation under aerobic conditions. This may be accompl
operating the nitrification process only to a certain lev
effluent ammonium concentration, for instance, to 1-3 g HNiiy
in the effluent. The degree of nitrification may be contiallsd by
the air supply.

oy




-144-~

It is desirable to control the nitrate concentration from the
anoxic stage. As long as the nitrate concentration is above 273 g
N03‘“N/m3, it may be useful to decrease the sludge recirculation

ratio.

Improved process control in nitrogen removal process systems can be
achieved mainly by use of suitable measurement instruments and
operational control strategies. Examples are:

QO Use of selective ammonium electrodes

o) Control of oxygen supply with the aid of nitrate measurements
(Kayser and Ermel, 1985)

o) Use of redox potential (Charpentier et al, 1986)

o Use of alkalinity measurements (Strandsater, 1979) .

o Measurement of dinitrogen oxide in the gas phase {Nogita et
al., 1981)

roc eactors

Nitrogen removal by use of nitrification and denitrification‘has
mainly been studied in the form of single sludge process§5 with the
activated sludge process and to some extent with fixed film reac-
tors. Special reactors such as fluidised beds, sand filters and the
addition of suspended support materials may be of interest.

Process systems

Although single sludge systems constitute the most common process
for nitrogen removal, it may be advantageous to separate the sludge
systems or to use nitrogen removal in two or several stages.
Examples of such systems include:

e} The use of a denitrification upflow reactor before an activa-
ted sludge process with denitrification and nitrification
(Klapwijk et al., 1979). o .

o The use of two-stage nitrification with partial nitrification
of sidestreams from dewatering of digested sludge and seeding
of the formed nitrification bacteria into an activated sludge
process with denitrification and nitrification (Tendaj-Xavier,
1985, and Tendaj-Xavier et al., 1985).

COST CONSIDERATIONS

Costs for different nitrogen removal processes have been reported
in several Swedish studies, often based on foreign studies (Lund-
berg, 1971, Hultman, 1973b, Neretnieks et al., 1973, and Hagluné
and Norrman, 1984). In a recent study, Holmstrdm (1987) has estima-
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ted the costs for installation of nitrogen removal at Swedish muni-
cipal wastewater treatment plants using conventional technology far
nitrification and denitrification at existing plants dimensioned
for more thamn 10000 person equivalents and situated on the coast (a
total of 7 million person equivalents). The necessary investments
were estimated at SEK 1800 million and SERK 5000 million for a
nitrogen removal efficiency of 50 per cent and 75 per cent, respec-
tively. The following additional costs for nitrogen removal per mS
were estimated:

Nitrogen Capital Operational Total costs
removal, % Ccosts costs
50 0.25 SEK/m3 0.10 SEK/wd 0.35 SER/m3
75 0.75 SEK/m3 0.20 SEK/m3 0.95 SEK/m3

These figures may be lowered as a result of advances in technology
and the transfer of experience from plant to plant.

CONCLUSIQNS

o Several factors are important when considering the removal of
nitrogen compounds, including oxygen consumption, eutrophica-
tion, acidification and toxicity.

o) Several Swedish plants are operated with nitrification
especially during the summer.
o Plants which can be operated with nitrification may in several

cases significantly increase nitrogen removal by introducing
an anoxic zone. This zone may be advantageous in order to
saving energy, reducing corrosion, and to some extent reducing
the production of sludge.

e} some operational problems may be incurred as a result of
nitrification and denitrification, including floating sludge,
corrosion and solubilisation of phosphorus.

o In the implementation of nitrogen removal at existing plantgs
it may be advantageous to consider several modifications, for
instance, an increase in the sludge concentration in the
aeration basin, use of a separate nitrification or denityrifi-
cation step before the activated sludge process, and control
of the ratio of the aerobic and anoxic ZOnes .

o If a high degree is required of nitrogen removal, it is g g
tant to consider the effluent concentration of soluble and
suspended organic nitrogen. '

o Nitrogen removal is a complicated process involving several
operational problems such as floating sludge, foam formation
and corrosion. Thus, the introduction of nitrogen removal wili
increase the need for better understanding and control of the
process, and for training.

11 473177y
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PROPOSALS FOR FUTURE ACTULVIFLES AGRE

SEMINAR ON WASTEWATIER TREAPMENT jN HEH&M

The programme of the seminar was divided into three
different sections
. Sewerage systems

. Discharge of industrial wastewater to municipal
sewerage systems

. Reduction of nitrogen.

For each subject the participants of the seminar agreed
upen the following proposal for future activitiess

Sewerage systems

a) Combined sewer overflows (CS0}.
Brief state-of-the-art reports should be compiled by
the Contracting Parties. The reports should provide
information on
. extent of combined sewers {(in % of sewered area)
. design practices including flow egualization
. rates of inflow/infiltration
. pollution due to CSO
. current research
. trends.
A cgmpilation of these reports may hopefully lead to the
derivation of suitable effluent standards, which may be
expressed as freguencies, total volumes or total amount

of pollution load. The effluent standards may be
expressed as monthly to yearly values.,
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Proposals for recommendations should be formulated on
proper measures to be taken to meet eventual standards.

b)

Stormwater

Brief state—~of-the-art reports should be compile§ by
the Contracting Parties. The reports should provide
information on

extent of separate sewer systems {(in % of sewered
area)

concentration of pollutants in stormwater

regulations on connections to the stormwater
system

. methods for source control
. current research

. trends

. methods used for quantitative and qualitative
water budget estimations.

A compilation of these reports may hopefully lead to
the derivation of congruent methods for water budget
calculations. This tool in turn may lead to rea-
listic estimation of the magnitude of problems
connected to stormwater management and that pro-
posals be made for recommendation of proper counter-—
measures to be taken.

Renovation of sewers

Brief state-of-the-art reports should be compilgd by
the Contracting Parties on methods used. A compila-

tion of these reports should promote the exchange of
information.

Discharge of industrial waste water to municipal sewerage

5.

=151~

Lists of limit values for industrial waste water are
avallable in Sweden (VAV M 20), Finland (TESI 5) and
West Germany and lists of maximum permissible values
for different recipients are available in the USSR
and Denmark.

Research programs dealing with micropollution is
going on in Denmark and has been going on in Sweden
(SWEP-project). It is recommended that the results
should be utilized by the Commission,

We recommend that a working group is formed to
develop guidelines acceptable by all Baltic
countries. Each country should nominate 1-2
specialists to the working group {(and supply
sufficient funding for the group).

"The"working group should pay special attention to

the following aspects:

. the risks for accumulation of non-biodegradable
materials in the food-chain (e.g. accumulation in
sludge)

. the operation of pre-treatment installations
within the industries

. monitoring of harmful substances.

Reduction of nitrogen

systems

1.

A list of guidance or limit values should be wogked
out for use in the countries discharging water 1into
the Baltic.

Recognizes the problem of nitrogen control in the
Baltic.

Stresses the importance of co-ordinating activities
in this field,

Recommends
. forming a Working Group
. collecting available information on

- receiving water's need

- source of nitrogen

- regulatory control

- current R/D, full scale experience
~ integration in treatment systems

- expected benefit
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. advise on possible actions LIST OF PARTICIPANTS

. set a goal and time table,
9 DENMARK Mr. Claus Hagebro

Ministry of the Environment,
Agency of environmental protection
Strandgade 29

DK-1401 Copenhagen X

The Scientific-Technological Committee established a new
project on the topics related to sewage treatment 1n
urban areas to carry out the tasks to be given by the

sTC,
FINLAND Mr. Yrid Lundstrom
The Committee expressed its appreciation to Sweden for : Helsinki City Water and Sewage Works
its willingness to act as Lead Country for the new P-Béo19 "
project. The project will be organized in cooperation ; SF~00241 Helsinki
between the National Environmental Protection Board and : ) )
Dr, Markku Makeld

dish Water and Waste Water Works Association.
the Swedis National Board of Waters

P.B. 250
SF-00101 Helsinki

Mr. Timo Mikela

Ministry of the Environment
KRaikukatu 3

SF~-00530 Helsinki

Mr. Pentti Rantala

Tampere University of Technology
P.B. 527

SF-33101 Tampere

Mr. Untoc Tanttu
Plancenter Ltd
Opastinsilta 6
SF-00520 Helsinki

FEDERAL REPUBLIC Dr. Ginther Leymann
OF GERMANY Ministry of Food Agriculture and

Forestry, Schleswig-Holstein
Disternbroocker Weg 104
D-2300 Kiel 1

Dr. Ivan Sekoulov

Technische Universitat Hamburg-Harburg
Eissendorfer Str. 38

D-2100 Hamburg 90

POLAND ' Dr. M.J. Gromiec
: Institute of Meteorology & Water
Management
uli-Pedlesna 61
01-673 Warsaw
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Mr. Rolf Bergstedt
Public Works

Box 120

g-371 22 FKarlskrona

Mrs. Anita Bertilsson
Kommunakituellt
Hornsgatan 15

S5-116 47 Stockhoim

My . Alf-Gdran Dahlberg

sonthwestern Stockholm Region Water and
Sewage Works Inc. (SYVAR)

$5-140 32 Grodinge

Mr. Lars Eklund

swedish Environmental Protection Board
Box 1302

s-171 25 Sclna

Mr. Jan Falk

Swedish Environmental Protection Board
Box 1302

5-171 25 Solna

Dr. Lars Gunnarsson
Purac AB

Box 1146

g~221 05 TLund

Dr. Lars Hall

Bruun & SoOrensen AB
Box 444

5-124 04 Pandhagen

Mr Ake Haglund
Public Works
$-601 81 Norrkoping

Mr. Arne Hanscon
Ransdtervagen 4
S-161 51 PBromma

Mr. Bertll Hawerman

swedish Water and Waste Watexr Works
Association, VAV

Regeringsgatan 86

$~111 39 Steockholm

Mr. Bengt-Goran Hellstrom

Southwestern Stockholm Region Water and
sewage Works Inc. (SYVABR)

5-140 32 Grodinge

Dr. Bengt Hultman

swedish Water and Waste Water Works
Association, VAV

Regeringsgatan 86

$-111 39 Stockholm

SWEDEN
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Mr Jan Hallgren
Country Administration
Ostgdtagatan 3

5-581 86 Linkoping

Mr. Carl Ivar Hoijer
County Administration
5-291 86 Kristianstad

Dr. Ake Moller

County Administration
Box 220867

5-104 22 Stockholnm

Mr. Rolf Norbkerg

Stockholm Water and Sewerage Works
Pox 6407

5-113 82 Stockholm

Mr. Torsten Palmgren

Kiappala Sewage Works Association
Box 815

181 08 Lidingd

Ms. Elzbieta Plaza

Water Respurces Engineering

Royal Institute of Technology (KTH)
5-100 44 Stockholm

Mr valfrid Paulsson

Swedish Environmental Protectlion Board
Box 1302

5-171 25 Solna

Prof. Jan Rennerfelt
K-konsult
5-117 80 Stockholm

Dr. Bjidrn Rosén
Purac AB

Box 1146

§-221 05 Tund

Ms. Ulla Runestam

Swedish Water and Waste Water Works
Association, VAV

Regeringsgatan 86

5-111 39 Stockholm

Mr. Par Sandin

Stockholm Water and Sewerage Works
Box 6407

$-113 82 Stockholm

Dr. Martha Tendaj-Xavier

Stockholm Water and Sewerage Works
Box 6407

5-113 82 Stockholm
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Swedish Environmental Protection Boaxrd
Box 1302
5-171 25 Solna

Mr. Rolf Aberg

Public Works

S-621 81 Vishy No. 1 JOINT ACTIVITIES OF THE BALTIC SEA STATES WITHIN THE
FRAMEWORK OF THE CONVENTION ON THE PROTECTION OF THE
MARINE ENVIRONMENT OF THE BALTIC SEA AREA 1974-1978

(1979)*
UNION OF SOVIET Dr. E. Loigu _ No. 2 REPORT OF THE INTERIM COMMISSION (IC) TO THE BALTIC
SOCIALIST REPUBLICS State Commlittee for Hydrometeorology and MARINE ENVIRONMENT PROTECTION COMMISSION
Environment. Control (1981)
Institute of Applied Geophysics, Baltic
BFanch No. 3 ACTIVITIES OF THE COMMISSION 1980
Jarvevana tee 5 - Report on the activities of the Baltic Marine FEnvi-
SU-200001  Tallinn ronment Protection Commission during 1980
‘ . ~ HELCOM Recommendations passed during 1980
Dr. N. A. Terentjeva : “(1981)
Ministry of Municipal Management
Russian Soviet Socialist Republic No. 4 BALTIC MARINE ENVIRONMENT BIBLIOGRAPHY 1970-1979
({1981)
THE BALTIC MARINE ENVIRON- Prof. Harald Velner , No. B5A  ASSESSMENT OF THE EFFECTS OF POLLUTION ON THE NATURAL
MENT PROTECTICN COMMISSION Baltic Mar;ne Environment Protectlion RESOURCES OF THE BALTIC SEA, 1980
Commission PART A-l: OVERALL CONCLUSIONS
Mannerheimintie 12 A (1981)*

SF-00100 Helsinki 10

KNo. bHB ASSESSMENT OQF THE EFFECTS OF POLLUTION ON THE NATURAL

Dr. Terttu Melvasalo , RESOURCES OF THE BALTIC SEA, 1980
Balt}c Marlne Environment Protection PART A-1: OVERALL CONCLUSIONS
CommlSSlQn' . PART A-2: SUMMARY OF RESULTS
Mannerheimintie 12 A PART B: SCIENTIFIC MATERIAT,
SF~00100 Helsinki 10 : (1981)
No. 6 WORKSHOP ON THE ANALYSIS OF HYDROCARBCNS IN SEAWATER
Institut £lr Meereskunde an der Universitdt Kiel,
Department of Marine Chemistry, March 23 =~ April 3,
1981
{(1982)
No. 7 ACTEIVITIES OF THE COMMISSION 1981

~ Report of the activities of the Baltic Marine Envi-
ronment Protection Commigsion during 1981 including
the Third Meeting of the Commission held in HBelsinki
16~19 February 1982

- HELCOM Recommendations passed during 1981 and 1982

{1982)

* out of print
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10

11

12

13

14

L5

16
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ACTIVITIES OF THE COMMISSION 1982

- Report of the activities of the Baltic Marine Envi-
ronment Protection Commission during 1982 including
the Fourth Meeting of the Commission held in
Helsinki 1-3 February 1983

- HELCOM Recommendations passed during 1982 and 1983

(1983)

SECOND BIOLOGICAL INTERCALIBRATION WORKSHOP

Marine Pollution Laboratory and Marine Division of the
National Agency of Environmental Protection, Denmark,
August 17-20, 1982, Rgnne, Denmark

(1983)

TEN YEARS AFTER THE SIGNING OF THE HELSINKI CONVENTION
National Statements by the Contracting Parties on the
Achievements in Implementing the Goals of the
Convention on the Protection of the Marine Environment
of the Baltic Sea Area

(1984)

STUDIES ON SHIP CASUALTIES IN THE BALTIC SEA 1979-1981
Helsinki University of Technology, Ship Hydrodynamics
Laboratory, Otaniemi, Finland

P. Tuovinen, V. Kostilainen and A. Hamdl&dinen

(1984)

GUIDELINES FOR THE BALTIC MONITORING PROGRAMME FOR THE
SECOND STAGE
(1984)

ACTIVITIES OF THE COMMISSION 1983

- Report of the activities of the Baltic Marine Envi-
ronment Protection Commission during 1983 including
the Fifth Meeting of the Commission held in Helsinki
13-16 March 1984

- HELCOM Recommendations passed during 1983 and 1984

(1984)

SEMINAR ON REVIEW OF PROGRESS MADE IN WATER PROTECTION
MEASURES

17-21 October 1983, Espoo, Finland

(1985)

ACTIVITIES OF THE COMMISSION 1984

- Report on the activities of the Baltic Marine Envi-
ronment Protection Commission during 1984 including
the Sixth Meeting of the Commission held in Helsinki
12-15 March 1985

- HELCOM Recommendations passed during 1984 and 1985

(1985)

WATER BALANGE OF THE BALTIC SEA

A Regional Cooperation Project of the Baltic Sea
States; International Summary Report

(1986)

S N —

No. 17A

No. 171

No. 18

No. 19

No. 20

No. 21

No. 22

No. 23

No. 24

* out of

I"IRET PERIODIC ASSESSMENT OF THE STATE OF THE MARINE
ENVIRONMENT OF THE BALTIC SEA AREA, 1980-1985; GENERAL
CONCLUSIONS

(1986)

FIRET PERIODIC ASSESSMENT OF THE STATE OF THE MARINE
ENVIRONMENT OF THE BALTIC SEA  AREA, 1980-1985;
NACKGROUND DOCUMENT
(1LOUR7)
ACTIVITIES OF THE COMMISSION 1985

Heport on the activities of the Baltic Marine Envi-

Fonment Protection Commission during 1985 including
fhe  Heventh Meeting of the Commission held in
Helwinkl 11-14 February 1986

I'HﬁhvnM Recommendations passed during 1986
DHK )

BALTITE HEA MONITORING SYMPOSIUM

Tn]linn. B8R, 10-15 March 1986

(19K )

FIHET BALTIC SEA POLLUTION LOAD COMPILATION

(10R7)

HEMINAR ON HEGULATIONS CONTAINED IN ANNEX II OF MARPOL

/A0 AND REGULATION 5 OF ANNEX IV OF THE HELSINKI
CONVENTION

Nalttonal Hwedish Administration of Shipping

and Navigation; 17-18 November 1986, Norrképing,

Hwadng

(1uny)

HEMINAKR ON 015, POLLUTION QUESTIONS

L9320 Hovember 1986, Norrkdping, Sweden

(19R7)

ACTIVITIER OF THE COMMISSION 1986
Hepart ol the activities of the Baltic Marine Envi-
Fonment Fratection Commission during 1986 including
fhe  Bighth Meeting of the Commission held in
Helsinki #4+37 Pebruary 1987
HELCOR Becommendations passed during 1987

(1UH7)»

PHOGHESS BEFORTH ON CADMIUM, MERCURY, COPPER AND ZINC
(l1unt)
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