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Abstract

Sewage sludges generally contain high concentrations of pathogens, even after digestion or other
conventional treatments for stabilization. Disinfection can be effected by irradiation (e.g. gamma or electron
beam), by heat treatment (pasteurization or thermophilic stabilization), and by changing the pH (lime treatment).
Irradiation is a simple and reliable process for disinfection, with special advantages and favorable side-effects.
Irradiation can be combined with oxygenation, heat or other treatments, with favorable synergistic effects. The
total costs for (he irradiation treatment of sewage sludges are comparable to those of alternative disinfection
methods. Most of the worldwide practical experience has been obtained at the sewage-sludge irradiation plant
in Geiselbullach (10 km west of Munich, Germany), which was continuously in operation from 1973 to 1993.
A multidisciplinary research programme was conducted during the first 8 years. In subsequent years, the plant
was operated commercially for sewage-sludge disinfection, without public funds. Other demonstration or
research plants for sewage-sludge irradiation have been reported in the USA, India, Russia, Japan, Austria,
Germany, and Hungary.

1. HEALTH RISKS

1.1. Pathogens in sewage sludges
The most important pathogens in sewage sludges are bacteria (e.g. salmonellae), viruses (e.g.

poliovirus) and parasites (worm eggs, e.g. taenia). Full detection of pathogens is difficult, expensive

and time consuming. Therefore, for orientative investigations, indicator organisms are often used:

enterobacteria, faecal coliforms, or E. coli for the detection of salmonellae, for instance.

In Germany, digested sewage sludges have been found to contain 106 salmonellae per liter,

103 viruses per liter and 102 parasites per liter.

In the countries of central Europe salmonellae are generally the most important pathogens,

whereas in some developing countries parasites are more important. In general, viruses in sewage

sludges are considered to be less important for disease control.

1.2. Infection dose
Although the human infection dose of salmonellae is about 103 to 105 (depending on the type

of salmonella and the size and condition of the person), infection by virus or parasite is possible from

fewer than ten organisms.

1.3 Infection cycle
Various investigations, especially in Germany and Switzerland, have shown that salmonella

diseases in animals may originate from infective sewage sludges used in agriculture [1-4].

Salmonella diseases are still a problem in Europe, even in countries that are "highly

developed". The official number of salmonella infections in Germany has increased during the past

twenty years from 10,000 to more than 80,000 per year.

With disinfection as part of the sewage-treatment process, the cycle of infection, man ->

sewage sludge -> agriculture -*• plants/animals -> food -> man, can be broken.
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1.4 Regulations for sludge disinfection
In most European countries, no strict hygienic requirements are made for the reuse of sewage

sludge in agriculture; most often there are only general requirements. In Germany the use of non-

disinfected sludges on fields is prohibited from the beginning of the year until after harvest, and

sewage sludges are generally not allowed on fields where vegetables are cultivated.
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FIG. 1. Schematic diagram of the Geiselbullach Sludge Irradiator.
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Switzerland was the first European country to pass a Sewage Sludge Act, in 1981. This law

requires disinfection of all sewage sludges that are reused on green land or fodder-plant areas. The

law defines a sludge as disinfected if it has been treated especially for this purpose and contains, at

the time of distribution, no more than 100 enterobacteria per mL and no infective worm-eggs.

Furthermore, storage of sludge is required for at least three months before application.

2. IRRADIATION OF SEWAGE SLUDGES

2.1. Gamma irradiation

2.1.1. General remarks

Gamma rays penetrate well in water and sludges; the half-value thickness of Co-60 y-rays (1.3

MeV), for instance, is about 28 cm in water and not less than 25 cm in normal liquid sludges. Such

deep penetration ensures the irradiation effect in thick layers of sludge.

The most common industrial y-radiation sources utilize Co-60, which is produced by exposing

non-radioactive Co-59 to a neutron flux in a nuclear reactor. After prolonged use of these sources

(e.g. 20 years, which represents almost four half-lives) the residual activity has to be deposited in

special storage for radioactive waste. After 20 years, Co-60 still has over 6% of its original activity.

Cs-137 can also be used, in principle, as a y-source. This material (in the form of the salt

CsCl) can be obtained as a by-product of the spent-fuel reprocessing cycle. Its radiation energy, 0.66

MeV, assures a half-value thickness of 24 cm in water, with a half-life of about 30 years. Since CsCl

is water soluble, it is regarded as less safe in the event of a source leak or accident. For this and other

reasons, it is not widely used in y-rradiation plants that require high activity.

2.1.2. The sewage sludge y-irradiation plant in Geiselbullach

2.1.2.1. General aspects

The sewage treatment plant in Geiselbullach, 10 km west of Munich, was designed for the

mechanical and biological treatment of 50,000 m3 of sewage water per day, the equivalent of

approximately 250,000 inhabitants. The plant operates at about 70% of its capacity. The sludge is

digested at 32°C for 20 days, and then used as a soil conditioner and fertilizer on agricultural land

in liquid (6-7% dry solids) or dewatered (22% dry solids) form. Currently about 20% of the total

sludge quantity from Geiselbullach is used for agriculture.

In Germany today, farmers hesitate to use sewage sludge on their fields because industrial

processors request "ecological," meaning "sludge-free," agricultural products. Therefore, the portion

of sewage sludge used in agriculture has decreased from 35 to 20% during the past five years.

2.1.2.2. Plant technology and operation

A schematic plan of the Geiselbullach facility is shown in Fig 1. The plant consists of two

underground components, the irradiation shaft with a built-in central tube, and the pump shaft

containing the recirculation and evacuation pumps, the valves and the piping system.

Above ground, the building houses a metering silo, the control equipment, a crane and a

laboratory. The irradiator was operated in a batch mode, treating approximately 5.6 m3 of sludge

containing 4% solids to an adsorbed dose of 3 kGy.
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For irradiation, the sludge flowed from the silo into the irradiation shaft, where it also entered

the connection pipes. To provide a homogenous dose distribution, the sludge was mixed with a

recirculation pump. After a preset time, which depended on the installed radioactivity and the required

dose, the sludge was pumped out by evacuation.

The batch-wise operation ran automatically for 24 hours a day. All pumps, valves, indicators

and control equipment were located either in the permanently accessible pump shaft or in the building

above ground, so that services and inspections were possible at any time, without need for special

safety precautions.

The operation of the plant was stopped in the springtime of 1993 for major repairs, and at that

time new regulations in Germany disallowed further use of sewage sludge on grassland and areas for

fodder production. As only those areas required the disinfection of sewage sludge, the treatment was

no longer necessary and the decision was taken to stop operation of the irradiation plant.

2.1.2.3. Radiation sources

The radiation sources had a cylindrical form (diameter 30 mm; length 300 mm). Each

contained 30 plaquettes of Cobalt-60, which were doubly-encapsulated with an initial activity of about

18,000 Ci. As the half-life of Cobalt-60 is about 5.5 years (corresponding to a decay of 13% per

year), additional sources had to be installed every two or three years.

In 1984, nine Caesium-137 sources, with a total activity of approximately 70,000 Ci were

installed in the Geiselbullach irradiation plant, in addition to the 380,000 Ci of Cobalt-60 sources.

These Caesium-137 sources were obtained from the USA under a bilateral national contract. Their

transportation and installation were supported by the German Ministry for Research and Technology.

They were dismantled at the plant and transported back to the USA in 1992.

2.1.2.4. Safety features

The irradiation shaft, where the sources were located in a stable position between the two

walls of the central tube, was situated underground and covered by 2.0 m of concrete. The room

under the concrete cover was a restricted area, to be entered only by specially skilled staff of the

supplier. All other areas were unrestricted, not requiring a personal dosimeter. The distance to the

irradiation shaft and the bent connecting pipes allowed access to the pump shaft without any radiation

precautions.

The radiation sources were located between the two walls of the central tube. They had no

contact with the sludge and were controlled by a secondary circuit of demineralized water, which

provided the leak test and cooling in case of emergency.

The radiation dose was controlled in the operation room; whenever it increased to more than

double that of background, the plant was flooded with water and the electricity supply disconnected.

The same happened whenever the cover was lifted before a distantly located key switch had been

turned, or when the radiation-dose control was disconnected. In such cases, an alarm would sound at

the local police station. The safety features were checked each year by the responsible authority.
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2.1.2.5. Economics

The investment costs in 1973 for the Geiselbullach sewage sludge irradiation plant were:

underground and aboveground construction 420,000 DM
machinery, control equipment and auxiliaries 710,000

plus the costs for the initial loading of Cobalt-60 sources.

Prices for concrete and construction work, machinery and other equipment increased in

Germany by about 120% from 1973 to 1994; therefore, for a similar facility inl994, the stated costs

would have to be more than doubled.

The annual operating costs for 1985 were:

Addition of radioactivity (3.04 DM/Ci Co-60)
Electric power (0.22 DM/kWh)

Other operational materials

Staff, repairs, services
Insurance

Total

158,000 DM
17,000

1,000
39,000

3.000

218.000

With an annual capacity of 42,000 m3, these total operational costs resulted in a specific

operational cost of 5.19 DM/m3 in 1985. The mean inflation rate from 1985 to 1994 was about 38%.

On the basis of these data, the total annual and specific costs for 1994 can be estimated as:

1. Investment costs:

Plant 1,130,000 DM

Sources 600,000 Ci x 2.50 DM/Ci 1,500,000

Annuity (8% interest, 15 years amortization)

= 10.2% x (1.13 + 1.50 = 2.63 million DM) = 268,000 = 47%

2. Operating costs (218,000 DM x 1.38) = 301.000 = 53%
Total 569 000 = 100%

The specific cost was 13.55 DM/m3 in 1994.

2.1.3. Other gamma-irradiation plants

2.1.3.1. Germany: Munich-GroBlappen

A pilot plant for the treatment of a maximum of 30 m3 per day (dose 3 kGy) was built in 1974

at the Bavarian State Institute for Water Research in Munich-GroBlappen. It was used primarily for

investigation of the effects of y-irradiation on the destruction of chemical compounds in industrial

wastewaters. Operations ceased around 1985. Some reports of the work were published, most of them

in German [5].
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2.1.3.2. USA: Albuquerque

A pilot and demonstration plant for the treatment of dewatered and composted sludges, also

mixed with other solid wastes, was built and commissioned in 1979, at the Sandia National

Laboratories in Albuquerque, New Mexico. It was designed to operate with Cs-137 sources (as CsCl,

maximum 1,000,000 Ci). The design capacity was 8 t day1 of dried sludge (about 50% dry solids),

which was carried in buckets along the sources, the required dose being 10 kGy. The material had

to be transported to and from the plant, which was located at the Laboratories, and not at a sewage-

water treatment plant. Operation of the plant was stopped around 1986. Many reports were presented

at international meetings and published in journals [6, 7].

2.1.3.3. India: Baroda

A pilot and demonstration plant for the treatment of liquid sewage sludges was built and

commissioned in 1988, in Baroda, by the National Nuclear Research Centre. Little has been published

about the research work. It seems that the plant is not yet in full operation [8, 9].

2.1.3.4. Other reports

There are other reports of experiments or plans regarding gamma plants for the disinfection

of sewage sludge, in Russia, Hungary and Germany (Company Leybold-Heraus in Hanau) [10-12].

Most of the experiments were performed at laboratory irradiation plants or with multi-purpose

irradiator, but not much is known of the research activities associated with these projects.

2.2. Electron-beam irradiation

2.2.1. General remarks

Electron beams can transfer more power into aqueous media than can y-radiation. Therefore

the capacity of electron beam plants is generally higher.

The energy of accelerated electrons can achieve 3 MeV with conventional and relatively low-

cost machines, and up to 10 MeV with linear accelerators that are significantly more expensive.

The penetrative power of accelerated electrons in water is about 3 mm per MeV (Fig. 2).

Therefore most electron-beam plants require that a very thin layer of sludge be passed under the beam.

Since sewage sludges generally contain particles bigger than this layer thickness, prior homogenization

is necessary. Nevertheless, obtaining a homogenous dose distribution in such sludges is a major

problem in the case of electron-beam irradiation.

Electron-beam plants can be shut off when not in use, for service work or emergency repair,

and therefore have important safety advantages in comparison with gamma plants.

2.2.2. Electron-beam irradiation plants

2.2.2.1. USA: Deer Island, Boston

A pilot and demonstration plant for the treatment of liquid sewage sludges was built and

commissioned in 1976 at the Deer Island sewage-water treatment plant in Boston. Design and

supervision were by the Massachusetts Institute of Technology. The accelerator had a power of 50 kW

(0.85 MeV, 60 mA) and the capacity of the plant was reported to be 400 rnVday at a dose of 4 kGy.

Many tests were made of various methods of passing the sludge in a thin layer (maximum 2 mm)
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FIG. 2. Dose distribution of accelerated electrons and gamma quants of Co-60.

under the electron beam. However, these investigations were made in laboratory and not scaled-up

conditions. Continuous operation was not achieved, and the plant was decomissioned in 1984 [13].

2.2.2.2. USA: Virginia Key, Miami

A commercial plant for the treatment of very liquid (maximum 2% dry solids) biological

excess sludge was built during 1981-1983 at the sewage-water treatment plant in Virginia Key (Miami,

Florida). The supplier of the sludge ceased activities before the plant was commissioned, and the

owner, the Miami Dade Water and Sewer Authority, tried to find an alternative source to get the plant

into operation. The power of the accelerator was 75 kW (1.5 MeV, 50 mA), allowing a daily capacity

of 645 m3 at a dose of 4 kGy. Originally it was planned that eight irradiators in parallel would

disinfect 5,000 m3 per day. A thin layer was produced by a free-falling "curtain" of sludge in front

of the electron beam [14].

2.2.2.3. Germany: Wedel, near Hamburg

A research plant was developed in 1980 and used until 1982 at the AEG-irradiation centre in

Wedel. The sludge was passed under the e-beam on an inclined plane. The power of the accelerator

was 50 kW (1.0 MeV, 50 mA); the capacity was designed to be 500 m3 per day at a dose of 4 kGy.

Some research and development work was performed over the two-year period [15, 16].

2.2.2.4. Germany: Stuttgart - Hohenheim

In 1976-77, scientists at the University of Stuttgart-Hohenheim investigated the possibility of

sewage-sludge disinfection at a multi-purpose plant with an e-beam of relatively low energy, 0.4 MeV

(34 kW, 75 mA). As the penetration of these low energy electrons is only 1 mm, the treatment was

effected in batch operation with thicker layers (max. 12 mm) and a multi-recirculation (maximum 40

times), in part with additional injection of air, to produce more turbulence and a homogenous dose

distribution [17].
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2.2.2.5. Austria: Seibersdorf

A research plant (12,5 kW, 0.5 MeV, 25 mA) at the research centre in Seibersdorf was used

in 1975 for sewage treatment. It was found that the turbulence, generated by the wall fraction of the

inclined plane, assured a sufficiently homogenous dose distribution in waste-water layers that were

thicker than the penetration range of the electrons [18].

2.2.2.6. Japan: Takasaki

A research plant (30 kW, 2.0 MeV) was built in 1987 at the laboratories of the National

Atomic Centre in Takasaki. This plant was designed to irradiate composted sludge (7.2 t day1 at a

dose of 5 kGy). Research work was performed for three years, but no practical application followed

until 1994 [19].

3. RESULTS FROM RESEARCH AND PRACTICAL EXPERIENCE

3.1 Some operational aspects of the Geiselbullach plant

3.1.1 Limited supply of Cobalt 60

With a half life of 5.5 years (13% decay per year), Cobalt-60 requires source replenishment

from time to time. To maintain activity, additional sources with about 30% of the required total

activity were installed at Geiselbullach every two or three years. Although the plant operator tried to

get several offers for source delivery, and three suppliers showed interest, only one offer was finally

made each time, always by the same producer. During 18 years of practical operation, there was no

competition for the delivery of Co-60. The producer who delivered the sources to Geiselbullach

informed the operator twice of temporary shortage of Co-60 with delivery delays of six to twelve

months. Recently other producers entered the market, offering to supply Co-60 upon request.

3.1.2 Integration into a sewage treatment plant

The incorporation of the gamma plant into the existing sewage treatment plant did not cause

any particular problems, since it did not require specially skilled workmen, complex safety measures,

or personal radiation surveys.

3.1.3. Precipitates

At the Geiselbullach plant, the formation of Mg(NH4)PO4 precipitates occurred after seven

months of continuous operation.They formed as a result of a pH increase in the sludge to 8.0 or

above, caused by stripping of CO2 during recirculation. With a thickness of between 1 and 5 cm, the

layer of particles significantly reduced the irradiation effect.

The precipitates were dissolved by rinsing with 5 % formic acid (pH » 1.8) without significant

damage to the concrete and steel components. However the asbestos-concrete wall of the irradiation

shaft was slightly damaged and was coated later with stainless steel. Further precipitation was avoided

by switching off the forced ventilation during irradiation. As a result, the CO2 gas buffer above the

sludge prevented excessive stripping and the pH increased from 7.1 to 7.4 only.
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3.1.4. Availability

The Geiselbullach gamma irradiator had an operational frequency of 93% over a period of 15

years. Non-operative days were caused by defects in [20]:

- conventional components (pumps, electrical equipment, etc.) 3.7%

- radiation technical equipment (the central tube, cooling circuit, etc.) 2.1%

- inspection and loading additional sources 1.0%

Total 6.8%

This percentage corresponds to 25 days per year, therefore the plant was operational on

average for 340 days per year.

5.7.5. Avoidance of "dead" zones in the recirculation system

Investigations showed lower efficacy of disinfection at the plant than in the laboratory

experiments. This effect was caused mainly by the existence of "dead" zones in the recirculation

pipework system, for example in branches from the main stream to the valves. The sludge residing

in those areas was not irradiated, thus re-infecting the by-passing sludge flowing in the main stream.

The length of the branches was reduced by relocating valves as near to the main stream as possible

(about 10 cm), producing significant improvement in operational efficacy.

3.1.6. Reducing of "down" time

"Down" time occurred between batches, with the relocation of valves, with slow responses

to the control equipment, with the evacuation of the irradiated sludge, and with refilling with a new

batch. At the the Geiselbullach plant, "down time" was significantly reduced by installation of quick-

response control equipment, and by replacement of the electrically-driven valves by pneumatically-

driven valves. Plant capacity was thus improved by about 8%.

3.2. Optimization by the use of synergistic effects
Besides the optimization of plant technology, the optimization of process technology was

possible and no less important. Laboratory research has indicated that the effects of radiation can

be increased by the presence of gases, oxygen, air, ozone, chlorine, nitrogen, or by combination with

heat treatment: "thermoradiation".

3.2.1. Thermoradiation

Thermoradiation has been investigated in particular in the USA. It was established that the

sludge temperature should be at least 47°C for synergistic effects on losses of bacteria, viruses,

and parasites, and on sludge sedimentation. Temperatures of more than 60°C cause pasteurization

and are of no utility with irradiation.

At Geiselbullach, the first tests with heated sludge (40 - 45°C) created obnoxious odors

and were discontinued.

3.2.2. Oxiradiation

The synergistic effects of oxygen and irradiation are known from the literature (Fig. 3) [21].

At the Geiselbullach plant, the technical feasibility and the economics of oxiradiation were intensively

studied. Investigations from 1978 to 1984 included the effects of using air or pure oxygen, methods

of application, oxygen concentrations, oxygen yield, rate of the decomposition of oxygen, pathogen

inactivation capability, and the influence of oxygen concentration on physical characteristics of the

sludge.
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FIG. 3. Effect of irradiation on faecal coliform bacteria in treated sewage water with and without

oxygenation [21].

Results from the comparison between the injection of air and oxygen into the sludge during

the irradiation treatment are summarized as follows [20]:

- the maximum oxygen concentration in the sludge with aeration was 9.4 mg O2 L"\ whereas

with oxygenation it was greater than 30 mg O2 L ' ;

- with aeration, sludge pH increased from 7.0 to 8.2, whereas with oxygenation the increase

was only from 7.0 to 7.2;

- the increase in oxygen concentration in the sludge was 2 to 10 times faster with oxygen than

with air;

- the O2-efficiency for oxygenation was between 5 and 40 times (a typical value was 15) better

than the efficiency for aeration.

These results led to the introduction of pure oxygen during the first five minutes of each

batch, to create a concentration in the sludge of about 5 mg O2 L*1. With recirculation times of more

than 40 minutes, oxygenation was repeated after half of the irradiation time. Since relatively low

quantities were needed, liquid oxygen was used, stored in an isolated tank next to the irradiation plant.

3.2.3. Pathogen inactivation experiments

Pathogen inactivation experiments were conducted with 5.6-m3 batches of sludge, enriched

with salmonellae to counts of 106 to 107 cells I/1. At a dose of 1 kGy, inactivation rates were 15 to

38 times higher with an oxygen concentration of 5 mg L ' than without oxygenation. As reported in

the literature (Fig. 4), higher concentrations of oxygen in the sludge (15 and 25 mg L"1) did not

improve disinfection [21]. Likewise, higher dose rates with varied oxygen concentrations did not

significantly affect pathogen inactivation.

It was shown at Geiselbullach that oxiradiation with a dose of 2 kGy had at least the same

effect as conventional irradiation alone. Further reduction of the dose to about 1.5 kGy or even less

is probably possible, but this had not be proven in experiments to date.
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FIG. 4. Effect of irradiation on faecal coliform bacteria in treated sewage water at three

concentrations of dissolved oxygen [21 J.

3.2.4. Precipitates

At Geiselbullach, deposition of Mg(NH4)PO4 occurred when the pH increased to 8.0 or

higher, for example with the injection of air. Oxygenation increased the pH to 7.2. Therefore, aeration

was deemed unsuitable for normal operations

3.3. Proposal for oxiradiation plant for sewage sludge
The results of investigations at Geiselbullach convinced officials of the need for a new

sludge-irradiation concept [20]. This concept utilized a traditional batch-type irradiator for liquid

sludges, but also incorporated provisions for addition of O2, as illustrated in Fig. 5.

4. ALTERNATIVE METHODS FOR SLUDGE DISINFECTION

Although considerations of hygiene resulted in the development and introduction of sewage-

treatment technology in Europe about 130 years ago, controlled disinfection is still the exception in

wastewater-treatment plants today. Improved hygiene is often regarded as a side-effect of the usual

treatment processes. The conventional treatment for sewage sludge involves stabilization by aeration

or digestion (at about 35°C) to reduce the numbers of pathogens, especially of bacteria such as

salmonellae by 1 or 2 log units. To obtain a safe hygienic sludge, further reduction of pathogens by

about 3 log units is necessary.

Several methods of disinfection of sewage sludges have been practiced for about 25 years in

Europe.
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FIG. 5. Proposed oxiradiation plant for sewage sludge [20].

4.1. Pasteurization

A traditional method, broadly accepted early in disinfection technology, is pasteurization. The

(liquid) sludge is heated to between 65 and 100°C; the retention time varies between 3 minutes at

100°C and 30 minutes at 65°C.

Homogenization of the sludge is necessary before treatment. To avoid recontamination or

regrowth of surviving pathogens, the sludge must be pasteurized before digestion.

A heat-recovery installation (heat exchangers) reduces energy consumption. Heat treatment

causes the generation of obnoxious odors.

40



4.2. Aerobic-thermophilic treatment
By injection of air or oxygen into liquid sludge, exothermic biological reactions effect self-

heating. Disinfection is assured if the temperature reaches at least 55 °C and is maintained for at least

24 hours. Practical experience has shown that an external heat source is necessary to assure such

conditions. The total retention time in the system should be at least 5 days. This aerobic-thermophilic

treatment has been practiced primarily in treatment plants not bigger than for about 100,000

equivalents, and is followed by digestion.

The aerobic-thermophilically treated sludge produces significantly lower quantities of methane

gas during digestion.

4.3. Composting
Composting requires dewatering of sludge as a first step, by centrifuging, filter pressing, or

air-drying should the climate allow it. The disinfecting effect of composting is achieved primarily by

self-heating, caused by exothermal biochemical reactions. The reactions require certain relations of

carbon, nitrogen and phosphorus, which often can be assured only by adding carbon-containing

materials like saw dust, tree bark, straw or organic garbage. The water content must be between 40

and 60%, and ventilation is necessary.

Disinfection is assured if the temperature in all parts of the reactor maintains at least 55 °C

for three weeks. In temperate countries, these conditions can be achieved only in covered and isolated

reactors.

4.4. Thermal conditioning
Thermal conditioning is achieved by heating the sludge to about 200°C at about 12 bars

pressure. This is normally done as a pre-treatment for dewatering in filter presses, with disinfection

a favorable side-effect. The risk of recontamination and regrowth of bacteria is high, and sewage

sludges so treated normally generate obnoxious odors.

In Germany, thermal conditioning installations were shut down after it was found that toxic organic

compounds (such as dioxins) were created.

4.5. Incineration
Incineration, like composting, requires dewatered sludge. The ash is free of pathogens, but

cannot be used in agriculture. Incineration is several times more expensive than other disinfection
processes and therefore not applicable for disinfection alone. It is used for volume reduction and for
conversion of the organic matter.

4.6. Lime treatment
This is achieved with raw lime (CaO) or slaked lime (Ca(OH)2). While dose

administration of Ca(OH)2 is easier, the use of CaO is preferable, because of the double

effect on the pathogens - through the heating and the increase in pH. For a safe disinfection

of liquid sludge, a minimum pH of 12 must be maintained for at least 24 h. When CaO is

used, temperatures of at least 60°C can occur, which decreases the time requirement at the

high pH.

Lime treatment is generally easy, but it can cause problems through the production

of ammonia gas, which has to be evacuated by forced ventilation necessitating a closed

system. Another disadvantage is the fact that significant portions of dry materials are added

to the sludge, and this increases the quantity to be transported and deposited.
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Fig. 6. Snow-crystal diagrams showing the advantages and disadvantages of alternative processes for

sewage-sludge disinfection [22].

4.7. Long-term storage
The storage of liquid sludges for more than a year is generally regarded as a

disinfection process. Since significantly large areas are necessary, this method is applicable

only for small treatment plants.
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TABLE I. TOTAL COSTS FOR DIFFERENT SLUDGE-DISINFECTION TREATMENTS

Treatment

Gamma-irradiation

(3 kGy)

Gamma irradiation

(10 kGy)

Oxiradiation

(Gamma, 2 kGy)

Condition
of sludge

Liquid

(*4% dry matter)

Dewatered

(«70% dry m.)

Liquid

(«4% dry m.)

Costs

Pre-treatment

(DM /1 dry m.)

—

lso-soo*

for

Disinfection
treatment

(DM /1 dry m.)

350

300-400

200-300

Side-effects

that can in-
fluence further

treatment costs

Improvements in
sedimentation,

dewaterability.

Reduction of

obnoxious odor.

Production of

ozone gas.

Remarks

Size of treatment
units limited to
approx.

300 mVday.

Electron-beam-

irradiation

(4 kGy)

Liquid

(«2% dry m.)

Pasteurization Liquid

(65 °C/30 min.) (*5 % dry m.)

40-60" 150-400 Production of High investment

obnoxious odor, costs, also for

small plants.

Reasonable total

costs.

40-60" 200-400

Aerobic-

thermophilic

treatment

Composting

Thermal
conditioning

(200°C/15 bar)

Incineration

Liquid

(«5% dry m.)

Dewatered
(«35% dry m.)

Liquid
(»5% dry m.)

Dewatered

(*35% dry m.)

40

100

100

-60"

-250"

...

-250"

300-400

150-400

350-500

600- 1200

Decrease in gas

yield.

Product sale (depends on
market conditions) may
reduce the total costs.

Obnoxious
odor. Risk of re-

contamination.

Ashes cannot be
used in agricult.

Lime-treatment

(CaO)

Lime treatment
(Ca(OH)2)

Liquid

(«5% dry m.)

Liquid
(«5% dry m.)

Dewatered product
200-300 can be used in landfills.

Important increase in the
250-350 sludge dry m. quantity.

Production of ammonia gas.
Improvement in dewaterability

2 for dewatering. " for homogenization.
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5. COMPARISON OF DIFFERENT TREATMENTS AND COSTS

Direct comparisons of the various methods are difficult due to their different

characteristics. Fig. 6 shows advantages and disadvantages of four treatments [22]. The

information in the literature for total treatment costs varies over a wide range, even for a

single treatment technique. The data in Table I reflect information from the literature that

are regarded as well documented and based on practical experience (conditions in Europe

for the year 1994).
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