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ABSTRACT
Sludge Reed beds have been used for dewatering and mirtenalifasludge in Denmark since 1988.
Experience has shown that the quality of the final product with respect to pathogen removal after
treatment make it possible to recycle the biosolids to agriculture as an Enhanced treated product. In
June 2004 the redtion of pathogenic bacteria: Salmonella, Enterococci and E. Coli was investigated
using the Sludge Reed Bed System at Helsinge, which was established and planted with reeds in
October 1996. The sludge system has a capacity of 630 tonnes dry solidsrpandyeansists of 10
reed bed modules, or basins, each having an area of 10&0te filter surface. Sludge production
consists of activated sludge from final settling tanks and constitutes approximately 50% of the loading
of the sludge reed bed systeithe remaining 50% of the sludge production consists of concentrated
activated sludge from four smaller wastewater treatment plants. The two sludge types are mixed before
being added to the sludge reed bed system. Since 1998 the individual basins jestedub an
average loading rate of approximately 55 tonnes dry solids per annum after commissioning, resulting in
an average arespecific loading rate of 52.4kg dry solid¥/gear. The total sludge residue height in
June 2004 was approximately 1.10 m.

As a general rule, pathogenic bacteria, which are excreted and end in an alien environment only live for
a short peri od of ti me, depending upon various
characteristics. The sludge (approximately-@.85% DS), vith which the individual bed modules were
loaded, contained a large number of bacteria. Salmonella, Enterococci and E. Coli were found in the
sludge in the fdlowing quantities: 1€B00 per 100g (wet weight), 7,00025,0000 CFU/g (wet weight)

and 800,000 10,000,000 CFU/100g (wet weight), restpeely. Analysis of the reduction in pathogens

in the sludge residue (having a dry solids content of approximaté&B026) through a period of-3

months after the last loading from Helsinge Sludge Reed Bed Systedule no. 8) indicated that the
pathogen content was reduced down to <2 per 100g (Salmonella), <10 CFU/g (Enterococci) and <200
number/100g (E. Coli). For Enterococci and E. Coli the reduction was approximately log 5 and log 6
respectively.
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INTRODUCTION
Sludge Reed beds have been used for dewatering (draining and evapotranspiration) and rioneralisat
of sludge in Denmark since 1988 when the first sludge processing system was introduced. Sludge from
wastewater treatment plants (2,5086,000 PE) is treated in sludge reed systems witB feed bed
modules with loading rates of 25200 tonnes dry $§ids (TDS) per annum for 10 years. In 2004,
approximately 110 systems were in operation [1&2].

Between June and October 2004 the reduction of pathogenic -angaaisms (Salmonella,
Enterococci, E. Coli) was investigated using the Sludge Reed Bed Syistémisinge. Experience has
shown that the quality of the final product with respect to pathogen removal after treatment make it
possible to recycle the biosolids to agriculture as an enhanced treated product.
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SLUDGE REED BEDS SYSTEMS
Longterm sludgereduction takes place in re@thnted basins, partly due to dewatering (draining,
evapotranspiration) and partly due to mineralisation of the organic solids in the sludge. From
wastewater treatment plants the sludge is pumped onto the basin surface\aodsly dewatered
sludge. The dewatering phase thus results in the dry solids content of the sludge remaining on the basin
surface as sludge residue, whereas the majority of its water content continues to flow vertically through
the sludge residue and tél layer. The sludge residue water content is further reduced through
evapotranspiration.

In addition to dewatering, the organic solids in the sludge are mineralised, thereby minimising the
sludge volume. Oxygen diffusion via filter aeration and thrathghcracked sludge surface and oxygen
diffusion from the roots into the sludge residue enable aerobic fbiganisms to exist close to the
roots and in the sludge residue (Figure 1). The overall reduction of the sludge volume occurs without
the use of cbmicals. The process involves only a very low level of energy consumption for pumping
the sludge and reject water. Experience from the reference plants lighgpé of system is capable of
treating many types of sludge having a dry solids conteheirainge of approximately 0386[1&2].

The sizing and design of reed bed systems depends on the sludge production (TDS per annum), sludge
type, quality and regional climaté. treatment period of 812 years means that the depth of the basin
above theifter needs to be at least 1.80m. The operation of the system may be divided into a number
of phases related to different periods in the lifetime of a system. A system generally runs for a total of
at least 30 years: this period being divided into twohted phases each lasting arounti28years.

Each phase consists of commissioning, full operation, emptying aestaklishment of the systemn.

general, the sludge type is surplus activated sludge and surplus activated sludge mixed with
anaerobically digsted (mesophilic) sludge.

The sludge loadings amount to a maximum of 60 and 50 kg DS/m2/year, respectively. Loading cycles
are related to the sludge type and the age of the sludge reed bed 3ysestudge residue will after,
approximately 10 years afperation, reach an approximate height of 1:2(60 meters with an
approximate dry solids content of 3@0% (Nielsen 2002, 2003).

HELSINGE SLUDGE REED BED SYSTEM
The Helsinge Sludge Reed Bed System was established and planted with reeds in Og6ffdga&

2). The Reed Bed System has a capacity of 630 TDS per year and consists of 10 basins, each having an
area of 1,050Mat the filter surface and a maximum area loading rate of 60 kg Dgéar. Sludge
production from the Helsinge Wastewater Tneant Plant consists of activated sludge direct from the
activated sludge plant and activated sludge from final settling tanks. The production constitutes
approximately 50% of the loading of the sludge reed bed system. The remaining 50% of the sludge
produdion consists of concentrated activated sludge from four smaller wastewater treatment plants.
The two sludge types are mixed before being added to the Reed Bed System.

Annual sludge production amounts to approximately 545 TDS. The sludge is pumpedixiagatank

and a valve building where the sludge flow and dry solids content are recorded before being dosed to
the reed bed basins. The loading regime of the system consists of applications of approximately 130
150n7 of sludge being applied once or twideily, the feed concentration being approximately®&

% DS. During commissioning (199898), the quota was increased from approximately 200 to
1,000ni. From 2000, each basin was subjected to a loading quota of £58@m a period of
approximately 78 days. Loading was followed by 5 days of rest. The loading quota changed by a
factor of 10 during the 10 year period of operation.

Since 1998, individual basins were subjected to an average loading rate of approximately 55 TDS per
year after commisioning, resulting in an average asgecific loading rate of 52.4kg DSJiyear

(Figure 3). The sludge residue height increased between 1998 and 2001 by 0.68 m, and the total sludge
residue height by June 2004 was 1.10m (Figure 4).

INVESTIGATION
The investigation of the reduction of pathogenic miorganisms commenced 16 June 2004 by looking
at the loading of basin no 8. Samples were taken of the fresh sludge and the reduction in levels of
pathogenic micrarganisms was observed by taking samples coaliyn during the period June to
October 2004 (Table-8). The numbers of pathogenic miasoganisms were analysed using the
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following methods:

Salmonella: DS 266 (Qualitative and quantative determination of Salmonella in water, sludge,
sediment and soil)

Enterococci: DS 2401 (Environmental qualityEnumeration of enterococti Colony count in

solid mediuni Spread plate method)

E. Coli: DS 2255 (Enumeration of coliform bacteria and thetoberant coliform bacterid
multiple-tube fermentation method (MoBrobable Number method))

SAMPLE REMOVAL

The sludge residue was categorised at 7 levels (Figure 5, 6). At each individual level the samples were
taken horizontally. The sludge residue involved a sample of sludge at about 1.00m and a diameter of
approximaely 0.03m (Figure 7) giving a sample volume of approximately 0.7 litres. In addition to the
horizontal samples in the sludge residue, vertical samples were taken to a dejit26m0 Before

and between the sampling the equipment used for the samplealewas washed, disinfected in
alcohol and sterilised by heat treatment before the next sample removal.

LOAD

During 6 days the basin (no 8) was loaded with 1,500m? of sludge with an average dry solids content of
0.51%, which meant that the basin received tonnes of dry solids which equals approximately 7.3kg
DS/mz2 (Table 1). After this the load was stopped until the end of the investigation. The accumulated
volume of reject water emanating from the basin was measured until 22 June 2004 and thisdvas foun
to total approximately 1,340m3. During the investigation period the basin received approximately
300mm of rain (Figure 8).

RESULTS
In sludge from the wastewater treatment plant the levels of Salmonella, Enterococci and E. Qoli were
900/100g (ww), 11,00 CFU/g (ww) and 310,000 7,900,000/100g (ww) respectively. The loaded
sludge created a layer of dry sludge approximatelyi@1®m deep. Even after3d days following the
end of sludge feeding the reduction in levels of pathogenic organisms was dob@dignificant and
characteristic. Particularly in the case of Salmonella the number was fewer than -2garsms per
100g of sludge (table 3) after2days. For Enterococci and E. Coli the reduction was approximately
log 5 and log &7 during a pend of 2- 3 months, respectively (Table 4, 5).

The dry solids in the sludge residue increased from1@DS to approximately 223% DS (Table 2)

in the top layer (L0 cm). Measurements of the quality of the reject water in the first day of loading
(16 ne 2004) gave very low values of Salmonella, Enterococci and E.-Gdligram (ww),
<10CFU/gram (ww) and <2000/100 gram (ww), respectively. These results indicate that it is only the
layers at the top @0cm and 1025cm.) of the sludge residue, whichliviie recontaminated during

the loading. The sludge residue below 0.25m appears not tedomtaminated during loading pattern

of the reed bed.

DISCUSSION
Wastewater sludge contains a large number of bacteria. Salmonella, Coli bacteria and faecal
Stregococci are found in wastewater sludge (raw and mesohigested) in the fdlowing numbers
per ml: 16100, 10,0001,000,000 and 10,000,000,000, resmtively. As a general rule, pathogenic
bacteria, which are excreted and end in a foreign environroaht,live for a short period of time
depending upon various environmental factors and th

According to the Statutory Order from the Danish Ministry of the Environmegdarding sewage
sludge which is to be spread on agitietal land must meet the following quality guidelines for
controlled sanitised products:

e Salmonella must not be detected.

e The number of faecal Streptococci must be less than 100/g.

Analysis of the reduction in infectious solids in the sludge residue FHetsinge Sludge Reed Bed
Plant in samples taken4l months after the last loading indicated that the content of infectious solids
was reduced approximately 6 log units based on dry solids to a level corresponding to the
requirements for controlled sanifab.
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The plan is to empty the Helsinge sludge reed bed system ovatear Heriod with 2 out of 10
basins selected for emptying per year. Capacity during the emptying period (5 years) will be
maintained at 630 tonnes of dry solids per year despite thestien of the number of basins during

the emptying period from 10 to 8.

According to the plan, emptying will commence in 2005, therefore, the emptying of all 10 basins will
be complete within 5 years. The two basins selected for emptying are excladethé& loading plan
approximately %4l year before emptying. This period of time that will be sufficient to reduce the
pathogenic micrarganisms in the top layer of the sludge residue.

The reduction in infectious solids in the sludge means that thedrshidge will comply with the
quality guidelines in the Statutory Order regarding controlled sanitation. The sludge residue from the
sludge reed beds system is cleaner and better suited for recycling on agricultural land than
mechaically dewatered sludge

Experience has shown that the quality of the final product after treatment, with respect to pathogen
removal, will mean that the biosolids can be recycled to agriculture as an Enhanced Treated Product.

CONCLUSIONS
The Sludge Reed Bed Systems are Huoiltreat sludge for an average operation period of 10 years.
Reduction of sludge residue throughout the entire period is highly dependent on individual basins
continually alternating between loading and rest periods. Experience shows edrlferiods D
operation and a final dry solids content of-380% can only be achieved if the system is dimensioned
correctly.

The reduction in infectious solids in the sludge residue samples takemabnths after the last loading
indicated that the content offe@ttious solids was reduced by approximately 6 log units.

Analysis of the sludge residue from Helsinge Sludge Reed Bed System showed that a reduction in
levels of pathogenic microrganisms, taken over a period o#timonths after the last loading, to
<2/100g (Salmonella), <10 CFU/g (Enterococci) and <200 number/100g (E. Coli)ctreslye

The quality of the final product with respect to pathogen removal is such that recycling the biosolids to
agriculture as an Enhanced Treated Product is possible dga$olids meet the requirements of the
Safe Sludge Matrix.
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TABLES AND FIGURES

Transpirati¢

Org. mater Rogtexudates [ mater
CN IW\__, 0, + bacteria C:N High Percolation | C:N

Bagteria - O SLUDGE RESIDUE
Humus & leat ./ [~ HO ‘)
( . % — SO Methan
lefuslo\n CO, + H,O+ Humus CO, HH,0 +Hi mus | Bacteria CO, + Humus
. - SANDY LOAM

| sanp
w/ GEOTEXTILE

GRAVEL

FIGURE 1. REED BED SYSTEM FOR SLUDGE TREATMENT

FIGURE 2. HELSINGE SLUDGE REED BEDS SYSTEM (ESTABLISHED IN OCTOBER 1996, DENMARK)
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FIGURE 3. HELSINGE SLUDGE REED BED SYSTEM i BASIN NO. 1. AREA-SPECIFIC LOADING RATE
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FIGURE 4. HELSINGE SLUDGE REED BED SYSTEM i BASIN NO. 1.
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FIGURE 5. SECTION OF THE SLUDGE RESIDUE SHOWING THE DEPTH OF SLUDGE RESIDUE AND THE

SAMPLINGS SITES
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FIGURE 6. SECTION OF THE SLUDGE RESIDUE SHOWING THE DEPTH OF SLUDGE RESIDUE AND THE
SAMPLINGS SITES (BASIN NO. 8).

FIGURE 7. SAMPLE REMO VAL EQUIPMENT 1 1m.



