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Summary of Major Findings and Design
Recommendations
The project has shown reed and sand bed filters to be an effective technology to dewater
and treat septage under Ontario climatic conditions. Three pilot filters (187 m2 ea.) were
operated continuously for 5 years with no signs of clogging. Each pilot filter was dosed
between 1-3 truckloads of septage per week with each load representing a 7.3 cm dose.
The filters were dosed at varying solids (38-148 kg TS/m2∙yr) and hydraulic (1.9-5.9
m/yr) loading rates with no evidence of clogging and only minor impact on filtrate water
quality. Two dosing cycles were evaluated (7 day and 21 day) with no significant effect
on either filtrate quality or drainage rate. The filters were operated year round with the
beds acting as freezing beds during the winter months with a layer of sludge applied once
the previous layer had frozen. The three beds were loaded on average 105, 81 and 85 kg
TS/m2∙yr (solid loading rate) and 2.7, 3.5 and 3.5 m/yr (hydraulic loading rate) over five
years for the Sand Filter, Reed Bed 1 and Reed Bed 2, respectively.

From these results, the recommended design loading rate for septage reed bed filters is
100 kg TS/m2∙yr or 3.8 m/yr. Sludge accumulates in the beds at a rate of 0.21 ± 0.01
cm/kgTS∙m2 or 5.7 ± 0.4 cm/m of septage applied. Therefore, 2.0 m of freeboard is
recommended to allow for a sludge removal frequency of 7 years at a design loading rate
of 3.8 m/yr leaving a 0.5 m clearance to the top of the berm.

Contrary to conventional wisdom the unplanted filter performed as well as the reed bed
filters suggesting that the role of the Phragmite plants in maintaining drainage is not
significant for septage dewatering applications under Eastern Ontario climatic conditions.
It is possible that the high sludge age of septage (2-5 years), and thus low readily
degradable organic fraction, reduces biofilm development and clogging potential at the
sand sludge interface or that the freeze-thaw conditioning of the accumulated sludge layer
each winter acts to maintain bed drainage.

The filters provide near complete removal of organic matter, suspended solids and
nutrients with 99% removal of COD, BOD5 and TSS, 96% of TKN and 98% of TP,
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producing a filtrate which is of similar quality to a low strength domestic wastewater
(BOD5 = 62 mg/L; TSS=99 mg/L) which is easily treatable in any municipal WWTP or
onsite wastewater treatment system.

The dewatered sludge cake will typically be removed from the beds every 5-10 years
depending upon the sludge accumulation rate and the freeboard of the filters. The sludge
cake will typically be land applied to agricultural fields but could also be used as landfill
cover. Dry matter of 21-23% can be achieved with a 1-3 month rest period prior to bed
desludging. The E. coli limit for the land application of non-agricultural source materials
(NASM) is 2.0 x 106 CFU/g DM (O.Reg 267/03). E. coli in the dewatered sludge
declines with time with sludge cake consistently meeting the limit in the fourth year of
operation. The regulated metal species in the sludge cake meet the CM2 classification
for land application (O/Reg 267/03); with copper being the controlling metal species. The
sludge cake contains nutrient levels similar to dry dairy manure with 3.7 kg/tonne TKN
and 2.2 kg/tonne TP, on a wet basis, making the sludge a valuable source of nutrients for
agricultural production.

Reed beds have been shown to be a low cost and low maintenance technology to dewater and
treat septage under Canadian climatic conditions. Filtrate quality is similar to a low-strength
domestic wastewater. Dewatered septage meets regulatory guidelines for biosolids application to
agricultural land and can provide a valuable source of nitrogen for crop production. Reed bed
filters can be operated by independent septage haulers, as a regional treatment facility or as a
dewatering technology at a municipal WWTP.

The findings of this study are representative of the full-scale operation of a reed bed
system. For full-scale applications a series of larger filters would be constructed to
accommodate the design loading. The size of an individual filter cell will be limited by
the ability to evenly apply a dose of septage across the filter surface.
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1. Project Overview
The Ontario Ministry of Environment (MOE) announced in June 2001 that the land
application of untreated septage will be phased out.

After considerable study and

consultation with stakeholders the Ministry determined that the costs to implement a ban
would be prohibitive as most municipal sewage treatment plants in rural communities,
where the majority of septage is being generated, are not equipped to receive and treat
septage. Therefore, while the Ministry maintains the objective of eventually banning the
land application of untreated septage, no timeframe has been identified. However, the
Provincial Policy Statement (2005) requires municipalities to have sufficient reserve
septage treatment capacity to approve subdivision plans and treatment capacity does not
include the land application of untreated septage (MOE, 2007). Therefore, there is a need
to develop appropriate technologies for septage treatment which can be effectively
implemented by rural communities and haulers to address existing Provincial policy or
future regulations.

Sludge drying beds are widely used technologies for sludge dewatering. A reed bed is an
adaptation on a conventional sand drying bed where Phragmites (reeds) are planted in the
sand layer, the roots and stems of the plants act to maintain drainage pathways, and the
dewatered sludge is left to accumulate in the filter over a number of years, while in a sand
drying bed the dewatered sludge is typically removed after each application of 200-300
mm of sludge (Metcalfe and Eddy, 2003). The filtrate from sludge drying beds can be
treated more easily by lagoon systems or wastewater treatment plants than raw septage
due to the significantly lower concentrations of solids, organic carbon and nutrients.
Both reed bed and sand drying bed technologies can effectively dewater sludge and
should produce a stabilised biosolid suitable for land application with an appropriate
maturation period. The reed bed technology has been widely applied throughout Europe
to dewater municipal waste activated sludge as well as anaerobic digestion sludges
(Nielson, 2003).

Several pilot systems in tropical climates have evaluated septage

treatment (Kengne et al, 2009; Koottatep et al., 2005) and some work has been done
applying reed beds to treat septage in temperate climates (Paing and Voisin, 2005;
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Troesch et al, 2009); however, only empirical observations of the winter operation of
reed beds have been published (Mellstrom and Jager, 1994).

Reed bed filters can provide an effective solution for septage treatment in cold climates
by taking advantage of both plant effects during the growing season and sludge freezethaw conditioning during winter.

Plant species can play multiple roles in sludge

dewatering filters including breaking apart the sludge mat and maintaining bed drainage,
increasing evapo-transpiration and adding oxygen to the root zones (De Maeseneer,
1997). Freeze-thaw conditioning is an effective means of solid liquid separation as the
freezing process extracts water from sludge flocs and pushes colloidal particles together
forming flocs which settle during thawing (Martel, 1993).

Reed bed filters can provide cost-effective treatment options for rural communities where
capacity at municipal treatment plants is lacking. However, prior to this project, this
technology had not been evaluated under cold climate conditions to determine optimum
loading rates, quality of the stabilized solids, and process operation and maintenance
requirements.
Two pilot reed beds and one unplanted sand filter were constructed in the fall of 2006 at
the septage lagoon of René Goulet Septic Tank Pumping in Green Valley, Ontario and
have been under evaluation for a five year period.

The primary objective of this project is to evaluate the use of reed beds as solid-liquid
separation technologies for septage under Ontario climatic conditions and to use the data
to develop guidelines and design recommendations.

The specific objectives include:
1. Optimize system design and operating practices;
2. Determine design solid and hydraulic loading rates as well as sludge
accumulation rates;
3. Quantify system performance in terms of both filtrate and sludge quality;
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4. Evaluate the role of Phragmites in the phytostabilization of septage and in the
maintenance of filter drainage in reed beds compared to an unplanted sand filter
control;
5. Share the study results with industry and government stakeholders through
technology transfer activities.
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2. System Design
Two pilot reed beds (each 187 m2) (RB1 and RB2) and one unplanted sand filter (187 m2)
(SF) were constructed at the septage lagoon of René Goulet Septic Tank Pumping, near
Alexandria, Ontario (100 km East of Ottawa) in the summer of 2006. The system design
is based upon annual solids loading of 114 kg TS/m2/yr or one weekly load of 13,600 L
(3,000 gallons) of septage to each filter. The average solids content of septage was
assumed to be 3 percent.

The cross sectional and plan views of the pilot filters are presented in Figures 1 and 2
below. A description and photographs of the installation are presented in Appendix A.
The cross section of each filter, from bottom to top consists of: a 1/4 inch (6.4 mm) nonwoven geotextile to protect the geomembrane, a 30 mil geomembrane (Layfield
Tantalum 5-30 mil), a 0.3 m layer of washed coarse gravel (20-40 mm dia.), a 0.3 m layer
of washed fine gravel (5-10 mm dia.), and a 0.15 m layer of locally available concrete
sand (D10 = 0.18 mm; Cu = 3.4; 2.1% fines)1. Berms were constructed around each filter
to achieve 1.2 m of freeboard above the filter surface to contain the increasing sludge
layer over time as well as any frozen sludge accumulation during the winter months. The
effluent drainage system is comprised of 9 lines of 4 inch (10 cm) perforated PVC pipe at
5 foot (1.5 m) spacing laid in the coarse gravel layer with a 1% slope to a collector pipe at
the toe of each filter. Aeration standpipes were connected to the drainage network at the
ends and middle of each drainage line.

The reed beds were planted with native

Phragmites harvested from nearby ditches. Filter percolate from each filter flows into a
1300 L pump chamber, where the filtrate is pumped into the existing septage lagoon with
Myers WR10H-21 1HP pumps.

1

Sand D10 of >0.3 mm and Cu of <5 is recommended for sand drying beds (Wang et al, 2007)

Ontario Rural Wastewater Centre ©2012

4

Septage Treatment Using Reed and Sand Bed Filters – Goulet Pilot Project
Final Report to the Ontario Ministry of Environment

Existing
Lagoon berm

Existing Lagoon

Pilot lagoon 4'
diam x 12'

15'

27'

Drainage swale

5'

Pumping Chamber

8'

5'

8'

5'

8'
Bottom of Berm

Filter 2

Filter 3

Top of Berm

sl
o

pe

30'

61'

sl
op
e

Bottom of Berm

45'

2%

Typical Drainage
and Aeration Grid

150'

2%

Filter 1

15'

15'

Top of Berm

PVC 30 liner
over ¼” felt
45'

5'

61'

Underground
Electrical Cable
and Data Line

Unloading Pad

50'

mp
ing

Re
ne

Go
ule
t Pu

Go
ule
tP
um
pin
g

Re
ne

Aeration Vent Stack
(4" PVC)

269'

Electric Panel and
Control Room

Goulet Septage Dewatering
Pilot Project
General Layout

Electic Post

Figure 1. Goulet Pilot Septage Filters Plan View

Ontario Rural Wastewater Centre ©2012

5

Septage Treatment Using Reed and Sand Bed Filters – Goulet Pilot Project
Final Report to the Ontario Ministry of Environment

150'
121'
63'
5'

45'
12'

15'

50'

A
6.00'

7.00'
27'

Pond liner (PVC30)

Existing
berm

Unloading pad

A
1000 L pumping
chamber

Septage Filter

4" PVC aeration pipe
(10')
Berm

2'

2'
8'

6" coarse sand (0.3-0.6mm)
PVC 30 membrane
(69' x 69')

12" washed fine gravel (5 to 10 mm)

27"

33"

9-15" washed coarse gravel (20 to 40 mm)

¼" felt
(45' x 45')

Goulet Septage Dewatering
Pilot Project
Cross Section

Section A-A

Figure 2. Goulet Pilot Septage Filter Cross Section View

Ontario Rural Wastewater Centre ©2012

6

Septage Treatment Using Reed and Sand Bed Filters – Goulet Pilot Project
Final Report to the Ontario Ministry of Environment

2.1 System Operation
The reed beds and sand drying bed filter are dosed directly from the septage truck using the
truck’s vacuum pump. Each full load of septage is approximately 3000 gallons (13,600 L) and
represents a dose of 7.3 cm. The septage first passes through a 3/8 inch (1.0 cm) bar screen to
remove large non-biodegradable objects such as gravel, hair, rags, plastic materials, etc. The
hose from the truck is connected to the bar screen filter with a quick connect coupling. The
screened septage flows by gravity through a 6 inch (15 cm) PVC pipe to one of the beds. The
pipe is placed on an inner tube to float on the accumulating sludge layer. Photos of a bar screen
filter and dosing pipe are presented below.

Bar Screen Filter and Dosing Pipe
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3. Evaluation Protocol
Filter performance (infiltration rate, filtrate quality, dewatered sludge quality) is evaluated as a
function of both solid loading rate (38-148 kg TS·m-2·yr-1) and hydraulic loading rate (1.9-5.9
m/yr), dosing cycle (1 day dosing / 6 days rest period to 3 days dosing / 18 days rest period),
season and plant effects (planted vs unplanted). Differences between variables are tested for
significance using ANOVA.

3.1 Filter Operating Parameters
The operating parameters of the three filters were varied over time to consider the impact of
sludge age, hydraulic loading rate and dosing cycle (rest period between doses) (see Table 1).

Filter

Sand Filter
Reed Bed 1
Reed Bed 2

Table 1. Filter Operating Conditions
2007
2008
2009
2010
2011
1 Day Dosing / 6 day Rest Cycle
3 Days Dosing / 18 Days Rest Cycle
Constant HLR
Average DM
High DM
High DM
Average DM
High HLR
Average HLR
High DM
Average DM
Average DM
Rest Period
Average HLR
High DM
Average DM
Average DM
Average HLR
High HLR

During the first two years of the study, sludge dry matter (DM) was varied while maintaining
constant hydraulic loading rates and sludge dosing cycle to the filters. This is possible for most
of the year as a load of septage can be selected based on DM content, which roughly corresponds
to sludge age; however, during winter a significant proportion of the volume pumped is from
holding tanks. High DM would be considered sludge from tanks which have not been pumped
for greater than 5 years (4-6% DM), average DM would be from septic tanks pumped between 25 years (2-4% DM), and low DM would include a significant proportion of holding tank waste
(<2% DM).

During the third year, the dosing cycle was changed from a 7 day to a 21 day cycle while
maintaining a constant hydraulic loading rate and sludge DM content. The loading cycle was
maintained from April to December while during the winter months the filters were operated as
freezing beds, where a new dose of sludge is applied only when the previous dose had frozen.
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In the last two years of the study, the hydraulic loading rate was varied while maintaining a
constant dosing cycle and sludge DM content. Average hydraulic loading per filter was defined
as 7.3 cm/week while high hydraulic loading was defined as 14.4 cm/week. As well, one of the
filters was left to rest for several months during Year 4 to observe the effect of a maturation
period on sludge stability.

3.2 Data Collection
Data on the filter operation and performance was collected regularly throughout the study,
typically on a bi-weekly basis.

Operational Data: Information on each truckload of septage was recorded by the septage truck
operator including: date, volume, source (holding tank, septic tank) and which filter was dosed.
Septage was collected mostly from residential houses; however, other sources of waste would
include schools, retirement homes and restaurants. No industrial waste, food processing waste or
portable toilet waste was dosed into the filters.

Temperature and Climate Data: Temperature was continuously monitored with thermocouples
installed in the middle of the sand and gravel layers of Reed Bed 1 and Reed Bed 2, in the Reed
Bed 1 Pump Chamber and of ambient air at the control building. A rain/snow gauge (ISCO 674)
was installed at the field site to continuously log precipitation; however, the system did not
function properly. Therefore, climatic data was obtained from the nearest Environment Canada
weather station, the Ottawa International airport, through the National Climate Data and
Information Archive (www.climate.weatheroffice.gc.ca).

Drainage Flow: The drainage (filtrate) flow from each bed was measured through pump runtime counters connected to a datalogger (OMEGA OM-CP series). The pumps were calibrated
for flowrate at the beginning and end of the study.

Raw Sludge: A representative 2 L septage sample was collected from each truck load and stored
in a sample fridge located on site for the first 3 years of the study. Each sample was analysed for
TS, while monthly composite samples were analysed for: solids (TS, TSS, TVS, TVSS), organic
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matter (COD, BOD5), nutrients (TP, TKN, NH4, NO3), metals (As, Cd, Co, Cr, Cu, Hg, Mb, Ni,
Pb, Se, Zn) and pH. Samples were analysed for E. coli from Nov 06 to July 07 (n=95) to
characterise raw septage E. coli numbers.

Filtrate: Bi-weekly grab samples of the filtrate were collected and analysed for E. coli and DO.
A peristaltic pump activated by the effluent pump in each pump chamber collected flowproportional composite samples from each filter into a 20 L Carboy (see photo). The pump is
housed inside a cooler with a heat trace cable and light bulb to maintain the temperature above
freezing during the winter months. Samples were collected on a bi-weekly basis and analysed
for: COD, BOD5, TS, TSS, TVS, TVSS, TP, TKN, NH4, NO3, pH and metals.

Flow Proportional Composite Sampler

Dewatered Sludge: Monthly composite dewatered sludge samples were collected from each
bed over two periods: from Dec 06 to Aug 07 and from Aug 09 to June 10 (except when the soil
was frozen). The samples were analysed for: TS, VS, metals (As, Cd, Co, Cr, Cu, Hg, Mb, Ni,
Pb, Se, Zn), C, N-P-K, NO3, NH4, pH, and E. coli. Weekly composite dewatered sludge samples
were collected from Sept 09- Dec 10 when sampling was reduced to a biweekly cycle, with
samples analysed for DM and E. coli. Sludge depth was also measured commencing in Sept 09.

Plants: Plant coverage was recorded annually.
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3.3 Analytical Methods
All analyses were either conducted by the MOE laboratory or at the Environmental Quality
Laboratory of the ORWC. The ORWC laboratory follows Standard Methods (APHA, 1998).
The methods utilised at both laboratories are described in Appendix B.
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4. Filter Operation and Performance
The primary purpose of the filters is to dewater septage. The operation of the filters includes
plant development, septage hydraulic and solid loading rates, loading cycles (dosing/rest period)
and their impacts on filter drainage patterns and dewatered sludge DM content. As well, any
effect of climatic conditions (temperature, precipitation) on filter operation is considered. The
impacts of filter operation on filtrate and dewatered sludge quality will be addressed in the
following Sections of the report.

4.1 Plant Development
The reeds were slow to establish themselves in the two reed bed filters. Photographs of the reed
beds exhibiting the propagation of Phragmites over time are presented in Appendix C.
Phragmite rhizomes were initially planted in the fall of 2006 at 1 rhizome segment per m2.
Ideally the rhizomes should have been planted in the spring at a density of 9 segments/m 2
(Metcalfe and Eddy, 2003). It is advised not to start sludge application until the plants have
become established; however, sludge application commenced immediately after the rhizomes
were planted. New rhizomes were planted in the spring of 2007 by hand and René Goulet used
his backhoe to plant further clumps of reeds in the fall of 2007 along the edges of the beds. The
reeds developed from the edges inward over time due to the placement of the clumps of reeds.
Dosing was changed from the centre to a corner in 2009 in order to allow better plant
development in the centre of the filters. Plant coverage increased steadily from 2007 in both beds
with full coverage obtained only in 2010 for Reed Bed 1 and almost full coverage (85%) in 2011
for Reed Bed 2 (see Figure 3). While no differences in filter percolation rates or in sludge or
filtrate quality were observed between the planted and unplanted beds, the slow development of
the plants may have masked any positive impact the plants may have played. However, the
aesthetic value of the planted beds is obvious and from subjective comment the planted beds also
had a positive impact on reducing odours.
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Figure 3. Phragmites Coverage in Reed Beds

4.2 Filter Temperature
Temperature data from the filters and ambient air are presented in Figure 4. Four thermocouples
in the middle of the sand and gravel layers of both RB1 and RB2 were averaged as the
temperatures were practically identical. A thermocouple measuring the filtrate temperature in
the RB1 pump chamber is also presented. Data is missing from Oct 07 to Mar 08 due to a
problem with the datalogger.
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Figure 4. Filter Temperature with Time

The temperature in the sand and gravel layers reached the freezing point during the first winter
season; however, remained above zero from the 3rd to the 5th winters and showed a consistent
rate of increasing minimum temperature. This suggests that sludge below the frozen surface layer
will be able to continue dewatering throughout the winter months. As well, as the sludge layer
increased, maximum temperatures in the sand and gravel layers showed a consistent rate of
decline suggesting an insulation effect from the accumulating sludge layer.

Filtrate temperatures remained above the freezing mark and closely tracked the sand and gravel
layer temperatures from the 3rd to the 5th winters, while during the summer months filtrate
temperatures were found to be consistently below those of the sand and gravel layer. Filtrate
temperatures varied between 1.0 and 19.0°C, suggesting that microbial processes could be
significantly diminished during the winter months.

Ontario Rural Wastewater Centre ©2012

14

Septage Treatment Using Reed and Sand Bed Filters – Goulet Pilot Project
Final Report to the Ontario Ministry of Environment

4.3 Filter Loading Rates
The annual loading rates are described below with their impact on drainage rate and filtrate
quality discussed in subsequent Sections.

Hydraulic Loading Rate
Annual hydraulic loading rates to the three filters are presented in Table 1. Annual hydraulic
loading rates were varied over time from 1.9 to 5.9 m/yr; where a nominal loading rate of 7.3
cm/week (1 truck load per week) is equivalent to 3.8 m/yr. Therefore, the maximum annual
loading rate tested was equivalent to 11.3 cm/week or 1.6 truckloads per week. Over the course
of the study both SF and RB2 were dosed at close to the nominal loading rate of 3.8 m/yr, while
the average loading to RB1 was lower at 2.7 m/yr. Since none of the three filters showed signs of
clogging we can safely conclude that average loading rates of 7.3 cm/week (3.8 m/yr) can be
maintained over the long term with the flexibility of increasing the loading rate to up to 5.9 m/yr
in a given year. This is important as one or more beds could be taken out of operation for
desludging at the end of a 5-10 year loading cycle.

Filter
SF
RB1
RB2

Table 1. Annual Hydraulic Loading to Filters (exclusive of precipitation)
Hydraulic Loading Rate (m3/m2∙yr)
2007
2008
2009
2010
2011
3.2
2.4
3.6
5.9
2.3
3.3
2.8
3.1
1.9
2.4
3.4
2.8
3.4
3.4
4.3

Average
3.5
2.7
3.5

Roughly equal volumes of septage were dosed to the three filters during each of the first three
years of operation averaging 3.3, 2.7 and 3.4 m/yr for 2007, 2008 and 2009, respectively.
During the fourth operating year, dosing to SF was increased to 5.9 m/yr while RB2 was
maintained at 3.4 m/yr and RB1 was not loaded for 4 months during the summer to observe
sludge stabilization over a maturation period. During the fifth year of operation, loading to RB2
was increased to 4.3 m/yr while loading rates to the SF and RB1 were maintained at 2.3 - 2.4
m/yr.
Solids Loading Rate
Hydraulic loading rates remained constant during the first two years of operation while septage
solids were varied by selecting septage from tanks with different pump-out frequencies; in
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general: >5 years = high solids (4-6%) and 2-5 years = average solids (2-4%). Table 2 presents
the average annual percent solids dosed to each filter. During year 1 both SF and RB1 received
high solids while RB2 received average solids. During year 2 SF received high solids while both
RB1 and RB2 received average solids. For the remainder of the study all filters received average
solids.

Filter
SF
RB1
RB2

2007
5.0
4.8
3.7

Table 2. Septage Percent Solids
Average Dry Matter (%)
2008
2009
2010
4.2
2.7
2.7
3.0
3.2
2.2
2.0
2.4
2.5

2011
2.4
2.4
2.6

Average
3.4
3.1
2.6

Table 3 compares the annual solids loading to each filter. Annual solids loading to the filters
varied considerably from 38-148 kg TS/m2∙yr with average solid loading rates of 105, 81 and 85
kg TS/m2∙year for SF, RB1 and RB2, respectively. The European literature suggests solids
loading rates of 60 kg TS/m2∙yr for reed bed filters receiving AD sludge (Nielsen, 2003), while
Metcalfe and Eddy (2003) recommend 30-60 kg TS/m2∙yr although rates as high as 100 kg
TS/m2/yr have been reported depending upon the type of sludge and climate. These results
suggest that an annual solids loading rate of 100 kg/m2∙yr can be maintained over the long term
with no signs of filter clogging with a maximum annual solids loading rate of 148 kg/m 2∙yr
observed with no adverse effect on filter drainage. While it is possible to design reed beds based
on solids loading for AD and WAS applications, where solids content is relatively constant and
measured at the WWTP, for septage haulers, with a highly variable waste stream comprising
both holding tank and septic tank wastes this approach does not appear to be practical.

Filter
SF
RB 1
RB 2

2007
142
144
113

Ontario Rural Wastewater Centre ©2012

Table 3. Solids Loading Rate to Filters
Solids Loading Rate (kg TS/m2∙yr)
2008
2009
2010
91
88
148
75
91
38
49
74
81

2011
54
58
110

Average
105
81
85
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Sludge Accumulation
Sludge levels fluctuate considerably as frozen sludge accumulates during the winter and drains in
the spring or as filters are dosed and septage is dewatered. Sludge accumulation rates based on
both hydraulic and solids loading after five years of filter operation are presented in Table 4. As
average solid content in septage should be consistent over time, either the hydraulic or solids
loading rate should be valid for design purposes. Sludge accumulation is consistent between the
three filters with average rates of 5.7 ± 0.4 cm/m of septage applied or 0.21 ± 0.01 cm/kgTS∙m2
of septage applied.

The upper 95% confidence interval (C.I.) should be used for design

purposes.

Filter

SF
RB1
RB2
Avg. ± 95% C.I.

Table 4. Sludge Accumulation Rate
Sludge Accumulation after
Sludge Accumulation Rate
5 Years
(cm/m septage applied)
(cm)
103
5.9
80
5.8
94
5.3
5.7 ± 0.4

Sludge Accumulation Rate
(cm/kg∙m2 TS applied)
0.20
0.20
0.22
0.21 ± 0.01

4.4 Filter Drainage Rates
Drainage from each filter was continuously monitored through logged pump run-time. Septage
loading to the filters was logged by the operator and precipitation data was taken from the
Ottawa International Airport (closest weather station).

A typical annual cumulative flow

response curve is presented in Figure 5. Low drainage is observed during the winter months as
sludge freezes and accumulates on the beds with a sharp increase in drainage observed in the
spring as the frozen sludge melts. Figure 5 also clearly illustrates the change from a 7 day to a
21 day dosing cycle with little impact on the filter drainage profile; however, a significant
overdose of septage in Nov 09 resulted in a commensurate increase in drainage.
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Figure 5. Typical Cumulative Flow Response Curve (2009 Sand Filter)

In order to compare filter hydraulic performance over time the ratio of drainage under steady
state conditions (i.e. from the end of the spring thaw to the overdose in Figure 5) to the rate of
inflow (septage + precipitation) was calculated and plotted in Figure 6 for all filters across the
five years of the study. Differences between the 1:1 response line and drainage rates represent
losses due to evapotranspiration assuming steady-state conditions (i.e. no accumulation in the
beds).
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Figure 6. Filter Inflow vs Drainage

The ratio of drainage to inflow was fairly constant over the normal range of operating conditions
of 2.3-13.4 cm/week of septage loading (7 to 23 mm/d inflow). As well, two periods of very
high steady-state outflow were observed. The first was a short period in Nov 09 (see Figure 5),
while the second was for a 5 week period in 2010. The constant response of drainage to inflow
over time and with increasing inflow indicates that:
1) the filters responded to variable hydraulic loading rates of 2.3-13.4 cm/week of septage
over extended periods of time without a reduction in drainage flows;
2) the filters showed no signs of clogging over the course of 5 years of operation;
3) no difference in filter drainage was observed between the Sand Filter and the Reed Bed
Filters (no observed plant effect), and;
4) the filters can respond to relatively high hydraulic loading rates of 48 mm/d for short
periods (1-5 weeks) with no observed reduction in drainage relative to inflow or filter
clogging.
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In order to calculate the average evapotranspiration (ET) rate for the three filters a linear
regression analysis was conducted on the core of the data set representing most of the study
period:

Drainage (mm/d) = 0.795±0.055 x Inflow (mm/d)

(Equation 1)

Applying the linear model at the upper 95% confidence interval to the typical loading condition
of 1 weekly truckload of septage (10.4 mm/d = 7.3 cm/wk) plus precipitation accounting for the
effects of filter berm slopes (3.8 mm/d) gives a drainage rate of 12.1 mm/d. The difference
between inflow and drainage (2.1 mm/d) can be attributed to ET losses assuming steady state
conditions. This represents 575 mm of ET losses from April 1 to Dec. 31. A loss of 2.1 mm/d
appears to be reasonable as maximum crop ET losses vary from 1.3-5.0 mm/d from May to
September in the Ottawa region (AAFC, 1995). Calculating ET losses can be useful when sizing
either filtrate storage or treatment options.
During the spring melt period drainage increased significantly with steady-state drainage rates
ranging from 17.7 to 61.4 mm/d (see Figure 7) (2008 data missing). Factors affecting the
drainage rate will include accumulated frozen sludge, spring temperatures and dosing during the
melting period. Freeze-thaw conditioning is a proven solid-liquid separation technique for
sludges and will effectively separate bound water from sludge particles by pushing colloidal
particles together during ice crystal formation of (Martel, 1993). Therefore, during the melting
period any constraint due to the gravity separation of bound water from the sludge particles
should be minimized and the drainage rate dependent more upon the constraining layer of the
filter itself in addition to the rate of melting and any hydraulic head that has developed. As the
drainage rates are typically higher than the normal operating conditions and show no trend of
decreasing with time, this data further reinforces the conclusion that the filters are not
experiencing clogging over time.

Ontario Rural Wastewater Centre ©2012

20

Septage Treatment Using Reed and Sand Bed Filters – Goulet Pilot Project
Final Report to the Ontario Ministry of Environment

Figure 7. Spring Drainage Rates by Filter and by Year

It is generally accepted that the reeds are necessary to maintain drainage pathways in the
accumulating sludge layer and to prevent filter clogging (Metcalfe and Eddy, 2003; Neilson,
2003). Therefore, it was hypothesised that the sand filter would become clogged with time and
need to be desludged. Typically, sand drying beds are desludged after each application of 20-30
cm of sludge and 2-6 weeks of drying (Wang et al, 2007). However, in this study the sand filter
has operated without clogging for 5 years in addition to the two reed beds, which only developed
significant plant cover in Year 4. There are two possibilities which could explain the high level
of dewatering performance of the filters. The first possibility is that the nature of septage
reduces its clogging potential compared with either waste activated sludge or anaerobically
digested sludge commonly dewatered with sand drying beds or reed bed filters. Septage has a
very high sludge age (2-5 years) compared to either waste activated sludge (5-10 days) or
anaerobically digested sludge (20-60 days) (Metcalfe and Eddy, 2003). The high sludge age of
septage suggests that most of the readily degradable organics have already been consumed in the
septic tank resulting in significantly less biological activity in the filter and less development of a
clogging biomat layer at the sand interface. A second possibility could be related to the freezethaw conditioning experienced each winter. The annual accumulation of dewatered sludge (~20
cm) is at the top of the sludge layer and will almost certainly undergo complete freeze-thaw
conditioning over the winter period. This process could help to maintain filter permeability year
over year.
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5. Filtrate Water Quality
5.1 Organic Matter, Solids and Nutrients
Raw septage and filtrate water quality data for organic matter, solids and nutrients are presented
in Table 5. The filters provide near complete removal of organic matter, suspended solids and
nutrients with 99% removal of COD, BOD5 and TSS, 96% of TKN and 98% of TP. The high
removal rates indicate that the organic matter and nutrients are tied to the septage solids and are
effectively removed through the filtration process. Considering the entire dataset, no significant
differences were observed between the three filters in terms of either raw sludge or filtrate
concentrations for COD, BOD, TSS and TKN-N. For TP, there was no difference in raw sludge
concentrations; however, filtrate TP concentrations were significantly lower in RB1 compared to
both RB2 and SF (P<0.05), although the differences were only 1.4 and 1.6 mg/L which is not
important from a treatment perspective.

Parameter
COD(raw septage)
COD(filtrate)
% Removal
BOD5 (raw septage)
BOD5 (filtrate)
% Removal
TSS(raw septage)
TSS(filtrate)
% Removal
TKN(raw septage)
TKN(filtrate)
% Removal
TP(raw septage)
TP(filtrate)
% Removal

Table 5. Filter Effluent Quality - Organic Matter, Solids and Nutrients
Average Concentration ± 95% C.I. (mg/L)
SF
RB1
RB2
Mean
29,975 ± 7,692
27,447 ± 7,385
23,810 ± 5,965
27,033 ± 4,058
282 ± 57
219 ± 33
231 ± 29
245 ± 24
99%
7,572 ± 2,175
6,463 ± 1,603
5,165 ± 1,115
6,382 ± 969
71 ± 18
55 ± 9
59 ± 9
62 ± 7
99%
20,836 ± 5,406
21,083 ± 4,777
16,545 ± 3,664
19,508 ± 2,695
114 ± 33
79 ± 16
102 ±21
99 ± 14
99%
823 ± 184
744 ± 125
683 ± 148
750 ± 89
33 ± 8
26 ± 6
34 ± 8
31 ± 4
96%
308 ± 88
257 ± 62
231 ± 63
265 ± 43
5.2 ± 0.9
3.8 ± 0.6
5.4 ± 0.6
4.8 ± 0.4
98%

n
187
239
187
281
179
248
195
229
187
236

Average filtrate concentrations are plotted in Figure 8 by year. There is no obvious trend in
filtrate quality over time suggesting that the reed and sand drying beds are functioning at a steady
state condition over a period of five years of operation consistently reducing organic matter and
nutrients by 96-99% and producing filtrate which is of similar quality to a low strength domestic
wastewater (Metcalfe and Eddy, 2003) and is easily treatable in any municipal WWTP or onsite
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wastewater treatment system. The filtrate could also be stored and used as irrigation water
during the summer months.

Figure 8. Filtrate Water Quality (Yearly Averages)

No significant differences between average annual TSS concentrations between the 3 filters were
observed in any of the five years. This indicates that across the range of annual solid loading
rates (38-148 kg/m2∙yr), annual hydraulic loading rates (1.9-5.9 m/yr) and loading cycles of 7
and 21 days the filters are effective at removing almost all of the TSS. However, during the two
occasions of extremely high hydraulic loading (33 cm/week), TSS concentrations in the filtrate
increased by an order of magnitude to 650-1100 mg/L suggesting a degree of hydraulic shortcircuiting of the filters. Therefore, a maximum of 21 cm/week is advised as an operational
hydraulic loading rate limit.

Similarly, the only periods where BOD5 results increased dramatically was during the two
periods of extremely high hydraulic loading with BOD5 effluent increasing to 417 and 665 mg/L.
However, significant differences in annual average BOD5 concentrations were observed:
between SF and RB2 in 2008 (82 vs 56 mg/L BOD5) with a difference in solids loading of 91 vs
49 kg/m2∙yr; between RB1 and SF in 2009 (43 vs 102 mg/L BOD5) which is due to a value of
417 mg/L from the septage overdose to SF in Nov 2009; and between RB2 and both RB1 and SF
(71 vs 60 and 22 mg/L BOD5) with a difference in hydraulic loading of 4.6 vs 2.4 and 2.6 m/yr.
These differences would suggest that in some cases increasing solid or hydraulic loading rate
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resulted in an increased average BOD5 filtrate concentration; however, the range of BOD5
concentrations observed all remain well within a range that is easily treatable in a WWTP.
Therefore, operating within the limits of 148 kg/m2∙yr and 5.9 m/yr should result in consistent
filtrate quality.

5.2 E. coli
Table 6 compares the geometric mean E. coli numbers of raw septage to filtrate with E. coli
numbers reduced by 2.3 logs in the filters. Geometric mean filtrate E. coli numbers (7.5 x 104
CFU/100mL) are below the limit for land application of 2.0 x 106 CFU/100mL (O.Reg 267/03).

Sample
Raw Septage
Filtrate (Grab)
Reduction (log)

Table 6. Filtrate Effluent Quality - E. coli
Geometric Mean E. coli (log CFU/100mL) ± 95%C.I.
Sand Filter
Reed Bed 1
Reed Bed 2
All
7.3 ± 0.3
7.2 ± 0.3
7.2 ± 0.3
7.2 ± 0.2
4.7 ± 0.2
5.0 ± 0.2
5.0 ± 0.2
4.9 ± 0.1
2.6
2.2
2.2
2.3

n
138
276

There were no significant differences observed in E. coli numbers between the three filters
considering the entire dataset or considering annual geometric means indicating that operating
within the limits of 38-148 kg/m2∙yr and 1.9-5.9 m/yr should result in a consistent 2.3 log
reduction in E. coli. However, during one of the two periods of extreme hydraulic loading E.
coli numbers increased to 6.94 log CFU/100mL while no sample was collected during the second
period. Again this confirms that hydraulic short circuiting occurs at hydraulic loading rates of 47
mm/d (33cm/wk).

5.3 Metals
Most metals in septage will be bound to the sludge particles. As well, metals typically present in
wastewater, with the exception of boron, are either adsorbed onto sludge solids or form inorganic
precipitates (Pettygrove and Asano, 1985). Therefore metals should be removed in the filters
and accumulate in the dewatered sludge cake. Raw septage and filtrate water quality data for
metals and salts are presented in Table 7.
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Parameter
As (raw septage)
As (filtrate)
% Removal
Se (raw septage)
Se (filtrate)
% Removal
Sb (raw septage)
Sb (filtrate)
% Removal
Hg (raw septage)
Hg (filtrate)
% Removal
Al (raw septage)
Al (filtrate)
% Removal
Ba (raw septage)
Ba (filtrate)
% Removal
Be (raw septage)
Be (filtrate)
% Removal
Cd (raw septage)
Cd (filtrate)
% Removal
Co (raw septage)
Co (filtrate)
% Removal
Cr (raw septage)
Cr (filtrate)
% Removal
Cu (raw septage)
Cu (filtrate)
% Removal
Fe (raw septage)
Fe (filtrate)
% Removal
Pb (raw septage)
Pb (filtrate)
% Removal
Mg (raw septage)
Mg (filtrate)
% Removal
Mn (raw septage)
Mn (filtrate)
% Removal
Mo (raw septage)
Mo (filtrate)
% Removal

Table 7. Filter Effluent Quality - Metals
Average Concentration ± 95%C.I. (mg/L)
Sand Filter
Reed Bed 1
Reed Bed 2
All
0.054 ± 0.019
0.074 ± 0.044
0.047 ± 0.020
0.059 ± 0.017
0.0031 ± 0.0003
0.0031 ± 0.0004
0.0029 ± 0.0003
0.0030 ± 0.0002
95%
0.074 ± 0.117
0.080 ± 0.030
0.077 ± 0.041
0.075 ± 0.019
8.1E-4 ± 1.2E-4
7.1E-4 ± 8.3E-5
8.4E-4 ± 1.4E-4
7.9E-4 ± 7.1E-5
≥ 99%
0.069 ± 0.028
0.041 ± 0.009
0.026 ± 0.008
0.037 ± 0.006
0.0028 ± 0.0018
0.0021 ± 0.0011
0.0010 ± 0.0001
0.0019 ± 0.0007
≥ 95%
0.033 ± 0.010
0.032 ± 0.007
0.025 ± 0.005
0.030 ± 0.004
5.4E-5 ± 1.2E-5
5.9E-5 ±2.9E-5
4.9E-5 ± 1.1E-5
5.4E-5 ± 1.1E-5
≥ 99.8%
206 ± 71
248 ± 82
171 ± 64
209 ± 42
0.58 ± 0.17
0.45 ± 0.13
0.55 ± 0.13
0.53 ± 0.08
99.7%
6.6 ± 2.7
8.2 ± 2.7
5.1 ± 1.8
6.6 ± 1.4
0.11 ± 0.02
0.12 ± 0.07
0.08 ± 0.01
0.10 ± 0.01
98%
0.023 ± 0.001
0.023 ± 0.001
0.023 ± 0.002
0.023 ± 0.001
0.0047 ± 0.0011
0.0036 ± 0.0006
0.0042 ± 0.0008
0.0042 ± 0.0005
n.a
0.11 ± 0.02
0.10 ± 0.01
0.10 ± 0.01
0.11 ± 0.01
0.0047 ± 0.0011
0.0038 ± 0.0007
0.0042 ± 0.0008
0.0042 ± 0.0005
n.a.
0.095 ± 0.007
0.095 ± 0.006
0.094 ± 0.006
0.094 ± 0.004
0.011 ± 0.001
0.011 ± 0.001
0.0095 ± 0.0001
0.011 ± 0.007
n.a.
0.46 ± 0.16
0.78 ± 0.39
0.39 ± 0.11
0.55 ± 0.15
0.015 ± 0.006
0.018 ± 0.011
0.015 ± 0.005
0.016 ± 0.004
≥ 97%
15.8 ± 8.7
12.3 ± 3.5
6.9 ± 1.7
11.6 ± 3.1
0.076 ± 0.021
0.063 ± 0.019
0.060 ± 0.010
0.067 ± 0.009
99.4%
137 ± 49
160 ± 45
109 ± 24
135 ± 24
0.95 ± 0.25
0.89 ± 0.29
0.94 ± 0.21
0.93 ± 0.14
99.3%
1.3 ± 0.6
1.4 ± 0.9
1.0 ± 0.6
1.2 ± 0.4
0.053 ± 0.031
0.049 ± 0.034
0.053 ± 0.030
0.052 ± 0.18
≥ 96%
88 ± 22
90 ± 19
71 ± 11
88 ± 10
40.9 ± 3.3
33.9 ± 3.3
33.8 ± 2.5
36.2 ± 1.8
59%
2.5 ± 0.6
3.2 ± 1.0
3.0 ± 1.1
2.9 ± 0.5
0.24 ± 0.04
0.17 ± 0.03
0.23 ± 0.04
0.22 ± 0.02
92%
0.16 ± 0.07
0.17 ± 0.04
0.11 ± 0.04
0.15 ± 0.03
0.032 ± 0.017
0.018 ± 0.003
0.021 ± 0.004
0.024 ± 0.006
≥ 84%
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194
187
194
187
187
164
169
190
195
190
195
190
195
190
195
190
195
190
195
190
195
190
195
190
195
190
194
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195
190
195
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Parameter
Ni (filtrate)
% Removal
Ag (raw septage)
Ag (filtrate)
% Removal
Sr (raw septage)
Sr (filtrate)
% Removal
Ti (raw septage)
Ti (filtrate)
% Removal
V (raw septage)
V (filtrate)
% Removal
Zn (raw septage)
Zn (filtrate)
% Removal
Ca (raw septage)
Ca (filtrate)
% Removal
Na (raw septage)
Na (filtrate)
% Removal
K (raw septage)
K (filtrate)
% Removal

Table 7. (Cont’) Filter Effluent Quality - Metals
Average Concentration ± 95%C.I. (mg/L)
Sand Filter
Reed Bed 1
Reed Bed 2
0.045 ± 0.007
0.045 ± 0.011
0.036 ± 0.005
0.12 ± 0.02
0.015 ± 0.003

0.10 ± 0.01
0.013 ± 0.004

0.11 ± 0.03
0.013 ± 0.003

10.3 ± 3.7
3.1 ± 0.5

21.2 ± 14.5
2.4 ± 0.3

8.1 ± 3.7
2.6 ± 0.3

1.4 ± 0.3
0.012 ± 0.003

1.6 ± 0.4
0.012± 0.015

1.6 ± 0.3
0.014 ± 0.005

0.06 ± 0.02
0.0048 ± 0.0011

0.07± 0.02
0.0036 ± 0.0006

0.06 ± 0.02
0.0042 ± 0.0008

21.8 ± 7.9
0.14 ± 0.05

22.6 ± 5.1
0.10 ± 0.03

15.0 ± 0.6
0.11 ± 0.02

880 ± 276
235 ± 23

880 ± 225
195 ± 22

596 ± 118
192 ± 17

444 ± 133
403 ± 51

536 ± 187
316 ± 35

490 ± 133
360 ± 36

108 ± 36
66.4 ± 7.3

99 ± 54
46.5 ± 7.8

78 ± 18
45.9 ± 5.3

All
0.042 ± 0.004
89%
0.10 ± 0.01
0.014 ± 0.002
n.a.
13.2 ± 5.2
2.7 ± 0.2
80%
1.5 ± 0.2
0.013 ± 0.003
99.1%
0.06 ± 0.01
0.0042 ± 0.0005
≥ 93%
17.8 ± 3.5
0.11 ± 0.02
99.4%
784 ± 125
207 ± 12
74%
491 ± 83
361 ± 24
26%
95 ± 22
52.9 ± 4.1
44%

n
195
190
195
190
195
190
195
190
195
190
195
190
195
190
195
190
195

The filters removed on average more than 99 percent of the following metal species: Se, Hg, Al,
Cu, Fe, Ti and Zn, between 95-99 percent of: As, Sb, Ba, Cr, Pb and V and between 80-95
percent of: Mn, Mo, Ni and Sr. The alkali metals (Na, K) showed the lowest removal rates of 26
and 44 percent, respectively, while the alkaline earth metals (Mg, Ca, Sr, Ba) increased in
removal rate with progression down the period table; with removal rates of 59, 74, 89 and 98
percent for the four species, respectively.

Metal concentrations in raw septage were at the detection limit for several of the metal species
surveyed: Be, Cd, Co and Ag. Thus, the removal rates of these metal species could not be
calculated. As well, metal concentrations in the filtrate were at the detection limit for the
following metal species: Se, Sb, Hg, Be, Cd, Cr, Pb, Mo, Ag and Va. Thus, only a minimum
removal rate for these metal species could be calculated.
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The limits for regulated metals for the land application of aqueous materials (<1%TS) are
compared in Table 8 to filtrate concentrations. All metal species in the filtrate meet the more
stringent CM1 metals limit (O.Reg 267/03) with concentrations at least 1 order of magnitude
below the limit for land application with the exception of molybdenum which was constrained by
the detection limit of the analytical method employed. The metal concentrations also fall well
below the USEPA guideline values for long term irrigation (USEPA, 2004), again with the
exception of molybdenum.
Table 8. Metal Limits for Land Application of Aqueous Materials
Concentration (mg/L)
Aqueous Solutions of <1%TS
Long Term
Filtrate (Mean ± 95%
(O.Reg.338/09, s.84)
Irrigationa
C.I.)
CM1
CM2
Arsenic
0.13
1.7
0.10
0.0030 ± 0.0002
Cadmium
0.03
0.34
0.01
< 0.0042 ± 0.0005
Cobalt
0.34
3.4
0.05
0.011 ± 0.007
Chromium
2.1
28
0.1
0.016 ± 0.004
Copper
1.0
17
0.2
0.067 ± 0.009
Lead
1.5
11
5.0
< 0.052 ± 0.18
Mercury
0.008
0.11
< 5.4E-5 ± 1.1E-5
Molybdenum
0.05
0.94
0.01
< 0.024 ± 0.006
Nickel
0.62
4.2
0.2
0.042 ± 0.004
Selenium
0.02
0.34
0.02
< 7.9E-4 ± 7.1E-5
Zinc
5.0
42.0
2.0
0.11 ± 0.02
a
USEPA Guidelines for Water Reuse (USEPA/625/R-04/108)
Parameter

5.4 Salt
The total dissolved solids (TDS) of the filtrate is 1834±90 mg/L (n=250). At 1,000 - 2,000
mg/L, TDS levels can affect many crops and careful management practices should be followed
(USEPA, 2004). However, relatively high annual precipitation throughout much of Ontario will
help to leach salt below the plant root zones and mitigate soil salinization. If the filtrate is going
to be used as a long-term source of irrigation water, salt tolerance of the plant species should be
taken into consideration.
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6. Dewatered Sludge Cake Quality
The dewatered sludge cake will typically be removed from the beds every 5-10 years depending
upon the sludge accumulation rate and the freeboard of the filters. The sludge cake will typically
be land applied to agricultural fields but could also be potentially used as landfill cover. The dry
matter content is an important factor in terms of sludge handling and transport. Environmental
criteria regulating the land application of biosolids include E. coli numbers and metals content.
The agronomic benefit is defined in terms of organic matter as well as the N and P content of the
dewatered sludge.

6.1 Dry Matter
Composite samples of the sludge cake were collected as part of the weekly or bi-weekly annual
sampling campaigns. The sludge cake DM data for the three filters are presented in Figure 9
with annual averages presented in Table 9. The annual averages varied between 17.7 ± 2.9 to
23.5 ± 7.5 % DM with an overall average of 20.1 ± 1.1 % DM. Considerable variability in the
data was observed, particularly in the first operating season when drainage was not impeded by a
layer of accumulated sludge. Hydraulic loading rates remained similar between filters during for
the first three operating years with no significant difference in average sludge DM observed
(P>0.05).
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Figure 9. Sludge Cake Dry Matter with Time
Table 9. Sludge Cake Dry Matter
Year

2007
2008
2009
2010
2011
Average of
Annual Averages

SF
(Avg ± SD)
17.9 ± 5.3
18.7 ± 3.6
21.7 ± 2.2
22.1 ± 2.2
20.7 ± 2.9
20.2 ± 1.7

Dry Matter (%)
RB1
RB2
(Avg ± SD)
(Avg ± SD)
23.5 ± 7.5
22.9 ± 6.3
18.2 ± 1.73
18.4 ± 1.0
20.7 ± 1.5
20.7 ± 2.9
21.2 ± 2.9
18.2 ± 2.4
19.5 ± 5.1
17.7 ± 2.9
20.6 ± 1.8
19.6 ± 2.0

Avg. of 3 Filters
(Avg ± SD)
21.3 ± 6.5
18.4 ± 2.2
21.1 ± 2.4
20.5 ± 3.0
19.3 ± 3.8
20.1 ± 1.1

During 2010 the hydraulic loading rate was varied significantly between the three filters at 5.9,
1.9 and 3.4 m/yr for SF, RB1 and RB2, respectively; however, average DM was significantly
lower in RB2 (18.2%) compared with both SF (22.1%) and RB1 (21.2%). In 2011 the hydraulic
loading rate was double in RB2 at 4.6 m/yr compared with 2.4 and 2.6 m/yr in SF and RB1,
respectively; however, no significant differences were observed in average DM content between
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the filters. These results suggest that over the range of hydraulic loading rates considered, no
significant impact on sludge cake DM was observed.

The impact of rest period on dry matter content was compared in Figure 10. The variability in
sludge cake DM is reduced significantly as the rest period increases. Comparing various rest
periods in Table 10 a significant increase in DM from 19.6±0.7 to 20.9±0.7 % is observed from a
rest period of less than 1 week to a rest period of between 1 week and 1 month (P<0.05). No
significant increase in DM is observed between rest periods of 1 week to 1 month and 1-3
months while a significant increase in DM was observed between a 1-3 month rest period
(21.2±0.9%) and a 3-4.5 month rest period (23.4±1.8%). Kopp and Dichtl (2001) studied the
gravity separation of both anaerobically and aerobically digested sludge and found the maximum
theoretical DM achieved by gravity separation to be 28±4% and 23±3% for anaerobically and
aerobically digested sludge, respectively.

Similar results were observed in the filters with

21.2±0.9% DM achieved with a 1 month rest period and 23.4±1.8% DM with a 3 month rest
period, which is similar to DM measured in reed beds in Northern Europe (Nielsen, 2003). It
appears that long term maturation does not significantly increase DM content in reed beds under
Eastern Ontario climatic conditions and a DM content of 23% should be used for planning bed
desludging.

Figure 10. Dewatered Sludge Dry Matter with Rest Period
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n
DM (Avg. ± 95% C.I.)

Table 10. Sludge Cake Dry Matter with Filter Rest Period
Rest Period
0-6 days
7-29 days
30-89 days
87
100
35
19.6 ± 0.7
20.9 ± 0.7
21.2 ± 0.9

90-142 days
12
23.4 ± 1.8

6.2 E. coli
The E. coli limit for the land application of non-agricultural source materials (NASM) is 2.0 x
106 CFU/g DM (O. Reg 267/03). Sludge cake E. coli numbers with time is presented in Figure
11. There is a clear trend of decreasing E. coli numbers with time with practically all samples
below the limit in the 4th and 5th years of operation. Annual geometric mean E. coli counts with
95% C.I are presented in Table 11 and show that the upper confidence interval of the mean falls
below the land application standard in the third year of operation. E. coli numbers fell by 1.6 logs
over four years of filter operation with no significant change observed in year five.

Figure 11. Sludge Cake E. coli with Time
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Table 11. Dewatered Sludge E. coli with Time
Geometric Mean E. coli ± 95% C.I. (log CFU/100mL)
SF
RB1
RB2
6.9 ± 0.7
6.8 ± 0.7
6.5 ± 0.7
6.1 ± 0.7
6.6 ± 0.7
6.6 ± 0.5
5.8 ± 0.2
5.9 ± 0.3
6.0 ± 0.3
5.0 ± 0.2
5.3 ± 0.2
5.1 ± 0.3
5.0 ± 0.5
5.2 ± 0.3
5.7 ± 0.3

Year
2007
2008
2009
2010
2011

All
6.7 ± 0.4
6.4 ± 0.4
5.9 ± 0.1
5.1 ± 0.1
5.3 ± 0.2

6.3 Metals
Metals concentrations in the sludge cake are compared in Table 12 to typical values for domestic
sludge and septage as well as to the metal limits regulating the land application of NASM in
Ontario defined in O/Reg 267/03. The Goulet septage cake has comparable metal content to
typical septage with the exception of copper and zinc, where the values are closer to domestic
sludge concentrations. If any metal concentration exceeds the CM1 limit then the NASM is
considered as CM2 material so long as no metal species exceeds the CM2 limit. The septage
sludge cake is classified as a CM2 material.

Regulated
Metal

n

Table 12. Sludge Cake Concentrations and Regulated Metals Limits
Typical U.S.
Typical Septage
Goulet Septage
Metal Limits
Domestic Sludge (USEPA, 1984b)
Sludge Cake
(O.Reg.267/03
(USEPA, 1984a)
(Mean ± 95% C.I.)
CM1
CM2

Arsenic
34
Cadmium
34
Cobalt
34
Chromium
34
Copper
34
Lead
34
Mercury
18
Molybdenum
34
Nickel
34
Selenium
34
Zinc
34
*method detection limit value

10
10
30
500
800
500
6
4
80
5
1700

Concentration (mg/kg DM)
4.1
4.0 ± 0.4
2.8
2.5 ± 0.1*
11.9
3.0 ± 0.5*
14.4
30.9 ± 4.6
142
617 ± 78
35.5
67 ± 10
0.15
2.0 ± 0.2*
8.5 ± 1.0
15.4
23.4 ± 3.1
2.6
6.4 ± 1.1*
292
1084 ± 101

13
3
34
210
100
150
0.8
5
62
2
500

170
34
340
2,800
1,700
1,100
11
94
420
34
4200

Table 13 describes the limits to land application for each metal species and the land required to
spread the accumulated sludge cake from 1.0x106 gallons/yr (4.5x106 L/yr) of septage applied to
7 reed bed filters over a period of five years (see calculation below). Copper is the controlling
regulated metal species with a land area of 13.6 ha required to spread the dewatered septage.
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Regulated Metal

Table 13. Sludge Cake Metals Content
Sludge Cake
Metal Limits (O.Reg.267/03- 98.0.12(1))
Mean ± 95%C.I.
Maximum Metals
Maximum
(mg/kg DM)
Addition to Soil
Concentration in
(kg/ha/5yrs)
Soil (mg/kg of soil,
dry weight)

Units
4.0 ± 0.4
Arsenic
2.5 ± 0.1*
Cadmium
3.0 ± 0.5*
Cobalt
30.9 ± 4.6
Chromium
617 ± 78
Copper
67 ± 10
Lead
2.0 ± 0.2*
Mercury
8.5 ± 1.0
Molybdenum
23.4 ± 3.1
Nickel
6.4 ± 1.1*
Selenium
1084 ± 101
Zinc
*method detection limit value

1.4
0.27
2.7
23.3
13.6
9
0.09
0.8
3.56
0.27
33

Required Area
(ha)

14
1.6
20
120
100
60
0.5
4
32
1.6
220

0.9
2.8
0.3
0.4
13.6
2.2
6.7
3.2
2.0
7.1
9.8

In order to calculate the area required to spread the sludge cake, a sludge accumulation rate of
0.2 m/year was used as 1.0 m of sludge had accumulated in both the Sand Filter and Reed Bed 1
after 5 years of operation with an average sludge DM of 229 kg/m3.

Sample Calc (Cu )  617

m sludge
mg
kg
kg
kg
m2
1.0
187
 7 filters  229 3  6
 13.6
 13.6ha
kg
5 yrs
filter
ha  5 yrs
m 10 mg

6.4 Nutrients
Dry matter increased from 2.6 percent in raw septage to 21 percent in the dewatered septage,
which is considered a good degree of dewatering. Table 14 compares the nutrient value of
dewatered septage to that of raw septage and solid dairy manure. Nitrogen and phosphorus
levels in the dewatered septage are comparable to solid dairy manure, demonstrating that
dewatered septage can provide a valuable source of nutrients for crop production.
Table 14. Sludge Cake Nutrient Content
Average ± 95% C.I.
Parameter
Raw Septage
Sludge Cake
(n=153)
Dry Matter (%)
2.6 ± 0.4
20.6 ± 0.5
TKN-N (kg/tonne, wet)
0.75 ± 0.09
3.7 ± 0.3
TP (kg/tonne, wet)
0.27 ± 0.04
2.2 ± 0.1
* OMAFRA Agronomy Guide for Field Crops - Pub 811

Ontario Rural Wastewater Centre ©2012

n

Solid Dairy Manure*

239
50
26

21
5.7
1.6
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7. Technology Transfer
A series of technology transfer activities have been carried out to disseminate project results to
Ontario stakeholder groups as well as in academic venues.

Technology Uptake
The most important technology transfer output from the project is the acceptance and application
of the technology by the stakeholder group - Ontario producers and managers of septage. The
first full scale system was installed in Algonquin Park to treat the septic tank and holding tank
waste from the Park’s many comfort stations. The system was installed in the spring of 2011
with an annual capacity of 1818 m3/year (see photo).

Algonquin Reed Bed Filters under Construction (Spring 2011)
Credit: Ontario Parks

As well, the Goulet CofA was amended to include a full scale reed bed system to treat a
maximum of 9000 m3/year of septage. Goulet is planning on expanding his system gradually
over time. Finally, we have been in discussion with a number of Ontario haulers who are
seriously considering applying the technology to their operations.
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Biosolids and Septage Management Workshop (Nov 16, 2010)
We organised a very successful workshop for Ontario industry stakeholders including
presentation by the Ontario Rural Wastewater Centre, MOE, OMAFRA and Bishops
Environmental in addition to a technical tour of the pilot reed bed system and a demonstration of
lime stabilization. The event was very well attended with 85 participants including: many
haulers, consultants, MOE, OMAFRA, Health Unit and conservation authority staff as well as
several students. The workshop agenda is presented in Appendix D.
Research Note
A Research Note, Septage Treatment with Reed Bed Filters was published by the Ontario Rural
Wastewater Centre in 2011 and is posted on our website (www.orwc.uoguelph.ca). A copy of
the Research Note is provided in Appendix E.

List of Presentations
1. Kinsley, C. and Crolla, A. “Septage Drying Beds and Reed Bed Filters”. Invited
Presentation at the Town of Renfrew Septage Management Seminar. April 24, 2006,
Renfrew, ON.
2. Kinsley, C., Crolla, A., Ho, T. “An Overview of Vertical Reed Bed Filter Technology
for Septage Treatment”. Invited Presentation at the Septage Management Workshop.
Water Environment Association of Ontario. June 20, 2007, Milton, ON.
3. Kinsley, C., Crolla, A., Ho, T., Goulet, R. “Septage Treatment Pilot Project. Reed and
Sand Bed Filters”. Oral Presentation at the 8th Annual Ontario Onsite Wastewater
Conference and Exhibit. March 26-27, 2007, Huntsville, ON.
4. Kinsley, C., Crolla, A., Goulet, R., Ho, T. “Performance of a Reed Bed Filter in Eastern
Ontario”. Oral Presentation at the 9th Annual Ontario Onsite Wastewater Conference and
Exhibit. March 3-4, 2008, Huntsville, ON.
5. Goulet, R., Kinsley, C., Crolla, A. “Pilot Reed Bed Filter for Septage Treatment”.
EOWRC Homeowner Workshop. Nov.4, 2009.
6. Kinsley, C., Crolla, A., Goulet, R., Bonte-Gelok, S. “Septage Treatment Reed Bed Filters
– Design, Operation and Performance”. Oral Presentation at the 11th Annual Ontario
Onsite Wastewater Conference and Exhibit. April 13, 2010, London, ON.
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7. Kinsley, C., Kennedy, K., Crolla, A. “Septage Treatment for Agricultural Reuse Using
Reed Bed Filters under Canadian Climatic Conditions” Paper in Proceedings of the IWA
World Water Congress. Sept 20-24, 2010, Montreal, Canada.
8. Kinsley, C., Kennedy, K., Crolla, A. “Reed Bed Treatment of Septage at High Solids
Loading Rate in a Cold Climate”. Paper in Proceedings of the 12th IWA International
Conference on Wetland Systems for Water Pollution Control. Oct 4-8, 2010, Venice,
Italy.
9. Kinsley, C., Crolla, A. “Reed Bed Systems for Biosolids and Septage Treatment”.
Presentation at Septage and Biosolids Management in Ontario Workshop, Ontario Rural
Wastewater Centre. Alexandria, ON, Nov 16, 2010.
10. Kinsley, C., Crolla, A. “Septage Treatment Using Reed Bed Filters in a Canadian
Climate”. Invited Presentation at the OMAFRA Engineer’s Unit Meeting, June 21, 2011,
Alfred, ON.
11. Kinsley, C., Crolla, A., Goulet, R. “Septage Treatment Reed Bed Filters – Design,
Operation and Performance”. Oral Presentation at the OASIS Annual Conference and
Exhibit. Oct. 22, 2011, Kingston, ON.
12. Kinsley, C., Crolla, A., Kennedy, K. “Applying Reed Bed Technology to Treat Septage
under Canadian Climatic Conditions”. Oral Presentation at the NABEC-CSBE Annual
Conference. July 15-18, 2012, Orillia, ON.

Reports

1. Kinsley, C. and Crolla, A. Goulet Septage Dewatering Pilot Project. Interim Report
Submitted to the Ontario Ministry of Environment. Ontario Rural Wastewater Centre.
January 2006.
2. Kinsley, C. and Crolla, A. Goulet Septage Dewatering Pilot Project. Second Interim
Report Submitted to the Ontario Ministry of Environment. Ontario Rural Wastewater
Centre. February 2008.
3. Kinsley, C. and Crolla, A. Goulet Septage Dewatering Pilot Project. Third Interim
Report Submitted to the Ontario Ministry of Environment. Ontario Rural Wastewater
Centre. July 2009.
4. Kinsley, C. and Crolla, A. Goulet Septage Dewatering Pilot Project. Final Report
Submitted to the Ontario Ministry of Environment. Ontario Rural Wastewater Centre.
February 2012.
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8. Conclusions
Two reed bed filters (RB1 and RB2) and one unplanted sand filter (SF) were constructed in 2006
to study the use of reed bed filters to treat septage under Ontario climatic conditions. The filters
were dosed directly from the pumper truck with one 13.6 m3 (3000 gallon) load equivalent to 7.3
cm. The three pilot filters (187 m2 each) were evaluated over a five year period of continuous
operation with three major operating criteria varied over time: solid loading rate from 38 to 148
kg TS/m2∙yr, hydraulic loading rate from 1.9 to 5.9 m/yr and the dosing cycle from 7 to 21 days.
The three filters were operated as freezing beds during winter with a subsequent layer of sludge
applied once the previous layer had frozen.

Plant Growth
Phragmite rhizomes were planted in the fall at 1 segment/m2 while they should have been
planted at a density of 9 segments/m2 and septage was applied shortly after the reeds were
planted which killed the first plantings. New rhizomes were planted in the spring of 2007 by
hand and further clumps of reeds were planted by backhoe in the fall of 2007 along the edges of
the filters. The reeds developed from the edges of the bed inward over time, likely due to the
placement of the clumps of reeds. Dosing was changed from the centre to a corner in 2009 in
order to allow better plant development in the centre of the filters. Plant coverage increased
steadily from 2007 in both beds with full coverage obtained only after 4 years for RB1 and
almost full coverage (85%) after 5 years for RB2.

Hydraulic Loading Rate
Average annual hydraulic loading rates over the course of the study were 2.7, 3.5 and 3.5 m/yr
with annual loading rates varying from 1.9 to 5.9 m/yr. Since none of the three filters showed
signs of clogging over five years of operation it is recommended to use a design hydraulic
loading rate of 3.8 m/yr (7.3 cm/week) as this was the default loading rate applied throughout the
study with success. However, the ratio of drainage to inflow was shown to be fairly constant over
a range of loading rate from 2.3 to 13.4 cm/week suggesting that the filters can be loaded at a
rate up to 13.4 cm/week over long periods of time without a risk of clogging. Furthermore, two
periods of high hydraulic loading of 33.6 cm/week resulted in no observed reduction in drainage
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relative to inflow or filter clogging, suggesting that short periods of high loading will not clog
the filters.

During the spring melt period drainage increased significantly with steady-state drainage rates
ranging from 12.4 to 43.0 cm/week.

As freeze-thaw conditioning is a proven solid-liquid

separation technique for sludges, higher drainage rates imply there is no clogging layer at the
sand interface to impede the spring melt waters and further reinforces the conclusion that the
filters are not experiencing clogging over time.

It is generally accepted that the reeds are necessary to maintain drainage pathways in the
accumulating sludge layer and to prevent filter clogging. Therefore, it was hypothesised that the
sand filter would become clogged with time and need to be desludged. However, no difference in
drainage performance was observed between the Sand Filter and the Reed Bed Filters over five
years of operation. It is possible that there is little readily degradable organics left in septage due
to its high sludge age (2-5 years) compared to waste activated sludge (5-10 days) or
anaerobically digested sludge (20-60 days) resulting in significantly less biological activity in the
filter and less development of a clogging biomat layer at the sand interface. Another possible
explanation for the lack of clogging in the sand filter is that the freeze-thaw conditioning of the
accumulated sludge layer each winter acts to consolidate solid particles together and maintain
filter permeability.

Solid Loading Rate
Annual solids loading to the filters varied considerably from 38-148 kg TS/m2∙yr with average
solid loading rates of 105, 81 and 85 kg TS/m2∙year for the three filters. Recommended loading
rates for reed bed filters vary from 30-60 kg TS/m2∙yr (Metcalfe and Eddy, 2003) or 60 kg
TS/m2∙yr for reed bed filters receiving AD sludge (Nielsen, 2003). The study results suggest that
an annual solids loading rate of 100 kg TS/m2∙yr of septage can be maintained over the long term
with no signs of filter clogging with a maximum annual solids loading rate of 148 kg/m 2∙yr
observed with no adverse effect on filter drainage. It is therefore recommended to use a solid
loading rate of 100 kg TS/m2∙yr for design purposes.
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Sludge Accumulation Rate
Sludge accumulation is consistent between the three filters with average rates of 5.7 ± 0.4 cm/m
of septage applied or 0.21 ± 0.01 cm/kgTS∙m2 of septage applied. The upper 95% C.I. should be
used for design purposes.

Filtrate Quality
The filters provide near complete removal of organic matter, suspended solids and nutrients with
99% removal of COD, BOD5 and TSS, 96% of TKN and 98% of TP producing a filtrate which is
of similar quality to a low strength domestic wastewater (BOD5 = 62±7 mg/L; TSS=99±14
mg/L). The filtrate can be easily treated in any municipal WWTP or onsite wastewater treatment
system or could also be stored and used as irrigation water during the summer months. The high
removal rates indicate that the organic matter and nutrients are tied to the septage solids and are
effectively removed through the filtration process.

The filters reduce E. coli numbers by 2.3 logs, from 7.2 to 4.9 geometric mean log CFU/100mL.
Geometric mean filtrate E. coli numbers of 7.5 x 104 CFU/100mL are below the limit for land
application of 2.0 x 106 CFU/100mL (O. Reg 267/03).

Most metals are bound to the sludge particles and are thus removed through filtration. The filters
removed on average more than 99 percent of the following metal species: Se, Hg, Al, Cu, Fe, Ti
and Zn, between 95-99 percent of: As, Sb, Ba, Cr, Pb and V and between 80-95 percent of: Mn,
Mo, Ni and Sr. The alkali metals (Na, K) showed the lowest removal rates of 26 and 44 percent,
respectively, while the alkaline earth metals (Mg, Ca, Sr, Ba) increased in removal rate with
progression down the period table; with removal rates of 59, 74, 89 and 98 percent for the four
species, respectively. All metal species in the filtrate meet the CM1 metals limit (O. Reg 267/03)
with concentrations at least 1 order of magnitude below the limit for land application.

Sludge Quality
The dewatered sludge cake will typically be removed from the beds every 5-10 years depending
upon the sludge accumulation rate and the freeboard of the filters. The sludge cake will typically
be land applied to agricultural fields but could also be used as landfill cover. The dry matter
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content is an important factor in terms of sludge handling and transport. Environmental criteria
regulating the land application of biosolids include E. coli numbers and metals content. The
agronomic benefit is defined in terms of organic matter as well as the N and P content of the
dewatered sludge.

The E. coli limit for the land application of non-agricultural source materials (NASM) is 2.0 x
106 CFU/g DM (O. Reg 267/03). E. coli numbers in the sludge cake showed a decreasing trend
over time with geometric mean E. coli numbers falling below the land application standard in the
third year of operation. E. coli numbers fell by 1.6 logs over four years from 6.7 to 5.1 log
CFU/gDM with no significant change observed in year five.

The regulated metal species in the sludge cake meet the CM2 classification for land application
(O/Reg 338/09). Copper is the controlling regulated metal species in the sludge cake.

The sludge can achieve a dry matter content of 21-23% with a 1-3 month rest period and
contains nutrient levels similar to dry dairy manure with 3.7 kg/tonne TKN and 2.2 kg/tonne TP
on a wet basis, making the sludge a useful source of organic matter and nutrients for agricultural
production.
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Appendix A – Photographs of Installation
The system was installed in the fall of 2006. The beds were excavated using an excavator and
bulldozer with a 1% slope. Concrete pump chambers were installed at the toe of each bed with a
drainage line run from each pump chamber to each bed.

The pump chambers were then

backfilled. A non-woven geotextile was laid on each bed floor to protect the liner from puncture.
Next, the geomembrane was laid out with the edges rolled around 2x4 boards which were spiked
into the berms to fasten the liners. Another layer of geotextile was placed along the berm slopes
to protect the geomembrane from sunlight. A series of 4 inch perforated PVC drainage lines at 5
foot spacings were installed sloping to a footer line which was run through the geomembrane at
the bottom corner of the filter and connected to the pump chamber.

The geomembrane

perforation was sealed with tar. Non-perforated 4 inch PVC aeration stacks were connected to
the drainage network at the ends and middle of each line. The gravel and sand layers were then
added with the use of a stone slinger. Sections of Phragmite rhizomes, harvested from a nearby
ditch, were planted in the sand layer at 1 rhizome segment per m2.

Installed pump chamber with excavated bed
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Liner unrolled

Unfolding the liner

Liner laid out

Liner fastening

Placing gravel in base of filter

Placing Sand in Filter
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Geotextile to protect liner from UV rays
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Completed filter with planted reeds
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Appendix B – Analytical Methods
Environmental Quality Laboratory – Campus d’Alfred-University of Guelph Analytical
Methods
Ammonia (as NH4+-N + NH3-N): Wastewater samples analyzed using the Ammonia-Selective
Electrode Method outlined in Standard Methods for the Examination of Water and Wastewater
(APHA, 1998) (SM No. 4500-NH3 D., pages 4-106 to 4-107). This methodology has a MDL =
0.02 mg/L.

Biochemical Oxygen Demand (BOD5): Wastewater samples analyzed using the 5-Day BOD
Test outlined in Standard Methods for the Examination of Water and Wastewater (APHA, 1998)
(SM No. 5210 B., pages 5-3 to 5-6). This methodology has a MDL = 10 mg/L.

Chemical Oxygen Demand (COD): COD was determined using the Standard Methods for the
Examination of Water and Wastewater, 20th Edition, 1998, 5220 D. Closed Reflux, Colorimetric
Method. sCOD samples were pre-treated by centrifugation at 3800g and filtered at 0.45 µm
prior to COD analysis.
Dissolved Oxygen (DO): Dissolved oxygen measurements were taken at the Campus d’Alfred
wet chemistry laboratory within 1 hour of the samples arriving to the lab. The Membrane
Electrode Method outlined in Standard Methods for the Examination of Water and Wastewater
(APHA, 1998) (SM No. 4500-O G., pages 4-134 to 4-136) was used to measure dissolved
oxygen. The methodology has an MDL = 0.1 mg/L.

Indicator Pathogens (E. coli, Salmonella, C.perfringens, Enterococci): Bacteria samples
processed by adding 10g (or 10mL) of sample to 90 mL of sterilized phosphate buffer and
shaken at 40 rpm for 5 minutes. The diluted sample then analyzed using the following methods:
E. coli: Difco m-FC Basal Medium with BCIG Method.
Salmonella: Difco SS Agar-Salmonella Shigella Agar Method.
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C. perfringens: Difco SFP Agar Base Egg Yolk Enrichment 50% Antimicrobial Vial KAntimicrobial Vial P Method.
Enterococci: Difco KF Streptococcus Agar TTC Solution 1% Method.
Nitrate (as N-NO3-): Wastewater samples analyzed using the Nitrate Electrode Method outlined
in Standard Methods for the Examination of Water and Wastewater (APHA, 1998) (SM No.
4500-NO3- D., page 4-116). This methodology has a MDL = 0.14 mg/L.
Ortho-Phosphates (as O-PO43-): Ortho-phosphate was analyzed at the Campus d’Alfred wet
chemistry laboratory. The wastewater samples were analyzed using the Ascorbic Acid Method
outlined in Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998
(SM No. 4500-P E., 4-146 to 4-147). This methodology has a MDL= 0.03 mg/L.
pH: pH measurements of the wastewater samples taken to the Campus d’Alfred wet chemistry
laboratory within 1 hour of the samples arriving at the lab. The Electrometric Method outlined
in Standard Methods for the Examination of Water and Wastewater (APHA, 1998) (SM No.
4500-H+ B., pages 4-87 to 4-91) was used to measure pH. This methodology has an MDL = 0.1.

Temperature: Temperature readings of wastewater samples taken at the wetland site using a
Fisherbrand Traceable metal digital thermometer. The thermometer is accurate to ± 1 oC and has
a resolution of 0.1 oC. The thermometer was calibrated by the manufacturer according to the
standards provided by the National Institute of Standards and Technology (NIST).
Total Dissolved Solids (TDS): Total dissolved solids were analyzed at the Campus d’Alfred wet
chemistry laboratory. The wastewater samples were analyzed using the Total Dissolved Solids
Dried at 180oC Method outlined in Standard Methods for the Examination of Water and
Wastewater, 20th Edition, 1998 (SM No. 2540 C., pages 2-56 to 2-57). This methodology has a
MDL = 2mg/L.
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Total Kjeldahl Nitrogen (TKN): The wastewater samples were analyzed using the Macro
Kjeldahl Method outlined in Standard Methods for the Examination of Water and Wastewater
(APHA, 1998) (SM No. 4500 Norg B., pages 4-124 to 4-125).
Total Phosphorus (TP): The wastewater samples were analyzed using the Persulfate Digestion
Method followed by The Ascorbic Acid Method as outlined in Standard Methods for the
Examination of Water and Wastewater (APHA, 1998) (SM No. 4500-P B. 5, pages 4-143 to 4144). This methodology has a MDL = 0.03 mg/L.

Total Solids (TS) and Volatile Solids (VS): Total solids and volatile solids were determined
using the Standard Methods for the Examination of Water and Wastewater, 20th Edition, 1998,
2540G. Total, Fixed and Volatile Solids in Solid and Semisolid Samples Method.

Total Suspended Solids (TSS): The wastewater samples were analyzed using the Total
Suspended Solids Dried at 103-105 oC Method outlined in Standard Methods for the
Examination of Water and Wastewater (APHA, 1998) (SM No. 2540 D., pages 2-57 to 2-58).
This methodology has a MDL = 2 mg/L.

Ontario Ministry of Environment Laboratory Services Branch Analytical Methods

pH :

Method PHSOIL-E3137 – The Determination of pH in Soil and Dried Sludge by

Potentiometry.

Solids:

Method SOLIDS-E3188 – The Determination of Solids in Liquid Matrices by

Gravimetry
Conductivity, pH, Alkalinity: Method WATS-E3218 – The Determination of Conductivity,
pH, and Alkalinity in Water and Effluents by Potentiometry
TKN & TP: Method STKNP-E3368 – The Determination of Total Kjeldahl Nitrogen and Total
Phosphorus in Water, Sewage, Leachate and Industrial Waste by Colouimetry
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Moisture Content: Method PHYSOLID-E3139 – The Determination of Moisture Content,
RST, TSTA and LOI in Solids by Gravimetry
BOD: Method SBBOD-E3182 – The Determination of Biochemical Oxygen Demand in Surface
Water and Sewage by Dissolved Oxygen Meter
Nutrients: Method SDNP-E3366 – The Determination of Ammonia Nitrogen, Nitrite Nitrogen,
Nitrite+Nitrate Nitrogen and Reactive Ortho-Phosphate in Water, Sewage, Leachate and
Industrial Effluents by Colourimetry
Cations: Method PRAA400-E3146 – The Determination of Cations in Atmospheric Deposition
by Atomic Absorption Spectrophotometry (AAS)
As, Se, Sb: Method HYDSWG-E3091 – The Determination of Arsenic, Selenium and Antimony
in Sewage and Sludges by Hyride-Flameless Atomic Absorption Spectrophotometry (HYDFAAS)
Mercury: Method HGSSV-E3059 – The Determination of Mercury in Soils, Sediments and
Vegetation by Cold-Vapour –Atomic Absorption Spectrophotometry (CV-AAS)
Heavy Metals: Method HMPNSOIL-E3075 – The Determination of Heavy Metals in Soils and
Sediments by Atomic Absorption Spectrophotometry (AAS)

Metals:

Method HMRAWSWG-3181 – The Determination of Metals in Raw Sewage by

Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES)
Metals: Method SCANICP-E3094 – The Determination of Metals in Final Effluent, Industrial
Waste and Landfill Leachates by Inductively Coupled Plasma-Atomic Emission Spectroscopy
(ICP-AES).
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Metals: Method E3470 – The Determination of Metals in Solid Matrices and Extracts Using
Hot Block Digestion and Inductively Coupled Plasma-Optical Emission Spectrometry (ICPOES)
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Appendix C – Plant Development in Reed Beds
Phragmite Propagation in Reed Bed 1

Oct 2007

Aug 2008

Aug 2009

Nov 2010

Sept 2011
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Phragmite Propagation in Reed Bed 2

Oct 2007

Aug 2008

Aug 2009

July 2010

Sept 2011
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Appendix D – Septage and Biosolids Workshop Agenda
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Appendix E – Research Note: Septage Treatment with Reed
Bed Filters
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