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Communal-size sewage and leachate 
treatment using biofilte6 in process trains 

T he Waterloo BiofilterTM is a 
new type of free-draining 
aerobic trickling filter devel- 
oped in Ontario for domestic 

sewage but has been applied to other 
larger scale flows such as small munici- 
pality and resort sewage, landfill lea- 
chate, and food processing wastewater. 

The optimized physical properties of 
the plastic foam medium enable single- 
pass loading rates of 0.5-8 m3/m2/d de- 
pending on filter bed depth, influent 
composition, solids content, and desired 
effluent quality and maintenance fre- 
quency. The medium combines high re- 
tention time, large open pores, concur- 
rent aerobic and anaerobic reactions, and 
high surface area for higher performance 
and long-term low maintenance. This 
article describes results from larger 
wastewater installations with several 
pretreatment steps. 

Municipal Wastewater, 
Saskatchewan 

In Prince Albert, Saskatchewan, a 
105 m3/d flow of municipal and com- 
mercial-industrial wastewater is treated 
using the Proteus" coagulation system 
and Waterloo Biofilters. The facility 
was monitored by CETAC-West and is 
now operated by the City of Prince 
Albert. The Proteus system efficiently 
mixes alum with raw sewage to produce 
a sludge and a supernatant within a 20- 
minute residence time. 

The sludge is thickened and proc- 
essed off-site, and the supernatant with 
BOD=50- 1 00, TSS=10-40, and TPc0.5 
mg/L is normally passed through graded 
sand filters and is then sprayed onto the 
biofilters in sequence (Figure 1). (BOD 
refers to biochemical oxygen demand 
over 5 days.) The sand removes solids 
to TSSe2 mg/L, but removes only mini- 
mal BOD. Testing and monitoring was 
carried out from November 1995 to 
August 1996 using one 4.5 m2 biofilter, 
at loading rates of 0.5-3.5 m3/m2/d, fol- 
lowed by the full flow through five 
biofilters from August 1996 to April 
1997 (Table 1). 

The wastewater is polished to 
BOD<lO m g L  by the biofilters at load- 
ing rates of 5-6 m3/m2/d from August 
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1996 to early January 1997 (Table 1) start-up in early October 1997 treating 
and effluent quality is not affected by raw wastewater with BOD and 
the cold temperatures of November to TSS=200-300 rnlgL, by November 1997 
January compared to August to October. the EC coagulation effluent averaged 
The higher loading rate of 6 m3/m2/d in BOD=68 mg/L and TSS=62 mgL (n=2) 
late December to early January increases and the Waterloo Biofilter polished this 
BOD only slightly (9 m a ) ,  but the 8 to BOD=16 mg/L and TSS=5 m g L  
m3/m2/d test in January increases efflu- (n=2), within compliance limits. 
ent BOD to 14 mg/L. The lower load- Fishing Resort, Trailer Park, 
ing rates provided sustainable low-main- Ontario 
tenance operation whereas the higher On Rice Lake in Ontario, a 35- 
loading rate resulted in some biomat cottage fishing resort with measured 30 
accumulation on the medium. m3/d flow is treated using 40 m3 septic 

Testing of the biofilters without sand tank pretreatment, equalization tank, and 
filters followed until mid-April 1997. a shallow bed, 36 m2 biofilter loaded at 
The Proteus supernatant contained -0.8 m3/m2/d since early 1995. Disposal 
BOD=69-83 and TSS=21-3 1 mgL and is solely by 120 m of shallow pressure 
the Waterloo Biofilter polished this to trenches over the existing failed tile bed, 
BOD=20 mgL regardless of the 5-8 m3/ the second of its type in Ontario. The 
m2/d loading rate (Table 1). The higher wastewater is strong and greasy because 
quality BODe10 mgL was not attain- of the fried fish diet of the occupants 
able without the sand filters at these and because of low-flow showers and 
loading rates due to the higher solids toilets in the cottages. Monitored by the 
content, but is adequate to meet the 25 conservation authority for 3 summers. 
mgL BOD compliance for direct dis- the septic tank averages BOD=221, 
charge after UV disinfection and saves TSS=528, and TKN=125 mg/L (n=13). 
considerable capital and operating cost. The biofilter effluent averages BOD=23, 

Food Processing & Sewage TSS=5, and TKN=17 mg& (n= 13). The 
Wastewater, Korea existing septic system had been ponding 

In Seoul, Korea, a 350 m3/d flow of on the surface every year for 20 years 
food processing and sewage wastewater before the biofilter was installed, but has 
is being treated in two separate streams not ponded at all since its inception. 
using sacrificial anode electrochemical Near Leamington on Lake Erie, 
coagulation pretreatment (Global Water wastewater from a 3 10-unit trailer park 
Systems) followed by Waterloo Bio- is pretreated in septic tanks and three 
filters. The sludge is concentrated in a conventional gravel tile beds set in 
clarifier and the soluble organic super- heavy clay with underdrains to surface 
fluent is polished in the biofilters at de- discharge. Peak underdrain effluent 
sign loading rates of -8 m3/m2/d. After flow was measured at 52 m3/d, but ac- 

Table 1. CETAC (West) Monitoring Results of Proteus and Waterloo Biofilter Sewage 
System at Hazeldell Plant, Prince Albert, N. Saskatchewan (-105 m3/d) 

Dates of 
Monitoring 

Loading 
Rate 

Biofilter 
Influent n 

Biofilter 
Influent n 

Biofilter 
Effluent n 

1996-97 m3/rn2/d TSS mg/L BOD mgR BOD rngR 

August 
September 
October 

5 
5 
5 

sand filters 
<2 
<2 
<2 

- 
- 
- - 

7.1 
7.7 
8.0 

19 
19 
21 

November 
December 

5 
5 

t 2  
<2 - 6.5 

4.4 
17 
15 

L Dec-E Jan 6 <2 - 8.8 9 
Mid January 

L Jan-E Feb 
E Feb-E Mar 5 21 83 18 23 
M Mar-M Apr 6 21 12 61 12 19 28 
n = number of analyses 

Reprintedfrom Environmental Science & Engineering, January 1998 



tual peaks go as high as 80 m3/d due to 
infiltration into the tile beds. Since early 
1996, the effluent has been treated in an 
enclosed 26 m3 biofilter building at a 
design loading rate of 2.0 m3/m2/d (ac- 
tual is up to 3.0 m3/m2/d) and produces 
an effluent of BOD=5 and T S S 4  mg/L 
(n=2) in a single pass. The biofilter ef- 
fluent is disposed of in 275 m of shal- 
low pressure trenches set in a thin layer 
of sand above the heavy clay. 

School & Health Unit, Ontario 
A 20 m2 biofilter services a 20 m3/d 

design flow from a health unit and a 300-
student school on a Mohawk Native Ter- 
ritory since early 1996. The raw sew- 
age is pretreated with 40 m3 septic tanks 
with effluent filters and with a biofilter 
loaded at 1.0 m3/m2/d in a single pass. 
However, uncontrolled infiltration into 
the system close to source has resulted 
in loading rates many times that design 
rate, but without, however, any hydrau- 
lic overload or treatment problems to the 
biofilter. The high quality biofilter ef- 
fluent averages BODe2, TSS<2, and 
TKN<l mg/L (n=4) and is subsequently 
treated by an ultra-membrane filter for 
pathogens before direct discharge to an 
infiltrative lagoon on fractured lime- 
stone bedrock. 

 

disinfection 

Landfdl.Leachate, Ontario The unit started up in mid-1996 and 
Following successful treatment in the polisher effluent quality now is gener- 

laboratory and several years perform- ally in the 5-40 m g L  range for BOD, 
ance of a smaller pilot plant in Owen down from 100-1500 m g L  in the raw 
Sound, a major biofilter installation was leachate. Poor performance due to cold 
constructed in Simcoe County in col- leachate (down to 0°C) and massive 
laboration with the MOEE to treat 16 pumping from one cell to the treatment 
m3/d of landfill leachate, with a goal to train have now been alleviated. ATele- 
disposing of the leachate on site. The safe data collection system allows tem- 
unit consists of 3 concrete tanks serv- peratures, pump on-off cycles, alarms, 
ing as a rougher biofilter (design load- and flow rates to be reviewed remotely. 
ing of 0.5 m3/m2/d) and 2 tanks serving with operational parameters changed 
as a polisher to treat the rougher efflu- remotely. This monitoring device is 
ent (design loading of 0.7 m3/m2/d). Pre- found to be very desirable for an iso- 
treatment is the landfill itself. lated location such as a landfill. 
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BIO-REMEDIATION OF LANDFILL LEACHATE WITH REMOTE 
MONITORlNG AND ON-SITE DISPOSAL 

E. Craig Jo wett, WaterIm Biofilter Systems, Guelph ON; J. David Redman, 
University of Waterloo, Waterloo ON; Frank C. Ford, Henderson Paddon 

Environmental, Owen Sound ON, Sleen Klint, Waste Management, Simcoe County 
ON; George L. Prentice and Chris P. Hughes, City of Owen Sound ON. 

Abstract: Treatment of landfill leachate with on-site disposal is being canied out at the 
Genoe and Nottawasaga-10 landfills in Ontario since 1994 and 19% respectively. Raw 
leac hate is sprayed onto the absorbent Waterloo BiofiiteB in a rougher-polisher 
sequence, and is biochemically treated as it percolates slowly down through the medium. 
Spray irrigation or pressurized tile bed is used for disposal. Cost recoveq is less than 
three years. Following an accl imtization-consmction period, the Nottawasaga treatment 
results are as follows: BODs horn 453 to 17 mg/L (96%); TSS from 117 to 4 mg/L 
(97%); COD from 767 to 151 mgL (8Q8); TKN from 9 to 10 mgIL (90%); TN from 
101 to 51 mg/L (50%); and VOCs from 213 to 0 pgiL (>99%). Significant Fe, Mn, S, 
A I, Ba, and Sr, and lesser Pb, Zn, V, Sn, and Ni accumulate in the carbonate arrd 
hydroxide precipitate in the rougher filter. Treatment improves by insulating leachate 
manholes and by avoiding excessive hydraulic "pkes', but is little affected by natumI 
flow and concentration variations. A robust data collection and remote monitoring system 
is proving invaluable lor troubleshooting and process optimization. 

INTRODUCTION 
The Waterloo Biofiltem is a single-pass, absorbent trickle filter developed since 

1991 at the University of W akrloo to treat septic tank effluent, but has proven to be 
useful for wastewater treatment in general, including food processing, farm animal, 
immediate reuse, and landfill leachate wastewaters (Jowett and McMaster 1995; Jowett et 
al. 1998; Townshend et al. 19%). It  uses a specific absorbent plastic foam medium to 
optirmze retention time and biochemical treatment in only 10% of the ma required for 
conventional sand, soil, or peat filters. 

The primary purpose of this paper is to present the results of a 6-year laboratory 
and field research program in landfill leachate renovation, focussing on the removal of 
biochemical oxygen demand (BOD), chcrmcal oxygen demand (COD), total suspended 
solids (TSS), iron and other metals, and volatile organic compounds (VOCs) in the full- 
scale plant at the Nottatttasap-10 landfill in Qntano. 

ABSORBENT FILTER MEDIUM 
Physical Properties. Filter media for sustainable biological dep&iion should 
combine high surface area for microbial attachment with large pores so that the microbial 
slime does not plug the medium and short-circuit the treatment process. High absorption 
provides microbes adequate contact time to d e e e  the contaminants. Typically there is a 
trade-off between the higher retention time of sand wlth a higher rate of plugging, and 
the lower retention time of' conventional trickle filter media w t h  lower pluggng potential. 

The Waterloo Biofiltea medium utilizes a foamed plastic which forms an 
interconnecting, three-dimcnsionrrl reticulate solid framework with high surface area, 
high porosity, high absorption, and dual pathways for air and wastewater (Jowett 1997). 
(The medium perl-ormance is detailed in Jowett and McMaster 1995, Jowett 1997, and 
Cites and Tchobanoglous 1998.) 

LABORATORY STUDIES WITH LEACHATE 
Clearview (Nottawasaga- 10) Landfill, Simcoe County. Following successfu1 
column experiments in 1993 on three leachates, a rougher-pohsher sequence of filters 



was tested in 1995. Following a month %at-up', high removal rates of 99% BODs, 
94% TSS, 97% TKN, 93% Fe, and 99% turbidity (NTU) are obtained (Table 1). Nitrite 
fbrmed in the first 10 days, and thorough nitrification and 40% TN removal follows in 
30 days. Typically, pH increases from 7.0 to 8.9. 

Sigmficant removals (SO%) of Fe, Mn, and Ba, and moderate removals 
(50-90%) of Al, Ti, Sr, V, and Ag were found (Table 21, with little removal of Pb, Cd, 
Co, Cr, Mo, Be, and Sc, although many of these are close to non-detectable. Cu and B 
increased in the polisher. 

FIELD STUDIES WITH. LEACWATE 
Genoe Landfill, Owen Sound. A 3.5 mz filter unit, 0.9 m deep, has k e n  operating 
in Owen Sound srnce September 1994 at a loading rate of -30 d d a y  (0.3 m3lm21day 1. 
The first maintenance requirements c a m  after 2 years of continuous operation and 
consisted of unplugging several n d e s  and changhg the fan due to encrustation by 
carbonate minerals. After 4.5 years, the upper layer of lilter m&um is cementad with 
iron-stained carkenate minerals but continues to opemk well. The leachate is pum@ on 
a timed basis from a toe drain manhoIe and disposed of dawnaream of the unit. 

BOD removals average 78% (4045% mge) with effluent values of 1-30 mg/L, 
down from a 2 9 0  mg/L, and became consistently better with time. Etfluent COD 
values are 2W300 rnglL, down from 3 W 5 W  mglL 

Suspended sdids fluctuate between 9 and 80 mg/L in the leachate, but effluent 
values are typically 3-10 mg/L. Effluent phenols values are 3 M 0  pg/L, down from 
100-200 pglL Why the phenol degradation is much less than the Clearview leachate 
(>90%) is not understood. 

The effluent mIour begins dark and 'coffee-like' but within days changes to clear 
'tea-li ke', and within weeks changes to light yellow, clear (NTU of 1-10) and dour-  
less. The coloration is due to disso1ved organics which are photo-sensitive but not 
readily biodegradable (likely lignins and tannins, etc.), and is typical of leachate. The 
average pH increases from 7.4 in the leachate to 8.9 in the elfluent. 

Metals are not high in ths  leachate and most Fe, Al, Mn, and Ba is removed, 
likely by forming oxides. hydroxides, and sulphates or carbonates which are stable 
minerals in oxygenated environments. Typcd ~nfluent'effluent analyses (January 26, 
1998) are: 8.3 to 0.1 mg/L Fe, 1.2 to 0.7 mglL A!, 0.30 to 0.02 mglL Mn, and 0.12 to 
0.05 mg/L Ba Some Zn (0.02 to Q.001), Sr (0.99 to 0.72), and rmnor Cu, Ti, and As 
are removed, but no boron. Other metals such as Pb and Hg are not present in the 
leachate. Calcium decreases from 126 to 10 mgL along with alkalinity from 1730 to 
f 280 mgfL CaCO, but magnesium is constant f m  147 to 138 mglL. ChIoride is similar 
from I68 to 151 mgL. Almost aI1 removal ofthe metals and alkalinity is in the roughing 
filter. 

A chmcterishc of' the filter is very thorough removal of volatile o r p c  
compounds. Typical non-target hydrwarbon values at this field site are G 2  &L* down 
from the main range of 60-200 pglL. VOCs are nonde1wfable to trace in the effluent 
(mely , one or two are detectable). down from 6 to 10 delectable in the leachale (>W% 
removal from 1 01 to el yrglL). Of* the targeted VOCs, the most commod y wcuring are 
1,l dichlomthane, cis 1,2 dichloroethy lene, benzene, trichloroethylene, toluene. 
chlorobenzene, ethyl benzene, m+g xylene, o-xylene, and 1.4 dichlorobenzene. Non- 
target VOCs make up a sigmt'icant pohon of the total. Chloroform was the on1 y VOC 
regularly detected in the effluent, and onIy in trace mounts at or below the blank level of 
the laboratory instrumentation. Chloroform was not ibund in the leachate samples, 
however, even at trace amounts, suggestmg it may be a product of biodegradation or a 
Pabratory contaminant. 

Experience with sewage treatment and laboratory studies indicates that nitri fica- 
tion improves with deeper beds and with a sequence of rougher-polisher. A 3.0 m3 
polishing filter was added in mid- 1997 (-day 700) to treat the effluent from the rougher, 
primarily to complete nitrification. The polisher removes additional COD (1 0-20%) and 
increases pH, but does not contribute significantly to BOD or N&-N removal, like1 y 



tecause the rougher does a thorough job. Surface spray disposal has been approved on a 
test basis, and this began in I Wi' along with studies on the effects of the effluent on soil 
and vegetation. 

Clearview (Nottawasaga-10) Landfill. A major installation was constructed near 
Stayner to treat 16 m3lday of leachate (Ford 1998). The unit consists of 3 concrete tanks 
serving as a roughing filter (36 m2 area total, 2,4 m deep) and 2 tanks serving as a 
polisher to treat the rougher effluent (24 mz area total, 2.4 m deep). 

A robust data coilechon and remote monitoring system (Tdesafe), using 
Windows-based custom software, a1 lows temperature and operational parameters such as 
pump on-df cycles, cumulative pump times, d a m ,  and flow rates to be reviewed 
remotely and problems interpreted from the record. Data is downloaded on demand from 
any of the administmtive or maintenance computers, and the station file updated 
automatically. After logoff, the data can be viewed in tabk form or a flexible graphic 
format, using any short or long-term time range chosen. Anomalies such as excessive 
pumping of leachate from one cell to another, low temperatures in the tanks, or excessive 
pump run times give the operator an idea of problems to be anticipated. 

The treatment plant rvas started up in mid- 1996 and wthn a month the effluent 
was light clear yellow until the end of November, with >90% BOD removal, although 
nitrification had not started. Cold leachate below 5°C due to exposed manholes and 
ongoing construction deterioriated treatment in arly  1947, but by early spring the 
effluent was clear yellow again, and by summer 1997, complete nitrifimtion (>99%) and 
excellent removal of BOD 1(98%), TSS (9881, and COD (93%) were accomplished 
(Ford 1998). Rapid pumping of excessive volumes of leachate into the planl from other 
cells caused short-term treatment lapses, and this was resolved by regular pumplng 
schedules. 

Table 3 shows the summary of analyses taken from the mw f eachate ('IN') and 
from the polisher effluent ('OUT'). Construction and operationd difficulties were solved 
by September 1597, and the first of the bur time divisions, Sept % - Aug 97, represents 
the 'starting up' period before the ongoing treatment phase. The second and third 
divisions represent ' s u m m '  and 'winter' periods, and the fourth a 'bur-season' 
period. Removal of BOD, TSS , and COD are fairly consistent through the seasons, h t  
TKN removal noticably decreases during the winter, due to sensitivity of the nitrifyng 
bacteria. Table 4 shows the averages and ranges of influent and effluent during the entire 
period after 'start-up'. This is what can be expected on an ongoing basis in future 
operations likely after 1-2 months initialization. 

Removal of VOCs (>99%) and phenols does not suffer during winter operation. 
Of the targeted VOCs, the most common is toluene, with some m+p xylene. exylene, 
and little benzene and ethyl benmne. Others are typidly nondetectable, 

The three roughing f i l t e~  have iron staining and carbonate precipitation on the 
upper surf aces and a heavy oily d o u r  in them when the accas hatches are opened. The 
distribution nozzles plug up occasionally Yvirh bituminous-like residue. The two 
polislung filters are relatively clean wf th no oily dour .  The water analyses show that 
hydrocarbons and VOCs are removed in the roughing filter, aq are most of the metals and 
other constituents. Analysis of the dcarmus m s t  forming in the rougher fiE ter is shown 
in Table 5, which indicates which metals are k i n g  removed from the wastewater stream. 
I m ,  manganese, and lead are metals of concern which stre readily removed in the filter. 
Other metals of concern (Hg, Cd, etc.) are typically present in very low amounts. 

After h ydmgeologrc mdeling studies of the effects of chioride and nitrogen on 
the ground water, regulatory approval was granted for disposal of the treated effluent in a 
raised pressurized leaching field on a permanent hsis (Ford 1998). Since August 1997, 
truckrng to sewage treatment plants has no1 been required of the treated cell, and 
substantial leachate from the adjacent cell has also been treated. The plume from the 
dispomsal bed shows elevated nitrate and chloride levels, but no addition of BOD, COD, 
or me1rtIs. 



CONCLUSIONS 
The Waterloo absorbent trickle filter is treating landfill leachate effectively enough 

to dispose of the effluent on-site in subsurface trenches and by surface spray irrigation. 
Contaminants are efficiently removed from the Ieachate despite fluctuating 

concentrations, and with no addition of nutrients. The system works well in winler and 
summer, but perfoms better when the wastewater flow rates are varied gradually and 
when the leachate manholes are insulated from the winter cold. 

The custom remote monitoring software n invaluabIe in understanding the 
prrxess and explaining changes, especially at such an isolated IandfiII site. It 1s also 
useful in predicting the failure of pumps, level switches, and other mechanical compo- 
nents. 
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Table 3. NottPwrrsaga-10 Iandflll learhate 

Parameter 1 Sept 96 - AUQ 97 Scpt 97 

m )  n I N  OUT % m IN - -  
BOB, 5 877 l b l  7 9  7 1239 

T S S  6 Ell 2 5  77 6 208 

COD 5 935 4 5 0  5 2  6 1766 

TKN 2 182 b7 52 4 151 

( p d : / t >  
Phenols 
W L )  

Trm bEe 4. Overall Nottamsaga- 10 averages 

Parameter (m) I n I N  

T SS 4 6 117 

COD 4 5 767 

T K N  3 9 99 

and efflnent a 

- Oct 97 

OUT 1 % 

from September 1997 

IN Haaet OUT 

4 

I Ag, As, He, Ri, Cd, Ce, Co, Cz, Cn, Hg, La7 Mo, Nb, Sb, Se, Te, Th, Ti, U, W, Y are all <I mg/L - - 






















































































































































































