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Abstract: Treatment of landfill leachate with on-site disposal is being carried out at the
Genoe and Nottawasaga-10 landfills in Ontario since 1994 and 1996 respectively. Raw
leachate is sprayed onto the absorbent Waterloo Biofilter® 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 recovery is less than
three years. Following an acclimatization-construction period, the Nottawasaga treatment
results are as follows: BODs from 453 to 17 mg/L (96%); TSS from 117 to 4 mg/L
(97%), COD from 767 to 151 mg/L (80%); TKN from 99 to 10 mg/L (90%); TN from
101 to 51 mg/L (50%); and VOCs from 213 to 0 ug/L (>99%). Significant Fe, Mn, S,
Al, Ba, and Sr, and lesser Pb, Zn, V, Sn, and Ni accumulate in the carbonate and
hydroxide precipitate in the rougher filter. Treatment improves by insulating leachate
manholes and by avoiding excessive hydraulic ‘spikes’, but is little affected by natural
flow and concentration variations. A robust data collection and remote monitoring system
is proving invaluable for troubleshooting and process optimization.

INTRODUCTION

The Waterloo Biofilter® is a single-pass, absorbent trickle filter developed since
1991 at the University of Waterloo 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. 1998). It uses a specific absorbent plastic foam medium to
optimize retention time and biochemical treatment in only 10% of the area 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), chemical oxygen demand (COD), total suspended
solids (TSS), iron and other metals, and volatile organic compounds (VOCs) in the full-
scale plant at the Nottawasaga-10 landfill in Ontario.

ABSORBENT FILTER MEDIUM
Physical Properties. Filter media for sustainable biological degradation 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 degrade the contaminants. Typically there is a
trade-off between the higher retention time of sand with a higher rate of plugging, and
the lower retention time of conventional trickle filter media with lower plugging potential.
The Waterloo Biofilter® medium utilizes a foamed plastic which forms an
interconnecting, three-dimensional reticulate solid framework with high surface area,
high porosity, high absorption, and dual pathways for air and wastewater (Jowett 1997).
(The medium performance is detailed in Jowett and McMaster 1995, Jowett 1997, and
Crites and Tchobanoglous 1998.)

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



was tested in 1995. Following a month ‘start-up’, high removal rates of 9% BODs,
94% TSS, 97% TKN, 93% Fe, and 99% turbidity (NTU) are obtained (Table 1). Nitrite
formed 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.

Significant removals (>90%) of Fe, Mn, and Ba, and moderate removals
(50-90%) of Al, Ti, Sr, V, and Ag were found (Table 2), with little removal of Pb, Cd,
Co, Cr, Mo, Be, and Se, although many of these are close to non-detectable. Cu and B
increased in the polisher.

FIELD STUDIES WITH LEACHATE

Genoe Landfill, Owen Sound. A 3.5 m? filter unit, 0.9 m deep, has been operating
in Owen Sound since September 1994 at a loading rate of ~30 cm/day (0.3 m3/m2/day).
The first maintenance requirements came after 2 years of continuous operation and
consisted of unplugging several nozzles and changing the fan due to encrustation by
carbonate minerals. After 4.5 years, the upper layer of filter medium is cemented with
iron-stained carbonate minerals but continues to operate well. The leachate is pumped on
a timed basis from a toe drain manhole and disposed of downstream of the unit.

BOD removals average 78% (40-95% range) with effluent values of 1-30 mg/L,
down from 40-290 mg/L, and became consistently better with time. Effluent COD
values are 200-300 mg/L, down from 300-500 mg/L.

Suspended solids fluctuate between 9 and 80 mg/L in the leachate, but effluent
values are typically 3—10 mg/L. Effluent phenols values are 30-80 pg/L, down from
100-200 pg/L. Why the phenol degradation is much less than the Clearview leachate
(>90%}) is not understood.

The effluent colour begins dark and ‘coffee-like’ but within days changes to clear
‘tea-like’, and within weeks changes to light yellow, clear (NTU of 1-10) and odour-
less. The coloration is due to dissolved 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 effluent.

Metals are not high in this 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. Typical influent/effluent analyses (January 26,
1998) are: 8.3 to 0.1 mg/L Fe, 1.2 to 0.7 mg/L Al, 0.30 to 0.02 mg/L Mn, and 0.12 to
0.05 mg/L Ba. Some Zn (0.02 to 0.001), Sr (0.99 to 0.72), and minor 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 mg/L along with alkalinity from 1730 to
1280 mg/L CaCO, but magnesium is constant from 147 to 138 mg/L. Chloride is similar
from 168 to 151 mg/L. Almost all removal of the metals and alkalinity is in the roughing
filter.

A characteristic of the filter is very thorough removal of volatile organic
compounds. Typical non-target hydrocarbon values at this field site are 0-2 pg/L, down
from the main range of 60-200 pg/L. VOCs are non-detectable to trace in the effluent
(rarely, one or two are detectable), down from 6 to 10 detectable in the leachate (>99%
removal from 101 to <1 ug/L). Of the targeted VOCs, the most commonly occuring are
1,1 dichloroethane, cis 1,2 dichloroethylene, benzene, trichloroethylene, toluene,
chlorobenzene, ethyl benzene, m+p Xylene, o-xylene, and 1,4 dichlorobenzene. Non-
target VOCs make up a significant portion of the total. Chloroform was the only VOC
regularly detected in the effluent, and only in trace amounts at or below the blank level of
the laboratory instrumentation. Chloroform was not found in the leachate samples,
however, even at trace amounts, suggesting it may be a product of biodegradation or a
laboratory contaminant.

Experience with sewage treatment and laboratory studies indicates that nitrifica-
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 (10-20%) and
increases pH, but does not contribute significantly to BOD or NH4—N removal, likely



because the rougher does a thorough job. Surface spray disposal has been approved on a
test basis, and this began in 1997 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 m3/day 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 m?2 area total, 2.4 m deep).

A robust data collection and remote monitoring system (Telesafe), using
Windows-based custom software, allows temperature and operational parameters such as
pump on-off cycles, cumulative pump times, alarms, and flow rates to be reviewed
remotely and problems interpreted from the record. Data is downloaded on demand from
any of the administrative or maintenance computers, and the station file updated
automatically. After logoff, the data can be viewed in table 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 was started up in mid-1996 and within 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 early 1997, but by early spring the
effluent was clear yellow again, and by summer 1997, complete nitrification (>99%) and
excellent removal of BOD (98%), TSS (98%), and COD (93%) were accomplished
(Ford 1998). Rapid pumping of excessive volumes of leachate into the plant from other
cells caused short-term treatment lapses, and this was resolved by regular pumping
schedules.

Table 3 shows the summary of analyses taken from the raw leachate (‘IN’) and
from the polisher effluent (‘OUT”). Construction and operational difficulties were solved
by September 1997, and the first of the four time divisions, Sept 96 - Aug 97, represents
the “starting up” period before the ongoing treatment phase. The second and third
divisions represent ‘summer’ and ‘winter’ periods, and the fourth a ‘four-season’
period. Removal of BOD, TSS, and COD are fairly consistent through the seasons, but
TKN removal noticably decreases during the winter, due to sensitivity of the nitrifying
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, o-xylene,
and little benzene and ethylbenzene. Others are typically non-detectable.

The three roughing filters have iron staining and carbonate precipitation on the
upper surfaces and a heavy oily odour in them when the access hatches are opened. The
distribution nozzles plug up occasionally with bituminous-like residue. The two
polishing filters are relatively clean with no oily odour. The water analyses show that
hydrocarbons and VOCs are removed in the roughing filter, as are most of the metals and
other constituents. Analysis of the calcareous crust forming in the rougher filter is shown
in Table 5, which indicates which metals are being removed from the wastewater stream.
Iron, manganese, and lead are metals of concern which are readily removed in the filter.
Other metals of concern (Hg, Cd, etc.) are typically present in very low amounts.

After hydrogeologic modeling studies of the effects of chloride and nitrogen on
the groundwater, regulatory approval was granted for disposal of the treated effluent in a
raised pressurized leaching field on a permanent basis (Ford 1998). Since August 1997,
trucking to sewage treatment plants has not been required of the treated cell, and
substantial leachate from the adjacent cell has also been treated. The plume from the
disposal bed shows elevated nitrate and chloride levels, but no addition of BOD, COD,
or metals.



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 leachate despite fluctuating
concentrations, and with no addition of nutrients. The system works well in winter and
summer, but performs 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 is invaluable in understanding the
process and explaining changes, especially at such an isolated landfill site. It is also
useful in predicting the failure of pumps, level switches, and other mechanical compo-
nents.
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Table 1. Biochemical analyses of Nottawasaga-10 laboratory leachate tests from May to July 1995; all mg/L; n

number of samples.

Parameter n IN ouT 9o Parameter n IN ouT %o
BOD; 5 201 3 99 [TN 5 172 102 40
TSS 6 84 5 94 pH 7 7.04 8.85 -
COD 6 460 125 73 Fe 5 9.4 0.6 93
TKN 5 171 4 97 NTU 5 108 1 929
Table 2. Metals analyses of Nottawasaga-10 laboratory leachate tests from May to July 1995; all ,ug[L; n = number of samples.
Metals n IN ouT Yo Metals n IN ouT %o
Zn 5 23 13 43 Mo 5 6 4 38
Cu 5 9 32 ++ v 5 31 15 53
Ni 5 26 29 0 Sr 5 1532 395 74
Pb 5 50 30 40 Be 5 0.5 0.3 42
Cd 5 3 2 41 Ag 5 20 10 50
Mn 5 1273 11 99 Ba 5 387 25 94
Fe 5 14,441 104 29 Ti 5 20 4 82
Al 5 177 34 81 B 5 1828 2186 +
Cr 5 8 7 13 (As 5 2 3 11
Co 5 9 5 49 Se 5 2 1 30




Table 3. Nottawasaga-10 landfill leachate and effluent analyses 1996-1999; n = number of samples.
Parameter Sept 96 — Aug 97 Sept 97 — Oct 97 Nov 97 — Apr 98 May 98 - Jan 99

(mg/L) n ' n n

BOD; 5| 877 | 187 |79 | 7 | 1239 | 14 |99 |32 | 287 | 17 |94 8 | 427 | 21 |95
TSS 6 | 111 | 25 |77 | 6 | 208 3 99 [32 | 111 5 |95 8| 72 2 |97
COD 5 | 935 | 450 |52 | 6 | 1766 | 88 | 95 |32 | 559 | 139 | 75| 7 | 859 | 258 [ 70]
TKN 2 | 182 | 87 |52 | 4 | 151 5 97 |27 | 72 12 |83 8 | 164 | 6 | 96|
TN 2 | 182 | 170 |7 | 4 | 151 | 69 |54 |30 75 48 | 36| 8 | 171 | 54 | 68|
VOCs 2 | 47 0 [>99] 3 | 332 0 |>99[16 | 191 0 |>9] - | - ; F
(pg/L) ‘ 9

Phenols | 2 | 18 4 |78 |1 | 275 1 [>99] 2 | - 0.2 | - | - . s :
(ugl/L)

Table 4. Overall Nottawasaga-10 averages from September 1997 to January 1999; n = number of samples.

Parameter (mg/L) n IN IN Rangeﬁ ouT OUT Range % Removal
BOD; 47 453 35 — 2595 17 4-39 " 96
TSS 46 117 15 - 638 4 0-13 97
COD 45 767 92 - 3770 151 16 - 741 80
TKN 39 99 33 - 216 10 1-26 90
TN 42 101 41 - 218 51 31 - 117 50
VOCs (ug/L) 19 213 29 - 534 0 0-1 >99

Table 5. Analysis of calcareous crust from Nottawasaga-10 rougher filter sampled December 1998.

Metal mg/L Metal mg/L Metal mg/L Metal mg/L
Ca 70.5% Na 0.1% Al 290 Zn 28
Fe 4.25% S 0.1% Ba 253 V, Sn 12
Mg 0.3% Sr 526 P T 206 Ni 4
Mn 0.2% K 291 Pb 80 " Zr 1

Ag, As, Be, Bi, Cd, Ce, Co, Cr, Cu, Hg, La, Mo, Nb, Sb, Se, Te, Th, Ti, U, W, Y are all <1 mg/L




