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Viraraghavan, T. and Kikkeri, S.R. Dairy wastewater treatment
using anaerobic filters. Can. Agric. Eng. 33: 143-149.A laboratory
investigation was carried out to evaluate and compare the perfor
mances of three plastic medium upflow anaerobic filters operating at
12.5±1°C, 21±1°Cand30±1°C, treatingdairy wastewater. Two of the
reactors were started at 21±1°C and the third at 30±1°C.Steady-state
operationof the three reactors was carried out at three different tem
peratures, 12.5±1°C, 21±1°C and30±1°C respectively. Each reactor
was operated sequentially at different HRTs (6d, 4d, 3d, 2d and Id).
The difference in start-up performance (COD removal) between anaer
obicfilters operating at21±1°C and30±1°C wasnotsubstantial. Atan
HRT of 4 days, COD removals in the three anaerobic filters were
approximately 92%, 85% and 78% at30±1°C, 21±1°C and 12.5±1°C
respectively.

Une recherche en laboratoire a permis d'evaluer et de comparer les
rendements de trois filtres anaerobies en plastique a circulation as-
cendante, fonctionnant a 12,5 ±1 °C, 21 ±1 °C et 30 ±1 °C, et traitant
les eaux usees d'une laiterie. Deux des reacteurs ont demarre a 21 ±1

°C et le troisieme a 30 ±1 °C. Les reacteursfonctionnerent en regime
permanent a trois temperatures differentes, 12,5 ±1°C,21±1°Cet30
±1 °C, respectivement. Chaque reacteur fonctionnait de maniere
sequentielle a differents TRH (6j, 4j, 3j, 2j et lj). En ce qui a trait au
rendement/demarrage (reduction de DCO), la difference n'etait pas
importante entre les filtres anaerobies fonctionnant a 21±1°Cet 30
1°C.PourunTRHde 4jours, la reductionde DCOdans les troisfiltres
anaerobies etait d'environ 92 %, 85 % et 78 %, a 30 ±1 °C, 21 ±1 °C
et 12,5±1 °C, respectivement.

INTRODUCTION

Dairy wastes are generally dilutions of milk or milk products,
together with detergents, sanitizers, lubricants, chemicals
from boilers and washings from tank trucks. The strength of
the waste varies widely. The chemical oxygen demand (COD)
of dairy plant wastes was reported for the USA and New
Zealand to be in the range of 80-95,000 mg/L and 180-23,000
mg/L respectively (USEPA 1971), although 4000 mg/L is the
typical strength (Marshall and Harper 1984). The mean COD
of the effluent of a dairy plant in Canada was reported to be
3390 mg/L (Environment Canada 1986). Only limited infor
mation is available on the performance of the anaerobic filters
in treating dairy wastewater at low temperatures. It was there
fore proposed to study the performance of anaerobic filters
treating dairy wastewater operating at 10-20°C and compare
this performance with anaerobic filters operating at 30-35°C.
Since shock loads (organic overload and sudden pH varia
tions) could occur in an actual plant during start-up, it was also
decided to examine how the start-up would be affected by
shock loads and how long it took for the system to recover.

The primary objective of the study was to evaluate the
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performance ofanaerobic filters operating at12.5°C, 21°C and
30°C, treating dairy wastewater, especially to determine the
effect of low temperature under different hydraulic retention
times (HRTs). The effects of temperature (21° vs 30°C) and
shock loads on start-up of these anaerobic filters were to be
investigated as part of the study. The performance of the
anaerobic filters under continuous operating conditions was to
be assessed in respect of the efficiency of removal of various
parameters such as 5-day biochemical oxygen demand (BOD),
COD and suspended solids (SS); volatile acids (VA) produc
tion and methane (CH4) production were also to be examined.
Other objectives of this study were:

(i) to examine the effect of organic loading on treatment
efficiency; and

(ii) to examine the effect of HRT on treatment efficiency.

MATERIALS AND METHODS

Dairy wastewater

The wastewater was collected every week from a local dairy
by suspending a large bucket in the dairy plant effluent sewer
before it reached the city sewer. This dairy produced milk and
cream during the study period. The dairy worked one shift
each day, four days a week, during the study period. The
average water consumption of this plant was approximately
500 m /d. The effluent from the dairy plant operations gener
ally included: a) waters from rinsing and washing of bulk
tanks or cans in receiving operations; b) waters from rinsing of
residual products remaining in or on the surfaces of all pipe
lines; c) washing of all processing equipment; d) spills, leaks
and overflows; and d) deliberate waste of unwanted by-prod
ucts. Before samples were transferred to the feed barrels, they
were stored at 0°C in an incubator usually for a day. These
samples were analyzed for COD and pH before they were
transferred to the feed barrels.

Reactors

The three reactors (Ri, R2 and R3) used for this study were
constructed of clear acrylic material with an internal diameter
of 100 mm. Each reactor contained two equal sections 600 mm
long for a total height of 1.2 m. Each reactor was fitted with
two dispersion plates one at the top and the other at the bottom
and each dispersion plate had 25 evenly spaced holes of 1 mm
diameter. The purpose was to minimize channelling and short-
circuiting and to retain the media between the plates. Gas
which escaped from the top of the reactor was collected by a
water displacement method. The empty volume ofeach reactor
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was 9.48 L; the volume occupied by the media in each reactor
was 0.33 L.

Media

Plastic ballast rings of 50 mm diameter (specific surface area
= 114 m /m ) obtained from Glistch Canada, Ltd. were used
as the media in the reactors. Each reactor was randomly
packed with 29 rings.

Experimental set-up

The feed was pumped from frequently-stirred (every 4 hours)
feed barrels into all the reactors by a multi-head peristaltic
pump. This pump had the provision of speed control, which in
turn regulated the quantity of flow. This pump was connected
to a timer which allowed it to run for 24.6 minutes each hour.
Thus, the system operated over the range of desired HRT.

Start-up

The start-up of the system was initiated at two different tem
peratures. Two of the reactors (Ri and R2) were started-up at
room temperature (21±1°C) and the other (R3) at 30±1°C in a
temperature-controlled storage unit The feed and effluent barrels
for the first two reactorswere kept by the side of the reactors at
room temperature; in the case of the third reactor, the feed and
effluent barrels were kept in the temperature-controlled storage
unitby the sideof the reactor. During the start-upphase, the HRT
wasmaintained at 6 days. The reactorswerefed witha verydilute
strength dairy wastewater [5% dairy wastewater, 2.5% anaerobi-
cally digested sludge (6% solids) and 92.5% water] which had a
COD of 172 mg/L and a pH of 7.3.

Anaerobically digested sludge from the Regina Wastewater
Treatment Plant was used as the seed sludge. The concentra
tion of the influent wastewater was increased in weekly steps
(by increasing the volume of the dairy wastewater in 10%
steps) to its full feed concentration with a COD of 3900 mg/L
by the 68th day. Over this period of 68 days, the pH of the
influent was in the range of 7.0-7.3 and the pH of the effluent
was in the range of 6.8-7.3. On the 69th day, the system was
subjected to an organic overload and pH shock using dairy
wastewater as the entire feed with a COD of 10,350 mg/L and
a pH of 5.8. The strength of the waste for the subsequent feeds
was maintained at a COD value of approximately 4000 mg/L.
On the 95th day, all the reactors were reseeded with the
anaerobically digested sludge [(7% solids) at the rate of 7%
(volume to volume)] and for the first time, sodium bicarbonate
(0.75 g/L) was added to influent feeds of all the reactors. The
addition of sodium bicarbonate to the influent feeds of all the
reactors was continued during the rest of the start-up period.
On the 140th day, the system was again subjected to a moder
ate overloading using a feed with a COD concentration of
5240 mg/L and a pH of 6.8. A week later, all the reactors were
re-seeded with anaerobically digested sludge (1% volume to
volume) to speed up the recovery process. By the 168th day
the reactors reached steady-state conditions based on consis
tent COD removals for the preceding three weeks. The start-up
operation was terminated on this day.

Steady-state operation

After the completion of the start-up phase, one of the reactors
(Rl) kept at room temperature along with its influent and
effluent barrels was moved to a temperature-controlled cham
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ber maintained at 15±1°C. The temperature of the chamber
was lowered after six days to 12.5±1°C in one step. Reactors
2 and 3 along with their influent and effluent barrels were
continued at the same locations without any change (R2 at
21±1°C and R3 at30±1°C). During steady-state operation, Ri,
R2, and R3 were operated at 12.5±1°C, 21±1°C and 30±1°C
respectively. The performance of each of the three reactors
maintained at three different temperatures was studied at dif
ferent HRTs of 6,4, 3, 2 and 1 d sequentially, corresponding
to average organic loading rates (OLRs) of 0.63, 1.04, 1.48,
2.01 and 4.03 kg COD* m^-d"1 respectively. In this connec
tion, it is necessaryto interpret the performancedata, keeping
in perspective the effect of the initial temperature drops and
changes in HRT on the overall system.

Analytical procedures

Influent and effluent samples were analyzed in accordance
with the "Standard Methods" (APHA 1985) for BOD, COD,
soluble COD (SCOD) SS, ammonia nitrogen, total kjeldahl
nitrogen (TKN), phosphorus and pH. Volatile acids and alka
linity were determined by the method developed by Ripley et
al. (1986). The soluble COD analyses were carried out after
filtering the samples through 0.45 \i glass fibre filters. The
biogas was analyzed for carbon dioxide plus hydrogen sul
phide by Orsat gas analyzer. Total biogas minus combined
carbon dioxide and hydrogen sulphide content was accounted
for by the methane content. All analyses were replicated and
the mean values used for interpretation.

In addition to the above tests, the tests for hydraulic mixing
characteristics and solids accumulation were conducted at the
end of the study to evaluate the flow regime of the reactors and
to examine whether short circuiting was evident. Hydraulic
mixing efficiencies of all the reactors were determined exper
imentally by conducting the residual time distribution (RTD)
studies using stimulus response technique as described by
Levenspiel (1974). Impulse loadings of lithium chloride, an
inert tracer was imposed upon all the reactors through the
influent of each reactor, slightly upstream of the inlet point.
Effluent samples were collected periodically and analyzed for
lithium concentration by using atomic absorption flame spec
trophotometer. As a part of the analysis, the active volume of
each of the reactors was determined by emptying the liquid in
each reactor and measuring this volume (Hall 1985). Total
solids accumulation in each reactor was determined by drying
the accumulated solids and washings of the media. This study
was conducted to examine the effect of temperature on the
accumulation of volatile suspended solids (VSS).

RESULTS AND DISCUSSION

Characteristics of dairy wastewater

The characteristics of dairy wastewater used in the study are
shown in Table I. These values are generally similar to the
literature values (USEPA 1971; Environment Canada 1986).

Start-up phase

Figure 1 shows COD removal during start-up. At the end of
nine weeks, the COD removals in reactors Ri, R2 and R3 were
85%, 85% and 87% respectively. After the 69th day, when the
reactor was subjected to the first shock load, COD removals in
Ri, R2 and R3 dropped drastically to 60%, 61% and 59%
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Table I. Characteristics of dairy wastewater (values are in
mg/L except pH)

Number

Characteristics of samples Range Mean

Standard

deviation

PH 43 3.4-7.2 - -

SS 43 265-2300 1258 569

vss 43 210-2100 921 498

COD 43 1840-5240 3978 579

SCOD 22 720-2170 1569 435

BOD 43 1110-3840 2430 777

TKN 11 110-215 174 56

NH3-N 11 31-71 46 12

PO4-P 11 25-143 76 34

Alkalinity

(as CaCo3) 11 380-1470 822 364

X R3(30°C)

°h I 1I I I lL l I I I I I I l l I I I

TIME (WEEKS)

Fig. 1. COD removal during start-up.

respectively. Then COD removals slowly started increasing
with fluctuations. The COD removals of Ri, R2 and R3 on the
140th day, were 70%, 70% and 82% COD respectively. On the
141st day, the reactors were again subjected to an overload;
the efficiencies of the reactors R1, R2 and R3dropped to 62,64
and 68% respectively. On the 149th day, the reactors were
reseeded with anaerobically digested sludge to speed up the
recovery. The reactors recovered fast and reached steady-state
conditions on the 168th day with consistent removal efficien
cies of 78,77, and 83% in Ri, R2 and R3 respectively over the
preceding three weeks. At this stage the start-up phase was
ended.

During the entire start-up period, although the reactor oper
ating at 30±1°C performed better than the two reactors at
21±1°C, the difference in performance (5 to 6% in COD
removal) was not substantial. It was also found that the time
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needed for the reactors to recover from the effects of the shock
load depended on the intensityof the shockload. Highertem
perature (30°C vs 21°C) did not help the reactor to recover
faster from the effects of shock load as might be expected; also
the higher temperature did not make much difference in the
overall performance of the reactors during the start-up phase.
The results showed that the anaerobic filter can be started-up
at 21±1°Cwithout any disadvantage.

Steady-state phase

Chemical oxygen demand Figure 2 shows COD removals in
the three reactors Ri (12.5±1°C), R2 (21±1°C) and R3
(3Q±1°C) during the steady-state phase. Table II provides a
summary of the performance of the reactors at various HRTs.
Reactors R2 and R3 demonstrated excellent removals of COD
(55 to 85% in the case of R2 and 76 to 92% in the case of R3)
while reactor RI demonstrated a low removal of COD (45 to
78%) at all hydraulic loadings. When the HRT was lowered to
4 days from 6 days the average removals of COD in Ri, R2and
R3 increased from 77 to 81%, 84 to 87% and 90 to 93%
respectively. Reduction of HRT from 6 days to 4 day resulted
in an increase in OLR from 0.63 to 1.04 kg COD-m^-d"1.
With subsequent reduction in HRT, there was reduction in
COD removals too. Even though the reduction of COD in all
the reactors was minimum at an HRT of 1 day, R3 functioned
well with a removal of 76%, while R2 and Ri removed only 55
and 45% respectively. Backman et al. (1985) who conducted a
study ofanaerobic filter treatment ofdairy wastewater at35°C
with an HRT of approximately 1 day (22.1 h) reported a COD
removal of 80%, which is comparable to the result of R3 at
30°Cat an HRTof 1day. Rittman et al. (1981)observedin the
case of an anaerobic filter treating dairy wastewater only 49%
COD removal at 23°C at an HRT of 1 day; however, they
reported a removal of 90% at an HRT of 3 days. The results of

tso
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Fig. 2. COD removal during steady-state.
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Table n. Summary of performance of theanaerobic filters during steady-state operation

Mean Mean Mean Mean

organic influent COD Methane production
HRT Temperature loading rate COD removal atSTP

(d) (°C) (kgCOD-nfV1) (mg/L) (%) (m3/kg COD removed)

6 12.5 0.63 3560 74 0.08

21 77 0.26
30 82 0.29

4 12.5 1.04 4120 78 0.18

21 85 0.24
30 92 0.27

3 12.5 1.48 4250 65 0.14

21 70 0.23
30 85 0.27

2 12.5 2.005 4010 58 0.09
21 71 0.18

30 85 0.23

1 12.5 4.03 3920 45 0.03

21 55 0.18

30 76 0.21

Note: Ri - Reactor at 12.5°C

R2- Reactor at 21°C
R3-Reactor at 30°C

theirstudiesshowedhigher removalsof CODthanreportedin
this study (70%) in respect of R2 at an HRT of 3 days. Choi
and Burkhead (1984) in a study of dairy wastewater treatment
using fixed-film reactors reported a COD removal of 95% at
37°C with an OLR of0.96 kg COD/m3 (at an HRT of 5days)
having an influentconcentration of 4800 mg/L. This result is
comparable to theresultobtainedin this studyat a temperature
of 30±1°C vrith a removal efficiency of 92% at an OLR 1.04
kg COD* m-d"1 (at acorresponding HRT of 4days) with an
influentconcentration of 4120 mg/L.

Cordoba et al. (1984) conducted a study of treatment of
dairy wastewater with a horizontal anaerobic filter using ce
ramic saddles as the media at a temperature of 40°C and
reported that the maximum efficiency ofthe system was 94%
when the COD loading rate was 2.9 kg»m'3»d . In the present
study, themaximum efficiencyof R3 (3Q±1°C) was92%when
the OLR was 1.04 kg COD-m'̂ d"1. Cordoba et al. (1988)
extended the dairy wastewater treatment investigation using
an upflow anaerobic filter with ceramic saddles as media.
They reported a decrease in removal efficiency with an in
creasein COD loading rate, generally agreeing with the results
of the present study. They also studied the performance of the
system with respect to the effects of temperature. They re
ported the following: average removal efficiencies at an OLR
of4kg COD-m^d1: (1) 87% at30°C; (2) 83% at20°C; and
(3) 78% at 16°C. Their study showed that the removal effi
ciency decreased with a decrease in temperature. A similar
trend was observed in the present study. For the sake of
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comparison, the average COD removal results at various tem
peratures in this study at an approximate OLR of 4 kg
COD.m_3.d"1were: (1) 76% at 30°C; (2) 55% at 21°C; and (3)
45% at 12.5°C (Table II). The higher efficiencies reported by
Cordoba et al. (1988) could be due to the type of waste and
media (ceramicsaddles) used in their study.

Effect of HRT on COD removal

The results of this study showed that COD removals decreased
witha decrease in HRT.Datareportedby Youngand McCarty
(1968) indicated that a linear relationship existed between
ultimate soluble BOD (which could be approximated to solu
ble COD or COD) removal efficiency and the inverse of HRT
and the relationshipwas explained by the following model.

£=100(1-^r> «
where:

E = ultimate soluble BOD removal efficiency (%), and
e = a proportionality coefficient.

Figure 3 shows the linearity existing between soluble COD
removal and the inverse of HRT (1/HRT) for this study. The
values of e for the reactors Ri, R2 and R3 were calculated to be
11.4,7.56 and 5.28 hours respectively. These values are much
higher than the value of 1.8 reported by Young and McCarty
(1968). The actual and the predicted values of SCOD removals
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Fig. 3. Soluble COD removal.

Table III. Comparison of actual and predicted values of
soluble COD (SCOD) removals

HRT SCOD Removal (%)

(days) Ri Ri R2 R2 R3 R3

Actual Predicted Actual Predicted Actual Predicted

6 79 92 80 95 86 96

4 78 88 84 92 90 95

3 73 84 79 90 88 93

2 65 76 76 84 86 89

1 48 53 63 69 74 78

(using the calculated values of £) are shown in Table III. Even
the value of e at 30°C, which is the minimum value found in
this study, is much higher than the value reported by Young
and McCarty (1968). Kobayashi et al. (1983) reported a value
of2.0at temperatures of25°C and35°C, while treating domes
tic wastewater. They also mentioned that the value of e
increased to approximately 4.0 for a temperature of 20°C. In
this study also, the value of e increased with a decrease in
temperature, indicative of the declining efficiency at a lower
temperature. One of the main reasons for the higher values of
e observed in this study compared to values of other investiga
tors may be due to the type of wastewater used in this study.

Suspended solids

All the reactors showed an excellent removal of SS. Reactor
R3 demonstratedthe best performance at all HRTs followedby
R2 and Ri. Maximum removal of SS in R3 was 96% at an HRT
of 6 days. Ri and R2 showed maximum removals of 85 and
92% respectively at the same HRT. Only in Ri, SS removal
decreased with a decrease in HRT, whereas in other reactors,
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the removal did not follow any pattern; SS removals ranged
from 77 to 92% in the case of R2 and 83 to 96% in R3. The
values that were obtained in this study for SS removal are
similar to the ones found in the literature (Taori et al. 1983;
Brown et al. 1985).

pH levels

Throughout the entire steady-state operation, pH levels in all
the reactors were quite stable. The pH of the influent was
maintained above 6.6 by adding sodium bicarbonate as and
when it was found necessary to increase the pH level of the
feed influent to near neutrality. The quantity of sodium bicar
bonate added varied from 0.8 g/L (to raise pH from 6.8 to 7.1)
to 5 g/L (to raise pH from 3.4 to 7.4). pH levels of the effluent,
considering all the reactors, varied from 6.8 to 7.5, throughout
the entire steady-state operation.

Volatile acids and bicarbonate alkalinity

There was a considerable variation in the alkalinity levels in
both influent and the effluent with the addition of sodium

bicarbonate. The alkalinity concentrations in the feed varied
from 660 mg/L to 1470 mg/L.

Interestingly, highest bicarbonate alkalinity (BA) of 1400
mg/L was found in reactor Ri at an HRT of 6 days and the
corresponding volatile acids (VA) concentration was 397
mg/L (giving a VA:BA ratio of 0.28). The minimum BA of
610 mg/L was noticed in R2 at an HRT of 1 day and the VA
concentration was 224 mg/L (giving a VA:BA ratio of 0.34).
VA concentration also varied quite widely with a maximum
concentration of 615 mg/L observed in Ri with a correspond
ing BA concentration of 1200 mg/L (giving a VA:BA ratio of
0.5) at an HRT of4 days. A minimum VA concentration of 145
mg/L was observed in R2 with a corresponding BA concentra
tion of 1160 mg/L (giving a VA:BA ratio of 0.125) an HRT of
3 days. These results indicated that the reactors were quite
stable during the steady-steady operation with the exception of
very few instances (the instances where the VA:BA ratio was
more than 0.35).

Biogas production

Table II shows the mean methane production (m3/kg COD
removed) at STP. The rate of methane production significantly
varied between the reactors. Reactor Ri reported the least
methane production and R3 reported the maximum. It was
observed that the biogas production rate decreased with a
decrease in temperature. The same findings were reported by
Cordoba et al. (1988), while treating dairy wastewater at dif
ferent temperatures (from 16°Cto 40°C). Considering all the
HRTs, the average daily methane production in Ri, R2 and R3
were 0.104,0.218,0.254 m3 ofmethane/kg COD removed (at
STP). These values areless than the theoretical value of0.3 m3
of methane-kg"1 COD removed-day"1 (Choi and Burkhead
1984). This low production may be mainly due to two reasons,
first being the effect of temperature on the reactors and second
being the fluctuations in the strength of dairy wastewater
samples. Cordoba et al. (1988) also reported a poor methane
production rate ranging from 10 to 51% of the theoretical
yield, while treating dairy wastewater at the temperatures
mentioned earlier. Methane concentration increased with a
decrease in temperature. Average concentrations of methane
in the biogas from the reactors Ri, R2 and R3 were 80,70.4 and
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68.4% respectively. Lin et al. (1982) who treated potato pro
cessing wastewater in anaerobic filters at low temperatures
reported that the methane content in the biogas at 21°C was
78% andwas more than 80% at 4°C; these findings agree with
results of this study. Cullimore and Maule (1982) observed
that the normal range of methane content of the biogas (while
treating hog waste) at 4°Cwas60 to 72%, compared to43 to
49% at 40°C. This higher methane content at lower tempera
tures is due to the fact that the solubility of carbon dioxide in
water at lower temperatures is higher than that of methane.

Tracer studies

The tracer studies conducted on all the reactors at the end of
the studyperiod (HRT of 1day), indicated that short circuiting
was occurring in all the reactors. The concentration (C) of
lithium chloride observed in the effluent samples was divided
by the initial concentration (Co) and graphed against time.
The shapes of the curve indicated that the reactors were oper
ating with flow characteristics in the arbitrary flow regime
with a degree of partial mixing between plug-flow and com
plete mixing.

Segregated flow could give rise to stagnant or dead zones
and the existence of these zones would be indicated by a
change in the tracer response curve. The theoretical mean
residence time (T), the time at which the peak concentration
occurred (tp), the details related to dead space and the mean
time (tm)(centroid of the curve) for all the reactors are given
in Table IV. tp/Tmeasures the average degree of short-circuit
ing and will indicate the presence of significant dead spaces.
This in turn provides an estimate of the effective reactor
volume. This ratio approaches 1 in a plug flow reactor and zero
with increased mixing. In this study, the results showed that
short-circuiting was occurring in all the reactors. R3 had a
higher degree (0.42) of short-circuiting than Ri and R2 (0.33).
If there were to be no dead space, tm/T should be equal to 1.0.
Active volumes of the reactors were also determined experi
mentally. These results showed that Ri and R2 had dead spaces
of 22.2% while R3 had 17.6%. Hall (1985) who performed
studies on anaerobic filters with different substrate and media
reported a dead space of 20%.

Table IV. Results of the tracer study analysis

Parameters Rl R2 R3

T(h) 24 24 24

tp(h) 8 8 10

tm(h) 19.72 20.14 19.52

♦ tp/T 0.33 0.33 0.42

wr 0.882 0.839 0.813

Dead space (%) 22.6 22.6 17.6

Solids accumulation

The results of the analysis for the accumulation of total solids,
suspended solids and volatile suspended solids, carried out at
the end of the study are shown in Table V. These results
showed that at lower temperatures, the solids accumulation is
more when compared with the values at higher temperatures,
which is in agreement with the findings of Harris et al. (1985).
These results showed that the destruction of volatile suspended

148

solids would be more at higher temperatures than at lower
temperatures. Kobayashi et al. (1983) reported VSS accumu
lationof 60 mg per day, while the values obtained in this study
were much higher (391, 280 and 180 mg per day). These
higher values are mainly due to the type of wastewater used in
the study. The ratios of accumulated VSS to COD fed into the
reactors over the entire period were calculated for all the
reactors. These values are less than the 0.5 mg/mg reported by
Kobayashi et al. (1983). Viraraghavan and Dickenson (1989)
who performed studies on anaerobic filters at temperatures 5,
10and 20°C treating septic tank effluent, reported values of
0.08, 0.03 and 0.12 mg/mg respectively for this ratio. These
valuesare also higher than the values obtained in this study (Ri
= 0.04, R2 = 0.03 and R3 = 0.0183 mg/mg). The results of this
study showed that the reactors functioned well in terms of
solids accumulation, with the production of very little quantity
of sludge.

Table V. Results of the solids accumulation

Reactor Ri R2 R3

Total solids accumulated (g) 213.4 198.7 137.2

Suspended solids (g) 171.7 144.7 103.55

Volatile solids (g) 118.15 84.6 54.45

Total length of operation (d) 302 302 302

Total solids accumulated

(mg/day) 707 658 454

Volatile suspended solids
accumulated (mg/day) 391 280 180

Total COD fed into the

reactor (g) 2980.12 2980.12 2980.12

VSS:COD fed (mg/mg) 0.04 0.03 0.0183

CONCLUSIONS

The following conclusions can be drawn based on the results
obtained in this study.

1. COD removal efficiencies of all the reactors during start
up decreased by 20-25% when the reactor was subjected to a
shock load which was 2.5 times the average strength with a
pH of 5.8. All the reactors took approximately 10 weeks to
recover to the earlier condition.

2. When the reactors were subjected to an overload which
was 1.5 times the average strength and the pH was 6.8 during
start-up, COD removal efficiencies dropped by 6-8% in Ri and
R2 and by 14% in R3. However the reactors took less than 2
weeks to recover from the effects of this overloading.

3. COD removal during the start-up was 5-6% more at
30±1°C than thatat 21±1°C. It wasalso found that the temper
ature (21±1°C vs 30±1°C) during start-up did not affect the
subsequent steady-state performance.

4. During steady-state operation, removal of COD in all the
reactors decreased with a decrease in temperature and HRT.

5. Removals of SS were found to decrease with a decrease

in temperature and HRT.
6. Methane production depended both on temperature and

HRT. Maximum gas production occurred at 30±1°C and 6
daysHRT.Minimum gasproductionoccurredat 12.5±1°C and
1 day HRT. The methane content in the biogas also depended
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on the temperature. The maximum methane content in the
biogas was observed at the lowest temperature (80% methane
at 12.5±1°C)and the minimum methanecontentat the highest
temperature (68.4% at 30±1°C).

7. The tracer studies showed that short circuiting was
occurring in all the reactors. The dead spaces determined by
the experiment were 22.2%, 22.2% and 17.6% forRi, R2 and
R3 respectively.

8. Solids accumulation analysis showed that in the reactor
at 30±1°C,the VSS accumulation perunit weight of COD fed
into the reactor was 0.0183 mg/mg which was the least value,
compared to the solids accumulation rates in other reactors.
The values for Ri and R2 were 0.04 mg/mg and 0.03 mg/mg
respectively. The results showed that VSS destruction was
more at higher temperatures than at lower temperatures.

9. The study showed that anaerobic filter treatment of dairy
wastewater at low temperatures is feasible; however the treat
ment efficiency will be significantly lower. Overall economics
of operating an anaerobic filter at low temperatures requires
detailed analysis taking into account all aspects such as capi
tal, operation and maintenance costs, recovered energy cost,
and surcharge cost based on city sewer bylaws.
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