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Hadjinicolaou, J. 1989. Evaluation of a controlled condition in a
sequencing batch reactor pilot plant operation for treatment of
slaughterhouse wastewaters. Can. Agric. Eng. 31: 249-264. Pilot
plant studies were conducted on a sequencing batch reactor (SBR)
system, operated on a 24-h cycle, for the treatment of slaughterhouse
effluent. This paper summarizes the experience of one controlled con
dition of the ratio of hydraulic residence time to sludge residence. The
ratio studied had a value of 3/15. The average COD influent concen
tration was 3512 mg/L. The organic matter removal, based on COD
removal was 97.8%, the solids removal 90% and the total phosphorus
removal 82.6%. Complete nitrification was observed and caused poor
sludge settling. Additional information for this controlled condition
was obtained from a number of parameters which were calculated from
the measured ones, a 24-h track analysis, and microbiological exami
nation of the influent and effluent wastewaters. The evaluation of such

a controlled condition is the primary step for the development of design
and operation criteria of SBR systems for the treatment of industrial
effluents.

INTRODUCTION

The sequencing batch reactor (SBR) is a fill-and-draw activated
sludge system. Each tank in the SBR system is filled during
a period of time and then operated in a batch treatment mode.
After treatment the mixed liquor is allowed to settle and the
clarified supernatant is drawn from the tank. Sequence batch
reactor technology is not new. In fact, it preceded the use of
continuous flow activated sludge technology. The precursor to
the various, now familiar, continuous flow activated sludge
processes was actually introduced in a fill-and-draw system
operated as a batch process.

Hoover et al. (1951) decided to use a fill and draw system
for wastewater treatment of dairy industrial effluents.

From 1976 on a number of studies were made by Irvine and
his research group (Irvine and Danis 1971; Irvine et al. 1977;
Irvine and Richter 1978; Irvine and Busch 1979; Irvine et al.
1979; Irvine et al. 1980; Irvine et al. 1982; Irvine et al. 1983;
Irvine and Ketchum 1983; Irvine 1985). These studies were
directed at investigating the use of batch systems (biological and
chemical), as alternatives to conventional continuous flow treat
ment. Major market areas were delineated for biological batch
treatment; roughly these were urban and rural.

In fact, by properly designing tank volumes and aeration poli
cies, an SBR can simulate any conventional continuous flow,
activated sludge system and can operate with either biological
phorphorus or nitrogen removal or with COD and SS removal
alone (Irvine 1985). A lack of widely accepted design standards
is the major obstacle to bringing SBR technology from the
research stage to broader practical applications (Dennis and
Irvine 1981). In 1977, the Quebec Ministry of the
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Environment decided, based on a report by Witherow et al.
(1976), to promote the use of SBRs for the treatment of small
and medium-sized food processing industries with particular
emphasison slaughterhouseeffluents. The unique feature of this
industry was the variability in its operation (2, 3, 4 or 5 d a
week), flow rate, and quantity of wastewater.

A number of SBR systems were constructed in Quebec, but
later the efficiency of their operation was proven unsatisfac
tory (Lessard 1984) due to operational design and equipment
deficiencies.

Environment Canada in cooperation with Environment
Quebec undertook to establish a pilot plant in one of these
slaughterhouses, to study the design and operational charac
teristics of these systems and their control mechanisms, and to
define the necessary steps for their proper operation (Belanger
et al. 1985; Zaloum et al. 1985). The research project was
divided in three phases:
(a) The analytical evaluation of a controlled condition

expressed as the ratio in days of HRT/SRT = hydraulic
retention time versus sludge retention time.

(b) According to the experience of phase (a), the evaluation
of 30 other controlled conditions expressed also as
HRT/SRT, and covering a span of HRT from 3-20 d and
an SRT from 15-60 d.

(c) According to the results of (a) and (b) the establishment
of design and operational criteria of the SBR treatment
units for slaughterhouse effluents.

This paper summarizes only the experience of phase (a) of
the project as a primary step in the development of design and
operation criteria of the SBR system for the treatment of indus
trial effluents. Phases (b) and (c) of this research are at present
under evaluation.

MATERIALS AND METHODS

(a) The industrial scale SBR system
The actual treatment facilities contained a recently constructed
single basin SBR system, for the "Abattoir Billette" at St. Louis
de Gonzague, Quebec. The abattoir Billette operates 5 d a week
and slaughters 450-600 cattle per week.

The system had five basic operating modes or periods, each
of which is named according to its primary function. The periods
were fill, react, settle, draw and idle, in a time sequence. Fill
(the receiving of raw waste), draw (the discharge of treated
effluent), react (the time to complete desired reactions), settle
(the time to separate the microorganisms from the treated
effluent), and idle (the time after discharging the basin and
before refilling). The insets shown in Fig.l give a pictorial

249



representation of liquid level and microorganism distribution
foreachperiodof one typical cycle. The basin in the SBRsystem
behaved both as a biological reactor and as a clarifier.
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Figure 1. Typical SBR operation for one cycle.

(b) Description of the pilot plant operation
The pilot plant (Fig.2) installed next to the actual treatment facil
ities consisted of a mobile trailer equipped with three basins
(A, B and C) of 137.5 L each (30 imp. gallons) and a mobile
laboratory bus (Figs. 3-6).

Raw wastewater was taken 5 d a week (from Monday to
Friday) from the pumping well of the treatment facilities and
was retained in three storage coolers (one for each basin). From
the storage coolers, variable flow peristaltic pumps are used
to pump the raw wastewater into the basins.

Aeration was provided by a % hp compressor distributing
air, through three 9-cm air stones to each one of the three basins.
Solenoid valves and independent timers controlled the starting
of the aeration and the airflow. Each basin was equipped with
a mechanical mixer to ensure complete mixing of the basins
and to provide mixing, if necessary, during anaerobic periods.
The period for a complete SBR cycle was 24 h (Fig 7). The
feeding period was approximately 7 h during which aeration
was maintained. After the feeding, aeration was continued for
14 more hours.

The settle period was of 2lA-3 h and was followed by the
withdrawal of the clarified effluent.

The inlet to the siphon was always placed at mid-distance
between the surface and the sludge blanket. Its position was not
fixed because it depended on the flocculation and settling
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Figure 2. Schematic diagram of the pilot plant.
• , air stones; • , mixers; 1, raw influent storage coolers; 2, cooler;
3, refrigerator; 4, bench; 5, timers; 6, small refrigerator; 7, sink; 8,
distilled water; 9, air supply.

characteristics of the sludge under study. Particular attention
was given to ensure that sludge was not removed during the
withdrawal of the clarified effluent. Using the Imhoff cones (for
Vi h and 1 h), the height of the sludge blanket and the ratio of
the sludge blanket to the total height of the mixed liquor in the
basin were measured and relationships were established between
the effluent suspended solids, the settling characteristics of the
sludge and the sludge volume index (SVI). The temperature was
maintained between 18 and 22°C and the daily range was +2°C.

The pH of the raw influent was measured daily. The adjust
ment of the basins' pHs to 7-7.5 was done by adding the
appropriate amount of the NaOH to compensate for the pH drop
caused by the nitrification process.

The sludge age and the hydraulic retention time were adjusted
daily, prior to the settling period, on the basis of mixed liquor.
There were no feedings of the basins during the weekends (in
accordance with the operational schedule of the abattoir).
Because of settling of solids in the raw wastewater in the storage
coolers during the feeding period, a difference of 10% was
observed between the CODlNF of the pumping well and the
COD1NF which was pumped into the test basins. The water lost
in the three basins due to evaporation was replaced every
morning by an equivalent amount of distilled water. The dis
solved oxygen (DO) was measured regularly every morning
before the settling period and also periodically during the feeding
period. Next to the trailer a mobile equipped laboratory was
installed for the in-situ analyses (Fig. 5). A description of the
experimental program, the analyses done, and the evaluation
of a typical controlled condition appear in the following.

(c) Controlled condition (HRT/SRT)
The term "condition" means a controlled relationship between
HRT (hydraulic retention time) and SRT (sludge retention time
or sludge age), both expressed in days and referred to as
HRT/SRT.
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Figure 3. Trailer.

Figure 4. Basin A.

Two of the problems of actual systems are (a) controlling HRT
and SRTata desirable levels, such as levels of known good per
formance according to the literature and (b) forecasting the
system's efficiency due to changes. To characterize a condi
tion as controlled we have (a) to control HRT and SRT and
achieve stability of the MLVSS and (b) to use adequate adapta
tion periods for changes, from one condition to another. There
is limited information in the literature concerning the necessary
time after changes of the sludge age or hydraulic retention time
for adaptation to a new condition. To ensure controlled cond-
tions, Bisogni et al. (1971) operatedbatch units for a timeequal
to 3 SRTs before any experimentation, without giving further
explanation for their choice. To ascertain controlled
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conditions, they used as criteria, daily measurements of COD,
pH, DO, MLSS and temperature. Salch and Gaudy (1978) put
more emphasis on MLSS stabilization before experimentation,
in their effort to handle changes on shock loading without dis
ruption of effluent characteristics. The basic question is, for
a given change is SRT or HRT how to find the time needed
to reach a new equilibrium.

For a completely mixed system a formula has been proposed
by Danckwerts (1953) which expresses the degree of equilibrium
(£) as follows:

-t/AHRTE = 1 - e'

where t = time needed to achieve equilibrium and
(1)

251



Figure 6. Inside the trailer.
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Figure 5. Blue Bird bus mobile laboratory.

AHRT = (HRT)2 - {HRT)X

The same formula applies for ASRT

E = 1 - ?t/ASRT
where

ASRT = (SRT)2 - (SRT)t

SRT was defined as:

SRT =
V x MLVSS

MLVSS X X + ECVSS X Y

where:

(2)

(3)

(4)

These formulae indicate that by allowing a time span equal
to the difference AHRT or ASRT 63 % of equilibrium can be
reached and, by allowing 2ASRT, 86% of the equilibrium can
be reached. In the experiments reported here an adaptation
period equal to 2ASRT or 2AHRT was applied to approach at
least 86% of equilibrium. The establishment of 100% of
equilibrium was impossible according to Eq. (4) and also due
to the daily variation in the influent COD concentration. To
follow the approach to controlled conditions during adaptation
periods, measurements of MLSS, MLVSS, pH, temperature,
and DO were taken daily to record the changes of the biomass.
HRT was defined as the ratio of the volume of the basin (10
to the flow rate of influent wastewater discharged into the basin
(Eq. 5).

V
HRT = — (5)

Q

(6)

MLVSS = mixed liquor volatile suspended solids (mg/L),
X = the daily amountof mixedliquorextracted from the basin(L)
Y = the daily amount of clarified water extracted from the basin

after sedimentation (L)
ECVSS = effluent clarified volatile suspended solids (mg/L)
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Figure 7. Pilot plant operation cycle.

The controlled condition which will be presented in this paper
is a ratio of HRT/SRT of 3/15. This condition was realized in

the basin A of the pilot plant between April and May. The
previous condition on the same basin was HRT/SRT = 16/25.
The adaptation period started on 15 Apr. and finished 28 d later,
on 10 May. [(ASRT = 10 d) 2.5 = 20 d, (AHRT = 13 d)
2 = 26 d, for an 86% equilibrium.] The total number of
parameters measured on a routine daily basis was 55 (Table 1).

Supplementary tests were performed on the last 2 d of the
experimental period to evaluate variations over a 24-h period
due to aeration and feeding cycles. This 24-h test gave an inside
picture of the process by describing the changes of the biomass
on an hourly basis and its exponential growth and decay due
to feeding. During the 24-h test the following parameters were
measured hourly:

MLSS = mixed liquor suspended solids (mg/L),
MLVSS = mixed liquor volatile suspended solids (mg/L),
CODE¥¥ total (mg/L),
CODE¥¥ filtered (mg/L),
DO = dissolved oxygen (mg/L),
NH3 = ammonia (mg/L of N), and
ATP = adenosine triophosphate (ng ATP/mL or number of

bacteria/mL) (three samples per hour).

At the end of every 24-h test, microbiological examination
and analyses were performed in triplicate. These analyses
included counts of the different groups of microorganisms (bac
teria, protozoa, algae, nematodes, rotifers, hydrocariots) present
in a 1-mL sample of the influent and effluent wastewater, as
well as microscopic polaroid photographs of the predominant
species of microorganisms present.

RESULTS AND DISCUSSION

Tables II to IX and Figs. 8-13 illustrate the results of the con
trolled HRT/SRT = 3/15 for the 10 d of experimentation (10-24
May). At first organic matter removal was evaluated by
measuring the BOD5, the CODTOT and COD¥lLTERED for the
influentand effluent wastewater. Table II and Fig. 8 illustrate
these results. Considering average values, the organic removal
expressed as CODTOTlN¥ COD¥lLTE¥¥L was 97.8% and as
BOD5 tot.inf-^^^5 tot.eff was 99%. The influent COD fluc
tuated between 2000 and 4000 mg/L, with the exception of two
extreme values. One very low value (1200 mg/L) was attributed
to limited operation of the slaughterhouse at that day and the
other very high value (8989 mg/L) was attributed to an
unusually busy day.

The total and filtered effluent COD had averages of 128 and
74 mg/L respectively, indicating very good organic removal.
The effluent BOD5 never exceeded the limit of 30 mg/L
(Quebec Provincial Standard)and the COD (filtered)was always
lower than 100 mg/L.
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Because of the daily influent COD variation, a better charac
teristic of performance was to calculate grams of COD removed
per day (see calculated parameters). Notice that the two extreme
values of influent COD did not significantly affect the BOD5
or COD of the effluent.

Biomass (MLSS and MLVSS) together with the solids
removal appear in Table III and Fig. 9 as functions of time.

The concentration of the effluent volatile suspended solids
(VSS) gives the most direct evaluation of the performance of
the system. From the point of view of solids removal, the
different conditions can be characterized from excellent to very
bad, according to their average effluent VSS values. A condi
tion is considered:

excellent if VSS < 20 mg/L,
very good if 20 < VSS < 35 mg/L,
good if 35 < VSS < 60 mg/L,
bad if 60 < VSS < 120 mg/L, and
very bad if VSS > 120 mg/L.

The Quebec discharge standard is 30 mg/L. The present con
dition of HRT/SRT = 3/15, having an average effluent VSS
= 30 mg/L, was considered very good. Over the time of the
experiment the MLSS and MLVSS concentrations were very
stable (Fig. 9), indicating excellent adaptations of the
condition. The average values of the MLSS and MLVSS are
influenced in general by the HRT of the condition and the
average of the influent COD. For the condition HRT/SRT =
3/15, the MLSS value ranged from 2750-3625 mg/L, having
an average value of 3335 mg/L. The average percentage of the
solids removed during the experimental period was 90%. Evalu
ation of sedimentation performance is illustrated in Table IV
and Fig. 10. The parameters measured are HT (total height of
the basin), HSB/HT (height of the sludge blanket versus the
total height), l/i-h Imhoff cones (settlable solids after Vi h of
sedimentation), 1-h Imhoff cones (settlable solids after 1 h of
sedimentation) and SVI (sludge volume index).

HT was controlled by making up the evaporative losses
(average = 30 cm). The other four parameters indicated
instability. The average values for the Imhoff cone tests were
736 and 624 mL for the Vi-h and 1-h cones respectively, which
signifies poor sedimentation conditions. Also the average value
of the SVI was very high (213 mg/L). All sedimentation
parameters showed that the HRT/SRT = 3/15 condition did
not perform well in the settling stage. In pilot studies due to
limitations of the settling tests (wall effects in Imhoff cones,
wall effects in the basin, etc.) their relationship with the quality
of the effluent is more difficult to be defined and sometimes
misleading, than with other parameters (i.e. VSS).

It is noticeable that the SVI, HSB/HT, and the settlable solids
were not correlated with the effluent quality expressed as organic
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Table I. Parameters of daily routine analysis

Daily routine analysis

Daily SBR
procedure

Parameters

X = the daily amount of clarified
effluent extracted from the basin

after sedimentation

Y = the daily amount of clarified
water extracted from the basin

Q = X + Y = the amount of influent
wastewater added daily to the basin

Physical pH
parameters Temperature

Duration of sedimentation

Duration of feeding
Flow of feeding
Settling in Imhoff cones

Dissolved oxygen
Total height of the mixed liquor
of the basin

Mixed

liquor

Influent

or

effluent

wastewater

The ratio of the height of the sludge
blanket after sedimentation to the

total height of the mixed liquor
of the basin

MLSS = mixed liquor suspended solids
MLVSS = mixed liquor volatile suspended solids

BOD5
BOD5 filtered

CODTOTAL
CODflltered
SS = suspended solids
VSS = Volatile suspended solids
DS = dissolved solids

VDS = volatile dissolved solids

TS = total solids

VTS = volatile total solids

NH3= ammonia
N02-N03 = nitrites - nitrates
TKN = total Kjeldahl nitrogen
Pinorg = Inorganic phosphorus
Pinorg.fiit = filtered inorganic phosphorus

Ptot = total phosphorus
Ptot.fiit = filtered total phosphorus
Alkalinity
pH
Oil and grease

Units

L

L

°C

h

h

L/h

mL

mg/L
cm

mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L of N
mg/L of N
mg/L of P
mg/L of P

mg/L of P
mg/L of P
mg/L of CaCo3

mg/L

Notes

5 days a week

5 days a week

5 days a week

Fixed

Fixed

Fixed

Fixed

Fixed

1/2 h and 1 h

matter removal or solids removal. This underlined the

necessity to evaluate a particular condition for different
sets of parameters and with different concerns (i.e., organic
removal, solids removal, settling characteristics, sludge
production, etc.) and not to rely only on one or two indicators
of performance. Nitrogen removal is one of the advantages
of the SBR system. Depending on the aeration cycle of the
system, nitrification or denitrification can occur in the different
phases on the cycle (anaerobic, anoxic, anaerobic). For the con
dition HRT/SRT = 3/15 the SBR daily cycle used was the one
indicated in Fig. 7, which provided 21 h of aeration, 2-1/2 h of

settling and Vi h of withdrawal. The primary objective of the
nitrification process was not to optimize nitrogen removal or
energy savings, but rather to establish a typical performance
based on aerobic conditions.

Table V and Fig. 11 illustrate the results of the nitrification
process expressed as mean values of NH3, N02-N03 and TKN
for the influent and the effluent wastewaters.

The removal of TKN was 95% and of NH3, 74%. Simultane
ously, the N02-N03 was increased from a mean value of 0.5
mg/L in the influent to 100 mg/L in the effluent, which indicated
that under aerobic conditions complete nitrification occurred.
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Figure 8. Results of organic matter removal.

255



Table II. Organic matter removal (mg/L)

Days of experimentation
Mean

value

Medium

1 2 3 4 5 6 7 8 9 10 value

BOD5 TOTAL INFLUENT 1500

BOD5 FILTERED INFLUENT 1000

BOD5 TOTAL EFFLUENT -

BOD5 FILTERED EFFLUENT -

CODTOTAL INFLUENT 2800

CODFILTERED INFLUENT 1900

CODTOTAL EFFLUENT -

CODpILTERED EFFLUENT -

2817

282

1700 -
1200 430

1200 -
870 290

30 -
8 10

3500 3168 2700 1200

2100 -
1700 500

205 151 140 110

100 _ 80 60

2752

83

2200
-

1640 1445 1570

1800 - 1100 1043 1050

6.0
-

16 14 10

4200 8989 3000 3512 2900

2200 - 2100 1750 2000

80 75 105 128 110

_ _ 100 74 90

Table III. Biomass and solids removal results (mg/L)

Day s of experimentation Mean

value

Medium

1 2 3 4 5 6 7 8 9 10 value

MLSS 3165 3325 2750 3534 3534 3025 3500 3625 3500 3400 3335 3450

MLVSS 2966 2900 2725 3354 3354 2925 3125 3275 3250 3050 3088 3088

SSiNFLUENT 340 - 660
-

248 250
-

500 -
260 376 300

VSSinflUENT 300
-

420
-

220 225
-

480
-

240 314 270

SSEFFLUENT - - 36 60 35 27 23 18 35 24 32 31

VSSgpFLUENT - -
36 54 35 27 20 18 26 23 30 26.5

Most of the values of the nitrification parameters (N02-N03,
NH3, TKN) were stable throughout the experimentation
period. Together with nitrogen removal, phosphorus removal
has been considered to be another advantage of the SBR system.
Table VI and Fig. 12 illustrate the results of the phosphorus
removal process. Ptotal and Pinorganic were measured for
both the influent and the effluent and the percentage of Ptotal
was calculated. The mean values of PTOland Pinor were 15.3
and 12.3 mg/L respectively, for the influent and 2.48 and 1.89
for the effluent. The mean percentage of Ptotal was 82.6%.

A number of parameters were calculated from the average
values of the measured parameters according to the following
equations:

A(N02-N03) = (N02-N03)INF-(N02-N03)EFFL (mg/L),
ANH3 = NH3INF-NH3EFFL (mg/L),
ATKN = TKNINF-TKNEFFL (mg/L),
AP = Ptot.infl- Ptot.effl (mg/L),
ACOD = CODtot.inf-CODfilt EFFL (mg/L),
F = g COD removed = ACOD x Q (g/d)
M = MLVSS x V, (g)
F/M = ACOD x Q/MLVSS X V (ratio),
g sludge production = MLVSS x X+Y X VSS (g/d),
yield = MLVSS x X+Y x VSS/ACOD X Q (ratio),
g N nitrified = [(N02-N03)EFF-(N02-N03)INF] x
Q (g/d),
gN removed = .Q x [(TKNINF +N02-N03INF)-(TKNEFF

+N02-N03EFF)] (g/d),
g P removed = AP x Q (g/d), and
P removed = AP/PTOT (%)•
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The calculated average values for condition (HRT/SRT) =
3/15 were:

A(N02-N03) = -98.92 mg/L, ANH3 = 14.04 mg/L,
ATKN = 224.5 mg/L, AP = 12.92 mg/L, ACOD =
3438 mg/L, F = 148.76 g, M = 23 g, F/M = 0.35, g sludge
production = 26.64 g, yield = 0.18, g N nitrified = 4.27 g/d,
g N removed = 5.43 g/d, g P removed = 0.55 g/d, P removed
= 83.8%

All the above values are characteristics for the condition
HRT/SRT = 3/15.

The 24-h test (track analysis) for the condition HRT/SRT =
3/15 was performed on 22 and 23 May. The influent COD used
for this period was 4200 mg/L. Figure 13 illustrates the, aera
tion cycle during the 24-h test. The sedimentation period was
3 h (ll:30-14:30h) and the feeding period 7 h and 20 min
(14:45-22:05h) with a rate of 6.25 L/h.

The parameters measured during this period were: MLSS,
MLVSS, ATP (three samples), pH, DO for the mixed liquor,
and CODTOTAL, COD¥lLTERED and NH3 for the effluent.

Table VII presents the results of the 24-h test for every hour,
includingthe average values for the three samples of ATP and
the calculatedcorresponding number of bacteria in 1 mL of the
mixed liquor. Figure 13 illustrates the time course of the
measured parameters.

At the beginningof the feeding periodthe biomass increased
and later gradually decreased until stability was reached. It is
evident that the duration of the feeding period and its rate, being
the control mechanisms for the HRT and SRT, influence
primarily the changes of the biomassandconsequentlyits level
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Figure 9. Evolution over time of the removal of biomass and solids.

Table IV. Sedimentation results

Days of experimentation
Mean

value

Medium

1 2 3 4 5 6 7 8 9 10 value

HTOTAL (Cm) 28.72 29.73 29.61 30.24 30.24 28.98 30.24
- -

29.61 29.67 29.67

^SLUDGE BLANKET ^TOTAL (%) 75 37 37 44 51 59 56
-

63 75 55.2 53.5

Imhoff cones, 1/2 h (mL) 900 590 400 510 825 650 720 950 920 900 736.5 772

Imhoff cones 1 hr (mL) 700 505 345 440 540 530 560 900 890 830 624 545

SVI (mg/L) 284 177 145 144 233 214 205 262 262 264 219 223
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Figure 10. Results of the sedimentation process.

Table V. Nitrification process (all parameters in mg/L)

Days of experimentation

NH3 INFLUENT 19*4

NH3 EFFLUENT

N02-N03 INFLUENT 1-0

n02-n03 effluent

TKNINfluent 220

tkneffluent

24.2

10

Mean

value

Medium

value

19
-

21 14
-

20
-

20.6 19 19.8

1.4 0.13 0.8 0.56 - 0.36 0.66 11.6 4.96 0.7

0.5 - 0.3 0.1 - 0.5 - 0.5 0.48 0.5

90 - 84 107 - 100 - 116 99.4 100

225 - 200 120 -
350

- 300 235 222

11.5 _ 7.7 5.8 - 8.4 - 19 10.5 8.4

of stability. The ammonia level was very low during the aera
tion period (0.5 mg/L) and increased tremendously during the
feeding period (up to 10 mg/L). As soon as the feeding stopped,
a rapid decrease occurred. In only 3 h, a low level of NH3
was reached again, and then remained constant until the end
of the 24-h test. The fluctuation of the ATP and the

corresponding number of bacteria in the mixed liquor were very

small during the experiment. The number of bacteria ranged
between 1.59 and 3.94 x 109 mL (Table VII). At the end of
the 24-h test period samples were taken for microbiological
examination from the influent and the effluent. The analysis con
tained counts of six different groups of microorganisms
(bacteria, protozoa, rotifers, nematodes, algae and hydrocariots)
in triplicates. A preliminary qualitative estimation (absence-

258 HADJINICOLAOU



NH3
INFLUENT

(mgA)

NH3
EFFLUENT

(mgA)

N02-N03
EFFLUENT

(mgA)

N02-N03
EFFLUENT

(mgA)

TKN

INFLUENT

(mgA)

15 +

10

5

400

300 --

200 --

100 --

TKN

EFFLUENT 30

(mgA) 20

10

JLSl_

222.3

~ 10.5

-h -+-

DAYS OF EXPERIMENTATION

Figure 11. The nitrification process.

10

Table VI. Phosphorus removal process

Days of experimentation Mean

value

Medium

1 2 3 4 5 6 7 8 9 10 value

Ptotal influent (mg/L) 12 - 12 -
10 28.5 16 -

14 15.4 13

^INORGANIC INFLUENT (mg/L) 9.3 - 9.3 - 8.8 24 13 -
9.3 12.28 9.3

Ptotal effluent (mg/L) - - 1.3 - 0.5 0.23 5.1 -
5.3 2.48 1.3

Pinorganic effluent

(mg/L) - - 0.15 - 0.1 0.2 4.6
-

4.4 1.89 0.2

% removal of Ptotal - - 89 - 95 99 68 - 62 82.6 89
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Table VII. Results of the 24-hour test

Day 1

Effluent (mg/L) Mixed liquor (ATP (ng ATP/mL)) BAC (no. of bacteria/mL)

Time CODT CODFIL NH3 MLSS MLVSS ATP, ATP2 ATP3 ATPAVER BAC, BAC2 BAC3 BACAVER DO

(mg/L)

22 May
09.00 - 60.6 0.54 4120 3710 1669.57 2275.99 - 1972.7 3.34E+0.9 4.55E+0.9 -E+0.9 3.94E+0.9 _

10.00 - 63.2 0.2 3770 3350 1741 969.39 2899.12 1869.9 3.48E+0.9 1.94E+0.9 5.8E+0.9 3.74E+0.9 8.20
13.00 - - - - - - - - - _ _ _

14.00 - - - - - - - - - _ _ 1.40
15.00 - - 1.91 5366 4867 1731.54 1577.91 2231.77 1847 3.46 +0.9 3.46 +0.9 4.47E+0.9 3.79E+0.9 _

16.00 - - 3.18 5250 5175 1438.78 1392.06 950.18 1260.3 2.88 +0.9 2.78 +0.9 1.90E+0.9 2.52E+0.9 1.60
17.00 - - 3.05 4900 4575 1615.06 1081.19 1372.07 1356.1 3.23 +0.9 2.16 +0.9 2.74E+0.9 2.71E+0.9 _

18.00 - - 3.46 4600 4500 1435.38 1182.65 1424.77 1347.6 2.87 +0.9 2.36 +0.9 2.85E+0.9 2.69E+0.9 1.60
19.00 - - 4.86 4125 3575 1378.81 1461.20 1268.35 1369.4 2.75 +0.9 2.92 +0.9 2.54E+0.9 2.73E+0.9 _

20.00 - - 4.46 3925 3925 1298.24 962.02 815.86 1025.37 2.60 +0.9 1.92 +0.9 1.63E+0.9 2.05E+0.9 _

21.00 - - 9.56 4175 3950 741.77 1041.84 709.61 831.07 1.48 +0.9 2.08 +0.9 1.42E+0.9 1.66E+0.9 3.50
22.00 - - 10.41 4550 4225 893.02 1062.97 1031.98 995.99 1.79 +0.9 2.12 +0.9 2.06E+0.9 1.99E+0.9 _

23.00 - - 6.53 3450 3475 999.85 755.56 631.73 795.71 2.00 +0.9 1.51 +0.9 1.26E+0.9 1.59E+0.9 _

24.00
- -

3.77 3725 3575 1092.06 907.09 1485.30 1161.94 2.1 +0.9 1.81 +0.9 2.97E+0.9 2.29E+0.9 3.80

23 May
0100 - - 0.42 4300 3925 1018.70 1250.59 925.84 1065.04 2.04 +0.9 2.50 +0.9 1.85E+0.9 2.13E+0.9 _

0200 - - 0.64 3975 3700 1205.14 1296.02 1229.33 1243.49 2.41 +0.9 2.59 +0.9 2.46E+0.9 2.48E+0.9 6.50
0300 - - 0.42 3475 3559 950.81 1056.17 - 1003.49 1.90 +0.9 2.11 +0.9 _ 2.0E+0.9 6.50
0400 - - 0.32 3775 3650 1123.05 1587.77 932.44 1214.42 2.25 +0.9 3.18 +0.9 1.86E+0.9 2.43E+0.9 _

0500 - - 0.20 3600 3350 1158.00 994.16 1557.34 1236.5 2.32 +0.9 1.95 +0.9 3.11E+0.9 2.47E+0.9 7.20
0600 118 - 0.10 3900 3650 1317.02 852.49 - 1084.7 2.63 +0.9 1.70 +0.9 - 2.16E+0.9 7.00
0700 118 - 0.10 3700 3475 1378.39 1506.42 1738.53 1541.13 2.76 +0.9 3.01 +0.9 3.48E+0.9 3.08E+0.9 7.20
0800 138 - 0.08 3475 3225 1421.24 1331.20 1392.54 1381.6 2.84 +0.9 2.66 +0.9 2.78E+0.9 2.75E+0.9 7.50
0900 118 - 0.07 3450 3225 892.82 820.99 - 856.9 1.79 +0.9 1.69 +0.9 - 1.71E+0.9 4.80
1000 - - 0.15 3500 3275 1101.82 1615.48 1493.55 1403.6 2.20 +0.9 3.23 +0.9 2.99E+0.9 2.80E+0.9 4.50
1100

- -
0.13 3650 3650 1130.63 1321.6 1567.30 1339.8 2.26 +0.9 2.64 +0.9 3.13E+0.9 2.67E+0.9 8.20

Average 123 61.9 2.37 4032 3667 1269.7 2.53E +

X
>

S
2
n
o

s:
o
a



Table VIII. Microbiological analysis results for the influent and effluent wastewater

Typet Organism Count 1 Count 2 Count 3

Influent wastewater

B Filamentous 1 700 000.00 1 930 000.00 1 780 000.00

B Microchains 12 472.52 16 630.02 12 472.52

P Bodo sp. 16 630.02 24 945.04 20 787.53

P Oikomonas sp.
P Amoeba sp. 20 787.53 20 787.53 16 630.02

P Vampyrella sp. 66.66 66.66 66.66

P Phyilomitus sp. 33.33 0.00 0.00

P Euglypha rotunda 33.33 33.33 33.33

P Centropyxis aculeata 0.00 0.00 0.00

P Dijflugiella oviformis 0.00 0.00 0.00

P Podophyra sp. 1 000.00 733.33 1 266.66

P Opercularis sp. 1 500.00 1 400.00 1 533.33

P Gymnostomatida 66.66 33.33 33.33

P Hypotrichida 0.00 0.00 0.00

R Monostyla sp. 33.33 0.00 66.66

R Philodina sp. 233.33 100.00 266.66

N Lecane sp.
N Nemetoda 100.00 100.00 66.66

A Chorella sp. 37 417.56 29 102.55 45 732.57

A Trachelomonas sp. 8 315.01 8 315.01 16 630.02

A Tabellaria sp. 33.33 33.33 0.00

A Oscillatoria sp. 0.00 0.00 0.00

A Euglena sp. 0.00 0.00 0.00

A Autres

H Hydracarina

Effluent wastewater

B Filamentous 0.00 0.00 0.00

B Microchains 0.00 0.00 0.00

P Bodo sp. 0.00 0.00 0.00

P Oikomonas sp.
P Amoeba sp. 0.00 0.00 33.33

P Vampyrella sp. 0.00 33.33 0.00

P Phyilomitus sp. 0.00 0.00 0.00

P Euglypha rotunda 0.00 0.00 0.00

P Centopyxis aculeata 0.00 0.00 0.00

P Difflugiella oviformis 0.00 0.00 0.00

P Podophyra sp. 0.00 0.00 66.66

P Opercularia sp. 0.00 0.00 0.00

P Gymnostomatida 0.00 33.33 66.66

P Hypotrichida 0.00 0.00 0.00

R Monostyla sp. 0.00 0.00 0.00

R Philodina sp. 0.00 0.00 0.00

N Lecane sp.
N Nemetoda 0.00 0.00 0.00

A Chorella sp. 933.33 1 266.66 1 100.00

A Trachelomonas sp. 0.00 0.00 0.00

A Tabellaria sp. 0.00 0.00 0.00

A Oscellatoria sp. 0.00 0.00 0.00

A Euglena sp. 66.66 0.00 0.00

A Autres

fB = bacteria, R = rotifers, A = algae, P = protozoa, N = nematodes, H = hydrocariots.

presence) and a semi-quantitative estimation (quantity level) was
obtained. Afterwards a Howard Mold, 1/10-mm counter was
utilized. The identification and the evaluation of the numbers

of microorganisms were performed in two levels of magnitude
(100 X 400 X) with a microscope. Table VIII illustrates the
results of these counts in detail, and Table IX presents a sum
mary of the average values.

The removal of the microorganisms through the SBR
operation was evident. Bacteria, rotifers and nematodes were
either absent from the effluent or the system failed to detect
them. The numbers of protozoa and algae diminished
significantly. The predominant types of microorganisms
in the influent wastewater were the bacteria, protozoa and
algae.

CANADIAN AGRICULTURAL ENGINEERING 261



p
TOTAL

INFLUENT

(mgA)

P
rTOTAL
EFFLUENT

(mgA)

r INORGANIC
INFLUENT

(mgA)

r INORGANIC
EFFLUENT

(mgA)

% REMOVAL

OF P
TOTAL

30

25

20

15

10

5

6

5

4

3

2

1

30

25

20

15

10

5

6

5

4

3

2

1

100

90

80

70

60

50

15.3

2.46

1i28

82.6

H 1 h

10 11

DAYS OF EXPERIMENTATION

Figure 12. Results of the phosphorus removal process.

CONCLUSIONS

(1) The efficiency of the SBR system depends on the objec
tives and priorities that the treatment unit is designed to accom
plish. The SBR unit can very well be used for organic matter
removal, solids removal, nitrogen and phosphorus removal, or
a combination of them. The definition of a condition as excel
lent, very good, good, bad, or very bad is related to the objec
tives of the study.

(2) Detailedanalysisof controlled conditions expressed as ratios
of HRT/SRT are necessary to control the system in levels of
known good performance.

(3) The controlled condition HRT/SRT = 3/15 indicates very
good organic matter removal (97.8%) very good solids removal
(90%), complete nitrification (95% removal of TKN, 79%
removal of NH3, AN02-N03 = -99.5 mg/L) good phos
phorus removal (82.6%) and very bad settling characteristics
(736 mL- Vi h Imhoff cones, 624 mL- 1-h Imhoff cones, SVI
= 219 mg/L). The effluent quality was excellent (VSS =

262

Table IX. Average value of the different types of organisms present
in the influent and effluent wastewaters

Type
of

organism

Bacteria

Protozoa

Rotifers

Nematodes

Algae

Hydrocariots

Type of wastewater

Influent Effluent
(average values from three counts)

1.81 x 106/mL

4.2 X 104/mL

2.33 x 102/mL = 233.3/mL

88.8/mL

4.85 x 104/mL

0

0

77.7/mL

0

0

1.22 x 103/mL

0.22 x 102/mL

30 mg/L, CODtqteffl = 128 mg/L, COD¥1LTE¥¥L =
74 mg/L, BOD5 EFFL = 14 mg/L).

(4) The 24-h track analysis and the microbiological examina
tion of the influent and effluent wastewater give an inside
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Figure 13. Results of the 24-h test.

ture of the process by describing the changes of the biomass
due to the operation cycle and the presence or absence of
different types of microorganisms throughout the system.

(5) The detailed analysis of a controlled condition expressed
as ratio of HRT/SRT is the primary step for the development
of operation and design criteria of an SBR system applied for
the treatment of industrial effluents.
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