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STUDIES ON ACTIVATED SLUDGE TREATMENT OF
POULTRY PROCESSING WASTEWATER

Laboratory- and pilot-scale studies with activated sludge treatment of poultry processing was-
stewater showed that over 909, of the pollutants can be removed with the conventional process.
Over 509, of the BODs and suspended solids and 75 9%, of the oil and grease can be removed at
hydraulic detention times as short as 2 hours.

1. INTRODUCTION

Poultry processing wastewater, which may average 4.5 dm3/bird in a typical plant [2]
is difficult to treat and dispose off. The BOD discharges have been reported to be as high
as 9.9 kg/Mg live weight killed (LWK) [6].

The proposed performance standards for discharge into streams in the United States
[3] would eventually limit discharges to 0.30 kg BODs/Mg of LWK, 0.34 kg total sus-
pended solids (TSS) /Mg of LWK, 0.20 kg oil and grease/Mg of LWK and 4.0 mg NH;/dm?3
of effluent. These levels are not impossible to attain, but are not met consistently by many
poultry processing waste treatment systems.

Maximum permissible waste concentrations of 300 mg BOD;/dm?3, 300 mg SS/dm3
and oil and grease 200 mg/dm? are common when effluents are discharged to city sewerage
in many municipalities. When the wastewater concentrations exceed those levels, proces-
sors are required to pay a surcharge on the excess. The surcharge is important because
city waste treatment systems probably will be pressured to improve their effluent and will
pass this cost on to the processor by increasing the surcharge rate.

Since its conception, the activated sludge process has been widely used for treatment
of both municipal and industrial wastewaters. Various modifications of the process have
been developed, but all have basic common principles. The conventional activated sludge
process can remove 959, of the BOD5 and suspended solids [4]; and although the process
produces solids that must be disposed of, it is very stable and reliable. The greatest advan-
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tage of the process as compared to lagoon or land application systems is the small land
area required. About 659, of the federally inspected poultry processing plants in the Uni-
ted States discharge waste into a municipal treatment system [7]. The remaining 35 %, that
do not have access to municipal sewers must have an efficient, private waste-treatment
system to meet the discharge standards.

Tests were conducted for over 2 years with laboratory and pilot-scale systems to de-
termine the applicability of activated sludge for treating poultry processing wastewater.

2. LABORATORY STUDIES
2.1. CONVENTIONAL TREATMENT

A laboratory-scale activated sludge unit consisting of a reactor and a solids-liquid
separator (fig. 1) was constructed of clear plastic. Volume of the reactor (20.3 cm I.D. by
35.6 cm deep) was 7 dm3. Compressed air was supplied to the reactor through a 7-mm-I.D.
plastic tube with holes on 13-mm centers. Air flow was controlled by a pressure regulator
to provide enough oxygen to the reactor to maintain a minimum dissolved oxygen con-
centration of 1 to 2 mg/dm3. A mechanical stirrer provided agitation. The solids-liquid
separator had a 30.5 cm by 30.5 cm top opening, a 32 mm by 32 mm bottom and its liquid
volume was 17 dm3. The bottom was fitted with a plastic tubing that served as the solids
recycle line, and the clarified effluent flowed from the separator into a collection tank.
The system was located in a room kept at 21°C (294 K).

Influent —._
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Solids recycle

Compressed air

Fig. 1. Laboratory-scale conventional activated sludge unit

Rys. 1. Konwencjonalne urzadzenie do oczyszczania osadem czynnym w skali laboratoryjnej
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Raw wastewater, obtained twice a week from a local commercial processing plant was
sampled (table 1), analyzed [1] and stored at 2-3°C until ready for use. The wastewater
was pumped continuously into the reactor with a variable-speed, peristaltic pump at
28 dm3/day from glass bottles maintained at 2-3°C by a refrigerated-water bath.

Table 1

Sampling schedule for laboratory-scale study of conventional activated sludge
Schemat poboru préb z laboratoryjnych konwencjonalnych komoér osadu czynnego

Schedule
Parameter
Influent Effluent Reactor Mixed Liquor
COD* 2/week M, W, F
Suspended Solids> — SS 2/week M, W, F M, W, F
Oil and grease 2/week w
Total (Kjeldahl) Nitrogen — TKN 2/week W
Ammonia Nitrogen — NHj 2/week w
Phosphorous — P 2/week w
pH 2/week M, T, W, Th, F
Dissolved Oxygen — DO 2/week M, T, W, Th, F
Temperature 2/week M, T, W, Th, F

1) Effluent COD was determined on filtrated samples.
2) Both total and volatile determinations were made.
Note: M, T, W, Th, F, stand for days of the week.

On initial start-up, 20 dm? of activated sludge from a municipal activated sludge plant
was used to seed the reactor. The laboratory system was operated at low hydraulic flow
rate (6-10 dm?3/d) for several days during which the sludge and the poultry processing
wastewater were acclimated. The feed rate, Q, was then increased to 28 dm?/d. This rate
gave a hydraulic detention time, 6, in the reactor of 6 h and was maintained throughout
the remainder of the study. The recycle rate, Q, was not controlled but normally was not
controlled but normally was greater than 3 Q.

The sludge age (6), or the mean solids residence time was the variable and was con-
trolled by daily wasting solids from the mixed liquor in the reactor. Sludge age, which is
best determined by correcting for the mass of organisms that are unintentionally wasted
each day with the effluent, is given by

VX

05 = : M)
O X+(Q—0p) X
where:
V  — volume of the reactor;
X — organism concentration in the reactor expressed as mixed liquor volatile

suspended solids (MLVSS), mg/dm?;
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QO — amount of sludge wasted daily from the reactor;
Q — hydraulic flow rate,
X — effluent volatile suspended solids (VSS), mg/dm? [4].

Sludge age was controlled by wasting solids from the reactor at the rates 1.0 ¥, 0.5 V,
0.29 v, 0.14 ¥, 0.10 ¥ and 0.07 V" per day. Actual sludge age was calculated by use of
eq. ().

Performance of the system was determined by analysis of the mixed liquor and the
effluent (table 1) [1]. Because effluent COD was determined on filtered samples, reported
COD values are based on the soluble material in the wastewater. Settling characteristics
of the sludge in the solids-liquid separator were noted after the system had reached steady
state.

Only data for the system at steady-state were analyzed. The system was operated for
a time period at least three times the set sludge age before any steady-state data were ta-
ken, and was considered to be at steady-state when the concentration of the MLVSS
(mixed liquor volatile suspended solids) and the calculated sludge age were relatively
constant from day to day. Uniformity in the settling rate of the sludge in the solids-liquid
separator was also a good indicator of steady-state operation. After reaching steady-state,
the system was operated 3-4 weeks at each sludge age.

Data for the system at each sludge age, 0y, are given in table 2. Soluble COD of the
effluent was not dependent on g, and the reductions in COD averaged 939, for all va-
lues of 0 (fig. 2). However, suspended in the effluent increased with 6. When the obser-
ved sludge settling characteristics were optimum, 0 of 2 to 3.5 days, the suspended solids
concentration was only about 509, greater than the concentration at 6 of 1 day and about

Table 2

Summary® of data for the laboratory-scale conventional activated sludge system at steady state

Kompilacje wynikéw pracy konwencjonalnej laboratoryjnej komory osadu czynnego w warunkach usta-
lonych

COD SS Oil and grease TKN

Daily solids g MLYVSS
wasting rate d mg/dm? Inf.2 Eff.3 Inf. Eff. Inf. Eff. Inf. Eff.
mg/dm?® mg/dm® mg/dm?® mg/dm® mg/dm® mg/dm?® mg/dm? mg/dm?

1v+ 0.98 1208 1126 68 355 8 174

5 73 7
0.5V 1.93 2248 1097 119 320 17 178 5 73 10
0.29V 3.26 2306 905 39 297 15 246 S 82 i/
0.14V 5.91 3120 1216 76 292 26 80 23 89 3
0.10V 8.11 4687 1582 116 438 30 154 6 94 2
0.07V 8.25 2271 983 65 248 31 109 13 86 30

! Effluent COD and SS and MLVSS values are averages of 9-12 samples. All influent values are averages of 6-8 samples.
Effluent oil grease and TKN values are averages of 3-4 samples.

2 Influent concentration.

3 Effluent concentration.

4 ¥V is the volume of the reactor.
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Fig. 2. Percent removal of COD and suspended solids (TSS) as a function of sludge age (6) for the con-
ventional treatment laboratory-scale study

Rys. 2. Procentowe usuwanie ChZt i zawiesin w zaleznosci od wieku osadu (fs) dla badania konwencjo-
nalnego oczyszczania w skali laboratoryjnej

959, of the suspended solids were removed. Thus, soluble COD and suspended solids data
for the effluent showed little difference in the performance of the system with change in 0.

The efficiency of oil and grease removal was more variable than the reductions in COD
or suspended solids, but the activated sludge system effectively degraded the oil and grease
in the wastewater. The data indicated that for four of the six sludge ages, than 96 9, of
the oil and grease were removed.

The concentration of the biomass in the reactor ranged from 1208 to 4687 mg MLVSS/
/dm? and generally increased with sludge age. The pH of the mixed liquor varied from 6.0
to 6.3. The average concentrations of dissolved oxygen in the reactor and mixed liquor
temperatures varied but were not dependent on 0.

The activated sludge process removed from 65 to 989, of the total nitrogen (TKN)
in the wastewater. In general, the TKN concentration in the effluent decreased as biomass
concentration in the reactor and sludge age increased. The phosphorous concentration
ranged from 0.9 to 4.6 mg P/dm? and 4687 mg MLVSS/dm?, respectively, and increased
with sludge age. On the basis of overall performance and 6 for optimum sludge settling
characteristics, 2-3.5 days, the activated sludge system could be expected to reduce total
nitrogen concentration about 909, and phosphorous concentration about 50 to 60 Yo

The kinetic coefficients of the activated sludge system were determined, and trial-
-and-error solutions for the Monod equation [4] showed that the specific growth rate of
the biomass, g, was between 1.5 and 2.0 d™' and K, the COD saturation coefficient,
between 20 and 24 mg O,/dm3. However, the specific substrate removal rate, U, was essen-
tially independent of substrate COD concentration and is best expressed as a constant
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Fig. 3. Relationship between sludge age () and substrate (COD) removal rate (U) for the conventional
treatment laboratory-scale study

Rys. 3. Zwigzek pomiedzy wiekiem osadu (0g) i polozeniem (ChZT), szybkoscia usuwania (U) dla badania
oczyszczania konwencjonalnego w skali laboratoryjnej

value of 1.5 mg COD/d/mg MLVSS for all 0. This indicates that the activated sludge
system could daily reduce soluble COD by 1.5 g/g of MLVSS in the reactor. At 6 of 3.26
days, the system could daily reduce COD by about 3.5 g/dm? of reactor volume.

A regression analysis on the growth rate, 1/0, plotted against the specific substrate
removal rate, U, (fig. 3) showed that the yield was 0.39 mg VSS/mg COD removed and
the specific organism decay rate, k,;, was 0.34 d~*. Based on this analysis, the specific or-
ganism decay rate was about one-fifth of the specific growth rate.

2.2. INTERMITTENT HIGH HYDRAULIC FLOW RATE

A second laboratory-scale study was conducted to determine the effects of intermittent
high hydraulic flow rates on the performance of an activated sludge system. The laboratory-
-scale equipment (fig. 4) consisted of three reactors, a solids-liquid separator and a recycle
pump. The reactors were clear platic, 5-dm?® containers (203 mm L.D. by 203 mm deep).
Compressed air was supplied to each reactor through a porous stone and a mechanical
stirrer was used for agitation. A solids-liquid separator as used in the previous study was
modified to hold 4.5 dm?. Recycled sludge was pumped to the first reactor at a controlled
rate, usually equal to the hydraulic flow rate, by a peristaltic pump.

Tests were conducted at hydraulic detention times, 0, of 9, 6, 3, 1, and 0.5 h. The
6, was controlled by varying the reactor volume and hydraulic flowrate. Total reactor
volume was held at 15 dm? at flow rates of 5, 2.5 and 1.67 dm3/h for the 3, 6 and 9 h de-
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Fig. 4. Laboratory-scale intermittent high hydraulic flow rate activated sludge unit

Rys. 4. Urzadzenie dla oczyszczania osadem czynnym przy przemystowym wysokim tempie przeptywu
hydraulicznego w skali laboratoryjne;j

tention times, respectively. Flowrates were 10 and 5 dm?/h, respectively, for 6 of 0.5 and
1 h with a reactor volume of 5 dm3. The volume of the solids-liquid separator remained
constant for all tests.

Raw wastewater, collected as needed from a local poultry processing plant, was sam-
pled and analyzed for COD, total suspended solids and oil and grease [1]. Wastewater
not used the day of collection was stored at 2-3°C until used; chilled wastewater was
held at room temperature for several hours before it was fed to the reactors. The waste-
water was pumped into the reactors for 8-9 h/d from Monday through Friday. No waste-
water was fed to the reactors on weekends to simulate normal processing plant operation.

On initial start-up, all three reactors were filled with activated sludge from the other
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operating laboratory-scale activated sludge unit. About 20 dm?3 of raw wastewater was
added daily for about 5 days to acclimate the system.

The unit was operated for 3 weeks at each flow rate. Daily measurements were made
of pH, dissolved oxygen and temperature of the mixed liquor in the reactors. Total and
volatile suspended solids of the mixed liquor were determined three times a week. COD
and TSS and VSS of the effluent were determined three times a week and oil and grease
were measured once a week. COD was determined once a week on a filtered effluent sample.

Biomass concentration for the intermittent flow laboratory-scale activated sludge
experiments ranged from 1689 mg MLVSS/dm® at 0, of 9 h to 3931 mg MLVSS/dm3
at 0 of 1 h (table 3). The system effectively degraded the COD in the wastewater and 47 0%
was removed at 0, of 0.5 h and over 60%, at 0, of 1 h (fig. 5). The amount of COD in
the effluent typically decreased as the 0, increased.

Removal of suspended ‘solids varied and was only about 209, at 6, of 1 h and about
40% at 0.5 h. However, removal was 57 % at 6, of 3 h and increased to 90%, at 0, of 9 h.

The system degraded both COD and suspended solids equally at high 6,,, but removed
much less of the suspended solids at the low 6, i.e. 3.1 and 0.5 h. In the effluent soluble
COD was considerably less than total COD. Oil and grease concentration in the effluent
was reduced by more than 909, at 6, of 9, 6, and 3 h and by 74%, and 699, at 0, of 1
and 0.5 h; apparently the system effectively removed oil and grease at the high flowrates.

The COD remaining in the effluent increased linearly with the food-to-microorganism
ratio (F/M) expressed as kg COD/d/kg MLVSS based on an 8-hour day. The F/M ratio
increased from 0.61 for 6, of 6 and 9 h to 5.42 kg COD/d/kg MLVSS for 6,, of 0.5 h.

Table 3

Summary' of data for the laboratory-scale activated sludge system with intermittent, high hydraulic
flow rate
Kompilacja wynikow w laboratoryjnej komorze osadu czynnego pracujacej w warunkach nieciaglego
wysokiego obciazenia hydraulicznego

Hydraulic Reactor conditions COD Suspended Solids Oil and grease
detention S - R
tiie, B D.0.2 (MLVSS)  prs Eff.4 Inf. ET. Inf. EfT.

h mg/dm?3 CORCEn(vation mg/dm®  mg/dm® mg/dm® mg/dm?® mg/dm® mg/dm?

mg/dm?3
0.5 1.6 3449 1169 625 316 186 119 3

1 2.1 3931 1277 484 424 341 165 43

3 7.0 1809 1343 346 388 165 392 17

6 8.5 2535 1156 196 373 100 104 4

9 755 1689 1152 103 623 65 125 10

1

Data for 2 weeks at each hydraulic detention time. Influent values are averages of 10 samples for 07 of 0.5 h 5samples
at Op ’s of 1,3 and 6 h and 3 samples at 9 h. All D.O. values are averages of 10 measurements. MLVSS and
effluent COD and SS values are averages of 6 samples. Effluent oil and grease is an average of 2 samples.

2 Disssolved oxygen.
3 Influent concentration.
4 Effluent concentration.
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Fig. 5. Percent removal of COD, total suspended solids (TSS) and oil and grease (O&G) as a function
of hydraulic detention time for the laboratory-scale study with intermittent, high hydraulic flow rate

Rys. 5. Procentowe usuwanie ChZT, ogolnych zawiesin (TSS) oraz oleju i ttuszczu (0 and G) w zaleznosci
od czasu przetrzymywania dla badan w skali laboratoryjnej przy nieciaglym wysokim tempie przeptywu
hydraulicznego

The yield of the biomass (mg MLVSS/mg COD removed) decreased with 6. The
system produced about 0.15 kg of VSS/kg COD removed from the influent wastewater.
The plot of the net growth rate versus COD removal rate (fig. 6) shows that the overall
growth-yield coefficient was 0.26 mg MLVSS/mg COD removed and the microorganism
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Fig. 6. Relationship between sludge age (05) and substrate (COD) removal rate (U) for the laboratory-scale
study with intermitted, high hydraulic flow rate

Rys. 6. Zalezno$¢ miedzy wiekiem osadu (6g) a predkoscia usuwania ChZT (U) w badaniu laboratoryjnym
z niecigglym wysokim obcigzeniem hydraulicznym
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decay coefficient was 0.43 mg MLVSS/d/mg MLVSS. Those coefficients indicate that
the system produced 0.26 mg of volatile suspended solids in the reactor for each mg of
COD removed from the wastewater and that 0.43 mg of volatile suspended solids decayed
and was lost daily for each mg of volatile suspended solids in the reactor.

3. PILOT-SCALE STUDY

A pilot-scale activated sludge unit was designed and built (fig. 7) with the reactors and
settling tank constructed in one unit in the form of a rectangular tank 4.9 m long by 1.5 m
high by 1.5 m wide. Each of the three reactor tanks has an approximate liquid volume of
1.89 m?; total reactor volume is 5.67 m3. The solids-liquid separator was constructed with
sloping sides and held about 2.46 m3 with a surface area of 2.8 m?2.

Raw wastewater
from processing

Fig. 7. Pilot-scale activated sludge unit

Rys. 7. Pilotowe urzadzenie z osadem czynnym

Raw wastewater was pumped into reactor / and flowed over the dividing walls to
reactors 2 and 3. Baffles were mounted on the inlet side of the last two reactors and on
the solids-liquid separator to force the incoming water to flow downward and to prevent
short-circuiting of the flow. The solids-liquid separator was equipped with a 102-mm dia-
meter outlet, at the bottom of the tank, that served as the solids-recycle line. The clari-
fied effluent flowed out the top of the separator through two 102-mm diameter pipes to
a weir box where the flowrate was measured with a weir and a level recorder.

Raw wastewater was pumped to the reactors from the final discharge flume in the
processing plant with a 1.12 kW centrifugal pump. Recycled solids were pumped from
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the bottom of the solids-liquid separator to reactor / with a 1.5 kW positive- displacement-
-process pump. Air was supplied to the reactors through air diffusers by a 7.35 kW rotary
positive blower.

The unit was installed at a poultry processing plant and on start-up, about 130 dm? of
activated sludge from a municipal activated sludge plant was mixed with about 420 dm?®
of raw waste in reactor /. Reactors 2 and 3 were filled to the same level with water and
the air blower was started. Wastewater was added daily for the next 4 weeks until the re-
actors were full. Wastewater was fed to the system for 8 h/d, Monday through Friday for
the duration of the study except for days when the processing plant did not operate.

The unit was operated at hydraulic flowrates of 3.0, 1.5, 0.5 and 0.25 dm?/s to give
hydraulic detention times (6,) of 0.5, 1, 3, and 6 h, respectively. Following the comple-
tion of these tests, two of the reactor tanks were drained and the unit was operated with
only one reactor tank. This gave a total reactor volume of 1.89 m? with the solids-liquid
separator at the same volume as in the previous tests, 2.46 m>. This was done to improve
the clarification of suspended solids in the effluent and to increase the reactor biomass
concentration by increasing the solids settling time in the solids-liquid separator. The
system was operated at flowrates of 0.5 and 0.25 dm?/s to give 0, of 1 and 2 h.

The performance of the system was evaluated by sampling and analyzing [1] the in-
fluent, effluent and the mixed liquor (table 4). Influent and effluent samples were collec-
ted with small pumps actuated by a clock controller and the samples composited and sto-

Table 4

Sampling schedule for pilot-scale activated sludge system

Schemat poboru prob w pilotowej komorze osadu czynnego

Parameter Schedule

Influent and effluent

BODs*! W, TH, F
COD M, T, W, TH, F
Oil and grease M, T, W, TH, F
N—NH; M, W, F
TKN M, W, F
Suspended Solids? M, T, W, TH, F
Reactor mixed liquor
pH M, T, W, TH, F
Dissolved Oxygen M, T, W, TH, F
Temperature M, T, W, TH, F
Suspended Solids? M, T, W, TH, F
Total Solids? M, T, W, TH, F
Recycle line
M, T, W, TH, F

Suspended Solids?

1 Both total and soluble determinations for effluent.
2 Both total and volatile determinations.



1 Numbers in parenthesis are the number of samples in each average.
2 Dissolved oxygen.

3 Influent concentration.
4 Effluent concentration.
5 Concentration of soluble BODs in effluent.
6 Three reactor tanks.
7 One reactor tank.

Table 5
Summary of data' for the pilot-scale activated sludge system .
Kompilacja wynikéw z pilotowej komory osadu czynnego
) Reactor -conditions BOD; Suspended Solids Oil and grease
d tHytd-rautlfc -Duration Bi
etention time iomass
2 f test
05 ?W . elfS; D.02  Temp. (MLVSS)  Inf? Eff.¢ S;‘;ﬁ‘e Tnf, Eff. Inf, Eff.
(h) (mg/dm?) o) conc.  (mg/dm®) (mg/dm?) d? (mg/dm®) (mg/dm®) (mg/dm®) (mg/dm®)
(mg/dm?) (mg/dm?)

6° 8 7 26 848 1213 713 88 947 709 463 94
37 1e) ae) ¥ (36) (36) (36) (36)

36 14 74 23 807 1430 872 190 871 730 388 194
(68) @31 (31) (15) (60) (60) (60) (60)

1° 7 6 26 793 1634 1067 214 1006 708 483 260
(33) 1) (21) 11 (33) (33) (33) (33)

17 9 8 14 1074 1225 758 229 878 585 388 193
(30 (19) 19 19 (30 (30) (30) 30)

27 7 6 7 786 1046 490 74 822 429 406 90
28) 12) 12 an 28) (28) (28) (28)

99¢
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red in insulated containers until they were taken to the laboratory for analysis. Grab sam-
ples of the reactor mixed liquor and recycle line solids were taken 4-6 h after the feed pump
had been started. Dissolved oxygen (DO), pH and temperature of the mixed liquor were
measured in the morning.

The MLVSS (table 5) were low for all hydraulic detention times (0,). The low biomass
concentration is partly attributed to the design of the solids-liquid separator. The pilot-
-scale separator was only 1.3 m deep; the recommended minimum depth is 3 m [5] but
we could not build a pilot unit that deep.

The system failed when operated at a 6, of 0.5 h and those data were not included in
any of the analyses. There were no noticeable differences in the performance of the system
at the different temperatures of the mixed liquor in the reactor. The system did not de-
crease the concentration of the ammonia-nitrogen and total nitrogen in the wastewater.

About 40 %, of the total BOD; was removed at ;s of 6 and 3 h (fig. 8) and about 33 %,
was removed at 0,’s of 1 h with all 3 reactor tanks. There was very little difference in to-
tal BOD; removal at 0, of 1 h for the arrangements with 3 reactor tanks or 1 reactor tank.
At a 0 of 2 h with one reactor tank, over 50 %, of the total BODs was removed. COD re-
movals showed the same overall trend as BODs.

100
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- ///.
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i ®
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0 2 L 6

Hydraulic  detention time , QH , hours
Fig. 8. Percent removal of total soluble BODj as a function of hydraulic detention time (6f) for the pilot-
scale studies)

Rys. 8. Procent obnizki BZTs — calkowitego i rozpuszczonego w zaleznosci od czasu (0f) w badaniach
pilotowych

The soluble BOD5 remaining in the effluent is a measure of the BODs that was not
removed by the waste treatment system. This portion of the waste remaining in the effluent
is an indication of removal efficiencies that would be expected from an activated sludge
system where all of the suspended solids were removed from the waste system. The soluble
BODj fraction remaining in the effluent was about 159, of the total influent BODj at

6 — EPE 3/79
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detention times of 1 and 3 h and about 8 9, at 6 h. The tests conducted with 1 reactor tank
did not show an appreciable difference from the 3-tank arrangement at a 6, of 1 h; the
soluble fraction remaining at 0, of 2 h with 1 tank was about the same as the soluble BOD s
remaining at 0 of 6 h with 3 tanks. Overall, about an 859, BOD; removal could be ex-
pected with good SS removal from the clarified effluent for an activated sludge system ope-
rated at 6, = 1-2 h.

About 50 %, of the oil and grease was removed at 0,,’s of 1 and 3 h with 3 tanksandat 1 h
with 1 tank (fig. 9). Increasing the detention to 6 h resulted in an 809, reduction in oil
and grease. About 759, was removed at a 0 of 2 h with 1 reactor tank and the improved
solids-liquid separation.

100

%
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/A

r // Oil & grease

Waste removal
g
T

W /,/ .
- Suspended solids
°
20k \//

0 1 . 1 1 1 I I J
0 2 4L 6

Hydraulic  detention time , ®, , hours

Fig. 9. Percent removal of suspended solids and oil and grease as a function of hydraulic detention time
(0g) for the pilot scale studies

Rys. 9. Procent obnizki zawiesin i tluszczow w zalezno$ci od czasu (0y) w badaniach pilotowych

Because the system was operated without solids wasting from the reactor or the solids
recycle line, high effluent suspended solids concentrations were expected. When the system
was operated with 3 reactor tanks about 309, of the suspended solids were biologically
degraded at a 0 of 1 h (fig. 9). Tests with 1 reactor tank and the same size solids-liquid
separator showed about the same 30 %, efficiency at 0, of 1 h, but nearly 509, of the sus-
pended solids were removed at a 0 of 2 h. Increasing the hydraulic detention time to 3 and
6 h did not improve the suspended solids reduction.

4. DISCUSSION

The laboratory studies showed that the conventional activated sludge process effecti-
vely treated high-strength wastewater from a poultry processing plant. At a hydraulic
detention time of 6 h, the system removed 93 9, of the soluble COD, 94 %, SS and more




Studies on activated sludge treatment... 269

than 97 %, of the oil and grease when operated at a sludge age of 2-3.5 d. The process also
reduced the TKN and P concentrations. Sludge age affected the operation of the system,
and sludge settling characteristics were best at 6, = 2-3.5 d.

Results from the operation of the pilot-scale system showed that activated sludge could
remove one-third of the BOD; at 1 h hydraulic detention. Suspended solids removal was
309, and oil and grease degradation was 509, at 1 h. Increasing the detention time to 2 h
and improving solids-liquid separation increased waste removals to: BODs, 55%, sus-
pended solids, 50%; and oil and grease 759%,. A potential 909, reduction of BODs is
possible with good suspended solids removal in the clarified effluent.
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BADANIA NAD OCZYSZCZANIEM SCIEKOW Z PRZETWORSTWA DROBIU
OSADEM CZYNNYM

Przedstawiono wyniki badan nad cze$ciowym biologicznym oczyszczaniem Sciekow z zakltadow dro-
biarskich w komorach osadu czynnego. Badania prowadzono w laboratoryjnych komorach o ciaglym
przeplywie 7d/tydz. (1); w komorach laboratoryjnych obciazonych nieciagle, wysokimi tadunkami hydrau-
licznymi (II); oraz w urzadzeniach pilotowych pracujacych pod nieciagltym obciazeniem hydraulicznym (III).

Wykazano, ze dla retencji 6h mozna uzyska¢ w warunkach I i il 93 %, obnizke¢ ChZT rozpuszczonego
oraz 949, obnizke zawiesin i 97 % ttuszczy, przy wieku osadu 2-3,5 d, ktory rownocze$nie byt optymalny
dla sedymentacji zawiesin osadu czynnego. Wyniki pracy oczyszczalni pilotowej (III) dowiodty mozliwosci
obnizki 33 % BZTs, 30% zawiesin i 50% tluszczy przy retencji hydraulicznej 1 h. Dwugodzinna retencja
spowodowala wzrost obnizki BZTs do 55 %, zawiesin do 50% i ttuszczy do 75 %. Stwierdzono takze mozli-
wo$¢ uzyskania 909% obnizki BZTs przy odpowiednio dobranych parametrach procesu.

Interpretujac wyniki wzorem Monoda uzyskano w badaniu I wlasciwa predko$¢ wzrostu & = 1,5-
-2,0d-* przy Kg = 20-24 mg0O,/dm?® — ChZT. Wiasciwa predko$¢ usuwania substratu wyniosta U = 1,5 mg
ChZT/d/mg zaw. osadu cz. i byla stata dla wszystkich wartosci O (wiek osadu) — niezalezna od steZenia
ChZT. Przyrost osadu wynosit 0,39 mg zawiesin org./mg ChZT usunigtego, za$ predkos¢ rozkladu kg =
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= 0.34 d~* (rownanie 1/0g = 0.39 U-0.34.) W badaniu II uzyskano zaleznos$é 1/65 = 0.26 U-0.43. Obcia-
zenia osadu fadunkiem ChZT wahato sig¢, w zaleznoici od czasu retencji, w granicach 0.6-5.4 g O,/g.s.m.
na dobe.

ZUR REINIGUNG VON ABWASSERN AUS DER GEFLUGELVERARBEITUNG
MITTELS BELEBTSCHLAMM

Dargestellt werden Versuche zur biologischen Teilreinigung der Abwisser aus Gefliigelverarbeitung

im Belebtschlammverfahren. Die Versuche wurden parallel wie folgt gefahren:

(I) LabormaBstab, kontinuierliche Beschickung 7 Tage/Woche,

(II) LabormaBstab, diskontinuierliche Beschickung mit hydraulischen BelastungsstoBen,
(III) Pilotanlage, diskontinuierliche Beschickung.

Bei Versuchsbedingungen wie (I) und (II) und bei einer Aufenthaltszeit von 6 Stunden, konnte ein
Abbau von 93 % des CSB, 94 % der Schwebezstoffe und 97 % der Lipide erreicht werden. Ein Schlammalter
von 2-3,5 d war zugleich optimal fiir die Absetzeigenschaften des Belebtschlamms. In der Pilotanlage (IIT)
bei einer Verweilzeit von einer Stunde, wurden folgende Abbauraten erreicht: 33 % BSBs, 30% Schwebe-
stoffe und 50 %, Lipide. Die Verlingerung der Verweilzeit bis zu zwei Stunden, wirkte sich in der Erh6hung
der Abbauraten wie folgt aus: 559% BSBs, 50 % Schwebestoffe und 75 9% Fettstoffe. Bei der Wahl anderer
Parameter, ist ein Abbau von 909% des BSBs moglich.

Werden die Ergebnisse nach der Formel von Monod ausgewertet, dann ist in (I) die Wachstumsrate
4 =1,52,0 d~* bei Kg=20-24 mg O,/dm? (als CSB). Die spezifische Abbaurate des Substrats war
U = 1,5 mg CSB /d und von der Konzentration unabhingig. Der Schlammzuwachs war 0,39 mg organische
Substanz/mg des.abgebauten CSB und die Abbaugeschwindigkeit kg = 0,34 d-* (Gleichung 1/6g = 0,39 U-
-0,34). In (II) war 1/65 = 0,26 U-0,43. Die Schlammbelastung mit dem CSB betrug — je nach Verweil-
zeit — 0,6-5,4 g O,/g TS.d.

UCCIEJOBAHUS II0 OYUCTKE CTOYHBIX BOJ
C MEPEPABOTKU JOMAIIHEN TITULHI AKTUBHBIM MJIOM

IMpeacTaBiensl pe3yabTAThI HCCISHOBAHMIA 110 YACTHYHON OHOIOTHHEECKON OYMCTKE CTOYHBIX BOJ,
CTEKAIOIIMX C 3aBOJA NepepaboTKH JTOMAIIHel NTALBI B KAMEpax aKTHBHOTO Miia. VICHBITAHHS IIPOBO/IU-
JIHCh HENPEPBIBHO B JIAGOPATOPHBIX KaMepax ¢ HempepsiBHbIM TeyenueM 7 cyT./men (I), B maGopaTopHbIX
KaMmepax, MPephIBHO HATPY)XEHHBIX GOJIBIIAMM THApaBimyeckumu rpysamvu (II); a Taxke B IIOIy3aBO-
CKMX YCTaHOBKaX, pabOTarOUMX IIOX HpPephIBHON IWapaBimyeckoit Harpyskoit (III).

Jloxa3ano, YTo IJIs IEeCTHYACOBOM PETEHIMH MOXHO JOCTHTHYTH B ycioBdsax I u II 93%, moHmKeHus
XTIK pacTsOpeHHOM, a Taxke 94%, IORMKerus cycnensuit u 97%, KHpoB, NPy BO3PACTe WA 2-3,5 CyTOK,
KOTODBIi ONHOBPEMEHHO OBUT ONTHMAJBHBIM /sl CETUMEHTAIMH CYCIEH3Mii aKTHBHOTO Miua. Pe3yiib-
TaThl pabOTBI MOJY3aBOJACKOTO OYHCTHOrO coopyxkerus (III) moxa3ami BO3SMOXKHOCTH ITOHHKEHHS 33%
BIITs, 30% cycnensuii u 50% XUpOB HpH OZHOYACOBOIL THIpaBIWYECKOM peTeHuHd. JIByyacoBast pe-
TEHLMA BbI3Baja ysenuwienue mnoHmxeHus BITKs mo 55%, cycnensmit mo 50% m xupoB 10 75%. OTme-
Y€HA TAKXKE BO3MOXHOCTH HOCTHxEeHHS 909, mommxenast BIIKs npd COOTBETCTBEHHO MOMOOpAHHBIX
napamMeTpax Impouecca.

Wurepnperupys pesynbraTst $opmynoii Mosona, B MCIBITAHHE | Gblna HOCTHTHYTA COOTBETCTBY-
OIas CKOPOCTh Bo3pacTamus (i = 1,5-2,0 g=! npu Kg = 20-24 Mr O,/nm® — XIIK. CooTBeTcTByIOLIast
CKOpPOCTh ynanenus cyocrpata coctaBisna U = 1,5 mr XITK/d/mMr comepanus aKTHBHOTO HJia ¥ Obliia
TIOCTOSHHOM 171 BCex 3HaueHmit Og (Bo3pacT mia) — He3aBHCMMO OT XoHuentpammy XIIK. ITpmpoct
una cocrabisn 0,39 Mr oprammueckux cycnensuit/mr XIIK, ymanéHHOM, CKOPOCTB K€ DPacHpeneIeHHs
kq =0.34 g=" (ypaBHenue 1/0g = 0.39 U-0.34). B ucnerrammu 1[6 bla GOCTHrHYTA 3aBHCHMOCTE 1/6g =
= 0.26-0.46. Harpyska mia rpy3om XIIK ko/e6a10ch B 3aBUCHMOCTH OT BPEMEHH DETEHIMH B IIpeIesax
0.6-5.4 r O;/g.s.m. — cyTKH.



