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ABSTRACT

Samples were taken from Metamorphosis/Attica combined treatment plant for municipal wastewater and
septage, which treats about 12000 of municipal wastewater and 8008 dt of septage, and analyzed

for solids, COD, ammonia, nitrate, orthophosphate, polyphosphate and total phosphorus. Ammonia is
almost completely eliminated within the plant. Orthophosphates show a removal of about 28%, while total
phosphorus is removed by about 15%. The mean value of the ratio (phosphorus eliminated)/(COD elimi-
nated) in mg g is 8. Assuming suspended-growth nitrification and denitrification kinetics as proposed in
literature, the percentage of nitrifiers in the activated sludge population is estimated at 1.1%. Assuming
that phosphorus removal in the aeration tank is proportional to cell formation, which in turn is proportional
to substrate elimination, the phosphorus content of the activated sludge is estimated at 0.031 gP (gVSS)

KEY WORDS: ammonia removal, phosphorus removal, activated sludge plant, extended aeration, municipal
wastewater.

INTRODUCTION

Nitrogen appears in wastewater as ammonia, ni- Nitrifying organisms are present in almost all
trite, nitrate and organic nitrogen. Organic nitrogenerobic biological treatment processes, but usually
is decomposed to ammonia, which in turn on onéheir numbers are limited, depending on the mean
hand is assimilated to bacterial cells, leading thus tell residence time (because of the threshold effect)
net growth, on the other hand is oxidized to nitritand on the BODN ratio. In most conventional acti-
and nitrate. In a second step, nitrate is converted\vated-sludge processes, with a B{NDratio of 3,
gaseous nitrogen and is removed from th#he fraction of nitrifying organisms is estimated to be
wastewater. Denitrification is known to proceed asonsiderably less than 0.083, while for BgDra-
conversion of nitrates to nitrites and subsequent coties of 5 to 9, the estimated percentage is between
version of nitrites to nitric oxide, nitrous oxide and).054 and 0.029 (Metcalf and Eddy, 1991).
nitrogen gas. Suspended-growth nitrification and denitri-
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fication processes are generally adopted to obeyvalue of 10 (mean of values throughout a year)
Monod-type kinetics, with the maximum nitrification (Andreadakis, 1989). A value of about 11 is reported
rate depending on temperature (@), pH and dis- in literature (Metcalf and Eddy, 1991) while 10 is a
solved oxygen (DO, mgl). Representative kinetic typical value proposed by EPA (1984). At the treat-
coefficients (,in d1, Kginmg I, YinmgvVSS#, ment plant of Kavala municipal wastewater (in
kq in d1) are given in the literature (Metcalf andNorthern Greece) a value of 5 was measured (with
Eddy, 1991). a design value of 6) (Liakos and Stamou, 1991).
Phosphorus appears in wastewater as orthoph&ased on the estimations mentioned above for the
phate, polyphosphate and organically bound phgercentage of the nitrifying microorganisms, the
sphorus, the last two components accounting usuafgtual fraction is expected to be around 0.04.
for up to 70 percent of the influent phosphorus. Mi- The present study was undertaken to evaluate the
crobes utilize phosphorus during cell synthesis arektent to which ammonia and phosphorus are re-
energy transport. As a result, 10 to 30 percent of tmeoved in the Metamorphosis/Attica combined treat-
influent phosphorus is removed during traditionaient plant.
mechanical/biological treatment (Wenzel and
Ekama, 1997; Mulder and Rensink, 1987; Metcalf]JATERIALS AND METHODS
and Eddy, 1991; Henze, 1996; Sedlak, 1991). When
enhanced phosphorus removal is desired, the proc- Two-hour composite samples were taken daily
ess is modified, so that the sludge is exposed to bdtbm Metamorphosis/Attica combined treatment
anaerobic and aerobic conditions. Then certain mplant. These were withdrawn at the inlet of the acti-
croorganisms, capable of storing phosphorus (in thated sludge basin (two sampling points, one for mu-
form of polyphosphates), metabolize it for energyicipal wastewater and one for septage respectively)
production and cell synthesis, resulting in the reand at the outlet of the secondary clarifier. Analyses
moval of phosphorus from the system through theere performed promptly after sampling.
waste activated sludge. Total nonfiltrable solids (TNFS) were deter-
The Metamorphosis/Attica combined treatmentined as the retained material on a Whatman 3
plant was designed for full treatment of 24000dh  qualitative filter after filtration of a well-mixed
of raw and highly dilute septage whose design charsample. Total suspended solids (TSS) were deter-
cteristics were (in mgl) : BOD, = 1200, COD = mined after centrifugation of a well-mixed sample
4000, SS = 2300, total Kjeldahl N = 320 of whichat 8000 rpm for 15 min. Total volatile suspended
NH,* = 290 (Degremont, 1991) and of 20000d#  solids (VSS) were determined by igniting the sam-
of municipal wastewater (65000 p.e.). Estimatingles at 550+58C. Chemical oxygen demand
one population equivalent (p.e.) at 70 g BOB d (COD) was determined by the dichromate reflux
with aeration basin volume at 21006, rthe design method. Ammonia nitrogen (N-Nplwas deter-
value for BOD/MLSS.d was 0.47. The plant wasimined by the direct nesslerization method. Addition
thus, designed to work as a conventional aerati@f ZnSQ, was not necessary for the outlet samples,
system. It provides grit and grease removal, primaas they were clear and colorless. Nitrate nitrogen
settling, activated sludge, clarification and chlorina¢N-NO;) content of the outlet samples was deter-
tion units for wastewater and anaerobic treatmermined by the UV-spectrophotometric screening
thickening and dewatering for the sludge producedethod. Orthopho-sphates (ortho-P) were deter-
Municipal wastewater and septage follow separateined by the vana-domolybdophosphoric acid
treatment lines until the biological treatment unitcolorimetric method. Polyphosphates were indi-
However today, with the loads treated (i.e. BODvectly determined by the acid hydrolysis-
MLSS.d is about 0.2), the plant operates at extendgdnadomolybdate method and calculated as the dif-
aeration conditions. ference between acid-hydrolyzable (hydr.-P) and
Actually the plant treats about 12006 dtt of  orthophosphate phosphorus. All analyses were per-
municipal wastewater and 8006 dt of septage and formed to filtered samples according to APHA 15th
unexpectedly introduced industrial wastes. Thed. 1980. Total phosphorus (tot.P) was determined
BOD/N ratio of septage was found to have roughlgccording to a digestion method proposed by Hach
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Co. (reagents : mixture of sulfuric acid 97% and
hydrogen peroxide 30%, 2,4-dinitrophenol indica-
tor, potassium hydroxide) (Hach Co., 1987), fol-
lowed by orthophosphate determination as above.
A Perkin-Elmer spectrophotometer model 550S
was used.

Sampling was performed over a period of two
months during winter. This time interval was esti-
mated to be adequate, as no major unusual eventsor
accidental overflowswere observed during the sam-
pling period.

RESULTS AND DISCUSSION

The daily values of ammonia and nitrate nitro-
gen, phosphates and total phosphorus (mg I-1) are
presented in Figs. 1-2. A relatively stable pattern can
be seen to prevail, except for the total P values,
which, because of theintroduction of someindustrial
loads, known to happen eventually, were abnormally
high. These high values are not considered when
calculating typical values and estimating microbial
population characteristics.
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Figure 1. Amounts of NH,-N in the inlet and outlet and
of NO4-N in the outlet of the aeration basin at
Metamorphosis/ Attica
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Figure 2. Amount of PO,-P and of total Pintheinlet and
outlet of the aeration basin at Metamorphosis/
Attica.

and the range of the measured parameters are re-
ported in Table 1.

Ascan be seen from Table 1, inlet values show a
wide variation, which seems to be reduced at the
outlet.

Ammoniais amost completely (98%) elimi-
nated within the plant. Orthophosphates removal
varies between 14 and 58% (average 28%), while
total phosphorusisremoved by 11 to 48% (aver-
age 15%). These findings are in good agreement
with removals reported in literature: Henze
(1991) and Metcalf and Eddy (1991) report val-
ues of 10-25% for phosphorus removal during
secondary treatment. On the other hand, 0.5-1 mg
N-NH, (QMVLSS h)-* can be assimilated in ex-
tended aeration systems (CEMAGREF, 1990,
Eckenfelder and Argaman, 1991). In our case,
ammonia assimilation is calculated to be around
0.7 mg N-NH, (gMLSS h)1. Wenzel and Ekama
(1997) estimate the phosphorus content of sludge
to 2-4%. In our case, with sludge production es-
timated at 0.8 timesBOD, ., phosphorus removal
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Table 1. Inletand outlet values of soluble COD, total nonfiltrable solids, total suspended solids, ortho-, hydrolyzable-
and total P and Nj1- and NQ;-N(in mg 1) at the combined septage - wastewater plant at Metamorphosis,
Attica (Average values. Standard deviation in brackets. Range in parentheses).

flow, ré dt pH TNFS TSS VSSITSS cop ortho-P | hydr-P | tot-P | N-NH, N-NO,
Inlet, 11700 752 47 129 072 300 229 202 | 306* | 492
muricipal [1540] [0.18] [38] [59] [79] [3.3] 68 | 97 [12]
(9000-17000) | (7.2-7.8) | (10-100) | (71-208) | (0.70-0.75) | (225-90) | (9.4-30) | (16-47) | (19-56) | (32-64)
Inlet, 7500 8.32 314 452 047 754 17 20 203 | 679
septage [1060] [1.14] [300] [508] [538] [15] 28 | 1321 | 4
(4700-8700) | (6.7-12.4) | (30-1630) | (156-1658) | (0.4-0.5) | (256-2540) | (0.21-6.7) | (0.4-13) | (3.2-42) | (45-93)
Outlet 7.70 25 32 43 105 109 | 227 | 094 0.021
[0.12] [19] [26] [18] [15] 21 | 1131 | [o8 [0.004]
(75-7.9) | (370 (372 (10-74) | (31-13) | (6.2-13) | (11-39) | (0.2-5.4) | (0.014-0.029)

“the values obtained from 6/1 until 12/1/96 have been omitted, as abnormally high.

is estimated at about 100 kg total-P, avith av- 40000 p.e., where about 75% of the influent is do-
erage actual values of 80 kg total-P. d mestic.

The fact that orthophosphates removal is higher Ammonia utilization rates [, gN-NH,
than that of total phosphorus, however strange mégMLSS d)!] can be calculated by the following
it seem, is probably linked to the poor orthophoequation:
sphate content of the septage and to the nature of @ Ny, + Q,Ny,) = (Q; + Q,)N=U XV (1)
industrial wastes, accidentally introduced to thﬁ/here,

treatment plant.
the volumetric feed rates, ¥rd?),
Table 2. Operational data for the combined septage - . i )
wastewater plant at Metamorphosis, AtticaX ~ the mixed liquor suspended solids content

obtained by EYDAP. of the aeration tank (MLSS, g
Characteristic Value N the appropriate ammonia concentrations & m
municipal wastewater flow, fro* 12000 Indices 0 are attributed to inlet values, while indi-

ces 1 and 2 to municipal wastewater and septage,

1
septfage ﬂOW_' md_ 8000 respectively. The basin volume V is 21008 m
hydraulic retention time, h 27-28 Daily values of ammonia utilization rates are pre-
mean cell-residence time, d 13 sented in Fig. 3.
temperature;C 13
dissolved oxygen, mgt| 1.5
MLSS, mg 3000 00(;2‘5‘ -
inlet BOD/COD 0.58 o
outlet BOQ/COD 0.32 0,025

0,02
0.015
0,01
0,005

N-NH* (gML3S o)’

In Table 2, data for the combined septage:
wastewater plant at Metamorphosis/Attica are re-
ported. According to the data of Tables 1 and 2, a
mean ratio Binated /CODujiminated(MY 92) value of
8 is calculated. Mulder (1987) attributes a value of
6 to the same ratio for a conventional plug-flow full-
scale plant train operating at 8206 2.6 h retention Figure 3. Daily values of N-NH uptake rates in the aera-
time, with 16% P removal, having a capacity of tion basin at Metamorphosis, Attica.
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Kinetics and kinetic coefficients proposed by
Metcalf and Eddy (1991) are assumed. The perti-
nent equations are:

Uy = kN/(K +N) )
Ky = 10(0.061T-1.158) 3)
k=up, /Y 4
W =p, [e008(H19)] [DO/(K 5, + DO)].
[1-0.833(7.2-pH)] (5)

where,

k  maximum rate of substrate utilization, time!
N N-NH,* concentration, mg |-

Ky half-velocity constant, mg I

n., specific growth rate, time!

1, Maximum specific growth rate, time'!

Ko, €qual to 1.3

Y maximum yield coefficient, equal to 0.2.

From the data of Tables 1 and 2, the effective
specific growth rate p',, (relative to ammonia re-
moval) of the biomassin the activated sludge basin
can be estimated. Comparison of the values obtai-
ned with values predicted from literature for nitri-
fying biomass (Metcalf and Eddy, 1991), can give
an estimation of the percentage of nitrifiersin the
activated sludge popul ation.

Following the above mentioned procedure and
based on the data presented in Tables 1 and 2, the
percentage of nitrifiersin the activated sl udge popu-
lation is estimated between 0.4 and 2.4%, with a
typical value of 1.1%.

Daily estimated values of the percentage of
nitrifiersin the activated sludge popul ation are pre-
sented in Fig. 4.
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Figure 4. Daily estimated valuesof nitrifiers’ percentage
in the aeration basin.
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Phosphorus uptake rate (U, mg P11 d'2) can be
calculated from the following equation:
(Q1P01+Q2P02)'(Q1+Q2)P:Up \% (6)
with P the appropriate total phosphorus concentra-
tions (mg IY).
Daily values of phosphorusuptakerates are presented
inFig. 5.
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Figure 5. Daily values of total-P uptakeratesin the aera-
tion basin at Metamorphosis/ Attica.

Assuming that phosphorus uptake (Up) inthe aerated
tank is proportional to cell formation (r,, mg VSSI-.
d?1) we have:

Up=—a5(Iy) = ap a(-Ty) (7)
where,

Iy is proportional to substrate elimination (-rg,
mg BOD, -1 d'1) and cal culated from amass
balance equation similar to equation (6),

ap is the phosphorus content of the activated
sludge [mgP (mgV SS) 1]

a isthe maximum yield coefficient [mg VSS
(mgBOD,)1], taking val ues between 0.4 and
0.8, with atypical value of 0.6 (Metcalf and

Eddy, 1992).

Using the data presented in Tables 1 and 2 and
following the procedure described abovefor the esti-
mation of nitrifiers, a value of a, (the phosphorus
content of the activated sludge) between 0.0082 and
0.066 gP (gVSS)1, with an average value of 0.031,
is estimated.

Daily estimated val ues of the phosphorus content
of the activated sludge are presented in Fig. 6.
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T values of about 28% and 15%, respectively. Neither
M [ M during the design nor at the initial stages of plant
i operation was the fate of nitrogen and phosphorus
taken into consideration. The fact, however, of the
successful operation of the modified plant, as indi-
cated by the measured COD and suspended solids
removals, is further supported by the, well within the
expected range, removals of ammonia and phospho-
rus.

Assuming suspended-growth nitrification and
denitrification kinetics proposed in literature, the
_ _ _ percentage of nitrifiers in the activated sludge popu-
Figure 6. Dally estimated values of phosphorus contenip, js estimated between 0.4 and 2.4%. Assuming

e gP (gVSS)!
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of the sludge in the aeration basin. that phosphorus removal in a conventionally aerated
tank is proportional to cell formation, which in turn
CONCLUSIONS is proportional to substrate elimination, the phospho-

Although the Metamorphosis/Attica combined treat:UsS content of the activated sludge is estimated be-

ment plant for municipal wastewater and septage wi¥een 0.0082 and 0.066 gP (gVSS)

designed as a conventional activated sludge plant, it

is actually operating as a treatment plant with eAcknowledgments

tended aeration. Removal rates are, however, quite The authors wish to thank EYDAP (the Water
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