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Abstract The possibility of co-treating municipal and winery wastewaters in a conventional activated

sludge process was studied at full scale. The wastewater treatment plant considered in this paper

operated an extended-oxidation process during vintage (four month per year) and a pre-denitrification/

oxidation process during the rest of the year. The experimentation showed that good performances, in

terms of COD and nitrogen removal, could be obtained in both cases: 90% and 60%, for COD and

nitrogen removal, respectively. Thanks to the high solid retention times applied to the system (up to 48

days) the waste activated sludge production was low (0.20 kgMLVSS/kgCODremoved) and respiration

was the main process for carbon removal. Nitrification was always satisfactory while the behaviour of the

denitrification process during vintage was not totally understood and further studies are going on.
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Introduction

The world-wide production of wine in 1998 was nearly 265 millions hl, most of which (64%)

was produced in the European Union. Italy, France and Spain produced 33.9%, 32.3% and

20.2%, respectively, of the whole European production (www.oiv.org). The treatment and

disposal of winery wastewaters represent a complex issue because of their particular char-

acteristics: high organic load associated to a high biodegradability: 80% of total COD is

soluble, BOD5/COD ranges between 0.5 and 0.6 and the ratio BOD5:TKN:P is 100 : 1 : 0.25

(Canler et al., 1998). Moreover, these wastewaters are characterised by a noticeable seasonal

variability: both flow and polluting loads in winery wastewaters are discharged during grape

harvest and racking periods. Even though the main characteristics of winery wastewater

are well known, it turns out to be quite difficult to establish a criterion to define in advance

the polluting load of a winery wastewater since it depends on the winemaking mode and the

technologies adopted. So it is very difficult to design the most suitable process and/or

the correct size of the reactors to ensure the best treatment options. Several studies have been

carried out to estimate the feasibility of different kinds of biological treatments. Only rare

cases of application of conventional activated sludge process to mixed winery and urban

wastewaters in municipal treatment plants can be found in the literature (Chudoba and Pujol,

1996; Badie, 1998) and the most common treatment processes observed are variations of the

conventional activated sludge process, such as Sequencing Batch Reactors (SBR), aeration

tanks in series and Jet Loop Reactors (JLR), applied directly in wine-factories. Also anaer-

obic processes, like Upflow Anaerobic Sludge Blanket (UASB) reactors have been proved

to be suitable solutions to treat winery wastewaters. Further information about the feasibility

of coupled aerobic (i.e., aerobic treatment followed by ozonation) and/or anaerobic pro-

cesses (Anaerobic Fluidized Bed Reactor followed by biological nitrogen removal) are

available in papers dealing with the treatment of distillery wastewaters (shochu, kirsch, 89
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whisky production) which present almost the same characteristics as winery wastewaters.

The removal efficiencies observed in the above-mentioned treatments and the related

literature references are shown in Table 1. This paper deals with the results of a study on the

functionality of a full-scale municipal wastewater treatment plant where, during vintage,

mixed municipal and winery wastewaters were co-treated in a conventional activated sludge

process which seasonally changed its process configuration.

Methods

The design capacity of the wastewater treatment plant (WWTP) studied is 60,000 people

equivalent (PE): the design flow-rate is 4,650,000 m3/year of wastewaters, 250,000 m3/year

from the wine-makers. These treat some 65,000 tons/year of grapes producing an average

COD load of 50,000 PE, with daily peaks up to 160,000 PE during wine making. The civil

load is constant at 20,000 PE. Figure 1 shows the region served by the WWTP and the

Table 1 Removal efficiency of the main processes applied to winery wastewaters treatment

Treatment Process COD removal

(%)

N removal

(%)

P removal

(%)

References

Aerobic SBR 93–96 50 88 Hubron et al., 1998
Tanks in series 98–99 (-) (-) Fumi et al., 1995
JLR 94–98 (-) 85 Petruccioli et al., 2002
Aerobic digestion 82 (-) (-) Beltran et al., 2001

Anaerobic UASB 93 (-) (-) Andreottola et al., 1998
Mixed UASB+SBR 99 (-) (-) Andreottola et al., 1998

AFBR+BNR 98* 97** (-) Kida et al., 1995

* data referring to TOC, ** data referring to NH4
+, (-) not available; (SBR) Sequencing Batch

Reactor, (JLP) Jet Loop Reactor, (UASB) Up flow Anaerobic Sludge Blanket, (AFBR) Anaerobic
Fluidised Bed Reactor, (BNR) Biological Nutrient Removal

WWTP

WM

WM

Figure 1 Scheme of the region. The wine-makers (WM) are in Soave and San Bonifacio, where

the wastewater treatment plant (WWTP) is also located90
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collocation of the wine-makers (WM). Figure 2 shows a sketch of the WWTP: the process

scheme could be modified according to the incoming polluting load. In fact, for some eight

months per year the biological treatment consisted of a denitrification reactor (1370 m3)

followed by an oxidation reactor (5400 m3), while during grape harvest and racking periods,

the denitrification reactor was converted in a further oxidation reactor to increase the

oxidizing capacity of the process. Here, pure oxygen (up to 200 kg/h) was supplied to reach

the oxygen requirement. Treated water and sludge were separated in 5 settlers: three with a

surface of 1038 m2 each and two with a surface of 770 m2 each one. The sludge treatment just

consisted of a thickening section followed by a belt-filter press (see Figure 2).

Taking into account data regarding the characterization of the wastewater treated in the

plant during previous years (1999–2001), it was decided to test two different situations:

1. From September to December, in order to cope with the high organic polluting load due

to winery wastewater (this period will be indicated as “vintage” from this point forward).

Operational conditions were SRT and MLSS of 48 days and 9 kg/m3, respectively.

2. From February to April, as a consequence of the decreased load (this period will be

indicated as “ordinary period” from this point forward), which was representative of the

rest of the year. Operational conditions were SRT and MLSS of 36 days and 6,5 kg/m3,

respectively.

In both of these phases, chemical-physical analyses were carried out twice a week in order

to characterize the influent and effluent streams in terms of COD, nitrogen, phosphorus and

suspended solids, according to the Standard Methods (1998). The concentrations of the

different nutrients determined were used to run the Activated Sludge Model 2 to attempt a

generalization of the obtained results. In addition, activity tests, such as oxygen uptake rate

(OUR) and ammonia uptake rate (AUR) were carried out to define the activity rate of the

functional group of microrganisms forming the activated sludge.

Results and discussion

The data concerning the influent loads of the main pollutants during the two periods studied

are summarised in Table 2. Those showed the expected increase in COD load due to the

discharge of winery wastewaters: during vintage the COD load was twice higher than the rest

of the year (5,480 kg/d versus 2,515 kg/d). Peaks up to 16,600 kg/d were also observed in

early October (Figure 3). The ratio between readily biodegradable COD and total COD

(RBCOD/COD) generally showed values of 0.3 (ordinary period) and higher values during

2
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Figure 2 Plant scheme ........ water, —— . . recycle sludge, – – – sludge treatment. 1: bar screen,

2: pumping, 3: grit removal, 4: denitrification (preoxidation during grape harvest and racking periods),

5: oxidation, 6: clarifier, 7: disinfection tank, A: sludge thickening, B: belt-filter press
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vintage, up to 0.9 (Figure 4). This emphasized the high biodegradability of treated winery

wastewaters. The loads of nitrogen and phosphorus showed a trend unrelated to vintage (see

Table 2): loads were some 300 and 30 kg/d for total nitrogen and total phosphorus,

respectively, in both periods. Because of this situation, the COD/TKN ratio increased from 7

up to 26 during vintage. Data reported in Table 2 shows that the treated flowrate was constant

through the year and averaged some 13,500 m3/d so the discharge of winery wastewaters

only affected the loadings of pollutants. In particular, average COD concentration in the

influent wastewater passed from 200 to 400 mg/l during vintage, while total nitrogen and

total phosphorus concentrations were some 20–25 mgN/l and 2–3 mgP/l, respectively, in the

two periods.

The effluent loads for the main pollutants are shown in Table 3, while trends of the

concentrations of pollutants in the effluent are shown in Figures 5 and 6. Effluent COD

generally showed a concentration lower than 50 mg/l and only some values up to 120 mg/l

were observed, when some suspended solids escaped from secondary settlers (Figure 5). In

both periods, vintage and ordinary, the concentration of total nitrogen in the effluent was

variable, but generally lower than 15 mgN/l.

In particular, despite the process was operated without a dedicated denitrification step,

nitric-nitrogen reached the lowest values during September and October, when the organic

Table 2 Flowrates and loads of the main incoming pollutants

Vintage Ordinary

COD/TKN COD in

(kg/d)

TN in

(kg/d)

TP in

(kg/d)

Q in

(m3/d)

COD/TKN COD in

(kg/d)

TN in

(kg/d)

TP in

(kg/d)

Q in

(m3/d)

Min 2,553 114 10 8,477 1,790 300 26 9,270
Avg 26 5,480 259 29 13,856 7 2,515 367 40 13,589
Max 16,628 375 38 18,177 2,960 452 49 21,256

TN=Total Nitrogen; TP=Total Phosphorous
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Figure 3 Trend of the load of COD in the influent
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load was more consistent; this could be due to the formation of anoxic cores in the activated

sludge flocs in the oxidation reactor. With reference to the TKN values, those were always

lower than 5 mgN/l and ammonia was just 1 mgN/l. Some 2 mgN/l of soluble organic

nitrogen were found in the effluent during vintage. Concerning total phosphorus, this showed

constant concentrations in the effluent equal to 1 mgP/l and 2 mgP/l during vintage and the

ordinary period, respectively.

In order to understand better the behaviour of the process, COD and nitrogen mass

balances were calculated for the two steady-state conditions. These data are summarised in

Table 4. With reference to the COD mass balance, high removal efficiencies were observed:

90% during vintage and 87% in the ordinary period. Also the contributions given by the

single processes, i.e., respiration and cellular growth, to the global removal of COD were

similar (Table 4). In fact, during both the vintage and the ordinary period the respiration

process accounted for 68% and 60%, respectively, but the respiration rates were clearly

different. Similarly, COD removed by biomass growth was 22% and 27%, respectively.

Therefore, also the observed yield coefficient for biomass growth (as kgMLVSS/kgCO-

Dremoved) was nearly the same, passing from 0.24 to 0.28, despite the increase in the incoming

COD load during vintage. This can be explained considering that respiration rates during

vintage were clearly higher compared to the ones observed during the ordinary period (see

Figures 7 and 8). The observed yields were quite low; this was due to the high SRT applied to

Table 3 Loads of the main compounds in the effluent

Vintage Ordinary

CODout

(kg/d)

TN out

(kg/d)

TP out

(kg/d)

CODout

(kg/d)

TN out

(kg/d)

TP out

(kg/d)

Min 242 37 4 119 80 13
Avg 559 89 12 325 129 24
Max 1,172 182 27 743 174 34
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Figure 5 COD concentration in the effluent
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the system, which determined an increased use of COD for respiration purposes rather than

for growth (Low and Chase, 1999; Liu and Tay, 2001).

The found values were than compared to the ones obtained with the theoretical relation

Yobs=
Y

1+kdSRT

where, Yobs is the observed biomass yield (kgMLVSS/kgCODremoved), Y, is the thermo-

dynamic biomass yield (kgMLVSS/kgCODremoved), kd is the decay coefficient of biomass
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Figure 7 Trend of specific OUR with addition of acetate
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Table 4 Carbon and nitrogen mass balances

Vintage

MLSS=9 kg/m3

Ordinary period

MLSS=6,5 kg/m3

Operational conditions
SRT, days 48 36
F/M, kgCOD/kgMLSS . d 0.09 0.05
Observed yield (Yobs), kgMLVSS/kgCOD 0.24 0.28
Process configuration oxidation pre-denitrification/oxidation

COD mass balance
Influent COD load (kg/d) 5,480 2,515
% of influent COD in the effluent 10 13
% of influent COD removed by respiration 68 60
% of influent COD removed by growth 22 27
Total COD removal % 90 87

Nitrogen mass balance
Influent TKN load (kg/d) 259 367
% of influent TKN observed in the effluent 35 35
% of influent TKN removed by denitrification 45 52
% of influent TKN removed by growth 20 13
Total N removal % 65 65
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(dayx1) and SRT is the solid retention time of activated sludge in the reactor (days).

Assuming the typical values for municipal wastewaters: 0.5–0.6 kgMLVSS/kgCODremoved,

for Y, and 0.04–0.06 dayx1 for kd (Metcalf and Eddy, 1991), the calculated values of the

observed yields, Yobs, for the vintage and ordinary periods were 0.20 and 0.24 kgMLVSS/

kgCODremoved, respectively. The calculated values were then close to the ones experimen-

tally determined and reported in Table 4. So, from a thermodynamic standpoint, winery

wastewaters gave the same response as municipal wastewaters when treated in conventional

activated sludge processes. Though biomass showed the same growth in the vintage and in

the ordinary period, the specific oxygen respiration rate, that is an indirect measure of the

biomass activity, showed a decreasing trend passing from vintage to the ordinary loads. In

particular, considering the values of the specific oxygen uptake rate determined in batch tests

carried out with an excess of acetate, values up to 38 mgO2/gMLVSS . h were observed

during vintage, and then decreased because of a reduction of the incoming COD load and the

variation of the applied process scheme which determined a variation in biomass activity.

Finally, during the ordinary period, after a new steady state began, the specific OUR

determined in batch tests reached a constant value of some 15 mgO2/gMLVSS . h. This

means that biomass originated from the period with higher F/M ratios was more active. This

can be easily observed in Figure 8 where values of SOUR determined in batch tests with

exceeding acetate are plotted against the F/M ratio of the plant: for F/M values higher than

0.1 kgCOD/kgMLSS . d, that is the vintage period, the SOUR reached values stably higher

than 20 mgO2/gMLVSS . h. That is the reason because, despite the increase of influent COD

during vintage, biomass growth was constant through the year.

Concerning nitrogen removal, it was observed that nitrification was generally good (TKN

in the effluent <5 mgN/l, see Figure 6). The observation of the ammonia utilisation rate

(AUR) and its evolution (plots in Figures 9 and 10) also enabled us to verify the effect of

winery wastewater characteristics on the nitrification capability of the activated sludge. AUR

tests were carried out in non-limiting conditions by adding an excess of ammonia during

batch tests. Values of AUR were then compared with the plant conditions. In particular,
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a clear dependence of the nitrification rate on the F/M ratio (and similar SRT) was observed.

Figure 9 shows that for values of F/M lower than 0.1 kgCOD/kgMLSS . d the value of the

ammonia utilisation rate (AUR) ranged between 0.8 and 1 mgNO3-N/gMLVSS . h, but when

the F/M ratio rose up to 0.1 and more, the value of AUR decreased to 0.2–0.3 mgNO3-N/

gMLVSS . h. This means that the increase in COD incoming load observed during vintage

and the unbalanced COD/TKN ratio (up to 26) favoured the heterotrophic biomass, while

nitrifying bacteria became too low to assure the nitrification respiration rate significantly

high: the trend of AUR value versus the COD/TKN ratio is represented in Figure 10. Also

here, the two different behaviours can be observed: the AUR reached values of 0.8–1.2

mgNO3-N/gMLVSS . h for COD to TKN ratio lower than 20 and then went down to 0,3

mgNO3-N/gMLVSS . h for COD/TKN >30. However, the application of high SRTs to the

system enabled it to also reach good performances in ammonia removal during all the

observation period (see Figure 6).

With reference to nitrogen removal, one can see from mass balances reported in Table 4

that biomass growth accounted for 13% and 20% of nitrogen removal during the ordinary

period and vintage, respectively. Since nitric nitrogen in the effluent was always<10 mgN/l,

denitrification was the main pathway for nitrogen removal for both the studied periods. In

particular, during vintage, despite the absence of a dedicated denitrification step, a 45%

efficiency in nitrogen removal by denitrification resulted from the mass balances (see

Table 4). This had to be attributed to the formation of anoxic cores in the activated sludge

flocs, probably due to the high F/M during part of the day and the high concentration of

biomass in the reactor that determined very low concentrations of dissolved oxygen in the

bulk. However, this process was casually related to the COD loading in the influent and there

was no possibility to control the process performances (see Activated Sludge Model simu-

lations here below). Nitrates utilisation rate (NUR) was calculated on the basis of the mass

balances and resulted equal to 0.15 mgNO3-N/gMLVSS . h. This value was low compared to

the RBCOD availability and suggested that the denitrification process was limited and not

perfectly carried out, probably because of some problems related to the presence of dissolved

oxygen. On the other hand, during the ordinary period the denitrification efficiency was 52%

and the denitrification rate calculated on the mass balance was 1 mgNO3-N/gMLVSS . h.

This value was similar to those found in pre-denitrification processes treating municipal

wastewaters in low loaded conditions (Henze et al., 1994; Bolzonella et al., 2001).

Activated sludge model simulations

The two processes applied in the San Bonifacio wastewater treatment plant, the oxidation

during the vintage period and the pre-denitrification/oxidation during the ordinary period,

were simulated by means of the Activated Sludge Model 2. The model was able to perfectly

simulate the process behaviour and thus gave the results observed in the ordinary period (pre-

denitrification process), see Table 5, but encountered some limitations to simulate the

process in the vintage period.

In particular, the process was simulated only considering the daily variation of the

influent flowrate and of the related pollutant loadings which determined a variation of

Table 5 Effluent characteristics – simulation results

Period Ordinary Vintage

Model Experimental Model Experimental

CODout (soluble) mg/l 20 20 20 20
N-NH4 mgN/l 0.5 0–2 0.4 0–1
N-NO3 mgN/l 7.2 5–10 8.5 2–10
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the dissolved oxygen concentration profile in the bioreactor. Accordingly, an alternation

of nitrification and denitrification conditions, rather than a simultaneous nitrification–

denitrification process, occurred and determined the nitrogen removal. Figures 11 and 12

show this situation.

This is the most probable interpretation of the process to explain the observed results

during the experimentation, but these are just preliminary results and further studies are

needed in the future also considering other wastewater treatment plants. According to this

interpretation, the process could be conveniently managed through the application of a

reliable process, like the alternated cycles process (Battistoni et al., 2003), which enables us

to obtain certain results in terms of effluent standards.

Conclusions

The possibility of co-treating municipal and winery wastewaters in a full-scale treatment

plant was studied. Here, a pre-denitrification process was applied for some eight months per

year, while an oxidation process was applied during vintage, using the first reactor as a pre-

oxidation step. Conclusions deriving from the experimentation are as follows.

� First, the oxidation process was able to cope with the high COD loading during vintage (up

to 16,000 kg/d). The high solid retention times (SRTs) applied to the system determined

low production of excess sludge which can be disposed on agricultural land or composted.

� Secondly, the efficiency in COD removal was always good (some 90%) for both the

vintage and the ordinary period, while the observed yield, Yobs, was low (0.2 kgMLVSS/

kgCODremoved) and similar for the two periods. So, winery and municipal wastewaters

Figure 11 Ammonia profile in the effluent

Figure 12 Nitrates profile in the effluent
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induced the same biomass growth, but during vintage the respiration rate (SOUR) was

doubled, passing from some 15 to 35 mgO2/gMLVSS . h.

� Thirdly, nitrification was always good even though it showed a decrease during vintage,

passing from 0.9 to 0.3 mgNO3-N/gMLVSS . h as the heterotrophic biomass was

favoured. However, the high SRT applied to the system allowed for good performances in

nitrification also in these conditions.

� Finally, denitrification showed low rates and the mechanism for nitrogen removal was not

totally clear. Further studies are going on to elucidate this process.
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