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l ntroduction

Catalonia (north-eaStem Spain) currently has 23 u血an wastewater

POnd systems in operation under血e supervision of血e Catalonian

Water Agency (Departament de Medi Ambient, 200 1 ). Altogether

血ese wastewater treatment plants (WWTPs) receive a load equiva-

lent to wastewater from approximately 160 000 i血al)itants ( 1.3%

Of血e total load ofthe region) and most of血ese are aerated ponds.

To assess血e potential of pond systems as an economic and

technically viable altemative for wastewater treatment in血e rural

areas of Catalonia’an eValuation of血e existing pond systems was

COnducted in 1997- 1998. The evaluation included a description of

the facilities of each WWTP’an analysis of the available perfom-

ance data・ and an evaluation of complementary data and infoma-

tion obtained from additional sampling surveys (Garcfa et al.,

2000).

A11 the pond systems currently operating in Catalonia have

been constructed over the last 17 years. Agriculture and cattle-

ralSmg are血e mai皿economic activities in the areas served by

POnds ' Aerated ponds are used for sma11 to medium-Sized commu-

血ties (1 200 to 16 000 i血ねitants, 230 to 4 700 m3/d; nOte血at

血ese皿ows may include industrial e紺uents), W皿e stal)ilisation

POnds are used for small commur血ies (90 to 2 800 inhabitants,

20 to 800 m3/d;)・ Most of the pond systems comply with the
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European Union standards contained in Directive 9 1 /27 1 (Council

Of the European Communities, 199 1), despite the inadequate level

Ofoperation and maintenance (O & M) often applied to these types

Of facilities. Aerated ponds produce e組uents with a better quality

血an stabilisation ponds in tems of TSS and BOD5 (average

e餌uent TSS and BOD5 0f 3 1 mg" and 22 mg# for aerated ponds,

and lOO mg" and 67 mg/e for stabilisation ponds respectively;

note that血e e餌uent BOD5 0f the stabilisation pond systems is

analysed using raw samples, W血Ie the European Union standards

State that the stabilisation pond e餌uents should be analysed using

filtered samples).

Aerated ponds requlre a Sign脆cant energy supply per treated

Water VOlume (0.25 to l.62 kWh/m3). High electricity consumption

in many of血e WWTP is mai血y due to血e lack ofdissoIved oxygen

(DO) control devices, W血ch req血e continuous operation of血e

aeration systems. On血e other hand,血e ratio of water surface to

POPulation equivalent (P-e) is clearly lower for aerated ponds

(1.3 m2佃erson-equivalent (p-e))血an for stabilisation ponds (9.6

m2佃-e). Aerated ponds produce much larger amounts of sludge

than stabilisation ponds. Furthemore, during血e evaluation it was

Observed that some aerated ponds received sludge from indus血al

WWTP (mainly from血e abattoir), W血ch discharged into血e

municipal sewer. T血s obviously increases the necessary sludge-

WaSting activities and O & M costs. A speci丘c study was carried out

to evaluate the impact of e餌uent and sludge discharges of an

abattoir WTP into the mu血cipal sewer and its influence on血e

OPeration and the e餌uent quality of a small municipal aerated pond

SyStem.
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的u能1
F/OW diagram of Cervera WMnP

丁ABしE「 

Actua音anddesignva音uesoftheoperatingparameters 

OfCerveraWWTP。Actualva!uesa �「eaVerag �esofdata 

obtainedf「omMa「ch1989toJanuary199 ��8。丁he 

populationequiva看entwascalcul �atedtakingatheo- 

retica寒unitmassemissionrateof60gBODJp-e"d“ 

Pa「amete「 �Actual �Design 

Va看ue �Value 

Populationserved �6950 �6750 

Populationequivalent,P-e �30000 �30900 

Averagedailyflow,m3/d �3100 �2900 

Peakhourlyflow,m3他 �290 �290 

Hydraulicretentiontime’days �14 �14 

InfluentTSS,mg/e �490 �520 

E鮒uentTSS,mg〃 �45 �30 

In皿uentBOD5’mg/e �580 �640 

E鮒uentBOD5’mg〃 �35 �30 

Organicload’kgBOD5/d �1800 �1860 

SurfaceorganicIoad’kgBOD5/ha・d �1200 �1230 

Electricityconsumption,kWh/m3 �0.65 �0.78 

Surface/p-eratio,m2佃-e �0.50 �0.49 

Experimentai

The study was carried out at the Cervera WWTP’Which was

established in 1989 (Fig. 1). The WTP is made up offour ponds
OPerating in series:

・ the phmary and secondary ponds are aerated ponds

・ the tertiary pond functions as a sedimentation pond

・血e quatemary pond is a sedimentation-maturation pond・

The primary and secondary ponds both have a surface area of4 050

m2 and a depth of4 m. The tertiary pond also has a surface area of

4 050 m2 wi血a depth of 3.5 m. The surface area of血e quatemary

pond is 2 950 m2 and the dep血is 3.5 m in the sedimentation area

and l m in the maturation area (each area occupies approximately

half ofthe pond). The primary pond has a small sedimentation area

equipped with t血ee pumps that can provide biomass recycling to

血e head of瓜e pond; these pumps also allow the settled sludge to

be conveyed to the tertiary pond. After the fine screen血ere is a

Parsha11 flume equipped wi血an ultrasonic level transmitter for

flow-rate meaSurement. The WWTP receives an average daily flow

of 3 100 m3/d of urban sewage from approximately 7 000 inhわit-

ants, mixed with the e組uents and sludge discharged by a conven-

tional activated sludge WWTP of an al)attOir (up to 3 000 pigs
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processed per day). Table l shows actual and design values of the

main operating parameters of the WWTP.

The reliability and perfomance of the Cervera WWTP was

evaluated using血e data provided from血e Catalonian Water

Agency. These data were obtained from grわsamples of血e

influent and血e e餌uent taken with a monthly periodicity宜om

March 1989 to January 1998. The data were evaluated considering

two periods: before and after September 1993. This is because,

prior to September 1993’血e al)attOir sewage was dumped directly

into血e sewer. From September 1993’the abattoir constructed and

operated an activated sludge plant血at discharges血e e組uents and

血e sludge into the municipal sewer. The tec血ical services in

charge of O & M activities provided the data on sludge wasting

activities used in t血s paper.

The impact of effluent and sludge discharges of the al)attOir

WWTP on血e operation and血e effluent quality of Cervera WWTP

was evaluated by means of 2 sampling campalgnS. The血st

campalgn WaS Carried out in March to Apri1 1997 and the second

in.January to Feb則ary 1998. In each campalgn a P血Iips PW9815

composite sampler was insta11ed after the丘ne screen device to

co11ect influent 24 h flow-Weighted composite samples. Using a

disproportionate increment in血e instantaneous皿ow as an indica-

tion, daily in皿uent samples were discarded until such time as a

substantial discharge was observed. In the first campalgn, a

substantial discharge was observed on March lOth’and血e second

on January 13血・ The sampling pehods began on瓜ese days. The

first campaign宜nished on Apri1 2nd and血e second on February 4血・

During the two sampling pehods, daily water temperature in血e

pnmary pond ranged from lO to 120C. Rain and evaporation may

be considered negligible in both campalgnS With respect to the

influent皿ow rate (accumulated rain of l and 3.5 mm was measured

in the l st and血e 2nd campalgnS reSPeCtively; maXimum evaporation

duhng winter in血e area is approximately O.5 to l mm/d)・血each

campaign血ree to four samples of the influent and血e e組uent were

collected weekly. Ail in皿uent samples were 24 h flow-Weighted

composite samples and these were taken until the third week after

the discharge. EHluent gral) SamPles were collected until血e 4血

week after discharge (approximately twice血e theoretical hydrau-

1ic retention time). Samples were refrigerated and analysed l d after

collection. TSS’COD and BOD5 analyses were carried out using

conventional me血ods (jねzmあ′d脇α互1995).

Resu音ts and discussion

Re音iabi音ity and performance of the WW丁P

Figure 2 shows the changes of TSS and BOD5 in the influent and

the emuent of血e WWTP宜om March 1989 to January 1998. As

can be seen’in皿uent TSS and BOD5 COnCentrations had extreme

Available on website http:〃ⅧⅣ.ⅧO喝曲



ああ姦婦車重車重壷歩埼
Time, mOnths

Values in some sanples. This was due to the fact that when sanple

COllection was carried out, there was a simultaneous abattoir

discharge. TSS and BOD5 Showed a certain tendency to decrease in

血e i血uent and the e組uent over time. Thus’eaCh time series may

be divided into two different parts separated by September 1993

(dashed line in Fig. 2), When血e abattoir WWTP was established.

Table 2 shows the average’Standard deviation and range of血e

Water quality parameters of Cervera WWTP before and after the

establishment of the abattoir WWTP. As can be seen, before

September 1993 when the abattoir sewage was dumped directly

into血e sewer the average in皿uent TSS and BOD5 Were Clearly

血gher than after September 1993・ On the other hand, before

September 1993 the effluents showed poor quality with average

Values exceeding the standards established in Directive 91/271

(Council of the European Communities, 1991). In fact, Only 30%

Ofthe samples had a TSS and BOD5 COnCentration oflower than 35

and 25 mg#respectively. However, Since September 1993, 70% of

血e sanples have had a TSS concentration lower than 35 mg/e, and

in 80% of血e samples a BOD5 lower than 25 mg砿It is clear that

from September 1993, the e餌uents improved considerably in

tems of quality and reliability (note that the variation coe餌cient

Of TSS and BOD5- Standard deviation divided by the average

expressed as a percentage - WaS血gher before September 1993

(79% and 82% respectively) tha皿after (70% and 47% respec-

tively).

ああ姦婦車重車重壷寅年
Time, mOnths

丁ABLE2 

Average,Standarddeviation(S)andrangeo=he 
Waterqua音ityparametersofCerveraWWTPbefore 

andafterSeptember1993。nisthenumbe「o書data 

usedforca音cu寒ation。Forthef音owrate,nisthenumber 

Ofmonth音yaveragesobtainedf「omdailyflowrates。 

Parameter �n ��Ave「age ��S ���Range 

牽き会議、筆談轟　着′・‥ � �� �� � �� 

FIowrate,m3/d �17 ��3100 ��570 ���1800-3900 

血fluentTSS,mg/l �53 ��620 ��410 ���200-2100 

EffluentTSS,mg/e �50 ��70 ��55 ���6.0-320 

In皿uentBOD5’mg# �53 ��690 ��340 ���200-1600 

EffluentBOD5’mg/e �50 ��58 ��48 ���9-210 

Flowrate,m3/d �51 ��3000 ��340 ���2000-3900 

InfluentTSS,mg/e �48 ��370 ��380 ���120-1900 

E組uentTSS,mg〃 �53 ��24 ��17 ���9.0-86 

In皿uentBOD5,mg〃 �48 ��385 ��560 ���56-3300 

EmuentBOD5,mg〃 �53 ��15 ��7 ���9-35 

TABLE3 
Average,Standa「ddeviation(S〉andrangeofthewaterqua看ityparametersofCerve「aWWTP 

duringthe2samp音 �lngCamPaignsfortheevaiuationofs!u �����dgedischarges(March-Apri音1997 

andJanua「y-February1998)。nisthenumberofdatausedfo「ca音culation。 

Paramete「 �n ��Average ��o ��Range 

1997 �1998 �1997 �1998 �1997 �1998 �1997 �1998 

FIowrate,m3/d �17 �18 �2800 �3600 �640 �1200 �1100-3500 �1400-5700 

血fluentTSS,mg# �10 �10 �390 �500 �100 �900 �270-550 �180-3100 

EffluentTSS,mg# �14 �13 �10 �10 �6 �2 �1-22 �7-14 

血皿uentCOD,mg/e �9 �10 �570 �800 �130 �990 �400-830 �350-3600 

EmuentCOD,mg# �14 �13 �72 �70 �30 �55 �う0-110 �20-200 

InfluentBOD5’mg/e �10 �10 �240 �220 �88 �170 �150-410 �120-680 

EffluentBOD5,mg〃 �14 �13 �3 �7 �2 �8 �1-9 �2-13 
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敬繁鼻も細物
Time, days

肇続繁先細繁
Time, days

COD(1997) 

繁繁鼻を細物
Time, days

13500

1 3000

1 2500

1 2000

塩88
1500

1 000
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0

3000

2500

2000

1 500

1 000

500

0

1 6000

1 5000

書4000

1 3000

¥才、-「酉

誓㌦　繊　繊　呼気
Time, days

BOD5 (1998)

鮮紅　鰯　縫　輪
Time, days

COD (1998)

鮮紅　繊　総　繋
Time, days

句gu鳩3

Changes jn 7-SS, BOD5 and COD foads剛he棚uen’and the e朋uen! of Cerve伯WWTP du面g肋e samp伽g campajgrlS Of Ma/Ch

and Ap周7997, and January and febmary 7998・ No(e肋a川he伯nges of the o働hate axis scafes are朋b鳩nl

!mpact of the s音udge discharges on water quaiity

Table 3 shows血e average, Standard deviation and range of瓜e

Water quality parameters of Cervera WWTP during the two sam-

Pling campaigns. As can be seen’血e average values are similar to

the average concentrations observed after September 1993 in

Tal)le 2. Only in皿uent TSS during the 2nd campaign (1998) had an

average value more similar to that observed before September

1993. This is related to血e extreme血gh influent TSS detected on

the day of the sludge discharge (3 100 mg/e)・ BOD5 in皿uent

concentration values in the two campalgnS Were SyStematically

lower (40 to 45%)血an the values obtained from血e grab samples

collected monthly by the Catalonia Water Agency. These grab

samples are usua11y taken in瓜e mommg’and from this study it is

clear血at they are not representative of血e influent actual water

quality. The calculation of瓜e BOD5 e批ciency removal of the

WWTP based on the data obtained through血ese grab samples is

greater than the actual e縦ciency because of the lower concentra-

tions observed in flow-Weighted composite samples.

Figure 3 shows the changes ofTSS’BOD5 and COD loads in

the in皿uent and the e組uent of the WTP, in the two sampling

200 ISSN O378-4738 = Water SA Vol. 30 No. 2 Apri1 2004

campalgnS. As can be seen’血e血ghest influent loading rates are

mai血y those of the first sampling day because of血e sludge

discharge. Only瓜e TSS loading rate observed on March 19血(1st

campaign) was greater血an that detected on the first day and t血s

was related to another sludge discharge. Contaminant loading rates

were clearly higher in the discharge of血e 2nd campaign (1998)・血

fact, TSS and BOD5 loading rates observed in血e discharge of血e

lSt campaign were quite similar to the design loads (1 500 kg TSS/

d and 1 860 kg BOD5/d)・ However,血e TSS and BOD5loading rates

in the 2nd discharge were 800% and 60% higher than血e design

loads.

As can be seen in Fig. 3, the changes in the efnuent loads of血e

three Water qua址y parameters evaluated do not show any signifi-

cant tendency according to the discharge event’eVen eXaCtly 14 d

from血e discharge coinciding wi血the血eoretical hydraulic reten-

tion time. Note血at during bo血campaigns the effluent quality was

excellent and reliable (Tわle 2).血conclusion, the sludge discharge

on cervera WWTP does not a鮮ect e触uent quality su組ciently to

bring the water quality parameters above the requlrementS eStわ-

1ished in European U血on Directive 91/27 1 (Council of the Euro-

Pean Communities, 1991).

Available on website ht巾:〃ww.ⅧOrgZa
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TABLE4 

Sludgevoiumewasted,amualf看owrateands獲 �����udgep「oductiono富 

CerveraandGuissonaWW丁Pfrom1992to1997.(a)ThesevaIues 

havebeenc ��alculatedtakingintoaccountthatinpreviousyears 

accumulatedsludgewasnotwasted。 

Year �Cerve「aWW丁P ���GuissonaWWTP 

Siudge �Annual �Sludge �Sludge �Annuai �S看udge 

VOlume, �f音ow細ate, �Production, �VOlume, �f書owrate, �PrOduction, 

m3 �mftyear �elm3 �m3 �m?fyea「 �elm3 

1992 �4760 �828915 �6 3(a) �0 �923085 �1(a) 1(a) 

1993 �0 �1169095 ��0 �657000 

1994 �5890 �1024190 ��3200 �687660 

1995 �5030 �1111425 �5 �0 �927100 

1996 �3770 �1150480 �3 �0 �1067625 

1997 �6440 �1107045 �6 �4090 �1101570 

Sludge production

Sludge wasting is a common operational activity that has to be

COnducted in aerated pond systems. To evaluate the influence ofthe

abattoir WWTP discharges on sludge production in血e Cervera

WWTP・ a COmParison was made wi血a similar aerated pond

WWTP located 15 km away. This plant treats血e wastewater of血e

town of Guissona and was designed for a flow rate of 2 000 m3他

and a population equivalent of lO OOO. It is also made up of four

POnds operating in series:

●　the primary and secondary ponds are aerated ponds

・ the tertiary pond functions as a sedimentation pond

・血e quatemary pond is a sedimentation-maturation pond.

The Guissona WⅥP also receives industrial treated e皿uents but

not sludge discharges (at least not to a signi丘cant degree, aS is血e

CaSe With Cervera). Sludge wasting in the Cervera and Guissona

WWTPs is calried out in tertiary and quatemary ponds. Table 4

Shows血e comparative sludge production at血e Cervera and

Guissona WⅥPs.

The results shown in Table 4 indicate血at the Cervera WTP

has a clearly higher sludge production per treated flow than血e

Guissona WWTP. These sludge production data are comparat)le

because the percentage of dry matter in血e sludge ofboth plants is

Very Similar: 4.8 to 6.8% for Cervera and 3.3 to 7.5% for Guissona.

If血e sludge production at the Guissona WWTP is considered a

typical situation for the area (according to the data shown by Crites

and Tchobanoglous (1998) sludge production in aerated ponds

usually ranges血om l to 3 AIn3), then the sludge production at血e

Cervera WWTP is 200 to 500% higher than血e usual values. From

血ese comparative data we conclude血at血e discharge of sludge at

血e Cervera WWTP increases the sludge production, Which in tum

increases the sludge wasting operation activities.血fact, from

Tal)le 4 it can be observed that sludge wasting is more frequently

undertaken at血e Cervera WWTP than at血e Guissona WⅥP.

The O & M costs of the Cervera WWTP per volume of water

treated are estimated at O. 1 1.Im3. If the cost of血e sludge wasting

activities is O.006./e (Of sludge), and the sludge production is 3 to

6 Wm3 (instead of l Wm3), then the O & M costs of the Cervera

WWTP increase by糾〕PrOX王mately l O to 30% because of the sludge

di scharges.

Available on website h請p:〃www.wmo喝棚

Conc寒usions

After瓜e establishment of血e abattoir WWTP in September 1993,

the effluents of血e Cervera municipal WWTP clearly improved in

quality and reliability. Before September 1993, Only 30% of血e

e鮒uent samples ofthe Cervera WWTP complied with血e TS S and

BOD5 Standards established in European Union Directive 9 1/27 1.

Since September 1993’70% of samples have complied wi血these

requlrementS.

The present study shows血at sludge discharges of the al)attOir

WWTP into the municipal sewer do not signi丘cantly a塙3Ct血e

e鮒uent quality of the Cervera WWTP. In fact, We have observed

that after severe discharges’the TSS and BOD5 0f the e組uents are

Still well below the requirements of Directive 9 1/27 1 (Council of

the European Communities, 1991)・ The great capacity of血e

Cervera WWTP to abso血sludge discharges wi血out influencmg

its e鮒uent quality may be related to血e nature ofthe discharges and

the type of plant. The sludge discharges originate from activated

Sludge purged in the abattoir WWTP’and are characterised by血gh

TSS and low BOD5 COnCentrations. This sludge can easily settle in

the te血ary pond, Which acts as large clari丘er wi血a low hydraulic

Surfrce loading ( 1.3 m/d considering a flow of3 100 m3/d) and wi血

a high hydraulic retention time (4.6 d considering the same flow

and the nominal volume of the pond without sludge). Sludge can

also settle in the quatemary pond. On血e other hand, the results

indicate that decomposition of the settled sludge does not seem to

represent a significant intemal source of organic matter for increas-

ing血e BOD5 Of the五nal e餌uent. Settled sludge is discharged

together wi血血e sludge produced in血e same plant. In short,血e

Cervera WWTP based on aerated ponds has excellent characteris-

tics for allowing sludge sedimentation and a high c糾〕aCity for

Sludge storage.

The Cervera WWTP has a sludge production血at is clearly

血gher瓜an other similarWWTPs because ofthe sludge discharges.

As a result the Cervera WWTP needs more intensive sludge-

disposal operating activities,血us increasing血e amual O & M

COStS by approximately lO to 30%.
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