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Abstract: This study presents results of chemical oxygen demand fractionation measurement of reject water from
municipal wastewater treatment plant in Malaga (Spain). Analyzed reject water is a high-strength wastewater,
internally generated at WWTP during sewage sludge treatment. Additionally, in many cases the reject water is
recycled to the main stream of WWTPs without any treatment. Because of high concentrations of nitrogen and
phosphorus as well as organic matter, those sludge liquors could significantly effect on WWTPs operation. In this
research, the samples of reject water were obtained from following installations: centrifuge dewatering, centrifuge
thickening, gravity thickener and sludge dryer. The respirometric method was applied to determine biodegradable
COD fractions. In case of reject water form sludge dryer, gravity thickener as well as centrifuge dewatering the
obtained results of COD fractionation indicated that the organic matter of wastewater is mostly biodegradable, this
fraction was ranged from 63.6 to 88.6 of total COD. Whereas, the reject water from centrifuge thickening was
characterized by significant share of inert fractions, 86.9 of total COD.
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Introduction

Currently, the chemical oxygen demand (COD) fraction has become an indispensable
tool for the characterization of wastewater and expression of model components [1, 2]. The
COD fractionation often replaced biological oxygen demand (BOD), volatile solids (VS)
and total organic carbon (TOC) as the parameter to describe organic matter presented in
wastewater [3-5]. The total COD is divided due to rate of degradation, in ASM1 (Activated
Sludge Model no. 1) is distinguished following fractions: readily biodegradable (Ss) and
slowly biodegradable (Xs) (biodegradable organic matter) as well as soluble inert COD (S))
and particulate inert COD (X)) (non-biodegradable organic matter) [5, 6]. The
biodegradable fractions (Ss and Xs) could be absorbed by organisms and metabolized for
energy and synthesis. However, the slowly biodegradable substrate firstly should be
hydrolyzed by exocellular enzymes of bacteria [2, 7]. The soluble inert COD passes
through the system without influencing the biochemical processes in the reactor. Whereas,
the particulate inert fraction (X;) is mostly accumulated in the activated sludge and removed
from the system with waste sludge [4, 8]. Generally, the COD fraction has been applied in
modeling of the microbial processes in activated sludge as well as control purposes [2].

This study presents results of chemical oxygen demand fractionation measurements of
reject water from municipal wastewater treatment plant in Malaga (Spain). Recently, more
attention has been focused on the issue of return flows. Those streams mostly include
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removed liquid phase from processes such a thickening, anaerobic digestion, chemical
conditioning as well as dewatering of sewage sludge. This high-strength wastewater also
called as side-stream may contain significant concentrations of nitrogen, phosphorus and
organic matter [9, 10]. Additionally, in many cases the reject water is recycled into the
main stream of WWTPs without any treatment, which could cause several problems on
WWTP operation. Most significant of those issues are biological process disturbances
connected with substrate unequilibrium, overloading of bioreactor which can led to increase
of operational as well as maintenance costs [11, 12].

Materials and methods

As a materials in presented research was used reject water obtained from following
installations: centrifuge dewatering, centrifuge thickening, gravity thickener and sludge
dryer of the MWWTP situated in Malaga (Spain). To determine COD fractions the freshly
collected samples were used, maximally 2 hours after sampling.

The tests were conducted using respirometer BM-T (Surcis). The equipment consisted
of three parts: batch reactor (volume 1.0 dm®) thermostatic unit and computer with
software. The respirometer’s chamber was equipped with a stirring and aeration systems as
well as dissolved oxygen probe and the pH electrode. It recorded directly two fractions:
total biodegradable (Cs) and readily biodegradable (Sy).

The respirometer was inoculated with activated sludge from biological reactor. This
sample was aerated over 24 hours before the measure to reach the endogenous respiration.
For all measurements the temperature was maintained at 20.0 + 0.1°C. In order to eliminate
oxygen consumption due to nitrification about 10 min before the analysis 10 cm® solution
of allylthiourea (ATU) was added to respirometer’s chamber. The measurement was carried
out in accordance with the procedure given by Surcis.

The inert as well as the slowly biodegradable fractions were based on following
calculations:

X, =Cy -8, [mg-dm™] (1)
S, =S, -8, [mg-dm™] 2)
X,=C,-S, [mg-dm™] (3)

where: S; - soluble inert COD substrate [mg'dm’3], St - total soluble COD [mg'dm’3],
X, - particulate inert substrate [mg'dm™], Xs - slowly biodegradable organic matter
[mg'dm’3].

In order to estimate (S7) the total soluble COD, the samples of wastewaters were
filtered through 0.45 pum filter, then the chemical oxygen demand was measured. All
chemical oxygen demand analyses were performed with Hach Lange UV - VIS DR 5000
using Hach analytical methods.

Results and discussion

The results of presented study are shown in Table 1. The concentrations of total and
soluble COD were differed over a wide range. The average value of total COD was
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2110.0 mg'dm™ and varied within a range of 86.8 to 8660.0 mg'dm™. The highest value
was observed in case of sludge dryer, whereas the lowest result in centrifuge thickening.
The soluble COD concentrations were differed in the range of 39.1 to
7850.0 mg'dm, with a mean value of 1618 mg-dm™.

Table 1
Estimated chemical oxygen demand fractions of reject water from different facilities
¢ | G Ss | x | s 1 X
[mg-dm™] [%]

average 1406.8 660.5 46.0 17.5 8.7 27.8
centrifuge dewatering min 991.0 371.0 21.2 5.5 0.1 10.0
max 1869.0 905.0 71.1 315 23.3 43.5

SD 460.0 251.0 20.8 10.9 11.1 17.1

average 114.2 59.8 11.1 1.9 42.3 44.5

centrifuge thickening min 86.8 39.1 8.3 0.1 21.5 32.5
max 151.0 94.9 124 4.0 53.0 65.4

SD 32.1 244 1.9 1.8 14.4 14.7

average 978.8 483.0 51.7 11.9 3.8 32.5

ity thick min 543.0 215.0 40.2 7.5 0.2 21.4
gravity thickener max__| 13550 | 6930 | 683 130 87 414
SD 333.7 201.8 13.0 4.5 4.5 10.3

average 5940.0 5270.0 83.9 4.8 174 54

sludge dryer min 3220.0 2690.0 79.8 3.7 2.7 5.7
max 8660.0 7850.0 87.9 5.9 3.8 10.6

SD 3846.7 3648.7 5.8 1.6 29.6 7.5

In case of reject water from sludge dryer, gravity thickener as well as centrifuge
dewatering the obtained results of COD fractionation indicated that the organic matter of
wastewater is mostly biodegradable, this fraction was ranged from 63.6 to 88.6 of total
COD.
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Fig. 1. The summary of COD fractions in raw wastewater from various countries
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The presented results for reject water from centrifuge dewatering and gravity thickener
were comparable. Those samples were characterized by significant percentage of readily
biodegradable faction, 46% for centrifuge dewatering and 51.7% for gravity thickener. The
similar data was also observed in case of slowly biodegradable substrate, 17.5 and 11.9% of
total COD, respectively. The highest value of biodegradable fractions was obtained in
wastewater from sludge dryer 88.7%, of which 83.9% was a readily biodegradable
component. The results show that those samples contain a relatively low fraction of slowly
biodegradable COD, with a mean value of 11.4 of total COD, compared to data reported at
the literature and depictured at Figure 1 for raw wastewater (Xs between 33-62 of Cy)
[13-19]. Whereas, the non-biodegradable fractions were dominated in case of sample from
centrifuge thickening, the average value was 42.3% for soluble inert fraction and 44.5% for
the particulate inert fraction. In raw wastewater inert fractions (soluble and particulate)
might contain up to 33 of total COD [14]. A significant share of non-biodegradable fraction
in the influent could interfere the biological treatment.

Additionally, the obtained results of COD fractionation were characterized by
significant standard deviation, which could be attributed to changing influent quality as
well as the process efficiency.

Summary and conclusions

Although flow of reject water is relatively small, it could affected on wastewater
treatment plant efficiency. Furthermore, this high-strength wastewater is returned to
influent of wastewater treatment plants. In this study, the results of chemical oxygen
demand fractionation of reject water from municipal wastewater treatment plant in Malaga
(Spain) were presented.

In case of reject water form sludge dryer, gravity thickener as well as centrifuge
dewatering the obtained data of COD fractionation indicated that the organic matter of
wastewater is mostly biodegradable, this fraction was ranged from 63.6 to 88.6 of total
COD. Whereas, the reject water from centrifuge thickening was characterized by significant
share of inert fractions, 86.9 of total COD.

The result of this research could be applied in modelling activated sludge systems
as a part of influent characterization as well as for designing separate treatment of those
returned streams.

Acknowledgements

The authors thank the EMASA (Empresa Municipal Aguas de Madlaga, Spain) and
especially the management and staff of WWTP Guadalhorce for possibility to perform this
study as well as the technical support.

References

[1] Dulekgurgen E, Dogruel S, Karahan O, Orhon D. Size distribution of wastewater COD fractions as an index
for biodegradability. Water Res. 2006;40(2):273-282. DOI: 10.1016/j.watres.2005.10.032.

[2] Henze M, Gujer W, Mino T, van Loosdrecht MCM. Activated sludge models ASM1, ASM2, ASM2d, and
ASM3. IWA Scientific and Technical Report No. 9. London: IWA Publishing; 2000.

[3] Henze M, Grady C, Gujer W, Marais G, Matsuo T. Activated Sludge Model No. 1, Rep. 1. London:
TIAWPRC; 1987.



Chemical oxygen demand fractionation of reject water from municipal wastewater treatment plant 453

[4] Vollertsen J, Hvitved-Jacobsen T. Biodegradability of wastewater - a method for COD-fractionation. Water
Sci Technol. 2002:45(3):25-34.

[5] Arslan A, Ayberk S. Characterisation and biological treatability of “Izmit industrial and domestic wastewater
treatment plant” wastewaters. Water SA. 2003;29(4):451-456. DOI: 10.4314/wsa.v29i4.5052.

[6] Ekama GA, Dold PL, Marais GVR. Procedures for determining influent COD fractions and the maximum
specific growth rate of heterotrophs in activated sludge systems. Water Sci Technol. 1986;18(6):91-114.
http://www.iwaponline.com/wst/01806/wst018060091.htm.

[71 Kappeler J, Gujer W. Estimation of kinetic parameters of heterotrophic biomass under aerobic conditions
and characterization of wastewater for activated sludge modeling. Water Sci Technol. 1992;25(6):125-13.
http://www.iwaponline.com/wst/02506/wst025060125.htm.

[8] Orhon D, Cokgdr EU. COD fractionation in wastewater characterization - The state of the art. J Chem
Technol Biotechnol. 1997;68(3):283-293. DOL  10.1002/(SICI)1097-4660(199703)68:3<283::AID-
JCTB633>3.3.CO;2-0.

[9] Janus HM, van der Roest HF. Don’t reject the idea of treating reject water. Water Sci Technol. 1997;35(10):
27-34. DOI: 10.1016/50273-1223(97)00220-5.

[10] Marttinen SK., Ruissalo M, Rintala JA. Removal of bis (2-thylhexyl) phthalate from reject water in
a nitrogen-removing sequencing batch reactor. J Environ Manage. 2004;73(2):103-109. DOI:
10.1016/j.jenvman.2004.05.011.

[11] Pitman AR. Management of biological nutrient removal plant sludges - Change the paradigms? Water Res.
1999;33(5):1141-1146. DOTI: 10.1016/S0043-1354(98)00316-9.

[12] Van Loosdrecht MCM, Salem S. Biological treatment of sludge digester liquids. Water Sci Technol.
2006;53(12):11-20. DOL: 10.2166/wst.2006.401.

[13] Wentzel MC, Ekama GA. Principles in the design of single-sludge activated-sludge systems for biological
removal of carbon, nitrogen and phosphorus. Water Environ Res. 1997;69(7):1222-1231. DOL
10.2175/106143097X125975.

[14] Del la Sota A, Larrea L, Novak L, Grau P, Henze M. Performance and model calibration of R-D-N processes
in pilot plant. Water Sci Technol. 1994;30(6):355-364. http://www.iwaponline.com/wst/03006/wst
030060355.htm.

[15] Wichern M, Liibken M, Blomer R, Rosenwinkel KH. Efficiency of the activated sludge model No. 3 for
German wastewater on six different WWTPs. Water Sci Technol. 2003;47(11):211-218.

[16] Orhon D, Karahan O, Sozen S. The effect of residual microbial products on the experimental assessment of
the particulate inert COD in wastewaters. Water Res. 1999;33(14):3191-3203. DOI: 10.1016/S0043-
1354(99)00207-9.

[17] Myszograj S, Sadecka Z. Frakcje ChZT w procesach mechaniczno-biologicznego oczyszczania $ciekéw na
przyktadzie oczyszczalni $ciekéw w Sulechowie. Roczn Ochr Srodow. 2004;6:233-244.

[18] Chachaut B, Roche N, Latifi R. Long-term aeration strategies for small-size alternating activated sludge
treatment plants. Chem Eng Progress. 2005;44(5):591-604. DOI: 10.1016/j.cep.2004.08.002.

[19] Pasztor I, Thury P, Pulai J. Chemical oxygen demand fractions of municipal wastewater for modeling of
wastewater treatment. Internat J Environ Sci Technol. 2009;6(1):51-56.

FRAKCJE CHEMICZNEGO ZAPOTRZEBOWANIA NA TLEN
WOD OSADOWYCH Z MIEJSKIEJ OCZYSZCZALNI SCIEKOW

Wydziat Inzynierii Srodowiska, Politechnika Lubelska, Lublin, Polska
Miejskie Przedsigbiorstwo Wodociagéw i Kanalizacji, Malaga, Hiszpania

Abstrakt: Artykut przedstawia wyniki badan udziatu poszczegdlnych frakcji chemicznego zapotrzebowania na
tlen w wodach odprowadzanych z urzadzen przerébki osadéw w miejskiej oczyszczalni $ciekéw w Maladze
(Hiszpania). Analizowane wody osadowe mozna scharakteryzowaé jako silnie zat¢zone $cieki generowane
wewnatrz oczyszczalni, powstate w efekcie prowadzonych proceséw technologicznych - gtéwnie obrébki osadéw.
W wielu stosowanych obecnie uktadach technologicznych tego typu wody zawracane sa na poczatek gtéwnego
ciggu technologicznego oczyszczalni. Jednakze ze wzgledu na bardzo wysokie stg¢zenia zwiazkéw zawierajacych
azot, fosfor oraz wegiel organiczny odcieki te moga znaczaco wptywaé na realizowane procesy oczyszczania.
Podczas badan prowadzonych w ramach niniejszego opracowania prébki analizowanych wdéd procesowych



454 Aleksandra Szaja, Jose Alonso Aguilar and Grzegorz Lagéd

pobierane byty z nastgpujacych urzadzen gospodarki osadowej: wiréwki odwadniajacej, wiréwki zageszczajacej,
zaggszczacza grawitacyjnego oraz suszarni osadow. Za pomoca metody respirometrycznej okreslony zostat udziat
frakcji biodegradowalnych w catkowitym chemicznym zapotrzebowaniu na tlen analizowanych prébek.
W przypadku woéd osadowych po suszarni osadéw, zaggszczaczu grawitacyjnym oraz wir6wki odwadniajacej
uzyskane wyniki analizy frakcyjnej ChZT wskazuja na znaczny udzial substancji biodegradowalnych - zakres od
63,6 do 88,6% catkowitego ChZT. Natomiast odcieki z wiréwki zageszczajacej charakteryzuja si¢ znacznym
udziatem substancji niebiodegradowalnych - udziat frakcji inertnych wynosit 86,9% ChZT catkowitego.

Stowa kluczowe: frakcje ChZT, materia organiczna, wody odpadowe z przerébki osadéw, respirometria



