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The paper presents results of studies concernmglélignation of COD fraction in the
raw and mechanically treated wastewater in diffey@ar seasons. The research object
was a mechanical-biological wastewater treatmeanttphith the output of >40 000 P.E.,
located in western Polandhe results of COD fraction in the raw wastewatarev
compared with data received in the ASM models. Mdethogy for determining the COD
fraction was based on the guidelines ATV - A 18lring the research following
fractions were determined: particulate slowly bigdelable substrates X soluble
readily biodegradable substrates)(Snert particulate organic material fXand inert
soluble organic material (S Soluble and particulate components were difféatsd by
filtration through 0.4hm membrane filters. The percentage of each fradtiaatal COD
determined on the real concentration in raw waseware different from data reported
in the literature.

Keywords: raw wastewater; COD fractions; ASM modelsgjanic substances
biodegradable and non-biodegradable

1. INTRODUCTION

The diversity of unit biochemical processes ocagriin integrated removal of
contaminants from wastewater has had an impadteapplication of computer
simulations based on various mathematical modetiesigning [5,13,19]. The
application of these methods requires, however,endgtailed data on the
wastewater content, as compared to the valuesrafecional indices, such as
BODs, COD.,, CODy,, TOC or ignition loss. Also the knowledge of many
kinetic parameters of kinetic unit processes isuiregl. In the design and
optimisation of biological wastewater treatmentqasses, it is very important
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to determine the biodegradability of contaminanithwaking into account the
ratios of contained by them compounds responsivel aesistant to
decomposition, and the influence of wastewater titoienits on the course of
unit processes. Detailed characterisation of omacbntaminants is of
increasing significance also in sludge stabilisatiprocesses and problems
related to sludge liquors forming in wastewateatiment plants [5,11,12,17].
The index BOD, so commonly used in designing technology wastemwat
treatment systems, only provides information abeasily biodegradable
contaminant content, however, it does not, take amcount the amount of non-
biodegradable contaminants which lower the effectass of biological
wastewater treatment. The index COD, with divisioio fractions, is currently
presented as the most appropriate for the chaisatien of organic substrates
present in wastewater, because it makes it possiblgbtain information on
biodegradability of organic contaminants, both iissdlved and suspension
form [1,3,15,23,24].

According to the IAWQ lfiternational Association on Water Quality)
nomenclature, dissolved constituents are markedh wlie symbol S and
undissolved ones with the symbol X [8]. Dependingtlwe form of compounds,
total COD will be the sum of:

COD,, = Scop + Xcopr 90, /M’ (1.2)

where: $op— the sum of dissolved organic substances/,rgb
Xcop — the sum of organic substances in suspensioﬂimj.o
The percentage ratio of the suspension fractiototal COD of raw
household wastewater is 65+79% and dissolved —21k8& also assumed that
the percentage ratio of suspensions in househddtkewater is about 57% COD
and colloids and dissolved substances about 43%ah[4,6,16,18].

2. COD FRACTION CONCENTRATIONSIN BIOKINETIC ASM
MODELS

The IAWPRC (nternational Association on Water Pollution Res#arand
Control) work group, currentlyinternational Water AssociatioliWA), was
appointed in 1982, in order to develop a universathematical model for
designing the activated sludge process with theovai of nitrogen and
phosphorus compounds [6,7,15,25].

The preliminary version of the model name&ttfvated SludgeModel
No.1) was published in 1987 [10,15]. ASM1 modedlges the simulation of
the processes of removal of organic compounds &nsgan compounds from
wastewater, with taking into account unit processdsch occur both in
wastewater, as well as active sludge [7,10,14].
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The model includes eight unit processes which atidet into 3 groups:

» hydrolysis processes involving:
— organic compound hydrolysis under non-limiting oggigconditions,
— organic compound hydrolysis under oxygen-free cimrs,
— organic nitrogen hydrolysis,

e organic substance decomposition processes occumirthe presence of
heterotrophic bacteria X
— heterotrophic biomass growth under non-limiting @ty conditions,
— heterotrophic biomass growth under anoxic condstjon
— heterotrophic biomass decomposition,

» processes conducted by autotrophic bacteria (oarifs) (%):
— autotrophic biomass growth under non-limiting oxygenditions,
— autotrophic biomass decomposition.

The constituents of total COD according to the ASMibdel are
presented by the equation:

COD,

tot.

=S +S + X+ X, + X, + X, +X,,00,/m’ (2.1)

where:
S —inert soluble organic material, g@°
S, — soluble readily biodegradable substrates/rgd
X, — inert particulate organic material, g@°
Xs— particulate slowly biodegradable substrates/rgd
Xy — heterotrophic organisms, go®
Xa — autotrophic nitrifying organisms, gon’®
Xp — decay products, gn’.
Unless the biomass fraction is included, this madedimplified to the
form:

COD,, =S, +S +X¢+X,,90,/m’ (2.2)

ASM1 modifications have led to the creation of sdigent versions:
ASM2, ASM2d and ASM3 [2,6,7,8,9,15]. Thus, the ASNodel, which
describes only the removal of organic compoundsraindgen compounds, has
been expanded to a version covering advanced pbasphemoval processes. A
novelty in the ASM2 model is the isolation from tgeoup of active sludge
microorganisms (PAQO’s) ones with the ability of gpbhorus cumulation by
polyphosphate storage [6,8,10].

The concentrations of the individual COD fractioascording to the
ASM1 and ASM2 models are the following [4,6,8,9,10]
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ASM1 ASM 2
CODyqt = 400 gOo/m?® CODy = 263 gOo/m®

Xs particulate slowly biodegradable 280g0,/m® Xs particulate slowly biodegradable 125g0,/m®

substrates: substrates:

Ss soluble readily biodegradable 60 gO/m® S fermentable, readily biodegradable 30 gO/m®

substrates: organic substrates:

X, inert particulate organic 40 gOJ/m® X, inert particulate organic material: 25 gO/m®

material: S inert soluble organic material: 30 gO/m°®

S inert soluble organic material: ~ 20gO,/m° Sa fermentation products (acetate): 20 gO/m®
Xn heterotrophic organisms: 30 gO/m®
Xa autotrophic nitrifying organisms: 1 gOo/m®

Xpao  Phosphorus  Accumulating 1 gO/m®
Organisms PAO:

Xpys cell internal storage product of 1 gOy/m®
PAQO’s:

The division of organic substances in the ASM2 nhagenuch more
complex than in the ASM1 version, because it takiEsaccount 19 constituents
used in wastewater and active sludge charactensalien of them relate to
insoluble constituents, nine to soluble ones [@P,1

The models assume that in raw wastewater fractdnsand S are
dominant, whereas in lower concentrations two offa&tions occur: Sand X.
The percentage ratios of the individual fractiossuaned by the ASM1 and
ASM2 models are presented below:

ASM1 ASM?2
Xs particulate slowly biodegradable 70 % Xs particulate slowly biodegradable 35+75%
substrates: substrates:
Ss soluble readily biodegradable 15% Ss soluble readily biodegradable 12+30 %
substrates: substrates:
X, inert particulate organic material: 10 % X, inert particulate organic material: 10+15%
S inert soluble organic material: 5% S inert soluble organic material: 5+10%

The ASM1 model assumes constant values of the piage ratio of the
individual fractions, whereas the ASM2 model givasges of percentage ratios
of the individual fractions in total COD of raw weawater.

3. METHODOLOGY OF COD FRACTION DETERMINATION

The methodology of COD fraction determination haerb developed on the
basis of the ATV-A131 guidelines [20,21,22,26]. eTmethodology for the
determination of the fractions involves the chagdstation of COD and BOD

in filtered and non-filtered samples of raw anchtesl wastewater.

» The dissolved, non-biodegradable fractignisStermed as COD in filtered
treated wastewater.
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» The dissolved, easily biodegradable fractiog i$ calculated from the
difference of the concentration of dissolved organbntaminants &p
determined in filtered raw wastewater and the cotteion of the dissolved
non-biodegradable fraction jS

Ss = Scop ~ S, ’gozlm3 (3.1)

» The slowly biodegradable organic suspension, foacKs is defined as the
difference of total BOD (BOB), calculated based on the BODf non-
filtered raw wastewater and biochemical decompmsitioefficient (k) and
the dissolved easily biodegradable fractign S

_ BOD
K,

Xs _Ss'gozlm3 (3.2)

for household wastewater, it is assumed tha®l6, 1/d.

* Non-biodegradable organic suspensiqgisXalculated from the dependence:
X, = Xeop — Xs,90, /M’ (3.3)

where:  Xop IS total concentration of dissolved organic substg in

suspension.

» Total COD of raw wastewater as the sum of the iimastis determined with
the equation:

COD,, =S, +S +X¢+X,,90,/m’ (3.4)

Soluble and particulate components were differésdiaby filtration
through 0.45m membrane filters.

4. THE GOAL AND SCOPE OF THE RESEARCH

The goal of the research was to determine the kctrentrations of COD
fractions in raw wastewater flowing into a munidipeastewater treatment plant
with the output of 1500&n*d. The results and calculations obtained have made
it possible to determine percentage ratios of tidvidual fractions in total
COD and compare the results obtained with the ggsons of the biokinetic
ASM1 and ASM2 models. It was also investigated ¢fflect of mechanical
treatment in grit chamber into the COD fractionarles. This part of the study
was to test how the process of mineral suspendats separate will affect on
the participation of the COD fractions.
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4.1. Thecharacteristic of the research subject

The research object was a municipal wastewatemntezd plant with the output
of >40 000 P.E., located in western Poland. It isnachanical-biological
wastewater treatment plant with the function of thieogen and phosphorus
compounds removal.

During the research following wastewater samplesews®llected: raw
wastewater, wastewater after grit chamber and ddeavastewater. The
technology diagram of the research object is ptesen Fig. 1.
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4.2. Testing methodology
Raw and treated wastewater samples were takencordance with PN-ISO
5667-10:1997.

The scope of physical-chemical analyses of wastawsstmples included
the characterisation of:
Chemical oxygen demand, COD — with the potassiwhrdmate method, as
per PN-74/C-04578.03, PN-ISO 6060:2006,
Biochemical oxygen demand, BOD - with the manometrethod, using the
OxiTop Control OC110 measurement system made by WTW
Total organic carbon, TOC — using the total orgamaidoon analyser TOC-V
CSN made by Shimadzu,
Dissolved organic carbon, DOC - using the totalaorg carbon analyser
TOC-V CSN made by Shimadzu, in a sample of wasewfdtered through
a 0.45um filter.

The characterisations were conducted in three itepet, in raw
wastewater samples and samples filtered throughSa filter.
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The obtained research results were statisticaltyaed using Statistica
9.0. Determined following statistical values: thdthtanetic mean, median,
maksiumum value, minimun value and standard denati

5. TEST RESULTS

In the testing period, the organic contaminant @alin raw wastewater were:
COD= 868.0-1428.0 g&m®, BODs = 456.0-730.0 g&@m®, TOC = 212.0-290.0
gC/nT, while in the wastewater after grit chamber were:DC©566.0-920.0
gO,/m®, BODs= 288.0-494.0 g&@m® and TOC = 135.8-234.1 gCim

The test results of raw wastewater compositionitsxdhanges after grit
chamber as mean values are presented in Table fe$thessults correlated in
Table 1 suggest that in the analysed period encssmuadifferent seasons, the
composition of raw wastewater flowing into the WWTdHd not vary
significantly.

Table 1. Organic contaminants in raw wastewaterianghstewater after grit chamber

TOC DOC
COD, go,/m® BODs, gO,/m° Unfiltred | Filtred
W;ftme/\:ier samples | samples
P Unfiltred Filtred | Unfiltred | Filtred Ciit
samples | samples| samples| samples 9
Raw 1143.3+£187.[401.3+62.06595.8+98.9301.3+75.7252.6+29.2151.8+26.7
wastewater
Wastewater

after 775.8+£127.4354.5+£82.2401.5£75.1201.9+69.3194.4+34.3104.0+15.9
grit chambe
The wastewater was characterised by a mean COI@ w&lii143.3+187.1
gOZ/m3 and a mean BODvalue of 595.8+98.9 gg[ms. Wastewater treatment in
grit chamber resulted in a decrease concentrafimrganic pollutants average
of 30%.

In accordance with the procedure for determinirgg@®D fraction given
in point 3, the concentrations of the individuahdtions in the effluent and
mechanically treated wastewater in analysed wasteweeatment plant have
been calculated. The results showing the concémiatof the individual
fractions are presented in Table 2.

Table 2. The COD fraction concentrations in rawteasater (P1) and in wastewater
after grit chamber (P2)

Season of COD fractions, gO,;m®

the year S S Xs X

P1 30.0£2.8| 317.0+24.( 549.5+70.0 109.5+98.3
P2 30.0+2.8| 277.0+15.6 281.5+95.% 75.5£24\7

Spring
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Summer Pl 26.0+8.5| 409.0+41.C 683.0+217/8 111.0+76.4
P2 26.0+8.5| 445.0+38.7 356.5+40.3 71.5+19\1

Autumn Pl 30.0+2.8| 407.0+114.6 726.0+43.8 229.0+22.6
P2 30.0+2.8| 330.0+31.1 395.0+107)5 102.0+52.3

Winter Pl 32.0£0.0| 354.0+14.1 522.0£161)2  138.0+25.5
P2 32.0+0.0| 248.0+28.3 339.5+21.9 63.5+17|7

S inert soluble organic materialSs soluble readily biodegradable substrateg; particulate slowly
biodegradable substrate§, inert particulate organic material

During the research found a high variability of veagter parameters,
which reflect the values of the standard deviation.

The test results show that in raw wastewater, tbetrooncentrated are
fractions X and S. Definitely lower are the concentrations of fracs X and
S. The highest concentrations among the calculatectiébns characterised the
undissolved, slowly biodegradable organic fracii®r). In raw wastewater, its
concentration was between 408 and 837g® In raw wastewater,
biodegradable fractions {8Xs) constituted over 80% of total COD.

As a result of mechanical treatment wastewater it ghamber,
concentration of suspended solids, fractionsaXd X, were reduced average
about 34 — 43% and the Baction about 13%.

The determined percentage ratio of the individuattions in raw wastewater
dependent on the season is presented in Fig. 2néipimdegradable fractions,
fraction Xs which characterises slowly degradable suspensadsconstitutes
between 43.4 and 64.1 % of total COD is predomin&hé ratio of fraction §
(easily biodegradable organic contaminants) in ©@D of the wastewater was
between 24.0 and 38.0%. The percentage conteniacfidn X was at 4.4 —
18.1%. The lowest ratio, at 1.7 + 3.4% in total C@D the tested raw
wastewater, was that of fraction S

100%
90% -
80%
70%
60% -
50% -
40%

COD fractions, %

30% -
20% -+
10% ~

0%

spring summer autumn winter
OS OSsmEXsOXl

Fig. 2. The average percentage ratio of the indadidractions in total COD
of raw wastewater in different seasons
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Changes in the percentage of COD fractions in waser after grit
chamber dependent on the season are shown in.Hige3ata show that in the
wastewater after grit chamber percentage gfr&tion was higher than in raw
wastewater and ranged from 34.2 to 53.0%.

100% + T

COD fractions, %
a
2

winter
OS Oss@XsOXl

spring

Fig. 3. The average percentage ratio of the indafidractions in total COD
of wastewater after grit chamber in different seaso

The other hand the percentage of particulate slobitydegradable
substrates — fractiong{vas lower than in raw wastewater and ranged fr6r 3
to 53.3% In the wastewater after grit chamber goaéable fractions €$Xs)
constituted still over 80% of total COD.

6. DISCUSSION AND CONCLUSIONS

The test results with the average percentage ratitse individual fractions in
raw wastewater and in wastewater after grit charabepresented in Fig. 4.

Both in raw wastewater and in wastewater after gramber, over 80%
of total COD constituted biodegradable fractiong{3%). The presented results
show that in raw municipal wastewater the averagegntage ratio of the
individual COD fractions was as follows: $X562.946.7%, $§-32.2+4.6%,
X=12.445.3% and §2.6+0.6%, while in the wastewater treated in grit
chamber was respectively:s%44.2+6.0%, §41.7+6.3%, %¥=10.2+3.5% and
S=3.91£0.9%.

The study found that, the percentage ratios §aXd X fractions in the
wastewater after grit chamber relative to the valueraw wastewater has
decreased, while the percentage ratiosscdirl $fractions has increased. The
obtained results may indicate of the hydrolysissa§pended solids fraction
already in the mechanical part of the plant. Thisanfirmed by the reduction in
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the mechanical treatment the percentage ofrxction with a parallel increase
in the percentage ofsSraction. This changes are particularly evidenthe
spring and summer.
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Fig. 4. The average percentage ratio of the indadidractions in total COD
of raw wastewater and of wastewater after grit dhem

The research has shown that the fraction occurimghe highest
concentration in raw wastewater is, Xollowed by g, X, and $ Such an order
is present in the biokinetic models (Tab. 3). Sigant differences between
actual research and model assumptions pertain goctimtent range of the
individual fractions. The research has revealedhdrigpercentage ratios of
fractions X and §, as compared to the assumptions of the ASM1 and2AS
models, and lower percentage ratios of fractionsa®d X in the raw
wastewater.

Table 3. The percentage COD fraction ratio in raagt@water according to own research
and the assumptions of the ASM1 and ASM2 models

WWTP with the in ASM1 in ASM2
COD fractions,% output >40 000 P.E. model model
raw wastewater
S 1.7-3.4 5.0 5.0-10.0
Ss 24.0 — 38.0 15.0 12.0 — 30.0
X 4.4-18.1 10.0 10.0 - 15.0
Xs 43.4-64.1 70.0 35.0-75.0

The presented test results are a basis for theufatibn of final
conclusions:

The concentrations and percentage ratios of thigithchl COD fractions
in raw wastewater determined in real conditiongedifrom the values assumed
by the ASM models. The real concentrations and e#age ratios of the
individual COD fractions in raw wastewater shoukdébasis for the calibration
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of models used in the modelling and control of tperation of wastewater
treatment plants.
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FRAKCJE CHZT WSCIEKACH SUROWYCH | MECHANICZNIE
OCZYSZCZONYCH

Streszczenie

W artykule przedstawiono wyniki badlalotyczice frakcji ChZT wsciekach surowych

i mechanicznie oczyszczonych w piaskowniku. Badgm@vadzono w mechaniczno-
biologicznej oczyszczalnisciekbw o wielk@ci>40 000 RLM, zlokalizowanej
w zachodniej Polsce. Prébki do badpobierano w rénych porach roku. Metodyka
wyznaczania frakcji ChZT zostata opracowana w apasonvytyczne ATV-131. Podczas
bada okreslono nastpujace frakcje: substancje organiczne w zawiesinielogioznie
wolno rozktadalne (¥, rozpuszczone substancje organiczne, biologicZaigo
rozkladalne, (§, substancje organiczne w zawiesinie, biologicznielino rozktadalne
(X)) 1 rozpuszczone substancje organiczne, biologicniérozktadalne (b Rozdziatu
frakcji rozpuszczonych i w zawiesinie dokonanoegarfiltracig probeksciekéw przez
filtry membranowe o wielkéci poréw 0,45um. Wyniki bada wykazaty,ze zaréwno w
sciekach surowych jak i oczyszczonych mechaniczdigah frakcji biodegradowalnych
wynosit ok. 80% catkowitego ChZT. Oczyszczaniziekow w piaskowniku
spowodowaito obrenie stzenia zanieczyszcaeogranicznych o ok. 30% oraz wptywato
na zmiany w udziale frakcji rozpuszczonych i w zssimie. Wartéci procentowego
udziatu frakcji X i X, w s$ciekach po piaskowniku zmalaty, podczas gdy waito
procentowego udziatu frakcjisS S wzrosty, w stosunku do ich udzialu §eiekach
surowych. Udziat procentowy frakcji ChZT wciekach surowych wyznaczony
w badaniach réni sie od danych zawartych w modelach ASM1 i ASM 2.



