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Abstract: The present study performed a qualitative and
quantitative characterization of the raw sewage collected
at the entrance of the sewage treatment station of the city
of Itumbiara, state of Goiás. Samples were collected ev-
ery two hours over a period of seven consecutive days.
Characterization of both point samples and composite
samples was performed. The parameters analyzed were:
temperature, pH, alkalinity, chemical oxygen demand,
oil and grease, electric conductivity, total phosphorus,
settleable solids, ammoniacal nitrogen, total suspended
solids, volatile suspended solids, fixed suspended solids
and turbidity. These results allowed us to verify that it is
possible to perform the collection and analysis of a point
sample, instead of a composite sample, as a way of moni-
toring the efficiency of a sewage treatment plant.

Keywords: water quality, wastewater, flow variation, or-
ganic load

1 Introduction
The characterization of raw and treated sewage is of
paramount importance for verifying the efficiency of the
treatment used. However, there are several potentially in-
fluential variables from collection to the analytical proce-
dures employed.

According to Leitão (2004), domestic sewage usually
varies widely in flow due to the number of inhabitants and
residences connected to the sewage network, the specific
characteristics of the collection network (type, material,
length, maintenance, infiltration and the use of lift sta-
tions), aswell as climate, topography, domestic and indus-
trial contributions and time. Francisqueto (2007) adds to
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this group; family income, cultural characteristics of the
population and periods of festivals and vacations.

Sperling (1996), considered that between 60% and
100%of thewater consumed returns in the formof sewage,
and admits a usual coefficient of return of 80%, since part
of the water consumed can be incorporated clandestinely
into the rainwater network, used in green areas, or infil-
trated, among other situations. Metcalf & Eddy (2003) af-
firm the existence of variation in hourly flow,with themax-
imum occurring between 7 a.m. and 3 p.m., and the min-
imum after midnight, inferring that in some cities mean
flow values can oscillate between 50% and 200%. Tsutiya
(2005) mentions that the volume of sewage produced can
range from 50 L.person−1.day−1 to 600 L.person−1.day−1

and is directly related to the volume of water consumed by
the population.

Facing this reality, Borges (2005) discusses variation
in the organic and hydraulic loads of raw sewage that are
sent to Upflow Anaerobic Sludge Blanket (UASB) reactors,
because they are perturbation factors that result in the re-
duction of reactor performance or even in structural fail-
ures. Thus, in order to analyze raw sewage, care must be
taken to consider the factors responsible for variation in
the characteristics of this material, especially when per-
forming composite sampling to represent a whole, further
highlighting the use of automatic samplers (PETRIE et al.,
2017). Baker & Kasprzyk-Hordern (2011) also point out that
for some parameters this type of sampling with this type
of sampler, is inadequate, and can influence the results.

The collection and analysis of a composite sample
makes it possible to reduce the quantity of samples to be
analyzed, since only one sample is needed instead of sev-
eral simple/point samples collected throughout the period
of monitoring. APHA, AWWA & WEF (2005) explain that
composite samples should provide a repesentative sample
of a group with greater heterogeneity in which the con-
centration of the analytes of interest can vary over short
periods of time. Otherwise, composite camples can be ob-
tained by combining multiple samples or by using auto-
matic sampling devices. According to CETESB (2011), com-
posite samples can not be used for assessing variables that
change during aliquot manipulation, citing dissolved oxy-
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gen, pH, free carbon dioxide, microorganisms, dissolved
metals, volatile compounds and oils and grease, which
can be altered (transfer among bottles, volatilization, ox-
idation and reduction, loss of viability, etc.) during the
compositionprocess or during the timeperiod required be-
tween collection and analysis. In their study, Hillebrand et
al. (2013) concluded that if immediate analysis is not pos-
sible, storage time should be minimized. For these situa-
tions, simple/point samples can be used, but is of inter-
est to know at what time of day the collection and anal-
ysis of simple/point samples would represent the result
of the composite sample. According to Ort et al. (2010), a
representative sample is a prerequisite for delivering sig-
nificant analytical results and cannot be compensated for
by a large number of samples, accurate chemical analysis
or sophisticated statistical evaluation. Thus, the present
study aims to characterize raw sewage over a period of
seven consecutive days, determine the composite sam-
ple and discuss the best time of day for performing sim-
ple/punctual sampling aimed at the replacement of the
composite sample.

2 Material and methods
The study took place in the municipality of Itumbiara,
Goiás, Brazil, and according to data from the local opera-
tor, has 19,884 sewer connections,which reach theEstação
de Tratamento de Esgoto [Sewage Treatment Station (STS)]
- Itumbiarawith an average daily flowof 287 L.s−1. The sys-
tem is composed of three sewage lift stations and a sewage
treatment plant with four UASB reactors and five matura-
tion ponds.

According to the characteristics of the system, the
study was carried out at the sewage lift station SLS III
(Point 2 in Figure 1), where practically all sewage from the
city arrives by gravity.

In order to characterize the raw sewage a�uent go-
ing to STS - Itumbiara, samples were collected over seven
consecutive days at intervals of two hours, generating 84
samples from which the following parameters were ana-
lyzed: temperature, pH, alkalinity, chemical oxygen de-
mand (COD), oils and greases (OG), electrical conductiv-
ity (EC), total phosphorus (Ptotal), settleable solids (SetS),
ammoniacal nitrogen (Nammoniacal), total suspended solids
(TSS), volatile suspended solids (VSS), fixed suspended
solids (FSS) and turbidity, according to Standard Methods
(APHA; AWWA; WEF, 2005), with the exception of the pa-
rameter oils and greases (EPA, 1993). The parameter for
biochemical oxygen demand (BOD) was not included in

Figure 1: Location of the municipality of Itumbiara.
Source: Adapted from www.itumbiara.go.gov.br

the parameters due to the difficulty in carrying out the
laboratory analysis within 24 hours. However, this param-
eter can be estimated as a function of COD as reported
in some studies (ORSSATTO et al., 2009; SILVA E MEN-
DONÇA, 2004 & SCALIZE et al., 2003).

Samples were acquired with a 3.5 L container, condi-
tioned in two vials, one of plastic material and the other
of amber glass with sulfuric acid (for preservation of the
sample), and then packed in a thermal box for transporta-
tion to the Laboratório de Saneamento (Laboratory of San-
itation) of UFG,where the physico-chemical analyseswere
performed (Nammoniacal, Ptotal, OG, COD, TSS, VSS andFSS).
The parameters: temperature, alkalinity, SetS, pH, turbid-
ity and EC were analyzed within 90-minutes of collection.

The collection site was at the outlet of the Parshall
gutter installed in SLS III, thus the raw sewage was col-
lected almost entirely by gravity, with the exception being
that collectionat SLS Dionária Rochaarrived by pumping.
At the moment of collection, the flow was recorded using
anultrasonicmeter installed in the Parshall gutter in order
to determine the composition of the organic load.

The data were collected at intervals of 2 hours (0 to
24 h), and a composite of the values was obtained to ac-
quire a mean for each time interval using Equation 1,
where, Q = flow rate (m3.h−1); C = concentration (g.m−3)
and M = mean mass of the analyzed parameter (kg.h−1).

Mmedia(0−2h) = (Q0h × C0h + Q2h × C2h)/(2.1000) (1)

This calculation was performed for themeasurements
made during the monitoring, from which 12 results were
obtained daily for a total of 84 values at the end of the sev-
enth day.

For each time interval (0-2 h; 2-4 h; 4-6 h; . . . ; 22-24 h)
mean, minimum and maximum values were obtained an-
alyzing the seven days of the week. The standard devia-
tion and coefficient of variationwere then calculated.With
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Figure 2: Variation in sewage flow rate during the study period of seven consecutive days, highlighting the average weekly flow and the
average flow during the collection intervals (a), and variation of the sewage flow rate as a function of the monitoring schedule, showing the
lowest and highest flow detected (b).

Table 1: Values of mean mass, standard deviation and coeflcient of variation for the physico-chemical parameters investigated in raw
sewage during the study period, highlighting the lower CV values between 8 h and 15 h.

these data, graphswere constructed showing the variation
over the days of the week and the hours during the day.

3 Results and Discussion
Figure 2 shows that themean flow rate for the study period
was 891.7 m3.h−1 (247.7 L.s−1), with the days of lowest and
highest contribution beingMonday and Thursday. Figure 2
also shows that the lowest recorded values occurred from
4h to 6 h and the highest flow from 14 h to 16 h. The sewage
flow ranged from 523.8 m3.h−1 to 1,117.1 m3.h−1 and the to-

tal volume recorded over the seven days of the study was
149,810 m3.

The pH values of the 84 simple/point samples varied
between 7.16 and 7.67, so that at any time of day the pH
value varied little, as was also observed by Souza et al.
(2015) in raw sewage from a refectory and toilets sent to
a pilot STS.

Considering that the working hours for the majority
of the employees of a sanitation company is between 8 h
and 16 h, this would be the most suitable time for a pos-
sible simple/point sample collection instead of a compos-
ite sample. Tables 1 and 2 show the coefficient of variation
(CV) for the parameters Nammoniacal, COD, Ptotal, alkalinity,



Real-scale comparison between simple and composite raw sewage sampling | 127

Table 2: Values of mean mass, standard deviation and coeflcient of variation for the physico-chemical parameters investigated in raw
sewage during the study period, highlighting the lower CV values during the interval of 8 h to 15 h.

Table 3: Comparison of the coeflcients of variation obtained in the analyses of the physico-chemical parameters considering the time inter-
val and days of the week.

EC, temperature and SetS, which were lower in the range
of 8 h to 12 h, being below 10% (with the exception of SetS,
which was 14.5%). We can also include in this group of pa-
rameters turbidity, which presented a CV of 8.6% within
this time interval (8 h to 10 h and 10 h to 12 h). The param-
eters TSS, VSS, FSS, OG and turbidity had lower CV values
between 12 h and 16 h, but the CV values of these parame-
ters,with the exception of turbidity,were higher than 10%,
reaching 28.2% in this time interval. For the latter param-
eters, CV values varied from 6.3% to 70.6%.

Tables 4 to 6 show the calculated values of the
physico-chemical parameters studied. Mass values are
also included for the time intervals during the seven con-
secutive days of monitoring. The standard deviation of the

means obtained each day Values of CV, calculated by tak-
ing into account the weekly average of each parameter,
varied between 3.5% and 26.2%. Thus, even if we collect?
composite samples for 24 hours, we will have variation
among the days of the week.

By analyzing the CV values obtained in the hourly and
daily analyses (Table 3), it is evident that the variation is
very small; that is, the error that may occur by collecting a
composite sample on different days of the week is practi-
cally the same as that of collecting and analyzing in a de-
termined interval of time.
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Table 4:Mass of ammoniacal nitrogen, chemical oxygen demand, total phosphorus and alkalinity for the time intervals as a function of the
days of the week, with the mean, minimum and maximum mass, plus the standard deviation and CV for the study period.
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Table 5:Mass of electrical conductivity, settleable solids, total suspended solids and volatile suspended solids for the time intervals as a
function of the days of the week, with the mean, minimum and maximum mass, plus the standard deviation and CV for the study period.
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Table 6:Mass of fixed suspended solids, oils and greases, temperature and turbidity for the time intervals as a function of the days of the
week, with the mean, minimum and maximum mass, plus the standard deviation and CV for the study period.
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4 Conclusions
The conclusion of the present study is that the analysis of a
composite sample should be performed within a period of
at least seven consecutive days, since there is qualitative
and quantitative variation among days of the week. In ad-
dition, it is possible to collect simple/point samples in sub-
stitution for a composite sample for determining the pa-
rameters of Nammoniacal, COD, Ptotal, alkalinity, EC, turbid-
ity and temperature with a CV lower than 10%. For the pa-
rameters of SetS, TSS, VSS, FSS and OG, the CVwas higher
than 14.5%, reaching almost 30%. The CV calculated for
the different days of the week as a function of the com-
posite samples collected at two-hour intervals is close to
the CV obtained from the simple/point samples collected
in the pre-established time intervals. The results obtained
in this study support the collection and analysis of a sim-
ple/point sample in substitution for a composite sample
for assessing the studied parameters.

References
APHA, AWWA, WEF, 2005. Standard Methods for the Examination of

Water and Wastewater. 21st Ed., Washington, USA.
Baker, D.R.; Kasprzyk-Horden, B. Critical evaluation of method-

ology commonly used in sample collection, storage and
preparation for the analysis of pharmaceuticals and illicit
drugs in surface water and wastewater by solid phase ex-
traction and liquid chromatography-mass spectrometry. Jour-
nal of Chromatography A, v. 1218, n. 44, pp. 8036–8059,
2011. http://dx.doi.org/10.1016/j.chroma.2011.09.012

Borges, R. M. Desenvolvimento e aplicação de um sistema de diag-
nóstico fuzzy baseado em modelos para reatores UASB tratando
esgoto sanitário. Tese. Universidade Federal do Espírito Santo,
Centro Tecnológico, 2005.

Cetesb. Guia nacional de coleta e preservação de amostras: água,
sedimento, comunidades aquáticas e efluentes líquidos. Compan-
hia Ambiental do Estado de São Paulo. Organizadores: Carlos Je-
sus Brandão ... [et al.]. São Paulo: CETESB; Brasília: ANA, 326p.,
2011.

Environmental Agency Protection. Domestic Septage Regulatory
Guidance: United States Environmental Protection Agency. 1993.

Francisqueto, L. O. S. Comportamento de reatores UASB frente a vari-
ações horárias de vazão de esgoto sanitário. Dissertação. Univer-
sidade Federal do Espírito Santo, Centro Tecnológico, 2007. 178
p.

Hillebrand, O.; Musallan, S.; Scherer, L.; Nödler, K.; Licha, T.
The challenge of sample-stabilisation in the era of multi-
residue analytical methods: a practical guideline for the sta-
bilisation of 46 organic micropollutants in aqueous samples.
Science of the total environment, v. 454-455, pp. 289-298,
2013. http://dx.doi.org/10.1016/j.scitotenv.2013.03.028

Leitão R. C. Robustness of UASB reactors treating sewage under trop-
ical conditions. Thesis Wageningen University. 2004.

Metcalf & Eddy. Wasterwater Engineering: treatment and reuse, 4 ed.
New York: Tata McGraw – Hill, 2003. 1334 p.

Orssatto, F. et al. Correlação entre DQO E DBO5 e monitoramento de
uma estação de tratamento de esgoto através de técnicas estatís-
ticas de controle de processos. Engenharia Ambiental: Pesquisa e
Tecnologia, v. 6, n. 3, p. 155-167, 2009.

Ort, C.; Lawrence, M. G.; Reungoat, J.; Mueller, J.F. Sampling
for PPCPs in wastewater systems: comparison of different
sampling modes and optimization strategies. Environmen-
tal Science Technology, v. 44, n. 16, p. 6289–6296, 2010.
http://dx.doi.org/10.1021/es100778d

Petrie, B. et al. Critical evaluation ofmonitoring strategy for themulti-
residue determination of 90 chiral and achiral micropollutants in
effluent wastewater. Science of the total environment, v. 9, p. 569-
578, 2017. http://dx.doi.org/10.1016/j.scitotenv.2016.11.059

Scalize, P. S. et al. Correlação entre os valores de DBO e DQO no
afluente e efluente de duas ETES da cidade de Araraquara. In: Ex-
posição de Experiências Municipais em Saneamento (VIII), Caxias
do Sul - RS. 34a. Assembleia Nacional da ASSEMAE, 13 p. 2004.

Silva, S. R.; Mendonça, A. S. F. Correlação entre DBO e DQO em es-
gotos domésticos para a região da grande Vitória-ES. Engenharia
Sanitária Ambiental, Rio de Janeiro, v. 8, n. 4, p. 213-20, 2003.

Souza, C. F. et al. Eficiência de estação de tratamento
de esgoto doméstico visando reuso agrícola. Revista
Ambiente & Água, Taubaté, v. 10, n. 3, p. 587-
597, 2015. http://dx.doi.org/10.4136/ambi-agua.1549

Sperling, M. Princípios básicos do tratamento de esgotos. Depar-
tamento de Engenharia Sanitária e Ambiental, UFMG, Belo Hori-
zonte, Brasil– 1996, 211p.

Tsutiya,M.T. AbastecimentodeÁgua. 2. Ed. SãoPaulo. Departamento
de Engenharia Hidráulica e Sanitária da escola Politécnica da Uni-
versidade de São Paulo, 2005.

http://dx.doi.org/10.1016/j.chroma.2011.09.012
http://dx.doi.org/10.1016/j.scitotenv.2013.03.028
http://dx.doi.org/10.1021/es100778d
http://dx.doi.org/10.1016/j.scitotenv.2016.11.059
http://dx.doi.org/10.4136/ambi-agua.1549

	1 Introduction
	2 Material and methods
	3 Results and Discussion
	4 Conclusions

