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Sludge accumulation in shallow maturation ponds
treating UASB reactor efﬂuent: results after 11 years
of operation
Thiago Emanuel Possmoser-Nascimento, Valéria Antônia
Justino Rodrigues, Marcos von Sperling and Jean-Luc Vasel

ABSTRACT
Polishing ponds are natural systems used for the post-treatment of upﬂow anaerobic sludge blanket
(UASB) efﬂuents. They are designed as maturation ponds and their main goal is the removal of
pathogens and nitrogen and an additional removal of residual organic matter from the UASB reactor.
This study aimed to evaluate organic matter and suspended solids removal as well as sludge
accumulation in two shallow polishing ponds in series treating sanitary efﬂuent from a UASB reactor
with a population equivalent of 200 inhabitants in Brazil, operating since 2002. For this evaluation,
long-term monitoring of biochemical oxygen demand and total suspended solids and bathymetric
surveys have been undertaken. The ponds showed an irregular distribution of total solids mass in the
sludge layer of the two ponds, with mean accumulation values of 0.020 m3 person1 year1 and
0.004 m3 person1 year1 in Ponds 1 and 2, leading to around 40% and 8% of the liquid volume
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occupied by the sediments after 11 years of operation. The ﬁrst pond showed better efﬁciency in
relation to organic matter removal, although its contribution was limited, due to algal growth. No
simple input–output mass balance of solids can be applied to the ponds due to algal growth in the
liquid phase and sludge digestion in the sludge.
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INTRODUCTION
The use of natural systems such as stabilization ponds and
their variants for sewage treatment in small and mediumsize cities in warm-climate regions is due to their simplicity,
low operating costs, no mechanization and satisfactory
organic matter removal. Widely used conﬁgurations are
facultative ponds or anaerobic ponds followed by facultative
ponds. If high levels of pathogen removal are desired, maturation ponds can be added at the end of the treatment line.
However, one of the drawbacks of these conﬁgurations is
the need for very large areas. One way of reducing the
land requirements is by using polishing (maturation) ponds
after UASB (upﬂow anaerobic sludge blanket) reactors.
The anaerobic and facultative ponds are replaced in their
role of organic matter removal by the UASB reactor,
which is much more compact. This conﬁguration still maintains low operating costs, simplicity and no mechanization,
while being able to remove efﬁciently organic matter,
doi: 10.2166/wst.2014.224
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nitrogen, and especially pathogens (Cavalcanti ; Chernicharo ; Oliveira & von Sperling ). Khan et al. (),
in a literature review, indicated UASB reactors followed by
an aerobic stage as an ideal concept for feasible and sustainable environment protection in a decentralized sanitation
concept.
An important feature in pond systems is the sludge
accumulation due to inﬂuent solids, as well as bacterial
and algal biomass that grow and die within the pond and
are deposited at the bottom. In traditional primary facultative ponds, sludge removal is usually required only after
very long periods, such as 20 years. However, little is
known about long-term sludge accumulation in polishing
ponds treating efﬂuents from UASB reactors. The sludge
layer characteristics vary along the bottom of the pond.
This can be attributed to the conﬁguration, geometry and
positioning of the inlet and outlet structures of the ponds

322

T. E. Possmoser-Nascimento et al.

|

Sludge accumulation in maturation ponds

(Von Sperling & Chernicharo ). In addition, processes
related to organic matter conversion, algal production and
sludge digestion inﬂuence the solids balance in the system
and affect the efﬂuent solids concentrations and sludge
accumulation rates.
Algal sedimentation, on the other hand, is less common
at the entrance of the ﬁrst pond because the conditions created by turbidity and organic loading inhibit their full
development. As the efﬂuent moves towards the outlet of
the pond and through the ponds in the series, the solids
from the anaerobic reactor decrease in concentration, and
algal sedimentation becomes more important (Catunda
et al. ).
This research was aimed at evaluating the performance
and sludge accumulation in two polishing ponds that operate in series, serving as post-treatment of a UASB reactor
in Brazil, based on 11 years of operation. The performance
evaluation shown here focuses on suspended solids and,
because of their association with solids production, also
organic matter.
It is known that the main objective of polishing ponds is
the removal of pathogens and, depending on the operating
conditions, also nitrogen. However, these topics have been
already widely covered in the literature, including in the
same pond system investigated here. Von Sperling et al.
() analysed the same system (but with three ponds and
a rock ﬁlter in series) for 3 years under similar conditions,
and observed an excellent performance, with a mean
Escherichia coli removal of 5.7 logarithmic units and a
mean efﬂuent concentration of 540 MPN/100 mL. In
addition, nitrogen removal has been very effective, as
stated by Assunção & von Sperling (, ) and Von
Sperling et al. (). Dias et al. () presented a full
description of the long-term performance evaluation of
this speciﬁc treatment system. Therefore, this paper concentrates on organic matter and solids, and the resulting
production of sludge.

MATERIAL AND METHODS
The study was performed in the Centre for Research and
Training in Sanitation UFMG/COPASA (CePTS), in Belo
Horizonte, Brazil (latitude 19 530 S). The system, treating
sanitary wastewater for an estimated population of 200
inhabitants, is composed of a UASB reactor and two polishing ponds in series.
The UASB reactor had a volume of 14.2 m³ (4.5 m in
height and 2.0 m in diameter) and operated with a mean
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hydraulic retention time varying from 8 to 11 h. Anaerobic
excess sludge was removed at approximately monthly intervals and the sludge was directed to sludge drying beds. The
ponds had the following dimensions: 25.00 m in length;
5.25 m in width; depth that varied from 0.6 to 0.8 m
during the operational period. During this 11-year period,
the inﬂuent ﬂow to the ponds varied between 20 and
40 m3 d1. Due to ﬂow and depth variations along the
whole period, each pond operated with hydraulic retention
times between 1.4 and 4.3 d.
Inﬂuent and efﬂuent monitoring results were obtained
between 2002 and 2013, based on weekly and fortnightly
samplings (with some interruptions). Five-day biochemical
oxygen demand (BOD5) and suspended solids (total (TSS),
ﬁxed (FSS), and volatile (VSS)) were analysed according
to the methodology described in Standard Methods for the
Examination of Water and Wastewater (). Additionally,
in 2013, after almost 11 years of operation, a bathymetric
study was performed using a device described by Gonçalves
() and Passos et al. (). The device comprised PVC
rods connected to metric scales on a perforated 30 cm diameter disc. The ﬁrst rod (outer rod) with the disc was used to
determine the depth of the solids–liquid interface, by touching the sediments without penetrating the sludge layer due
to the existence of the circular plate at its base. After determination of the depth of the liquid layer, the second rod
(smaller diameter) was introduced inside the ﬁrst one in
order to pierce the sludge layer, stopping when reaching
the bottom of the pond. The difference between the
measurements performed with the two graded rods provided
the sludge layer thickness. Sludge level was measured in 126
points in Pond 1 and 107 points in Pond 2.
On the same day of the bathymetry, sludge samples were
taken from 17 points along the ponds and analysed for total
solids (TS), ﬁxed solids (FS) and volatile solids (VS). The
sampling points were evenly distributed in the ponds’ surface area, in three zones: inlet, middle and outlet, each
one corresponding to approximately one-third of the pond
area. Sludge samples were collected using a column sampler
with a bottom opening, which was closed when the sampler
reached the pond bottom, thus allowing the sample to be
extracted inside the column.

W

Downloaded from https://iwaponline.com/wst/article-pdf/471058/321.pdf
by guest

RESULTS AND DISCUSSION
The evaluation of inﬂuent concentrations received during
the monitoring period showed that the system received
lower loads than predicted in the design. Although the
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system has been designed for a population equivalent of 250
inhabitants, currently the inﬂuent ﬂow has been reduced,
and the total contribution can be estimated to be around
200 people, considering an average per capita sewage production of 160 L person1 d1.
Figure 1 shows the surface loading rates in the ponds in
terms of BOD and TSS. The organic surface loading of BOD
had median values of 117 kg ha1 d1 for Pond 1 and
84 kg ha1 d1 for Pond 2, which are typical low values
for maturation and polishing ponds. Pond 2 received a
lower organic loading, due to the previous additional
removal of organic matter in Pond 1. However, in terms of
TSS, both ponds received similar loadings, because in
Pond 1 efﬂuent TSS from the UASB reactor was removed
but, at the same time, algae was produced.
Figures 2 and 3 present the efﬂuent characteristics for
TSS and BOD, as well as their removal efﬁciencies along
the treatment system. The global system showed median
removal efﬁciencies of 66% for TSS and 76% for BOD,
and median efﬂuent concentrations of 60 mg L1 for TSS
and 40 mg L1 for BOD, which are within typical ranges
for well functioning ponds (Oliveira & von Sperling ).

Figure 1

|

Surface loading rates in Ponds 1 and 2 in terms of BOD and TSS.

Figure 2

|

Suspended solids concentrations and removal efﬁciencies along the system.
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From the ﬁgures, it can be seen that Pond 1 performed
some additional BOD removal, but Pond 2 contributed
very little to the removal of organic matter and solids. The
poor performance for removing organic matter and solids
can be explained by the intense algal production in the
ponds, thus generating solids and particulate BOD. As a
matter of fact, analysing removal efﬁciencies of suspended
solids and total BOD in ponds may lead to contradictory
interpretations, since these constituents are simultaneously
removed and produced in the ponds. However, removal efﬁciencies have been included here in order to highlight the
role played by algae, and also to allow comparisons with
other pond systems.
In order to estimate a simple input–output solids balance for the units, Figure 4 presents the TSS mass (kg)
entering each of the treatment units (UASB reactor and
Ponds 1 and 2) over the entire period of 11 years. The
mass was calculated based on the sum of the inﬂuent
TSS loads, using average values of inﬂuent ﬂow and TSS
over the entire period. It can be seen that the largest
TSS mass was related to the untreated wastewater (inﬂuent to the UASB reactor). The UASB reactor is effective
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Masses of TSS, FSS and VSS in the inﬂuent to the main treatment units and in
the ﬁnal efﬂuent. Masses were accumulated over the entire operational period

in reducing the TSS mass, and the masses entering and
leaving Ponds 1 and 2 are of the same order of magnitude.
Figure 4 also presents data on the average VSS and FSS.
The VSS/TSS ratio in the treatment plant inﬂuent was
81%, a typical value for sanitary wastewater. The efﬂuent
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BOD concentrations and removal efﬁciencies along the system.

of 11 years.

Figure 5

Water Science & Technology

from the UASB reactor (inﬂuent to Pond 1) had an average VSS/TSS of 70%, indicating that these solids were
mainly biological solids that underwent anaerobic digestion inside the UASB reactor, thus reducing their organic
matter content. The efﬂuents from Ponds 1 and 2 had
VSS/TSS ratios of 87% and 86%, respectively, showing
that the solids had increased their organic content, most
likely due to the production of biological solids in the
form of algae.
Figure 5 also presents the actual mass of solids accumulated in the pond’s sediments, based on the bathymetric
survey and the measurements of TS in the sludge. These
values are expressed as TS (and also VS and FS) in the
ﬁgure. The ﬁgure also presents a simple mass balance
around each unit, expressed as the difference between the
inﬂuent and efﬂuent TSS (and also VSS and FSS) masses in
each pond during the 11 years of operation. Positive values
of this difference indicate that the efﬂuent mass was higher
than the inﬂuent mass in that particular pond. For instance,
it can be seen that in Pond 1 the mass balance was negative
for TSS and VSS, due to the intense algal production. Pond 2

Comparison between the difference between inﬂuent and efﬂuent suspended solids masses in the liquid phase (TSS, FSS and VSS) and the accumulated mass in the sludge
layer (TS, FS and VS) in ponds 1 and 2.
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Solids mass in the sludge in three different zones of Ponds 1 and 2, after 11 years of operation.

received an inﬂuent with a high algal content (high TSS and
VSS), and the difference between inﬂuent and efﬂuent was
smaller, but positive. When comparing the inﬂuent and efﬂuent solids masses (expressed as TSS, VSS and FSS) with the
masses accumulated in the sediments in the ponds (expressed
as TS, VS and FS), of course it was not expected that this
simple input–output mass balance would represent the
actual mass of bottom sludge, because of anaerobic digestion
that takes place (reducing the sludge mass) and algal production and sedimentation (increasing the sludge mass).
From this simple mass balance, it seems that only the ﬁxed
solids (FSS and FS) masses are similar.
Figure 6 shows a more detailed view of the solids composition in the sludge in both ponds, separated in three
zones with the same dimensions (inlet, middle and outlet
zones), after the 11 years of operation. In Pond 1 most
of the sludge solids are of an inorganic nature, but in
Pond 2, which has much lower solids masses, the organic
and inorganic fractions are similar. Figure 6 also shows
that most of the TS mass in the sediments was retained
in the inlet zone (68% or 1,412 kg in Pond 1 and 46% or
73 kg in Pond 2), which is in agreement with the ﬁndings
from other authors (Gonçalves ; Nelson et al. ).
The remainder of the TS mass accumulated in the
middle and outlet in similar proportions. This accumulation pattern is associated with the ponds’ geometric
conﬁgurations (predominantly rectangular, with a lengthto-width ratio of 5) and with the characteristics of the
UASB efﬂuent. From the TS mass accumulated in both
ponds, most of it is present in Pond 1 (2,062 kg or 92%)
and only a small fraction in Pond 2 (160 kg or 8%). This
is probably due to the incoming solids mass originating
from the UASB reactor, which is likely to settle in the
ﬁrst pond, because of its higher settleability, as compared
with algae.
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The shape of the sludge layer volume in both ponds after
11 years of operation, obtained through bathymetry, is
shown in Figure 7. The ﬁgure also shows that most of the
sludge volume is accumulated closer to the inlet zones.
Nelson et al. (), studying three facultative ponds, also
noted that the distribution was very irregular and that the
maximum sludge height occurred near the inlet and also
close to the side edges. D’Castro Filho et al. () attributed
the highest sedimentation in the inlet zone to the characteristics of the input and output devices, and also to a large
concentration of the settleable solids present in the inﬂuent.
Passos et al. (), investigating the distribution of sludge in
a primary facultative pond, noted the great inﬂuence of the
distribution between the two inlet pipes, with most of the
sludge accumulating close to the pipe which received a
greater inﬂuent fraction. On the other hand, Bouza-Deaño
& Salas-Rodríguez () found that the sludge distribution

Figure 7

|

Distribution of the sludge volume accumulated in the ponds.
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Data on the accumulation of sludge in the two polishing ponds

Parameter

Pond 1

Average sludge height (m)

0.34

Operating time (years)

10.8

Pond 2

0.08
10.8

Sludge volume accumulated at the bottom (m3)

42.6

8.9

Fraction of the total pond volume occupied by
sludgea (%)

39.8

8.3

Mean concentration of TS in sludge (g L1)

48

1

18

Mean sludge accumulation rate (cm year )

2.58

0.54

Volumetric per capita accumulationb
(L person1 d1)

0.058

0.012

Volumetric per capita accumulationb
(m3 person1 year1)

0.020

0.004

a

Calculated for an average depth of 0.70 metres.

b

Assuming a population equivalent of 200 inhabitants.
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was uniform on the facultative and maturation ponds they
investigated.
From the bathymetric data it was possible to estimate
the per capita contribution of the settled sludge, the average
sludge height and the average volume occupied by the
sludge in the polishing ponds (Table 1).
From the table, it can be seen that approximately 40%
and 8% of the liquid volume of Ponds 1 and 2, respectively,
have been occupied by sludge, after this operational period
of 11 years. The fraction of sludge in Pond 1 is high, and
this value could be an indication of the need for removal
(Von Sperling & Chernicharo ). These results are in
agreement with those of Catunda et al. (), which indicated that the removal of the sludge in the polishing ponds
after UASB reactors investigated in their work should
occur after 12 years of operation.

Literature values of TS concentration and accumulation rates of sludges in ponds

Time of
Location

Type of pond

operation (year)

Accumulation rate
Mean TS in sludge (g L1)

(m3 hab1 year1)

Reference

Mexico

Anaerobic

5

171

0.022

Nelson et al. ()

Mexico

Facultative

6

–

0.036

Nelson et al. ()

Mexico

Facultative

10

112

–

Nelson et al. ()

Mexico

Facultative

15

166

0.021

Nelson et al. ()

Colombia

Anaerobic

–
–

0.055
0.040

Nelson et al. ()

2.6
5

France

–

France

Facultative

3–10

USA

Facultative

7
13

10

187

–

Nelson et al. ()

54–136

0.12

Nelson et al. ()

59
77

–

Nelson et al. ()

Mediterranean

Anaerobic

15

167

0.011

Bouza-Deaño & Salas-Rodríguez ()

Mediterranean

Facultative

20

133

0.027

Bouza-Deaño & Salas-Rodríguez ()

Mediterranean

Maturation 1

20

213

0.015

Bouza-Deaño & Salas-Rodríguez ()

Mediterranean

Maturation 2

20

173

0.009

Bouza-Deaño & Salas-Rodríguez ()

Southeast Brazil

Anaerobic

–

172
–

0.023
0.026

Nelson et al. ()

Northeast Brazil

Facultative

2.5

39

–

Nelson et al. ()

Brazil

Facultative

21

–

0.007

Passos et al. ()

Brazil

Various

–

–

0.03–0.08

Gonçalves ()

Brazil

Polishing

7

–

0.018

D’Castro Filho et al. ()

Brazil

Polishing

2

–

0.040

Brito et al. ()

Brazila

Polishing 1

11

48

0.020

–

Brazila

Polishing 2

11

18

0.004

–

a

This study.
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The value found for the per capita contribution in
the ﬁrst polishing pond was 0.058 L person1 d1 or
0.020 m3 person1 year1. This value is below the range
reported in the literature for anaerobic and facultative
ponds, but within the range for maturation and polishing
ponds, as shown in Table 2.

CONCLUSIONS
The results from the wastewater treatment conﬁguration
based on UASB reactors followed by polishing ponds in
series indicated that most of the organic matter and suspended solids removal took place in the UASB reactor.
The ﬁrst pond in the series (Pond 1) gave an additional contribution to BOD removal, while the second pond (Pond 2)
was of little importance on this regard. In terms of suspended solids, both ponds showed negative removal
efﬁciencies, due to the intense algal production.
Pond 1 had a higher solids mass and volume in the
sludge layer, compared with Pond 2. The TS mass accumulated in the sediment after 11 years of operation was
different from the balance between the inﬂuent and efﬂuent
solids masses in the ponds. This imbalance was already
expected, because of the production of algae in the liquid
phase and the reactions that take place in the sludge, such
as digestion and accumulation by settled biomass. The
mass of TS in the sludge was present mainly in Pond 1
(92% or 2,062 kg), with a smaller fraction in Pond 2 (8%
or 160 kg). In the sediments, most of the solids were
inorganic.
The bathymetric survey showed that the sludge presented irregular distribution near the inlets and outlets
of the ponds. The rates of accumulated solids
(0.020 m3 person1 year1 and 0.004 m3 person1 year1
for Pond 1 and Pond 2, respectively) were similar to
values reported in literature for polishing and maturation
ponds, and, as expected, lower than those for anaerobic
and facultative ponds. Approximately 40% and 8% of the
liquid volume of Ponds 1 and 2, respectively, have been
occupied by sludge, after this operational period of 11 years.
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