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ABSTRACT 
 
The treatment efficiency of industrial effluents, after biological treatment by activated sludge in aeration tanks (AT), 
was assessed through the utilisation of respirometry tests at the Cetrel’s-wastewater treatment plant (WTP). 
Samples of the equalised effluent (EE), prior to treatment, and of the treated effluent (TE), after treatment, were 
analysed. Twenty bioassays batch were carried out to AT (AT-2, AT-3 and AT-4). Each test consisted of: a basic 
test, a basic test with peptone added, a test using EE and a test using TE. The data showed that there was no 
statistically significant difference (p>0.05) in the respiration activity between the aeration tanks. Regarding the 
specific oxygen uptake rate there was a mean reduction of 70.8% between the tests performed with EE and TE. The 
results demonstratd that respirometry tests could successfully assess the efficiency of the activated sludge process 
and, therefore, be adopted as tool for the monitoring from the WTP.  
 
Key words: Activated sludge, bacterial toxicity, oxygen uptake rate, wastewater treatment plant. 
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INTRODUCTION 
 
Human activities generate domestic and industrial 
residues that may be adequately treated in 
wastewater treatment plant (WTP) to remove 
harmful pollutants, minimizing adverse effects to 
the environment, preventing pollution and 
protection public health (Fernández et al., 1995; 
Ratsak et al., 1996). The inadequate management 
of these residues can have harmful consequences 
to human health (Teixeira et al., 2005). 
Wastewater treatment is carried out by a 
combination of physical, chemical and biological 
methods, being activated sludge, the most used 

biological treatment, due to its high performance 
(Pujol and Canler, 1992). 
The activated sludge consists of a complex 
assemblage of micro-organisms in which a minor 
change in the environmental conditions caused by 
the wastewater composition or plant operation 
may lead to a cascade of events causing changes in 
the community, influencing the microbial 
biodegradation of certain chemicals, therefore, 
reducing the quality of the treated wastewater 
(Madoni et al., 1996; Forney et al., 2001; Dalzell 
et al., 2002). The functioning of a WTP to 
inhibitory compounds may also vary due to 
variable organic loading, biomass concentration, 
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hydraulic residence time and a possible biological 
adaptation from the activated sludge organisms 
(Strotmann et al., 1995). The chemical and 
ecotoxicological characterisation of effluents, 
before and after treatment by activated sludge, is 
very important to assess the performance of WTP 
(Gutierrez et al., 2002). Therefore, the estimation 
of the toxicity of chemicals to micro-organisms in 
the sludge is an important criterion for evaluating 
the environmental risk of chemicals in wastewater, 
protecting the WTP from toxic shock loading 
(Strotmann et al., 1994; Strotmann and Pagga, 
1996). Indeed, the toxicity of effluents measured 
in the sludge reflects the integrity of the biological 
processes, namely respiration, and may act as an 
effective and reliable indicator of treatment 
efficiency (Orupõld et al., 2001). 
There is no doubt that respiration is an essential 
activity of aerobic bacteria and that the respiration 
inhibition test of activated sludge is a widely 
accepted parameter for monitoring activated 
sludge activity (Strotmann et al., 1995; Gendig et 
al., 2003). In this test, a decrease in dissolved 
oxygen concentration is recorded as a function of 
time. During the treatment of different kinds of 
substrates in industrial wastewater and due to 
different loads, oxygen consumption may vary 
considerably (Orupõld et al., 2001). When a 
toxicant is supplied to the activated sludge, the 
oxygen uptake by the micro-organisms may 
decrease, resulting in lower treatment efficiency or 
break down of the system (Kilroy and Gray, 1992; 
Gutierrez et al., 2002). Thus, the oxygen uptake 
rate (OUR) is considered to be the key parameter 
for estimation of aerobic microbial transformation 
(Vollertsen et al., 1999). According to Roš et al. 
(1988), biological oxygen uptake is closely related 
to substrate removal because it simulates the 
degradation processes that occur in the aeration 
tanks, from which the inoculum is obtained, 
providing a clear indication on the metabolism of 
the activated sludge (Dircks et al., 1999; Orupõld 
et al., 2001). 
In this study, it was aimed to evaluate the 
efficiency of the WTP at the Camaçari Industrial 
Complex (CIC) (BA, Brazil) through the 
assessment of organic matter reduction, using the 
oxygen consumption inhibition test. 
 
 
 
 
 

 
MATERIALS AND METHODS 
 
The WTP of this study (12º46’06.7” and 
38º06’59.4”) has been described by Araújo et al. 
(2005) and receives and processes effluents from 
the SID, consisting of 52 industries, working in 
different production sectors: chemical, 
petrochemical, metallurgy, cellulose and 
breweries, under tropical conditions. 
Short-term respiration assays were performed at 
20 ± 2 ºC by a modification of the ISO 8192 
method (ISO, 1986). Single samples of fresh 
activated sludge were daily obtained from the 
three aeration tanks, named as AT-2, AT-3 and 
AT-4 from the WTP, collected at 6:00 h, stored at 
4 ± 2 ºC and assayed at the same day of collection. 
Effluent single samples were collected using 
amber glass flasks in the early hours of the day. 
Collections were performed prior treatment, at the 
exit of the equalisation basin (equalised effluent – 
EE), and after treatment, just before entering the 
outfall pipeline (treated effluent – TE), matching 
the hydraulic residence time of 24 h in the WTP. 
Mean values of the three tanks, to each effluent 
tested, were used to evaluate the efficiency of the 
WTP. Four test batches were carried out: basic 
test, basic test with peptone added, test with EE 
and test with TE (Table 1). Batch tests were 
aerated for at least 30 min to reach an oxygen 
saturation level. The initial oxygen concentration 
in the test vessels ranged from 6 to 8 mg l-1. In 
order to assess the respiration activity, aeration 
was stopped and an oxygen electrode (WTW, 
model Inolab Oxi Level 2) was directly placed in 
the flasks. Readings were recorded every 30 s over 
a 5 min period. During the readings, the test vessel 
mixture was st irred continuously through a 
calibrated velocity magnetic stirrer for preventing 
sludge settleability. The oxygen uptake rate (OUR) 
defined as mg O2 consumed l-1 h-1 was calculated 
from the slope of the linear portion of the plot of 
dissolved oxygen versus time (APHA, 1998). 
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Table 1 – Composition of the batch tests. 

Composition Basic test (ml) Basic test with 
peptone (ml) 

Test with EE (ml) Test with TE (ml) 

Activated sludge 100 50 10 50 

Deionised water 80 130 40 – 
Phosphate buffer 
(K2HPO4)* 

20 20 20 20 

Peptone (20 g/100 ml) – 2 – – 

Equalised effluent – EE – – 130 – 

Treated effluent – TE – – – 130 

Total volume 200 202 200 200 
(*) pH 7.2. 
 
 
The specific oxygen uptake rate (spOUR), (the 
respiration rate per g of mixed liquor suspended 
solid-MSSL) was determined by dividing the 
respiration rate by the MLSS (APHA, 1998). The 
concentration of the activated sludge was 
expressed as MLSS according to APHA (1998). 
The spiking factor (SF) (Strotmann et al., 1999), 
an indicator of the stimulating activity, was 
calculated by the following formula: 

 
 
 

 
Chemical oxygen demand (COD) analysis (closed 
reflux colorimetric method) according to APHA 
(1998) was carried out for all EE and TE samples 
to estimate its reduction (RCOD) during treatment 
using the following formula: 

 
The spOUR 

reduction 
(RspOUR) between the EE and the TE was estimated 
applying the formula: 
 

 
 

 
 
Data were analysed statistically using Tukey’s test 
(p<0.05) when significant ANOVA results were 
found (Zar, 1996). 
 
 
RESULTS AND DISCUSSION 
 
Biomass contents in the aeration tanks 
The mean values and respective 95% confidence 

interval of the mixed liquor suspended solid loads 
of the AT-2, AT-3 and AT-4 were 4.20 (3.81–
4.60), 4.59 (4.28–4.91) and 5.27 (4.98–5.57) g l-1, 
respectively (Fig. 1). There was a significant 
statistical difference (p<0.05) between the contents 
of suspended solid of AT-2 and AT-4 and between 
AT-3 and AT-4. 
 
Oxygen uptake rate (OUR) 
The aim of the performance the basic test was to 
obtain an estimate of the basal respiration of the 
sludge in the aeration tanks, as for this test, no 
substance was added that incremented the 
respiration activity. The mean values and 
respective 95% confidence interval of sludge 
respiration activity in the basic test were 8.69 
(6.67–10.72), 7.05 (4.83–6.28) and 7.67 (5.18–
10.16) mg O2 l

-1 h-1 in the AT-2, AT-3 and AT-4, 
respectively. No statistically significant difference 
(p>0.05) was found between the OUR results for 
the tested aeration tanks. 
Peptone was added in one of the test, due to its 
stimulatory effect to micro-organisms and to allow 
a more detailed analysis of the metabolism of 
substrate added (Dirks et al., 1999). Oxygen 
consumption for the AT-2, AT-3 and AT-4, 
peptone added test, were 16.65 (13.09–20.21), 
13.77 (11.37–16.17) and 17.07 (14.2–19.93) mg 
O2 l-1 h-1, respectively, with no statistically 
significant difference (p>0.05) between results, but 
showing a respiration activity two times higher 
than the basic test. According to Gendig et al. 
(2003), the addition of a nutritive solution like 
other easily biodegradable carbon sources 
increases respiration rate of activated sludge. 
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Figure 1 - Mean values of suspended solid of the aeration tanks, and its respective confidence 
interval (95%). Means followed by the same letter do not differ significantly (Tukey’s 
test, p<0.05) 

 
 
The mean respiration activity of the ATs and its 
respective 95% confidence interval after addition 
of EE was 24.34 (19.26–29.43) in the AT-2, 20.56 
(16.97–24.15) in the AT-3 and 24.70 (19.66–
29.75) mg O2 l

-1 h-1 in the AT-4. In the EE test, the 
oxygen consumption was higher than in both the 
basic test and the test with peptone added. On the 
other hand, the TE test showed a reduction in the 
oxygen consumption rate, that could be explained 
due to the reduced organic load in the TE, 
presenting a mean activity of 7.69 (5.92–9.46) in 
the AT-2, 6.84 (5.06–8.62) in the AT-3 and 7.51 
(5.30–9.73) mg O2 l

-1 h-1 in the AT-4. There was 
no statistically significant difference (p>0.05) 
between TE test results. 
In general, in the peptone added and in the EE test, 
the sludge presented higher respiration activity. 
Inhibitory discharges could reduce the activated 
sludge activity, however the EE did not exhibit 
any toxicity to the sludge. On the order hand, a 
lower activity registered in the TE test reflected a 
lower biodegradable load, which indicated an 
efficient treatment in the aeration tanks. 
 
Specific oxygen uptake rate (spOUR) 
The results of specific oxygen uptake rate 
(spOUR) in the basic and peptone test and 
respective 95% confidence interval are presented 
in Fig. 2. The results with the basic test showed 
that the ATs presented a similar behaviour. The 
test with peptone increased the spOUR greater 

than three times. These results indicated that 
micro-organisms were responding steadily to 
medium changes. 
The spOUR results were higher in the EE test than 
in the TE test. These results indicated that the 
velocity of the oxygen consumption was much 
higher and proportional to the organic load present 
in the effluent. Regarding the EE test, the spOUR 
values presented a mean activity and respective 
95% confidence interval of 26.69 (21.26–32.12), 
20.87 (16.78–24.97) and 20.58 (17.72–23.44) mg 
O2 g MLSS-1 h-1 in the AT-2, AT-3 and AT-4, 
respectively (Fig. 3). There was an increase in the 
respiration activity coupled with a wider 
confidence interval in all results. This could be 
attributed to changes in the composition of the 
incoming effluent, as far as organic matter was 
concerned. The TE test showed the lowest values 
for the spOUR. The AT-2, AT-3 and AT-4 
presented a mean spOUR and respective 95% 
confidence interval of 7.45 (5.66–9.23), 6.66 
(3.73–9.59) and 5.77 (4.12–7.42) mg O2 g MLSS-1 
h-1, respectively (Fig. 3). A reduction in the width 
of the confidence interval might originate from a 
smaller variation of the TE organic load compared 
to TE test. These large variations in the WTP 
effluent could greatly influence the microbial 
community (Orupõld et al., 2001). 
 
 

 



Utilisation of Respirometry to Assess Organic Matter Reduction of Effluents 

Brazilian Archives of Biology and Technology 

315 

S
pe

ci
fic

 o
xy

ge
n 

up
ta

ke
 r

at
e

(m
g 

O 2
 g

 M
LS

S-1
 h

-1
)

0

3

6

9

12

15

18

21

AT-2 AT-2 AT-3 AT-3 AT-4 AT-4 
(basic test) (basic test) (basic test)(peptone) (peptone) (peptone)

A
A A

B

B
B

 
 
Figure 2  - Results for the spOUR of the aeration tanks in the basic test and test with peptone 

added, and their respective confidence interval (95%). Means followed by the same 
letter do not differ significantly (Tukey’s test, p<0.05). 
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Figure 3 - Results for spOUR of the aeration tanks in the test with EE and TE, and their respective 
confidence interval (95%). Means followed by the same letter do not differ significantly 
(Tukey’s test, p<0.05). 

 
 
During the treatment of industrial wastewater, 
different loads released showed different oxygen 
uptake rates (Orupõld et al., 2001). Similarly, the 
composition of the microbial biomass could show 
certain variation (Kilroy and Gray, 1992). In order 
to achieve an efficient aerobic treatment, a 
sufficient amount of oxygen must be supplied 

(Orupõld et al., 2001) to increase the efficiency of 
removal of oxidisable pollutants (Brown, 1999). 
However, caution must be taken to avoid growth 
of filamentous organisms that interfere with the 
proper compaction of settling sludge (Mulkerrins 
et al., 2004), and consequently poor results in the 
treated effluent (Tan and Chua, 1997). 
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The MLSS content in the AT-4 was statistically 
different from the other tanks, with lower activity. 
On the order hand, the AT-2 presented lower 
MLSS content and, in general, had higher activity. 
This lower concentration of MLSS did not 
correspond to a lower sludge activity. Usually, the 
concentration of mixed liquor suspended solids is 
used to estimate the amount of micro-organisms in 
the activated sludge (Yokoi et al., 1999), 
especially when no information is available about 
estimation of microbial numbers (Orupõld et al., 
2001). However, a few other components 
(protozoan, micro-algae, nematode, rotifer), apart 
from living and dead micro-organisms, make up 
the suspended solids (Rosenwinkel et al., 2001).  
 
 

Spiking of respiration activity 
The spiking factor calculated for the three tests is 
summarised in Table 2. The data showed that the 
stimulatory effect was increased in the presence of 
higher organic load. It was possible to observe that 
the EE presented higher stimulation potential, 
followed by peptone and by TE addition. The 
spiking factor importance arises from the fact that, 
it allows a clear respiration profile, thus reflecting 
the capacity of the sludge to response to eventual 
respiratory effects (Strotmann et al., 1999). Lower 
respiratory activities of the tanks and lower 
spiking factors in the TE tests can be due to 
reduction of the biodegradable compounds after 
treatment, which results in a reduced toxicity from 
the WTP (Araújo et al., 2005). No evidence of 
activated sludge inhibition was detected.  

 
Table 2 - Mean values of the spiking factor of the tests and its 95% confidence interval. 

Test Spiking factor 
Test with peptone 4.00 (3.06–4.95) 
Test with equalised effluent (EE) 6.54 (5.62–7.46) 
Test with treated effluent (TE) 1.91 (1.53–2.29) 

 
 
Activity respiration and chemical demand 
oxygen (COD) reduction 
The difference between the spOUR values of the 
tests with EE and TE added to the three aeration 
tanks were 65.7 (51.0–80.4), 71.6 (62.5–80.8)  
and 75.1 (65.2–85.0) % in the AT-2, AT-3 and 
AT-4, respectively, with a mean reduction of 
70.8%. Although AT-4 presented higher organic 
load reduction, all tanks presented similar 
respiration activity. In a study with Microtox at 
this WTP during the same period, Araújo et al. 
(2005) found a mean toxicity reduction of 92.71%. 
Several authors have shown that Microtox test is 
more sensitive to the action of toxicants than 
respirometry (Kilroy and Gray, 1992; Dalzell et 
al., 2002; Ricco et al., 2004). On the other hand, 
respirometry seems to be more accurate than 
Microtox to assess the toxicity reduction at this 
WTP, since it is a more direct method for 
assessing sludge activity and thus toxicity to 
sludge (Ren, 2004) and the whole microbial 

community is involved in the process, instead of 
only one organism (Vibrio fischeri), in the 
Microtox test. 
Due to the importance of COD reduction in the 
activated sludge process as it represented the 
quality of the wastewater treatment (Ubay Çokgör 
et al., 1998; Baker et al., 1999; Vidal et al, 1999; 
Reis and Nozaki, 2000; Teixeira et al., 2005), the 
COD of each effluent treatment step was assessed. 
EE and TE-COD mean values were 1,576.4 
(1,444.5-1,708.4) and 257.7 (226.2-289-1) mg l-1 

(Fig. 4). The organic load reduction due to the 
treatment process ranged between 80-90% based 
on COD determination, with a mean reduction of 
83.6%.  
The results of this study were similar to the 
observation by Araújo et al. (2005) in this same 
WTP, who reported a mean COD reduction of 
83.04%.  The data showed a higher variation of 
EE-COD than of TE-COD load.
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Figure 4 - EE and TE-COD values. 
 
 
This could be due to the natural higher variation 
from the EE-COD, as mentioned by Araújo et al. 
(2005). Biological processes, such as aerobic 
respiration are similar to all sorts of organisms. 
Therefore, the results found here could be 
indicative that the toxicity for all sort of organisms 
(including animals) would also be reduced. In 
Ecotoxicology, as a general rule, data is normally 
extrapolated from some tests for the whole 
biological community. Otherwise, for every 
substance or even effluent combination, a huge 
battery of tests would be necessary to assess any 
toxicity. 
 
 
CONCLUSIONS 
 
It was possible to conclude that the aeration tanks 
(AT-2, AT-3 and AT-4) presented similar 
respiration activity. The reduction of 70.8% in the 
specific oxygen uptake rate, between the equalised 
and treated effluents, indicated the efficiency of 
the activated sludge in reducing effluent toxicity of 
the CIC. In general, the equalised effluents could 
be considered non-inhibitory to activated sludge. 
The COD reduction of 83.6% between the 
equalised and treated effluents indicates also a 
reduction due to the respiratory activity of the 
activated sludge. 
Industrial effluent treatment plants in Brazil do not 
take into account the toxicity of raw effluent. This 
study demonstrated how important such studies 
could be in determining toxicity, as the main aim 
of effluent treatment is to reduce toxicity effects 
for the biological communities. The monitoring of 
the respiratory activity of the activated sludge in 

the aeration tank is essential to balance the 
treatment efficiency and its normal activity 
(Strotmann et al., 1995). Besides, the results 
obtained are most accurate due to the involvement 
of the sludge microbial community and fast. In 
order to assess the efficiency of the aerobic 
treatment and control of the activated sludge 
process, the oxygen consumption inhibition test 
could be adopted as routine tool in the monitoring 
from the WTP. 
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RESUMO 
 
Este trabalho avaliou, através de ensaios de 
respirometria, a eficiência do tratamento de 
efluentes industriais, após tratamento por lodo 



Oliveira, C. A. et al. 

Brazilian Archives of Biology and Technology 

318 

 

ativado em tanques de aeração (TA). Foram 
analisadas amostras do efluente equalisado (EE), 
antes do tratamento, e do efluente tratado (ET). 
Vinte baterias de ensaios foram realizadas com 
cada um dos TA (TA-2, TA-3 e TA-4). Cada 
bateria consistiu de um ensaio básico, contendo 
apenas o licor misto, um ensaio com adição de 
peptona, um ensaio com o EE e um com o ET. 
Não houve diferença estatística significativa 
(p>0,05) na atividade respiratória dos TA. Quanto 
à taxa de consumo de oxigênio específica houve 
uma redução média de 70,8% entre os ensaios 
realizados com EE e ET. Os ensaios de 
respirometria determinaram com eficiência o nível 
de tratamento através de lodo ativado, e deve ser 
adotado no monitoramento dos efluentes da 
estação de tratamento de efluentes do Pólo 
Industrial de Camaçari. 
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