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APRESENTACAO

O e-book intitulado: “Colecéo Desafios das Engenharias: Engenharia Quimica 2” é
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in natura e funcionalizado com grafeno; aplicagdo de surfactantes n&o-idnicos para reduzir
a dissolugéo de carbonatos e a redugdo do consumo de agua em processo de bradagem:;
a apresentacdo de um método analitico para quantificar a presenca de Bisfenol A em
aguas superficiais, um estudo de revisdo da literatura que mostra a qualidade dos recursos
hidricos em varios paises e a presencga da diversidade e quantidade dos CIEs nas matrizes
aquosas e a caracterizacao fisco-quimica da farinha de Inhame obtida pelo processo de
atomizagéo. A segunda teméatica apresenta dois estudos que investigaram a producédo de
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forma de pd; analise da geometria, diluicdo e qualidade de revestimentos de acgo AlSI
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CAPITULO 2

AMMONIA NITROGEN REMOVAL FROM FISH
PROCESSING WASTEWATER BY ADSORPTION
USING ACTIVATED CARBON
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ABSTRACT: The objective of this work was
to evaluate the ammonia nitrogen removal
from fish processing wastewater using bovine
bone-activated carbon as an adsorbent. The
wastewater used in this study was collected
at the wastewater treatment plant outlet and
contained biochemical oxygen demand (BOQ)
equal to 310 mg O/L, chemical oxygen demand
(COD) equal to 589 mg O/L, pH of 6.54, and
ammoniacal nitrogen of 71.34 mg N/L, this last
parameter being well above the value allowed by
the legislation. The influence of contact time and
the amount of activated carbon in solution were
evaluated in batch tests. The activated carbon
mass ratio was defined as 4.0 g/L and the optimal
contact time was 180 minutes. The pseudo-
first-order model presented better adjustments
to the experimental data obtained in the kinetic
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assays. Although ammonia nitrogen removal was
unsatisfactory (only 18 %), there was a significant
reduction in the amount of organic matter, with
the removal of COD and BOD over 90 %, which
may indicate competition between organic and
nitrogen compounds for binding sites.
KEYWORDS: Adsorption; Fish processing
wastewater; Ammonia nitrogen; Activated
Carbon.

11 INTRODUCTION

Fish slaughtering and aquatic food
processing industries, which is a prominent
activity in the southern state of Santa Catarina-
Brazil, generate wastewater composed by the
combination of water with blood and pieces of
meat resulting from the filleting process and that
have a high concentration of organic matter and
several nutrients, especially ammonia nitrogen.
When in excess, the presence of nitrogen in
the aquatic environment can lead to aquatic
plants overgrowth, leading to the occurrence of
eutrophication of lakes, dams, and estuaries,
causing effects such as anaerobic conditions
in the body of water, eventual death fish, algal
and cyanobacterial toxicities and problems with
industrial water supply (VON SPERLING, 1996).

Brazilian law states that the maximum
total ammonia nitrogen concentration for
wastewater release is 20 mg N/L (BRASIL,
2011). Industrial treatment plants have generally

used nitrification and chlorination processes to
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obtain the permitted ammonia nitrogen concentration (ZHU et al., 2012). However, it is
observed that conventional treatments present in many fish processing industries cannot
reach the limits defined by the legislation, requiring additional treatment for the wastewater.
In this sense, adsorption, being a well-established technology for water treatment, can be
used as a polishing step after conventional treatment of this wastewater. The main objective
of this work was to investigate the ammonia nitrogen removal capacity present in wastewater
treated by a wastewater treatment plant (WWTP) from a fish processing industry using cow
bone-activated carbon as adsorbent.

21 MATERIALS AND METHODS

2.1 Fish processing wastewater and adsorbent

The wastewater used in this work was collected from the outlet of the WWTP in
a fish slaughtering industry, located in the city of Urussanga — Santa Catarina — Brazil,
and corresponds to the final treated wastewater, which is disposed of in a receiving water
body. The wastewater was characterized for Biochemical Oxygen Demand - BOD (Method
DIN 38409 (DIN DEUTSCHES INST FUER NORMUNG EV FR) NORMENAUSSCHUSS
WASSERWESEN, 1982)), Chemical Oxygen Demand - COD (Method 5220 D (APHA,
AWWA, 2012)), Total Phosphorus (Method 4500 P C (APHA, AWWA, 2012)), Total Ammonia
Nitrogen (Method 4500 NH3 C (APHA, AWWA, 2012)), pH (Method 4500 H+ B (APHA,
AWWA, 2012)), Total Solids (Method 2540 B (APHA, AWWA, 2012)), and Apparent Color
(Method 2120 C (APHA, AWWA, 2012)). The bone char activated carbon was supplied by
the BONECHAR Carvao Ativado do Brasil, with 30 mesh size, and its characterization can
be found elsewhere (CECHINEL; ULSON DE SOUZA; ULSON DE SOUZA, 2014).

2.2 Batch adsorption tests

Kinetic assays were performed with 200 mL of fish industry wastewater and 0.4 g
of activated carbon, resulting in a ratio of 2.0 g of carbon per liter of wastewater. Samples
were kept under stirring (Quimis Q-221-2) at 150 rpm and room temperature (25.2 + 0.5 °C)
for pre-set time intervals ranging from 10 to 720 minutes. Each Erlenmeyer represents one
point of the kinetic curve. After contact time, the samples were vacuum filtered and the total
ammonia nitrogen, still present in the liquid phase of each sample, was quantified according
to Method 4500 NH3 C (APHA, AWWA, 2012).

The influence of adsorbent mass on the ammonia nitrogen uptake was determined
by varying the concentration of activated carbon in the solution. Thus, 200 mL of the
wastewater were placed in contact with the activated carbon at mass/volume ratios ranging
from 0.5 to 10 g/L in Erlenmeyer flasks under stirring at room temperature. The contact time
between wastewater and adsorbent was determined in the previous experiment. Then, the
samples were vacuum filtered, and the total ammonia nitrogen quantitation of the liquid
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samples was performed according to Method 4500 NH3 C (APHA, AWWA, 2012).

2.3 Evaluation of wastewater quality after the adsorption process

The wastewater quality after the adsorption process was investigated using the liquid
sample obtained in the adsorption tests under the optimal condition of carbon amount and
contact time. The sample was characterized according to tests listed in Section 2.1, except
for the total solids, as the sample goes through a filtration process compromising the actual
value of the analysis.

31 RESULTS AND DISCUSSION

3.1 Evaluation of wastewater quality after the adsorption process

Table 1 presents the physicochemical characterization results of the wastewater
before the adsorption tests and the comparison of the values with the national legislation
(BRASIL, 2011).

Parameter Values Reference values'
BOD (mg O/L) 310.0 Reduction of 60 %
COD (mg O/L) 589.0 ubD.2

Total Phosphorus (mg P/L) 7.30 ubD.2

pH 6.54 Between 6.0 and 9.0
Total Solids (mg/L) 690.0 uD.2

Total Ammonia Nitrogen (mg N/L) 71.34 <20.0 mg/L
Apparent Color (mg Pt-CollL) 659.0 uD.2

Sample temperature (°C) 25.40 uD.2

Table 1. Characterization of the wastewater used in this work.
UD.: undefined. 1(BRASIL, 2011).

According to the wastewater supplier, the average of the last three BOD and total
phosphorus analyzes in the WWTP inlet wastewater was 1800 mg O/L and 22.0 mg P/L,
respectively. It is observed that the BOD was reduced by 83 %, meeting the waste disposal
legislation in the receiving body. Already the total phosphorus presented value above the
maximum allowed (< 4 mg P/L) and, in comparison with the raw wastewater, there was
a reduction of 67 %. The total solids and COD parameters do not have maximum values
allowed by the legislation but are required in the analysis of wastewater environmental
monitoring. The apparent color test, although not a required parameter, was performed for
comparison after the adsorptive process. The wastewater pH met the value required by
law, with a value of 6.54. The ammoniacal nitrogen concentration in the wastewater, which

is 71.34 mg N / L, is above the allowed disposal (= 20.0 mg/L). In this sense, the tests
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presented in this work were performed with outlet WWTP wastewater, aiming at a polishing
of the wastewater for disposal.

3.2 Adsorption kinetic tests

Regarding the adsorption kinetics, it can be observed in Figure 1 that the time to
obtain the kinetic equilibrium was approximately 180 minutes, with an adsorptive capacity
of 6.14 mg N/g and a residual ammonia nitrogen concentration of 59 mg N/L. The result
is considered promising since high adsorption rates enable the scale-up of the process.
However, as the wastewater is a complex matrix, other substances and/or compounds
with higher affinity for binding sites compared to nitrogenous compounds may have been
adsorbed, reducing the adsorption capacity of the studied compound.

The kinetic adsorption data were fitted to the pseudo-first-order and pseudo-second-
order (LAGERGREN, 1898; VILAR; BOTELHO; BOAVENTURA, 2006) models through
non-linear adjustment. From the data obtained by the model (Table 2), it was observed that
the adsorption capacity value obtained by the pseudo-first-order model was closer to the
experimental value (q,,, = 6.14 mg/g). In addition, the pseudo-first-order model obtained the
highest correlation coefficient (R?) and the lowest sum of residuals squared (S2R).

For selecting the model that best fits the experimental data, error functions Average
relative error deviation (ARED), Error function (SSE), Hybrid fractional error function
(HYBRID), Marquardt’s percent standard deviation (MPSED), and Sum of the absolute errors
(EABS) (SUBRAMANYAM; DAS, 2014) were also considered and the results obtained are
shown in Table 2.

T T T T T
400 600 800
t (min)

Figure 1. Kinetics of ammonia nitrogen adsorption onto bone char activated carbon: O - experimental
data; continuous line - pseudo-first-order model; dashed line - pseudo-second-order model.
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Pseudo-first ordem model

Pseudo-second order model

Oeq 6.3 +0.3 mg/g

K, 0.021 +£0.003 1/min
Rz 0.96

Sz, 1.4

ARED 0.5

SSE 0.007

HYBRID 0.7

MPSED 0.9

EABS 0.2

7.0 +0.5 mg/g

0.021 +0.003 g/mg.min
0.94

2.3

6.7

0.600

9.0

11.0

1.9

Table 2. Parameters obtained by pseudo-first order and pseudo-second order kinetic models and error

functions: C_, . =2.0g/L;C,_.,

=71.34 mg N/L; T =25.4 + 0.5 °C, initial pH = 6.54 + 0.01.

It can be inferred that for all error functions, the lowest results were obtained for the

pseudo-first-order model and, therefore, indicate that this model represents the best fit of

the curve.

3.3 Influence of the carbon amount

Many factors affect the adsorption process, such as initial solute concentration,

temperature, solution pH, and adsorbent concentration. However, since this work was

performed with real wastewater, it was decided to maintain the conditions of the medium,

and only the effect of coal dosing was evaluated. It can be seen from Figure 2 that the

removal of ammonia nitrogen increases proportionally to the increase in coal concentration

toreach4.0g/L.
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Ammonia Nitrogen Removal (%)

05 1 2 4 6 8 10
mass/volum ratio (g/L)

Figure 2. Ammonia nitrogen removal percentage in relation to activated carbon dosage (in g/L). Stirring
time = 180 minutes; C . =71.34 g N/L; T = 25.4 + 0.5 °C; Initial pH = 6.54 + 0.01.

Initial

This behavior can be attributed to the larger surface area and the availability of
more active sites for sorption. Based on that described by Fadel et al. (FADEL et al., 2015),
when the adsorbent concentration is low, the solute not only binds to the material surface,
but also enters the carbon pores, which increases the solute gradient concentration and,
consequently, increases the mass transfer process.

In addition, since the initial ammonia nitrogen concentration is the same for all mass
ratios studied, increasing the amount of carbon decreases the amount of adsorbed nitrogen
per unit mass (q), even though the removal efficiency remains constant for concentrations
greater than 2.0 g/L. Based on these results, the ratio of 4.0 g/L was defined as the ideal
activated carbon concentration for ammonia nitrogen removal in this situation. For this ratio,
a removal of 18 % was observed (q = 3.2 mg/g).

3.4 Wastewater quality after the adsorption process

Once the optimum conditions were defined, the wastewater quality was analyzed
after the adsorption test and the results can be compared through Table 3.
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Parameter WWA wWwB

BOD (mg O/L) 310.0 <5.0
COD (mg O/L) 589.0 48.0
Total Phosphorus (mg P/L) 7.30 71
pH 6.54 7.79
Total Ammonia Nitrogen (mg N/L) 71.34 58.5
Apparent Color (mg Pt-Co/L) 659.0 286.0

Table 3. Characterization of the wastewater after the adsorption process (WWB) compared to the initial
wastewater (WWA).

There was a significant decrease in BOD and COD in the wastewater after adsorption
(WWB). The sample after treatment also had no odor, unlike the wastewater treated before
the adsorption process (WWA). The significant reduction in organic matter, as evidenced
by BOD and COD results, may have affected the ammonia nitrogen adsorption capacity,
suggesting that organic matter has more affinity for activated carbon. In addition, the
literature shows that the coexistence of other ions in solution, as is the case with the present
wastewater, can exert a negative influence on the nitrate adsorption process (MEGHDADI,
2018).

Total phosphorus was not significantly altered after the adsorption process, indicating
that the solute has no affinity for the adsorbent, which would be justified by the nature
of activated carbon-containing phosphate compounds in its composition. The pH showed
a small increase in pH to 7.79, possibly due to the conversion of NH4+ to NH3. When
dissolving in water, ammonia can act as a base, acquiring hydrogen ions from H20 to
produce ammonium and hydroxide ions by Equation 1, providing alkaline properties in the

solution.

However, not all dissolved ammonia reacts with water to form ammonium ions, due
to its low ionization constant (READ, 1982), and a substantial fraction of the compound

remains in molecular form in solution.

41 CONCLUSIONS

The ammoniacal nitrogen removal using bone char activated carbon proved
unsatisfactory, with a reduction of only 18 %. Although the wastewater after adsorption
did not reach the values required by the legislation for the ammonia nitrogen parameter,
a significant reduction of BOD and COD values was observed, with removal percentages
above 90%. The high removal of organic matter indicates a high affinity of these compounds
to the binding sites, which may have caused a negative interference in the ammoniacal

nitrogen adsorption.

Colegao desafios das engenharias: Engenharia quimica 2 Capitulo 2 “



It was possible to fit the kinetic data to the pseudo-first-order model effectively. The
optimum adsorption conditions were also established, with the contact time being 180
minutes and the optimum carbon dosage of 4.0 g/L. The results obtained in this work show
that the adsorbent is effective to remove organic matter, opening possibilities for further
studies
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