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Abstract

The objective of this work was to evaluate a potential method for improving the treatment efficiency of persistent contaminants in industrial
wastewater. Adsorption with powdered activated carbon (PAC) was applied as pre-treatment and operational conditions as pH, temperature, carbon
concentration and time were investigated in laboratory scale for different streams generated in a fine chemical industry. Chemical oxygen demand
(COD) removal efficiencies of 63 and 50% were attained for two important industrial streams, Product C after acid treatment and precipitation and
Influent, at pH 7, room temperature and with 5 and 15 g1~! of PAC, respectively. Biodegradation assays showed that PAC adsorption enhanced
COD removal efficiency. PAC pre-treatment increased the COD removal of Product C after production stream from 15 to 80% and improved the

biodegradability of the Influent stream by 50%.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The fine chemical industry, in Rio de Janeiro, Brazil, produces
7700t (year)~! of chemicals, of which the largest portions are
for use as textile auxiliaries and optical brighteners (44% of the
total). For each ton of product, 13 m?3 of wastewater containing
fluorescent whitening agents (FWAs) are generated.

FWAs absorb light in the UV range (290-400 nm) and emit
visible blue light (400-480nm). They are used in detergents
to whiten fabrics and can be exploited for their analytical
determination applications [1]. The most common FWAs are
characterized by the presence of stilbene-based groups derived
from stilbene (trans-1,2-biphenyl ethylene) bound to one or
more azo or azoxy groups. In solution there is a dynamic equilib-
rium between the two isomeric forms of stilbene-based FWAs,
the (E-)isomer (trans) and the (Z-)isomer (cis), the latter being
the non-fluorescent isomer. Some FWAs are derived from 4,4’-
bis-(2-sulphostyryl)-biphenyl (DSBP); for these, there are four
possible isomeric forms because of the presence of two ethylene
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bonds. FWAs (Fig. 1) with one ethylene bond are industrially
produced by the oxidation of 4-nitrotoluol-2-sulphonic acid to
4,4’ -dinitrostilbene-2,2’-disulphonic acid (DNS), which is then
reduced to 4,4'-diaminostilbene-2,2'-disulphonic acid (DAS).
Cyanurchloride reacts with the DAS amino groups and sub-
sequent reactions with aniline, morpholine or diethanolamine
result in the final products [2].

The chemical structures of these compounds do not have read-
ily hydrolysable bonds. In addition, the presence of [HSO3™]
groups, added to increase water solubility, reduces the com-
pounds’ biodegradability, resulting in high persistence of the
industrial effluent [1]. Such persistence is corroborated by the
effluent’s low biochemical oxygen demand/chemical oxygen
demand ratio (BOD/COD), which is 0.37, on average. The efflu-
ent also has a high salt concentration (11 gl~!), due to the
industrial application of a saline precipitation process followed
by nanofiltration with the aim of product recovery [3].

FWAs absorb ultraviolet (UV) light and undergo photodegra-
dation [1], but are basically not biodegradable under aerobic
and anaerobic conditions [4]. No biodegradation was found in
biological oxygen demand tests, whereas limited biodegrada-
tion was observed in activated sludge after an adaptation period
of 10-15 days [5]. The apparent affinity of FWAs to sewage
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Fig. 1. Structures of two FWAs: DAS 1 (4,4-bis-[(4-anilino-6-morpholino-
1,3,5-triazin-2-yl)amino]stilbene-2,2'-disulfonate and DSBP (4,4'-bis-(2-
sulfostyryl)-biphenyl).

sludge leads to partial removal of FWAs from wastewater during
primary and secondary clarifications through biomass adsorp-
tion [4,6]. The non-retained fraction of FWAs reaches surface
waters [6]. In surface waters, photodegradation takes place at
the surface with half-lives of several hours in the top 15 mm
layer under summer noon sunlight [1]. Below the photic zone,
FWAs can be assumed to be persistent, since no biodegrada-
tion has been observed [7]. Predicted no-effect concentrations
(PNEC) of 100pmgl~! have been measured, however, toxic
effects of FWAs have not yet been characterized in natural waters
[4].

The chemical stability and persistence of FWAs avoid their
degradation by conventional physicochemical and biological
treatments. Thus, the industrial treatment system (coagula-
tion/flocculation with aluminum sulphate followed by activated
sludge) has faced difficulties in achieving the Brazilian dis-
charge limit established for this effluent (COD < 250mg1~1).
However, the industry made significant progress between 2001
and 2003, including enhancement of the aeration system of the
biological reactor, segregation of some toxic streams and leak
prevention during production. Indeed the COD of the treated
effluent was reduced from >2.5 to ~1 gl_l. However, further
modifications will be required to reduce the COD to desired
levels (<250 mg1~1).

Most organic substances are removed by biodegradation in
activated sludge processes, whereas toxic substances with less or
no biodegradability must be removed by adsorption. The adsorp-
tion process with activated carbon may be applied to remove a
great diversity of contaminating agents in liquid and gaseous
streams [8—10]. It involves a non-specific process, widely used
when the stream composition is unknown, and is reversible
in that the activated carbon may be retrieved. However, the
cost/benefit ratio is not attractive for processing material with a

low organic matter concentration or for those systems that use
large amounts of carbon.

Carbon may be used in powder or granulated form. Most com-
monly, the granular activated carbon (GAC) form is employed
in tubular reactors. Powdered activated carbon (PAC) is gen-
erally used in completely mixed and plug flow reactors. Both
reactor types involve agitation to keep the carbon in suspension,
which creates a perfect mixture and enhances contact between
the adsorbate and adsorbent materials [8]. Ultimately the PAC
must be separated from the solution using a clarifier, often with
the aid of a coagulant.

In this study, the effect of adsorption treatment with activated
carbon on the biodegradability of most persistent contaminants
in the streams generated in the industry was examined.

2. Experimental
2.1. Collection and characterization of the streams studied

The streams studied were collected in several simple sam-
plings (instantaneous) during the period from January 2002
to October 2003. Samples were refrigerated (4 °C) and each
characterization analysis was carried within 24 h after collec-
tion. Those streams previously determined to have the highest
impact on the COD value along the characterization period were
selected for this study.

For adsorption experiments, samples from the selected
streams were collected and immediately used. The mixed liquor
(effluent + sludge) was instantly collected in the period between
March and April 2003, and tested immediately in biodegradation
assays.

2.2. Adsorption experiments with activated carbon

The adsorption experiments were carried in 500 ml flasks
with 200 ml of effluent being shaken at 200 rpm and kept at
controlled temperature for 6 h. Each flask was sealed with a
rubber cork and eventual losses through volatilization at the
highest temperatures were corrected for by the addition of dis-
tilled water. Every experiment was run in duplicate to test the
results’ reproducibility. The results of the duplicates were con-
sistent, indicating good data reproducibility. The organic matter
reduction efficiency was evaluated through analyses of the solu-
ble COD (after vacuum filtration through Whatman filter paper
#4). Powdered carbon (Isofar p.a. carbon with granulometry
such that 50-80% passes through a 325-mesh sieve) was regen-
erated by heating at 550 °C for 30 min to drive off the organic
contaminants [11].

Different pH values and temperatures were evaluated to verify
the carbon adsorption potential on compounds present in the
different streams under conditions similar to those in which the
streams are generated as well as after mixture with other streams
has occurred (Table 1). The time effect was evaluated with the
optimal pH, temperature and carbon concentration conditions in
experiments carried with the Products A and C after precipitation
streams.
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Table 1
Conditions evaluated in PAC adsorption assays

Parameter Stream Values Assays conditions

PAC (g171) Products A and B 0.25,0.5,1.5,3,6 Adjust pH to 7 with
Product C after production 0.15,0.5,1.5,3,5, 15 H,>SO4 or NaOH,
Product C after precipitation 0.15,0.5,1.5,3,5, 15 room temperature
Influent 0.5,1,2,5,10, 15 (25£1°C)

pH Products A and B 5,6,7,8 Room temperature, 3 g 1-! PAC
Product C after precipitation 3.8,4.5,5,6,7,8 Room temperature,
Influent 6,7,8,9 5g17! PAC

T(°0C) Products A and B 25, 30, 35, 40 3g1~! PAC, pH 7
Product C after precipitation 25, 40, 50, 60, 80, 90 5g1~! PAC, pH 7
Influent 25, 30, 35, 40

Time (h) Products A and B 4,6,8,24 30°C, 6gl_1 PAC, pH 8
Product C after precipitation 4,8,24 80°C,5¢g 1-! PAC, pH7

The adsorption data were used to determine equilibrium
isotherms for the streams studied. In all cases, the difference
between the initial COD and the equilibrium concentration
(COD after 6 h of reaction) was calculated to obtain the adsorp-
tive capacity, using the following equation:

_ (Co—CoV

W ey

where ¢ is the amount of organic compounds adsorbed by PAC,
quantified as COD (mg g~!), Cy the COD initial concentration
(mgml~1), C. the COD residual concentration (mg ml~!), V the
total volume of solute solution (ml) and W is the mass of the PAC
used (g).

To quantify the adsorption capacity of PAC for COD removal
from the streams, two-parameter isotherm models (Langmuir
Eq. (2) and Freundlich Eq. (3)) were applied in linearized form.

L_ L1, 11 @)
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log(g) = log(k) + . log(Ce) 3

where ¢ is the quantity of COD adsorbed per carbon weight unit
(mg g~ 1) at equilibrium, C,, the COD equilibrium concentration
in solution (mg 1™ 1), bthe Langmuir constant (1 mg™ 1) character-
izing strength of organic compounds present in effluents (carbon
bond), ¢gm adsorptive capacity (mg g~ 1), k the Freundlich affin-
ity parameter for a hetero-disperse system (1g~!) and n is the
adsorptive intensity related to the magnitude of the adsorption
driving force and to the distribution of the energy sites on the
adsorbent.

2.3. Biodegradation assays

The biodegradation of the contaminants in the industrial
streams was evaluated by Zahn—Wellens methodology before
and after treatment with activated carbon. This methodology
is based upon internationally approved biodegradation assays
that have been optimized [12]. It allows determining the tox-
icity degree of the samples on the activated sludge bacteria,

with the sludge of the effluent treatment plant serving as the
inoculum.

The experiments were carried in 500 ml flasks with 200 ml
of medium being shaken (140rpm) at room temperature
(25 £ 1 °C). The dissolved organic carbon concentration (DOC)
corresponding to each stream tested at the beginning of the assay
was of 200 mg1~!. The inoculum was composed by the mixed
liquor collected in the industrial wastewater treatment station
(WTS) and was added to the medium to obtain an initial mass
of 20-40 mg of total suspended solids (TSS).

The medium included a sample volume determined to achieve
a DOC initial concentration of 200mg1~" and 2ml of nutri-
ent solution with the following composition in g1~': NH4ClI,
21; NaH,PO4-2H;0, 78; KoHPO4, 87. The pH was adjusted to
7.0-7.5 (using HCI or NaOH), the sludge (inoculating agent)
was added and the volume was brought to 200 ml by addi-
tion of distilled water. A 10 ml aliquot was removed for DOC
analysis and 0.55 ml of co-substrate solution containing the fol-
lowing (in gl_l) was added: KoHPOy4, 35; CH3COONa, 45;
CeH4(COOH)(COOK), 30. An additional 10ml aliquot was
then removed for DOC analysis (initial DOC + co-substrate
DOC). The flask was covered with gauze and incubated at room
temperature while shaking at 140 rpm.

A sample free Reference flask was similarly prepared. DOC
reduction through adsorption by means of the sludge or through
volatilization was evaluated in Control and Stripping flasks,
respectively. DOC sources (sample to be tested and the co-
substrate solution) were not added to the Control flasks. The
Stripping flasks contained only the sample and 1 g1~ of sodium
azide; the pH was corrected, the volume was brought to 200 ml
and a 10 ml aliquot was collected (neither the nutrient and co-
substrate solutions nor the inoculating agent were added).

The experiments monitoring was performed through daily
measures of pH (corrected whenever necessary to 7.0-7.5) and
DOC. The DOC removal percentage was calculated as follows:

Reference flask:

“

% — 1 DOC,—-3 — DOC_.—-3
0 DOC,_y — DOC,—
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Test flask:
DOC,;—3 — DOC, -
% —=1— =3 r=3 (5)
DOC;—y — DOC,.—
Stripping flask:
DOC,—
%=1-—2= (6)
DOC;—g

where DOC is the dissolved organic carbon concentration
(mg1~!) in the flask indicated by sub-indexes, r is the Refer-
ence flask, ¢ is the Control flask, ¢ is the Test flask, s is the
Stripping flask, O corresponds to the initial day and 3 to the third
day. For the removal determination in the Test flask, the value
of DOC( corresponds to the flask before the addition of the
co-substrate solution.

2.4. Analytical methods

A Shimadzu Total Organic Carbon analyzer (TOC 500) was
used for DOC analysis after samples filtration through a Milli-
pore membrane (0.45 wm). COD, salinity, TSS, VSS and BOD
were analyzed according to standard methods [13].

3. Results and discussion
3.1. Characteristics of the streams generated in industry

The three main types of industrial products are the stilbene-
type FWAs, such as DSBP (4,4'-bis-(2-sulfostyryl)-biphenyl)
and textile chemicals. Effluents that originated from the pro-
duction of stilbene-type compounds presented the highest
contribution to the effluent’s COD. Table 2 summarizes the char-
acteristics of the main industrial streams between January 2002
and October 2003. The COD values obtained verified that the
Products A and B streams contribute for the effluent’s greatest
organic load. The Product C stream also makes a substantial con-
tribution to the Influent COD (final mixture of all inlet streams of
the WTS), which has prompted the adoption of a pre-treatment
process for this stream. Notably, acid treatment and precipitation
has reduced the organic matter content of the Product C stream
by nearly 50%.

The average BODs, COD and salinity (expressed in terms
of chloride concentration) values of the effluent before (Influ-
ent) and after physicochemical treatment, measured during
the month of September 2003 are presented in Table 3. The
value obtained for the BODs/COD ratio (0.37) shows the low

Table 2
Characterization of the streams studied (January 2002—October 2003)

Table 3
Indicative parameters of effluents quality (September 2003)

Parameter Influent Coagulation/flocculation process effluent
BODs (mg O, 171) 1,031 951

COD (mg0,171) 2,778 2,259

BODs:COD 0.37 0.42

Salinity (mg C1171) 11,799 10,700

biodegradability degree of the Influent. FWAs contained in
effluents undergo photochemical degradation with half-lives of
several hours under summer noon sunlight, but are basically not
biodegradable under aerobic and anaerobic conditions [1,4]. One
study reported that wastewaters from different production steps
of the two FWA types have BOD,g/COD values ranging from
0.04 to 0.44 after dilutions to working solutions of 1:2—1:10 [2].

After physicochemical treatment (coagulation/flocculation
with aluminum sulphate and polyelectrolyte), the average COD,
BODs and salinity removal efficiencies were low at 19, 8 and 9%,
respectively. Furthermore, the effluent biodegradability degree
did not change appreciably with treatment (from 0.37 to 0.42),
with the BOD5s/COD ratio increasing only 13.5%.

An important consideration in physicochemical process
evaluation is the batch-operated system applied in industry pro-
duction, such that batches differ with market demand. In other
words, the treatment control is complicated by the fact that differ-
ent compounds are produced each day. This effluent composition
variability may influence the activated carbon adsorption pro-
cess as well as other factors, such as pH and temperature.
The physicochemical properties of the organic compounds inti-
mately related with adsorption are altered by variation of these
parameters.

3.2. Effects of pH, temperature, time and carbon
concentration

COD removal, measured after agitation of the streams sam-
ples at 200 rpm, pH 7 and room temperature (25 £+ 1 °C) for 6 h,
increased with carbon concentration (Fig. 2). This result was
expected since an increase in carbon concentration increases the
availability of active sites for adsorption. The results obtained
for the Influent, Product C after production and Product C after
precipitation streams show that the uptake of the organic com-
pounds (mg COD g~ ! PAC) decreases as the PAC mass increases
(Fig. 3). These results are presumably due to the availability of
specific surface area and active sites of the PAC [6].

Stream pH T(°C) COD (mg0,171) Flux (m? batch~!)
Influent 7.6 - 2500 % 600 -

Final effluent 7.1 29-35 1300 = 200 310m*d~!
Product C after production 9.8 80-90 3300 £ 700 22.95

Product C after acid precipitation 3.8 80-90 1600 £ 300 -

Product A 6.4 25-35 9900 + 600 21

Product B 6.5 25-35 8400 £+ 600 21




442 M.R. Silva et al. / Journal of Hazardous Materials 150 (2008) 438—445

(=]
o

@ =~
o o
L L

g
g 50 -
40 -
E -eo-A
8 30 1 —-o—-B
O 20 ——C
10 —&-C prec
—&— Influent

0 2 4 6 8 10 12 14 16
PAC (1)

Fig. 2. COD removal efficiencies of the streams studied under different pow-
dered activated carbon concentrations (PAC).

Employment of activated carbon to reduce COD levels would
not be feasible for Products A and B streams, as their removal
efficiencies were quite low (<20%). Although the initial COD
concentrations of these two streams were much higher than other
streams (Table 2), the removed low organic load would not be
enough to attain the discharge limit. These results were similar to
that reported in previous studies where the dissolved organic car-
bon removal increased with carbon concentration up to 6 g1~}
[3].

The results obtained for the Product C stream (COD removal
of 31 and 55% for carbon concentrations of 5 and 15g1~",
respectively) suggest that activated carbon pre-treatment may
reduce organic load. In Germany 66 and 80% DOC removal
efficiencies were obtained for a Product C stream with car-
bon concentrations of 5 and 15 g17!, respectively [3]. Activated
carbon pre-treatment of Product C after acid treatment stream
resulted in COD removal efficiencies of 63% with a carbon con-
centration of 5 g1~!, at initial pH of 7.0 and room temperature.
Acid treatment enhanced carbon-adsorbed COD removal; the
COD removal in the Product C after production stream was
30% under similar conditions. For the Influent stream, COD
analyses indicated that increased carbon concentration favored
the organic matter removal. For the highest concentration tested
(15g 1), COD was removed at a value of 50%.
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Fig. 3. Effect of PAC mass on adsorption of organic compounds present in the
analysed streams.
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Fig. 4. COD removal efficiencies of the streams studied under different pH
values.

The affinity of the distinct compounds within each stream to
PAC cannot be predicted easily. Several types of physicochem-
ical interactions between PAC and these different compounds
are possible. Even small structural differences between these
compounds result in substantial differences in affinity for the
PAC.

Comparison of COD removal efficiencies through adsorption
with powdered activated carbon (3 or 5 g1~! PAC at 200 rpm and
25 °C for 6 h) under different pH values (Fig. 4) reinforces the
view that activated carbon treatment would not be feasible for
Products A and B streams. For the Product C after precipita-
tion stream however, pH values of 7 and 8 enabled better COD
removal efficiencies, relative to the efficiencies obtained with
the other pH values. Generally, pH did not influence signifi-
cantly the adsorption process; the maximal difference between
the lowest and the highest value of COD reduction obtained in
the pH range tested was 10%.

For all streams evaluated, increased temperature favored
COD reduction (data not shown). However, the increase
obtained (only 10%) would not justify an adsorption stage at
temperatures higher than those in which the streams are gener-
ated in industry. Better adsorption at higher temperatures may be
attributed to the acceleration of some originally slow adsorption
steps, to the creation of some new active sites on the adsorbent
surface or to the enhanced mobility of compounds from the bulk
solution to the adsorbent surface. Adsorption interaction in this
case must involve some type of specific interaction at higher
temperature, i.e., probable bond cleavage (endo-process) that
results in smaller entities that can fit within small pores. Alterna-
tively, such behavior may be ascribed to “activated” adsorption
which accelerates diffusion into certain pores in the adsorbent
[8].

Under optimal conditions for Product C after precipita-
tion (5gl1~! PAC, 80°C, pH 7) and Product A (6gl~! PAC,
30°C, pH 8) streams, COD removal obtained after a 24-h
period was not significantly greater than those observed after
a 4-h period (Fig. 5). These findings indicate that the 6h
reaction time adopted in the present experiments was suf-
ficient to remove all adsorbable compounds present in the
effluent.
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Fig. 5. COD removal efficiencies for the Product C after precipitation and
Product A streams under different reaction times.

3.3. COD adsorption equilibrium isotherms

The experimental data were used to determine the constants
of Langmuir and Freundlich adsorption isotherms equations.
Freundlich and Langmuir adsorption plots of the Influent, Prod-
uct C after production and Product C after precipitation streams
with PAC are shown in Fig. 6. These models did not fit the
experimental results obtained with other streams studied (Prod-
uct A and B). The constants of the two models were calculated
from the slopes and intercepts of Fig. 6 and listed in Table 4.
The 72 values indicate that the isotherms correlate well with the
experimental data. However, in terms of equilibrium, the Lang-
muir model fit the experimental data better than the Freundlich
model. In the models, the adsorption capacity of the Product
C after precipitation stream was predicted to be much higher
than those of the Product C before acid treatment and Influ-
ent, which is consistent with the experimental results shown in
Fig. 2. The relative affinities, bgn, of the organic compounds
present in the streams, quantified as COD, to the PAC surface
were determined to be higher for the Product C after precipita-
tion stream than for the other streams. The Freundlich constant
(k), which is considered to be an indicator of adsorption capac-
ity, was also higher for the Product C after precipitation stream
than for the other streams. 1/n is an empirical constant related
to the magnitude of the adsorption driving force; the Product C
after precipitation stream is associated with a higher 1/n value,
and thus a higher tendency for organic compounds adsorption.
The greater affinity for PAC of the Product C after precipi-
tation stream than of the Influent and Product C before acid
treatment streams can be attributed to the chemical structure
of the compounds after acid treatment. The molecular struc-
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Fig. 6. Adsorption isotherms (Langmuir and Freundlich) of COD on adsorbent
PAC.

ture of the compounds is a determining factor of the extent
to which they will be adsorbed by activated carbon. Gener-
ally, adsorbability is enhanced by increased molecular size and
aromaticity, and by decreased solubility, polarity and carbon
chain branching. In addition, compounds that contain more
sulphonic acid groups may have decreased PAC adsorbability
[14].

GAC and PAC are the most common adsorbent materials
because they provide an excellent adsorption capability for
organic compounds. Indeed, with Product C after production,
Product C after acid treatment and precipitation and Influent
streams, COD removal efficiencies of 50-75% were obtained
with 15 g1~! of activated carbon. However, the use of activated
carbon may be limited due to its high cost. Alternative carbon
sources may potentially be developed from cheaper substitutes,
such as fly ash, silica gel, wool wastes, blast furnace sludge
and clay materials (bentonite, kaolinite, montmorillonite, etc.).
These materials have already been demonstrated to remove color
and organic matter [15]. Another alternative would be the treat-
ment of the Influent stream with lower carbon concentrations,

Table 4
Comparison of Langmuir and Freundlich constants and correlation coefficients of COD adsorption with PAC
Stream Langmuir Freundlich

qm (mgg™") bdg™ bam (g™ r kx 10% (1g™") Un IS
Influent 141 0.26 0.04 0.999 0.2 2.42 0.988
Product C after production 143 0.40 0.06 0.963 0.05 2.78 0.869
Product C after precipitation 333 0.48 0.16 0.993 290 1.70 0.990

Langmuir model: g/gm =bCe/(1 +bCp); b: Langmuir constant (1g~"); Ce: equilibrium concentration (mg1~"); ¢gm: maximum quantity of COD adsorbed (mg g~ !);
Freundlich model: ¢ = kC,'"; k: Freundlich constant (1g~"); n: empirical coefficient.
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as the use of 6 g1~! of PAC produced =40% COD removal. The
best treatment conditions (physicochemical/biological) could
only be determined by comparing pre- and post-carbon treat-
ment biodegradability of the streams to observe persistence
alterations.

3.4. Biodegradation assays

Adsorption treatment with activated carbon yielded better
results with the Influent, Product C at production outlet and Prod-
uct C after acid treatment and precipitation streams. Therefore,
these streams were selected for biodegradation assays by the
modified Zahn—Wellens test relative to their respective controls
(samples not submitted to adsorption with PAC). The objective
of this assay was to evaluate whether or not the adsorption treat-
ment would reduce the persistence of the compounds present in
the streams. The sample that received no adsorption treatment
served as the Control, and the sample treated with PAC (10 g1~ !,
room temperature and pH 7) was called the Test-sample.

As shown in Fig. 7, the PAC treatment reduced the per-
sistence of the compounds in Product C after production and
Influent streams; DOC removal after 3 days increased from 13
to 79% and from 48 to 86%, respectively, after adsorption treat-
ment. This noteworthy result indicates that in addition to DOC
removal through adsorption, the PAC treatment also reduced the
persistence of the contaminants in these streams. Removal val-
ues higher than 5% in the stripping test indicated that organic
matter loss through volatilization occurred in the experiment
with the Product C after production stream. On the other hand,
the stripping test determined that the volatilization loss was not
significant (<5%) from the Product C after precipitation and
Influent samples, indicating that the removal percentage of the
organic matter in these streams was due to biological activity. In
addition, the observations of good sludge activity (DOC removal
values of 80-90% in the Reference flask) with these streams
validated the biodegradation assay.

For the experiments with the Product C after precipitation
stream, the incubation time was extended to 6 days in order to
observe DOC reductions in the Reference flasks close to 80%.
After 6 days, the sample treated with activated carbon presented
higher DOC removal relative to the sample that received no
treatment. However, the difference was very small (42% versus
32%), indicating that this stream must have presented persistent
compounds that were not removed by the carbon treatment.

The relatively low DOC removal values observed in the Ref-
erence flasks indicate that the activity of the sludge used (from
the industry Wastewater Treatment Station) was not adequate.
However, as the sludge exhibited similar activity in the Control
experiments and with the activated carbon-treated samples, it
was possible to compare the results.

The COD removal kinetics of the Influent stream after PAC
adsorption (10 g1~!, pH 7, room temperature) is shown in Fig. 8.
The increment on the soluble COD value in the Test (average
value for the testing sample) is a result of COD analysis before
and after the addition of co-substrate to the reaction medium
(Influent) at the beginning of the experiments. It was observed
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Fig. 8. COD removal kinetics in biodegradability test for the Influent stream
treated with PAC.
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that the COD values in the Experiment (average value for the
testing sample) and Reference (average value for the testing
reference) flasks decreased with time, indicating a progressive
degradation of the organic matter. On the other hand, in the Strip-
ping flask curve (average value for the flask that evaluates the loss
of organic matter through volatilization) COD did not change,
which indicates that the organic matter was reduced exclusively
through microbiological action. The curve corresponding to
the Control flask had a low value because the only contribu-
tion to COD in this flask was the cell material removed during
filtration.

The organic matter loss related to a possible adsorption on
the cell wall present in the system or on walls of the Erlenmeyer
flask was also assessed. The sampling for this analysis was per-
formed with the Influent stream 3 h after the beginning of the
experiment, a period insufficient to verify the microbiological
action but sufficient for observing physical adsorption. The COD
removal values obtained for the Experiment, Control, Reference
and Stripping flasks (4.5, 0.0, 0.0 and 4.3%, respectively) indi-
cated that organic matter was not reduced through adsorption to
the flask or cell wall.

It can be observed that the pre-treatment with PAC removed
COD until values very similar to the discharge limit (around
260 mg1~! after 72 h). In the actual treatment system employed
in the industry (coagulation/flocculation and activated sludge
operating with hydraulic retention time of 48h), COD final
values around 800 mgl’1 are obtained. However, to become
PAC application economically viable, its concentration must be
reduced. More studies are being lead with other types of PAC.

4. Conclusions

The employment of PAC was not suitable for the treatment of
the Products A and B streams, which exhibited COD reductions
below 20%. For the Product C after acid treatment and precip-
itation stream, however, the COD removal was 63% at pH 7,
room temperature and 5 g1~! of PAC.

For the Influent stream, 50% COD removal efficiencies were
obtained with 15 g1~! of PAC. Extreme pH or temperature val-
ues did not promote relevant alterations. Thus, the use of the
conditions in which the stream was generated (e.g. pH 7 and
room temperature) was justified. In addition, the adsorption time
data indicated that 4 h was enough to adsorb all adsorbable com-
pounds present in the streams studied. Indeed this period could
even be reduced.

The biodegradation evaluation by the Zahn—Wellens method
showed that the sludge present in the wastewater treatment sta-
tion presented problems in relation to its activity. PAC treatment

reduced the persistence of the compounds present in Product
C after production and Influent streams. The COD removal
increased from 15 to 80% when the Product C after produc-
tion stream was treated with PAC, while the Influent stream was
found to be 50% more biodegradable after PAC pre-treatment.
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