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Abstract: Wide use of bisphenol A (BPA) in production of polycarbonates and plastic food packaging cause
increase of concentration of BPA in the environment. Both in surface water, underground water and seawater BPA
was frequently detected in different concentrations. Emerging problem is adsorption of BPA on sewage sludge,
because it could be considered as an additional source of pollution if it is used as a fertilizer in agricultural sectors.
Absorbed BPA on sewage sludge stays persistent in the environment and generates adverse biological effects in
endocrine system. Because of ecological safety, exploration of potential techniques to remove BPA to the level,
which does not give adverse effect on natural environment is necessary. In this study the adsorption of BPA from
simulated water onto commercial activated carbons was investigated. On the basis of experimental data the
kinetics and type of sorption were determined.
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In recent years, increasing attention is focused on the presence of xenoestrogens in the
aquatic environment, that degrade its quality and cause disturbances in endocrine system of
living organisms. Among xenoestrogens one of the most prevalent is bisphenol A (BPA),
which occurrence in the environment is connected with anthropogenic activity. BPA is
mainly used for production of epoxy resin and polycarbonate plastics. Therefore, industrial
and municipal wastewater and landfill leachates have to be considered as point sources of
BPA. In recent works the presence of BPA have been documented in different matrices
such as sewage sludge, effluents from wastewater treatment plant, river water and
sediments soil. The results provided by Gibson et al from Mexico City wastewaters showed
concentrations of BPA ranged from 0.77 to 2.5 pg/dm’ [1]. The study conducted in Toronto
reported widely divergent concentration of BPA in wastewater from different industrial
sectors. Concentration of BPA ranged 0.08:91.27 pg/dm’, 0.75+43.45 pg/dm’,
0.1+0.48 pg/dm’® for wastewater from chemical products industry, commercial laundries,
textile and clothing industries, respectively. Yamamoto et al determined concentration of
BPA in some samples from hazardous waste landfill leachates with median concentration
269 pg/ dm® [2]. Latter publications reported concentration of BPA in municipal landfill
leachates in the range 26+8400 pg/dm’ [3].

The significance of the problem of BPA in the environment is intensified by
physicochemical properties of this compound such as low solubility, high hydrophobicity
characteristics. These properties suggest that BPA has low biodegradability and
accumulates in living organisms.

The influence of BPA presence even at low concentration in the environment can
cause feminization of aquatic organisms, decrease in population fertility and survival of
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progeny. Wide ranging global studies have demonstrated that exposure to BPA, interfere
endocrine system in diverse range of concentrations and the effects can be very
unpredictable as a consequence of its ability to initiate numerous responses.

According to U.S. Environmental Protection Agency (EPA) BPA has been identified
as an “exogenous’” agent, that interfaces with synthesis, secretion, transport, binding action
or elimination of natural hormones in the body that are responsible for the maintenance of
homeostasis, reproduction or behaviour.

Given the ecological safety it is advisable to develop effective technology of removal
of BPA to the level, excluding their negative impact on the environment. Some
investigations have indicated, that nanofiltration and reverse osmosis are efficient
techniques to remove bisphenol A [4-7]. Adsorption is one of the simplest and widely used
methods that can be applied to removal micropollutants from water. Adsorption potential of
selected activated carbons were tested and found that BPA was effectively removed from
aqueous solution [8, 9].

The aims of the study were (1) to compare the effectiveness of removal of BPA using
selected activated carbons (2) determine adsorption behaviour of BPA (3) fit two kinetic
models to analyze the experimental data.

Materials and methods
Characterization of the activated carbons

Two kinds of commercial powder activated carbons were tested. Carbon AKPA-22
(Gryfskand, Poland) and SX2 (Norit (R), USA) were used for the comparative adsorption
experiments. Both of them are being used for water conditioning. The sorbents used in this
study did not subject any extra treatment in order to replicate their application
in commercial water treatment processes. BPA (purity > 99%) was purchased from
Sigma-Aldrich (Poznan, Poland).

Adsorption experiments

In order to determine kinetics and isotherms, batch experiments in an orbital shaker at
180 r/min were conducted. In the adsorption kinetics experiments, the concentration of
activated carbon was equalled at 30 mg/dm® and the initial concentration of BPA was at the
level of 5 mg/dm’. At predetermined time intervals, the samples were filtered in order to
separate sorbents from solution of BPA.

Isotherms studies can be investigated by varying the initial concentration of adsorbate
[10] or the sorbent amount [11]. In this study, the sorbent concentrations were changing in
the range from 10 to 120 mg/dm’ and the initial concentration of BPA was equalled
at 15 mg/dm’. The experiments were conducted under ambient conditions. The flasks were
put in a shaker for 3 h. After finishing experiments, sorbents were separated from BPA
solution. The concentration of BPA was determined using phenol cell test (photometric
method, MERCK). The amount of BPA absorbed onto activated carbons was calculated
according to the following equation:
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where g, [mg/g] is equilibrium adsorption amount, Cy and C, [mg/dm’] are the initial and
equilibrium concentration of BPA, and m [g] is the mass of sorbent.

Results and discussion
Removal efficiency of BPA

In this part the efficiency of BPA removal for AKPA-22 and SX2 was compared. The
results of this comparative study were illustrated on the Figure 1. The removal efficiency of
BPA was in the range 9.6+-85.7 and 12.6+-82.7% at the dosage change from 10 to
110 mg/dm’ for AKPA-22 and SX2, respectively. In lower dosages of sorbents using SX2
showed little higher level of removal of BPA than AKPA-22. However in high dosages of
sorbents reverse tendency was observed, higher removal of BPA was observed
on AKPA-22 than on SX2. Overall, this study shows that both sorbents have ideal
performance for removal bisphenol A from aqueous solutions.
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Fig. 1. The removal efficiency of BPA depending on dosage of sorbents (AKPA-22 (o), SX2 (m))

Adsorption kinetics of BPA

In order to determine the adsorption kinetics of BPA, the experimental data were
analyzed using pseudo-first-order and pseudo-second-order kinetic models, which were
given in the equation (2) and (3) respectively:

ln(qe - Qt) _
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where ¢, and ¢, are the amount of BPA adsorbed at equilibrium and at time (¢), K; and K,
are the pseudo-first-order and pseudo-second-order constants respectively. Furthermore on
the basis pseudo-second-order model were calculated the half adsorption time (#,,,) and the
initial adsorption rate (4) according to following equations:
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h=kyq? (5)

Figure 2 shows adsorption of bisphenol A onto selected activated carbons versus time.
Both curves resemble the same trend, however the equilibrium time of BPA onto AKPA-22
was shorter than onto SX2 and were equalled 180 min and 270 min, respectively. This
means that addition of BPA onto surface of AKPA-22 was faster than SX2. The Figures 3
and 4 present the results of fitting experimental data with kinetic models. The adsorption
kinetic parameters listed in table 1 show that the pseudo-second-order model fitted better
the experimental data than pseudo-first-order model both for AKPA-22 and SX2. The
adsorption capacity calculated from pseudo-second-order model (ge.ay) also corresponds
well with the experimental data (g..y). The higher rate constant, lower time required for
half of g, of BPA to be absorbed of AKPA-22 confirm better adsorption of BPA than SX2.
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Fig. 2. Time-resolved uptake of BPA onto AKPA-22 (o) and SX2 (=)

Table 1
Adsorption rate constants rate for two kinetic models
Pseudo-f1r§t-order Pseudo-second-order equation
Adsorbent equation
K, R K, Geiexp) qe2(cal) tz h R
[1/min] [¢/mg'min)] | [mg/g] | [mg/g] | [min] | [mg/(g-min)]
AKPA-22 | 0.0106 0.921 0.001 118.7 120.48 8.3 14.51 0.9992
SX2 0.0019 0.8049 0.00085 97 98.03 12 8.16 0.9981

Adsorption isotherms of BPA

The isothermal data were fitted to Freundlich and Langmuir models according to their
linear equation. The equations are as follows:
The Freundlich equation:
1
loggq, =logK, +—logC, (6)
n
where K [mg(dm3/mg)”2/g] is the Freundlich constant reflects the bonding energy, the
parameter [/n with value between 0+1 describes adsorption intensity or surface
heterogeneity; g, [mg/g] and C, [mg/dm’] are the uptake capacity and the equilibrium
concentration, respectively.
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The Langmuir equation:

11 -
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where ¢, [mg/g] and C, [mg/dm?’] are the uptake capacity and the equilibrium concentration
respectively. K; [dm’/mg] is the Langmuir constant and g, [mg/g] is the maximum
adsorption capacity.

The parameters of models are summarized in Table 2 only for AKPA-22 because in
case of SX2 bad fitting was obtained. This indicated that Langmuir and Freundlich models
are not sufficient to describe adsorption of BPA onto SX2 and the another mixed models
were needed for this isotherms. Compared with Langmuir model, Freundlich model fitted
the experimental data better because the R® values were higher for Freundlich than
Langmuir models for sorbent AKPA-22. The Langmuir theory assumes monolayer
adsorption where molecules interact only with the surface of sorbent. On the other hand
Freundlich theory describes multilayer coverage where molecules interact with the surface
of sorbent and then with each other. The high value of R* demonstrates that BPA forms
multimolecular layer on the surface of AKPA-22. The 1/n value was less than 1 indicating
a favorable adsorption system and heterogenity of the sorbent adsorption sites.
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Fig. 3. Simulation of BPA adsorption onto AKPA-22  Fig. 4. Simulation of BPA adsorption onto AKPA-22

(0) and SX2 (=) by means of pseudo-first- (0) and SX2 (=) by means of pseudo-second-
order kinetics order Kinetics
Table 2
Fitted parameters using Freundlich and Langmuir models for adsorption of BPA by AKPA-22 and SX2
Adsorbent Freundlich model Langmuir model
Ky [mg(dm’/mg)"*/g] 1/n K, [dm*/mg] q..[mg/g]
AKPA-22 97.49 0.12 2.37 131.57
Conclusions

1. The study indicated high removal efficiencies of BPA using both sorbents (AKPA-22,
SX2).

2. The kinetics data fitted better with the pseudo-second-order model than
pseudo-first-order model fitted.

3. Adsorption of BPA on AKPA-22 was much faster than on SX2.

4. Adsorption isotherms fitted better with the Freundlich model than the Langmuir model.
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SKUTECZNOSC USUWANIA BISFENOLU A NA KRAJOWYCH
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Instytut Inzynierii Wody i Sciekéw, Politechnika Slgska, Gliwice

Abstrakt: Masowe wykorzystywanie bisfenolu A (BPA) do produkcji tworzyw sztucznych i opakowan na
zywnos¢ powoduje wzrost stgzenia tego zwiazku w srodowisku. Zaréwno wody powierzchniowe, podziemne, jak
i morskie ulegaja coraz wigkszemu skazeniu bisfenolem A. Niepokojacy jest fakt, ze BPA obecny w $ciekach
w znacznym stopniu ulega sorpcji na klaczkach osadu czynnego, co wskazuje na dodatkowe zrédto
zanieczyszczenia Srodowiska tym zwiazkiem. Zasorbowany na osadzie bisfenol A trwale pozostaje w srodowisku,
wywotujac niekorzystne efekty biologiczne gtéwnie o charakterze hormonalnym. Zagrozenie, jakie stanowi ten
zwigzek, powoduje konieczno$¢ poszukiwania efektywnych metod jego usuwania. W pracy podje¢to probe
usunigcia BPA z roztworéw wodnych na krajowych i zagranicznych weglach aktywnych. Na podstawie danych
doswiadczalnych wyznaczono kinetyke i typ procesu sorpcji.

Stowa kluczowe: mikrozanieczyszczenia, sorpcja, wegle aktywne



