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Abstract: Wide use of bisphenol A (BPA) in production of ymmrbonates and plastic food packaging cause
increase of concentration of BPA in the environmd&tth in surface water, underground water and a&aw
BPA was frequently detected in different conceidres. Emerging problem is adsorption of BPA on sgya
because it could be considered as an additionateaf pollution, if it is used as a fertilizer agricultural
sectors. Absorbed BPA on sewage sludge stays f@rsis the environment and generates adverse didalb
effects in endocrine system. Because of ecologiafdty, exploration of potential techniques to reenBPA to

the level, which does not give adverse effect amnahenvironment is necessary. In this study tsogption of
BPA from simulated water onto commercial activatacbons was investigated. On the basis of expetahdata

the kinetics and type of sorption were determined.
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Introduction

In recent years, increasing attention is focusethemresence of xenoestrogens in the
aquatic environment, that degrade its quality aengse disturbances in endocrine system of
living organisms. Among xenoestrogens one of thatrpoevalent iisphenol A (BPA),
which occurrence in the environment is connecteth \@hthropogenic activity. BPA is
mainly used for production of epoxy resin and patponate plastics. Therefore industrial
and municipal wastewater and landfill leachatesehtavbe considered as point sources of
BPA. In recent works the presence of BPA have ldeenmented in different matrices such
as: sewage sludge, effluents from wastewater tegdtrplant, river water and landfill
leachate [1-4]. The results provided by Gibsonl étoen Mexico City wastewaters showed
concentrations of BPA ranged from 0.77 to @gdn? [4]. The study conducted in Toronto
reported widely divergent concentration of BPA iastewater from different industrial
sectors. Concentration of BPA ranged 0.08-91.275-@3.45, 0.1-0.48ug/dnT for
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wastewater from chemical products industry, comiakrdaundries, textile and clothing
industries, respectively. Yamamoto et al [5] defaed concentration of BPA in some
samples from hazardous waste landfill leachateb wiedian concentration 268y/dn?.
Latter publications reported concentration of BRAnunicipal landfill leachates in the
range 26-840Qg/dnt [6].

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

The influence of BPA presence even at low concéatran the environment can cause
feminization of aquatic organisms, decrease in fajoun fertility and survival of progeny.
Wide ranging global studies have demonstrated ékpbsure to BPA, interfere endocrine
system in diverse range of concentrations and ffexte can be very unpredictable as
a consequence of its ability to initiate numeregponses [7-10].

According to U.SEnvironmental Protection Agency (EPA) BPA has been identified as
an “exogenous” agent, that interfaces with synthesscretion, transport, binding action or
elimination of natural hormones in the body that aesponsible for the maintenance of
homeostasis, reproduction or behaviour.

Given the ecological safety it is advisable to depeeffective technology of removal
of BPA to the level, excluding their negative impan the environment.

Some investigations have indicated, that pressembrane techniques (nanofiltration,
reverse osmosis) and advanced oxidation processesfficient to remove bisphenol A
[11-16].

Adsorption is one of the simplest and widely useethods that can be applied to
removal micropollutants from water [17-19]. Adsadopt potential of selected activated
carbons were tested and found that BPA was effdgtiemoved from aqueous solution
[20-23].

The aim of the study was: (1) determination ofctital properties of studied activated
carbons, (2) comparison of the effectiveness oforerhof BPA using selected activated
carbons, (3) fitting two kinetic models to analythe experimental data, (4) determination
of adsorption behaviour of BPA, (5) determinatidingpact of solution pH on sorption.

Materials and methods
Characterization of the activated carbons

Two kinds of commercial powder activated carbonsewtested. Carbon AKPA-22
(Gryfskand, Poland) and SX2 (Norit (R), USA) wered for the comparative adsorption
experiments. Both of them are being used for wededitioning. The sorbents used in this
study did not subject any extra treatment in ortterreplicate their application in
commercial water treatment processes. The sorbeate characterized by ;N7 K
adsorption-desorption isotherms using ASAP 2010yaea(Micrometrics, USA).

Adsorption experiments

In order to determine kinetics and isotherms, batqteriments in an orbital shaker at
180 r/min were conducted. In the adsorption kirseixperiments, the concentration of
activated carbon was equalled at 30 md/dnd the initial concentration of BPA was at the
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level of 5 mg/drii At predetermined time intervals, the samples viftered in order to
separate sorbents from solution of BPA.

Isotherms studies can be investigated by varyiegiritial concentration of adsorbate
or the sorbent amount. In this study, the sorbententrations were changing in the range
from 10 to 120 mg/drhand the initial concentration of BPA was equakdl5 mg/dr
The experiments were conducted under ambient gonditThe flasks were put in a shaker
for 3 h. After finishing experiments, sorbents wesparated from BPA solution. The
concentration of BPA was determined using phendl test (photometric method,
MERCK). The amount of BPA absorbed onto activaidbons was calculated according to
the following equation:

- (CO _n(fe) [v (1)

whereqe [mg/g] is equilibrium adsorption amour®, and C. [mg/dnt] are the initial and
equilibrium concentration of BPA; [dm’] is the volume of solutionn [g] is the mass of
sorbent.

Qe

Results and discussion

Properties of activated carbon

The nitrogen adsorption mensuration was used &ri@te isotherms type (Fig. 1) and
calculate several parameters such as: the speaffiace area, total area in pores, total pore
volume (Table 1) angbore size distribution (PSD) (Fig. 2). According to the IUPAC
(International Union of Pure and Applied Chemistry) categorization there are enumerated
five isotherm types, each of them is characteri$tic special sorbent and sorption
mechanism. Carbon AKPA-22 indicated type | isothewhat proved presence of
micropores. The lack of significant increase ofaagion at higher values of relative
pressure followed from occurrence of very narrowepp that it could not include more
adsorbate than single monolayer. Type | isotherntharacterized for chemisorption
although several cases of physicosorption sucHoasyery microporus activated carbon
could also belong to type | isotherm. In case ofboa SX2, long linear segment
corresponds to multilayer physical adsorption dnigde of isotherm. The specific surface
area of carbons was determined by the standard BE&fhiod. The PSD of carbons was
calculated according to method Density Functional Theory (DFT), which is based on
a molecular model for adsorption of nitrogen inqae solids. Both activated carbons have
bidispersion porous structure, in majority consistamicropores and average fraction of
mesopores, macropores do not occur.

Table 1
Structural property of AKPA-22 and SX2
BET surface area T.O tal area Total pore
Structure parameter 2 in pores
[m3/g] [m/q] volume [cnt/g]
AKPA-22 900.4 693.7 0.3652
SX2 821.8 689.9 0.4932
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Fig. 1.

Nitrogen adsorption-desorption isothermalPA-22 (A) and SX2 (B)
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Fig. 2. Pore size distributions of AKPA-22 (A) aBX2 (B)

Removal efficiency of BPA

In this part the efficiency of BPA removal for AKPZ2 and SX2 was compared. The
results of this comparative study were illustrated Figure 3. The removal efficiency of
BPA was in the range 9.6-85.7% and 12.6-82.7%ettisage change from 10 mgftim
110 mg/dm for AKPA-22 and SX2, respectively. In lower dosagé sorbents using SX2
showed little higher level of removal of BPA thaiKRA-22. However in high dosages of
sorbents reverse tendency was observed, higherveenwf BPA was observed on
AKPA-22 than on SX2. This study shows that bothbsats have ideal performance for
removal bisphenol A from aqueous solutions.
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Fig. 3. The removal efficiency of BPA dependingdmsage of sorbents (AKPA-22)( SX2 (m))

Adsorption kinetics of BPA

In order to determine the adsorption kinetics ofABRhe experimental data were
analyzed using pseudo-first-order and pseudo-seocdi®t kinetic models, which were
given in the equations (2) and (3) respectively:

|nM:—Kl[ﬁ @)
Qe
t 1 t
p— + — 3
qt K2 mﬁz qe ( )

whereg, andq; are the amount of BPA adsorbed at equilibrium andree (t), K, andK, are
the pseudo-first-order and pseudo-second-ordertamatss respectively. Furthermore on the
basis pseudo-second-order model were calculatedhdieadsorption timet{,) and the
initial adsorption rateh) according to follows equations:

_ 1
b S @
h=k, )

Figure 4 shows adsorption of bisphenol A onto getbactivated carbons versus time.
Both curves resemble the same trend, however thidlemm time of BPA onto AKPA-22
was shorter than onto SX2 and were equalled 180amd 270 min, respectively. This
means that addition of BPA onto surface of AKPAAR@s faster than SX2. Figure 5
presents the results of fitting experimental daith kinetic models. The adsorption kinetic
parameters listed in Table 2 show that the pseadorsl-order model fitted better the
experimental data than pseudo-first-order modelh bfir AKPA-22 and SX2. The
adsorption capacity calculated from pseudo-secoddromodel ¢y also corresponds
well with the experimental dategde). The higher rate constaritj(and lower time
required for half ofg-(t1,) of BPA to be absorbed of AKPA-22 confirm bettelsarption
of BPA than SX2.
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Fig. 5. Simulation of BPA adsorption onto AKPA-22) (and SX2 {) by means of pseudo-first-order
kinetics (A) and pseudo-second-order kinetics (B)

Table 2
Adsorption constants rate for two kinetic models
Pseudo-first-order Pseudo-second-order equation
equation

Adsorbent K n h

Ky [1/min R? 2 mg/ mg/ 12 . R?

1[ ] [g/(mg mm)] Oe2(exp) [ g g] Cle2(cal) [ ¢} g] [mm] [mg/(g mm)]
AKPA-22 0.0106 0.921 0.001 118.7 120.48 8.3 14.51 .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 amehdmuir models according to the
linear equation. The equations are as follows:
- The Freundlich equation:

loga. =logK, +logC, (6)

where Kg [mg(dnt/mg)*?g] is the Freundlich constant reflects the bondémgrgy, the
parameter 1 with value between O0-1 describes adsorption iitensr surface
heterogeneity.g. [mg/g] and C. [mg/dnT] are the uptake capacity and the equilibrium
concentration respectively.
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- The Langmuir equation:

11 1.1 )
qe qm EKL Ce qm
whereg, [mg/g] andC, [mg/dn?] are the uptake capacity and the equilibrium catregion
respectively. K. [dm¥mg] is the Langmuir constant angl, [mg/g] is the maximum
adsorption capacity.

The parameters of models are summarized in TaldelBfor AKPA-22 because in
case of SX2 bad fitting was obtained. This indidateat Langmuir and Freundlich models
are not sufficient to describe adsorption of BPA00BX2 and another mixed models were
needed for this isotherms. Compared with Langmuidah Freundlich model fitted the
experimental data better because tRev@lues were higher for Freundlich than Langmuir
models for sorbent AKPA-22. The Langmuir theoryusses monolayer adsorption where
molecules interact only with the surface of sorbé&n the other hand Freundlich theory
describes multilayer coverage where moleculesantewnith the surface of sorbent and then
with each other. The high value of Bemonstrates that BPA forms multimolecular layer o
the surface of AKPA-22. The 1/n value was less thandicating a favorable adsorption
system and heterogenity of the sorbent adsorpiies. s

Table 3
Fitted parameters using Freundlich and Langmuiretsofbr adsorption of BPA by AKPA-22 and SX2
Adsorbent Freundlich model Langmuir model
Ke [mg(dm%mg)"%/g] 1in K. [dm%mg] Om[Ma/g]
AKPA-22 97.49 0.12 2.37 131.57

Effect of solution pH

The impact of solution pH on the adsorption of BRAs evaluated at the pH range
from 3 to 12 at activated carbons (AKPA-22, SX2)salge of 70 mg/diand initial
concentration of BPA of 15 mg/dniThe pH of medium was adjusted using NaOH and HCI
solutions. The equilibrium concentration as funetad pH is shown in Figure 6. Adjusting
the pH of solution from 3 to 10 did not influen¢etadsorption of BPA. However decrease
of BPA adsorption was observed for both activatadaon when solution pH exceeded 10.
It is well known that BPA is weak acid with pKalue between 9.6-10.2. Therefore in
alkaline medium BPA molecules gave up a proton &mhed bisphenolate anions.
Decrease of adsorption when pH > pKa was obviogaume of enhancing repulsion forces
and reduction-r interaction between bisphenolate anions and stidéectivated carbon.
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Fig. 6. Equilibrium adsorption of BPA on AKPA-22)(and SX2 ) at different pH values
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Conclusions

» Characterization of AKPA-22 and SX2 by nitrogen @g@sion-desorption isotherms
proves bidispersion structure with the largest amhoof micropores and average
fraction of mesopores, macropores do not occur. BE& surface area equals 900.4
and 821.8 rfig for AKPA-22 and SX2, respectively.

» The study indicated high removal efficiencies ofAB&sing both sorbents (AKPA-22,
SX2), which proves that sorption on activated carisdow-cost method.

e The kinetics data fitted better with the pseudmsdeorder model than
pseudo-first-order model fitted.

» Adsorption of BPA on AKPA-22 was faster than on SX2

» Adsorption isotherms fitted better with the Freuctdimodel than the Langmuir model.

* Increase of solution pH above 10 had significanpdot on adsorption BPA. When
pH > pK, charge of adsorbate and amphoteric adsorbent egative that lead to
increase repulsion forces and reduction-afinteraction.
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Instytut Inzynierii Wody i Sciekéw, Politechnikalaska

Abstrakt: Masowe wykorzystywanie bisfenolu A (BPA) do prodjikivorzyw sztucznych i opakowiana
zZywnos¢ powoduje wzrost gtenia tego zwizku wsrodowisku. Zaréwno wody powierzchniowe, podzienjag,
i morskie ulegaj coraz wekszemu skzeniu bisfenolem A. Niepokegy jest fakt,ze BPA obecny wéciekach
w znacznym stopniu ulega sorpcji na klaczkach osadynnego, co wskazuje na dodatkowsddio
zanieczyszczenigrtodowiska tym zwjzkiem. Zasorbowany na osadzie bisfenol A trwaleogtae wsrodowisku,
wywotujac niekorzystne efekty biologiczne gtéwnie o chaeake hormonalnym. Zagrenie, jakie stanowi ten
zwiagzek, powoduje konieczg6 poszukiwania efektywnych metod jego usuwania. Atprokrélono maliwosé
usuwania BPA z roztworéw wodnych na krajowych iraaicznych wglach aktywnych. Na podstawie danych
daswiadczalnych wyznaczono kinetyktyp procesu sorpciji.

Stowa kluczowe:mikrozanieczyszczenia, sorpcjaggle aktywne



