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ABSTRACT

The presence of pharmaceutical residues in water resources is a critical issue for the production of
drinking water, even though trace concentrations are mostly encountered. The adsorption of eight
micropollutants, in mixture; onto a microporous activated carbon fiber cloth was investigated. For
each compound, the kinetics and isotherms of adsorption were studied in batch reactors with ultrapure
water, groundwater and half-diluted groundwater. Experimental data were generated and compared to
values calculated by the association of Ideal Adsorbed Solution Theory (IAST) model and the
Homogeneous Surface Diffusion Model (HSDM). The impact of the nature and the content of Natural
Organic Matter (NOM) was modeled considering an Equivalent Background Compound (EBC). The

presence of NOM in the groundwater is largely detrimental for the adsorption of trace micropollutants.
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Adsorption of pharmaceutical residues on activated carbon fiber cloths
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List of symbols

(ei,mod

(ei,exp

qi

Jm

qr

Interfacial surface area (L?L)

Parameter of the Langmuir — Freundlich equation (L¥"M/")

Biot number (-)

Concentration of the component (i) in the multicomponent solution (ML)
Concentration of the component (i) in the monocomponent solution (ML)
Concentration of the component (i) in the multicomponent solution at the equilibrium (ML)
Initial concentration (ML)

Surface diffusion coefficient (L?T!)

Diameter of the particle (L)

External mass transfer coefficient (LT™)

Mass of adsorbent (M)

Parameter of the Langmuir — Freundlich equation (-)

Number of components in the solution

Concentration of the component (i) in solid phase in multicomponent adsorption at
equilibrium (MM™)

Simulated concentration of the component (i) in solid phase in multicomponent adsorption at
equilibrium (MM™)

Experimental concentration of the component (i) in solid phase in multicomponent adsorption
at equilibrium (MM™)

Concentration of the component (i) in solid phase in multicomponent adsorption (MM™)
Concentration of the component (i) in solid phase in monocomponent adsorption (MM™)
Maximum adsorption capacity of the component (i) (MM™)

Total concentration in the solid phase (MM™)

Ideal gas constant (LT[ 1)

Radius of fiber (L)

Temperature (1)

Time (T)

Volume of the solution (L*)



Zi Molar fraction in adsorbed phase

Om Spreading pressure in the multicomponent system (MT?)
li Spreading pressure of the component (i) in the monocomponent system (MT-?)

p Apparent density of particle (ML)

1 Introduction

The contamination of aquatic systems by pharmaceutical residues is now a major concern for the
environment and risk assessments are necessary for human health [1][2][3][4]. All aquatic
compartments are impacted. In European rivers, Loos et al. [S] have detected diclofenac in 83 % of
their samples. The maximum concentration was found to be 11 ng.L' for de Jesus Gaffney [1].
Likewise, carbamazepine and acetaminophen were identified and quantified at concentrations of 200
ng.L! in surface waters [6]. More recently, Bazus et-al. [7] have monitored 37 pharmaceutical residues
in 8 surface waters and drinking waters, inwestern France, and the highest drug concentrations were
reported for ketoprofen, hydroxy-ibuprofen, acetaminophen, caffeine and danofloxacin. Despite these
concentrations in aquatic systems, as resources for the production of drinking waters, risks for human
health were considered negligible [1] [8]. However, risk assessments are still discussed following
some authors [9] [10].

Adsorption—based technologies are recognized as efficient, promising treatment alternatives that are
widely used in water and wastewater treatment for the removal of organic micropollutants such as
pharmaceutical residues and pesticides[11] [12] [13]. In practice, granular activated carbon (GAC)
[14] and/or powdered activated carbon (PAC) are used to eliminate organic pollutants. According to
Rigobello et al. [15] and Sotelo et al. [16] the adsorption capacities of diclofenac at high
concentrations, onto granular activated carbon are about 230 mg.g' for a residual aqueous
concentration of 40 mg.L!. For carbamazepine, Cai and Larese-Casanova [17] found capacities of 200

mg.g"! onto granular activated carbon for a residual concentration of 0.5 mg.L".



Activated carbon fiber cloths (ACFC) have been studied for water treatment [18] [19]. The advantages
of such textiles are their high specific surface areas, predominantly microporous texture and large
adsorption capacities [20] [21]. Therefore, ACFC were more efficient in terms of adsorption rate and
selectivity than granular activated carbon for the removal of aromatic compounds [16] [22]. However,
to our knowledge, few studies have dealt with the adsorption of pharmaceutical residues and pesticides
onto ACFC [23] [24], especially at trace concentrations. However, supplementary informations are
required in order to understand how activated carbon cloths behave at low concentrations.of pollutants

in presence of natural organic matter.

Nowadays, adsorption processes are most often designed on the basis /of the amount adsorbed at
equilibrium with the inlet concentration of the micropollutants. Therefore, isotherms of adsorption
should be carefully modeled taking into account experimental errors, the type of model and error
function [25] [26] [27]. Special care should be paid when dealing with trace concentrations and the
extrapolation of isotherm models [28]. Even with realistic’'and relevant adsorption capacities at trace
concentrations, the impact of the nature of Natural Organic Matter (NOM) should be considered,
particularly in the presence of low molecular components of NOM [29]. Moreover, adsorption
capacities from isotherms conducted in batch reactors were shown to overestimate the adsorption
capacities for breakthrough curves [30]. Although the impact of NOM is complex, two main
mechanisms could be distinguished: the site competition with a strongly competing equivalent NOM

compound and/or the pore blockage occurring with larger NOM compounds [31][ 32].

The aim of this study is to evaluate the efficiency of ACFC for the removal of 8 emerging pollutants in
mixture. Batch reactors were carried out to study the kinetics and adsorption capacities of ACFC to
remove_micropollutants in different kinds of waters (ultrapure, ground water and half diluted
groundwater). Kinetic experimental data were compared to the most frequently models used (HSDM)

in a multicomponent solution (IAST model).



2 Materials and methods

2.1 Materials

2.1.1 Organic compounds

The targeted compounds — acetaminophen, caffeine, carbamazepine, diclofenac, ofloxacine; ibuprofen,
mecoprop, bisphenol A and benzotriazol — were all purchased from Sigma-Aldrich (purity > 98 %).
The physicochemical properties and molecular structures of the compounds are listed in Table 1.
Stock solutions (10 mg.L") were prepared by dissolving the commercial standard in ultrapure water
(UPW) provided by an ElgaPureLab System (18.2 MQ.cm). The experiments were carried out at low
concentrations (Co = 10 pg.L"). The experiments were achieved respectively in ultrapure water

(UPW), groundwater (GW) and groundwater diluted (1/2'vol.) by ultrapure water (GW/2).

Analyses of the selected compounds ‘were performed using UHLPC with an Acquity system (Waters)
coupled with a tandem mass spectrometer (Quattro Premier, Micromass), the method was extensively
describe elsewhere [31] [32]. Briefly, the chromatographic system included a 2777 autosampler
(Waters)-equipped for dual on-line solid phase extraction (on-line SPE) with HLB cartridges. 5 mL of
sample was loaded onto the HLB cartridges using a large volume injection loop and a quaternary
solvent pump (QSM — Waters). After the loading and cleaning steps, HLB cartridges were connected
to the BEH C18 analytical column (100 x 2.1 mm x 1.7 pm, Waters) thermostatic at 45°C. The binary
gradient consist of a mixture of acetonitrile as mobile phase A, and acetonitrile/water/formic acid

(10:90:0.1, v/v/v) as mobile phase B. The separation was initiated at a constant flow of 0.4 ml.min™!,



followed by a decrease in B to 10 % within 7 min. This composition was then maintained for 10 min

and returned to the initial composition.

Mass spectrometry was used with an electrospray ionization source in positive or negative mode with
a capillary voltage of 3 kV and nitrogen as the nebulizer and drying gas. The cone gas flow and the
desolvation gas flow were set at 50 L.h!' and 750 L.h"!, respectively. The source temperature and
desolvation temperature were 120°C and 350°C, respectively. The multiple reaction ‘monitoring
(MRM) mode was used for the quantification of all compounds. Retention time, MRM transitions,
cone voltage and collision cell energy are summarized in Table 1. To avoid matrix effects,

quantification has been done using standard addition method previously described [33].



Table 1 : Properties of pollutants used in adsorption procedures at neutral pH
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N° CAS 103-90-2 58-08-2 15307-86-5 298-46-4 15687-21-1 93-65-2 80-05-7 95-14-7
Structure CsHoNO; CsHoN4O CisH11CN CisHiN,O Ci13H150, C10H11CIO3 C15Hi602 Ce¢HsN3
02
MW (g.mol ") 151.16 194.19 296.15 236.27 206.28 214.65 228.29 119.12
pKai / pKas 9.5 1.2/14 4.2 2.3/14 4.5 3.9 9.6 0.6/83
Log Kow 0.46 -0.07 4.51 2.45 3.97 3.13 3.32 1.44
Solubility (g.L") 14.9 21.7 2.4.10°3 17.7:1073 21.3.10°3 7.3.107! 1.2.107 19.8
Cone voltage (V) 25 37 22 28 17 30 40 30
Collision energy 15 18 25 19 7 18 19 16
(eV)
Transition 152>110 195>138 296>250 237>194 205>161 213>141 227>212 120>92
Retention time (min) 1.49 1.53 5.13 3.61 3.39 1.79 4.27 1.90

212

Groundwater (GW) came from infiltration in the well located on the campus of the Ecole Nationale
Superieure de Chimie de Rennes, France. Seasonal analyses were performed for the total organic
content (DOC). The DOC was shown to vary from 1.5 and 5.7 mgc.L". As illustrated in Table 2, the
resistivity of the GW is relatively high and indicates that the minerals of water were quite low. GW

was filtered through cellulose membranes (0.7 um), to remove suspended solids and colloids before

Ground water compositions

use. . The characteristics of ultrapure and groundwater are presented in Table 2.



Table 2 : Physicochemical properties of waters (values in brackets are seasonal standard

deviations)
Ultrapure water (UPW) Groundwater(GW)
pH 6.8 6.4 (0.1)
Resistivity (MQ.cm) 18.2 0.5 (0.02)
Absorbance UV,ss(cm <0.003
0.039 - 0.057
1

)
DOC (mgc.L1 <50.107 (detection limit) 2.9 (0.8)
SUVA (L.mgc!'.m™) 1.6-2.9

2.1.3 Activated carbon fiber cloth (ACFC)

The ACFC (commercial name: KI-P-1200) was supplied by Dacarb (Asnicres-sur-Seine, France). It
was washed as received in ultrapure water to remove-any dissolved contaminants and/or fine particles
and then dried at 120 °C prior to the experiments. The physical and chemical characteristics of the
ACFC are given in Table 3. The physisorption of nitrogen at 77 K (Autosorb, Quantachrome
Instruments) was used to determine the specific internal surface area (multi-point BET method in the
range of relative pressures 0.01 to 0.1), the total pore volume (relative pressure of 0.995), the
micropore volume and the average pore size (Quenched Solid State Density Functional Theory,
QSDFT) [34][35]. In addition, the Boehm titration method was used to quantify the surface functional
groups [36].. The ACFC possesses a highly microporous texture (over 90 % of the total pore volume)
and few functional groups in comparison to common granular activated carbons [37]. This specificity
was_confirmed by the residual pH (measured after 24 h in ultrapure water), which was close to
neutrality and in agreement with the balance between acidic and basic groups. These characteristics

are summarized in Table 3.



Table 3 : Physical and chemical properties of the ACFC

Textural properties from N> adsorption at 77 K

Specific surface area (m2.g™") 1615
Total pore volume (cm’.g!) 1.02
Micropore volume (QSDFT) (cm’.g™) 0.92
Micropore size (QSDFT) (nm) <048

Chemical surface properties from Boehm titration

Residual pH 6.14

Basic functions (ueq.L™!) 286
Carboxylic acid functions (neq.L™") 12
Lactone functions (peq.L™") 87
Phenolic functions (peq.L™) 377

2.2 Adsorption Kinetics and isotherms

Kinetic curves of adsorption were performed for all compounds in mixture, both in ultrapure and

natural ground waters. For that purpose, 10 L reactors were used and the initial concentration was 10

pug. L' of each compound. Preliminary experiments demonstrated that inter-component adsorption

competition was not significant if the initial concentration was lower than 10 pg. L™ (as illustrated on

Figure 1 — example for acetaminophen).
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Figure 1. Adsorption of acetaminophen in UPW onto ACFC
(in single-component solution and in mixture)
The pH was maintained at 7.5 using hydrogen carbonate buffer and did not vary more than 0.1 pH unit
between the initial and final time of the experiment. A temperature of 25 °C was kept constant using a
thermostatic bath. A constant mass of ACFC (20 £+ 0.2 mg) was then incorporated and the reactors
were tightly sealed and homogenized using a magnetic stir bar at 400 rpm. The supernatant were
filtered using a 0.2 um GHP. Acrodisc filter prior to analysis by SPE-UPLC/ MS-MS in order to

determine the residual concentration (C;) and adsorption capacities (q;) according to the mass balance.

2.3 Modelling of multicomponent adsorption

The significant content of NOM in the natural water implied taking into account the competition of
adsorption between the target compounds and the NOM. Competitive adsorption equilibria were
modeled using the ideal adsorbed solution theory (IAST) (see equations Table 4), originally
established by Radke and Prausnitz [38] for dilute aqueous solutions. Strictly, IAST requires the
individual isotherm model for each component. However, assuming a non-interaction between

molecules at low concentrations in mixture in ultrapure water, we consider the data obtained in these

11



conditions as individual isotherm values for each component. On one hand, the Langmuir-Freundlich
model was used for each micropollutant, with parameters adjusted independently. On the other hand,
the adsorption of NOM has to be described through an isotherm too. One possibility is to implement a
single isotherm for pure NOM (for instance, measuring the residual DOC content after adsorption onto
activated carbon). Another approach was used in this study. Indeed, NOM was considered as a single
competing compound for the adsorption of each micropollutant. This methodology enables the
distinction between the target compounds since NOM can have different impacts depending-on the
target compound (different locations in the porosity, pore blockage, modifications of the. affinity
between the adsorbate and the carbon surface). Consequently, the approach consists-in representing
NOM as an Equivalent Background Compound (named EBC) [39][40].. The competition becomes a
co-adsorption between the target pollutant and the EBC [39][41][42][43][44]. In this case, the
Langmuir-Freundlich equation was applied to the adsorption of the EBC and consequently, three
parameters (qm, b and n) should be fitted. Moreover, the initial concentration of the EBC is unknown.
In order to improve the reliability of the adjustment procedure, adsorption isotherms were carried out
in ground water as well as in half-diluted groundwater (which corresponds to an initial concentration

of the EBC divided by 2).

Furthermore, in combination with the IAST, the homogeneous surface diffusion model (HSDM) [45]
(Table 5) was used to describe the kinetics of adsorption. The inner diffusion equation for a sphere
was used in the set of equations. In fact, the ACFC has a complex geometry with contacts between
yarns formed from fibers. The external surface is difficult to define. It has to be stressed that the
HSDM was used using the yarn as the elemental geometry for mass transfer, although the ACFC has a
dual scale with yarns of 430 pm, made themselves of 10 um fibers. Previous work concluded that
external mass transfer was occurring at the outer surface of the yarn [27]. The Langmuir-Freundlich as
the isotherm model was applied. This model was the most predictive model among 3 tested models

(Freundlich, Langmuir and Langmuir-Freundlich equations) [27].

The calculations and applications of HSDM and [AST were performed with a software developed

previously [40].
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Table 4 Equations for the Ideal Adsorbed Solution Theory (IAST)
Equation n Role
dc; dq; 7 Mass balance for batch test
2y =2
dt dt
3 dp ; 8 Average concentration in solid
qi 3 f q(1p, )15 dry phase
(%)
2
P (r aq; ) 9 Inner diffusion equation
dq; Dg; \'Por,
ot r oy
qi(rp' 0) =0 10 Initial condition
daq; 11 Boundary condition for the
——=0formn = .
ory, center of a cylinder
dq; 12 Boundary condition for
pst a_l = kf(Cl Cez) o d
p continuity of flux r, = 7”
dp 13 Local equilibrium at the

Gei = 9(Ce) at 7=

2

external surface
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Table 5 Set of equations for the Homogeneous Surface Diffusion Model (HSDM)
3 Results

3.1 Kinetics of adsorption

Kinetic studies are essential to determine the required time to reach the equilibrium especially in
ACFC where the kinetics are very fast compared to activated carbon or powder due to-a large external
surface [18] [19]. Moreover, the change in aqueous concentration against time was used to compute
the mass transfer coefficients for each pollutant/adsorbent system. Matthews-and Weber [46] proposed
a two-step resistance. This homogeneous surface diffusion model (HSDM) supposes that the two
limiting steps are the diffusion through the external layer surrounding the particle and surface
diffusion inside the porosity. Thus, two coefficients can be calculated (i) Ky, which represents the
external mass transfer, and (ii) Ds, which corresponds to the surface diffusivity. For each
adsorbate/adsorbent couple studied, these two coefficients were calculated in ultrapure and half diluted

groundwater and non-diluted groundwater water. (Table 6) using an iterative optimization procedure

. . .. . 1 qi-q; 2 . .
which consists to minimize the error function (E = - (%) ) using the excel solver function
i

[27].

Figure 2 shows the kinetics of adsorption in ultrapure water (UPW), ground water (GW) and
groundwater diluted by two with ultrapure water (GW/2) with a starting concentration of 10 pg.L™". As
observed for the carbamazepine, some compounds were largely impacted by the presence of NOM,
and these kinetic competition effects were similarly observed with diclofenac, caffeine, acetaminophen
and ibuprofen. At the opposite, the rate of adsorption of benzotriazole, mecoprop and bisphenol A was
slightly reduced in the presence of NOM. It clearly indicates that competitions for adsorption sites as
well as pore blocking depend on the nature of micropollutants as shown by Snoeying and Coll. [47]

[48].
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Figure 2. Kinetics of adsorption of the 8 micropollutants (Co = 10 ug.L") inultrapure, diluted (1/2)
groundwater and groundwater (Line corresponds to the prediction with the IAST - HSDM models)

Table 6. Mass transfer coefficients from HSDM adjustment on the kinetics of adsorption at Co =

10 pg.L* of micropollutants (values-invitalic indicate negligible mass transfer resistance)

Ultrapure water Underground water
Ds Ky Biot Ds Kt Biot
(m2.s?) (m.s?) number (m2.s?) (m.s?) number

Caffeine 4.4.1010 1.0.10? 32609 6.1.10° 4.2.102 3
Acetaminophen 1.1.10° 4.1.10 2 2.5.10°1° 9.6.10° 3
Diclofenac 1.3.10° 2.9.10"! 867 42101 6.5.10% 76521
Carbamazepine 1.4.10° 7.4.107 7 2.1.10°1° 1.1.10! 867
Ibuprofen 4410710 1.4.102 177170 8.5.10°10 7.4.102 56
Mecoprop 1.2.101° 2.9.10 7 9.9.10°1° 8.5.107 12
Benzotriazole 4.4.10°1° 3.9.10 3 9.6.10°1° 1.6.102 10
Bisphenol A 1.2.101 1.4.102 238 9.8.10712 8.9.102 857
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In Table 6, considering the Biot numbers (dimensionless ratio of the rate of external transfer to the
surface diffusion), two situations occurred. If Biot numbers were higher than 500 (for example, for
carbamazepine or ibuprofen in ultrapure water), superficial diffusion was the only limiting
mechanism. For these cases, the coefficient Ky had no statistical significance and there was no
resistance to mass transfer in the boundary layer around the yarns. If Biot numbers were between 1
and 100, both mechanisms (external and inner diffusion) co-existed as limiting steps for the mass
transfer. From data summarized in Table 6, four behaviors could be distinguished in the presence of

NOM:

- For mecoprop, acetaminophen and benzotriazole, NOM had<a negligible influence on Biot
numbers. Regardless of the aqueous matrix, both mechanisms exist.

- Bisphenol A exhibited Biot number higher than 100, in both ultrapure and natural waters (i.e.
in the presence or absence of NOM). Then, ‘superficial diffusion was the only limiting
mechanism.

- For carbamazepine and diclofenac, in ultrapure water, values were between 1 and 100,
whereas, in natural water, Biot-number became larger 100, and superficial diffusion became
the limiting mechanism when NOM was competing for adsorption.

- For caffeine and ibuprofen, the opposite behavior was found with only surface diffusion

ultrapure water, and the addition of external mass transfer resistance in the presence of NOM.

In Table 6, the surface diffusivities were shown to remain in the same order of magnitudes, and did not
depend on the presence or absence of NOM [42] [43]. We assume a pore clogging due to NOM as
shown in several previous works [47] [48] and not a real adsorption competition in the same sites
between micropollutant and NOM. The only exception is diclofenac, for which the surface diffusivity

decreased from 1.3.10° to 4.2.10"2 m?.s™! from ultrapure to ground waters, respectively.

17



3.2 Isotherms of adsorption

Isotherms of adsorption were determined in ultrapure water (UPW), in ground water diluted two times
by UPW (GW/2) and undiluted ground water (GW). The isotherm curves are presented on Figure 3:
Each isotherm was modeled using the Langmuir-Freundlich model (Tables 7 and 8) *°, Its parameters
were adjusted by minimizing the relative error (E) (see equation 15 between simulated (qeimod) and
experimental (qei, exp) data according to the equation 1 and 2 [27]. In case of natural groundwater, the

TIAST was used in which the NOM was considered as an EBC.

1 . —a.:
E = ; }1=1 |Qel,rr;od. Qel,xep| (15)
eiexp
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Figure 3 : Isotherms of adsorption of 8 micropollutants in ultrapure, diluted groundwater (1/2) and
ground waters. Initial concentrations between 10 "1g/L and 10 mg/L. Lines correspond to the IAST
model.

The adsorption capacities found previously at high concentrations were found previously around 200 —
250 mg/g for a concentration at equilibrium close to 20 — 40 mg/L.[15] [16] [17]. In the present study,
the adsorption capacities at very low concentration in. the solution (Figure 3) are of the order of a few
hundred "/g g for a concentration in the solution at the equilibrium ranging 10 to 0.01 [Ig/L. From
Figure 3, two types of results are shown. On one hand, for carbamazepine, Ibuprofen and
benzotriazole, the impact of NOM was negligible for diluted ground water whereas the impact was
important when non-diluted. ground water was used. In those cases, the competition with NOM
exhibited a threshold effect;. i.e. the NOM content should exceed a certain amount for adsorption
competitions to take place [40]. On the other hand, for caffeine and mecoprop, the impact of NOM

was gradual when shifting from diluted to non-diluted ground water.

In order to assess the impact of NOM on adsorption capacities, it was chosen to compare the capacities

fora given residual concentration of each micropollutant (0.1 ug/L). Results are gathered in Table 7.
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Table 7 : Adsorption capacities for a residual concentration of 0.1 pg.L™* and impacts of natural
water

UPW GW/2 GW
qads (ug.g"  qads(uggh Impact qads (ug.gh Impact
Cafteine 767 + 81 176 +23 [+++] 19+8 [++++]
Acetaminophen 794 + 72 17£5 [++++] 43+ 12 [++++]
Diclofenac 214 +43 1+£0.5 [++++] 241 [++++]
Carbamazepine 79+ 13 80+ 10 [-] 17+9 [+++]
Ibuprofen 2445 21+4 [-] 17+5 [++]
Mecoprop 29+5 3£1 [+4++] 0.2£0.1 [++++]
Benzotriazole 286 +25 191 £22 [++] 33+ 10 [++++]
Bisphenol A 5+1 02+0.1 [++++]
Impact = eupw — Ge * 100
de,urw
[-] No variation in comparison to UPW
[+] Decrease of adsorption capacity from 10 to 25 %
[++] Decrease of adsorption capacity from 25 to 50 %
[+++] Decrease of adsorption capacity from 50 to 75 %
[++++] Decrease of adsorption capacity from 75 to 100 %
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Results in Table 8 show an important decrease of adsorption capacities in ground water, i.c., in the
presence of NOM. For most of compounds, the diminution is over 75 %. However, behaviors in
natural water are very different from one micropollutant to another. For example, for diclofenac and
mecoprop, natural organic matter caused a reduction of 98 % of adsorption capacities. The Langmuir-
Freundlich parameters (Table 7) in ground water correspond to the “EBC” and the initial concentration
Co (mg DOC/L) is the concentration of organic matter which was in competition with each pollutants:

These values of Co are very similar and close to 20 mg DOC/L.

In order to appreciate the impact of EBC on the adsorption of target molecules, a simulation of NOM
adsorption was performed as shown in Figure 4. For a value of 1 mgDOC/L, we are already in the
plateau of the curves. As a reminder, the initial concentration of COD in groundwater is about 2.9 mg
DOC/L. Whatever the micropollutant, the values of adsorption capacity at the equilibrium are of the
same order of magnitude excepted in the presence of Mecoprop at-lower concentration in solution.
However, comparing the adsorption capacities (qm) in Table 8, the adsorption of micropollutants is

better than the adsorption of NOM in natural groundwater.
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Figure 4 Simulation of the adsorption of EBC (Equivalent Background Compound) ([lg DOC/L) onto

ACEC in the presence of micropollutants
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Table 8 : Modeling of adsorption isotherms in natural waters

Parameters

CoEBC  (units with ge in pg.g* and Ce in pg.L-

Matrix E (%)
(Mgc.LY) Y
Qgm b n
Caffeine UPW 2.6.10° 5.3 1.8 39.7
EBC GW 19.5 1.6.103 0.6 1.5
Acetaminophen UPW 42103 4.5 1.1 28.9
EBC GW 19.9 3.8.10° 0.2 1.1
Diclofenac UPW 2.9.10° 0.4 0.9 34.5
EBC GW 20.2 1.6.10° 12 32
Carbamazepine UPW 2.6.103 0.6 1.3 14.3
EBC GW 20.3 1.5.10° 0.4 1.4
Ibuprofen UPW 4.9.10° 0.2 1.4 18.3
EBC GW 24.6 3.8.10° 0.1 0.8
Mecoprop UPW 44.10° 0.6 1.0 404
EBC GW 20.1 3.3.10° 0.1 1.9
Benzotriazole UPW 5.4.10° 0.8 1.4 451
EBC GW 19.9 1.9.10° 0.1 0.9
Bisphenol A UPW 8.9.10° 0.2 2.0 40.4
EBC GW 20.0 3.3.10° 0.1 1.9

4 -~ Conclusion

The adsorption of eight micropollutants onto activated carbon fiber cloth (ACFC) was studied in batch
reactors (kinetics and isotherm equilibria) within three aqueous matrices: ultrapure, ground waters and
diluted (1/2) groundwater. Experimental data of adsorption were generated for 8 pharmaceutical
residues in mixture at low concentrations (between 100 ng/L. to 10 [Ig/L). We have to note the
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adsorption of such pharmaceutical residues. The impacts of NOM were enlightened. Indeed, in batch
reactors, large detrimental influences of NOM were shown on adsorption capacities. The reduction
higher than 75 % in natural water, containing 2.9 mgDOC.L"! approximatively, was found in
comparison to ultrapure water).The kinetics were modeled with HSDM and IAST model. The mass
transfer coefficients and the diffusion coefficients were determined. They are found respectively in‘the
order of K¢ = 10? and 10 < Ds <107'°. The Biot numbers had shown that the limiting mechanisms
(external transfer and/or inner diffusion in the pore) were highly dependent on the nature of the target

compound and, most often, affected by the presence of NOM.
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