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Abstract

Three plant biomasses (miscanthus, ryegrass and wheat) have been considered for the preparation of
five different sorbents evaluated for their potential to sorb cadmium and lead and four emergent
organic compounds (diclofenac, sulfamethoxazole, 17a-ethynylestradiol and triclosan) from

artificially contaminated water. Lab-created cartridges were filled with each sorbent and all
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experiments were systematically compared to activated charcoal Norit®. Results from activated
charcoal, wheat straw and acidified wheat straw were supported by the Langmuir and Freundlich
models. Wheat straw ashes were an excellent metal extractor that exceeded the potential of well-
known activated charcoal. Acidified sorbents (wheat and ryegrass) were very effective in eliminating
the selected emerging organic contaminants displaying equipotent or superior activity compared to
activated charcoal. These results open the way for further in natura studies by proposing new

biosource materials as new effective tools in the fight against water pollution.

Introduction

Chemical pollution has a major contribution in degrading water quality and so, a negative impact on
human and environmental health. Human activities (e.g. industries, care institutions, animal farming)
generate metal trace elements (MTE) and emerging organic contaminants (EOCs) which are spilled
into natural water stream. This pollution is very problematic since pollutants accumulate rapidly and
reach toxic concentrations for the environment and humans. Cadmium (Cd) and lead (Pb) are the most
common toxic MTE since they are both carcinogenic, mutagenic and reprotoxic. EOCs are also a real
concern (Lapworth et al., 2012). They include a wide array of different categories such as
pharmaceutical compounds, pesticides or food additives. They have undesirable impacts on the
environment and induce human health damages (Jean et al., 2012). They also generate microbial drug
resistance (Andersson et al., 2012). Despite their lower concentration compared to MTE, they have a
longer half-time life and persist in the environments in which they are found. Nowadays, the sewage
treatment plants are not sufficiently effective to completely purify these contaminated waters. It is
therefore crucial to find low-cost, sustainable and effective solutions to manage these pollutants and to
clean water.

Research and technology have led to the discovery of diversified techniques for the removal of
pollutants (Rodriguez-Narvaez et al., 2017). Among them, sorption is one of the most preferred mainly
because it is economically viable whereas the other practices are much more expensive (Sophia et al.,
2018). This technique consists in the use of materials which are able to sorb inorganic and organic

pollutants in order to remove them from water. Activated charcoal (AC) is the most widely used
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sorbent due to its efficiency and availability (Burakov et al., 2018). However, its cost remains a
limiting factor for a large-scale applications. To overcome this main drawback, sorbents like zeolites,
mineral clays, industrial solid wastes and nanostructured materials have been developed (Burakov et
al., 2018) and new sorbents have recently been identified from crude or modified biomass (e.g.
biochar, coffee grounds, biopolymers, agricultural waste) (Bhatnagar et al., 2015; Zhou et al., 2016;
Janus et al., 2017; Ahsan et al., 2018; Luo et al., 2018; Naga Babu et al., 2018; Tursi et al., 2018;
Z6ttowska-Aksamitowska et al., 2018:; Fernandez-Loépez et al., 2019; Fu et al., 2020 ;).

Since the end of the 20" century, several studies have been carried out on ash-based sorbents. Ashes
are secondary products generated in very large quantities by industries and they are often considered
as a waste. From an ecological and economical point of view, they may constitute sorbents of choice.
In this context, Gupta and coworkers (2000, 2002, 2003) tested the efficiency of bagasse fly ashes in
the removal of dyes, lindane, malathion, Cd and copper from contaminated water (Gupta and Ali,
2000). More recently, research efforts have been focused on ash-based sorbents from Citrullus
colocynthis (Qasemi et al., 2018), coir pith (Bahar et al., 2018) or Jamun (Syzygium cumini) leaves
(Tirkey et al., 2018) in order to respectively remove phenol, arsenic and fluoride from contaminated
water.

To tackle the complex problem of contaminated water, new low-cost and sustainable sorbents were
developed from two different biomass ashes (Lolium perenne L. and Triticum aestivum L.) with or
without acidification. Because MTE contamination and EOCs are both extremely problematic, the
retention performance of representative molecules selected from the two classes of pollutants was
evaluated on acidified and non-acicidified ashes. The sorption tests reported herein covered the use
Cd, Pb and four poorly studied EOCs: a nonsteroidal anti-inflammatory drug (diclofenac, DCEF;
Bonnefille et al., 2018), an antibiotic (sulfamethoxazole, SFX; Wang et al., 2018), a female hormone
(17a-ethinylestradiol, EE2; Jackson et al., 2019) and an endocrine disruptor (triclosan, TCL; Thomaidi
et al., 2017, Zaltauskaite et al., 2018). The chemical structure, selected chemical and physical

properties as well as pictograms of these compounds are described in Table 1.

Materials and Methods
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Organic and inorganic pollutants

All chemicals and reagents used were of analytical grade. Sulfamethoxazole (SFX), triclosan (TCL)
and 17a-ethynylestradiol (EE2) were obtained from Sigma Aldrich and diclofenac (DCF) from TCI
Chemicals. These organic pollutants were dissolved in a mixture of ultra-pure water (18 MQ-cm at 25
°C) and absolute ethanol (purchased from Carlo Erba Reagents) as follows: 50/50 EtOH/H>O for EE2,
40/60 EtOH/H,O for DCF, 30/70 EtOH/H,O for TCL and 100 H>O for SFX. The Cd and Pb metal
stock solutions at 1000 mg L' in 2% HNOs (Chemical Products for Analysis, Association Corporation
Standard Distribution, C.P.A. groupe A.C.S.D., Voisins le Bretonneux, France) were used for the

preparation of diluted metal solutions with ultra-pure water.

Solid support

Activated Charcoal (AC) Norit SA-2 from Acros Organics was chosen as the reference sorbent. The
properties of this material are given hereafter: iodine number: 850; specific surface area: 950 m? g';
apparent density: 460 kg m; particle size Dio (um): 3; particle size Dso (um): 20; particle size Dog
(um): 140; ash content (% mass): 9. The first investigated sorbent was a miscanthus biochar (MB),
described in detail in Janus et al. (2017). Four additional sorbents were produced for the current study
using shoots of ryegrass (Lolium perenne L.) and wheat straw (Triticum aestivum L.). Two sorbents
were obtained from crude ashes of ryegrass (R) and wheat straw (WS) and the others resulted from an
acidic treatment of the respective crude ashes, named AR and AWS, respectively. The shoots of
ryegrass were harvested in a private lawn without specificity. They were transformed into ashes in a
muffle furnace (Nabertherm P330, Lilienthal, Germany) under air flow using the following
temperature program: (i) 20 to 250 °C in 30 min, (ii) 250 °C for 1 hour, (iii) 250 to 500 °C in 2 hours
and (iv) 500 °C for 8 hours. The wheat straw ashes were obtained from a spirulina powder producer
(La Spiruline de Marc, Saint-Léger-les-Authie, France). The acidification of ashes was conducted
using a 2M HCI aqueous solution with a weight ratio ashes/HCI: 1/10. The mixture was stirred at 70

°C for 2 hours and then, filtered. The resulting solid was then dried at 105 °C for 16 hours.
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Mineralisation

300 mg of ashes (R, WS, AR and AWS) were added to a mixture of 37% HCI (4.5mL) and 70%
HNOs (1.5 mL). The resulting suspension was heated at 120 °C for 90 min in a digester (HotBlock™
Environmental Express®SC100, Charleston, USA). Ultra-pure water was then added until reaching a
total volume of 25 mL and was then filtered over an acetate Millipore membrane (0.45 um porosity).
The concentrations of Cd and Pb were measured by flame atomic absorption spectrometry (FAAS;
AA-6800 Shimadzu, Tokyo, Japan) following the recommendation described in the literature
(Waterlot and Douay, 2009; Savio et al., 2010). The limits of detection (LD) of Cd and Pb were 2.1 ug
L' and 41 pg L', respectively (Waterlot and Hechelski, 2019). It is worth mentioning that the

concentrations of Cd and Pb in R, WS, AR and AWS were below the limit of detection.

Sorption experiments

With the aim of getting as close as possible to an industrially exploitable process, the adsorption
experiments were carried out by eluting the contaminated solutions on lab-made cartridges (Redisep
Rf column with a diameter of 1.5 cm from Teledyne Technologies Inc.) filled with ashes from the
selected solid supports (AC, MB, R, WS, AR or AWS; Figure 1). All experiments were conducted
under normal temperature and pressure (NTP) conditions (20 °C; 1 atm). After adding and packing
200 mg of cotton, 1000 mg of sorbent were introduced in the column. Then, 25 mL of artificially
contaminated water ( 20 mg pollutant L) were added into the column. After the filtration (30 min
were necessary for the complete elution), the resulting solutions were analysed in order to select
sorbents with the best retention capacity. This capacity was then defined using solutions of different
concentrations (from 10 mg L' to 1000 mg L") on 250 mg of sorbent by means of Freundlich and
Langmuir models. The concentrations of Cd and Pb in the contaminated water samples before and

after filtration were measured by FAAS.

EOCs and PAHs analyses
EOCs (TCL, SFX, EE2 and DCL) were analysed on a Shimadzu UFLC system (Prominence,
Shimadzu, Tokyo, Japan) equipped with a LC-20AD quaternary pump, an automatic refrigerated
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sample injector (SIL-20AC), a thermostatted column compartment (CTO-20AC), a five-channel
online degasser (DGU-20A5R) and a diode array detector (SPD-M20A). All material was linked
through a CBM-20 controller monitored by the LabSolutions® software (Shimadzu) to acquire and
process the chromatograms. The column used in the current study was a Kinetex®-C18 column (250
mm X 4.6 mm) packed with 5 um core-shell particles (Phenomenex, Le Pecq, France). The calibration
curves were obtained using solutions of single organic pollutant (SFX, EE2, TCL or DCL) at the
following concentrations: 0.1, 0.2, 0.5, 0.8, 1, 2, 5, 8, 10, 15 and 20 mg L. The limits of detection
(LD) and quantification (LQ) were determined from the ratios signal-to-noise of 3 and 10, respectively
(Sun et al., 1998; Santos et al., 2007). A list of selected parameters was given in Table 2.

Due to the potential release of polycyclic aromatic hydrocarbons (PAHs) from the biochar to the
purified solutions (Janus et al., 2017), naphthalene, fluorene, acenaphthene, phenanthrene, anthracene,
fluoranthene, pyrene, chrysene, benzo[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene,
benzo[a]pyrene, dibenzo[a,h]anthracene, benzo[g,h,i]lperylene, and indeno[1,2,3-c,d]pyrenes were
analysed in filtrates according to the procedure described in previous studies (Goulas et al., 2015;
Waterlot and Goulas, 2016). The chromatographic system was fitted with an FLD (RF-20A) set at
varying excitation and emission wavelengths. A standard solution (EPA-610 OekanalR; Sigma-
Aldrich, Saint-Quentin Fallavier, France) of these 15 EPA PAHs was diluted to a concentration of 500
g L' with acetonitrile (HPLC quality, purity >99.9%, ChromasolvR; Sigma-Aldrich) as working

solution.

Results and discussion

Preliminary results obtained with miscanthus biochar, shoots of ryegrass and wheat straw

Miscanthus biochar (MB)

Janus et al. (2017) showed that MB (0.5 g) was able to sorb Cb (78-96%) and Pb (98-99%) from
solution at 0.06 mg Cd kg™ and at 4 mg Pb kg! in batch conditions. These results have been recently
confirmed by Boni et al (2018, 2020). As indicated in Table 3, MB was efficient to sorb Pb (99.7%)
from the stock solution at 20 mg L' (25 mL) using the newly engineered cartridge filtration system

6
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(Figure 1). In contrast, Cd sorption was very low (15.3%). This means that only 76.5 mg of Cd were
adsorbed per g of MB support. As shown in Table 3, this support was not effective either in the
retention of EE2, SFX and DCF (respectively 5%, 0% and 0%). Contrariwise, 87.7% of the initial
TCL concentration was retained on the MB support, which was produced at 600 °C (Janus et al.,
2017). In their review, Tomczyk et al. (2020) reported the retention of compounds like phenolic acid
and carboxyl functions when biochars were produced up to 480 °C. Above this temperature, the
authors revealed a decrease of the cation exchange capacity (CEC) and the formation of aromatic
carbon, improving TETT interactions with aromatic pollutants. These both phenomena could explain
why TCL was the only retained compound among the organic pollutants studied. Drawbacks in using
biochars as sorbents were related to the release of PAHs as described in literature (L.iu et al., 2019;
Wang et al., 2019). In the current study, fluorene, acenaphthene, phenanthrene and anthracene were
detected in solutions after their filtration on biochars. Concentrations of these PAHs were 28.35 £ 1.15
ug L1, 1725 +8.56 ug L', 6.01 £2.08 ug L', 4.00 £ 1.29 ug L', respectively.

Shoots of ryegrass and wheat straw

Ashes from ryegrass (R) and wheat straw (WS) were used as sorbents as well as their respective
acidified forms (AR, AWS). These supports were compared to the activated charcoal (AC) support,
used as reference. The first experiments were conducted with pollutants in solution at 20 mg L' using
1 g of sorbent. As shown in Table 4, the MTE concentrations measured in the filtrates were below
0.05 mg L' meaning that AC has retained 99.96% and 99.75% of Cd and Pb from the initial solution.
Similar results were obtained with ashes from ryegrass (R) and wheat straw (WS) since the retention
of Cd was 99.71% and 99.99%, respectively and 99.50% and 99.92%, respectively for Pb. In contrast,
the efficiency of these two supports after their acidification (AR, AWS) dramatically decreased,
making it impossible to use them for the intended purpose.

Reference support (AC), non-acidified and acidified supports from biomass were also used in the
retention of organic pollutants. 25 mL of each solution (TCL, SFX, EE2 and DCF at 20 mg L") were
passed through the studied sorbents (1 g; Figure 1) and the resulting filtrates were analysed.
Depending on the organic pollutants, the retention varied from 97.45% to 99.99% by using activated
charcoal (Table 5). This result is not surprising since activated charcoal was described as an effective
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support for the removal of emerging pollutants like pesticides, pharmaceuticals, endocrine disrupting
chemicals due to the presence of various mechanisms (T-TT interactions, hydrogen bonds and electron
donor-acceptor complex formation) and chemical functions (Jeirani et al., 2017). Ashes from ryegrass
didn’t retain any of the studied organic pollutants and the retention of these pollutants using ashes
from WS was very low, ranging from 0% to 30.43%. Acidified supports were more appropriate to the
retention of TCL, SFX and DCF since the percentages of retention were in the range of 86.55% to
99.99%. The best results were obtained with ashes AWS since the concentration of TCL, SFX and
DCEF in filtrates were below the limits of detection. Regarding EE2, this support is less effective than
AC since the achieved retention was only 43.83% versus 97.46% (Table 5). As shown in Table 1, the
chemical composition, molecular structure, functional groups, dipole moment and lipophilicity of EE2
are very different from those of TCL, SFX and DCF. On the other hand, the hydrophobic property of
EE2 is higher than that of the three other compounds. Consequently, the hydrophobicity partitioning
does not seem to be the main sorption mechanism in this case. This result correlated well with the
studies conducted by several authors which highlighted that this mechanism was dominant on biochar,
activated charcoal, sediment and soil (Sun et al., 2012; Li et al., 2013; Guo et al., 2013; Trigo et al.,

2014).

Sorption Isotherms and modelling

The sorption capacity was evaluated for the reference support (AC) and the best biomass supports
(WS and AWS) using Cd and TCL as metal and organic pollutants. Experiments were conducted in
three independent experiments using the system described in Figure 1 in which 250 mg of solid
support were preliminary added to the addition of contaminated water (25 mL).

Cd isotherms were presented in Figure 2A. Excellent linearity was obtained up to 350 mg L™ using
WS (R? =0.999) and 200 mg L' for CA (R? = 0.996). In the current experimental conditions, the two
sorption curves clearly highlighted a best capacity of Cd sorption of ashes from wheat straw since (i)
the slope of the curve obtained for AC is the lowest and (ii) Qe value is lower than that obtained with

WS.
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Sorption isotherms of TCL using AC and acidified ashes from wheat straw (AWS) are presented in
Figure 2B. Although AWS support was more efficient in the retention of TCL between 10 mg L' and
60 mg L' than AC, the sorption capacity of both supports was quite similar at 80 mg L™ (Qe = 5.04
mg g for AC and Qe = 4.76 mg g! for AWS). It is worth noting that the maximum sorption capacity
of AC was at 100 mg TCL L.

Langmuir and Freundlich models were used for modeling adsorption data (Hamdaoui and
Naffrechoux., 2007).

Langmuir model

Langmuir isotherm model suggests that sorption occurs as monolayer exposure on homogeneous
surface comprising energetically equivalent sites without any steric hindrance and lateral interactions
between sorbed molecules. The energy of sorption is constant and is independent on the degree of
occupation of the sorbent active centers. One of the linear expressions of the Langmuir isotherm is
given by the equation (1).

1/qe = 1/Cebgm + 1/gm, (1)
where e is the amount of pollutant adsorbed per g of support (mg g'), Ce represents the equilibrium
concentration of the adsorbate material (mg L), g, is the maximum adsorption capacity (mg g') and
b is a constant associated to the free energy of adsorption (L mg™).

Langmuir isotherms of Cd and TCL were plotted in Figures 3A and 3B, respectively. Very good
correlation coefficients were obtained for each modality, ranging from 0.975 to 0.996 (Table 6). From
the linear equation, the Langmuir constants (b and ¢.) were calculated (Table 6). The maximal
sorption capacities of SW/ASW were 2.6 and 3.6-fold higher than those of AC. On the other hand, for
the two pollutants, b values for AC were slightly higher than those obtained for SW/ASW. These
results indicated that the affinity of Cd and TCL for AC were slightly higher than for SW/ASW
(Blazquez et al., 2012). This constant is very interesting since it can be expressed as a function of the
Gibbs free energy according to the equation (2) (Djelloul 2014).

Ln (1/b) = AG’/RT 2
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where AG’ is the Gibbs free energy of the sorption reaction (J mol™), b is a constant associated to the
free energy of adsorption (L mol™), T is the temperature (K) and R the universal gas constant (J mol!
K.
This Gibbs free energy is expressed by the equation (3).
AG'=-RTInb 3)

Numerical values of AG” were negative for both Cd and TCL on AC (-10.72 KJ mol™! and -20.70 KJ
mol!, respectively) as well as on WAS/AWS (-7.42 KJ mol! and -18.KJ mol"). In this regard, the
adsorption processes onto AC and WS/AWS supports were found to be spontaneous.

As described by Hamdaoui and Naffrechoux , the equilibrium parameter Ry was calculated
following the equation (4).

Ru=1/(1 + b*Cy) 4)
where Cy is the initial concentration of the adsorbate in solution (mg L") and b is a constant associated
to the free energy of adsorption (L mg'). Depending of the value of the Hall parameter (Rr), the
sorption can be defined as irreversible (R. = 0), favourable (0 < R. < 1), linear (R = 1) or
unfavourable (RL > 1).
Figure 4 shows the variation of the Hall parameter of Cd (Fig. 4A) and TCL (Fig. 4B) using the two
supports studied. Whatever the initial concentration was, the Ry value ranged from 0.4 to 1, reflecting
that the sorption was favourable. As shown in Figure 5, the hall parameters decreased when the initial
concentrations increased. These results mean that the sorption was the most favourable at high initial
concentration. On the other hand, the lowest values of the Hall parameters for the activated charcoal
correlated well with the lowest values of the free Gibbs energy, indicating that the sorption of Cd and
TCL on AC was more spontaneous and less reversible than the sorption process on WS and AWS.

Freundlich model

Freundlich isotherm model can be used for non-ideal sorption on heterogeneous surfaces and
multilayer adsorption. This model is the earliest known empirical model which is shown to be stable
with exponential distribution of active sites, characteristic of heterogeneous surfaces. The linear form
of the Freundlich model is given by the following equation (5).

In(qe) = In Ky + 1/n In(Ce), 5

10
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where e is the amount of pollutant adsorbed per g of support (mg g'), Ce represents the equilibrium
concentration of the adsorbate material (mg L"). Ky and n are both the Freundlich constants. Kf is
related to the relative adsorption capacity of the sorbent when the equilibrium concentration equals 1
mg L' and is a characteristic of the sorption system (adsorbent and adsorbate) (mg!(/m LVn o1
(Mallek et al., 2018) whereas n gives information about adsorption intensity (dimensionless).
Freundlich isotherms of Cd and TCL were presented in Figures SA and 5B, respectively. Very good
correlation coefficients were obtained for each modality, ranging from 0.969 to 0.996 (Table 6).
Freundlich constants, K and n, were assessed from the origin intercept and the slope of the curves
(Fig. 5A and 5B) as indicated by the linearized equation (5). As shown in Table 6, the relative sorption
capacity of Cd on AC (Kf = 0.08) was lower than that on WS (Kf = 0.16) suggesting that AC is less
efficient than WS to sorb Cd when the concentration of initial solution is 1 mg L''. This result needs to
be considered with caution since Asuquo et al. (2017) demonstrated that the Langmuir isotherm is a
better isotherm for the description of Cd on AC than the Freundlich isotherm. For TCL, this constant
was equal (Kf = 0.17), suggesting the same efficacy of AC and AWS supports in the sorption of TCL
at 1 mg L', According to the study of Mallek et al. (2018), the n constant provides information about
the intensity of the sorption. It can be considered as favourable (2 < n < 10), moderate (1 < n < 2) or
difficult (O < n < 1). In the current study, » was in the range 1 — 2, indicating that the intensity of the
sorption of Cd and TCL on AC and WS/AWS was moderate (Table 6). Nevertheless, it is worth
mentioning that the sorption intensity on the two studied supports seemed to be better for TCL than

Cd.

Conclusion

Among the three sorbents studied, MB had the inconvenient of releasing intrinsic PAHs in filtrates.
For ashes from R and WS, modeling isotherms revealed that: i) WS ashes were an excellent MTE
extractor that exceeded the potential of well-known AC and ii) AR and AWS ashes were very
effective in eliminating the selected EOCs displaying equipotent or superior activity compared to AC.

Acidification of the sorbents allowed to modulate their affinity for targeted MTE or EOCs. Additional

11



302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

efforts are now needed to study the retention capacity of combos of pollutants on these supports and to

test the technology in natura.
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Table 1. Structure, physicochemical properties and pictograms of the studied MTE and EOCs

pollutants
Chemical Structure Mw# Water  Log Kow® Pictogram

(gmol)  solubility

(mgL™"
O

DCF 296.15 2.37 4.51 I

SFX 253.28 610 0.89 @
EE2 296.41 11.3 3.67 @
TCL 289.54 10 4.76 @
Pb - 207.20 - - @

DCF: diclofenac; SFX: sulfamethoxazole; EE2: 17a-ethinylestradiol; TCL: triclosan; Cd: cadmium;

Pb: lead.
* Molecular weight;

® Log octanol-water partition coefficient.
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Table 2: UFLC analyses: composition of the mobile phase, Amax, retention time, limits of detection and

quantification for each organic pollutant

CH3;CN/H,O  Flow rate Amax Retention time LD? LQP

(%) (mL min™)  (nm) (min) (mgLh)  (mgLh
SEX  30/70 0.8 267 3.070 0.0026 0.0079
TCL 20/80 0.8 280 5.561 0.0448 0.1345
EE2  20/80 0.8 282 3.664 0.3181 0.9542
DCL 10/90 0.8 277 3.594 n.d n.d

4limit of detection; °limit of quantification ; n.d.: no determined

19



465

466

467

468

469

470

471

Table 3: Concentration of metals in solution after filtration of artificially contaminated water

([metal] or [organic pollutant] = 20 mg L', V = 25 mL, mass of support = 1 g) on miscanthus biochar

(MB)
[Cd] [Pb] [TCL] [EE2] [SFX] [DCF]
(mgL™) (ngLh (mgL™) (mgL™) (mgL™) (mg L)
16.95 527 2.47 19.5 20 20

Indicated values are the mean of two independent experiments.
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Table 4: Residual concentration of filtrates after filtration of contaminated solutions (at 20 mg L)

using 1 g of solid support

Support [Cd) [Fel
mg L! mg L
AC 0.00420 0.0492
R 0.00525 0.101
WS <LD* 0.0362
AR 4.29 12.60
AWS 17.60 6.88

* LD =0.0021 pug L'!

AC=activated charcoal Norit® SA-2; R=ryegrass ashes; WS= wheat straw ashes; AR=acidified

ryegrass ashes; ACS=acidified wheat straw ashes.

Indicated values are the mean of two independent experiments.
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480  Table 5: Residual concentration in solutions after their filtration using 1 g of solid support

Support EE2 TCL SFX DCF
(mg L") (mg L") (mg L") (mg L")
AC 0.508 0.073 0.016 <LD
R 20 20 <LD 20
WS 17 13.915 15.65 20
AR 18.135 2.690 1.835 <LD
AWS 11.235 <LD <LD <LD

481 AC=activated charcoal Norit® SA-2; R=ryegrass ashes; WS= wheat straw ashes; AR=acidified
482  ryegrass ashes; ACS=acidified wheat straw ashes.

483  Indicated values are the mean of two independent experiments.

484
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Table 6: Langmuir and Freundlich constants of Cd and TCL sorption on AC and WS/AWS

Pollutant  Support

Langmuir constants

Freundlich constants

qm b 2 « 2
y y K; n R
(mgg’) (Lmg")
AC 145.5 7.23E-04  0.993 0.08 1.01 0.983
Cd
WS 529.1 1.87E-04  0.996 0.16 1.09 0.996
AC 6.36 1.81E-02 0.975 0.17 1.35 0.975
TCL
AWS 16.6 6.44E-03 0.996 0.17 1.26 0.969

* Unit of Kris mg! (/W0 g1

AC=activated charcoal Norit® SA-2; WS= wheat straw ashes; ACS=acidified wheat straw ashes.
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Figure 1: Lab-engineered cartridge filtration system
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6 studied pollutants

. Cd=cadmium

. Pb=lead

. DCF=diclofenac

. SFX=sulfamethoxazole |
i EE2=17a-ethynylestradiol |

. TCL=triclosan

S

— edlsep RI columr'{?*

, orbent
' R=ryegrass ashes e = . - Cotton

' AR=acidified ryegrass ashes 7 '
. WS=wheat straw ashes_: :
_ . AWS=acidified wheat straw ashes
Sauy _ MB miscanthus.biochaf '

T 1 reference sorbent
' '  AC= coal. o> 10 Decontaminated water

. AC=activated charcoal






