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Text S1. Factors Influencing Biochar Adsorption of EDCs

The removal of EDCs is influenced by various factors, including the amount of
biochar added, the initial concentration of EDCs, temperature, pH, and the presence of
coexisting ions and organic compounds in the environment. Among these, pH,
coexisting ions, and coexisting organic compounds have a more complex effect on the
removal of EDCs compared to other influencing factors.

1.1 pH

The pH value in the environment is a key factor affecting the adsorption
effectiveness of biochar for EDCs. The pH primarily influences adsorption
performance by altering the solubility and form of adsorbates in the solution and the
surface charge characteristics of the adsorbent, thereby changing the interactions
between the adsorbent and the adsorbates !. When the pH value is lower than the point
of zero charge (pHpzc), the surface of the biochar is positively charged due to
protonation, whereas when the pH value is higher than pHpzc, the surface is
negatively charged due to deprotonation 2. pH affects the interaction mechanism
between biochar and EDCs, where -electrostatic interactions are significantly
influenced by pH, mainly due to changes in the surface charge of biochar 3. As the
environmental pH increases, the negative electric charge on the surface of biochar
increases, which may lead to electrostatic repulsion between the biochar and the
anions of EDCs, thereby hindering the adsorption of EDCs and reducing its
adsorption capacity 4. The pH value at the zero charge point (pHpzc) under different
pH levels, the ionization state of different emerging contaminants (EDCs), changes in
the chemical structure of biochar, whether the adsorption mechanism changes, and
variations in the dispersion of biochar particles should be considered °. Further

research to clarify the influence of pH on the adsorption of EDCs by biochar.



1.2 Coexisting ions

The impact of coexisting ions in environmental factors on the removal of EDCs
by biochar largely depends on the characteristics of the studied system, biochar and
EDCs °.

Generally, the presence of salt ions (such as Na*, NOs, and CI") in wastewater
may have an adverse effect on the removal of organic EDCs due to competitive
adsorption ’.Certainly, the presence of salt ions in the environment may also augment
the adsorption of certain EDCs by biochar. Research has indicated that the presence of
Mg?" and Ca?" enhances the adsorption capacity of per- and polyfluoroalkyl
substances (PFAS), potentially due to the formation of cation bridges between
deprotonated PFAS molecules and biochar 8. Research has found that when Cr(VI)
and BPA coexist in a solution, the presence of Cr(VI) can enhance the removal
efficiency of BPA, possibly due to increased hydrogen bonding interactions between
BPA and biochar through bridge bonds of CrO4>~ oxygen-containing groups .

In summary, the potential reasons for the influence of coexisting ions on the

adsorption of EDCsby biochar may encompass competition for adsorption sites, direct
or indirect modifications to the surface charge and other properties of the biochar, as
well as changes in the solubility, hydrophobicity, and forms of existence of EDCs.
t the same time, both salt ions and heavy metal ions have a significant impact on the
adsorption of EDCs by biochar due to their ionic strength. For example, when the
concentration of NaCl reaches a certain level, the adsorption of E2 by biochar
decreases as the concentration of NaCl increases °. Research shows that ionic strength
mainly affects the adsorption of EDCs in two ways: (1) coexisting ions may alter the
static and conformational properties of EDCs, thereby reducing their solubility and
hydrophobicity (the "salting-out" effect); (2) when the concentration of coexisting
ions is high, the adsorption amount of EDCs decreases (the "squeeze-out" effect) 10-12,
1.3 Coexisting organic compounds

Humic acid (HA) and fulvic acid (FA), which are dissolved organic matter
(DOM), are commonly found in almost all aquatic ecosystems 0. These DOM can be

adsorbed through n-m interactions, thereby occupying adsorption sites and reducing



adsorption capacity '3.In addition, HA may also reduce adsorption capacity by
blocking the pores on the surface of biochar '4. At the same time, studies have found
that timely removal of DOM can enhance the pore structure of biochar, thus
improving its adsorption capacity '°. It is worth noting that when the concentrations of
HA and FA are low, the functional groups of the adsorbed HA and FA can enhance
the m-m EDA interactions and hydrogen bonding interactions, thereby increasing the
adsorption capacity of the adsorbed pollutants '°.

Consequently, the influence of coexisting organic matter in the environment on
the adsorption of EDCs by biochar can either be facilitative or detrimental. This effect
is primarily determined by the concentrations of the coexisting organic matter and
EDCs, the characteristics of the biochar (including charge, pore structure, surface area,
etc.), and the interactions among these three factors. The early detection of organic
matter content in the environment and the simulation of its impact on biochar's
adsorption of EDCs can assist in optimizing the design of biochar, thereby mitigating
the inhibitory effects of coexisting organic matter on adsorption or harnessing the

facilitative effects of coexisting organic matter on adsorption.

Tab. S1 Regulation of Adsorption Mechanisms for Major EDCs Categories by Environmental Factors

Predominant
EDCs Influence of Coexisting
Adsorption pH Influence Influence of DOM
Category Ions
Mechanisms
Low DOM: May promote
Low pH (< pKa):
hydrophobic interaction;
Protonation reduces Ca?/Mg*": May enhance
n-1 EDA High DOM:
electrostatic repulsion, adsorption via cation
interaction, Competitively inhibits via
Estrogenic favoring adsorption; High bridging; Na*/K":
Hydrogen bonding, pore/site blocking;
EDCs pH (> pKa): Compete for adsorption
Hydrophobic Specific DOM: May
Deprotonation increases sites, causing mild
interaction promote co-adsorption via
electrostatic repulsion, inhibition.
hydrophobic or n-nt
inhibiting adsorption.
interactions.
Low pH: PFAS
Ca?"/Mg*": May enhance DOM-PFAS Interaction:
protonation enhances
Hydrophobic adsorption via ion Hydrophobic binding via
electrostatic attraction;
interaction, bridging; C17/SO4*: fluorocarbon chains;
PFAS High pH: Deprotonated
Electrostatic Compete for adsorption competitive site
PFAS (negatively
attraction sites, inhibiting occupation inhibits pore
charged) repelled by

adsorption. filling at high DOM.
negatively charged



biochar.

Minimal direct effect Hydrophobic DOM: May
(primarily neutral compete for hydrophobic
Hydrophobic
molecules); Extreme pH  Na': Alters ionic strength,  sites, inhibiting
PAEs interaction, Pore
may alter biochar surface mildly affecting adsorption;
filling
charge and functional hydrophobic interactions. Hydrophilic DOM:
group protonation. Minimal effect.
Minimal direct effect Aromatic DOM: May
-1 EDA Tonic strength has minor
(neutral molecules); compete for adsorption
interaction, effect; Transition metal
Extreme pH may alter sites via m-m interaction,
PAHs Hydrophobic ions : May promote 7t-1
biochar surface functional inhibiting adsorption;
interaction, Pore interaction via surface
groups and w-electron Aliphatic DOM: Minimal
filling complexation.
density. effect.
Increased ionic strength Hydrophobic DOM:
may enhance hydrophobic  Strongly competes for
Hydrophobic Minimal direct effect;
adsorption via "salting- hydrophobic sites,
interaction, Pore Indirectly influences
OCPs out" effect; Ca?": May significantly inhibiting
filling, Hydrogen adsorption by altering
indirectly influence adsorption; High DOM
bonding biochar surface charge.
adsorption by bridging concentration: Generally
with DOM. inhibits adsorption.

DOM: Dissolved Organic Matter, PFAS: Perfluoroalkyl substances, PAEs: Phthalate esters , PAHs: Polycyclic aromatic

hydrocarbons, OCPs: organochlorine compounds

Tab. S2 Comparison between relevant reviews and this review

Adsorption Factors affecting adsorption
Modification
performance performance
Economic
Adsorption Preparation of biochar Adsorption
dissolved feasibility Ref
mechanisms  of biochar physical chemical Biochar-based  for different strategy Tonic
pH organic of biochar
modification ~ modification  composites structural strength
matter
EDCs
Yes No No No No No No No No No No
17
The review focuses on the value of lignocellulosic biomass as biochar for EDCs adsorption, as well as the characteristics and benefits of biochar
No Yes Yes Yes Part No No Yes Yes Yes No
18
This review focuses on the removal of different types of EDCs by modified biochar and the impact of modification on the properties of biochar
Yes Yes No No No No No No No No No
19
This review focuses on the most environmentally sustainable materials that can efficiently remove EDCs
Yes No Yes Yes No No No No No No Yes



This review aims to provide a systematic summary of current advancements in the adsorption of ECs by modified biochar

Yes No Yes Yes Part No No No No No Yes
This review focuses on biochar modification methods and adsorption mechanisms for ECs removal.

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
This
This review comprehensively analyzes the adsorption of EDCs by biochar, aiming to provide meaningful guidance for the design strategy and application of
review
biochar for adsorbing EDCs

Tab. S3 The characteristics of some EDCs mentioned in the article.
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a. The partial pKa , LogKow and water solubility of EDCs are sourced from https: //pubchem. ncbi. nlm. nih. gov

b. The structure, molecular formula, density, and molar mass of EDCs are derived from https: //www. chemsrc. com/

c. Part of the table content has been mentioned in the references listed in the table

Tab. S4 Abbreviation of the full text
Abbreviation Full English Name

EDCs Endocrine-disrupting chemicals
PFAS Per- and polyfluoroalkyl substances
PAEs Phthalate esters

AOP Advanced oxidation processes
MBR Membrane bioreactor

LBM Lignocellulosic biomass

NLBM Non-lignocellulosic biomass

BPA Bisphenol A

SSA Specific surface area

PCBs Polychlorinated biphenyls

PAHs Polycyclic aromatic hydrocarbons
ATR Atrazine

TC Tetracycline hydrochloride

GO Graphene oxide

CNTs Carbon nanotubes

EDA Donor-acceptor

DOM Dissolved organic matter

HA Humic acid

OCPs Organochlorine pesticides

El Estrone



E2 17p-estradiol

E3 Estriol
EE2 17a-ethinylestradiol
BPA Bisphenol A
BPS Bisphenol S
NAP Naphthalene
PHE Phenanthrene
PFCA Perfluoroalkyl carboxylic acids
PFSA Perfluoroalkyl sulfonic acids
PFOA Perfluorooctanoic acid
PFPeA Perfluoropentanoic acid
PFOS Perfluorooctanesulfonic acid
DBP Dibutyl phthalate
DMP Dimethyl phthalate
DEP Diethyl phthalate
BBP Butyl benzyl phthalate
DnOP n-octyl phthalate
DEHP Di (2-ethylhexyl) phthalate
MeP Methylparaben
TCS Triclosan
PHE Phenanthrene
NP Nonylphenol
SMZ Sulfamethazine
SMX Sulfamethoxazole
CIP Ciprofloxacin
PCDDs Polychlorinated dibenzo-p-dioxins
PCDFs Polychlorinated dibenzofurans
LMW Low molecular weight
HMW High molecular weight
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Fig. S1 Literature statistics on the topic of 'biochar' and 'emerging contaminants' in the

Publication year

Web of Science database from 2010 to 2024.



Fig. S2
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Fig. S2 Biochar modified with chitosan and B-cyclodextrin with Glutaraldehyde (A) and
Epichlorohydrin (B) as the cross-linking agents, respectively °.
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Fig. S3 The mechanisms underlying the adsorption of EDCs by biochar.
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