
Garlic (Allium sativum) as a Sustainable Bio-adsorbent  For Selective Hg²⁺ and Pb²⁺ Removal 

From Water

• Toxic heavy metals such as Hg²⁺ and Pb²⁺ pose serious risks to water and human health due to their non-         

biodegradable nature 

• Conventional treatment methods are often costly, generate sludges and lack selectivity in multi-metal systems 

(especially with competing ions like Cu²⁺  and Zn²⁺) 
• This study explores garlic paste (Allium sativum) as a low-cost, sustainable biosorbent rich in sulfur-containing 

thiol groups, (-SH)  enabling selective binding toward Hg²⁺ and Pb²⁺ based on the HSAB principle

Tanjila Tahsin Choity1, Propa Sarker1, Farhana Khanam Ferdousi1, Abdul Kader Mohiuddin1, Jamal Mollah2, Mehedi Hasan2 and Ahsan Habib1*

1Department of Chemistry, University of Dhaka, Dhaka 1000, Bangladesh
2Bangladesh Council of Scientific and Industrial Research (BCSIR), Dhaka 1205, Bangladesh

*Corresponding author email: habibchem@du.ac.bd

60

75

90

105

6.50 7.50 8.50 9.50

% R
emo

val 

pH

(a)

50

60

70

80

90

100

5.00 6.00 7.00 8.00 9.00

% R
emo

val

pH

(b)

Metal ion Langmuir Freundlich

Qm

(mg/g)

KL 

(L/g)

𝑅𝐿 R2 KF

(mg/g ((L/mg)1/n)-1)

1/n R2

Hg2+ 28.826 0.0004 0.98005 0.998 4.5331 1.3079 0.7646

Pb2+ 10.626 0.0060 0.76675 0.9034 3.72048 1.2629 0.7918

Metal ion Pseudo first-order kinetics Pseudo second-order kinetics

k1 

(min-1)

qe 

(mg/g)

(Calculated)

R2 k2 

(g mg-1min-1)

qe 

(mg g-1)

(Calculated)

R2

Hg2+ 0.0068 7.05219 0.9033 3.700241 0.128484 0.9955

Pb2+ 0.00028 29.7619 0.9121 4.93398 0.109479 0.9993
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METHODOLOGY

Figure-01: Preparation of adsorbent and adsorption process

EFFECT OF VARIOUS PARAMETERS

• Develop a sustainable garlic (Allium sativum)-based adsorbent to selectively remove toxic metals Hg²⁺ and Pb²⁺ 
over Cu²⁺ and Zn²⁺ 

•  Characterize the adsorbent using FTIR and FESEM-EDS techniques 

•  Evaluate its performance under different conditions (pH, contact time and adsorbent doses) 

%T

• S=O stretching vibration shifted from 1018 cm⁻¹ 
(raw garlic) to 1066 cm⁻¹ (Pb²⁺) and 1076 cm⁻¹ 
(Hg²⁺)

•  O–H stretching shifted from 3240 cm⁻¹ to 3388 

cm⁻¹ (Pb²⁺) and 3432 cm⁻¹ (Hg²⁺)

SEM-EDX Analysis

• SEM shows a porous, heterogeneous structure (100–150 nm) enabling high surface area and size-selective 

adsorption

• EDX confirms dominant Pb²⁺/Hg²⁺ uptake with negligible Cu²⁺/Zn²

• Mapping shows Pb²⁺/Hg²⁺ localized on sulfur sites, indicating thiol-driven binding consistent with the HSAB 

principle

ADSORPTION ISOTHERMS

ADSORPTION KINETICS

Table 1. Isotherm parameters of adsorption of 

Hg2+ and Pb2+ ions onto garlic adsorbent

Table 2. Kinetic parameters of the adsorption kinetics 

for Hg2+ and Pb2+ onto garlic paste

ADSORPTION THERMODYNAMICS
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Metal 

ions

Temp (K) ∆G (kJ/mol) ∆H (kJ/mol) ∆S (J/mol.K) Ea (kJ/mol) ∆H‡ (kJ/mol) ∆S‡ (J/mol.K) R2

Hg2+ 298

308

318

-3.70

-5.70

-5.78

27.63 106.13 58.73 56.17 -79.10 0.981

Pb2+ 298

308

318

-5.78

-7.97

-8.50

35.03 137.80 54.53 51.97 -90.91 0.987

Table 3. Activation and thermodynamic parameters for the 

biosorption of Hg2+ and Pb2+ onto the raw garlic paste

Smashing into paste

Hg²⁺

Pb²⁺

• Garlic paste (Allium sativum) selectively removes Hg²⁺ and Pb²⁺ even with competing ions like Cu²⁺ and Zn²⁺
•   Adsorption occurs mainly via thiol (-SH) groups, confirmed by FTIR and SEM-EDS analyses

•   Langmuir model indicates monolayer chemisorption, with higher capacity for Hg²⁺ than Pb²⁺
•   Adsorption follows pseudo-second-order kinetics, is spontaneous (∆G < 0), endothermic (∆H > 0) and chemisorptioncontrolled (Ea ≈ 55–59 kJ/mol)

•   Maximum removal efficiencies of ~98% for Hg²⁺ (pH 8.5–9.0) and ~86% for Pb²⁺ (pH ~7.0) were achieved, highlighting the material’s potential for wastewater treatment
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