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a b s t r a c t
Microcrystalline cellulose microsphere was functionalized by using radiation-induced grafting 
polymerization and following modification. The adsorption performances of the L-cysteine and pen-
taethylenehexamine functionalized resin (named CysMC and PMC) toward mercury (Hg) were tested 
by batch experiment. The experimental isotherm data were both well described by the Langmuir 
isotherm model. The results showed the maximum adsorption capacity for Hg(II) by CysMC and 
PMC were calculated to be 264.55 and 169.49 mg/g, respectively. The adsorption kinetic data were 
well fitted by the pseudo-second-order model for both CysMC and PMC. Thermodynamic studies 
indicated the Hg(II) adsorption was endothermic by CysMC but exothermic by PMC. The selectivity 
and repeated use were investigated. The two adsorbents can removal Hg(II) from an aqueous solu-
tion selectively and good repeated use performance. Moreover, X-ray photoelectron spectroscopy 
analysis was used to demonstrate the adsorption mechanism.

Keywords:  Mercury adsorption; L-cysteine; Pentaethylenehexamine; Radiation grafting; Microcrystalline 
cellulose

1. Introduction

Mercury (Hg) and its derivatives are acknowledged as 
one of the most poisonous contaminants due to their toxicity, 
non-biodegradable and bioaccumulative. Hg mainly comes 
from industrial, electroplating wastewater, ore industry, fer-
tilizer and medicine factory [1]. Governments from around 
the world have set regulations of the Hg emission standard 
and upper limit for Hg(II) in drinking water. For example, 
the emission standard in Europe, United States and China 
are set as 50–80 ug/L [2]. The World Health Organization 
(WHO) has announced an upper limit of 1 ug/L Hg(II) con-
centration in drinking water and it is 2 ug/L by United States 
[3]. Because Hg can be accumulated in the human body, 

which will cause great harm to nature and human beings 
[4]. So how to remove mercury from wastewater efficiently 
and quickly has become a widely concerned topic.

At present, the methods of Hg removal include chemi-
cal precipitation, solvent extraction, photoreduction, mem-
brane filtration, coagulation, flocculation, ion exchange, 
and reverse osmosis et al., but those methods sometimes 
cause secondary pollution to the environment [5]. The 
adsorption method has been widely studied because of 
its advantages of simplicity, high efficiency, wide appli-
cation range, low cost and high selectivity [6]. Many 
kinds of adsorbents such as metal–organic frameworks 
[7], graphene oxide composite [8], wool chelating fibers 
[9], hydrogel [10] had been investigated for Hg removal. 
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In recent years the functional groups contain N and S, such 
as sulfur [11], mercapto [12], thiol [13] and amino groups 
exhibited an excellent adsorption performance for Hg(II) 
ions. In the adsorption process, some practical aspects 
must be considered such as the cost, fabrication processes, 
large-scale production, ease of use [14], the adsorption 
selectivity with the coexistence of other heavy metals, 
regeneration [15]. In this regard, the preparation of the 
adsorbent particularly the microsphere-based adsorbent 
(economical, environmental, efficient adsorption perfor-
mance and can be simply used in the existing adsorption 
tower) are also important for practical applications.

Cellulose, one of the most abundant and inexpensive 
natural polymers, has been widely used as an adsorbent 
matrix for further modification. The modification by 
functional groups can enhance its adsorption capacity 
toward metal ions [3]. The abundant hydroxyl provides 
the sites for free radical grafting polymerization [16,17]. 
Radiation-induced grafting polymerization (RIGP) had 
been inclusively investigated to introduce a desirable 
functional group on the surface of various polymers [18]. 
The polymer functional groups synthesized in this way 
are mainly concentrated on the surface, resulting in the 
high adsorption rate to the target ions [19]. In this paper, 
two kinds of adsorbents, L-cysteine (Cys) and pentaeth-
ylenehexamine (PEHA) functionalized cellulose micro-
spheres were prepared by RIGP and further modification. 
The adsorption performances and the adsorption mecha-
nism to Hg(II) were studied.

2. Materials and methods

2.1. Materials

Microcrystalline cellulose microspheres (MCC) were 
obtained from Asahi Kasei Chemicals Corporation, Japan. 
Pentaethylenehexamine (PEHA), mercury chloride (HgCl2) 
and glycidyl methacrylate (GMA) were obtained from 
Macklin Reagent Co., Ltd., (China) L-cysteine and N,N-
dimethylformamide (DMF) were obtained from Sinopharm 
Chemical Reagent Co., Ltd., (China). All reagents are ana-
lytical reagents and used directly.

2.2. Preparation of CysMC and PMC

GMA was grafted on MCC microspheres through RIGP 
technology which procedure can be found in the litera-
ture [18,20]. Briefly, a glass reaction kettle in a water bath 
contains 100 mL GMA emulsion solution (30 wt.% GMA, 
3 wt.% Tween 20) was nitrogen bubbled to remove oxygen 
and heated to 50°C. 10 g MCC was sealed in PE bag and 
irradiated at a dose of 30 kGy (10 kGy/pass) by EB accel-
erator at 1 MeV under the condition of dry-ice cooling. 
The irradiated MCC was then quickly put into the GMA 
solution and reacted for 2 h. After washed with de-ion-
ized water and dried, MCC-g-GMA was then obtained. 
The grafting yield calculates by mass increasing was 230%.

MCC-g-GMA was further modified by ring-opening 
reaction in L-cysteine (DMF solution) and PEHA (aqueous 
solution). The ring-opening condition was at 80°C for 24 h. 
Then the microspheres were separated, washed and dried 
at 40°C. L-cysteine and pentaethylenehexamine function-
alized resin (named CysMC and PMC) were obtained. 
The synthesis route is shown in Fig. 1.

2.3. Characterization

The surface morphologies were characterized using 
a scanning electron microscope (SEM; Hitachi S-4800). 
X-ray photoelectron spectroscopy (XPS; AXIS Ultra instru-
ment) was carried out to analyze the sample elements. 
Fourier-transform infrared spectroscopy (FTIR) instrument 
was used to study the resins before and after adsorption. 
The specific surface areas of the resins before and after 
adsorption were determined by the Brunauer–Emmett–Teller 
(BET; ASAP2420-4MP, Micromeritics, American) method.

2.4. Adsorption performance

2.4.1. Batch experiments

The mass of 0.01 g CysMC or PMC was immersed in 
10 mL of Hg(II) solution for the adsorption experiments. 
The mixture was stirred at 120 rpm and 25°C. The Hg(II) 
concentration before and after adsorption was measured 
by an inductively coupled plasma spectrophotometer (ICP; 
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Fig. 1. Procedure for the preparation of PMC and CysMC.
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ICPS-7510, SHIMADZU, Japan). All experiments were car-
ried out in three parallel samples, the final results were the 
average value.

The adsorption capacity (Qe) and removal efficiency 
(E%) were defined as follows:
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where C0 and Ce were the initial and equilibrium con-
centration of Hg(II), respectively. m was the weight of 
CysMC or PMC and V was the volume of Hg(II) aqueous 
solution. In the range of pH (1–7), the influence of ini-
tial solution pH on the Hg(II) adsorption at 10 mg/L was 
investigated; adsorption kinetics were conducted with the 
contact time (5–600 min) and Hg(II) 10 mg/L; adsorption 
isotherms were conducted with initial Hg(II) concentra-
tion (100–300 mg/L) and 24 h; thermodynamics was con-
ducted at optimum pH with the temperature (25°C–40°C) 
for 24 h. The effect of NaCl was investigated at the Hg(II)/
NaCl mole rate 1/(1–1,000). Effect of coexisting metal ions 
(Cd(II), Cr(III), Mn(II), Pb(II), Co(II), Ni(II) and Zn(II)) 
with mole ratio 1:1 were studied.

2.4.2. Regeneration and reusability

The regeneration and reusability of CysMC or PMC 
were tested by adsorption–desorption cycles. After sat-
urated adsorption (0.01 g adsorbents were added into 
10 mL 10 mg/L solution with shaking for 24 h), the Hg(II)-
loaded-adsorbents were regenerated by using 0.2 mol/L 
HNO3 + 0.1 mol/L thiourea as elution solution with the vol-
ume 10 mL. After elution, CysMC or PMC were immersed in 
NaOH solution with pH 12 for 4 h and dried for next adsorp-
tion–desorption cycles.

2.4.3. Trace Hg(II) adsorption

0.01 g CysMC or PMC in 10 mL Hg(II) solution with 
initial concentration 100 ug/L at 25°C for 24 h.

3. Results and discussion

3.1. Characterization

3.1.1. Scanning electron microscopy

Figs. 2a–f show the SEM morphologies of MCC, MCC-
g-GMA, and that of CysMC and PMC before and after 
adsorption. The MCC microsphere was spherical and 
approximately 100 μm in diameter. The diameter of the 
MCC-g-GMA microsphere increased significantly to about 
200 μm after grafting. The surface became rough. In addi-
tion, the diameter of the CysMC and PMC was in the range 
of 200–250 μm. Similar morphology appeared on the surface 
of CysMC-Hg and PMC-Hg.

3.1.2. Fourier-transform infrared spectroscopy

The FTIR spectra of CysMC and PMC before and after 
adsorption are shown in Fig. 3. Several similar peaks 
appeared in both spectra images of CysMC and PMC, 
such as (i) the peaks at around 3,384 cm–1 which can be 
ascribed to –OH, (ii) the stretching vibrations of C–O and 
C = O around 1,054 and 1,728 cm–1, respectively, and (iii) 
the vibration absorption peak of N–H around 1,637 cm–1 
[21]. For CysMC, the peaks at 2,531 cm–1 were assigned 
to S–H and 736 and 640 cm–1 were characteristic peaks 
of C–S [20]. The results suggested the successful syn-
thesis of CysMC and PMC. Besides, it was obvious that 
the movement of those peaks indicated the formation 
of chemical boned between reactive groups and Hg(II).

3.1.3. Brunauer–Emmett–Teller

The nitrogen adsorption–desorption studies showed 
that the BET surface areas of CysMC and PMC were 1.0548 
and 0.9732 m2/g, respectively, which were too low to prove 
the porous structures of CysMC and PMC. After adsorp-
tion of Hg, the BET surface areas of CysMC and PMC were 
1.6098 and 1.3802 m2/g, respectively. There was no obvi-
ous change of BET surface area after adsorption.

3.2. Effect of pH on the removal efficiency

Solution pH will affect the form of the metal ions and 
the charge transfer on the solid/liquid interface, so pH 
plays a significant role in controlling the adsorption pro-
cess. As shown in Fig. 4, the maximum removal efficiency 
was found almost not changed at pH 1–7 by CysMC. 
But for PMC, the maximum removal efficiency was found 
at pH 2 which reached 95%. So pH 4.3 (nature pH) for 
CysMC and pH 2 for PMC were selected to evaluate the 
adsorption performance.

3.3. Adsorption isotherms: effect of initial concentration

The effect of the initial concentration on the adsorp-
tion capacity was investigated to analyze the adsorption 
mechanism and the distribution of Hg(II) between the 
solution and the adsorbent. The results in Fig. 5a show 
that Qe of CysMC and PMC increased with the increase 
of Hg(II) concentration and eventually stabilized at the 
equilibrium concentration. The experimental data were 
fitted with Langmuir and Freundlich isotherm models, 
in which linear form can be described by Eqs. (3)–(4) [22]:
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where Ce represented the equilibrium concentration (mg/L) 
of Hg(II), Qe (mg/g) was adsorption capacity on per gram 
adsorbent and Qm was the maximum adsorption capacity 



305J. Du et al. / Desalination and Water Treatment 229 (2021) 302–313

 
Fig. 2. SEM images of (a) MCC, (b) MCC-g-GMA, (c) CysMC, (d) CysMC-Hg, (e) PMC and (f) PMC-Hg.
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Fig. 3. FTIR spectra of (a) CysMC and (b) PMC before and after adsorption.
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(mg/g). KL and KF were Langmuir and Freundlich constants, 
respectively.

Figs. 5b and c show the linear fitting plot of Langmuir 
and Freundlich model. The key parameters and correlation 
coefficients were calculated by linear fitting and are sum-
marized in Table 1. Comparatively, the adsorption process 
can be better described by the Langmuir isotherm model. 
The high R2 value (0.9975 and 0.9911 for CysMC and PMC, 
respectively) of the Langmuir isotherm indicated that the 
adsorption of Hg(II) formed a single layer onto the surface 
of CysMC and PMC. The adsorption capacities Qm of CysMC 
and PMC were calculated to be 264.55 and 169.49 mg/g, 
respectively. The adsorption capacities Qm was much higher 
than that of other adsorbents given in the Table 2.

3.4. Adsorption kinetics: effect of contact time

The effect of adsorption time on the Hg(II) adsorption 
is illustrated in Fig. 6a. The Hg(II) adsorption capacity of 
CysMC and PMC were increased with the increased contact 
time and finally reached equilibrium. The adsorption kinet-
ics could be described by three models: pseudo-first-order, 
pseudo-second-order and intraparticle diffusion model 
models, which are expressed in Eqs. (5)–(7), respectively. 
Eq. (8) was used to calculate the initial adsorption rate h0 
(mg/g min) (t→0) [30]:
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where t was the adsorption time. Qt and Qe were the adsorp-
tion capacity per gram adsorbent at time t and at the 

equilibrium time, respectively. I was parameters related to 
the thickness of the boundary layer. The fitted parameters 
are shown in Table 3.
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Fig. 4. Effect of pH on the adsorption of Hg(II) onto CysMC and 
PMC.
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Fig. 6b shows the plots of the pseudo-second-order 
kinetic model. Table 3 shows the linear correlation coef-
ficient (R2), Qe, k1, and k2. The pseudo-second-order model 
described the kinetic data well, suggesting the Hg(II) 
adsorption by CysMC and PMC was a chemical adsorp-
tions process. The intraparticle diffusion model was used 
commonly to study the transportation of the dissolved 
contaminants from the solution to the adsorbent. In Fig. 6c 
the line obtained was not straight, but shows multiply dis-
tinct regions. And the first linear part did not pass through 
the origin, showing that intraparticle diffusion was not the 
only sole rate-determining step [31].

3.5. Thermodynamics: effect of temperature on adsorption

Temperature is an important parameter that affects 
the adsorption process. The three main thermodynamic 

parameters such as a change in free energy (ΔG), enthalpy 
(ΔH), and entropy (ΔS) were determined at a temperature 
300 K, 308 K, 318 K, and 328 K. The thermodynamic param-
eters were evaluated by Eqs. (9)–(10) [20]:

lnK S
R

H
RTL � �

� �  (9)

� � �G H T S� �  (10)

where KL is the equilibrium constant obtained from the 
ratio of adsorbate on the polymer (Qe) to the adsorbate in 
the solution (Ce) in the equilibrium state.

Fig. 7 shows the linear plot of thermodynamics. 
The slope and intercept were obtained through the linear 

Table 1
Langmuir and Freundlich isotherm parameters and correlation coefficients for the adsorption of Hg(II)

Adsorbents Langmuir Freundlich

Qm (mg/g) KL R2 KF (mg/L) n R2

CysMC 264.55 0.1382 0.9975 67.491 3.1457 0.8741
PMC 169.49 0.2482 0.9911 36.867 2.5653 0.9209

Table 2
Comparison of the adsorption capacity of CysMC and PMC with other adsorbent

Adsorbents Functional group Qmax (mg/g) Reference

Ti(IV) iodovanadate cation exchanger Ti(IV) iodovanadate 17.2 [23]
Cellulose Polypyrrole 31.68 [14]
Bagasse cellulose nanofibers L-cysteine 116.82 [24]
Wheat straw — 127.4 [25]
Chitosan/MCM-41-PAA — 164 [26]
Conjugate nanomaterial 2-Amino-4-chlorobenzenethiol 164.22 [27]
Coal gangue Mercapto 179.2 [28]
Attapulgite Polyamidoamine dendrimers 200.8 [29]
Microcrystal cellulose L-cysteine 264.55 This paper
Microcrystal cellulose Pentaethylenehexamine 169.49 This paper

Table 3
Kinetic parameters obtained from pseudo-first-order, pseudo-second-order kinetic and intraparticle diffusion models

Model Parameters CysMC PMC

Pseudo-first-order kinetics
k1 (h–1) 1.7931 1.2845
Qe (mg/g) 6.3221 9.0413
R2 0.8205 0.9769

Pseudo-second-order kinetics

k2 (g/(mg min)) 0.4946 0.2957
Qe (mg/g) 6.6304 9.2618
R2 0.9997 0.9995
h0 21.744 25.365

Weber–Morris
Kin1 0.1508 0.1508
Iin1 0.0460 0.0394
R2 0.9997 0.9995
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fitting, and the ΔH, ΔS and ΔG values at different tem-
peratures can be calculated accordingly, and are listed 
in Table 4. For CysMC adsorbent, ΔH > 0, ΔS > 0, means 
the adsorption process was endothermic and can occur 

spontaneously. ΔG < 0 and ΔG decreases gradually as 
temperature increases, which means spontaneous nature. 
For PMC adsorbent, ΔH < 0, ΔS < 0, implied an chemi-
cal exothermic properties for Hg(II) adsorption by PMC. 
ΔG > 0 and with the increase of temperature, ΔG increased 
gradually, demonstrating that low temperature is benefi-
cial to this reaction.

3.6. Effect of NaCl concentration

The effect of NaCl: Hg concentration ratio on adsorp-
tion was investigated with Hg concentration 10 mg/L. 
According to the results shown in Fig. 8, the adsorption 
capacity changed slightly due to the existence of NaCl, 
manifesting that the increasing of NaCl concentration have 
negligible influence on the adsorption even at the Hg: 
NaCl = 1:1,000.

3.7. Selectivity: effect of coexisting metal ions

The influence of coexisting metal ions on Hg(II) adsorp-
tion was investigated. The experiment was divided into 
two groups, the first group of coexisting ions contains 
Hg(II), Cd(II), Co(II), Cr(III), Mn(II), Ni(II), Pb(II) and 
Zn(II), the second group of coexisting ions contains Ca(II), 
Na(I), Mg(II) and Cd(II). The mole ratio was 1:1:1:1:1:1:1:1. 
The distribution coefficient Kd was used to measure the 
selectivity of the metal ions adsorption on CysMC and 
PMC, which is described by Eq. (11) [20]:

K
C
Qd
e

e

=  (11)

where Ce and Qe mean the metal ions concentration 
and adsorption capacity after equilibrium adsorption. 
Tables 5 and 6 list the distribution coefficient (Kd) for the 
two groups of the coexisting ions by CysMC and PMC. 
It can be seen that both CysMC and PMC have higher 
Kd for Hg(II) than other metal ions, meaning high Hg(II) 
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selectivity. The adsorption affinity of Hg(II) to CysMC and 
PMC is stronger than that of other metal ions, especially 
for PMC, the value Kd > 104, which showed a very high 
selectivity performance for Hg(II). The value Kd was 75,278 
with the coexistence of Ca(II), Na(I), Mg(II) and Cd(II) 
ions, which was higher than 10,983 with the coexisting 
ions Hg(II), Cd(II), Co(II), Cr(III), Mn(II), Ni(II), Pb(II) and 
Zn(II), which means that PMC had higher selectivity with 
the coexistence of Ca(II), Na(I), Mg(II) and Cd(II).

3.8. Desorption efficiency and reusability

The adsorption and desorption performance was one 
of the most important factors to consider the suitabil-
ity of a material for use as an adsorbent. A mixing solu-
tion of 0.2 mol/L HNO3 + 0.1 mol/L thiourea was tested 
for elution of the adsorbed Hg(II). The results of five 
consecutive adsorption–desorption cycles are shown 
in Fig. 9. For CysMC, the removal efficiency of the first 
was low, but it increased after elution several times used 
HNO3 and thiourea. This maybe because the amine group 
of CysMC was activated by protonation at lower pH. 
For PMC, the removal efficiency remained almost con-
stant for the first four-cycle use, and a decrease slightly for 
the last five-cycle use. So the results proved that CysMC 
and PMC were suitable for repeated use.

3.9. Trace level adsorption

The adsorption ability of Hg(II) at trace level concen-
trations was very important because even trace amount 
can cause very serious environmental problems. 10 mg 
CysMC and PMC were added into 100 ug/L solutions at 
natural pH 4.3, the Hg(II) concentration was decreased to 
32 and 67 ug/L shown in Fig. 10, which shows that CysMC 
and PMC have adsorption ability at trace level.

3.10. Adsorption mechanism

The XPS analyses were used to investigate the change 
of binding energy of N1s and S2p. Fig. 11a shows the 
wide spectra of CysMC before and after Hg(II) adsorp-
tion. The elements C, N, O and S were detected on the 
surface of CysMC and Hg signal appeared after Hg(II) 
adsorption, which confirmed the successful adsorption 
of Hg(II) on CysMC. High-resolution XPS spectra of N1s 
S2p and O1s are shown in Figs. 11b–d. Before adsorption, 
N1s peaks were located at 399.67 and 397.9 which were 
attributed to −NH2

+ and −NH. After adsorption, the N1s 

Table 4
Thermodynamic parameters of the adsorption of Hg(II) on CysMC and PMC

Adsorbents ΔH (kJ mol–1) ΔS (J mol–1 K–1) ΔG (kJ mol–1)

CysMC 26.469 89.097 T = 300 K T = 308 K T = 318 K T = 328 K
–0.2320 –0.9909 –1.9962 –2.6849

PMC –37.429 –123.95 T = 303 K T = 308 K T = 313 K
0.1619 0.7361 1.4025

Table 5
Distribution coefficient Kd for metal ions by CysMC and PMC

Adsorbent CysMC PMC

Hg(II) 1,893.4 10,983
Cd(II) 10.472 0.0008
Co(II) 10.637 23.358
Cr(III) 1.835 14.922
Mn(II) 2.955 0.0001
Ni(II) 131.88 0.7927
Pb(II) 16.44 25.56
Zn(II) 5.579 27.45

Table 6
Distribution coefficient Kd for other coexisting ions by CysMC 
and PMC

Adsorbent CysMC PMC

Hg(II) 2,407.2 7,5278
Cd(II) 0.97 9.97
Ca(II) 67.38 1.98
Na(I) 154.9 186.1
Mg(II) 3.62 1.61
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peak was shifted to 399.25 and 397.2 eV [20]. A little peak 
was located at 394.8 eV, which was corresponding to N–Hg. 
Before adsorption, two peaks at 162.02 and 163.20 eV were 
attributed to S2p1/2 and S2p3/2 [32]. After adsorption, the 
two peaks were slightly decreased and shifted to 161.80 

and 162.85 eV. It can be concluded that both −SH and −NH− 
groups on CysMC played an important role in the adsorp-
tion of Hg(II) [24].

Fig. 12 illustrates the chemical bonding configura-
tions of PMC before and after Hg adsorption. In the wide 
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spectra, the elements C, N and O were detected on the sur-
face of PMC and Hg signal appeared after Hg(II) adsorp-
tion, which confirmed the successful adsorption of Hg(II) 
on PMC. High-resolution XPS spectra of N1s and O1s 
are shown in Figs. 12b and c. N1s peaks were located at 

400.55 eV and 398.7 which corresponded to −NH2
+ and −NH. 

After adsorption, N1s peaks were was shifted to 400.75 and 
399.1 eV. The O1s peaks were located at 532.15 eV, after 
adsorption, the peak shifted to 531.94 eV and a new peak at 
534.6 eV appeared. It can be concluded that −NH− and −OH 
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groups on PMC play an important role in Hg(II) adsorp-
tion. The adsorption mechanism of Hg by −NH− and −OH 
groups was also reported in reference [33]. The possible 
mechanism of the adsorption of Hg(II) ion onto CysMC and 
PMC is shown in Fig. 13.

4. Conclusion

In this paper, two kinds of adsorption materials with 
different functional groups, CysMC and PMC, were syn-
thesized by irradiation grafting technique. They have a 
good adsorption rate, high selectivity and excellent reuse 
rate for Hg(II) in wastewater, among which the adsorp-
tion rate of PMC reached 95%. The isotherm showed that 
CysMC and PMC resin have higher maximum adsorp-
tion capacity, which was 264.55 and 169.49 mg/g, respec-
tively. The experimental isotherm data fitting was more 
consistent with the Langmuir model, suggesting that 
there was monolayer adsorption. The kinetic experiments 
showed that the time to reach adsorption equilibrium 
was relatively short, and it was in accordance with the 
pseudo-second-order kinetic model, indicating that the 
mercury absorption process of the two resins was chem-
ical adsorption. Thermodynamic experiments showed 
that the mercury absorption process of CysMC resin was 
an endothermic reaction, and that of PMC was an exo-
thermic reaction. CysMC and PMC have high selectivity 
for Hg(II) with the coexistence of Cr(II), Co(II), Cr(III), 
Mn(II), Ni(II), Pb(II) and Zn(II) in the mixing solution. 
The elution experiment also showed that CysMC and 
PMC resin have high reuse rates. The adsorption mecha-
nism of Hg(II) by CysMC and PMC was related to the S, 
N atoms in CysMC and O, N atoms in PMC. Both the two 
adsorbents showed excellent performance for Hg(II) and 
is a promising adsorbent.
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