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This work presents the adsorption capability of green tea and ginseng leaves to adsorb heavy metals such as Cd(II), Cu(Il),
and Pb(Il) in aqueous solution. FT-IR analysis indicates the presence of oxygen containing functional groups (carboxyl
groups) in two kinds of leaves. High pH condition was favorable to the adsorption of heavy metal ions due to the
enhanced electrostatic attraction and the precipitation reaction of metal ions. The adsorption of Cd(II), Cu(II), and Pb(II)
reached equilibrium within 10 min, achieving high removal efficiencies of 80.3-97.5%. The adsorption kinetics data of
heavy metal ions were fitted well with the pseudo-second-order kinetic model. The maximum adsorption amounts of
Cd(I), Cu(II), and Pb(II) ions were 8, 3.5, and 15 mg/g, respectively, in the initial concentration range from 0.15 to 0.75
mM. Based on the fitting data obtained from isotherm models, heavy metal adsorption by green tea and ginseng leaves
could occur via multi-layer sorption.
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Fig. 1. FE-SEM images of green tea (left side) and ginseng leaves (right side).
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Fig. 2. FT-IR spectrum of green tea (left side) and ginseng leaves (right side).
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Fig. 3. Adsorption kinetics of Cd, Cu, and Pb by green tea and ginseng leaves.

Table 1. Kinetics parameters obtained from pseudo-first order kinetics (PFO) and pseudo-second order kinetics (PSO) models for the
adsorption of heavy metals by green tea and ginseng leaves

FAHAE 2= AR 2
. o Ge
o (exp) k,. | e (cal_)] R /le . qe (ca_ll) R
(L min™) (mg g7) (g mg min") (mgg)
cd 4.143 0.0212 0.238 0.4784 0.553 4.102 0.9998
=x}9l Cu 1.773 0.0417 0.098 0.6399 1.229 1.777 1.0000
Pb 7.679 0.0385 0.123 0.9528 1.010 7.686 1.0000
cd 4.446 0.0140 0.441 0.7644 0.321 4323 0.9999
glae) Cu 1.998 0.0124 0.386 0.8427 0.322 1.879 0.9999
Pb 7.678 0.0175 0.478 0.8455 0.273 7.593 1.0000
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Fig. 4. Adsorption isotherm of Cd, Cu, and Pb by green tea and ginseng leaves.
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Table 2. Removal efficiencies of Cd, Cu, and Pb by green tea and Ginseng leaves in the presence of two surfactants (SLS & CAB)

Cd Cu Pb
%Z}xﬂ 74]1:5 ) o °
Ll %—}\éx«ﬂ qe » Z'”7'1_§ qe » Z"ﬂ7'1_§ qe » xﬂ7'1§
(mg g7) (%) (mg g7) (%) (mg g7) (%)
- 3.682 80.1 3.923 85.3 4.527 98.5
=zl SLS 1.005 21.9 3.422 74.4 3.996 86.9
CAB 1.778 38.7 3.046 66.3 4.238 92.2
- 4.094 89.1 4.08 88.8 4515 98.2
gl Akl SLS 0.878 19.1 3.088 67.2 3.254 85.8
CAB 1.863 40.5 3.015 65.6 4327 94.1
Tt AHgrd & AAES HolBg 3P ol $3AI29] 4871

Ao FAE “71\*?:}'3}“5 AFE

24 24 A (fonic  surfactant)?]  sodium

lauryl sulfate(SLS)ﬂ- A (amphoteric) AlHEA A 21
cocamidopropyl betaine(CAB)E A8-31:t}.

A A7L fle Bdolx =xke} OL]/E} Q9] Cd, Cu,

Pb AAE-2 80.1~985%S1El] ¥H5l], SLSE F34gh 8o
Aol AAEL 19.1-86.9%, CABS %‘?Qf& B Aol x=
38.5~94.1%= ol AHEFS Bt o, dAFE
(critical micelle concentration, CMC)S Z33+ ATHEHA]

A7F -G AH micelle)s= UJHO]-O:] FEAIe} 2 9EH
k] HHS-S Asgk Aoz FFHTH(Marcolongo and
Mirenda, 2011). SLS AZgA|e] Z-ell= 10% s
T oAl AFES Fol AR A, ol SLY7F &
Ao o] a3 fE AoE FPEH 1
2 3 Yol EA)ERs 155 74]?‘;%“*11]501 AL
|HTE Ao AUNBAAEY F55 S g +
A9 92 2T Aow Addn

4.2 B

£ dFxe FEAIEAY 3k ikl TE5
AA Fss H71ept. T3t 741‘34%” Al 5&7&01]/\1 5
ss sl sPEE W 2 28 7S gRIs
Atk $545(Cd, Cu, Pby ltz}sa} 01*10101]
712547] 9 slol=gAr|et AsHES A= f‘—f?%t&
82 ! XMHM_E% gole] 27] pH WHlo| wE

HE pHe T F2ANA vl FFS eI =
2teb 1kl U—“r FEHESAIZI] 108 o, SR o
zggon AAEL 7242t 9F 80.3-97.5%, F 81.9~
90.4%)Jtk. T3 FF £ %7}0}71 <3 PFO 2
PSO 2dS #83t @ T $3A &5 PFOXCL} PSO
of o F3tsideh. 3k, AAgAdA7F EAE w) S2A)
o] FFe2 vl ‘*71] Z4HRY 38.5-94.1%] F

vo—*é% I 5 A
Ab AL

2 AT SAaA7IERe ﬂ%“”ﬂ@ﬁﬁwﬂ o
ARAGAETA| Y3ko 7 Fal6191S(S2440265, -
ZFE PM2.5 +4 =245 PAHs-J 3 A%ou
AR HAEH W=T olF 83 AF M.
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