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Table 1 The various factors and Levels

. K
FZHRHAE — 5 ;
A= TFHIHHE/(mg « L) 100 200 300
B= 50 Bk K/ H 10 45 80
C=WR KR e/ (g« L7 0.5 2.0 3.5
D= I [t B} [A] / min 5 120 235
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FHRURL A4 107 R L AT S Ak Sl AT LA S5 PR M. BORE
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R B WO YRR T AR 3 TR W, R
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Table 2 Fitting parameters of three adsorption isotherms
H 4% Langmuir Freundlich Temkin D-R
BT Gmax K, R? n Kr R? A B R? Gmax B R?
E 34.25 0.012 0. 90 1. 383 0. 45 0.76 5.101 1. 145 0. 69 24. 88 0. 000 2 0. 97
4 38.31 0. 005 0.63 1.77 1. 26 0.78 4.123 0. 859 0.79 20. 89 0. 000 2 0.98
i 17.63 0. 009 0. 94 1. 85 0. 65 0. 88 3.279 3.468 0. 95 12. 50 0. 000 4 0. 96
(= 17. 54 0.003 0. 50 1. 34 0.12 0. 90 2.515 0.070 0. 89 5.73 0. 000 2 0. 60
#% —44. 20 —0.001 0. 35 0. 876 0. 037 0. 93 0.451 0.071 0. 88 13. 04 0. 000 2 0. 56
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Table 3 The kinetic parameters of three equations
H E— 23l )12 =g )i oF UKL B
BT q./(mg g™ K, R? q./(mg g™ K, R? K, C
Hr 11. 33 0.011 7 0.53 30. 67 0. 005 5 0.995 2 1.029 2 16. 716
i 5.328 4 0.010 3 0. 22 13. 85 1. 408 0 0.998 0 0.220 4 11. 353
] 3.328 8 0.010 5 0.59 16. 18 0.019 9 0.999 2 0.391 2 11. 046
Br 1.9217 0.005 2 0. 27 10. 81 0.029 2 0.996 5 0.136 3 8. 786
% 2.979 2 0.004 1 0. 26 8. 43 0.013 6 0. 940 0 0.030 4 7.246
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Fig. 1 SEM graphs of tartary buckwheat tea powders before (a) and after (b)
the adsorption of heavy metal ions ( X3 000 times)
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Fig. 2 The EDS graphs of tartary buckwheat tea powders before (f1) and after the adsorption of heavy metal ions

(al): lead ions; (bl): copper ions; (c1): cadmium ions; (d1): zinc ions; (e): chromium ions
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Fig. 3 FTIR spectra of tartary buckwheat tea powders before (f2) and after the adsorption of heavy metal ions

(a2): lead ions; (b2): copper ions; (c2): cadmium ions; (d2): zinc ions; (e2): chromium ions
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2.3.1 3 iwmPaAFzEEL

A % 8¢ R K P B E 38 Bl ] Design-Ex-
pert. V8. 0. 6 ¥ i1 Fifi 1. 73 3] Box-Behnken Design 525 4H 4 »
et 29 . Hh 5 WO T E S A DAL T 92 30 4 AR o BE AL
W, LA AR INER 4 iR
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Table 4 Results of Box-Behnken design
x Y/%

A B cC D Ypi, Yeu Yea Yza Yer
1 0 0 0 0 7.31 5.92 12,42 11.17 5. 60
2 —1 0 —1 0 12.87 20.12 18.30  18.04 6. 86
3 -1 —1 0 0 32.67 26.83 20.70  27.60 0.19
4 0 -1 —1 0 68.97 49.93 20.86  20.20 10.05
—1 0 1 0 6.01 11.96 4,47 2.94 6. 90
0 0 0 0 100.00  62.58 25.77  33.78 15.89

0 1 -1 0 7.46 3. 86 12.72 11.85 1
0 0 1 —1 37.59 22.84 14.00  11.40 3.88

0 0 —1 1 5.95 7.72 19.78  17.43 7
10 0 —1 1 0 67.44 50.13 12.25 12.01 10.05
11 1 0 0 1 57.88 35.68 30.16  29.08 12.96
12 0 0 1 1 32.20 24.27 19.36  17.70 9. 60
13 0 —1 0 1 18.63 21.82 15.85  12.43 13.80
14 —1 0 0 1 37.95  30.04

wt

© o ~ &

15 0 0 —1 —1 6.35 10.71 12.42  11.96 15.99
16 0 1 0 —1 46.80 47.13  21.90 29.29 11.52
17 0 1 0 1 52.03 30.65 16.20 1811 10.07
18 0 0 0 0 6.50 6.42  13.73 14.90  3.36
19 1 0 1 0 10.95 13.56 6.51 0.09 10.46
20 1 0 —1 0 12.17 6. 90 4.22 3.38  12.04
21 1 1 0 0 6.77 4. 28 5. 40 5.02  7.57
22 0 0 0 0 20.02 22.26 19.20  19.61 12.15
23 0 —1 0 —1 30.86 22.15 15.03  17.53 10.25
24 1 -1 0 0 17.13  15.97 12.92 9.92  9.98
25 —1 0 0 —1 32.58 23.23 19.67 15.75  9.21
26 —1 1 0 0 32.88  20.45 13.58 10.68  9.20
27 0 1 1 0 53.98 50.87  22.35 32.53  8.42
28 0 0 0 0 27.62 22.72 15.38 19.21 10.53
29 1 0 0 —1 27.69 24.54 17.24  17.88 10.85

8 TG Tk BE CAD L IR BRI ASORL R /N (B | 1 550 88
11 (O g B s ] (D) PO A~ PR AR B8 A (o) s B L 40
BRI E T RBRBEEN AR YD, SR, B, 5.
BELBETAREZMAEMZ 0 AR, @m0, KX
b, Xa2 ., XA, XADO R
Yo, (%) = +30.19 — 23. 66A +2.91B+19. 51C+ 8. 55D —

4. 60AB—10. 30AC—4. 30AD+3. 56 BC+6. 37BD
+9.33CD+11. 61A* —5. 54B*4-0. 57C* —6. 50D”
10)
Ye, (%)= —+23.38—17.86A — 0. 678+ 12. 22C+ 3. 15D —
0.21AB—4. 90AC+ 1. 57AD—0. 36 BC+ 2. 61BD
+3.68CD+9. 27A*—1.74B*—3.71C* — 2. 36 D’
an
Yo (%) = +26.94 — 0. 34A + 1. 46 B + 5. 94C + 3. 64D —
3. 49AB—2. 37TAC—0. 56 AD+0. 49BC+1. 51BD
— 2.75CD — 14.16A> — 4.95B* — 3.50C* +
1.21D? a2
Y. (%) =4 17.61 — 10. 28A — 2. 33B+ 3. 66C — 0. 15D +
5.84AB—0.13AC+3.91AD—0. 46 BC+ 1. 26 BD
+3.00CD—1. 38A> —4. 41B*+2. 67C* —0. 10D’
13)
Y, (%) = 4 10.09 + 2.500 X 10 * A — 0.067B + 3. 99C —
0.97D—1.30AB— 3. 52AC— 0. 15AD — 1. 73 BC
—4.76 BD+ 1.14 CD — 0.086A% — 0.90B* —
1. 89C* 4-0. 84D? 14)
K Yoo Yoo Year Yoo Yo 3 SRS B, 50, B 568
FIEBRFE(%) . A, B, CHI D RpRHERECGE TG K
|l i N NN 1 B | R 3 DY R
AP, B, C M D RORFHREBEERM ZRW, AB, AC, AD,
BC, BD fI CD £/xF R R M HI,

Bl RE A gy 22 25 R R W, BER F G50 0 e Fo =
67.89, Fe, = 127.35, Fey = 35.67, Fg = 26.44, F¢, =
66. 20, FER I K UE a=0. 05 /K- |, 5 MEERIES A G it
B (p<<0.000 1)s FABE R YI FAE I35 K : Fo =
3.45, Fe,=4.80, Feu=0.39, Fz,=4.44, Fe, =0.94,  «a
=0.05 R gkl BN B Gt 2 L (p=>0.05); AT
[\ 9 He 5 RS> 9 Adj RE,=97.10, Adj R:, =98. 44, Adj
R =94.55, Adj R3,=92.71, Adj R4 =97.02, Pk b 4534
WY, [ABE R R . W R AT B R R A L R
BB R R R R KRR,

2.3.2 FRBEELSM

FFZITEIH TR, ] Design-Expert. V8. 0. 6 # - £
Lo, EERERRAMGE —EEN A FHHKE =
118.75 mg « L', B[ 7) 0k: K /N) =0. 458 1 mm. C(Ig
BB =3.50 g « L™, DO R [A]) = 234. 97 min B,
I FRAE X 40 . . . B, B T R R O A S m B B
Fr, BRHEERE A, B, CHID X4, 8. . 8. 88T
55 R F 5 e 0 T A L R AR A g A%t e iR 2 i R B ok
S W7 25 48 DR 3R 0F i 7 B o 100 3 W R FH B R TS BT 4(a, b,
e dy ORI, B L B BB T ABREEES TUGR
W (A BE RO b MR s, B8, M. Mg rF L
BRI A E I Bk TR, T RBREFINAREE. U
HITESCIR B N, A R (B TRIIA W B X8, 4. 47
BYREBRERME W BREE R T, KB 7 Y BRE
R B 570 9904 K /M) #E 50 H 28 45 (0. 250 ~ 0. 335 mm)» HY.
Bl 4. BEL BB T RBRE AP IR ORME . X2 A R 5
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Biosorption of Lead, Copper, Cadmium, Zinc and Chromium Ions from
Aqueous Solutions by Tartary Buckwheat Tea Particles

YANG Li-zhi, HE Li, HE Xu, PENG Sheng-han, WANG Rong, CHEN Zhao-giong, YANG Xiao-hong, LIU Xin*
Department of Public Health, Chengdu Medical College, Chengdu 610500, China

Abstract Biosorption, with many advantages such as low-cost of sources, good adsorption effect, easily desorption, good recy-
cling and being environmental-friendly, has been regarded as a cost-effective technology for heavy metals uptake at low metal
concentrations. In this paper, the potentials and mechanisms of biosorption of lead ion, copper ion, cadmium ion, zinc ion and
chromium ion in the single-ion aqueous solution using tartary buckwheat tea powders were investigated by spectral analysis.
Scanning Electron Microscope (SEM), Energy Dispersive Spectrometer (EDS) and Fourier Transform Infrared Spectroscopy
(FTIS) were used to characterize tartary buckwheat tea powders before and after the adsorption processes to identify the func-
tional groups and elements which had changed, furthermore, to explore the possible mechanisms of the biosorption. The models
of the adsorption isotherms (Langmuir, Freundlich, Temkin and Dubinin-Radushkevich) and the adsorption kinetics (pseudo-
first order, pseudo-second order and intraparticle diffusion equation) were used to fit the adsorption behaviors. Response surface
methodology is a collection of statistical and mathematical techniques based on fitting a polynomial equation to the experimental
data. It can be well applied when a response or a set of responses of interest are affected by several factors. The response surface
methodology was applied to evaluate the combined effects of various factors, namely initial metal ion concentration (A), adsor-
bent particle size (B), adsorbent dose (C) and contact time (D) on the removal rates of lead ion, copper ion, cadmium ion, zinc
ion and chromium ion from aqueous solution using tartary buckwheat tea powders. The results of isotherm models indicated that
the biosorption was mainly heterogeneous adsorption, accompanying other adsorption behaviors. The models of kinetic revealed
that biosorption processes fitted a pseudo-second kinetic well, which suggests that the adsorption rates were controlled by effects
of film diffusion and intraparticle process and the surface of tartary buckwheat tea powders changed into smoothed and melted.
The lead ion, copper ion, cadmium ion, zinc ion and chromium ion onto surface of tartary buckwheat tea powders were confirmed
by Energy Dispersive Spectrometer. The Fourier transform infrared spectra results exhibited that —OH, CH,. CH;.
—C=0, —NH, —C—0, =C—H played major roles on removal lead ion, copper ion, cadmium ion, zinc ion and chromi-
um ion using tartary buckwheat tea powders in single-ion aqueous solution. The results showed that the five values of the nonlin-
ear models of coefficient constant were Adj R}, =97.10, Adj R&, =98. 44, Adj Ri; =94.55, Adj R%, =92.71 and Adj R, =
97.02, respectively for removal rates of lead ion, copper ion, cadmium ion, zinc ion and chromium ion in the aqueous solution u-
sing tartary buckwheat tea powders under conditions of various factors, which could navigate the design space for various factors
on effects of biosorption the metal ions from aqueous solution. The effects of factors were in order as A>>D>>B>>C on removal
rate lead ion, A>>C>D>>B on removal rate copper ion, A>>B>C>D on removal rate cadmium ion, B>>C>A>>D on removal
rate zinc ion and C>>B>>D>>A on removal rate chromium ion, respectively by tartary buckwheat tea powders from single-ion a-

queous solution. The study of results provided evidences that tartary buckwheat tea powders can be used for removing lead ion,
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copper ion, cadmium ion, zinc ion and chromium ion from single-ion aqueous solution.

Keywords Biosorption; Tartary buckwheat tea; Response surface methodology; Heavy metal ions
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