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Table 1

Speciation of lead/cadmium in Calendula Of ficinalis protoplast at different lead/cadmium concentrations

Soil lead/cadmium

Chemical speciation of lead/cadmium/ %

concentrations Bound to

Bound to Bound to

- Exchanges siduz
/(mg « kg™ 1) xchangeable carbonates Fe-Mn oxides organic matter Residual
200/10 13.24/26. 65 3.36/13.05 52.70/23.21 11.59/13. 05 19.10/24. 04
400/20 8.69/25.91 13.60/12.73 33.28/21.08 19.61/11. 71 24.81/28.57
600/30 13.54/29.59 7.88/9. 86 30.19/21.92 24.26/11. 69 17.90/26. 93
2.2 XRD W R R R R AN B S AE L A T RE S i R
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Fig. 3 2D-IR correlation spectra of Calendula Of ficinalis protoplast at different lead/cadmium concentrations

(a), (¢): Synchronous map; (b), (d): Asynchronous map
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N T By 360 588 B X 4 % 4 TR AR i XPS & A 52 i D0 &
4, X T ACCK) b FRAE Fy, XPS 4 1% 9 32 B i1 7 06 43 ) £
FCADF OUs), 45A R84 3K 284. 77 1 532. 41 eV, 454
HASESCHRE L A CCL) FI OCLs) S 3 04 B /g 11 43 5k C—
OH #M—COOH, C()H O FRALHE B 1 AW, 587 C J5
TR O JEF A F R — b 2E 08, Wraa e, B e
FUE4 5 Cls), OCLs), Pb(4)F1 Cd(3d) BE L iy U Fh 7T
. NTIRABRSTRE G Ren 24, X XPS 44 i 17
2zl

FEARF MR E T . CADZEARESN R 284.79 eV (&b
B B), 284.79 eV(ALHE C)Fl 284. 78 e V(b HE D), Ph/Cd i
B CADGE A REMA BN U6 W38 15 S A Bk C IR
FALEAR T BMAR D, CRF—ERE LS5 TEMR

MUY OUs) S48 4 3 H 532. 36 e VUL IR B) | 532.70 eV
(AL B C)FN 532, 68 e V(AL BE D), W7 & A= AN R A2 3 2 . %)
FAH B, O IEEAET 0.05 eV, JETF O B F7E 5 ol #8
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W, Horh Ph(4f) W L F 133.58 eV (4L HH B) . 137.78 eV
(REBE OO 141. 38 e V(AL FE D) FFE . X & = H T-Pb B T4
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FERIE M. CA3d) 45 A RE B WG . W5 7R 1 S g it #E A Cd
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Fig. 4 XPS spectra of Calendula Of ficinalis protoplast at different lead/cadmium concentrations
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FTIR., 2D-IR and XPS Analyses on the Mechanism of Protoplast Derived
From Calendula Of ficinalis in Response to Lead and Cadmium in Soil

FAN Chun-hui""?, ZHENG Jin-huan®, LIU Hong-xin'
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2. Department of Soil and Crop Sciences, Colorado State University, Fort Collins, CO, 80523-1170, USA
3. School of Environmental Science and Engineering, Shaanxi University of Science and Technology, Xi’an 710021, China
Abstract  Soil remediation is the key issue supported by the national government in the 14" Five-Year Plan for Economic and
Social Development of P. R. China. and also important for socially sustainable development. Phytoremediation might remove
metals from the soil more effectively compared to other methods. As the dominant location of metabolism in a plant cell,
protoplast can get respond greatly to the reaction signal to heavy metals, similar to that of the plant cell wall. Currently, it is
also significant to further reveal the remediation mechanism and response signal between plant protoplast and heavy metals during
the phytoremediation process, with spectral analysis methods than molecular diagnostic techniques. Calendula of ficinalis was
obtained via pot experiments under lead/cadmium contaminated soil, and the protoplast sample was derived with differential
centrifugation technology. Tessier’s Sequential Extraction Procedure-Atomic Absorption Spectrometry (AAS) was applied to
study lead/cadmium speciation variation. The X-ray diffraction pattern (XRD), Fourier transform infrared spectroscopy
(FTIR), two-dimensional infrared spectroscopy (2D-IR) and X-ray photoelectron spectroscopy (XPS) were used to investigate
the spectral characteristics of protoplast under different lead/cadmium contents. The results show: the exchangeable contents of

lead/cadmium in protoplast are relatively low, and the contents of cadmium with different speciation change little under different
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lead/cadmium concentrations in soil. The representative peak located at 31.7° in the XRD pattern, the evidence of sodium
chloride crystal, and peaks of Pb; (PO, );Cl and CdS could also be easily found. The dominant absorbance band in FTIR spectra
appears at 3 510 cm ', caused by the vibration of —OH. The peak becomes complicated and moves to some extent, and
functional groups of —OH and C—O show a preferential combination to lead/cadmium, indicated from 2D-IR spectra. The
elemental binding energies of C and O vary during the reaction in XPS spectra. The binding energy of C(1s) increases, and C
atoms involve in complexation. The moving peak of O(1s) suggests the reaction nature might be complex. The new peak of Pb
(4 1) is caused by the interaction of = electron and lead ions. The binding energy of Cd(3d) increases at higher lead/cadmium
contents, and cadmium would lose electrons during the reaction. The achievements, together with the results related to metals
and Calendula of ficinalis cell wall obtained previously, will play an important role in the theory and technological improvement

of phytoremediation.

Keywords Protoplast; Calendula of ficinalis; Two-dimensional infrared spectroscopy; X-ray photoelectron spectroscopy;

Lead/cadmium
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