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Changes in the spectral characteristics of dissolved organic matter from paddy soil after heating

PANG Yan-hua', CHEN Li—na'?, ZHANG Sheng', TU Bao-hua', ZHANG Wen-yi', HUANG Zhao—qin®, HU Lin—chao'*

(1.School of Environmental & Safety Engineering, Changzhou University, Changzhou 213164, China; 2.Changzhou Academy of Environmen—
tal Science, Changzhou 213022, China; 3.College of Environmental and Ecologic, Jiangsu Open University, Nanjing 210036, China )
Abstract: Dissolved organic matter(DOM ) is an important soil component. It consists of low—molecular—weight free amino acids, carbohy—
drates, organic acids, and high—molecular—weight enzymes, amino sugars, humus, and so on. It plays an important role in many chemical and
biological processes in the soil. In this study, UV-VIS spectra, three—dimensional fluorescence, and infrared spectroscopy were used to ana—
lyze the effect of heat treatment on the structure and composition of DOM in different soils. The paddy soil samples were heated at 200 C,
250 °C, and 300 °C for 2 h, 4 h, and 6 h, respectively. SUVA,s5, SUVA, and SUV Ay, were the absorption coefficients for unit dissolved or—
ganic carbon concentrations at 254, 260, and 280 nm, respectively. The results showed that the ultraviolet absorbance ratio (Ey/E;) increased
and the SUVAys,, SUVA,q, and SUV Ay, values decreased when the temperature rose. They also indicated that the DOM aromaticity and hy—
drophobicity decreased when the temperature increased. Furthermore, the A 3/A 3 absorbance ratio increased when the temperature rose.
This indicated that the aromatic ring substituents of the DOM component were mainly aliphatic chains when unheated and that the fatty sub—
stances were decomposed in large quantities when heated. The three—dimensional fluorescence spectra showed that a blue—shift in the main

fluorescence peak appeared and fluorescence intensity increased. The ratio of the fluorescence peak value of fulvic acid in the ultraviolet re—
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gion and the fluorescence peak in the visible region decreased. This result showed that the soil aromaticity and the molecular weight de—

creased after heating. The infrared spectra results showed that the amounts of carboxylic acid substances increased after heating. The

aliphatic substances content increased at 200 °C and 250 °C, but decreased at 300 “C. These results will provide a basis for assessing the en—

vironmental risk of contaminants in soils under the influence of heat treatment.

Keywords: dissolved organic matter; heating; humification degree; paddy soil; spectral characteristics
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Table 1 Physicochemical characteristics of the soils

et pH(H,0) M Clg-kg’ M N/g-kg'  HRHFKZE/%
KAEE A 8.19 11.23 1.04 36.30
KFEL B 7.56 14.34 1.19 34.53
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Figure 1 Changes of organic carbon content of different
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Table 2 Changes of DOC and DN in DOM of soils

5 DOC/mg-kg™ DN/mg-kg™!
I C AT [ /b - _ - -
KA A KFE1 B KFEL A KAEL B
CK 0 40.12+2.59h 35.73+0.30¢ 10.0720.16¢ 14.3620.15b
200 2 77.0922.62a 78.0720.65b 22.1120.16a 17.040.16b
4 75.8025.06a 68.8122.29h 22.97+0.47a 18.55+0.23b
6 74.4121.15a 78.83%1.54b 19.70+0.07a 18.33+0.24b
250 2 58.47+0.31b 91.97+9.12a 25.89+0.06a 29.05+0.24a
4 54.2122.06b 84.43+13.42a 23.40+0.16a 22.73+0.71a
6 46.33£3.43b 62.10+6.33a 23.31+0.03a 21.12+0.28a
300 2 22.70+2.74c¢ 47.07£5.37¢ 18.15+0.48b 13.40+1.50b
4 15.4520.62c 32.51+0.59¢ 15.0520.13b 11.58+0.17b
6 14.44£0.59¢ 35.44+2.63¢ 13.16+3.27h 11.58+0.41b
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Figure 2 UV-VIS absorption spectra of DOM in paddy soil A and

B at different heating temperature
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Table 3 UV-VIS absorption spectrum parameters of soil DOM at

different heating temperature

THERA JREE/C WHE/M SUVAy, SUVAx SUVAy Ax/Axs

KFEE A CK 0 6.8 6.3 5.1 0.006
200 2 5.6 4.5 3.8 0.352

4 5.6 4.1 2.7 0.371

6 6.4 5.1 4.7 0.385

250 2 4.7 3.7 2.7 0.441

4 43 3.1 23 0.426

6 45 3.6 2.7 0.450

300 2 25 2.1 1.7 0.446

4 1.9 1.7 1.5 0.307

6 1.5 1.4 1.3 0.341

KFEt+ B CK 0 6.2 5.4 2.0 0.012
200 2 49 2.3 19 0.363

4 5.5 2.5 1.9 0.389

6 5.1 2.2 1.5 0.372

250 2 2.9 1.7 1.4 0.443

4 3.6 1.5 12 0.429

6 4.6 1.6 13 0.446

300 2 17 1.0 0.8 0.354

4 23 1.4 1.0 0.427

6 1.8 1.1 0.9 0.402
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Figure 4 3D fluorescence EEM diagram of DOM in unheated
paddy soil A and B
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Table 4 The fluorescence peak position and its intensity of soil DOM
435 IRJEIC Hsf ] /h C Ui C 17 & (Ex/Em)/nm A VTR A W H7 B (Ex/Em)/nm r(A/C)
KAFEL A CK 0 36 325/430 93 240/425 2.66
200 2 280 325/420 365 240/420 130
4 435 325/420 430 240/420 0.99
6 480 325/420 470 240/420 0.98
250 2 385 310/420 553 225/420 1.44
4 580 320/420 750 225/420 1.29
6 480 320/410 650 225/420 135
300 2 513 320/400 660 225/415 1.29
4 344 320/400 545 225/415 1.58
6 364 320/400 620 225/415 1.70
KFE+ B CK 0 315 325/435 160 240/425 2.75
200 2 203 325/420 260 225/420 1.28
4 310 325/420 370 225/420 1.19
6 379 325/420 450 225/410 1.18
250 2 535 325/410 583 220/415 1.09
4 638 320/405 730 220/410 1.14
6 805 320/405 880 220/410 1.09
300 2 435 320/400 600 225/410 138
4 350 320/400 510 220/410 1.46
6 285 320/400 450 220/405 1.58
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Figure 5 3D fluorescence EEM diagrams of DOM in paddy soil A heated at 200 °C,250 °C and 300 °C
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Figure 6 3D fluorescence EEM diagrams of DOM in paddy soil B heated at 200 °C,250 °C and 300 °C
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Figure 7 FT-TR spectra of DOM extracted from paddy soil A and B at different temperatures
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