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Structural Characterization and Pyrene Binding Properties of the Fulvic Acid Fractions by pH Gradients from
Paddy Soils

LI Yuan—yuan, LI Xia, HU Lin—chao, LIU Ben-ding, DAI Jing—yu

(College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China )

Abstract: Five fulvic acid(FA )fractions from two paddy soils(side—bleached paddy soil, SBP and waterlogged paddy soil, WP )were first ob—
tained through elution of FA from XAD -8 resin with sequential eluents (pH 4.8, pH 7.0, and pH 11.0 buffering solutions, water, and
ethanol ), and were characterized by elemental analysis, Fourier—transform infrared( FT-IR )spectroscopy and cross—polarization magic—angle
spinning °C nuclear magnetic resonance( CP-MAS “C—NMR )spectroscopy. The results were consistent among the methods used, suggesting
that the later eluted fractions (eluted with water or ethanol )in the sequential elution contained lower carboxyl C, and higher alkyl C than
the earlier ones. Through the batch experiment of pyrene sorption to FA fractions, linear isotherms were observed from the fractions eluted
with water and ethanol (FA,,., FA...), whereas non-linear isotherms were shown on the fractions eluted with pH4.8 and pH7.0 buffer—
ing solutions (FA g, FApo). Besides, the C—normalized distribution coefficients (K, )had the positive correlation with the contents of
alkyl C, but the negative correlation with the contents of carboxyl and carbonyl C. At last, we founded that the FA,,. and FA,,.. had the
maximum adsorption of pyrene. These results proved that carboxyl and carbonyl C of FA reduced the binding of pyrene and possibly other
PAHs, whereas the aliphatic moieties of soil FA enhanced the binding. We concluded that the fractionation of soil FA was a useful way in un—
derstanding the mechanisms of the sorption of pyrene to mobile soil FA.
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Table 1 Percentage and elementary composition of FA fractions in

the two paddy soils

- 904 TCE UL %
e K FA éé}ftﬁ; c " o N H/C  0/C
SBP +
FA 4784 610 4234 372 153 0.66
FAus 478429  43.16 530 47.81 374 147 083
FAmo 249+14  47.02 539 4370 389 138 0.70
FAio 12612 53.18 7.07 3650 326 1.60 0.51
FA e 49+04 4729 6.66 4238 367 1.69 067
FA 9.8+0.8  51.67 6.79 37.76 378 158 0.55
WP +
FA 4500 622 4446 431 1.66 0.74
FAus 39.5:1.6 4428 5.68 4627 377 154 078
FAumo 26.7+64  46.11 4.63 4567 361 120 074
FA 10 220448 5232 698 3738 332 1.60 0.54
FA, 53+03 6348 858 2222 571 162 026
FA 6.3x02  60.12 7.96 28.14 379 159 035
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Figure 1 FT-IR spectra of FA and FA fractions from the two soil,
SBP soil(a)and WP soil(b)
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Table 2 Distribution of carbon in fulvic acid(FA )and FA fractions
determined by solid—state CP-MAS “C-~NMR spectroscopy
P NS RAE R B RERT B i S DLRK 049 73 1L/ %
45y (160~220)x10°  (110~160)x10° (50~110)x10° (0~50)x10°

FRAELGIIE S5 ke e K ALk

SBP +
FA 25.1 244 23.1 27.4
FA s 27.0 275 226 22.8
FAuino 24.1 25.6 218 285
FA o 155 35.8 17.2 315
FA 16.7 29.5 20.6 33.1
FA e 15.8 18.0 222 43.9

WP +
FA 24.0 23.1 28.0 249
FA s 27.2 239 24.1 24.8
FAuino 217 24.8 28.6 24.9
FA 0 20.8 285 23.1 27.6
FA 17.2 18.9 255 384
FA 14.9 193 239 41.8
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Table 3 Regression results based on different model for pyrene

sorption isotherms on FA fractions from the two paddy soils

Linear J7 ¢ Freundlich J57 &
25y 1gK.,

R Kr N R

SBP
FA 3.44 0.74 1231 054 055
FA s 3.94 0.75 3901 075  0.61
FAino 3.25 0.81 819 0.50  0.68
FA o 4.00 0.91+* 5199 0.66  0.87
FA 5.03%% 0.99% 82 312X 119 096
FAu  5.55%% 0.98% 3097013 174 095

WP +
FA 4.16 0.81 7 844 079 067
FA s 3.54 0.65 1484 0.56  0.50
FAyino 4.10 0.89% 5938 0.83 081
FAmno 4.13 0.92+ 7125 0.58 091
FA e 5.01 0.99% 64 899 097 098
FA 5.20 0.99%# 96 198 097 098

T S128UE 1K, JT] Tinear BERIH

2% The value of IgK,, is calculated by linear model.
XN>1, ZEAGE K. 715

X N>1,the value can’t be calculated by K.

* P<0.05,*#P<0.025 , and *#* P<0.001.
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Figure 2 Sorption isotherms of pyrene to the FA fractions from the two soils, SBP soil(a)and WP soil(b)at 25 °C
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Figure 3 Regression equations and correlation coefficients(R*)of 1gK,.(Y )with O-alkyl C(a),alkyl C(b), carboxyl &carbonyl C(c)and
aromatic & phenolic C(d)(X)
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