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Adsorption of Pb( I ) by organic sheep manure fertilizer and organic seaweed fertilizer at different
decomposition stages

HAN Jiayi', WANG Yuyang', ZHAO Qingjie"", WU Weidong', LI Jianhong’, FAN Qiuyun®, WU Zhipeng'

(1.College of Tropical Crops, Hainan University, Haikou 570110, China; 2.College of Forestry, Hainan University, Haikou 570110, China;
3.School of Environmental and Chemical Engineering, Foshan University, Foshan 528000, China)

Abstract: The screening of commercial organic fertilizers with excellent and long-lasting immobilization effects for remediating heavy
metal contamination in farmlands has received increasing attention. In this study, the basic properties of commercial organic fertilizers of
sheep manure (SM) and seaweed (SW) at different stages of decomposition (0, 6, and 12 months) were analyzed by chemical analysis,
sorption —desorption analysis, thermogravimetric and differential thermogravimetric analysis, and Fourier transformation infrared
spectroscopy analysis. The sorption mechanism of organic fertilizers on Pb( I ) in an aqueous solution system was further investigated. The

results showed that the organic carbon content and pH value of the SW fertilizer were higher compared with the SM fertilizer, while the
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cation exchange capacity (CEC), oxygen—carbon ratio, and base saturation were lower. As the decomposition process proceeded, the

oxygen—carbon ratio and CEC of the SW fertilizer increased significantly, and the content of the functional groups decreased, whereas the
functional group contents increased in the SM fertilizer. The easily decomposable compounds (e. g., cellulose, hemicellulose, aliphatic
substances, etc.) in both organic fertilizers decreased as the decomposition proceeded. The maximum sorption amount (g,) of Ph( Il ) in
the SM fertilizer was 198.7 mg* g™ when it was not decomposed, and the .. of Pb( I ) decreased with increasing decomposition to 61.6 mg*
¢ at 12 months of decomposition, whereas the ¢. of Pb( Il ) of the SW fertilizer gradually increased from 118.7 mg* g™ to 147.1 mg- g™
The sorption kinetics of Pb( Il ) on SW and SM fertilizers was expressed well by the pseudo—second—order model. The Langmuir model
provided a better fit for the two fertilizers, which indicated that the Pb ( Il ) adsorption of the fertilizers was via the surface monolayer
adsorption and mainly attributed to geochemical sorption. The geochemical sorption of Pbh( Il ) by organic fertilizers was mainly based on
ion exchange adsorption (41.4%~47.1%) and hydrogen bonding adsorption (36.5%~47.3%). The correlation analysis revealed that the ¢,
of Pb (Il ) adsorbed by organic fertilizer was correlated with the CEC, base saturation, and oxygen—carbon ratio of the fertilizer. The
sorption capacity of organic fertilizer for Ph( Il ) could be enhanced by increasing the number of exchangeable active sorption sites and
oxygen—containing functional groups on the surface of the organic fertilizer. The SW fertilizer has a high sorption capacity for Ph ( I ) and

good durability to adsorb Pb ( I ); therefore, it is suitable as a commercial organic fertilizer for the stable remediation of Pb ( I )

contamination in farmland.

Keywords: organic fertilizer; seaweed; sheep manure; heavy metal; adsorption isotherm; adsorption kinetic
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Table 1 The information of tested organic fertilizers

o TR 7 pam
VbR Trade name of T Location of

Raw material Manufacturer

fertilizer acquisition
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Table 2 Physicochemical properties of organic fertilizers
R ALK VYix PH 2§38 i L FR A R FEA AN
Sample Organic carbon/(g-kg™)  Ash content/(g-kg™) pH CEC/(emol -kg™) BET area/(m’-g™')  Base saturation/%
SW-0 350.07+1.02a 504.17+3.25f 8.05+0.15a 67.75+0.97¢ 2.12 21.14+0.75¢
SW-6 333.79+1.71b 534.17+0.28d 7.77+0.02b 77.14+0.39b 2.79 17.91+1.04d
SW-12 318.12+7.80¢ 545.17+2.25¢ 8.04+0.06a 81.97+0.61a 2.59 14.25+0.10e
SM-0 271.03+0.77e 530.00+0.87e 6.52+0.05¢ 76.88+0.59h 3.95 29.20+0.79a
SM-6 274.91+1.68e 577.17+0.76a 5.80+0.10e 68.73x1.81¢ 5.99 24.58+1.71b
SM-12 281.38+1.71d 556.83+1.76b 6.35+0.10d 62.02+0.35d 6.58 13.37£0.52e

T« [RISA [) /NG 5B A B R 22 57 (.25 (P<0.05) ¢

Note: Different lowercase letters in a column indicate significant differences among treatments at P<0.05 level.
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Figure 1 FITR spectrums of fresh and decomposed organic fertilizer
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Figure 2 Schematic diagram of thermal analysis TG curve of fresh and decomposed organic fertilizer
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Figure 3 Schematic diagram of thermal analysis DTG curve of fresh and decomposed organic fertilizer
R3 ERREMEBEYRBRERK (%)
Table 3 Weight loss of material at each thermal stage (%)

Rl KRR S ) T YR N PR isglipR 7)o BRIRER Y5
Sample Water and volatile matter Cellulose and hemicellulose Aliphatic substances Carbonate material
SW-0 6.49 17.51 22.05 6.202
SW-6 9.83 15.92 21.76 6.647
SW-12 9.66 21.16 15.80 5.526
SM-0 10.34 18.47 17.36 1.267
SM-6 9.26 15.84 13.44 2.745
SM-12 9.46 18.70 16.50 2.611

1% WHART]
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]EE. m]g 35
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= =25
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SW 20 SM
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Hsf 1] Time/h HJ [E] Time/h
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Figure 4 Adsorption kinetic of Pb( Il ) on organic fertilizers(contact time is 0~24 h, initial Pb( Il ) concentration is 100 mg-1", pH6.0)

R4 BYEPL( ) BYR B HFIUE

Table 4 Kinetic parameters of the pseudo—first—order and pseudo—second—order equations for Pb( Il ) adsorption on organic fertilizers

B, WE—25)) J12% Pseudo—first—order HE =450 )12 Pseudo-second-order
Sample Geuop/(mgg™) Gocac/(mg-g™) ki/h! R Gowcac/(mg-g™) ko /(g mg”+h™) R
SW-0 48.8 46.0 5.20 0.586 47.8 0.21 0.887
SW-6 493 47.2 4.77 0.638 49.0 0.19 0.918
SW-12 49.8 49.7 11.52 0.888 50.0 1.40 0.966
SM-0 47.1 46.3 7.94 0.830 47.1 0.52 0.995
SM-6 47.9 46.4 2.29 0.817 48.8 0.08 0.962
SM-12 48.7 45.6 2.75 0.604 48.3 0.09 0.876
2001 200 1
e e
Y 160 Y 160
ﬂﬂ; 120 M];; 120
: :
% 80 @ 80
= 40 — 40t
= sW =
0 0. 5.0 1(.)0 130 2(.)0 2.50 3(.)0 3‘50 4(.)0 0 0 5IO 1;)0 1I50 2(I)0 2I50 3(I)0 330 4(I)0 45IO 5(I)0
Ph( 1) C./(mg-L7) Ph( 1) C./(mg- L)

L0} ®6 A2 Langmuir === Freundlich
5 BHLAEXT Ph( 1T ) B IR pi 8 28 (134 Ph( 11 )R BE 25~600 mg- L™, #fl A 18] 24 h, pH6.0)
Figure 5 Adsorption isotherm of Pb( I ) on organic fertilizers fitted by Langmuir model and Freundlich model (initial Pb( II )
concentrations is 25~600 mg* L™, contact time is 24 h,pH6.0)
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Table 5 Isotherm parameters of the Langmuir and Freundlich equations for Ph( Il ) adsorption on organic fertilizers

§ Langmuir Freundlich
Ff i Sample -
qul/(mg-g™) ko/(Lemg™) R ke/(mg' ™1+ g™) n R
SW-0 118.7 0.460 0.914 45.1 5.59 0.678
SW-6 155.9 0.250 0.945 47.7 4.39 0.750
SW-12 147.1 0.450 0.993 52.8 4.95 0.802
SM-0 198.7 0.013 0.924 11.2 2.10 0.800
SM-6 164.4 0.005 0.966 5.2 1.92 0.964
SM-12 61.6 0.013 0.940 5.5 2.65 0.817
c=0 - NTH —COOH _ N—H —Co0H
SW o 0—H =0~} Si0—si SM 0—H C=0~} si0—si

W : w\,\/\/

&t 2% Transmittance/%
1% 3% Transmittance/%

4000 3500 3000 2500 2000 1500 1000 500
L Wavenumber/cm™ % Wavenumber/cm™
— 12-Pb — 6-Pb — 0-Pb — 12 — 6 —0
6 NEIEREM BB VAR PL( 1) BIFEHILIIM i

Figure 6 Fourier transform infrared spectra of organic fertilizer before and after adsorption Pb( I ) at different decomposition stages
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1 %44 Complex bonding

O A #E25 5 4 Hydrogen bonding
[ & F 54075 Ton exchange
PEEIK B4 Physical bonding

SW-0 37.13 | 17.90 |
SW-6 38.01 | 1465 |
SW-12 40.48 | 13.66 |
SM-0 36.47 | 1765 |
SM-6 43.51 | 14.65 |
SM-12 47.28 [1031]
P Whkbeconagers

7 BHLEEX Ph( 1) B AR B R R LB 53 L
Figure 7 Percentages of different fractions to total Ph( II )

adsorption on organic fertilizers
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Table 6 Correlation coefficients between the properties of organic manure and the maximum adsorption capacity

5 R B FH 5 7 3c 4ot - H T EERiIR T3 Amkt Sk SR
Gn CEC P BET area Organic carbon H/C 0/C Base saturation
F IR AH 1 0.706 -0.043 -0.332 -0.163 -0.008 0.804 0.748
Sig. (W &) 0.117 0.936 0.521 0.757 0.988 0.054 0.088
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