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Abstract [ Objective] In order to investigate the effect of hydrothermal treatment on the reduction and stabilization of heavy metals
in river sediment, [ Methods| this paper took the river sediment of Shanghai east diversion river as the test object, and investigated
the physicochemical properties of the river sediment, the chemical forms of the heavy metals (zinc, copper, chromium, cadmium,
nickel, and lead ), the eco-toxicity and the leaching toxicity under the conditions of different hydrothermal treatments, and also
elaborated on the mechanism of the sediment’s hydrothermal heavy metal stabilization. [ Results] During the hydrothermal treatment,
the sediment undergoes dewatering, dehydroxylation, decarboxylation, deamination, and aromatization, and its H/C ratio, O/C ratio,
and pH decrease, which improved the sediment reduction and stabilization effect; at the same time, the increase of the porosity and
specific surface area of the sediment, and the decrease of the particle size facilitated the release of water from the sediment. After
hydrothermal treatment, the bioeffective components of heavy metals were reduced and transformed into more stable components,

[Results] resulting in a significant reduction of their environmental state toxicity and leaching toxicity, with low or no risk of
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(1) The

hydrothermal temperature of 260 °C and the reaction time of 3.0 h are conducive to maximizing the stripping of organic matter in the

contamination, which provided a certain basis for the subsequent resource utilization of the sediment. [ Conclusion ]

sediment. (2) The hydrothermal treatment promotes the migration of heavy metals in the solid-liquid phase of the sediment. (3) The
hydrothermal treatment promotes the release of heavy metals in the solid-liquid phase in weakly bound form to the liquid phase, which
might form more stable minerals with the anions in the liquid phase through precipitation and complexation, and at the same time, the

aromatic groups generated by the reaction of some of the organic materials in the sediment generated strong compounds with the heavy

metals to immobilize them, thus decreasing the bioefficacy and eco-toxicity of the heavy metals in the sediment.

Keywords river sediment hydrothermal treatment heavy metal
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Tab. 1 Heavy Metals Mass Fraction and Properties
of Original River Sediment

B i
pH fii 7.25
Zn/(mg-ke™") 431.08
Cu/(mg-kg™") 125.02
Cr/(mg-kg™) 119.92
Cd/(mg-kg™") 7.06
Ni/(mg-kg ™) 80. 89
Pb/(mg-kg™") 94. 68
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Fig. 1 Effects of Hydrothermal Conditions on Reduction Rate of Organic Matter in River Sediment
and COD, in Hydrothermal Fluid
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Tab.2 Properties of Original River Sediment and Hydrothermal Solid Products
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C Jit 734 3.25% 2.69% 2.37% 2.33% 3.16% 2.32%
H Ji 48 1. 06% 0. 85% 0. 74% 0.71% 1% 0. 69%
N Joi i 5344 0.15% 0.08% 0.07% 0. 06% 0. 12% 0. 06%
O Ji& 4 2.34% 1.65% 1.45% 1. 24% 2.02% 1.2%
K5y 92.2% 93.73% 94.37% 94. 66% 92.7% 94.73%
0/C 0. 54 0. 46 0.4 0.48 0.39
H/C 3.91 3.79 3.66 3.8 3.57
pH i 7.25 6.63 6.39 6. 69 6.31
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Fig.2 Infrared Spectra of Hydrothermal Solid Products
of Original Sediment and Sediment Obtained by
Hydrothermal Heating at 260 °C for 3.0 h
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Fig.3 Scanning Electron Microscope Images of Original Sediment and Hydrothermal Solid Products
of Sediment Obtained by Hydrothermal 260 °C for 3.0 h
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Fig. 4 Redistribution of Heavy Metal between (a) Sediment Liquid Phase; (b)Sediment Solid Phase

after Hydrothermal Treatment
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Fig.5 Changes of Chemical Morphology of Heavy Metal in Original Sediment and Hydrothermal Solid Products
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Tab.3 Leaching Concentrations of Heavy Metal in Original Sediment and Hydrothermal Solid Products

i H Zn/(mg-kg™") Cu/(mg-kg™") Cr/(mg-kg™") Cd/(mg-kg™") Ni/(mg-kg™") Pb/(mg-kg™")
RS 163.725. 21 3.45%0. 07 0.51=0.01 0. 4420. 02 9. 60=0. 05 5.58+0. 07
HS-180-3 102.371.96 1. 4020. 02 0. 45=0. 01 0. 3820. 01 2.34x0.03 2. 00£0. 06
HS-220-3 72.47+3.23 0. 74+0. 01 0. 42+0. 02 0.28+0. 01 1. 67+0. 03 0.91+0. 03
HS-260-3 38.69+2.91 0. 62+0. 01 0. 36=0. 01 0.20=0. 01 1. 1220. 02 0. 8420. 02
HS-260-0. 5 148.301. 96 2.51x0. 03 0. 49x0. 02 0. 4020. 01 8.57x0. 04 3. 600. 08
HS-260-6 22.90+1. 47 0. 55+0. 01 0. 34+0. 01 0. 18+0. 01 0. 870. 02 0. 66+0. 01
Fl B i B A 25 1 5 0.5 1 5
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Tab.4 Concentrations of Salt Ions in Filtrate of Original Sediment and Hydrothermal Liquid Products

B BA/ (mg-L7") K*/(mg-L™") Na*/(mg-L7") Ca®/(mg-L™") Mg*/(mg-L™")
RL 21.12%0. 18 9.72+0. 19 20. 53£0. 66 27.22#1. 15 3.23+0. 13
HL-180-3 88.78+0. 73 24.52+0. 84 43.35£0.98 38.74+0. 54 4.78+0. 09
HL-220-3 119. 760. 54 26.27+1. 18 59.98+2. 11 40. 440. 61 6.45+0. 15
HL-260-3 142.57+2. 66 28.31+2.21 62.72+2. 65 41.20+2. 12 9.08+0. 10
HL-260-0. 5 32.3420.97 14.4320. 71 23.92=0. 38 30. 7820. 35 5.6920. 17
HL-260-6 143.82+1. 43 29.72+1.63 63.09+2. 34 41.610.77 9.28+0. 28
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