N
N

N

HAL

open science

Using biochar for decreasing the mobility of metals in
contaminated soils

Frédéric Rees, Marie-Odile Simonnot, Francoise Watteau, Sandrine Matthieu,

Jean-Louis Morel

» To cite this version:

Frédéric Rees, Marie-Odile Simonnot, Frangoise Watteau, Sandrine Matthieu, Jean-Louis Morel. Using
biochar for decreasing the mobility of metals in contaminated soils. SUITMA 2015, Sep 2015, Mexico

City, Mexico. 2015. hal-02792570

HAL Id: hal-02792570
https://hal.inrae.fr /hal-02792570
Submitted on 5 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.inrae.fr/hal-02792570
https://hal.archives-ouvertes.fr

UNIVERSITE
DE LORRAINE

Fredeéric REES1a, Marie-Odile SlMONNOTZ, Frang:oise WATTEAU1, 'Université de Lorraine/INRA, Laboratoire Sols et Environnement, 54500 Vandceuvre-lés-Nancy, France
o 3 _ . 1 2Université de Lorraine/CNRS, Laboratoire Réactions et Génie des Procédés, 54000 Nancy, France
Sandrine MATTHIEU ’ Jean-Louis MOREL 3Université de Lorraine, Service Commun de Microscopies Electroniques et Microanalyses X, 54506 Vandoeuvre-les-Nancy, France

A corresponding author: Frédéric REES, f.rees@gisfi.fr

INTRODUCTION Cationic metals M2* may be retained on the surface of biochar by =~ =» We compared here sorption studies with
various processes!i: contaminated soil extractions in order to:
Biochar* has emerged as a promising soil = Electrostatic interactions between M?* and biochar surface Und i h 4 wh hioch
|
improver and carbon sink but its effects on = Cationic exchange between M?%* and major cations . : ebfls.tan OIW a_n wfere lochar can
trace elements in soils are still poorly known. » rt-coordination with electrons from C=C bounds of biochar TOGHEIIAS WIS £ &l 1 SUNEEE
= Surface complexation with biochar functional groups » Determine the main mechanisms involved
Litterature!!! suggests different interaction = (Co)precipitation with e.g. carbonate or phosphate in metal immobilization in soils
mechanisms depending on element, biochar . . . - .
nature and environment. Indlrect. effects of bl.ochars on §0|I metal mObI|.Ity also e?<|st, | = Assess the long-term influence of biochar
e.g. an increased soil pH affecting metal retention on soil particles!2. on soil metal mobility
* (solid product from biomass pyrolysis used as soil amendment)
MATERIALS: Biochar Soil A Soil B
. pH 92 59 8.1 ) 1. biochar: produced at ~450°C from woody biomass,
sieved to <2mm, untreated.
Cd 0.4 (0.3%) 17.6 (34%) 18.6 (1.3%) mg kg . | .
) ) y 2 soils: contaminated by smelters activity,
METHODS' Pb 7.2 () 1120 (0.2%) 1080 (0.005%) | mg kg with similar properties except soil pH
° Zn 112 (003%) 3170 (22%) 1380 (02%) mg kg-l TOTAL CONTENT (CaCl, exchangeable fraction)
1) Metal sorption isotherms and analysis of metal-loaded biochars 2) Soil extraction
+H* => With 0% or 10% (w/w) biochar amendments
\ O -40ml  +40ml - 40ml
020 3) ~ ¢ 7) 8) 3)
0.5 g biochar 1 \M/
1
50 mL of » 0’ 1
Ca(NO;), 0.01 M (48h) (7d) (40°C)
Metal: 10-50 uM ® ®
(Cd, Cu, Ni, Pb,zn) | & & ” \ |
| | 1 g biochar Agitation for Supernatant
METAL SORPTION DESORPTION RECOVERY OF BIOCHAR PARTICLES SEM ANALYSES OF PARTICLES 9gsoilAorB 1 week metal analysis
(Scanning Electron Microscope)
RESU LTS & DISCUSSION = SEM observations confirm that metals (Pb, Cd, Zn) concentrate in carbonate phases: » The presence of biochar in both soils leads to B!
: - =>» Soil A: pH A; metal extractability strongly
* Metals are immobilized at the surface of => Metals precipitated in bordered pits = Soil B: no pH change; Cd extractibility N but no
biochar, following the order: Pb>Cu>Cd>Zn>Ni 3! (communications between wood rdycells el i el far 20 o P

tracheids)

pH and equilibrium concentration of metal measured in soil extracts

Biochar Pb sorption isotherms fitted by Freundlich model

75 Ceq (umol/L) Zn Cd Pb pH (-)
E - - . Control 1072 3.56 0.62 5.8
- 20 - | Soil A :
= / Biochar 369 1.73 0.16 6.9
=1
E: P Control 6.3 0.19 0.04 7.2
& 15 - . Soil B
E Biochar 4.1 0.13 0.03 1.4
T 10 i
o " The amount of immobilized metals in soils is different
-‘E 5 Pb (adsorption) from the maximal ar.nou.nts of metals sorbed on biochar
< 09 Pb (desorption) assessed from sorption isothermes.

0 5 10 15 20 Immobilized quantities of metal in the presence of biochar, predicted

from sorption isotherms and actually observed

Solution concentration (pmol/L)

> Pb precipitated

®* |sotherms hysteresis: of pa_renj S Q,,, (Lmol/g) Zn cd Pb
=>» sorption is partially irreversible ' A % <oil A Predicted | 0.83 0.27 2.28
Observed 56 0.15 0.04
* No significant evolution of Na*, K* or Mg?* S Predicted | 0.25 0.030 0.494
with increasing sorbed metal: Observed | 0.16 0.004 0.000

=» cation exchange is limited

=» Indirect effect of biochar by increased soil pH
explains the effects on soil metals mobility
better than sorption on biochar

" pH and carbonates N when sorbed Pb A
=» precipitation of metals with carbonates

PERSPECTIVES

CONCLUSIONS o

= Bijochar amendments in soils can decrease soil
metal mobility by:

9

" Different feedstocks = Soil biota and plants
and pyrolysis conditions responses to biochar need

g ¥
o B

1) Direct effects by sorption at biochar’s surface, | s — G ™ <SS aa i could affect biochars also to be considered in
e.g by precipitation of metals with carbonates N e o |« g ability to sorb metals order to predict long-term
2) Indirect effects on soil metal retention, (e.gb. with various pH and b'ocblf'lf’" efl;ects .IorL.Ir.netal
by soil pH increase. . carbonate content) mobility and availability.
[1] Beesley et al. (2011.) A review of biochars potential role in the remediation, [2] Houben et al. (2013) Mobility, bioavailability and pH-dependent leaching of cadmium, [3] Rees et al. (2014) Short-term effects of biochar on soil heavy metal mobility are
revegetation and restoration of contaminated soils. Environmental Pollution zinc and lead in a contaminated soil amended with biochar. Chemosphere controlled by intra-particle diffusion and soil pH increase. European Journal of Soil Science
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