
Accepted Manuscript

Title: Suitability of humic substances recovered from sewage
sludge to remedy soils from a former As mining area- a novel
approach

Authors: Zygmunt M. Gusiatin, Dorota Kulikowska, Barbara
Klik

PII: S0304-3894(17)30362-X
DOI: http://dx.doi.org/doi:10.1016/j.jhazmat.2017.05.019
Reference: HAZMAT 18578

To appear in: Journal of Hazardous Materials

Received date: 17-2-2017
Revised date: 1-5-2017
Accepted date: 11-5-2017

Please cite this article as: Zygmunt M.Gusiatin, Dorota Kulikowska, Barbara
Klik, Suitability of humic substances recovered from sewage sludge to remedy
soils from a former As mining area- a novel approach, Journal of Hazardous
Materialshttp://dx.doi.org/10.1016/j.jhazmat.2017.05.019

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.jhazmat.2017.05.019
http://dx.doi.org/10.1016/j.jhazmat.2017.05.019


Suitability of humic substances recovered from sewage sludge to remedy soils from a 

former As mining area- a novel approach 

 

Zygmunt M. Gusiatin, Dorota Kulikowska1, Barbara Klik 

Department of Environmental Biotechnology, University of Warmia and Mazury in Olsztyn, 

10-719 Olsztyn, Poland 

 

1Corresponding author; e-mail: dorotak@uwm.edu.pl 

 

Highlights 

 Humic substances (HS) from sewage sludge are promising washing agent for soils 

 HS are extremely effective in removal of most toxic As(III) (96%, on average) 

 Organic As is removed with HS only from the most organic soil  

 Double soil washing increased As stability (based on Ir) in soils 

 

Abstract 

Batch washing experiments were performed to evaluate the feasibility of using a solution of 

humic substances (HS) extracted from municipal sewage sludge as a washing agent to remove 

As from soils at a former As mining area. Soils (S1, S2, S3) differed in organic matter 

content, pH and As concentration. At pH 4 and a HS concentration of 4000  

mg TOC L-1, As removal efficiency ranged from 18% (S2) to 27% (S3). In all cases, As 

removal proceeded according to pseudo-second-order kinetics (equilibrium As concentrations 

ranged from  625 mg kg-1 (S3) to 1250  mg kg-1 (S3); rate constants, from 1.02·10-5 kg mg-

1·min-1 (S1) to 2.05·10-5 kgmg-1·min-1 (S3).The time needed to reach equilibrium was 12 h. 

With double washing, the efficiency of As removal was 1.5-times higher (on average) than 

with single washing. Double washing increased As stability, as indicated by the reduced 

partition index, especially in soils S1 and S3. Moreover, HS effectively decreased the content 

of the most toxic As(III) (by 95-97%).  
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