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1. Introduction. The recent progress in the creation of highly efficient sorbents for the removal of heavy 

metals (HM) from contaminated water is associated with the use of nanoscale materials alone or in 

combination (hybrid or composite sorbents) that have the desired properties [1]. However, the difficulties 

of solid-liquid separation of fine particles of sorbents limit their practical application for processing large 

volumes of water. To solve this problem, it is proposed to use a simple submersible device with a fixed 

hybrid sorbent [2]. The goal of present work was to obtain a new sorbent and test it for removal and recovery 

of Cd(II), Cu(II), Pb(II), and Zn(II) from waste and natural waters using a submersible device. 

2. Experimental. The hybrid adsorbent MC-HA-F was prepared by 

mechanochemical treatment of the mesoporous carbon (MC) and Fenton  

modified humic acid (HA-F) in a 1:1 mass ratio. Fine particles (<0.1 mm) of 

this sorbent were fixed onto a highly porous polymeric matrix (Sintepon) to 

obtain the composite adsorbent. The proportion of MC-HA-F in resulting  

material was 23.4 wt.%. The possibility of applying this matrix as submersible 

device for the removal of Cd(II), Cu(II), Pb(II), and Zn(II) from multi-metal 

wastewaters was studied in a laboratory experiment, and for the remediation 

of a contaminated reservoir - in a field experiment using the mesomodelling 

methodology [3]. 

3. Results and discussion. The obtained  submersible device  was tested for 

the treatment of multi-metal model wastewater in six consecutive adsorption–

desorption cycles. As shown in Fig. 2, in cycles 1–4 (in the absence of foreign 

salts) there was consistently high (95.2–99.9%) removal efficiency for all the 

metals. In cycles 5 and 6, CaCl2 and NaCl were added, respectively, to investigate the effects of foreign 

salts. This decreased the removal efficiency for Zn(II) and Cd(II) to 65 and 73% respectively in cycle 5 (in 

the presence of 80 mg L-1of Ca2+), and to 92 and 89% respectively in cycle 6 (in the presence of 800 mg L-

1of Na+). After sorption from a solution containing Cd(II), 

Cu(II), Pb(II), and Zn(II) at initial concentrations of 20, 10, 30, 

and 30 mg L−1, respectively, the residual concentrations of Cd(II) 

(0.05–0.11 mg L−1), Cu(II) (0.02–0.3 mg L−1), Pb(II) (0.02–0.30 

mg L−1), and Zn(II) (0.19–2.4 mg L−1) were less than the 

maximum permissible concentrations in wastewater (0.69, 3.38, 

0.69, and 2.61 mg L−1 for Cd, Cu, Pb, and Zn, respectively) [5]. 

Only in the presence of foreign calcium cations, the residual 

concentration of Cd(II) and Zn(II) (5.5 and 11.7 mg L−1, 

respectively) exceeded this level. It was found that the amount of 

metals desorbed from the loaded composite adsorbent was 85–

99% of the amount of adsorbed metals for all cycles. The 

retention of this highly efficient adsorption–desorption processes 

in successive cycles of water treatment confirms the good 

chemical stability and strong fixation of MC-HA-F to the polymer material. In addition, the regeneration 

Fig 1. Submersible 

device with hybrid 

sorbent MC-HA-F 
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Fig. 2. Efficiency of metal removal  
from multi-metal model wastewater 



and subsequent reuse of the adsorbent MC-HA-F in a simple submersible device would be economically 

beneficial for practical applications. Therefore, it can be assumed that hybrid adsorbents can be used in 

submersible devices for finishing sewage treatment.  

The effect of using a submersible device for remediation of a contaminated reservoir is shown in Figs ,3, 

4. A sharp decrease in the HM concentration occurred in the first day, and by the end of 12 days only 2.7% 

of Cu, 3.4% of Pb, 3.9% of Cd, and 6.5% of Zn remained in the water (Fig. 1). Effective removal of metals 

from the water contributed to the rapid restoration of the phytoplankton organisms after their oppression 

by metals (Fig 2), resulting in the formation a renewable channel for HM removal by metal biosorption..  

  
         Fig.3. Removal effiency.                                          Fig 4. Response of phytoplankton abundance 

4. Conclusions. It is shown that hybrid sorbent fixed on a synthetic porous material can be effective way 

of remediating wastewaters and natural waters contaminated with metals. It is important to note that the 

highly efficient desorption of metals, and in a solute form, allows them to be reused instead of being 

discarded. Сombined effect of HM removal with hybrid sorbent and isolation of water in minicosms 

resulted in rapid succession of phytoplankton culminating in short persistence of its community 

extraordinary for background waters and unable to exist in them. In contrast, zooplankton remained 

suppressed from the beginning of the experiment irrespective of significant HM decrease. 
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