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INTRODUCTION 

Arsenic, a toxic metalloid, has been causing serious pollution. The toxicity depends on its chemical forms, 
for instance, arsenite (AsIII) is more toxic than arsenate (AsV). AsIII is the predominant species in groundwater 
that is often used as drinking water in developing countries. To remove arsenic from aqueous media, the 
coagulation/flocculation with inorganic coagulants is widely used. However, this method does not remove all 
of AsIII, and multiple operations are required. Besides, large amounts of inorganic sludge containing arsenic 
must be treated ahead of disposal and can overload landfill sites. Therefore, there is a great need for a method 
that can effectively remove AsIII with less waste. Adsorption can solve such problems because of its cost-
effective, easy, rapid, and sludge-free operations. In addition, the use of green materials is getting more 
important than ever before. In this work, we synthesized a dithiocarbamate (DTC) modified cellulose for the 
purpose of developing a low-cost and effective adsorbent to AsIII. 

 
MATERIALS AND METHODS 
Synthesis of the adsorbent 

The adsorbent named DMC was fabricated according to Nakakubo K., Hasegawa H. et al., 2019. 
Adsorption experiments 

Adsorption studies were carried out in centrifuging tubes containing 10 mg of the adsorbent and 10 mL of 
metal-containing solutions by agitating them for 20 minutes at 200 rpm and 25 °C. By following this procedure, 
the effect of solution pH, and selectivity were investigated. The concentrations of metal ions were quantified 
by inductively coupled plasma atomic emission spectroscopy (ICP-AES; iCAP 6300, Thermo Fisher Scientific, 
MA, USA).  
Volume reduction process 

The adsorbent was incinerated at 500 °C for a certain time to reduce its volume for disposal. The volume 
and weight were measured, and pictures were taken every 15 minutes. 
 
RESULTS AND DISCUSSION 
Adsorption behavior of AsIII 

The effect of pH on inorganic arsenic species was investigated. The adsorbent quantitatively extracted AsIII 
over a pH range of 2–8, but poor adsorption was observed at pH 9 and 10. On the other hand, the extracted 



AsV was around 8% at pH 2, and 0% at the other pHs. At pH 2, about 40% of AsV is negatively charged, and 
some hydroxyl groups (–OH) in cellulose, which were not substituted by DTC groups, are protonated (–OH+), 
hence electrostatic interaction between AsV and –OH+. 

The selectivity of 
DMC to various elements 
was examined at pH 3 
(Fig. 1). The extracted 
elements (>95%) were 
CoII, NiII, CuII, ZnII, CdII, 
and PbII, so-called 
hazardous heavy metals, 
and PdII, AgI, IrIII, PtIV, 
and AuIII, namely 
precious metals. In 
addition, one of the oxyanions (SeIV) was also quantitatively adsorbed. However, the alkali and alkaline earth 
metals were not extracted. According to the HSAB theory, the sulfur atom in DTC groups is a soft base, and the 

unextracted metals are defined as hard acids, resulting in little adsorption. 
Volume reduction  

Even after incineration for 15 minutes at 500 °C, the weight decreased by about 99%, and the material has 
disappeared in 30 minutes. During the combustion, some harmful gases like As2O3, SOx, and NOx, resulting 
from DTC groups, would be released. By using conventional absorbents, As2O3 gases can be safely removed. 
Therefore, unlike the coagulation/flocculation, DMC can be significantly reduced in volume, which can 
minimize landfill waste.  
 
CONCLUSION 

This study examined the adsorption performance of the synthesized adsorbent and revealed that the material 
was very selective to AsIII over a wide pH range. Moreover, toxic heavy metals including PbII and CdII as well 
as precious metals (AgI, AuIII, PdII, and PtIV) were extracted, but alkali and alkaline earth metals were not 
adsorbed. The adsorbent was incinerated and reduced by 99% in volume. Therefore, DMC can contribute not 
only to removing AsIII but also to reducing landfill waste.  
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Fig. 1. The selectivity of DMC to various elements 
 


