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INTRODUCTION 

 With the rapid development of various industries wastes containing metals are 
directly or indirectly discharged into the environment increasingly, especially in developing 
countries, having brought serious environmental pollution, and threatened biolife. The toxic 
characteristics of heavy meals are displayed as follows:  

(1) the toxicity can last for a long time in nature; (2) some heavy metals even could 
be transformed from relevant low toxic species into more toxic forms in a certain 
environment, mercury is such a case; (3) the bioaccumulation and bio-augmentation of 
heavy metal by food chain could damage normal physiological activity and endanger human 
life finally; (4) metals can only be transformed and changed in valence and species, but 
cannot be degraded by any methods including biotreatment; (5) the toxicity of heavy metals 
occurs even in low concentration of about 1.0–10 mg/L [1]. 

Heavy metals mentioned in the field of biosorption are usually classified as the 
following three categories: toxic metals (such as Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co, Sn, 
etc.), precious metals (such as Pd, Pt, Ag, Au, Ru etc.) and radionuclides (such as U, Th, Ra, 
Am, etc.), whose specific weight is usually more than 5.0 g/cm3 [2]. Removal of toxic 
metals from wastewater is a matter of great interest in the industrial pollution of water. 
Conventional technologies for removal / remediation of toxic metal ions from wastewater 
prove to be expensive because of materials used and the high costs [3]. Biosorption, which 
is the ability of certain biomaterials to bind and concentrate heavy metals from even the 
most dilute aqueous solutions, offers a technically feasible and economically attractive 
alternative to the conventional technologies for removal of heavy metal from the 
contaminated effluents. [4] 

It is necessary to find and select from a wide variety best types of biomass, which 
is accessible and cheap. Cellulose is the most abundant resource and renewable polymer 
available worldwide. The results of research show that unmodified cellulose has a low 
adsorption capacity of some heavy metals and physical stability is variable [5]. They are 
research in which have resorted to chemical modification of pulp, to chemical modification 
of pulp chemical modification of pulp to achieve adequate structural durability and efficient 
adsorption capacity of heavy metal ions. Chemical modification can be used to vary certain 
properties of cellulose, such as hydrophilic or hydrophobic character, resilience, adsorption 
or ion exchange capacity, resistance to microbiological attack and thermal resistance [6]. β-
D glucopyranosic units comprising cellulose chain containing a primary hydroxyl group and 
two secondary hydroxyl groups. Additional functional groups can be attached to these 
hydroxyl groups with a variety of processes.  The principles and the main methods of direct 
modification of cellulose to prepare the adsorbent material are esterification, eterification, 
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halogenation and oxidation [7]. In this paper we aimed to use for retention of copper and 
cadmium ions from aqueous solutions two residual material, sawdust –a wood industry 
waste cellulosic material and coal dust – a mining waste material. No chemical reaction was 
used to introduce new functional groups on the polymer chain of cellulose. 

MATERIALS AND METHODS 

Sawdust from hardwood was obtained from the factory micro pellets Eco Energ 
Lemn Sighet. It has been used without being crushed; coal dust is a residual material 
resulting in mining process; Stock solution of Cu2+ with concentration 0.4 moles Cu2+ /L 
(25.4 mg/mL)  obtained by dissolving in a volumetric flask of 1000 mL  a 100 g CuSO4 * 
5H2O in distilled water;. Polluted water with heavy metals collected from a copper mining 
area (Bor-Serbia), with content determined by 14.1 mg Cu2+ /L. 

 Determination of Cu2+: we used two methods, atomic absorption spectrometry and 
volumetric method, respectively: a). For determination by atomic absorption, dilution of 
samples was made up to a concentration of 1 ppm as follows: it took 0.2 mL sample Cu2+ 
and brought to volume in a volumetric flask of 50 mL with a solution of 0.5N HNO3 and 
1mL of this solution was taken diluting the sample to 50 mL in the presence of HNO3, the 
same concentration; b). Titration of Cu2+  was performed as follows: over 0.1 mL of sample 
add 50 mL distilled water, 3 mL acetic acid (1M) and 0.1 mL of indicator solution alcohol 
(PAN). Titration was done with complexone solution III, EDTA (0.01 M), turn indicator is 
red-orange to greenish yellow. Factor solution was determinate daily by four determinations 
for each titration [8].  

Working scheme is shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 

Figura 1. Working scheme 
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RESULTS AND DISCUSSION 

In the first experiments working with cupper ions synthetic solution (concentration 
0.4M) the samples were taken from 30 to 30 minutes (series I) to determine the optimal time 
adsorption and the influence of pH was investigated (series II).  

The results are presented in the table below. 

 
Table I. Adsorption of Cu2+ ion cellulosic waste (sawdust) 

depending on pH and time of adsorption important situation 
Experimental series  

pH 
 

AAS determination, dilution factor  
25 000 

Series Symbol Contact 
time, 

minutes 

Initial conc. 
Cu2+, ppm 

Final conc.  
Cu2+ppm 

Adsorption, 
% 

I A A11 0 6.4 1.018 1.016 0 
I A A12 30 6.4 1.018 0.934 8.25 
I A A13 60 6.4 1.018 0.928 8.84 
I A A14 90 6.4 1.018 0.954 6.28 
I A A15 120 6.4 1.018 0.977 4.00 
I A A16 150 6.4 1.018 0.965 5.20 
II A A21 0 3.0 1.018 1.015 0 
II A A22 30 3.0 1.018 0.983 3.43 
II A A23 60 3.0 1.018 0.936 8.05 
II A A24 90 3.0 1.018 0.917 0.92 
II A A25 120 3.0 1.018 0.915 10.11 
II A A26 150 3.0 1.018 1.002 1.57 
III A A31 0 2.5 1.018 0.931 8.55 
III A A32 30 2.5 1.018 0.957 5.99 
III A A33 60 2.5 1.018 0.975 4.22 
III A A34 90 2.5 1.018 0.949 6.78 
III A A35 120 2.5 1.018 0.943 7.36 
III A A36 150 2.5 1.018 0.977 4.03 
IV A A41 0 10 1.018 1.005 1.28 
IV A A42 30 10 1.018 - precipitation 

 
The results indicate an insignificant adsorption of copper ions on the residual 

cellulosic material (between 1.28 and 10.11 %), regardless of pH or time interaction during 
the solution / adsorbent.  

In the experimental set III before use sawdust has been dried; in experimental 
seriest IV cellulose (sawdust) was treated before using with 2.5 M KOH alkaline solution, 
(see working scheme in figure 2).  
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Adsorption capacity was tested at ambient temperature and at 500C. Determination 
of copper ions was made by titration with complexone III solution in the presence of 1% 
alcoholic solution PAN as indicator. 

Results on the adsorbent properties are shown in Table II. 
 

 
 
 
 
 
 

Fig 2: Scheme of work for experimental version with chemical pretreatment 

 
Table II. Cu2+ ion adsorption on cellulosic waste (sawdust) dried or 

pretreated 
 

Experimental series  
t0C 

 
Initial 
molar 
conc, 
Cu2+ 

Final conc. Cu2+, 
Titrimetric detemination 

Series Symbol Contact 
time, 

minutes 

Final molar 
concentration 

Percent 
adsorbed 

% 
III A33, 

dry sawdust 
60 20 0.400 0.3850 3.75 

IV A43, 
dry sawdust 

60 20 0.400 0.3906 2.35 

IV A73, 
dry sawdust 

60 50 0.400 0.3859 3.52 

 
The adsorption capacity of sawdust wasn’t improved significant neither by the 

physical or chemical pretreatment of sawdust. 
These results led us to conclude that cupper synthetic solutions used in 

experiments were too concentrated, well above the adsorption capacity of sawdust. 
In our preliminary cupper ions adsorption experiments we tested as well another 

material available resulting from mining: the coal dust (experimental series B). The results 
are presented in Table III. Sampling was made of 10 to 10 minutes. 
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Table III. Cu2+ ion adsorption on coal dust 
Experimental series  

t0C 
 

Initial 
molar 
conc. 
Cu2+ 

Final conc. Cu2+, 
Titrimetric determation 

Series Symbol Contact 
time, 

minutes 

Final molar 
concentration 

Adsorbition 
% 

I B B11 
Stirring 

10 200C 0.40 0.3859 3.52 

I B B12 
Stirring 

20 200C 0.40 0.3906 2.5 

I B B13 
Stirring 

30 200C 0.40 0.3441 8.53 

I B B14 
Stirring 

40 200C 0.40 0.3348 16.3 

I B B15 
Stirring 

50 200C 0.40 0.3627 9.33 

I B B16 
Stirring 

60 200C 0.40 0.3541 11.48 

II B B2 
without 
stirring 

24 ore 200C 0.40 0.3720 7.00 

 
It is found in this case a poor adsorption as well, but is varying with retention 

times, from 3.52% to 11.48% rate of adsorption. If the adsorption takes place at ambient 
temperature without stirring, adsorption is lower (7% vs. 11.48%). 

In all the cases presented (Tables I, II, III) Adsorption isn't achieved at the expected 
level because of the much high concentration  of the prepared solution and as consequences, 
the  retention of cupper ions was negligible compared to the amount of ions in solution, 
causing a relatively constant value of the results. 

Based on these observations, in the next tests (set V), we used a more diluted 
solution of copper ions (12.7 ppm,) obtained by successive dilution from the 0.4M Cu2+ 
stock solution.  

This time it was found an adsorption of 36.4% of Cu2+ ions (Table IV). It was 
check this result on a real sample, namely a sample of polluted water collected from an area 
with mining industry (copper mine, near Bor, Serbia). The results indicate an absorption of 
50% of copper ions in the sample (included fixed copper ions in water mud trained, they 
were released by washing with acetic acid solution 0.01 M) or 25% of existing ions in water 
dissolved form. Similar results are obtained with coal dust. 
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Table IV. Cu2+ ion adsorption on cellulosic waste (sawdust) and 
coal dust 

Experimental series  
t0C 

Initial 
conc., 
Cu2+ 
Ppm 

Final conc. , 
Cu2+ 

ppm 

 
Retention, % Series Symbol Contact 

time, 
minutes 

V A A53, 
sawdust 

60 200C     12.7 8.08 36.3 

V A Polluted  
water, 

sawdust 

60 200C 14.1* 
 

7.09  
 

49.7 

V A Polluted  
water, 

sawdust 

60 200C      9.45 ** 
 

7.09 24.9 

III B B36, coal 
dust 

60 200C 12.7 7.98  37.16 

III B polluted 
water, 

coal dust 

60 200C   14.1* 
 

6.95 
 

50.7 

III B polluted 
water,  

coal dust 

60 200C      9.45 ** 
 

7.3   22.75 

* Content of total copper ions in polluted water and sediment  
** Content of copper ions in polluted water, after filtering sediment involved 

 
It can be seen that in case of the synthetic solution and real solution, taken from the 

environment, sawdust and coal dust are able to retain between 22.75 ÷ 50.7% of copper ions 
after one hour of contact with adsorbent, at room temperature. It is a promising result that 
requires further research.  

 

CONCLUSION 

 
1. Was followed the retention of Cu2+ ions from a synthetic water. It worked with a 

0.4M solution which proved to be too concentrated to retention capacity - both 
sawdust and coal dust, so in this case, no significant adsorption effects were 
observed regardless of pH , contact time, temperature, pretreatment  of adsorbent; 

2. In the case of dilute solutions (10-15 ppm Cu2+) adsorption process occurs at a rate 
of 36% using sawdust and 37% for coal dust; these results were obtained after an 
adsorption time of an hour at room temperature and pH almost neutral (pH 6.4); 

3. Treatment process was applied on a sample of water found contaminated with a 
total content of 14.1 ppm Cu2+; results are consistent with those obtained on 
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synthetic water, whichever is 25-50% retention of copper ions when working with 
sawdust and 22-50% retention of copper ions when working with coal dust. 

4. Both, sawdust, a waste cellulosic material, and coal dust (tailings resulting from 
mining) can be used for retention of copper ions in steps of contaminated water with 
a content of 10-15 ppm of copper ions. 
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