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Abstract

Biosorption of heavy metal ions by algae is a potential technology for treating wastewater
contaminated with heavy metals. Adsorption of lead and copper and arsenic in aqueous solutions by
some marine algae available in large quantities in Pattani Bay including Gracilaria fisheri, Ulva
reticulata, and Chaetomorpha sp. were investigated. The effect of pH on metal sorption of the algal
biomass and the metal uptake capacity of the aigal biomass comparing to activated carbon and siliga
gel were studied by using batch equilibrium experiments. It was found that the metal uptake capacity
of the biomass increased as pH of the solution increased from 2.0 to 4.0 and reached a plateau at pH
5.0-7.0. The metal uptake capacities of the algal biomass were similar. The equilibrium data of copper
and lead ions fitted well to the Langmuir and Freundlich isotherm models. The maximum sorption
capacity (Qn) values of Gracilaria, Ulva, and Chaetomorpha biomass for copper ions were 15.87,
14.71 and 12.35 mg/g, respectively, which were highcr‘ than those of activated carbon and silica gel
(Qn= 8.64 and 8.16 mg/g, respectively). For lead adsorption, the Q,, values for Chaetomorpha, Ulva,
Gracilaria, activated carbon and silica gel were 1.26, 1.186, 1.183, 1.140 and 1.156 mg/g,
respectively. The adsorption capacity of each algal biomass for arsenic was found to be less than
those for lead or copper and appeared to follow the Freundlich model (1 = 0.942-0.991) rather than
the Langmuir model (r* = 0.53-0.59). The kinetics profiles of each metal sorption showed that metal

uptake rates were rapid with 90 % of total biosorption occurring within 15-30 minutes.

The metal (lead or copper; 20 mg/l, pH 5.0) removal capacities of each algal biomass and
activated carbon were also studied by using continuous flow system. It was found that the
Chaetomorpha biomass had higher lead removal capacity (480 ml/g) than Ulva, Gracilaria and
~ activated carbon (305, 206 and 80 ml/g, respectively). For copper, the three algal adsorbents exhibited

similar removal capacities within a range of 175-240 ml/g.

Some physical and chemical characteristics of the adsorbents showed that the algal biomass
and activated carbon had the percentage of total solid within a range of 87-90. The swelling ratio and
the volume of absorbed solvent of algal biomass were 0.154 — 0.191 and 0.81-0.84, respectively. The
IR spectrum of Gracilaria biomass obtained from FTIR showed that the outer layer of alga cell walls
were composed of several functional groups including ~OH, —CH,;, C=0 connec‘ting to C=C bond or

to--NH, and C-O groups.

The metal sorption capacity of the Gracilaria biomass treated with formaldehyde and 0.2 M
CaCl, was examined by batch equilibrium experiment. The Ca-pretreated biomass showed higher
metal removal capacity than formaldehyde-pretreated biomass and native biosorbent. The metal
removal capacity of the Ca-pretreated biomass was found to be 80 and 65% for copper and lead,
respectively, while those of the native biomass were 60 and 55%, respectively. The Ca-pretreated
biomass examined by scanning electron microscope exhibited highly ordered cell surface which was

different from the native biomass. The optimum pH range for metal uptake by Ca-pretreated biomass



was 4.0-6.0. The metal adsorption occurred rapidly and reached 90% of complete sorption within 15-
30 min. In addition, the presence of each light metal ion including Na*, K*, Ca*" and Mg*" (10 mM)
had an insignificant effect on copper sorption capacity. Adsorption-desorption process for copper was
also studied by using batch equilibrium system with native and Ca-pretreated Gracilaria biomass and
0.5 M HCI as an eluent. The desorption efficiency of Ca-pretreated Gracilaria biomass was not

different from that of native biomass.

The preliminary study of copper and lead removal from the water sample contaminated with
heavy metals collected from the former tin-mining area, Thumtalu Subdistrict, Yala province was
carried out. By using continuous flow experiment with Ca-pretreated Gracilaria biomass it was found
that the biosorbent column was able to remove lead and copper up to 410 ml/g (98%) and 1,450 ml/g
(96.6%), respectively.





