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Removal of cyanobacteria and cyanotoxins from drinking water by

powdered activated carbon adsorption/ultrafiltration

ABSTRACT

PAC/UF was investigated to remove the cyanobacterium Microcysis aeruginosa and
microcystins, focusing on toxins adsorption onto PAC and the combined effect of the water
organic and inorganic matrices, the cells removal and lysis by UF, and PAC contribution to

membrane fouling control and microcystins removal by PAC/UF.

The fine-grade mesoporous PAC presented high capacity and fast kinetics for microcystins
adsorption from ultrapure-water. In model and natural waters, NOM size governed
microcystins-NOM competition, and inorganics contribution was crucial. Main competitor
was NOM of closer size, hindering microcystins adsorption through a pore-blocking
mechanism. Ionic strength induced the competition of larger compounds and diminished the
competition of similar-sized compounds. Kinetic models confirmed the competing

mechanisms proposed based on kinetic and isotherm data.

UF ensured absolute removal of M. aeruginosa single-cells, although lysis was detected,
particularly with cell ageing. However, AOM-driven microcystins rejection
attenuated/avoided the permeate degradation. While not affecting the reversible fouling, PAC
improved the permeate quality and membrane irreversible-fouling, minimising the chemical
cleaning. The worst flux impairment was associated to polysaccharide-like AOM in

background inorganics, for which PAC was apparently ineffective.

PAC/UF performed better than PAC+C/F/S. For the usual concentrations of dissolved

microcystins in natural waters, 10-15 mgPAC/L achieved the WHO guideline-value.

Key-Words: PAC adsorption, ultrafiltration, cyanobacteria, microcystins, NOM, drinking

water.
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TITULO DA TESE:
Processo integrado de adsorcao em carvao activado em po6 e ultrafiltracio para remocao

de cianobactérias e cianotoxinas em agua para consumo humano.

RESUMO

Investigou-se a remo¢do de Microcystis aeruginosa e microcistinas por PAC/UF,
principalmente a adsor¢do das toxinas pelo carvao e o efeito da composicdo da 4gua, a
remocgao e lise celular por ultrafiltragao, e a contribui¢do do PAC no controlo da colmatagao

da membrana e remog¢ao de microcistinas por PAC/UF.

O PAC revelou elevada capacidade e rdpida adsor¢do de microcistinas em dgua pura. Em
dguas modelo e naturais, o tamanho da NOM determinou a competicdo microcistinas-NOM,
sendo fundamental o efeito dos ides. Verificou-se maior competi¢do de compostos idénticos,
retardando a adsor¢do por bloqueio de poros. Os i0es induziram a competicdo de compostos
maiores e diminuiram a de semelhantes. Os modelos cinéticos confirmaram os mecanismos

de competicao.

UF removeu totalmente as células de M. aeruginosa, mas ocorreu lise especialmente das mais
velhas. O material algogénico promoveu a rejeicdo de microcistinas, atenuando/evitando a
degradacdo do permeado. PAC melhorou a qualidade do permeado e a colmatagdo irreversivel
da membrana, minimisando a limpeza quimica. O fluxo foi especialmente afectado por AOM

polissacaridico (com ides), para o qual o PAC foi aparentemente ineficaz.

PAC/UF apresentou melhor desempenho que PAC+C/F/S e com 10-15 mgPAC/L atingiu-se o

valor-guia da OMS, partindo de concentracdes tipicas de microcistinas em dguas naturais.

Palavras-Chave: PAC, ultrafiltracdo, cianobactérias, microcistinas, NOM, &4gua para
consumo humano
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Removal of cyanobacteria and cyanotoxins from drinking water by

powdered activated carbon adsorption/ultrafiltration

ABSTRACT

PAC/UF was investigated to remove the cyanobacterium Microcysis aeruginosa and
microcystins, focusing on toxins adsorption onto PAC and the combined effect of the water
organic and inorganic matrices, the cells removal and lysis by UF, and PAC contribution to

membrane fouling control and microcystins removal by PAC/UF.

The fine-grade mesoporous PAC presented high capacity and fast kinetics for microcystins
adsorption from ultrapure-water. In model and natural waters, NOM size governed
microcystins-NOM competition, and inorganics contribution was crucial. Main competitor
was NOM of closer size, hindering microcystins adsorption through a pore-blocking
mechanism. Ionic strength induced the competition of larger compounds and diminished the
competition of similar-sized compounds. Kinetic models confirmed the competing

mechanisms proposed based on kinetic and isotherm data.

UF ensured absolute removal of M. aeruginosa single-cells, although lysis was detected,
particularly with cell ageing. However, AOM-driven microcystins rejection
attenuated/avoided the permeate degradation. While not affecting the reversible fouling, PAC
improved the permeate quality and membrane irreversible-fouling, minimising the chemical
cleaning. The worst flux impairment was associated to polysaccharide-like AOM in

background inorganics, for which PAC was apparently ineffective.

PAC/UF performed better than PAC+C/F/S. For the usual concentrations of dissolved

microcystins in natural waters, 10-15 mgPAC/L achieved the WHO guideline-value.

Key-Words: PAC adsorption, ultrafiltration, cyanobacteria, microcystins, NOM, drinking

water.
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TITULO DA TESE:
Processo integrado de adsorcao em carvao activado em po6 e ultrafiltracio para remocao

de cianobactérias e cianotoxinas em agua para consumo humano.

RESUMO

Investigou-se a remo¢do de Microcystis aeruginosa e microcistinas por PAC/UF,
principalmente a adsor¢do das toxinas pelo carvao e o efeito da composicdo da 4gua, a
remocgao e lise celular por ultrafiltragao, e a contribui¢do do PAC no controlo da colmatagao

da membrana e remog¢ao de microcistinas por PAC/UF.

O PAC revelou elevada capacidade e rdpida adsor¢do de microcistinas em dgua pura. Em
dguas modelo e naturais, o tamanho da NOM determinou a competicdo microcistinas-NOM,
sendo fundamental o efeito dos ides. Verificou-se maior competi¢do de compostos idénticos,
retardando a adsor¢do por bloqueio de poros. Os i0es induziram a competicdo de compostos
maiores e diminuiram a de semelhantes. Os modelos cinéticos confirmaram os mecanismos

de competicao.

UF removeu totalmente as células de M. aeruginosa, mas ocorreu lise especialmente das mais
velhas. O material algogénico promoveu a rejeicdo de microcistinas, atenuando/evitando a
degradacdo do permeado. PAC melhorou a qualidade do permeado e a colmatagdo irreversivel
da membrana, minimisando a limpeza quimica. O fluxo foi especialmente afectado por AOM

polissacaridico (com ides), para o qual o PAC foi aparentemente ineficaz.

PAC/UF apresentou melhor desempenho que PAC+C/F/S e com 10-15 mgPAC/L atingiu-se o

valor-guia da OMS, partindo de concentracdes tipicas de microcistinas em dguas naturais.

Palavras-Chave: PAC, ultrafiltracdo, cianobactérias, microcistinas, NOM, &4gua para
consumo humano
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