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ABSTRACT

The ability for the use of common freshwater charophytes, Chara aculeolata
and Nitella opaca in removal of cadmium (Cd), lead (Pb) and zinc (Zn) from wastewater
was examined. Living C. aculeolata was more tolerant of Cd and Pb than N. opaca. The
relative growth rate of N. opaca was drastically reduced at high concentrations of Cd and
Pb although both were tolerant of Zn. Both macroalgae showed a reduction in chloroplast,
chlorophyll and carotenoid content after Cd and Pb exposure, while Zn exposure had little
effect. The bioaccumulation of both Cd and Pb was higher in N. opaca (1544.3 ng/g at 0.5
mg/L Cd, 21,657.0 ug/g at 10 mg/L Pb) whereas higher Zn accumulation was observed in
C. aculeolata (6703.5 pg/g at 10 mg/L Zn). In addition, high BCF values (> 1000) for Cd
and Pb were observed in both species. C. aculeolata showed a higher percentage of Cd
and Pb removal (> 95%) than N. opaca and seemed to be a better choice for Cd and Pb
removal from wastewater due to its tolerance to these metals.

The potential of dried C. aculeolata and N. opaca to biosorb Pb, Cd and Zn
from a single-metal system, multiple-metal system and municipal wastewater were
investigated. C. aculeolata and N. opaca performed well in the biosorption of all three
metal ions, with preference towards Pb, followed by Cd and Zn. The process of Pb
adsorption onto algal biomass followed the first-order rate kinetic (N. opaca) and
intraparticle diffusion (C. aculeolata), in contrast to Cd and Zn whose biosorption kinetics
fitted the second-order rate by both algae. According to the Langmuir isotherm model, C.
aculeolata exhibited a slightly higher maximum uptake of Pb, Cd and Zn (106.4 mgPb/g,
36.1 mgCd/g, 15.2 mgZn/g) than those of N. opaca (102.0 mgPb/g, 27.6 mgCd/g, 13.4
mgZn/g). In the multiple-metal solution, an antagonistic effect by metal competition was
observed. The ability of C. aculeolata to remove three metal ions was found to be high in
real municipal water (81-100%). C. aculeolata in a continuous fixed bed column was
capable of decreasing Pb and Cd concentrations from 10 to a value below the detection
limit of 0.05 and 0.02 mg/L, respectively. Pb uptake capacity of C. aculeolata increased
with increased bed depth and decreased flow rate. Cd uptake capacity increased with
increased bed depth but remained constant at various flow rates. The Thomas model was
found to fit with the experimental data for Pb and Cd (R*>0.90). It can be concluded that
C. aculeolata is a good biosorbent for treating wastewater with low concentrations of Pb
and Cd contaminants.

KEY WORDS: CHAROPHYTES / PHYTOREMEDIATION / CADMIUM /
LEAD / ZINC / BIOSORPTION

161 pages




Fac. of Grad. Studies, Mahidol Univ. Thesis / v

msannnuiluiy mIazan tazmigaduazii uaaliouazdanzdluaivsoli
TOXICITY, BIOACCUMULATION AND BIOSORPION OF LEAD, CADMIUM AND ZINC IN
CHAROPHYTES

WA quaded 5037279 SCBI/D

1l5.a. (F13N87)

A (= a a 4 = A [ aa 4
AmzNITUMINUTAEINeTINUS : 1@ 1ATeAT1Y Ph.D. (BOTANY), Usznda Inngagna Ph.D.
(CHEMICAL ENGINEERING), 723591 8403 Ph.D. (PHARMACEUTICAL SCIENCE), 1351 nudu
Ph.D. (HORTICULTURE), Tennsal 131 duAna Ph.D. (BIOLOGY)

UNAngo
= o w o ~ o aa - H ] ' A
NNMIANEIMIMIANSI  uAANEN uawﬁmzﬁwﬂmﬂau“lumhﬂ“l%mmm"lwﬁawuﬂ
WU Chara aculeolata UANUNUMUADLAANIINLIA AL mmﬂfm Nitella opaca 8a31M133YLAVIAYDS
N. opaca anasetnnlumsomsitiiaaifiounionzianududugs amwiaaesyiiainny
v
nuUMUdedIn:d nsfnyraveslavignindelSnauliadwuhamseisaesriiaiilsumunasls-
(4 IS J = J A dy Aa = o o S
waad aaelsiaa uazualinuesaanaulo@edluamsenmnsniuaaiiouiazazil deanzainanszny
v a < v 1w o
vossollSuaniind N. opaca imsazanuaaliongans 15443 TulasnSusensu uazazmgana 21,657
4
luTasnSudensy d@a C. aculeolata ﬁmsazﬁuﬁaﬂzﬁmﬁa 6,703.5 lulasnsuaonsy amsieniaes
AN blocon -centration factor ﬂlamﬂmmmmmwmmmw 1,000 C. aculeolata HoasImImaIauaaIlien
nazaziluinnni N opaca (mﬂmﬁaﬂm 95) §nfu ¢ aculeolata wﬂuamiwmwmvﬁu
semsisaunafioniazaziafitudentn vazddinumumusdelanzmariidae
nnmsAnsIMsgaduaz’  uaadoutazdanzd  Taesusieliuuumaudomun
aculeolata 1182 N. opaca @15ngaFUazMIdaNge sesaunAouaalontazdins@aud Wy N. opaca
ﬁﬂﬁqﬂ@ﬂ%ﬂﬁsﬁiLLUU first-order rate kinetic @14318 C. aculeolata ﬁﬂﬁllﬂ@'ﬂ“ff‘]Jﬂ&’ﬁ”JuU‘U intraparticle
9
diffusion @M31eNedes Hnalnmsgaduuaaiiounazdang@au second-order rate kinetic C. aculeolata
UAIMIRATUGIgAUDIAZNIN 106.4 Haaniudensy uaallen 36.1 Naansuaoniy uasdinsd 152
HaanSuaensu FIWINN N. opaca NIMIRATUFIgAYDIAZNIN 102 daaniuaensy uaadioy 27.6
HaanSudensy uazdingd 134 HaanSusensy lumsAnwiluasezarelavzminnaudmaiany
9
amselimsgadulavgmindesas € aculeolata eunsnfialavgminiauyiialdsosay 81-100
Y
Tuindesguau
= ) = o A o o & oo '
NNMIANYINS I C. aculeolata uvuaIIlupedniieltiaiud@ewui C. aculeolata

awnsnanliumaznitazuaaiionsn 10 daansudedns maodndn 0.05 uaz 0.02 Jadniuneans
o w o o A4 o oA X do
AWEGY  C aculeolata ANNTAGATUAZAUNNTUIBANUGIWOITIIAUR TURETITNNTUNTAT

Y v Y 1 ' ¥
mslwaveniidg  drumseadunaaiiouaziiuiiuiioanugavesiinauislunednimniuigida
v
mslvavenil 2040 Hadansdewi Mamsneassawnsoaglldin ¢ aculeolata 1Wua Mg
A ' o o g’ A Aa o = dy Y
niFamngauaemahimindeniioznuazuaaiouiuilould

161 uh






