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Abstract

Studies on toxicity and tolerance of cadmium (Qapper (Cu) and Zinc (Zn) in the diatdAtanothidium
lanceolatum (Brébisson) Lange-Berta[t. lanceolaturpwere conducted by short-term bioassays using cell
density, mortality and photosynthesis apparatuarpaters. Results showed that the growth of themiiatas
acutely sensitive to high metal concentrationsh@ order: Cd>Zn>Cu. Also, the IC50 calculated fus t
diatom are 0.25; 0.35 and 0.62 mg.for Cd, Zn and Cu, respectively. The statistiaalgsis showed that
there was a significant effect on Fv/Fm and on migbyll-a of P. lanceolatumat Cd, Zn and Cu
concentrations 0£0.1;>0.2 and >0.4 mg.L, respectively, showing that photosynthesis is nadfected then
growth. Nevertheless, the diatom is tolerant te¢hmetals in comparison with other works and nuistant

to Cu because the accumulation of this elementfatasd to have the greatest affinity for tRelanceolatum
cells. Thus, this diatom widely available could ded as an economic biosorbent cheap materiahéor t
removal of these ions especially Cu from TensifteRiwaters. Further studies are needed to incrdese
biosorption capacities of biomass and develop apfa biological technologies applicable in the
wastewater treatment.

Keywords:Planothidium lanceolatuptoxicities and tolerances, metals, accumulation.

1. Introduction

Trace metals enter rivers from different sourceduiting domestic and industrial wastewaters, atjrical
runoff, and release from contaminated sedimentsatorospheric deposition [1, 2]. The input of these
pollutants into the aquatic ecosystems can maialgiffuse (non-point-source pollution) or punct@abint-
source pollution), depending on their source, aray mave different environmental consequences. Some
heavy metals are well-known as freshwater and regsoilutants, and much interest has been dedit¢ated
elucidate their toxic effects on algae [3, 4].

Heavy metals such as Cd, Cu and Zn, in wastewaterlazardous to the environment. These ions meseca
toxic and harmful effects to living organisms interaand to the consumers of it [For this reasons, the
development of systems for their removing from aldl areas is necessary [6Recently, heavy metal
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biosorption using biological material has emerged & potential alternative instead of the existing
conventional physicochemical methods [7-9]. Amohg tiological material, algae have proved to be
advantageous because they present several adw@ritageconomic regeneration, metal recovery [iatéy,
lower volume of chemical and / or biological sludgebe disposed off, high efficiency in dilute e#hts and
large surface area to volume ratio [10]. The bieewortration degree by diverse phytoplankton has lagsm
extensively studied [11]. Phytoplankton has thditghio detoxify excess metals by producing extiatar
and intracellular binding compounds (e.g. phytoaties) [12].

In Marrakech (Morocco), an important pollution isngrated by the industry and mining which discharge
metals into the Tensift River, mainly Cd, Cu and [28]. Industrial wastewater and mining wastes 8ow
directly into the environment without any treatmdntMorocco, freshwater microalgae especiallyatiag are
only used for ecological purpose or for diatom @edi applications to evaluate river water qualityere are
only few studies on metal toxicity and on diatoniighbto remove metals from the environment [14].

The objective of this study was to investigate dbdity of the diatomP. lanceolatuno tolerate Cd, Cu and
Zn by the determination of a share of the toxiatyer 72h under laboratory conditions, comp&e
lanceolatumtolerance for the three heavy metals and theiuraotation after the exposure time, and to
evaluate, on the other hand, the relationships detwoxicity and accumulation of Cd, Cu and Zn lng t
diatom because little information is available be telationships between these two aspects (Ac@iion)
toxicity). The main interest of this microalga liesits ability to adapt easily to environmentattias and it is
dominant during all the year [15].

2. Material and methods

The places of procurement of chemicals and instnisnesed in the experimental study are the labogratb
Bioprocess Engineering at the Faculty of SciencesTachniques and the Hydrobiology, Eco-toxicolagy
cleansing Laboratory at Semlalia Science Facultyanrakech.

2.1 Isolation and cultivation of P. lanceolatum:

The microalga used was the bentRidanceolatunisolated from the Tensift RivelP. lanceolatunwas grown

in sterilized modified WC medium at pH 7.0 (WrighCryptophyta) [16]. Algal cultures were maintained
Erlenmeyer flasks of 2 liters-capacity in orderpmvide sufficient quantity of biomass for experirtse
Cultures were incubated in a culture room illuminhat 72 HE m-2 they were shacked under a light/dark
cycle of 16/8 during 10 days at 25°C. Cultures warecked regularly microscopically. These cultusese
deemed axenic.

2.2 Toxicity and Accumulation of Cd, Cu and Zn:

A batch method was used for growth-rate-inhibitmoassays and accumulation using 250 mL boros#licat
glass Erlenmeyer flasks, coated with Coatasil siag solution to prevent adsorption of heavy neetalthe
glass. Test flasks were soaked in 10% (v/v) nagitl overnight and rinsed thoroughly with distilledter. A
stocks solutions (100 mg™) of Cd, Cu and Zn were prepared from cadmium dtiofCdC}), copper sulfate
(CusQ 5H,0) and zinc chloride (Zn@) using sterilized distilled water respectively, iath was further
diluted to different concentrations (0, 0.1, 0.24,0.8 and 1.6 mg) of Cd, Cu and Zn using the WC
medium lacking EDTA. It has been demonstrated HRA[ A greatly decreases the toxicity of heavy melgls
chelating them [17, 18]. The higher concentratimese used to better simulate concentrations raejeat¢he
local environment. The sub-lethal of Cd, Cu andodrP. lanceolatunwas determined using 72-h old diatom
cultures. Sub-samples (5 ml) were taken from eadk fat the beginning of each toxicity test and ieut]
prior to determination of total dissolved Cd, Cuda&n. Each flask was inoculated with®ells.mL? of a
prewashed. lanceolatunsuspension according to OEQD9]. Flasks microcosms were incubated under the
same conditions as mentioned above.

2.2.1 Density and biomass algal:
Algal cell density of each flask microcosm was nueed daily using a hemocytometer Malassez cell and
calculated as cell numbers (cells.THL
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2.2.2 Photosynthetic activity and photosynthetic pign{@tiorophyll a):

The maximal photosynthetic efficiency (Fv/Fm) atsl kinetics were assessed in different concentratio
Cd, Cu and Zn during ten days. Before recordingflitt@escence, all samples were adapted to thefdagk
min. Sufficient to allow complete re-oxidation difet photosystem (PS) Il reaction centers. The fleeres
emission rates were evaluated using a handy PHioteBcy Analyser fluorometer (Handy PEA fluorimete
Hansatech Instruments Ltd, King’s Lynn, UK) witimaximum light intensity of 3000 pmol:fis™.

Other parameters, based on the theory of energyifid®Il and using the JIP td20], were calculated. Such
as ABS/CS (Absorbed energy flux per cross-sectigpjesses the total number of photons absorbed,d%Ro/
(Trapped energy flux per CS) describes the maxiatal oy which an excitation is trapped, ETo/CS (tbec
transport flux per CS), DIo/CS (Dissipation energr I£S), RC/CSo and RC/CSm (Numbers of active
reaction centres in the state of fully oxidized amdiuced PSIl reaction centre respectively) and PI
(Performance Index).

After 72 hours of exposure, the spectophotometradyais of chlorophyll a was based on the standsethod

of Rodier [21]. Subsamples (50 ml) were filterebtigh cellulose filter (0.45 pm). The chlorophyttrction
was carried out in 90% acetone. After centrifugat000 tr/min, 5 min), the supernatant was caroedby
spectrophotometer at 630, 645, 663 and 750 nm.

2.2.3 Metal accumulation:

After 72 hours of exposure, the algal cells weltered on a 0.45 um Millipore filter, the resultifigrate was
acidified with ultrapure nitric acid and storedtire refrigerator before the analysis. The detertiunaof Cd,

Cu and Zn in the filtrate (free metal) was perfodmey a flame atomic absorption spectrophotometer
(UNICAM 929). [Metal accumulated] = [total metaplied) - [free metal] [22]. The bioconcentratiator
(BCF) was calculated as the ratio between the aglation amount of metals (mg/g-dry wet) and their
concentration in solution.

2.3 Statistical analysis

All the experiments were carried out in triplicaied the mean values with standard deviation argepted.
The 72-h IC50, i.e. the inhibitory concentrationrémluce the growth rate by 50%, was calculatedngdur
exponential growth, using linear interpolation noetHor sub-lethal toxicity using statistical soft@a(lCp
Ver.2.0) [23]. Measured Cd, Cu and Zn concentratiware used in all calculations of toxicity endpeiThe
data were tested for normality and homogeneity afance, and tests for significance between tredmen
were determined using a one-way analysis of vagdASBOVA), and the Student-Newman-Keuls (S-N-K) (P
<0.05) test was used for detection of differencesvben groups. All analyses were carried out usiireg
program SPSS 17.0 for Windows.

3. Results and discussion

3.1 Toxicity

3.1.1 Algal density:

The effect of increasing Cd, Cu and Zn concentngtion the cell density &f. lanceolatums shown in Figure
1. The exposure d?. lanceolatunfor 72h to different concentrations of Cd, Cu a&rd(0, 0.1, 0.2, 0.4, 0.8
and 1.6 mg.L}) showed an exponential negative relationship betweell density (R?=0.941, R?=0.969 and
R2=0.974 for Cd, Cu and Zn respectively) and thewrh of metal supplied to the medium. The decréase
the cell density with increasing of metal concettrawas most pronounced with Cd, followed by Zil &u.
According to Toress et al. [24] growth is a goodigator of the toxic action of metals in microalgaed
reflects the metabolism of the cell. During the 7& lexperiment duration, when metal added werecmezd,
the growth of P. lanceolatumwas inhibited. HowevelP. lanceolatumwere acutely sensitive to metals
in the order: Cd>Zn>Cu, including therefore inchgliP. lanceolatumin the group of the most tolerant
organisms to copper. Indeed, other species areatadl tolerant to copper at less than 1.6 mgas].
According to other works [25, 26] algal density waffected by these metals (Cd, Cu and Zn) but more
tolerance was observed with Cu.
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Figure 1: Effect of cadmium. copper and zinc concentrationsdiatomP. lanceolatumgrowth after 72h
exposure on WC medium. (mean +S.E.)(n=3).

In addition, the IC50 values calculated are 0.285@nd 0.62 for Cd, Zn and Cu, respectively (TdBleThe
comparison of the IC50 values of heavy metal®idanceolatums interesting for discussion. The results
indicated that the alga was most sensitive to C25(@ng.L"), followed by Zn (0.35 mg.t) and Cu (0.62
mg.L™). Although Cu and Zn are essential metals fontivbrganisms, these metals can be toxic and caecau
algal cell death at elevated concentrations. Coimgdhese IC50 values with those just mentionethiote 1,
our results show, generally, higher values for Cd, and Zn, but no study of toxicity was made Ror
lanceolatunfor such a comparison, Taken together, there aite $imilarity and difference in the toxicity data
from the present and previous studies. Howeves, igiunavoidable since it is generally problematic
compare IC and EC values between different studieshich toxicity tests have been carried out wighious
laboratory apparatus, toxicity criteria, algal gpecand experimental conditions (e.g., temperatcuéure
medium, salinity, exposure time, g8@vailability, light source and light intensity).

3.1.2 Photosynthetic activity and Photosynthetic pign{@htiorophyll a):

At the physiological level, the measurement of pephthetic efficiency (Fv/Fm) and the JIP test aseful
and effective parameters to assess the photosyn#tetus of alga under heavy metals stress conditiThe
above described physiological measurements prawifiest insight into the changes of the photosytithe
apparatus upon the action of Cd, Cu and Zn. A glogsiemical approach, based on fluorescence inductio
measurements, according to Strasser and Strag§enfds chosen to get more information about thengbs

in structure and functioningf the photosynthetic apparatuskaflanceolatunon metal addition. The Effect of
Cd, Cu and Zn at different concentrations on maxmguantum efficiency (Fv/Fm) of photosystem Il of
diatom P. lanceolatumafter 72h is presented in Figure 2. Data wereyaedl by ANOVA and Student-
Newman-Keuls (S-N-K) test (R0.05). As the Cd, Cu and Zn concentrations incetas¢he medium, Fv/Fm
decreased. The statistical analysis showed tha thas a significant effect on Fv/Fm Bf lanceolaturmat
Cd, Zn and Cu concentrationsxd.1 ,>0.2 and>0.4 mg.L", respectively.

Figure 2 indicating that the three metals had dnibitory effect in the following order Cd>Zn>Cu dhe
photochemical activity oP. lanceolatumIn our study, metal toxicity was quantified as ihieibition of the
maximum photosystem Il quantum yield. The Fv/Fm pawveal the mechanisms involved in metal toxicity
[28]. Cd was thought to inhibit PSI and PSII adtii29, 30] ultimately resulting in a significantdction of
Fv/IFm which indicated direct or indirect photosyetth activity impairments [28, 31]. However, Zheual
[32] proposed that the inhibitory site of CdNhcrocystis aeruginosavas not located at the PSIl or PSI level,
but was probably situated on the ferredoxin/NADRidoreductase enzyme at the terminus of full etectr
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transport chain. Miaet al [28] suggested that the Fv/Fm and the cell-sgegifowth rate had comparable
sensitivities in quantifying the toxic effects oiCCu and Zn in marine phytoplankton. In fact,sitwell
known that C@ disorganizes chloroplast causing the damage ofopkothetic pigments [33]. As a
consequence of this, the photosynthetic activityldseverely be affected, causing the growth irtiaibior
complete death of the cells. Biosynthesis of phyaom and carotenoid could also be affected byhisy
metal ions [34]. However, for zinc, growth inhibiti may not be related to the intracellular metal
concentration, but to extracellular zinc [35]. &cf, the possible mode of toxic action of zincekated to the
cell membrane, where it may disrupt the uptakeaddéiom which is necessary for the Ca-ATPase agtivit
cell division [36]. For copper, Stauber and Fla®fi37] found that it toxicity resulted from a réan in the
cytoplasm between copper and glutathione (reduoed,6SH), leading to oxidation of glutathione (dzet
form, GSSG), disturbance of the GSH:GSSG ratio, suqgpression of mitosis. Copper concentrations that
were inhibitory to cell division had no effect other cell functions such as photosynthesis, respiraATP
production, electron transport, and membrane utitreitire to explain this resistance Bf lanceolatunfor
copper, cells continued to photosynthesise but weable to divide, leading to an increase in de#,ssimilar

to that reported foChlorella sp. [38]. The reduction of Cu toxic effects witwer concentrations (<0.4
mg.L™") can be accounted for either as a result of akmlirement of this element in metabolic processes
explained by production of some organic compoundtiwdecreases metal toxicity. Albergatial [39] and
Rijstenbilet al [40] suggested that some of the algae capalpeoguce metal binding compounds therefrom
get the ability to bind and sequester copper ionghé cytoplasm and reduce toxicity. The correspand
compounds are thiols, glycoproteins and carbohgdrafforres et al. [41] demonstrated that algae
Cylindrothica fusiformigproduces carbohydrate as a defense mechanisnmstigapper toxicity in stationary
phase when cells are exposed to 0.5 mgAt longer exposure times, copper may affect slidee
organelles such as the chloroplast and mitochondfilang et al. [38] reported structural alterations to
thylakoid membranes @hlorella sp. and inhibition of photosynthesis.

There were no significant differences on Fv/Fm leetvcontrol cultures and cultures with 0.1 andnig2L™*
concentrations (P>0.05) for Cu and cultures with fhg.L* concentrations (P>0.05) for Zn (Figure 2),
confirming that its effect on the photosynthetipagatus is not a stress response.
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Figure 2: Effect of cadmium. copper and zinc at differenh@@ntrations on maximum quantum efficiency
(Fv/Fm) of photosystem Il of diatof. lanceolatumafter 72h exposure. Different lower-case letterst rio
the bars indicate significant differences (p < D.@%ong treatments (Student-Newman-Keuls (S-N-Kinfro
ANOVA one way test) (mean £S.E.)(n=3).
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Table 1: Toxicity of Cd. Cu and Zn for different microalgaaccording to different authors.

Microalgae species Endpoint Metal toxicity (mg.L%) Exposure | References
cd Cu Zn time (h)

Planaothidium lanceolatum IC50 0.25 0.62 0.35 72h This study
Micractinium pusillum IC50 0.28 - 0.34 72h [22]
I sochrysis galbana EC50 0.91 1.4 0.6 120h [27]
Chaetoceros sp. EC50 - 0.088 - 72h [50]
Phaeodactylum IC50 - 0.008 - 72h [51]
tricornutum
Thalassiosira pseudonana IC50 0.0078 - - 96h [52]
Chlordlavulgaris EC50 - - 0.153 72h [53]
Nitschia palea IC50 0.0276 - - 120h [54]

Regarding changes in pigment composition (chlor@)y in autotrophic cultures d?. lanceolatumgrown
under different concentrations of Cd, Cu and ZmyFé 3), the same results were observed with réespec
chlorophyll-a concentrations as another indicatoraigal growth, which had offered evidence that Buand

Cd may affect the chlorophyll synthesis or photadlsgtic activity at concentrations 0.1,>0.2 and>0.4
mg.L™ for Cd, Zn and Cu respectively (Figure 3), like fiv/Fm, except for Cu metal were a significaneetff
on the diatom was at concentrations more than @4t Thus a good linear relationship was observed
between the chlorophyll a concentration and maxinquantum efficiency (Fv/Fm) of photosystem II. Téner
were no significant differences on chlorophyll avimen control cultures and cultures with <0.4 rilg.L
(P>0.05) for Cu and culture with 0.1 mg.toncentrations (P>0.05) for Zn.
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Figure 3: Effect of cadmium. copper and zinc at differeninaentrations on diatonf. lanceolatum
Chlorophyll a after 72h exposure. Different lowaise letters next to the bars indicate significaifierdinces
(p < 0.05 among treatments (Student-Newman-Keuls (S-N-K)mfrdNOVA one way test) (mean

The effect of Cd, Cu and Zn on kinetic of maximuoatum efficiency (Fv/Fm) of photosystem Il fh
lanceolatumwas also determined. The three heavy metals tezdgnwith 0.2 mg.L concentrations presented
clear evidence of disturbing photosystem Il (Figd)e Since fluorescence responses (Fv/IFm) were much
lower than controls for Cd treatments, due to ty@id decreases in Fv/Fm, which produced measursment
lower than 0.18 relative units. This decrease \aétser slow in the presence of Zn, while 0.2 rifgreduced
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Fv/IFm to 0.26 but then increased again after 2 dayscubation. However, during these 10 days qosxire,

Cu reflected a less significant toxic impact on tpkgnthesis, with the Fv/Fm of 0.33 compared tdb 0B
control. This situation is reversed quickly to abilized, where proteins and compounds photostyictlee
resynthesized [42], this mechanism is often foundesurrection plants [43], therefoi, lanceolatunmhave

an adaptation mechanism of photosynthetic alterapimmduced by heavy metals (Cd, Cu and Zn) stress
conditions.

0,4
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- —t— Control
tg. 0,2 —=—Cd
L
—&—Cu
0,1 1 a—Zn
0,0 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Time (Days)

Figure 4: Kinetic of maximum quantum efficiency (Fv/Fm) dfigtosystem Il irP. lanceolatuntreated with
0.2 mg.L* of Cd. Cu and Zn (mean +S.E.)(n=3).

JIP-test parameters (Table 2) showed that Cd, @uZantreatment decreased the absorbed energy flux pe
cross-section (ABS/CS), trapped energy flux per TRo(CS), electron transport flux per CS (ETo/CS),
dissipation energy per CS (DIo/CS), RC/CSo and BBaiCFinally, these changes resulted in a decreabe i
performance index (PI). In addition to the resuttsntioned above, the JIP analysis, was done tesaitise
effect of Cd, Cu and Zn on electron transport atdhceptor site of PS Il, which show that the threavy
metals induce changes in energy fluxes in the piwotostic apparatus &. lanceolatumthere is reduction of
all parameters JIP for three metals, but this rédnds more accentuated for Cd than Zn and Cue fbial
light energy flux absorbed (ABS) significantly des@@ with the increase in the concentration; howeis
energy was slightly dissipated (Dlo). These chanwgae® accompanied by an incomplete supply of entrgy
the reaction centres (RC) of the PS as the trappieygy (TRo) decreased as did the number of RG. Th
reduction was reflected in a low electron transfloxt (ETo) involved in CQ fixation. These changes in the
photosynthetic apparatus have been observed greliff organisms affected by diverse heavy metdiglf].

3.2 Metal accumulation:

In addition, the physiology itself may have an @aleeffect on the way in which the metal is accumted in
the cell. It is demonstrated that there are twosphan metal adsorption by microalgae: a first phase
dependent on cellular metabolism, where metal biodthe cellular surface, and a second, slower gghas
dependent on metabolism, where metal is accumuiatte interior of the cell [18]. Table 3 showe ttotal
amount of three metal element biosorbed by thigaaiga as function of different metals concentragiin
the medium after 3 days of exposure, and theltreguconcentration factor (ratio of metal centration/g
dry weight of cells to concentration per ml oétad test solution). BCF of the Cu was found teehthe
greatest affinity for the cells (1918.86), while @dd intermediate, and Zn the lowekb. explain this lowest
affinity for Zn (BCF=549.03), Macfie and Welbourn/[4found that metals in increasing order of affirfity
the cell wall inChlamydomonas reinhardtivere Ni, Co, Cd and Cu, wich matche the order tdltmetal
content of the cell with Ni being accumulated ia thast amounts.
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Table 2: Summary of selected JIP-test parameter® .ofanceolatumafter 72h exposure to various metal
concentrations of Cd. Cu and Zn.

Metals| ~C P.I. ABS/CS TRo/CS ETo/CS DIo/CS RC/ICSo| RC/CSm
(mg.L™)

0 0.18+0.001| 25.16+0.310| 8.35+0.140 | 5.08+0.002| 16.81+0.540 | 2.64+0.025| 5.13+0.170

0.1 0.12+0.001 15.01+0.120 2.52+0.080 2.66+0.090.48%0.160 | 2.01+0.001 2.02+0.110

cd 102 0.07+0.001| 14.01+0.100| 1.80+0.007 | 2.47+0.100[ 12.19+0.002 | 1.54+0.071| 1.72+0.130

0.4 0.04+0.007 13.15+0.090 1.55+0.00L 1.56+0.030.43£D.050 | 0.75+0.003 1.02+0.046

0.8 0.03+0.001| 12.83+0.110( 1.26+0.005 | 1.38+0.006| 09.87+0.070 | 0.64+0.001| 0.93+0.002

1.6 0.01+0.003 12.50+0.080 1.08+0.008 1.11+0.001.8B.170 | 0.57+0.00] 0.85+0.049

0 0.18+0.001| 25.17+0.310| 8.35+0.140 | 5.08+0.002| 16.81+0.540 | 2.64+0.025| 5.13+0.170

0.1 0.16+0.001] 20.17+0.330 6.97+0.110 4.84+0.120.19#0.230 | 1.90+0.14Q 3.23+0.140

cu 102 0.14+0.001| 18.83+0.210( 4.91+0.100 | 3.66+0.076] 13.92+0.170 | 1.74+0.010| 2.41+0.007

Y o4 0.11+0.001 17.67+0.17¢0 3.68x0.060 2.79+0.012.888.007 | 1.21+0.002 2.09+0.013

0.8 0.06+0.001| 17.02+0.090 | 2.80+0.007 | 2.71+0.021| 13.49+0.032 | 1.05+0.006| 1.28+0.001

1.6 0.05+0.001 16.83+0.018 2.05+0.090 2.66+0.004.980.001 | 0.91+0.001 1.06+0.043

0 0.18+0.001| 25.17+0.310| 8.35+0.140 | 5.08+0.002| 16.81+0.540 | 2.64+0.025| 5.13+0.170

0.1 0.18+0.001 24.56+0.43) 7.19+0.100 5.02+0.091.3140.420 | 2.82+0.02Q 4.49+0.310

o0 102 0.16+0.001| 21.83+0.260| 6.91+0.002 | 3.79+0.054| 15.92+0.089 | 2.34+0.001| 3.57+0.008

0.4 0.16+0.001] 21.58+0.050 6.11+0.016 4.62+0.130.38.005 | 1.85+0.034 3.44+0.014

0.8 0.14+0.001| 20.83+0.120| 4.76+0.002 | 2.84+0.008| 14.07+0.120 | 1.59+0.002| 2.96+0.001

1.6 0.02+0.001] 15.53+0.00f 1.26+0.00L 1.86+0.001.238.190 | 0.01+0.00] 1.05+0.045

Values represent mean of six measurements.

The recently developed biotic ligand model, whiclygested that metal toxicity to the organisms tedul
from metal bioaccumulation in the algal cells, bagn used to predict metal toxicity in organisn@,[#vhich
explains high BCF for Cd (1223.24) with large taticfor P. lanceolatum since the variations of the
inhibition percentage of the toxicity parametersl{Qlensity, Fv/Fm and chlorophyll) were much more
dependent on the intra-Cd concentration.

Table 3: Cadmium. Copper and Zinc biosorbed By lanceolatumand Bioconcentration factor after 72h
exposure for different concentrations (mean +ShE3}.

Initial metal Metal Biosorbed (mg.g' DW) Bioconcentration factor

concentration (mg.L™") Cd Cu Zn Cd Cu Zn

0.1 2.21+0.2 1.65+0.4 1.55+0.5 221 165| 51.67
0.2 5.82+0.4 3.65+0.2 3.52+0.3 291 365 70.4
0.4 22.63+1.2 8.56+0.5 19.2+0.5| 11315 856 120
0.8 71.98+1.5( 53.841.2| 53.58+1.1| 1199.67| 1054.87[ 357.2
1.6 275.51+3.1] 134.32+1.9] 118.66+1.7| 1223.24| 1918.86| 549.03

DW : Dry Weight

The higher Cu accumulated in the expoBedanceolatumcould be due to induction of heavy metal peptides
sequestration (phytochelatin) and detoxifying neetizd vegetal cells. The induction of phytochelaitin
phytoplanktonic algae has been widely demonstriadéid in the laboratory cultures and in field stsdidaciri

et al [49] found correlation of the concentrations af ®ith the metal-binding polypeptides phytochelatin
Tetraselmis suecicalhus, the highest level of metal biosorbed arg.21A43.1, 134.32+1.9 and 118.66+1.7
mg.g* DW occurred in cultures, respectively, with high€sl, Cu, and Zn concentrate of 1.6 mg.ln
comparison with otherlgal species, this diatom accumulates largely m¥agp et al. [27] found that
Isochrysis galbanés able to accumulate only 0.02, 0.11, and 0.3@Mat the initial concentrations of 1 mg
Cd.L", 0.5 mg Cu.l}, 0.5 mg Zn.L[*, respectivelyThere is considerable potential for usPglanceolatunto
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treat wastewaters discharged into the Tensift Rtagmg into account Cd, Cu and Zn concentrations i
Tensift River wastewaters of 1.66, 8.85 and 15.9 figespectively [22]. In addition this microalga iepent
during all the seasons.

Conclusion

This study indicates that the diatdf lanceolatumwhich is widely available can be used as biosdrben
material for removal of heavy metals ions, espBci@u and Zn from Tensift River waters. In compans
with other studied alga®, lanceolaturms more resistant to Cu, Cd and Zn and can acatmhigh amounts
of these elements. Therefore, when the concentrafi¢hese three metals is highEr,lanceolatuncells are
able to accumulate more metal, until they reactxec level. Nevertheless, the diatom is most taleta Cu.
And the accumulation of this element was found @awehthe greatest affinity for the cells. Changeshim
photosynthetic apparatus have been also obsehegddecrease with the increase of metal concemisaind
are more affected then growth. Further studiesaeeled to increase the biosorption capacitiesomh&ss and
develop appropriate biological technologies in tineatment of wastewaters because the natural field
conditions might contain other metals and polligasnd the biochemical and physiochemical interastio
among these collective pollutants could be commitgprocess. Later on, practical applications afhsu
techniques at larger scales would be useful farebiediation of heavy metal polluted wastewatersesthere

is a lack of industrial wastewater treatment. Tfaee P. lanceolatum and possibly other microalgae - may
have the potential to be used as an ecofriendlyematiomic biosorbent cheap material for the remo¥al
toxic metals in polluted waters.

References

1. Nriagu, J.O., Pacyna, J.Mature333 (1988) 134.

2. Allen, H.E., Garrison, A.W., Luther lll, G.W. Me&lin Surface Waters. Ann Arbour Press, Chelsea, Ml
(1998).

3. Reed, R.H., Gadd, G.M. Metal tolerance in eukacyatid prokaryotic algae. In: Shaw, A.J. (Ed.), Heav
Metal Tolerance in Plants: Evolutionary Aspects CRess, Boca Raton, FL, USA, (1990) 105.

4. De Filippis, L.F., Pallaghy, C.K. Heavy metals: 8ms and biological effects. In: Rai, L.C., GauR.J
(Eds.), Phycological Perspectives of Water Poltutie. Schweizerbart Verlag, Stuttgart (1992).

5. Aksu, Z., Kutsal, TEnviron. Technol11 (1990) 979.

6. Torres, E., Cid, A., Herrero, C., AbaldeBioresource Technol63 (1998) 213.

7. Aksu, Z. Biosorption of heavy metals by microalgaédatch and continuous systems. In: Wong YS, and
Tam NFY (eds) Algae for waste water treatment. & Germany 99 (1998) 37.

8. Pavasant, P., Apiratikul, R., Sungkhum, V., Suthipanont, P., Wattanachira, S., Marhaba, T.F.
Bioresour. TechnoB7 (18) (2006) 2321.

9. Gupta, V.K., Shrivastava, A.K., Jain, Water Res35 (2001) 4079.

10. Gupta, V.K, Rastogi, AColloid. Surface. B64 (2008) 170.

11. Fisher, N.S., Reinfelder, J.R. The trophic transfemetals in marine systems. In Metal Speciatod
Bioavailability in Aquatic Systems, Tessier, A.,rfar, D.R., Eds., John Wiley, New York, (1995) 363.

12. Moffett, J.W., Brand, L.ELimnol. Oceanogr41 (1996) 388.

13. El Adnani, M., Rodriguez-maroto, J.M., Sbai, M.Lqgukili idrissi, L., Nejmeddine. AEnviron. Technol.
28 (2007) 969.

14. Zerhouni, R. A. PhD Thesis, University Sidi MohaiBed Abdellah, Fés, Morocco (2003).

15. Shihi, K.Mémoire DESAUniversity Cadi AyyadMarrakech, Morocco (2006).

16. Guillard, R.R.L., Lorenzen, C.lphycologia.8 (1972) 10.

17. Sunda, W.G., Guillard, R.LJ. Mar. Res34 (1976) 511.

18. Moreno-Garrido, I., Lubidn, L.M., Soares,M.V.M. Ecotoxicol. Environ. Safi7 (2000) 112.

19. OECD guideline 201Freshwater alga and cyanobacteria, growth inhibititest. Organisation for
Economic Co-operation and Development, Paris, 2006a

20. Strasser, R.J., Srivastava, A., Tsimilli-Michael, Mhe fluorescence transient as a tool to charaetand
screen photosynthetic samples. In Yunus, M., PatireMohanty, P. [Eds.] Probing Photosynthesis:
Mechanism, Regulation and Adaptation. Taylor arahEis, New York (2000) 445.

505



J. Mater. Environ. Sci. 3 (3) (2012) 497-506 Shihi et al.
ISSN : 2028-2508
CODEN: JMESCN

21

22.

23.

24.
25.
26.
27.

28.
29.
30.
31.
32.
33.
34.
35.

36.
37.
38.
39.
40.
41.
42.

43.

44.
45.
46.

47.
48.

49.
50.
51.
52.
53.
54.

. J. RodierL'analyse de I'eau7*™ édition Dunod, Paris, 1984.

Toumi, A., Belkoura, M., Benabdallah, S., El AlarM,, Loukili Idrissi, L., Nejmeddine, AEnviron.
Technol 28 (2007) 19.

EPA, A linear interpolation method for sublethakitity: The Inhibition Concentration (ICp) Approach
(Version 2.0). U.S. Environmental Protection AgenEpvironmental Research Laboratory, Duluth, MN
55804, USA (1993).

Toress, E., Cid, A., Fidalgo, P., Herrero, C., Aleall. Aquat ToxicoB9 (1997) 231.

Yan, H., Pan, GChemospherd9 (2002) 471.

Yap, C.K., Ismail, A., Omar, H., Tan, S.Bnviron. Int.29 (2004) 1097.

Strasser, B., Strasser, R. Measuring fast fluorescéransients to address environmental questtbaes:
JIP-test, in: P. Mathis (Ed.), Photosynthesis: Fitaght to Biosphere, vol. V, Kluwer Academic Press,
Dordrecht (1995) 977.

Miao, A.J., Wang, W.X., Juneau, Baviron. Toxical Chem. 24 (2005) 2603.

Atal, N., Saradhi, P., Mohanty, Plant Cell Physial 32 (1991) 943.

Neelam, A., Rai, L.CJ. Microbiol. Biotechnal13 (2003) 544.

Krupa, Z., Oquist, G., Huner, N.P.Rhysiol. Plant 88 (1993) 626.

Zhou, W., Juneau, P., Qiu, Bhemospheré5 (2006) 1738.

Leborans, G.F., Novillo, ANater Res30 (1996) 57.

Atri, N., Rai, L.C.J. Microbiol. Biotech 13 (2003) 544.

Wilde, K.L., Stauber, J.L., Markich, S.J., Frankid. M., Brown, P. LArch. Environ. Contam. Toxicol.
51 (2006) 174.

Stauber, J.L., Florence, T.NMar. Biol. 105 (1990) 519.

Stauber, J.L., Florence, T.Mar. Biol. 94 (1987) 511.

Wong, S.L., Nakamoto, L., Wainwright, J.JFAppl. Phycol6 (1994) 405.

Albegoni, V., Piccini, E., Coppellotti, @Comparative Biochemistry and Physioldgj (1980) 121.
Rijstenbil, J.W., Dehairs, F., Ehrlich, R., WijnHe| J.A.Aquatic Toxicology?2 (1998a) 187.

Torres, M., Goldberg, J., Jensen, TMicrobios 96 (1998) 141.

Hader, D., Lebert, M., Sinha, R.P., Barbieri, B-fIbling, E.W.Photochemical and Photobiological
Scienced (2002) 809.

Farrant, J.M., Vander willigen, C., Loffell, D.ABartsch, S., Whittaker, ARlant, Cell and Environment
26 (2003) 1275.

Zhang, D., Pan, X., Mu, G., Wang,JJAppl PhycoPk2 (2010) 479.

Pan, X., Chen, X., Zhang, D., Wang, J., Deng, G, ®., Zhu, HJ. Phycol.45 (2009) 386.

Pinto, E., Sigaud-Kutner, T.C.S., Leitao, M.A.Skatoto, O.K., Morse, D., Colepicolo, P.Phycol.39
(2003) 1008.

Macfie, S.M., Welbourn, P.MArch Environ Contam Toxic@9 (2000) 413.

De Schamphelaere, K.A.C., Stauber, J.L., Wilde,.KMarkich, S.J., Brown, P.L., Franklin, N.M.,
Creighton,N.M., Janssen, C.R. Environ. Sci. Tech3®I(2005) 2067.

Nassiri, Y., Ginsburger-Vogel, T., Mansot, JBiol Cell 84 (1995) 221.

Debelius, B, Forja, J.M., Del Valls, A., Liah, L.M. Ecotoxicol. Environ. Saff2 (2009) 1503.
Levy, J.L., Angel, B.M., Stauber, J.L., Poon, W&.L.. Aquat. Toxicol89 (2008) 82.

Wang, M.J. Wang, W.XAquat. Toxicol.95 (2009) 89.

Muyssen, B.T.A. Janssen, C.Rhemospheret5 (2001) 507.

Branco, D., Lima, A., Almeida, S.F.P., Figueira Afjuatic Toxicolog®9 (2010) 109.

(2012)www.jmaterenvironsci.com

506



