
Global Journal of Environmental Research 2 (1): 01-11, 2008
ISSN 1992-0085
© IDOSI Publications, 2008

Corresponding Author: Dr. Magda A. Shafik, Department of Biological and Geological Sciences, Faculty of Education, Alexandria
University, Egypt

1

Phytoremediation of Some Heavy Metals by Dunaliella salina

Magda A. Shafik

Department of Biological and Geological Sciences, Faculty of Education, Alexandria University, Egypt

Abstract: Heavy metal phytoremediation ability of Dunaliella salina collected from  Lake Mariut was tested,
Alexandria, Egypt. The four heavy metals Cu, Co, Cd and Zn were tested. According to growth parameters
determined viz. cell number, growth rate, mean growth rate, relative growth rate, generation time and fresh and
dry weights, one can conclude that the optimum time for harvesting Dunaliella salina grown on MH media was
8 days. Active transport is the mechanism for Cu, Cd, Co and Zn uptake by Dunaliella salina from Lake Mariut.
Dunaliella cells showed high tendency for zinc accumulation followed by cupper and cobalt, the lowest
tendency was for cadmium. The uptake of Cu, Co and Zn increased with the increasing of metal concentrations
up to 15 ppm. Various concentrations of Cd did not greatly affect its uptake by this alga. The accumulation ratio
for C-treated cells was high compared to the heavy-metals treated cells. Interaction between C and each of14 14

the four tested metals may be dependent on the free-ion activity. Zinc exhibited the greatest inhibitory effect
on C-urea uptake; Cu and Co seemed to be stimulatory while cadmium was intermediate. Most of the cell14

constituents increased with increases heavy metal concentration, only chlorophyll a content and cell counts
were decreased in the order of Cd › Co › Zn › Cu. Total fatty acids increased in the order Co › Cd › Zn › Cu. The
two elements Cd and Co run parallel to each other while zinc run parallel to Cu in their physiological trends or
behaviors. Non significant difference was observed between the control samples and the heavy metal-treated
cells of Dunaliella in total lipid composition. The results indicated that D. salina is tolerated to zinc, cupper,
cobalt and cadmium when present in water with the concentration ranged from 5-15 ppm. Increased protein and
amino acid content in the heavy-metal treated cells confirmed that Dunaliella salina can be used successfully
for phytoremediation of the four heavy metals from Lake Mariut especially when it is accompanied with single
cell protein production.
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INTRODUCTION studies [7], in this regard were carried out, where attention

Lake Mariut is the biggest lake in Alexandria; serious health hazards.
situated along the Mediterranean coast of Egypt, south Khordagui et al. [8] developed a mathematical
Alexandria. It is highly polluted with heavy metals. simulation model for the prediction of Lake Mariut
Accumulation  of  these  heavy  metals in sediments and hydrology and water quality. This model predicted that by
its uptake by algae with the risk of being incorporated the year 2020 some unavoidable morphological changes
into  the  food  chain  was investigated by [1]. Drains, and island formation will take place. One of his
automobile emission and industrial wastes were the major recommendations was filling of sectors in the lake where
sources of pollution in Lake Mariut [2]. Accelerated sedimentation and deposition of settable matter will
eutrophication has occurred in this lake as a direct result eventually form large islands. 
of heavy metals and nitrogen loading [3]. It is well known that some heavy metals which are

During  the  last  50  years,  many  investigations essential component in metabolism are toxic when present
were carried out by several limnologists and in high concentration [9]. Cupper and zinc are essential
environmentalists  on  Lake Mariut [4, 5].  Most of these heavy metals, biologically active, play a role in
studies were concentrated mainly on the environmental photosynthesis and as catalytic agents in some enzymatic
and chemical measurements [6]. Only a few biological reactions,  but when in excess, they are  extremely toxic to

has been focused on heavy metals in Lake Mariut as
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algal cells [10]. Bajgaz [11] pointed out to Cu  as one of carried out every now and then; positive cultures were+2

the most toxic heavy metals for unicellular algae. Low
concentrations can impact respiration and affect cell wall
of microalgae [12]. Also, he proved the toxic effect of
cupper on algae and its inhibitory action on the
photosynthetic activity in addition to the damage of the
plasma membrane. Vymazal  [13]  confirmed  the  role
played  by  cupper on photosynthesis especially,
photophosphorylation. Zinc also is the main structural
element in membrane-protein and DNA-protein [14]. The
toxic effect of zinc is due to enzymes poisoning. Cadmium
is a non-essential heavy metal, it become toxic by
displacing zinc [15]. Cobalt was found to affect cell
viability negatively in most of microalgae [16]. It was
described as a non-essential heavy metal causes sever
toxicity even in low concentrations [17].

Heavy metal removal mechanisms include
sedimentation,  flocculation,  absorptionand  cations and
anion exchange, complexation, precipitation,
oxidation/reduction, microbiological activity and uptake.
Microalgae remove heavy metals directly from polluted
water by two major mechanisms; the first is a metabolism-
dependent uptake into their cells at low concentrations,
the second is biosorption which is a non-active
adsorption process [18]. Various forms of aquatic
organisms  have  different   responses  to heavy metal
exposure.  Therefore,  it  is   necessary   to  characterize
the effect of metal concentrations on each species
considered [19]. 

In this investigation, Dunaliella salina was chosen
as the test organism. It is a unicellular green alga used as
a model organism for stress tolerance [20]. Aleem and
Samaan [21] identified 95 phytoplankton species from
Lake Mariut, Dunaliella was one of them. Four of the
commonly occurring heavy metals in Lake Mariut were
chosen viz. cupper, cobalt, cadmium and zinc.
Phytoremediation of these heavy metals from Lake Mariut
was tried using Dunaliella salina alga. Uptake and
assimilation of these heavy metals into the different cell
components was estimated in an attempt to find safe and
economic mechanism for heavy metals removal.

MATERIALS AND METHODS

Biomass preparation: The unicellular saline alga,
Dunaliella salina (Chlorophyta) was the test organism
used in this investigation. It was obtained from Lake
Mariut in Alexandria, purified and identified according to
[22]. The basal medium used for its cultivation was the
MH  medium  described  by  [23].  Bacterial detection was

discarded [24]. The cultures were maintained at 25°C
under light intensity of 4000 lux and aerated with sterilized
air enriched with 5 per cent CO  for 12 days. The algal2

cells were harvested at the mid of the exponential phase
of growth, subjected to starvation (for the nuclide tested)
for 24 hours, then diluted to give a suspension containing
7x10  cell ml  [25].6 1

At each sampling time, algal suspension was filtered
through  the GF/C glass microfilter. The supernatants
were discarded and the remaining filter discs with the
pellet  (cells)  were subjected for measuring the tested
metal or C.14

Growth parameters
Cell count: This was carried out by using
heamocytometer. Counts were made for at least 10
replicates every 48 hours for 16 days.

Growth rate: The growth rate (R) (number of divisions /
day) was calculated by using the equation of [26]:

Where: 3.322 = growth constant, t = time at the1

beginning of the experiment, t = time at the end of the2

experiment, N  = number of cells/ml culture at t and N =1 1 2

number of cells/ml culture at t .2

Mean growth rate: The mean growth rate (R`) (number of
divisions / definite time “days”) is calculated from the
formula of [26]:

Where: 3.322 = growth constant, t = time at the0

beginning of the experiment (days), t = time at the end of
the experiment (days), N  = number of cells/ml culture at0

t and N = number of cells/ml culture at t.0

Relative growth rate: The relative growth rate (K') was
calculated according to the following formula [27]:

Where: N = number of cells/ ml culture after time t
(days) and N = number of cells/ ml culture at initial time.o



K
G

′
=

301.0
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Generation time: The generation time (G) (is the time Beckman LS 200B Liquid Scintillation Counter as
needed for doubling the number of cells) was calculated described by [37].
according to the following formula proposed by [27]:

way analysis of variance (ANOVA) using Statistical

Where: K' = the relative growth rate.

Number of recycling: The number of recycling for
doubling the cells within a definite time could be Growth parameters: Growth parameters of Dunaliella
calculated as follows: salina grown on MH medium are shown in Table 1. The

increasing time occurred in the control sample till the 12

Where: T = time from the beginning to the end of the due to the consumption of nutrients from the medium or
experiment and G = mean doubling time during that period secretion of some toxic byproducts in the culture medium
of time. which inhibited cell growth [38, 39]. Measurements of

Fresh and dry weight: They were calculated at each maximum growth rate was obtained after 8 days of
harvesting time from cell number. incubation with medium. This indicated that the optimum

Biochemical analysis: Chlorophylls were estimated The relative growth rate decreased gradually till the
according to [28], while carotenoids were estimated 8  day where it reached the highest value (0.161);
according to the formula proposed by [29]. The phenol- generation time revealed that the least value was (1.875).
sulphoric method [30] was applied for carbohydrates During this period, the organism recycled itself 4.267 times
estimation, using glucose as a standard. and the mean growth rate after this period of culturing

Protein was measured to the method of [31]. Glycerol was 0.533. With the increasing of culturing period, the rate
content was determined according to [32]. Amino acids of growth began to decline gradually till the 16  day all
were measured according to [33]. the parameters were at its minimum values. The negative

Total lipids were extracted according to [34] by values obtained for growth rate indicating that the
extracting the algal cells with chloroform-methanol (2:1). organism reached nearly its late stationary phase and
The total lipids were then converted into fatty acids entered to the death phase. The fresh and dry weights
methyl  esters  using  the procedure described by [35]. variations run in parallel to the cell number.
The fatty acids methyl esters were identified as  fatty
acids using Gas Chromatography, model 4cm-Schimadzu Uptake of Cu, Cd, Co, Zn and C-urea: A-Uptake of
equipped with a flame ionized detector. Identification of heavy metals: The results in Table 2 indicates that active
individual fatty acid was carried out by comparing its transport is the mechanism for Cu, Co, Cd and Zn uptake
retention time with those of standards. by Dunaliella salina, since the accumulation ratios under

Infrared Spectroscopy of total lipids were determined all concentrations exceeded the unity [24]; it was well
using the total lipids previously described. These lipids known that polar heavy metals penetrates membranes of
were  analyzed  using  Infrared Spectroscopy (Perkin- algal cells actively [9].
Elmer Spectrum RXIFITR system). The measurements Dunaliella  salina  cells  have  high  tendency for
were carried out at infrared spectra between 500-4000 nm. zinc   accumulation   followed   by  cupper  and  cobalt,
Identification  of each lipid class was conducted the  lowest  tendency  was for cadmium, this may be due
according to [36]. to the importance of zinc as hydrogen transferring in

Radioactivity measurements: The radioactivity was Dunaliella with Cu, Co, Cd and Zn resulted in a great
measured in cells and filtrate of the investigated alga by change  in  its  uptake  [40].  The uptake of Cu, Co and Zn

Statistical analysis: Data were subjected to standard two

Package for Social Science (SPSS) statistical analysis
software version 11.5.

RESULTS AND DISCUSSION

number of cells demonstrates gradual increase with
th

day, where it reached the peak value of 9.3 x 10  cells.ml ,6 1

after that it declined. The decrease in cell number may be

growth  rate (depending on cell count) revealed that the

time for harvesting D. salina was 8 days.

th

th

14

photosynthesis [40]. In this investigation, treatment of



Global J. Environ. Res., 2 (1): 01-11, 2008

4

Table 1: Growth parameters of Dunaliella cultured on MH medium for 16 days

Time Cell No.x10 Growth Mean Relative Generation No. of Fresh weight Dry weight6

(days) cell/ml rate growth rate growth rate time (days) recycling mg.ml mg.ml1 1

0 0.4 - - - - - 0.107 0.016
2 0.7 0.404 0.404 0.122 2.477 0.807 0.188 0.028
4 1.4 0.500 0.452 0.136 2.213 1.808 0.375 0.056
6 3.1 0.573 0.492 0.148 2.031 2.954 1.072 0.160
8 7.7 0.656 0.533 0.161 1.875 4.267 2.064 0.176
10 8.9 0.104 0.529 0.135 2.234 4.476 2.285 0.356
12 9.3 0.032 0.378 0.114 2.643 4.540 2.492 0.372
14 9.2 -0.008 0.323 0.097 3.095 4.524 2.466 0.368
16 9.0 -0.016 0.281 0.085 3.562 4.492 2.412 0.360

Table 2: Accumulation ratio of Cu , Cd , Zn  and Co  (5, 10 and 15 ppm) in Dunaliell salina collected from Lake Mariut. Values are per cent of total+2 +2 +2 +2

amount injected

Cu Cd Zn Co+2 +2 +2 +2

Treatment ---------------------------------------- --------------------------------------- --------------------------------------- --------------------------------------
concentration 5 10 15 5 10 15 5 10 15 5 10 15

Cells 86.00 88.42 92.16 87.10 88.26 88.07 88.44 91.05 90.06 90.62 92.13 94.55
Medium 14.00 11.57 7.84 12.90 11.74 11.93 11.56 8.95 9.94 9.38 7.87 5.45
C/M 6.14 7.64 11.76 6.75 7.52 7.38 7.62 10.17 9.06 9.60 11.70 17.35

Table 3: Effect of Cu , Cd , Zn  and Co  on C-urea uptake byDunaliell salina. Heavy metals (10 ppm) were added individually 1 hour before C-urea+2 +2 +2 +2 14 14

injection, incubation period was 36 hour

Cu Cd Zn Co+2 +2 +2 +2

Treatment Control % C % C % C % C14 14 14 14

Cells 90.53 88.87 90.04 88.96 85.14
Medium 9.47 11.12 9.96 11.04 14.85
C/M 9.56 7.99 9.04 8.06 5.73

increased  with  the increasing of metal concentration up B-Uptake of C-urea by treated cells: Urea can serve as
to 15ppm, various concentrations of Cd did not a sole source of carbon and nitrogen for many plants and
significantly affect its uptake by Dunaliella cells. The organisms [24]. Radioactive urea was used because the
maximum value taken by Dunaliella cells was 94.55% from uptake of substances by cells is greatly added when the
the total injected Zn (15 ppm)and the least with 5 ppm Cu substrate  is  radioactive  [43]. The effect of Cu, Co, Cd
(Table 2). and  Zn on C-urea uptake by Dunaliella cells was

When  heavy metals penetrate the cells and come shown in Table 3.
into contact with living protoplasm, a great variety of The accumulation ratio for C-urea treated cells
biochemical reactions may be inhibited and in few cases (control) was the highest value (9.56) among all the
stimulation occurs [41]. A number of heavy metals were treatment, little decrease occurred on accumulation ratio
reported to alter some metabolic processes [17]. Since that of the heavy metal-treated cells. This is perhaps due to
each metal used was added to deficient medium, it was the counteracting effect of C for Co, Cu, Cd and Zn and
concluded that in heavy metal-deficient cells, the rate of its enhancing effect on photosynthesis. It was postulated
endogenous respiration and photosynthetic capacity are [16] that the interaction between C and each of the four
presumably low. Deficient-cells may induce metal uptake tested metals was dependent on the free ion activity. In
and metabolism as in the case of the four tested metals of this investigation cobalt exhibited the highest inhibitory
this investigation. effect on C-urea uptake. Zinc and cadmium seemed to be

Inhibition of photosynthesis retards nitrogen stimulatory, while cupper was an intermediate between
metabolism especially the pathway involved in protein cobalt and cadmium.
and free amino acids. Part of energy necessary for the Following inoculation of C-urea, vigorous
metabolism must originate from the respiration of cellular assimilation of carbon continues at reduced rate resulting
carbohydrates reserves, to maintain the vital metabolic in an increase of cell count of algal materials and an
functions [42]. accumulation of fat or carbohydrates within the cells [42].

14

  14

14

14

14

14

14
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Table 4: Effect of Different concentrations of Cu, Co, Cd and Zn on cell number, chlorophyll and carotenoid content of Dunaliella salina from Lake Mariut.
(Mean of 3 replicates±S.D)

Cu Co Cd Zn
------------------------------------ --------------------------------------- ----------------------------------------- ------------------------------------

Control 5 10 15 5 10 15 5 10 15 5 10 15

Cell No. 7.70 7.90 3.80 2.70 5.60 3.50 2.70 5.40 3.20 2.03 6.60 4.30 3.20** ** ** ** ** ** ** ** * ** **

±0.26 ±0.17 ±0.44 ±0.62 ±0.44 ±0.17 ±0.20 ±0.53 ±0.26 ±0.55 ±0.36 ±0.36 ±0.72
Chl a 10.26 7.81 9.96 9.31 9.73 9.02 9.95 9.88 7.60 8.37 8.06 9.29 9.72** * ** ** ** ** ** ** ** ** ** **

±0.05 ±0.09 ±0.17 ±0.21 ±0.11 ±0.13 ±0.05 ±0.06 ±0.13 ±0.04 ±0.04 ±0.27 ±0.07
Chl b 3.59 2.86 4.40 5.67 3.55 4.59 5.98 3.07 4.75 3.61 2.99 3.58 4.10** ** ** ** ** ** ** ** **

±0.10 ±0.08 ±0.06 ±0.07 ±0.30 ±0.16 ±0.08 ±0.07 ±0.05 ±0.05 ±0.03 ±0.03 ±0.08
Total chl. 13.85 10.67 14.36 14.98 13.28 13.61 15.93 12.95 12.35 11.98 11.05 12.87 13.82** ** ** * ** ** ** ** ** **

±0.10 ±0.11 ±0.13 ±0.15 ±0.19 ±0.28 ±0.12 ±0.06 ±0.12 ±0.07 ±0.01 ±0.27 ±0.11
Caroten-oids 6.91 6.62 8.04 9.63 6.93 9.04 10.43 6.98 7.87 9.77 7.06 307.27 8.26* ** ** ** ** ** ** **

±0.11 ±0.08 ±0.06 ±0.03 ±0.05 ±0.04 ±0.06 ±0.10 ±0.05 ±0.06 ±0.07 ±516.78 ±0.06
Chl a/b 2.86 2.73 2.26 1.64 2.87 1.97 1.66 3.22 1.6 2.32 2.7 2.59 2.37

* Significant at p 0.05** Significant at p 0.01

Table 5: Effect of Different concentrations of Cu, Co, Cd and Zn on protein, amino acids, glycerol and carbohydrates content of Dunaliella salina from lake
Mariut. (Mean of 3 replicates±S.D)

Cu Co Cd Zn
------------------------------------- -------------------------------------- ------------------------------------- ----------------------------------

Control 5 10 15 5 10 15 5 10 15 5 10 15

Protein 46.60 43.73 57.80 56.15 60.31 66.66 65.28 52.62 65.52 57.05 54.89 54.24 50.64** ** ** ** ** ** ** ** ** ** *

±0.78 ±6.27 ±0.26 ±0.13 ±0.11 ±0.08 ±0.15 ±0.10 ±0.10 ±0.14 ±0.08 ±0.11 ±0.12
Amino acids 36.40 37.90 45.60 31.40 45.67 56.32 52.80 40.76 41.28 38.26 44.33 45.47 36.48** ** ** ** ** ** ** ** ** ** **

±0.26 ±0.09 ±0.14 ±0.23 ±0.11 ±0.10 ±0.08 ±0.08 ±0.14 ±0.06 ±0.11 ±0.13 ±0.15
Carboh-ydrates 59.50 58.90 82.60 66.12 78.39 86.90 83.20 67.49 74.64 66.89 73.92 86.46 63.12** ** ** ** ** ** ** ** ** ** ** **

±0.10 ±0.03 ±0.17 ±0.04 ±0.08 ±0.17 ±0.11 ±0.04 ±0.07 ±0.18 ±0.08 ±0.06 ±0.03
Glycerol 23.90 26.00 72.20 123.38 36.98 63.14 95.04 39.60 68.33 104.00 33.55 70.17 98.16** ** ** ** ** ** ** ** ** ** ** **

±0.05 ±0.26 ±0.11 ±0.25 ±0.14 ±0.06 ±0.07 ±0.11 ±0.51 ±0.12 ±0.15 ±0.14 ±0.09

*Significant at p 0.05** Significant at p 0.01

Metabolism of heavy metals metals with the concentration 15 ppm. On the contrary to
A-Total  cell  constituents:  As  a  measure  of  growth chl a, carotenoids content increased under all the tested
and metabolism, various parameters were determined treatments. The highest value obtained amounted to
(Table 4 and 5). Three concentrations from each heavy 124.3% the control value with 15 ppm Cd. Zinc showed a
metal were used. There was an increase in most of cell little increase, compared to the other three heavy metals.
constituents in this investigation except for chlorophyll a Chl a/b ratios, under most of the treatments used
and cell number. ranged between 2 and 3 (i.e., C3 plants) except for Co and

The change in total chlorophyll content (Table 4) Cu (15 ppm) and Cd (10 ppm). One can conclude that
followed almost the same pattern as that for protein, i.e. concentration   range   from   10-15   ppm   from   Co,  Cu
rapid  increase  with a   metal   concentration   of   5  and and Cd may alter the metabolic pathways leading to
10 ppmand stability with 15 ppm. Ten ppm being the most photosynthesis.
effective concentration in increasing total chlorophyll Cell number showed a decrease under all the
content. treatments used, except for Cu (5 ppm). The order of

The relationship between total chlorophyll content decreasing was Cd> Co> Zn> Cu.
and chlorophyll b was significant; they run parallel to No inhibition in protein content was obtained with
each other. Chlorophyll b increased with most of the any of the injected heavy metals (Table 5). Only with zinc,
treatments, where the highest value obtained with cobalt, constant amounts were obtained with the different
least with zinc. concentrations used. The increase in protein contents of

Chlorophyll  a decreased with most of the metals Dunaliella amounted to 1.24, 1.43, 1.41 and 1.16 folds the
used up to 10 ppm, increased again with the four tested control value with 10 ppm Cu, Co, Cd and Zn.
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Table 6: Fatty acids fractions (µg ml  culture) for Cd, Cu, Co and Zn treated D. salina from Lake Mariut1

Cd Cu Co Zn
------------------------------------ --------------------------------------- ------------------------------------ ---------------------------------------

Carbon no. Control 5 10 15 5 10 15 5 10 15 5 10 15

Saturated fatty acids
C6:0 --- --- --- 0.068 0.063 0.017 --- --- --- --- 0.064 0.066 ---
C8:0 --- 0.125 0.092 0.230 0.100 0.010 --- --- --- --- 0.184 0.163 0.291
C10:0 0.050 0.536 0.398 1.070 0.274 0.591 0.256 0.561 0.164 0.408 0.462 0.547 0.465
C11:0 0.030 0.365 0.106 0.249 0.169 0.136 0.383 0.394 0.093 0.177 0.114 0.149 0.343
C12:0 0.130 2.522 1.568 2.420 0.195 1.066 1.342 3.047 0.929 0.247 --- 1.152 3.084
C13:0 0.080 0.415 0.061 0.243 0.203 0.086 0.371 0.532 0.099 0.168 0.108 0.304 0.297
C14:0 0.205 0.964 0.444 0.582 0.484 0.240 0.770 1.458 0.272 0.392 0.432 0.654 1.004
C15:0 0.298 0.800 0.207 0.455 0.378 0.152 0.645 0.650 0.224 0.260 0.355 0.460 0.661
C16:0 1.479 12.109 9.381 4.890 7.390 13.684 13.031 14.287 5.110 4.812 13.154 14.092 18.576
C17:0 0.060 1.764 1.231 1.674 0.569 0.510 1.843 1.946 0.518 0.204 0.866 0.980 1.672
C18:0 0.131 3.136 2.117 2.820 2.147 1.063 4.244 4.116 0.876 0.648 1.956 2.275 3.260
C20:0 --- 0.476 0.158 0.232 0.194 --- 0.523 0.296 --- --- 0.195 0.225 ---
C21:0 --- 0.891 0.382 0.361 --- --- --- 0.584 0.146 0.285 0.475 --- 0.424
C22:0 --- 0.574 0.451 0.599 --- --- 0.868 0.809 --- --- --- --- ---
Total 2.463 24.677 16.596 15.893 12.166 17.555 24.276 28.680 8.431 7.601 18.365 21.067 30.077

Monounsaturated fatty acids
C14:1 0.035 1.250 0.601 0.879 0.611 0.461 1.362 0.545 0.301 0.144 0.515 0.624 1.107
C15:1 0.101 2.323 1.549 2.271 0.231 0.814 1.541 0.785 0.714 0.142 0.926 0.463 2.393
C16:1 0.379 1.917 0.148 0.699 0.459 0.223 1.234 0.636 0.209 0.191 0.455 0.828 0.604
C17:1 0.584 6.977 4.082 1.188 4.325 12.500 7.322 9.340 2.130 2.367 4.079 5.056 8.059
C18:1 3.395 5.735 2.139 1.794 5.225 13.045 10.024 5.607 2.329 3.771 9.026 6.499
C21:1 --- --- --- --- --- 0.102 0.785 --- --- --- --- --- ---
Total 4.494 18.202 8.519 6.831 10.851 27.145 22.268 16.913 5.683 2.844 9.746 15.997 18.662

Polyunsaturated fatty acids
C18:2 0.463 0.997 0.282 1.076 0.613 0.299 1.650 0.564 0.304 0.842 0.578 1.344 0.974
C18:3 0.084 0.372 --- 0.123 --- --- 0.590 --- --- --- --- 0.225 ---
C22:2 --- 0.997 0.570 0.690 0.350 0.205 1.248 0.776 0.211 --- 0.453 0.466 0.699
C20:5 --- 0.823 --- --- --- --- 0.607 --- 0.129 --- 0.145 --- ---
Total 0.547 3.189 0.852 1.889 0.963 0.504 4.095 1.340 0.644 0.842 1.176 2.035 1.673
Total content 7.504 46.068 25.967 24.613 23.980 45.204 50.639 46.933 14.758 11.287 29.287 39.099 50.412

Also, total amino acid contents exceeded that of the production, amino acids, carbohydrates, chlorophyll
control under all treatments used, except for Cu and Zn …etc, except for cell count were it induced an inhibitory
(15 ppm). With 10 ppm, the increase in total amino acids effect. This unexpected results for this alga because it is
reached 1.25, 1.55, 1.13 and 1.25 folds the control for Cu, well known that for most of algae, heavy metals may
Co, Cd and Zn, respectively. depress the metabolic processes leading to the formation

With carbohydrates, the maximum value over reached of protein, carbohydrates and fats, it seems that
was 1.48 fold the control with 10 ppm cobalt, while the Dunaliella cells can tolerate the high concentration from
least was nearly equal to the control with 5 ppm cupper. the heavy metals even they exceeded the permitted

There  was  a  significant increase in glycerol concentrations.
contents  of Dunaliella salina collected from Lake
Mariut, under all the treatments used. The highest value B-Effect of  heavy  metals on fatty acid contents: As
was obtained  with  15 ppm Cu and Cd (5.16 and 4.35 shown in Table 6, carbon chain lengths of Dunaliella
folds the control). salina  (treated with different concentrations of Co, Cd,

The  results  of  this  investigation   indicated   that Cu and Zn) ranged between C6:0 and C22:0. Saturated
the  uptake  mechanism   for   the   tested   heavy  metals fatty acids comprised 14 fatty acid and unsaturated
is not distinct from the mechanism of metabolism as comprised 10 only. Long chain fatty acids C23:0 and C24:0
reported by [44]. In this investigation, the four tested fractions were absent from Dunaliella cells, either treated
heavy metals seemed to be stimulatory for protein or untreated.
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Table 7: Similarity matrices based on fatty acids distributions for Cu, Co, Cd and Zn (0, 5, 10 and 15 ppm)

Cd Cu Co Zn
------------------------------------ ----------------------------------- --------------------------------------- ---------------------------------------

C 5 10 15 5 10 15 5 10 15 5 10 15

C 100 84 83 84 86 86 86 86 88 90 78 89 88
Cu 5 100 95 96 88 83 93 93 90 81 90 90 94

10 100 95 92 87 88 97 89 86 90 90 95
15 100 93 88 93 93 85 81 90 95 90

Co 5 100 95 85 89 86 82 92 97 92
10 100 85 84 86 82 87 92 92
15 100 90 87 78 83 88 82

Cd 5 100 92 88 87 87 92
10 100 91 89 84 94
15 100 80 80 91

Zn 5 100 90 90
10 100 90
15 100

Total fatty acid content of the four heavy metal- the four heavy metals. Total polyunsaturated fatty acids
treated cells markedly increased with the concentration 5 for zinc, cobalt and cupper treated cells increased 2 folds
ppm (12, 6, 4 and 3 folds the control) with Co, Cd, Zn and with the concentration 5 ppm. Cd increased 5 folds the
Cu, respectively. Total fatty acid content increased with control value with 5 ppm then declined.
increasing zinc and copper concentration up to 15 ppm, The similarity matrices of different concentrations of
while Co and Cd declined with concentration ranged from heavy metals based on fatty acids distributions were
10 to 15 ppm. shown in Table 7. These data confirmed the previously

Saturated fatty acid content (C6:0-C22:0) comprised obtained data that zinc coincides with cupper in its effect
33% from the total fatty acids determined in the control. while cobalt resembled cadmium in its effect.
C6:0  was  absent  from all treatments including control. The highest similarity value (97%) was detected
For Cd, C6:0 was present only with 15 ppm. C8:0 was between cadmium (5 ppm) and cupper (10 ppm) and
absent  from  Co  treated  cells;  control  and  Cu-treated between Zn (10 ppm) and cobalt (5 ppm). The least value
(15 ppm only). C20:0 was absent from the control samples, (78%) was obtained with Zn (5 ppm) and control and
in addition to some concentrations of Zn, Co and Cu- between cadmium (15 ppm) and cobalt (15 ppm). Again
treated cells. these  results  revealed that Dunaliella salina was

Saturated fatty acids (total) of heavy metals treated tolerant to the four heavy metals used especially in the
cells surpassed the control. It represented about 63% from concentration ranged between 5-15 ppm.
the total fatty acid contents of zinc-treated cells (5 ppm),
while with Co, Cd and Cu it comprised 61%, 54% and 51%, C-Infrared spectroscopy of total lipids: The infrared
respectively. Monounsaturated fatty acids comprised spectrum is a good tool for studying the molecular
about 60% of the total fatty acids and 1.8 fold total structure, the resulting spectra may reflect the total
saturated of the control. C21:1 was absent from all cellular biochemical composition and provide excellent
concentrations of Zn, Co, Cd in addition to control. discrimination between different taxa [45].
Cupper-treated cells coincides with the control in all the The infrared spectroscopy of the total lipid
results obtained except for C21:1 which was present with composition revealed nine lipid classes (Hydrocarbon,
10 and 15 ppm. Phosphorous containing lipid, Sulphur containing lipid,

Polyunsaturated fatty acids represented only 22% Ester, Anhydride, Ether, Aldehyde, Amines and Amides),
from saturated fatty acids and 11% from the total represented fourteen lipid fractions distributed among the
unsaturated fatty acids in the control samples. C20:3 was control as well as at different concentrations of Cu, Cd, Zn
absent from zinc-trated algal cells and control samples. and Co (Table 8). It is clear from the results that no
C22:2 appeared in Cd and Cu, with Co only it appeared in significant difference was obtained between the control
concentrations 5 and 10 ppm. C18:3 were present in the sample and all other treatments, except for ,
control samples in addition to some concentrations from unsaturated ester and aromatic hydrocarbon.
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Table 8: Infrared spectrophotometry of total lipid composition of D. salina grown on Cu, Co, Cd, or Zn

Cu Co Cd Zn
-------------------- -------------------- -------------------- ---------------------

Lipid classes Absorption mode Frequency C 5 10 15 5 10 15 5 10 15 5 10 15

*Hydrocarbon
Alkane Asymmetrical CH bending 1450±±20 + + + + + + + + + + + + +
Alkene CH out of plane deformation 2929 10 + + + + + + + + + + + + +
Aromatic C=C out of plane 1600-1500 + ++ - - + - +++ + +++ - ++++ + +
Isopropyl CH bending 1385&1365±835 + + + + + + + + + + + + +
*Phosphorous containing lipid
Phosphonates P-C stretch 750-650 + ++ + + ++ ++ +++ + ++ ++ ++ ++ ++
*Sulphur containing lipid
Sulphonates S=O stretch 1420-1330 + + + + + + + + + + + + +
*Ester

_ -unsaturated C-O stretch 1730-1717 - - - + - + - + - - + - -
-ketoesters C-O stretch 1650-1540 + ++ + + + + ++ + ++ + ++ + +

*Anhydride C-O stretch 1170-1050 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
*Ethers
Alkyl ether C-O stretching 1150-1060 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ +
*Aldehyde
Saturated C=O vibrations 1740-1720 + + + + + + + + + + + + +
*Amines
Primary NH stretch 3500-3300 + + + + + + + + + + + + +
Secondary NH deformation 1650-1550 + + + + + + ++ ++ ++ + ++ + +
*Amides
Secondary C=O stretch 1680-1630 + ++ + + + + + + + + + + +
Tertiary C=O stretch 1670-1630 + ++ + + + + + + + + + + +

-=No bands detected +=Single band detected ++=Two bands detected +++=Three bands detected ++++ Four bands detected

Hydrocarbon lipid fractions were frequently Concerning ester, - -unsaturated ester was detected
distributed in all treatments and represented by one band, only at 15, 10, 5, 5 ppm of Cu, Cd, Zn and Co, respectively,
except for aromatic hydrocarbon at the region 1600-1500 while it was absent in control as well as in the  other
cm  arising from C=C out of plane vibration which was treatments. -ketoesters   represented  by one or two1

absent at the concentrations 10 and 15 ppm Cu, 10 ppm bands at the region 1659-1540 cm  (C-O stretch) in all
Cd and 15 ppm Zn. This fraction was represented by two treatments conducted. These compounds were previously
bands at 5 ppm Cu, three bands at 15 and 10 ppm Cd and extracted by [46] from Scenedesmus quadricauda (Turp),
Zn, respectively. It was represented by four bands at 5 Cosmarium bioculatum Breband and Xanthidium
ppm Co. in this context, alkane and alkene have been subhastiferum West..
reported in algae by [46]. Anhydride was detected in all treatments and

Infrared  spectrum  showed  characteristic  band  for represented by two bands at the region 1170-1050 cm
P-C stretch at (750-650 cm ) representing phosphonates with absorption mode of C-O stretch. Mohammady [48]1

which indicated that phosphonate was the common detected this lipid class in Ulva lactuca, Cladophora
phosphorous  fraction  distributed among all treatments albida, Codium elongatum and Codium tomentosum with
in relatively  moderate  amounts, while it represented by moderate concentrations.
three bands at 15 ppm Zn. In dinoflagellates phosphorous Ether   (as   alkyl   ether)   was   detected   at  the
containing lipids are involved in the desaturation of fatty region  1150-1060  cm   and  found  in   all  treatments
acids leading to the formation of unsaturated long chain with two bands except at 15 ppm Co which represented
fatty acids [47]. only by one band. Ether-linked non phosphorous

Sulphur containing lipids were analyzed and glycerolipids were analysed by [49] from Rhodobacter
indicated by the presence of sulfonates with characteristic sphaeroides.
band for S=O stretch at frequency 1420-1330 cm , this Aldehyde lipid class indicated the presence of1

fraction was detected by one band in all treatments saturated groups at the region 1740-1720 arising from C=O
including control. vibrations  and  this  lipid was found in all treatments and

1

1

1
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represented by one band. Mohammady [48] found that REFERENCES
aldehyde was present in the lipid material of some algae.
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