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Abstract 

The accumulation of two heavy metals, copper (Cu(II)) and lead (Pb(II)) in the tissues of three Gracilaria species 

(Rhodophyta): G. edulis, G. manilaensis and G. salicornia and the impacts of the metals on the algal maximal quantum yield 

(i.e. Fv/Fm), relative growth and chlorophyll (chl) a content were studied. The algae were exposed to 1 mg L-1 of the metals 

individually for 8 hrs. Results showed that the three species of Gracilaria reacted differently against the two metals. For every 

kilogram of thallus, > 1000 mg of Cu(II) and Pb(II) was collected for G. edulis and G. manilaensis. Furthermore, both algae 

has a Bioconcentration Factor (BCF) value of >1 for both metals. G. salicornia, however, collected < 1000 mg Cu(II) and Pb(II) 

for every kilogram of thallus, and has a BCF value of >1 for Cu(II) and < 1 for Pb(II). These values indicate that all algae are 

good accumulators of Cu(II) while G. edulis and G. manilaensis are good accumulators of Pb(II) but G. salicornia, on the 

other hand, is an excluder of Pb(II). There was a reduction of the algal Fv/Fm in both metals, with the highest reduction 

observed for G. manilaensis in Cu(II). Relative growth of the algae was also reduced in both metals. Cu(II) induced the 

synthesis of chl a in G. edulis and G. salicornia but inhibited chl a synthesis in G. manilaensis while Pb(II) induced the 

production of chl a in all algae.  
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1. Introduction 

The increase in industrial activities has caused many water 

bodies receiving loads of heavy metals that exceed the 

maximum permissible limit for wastewater discharge 

designed to protect the environment [1]. To make matter 

worse, the heavy metals in the wastewater can be directly 

discharges into coastal waters. Pollution by metal ions, 

including copper (Cu2+) and lead (Pb2+), has become a major 

issue due to their possible toxic impacts [2]. These metals are 

known to inhibit the photosynthetic process of plants and 

other autotrophs. Increased concentration of Cu, for instance, 

results in chlorosis and reduced growth of two brown 

seaweeds [3]. Pb exposure damaged the structure and 

function of photosystem II (PSII) in the aquatic plant 

Spirodela polyrrhiza [4]. The metals can become a problem 

because they cannot be easily degraded or destroyed. 

Fortunately, they can be removed from contaminated waters. 

Since most conventional methods are neither effective nor 

economical, new separation methods are required to reduce 

heavy metal concentrations to environmentally acceptable 

levels and is affordable. Bioremediation, a process which 

uses organisms, such as microalgae, to return the natural 

environment altered by pollutants to its original state has thus, 

the potential to contribute to the achievement of this goal [5]. 

The ability of macroalgae to respond to its environment, 
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make them an efficient tool for bioremediation. Macroalgae 

like any other autotrophs require inorganic nutrients for 

growth. The fast-growth rate of some species of macroalgae 

can account for rapid nutrient removal from marine waters. 

Most of them are able to immobilize the metals to make them 

less toxic [6]. They also have the ability to adsorb and 

metabolize trace metals due to their large surface:volume 

ratios; the presence of high-affinity, metal-binding groups on 

their cell surfaces; and, efficient metal uptake and storage 

systems [7]. In addition, macroalgae play a major role in 

marine ecosystems. As the first organism in marine food 

chains, they provide nutrients and energy for animals as well 

as provide shelter and habitat for many coastal animals. 

Thus, the aim of this study is to investigate the impacts of 

two most highly found heavy metals pollutants in Malaysian 

marine ecosystem, Cu(II) and Pb(II) on three species of 

Gracilaria (Rhodophyta), G. edulis, G. manilaensis and G. 

salicornia in terms of their dark-adapted quantum yield, 

relative growth, chlorophyll (chl) a content and their ability 

to accumulate metals in their tissues. This study is a 

preliminary study on the potential use of Gracilaria as a 

bioremediator of the metals-polluted waters. 

2. Materials and Methods 

2.1. Algal Samples and Heavy Metals 

Treatment 

Gracilaria edulis and G. manilaensis were collected from the 

coast of Kuala Muda, Kedah, Malaysia while G. salicornia 

was collected from the coast of Port Dickson, Negeri 

Sembilan, Malaysia. The algal samples were brought back in 

tanks containing seawater and further cultivated at the 

Marine Hatchery, Universiti Malaysia Terengganu in an open 

tank system. Prior to treatments, the algae were cleaned to 

get rid of unwanted materials or parasites.  

About 5 g of the algae were treated with 1 mg L-1 of 

copper(II) nitrate (Cu(NO3)2), and lead(II) nitrate (Pb(NO3)2) 

for 8 hrs in aerated beakers containing filtered seawater 

under white light. Conditions of controls were similar to that 

of treated algae but with no metals added. 

2.2. Determination of Algal Metals Uptake 

The concentration of the metals in the thalli of the algae and 

treatment medium was determined using the Spectra AA 

220FS atomic absorption spectrophotometer (AAS) (Varian 

Inc., USA) according to the manufacturer’s protocol. A series 

of Cu(II) and Pb(II) concentrations (i.e. 1-5 mg L-1) were 

used as standards and the concentration of the metals in the 

samples were determined from the standard curves obtained. 

Bioconcentration factor (BCF) was determined to quantify 

the metal’s accumulation efficiency in the algae by 

comparing the concentration in the thalli and external 

medium using the formula by [8] (Equation 1): 

BCF = Ca/Cs                            Eq (1) 

where, Ca and Cs are heavy metal concentrations in algal 

thalli (mg kg-1) and in medium (µg L-1), respectively. 

2.3. Determination of Algal Chl a 

Fluorescence 

Chl a fluorescence was measured in terms of the maximal 

quantum yield or Fv/Fm with a handheld chl fluorometer, 

AquaPen-P AP-P 100 (Photon Systems Instruments, Czech 

Republic). At the start of the measurement, a short, red, 

actinic pulse (~3000 µmol m-2 s-1 at 655 nm) was prompted 

for 5 s to ensure a stabilized fluorescence emission during the 

following Fm measurement. Then Fo was measured with a 

pulsed, blue measuring light (~900 µmol m-2 s-1, 455 nm), 

and Fm was determined with a saturating white light pulse 

(~3000 µmol m-2 s-1). The maximal quantum yield was then 

calculated as Equation 2: 

Fv/Fm [r.u.] = (Fm-Fo)/Fm                        Eq (2) 

2.4. Determination of Algal Relative Growth 

For the relative growth (RG) experiment, treated algae were 

gently blotted and weighed before and after treatment. 

Percentage of RG was then calculated as Equation 3: 

RG [%] = (Final FW (g) ÷ Initial FW (g)) * 100%    Eq (3) 

2.5. Determination of Algal Chl a Content 

Chl a content was determined by incubating the alga (~0.5-

0.6 g) in 5 mL of dimethylformamide (DMF) for 5 days at 

4˚C in darkness. After 5 days, the absorbance of the DMF 

extract was measured at 664.5 and 647 nm using DMF as 

blank. The chl a content was measured according to a 

formula by [9] (Equation 4):  

Chl a (mg/L): (12.7*A664.5nm – 2.79*A647nm)          Eq (4) 

The value of the chl a content was in the unit of mg/g fresh 

weight (FW) of algae. 

2.6. Statistical Analyses 

Values of all the parameters tested were converted to 100% 

of controls for better comparison unless otherwise stated. 

Mean values and standard deviation were determined from 

three replicates of each treatment. The statistically significant 

differences between the metals were analyzed using a one-

way ANOVA followed by Tukey HSD post-hoc test at 

probability level of 0.05. The statistical software used was 

Daniel’s XL Toolbox v. 6.53 Add-in for Microsoft Excel. 
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3. Results and Discussion 

The algae showed a positive uptake of metals into their 

tissues. Cu(II) was observed to be more preferred than Pb(II) 

by G. edulis (p=0.001), G. manilaensis (p=0.026) and G. 

salicornia (p=0.000) to be translocated within the thalli 

(Table 1). Similar results were observed by [10] and [11] on 

several macroalgae species in which accumulation occurred 

in the order of Cu > Pb. This behavior can be explained by 

the fact that Cu is an essential micronutrient for the plants as 

well as algae which is required for several important 

metabolic and physiological processes [12]. However, at high 

concentrations, Cu can be toxic to the algae [13]. 

Comparatively, Pb is not an essential element for biological 

processes, but it can be easily absorbed and accumulated in 

different parts of the organism [14]. However, at high 

concentrations, Pb can exert negative impacts on the algal 

morphology, growth and photosynthesis [15] as also shown 

in this study. Fv/Fm (Fig 1A) and growth (Fig 1B) of the algae 

were reduced in the presence of high concentration of Pb in 

the thalli (Table 1). These results were observed for Cu as 

well.  

Table 1. Mean (±SD) of Cu(II) and Pb(II) in medium and algal biomass, and bioconcentration factor (BCF) values of treated Gracilaria.  

Algal Species 
Medium samples (µg L-1) Algal samples (mg kg-1) BCF 

Cu(II) Pb(II) Cu(II) Pb(II) Cu(II) Pb(II) 

G. edulis 373 ± 47 340 ± 82 2360 ± 128 1538 ± 123 6.4 4.7 
G. manilaensis 300 ± 17 987 ± 98 1841 ± 208 1083 ± 317 6.2 2.0 
G. salicornia 424 ± 35 500 ± 30 783 ± 92 169 ± 45 1.8 0.3 

 

 
Fig. 1. Fv/Fm (A), relative growth (B) and chl a content (C) of the three 

Gracilaria after 8 hrs treatment with Cu(II) (black bars) and Pb(II) (white 

bars). Different letters above bars indicate statistically significant differences 
at p<0.05 between metals within similar species. 

According to [16], plants that can be categorized as good 

metal accumulators are plants that can accumulate > 1000 mg 

kg−1 of Cu or Pb. Thus, it can be said that G. edulis and G. 

manilaensis are good accumulators but not for G. salicornia 

(Table 1). As reported by [17], BCF is regarded as a better 

indicator to classify a particular plant as a good accumulator 

because BCF takes into account the trace element 

concentrations in the solution. Furthermore, BCF value can 

be used to estimate a potential for phytoremediation purposes 

[18]. Three categories of heavy metal accumulation are 

proposed based on BCF [17]: < 1 excluder, > 1 metal 

accumulator, and, >1000 a good metal accumulator. Since G. 

edulis and G. manilaensis in this study has BCF value of > 1 

for Cu and Pb, they can be considered as metal accumulator, 

thus, has the potential in bioremediation of both metals. G. 

salicornia, on the other hand, can be considered as a Cu 

accumulator and a Pb excluder. 

The maximal quantum yield (i.e. Fv/Fm) of the algae was 

affected by the presence of the metals (Fig 1A). Fv/Fm of G. 

edulis and G. salicornia in Cu and Pb was reduced by more 

than 10%. Both metals however, showed a significant 

difference in their impact on Fv/Fm of G. manilaensis. The 

alga was more affected by Pb(II) than Cu(II) with a reduction 

of 34% and 18%, respectively. According to [19], Fv/Fm can 

be used as a sensitive indicator of plant’s photosynthetic 

performance. A reduction in Fv/Fm is often used to indicate 

stress in plants which frequently occurred when plants are 

exposed to abiotic and biotic stresses in the light [20]. Thus, 

the reduction in Fv/Fm of the algae in this study may indicate 

that the algae were stressed by the presence of the metals.  

The metals may in some ways disturb or damage the 

photosynthetic apparatus of the algae resulting in the decline 

in the quantum yield of PSII photochemistry [21]. In a study 

by [22], they observed that there was a strong decreased in 

photosynthesis-related genes including key proteins in 

electron transport chain (ETC) which possess iron-sulfur 
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clusters after exposure to high amount of Cu. Cu can 

displaced the iron atoms in the iron-sulfur clusters and block 

the electron transport. In addition, [23] stated that Cu may 

indirectly affect the photosynthetic apparatus through 

interference of Cu with calcium (Ca) ions especially at the 

lumen side of PSII. Pb, on the other hand, is known to 

accumulate in PSII and damage its secondary structure while 

decreasing the absorbance of visible light, inhibited energy 

transfer within the PSII protein–pigment complex, and 

reduced energy transport to chl a [4]. Additionally, Pb 

inhibits the electron transfer process at the PSI donor side, 

without recovery after the removal of the metal stress [24]. 

Contrastingly, in a study by [25] on a green alga, Caulerpa 

lentillifera,  they observed that 1 mg L-1 Cu and Pb showed a 

positive impact on Fv/Fm of the alga where the value 

significantly increased to more than 25%. Toxic impacts of 

metals appear to be partly related to the production of 

reactive oxygen species (ROS) as well, which can cause 

oxidative damage to cells [26] including the components of 

photosynthetic apparatus [22, 27]. For example, activity of 

ascorbate peroxidase was observed to be significantly higher 

than catalase when G. manilaensis was exposed to Cu and Pb 

[28]. This observation showed that Cu and Pb trigger the 

production of high amount of H2O2 in chloroplasts and 

cytosol of the algal cells compared to that in either the 

mitochondria or peroxisome. 

Both metals have no significant impact on the growth of the 

algae (Fig 1B). Cu(II), however, seemed to inhibit the growth 

of all the algae compared to Pb(II). A significant loss in 

weight, for example, was observed for G. manilaensis in 

Cu(II) with a reduction of 1.2% compared to 0.4% for Pb. 

According to [11], reduction in heavy metal treated algae 

may be due to deviation of metabolic pathways towards 

protection of the photosystem apparatus as a 

physicochemical strategy to chelate to prevent the entry of 

metal into the cell. Reduction in growth observed for Cu may 

be due to interference with cell division and/or expansion [22, 

29] which can be linked to a decrease turgor and/or a change 

in cell wall elasticity [30]. Decreased in growth might be 

associated with the inhibition of mitotic index noticed with 

Pb metal treatment [31]. In a study by [32], they concluded 

that upon long-term exposure, Pb can bind non-specifically 

to functional groups of proteins which contain either sulfur or 

oxygen, inducing various impacts that may affect growth as 

well as photosynthesis. The reduction in plant growth during 

metal stress may also be due to low water potential, hindered 

nutrient uptake as well as accumulation of ROS [33].  

In general, there was an induction in chl a after treatment 

with both metals in all the algae except for G. manilaensis in 

Cu(II) (Fig 1C). In G. edulis, the content of chl a was higher 

in Cu(II) (i.e. 26% increase) compared to Pb(II) (i.e. 12% 

increase). In comparison, Cu(II) and Pb(II) produced 

contradictory impacts in G. manilaensis. While Cu(II) 

inhibits the production of chl a in this alga, Pb(II) induces the 

synthesis of chl a. A more or less similar effect of both metals 

was observed for G. salicornia. Stimulation of chl a in algae 

was also observed by [34] and [35]. As reported by [36], 

significant increases in chl have been found to occur in 

response to a range of environmental stresses and can be 

correlated with stress resistance. Normally, heavy metals 

have been known to reduce chl production. It was suggested 

that heavy metals could interfere with chl biosynthesis either 

through the direct inhibition of enzymatic steps or through 

the substitution of the central Mg ion [37], [38]. High 

concentrations of Cu, for example, may induce oxidative 

damage that can inhibit the enzymes involved in chl 

production [39]. The results obtained in this study between 

Fv/Fm and chl a content also showed that chl a content of the 

algae did not reflect the fluorescence yield. The disparity 

observed may be due to chl a affected was mostly the 

component of PSI since PSI was consisted entirely of chl a 

while chl fluorescence only probes the PSII [40]. 

4. Conclusion 

The different metals stress responses of the algae observed 

indicate that different mechanisms may be employed by the 

algae to counterattack the impact of the metals. Reductions in 

chl fluorescence, relative growth as well as changes in chl a 

content indicate the sensitivity of Gracilaria photosynthetic 

metabolism and other cellular processes for Cu(II) and Pb(II). 

PSII efficiency of the algae was more sensitive towards Pb(II) 

than Cu(II) while the growth and chl a content was more 

sensitive towards Cu(II) than Pb(II). A reduction in Fv/Fm 

may indicate stress in the algae with damage or interference 

to the PSII or any other components of photosynthetic 

apparatus. However, the impacts on the chl a fluorescence 

yield do not reflect their chl a content. Both metals induce chl 

a synthesis as a resistance mechanism in the algae except for 

Cu(II) which inhibits the production of G. manilaensis chl a. 

Both metals also affects the growth of the algae but not as 

much as Fv/Fm or chl a content indicating that growth is not a 

suitable biomarker for Cu(II) and Pb(II) impacts on these 

three Gracilaria. The observed changes in Fv/Fm, relative 

growth and chl a content may be due to high accumulation of 

both metals in the thalli. BCF value of >1 indicates potential 

of the algae as bioremediator of Cu(II) and Pb(II) except for 

G. salicornia which is not a good candidate for 

bioremediation of Pb(II). Further analysis will be done in 

order to understand more about the underlying mechanisms 

that generate these results and finally to be able to find which 

of these algae is the best bioremediator for Cu- and Pb-

polluted waters.  
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