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ABSTRACT 

Physiological and Biochemical Responses to Cadmium Exposure in Fucus serratus 
(Phaeophyceae) 

Soon Jeong Lee 

Marine macroalgae can accumulate metals from the surrounding waters. But 
their responses to metals, especially non-essential metals like cadmium, are not well 
known and require further investigation. Therefore, the effects of cadmium exposure on 
the physiology and biochemistry of Fucus serratus collected from metal-contaminated 
(Restronguet Point) and clean (Bantham Quay) habitats were investigated. 

Although exposed to high concentrations of metal pollution throughout their life 
cycle, F. serratus from Restronguet Point accumulated similar concentrations of total 
and non-exchangeable cadmium to those of the reference population from Bantham 
Quay. Total and non-exchangeable contents of cadmium increased with increasing 
cadmium concentrations and time of exposure, without demonstrating accumulation 
limits or any visible signs of stress. More than 50% of total cadmium was accumulated 
intracellularly in both populations and the avoidance and excretion of cadmium were 
not demonstrated by this research. 

Cadmium exposure inhibited the growth of F. serratus at 10 |xg ~ 10 mg L ' ' and 
relative growth rates decreased significantly with increasing cadmium exposure. 
Cadmium treatment increased the contents of some photosynthetic pigments 
(chlorophyll a and c and fiicoxanthin), as well as the activities of antioxidant enzymes 
(catalase, ascorbate peroxidase and glutathione reductase), and the concentrations of 
glutathione and phytochelatin. However, most parameters of chlorophyll a fluorescence 
did not respond to either cadmium treatment or to the different concentrations used. 
This suggests that F. serratus may have utilised the energy from photosynthesis on 
preventing cadmium damaging to photosynthetic apparatus at the expense of reduced 
growth. 

This is the first report of phytochelatin production by F. serratus under the stress 
of copper and the wide range of cadmium. Both increased cadmium concentration and a 
prolonged exposure time produced higher values of phytochelatin, longer chain lengths 
(PC2 ~ 5) and higher contents of glutathione. The copper treatment also induced 
phytochelatin in the alga, however it produced weaker induction than the treatment of 
cadmium. The two populations showed different responses to combined metal 
treatments (cadmium + copper). 

Although similar cadmium concentrations were accumulated, the Restronguet 
Point population showed less diminution and faster recovery of growth, higher levels of 
chlorophyll a, chlorophyll c and fucoxanthin, higher activities of catalase and 
glutathione reductase, and a more rapid biosynthesis of phytochelatin. However, 
oxidative damage in membrane lipids was higher in the Restronguet Point population 
and antioxidant activities measured by CUPRAC test and DPPH radical scavenging 
ability test were higher in the Bantham Quay population. 

Therefore F. serratus demonstrates strong cadmium tolerance to cadmium 
exposure resulting from the production of antioxidative enzymes, glutathione and 
phytochelatin. The tolerant population possessed more efficient abilities to defend 
against cadmium stress, however the reference population also showed different 
protective strategies. 
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Chapter 1. General introduction 
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1.1. Trace metals as pollutants in the marine environment 

Environmental contamination by metals is not a recent subject threatening 

wildlife and humans. It has been widespread since the late 19* century due in the main 

to anthropogenic sources, such as mining activities and smelting ores, industrial 

effluents and wastes, burning fossil fuels, agricultural fungicide or fertilizer runoff, 

urban runoff, sewage treatment plants, domestic waste dumps, etc. (Lobban and 

Harrison, 1994, MacFarlane and Burchett, 2001, Pinto et al., 2003). The worldwide 

mine production of Cd, Cu, Pb and Hg is extensive and the impact of heavy metals on 

people's daily life is considerable (Kennish, 1996). Although metal pollution used to be 

considered a regional problem, it is now becoming a global matter of concern (Mallick 

and Mohn, 2003). 

Although metals are known to be common pollutants in aquatic environments as 

well as terrestrial and atmospheric environments, they are normally found at low 

concentrations in oceanic surface waters (Pinto et al., 2003). Metal levels are usually 

much higher in coastal waters due to river runoff, sewage outlet, and the release of 

industrial effluents, while those by atmospheric transport and upwelling are lower in 

oceanic surface waters (Pinto et al., 2003). Therefore exposure to low concentrations of 

metals for long periods is described as chronic pollution whereas short exposures to 

extreme levels of metals are described as acute pollution. In contrast to most other 

pollutants, metals are among the most common non-biodegradable and persistent 

pollutants in the environment (MacFarlane and Burchett, 2001, Mallick and Mohn, 

2003). Therefore, a number of metals, particularly those non-essentials to plant and 

animal metabolism, can affect aquatic organisms even in low concentrations (Baker, 

1981, MacFarlane and Burchett, 2001). In addition, the eutrophication of available 
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nutrients from anthropogenic sources often occurs simuftaneously in coastal areas. 

Since accumulation of metals by algae can be dramatically increased by nutrient 

availability (particularly nitrogen), metal pollution by river runoff, agricultural runoff or 

industrial effluents increases the entry of metals into the food web (Pinto et al., 2003). 

A wide range of environmental factors are associated with the biological 

availability of trace metals in water to aquatic organisms. Among these factors are 

chemical speciation of the metal, presence and concentration of other metals and anions, 

water and sediment pH, salinity, water temperature, light intensity, organic chelators, 

particles and complexing agents, oxygen levels and thereby the redox potential 

(Forstner and Wittmann, 1979, Brinkhuis et al., 1980, Wahbeh, 1984, Kautsky, 1998, 

Ralph and Burchett, 1998, Greger, 1999). 

1. 2. Cadmium 

Cd is a well-known pollutant and a non-essential trace element for plants and 

animals with no known homeostasis mechanism in organs and tissues (Nriagu, 1988, 

Myklebust and Pedersen, 1999). 

1.2.1. Distribution and concentrations of Cd 

In most unpolluted natural waters which are not exposed to metal elements, such 

low levels of Cd are reported that they were generally below the standard of allowable 

concentration of Cd (10 ppb) set by the World Health Organisation for drinking water 

(National Research Council Canada, 1979). Cd concentration varies with nutrient level 

and location of the water column (Ray and McLeese, 1987, Lobban and Harrison, 1994). 

Higher values of Cd can be found in coastal waters near industrial districts or in water 
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