








1 INTRODUCTION 

Tissue analysis of “biological indicators” as a means of detecting and monitoring heavy metals in estuaries 
and other coastal waters has long been recognized (Phillips, 1977; Bryan et al. 1985). The advantages of 
tissue analysis as compared with water or sediments have also been reviewed (Phillips, 1977; Tomlinson et 
al., 1980). 

Although many studies have been carried out on the use of seaweed tissue to monitor and detect heavy metal 
pollution (see Appendix I), its use on a routine basis by water management bodies in the U.K. and elsewhere 
within the E.E.C. has been slow to gain wide acceptance. This is surprising, particularly in the case of the 
green seaweed Enteromorpha, which fulfils all the criteria previously listed for those organisms most used 
as “biological indicators” of heavy metal pollution (Butler et al., 1971; Haug et al., 1974; Phillips, 1977). 
Some of these criteria are included in Table 1 which lists the performance characteristics of Enteromorpha 
and compares them with other material used for monitoring heavy metals. The favourable performance 
of Enteromorpha as demonstrated by this table indicates its potential for routine use as a monitor of heavy 
metals in estuaries and marine shores. 

The method described in this manual was developed as part of a research contract funded by the U.K. 
Department of the Environment to investigate the use of Enteromorpha as a monitor of heavy metals in 
estuaries and coastal intertidal waters. The method has been tested for the following metals: cobalt, nic- 
kel, copper, zinc, cadmium, mercury, lead. 

2 PERFORMANCE CHARACTERISTIk 

location/habitat 
Enteromorpba FUCUS 

widespread throughout restricted to more 
the intertidal zone of marine sites on 
estuaries and along estuaries; widespread 
coasts along rocky shores 

Nereis 
restricted to more 
marine sites on 
estuaries and con- 
fined to silty/muddy 
areas where it may 
be abundant 
silt/mud 

MytillS 
restricted to more 
marine sites on 
estuaries; restricted 
to rocky shores 

sediment 
widespread through- 
out estuaries but 
restricted to pools and 
pockets on exposed 
shores 

substratum rocks, boulders, stone 
and brickwork (harbour 
walls), wood (supports 
to piers); ironwork, 
compacted mud and 
sand 

attached/sedentary yes 
collection quick and easy by hand 

or with forceps 

rocks, boulders, stone 
and brickwork (less so 
than Enteromorpha) 

rocks, boulders 

yes 
quick and easy by hand 

no, errant n/a 
quick and easy 

yes 
;ttticf and easy by time-consuming; 

need to dip and 
search in mud 
yes, can take several 
days 
in deep-freeze or 
dried 
as above 

clearance of n/a 
gut contents 
storage -short term 
(up to 6 days) 

at room temperature or 
at 4°C in polythene bag 

-long term either unwashed in 
deep-freeze or washed 
then dried 

washing simple and easy using 
tapwater and deionized 
water 

n/a yes, can take several 
days 
in deep freeze or 
dried 
as above 

at room temperature or 
at 4°C in polythene bag 
as Enteromorpha 

in water and heat 
resistant bag 
as dried material 

can be time consuming 
if scrubbing with nylon 
brush is necessary to 
remove sediment etc. 
some form of fraction- 
ation usually necessary; 
often involves removal 
of reproductive bodies 
older parts of stipe and 
sometimes young 
growing tips 
straightforward 
probablv needs more 
Eoncentiated acid 
(cont. ISNO,\ or oxidiz- 
hg mixture ihd longer 
digestion period to 
release metals 

included in gut 
clearance procedure 

included in gut 
clearance procedure 

n/a 

fractionation not necessary ‘may be necessary to 
remove jaws before 
digestion e.g. when 
considering the 
metal Zn 

removal from shell 
necessary, separa- 
tion of organs 
optional 

can involve complex 
procedure of sieving 
depending on size 
fraction of sediment 
required 

drying 
digestion 

all are 
simple and easy with use 
of dilute acid 
(2 M HN03) for approx- 
imately 1 hour on 
heated block 

at selected 
as for Fucus 

temperature 
as for Fucus for total metal com- 

position needstrong 
acid attack (usuallv 
involves mixture of 
acids includine 
HClO,) ” 

Table 1 Some performance characteristics of Enteromorpha in comparison with other organisms and material used for 
monitoring heavy metals in estuaries (information comes from authors’ own observations and from selected 
references such as Phillips (1977,1979), Bryan et al. (1985) and Bamett & Ashcroft (1985); n/a not applicable. 

7 
































