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ABSTRACT: A new ecotoxicological test system employing sand-living microalgal communities is pre- 
sented. Equipment and procedures were developed for sampling and transportation of epipsammon to 
the laboratory where they can be kept and prepared for subsequent toxicity testing. The proposed test 
system make use of small-volume (60 1.11) subsamples in the measurement of metabolic activities in 
short-term toxlcity tests. The repllcability is therefore very good and the varlance between subsamples 
was shown to be low. After several hours of storage between salnpllng and analysis, epipsammon 
showed only minor changes in metabolic activities and no significant changes in sensltlvlty to the 
investigated toxicant tri-n-butyltin (TBT). The use of a con~munity that has been established on a nat- 
ural, but still homogenous, substratum has several advantages. Similar to other attached communities, 
but in contrast to phytoplankton, epipsammon represents a certain site and can thus have a known pol- 
lution history. The preparation and mon~toring of sampling equipment for colonization of periphyton on 
artificial substrata is avoided. In addition, since epipsammon has been colonizing the sand for a long 
time, the community is also likely to be more natural than the opportunistic assemblages that are the 
early colon~zers of artificial substrata. Epipsammon from the invest~gated locality also showed a fairly 
low spatial vanab~lity In most employed structural and functional parameters which indicated that the 
test system is robust and the actual sampling site not too critical. However, the estimated t o x ~ c ~ t y  of TBT 
was shown to be  lower to epipsammon than to previously investigated phytoplankton and periphyton. 
From indirect evidence, we suggest that this difference is not explained by different bioavailability of 
the toxicant in the short-term test systems but rather to the adaption of algae to natural environmental 
conditions in the sediments 
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INTRODUCTION 

Epipsammon communities consist of more or less 
immobile microalgae living attached to sand grains. 
These attached life-forms dominate the benthic micro- 
flora in such sed~ments  where the sand is regularly 
moved by water currents or wave exposure (Round 
1965, 1971, Moss & Round 1967, Amspoker 1977, 
Admiraal 1984, Sundback 1984, d e  Jonge 1985). Epi- 
psammon shows a high diversity particularly of diatom 
species but cyanobacteria also contribute significantly 
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to the total biomass (Meadows & Anderson 1968, 
Sundback 1983, Sundback et al. 1990, Asmus & Bauer- 
feind 1994). The occasional burial of epipsamlnon 
within the sand for longer periods of time puts certaln 
constraints on their physiology; important adaptional 
aspects are  the requirements to withstand elevated 
concentrations of sulfides and the maintenance of a 
functioning photosynthetic apparatus even after long 
periods in darkness (du Preez & Bate 1992). Epi- 
psammon have been reported to contribute signifi- 
cantly to the primary production of shallow sandy 
habitats, and to be a significant source of energy for 
secondary production (Asmus & Asmus 1985, Daeh- 
nick et al. 1992). 

Aquatic algae are nowadays an integrated part of 
the hazard assessment of chemicals and have long 
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been used in biological monitoring programs (Round 
1991, Thursby et al. 1993, McCormick & Cairns 1994, 
Lewis 1995a, b) .  However, the extrapolation of test 
results from single-species toxicity tests to natural 
communities may be questioned since algal sensitivity 
to chemicals is highly species dependent (e.g.  Blanck 
1984, Blanck et al. 1984) and furthermore since most 
of these tests are performed under ecologically un- 
realistic conditions (Blanck et al. 1978, National 
Research Council 1981, Kimball & Levin 1985, Land- 
ner et al. 1989, Cairns et al. 1992). These doubts have 
led to the development of more or less complex multi- 
species test systems, using natural or artificial assem- 
blages of algal species in the laboratory or in the field 
(see reviews by Cairns & Cherry 1993, Lewis 199513). 
Both phytoplankton (Lewis & Hamm 1986, Kusk & 
Nyholm 1991) and periphyton (Blanck 1985) commu- 
nities have been used in short-term toxicity tests, but 
the epipsammon seems so far to have been over- 
looked. 

The ideal community to be used for testing purposes 
should contain a representative set of algal species, 
exhibit a low variability between replicates, and be 
easy to sample and handle. Preferably the community 
should also maintain its original metabolic activity and 
sensitivity to toxicants during transport and storage 
prior to the testing. 

In this paper, we introduce the epipsammon as a new 
tool in community-level ecotoxicological testing. We 
report a set of procedures to collect, handle and char- 
acterize epipsammon community subsamples. Tempo- 
ral and spatial variability in functional and structural 
properties of the communities is described as well as 
the variability in the estimated toxicity of the antifoul- 
ing agent tri-n-butyltin (TBT). 

MATERIALS AND METHODS 

Sampling and handling procedure. The subtidal 
zone of a sandy shore, in the Gullmar fjord on the west 
coast of Sweden (58" 16' N, 11" 28' E ) ,  was sampled for 
epipsammon communities during the period April 22 
to August 12, 1992. All sediment samples were taken 
at approximately 0.5 m water depth. 

Two different ways of collecting sand from the sam- 
pling site were employed. A detritus sledge (Ockel- 
mann 1964), with the chain removed in order to keep 
the sediment undisturbed in front of the sledge, was 
towed over the bottom by hand for a distance of 
approximately 10 m and the collected sample was 
transferred to a polyethylene box. The knife edge of 
the sledge was adjusted to get a n  approximate depth 
of the sediment sample of approximately 2 cm. The box 
was filled with water from the station to prevent rapid 

temperature changes during transport and covered 
with a lid to protect samples from high light intensities. 
The samples were kept in dim light in the laboratory 
with sea water from the fjord flowing through the box 
to keep the temperature stable and close to the tem- 
perature at the sampling site. Sediment cores were 
taken by hand using Perspex cylinders (Fig l ) ,  with a 
diameter of 11 cm and height of 30 cm, by pressing 
cylinders into the sediment and closing the end with a 
Perspex disc and a plastic stopper before lifting the 
core out of the sediment. The cores were immediately 
placed in a transport box filled with sea water from the 
sampling site and covered with a lid. At the laboratory, 
cores were kept shaded and with a slow flow of water 
through the box. Cores were divided into subsamples 
representing different depth ranges. A core-dividing 
unit was put on top of the cylinder (Fig 1). Sediment in 
the core was pushed upwards until a chosen depth 
range was obtained, above the edge of the Perspex 
cylinder, and the subsample was moved sideways from 

Fig. 1. Epipsammon sampling dev~ce: (A)  Perspex cylinder, 
(B) sediment sample and Perspex disc, and (C)  plastic stopper. 
At the laboratory, the Perspex cylinder was assembled with 
the core-dividing unit put on its top (D) used to produce sub- 
samples with desired depth ranges (D. E).  See 'Materials and 
methods' for a more detailed outline of the sampling pro- 

cedure 



Ddhl & Blanck: Ecotoxicological testing with epipsanlmon 165 

the cylinder to a funnel from where the sediment was 
F 

washed into a glass beaker using filtered (Whatman 
GF/F) sea water. 

The >500 pm grain size fraction consisted mainly of 
broken shells and was removed by sieving the sedi- 
ment through a 500 pm nylon mesh mounted on a 
wide Perspex cylinder. Sieving was achieved by 
gently lifting the sieve up and down in a polyethyl- 
ene  bowl filled with filtered sea water. By this proce- 
dure strong physical action on the sand was mini- 
mized, thus preventing high losses of attached algae 
to the water. The same water was used when the silt- - 
clay fraction (grain size <63 pm) was removed using 
a 63 pm nylon mesh. The loss of microalgae during 
sieving was estimated by measuring the photosyn- 
thetic activity in the water used in the sieving proce- 
dure diluted to 1 1 with filtered sea water. The sand 
was stored in glass beakers with filtered sea water 
after sieving and kept at approximately the same 
temperature as at the sampling site and in dim light 
until further analysis. 

A sand-distributing device was used to make small 
volume subsamples of the sand for different analytical 
procedures. The device (Fig. 2) consisted of 2 Perspex 
plates, 3 and 6 mm thick, mounted on top of each 
other. Plates had 50 holes each (diameter of 5 mm), 
symmetrically distributed in 5 rows and 10 columns. 
The sand distributor was placed above a rack contain- 
ing 50 glass scintillation vials (20 ml) centred beneath 
the holes. The lower plate was moved sideways in 
order to close the holes in the upper plate. The holes 
in the upper plate were then filled with sand using an  
excess of filtered sea water and a polyethylene spat- 
ula to even out the sand surfaces in the holes to the 
level of the Perspex plate. After distributing sand into 
the holes, the lower plate was slid back to open the 
passage from the upper plate to the scintillation vials. 
The subsamples were washed into the vials using 
1.0 m1 of filtered sea water. The procedure took about 
10 rnin and no sign of samples being dried during this 
exercise could be noticed. By this procedure, 50 sub- 
samples of 60 p1 sand each could be achieved In a 
very short period of time. 

Photosynthesis measurement. Photosynthesis was 
measured using a I4C technique in a similar way to that 
described for periphyton communities (e.g. Blanck & 
Wangberg 1988, Molander et  al. 1992, Dahl & Blanck 
1996). In addition to the filtered sea water already pre- 
sent in the vials (1 ml) another 1 m1 was added and the 
vials were placed in a thermostated waterbath at the 
ambient temperature of the water at  the sampling sta- 
tion. Four to five replicates were used in all photosyn- 
thesis experiments and 2 additional samples were 
incubated with 100 p1 of formaldehyde (37% added 
from the start in order to estimate the abiotic carbon 

Flg. 2. Sand distributing device (F) used to generate small- 
volulne subsamples of the sediment Sand was evenly distrib- 
uted into the holes (G) befol-e being washed Into the scintilla- 
tion vials ( H ) .  See 'Materials and methods' for a more detailed 

outline of the procedure 

dioxide fixation. The light from fluorescent tubes 
(Osram Lulnilux Daylight L18W/ll)  was filtered 
through 20 cm water and regulated to give a photon 
fl.ux density of 125 pm01 photons m-' ss1. Samples were 
gently shaken during the incubation time. After 30 min 
incubation in light, 50 p1 of a 14C-labelled bicarbonate 
solution was added to the samples. The radiolabelled 
bicarbonate solution was prepared by a 50-fold dilu- 
tion of a stock solution (Amersham CFA2, 2 mCi ml-', 
55 mCi mmol-l) with filtered sea water (approximately 
1.9 mM total inorganic carbon) giving a final activity of 
2 pCi (74 kBq) per 50 p1 aliquot. After 15 min, l00  p1 of 
formaldehyde was added to terminate carbon fixation 
activity. The volume was adjusted to 5 m1 by adding 
3 m1 of water, purified by reversed osmosis, and the 
remaining in0rgani.c carbon was driven off by acid~fy- 
ing the samples with 0.1 m1 of concentrated hydrochlo- 
rlc acid followed by air bubbling for 10 to 15 min. A 
7 m1 volume of a scintillation cocktail (Ready Gel1-\', 
Beckman Inc., Fullerton, CA, USA) was added and the 
samples were thoroughly mixed. A hquid scintillation 
counter (LS 3801, Beckman Inc )  was used to deter- 
mine the amount of incorporated I4C. The activities, a s  
disintegrations per minute (dpm), were calculated 
from the counts per minute (cpm) data, using a n  exter- 
nal standard technique and  the correction factors for 
the sample quench characteristics and machine effi- 
ciency. 

Tolerance quantification. Epipsammon photosyn- 
thetic activity was measured in a concentration series 
of tri-n-butyltin (TBT, 97 %, purity, Fluka AG, Neu-Ulm, 
Germany). Four to five replicates were used in each 
measurement. Test solutions were prepared by dilut- 
ing stock solution of TBT in acetone with filtered sea 
water The acetone concentration in test solutions were 
10 p1 I-' in the photosynthesis experiments. From the 
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concentration-effect curves generated, the epipsam- 
mon TBT tolerance could be estimated, i.e. as the 
effective concentrations inhibiting 20 O/o (EC20) or 50 % 
(EC50) of the photosynthetic activity. EC values were 
quantified by log-linear interpolation giving the aver- 
age photosynthetic activity in TBT-treated samples as 
a percentage of the average activity of the controls 
which was set to 100%. 

Chlorophyll and phaeophytin analysis. Five 60 p1 
sand portions were pooled and the water removed by 
decanting the vials gently onto a paper tissue. 1 m1 of 
95% acetone was added and the samples were stored 
overnight at -20°C. At analysis, 1 m1 of 90% acetone 
was added and the samples were sonicated in an ice- 
water filled water bath (Bransonic 220, M~sonix, Farm- 
ingdale, NY, USA) for 10 min. Samples were cen- 
trifuged to remove debris and sand particles and 
analysed for chlorophyll a and phaeophytin according 
to Lorenzen (1967) using the equation of Jeffrey & 

Humphrey (1975). Three to five replicates were 
analysed in each determination. 

Abundances of algal species. In order to estimate the 
taxonomic diversity at the sampling site and to get 
some information on patchiness, 3 samples (0 to 1 cm, 
63 to 500 pm fraction) were taken in August in a tran- 
sect parallel to the shoreline and analysed. At first, epi- 
fluorescence microscopy was used on fresh samples to 
identi.fy the cyanobacteria and the larger diatom spe- 
cles. Further analysis was performed on diatoms, 
removed from sand grains with nitric acid and embed- 
ded in Naphrax, in a phase contrast microscope. A 
semi-quantitative analysis of species abundances was 
performed. Bray-Curtis dissimilarity indices (Bray & 

Curtis 1957), as described by Sheehan (1984) and 
Clarke (1993), between samples were calculated based 
on the ranked abundances of species. 

Organic content and grain size analysis. The 
organic content in the sand was estimated as th.e loss 
on ignition. Approximately 100 m1 of sand was freeze- 
dried upon sampling and stored until analysis. 5 g of 
sand (n = 3) was dried at 100°C overnight before being 
burned at 470°C for 6 h (Wassma.n 1991). 

For the grain size analysis, freeze-dried samples 
were mixed in a 150 m1 10% (v/v) hydrogen peroxide 
(puriss) solution and the sediment was allowed to settle 
in an E-fla.sk overnight. The same procedure was 
repeated 3 times with water, purified by reversed 
osmosis, but without hydrogen peroxide. Samples 
were dried and the grain size distributions were deter- 
mined in the ranges of >500, 500-250, 250-125, 
125-63 and <63 pm. Cumulative percentage dry 
welght of each fraction was transformed to a probabil- 
ity scale before calculating sorting coefficient (graphic 
standard deviation method) and median grain size 
according to Gray (1981). 

RESULTS 

Activity and inhibition of photosynthesis 

Photosynthetic activity could readily be detected 
using small epipsammon subsamples, i.e. 60 p1 aliquots 
of sieved sand. Us~ng surface sediments from the 0 to 
2 cm depth range of the sed~ment,  10 to 40000 dpm 
(range, n = 42) of radiolabelled carbon was incorpo- 
rated during the 15 min incubation period. The mea- 
surements were made with a fairly high precision 
(Fig. 3), the average coefficient of variation being 14 * 
6% (SD). Only a minor fraction of algae was lost during 
sieving (range 4 to 10%, n = 4) as estimated by the 
photosynthetic activity in water collected from the 
sieving procedure. 

Inhibition of epipsammon photosynthesis after short- 
term exposure (i.e. 45 min) to TBT was concentration 
dependent (Fig. 4) and TBT toxicity to epipsammon 
could be quantified by log-linear interpolation. The 
average EC50 for inhibition of photosynthesis for 5 
consecutive tests during 1 d was 140 + 28 nM TBT 
(mean + (SD) (Fig. 4).  

Influence of storage 

Epipsammon was stored in dim light and at a tem- 
perature close to field conditions before the experi- 

Coeff icient of variation (%l  

Fig. 3. Frequency distribution of coefficients of vanation for 
measurements of epipsammon photosynthetic activity. Values 
originate from 40 measurements during a day employing 5 
replicates in each measurement. Samples originate from ap- 
proximately 0 to 2 cm depth and were collected w ~ t h  an Ock- 
elmann detritus sledge. The 63 to 500 pm fract~on was em- 
ployed in the experiments. The frequency distribution was not 
found to be significantly different from normal (chi-squared 
test, p = 0 273, df = 3). Normal distribution, fitted to the original 

values, together w ~ t h  the median value, is indicated 



Dahl & Blanck: Ecotoxicolog~cal testing wlth epipsammon 167 

I I I l I I 0.0 0 
C 

o 0 3.2 10 32 100 320 1000 3200 0 5 10 15 20 
I: 
a 

[TBTI (nM1 Time after sampling (hours] 

Fig. 4 .  TBT inhibition of photosynthesis after different times of Fig. 5. Influence of storage time on epipsammon photosyn- 
storage of the epipsammon samples. Epipsammon was thetic activity (O), chlorophyll a (a) and phaeophytin (a) con- 
exposed to TBT only during the short-term experiments that tent. Error bars indicate standard deviations. Different letters 
followed upon storage. Error bars indicate standard devia- above symbols indicate significant difference a t  p < 0.05 

tions. Origin of sediment as in Fig. 3 (Tukey HSD). Origin of sediment as in Fig. 3 

ments. No significant effect of storage time between 
1.5 and 18 h could be detected on epipsammon photo- 
synthetic activity (ANOVA, p = 0.22) or chlorophyll a 
content (ANOVA, p = 0.053) (Fig. 5). However, the 
phaeophytin content decreased (ANOVA, p = 0.0047) 
between 1.5 and 3 h of storage [Tukey Honest Signifi- 
cant Difference (HSD), p < 0.051 and then remained 
stable. 

TBT toxicity to epipsammon photosynthesis, esti- 
mated as the EC20 or EC50, was not significantly 
dependent on the time between sampling and mea- 
surement, as judged by the linear regressions (p > 
0.10), although some weak time dependence was 
implied (Fig. 6). 

significantly different between different test medium 
volumes (p = 0.0021) (Fig. 7) although the response was 
variable and inconsistent. We were able to detect 
significant differences between the 2 sampling sites 
(p = 0.016, 0.013 and 0.072 respectively) in their response 
to the toxicity modifying manipulations (Fig. 7). 

Influence of depth 

Because of the occasional burial and redistribution of 
sand at epipsammon sampling sites, it is important to 

Toxicity modifying factors 

The bioava~lability of toxicants to epipsammon algae 
may be different than to phytoplankton and peri- 
phyton due to environmental conditions in the sandy 
sediment. We investigated indirectly whether organic 
and inorganic sites in the samples were competing 
with the algal cells for TBT If so, any modification of 
test conditions that affected the available amount of 
TBT or the amount of competing sites would affect the 
estimated TBT toxicity. Incubation times, test medium 
volumes and organic content of the sand were assayed 
for such influence. 

We found no significant effects of different incubation 
times or of different organic matter contents on the esti- 
mated toxicity of TBT (p = 0.14 and 0.054 respectively) 
(Fig. 7 ) .  The estimated TBT toxicity was found to be 

Time af ter  sampling (hoursl 

Fig. 6. Influence of storage time on EC20 and EC50 values of 
TBT inhibition of epipsammon photosynthesis. Linear regres- 
sions are fitted to the EC values Or~g in  of sediment as in Fig. 3 
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Fig. 7 Influence of incubation time, organic content and test 
volumes on the toxicity of TBT to epipsammon photosynthe- 
sis. Three sediment cores were collected and pooled together, 
from one exposed (open bars) and one sheltered (hatched 
bars) part of the locality respectively. The 63 to 500 pm grain 
size fraction from 0 to 1 cm depth was employed. Replicate 
subsamples (n = 3 to 51, with or without 100 nM TBT added, 
were (1 )  pre-incubated for different times. (2) diluted with 
sand free of organic content or (3)  incubated In different vol- 
umes of test solutions. Photosynthetic activ~ties are expressed 
as relatlve controls. Error bars indicate standard dev~atl.ons. 
Effects of treatments and locality on the estimated toxicity of 
TBT were tested by a 2-way ANOVA (Statistica Software, 
StatSoft, Tulsa. OK, USA) on arcsin (X)''' transformed data. 
Significant differences (p < 0.05) between treatments are indi- 
cated by different lowercase letters and between localities by 

different uppercase letters 

understand the influence of depth on the ecotoxicolog- 
ical properties of epipsammon samples. These are 
IikeIy to covary with the biotic and abiotic properties of 
the sediment. 

Siqnificant effects of d e ~ t h  were detected for all 

Depth in sediment (cm1 

Fig. 8. Potential photosynthetic activity of epipsammon from 
different depths In the sediment. Two sediment cores were 
collected and samples representing the same depth range 
were pooled together. The 63 to 500 pm fraction was used. 
Error bars Indicate standard deviat~on (n = 5). Symbols fol- 
lowed by different letters ind~cate significant difference at 

p < 0.05 (Tukey HSD) 

phaeophytin content decreased at depths below 4 cm 
(Fig. 9). Also the content of organic matter in the sedi- 
ment, estimated as the fraction of dry sediment lost on 
ignition, decreased significantly (ANOVA, p = 0.013) at 
depths below 4 cm (Tukey HSD, p < 0.05; Fig. 10). 

TBT toxicity to epipsammon photosynthesis de- 
creased linearly with depth (Fig. l l ) .  Epipsammon 
from a depth of 8 to 12 cm were 5 times more tolerant 
than epipsammon from the surface. Sorting coeffi- 
cients and median grain sizes did not show any depen- 

0-0.5 0.5-1 1-2 2-4 4-8 8-72 

Depth in sediment [cm) 

biotic parameters p c 0.0001). ~h~ potential Fig. 9. C h l o r o ~ h ~ l l  a (01 and ~ h a e o ~ h ~ t i n  (m) content in 'PI- 
psammon from different depths in the sediment. Error bars 

photosynthetic activity already decreased significantly indicate standard deviation (n = 5). Symbols followed by differ- 
at depths below 1 cm f T u k e ~  HSD, p < 0.05; Fig. 81 ent letters Indicate s~qnificant d~fference at p < 0.05 (Tukey 
compared to surface 1evel.s whereas chlorophyll a and HSD). ~ e d m e n t  was collected and handled as described in Flg. 8 
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0-0.5 0.5-1 1-2 2-4 4-8 8-12 

Depth in sediment (cm1 Depth in sediment (cm) 

Fig. 10. Content of organic matter, estimated as the loss on Fig. 11 EC20 (0 )  and EC50 ( m )  for TBT inhibition of photo- 
ignition, in epipsammon from different depths in the sedi- synthetic activity in epipsammon collected from different 
ment. Error bars indicate standard deviation (n = 3).  Symbols depths In the sediment. Values are plotted against the aver- 
followed by different letters indicate significant difference at  age  depth of each eplpsammon sample. Linear regressions 
p < 0.05 (Tukey HSD). Sediment was collected and handled a s  were fitted to the EC values. Sediment was collected and 

described in Fig. 8 handled as described in Fig. 8 

dence upon depth in the linear regression analysis The estimated toxicity of TBT to epipsammon was 
(data not shown). All samples taken were classified as highly variable (Table 2). The CV for EC20 and EC50 
moderately well sorted according to the range of sort- values was 71 and 84  % respectively. Part of the vari- 
ing coefficients (0.61 to 0.69). Median grain sizes were ance may be attributed to the sampling occasion, 
found in the range of 0.20 to 0.23 mm. Sediment from because the estimated toxicity of TBT was significantly 
the 8 to 12 cm depth was rich in sulfide, judging from higher in April than in August (ANOVA, p = 0.011 and 
its smell, and was also darker than at the surface. 0.004 respectively for EC20 and EC50). 

Organic matter and phaeophytin content in the sam- 
ples turned out to be the only significant variables in a 

Spatial and temporal variability in the estimated TBT stepwise multiple regression analysis using the EC50 
toxicity to epipsamrnon for inhibition of photosynthesis as independent vari- 

able (Table 3, Fig. 12A). Variables like sorting coeffi- 
TBT toxicity to epipsammon photosynthesis, as cient, median grain size, chlorophyll a content and 

related to different biotic and abiotic sediment proper- photosynthetic activity could all be excluded with only 
ties at the time and place of sampling, was investigated a minor decrease of the coefficient of determination 
twice (in Apnl and August 1992). Sedi- 
ment cores were taken from the same 
beach but in different clusters or along 
transects from sheltered to more wind- Table 1 Spa t~a l  and temporal variability in different sediment parameters. 

Sed~ment  cores (n = 10) were taken 20 m apart in a transect parallel to the 
exposed sites. shorel~ne during 2 consecutive days. Sediment from 0 to 1 cm depth (the 63 

The spatial variances in biotic and abi- to 500 pm fraction) was utilized In the characterisation of sediment. Co- 
otic sediment parameters in August (n = efficients of variation (CV) along with min~mum (Min) and maximum 

10) are listed in Table l .  Only the phaeo- (Max) values are  given 

phytin content was highly variable with a 
coefficient of variation (CV) of 70%.  
Other parameters varied between 7 and 
31 %. The assimilation ratio, photosyn- 
thetic activity per unit of chlorophyll a,  

CV (%,) Min Max 

Sorting coefficient ($) 7 0.53 0.66 
Median grain (mm) 12 0.14 0.22 
Assimilation ratio (dpm h-' y q  chl a - ' )  19 0.42 X 10' 0.70 X 106 

had a lower variance than either of photo- 
synthetic activity or chlorophyll a alone 
since they were intercorrelated (linear 

Organic content (pg-g-' dry bvt )  23 0.26 0.59 
Chlorophyll a content (pg subsample-') 29 0.09 0.27 
Photosynthesis (dpm h-' subsample ' )  31 0.05 X loh 0.15 X 10" 
Phaeophytin content (pg subsample-') 70 0.01 0.88 

regression, p = 0.006, R2 = 0.64). 
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Table 2 Spatlal and temporal va r~ab l l~ ty  in the estimated tox~city of TBT (62) were attached small benthlc diatoms in 
to eplpsammon photosynthetic a c t n ~ t )  Three of the 5 \prll samples the range of 5 to 20 ~l~~ 8 different 
were  taken 2 to 3 m apart whllst the other 2 were located dpproulmdtc ly 

species of cyanobacterla were observed Four 
20 m apart  from each other and from the flrst cluster of 3 August 
samples were taken as outllned In Table 1 Sed~men t  from 0 to l cm diatoms 'pecLes from the 
depih (the 63 to 500 um fraction) was utll17t'd In the measurements of thes and Navicula genera along with the 

TBT toxic~ty to eplpsdnlnlon 

Average SD CV ( " X O )  Mln Max Factor" (10') 

All in = 15) 
EC20 (nM) 140 97 71 17 310 1.25 
EC50 (nM) l100 950 84 100 2900 1 4 6  

April In = 5)  
EC20 (nhl )  45 33 73 17 98 0 7 5  
EC50 (nhl )  210 150 70 100 470 0 67 

August (n  = 10) 
EC20 (nM) 180 84 46 71 310 0 64 
E C 5 0 ( n M )  1600 830 53 510 2900 0 7 5  

"The difference in sensltlvlty between the most sensitive (Mm) and 
tolerant (Max) sample 1s given In orders of n lagn~tude (X) 

species Cocconeis peltoides and Nitzschla 
aurarlae donunated the diatom assemblage 
as did Dermocarpa cf., Merismopedia sp and 
h41crocrocis sp. in the group of cyanobacte- 
ria. Altogether, 29 species occurred as more 
than single specimens. The similarity among 
the 3 observations made along the sampled 
transect was relatively high according to the 
Bray-Curtis dissimilarity Indices of 0.31 to 
0 34.  

DISCUSSION 

(multlple R') The final regression was slgniflcant 
(ANOVA, p < 0 001) and the 2 variables together 
explained 89% of the variance In EC50 values 
(Table 3) The regression coefficients for organic and 
phaeophytin content 0 78 and -0 62 respectively, lndl- 
cated a posltive correlation between organic content 
and EC50 whereas phaeophytln content showed a 
negatlve correlat~on A s~milar  result was ohtalnprl 
using the EC20 value as dependent varlable (Table 3, 
Fig 12B) 

Abundances of algal species 

A total of 73 microalgal species were observed in the 
3 samples taken in August. A major part of the species 

Table 3 Stepwlse multlple regression summanes  uslng EC50 
or EC20 for the lnhtbitlon of eplpsammon photosynthetlc 
actlvlty as dependent variables Vanables were stdndardised 
by setting means to zero and standard d e v ~ a t ~ o n s  to u n ~ t y  in 
order to glve all parameters equal ~nf luence  on the outcome of 
the analysls Chlorophyll a ,  photosynth~trc activity, sorting 
coeff~clent and m e d ~ a n  grain slze varlablc~s were all excluded 

as  non-s lgn~f~cant  ( p  > 0 05) In the stepwlse procedure 

Dependent Independent Regression p RL 
variable t dndbles coefflc~pnt 

EC50 <0.001 0 89 
Organic content 0.78 <O 001 
Phaeophyt~n -0 62 < 0 0 0 1  

< 0  001 0 7 8  
Organlc content 0.79 < 0  001 
Phaeophyt~n -0.48 0.004 

Equipment and procedures have been 
developed for sampling and transportation of 

epipsammon to the laboratory where they can be kept 
and prepared for subsequent toxicity testing (Flgs. 1 & 
2).  The proposed multi-species test system makes use 
of small-volume subsamples which IS convenient when 
measuring short-term effects on metabolic activities 
such as photosynthesis. The replicabllity is therefore 
very good and the variance between subsamples 

Predicted va lues  

Flq. 12 Predicted versus observed ( A )  EC50 and (B) EC20 val- 
uc's for the lnh~bltlon b).TBT of eplpsammon photosynthetlc ac- 
t l r ~ t y  uslng the mult~ple h e a r  reyresslons presented In Table 3 
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acceptable (Fig. 3).  The main advantage of the epip- 
sammon test system is however that a natural commu- 
nity established on a natural, but still homogeneous, 
substratum can be used. This eliminates the tedious 
preparation of sampling equipment that has to stay in 
situ for several weeks, to allow the colonization of peri- 
phyton onto artificial substrata. The epipsammon com- 
munity which has been established on the sand for a 
long time is also likely to be more natural than the 
opportunistic assemblages that are the early colonizers 
of artificial substrata. Furthermore, the epipsammon 
community has the advantage that it can tolerate sev- 
eral hours of storage with only minor changes of its 
metabolic activity (Fig. 5) and without significant 
changes in sensitivity (Figs. 4 & 6), at least to the stud- 
ied toxicant TBT. Similar to samples of other attached 
communities but in contrast to phytoplankton, epip- 
sammon represents a certain site and can thus have a 
known pollution history. 

The spatial variability in structural and functional 
properties of the epipsamrnon at the investigated sam- 
pling site was fairly low (Table 1). Since the samples 
were deliberately taken in a transect along which wind 
and wave exposure differed markedly, we would have 
expected this variability to be higher. The low variabil- 
ity found implies that the epipsammon test system is 
robust and the actual sampling site not too critical. 

However, the spatial and temporal variability in the 
estimated TBT toxicity to epipsainmon was consider- 
ably higher (Table 2). When this variability was further 
investigated, we found a correlation to the content of 
phaeophytin and organic matter in the sediment sam- 
ples (Fig. 12, Table 3). Since an 8-fold decrease in or- 
ganic content of the sand samples did not affect short- 
term TBT toxicity to epipsammon significantly (Fig. 7), 
the influence of organic matter must be indirect or ac- 
tive only on a longer time scale than hours. The vari- 
ability within each sampling occasion (0.6 to 0.7 orders 
of magnitude) was similar to findings of temporal and 
spatial variability in the sensitivity of periphyton and 
phytoplankton sensitivity to chemicals (Table 2; Blanck 
1985, Kusk & Nyholm 1991, Blanck & Dahl 1996). Vari- 
ability in the estimated toxicity of chemicals is thus not 
an  exclusive property of the epipsammon test system. 

There was a significant decrease in the estimated 
TBT toxicity with depth (Fig. 11) along with other para- 
meters reflecting epipsammon structure or function 
(Figs. 8 & 9). This fact and the observation that active 
photosynthesis is present only in the top millimetres of 
the sediment surface (Revsbech & J ~ r g e n s e n  1983) 
lead to our strong recommendation to use only the sur- 
face epipsammon for testing purposes. 

TBT toxicity to epipsammon photosynthesis was 
approximately 4 to 9 times lower than indicated in ear- 
lier studies of periphyton (Molander et al. 1992, Blanck 

& Dahl 1996, Dahl & Blanck 1996) and phytoplankton 
(authors' unpubl. results) collected at low ambient TBT 
concentrations. Abiotic and biotic differences between 
the algal communities, or more specifically betwee.n 
the test systems, may affect the availability of toxicants 
during the short-term exposure. Uptake of the toxicant 
may be slower in epipsammon, or the accumulation of 
TBT into an inactive part of the system might modify 
the internal concentrations of TBT at its site of action in 
the algae. If so, (1) a longer exposure time, (2) a larger 
volume of test medium and thus a higher relative 
amount of the toxicant or (3) a decreased content of liv- 
ing and dead organic matter in the test would increase 
the estimated toxicity of the compound. However, 
none of these parameters could be shown to signifi- 
cantly increase toxicity of TBT towards epipsammon 
(Fig. 7), at least not in a consistent manner. It thus 
seems that the epipsammon or its environment possess 
other properties that make epipsammon photosyn- 
thesis less susceptible to TBT on a short-term basis. 

It has been known for some time that organotins 
such as TBT act on the ATPase activity in chloroplasts 
and mitochondria by uncoupling or energy transfer in- 
hibition (Kahn 1968, Selwyn et al. 1970, Watling & 
Selwyn 1970, Gould 1976, Millner & Evans 1980, Anto- 
nenko 1990). Other findings that dimercapto com- 
pounds effectively reverse the effects of TBT (Byington 
1971, Singh & Bragg 1979, Gray et al. 1986) and that 
TBT, in bacteria, only affected sulfhydryl-containing 
enzymes such as ATPase (Tseng & Cooney 1995) sup- 
port the view of sulfhydryl groups as a possible pri- 
mary site of TBT action. 

Sulfide has been suggested to bind to or react with 
disulfide bridges, a reaction not only suggested as a 
possible mode of action but also as a tolerance mecha- 
nism against sulfide toxicity (cf. review by Bagarinao 
1992). Algae collected in or occasionally exposed to 
sulfide rich environments should, by their mere pres- 
ence, be expected to possess properties that make 
them less sensitive to such stress. It can be argued that 
epipsammon, due to their occasional burial in the 
sediment, experience elevated sulfide concentrations 
more often than do phytoplankton and periphyton. 
High sulfide tolerance has also been demonstrated for 
diatom species isolated from organically enriched sur- 
face sediments (Admiraal & Peletier 1979, 1980). There 
is a possibility that adaptions to sulfide make the com- 
munity less vulnerable not only to subsequent sulfide 
exposure, but also to TBT exposure due to the similar 
mode of action. This would not only explain the differ- 
ence in sensitivity found at different depths but also 
support the correlations found between organic con- 
tent and TBT sensitivity over spatial and temporal gra- 
dients and the overall difference found between differ- 
ent algal communities. 
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The use of epipsammon communities for toxicity 
testing appears to combine some of the advantages 
pertinent to either phytoplankton or periphyton toxic- 
ity tests. Epipsammon offers a diverse natural commu- 
nity that can be assayed with high precision, that is 
easy to sample and store for several hours, and that is 
attached and therefore representative of the conditions 
on the sampling site. This property is essential for the 
future application of epipsammon in PICT studles 
(Blanck et al. 1988). We report here the use of the epi- 
psammon test system in the marine environment. 
However, the technique has recently been applied in 
both lotic and lentic fresh water environments. Actu- 
ally, it may be utilized in any environment where 
sorted sand with microbial activity can be obtained. 
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