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Influence of Suspended Solids on Bioavailability of
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It is well-known that suspended solids in water adsorb hydrophobic
pollutants (Hague et al 1974; Horzempa and di Toro 1983 a,b)
thereby decreasing the bioavailability of the compounds to aquatic
organisms which do not use the particles as food (Mc Leese and
Metcalfe 1980; Eaton et al 1983). It is also known that hydro-
phobic pollutants deposited in sediments usually have a low bio-
availability (Lee and Plumb 1974; Fulk et al 1975; Hirsch et al
1978). The relative contribution of water and sediment respective-
ly to bioaccumulation of hydrophobic pollutants has heen discussed
in many papers based on field data (Courtney and lLangston 1980;
Murray et al 1981; Duinker et al 1983; Ray et al 1983), but the
conclusions are uncertain. However, very few studies have been
performed under controlled conditions in the laboratory on how the
bioaccurulation of such compounds dissolved in the water is chang-
ed by adsorption to particles when these particles are used as
food by the organism. This has now been investigated using the de-
posit-feeding bivalve Abra nitida which was exposed to hexachlo-
robenzene and lindane by means of a new method for dosing of hyd-
rophobic compounds to a continuous flow system in long term tests.

MATERIALS AND METHODS

A continuous flow system was used (Fig.1) in which the flow of
seawater was kept constant by means of a simple delivery box de-
scribed by Granmo and Kollberg (1972). The suspended particles
were introduced by a multichannel peristaltic pump (Ismatec SA) to
the funnels inserted into the mixing cylinders and the stock sus-
pension tank was equipped with a mechanical stirrer to keep the
suspension homogeneous. The turbidity in 12 of the 24 tanks was
kept at 30 NTU (nephelometric turbidity units, corresponding to
105 mg dry weight of particles/]l for the sediment used), a value
which is within the range of the natural variations along the
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Figure 1. Continuous flow equipment for long term studies of bio-

accumulation of highly hydrophobic pollutants in aquatic animals.

A:stock suspension tank, B:stirrer, C:dosage pump, D:water inlet,

E:water delivery system, F:level control, G:syringe pump, H:water-
free glycerol, I:mixing cylinder, J:glass bell, K:three-way valves
for refilling of test solution, L:test tanks.

coast. The water flow to the funnels was 150 ml/ min. and was sub-
divided by the cylinders to give a flow to each separate tank of
75 ml/ min. Temperature was held at +11 *1 °C and salinity ranged
between 31 and 33 ©/,,. The turbidity/toxicant combinations used
are shown in Table 1. Three separate tests (I, II and III) were

Table 1. Treatment combinations of hexachlorobenzene (HCB), lin-
dane, acetone and the turbidity 30 NTU = 105 ppm particles in the
turbidity tests with the deposit-feeding bivalve Abra nitida.

Treatment Number of tanks

Control

Acetone

Particles

Particles + acetone

HCB + acetone

HCB + acetone + particles
Lindane + acetone

Lindane + acetone + particles
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performed, each with a duration of 35 days. Precision infusion
syringe pumps equipped with 50 ml special all-glass syringes
(Braun Melsungen AG, Melsungen, W.-Germany) maintained the dosage
rate of chlorinated hydrocarbons in acetone at 0.375 ml/h corre-
sponding to an acetone concentration of 33 mg/l in the tanks. By
turning the pumps 90 degrees, so that the syringes were in an up-
right position (Fig.1) and by filling the empty space above the
plunger with water-free glycerol, which is immiscible with ace-
tone, leakage between the walls of the cylinder and the plunger of
the syringes was avoided. Polyethylene tubing was used throughout.
The three-way valves, for renewal of stock solution (Fig.1) were
made of Teflon. The end of the tube delivering the test solution
was surrounded by a small glass bell to reduce evaporation of the
acetone.

The soft bottom sediment was sieved through a 2 mm mesh screen.
The sediment to be added in suspension was washed with fresh water
to avoid aggregation of the particles and was decanted to obtain a
defined particle size distribution, The sediment was characterized
by a particle-counting device (Elzone 80XY, Particle Data Inc with
software C.R. Hinze 80XY support system) with respect to number,
size and approximate total surface area of particles entering and
leaving the tanks; its organic content was also determined.

In order to estimate the degree of adsorption of the pesticides,
water samples were taken from the tanks where particles had been
added. The samples were then analysed for HCB and lindane before
and after centrifugation at 24000 x g for 30 min.

Core samples (2.3 cm diameter) were taken to 1 cm depth in the
sediment after 3 weeks of exposure, for determination of sediment-
deposited pesticides.

Ten adult (10 * 2 mm length) and 25 juvenile specimens (6 * 1 mm)
respectively of the detritus-feeding bivalve Abra nitida (Miiller)
were placed in each of the two sediment-filled boxes. Bioaccumula-
tion studies were carried out on the adults while the juveniles
were used to determine growth during the test. For this purpose
all juveniles were marked at the edges of the shells. Animals
which had not burrowed after 24 hours in the tanks were considered
less viable and were replaced before commencing the experiment.

After three weeks of exposure, the box with adults was removed
from each tank and the bivalves were kept in flowing sea water for
12 h to empty their guts of contaminated sediment. The shells were
then removed and the soft tissues frozen. Each sample for analysis
consisted of 40 specimens from four identical treatments; water
and sediment samples were taken at the same time. Water samples
were also taken regularly in all tanks. These samples (100 ml) we-
re immediately extracted with n-hexane (5 ml), and the extracts
were stored at 4 °C prior to analysis.

Finally, after 35 days, the juveniles were removed from the tanks
and their shells were measured for determination of shell growth.
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Figure 2. Size distribution of particles in water sampled from the
aquaria and from the stock suspension in a bioaccumulation/turbi-
dity test involving Abra nitida and the pesticides hexachloroben-
zene and lindane.

All chemicals used in the analyses were tested in blank procedures
by gas chromatography. Aldrine was used as an internal standard
for the gas chromatographic quantification.The soft parts of the
organisms were extracted according to the method of Jensen et al
(1979). However, the evaporation step was replaced by a process
involving drying the extracts with magnesium sulphate and adjust-
ing the volume to 5.0 ml with a nitrogen stream and a water bath.
Prior to the gas chromatographic determination an aliquot of each
extract (2 ml) was treated with an equal volume of sulphuric acid
monohydrate, to remove the lipids.

For the lipid determination identical samples were extracted as
previously described. After evaporation of solvent the lipid con-
tent was determined gravimetrically.

The sediment samples from the tanks were extracted for HCB and
coextractives were removed according to Jensen et al. (1997). For
the quantification of lindane and HCB a Varian 6000 gas chromato-
graph equipped with a 63Ni electron capture detector was used to-
gether with a Varian Vista 401 system for processing of the chro-
matographic data. The chromatographic column was a 25 m fused si-
lica BP-5 (SGE) with an inner diameter of 0.25 mm. Helium was used
as carrier gas (1.20 ml/min) and nitrogen as make-up gas (30
ml/min).

The sample extracts were diluted with hexane containing an inter-
nal standard. They were injected together at 80 °C. After one
minute, the temperature was raised 30 °C/min to 220 °C and then 8
°C /min to 260 °C. The injector and detector temperatures were
held at 220 °C and 320 °C, respectively.
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Figure 3. Shell growth (mm) t 95% confidence limits of Abra nitida
exposed to hexachlorobenzene and lindane for 35 days at low and
high turbidity. In the experiments from Nov.-82 and May-83 the va-
lues from all treatments did not fit a normal distribution, so a
nonparametric test was chosen (Wilcoxon rank test for two
groups). The values from May -84 were all normally distributed
and hence a parametric test was chosen (one~tailed ANOVA).
Significance of difference between treatments is also indicated
by columns. C= controls, P= added particles (high turbidity: 30
NTU= 105 ppm), A= acetone, H= HCB, L= Lindane.

RESULTS AND DISCUSSION

The results of the particle counts are shown in Fig.2. From a com-
parison of the size distribution of particles in water entering
and leaving the turbid agquaria it was calculated that the partic-
les settling in the tanks corresponded to about 30% of the total
surface area of the added particles. The organic content of the
particles was about 5 %.

Both pesticides slowed growth a little, but suspended particles
did not seem to affect this inhibition (Fig. 3). The animals
sampled during spring had a higher content of lipids (1.5%) than
in the autumn samples (0.9%).

The total concentration of organochlorine in water varied between
the different tests, especially for HCB. The mean concentrations
in the three tests were estimated and are given in Table 2. For a
fair judgement of the results it is most relevant to compare the
accumulation ratios, that is, the quotient between the concentra-
tion in animals or sediment and the total mean concentration in
the water. The results are presented in Fig. 4 and they show that
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Figure 4. Accumulation ratios (quotient between the concentration
in animals or in sediment and the total mean concentration in wa-
ter) of hexachlorobenzene and lindane in the detritus-feeding bi-
valve Abra nitida and in the sediment exposed for 19 days at low

and high turbidity.

Table 2. Total mean concentrations (dissolved + particle-bound),
ppb, of hexachlorobenzene (HCB) and lindane in water samples from
three turbidity tests with Abra nitida.

Test Treatment

No HCB HCB+particles Lindane Lindane+particles

the sediment became more contaminated in the presence of suspended
solids. Also the accumulation ratio of Abra was higher in all the
three experiments performed, when suspended particles were added.
For the less hydrophobic lindane the corresponding values were
much lower and the bioaccumulation in the presence or absence of
suspended particles was about the same. Centrifugation of the wa-
ter samples showed that the major part of HCB in water (>95%) was
particle-bound at high turbidity whereas only about 12% of lindane
had been adsorbed onto particles: this accords with the higher
levels of HCB, compared with lindane in the sediment.

For lindane the steady state level was probably achieved; follow-
ing this the amount of compound accumulated became related to 1li-
pid content of the animals; this is reflected in the lower bioac-
cumulation ratio of Lindane in the autumn test (Fig. 4).
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The difficulties of dosing hydrophobic compounds in a continuous
flow system are well known. None of the existing methods was con-
sidered to have enough safety and accuracy for dosing in long term
experiments and therefore we were forced to develop a new techni-
que. In our experiments we used acetone as a solvent, which has a
good capacity to dissolve highly hydrophobic compounds, is comple-
tely miscible with water and has a low toxicity to aquatic orga-
nisms {(Johnson and Finley 1980). However, the problems connected
with the volatility of acetone and its corrosive action upon
tubes, plastics etc had to be solved. It was necessary to use dos-
age pumps with a very low pumping rate, to minimize the amount of
acetone in the tanks.

The results from all the tests show that the accumulation ratio of
HCB for the animals became much higher in the concomitant presence
of added particles, whereas in the case of the less hydrophobic
lindane the corresponding ratio seemed to be unaffected by suspen-
ded solids. Even if it is not known whether our results represent
the steady state, the HCB level in A. nitida would probably be
highest at the higher turbidity also at steady state. This assump-
tion may be supported by the results from Landrum and Scavia
(1983) who, by extrapolation in time, calculated that the detri-
tus-feeding amphipod Hyalella azteca accumulated more anthracene
in the presence of fine-grained sediment which bound part of the
compound .

It is to be expected that adsorption of a hydrophobic compound to
particles will cause a decrease of its availability to aquatic or-
ganisms which do not utilize the particles as food, as equilibrium
partitioning against the surrounding water, via the gills and
skin, then has a determining importance for the steady state level
of the pollutant in the animal. However, the consequence of par-
ticle adsorption of a hydrophobic pollutant for its bioavailabili-
ty to filter feeders and deposit feeders ingesting the particles
is not so easy to predict. For these animals this phenomenon may
either cause a decreased biocavailability, if equilibrium partitio-
ning via the gills is still the decisive factor for bioaccumula-
tion, or possibly an increased bioavailability, if uptake by food
determines the steady state concentration of the compound-in the
organism. The relative importance of the two ways of uptake and
the occurrence of a true biomagnification is still a matter of
conjecture (Hamelink et al 1971; Goerke et al 1979; Ernst 1980;
Bruggemann 1982; Schneider 1982; Borgmann and Whittle 1983; Mori-
arty 1983) and may vary greatly depending on the morphology, phy-
siology and the feeding habit of the organism.

When considering animals living in the sediment one should be
aware that the contact of the outer body surfaces with a contami-
nated sediment, which is in equilibrium with the pollutant in the
water column, does not infer a heavier exposure compared to con-
tact with the water itself. That is, it is not the higher concen-
tration, as such, but the fugacity (which is related to the chemi-
cal potential or Gibbs free energy) of the compound in the sedi-
ment which determines the bioavailability. This has the same value
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on the particles and in the water if the two compartments are in
equilibrium with each other. Furthermore, when the uptake of a
hydrophobic pollutant, via the gut, is considered, one should keep
in mind that the major part of the food of deposit feeders con-
sists of indigestable material, which has the potential to adsorb
pollutants liberated from the food particles being digested. The
increased bioaccumulation of HCB in Abra at the higher turbidity
in spite of a greatly lowered concentration of dissolved compound,
gives a level in the animals which is much higher than can be ex-
plained by only passive equilibrium partitioning via the gills and
skin. Instead the results indicate that, in this case, the uptake
via food predominates strongly over the former exchange process.
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