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Abstract. It is generally assumed that the dissolved fraction ofa separate compartment in risk evaluation of chemicals, efflu-
a toxic substance in surface water is mainly responsible foents or natural surface waters.

toxicity to aquatic organisms. However, toxic compounds are

often adsorbed or chemically bound to suspended particles in
the water column, depending upon the physico-chemical con-

ditions. In the present study potential adverse effects to filteNatural surface waters contain suspended solids in the water

feeding organisms by metal contaminated particles were inves- L - .
gorg y P %olumn. By definition the total of solid material that can be

tigated. In our h h th r metals migh rb . .
gated. In our hypotheses the adsorbed metals might desorb xtracted from the water column is called “suspended solids.”

the gastrointestinal tract—due to different physico-chemica h re a mixed collection of different materials: nded
conditions—and exert toxic effects. Clay and sand particles eyarea ed coflection o ere ateriais. resuspende

algae and organic material (peat) were artificially contaminateéed'ment matenal, erosion material of the surrour!dlng SO'IS’
with cadmium and zinc. The contaminated materials WereShe"S’ CO"P!dS’ phyto.- and zooplankton, fecal material, organic
resuspended in standard conditions and toxicity was measuré{fcompos't'on materials, etc. .
for the water fledDaphnia magngmortality at 48 hours). As a In the water column of contaminated naturfal surface waters
reference, supernatant solutions were used containing the sarffi"y Pollutants adsorb to the suspended solids (Rodgexs
concentration of dissolved metal as the suspensions. It was alsg’s/): Although many physicochemical parameters are in-
established that the test concentrations of solid material (254°/Ved (Admiraalet al 1995), the adsorption behavior for
and 500 mg/l uncontaminated particles) did not cause an@rdanics can be predicted roughly from the compound's log
mortality within 48 hours. Daphnids are filter feeders: theyKow (0il/water partitioning coefficient). Moreover particles
filtrate large amounts of surrounding water, redrawing particlegn@inly exhibit a negative surface charge due to adsorption of
as a food source. Results strongly indicate that contaminate@r9anic matter. Positively charged moleculegy( heavy met-
particles threaten the health of these particle-feeding orgarﬁ's) therefore are attracted from the water by electrostatic
isms. Compared to the reference severe acute toxic effects wef@ces (Allenet al. 1995). -
seen and cadmium accumulation was increased when contam-Organic molecules with high k, values and positively
inated solid material was present. Results were essentially théharged molecules concentrate on suspended solids and indeed
same for the different materials used in the experiments, excep€ry high concentrations can be measured in the solid material
for sand contaminated with cadmium. This shows that minerafollected from contaminated natural waters (VMM 1998).
as well as organic materials can contribute to the particle boun&ince aquatic organisms are exposed to these highly concen-
toxicity. Different results were obtained when a static set uptrated micropollutants, it is necessary to investigate their toxi-
was used instead of a flow through set up, illustrating that the&cological impact.
route of administration is important to make particles available Suspended solids can decrease toxicity of many chemicals
and thus to evaluate their toxicity. Contaminated particlesfor some aquatic organisms by decreasing the free concentra-
clearly have toxic potency, not only because they are a contion of the molecules (Kalel et al. 1997), but at the same time
tinuous source of dissolved xenobiotics, but also because tH#ey can increase the bioavailability for other organisms (Farag
particle bound fraction can become available within the bodyet al. 1994; Carvalhet al. 1995; Pentinneet al. 1995). Toxic
of particle feeding organisms. This could lead to unexpectecffects due to particle-bound contaminants can indeed be ex-
high tissue concentrations. More insight is needed to predicpected in aquatic organisms at different trophic levels.
the bioavailability of adsorbed pollutants. Results of this study Particle-feeding organisms are important inhabitants of the
already indicate that suspended solids should be considered aguatic ecosystem. These organisms feed on particles and
contaminated particles might in these organisms end up in the
gastrointestinal tract and exert toxic effects. McCarthy (1983)
calculated that PAHs, adsorbed on yeast particles, were assim-
Correspondence taR. Weltens ilated by daphnids at the same rate and efficiency as the carbon
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(20—30%). Since the physicochemical conditions in the digesMaterials and Methods
tive tract can be very different from the surrounding water,

contaminants might desorb within the gut. Because the amoung .- mination of Materials
of toxic substance per particle can be very high, toxic effects

COUI.dIbe caused even after digestion of a limited amount 0F\Iatural suspended solids are composed of both mineral and organic
particles. materials. In this study different materials (clay, sand, algae, and peat)

In risk assessment studies the dissolved concentrations @fere separately used in the experiments and artificially contaminated.
compounds are used to predict bioaccumulation. When desori@lay (60% < 2 p) and sand particles (60—6Qf) are a substantial
tion of molecules from suspended solidsthe bodybecomes  component in many natural rivers in Flanders; unicellular algae are an
prominent, however, tissue concentrations in the organism'gnportant food source for water fleas in natural surface waters; and
could be unexpectedly high. Because particle-feeding orgar€at (12 mm, sieved to 1 mm) was used as a reflection of degrading

isms are an important food source, situated at the beginning ({ﬁtural organic materials. Cadmium and zinc were used to contaminate
! e solid particles because toxicity of these metals for daphnids is well

the food chain, this phenomenon could lead to biomagnificay, . mented and analyses of these elements is relatively simple in

tion. different matrices.

Another possible effect of contaminated particles on particle
feeding organisms like daphnids, is a drastic reduction in fooctontamination of Peat, Clay, and Sanblaterials are commercially
intake causing serious chronic effects on the population levelavailable: Caoline clay (Kaldic SP26; 20 w), peat (Argofina 12
It has been shown many times that toxic products reduce foothm), and sand (Sibelco M34; 0.06—-0.6 mm). The composition of
uptake in daphnids. Contaminated food particles affect foodhese materials is summarised in Table 1.

uptake even more than dissolved contaminants (Aderal. Ten grams per liter of solid material is suspended in a volume of 1
1995). L of a metal solution (concentration y g/L). This suspension is stirred

) . . . . __overnight, allowed to settle, and a sample of the overlying fluid is
Given these arguments, it seemed worthwhile to Investigatyiered over a Corning Millipore filter (0.2am) for metal analyses (z

pOtentIa| tOXIC effeCtS Of al’tIfICIa”y Contam|nated matel’la|S |n g/L’ p|asma emission Spectrophotometry ICP OES Jarrell Ash Atom-
particle feeding water fleaPaphnia magna comp 750). The suspension is filtered over a Corning Millipore filter
The aim of this study was to test whether metal molecules(0.22 um), and the solid material is collected from the filter and

adsorbed to suspended solids of different types, possibly‘/aShed two times with ethanol (90%) to remove all water. After each
desorb from the particle’s surface when they enter the newW'a@shing procedure the solid material is centrifuged (4,000 rpm; 10
physicochemical environment of the gastrointestinal tract O‘m'nﬁ ind finally ‘:}”Ied I'n ag "lve” (105 ?)' Dried materials are a.flter'
the particle feeding organisms. It is important to gain insi htWalr eptin atightly closed glass vessel at room temperature until use.
h p g g : p h 9 g _Adsorbed concentrations can be estimated:

in these phenomena since at present most risk assessment is
based on the dissolved concentrations of xenobiotics. When

the particle bound fraction of a contaminant is potentially

ava|laple to th'fs Important trophlc level of partlcle feedln.g. Table 2 shows the estimated concentrations of the spiked materials
organisms, toxic effeets and bloaccumulat_lon and magnifiysed in this study. These estimated values are not completely correct
cation cannot be predicted properly from dissolved concenpecause small amounts of metal molecules could have desorbed during
trations only. the washing procedure. The actual metal concentrations on the parti-
This study was intended to test the hypotheses that met#les were not measured, since this study did not intend to quantify the
molecules, attached to solid material in the water column ofe'a“O“Sh'E between particle load and Ief_feCt- .
surface water, provide an extra source of metal toxicity to O €ach experiment dried material is resuspendedaphnia
filter feeding oraanisms. Therefore the water-onl effectmedlum at the different test concentrations and allowed to equilibrate
g org ) . y for 1 night to obtain a stable suspension. Then the dissolved concen-
values were measured for two metal salts solutions (cadMigation—due to desorption of previously adsorbed metal mole-
um chloride and zinc chloride) in the acute toxicity test on cules—is measured and the remaining amount of adsorbed material is
D. magna This baseline dose-response curve (mortality as aalculated. Samples of the solutions were again taken at the end of the
function of dissolved metal concentration) was establishedxperiments to evaluate the free metal concentration in the suspension
in both the setups that were further to be used in the study‘.’ue t_o desorption during the experiment. Samples for_ analyses were
Again, in both setups the effects of uncontaminated soligcentrifuged at 4,000 rpm for 10 min, subsequently filtered over a
; - 0.224um membrane filter, and acidified with HNQultrapure, Merck,
materials (clay, sand, peat, algae) were tested, to establi
. ) armstadt, Germany).
their background toxicity.

Finally 'the artificially contaminated materials were tested 1o mination of AlgaeAlgal cultures were renewed once a year
(suspensions and supernatants), and effects were compared g ap, widesmere Laboratory, Ambleside, Cumbria, UK) and grown
both the background toxicity and to the baseline toxicity asin the lab in Jaworski medium (16 mg/L Ca(N@.4H,0, 10 mg/L
expected from the dissolved metal concentration. Dissolved&H,PO,, 42 mg/L MgSQ.7H,0, 13.25 mg/L NaHCQ 1.9 mg/L
metal concentrations were measured at the start and at the eR®TA-FeNa, 1.9 mg/L EDTA-Ng 2 mg/L HBO; 1.15 mg/L
f e expermens T o Vo 0, (% ol

. . . , 0. m vitamin B, 0. m iotin, m a
_ In a separate experiment t_he tissue concentrations of orga_lj?’iéll_ NaQHP?)4.12HZO, 4% malL QgH402.Na.3I—EO, %2 mglf)ox
isms exposed to a suspension qf contaminated solid maten%idlzg’ 83 mg/L tryptone, 83 mg/L yeast extract, 833 mg/L GaCl
were compared to those of organisms that were exposed to thea concentrated algal suspension (mixture @florella vulgaris

supernatant of the same suspension, as a measure for megiamydomonasp.,Raphidocelis subcapitatandScenedesmus sub-
uptake. spicatu$ is added to a metal solution (1 L, y g/L) and stirred for 1

bound metal/10 g= (y — z)/10 g (9/9)



Ecotoxicity of Contaminated Suspended Solids to Filter Feeders 317

Table 1. Composition of the commercially available particles used Stability Test on Spiked Material€lay material spiked with cad-

for spiking mium was used to prepare test concentrations with different amounts
- of suspended solids (125, 250, 500, 750, and 1,000 mg/Dgiphnia
_ Caoline Clay _ medium and allowed to equilibrate while stirring for 1 night (as for
Sand (Sibelco M34) (Kaldic SP20) Peat (Argofina) normal experiments). Dissolved cadmium concentrations were mea-
Natural white quartz Natural Clay Natural degraded sured, and the test solutions were th_en used in static or perfusion set up
sand (Mol (B)) (Bretagne (Fr)) organic material (sqe below). After an exposure period of 48 h'the dissolved concen-
(NL) trations were measured again for both setups in the supernatant after
Composition: Composition centrifugation and filtration (0.2g&m).
>98.5% SiQ 33.4% ALO,
2.55% K,0
50% SiO, P
0.4 MgO Daphnia Bioassays
Granulometry: Granulometry 12 mm (sieved
at 2 mm) Static Acute Toxicity TesfThis test is based on OECD guideline 202
mean= 160 p. 98% < 20 p. (1984), except that adult organisms are used instead of neonates.
g 15 92% < 10 p In short: adult organism®( magna bred in the lab since 1994) are
min: 63 p 78.5% < 5 exposed to a dilution series of test substance/particles and mortality is
max: 600p 59.4%< 2 p assessed after 48 h at room temperature. Survival in control (OECD)
mean: 1.2, daphnia medium should at least be 90%. For each test concentration
pH: 7-8 pH: 6.5+ 0.5 four replicates with each five organisms are tested in glass test vessels
Hardness: 7 mohs containing 20 ml of solution.

This setup was used to test both pure metal solutions;{lf@r
CdCl, and ZnC}) and to evaluate the effect of suspended solids in a

Table 2. Calculated load concentrations for different materials after S€t UP where the material could settle down.

artificial spiking with CdC} or ZnCl, Test concentrations for pure solutions are listed in Table 3. Test
concentrations for solids were 250 and 500 mg/L for clay, sand, and
Amount of Concentrations peat, and 0.5 and X 10° cells/L for the algae (Table 4).
Type of Solid Material of the Spiking Estimated
Solid Used in the Solutions Load on (dry®)

Flow-through Acute Toxicity TestTo administer the suspended solids

Material Spiking Procedure (mg/L) Solid Material in a more realistic way, a flow-through setup was build which allowed
Clay 10 g/L 27.3 CdCJ 0.71 mg Cd/g to expose the organisms to the solids when they are actually in
10 g/L 455 CdCJ 1.28 mg Cd/g suspension (Figure 1).
10 g/L 22.8 ZnC} 0.79 mg Zn/g Four exposure chambers each containing 20 adult organisms in
Sand 10 g/L 98.28 Cdgl  1.60 mg Cd/g approximately 25 ml of solution, were simultaneously perfused via a
10 g/L 95.2 ZnC} 0.74 mg Zn/g multiway pump in the one direction and four chambers in the other
Peat 10 g/L 455 CdGl 1.90 mg Cd/g direction. The source solutions were continuously stirred by magnetic
10 g/L 25.5 CdCJ 1.10 mg Cd/g stirrer, keeping the solids in suspension. For each chamber the effluent
10 g/L 33.75 ZnCJ 1.10 mg Zn/g solution was collected in a vessel that served again as source solution
10 g/L 19.8 ZnC} 0.65 mg Zn/g for the reverse direction, allowing recirculation of the test solutions.
Algae 0.2x 10° cells/L  18.2 CdC}, 1.2 mg Cd/18 cells Mortality was assessed after 48 h: per concentration the animals were
2 X 10° cells/L 12.8 ZnC}, 1.8 mg Zn/16 cells transferred in groups of five to a small beaker and mobility was
assessed. Four test conditions could be tested simultaneously (2 ves-
° Except for algae. sels/condition).

In one series of experiments again the LC50 values of cd@tl
ZnCl, solutions were measured to evaluate the possible effect of the
perfusion (extra oxygen supply) on the sensitivity of the organisms. In
night. Cell number is countedx( cells/L; Coulter counter: Coulter another series the effect of suspended solids was teBteghnia
electronics model D) and then the suspension is centrifuged (2,0000edium, two concentrations of suspended solids, and the supernatant
rpm, 10 min). A sample of the supernatant is taken for metal analysesf the most concentrated suspension were tested. These effects were
(z g/L; Plasma emission spectrophotometry ICP OES Jarrell Ashmeasured both with contaminated and noncontaminated materials to
Atomcomp 750), and supernatant is carefully removed. The pellet isneasure background effects due to the physical presence of suspended
resuspended iDaphnia medium at a preset cell concentration and solids.
used immediately in the experimental setup. Test concentrations for pure solutions are listed in Table 3. Test
Adsorbed concentrations can be estimated: concentrations for solids were 250 and 500 mg/L for clay, sand, and
peat, and 0.5 and X 10° cells/L for algae (Table 4).
The suspended solids concentration was not measured during or
bound metal/x= (y — z)/x (9/10 cells) after the experiments. Each experiment was started with a well-known
concentration of suspended solids (250 and 500 mg/L solids as stated
above). The flow-through setup was build in translucent materials.
Table 2 shows the estimated concentrations of the spiked algae used $ince suspensions were continuously stirred, settlement of particles in
this study. the system could only take place during the transfer in the catheters or
Samples of the solutions were also taken at the end of the experin the exposure chambers. By using small-diameter transfer tubes, the
ments to measure the free metal concentration in the suspension duehigdrostatic pressure built up in these narrow tubes does not allow any
desorption during the experiment. Samples for analyses were centrsedimentation within the tubing. A minimal amount of sedimentation
fuged (2,000 rpm, 10 min) and taken from the supernatant solution.could be noticed at the outlet of the chambers, indicating that the
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Table 3. Water-only tests: Test concentrations and (48-h) LC50
(mg/L) values for adulDaphniain static and flow-through setup

(n = number of experiments)
Test Concentrations LC50 = SD
(mg/L) n (mg/L)
Static setup
ZnCl, 20.25 112 6.2 35 19 2 54 0.162
Cdcl, 1.8 1 056025018 1 1.44
Flow-through
setup
ZnCl, 20.25 10125 1.35 2 6.2 0.405
Cdcl, 1.8 1.3 0.91 045 2 14%0.18

Table 4. Cadmium concentration (mg/g) in wholgaphniatissue

after exposure of adult organisms to suspension or to the superna-
tant of this suspension after centrifugation. Both contained |24/6

L dissolved Cd and the suspension contained additionally 47 mg/L o
solids loaded with 360 mg Cd/g. Samples were taken immediately Fig- 1. Scheme of the flow-through setup.mmagnetic stirrer, p=

m

after exposure (& 0) and after 1 (t= 1) and 2 h (t= 2) in pump, e= exposure chamber. Constant mixing of the solutions in the

cadmium-freeDaphniamedium beakers provides solids in suspension. A (multivalve) pump transfers
the suspension through the exposure chamber into the opposite beaker

Supernatant Suspension where it is mixed again and transferred in the reverse direction to the

t (mg Cd/g tissue) (mg Cd/g tissue)  second exposure chamber (recirculation of fluid for 48 h). No medium

refreshment was provided during 48 h of exposure. Four parallel

0 172 463 - ] -
164 430 solutions can be tested in this system>(42)
1 158 291
160 312
2 153 252
138 291 Results
Results from two replicates are shown for each condition (each repli-
cate is a pool of 20 organisms). LC50 Values for CdGland ZnC},

Table 3 summarizes the results from water-only acute toxicity
tests (48-h exposure) in the static and flow-through setups. It is
suspended solids concentration decreased by a very small amount lojear that perfusion does not affect the toxicity results for these
the end of the experiment. metals in theDaphniabioassay.
This decrease in suspended solids concentration was not quantified
because the (visible) small loss of material would not have any
consequences for the conclusions. This study did not intend to quanti . .
the re?ation between the amount of partic)l/JIate material (orqrathefjéffec'[ of Uncontaminated Suspended Solids
particle surface) and the measured effect.
To interpret further results it is important to determine the
Bioaccumulation ExperimenfTwenty organisms per well were ex- baCkground, effects caused by,the physical presence of sus-
posed in 24 well plates for 19 h to the following conditions (18 Pe€nded solids. In these experiments concentrations of clay,

replicates per condition): sand, and peat of 500 mg/L were tested for 48 h in the
flow-through setup, and mortality was assessed. No significant
e supernatant: 24@.g/L dissolved CdCJ effects were noticed, indicating that the test concentrations are
o suspended solids solution: 246g/L dissolved CdG), 47 mg/L not causing significant background mortality within this expo-
suspended solids (caoline clay, 360 mg Cd/g) sure time (respectively 2% 17, 7.5+ 10.6, and 12.5- 17.7%

mortality in the perfusion set up and 14 10.6, 6+ 2.8 and

After exposure, organisms from four replicates (for each test con12 = 5.6% mortality in static conditions; mean SD; n = 2).
dition) were pooled for metal analyses (see below). Organisms from 10 Algae were not separately tested since experience with
replicates were pooled and placeddaphniamedium to enable them Daphniabreeding learned that the test concentrations are well
to void their intestinal gut contents (transit time is approximately 45helow the normal algal cell concentrations that are used as food
min). From this pool 80 organisms were collected for analyses after 1 lin the breeding compartments without any adverse effect.
and another batch of 80 animals were collectedr&ftd in Daphnia
medium. Four replicates were left to measure mortality after 48 h of
exposure. L - . .

Organisms collected for analyses were thoroughly rinsed with dis-Splklng and Stability of Spiked Materials
tilled water and dried at 70°C in an oven overnight, and dry weight was
measured. They were then mineralized in HN&hd diluted with ~ Adsorbed metal concentrations were estimated from the loss of
demineralized water for cadmium analyses with ICP. metal in the spiking solution (see methods). On resuspension a
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new equilibrium will be achieved after a short time—due to ability. Because daphnids are filter feeders they continuously
desorption of limited amounts of metals—which is stable dur-filter the surrounding water. In the case of the flow-through
ing the 96-h test period in fish medium (Van den Bedtal setup, particles are directly available to the organisms, while in
1999). the static setup the particles will settle at the bottom of the

Figure 2 shows results of a cadmium on clay spikingvessel and will not be directly administered to the organisms.
experiment performed in our lab f@aphniamedium. Dif-  Due to the small size of the clay particles (60% of the parti-
ferent concentrations of spiked material (125, 250, 500, 750¢les < 2 pm), however, this material is kept in suspension
and 1,000 mg/L) were used in both setups, and organismspontaneously by the movement of the swimming daphnids and
were exposed to the suspensions for 48 h. The dissolveid therefore available even in the static condition. The deviant
metal concentrations were measured both at the beginninigehavior of sand contaminated with cadmium will be discussed
and at the end of the exposure period. Results clearlyater.
show that the suspension remained stable during a 48-h
exposure period in both flow-through and static setups, and
that the concentrations were completely comparable in botiBjoaccumulation Experiments
setups.

Table 5 resumes different spike experiments performed agjay was used in a static setup, and organisms were exposed
our lab (including those of the present study) to illustrate thefor 19 h to cadmium-containing solution. Due to the small
stability of cadmium and zinc suspensions in both flow-paricle size and the large number of organisms in a small
through and static setups, and for different materials. Samgo|yme, availability of the particles during exposure was guar-
ples were taken at the start and the end of the 48-h experipteed.
ment. These results show that the equilibrium period of 1 Tapje 4 summarizes the results of this experiment. Cad-
night before use, is suitable to obtain a stable suspensiofiniym concentrations in organisms exposed to the suspen-
Even for algae, which were used immediately after resussjon are clearly much higher than in organisms exposed to
pension (see methods), only limited changes in dissolveghe supernatant. This can be explained by the presence of
concentrations were measured. These slight changes weggntaminated particles in the gut, but the normal transit time
comparable between static and flow-through systems. Only t50d in Daphniais about 45—60 minutes (Espiritu 1994).
for cadmium-algae deviating results were seen in the staliqherefore the elevated levels afezh indicate that desorbed
setup where a notable decrease in the dissolved concentrgagmium taken up in the gut, is responsible for these higher
tion was measured. ) concentrations. The concentrations used in this experiment

These results (Table 5) ensure that the dissolved metal coRsed no mortality in the supernatant but 24942 SD,
centrations are comparable for both types of setup, and thergqyr replicates) in the suspension after 48 h. This confirms

fore mortality results in function of dissolved concentration canine chemical results: aglevated uptake of cadmium causes an
be compared between static and flow-through experiments. ncrease in toxic response.

These results also show that the dissolved concentrations of
cadmium and zinc were in any case well below the LC50
value_s (see Table 3) and therefore are suitable for furthebiSCUSSion
experiments.

Effect of Uncontaminated Suspended Solids

Effect of Contaminated Suspended Solids The experiments showed that uncontaminated solids used at the
maximum test concentration of 500 mg/L caused no significant
Figure 3 shows the mortality data in the different conditions. Inmortality within the 48 h of exposure. Study on fish with
these figures the dose-response for water-only experimenexposure to clay particles up to concentrations of 2,000 mg/L
with CdCl, and ZnC}, are shown (bullets and trend lines), both during 144 h also revealed no mortality (Van den Baltal.
in static (open) and flow-through (filled) setups. Mortality in 1999). Sublethal and chronic effects however have been de-
the presence of contaminated solid materials (algae, sand, peatribed. Hughes (1976) described increased respiration rate,
and clay; squares) are shown in function of the dissolved metahorphological changes in gill tissue, and decoloration of the
concentration for static (open squares) and flow-through sysskin in fish at chronic exposure to low concentrations (90
tems (filled squares). If the hypotheses were true that only theng/L) of suspended solids in a flow-through setup. Scott and
dissolved concentration of a xenobiotic were responsible foRedmond (1989) studied effects of chronic exposuréwi-
toxicity, all conditions would fit the water-only dose-responsepeliscato 40—50 mg/L of contaminated dredged material and
curve. This is true for the static suspensions (except clay; seghowed that populations were affected: reproduction success
below), but clearly not for the flow-through conditions. Often decreased and survival of newborn organisms was drastically
100% mortality is seen in the flow-through condition, evenreduced.
with low dissolved metal concentrations. Since dissolved con- Depending on geography and urban activity, the compo-
centrations are comparable for both setups, these resultion and amount of suspended solids in surface waters can
strongly indicate that the adsorbed fraction exerts a significanbe very different. Values higher than 4,000 mg/L have been
contribution to toxicity on condition that the particles are reported (Helawell 1986) and in effluents even values up to
available to the organisms. 100 g/L can be measured. In Flanders, mean values in
These results can indeed be explained in terms of bioavailsurface waters are about 20 to 50 mg/L, with some excep-
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Table 5. Concentrations of dissolved cadmium and zinc (mg/L) in the suspensions after resuspension of contaminated solid materials in
Daphniamedium at the start of the experiment (t1) and at the end of the experiment (Ts after use in a static set up, Tp after use in a perfu-
sion set up.)

Original Metal Load Material Concentration of Suspended Solids t1 Ts Tp
Cadmium
1.28 mg/g clay 125 mg/L 0.13 0.13
0.14
250 mg/L 0.26 0.29 0.22
0.25
500 mg/L 0.49 0.46
0.57
750 mg/L 0.74 0.7
1,000 mg/L 0.97 0.95
0.71 mg/g® clay® 250 mg/L° 0.09
500 mg/L° 0.117
1.6 mg/g° sand® 250 mg/L° 0.06 0.07 0.07
500 mg/L° 0.13 0.15 0.12
1.1 mg/g® peat® 250 mg/L° 0.15 0.18 0.16
500 mg/L® 0.16 0.18 0.18
1.9 mg/g® peat°® 250 mg/L° 0.19
500 mg/L° 0.24
1.2 mg/16 cells® algae® 0.5+ 10° cells/L® 0.18 0.07 0.16
1 # 10° cells/L® 0.26 0.16 0.25
Zinc
0.79 mg/g°® clay°® 250 mg/L° 0.11
500 mg/L° 0.18
0.74 mg/g® sand 250 mg/L
500 mg/L 0.19 0.19 0.19
0.65 mg/g® peat 250 mg/L 0.09 0.1
500 mg/L 0.12 0.11 0.13
1.1 mg/g° peat 250 mg/L 0.16
500 mg/L 0.21
1.8 mg/18 cells® algae 0.5x 10° cells/L 0.16 0.1 0.1
1 X 10° cells/L 0.25 0.16 0.16

° Used in the present study.

tions going up to about 100-200 mg/L (VMM 1998). The Effect of Contaminated Solids

regulatory rules in Flanders recommend a maximum of 50

mg/L of suspended solids in surface water and 60 mg/L inResults demonstrate thstispendedontaminated particles ex-
industrial effluents that end up in surface waters (withert a toxic effect that cannot be explained by the dissolved
exceptions for some industrial activities). concentration of the heavy metals or their physical presence.
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Fig. 3. Mortality data in the different experiments. a: experiments with cadmium contamination; b: experiments with zinc contamination.
Mortality is shown in terms of the dissolved metal concentration to illustrate the superimposed impact of particle-bound contaminant for different
types of material (algae, peat, sand, and clay). For each metal are shown: (a) dose-response curves for dissolved Cd and Zn saltS)in a static
or a flow-through setup®) and (b) mortality in the presence of contaminated solids in a sta)iof a flow-through setup€)

In some conditions 100% mortality was caused when conthe presence of the contaminated suspended solids than in
taminated particles were present and suspended, although thenditions without solids (supernatant or water only experi-
dissolved concentration was not toxic in water-only or inments) or when solids were allowed to settle (static setup,
sedimented exposure (Figure 3). Except for sand contaminateshich is actually comparable to supernatant except for clay).
with cadmium, in all other cases mortality was much higher inThis can only be explained when the particle-bound fraction of



322 R. Weltenset al.

the contaminant can enter the body and tissues to exert theRoute of Administration
lethal effect.

The deviant behavior of sandeg., not causing a notable The different results obtained in the different setups illustrate
increase in mortality when contaminated particles werethe importance of the route of administration in ecotoxicity
present, could not be explained in terms of low adsorbedests. For both hazard and risk assessment, information on
pollutant concentration. Actually the residual load on theexposure has to be evaluated. The bioavailable fraction of the
sand particles for cadmium was rather high (1.34—1.36contaminants has to be determined for each specific exposure
mg/g) when compared to other materials. Possibly thes&oute. To evaluate the possible risk for filter feeders an admin-
high loads interfere with normal food uptake mechanismgstration via a flow-through system is needed to evaluate the
(Allen et al. 1995). effect of adsorbed molecules correctly.

The bioaccumulation experiment confirms the hypotheses The effect of contaminants adsorbed to natural suspended
that the metal becomes bioavailable within the body. Desorps°lids is often studied on extracts (Santiagal 1993), butthe
tion in the gut is probably due to different physicochemical ecotoxicological relevance of extracts of particulate matter is

conditions in the gastrointestinal tract. Although pH is neutralfar from fully evaluated (Bromaet al. 1994). Shuytemat al.
in Daphniagut (Pennak 1978), enzymatic conditions can be in(1995) compared different setups (flow-through, static, and
favor of desorption processes. elutriate tests) and came to the conclusion that in 25% results

In a parallel study on trout, lethal effects were also measured/c€ Not comparable for the different setups if the sediments

when exposed to clay particles loaded with cadmium. Toxic'ér€ contaminated with metals, and in the case of organic

effects could be due to the microenvironment of the gill, butcontamlnated sediments even more diversity was noticed.
more research on this subject is needed (Qiao and Farell 1996;

Van den Belt 1999).
) Contaminated Solids and Risk Assessment

To perform a sound risk assessment good information and

estimation of the target organism and the route of exposure is

absolutely necessary. Analytical determination of the total pol-
. lutant content is not sufficient; also, the bioavailable fraction

d di h d urb i hnia food %as to be determined. Bioavailability describes the portion of a
epending on geography and urban activiaphnia foo contaminant that can be taken up by the organism from its

uptake mechanism 'S described by Pennak (1978). Compleé(nvironment and food and is subsequently transported, distrib-
movements of thoramc legs pr_oduce a constant current of Watq.fted, and metabolized by the organism’ (el et al. 1997).
that serves to filter food particles from the water and collectpig\ anq hazard assessment for chemicals in water is often
them in a median ventral groove at the base of the legs. Thigaseq on dissolved concentrations. Although regulatory pre-
stream of food is fed to the mouth parts where the particles maycriped tests are designed to mimic the possible environmental
be ground between the surfaces of the mandibles before beingfects of new chemicals, suspended solids are not assessed.
taken into the mouth. It is well known that OrganiC detritus of Positive|y Charged and hydrophobic mo|ecu|esl however, will
all kinds, as well as bacteria and algae, are very important foodnly be present at very low dissolved concentrations, but they
sources. All organic particles of suitable size are ingestedan become a substantial component of the solid fraction in the
without any selective mechanism. Undesirable material okvater column, being bioavailable to specific organisms.
large tangled masses are introduced between the mandibles andrhese experiments with artificially contaminated materials
removed by spines at the base of the first legs and kicked oustrongly indicate that toxic effects of contaminated solid ma-

From this description it could be expected that clay and sanderials in the water column cannot be neglected and should be
would not be accepted as food particles by the organisms, angikamined into more detail. Metal molecules like cadmium and
therefore no severe acute effects would be expected within theinc, adsorbed to organic or mineral materials, are clearly
short exposure time. Surprisingly, effects were comparable fobioavailable to filter-feeding water fleas. This situation can be
organic and inorganic materials used: in almost any case thexpected in industrial or sewer effluents, or when cleaning or
suspended solids increased toxicity drastically. This might in-dumping contaminated dredged sediments. In these cases the
dicate that food uptake is completely nonselective and th&éuspended material compartment may be an important toxico-
inorganic sand or clay particles are not rejected. The bioaccuogdical component, causing acute toxicity in higher organisms.
mulation experiment confirms this for clay particles—immedi-
ately after exposure the gut contains particles loaded with
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