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The influence of inorganic and organic pollutants on
the rate of reproduction of a marine hypotrichous

ciliate : Euplotes vannus Muller

INTRODUCTION

"Although the concentraticns of pesticides and heavy metals

in potential seafood is currently attracting widespread
attention, the effects ¢f pollution on lower trcphic levels

in the sea remain almost unknown. In the sediment ecosvstem
pollution could have far-reaching conseguences at high trophic
levels through for example alteration of the composition of
important species at low trophic levels in food webs, or by
irradication of organisms fundamental to the breakdown processes
of the carbon, nitrogen and sulphur cycles."

(GRAY and VENTILLA, 1971)

Although some literature concerning the sensitivity of benthic
marine invertebrates (especially macrofauna) with respect to
inorganic and organic pollutants becomes slowly available, we
only could find a few publications dealing with bioassays on
marine ciliates.

FENCHEL (1967), however, stated :

"The biomass of marine ciliates in some types of sediments

is of the same order or sometimes larger than the biomass

of the micrometazoans (nematodes, turbellarians, gastrotrichs,
etc...)" and COOLEY and KELTNER (1969) even stated that :

"The abundance of ciliates in agquatic ecosystems and their
importance as nutrient regenerators and as food for other
organisms are such that eny zignificant increase or decrease
in their populatiocn density should be reflected at othexr

trophic levels.”
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In ordsr toc somewhat complete our very fragmentary knowledge
concerning the influence of pollutants on this very important
group of organisms, a series of experiments were conducted on
the marine hypotrichous ciliate "Ruplotes vannus" MULLER.

In previcus experiments on this ubiguitous species which “can
be regarded as representative for marine sand-mud sediments,
we attempted to establish the appropriate culturing parameters
with respect to temperature, salinity and nutrition (PERSOONE
and DEPLAECIE, 1972).

The pollutants investigated are those cited by the chemists
working on the project "Mathematical Model of the North Sea",
as regularly appearing in relatively high concentrations in
the water and sediments at the 25 sampling stations of the
investigated area of the North Sea.

It concerns the metal ions : lead, copper, mercury, zinc

and cadmium; as well as the pesticides DDT, DDE, Lindane
(hexachlorocyclohexane) , hexachlorobenzene and heptachlor.
Finally, the toxicity of arochlor 1254 as an example of a

polychlorinated biphenyl (PCE) was tested.

MATERIALS AND METHCDS

a. Test organisms -g

The Euplotes vannus used in the tests were isolated from

"fouling" material formed on substrates submerged in the
Ostend harbour. Since several specimens were brought to-
gether after isolation, the used stock culture was not
clonal.

b. Feeding :

The test organisms were cultured on a yeast -~ seawater
suspension (yeast in powder form : Fleischmann's Dry
yeast) . The stock solution was made up of 1 g yeast per
100 ml distilled watesr. The feeding medium itself con-

sisted of 1 ml stock solution per 100 ml seawater.



Artificial seawater vith a salinity of 35 °/,, made up
according to the forruia of DIETRICH and KALLE (1963)

was always used.

Temperature :

The culturing vessels were incubated in an oven at 28°C.

Culturing

Polystyreen traasparent plates with 8 round depressions
(cells) (RARTELL "kuvetten" TS 357) were used. The

cells have a flat bhoticm arnd a diameter of 15 mm. They
each can contain 0,5 =1 liguid. To reduce evaporation

of the medium, the rl-'es were put in Petri dishes on

W

huamid £ilter peper a7 e¢r irosulation.

I _the various pollutants :

1.

disrurt the normal ionic balance of sea-
water as little #g¢ possible, the chloride salt of all
tested metal ions was used.

PhCl, . 2 o

?O for FPb
CuCl. for Cu

[N

; . 4
HgCl. for Hg

ZnCl, for Zn+
cdacl, . 2,5H,0 for cd’t
Since several of these salts are hardly soluble in

o
L8

-+

N

seawater, at least at higher concentrations, they

were first dissolved in 250 ml distilled water which
was then added tc 750 ml seawater, itself derived from
1 1 seawater with a salinity of 35 °/,, which was

previously evaporated to 750 ml.

2. Pesticides and PCR

Since none of :lese substances are easily soluble in

vater, thoy wipr. fivet dissolved in a "carrier", wvhich

in this case war acetone.



To this solution acetone was further added to obtain

a dilution series so that 1 ml of the respective dilu-
tions added to 1 1 feeding medium, (seawater + yeast)
resulted in the required concentration of pollutant.
In this manner, the following concentrations were
Prepared and subsequently tested

10 ppm, 1 ppm, 100 Ppb arnd 10 ppb.

As control,solutions were used to which 1 ml acetone

per 1 seawater had been added.

In@culat

lation s

From the stock culture in expcnential phase, the

test organisms are sucked out one by one with a micro-
pipette and transferred to the cells (already filled
with liquid) of the culturing plates at a ratio of

1 individual per cell. For each concentration of each

tested pollutant, 20 replications were inoculated.

- Duration of the experiments

After 48 hours all test Organisms are fixated by ad-
ding 0,1 ml Bouin to each culture cell. The number

of organisms is then counted under a dissection micro-
Scope and the number of divisions computed according
to the method of GENERMONT (1969) :

2¥ <« n & pEtl in which n is the number of ciliates
after 48 hours and x the number of generations.
Usually n is larger than 2X, meaning that some speci-
mens have already undergone the x+1 division. In our

computations we only took this X+1 value into account.



RESULTS (Figures 1 through 11)

During our previous investigations on this species (PERSOONE
and DEPLAECIE, op. cit.) it was already found that the varia-
bility among the different replications can be rather larger.
In the controls of most tests the 7th generation was reached
at least in some c¢f tho replications (more than 64 organisms
and less than 128). 7» :ome cther replications, on the con-
trary, the ciliates were only at the 4th division (8 to 16
organisms). In comperine the average number of generations

of the controls in the 27 replications of each of the 11 tests

performed, it arpear: thet the minimum is 4,9, the maximum 7.

The causes of these diiferences can be of various origins and
were already discussed in our previous work.

The toxicity of thz tested substances was calculated as the
procentual inhibition, meaning the decrease in the number of

divisions.

For each dilution the average number of generations in the 20
replications was calculated and compared with the average numbex
of generations in the controls. The ratio of these two figures,
expressed in % and substracted from 100, gives the procentual
inhibition.

Mathematically: \
average number generations + pollutant

% inhibition = 100 - x 100
average number generations control y.

A. Heavy metals

a. Lead (Fig. 1)

Up to 100 ppb no influence was detected. At 1 ppm
16 % inhibition exists, at 10 ppm 29 %, and at 100 ppm
no division occurs in any of the 20 replications and
all the test organisms are dead.

b. Copper (Fig, 7

Already at 1 ppm an inhibition of more than 40

o

exists while the inhibition is total at 10 ppm.



c. Cadmium (Fig. 3)

At 10 ppm, 20 % inhibition occurs, and at 100 ppm
all ciliates died.
d. Zinc
Inhibition of 10 and 100 % occurs at levels of
10 and 100 ppm respectively.
e. Mercury

Appeared to be the most toxic metal
the 1 ppm level was lethal to all test organisms;

at 100 ppb, however, no inhibition existed.

Pesticides and PCB (Figures 6 through 11)

Contrary to the results obtained with most metal ions,
the toxicity of the pesticides at a concentration of

10 ppm caused an inhibition only ranging from 3 to 10 %
compared to the control. Although the performed t-tests
show a statistically significant difference (P0,05)
between the average number of generations at the 10 ppm
level and the control,we do not dare to give a mathe-
matical interpretation of these inhibitions. Some of
the lower concentrations tested, showed indeed up to

a 10 % deviation from the control.

With Arochlor 1254 the inhibition was even 0 at 10 ppm.
This agrees very well with our results obtained from
experiments done during a stay at the Duke University
Marine Laboratory at Beaufort, N.C., with this chemi-

cal on an american stock of Euplotes vannus.

Since at the commencement of this study the hypothesis
was set for that the pesticide and PCB concentrations

in the marine environment would hopefully never exceed
the 10 ppm level, the 100 ppm dilution was not tested,
contrary to the metal ions. We therefore can only guess
if this concentration would affect the ciliates in some

way or another.

R S Py P e



DISCUSSION

In Fig. 12 all the procentual inhibitions of the 11 tested
substances were represented, starting from the 100 ppb level.
From the graph it appears that most metal ions are much

more toxic to the test organisms used than the organic |
pollutants.

Among the heavy metals mercury is the most toxic product.

It is remarkable that for this substance the 1 ppm level
inhibits totally while the 100 ppb level seems absolutely

not toxic.

O

Copper comes at the second place with 50 $ inhibition at
the 1 ppm level and 100 % at 10 ppm; lead, cadmium and
zinc somewhat inhibit the divisions at 1 and 10 ppm but
total inhibition only occurs at 100 ppm.

As already mentioned, was the inhibition lower than or
equal to 10 % at a concentration of 10 ppm of the tested
organic substances.

The only study we found concerning the influence of heavy
metals on a marine ciliate is the one of GRAY and VENTILLA
(1971) .

These authors working with a marine pelagic ciliate :

Q

Cristigera sp. found that HgCl2 provoked already a 100 %

mortality at 20 ppb, while 5 ppb led already to a reduction
growth rate of 12 %.

Moreover, 250 ppb zinc sulphate gave a 13 % inhibition;

30 ppb lead nitrate was toxic for 12 %, but at 300 ppb

this substance was not yet 100 % toxic. The authors added
that by mixing these salts, the toxicity increased consi-

derably due to the synergetic effect of the pollutants.

As far as the sequential order of toxicity is concerned
the results of GRAY and VENTILLA on Cristigera sp. agree
with our observations on Euplotes vannus, namely, the

lowest toxicity for zinc, followed by lead, and the highest

for mercury.



For the 100 % inhibition, we only can compare the mercury
values (for zinc and lead the authors give no data) .

From these findings it seems that the sensitivity of
Cristigera to mercury is much higher than that of Eupldtes
vannus : our results show indeed a total inhibition some-
where between 100 ppb and 1 ppm, whereas GRAY and VENTILLA
found a 100 % mortality at 20 uvpb.

The results obtained with the other two metal ions point

in the same direction : the authors mentioned above, found
here also inhibitions at considerably lower concentrations
than in our experiments with Euplotes.

It is indeed very difficult to carry out a close comparison
between the experiments of GRAY and VENTILLA and ours:; the
authors worked in completely different circumstances with

a completely different methodology.

Starting from cultures in the exponential phase, the reduc-
tion in growth is measured every hour for 5 to 7 minutes,
by counting the number of organisms per unit volume (auto-
matic counting with the Coulter-counter). The tests were
carried out in duplicate + 1 control and the results com-

puted and plotted as a change of the growth rate (increase
in population) 4 g%% :

Recently, a very interesting contribution to the influence
of toxicants on freshwater protists was published by
RUTHVEN and CAIRNS (1973). These authors determined the
lethal concentration and the tolerated concentration for
various rhizopods, flagellates and ciliates, for different
metal ions (in the form of various salts) of inorganic
acids and phenol.

The methodology used differs very strongly from the one

we used : the "lethal concentration" is the lowest con-
centration at which all organisms die after 10 minutes
(microscopical observation) ; the "tolerated concentra-
tion" is the highest concentration at which some test

organisms still live after 3 hours.



For three of the metals we

CAIRNS found the

(see table).
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Since it seems that these experiments were in no way
standardized, it is extremely difficult to make any
comparisons with our results. Concerning the very -
divergent figures obtained with the same toxicant in

the various replications, the authors state :

"When a compound was tested more than once with a given
species, variations in result probably were due to changes
in the culture medium (i.e. pH, temperature, etc...) and
test organisms being in a different growth phase. These
factors plus exposure time, dissolved 02 and C02 concen-
trations, other heavy metals, hardness, complex formation,
species resistance, and adsorption on submerged objects
are all known to modify heavy metal toxicity."”

They admit indeed that these experiments are a "first
approximation of response to a variety of toxicants".

From their results we can nevertheless conclude that
copper showed the highest toxicity and that zinc seems

to be considerably more poisonous than lead for fresh-
water ciliates.

The lethal concentrations which they noted are roughly

of the same order of magnitude as those which we oObserved
for Euplotes, namely 1-10 ppm for copper, 10-100 ppm for
lead, and 10-100 ppm for zinc. From the "tolerated con-
centrations" given by RUTHVEN and CAIRNS it appears, however,
that our Euplotes was much more resistant to copper and
zinc as far as survival is concerned, than the freshwater
ciliates used by these authors.

Another interesting finding in their experiments is the
fact that "the relative sensitivity of protozoa to various
toxicants will not always be the same, i.e. species X may
be twice as tolerant to a toxicant as species Y but its
relative sensitivity may be guite different for another
toxicant."

Finally, several authors already examined the influence of

mercury salts on Tetrahymena species, which are very well
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known physiologicélly and biochemicallyv.

TRASHER and ADAMS (1972) arrived at the conclusion that
mercuric chloride (HgCl2) is 20 times less toxic than
organo-mercurials such as ethylmercuric chloride and
phenylmercuric acetate. The latter are in turn a little
less toxic than the methylated form of HgClz.

The concentrations which prolong the division rate a 100 $
(thus double) are respectively : 4,34 ppm for chl2;

0,196 ppm for ethyl- HgClz,

acetate and 0,141 ppm for methyvl-HgCl

0,177 ppm for phenylmercuric

CARTER and CAMERON (1973) performed a classical Thy on
the same species and found a 50 % mertality with HgClo

at 3,12 prm after 96 hours.

Froceeding from this result, TINGLE et al. (1973} inves-—
tigated if lower concentrations of HgCl2 (so called sub-
lethal concentrations) could affect cell structures (cyto-
toxic effects).

They found indeed that 0,25 ppm of the toxicant caused
"extensive but repairable sublethal damage", but that

at 0,50 ppm "the damage persisted and accumulated with
time up to 24 hours."

In the literature we cculd not find any figures for com~
parison, as far as the influence of organic pollutants

on marine ciliates is concerned.

Many authors have, on the contrary, examined the toxicity
of pesticides on freshwater ciliates.

GREGORY et al. (1969} investigated the influence of DDT

and parathion on Paramecium bursaria and P. multimicro-

nucleatum.
They determined that a pesticide concentration of 1 ppm,
even after 7 days incubatiocn, had absclutely no "adverse
effects”, although the pollutants seemed to be concentrated
a hundred fold by the test crganisms.

MORGAN (1972) even found

1248 seemed to have anv influence on Tetrahyvmena vorax

neither DDT, nor Arochlor

at concentrations as high as 100 »om.

2 g
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COOLEY and KELTNER (1969) found on the contrary, that
T. pyriformis show a statistically significant reduction
in growth rate at 10 ppm DDT.

COOLEY et al. (1973) noted that PCB's of the Arochlor -
group (namely Arochlor 1248 and Arochlor 1260) started

to be toxic around the 1 ppm level for T. pyriformis.
Previous results obtained by COOLEY et al. (1972) with
Arochlor 1254 are rather strange. Arochlor 1254 of which

the chlorine content is situated between that of Arochlor
1248 and 1260, would be 1000 times more toxic than the

two previously menticned Arochlors.

This last result is, in any case, totally opposite to

our own findings with Arochlor 1254 on Euplotes vannus.

The hypotrich seemed to be unsensitive to 10 ppm of this
substance, which was indeed confirmed by our experiments
with an american stock of FEuplotes vannus (see section
RESULTS) .

Let us, for the sake of completeness, mention that the

methodology of the authors cited, is very different of
ours.

With Tetrahymena the population densities of the cultures

are determined with a spectrophotometer at a certain wave
length, subsequently the reduction cf the growth rate com-
pared to the control is calculated.

From all these results the soundness of the already men-
tioned citation by RUTHVEN and CAIRNS (op.cit.) appears
again, namely, the highly divergent sensitivity of various
species to a same toxicant.

Abstraction made from the high but dubious toxicity of
Arochlor 1254 to T. pyriformis, mentioned by COOLEY et
al., it appears nevertheless that the pesticides tested
are generally less toxic than the heavy metal ions.

It makes little sense to compare the determined toxicity
levels with those of phytoplanktonts, invertebrates or
vertebrates. The literature data with respect to this

fact, already prove that the sensitivity is indeed very
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species-bound and that it can vary in orders of magnitude.

CONCLUSION

Looking at the results obtained by the chemists with res-

pect to the maximal concentrations of pollutants determined
in the water and sediments of the North Sea and the Scheldt

estuary, we can make the following considerations :

TABLE 2

I,

IT.

ITI.

HEAVY METALS

W HE H H T
i » North Sea | Scheldt ! North Sea; Scheldt !
" , water y water 1 sediment | sediment !
" 1 (coast) ' ' ' i
" ] v ] 1 "
| S o i O o st e 1
W | : : ;
w Zn | 100 ppb » 430 ppb |} 271 ppm ! 926 "
" ] v ) v L]
w Cd | 5 ppb 1 15 ppb | ? ' ? "
n 1] ] ] ] "
w Pb | 58 ppb v 35 ppb | 280 ppm ! 185 "
" ] ) ] ] 1]
w Cu | 59 ppb v 130 ppb ! 58 ppm ! 221 n
n 1] ] 1] L} "
n Hg ; 0,8 ppb | ? i 1,24 ppm | ? "
PESTICIDES
a. In water :

Concentrations usually very low to undetectable

( 0,01 ppb), exceptionally up to 1,5 ppb.
b. In sediments

1 ppb up to a few ppb

PCB
a. In water :

?
b. In sediments

up to 30 ppb




The values found in the coastal water lie far below

the sensitivity threshold of the test organisms in
question. The high concentration of zinc ions which

is sometimes encountered in the Scheldt water, approaches,
however, the inhibition threshold of the (although wery
resistant) Euplotes.

The situation is much more alarming as far as the con-
centrations of heavy metals tied up in the sediments

is concerned.

The metal ions involved, are indeed adsorbed at the
colloidal organic fraction of the sediment and one can
note that this fracticn is thorcughly mixed with the
interstial water. According to the nature of the sedi-
ment, the interstitial water makes up a few % to 50 2

of the "wet" sediment volume.

This means that, converting to this water fraction,

we here can expect higher concentrations of these metals.
Although our study was limited to the influence of free
metal ions and though it is very difficult to extrapolate
to the complex sorpticn~ and desorption reactions between
sediment and interstitial water, with all rossible chemical
convertions frem free to organically bound or complex metal
ions, it is quasi certain that the various North Sea sedi-
ments, especially in the vicinity of dumping sites, and
most Scheldt sediments, have considerably exceeded the

toxicity threshold of luvlotes vannus.

Luckily this state of +hings is not vet reached as far as
the organic pollutants (pesticides and PCB'SY are concerned.
The values found in water and sediment lie far below the
inhibiting corncéentrations.

At the conclusion of this study, we have to mention, that
the established toxicity thresholds for the separate pollu-
tants only relate to those circumstances in which the

pollutant was solely present.



The sea, however, is more and more a final destination
site of often very complex dumpings of inorganic and
organic pollutants which can therefore occur in enor-—.
mously variable combinations of concentrations with
respect to time and place.

It has already been proven often (a.o. by GRAY and

VENTILLA on Cristigera) that the synergetic effect of

various pollutants used together, can increase the toxi-
city a 10 to 100 fold, compared to the effect of the
rollutant used sclely.

We therefore intend to pay special attention to this
problem in a subsequent study, and to test the influence
of various pollutants in different combinations on

Euplotes vannus which is a representative test organism

of the benthic microfauna.
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