129

A Comparative Study of the Sensitivity of Selected
Aquatic Plants to Mining Effluents

R. C. F. Ferreira& M. A. S. Graga

Departamento de Zoologia, Universidade de Coimbra. 3004-517 Coimbra. Portugal.
Correspondenceto: M. A. S. Graga (mgraca@ci.uc.pt)

ABSTRACT

Information is given on the relative sensitivity oftwo species of algae and three species ofmacrophytes to two effluents from
a mining industry. As endpoints we used growth and radicle development. Algal (Ankistrodesmus bibraianus) growth and
macrophyte radicle development endpoints were more sensitive than plant growth estimates, both weight and length. Chara
globuluris was the least pollution-sensitive species, with the highest number of low or undetectable toxicity effects. Radicle
development of Myriophyllum spicatum was more pollution-sensitive than that of Ranunculus sp. And also than the popula-
tion growth of 4 bibraianus. Their ease of use and sensitivity to pollution suggest that macrophytes have a great potential as
tools for the development of water quality criteria.
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RESUMEN

Se estudio la sensibilidad relativa de dos especies de a/gasy tres especies de macrdfitas a contaminantes (efluentes de indus-
tria minera). Como indicadores se usaron el crecimientoy el desarrollo de la radicula (cuando aplicable). El crecimiento algal
(Ankistrodesmus bibraianus) asi como el desarrollo radicular ,fueron mas sensibles que /os indicadores de crecimiento (en
peso 0 longitud) de las macrdfitas. Chara globularis fire la especie menos sensible. El desarrollo radicular de Myriophyllum
spicatumfue considerado mas sensible gue el desarrollo de radicuia de Ranunculus sp. y que el crecimiento populacional de
A. bibraianus. Lufacilidad con que las macrdfitas se pueden manipular asi como su sensibilidad sugieren su potencial uti-
lizacion en el establecimiento de criterios de calidad de /as aguas.

Palabras clave Macrdfitas, tests ecotoxicolégicos, efluentes de nunas desarrollo radicular.

INTRODUCTION resource and provide oxygen and shelter for
many aquatic organisms. They also contribute to
the stabilisation of sediments and bioconcentra-

tion of compounds (Gobas et a/,, 1991) and are

Invertebrates and fish have been frequently used
to determine the potential toxicity of effluents

and wastewaters, with photosynthetic organisms
being restricted to a few testing species.
However, the potential of aquatic plants as indi-
cators of water quality has increasingly been
recognised (see Lewis & Wang, 1997; Mohan &
Hosetti, 1999). Algae and aquatic plants play a
key role in aquatic ecosystems because they are
at the base of food webs. Also, they are a food
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used as bioremediatives (Salt et al., 1995).
Algae have been reported as equally or more
setisitive than animals (Lewis, 1992) and have
been widely used in toxicity tests for regulatory
purposes (e.g., 1SO 1987; Weber et a/., 1989).
However, algae may not necessarily be an indica-
tor of overall aquatic plant sensitivity to pollution.
In fact, some studies have shown a higher sensi-
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tivity of macrophytes compared to algae and ani-
mals (Thomas et al., 1986; Roshon et al., 1999).

Mining activities generally result in the
increase of heavy metals and the decrease in pH
of receiving waters, with a concomittant reduc-
tion in invertebrate density and diversity and
changes in functional parameters of streams
(Amisah & Cowx, 2000; Cherry et al., 2001,
Niyogi etal.,2001). Analogous effects have been
observed in Iberian streams affected by inining
activities (e.g. Garcia Criado & Fernandez Alaez,
2001; Marques et al., 2001). Mine effluents with
high pH have also been reported, with similar
effects on the structure of macroinvertebrate com-
munities (Coimbra et al., 1996).

The objective of this study was to determine the
relative sensitivity of two species of algae
(Ankistrodesmus bibraianus (Reich) Korsikov and
Chara globularis var: globularis Thuill) and three
species of macrophytes (Elodea canadensis Mi-
chaux, Myriophyllum spicatum L. and Ranunculus
sp.) to two high-pH effluents from a mining indus-
try. This knowledge is relevant because the effects
of high-pH mining effluents are not well known.

MATERIALS AND METHODS

For the experiments we used effluent waters from
a mine in Alentejo, Portugal. The waters had a
high conductivity, high content in sulphates and
nitrates. High pH lead to iow heavy metal levels
in the water. Discharge of mining effluents
caused a decrease in the number of invertebrate
taxa in the stream and a change in community
structure with the replacement of taxa using dis-
solved oxygen from the water by taxa using
atmospheric oxygen (see Coimbra et al., 1996).
As test organisms, we used the microalga
Ankistrodesmus bibraianus (Reich) Korsikov, the
macroalga Chara globularis var globularis
Thuill and the macrophytes Elodea canadensis
Michaux, Myriophyllum spicatum L. and
Ranunculus sp. The microalga A. bibraiarnus was
selected because it has been widely used in toxi-
city tests (e.g. Fairchild et al., 1998). The macro-
phyte E. canadensis was used because it is easy

to grow and was available during all year. The
other plant species selected for experiments were
indigenous to the study area.

A. bibraianus (also called Selenastrum capri-
cornutum Printz) used in experiments was
obtained from the algal culture collection of the
Department of Botany, University of Coimbra
(ACOI N°164). Toxicity tests were conducted
following standard procedures of the U.S.
Environmental Protection Agency (Weber et al.,
1989). The tests started with the addition of an
axenic population of A. bibraianus to several
dilutions of the testing sample and to a control
(i.e. pure culture medium, with no algae). After
96 hours of exposition, algal cells were counted
in each concentration treatment using a haemacy-
tometer (Neuebauer). Test conditions are sum-
marised in Table 1.

The macroalga C. globularis and the macro-
phytes M spicatum and Ranunculus sp. were col-
lected from a non-impacted area of the stream. E.
canadensis was provided by the Department of
Botany (University of Coimbra, Portugal). Test
procedures using macroalgae and macrophytes
are from Detenbeck et al. (1996) and Fairchild et
al. (1998). Apical growth tips of macroalgae and
macrophytes were cut, their length measured and
wet weights obtained (precision + 0.001g).
Growth tips were then added to several concen-
trations of the test sample. After 21 days of expo-
sition, plant segments were weighed (wet weight)
and length and radicle growth measured (i.e. the
sections used had no radicle at the beginning of
the test). Shoot length of M. spicatum was not
measured and C. globularis has no radicle.
Macrophytes were acclimated to test conditions
for 1 week (see Table 1).

We used two test samples, i.e. tailings and
mine waters. Mine water chemistry varied
throughout the year. Conductivity ranged
between 2,130 and 3,120 mS cm’!, sulphate con-
centration range 609 — 1,000 mg L', nitrate con-
centration was 109 — 136 mg L!, and oxygen
saturation varied between 51 and 100 %, while
pH was between 7.0 and 8.9. Copper was the
only heavy metal at detectable levels, concentra-
tions ranging from < 17 pg L-' upto 28 pg L-".
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Table 1. Summary of the test conditions for chronic toxicity tests on microalgae (Ankistrodesmus bibrainus) and macroalgae/macrophytes
(Chara globularis, Elodea canadensis, Myriophytlum spicatum and Ranunculus sp.). Resumen de /as condiciones experimentales pura la
microalga (Ankistrodesmus bibrainus) Y macroalga/macréfitas (Chara globularis, Elodea canadensis. Myriophyllum spicatum and

Ranunculus sp.) en experimentos de respuesta cronica.

Microalgae Macroalgae/Macrophytes
Test type Static Static
Test duration 96 hours 21 days
Temperature 25+ 1°C 25+ 1°C

Light source Cool-white fluorescent
Photoperiod
Test chamber
Test volume
Organisms age 4 — 7 days
Initial organism number/size 10,000 cells mL"!
Replicates 4

Dilution water Algal culture medium

250 mL Erlenmeyers
50 mL

Water renewal None

Aeration None

Concentrations (%) 0, 5, 10, 20, 40, 80

Endpoint Population growth (as cell number)

Continuous illumination

Cool-white tluorescent
16:8 (light:dark)

500 mL Erlenmeyers
200 mL

5 cm apical shoots

S

River water (upstream)
Every 7 days

None

0, 10, 20, 40, 80

Wet weight increase
Shoot length increase
Radicle length

Fe was occasionally present, too. For tailing
waters, conductivity ranged between 3,120 and
4,690 mS cm', sulphate concentration was
between 930 and 1,620 mg L"!, nitrate concentra-
tion varied between 16 and 68 mg L', oxygen
saturation ranged 32 — 61% and pH was between
6.9 — 11.1. Copper was the only heavy metal
detected in samples, with concentrations ranging
from < 17pg - t0 52 ug L. Only treated mine
waters have been discharged into the environ-
ment. Samples were collected, transported to the
laboratory in a cooling bag, refrigerated at 4°C
and analysed within 24 hours. We estimated an
IC50 (i.e. percentage of sample inhibiting 50% of
the test endpoint) according to EPA procedures
(Weber et al., 1989).1C50 values were converted
to toxicity units (TU50= 100 / IC50; Lewis et al.,
1982). Relative sensitivity of test species to the
mine waters tested was determined by ranking
the data, assigning high scores to the most pollu-
tion-sensitive species and low scores to the least
sensitive. A general rank was computed by sum-
ming the scores of both tests.

RESULTS

Sensitivity to mine and tailing waters was com-
pared in terms of toxicity units (TUS0), as shown
in Figure 1. The highest toxicity (i.e. TU50 > 10)
were found on radicle growth of M spicatum.
Lowest toxicity effects values ranged between
1.2 TU50 and non-detectable for the length and
weight of C. globularis, weight of M spicatum
and length and weight of Ranunculus sp. (not
displayed on the plot).

Toxicity of mine water and tailings was simi-
lar. However, the toxic effect of tailings was
strongest on Ranunculus sp. radicle growth and
A. bibraianus population growth. Conversely, the
inhibiting effect of mine water was strongest
upon E. canadensis and M spicatum radicle
growth. The relative sensitivity can be ranked in
the following way: Ms(R) > Rs(R) > Ab(G) >
Ec(R) =Ec(L) > Ec(W).

Algal growth and macrophyte radicle develop-
ment were more sensitive in toxicity tests than
plant growth was. Plant growth was estimated
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either from plant weight or from plant length. C.
globularis was the least sensitive species, with
the highest number of very low or non-detectable
toxicity endpoints. The radicles of A spicatum
developed substantially more than those of
Ranunculus sp. and more than the population
growth of A. bibraianus.

DISCUSSION

An important step in the assessment of water pol-
lution and bioremediation is the characterization
of polluters in terms of (a) toxicity and (b) eco-
logical effects in the receiving system. Sen-
sitivity, ease of use and standardization are
important aspects of ecotoxicological tests.

In terms of sensitivity to toxic substances, the
three highest endpoints we obtained in tests were
growth of the alga A. hibraianus and the radicle
development of macrophytes. Our results con-
firm previously published information on the
sensitivity of S. capricornutum (e.g. Fairchild et
al., 1998) and radicle development (Guillizonni,
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1991; Fargasova, 1998). Mine wastewaters are
generally a mixture of inorganic compounds.
Concentration of sulphates and nitrates are
invariably high (Coimbra et al., 1996). Heavy
metals are typically below the detection level but
occasional peaks have been registered. Here,
maximum Fe and Cu concentrations were 400
and 270 pg L', respectively. Algae and macro-
phytes are sensitive to low concentrations of
heavy metals. Deanovic et al., (1999) found that
8 ug L' Cu inhibited 50 % of S. capricornutum
growth. Also, a 50% reduction in radicle deve-
lopment of M. spicatum has been found at a con-
centration of 250 pg L' Cu (Guillizonni, 1991).

Standardization is essential to reduce variabi-
lity. The algal inhibition test using S. capricornu-
tum has been widely used in test batteries for re-
gulatory purposes. This test is simple, fast, sen-
sitive, economical and reproducible.

On the other hand, selection of testing orga-
nisms is also based on the ease of use and culture.
Among the tested organisms, E. canadensis was
easy to maintain in the laboratory during all year,
had a fast growth rate and was sensitive to toxi-
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Figure 1. Comparative toxicity of 2 industrial effluents to the microalgae Ankistrodesmus bibraianus (Ab) and the macrophytes Elodea
Canadensis (EC), Myriophyllum spicatum (Ms) and Ranunculus sp. (Rs). Endpoints: population growth (G); shoot length (L); wet weight (W)
and radicle length (R). Respuesta ecotoxicolégica de la micro alga Ankistrodesmus bibraianus (4b)y las macréfitas Elodea canadensis (Ec),
Myriophyllum spicatum (Ms), Ranunculus sp. (Rs) a 2 efluentes industriales. Los pardmetros medidos fueron: El crecimiento poblacional (G),
tamafio de los secciones de las plantas (L), peso himedo (¥) y tamafio de los raices (R).
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cants, as indicated by several endpoints. A spi-
catum was also a robust macrophyte, it was sen-
sitive, easy to manipulate and maintain in the la-
boratory and has been recommended for toxicity
tests (Lewis, 1993). However, we observed high
variability in the measurements of A£ spicatum
endpoints. Although the radicle development of
Ranunculus sp. was a sensitive toxicity indicator,
both Ranunculus sp. and C. globularis were dif-
ficult to maintain in the laboratory and growth
only occurred seasonally.

Tests with macrophytes have some advantages
over algal tests. Macrophyte cultures are easy to
maintain, are suitable for testing toxicity of turbid
samples and several other test media, and provide
many endpoints to indicate toxicity. Tests can be
conducted either in the laboratory or in situ (Wang,
1992; Graga et al, 2002). However, available data
on these tests are scarce, due to the absence of
standard test methods and culture techniques and
to the lack of information on sensitive species.

Macrophytes are ideal test organisms for situa-
tions of pollution by herbicides or other inhibitors
of plant growth. Therefore, there is a need for the
development of standard protocols and for more
information on procedures and sensitivities.
Based on our experiments with industrial efflu-
ents, we conclude that radicle development is a
good endpoint for toxicity tests with macro-
phytes. Further experimentation is still needed to
determine the role of macrophytes in developing
water quality criteria and the environmental rele-
vance of the toxicity tests with macrophytes.
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