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THE EFFECT ON HYDROPHYTES OF VARIOUS CONTAMINANTS IA THE
AQUATIC ENVIRONMENT

D.P. Marchyulenene, Eh.B. Moteyunene
Botanical Institute, Academy of Sciences of the Lithuanian SSR,

Vilnius, USSR

The role played by various chemicals in the contamination of reservoirs

can be assessed primarily from their effect on the vital functions of organisms

(especially growth, development, reproduction and ion 'and energy exchange with

the environment) and also from their genetic effects. The functioning of the

systems for ion and energy exchange with the environment in plant cells is

reflected in the values of the membrane potentials, the permeability of the cell

membranes and the protoplasmic drifting velocity. These parameters can be used

as immediate indicators of the functional state of cells in ceataninated water.

One of the main biological processes in a plant cell is photosynthesis, which is

responsible for growth and development. The genetic effect produced in popu-

lations of single-celled algae by various contaminants, including radionuclides,

can be evaluated from the number of mutant and lethalIy damage* cells.

The aim of the work described here was to study: the effect at various

concentrations of lead, effluent from pulp and paper production and DDT on the

physiological state o'f algae (as assessed from the membrane potentials, the

protoplasmic drifting velocity and the cell survival rate); tte effect of thermal

contamination on the physiological state of algae (assessed fro« the protoplasm

mobility and cell survival rate) and on the accumulation of radionuclides in

hydrophytes; and the effect of radionuclides on Chlorella populations (the state

of which was assessed from the cell density, the rate of photosynthesis and the

number of mutant and lethally damaged cells).

At concentrations of 0.02 and 0.2 mg/1, lead has a very 9HaIl negative

effect on Nitellopsis obtusa algae cells, causing slight depolarization of th«

membranes; at a concentration of 2.0 mg/1, it reduces the membrane potential by

30-50 mV or causes the generation of "action potentials" and it increases the

sensitivity of the membrane potential to enhanced KCl concentration in th« acdiua.

Thus, at a concentration of 2.0 mg/1, lead already induces a transition in th*

cells from an energized state with activated H-pumps to a de iaargited statt with

enhanced permeability to K+ and Cl* ion». Prolonged exposure eC M. obtusa cells



t-

to lead at a concentration of 0.5 mg/1 reduces the level of the ATP available

for supplying energy to protoplasm motion and 50% of the cells die by the tenth

day of the experiment. The threshold concentration of lead for K. obtusa cells

can be taken as 0.02 mg/1 and the critical concentration as 0.5 mg/1.

Effluent from pulp and paper production works at a concentration of 0.4%

produces a significant (but in some cells reversible) reduction in the membrane

potential of N. obtusa cells (to 70 mV). In a 6% solution of this contaminant,

the membrane potential is reduced to the values of the K-Na diffusion potentials

(-150 mV); in a 12% solution it comes down to values close to the cell wall

'potential (about -70 mV). Thus, effluent at concentrations from 0.4 to 12% induce

a reduction or complete suppression of that part of the membrane potential of

N. obtusa cells which -is determined by the operation of the electrogenic pumps.

In a 12% solution of this contaminant, breakdown of the cell membranes seems to

start as a result of the decrease in membrane potential to the level of the cell

wall potential. Prolonged exposure to a 3% solution of the efClment leads in the

algae to a reduction in the level of ATP available for supplying energy to proto-

plasmic movement. With a 12% solution, 50% of the cells died by the sixteenth

day of the experiment. The threshold concentration of the pulp and paper effluent

for N. obtusa cells can be taken as 0.4% and the critical concentration as 12%.

At concentrations of 0.03, 0.3 and 3.0 mg/1, DDT causes various bioelectric

reactions in N. obtusa cells. With some cells there are oscillations in the

membrane potential; in others an undulating depolarization or hyperpolarization

of 10-20 mV magnitude; in still other cells, no reaction to DDT is observed:

this may indicate that the pesticide has a delayed toxic effect on the cell

membrane and the bioenergetic activity of the algae. Under prolonged exposure to

DDT, a definite reduction in protoplasmic mobility occurs at a concentration of

0.3 mg/1, the death of certain cells begins to take place at a concentration of

3.0 mg/1, and 50% of the cells are killed (after 1-7 days) at a concentration

of 30 mg/1. The threshold concentration of DDT for S. obtusa cells can be taken

as 0.03 mg/1 and the critical concentration as 3.0 mg/1.

An increase in the temperature of the aquatic environment (up to 30°C)

impairs the physiological state of the algae and this is reflected in a reduced

protoplasmic drifting velocity, the death of individual cells and inhibition of

the formation and growth of apical cells. Increased water temperatures (to

25-290C) do not usually have any significant effect on the Sr and Cs accumu-
210 144lation levels in hydrophytes but slightly increase the Pb and Ce levels



and also the entry of these radionuclides (especially Pb) into the plant cells.

The differences in radionuclide accumulation in hydrophytes when thermal contami-

nation is present seem to be due mainly to the different physico-chemical states

of the radionuclides in both the aquatic environment and in the actual plant

cells. Higher water temperatures increase the toxic effect of lead on the algae.

90 137 144 6The radionuclides Sr, Cs and Ce (at concentrations of 37 x 10~ -
-437 x 10 Bq/1) have an inhibiting effect on chlorella populations, increasing

theI number of lethally damaged and mutant cells. However, these nuclides differ
144greatly in their physiological and genetic effects on the algae. Whereas Ce

(the accumulation factor for which in chlorella is as much as 273 000 and which

accumulates mainly in the cell wall) has a somewhat greater effect on the rate
9Oof photosynthesis and the number of lethally damaged cells, Sr (which has a

factor of 60 and which accumulates rapidly in the intracellular compartments of

plant cells as well) has a greater effect on the cell density and the number of
137 144mutant cells than Cs (accumulation factor of 350) and Ce. The differences

QfI 1T 7 Qrt
between the. effects of Sr and Cs (which like Sr accumulates to a great

extent in the intracellular compartments) can apparently be explained by the

different physico-chemical state of these radionuclides (as analogues of Ca and

K) in the plant cell protoplasm. The severity of the effect produced (at the

above concentration) on chlorella populations, and especially on the cell density

value and the number of mutant cells, thus depends mainly on where the radio-

nuclides are localized in the cells; this in turn is related to the physico-
9

chemical state of the radionuclides in the water and the cell and to a much

smaller extent to the values of the accumulation factors.


