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BRIEF COMMUNICATION
Effects of copper, lead and zinc on phytoplankton growth
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Abstract

Impact of Cu, Pb and Zn on the growth of Closterium acerosum, Pediastrum simplex,
Chlorella vulgaris and Scenedesmus quadricauda was stadied n viro. At
concentration 0.! g m-3 these metals were not toxic, however, at concentration
10.0 gm-3 the growth of phytoplankton was inhibited. Cu was the most toxic
followed by Pb and Zn. 8. quadricauda expressed highest tolerance to these metals,
and least tolerance was exhibited by C. acerosum.
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Regular discharge of toxic materials from the industries, urban settlements as well as
surface run-off from agricultural ficlds results in considerable degradation of water
quality of rivers. Heavy metals (Cu, Zn, Mn, Pb, Fe, Cd, Cr, Hg, Ni, etc.) are a
serious threat to the aquatic environment because of their toxicity, long persistence,
bicaccumulation and biomagnification in the food chain (Whitton 1970) and their
concentration in Indian rivers is gradually increasing (Bilgrami 1993). Only
fragmentary data are available on the impact of heavy metals on freshwater biota of
river Ganga. We studied their effects on some common phytoplankton species of this
river.

Closterium acerosum (Schrank) Ehr., Pediastrum simplex Meyen, Chlorella
vulgaris Beijerinck, and Scenedesmus quadricauda (Turp.) Breb. (all chlorophytes)
were used for toxicity test of Cu, Pb and Zn. Phytoplankton species were isolated
with a capillary pipette into Bold basal liquid medium and subsequently transferred
to agar plate by a streaking technique (Hoshaw and Rosowski 1973). The stock
cultures of the algae were maintained in Bold medium. One week old stock culture
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(1.0 cm3, approximately 1000 cells per cm3) of selected algae were introduced into
250 cm? Bold basal liquid medium (pH 8.0) in flasks containing 0.1, 1.0 or
10.0 g w3 of either CuSQy . 5 HyO, Pb(NO3), or ZnSO, . 7 HyO. Three replicates
were prepared for each concentration along with a blank (control). The flasks were
incubated at 26.0 + 2.0 °C, irradiance of 9 W m-2 and 12-h photoperiod. The flasks
were shaken 4 - 5 times daity. Density of phytoplankton was recorded after 7 d of
incubation.

Low concentration (0.1 g m-3) of Cu, Pb and Zn was almost non-toxic to
phytoplankton (growth upto 80 - 95 % of the control after 7 d of cultivation;
Table 1). However, 10.0 g m-3 of Cu was highly inhibitory. Growth of the algae was
0 - 21.6 % of the control. The same concentrations of Pb and Zn were only
moderately toxic. Least toxic was Zn. The tolerance of phytopiankton to heavy
metals was increasing in order C. acerosum < P. simplex < C. vulgaris < 8. quadricauda.

Table 1. Effects of different concetrations (0.1, 1.0 and 10.0 g m?) of Cu, Pb and Zn on
phytoplankton growth [x 1000 cells cm™] in vitro for 7 d (values in parentheses are % of control).

Species Control Cu Pb Zn
0.1 1.0 10.0 0.1 1.0 10.0 0.1 1.0 10.0

Chiorella 380 324 226 32 328 24.8 18.5 352 208 21.3

vulgaris (85.3) (59.5) (84) (863) (653) (48.7) (92.6) (78.4) (56.1)
Closterium 310 247 88 0 265 163 54 285 174 17
acerosum (79.7)  (284) (0} (85.5) {(52.6) (17.4) (01.9) (56.1) (24.8)
Pediastrum 220 186 134 12 192 142 94 196 148 118
simplex (84.5) (60.9) (5.5) (873) (64.5) (42.7) (89.1) (67.3) (53.6)
Scenedesmus 250 220 184 54 225 194 158 238 212 166
quadricauda (88.0) (73.6) (21.6) (90.4) (776) (63.2) (952) (84.8) (66.4)

The found toxicity order of metals to phytoplankton confirmed the earlier findings
of Rzewuska and Werinkowska-Ukleja (1974) and Sorentino (1979). However,
Hannan and Patouillct (1972) recorded higher toxicity of Pb than Cu in Chlorella sp.
The differences in tolerance to heavy metals in the tested species are in conformity
with the findings of Monahan (1976), Palmer (1980) and Jindal and Verma (1989).
Rachlin and Farran (1974) as well as Agrawal and Kumar (1978) reported significant
reduction in growth of phytoplankton at 20 and 2.4 g(Zn) m-3, respectively. The toxic
effect of these heavy metals on phytoplankton growth is attributed to the inhibitory
cffect at multiplc sitcs of clectron transport in photosynthetic system (Clijster and
Van Assche 1983, Murthy and Mohanty 1995). Besides this Zn, Pb and Cu may aiso
damage the plastha membrane permeability leading to uncontrolled teakage of
clectrolytes (Passow et al. 1961, O'Kelly 1974, Mictle and Stokes 1976). Zn also
disrupts phosphate metabolism (Kuwabara 1985) and induces a decline in cell
division and number (Moore 1991).
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