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INTRODUCTION 

Marine unicellular algae vary in their responses to a variety 
of toxicants, including chlorinated hydrocarbon insecticides (UKELES 
1962, MENZEL et al. 1970), organophosphate insecticides (DERBY and 
RUBER 1970), and fungicides (UKELES 1962). Little is known, however, 
about toxicities of herbicides to marine unicellular algae. Responses 
of four algal species to 30 herbicidal formulations have been reported 
(WALSH 1972) and the urea and triazine herbicides were the most 
toxic. Four urea herbicides also caused depression of the carbo- 
hydrate contents of six species of algae, and effect was directly 
proportional to salinity of the growth medium (WALSH and GROW 1971). 

The work reported here was done to learn if marine unicellular 
algae differ in their responses to herbicides. We tested 18 species 
against the substituted ureas, neburon and diuron, and the triazines, 
atrazine and ametryne. 

MATERIALS AN~ METHODS 

The algae were obtained from the culture collections of the 
Woods Hole Oceanographic Institution, Scripps Institution of 
Oceanography, and Indiana University. All were maintained2~nd. 
tested in a growth medium composed of artificial seawater -- 
supplemented with trace elements and vitamins. The supplements, 
per liter of medium, were: 30 mg Na2EDTA , 14 mg FeCI2-6H20 , 
34 mg H3BO3, 4 mg MnCl 2 �9 4H20, 2 mg ZnSO4"7H20 , 6 mg K3PO4, 
I00 mg NaNOB, 40 mg NapSi0~'9Hp0, 5Bg CuSOA, 12 pg CoCI^, 
50 pg thiamine hydrochloride, I Dg vitamin-Bl2, and 0.0~ Dg biotin. 
Salinity was 30 parts per thousand and the pH ranged between 7.9 
and 8.1. The medium was sterilized by autoclaving for 15 minutes 
at 121~ 

Five ml of stock algae were inoculated into I00 ml of growth 
medium and incubated at 20~ under 6,000 lux illumination from 
fluorescent tubes with alternating 12-hour periods of light and 

!/ 
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darkness for three days. Then, the cultures were centrifuged gently 
and resuspended in growth medium to an optical density of 0.I00 at 
525 mB on a Fisher electrophotometer. The algal cultures were not 
axenic. 

Effects of herbicides were measured as inhibition of oxygen 
evolution. Both ureas and triazines inhibit photosynthesis and 
move quickly into the cells (ZWEIG 1969) and the concentrations 
required for inhibition of both growth and photosynthesis are the 
same (WALSH 1972). 

Concentrations of herbicides in the suspending media ranged 
from zero to those which inhibited evolution of oxygen by approxi- 
mately 25, 50, and 75%. Concentrations were calculated as parts 
per billion (ppb) of the technical preparation. From each cell 
suspension, 5.0 ml were placed in reaction vessels of a Gilson 
photosynthesis model differential respirometer. After equilibrating 
at 20~ for 30 minutes, oxygen evolution was measured for 60 minutes 
with a CO 2 buffer in the well of the reaction vessel (UMBREIT et al. 
1964) o Duplicate flasks were analyzed and each test was performed 
three times. 

All data were subjected to statistical analysis. Mean 
percentage inhibition after 60 minutes was calculated and ECS0 
values (effective concentrations at which evolution of oxygen was 
50% that of untreated cell suspensions) were calculated by the 
least squares method. Concentrations were converted to logarithms 
and responses to probits and the standard error obtained for each 
series of tests. 

RESULTS AND DISCUSSION 

The EC50 values for the four herbicides and 18 algal species 
tested are shown in Table i and summarized by family in Table 2. 
Atrazine was the least toxic; ametryne, neburon, and diuron were 
approximately equal in toxicity. Species of the family Bacillari- 
ophyceae were generally the least sensitive, requiring as much as 
5.8 times more ametryne to reduce oxygen evolution by 50% than did 
species of the other families. 

Wide variations occured in response to the toxicants among 
the individual species of the families Chlorophyceae, Bacillari- 
ophyceae, and Chrysophyceae. A measure of the range of responses 
among species was calculated by derivation of the ratio of the 
highest EC50 to the lowest EC50. The ratio, here called the 
"Difference Factor", is given for each family and herbicide in 
Table 2. Difference Factors were greatest in the Bacillariophyceae, 
being as high as 11.9 for neburon-treated algae. In that case, 
the ECS0 for Cyclotella nana was ii ppb, whereas for Nitzschia 

(Indiana strain 684) it was 131 ppb. 
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These data show that when bioassay analyses are conducted for 
effects of herbicides on marine unicellular algae, two factors are 
particularly important: (I) the response in relation to familial 
taxonomic position, and (2) the wide range of responses by individual 
species within a given family. It is necessary, therefore, to use 
several species from each of several families in algal bioassay 
studies to obtain realistic data concerning effects of herbicides 
on algae. 
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