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Effects of chemicals 
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John D. Walker 

BACTERIAL TOXICITY TESTS 
Bioluminescence. Stom and co-workers published a series of 

papers on the effect of phenols, qui?ones, and metals on lumi 

nescent bacteria.1"5 They measured the luminescence of Bene 

ckea harveyi exposed to several phenols and qui?ones and es 
timated chemical concentrations that inhibited luminescence 
by 50% (EC50) compared to controls (Table l).1 They used 2,3,5 
triphenyltetrazolium chloride (TTC) to estimate EC50 values 
based on dehydrogenase activity (Table 1). Solid Egorov's me 
dium was inoculated with a suspension of B. harveyi exposed 
to a phenol or quinone and the effect of the chemical on cell 

multiplication capability was compared to effects on lumines 
cence and dehydrogenase activities (Table 2).2 Luminescence 

was the most sensitive assay used and quinone was the most 

toxic chemical tested. The luminescence test with B. harveyi was 

also used to demonstrate that chemical and enzymatic oxidation 

of hydroquinone increased toxicity because of quinone forma 
tion, not due to production of metabolic products such as formic, 

acetic, malonic, succinic, pyruvic, citric, and oxalic acids. Lu 

minescence, TTC (dehydrogenase), and growth tests with B. 
harveyi; growth and reproduction tests with the aquatic plants 
Elodea canadensis and Lemna minor; mortality tests with the 
freshwater invertebrate, Daphnia pulex; and protoplasm 
streaming tests with the alga, Nitella sp. demonstrated that the 
toxicity of mixtures of phenols and qui?ones is lower than the 
toxicity of their component discrete chemicals.3 For example, 
equimolar mixtures of hydroquinone and phenol were less toxic 
to B. harveyi and D. pulex than the same concentration of hy 

droquinone (Table 3). 
Quinone formation, quantified spectrophotometrically and 

potentiometrically, in mixtures of hydroquinone and phenols, 
increased as a function of hydroquinone concentration and ox 

idation time and correlated with a decrease in B. harveyi lu 
minescence.4 Data supported a nonadditive toxicity model for 
hydroquinone and resorcinol, quaiacol, cresol, or phenol.4 The 

toxic effect of phenols or qui?ones and metals was evaluated 
using B. harveyi luminescence, TTC, and growth tests.5 Additive 
toxicity was observed for 31% of quinone and mercuric chloride 
combinations; synergistic toxicity was observed for 25% of hy 
droquinone and mercuric chloride combinations; antagonistic 
toxicity was observed for 53% and 58% of hydroquinone and 

mercuric chloride and resorcinol and mercuric chloride com 
binations, respectively.5 

Ribo and Kaiser6 briefly described some of the experimental 
procedures and applications for the Microtox test. The 

Microtox test using whole cells of Photobacterium phospho 
reum and crude cell-free luciferase preparations from the firefly 
(Photonius pyralis) and Vibrio (Photobacterium) fischen were 
used to evaluate the toxicity of eight organic and seven inorganic 
chemicals.7 Microtox EC50 values were reported for all 
chemicals (Table 1 ); EC50 test concentrations were used to eval 
uate the sensitivity of the Photonius and Vibrio tests. When 5 
and 15-minute exposure times were used, the firefly and P. phos 

phoreum were similarly sensitive; after 0.25 minute of exposure 
the firefly and P. phosphoreum were most sensitive to inorganics 
and organics, respectively. V. fischeri was extremely sensitive to 
cadmium chloride, cupric chloride, and zinc sulphate. 

The Microtox test, which uses 2% NaCl to provide osmotic 
protection for P. phosphoreum, was used to determine the effect 
of ionic solutes on phenol, ammonium chloride, ammonium 

sulfate, cadmium nitrate, cupric sulfate, and zinc sulfate toxicity 

(Table 1). Hinwood and McCormick8 recommended making no 
adjustments before measuring the toxicity of aqueous samples 

with a 1 to 7% salinity range and using sucrose to provide nee 
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