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Chemical characterization of organic contaminants of coal
conversion processes such as gasification or liquefaction has revealed them
to be a potential source of environmental hazards (FORNEY et al. 1974,
FRUCHTER et al. 1977, HO et al. 1976, PETERSEN 1975). The majority
of these compounds may be divided into four major classes: (1) phenols,

(2) aromatic hydrocarbons, (3) aromatic amines, and (4) sulfur-containing
compounds. HERBES et al. (1976) note that little is known about
nitrogen-substituted aromatics. The data available, however, suggest that
they are toxic (DUMONT et al. 1979, SCHULTZ et al. 1978b) and, even
more importantly, are resistant to structural degradation (COOPER and
CATCHPOLE 1973). Examination of their water solubility reveals that
although they are not as soluble as low~molecular-weight phenols,
arylamines are more soluble than their nonsubstituted or sulfur-containing
analogs. Thus, with existing technologies there is a real possibility that
nitrogen=containing aromatic compounds may be discharged from coal
conversion facilities as aqueous effluent in large enough concentration to
have o pemicious effect on aquatic biota. Acute toxicity thresholds of
several nitrogen-containing aromatic compounds have been tebuloted for
aquatic organisms (VERSCHEUREN 1977), but potential foxic interactions
between these compounds have not been investigated.

Sprague (1970) has pointed out that pollutants have been shown to
impair reproduction and that tests for this damage should be regarded as
among the most important in determining "safe" concentrations of pollutants.
He further stated that "with invertebrates and algae, as much as with fish,
tests of sublethal effects such as growth and development are more
meaningful than tests of acute toxicity," and "reproduction seems to be one
of the most sensitive of chronic or sublethal responses which is clearly
meaningful in nature" (SPRAGUE 1970, 1971).

The advantages of using Tetrahymena pyriformis as a test organism
have been noted (CARTER and CAMERON 1973, SCHULTZ ef al. 1978q).
This ciliate is a relatively large, mobile cell which is easy and inexpensive
to maintain in the laboratory. Tetrahymena has a brief, well-characterized
life cycle, and its biochemistry, physiology, and subcellular structure have
been extensively reviewed (ELLIOTT 1973, HILL 1972, NILSSEN 1976).
This report examines the acute static toxicities of aniline and pyridine and
the toxic interaction of the two compounds to population growth and density
of the ciliate Tetrahymena pyriformis.
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MATERIALS AND METHODS

General

Tetrahymena pyriformis, strain GL-C (obtained from Dr. J. R.
Kennedy, Department of Zoology, University of Tennessee, Knoxville),
was reared axenically at 28°C in a 2% proteose peptone medium. Test
cultures were in 250-ml Erlenmeyer flasks each containing 50 ml of medium
and inoculated with 0.2 ml of log-phase culture.

Stock solutions of aniline and pyridine (Aldrich Chemical Co.,
Milwaukee, Wisconsin) were prepared by dissolving the aromatic amines in
absolute ethanol,

Population Growth and Density Experiments

The effects of replicates of a graded concentration series of pure
aniline and pyridine on population growth and near-stationary-phase
density of Tetrahymena were recorded from a Bausch & Lomb Spectronic 20
spectrophotometer at 540 nm. Cultures without arylamines served as
controls. The concentration response was examined by plofting the
absorbance, Y, versus the concentration, X. The best line was fitted by
the least-squares method of linear regression and the 72-hr IGC 50, the
concentration which inhibits growth by 50% after 72 hr, and 95%
confidence intervals were calculated.

Toxic Interaction Experiments

The effects of mixtures of aniline and pyridine on the reproduction
of Tetrahymena were also studied. A preliminary stock solution of each
compound was prepared at a conceniration approximately 500X the
calculated 72-hr IGC 50 value (Table 1), From these preliminary stock

TABLE 1

Composition of Stock Solutions

Solution Proportion of Concentration of
aniline:pyridine components (ppm)
(v/v)

Aniline Pyridine
Mixture | 0:1.00 0 575,000
Mixture 11 0.25:0.75 18,750 431,250
Mixture III 0.50:0.50 37,500 287,500
Mixture IV 0.75:0.25 56,250 143,750
Mixture V 1.00:0 75,000 0
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solutions three mixture stock solutions with ratios of 1:3, 1:1 and 3:1 (v/v)
were prepared by combining aliquots of the pyridine and aniline solutions,
respectively., Compositions of these mixture stock solutions are presented
in Table 1. Final test solutions were prepared by adding 0.05, 0.10, or
0.15 ml of one of the three mixture stock solutions to 250-m| Erlenmeyer
flasks containing 50 ml of medium each. Thus the final test concentration
range bracketed the calculated IGC 50 values of the two toxicants.

The concentration response for each mixture was studied on least-
squares linear regression plot of absorbance, Y, versus concentration, X,
with the 72-hr IGC 50 value for each mixture being calculated in N
milliliters. Initially the IGC 50 values were converted to parts per
million (ppm) of each toxicant in the mixture by use of Table 1 and the
dilution factor of 50 fo account for the medium. The 72-hr IGC 50 values
in ppm were then converted to "toxic units" (SPRAGUE and RAMSAY 1965),
with a toxic unit in this study being defined as the 72~hr IGC 50 value for
the pure compounds.  Toxic interaction was examined graphically following
the procedure of HERBES and BEAUCHAMP (1977).

RESULTS AND DISCUSSION

Preliminary experiments revealed that ethanol at a concentration
of <0.5% does not alter Tetrahymena population growth, In addition,
population densities of culture exposed to aniline or pyridine administered
in an ethanol solution were not significantly different from those grown in
the presence of aniline or pyridine added without prior ethanol dilufion,
Thus, there is no apparent toxic effect of or toxic interaction between
ethanol and aniline nor ethanol and pyridine over the concentration range
used in these studies.

The effects of aniline and pyridine on population growth and
maximum cell density of Tetrahymena are inversely related to concentration
over the ranges tested,  Aniline inhibits population growth at @
concentration approximately an order of magnitude less than pyridine; the
concenfrations required to completely inhibit growth are less than 250 and
2500 ppm, respectively. Addition of pyridine fo the medium to form a
final concentration of 2500 ppm increases the pH approximately 0.15 unifs.
A similar addition of eniline, however, has no effect on pH. Since the
pH of 72~hr control cultures is acidic compared with sterile medium
(6.3+0.2 vs. 7.0+ 0.1), but well within the pH growth range reported
by PRESCOTT (1958), this pH change is not the factor which limits
population growth. The phenomenon of maximum population density being
inversely related to concentration has been observed for Tetrahymena grown
in the presence of compounds having different modes of action (SCHULTZ
et al, 1978a). Thus, this inverse relationship is a general trend and not
specific for a given class of compounds or a given mode of action. The
linear regression equations, correlation coefficients, and calculated 72-hr
IGC 50 values with their 95% confidence interval are presented for
aniline and pyridine in Table 2,
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Mixtures of the two nifrogen=-containing monoaromatic compounds are
less toxic than either aromatic amine tested separately (Table 2). These
data, when presented graphically following the example of HERBES and
BEAUCHAMP (1977), reveal a symmetrical toxic interaction curve which
lies above the diagonal "additive interaction" line (Fig. 1). The shape
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Figure 1. Toxic interaction of aniline and pyridine.
and position of the curve suggest that even though there is better than a
7-fold difference in the 72-hr IGC 50 values for aniline and pyridine

(Table 2), mixtures in which either one is the major toxic component
(points 11 and 1V, respectively) are still slightly infra-additive (Fig. 1).
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However, interpretation of these data must be tempered by the fact that the
95% confidence interval for aniline in point Il and pyridine in poinf IV
cross not only the "additive interaction” line but also the appropriate

"no interaction” line.

The present study indicates that simple addition of fractional toxicities
of organic compounds even from the same general class may produce
considerable error,  This lessens the value of simple addition as a productive
tool in ascertaining total toxicity of mixtures of even similar organic
compounds. Furthermore, it demonstrates Tetrahymena as an excellent
short-term environmental screening system which allows sublethal population
effects to be monitored easily and rapidly.
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