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humic substances are in fact the precursors of tri-
halomethanes in drinking waters and that the pro-
];:osed structures are accurate, then the haloform reac-
tion dues not adequately explain the observed behavior.
Morris®! has suggested this and proposed several basic
molecular structures, likely to be found in natural
aqueous organics. These include alpha keto esters, B-
dxketo?es (chain and ring), meta dihydroxybenzoid con-
figurations and pyrrole ring structures. Rook22? has
quantitatively studied the rate and reaction efficiency
Df model compounds testing the behavior of the meta
dlhy_droxybenzaid structures and found both rapid con-
version of certain configurations and high percentage
yields of chloroform. This work led to a proposed
chhaﬂism of fulvic acid (a humic subfraction) re-
action with chlorine in the formation of chloroform
and other chlorinated species and one that accounted
for enhanced reaction at higher pH.

Other factors remain to be sorted out as some of our
i_mrk and unpublished results of some colleagues have
indicated shifts in the distribution of bromine species
with clz_langes In ionic strength and non-reactive ion
c,_ompomion at constant ionic strength. Field observa-
tions have demonstrated occasional but not exactly rare
predominance by the bromine species which is not
initially accounted for by high bromide levels in the
raw water.

TRIHALOMETHANE ANALYSIS

The interim drinking water regulations if passed into
final form as they stand will set a standard of total tri-
halomethanes (TTHM) in drinking water supplies
(reaching the consumer) at 100 pg/1. Analysis for
these compounds in drinking water will be routine for
water treatment plant laboratories and/or commercial
laboratories. The analytical procedures available and
to be used will take on an importance not previously
assigned and are thus worthy of brief consideration.

Basically, trihalomethane analysis is done by gas
chromatographic techniques. However, there are es-
sentially 3 different approaches, two of which are in
more common usage. These are (1) direct aqueous in-
jection which likely requires venting of the water vapor
(essential for electron capture detection), (2) solvent
extraction, and (3) head space analysis. Pfaender
et al. 23 have presented a detailed discussion of this
procedure which basically causes problems of on col-
umn conversion to trihalomethanes and can yield high
results.

Direct solvent extraction under zero head space con-
ditions has been developed by Henderson et al.2* using
pentane and different solvents by others.?3:2¢ Of con-
cern here is variation in extraction efficiency depending
on the solvent, the solvent-water ratio, and the indi-
vidual trihalomethanes (Trussell et al.?5) necessitating
use of correction factors in calculations or aqueous
standards carried through the process. The primary ad-
vanage is simplicity, and use of an electron capture de-
tector without temperature programming affords low
concentration detectabilities. Electron capture detectors
are not without problems, not the least of which are

low tolerance for gas leaks and contamination from

solvents and plastic surfaces.
The most widely publicized procedure is the head

space or purge and trap procedure of Bellar and Lich.
tenberg?® in which gaseous sparging of the sample
strips volatile organics into a cold, porous polymer
adsorbant column. The column is then heated in a car-
rier gas stream onto the cold gas chromatograph column
followed by temperature programming. The stripping
step serves as a 1000 fold or more concentration step
and allows detection by flame ionization detection or
halogen specific detectors such as the electrolytic or
coulometric type detectors in the halogen mode. De-
crease in interferences is a distinct advantage but mem-
ory effects have been a problem to some analysts.

TRIFALOMETHANE LEVELS IN DRINKING WATERS

Results from the NORS Report® typified the mean
drinking water concentration of trihalomethanes to be
21 pgfl CHC13, 6 p:g/l CHCIEBI', 1.2 ‘u,gfl CHCIBI'E
and CHBR; below analytical detection limits. The
ranges were 0.1-311, 0-116, 0-100 and 0-92, respec-
tively. Subsequent studies by EPA and others have pro-
vided data showing even higher values for TTHM and
unusual distributions among the bromo species.2? A
strong association was found between the total trihalo-
methane concentration and raw water nonvolatile total
organic carbon.

Of these 80 cities only two, Chattanooga and Mem-
phis, were from Tennessee. Furthermore, that particu-
lar data base did not characterize seasonal variation.
For this reason, a survey of the State of Tennessee
drinking waters was undertaken which included ex-
amination of seasonal variation through quarterly sam-
pling of 27 cities representing 33 separate water supply
facilities. A more detailed sampling program was un-
dertaken for the city of Knoxville. Two types of sam-
ples were taken simultaneously at each site, one rep-
resenting the finished product water (chlorine quenched
on site) and one representing water which reaches the
consumer after prolonged residence in the distribution
system (unquenched, analyzed after seven days).

For total trihalomethanes, range, mean and median
values on unquenched samples were 0-83, 25, 23 for
winter (Feb.-April, 1978), 6-123, 54, 48 for spring
(May-June, 1978), and 2-265, 99, 93 for summer
(Aug.-Sept., 1978). These values clearly illustrate a
seasonal variation attributable either directly or in-
directly to temperature (i.e. direct effect on reaction
rate or extent of reaction or indirect effect due to In-
creased organic levels in the raw waters). In the spring
sampling, 5 cities exceeded the proposed 100 ppb cri-
terion and in the summer, 15 cities exceeded this value.
However ,the fall sampling value is necessary to assess
the “annual average value.” Unquenched samples for
spring and summer showed much lower changes, 0-102,
30, 29 and 1-118, 40, 27, respectively, thus indicating

the importance of distribution system residence time.

Parallel sampling of 21 cities during the summer in-
terval for NVTOC indicated an association between
water organic content and TTHM (unquenched) which
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(ng/1) = 47.6 NVTOC (mg/1) — 105.6.
Similar to other studies and the NORS report, bro-

mine containing species were lower in concentration

and generally in proportion to the chloroform, the
monobromo species in greater abundance than the
dibromo species and bromoform concentration was
generally very low or below detection limits. For
unquenched samples, the monobromo data (range,
mean, median) were 0-9, 4, 4; 0-32, 9, 7; 2-76, 13, 9
for winter, spring, and summer respectively. Correspond-
ing figures for the dibromo compound were as follows:
0-3, .3, .1; 0-11, 2, 1; 5-41, 6, 3. Again the seasonal
effect is clearly demonstrated.

There were individual water supplies, usually those
that did not have high overall TTHM levels, which con-
sistently had a dominance by the dibromo compound.
The exact relationship between water composition,
bromide level and the resulting distribution of the tri-
halomethane species is not yet clear.

The seasonal variation represented by the quarterly
sampling program is strongly reinforced by the more
intensive sampling from the Knoxville water supply.
One to two samples per week were analyzed over a
7 month period, and clear seasonal relationship is in-
dicated. By plotting of the trihalomethane concentra-
tions as a function time and superimposing raw water
temperature values over the same time interval one can
observe a close tracking of the values. However, a lag
is apparent in examination of the data. Allgeier et al.®®
on the other hand have reported a linear relationship
(TTHM = —28.5 + 1.64 X TEMP) between mean
monthly TTHM and temperature values with an r> =
0.86 for Louisville, Kentucky.

Attempts to relate the TTHM data to other raw
water characteristics or water treatment variables did
not generally show highly significant correlations for
both Spearman and Pearson analyses. The higher values
were obtained for raw water turbidity, prechlorination
level and residual chlorine level but were not generally

of large magnitude.

SUMMARY

In brief summary, the problem of trace organics,
especially those generated in the course of treating
drinking water for microbiological suitability by chlori-
nation, has only recently received intense scrutiny and
regulations are still in the formative state. More data
and understanding are evolving daily and should aid

in substantiating or dispelling the need for concern.
The drinking waters of the State of Tennessee have
been partly characterized and work is continuing, State
data seem to reflect those of the nation and indicated
that areas of the State are not without potential prob-
lems, final definition of which depend on final regula-
tions. Clearly, the “problem” of trihalomethanes is
variable intensity depending upon the season of the year.

-

has been noted by others. Using the 21 data pairs the
regression equation obtained was TTHM (pg/1) = 40.5
NVTOC (mg/) — 78.5, which had an 1?2 = 0.515.
However, observation of the data indicated 4 outlayers
and deletion of these values vastly improved the r°
value to 0.831 and modified the equation to TTHM
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BIOCHEMICAL DETOXIFICATION
MECHANISMS IN HERBIVORES

LeNA B. BLATTSTEN

University of Tennessee
Knoxville, Tennessee

Even though plants have developed a2 vast array of
chemical and other defenses against being eaten, it is
probably safe to say that there is not a single plant spe-
cies that doesn’t serve as food for at least one species
of herbivore. Most herbivores are insects. At least
10,000 species of insects out of the close to a million
identified species are serious pests, that is direct com-
petitors with people for food and in other ways threat-
ening.

Insect herbivores have developed an arsenal of in-
genious mechanisms for dealing with toxicants in plants
that would be lethal to vertebrate herbivores. Even cact
have insect enemies: There is a complex of seven spe-
cies of desert fruitflies and one particular cactus, the
senita cactus (Lophocereus schotti) in the Sonoran
desert which contains a steroid and an alkaloid. The
alkaloid is toxic and therefore the cactus is toxic to
siX of the fruitfly species. The seventh species depends
upon the steroid to make their molting hormone and
has developed a way to avoid poisoning by the alka-
loid. In this case the detoxification mechanism is not
precisely known; fruitflies are very small and hard
to work with.

But the case of nicotine non-poisoning is well known.

As all tobacco growers Know, tobacco is one of the
—_— i cecticide-dependent crops grown in the U S
Everv insect under the sun seems to relish the tobaceq
planl;s even though th_cy c::mt_ain high concentrations of
the very toxic alkaloid nicotine. Despite the fact thyy
nicotine is used as an insecticide, 1t is really much more
toxic to vertebrates than to insects. Insects have at
least four different methods for avoiding nicotipe
poisoning. First there IS an aphid, the green peach
aph“j (Myzus per;ric'dc) which has dEVEl{}ped a be-
havioral defense. Nicotine is synthesized in the roots of
the plant and translocated to the leaves in the xylem
and the aphid feeds selectively on the nicotine-freé
phloem sap which transports nutrients downwards.
Second, there is the tobacco hormworm (Manducq
sexta) which has an exceedingly high rate of excretion.
The ingested food, leaf matenal, passes so rapidly
through the gut that a damaging dose cannot accumy,-
late. This is augmented by a specialized active traps.
port system in the malpighian tubules. Nicotine is a
nerve poison. It binds to acetylcholine receptors in the
insect central nervous system. That is, if it can reach
that target. The insect CNS is protected by an jon-
impermeable sheath, and at physiological pH wvalues
in most insects nicotine is up to 90% ionized. A third
physiological defense mechanism against nicotine
potsoning is thus operating. The neural sheath in the
nicotine resistant tobacco hornworm is very effective
whereas that in the relatively nicotine susceptible silk-
work (Bombyx mori) was found to be fairly leaky to
10NS.

The most important defense against nicotine though,
in both insects and vertebrates, is a biochemical mech-
anism, namely rapid metabolic degradation to non-
toxic metabolites. Nicotine can undergo several degra-
dation reactions all of which are catalyzed by certain
enzymes, the so-called microsomal mixed-function
oxidases.

There is in fact a veritable battery of enzymes ready
to work on any chemical that enters the interior en-
vironment of organisms. The metabolism of foreign
compounds, that is chemicals without nutritional value
and sometimes with detrimental biological activities
such as insecticides, drugs, plant allelochemicals, etc.,
is often described in two stages, primary and secondary
metabolism. The major effect of both stages is to make
foreign compounds more easily excretable for organisms
with water-based excretory systems. Of all the enzymes
involved in the primary metabolism, the mixed-function
oxidases (MFQOs) are the most important. This is due
to the three major charactenstics of these enzymes;
first, they are capable of catalyzing a large variety of
different reactions: second, as a result of this capacity
they can attack a large variety of molecules as long as
they have a certain degree of lipophilicity; and thirdly,
the MFQOs are very sensitive to environmental chemi-
cals which either inhibit them or induce them to higher
specific activity.,

Not all MFO-atalyzed reactions are detoxifications.
In fact, several kinds of compounds undergo bioacti-
vation to toxic metabolites by the MFQs. This is the
case with the organothiophosphonate insecticides, the
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polycyclic aromatic hydrocarbon procarcinogens, the
fungal aflatoxins and with the hepatotoxic pyrrolizidine
alkaloids.

The MFOs are found firmly attached to the smooth
endoplasmic reticulum membranes of cells. They con-
sist of a terminal oxidase which is a cytochrome, and a
flavoprotein reductase which specifically utilizes
NADPH. The terminal oxidase is called cytochrome
P-450 and interacts with the substrate molecule.
Through a complex series of events the cytochrome-
substrate complex interacts with first one electron,
then with molecular oxygen which by interaction with
the second electron is activated to a superoxide radical.
The result of these interactions is a hydroxylated sub-
strate molecule and a molecule of water. The cyto-
chrome will in its reduced state bind carbon monoxide
and the complex shows an absorption maximum at
450 nanometer. This is the reason for the name and is
also the standard method for measuring cytochrome
P-450 concentrations. We also measure the activity
of the MFO system by using three model substrates,
p-chloro N-methylaniline, aldrin, and aniline. We have
convenient, sensitive and reliable methods for measur-
ing the oxidations of these compounds. Our standard
experimental animal and source of MFQO enzymes is
the larva of the southern armyworm moth (Spodoptera
eridania). To get an active enzyme we use the midgut
tissue and make a microsomal preparation by centrifugal
fractionation. The highest specific activity is in the
microsomes which are vesticulated fragments of the
smooth endoplasmic reticulum. And the gut has by far
the highest activity not only in armyworms but in most
lepidopterous larva. This seems to be a logical place
for a biochemical defense system. This high MFO ac-
tivity in the gut explains the effective metabolic degrada-
tion of nicotine ingested along with tobacco leaves.
Armyworms have no difficulty in devouring tobacco
plants at all.

There is thus a highly active and very diverse enzyme
system, the MFOs, present in the guts of herbivores.
[t is well established that the MFOs degrade naturally
occurring potentially toxic plant allelochemicals such
as nicotine. Other examples are rotenone, pyrethrin,
the opium alkaloids, the pyrrolizidine alkaloids, and
the aflatoxins.

This raises the possibility that the MFOs have evolved
as an adaptation to plant chemical defenses. The crucial
property of the MFOs would be their ability to adapt
rapidly enough to the presence of potential toxicants
to provide survival value for the herbivore. I men-
tioned before that the MFOs are extremely sensitive to
the presence of chemical inducers or inhibitors in the
environment, that can enter the organism by ingestion,
absorption through skin, or inhalation and subsequent
absorption. We have shown that numerous plant allelo-
chemicals are indeed MFO inducers. More detailed
studies with a-pinene, trans-2-hexenal, and sinigrin re-
vealed that the armyworm gut MFO enzymes are in-
duced to higher activity by the presence in food ma-
terial of very low concentrations of these compounds.
The increase in MFO activity proceeds very rapidly

in the armyworm. Already after half an hour is it pos-
sible to measure significantly higher activities when the
larvae ingest food containing either a-pinene or trans-
2-hexenal. Prolonged feeding, however, does not cause
an unlimited increase in activity. Rather, it appears that
there is an adjustment of the activity level that perhaps
marks an equilibrium condition with the chemical load
of the diet. In another set of experiments done with
pentamethylbenzene, a synthetic chemical, we showed
that when the inducer is removed from the diet the
activity quickly reverts to the control level. This indi-
cates a tendency of the MFO system to adjust quickly
to any dietary level of chemical inducer. This is to
some extent dependent on the nature of the chemical
compound. It has been shown that with metabolically
very stable compounds such as for instance DDT which
are only very slowly degraded, the elevated level of
activity persists longer after the inducer has been
withdrawn from the diet.

We also showed that armyworms are indeed better
able to withstand poisoning after their MFO enzymes
have been induced. We showed that induction by
a-pinene results in an increased tolerance to nicotine.
But this is not dependent on the chemicals involved
in any particular case. We also showed that after in-
duction by dietary exposure to pentamethylbenzene,
armyworms had acquired a dramatically increased
tolerance to the synthetic insecticide carbaryl.

I mentioned before that the MFQO enzymes are also
sensitive to inhibition by chemical components in the
ingested food. The pyrrolizidine alkaloids as exempli-
fied by monocrotaline appear to be MFO inhibitors.
I did an experiment with three species of insect larva
and three species of plants. I had larvae of the black
swallowtail (Papilio polyxenes) and of the bella moth
(Utetheisa bella) and the armyworm. The black swal-
lowtail larvae are specialist feeders on umbelliferous
plants such as the carrot. Umbellifers contain a num-
ber of different coumarins in relatively high concen-
trations. The bella moth larvae are specialist feeders
on plants that contain pyrrolizidine alkaloids and are
associated with the highly poisonous showy crotalaria
(Crotalaria spectabilis). The armyworm, on the other
hand, is a very broad-range generalist feeder. About
S0 different plane species have been identified as an
acceptable food source for armyworm larvae. I found
that when armyworm larvae are feeding on the carrot
they acquire extremely high MFO-activity levels, similar
to those normally found in the black swallowtail larvae.
On the other hand, when armyworms are raised on seeds
of the showy crotalaria, their MFO-activity levels drop
drastically to approach the very low levels normally
found in the larvae of the bella moth. This not only
shows the flexibility of the armyworm MFO-system,
but also proves that you are what you eat.

In conclusion, 1 would like to suggest that these
enzymes, the microsomal mixed-function oxidases, play
a major role in the feeding strategies of herbivores as
we see their specializations, preferences and avoidances
today, although this was not necessarily the ancestral

role of thesc enzymes.




““__j—w%

will persist. Movement and periisten_ce are the criticq
com[f;nents of “Chemical Fate,” which should be pre-

ECOTOXICOLOGY

AND THE
TOXIC SUBSTANCES CONTROL ACT

WALTER G. RoSEN

U.S. Environmental Protection Agency
Washington, D.C.

THE BIRTH OF Toxic SUBSTANCES CONTROL ACT

Mid-October 1978 marked the second anniversary of
Public Law 94-469, the Toxic Substances Control Act
(ISCA). TSCA is intended to be a culminating chap-
ter in environmental legislation. It covers all chemicals
not regulated by other laws. It addresses both domestic
and immported chemicals, and new chemicals as well
as thosz already in commerce. It emphasizes scientific
assessment, rather than legalistic approaches to regula-
ton. And TSCA makes clear that human health is not
the only regulatory objective. The environment, per se,
Is to be protected against “unreasonable risk.”

Implementation of TSCA by EPA’s Office of Toxic
Substances (OTS) is agreed by all who are knowl-
edgeable about it to be a complex and massive task.
Massive, indeed, are the difficulties inherent in creating
a new office which must review existing chemicals, of
which there are an estimated 70,000, and new chemi-
cals, which are expected to be reported at a rate of
perhaps 1000 per year—and a growing number of
which are known or suspected toxins. What follows is
a summary of efforts to date to develop the testing
rules and evaluative procedures which, we hope, will
enable us to predict when a chemical might be expected
to cause unreasonable risk to the environment.

Under TSCA, the collection of data on chemicals is
the responsibility of the manufacturer. Chemicals al-
ready in commerce are to be tested only when there
1S reason to suspect that they may be toxic, at which
time the EPA will stipulate the testing to be performed.
For all new chemicals, the manufacturer must submit
evidence of his own choosing to demonstrate that a
chemical should be permitted to enter commerce. The
EPA cannot stipulate the nature of the tests to be per-
formed but plans to offer “Guidelines” which will in-
dicate the kind of information it deems important for
evaluation. These draft guidelines form the basis for
the rest of this discussion. OTS plans to publish them
in the Federal Register for public comment early in
1979. The selection of tests has been guided by these
criteria: applicability to a wide range of chemicals and
organisms; standard, accepted, state-of-the-art meth-
odology; economy in terms of personnel, time and
facilities; sensitivity in terms of chemical concentra-
tion and organism response; and usefulness in the as-

sessment of environmental risk.

CHEMIcAL FATE

If we want to know the effects of a chemical on
the enviranmfnt we first must know where it can be
expected to travel in the environment, and whether it
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dictable on the basis of ce,rtaili'l pmpe:rtie's of chemicals,
The fate of a chemical, combined ‘_‘Vlﬂfl information op
its anticipated production, USsE, ‘djstnbutwu, disposa]
and related factors, should permut us to predict which
environments it might enter, and the levels to which it
might accumulate. This information, in turn, shoulg
permit the selection of bioassays to establish the chemi.
cal's potential for causing adverse ecological effects
in the environmental compartments 1n which it might
persist. The properties of a chemical which we cop-
sider most important for predicting its movement in
the environment are: water solubility; octanol/water
partition coefficient; vapor pressure; adsorption iso-
therm; boiling/ melting/sublimation point; density; djs-
sociation constant; particle size: pH.

In order for a chemical to have an ecological effect
in a particular environmental compartment it must not
only possess the physical and chemical properties which
will catse it to be transported to that compartment or
medium, but it must also be able to resist those degra-
dative fo-ces which would prevent its persistence in
that compartment at levels which could cause signifi-
cant impairment of biological processes. The pathways
of degradation which we recognize as critical in de-
termining the persistence of chemicals in the environ-
ment are: chemical degradation (hydrolysis: oxidation/
reduction); photochemical degradation; and microbial
degradation. Standardized and widely accepted pro-
cedures for making these determinations are not always
at hand. The rate of photochemical degradation, for
example, will vary over time, and vary both between
and within environmental compartments. Can a single,
cost effective standardized test be developed to measure
this process?

Microbial degradative pathways are numerous and
vary from place to place according to the micro-en-
vironment. We cannot reasonably hope to test all of
the possible conditions under which a chemical might be
biodegraded 1n nature, and we therefore will propose
a few simple screening tests in the hope that they will
reveal whether the test compound is rapidly biodegraded
or relatively persistent. If the chemical does not fit
either category it may have to be tested by more
sophisticated procedures. Once again, however, it must
be stressed that even as we recommend a particular
test or group of tests, we seek improved alternatives.
Assuming that we will be able to predict where a chemi-
cal 1s likely to appear in the environment, how do we
measure its potential effects on ecosystems?

TESTING FOR EcoLoGICAL EFFECTS

We have begun with some assumptions, the most
important of which is that we can identify plant and
animal species which are representative of ecologically
significant species and/or functions in the natural en-
vironment. We further assume that by observing the
effects of chemicals on critical functions or activities
of these organisms we will be able to extrapolate to the
likely impact of the chemical on those organisms or
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processes, in the natural or man-made environment,
for which the test organism is a surrogate.

The development of testing procedures requires, first
of all, the identification of the environmental compart-
ments, and those major life forms therein, which must
be of concern in evaluating the potential ecological
effects of chemicals. Qur range of concern must po-
tentially include all major life forms in all major en-
vironmental compartments.

In selecting test organisms, the choices have been
guided by several considerations. These criteria repre-
sent goals rather than standards, and we cannot ex-
pect to meet each, in its entirety, for every test or-
ganism selected. Having identified test organisms, what
effects does one test for? What biological processes does
one monitor? The following have been selected:

|. toxicity resulting in lethality

2. impairment of reproduction

3. impairment of growth and development

4. interference with critical aspects of animal be-
havior (e.g. avoidance, mating, feeding, nest-building).

Procedures for evaluation of test results are being
developed.

TEST DEVELOPMENT. TIERS AND TRIGGERS

The amount of ecological testing that will be re-
quired for the assessment of a chemical will depend on
its predicted fate in the environment. The entire range
of tests should therefore rarely be required. To make
testing requirements maximally cost-effective, we are
trying to organize tests, wherever possible, into tiers,
with clearly defined “triggers” to indicate what de-
gree of effect will indicate the need for further testing,
if any, or for regulation. In this way, if extensive test-
ing 1s required, the need for it should be revealed in
a progression from simple, rapid, broad spectrum tests
to more advanced, specific tests.

TESTING STRATEGIES: LEVELS OF
BioLoGgICcAL ORGANIZATION

The foregoing approach to testing can be termed
for convenience the single species approach. It is pre-
dicted on the majority of previously-developed tests and
the assumption that plants, animals and microbes can
be selected, on the basis of their known critical roles
in food chains or in other aspects of ecosystem func-
tion, to serve as surrogates in testing for large func-
tional and/or taxonomic groups in the “real world” en-
vironment.

But test procedures or culture methods for repre-
sentatives of important taxonomic groups are often
lacking. Thus, we have no procedures for testing the
various plant taxa between unicellular algae and angio-
sperms, and some groups which are included in the
draft test battery are not adequately represented. For
example, while we include angiosperms, we have tests
for only a fraction of the life cycle, namely, germina-
tion and early seedling growth. Other gaps in the test-
ing scheme will be evident: fungi, gymnosperms and
soil invertebrates, for example.

How many surrogates are neecded to represent the

biosphere adequately? Even the most cursory survey
of the literature suggests a discouraging answer. Sensi-
tivity to toxic chemicals can vary widely between spe-
cies which are taxonomically close, and significant vari-
ation is often found between different ecotypes within the
same species. Because of inter- and intraspecific varia-
bility in sensitivity to chemical toxicity, as well as for
other reasons discussed below, other testing approaches
are being considered as supplements to single species

testing.

IN ViTRO TESTING

Although some chemicals might be expected to in-
hibit biological processes by purely physical mech-
anisms, it seems reasonable to conclude that most in-
hibitions result from interference with specific bio-
chemical reactions. Interspecific and intraspecific differ-
ences in sensitivity to chemical inhibition may resuit
from the presence or absence of detoxification mech-
anisms, or from differences in accessibility of sensitive
sites to the toXicants.

Procedures which deprive sensitive sites of pro-
tection might therefore be expected to result in tests
which are more rapid and sensitive than tests on intact
single species, and which are more uniform in sensi-
tivity. Cultured cells and tissues, and isolated sub-
cellular components (organelles, enzyme systems) are
biological entities which may prove useful in the quest
for rapid and sensitive assays at levels of biological or-
ganization below that which is represented by the in-
tact, multicellular organism. Protozoa might also be
expected to lend themselves to development as sen-
sitive bioassay organisms. These various biological sys-
tems have as their common denominator the fact that
they can be maintained in the laboratory as cultures.
Hence they can be referred to generically as in vitro
test approaches, for convenience. OTS seeks in vitro
tests which can be applied to ecological hazard evalua-
tion under TSCA, and approaches to the interpreta-
tion of in vitro test results in the context of ecological

impact.

FcoOSYSTEM TESTING

Single species testing fails to reveal species interac-
tions and their vulnerability to perturbation by chemi-
cals. We must therefore find ways to test assemblages
of interacting organisms in contained environments.
There are two present approaches to such testing. The
first is to create assemblages of plants and animals
which function as simple food chains. Another ap-
proach is to start with an assemblage which has been
taken from nature and brought into the laboratory.
The sample might be a soil core removed from the field
in a manner that preserves the natural stratification.
Aquatic ecosystems might be represented by samples
of pondwater, including bottom sediment and macro-
organisms. Whether natural or man-made, such as-
semblages, by virtue of being contained (isolated) will
be subjected to restricted capacity for exchange of
energy, materials and organisms and thereby will de-




