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Ecotoxicology, the science of contaminant fate and
effects in the biosphere, emerged as a distinct disci-
pline in the 1960s. Initial ecotoxicological concepts
and methods were adopted from classic toxicology,
ecology, and geochemistry. Ecotoxicology is now an
interdisciplinary science encompassing effects from
biomolecules to the entire biosphere, and contami-
nant fates from chemical speciation to global cycling.

Aquatic ecotoxicology has always been a central
component of ecotoxicology because many of the
first pollution issues involved the hydrosphere. Early
applications of aquatic ecotoxicology included iden-
tifying and quantifying point source toxicity in sup-
port of water quality regulation. Standard toxicity
testing protocols were generated based primarily on
effects to individuals but also included some de-
scriptive metrics of ecological community structure.
Research in this important field contributed insights
needed to formulate key US laws such as the Clean
Water Act (CWA) and the Toxic Substances Control
Act (TSCA).

In the early 1990s, the activities of ecotoxicologists
expanded to support the ecological risk assessment
paradigm. Aquatic ecotoxicologists established the
conceprual underpinnings for hazard identification
and risk characrerization, and the data for charac-
terizing exposure and ecological effects. Such know-
ledge now supports regulatory activities related to
federal acts such as the Marine Protection Research
and Sanctuaries Act (MPRSA), the Comprehensive
Environmental Response, Compensation, Liability
Act (CERCLA), and the Federal Insecticide, Fungi-
cide, and Rodenticide Act (FIFRA).

Currently, much aquatic ecotoxicological predic-
tion is based on laboratory testing in which organ-
isms are exposed to a contaminant for a specified
time and effects are estimated for either lethal or
sublethal impacts to individual organisms. Regress-
ion models are commonly applied to acute exposure
data to predict effect metrics such as the LCsq (con-
centration killing 50% of exposed individuals by the
end of the exposure) or ECsp (concentration having
an effect on 50% of exposed individuals by the end
of the exposure). Metrics derived from analysis of
variance (ANOVA) and post-ANOVA tests are ap-
plied for more chronic exposures or subtle effects
that are more difficult to model. The lowest exposure
concentration with a statistically significant effect
(lowest observed effect concentration or LOEC) and

the highest exposure concentration with no statisti-
cally significant effect (no observed effect concentra-
tion or NOEC) are the most common such effect
metrics. Notionally, the LOEC and NOEC bound an
effect threshold concentration for the tested contam-
inant.

Laboratory experiments quantifying contaminant
effects commonly involve either exposure via water
or sediments; exposure via food is addressed less
frequently. The most common laboratory tests ex-
pose individual organisms directly to contaminant
present at a range of concentrations in water. In ex-
periments assessing effects of sediment-associated
contaminants, benthic organisms are exposed direct-
ly to sediments or a nonbenthic species are exposed
to sediment clutriate. Elutriate tests are designed to
provide data on exposure that occurs during sedi-
ment disturbances such as that resulting from storm
or dredging activities. Other types of experiments
include bioaccumulation or biocavailability tests that
determine the potential for contaminant accumula-
tion in organisms. In the absence of specific know-
ledge of the effects or bioaccumulation potential for
a specific chemical, the magnitude of effect or bio-
accumulation is sometimes predicted with quanti-
tative structure—activity relationship (QSAR) models
that relate contaminant molecular gualities for a
class of contaminants such as polychlorinated biphe-
nyls to their bioactivity (i.e., effect or potential for
bioaccumulation).

Augmenting results of laboratory experiments,
mesocosms, and field studies are commonly used to
study the structure and function of impacted aquatic
communities. Mesocosms are experimental ponds or
streams designed to simulate, in a simplified manner,
aquatic ecosystems. Relative to laboratory systems,
mesocosms are normally located ourdoors and less
controlled, but can achieve more ecological realism.
Field studies include surveys and natural system ma-
nipulations. The former provide relatively inex-
pensive observation of the consequences of
contamination to communities and, although affor-
ding the least controlled observation, are the most
often used type of study. Used less frequently because
of increased costs, the latter involve manipulation of
an entire ecosystem such as a lake or a portion of ir.
Intelligent combining of conclusions from laboratory
tests, mesocosms, and field studies allows aquatic
ecotoxicologists to assess hazard or risk due to con-
tamination.

Current trends in the aquatic ecotoxicology lirer-
ature suggest several possible changes in the near fu-
ture. More insights about population consequences
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will be gained during assessments through the appli-
cation of emerging molecular techniques, and of
population-based metrics and methods. Conventio-
nal, laboratory-generated effect metrics such as the
LCsq, NOEC, and LOEC will be used with more
balance with metrics of community and population
effects. This will be required to meet the demands of
modern ecological risk assessment. To more directly
address the needs of ecological risk assessment, more
emphasis will also be placed on methods of quanti-
fying the uncertainty in effect estimates.
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