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Preface
Developed, developing and emerging economies worldwide are collectively
contributing multiple stresses on aquatic ecosystems by the release of numerous
contaminants. This in turn demands that basic toxicological information on their
potential to harm living species be available. Hence, environmental protection programs
aimed at preserving water quality must have access to comprehensive toxicity screening
tools and strategies that can be applied reliably and universally.
While a good number of toxicity testing procedures and hazard assessment
approaches have been published in the scientific literature over the past decades,
many are wanting in that insufficient detail is available for users to be able to fully
understand the test method or scheme and to be able to reproduce it successfully.
Even standardized techniques published in recognized international standard
organization documents are often lacking in thoroughness and minutiae. Paucity of
information relating to biological test methods may be consequent and trigger several
phenomena including generation of invalid data and resulting toxicity measurements,
erroneous interpretation and decision-taking with regards to a particular chemical or
environmental issue, or simply abandonment of testing procedures. Clearly,
improperly documented toxicity testing methods can be detrimental to their
promotion and use, as they open the doorway to unnecessary debate and criticism as
to their raison d’être. Furthermore, this situation can indirectly contribute to
delaying, minimizing or eliminating their application, thereby curtailing the
important role toxicity testing plays in the overall protection and conservation of
aquatic ecosystems.
The ″cry for help″ that we have often heard from people having encountered
difficulties in properly conducting biological tests was the primary trigger that set off
our desire to edit a book on freshwater toxicity testing procedures in the detailed manner
described herein. We feel this book is rather unique in that it includes 1) a broad
review on toxicity testing applications, 2) comprehensive small-scale toxicity test
methods (Volume 1) and hazard assessment schemes (Volume 2) presented in a
designated template that was followed by all contributors, and 3) a complete glossary
of scientific/technical terms employed by editors/contributors in their respective
chapters.
Indeed, the book provides information on the purposes of applying toxicity tests and
regroups 15 validated toxicity test methods (Volume 1) and 11 hazard assessment
schemes (Volume 2) for the benefit and use of the scientific community at large.
Academia (students, professors), government (environmental managers, scientists,
regulators) and consulting professionals (biologists, chemists, engineers) should find it
of interest, because it encompasses, into a single document, comprehensive information
on biological testing which is normally scattered and difficult to find. It should be, for
example, very useful for (under)graduate courses in aquatic toxicology involving
practical laboratory training. In this respect, it can be attractive, owing to some of its
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contents, as a laboratory manual for learning purposes or for undertaking applied
research to assess chemical hazards. As a further example, it can also prove useful for
environmentalists who wish to select the most appropriate test(s) or scheme(s) for future
decision-taking with regards to protection of aquatic ecosystems. In short, all groups
directly or indirectly involved with the protection and conservation of freshwater
environments will find this book appealing, as will those who simply wish to become
familiar with the field of toxicity testing.
We are grateful for the financial support given to us in the production of this book
by Environment Canada (Centre Saint-Laurent, Québec region, Environmental
Conservation), the University of Metz (Metz, France) and IDRC (International
Development Research Centre, Ottawa, Ontario, Canada). For their assistance in many
dedicated ways which facilitated our tasks and ensured the timely completion of our
book, we extend our thanks to the following persons: Mr. Andrés Sanchez and Dr. Jean
Lebel (IDRC); Ms. Jacinthe Leclerc, Dr. Alex Vincent and Dr. André Talbot (Centre
Saint-Laurent); Ms. Sylvie Bibeau and Dr. Laura Pirastru (University of Québec in
Montréal). We are also very appreciative of the dedicated professional help provided us
by Anna Besse and Judith Terpos of Springer Publishers in guiding us through the
editorial process.
Again, how could we not extend our appreciation to all of our devoted colleagues
who accepted our invitation to contribute a chapter to this book? They number 54 in
total and represent 11 countries including Argentina, Australia, Canada, Chile,
Columbia, Denmark, France, Germany, Poland, Switzerland and the U.S.A. Needless to
say that it is owing to their outstanding career experience and interest to promote their
know-how that Small-scale Freshwater Toxicity Investigations (Volume 1 and
Volume 2) has now become a reality. Last but not least, the ultimate acknowledgment
must go to our other estimated colleagues who acted as peer-reviewers for all
manuscript contributions and who significantly contributed to their final quality.
We are convinced that this book fills an important scientific gap that will stimulate
international use and application of small-scale toxicity tests, whether for research,
monitoring, or educational purposes. May the “blue planet” and its aquatic species
ultimately profit from such endeavours!
Christian Blaise and Jean-François Férard
January, 2005
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Foreword
Much has been said and done since the International Decade for Water and
Sanitation of the 1980s to improve access to sufficient and safe drinking water in
developing countries. Although we are nowhere near achieving universal access to
this basic human need, progress has been accomplished. Technology has played an
important role, but another critical legacy of the Decade has been a much better
recognition and understanding of the social factors linked to sustainable access to
safe drinking water for communities in developing countries.
One of the empowering factors has been the development of simple and
affordable technologies for monitoring microbial water quality. Because they are
inexpensive and are not dependent of sophisticated laboratories, such technologies
have made their way into areas where electrical power has yet to reach and have
allowed communities to perform their own water quality monitoring. The
identification of specific micro-organisms are less important to rural inhabitants than
an alarm system which they can depend on to consistently alert them to fecal
contamination of their water supply. With water-borne diarrhea still causing the
second highest mortality and morbidity toll in Third World countries (mainly infants
and young children) the precautionary principle remains the only responsible strategy
for poor communities.
Although fecal contamination of drinking water is still a serious problem in
developing countries, it is not the only risk that need concern their populations and
ecosystems. Both natural and anthropogenic processes are known to cause another
kind, but no less dangerous contamination: recent surveys have shown for example
that upwards of 36 million people in the Indian sub-continent are drinking water
contaminated by arsenic; such contamination is also known to occur in the Southern
Cone of Latin America and in areas of China. In Bangladesh, sadly, this problem has
been compounded by altruistic efforts of AID agencies, digging wells to offer an
alternative to fecally contaminated surface waters. Alas, the geologic makeup of the
region has caused underground water to be heavily laced with Arsenic. Serious
pathological manifestations have now been reported in affected areas. Some areas of
India have also reported high fluoride concentration in well water leading to severe
fluorosis in children and adults alike, with severe skeletal malformations and
attendant physiological problems.
Human activity has also exacerbated this problem: Mercury contamination
related to gold mining in frontier areas of South America; contamination of both
surface and ground water by agricultural inputs such as pesticides and fertilizers;
increased chemical pollution by recently implanted industries; global pollution by
persistent chemicals used in industrialized countries such as PCBs and brominecontaining fire retardants. Unquestionably, the past and continuing release of
toxicants of this nature to receiving waters, one of earth’s crucial compartments, by
way of numerous (non) point sources of pollution, have equally impaired the health
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of aquatic biota and even adversely affected the biodiversity of some of its
communities (e.g., invertebrates and fish). Indeed, while microbiological pollution
poses predominantly a risk to human health, chemical contamination represents a
much more global threat to all components of the ecosystem, with a potential for
more profound and enduring consequences.
In most cases, laboratory analytical methods exist to detect such chemicals and to
quantify them. However, they can be time consuming and very expensive. No one
could even propose that screening programs could be set up for routine water testing
which would be both timely and affordable. In fact, this would not be feasible for
industrialized countries either. How is one to test water for safety from chemicals,
then? One approach is to perform routine analysis for specific chemicals in a given
area where they are presumed to exist. Therein lies a cautionary tale: in the early
nineties, the British Geological Survey (BGS) carried out a survey of well waters in
Bangladesh (in relation to the well digging program discussed earlier), seeking data
on iron and phosphorus which were presumed to contaminate the water. No attempts
were made to measure other toxic compounds such as arsenic, which we now know
constituted a major contaminant. Following the appearance of severe arsenic
poisoning in the affected area, Bangladesh sued the agency for failing to warn users
that the toxic metal was present in well water. The BGS was cleared by a British
court of any wrong doing, since the former had performed the assays for which their
services had been retained – and which did not include assays for other
contaminants. Could this situation have not been avoided if a test had been applied to
evaluate the overall toxicity of water, irrespective of the contaminant present? What
about waters which exhibit contamination by multiple chemicals: individual
measurements may not give an assessment of the true toxicity if these chemicals act
in synergy rather than in an additive fashion.
Thus, some environmental scientists suggest that tests be used that measure
“toxicity” rather than individual contaminants. Toxic samples could then be further
assayed for specific contaminants if necessary to identify point sources and/or water
treatment procedures. Relatively rapid, affordable and dependable assays would be a
boon for developing country communities, in the same way as earlier rapid tests were
for fecal contamination. The latter have proven to be usable in a sustainable manner
in developing country communities, empowering them to monitor water safety and to
act appropriately when necessary.
Bioassays appeared to fit the bill to perform this service to monitor chemical
contamination. They have been around for a while. Until relatively recently,
however, they remained in the realm of the laboratory. Only over the last two
decades have they found a niche in testing for toxic chemicals in water and sediment,
but not yet specifically as a tool for routine water quality monitoring. As Small-scale
Freshwater Toxicity Investigations (Volume 1 and Volume 2) amply demonstrates,
the science has now come of age. Assays based on bacteria, microscopic or multicellular algae, protozoa, invertebrates and vertebrates (freshwater fish cell cultures)
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are discussed in Volume 1 of this book. Of equal importance to my mind, Volume
2 of the book describes hazard assessment schemes that are based on combinations
of the various bioassays, the so-called “battery” of tests. Indeed, all organisms are
not similarly sensitive to given toxics. For instance, algae are likely to be very
sensitive to herbicides albeit at levels which are unlikely to represent a danger to
humans, while vertebrate cells may be less so. Thus, testing the sample on a series of
organisms is more likely to reflect an overall toxicity. Whether one is to assess the
risk to aquatic organisms or human beings, it is important to monitor the toxicity of
samples on more than one trophic level.

Another significant advance is the development of a number of schemes to
combine the results of toxicity testing on multiple trophic levels into indices which
could be used to standardize results from one sample to another, from one area to
another. Small-scale toxicity testing for freshwater environments presents a number
of such schemes, and for this the editors should be congratulated. Only through such
approaches can we begin to promote the use of these techniques more generally,
especially if we are to encourage their use by field workers who have at best a
limited experience of analytic laboratory techniques. Along with the other excellent
chapters on hazard assessment schemes described in this book, the paper by Ronco,
Castillo and Diaz-Baez et al. is significant to my mind because these authors have
been working with municipal governments of Latin America (Argentina, Chile and
Mexico) to promote WaterTox©. This is a battery of tests which they developed with
colleagues elsewhere in Latin America, Canada, India and the Ukraine, with support
from the International Development Research Centre (IDRC), the National Water
Research Institute (Burlington, Ontario, Environment Canada) and the SaintLawrence Centre (Montreal, Quebec, Environment Canada). Results produced by
this network of superb scientists have been extremely well received and, in some
countries, governments are already incorporating batteries of bioassays in the
national water quality testing programs (notably the Ukraine, Mexico and Chile).
All of this bodes very well for the future of bioassays, and for their transfer to
poorer communities of the Third World where perhaps they are most needed.
Gilles Forget
Regional Director
In Central and West Africa
International Development Research Centre

xix

Contents

PART 1. Introduction

Overview of contemporary toxicity testing……………………………………………1
C. Blaise and J.-F. Férard, editors

PART 2. Toxicity test methods

Bacteria
Chapter 1. Microtox acute toxicity test …… ………………………………………..69
B. T. Johnson
Chapter 2. Solid-phase test for sediment toxicity using the luminescent
bacterium, Vibrio fischeri …
…………………………………………………………107
K. Doe, P. Jackman, R. Scroggins, D. McLeay and G. Wohlgeschaffen

Micro-algae and aquatic macrophytes
Chapter 3. Algal microplate toxicity test…
…… …………………………………….137
C. Blaise and P. Vasseur
Chapter 4. Algal toxicity test…
…… …………………………………………………181
J. P. Staveley and J. C. Smrchek
Chapter 5. Microalgal toxicity tests using flow cytometry…
………………………. 203
J. Stauber, N. Franklin and M. Adams
Chapter 6. Algal microplate toxicity test suitable for heavy metals…
……………….243
H. G. Peterson, N. Nyholm and N. Ruecker
Chapter 7. Lemma minor growth inhibition test…
…… …………………………..….271
M. Moody and J. Miller

xx
Protozoans
Chapter 8. Spirotox test – Spirostomum ambiguum acute toxicity test …………....299
G. NateǮcz-Jawecki

Micro-invertebrates
Chapter 9. Rotifer ingestion test for rapid assessment of toxicity …………………323
T. W. Snell
Chapter 10. Acute and chronic toxicity testing with Daphnia sp. ……………….....337
E. Jonczyk and G. Gilron
Chapter 11. Hydra population reproduction toxicity test method …………………395
D. A. Holdway
Chapter 12. Amphipod (Hyalella azteca) solid-phase toxicity test using
High Water-Sediment ratios ……………………………………………………… 413
U. Borgmann, W.P. Norwood and M. Nowierski
Chapter 13. Chironomus riparius solid-phase assay ………………………………437
A.R.R. Péry, R. Mons and J. Garric

Fish cells
Chapter 14. Acute toxicity assessment of liquid samples with primary
cultures of rainbow trout hepatocytes ………
……………………………………….453
F. Gagné
Chapter 15. Rainbow trout gill cell line microplate cytotoxicity test …
…… ……….473
V. R. Dayeh, K. Schirmer, L. E. Lee and N. C. Bols

Glossary…………………………………………………………………………...505

Index……………………………………………………………………………….539

