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AQUATIC EFFECTS TECHNOLOGY EVALUATION PROGRAM

Notice to Readers

Technical Evaluation of Histopathology as an Environmental Monitoring Tool
for the Mining Industry in Canada

The Aquatic Effects Technology Evaluation (AETE) program was established to review appropriate
technologies for assessing the impacts of mine effluents on the aquatic environment.  AETE is a
cooperative program between the Canadian mining industry, several federal government
departments and a number of provincial governments; it is coordinated by the Canada Centre for
Mineral and Energy Technology (CANMET). The program was designed to be of direct benefit to
the industry, and to government. Through technical and field evaluations, it identified cost-effective
technologies to meet environmental monitoring requirements. The program included three main
areas: acute and sublethal toxicity testing, biological monitoring in receiving waters, and water and
sediment monitoring.

The technical evaluations were conducted to document certain tools selected by AETE members,
and to provide the rationale for doing a field evaluation of the tools or provide specific guidance on
field application of a method. In some cases, the technical evaluations included a go/no go
recommendation that AETE takes into consideration before a field evaluation of a given method is
conducted.

The technical evaluations were published although they do not necessarily reflect the views of  the
participants in the AETE Program. The technical evaluations should be considered as working
documents rather than comprehensive literature reviews.  In this respect, certain members of
the Task group felt that the technical review of fish histopathology did not adequately 
consider the available grey literature and the present scientific experience in
histopathology.

The purpose of the technical evaluations focussed on specific monitoring tools. AETE committee
members would like to stress that no one single tool can provide all the information required for a
full understanding of environmental effects in the aquatic environment.



For more information on the monitoring techniques, the results from their field application and the
final recommendations from the program, please consult the AETE Synthesis Report to be
published in the spring of 1999.

Any comments concerning the content of this report should be directed to:

Geneviève Béchard
Manager, Metals and the Environment Program

Mining and Mineral Sciences Laboratories - CANMET
Room 330, 555 Booth Street, Ottawa, Ontario, K1A 0G1

Tel.: (613) 992-2489 Fax: (613) 992-5172
E-mail: gbechard@nrcan.gc.ca



PROGRAMME D’ÉVALUATION DES TECHNIQUES DE MESURE
D’IMPACTS EN MILIEU AQUATIQUE

Avis aux lecteurs

Évaluation technique des paramètres histopathologiques comme méthode de surveillance
de l'environnement pour l'industrie minière du Canada

Le Programme d'évaluation des techniques de mesure d'impacts en milieu aquatique (ÉTIMA) visait
à évaluer les différentes méthodes de surveillance des effets des effluents miniers sur les
écosystèmes aquatiques. Il est le fruit d'une collaboration entre l'industrie minière du Canada,
plusieurs ministères fédéraux et un certain nombre de ministères provinciaux. Sa coordination relève
du Centre canadien de la technologie des minéraux et de l'énergie (CANMET). Le programme était
conçu pour bénéficier directement aux entreprises minières ainsi qu'aux gouvernements. Par des
évaluations techniques et des études de terrain, il a permis d'évaluer et de déterminer, dans une
perspective coût-efficacité, les techniques qui permettent de respecter les exigences en matière de
surveillance de l'environnement. Le programme comportait les trois grands volets suivants :
évaluation de la toxicité aiguë et sublétale, surveillance des effets biologiques des effluents miniers en
eaux réceptrices, et surveillance de la qualité de l'eau et des sédiments.

Les évaluations techniques ont été menées dans le but de documenter certains outils de surveillance
sélectionnés par les membres de l’ÉTIMA et de fournir une justification pour l’évaluation sur le
terrain de ces outils ou de fournir des lignes directrices quant à leur application sur le terrain. Dans
certains cas, les évaluations techniques pourraient inclure des recommandations relatives à la
pertinence d’effectuer une évaluation de terrain que les membres de l’ÉTIMA prennent en
considération.

Les évaluations techniques sont publiées bien qu’elles ne reflètent pas nécessairement toujours
l'opinion des membres de l’ÉTIMA. Les évaluations techniques devraient être considérées comme
des documents de travail plutôt que des revues de littérature complètes. À cet égard, certains
membres du groupe de travail étaient d'avis que l'étude technique de l'histopathologie des
poissons ne prenait pas suffisamment en considération la littérature grise et le savoir-faire
scientifique actuel dans le domaine de l'histopathologie.



Les évaluations techniques visent à documenter des outils particuliers de surveillance.  Toutefois, les
membres de l’ÉTIMA tiennent à souligner que tout outil devrait être utilisé conjointement avec
d’autres pour permettre d’obtenir l’information requise pour la compréhension intégrale des impacts
environnementaux en milieu aquatique. 

Pour des renseignements sur l'ensemble des outils de surveillance, les résultats de leur application sur
le terrain et les recommandations finales du programme, veuillez consulter le Rapport de synthèse
ÉTIMA qui sera publié en février 1999.

Les personnes intéressées à faire des commentaires concernant le contenu de ce rapport sont
invitées à communiquer avec Mme Geneviève Béchard à l'adresse suivante :

Geneviève Béchard
Gestionnaire, Programme des métaux et de l'environnement

Laboratoires des mines et des sciences minérales - CANMET
Pièce 330, 555, rue Booth, Ottawa (Ontario), K1A 0G1

Tél.: (613) 992-2489 / Fax : (613) 992-5172
Courriel : gbechard@nrcan.gc.ca
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DISCLAIMER

This document was prepared by GLOBALTOX INTERNATIONAL CONSULTANTS INC. for the
account of CANMET.  The material herein reflects GLOBALTOX’s best judgement in light of the
information available at the time of preparation.  Any use which a third party makes of this
report, or any reliance on or decisions to be made based on it, are the responsibility of such third
parties.  GLOBALTOX INTERNATIONAL CONSULTANTS INC. accepts no responsibilities for
damages, if any, suffered by any third party as a result of decisions made or actions based on this
report.
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I. EXECUTIVE SUMMARY

A. Summary

This paper provides a technical evaluation of histopathology as a monitoring tool for the mining industry
in Canada, and addresses its role in the determination and monitoring of fish health impacted by those
activities.  Initially, the paper gives the reader some background concerning diagnostic methodology, the
importance of judgment in the process of making a diagnosis, and the effects of temporality on
interpretation. Pathology is described in general terms, and the differences between diagnostic or
forensic, predictive, experimental, and toxicologic pathology are outlined.  Next, the literature review of
histopathologic changes in relation to metals and fish organs addresses pathological changes that may be
observed using either a light microscope (i.e., a dissecting or normal light microscope), a scanning
microscope or an electron microscope.

The methodology for fish histopathology is outlined, including sampling, preservation, submission of
specimens and preparation of the sample for shipping, for field and laboratory studies. Histopathology is
used in the field in an attempt to define the cause of death in fish die-offs and to define the specific
nature of disease patterns so that temporal-spatial comparisons can be made. The process entails
evaluation of samples, processing of samples, and reading the slides. The training of the pathologist
takes many years and is important in the evaluation process. Comments are made concerning the
necessary training for general pathologists and research morphologists, and how the correct training can
prevent erroneous results.  The importance of training for pathologists and morphologists is emphasized
with respect to interpretation and standardization of diagnoses.

Quality assurance in histopathological studies occurs at two levels: Slide preparation and pathological
interpretation. Dose-response relationships are necessary to predict a priori the likely outcome of
exposure to a specific contaminant.  The predictive value of histopathology varies from good to
excellent in determining the health outcome; however, nothing is more predictive than pathognomonic
lesions.

Data gaps encountered in experimental and field studies should be addressed.  It is recommended that
the determination of organ effects due to metals should encompass as many species as possible and
exposure to a wide range of metals at different concentrations. Fish histopathology has a bias toward
the effects of metals on gills compared to effects on other organs.
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Histopathology, as a tool, has several limitations.  Pathology is examined at only one point in time and
therefore the changes described are limited to the tissue supplied.  Morphological changes can be seen
only when the adaptive resources of  the fish are exceeded.   The relationships of structure and function,
adaptation and disease, altered morphology and cause(s), influence(s) of concurrent disease(s), and
other confounding variables are given to set the stage for what can be learned using proper collection
and preservation techniques.

The report concludes with the recommendation that histopathology be considered in the following
circumstances:

• to be used as routine diagnostic assessment technique in the case of fish die-off;
• to help define the background (or baseline) health status of the population;
• to be used in defining the No Adverse Effect Level in laboratory studies on effluent and leachates;
• to be used in operational and post-closure studies only in situations where there are histopathological

data present; and,
• not to be used alone.

In conclusion, histopathology is a tool that has not been evaluated fully in monitoring the effects of the
mining industry on the health or disease status of fish populations.
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B. Résumé

Ce rapport présente les résultats d’une évaluation technique entreprise dans le but d’évaluer l’utilité de
l’histopathologie comme outil de surveillance environnementale pour l’industrie minière du Canada et
met en évidence le rôle que peut jouer cet outil dans la détermination et le suivi des effets des activités
minières sur la santé des poissons. Le lecteur trouvera dans ce rapport des informations de base
concernant les méthodes diagnostiques, un exposé sur l’importance du jugement dans l’établissement
d’un diagnostic et une analyse des effets des fluctuations temporelles sur l’interprétation. La science
qu’est la pathologie y est décrite en termes généraux, et des distinctions sont établies entre la pathologie
diagnostique ou judiciaire, la pathologie prédictive, la pathologie expérimentale et la pathologie
toxicologique. Dans un autre section, une étude de la documentation consacrée aux changements
histopathologiques observés au niveau des organes des poissons en cas d’exposition aux métaux
renseigne le lecteur sur les changements pathologiques qui peuvent être détectés à l’aide d’un
microscope optique (ou microscope à dissection) ou d’un microscope électronique à balayage.

Les méthodes d’examen histopathologique applicables aux poissons sont décrites, et des informations
complémentaires concernant l’échantillonnage, la conservation et l’expédition de spécimens et la
préparation des échantillons en vue de leur expédition ou de leur utilisation dans le cadre d’études en
laboratoire ou sur le terrain sont présentées. Sur le terrain, l’examen histopathologique peut aider à
cerner les causes de mortalité massive chez le poisson et à suivre l’évolution de maladies spécifiques et
favorise ainsi la réalisation de comparaisons spatio-temporelles. Cet exercice nécessite une bonne
expérience de l’évaluation et du traitement des échantillons et de l’examen des lamelles. Il faut plusieurs
années pour former un pathologiste, et la formation joue un rôle crucial dans le processus d’évaluation.
Des observations sont faites concernant la formation qui doit être dispensée aux pathologistes
généralistes et aux chercheurs spécialisés en morphologie, compte tenu du fait qu’une formation
appropriée contribue à réduire les risques de résultats erronés. L’importance de bien former les
pathologistes et les morphologues et les avantages qui en découlent au plan de l’interprétation et de la
normalisation des diagnostics sont mis en valeur.

L’assurance de la qualité intervient à deux étapes de l’examen histopathologique, soit lors de la
préparation des lamelles et de l’interprétation des résultats des examens pathologiques. Il est nécessaire
d’établir des relations du type dose-réponse pour prévoir a priori les conséquences probables de
l’exposition à un contaminant donné. La valeur prédictive de l’histopathologie en ce qui a trait à la
détermination des effets sur la santé varie de bonne à excellente. Cependant, aucune variable ne recèle
autant d’informations prédictives que les lésions pathognomoniques.
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Dans les études expérimentales et les études sur le terrain, le manque de données constitue un problème
important qu’il convient de résoudre. Pour la détermination des effets de l’exposition aux métaux sur les
organes, il est recommandé d’exposer le plus grand nombre d’espèces possible au plus large éventail
possible de métaux et de concentrations. La majorité des études histopathologiques consacrées à ce
jour aux effets de l’exposition aux métaux sur les organes des poissons ont accordé une attention
beaucoup plus grande aux branchies qu’aux autres organes.

Utilisée à des fins de surveillance environnementale, l’histopathologie comporte plusieurs limites. Les
conclusions de l’examen pathologique ne sont valables que pour un moment bien précis, et les
changements observés ne s’appliquent qu’à l’échantillon de tissu examiné. Les changements
morphologiques deviennent évidents seulement lorsque la capacité d’adaptation des poissons est
dépassée. Les relations entre la structure et la fonction, la capacité d’adaptation et la maladie,
l’altération de la morphologie et les causes, l’incidence des maladies concomitantes et d’autres variables
confusionnelles sont examinées afin d’illustrer les leçons qui peuvent être tirées d’une utilisation
appropriée des méthodes de prélèvement et de conservation des échantillons.

Eu égard aux informations présentées ci-haut, l’utilisation de l’histopathologie comme outil de
surveillance environnementale est recommandée uniquement aux fins suivantes ou en présence des
conditions suivantes :

C évaluation diagnostique en cas de mortalité massive de poissons;
C évaluation de l’état de santé normal d’une population donnée;
C détermination en laboratoire de la concentration d’un composé choisi (dans un effluent ou un

lixiviat) ne provoquant aucun effet indésirable;
C évaluation des effets d’un type d’exploitation donné ou de la fermeture d’une entreprise, mais

uniquement en présence de données histopathologiques;
C toujours en combinaison avec d’autres outils de surveillance environnementale.

En conclusion, la valeur de l’histopathologie comme outil de suivi des effets des activités minières sur la
santé (ou la morbidité) des populations de poissons demeure à évaluer de façon approfondie.
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II. SCOPE OF THIS REVIEW

A. Terms of Reference

GLOBALTOX INTERNATIONAL CONSULTANTS INC. was retained by the Canada Centre for
Mineral and Energy Technology (CANMET) to provide a technical evaluation of histopathology as
an environmental monitoring tool for the mining industry in Canada.  The following background and
terms of reference were provided:

1. Background:

The Aquatic Effects Technology Evaluation (AETE) program was established to review appropriate
technologies for assessing the impacts of mine effluents on the aquatic environment. AETE is a co-
operative program between the Canadian mining industry,  several federal government departments
and a number of provincial governments; it is coordinated by the Canada Centre for Mineral and
Energy Technology (CANMET). The program is designed to be of direct benefit to the industry,
and to government - it will evaluate and identify technologies to meet environmental monitoring
requirements, at the lowest cost. The program includes three main areas: acute and sub-lethal
toxicity testing, biological monitoring in receiving waters, and water and sediment monitoring.

The program will conduct field evaluations of biological monitoring technologies to be used by the
mining industry and regulatory agencies in assessing the impacts of mine effluents on the aquatic
environment.  It will also recommend specific methods or groups of methods that will permit
accurate characterization of environmental impacts in the receiving waters in as cost-effective a
manner as possible.  A pilot field test was conducted in 1995 to fine-tune the study approach.  In
1996, pre-survey activities were carried out at seven mine sites across Canada. The field evaluation
of selected monitoring methods will then take place at a number of these mine sites in 1997.

One of the methods selected for potential field evaluation is the use of histopathology of fish tissues
as an indicator of effects from mining activities. The AETE Technical Committee recommended that
a technical evaluation on the use of histopathology be conducted prior to the 1997 field study.
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2. Objectives:

The objective of this project was to conduct a technical evaluation of fish histopathology and make
recommendations on its use as a cost-effective monitoring tool for the Canadian mining industry.

The technical approach was to provide scientific justification/rationale for the field evaluation of
histopathology and provide essential information on its use for consideration in the design of the field
study. The technical evaluation was to include a chapter which screens histopathology against a
number of criteria and was completed by Golder Associates Ltd..

3. Task 1: Literature Review

• The contractor reviewed and summarized the literature (including gray literature) on the use of
histopathology in environmental monitoring programs by:

• Providing a description of the tissues and organs used in fish histopathology analysis and
explaining the significance of the observed changes in these tissues;

• Providing a referenced overview of the histopathology observed in fish due to exposure
to specific metals;

• Providing a critical commentary on the literature reviewed;
• Providing examples of the use of histopathology for environmental monitoring, with a

specific emphasis on environmental monitoring of mining impacts, and critically
evaluating the success of these histopathology results in understanding environmental
effects;

• Identifying and briefly discussing the methods used (including a description of Quality
Assurance/Quality Control issues, concerns, existence or need for protocols),
professional training required to conduct the work, and approximate cost ranges for
tissue examinations (including an explanation of the costs); and

• Identifying research needs and gaps.
 

4. Task 2: Assess Possible Uses and Benefits of Histopathology

• The contractor provided a description of the utility of histopathology by:
• providing the rationale for when histopathology would be an appropriate tool for the

evaluation of mine impacts on fish health;
• identifying situations where histopathology is unlikely to provide useful information in

evaluating mine impacts on fish health;
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• discussing different possible approaches to histopathology, identifying situations best
suited to each level of analytical detail;

• discussing the types of insights, and their limitations, which can be expected to result
from histopathological analysis of fish;

• highlighting the advantages, disadvantages and limitations of the technique for the mining
industry context and summarizing these findings in a table;

• describing the commercial availability of the technique, including the availability of
qualified practitioners, transferability of expertise to the consulting industry and any other
factors which may be a barrier for the successful implementation of the technique;

• evaluating and documenting the cost implications of histopathological methods (with
particular emphasis on commercial costs) and contrasting these to alternatives, such as
the use of biomarkers; and

• describing how histopathology can fill data gaps and complement the other analytical
tools employed in evaluation of mine impacts on fish health.

• The contractor made recommendations on the use of histopathology as a cost-effective
monitoring tool for the Canadian mining industry. The recommendations encompass the
following aspects:

• a recommended level of action (e.g. in carrying out a monitoring program,
histopathology should be used in the first steps, as a trigger, or in more detailed
information gathering stage); and

• the best use of the tool within an overall monitoring strategy (including baseline,
operational and post-closure) for the mining industry.

 

• The contractor made recommendations, based on the information evaluated for this report, on
the need to conduct field evaluations of histopathology (and, if relevant, the scope of the field
work) as it potentially applies to the mining industry.

 

• The contractor provided an annotated bibliography of the literature describing existing studies
on the use of histopathology related to aquatic effects of mining.

 

• The contractor provided a bibliography of the literature reviewed and a glossary of terms.
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5. Task 3: Critical Evaluation of Histopathology as a Monitoring Tool

• A sub-contractor (Golder Associates Ltd.) critically evaluated the usefulness of histopathology,
based on the contractor’s written report for Tasks 1 and 2, as a cost -effective monitoring tool,
compared with other environmental effects monitoring techniques against a set of criteria
(including the following):

1. Relative sensitivity (dose-response)
2. Ecological relevance (predictive capability of effects and warning systems)
3. Validation (peer-reviewed, field and laboratory)
4. Site specificity
5. Applicability
6. Repeatability
7. Chemical specificity
8. Practical limitations for carrying out field work
9. Commercial availability
10.  Response time (exposure, rapidity of response)
11.  Interpretability (statistical evaluation, confidence, clarity)
12.  Variability (temporal, spatial representativeness, sampling effort and variance)

• The sub-contractor also made a recommendation on the need for (and, if relevant, the scope of)
field evaluation of histopathology at mine sites in Canada.

 

• The sub-contractor submitted this evaluation and the detailed results of the screening, in the
form of a written Chapter, to the contractor for inclusion in the main report.
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III. INTRODUCTION

Pathology can be considered the morbid anatomy of the biology of disease.  The study of the
biology of morphological alterations is aimed at evaluating the associations between lesions and their
causes.  Altered morphology, or structure, is the expression of the disease process that is evaluated.
 Histopathology is the histomorphological evaluation of microscopic alterations seen in diseased
organs and tissues.  As with gross pathology, where morbid anatomy is evaluated, histological
changes are similarly evaluated for disease process, degree, distribution, and time.

Histopathology of fish is not used as a standard tool in aquatic environmental effects monitoring.  As
histopathology is considered for inclusion as a viable tool for determining fish health, the question
arises as to whether this method of evaluation is a cost-effective method of increasing the
knowledge base concerning the aquatic effects of the mining industry.  The logistics of
histopathology use, the training of those undertaking the evaluation, and the precautions in specimen
preparation will be detailed in the following report.  In addition, the strengths and weaknesses of this
tool will be addressed highlighting when best to use this tool and how to optimize specimen
collection.  Finally, practical recommendations concerning the use of histopathology in the field will
be outlined. 

A. Overview

Altered morphology, or altered structure, is the expression of the disease process that is examined
by the pathologist.  Histopathology is the microscopic evaluation of these disease processes
(Ferguson, 1989; Meyers and Hendricks, 1985; Klontz, 1985; Hayes, 1994; Haschek and
Rousseaux, 1997).   The point where histopathology commences and gross pathology finishes is
variable, so for the purpose of the following discussion, the definition of  histopathology will be: ‘the
evaluation of visual pathologic changes requiring the use of a microscope.’  Histopathology is
both a science and an art.  It is a very powerful, subjective tool which may be used to establish
primary and secondary disease patterns in populations of fish.  Most biomarkers are narrow in their
expression (e.g., an enzyme) whereas pathology is broad in its evaluation (Moeller, 1985).  Because
of its broad scan and subjective nature, the practitioner must be experienced so as to filter out
background visual “noise” such as seasonal liver changes (Moeller, 1985).  However, positive
diagnostic histopathological findings can be considered the quintessential biomarker, as not only
does histopathology indicate exposure to certain environmental substances, it also shows the
biological effect of exposure (Rousseaux et al., 1995).  In addition, pathology aids the biologist in
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establishing population dynamics such as body condition, reproductive state, background disease
and habitat effects (Ferguson, 1989; Adams et al., 1996; Teh et al., 1997).

Pathology, often thought to be limited to obtaining a diagnosis, is often overlooked as a
measurement tool (Segner et al., 1990; Evans et al., 1991).  By working closely with the research
scientist or biologist, a pathologist can shed light on unseen biological processes that may be
overlooked when using clinical, biochemical and toxicological endpoints alone.  In addition, the
pathologist can generate quantitative measurements to evaluate a known toxicological response,
particularly following a dose-response exposure in the laboratory (Tones and Rousseaux, 1992). 
Early and integrated use of pathology can hasten the understanding of the disease process and
increase the diagnostic acumen of the investigator (Rousseaux, 1988; Rousseaux, 1989). 

There are advantages to using pathology in a failed 96-hr lethality study.  For example, pathologists
can look at a disease process and often determine the cause of death (Reichenbach-Klinke, 1973;
Klinkelin et al., 1985; Ferguson, 1989; Roberts, 1989; Ellis, 1985; Ribelin and Migaki, 1975;
Hinton et al., 1987).  By matching the lesions (pathology seen) with the known toxicants in the test
water, incrimination of one or more of the compounds can be attained (Tones and Rousseaux,
1992).  Fish are often found dead in the tank and the investigation ceases there.   In this situation,
further histopathological investigation may reveal the cause of death.  In addition, a pathologist can
examine a disease process at various points in time, or can identify endemic diseases in populations
in question (Schultz, 1980; Slauson and Cooper, 1990).  In the case of baseline studies,
observations can be compared with future observations to determine whether industry has affected
the population adversely with respect to health.  By undertaking this procedure at an early stage,
industry can avoid blame for "causing disease" (endemic disease) in the eye of the public.  Secondly,
the nature of disease in a wild population may be multifaceted (Moeller, 1985; Ferguson, 1989;
Roberts, 1989).  As overt toxicity may not always be obvious, examination of prevalence and
degree of a disease, such as parasitism, in the population may give clues as to whether the
population is under stress or is being immunosuppressed (Kerr and Dickie, 1984).

Specific compounds may cause characteristic, and sometimes unique, changes in structure.  These
changes are known as pathognomonic changes, i.e., the morphological diagnosis defines the disease
(Thomson, 1984).  In the case of field surveys, the pathological changes seen may not be
characteristic of a particular contaminant, but may be due to the “stress” caused by the contaminant
resulting in secondary disease.  By evaluating the tissue loads of metals and enzyme/protein
concentrations (e.g., metallothionein) and evaluating pathology at a number of sampling times or in a
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number of places, it may be possible to obtain more information concerning temporal and spatial
associations by correlating these variables (Lilienfeld and Lilienfeld, 1980).  For example,
comparison of a baseline study with a study done after operations are in progress may fail to show
an effect of the industry on the disease prevalence, although tissue metal loads and metallothionein
concentrations may be elevated.  Without data to show a temporal association between mine
operation and observed pathological effects, it would not be possible to conclude that a mine had an
effect on the population from a disease perspective.  

Pathology is also useful in describing dose-response relationships to contaminants (Hinton and
Lauren, 1990a).  It should be noted, however, that statistically significant differences found between
treatment groups do not necessarily mean that there is a biologically significant difference between
body tissues (Bucci, 1991).  This means that when a statistically significant difference occurs in the
biomarker in question, there is further need to decide whether these differences are of biological
importance.  For example, in order to determine whether a statistically significant group difference in
red cell numbers is of biological importance, it is necessary to establish whether these numbers lie
within the normal range and whether the hemopoietic tissue is producing the correct number of cells.

There are a number of limitations of pathology, and these are as follows:
• Not all disease processes have histopathological endpoints, e.g., acute hypoxia (lack of

oxygen);
• It takes time for histopathological changes to develop, so the fish may die before histopathology

has developed;
• Not all toxic insults produce toxicant-specific responses;
• Evaluation of morphology is subjective and dependent on the previous experience of the

examining pathologist, hence operator bias may occur.  In the case of a baseline study, it is
always wise to re-read the initial slides and compare them with the second sampling.  By doing
this, a true comparison of the effects of time may be attained;

• Cause and effect relationships are difficult to demonstrate for many contaminants as often the
histopathology seen is similar for a number of contaminants;

• There are few qualified individuals skilled in fish tissue preparation and pathological evaluation;
• Histopathological changes cannot necessarily be used to infer a population-level effect in fish;

and,
• Errors can arise from inadequate prior knowledge of the “normal” state for a given species. 

There is tremendous natural variation for specific tissues at different times of the year.
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For the above reasons it can be seen that the client and other scientific team members require
guidance as to how to use their limited budgets wisely on pathology.

B. Origins of Histopathology

To understand the present state of histopathology, it is useful to review its origins (Rousseaux,
1997).  Pathology, which includes gross, subgross, light microscopic and ultrastructural morphologic
evaluation of disease processes (Cotran et al., 1989), began as a science of observation, which
emphasized narrative descriptions of lesions, and which gradually evolved as associations were
made between lesions and their causes.  Pathology grew as a discipline out of medicine at a time
when the field of medicine was just emerging as we know it.  Thoughts as to causation and
treatment were based on dogma, rather than evidence. Rapidly following the discovery of the
microscope, “cellular pathology” was defined as the basis of modern pathology and medicine
(Cheville, 1983).  This concept is still the basis of morphologic pathology and can be considered the
prevailing dogma.  Even today pathologists learn the trade through apprenticeship, and all would
agree that experience in the necropsy room and at the microscope is an essential requirement for a
successful practice (Thomson, 1984; Thomson, 1988).

Initially, the focus of pathology was anthropocentric; however, as animal disease became important
from a commercial and human health perspective, veterinary pathology was born.  More recently,
pathologists have looked into comparative diseases across species resulting in the discipline of
comparative pathology (Ashley, 1975).  It is out of this last group that aquatic pathologists have
developed a specialty (Ferguson, 1989; Roberts, 1989; Bryden, 1988).   As biologists have given
us excellent works on the histology of fish (e.g., Groman, 1982), both biologists and pathologists
have a reasonable “tissue base” to work from.  However, at present the a priori use of
histopathological evaluation is in its infancy.  Because of this, there is little background literature
available from peer-reviewed sources concerning the prediction of the impact of mining
contaminants on fish in a natural habitat down stream, although some data are available for other
contaminants (Ribelin and Migaki, 1975; Johnson and Bergman, 1984; McCarthy and Shugart,
1990).

a) Diagnostic or Forensic Pathology

Initially, this diagnostic tool was forensic in nature, relying on previous events that probably lead to a
cause of death.  It can be regarded as a diagnostic tool linking lesions and etiologies (cause of
disease or identification agents causing the changes).  Diseased states can be recognized based on
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the structural lesions present (Thomson, 1984; Thomson, 1988; Jubb et al., 1985; Cotran et al.,
1989). A definitive diagnosis is made by eliminating alternative diagnoses, sometimes through further
clinical and laboratory evaluations.  The process of making a diagnosis is judgmental, rather than
stochastic, and hence requires considerable experience and training (Hill and LaVia, 1980). 
Diagnostic pathology is a very useful tool to evaluate the cause of death in fish, provided that the fish
have not been dead for long, as toxicologically-induced lesions cannot always be differentiated from
postmortem degeneration within six hours of death (Rousseaux et al., 1990).  It should be noted
that dead fish do not always reveal their assailants.  Diagnostic pathology aims at pinpointing the
cause of the morphological alterations seen, i.e., who, what, when, where and why did the fish die? 

b) Teratology

Teratology is a discipline that has its roots in experimental embryology (Taylor, 1986).  Teratology,
the study of defective development, or terata, has only been formalized for the last three decades.
The thalidomide disaster that affected many children of women given the tranquilizer led to the
establishment of detailed morphological evaluation of affected children and the creation of
regulations to test materials in animals for their teratogenic, or birth defect causing potential (Wilson
and Fraser, 1977; Rousseaux and Blakley, 1991).  Defective development is another useful
endpoint to evaluate, as many defects result in death of the affected individual either directly by
causing mortality or indirectly by decreasing survivability in a competitive environment.  These
methods have been used to evaluate the effects of polluted rivers on the development of lake
sturgeon eggs (Acipenser fluviensis) (Branchaud et al., 1995), and the effects of dithiocarbamates
and related compounds (Van Leeuwen et al., 1986).  The microscopic evaluations and specimen
preparation methods such as the Wilson freehand sectioning technique (Wilson and Fraser, 1977)
and the dual staining of cartilage and bone (Rousseaux, 1985) have not routinely been used in
aquatic histopathology.  However, the low expense and large amount of data that can be gained
from the evaluation of fry through these methods warrants further evaluation as a tool to measure the
biological effects of contaminant exposure.

c) Predictive Pathology

This assessment, which is used for a priori  prediction (risk assessment) of adverse effects of
chemicals and pollutants, required the rigors of science.   This change from forensic to predictive
pathology resulted in the necessary scientific understanding to quantify alterations and to evaluate
temporal changes for prognostic purposes (Rousseaux, 1997).  An extension of this understanding
lies in the utility of pathology for evaluating temporal patterns of disease as these changes can be
quantified (Evans et al., 1991).  Unfortunately, there is a dearth of useful histopathological data and



Technical Evaluation of Histopathology
Re-Issued May 21, 1998
 

Page 10

no teratological data in the literature concerning baseline studies with respect to the mining industry,
which makes evaluation of this technique difficult. 

d) Experimental Pathology

The field of experimental pathology differs from the mainstream diagnostic pathology in that
evaluation of tissues is used as a scientific tool following deliberate exposure of an animal to a
known toxicant, toxin, or infectious agent.  Here, judgment may be used, but more commonly, the
lesions are identified and graded using a blinded technique to reduce subjectivity.  Identification of
exposure-related changes in morphology is important in the risk assessment process (Brecher,
1997), and it is in this area that most scientifically trained histomorphologists work.  In fact, the
experimental pathologist quantifies changes so that a dose-response curve can be created and no
observable adverse effect concentrations (NOAEC), or no effect concentrations (NOEC), can be
determined for specific toxicant-tissue reactions (Hayes, 1994; Klaassen, 1996).  These values can
then be used for regulatory purposes.
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IV. LITERATURE REVIEW

A. Histopathological Changes Seen in Fish Tissues and their Relation
to Exposure to Metals

1. Introduction

This document is concerned with the evaluation of pathology using either a dissecting or light
microscope.  It should be noted that other forms of morphological evaluation are available, and can
be used if resources permit.  Ultrastructural cellular pathology refers to changes seen at the cellular
level as viewed by scanning or transmission electron microscopy (Porter and Bonneville, 1973;
Cheville, 1983).  These methods are too labor intensive and expensive to be used in any other
situation than experimental or research situations.  The following critical review addresses
pathological changes seen using a light microscope (either a dissecting or normal light microscope). 
If data are available for ultrastructural evaluation, they are included for completeness.  It is
understood that a gross evaluation would be performed and recorded in the field. 

2. Important Points to Remember

Literature concerning the histopathology of toxicant-induced changes in fish is not as plentiful as that
available for mammals (including humans).  The peer-reviewed literature represents a mixture of
recorded data and opinion.  This opinion is subject to the dogma of the day, and that differing
dogma between the aquatic biology schools and the comparative pathology schools may lead to
peer-reviewed opinions that do not agree. 

Materials that are available are mainly generated in an experimental setting, and as such may be
difficult to extrapolate to the field situations, where concurrent disease usually impacts the individual.
 In addition, it is important for the reader to bear in mind the following points:

• Terminology used in histopathology is often not standardized.  In the field of
comparative pathology there have been efforts made to standardize the nomenclature
used with respect to specific lesions (SSNDC, 1997).  Disagreement amongst
pathologists may occur when describing the most important event at the tissue site.  This
has led to many regulatory bodies insisting on the establishment of pathology working
groups to standardize terminology, especially in the case of some drug-induced lesions
in rodents (Hildebrandt, 1991).  More importantly, there are multiple terms used to
describe the same disease processes.  For example, a simple scar can be described as:
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organization, fibrosis, mesenchymal proliferation, stromal proliferation and scarring
(Thomson, 1984);

• Lesions of histopathology take time to develop.  These range from a couple of hours
(gills) to days (bone), and as such, temporality is important with respect to lesion
evaluation (Slauson and Cooper, 1990);

• Evaluation of the tissue is done using a thin slice of stained tissue (usually 4-6 µm in
thickness).  This means that if multiple sections have not been taken, or if the disease
process is focal, information may have been missed (Bucci, 1991);

• Evaluation of disease processes is subjective, and, therefore, without a second opinion
or photographic evidence can be considered anecdotal in nature (Hildebrandt, 1991);
and,

• Often the specific tissue in question is evaluated without consideration to changes in
other tissues, thus leaving data gaps (Dodd, 1991; Ruben and Rousseaux, 1991).

Environmental pollutants, and other disease causing agents, act through a finite number of
pathogenic pathways to produce a finite number of histopathological changes (Kyle and Farber,
1991).  There are, however, some situations where pathognomonic changes are characteristic of
poisoning by a specific metal leading to the comment that histopathology is the most rapid method of
detecting adverse acute and chronic effects of exposure in the various tissues and organs comprising
an individual fish (Hinton et al., 1992). The following is a review of the lesions (histopathological
alterations) related to metals and other materials associated with the mining industry.

3. Histopathological Alterations caused by Metals

a) Gills

The gills of the brown bullhead, Ictalurus nebulosus (LeSueur), exposed to experimental copper
solutions of 5 ppm showed swollen and hyperemic lamellae, necrosis and disaggregation of the
epithelium (Benedetti et al., 1989).  Gill damage at 0.3 ppm copper varied depending on individual
stress, where gills of stressed specimens were very swollen and showed degeneration of the gill
epithelium with focal necrosis.

Two species of teleosts, the zebrafish, Brachydanio rerio, and the rainbow trout, Salmo gairdneri,
were exposed to different concentrations of cadmium and the gill morphology was assessed
following 6 weeks of exposure (Karlsson-Norrgren et al., 1985).  At low cadmium concentration
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of 3 µg /CdL, the minor changes in gill alterations in the chloride cells of the secondary lamellae
were observed compared with that of the controls in zebrafish.

A morphometric study of the secondary lamellae of zebrafish, Brachydanio rerio (Hamilton-
Buchanan), and rainbow trout, Salmo gairdneri (Richardson) revealed an increase in the portion of
the secondary lamellae exterior to the basal lamina, resulting in an increased diffusion distance after
exposure to cadmium concentrations of 10 -100 µg/L (Karlsson-Norrgren et al., 1985).  In
contrast with control fish, treated fish showed curling of the secondary lamellae and finally local
telangiectasia.  The first sign of degeneration was observed in the chloride cells, which were
characterized by dispersed cytoplasm and a smooth apical plasma membrane (electron microscopic
evaluation).

Temmink et al. (1983) showed that hyperplasia of the gill epithelium was induced in fingerling
rainbow trout (S. gairdneri) exposed to chromate at pH 6.5.  The hyperplasia seems to result from
direct chromate damage to the mucosal epithelium, triggering increased mitotic activity in underlying
cells.  In gills of treated fish, the number of mitoses was significantly higher in both primary and
secondary epithelium than in control gills.  Newly formed epithelial cells were observed to
differentiate into chloride and mucus cells.

Microscopic examination revealed pathological changes in the gill filaments and respiratory lamellae
of the mummichog Fundulus heteroclitus after 20 hr exposure to 50 ppm of cadmium (Gardner
and Yevich, 1970).  Histopathological evaluation showed necrosis and sloughing of respiratory
filaments, hypertrophy of gill filaments, and hyperplasia of the epithelial surface of respiratory
lamellae and interlamellar filament epithelium.  The hyperplasia was accompanied by a marked
increase in mitotic figures.  Changes did not involve all gill filaments and were not localized to
specific areas of the branchial arches.  Lymphocytic infiltration, indicative of an inflammatory
response, of the interlamellar filamental epithelium was evident in all animals with exposure beyond
20 hr.

Skidmore and Tovell (1972) studied the gills of zinc-poisoned rainbow trout Salmo gairdneri
(Richardson) using light and electron microscopic evaluation.  Changes that occurred in the gill tissue
of rainbow trout exposed to 40 ppm zinc included lifting of the secondary lamellar epithelium. 
Blood flow patterns through the lamellae changed, followed by the appearance of granulocytes
(inflammation) within the lamellar blood spaces and beneath the raised epithelium.
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A morphological study of the gills of windowpane flounder Scophthalmus aquosus (Mitchill)
exposed to 5 or 10 µg/L mercury for 60 days showed that the number of chloride cell apical pits
and gill filaments bearing ‘cratered’ epithelial cells increased at the 5 µg/L level and decreased at the
higher exposure level (Pereira, 1988).  Focal swellings demonstrated a dose-dependent
relationship, their numbers being greater at the 10 µg/L exposure level.  The epithelial cells overlying
the focal swellings demonstrated a fragmented microridge pattern.  This change in microridge
morphology may affect gill function through reduction of surface area, ridge-induced
microturbulence of water, or adherence of mucus to the gills (Karlsson-Norrgren et al., 1985).

After 1-3 days exposure to 0.5-1.0 mg zinc in distilled water, cytoplasmic abnormalities in
sticklebacks Gasterosteus aculeatus (L.) consisted of extensive vacuolation, followed by swelling
of nuclei and mitochondria leading to cellular disintegration as visualized using electron microscopy
(Matthiessen and Bradfield, 1973).  Recovery of acutely poisoned fish in zinc-free hard water
permitted the regeneration of epithelia and the appearance of chloride cells on the secondary
lamellae.  The proliferation of chloride cells may indicate that chloride cells are produced as a direct
or indirect response to the influx of zinc ions.

The significance of observed gill changes relates to the type of damage and the amount of gill surface
affected.  As the gills are the respiratory apparatus for most fish, diffuse damage can cause extreme
respiratory distress by inhibiting oxygen transfer from the water into the blood stream.  Multifocal,
but severe, lesions can also reduce respiration through obstruction of the secondary lamellae by
large amounts of exudate.  Such an exudate is also an excellent growth medium for opportunistic
pathogens, and may lead to secondary infections.

b) Liver

In a histopathological study of the effects of experimental copper pollution at high concentrations (5
ppm) and low concentrations (0.3 ppm) on bullheads Ictalurus nebulosus (Le Suer), analysis of
livers exposed at either concentration did not reveal diffuse changes in the hepatic parenchyma
(Benedetti et al., 1989).  However, the authors reported areas of patchy hepatic degeneration.
Histochemical staining further demonstrated lower liver glycogen content than in the controls in all
treatments, with scattered areas of normal and depleted glycogen content in the treated specimens.

A histopathology study in snake head fish Channa punctatus to the effects of 6.8 mg/L lead nitrate
for 125 days, showed liver cord disarray, necrosis, inflammation of portal areas, hardening of
connective tissue, shrinkage of nuclei, and septa formation around blood vessels (Sastry and Gupta,
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1978b).  No fatty infiltration or glycogen depletion was observed.  Treatment of snake head fish
Channa punctatus with a sub-lethal concentration of lead nitrate produced considerable hepatic
structural damage and decreased alkaline phosphatase and aminopeptidase activities.

The rate of change in hepatocyte ultrastructural morphology was observed following exposure to
arsenic concentrations of 0, 30, or 60 ppm, and after exposure times of one, two, or three weeks at
20oC (Sorensen, 1976).  Histopathological changes were more pronounced with an increase in
arsenic concentration and exposure time.  These changes included the appearance of electron dense
particles (EDP) with a subsequent increase in the numbers of intra-nuclear and cytoplasmic electron
dense particles and aberrant mitochondria. Cytoplasmic and intra-nuclear EDP were first observed
in hepatocytes of green sunfish Lepomis cyanellus (Rafinesque) exposed for two weeks to a
solution containing 30 ppm arsenic and for one week to 60 ppm arsenic.  Also, lysosomes and
smooth endoplasmic reticulum increased in number, while the number of myelin figures decreased.

A series of experiments by Sastry and Gupta (1978a) have shown that significant pathological
changes were produced by 0.3 mg/L mercuric chloride in the liver of  snake head fish Channa
punctatus over a period of 30 days.  Histopathological changes included hepatocellular granulation
and vacuolation of the cytoplasm, hypertrophy of the nucleus, necrosis, fatty infiltration, proliferation
of connective tissue, glycogen depletion and cirrhosis.

Dixon and Leduc (1981) studied the chronic cyanide poisoning of rainbow trout and its effects on
growth, respiration and liver histopathology.  Juvenile rainbow trout Salmo gairdneri (Richardson)
exposed to concentrations of 0.01, 0.02, or 0.03 mg/L hydrogen cyanide for 18 days showed
widespread degenerative necrosis of hepatocytes at all concentrations tested.

Hepatic damage has to be severe and diffuse to result in liver failure due to the large hepatic reserve
(Ruben and Rousseaux, 1991).  Liver toxicity does, however, result in altered fat metabolism, and
digestion, thereby resulting in generalized stress of the fish (Klaassen, 1996).

c) Kidney

Pathological changes attributable to cadmium poisoning were observed in the kidney of 
mummichogs Fundulus heteroclitus after 12 hr exposure to 50 mg/L of cadmium (Gardner and
Yevich, 1970).  The damage appeared limited to the proximal tubules of the kidney.  Many of the
proximal tubules exhibited pink-staining granular casts with nuclear debris, and others showed
various stages of degeneration.  The tubular deterioration and the non-involvement of collecting
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tubules and glomeruli in mummichogs Fundulus heteroclitus indicates a relation paralleled to that
observed in higher vertebrate forms including humans.

Banerjee and Bhattacharya (1994) observed histopathological changes in the anterior and posterior
kidneys of snake head fish Channa punctatus induced by 16.7 ppb mercuric chloride on 7, 28,
63, and 90 days exposure.  Renal lesions consisted of minimal to mild multifocal acute tubular
epithelial degeneration, karyolysis, and dilation or shrinkage of Bowman’s capsule and glomerulus.
Observations of epithelial cell necrosis in the posterior kidney may be correlated with uptake of
mercury and rapid elimination phases.

Waite et al. (1990) histopathologically evaluated whitefish Coregonus clupeaformis and northern
pike Esox lucius that were exposed to uranium mine tailings.  Histological findings showed that
there were no significant differences in muscle, kidney, intestine and pancreas changes between
whitefish Coregonus clupeaformis and pike Esox lucius.  The authors concluded that the
concentrations of radionuclides and other heavy metals in the tissues and environment of Langley
Bay whitefish had not caused histopathological changes in these fish.

Morphological kidney changes give the pathologist more specific information concerning the type
and duration of toxicant exposure.  Segmental nephron damage is characteristic of some
compounds, as are intra-nuclear inclusions.  Regenerative tubules are easily visualized via light
microscopy, and give clues as to the duration of the exposure (Thomson, 1988).  As the kidney
contains a large amount of lymphoid tissue, this is an excellent opportunity for the pathologist to
superficially view the immune system (Ferguson, 1989).

d) Ovaries and Testes

Nath and Kumar (1990) investigated the histological impact of sub-lethal concentrations of nickel
on the gonads of both sexes of the freshwater tropical perch, Colisa fasciatus, following 96-hr
exposure to 64 mg/L of nickel sulphate. Histological sections revealed degeneration of the germ
cells in the testicular lobules, reduced spermatogenic activity, rupture of the testicular lobules and the
appearance of interfollicular spaces due to the shrinkage of the oocytes.

Light microscopy of the ovaries and testes is the quintessential way to determine the maturity of the
fish under examination.  Eggs are well defined, and allow quantitative morphometry so that subtle
changes in sizes and numbers can be quantified.
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e) Intestine

Histopathological evaluation of  the effect of cadmium on the intestinal tract revealed that the first
detectable morphological changes occurred in mummichogs, Fundulus heteroclitus, one hour after
exposure to 50 ppm of cadmium (Gardner and Yevich 1970).  Cadmium exposure induced an
increase in mucous cell activity and swelling of the intestinal epithelium.  The severity of lesions
increased with exposure time.

Sastry and Gupta (1978a) reported a hyperactivity of mucus secreting goblet cells and a release of
large amount of mucus into the intestinal lumen, following the exposure of snake head fish, Channa
punctatus, to 0.3 mg/L mercuric chloride for 5, 10, 15, 20 and 30 days. The authors also studied
the effect of a sub-lethal concentration of 6.8 mg/L lead nitrate on the digestive system of snake
head fish, Channa punctatus.   The histological structure in the intestine and pyloric caeca after
125 days of exposure showed flattening of villi at a number of places, inflammation, and necrosis. 
In the study, enzymological changes were also noted.  At the time of histopathological
measurements, there was an increase of acid phosphatase in the intestine while aminotripeptidase
and glycylglycine dipeptidase were inhibited (Sastry and Gupta, 1978b).

The intestine in all animals is affected by nutrition (Jubb et al., 1985).  Therefore, it is essential for
the pathologist to evaluate intestinal villi, bearing in mind the nutritional status of the fish.  The
intestine can be directly, or indirectly affected by toxicants.  The significance of these toxicant-
induced changes include malabsorption, secondary parasitic infections, blood loss, and protein-
losing enteropathies.

f) Skin

Brown bullheads, Ictalurus nebulosus (LeSueur), reared for more than a month in 0.3 ppm copper
solution, showed epidermal changes histopathologically determined to be due to an increase in the
number of epithelial mucus cells (Benedetti et al., 1989).  These mucus cells stained less intensely
than controls, with Alcian blue, PAS (Periodic Acid Schiff), and Alcian blue-PAS, stains which are
used to highlight mucus.

Examination of the skin surface morphology of air-breathing catfish, Saccobranchus fossilis
(Bloch), exposed for seven days to 5.6 mg/L chromium revealed the accumulation of excess mucus,
with active mucous cells having lost their hexa or polygonal shape (Khangarot and Tripathi, 1992). 
It is suggested that a molecular interaction occurs between mucus glycoprotein and toxic chromium
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ions.  Focal necrosis and hypersecretion has often been observed in chromium-exposed mucus
cells.

The significance of epidermal damage is two-fold: firstly, the loss of integrity allows for the
establishment of opportunistic microbes on and within the fish; and secondly, this results in the loss
of nutrients through exudation and excess mucus production.

g) Muscle Cells

In a study of the effects of experimental copper pollution on muscle in the larvae hatched from eggs
of herring, Clupea harengus (L.), ultrastructural examination of the myocytes (muscle cells)
revealed no difference from controls at 0.01 ppm copper (Abbasi et al., 1995). In contrast,
myocytes of larvae exposed to 0.03 and 0.05 ppm copper showed swelling of  the mitochondria
and sarcoplasmic reticulum, an increase in perinuclear space, a reduction in the myofibrils and in the
volume of mitochondria and their cristae.  As a consequence, the affected larvae were unable to
swim and died of starvation due to an impairment of movement.  These functional changes were
associated with a reduction in myofibrils and sarcoplasmic reticulum disruption.

h) Olfactory Epithelium

Chakrabarti et al. (1993) investigated alterations in the microarchitecture and histology of the
olfactory epithelium in the freshwater perch, Anabas testudineus.  The microanatomical changes of
the olfactory organ may prove to be reliable indicators of metal induced stress in fish exposed to a
natural ecosystem.  Severe histopathological changes following the exposure to a sub-lethal
concentration of cadmium (26 mg CdCl2/L for 70 days) included the fusion and disruption of
ciliated structure in the free border epithelium, rupture of the receptor and supporting cells, damage
of microvilli on the non-sensory epithelium and fragmentation of microridges of the stratified
epithelial cells.  The authors suggested that disruption and disarray of sensory receptor cells in the
olfactory epithelium were most probably caused by cadmium toxicity.  The most significant
pathological changes were the necrosis of the cell boundaries of supporting and receptor cells
culminating in clumping of nuclei, deterioration of the basement membrane, hypertrophy of the blood
cells and mucus cells.

There are also reviews concerning the toxicity of zinc, copper, selenium, cadmium, and mercury,
although the pathological descriptions are not very detailed.
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The effect of damaged olfactory epithelium varies depending on the degree of damage.  Mild
damage may be of little relevance to the fish; however, severe damage may result in loss of ability to
seek food.  Damage to sensory tissue may also impact behavioral parameters linked to feeding and
reproduction such as water temperature selection.

4. Tables

Table 1: Histopathological Effects due to Metals

HISTOPATHOLOGY COMMENTS REFERENCE

Chromium
Gill epithelial necrosis,
fusion, hypertrophy and
hyperplasia

conducted in a laboratory;
evaluation performed under light and
electron microscopes; recovery
experiments enabled to investigate the
reversibility of the phenomenon.

Temmink et al., 1983;
Gill and Pant, 1987.

Necrosis and sloughing off
of intestinal epithelium

conducted in a laboratory;
evaluation performed under a light
microscope; tissues were fixed in Bouin’s
fluid, prepared with paraffin for sectioning
and stained with Harris’s hematoxylin and
eosin.

Fromm and
Schiffman, 1958

Cyanide
Decreased maturation of
oocytes
i.e. reduced vitellogenesis

conducted in a laboratory;
evaluation performed under a light
microscope.

Lesniak and Ruby,
1982

Reduced state of sperm
development by damaging
spermatogonia

conducted in a laboratory;
evaluation performed under a light
microscope; histological sections from
control ovaries were used for establishing
the six arbitrary stages of egg
development based upon the diameter of
the oocyte in combination with
cytoplasmic and nuclear features and
development of egg membranes and their
associated follicular cells.

Ruby et al., 1979

Degenerative lesions in liver conducted in a laboratory;
evaluation performed under light and
electron microscopes; included evaluation
of growth and metabolic rate; cyanide-

Dixon and Leduc,
1981
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HISTOPATHOLOGY COMMENTS REFERENCE
exposed fish sustained reduced fat gains.

Lead
Testes Srivastava, 1987

Expanded tubular lumens,
debris in lumens and
reduced lymphoid tissue in
kidney

conducted in a laboratory;
evaluation performed under a light
microscope; fish were sectioned at eight
or 12 microns and stained with Delafield’s
hematoxylin and eosin.

Crandall and
Goodnight, 1963;
Guo et al., 1991;

Degenerative changes in
liver, intestine and pyloric
caeca

conducted in a laboratory;
evaluation performed under a light
microscope.

Sastry and Gupta,
1978b; Bengeri and
Patil, 1986

Arsenic
Gill epithelial lifting,
aneurysms, liver fatty
infiltration and focal
necrosis

conducted in a laboratory;
evaluation performed under a light
microscope; included assessments of the
basis of survival, growth, hematocrit
measurements, ratio of gonad weight to
body weight, and pathological changes in
tissues.

Gilderhaus, 1966

Hepatocyte alterations conducted in the laboratory; evaluation
performed under an electron microscope;
both living and dead fish were examined.

Sorensen, 1976

Rupture of testicular
lobules

conducted in a laboratory;
evaluation performed under a light
microscope; the testes was excised,
washed and fixed in picro-mercuro-formol;
paraffin sections (6-8 µm) were stained
with Heidenham’s iron hematoxylin.

Shukla and Pandey,
1984

Ammonium
Cytoplasmic degeneration
of liver cells, vacuolation
and necrosis in gill
epithelium

conducted in a laboratory;
evaluation performed under a light
microscope; tissues were preserved in
Bouin’s solution; sections were cut at 5
µm; internal organs, brain, gills, and
thymus were preserved.

Smith and Piper,
1975; also see: Colt
and Tchbanoglous,
1978; Dauba et al.,
1992; Mitchell and
Cech, 1983; Pande
and Pande, 1988;
Ram and
Sathyanesan, 1987;
Robinette, 1976;
Thurston et al., 1986

Liver cell atrophy, fatty conducted in a laboratory; Wajsbrot et al., 1993
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HISTOPATHOLOGY COMMENTS REFERENCE
infiltration evaluation performed under a light

microscope; samples were embedded in
paraffin and 6µm thick sections were
stained with hematoxylin-eosin and
Periodic Acid Schiff.

Gill aneurysms, epithelial
thickening

conducted in a laboratory;
performed under a light microscope;
evaluation of acute & chronic toxicity.

Smart, 1976

Nickel
Gill edema (epithelial
lifting), fusion of secondary
lamellae

conducted in a laboratory;
evaluation performed under an electron
microscope; relative diffusing capacity was
estimated; sections were examined under
oil immersion at a magnification of 1413x.

Hughes et al., 1979;
also see: Nath and
Kumar, 1989

Reduction of
spermatogenesis, tubular
degeneration and
distension of testicular
blood vessels

conducted in a laboratory; evaluation
performed under light microscope; gonads
were fixed in Bouin’s solution; sections 4-6
µm thick were cut, processed and stained
with hematoxylin and eosin.

Nath and Kumar,
1990

Selenium
Proliferative
glomerulonephritis and
tubular necrosis

field experiment; under an electron
microscope;  environmentally- exposed
fish were collected.

Sorensen et al.,
1982; also see:
Sorensen, 1988

Hypertrophy and
hyperplasia of exocrine
pancreas

field experiment; under an electron
microscope;  environmentally- exposed
fish were collected.

Sorensen et al.,
1983a

Centrilobular necrosis and
increased phagocytic cells
in liver

field experiment; under an electron
microscope;  environmentally- exposed
fish were collected.

Sorensen et al.,
1983b

Zinc
Kidney tubule dilation conducted in a laboratory;

evaluation performed under a light
microscope; fish were sectioned at 8-12
µm and stained with Delafield’s
hematoxylin and eosin.

Crandall and
Goodnight, 1963;
also see:  Brown et
al., 1968; Crespo and
Sala, 1986; Leland,
1983; Lloyd, 1960;
Sehgal and Saxena,
1986

Gill epithelial necrosis conducted in a laboratory;
evaluation performed under an electron
microscope; following the experiment,

Matthiessen and
Bradfield, 1973
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HISTOPATHOLOGY COMMENTS REFERENCE
recovery period assessed in zinc-free tap
water.

Desquamation of gill
epithelium

conducted in a laboratory;
evaluation performed under an electron
microscope; electron micrographs
displayed an increased number of
granulocytes in the filamental sinus, and
some lifting of the filament epithelium.

Skidmore and Tovell,
1972

Fusion  of  secondary
lamellae detachment of
epithelium from pillar cell
system (epithelial lifting)

conducted in a laboratory; evaluation
performed under a light microscope; also
exposed to dehydroabietic acid (DHAA).

Tuurala and Soivio,
1982

Copper
Heavy gill-mucus response conducted in a laboratory; evaluation

performed under a light microscope;
exposure to cadmium and preliminary
exposures to mercury, silver, zinc, and the
chlorinated pesticide methoxychlor were
tested.

Gardner, 1975; also
see: Julliard et al.,
1993; Khangarot,
1992; Lanno et al.,
1987; Leland, 1983;
Mount, 1968;
Reimschuessel et al.,
1992; Saucier et al.,
1991

Cytoplasmic vacuolation
and clumping of nuclear
chromatin in proximal
tubule cells

conducted in a laboratory;
evaluation performed under a light
microscope; fish were immersed in
mixtures of Cd2+, Cu2+ and Zn2+.

Eisler and Gardner,
1973

Kidney necrosis, fatty liver,
gill cell vacuolation

conducted in a laboratory;
evaluation performed under light and
electron microscopes; effects of copper on
liver, kidney and gills.

Baker, 1969

Gills swollen, necrotic and
disaggregated patchy areas
of degeneration of liver

conducted in a laboratory;
evaluation performed under a light
microscope.

Benedetti et al., 1989

Cadmium
Testicular hemorrhage and
necrosis

conducted in a laboratory;
evaluation performed under a light
microscope; the length and weight of the
body and testes were recorded; the testes
in 4-6 µm sections were fixed in aqueous
Bouin’s fluid and embedded in paraffin.

Pundir and Saxena,
1990

Gill necrosis and sloughing conducted in a laboratory; Voyer et al., 1975;
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HISTOPATHOLOGY COMMENTS REFERENCE
of mucosa evaluation performed under a light

microscope; seawater-exposed
mummichogs were used; differences in the
histopathological responses of marine and
freshwater-exposed mummichogs.

also see: Tanfanelli
and Summerfelt,
1975; Ooi and Law,
1989; Oronsaye,
1989; Wilson and
Taylor, 1993

Necrotic apical areas of gill
filaments excess mucus
production

conducted in a laboratory; evaluation
performed under a light microscope;
exposure to cadmium and preliminary
exposures to mercury, silver, zinc, and the
chlorinated pesticide methoxychlor were
tested.

Gardner, 1975; Gupta
and Rajbanshi, 1988

Kidney proximal tubule cell
degeneration, increased
mucus and necrosis in
intestine, gill filament
hypertrophy and
hyperplasia of respiratory
epithelial cells

conducted in a laboratory; evaluation
performed under a light microscope; study
included hematology.

Gardner and Yevich,
1970; Ghosh and
Chakrabarti, 1993;
Gill et al., 1989.

Mercury
Gill epithelial lifting,
epithelial cell hypertrophy,
gill aneurysms

conducted in a laboratory;
evaluation performed under light and
electron microscopes; sections for light
and transmission electron microscopy
were fixed in 1% OsO4, rinsed, dehydrated
in graded concentrations of ethanol and
embedded in Epon;  preparation for
scanning electron microscopy involved the
use of Freon TF and the specimens were
critical  point dried, using liquid CO2.

Karlsson-Norrgren et
al., 1985; also see:
Bano and Hasan,
1990; Daoust et al.,
1984; Dey and
Bhattacharya, 1989;
Khangarot and
Somani, 1980; Lock
and Van Overbeeke,
1981; Wester, 1991;
Wester and Canton,
1992; Harada, 1995.

Gill necrosis and
hypertrophy

conducted in a laboratory; evaluation
performed under a light microscope;
samples were embedded in paraffin,
sectioned at 6 µm, and stained with
hematoxylin and eosin.

Wobeser, 1975a

Liver cell and connective
tissue damage leading to
cirrhosis, pyloric caeca and
intestinal cell necrosis

conducted in a laboratory; evaluation
performed under an electron microscope;
samples were embedded in paraffin wax,
and 6µm sections were cut and stained
with hematoxylin.

Sastry and Gupta,
1978a
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Table 2: Histological Effects with Respect to Fish Organs

EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

Gill
Exposure of rainbow
trout to chromate at pH
6.5 for 0, 4, 9 and 11
days of exposure and
recovery

Gill epithelial
necrosis, fusion,
hypertrophy and
hyperplasia:

conducted in a
laboratory;
evaluation performed
under light and electron
microscopes; recovery
experiments enabled to
investigate the
reversibility of the
phenomenon.

Temmink et al.,
1983; also see
Skinner, 1982

Windowpane flounder
were exposed for 60
days to 5 or 10 µg/L
mercury

Focal swellings on the
primary lamellae

conducted in a
laboratory;
evaluation performed
under a scanning
electron microscope;
the ratio of filaments
with ‘cratered’ epithelial
cells to total number of
filaments examined
was calculated for each
exposure level.

Pereira, 1988

Dogfish were exposed
to 15 ppm zinc for 2
weeks

Proliferation of
chloride cells in the
primary epithelium

conducted in a
laboratory;
evaluation performed
under an electron
microscope; samples
were post-fixed in 2%
OsO4, dehydrated
through ethanol series,
stained with uranyl
acetate and embedded
in Araldite.

Crespo and Sala,
1986

Exposure of bluegills in
outdoor pools to
sodium arsenite during
a 16-week period to
weekly treatments of 

Gill epithelial lifting,
aneurysms liver fatty
infiltration and focal
necrosis

conducted in a
laboratory;
evaluation performed
under a light
microscope; included

Gilderhaus, 1966
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EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

0.04, 0.4 and 1.2  ppm;
monthly treatments of
0.4 and 1.2 ppm;
yearly treatments of
0.4, 1.2 and 4.0 ppm.

assessments of the
basis of survival,
growth, hematocrit
measurements, ratio of
gonad weight to body
weight, and
pathological changes in
tissues.

Four month exposure
of rainbow trout to 0.5,
1.0 and 1.5 ppm
ammonia

Vacuolation and
necrosis in gill
epithelium

conducted in a
laboratory;
evaluation performed
under a light
microscope.

Smith and Piper,
1975

Three week exposure
of 0.25- 0.30 µg NH3-
N/mL  to rainbow trout

Gill aneurysms,
epithelial thickening

conducted in a
laboratory;
evaluation performed
under a light
microscope; evaluation
of both acute and
chronic toxicity.

Smart, 1976

Freshwater teleost, H.
fossilis (Bloch) was
exposed to 8.17 mg/L
of copper in static
bioassay for 96-hr

Excessive mucus and
fusion of secondary
lamellae

conducted in a
laboratory;
evaluation performed
under a scanning
electron microscope;
focus on acute copper
toxicity.

Rajbanshi and
Gupta, 1988

Rainbow trout exposed
to nickel (2.0 and 3.2
mg/L) and chromium
(10 and 25 mg/L).

Gill edema (epithelial
lifting), fusion of
secondary lamellae

conducted in a
laboratory;
evaluation performed
under an electron
microscope; relative
diffusing capacity was
estimated; sections
were examined under
oil immersion at a
magnification of 1413x.

Hughes et al., 1979

Exposure of rainbow
trout to 40 ppm zinc for
75-120 minutes.

Gill epithelial necrosis conducted in a
laboratory;
evaluation performed
under an electron

Matthiessen and
Bradfield, 1973
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EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

microscope; following
the experiment,
recovery period
assessed in zinc-free
tap water.

Exposure of rainbow
trout to 1.25 mg/L zinc
in a semistatic system
for 96-hr.

Desquamation of gill
epithelium

conducted in a
laboratory;
evaluation performed
under an electron
microscope; electron
micrographs displayed
an increased number of
granulocytes in the
filamental sinus, and
some lifting of the
filament epithelium.

Skidmore and
Tovell, 1972

96-hr exposure of
rainbow trout to 1.25
mg/L zinc.

Fusion of secondary
lamellae epithelial
lifting)

conducted in a
laboratory; evaluation
performed under a light
microscope; also
exposed to
dehydroabietic acid
(DHAA).

Tuurala and Soivio,
1982

48-hr exposure of the
common mummichog
to copper at 15 mg/L

Heavy gill-mucus
response

conducted in a
laboratory; evaluation
performed under a light
microscope; exposure
to cadmium and
preliminary exposures
to mercury, silver, zinc,
and the chlorinated
pesticide methoxychlor
were tested.

Gardner, 1975

Acute short-term
bioassay and long-term
bioassay on the brown
bullhead,
Exposure in aquaria to
copper levels of 5 ppm
(24 h) and 0.3 ppm (40
days)

Swollen gills, necrotic
damage prevalent at 5
ppm

conducted in a
laboratory;
evaluation performed
under a light
microscope.

Benedetti et al.,
1989
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EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

Exposure of
mummichog to 0; 0.9;
1.9 and 2.9 mg Cd/L at
2.3; 4.1 and 8.5 mg/L
DO  for  24, 48, 72 and
96-hr.

Gill necrosis and
sloughing of mucosa

conducted in a
laboratory;
evaluation performed
under a light
microscope; seawater-
exposed mummichogs
were used; differences
in the histopathological
responses of marine
and freshwater-
exposed mummichogs.

Voyer et al., 1975

Exposure of the
common mummichog
to 5 mg/L of cadmium
for one-year period.

Necrotic apical areas
of gill filaments
excess mucus
production

conducted in a
laboratory; evaluation
performed under a light
microscope; exposure
to cadmium and
preliminary exposures
to mercury, silver, zinc,
and the chlorinated
pesticide methoxychlor
were tested.

Gardner,  1975

Exposure of freshwater
zebrafish to 3 and 10
µg/L cadmium for up to
6 weeks. Exposure of
rainbow trout to 10 and
100 µg/L cadmium for
up to 6 weeks

Gill epithelial lifting,
epithelial cell
hypertrophy, gill
aneurysms

conducted in a
laboratory;
evaluation performed
under light and electron
microscopes; sections
for light and
transmission electron
microscopy were fixed
in 1% OsO4, rinsed,
dehydrated in graded
concentrations of
ethanol and embedded
in Epon;  preparation
for scanning electron
microscopy involved
the use of Freon TF
and the specimens
were critical  point
dried, using liquid CO2.

Karlsson-Norrgren
et al., 1985

Exposure of methyl
mercury chloride

Gill necrosis,
hypertrophy

conducted in a
laboratory; evaluation

Wobeser, 1975a
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EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

concentration of 0.01-
0.11 mg/L to rainbow
fry and fingerlings and
mercuric chloride
exposure of 0.5, 0.75
and 1.0 mg/L to
fingerlings

performed under a light
microscope; samples
were embedded in
paraffin, sectioned at 6
µm, and stained with
hematoxylin and eosin.

Kidney
General Mallatt, 1985

Exposure of the
common guppy to 1.24
ppm as lead and 1.15
ppm as zinc and 0.5
ppm sodium
pentachlorate at 25-27
oC (exposure period not
given)

Expanded tubular
lumens, debris in
lumens and reduced
lymphoid tissue in
kidney

conducted in a
laboratory;
evaluation performed
under a light
microscope; fish were
sectioned at 8-12 µm
and stained with
Delafield’s hematoxylin
and eosin

Crandall and
Goodnight, 1963

Teleost fish Channa
punctatus exposed to
cadmium
concentrations of 0.01,
0.03 and 0.05 ppm for
period of 1-51 days

Marked degeneration
in glomeruli

conducted in a
laboratory;
evaluation performed
under a light
microscope; kidney
fixed in Bouin’s liquid
and sections of 2-3 µm
thickness were stained
with hematoxylin eosin

Dubale and Shah,
1981

Green sunfish collected
from a selenium-rich
lake

Proliferative
glomerulonephritis and
tubular necrosis

field experiment; under
an electron
microscope; 
environmentally-
exposed fish were
collected

Sorensen et al.,
1982

Exposure of the
common guppy to 1.24
ppm as lead and 1.15
ppm as zinc and 0.5
ppm sodium
pentachlorate at 25-27
oC (exposure period not
given)

Kidney tubule dilation conducted in a
laboratory;
evaluation performed
under a light
microscope; fish were
sectioned 8-12 µm and
stained with Delafield’s
hematoxylin and eosin

Crandall and
Goodnight, 1963
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EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

96-hr bioassay study of
mixtures of (0, 1, 2, 3,
8 mg/L) Cu2+ , (0, 3, 6,
12, 36, 60 mg/L) Zn2+

and (0, 1, 10 mg/L) Cd
to mummichog at 20o/oo

salinity and 20oC

Cytoplasmic
vacuolation and
clumping of nuclear
chromatin in proximal
tubule cells

conducted in a
laboratory;
evaluation performed
under a light
microscope

Eisler and Gardner,
1973

The winter flounder
were exposed to
medium and high levels
of copper (560, 1000
and 3200 µg/L) and low
levels of 180 µg/L for
two weeks

Kidney necrosis, fatty
liver, gill cell
vacuolation

conducted in a
laboratory;
evaluation performed
under electron and light
microscopes; effects of
copper on liver, kidney
and gills

Baker, 1969

Histopathology of the
kidney of bluegills after
12-hr for 48-hr
exposure period  to 50
ppm of cadmium

Kidney proximal
tubule cell
degeneration
increased mucus and
necrosis in intestine
gill filament
hypertrophy and
hyperplasia of
respiratory epithelial
cells

conducted in a
laboratory; evaluation
performed under a light
microscope; study
included hematology

Gardner and Yevich,
1970

Liver
Rainbow trout were
exposed to cyanide
concentrations of 0.00,
0.01,0.02, or 0.03 mg/L
hydrogen cyanide (18
days, 12.5oC)

Degenerative hepatic
necrosis in liver

conducted in a
laboratory;
evaluation performed
under light and electron
microscopes; included
evaluation of growth
and metabolic rate;
cyanide-exposed fish
sustained reduced fat
gains

Dixon and Leduc,
1981

Exposure of snake
head fish to 6.8 mg/L
lead nitrate for 125
days

Degenerative changes
in liver, hepatocellular
dissociation, necrosis,
inflammation of portal
areas

conducted in a
laboratory;
evaluation performed
under a light
microscope; enzyme

Sastry and Gupta,
1978b
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EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

activity was estimated

Exposure of green
sunfish to sodium
arsenate
concentrations of 0, 30,
or 60 ppm and
exposure times of one,
two, or three weeks at
20oC

Hepatocyte
alterations,
abundance of intra-
nuclear electron
dense particles (EDP)

conducted in a
laboratory; under an
electron microscope;
both living and dead
fish were examined

Sorensen, 1976

Four month exposure
of rainbow trout to 0.5,
1.0 and 1.5 ppm
ammonia

Cytoplasmic
degeneration of liver
cells

conducted in a
laboratory;
evaluation performed
under a light
microscope; tissues
were preserved in
Bouin’s solution;
sections were cut at 5
µm; internal organs,
brain, gills, and thymus
were preserved.

Smith and Piper,
1975

20-day continuous
exposure of juvenile
gilthead seabream to
1.8; 4.8, 8.2, 13.0 and
15.7 mg/L  total
ammonia nitrogen at
26oC

Liver cell atrophy, fatty
vacuolation.
Pathological changes
were dose-dependent

conducted in a
laboratory;
evaluation performed
under a light
microscope; samples
were embedded in
paraffin and 6µm thick
sections were stained
with hematoxylin-eosin
and Periodic Acid
Schiff.

Wajsbrot et al.,
1993

Redear sunfish
collected from a
selenium-rich lake

Centrilobular necrosis
and increased
phagocytic cells in
liver

field experiment; under
an electron
microscope; 
environmentally-
exposed fish were
collected

Sorensen et al.,
1983b

Acute short-term
bioassay and long-term
bioassay on the brown
bullhead,

Disaggregated patchy
areas of degeneration
of liver

conducted in a
laboratory;
evaluation performed
under a light

Benedetti et al.,
1989
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EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

exposure in aquaria to
copper levels of 5 ppm
(24 h) and 0.3 ppm (40
days)

microscope; tissue
copper levels and
enzyme levels were
determined

Sub-lethal
concentration (0.3
mg/L) of mercuric
chloride on a teleost
fish, Channa punctatus
at 96 hr and 5,10, 15,
20, and 30 days

Hepatocellular
necrosis, regeneration
and connective tissue
proliferation  leading to
cirrhosis

conducted in a
laboratory; evaluation
performed under an
electron microscope;
samples were
embedded in paraffin
wax, and 6µm sections
were cut and stained
with hematoxylin.

Sastry and Gupta,
1978a

Sex Organs
Female rainbow trout
exposed to 0.01 mg/L
and 0.02 mg/L
hydrogen cyanide for
20 days at 10oC

Decreased maturation
of oocytes i.e.
reduced vitellogenesis

conducted in a
laboratory;
evaluation performed
under a light
microscope

Lesniak and Ruby,
1982

An 18-day exposure of
juvenile male rainbow
trout to cyanide
concentrations of 0.01
and 0.03 mg/L
hydrogen cyanide at
12.5oC

Reduced state of
sperm development by
damaging
spermatogonia

conducted in a
laboratory;
evaluation performed
under a light
microscope;
histological sections
from control ovaries
were used for
establishing the six
arbitrary stages of egg
development based
upon the diameter of
the oocyte in
combination with
cytoplasmic and
nuclear features and
development of egg
membranes and their
associated follicular
cells

Ruby et al., 1979

Exposure of freshwater Rupture of testicular conducted in a Shukla and Pandey,
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EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

tropical perch to 2.0
and 14.0 mg/L
concentrations of
arsenic (III) oxide for 15
and 30 days

lobules laboratory;
evaluation performed
under a light
microscope; the testes
was excised, washed
and fixed in picro-
mercuro-formol; paraffin
sections (6-8 µm) were
stained with
Heidenham’s iron
hematoxylin.

1984

Impact of 64 mg/L
nickel sulphate on the
gonads of both sexes
of a freshwater tropical
perch for two weeks

Reduction of
spermatogenesis,
tubular degeneration
and distension of
testicular blood
vessels

conducted in a
laboratory; evaluation
performed under light
microscope; gonads
were fixed in Bouin’s
solution; sections 4-6
µm thick were cut,
processed and stained
with hematoxylin and
eosin

Nath and Kumar,
1990

Silver barb exposed to
26 mg/L of cadmium
acetate for 96-hr period

Damage of testicular
tissue by hemorrhage
necrosis

conducted in a
laboratory;
evaluation performed
under a light
microscope; the length
and weight of the body
and testes were
recorded; the testes in
4-6 µm sections were
fixed in aqueous
Bouin’s fluid and
embedded in paraffin

Pundir and Saxena,
1990

Pancreas
Redear sunfish
collected from a
selenium-rich lake

Hypertrophy and
hyperplasia of
exocrine pancreas

field experiment; under
an electron
microscope; 
environmentally-
exposed fish were
collected

Sorensen et al.,
1983a

Nervous System
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EXPERIMENTAL
CONDITIONS

HISTOPATHOLOGY COMMENTS REFERENCE

Baatrup, 1991

Intestine
Sub-lethal
concentration (0.3
mg/L) of mercuric
chloride on snake head
fish at 96-hr and 5, 10,
15, 20, and 30 days

Pyloric caeca and
intestinal cell necrosis

conducted in a
laboratory; evaluation
performed under an
electron microscope;
samples were
embedded in paraffin
wax, and 6µm sections
were cut and stained
with hematoxylin.

Sastry and Gupta,
1978a

Exposure of bluegills to
zinc at 13.6 ppm and
iron at 17.1 ppm for 90
days

Necrosis and
sloughing off of
intestinal epithelium

conducted in a
laboratory;
evaluation performed
under a light
microscope; tissues
were fixed in Bouin’s
fluid, prepared with
paraffin for sectioning
and stained with
Harris’s hematoxylin
and eosin.

Fromm and
Schiffman, 1958
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Table 3: Histopathological Lesions of Diagnostic Significance With
Respect to Pollutants

Organ Agent Effect Reference

petroleum compounds
Gills saltwater-soluble

crude oil
chloride cell degeneneration with
hypertrophied perinuclear spaces and
smooth endoplasmic reticulum;
mitochondria having disorganized
cristae and ruptured membranes;
formation of autophagosomes,
vacuoles, myelinlike bodies, and apical
vesicles in epithelial cytoplasm; and
reduction in thickness of apical
homogeneous epithelial cytoplasm

Hawkes, 1977

bis(tri-n-butyltin)
oxice

Chliamovitch and
Kuhn, 1977

heavy metal salts:
CuSO4

Baker, 1969

organochlorines
DDT Ramalingam, 1988

Liver Aroclor 1254 distinct vacuolation of hepatocytes,
enlargement and/or vesiculation of
rough endoplasmic reticulum,
presence of circular arrays of smooth
surfaced membranes and myelinlike
bodies in heptocytes cytoplasm,
proliferation and “ bizarre” whorls of
smooth and rough endoplasmic
reticulum, loss of glycogen reserves in
hepatocytes and presence of cochlear
ribosomes, presence of intranuclear
and intracytoplasmic electron-dense
particles, increased size and numbers
of lipfuscin granules, and abnormally
enlarged mitochondria

Sivarajah et al., 1978;

PCBs Hawkes, 1980;
Hinton et al., 1978;
Klaunig et al., 1979

petroleum compounds
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Organ Agent Effect Reference
Liver whole crude oil distinct vacuolation of hepatocytes,

enlargement and/or vesiculation of
rough endoplasmic reticulum,
presence of circular arrays of smooth
surfaced membranes and myelinlike
bodies in heptocytes cytoplasm,
proliferation and “ bizarre” whorls of
smooth and rough endoplasmic
reticulum, loss of glycogen reserves in
hepatocytes and presence of cochlear
ribosomes, presence of intranuclear
and intracytoplasmic electron-dense
particles, increased size and numbers
of lipfuscin granules, and abnormally
enlarged mitochondria

Hawkes, 1977

heavy metal salts:
Na2HAsO4

Sorensen, 1976

heavy metal salts
Kidney CdCl2 focal degeneration of first and second

proximal tubules with granular,
vacuolated cytoplasm containing
swollen or dense contracted
mitochondria, some having a granular
matrix and focal electron densities,
epithelium of third proximal tubules
having increased numbers of vacuoles,
formation of autophagosomes, lipid
droplets, nuclei with marginated
chromatin, swollen nuclear envelopes
and basal membranes contorted into
myelinlike figures, distortion of tubular
microvilli, and dilation of endoplasmic
reticulum

Hawkins et al., 1980

HgCl2 Trump et al., 1975;
Wassermann and
Koepp, 1977

organochlorines
Pancreas Dowpon submicroscopic degeneration of acinar

cells of exocrine pancreas
Schulz, 1971

Testes Arochlor 1254 damage to head region of spermatozoa
and loss of serrations in outer

Sirvarajah et al., 1978
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Organ Agent Effect Reference
membrane

Ovaries Arochlor 1254 enlargement and proliferation of
smooth endoplasmic reticulum

Sirvarajah et al., 1978

petroleum compounds
Skeletal
Muscle

whole crude oil numerous swollen mitochondria with
some disruption of internal membranes
and cristae and intercellular breakdown
of membranes

Cameron and Smith,
1980; Poirier et al.,
1986

Brain whole crude oil enlarged and irregularly shaped non-
membrane-bound perinuclear and
intracellular spaces

Cameron and Smith,
1980

Integument saltwater-soluble
crude oil

increased numbers of mucus glands
appearing dilated (with SEM)

Hawkes, 1977

Neurosen-
sory
epithelium

saltwater-soluble
crude oil

severe damage to receptor organelles
in nares epithelium, including
degeneration of chemosensory cilia
and loss of microridges circumscribing
epithelial cells surrounding olfactory
organs (observed with SEM)

Hawkes, 1980

* also see Rand and Petrocelli (1985)
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Table 4: Nonspecific Histopathologic Lesions With Respect to Pollutants

Organ Agent Effects Reference

organochlorines
Gills 2,4-D epithelial hyperplasia with lamellar

fusion, epithelial hypertorphy,
telangiectasia, edema with epithelial
separation from basement membranes,
general necrosis, and/or epithelial
desquamation

Walsh and Ribelin,
1975

DDT Walsh and Ribelin,
1975; Ramalingam,
1988

diazinon Anthony et al., 1986;
Banister and Oloffs,
1986

dichlobenil Cope, 1966

dieldrin Walsh and Ribelin,
1975

diuron McCraren et al., 1969

endosulfan Walsh and Ribelin,
1975

endrin Eller, 1971

esteron Hendricks, 1979

heptachlor Andrews et al., 1966;
Wood, E.M.,
unpublished, in
Couch, 1975

lindane Bakthavathsalm et
al., 1987

methoxychlor Cope, 1966; Lakota
et al., 1978

mirex Van Valin et al., 1968

Tordon 22K Hendricks, 1979

Toxaphene Lowe, 1965; Wood,
E.M., unpublished, in
Walsh and Ribelin,
1975)
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Organ Agent Effects Reference

petroleum compounds
Gills naphthalene epithelial hyperplasia with lamellar

fusion, epithelial hypertorphy,
telangiectasia, edema with epithelial
separation from basement membranes,
general necrosis, and/or epithelial
desquamation

DiMichele and Taylor,
1978

phenol Fries and Tripp,
1976; Mitrovic et al.,
1968; Reichenbach-
Klinke, 1965;
Waluga, 1966b)

salt-soluble crude
oil

(Hawkes, 1977)

organophosphates
Gills fenthion epithelial hyperplasia with lamellar

fusion, epithelial hypertorphy,
telangiectasia, edema with epithelial
separation from basement membranes,
general necrosis, and/or epithelial
desquamation

Jauch, 1979

malathion Walsh and Ribelin,
1975; Wood, E.M.,
unpublished, in
Walsh and Ribelin,
1975); Areechon and
Plumb, 1990

methyl parathion Wood, E.M.,
unpublished, in
Walsh and Ribelin,
1975)

 carbamates
Gills propoxur epithelial hyperplasia with lamellar

fusion, epithelial hypertorphy,
telangiectasia, edema with epithelial
separation from basement membranes,
general necrosis, and/or epithelial
desquamation

Lakota et al., 1978

sevin Armstrong and
Millemann, 1974;
Walsh and Ribelin,
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Organ Agent Effects Reference
1975; Ram and
Singh, 1988; Rastogi
and Kulshrestha,
1990

herbicides
Gills acrolein epithelial hyperplasia with lamellar

fusion, epithelial hypertorphy,
telangiectasia, edema with epithelial
separation from basement membranes,
general necrosis, and/or epithelial
desquamation

Hendricks, 1979

amitrole-T Hendricks, 1979;
Poleksic and Karan,
1995

atrazine Hendricks, 1979; 
Walsh and Ribelin,
1975

dinoseb Hendricks, 1979;
Reimschuessel et
al., 1989

diquat Hendricks, 1979

endosulfan Riji and Jayabalan,
1993; Schwaiger et
al., 1992

hydrothol 191 Eller, 1969

NaTA2 Schulz, 1970

paraquat-CL Hendricks, 1979

other miscellaneous compounds
Gill acid-alkaline pH epithelial hyperplasia with lamellar

fusion, epithelial hypertorphy,
telangiectasia, edema with epithelial
separation from basement membranes,
general necrosis, and/or epithelial
desquamation

Daye and Garside,
1976

bis(tri-n-
butyltin)oxide

Chliamovitch and
Kuhn, 1977

DMSO Benville et al., 1968

SLS Abel and Skidmore,
1975

“Pesticides” Ovarian atresia Sukumar and
Karpagaganapathy,
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Organ Agent Effects Reference
1992

TFM Christie and Battle,
1963

nitrogenous compounds
Gills NH3 epithelial hyperplasia with lamellar

fusion, epithelial hypertrophy,
telangiectasia, edema with epithelial
separation from basement membranes,
general necrosis, and/or epithelial
desquamation

Burkhalter and Kaya,
1977; Smith and
Piper, 1975

NO2 Wedemeyer and
Yasutake, 1978

heavy metal salts
Gills CdCl2 epithelial hyperplasia with lamellar

fusion, epithelial hypertrophy,
telangiectasia, edema with epithelial
separation from basement membranes,
general necrosis, and/or epithelial
desquamation

Gardner and Yevich,
1970

CuCl2 + ZnCl2 +
CdCl2

Eisler and Gardner,
1973

CuS04 Baker, 1969;
Bhatnager and
Shrivastava, 1975

HgCl2 Establier et al.
1978b; Wobeser,
1975a

CH3HgCl2 Establier et al.,
1978a; Wobeser,
1975a,b

NaAsO2 Gilderhaus, 1966

chemotherapeutic agents
Gills bradophen epithelial hyperplasia with lamellar

fusion, epithelial hypertrophy,
telangiectasia, edema with epithelial
separation from basement membranes,
general necrosis, and/or epithelial
desquamation

Reichenbach-Klinke,
1975

formalin Smith and Piper,
1972; Wedemeyer
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Organ Agent Effects Reference
and Yasutake, 1974

malachite green Reichenbach-Klinke,
1975

ozone Wedemeyer et al.,
1979

organochlorines
Liver Arochlor 1248 hepatotoxic lesions of fatty infiltration,

nuclear or general hypertrophy of
hepatocytes, other degenerative
changes in parenchyma (cytoplasmic
vacuolation, cellular pleomorphism,
deposition of bile or ceroid pigments,
hydropic degeneration), loss of hepatic
glycogen, coagulative hepatocyte
necrosis, sinusoidal and vascular
congestion, loss of normal muralial
architecture, degeneration or necrosis
of biliary epithelium, and perivascular
or periportal fibrosis

Eller, L.L.,
unpublished, in
Couch, 1975

Arochlor 1248 Eller, L.L.,
unpublished, in
Couch, 1975

Arochlor 1254 Couch, 1975; Nestel
and Budd, 1975;
Sivarajah et al., 1978

carbon
tetrachloride

Gingerich et al.,
1978; Racicot et al.,
1975

chlordane Eller, L.L.,
unpublished, in
Couch, 1975

2,4-D Cope et al., 1970;
Walsh and Ribelin,
1975

DDT King, 1962; Mathur,
1962; Walsh and
Ribelin; 1975

dichlobenil Cope et al., 1969

dieldrin Mathur, 1975; Walsh
and Ribelin, 1975

Dowicide G Crandall and
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Organ Agent Effects Reference
Goodnight, 1963

endosulfan Walsh and Ribelin,
1975

endrin Grant and Mehrle,
1970; Lowe, 1965;
Mount, 1962; Sastry
and Sharma, 1978;
Wood, E.M. ,
unpublished, in
Couch, 1975

lindane Mathur, 1975; Wood,
E.M., unpublished, in
Walsh and Ribelin,
1975

methoxychlor Cope, 1966; Lakota
et al., 1978; Wood,
E.M., unpublished, in
Walsh and Ribelin,
1975

tordon 101 and 22k Hendricks, 1979

toxaphene Wood, E.M.,
unpublished, in
Walsh and Ribelin,
1975

petroleum compounds
Liver crude oil hepatotoxic lesions of fatty infiltration,

nuclear or general hypertrophy of
hepatocytes, other degenerative
changes in parenchyma (cytoplasmic
vacuolation, cellular pleomorphism,
deposition of bile or ceroid pigments,
hydropic degeneration), loss of hepatic
glycogen, coagulative hepatocyte
necrosis, sinusoidal and vascular
congestion, loss of normal muralial
architecture, degeneration or necrosis
of biliary epithelium, and perivascular
or periportal fibrosis

McCain et al., 1978

naphthalene DiMichele and Taylor,
1978

organophosphates
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Organ Agent Effects Reference
Liver diazinon hepatotoxic lesions of fatty infiltration,

nuclear or general hypertrophy of
hepatocytes, other degenerative
changes in parenchyma (cytoplasmic
vacuolation, cellular pleomorphism,
deposition of bile or ceroid pigments,
hydropic degeneration), loss of hepatic
glycogen, coagulative hepatocyte
necrosis, sinusoidal and vascular
congestion, loss of normal muralial
architecture, degeneration or necrosis
of biliary epithelium, and perivascular
or periportal fibrosis

Anees, 1976

dimethoate Anees, 1976

dylox Matton and LaHam,
1969

malathion Walsh and Ribelin,
1975; Wood, E.M.,
unpublished, in
Walsh and Ribelin,
1975

methyl parathion Anees, 1976; Wood,
E.M., unpublished, in
Walsh and Ribelin,
1975

herbicides
Liver acrolein hepatotoxic lesions of fatty infiltration,

nuclear or general hypertrophy of
hepatocytes, other degenerative
changes in parenchyma (cytoplasmic
vacuolation, cellular pleomorphism,
deposition of bile or ceroid pigments,
hydropic degeneration), loss of hepatic
glycogen, coagulative hepatocyte
necrosis, sinusoidal and vascular
congestion, loss of normal muralial
architecture, degeneration or necrosis
of biliary epithelium, and perivascular
or periportal fibrosis

Hendricks, 1979

dinoseb Hendricks, 1979

diquat Hendricks, 1979
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Organ Agent Effects Reference
paraquat-CL Hendricks, 1979

other miscellaneous compounds
Liver bis(tri-n-butyltin)

oxide
hepatotoxic lesions of fatty infiltration,
nuclear or general hypertrophy of
hepatocytes, other degenerative
changes in parenchyma (cytoplasmic
vacuolation, cellular pleomorphism,
deposition of bile or ceroid pigments,
hydropic degeneration), loss of hepatic
glycogen, coagulative hepatocyte
necrosis, sinusoidal and vascular
congestion, loss of normal muralial
architecture, degeneration or necrosis
of biliary epithelium, and perivascular
or periportal fibrosis

Chliamovitch and
Kuhn, 1977

DMSO Benville et al., 1968

TFM Christie and Battle,
1963

heavy metal salts
Liver CdCl2 hepatotoxic lesions of fatty infiltration,

nuclear or general hypertrophy of
hepatocytes, other degenerative
changes in parenchyma (cytoplasmic
vacuolation, cellular pleomorphism,
deposition of bile or ceroid pigments,
hydropic degeneration), loss of hepatic
glycogen, coagulative hepatocyte
necrosis, sinusoidal and vascular
congestion, loss of normal muralial
architecture, degeneration or necrosis
of biliary epithelium, and perivascular
or periportal fibrosis

Gutierrez et al.,
1978; Tafanelli and
Summerfelt, 1975

CuCl2 Gardner and
LaRoche, 1973

CuSO4 Baker, 1969

PbNO3 Sastry and Gupta,
1978b

HgCl2 Establier et al.,
1978a,b; Gutierrez et
al., 1978; Sastry and
Gupta, 1978a
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Organ Agent Effects Reference
CH3HgCl2 Establier et al.,

1978a; Kendall, 1977

NaAsO2 Gilderhaus, 1966

chemotherapeutic agents
Liver CuSO4 hepatotoxic lesions of fatty infiltration,

nuclear or general hypertrophy of
hepatocytes, other degenerative
changes in parenchyma (cytoplasmic
vacuolation, cellular pleomorphism,
deposition of bile or ceroid pigments,
hydropic degeneration), loss of hepatic
glycogen, coagulative hepatocyte
necrosis, sinusoidal and vascular
congestion, loss of normal muralial
architecture, degeneration or necrosis
of biliary epithelium, and perivascular
or periportal fibrosis.

Reichenbach-Klinke,
1975

sulfamethazine Wood et al., 1957

thiabendazole Reichenbach-Klinke,
1975

organochlorines
Kidney Aroclor 1254 nephrotoxic lesions, including

degenerative changes in tubular
epithelium (cytoplasmic vacuolation,
hydropic degeneration, hyperchromatic
nuclei), dilation of tubular lumina,
proteinaceous or cellular casts within
tubular lumina, tubular necrosis and/or
epithelial desquamation, necrosis of
interstitial hematopoietic tissues, and
excessive development of
melanomacrophage centers

Nestel and Budd,
1975

DDT King, 1962; Mathur,
1962

endrin Mount and Putnicki,
1966; Wood, E.M.,
unpublished, in
Couch, 1975)

lindane Wood, E.M.,
unpublished, in
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Organ Agent Effects Reference
Walsh and Ribelin,
1975

petroleum compounds
Kidney napthalene nephrotoxic lesions, including

degenerative changes in tubular
epithelium (cytoplasmic vacuolation,
hydropic degeneration, hyperchromatic
nuclei), dilation of tubular lumina,
proteinaceous or cellular casts within
tubular lumina, tubular necrosis and/or
epithelial desquamation, necrosis of
interstitial hematopoietic tissues, and
excessive development of
melanomacrophage centers

DiMichele and Taylor,
1978

phenol Waluga, 1966a

organophosphates
Kidney diazinon nephrotoxic lesions, including

degenerative changes in tubular
epithelium (cytoplasmic vacuolation,
hydropic degeneration, hyperchromatic
nuclei), dilation of tubular lumina,
proteinaceous or cellular casts within
tubular lumina, tubular necrosis and/or
epithelial desquamation, necrosis of
interstitial hematopoietic tissues, and
excessive development of
melanomacrophage centers

Anees, 1976

dimethoate Anees, 1976

methyl parathion Anees, 1976; Wood,
E.M., unpublished, in
Walsh and Ribelin,
1975

herbicides
Kidney acrolein nephrotoxic lesions, including

degenerative changes in tubular
epithelium (cytoplasmic vacuolation,
hydropic degeneration, hyperchromatic
nuclei), dilation of tubular lumina,
proteinaceous or cellular casts within
tubular lumina, tubular necrosis and/or
epithelial desquamation, necrosis of

Hendricks, 1979
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Organ Agent Effects Reference
interstitial hematopoietic tissues, and
excessive development of
melanomacrophage centers

amitrole-T Hendricks, 1979

dinoseb Hendricks, 1979

diquat Hendricks, 1979

paraquat-CL Hendricks, 1979

other miscellaneous compounds
Kidney DMSO nephrotoxic lesions, including

degenerative changes in tubular
epithelium (cytoplasmic vacuolation,
hydropic degeneration, hyperchromatic
nuclei), dilation of tubular lumina,
proteinaceous or cellular casts within
tubular lumina, tubular necrosis and/or
epithelial desquamation, necrosis of
interstitial hematopoietic tissues, and
excessive development of
melanomacrophage centers

Benville et al., 1968

heavy metal salts
Kidney CdCl2 nephrotoxic lesions, including

degenerative changes in tubular
epithelium (cytoplasmic vacuolation,
hydropic degeneration, hyperchromatic
nuclei), dilation of tubular lumina,
proteinaceous or cellular casts within
tubular lumina, tubular necrosis and/or
epithelial desquamation, necrosis of
interstitial hematopoietic tissues, and
excessive development of
melanomacrophage centers

Gardner and Yevich,
1970; Gutierrez et
al., 1978; Hawkins et
al., 1980; Newman
and MacLean, 1974;
Tafanelli and
Summerfelt, 1975

mixture of CdCl2,
CuCl2, and ZnCl2

Eisler and Gardner,
1973

CuSO4 Baker, 1969;
Bhatnager and
Shrivastava, 1975

HgCl2 Establier et al.
1978b; Trump et al.
1975

CH3HgCl2 Establier et al.
1978a; Wobeser,
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Organ Agent Effects Reference
1975b

chemotherapeutic agents
Kidney CuSO4 nephrotoxic lesions, including

degenerative changes in tubular
eipthelium (cytoplasmic vacuolation,
hydropic degeneration, hyperchromatic
nuclei), dilation of tubular lumina,
proteinaceous or cellular casts within
tubular lumina, tubular necrosis and/or
epithelial desquamation, necrosis of
interstitial hematopoietic tissues, and
excessive development of
melanomacrophage centers

Reichenbach-Klinke,
1975

emtrysidiana Reichenbach-Klinke,
1975

formalin Smith and Piper,
1975

kanamycin McBride et al., 1975

malachite green Reichenbach-Klinke,
1975

sulfamethazine Wood et al., 1957

sulfonamides Reichenbach-Klinke,
1975

organochlorines
Intestine miscellaneous

PCBs
Toxic lesions most commonly reported
in the intestine (and occasionally
pyloric cecae) include hyperemia;
degenerative changes in tips of villi;
loss of structural integrity of mucosal
folds; degeneration of mucosal
epithelium (hypertrophy, vacuolation,
hyperchromasia) and/or various
smooth muscle layers; necrosis and/or
desquamation of mucosal epithelium;
cellular debris and excessive mucus in
gut lumen; increased numbers of
mucus goblet cells; vacuolation or
necrosis of submucosa; degenerative
changes or necrosis of submucosal
vasculature; inflammatory infiltration of

Hawkes et al., 1980



Technical Evaluation of Histopathology
Re-Issued May 21, 1998
 

Page 50

Organ Agent Effects Reference
submucosa and/or lamina propria.

carbon
tetrachloride

Gingerich et al., 1978

2,4-D Walsh and Ribelin,
1975

DDT Janicki and Kinter,
1971; King, 1962;
Mathur, 1962; Walsh
and Ribelin, 1975

dieldrin Walsh and Ribelin,
1975

endosulfan Walsh and Ribelin,
1975

petroleum compounds
Intestine PCBs Toxic lesions most commonly reported

in the intestine (and occasionally
pyloric cecae) include hyperemia;
degenerative changes in tips of villi;
loss of structural integrity of mucosal
folds; degeneration of mucosal
epithelium (hypertrophy, vacuolation,
hyperchromasia) and/or various
smooth muscle layers; necrosis and/or
desquamation of mucosal epithelium;
cellular debris and excessive mucus in
gut lumen; increased numbers of
mucus goblet cells; vacuolation or
necrosis of submucosa; degenerative
changes or necrosis of submucosal
vasculature; inflammatory infiltration of
submucosa and/or lamina propria

Hawkes et al., 1980

naphthalene DiMichele and Taylor,
1978

phenol Fries and Tripp, 1976

organophosphates
Intestine diazinon Toxic lesions most commonly reported

in the intestine (and occasionally
pyloric cecae) include hyperemia;
degenerative changes in tips of villi;
loss of structural integrity of mucosal
folds; degeneration of mucosal

Anees, 1976
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Organ Agent Effects Reference
epithelium (hypertrophy, vacuolation,
hyperchromasia) and/or various
smooth muscle layers; necrosis and/or
desquamation of mucosal epithelium;
cellular debris and excessive mucus in
gut lumen; increased numbers of
mucus goblet cells; vacuolation or
necrosis of submucosa; degenerative
changes or necrosis of submucosal
vasculature; inflammatory infiltration of
submucosa and/or lamina propria

dimethoate Anees, 1976

malathion Walsh and Ribelin,
1975

methyl parathion Anees, 1976

miscellaneous herbicides
Intestine atrazine Toxic lesions most commonly reported

in the intestine (and occasionally
pyloric cecae) include hyperemia;
degenerative changes in tips of villi;
loss of structural integrity of mucosal
folds; degeneration of mucosal
epithelium (hypertrophy, vacuolation,
hyperchromasia) and/or various
smooth muscle layers; necrosis and/or
desquamation of mucosal epithelium;
cellular debris and excessive mucus in
gut lumen; increased numbers of
mucous goblet cells; vacuolation or
necrosis of submucosa; degenerative
changes or necrosis of submucosal
vasculature; inflammatory infiltration of
submucosa and/or lamina propria

Walsh and Ribelin,
1975

nitrogenous compounds
Intestine NH3 Toxic lesions most commonly reported

in the intestine (and occasionally
pyloric cecae) include hyperemia;
degenerative changes in tips of villi;
loss of structural integrity of mucosal
folds; degeneration of mucosal
epithelium (hypertrophy, vacuolation,

Smith and Piper,
1975
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Organ Agent Effects Reference
hyperchromasia) and/or various
smooth muscle layers; necrosis and/or
desquamation of mucosal epithelium;
cellular debris and excessive mucus in
gut lumen; increased numbers of
mucus goblet cells; vacuolation or
necrosis of submucosa; degenerative
changes or necrosis of submucosal
vasculature; inflammatory infiltration of
submucosa and/or lamina propria

heavy metal salts
Intestine CdCl2 Toxic lesions most commonly reported

in the intestine (and occasionally
pyloric cecae) include hyperemia;
degenerative changes in tips of villi;
loss of structural integrity of mucosal
folds; degeneration of mucosal
epithelium (hypertrophy, vacuolation,
hyperchromasia) and/or various
smooth muscle layers; necrosis and/or
desquamation of mucosal epithelium;
cellular debris and excessive mucus in
gut lumen; increased numbers of
mucus goblet cells; vacuolation or
necrosis of submucosa; degenerative
changes or necrosis of submucosal
vasculature; inflammatory infiltration of
submucosa and/or lamina propria

Gardner and Yevich,
1970; Gutierrez et
al., 1978; Newman
and MacLean, 1974

HgCl2 Establier et al.,
1978a,b; Gutierrez et
al., 1978; Sastry and
Gupta, 1978a

CH3HgCl2 Establier et al.,
1978a

PbNO3 Sastry and Gupta,
1978b

organochlorines
Spleen Aroclor 1254 Atrophy, mottled or blanched in color,

hypocellularity (reduction in red and
white pulp), fibroplasia, and
subcapsular necrosis of blood cells.

Nestel and Budd,
1975
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Organ Agent Effects Reference
carbon
tetrachloride

Gingerich et al., 1978

2,4-D Walsh and Ribelin,
1975

DDT King, 1962; Walsh
and Ribelin, 1975

dieldrin Walsh and Ribelin,
1975

endosulfan Walsh and Ribelin,
1975

organophosphates
Spleen malathion Atrophy, mottled or blanched in color,

hypocellularity (reduction in red and
white pulp), fibroplasia, and
subcapsular necrosis of blood cells.

Walsh and Ribelin,
1975

carbamates
Spleen sevin Atrophy, mottled or blanched in color,

hypocellularity (reduction in red and
white pulp), fibroplasia, and
subcapsular necrosis of blood cells.

Walsh and Ribelin,
1975

miscellaneous herbicides
Spleen atrazine Atrophy, mottled or blanched in color,

hypocellularity (reduction in red and
white pulp), fibroplasia, and
subcapsular necrosis of blood cells.

Walsh and Ribelin,
1975

other miscellaneous compounds
Spleen DMSO Atrophy, mottled or blanched in color,

hypocellularity (reduction in red and
white pulp), fibroplasia, and
subcapsular necrosis of blood cells.

Benville et al., 1968

nitrogenous compounds
Spleen NH3 Atrophy, mottled or blanched in color,

hypocellularity (reduction in red and
white pulp), fibroplasia, and
subcapsular necrosis of blood cells.

Smith and Piper,
1975

chemotherapeutic agents
Spleen formalin Atrophy, mottled or blanched in color,

hypocellularity (reduction in red and
Smith and Piper,
1975
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white pulp), fibroplasia, and
subcapsular necrosis of blood cells.

organochlorines
Pancreas Dowpon Islet cell hyperplasia, subcapsular and

acinar cell necrosis, vascular
congestion, infarction, and edema.

Schulz, 1971

endrin Eller, 1971

petroleum compounds
Pancreas naphthalene Islet cell hyperplasia, subcapsular and

acinar cell necrosis, vascular
congestion, infarction, and edema.

DiMichele and Taylor,
1978

organophosphates
Pancreas abate Islet cell hyperplasia, subcapsular and

acinar cell necrosis, vascular
congestion, infarction, and edema.

Eller, L.L.,
unpublished, in
Couch, 1975

other miscellaneous compounds
Pancreas DMSO Islet cell hyperplasia, subcapsular and

acinar cell necrosis, vascular
congestion, infarction, and edema.

Benville et al., 1968

chemotherapeutic agents
Pancreas sulfamethazine Islet cell hyperplasia, subcapsular and

acinar cell necrosis, vascular
congestion, infarction, and edema.

Wood et al., 1957

organochlorines
Adrenal
Cortex

DDT Interrenal cell necrosis, cellular and
nucleolar hyperplasia and hypertrophy,
nuclear hypertrophy, hyperchromatic
cytoplasm, cytoplasmic vacuolation,
atrophy of cells with clumping of
nucleoplasm, high mitotic index, and
prominent sinusoids.

King, 1962

dieldrin Walsh and Ribelin,
1975

petroleum compounds
Adrenal
Cortex

naphthalene Interrenal cell necrosis, cellular and
nucleolar hyperplasia and hypertrophy,
nuclear hypertrophy, hyperchromatic
cytoplasm, cytoplasmic vacuolation,
atrophy of cells with clumping of

DiMichele and Taylor,
1978
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nucleoplasm, high mitotic index, and
prominent sinusoids.

other miscellaneous compounds
Adrenal
Cortex

SLS Interrenal cell necrosis, cellular and
nucleolar hyperplasia and hypertrophy,
nuclear hypertrophy, hyperchromatic
cytoplasm, cytoplasmic vacuolation,
atrophy of cells with clumping of
nucleoplasm, high mitotic index, and
prominent sinusoids.

Bromage and Fuchs,
1976

nitrogenous compounds
Adrenal
Cortex

landfill leachates Interrenal cell necrosis, cellular and
nucleolar hyperplasia and hypertrophy,
nuclear hypertrophy, hyperchromatic
cytoplasm, cytoplasmic vacuolation,
atrophy of cells with clumping of
nucleoplasm, high mitotic index, and
prominent sinusoids.

McBride et al., 1979

heavy metal salts
Adrenal
Cortex

ZnSO4 Interrenal cell necrosis, cellular and
nucleolar hyperplasia and hypertrophy,
nuclear hypertrophy, hyperchromatic
cytoplasm, cytoplasmic vacuolation,
atrophy of cells with clumping of
nucleoplasm, high mitotic index, and
prominent sinusoids.

Bromage and Fuchs,
1976

chemotherapeutic agents
Adrenal
Cortex

formalin Interrenal cell necrosis, cellular and
nucleolar hyperplasia and hypertrophy,
nuclear hypertrophy, hyperchromatic
cytoplasm, cytoplasmic vacuolation,
atrophy of cells with clumping of
nucleoplasm, high mitotic index, and
prominent sinusoids.

Smith and Piper,
1972

organochlorines
Thyroid
Gland

endrin Reduced follicular height and possible
hyperplasia

Grant and Mehrle,
1970

heavy metal salts
Thyroid CdCl2 Reduced follicular height and possible Gardner, 1975
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Gland hyperplasia

organochlorines
Hepatopan-
creas

Arochlor 1254 Atrophy, reduction in height of tubular
epithelium, tubular dilation, necrosis,
and desquamation of tubular epithelium

Lowe et al., 1972

DDT Lowe et al., 1971

toxaphene Lowe et al., 1971

petroleum compounds
Hepatopan-
creas

phenol Atrophy, reduction in height of tubular
epithelium, tubular dilation, necrosis,
and desquamation of tubular epithelium

Fries and Tripp, 1976

organophosphates
Hepatopan-
creas

methyl parathion Atrophy, reduction in height of tubular
epithelium, tubular dilation, necrosis,
and desquamation of tubular epithelium

Lowe et al., 1971

heavy metal salts
Hepatopan-
creas

CdCl2 Atrophy, reduction in height of tubular
epithelium, tubular dilation, necrosis,
and desquamation of tubular epithelium

Establier et al.,
1978b

organochlorines
Testes kuron Stimulation of spermatogenesis and

exhaustion atrophy, development of
ova-like cells within follicles, general
atrophy and hypospermia (lower mean
index of spermatogenic development),
necrosis of tubular boundary cells with
hemorrhage, vasodilation, and
congestion, increased numbers of
infiltrating macrophages with
phagocytized debris, necrosis of
primary germ cells with atrophy of
seminiferous tubules, fibrosis, and
infiltration of mononuclear inflammatory
cells

Wood, E.M.,
unpublished, in
Walsh and Ribelin,
1975

miscellaneous herbicides
Testes Hydrothol 191 Stimulation of spermatogenesis and

exhaustion atrophy, development of
ova-like cells within follicles, general
atrophy and hypospermia (lower mean

Eller, 1969
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index of spermatogenic development),
necrosis of tubular boundary cells with
hemorrhage, vasodilation, and
congestion, increased numbers of
infiltrating macrophages with
phagocytized debris, necrosis of
primary germ cells with atrophy of
seminiferous tubules, fibrosis, and
infiltration of mononuclear inflammatory
cells

other miscellaneous compounds
Testes TEPA Stimulation of spermatogenesis and

exhaustion atrophy, development of
ova-like cells within follicles, general
atrophy and hypospermia (lower mean
index of spermatogenic development),
necrosis of tubular boundary cells with
hemorrhage, vasodilation, and
congestion, increased numbers of
infiltrating macrophages with
phagocytized debris, necrosis of
primary germ cells with atrophy of
seminiferous tubules, fibrosis, and
infiltration of mononuclear inflammatory
cells

Stock and Cope,
1969

heavy metal salts
Testes CdCl2 Stimulation of spermatogenesis and

exhaustion atrophy, development of
ova-like cells within follicles, general
atrophy and hypospermia (lower mean
index of spermatogenic development),
necrosis of tubular boundary cells with
hemorrhage, vasodilation, and
congestion, increased numbers of
infiltrating macrophages with
phagocytized debris, necrosis of
primary germ cells with atrophy of
seminiferous tubules, fibrosis, and
infiltration of mononuclear inflammatory
cells

Sangalang and
O’Halloran, 1972;
Tafanelli and
Summerfelt, 1975

organochlorines
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Ovaries Arochlor 1254 Hyperplasia of germinal epithelium and

involution of some ova, decreased
frequency of oocyte maturation,
cytoplasmic clumping, and
fragmentation and karyolysis of ova

Sivarajah et al., 1978

endrin Eller, 1971

heavy metal salts
Ovaries CdCl2 same effects as above Tafanelli and

Summerfelt, 1975

NaAsO2 Gilderhaus, 1966

miscellaneous herbicides
Stomach atrazine Tunica muscularis with nuclear

depolarization and cytoplasmic
hyperchromasia, general edema, loss
of pepsinogen granules from chief
cells, disintegration and pyknosis of
glandular epithelium with
desquamation of gastric mucosa

Walsh and Ribelin,
1975

heavy metal salts
Stomach CuSO4 Tunica muscularis with nuclear

depolarization and cytoplasmic
hyperchromasia, general edema, loss
of pepsinogen granules from chief
cells, disintegration and pyknosis of
glandular epithelium with
desquamation of gastric mucosa

Bhatnagar and
Shrivastava, 1975

HgCl2 Sastry and Gupta,
1978a

CH3HgCl2 Establier et al.,
1978a

chemotherapeutic agents
Stomach sulfamethazine Tunica muscularis with nuclear

depolarization and cytoplasmic
hyperchromasia, general edema, loss
of pepsinogen granules from chief
cells, disintegration and pyknosis of
glandular epithelium with
desquamation of gastric mucosa

Wood et al., 1957

miscellaneous herbicides
Esophagus acrolein Vacuolation and nuclear condensation Hendricks, 1979
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(pyknosis) of mucosal epithelial cells
and necrosis of all four tunics

other miscellaneous factors
Esophagus acid-alkaline pH Vacuolation and nuclear condensation

(pyknosis) of mucosal epithelial cells
and necrosis of all four tunics

Daye and Garside,
1976

heavy metal salt
Rectum HgCl2 Erosion of mucosa at tips of the villi Sastry and Gupta,

1978a

petroleum compounds
Heart whole crude oil Degeneration of ventricular

myocardium, hypotonicity with poor
circulation, and hemostasis

Gardner, 1975

heavy metal salts
Heart C2H6O4Pb Degeneration of ventricular

myocardium, hypotonicity with poor
circulation, and hemostasis

Ozoh, 1979b

organochlorines
Blood
Vessels

2,4-D Vascular anomalies, periodic acid-
Schiff (PAS)-positive globular masses
in lumina, endothelial separation from
basement membrane, subendothelial
myositis, and necrosis of arterial wall

Cope et al., 1970

petroleum compounds
Blood
Vessels

waste motor oil Vascular anomalies, periodic acid-
Schiff (PAS)-positive globular masses
in lumina, endothelial separation from
basement membrane, subendothelial
myositis, and necrosis of arterial wall

Gardner, 1978

miscellaneous herbicides
Blood
Vessels

hydrothol 191 Vascular anomalies, periodic acid-
Schiff (PAS)-positive globular masses
in lumina, endothelial separation from
basement membrane, subendothelial
myositis, and necrosis of arterial wall

Eller, 1969

heavy metal salts
Blood
Vessels

NaAsO2 Vascular anomalies, periodic acid-
Schiff (PAS)-positive globular masses
in lumina, endothelial separation from

Gilderhaus, 1966
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basement membrane, subendothelial
myositis, and necrosis of arterial wall

chemotherapeutic agents
Blood
Vessels

Sulfamethazine Vascular anomalies, periodic acid-
Schiff (PAS)-positive globular masses
in lumina, endothelial separation from
basement membrane, subendothelial
myositis, and necrosis of arterial wall

Wood et al., 1957

Organochlorines
Peripheral
Blood

heptachlor Microcytic, hypochronic, hemolytic
anemia with high percentages of
abnormal and immature erythrocytes;
formation of Heinze and Howell-Jolly
bodies; poikilocytosis, anisocytosis,
hyperchromasia, anisochromasia, and
presence of “smudge” cells among
erythrocytes; polycythemia;
morphological alterations of
erythrocyte nuclei including
karyorrhexis; neutrophilia; eosinophilia
with deformed nuclei, cytoplasmic
vacuolation, and reduction in granular
mass; and irregularly shaped
thrombocyte nuclei

Andrews et al., 1966

chlorinated
wastewater

Buckley et al., 1976

heavy metal salts
Peripheral
Blood

CdCl2 Microcytic, hypochronic, hemolytic
anemia with high percentages of
abnormal and immature erythrocytes;
formation of Heinze and Howell-Jolly
bodies; poikilocytosis, anisocytosis,
hyperchromasia, anisochromasia, and
presence of “smudge” cells among
erythrocytes; polycythemia;
morphological alterations of
erythrocyte nuclei including
karyorrhexis; neutrophilia; eosinophilia
with deformed nuclei, cytoplasmic
vacuolation, and reduction in granular
mass; and irregularly shaped

Gardner and Yevich,
1970; Gardner, 1975;
Gutierrez et al.,
1978; Newman and
MacLean, 1974
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thrombocyte nuclei.

chemotherapeutic agents
Peripheral
Blood

formalin Microcytic, hypochronic, hemolytic
anemia with high percentages of
abnormal and immature erythrocytes;
formation of Heinze and Howell-Jolly
bodies; poikilocytosis, anisocytosis,
hyperchromasia, anisochromasia, and
presence of “smudge” cells among
erythrocytes; polycythemia;
morphological alterations of
erythrocyte nuclei including
karyorrhexis; neutrophilia; eosinophilia
with deformed nuclei, cytoplasmic
vacuolation, and reduction in granular
mass; and irregularly shaped
thrombocyte nuclei.

Smith and Piper,
1972

methylene blue Reichenbach-Klinke,
1975

ozone Wedemeyer et al.,
1979

petroleum compounds
Skeletal
Muscle

naphthalene Edema of myotomes, degenerative
myotomal atrophy, and necrosis.

DiMichele and Taylor,
1978

miscellaneous herbicides
Skeletal
Muscle

atrazine Edema of myotomes, degenerative
myotomal atrophy, and necrosis.

Walsh and Ribelin,
1975

NaTA2 Schulz, 1970

other miscellaneous herbicides
Skeletal
Muscle

TFM Edema of myotomes, degenerative
myotomal atrophy, and necrosis.

Christie and Battle,
1963

organochlorines
Brain 2,4-D Hyperemia, hemorrhage, vascular

congestion and dilation, infarction,
cerebral edema, nuclear pyknosis,
rupture and hemorrhage of meninx
primitiva, and swelling of myelin
sheaths around nerve fibers.

Cope et al., 1970

DDT Walsh and Ribelin,



Technical Evaluation of Histopathology
Re-Issued May 21, 1998
 

Page 62

Organ Agent Effects Reference
1975

dieldrin Walsh and Ribelin,
1975

endosulfan Walsh and Ribelin,
1975

methoxychlor Kennedy et al., 1970

petroleum compounds
Brain naphthalene Hyperemia, hemorrhage, vascular

congestion and dilation, infarction,
cerebral edema, nuclear pyknosis,
rupture and hemorrhage of meninx
primitiva, and swelling of myelin
sheaths around nerve fibers.

DiMichele and Taylor,
1978

organophosphates
Brain malathion Hyperemia, hemorrhage, vascular

congestion and dilation, infarction,
cerebral edema, nuclear pyknosis,
rupture and hemorrhage of meninx
primitiva, and swelling of myelin
sheaths around nerve fibers.

Walsh and Ribelin,
1975

other miscellaneous compounds
Brain DMSO Hyperemia, hemorrhage, vascular

congestion and dilation, infarction,
cerebral edema, nuclear pyknosis,
rupture and hemorrhage of meninx
primitiva, and swelling of myelin
sheaths around nerve fibers.

Benville et al., 1968

heavy metal salts
Brain 109Cd+2 Hyperemia, hemorrhage, vascular

congestion and dilation, infarction,
cerebral edema, nuclear pyknosis,
rupture and hemorrhage of meninx
primitiva, and swelling of myelin
sheaths around nerve fibers.

Aoki, 1978

CuCl2 Gardner and
LaRoche, 1973

chemotherapeutic agents
Brain neguvon Hyperemia, hemorrhage, vascular

congestion and dilation, infarction,
cerebral edema, nuclear pyknosis,

Reichenbach-Klinke,
1975
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rupture and hemorrhage of meninx
primitiva, and swelling of myelin
sheaths around nerve fibers.

masoten Reichenbach-Klinke,
1975

heavy metal salts
Spinal Cord CuNO3 Swelling of lipoid substance

surrounding large nerve cells and
“spirality” (twisting of the cord).

Ozoh, 1979a

chemotherapeutic agents
Spinal Cord dipterex Swelling of lipoid substance

surrounding large nerve cells and
“spirality” (twisting of the cord).

Reichenbach-Klinke,
1975

organochlorines
Integument toxaphene Swelling of lipoid substance

surrounding large nerve cells and
“spirality” (twisting of the cord).

Mayer et al., 1978

petroleum compounds
Integument salt-water-soluble

crude oil
Swelling of lipoid substance
surrounding large nerve cells and
“spirality” (twisting of the cord).

Hawkes, 1977

phenol Mitrovic et al., 1968;
Reichenbach-Klinke,
1965; Waluga, 1966a

organophosphates
Integument malathion Swelling of lipoid substance

surrounding large nerve cells and
“spirality” (twisting of the cord).

Walsh and Ribelin,
1975

carbamates
Integument sevin Swelling of lipoid substance

surrounding large nerve cells and
“spirality” (twisting of the cord).

Armstrong and
Millemann, 1974

miscellaneous herbicides
Integument atrazine Swelling of lipoid substance

surrounding large nerve cells and
“spirality” (twisting of the cord).

Walsh and Ribelin,
1975

other miscellaneous compounds
Integument bis(tri-n-butyltin) Swelling of lipoid substance Chliamovitch and
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oxide surrounding large nerve cells and

“spirality” (twisting of the cord).
Kuhn, 1977

acid-alkaline pH Daye and Garside,
1976

heavy metal salts
Integument CdCl2 Swelling of lipoid substance

surrounding large nerve cells and
“spirality” (twisting of the cord).

Newman and
MacLean, 1974

CuCl2 + CdCl2 +
ZnCl2

Eisler and Gardner,
1973

C4H6O4Pb Ozoh, 1979b

PbNO3 Ozoh, 1979a

chemotherapeutic agents
Integument emtrysidina Swelling of lipoid substance

surrounding large nerve cells and
“spirality” (twisting of the cord).

Reichenbach-Klinke,
1975

hexa-ex Reichenbach-Klinke,
1975

malachite green Reichenbach-Klinke,
1975

organochlorines
Lateral line
organs

methoxychlor Necrosis of sensory and sustentacular
epithelium with pyknosis and
karyorrhexis; necrosis of cuboidal cells
lining canal; infiltration of granular
leukocytes in canal lumina, walls and
peripheral connective tissues;
reduction of goblet cell numbers lining
canal; neuromast nuclei with enlarged
nucleoli; and loss of nuclei in some
cells.

Gardner, 1975

petroleum compounds
Lateral line
organs

naphthalene Necrosis of sensory and sustentacular
epithelium with pyknosis and
karyorrhexis; necrosis of cuboidal cells
lining canal; infiltration of granular
leukocytes in canal lumina, walls and
peripheral connective tissues;
reduction of goblet cell numbers lining
canal; neuromast nuclei with enlarged

DiMichele and Taylor,
1978
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nucleoli; and loss of nuclei in some
cells.

heavy metal salts
Lateral line
organs

CuCl2 Necrosis of sensory and sustentacular
epithelium with pyknosis and
karyorrhexis; necrosis of cuboidal cells
lining canal; infiltration of granular
leukocytes in canal lumina, walls and
peripheral connective tissues;
reduction of goblet cell numbers lining
canal; neuromast nuclei with enlarged
nucleoli; and loss of nuclei in some
cells.

Gardner and
LaRoche, 1973

CuCl2 + ZnCl2 +
CdCl2

Eisler and Gardner,
1973

AgCl Gardner, 1975

petroleum compounds
Olfactory
organs

whole, saltwater-
insoluble, and
saltwater soluble
crude oil

Hyperplasia and cytoplasmic
degeneration of neurosensory and
sustentacular epithelium with cystlike
formations containing cellular debris
and remnants of sensory tissue;
necrosis of mucosa with cellular debris
in lumina, vasodilation, and congestion
in submucosa, vacuolation and
pyknosis in cells of lamina propria;
epithelial metaplasia with replacement
of neurosensory and sustentacular
cells by a less differentiated epithelium
and appearance of extracellular
refractile rods in mucosa; and
hypertrophy and hyperplasia of
mucous goblet cells in mucosal lining.

Gardner, 1975

naphthalene DiMichele and Taylor,
1978

other miscellaneous factors
Olfactory
Organs

acid-alkaline pH Hyperplasia and cytoplasmic
degeneration of neurosensory and
sustentacular epithelium with cystlike
formations containing cellular debris
and remnants of sensory tissue;

Daye and Garside,
1976
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necrosis of mucosa with cellular debris
in lumina, vasodilation, and congestion
in submucosa, vacuolation and
pyknosis in cells of lamina propria;
epithelial metaplasia with replacement
of neurosensory and sustentacular
cells by a less differentiated epithelium
and appearance of extracellular
refractile rods in mucosa; and
hypertrophy and hyperplasia of
mucous goblet cells in mucosal lining.

heavy metal salts
Olfactory
Organs

CuCl2 Hyperplasia and cytoplasmic
degeneration of neurosensory and
sustentacular epithelium with cystlike
formations containing cellular debris
and remnants of sensory tissue;
necrosis of mucosa with cellular debris
in lumina, vasodilation, and congestion
in submucosa, vacuolation and
pyknosis in cells of lamina propria;
epithelial metaplasia with replacement
of neurosensory and sustentacular
cells by a less differentiated epithelium
and appearance of extracellular
refractile rods in mucosa; and
hypertrophy and hyperplasia of
mucous goblet cells in mucosal lining.

Gardner and
LaRoche, 1973

HgCl2 Gardner, 1975

AgCl Gardner, 1975

petroleum compounds
Eye whole crude oil Enlarged abnormally soft lens;

degeneration of lens fibers; other
degenerative changes such that
boundaries between capsule, lens
epithelium, and fibers become
indistinct; enlargement of lens capsule;
corneal degeneration with necrosis of
external squamous epithelium and
vacuolation of basal epithelium;
desquamation of corneal epithelium

Hawkes, 1977



Technical Evaluation of Histopathology
Re-Issued May 21, 1998
 

Page 67

Organ Agent Effects Reference
preceded by poor differentiation
between epithelium and substantia
propria; swelling of substantia propria
after loss of corneal epithelium;
hemorrhage in anterior chamber;
hemorrhage in periorbital connective
tissues; hemorrhage and leukocyte
infiltration of lumbus corneae;
anophthalmia, microphthalmia, and
exophthalmia.

oil slick Payne et al.,1978

carbamates
Eye sevin Enlarged abnormally soft lens;

degeneration of lens fibers; other
degenerative changes such that
boundaries between capsule, lens
epithelium, and fibers become
indistinct; enlargement of lens capsule;
corneal degeneration with necrosis of
external squamous epithelium and
vacuolation of basal epithelium;
desquamation of corneal epithelium
preceded by poor differentiation
between epithelium and substantia
propria; swelling of substantia propria
after loss of corneal epithelium;
hemorrhage in anterior chamber;
hemorrhage in periorbital connective
tissues; hemorrhage and leukocyte
infiltration of lumbus corneae;
anophthalmia, microphthalmia, and
exophthalmia.

Walsh and Ribelin,
1975

miscellaneous herbicides
Eye atrazine Enlarged abnormally soft lens;

degeneration of lens fibers; other
degenerative changes such that
boundaries between capsule, lens
epithelium, and fibers become
indistinct; enlargement of lens capsule;
corneal degeneration with necrosis of
external squamous epithelium and

Walsh and Ribelin,
1975
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vacuolation of basal epithelium;
desquamation of corneal epithelium
preceded by poor differentiation
between epithelium and substantia
propria; swelling of substantia propria
after loss of corneal epithelium;
hemorrhage in anterior chamber;
hemorrhage in periorbital connective
tissues; hemorrhage and leukocyte
infiltration of lumbus corneae;
anophthalmia, microphthalmia, and
exophthalmia.

other miscellaneous compounds
Eye bis(tri-n-butyltin)

oxide
Enlarged abnormally soft lens;
degeneration of lens fibers; other
degenerative changes such that
boundaries between capsule, lens
epithelium, and fibers become
indistinct; enlargement of lens capsule;
corneal degeneration with necrosis of
external squamous epithelium and
vacuolation of basal epithelium;
desquamation of corneal epithelium
preceded by poor differentiation
between epithelium and substantia
propria; swelling of substantia propria
after loss of corneal epithelium;
hemorrhage in anterior chamber;
hemorrhage in periorbital connective
tissues; hemorrhage and leukocyte
infiltration of lumbus corneae;
anophthalmia, microphthalmia, and
exophthalmia.

Chliamovitch and
Kuhn, 1977

acid-alkaline pH Daye and Garside,
1976

heavy metal salts
Eye CuCl2 Enlarged abnormally soft lens;

degeneration of lens fibers; other
degenerative changes such that
boundaries between capsule, lens
epithelium, and fibers become

Gardner and
LaRoche, 1973
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indistinct; enlargement of lens capsule;
corneal degeneration with necrosis of
external squamous epithelium and
vacuolation of basal epithelium;
desquamation of corneal epithelium
preceded by poor differentiation
between epithelium and substantia
propria; swelling of substantia propria
after loss of corneal epithelium;
hemorrhage in anterior chamber;
hemorrhage in periorbital connective
tissues; hemorrhage and leukocyte
infiltration of lumbus corneae;
anophthalmia, microphthalmia, and
exophthalmia.

C4H6O4Pb Ozoh, 1979b

petroleum compounds
Pseudo-
branch

whole crude oil Degeneration of secretory cells and
hypertrophy of epithelial cells with
nuclear swelling and occasional
ballooning degeneration.

Gardner, 1975

heavy metal salts
Pseudo-
branch

CH3HgCl2 Degeneration of secretory cells and
hypertrophy of epithelial cells with
nuclear swelling and occasional
ballooning degeneration.

Wobeser, 1975b

chemotherapeutic agents
Pseudo-
branch

formalin Degeneration of secretory cells and
hypertrophy of epithelial cells with
nuclear swelling and occasional
ballooning degeneration.

Smith and Piper,
1972

nitrogenous compounds
Yolk sac NH3 Developmental retardation with failure

to absorb the yolk sac and occurrence
of blue sac disease syndrome.

Burkhalter and Kaya,
1977

heavy metal salts
Yolk sac PbNO3 Developmental retardation with failure

to absorb the yolk sac and occurrence
of blue sac disease syndrome.

Ozoh, 1979a

organochlorine
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Swim
bladder

DDT Air distension in fry and edema. Burdick et al., 1964

miscellaneous herbicides
Swim
bladder

atrazine Air distension in fry and edema. Walsh and Ribelin,
1975

organochlorine
Pituitary
Gland

DDD Degranulation of cells. Ball and Baker, 1969-
1970

chemotherapeutic agents
Embryonic
Tissues

penicillin G procain Teratomas up to 15% of the progeny
from parent fish.

DeCew, 1972

dihydrostreptomy-
cin sulfate

DeCew, 1972

oxytetracycline DeCew, 1972

* adapted from Rand and Petrocelli (1985)
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V. HISTOPATHOLOGY:  CRITICAL COMMENTARY

Histopathology is the evaluation of visual pathological changes as seen using a microscope.   The
majority of literature available documents the histopathology of teleosts, and as such this discussion
will be limited to finned fish.  There are reports of histological evaluation of a number of other
organisms; however, due to the scarcity of these reports and the lack of complete data on
reproduction and growth parameters (Kerr and Dickie, 1984), there are inadequate data to include
other organisms in this discussion.

Quantifying the exposure of fish to a toxicant in the field is challenging, as it is difficult to assess the
bioavailable concentration of the toxicant in question.  Many factors affect bioavailability including
(but not limited to) nutrition, age, sex, and disease status of the fish; metal concentration, speciation
and mixture; and other diseases or stresses such as damaged habitat, total suspended solids and
altered ecology (Levin et al., 1989; Hrudey et al., 1996; Klaassen, 1996).  Even in the controlled
environment of the laboratory, there are factors that make extrapolation into the field more difficult.

The histopathological effects of metals are often tested separately, without evaluating the
histopathological effects caused by a mixture of those metals (e.g., Hughes et al., 1979).  Although
this gives us adequate information for individual chemicals, it does little to evaluate the complex
interactions, speciation and adsorption to total suspended solids.  These factors all impact the
bioavailability of the compound in question in the wild (Hrudey et al., 1996; Klaassen, 1996).  Not
only are there difficulties in the problems stated above, often the materials presented in the literature
have scientific problems associated with them.

The number of specimens used in a study will affect the statistical significance of the results (Gad
and Weil, 1998). A relationship between the number of observations and the degree of difference
among groups of observations relates directly to the validity of the experiment.  Generally, the
greater the number of observations the greater the power of the statistical test.  Conversely, false
negatives (failure to show a positive effect) can also depend upon the prevalence of the finding in
question (Lilienfeld and Lilienfeld, 1980).  Thus, small samples of low prevalence findings do little to
further our knowledge about experimental questions that are asked.  There are a number of
examples where numbers have been inadequate to achieve an answer to the hypothesis being
tested, e.g., Hughes et al. (1979). 
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Dose and response are often inadequately described and evaluated in the literature.  This may be
partly due to questionable descriptions of a response in some situations, but is more commonly a
problem associated with inadequate dose ranges.  Experimental dosing must range from a no effect
level to an effect level (NOAEL), otherwise the relationship between dose and response cannot be
determined (Klaassen, 1996).  Failure to show histopathological changes does not necessarily mean
that the compound is not toxic, it just means at the dose tested there was no effect observed.   For
an example of this phenomenon the reader should consult Waite et al. (1990).

Dose is only one part of the bioavailability and toxicity picture.  Exposure is essential for predicting
risk and very important to consider when evaluating response, but also a priori.  Exposure has
three main components, all of which may effect the toxicological (and histopathological) outcomes:
magnitude (dose), duration (dose × time) and frequency (Σ dose).  As most studies choose only
one temporal dosing regimen, it is difficult to extrapolate the findings into the field.  There have,
however, been some attempts to evaluate duration (dose × time), e.g., mercuric chloride (Banerjee
and Bhattacharya, 1994).

The literature does have a few citations which report histopathological findings from field-collected
animals (McCain et al., 1977; Saltes and Bailey, 1984; Black, 1983; Sorensen et al., 1983a;
1983b; Waite et al., 1990; Myers et al., 1990; Lind et al., 1977; Rousseaux et al., 1995).

McCain et al. (1977) collected English sole, Parophrys vetulus,  and evaluated them for
hepatomas.  Although attempts were made to relate these findings to pollution, the results were not
definitive.   Myers et al. (1990) continued this work in English sole, Parophrys vetulus, but was
not able to establish a causal relationship between pollutants and hepatic tumors, although there
were significant correlations between histopathology and fluorescent metabolites of aromatic
compounds.  Similarly, Rousseaux et al. (1995) showed excellent correlations between hepatic
pathology and EROD levels in field caught lake sturgeon, Acipenser fulviensis.   Regardless of the
relationships, the best overview of how histopathology and other biomarkers/ bioindicators relate
has been developed by Adams et al. (1989).  A stylized copy of this diagram is represented below
as Figure 1.

In some rare cases, comparative field and laboratory studies have been undertaken (Black, 1983). 
Correlations between sediment polycyclic hydrocarbons, neoplasms in feral fish, and the induction
of neoplasms in bullheads, Ictalurus nebulosus, by exposure to extracts of polluted sediment
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supported his hypothesis that some fish neoplasia may result from exposure to chemicals present in
the fish environment.

Figure 1: Levels of biological response in fish to pollutant stress illustrating the
continuum of these responses along gradients of response time and toxicological and
ecological relevance.
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A. Fish Histopathology - Laboratory Approaches

1. Diagnostic Methodology

a) Overview

The process of making a clinical and pathological diagnosis involves scientific, factual information
and judgmental thinking, and is therefore not a purely stochastic process (Thomson, 1984; 1988). 
The need for using judgment lies in the fact that very few diseases have specific visual markers (i.e.
are pathognomonic).  Therefore, the majority of diagnoses are made by evaluating population
biological findings, physical examination findings, and laboratory results of the fish concurrently,
then selecting a series of possible diagnoses (differential diagnoses) using a weight-of-evidence
approach.  The final step in making a diagnosis (definitive diagnosis) entails eliminating other
diagnoses on the differential diagnoses list through further clinical and laboratory evaluation (Hill and
LaVia, 1980).

In cases where a definitive diagnosis cannot be made initially, the progression of the disease adds
important clues.  Both progression and regression of clinical signs and temporally altered laboratory
results can help the clinician be more certain of the diagnosis (Martin et al., 1987).  Indeed, waxing
and waning of clinical signs is often a primary clinical tool used in the diagnostic process (Ruben and
Rousseaux, 1991).  Similarly, response to treatment and change in response following removal of a
pollutant may confirm a diagnosis.  Unfortunately, clinical and pathological evaluation of individual
teleosts over time is not often possible nor practical.

b) Temporal Change

When presented with a fish demonstrating overt clinical signs, the pathologist must rely on the
biologist’s reporting of past events to assess the development of the disease.  In some cases, past
time points and progression of the disease may not have been recognized, hence the cause may be
missed.  For diseases that are well defined with respect to their progression, a prognosis (prediction
of future progression of the disease) can be made at this stage (Bucci, 1991).  Usually, pathological
prognostication is confined to the individual fish.  A human example could be the evaluation of a
breast lump for malignancy.  However, even in an individual’s disease there are a number of
situations where progression or regression of the disease is not known until follow-up studies are
done (Moulton, 1978).  When evaluating fish, the baseline study serves the same purpose as the
initial biopsy by giving us a “snap-shot” view of fish health at that point in time.  Further studies can
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show changes among “snap-shots.”  At present there is a dearth of literature concerning details of
histopathological findings in the field with respect to the mining industry.

c) Judgment and Diagnoses

Science operates on principles of deductive, reductionist logic.  In a scientific experimental setting,
events are broken down into their smallest possible sizes and held constant while a comparison is
made between one specific event and specific outcome to determine their relationship.  When
evaluating fish pathology, multiple temporal-spatial processes are in effect, thus prohibiting the use of
the classical reductionist approach in the field.  For this reason the pathologist must rely on judgment
through weight of evidence to determine the most likely diagnosis .  The process of judgment is
essential in environmental effects monitoring as data gaps and temporal-spatial fluidity prevent a
purely reductionist approach to determining the cause and significance of changes seen.

2. Fish histopathology methodology

The materials that the pathologist needs and how these materials should be preserved and
transported follows (Yasutake, 1987).  The process of tissue treatment and slide preparation can be
found elsewhere in any standard histopathology text (e.g., Roberts, 1989).

a) Sampling

Samples are usually taken by the sponsor, or are sent from the testing laboratory in question. 
Following exposure to the toxicant and preceeding euthanasia, fish should immediately be
preserved.  If death occurs, the fish should be preserved as soon as possible. If the fish are dead
upon collection, the specimens that died most recently should be used.  It is essential to remove and
"fix" or preserve fish before they die (or as close to death as possible) as the process of autolysis
rapidly ensues following death (Thomson, 1984).  Autolysis (auto-self; lysis-destruction) occurs in
all living forms following death, and is one of the causes of the unpleasant odor of dead tissue.  This
self digestion makes pathological evaluation difficult, and often limits its use as it may obscure
pathological changes caused by external agents.  For this reason tissues should be fixed in 10%
buffered (pH 7.0-7.4) formalin (i.e. a solution of 4% formaldehyde gas in a buffered solution)1.  The
formaldehyde in the solution "fixes" the tissues by denaturing proteins, stabilizing membranes and

                                                
    1 CAUTION:  Formalin is corrosive and is an animal cancer-causing agent.  For this reason the use of

protective clothing and a fume hood, or well ventilated space (not necessary in a boat!) is
necessary to maintain occupational health and safety standards.
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preventing the "auto-destruct" enzymes from operating (Slauson and Cooper, 1990).  As it is the
formaldehyde gas that fixes the tissue, it is essential to allow penetration of the formalin.  Therefore
the preservation method described below should be used.

b) Preservation

All tissues must be fixed for 48 hours prior to submission to a pathology laboratory unless different
treatment is specifically requested by the pathologists.  For fish that are less than four centimeters
long, full immersion just prior to death should be undertaken.  It may be valid to chill, anesthetize, or
concuss the moribund fish for humane reasons prior to fixation, but the fish to be preserved must
not be frozen.

Larger fish require necropsy examination (necros-death; opsy-dissection).  In medium sized fish
(about 10 cm), opening of the abdomen to allow entrance of the fixative is often all that is necessary.
 In large fish it will be necessary to remove the organs.  In this case it is important to record findings
and make sure that the tissue samples are representative of the organ and they are neither too large
or too small.  It is the formaldehyde gas that fixes the tissue; therefore, tissue should not be thicker
than one centimeter and there should always be a 10:1 formalin to tissue ratio.  The technique
required when using alternative fixatives should be carefully reviewed prior to sampling.  Bouin’s
fixative, for example, is often reported to be the fixative of choice (e.g., Ram and Sathyanesan,
1986).  However, it is not as practical to use in the field because of its poor penetration, one needs
to wash the specimen several times in either water or 70% ethanol 24 hours following submersion
(failure to do so results in rigid tissues and very poor histological specimens), and its corrosive and
staining properties.  The picric acid used in Bouin’s fixative can also be an explosion hazard. 
Therefore, this fixative should only be used in a research setting and not in the field.  Formalin still
remains the most useful general fixative (Johnson and Bergman, 1984).

Tissues are just as easily damaged postmortem as antemortem.  For this reason care in handling
tissues is necessary.  By squeezing the organs, severe structural changes may hinder the pathologist's
view of any real effects.  Freezing, mishandling of tissue and incorrect fixation can also cause
artifacts.  These alterations of structure make evaluation of tissues difficult (Thomson, 1984), and
may obscure or invalidate pathological findings.

c) Sampling in the Field

Under field conditions, many samples are required for evaluations other than histopathology. Field
conditions are often less than optimal for taking, preserving, and storing specimens for biochemistry
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and histopathology.  For this reason, it is necessary to have a detailed plan before capturing and
processing the fish.  Preparing data collection sheets, pre-labeling collection containers, and
coordinating prosectors is essential to optimize sample collection and the subsequent tissue analysis.
 It is important, although not yet mandated in aquatic field studies, to ensure that records are kept
and a chain of custody form is used (OECD, 1993).  Collection logistics must consider both the
importance of proper preservation of material for enzyme analysis and the proper fixation of
histological tissue samples as the process of cellular autolysis affects both evaluations.

d)  Submission of Specimens

Submission of specimens can be done via courier provided the following conditions are met:
1. Preservation of the specimen must be maintained;
2. Safety precautions must be taken to protect yourself and others from harm caused by the

fixative; and,
3. Compliance with the law regulating transport of hazardous materials (such as formalin) must be

maintained.

e) Preparing the Sample for Shipping

Fourty-eight hours of fixation should adequately preserve the samples.  Following this preservation
period, the samples should be prepared for shipping to the pathology laboratory. This will involve a
three-tiered container system which will help compliance with sample transport/submission
conditions listed above.

First, each fish, or sample of fish, should be placed into a separate sealed bag.  Usually milk bags
(Whirl-Pak®) are best as Ziploc® and other bags tend to leak under pressure.  Once the bagged
samples have been labeled, place some absorbent material moistened with formalin in with the
sample, and seal the bag.

Next, place the individual bags in a secondary container (this can be another sealed bag).  In this
secondary container, there should be sufficient absorbent material to absorb all formalin in the
package should the primary container fail.  Any absorbent material, including paper towels, will be
appropriate.

Finally, place the whole package in the tertiary container.  Enclose the appropriate chain of custody
forms.  This container should be substantial and not affected by trauma during transportation.  A
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cooler is an excellent choice. This container must also bear a label clearly listing the contents, the
sender, the intended recipient, and the hazards contained in the package.

f) Shipping the Sample

Send the fish samples by courier to the pathology laboratory, or the pathologist.  This enables
maintenance of the chain of custody for transport.

3. The Process of Evaluation

a) Evaluation of Samples

Upon receipt of the samples, the pathologist opens the samples and records their condition, their
date of arrival, and any gross lesions (abnormal findings on the body surface).  Next the pathologist
or histotechnologist carefully inspects samples and trims sub-samples to fit into histology cassettes
for tissue processing.  Care is taken to make sure that any gross lesion described by the field
collector is placed into a cassette for processing.

b) Processing of Samples

(1) Tissues

Following trimming, all tissues sampled are routinely processed, sectioned at 5 µm, stained with
hematoxylin and eosin, and mounted. 

Routine processing is a multi-step process that takes approximately 24 hours.  It involves
dehydrating tissues, putting them into a xylene phase, and impregnating them with paraffin wax under
vacuum.  Following this process, the tissues are embedded in wax that holds the tissues for
sectioning (usually one tissue per "block") and are sectioned on a microtome.  These sections are
placed on glass slides and stained following attachment of the section to the slide by heating. 
Following staining, the sections are covered with a coverslip and mounted for evaluation by the
pathologist (Cotran et al., 1989).  This process requires a histotechnologist to produce optimal
sections to obtain a diagnosis.  The quality of sections critically impacts the ability of the pathologist
to evaluate the tissues.   There have been suggestions that plastic embedding be used on a routine
basis (Johnson and Bergman, 1984). In our experience, although plastic embedding in compounds
such as epon allows thin section preparation (1 µm), the method is neither cost-effective, nor time-
effective unless being used as the first step of preparing elecron microscopic grids.
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Where necessary, special stains are used to highlight specific lesions or causative agents (e.g.,
pathogenic organisms such as bacteria).  Parasites are identified wherever possible.  For detailed
parasitic examination, evaluation of submitted whole parasites is necessary.  Future recall from the
archives for comparison can be made using a block coding system (OECD, 1993).

(2) Whole Specimens

Small fish, less than 4 cm long, can be placed in cassettes and processed as above.  This
preparation technique provides a section of multiple organs in situ for evaluation.

Preparation of specimens for teratological evaluation can be done following division of the fry into
parts (usually 2/3 skeletal and 1/3 visceral).  Specimens intended for skeletal evaluation should be
well fixed in 70% alcohol (usually ethanol).  Those specimens to be evaluated for visceral changes
should be fixed in Bouin’s fixative for at least 2 weeks to allow decalcification of the skeleton. 
Once a tissue is fixed, a modified Wilson freehand sectioning technique can be applied (Wilson and
Fraser, 1977) and the cross-sections can then be evaluated and compared.

Skeletal evaluation is slightly more time consuming.  The fixed specimens usually do not have to be
skinned, eviscerated and de-fatted as with mammalian embryology.  However, dense pigmentation
of the skin may lead to difficult skeletal evaluation.  The staining and clearing method relies on Alcian
Blue staining of the cartilage, Alizarin Red staining of the bone, potassium hydroxide maceration of
the soft tissues, and clearing with glycerine (Rousseaux, 1985). 

c) Reading the Slides

The duty pathologist reads the slides looking for abnormal structural changes (morphology).  When
no abnormal morphology is seen for a tissue the term No Visible Lesion (NVL) is stated to show
that the organ was evaluated but no abnormal findings were seen.  Morphological abnormalities that
are recorded include findings that are related to exposure and those that are not.  It does not matter
whether the biologically significant findings are related to exposure or not as all findings are usually
reported for each organ.  Morphological alterations in the skeleton or viscera of fry can be classified
into major, minor, and variant abnormalities (Rousseaux and Blakley, 1991).  The relationship of
specific malformations to toxicant exposure is still in its infancy, and as such must be done on a
case-by-case comparative basis.

4. Training

The training of a diagnostic pathologist takes many years.  The first requirement is an individual with
a basic medical or paramedical training (such as a medical or veterinary degree).  Second, the
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individual takes an intensive apprenticeship training to become an expert in the biology of organ
damage caused by normal and abnormal degenerative, inflammatory and neoplastic (cancerous)
processes  (Cotran et al., 1989).  Finally, the pathologist should obtain the proper certification or
qualifications.  Certification includes: Diplomate of the American College of Veterinary Pathologists
(ACVP), Member or Fellow of the Royal College of Pathologists (MRCPath, FRCpath, FRCP
(C), etc.), MVSc, PhD, DVSc, or other post graduate diplomas given by institutions with pathology
departments.

There is some misunderstanding as to who can “do histopathology.”  Individuals that have graduated
through a university program which includes histology may have excellent abilities to evaluate
individual cellular and organ morphology, and as such may be able to evaluate known tissue damage
caused by specific toxicants (Johnson and Bergman, 1984).  This adds to our understanding of
pathology through the experimental wing of the discipline, but these individuals cannot give the same
overview of fish health as a person who has gone through basic medical training and the pathology
apprenticeship to enable them to act as pathologists. For this reason, the combined expertise of
both individuals can improve the outcome of morphological evaluation of fish. 

5. Quality Assurance

Quality assurance in histopathological studies occurs at two levels: slide preparation and
pathological interpretation.  Slide preparation must employ strict verification protocols to ensure that
the tissue examined by the pathologist is in fact the tissue collected in the field.  Each laboratory has
different methods of addressing quality assurance.  Because of the subjectivity of histopathology,
serious consideration should be given to a peer review of pathological evaluations by a second
qualified examiner (Hildebrandt, 1991). 

6. Dose-Response Relationships

Dose-response relationships are necessary to predict a priori the likely outcome of exposure to a
specific contaminant.  The concentration at which specific pathology occurs is a useful threshold in
determining the No Observable Adverse Effect Concentration (NOAEC) or No Observable Effect
Concentration (NOEC) (Klaassen, 1996).  There are some issues that do need consideration when
determining the dose-response relationship.

a) Toxicokinetics

Toxicokinetics, or what happens to the contaminant inside the fish, has a significant effect on the
dose-response, as it is the molecular dose that reaches the target site that is important in a toxic
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response (Jeffrey, 1991).   Toxicokinetics are equivalent to pharmacokinetics for drugs and have
four components: absorption, distribution, biotransformation and elimination (ADME).  The
bioavailability of the compound is the single most important factor in determining toxicity (Hrudey et
al., 1996).  

(1) Absorption

Compounds can be absorbed by fish at numerous sites (Lock, 1975).  Uptake of chemicals from
the water column occurs primarily through the gill membranes and epithelial membranes, while
sediment-bound compounds are usually absorbed from dietary sources.  Absorption depends on
many parameters, including the chemical properties of the compound (such as partition coefficient,
solubility, speciation, etc.), the properties of the water matrix (pH, hardness, alkalinity, temperature,
etc.), and the biological properties of the fish (life-cycle stage, species, and other variables which
might affect membrane characteristics, exposure-related behavior, and metabolic rate (if uptake is
active).

(2) Distribution

Distribution of the compound within the fish is determined by the properties of the compound and
the fish tissues.  The contaminant load of the fish also can affect distribution through interaction with
the new contaminant, release of another bound contaminant and prevention of biotransformation and
elimination of another contaminant (Klaassen, 1996).
The species and age of the fish can affect distribution through altered organ volume.  Age and
species can also affect biotransformation and metabolism (Klaassen, 1996).  Most importantly the
nutritional status of the individual can affect distribution through altered fat depots.  This fat is
particularly important for fat soluble contaminants (Branchaud et al., 1995).

(3) Metabolism/Biotransformation

Biotransformation, or metabolism, of a compound is dependent upon the physicochemical
properties of the compound in question and the biology of the fish.  The compound’s characteristics
determine whether biotransformation will be rapid or prolonged.  The species of fish, age, sex,
concurrent disease, food availability, nutritional status and contaminant load all affect the individual’s
ability to enzymically alter the parent compound.  The rate of biotransformation may have a
beneficial or adverse effect for the fish depending on whether the parent compound or the
metabolite is the putative toxicant (Jeffrey, 1991).

(4) Excretion/Elimination
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Excretion and elimination is mainly a function of the species in question.  However, the chemical
properties of the contaminant may result in trapping of the compound within the body (Klaassen,
1996).  The metabolic rate, gastrointestinal motility, age, sex and nutritional status all affect
excretion.  In addition, fish with diseases affecting the kidney may show reduced elimination
(Pritchard and Renfro, 1984).

b) Responses

As with all  biological endpoints, there is a normal variation in expression of endpoints
approximating a gaussian distribution.  The same holds true for toxicity and lethality in animals and
fish (Arnold et al., 1990).  For evaluating the average concentration that has an effect, a cumulative
distribution is usually developed to enable establishment of a median toxic or lethal concentration
(Adams et al., 1996; Klaassen, 1996).  To define this concentration, a probit analysis or tabular
evaluation can be done provided the exposures are geometrically related (Gad and Weill, 1988;
Krewski and Franklin, 1991).
When fish are exposed to metals and other toxic compounds in increasing doses, the following
progression of events occurs with increasing concentrations: 
• measurable exposure (e.g., concentration of the suspect toxicant in the tissues);

⇒  physiological adaptation (e.g., increased liver enzymes such as EROD);
⇒  morphological adaptation (e.g., hypertrophy of cells);

⇒ physiological maladaption - toxicity (e.g., increased respiratory rate/coughing)
⇒ pathological changes (e.g., tissue necrosis and other morphological changes)

⇒ death

From this progression, it can be seen that pathological changes known to be associated with specific
compounds give proof of toxicity, especially when compared with other enzymatic changes, which
give an indication of response to exposure which may or may not have implications for fish health
(such as EROD).

Pathological changes do not occur instantaneously.  Firstly, the compound must become
bioavailable to the target tissues (Hrudey et al., 1996).  Secondly, the compound must interact with
cells on a molecular level to either form malone dialdehyde in cell membranes, interact with DNA,
or damage the cell’s organelles (Slauson and Cooper, 1990).  Thirdly, the molecular changes must
result in visible ultrastructural changes, such as mitochondrial swelling (Cheville, 1983).  Fourthly,
cellular changes visible to the light microscope must develop, such as apoptosis, necrosis and
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inflammation and possibly neoplasia (Cotran et al., 1989).  Finally, but by no means always, the
amount of cellular change may become visible under a dissecting microscope or to the naked eye
(Thomson, 1984).  In the case of teratogenesis, it is the final step that is observed under the
microscope in all but the most sophisticated experimental settings (Wilson and Fraser, 1977).

The time taken to develop histopathological changes depends on the tissue in question (Thomson,
1988).  Tissues such as the brain may show subtle tinctorial changes within the hour, whereas bone
may take days to develop cellular changes fully (Hill and LaVia, 1980).   The response to injury also
takes time.  The inflammatory response to necrotic tissue begins within the first 24 hours, but it takes
a number of days before organization (fibrosis) begins.  Fish show six types of inflammation
including serous, fibrinous, purulent, hemorrhagic, catarrhal, and lymphocytic or granulomatous
inflammation (Meyers and Hendricks, 1985), and it can take months for the final stage of scarring to
be completed (Hill and LaVia, 1980; Ashley, 1975; Thomson, 1984; Ferguson, 1989; Hinton and
Lauren, 1990a).  In the case of neoplasia, it is often necessary to receive continual exposure to
compounds for the majority of the fish’s life before tumors develop (Hendricks, 1982; Maronpot,
1991).  For this reason sudden death by intoxication may not result in florid lesions (Ruben and
Rousseaux, 1991). 

Temporality also can cause difficulties in extrapolating changes found in the laboratory into the field.
  Pathological changes following acute exposure do not often correlate well with the pathology seen
following chronic exposure (Rousseaux, 1985).  Chronic effects are more a function of the
magnitude, frequency and duration of exposure (Hrudey et al., 1996; Brecher, 1997).  To be able
to use results of histopathologic experiments in the field, similar exposure and concentration
regimens must be compared. 

c) Mixtures

Chemical contaminants rarely occur as a single entity.  In the case of the dose response curve, the
median toxic dose and the median lethal dose may be significantly altered in an additive, subtractive,
potentiative, or synergistic manner (Jeffrey, 1991; Klaassen, 1996).  These factors make it even
more difficult to extrapolate laboratory dose-response findings to those seen in the field (Villeneuve
et al., 1994).  Finally, other impacts on fish, such as suspended materials may increase toxicity by
abrading the gills.
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7. Predictive Value

a) Contaminant

Nothing is more predictive than pathognomonic lesions.  For example, the cross-section of a
parasite with surrounding inflammation in a kidney is the equivalent of the “smoking gun” for the
cause of the focal nephritis.  In contrast, contaminants that cause physiological alterations resulting in
death or have non-specific effects (e.g., hepatocellular lipidosis) are not identifiable as the cause of
morphological alterations or death by  histopathological examination unless this evaluation is one of a
suite of tests (Hill and LaVia, 1980; Thomson, 1984; 1988; Dodd, 1991; Villeneuve et al., 1994). 
In such cases each test, including pathological examination, does not define the contaminant;
however, by evaluating all tests together, the classification of causative agents may become clearer 
(Cotran et al., 1989).

b) Outcome

Depending on the situation, the predictive value of histopathology varies from good to excellent in
determining the health outcome of the individual.  Specific endpoints can be evaluated, such as
reproductive organ morphology, giving excellent data for extrapolation to reproductive effects
(Johnson and Bergman, 1984).  Disease status may also give information for both the individual and
the population (Kerr and Dickie, 1984).  However, lesions such as acute gill necrosis may account
for the sudden death of the individual, but fail to predict sub-lethal effects (Lock, 1975; Adam and
Schwevers, 1993).  

B. Fish Histopathology - Field Approaches

There is a dearth of literature concerning the critical evaluation of fish histopathology in
environmental effects monitoring for the mining industry.  However, recent publications have
addressed histopathology as part of fish health evaluation and site comparisons particularly in the
pulp and paper industry (Adams et al., 1996; Teh et al., 1997).  There has been an environmental
specimen bank created for comparisons and references that also gives valuable background data
(Colgrove, 1966; Eurell and Haensly, 1982; Gardner and Yevich, 1969; Wise et al., 1993; Wise
and Koster, 1995). 

The use of histopathology in environmental monitoring is best found in the pulp and paper and textile
industries, where a variety of reports show temporal and positional differences in disease processes
(Bengtsson, 1975; Bengtsson et al., 1988a; Bengtsson et al., 1988b; Coulliard et al., 1988;
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Coulliard et al., 1995; Davis, 1976; Dethlefsen, 1980; Fujiya, 1961; Gangnon et al., 1994;
Hodson et al., 1992; Hoffer and Bucher, 1990; Johnson et al., 1988; Kloepper et al., 1994;
Lehtinen and Oikari, 1980; Lehtinen et al., 1984; Lindesjöö and Thulin, 1987; 1990; 1992;
Lindesjöö et al., 1994; Murugesan, 1988; Murugesan et al., 1989; Murugesan and Haiffa, 1992;
Thulin, 1987; 1990; 1992; 1994; Mitz and Giesy, 1985; Owens, 1991; Servos et al., 1992;
Sharples et al., 1994; Thulin et al., 1988).   Other references are available for gross and
microscopic pathology in fish associated with pollutants excepting those associated with the mining
industry (Hinton et al., 1973; Johnson and Bergman, 1984; Basch et al., 1971; Becker et al.,
1987; Bodammer and Murchenalo, 1990; Brown et al., 1979; Brusle, 1991; Bucher and Hoffer,
1993; Chevalier and Moreau, 1985; Chouhan and Pandey, 1987; De-peyster et al., 1993; Cross,
1985; Grizzle et al., 1988; Gronlund et al., 1991; Gardner and Yevich, 1988; Haensly et al.,
1982; Haley et al., 1995; Hall et al., 1992; D’Agpstomo et al., 1992; Diaz-Yubero, 1980;
Doudoroff and Katz, 1953; Fischer-Schrel and Hoffman, 1988; Gardner and Pruell, 1987; Hinton
et al., 1992; Ferguson, 1989; Adams et al., 1990; Cormier and Racine, 1990; Hinton et al., 1978;
Hinton and Lauren, 1990a; Hilden and Rapport, 1993; Johnson et al., 1992; Leino et al., 1987;
Longwell and Hughes, 1980; Klontz et al., 1985; Reichenbach-Klinke, 1973; Roberts, 1989;
Yamashita et al., 1990; Pearce and Despres-Patanjo, 1988; Kent et al., 1988; Koehler, 1989;
Koehler, 1991; Kotak et al., 1992; Khan and Thulin, 1991; Khan et al.,  1992; Kierstead et al.,
1990; Minchew and Yarbrough, 1977; Murugesan et al., 1993; Myers et al., 1992; Narain, 1990;
Nagel et al., 1992; Overstreet, 1988; Malins et al., 1988; Laurent and Perry, 1991; Lauren et al.,
1991; Myers et al., 1990; Parsons, 1990; Phillpart et al., 1988; Roskam, 1965; Schoor and
Couch, 1979; Secombes et al., 1991; Simpson et al., 1989; Simpson, 1992; Sindermann, 1979;
Skinner, 1982; Sloof, 1982; Solangi and Overstreet, 1982; Stott et al., 1981; 1983; Thiyagarajah
et al., 1989; Vethaak, 1989; Vethaak and Meer, 1991; Vethaak et al., 1992; Watermann and
Kranz, 1992; Wester and Vos, 1986).

1. Diagnosis

The principles involved in making a diagnosis are the same in the field studies as they are following
laboratory exposure.  As the pathologist usually does not have the opportunity to see the harvested
fish, it is essential that important information about the fish be recorded at the time of sampling and
submitted with the biological material (Burckholer and Kennedy, 1993).  If possible, the prevalence
of background disease should be specified when samples are submitted. The more information
provided to the pathologist, the more likely the chances of accurate results.  For example, a lump on
the skin of a fish cannot be considered a tumor unless histopathological evaluation of the specimen
has been made (Gardner et al., 1989; Hard et al., 1979; Harshbarger and Clark, 1990;  Hawkins
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et al., 1988; Hawkins et al., 1990; Hayes et al., 1990; Kimura and Ando, 1986; Kinae et al.,
1990; Krantz and Dethlefsen, 1990; Murchenalo and Wolke, 1991;  Onwumere and Oladimeji,
1990; Pierce et al., 1978).  Tumorogenicity of environmental factors has been addressed by a
number of other authors (Kirby et al., 1992; Cooper et al., 1991; Couch, 1991; 1993; Dethlefsen
and Watermann, 1980; Down and Leatherland, 1989; Smith et al., 1979; Smith et al., 1989; Stehr
et al., 1988; Stehr and Myers, 1990).

2. Monitoring

Using histopathology as a monitoring tool of fish health may give useful data concerning the disease
prevalence at a specific point in time.  The question of the positive predictive value of histopathology
in monitoring changes has not yet been addressed, and there is insufficient literature to critically
evaluate this issue.  When evaluating direct histopathological effects, the results are unlikely to show
specific toxicant effects, unless contaminants are present at near fatal concentrations (Johnson and
Bergman, 1984).  The sampling does provide information concerning age, structure and fecundity,
which may be directly affected by toxicants (Hinton and Lauren, 1990b).   However, when
histopathological evaluation is undertaken on a regular basis, it is possible to distinguish normal
variations, such as those related to sex and time of the year, from toxicant-dependent changes
(Myers et al., 1987).   Comparison of direct (toxicant-dependent) and indirect (background
disease) lesions over time can lead to very strong associations (Lilienfeld and Lilienfeld, 1980).

3. Sensitivity

The sensitivity of histopathology depends upon the questions asked and the endpoints evaluated. 
Pathology is extremely sensitive when describing tissue changes from what is considered normal
(Courtney and Couch, 1984).  In fact, the increased sensitivity of histopathology instead of
observation with the naked eye is analogous to using a telescope to evaluate stars on a clear night. 
With the telescope not only can one see better definition and resolution of the stars, but also see
stars not visible to the naked eye.  In addition, in most cases where fish are showing clinical signs or
there are visible changes to the naked eye, histopathology is the most sensitive method of further
defining the disease process.

4. Specificity

The specificity of histopathology has been overlooked in some situations.  Gross descriptions of
tumors (tumor - swelling) in fish do not help us in determining the tumor type or disease process
(Hendricks, 1982).  Indeed, without classification, it is impossible to determine the a priori risks
with respect to cancer in the target species (Brecher, 1997).  Histopathology can define the nature
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and quality of the tumor as inflammatory or neoplastic.  In addition, the type of neoplasia and the
cause of the inflammation may become apparent (Ferguson, 1989). Without histopathological
evaluation, lumps and masses, such lesions as caused by fish hooks, parasites, injuries and
tuberculosis, may be incorrectly recorded as cancer, and the mine upstream incorrectly blamed for
their induction. 

5. Best Use

The best use of histopathology in the field is two fold: (1) to attempt to define the cause of death in
fish that die, and (2) to define the specific nature of disease patterns so that temporal-spatial
comparisons can be made. 

Histopathology adds little to the picture when the toxicant is known and a less expensive toxicity test
is available, or when preservation of the specimens is impossible.  It is not suited as an early warning
system since many changes at the early stages of exposure would be either at the adaptive or
maladaptive physiological level.  Only when severe organ damage has occurred would florid lesions
likely occur.   In light of these limitations, histopathology should not be considered as a stand alone
monitoring tool (Villeneuve et al., 1994).  

C. Relationship of Histopathology to other Biomarkers

There has been considerable debate concerning the terminology for bioindicators and biomarkers. 
For this document a biomarker will be defined as a biological marker of toxicant-induced toxicity
(McCarthy and Shugart, 1990).  Histopathology can be viewed as an endpoint or bioindicator that
indicates a biomarker’s response.  In this case, histopathology may be used as a useful bioindicator
when a biomarker is used as a sentinel, surrogate or predictor of environmental effects on
individuals and populations (Hinton and Lauren, 1990).  In such a way, histopathology may be used
in biomarker-based monitoring of environmental contamination.  However, the species, exposure-
response and lesions must be adequately defined to enable surveillance, hazard assessment,
regulatory compliance and remediation efforts to use histopathology as a bioindicator in a
biomarker-based program (Hinton et al., 1992).

There are situations where histopathology has been used in conjunction with other bioindicators. 
Defective development and hepatic histopathology have been positively correlated with hepatic
EROD concentrations in lake sturgeon (Acipenser fulviensus) taken from polluted and unpolluted
sites (Branchaud et al., 1995; Rousseaux et al., 1995).  These correlations represent ad hoc
analyses of cross-sectional surveys.  Unfortunately, correlations and cross-sectional studies do little
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to assist us with causality, as the correlation is probably related to a common function of the disease
process, hence the variables correlated are not independent (Martin et al., 1987).

Folmar et al. (1993) examined the relationships between the pathology and serum chemistry
measurements for brown bullheads, Ameirus nebulosus, by correlation and discriminant function
analysis. The toxicological impact of uranium was evaluated through altered hematocrits, rates of
parasitism and histopathological changes.  They observed no apparent correlation between
measurements, which may have been a function of exposure concentration rather than a lack of
response.  As correlation is a very crude tool in the effort to determine causality (Lilienfeld and
Lilienfeld, 1980), there is a definite need to relate histopathological findings with biomakers over
time.

D. Data Gaps

1. Experimental

a) Morphological pathology

As shown in Table 1 (Section IV.A.4), the histopathological evaluation the effects of metals on the
gills has been evaluated extensively in rainbow trout for chromium, zinc, mercury, ammonia and
nickel.  However, the histopathology of gill effects due to copper, cadmium, cyanide, lead and
arsenate has not been documented well in all species.  In order to fill all data gaps in fish
histopathology, the determination of organ effects due to metals should encompass as many species
as possible and exposure to a wide range of metals at different concentrations.  Nevertheless, fish
histopathology has a bias towards the effects of metals on gills compared to effects on other organs.
  Quantitative measurement of gill lesions using morphometry and stereology should be possible
(Evans et al., 1991) as the tissue edges are well delineated.  It would be necessary to use very thin
sections (plastic embedding) for these studies.  The most practical method of generating quantitative
data is through ranking of severity.   These ranked ordinal data can then be transformed through
using an arcsine or log transformation, and if the data are then normal in distribution, analyzed using
parametric statistics (Krewski and Franklin, 1991).  Alternatively, non-parametric evaluations can
be made (Daniel, 1978).

The following studies need to be undertaken to give the appropriate building blocks for
extrapolation of laboratory findings into the field:
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• dose-response effects (including descriptions, NOECs, etc.) for tailings, metals and
other contaminants in a number of teleost species;

• bioavailability of tailings, metals and other contaminants in a number of species (see
Hrudey et al., 1996 for mammals);

• physiologically-based pharmacokinetic modeling for target tissue dosing (Medinsky and
Klaassen, 1996);

• postmortem autolysis time to obscure the lesions in fish (see Rousseaux et al., 1992 for
mice);

• time to lesion development in all organs in fish (see Cheville, 1983 for mammals); and,
• further determine the chemical carcinogenesis response (Hendricks, 1982).

b) Clinical Pathology

The specific data gaps that need to be filled in clinical pathology as they relate to mining industry are:
• relationship of specific serum chemistry and hematology to histopathology; and,
• creation of tables of “normal values” in all teleost species.

c) Teratology

The specific data gaps that need to be filled in teratology as they relate to mining industry are:
• aquatic teratogenic response definition; and,
• dose-response effects to specific contaminants.

2. Field Studies

As the peer-reviewed literature focuses on the histopathology of fish in experiments, it is important
that further histopathological data be collected in field studies.  The following are suggested to fill
some of the data gaps:

• baseline information concerning disease prevalence for a number of teleost species to be
monitored;

• background teratogensis in all teleost species of interest;
• normal clinical pathology and hematology tables for all teleost species to be evaluated;
• positive predictive value determinations need to be made concerning histopathological

evaluations over time; and,
• determination of the most sensitive histological endpoints to be evaluated in the field.
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VI. UTILITY OF HISTOPATHOLOGY

A. Rationale for when to Use Histopathology

1. Diagnostic Assessment of Fish Kills

The diagnostic methodology described above can be used to help solve the problem in fish kills
when the causative agent is not known.  In cases of pathognomonic changes, microscopic evaluation
alone may provide the etiology (see Section IV.A.2, Table 1).  Sometimes the histopathology can
indicate a cause of death postmortem; however, this first pass does not always elucidate the cause. 

The Toxicity Identification Evaluation (TIE) test can be enhanced by using chemical analysis,
evaluating other biomarkers, and conducting literature searches on the compounds likely to have
caused the post-mortem changes.  Following selection of the suspected causative compound, a
modified Koch’s response to the exposure can be evaluated (Tones and Rousseaux, 1992).  By this
method, experimental exposure to each of the suspect compounds at doses approximating the water
that the fish died in, a match can usually be found.  The definition of the cause can be summarized
by:

1. histopathological description of the lesions;
2. chemical evaluation of the water;
3. toxicological literature review with respect to the compounds found in the water;
4. selection of the most likely candidate(s);
5. experimental exposure of test fish to this candidate toxicant;
6. histopathological evaluation of the exposed fish;
7. if the same lesions are seen following exposure, then causality is confirmed;
8. if no lesions are seen, repeat until a match is found.

Obviously, less costly Toxicity Identification and Evaluation test methods may be considered first;
however, confirmation of the toxicant can only be unquestionably verified in the target species.
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2. Defining the Dose-Response in Experiments

The classical LC50 (Lethal Concentration) does little to increasing our knowledge base apart from
defining a lethal dose. Of more importance in extrapolating laboratory results to the field is to
determine a Lowest Observable Effect Concentration (LOEC) or a No Observed Adverse Effects
Concentration (NOAEC) in the test fish.  By establishing such a concentration, remediation and
regulatory efforts are more precise and less expensive.  Histopathology adds sensitivity to the LC50

by allowing determination of the ED50  (Effective Dose) or toxicological endpoints (Haschek and
Rousseaux, 1991).  In addition, valuable “baseline” lesions are described to add to the knowledge
base to be extrapolated into the field.

Histopathology should be considered for use in a suite of endpoints in toxicity studies (Villeneuve et
al., 1994).  Physiological abnormalities and structural changes will aid in the definition of a
concentration of effluent, or leachate, that does not appear to cause any adverse effect.

Dose-reponse experiments can utilize the methods developed in teratology to analyze for abnormal
morphology.  There are a number of reports that relate toxicants to pollutants in the literature
(Couch et al., 1979; Mukhopadhyay and Konar, 1988; Sloof, 1982; VandeKamp, 1977; Weis
and Weis, 1976; 1989; Zaki and Saad, 1987).

3. Field Studies

Field studies may relate histopathological changes to pollutant concentrations (Foerlin et al., 1990),
or relate enzyme concentrations to histopathological changes with respect to polluted and not
polluted sites (Rousseaux et al., 1995).  Field studies may also include baseline, operational and
post-closure assessments for industry.  The importance of histopathology depends upon the
program in place and the baseline of effects already taken.  As previously mentioned, it is necessary
to evaluate general histopathology over a number of time points because of the confounding variable
of background disease patterns.

B. When Histopathology is of Little Use

The following list contains some situations where histopathology is unlikely to add value to the study
in question:

1. When the toxicant is known and other cheaper validated toxicity tests for this type of
compound are available, such as Microtox®, Daphnia magna, etc.;
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2. When preservation of the specimens is not possible i.e. the specimens are frozen
(although some information can be obtained from these specimens in some cases), the
specimens are autolysed, or the specimens have been traumatized during dissection.

C. Approaches to Histopathology

Pathology atlases such as Takashi (1982), general pathology texts such as Roberts (1989), or
specific organ-related articles (e.g., Kosaric et al., 1993) are useful items for those commencing in
the field.  There are a number of ways to approach histopathology, some of which have been
reviewed (Neilson et al., 1990; Southgate, 1979; Wester and Vos, 1986; Wester and Canton,
1991).  These range from individual organ evaluation, which may also use ultrastructural and
morphometric techniques, to multiple tissue evaluation.  In the case of establishing the health of the
fish, it is necessary to evaluate all tissues, not just one or two. If fish are large, and time constraints
prevent submission of samples of all organs, then the following tissues should be submitted: liver,
kidney (anterior and posterior), gills, gonads and spleen.  Regardless of the sampling method, a
standardized classification scheme should be used (Reimschuessel et al., 1992).  Finally, it is
necessary to be aware of background disease and its importance in the evaluation process (Gaines
and Rogers, 1975; Lafayette, 1975; Wolf et al., 1972; Yasutake et al., 1965).

When histopathology is being used as a tool in the field or in the lab, it is essential that it is not used
alone, and that other enzymic and blood tests are used.  In addition, it essential that adequate
numbers of fish are presented for evaluation.  In the case of dose-response studies, a number of six
should be considered.

D. The Limitations of Pathology

As with all disciplines, pathology has limitations.  This section addresses those limitations that do not
relate to specimen submission and processing.

1. Temporality

Pathology examines the cells, organs and organism at a fixed point in time.  This means that the
changes described are limited to the tissue supplied at the one time point as multiple samples cannot
be taken from a single fish over time.  For this reason, any time related bias can influence the results
of the examination.  For example, a short but sudden increase in metal concentration may give a
positive tissue damage indicative of acute toxicity, but does little to show the long-term effects of 
tailings on the fish population.  The corollary also holds true, ie. cumulative substances, such as
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mercury, may be in concentrations that do not produce acute toxicity but result in hispathological
changes following chronic exposure.

2. Structure and Function

The beauty of pathology is often thought to be related to what we can see.  “A picture says a
thousand words” certainly is an expression that holds true here.  However, it is important to note
that there are two basic toxicological responses shown by fish: structural alterations and functional
alterations.  Before addressing the dissonance between the two, it is important to reiterate the dose-
response curve and how a progression of events can usually lead to death.

 

 The dose-response progression of exposure through physiological and morphological adaptation
and change, through to death, assumes that all other aspects of population biology, physiological
function, and disease status are held constant.  However, different stages of reproduction, sampling
season, and concurrent disease need to be considered when comparing results among studies.

 

 This progression shows that functional changes usually occur before morphological changes;
however, this is not always the case.  Rarely do structural changes occur that have little or no
functional consequence for the fish.  Usually, the problem related to structure and function pertain to
the diagnostic world where a poisoning has occurred without leaving a morphological foot print. 
Regardless, it can be seen that death is not the endpoint that we wish.  In designing laboratory
experiments it is valuable to dose fish in the window that will cause functional toxicity with
morphological alterations.  These doses provide the most useful data.

3. Relating Morphological Changes to Causes

Relating morphological changes to causes is rarely easy.  There are few toxicants that leave a
distinct fingerprint.  However, with other input from biologists and the results of specific organ
function, a cause can often be determined.  Sometimes morphological changes are more an
indication of decreased fish health than direct toxicity, and as such pathology is an excellent tool to
assist in determining the health of fish.

4. Concurrent Disease

In the field, disease is a naturally occurring event (Yasutake, 1970).  Indeed, in every day life
disease occurs in our own species. An increase in the common cold and influenza during the
changes of the season is  recognized among ourselves; however, it must be recognized that wild
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populations go through similar cycles.  Pathology is an excellent method of determining concurrent
disease.  However, there are problems associated with concurrent disease as the disease process
may obscure subtle histological changes in the tissues.  For example, mild contaminant-related liver
changes may be obscured by a heavy parasite load that affects the liver.

5. Confounding Variables

Pathologists must deal with the problem of confounding variables.  Although this difficulty is partially
addressed in the section above, positive findings may be related to other events than the mine in
question.  For example, introduction of a new viral disease may result in changes that could be
attributed to mining practice rather than the causative agent.  Another source of confusion may be
from systematic bias.  As previously discussed, pathology and pathological determination is
subjective and is in part a result of the experience of the pathologist.  By using multiple laboratories
or different pathologists over a time frame (e.g., baseline, operational and post-closure), operator
bias may be introduced and confound the results.  To reduce this confounding factor, it is wise to
re-read other previously viewed tissues.

E. Advantages vs. Disadvantages of Histopathology

The following table (Table 5) summarizes the advantages,  disadvantages and limitations of fish
histopathology:

Table 5: The advantages, disadvantages and limitations of fish
histopathology

The Advantages, disadvantages and limitations of Fish Histopathology

ADVANTAGES

Advantages of Histopathology Comments/ Examples

• Great discriminating power and speed
of the approach

• The precision with which lesions can
be identified

Small adults or fish larvae properly oriented
for hemisection (Courtney and Couch,
1984) yield samples through major viscera
that can be viewed on a few histological
slides.   Larger specimens containing
lesions can include both the affected and
“normal” tissues (Bucci, 1991).
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The Advantages, disadvantages and limitations of Fish Histopathology

• Rapid sampling of many potential sites
of injury i.e. many organ systems can
be evaluated following collection

A study by Wester and Canton (1986) 
showed morphological changes in gonads
(intersexuality), liver, kidney, pituitary,
thyroid, spleen, and heart of medakas
Oryzias latipes that had undergone long-
term exposure to β-hexachloro-
cyclohexane.

• Indicates effects, not just exposure This is of particular interest when
attempting to define a dose-response and
target site of action of a toxicant or toxin
(Tones and Rousseaux, 1992).

• Quantitative measurements can be
made as to the degree, temporality and
quality of lesions seen

Quantitative morphometry and stereology
is useful in some situations to show
statistical differences among treatments,
time of sampling, and other factors (Evans
et al., 1991).

• Disease patterns can be followed in the
field

Histopathology, in conjunction with other
measurements of health, give an excellent
picture of fish health (Ferguson, 1989).

• Temporal development of disease can
be determined

Longitudinal studies can help define the
disease dynamics in specific species,
times and places (Lilienfeld and Lilienfeld,
1980).

• Well validated and easily available
methods are available for preservation
and staining

Routine tissue processing and staining can
be done at almost any pathology
laboratory.  Evaluation of malformations
following appropriate staining (Rousseaux,
1985).

• Both direct and indirect effects can be
determined

Evaluation of multiple tissues may
incriminate a toxicant even though the
initial process seen appears unrelated
(Ruben and Rousseaux, 1991).

• High sensitivity at various levels (light
and electron microscopy)

Changes not seen in the field can be
visualized under the light microscope. 
Ultrastructural evaluation is even more
sensitive (Kumar et al., 1992).

• Data can be correlated with other
biomarkers

Abnormal morphology can be correlated
with enzymatic changes, such as EROD
(Branchaud et al., 1995; Rousseaux et al.,
1995).
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The Advantages, disadvantages and limitations of Fish Histopathology

• Tissue can be preserved and analyzed
at the most suitable time

Fixation is easy and storage straight
forward (Bucci, 1991).

• Changes can be assessed in animals
that are too small to dissect for
biochemical purposes

Important in the monitoring of eggs and
larvae and also of adults of numerous
small fish species that have value as
sentinel organisms (Ferguson, 1989).

DISADVANTAGES

Limitations of Histopathology Comments/ Examples

• Subjective nature of morphological
studies, the evaluation is as much of an
art as a science which often results in
operator bias

Variations among investigators is reduced
when slides are read by a single individual
and specific criteria for classification of
lesions are applied uniformly (Bucci, 1991).
 Training is vital (Leader, 1991).

• If there is inadequate prior knowledge of
the normal state of a given species

Errors in histopathologic assays can result
if prior knowledge of the normal state for a
given species or the training of the
evaluator is inadequate.

• The paucity of carefully executed
descriptive studies of the locale and
morphology of individual cell types

There is tremendous variation when
micrographs of rainbow trout hepatocytes
(Hampton et al., 1985) are compared with
those of Atlantic tomcod Microgadus
tomcod (Smith et al., 1979).  The seasonal
variation of tissue histology is not known
for all species.

• A source of error in interpretation
relating to seasonal nutritional and
hormonal cycles

Endogenous levels of estradiol affect lipid
stores in the liver and morphology of the
endoplasmic reticulum in heptocytes (Van
Bohemen et al., 1981).  Factors such as
the nutritional state of the animal also
affect liver histology.  Starvation induces
pronounced alterations of liver histology in
fishes (Gas, 1973; Langer and Storch,
1978; Leatherland, 1982; Segner and
Moeller, 1984).

• Can only show effects at a single point
in time

Reversibility, progression and prognosis
for individuals and a population is difficult
with a single sampling time point.

• Cause and effect conclusions often Not all contaminants leave a finger print



Technical Evaluation of Histopathology
Re-Issued May 21, 1998
 

Page 97

The Advantages, disadvantages and limitations of Fish Histopathology

require supporting data and are difficult
to demonstrate for specific
contaminants

and the animal can only respond in a
limited number of ways (Thomson, 1988;
Ferguson, 1989).  It is necessary to assay
tissues for the suspected contaminant in
addition to histopathological evaluation

• Confounding variables may decrease
sensitivity

Concurrent disease, nutritional status, and
seasonal variation may obscure the subtle
changes seen attributable to a toxicant
(Ruben and Rousseaux, 1991).

• Because of the lack of sensitivity in the
field (confounding variable) and
biological variation, a large number of
fish must be used

In addition, a baseline of disease in fish

• There are few qualified fish
pathologists

• Cost questionable cost effectiveness in
monitoring studies.

• Confounding issues in the
histochemical assessment of
anthropogenic toxicity with respect to
toxins released by either enteric or
exogenous microorganisms
(hypothetical - Hinton and Lauren,
1990a)

Gut-derived endotoxins in the portal venous
system are usually removed by Küpffer
cells in sinusoids of the liver in mammals,
but at least some species of fish do not
have these phagocytic cells (McCuskey et
al., 1986).  Although the exudates of some
freshwater blue-green algae are known to
cause liver necrosis in mammals
(Carmichael, 1988), little is known about
the effects of these toxins on fish. 
Bacterial endotoxins have been shown to
enhance the hepatotoxicity of allyl alcohol
in mammals (Sneed et al., 1997)

F. Practitioners and Availability

As previously mentioned, the rigorous requirements of training a pathologist means that teleost
histopathologists are not common.  Part of the reason for the scarcity of pathologists lies in the lack
of a strong market for fish histopathology services.

The basic training of a pathologist is structured so that a transfer to the specialized field of teleost
pathology can be done with minimal effort.  At present, however, the veterinary diagnostic
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pathology thrust of the 70’s has been reversed with closure of a number of laboratories.  In
addition, the employment position is equally difficult for some human pathologists.  Once a definite
market develops in fish pathology, we can expect a movement of highly qualified individuals into this
field.

At present in Canada, the following institutions can service the industry:

Commercial
1. GLOBALTOX INTERNATIONAL CONSULTANTS INC.
2. RSGConsulTest Inc.
3. VPL Ltd

Institutional
1. University of Guelph
2. University of Saskatchewan
3. University of PEI
4. Université de Montréal
5. Department of Fisheries and Oceans
6. Provincial Veterinary laboratories

There are undoubtably a few individual pathologists within other institutions not mentioned who
would also have the expertise necessary to undertake the work.

G. Costs and quality issues

1. Preparation of Specimens

To obtain the most cost effective results, it is essential to correctly take, preserve, package, send,
and dispose of specimens.  An excellent training video, which was originally developed for
veterinary and animal health technician students can be obtained from the University of
Saskatchewan for $10-20.  The title is: “The Trilogy of Specimen Submission: It’s as easy as
One, Two, Three.” Another useful training tool for individuals in the field is entitled:  “The Post-
Mortem Examination of Fin-Fish.”  This can be purchased from the University of Prince Edward
Island, Atlantic Veterinary College for $60.
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If specimens cannot be collected well, or cannot be rapidly fixed, it is NOT cost effective to attempt
histopathological evaluation.

2. Number of Specimens Required

The number of specimens required depends on the endpoints to be evaluated.  If the exposure is
known and the lesions quite specific to the exposure, six exposed and six control fish would suffice.
 However, in situations of population baseline studies, up to 200 fish may be required to adequately
determine the disease status of the population.  In the case of die-offs, as few as a single fish can
help the pathologist clinch the diagnosis.

3. Transport of Specimens

As previously mentioned, there are specific transport requirements for the transport of tissue
specimens fixed in formalin.  An economical method of transport is to use coolers and have the
laboratory return them for future use.

4. Cost

The cost of pathological and histopathological evaluation depends on what detail is requested. 
Usually, if an evaluation of all tissues, a detailed description, and a morphological and etiological
diagnosis are requested, the cost can run from $150-225 per fish depending on the number of
samples and the complexity of the study.  Other prices may be lower; however, the reporting is not
as elaborate or informative.

Individual tissues can be evaluated at a lower cost.  The cost to trim, process, make a slide with
routine hematoxylin and eosin stain can range from $13.50-15.00 depending on the laboratory,
tissue, stain and the question asked.  Evaluation, again, depends on the question asked and can be
charged at an hourly rate or a unit price.  Government and University institutions may be able to give
better pricing for evaluation.  However, with cost recovery and increased work loads this is not
likely to continue.

5. Response Time and Reporting

In commercial operations, where response time and service is their raison d’être, the response time
is optimized.  Usually, a verbal response concerning individual tissues can be given in 72 hours and a
written report within three weeks.  Publicly funded institutions, on the other hand, operate under
different forces, hence the reporting time may differ. 
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H. Optimizing Histopathology

The most cost-effective method of using histopathology is in conjunction with other biomarkers. By
evaluating all the data in conjunction with histopathology, a better evaluation of fish health can be
made.

I. The Use of Fish Histopathology in Filling Data Gaps

Fish histopathology should be considered in filling disease-related, toxicant-related and toxin-related
data gaps.  Often the gaps are so large that basic parameters such as growth maturation and
reproduction are not known, let alone background disease and abnormal development rates.  
Histopathological evaluation gives multiple endponts to decribe baseline findings in such baseline
studies.

J. What Can be Learned From the Analysis

Histopathology can be used in the following ways:
• as a diagnostic tool
• as an experimental tool
• as a broad scan evaluation of fish health

As a diagnostic tool, there is no better method of determining causality than using histopathology. 
As an experimental tool, histopathology can generate useful, and sometimes pivotal, data.  As a
broad spectrum scan of fish health, it gives us abundant data; however, interpretation is difficult if
there is no follow-up.  To re-iterate, the only way of properly establishing the status of fish health is
to use a suite of tests including histopathology in conjunction with the usual population evaluations.

VII.  CONCLUSIONS

Histopathology can be a powerful tool in the definition of disease caused by toxicants, in establishing
background levels of disease, and in defining the dose-response toxicity to leachates and effluents in
the laboratory.  Like all other methods used to determine fish health, histopathology cannot be
considered to be the silver bullet of environmental monitoring.  For this reason, histopathology
should be considered as one in a suite of tools and testing methods to evaluate fish health, unless
there is a specific die-off problem. If specimens cannot be properly collected, or cannot be rapidly
fixed (i.e. Bouin’s fixative or a 10:1 formalin to tissue ratio), it is NOT cost effective to attempt a
histopathological evaluation.
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VIII.  RECOMMENDATIONS

The following recommendations are given with respect to field work and the mining industry:

A. Recommended Level of Action

• Large numbers and greater varieties of fish species should be collected on an annual basis for
more detailed morphological evaluation and verification of histopathology methodologies in the
field. 

• Sampling should be conducted on a regular basis in a wide variety of fish species to establish
seasonal variation on the effects of naturally variable habitat (food supply, etc.)

• Once these “general baseline data” have been established, an additional effort should be
concentrated in site-specific compromised environments.

B. Histopathology as a Tool for the Mining Industry

• Histopathology should be considered in the suite of tools used in helping define the background,
or baseline, health status of the population;

• Histopathology should be considered for use in operational and post-closure studies only  in
situations where there are histopathological data present (baseline for operational; operational for
post-closure);

• Histopathology should be used routinely in the case of fish die-off;
• Histopathology should be incorporated into fish health studies before the field work begins rather

than as an “add on;”
• Histopathological evaluation should be limited to qualified personnel; and,
• Histopathology should be used in defining the No Observed Adverse Effect Level (NOAEL) in

laboratory studies on effluent and leachates.
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X. GLOSSARY

A. Pathological Terms Used

adenoma: benign epithelial tumor in which cells form fairly well-differentiated glandular structures.

adenomatous: resembling an adenoma, sometimes referring to glandular hyperplasia.

anemia: reduction in the oxygen transport capabilities per unit volume of blood due to below-
numbers of erythrocytes and/or a decreased hemoglobin concentration.  Anemias are
usually secondary diseases and are classified by cause and on the basis of morphological
characteristics of erythrocytes.

aneurysm: widening or dilation.

anisochromasia: variability in staining characteristics of individual cell cytoplasms and/or nuclei
within a population of cells; unequal cytoplasmic staining within a single cell as seen in
erythrocytes from certain anemias due to unequal distribution of hemoglobin.

anisocytosis: extreme differences in cell size within a normally uniform population, particularly seen
in certain blood diseases.

anophthalmia: congenital defect where one or both eyes are absent.

atretic: atrophied to the point of almost disappearance.

atrophy:  shrinkage of the volume and sometimes numbers of cells (wasting of cells, organs, or
entire body resulting from various causes including necrosis and reabsorption of cells,
decreased cellular proliferation, malnutrition, decreased use, pressure, ischemia, or
hormonal changes).

ballooning degeneration:  separation of epithelial cells from one another classically seen in the
deeper cell layers of the epidermis.   Usually follows intracytoplasmic edema and
vacuolation.

Bowman’s capsule:  the filtration part of the kidney surrounding the glomerulus.
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catarrhal enteritis: inflammation of any or all of the intestinal tract characterized by excessive
mucus production accompanied by epithelial necrosis and desquamation.  Necrosis may
often predominate, in which case little or no mucus is evident from lack of a secreting
membrane.

centrilobular:  refers to the central area of hepatic parenchyma immediately surrounding the central
vein of a liver lobule.

ceroid: high molecular weight intracellular lipofuscin pigment resulting from autoxidation of
phospholipids and unsaturated fats accompanied by polymerization.  Thus, ceroid is
insoluble in organic solvents, characteristically acid-fast, variably PAS-positive, sudanophilic
in both frozen and paraffin sections, and negative with iron stains.  Ceroid is found in cases
of vitamin E deficiency, wasting diseases, and old age.

cirrhosis: pathology of the liver defined by cell death (necrosis), cell regeneration and fibrosis 
(proliferative form of chronic hepatic inflammation characterized by replacement of
parenchyma by new fibrous connective tissue generally beginning at the portal triads).

chloride cells:  cells in the gills that assist in osmoregulation.

chromatin: gene carrying nuclear material of the cell; found in the nucleus.

cloudy swelling (acute cellular swelling):  earliest degenerative change within a cell, caused by
influx of water, characterized by enlarged cell and homogeneous “ground glass” appearance
of cytoplasm.

congestion:  excessive amount of blood within vessels producing a “pavementing” effect in the
lumina.  Cause is usually insufficient venous drainage of blood (passive).

degenerative changes:  early abnormal pre-necrotic changes in cellular detail, many of which are
reversible to a certain point (i.e., fatty change, hydropic degeneration, cloudy swelling, etc.).

desquamation:  sloughing of cells from an epithelial surface due to necrosis, some degenerative
change, or from postmortem autolysis.

dysplasia: abnormal alteration in size, shape and organization of adult cells or tissue.

edema:  excess extracellular fluid resulting in a jelly appearance, or histological spaces (excessive
amounts of water collecting in intercellular spaces and/or body cavities).
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electron microscopy (EM):  Use of a high-voltage electron beam with shorter wavelengths than
visible light to observe fine structural detail not resolved with conventional light microscopy.
 Two-dimensional (transmission EM) and three-dimensional (scanning EM) viewing are
routinely used.

enzymes:  proteins capable of facilitating a chemical reaction.

enzymological: pertaining to enzymes.

epithelial: (see epithelium)

epithelium: cellular tissue at the surface of the skin; does not contain dermal structures such as
scales.

epithelioma: benign neoplasm involving epithelial cells of the epidermis, including those of the
adnexa.

erythema:  redness of the skin caused by inflammation.

exocrine: secretory/ hormonal function of a gland.

exophthalmos (“popeye”):  unilateral or bi-lateral extrusion of the eyes from their sockets
commonly caused by accumulation of gas bubbles (nitrogen “gas bubble” disease) or edema
fluids (osmoregulatory problems due to kidney lesions, etc.) beneath the eye globes.

extravasation:  passing outside the vasculature, usually referring to blood or lymph.  A large
hemorrhage within a tissue.

fatty change:  intracytoplasmic accumulation of neutral fat droplets.  It is considered to be a
degenerative change independent of, but often occurring with, necrosis and is commonly
found in the liver and kidney epithelium.  Fatty change results from inhibition of transport or
metabolism of lipid.  Because neutral fat is dissolved by organic solvents used in histological
preparation, it appears as well demarcated unstained areas within the cell cytoplasm.

fibrinoid degeneration:  degeneration occurring in fibrous connective tissue, probably resulting
from a local antigen-antibody reaction.  It appears to be either fibrin from an inflammatory
exudate or degenerative collagen, which stains dirty pink and has fewer nuclei than
surrounding normal tissues.
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fibroplasia or fibrosis: adequate or excessive production of new fibrous connective tissue as a
repair response to cell death following or concomitant with inflammation.

granuloma: mass or focus of granulation tissue. There are two basic types: fibrous granuloma
which is composed of inflammatory cells, actively proliferating fibrous connective tissue, and
numerous capillary buds, and reticuloendothelial granuloma, which contains proliferating
macrophages or histiocytes, usually circumscribed by a collar of lymphocytes.  A granuloma
is a chronic host defense mechanism to wall off site of infectious, toxic, or mechanical
irritation.

Heinze bodies:  round, oval to serrated, cytoplasmic inclusion bodies observed within
erythrocytes, usually indicative of hemolytic anemia following exposure to certain toxic
compounds.  Inclusions are refractile when unstained, blue when stained with new
methylene blue.  They are usually located adjacent to, or protruding from, the cell wall but
can be found free in the blood plasma.

hemorrhage:  presence of blood outside the vasculature due to injury of the vessel walls.

hemostasis:  stoppage of blood flow either by hemorrhage or in part of the vascular circulation.

histochemistry:  qualitative identification of the normal and abnormal intracytoplasmic distribution
of various cell products and assimilated chemicals (lipids, polysaccharides, nucleic acids,
enzymes, etc.) and reaction sites by use of several methods including specific chemical
stains, immunofluorescence, autoradiography, and electron microscopy.

histology:  study of normal microscopic and ultrastructural anatomy of animals or plants including
the structure and function of cells, tissues, and organs.  This is done by observing stained
paraffin tissue sections with light microscopy and ultrathin sections with electron
microscopy.

Howell-Jolly bodies:  round nuclear remnants eccentrically located in a young erythrocyte, usually
one per cell.  Can be indicative of a remissive anemia, but occur normally at low levels in the
cat and the horse.

hyalin degeneration:  cellular change characterized by glassy homogeneous eosinophilic material
seen as droplets within cell cytoplasm or found replacing entire cells or cellular areas.
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hydropic degeneration:  accumulation of water within the cytoplasm of a swollen epithelial cell,
appearing as a clear vacuole or vacuoles with an indistinct edge often adjacent to or
surrounding the nucleus.  This change may be a further sequence of cloudy swelling.

hyperchronic:  more intensely staining.

hyperemia: excessive blood within the vasculature, distinguished from congestion by its “active”
cause-dilated arteries delivering too much blood for proper venous drainage.

hyperplasia:  increased proliferation of a cell population, usually in response to an irritant (toxic or
infectious), endocrine imbalance, or nutritional deficiency.  Normal tissue function and
architecture may be impaired as observed in gill epithelium when hyperplasia causes
overgrowth of cells (“ clubbing”) and cellular fusion of filaments and lamellae.

hypertrophy:  increase in individual cell size and functional ability, sometimes resulting in a
concomitant increase in tissue or organ size.  Hypertrophy can occur from an increase in
functional demand, which may be compensatory or hormonal in origin.

infarct: localized area of tissue necrosis (usually coagulative) caused by insufficient blood supply
due to vascular obstruction.

inflammation: condition characterized by heat, redness and pain; histopathologically it is visualized
as exudation of inflammatory cells, necrosis (cell death) or degeneration, and edema
(dynamic process of events involving vascular and exudative stages occurring only in viable
tissues that have been injured by an irritant.  This response permits humoral and cellular
elements of the immune system to interact with the causative agent at local sites of tissue
damage in order that healing may occur.  Inflammation is classified according to the
morphological nature of the exudate, which varies with the type of tissue involved and the
causative agent.  Six forms of inflammation are recognized.

serous inflammation, characterized by a watery exudation of blood serum, often in peritoneal
cavities or formed vesicles, with microscopic appearance of homogeneous pink staining
precipitate mixed with a few leukocytes and slight amounts of fibrin.

fibrinous inflammation, with an exudate composed predominantly of clotted fibrin, usually
occurring on mucous and serous membranes, particularly the pericardium.  Microscopically,
the exudate contains dirty pink staining fibrillar material adhering to a hyperemic parent
surface usually accompanied by variable amounts of leukocytes, erythrocytes, and other
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precipitated serum proteins.  A thick fibrin exudate that becomes firmly attached to its
parent surface denotes a diphtheritic inflammation.

purulent inflammation, in which the exudate contains pus, which consists of variable numbers of
necrotic and living neutrophils in or on the tissues accompanied by congestion and small
amounts of fibrin, serum, and other leukocytes.  If neutrophils predominate over other
elements, the inflammation is said to be “suppurative.” Although fish have neutrophils,
purulent inflammation, particularly abscesses (circumscribed accumulation of pus), rarely
occurs in teleosts.

hemorrhagic inflammation, consisting of an exudate that may contain many of the other exudative
components above but also large accumulations of erythrocytes obviously outside vascular
channels.  This exudate can occur diffusely within tissues but more often involves mucous
membranes.

catarrhal or mucous inflammation, which involves only mucous membranes since the principal
component of the exudate is mucous secreted from the host cells.  Under the microscope,
affected membranes may demonstrate hyperplasia of mucous goblet cells accompanied by
attached overlying gray- or blue-staining strands of mucin.  More often the membrane
surface undergoes necrosis and desquamation, exposing an underlying hyperemic
connective tissue infiltrated with varying amounts of lymphocytes.

lymphocytic inflammation, which results from infiltration of lymphocytes within affected tissues
accompanied by some hyperemia.  Histologically, tissues appear normal except for slight
vascular congestion and collections of lymphocytes, often surrounding the vessels
(perivascular cuffing).  Tissues in which this type of inflammation commonly occurs include
nervous tissue, portal triads of the liver, and lamina propria of the gut.  The latter two areas
normally have resident populations of lymphocytes, which vary in number according to
animal species.

ischemia: insufficient blood supply.

glycogen: animal starch, usually found in the liver.

glycoprotein: a molecule containing both protein and sugar components.

glomerulus: the capillary tuft used in filtration in the kidney.
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hemorrhagic: extravasation of blood; blood escapes the blood vessels.

hematocrit: the blood cell count giving measurements for white blood cells, red blood cells,
hemoglobin concentration, and other hematological parameters.

hepatocytes: liver parenchymal cells.

histopathological: the microscopic evaluation of diseased tissues.

hyperplasia: an increase in the number of cells.

hypersecretion: an increase in the secretions above a normal level (can be at the organ or  cellular
level).

hypertrophy:  increase in the size of cells.

karyolysis:  necrotic change characterized by dissolution of a cell nucleus, recognized by
incomplete stages where only nuclear outlines are visible.

karyorrhexis:  necrotic change characterized by rupture of the nuclear membrane and
fragmentation of the cell nucleus.  These fragments may remain at the original site of the
nucleus or may be scattered about with other necrotic debris.

lesion: a morphological abnormality that may or may not be caused by a disease (abnormal change
within a cell, tissue, or organ).

leukopenia: abnormal reduction in circulating white blood cells per unit volume of blood

lumen:  the hollow space in a tube.

lymph:  the straw color fluid that returns to the circulation from the extracellular spaces in the
tissues.

lymphoid: pertaining to the lymph system and lymph nodes.

metaplasia:  change from one cell type to another within the limits of the original primary tissue,
such as squamous cell metaplasia of cuboidal or columnar epithelium.  Metaplasia has been
seen only in epithelium and connective tissue.  The cause is a change in demand of function.

microphthalmia:  congenital defect in which one or both eyeballs are abnormally small.
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morphology: structure.

mucin: mucopolysaccharide cellular secretion that stains gray to blue with hematoxylin and eosin.

mucus: fluid secreted by the mucus membrane (viscid complex cellular secretion that functions as a
cleansing agent, lubricant, and/or protective barrier at various membrane surfaces.  Mucus is
comprised of mucin, epithelial cells, leukocytes, and various inorganic salts dissolved in
water, and may contain immunoglobulins and lysozymes, which provide localized protection
against infectious agents.

myositis:  inflammation of smooth or skeletal muscle.

myxomatous degeneration (mucoid degeneration; serous atrophy of fat):  proliferation of
and replacement by a primitive embryonal-type connective tissue where fibrous and/or
adipose connective tissues occur.  Myxomatous tissue is composed of a mucinous grayish
to blue loosely arranged fibrillar ground substance containing fibroblastic cells with stellate to
spherical hyperchromatic nuclei.  The primary cause is poor nutrition, although certain
toxemias may play a role.

necrosis: irreversible changes in the nucleus and cytoplasm of the cell at some time after the cell’s
death. (cell or tissue death within a living body. Necrosis is classified as several histological
types, including:)

coagulative necrosis, death of cells in which nuclei become pyknotic, cytoplasm becomes
acidophilic, and cellular outlines and other tissue structures are still visible.

caseous necrosis, loss of differential staining with disintegration of tissue structures and cell
membranes into a homogeneous mixture of granular debris that is basophilic to
purple with hematoxylin and eosin.

liquefactive necrosis, rapid and complete dissolution of cells and tissue structures leaving
ragged-edges spaces filled with fluid, which may or may not have a residue of pink
proteinaceous material when stained.  An abscess produces a form of liquefactive
necrosis in which fluid contains neutrophils, fibrin, and cellular debris.

fat necrosis, saponification of neutral fat into solvent-stable soap appearing solid and
opaque within the dead fat cells.  The soap may have small clefts from dissolved
fatty acid crystals and should stain pink, purple, or blue, depending on which
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metallic ions (potassium, calcium, sodium, respectively) combined with the fatty acid
radical during soap formation.

Zenker’s necrosis, which is similar to coagulative necrosis but occurs only in skeletal
muscle, where changes are characterized by swelling of individual muscle fibers,
marked homogeneous texture and acidophilia of the sarcoplasm, obscurity of
myofibrils (striations), and pyknosis of nuclei. 

Further descriptions of necrosis may be based on distribution or location of the lesion-
diffuse, focal, perivascular, and so on.

necrotic: (see necrosis)

neoplasia: pathological transformation of a normal host cell resulting in uncontrolled proliferation
into new cells without normal histological architecture or normal cellular functions.  These
cells usually bear some resemblance to the normal tissue of origin, although some malignant
forms may appear so undifferentiated that cell identification of the growth or tumor is
difficult.

nephritis: inflammation of the kidney.

nephrosis:  degenerative changes that may lead to necrosis in the nephrons of the kidney which do
not involve an inflammatory process (called nephritis). Blood-borne toxic materials are
common causes of nephrosis, particularly in renal tubular epithelium.

nephron: the functional and structural unit of kidney.

neutrophilia:  abnormally high percentage of neutrophil granulocytes in circulating blood, which
may also cause an absolute increase in total number of peripheral white blood cells
(leukocytosis).

nuclear: part of the cell containing the DNA.

oocyte: the cellular egg.

osteoblast:  the cell responsible for the formation of osteoid or bone matrix.  An osteoblast is
eventually surrounded by bone and then becomes an osteocyte.
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pathology: study of the biochemical and molecular mechanisms responsible for the morphological
appearance of injured cells and tissues (the medical science concerned with the study of
abnormal changes, and their causes, within the cells, tissues, and organs of an individual or a
population.

periportal: referring to the area of tissue immediately surrounding a portal triad within the liver.

petechiae: small pinpoint hemorrhages.

phagocytic cells: (see phagocytosis)

phagocytosis: a cellular process whereby material is taken into a cell, usually for destruction.

poikilocytosis:  distortion or abnormal variation in cell shape, usually referring to erythrocytes in
certain blood diseases.

polycythemia (erythrocytosis): abnormal increase in the number of red blood cells per unit
volume of blood.

portal area: the region of the liver surrounding the bile duct, hepatic artery and the hepatic vein.

primary lamellae: the “trunk of the gill system”.

proliferative glomerulonephritis:  inflammation of the kidney glomeruli characterized by
hypertrophy of glomerular tufts due to increased infiltration of leukocytes and proliferation of
endothelial and visceral epithelial cells (podocytes).  The increased cellularity causes
compression of glomerular capillaries, leading to thrombosis and necrosis with subsequent
hemorrhage into Bowman’s space.  Proliferating podocytes may cause adhesions with the
parietal epithelium of Bowman’s capsule, producing “epithelial crescents.”  There is no
thickening of the glomerular basement membrane or alteration in foot processes of
podocytes; these 2 anomalies help distinguish this condition from membranous
glomerulonephritis.

proximal tubules (collecting tubules): the first part of the nephron following filtration at
Bowman’s space.

pyloric caeca: part of the upper gastrointestinal tract.
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pyknosis:  necrotic change in cell nuclei characterized by a rounding up and condensation that
causes hyperchromatic staining.

secondary lamellae: the fronds or leaves of the gill system.

scoliosis:  lateral curvature of the spinal column. A combination of backward curvature with the
lateral curvature is termed lordoscoliosis.

telangiectasia: a defect (often congenital) where blood pools in large spaces (marked dilation of
terminal blood vessels within a part, usually capillaries).

thrombocytopenia:  abnormal reduction in thrombocyte or platelet cell numbers per unit volume of
blood.

thrombus: blood clot, formed within a vessel or heart chamber of a living animal, which may
obstruct blood flow or only partly so by attaching to the vessel wall.

vacuolation: the formation of fatty droplets in the cell.

vasodilation:  enlargement of a vessel lumen.

vitellogenesis: maturation of oocytes.
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