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METAL-GILL SURFACE INTERACTIONS

IN RAINBOW TROUT



ABSTRACT

Experiments were conducted on rainbow trout to analyze: 1) the impact on gin

function of cadmium (Cd++) as compared to the effects of copper (Cu++) and low pH (H+), 2)

the metal binding characteristics of the external gill surface, and 3) modifications in

metal binding activity of the gills associated with chronic exposure to low Ca++ water or

aluminum (Al).

Short-term exposure (24 h) to equimolar (6.5 J,lmol'L-l) Cd++, Cu++, or H+ (pH

4.8) resulted in the disruption of transepithelial ion exchange in trout, confirming the

surface activity of Cu++ and H+, and characterizing the impact of Cd++ on gill function.

The effects of each metal were different from one another with respect to specific site of

action, rapidity of action, and persistence of the disturbance. Furthermore, Cu++ and 11+

had only minor effects on Ca++ balance and major effects on Na+ balance whereas the

reverse was the case for Cd++, with water hardness ([Ca++]) having a fundamentally

different role to play in the toxicity of Cd++ compared to Cu++.

Analysis of metal-gill surface interactions, using an in vitro methodology,

revet'led that metal binding kinetics were related predominantly to the charge of the

metal. The gills had the highest affinity for lanthanum (La+++) and AI, intermediate

afrinity for Ca++ and Cd++, and the lowest for Cu++ and H+. All metals, with the exception

ofCu++, would inhibit the binding ofCa++ to the gills. These metals were ranked, in

decreasing ability to act as CIl++-antagonists at the gill surface, as follows: AI, La+++,

Cd++ and H+ then Cu++. Although the binding affinity, end, to some extent, the
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competitiveness of these metals was correlated with charge, metal toxicity was correlated

with neither the metal charge nor the affinity of the metal-gill surface interaction.

The gill micro-environment was found to be capable of responding in an

adaptive fashion to environmental stressors Oow Ca++ water or elevated AI).

Modifications of th'3 gill, in response to the reduction of water Ca++, resulted in a

significant increase in the Ca++ binding affinity and capacity of the external gill surface.

Furthermore, chronic exposure to elevated AI induced a prophylactic response by the gill

micro-environment, resulting in a significant suppression of the surface activity of AI

manifested as an enhanced resistance to the ionoregulatory and hematological impact of

Al exposure.
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CHAPl'ER 1

GENERAL INTRODUCTION

Most trace metals are toxic to freshwater fish, but not equally toxic. Indeed.

acute metal toxicity ranges over at least 3 orders of magnitude, from as little as 0.3 IlM.L-l

(copper, 96 hr LC50; Howarth and Sprague 1978) to as much as 338 ~'L-1 (nickel, 48 hr

LC50; England and Cummings 1971). Furthermore, the toxicity of anyone metal CDn

greatly vary. The toxicity of cadmium to rainbow trout fry increases by over 40 times with

a 16-fold reduction in water hardness (Calamari at al 1980). There also can be large

interspecific differences, as illustrated by aluminum sensitivity differences between

rainbow trout (Oncorhynchus mykiss), brook trout (Salvelinus fontinalis) and

smallmouth bass (Micropterus dolomieui L.; McDonald, D.G., C.M. Wood and B.P.

Simons, unpublished data) and low pH sensitivity differences between yellow perch (Perea

(lavescens), common shiner <Notropis cornutus) and rainbow trout (Freda and McDonald

1988). The toxic effect of metals usually involves an interaction between the free metal ion

and its biological target (Klaassen 1986). Interspecific differences may eventually be

explained by differences in the chemical composition of the target tissue or binding

surface. Thus. metal toxicity may be viewed as being dependent on metal chemistry, while

modified by water chemistry.

Metal ToxjcploeY

With the multitude of factors capable of modifying metal bioavailability and

metal interactions. attempting to identify general principles governing the mechanisms

of metal toxicity is clearly a complex problem. However. such studies often lead to the

development or improvement of models of metal toxicity. Such models may prove
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