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ABSTRACT

The valve movement responses (VMR) of freshwater unionid bivalves to increasing
concentrations of total Mn, U, Cd or Cu, under conditions of varying pH and/or
dissolved organic carbon (model fulvic acid) concentrations, were experimentally
measured using a computer-based data acquisition system. Specifically, Velesunio
angasi, from Magela Creek in tropical northern Australia, was exposed to Mn and/or U
in synthetic freshwater between pH 5.0 and 6.0, both with and without model FA (3.15
or 7.91 mg L™"). In contrast, Hyridella depressa, from the Hawkesbury-Nepean River in
temperate eastern Australia, was exposed to Cd and/or Cu in synthetic freshwater
between pH 6.5 and 7.5, both with and without model FA (4.20 or 11.2 mg L).
Despite differences in bivalve species, geographical location (climate) and water
chemistry, valve movement patterns and concentration-response curves were similar
for all metals. The results showed that VMR is a quantifiable, sensitive and rapid, real-
time endpoint for assessing the toxic effects of metal exposures. For Mn or Cd, VMR
was independent (P > 0.05) of pH and/or model FA concentration. In contrast, VMR to
U or Cu was highly dependent (P < 0.05) on pH and/or model FA concentration;
individuals were more sensitive to U or Cu at low pH and model FA concentrations.
Additionally, results from the concentration-response experiments were used to
evaluate the free ion activity model (FIAM). Drug-receptor theory was used to develop
an extended form of the FIAM to obtain a more rigorous conceptual model. The
developed model explains the conditions under which the FIAM will be effective in
explaining biological response (BR), but more importantly, precisely quantifies the
interaction of metal species at cell receptor sites. Valve movement responses to Mn or
Cd were directly proportional to the activity of the free metal ion (Mn2+ or Cd?2+), which
is consistent with both the original and extended FIAM. In contrast, VMR to U or Cu
were regarded as an ‘exception’ to the original FIAM, since they were a weighted
function of the activities of the free metal ion and the 1:1 metal hydroxide species
(UO,2*+ + UO,OH* or Cu2+ + CuOH*). However, this result is consistent with the
extended FIAM, with BR primarily dependent on the activity of UO,2* or Cu2+, and
secondarily dependent on the activity of OH-. Based on the extended FIAM, this study
proposes, for the first time, a quantitative method of uncoupling the biological effects of
a metal hydroxide species from that of amelioration of the free metal ion by H+. This is
a major outcome, since the activities of metal hydroxide and H* cannot be
independently varied. Additionally, concentration-response data obtained from the
literature, that are considered to be ‘exceptions’ to the original FIAM, were re-
examined and found to be consistent with the extended FIAM. Overall, the extended
FIAM provides a potentially more useful tool for evaluating metal-organism interaction
than the original FIAM.
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FA.. e Fulvic Acid

FIAM.......cccceiiiirieen. Free lon Activity Model

FVA.....cciee Frequency of Valve Adductions

FVOP.....cccooviiiinnenn. Frequency of Valve Opening Periods

Gy, Glycine

HA. ..., Humic Acid

His oo, Histidine

HS...oe e, Humic Substances

L, lonic Strength

IC..eeeeeeeeeee, lon Chromatography

ICPAES............ccuueueee. Inductively Coupled Plasma Atomic Emission Spectrometry

ICPMS.........cooiinee Inductively Coupled Plasma Mass Spectrometry

ISE......oieeereeee lon Selective Electrode

VAo, Initial Valve Adduction

IVC....eeieeeeeee, Immediate Valve Closure

| G Equilibrium Constant

KNP.....oeeeeee, Kakadu National Park

LCoyiomrreniniiiiinnas Median Lethal Concentration

LFER.........cccovvnannnnn. Linear Free Energy Relationship(s)

LOEC..........cccccuuvrreennn. Lowest Observable Effect Concentration

LVDT....cooeiiiiieeeen. Linear Variable Displacement Transducer

M Free Metal lon Activity

Mal......cccoooniiiiiiennne. Malonic Acid

MCNC.........cooeieenen. Most Common Natural Concentration

MDEC.........ccccevrrreenn. Minimum Detectable Effect Concentration

ML, Metal Complex

1 T PRPPPP Total Number of Individuals or Variates

NBS......cooeeeee National Bureau of Standards

NEA.......cooiiiiceene Nuclear Energy Agency

NMRS.........ccccveee Nuclear Magnetic Resonance Spectroscopy

NOEC.......cccccovverrrnnen. No Observable Effect Concentration

NSW....cooiiiieeeeeeen, New South Wales

NTA....coeee, Nitriloacetic Acid

NTDME...........c............ Northern Territory Department of Mines and Energy

NTU....cooiiieeeee, Nephelometric Turbidity Units

OECD........cccvvvvreeeeenn. Organisation for Economic Co-operation and Development

P Level of Significance (probability of incorrectly rejecting the null
hypothesis)

PAR......ccoeeeeeiieeiieenen, Photosynthetically Active Radiation
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PC..ooeeeeeeeeeeeeereereeeereeeeens Measure of Redox Potential (at 25°C, pe = E./59)
PK e Acid Dissociation Constant

P2 et Coefficient of Determination
RP....eeeeeeeees Retention Pond

RRZ........ccoovvirieeenn. Restricted Release Zone

RS...ciiieeeee, Reference Site

RUM......cooiiiieeene Ranger Uranium Mine

Sal....cccoieieeeeeeee Salicylic Acid

SB..iees Shell Breadth

S, Standard Deviation of the Mean

L1 RPN Standard Error of the Mean
SHNRW.........covvvvvrveeeen Synthetic Hawkesbury-Nepean River Water
SL..oiiiiee e, Shell Length

SMCW.....cooiiiieeeenee Synthetic Magela Creek Water
SPCC......covverveeeenn. State Pollution Control Commission
STP....eee e, Sewage Treatment Plant(s)
TDE.....ccoieeeeiieeeen, Truncated Davies Equation
TIVA.....ee Time to Initial Valve Adduction
TOC....oiiiieieeeeceeene Total Organic Carbon

LI S RRR Tricarballylic Acid

TRLFS.......coiiieeeiees Time-Resolved Laser-Induced Fluorescence Spectroscopy
TVC...oeeeeeeenn, Time to Valve Closure

UNESCO..........cccuueenen. United Nations Education, Scientific and Cultural Organisation
USEPA..........ccceeeeeeen. United States Environmental Protection Authority
UTMIC........ccoevriinee Unified Theory of Metal lon Complexation
UTS...cieeeee, University of Technology, Sydney
VOP.....cooeeeeeeeveeee Valve Opening Period(s)

| £ PR Yellow Springs Instruments
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