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Ecotoxicology

• An attempt to assess the toxicity of chemicals to 
a range of biota

• Correct assessment assumes we must know:

– mechanism of action

– full lifecycle impacts on all species of all biota

– dose response/toxicity curves

– Toxicity/ fate of all metabolites

– impact of climates/water/soil type

– outcomes of mixtures/ pulse exposures/ 
bioaccumulation



Progression or Regression?



Presenting evidence that:

1. Environmental toxins exposures are ubiquitous and 
worsening

2. They are causing endocrine disrupting effects in 
Australian wildlife- more than gender bending

3. They are causing immunosuppression3. They are causing immunosuppression

4. They are causing epigenetic effects

5. The regulatory systems are not controlling exposure

6. The sewage system is not removing them

7. The veterinary profession is failing to protect animals 
health and welfare by ignoring/contributing to this 
issue



The lost third dimension: Environment

Fish Host

EnvironmentPathogen

Disease



Sources of environmental toxins

• Industrial: dioxins; plasticisers; 
pthalates; surfactants; heavy metals; 
hydrocarbons; flame retardants

• Sewage: pharma; agvetchem; 
surfactants

http://www.someworthwhilequotes.com/INDUSTRI

ALISATIONINFORMATION.htmlsurfactants

• Agriculture: pesticides (herbicide, 
fungicide, insecticide, rodenticide); 
wetting agents (surfactants); heavy 
metals; dioxins contaminants

• Urban stormwater: hydrocarbons; 
pesticides

http://www.greendiary.com/entry/china-

in-the-midst-of-environment-collapse-

courtesy-economic-growth/



Global pesticide expenditure €5.6 

trillion (euro) (Hartung 2009)

Source: US EPA, published February 2011



Add industrial and pharmaceutical 

pollutants (Boxall 2004)



Vectors of toxins to aquatic  

environment

•Rainfall

•Spray drift

•Volatisation

•Groundwater•Groundwater



The interfaces: humans; wildlife; agriculture



Human pharmaceuticals in fish 

downstream of Chicago sewage

•Diltiazem-

antihypertensive

•Diphenhydramine-

antihistamine

•Carbamazepine-

anti-seizureanti-seizure

•Norfluoxitine-

antidepressant



Cooks River, Sydney Australia

• Sydney river an "open sewer"

• 24 October 2011

“,..... found high concentrations of a wide range of chemicals in the Cooks River, 

including paracetamol and ibuprofen, as well as insect repellents such as DEET including paracetamol and ibuprofen, as well as insect repellents such as DEET 

and cosmetic parabens. All are either excreted from the body into toilets or are 

washed off in the shower -- and all wind up in the sewerage system.”

Sydney Offshore outfalls discharge 100ng/L of 

EDC’s- will this mean less aggressive surfers?



•Anti-depressants- fluvoxamine, fluoxetine

•Strong inhibitors of enzymes involved in synthesis of oxy-

androgens

•Oxy-androgens influence spermatogenesis, reproductive •Oxy-androgens influence spermatogenesis, reproductive 

behaviour, secondary sexual characteristics



Present evidence that EDC’s are affecting

1. Male, female reproduction

2. Breast development and cancer

3. Prostate cancer

Scientific Statement of 14,000 US 

Endocrinologists in 2009

3. Prostate cancer

4. Neuroendocrinology

5. Thyroid

6. Metabolism and obesity

7. Cardiovascular endocrinology



“Better” regulation of AgVet

chemicals- DAFF 2012 – better get a 

bucket, I’m dizzy from spin

• All AgVet chemicals are registered forever

• 80 are banned elsewhere but are “safe” here

• New “better” regulation requires review every 7-15 years, but 

will not require an update of data to contemporary standardswill not require an update of data to contemporary standards

• EU requires this, registrants that fail to supply data have 

products removed = -700

• Food production in the EU has not ceased as a result of the 

removal of numerous toxic pesticides

• There are no new resources to complete the extra reviews- no 

increase to chemical sales levy

• New chemicals are safer so bring them in faster?



• Substantial exposure to any pesticide was • Substantial exposure to any pesticide was 

associated with a trebling of the risk of non-

Hodgkin’s lymphoma (odds ratio ¼ 3.09, 95% 

confidence interval: 1.42, 6.70)  American 

Journal of Epidemiology 2005







Soto Sonnenschein 2011 

• More deformities

• More infertility

• More cancer- think again about aeitiology of 
turtle neoplasia; tassie devil neoplasia



Increase

Dementia 3 times

Parkinson’s Parkinson’s 

disease
5 times

Eur J Epidemiol. 2011 Apr 20. [Epub ahead of print]

Parkinson's disease risk from ambient exposure to pesticides.
Wang A, Costello S, Cockburn M, Zhang X, Bronstein J, Ritz B.

Our results suggest that pesticides affecting different mechanisms that 

contribute to dopaminergic neuron death may act together to increase the risk 

of PD considerably.



http://www.endocrinedisruption.com/endocrine.TEDXList.overview.php

~800 endocrine disruptors on the TEDX List

Every chemical on the TEDX List has one or more 

verified citations to published, accessible, primary 

Creator: Theo Colburn- an extraordinary scientist

verified citations to published, accessible, primary 

scientific research demonstrating effects on the 

endocrine system- many are found in pesticide 

products

,...which are in water wildlife drinks, air they 

breathe, and on food they eat







• 07 Jan 2010: USA Report

• Behind Mass Die-Offs,
Pesticides Lurk as Culprit

• In the past dozen years, 
three new diseases have 
decimated populations of 
amphibians, honeybees, and 

Health check: Concerns have been raised over 

birth defects in baby flying foxes found near 

Cairns Library in the city.

Spray season on tropical fruit crops (mango, 

lychee)

amphibians, honeybees, and 
— most recently — bats. 
Increasingly, scientists 
suspect that low-level 
exposure to pesticides could 
be contributing to this rash 
of epidemics.





Industry Greenwashing

• Whilst spraying carbamates; organophosphates; 
synthetic pyrethroids; soft chemistry- is that like a 
hand gun vs bazooka????



Do inshore fisheries have a problem?



Mulloway in decline



Mulloway movements- our 

interconnected world



Pumicestone passage 1906 © John Oxley Library



Pumicestone passage 2010 © DigsFish Services



Oysters trying to get out of the water

Dying oyster clump Morteon Bay 2011 
Image: Ben Diggles



Pollution impacts on fisheries

• Endocrine disruption

• Immunosuppression

• Epigenetic modification

• Habitat destruction• Habitat destruction

• Reduced food volume availability

• Toxicity of larvae feeds

• Changed feed particle size for larvae

• Sediment + Nutrient



EDC effects mostly unassessed for 

Agvet chemicals in Australia



Endocrine Disruption- CSIRO Nov 2010

• Myers: examined mosquito fish sites near 
dairy farms and STP. Suggest endocrine 
disruption is occurring in Victoria

• Webb: evidence of endocrine disruption in • Webb: evidence of endocrine disruption in 
fish and shrimp in Swan-Canning WA

• Anderson et al 2010: evidence of endocrine 
disruption in oysters in Maroochy and Noosa 
Rivers, Qld.

• Richmond R oysters?? V few left to test.



Canada lake experiment- 2007

5 parts per trillion of synthetic estrogen led 

to fish gender change and population crash



Immunosuppression: Glyphosate

formulations in NZ 2010



Fish-Snail-Parasite lifecycle

Galaxid fish -

primary host
Parasite miracidia leave fish to find 

intermediate host snail

Mud Snail –

intermediate host
Cercaria leave snail to 

infect fish



Rethink “emerging pathogens”

• Start thinking:

• immunosuppression
• Platypus mucor• Platypus mucor

• Echidna staphlococcal pododermatitis

• Hendra expression

• Wombat mange





• 48 pesticides detected in 5 months

• Levels were v low parts per trillion (below 

FUNDED BY VICTORIAN DPI

• Levels were v low parts per trillion (below 
ANZECC “safe” levels

• Yet, the combined effect caused harm telling 
us the ANZECC guideline is NOT protective.

• Sediment concentrations often 1000 times 
higher than water concentration



Do agrichemicals stay put?

Are chemists assumptions correct?

• Herbicides: atrazine, diuron, 2,4-D, hexazinone and ametryn• Herbicides: atrazine, diuron, 2,4-D, hexazinone and ametryn

• Drinking water guidelines for atrazine and 2,4-D were 
exceeded, 

• Ecosystem protection for diuron were exceeded at three 
sites

• Similar concentrations were found in the three smaller 
streams measured in 2003.



APVMA review diuron

• Banned in Europe

• Review decided to restrict use in Australia as it 
kills seagrass, threatens reef, kills mangroves etc

• Now available only for use in “dry” season 
months in Australia

• Now available only for use in “dry” season 
months in Australia

• Can APVMA predict rainfall?

• Is half-life of chemical longer than 1 day?

• How much are you willing to pay for your cup 
cake?



Rain is not predictable- but toxicity to 

exposed biota is



When risk assessments get it wrong

• The result is not risk

• The result is HARM

– Seagrass declining

– Oysters disappearing– Oysters disappearing

– Blue-green algae blooms

– Bioaccumulation loading



Small amounts add up = dead algae 

and sea grass (aka fish pasture)



Gladstone Harbour Jan 2004



Gladstone Harbour Jul 2011



Dredging Gladstone Harbour



Emaciated turtles

• Vicky Darling “starving to death” as floods 

killed seagrass in a “natural” event

• How so?

• Dugongs necropsied at same time, had 10kg • Dugongs necropsied at same time, had 10kg 

of seagrass in their stomach- how?







50% mud crabs now have ulcers or 

rust spots near dredging



Ascites- but safe to eat according to 

Biosecurity Qld



Queenfish- hyperparasitism



Bull shark- hyperparasitism



Points of interest

• 13 months after flood- harbour at full marine 

salinity not

• Abundant food adjacent barramundi

• Support the independent investigation:

• Donate at: 

gladstonefishingresearchfund.org.au





Great Barrier Grief- 2012 in press

Marine Pollution Bulletin



Sunland fish hatchery deformed larvae





Volatising: eg dichlorvos & many 

others

• Researchers Study Pesticide Pathways into the 
Atmosphere

• http://www.ars.usda.gov/is/pr/2011/110712.htm

• By Ann Perry
July 12, 2011 July 12, 2011 

•

• New ARS studies indicate that some pesticides 
used in corn production volatilize directly into 
the air and that pesticide losses from 
volatilization sometimes exceeds pesticide losses 
from runoff.



Fish hatchery surrounded by nuts



2 headed bass

Image: G Gilson



2010- 2 headed bass

Axial bifurcation: 2 heads

Image: M Landos





Fish in toxic media exhibited irregular, random, circular swimming 

movements, hyperexcitability, loss of

equilibrium, and sinking to the bottom. Caudal bending was the prime 

morphological malformationmorphological malformation

Sunland Fish Hatchery 

2011- cardiac oedema



Normal larvae



Convulsing larvae time coincident with 

spraying, and absence of infectious 

disease on pathology



2011 International papers

profound implications in population structure could be expected, ranging from a 

decrease in recruitment to a disruption of sexual selectiondecrease in recruitment to a disruption of sexual selection

Two factors determine whether pollution is likely to affect a population indirectly 

through loss of prey: firstly, the sensitivity of the prey to the pollutants, and 

secondly, the sensitivity of the predator population to loss of prey at the given life 

stage



How does it happen? Buffer 

vegetation- reality vs best practice



Air-blast spray application to 

macadamias- best drift application 

method

Source: Courier Mail



Buffer guidelines 1997



Buffer compliance to guideline- 1997

• are of a minimum total width of 40 m;

FAIL

• contain random plantings of a variety of tree and shrub species of differing growth habits, at 

spacings of 4–5 m for a minimum width of 20 m;

FAIL

• include species with long, thin and rough foliage which facilitates the more efficient capture of 

spray droplets;

FAIL

• provide a permeable barrier which allows air to pass through the buffer. A porosity of 0.5 is 

acceptable (approximately 50% of the screen should be air space);

FAIL

• foliage is from the base to the crown;

FAIL

• include an area of at least 10 m clear of vegetation or other flammable material to either side 

of the vegetated area;

FAIL



Farmers real world quandary

• Have 1-2 weeks to kill pest or risk losing crop

• Is faith well placed in regulator to provide safe products? 
Endosulfan slow ban; Diuron slow ban? Still allow 80 actives 
removed from use in EU.

• Never modelled spray drift in nut orchards

• What to do, if weather conditions are not conducive to safe • What to do, if weather conditions are not conducive to safe 
spraying according to numerous guidelines?

• Option A: Lose crop, go broke, foreclose

• Option B: Spray and hope for no visible harm, or 
investigation of effects, and that cancer treatment will save 
them



Can birds or 

bees read 

signs?

Or 

Fish read 

pesticide pesticide 

labels?

Or farmers in 

real world 

when faced 

with crop 

loss?



Northern Rivers 2010

• It rained and blew 42 out of 45 days around 

flowering on macadamia orchards

• The industry sprayed daily- and few were 

profitableprofitable

• What options has NSW DII- given farmers to 

control pests in the real world?

• Have organic options been supported to the 

same extent as pesticide options?



Dead honey bees at fish hatchery

Time coincident with spraying 

macadamia orchard



Honey bee declines- US and Europe

• Weighing Risk Factors Associated with Bee 

Colony Collapse Disorder by Classification 

and Regression Tree Analysis

• VanEngelsdorp et al 2010.• VanEngelsdorp et al 2010.

• “,..highlights,..the effect of sublethal pesticide 

exposure on pathogen prevalence and the role 

of variability in bee tolerance to pesticides on 

colony survivorship.”



Pesticide exposure in honey bees 

results in increased levels of the gut 

pathogen Nosema

• Jeffery S. Pettis, Dennis vanEngelsdorp, Josephine Johnson 
and Galen Dively

Naturwissenschaften (2012) 99:153–158

••

The finding that individual bees with undetectable levels of 
the target pesticide, after being reared in a sub-lethal 
pesticide environment within the colony, had higher 
Nosema is significant. Interactions between pesticides and 
pathogens could be a major contributor to increased 
mortality of honey bee colonies, including colony collapse 
disorder, and other pollinator declines worldwide.



Honey bee science

• Translocation of Neonicotinoid Insecticides 

from Coated Seeds to Seedling Guttation

Drops: A Novel Way of Intoxication for Bees

• Girolami et al 2009• Girolami et al 2009

• “When bees consume guttation drops, 

collected from plants grown from 

neonicotinoid-coated seeds, they encounter 

death within few minutes.”



What to do?

• Lobby Government

• Tell all your friends

• Protect your children

• Protect yourself• Protect yourself

• Grow your own organic vegetables

• Talk to the public and other health 

professionals- educate



Read more,... Talk more,.. Get involved

• Otherwise I’ll have to change my business 

name to Future-less Fisheries Veterinary 

Service


