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growing in Wallis, Wagonga (and other) Lakes.  
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SUMMARY 
 
Sporting shooters, in their enthusiasm for their hobby, do not fully take into account 
environmental pollution when selecting sites for shooting ranges.  This is obvious from 
a recent proposal for a complex of shooting ranges in Bodalla State Forest on the NE 
slopes of Mt Dromedary.  It may fall to the community to protest unsuitability of 
proposals since applications are considered at Shire Council level, where a small 
number of staff copes with great diversity of environmental considerations.  The 
present review was prepared initially in a slightly different form for submission in 2003 
to a Commission of Inquiry, which finally did not sit owing to the withdrawal of the 
shooting complex proposal.  It is presented here as an aid to communities that may be 
affected by threats of lead pollution and perhaps to Councils who wish to benefit from 
the experiences of Eurobodalla Shire NSW. 
 
The hazard from lead is underlined by the international banning of lead from petrol and 
paint and the banning of lead shotgun pellets from waterways.  In NSW Far South 
Coast, extensive lead pollution has been found at a shotgun range formerly used by the 
Batemans Bay Clay Target Club, at West Nelligen near Batemans Bay.  N.S.W. 
Environment Protection Agency has informed Eurobodalla Shire Council that the site is 
polluted and is declared a remediation site (Declaration Number 21029).  The cost of 
remediation is estimated by EPA as $ 250,000.  Batemans Bay Clay Target Club has 
disbanded.  This review is offered to assist in the application of environmental 
principles to the location of sporting shooting ranges to avoid similar situations future. 
 

The reality of the environmental threats is seen by the recent development application 
to Eurobodalla Shire Council (ESC DA 01.5759.D) for a complex of ranges on a ridge 
from Mt Dromedary that drains directly through farmland into Wagonga Lake, which 
supports a fragile oyster industry.  The development would make a mockery of Healthy 
Rivers Commission (HRC) report on oysters (2002), which refers to Wagonga and 
recommends that “new development proposals must specifically address the increased 
risks on oyster health” (p70 Appendix 2, of the HRC draft report 2002).   
 

This review presents lessons from international experience of shooting ranges and from 
the recent proposal for Mt Dromedary that are of broad environmental application: -  

 

Attention is drawn to the generally high level of lead in the environment and the 
fact that it is already at levels where it begins to affect human health and especially 
the proper development of children.  A highly relevant document is the Guidance 
Document for Lead in Shellfish that has been produced by U. S. Food and Drug 
Administration Center for Food Safety & Applied Nutrition (1993).  This document 
clearly states “Presently, there are no levels of lead exposure for children or 
adults at which it may be considered that no adverse effects occur.”  This view 
is becoming stronger; for example the Canadian Medical Association Journal in 
2002 states, “There is no evidence for a threshold below which lead has no 
adverse health effects. Blood lead levels previously considered safe are now 
known to cause subtle, chronic health effects. The health effects of lead 
exposure include developmental neurotoxicity, reproductive dysfunction and 
toxicity to the kidneys, blood and endocrine systems” (Sanborn et al 2002).  This 
means that there are no safety margins for lead in the environment.  The firing of 
many tonnes per year (see below) of lead shotgun pellets from a hilltop that drains 
through farmland into an estuary in which oysters are farmed, is exactly the sort of 
development that will cause much damage.   
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Attention is focused on the creation of an irreversible focus of pollution from which 
pollution will flow through the environment if an unsuitable site is used. 
 

The concentration of lead by shellfish and its effect on consumers is itemised.  It is 
argued that this additional pressure on a fragile industry should be avoided since the 
oyster industry has been in decline since the late 1960s although it provides 
employment for 1200 people and has $30 m annual earnings in NSW.  The recent 
Healthy Rivers Commission  (2002) Independent Review of the Relationship 
between Healthy Oysters and Healthy Rivers, concludes (p56) that the steady linear 
decline in number of leases over the last 30 years predicts that the oyster lease area 
in NSW will be zero in 2019 unless active steps are taken.  HRC includes Wagonga 
Lake in a category of lakes that is productive but now threatened; in which “any 
new development proposals must specifically address the increased risks posed by 
the development on oyster health and growth”.  Shooting Complexes present a 
potential threat to waterways, especially since the solubility and toxicity of lead is 
not yet widely recognized at the Shire Council level where initial planning 
approvals are given. 
 

Furthermore, there is a risk of a health scare in the highly lucrative beef export 
market world wide, which is worth A$ 9bn per year to Australia and would be 
threatened by traces of lead in cattle.  Some 20 creeks arise inside or very near the 
proposed complex and all drain through farmland to Wagonga Lake.  An important 
principle is that high rainfall areas that drain through farmland are unsuitable. 
 

It would be an improvement on current procedure in NSW if EPA expertise was 
brought into the planning process as a critical authorising body at an early stage and 
before development approval is granted.  Otherwise pollution that cannot be 
remedied may occur, with numerous adverse consequences. 
 

Five possible grounds of conflict with environmental objectives by ill-sited 
shooting complexes are identified in this review; each of which is illustrated by the 
recent actual proposal in Eurobodalla Shire: -   

Creation of a focus of noise and pollution when Minister Refshauge (28th October 
2002) has declared the objective that South Coast “development works with 
the environment, not against it”. 

Incompatibility with maintenance of the social environment of private dwellings, 
which can be impacted with noise pollution from weapons including magnum 
rifles and with dust pollution from increased traffic on unsealed roads.   

Incompatibility with the maintenance of the natural environment including rare 
warm temperate rainforest and continuity of production from both livestock 
and oyster farms, which can all suffer lead pollution. 

Breach of the recommendations of the NSW Healthy Rivers Commission as 
presented its draft report on 28th October 2002, which warns that the oyster 
industry is precarious and threatened by pollution and for example Wagonga 
Lake requires “stringent controls on new…developments” that “must 
specifically address the increased risks posed on oyster health and growth”.  A 
site that will cause run-off of heavy metals into estuary is clearly inconsistent. 

Flouting of the 1999 the National Environment Protection Council, which issued a 
National Environment Protection Measure for the Assessment of Site 
Contamination that requires new sites of contamination be avoided.  Creation 
of a site in which many tonnes per year of shotgun pellets will be broadcast 
but cannot be recovered because of hilly, creek-fissured topography and 
wooded vegetation, constitutes a flagrant breach. 
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1     TOXICITY OF LEAD IN THE ENVIRONMENT 
 
 
1.1 Lead Toxicity in Humans and Other Organisms 
 
Concern with lead arises from its toxicity to all living organisms.  It is universally 
accepted in medicine that lead serves no beneficial purpose in the body (eg Lanphear 
1998) but rather it is a long- lasting poison that is dispersed through all tissues and 
accumulates in the skeletal system where ninety percent of the body burden of lead 
resides at steady state.  In blood, the half- life of lead is estimated to be 35 days, but 
lead persists for many years in bones where half lives are from 5 years to decades, 
depending on the type and location of the bone (Brito et al 2002).  
 
Effects in humans were first noticed from exposures at the workplace.  Ironically 
sufferers include firearms instructors, whose sperm count is inversely related to the 
extent of their lead poisoning (Fisher-Fischbein et al 1987).  Subsequently it has been 
realised that neural development in foetuses and growing children is even more 
sensitive to lead than is adult health (Bryce–Smith and Ward 1987).   
 
 
1.2 Pleiotropic Effects in Foetuses and Children  
 
In children, brain development is particularly sensitive and in foetuses even levels 
below 10 microgram Pb/dl in umbilical cord blood have been reported to adversely 
affect neurobehavioural development.  In children there is an inverse relation of blood 
lead concentrations and all cognitive function scores: reading, mathematics and short-
term memory, at blood lead concentrations as low as 2.5 micrograms per decilitre 
[0.025 micrograms per ml] (Lanphear et al 2002).  Similar adverse effects on 
intelligence are seen in children postnatally exposed to lead that resulted in blood lead 
levels of 10 micrograms Pb/dl.  The sensitivity of children comes in part from their 
higher absorption of ingested lead, which reaches as high as 50 %, while adults 
absorb 5 - 15%.  Thus women of childbearing age are considered to be at an increased 
risk due to the increased susceptibility to lead of a foetus, especially during the period 
of foetal neuronal development. 
 
 
1.3 Lead Toxicity in Adults 
 
In adults a critical sensitivity to subtle increases in lead levels is exhibited by the 
system that synthesises the oxygen-binding heme component of haemoglobin (the 
haematopoietic system). At very low lead concentrations heme synthesis is inhibited, 
resulting in anaemia (Piomelli et al. 1982). Lead interferes with several enzymes that 
participate in the heme synthesis pathway, including delta-aminolevulinic acid 
synthetase (ALA-S), delta-aminolevulinic acid dehydratase (ALA-D) and 
ferrochelatase (heme synthetase). Consequently ALA-D activity is an indicator of 
lead toxicity in adults (Masci et al 1998; Warren et al 1998).  Cancer induction is also 
suspected since lead salts are carcinogenic to rats and mice, producing tumours of the 
kidney.  Several studies have shown increased mortality among lead smelter and 
battery plant workers, from cancers of the intestinal and respiratory system, which 
correlates with elevated levels of DNA breaks (Fracasso et al 2002). 
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1.4 Australian Studies and Environmental Monitoring 
 
The medical effects of lead are not yet fully understood but are under active 
investigation in many countries including Australia (eg Avery et al 1996; Batterham 
et al 1997; Peerzda et al 1988,’89’90,’92; Spark et al 1997) and lead is monitored by 
NSW Environment Protection Authority through National Pollutant Inventory.  NPI 
regard lead as extremely hazardous and accord it an environment hazard score of 2.5 
on a scale from 0-3.  These hazard scores have been used to generate a relative risk 
number as: - 
Risk Score = (Environment Hazard Score + Human Health Hazard Score) x Exposure 
Further details are obtainable from Judith Carll Manager NPI Unit, (Email: 
carllj@epa.nsw.gov.au).  In Sydney, CSIRO Mathematical and Information Sciences 
at Graduate School of the Environment is making statistical analysis of lead levels in 
adults, children and foetuses.  In accord with these concerns, the Australian and New 
Zealand Environment and Conservation Council has finalised the Australian and New 
Zealand Guidelines for Fresh and Marine Water Quality and specified only very low 
levels of lead contamination as acceptable (eg table 4.4.3, ANZECC, 2000) 
 
 
 
2     IMPLICATIONS FOR FOOD QUALITY AND THE SUSTAINABILITY OF 

RURAL INDUSTRIES 
 
 
The foregoing data on lead toxicity are relevant to shooting complexes, not only 
because they will introduce more lead into the environment unless managed to higher 
standards than generally prevail at open ranges in Australia, but because very 
considerable care must be taken, based on understanding the chemical behaviour of 
lead and its solubility, to select sites that avoid wide dispersal of the toxin.  Many 
topographical, geological and environmental factors (detailed in Section 5) will 
inevitably cause the flow of lead dissolved in surface and ground water.  It is 
particularly hazardous if this occurs through farmland that is used for stock grazing or 
reaches an estuary that is used for oyster farming.  The reality of this risk is starkly 
shown by the recent proposal (ESC DA 01.5759.D) for a site that would pollute 
Punkally Creek and Wagonga Lake.   
 
 
2.1 Concentration of Lead by Edible Bivalves 
 
Lead is notorious for being concentrated several hundred fold by edible bivalves 
(oysters and mussels) and the ANZECC water quality guidelines for the protection 
of human consumers of aquatic foods (2000), referring (in 4.4.5.30) to “Inorganic 
toxicants (mostly heavy metals)”, indicates a “problem for human health, 
particularly through bivalve molluscs in which bioaccumulation increases the 
concentrations of inorganic toxicants”.  Concentration of lead by shellfish (see also 
section 3) makes them very sensitive to lead as confirmed with Australian oysters 
(Avery et al 1996) and hence also makes the small weights of oysters that most 
people eat very hazardous if lead has been allowed to contaminate oyster beds.  
Shellfish that have not yet been killed by lead are nonetheless toxic to humans when 



 8 

consumed.  Even with normal lead levels the report from USA  F. D.A. “Guidance 
Document for Lead in Shellfish” states shellfish consumption (Pao et al 1982) can 
result in lead exposures that are comparable to cumulative lead exposure from all 
other foods surveyed in FDA's Total Diet Study (Bolger et al 1996).  Calculated 
levels of tolerable lead intake [provisional tolerable total intake levels (PTTIL); see 
also Provisional Tolerable Weekly Intake (PTWI) recommended by the WHO 
Expert Committee on Food Additives] are less than 25 micrograms/day for pregnant 
women and children and 75 micrograms/day for adults.  If levels of lead in the 
environment are allowed to rise, eating a dozen oysters will begin to approach the 
harmful adult dose.  It is already necessary in Australia to recommend that pregnant 
Australian women avoid shellfish for reasons of potential heavy metal intake as 
well as allergy.  The transfer of lead from mothers to infants and consequent 
adverse effects on development are well documented (Sanin et al 2001). 
 
The significant levels of other heavy metals that are present on lead shotgun pellets 
(5.1 below) also pose a problem of ingestion and concentration by shellfish (U. S. 
FDA Guidance Document for Arsenic in Shellfish 1993).  If the level of lead and 
other heavy metals in oysters is raised by pollution then adults must also be advised 
to avoid oysters.  That will mean the end of our local industry, which is worth $1m 
dollars to the Narooma region.  This is completely avoidable if shooters are not 
permitted to operate on land that drains into waterways.   
 
 
2.2 Lead in Livestock 
 
A further source of toxicity to humans is the incorporation of lead into livestock 
that become contaminated.  As in humans, all body tissues of farmed animals 
become affected (Edwards and Gregory 1991).  Consequently Australia has set 
strict limits on lead in plant fertilisers (Marcal et al 2001) and a warning is required 
in NSW if fertilisers contain more then 20 mg Pb per Kg.  But this is wasted effort 
if water used on pastures is taken from polluted creeks.  Repercussions on the 
lucrative beef export market are considered in 5.5. 
 
 
 
3     NEED FOR MONITORING IN ADJACENT WATERWAYS AND 

PASTURES 
 
 
Water in creeks adjacent to ranges should be assayed to check for conformance to 
water quality values of the ANSECC report 2000 (table 4.3.2) which allows only 
0.1 mg or less of lead per litre.  Simultaneously water in lakes or estuaries that are 
fed by the creeks should be assayed for suitability under the Australian Shellfish 
Quality Assurance Program (ASQAP) to permit commercial harvesting for the 
domestic market and the potential export market flagged by the Healthy Rivers 
Commission report (2002). 
 
Direct monitoring of oyster flesh will be particularly important given the propensity 
for concentration of toxins and the absence currently of any established 
concentration for lead in estuary water below which there can be confidence that 
oysters under NSW conditions will not be contaminated. 
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New protocols, additional to the present sampling for Escherichia coli, will have to 
be developed (various complex methodologies are available, see 3.1) and spacing 
of sampling sites and frequency of sampling will have to be developed empirically 
to properly suit local Australian water flows and tidal conditions.  El Nino/La Nina 
climate changes may require on-going seasonal appraisal and optimisation of 
sampling locations and intervals.  
 
Similar new procedures will have to be developed to monitor beef cattle that drink 
from creeks or eat grass that has been irrigated from creeks or bores that are at risk 
from lead. 
 
In view of these new burdens on the State budget, approval of a shooting complex 
should be made conditional on shooters identifying a location where precipitation 
does not drain into a waterway that is used for terrestrial or aquatic farming.  If the 
intention is to found a Regional facility then somewhere along the inland axis 
Sydney - Canberra - Victoria could offer a much drier location with little 
environmental impact if placed in the hundreds of square miles of flat land that 
have already been cleared.  There is no need to pollute a sensitive area that depends 
upon tourism. 
 
 
3.1 Analytical Methodology 
 
Methods continue to be perfected internationally, and within Australia (e.g. 
Peerzada et al 1998, 1999, 1992), for measuring trace amounts of lead in water, 
shellfish, animal and human tissues and fluids e.g. reviewed by Capar and Yess 
(1996).  Measurements by diverse means agree that lead becomes concentrated 
several hundred fold in shellfish (see ANSECC discussion of bioaccumulation) and 
many inorganic analytical studies of shellfish have been prompted largely by a 
concern over contamination in the world's shellfish growing areas (Marcus and 
Thompson 1986; Lytle and Lytle, 1982; Watling and Watling, 1983; May and 
McKinney, 1981; Micallef and Tyler, 1989; Balogh, 1988; Eisenberg and Topping, 
1984; Vyncke et al 1999; Storelli and Marcotrigiano 2001; Locatelli and Torsi 
2001). 
 
There can be no excuse if permission is given for lead to enter a livestock and 
farming area.  If lead then rises unmonitored to levels that are detrimental to those 
industries and becomes a health hazard to members of the public who consume their 
products, there could be claims under law.   
 
 
 
4     LEAD AND OTHER TOXINS FROM SHOOTING COMPLEXES 
 
 
4.1 Unfeasibility at Shooting Ranges to Use Alternatives to Lead 
 
Shooting ranges internationally retain the use of lead shot, which is without 
practical equal in cheapness and density.  Density is crucial for projectile 
penetration of the atmosphere.  Any shooting facility intended for shooting 
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competitions under standard international rules will be unable to use of steel 
shotgun pellets, although these have been imposed for environmental reasons on 
hunters in S. Australia and recently in Victoria (as in USA and Europe), who are 
widely required to stop hunting with lead shot.  This is not an option for 
competition shooting, where the lower density of steel shot makes it unacceptable.  
In competition use of lead shot is universal.  Hence careful location and 
management of sporting shooting ranges is mandatory. 
 
It may be noted that substitutes for lead are not without their environmental 
problems.  The most widely used alternative, of steel shot, also contains toxic heavy 
metals especially chromium and copper that are released at significant rates since 
steel corrodes about five times faster than lead.  
 
A military substitute for lead bullets has been developed in the USA for use in their 
recurrent training of personnel in firearms use.  As responsible operators, who 
cannot pollute and then run away, the military in USA have costed the total expense 
of lead recycling and remediation.  They have calculated that although a lead-free 
tungsten/tin alloy bullet is three times more expensive to manufacture it is cheaper 
overall in use at the range because it is far less toxic and requires less environmental 
remediation (see discussion 4.4).  Consequently, the USA military spent $16mUS 
in developing the M16 assault rifle bullet of tungsten/tin for training use, but there 
is no prospect that the military will develop ammunition for non-military weapons 
like shotguns, nor that hobby shooters would pay three times as much for 
ammunition.  The significance of the US developments lies in the recognition of the 
toxicity of lead and the expense of proper measures to effectively contain and 
recover it. 
 
 
4.2 Lead from Bullets and Shotgun Pellets 
 
Rifle bullets cause a problem from lead pollution because, although they are 
discharged at a fixed target and should in theory be recoverable, there are losses of 
more than 30%.  When bullets impact with mounds designed to stop them, lead dust 
and fragments contaminate the air and the surrounding area.  Since the range of 
bullets is several kilometres some of the unrecovered bullets must pollute over a 
wide area.   
 
Shotgun pellets cause a worse problem of lead entering the environment, because 
they are entirely unrecoverable unless whole paddocks are sealed by fine mesh 
matting as drop zones (Rooney 2002).  Drop zones are extensive in area since 
shotgun shooting simulates the hunting of flying birds and the unexpected trajectory 
of the “clay birds” is part of the sport.  Clays can be taken anywhere in flight before 
they touch ground, hence shooters fire in a wide arc causing lead shot to fall over a 
huge area, from which it cannot be recovered.  The Massachusetts Dept of 
Environmental Protection report (2001) says that  “there is no known practical 
method for recovering lead shot from forested, hilly or swampy areas” and the 
proposed complex is both forested and very hilly.  Thus lead pellets will accumulate 
on the ground.  Since rainwater is generally acidic in pH it will dissolve lead (unless 
it falls on exposed alkaline rock such as chalk or limestone).  Lead can then be 
carried both in surface water run-off and by percolation through the greater amount 
of water in the subsoil (groundwater).  Lead pollution will continue to be dispersed 
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in solution for hundreds of years due to the persistence of lead metal that oxidises to 
soluble forms very slowly and due to the slow release of lead from humic acid 
complexes.  These processes are considered in more detail in section 5. 
 
 
4.3 Contaminants from Clay Targets 
 
In addition to lead pollution it should be noted that the clay targets also accumulate 
at ranges and contribute toxic chemicals to the environment.  Targets are launched 
at a rate of nearly one for every shot and mounds of target fragments are reported at 
busy ranges.  These contain toxins, as reported by European Ministers of the 
Environment conference (1998) Soil Contaminations at Shooting Ranges 
Resolution of the 51st Conference of the State (Laender) Ministers for the 
Environment: - 
 
 

PAH and Heavy metal contents of typical clay targets (mg/kg)  
PAH (polyaromatic hydrocarbon) 
 Benzoanthracen 1736 Chrysen 1764 
Acenaphthen 257 Benzofluoranthen 1852 
Fluoren 370 Benzo(k)fluoranthen 832 
Phenanthren 1781 Benzopyren 1764 
Anthracen 712 Dibenzoanthracen 487 
Fluoranthen 2881 Benzoperylen 1543 
Pyren 2058                                           Sum of EPA-PAH 18037  
Heavy metals (mg/kg) 
Lead 49.9  Cadmium 0.66  Chromium 3.3  Copper 2.4 
Nickel 7.3  Mercury 0.02  Zinc 28.8 
 

Presence of cadmium is of particular significance since this heavy metal is 
particularly prone to uptake and accumulation in plants (Singh and Pandeya, 1998) 
and thus may pose a particular threat in irrigated pasture (see sections 5.5 and 7.2).  
 
 
4.4 Scale of Lead Pollution from Shooting Ranges  
 
The environmental threat from the lead shot is on a scale of many tons per shooting 
range.  One shooter will customarily discharge 60 cartridges in one competition 
round and, allowing for practice shots, may use about 80 shells in one session.  At 
28 grams per shot the weight of lead in 80 cartridges is 2.24 Kg; discharged by one 
competitor in one session.   
 
The lead is in small pellets that therefore have large surface area relative to their 
weight.  A typ ical size of shot is 7.5, at which size there are 320 pellets of 2.4 mm 
diameter, with a total surface, of 5760 sq mm per cartridge.  Hence 80 shots from 
one shooter leave 414,000 sq mm of lead dissolving.   
 
Staggering weights will be deposited over time.  To not exaggerate the likely lead 
contamination, we should perhaps not entirely accept the claims that a complex will 
be in use 7 days a week and up to 3 nights (although the Development Application 
submitted to Shire Council for Mt Dromedary made that claim).  A realistic 
assumption for average use might be only weekends and perhaps one weekday.  If 
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furthermore only one competition will be held in morning, afternoon and evening, 
this represents 3 sessions a day and 9 sessions a week with 20 shooters and 
therefore 20,966 Kg of lead.  This is conservatively TWENTY TONNES of lead 
per year, all in small pellets with a huge surface area.  This can only be an order of 
magnitude calculation but is confirmed by observation. 
 
The accumulation of tonnes of lead contamination is confirmed by inspection of 
many actual ranges.  Rooney (2002) reports, in a survey assisted by NSW 
government to evaluate lead from shooting for Councils in NSW, that ranges that 
have been used by clay target clubs - even local ones with less than 50 or so 
members, contain well in excess of ten tonnes of lead each.  A regional complex 
would presumably accumulate more.  In consequence, at shooting ranges around the 
world, lead concentrations >10,000 mg Pb/ kg soil are commonly reported; 
including in New Zealand, USA, England, Germany and Scandinavia.  This level 
exceeds more than thirty fold the ANZECC guideline limit for further investigation 
set at 300 mg Pb/ kg soil.  Furthermore, within the far south coast itself, members of 
Eurobodalla Shire Council were shocked at the huge amounts of lead visible at the 
discontinued shooting range at West Nelligen (lot 511) near Batemans Bay.  
Reviewing that site, N.S.W. Environment Protection Agency reporting under 
Section 9 of the CLM Act informed the new owners of the site, in EPA letter of 27-
12-01, of significant risk of harm from lead pollution.  EPA noted the absence of 
any natural source of the lead pollution and “former use of the site as a shooting 
range by the Batemans Bay Clay Target Club”.  EPA have formally declared this 
site to Eurobodalla Shire Council as a contaminated site under the Contaminated 
Land management Act 1997 (Declaration Number 3348) which designation will 
remain in force until the EPA no longer has reasonable grounds to believe that land 
is contaminated.  Such a change will require active and expensive remediation that 
has been estimated by EPA to cost $ 250,000.  But the source of funds for this has 
yet to be identified and the Batemans Bay Clay Target Club has disbanded.  There 
is now no user of the shotgun range at the nearby Deep Creek Batemans Bay 
shooting facility, but this range could be brought back into use simply by the 
creation of a new clay target club.   
 
Further evidence of the scale and expense of pollution from shooting ranges comes 
from the actions of bodies who accept responsibility for lead recycling and 
remediation and fully calculate its cost.  The cost of lead containment is high since 
lead toxicity demands very high percentage recovery by chemical extraction and 
requires elaborate equipment and procedures that protect personnel from poisoning 
through skin absorption and inhalation.  Therefore, in the USA, two major agencies 
have initiated the manufacture of less-polluting ammunition based on tungsten-tin 
alloys, although the initial cost of purchase of the ammunition is three times higher.  
The Department of Energy has funded a study by Oak Ridge National Laboratory, 
Tennessee USA (Bogard et al 1999), which finds that tungsten-tin, is preferable.  
This has been confirmed by the US Army which has researched the true cost of lead 
ammunition including the cost of avoiding pollution from its use and has concluded 
that, notwithstanding up to three fold greater initial cost of tungsten-tin ammunition, 
there will be a saving of $1.24 m (US) on average from every range on which 
personnel are trained when lead is discontinued (Lillie et al 2002).   
 
This overall saving from avoiding lead pollution has propelled the US Army to 
spend about $12 million so far to make a more environmentally-friendly 5.56 mm 
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training bullet for the M-16 assault rifle (which they refer to as “green bullets”).  
These bullets are not available in Australia and tungsten/tin shotgun ammunition is 
unlikely ever to be made due to its military irrelevance, high cost and poor sales 
prospects. 
 
Similarly, in a consideration of impact on the environment from lead dispersed from 
shooting ranges, Rooney (2002) has suggested that it may be cost effective in the 
long term to seal land surface in the drop out zones of shotgun ranges with fine 
mesh to ensure complete and frequent recovery of lead pellets before lead escapes 
and is irretrievable. 
 
Public money should not be granted for ranges that are not designed for lead 
containment and do not have in place convincing audited business plans that will 
allow lead retrieval and recycling extending into future years. 
 
 
5     SOLUBILISATION AND DISPERSION OF LEAD: CHEMICAL AND 

TOPOGRAPHICAL FACTORS 
 
Two major processes contribute to the solubilisation of lead from projectiles.  At 
the acid pH that generally prevails in ground water due to the prevalence of 
dissolved carbon dioxide and decaying plant debris, lead initially dissolves through 
simple inorganic chemistry (5.1).  Some of the dissolved lead will then become 
complexed with humic substances that are generated by decay of plant matter (5.3) 
with a resulting increase in the environmental persistence of lead.  Lead will leave 
the shooting complex drop-out zone in both surface run-off and in the seepage of 
ground water (5.2). 
 
 
5.1 Inorganic Solubilisation  
 
Solubilisation from lead projectiles proceeds through the progressive breakdown of 
the surface layer of metallic lead, predominantly creating lead dioxides and 
carbonate (PbO2, Pb(CO3)2) and potentially into sulphates and nitrates (PbSO4, 
Pb(NO3)2), depending on the composition of soil water and fallout of vehicle 
exhaust gases.   
 
The corrosion of lead surface layers is seen by appearance of a white coating 
(pictured below), with new lead pellet on left and corroded pellet on right. 
 
 
 
 
 
 
 
 
 
 
 
 

From Rooney 2002 
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A shotgun pellet will take hundreds of years to dissolve completely, depending on 
temperature and humidity, but through all of this time it is releasing toxic lead.  
Water need not be continuously present and some authorities consider that dry land 
ranges, which expose pellets to prolonged gaseous corrosion, cause more surface 
oxidation of lead and more intense soil contamination when precipitation occurs 
than results when lead settles into deep water where anaerobic conditions are found.   
 
Corrosion compounds of lead that have accumulated between bouts of precipitation 
dissolve rapidly in rainfall and can then move through the environment (as will be 
described) unless the site is very carefully chosen.  An elevated site is 
disadvantageous in this respect.  Other toxic heavy metals that are present as 
contaminants in lead shot will also be dispersed; these are antimony (1-7%), arsenic 
(2%) nickel (0.5%) and sometimes cadmium (Figures indicate percent by weight in 
newly manufactured lead shot, see also 4.3). 
 
 
5.2 Dispersion Through Surface Run-off and Ground Water 
 
The proposed site for a shooting complex in Bodalla State Forest at Mt Dromedary 
(ESC DA 01.5759.D) serves as a real warning of the many possible defects that 
proposed sites may have.   Its climatic, geological and topographical features would 
maximise its pollution effect, hence it can be used to illustrate many features that 
should be avoided: - 
 
5.2.1 Wet locations prolong time for dissolving 
The coastal belt is the wettest region of lowland NSW and will create the longest 
time period in which lead will be exposed to water and dissolved.  A better location 
would be in rain shadow and would not be on the seaward side of a mountain. 
 
5.2.2 Acidity of surface water promotes dissolving 
Acidity of surface water, enhanced by the humic substances that come from 
millennia of leaf litter, accelerates dissolving.  On the proposed site, in Bodalla 
State Forest, acidity in rainwater and ground water would not be neutralised by the 
granite and shale that forms the substratum of Mt Dromedary (eg Costermans 1986; 
Fairley and Moore 2000)   
 
5.2.3 Pellets washed into gullies and creeks 
Any steep slopes will result in rapid run-off that is able to wash lead pellets falling 
outside the complex (see 5.2.5) down into gullies and streambeds, where 
persistence of moisture is greatest and opportunity for solubilisation is most 
prolonged.  At the proposed site in Bodalla State Forest, for example, creeks 
surround the site in all directions except for the narrow access road.  The pervading 
moisture is reflected in the warm temperate rainforest vegetation, (detailed in 
Appendix).  Flat unfissured land, not draining to watercourses, is essential for 
retaining pollutants and to allow machinery access for recycling and remediation. 
 
5.2.4 Acidity persistence in ground water 
An acid pH will persist in water that has come to the surface after flowing as 
ground water from higher up the slope unless the underlying rock is alkaline.  An 
alkaline soil containing calcium or magnesium salts can immobilise lead and make 
collection for recycling more effective. 
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5.2.5 Creeks that flow after rain must not carry lead to farm or estuary 
According to the topographical map of Central Tilba (detail shown below) there are 
at least 13 small creeks rising within the complex and others immediately to the 
north.  Such creeks that run after rain are highly significant as carriers of lead. 
 

 
 
Creeks enclose the proposed range on all sides and drain into Punkally Creek, 
which flows through farmland and in 4 km reaches oyster beds at Wagonga Lake.   
A suitable location would in contrast not drain to any waterway, including creeks 
that may be mostly dry but run after rain (see also 5.2.8).  Such occasional flow can 
be heavily polluted as it contains lead that has oxidised during the previous dry 
period 
 
The topography of the ground surface within the proposed complex is indicated in the 
map immediately below, which is copied from the Australian Topographical Series.  
Creeks that drain the area, which are all shown in the Topographical map, have been 
drawn in by hand in blue colour for improved visibility.  
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Within the complex, the proposed layout of ranges is shown below as in the 
Eurobodalla Shire Council D. A. Number 01.5759.D.   
 

 
 
The map immediately proceeding is from the Development Application submitted to 
Eurobodalla Shire Council.  It omits the creeks but their location is clearly seen from 
the erosion gullies and can be compared with the drainage maps shown here on pages 
15 and 16.   
 
It is evident that there is no scope for realignment of firing ranges within the complex 
to avoid pollution because there is only a small flat area at the site, which is 
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surrounded by steep slopes and from which all ranges must fire outwards towards the 
creek beds.  Any shooting in this sort of terrain that is fissured by many creeks will 
inevitably lead to pollution of waterways. 
 
In the case of the particular proposal, pollution of James Creek would be inevitable.  
The proposed shotgun range (range D, shown as a half circle to indicate the broad 
arc of fire) will direct shots towards James Creek, which is only 150 metres away 
(see map above and its scale bar).  The proposed boundary takes in part of James 
Creek, which is unacceptable.  The terrain separating the shotgun firing point from 
James creek is throughout steep and fissured and unworkable for recovery of lead 
pellets.  Within this 150 m distance the land falls 55 m (from 140 m to 85 m above 
sea level) hence rainfall run-off would wash pellets into the Creek.   
 
There is a safety, as well as a pollution, issue here since firing is aligned directly 
towards a boundary only 150 m distant, which is in contravention of the NSW Police 
Shooting Range Requirements for “275 metre clear distance to 180 degrees radius 
from firing point for shotgun ranges”.  That clearance is specified for the good reason 
that pellets fired upwards at 45 degree angle, as is common in shooting at clay targets, 
will drop-out up to 250 m from the firing point depending on shot size, and will travel 
even further with tail wind (Baldwin 1994).  In the particular ESC DA 01.5759.D, it 
is wrongly stated that “shotgun pellets cannot travel further than 100m” but this is the 
range at which the pellets can still kill or break a clay target and about 250 m is the 
true maximum range.  Thus much lead from shotguns would come to earth outside 
the range and would contaminate surrounding land directly and rapidly. 
 
5.2.6 Ground water can also travel downhill and off-site 
The dissolved lead that percolates into ground water beneath the soil surface can 
also travel offsite.  This is particularly likely where ground slopes away from the 
range and where there is underlying impermeable rock.  The extent to which hobby 
shooters can ignore these subterranean factors is well illustrated in the case of the 
site proposed in Bodalla State Forest, where all directions of ground water flow lead 
steeply downward over chemically inert granite and shale into contiguous farmland 
and into streams.  Subterranean ground water flow should be considered in locating 
shooting ranges since it can travel many kilometres over impermeable bedrock.  
 
5.2.7 Ground water can retain and disperse lead for long distances 
Water travelling beneath the surface will not loose lead by precipitation unless it 
contacts soil or rock that is rich in calcium or magnesium.  The USA EPA report on 
Best Management Practice for lead at Outdoor Shooting Ranges (2001) states, “lead 
dissolved in acid groundwater can travel many miles without change”.  
Significantly, oyster beds of Wagonga Lake are less than 3 miles away from the 
proposed site in Bodalla State Forest, bores used to water stock of residents on 
Shingle Hut Road are less than 1 mile away and furthermore creeks that are 
sustained by ground water, flow through the complex itself down to farmland.  Such 
proximities should not be ignored and ranges must be located where rain will not 
drain to surrounding land either as surface run-off or subterranean flow. 
 
5.2.8 Summary of topographic suitability in a shooting range 
A shooting range should have a simple flat topography without creeks, according to 
the Environmental Protection Agency U.S.A (2001) Guidelines for Best 
Management Practices for Lead at Outdoor Shooting Ranges, which state (EPA 
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applied bold font) “It is strongly recommended that ranges……avoid shooting 
over or into wetlands ” and explains “waters may include, lakes, ponds, rivers 
streams, wetlands, or even cuts that are frequently dry, which may not be obvious to 
range owners/operators.”  This advice comes from USA but lead toxicity and 
dispersal is universal.   The underlined portion is exactly the reason for unsuitability 
in proposed site in Bodalla State Forest, from which after rain more than 13 small 
creeks begin their flow into Wagonga Lake (5.2.5 ).  All possible directions of fire 
at the proposed elevated site, with its steep sloping sides and small available area 
for ranges, will deposit lead in areas that drain into creeks that flow directly to 
farmland and estuary.  This provides an object lesson in what to avoid.  Ranges 
must be distant from all waterways including dry creeks and must be located where 
precipitation run-of after heavy rain cannot reach waterways. 
 
The solubility of lead is often ignored by hobby shooters.  The Mt Dromedary 
proposal indicated that pollution control would include return of water from ponds 
on site into the natural creeks, apparently completely unaware that exactly this 
progression would make pollution by dissolved lead inevitable.   
 
 
5.3 Dispersion and Persistence of Lead with Humic Substances 
 
A portion of dissolved lead will form complexes with humic substances in all 
locations where there is vegetation and these lead complexes will create a reservoir of 
toxicity.  Lead complexed with humic substances can remain in solution and can 
disperse in run-off and by percolation of ground water, moving together with 
uncomplexed lead as described in 5.2.  Presence of complexed lead causes the 
continuous generation of free toxic lead because humic substances are subject to 
decomposition and indeed most plant and animal matter passes through a humus 
phase during its decomposition.  A huge flora of bacteria and fungi in water and soil 
grows by degradation of this material and in the process recycles its components and 
releases any bound substances such as lead.  Humic substances form the major 
component of dissolved organic substances leached into creeks (Thurman & Malcolm 
1983).  Hence lead in humic complexes can be dispersed as far as free lead.  The 
complexed lead will be released when the humic component is degraded.   
 
Significant amounts of plant material are present on the ground surface in most of 
Australia and some complexing of lead with humic substances is inevitable.  The 
complexed lead is temporarily unreactive but humic decomposition is a major part of 
the great nitrogen and carbon cycles through which nutrients are recycled from dead 
organisms to the living (reviewed by Gibson and Harwood 2002).  It is the presence 
of humic substances that gives fertile topsoil its capacity to release nutrients to plants 
by slow breakdown.  Decaying leaf litter generates humic substances, particularly 
humic and fulvic acids and these readily hold lead in solution (e.g. Liu and Gonzalez 
1999; Pandey et al 2000; Pierrard et al 2002; Spark and Wells 1997; Stanforth and 
Qiu 2001).  Humic substances react with lead in the same way as do chelating agents 
such as EDTA (ethylenediamino tetracetic acid), which is sometimes used to extract 
lead from soil in the laboratory.  Humic substances are complex heterocondensates of 
polyphenols (derived from the lignin of woody cells) amino acids (derived from plant 
proteins) and carbohydrates that are present together in decaying plant materials 
(Beck et al 1974, Wetze l 1975).  Different decomposition mixtures produce slightly 
different humic mixtures and the chemistry of the condensations is not fully resolved, 
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but it is known that lead binds reversibly to three dominant proton active functional 
groups on the surface of humic acid (Boily & Fein 2000) where lead and copper have 
greater affinities than cadmium and nickel (Porasso et al 2002) and hence humic acid 
acts as a reservoir for lead in the biosphere.  Furthermore humic substances are 
abundant in the environment as befits their role in the carbon and nitrogen cycles 
through which all organic matter passes.  Humic substances leach from soil in 
percolating rain water and contribute a major fraction of the dissolved carbon in 
natural waters comprising 30-80% of dissolved organic carbon (Thurman & Malcolm 
1983).  Lead complexes with humic acid in soil at the rate of 30 – 100 mmol per Kg 
in soil, with the higher levels being found in soil of higher organic matter (Strawn & 
Sparks 2000).  While lead is potentially toxic to all living things, populations of lead-
resistant microorganisms develop in contaminated soils and are able to continue 
degradation of soil components as measured by incorporation of 3H-leucine into their 
macromolecules (Shi et al 2002).  In laboratory tests of heavy metal toxicity, greater 
lead toxicity to plant growth is observed at acid pH (Günthardt-Goerg and 
Vollenweider 2002).   
 
In summary, free lead, and humic acid-bound lead, that are dissolved in percolating 
rainwater will inevitably seep down into watercourses and reach farmland unless 
range topography is very carefully selected to retain precipitation.  Once heavy 
metals, such as lead, enter the environment their persistence renders remediation 
impossible other than by the wholesale removal and burial of soil, which itself causes 
environmental degradation.  Careful analysis of environmental risks before approval 
or continuation of ranges is the only effective strategy. 
 
 
6    POISONING OF RARE HABITAT SUCH AS RAINFOREST 
 
Presence of rare or endangered forms of flora and fauna must be considered before 
approval of any new focus of heavy metal pollution.  Turning to land not yet used for 
farming in search of prospective sites can lead to proposals to use rare and dwindling 
forms of habitat.  Warm temperate rainforest would be among the vegetational types 
most severely affected by lead at the site proposed on the NE slopes of Mt 
Dromedary.  Such poisoning would be in contravention of Forestry Department’s 
mission to protect waterways and temperate rainforest.  Rainforest is a rare and 
declining remnant of a once more widespread vegetational type (e.g. Fairley and 
Moore 2000; Baker Corringham and Dark 1989; Costermans 1986).  Preservation of 
Australian temperate rainforest is important nationally for our retention of 
biodiversity and is also an essential component of our regional tourism industry, 
being featured in all tourist publications that refer to Mt Dromedary/ Gulaga.   
 
Accordingly, rainforest is protected under Clause 2.4.4.5 (and others) of the Draft 
Southern Region Forest Agreement “Management of Rainforest, High Conservation 
Value Old Growth Forest Ecosystems and other prescriptive exclusions”, which 
states “Rainforest, high conservation value old growth forest ecosystems and other 
areas protected through exclusions of logging, forest product operations and other 
operations as specified in the Threatened Species Licence for the IFOA are important 
to the conservation of protected and threatened species. These and other areas must be 
protected through prescriptive exclusions consistent with the protection of their 
conservation values.”  Therefore the rainforest vegetation within the region of the 
proposed complex is required to be ‘protected through prescriptive exclusions 
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consistent with the protection of their conservation values’.   Nonetheless proponents 
of the shooting complex discounted its presence 
 
Temperate rainforest is rare in our dry continent and is characterized by a 70 % or 
more closure of the tree canopy, with consequent retention of water and provision of 
sheltered habitat.  The mutual shading between plants limits light availability, hence 
leaves are darker green.  Furthermore there are typically several layers of understorey 
vegetation, which often include smaller trees over a lower storey of shrubs and finally 
a sparse layer of ground-cover plants such as mosses and ferns that are drought-
intolerant but accept low light.  Additionally, epiphytic vines and orchids, able to 
shelter from wind under closed canopy, are able to scramble up other plants as 
supports to reach better light higher in the canopy. 
 
This vegetational structure and the presence of key rainforest indicator species is seen 
within the boundary of the proposed complex in the region around the junction of 
James Creek and Matthews Creek at map reference; 8925-3N Central Tilba, 346 828).  
Here non-eucalypts are the dominant trees, especially Doryphora sassafras 
(Sassafras) and Acmena smithii (Lilly-pilly), with under storey containing Livistona 
australis (cabbage tree palm), Dendrocnide excelsa (giant stinging tree), Ficus 
coronata (Port Jackson fig), Polyscias murrayi (pencil cedar), Cyathea australis 
(rough tree fern); lower understorey of ferns and Urtica incisa (Austral stinging 
nettle) and climbing vines of Smilax australis (Austral Sasparilla) with Cissus 
hypoglauca (five leaved water vine).  These plants occurring together conclusively 
indicate temperate rainforest.   
 
This vegetation, photographed entirely within the region of the proposed complex, is 
illustrated in Appendix A and in the frontispiece.  If impacted by lead, this vegetation 
would be poisoned and eventually killed, as has been observed in plants at the nearby 
Nelligen shotgun range that is now disused requiring remediation of lead pollution 
(see 4.4 and appendix).   
 
 
7     HAZARDS TO RURAL INDUSTRY 
 
While occasional instances of lead poisoning from carelessly discarded waste, such as 
old batteries, are not unknown in the rural environment, the systematic dispersion of 
many tons of lead pollution annually, from a government-funded range in use by 
sporting shooters, would be a new and highly unwelcome development.  It would not 
only threaten the environment of local people but in the case of the first site selected 
for DA in Bodalla State Forest it would endanger two profitable local industries of 
oyster and cattle farming and in the case of the latter would threaten a multi-billion 
dollar export industry through undermining an expensively maintained “clean green” 
image that Australia strives to project.  To protect local and overseas customers, new 
and expensive testing regimes would have to be established if lead from shooting 
ranges reaches oyster meat and beef. 
 
 
7.1 Lead can be a Hazard to Oysters  
 
Lead is sometimes considered relatively inert because it oxidises five times more 
slowly than ferrous metals and is familiar in fishing sinkers.  In truth lead is mobile 



 21 

and toxic. Fishing sinkers provide no assurance of environmental safety since 
amounts of lead used for fishing are very small by comparison (4.4) and more 
significantly lead does not dissolve in the alkaline pH of seawater, which is around 
pH 7.9.  The significance of pH is very real and in old European cities that have lead 
plumbing that would otherwise be poisonous, drinking water is artificially made 
alkaline to prevent lead dissolving (Watt et al 1996).   
 
An entirely new hazard would therefore be presented by the arrival at the oyster beds 
of acid water run-off carrying lead that has been leached from contaminated soil.  
Free lead will be immediately toxic, while lead that is complexed with humic acid is 
temporarily sequestered but is released and becomes toxic as humic acid is broken 
down by the many bacteria and fungi in soil and waterways.  Microbial breakdown of 
humic acid drives the great carbon and nitrogen cycles that recycle nutrients in the 
biosphere (e.g. Kontchou et al 1993).  Breakdown of humic substances is particularly 
slow when these compounds penetrate into deep soil strata that are poorly aerated.  
Lead in deep soil constitutes a toxic reserve that can take longer than 1000 years to 
dissipate (Field 2002).  Whereas release of lead will be particularly rapid when 
complexes with humic substances enter surface waters in streams and the estuary, 
where aeration is better and hence degradation of humic substances by 
oligocarbophilic bacteria is quicker (Kontchou et al 1993).  There, in addition, 
ultraviolet light (UV-B) will be absorbed by humic acid (Aguer & Richard 1999; Del 
Vecchio & Blough 2002) and the consequent photooxidation of humic substances 
will also increase their microbial digestibility. 
 
 
7.2 Lead can be a Hazard to Livestock 
 
Lead would be ingested by livestock, if pollution from a shooting range entered 
waterways used to water stock or to provide irrigation for their pasture.  In coastal 
Australia creeks commonly provide water on farm land used for grazing and the 
Punkalla valley is typical in that stock habitually drink from Punkally Creek and 
graze pasture that is irrigated from the creek and from bores.   
 
Contamination of livestock is a repeating risk since cattle drink from creeks 
throughout the year and additionally irrigation is used every year to start spring 
growth of pasture and very frequently to extend growth in incipient drought and to 
accelerate recovery after drought.  In the last circumstance contamination will be 
especially high since oxidized soluble lead that has accumulated during the dry period 
will then be dissolved.  At this crucial time cattle will avidly graze new poisoned 
growth. 
 
It is not likely that lead poisoning will be so intense that cattle will die, although all 
animals can be killed by lead.  The approximate cumulative fatal dose in cattle is 6 to 
7 g/kg (Hammond and Aronson, 1964) and in calves 200 to 400 mg/kg lead is lethal 
when it is ingested as lead oxide or carbonate (Allcroft, 1951).  Lead can cross the 
placenta from dam to calf; hence even veal calves can be contaminated. 
 
It is very likely that cattle will be contaminated by lead to an extent that is not fatal 
but will disrupt exports when discovered.  We must assume that tests will be made 
somewhere, very likely in Japan that is the biggest single market for Australian beef, 
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or else in the second major market, which is USA.  In both of these markets health 
standards are stringent and the customer has shown rapid alarm in the past. 
 
 
7.3 Lead would be a New Hazard to Exporting of Australian Beef 
 
It is salutary to recall that the global annual export market for Australian beef is A$ 
9bn and that most markets are very health conscious.   
 
Much of the beef from farmland around Bodalla State Forest is exported.  This may 
seem unlikely, but this apparent backwater on the far South Coast underlines the 
global nature of world markets.  Export of their produce occurs because the 
Australian consumer demands young animals, especially vealers (which are about 10 
month old) up to yearlings, but grass fed stock, as in the Bodalla and Punkalla valleys 
(like many others) are fattened until 2-4 years old and then exported.  To give a 
specific example: stock from Punkalla are transported by JD Rogers PTY Ltd, Bega 
NSW to two major exporters; Wingham Beef Exporters PTY Ltd, Wingham NSW, 
and Cargill Group Melbourne, VIC; both of which companies export > 95%. 
 
The impact of lead-contaminated beef on export markets is not hard to imagine.  A 
recent example is the contamination of Australian beef intended for the USA market 
with pesticide residues, which required introduction of intensive cattle lot testing to 
avoid a ban on all beef exports from Australia into USA.  The testing procedures 
alone cost the cattle industry an estimated A$50 million (Hill et al 1997) and overall 
costs were estimated by John Anderson, (Commonwealth Minister for Primary 
Industries and Energy and Chair of the Agricultural and Resource Management 
Council of Australia and New Zealand - ARMCANZ) as exceeding $ 100 million.  
Anderson said “That is an experience we have to learn from to prevent it happening 
again”.  That resolution specifies caution with location of shooting ranges. 
 
The Japanese market is similarly sensitive: The Australian Department of Foreign 
Affairs and Trade says (2002)  “ In 1998, Australia exported approximately A$1.34 
billion of bovine meat to Japan, making beef Australia's fourth largest merchandise 
export to the Japanese market.  Japan continued to be Australia's largest export 
market for beef”.  This billion dollar beef market has been proven very sensitive to 
health scares, such as residual insecticide and BSE, which have resulted in either 
government bans, or loss of consumer confidence, or both, with resulting losses of 
hundreds of millions of dollars from the overseas export earnings of Australia.  Japan 
is merely one example of what is at risk, because Australia’s “clean green” image is 
its biggest asset internationally and all markets are now alive to the risks of toxic 
residues. 
 
Current toxin avoidance protocols would be ineffectual for lead.  Export Slaughter 
Intervals, which are designed to allow vetinary drugs to clear before an animal is 
slaughtered for export (e.g. Blackman 2002), would be ineffective against a toxin that 
takes many months or years to clear (e.g. Brito et al 2002, and discussion in section 
1) or would require extensive and prolonged agistment facilities.   
 
It would be responsible and prudent for NSW government to begin testing cattle as 
well as oysters if a shooting complex is approved where lead containment is 
impossible, otherwise there may be a new health scare and long term damage to the 
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“Aussie Beef” marketing label in Japan, in which Australia has invested millions of 
dollars.  It would also be prudent to investigate if there is a government scientific 
body that can be required to perform these tests; Meat and Livestock Australia are 
currently active in assuring freedom from organic but not from inorganic 
contaminants.  ARMCANZ (Agricultural and Resource Management Council of 
Australia and New Zealand) will be active in policing the violation, but it may fall to 
NSW to establish the testing that will be needed to prevent it.   
 
 
7.4 Need for New Lead Testing Programs in Livestock and Oysters 
 
It is difficult to predict how quickly a shooting range that is leaking lead into the 
environment will result in acute pollution of farmland or waterways.  It can certainly 
be predicted however, that regular and frequent lead measurements (Peerzada et al 
1992b) must begin if the complex is approved and these must be continued 
indefinitely.  Presumably measurements will have to be made under NSW Shellfish 
Quality Assurance Programme (SQAP), which will have to devise new protocols and 
have to pay for new assay procedures to measure water from streams and lakes, and 
samples from grazing livestock and oysters at regular and frequent intervals.  A 
responsible body for pasture and livestock sampling for heavy metals will have to be 
identified or created. 
 
It is absolutely certain that, when the first raised lead levels are detected in farmland 
and estuary, there will already be huge amounts not yet dissolved and also in ground 
water on its way down (as described earlier in this section).  It will then be impossible 
to stop and it will require many decades, even centuries to dissipate.  And it will be 
far too late to save local rural industries.   
 
 
7.5 New On-going Major Expenses 
 
It is evident that the initial expense of building a shooting complex may be merely the 
first installment of a never-ending financial drain, which will be incurred in 
monitoring and attempting to minimise consequent environmental damage.  New 
additional testing procedures will need to be instituted after creation of new protocols 
for the direct assay of lead [see references in section 2].  Monitoring the threat of lead 
pollution to oysters cannot be left to growers, who are not in any way equipped; 
hence for oysters this will be a new expense to SQAP (7.1).  Similarly for heavy 
metal residues in beef the Agricultural and Resource Management Council of 
Australia and New Zealand will need to ensure that testing is begun and an agency on 
the ground that will perform the tests will need to be identified and funded.  Public 
authorities should carefully consider these additional expenses, which will greatly 
exceed the initial expenses of funding a Development Application and building a 
Complex.  
 
Alternatively a very careful scrutiny of detailed lead reclamation procedures for any 
proposed range is required.  One aspect of these procedures should be the selection of 
suitable topography that will allow complete and frequent lead recovery (section 5).  
Another aspect of equal importance is the unequivocal demonstration, by written 
commitments from recycling contractors and by users of any range, that income will 
be sustained over many years and will be commensurate with the future costs. 
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7.6 Summary of Lead Persistence and its threat to Rural Industries 
 
After some years of shotgun range operation there will be hundreds of tons of lead 
metal scattered around the complex site and this will be increasing.  Most of each 
projectile will remain undissolved for hundreds of years but the surface layers will 
steadily dissolve and will result in many tons of lead flowing downhill to farmland 
and estuary.  Some of that load will remain as free lead that is immediately toxic and 
some will be complexed with humic substances that will themselves breakdown 
slowly and will act as another poisonous reservoir, which will release more toxic lead 
especially as ground water reaches open flowing waters where aeration is higher, as 
in steams that are used for pasture irrigation and estuaries where oysters are grown 
commercially.   
 
 
 
8     EXPENSE AND DIFFICULTY OF REMEDIAL MEASURES 
 
The necessity for wise decision making at the early stages of shooting range siting is 
underlined by the certainty that the flow of toxic lead will continue for hundreds of 
years after shooting is stopped unless drastic measures are taken such as scalping all 
the topsoil from hundreds of hectares.  This will be a visual blight. 
 
The environmental destruction that may be caused by remedial measures to stop 
continuing spread of lead clearly puts at risk previously unspoiled areas since these 
tend to be sought by shooters prospecting for cheap land not yet under intensive use.   
 
At the site selected in Bodalla State Forest, on the scenic Mt Dromedary range near to 
the sacred Mount Gulaga, the contaminated soil would have to be trucked out buried 
and capped with concrete, if indeed a site for this disposal can be found.  The process 
would itself disfigure a suitable site for disposal and the disposal site would be 
geologically difficult to find since it requires an impermeable subsoil and no ground 
water seepage to prevent it becoming a new source of contamination.  Even after 
topsoil removal the range site will continue to pollute, as lead-humus complexes that 
have penetrated deep soil will be releasing lead through slow microbial 
decomposition for hundreds of years.   
 
Dealing with lead pollution by soil removal and burying is indeed the accepted 
method and has been specified by Eurobodalla Shire Council at a site on Dromedary 
close to the proposed shooting complex, in the heritage town of Tilba.  There, the 
remediation of soil pollution that was caused by lead-based paints flaking from the 
School of Arts Hall has necessitated a specification for “excavating contaminated 
soils to a depth of 40 centimetres and depositing them beneath concrete capping” 
(response to DA 434/01: Eurobodalla Shire Council report for Environment, Planning 
and Administrative Services Committee, November 2001).  The precautionary 
principle of avoiding pollution, rather than attempting remediation, is preferable from 
an environmental point of view. 
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9     CONFORMITY WITH CURRENT ENVIRONMENTAL PRINCIPLES  
 
 
Any permission for a polluting complex would be totally incompatible with the 
declared aims of the Minister for Planning Andrew Refshauge (2002), as described at 
his press release of October 28th 2002, when he said, “I want to make sure any 
development works with the environment, not against it”.   
 
Permission for a polluting complex would also be exceptionally badly timed in 
relation to the fragile state of the oyster industry, which had a value of production 
of $30 M in 1999/2000 and employs about 1200 people, but is suffering a 
continuing yearly decline in production by 3.6 m additional oysters lost every year 
since the late 1960s.  The decline is caused mainly by pollution and consequent loss 
of suitable waters.  The NSW Healthy Rivers Commission released a draft report on 
Monday October 28th 2002, which describes oysters as the “canaries of the 
estuaries” being as hypersensitive to toxins as were the canaries that warned miners 
of poisoned air.  The Commissioner Peter Crawford says that any water planning 
decisions have to take the oyster industry into account otherwise there is risk that 
the industry “will die in 20 years”.  Detailed scientific analysis in Appendix 2 of 
that report, authored by Prof Ian White (White 2001), leads to the estimate that the 
lost production, due to pollution and loss of suitable environment for oyster 
farming, over the period from mid 1970 to date is cumulatively $ 300 M (Fig 23 in 
White 2001).  Furthermore the linear decline in oyster leases that has occurred 
steadily over the last 40 years due to loss of suitable unpolluted waters has at last 
been recognized (White 2001) and has led to the statement that further pollution 
must be avoided or the industry will be defunct before 2020.  Wagonga Lake, which 
is directly threatened by the proposed complex, has been named as a productive but 
threatened lake “in which any new development proposals must specifically address 
the increased risks posed by the development on oyster health and growth” (p70, 
Appendix 2, of the HRC draft report 2002).  The Wagonga Lake oyster industry is a 
significant resource to the local area, into which it is proposed to place the shooting 
complex, since it contributes 3.5 % of the total $30 m NSW oyster output (pages 69 
and 14 respectively in Appendix 2 of HRC 2002) and hence is worth over $1 m 
annually.  Threat to such a profitable and socially beneficial industry in a rural 
region needs to be weighed carefully against potential risks from a potentially 
polluting hobby.   
 
 
9.1 A New Form of Risk from Oysters to the Australian Consumer  
 
Lead that reaches oysters will create a new type of pollution that is resistant to 
removal by depuration (9.1.1 below), and from which the risk to consumers is also 
greater from its persistence in contrast with bacterial or viral contamination of 
consumers that can be overcome with some hope of rapid complete recovery.  Lead 
is a cumulative and persistent poison that will build up in persons that eat shellfish 
and can cause irreversible neural damage (as discussed above [section 1], and has 
been underlined in the world-wide banning of lead petrol and paints).   
 
Furthermore, this new type of pollution will not at all be protected against by 
present testing for Escherichia coli in waters and oyster flesh as instituted by NSW 
Shellfish Quality Assurance Programme from March 1997.   



 26 

 
9.1.1 Mandatory Depuration Ineffective for Lead in Oyster Meat 
Mandatory depuration in NSW involves transfer of oysters for 36 h to tanks of 
sterilized estuary water to allow the shedding of particulate contaminated matter 
from the digestive system.  It is not likely (from the persistence of lead in all other 
biological systems as discussed above) that lead which has entered the oyster 
tissues will be shed at this sort of speed and hence depuration cannot be considered 
as a likely means to correct damage from lead pollution.  Since oysters are starved 
during depuration and are losing condition it is not possible to greatly extend the 
process.  
 
Wagonga Lake oysters can currently be depurated in situ, as becomes necessary 
after heavy rain following a dry period.  The flush of faecal coliforms (indicated by 
Escherichia coli) in creeks after heavy rain renders the oysters temporarily unsafe 
for sale and the lake is closed for 2 days.  During this time the creeks are flushed 
clean and oysters are depurated, as bacterial contamination is able to clear from the 
oyster’s digestive tracts.  However if the contamination contains lead it will 
contaminate the oyster meat and will not be speedily flushed away, hence closures 
of many weeks or months will be required.  Research will be required to find 
exactly what duration of closure will be necessary.  It will be a severe, likely fatal, 
blow to an industry that is currently still profitable but is threatened by many other 
forms of pollution.  Pollution from a non-essential hobby should be avoided.   
 
9.1.2 NSW Government Responsibility for Oyster Health 
NSW government seem to have accepted responsibility for maintaining a viable and 
healthy oyster industry, since, as noted by White (2001), State government has 
initiated and accepted several reports on this topic, including the HRC Oyster 
review now in process of reporting, together with Rodgers’ (2001) identification of 
the responsibility of governments for maintaining healthy, viable and productive 
estuaries, also the Healthy Rivers Commission (2000) Independent Inquiry into 
Coastal Lakes, the draft NSW Natural Waters Based Sustainable Aquaculture 
Strategy (DUAP & NSW Fisheries, 2001).   
 
Initiation and acceptance of all of these studies by NSW government shows an 
awareness of responsibility that surely requires great care in the locations allowed 
for shooting complexes.  
 
9.2 Environmental Considerations in Choice of Site 
 
The present review provides data on pollution from shooting ranges so that in future 
environmental principles can be applied to selecting locations for shooting ranges.  
There is evidence that environmental considerations do not always weigh heavily 
with hobby shooters.  In selecting the site in Bodalla State Forest (ESC DA 
01.5759.D) and rejecting others suggested as better by local State Forest officers, 
the main consideration was proximity to the local town of Narooma and the 
minimisation of travel.  Speaking for the proponents of the complex, on the ABC 
Stateline program shown in the ACT on 31-5-2002, Mr. S. Urqhart said “there 
would be alternative sites but they could be 60 km away”.  Therefore avoidance of a 
45 min drive can be considered more important than pollution of farmland and lake.   
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Evidently, members of the public as well as government authorities must become 
the environmental conscience of sporting shooters. 
 
 
9.3 Adherence to National Environment Measures 
 
Regulations at Federal level are relevant to the siting of sporting shooting ranges 
since in 1999 the National Environment Protection Council on 10th December 
issued a National Environment Protection Measure for the Assessment of Site 
Contamination that included lead as a hazardous substance in soil and ground water 
(Schedule B (1) e.g. Table 5A).  The measure was signed by Senator the 
Honourable Robert Hill Minister for the Environment of the Commonwealth of 
Australia and also by the Honourable Bob Debus MP, Minister for the Environment 
of the State of New South Wales.  The protection measure requires under point (3) 
Prevention that “contamination of a site should be prevented” and under point (5) 
Planning “Planning authorities of participating jurisdictions should ensure a site 
….is suitable for its intended use.”  This is also relevant to prevention of 
contamination from shooting ranges in run-off that would create new sites of 
contamination. 
 
 
 
10     POLLUTION AT SHOOTING RANGES SHOULD BE REGULATED  
 
Some lasting good may come from the disruption to lives of local residents near the 
first proposed site in Bodalla State Forest if new regulations for pollution at 
shooting ranges are recommended and developed.  The extreme toxicity of lead and 
its persistence in the environment is now documented in a number of countries.  It 
is surely time to regulate new and existing ranges to eliminate environmental 
poisoning.  We can no longer pretend that parts of Australia that are convenient to 
hobby shooters are so remote that pollution cannot impact on others. 
 
There is no reassurance to be gained from the present operation of five adjacent 
shooting ranges in the region: at Bateman’s Bay, Bermagui, Bega and two at 
Moruya.  On the contrary, the existing ranges were set up before lead toxicity was 
properly appreciated and before it was deemed necessary to remove lead from 
petrol and paint in all countries.  Now it would be appropriate to consider whether 
all of the existing ranges need continue in operation in such a small region.  In this 
respect it is salutary that inspection by N.S.W. Environment Protection Agency of 
the disused Nelligen shooting range at lot 511, under Section 9 of the CLM Act, 
resulted in their report of significant risk of harm from lead pollution and their issue 
of a declaration of a remediation site (Declaration Number 21029), which requires 
expensive remediation estimated by EPA to cost $250,000.  The financial 
responsibility for the clean up of lead pollution at Nelligen is not yet accepted.  The 
Batemans Bay Clay Target Club, which previously used the range has been 
disbanded.  The shotgun range at the nearby Deep Creek Batemans Bay shooting 
facility is now in disuse but it could be reactivated as soon as a new Clay Target 
Club is formed.   
 
The forced closing of outdoor shooting ranges because of pollution has become an 
international trend.  The Environmental Protection Agency U.S.A (2001) 
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Guidelines for Best Management Practices for Lead at Outdoor Shooting Ranges 
gives instances of ranges that have been closed, including the recovery of up to 
$1M by EPA from some for environmental damage.   
 
Preservation of the environment for future generations, and avoidance of 
remediation costs falling on taxpayers, demand that pollution from shooting ranges 
is avoided.   
 
A new principle should be that all ranges must be assessed for EPA approval before  
they are created.  Furthermore it would be prudent to assess existing ranges to 
determine if their location and practises are adequate by proper modern standards.   
 
All ranges should be required to present a clearly-sustainable lead recycling 
plan, which must include: - 

(1) Evidence that the terrain allows recovery of lead. 
(2) Evidence that dissolved lead will not enter waterways from the site. 
(3) Quotation from established commercial companies for extracting and 

recycling all lead from the range.   
(4) Budgetary assurance, based on written commitments from users, that recycling 

can be sustainably funded. 
(5) Personal liability accepted for costs of future remediation that may arise if the 

complex is not managed responsibly. 
 
The need for government to absolutely specify these conditions is underlined by the 
proposal for Bodalla State Forest (ESC DA 01.5759.D), which met none of them.  
The need for vigilance by environmentally aware members of the public is also 
demonstrated by the fact that this proposal was approved in principle for a grant of 
$ 500,000 from the NSW government sporting and recreation budget subject to 
planning approval.   
 
Existing shooting ranges should also be required to indicate how they meet these 
criteria, or else should be required to show how they will meet them by a specified 
future date. 
 
 
11     CONCLUSION 
 
Environmental considerations of the broadest sort argue that authorities must not 
approve and fund shooting ranges where lead will accumulate to the level of many 
tons in locations where precipitation run-off will inevitably cause irreversible 
pollution. Particular care must be taken to preserve farmland and areas of aquaculture 
such as oyster beds.  The indulgence of a hobby does not provide sufficient grounds 
to pollute the environment.  Any approval and financial support for a polluting range 
would be a violation of government’s own principles for the sustainable management 
of the environment and rural industries.  We can no longer pretend that Australia 
contains regions where pollution does not matter. 
 
It is surely unacceptable that a hobby group can chose for themselves a location that 
will maximise the impact of their noise and pollution.  More unacceptable still that 
money from the general community could be channelled to this end.  The recurrent 
finding in the USA is that neighbours sue polluting ranges but without adequate 
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financial resources they declare bankruptcy, thereby leaving government to fund the 
clean-up (United States Environmental Protection Agency (2001) Best Management 
Practices for Lead at Outdoor Shooting Ranges).  The recent experience with pollution at 
the now-disused shotgun range at Nelligen NSW is salutary.  In the proposal for a 
complex at Bodalla State Forest there is no obvious prospect of any pollution being 
remedied from shooters’ finances since the proposal has been initiated by the promise 
of State funds.  Therefore Government should consider the future financial problems 
that it creates for itself and its taxpayers when it considers the siting and operation of 
shooting complexes.   
 
As with all hobbies, the devotees of shooting must find somewhere that allows it to be 
done without adverse effects on others.  Otherwise it should be treated like all other 
antisocial activities and firmly restricted.  Approving or funding shooting complexes 
that do not preserve the environment would break an obligation of responsible 
government to minimise pollution and to maximise the sustainability of industries 
upon which its citizens depend.  The NSW Government Healthy Rivers Commission 
suggests the principles of “equity, environmental justice, sustainability, and the 
protection of livelihoods” (HRC 2002).  These are sound principles by which to judge 
proposals that could threaten the environment. 
 
For the A$ 9 bn dollar beef export industry, it is important to protect Australia’s 
clean image.  This image is already dented, after discoveries of residual 
pesticides in beef from WA and from Queensland, and has only been partially 
restored at much expense.  Australia must be protected from any new health 
scare that would arise from lead contamination. 
 
New criteria for the building and continued use of shooting ranges should 
be established.  Environmental principles require that these include (1) 
Evidence that the terrain allows recovery of lead. (2) Evidence that dissolved 
lead will not flow or seep into waterways from the site. (3) Quotations from 
commercial companies for extracting and recycling all lead from the range (4) 
Budgetary documentation that recycling can be sustainably funded from income 
over many years. (5) Acceptance of personal liability for costs of remediation 
that may arise if the complex is not managed responsibly, will provide 
assurance of continued respect for the environment. 
 
 
 
 
12     REFERENCES 
 
Allcroft R (1951) Lead poisoning in cattle and sheep. Vet Rec 63: 583. 
 
American Public Health Association (1986) APHA Standard Methods for the Examination 

of Water and Waste Water, 16th Ed., APHA, Washington. 
 
Aguer JP, Richard C (1999) Influence of the excitation wavelength on the photoinductive 

properties of humic substances. Chemosphere 38: 2293-2301. 
 
Australian and New Zealand Environment and Conservation Council (2000) Australian and 

New Zealand Guidelines for Fresh and Marine Water Quality. pp 4.1-1 – 4.4-19.   
 



 30 

Australian Department of Foreign Affairs and Trade (2002) The Japanese Beef Market: 
Prospects For Australia  

 
Avery EL, Dunstan RH, Nell JA (1996) The detection of pollutant impact in marine 

environments: condition index, oxidative DNA damage, and their associations with 
metal bioaccumulation in the Sydney rock oyster Saccostrea commercialis. Arch 
Environ Contam Toxicol 31: 192-198. 

 
Baker M, Corringham R, Dark J (1989) Native plants of the Sydney region.  Three Sisters 

Productions Pty Ltd, Winmalee, NSW, ISBN 0 9590 2032 2  
 
Baldwin D (1994) How far will a shotgun shoot? Gun Club Advisor Spring issue. 
 
Balogh KV (1988) Heavy metal pollution from a point source demonstrated by mussel 

(Unio pictorum L.) at Lake Balaton, Hungary. Bull Environ Contam Toxicol 41: 910-
914. 

 
Batterham GJ, Munksgaard NC and Parry DL (1997)  Determination of trace metals in 

seawater by inductively coupled plasma mass spectrometry after off-line 
dithiocarbamate solvent extraction. J Analytical Atomic Spectrometry, 12, 1277-1280. 

 
Beck KC, Reuter JH, Perdue EM (1974) Organic and inorganic geochemistry of some 

coastal plains rivers of the southeastern United States. Geochimica et Cosmochimica 
Acta 38: 341-364. 

 
Bellinger D, Leviton A, Waternaux C, Needleman H and Rabinowitz M (1987) 

Longitudinal analyses of prenatal and postnatal lead exposure and early cognitive 
development.  New Eng J Med 316:1037-1043. 

 
Bellinger DC, Needleman HL, Leviton A, Waternaux C, Rabinowitz MB, Nichols ML 

(1984) Early sensory-motor development and prenatal exposure to lead. Neurobehav 
Toxicol Teratol 6: 387-402.  

 
Bellinger D, Sloman J, Leviton A, Rabinowitz M, Needleman HL, Waternaux C (1991) 

Low-level lead exposure and children's cognitive function in the preschool years. 
Pediatrics 87: 219-227. 

 
Blackman N (2002) Export Slaughter Intervals  Questions and Answers.  Meat and 

Livestock Australia, Product Integrity and Chemical Usage Program.  
 
Blust R, Van der Linden A, Verheyen E, Decleir WJ (1988) J Anal Atom Spectrom 3: 387-

393. 
 
Bogard JS, Yuracko KL, Murray ME, Lowden RA, Vaughn NL (1999) Application of life 
cycle analysis: the case of green bullets. Environmental Management and Health 10: 282-
289 MCB University Press [ISSN 0956-6163] 
 
Bolger PM, Yess NJ, Gunderson EL, Troxell TC, Carrington CD (1996) Identification and 

reduction of sources of dietary lead in the United States. Food Addit Contam 13: 53-60. 
 
Boyer IW, Horwitz W (1986) Special Considerations in Trace Element Analysis of Foods 

and Biological Materials. In Environmental Carcinogens-Selected Methods of Analysis.  
(Ed. by O'Neil, I.K., Schuller, P. and Fishbein,L.,) International Agency for Research 
on Cancer, Lyon, 8, France, 191. 

 



 31 

Brito JA, McNeill FE, Webber CE, Wells S, Richard N, Carvalho ML, Chettle DR. (2002) 
Evaluation of a novel structural model to describe the endogenous release of lead from 
bone. J Environ Monit 4: 194-201. 

 
Bryce-Smith D, Ward NI (1987) Lead and children. Nature 330: 703. 
 
Capar SG, Yess NJ (1996) US Food and Drug Administration survey of cadmium, lead and 

other elements in clams and oysters. Food Addit Contam 13: 553-560. 
 
Costermans LFC (1986) Native trees and shrubs of south eastern Australia . Rigby, Dee 

Why West, NSW, ISBN 0 7270 1799 3  
 
Cruz RB, Lorouso C, George S, Thomassen Y, Kinrade JD, Butler LRP, Lye J, Van Loon 

JC (1980) Spectrochim Acta 35B: 775. 
 
Del Vecchio R, Blough NV (2002) Photobleaching of chromophoric dissolved organic 

matter in natural waters: kinetics and modeling. Marine Chemistry 78: 231-253.  
 
Eisenberg M, Topping JJ (1984)  Trace metal residues in shellfish from Maryland waters, 

1976-1980.  J Environ Sci Health part B.19: 649-671. 
 
EPA (U.S. Environmental Protection Agency) (1979) Methods for Chemical Analysis of 

Water and Waste, EPA-600/47902, Cincinnati, OH.  
 
EPA (U.S. Environmental Protection Agency) (1991) Draft Fish Sampling and Analysis: A 

Guidance Document for Issuing Fish Advisories Washington, DC, 20460. 
 
EPA (U.S. Environmental Protection Agency) (2001) Best Management Practices for Lead 

at Outdoor Shooting Ranges. EPA-902-B-01-001. 
 
Eurobodalla Shire Council report for Environment, Planning and Administrative Services 

Committee meeting Tuesday 20 November 2001, page 93 item p15, DA 434/01 
Central Tilba Hall restoration and soil remediation 95.9378.B&D. 

 
Fairley A, Moore OP (2000) Native plants of the Sydney district. Kangaroo Press and 

Society for Growing Australian Plants. Kenthurst, NSW, ISBN 0 86417 261 3 
 
Favretto LG, Marletta GP, Favretto L (1981) Recent Developments in Food Analysis: 

Proceedings of the First European Conference on Food Chemistry (EURO FOOD 
CHEM I),Vienna, Austria, 372. 

 
Field JA, (2002) Limits of anaerobic biodegradation. Water Sci Technol 45:9-18. 
 
Fisher-Fischbein J, Fischbein A, Melnick HD, Bardin CW (1987) Correlation between 

biochemical indicators of lead exposure and semen quality in a lead-poisoned firearms 
instructor. J Amer Med Assoc  257: 803-805. 

 
Fracasso ME, Perbellini L, Solda S, Talamini G, Franceschetti P (2002) Lead induced DNA 

strand breaks in lymphocytes of exposed workers: role of reactive oxygen species and 
protein kinase C.  Mutat Res 515: 159-169. 

 
Gibson JS, Harwood C (2002) Metabolic diversity in aromatic compound utilization by 

anaerobic microbes. Annu Rev Microbiol 56: 345-369. 
 



 32 

Gulson BL, Mizon KJ, Palmer JM, Patison N, Law AJ, Korsch MJ, Mahaffey KR, 
Donnelly JB (2001) Longitudinal study of daily intake and excretion of lead in newly 
born infants. Environ Res 85: 232-245. 

 
Hammond PB, Aronson AL (1964) Lead poisoning in cattle and horses in the vicinity of a 

smelter. Annals New York Academy of Sciences 111: 595- .  
 
Harley NH, Kneip TH (1985) An Integrated Metabolic Model for Lead in Humans of All 

Ages. Final report U.S. EPA, Contract No. B44899 with New York University School 
of Medicine. 

 
Healthy Rivers Commission (2000) Independent Inquiry into Coastal Lakes Final Report. 

Healthy Rivers Commission of New South Wales, Sydney. 
 
Healthy Rivers Commission (2002) Independent review of the Relationship between 

Healthy Oysters and healthy Rivers. draft report. Healthy Rivers Commission of New 
South Wales, Sydney. 

 
Helrich K, Ed. (1990) Official Methods of Analysis of the Association of Official Analytical 

Chemists 15th Ed. Vol. I, Chap. 9, Method 972.23, AOAC, Arlington, VA. 
 
Hill DJ, Griffin GR,  Piggott RR (1997) Chemical Residues in the Australian Beef Industry: 
Assessing the Economic Impacts of the Chlorfluazuron Incident on Returns to Cattle 
Producers. Paper presented to the AARES Annual Conference, Gold Coast, 22-24 January. 
 
Jones JW (1988) In Quantitative Trace Analysis of Biological Materials (Ed. by H. A. 

McKenzie and L. E. Smythe)  Elsevier Science, New York, N.Y., 353. 
 
Kontchou CY, Bechet M, Blondeau R (193) Catabolic activity on humic acids of 

Streptomyces-viridosporus grown under oxygen. Canadian journal of microbiology 39: 
987-989. 

 
Lanphear BP, Hornung R, Ho M, Howard CR, Eberly S, Knauf K, Eberle S (2002) 

Environmental lead exposure during early childhood. J Pediatr 140: 40-47. 
 
Lanphear BP (1998) The paradox of lead poisoning prevention. Science 281: 1617-1618. 
 
Lillie S, Corbett MT, Odonnell R (2002) How much does a bullet cost? Army Magazine 

May. The Association of the U.S. Army 
 
Liu AG, Gonzalez RD (1999) Adsorption/desorption in a system consisting of humic acid, 

heavy metals, and clay minerals. Journal of Colloid & Interface Science. 218: 225-232. 
 
Locatelli C, Torsi G (2001) Heavy metal determination in aquatic species for food 

purposes. Ann Chim. 91: 65-72. 
 
Lytle TF, Lytle JS (1982) . Heavy metals in oysters and clams of St. Louis Bay, 

Mississippi. Bull Environ Contam Toxicol 29: 50-57. 
 
Mahaffey KR (1985) Factors modifying susceptibility to lead. In Dietary and 

Environmental Lead: Human Health Effects (Ed. by K.R. Mahaffey) Elsevier, 
Amsterdam, 373-419.   

 
Marcal WS, Gaste L, Liboni M, Pardo PE, Nascimento MR, Hisasi CS (2001) 

Concentration of lead in mineral salt mixtures used as supplements in cattle food. Exp 
Toxicol Pathol 53: 7-9. 



 33 

 
Marcus JM, Thompson AM (1986) Heavy metals in oyster tissue around three coastal 

marinas. Bull Environ Contam Toxicol 36: 587-594. 
 
Masci O, Carelli G, Vinci F, Castellino N (1998) Blood lead concentration and biological 

effects in workers exposed to very low lead levels.  J Occup Environ Med 40: 886-894. 
 
Massachusetts Department of Environmental Protection (2001) report by M Begley, 

Shooting Range Initiative, Policy Track: Environmental Issues.  Boston, Massachusetts 
USA. 

 
McKnight D, Thurman ME, Wershaw RL (1985) Biogeochemistry of aquatic humic 

substances in Thureau’s bog, Concord, Massachusetts. Ecology 66: 1339-1352. 
 
McMahon BM, Hardin BF, Eds., (1968) Pesticide Analytical Manual, Vol. I, 2nd Ed., and 

updates, U.S. Food and Drug Admin istration, Rockville, MD. 
 
Micallef S, Tyler PA (1989) Levels and interactions of selenium with group IIB metals in 

mussels from Swansea Bay, South Wales, U.K. Bull Environ Contam Toxicol 42: 344-
351. 

 
Ministers of the Environment conference (1998) Soil Contaminations at Shooting Ranges 

Resolution of the 51st Conference of the (Laender) Ministers for the Environment, 
Stuttgart (TOP 19.18) November. 

 
National Environment Protection Council of Australia (1999, 10th December) National 

Environment Protection Measure for the Assessment of Site Contamination. 
 
NSW DUAP and NSW Fisheries (2001). Draft Natural Waters Based Sustainable 

Aquaculture Strategy. NSW Department of Urban Affairs and Planning and NSW 
Fisheries, Sydney and Port Stephens. 

 
Pandey AK, Pandey SD, Misra V (2000) Stability constants of metal-humic acid complexes 

and its role in environmental detoxification.  Ecotoxicol Environ Safety 47: 195-200. 
 
Pao EM, Fleming KH, Guenther PM, et al. (1982) Foods Commonly Eaten by Individuals: 

Amount Per Day and Per Eating Occasion U.S. Department of Agriculture. Home 
Economics Report No. 44. 

 
Peerzada N, Dickinson C (1988) Heavy Metal Concentration in Oysters from Darwin 

Harbour. Marine Pollution Bulletin, 19: 182-184. 
 
Peerzada N, Dickinson C (1989) Metals in Oysters from the Arnham Land Coast, Northern 

Territory, Australia. Marine Pollution Bulletin, 20: 144-145. 
 
Peerzada N, Rohoza W (1989) Some Heavy Metals in Sediments from Darwin Harbour, 

Australia. Marine Pollution Bulletin, 20(2):91-92. 
 
Peerzada N, Eastbrook C, Guinea M (1990) Heavy metal concentration in Telescopium 

from Darwin Harbour, N.T., Australia. Marine Pollution Bulletin 21: 307-308. 
 
Peerzada N, Nojok M, Lee C (1992) Distribution of Heavy Metals in Prawns from 

Northern Territory, Australia. Marine Pollution Bulletin 24: 416-418. 
 



 34 

Peerzada N, Kozlik E (1992) Seasonal variation of heavy metals in oysters from Darwin 
Harbor, Northern Territory, Australia. Bulletin of Environmental Contamination and 
Toxicology 48: 31-36. 

 
Pierrard JC, Rimbault J, Aplincourt M (2002) Experimental study and modelling of lead 

solubility as a function of pH in mixtures of ground waters and cement waters. Water 
Research 36: 879-890. 

 
Piomelli S, Seaman C, Zullor D (1982) Threshold for lead damage to hemesynthesis in 

urban children. Proc Natl Acad Sci, USA 79: 3335-3339. 
 
Refshauge A, (2002), “I want to make sure any development works with the environment, 

not against it”. Minister for Planning, press release of October 28th. 
 
Rodgers CJ (2001). The NSW Shellfish Quality Assurance Program: An Operational 

Review. Final Report January 2001, NSW Safefood Production, Sydney. 
 
Rooney C (2002) Outdoor Shooting Ranges and Land Contamination - Considerations for 
Councils. A project assisted by the NSW Government through its Environmental Trust. 
Published by Lead Advisory Service Australia, (copies via freecall 1800 626 086)  
 
Sanborn MD, Abelsohn A, Campbell M, Weir E (2002) Identifying and managing adverse 

environmental health effects: 3. Lead exposure. Canadian Medical Association Journal 
166: 1287-1292. 

 
Sanin LH, Gonzalez-Cossio T, Romieu I, Peterson KE, Ruiz S, Palazuelos E, Hernandez-

Avila M, Hu H (2001) Effect of maternal lead burden on infant weight and weight gain 
at one month of age among breastfed infants. Pediatrics 107: 1016-1023.   

 
Shi W, Bishoff M, Turco R, Konopka A (2002) Long term effects of chromium and lead 

upon the activity of soil microbial communities. Applied Soil Ecology 21: 169-177. 
 
Singh AK, Pandeya SB (1998) Modelling uptake of cadmium by plants in sludge-treated 

soils. Bioresource Technol. 66: 51-58.  
 
Spark KM, Wells JD, Johnson BB (1997) The interaction of a humic acid with heavy 

metals.  Australian Journal of Soil Research 35: 89-101. 
 
Stanforth R. Qiu J. (2001) Effect of phosphate treatment on the solubility of lead in 

contaminated soil. Environmental Geology. 41: 1-10. 
 
Storelli MM, Marcotrigiano GO (2001) Consumption of bivalve molluscs in Italy: 

estimated intake of cadmium and lead. Food Addit Contam 18: 303-307. 
 
Southern Forest Region Forest Agreement, New South Wales Government, Draft April 
2001 
 
Srawn DG, Sparks DL (2000) Effects of soil organic matter on the kinetics and 

mechanisms of Pb(II) sorption and desorption in soil. Soils Science of America Journal 
64: 144-156. 

 
Thurman EM, Malcolm RL (1983) Structural study of humic substances; new approaches 

and methods, in Aquatic and Terrestrial Humic Materials, (Ed. by RF Christman and 
ET Gjessing) pp.1-23. 

 



 35 

Technical Advisory Panel (1999), Final Report to the National Environment Protection 
Council (Australia). 

 
United States Environmental Protection Agency (2001) Best Management Practices for 

Lead at Outdoor Shooting Ranges (EPA-902-B-01-001, region 2) January.  
 
United States  Food and Drug Administration, Center for Food Safety & Applied Nutrition 

(1993) Guidance Document for Arsenic in Shellfish, Washington, D.C.  
 
Vyncke W, Hillewaert H, Guns M, van Hoeyweghen P (1999) Trace metals in cut trough 

shell (Spisula subtruncata ) from Belgian coastal waters. Food Addit Contam 16: 1-8. 
 
Warren MJ, Cooper JB, Wood SP, Shoolingin-Jordan PM (1998) Lead poisoning, haem 

synthesis and 5-aminolaevulinic acid dehydratase. Trends Biochem Sci 23: 217-221. 
 
Watling HR, Watling RJ (1983) Sandy beach molluscs as possible bioindicators of metal 

pollution 2. Laboratory studies. Bull Environ Contam Toxicol 31: 339-343. 
 
Watt GC, Britton A, Gilmour WH, Moore MR, Murray GD, Robertson SJ, Womersley J 

(1996) Is lead in tap water still a public health problem? An observational study in 
Glasgow. Brit Medical Journal 313: 979-981. 

 
Weiss ST, Munoz A, Stein A, Sparrow D, Speizer F E (1986) The relationship of blood 

lead to blood pressure in a longitudinal study of working men. Am J Epidemiol 123: 
800-808. 

 
Wetzel RG, (1975) Limnology. Pub. W.B. Sanders, Philadelphia, Pennsylvania, USA. 
 
White, I., 2001. Safeguarding Environmental Conditions for Oyster Cultivation in New 

South Wales. Centre for Resource and Environmental Studies, Australian National 
University. Appendix 2 in Report to Healthy Rivers Commission. 

 
WHO (World Health Organization) (1983) "Guidelines for the Study of Dietary Intakes of 

Chemical Contaminants"  in Global Environmental Monitoring System, WHO, Geneva, 
Switzerland, 49-50. 

 
WHO (World Health Organisation) (1993). Guidelines for drinking-water quality. Vol 1. 

Recommendations. WHO Geneva, Switzerland. 
                                                                                                                                                                    (96 references) 
 
 
Author: - 
Dr Peter CL John 
 
PCB Group  
Research Sch Biological Sciences 
Australian National University 
Acton ACT 2601, AUSTRALIA 

 
 
 
 

 
Work contacts 
 
Tel:  02 61254584 
Fax: 02 61254331 
Email: - john@rsbs.anu.edu.au 

 
 

 



 36 

APPENDIX   
 

WARM TEMPERATE RAINFOREST IN PROPOSED COMPLEX 
 

Jennifer A John* and Peter CL John** 
* Diploma Biology HNC City and Guilds; Australian Plants Society; ACT Parkcare.  
**Snr Fellow, Research Schl Biological Sci ANU and National Institute for Environment ANU 
 

Warm temperate rainforest was among the vegetational types threatened by the 
proposed complex on Dromedary.  Rainforest is a rare and declining remnant of a 
once more widespread vegetational type (e.g. Fairley and Moore 2000; Baker 
Corringham and Dark 1989; Costermans 1986) and its retention is important for 
national biodiversity and is an essential component of regional tourism.  NSW 
Forestry Dept are charged with protecting waterways and rainforest, which is 
incompatible with leasing State Forest land for the proposed complex. 
 

Rainforest is characterized by a 70 % or more closure of the tree canopy often of the 
non-eucalypts Doryphora sassafras (Sassafras) and Acmena smithii (Lilly-pilly), 
creating below good retention of water and provision of sheltered habitat.  Humidity 
there allows proliferation of understorey plants that are often rich in green chlorophyll 
to accommodate low light.  In warm temperate rainforest, understorey occurs in 
several layers including cold sensitive species such as smaller trees Livistona 
australis (cabbage tree palm), Dendrocnide excelsa (giant stinging tree), Ficus 
coronata (water fig), Polyscias murrayi (pencil cedar), then a lower layer including 
such as Cyathea australis (rough tree fern); lower still Urtica incisa (Austral stinging 
nettle) and ferns and mosses with climbing vines Smilax australis (Austral Sasparilla) 
with Cissus hypoglauca (five leaved water vine).  Many of these are unique to the 
Dromedary region in this southern part of their range.  These plants are all present at 
altitudes lower than the firing points and are in regions of expected lead drop out 
and/or lead leaching via surface and ground water.  
 

All photographs were taken by the authors around the confluence of James and 
Matthews Creeks inside the complex (map ref; 8925-3N Central Tilba, 346 828) and 
show warm temperate rainforest vegetation that is rare on the Far South Coast and 
will be poisoned by lead if the complex is approved.  Lead poisoning has already 
been observed at the nearby Nelligen shotgun range where Environmental Protection 
Agency reported “adverse phytotoxic effects” and vegetational “bare patches” (EPA 
reporting to ESC “Contamination at 1398 Kings Highway, West Nelligen” 27/12/01).   
 
Photographs show: - 
1.&2. Canopy of Sassafras and Lilly-pilly supporting lianas and allowing sparse groundcover 

containing a range of fern species and with understorey including stinging tree receiving only 
dappled sun (2). 

3. Sassafras supporting epiphytic ferns and enclosing extensive understorey of cold- and drought- 
sensitive cabbage tree palms. 

4. Understorey includes water fig, showing distinctive corona of red bristles at apex of fruit.  
5. & 6. Moisture-dependent understorey species; native raspberry (Rubus rosifolius), mosses, red 

bellied black snake (Pseudechis porphyriacus). 
7. Extensive liana growth, characteristic of warm temperate rainforest.  
8. Epiphytic fern (Pyrrosia rupestris) on Lilly-pilly, showing differentiation in the fern of lanceolate 

fertile (spore-forming) leaves and ovate vegetative leaves. 
9. Epiphytic orchid, the Tangle Orchid (Plectorrhyza tridentata) with lichen, growing on Lilly-pilly. 
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