NATIONAL TOXICS NETWORK INC.
Australian IPEN Focal Group
International POPs Elimination Network
PO Box 173 Bangalow 2479 NSW Australia
ABN 61 118 160 280
Phone : (Int) 612 66871900 / 66815340
http://www.oztoxics.org/ntn
http://www.ipen.org

OVERVIEW OF THE IMPACT OF AIR AND WATER POLLUTION
ON FLORA AND FAUNA
CHINA SKILLSHARE ON CHEMICAL SAFETY
BEIJING, OCTOBER 16-20th 2007
Abstract
Serious contamination of the environment is a global issue. It has been brought about
primarily by unsustainable consumption in developed countries and the desire of
developing countries to feed that consumption. While in some regions of the world
due to poverty or the need to develop, little thought is given to the impact of
chemicals on the environment. In other countries, many of the planning decisions are
based on the ‘critical load’ mentality that is, we can pollute up to the amount that an
ecosystem can tolerate and above which, the environment and its flora and fauna are
overtly harmed.
However, a growing body of research has shown that even low levels of exposure to
chemical contamination have chronic and subclinical effects on the environment and
our vulnerable wildlife. The ever-growing mixtures of man made chemicals (eg POPs,
surfactants, pesticides) poison the immune systems of our fauna, cause cancerous
growths and birth defects, are neurotoxic and disrupt endocrine and reproductive
systems. Any of these factors can lead to the inability to function normally, breed
successfully or obtain food and as a result, reduce species viability.
Besides the adverse effects on wildlife, chemical pollutants also pose public health
concerns due to the contamination of the human food chain and in particular, the
native foods of indigenous peoples. This is clearly evident in both the global
contamination of seafood with mercury and in the Stinky Whale Syndrome of the
northern Gray Whales, which has left their meat odorous and unpalatable.
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1.0 Priority Environmental Pollutants
Many chemicals in use today are transboundary, respecting no national borders and
contaminating countries, regions and the global commons. Chemicals such as
persistent organic pollutants (POPs) and other persistent bioaccumulative toxins are
often referred to as ‘poisons without passports’ as they are volatile and are capable of
traveling vast distances on air and water currents.
Atmospheric contamination is thought to be one of the most important stressors on
biota (second only to land use changes). This is because the atmosphere affects all
exposed surfaces all the time and no other medium can transport huge amounts of
pollutant over such large distances in so short a time.
Some of the most notable pollutants include the ‘criteria air pollutants’ like sulphur
dioxide (SO2), nitrogen oxides (NOx) and carbon monoxide (CO) as well as ozone,
volatile organic compounds (VOCs) and polycyclic aromatic hydrocarbons (PAHs).
Other priority pollutants include POPs like dioxins and polychlorinated biphenyls
(PCBs), pesticides, perfluorochemicals, brominated flame retardants, phthalates,
heavy metals (eg mercury and cadmium), and particulate matter (PM).
In many regions of the world, water bodies are now heavily polluted with domestic
sewage, industrial effluents, agricultural chemicals and solid wastes. Industrial
discharges to water include many chemical pollutants such as petroleum, cyanide,
arsenic, solvents and heavy metals, particularly cadmium, zinc, and some organicmetallic compounds. However, a review of pollutant inventories reveals that the bulk
of the chemical contaminants released by industry to air are a mixture of PAHs and
VOCs.
1.1. Particulate Matter
Particulate air pollution is a very important vehicle for environmental contamination.
Particulate matter (PM) is a term used for a type of air pollution that consists of
complex and varying mixtures of particles suspended in the air. It is a combination of
dirt, dust, pollens, molds, ashes and soot. Particulate pollution comes from factories,
vehicle exhaust, wood burning and incineration, mining, construction activity and
agriculture.
PM not only causes primary physical tissue damage in mammals through inhalation,
which can result in respiratory and cardiac problems and premature death, it also
provides an effective way to deliver toxins direct to the lungs of living organisms. Of
particular concern are fine particles, that is, those less than 2.5 microns in diameter. A
recent study of dioxins and furans in the ambient air of Shanghai demonstrated that
almost all the PCDD/Fs and PBDD/Fs emissions partitioned quickly into the
particulate phase.1
The level of particulates is measured in micrograms per cubic metre of air. The
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European Union stipulates that any reading above 40 micrograms is unsafe. In 2006,
it was reported that Beijing's average PM 10 level was 141, according to the Chinese
National Bureau of Statistics,2 however researchers have noted recent improvements
in air quality. 3
Particulates are easily deposited into water bodies, adding to the existing
contamination of streams, rivers and oceans. Particulate air pollution can also
significantly increase the size of hail, and thus the amount of damage it can cause to
crops and the environment.4
1.2 Acid Rain
Acid rain is the result of serious air pollution. It is caused by the transformation of
sulphur dioxide (SO2) and nitrogen oxides into secondary pollutants such as sulphuric
acid (H2SO4), ammonium nitrate (NH4NO3) and nitric acid (HNO3). The
transformation occurs as the pollutants are transported in the atmosphere over vast
distances. The production of acid rain is reported to affect 30% of China's total area
mainly due to coal fired power stations and vehicle pollution. 5
The resultant acidification causes the leeching of nutrients from soils and can inhibit
germination and reproduction. Acid rain and fog damages the surfaces of leaves,
reducing a tree’s ability to withstand cold and disease, leading to loss of habitat and
food sources with many flow-on effects throughout ecosystems. Acidification also
affects wildlife and native foods in a range of diverse ways. In fish, it corrodes gill
material, and attacks the calcium content of the skeleton. It can cause the failure of
female fish to spawn, with hatchlings or small fry unable to withstand acidity. If they
survive there can be decreased growth rates, inability to self-regulate body chemistry,
reduced egg deposition, deformities, increased susceptibility to disease. Acid rain was
linked to the decline in Atlantic Salmon stocks by 75% between 1975 and 2000.6 The
reduced fish stocks in turn causes a loss of the calcium-rich food sources required by
some bird species.
2.0 Role of Agriculture in Air and Water Pollution
Many agricultural pesticides are detected in ambient air and water. For example, in
Australia, the organophosphate, chlorpyrifos was identified as one of the most
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commonly detected pesticide in urban air.7 Whereas, organochlorine insecticides,
such as endosulfan and its metabolites have regularly been detected in rain and snow
samples, as well as groundwater, surface water and sediment.8 Endosulfan's ability to
volatilise has also seen it transported over long distances in air.9 Endosulfan and its
metabolites can affect the permeability of root membranes, inhibiting and stunting
new growth and is toxic to a wide variety of microorganisms. Non organic agriculture
is also major source of chemical pollutants such as nitrates and phosphates which
change the chemical makeup of waterways and can lead to algae blooms and
eutrophication.
3.0 Contamination with Domestic and Industrial Products
Many chemicals found in domestic products add to air and water pollution. For
example, chemicals like perfluorooctanoate acid (PFOA) used to manufacture water
and stain resistance compounds has been detected in surface water, 10 oceans,11
ambient air 12 and household dust.13
Perfluorocarboxylic acids (PFCAs) are extremely persistent and via their precursors,
have a real potential for long-range atmospheric transport (based on their vapour
pressure and the estimated atmospheric lifetime). PFCA precursors are used in the
manufacture of fluoropolymers and fluorotelomers, which in turn are used in a wide
range of consumer and industrial products, including non stick and stain resistant
coatings, fast food packaging, personal care and cleaning products and
telecommunications and computer chip processing equipment.
Their breakdown products are released at various stages in the lifecycle of their
production and product life span. Atmospheric degradation of the fluorotelomer
alcohols, the volatile precursors to the PFCAs explain the presence of long-chain
PFCAs including PFOA in Arctic animals far from the original source. The degree of
conversion of fluorotelomer alcohols to PFCAs appears dependent upon NOx levels.
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Studies focusing on PFOA demonstrate that there are no ready environmental
degradation mechanisms (eg hydrolysis, photolysis, or biodegradation) for these
compounds.
The detection of these and other chemicals such as some brominated flame retardants
used in computers and whitegoods14 and the phthalates in the dust of homes clearly
demonstrates that gassing off from domestic products such as treated furnishings,
carpets and computers is a significant source of environmental pollution.
There are also major threats to water quality from inadequate treatment of both
municipal and industrial wastewater. Many contaminants are not captured or
destroyed in waste water treatment plants and are found in the sludge and effluent.
For example, polybrominated diphenyl ethers (PBDEs) (a type of brominated flame
retardant) have been regularly detected in sewerage sludge and effluent at very high
levels.15 Perfluorochemicals are also regular contaminants of sewerage sludge and
effluent,16 representing a significant risk to the environment and agriculture when it is
applied to land or released into waterways. 17
4.0 Impacts of Air and Water Pollutants on Wildlife
Pollution affects all species. Across the globe, animals, like humans are contaminated
with pesticides, industrial chemicals and compounds found in our everyday products.
The impacts of this contamination are extensive and varied. While acute toxicity and
poisonings may result in death, chronic effects may have a greater impact on
populations than acute mortality (for example, eggshell thinning in birds of prey due
to DDT residues). Chronic low-level exposure to chemicals, their metabolites and
mixtures can result in a range of impacts including immunotoxicity, carcinogenicity,
teratogenicity and behavioural disturbances such as lengthened courtship and/or
delayed nesting. Recent research has shown that chronic exposure to some chemicals
(eg, endosulfan, phenol, chlorpyrifos) can reduce a species tolerance of increased
temperatures,18 which is of concern in a world affected by climate change ad global
warming. Recently, a decline in vulture population in the Indian subcontinent has
14
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been linked to drug residues.19
Most importantly, many persistent synthetic chemicals (eg atrazine, bisphenol A,
phthalates) have serious sub-lethal endocrine impacts, which can result in decreased
fertility, thyroid dysfunction, and feminization and demasculinization in males.
4.1 Persistent Organic Pollutants (POPs)
One of the most studied group of environmental contaminants are the twelve POPs
(eg dioxins, PCBs, HCB and the organochlorine pesticides.) POPs are lipophilic, and
thus accumulate in the fatty tissue. In marine mammals, for example, PCB levels can
be ten times higher in blubber than in the muscle or other tissues.
Due to a process known as biomagnification, animals high on the food chain, such as
bears, dolphins, whales and seals (and humans), can be exposed to very high
concentrations of POPs and other persistent bioaccumulative toxins. These chemicals
move up through the food chain, increasing their concentrations each time that
contaminated prey is eaten. Once the contamination reaches the top of the food chain,
the level of toxins can be many times greater than in the surrounding environment.
Contamination with POPs has been linked with many adverse impacts on wildlife. In
the 2003 report 20 of affected wildlife in Arctic environments, a number of field
studies on polar bears, seals and glaucous gull looked for correlations between effect
parameters and individual concentrations of POPs. These studies showed correlations
between high PCB levels and reduced vitamin A and/or thyroid hormones in Alaskan
northern fur seals and Svalbard polar bears, and reduced testosterone levels in
Svalbard polar bears. Similar correlations were seen between high PCB levels and
increased cytocrome P450 activity in Arctic birds, ringed seals and polar bears. In
harp seals there were correlations between high toxaphene levels and increased
cytochrome P450. Correlations between high PCB burdens and adverse impacts on
reproduction and adult survival in glaucous gull were evident as were correlations
between high PCB, DDT and mirex, and immune status.
In experiments with polar bears, high PCB levels were correlated with reduced
antibody production, reduced lymphocyte response and decreased IgG levels. Similar
results were obtained in a study on Alaskan northern fur seal. In experimental studies
with glaucous gull correlations were found between high POP levels in the diet and
increased frequency of chromosome abbreviations and DNA adducts.
4.2 Other Persistent Bioaccumulative Toxins
There are many other persistent bioaccumulative toxins (PBTs) that represent
significant risks to wildlife, including the brominated flame retardants (PBDEs) and
19
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perfluorochemicals such as perfluorooctanesulfonate (PFOS) and perfluorocarboxylic
acids (PFCAs). These contaminants have also demonstrated bioaccumulation and
biomagnification in recent studies.21 PFOS, which is currently being assessed as a
new POPs, has regularly been detected in the wildlife of Alaska and the Arctic Circle,
22
particularly, in high order species such as polar bears 23 and marine mammals such
as seals.24 PFCAs are also widespread in Arctic wildlife, accumulating in the blood,
liver and kidneys of wildlife such as dolphins and polar bears,25 birds 26, fish,27 and
other marine wildlife 28 including turtles.29 Long-chain PFCAs have been found to
biomagnify in the bottlenose dolphin food web. There is also evidence that for some
PFCAs (C9 and C10), the concentrations found in the highly vulnerable polar bears
have been doubling every 5 to 8 years. 30
While perfluorooctanoate (PFOA) has shown to be tumourigenic and immunotoxic in
laboratory animals, for other PFCAs, there is no toxicological or ecotox data
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available. PFOA causes liver, testicular and pancreatic tumours in rats,31 and is also a
reproductive toxin in rats, causing increased mortality of rat pups. PFOA has been
shown to be immunotoxic in mice. Japanese research had shown that PFOA can alter
the expression of over 500 genes, 32 while Chinese researchers investigating the
genotoxic potential of PFOA in human liver cells (hepatoma HepG2 cells) in culture
have demonstrated that PFOA exerts genotoxic effects on these cells, probably
through oxidative DNA damage.33 There is indication that some PFCAs inhibit the
activity of the ‘efflux transporters’ that serve as a first line of cellular defense against
xenobiotics in marine mussels. Since these ‘efflux transporters’ also exist in
mammals, the study raises questions about the long-term consequences of exposure to
these PFCAs 34.
PBDEs have been detected in seabird eggs including peregrine falcon, golden eagle,
osprey, merlin, goshawk, and white-tailed sea eagle from Norway.35 It is estimated
that levels of PBDEs are doubling every 5 years and levels in peregrine falcons are
approaching levels that have caused neurological damage in laboratory experiments
with rats. The St. Lawrence Estuary beluga whales doubled their blubber
concentration of PBDE congeners in less than three years.36 PBDEs are
developmental neurotoxins, blocking the functioning of the thyroid hormone at
critical times in development and impacting on behaviour and normal development.37
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4.3 Impact on Marine Mammals
Marine mammals such as cetaceans and seals are particularly affected by
environmental contamination as they have limited capacity to metabolise
organochlorines in comparison to terrestrial mammals. As early as the 1970s, research
was showing that the incidence of DDT and PCBs in the bodies of seals was reducing
the individual’s chance to reproduce. Either the seals failed to conceive or they
aborted or resorpted the foetus.38 Female Baltic Ringed seals when exposed to
organochlorine pollution suffered a narrowing or closure of the uterine passage and
hormonally induced softening of the bone.39
The biotransformation enzymes, which catalyse or accelerate the degradation of toxic
compounds in the cetacean’s body are constantly activated or ‘induced’ by the
organochlorine contaminants with serious consequences including the increased
elimination of natural hormones. A particular enzyme, cytochrome P450 responsible
for the metabolism of PCBs once induced, has a broad range of targets and accelerates
the metabolism of the cetaceans’ natural chemicals resulting in critical disturbances to
the balance of hormones.40 Examples of this were seen in Dall Porpoises from North
West Pacific, which demonstrated that as concentrations of PCBs and DDT increased,
the level of male hormone testosterone decreased.41
Organochlorine contaminants have also been associated with the growing numbers of
seals suffering the disease complex called ‘primary lesions of the adrenals with
secondary reactions’. The disease is linked to immuno-suppression and hormonal
imbalances resulting from contamination, particularly PCBs.42 While organochlorines
have long been known to cause immunotoxic effects on laboratory animals,43 in
recent years they have been linked to the occurrence of large-scale die-offs in marine
mammals due to disease. Post mortem testing of these mammals has revealed high
levels of PCB and PBDE contaminants in their blubber and organ tissues.44
Researchers have hypothesized that contaminant induced immuno suppression may
contribute to disease susceptibility in harbour porpoises.
In Australia, high organochlorine residues were found in the majority of stranded
marine mammals from the Victorian coast.45 The autopsies indicated that a variety of
38
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serious infectious diseases - including septicaemia, vegetative endocarditis,
congestive heart failure, bacterial pneumonia, and generalised fungal infections caused the deaths of the whales and that the majority were severely immunocompromised. Researchers also concluded that the toxin found in the whales and
dolphins could have contributed significantly to the diseases, which killed the
animals.
The effect of this contamination on native foods is clearly evident in the Stinky Whale
Syndrome of the northern Gray Whales, which has left their meat odorous and
unpalatable, and causes short-term health effects in some people. Reports by the
Russian and US government46 note that most of the compounds detected in stinky
whale meat have minimal to no toxicological information making risk assessment
impossible.
4.4 Impacts on Other Aquatic Species
The uptake of pollutants in aquatic systems can be very rapid, taking place through
gills, skin and ingestion. Amphibians like frogs are at particular risk as the skin of an
adult amphibian is a permeable organ used for respiration. Pesticides such as Atrazine
have been closely associated with endocrine disruption in frogs at very low levels.47
Shellfish such as mussels and oysters are also particularly prone to the impacts of
pollution as they are filter feeders and can bioaccumulate metals and POPs. Even in
remote areas, there is widespread contamination with the endocrine disruptor,
tributyltin (TBT) used to treat the hulls of ships.48 TBT (tributyltin) causes female
whelks to grow male characteristics and thus becomes sterile when this superficial
excretory duct finally blocks the release of eggs.49 A survey of marine gastropods
from the South Australian coast revealed 100% demonstrated `imposex' or a
masculinisation of the females of the species.50
Concerns over contamination of the aquatic environments with endocrine disrupters
have increased even further, with the growing number of studies of waterways from
USA, South Africa, United Kingdom and European waterways. In research focusing
on UK waterways contaminated with sewerage effluent,51 the findings indicated that
oestrogen type substances were exerting powerful endocrine impacts with 25-60% of
46
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male fish producing eggs in their testes. US studies reported a high proportion of wild
chinook salmon that appear to have been sex-reversed early in development, that is,
chromosomal males have female reproductive tracts. 52
Pesticides like chlorpyrifos, atrazine and endosulfan also represent a high
environmental risk to wildlife. 53 They like POPs, are persistent in ecosystems and
demonstrate both chronic and acute toxicity. Fish accumulate endosulfan directly
from surrounding water, where it can persist for months.54 Both endosulfan and
chlorpyrifos are very toxic to freshwater fish, aquatic invertebrates and estuarine and
marine organisms as well as birds, 55 and have been implicated in fish and bird kills.
4.5 Impacts of Pollution on Birds and Mammals
Birds and mammals are not immune to pollution. Chlorpyrifos has been detected in
the eggs (0.06-0.36ppm) and liver (0.02ppm) of the endangered seabirds, Little Terns
and in Pelican eggs (0.5ppm) from the central coast of New South Wales, Australia.56
Arctic birds suffer contamination with perfluorochemicals such as PFOS,57 as well as
PBDEs 58 and mercury.59
While the use of organochlorine pesticides in Western Europe ended long ago, DDT,
and its metabolites along with other contaminants such as dioxins are still detected at
worrying levels in vulnerable bird population. 60 For example, analyses of the eggs of
the red kite (Milvus milvus L.) population (which is in decline) collected from the
Spanish Doñana National Park (DNP), between 1999 and 2001 demonstrated that
50% had DDE concentrations above those associated with reproductive impairment in
52
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other raptor species. Concentrations of ortho PCBs in 50% of the eggs were much
higher than levels reported to cause reduced hatching success, embryo mortality, and
deformities in birds (> 20g/g ww). Analysis of the total PCDD/Fs (mean TEQs
238 pg/g ww) indicated that some eggs exceeded the NOEL (67%) and LOEL (33%)
with researchers expecting the red kite to experience detrimental effects of dioxin-like
toxicity. Remarkably, the average ortho PCB and DDE concentrations showed an
increase of one order of magnitude compared to previous data for the species during
the 1980s.
Even the Platypus, an egg laying monotreme from remote areas in Australia have
demonstrated widespread contamination.61 Samples of tail fat detected PCBs (average
of 0.5 mg/kg), DDT (0.6 to 0.8 mg/kg) and HCH. The contaminants have been
implicated in the failure of the incubation of clutches of eggs. It has been noted that
the unusually yolky eggs of the monotremes may predispose them to teratogenesis of
pesticides and the immunotoxicity of PCBs may be contributing to their increased
susceptibility to infections.
5.0 NGO and Community Responses to Water and Air Pollution - Community
Monitoring Initiatives
There are many community based monitoring projects around the world, which allow
civil society to monitor air and water pollution and become active in the protection of
the natural environment. Community-Based Monitoring (CBM) is a systematic
method of participatory action by the community documenting the impact of
pesticides and pollution on health and the environment at the community level. There
are some excellent campaigns to address air and water pollution in China, particularly
the recently launched NGO Web site that aggregates data about polluting factories,
China Water Pollution Maps.62 NGOs throughout the world have developed
environmental protection campaigns based on pollution data from Pollution Release
and Transfer Registers (PRTRs). The estimates that 20% to 30% of China's water
pollution comes from exported manufacturing goods provides the basis of good
consumer campaigns targeting overseas companies and environmentally conscious
consumers in other countries.
The Bucket Brigade
http://www.bucketbrigade.net
The Bucket Brigade is a simple, but effective tool that dozens of communities are
using to find out what chemicals are in the air. Armed with their own data and
information about the health effects of chemicals, these communities are winning
impressive reductions of pollution, safety improvements and increasing enforcement
of environmental laws. The "Bucket Brigade" is named for a easy to use air sampling
device housed inside a 5 gallon plastic bucket. The "Bucket" was developed in
Northern California in 1995 by an environmental engineering firm in order to
simplify and reduce the costs of widely accepted methods used for testing toxic gases
61
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in the air.
STREAMWATCH
http://www.streamwatch.org
http://www.streamwatch.org.au
Streamwatch is a school and community education and action program that raises
awareness of the natural environment through testing water quality in local rivers and
streams. The program empowers groups to protect the health of local waterways
through their involvement in water quality monitoring. Streamwatch groups (primary
school, high school and community) are trained by their ‘regional coordinator’ to
monitor the water quality in a local river/stream using a Streamwatch kit. Two water
quality test kits have been developed for different levels of monitoring. Results of
water quality monitoring are uploaded onto the Streamwatch website and those
outside the norm are investigated and reported upon.
The Health and Environment Alliance Against Toxics (HEAL-Toxics)
http://www.healtoxics.org/cbm.htm
HEAL-Toxics was formed to support and help facilitate effective engagement by
public interest nongovernmental organizations (NGOs) in global, regional and
national efforts to promote chemical safety. HEAL-Toxics provides community
monitoring methodology and support.
IPEP Projects
http://www.ipen.org/ipepweb1
NGOs involved in the International POPs Elimination Project (IPEP) have completed
projects to identify specific pollution problems in their country and have undertaken
activities to raise both public and government awareness. Others have mapped
hotspots and stockpiles and developed strategies to help manage them at a community
level. Overall, IPEP projects have enhanced NGOs capacity to be effective
stakeholders in national chemical safety issues helping to prevent or remediate
pollution.
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