
A model that measures the movement of
volatile hydrocarbons through soil and

into houses, could help define acceptable
levels of soil pollution at old petrol station
sites reclaimed for housing.

The ‘volatile transport model’, being
developed by scientists from CSIRO and the
Environmental Health Branch of the South
Australian Department of Human Services,
models the movement of hydrocarbons
such as benzene through soil and into
houses set on concrete slabs or over crawl
spaces. The amount of pollutant occupants
of the house are exposed to can then be
estimated, and a level of soil pollution that
is ‘protective of health’ determined.

‘Our exposure estimates are based on the
inhalation rate of a two-and-a-half-year-old
child living in an enclosed environment
with two adults,’ Len Turczynowicz from
the Department of Human Services says. 

‘We then use the transport model to
assess how much pollutant would enter the

house and, working backwards from an
ambient (safe) air standard for the
pollutant, determine a soil concentration or
‘criterion’ that would be protective of
health.’ 

The establishment of such soil criteria
could eventually be used by members of
the Australian Institute of Petroleum to help
redevelop old petrol station sites. 

Turczynowicz, in collaboration with Dr
Neville Robinson from CSIRO Mathematical
and Information Sciences, developed the
model by combining mathematical and
engineering principles with Australian field
data on soil and ventilation characteristics.
These field data were obtained from earlier
studies conducted by Dr Mike McLaughlin
of CSIRO Land and Water, Dr Angelo
Delsante from CSIRO Building Construction
and Engineering and other researchers.

‘The data confer a high degree of reality
on the model parameters, which is more
than you get with other models,’ Robinson

says. ‘And most importantly, they’re
applicable to Australian conditions.’

Currently, soil pollution levels set using
US or Dutch models are used by
environmental consultants contracted to
assess contaminated land. However these
models are ultra-conservative and rely on
housing characteristics atypical of Australian
homes. 

‘Often the soil criteria generated by these
models are so low that site remediation
would be costly. Or, they suggest there is a
health risk when in reality there isn’t,’
Turczynowicz says.

‘In addition, American and Dutch homes
have different ventilation characteristics
because they tend to have basements or be
two storey structures.’

Australian homes, in contrast, tend to be
built with crawl spaces underneath or over
concrete slabs. Crawl spaces allow air to
move freely beneath the house, and help
minimise the amount of volatile
hydrocarbons that can infiltrate the house.
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A model for healthy homes

The ‘volatile transport model’ models the

movement of volatile hydrocarbons through

soil and into typical Australian homes.The

dose expected to be received by a 2.5 year

old child is then estimated and the level of

hydrocarbon that can be safely tolerated is

used to determine health-based soil pollutant

levels.

This diagram shows some of the parameters

that had to be considered when designing the

model.They include dwelling characteristics

such as indoor air volumes and ventilation

rates, soil characteristics and the depth of

contamination.

While the model tries to be as realistic as

possible, mathematician Dr Neville Robinson,

says it is important to maintain an element of

simplicity as well.

‘The art of modelling is knowing which

equations to apply.You don’t want them to be

so long and complicated that you can’t solve

anything because you can’t get enough data.

And you don’t want them to be too simple

that they fail to reflect the proper maths or

physics underlying the situation you’re trying

to model.’

Len Turczynowicz and

Neville Robinson.



Concrete slabs, on the other hand, reduce

ventilation, allowing more hydrocarbons to

permeate upwards into the house.

In fact, one of the key findings during

development of the volatile transport

model, was that house characteristics have

a much greater influence on indoor levels of

pollution than soil properties or the

physico-chemical properties of the

pollutant.

‘We conducted a sensitivity analysis on

our model – a review of the different

parameters that affect the output of the

model – and found that parameters relating

to house characteristics made the greatest

contribution to variation in the indoor

pollutant levels,’ Turczynowicz says. This

means that a single soil pollutant concen-

tration for each type of house can be set. 

Although the model has initially focussed

on the movement of benzene, Robinson

and Turczynowicz will apply it to other

volatile compounds such as toluene,

ethylbenzene, xylene and total petroleum

hydrocarbons (TPHs). Health-based soil

criteria could then be set for these

pollutants across dwelling types.

The scientists will also fine-tune the

model by incorporating additional

influences on hydrocarbon transport, such

as groundwater movement.

‘Housing characteristics are dominant in

the sensitivity analysis, so these subsurface

factors will be a minor refinement. But they

will improve the reality of the model and

ensure we have a realistic appraisal of

processes that are occurring,’ Robinson says.

The final step in the model development

process is validation – an evaluation of the

model against reality. This is now being

undertaken by evaluating the movement of

a volatile organic chemical in an established

house. As there is a lack of Australian

ambient air criteria for various

hydrocarbons, validation will use overseas

criteria established by the UK Department

of Environment (benzene), the World

Health Organisation (ethylbenzene, toluene

and xylene) and the Total Petroleum

Hydrocarbon Criteria Working Group (TPH

fractions).

Contact: Dr Neville Robinson (08) 8303

8766, neville.robinson@cmis.csiro.au, Leonid

Turczynowicz (08) 8226 7135,

len.turczynowicz@dhs.sa.gov.au.

Wendy Pyper

*Ambient air standards are levels of air pollution

that are considered to be safe. They are derived

from occupational human studies and animal

studies. When scientists are trying to assess

whether volatile pollutant levels in soil are safe,

the levels are compared against the ambient air

standard. Australia doesn’t have its own ambient

air standard, so those developed by expert

working parties, WHO and various regulatory

bodies are used.
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HOW MUCH ozone is there protecting us
from the harmful ultraviolet radiation
emanating from the sun? Not much, is the
answer.

The ozone layer stretches from about 15
to 30 kilometres above the Earth’s surface.
This region is far from pure ozone; in fact,
the gas normally makes up less than 0.001%
of the air there.

Ozone depletion, which affects almost the
entire planet, means that there is even less
ozone present than in the past.

Springtime again presages development of
a massive swathe of ozone-depleted air
above Antarctica. The Antarctic ozone hole
has occurred every year since the early
1980s. Last year’s hole reached a record area
of 25–30 million square kilometres. The hole
formed earlier than usual and very rapidly. It
also dispersed earlier than in previous years.

The large hole is not necessarily a sign that
things are getting worse.

‘We do expect year-to-year variations,’
says Dr Paul Fraser from CSIRO

Atmospheric Research. ‘The size of last
year’s hole was due to particularly cold
conditions over Antarctica, which occurred
a little earlier than usual.’

In fact, atmospheric scientists are seeing

promising signs. Concentrations of ozone

depleting chlorofluorocarbons and halons in

the air are starting to fall. Ozone depletion

will probably reach a maximum between

now and 2010 and slowly recover after this.

‘Global warming may further slow

recovery though,’ says Dr Fraser.
‘The accumulation of greenhouse gases

warms the lower atmosphere and cools the

upper atmosphere. The result is likely to be
more polar stratospheric clouds, which
greatly accelerate ozone destruction. So we
may have to wait until 2050 to 2100 before
the ozone layer is fully repaired.’

The graph above shows springtime ozone
concentrations in Antarctica. The minimum
in 1993 was caused by enhanced ozone loss
due to volcanic aerosol from the eruption
two years earlier of Mt Pinatubo.

Contact: Paul Holper, communication manager,
CSIRO Atmospheric Research, (03) 9239 4661,
Paul.Holper@dar.csiro.au.

Paul Holper

The ups and
downs of 

ozone 
recovery

Concentrations of ozone depleting chlorofluorocarbons and halons in the air are starting to fall.

Ozone depletion will probably reach a maximum between now and 2010, then slowly recover.
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