well-fed bacteria a faster
cure for diesel leaks

Scientists at the Division of Water Resources in Perth are

working with naturally-occurring bacteria to speed the breakdown

of organic contaminants. Liana Christensen reports.

| E.|\|‘-:'l\nl1 organic con
raminartion’ may sound like a
contradiction in terms. lsn't organic
supposed 1o mean wholesome?

Not always. Petroleum, chlorinaced
livdrocarbons and munitions residues all are
Ll-l\lel.L'lI A5 organic contaminants.
Leaked, spilled or disposed of
I::I1F'|I.ll|.‘l.'ll\. these L'd.'lll}Hlll!h.l:- can
pollure groundwarer and soils

I'he nisk of such pollution can be
reduced in a2 number of wavs.

Monitoring rthe stare of
underground srorage tanks, or
improving their L.{{\!!.‘IIL may lessen
the amount of leakage into
1:|xlundw.|.t-.':.

Proper planning should disallow
the placement of petrol stations and
particular industries over vulnerable
aguifers

|!1 SOMEe CAsces, 1t 'l‘_L'n 1\[' l‘i'\\i["!l.'
to substitute a less roxic compound
!l'[ - | \ll['[]]]l'l[ll'- ||'|i,'||i l}l{'l‘][\ .l:l_ DT at
least reduce its use. The solvent
trichloroethene (TCE), for s.'.'w.-l..'l!p]';.‘.
15 ||w.|,'|1 1:'-\ \\.|||,|'I\ ii1.L!1 it OMCE Was.

We can be thankiul tor the
restricted use of this chemical,
because studies carried our on a
I'CE |\|unn' in the !:rmnulw.llur
under the Perth suburh of Jolimont
showed rthat rthis parricular
gul1|P1!I.l1|1.|. L!UL'\ not l‘it‘d\.‘].‘,l'.!.\jk‘
readily there, neither is it easily
adsorbed onto soil particles.

Although TCE has been shown
to biodegrade in other parts of the
world, where the groundwater has
[h,t]'l,lpx a different ;hl.'ll!i.\IE}'.
persistent toxins are obviously best kepr
away from groundwater. In instances where
leakage has already occurred, however, and
to safeguard the conrinued use of organic

conaminanits, |TIL'|11H|1\ ol Ll.t‘iIrII!I'I!__' ['HJ”II.H'I.]
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groundwarer and soils {remediation
strategles) are needed.

A joint project carried out under a
CSIRO-BHP Memorandum of Under
standing by CSIRO Division of Water
Resources, BHI Research, BHIP Engincer-
ing and The University of Canberra,

Measuring the rate at which microbes consume oxygen has been
simplified with the development by CSIRO and Greenspan of a durable
and reliable dissolved oxygen probe. Yvette Oliver from CSIRO's
Division of Water Resources demonstrates the instrument which uses
a diffusion cell to measure oxygen in gas, surface water and
groundwater,

indicates that in some cases such clean-ups
may be possible.

With the cooperation of BP Qil, two
trials were carried our at Kwinana in
Western Auseralia. l'.\mg a number ol

||'Lk||t!l.|L|L"- ,i“di \F1L'|',|.1]|'- Li('\I‘ILIFR'(E

technologies, the researchers achieved
signiticant degradation of diesel fuel which
was contaminaring soil and groundwarer

at the site,

Rapid remediation

Project leader, Dr Greg Davis, is a
rypical ‘quier achiever’, bur his voice
carries a note of exciterment when he
describes the \Llu.i.'\ﬂ-lll n1'!1I[1|l'II|-II
of five vears’ hard work. His research
(cam lll.|:|1.l;-['..d to break down the
diesel ar rates well above any previous
studies, and five to 10 rimes higher
than the background (narural) rates.
It’s a result worth gerting excited
about, because it may enable the
tlt‘d'lllll!'. up of severe diesel fuel
contamination in a period of one-
and-half to four-and-half vears

According to Davis, the broad
idea of the remediation experiment
was to stimulate bacteria living
beneath the soil surface 1o use the
diesel fuel as a carbon source, and o
do so in such a way that the
degradation rate was rapid enough o
be economically viable.

It sounds simple enough, bu
months of laboratory experi
mentation, lheld studies and
modelling were needed 1o prepare for
the on-site trials,

I'he first step wis to accurately
mip the contaminant which was
sprc.n.l over several hundred square
metres, in a one-metre-thick laver,
four metres below %;rnund Once ths
was done, the position of borcholes
needed to carry our the remediation
straregy were pin-pointed

'he remedhanion strategy itself involves

rwo phases: mounding and drawdown. The

I]Ililllldlllj.‘,, Ph;t-'-t' i“'\-'l!l'-l"— |-|l&ill|.‘. the



groundwater level and pumping dissolved
nutrients in through boreholes. Compurer
Piil1111|;llitil1!i of pl”“].‘!“g r'..'gil“!.'“.‘; are Llﬁﬁ.'!.l
to determine the right velocity and
direction o ensure the nutrient reaches the

Riﬂnl".In'!ilml‘lL
In response to the added nurrients,

indigenous bacteria (predisposed to
consume diesel) rapidly increase their rate
Thus rthe

degradation process gathers speed.

of diesel consumption.

The "drawdown’ ph:l.w of the st rategy is
then initiated. Warter is pumped out
through the boreholes so thar the thin
contaminated zone is above the warer line.
I'he site is then aerated. which maintains
the heightened level of diesel consumpron.
[.\-H:.‘l'u[\ilﬂngicul tEt‘E_;r:ld.‘l(iﬂl} 15 accelerated
when oxygen is present),

Ihe first on-site remediation crial lasted
six months and was followed by laboratory
and feld work, and furcher Inudu“iﬂg, o
fine-tune the strategy. Using soil cores from
the site, the researchers established thar the
nutrients did indeed hasten biodegradation,
and that nitrogen (as ammonium) and
phosphorous (as phosphate) worked
synergistically, The second trial, complered
in 1995, took nine months.

The rate ar which the microbes
consume oxyvgen relares directly 1o the rare
of biodegradation. Measuring this process
has become much simpler with an oxygen
monitor developed by the CSIRO team.
This instrument uses a diffusion cell 1o
measure oxygen in gas and warer. When
linked to an auromaric dara logger 1t
provides immediate feedback about the
state of affairs underground,

Similar probes are being developed for
automatically measuring volartile organic
compounds in collaborative research
through the Cooperative Research Centre
for Waste Management and Pollution
Control Led, under the leadership of Dr
Chris Barber. These devices are a marked
improvement over the old system of taking
water or soil core samples back ro the
laboratory for analysis. The cconomic
viability of enhanced biodegradation relies
on these kind of innovations.

Davis and his -.‘r:»”c;lp,uc.\' are also
.'Jpply]na:'1 their experrise to munirions
residues in groundwarter within fractured

basalt, under another Memorandum of
Understanding with the Deparement of

Defence.

From held and laboratory work relating
to a site under an old munitions factory in
Melbourne, answers to a number of key
tl'lll.'.‘\-li(]l].‘i arc E'J{'iﬂl_: .\'()Ugh[,

Is the natural degradation rave of the mu-
LIS (i.'xplusivv} residues sufhicientdy fase?

If it disappears, is it truly biodegrading
or simply being adsorbed onto the
weathered basale?

Whar is iimilirlg hi::dugrml:uiun - the
nutrients nitrogen or phosphorus? (Resulrs
seem to indicate that phosphorus is not a
limiting facror.) Is it perhaps oxygen or a
carbon source?

Where will the contaminant plume go
in the long run, if left unchecked?

Finding answers 1o these questions
opens up the E!::.ﬁ:silﬂlil}' of enhanced bio-
degradation of munitions residues as well.

Bioremediation offers m‘x{.‘.itinp‘ |1:1l:.‘rtt'|.i|
to work with narure to cure induscrial

disease. Now that’s an organic concept!

Mounding of water table and nutrient addition

1
watar injectian Pl SR
. nirieng specialist Fi
| © injectian . manilaring |
> installation
L =
o
L=
E A maounded
= water table
L]
2
o 34
=
- - E—
] disssl contaminated
~ 71 interval
2
x
5
L]
a

%
&
i
A watar
¥ movemant
L

R |

The ‘mounding’ phase of the remediation strategy involves raising the groundwater level and pumping

dissolved nutrients in through boreholes.

Drawdown of water table and aeration
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In the ‘drawdown’ phase, water is pumped through the boreholes so that the thin contaminated zone is
above the water line. The site is then aerated to maintain the heightened level of diesel consumption.
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