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(57) Abrégée/Abstract:

The present invention relates generally to a method of soll remediation or bioremediation 10 generally comprising the steps of: 1.
12, treating contaminated soil with a chemical surfactant in a primary treatment stage; 2. 14, further treating the solil with an aliphatic
or aromatic hydrocarbon; 3. 20, implementing final soill remediation processes where necessary until remediation criteria Is
achleved. The contaminated soll includes organic contaminants including, among other things, polycyclic aromatic hydrocarbons

(PAH).
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(57) Abstract: The present invention relates generally to a method of soil remediation or bioremediation 10 generally comprising
the steps of: 1. 12, treating contaminated soil with a chemical surfactant in a primary treatment stage; 2. 14, further treating the
soil with an aliphatic or aromatic hydrocarbon; 3. 20, implementing final soil remediation processes where necessary until remedi-

ation criteria is achieved. The contaminated soil includes organic contaminants including, among other things, polycyclic aromatic
hydrocarbons (PAH).
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Soil Remediation

FIELD OF THE INVENTION

The present invention relates broadly to a method of remediating soil including organic
contaminants. The invention relates particularly, although not exclusively, to soil

bioremediation and is understood to extend to include remediation of soils, fills, sediments

and non-liquid wastes.

BACKGROUND OF THE INVENTION

In the field of soil bioremediation there are three (3) generally recognised techniques. The
first is referred to as biopiling and involves stockpiling contaminated soil, covered in
plastic and periodically treating it with air and nutrients via pipes placed within the
stockpile. The second of these techniques, known as landfarming, involves spreading the
soil or leaving it in-situ and after the addition of nutrients tilling the soil at regular
intervals. The last of these known techniques involves composting of the contaminated
soil by the addition of organic matter where its temperature and/or surrounding humidity is

monitored and the composted material is occasionally turmed in line with known

techniques.
SUMMARY OF THE INVENTION
According to the present invention there is provided a method of remediating soil
including organic contaminants, the method comprising the steps of:
excavating the soil;
treating the excavated soil with a chemical surfactant;

stockpiling the soil treated with the chemical surfactant to promote liberation of the

orgamnic contaminants from the soil; and

recovering or providing soil having a relatively low concentration of the organic

contaminants.
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Preferably the method of remediating soil also comprises the step of further treating the

liberated soil with an aliphatic or aromatic hydrocarbon to degrade bonds between the soil

and at least some of the remaining organic contaminants to separate said organic

contaminants from the soil.

5  Itis to be understood that the soil in having a relatively low concentration of the separated

organic contaminants is considered fit for use.

Amended Sheet
IPEA/AU



CA 02657714 2009-01-14
PCT/AU2007/000997

. Received 7 October 2008

[<V¥aoVge o T ]

The step of treating the soi} with an aliphatic hydrocarbon preferably includes controlled

treatment with a hydrocarbon distillate or a derivative or mixture thereof with the range

seven to twenty carbon atoms, such as kerosene.

The method of remediating soil preferably also comprises the step of treating the surfactant
5  treated soil with an alcohol which is effective in increasing the void space of the soil. This

can be added to the soil before, during or after the further treatment with the aliphatic or

aromatic hydrocarbon.

Preferably the step of treating the soil with a chemical surfactant invoives controlled

treatment with natural oils and/or terpenes. More preferably this controlled treatment is
10 effective in degrading the bond between some of the organic contaminants and the soil.

Even more preferably this degraaaﬁ on of the bonds is effective in liberating the organic

contaminants and solubilising aquaphobic organic contaminants.

The step of stockpiling the soil treated with the chemical surfactant preferably includes a
period of between about 1 to about 7 days for gradual miscibilisation of the organic
15 contaminants. More preferably this stockpiling step includes the step of adding organic

matter. manure, nutrients and/or soil ameliorants before or after treatment with the

chemical surlactant.

The method of remediating soil preferably further comprises the step of secondary
stockpiling of the soi] after treatment with the chemical surfactant in the primary

20  stockpiling step. This secondary stockpiling step preferably includes a period of several
weeks to several months for gradual degradation of surfactant liberated of the organic
contaminants from the soil. This period of secondary stockpiling preferably further
includes the step of turning the stockpile approximately every 1 to 0 weeks tor aeration
and/or homogenisation. More preferably the step of tumning the stockpile includes the step

25  of adjusting the level of nutrients and moisture for microbjal growth.

The method preferably still further comprises the step of stockpiling the soil after the
further treatment step with the aliphatic or aromatic hydrocarbon. This stockpiling step
preferably occurs after resting the soil for a limited period following the step of treating -thc
soil with the chemical swifactant. This stockpiling step preferably inciudes a penod of

30 between about 2 to about 6 weeks for gradual degradation of aliphatic hydrocarbon

liberated of the organic
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contaminants from the soil. This period of stockpiling preferably further comprises the
step of tuming the stockpile approximately every I to 4 weeks for aeration and/or
homogenisation. More preferably the level of nutrients and moisture is adjusted for

microbial growth during the step of stockpile turning.

5  The steps of stockpiling the soil preferably include the step of sepérating the soil into two

or more separate stockpiles.
BRIEF DESCRIPTION OF THE FIGURES

A preferred embodiment of the present invention will now be described, by way of

example only, with reference to the following drawings:

10  Figure 1is a schematic flow diagram showing steps, according to a preferred form of the

present invention, for soil bioremediation;

Figure 2 is a schematic elevational view of one example of a mobile unit for soil treatment
(MUST); and

Figures 3a to 3c are graphs showing degradation i organic contaminants over time for

15  different contaminated soils treated according to the methodology of figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure | shows a preferred form of a method of soil remediation according to the present
invention in the form of s0il bioremediation 10 or as coined by the apphcant dynamic
biopiles. This soil bioremediation 10 method generally comprises the steps of:
20 (i) 12.treating contaminated soi! with a chemical surfactant in a primary
freatment stage;
(ii) 16, stockpiling the treated soil 1n a first maturation period;
(iti) 14, further treating the soil with an aliphatic or aromatic hydrocarbon;
(iv) 17, stockpiling the treated soil in a second maturation period;
25 (v) cotinuing the stockpile based remediation, where necessary until
remediation critena is cloée to being achieved; and
(vi) 20, mplementing final soil remediation processes where necessary until

remediation criteria is achieved.
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These steps are described in more detail below. The contaminated soi! includes orgunic

contaminants including, among other things, polycyclic aromatic hydrocarbons (PAH).

In order to perform step 12 of treating the soil with a surfactant the soil is excavated from
the ground  as shown in step 24. The excavated so1} 40 is then stockpiled into stockpile

44 which may be covered in a biofilter such as straw, if left exposed for a period of time.

Soil from the stockpile 44 is ultimately fed into a mobile unit for soil treatment (MUST) 48
by a loader 52. The soil may be screened prior to loading in the MUST 48. The loader 52
may also be used to remove steel and other objects greater than around 30cm square. The

MUST 48 performs step 12 to treat the soil with a liQuid surfactant 32,

Referring to figure 2, the MUST 48 generally comprises a raw material hopper 54, a
solidifying material hopper 58, a soil cutter 62, a rotary hammer 66, a disch;:lrge conveyor
belt 70 and an after cutter . The MUST 48 also comprises a scraping rotor 78, a raw
material measuring sensor 80 and a solidifying material feeder 82. Nutrients and
ameliorants such as fertilisers and gympsum may be added into the solidifying material
hopper 58, Réfem'n g to figure 1, the liquid surfactant 32 is added as the processed soil
passes along the discharge conveyor belt 70. The liquid surfactant 32 such as natural oils

and terpenes are eftective in liberating the contaminates from the soil, 40,50 that they can
be biodegraded.

Organic matter such as straw may be added before or after the mitial processing in the
MUST.

' Matenal discharged from the MUST 48 is moved by a loader 92 into a primary stockpile

96 for curing the discharged material. The stockpile 96 includes in addition to the

discharged material, layers of organic matter, manure, nutrients and/or soil ameliorants.
Material discharged by the MUST 48 is cured for a period of time ranging from about I to
about 7 days.

Cured soil 100 may then be loaded by a loader 102 onto a MUST or a vibrating coarse
screen which mixes the soil prior to its first maturation period 16. During this secondary
stockpiling or first maturation period the soil is turned every 1 to 6 weeks and soil and
stockpile conditions monitored. The stockpile may be tumed 1 to 6 times for a typical

maturation or secondary stockpiling period of several weeks (o several months. The soil is
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reloaded into the MUST which performs step 14 by treating the matured soil 100 with an

aliphatic or aromatic hydrocarbon which, in this particular example, compnses a

hydrocarbon distillate such as kerosene 108. The soil may also be treated with ar alcohol

such as ethanol which increases the void space of the soil by swelling of the organic

matter.

The hydrocarbon distiliate £08 in this second maturation period at least partially separates
more tightly held of the organic contaminants of the soii allowing further biodegradation.
Separation of the organic contaminants from the soil is facilitated by step 17 which
involves further stockpiling of the soil 101 into stockpiles 113. Loader 115 forms the

stockpiles 113.

Soil 101 rests for a limited period (say 3 to5 weeks) before it is stockpiled in the stockpiles
113 for a period of time ranging from about 2 to about 6 weeks. Stockpiles 113 are turned

every 1 to 6 weeks during this second maturation period to aerate the soil.

Soil of the stockpiles 113 is also further treated throughout the maturation periods as
appropriate. For example, soil may be reprocessed by the MUST Any observable
residual contaminant lumps such as tar lumps are returned for reprocessing through the

MUST . Reprocessed material is then incorporated into the stockpiles 113 or 112 to

undergo maturation, or a portion thereof.

During the maturation period(s) the organic contaminants such as PAH and total petroleum
hydrocarbons (TPH) are measured along with process parameters such as temperature and
moisture. These measurements are assessed against s0il remediation criteria. Once the
concentrations are approaching those required, soil from the stockpiles 112 or 113 is

retumned to the site 120 from where it was excavated.

When the addition of liquid bond breakers (surfactants, distillate and/or alcohol) is no

longer having any effect the stockpiles are knocked flat. If the remediation criteria has not

been achieved a polishing phase involving phytoremediation is necessary. Continued

bioremediation is facilitated by tilling 124 with seed and distillate and croppimg 128.

" Cropping 128 comprises, for example, sowing of green fodder or a crop, including rye

grass, canola and oats. Following sowing the sot} 1s kept moist, Fertiliser can be added
when the soil is tilled During the tilling and cropping steps the soil is routinely tested until

the soil remediation criteria is achieved. Degradation of the those remaining organic
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contaminants, which are difficult to access is achieved by the root exudates and root

microbes associated with certain crops and grasses. The soil is then no longer required to

be tilled or cropped specificaily for remediation purposes and can be returned to the

excavation 120.

5  Figures 3ato 3c graphically represent different contaminated soils and the degradation of
organic contaminants, in this example PAHs of various ning lengths, following treatment
with surfactants and solvents in accordance with the preferred methodology of the
invention. During this treatment period, it can be clearly seen that the concentrations of
PAH reduce with addition of the chemical surfactant, and then reduce further with the

10 addition of the aliphatic or aromatic hydrocarbon in the form of the preferred solvent, and

optionally alcohol.

Soil bioremediation 10 such as that depicted in figure 1 provides advantages over

traditiona! soil bioremediation techniques including:

(a) improving the rate of remediation;

15 (b) improving the effectiveness of remediation by decreasing concentrations of

PAH; and

(c)  enabling soil contaminated with lower bioavatlable PAH to be more

effectively remediated.

Any discussion of documents, acts, matenals, devices, articies or the like which has been

20  included in the present specification is solely for the purpose of providing a context for the

present invention. It is not to be taken as an admission that any or all of these matters form
part of the prior art base or were common general knowledge in the field relevant to the
present invention as it existed in Australia or elsewhere before the priority date of each

invention of this application.

25  While embodiments of the invention have been described in the detailed description, the scope

of the claims should not be limited by the embodiments set forth in the examples, but should be

given the broadest interpretation consistent with the description as a whole. For example, the

soil bioremediation process can be combined with phytoremediation and/or biosolid
amendment. Furthermore, the sequence of steps described in the preferred method of
30  bioremediation may be varied depending on the characteristics of the contaminated soil.

The process may also involve repeating one or more of the described steps to provide the
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requisite charactenistics of the remediated soil.
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Claims

1. A method of remediating soil including organic contaminants, the method
comprising the steps of:

excavating the soil;

treating the excavated soil with a chemical surfactant;

stockpiling the soil treated with the chemical surfactant to promote liberation of
the organic contaminants from the soil to provide liberated soill;

further treating the soil with an aliphatic or aromatic hydrocarbon to degrade
bonds between the soil and at least some of the remaining organic contaminants to

separate said organic contaminants from the soil; and

recovering or providing the soil treated with the aliphatic or aromatic
hydrocarbon and having a low concentration of the organic contaminants.

2. The method as defined in claim 1 wherein the step of further treating the
liberated soil with an aliphatic or aromatic hydrocarbon includes controlled treatment
of the soil with a hydrocarbon distillate having a molecular structure with ten to twenty
carbon atoms or a derivative or mixture thereof.

3. The method as defined in claim 1 wherein the method also comprises the step
of treating the surfactant treated soil with an alcohol which is effective in increasing a
void space of the soil.

4. The method as defined in claim 3 wherein the step of treating the surfactant
treated soil with the alcohol includes the step of adding alcohol to the soil before,
during or after the further treatment with the aliphatic or aromatic hydrocarbon.

5. The method as defined in claim 1 wherein the step of treating the soil with a

chemical surfactant includes controlled treatment of the soil with natural oils and/or
terpenes.

6. The method as defined in claim 5 wherein the controlled treatment is effective
In degrading the bond between some of the organic contaminants and the soil.
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7. The method as defined in claim 6 wherein the degradation of the bonds is
effective in liberating the organic contaminants and solubilising aquaphobic organic
contaminants.

8. A method as defined in claim 1 wherein the step of stockpiling the soil treated
with the chemical surfactant involves stockpiling for a period of 1 day for gradual
miscibilization of the organic contaminants.

0. The method as defined in claim 8 wherein the step of stockpiling includes the
step of adding organic matter, manure, nutrients and/or soil ameliorants after
treatment with the chemical surfactant.

10. The method as defined in claim 8 wherein the method further comprises a step
of secondary stockpiling of the soil after the step of treating the soil with the chemical
surfactant and the step of stockpiling the soil.

11. The method as defined in claim 10 wherein the step of secondary stockpiling
includes a stockpiling period of several weeks to several months for gradual

degradation of the organic contaminants liberated from the soil by the chemical
surfactant.

12. The method as defined in claim 10 wherein the step of secondary stockpiling

further includes the step of turning the stockpile approximately every 1 to 6 weeks for
aeration and/ or homogenisation.

13. The method as defined in claim 12 wherein the step of turning the stockpile
iIncludes the step of adjusting nutrients and moisture levels for microbial growth.

14. The method as defined in claim 1 wherein the method further comprises a step

of stockpiling the soil after the further treatment step with the aliphatic or aromatic
hydrocarbon.
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15.  The method as defined in claim 14 wherein the step of stockpiling the solil after
the further treatment step with the aliphatic or aromatic hydrocarbon occurs after
resting the soil for a limited period following said further treatment.

16. The method as defined in claim 14 wherein the step of stockpiling the soil after
the further treatment step with the aliphatic or aromatic hydrocarbon includes a
stockpiling period of between 2 to 6 weeks for gradual degradation of the organic

contaminants liberated from the soil by the surfactant and the aliphatic or aromatic
hydrocarbon.

17. The method as defined in claim 15 wherein the step of stockpiling further

comprises the step of turning the stockpile every 1 to 4 weeks for aeration and/or
homogenization.

18.  The method as defined in claim 17 wherein the step of turning the stockpile
includes the step of adjusting nutrients and moisture levels for microbial growth.

19. The method as defined in claim 1 wherein a step of stockpiling the solil includes
a step of separating the soil into two or more separate stockpiles.
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