ABSTRACT

[n view of the limitations of current
methods to assess both the porential
and the pefformance of environmen-
tal technologies, the Martional
Research Council’s Biorechnology
Research [nstitute (BRI) has con-
ducted in-field validity testing of a
protocol to assess thie biotreacabilicy
of s0il contaminated wich light hydro-
carbons, This protocol monitors the
chemical, microbiological, biochemi-
cal and roxicological effectivencss of
the biotreatment. A characrerization
of the woil chemistry, the use of DNA
probes, and the measurement of the
mineralization rate of control pollu-
cants and respicatory acrivicy are the
essential elements of this mulci-disci-
plinary protocol. Using this approach,
the proceses involved in the biotreac-
ment of a coneaminared soil in con-

crete oells can be moniconed.
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CONTAMINATED S0

A METHOD TO ASSESS
SOIL BIOTREATABILITY
AND TO MONITOR
BIOPROCESS
EFFECTIVENESS

MAIN FEATURES

* Comprehensive methodology
= A series of analyses to monitor
the chemical, microbiological,
bicchemical and ecotoxicolorical

characteristics of a bioprocess.

* [rene probes
- Innowvative tools to quantify spe-
cific bacteria penetically capable
of degrading certain alipharic and
aromatic hydrocarbons.

* Mineralization tests
- Analysis to monitor the break-
down of representative pollutants
labeled with carbon-14 to assess
the specific activity of microor-
panisms indigenous to the conta-

minated soil.,

* Respirometer
« Toal to determine the overall res-
piratory activity of microorgan.
isms in a soil sample,
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BACKGROUND

Alrthough bioprocesses are
commonly employed o
testore contaminated sites,
the paramerers that influ-
ence light-hydrocarbon
hiodegradation are not coms-
pletely understood and
therefore not entirely con-
trollable. This can be aterib-
uted in part to:

«  the heteromeneity of sites,
soil types, and pollutants
the limited informartion
on the factors controlling
microbial activity in soil
the lack of quality con-
trols in chemical, biologi-
cal and ecotoxicological
analysis during pilot-scale
and full-scale testing
the ahsence of standard
methods to assess soil
biotreatability and ro
determine the amount of
time required for com-
plete pollutant hicdegra-
dation

the absence of a method
to adequately monitor
the effectiveness of a bio-
logical soil treatment sys-
beTmm,

TECHNOLOGY

As shown i the Lllilgr;llll :l,_::l-'ll:-;qll;l:-|-:|g||.‘ti|.| paramerers
below, there are six steps are analyzed, as shown in
to the BRI protocol. the following table.

For each step, several
physico-chemical, bicchem-
ical, microbiological and

BIOTREATABILITY PROTOCOL

STEPS ; OBJECTIVES

Ta determine whether the
physical caracteristics of the soil
are favourable 1o an acceptable

buobopmcal actisity

Ta determine whether the
chemical properties of the soil are
favourahble to kisdegradation and

ti determin the prescace of
ather polluranes thar could inhihit
this process

To verity whether the
microorganisms in the soil possess
the yenetic capacity for
hindegrading pollutants

To verify whether the pollutants
can be effectively degraded by the
T CTOOTEAnNESmS

To mesure the overall respiratory
activity of the contaminated soil
micraflom compared with
a comtrol seil

To determing whether the
biotrearment successfully

detoxified the soil and to assess
the potential transber of toxdicity
tix the groundwater
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RESULTS

The applicarion of rhe
BRI protocol o a biopile
reatment allowed the bio-
treatabilicy of light hydro-
carbons 1o be derermined,
and to moniror the chemi-
-C:'l], |‘:i|.'||.'.|'|.|.-'|'|'|i¢:1|,|||i-:_'T|:-]11|:-r
lopical and, 1o a leser
extent, ecoroxicological
characreristics of the hio-
PrOCEss.

The study showed thar
L‘:.'-:i.iTll:'q:; |‘:-i|:|-::|$:»:i|_l|-b |:'||.'u;| [ L]
he i1"|‘.|[‘\-||.1'.'|.:|| in order 1o be

used for measuring the
roxiciry of contaminared
andfor rreared soil.

The respiromerric anal-
yais showed significant
flucruarions in Mological
activity in soils ar different
sampling poines, demons-
rrating s0d] hererogeneiry
in the rearment cells.

The use of genetic
probes showed thar, in this
particular case, the hetero-
trophic hacteria respon-

balance of polar and
non-polar compounds,
coupled with the quanti-

sihle for the breakdown of
hydrocarbons represented
less than 1% of the viable
fication of targer pollu-
rants by GOMS, permir-
ted precise moniroring of

soil bacreria, and chey
seemed o he more sensi-
rive ro fluctuarions in
temperature than the rest oil and grease concentea-

ricns near the critical

level of 1000 mgkg.

af the soil bacteria. Mever-
rheless, this sensitivicy did
nat impede the biodegra-
darion process Lilll'ing the
winrer.

The resulrs also demon-
serared thar using a mass

PARAMETERS MEASURED SCHEMATIC OF RESPIROMETRIC REACTOR

Physicochemical

Biachemical

= Soil pamicle size dissribution
- Minemal oil and grease
» Hydrocarban components

= Mimeralization of
carbon:14 labelled
represenmtive poliumnes

brmrh'lﬂ a H.ﬁp.i;m;q'r_r,' acrivicy af

« Monitoring of targes compounds micTocrganisms by
by GRS elecrolyte repirometer

« NHY . MO and PO, jons

« T3 raia

- pH

» Modsture content

Microbiological Ecotoxicological

- Enumeration of mesephillc (oprimal | < Germination of seeds
Ig'r\-.'n-'.lrl:['l. between 2070 and 45%C) + Eagthwornm r|:|r:|r|:1|!il:g|I
and psychrophilic (optimal growth « Microtox
at abour 157} microorganisms = Rt promth

= Enumerncien of specific hydrocarbons - [nhibigon of
degrading hacreria using catabalic phytoptankoonc algae
pene probes « growh, Selasprm

CpiCeTLm

< Cladocera momalioy
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POTENTIAL AND LIMITATIONS

Potential

The innovative use of mole-
cular rools, such as pene
probes, demonstrates their
potential application for
determining the biotreata-
bility of contaminated sites
and for monitoring biotreat-
ment. These tools are very
versatile and may be applied
to various pollutants, and

INFORMATION

wsed on different substrutes
such as soil, water and air.

This approach could lead
to the further development
of standard procedures far
assessing the biotreatment
of soils contaminated with
hydrocarbons, andfor to
regulations governing these
projects,

Limitations
Ar present, few laboratories

can perform all the analyses
in the BRI protocol.

The methadology i
currently Hmited wo off-site
treatment bioprocesses,
although data on in sin
applications will be
available in the near future.

This dara sheet is based on the results of rechnology development and demonstration projects
carricd out by the Biotechnology Research Institute of the Mational Research Council of
Canada, wich financial assistance from Environment Canada. Documenes having to do with

these projects, are available:

Report entitled, Demomstration of a new biotreatability protocol w0 mondtor a boprocess for the
treatment of contamimated soils, contains detailed information on the application of the BRI
protocol under the demonstration project. It is available from the Biotechnology Research

Institute.

Technical fact sheet published as part of the "St. Lawrence Technologies® series, and enritled,
The aerobic biodegradation of hydrocarbon- contammated clay soil in winter conditions, 15 available

from Environment Canada.,
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