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ABSTRACT

Industria l  practice s i n th e past  have  lef t  a  fairl y  larg e number  o f
site s where  th e soil  may be  higl y contaminated  by  chemicals  dangerou s fo r
men o r  fo r  ecosystems,  eithe r  directiy,  o r  throug h thei r  transpor t  t o
groun d waters .

The evaluation  o f  th e initial  contamination  level  an d o f  th e relevan t  risk ,
äs well  ä s th e evaluatio n o f  th e residua l  ris k afte r  rehabilitation  ("ho w
clea n i s clean" )  ar e mos t  offe n based  o n a  complex  an d erstl y analytica l
approac h whos e result s canno t  be  easil y interprete d i n term s o f  impact  o n
th e ecosystem .

The ai m o f  th e presen t  paper  i s t o discus s th e potential  contribution  o f
ecological  methods  fo r  th e global  assessmen t  o f  th e risk .  Genera l
characteristic s o f  soi l  contaminatio n an d o f  rehabilitation  methods  ar e
presented  ä s well  ä s th e impact  o n ecosystem s an d investigation  methods
based  o n ecotoxicology .  A  methodology  i s proposed  an d th e firs t  result s ar e
discussed.

l .  INTRODUCTION

The understandin g o f  risk s fo r  mankin d an d fo r  ecosystems  create d b y
contaminate d soil s  i s a  relatively  ol d concept .  Regulation s concernin g th e
protection  an d restoratio n o f  thi s milieu,  o n th e othe r  hand,  have  no t  been
developed  t o an y significan t  extent .

Considerable  researc h i s unde r  wa y t o defin e methodologies  fo r
approachin g th e problem  :  evaluation  o f  th e exten t  o f  contaminatio n an d th e
correspondin g risks ,  definition  o f  criteri a fo r  startin g rehabilitation
operations ,  definitio n o f  qualit y  aim s o f  rehabilitated  soi l  ä s a  functio n
of  th e projected  futur e use,  i n respons e t o th e questio n "Ho w clea n i s
clea n ? "  "i.e. "  u p t o wha t  point  shoul d w e decontaminate  ?

The presen t  communication  firs t  reviews  th e mai n characteristic s o f
soi l  pollution  an d it s associate d risks ,  an d the n present s th e firs t
result s o f  a n approac h based  o n applying  ecotoxicological  methods  fo r  a n
overall  evaluatio n o f  toxicity  toward s ecosystems .
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2.  SOI L POLLUTION

Curren t  criteria  fo r  declaring  a  given  soi l  polluted  ar e primaril y
analytica l  :  a  polluted  soi l  i s  on e containin g well  defined  substance s a t
concentration s higher  tha n a  level  tha t  i s currentl y se i  i n a  rathe r
arbitrar y manner,  fo r  example  :

-  heav y metais,
-  variou s inorgani c pollutants,
-  polycyclic  aromati c hydrocarbons ,
-  halogenate d hydrocarbons,
-  pesticides

The magnitude  o f  th e differenc e between  th e measured  concentration s
and th e specified  levels  trigger s th e intervention ,  which  may be  a  simple
monitorin g Operation  o r  may  g o al l  th e wa y t o decontamination.  Sinc e th e
cos t  o f  th e latte r  Operatio n ca n be  excessive,  we  measur e t o wha t  point  i t
would  be  usefu i  t o reserve  decontaminatio n t o case s where  toxicit y  i s
unambiguousl y demontrated.  Fro m thi s point  o f  view,  th e analytica l  approac h
i s insufficient .  Knowledge  o n th e toxicit y  an d ecotoxicity  o f  individual
substance s remain s partial  an d thei r  synergisti c  possibilities  ar e eve n
les e well  known .  I n addition,  i n a  complex  medium  suc h ä s soil,  a
heterogeneou s 3-phas e Syste m wher e a  number  o f  physicochemical  reaction s
may occu r  and,  a t  leas t  down  t o a  certai n depth,  biological  reaction s ä s
well,  th e rea l  toxicit y o f  transformatio n product s i s difficul t  t o assess .

Overall  test s based  o n ecotoxicolog y typ e bioassay s shoul d thu s be
added  t o th e methods  use d t o evaluat e th e initia l  contaminatio n o f  a  soi l
and th e effectivenes s o f  an y decontamination  effort s made.

3.  ECOTOXICOLOGY

Ecotoxicology  i s th e scienc e tha t  studie s th e toxi c effect s o f
chemical  o r  physical  agent s o n livin g organisms ,  especiall y  o n populations
and communities  withi n ecosystems .  Ecotoxicology  als o studies  th e inter -
action s o f  thes e agent s with  th e physica l  environmen t  i n which  thes e
organism s live,  ä s well  ä s th e transfe r  pathway s o f  th e agent s (Butle r
1978) .

The discipline  ha s a  dua l  ai m :  t o predict  th e futur e consequence s
tha t  ca n be  expected  fro m th e releas e o f  a  given  contaminan t  int o th e
environment,  an d t o evaluat e th e magnitud e o f  damage  t o ecosytem s followin g
thei r  contamination .

Variou s methodologies  have  been  developed  t o attai n thes e aim s :

-  I n th e laboratory ,  fes t  condition s ar e simplified  t o thei r  extrem e
and ar e stricti y standardize d t o ensur e th e reproducibility  o f  th e results .
Each pollutan t  o r  eac h pollutant/species  pai r  i s  studied  alon e an d th e
experimenta l  milieu  i s chose n t o be  ä s neutra l  ä s possible,  except  i f  i t  i s
th e actua l  object  o f  th e fest .  Many o f  thes e test s ar e currentl y Standard s
or  ar e internationall y recognize d an d hav e been  developed  primarily  t o
predict  th e risk s relate d t o variou s step s i n th e tät e o f  chemicals  i n th e
environment .

-  Direc t  effec t  :  acute,  subacute ,  chroni c toxicity .
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-  Biodegradation  i n aqueou s milieus.
-  Propensit y t o bioconcentration  (milieu-species  relationship)  an d t o

bioaccumulation  (relationship s between  species  an d th e foo d chain) .
-  Inhibitor y effect s o n reproduction,  growth,  predation,  et c an d more

generally,  behavioral  modifications.

The test s involve  species  belonging  t o differen t  trophic  levels  :
bacteria,  micro-crustacea,  fish ,  worms,  mammals,  insects ,  birds  .. .  algae,
lichens,  higher  plants,  ... .

The extralaborator y ai m o f  ecotoxicology  (i n th e field)  i s t o evaluat e
th e tru e impact  o f  a  loca l  contaminatio n o n th e anima l  an d plant  species
dwelling  there,  i n comparison  t o th e stat e preceding  th e contamination  i f
i t  i s known ,  o r  i n comparison  t o th e stat e o f  th e sam e typ e o f  ecosyste m
reputed  undisturbed.  Th e corresponding  approac h remain s highiy  empirical
and i s most  offe n based  o n criteri a o f  presence /  absenc e o f  given  species .
I t  may  be  extended,  but  i n thi s cas e cost s increas e considerably,  because
of  th e nee d fo r  assay s o f  chemical  o r  biochemical  marker s destined  t o sho w
exposur e t o certai n toxi c agent s o r  thei r  effects .

Between  thes e tw o extreme s o f  laborator y an d fiel d studie s exist s wor k
whose ai m i s t o improve  th e representativ e natur e o f  bioassays ,  a t  th e cos t
of  increasin g complexity  i n th e contro l  o f  parameter s (microcosms ,
mesocosms,  etc) .

4.  STUDIE S CONDUCTED AT  INERI S

INERI S ha s available  th e mean s an d qualification s fo r  carryin g ou t  a
number  o f  ecotoxicolog y test s wit h respec t  o f  Good  Laborator y Practices .  I t
i s currentl y workin g o n th e valida"bion  o f  a n evaluation  protocol  fo r  sol l
pollution  an d th e ris k o f  long-distanc e pollution  resulting  fro m i t
(fig .  l) .

The test s carrie d ou t  ar e based  o n Standar d methods,  adapted  i f
necessar y t o th e special  case s studied.  The y involve  th e soi l  itsel f  (wor m
life,  germination  capacities)  an d th e aqueou s extract s obtained  b y leachin g
i t  (bacteria ,  daphnia,  fish ,  algae ,  etc) .

The soi l  samples  chose n wer e subjecte d t o detailed  physicochemical
characterization .  I t  thu s becomes  possible  t o determine  an y potential
correlatio n between  overall  toxicit y ä s show n b y bioassay s an d chemical
composition .  Th e soil s teste d wer e sampled  fro m :

-  th e immediate  surrounding s o f  a  mixed  domestic  an d industria l  wast e
site,

-  a  sit e use d t o trea t  woo d b y impregnation  wit h carbochemistry
products,

-  soi l  sample s fro m abandone d cokin g plants ,
-  th e iner t  residu e o f  a n inorgani c material  manufacturin g process .

The initia l  result s ar e summarize d i n fabl e l .  Th e "Daphni a magna"  an d
"Photobacterium "  fest s wer e done  o n leachafe s accordin g f o Standar d
NF X  31-21 0 an d th e "Eiseni a fetida"  fes t  wa s don e o n th e soi l  itself .
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The number s i n th e differen t  columns  represen t  th e percentage  o f  soi l
or  o f  leachate  leadin g t o 5 0 % Inhibitio n o f  mobility  o r  o f  light  emission,
or  5 0 % mortality  i n th e population  tests .

The observed  toxicit y i s highe r  ä s th e number  i s lower .

"Test s o f  Inhibitio n o f  "Daphni a magna "  mobility  an d o f  th e inhibition
of  ligh t  emissio n by  "Photobacteriu m phosphoreum"  ar e bioassays  tha t  ca n be
use d t o sho w phenomena  o f  subletha l  toxicity,  while  th e fes t  wit h "Eiseni a
fetida "  ca n be  use d t o sho w a  letha l  effec t  directed  agains t  thi s
organism" .

5.  CONCLUSIONS

The initia l  result s ar e encouragin g fo r  th e continuatio n o f  ou r
efforts ,  enlargin g th e batter y o f  ecotoxicolog y test s t o us e an d th e räng e
of  soi l  type s t o examine .  Ultimately,  thi s wor k shoul d enabl e u s t o propose
th e most  relevan t  an d leas t  costl y fest(s )  fo r  screenin g th e toxi c
properties  o f  soil s  before  startin g a  serie s o f  detailed  analyses .  The
latter,  however,  will  evidently  remain  necessar y i f  screenin g brings  t o
ligh t  a  toxicit y justifyin g decontamination .  Onl y th e precise  knowledg e o f
th e chemical  species  t o be  eliminated  will  enable  u s t o choos e th e most
effectiv e rehabilitation  method  a f  th e lowes t  cost .

"I n addition,  thes e test s soul d enabl e u s t o evaluat e th e effec -
tivenes s o f  a  soi l  rehabilitation  method  an d t o respon d t o th e questio n
"How clea n i s clea n ?" .
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Fig.  l  -  Draf t  fo r  Protocol  t o evaluate  th e level  o f
soll  pollution
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Comments o n th e table

EC(I)  5 0 2 4 h  :  initia l  5 0 % inhibitor y effectiv e concentratio n i n 2 4 h .
I C 5 0 1 5 min  :  5 0 % inhibitory  concentratio n i n 1 5 minutes.
LC 5 0 1 4 d  :  5 0 % lethal  concentratio n i n 1 4 days .

TEST

SOILS

T & M
co-product

Vlb

landfill

S w l

wood treatment

SW 2

wood treatment

SW 3

wood treatment

LV

coking plant

N

coking plant

BRG

coking plant

"Daphnia Magn"

E C ( I ) 50 24 h

non tox

non tox

non tox

70 %

non tox

80 %

62 %

non tox

"Photobacterium"

IC 50 15 min

non tox

non tox

41 %

15 %

30 %

8 %

5 %

non tox

"Eisenia fetida"

LC 50 14 d

non tox

non tox

non tox

50 %

non tox

< 10 %

< 10 %

non tox

Principal
pollutants

non tox

ppb

HAP ppm

HAP g/kg

HAP ppm

HAP, BTX,

CN,metais

HAP, BTX,

CN, metais

HAP, BTX,

CN, metais

At  thi s stag e o f  th e research ,  th e result s ar e stil l  to o fe w i n numbe r
t o be  able  t o establis h unambiguou s correlations .  I t  i s  t o be  noted,
however,  tha t  ecotoxicology  test s have  a  good  degree  o f  discrimination.
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