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■ Risk	  of	  Chemicals	  
•  A	  Risk	  RaIo	  (RR)	  can	  be	  esImated	  as	  the	  raIo	  of	  	  

–  Predicted	  Environmental	  ConcentraIon	  (PEC)	  and 	  [kg/m3]	  
–  Predicted	  No	  Effect	  ConcentraIon	  (PNEC) 	  	   	  [kg/m3]	  

Looking	  at	  a	  unit	  emission	  rather	  than	  real	  emission	  data	  
•  A	  safe	  Maximum	  Permissible	  Emission	  (MPE)	  can	  be	  

esImated	  as	  	  the	  raIo	  of	  	  
–  PNEC	  and	  	   	   	   	   	   	  [kg/m3]	  
–  PEC	  [kg/m3]	  per	  unit	  emission	  [kg/day] 	   	  [day/m3]	  

•  Hence:	  Emission	  [kg/day]	  /	  MPE	  [kg/day]	  =	  RR	  

IntroducKon	  



IntroducKon 

■ Maximum	  Permissible	  Emission	  

Emission	  	  	  	  	  	  	  	  	  	  	  
1	  kg/day 

PEC:	  Predicted	  
Environmental	  
ConcentraIon 

PNEC:	  Predicted	  
No	  Effect	  

ConcentraIon 

Emission	  to	  
agricultural	  soil 

ConcentraIon	  in	  
the	  Environment	  

Effects	  on	  
AquaIc	  Species 

MPE	  =	  PNEC	  /	  PECunit	  emission 



■ Triazoles	  
•  Fungicides	  that	  interfere	  with	  fungi	  cell	  membrane	  
•  ContaminaIon	  of	  the	  aquaIc	  environment	  

	  
•  Various	  effects	  in	  non-‐target	  organisms	  	  

IntroducKon	  



■ Problem	  seNng	  
•  Chemical	  monitoring	  data	  and	  toxicity	  measurement	  

data	  of	  triazoles	  are	  available	  to	  a	  limited	  extent	  only	  

•  Substance	  properIes	  can	  be	  predicted,	  e.g.	  with	  QSARs	  

•  QSARs	  are	  uncertain	  

•  The	  goals	  of	  this	  study:	  
1.  QuanIfy	  uncertainty	  ranges	  in	  the	  maximum	  

permissible	  emisson	  of	  8	  triazoles	  
2.  Determine	  the	  relaIve	  importance	  of	  the	  individual	  

QSARs	  to	  the	  overall	  uncertainty	  

IntroducKon	  
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Methodology 

■ MulKmedia	  Fate	  Model	  

Simplebox	  	  



■	  MulKmedia	  Fate	  Model	  
InformaIon	  requirements:	  
•  ParIIoning	  between	  environmental	  compartments	  
•  BiodegradaIon	  in	  different	  compartments	  

Methodology 



■ QSAR	  PredicKons	  for	  Substance	  ProperKes	  
For	  instance:	  vapor	  pressure	  
Log	  VP	  =	  17.30	  –	  15.67·∙BELp2	  +	  0.44·∙RBN	  +	  1.38·∙B09[N-‐Cl]	  
 

Methodology 

descriptors	  of	  molecular	  structure	  

•  soil	  sorpIon	  parIIon	  coefficient	  
•  aqueous	  solubility	  
•  melIng	  point	  
•  biodegradaIon	  in	  air	  (rate	  constant	  for	  hydroxyl	  radical	  reacIon)	  

Other	  QSARs	  with	  same	  principle	  for	  :	  



■ PredicKons	  of	  BiodegradaKon	  in	  Water	  

Methodology 



Methodology 

■ ExtrapolaKon	  to	  Soil	  and	  Sediment	  

BiodegradaIon	  
half-‐life	  in	  soil	  

BiodegradaIon	  
half-‐life	  in	  sediment	  

ExtrapolaIon
Factor	  of	  1	  

BiodegradaIon	  
half-‐life	  in	  water	  

ExtrapolaIon	  	  
Factor	  of	  1	  

• 	  AssumpIon	  is	  reasonable	  for	  
screening	  purposes	  
• 	  Confirmed	  by	  dataset	  

• 	  Sediment	  has	  been	  reported	  to	  
enhance	  and	  to	  inhibit	  degradaIon	  



■ Predicted	  No	  Effect	  ConcentraKon	  
Assessment	  Factor	  Method	  
	  
	  
	   	   	   	  	  

QSARs	  for	  toxicity	   	  	  
•  LC50	  Onchorynchus	  Mykiss	  	  
•  EC50	  Daphnia	  Magna	  
•  EC50	  Pseudokirchneriella	  Subcapitata	  

	  

Methodology 

1000
L(E)C50	  lowestPNEC =



■ Uncertainty	  in	  QSAR	  PredicKons	  
•  Uncertainty	  in	  predicIon	  Yp	  follows	  a	  student-‐t	  

distribuIon	  	  

•  DistribuIon	  specified	  by	  
–  the	  predicIve	  mean	  (	  	  	  )	  
–  the	  predicIve	  error	  (	  	  	  	  	  	  	  	  	  	  	  	  	  )	  
–  the	  number	  of	  data	  points	  in	  the	  training	  data	  set	  (n)	  	  
–  the	  number	  of	  descriptors	  in	  the	  linear	  regression	  model	  (k)	  	  

•  Based	  on	  experimental	  data	  underlying	  the	  QSAR	  
regressions	  

Methodology 

)Y-‐SE(YtY~Y pp1knpp ⋅+ −−

pY

)Y-‐SE(Y pp



Log-‐normal	  distribuIon	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

ExtrapolaIon	  factor	  to	  soil	  and	  sediment	  followed	  a	  
log-‐normal	  distribuIon	  with	  95%	  CI	  (0.1	  –	  4.5)	  

■ Uncertainty	  in	  BiodegradaKon	  

Methodology 
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■ PropagaKon	  of	  Uncertainty	  

BiodegradaIon	  
half-‐life	  in	  water	  

BiodegradaIon	  
extrapolaIon	  

factor	  water-‐soil	  

Soil	  sorpIon	  
parIIon	  

coefficient	  

Water	  
solubility	  



Predicted	  Maximum	  
Permissible	  Emission	  

■ PropagaKon	  of	  Uncertainty	  

Methodology 



■ Analysis	  of	  Variance	  

Methodology 

Crystal	  Ball:	  
•  Spearman’s	  rank	  correlaIon	  coefficients	  between	  

each	  input	  parameter	  and	  the	  outcome	  variable	  
•  Rank	  correlaIon	  coefficients	  were	  squared	  and	  

normalized	  to	  100	  %	  
•  ContribuIon	  to	  variance	  



■ PEC 	   	   	  ■ PNEC	  

Results 
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■ Maximum	  Permissible	  Emissions	  

Results 
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■ Analysis	  of	  Variance	  

Results 

ContribuIons	  of	  aqueous	  solubility,	  melIng	  point,	  vapor	  pressure,	  
hydroxyl	  radical	  reacIon,	  biodegradaIon	  extrapolaIon	  factor	  
water-‐sediment,	  and	  EC50	  D.	  Magna	  were	  	  	  ≤	  0.1	  % 



■ LimitaKons	  :	  PredicKons	  outside	  the	  AD	  
•  A	  QSAR’s	  reliability	  is	  restrained	  by	  its	  Applicability	  

Domain	  (AD),	  which	  is	  depending	  on	  
–  the	  number	  of	  training	  chemicals	  	  
–  the	  number	  of	  model	  variables	  	  
	  

•  Almost	  all	  QSAR	  predicIons	  were	  within	  the	  AD	  	  

Discussion 



■ LimitaKons:	  PredicKons	  outside	  the	  AD	  
•  kOH	  of	  Flupoxam	  and	  Sulfentrazone	  

–  no	  key	  property	  
•  Koc	  of	  Flupoxam	  	  

–  important	  property:	  movement	  and	  leaching	  from	  the	  soil	  
–  predicIon	  (and	  uncertainty)	  similar	  to	  other	  predicIons	  

•  EC50	  of	  P.	  Subcapitata	  of	  Flupoxam	  	  
–  predicIon	  (and	  uncertainty)	  similar	  to	  other	  predicIons	  	  

	  

Discussion 

Warning	  for	  model	  applicability,	  	  
	  but	  not	  a	  final	  decision	  on	  predicIon	  quality	  

(Nikolova	  and	  Jaworska	  2003)	  



■ LimitaKons:	  General	  or	  Specific	  QSAR 
•  Koc	  predicIon	  with	  ‘general’	  QSAR	  	  

–  Triazoles	  represented	  less	  than	  2%	  of	  the	  training	  set	  chemicals	  
–  Therefore,	  lisle	  structural	  and	  experimental	  informaIon	  on	  

triazoles	  was	  included	  	  
–  SuggesIon	  for	  further	  research:	  	  comparison	  between	  

uncertainIes	  in	  predicIons	  calculated	  by	  ‘general’	  or	  ‘specific’	  
QSARs	  à	  quanIfy	  impact	  on	  MPEs	  

Discussion 



■ LimitaKons:	  PredicKons	  of	  BiodegradaKon	  
•  BiodegradaIon	  half-‐lives	  in	  water	  were	  predicted	  with	  

EPI	  Suite	  &	  Aronson	  et	  al.	  	  
–  important	  contributor	  to	  overall	  uncertainty!	  

•  BiodegradaIon	  in	  soil	  and	  sediment	  were	  extrapolated	  
from	  water	  
–  equal	  rates	  with	  uncertain	  extrapolaIon	  factor	  

•  But…	  current	  guidance	  indicates	  that	  the	  half	  live	  in	  soil	  
is	  2	  x	  as	  long	  as	  in	  water	  
–  If	  degradaIon	  is	  indeed	  slower,	  the	  MPEs	  are	  overesImated	  

Discussion 



■	  LimitaKons:	  PNEC	  
•  PNEC	  was	  based	  on	  assessment	  factor	  method	  
	  
•  3	  species	  only!	  	  

	  Are	  O.	  Mykiss,	  D.	  Magna,	  and	  P.	  Subcapitata	  a	  representaIve	  
sample?	  

	  

•  AlternaIve:	  staIsIcal	  extrapolaIon	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  In	  that	  case	  sample	  size	  is	  highly	  relevant	  

Discussion 



■ Conclusion	  

Discussion 

The	  main	  sources	  of	  uncertainty	  in	  the	  triazoles’	  MPE	  were:	  	  
•  the	  uncertainty	  in	  the	  biodegradaIon	  rate	  in	  water	  	  
•  the	  uncertainty	  in	  the	  extrapolaIon	  factor	  used	  to	  

predict	  biodegradaIon	  in	  soil	  from	  biodegradaIon	  in	  
water	  

•  the	  uncertainty	  in	  the	  QSAR	  for	  soil	  sorpIon	  
parIIoning	  

	  



Discussion 

Take	  ho
me	  

message 

The	  reliability	  of	  the	  MPE	  predicIons	  for	  

triazoles	  can	  be	  improved	  parIcularly	  

by	  including	  experimental	  data	  for	  

biodegradaIon	  and	  sorpIon	  to	  soil	  
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