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•  Too	
  big	
  to	
  fit	
  on	
  my	
  hard	
  drive	
  or	
  in	
  memory	
  
•  Too	
  much	
  2me	
  to	
  compute:	
  O(2n)	
  or	
  O(n2)	
  or	
  O(log(n))	
  
•  Too	
  many	
  dimensions:	
  e.g.	
  ANN	
  in	
  place	
  of	
  NN;	
  eigen	
  
methods	
  

•  Noise/Signal	
  	
  ∞	
  :	
  machine	
  intelligence/sta2s2cal	
  
extrac2on	
  

•  Compression/decompression	
  

Homage	
  to	
  worthy	
  adversaries	
  	
  
that	
  play	
  a	
  minor	
  role	
  in	
  this	
  talk	
  



•  Summary	
  sta2s2cs:	
  unbiased,	
  minimum	
  variance;	
  
more	
  than	
  one	
  moment,	
  densi2es	
  (condi2onal)	
  

•  Wrangle,	
  MUNG,	
  auto-­‐ingest	
  (non-­‐lossy	
  cas2ng)	
  
•  Lineage	
  and	
  Provenance	
  	
  for	
  Scien2fic	
  Data	
  
Management:	
  quality,	
  defensibility,	
  
reproducibility	
  

•  HITs:	
  MTurk,	
  crowd-­‐sourcing,	
  low-­‐paid	
  but	
  high-­‐
skilled	
  data-­‐hounds	
  

•  Visualiza2on	
  

Big	
  Data	
  Stuff	
  related	
  to	
  this	
  talk	
  



Timely	
  Pes*cide	
  Use	
  Repor*ng	
  

100%	
  

<	
  100%	
  

*	
  

*	
  

*	
  

*	
  

Source:	
  GAO	
  Report	
  11-­‐37,	
  Nov	
  2010	
  	
  

Sales	
  data	
  only	
  

Surveys,	
  records,	
  inspec*ons	
  	
  	
  

Actual	
  use	
  reports	
  	
  

*	
   Sales	
  plus	
  other	
  data	
  



APMC	
  Pes*cide	
  Use	
  Database	
  

•  Form	
  1080	
  
•  AZ	
  Pes*cide	
  use	
  1991	
  –	
  
present	
  

•  !≈​"#↑$ 	
  
•  Supports	
  research,	
  
educa*on,	
  registra*on	
  

•  Verified,	
  corrected	
  data	
  
•  Integrated	
  with	
  
ancillary	
  informa*on	
  



L-­‐1080	
  

L-­‐
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80
	
  D
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Data	
  requests,	
  Regis.	
  support,	
  
Evaluate	
  trends,	
  Measure	
  technology	
  

adop*on,	
  Educa*on	
  

Az	
  L-­‐1080	
  Informa*on	
  Flow	
  	
  

ADA	
  
Pes*cde	
  

Applicators	
  
Stakeholders	
  

APMC	
  

Data available upon request, pending approval from our advisory board 

•  Data entry 

•  Regulatory 

•  5 year limit 

• QA 

•  Advisory Comm. 

• IRAC, FRAC, 
HRAC 

• Max Label Rates 

• Phys-Chem 



APMC Pesticide Use Database, Lettuce 8/12 
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Index	
   Adverse	
  Effect	
   ^Logis*c	
  (or	
  other)	
  predictor	
  for	
  index	
   @(un)known	
  Variance	
   Data	
  Needed	
  

Aqua*c	
  
Invert.	
  

10	
  %	
  <=	
  species	
  
significantly	
  affected	
  
(50-­‐90%	
  popula2on	
  loss)	
  

Observed	
  aqua2c	
  concentra2on	
  scaled	
  to	
  
HC5.	
  

EEC.	
  Mesocosm,	
  pond	
  
data.	
  

*	
  Peak-­‐C	
  

Algal	
  
Acute	
  

20	
  %	
  <=	
  species	
  
significantly	
  affected	
  

Observed	
  aqua2c	
  concentra2on	
  scaled	
  to	
  
HC5	
  

EEC.	
  Herbicides	
  only.	
  
Paucity	
  species,	
  
mesocosm,	
  pond	
  data.	
  

*	
  Peak-­‐C	
  

Fish	
  
Chronic	
  

Popula2on	
  level	
  effects	
  
on	
  	
  reproduc2ve	
  success	
  

^^Propor2on	
  of	
  the	
  reproduc2on	
  period	
  
(30	
  d)	
  where	
  MATC	
  values	
  are	
  exceeded	
  

EEC.	
  Inconsistent	
  MATC	
  
es2mates.	
  

*Daily-­‐C.	
  

Small	
  
Mammal	
  

Popula2on	
  level	
  effects	
  
on	
  reproduc2ve	
  success	
  

Consecu2ve	
  days	
  when	
  daily	
  dose	
  exceeds	
  
HD5-­‐scaled	
  threshold	
  

DAR.	
  Data	
  paucity.	
  
DT50-­‐flr.	
  	
  

Rate,	
  	
  DT50-­‐
flr,	
  UPAF	
  

Avian	
  
Acute	
  

Mortality	
  detected	
  in	
  the	
  
treated	
  area	
  by	
  an	
  
intensive	
  and	
  competent	
  
search	
  

Es2mated	
  single	
  day	
  dose	
  (mg/kg	
  body	
  
weight)	
  scaled	
  to	
  HD5	
  

DAR.	
  	
  Small	
  samples.	
  
Complement	
  of	
  species	
  
in	
  and	
  near	
  the	
  treated	
  
field.	
  UPAF.	
  

Rate,	
  	
  UPAF	
  

Avian	
  
Chronic	
  

Popula2on	
  level	
  effects	
  
on	
  reproduc2ve	
  success	
  

^^Propor2on	
  of	
  breeding	
  season	
  (90	
  d)	
  
when	
  insect	
  residue	
  levels	
  will	
  be	
  above	
  
the	
  cri2cal	
  level	
  that	
  results	
  in	
  a	
  dose	
  
expected	
  to	
  interfere	
  with	
  reproduc2on	
  

DAR.	
  Limited	
  species.	
  	
  
DT50-­‐flr.	
  Endpoint	
  
extrapola2on.	
  UPAF.	
  

Rate,	
  DT50-­‐
flr,	
  	
  NOAEL,	
  	
  
UPAF	
  

Earth-­‐
worm	
  

35%	
  <=	
  	
  mortality	
  of	
  
earthworms	
  (biomass)	
  

Average	
  LC50	
  (all	
  species)	
   Ignores	
  species	
  
differences.	
  Data	
  
paucity.	
  

Rate	
  

Bystand-­‐
er	
  inhal-­‐
a*on	
  

Short	
  term	
  dose	
  in	
  excess	
  
of	
  PAD	
  	
  

^^^	
  Probability	
  the	
  (upper	
  confidence	
  
bound	
  on	
  the)	
  EEC	
  (in	
  the	
  air	
  near	
  the	
  
treated	
  field)	
  exceeds	
  the	
  RfC	
  for	
  harm	
  to	
  
a	
  one	
  year	
  child	
  exposed	
  for	
  eight	
  hours.	
  	
  	
  

EEC.	
   Rate,	
  VP,	
  	
  
MW,	
  	
  RfC,	
  
PAD	
  	
  



Risk	
  =	
  Pr(adverse	
  event)	
  



Independent	
  Spray	
  Events	
  
One-­‐at-­‐a-­‐2me	
  &	
  Cumula2ve	
  

%&=1−∏↑▒1− ​&↓*  	
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The	
  range	
  of	
  risk	
  is	
  s*ll	
  wide,	
  although	
  
the	
  mean	
  level	
  of	
  risk	
  has	
  declined	
  over	
  

*me	
  

Aqua*c	
  Invertebrates	
  (mean	
  risk	
  score)	
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An	
  underes*mate	
  of	
  risk…Due	
  to	
  <	
  
100%	
  use	
  repor*ng	
  (e.g.	
  soil	
  applied	
  
Admire)	
  



Although	
  mean	
  risk	
  is	
  low	
  for	
  
some	
  indexes,	
  there	
  are	
  loca*ons	
  

where	
  risks	
  can	
  be	
  high	
  

Arizona	
  Lejuce	
  



In	
  the	
  case	
  of	
  risks	
  to	
  birds,	
  these	
  
patches	
  of	
  high	
  risk	
  have	
  largely	
  

disappeared	
  	
  

Arizona	
  Lejuce	
  



Foliar	
  Decay	
  

Risk	
   Avian	
  Reproduc*ve	
  

Avian	
  Acute	
  

Small	
  Mammals	
  

Inhala*on	
  

Earthworm	
  

Fish	
  Chronic	
  

Aqua*c	
  Algae	
  

Aqua*c	
  Invertebrates	
  Dermal	
  

Risk	
  Indices	
  

BIG	
  DATA:	
  ipmPRiME.org	
  Pes2cide	
  Risk	
  Assessment	
  Data,	
  Sources,	
  Variances	
  

Data	
  Sources	
  
Regulatory	
  Agency	
  
Literature	
  
Industry	
  
Mineau	
  SSD	
  

Data	
  Sources	
  
Regulatory	
  Agency	
  
Product	
  Labels	
  
Industry	
  

Data	
  Sources	
  
Regulatory	
  Agency	
  
Crosswalk	
  by	
  PRI	
  
	
  

Data	
  Sources	
  
Cons2tuents’	
  Records	
  
Recommenda2ons	
  
	
  

Soil	
  Decay	
  

Adsorp*on	
  

Water,	
  Sediment	
  Decay	
  

Nomenclature;	
  Codes	
  
Crosswalks:	
  

PC_CODE	
  CAS	
  
EU	
  Code	
  	
  CAS	
  
PRI_ID	
  	
  CAS	
  

	
  
Chemical	
  ID	
  
Chemical	
  Name	
  
Category	
  
Domain	
  

Aqua*c	
  Concentra*on	
  Engine	
  

Toxicological	
  Endpoints	
  
	
  
	
  
LC50	
  and	
  LD50	
  for	
  each	
  
species	
  and	
  for	
  each	
  AI	
  
	
  
	
  
Workflow	
  to	
  generate	
  SSD	
  
and	
  field	
  calibra2on	
  

Product	
  Formula	
  
Product	
  ID	
  
AI	
  ID	
  
Mass	
  AI	
  in	
  product	
  

Henry’s	
  coefficient	
  

Water	
  octanol	
  par**on	
  

Molecular	
  Weight	
  

Solubility	
  

Vapor	
  Pressure	
  

AI	
  Physical	
  Chemical	
  

Weather	
  

Site	
  Specific	
  

Non-­‐Target	
  details	
  

Soil	
  characteris*cs	
  

Product	
  Rate	
  Area	
  

When	
  

How	
  (use	
  paeern)	
  

Mi*ga*ons	
  

Basic	
  PRiME	
  required	
  

Advanced	
  PRiME	
  	
  

Product	
  
ID	
  
Formula2on	
  
Density	
  

Influences:	
  A	
  selected	
  subset	
  
of	
  important	
  rela3ons.	
  

Variance,	
  Uncertainty.	
  Except	
  for	
  
weather	
  PRiME	
  is	
  conserva2ve	
  

Data	
  Sources	
  
IUPAC	
  PPDB	
  
CaDPR	
  
Chemical	
  Handbook	
  
Industry	
  



Fit	
  Field	
  Data	
  to	
  Logis*c	
  
Ordinate	
  =	
  1	
  if	
  mortality	
  observed;	
  else	
  0	
  

	
  

SSD	
  based,	
  Field	
  Fit	
  ipmPRiME	
  Risk	
  

Log(Toxicity	
  Units)	
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Acquire	
  Avian	
  Acute	
  Field	
  Data	
  
Apply	
  rules	
  to	
  accept/reject	
  

	
  

Transform	
  Observed	
  Applica*on	
  Rates	
  	
  
Toxicity	
  Units	
  =	
  f(HD5,	
  rate)	
  

	
  
	
  

Avian	
  Acute	
  	
  
Risk	
  Calc.	
  

Fr
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*
on
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Es
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Log	
  LD50	
  for	
  AIi	
  

SSD	
  for	
  Each	
  AI:	
  	
  ((​)*+⁠(​LD↓50 ) )	
  
Data	
  for	
  all	
  available	
  avian	
  species	
  

HD5(AI0)	
  

HD5(AIN)	
  

HD5(AI1)	
  …	
  

Grower	
  Scenario	
  
Tox.	
  Units	
  =	
  f
(HD5,	
  rate,	
  …)	
  

Lab.	
  Tox.	
  Data:	
  
LD50	
  

Apply	
  	
  rules	
  	
  to	
  
accept/reject	
  

Acquire	
  Lab.	
  
Tox.	
  Data:	
  LD50	
  

Apply	
  	
  rules	
  	
  to	
  
accept/reject	
  

Avian	
  Tox.:	
  
LD50(AI0)	
  

Apply	
  	
  rules	
  	
  to	
  
accept/reject	
  

…	
  

WORKFLOW	
  



Some	
  growers	
  can	
  determine	
  where	
  they	
  lie	
  in	
  
the	
  risk	
  spectrum	
  rela*ve	
  to	
  neighbors	
  



THE	
  END	
  
thank-­‐you	
  



2010	
  

21,	
  bifenthrin	
  

35,	
  cyfluthrin	
  

37,	
  cypermethrin	
  

42,	
  dimethoate	
  

48,	
  endosulfan	
  

49,	
  esfenvalerate	
  

61,	
  lambda	
  cyhalothrin	
  

79,	
  permethrin	
  

104,	
  zeta-­‐cypermethrin	
  

AZ Lettuce: Where Mean Risk >= 0.1; Mean Risk by AI = Sum(Impact acre); (4.0 to 0.02 mm) => (9.8E4 to 0.6)

Year=2011

AZ Lettuce: Where Mean Risk >= 0.1; Mean Risk by AI = Sum(Impact acre); (4.0 to 0.02 mm) => (9.8E4 to 0.6)

Year=2011
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AZ Lettuce: Where Mean Risk >= 0.1; Mean Risk by AI = Sum(Impact acre); (4.0 to 0.02 mm) => (9.8E4 to 0.6)

Year=2011

AZ Lettuce: Where Mean Risk >= 0.1; Mean Risk by AI = Sum(Impact acre); (4.0 to 0.02 mm) => (9.8E4 to 0.6)

Year=2011
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Aqua*c	
  Pes*cide	
  Concentra*ons	
  
PRiME	
  uses	
  a	
  combina2on	
  of	
  the	
  Pes2cide	
  Root	
  Zone	
  Model	
  (PRZM)	
  and	
  the	
  
Exposure	
  Analysis	
  Modeling	
  System	
  (EXAMS)	
  with	
  an	
  op2onal	
  PRZM	
  unit	
  
represen2ng	
  a	
  vegeta2ve	
  filter	
  strip	
  (VFS).	
  

	
  
	
  

	
  

	
  

	
  

Modeling	
  Core	
  =	
  PRZM-­‐PRZM-­‐EXAMS	
  shell	
  
(extended	
  EXPRESS)	
  
	
  

Spray	
  drir	
  is	
  deposited	
  onto	
  
main	
  field,	
  VFS,	
  and	
  water	
  
body	
  (down	
  slope	
  from	
  VFS).	
  

The	
  EXAMS	
  water	
  body	
  is	
  the	
  ul2mate	
  
receptor	
  of	
  pes2cide	
  loadings	
  from	
  the	
  
PRZM	
  units.	
  

Op2onal	
  VFS	
  
(PRZM	
  unit)	
  

Cropping	
  area	
  receiving	
  
pes2cide	
  applica2on	
  
(PRZM	
  unit)	
  



Arizona	
  Pes2cide	
  Users	
  

•  Custom	
  “for	
  hire”	
  	
  
•  Aerial	
  	
  
•  Soil	
  applied,	
  on	
  Groundwater	
  Protec2on	
  List	
  
•  Sec2on	
  18	
  only	
  if	
  label	
  requires	
  repor2ng	
  
•  Odoriferous	
  pes2cides	
  

•  >1,100	
  licensed	
  growers	
  
•  >200	
  licensed	
  PCAs	
  
•  >900	
  private	
  &	
  commercial	
  applicators	
  
•  41	
  aerial	
  applicators	
  

Uses	
  Reported	
  to	
  ADA	
  



Form	
  “L-­‐1080”	
  

•  PCA	
  ini*ates	
  
–  Crop,	
  loca*on	
  
–  Product,	
  a.i.,	
  rate	
  
–  Target	
  pest(s)	
  

•  Applicator	
  completes	
  
–  Date	
  of	
  applica*on	
  
–  Devia*ons	
  
–  Signature	
  

•  Submit	
  to	
  Arizona	
  
Dept.	
  of	
  Agriculture	
  



User	
  Data—web	
  interface	
  


