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Crops are confined when …

• not approved for commercial release 
and/or no tolerances are in place
– an insect resistant crop while in development

• channeling is required
– asynchronous approvals

• products are not intended for foods
– a PMP or PMI crop

• identity preservation is needed
– a value-added specialty crop



Confinement systems analysis

• describe the processes for 
confinement

• analyze for probable confinement 
loss

• identify uncertainties in confinement 
integrity

• address uncertainties



BIGMAP Confinement Project

A model system focused on:
• corn
• plant manufactured pharmaceutical
• systems analysis
• quantitative exposure assessment
• identification and communication of 

uncertainties



BIGMAP Confinement Project

Crop biology
& Environment

Expression 
a property 
of genes

x environment

Confinement best practices
a general property of the agronomic system

Process flows
conceptual description of management

Materials flows
mathematical description of 
management x environment

Hazard
an intrinsic

property of the 
pharma-active 

compound

ExposureRisk



Why focus on confinement?

an unwanted 
consequence of 
confinement loss Risk = f (Exposure, Hazard)

Exposure = f (Expression, Confinement)

an attribute of the product

an attribute of the system

as Confinement             100%
Risk               0% 

regardless of product specific attributes



Define processes for confinement
pharma crop systems 

are intended by 
design to be uniquely 

separate from the 
food supply through 
rigorously managed 

confinement 
measures

Christensen et al. 2005. Confined production processes for non-food corn.



Systems description
Start

Foundation and 
Field Production

Preliminary 
Evaluation in the 

Greenhouse

Breed Production 
Cultivars in the 

Research Nursery

Store and 
Inventory 

Research Seed

Grain Transport, 
Processing, 
Storage, and 

Shipment

Transformation 
and  Selection in 
the Laboratory

To Pharma or 
Industrial 
Processor

• identification of critical systems that must 
be defined, controlled and maintained

• critical actions must be repeatable and 
measurable

• system design must allow for changing 
needs

• regulatory and customer requirements 
must be identified and incorporated into the 
system



Process 
Management 
Implementation

•• IdentifyIdentify critical 
processes

•• AnalyzeAnalyze all processes, 
including inputs, outputs 
and material that 
escapes

•• DocumentDocument critical 
processes

•• TrainTrain employees and 
communicate 
expectations

•• DefineDefine measurement 
criteria

•• AuditAudit the process

Pollination of 
Surrounding in 

Tolerance ?

All 
Removed 

?

Remove & 
Destroy 

Surrounding 
Crop

No

No

Remove Off-types 
After Flowering

Yes

Within 
Standard ?

Will 
Roguing 
Work ?

Clean 
Harvester

Training

Harvest Ears

Harvester

Harvest Crew

B

Yes

No No

Yes

Move Plant 
Material to 

Containment

Yes

B
Plant 

Material 
Moved ?

Yes No



Quantitative analysis of process 
uncertainties

pollen management



Probable confinement integrity

Crystal B all A cademic E dition
Not for Commerc ial Use

0.007 0.020 0.033 0.046 0.059

Dist PH loss Crystal B all A cademic E dition
Not for Commercial Use

0.0009 0.0687 0.1365 0.2043 0.2721

PC Combine Crystal B all A cademic E dition
Not for Commerc ial Use

0.72 0.76 0.80 0.84 0.88

HandPickEff PNCPreharvest loss                    Combine efficiency           Recovery of dropped grain

Describe distribution of material losses

Forecast 
probable 
outcomes

mean
50th

90th



Understand process failures
Deterministic

result 50th percentile 90th percentile

Fully conforming 1 6 16
Partially conforming

59 166
50 100

500 1,000
Non-conforming 1,467 15,333

Fully conforming 2,500 2,500 4,333
Partially conforming

Combine 20,000 73,333
Ear picker 6,000 10,333

Non-conforming
Combine 60,000 176,667

Ear picker 7,333 19,000

Fully conforming nil nil nil
Partially conforming

Combine 1,200
Ear picker 120

Non-conforming 30,000

Male sterility system + Detasseling

Harvest loss (left in field)

Harvest loss (harvest mixing)

Distributional result

Outcrossing (to field at 1.61 km) 

Male sterility system
Detasseling

relative number of fugitives



Uncertainties in confinement 
integrity

• failure rates for process compliance
• grain loss from equipment, clean out 

efficiencies, and recovery options
• physical description of long distance 

pollen flow 



Addressing uncertainty  through 
process design

Example: 
selection of 
equipment 
and harvest 
conditions 
can 
significantly 
reduce 
materials 
left in the 
field



Addressing uncertainty  through 
monitoring and response

• monitor, model, and identify 
departures from confinement goals 
in real time

• identify at-risk receptor fields
• segregate product from at-risk field 

prior to harvest (channel or destroy)
• incorporate experience into process 

model



Summary

• the BIGMAP confinement project 
represents a model system for confinement 
integrity design and analysis

• attributes
– focus on systems analysis for the confined crop
– use of existing knowledge
– quantitative exposure assessment to identify 

uncertainties
– identification of uncertainties leading to 

improved confinement systems
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