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Non-target Exposure and Risk Assessment for Cultivation of 1507 Maize in Europe

abstract

The risks associated with non-target exposure to B.t. Cry1F maize line 1507, referred to as 1507 maize, expressing CRY1F and PAT proteins were considered and found to be limited to the potential exposure of 1507 maize pollen to hypothesized sensitive lepidoptera larvae feeding in the near-field edge of maize fields. A deterministic screening level assessment based on conservative input assumptions was used that considered exposure to a hypothetical sensitive lepidopteran at the field-edge. Pollen dissemination to the field edge and predicted environmental concentrations (PEC) were empirically described on the basis of published data. The exposure assessment was subsequently modified to allow for a probabilistic analysis of uncertainties and sensitivities in the assessment. Hazard characterization was based on the intergenus distribution of acute susceptibility for lepidopteran species. Interposition of log-probability plots for lethal concentration (LC50) of CRY1F protein to lepidopteran species with the exposure-distance plot for PEC in the near field zone showed negligible intergenera risk. The slope of the exposure-distance plot for PEC shows rapid fall-off in exposure with distance. Consequently, there is limited potential for non-target effects beyond the immediate field extremity. The 90th percentile intergenera LC50 is not exceeded at field offsets greater than 
1 meter. Even for a hypothetical sensitive lepidopteran feeding within the vicinity of maize production fields, less than 1% of larvae in the immediate 60-m of the field edge would be expected to occur within 1 m of the field edge. Recent field research supports the validity of the PEC developed. Assessment of intergenus risk is a conservative predictor of risk to protected lepidopteran species.

INTRODUCTION

Pioneer Hi-Bred International, Inc. and Mycogen Seeds, c/o DowAgroSciences LLC are intending to place on the market B.t. Cry1F maize line 1507, referred to as 1507 maize, for all uses including cultivation in Europe.. 

The 1507 maize has been genetically modified (GM) to express CRY1F protein from  Bacillus thuringiensis sbsp. aizawai for resistance to certain lepidopteran insect pests, such as the European corn borer (ECB), and to express phosphinothricin-N-acetyltransferase (PAT) protein from Streptomyces viridochromogenes for tolerance to glufosinate-ammonium herbicide. As intended by the genetic modification, these are the only differences between 1507 maize and comparable traditionally bred (non-GM) maize.

Bacillus thuringiensis subspecies are differentiated by their insecticidal activity. Generally, only insect species within a given order (Lepidoptera, Coleoptera, Diptera,  and Orthoptera) are susceptible to a given Cry protein (Glare and O’Callaghan, 2000).  Therefore, insect susceptibility results provide general information about the (-endotoxin(s) expressed by particular B. thuringiensis strains. In the case of B. thuringiensis sbsp. aizawai, the greatest activity is shown for the order Lepidoptera (Chambers et al., 1991; Evans, 1998) and this has been confirmed for microbially-derived CRY1F protein (Herman and Korjagin, 1999). Toxicological studies on beneficial and non-target insect species using microbially-derived CRY1F protein or pollen from 1507 maize plants support selectivity of 1507 maize expressed CRY1F protein within Lepidoptera, given the margins of safety shown for representative species from other families (Hymenoptera, Diptera, and Coleoptera) (Hoxter et al., 1999a; Hoxter et al., 1999b; Hoxter et al., 1999c; Maggi, 1999). In addition, results from field studies on beneficial and non-target arthropods associated with maize expressing CRY1F protein confirm the absence of adverse effects of 1507 maize in the population of beneficial and non-target insects (Higgins, 1999; Vernier et al., 2001).

Identification of Characteristics which May Cause Adverse Effects 

The genetic modification in 1507 maize consists of a) the synthetic version of plant optimized and truncated cry1F gene from Bacillus thuringiensis sbsp. aizawai with transcription directed by the ubiquitin promoter ubiZM1(2) from Zea mays and the ORF25PolyA terminator sequence from Agrobacterium tumefaciens; and b) the synthetic version of plant optimized glufosinate-ammonium tolerance gene, based on a phosphinothricin acetyltransferase gene sequence, pat, from Streptomyces viridochromogenes with transcription directed by CaMV 35S promoter and CaMV 35S terminator, from cauliflower mosaic virus. 

The 1507 maize has been fully characterized in terms of potential health and human impact associated with market release. In brief, Bacillus thuringiensis, donor of the cry1F sequence, has a history of decades of safe use as a pesticide (EPA, 1996; Betz et al., 2000).  The subspecies aizawai is commercially used to control wax moth larvae and the diamondback moth caterpillar (Cornell University, 1996).  The Ti plasmid from Agrobacterium tumefaciens, donor of the ORF25PolyA sequence, has been altered, that is disarmed, to make it a useful vector for plant transformation by removing the sequences involved in plant pathogenicity and inserting sequences necessary for cloning and replication in Escherichia coli and/or for plant transformation (Canadian Food Inspection Agency, 1998). 

Similarly, Streptomyces viridochromogenes, donor of the pat gene, is a common soil bacterium that produces the tripeptide L-phosphinothricyl-L-alanyl-alanine (L-PPT), which was developed as a non-selective herbicide by Hoechst Ag and there is a history of safe use of pat in GM crops (OECD, 1999).  The cauliflower mosaic virus, donor of the 35S promoter and terminator sequences, is a DNA caulimovirus with a host range restricted primarily to cruciferous plants (ICTV Database, 1998).

Plant transformation to express CRY1F protein for resistance to certain lepidopteran insect pests and to express phosphinothricin-N-acetyltransferase (PAT) protein for glufosinate-ammonium herbicide tolerance, is judged to have substantial agronomic benefit while conferring negligible risk for considerations of animal and human health and environmental safety. 

Because 1507 maize expresses an insecticidally active protein, special consideration is given to the potential for risk to beneficial, sensitive, and protected non-target arthropods. Toxicological studies on beneficial and non-target insect species show no adverse effects from microbially-derived or pollen-expressed CRY1F protein (Hoxter et al., 1999a; Hoxter et al., 1999b; Hoxter et al., 1999c; Maggi, 1999). Likewise, no adverse toxicological effects been shown for other invertebrate species, such as earthworm and daphnid (Hoxter et al., 1999d; Drottar and Krueger, 1999). In France, monitoring of 1507 maize fields for selected beneficial arthropods (thrips, Orius, and leafhoppers) showed no adverse effects for these taxa (Vernier et al., 2000). Similar monitoring for 12 taxa of beneficial arthropods in the US also showed no adverse effects of 1507 maize (Higgins, 1999). 

Off-field pollen dissemination is a potential route of exposure from maize expressing CRY1F protein. Therefore, a consideration of the exposure of non-target species to maize pollen expressing CRY1F protein is necessary for the assessment of risks associated with the cultivation of 1507 maize in Europe. The beneficial aspects of maize expressing CRY1F protein arises from its toxicity to specific target lepidopteran pests of economic importance in maize production such as, European corn borer (Ostrinia nubilalis), fall armyworm (Spodoptera frugiperda), black cutworm (Agrotis ipsilon), southwestern corn borer (Diatraea grandiosella) and pink borer (Sesamia nonagrioides); thus, non-target lepidopteran insects are the focus for this assessment.

Recently, toxicological hazard has been shown for monarch butterfly (Danaus plexippus) larvae consuming milkweed (Asclepiadaceae spp.) containing surface-deposited pollen from maize expressing Cry protein (Jesse and Obrycki, 2000; Losey et al., 1999). However, consideration of the broad impacts of Cry protein on monarch in North America indicates negligible risks to migratory populations (ABSTC, 2001). An extensive risk assessment specific for CRY1F protein impact on monarch butterfly has shown negligible risk using a conservatively developed intergenera effects estimate for Lepidoptera (Wolt et al., 2000). Subsequent measurements of toxicity of CRY1F protein to monarch larvae (Bystrak, 2000) as well as recently conducted exposure monitoring for pollen dissemination within the maize producing region of the US (John Pleasents, Iowa State University, personal communication), show that this approach is a conservative screen for risk to susceptible Lepidoptera. Even though the monarch butterfly is not endemic to Europe, the risk assessment approaches and findings for monarch can be effectively bridged to the consideration of endangered lepidopteran species that may occur within the proximity of 1507 maize production fields in Europe.

Potential Ecological ConsEquences

Ecological risk can be described in quantitative terms as a function of exposure (environmental dose) and effect (toxicological hazard) (USEPA, 1998). Exposure and risk assessment for regulatory purposes may utilize a tiered modeling approach extending from deterministic field-scale models based on very conservative assumptions to probabilistic regional-scale models using refined assumptions (SETAC, 1994). 

The exposure and risk assessment reported herein for 1507 maize is a deterministic tier 1 (screening level) assessment based on conservative (worst case) input assumptions. It considers exposure to a hypothetical sensitive Lepidoptera species at the field-edge. Pollen dissemination to the field edge is empirically described on the basis of published data. The tier 1 assessment is subsequently modified to allow for a probabilistic analysis of uncertainties and sensitivities in the assessment. 

LikElihood of Occurrence – HAZARD CHARACTERIZATION

Identification of Species of Concern

Broad surveys of Lepidoptera within Europe consider both common and protected species of butterflies and moths.  These are:

European Red Lists,

http://ourworld.compuserve.com/homepages/har/endanger.htm;
Mapping European Butterflies (MEB),
http://home.t-online.de/home/kudrna.meb/index.htm;

and the Lepidoptera Geographical Index,

http://www.chebucto.ns.ca/Environment/NHR/geographical.html - europe.

However, there is limited information regarding the host-range relationships for these species, so their potential to occur in and around maize fields is not definitively established. On-going research within Europe is addressing this variable (personal communication: Andreas Lang, Bavarian State Research Center for Agronomy; Gabor Lövei, Danish Institute of Agricultural Sciences; Detlef Bartsch, Aachen University of Technology RWTH). 

A provisional list of Lepidoptera associated with arable land within Europe is in development (Andreas Lang, personal communication). This compilation uses data from multiple sources (Ebert and Rennwald, 1991a, 1991b; Koch, 1991; Schweizerischer Bund für Naturschutz, 1994; Schweizerischer Bund für Naturschutz, 1997; BandSchweizerischer Bund für Naturschutz, 2000; Steffan-Dewenter and Tscharntke,1997; Tolman and Lewington, 1997; Weidemann, 1995) as well as personal observation (personal communication: Andreas Lang) and may reflect some bias towards agricultural regions in southern Germany. Because species number generally increases when moving to the south of Europe, a fuller appreciation of Lepidoptera distribution throughout Europe may be needed (personal communication: Andreas Lang). Butterfly species occurring in Switzerland that are potentially affected by Bt-maize have been considered by the World Wildlife Fund (WWF, 2000); but the approach has been all encompassing, listing any species sometimes in the vicinity of arable land without consideration of host-range specificity and population characteristics that would place a species at risk. In order to address some of these limitations, the provisional list of Lang has been expanded  here to encompass European butterflies more broadly with emphasis on (1) butterflies which may be associated with arable land and (2) species listed as protected under the Bern Convention (http://www.nature.coe.int/english/cadres/berne.htm). Appendix Table I.1 summarizes this information in terms of the species, host plants, and spatial-temporal occurrence as determined from extensive searches of European databases. 

The common and unprotected species represented in Appendix Table I.1 are widely distributed and use various habitats. Thus, although in some instances they may occur in and around arable land, populations will be little affected from exposure to maize pollen expressing Cry protein even in the eventuality of a potential hazard being established. Although information for those species that are protected is in some cases limited, they are unlikely to be associated with arable land due to habitat preferences such as marshy, arid, or alpine (> 1000 m elevation) environments (Appendix Table I.1).

The sensitivity of these Lepidoptera species to Cry protein in general, or CRY1F protein in particular, is unknown. This uncertainty is addressed in this risk assessment through hazard characterization that is based on the intergenus distribution of acute susceptibility for lepidopteran species that have been tested for sensitivity to CRY1F protein. This generalized approach provides a conservative means to assess risk to a hypothetical Lepidoptera species of concern (Wolt et al., 2000)

Hazard Characterization

A conservative lower limit on the effect for any sensitive Lepidoptera can be determined from the overall distribution of acute susceptibility for lepidopteran species. [The use of distributional analysis of effects in this manner to arrive at an effects endpoint is well established and has been described in SETAC (1994).] 

A database for Lepidoptera sensitivity to bacterially expressed CRY1F protein fed in artificial diet-incorporation studies provides LC50 for 15 species (Table 1; internal data Dow AgroSciences, source T. Meade and C. Conlan) and is augmented by recent data for monarch (Bystrak, 2000; B. Siegfried, Univ. NE, personal communication).  The lepidopteran species demonstrate over three orders of magnitude variation in sensitivity to CRY1F protein. The most sensitive species (diamondback moth) is a target for insect control with B.t. sbsp. aizawai, donor of the cry1F sequence. The toxicities to species listed in Table 1 are used here as indicators for non-target species of concern. Notably, monarch larvae, the cause for concern regarding Cry protein hazard, are in the mid-range of Lepidoptera species sensitivity to CRY1F protein.

Lepidopteran species susceptibility (intergenera sensitivity) is graphically represented in Figure 1 as a probability-log plot. This plot indicates that the high-end effect, representing the 90th percentile of intergenera sensitivity, is 0.67 (g g-1. This value is >15-fold lower than the species geometric mean LC50 (10.1 (g g-1). This value is selected as a conservative representation of the effects endpoint (toxicity threshold) for the tier 1 risk assessment for a hypothetical sensitive species of concern.

Table 1. Acute sensitivity of lepidopteran species to CRY1F protein (data are for 1st instars).

	
	Common Name
	LC50, g g-1

	
	Diamondback moth
	0.065

	
	European corn borer
	0.36

	
	Eastern cotton leafworm
	0.99

	
	Fall armyworm
	2

	
	Tobacco budworm
	2.05

	
	Cabbage looper
	2.15

	
	Beet armyworm
	7.8

	
	Sod webworm
	>10

	
	Common cutworm
	27

	
	Monarch neonate larvae
	>30

	
	Bertha armyworm
	>36

	
	Southwestern corn borer
	>50

	
	Black cutworm
	82

	
	Bollworm
	>100

	
	Spruce budworm
	140

	
	Gypsy moth
	410
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Figure 1. Distribution of acute susceptibility of lepidopteran species to CRY1F protein.

EXPOSURE CHARACTERIZATION

Maize production in Europe

Maize distribution and phenology in relation to phenology and host-range characteristics of Lepidoptera species will largely determine potential for Lepidoptera exposure to maize pollen. 

Maize is grown over a wide range of climatic conditions because of its many divergent types.  However, survival and reproduction in maize is limited by cool conditions (Shaw, 1988).  Practically no maize can be grown where the mean midsummer temperature is <19(C or where average night temperature falls below ~13(C.  The majority of maize is produced between latitudes 30 and 55 degrees, with relative little grown at latitudes higher than 47 degrees anywhere in the world.  The greatest maize production occurs where the warmest month isotherms range between 21 and 27(C and the freeze-free season lasts 120 to 180 days.  Summer rainfall of 15 cm is the lower limit for maize production without irrigation.  There is no upper limit of rainfall for growing maize, although excess rainfall will decrease yields.  Maize has been cultivated in Europe starting in southern Europe since the 16th century.
The broad scale distribution of maize production in Europe (Figure 2) shows that even though maize is widely produced throughout central and southern Europe, areas of intense cultivation are regionally localized. [Areas of intensive cultivation are in fact more localized than suggested by the scale of Figure 2.]  In 2000, annual production of maize grain in the EU was estimated to be 38.4 million tonnes (FAOSTAT Database, 2000). The largest producer is France (43%), followed by Italy (25%), Spain (11%) and Germany (8%).  The majority (80%) of grain and forage derived from maize is used for animal feed.  However, about 3.3 million tonnes of the grain (or 8% of EU production) is processed for human food products. 
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Figure 2. Regional distribution of maize production in Europe.

Pollen Exposure Characterization

Exposure characterization describes the physical, chemical, and biological factors governing the effective dose of Cry protein in the environment and leads to the development of a predicted environmental concentration (PEC). The approach used in this assessment is to estimate the concentrations of CRY1F protein occurring on pollen receptors (the receptor being the relevant food source for the Lepidoptera of concern) with distance from the edge of maize fields. Development of the off-target loading of CRY1F from pollen flow requires assumptions regarding (1) maize pollen dispersal with distance from the field edge and (2) levels of CRY1F protein expression in pollen. Development of the PEC specific to the Lepidoptera of concern further requires (3) receptor distribution and biomass at the field edge, (4) physical properties of the pollen grain, and (5) spatial-temporal availability of the Cry protein to the sensitive life stage of the Lepidoptera. 
Off-Site Pollen Dispersal

Wind dispersal may lead to off-field transport of pollen within the immediate vicinity of maize fields. The large size and density of maize pollen limit the actual distance pollen transports. This is evidenced by the common practice among maize breeders of interspersing male pollinators every second to forth or fifth row within fields of male sterile plants to assure adequate levels of pollination. In contrast, seed maize fields are typically offset from production fields by distances of 125 m or more in order to limit contamination resulting from pollen dissemination (Wych, 1988). Offsets of this magnitude are designed to afford biological isolation for seed production fields.

These highly conservative offsets are based on a rich body of published research that quantitatively describes the degree of off-field maize pollen transport that can be anticipated under a variety of environmental conditions within maize production regions (Mudra, 1943; Jones and Newell, 1946; Jones and Brooks, 1950; Buller, 1951; Haskell and Dow, 1951; Raynor et al., 1970; 1972; Paterniani and Stort, 1974). These data serve as the basis of pollen dispersal estimates in the current assessment. Published research shows that differing amounts of off-source maize pollen dispersal arise from differences in source size and wind speed (Raynor et al., 1972). It can also be anticipated that the field microenvironment and maize genotype considered would influence the timing, duration, and quantity of pollen shed.

Timing of pollen shed can be based on timing of tasseling (the VT growth stage) as predicted on the basis of growing degree-days (Iowa State, 1993). Timing of pollen shed is important relative to the temporal overlap of pollen shed and off-field dispersal with occurrence of a hypothesized sensitive larvae in the proximity of B.t. maize fields. For the purposes of this assessment, the assumption is made that there will be significant overlap in the timing of pollen shed and the occurrence of sensitive Lepidoptera larvae; therefore, timing of pollen shed is not considered consequential to exposure and risk.

Duration of pollen shed typically occurs over a 10 to 14 day period within a given field. Pollen shed usually starts two to three days prior to silk emergence (R1 stage) and continues for five to eight days; peak pollen shed occurs on approximately the third day. Pollen shed on a typical midsummer day occurs between 9:00 and 11:00 a.m. Cool, cloudy, or humid conditions may delay the daily onset of pollen shed. A whole field may take as long as 14 days to complete pollen shed due to natural field variability in plant development (Lauer, 1998). Under favorable environmental conditions the vast majority of pollen will be shed in a 1 to 2 day period at the middle of this interval. In this assessment, maize pollen is considered to be conserved and accumulated (the environmental dose is not diluted by surface wash off of pollen or degradation of toxin) such that sensitive larvae in the near field zone are exposed to the maximum accumulated dose over time.  
Quantity of pollen shed. Estimates of pollen production of normal maize plants range from 4.5 ( 106 to 25 ( 106 pollen grains plant-1 (Ogden et al., 1974; Paterniani and Stort, 1974; Poehlman, 1977; Pohl, 1937). Up to 10 ( 106 pollen grains day-1 are produced for a plant at the peak of the flowering period (Coe et al., 1988), again emphasizing that pollen shed is concentrated over a very narrow time interval. In this assessment, off-field pollen dispersal is scaled upward to reflect upper limit estimates for pollen production per plant at high-end densities of maize planting (35 ( 106 pollen grains plant-1). 

Screening-Level Estimation of Pollen Dispersal

The off-source flux data of Raynor et al. (1972) represent the definitive work on maize pollen dissemination and provide representative values for screening level exposure assessment. The data considered are for twenty pollen sampling events of 1.5 to 9 hours duration over a 14-day interval (1964 data). Three varieties of maize were interplanted (to increase duration of pollen shed) and plantings occurred on widely spaced hills (2 plants per hill on 0.8 m spacing = 31,250 plants ha-1). The experimental plot was circular (18.3-m diameter, area = 263 m2) and off-plot pollen deposition and air flux were measured by receptors arranged along an 80( arc in the downwind direction. These data indicate that rapid pollen settling occurs as maize pollen is released from its source.  Air flux measurements of maize pollen dispersion indicate < 2% of maize pollen grains transport to distances greater than 60 meters from the field edge. 
Data of Raynor et al. (1972) describing off source air flux of pollen are scaled upward to conservatively represent off-source pollen deposition. Upper limit estimates of dispersion were obtained by scaling these data to reflect 35 ( 106 pollen grains per plant at a density of 5 plants m-2 versus 17 ( 106 pollen grains per plant and 3.1 plants m-2 as reported by Raynor et al. (1972). Additional upward scaling of the Raynor data adjusts air flux measurements for actual ground deposition recoveries and season-long pollen release. When combined, these adjustments to the air flux data of Raynor et al. (1972) result in upward scaling by a factor of 9.4-fold to assure that pollen deposition estimates in this assessment are conservative. Figure 2 shows upper limit scaling of pollen deposition as a function of offset from the field edge as developed from the empirical data of Raynor et al. (1972). Pollen deposition rapidly declines from 2.3 ( 107 grains m-2 at a 1-m offset from the field edge to 7.1 ( 103 grains m-2 at 60 meters. This represents a decline in pollen concentrations of over four orders magnitude extending from radial distances of 1 m to 60 m from the field edge.
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Figure 2. Off-field maize pollen dispersal (after Raynor et al., 1972)

Toxin Concentration in Maize Pollen

The CRY1F protein concentration of 1507 maize pollen is 32 (g g-1 (Young and Herman, 1999). Commercial B.t. maize lines are hybrid crosses of a 1507 elite inbred with an elite non-GM inbred, thus Cry protein occurrence in 50% of the haploid maize pollen grains is considered in this assessment. 

Physical Properties of Pollen Grains

The exposure assessment model requires conversion of the concentration of CRY1F protein in maize pollen from a mass Cry protein per mass pollen basis to a mass Cry protein per pollen grain basis; this requires assumptions regarding maize pollen density and volume. Pollen density ranges from just over 1 to about 1.5 g cm-3 (Pohl, 1937; Funkhouser and Evitt, 1959). A density of 1.1 g cm-3 is considered representative of bioaersols and is used here (Cox and Wathes, 1995). The effective spherical diameter of maize pollen is approximately 90 (m (Jones and Newell, 1948). In this assessment, a pollen grain volume of 5.24 ( 105 (m3 is assumed on the basis of a relative spherical radius of 50 (m. 

Receptor Distribution and Leaf Biomass

Species of concern and their host-range relationships are as yet insufficiently characterized with respect to maize production in Europe (see Identification of Species of Concern). Therefore, monarch butterfly and its host plant, milkweed (Asclepiadaceae spp.), are considered here and the approach is bridged to a more generic consideration of an unspecified European species of concern and plant host which acts as a pollen receptor.

Monarch butterflies oviposit on milkweed which constitute the sole food source for larvae. Common milkweed (Asclepias syriaca) is the dominant monarch food source throughout the high intensity maize production region of the Midwestern US and Canada where it frequently infests maize fields (Bhowmik and Bandeen, 1976; Cramer and Burnside, 1982). Early season milkweed infestation of maize fields at populations greater than 8.8 plants m-2 represents an economic threshold for control. When actively managed for weed control, maize fields have milkweed populations of approximately 0.14 plants m-2 at the time of pollen shed (Yenish et al., 1997).  Agronomic practices are therefore assumed to maintain milkweed populations at less than 1.5 plant m-2 in the near field edge. Although milkweed is observed to occur in clusters at the field edge, the milkweed population is assumed to distribute evenly within the field edge zone considered in this assessment. This is conservative as all milkweed in the near field zone are assumed to receive pollen deposition when recent field studies show pollen deposition is dominantly in the prevailing wind direction (Dively, 1999).

The milkweed leaf mass used for this model (135 g fw plant-1) is based on extrapolation from the early season measurements to mature milkweed plants (assumed to be about 150 cm tall). The estimated values of milkweed plant density and leaf fresh weight at the near field edge are equivalent to a leaf area index (LAI) of 0.5 and leaf biomass of 2 Mt ha-1 (Wolt et al., 2000).

Thirty percent of pollen occurring within an off-field zone is assumed to deposit on to milkweed leaves (Pleasents et al., 1999).

In this assessment, bridging from the species-host information for monarch and milkweed leads to the assumption of host plant populations fixed at 1.5 plants m-2 and uniformly distributed about the near-field edge. All host plants are assumed to act as pollen receptors receiving 30% of available pollen irrespective of location relative to the maize field. With the methodology and assumptions used a low population estimate is conservative leading to high end exposure estimates for CRY1F protein on host plant leaves.

Spatial-Temporal Availability of CRY1F Protein

The present assessment assumes 30% of all maize pollen released off-source from a production field is intercepted and accumulated on host plant leaves with no degradation or washoff; this conservatively represents the availability of pollen containing CRY1F protein to a sensitive larvae.

Environmental Loading and PEC

When the various foregoing assumptions regarding development of off-field environmental loading and PEC relevant to Lepidoptera larval exposure are integrated, concentrations of CRY1F protein occurring on a host plant leaf can be quantitatively estimated. Table 2, below, summarizes the PEC developed on the basis of these assumptions. At the field edge, the PEC is equivalent to one-tenth of the concentration of  Cry protein expressed in maize pollen. The PEC on host plants falls off rapidly with distance from the field edge; it is 1/100th of pollen concentrations at slightly more than a 1-m offset from that field edge and < 1/1000th at 4 m.

Table 3. Predicted Environmental Concentration (PEC) of CRY1F protein on a host plant leaf at the near field edge.

	
	Distance
	Pollen load,
	PEC,

	
	from Source Edge, m
	grains per cm2
leaf
	g CRY1F protein

g-1(fw) leaf

	
	0
	2111
	0.96

	
	1
	890
	0.41

	
	2
	21
	0.01

	
	3
	10
	0.004

	
	4
	6
	0.003

	
	5
	4
	0.002

	
	6
	2
	0.001

	
	7
	2
	0.001

	
	8
	1
	0.001

	
	9
	1
	0.0005

	
	10
	1
	0.0003

	
	11
	1
	0.0003

	
	12
	0
	0.0002

	
	13
	0
	0.0002

	
	14
	0
	0.0002

	
	15
	0
	0.0001

	
	20
	1
	0.0004

	
	30
	1
	0.0003

	
	40
	0
	0.0001

	
	50
	0
	0.00003

	
	60
	0
	0.00003


Risk Characterization and Assessment

If a hypothetical population of sensitive larvae occurring near maize fields uniformly distribute within the immediate 60 meters of the field edge, 99% of larvae will be present on receptor plants occurring at radial distances greater than 1 meters from the field edge.

Interposition of log-probability plots for lethal concentration (LC50) of CRY1F protein to lepidopteran species with the exposure-distance plot for regression of field offset on predicted environmental concentration (PEC) in the near field zone shows limited intergenera risk (Figure 4). The slope of the exposure-distance plot for PEC shows rapid fall-off in exposure with distance. Consequently, there is limited potential for non-target effects beyond the immediate field extremity. PEC do not exceed the 98th percentile intergenera LC50 at field offsets greater than 1 m from the field edge, and do not exceed the 90th percentile intergenera LC50 at field offsets greater than about 0.2 m. The 90th percentile intergenera LC50 conservatively approximates the sensitivity of a hypothetical  larvae occurring within and around maize fields.
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Figure 4.
Log-probability plot of CRY1F protein toxicity to Lepidoptera genera in relation to the exposure-distance profile for host plant leaves with surface deposits of B.t. maize pollen at the near field edge (0-60 m). (a) The LC50 for 98% of Lepidoptera species is < PEC at distances > 1 m off-source. (b) PEC are < LC50 for > 90% of Lepidoptera species at distances greater than 0.2 m off-source.

Furthemore the assumptions underlying this screening level assessment equate to anticipated pollen production of 405 kg ha-1, with 37 % (150 kg ha-1) dispersed past the field edge. This corresponds to an estimated off-field loading of CRY1F protein of 2.4 g ha-1. Field size and geometry will influence the proportion of pollen retained in-field versus that dispersed off-field. The values projected here, based on a small circular agronomic plot and high end scaling for pollen production, conservatively overestimate off-field pollen (and, therefore, CRY1F protein) loading. For instance, typical pollen shed can amount to 336 kg ha-1 (Vasilas and Taylor, 1999) versus the 405 kg ha-1 estimated on the basis of the screening model assumptions.

Uncertainties in the Assessment. 

Two-dimensional Monte-Carlo analysis was used to evaluate the effect of uncertain and variable input assumptions on the exposure estimates (Appendix II). Assumptions considered uncertain were scaling estimates for pollen recovery as determined from the empirical data of Raynor et al. (1972), the relative magnitude of off-source pollen deposition, and pollen density (a determinate of Cry protein load). Assumptions considered well characterized but variable were CRY1F protein concentration in pollen, the number of pollen grains shed per plant, the maize stand density, and relative pollen diameter (a determinate of Cry protein load). 

Trend analysis based on two-dimensional Monte-Carlo analysis (Appendix II) shows that for 77.5% of occurrences, there is 90% confidence that an effect level protective of 99% of Lepidoptera species will not be exceeded by PEC at the 5-m field offset. This translates into less than 1 in 4000 occurrences where an effect (99th percentile LC50) could be substantiated with 90% confidence by field testing conducted at the 5-m field offset [(1-0.775) ( 0.10 ( 0.01 = 0.000225]. By comparison, at a 1-m offset for 80% of occurrences, there is 90% confidence that an effect level protective of 90% of Lepidoptera species will not be exceeded by PEC (approximately 1 in 5000 occurrences; [1- 0.80] ( 0.10 ( 0.01 = 0.0002).

 Risk Management Strategies

Risk Mitigation Effects

The risk assessment for potential effects of 1507 maize pollen on non-target Lepidoptera conservatively places an upper limit on uncertainties in the available data. Because of this, there are various mitigating factors cast as conservative assumptions in the risk assessment, which, when clarified, would further reduce the estimated risks to sensitive Lepidoptera. First, the present assessment is conservatively limited by the assumption of hazard to any Lepidoptera at the 90th percentile of intergenera effect when lepidopteran sensitivity to CRY1F protein varies by over three orders of magnitude. The a priori assumption that a sensitive Lepidoptera species will indeed occur in and around 1507 maize fields with exposure to maize pollen at a sensitive stage in development brings additional conservatism to the assessment. Further, the consumption of 1507 maize pollen and the bioavailability of the CRY1F protein in the pollen are assumed. Pollen exposure estimates assume a level of pollen production that is approximately 10-fold higher than in published literature. Finally, there is the assumption that pollen deposited on a receptor plant accumulates and is not dissipated by rain-off, degradation, or other forms of environmental loss. Therefore, the results of the deterministic exposure modeling based on these conservative assumptions accommodate a margin of uncertainty on the upper limit of risk of perhaps 1000-fold in predicting negligible risk to a hypothesized sensitive lepidopteran that is restricted to within 1-m of the near field edge. Furthermore, only 1% of larvae occurring within the immediate 60-m radius of maize fields will occur within an 1-m radius of the field edge when uniform distribution is assumed.

Risk Conclusions

A risk assessment using worst case assumptions has been conducted to evaluate the potential impact on non-target organisms from cultivationg of 1507 maize in Europe. Toxicological studies and monitoring show no adverse effects to invertebrate species, including beneficial and non-target insects. Therefore in this assessment, the exposure and risk assessment of the potential effects on non-target organisms focused on the potential impact to a hypothesized sensitive lepidopteran larvae feeding on pollen-contaminated host plants at the near field edge of 1507 maize cultivation fields. 

Toxicity to a hypothetical sensitive Lepidoptera was characterized on a worst case basis as the 90th percentile of LC50 for lepidopteran species (0.67 (g g-1).  This reflects a value more than 15-fold lower than the species geometric mean LC50 (10.1 (g g-1).

Exposure was estimated using published data regarding pollen dispersal within the environment and conservative assumptions regarding receptor occurrence and pollen interception. Assumptions regarding off-field pollen dispersal were conservative and represented upward scaling of available data by approximately 10-fold. Assumptions regarding pollen interception, retention, and conservation on receptors were equally conservative.

Deterministic exposure modeling based on these conservative assumptions, that accommodate a margin of uncertainty on the upper bound of risk of perhaps 1000-fold, predict negligible risk to a hypothesized sensitive lepidoptera that is restricted to within 1-m of the near field edge. Furthermore, only 1% of larvae occurring within the immediate 60-m radius of maize fields will occur within an 1-m radius of the field edge when uniform distribution is assumed.

Probabilistic analysis using input distributions representative of the variability and uncertainty in factors contributing to B.t. toxin distribution within the environment, result in mean predicted environmental concentrations (PEC) that are approximately one-half that shown with deterministic analysis.

Trend analysis based on two dimensional Monte Carlo analysis of uncertain input assumptions showed that for 77.5% of occurrences, there is 90% confidence that an effect level protective of 99% of Lepidoptera species will not be exceeded by PEC at the 5-m field offset. At a 1-m offset for 80% of occurrences, there is 90% confidence that PEC will not exceed an effect level protective of 90% of Lepidoptera species. Thus, with broad scale cultivation, only very limited effects on a extremely sensitive lepidopteran species feeding within a 1-m radius from the edge of the maize field may take place. Improved exposure and risk estimates, on the basis of the modeling assumptions used herein, will require greater certainty as to off-field pollen dispersal and pollen physical characteristics that affect off-field loads of CRY1F protein as well as direct determination of toxicity of CRY1F protein to sensitive larvae. This assessment makes conservative estimates regarding receptors (food sources) and larval populations and distribution in the near field zone which further limit the potential for any adverse effects on non-target insects.
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APPENDIX I. Selected European Butterflies and Moths

Appendix Table I.1. Table of selected European butterflies and moths encompassing common, protected (*), and strictly protected species (**).
	Speciesa
	Host plants
	Comments
	Reference

	Papilio machaon
	Various Umbelliferae
	Widespread and common throughout Palearctic region April-Nov.  Prefers open habitats in forest
	http://osipov.org/insects/index.htm


	Leptidea sinapis
	Various Fabaceae
	Common throughout Europe and Asia in meadows and forest edges from April-Oct.
	http://osipov.org/insects/index.htm


	Colias hyale
	Various Fabaceae
	Common throughout temperate Europe from April-Sept. in meadows and forest edges.
	http://osipov.org/insects/index.htm


	Gonepteryx rhamni
	Rhamnus and Frangula
	Common all over Europe and Asia April-Sept. in forest edges and clearings
	http://osipov.org/insects/index.htm


	Pieris brassicae
	Brassica sp.
	Very common all over Europe/Asia.  Often considered a pest.
	http://osipov.org/insects/index.htm


	Pieris rapae
	Various Brassicaceae
	Very common all over Europe/Asia.  Often considered a pest.
	http://osipov.org/insects/index.htm


	Pieris napi
	Various Brassicaceae
	Very common all over Europe/Asia.  Often considered a pest.
	http://osipov.org/insects/index.htm


	Anthocaris cardamines
	Various Cruciferae
	Very common all over Europe/Asia in open forest habitat March-July
	http://osipov.org/insects/index.htm


	Inachis io
	Nettles (Urticaceae..?)
	Very common in Europe in any habitat where nettles occur during June-July
	Simon & Schuster Guide to Butterflies and Moths.  1987 p. 81


	Speciesa
	Host plants
	Comments
	Reference

	Vanessa cardui
	Nettles, Thistles etc.
	Very common all over the world except S. America from Spring-Fall.
	Simon & Schuster Guide to Butterflies and Moths.  1987 p. 136

	Aglais urticae
	Nettles (Urticaceae..?)
	Very common from Europe to the Far East in fields and cultivated land from Spring-Fall
	Simon & Schuster Guide to Butterflies and Moths.  1987 p. 38

	Polygonia c-album
	Nettles, Hops, Willows
	Very common all over Europe/Asia in open habitats from June-Aug
	Simon & Schuster Guide to Butterflies and Moths.  1987 p. 114

	Araschnia levana
	Nettles (Urticaceae..?)
	Common all over Europe/Asia in open woodland habitat
	Encyclopedia of Butterflies by John Feltwell. Quarto Publ.  1993  p. 120

	Argynnis paphia
	Violets
	Common all over Europe/Asia in open woodland habitat June-Aug.
	Simon & Schuster Guide to Butterflies and Moths.  1987 p. 49

	Issoria lathonia
	Violets
	Common in N. Africa, Europe, Asia in many different habitats.
	http://www.butterfly-guide.co.uk/species/fritillaries/bret4.htm 

	Clossiana dia
	Violets
	Common all over Europe/Asia in light woodland habitat
	Encyclopedia of Butterflies by John Feltwell. Quarto Publ.  1993  p. 135

	Melanargia galathea
	Various grasses
	Common over most of Europe/N. Africa in grassy and flowery habitats June-August
	http://osipov.org/insects/index.htm


	Maniola jurtina
	Various grasses
	Common over Europe/N. Africa in forest, meadow and cultivated habitats May-August
	http://osipov.org/insects/index.htm


	Aphantopis hyperanthus
	Various grasses
	Common over Europe/Asia in forests, forest edges/clearings from June-Aug.
	http://osipov.org/insects/index.htm


	Speciesa
	Host plants
	Comments
	Reference

	Pyronia tithonus
	Various grasses
	Common all over Europe in many habitats
	Encyclopedia of Butterflies by John Feltwell. Quarto Publ.  1993  p. 200

	Coenonympha pamphilus
	Various grasses
	Common all over Europe/Asia in meadow and steppe habitats from April-October
	http://osipov.org/insects/index.htm


	Pararge aegeria
	Various grasses
	Common all over Europe and N. Africa in deciduous and mixed forests, fields from April-Sept.
	http://osipov.org/insects/index.htm


	Lycaena phlaeas
	Rumex acetosella and Rumex acetosa
	Very common in Europe and N. Africa in any habitat where foodplant is near from April-Oct.
	http://cal044202.student.utwente.nl/~johan/butterfl/plainbutterflies.html


	Celastrina argiolus
	Ilex, Hedera helix, Euonymus
	Common all over Europe in forests, parks and gardens from April-Aug
	http://cal044202.student.utwente.nl/~johan/butterfl/plainbutterflies.html 

	Lycaeides argyrognomon

(sometimes listed in genus Plebeius)
	Coronilla sp.
	Found in Central Europe from May-August.  Common but somewhat localized in flowery areas
	http://cal044202.student.utwente.nl/~johan/butterfl/plainbutterflies.html 

	Aricia agestis
	Erodium, Geranium, Helianthemum
	Common in Europe but local on dry grasslands from May-Sept.
	http://cal044202.student.utwente.nl/~johan/butterfl/plainbutterflies.html 

	Cyanirus semiargus
	Trifolium pratense, Anthyllis vulneraria
	Very Common all over Europe (except British Isles) on dry grasslands from May-Aug
	http://cal044202.student.utwente.nl/~johan/butterfl/plainbutterflies.html 


	Speciesa
	Host plants
	Comments
	Reference

	Polyommatus icarus
	Lotus corniculatus and other Fabaceae
	Common all over Europe on all kinds of grasslands from May-Sept
	http://cal044202.student.utwente.nl/~johan/butterfl/plainbutterflies.html 

	Carterocephalus palaemon
	Various grasses
	Very common from Europe, Asia & N. America in forest edges and meadows from May-July
	http://osipov.org/insects/index.htm


	Thymelicus sylvestris
	Various grasses
	Common from N. Africa to M. Europe and Asia Minor in meadows, sunny slopes & other open habitats May-Aug
	http://osipov.org/insects/index.htm


	Thymelicus lineolus
	Various grasses
	Common from N. Africa, Europe, E. Asia in meadows, forest edges from May-Aug
	http://osipov.org/insects/index.htm


	Ochlodes venatus
	Various grasses
	Common in E. Asia to Japan in forest edges and grassy habitats from July-Aug.
	http://osipov.org/insects/index.htm


	Graellsia isabellae*

(Sometimes listed as Actias isabellae)
	Pinus sylvestris, Pinus nigra
	Large moth only found in mountains of central Spain in mature pine forest 500-1800 meters altitude.  One generation flying March-July depending on altitude/latitude and rather localized
	http://tpittaway.tripod.com/silk/a_isa.htm


	Apatura metis**
	
	Very disjunct distribution in Europe/Asia.  Found in river valleys in SE. Europe and W. Siberia and then not again until E. Asia.
	http://genome6.cpmc.columbia.edu/~kosterin/nymphal/metis.htm


	Coenonympha hero**
	Various grasses
	Common in upland (2000-2200m alt.) bogs, dry pine forests/meadows from June-July.
	http://osipov.org/insects/index.htm



	Speciesa
	Host plants
	Comments
	Reference

	Coenonympha oedippus**
	Various grasses, Iris pseudacorus
	From central Europe across S. Russia to Japan in swampy meadows and river valleys from June-Aug.
	http://osipov.org/insects/index.htm


	Erebia calcaria**
	
	Only in isolated populations in S.E. Europe. Flies in July 
	http://members.tripod.de/aneuwald/
(site in German)

	Erebia sudetica**
	
	In isolated populations in Central and Eastern Europe.  Flies June-Aug
	http://members.tripod.de/aneuwald/
(site in German)

	Eriogaster catax**
	Crataegus, Prunus, Pyrus, Betula, Populus, Ulmus, Berberis
	Lasiocampid moth

Found over most of Central and SE Europe
	http://www.funet.fi/pub/sci/bio/life/insecta/lepidoptera/ditrysia/bombycoidea/lasiocampidae/lasiocampinae/eriogaster/

	Eurodryas aurinia**

(sometimes listed as Euphydryas arinia)
	Succisa pratensis, Plantago sp.
	Found all over Europe and Asia in bogs and marshes.  At least 4 recorded subspecies
	Encyclopedia of Butterflies by John Feltwell. Quarto Publ.  1993  p. 155

	Hyles hippophaes**
	Hippophae rhamnoides and Elaeagnus angustifolia
	Found through much of S. Europe but fragmented distribution.  Frequents river valleys in mountainous areas where hostplant is common.  Flies April-July and sometimes again in Aug
	http://tpittaway.tripod.com/sphinx/h_hip.htm



	Speciesa
	Host plants
	Comments
	Reference

	Lopinga achine**
	Various grasses and Carex sp.
	Found from central Europe to Japan at altitudes of 1000-1500 m.  Likes shadowy, humid places, often in forest canopy
	http://osipov.org/insects/index.htm


	Fabriciana elisa**

(sometimes listed as Argynnis elisa)
	Viola corsica
	Confined to Corsica and Sardinia.  Flies June-Aug
	http://www.geocities.com/~knighty_m/Deutsch/elisa.htm
http://home.t-online.de/home/kudrna.meb/
(site in German)

	Hypodryas maturna**

(sometimes listed as Euphydryas maturna)
	Betula sp., Salix sp., Fraxinus sp., Lonicera sp. and others.
	Found over most of temperate Eurasia and very common in Russia even if less so in Europe
	http://genome6.cpmc.columbia.edu/~kosterin/nymphal/maturna2.htm
http://www.funet.fi/pub/sci/bio/life/insecta/lepidoptera/ditrysia/papilionoidea/nymphalidae/melitaeinae/euphydryas/index.html#maturna 

	Lycaena dispar**
	Rumex sp.
	Only in Netherlands, Germany, Belgium area and only in moist marshy meadows (very local, rare) from June-Aug
	http://cal044202.student.utwente.nl/~johan/butterfl/species/ldispar.html


	Maculinea arion**
	Thymus serphyllum
	Found across most of Europe but very local in distribution.  Prefers rough, dry open grassland and flies July-Aug
	http://cal044202.student.utwente.nl/~johan/butterfl/species/marion.html


	Speciesa
	Host plants
	Comments
	Reference

	Maculinea nausithous**
	Sanguisorba sp.
	Mostly found in Central Europe.  Very patchy distribution in moist and marshy meadows in  July-Aug
	http://cal044202.student.utwente.nl/~johan/butterfl/species/mnausith.html

	Maculinea teleius**
	Sanguisorba sp.
	Mostly found in Central Europe with very patchy distribution in moist and marshy meadows during July-Aug
	http://cal044202.student.utwente.nl/~johan/butterfl/species/mteleius.html


	Melanargia arge**
	
	Only found in Italy with May-June flight period
	http://mitglied.tripod.de/aneuwald/marge.htm 

	Papilio alexanor**
	Various Apiaceae
	Found from S. Europe to Middle Asia on stony mountain slopes supporting thin xerophytic vegetation up to 2700m May-July
	http://osipov.org/insects/index.htm


	Papilio hospiton**
	Ferula communis
	Only found on Corsica and Sardinia in mountainous areas.  One generation in the spring.
	Encyclopedia of Butterflies by John Feltwell. Quarto Publ.  1993  p. 59

	Parnassius apollo**
	Sedum album, Hylotelephium caucasicum and Sempervivum sp.
	Found all over Europe to the Middle East but widely distributed in small, local populations.  Flies on plains and in mountains 1000-2800m.  One generation June-Aug
	http://osipov.org/insects/index.htm


	Parnassius mnemosyne**
	Corydalis spp.
	Found all over Europe to W. Siberia but widely distributed in local populations.  Flies in open mountain habitats to 3000+ m. One generation April-July.
	http://osipov.org/insects/index.htm


	Plebicula golgus**
	Legumes in genera Melilotus and Medicago
	Found only in Iberia at 2400 meters in elevation during July in open spaces
	http://mitglied.tripod.de/aneuwald/marge.htm
(site in Spanish)

	Speciesa
	Host plants
	Comments
	Reference

	Polyommatus galloi
	
	Found in Italy in drier habitats in mountains from 1000 to 2200 meters
	http://www.ibc.regione.emilia-romagna.it/farnet/webroot/Pagine/00000134.htm (site in Italian)

	Polyommatus humedasae**
	
	Found in Italy in drier habitats 800 to 1000 meters.
	http://www.ibc.regione.emilia-romagna.it/farnet/webroot/Pagine/00000136.htm (site in Italian)

	Proserpinus proserpina**
	Epilobium and Oenothera sp. and sometimes Lythrum sp.
	Found from S. Europe to Western Asia in localized populations in damp woodland clearings and valleys or anywhere hostplant is common.  One generation usually May-June.
	http://tpittaway.tripod.com/sphinx/p_pro.htm


	Zerynthia polyxena**
	Aristolochia clematitis
	Found from S. Europe to Asia minor on sunny slopes of ravines and foothills.  One generation April-June
	http://osipov.org/insects/index.htm



aButterfly taxonomy changes frequently; thus, it is common to find the same species listed under multiple genera within a family.  For instance, it is possible to see Fabriciana and Argynnis sometimes confused as well as Euphydryas and Hypodryas.  
APPENDIX II. Probabilistic Exposure Analysis for CRY1F (-Endotoxin EEC on Milkweed Leaves.
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