The combined effect of various GM-contamination sources in a case study of oilseed rape
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Introduction

Tolerance limits of GM-contamination (+ EU, konventionelt og økologisk landbrug, GK)

Stages of the seed crop (udsæd, frøbank, pollination, høst (forurening ved maskiner), transport, lagring) (GK)

Presently, when the level of possible GM-contamination in different agricultural systems is evaluated in order to generate advisory opinions (ref.), the amount of GM-contamination at each stage is predicted or estimated under conditions, which may be compared to a moderate worst-case scenario (?). Afterwards when the combined effect of the various GM-contamination at the different stages is calculated the worst-case predictions of the different stages are added. This adding of the worst-case predictions at the different stages in order to estimate the combined effect of GM-contamination implicitly makes some important assumptions that needs to be discussed. 

When the worst-case predictions of the different stages are added, then it is indirectly assumed that if a worst-case scenario event occur in one stage then the worst-case scenario events will also occur at all the other stages. It is the claim of this article that the adding of worst-case predictions may be a relevant approach when a single farm is considered, e.g., in the matter of legal issues concerning a single farmer. However, if the tolerance limits are at the level of the manufactured food and the seeds from a large number of farmers are mixed at a food manufactory plant, then the relevant measure of GM-contamination is not at the level of the odd farmer, that may not meet regulations, but rather at the level of the average seed. In such a case it is more relevant to treat the predictions of GM-contamination as probability distributions and the possible events at the different stages as stochastic events that may or may not depend on each other in a statistical sense.

Here, the effect of treating the different stages of GM-contamination as a series of independent stochastic effects on the combined GM-contamination has been studied in a case study of GM-contamination in oilseed rape. Oilseed rape... (+ noget om raps og hvorfor vi har valgt raps GK)

Model

Imagine a seed of an agricultural species sampled from a seed lot before sowing. The seed may either contain one or more copies of different transgenes, originally coming from a genetically modified plant (denoted GM-seed), or it may be free from any such transgene or copies of it (denoted non-GM-seed). At each stage from sowing to the manufacturing of food another seed may, in principle, be sampled and again this seed may either contain or be free from a transgene. 

The probability of sampling a GM-seed, 
[image: image1.wmf]tot

GM

P

, may be calculated in a stochastic model where the uncertainties at the different stages of the crop are included in the model. If the events at the different stages of the seed are assumed to be independent then the probability of not sampling a GM-seed after n different stages are:
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(1),

where 
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 is the probability that a potential non-GM-seed is "transformed"  into a GM-seed at a specific stage i. For example, during the stage of pollination
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 is the probability that an ovule without a transgene is pollinated by a pollen grain with a transgene, or during harvest 1000 GM-seeds may accidentally be mixed into a seed lot of 10.000.000 non-GM-seed rimelige tal?, which corresponds to a 
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 of 0.01%.

Treating the events at the different stages as probabilities allows the uncertainties of the different process at a particular stage to be integrated in the risk analysis. For example, a 
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 of 0.01% may be known to be a rare worst-case situation where a particular farmer does not act according to regulations and good farming practice. Thus, rather than using the worst case probability estimate where the information about the likelihood of the worst-case situation is ignored, the probability that a potential non-GM-seed is transformed into a GM-seed is better described by a probability distribution. In such a probability distribution knowledge on the likelihood that farmers does not act according to good farming practice, or maybe only fulfil some of the requirements may be included in the calculation. Some of the information underlying such a probability distribution may be rather vague, but this is no argument for ignoring the little information that is available. Furthermore, in some cases the probability distribution may be estimated directly from data, e.g. the probability of GM-pollination using a Bayesian approach (Damgaard & Kjellsson, submitted), and then it would seem meaningless to summarise the estimated posterior distribution by a point estimate.

Calculations using probability distribution used to be a job for specialists, but new software has simplified the calculations considerably and it is now as simple to calculate with probability distributions than to calculate with different point estimates, e.g. the mean of a distribution. The calculations in this article were made by simulating the probability distributions using the Excel-add-in "@RISK" until there was a convergence within 0.01%.

Results

A moderate (?) worst-case scenario of GM-contamination in each of the different stages in growing oilseed rape under English conditions (?) has been predicted (ref.) and the combined effect of the different stages has been calculated by adding the worst case predictions (Table 1). Note that, since the predicted probabilities are small, approximately the same result is obtained by treating the worst-case estimates as point-estimates of the probability and calculate the combined probability by using equation (1).

As a first rough comparison of including uncertainties in the calculations, the probability of GM-contamination at the different stages are now assumed to be independent stochastic events, which are uniformly distributed between 0 and the worst-case estimates predicted by SCP (ref.?). The combined probability of GM-contamination, 
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, is now a probability distribution and it is reported here by its 5%, 50%, 95% percentiles. As expected the assumption uniformly distributed probability distributions considerably reduced the most likely combined probability of GM-contamination  (Table 1).

Predictions under Danish conditions

We also tried to predict the probability distribution of GM-contamination in each of the different stages when oilseed rape is grown organically or conventionally under Danish conditions. The predictions were primarily based on experience with practical oilseed rape farming under Danish conditions, and, in the case of pollination, a meta-analysis of available data of pollination between oilseed rape fields (ref.). 

In most cases the predicted probability distribution of GM-contamination in each of the different stages was assumed to come from a normal distribution that was truncated outside the interval [0, 1]. The mode of the truncated normal distribution was furthermore assumed to be one-tenth of the predicted 95% percentile, so that, given a rather small predicted 95% percentile value, the predicted probability distribution is skewed with a right tail (Fig. 1). 

Sowing seeds

In connection with the production of sowing seeds a number of precautionary measures are expected to be enforced. The early generations will probably be controlled and only batches with no or very little content will be used for further enrichment. However, it will hardly be possible totally to avoid unintended admixture.

Therefore it is predicted that the majority of the seed used for establishing the crop, on which seed for production of oil and cakes are produced, will have no or a very little content of GM, but there will be batches with a somewhat greater content. Consequently, we expect that the predicted 95% percentile value will be around 0.3% GM admixture in seeds for conventional farmers and around 0.1% GM admixture in seeds for ecological farmers. At a seed quantity of 4 kg per hectare an admixture of 0.1 % corresponds to 4 gram per hectare. We do not expect any significant GM-admixture during sowing, since it is possible to clean sowing machines almost completely.

Seedbank

Rapeseed can survive several years in the soil and when oil seed rape is grown there is a relatively large number of seeds that are spilled on the ground. The amount of spilled seeds, the degree of immediate and later germination, and the mortality of the seeds affect the seed bank. The amount of GM-seed in the seed bank depends on whether GM-rape has been grown on a given area or not. On area where non-GM-rape is grown and where GM-rape has not been grown before, in the calculations assumed to be 97% of the total area, the admixture of GM-rape is foreseen to be low. On such areas the occurrence of GM-rape in non-GM rape will be due to spread of pollen and/or the spread of seeds with machines. Consequently, we expect that the predicted 95% percentile value will be around 1% GM admixture for conventional farmers and around 0.2% GM admixture for ecological farmers. On the remaining area, assumed to be 3%, where GM-rape has previously been grown, there will be a considerably higher content of GM-rapeseed in the seed bank. If we assume that conventional and organic farming of non-GM rape seed can only take place after a minimum of five and eight years, respectively, we expect that the predicted 95% percentile value will be around 2% GM admixture for conventional farmers and around 1% GM admixture for ecological farmers.

Pollination

The probability of GM-pollination is predicted from a meta-analysis of available gene-flow data in oilseed rape (ref). The predicted probability of GM-pollination is calculated at the 95% credibility level when the width of a pollen-receiving field, the distance to a GM-oilseed rape field, and the width of a non-harvested border zone is known. In this study we assumed that the width of both organically and conventionally grown fields are uniformly distributed between 100m and 500m. Furthermore, it was assumed that the distances to a GM-oilseed rape field are uniformly distributed between 500m (proposed minimum distance in Denmark) and 2000m in organic crops, and between 150m (proposed minimum distance in Denmark) and 2000m in conventional crops. Finally, it was assumed that there was no non-harvested border zone. Simulations using the results of the meta-analysis and the above-mentioned assumption gave a predicted probability distribution of GM-pollination, which, after a visual judgement, was fitted to a two-parameter gamma distribution.

Harvest

During harvest GM-rapeseed can be mixed into non-GM-rapeseed, if the harvester or the carriages are not cleaned. It is expected that the harvesters “mejetærskerne” are carefully cleaned thus no or only very little non-GM-rapeseed is found in the tank, “stenfælder” or other places, just as the carriages are cleaned. We expect that a maximum of 6 kg seeds may be transported from a GM-field to non-GM-field, and if at least 2 hectares are harvested at a yield of 3000 kg per hectare, this will correspond to an admixture of 0.1%, which is the predicted 95% percentile value.

Transport

It is assumed that lorries, trailers and conveyor systems are cleaned after intake of GM-rape, and we expect that the predicted 95% percentile value will be around 0.01% GM admixture. There is a risk that single loads of GM-rape by mistake are mixed into non-GM-rape. This risk, we have predicted to be higher for conventionally grown compared to organically grow non-GM rapeseed. We expect that the probability of a load of GM-rape by mistake are mixed into either conventionally or organically grown non-GM-rapeseed is 0.0005 and 0.0001, respectively. 

Storring

We assume that the storing of GM and non-GM-rape is physically separated, and we expect that the predicted 95% percentile value will be around 0.01% GM admixture. 

Combined probability of GM-pollination
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Discussion

The current method of adding worst case scenarios is appropriate when a single farm is considered and in this case only slightly different from treating the worst case scenarios as probabilities.....

Pollination: only half of the offspring in the next generation....

Andet?
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Table 1.  Agricultural stages in the growing of oilseed rape and the probability that a potential non-GM-seed is "transformed" into a GM-seed, "( 95%" denotes the approximate 95% percentile level of the predicted distribution.  

	Stage
	SCP b 
	SCP as distributions
	Organic farming
	Conventional farming

	
	
	distribution
	distribution
	( 95% 
	distribution
	( 95%

	Sowing seeds
	0.003
	~ uniform[0, 0.003]
	~ trunc. normal[0.0001, 0.0005]
	0.001
	~ trunc. normal[0.0003, 0.0015]
	0.003

	Seed bank
	0.002
	~ uniform[0, 0.002]
	97% ~ trunc. normal[0.0002, 0.001]

+ 3% ~ trunc. normal[0.001, 0.01]
	0.002

0.01
	97% ~ trunc. normal[0.001, 0.005]

+ 3% ~ trunc. normal[0.002, 0.01]
	0.01

0.02

	Pollination
	0.002
	~ uniform[0, 0.002]
	~ gamma[0.0889, 0.000077]
	0.00004
	~ gamma[0.0933, 0.000350]
	0.0002

	Harvest
	0.0001
	~ uniform[0, 0.0001]
	~ trunc. normal[0.0001, 0.0005]
	0.001
	~ trunc. normal[0.0001, 0.0005]
	0.001

	
[image: image8.wmf]farm

GM

P

 a (in %)
	0.71 c
	0.35

{0.16, 0.36, 0.55}
	0.19

{0.08, 0.18, 0.33}
	0.63

{0.19, 0.58, 1.25}

	Transport
	0.0005
	~ uniform[0, 0.0005]
	~ trunc. normal[0.00001, 0.00005]

+ 1/10.000
	0.0001
	~ trunc. normal[0.00001, 0.00005]

+ 5/10.000
	0.0001

	Storing
	0.0005
	~ uniform[0, 0.0005]
	~ trunc. normal[0.00001, 0.00005]
	0.0001
	~ trunc. normal[0.00001, 0.00005]
	0.0001
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 a (in %)
	0.81 c
	0.40

{0.20, 0.40, 0.60}
	0.20

{0.09, 0.20, 0.35}
	0.68

{0.24, 0.64, 1.30}


a The probability distribution of sampling a GM-seed after the different stages, reported by the mean and the {5, 50, and 95 percentile}. 

b Predictions from SCP/GMO-SEED-CONT (ref?)

c Found by adding the probability estimates. Note that since the probabilities are small approximately the same result is obtained by using equation (1).

Fig. 1. Normal distribution truncated outside the interval [0, 1]. The mode () of the truncated normal distribution is 0.001 and   is 0.005, with a 95% percentile of about 0.01 (= 10 ).
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