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As per our discussion, please find enclosed a copy of the statistical
considerations with respect to seed sampling and testing.

Please note that the document refers to the ISS Seed Screening
Procedures, which were previously provided by you.

Please don’t hesitate to contact me directly should you need

clarification or further information on the statistical aspects dlscussed in
the attached document.

Yours sincerely
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Andreas Kiermeier
SENIOR STATISTICIAN, SARDI, PIRSA
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The probability of capture, i.e. selecting at least one contaminated seed
in the sample, assuming a lot size of 800 x 25 kg bags, was calculated
for a range of sample sizes and contamination levels. The resulting
probabilities, calculated using Binomial and Hypergeometric probability
formulae, are displayed in Table 1 and 2, respectively. From these
Tables it can be seen that the difference between the two distributions
is negligible, and hence either could be used. Probabilities increase as
the sample size increases and as the contamination level increases.
These probabilities are in agreement with those presented in Table 4 of
the ISS Seed Screening Procedures.

Tables 1 and 2 were calculated based on a seed weight of 0.000002
kg, as per ISS Seed Screening Procedures. However, the same
numbers also apply to much larger seeds such as Mung Bean
(0.0000625 kg).

Minimum Sampling Requirements

In order to determine the appropriate sampling requirements, a decision
has to be made as to what probability of capture, and hence detection,
will be required. While no such probability has been explicitly stated in
the ISS Seeds Sampling Procedures, an explicit level of >99.9999%
(based on green shading in Table 4 of the ISS Seeds Sampling
Procedures) is given. In addition, the recommendation is made that
either 3 kg or 1/1000™ of the lot size is to be sampled, whichever is
greater.

It should be noted that the rule of 1/1000™ of the lot size requires larger
lots to be sampled more intensively, maintaining the same rate. The
Australian Standard AS 1199 also requires larger lots to be sampled
more intensively, with respect to total sample size, but allows also for
the sampled fraction to be reduced as the lot size increase.

In Table 3 are displayed the capture probabilities for various sample
sizes for several lot sizes — 1 and 800 bags, as well as 480 bags of
alfalfa and 1152 bags of mung bean seeds (based on industry
information) — assuming a minimum level of contamination of 4
contaminated seeds per kg. From this table it can be seen that at this
level of contamination there is little advantage, with respect to capture
probability, in taking samples larger than 3 kg from a lots exceeding 120
bags (equivalent to 3000 kg), especially when considering the
microbiological tests which follow capture. However, advantages could
be gained at lower levels of contamination.
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There are three main distributions used in sampling problems. These ﬁgﬁ;ﬁ*&ﬁ*‘;‘ﬁﬁ
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= Hypergeometric distribution: Used when the sample is large
relative to the population (greater than 10%) and particularly
when the population is small. There are only two possible
outcomes for each unit examined.

» Binomial distribution: Used when the sample is small relative
to the population and there are only two possible outcomes for
each unit examined.

» Poisson distribution: Used when sampling units from a
population and counting the number of “non-conformities” each
unit has.

The Poisson distribution is not applicable for seed sampling as each
seed can only have two possible outcomes — contaminated and not
contaminated. If a count of the number of organisms was performed.

The main use for the Hypergeometric distribution is when subsequent
units (seeds) sampled from population (lot) are not independent and
hence the probability changes. This is strictly speaking the case —
removing a contaminated seed reduces the probability of the next seed
being contaminated. However, as indicated in the /ISS Seed Screening
Procedures the effect of this change in probabilities given the very large
population of seeds is of negligible effect.

The Binomial distribution can also often be used as a very good
approximation to the Hypergeometric distribution. The Binomial (and
Hypergeomitric) distribution allow calculation of the probability of
“capturing” X contaminated seeds in the sample.

The assumptions for Binomial probability calculations to hold are:
1. Fixed number of seeds sampled.
2. Seeds are statistically independent.

3. Only two possible outcomes per seed — contaminated and not
contaminated.

4. The probability of a seed being contaminated is the same for
each seed.

' The Poisson distribution is commonly used in manufacturing environments were the
total number of defects or non-conformities are recorded per unit inspect, e.g. 3
scratches and a printing misalignment.
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These are assumptions are all (approximately) met as discussed below. &
1. The number of seeds to be sampled is flxed prior to enrichment, U AUSTRALIAN
i.e. seeds are removed and then enriched.? RESEARCH AND
- DEVELOPMENT
2. Statistical independence in this case implies that the probability INSTITUTE

of selecting a contaminated seeds is not affected by how few or
many contaminated seeds have already been selected. While
this is not strictly speaking the case, the effect of this violation is
minimal and of no practical importance.

3. This assumption is met since seeds are either contaminated or
they are not contaminated with the organism/pathogen of
interest.

4. This assumption is related to point 2.

The probability of capture is equal to the probability of selecting at least
one contaminated seed in the sample.

Calculation of the Probability of Detection

Detection of contamination using the /ISS Seeds Screening Procedures
is a two step process. Firstly, contaminated seed has to be captured,
and secondly, the microbiological test has to detect the contamination
(given that contaminated seed has been selected). Consequently, the
probability of detecting contamination can be obtained by multiplying
the probability of capture and the sensitivity of the microbiological test.

For example, consider a microbiological test for a pathogen with
sensitivity of 0.9. Then, assuming the probability of capturing .
contaminated seeds is 0.99, the probability of detection of
contamination is 0.99 x 0.9 = 0.891. The interpretation is that 89.1% of
all contaminated lots will be identified as contaminated.

2 In contrast, different distributional assumption would need to be made if sampling
was performed until a certain number of contaminated seeds are captured. This
scenario is more common on manufacturing situations, where each part can be fully
inspected for compliance directly after sampling.
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