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Statement of the ZKBS on the risk assessment of MON 810 —

New studies on the environmental impact of MON810

Summary

The German Central Committee on Biological Safety (ZKBS) has taken the cultivation ban on Bt
maize MONS810 of April 2009 as an opportunity to review its risk assessment of the cultivation of
Bt maize MON810 of 2007 and to subject six new studies on the impact of Bt maize on non-
target organisms to a detailed assessment. These studies mostly comprise laboratory test and
have partially been drawn on as decisive factors for the cultivation ban on MON810 ordered by
the BMELV (Federal Ministry of Food, Agriculture and Consumer Protection). The studies have
been conducted by Rosi-Marshall et al. (2007), Bghn et al. (2008), Kramarz et al. (2007),
Schmidt et al. (2009), Hofmann (2007) and Hofmann et al. (2009).

A scientific assessment of the study results has revealed that none of them confirm potential
adverse effects on non-target organisms by MONS810 under cultivation conditions. The assess-
ment is also considering the fact that some of the studies are of scientifically lower quality. The
conclusion of the ZKBS is in line with the expert assessment of a French author group (Ricroch
et al., 2009) and the opinion of the EFSA (European Food Safety Authority) on the request for
renewal MON810 (EFSA, 2009). Both documents regard the German ban as scientifically not
justified.

The ZKBS states that the cultivation of MON810 has no adverse effect on the environment.

Introduction

In April 2009 the cultivation of the Bt maize line MON810 was prohibited in Germany at the in-
stigation of the BMELV. At this point, the ZKBS was not consulted on the safety of the cultiva-
tion of MONB10. Since the last assessment of the potential environmental effects associated
with the cultivation of MONB810, several scientific studies have been published on this issue,
examining potential environmental effects that have previously not been considered but cannot
be completely excluded. Some of these studies have been drawn on as decisive factors for the
cultivation ban on MONS810 (BVL order of 17" April, 2009 - Federal Office of Consumer Protec-
tion and Food Safety).

The biological safety of approved Bt plants, including MONB810, is supported by the publication
of Ricroch et al. (2009) and the opinion for renewal of MONB810 application of the EFSA (EFSA,
2009). Ricroch et al. (2009) consider more than 40 publications on the potential environmental
effects of Bt plants for 2008-2009 in their statement. The assessment of additional studies pub-
lished from 1996 to 2008 (376 according to Ricroch et al., 2009) does not question the biologi-
cal safety of Bt plants either. In its statement, the EFSA (2009) refers to more than 250 envi-
ronmentally relevant publications. The safety assessment of the ZKBS of 2007 is thus basically
confirmed.
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This statement of the ZKBS predominantly refers to the studies specifically selected to justify
the cultivation ban. These are six publications on five different subject areas:

1. Effects of Bt maize pollen and crop residues on water organisms (Rosi-Marshall et
al., 2007)

Effects of Bt maize flour on water fleas (Bghn et al., 2008)

Effects of Bt maize plant residues on healthy and nematode-infected snails
(Kramarz et al., 2007)

4. Effects of the Bt proteins CrylAb and Cry3Bb in feeding tests with larvae of the
two-spotted ladybird (Schmidt et al., 2009)

5. Pollen deposition from maize fields to adjacent biotopes (Hofmann et al., 2009)

In view of the significance of these studies for the cultivation ban on MON810, a statement is
made to the contents of each of them.

1. Rosi-Marshall et al., 2007

The authors measured the dispersion and transport of pollen and crop residues of Bt and non-
Bt maize fields near headwater stream ecosystems. In addition, pollen and maize residues ex-
pressing Bt protein were fed in laboratory tests to detritivore larvae of the Trichoptera species
Lepidostoma liba as well as to filtering larvae of the Trichoptera species Hydropsyche borealis.
The authors concluded that the intake of Bt maize plant material led to a lower growth rate of
the L. liba and the intake of Bt maize pollen to an increased mortality rate of the H. borealis.

The use of Trichoptera larvae as test organisms for the Lepidoptera-specific CrylAb protein is
understandable, as Trichopterae are relatively closely related to butterflies. Thus, effects of the
Cryl1Ab protein on Trichoptera could be possible.

The work of Rosi-Marshall et al. (2007), however, exhibits substantial methodological shortcom-
ings. For instance, the source of the Bt maize pollen and the non-Bt maize pollen is not indi-
cated. The type, line and isogenity of the Bt maize inputs remain unclear as well. Dose-effect
relations, as usual for toxicological examinations, are not recorded for the Bt protein.

In addition, the authors failed to measure the Bt protein content of pollen and maize residues
during the examination of the dispersion into surface water near fields. No clear difference be-
tween the decomposition rates of Bt and non-Bt maize waste was observed. Furthermore, in-
formation on the possible exposure of the Trichoptera larvae to the Bt protein contained in
headwater stream ecosystems is missing. However, from the authors data contained in a figure
on the dispersion of Bt pollen into waters and the known contents of Bt proteins in maize pollen
one can estimate that the annual dispersion is extremely low (9 - 90 ng/m? water surface). With
a maximum of 8 g/m?, the annual amount of dispersed plant material can also be regarded as
low. In both cases, the respective Bt protein amounts can be regarded as negligible for Trichop-
tera larvae even in case of short-term occurrence of the sources of exposure (blooming period)
and in view of the protein degradation that starts immediately (Douville et al., 2005, 2007).

Feeding tests with the Trichoptera species L. liba also raise questions. The origin of the Bt
maize leaves and the non-Bt maize leaves is not indicated either. It is certain, however, that not
the leaves of an isogenic maize line have been used as non-Bt variant. This was substantiated
by the study of Saxena & Stotzky (2001), who found a higher lignin content of between 33 and
97% in the leaves of the isogenic Bt line. In the authors’ opinion, the higher lignin content dete-
riorates the nutritional quality of the leaves. Thus, Rosi-Marshall et al. (2007) selected another
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maize line with an alleged lignin content and C/N ratio similar to that of Bt maize. Quantitative
data on the constituents (lignin, C/N or others) of the maize plants tested in the laboratory, how-
ever, are not specified. Due to the missing data on the origin and the characteristics of the plant
material used, it cannot be excluded that the Bt and non-Bt pollen and the Bt and non-Bt leaves
did not only differ with respect to the presence of Bt protein. In addition, the concentration of the
Bt protein in the leave material has not been determined. The leave amounts administered dur-
ing the feeding tests have not been indicated either (Quote: “Leaves were added to aquaria as
needed.”).

The missing standardisation is a crucial deficit, which above all applies to the laboratory tests
conducted by the authors. Irrespective of this fact, the ZKBS attaches little importance to the
observed in vitro effects on Trichoptera, although possibly large amounts of Bt material might be
dispersed into waters. This assessment is based on the following reasons: The natural expo-
sure of Trichoptera larvae to Bt protein in headwater stream ecosystems adjacent to fields is
limited both with regard to space (distance to waters and distribution of maize fields in the land-
scape) and time (short blooming period). Furthermore, the potential exposure of water organ-
isms is substantially limited by the small amount and the low concentration of Bt protein in the
plant material as well as its comparatively rapid degradation in waters.

The mortality effects observed in the laboratory have only been found in case of unnaturally
high exposure and for one species only. Although the authors verified a significantly higher mor-
tality rate of the Trichoptera species H. borealis when fed with Bt maize pollen compared to
non-Bt maize pollen, the pollen amount was two to three times higher than the maximum annual
pollen input into waters measured. During the experiments with the Trichoptera species L. liba,
no increased mortality rate could be observed when fed with Bt maize plant material, but a re-
duced growth rate.

In view of the temporarily limited exposure period in nature (blooming period of maize) in line
with the mostly low Bt concentration in natural habitats the reduced growth rate demonstrated in
the laboratory can also be classified as non-relevant environmental effect.

Conclusion

The ZKBS states that the causal correlation between the Bt protein or the genetic alteration and
the negative effects on Trichoptera larvae has not been sufficiently demonstrated in the publica-
tion of Rosi-Marshall et al. (2007)..The study has also been criticised by other authors with re-
gards to its experimental execution and the conclusions drawn (Beachy et al., 2008; Parrott,
2008). The authors themselves admit that they cannot exclude that the difference between the
maize varieties used and not the Bt protein may have caused the observed effects (Rosi-
Marshall et al., 2008). In addition, the ZKBS states that the results obtained by Rosi-Marshall et
al. (2007) within the scope of laboratory experiments cannot be regarded as relevant, when
considering the estimated exposure under field conditions. This conclusion has also been con-
sidered by the authors in their reply to critical comments (Rosi-Marshall et al., 2008).

2. Bghn et al., 2008

Following the OECD directive 211 for toxicological Daphnia tests (OECD, 1998), Bghn et al.
(2008) fed Bt and non-Bt maize flour to the test organism “large water flea” (Daphnia magna).
The goal of the study was to examine whether or not the feeding of Bt maize limits the fitness of
water fleas. For this purpose, the survival rate, growth and reproduction were examined. The
water fleas reacted to the feeding of Bt maize flour with reduced survival rates, earlier reproduc-
tion and reduced egg deposition. The authors interpreted the results as fithess disadvantage
and a direct effect of the feeding with Bt maize flour.
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The ZKBS notes, that the study of Bghn et al. (2008) exhibits a series of severe deficits.

The - in particular exclusive - feeding of maize flour in toxicological studies with aquatic non-
target organisms is unusual. Although water fleas are capable of surviving with a great variety of
food sources, however, the aquaculture with maize flour as the only nutrient constitutes an un-
balanced diet and a completely unnatural exposure of water fleas to Bt protein.

This is reflected in the test results. The extremely late maturation period of the water fleas (50%
maturation only on the 17. - 18. day) even observed in the reference group (non-Bt maize) as
well as their unusually high mortality rate are clear indications for unnatural, species-
inappropriate cultural conditions. According to the OECD directive 211, growth and reproduction
studies on water fleas should not last longer than 21 days, as the natural mortality rate usually
considerably increases after about 28 days. Bghn et al. (2008), however, doubled the test pe-
riod (42 days) and obtained different data on the reproduction of the test animals in the second
half of the test. Thus, the study in no way complies with the OECD quality requirements on
Daphnia tests.

Another key weakness of the study is the plant material used. The used ground maize grains of
one genetically modified (hybrid of MON810) and one reference maize line (a local variety of the
Philippines) were harvested at the Philippines in 2003. There was no information provided about
the conditions under which the material was cultivated (plant phytosanitary measures, pest in-
festation and the like). The nutritional composition or the equivalence of the used Bt and non-Bt
maize flours has not been examined either (e.g. nutrient or mycotoxin contents). The evaluation
and interpretation of the observed differences would only have been possible by using clearly
characterised maize varieties or by extending the studies (e.g. by feeding studies with further
maize varieties of clear origin and treatment). Whether or not the observed effects can be
traced back to the presence or absence of Bt protein remains unclear.

The authors recognized the earlier reproduction as a consequence of the feeding with Bt maize
flour. They concluded that increased stress caused the premature reproduction in case of the
water flea fed with Bt maize flour. According to the OECD directive 211, however, rather a late
or reduced reproduction is to be considered as stress indicator in Daphnia tests.

The differences in the total number of all eggs produced as observed by Bghn et al. (2008) are
to be classified as minor, when taking the test conditions into account (altogether 80 eggs dur-
ing Bt treatment and 96 during non-Bt treatment). The reason for the relatively small quantitative
difference must be seen in the strongly deviating results of the repeated tests. While two of
three repeated tests yielded an increased reproduction rate using the Bt maize variant the third
test variant resulted in an extremely low number of eggs per female. This again points to techni-
cal problems during experiment.

Furthermore, the authors determined a reduced survival rate of the water fleas fed with Bt
maize flour. These data are not convincing in the light of the unnatural and unbalanced nutri-
tional situation. Tests in line with requested conditions for standard tests would presumably
have led to reliable results. Also, the inclusion of further reference maize lines would probably
have allowed for distinguishing between the effects of the Bt protein and the impacts of the diet
as such.

Conclusion

In summary, the ZKBS concludes that the study of Bghn et al. (2008) provides no reliable and
meaningful results due to the improper test conditions (deviation from the OECD directive for
tests with water fleas, species-inappropriate nutrition of the test animals, use of uncharacterised
maize samples, poor test execution and evaluation). The study is not suitable for questioning
the previous risk assessment of MON810. In order to examine the suspected hazardousness of
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the Bt protein to water fleas, active Bt protein would have to have been used directly or a uni-
form, species-appropriate feed material, e.g. “spiked” with Bt protein. The publication lacks such
clear-cut test approaches.

3. Kramarz et al., 2007

Kramarz et al. (2007) fed the snail Helix aspersa with plant material of MON810 maize and an
isogenic reference maize line. Furthermore, the snails were additionally infected with snail-
pathogenic nematodes, as snails are frequently parasitised in the field. The Bt maize material
fed had no negative impact on the mortality rate or the growth of the snails; however, the growth
of the snails was slightly limited after an additional infection with nematodes during treatment
with the largest nematode concentration, compared to the treatment without nematodes. The
mortality rate, however, had not changed at all.

The study exhibits a clear experimental design; however, it cannot be distinguished whether the
observed effects can be traced back to the Bt protein or the differences of the maize lines.
Thus, in future tests several conventional maize varieties should be used as references, so that
variety differences can be distinguished from direct Bt effects (comp. the internet page of BMBF
on safety research?).

Conclusion

Synergetic effects between several, simultaneously effecting stress factors are known in
ecotoxicology. This aspect has been a major subject in biological safety research for a long
time. Suggestions of the improvement of laboratory test procedures considering such aspects
are being discussed (see Duan et al., 2008a; EFSA, 2008).

A solid, environmental risk assessment of MON810 by the ZKBS, however, cannot merely in-
clude results from laboratory studies, such as this one. Results of field tests, such as e.g. the
ones that have been conducted by the BMBF for many years within the scope of the safety re-
search of genetically modified organisms (GMO), are of special significance. Only in the field
effects of GMO can be examined under conditions like in commercial cultivation. Apart from
weather and nutritional conditions, a great number of factors with disadvantageous potential,
e.g. diseases, the use of pesticides or with advantageous ones, e.g. rapid drop of Bt toxins,
avoidance of pathogens and pesticides has an impact on non-target organisms.

Against the background of the minor effect obtained under extreme conditions (high parasite
occurrence) and a missing dose-effect relationship, the risk of MON810 for the snail population
is regarded by the ZKBS as minor.

4. Schmidt et al., 2009

The authors conducted laboratory toxicity tests with the Bt proteins CrylAb and Cry3Bb as well
as the expression vector pBD10 at various stages of development (L1-L4) of the two-spotted
ladybird Adalia bipunctata. The ladybird larvae were fed with the eggs of the flour moth (Ephes-
tia kuehniella), which were sprayed with solutions containing the Bt protein or the DNA of the
expression vector pBD10. The Bt protein solutions had concentrations of 0, 5, 25 and 50 pg/mi;
the pBD10 DNA was applied in the concentrations of 0, 10, 50 and 100 pg/ml. In case of the
test variants sprayed with CrylAb and Cry3Bb solutions, the mortality rate increased signifi-
cantly compared to the reference. The expression vector had no effect. According to the au-

! http://www.biosicherheit.de/de/mais/oekosystem/652.doku.html
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thors, the observed damage of the ladybird larvae could be directly traced back to the activated
Bt proteins. The authors called the previous scientific view on the host specificity and the
mechanism of action of Cry-proteins into question particularly for the CrylAb in view of the ef-
fect on the two-spotted ladybird.

The ZKBS states that the study exhibits substantial deficits regarding the material used, the
execution of the test and the interpretation of the results, through which the correctness of the
results and the statements are principally questioned:

* The description of the test set-up does not indicate how the Bt protein solutions were
applied to the Ephestia eggs and how it was ensured that the ladybird larvae of the re-
spective stages were exposed to the same Cry-concentrations every time the test was
repeated. The level and the homogeneity of the Cry-concentration in the larva feed can-
not be estimated. The scientifically sound test execution is thus not given and a test
repetition by third parties prevented.

« Neither the concentration by means of quantitative ELISA nor the biological activity by
means of biotests were examined in the Bt protein solutions used (see e.g. Duan et al.,
2008b). Schmidt et al. (2009) used immunostrips (Agidia Inc.) for the mere qualitative
identification of the Bt protein in the solutions. In the view of the ZKBS this is not suffi-
cient for the realistic, scientifically correct estimation of the exposure of the larvae to the
active Bt proteins.

« The untypical effects of the Bt proteins on the test animals may be due to some hazard-
ous constituents of the protein preparations. In order to be able to exclude this, inacti-
vated samples of the Bt protein solutions (e.g. by means of chemical or heat treatment)
would have to have been used as references during the experiments.

« The ZKBS concludes that the methodical problems lead to the unclear and/or inconsis-
tent results of the study; the effects observed are untypical of scientific laboratory toxicity
tests under controlled conditions in several respects.

0 Clear dose-effect relations were obtained neither for Cry1Ab nor for Cry3Bb toxin.
For instance, the mortality rate even decreased at the highest concentration
stage, compared to the medium concentration stage. The authors cannot explain
this effect.

0 The L1-larvae exhibited unusually high mortality rates (up to 21% without the
feeding of Bt and 44% with Bt). Occasionally, there was no difference between
the mortality rates of the reference and the highest concentration stage (tests
with Cry3Bb). In contrast, the L2 to L4 stages were largely unaffected.

o0 In contrast to the mortality rate, there was no difference between the references
and the variants fed with Cry-protein solutions regarding the development peri-
ods of the larval stages, above all of the L1-larvae. At least it would have been
expected that the development period of the L1-larvae is prolonged due to the
postulated toxic effect.

* The ZKBS notes that the erratic evaluation of results by the authors raises doubts in the
careful execution the study. The source AGBIOS 2008 quoted by the authors states a
Bt concentration of 0.09 pg/g in MON810 pollen ; however, the authors use a value of
7.9-10.3 pg/g for the Bt protein content in MONS810 pollen, i.e. a value 100 times too
high, and thus overestimate the actual environmental exposure. In the view of the ZKBS,

2 http://www.aghios.com/dbase.php?action=Submit&evidx=9
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the high concentrations used in the study bear no biologically relevant relation to the ac-
tual Bt protein content in MON810 pollen (even when considering the fluctuation range
in biological systems), to which ladybird larvae could be exposed. It is to be pointed out
that the staple food of ladybird larvae and adults is aphids which do not take in Bt pro-
teins from Bt plants, according to Raps et al. (2001).

« As a matter of principle, in a scientific work the authors’ own results are related to the
current level of knowledge. In this work, however, the results of other laboratory and field
tests on the effects of Cry-proteins on ladybirds are not even mentioned, which do not
support the results of Schmidt et al. (2009), neither for Adalia bipunctata (Wold et al.,
2001) nor for other ladybird species (Pilcher et al., 1997; Jasinski et al., 2003; Candolfi
et al., 2004); Dively & Rose, 2004; Bai et al., 2005; Lundgren & Wiedenmann, 2005;
Poza et al., 2005; AIvarez-AIfageme et al., 2008).

Conclusion

The results of the laboratory study, which supposedly reveal lethal effects of Bt proteins without
a clear dose-effect relation at simultaneous lack of impacts on the development and the weight
increase of the test animals, are not solid without independent scientific verification considering
numerous deficits in the study. Furthermore, several laboratory and field tests do not confirm
the results of Schmidt et al. (2009). Even if taking the aspect of precautionary safety assess-
ment into account, the ZKBS sees no reason to change its previous risk assessment of the en-
vironmental effects of MON810 due to the study of Schmidt et al. (2009).

5. Hofmann, 2007 and Hofmann et al., 2009

These tests are not available as publications in scientific journals but as reports at the BfN
(Federal Agency for Nature Conservation). The study of Hofmann (2007) presents results of the
deposition of maize pollen, collected by means of technical pollen samplers. According to the
authors, the data (pollen collection starting at the margin of maize fields and extending to differ-
ent distances) indicates that maize pollen is deposited in much larger amounts than assumed
so far.

The ZKBS states that the data of Hoffmann (2007) do not provide any fundamentally new scien-
tific insights. Although the author detected large pollen amounts at first view, this is due to the
long measuring periods, reaching over the entire blooming period of maize. As the author him-
self writes, the results of other works provide similar deposition values, when extrapolated to the
entire blooming period (e.g. Wraight et al., 2000; Pleasant et al., 2001; Wolt et al., 2003; Lang et
al., 2004; Felke & Langenbruch, 2005; Shirai & Takahashi, 2005).

In the study of Hofmann et al. (2009), the authors developed what is referred to as “worst-case
scenarios” for pollen deposition, which are supposed to apply to special weather conditions and
unfavourable topographic conditions. The results demonstrate that under certain conditions the
deposited pollen amount may theoretically be higher than previously determined by means of
the pollen sampling measurements (Hofmann, 2007).

Conclusion

Pollen density data measured by means of pollen samplers are not suggestive of the real expo-
sure of non-target organisms in natural surfaces. In order to determine the exposure of host
plants relevant to non-target organisms, climate factors, such as e.g. wind and rain, the surface
structure of leaves and host plants as well as the structure (frequency of the specific host
plants) and the architecture of the vegetation layer are to be taken into account. In addition, the
biology of the non-target organisms has strong influence. Phenology, feeding behaviour, devel-
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opment-dependent exposure and sensitivity to the Bt protein are of central significance for a
realistic risk assessment of non-target organisms. As a matter of principle, the ZKBS addition-
ally considers the occasionally occurring higher exposure due to large pollen amounts in its risk
assessments. On the other hand, the ZKBS also includes in its assessments the especially low
Bt concentration detected in pollen of the maize line MON810 as well as possible impacts of the
weather and the vegetation structure on the exposure of non-target organisms (see statement
of the ZKBS of July 2007); this point has also especially been taken into account in the EFSA
statement on MON810 (EFSA, 2009).

Bearing in mind the influence variables described and insights available at population level, the
ZKBS sees no specific hazard posed to non-target organisms, even if in individual cases these
may be exposed to higher pollen amounts for a short period of time than expected on the aver-
age. The tests of Hofmann (2007) and Hofmann et al. (2009) do not provide any new indications
for the potential hazard of non-target organisms but rather confirm the risk assessment ap-
proach of the ZKBS.

Final Conclusion

Considering all scientific information available and keeping the precautionary principle in mind,
the ZKBS concludes that the cultivation of the maize line MON810 poses no danger to the envi-
ronment. The risk assessment contained in the statement of the ZKBS of 2007 is thus con-
firmed, taking the current publications into account.
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