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ABOUT THE OECD 

The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental 
organisation in which representatives of 30 industrialised countries in North America, Europe and the Asia 
and Pacific region, as well as the European Commission, meet to co-ordinate and harmonise policies, 
discuss issues of mutual concern, and work together to respond to international problems. Most of the 
OECD�s work is carried out by more than 200 specialised committees and working groups composed of 
member country delegates. Observers from several countries with special status at the OECD, and from 
interested international organisations, attend many of the OECD�s workshops and other meetings. 
Committees and working groups are served by the OECD Secretariat, located in Paris, France, which is 
organised into directorates and divisions. 
 
The Environment, Health and Safety Division publishes free-of-charge documents in ten different series: 
Testing and Assessment; Good Laboratory Practice and Compliance Monitoring; Pesticides and 
Biocides; Risk Management; Harmonisation of Regulatory Oversight in Biotechnology; Safety of 
Novel Foods and Feeds; Chemical Accidents; Pollutant Release and Transfer Registers; Emission 
Scenario Documents; and the Safety of Manufactured Nanomaterials. More information about the 
Environment, Health and Safety Programme and EHS publications is available on the OECD�s World 
Wide Web site (http://www.oecd.org/ehs/). 
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75775 Paris Cedex 16 
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E-mail:  ehscont@oecd.org 



 ENV/JM/MONO(2007)5 

 5

 

FOREWORD 

The OECD�s Task Force for the Safety of Novel Foods and Feeds decided at its first session, in 1999, 
to focus its work on the development of science-based consensus documents, which are mutually 
acceptable among member countries. These consensus documents contain information for use during the 
regulatory assessment of a particular food/feed product. In the area of food and feed safety, consensus 
documents are being published on the nutrients, anti-nutrients or toxicants, information of its use as a 
food/feed and other relevant information. 

This consensus document addresses compositional considerations for new varieties of cultivated 
mushroom Agaricus bisporus by identifying the key food and feed nutrients and anti-nutrients.  A general 
description of these components is provided.  As well, there is background material on the production, 
processing and uses of Agaricus bisporus and considerations to be taken when assessing new Agaricus 
bisporus varieties.   

Sweden served as the lead country in the preparation for this document. 

The Joint Meeting of the Chemicals Committee and the Working Party on Chemicals, Pesticides and 
Biotechnology has recommended that this document be made available to the public. It is published on the 
authority of the Secretary-General of the OECD. 

 
 



ENV/JM/MONO(2007)6 

 6

TABLE OF CONTENTS 

 

ABOUT THE OECD 4 
FOREWORD 5 
PREAMBLE 8 
THE ROLE OF COMPARATIVE APPROACH AS PART OF A SAFETY ASSESSMENT 9 
SECTION I � BACKGROUND 10 

A. Natural history of Agaricus bisporus 10 
B. Domestication of Agaricus bisporus 10 
C. Modern methods of cultivation 10 
D. Breeding of Agaricus bisporus 11 
E. Production of Agaricus bisporus 12 
F. Consumption of Agaricus bisporus 12 
G. Processing of Agaricus bisporus 13 
H. Cooking of Agaricus bisporus 13 
I.  Appropriate Comparators for Testing New Varieties 14 
J.  Traditional characteristics screened by Agaricus bisporus developers 14 

SECTION II � NUTRIENTS IN AGARICUS BISPORUS 15 
A. Proximate analysis 15 
B.  Agaricus bisporus as feed 26 

SECTION III � ANTI-NUTRIENTS IN AGARICUS BISPORUS 28 
A. Lectins 28 

SECTION IV � TOXICANTS IN AGARICUS BISPORUS 29 
A.  Allergens 29 
B. Biogenic amines 29 
C. Phenylhydrazines 29 

SECTION V � FOOD USE 32 
A.  Identification of Agaricus bisporus food products 32 
B.  Identification of key nutrients, anti-nutrients and toxicants and suggested analysis for food use 32 

SECTION VI � FEED USE 33 
REFERENCES 34 
QUESTIONNAIRE TO RETURN TO THE OECD 43 
 



 ENV/JM/MONO(2007)6 

 7

 
Tables 

Table 1. World production of Agaricus bisporus in the year 1999-2000 12 
Table 2. Annual consumption of Agaricus bisporus in some high-consuming Western countries in 
1990  13 
Table 3. Proximate composition of cultivated Agaricus bisporus 15 
Table 4. Amino acid composition of various strains of cultivated Agaricus bisporus 18 
Table 5. Fatty acid composition of fatty acids in cultivated Agaricus bisporus 20 
Table 6. Mannitol content in the stipe, cap, and gills of cultivated Agaricus bisporus 22 
Table 7. Mineral contents  in cultivated Agaricus bisporus 24 
Table 8. Vitamin content 26 
Table 9. Chemical composition of the commonly consumed part of A. bisporus 27 
Table 10. Agaritine content of �fresh� cultivated Agaricus bisporus 30 
Table 11. Suggested constituents to be analysed in fresh fruit bodies of cultivated Agaricus bisporus 32 
 



ENV/JM/MONO(2007)6 

 8

 PREAMBLE 

Food and feed products of modern biotechnology are being commercialised and marketed in OECD 
member countries. The need has been identified for detailed technical work aimed at establishing 
appropriate approaches to the safety assessment of these products. 

At a Workshop held in Aussois, France (OECD, 1997), it was recognised that a consistent approach to 
the establishment of substantial equivalence might be improved through consensus on the appropriate 
components (e.g., key nutrients, key toxicants and anti-nutritional compounds) on a crop-by-crop basis, 
which should be considered in the comparison. It is recognised that the components may differ from crop 
to crop. The Task Force therefore decided to develop consensus documents on phenotypic characteristics 
and compositional data. These data are used to identify similarities and differences following a 
comparative approach as part of a food and feed safety assessment. They should be useful to the 
development of guidelines, both national and international and to encourage information sharing among 
OECD member countries. 

These documents are a compilation of current information that is important in food and feed safety 
assessment. They provide a technical tool for regulatory officials as a general guide and reference source, 
and also for industry and other interested parties and will complement those of the Working Group on 
Harmonisation of Regulatory Oversight in Biotechnology. They are mutually acceptable to, but not legally 
binding on, member countries. They are not intended to be a comprehensive description of all issues 
considered to be necessary for a safety assessment, but a base set for an individual product that supports 
the comparative approach. In assessing an individual product, additional components may be required 
depending on the specific case in question. 

In order to ensure that scientific and technical developments are taken into account, member countries 
have agreed that these consensus documents will be reviewed periodically and updated as necessary. Users 
of these documents are invited to provide the OECD with new scientific and technical information, and to 
make proposals for additional areas to be considered.  

A short, pre-addressed questionnaire is included at the end of this document. The information 
requested should be sent to the OECD at one of the addresses shown. 
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THE ROLE OF COMPARATIVE APPROACH AS PART OF A SAFETY ASSESSMENT 

In 1990, a joint consultation of the Food and Agriculture Organisation of the United Nations (FAO) 
and the World Health Organisation (WHO) established that the comparison of a final product with one 
having an acceptable standard of safety provides an important element of safety assessment (WHO, 1991). 

In 1993 the Organisation for Economic Co-operation and Development (OECD) further elaborated 
this concept and advocated the approach to safety assessment based on substantial equivalence as being the 
most practical approach to addressing the safety of foods and food components derived through modern 
biotechnology (as well as other methods of modifying a host genome including tissue culture methods and 
chemical or radiation induced mutation). In 2000 the Task Force concluded in its report to the G8 that the 
concept of substantial equivalence will need to be kept under review (OECD, 2000). 

The Joint FAO/WHO Expert Consultation on Foods Derived from Biotechnology in 2000 concluded 
that the safety assessment of genetically modified foods requires an integrated and stepwise, case-by-case 
approach, which can be aided by a structured series of questions. A comparative approach focusing on the 
determination of similarities and differences between the genetically modified food and its conventional 
counterpart aids in the identification of potential safety and nutritional issues and is considered the most 
appropriate strategy for the safety and nutritional assessment of genetically modified foods. The concept of 
substantial equivalence was developed as a practical approach to the safety assessment of genetically 
modified foods. It should be seen as a key step in the safety assessment process although it is not a safety 
assessment in itself; it does not characterise hazard, rather it is used to structure the safety assessment of a 
genetically modified food relative to a conventional counterpart. The Consultation concluded that the 
application of the concept of substantial equivalence contributes to a robust safety assessment framework.  

A previous Joint FAO/WHO Expert Consultation on Biotechnology and Food Safety (1996) 
elaborated on compositional comparison as an important element in the determination of substantial 
equivalence. A comparison of critical components can be carried out at the level of the food source (i.e., 
species) or the specific food product. Critical components are determined by identifying key nutrients, key 
toxicants and anti-nutrients for the food source in question. The comparison of key nutrients should be 
between the modified variety and non-modified comparators with an appropriate history of safe use. The 
data for the non-modified comparator can be the natural ranges published in the literature for commercial 
varieties or those measured levels in parental or other edible varieties of the species (FAO, 1996). The 
comparator used to detect unintended effects should ideally be the near isogenic parental line grown under 
identical conditions. While the comparative approach is useful as part of the safety assessment of foods 
derived from plants developed using recombinant DNA technology, the approach could, in general, be 
applied to foods derived from new plant varieties that have been bred by other techniques. 
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SECTION I � BACKGROUND 

A. Natural history of Agaricus bisporus 

Wild populations of Agaricus bisporus (Lange) Imbach, distinct from commonly cultivated strains, 
are now known from several regions of the world (Mozina et al., 1993; Kerrigan, 1995). Available isolates 
from these populations lay the foundation for our present knowledge about the species A. bisporus, and 
indicate that wild populations of the species are significant reservoirs of genetic resources presently 
unexploited by the commercial mushroom industry (Kerrigan and Ross, 1989). 

An extensive investigation on the genetic diversity among 342 natural A. bisporus isolates from 12 
locations around the world, confirmed earlier suggestions by Kerrigan et al. (1993a) that most local A. 
bisporus populations in the United States are made up of two ancestral elements, one indigenous and one 
being cultivar-like and introduced from Europe (Kerrigan et al, 1993a; Xu et al., 1997). The wide 
distribution of cultivar-like isolates has been hypothesised to represent recent escape of genotypes from 
mushroom cultivation, followed by introgression of these genotypes in the wild.  

B. Domestication of Agaricus bisporus 

Available records place the cradle of Agaricus cultivation in France. A French botanist, Tournefort, 
first described the primitive method used to grow the mushroom in 1707 (Joly, 1979; Chang and Miles, 
2004). Later on, underground caves, where the climate conditions are well suited for growing mushrooms, 
became popular sites for the cultivation. Agaricus cultivation grew rapidly in France and spread to other 
European countries. By 1870, guidelines on cultural practices of A. bisporus, as well as vegetative 
inoculum (�spawn�) was available in England (Robinson, 1870), and around ten years later mushroom 
cultivation appears to have started in the United States (Kerrigan et al., 1998). 

Original cultivars were numerous but needed to be periodically replaced after a few culture cycles 
because the mycelium weakened or was overrun by pests or moulds (Sinden, 1981). As replacement strains 
were found more or less randomly in nature (spontaneously appearing on horse manure), the system did 
not guarantee best quality of the cultivated strains. Furthermore, the diminished use of horses in everyday 
life threatened the common availability of replacement strains. 

The multiplication techniques developed around one hundred years ago resulted in a reduction in 
available genetic variability. Callac (1995) estimated that only seven ancestral European cultivar linages 
seem to be the origin of all the cultivated strains in the world. However, this situation is changing since 
wild strains from all the North hemisphere are now used in breeding strategies. 

C. Modern methods of cultivation 

Mushroom production involves 6 sequential steps, which consist of: phase I composting, phase II 
composting, spawning and spawn run, casing, pinning, and cropping. Different types of mushroom require 
different types of substrates. A. bisporus is a compost and, particularly, leaf-litter degrader, and is able to 
degrade the major polymers of woody plant materials; cellulose, hemicelluloses, and lignin (at least to 
some extent). This function is to a large extent taken care of by a set of secreted enzymes. The mushroom 
is cultivated on fermented compost, most commonly based on animal manure and cereal straw, which 
could be seen as microbial biomass and lignocellulosic residues. The intracellular and secreted proteins of 
A. bisporus actually produce a complete cellulase system, which enables it to grow on cellulose as the sole 
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carbon. The system is induced or repressed depending on the carbon source. Easily metabolised carbon, 
such as glucose, represses cellulase production, whereas more complex molecules induce cellulase 
production (Chang and Miles, 2004). 

The process of mushroom composting, particularly with regard to Agaricus, takes place in two 
distinct phases. Phase I composting (compost preparation) aims at mixing and wetting the raw materials 
and at starting the composting process during which various micro-organisms break down the straw 
(Chang and Miles, 2004). During this phase nutrients may also be added (Kurtzman, 1997). There are two 
purposes of phase II composting (compost conditioning): 1) to eliminate insects, pests and spores of 
contaminating micro-organisms (pasteurisation) from the phase I composting substrate, and 2) to bring the 
substrate to a uniform temperature of about 50 to 55°C, which promotes decomposition of the substrates by 
thermophilic micro-organisms. Through this a more selective medium favouring the growth of the 
mushroom is produced (Chang and Miles, 2004).  

The next step in the cultivation process is spawning, i.e. inoculation of the compost with A. bisporus 
mycelium (spawn) (Kurtzman, 1997). Spawning is generally done by mixing the mycelia throughout the 
compost, after which the spawn is allowed to grow and produce a thread-like network of mycelium 
throughout the compost (Vedder, 1978; Van Griensven, 1988). To promote mushroom formation of A. 
bisporus, the compost surface is covered with a surface layer called casing, which is usually a mixture of 
peat and limestone (Kurtzman, 1997, Volk and Ivors, 2001). Some fungi use light as their signal to form 
fruiting bodies, but for Agaricus bisporus micro-organisms in the casing layer provides the necessary 
signal to initiate the transition from the vegetative to the reproductive stage in which primordia or "pins", 
knots of mycelium that eventually develop into mushrooms, appear (Rainey et al., 1990; Rainey, 1991). 

The mushroom crop grows in repeating 3- to 5-day cycles called "flushes" or "breaks". These flushes 
are followed by a few days when no mushrooms are available to harvest. The individual flushes tend to 
produce progressively fewer mushrooms. In commercial practice, three to five flushes are picked before 
the crop is removed to make room for the next. Commonly, mushroom farmers crop their mushrooms for 
30 - 40 days. Most strains of A. bisporus (except for the portabella strains) are picked before the veil breaks 
and the stem elongates (Volk and Ivors, 2001). 

There are several excellent reviews on cultivation of mushrooms available (Chang and Hayes, 1978; 
Vedder, 1978; Stamets and Chilton, 1983; Van Griensven, 1988; Chang and Miles, 2004). 

D. Breeding of Agaricus bisporus 

Modern breeding programs for Agaricus bisporus began as recently as about 30 years ago, simply 
because many techniques routinely used in the breeding of vegetable and cereal crops are not available or 
have not been adapted to Agaricus research. The main factor discouraging breeding work with the 
mushroom has been its reproduction, which was not understood until the early 1970s.  

The majority of A. bisporus strains, including cultivated and many wild strains are predominantly 
secondarily homothallic (Raper et al., 1972), with a unifactorial mating system comprising multiple alleles 
(Imbernon et al., 1995). In this reproductive system, the majority of basidia produce only two 
basidiospores, each of which receives two of the four postmeiotic nuclei (Kerrigan et al., 1993b). Other 
agarics usually produce uninucleate basidiospores. Most often the two nuclei in the basidiospores of A. 
bisporus are non-sisters with respect to meiosis II (Summerbell et al., 1989) and carry compatible mating 
types. The bisporic spores, therefore, give rise to fertile heterokaryotic progeny (n+n) characteristically 
capable of fruiting (Evans, 1959; Kerrigan et al., 1993b). Virtually all parental heterozygosity is retained in 
offspring. Homokaryons are rarely produced by most strains and may never be formed by others (Kerrigan 
et al., 1992). Nuclear fusion (2n) occurs just prior to meiosis in the basidia lining the gills of the 
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mushroom. As meiosis in bisporic A. bisporus is accompanied by low recombination frequencies, it is 
likely that parental heterozygosity will be retained at a frequency much higher than that expected by 
chance (Summerbell et al., 1989; Allen et al., 1992). This of course has hampered breeding of A. bisporus. 

Identification in 1993 and 2003 of new varieties of the cultivated mushroom, A. bisporus (Lange) 
Imbach var. burnetti Kerrigan et Callac and A. bisporus (Lange) Imbach var. eurotetrasporus Callac et 
Guinberteau (which resulted in renaming of the traditional variety to A. bisporus (Lange) Imbach var. 
bisporus), characterised by tetrasporic basidia and by respectively a heterothallic and a primary 
homothallic life cycle, in combination with an increased understanding of the molecular genetics of A. 
bisporus has opened up the possibility to develop new strains of A. bisporus with alternative techniques 
(Callac et al., 1993, 2003). 

E. Production of Agaricus bisporus 

The cultivation of mushrooms world wide have increased rapidly over the past 30 years. Even though 
the actual production of A. bisporus increased from 900 000 tons in 1981 to just under 2 million tons in 
1997 (a 2,2-fold increase), its share among cultivated mushrooms decreased during the same period from 
71,6% to 31,8% (Chang and Miles, 2004). However, it is still the mushroom produced in largest quantities. 
It is cultivated in more than 100 countries all over the world. The major producers of A. bisporus 
mushrooms in 1999-2000 were China followed by the United States, the Netherlands, France, Poland and 
Italy (Table 1).  

Table 1.  World production of Agaricus bisporus in the year 1999-2000 (Chang and Miles, 2004).  

Rank Country Production (tonnes) 
1 China 637,304 
2 United States 391,000 
3 The Netherlands 263,000 
4 France 180,000 
5 Poland 105,000 
6 Italy 102,000 

F. Consumption of Agaricus bisporus 

The white button mushroom (A. bisporus) is the most preferred mushroom in Western Europe and 
North America (Chang and Miles, 2004). It is consumed fresh, cooked or conserved. However, the 
available data on Agaricus consumption is old. The highest per capita consumption in 1990 was reported in 
Germany, the Netherlands and Canada (Table 2). 



 ENV/JM/MONO(2007)5 

 13

 

Table 2.  Annual consumption (kg per capita) of Agaricus bisporus in some high-consuming Western 
countries in 1990 (Moss and Mitchell, 1994).  

Country Fresh mushrooms Preserved mushrooms Total 
Germany 1.2 2.0 3.2 
The Netherlands 2.5 0.4 2.9 
Canada 1.4 1.3 2.7 
France 1.0 1.3 2.3 
United Kingdom 2.0 0.20 2.2 
USA 0.90 0.90 1.8 
Italy 0.70 0.40 1.1 

G. Processing of Agaricus bisporus 

Fruit bodies of A. bisporus are not only sold fresh but also processed by the industry before being 
offered on the market. The technological treatments, which include canning, freezing, and various drying 
processes, might alter the protein, carbohydrate and ash contents of the mushroom (Manzi et al., 2001).  

A common preservation method for A. bisporus is canning. An important step in the canning process 
is blanching, which aims both to pre-shrink the mushrooms prior to sterilization and to inactivate the 
polyphenol oxidase (PPO), an enzyme responsible for browning of the mushroom (Biekman et al., 1997). 
Blanching may also influence the mineral content of A. bisporus, either directly or through EDTA 
(ethylene diamine tetraacetic acid), an additive in the blanching solution. These changes are probably 
caused by the elements in the mushrooms tissue binding with chelating agents such as EDTA. The mineral 
content may also be influenced by excessive amounts of ascorbic acid in the brine of canned mushrooms 
(Çoşkuner and Özdemir, 1997; Çoşkuner and Özdemir, 2000). Furthermore, during storage in brine, 
canned A. bisporus may lose some of its protein and fat contents along with some mineral elements, 
whereas Cu, Ca and Na increase, possibly due to the composition of the brine. Moreover, storage in brine 
could also lead to increased moisture and ash content (Çaglarlrmak et al., 2001).  

Freeze-drying is usually considered to be the drying technique that gives the best quality dried 
products in terms of nutritional value as well as texture flavour and colour (Le Loch-Bonazzi et al., 1992). 
Important for dried mushrooms is the rehydratability of the dried product. 

Although freezing might not influence nutritional and mineral content of fruit bodies to any large 
extent, as long as the product is kept frozen, the ice crystals formed in the frozen mushrooms may damage 
cellular structures and render processes possible after thawing.  

H. Cooking of Agaricus bisporus 

Manzi et al. (2001) noted that cooking procedures significantly increase nutrient concentrations by 
decreasing water contents. This finding was confirmed by Dikeman et al. (2005) who observed increased 
contents of some carbohydrates, acid hydrolysed fat, total dietary fibre and insoluble dietary fibre but not 
of crude protein and soluble dietary fibre in cooked mushrooms. The latter investigators also found 
reduced levels of chitin in A. bisporus after cooking (Dikeman et al., 2005). However, on a dry weight 
basis, a significant cooking-related loss of protein and fat could be observed in deep-frozen Agaricus 
bisporus (Manzi et al., 2001). The structural damage of the vegetative cells, occurring during the deep-
freezing/thawing processes, is suggested to promote the nutrient loss. On the other hand cooking increased 
the dietary fibre content. This trend could not entirely be explained by the loss of water during cooking, 
since it can also be observed on a dry weight basis. According to the authors these results suggest the 
occurrence, during severe industrial treatment and/or cooking, of cross-linking reactions among 



ENV/JM/MONO(2007)5 

 14

oligosaccharides, monosaccharides and proteins, leading to indigestible products analytically measured in 
the fibre fraction (Manzi et al., 2001). 

I.  Appropriate Comparators for Testing New Varieties 

This document suggests parameters that A. bisporus developers should measure when developing new 
strains. The morphological, agronomical and chemical data obtained in the analysis of the new mushroom 
variety should ideally be compared to those obtained from an appropriate near isogenic non-modified 
variety grown under identical conditions. The evaluation of the extent of equivalence may be enhanced by 
additional, valid comparisons between the genetically modified mushroom and commercial varieties. 
These additional data may be generated by the developer and/or compiled from the literature. In the case 
data are generated by the developer himself, it should be noted that the majority of strains cultivated in the 
world today originate from only seven ancestral European cultivar lineages, and that it can be useful to 
have data on both white and brown (including Portabella type of strains) cultivars. When using literature 
data, however, they have to be adequately assessed for their quality (e.g. in respect to type of material 
analysed, and analytical method used). Ranges, and when appropriate, mean values should be reported and 
considered for each parameter investigated. These data would indicate whether the GM lines fall within the 
natural range in phenotypic expression or critical component concentrations found in non-GM 
counterparts. The genetically modified and the non-genetically modified varieties tested should be grown 
under various methods and climates of cultivation. 

Critical components include key nutrients, key anti-nutrients and key toxicants for the food in 
question. Key nutrients are those components in a particular product, which may have a substantial impact 
in the overall diet. These may be major constituents (carbohydrates, proteins, and lipids) or minor ones 
(minerals and vitamins). Key toxicants are those toxicologically significant compounds known to be 
inherently present in the species, that is, compounds whose toxic potency and level may impact on human 
and animal health. Similarly, the levels of known anti-nutrients and allergens should be considered. 

J.  Traditional characteristics screened by Agaricus bisporus developers 

The major objective of Agaricus breeders remains to create strains giving a good yield of white-
capped fruitbodies that are tolerant against Verticillium, Trichoderma, Pseudomonas, and other 
pathogens/diseases. Secondary objects such as having strains with smooth fruit bodies of a suitable form 
and size are controlled at each step of the selection. Other objectives of mushroom breeding, such as 
improving the dependence of fruit body development on temperature, the rhythm of flushes, or taste are 
taking in account only at the end of the selection and eventually only at the time of the official description 
of novel commercial varieties. To a large extent the foundation for this hierarchy of interests is the areas 
where basic knowledge about Agaricus genetics is available. Thus, knowledge is available on reproduction 
modes, determinants of cap colour, tolerance against pathogens, form and structure of the cap, and stability 
of strains. As the understanding of Agaricus genetics develops, breeders' interests are likely to widen.  
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SECTION II � NUTRIENTS IN AGARICUS BISPORUS 

A. Proximate analysis 

The chemical composition of cultivated A. bisporus varies between different reports. Observed 
differences may to some extent be explained by the analytical methods being used (Weaver et al., 1977; 
Cheung, 1997), but are mainly due to several other factors not being controlled. These factors include the 
genetic constitution - strain (Weaver et al., 1977, Bakowski et al. 1986b), composition of the compost 
(Maggioni et al., 1968, Bakowski et al., 1986a, Kosson and Bakowski 1984), flush of the mushroom 
culture (Bakowski et al. 1986a), developmental stage of fruit body at harvest (Kosson and Bakowski 1984; 
Dikeman et al., 2005), and what part of the mushroom that was analysed (Kosson and Bakowski 1984).  

Representative data on proximate analysis of fresh A. bisporus are presented in Table 3. Usually, 
investigators have used standard methods of analysis such as those published by the Association of Official 
Analytical Chemists (AOAC) to determine moisture, crude protein, fat, fibre, carbohydrate, and ash 
content of the mushroom.  

Table 3. Proximate composition of cultivated Agaricus bisporus.  

Reference 
 
 
 
Category 

USDA  
2005a* 

Mattila et 
al., 
2002bb* 

Manzi 
et al., 
2001c* 

Dikeman 
et al., 
2005d 

Kurasawa 
et al., 1982e

Cheung, 
1997f 

CSTJ 
2005g* 

Range 

Dry matter (% f.w.) 7.6�8.8 7.7�7.8 7.2 5.5�7.0 7.8�8.4  7.6 6.1 5.5�8.8 
Proteinh  
(g/100g d.w.) 

28.4�40.8 26.5�27.1 22.7 26.3�31.4 30.4�31.0 26.8 33.3 22.7�
40.8 

Carbohydrate  
(g/100g d.w.) 

43.3�57.6 58.4�59.5 61.3  55.1�55.2 61.0 48.7 43.3�
61.3 

Total dietary fibre  
(g/100g d.w.) 

7.8�17.0 19.5�20.5 27.5 22.9�30.4  18.2 32.8 7.8�32.8

Fat (g/100g d.w.) 1.3�4.5 
(crude) 

4.0�4.3 
(crude) 

4.6 4.7�5.8 
(AHF) 

2.5�3.8 
(crude) 

1.9 4.9 1.3�5.8 

Ash (g/100g d.w.) 11.2�12.7 10.0�10.1 11.4  10�12 10.3 13.1 10.0�
13.1 

*some values recalculated. Data originally given on a fresh weight basis have been recalculated to dry weight basis. 
a different strains and growth stages A. bisporus (white mushroom, Crimini and Portabella).  
b different A. bisporus strains (brown and white).  
c from local market.  
d different A. bisporus strains (white, Crimini, Portabella) and maturity (immature and mature).  
e different A. bisporus strains (white and brown) from the market.  
f from local market. 
g average value of A. bisporus in Japan. 
h the protein content have been calculated using the conversion factor 4.38 either by the authors or through 
recalculations, except for data form Mattila et al. 2002b where the protein content were evaluated by summing the 
amino acid residues.   
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As shown in Table 3 the dry matter is usually between 5.5 and 8.8%, but as high values as 13.7% has 
been reported (Weaver et al., 1977). The dry matter content is influenced by irrigation (Barden et al., 1990, 
Beelman et al., 2003), type of compost and strain (Weaver et al., 1977; Bakowski et al., 1986a, Laborde 
and Delpech, 1991), but it may also vary within and between flushes (Laborde and Delpech, 1991, 
Bakowski et al., 1986a). Brown strains of A. bisporus usually are higher in solids than white strains; 
Portabella mushrooms harvested fully mature with flat open caps being among the highest (Beelman et al., 
2003). 

A common way of establishing the crude protein content of a sample has been to calculate it from the 
nitrogen content using a conversion factor. A factor of 6.25 has frequently been used, based on the 
assumptions that most proteins contain about 16% nitrogen, that they to approximately 100% are digestible 
and that only minor amounts of non-protein nitrogen are present in the analysed sample. However, a lower 
conversion factor may be more appropriate in the case of mushrooms due to the fact that these organisms 
contain significant amounts of non-protein nitrogen, for example in their chitinous cell walls. Therefore, a 
conversion factor of 4.38 is advocated for mushrooms, based on 70% protein digestibility (0.7x6.25). As 
some of the references presented in Table 3 originally used a conversion factor of N x 6.25, these data have 
been recalculated using the conversion factor for mushrooms.  

The crude fat content is usually determined after solvent extraction, and includes free fatty acids, 
mono-, di-, and triglycerides, sterols, sterol esters, phospholipids and glycolipids. In A. bisporus the fat 
content is low, usually in the region 1.3�5.8 mg/100g dry weight (Table 3).  

Carbohydrates constitute a heterogeneous chemical group and include polyhydroxy aldehydes, 
ketones, alcohols and acids, as well as their derivatives and polymers. Analytically �carbohydrate� levels 
are usually calculated by difference. First moisture, protein, fat and ash are determined, and the remainder 
is named �carbohydrates�. The carbohydrates can be given as total carbohydrate, which includes fibre, or as 
nitrogen-free carbohydrate (without fibre). Presumably most of the non-protein nitrogen in a mushroom is 
in the form of chitin contained in the fibre fraction although small quantities of other nitrogen compounds 
may also be present. The carbohydrate level reported in A. bisporus is between 43.3 and 61.3 g per 100 g 
dry weight (Table 3). Although, dietary fibre is included in carbohydrates, some investigators have also 
reported values on the amount of this chemical group.  

Ash is what remains after the organic part of the mushroom has been oxidised through combustion. It 
is a measure of the total amount of minerals and salts in the mushroom.  

1) Protein 

The protein content of A. bisporus is influenced by strain (Weaver et al., 1997, Kosson and Bakowski 
1984, Bakowski et al., 1986b), compost composition (Crisan and Sands, 1978; Kosson and Bakowski 
1984, Bakowski et al., 1986a), flush number (Crisan and Sands, 1978; Bakowski et al., 1986a), and time of 
harvest/developmental stage (Crisan and Sands, 1978; Kosson and Bakowski, 1984; Bakowski and 
Kosson, 1985; Burton, 1988). Protein levels are higher in the cup than in the stipe (Kosson and Bakowski, 
1984). The protein level in A. bisporus is usually in the range  
22.7�40.8 g/100g dry weight (Table 3), the mean of 60 reported values in the literature being  
26.2 g/100 g dry weight (median 26.6, minimum 13.6, and maximum 40.8 g/100 g dry weight).1 This level 
ranks below most animal meats but above most vegetables, fruits and other foods (Chang and Miles, 2004). 

The measurement of crude protein is an indirect but easily performed approximation of total amino 
acids from the nitrogen level, although vulnerable to the presence of varying levels of non-protein amino 

                                                      
1 . No standard deviation has been calculated due to missing data in the original reports. 
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acids and other sources of nitrogen in the sample. Therefore, summing up the various amino acids 
quantified after acid hydrolysis will give more accurate data. 

 (i) Amino acid composition 

The amino acid composition of A. bisporus is given in Table 4. Essential amino acids are indicated in 
italics and make up between 32 - 43% of the total amino acid contents in A. bisporus (Weaver et al., 1977; 
Mattila et al., 2002b; USDA, 2005). The relative amount of free amino acids is quite high in A. bisporus. 
Oka et al. (1981) reported around 50%, and Maggioni et al. (1968) between 39% and 46% free amino 
acids. 

The most abundant amino acid in A. bisporus is the non-essential amino acid glutamic acid. Not only 
does glutamic acid occur both as a free amino acid and integrated in proteins, but it is also often covalently 
linked to other small molecules such as N-(γ-L-glutamyl)-ethanolamine, N-(γ-L-glutamyl)-4-
hydroxyaniline, and β-N-(γ-L-glutamyl)-4-hydroxymethylphenylhydrazine (agaritine). The most common 
essential amino acid is lysine, and the most rare amino acids are those containing sulphur, cysteine and 
methionine. Therefore, the sulphur amino acids are the limiting amino acids of Agaricus proteins. 

The amino acid composition of A. bisporus fruit bodies is dependent on the strain (genetic factors), 
type of compost and its composition, the nutrient supplementation (nitrogen or fatty acids), the 
developmental stage/size of the fruit body, and the flush number (Maggioni et al., 1968; Weaver et al., 
1977; Kosson and Bakowski, 1984; Bakowski et al., 1985, 1986a, 1986b). 
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Table 4. Amino acid composition of various strains of cultivated Agaricus bisporus expressed as g/100g protein.  

USDA, 2005*a Mattila et al., 2002b*b Weaver et al., 1977c Range             Reference 
 
Amino acid 

White Crimini Portabella White Brown D26 324 310 340 318 348 322 321 341  

Alanine 6.4 7.5 4.2 7.6 7.6 9.7 8.6 11 9.1 11 9.5 11 8.8 9.1 4.2�11 
Arginine 2.5 4.9 2.7 5.6 5.2 5.3 6 4.1 5.8 4.3 5.5 5 6.5 6 2.5�6.5 
Aspartic acid** 6.3 9.1 6.2 13 13 11 11 11 11 10 11 11 10 10 6.2�13 
Cysteine 0.39 0.24 0.48 1.1 1.1 trace trace trace trace trace trace trace trace trace trace�1.1 
Glutamic acid** 11 17 11 21 23 14 19 16 18 15 17 18 17 19 11�23 
Glycine 3.0 4.4 2.5 5.1 4.7 4.9 4.9 5.7 5.3 5.0 5.0 4.6 5.0 5.0 2.5�5.7 
Proline 2.5 7.0 3.0 5.0 5.0 5.6 5.4 4.8 5.6 10 6.1 5.4 5.7 5.4 2.5�10 
Serine 3.0 4.5 2.7 5.2 5.3 5.1 4.8 5.8 5.3 5.4 5.3 5.1 5.6 4.6 2.7�5.8 
Tyrosine 1.4 2.2 1.7 14 14 2.6 2.5 2.9 2.3 2.5 2.3 2.1 2.2 2.1 1.4�14 
Histidine 1.8 2.7 1.7 2.8 2.6 2.2 2.5 1.6 2.0 1.7 2.2 2.2 2.3 2.3 1.6�2.8 
Isoleucine 2.5 4.0 2.0 4.4 4.1 4.7 4.3 4.6 4.3 4.3 4.1 4.0 3.9 4.0 2.0�4.7 
Leucine 3.9 6.1 3.2 7.3 6.9 7.2 7.0 7.9 7.5 7.7 7.1 6.7 7.3 6.7 3.2�7.9 
Lysine 3.5 10 2.5 6.8 6.1 12 11 8.1 8.4 7.7 9.8 11 11 11 2.5�12 
Methionine 1.0 1.9 0.72 1.6 1.4 trace trace trace trace trace trace trace trace trace trace�1.9 
Threonine 3.5 4.5 2.7 5.3 4.9 5.0 4.7 5.6 5.2 5.1 4.7 4.8 4.7 4.3 2.7�5.6 
Tryptophan 1.1 2.2 1.2 n.d. n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 1.1�2.2 
Phenylalanine 2.8 3.9 2.2 5.1 4.7 4.6 4.4 4.7 4.5 4.7 4.3 4.2 4.3 4.1 2.2�5.1 
Valine 7.5 4.6 6.2 5.8 5.8 5.5 4.8 5.9 5.1 5.8 5.3 5.3 5.1 5.2 4.6�7.5 
% essential a.a. of 
tot. a.a. 43 41 39 34 32 41 38 38 37 37 38 38 39 38 32�43 

n.d.: not determined due to degradation in acid hydrolysis; n.a.: not analysed 

* data originally given on a fresh matter basis have been recalculated to g/100g protein.  
** asparagine and glutamine cannot be differentiated from aspartic acid and glutamic acid respectively.  
a Protein content calculated using the conversion factor 4.38; White: 40.8 g/100g d.w., Crimini: 32.5 g/100g d.w.& Portabella: 28.4 g/100g d.w. 
b Protein content evaluated by summing the amino acid residues; White: 27.1 g/100g d.w. & Brown: 26.5 g/100g d.w.  
c Protein content calculated by the authors using the conversion factor 6.25 (thus, the protein contents are not true values but are meant to illustrate differences among strain 
within a species); D26: 30.2 g/100g d.w., 324: 25.6 g/100g d.w., 310:19.4 g/100g d.w., 340: 29.9 g/100g d.w., 318: 38.8 g/100g d.w., 348: 24.8 g/100g d.w.,  
322: 37.1 g/100g d.w., 321: 33.2 g/100g d.w. & 341: 26.0 g/100g d.w..  
 



 ENV/JM/MONO(2007)5 

 19

2) Fat 

Crude fat in Agaricus bisporus includes all classes of lipid compounds but the total levels are 
comparatively low, usually in the range 1.3�5.8% of the dry matter (Table 3).  

The constituents of lipids in the cultivated mushroom A. bisporus have been investigated quite 
extensively (Abdullah et al., 1994). Most studies have been devoted to the fatty acids, which make up 
around for 0.15% of the fresh A. bisporus cap (Cruz et al., 1997). The fatty acid profile reveals a 
surplus of unsaturated over saturated fatty acids, with ratios usually in the region 3:1 � 4:1 (USDA, 
2006; Mau et al., 1991; Cruz et al., 1997; Aktümsek et al., 1998; CSTJ 2005; Maggioni et al., 1968), 
although higher ratios have also been reported (Bonzom et al., 1999). The by far most predominant 
fatty acid in A. bisporus, whatever strain and developmental stage of the mushroom, is the unsaturated 
fatty acid linoleic acid (18:2) (Table 5). The data of Cruz et al. (1997) was obtained from mushrooms 
cultivated on horse manure. For most other data in Table 5, however, the conditions of cultivation are 
unknown. Controlling for the developmental stage of fruit bodies when comparing fatty acid profile is 
important, as opening of the cap has been reported to influence the fatty acid composition depending 
on the strain. On cap opening, linoleic acid decrease both in the cap and the stem portion of the 
mushroom (Hira et al., 1990; Cruz et al., 1997). Thus, the fraction of unsaturated fatty acids decreases 
with advancement of growth stage.  

A. bisporus contains neutral lipids (mainly as glycerides, free fatty acids and sterols) and 
phospholipids. Among the phospholipids, phosphatidylcholine and phosphatidylethanolamine 
predominate (Holtz and Schisler, 1971; Bonzom et al., 1999). Other identified phospholipids are 
phosphatidylserine, phosphatidylinositol, phosphatidic acid, and cardiolipin. In A. bisporus the neutral 
and polar lipid fraction has been reported to occur in a ratio of 1:2 or 1:1 depending on strain (Holtz 
and Schisler, 1971). 

A. bisporus also contains relatively large amounts of sterols. Unlike plant sterols, which usually 
contain sterols with one double bond, mushroom sterols are characterized by two double bonds (Parks 
and Weete, 1991). Sterols are natural components of cell membranes. Mattila et al. (2002a) reported a 
total amount of between 677 and 789 mg sterols/100g dry weight. In descending order of occurrence 
the sterols found in A. bisporus are ergosterol (602-654 mg/100 g dry weight; 83-89% total sterols), 
ergosta-5,7-dienol (47-94 mg/100 g dry weight; 7-12% total sterols), fungisterol (14-26 mg/100 g dry 
weight; 2-3% total sterols), and ergosta-7,22-dienol (15 mg/100 g dry weight; 2% total sterols) 
(Mattila et al. 2002a). Several other investigators have also identified ergosterol as the main sterol in 
A. bisporus (Koyama et al., 1984; Huang et al., 1985; Young, 1995).  

As vitamin D2, also called ergocalciferol, is derived by photoirradiation-induced conversion from 
its precursor ergosterol, it is dependent on the action of sunlight or artificial ultraviolet light (see 
section IIA.6.) (Mattila et al, 2002a). Because of different conditions during A. bisporus cultivation, 
quite variable levels of sterols can be expected in the cultivated mushroom. 
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Table 5. Fatty acid composition (% of total amount) of fatty acids in cultivated Agaricus bisporus.  

                        Reference 
 
 
Fatty acid 

USDA, 
2006a 

Mau et al.,  
1991b 

Cruz et al.,  
1997c 

Koyama et al,  
1984d 

Aktümsek et al.,  
1998e 

CSTJ 2005f Maggioni et al.,  
1968g 

8:0 Caprylic acid     1.4%   
10:0 Capric acid 0.0 � 0.9%    0.8%  trace 
12:0 Lauric acid 0.0 � 1.9%    0.1%  trace � 0.2% 
13:0 Tridecanoic acid     2.1%   
14:0 Myristic acid 0.0 � 1.7% 0.3 - 0.4% traces � 1.4% 0.4% 1.0% 0.6% 0.4 � 0.7% 
14:1 Myristoleic acid    (0.5*) 1.2%   
15:0 Pentadecanoic acid     0.2% 1.2% 0.6 � 1.2% 
16:0 Palmitic acid 12.1 � 19.2% 12.4 - 12.6% 11.4 � 16.9% 9.4% 12.6% 12.5% 13.2 � 18.0% 
16:1 Palmitoleic acid    0.7% 3.1% 0.8% trace � 0.3% 
17:0 Eptadecanoic acid  0.5%   0. 7% 0.8% 0.4 � 0. 9% 
18:0 Stearic acid 3.4 � 4.9% 3.6% 5.1 � 9.0%  3.0% 2.3% 4.5% 2.9 � 3.3% 
18:1 Oleic acid 0.0 � 3.4% 1.8% 3.2 � 7.6% 0.9% 4.9% 2.3% 1.4 � 2.6% 
18:2 Linoleic acid 69.0 � 76.4% 78.1 � 78.6% 64.4 � 78.5% 74.9% 68. 8% 73.4% 70.5 � 78.3% 
18:3 Linolenic acid 0.0 � 0.9%   n.d. 0.7% 0.1% 0.5 � 0.7% 
20:0 Arachidic acid  2.8 - 3.0% 1.5 � 2-1%  0.2% 1.9%  
22:0 Behenic acid      1.3%  
24:0 Lignoceric acid      0.7%  
Not specified fatty acids 0.0-8.6% 0 0 10.2% 0  0.6 � 4.4% 
*preliminary identification 
a. different A. bisporus strains and growth stages (white, Crimini and Portabella) .  

Trace amounts (<0.0005 g/100g) are rounded to 0.0 in the table but may be included in the amount total fatty acids.) 
b different methods of cultivation, i.e. with or without compost fragmentation at casing. 
c different strains(AMYCEL 2100 and LION C9) and different developmental stages (button, medium and flat).  
d from local market.  
e from local market. 
f average value of A. bisporus in Japan. 
g from flush 1 and 4, grown on horse manure with N-supplemented compost [(NH4)SO4 or urea + (NH4)SO4].
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3) Carbohydrates 

Mushrooms are known to contain fairly large amounts of carbohydrates. Including the fibre 
fraction, A. bisporus contains between 43.3 and 61.3 g total carbohydrates per 100g dry weight (Table 
3); the mean carbohydrate content of 10 reported values in the literature being 55.4 g/100 g dry weight 
(median 56.4, minimum 43.3 and maximum 61.3 g/100 g dry weight)2. The carbohydrates include 
polysaccharides (such as glucans, glycogen and chitin), monosaccharides (such as ribose, fucose, 
glucose and mannose), disaccharides (such as trehalose and sucrose), sugar alcohols (such as mannitol 
and inositol) and sugar acids (such as galacturonic and glucoronic acids) (Crisan and Sands, 1978; 
Beelman et al., 2003). The fact that starch has been identified in A. bisporus (Dikeman et al., 2005) 
needs confirmation. 

As carbohydrates are calculated by difference, data based on a conversion factor of 6.25 for 
proteins have been recalculated using the mushroom conversion factor 4.38 (true for result from 
Kurasawa et al., 1982 and CSTJ 2005). The carbohydrate content from Manzi et al. (2001) has been 
recalculated subtracting protein, fat and ash from the dry matter.  

 (i) Dietary fibre 

Most of the carbohydrates are structural polysaccharides of the cell walls and are indigestible for 
humans. Thus, they may be considered as dietary fibre (Beelman et al., 2003). The fibre content as 
reported in Table 3 is measured chemically and varies between 7.8 and 32.8 g/100g dry weight, the 
mean of 17 reported values in the literature being 24.4 g/100 g dry weight (median 25.4, minimum 7.8 
and maximum 40.1 g/100 g dry weight) (Cheung, 1997; Manzi et al., 2001; Mattila et al., 2002b; 
Beelman et al., 2003; USDA 2005; Dikeman 2005; CSTJ 2005)2. As correction for non-protein 
nitrogen in chitin have been made only in some of the original studies, the calculated average should 
be taken only as an approximation.  

Some compounds claimed to have advantageous and functional properties are present in the 
dietary fibre fraction. One of these is chitin, a structural polymer of the fungal cell wall occurring in 
the insoluble fibre fraction. In many strains the chitin fraction will increase as the mushrooms grow 
and mature (Beelman et al., 2003; Dikeman et al., 2005). Chitin is a nitrogen-containing 
polysaccharide that consists of monomers of N-acetyl-glucosamine. Around 30% of the total dietary 
fibre occurs as chitin, and may be detected in the form of glucosamine (Manzi et al., 2001). As chitin 
contains a significant amount of non-protein nitrogen, this nitrogen will contribute to an incorrect 
crude protein content if determined using the traditional conversion factor for proteins (N x 6.25) after 
Kjeldahl analysis. A conversion factor of (N x 4.38) is held more appropriate for mushrooms (Crisan 
and Sands, 1978). Chitin levels in A. bisporus vary between 1.8�8.3 g/100g dry weight (Manzi et al., 
2001, Dikeman et al., 2005). β-Glucans, a polymer of glucose, are only found at low levels in the 
cultivated mushroom (Manzi et al., 2001, Dikeman et al., 2005). 

 (ii) Sugars and sugar alcohols 

Among sugars and sugar alcohols in A. bisporus, mannitol dominates (Beecher et al., 2001, 
Tseng and Mau, 1999). In A. bisporus it is the main form of storage carbon and may contribute with 
up to 50% of the fruit body dry weight (Rast, 1965). The mannitol level in the fruit bodies increase 
during growth and is highest in full grown mushrooms with flat caps (Rast, 1965, Wannet et al., 
2000). In full grown mushrooms highest amounts occur in the stipe (42.3% of the dry weight) and the 
cap (33.6% of the dry weight), while lower levels are found in the lamella (8.6% of the dry weight) 
(Rast, 1965). As the level depends on the growth stage and what part of the mushroom that have been 
analysed, it is not surprising that different levels (Table 6) have been reported (Rast, 1965; Hammond 
and Nichols, 1976; Ajlouni et al., 1993). In plants it has been suggested that mannitol accumulates in 

                                                      
2. No standard deviation has been calculated due to missing data in the original reports. 
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response to environmental stress, such as to salt (Stoop and Pharr, 1994, Stoop et al., 1996). A similar 
function may exist in A. bisporus. In non-stressed fruit bodies, the concentration of mannitol increase 
rapidly early during development, after which it remains relatively constant during fruit body 
maturation, whereas mushrooms grown under salt stress accumulate larger amounts of mannitol than 
non-stressed mushrooms (Stoop and Mooibroek, 1998). This observation confirms the notion that 
mannitol may act as an osmolyte in growing fruit bodies (Jennings, 1984).  

Table 6. Mannitol content (% dry weight) in the stipe, cap, and gills of cultivated Agaricus bisporus.  

 stipe cap/pileus gills whole 
mushroom 

Ajlouni et al., 1993 19 � 28 30 10 26 
Hammond and Nichols, 1976 33 � 52 34 � 49 12 � 18  
Rast, 1965 24 � 42 21 � 34 9 �11  

A. bisporus also contain appreciable amounts of the disaccharide trehalose, usually at fairly 
constant levels around 1�3% of the dry weight (Hammond and Nichols, 1976, 1979, Ajlouni et al., 
1993). However, slightly lower levels have also been reported (Rast, 1965). Occasionally, trehalose 
levels as high as 18% of the dry weight has been detected in fruit bodies developing between flushes 
(Hammond and Nichols, 1979).  

Very low levels of the organic acids such as fumaric acid, succinic acid, and citric acid, and 
somewhat higher levels of malic acid occur in fresh and stored A. bisporus (Le Roux and Danglot, 
1972). 

4) Nucleic acids 

Only a few studies have measured the nucleic acid content of A. bisporus. Nucleic acids occur as 
RNA and DNA, as well as their precursors. On a dry weight basis mushrooms have been reported to 
contain 0.17% DNA and 2.49% RNA (Li and Chang, 1982), and 0.11% 5´-nucleotides (Tseng and 
Mau, 1999). Some of the latter compounds are important for the flavour.  

5) Mineral and trace elements 

Mushrooms probably contain every mineral present in their growth substrate (Crisan and Sands 
1978). Therefore, differences in mineral and trace element concentrations in cultivated A. bisporus 
may to a large extent depend on the method of cultivation and the type of compost being used (Vetter, 
1989; Ünal et al., 1996; Tüzen et al., 1998; Spaulding and Beelman, 2003). However, the level of 
minerals and trace elements in mushrooms may also be dependent on strain (Spaulding and Beelman, 
2003).  

When comparing mineral and trace element levels, it is important to compare the same part of the 
mushroom. According to Vetter (1994) sodium is the only mineral element occurring at higher levels 
in the stipe than in the cap. Other minerals and trace elements are generally found in the stipe at lower 
or equal levels to those in the cap (Vetter, 1989; Zródlowski 1995; van Elteren et al., 1998). However, 
Muñoz and colleagues found higher levels of Bi, Cr, Cu, Fe and Pb in stalks than in caps (Muñoz et 
al., 2005). 

The uptake of mercury and selenium is much lower in cultivated A. bisporus than in wild 
relatives. Several hypothesis have been suggested to explain this observation but none of these have 
hitherto been supported by solid scientific data.  

Heavy metal contents in mushrooms grown on non-contaminated composts are usually low. It 
should be noted, that in some studies it has been observed that washing and peeling of mushrooms 



 ENV/JM/MONO(2007)5 

 23

may reduce the heavy metal content in the consumable parts (Źródlowski 1995). To what extent this 
reduction is dependent on the air and soil quality is unknown.  

The most common minerals in mushrooms are in general potassium, phosphorous, sodium, 
calcium and magnesium (Crisan and Sands, 1978, Chang and Miles, 2004). Observed levels are 
reported on a dry weight basis in Table 7. Additional data on contents of B, Ba, Co. Cr, Ga, Li, Mo, 
Sr, Ti and V are available elsewhere (Vetter, 1989). 
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Table 7. Mineral contents (on a dry weight basis) in cultivated Agaricus bisporus.  
 
 
    

* Original data recalculated to dry weight basis using the dry matter content stated in the article.  
a different A. bisporus strains and growth stages (white, Crimini and Portabella). 
bfrom local stores. 
c different A. bisporus strains(white and brown).  
d different A. bisporus strains (white and brown).  
e different composts, i.e. horse manure or broiler chicken manure or a mix of 70% horse manure + 30% wheat straw. 
f different developmental stage, i.e. pinhead, button, cup and open, lacking information on A. bisporus origin. 
gaverage value of A. bisporus in Japan. 
h Vetter 2003; Falandysz et al., 1994; and Piepponen et al., 1983.  

 

                Reference 
 
 
Mineral element 

USDA  
2005a* 

SLV 
2004b* 

Mattila et al.,
2001c 

Haldimann et 
al., 1995d 

Ünal et 
al., 
1996e* 

Dar 1996f CSTJ 2005g* Various 
referencesh 

Range 

Na  (g/kg dw) 0.66�
0.78 

0.64 0.42�0.44  0.35�1.0  0.98 0.85�0.96 0.35�1.0 

K  (g/kg dw) 42�58 50 46�47  18�23 21�27 57  18�58 
Mg (g/kg dw) 1.2�1.3 1.5 1.3�1.4   1.0�1.4 1.6  1.0�1.6 
Ca (g/kg dw) 0.40�

2.3 
0.32 0.13�0.25  0.32�0.49  0.49  0.13�2.3 

P (g/kg dw) 11�16 14 13  8.0�17 12�14 16  8.0�17 
Fe (mg/kg dw) 52�68 42 28�48  90�138 80�146 49  28�146 
Zn (mg/kg dw) 68�143 64 47�66  467�642 54�77 66  47�642 
Se (mg/kg dw)  1.2�3.4 0.38 1.4�3.2 1.3�5.7    0.45�1.2 0.38�5.7 
Cu (mg/kg dw) 42�65  29�35  85�110 77�90 52  29�110 
Mn (mg/kg dw) 6.2�18  5.1�5.5   24�26 6.6  5.1�26 
Pb (µg/kg dw)    35�180 50�490     35�490 
Cd (µg/kg dw)   36�96 40�280     36�280 
As (mg/kg dw)    0.19�1.5     0.19�1.5 
Hg (µg/kg dw)    <80�130     <80�130 
Cr (µg/kg fw)     trace    trace 
Ag (mg/kg dw)        0.15�0.62 0.15�0.62 
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6) Vitamins 

As shown in Table 8, cultivated A. bisporus seems to be a good source of the B-complex vitamins, 
and of niacin and folate (Beelman et al., 2003; Mattila et al. 2001). For these vitamins, one portion of 
mushrooms may contribute with close to or more than 10% of the recommended daily intake according to 
the Nordic Nutrition Recommendations (NNR 2004).  

On the other hand, A. bisporus contains very low levels of vitamin A, vitamin D, vitamin E, and 
thiamine (Anderson and Fellers, 1942). The low level of thiamine has been suggested to result from anti-
nutritive thiaminases in the mushroom degrading thiamine (Wittliff and Airth, 1970a, 1970b; Wakita, 
1976). The low level of D vitamins in A. bisporus cultivated indoors contrasts with the comparatively high 
levels in wild mushrooms. Levels of vitamin D2 are low in spite of relatively high concentrations of the 
precursor ergosterol. Mattila et al. (1994) found 0.21 µg vitamin D2 (ergocalciferol)/100 g fresh weight, 
which is one to two orders of magnitude lower than in mushrooms such as Cantharellus tubaeformis. 
These findings are also supported by Teichmann (2005) who found the levels of vitamin D2 in A. 
bisporus/white, A. bisporus/brown and A. bisporus/Portabella to range between 5.5-6.9, 3.1-3.8 and 4.4-
10.1 µg vitamin D2 /100 g dry weight, respectively. Whereas the levels of vitamin D2 in Chantarellus 
tubaeformis, Chantarellus cibarius and Boletus edulis ranged between 209.7-225.7, 138.5-164.0 and 65.2-
81.8 µg vitamin D2 /100 g dry weight, respectively (Teichmann, 2005). The reason for the low vitamin D2 
levels in cultivated mushrooms seems to be that conversion of ergosterol to ergocalciferol (vitamin D2) 
requires sunlight (or artificial ultraviolet light). Studies have shown that the concentration of vitamin D2 in 
A. bisporus might be increased by as much as 467% by post-harvest UV-irradiation (Mau et al., 1998). No 
vitamin D3 (cholecalciferol) has been detected in A. bisporus. 
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Table 8. Vitamin content (expressed per kg dry weight) in cultivated Agaricus bisporus.  

* Original data recalculated to dry weight basis using the dry matter content stated in the article,  
**as dehydroascorbic acid, *** folic acid. 
a different A. bisporus strains and growth stages (white, Crimini and Portabella). No data on vitamin C in Crimini and 

Portabella.  
b button mushroom. 
c average value of A. bisporus in Japan.  
d different A. bisporus strains (white and brown).  
e different composts, i.e. horse manure or broiler chicken manure or a mix of 70% horse manure + 30% wheat straw. 
f  from commercial packing plant. 
g  from The Agricultural College, Pune, or from local market. 

B.  Agaricus bisporus as feed 

In order to explore whether by-products from cultivation and production of A. bisporus can be used as 
animal feed, the lower part of stipes were dried by various methods (freeze-dried, 80oC, or 120oC) and 
ground to powder. The potential usefulness of these products as feed was assessed by comparing their 
chemical composition with that of freeze-dried samples of commonly consumed mushroom parts (caps and 
upper parts of the stipe) (Maeda et al., 1993). Drying mushrooms at 120oC seemed to be the most effective 
treatment to shorten drying time and increase palatability of mushrooms for dairy cattle. Addition of the 
stipe powder to silage resulted in retained fermentation quality up to an inclusion rate of 5% mushroom 
material. The pepsin-pancreatin digestibility of the lower part of stipes was around 50% as compared to 
80% for caps and the upper part of stipes., The percentage of soluble nitrogen was around 30% of total 
nitrogen for stipes as compared to 55% for caps. The crude fat and crude protein content of stipes were half 
of that in the consumed parts of mushrooms (Table 9). Of the minerals investigated, the phosphor content 
was lower in the by-product than in the consumed part, and the calcium content fifteen times higher in the 
stipe than in the cap. 

                    Reference 
 
Vitamin 

USDA, 
2006 a* 

CFC, 
2002b* 

CSTJ,
2005c*

Mattila et 
al., 2001d 

Ünal et 
al., 

1996e*  

Sapers et 
al., 1999f* 

Udipi and 
Punekar, 

1980g* 

Range 

Retinol (Vit A ) (µg)   0     0  
Thiamin (Vit B1) (mg) 8.8�12 11 9.8 6 8.1�12  11 6�12 
Riboflavin (Vit B2) 
(mg) 

53�64 46 48 42�51 49�61 53 26 26�64 

Niacin (mg) 476�511 526 492 430�530 580�911 347 507 347�911 
Vitamin B6 (mg) 11�14  18     11�18 
Pantothenic acid (mg) 170�198  252  223�304   170�304 
Folate (mg) 1.8�2.5  4.6 4.5�5.9 6.4�

10*** 
  1.8�10 

Vitamin B12 (µg) 5.3�13  0 6.0�8.0    0�13 
Vitamin C (mg)  
(ascorbic acid) 

277 263 164 170�
210** 

635�952  171 164�952 

Vitamin D (µg)   98     98 
α-Tocopherol (Vit E) 
(mg) 

1.3�2.3 36 0     0�36 

Vitamin K (µg) 0.0  0     0 
Carotenoids (mg)  1.3 0     0�1.3 
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Table 9. Chemical composition of the commonly consumed part of A. bisporus (the cap) as opposed to the 
by-product (the lower part of the stipe).  

Composition (% of dry matter) Harvested part (cap) By-product (stipe) 
Crude protein 45.3 24.6-25.7* 
Crude fat 2.7 1.0-1.1* 
Neutral detergent fiber 41.0 44.5-45.2* 
Acid detergent fiber 12.8 20.4-21.3* 
Hemicellulose 28.2 23.9-24.2* 
Cellulose 11.8 14.1-14.3* 
Lignin 0.9 2.4-3.3* 
Silica 0.1 3.7-3.9* 
Neutral detergent insoluble nitrogen 38.5 64.8-68.2* 
Acid detergent insoluble nitrogen 12.7 22.5-30.8* 
Crude ash 11.9 18.3-18.5* 
K 4.61 3.31-3.33* 
Ca 0.02 0.32-0.33* 
Mg 0.16 0.18-0.19 
P 1.40 0.72-0.76* 
Na 0.12 0.14 
*dried at 80 or 120oC, or freeze-dried. 
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SECTION III � ANTI-NUTRIENTS IN AGARICUS BISPORUS 

A. Lectins 

Lectins are carbohydrate-binding proteins that are neither enzymes nor antibodies, but which may 
contain a second type of binding site specific for a non-carbohydrate ligand (Barondes, 1988). Therefore, 
many lectins have agglutinating activity. Four different isoelectric forms of A. bisporus lectins (ABL) have 
been described (Sueyoshi et al., 1985), possibly differing in glycosylation. They are all tetrameric, 
composed of four identical subunits (16 kDa), and have a total molecular weight in the region around 60 
kDa, and have similar specificities for cell-surface carbohydrate receptors. They contain around 4% 
carbohydrate in the form of glucose, mannose, galactose and glucosamine (Presant and Kornfeld, 1972; 
Sueyoshi et al., 1985). Crenshaw et al. (1995) isolated and characterized a cDNA clone encoding a lectin 
gene from A. bisporus. Southern blot analysis indicated that at least two lectine genes were present. 
Deduction of the complete amino acid sequence of ABL has lead to the identification of three potential O-
glycosylation sites at Ser5, Thr12 and Ser85. The ABL amino acid sequence has been shown to resemble the 
sequences of saline-soluble fungal lectins in a family of proteins with pesticidal properties (Trigueros et 
al., 2003). Interestingly, ABL was recently observed to bind to the isolated glucogalactomannan from the 
cell walls of Verticillium fungicola, an A. bisporus pathogen causing the �dry bubble� disease (Bernardo et 
al., 2004). 

ABL is not present in the vegetative mycelium of the mushroom. It appears during maturation of the 
fruit body, indicating that the synthesis of this lectin is developmentally regulated (Bernardo et al., 2004). 
The ABL mainly binds Galβ1-3GalNAc (Thomsen-Friedenreich antigen, TDF) and holds a particular 
binding nature different from that of other T-disaccharide specific lectins (Irazoqui et al., 1999). One of the 
isoforms of the ABL lectin has recently been crystallized and its three-dimensional structure determined by 
X-ray diffraction (Carrizo et al., 2004, 2005). Binding studies with mono- and disaccharides showed that 
the lectin has two distinct binding sites per monomer, apparently active independent from the binding sites 
on the other tetrameres. The specificity of the binding is remarkable as it is able to distinguish two 
monosaccharides that differ only in the configuration of a single epimeric hydroxyl (Carrizo et al., 2005). 
As TDF is over-expressed in epithelial cancer cells, the ABL binding has been studied in detail with the 
intention to develop anti-TDF antibodies with fine carbohydrate-binding for treatment of tumours (Irazoqui 
et al., 2000). The observation that ABL, in contrast to most lectins, which stimulate cell proliferation, is a 
reversible non-cytotoxic inhibitor of epithelial cell proliferation, has made the A. bisporus lectin interesting 
as a potential agent for cancer therapy (Yu et al., 1993).  
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SECTION IV � TOXICANTS IN AGARICUS BISPORUS 

A.  Allergens 

Allergenicity due to consumption of A. bisporus is relatively rare. Such cases have been reported in 
Germany and India (Pelzer and Freygang, 1997; Pelzer, 1999; Hegde et al., 2002). The latter case was a 
woman that experienced anaphylaxis (facial oedema and generalised urticaria) minutes after consumption 
of Agaricus bisporus curry (Hegde et al., 2002). The allergen was identified as the low molecular weigh 
compound mannitol. 

Other forms of mushroom allergy are related to the cultivation and could be induced by either the 
compost/culture, and be independent of the mushroom species cultivated, or induced by mushroom tissues, 
very often spores. Extrinsic allergic alveolitis or hypersensitivity pneumonitis is a disease of the first type 
occurring in people working with A. bisporus and other cultivated mushrooms. Most likely mushroom lung 
develops in workers that have worked in sheds in which spawning takes place and where the compost, 
spawn, and organisms living in the media are mechanically mixed. The Agaricus related occupational 
allergy is rare and mainly manifested as asthma and dermatitis. Basidiocarp and spores have been 
identified as allergen sources that could elicit occupational asthma (Venturini et al., 2005). The disease 
may be identified with provocation tests (Kamm et al., 1991). Hand eczema, induced by delayed-type 
hypersensitivity, and airborne occupational allergic reactions leading to contact dermatitis have been 
reported in A. bisporus workers harvesting mushrooms (Korstanje and van de Staak, 1990; Kanerva et al., 
1998). The agent responsible for the contact dermatitis has not been identified. 

B. Biogenic amines 

Biogenic amines (histamine, tyramine, putrescine, cadaverine, etc.) is a group of toxins generally 
produced by carboxylase-positive micro-organisms from free amino acids in foods when the food in 
question is stored under unsuitable conditions. Kalac and Krizek (1997) found none of the biogenic amines 
in fresh or freshly stewed A. bisporus. However, after storage of the mushrooms for 48 h at 20oC, 368 mg 
putrescine and 37 mg cadaverine per kg dry matter (moisture content of fresh mushrooms approximately 
90%) was found in intact fruiting bodies. Neither histamine nor tyramine was found. Putrescine levels were 
lower in sliced mushroom and stewed sliced mushroom, whereas cadaverine was not found at all. Storage 
of the mushrooms at 6oC produced no biogenic amines.  

C. Phenylhydrazines 

Agaritine (β-N-[γ-L-(+)-glutamyl]-4-hydroxymethylphenyl-hydrazine) was isolated and characterized 
from the press-juice of A. bisporus during the early 1960s (Levenberg, 1961). Mushrooms that contain 
agaritine also contains a highly active enzyme that catalyses the cleavage of agaritine to 4-
(hydroxymethyl)phenylhydrazine and/or the 4-(hydroxymethyl)benzenediazonium ion (Levenberg, 1961). 
Thus, agaritine is not the single phenylhydrazine in the mushroom. Both the presumed precursors for 
biosynthesis of agaritine, 4-(carboxy)phenylhydrazine and β-N-[γ-L-(+)-glutamyl]-4-
carboxyphenylhydrazine, and the enzymatic degradation product of agaritine, 4-(hydroxymethyl)-
benzenediazonium ions have been identified in A. bisporus (Ross et al., 1982a; Chauhan et al., 1984, 
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1985). 4-(Hydroxymethyl)phenylhydrazine, which is assumed to be formed on agaritine degradation, has 
never been found in the mushroom as it is very unstable. Like most synthetic hydrazine derivatives, both 
agaritine precursors mentioned above and the 4-(hydroxymethyl)benzenediazonium ion has been shown to 
induce tumours in experimental animals (Toth, 2000). Although agaritine has never been shown to induce 
tumours in experimental animals, the compound could be regarded as an indicator of the likely presence of 
potentially toxic phenylhydrazines. 

 (i) Agaritine 

Several factors, including strain-type of A. bisporus, the quality of ingredients in the mushroom bed 
and the cultural practice employed in production, the flush of the cropping cycle, and the maturity at 
harvest may all interact to influence agaritine content of A. bisporus fruit bodies. Also, handling of the fruit 
bodies after harvest (storage time and conditions during storage) have a bearing on the agaritine content. 
Table 10, therefore, shows the amount of agaritine in fresh samples of A. bisporus obtained either directly 
from mushroom growers or purchased at the local market.  

As shown in Table 10, the range in agaritine content reported in fresh A. bisporus is between 80 and 1 
730 mg/kg fresh weight, but usually in the region 200 to 500 mg/kg (Andersson and Gry, 2004). The 
difference in agaritine content reported may to some extent be explained by different parts of the fruit body 
being studied by different investigators. Agaritine occur throughout the fruit body at fairly similar levels, 
but the stipe base and hymenium contain significantly deviating agaritine levels, lower levels in the stipe 
base and higher levels in the hymenium (Soulier et al., 1993). 

Rather small or no differences in mean agaritine content between strain types is apparent in the data of 
Table 10. However, in the study of Speroni et al. (1983), one strain (PSU-351 with brown colour 
phenotype) had significantly higher agaritine levels than the remaining seven strains, 5 100 mg agaritine 
per kg mushroom (on a dry weight basis) as compared to 1 700-2 800 mg/kg for other strains. It was 
hypothesised that PSU-351, which was only recently isolated from nature, contains higher agaritine levels 
because it had not yet lost its inherited ability to inhibit growth of certain fungi by producing agaritine. It is 
possible agaritine functions in vivo as an antimycotic agent. Also no relationship could be found between 
mushroom colour and agaritine level. 

Table 10. Agaritine content of �fresh� cultivated Agaricus bisporus.   

Content 
(mg/kg fresh weight)** 

Mushroom sample 
(g = grower; m = market) 

Average 
Range 

Reference 

2 fresh samples (m)* 440; 720 170-1 170  Ross et al., 1982b 

14 fresh samples of different strains (g) 880 330-1 730 Liu et al., 1982 
2 fresh samples of different strains (g) 304±6.0; 

438±2.5 
- 
- 

Fischer et al., 1984 

11 fresh samples (m) 368±45 94-629 Fischer et al., 1984 
1 fresh sample* 228 - Hashida et al., 1990 
2 fresh samples of different strains (g)* ~ 180 80-250 Sharman et al., 1990 
5 fresh samples of different strains (m)*  160-650  Stijve et al., 1986 
1 fresh sample within a Nordic project (g)* 340 - Andersson et al., 1994 
2 fresh sample (m)* 212; 229 - Andersson et al., 1999 
*size and form of mushroom not given; **the dry matter is approximately 10% of the fresh weight. 



 ENV/JM/MONO(2007)5 

 31

As there is an ongoing discussion on whether or not the agaritine levels are higher in young 
mushrooms than in old (smaller vs. larger) (Andersson and Gry, 2004), it is important to register age and 
size of analysed mushrooms. It should be noted that very few of the studies in Table 10 have controlled for 
the growth stage of the mushroom.  

 (ii) Other phenylhydrazines 

Compared to agaritine, the levels of other phenylhydrazines are low in A. bisporus. 4-
(Carboxy)phenylhydrazine occurr at around 11 mg/kg fresh weight (Chauhan et al., 1984), β-N-[γ-L-(+)-
glutamyl]-4-carboxyphenylhydrazine at 16-42 mg/kg fresh weight (Chauhan et al., 1985; Toth et al., 
1997), and the 4-(hydroxymethyl)benzenediazonium ion at 0.6-4 mg/kg fresh weight (Ross et al., 1982a; 
Toth et al., 1997). 
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SECTION V � FOOD USE 

A.  Identification of Agaricus bisporus food products 

More than 2 million tons of Agaricus bisporus are produced annually worldwide, all destined for 
human consumption. The mushrooms are either sold fresh or processed by industry to easily stored 
products (dried and canned mushrooms) or products useful for the food industry (freeze-dried mushrooms). 
Although mushrooms contain protein, vitamins and minerals, their main role in the human diet is to 
contribute flavours and enhance the total quality of the dish. 

B.  Identification of key nutrients, anti-nutrients and toxicants and suggested analysis for food use 

The key constituents suggested to be analysed with appropriate methodology in new varieties of A. 
bisporus intended for human consumption are shown in Table 11. As all food products of A. bisporus used 
by consumers and food industry are derived from the fresh fruit bodies of the mushrooms, it is considered 
sufficient, in most circumstances, to analyse key constituents only in the fresh mushrooms. It will not be 
necessary to perform separate analyses of key constituents in commodities such as dried, freeze-dried or 
canned fruit bodies of A. bisporus.  

Table 11. Suggested constituents to be analysed in fresh fruit bodies of cultivated Agaricus bisporus.  

Constituent Fruit bodies 
Proximates X 
Amino acids X 
Fatty acids X 
Mannitol X 
Trehalose X 
Vitamin B6, riboflavin (B2), niacin, pantothenic acid and folate X 
Agaritine X 

Although it would be nice to have information also on the lectin content of A. bisporus, this 
mushroom constituent could not be suggested in the absence of quantitative data on lectin levels. 
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SECTION VI � FEED USE 

It is highly unlikely that A. bisporus, or any other mushroom, will ever be grown to produce animal 
feed. In the rare cases when by-products of A. bisporus cultivation and mushroom processing (mainly 
stipes) may be used as animal feed, which most probably will be locally in the neighbourhood of the 
mushroom farms, the verification that the animal feed will have the expected composition would be 
established by the comparative assessment of composition of fruit bodies required for genetically modified 
A. bisporus. Thus, no additional studies on the chemical composition of by-products of A. bisporus 
cultivation and processing are suggested. 
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FOREWORD 

The OECD�s Task Force for the Safety of Novel Foods and Feeds decided at its first session, in 1999, 
to focus its work on the development of science-based consensus documents, which are mutually 
acceptable among member countries. These consensus documents contain information for use during the 
regulatory assessment of a particular food/feed product. In the area of food and feed safety, consensus 
documents are being published on the nutrients, anti-nutrients or toxicants, information of its use as a 
food/feed and other relevant information. 

This consensus document addresses compositional considerations for new varieties of sunflower by 
identifying the key food and feed nutrients and anti-nutrients. A general description of these components is 
provided. As well, there is background material on the production, processing and uses of sunflowers and 
considerations to be taken when assessing new sunflower varieties.  

A steering group comprising Canada, France (chair), Germany, Sweden and the United States served 
as the lead countries for this document. 

The Joint Meeting of the Chemicals Committee and the Working Party on Chemicals, Pesticides and 
Biotechnology has recommended that this document be made available to the public. It is published on the 
authority of the Secretary-General of the OECD. 
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PREAMBLE 

Food and feed products of modern biotechnology are being commercialised and marketed in OECD 
member countries. The need has been identified for detailed technical work aimed at establishing 
appropriate approaches to the safety assessment of these products. 

At a Workshop held in Aussois, France (OECD, 1997), it was recognised that a consistent approach to 
the establishment of substantial equivalence might be improved through consensus on the appropriate 
components (e.g., key nutrients, key toxicants and anti-nutritional compounds) on a crop-by-crop basis, 
which should be considered in the comparison. It is recognised that the components may differ from crop 
to crop. The Task Force therefore decided to develop consensus documents on phenotypic characteristics 
and compositional data. These data are used to identify similarities and differences following a 
comparative approach as part of a food and feed safety assessment. They should be useful to the 
development of guidelines, both national and international and to encourage information sharing among 
OECD member countries. 

These documents are a compilation of current information that is important in food and feed safety 
assessment. They provide a technical tool for regulatory officials as a general guide and reference source, 
and also for industry and other interested parties and will complement those of the Working Group on 
Harmonisation of Regulatory Oversight in Biotechnology. They are mutually acceptable to, but not legally 
binding on, member countries. They are not intended to be a comprehensive description of all issues 
considered to be necessary for a safety assessment, but a base set for an individual product that supports 
the comparative approach. In assessing an individual product, additional components may be required 
depending on the specific case in question. 

In order to ensure that scientific and technical developments are taken into account, member countries 
have agreed that these consensus documents will be reviewed periodically and updated as necessary. Users 
of these documents are invited to provide the OECD with new scientific and technical information, and to 
make proposals for additional areas to be considered.  

A short, pre-addressed questionnaire is included at the end of this document. The information 
requested should be sent to the OECD at one of the addresses shown. 
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THE ROLE OF COMPARATIVE APPROACH AS PART OF A SAFETY ASSESSMENT 

In 1990, a joint consultation of the Food and Agriculture Organisation of the United Nations (FAO) 
and the World Health Organisation (WHO) established that the comparison of a final product with one 
having an acceptable standard of safety provides an important element of safety assessment (WHO, 1991). 

In 1993 the Organisation for Economic Co-operation and Development (OECD) further elaborated 
this concept and advocated the approach to safety assessment based on substantial equivalence as being the 
most practical approach to addressing the safety of foods and food components derived through modern 
biotechnology (as well as other methods of modifying a host genome including tissue culture methods and 
chemical or radiation induced mutation). In 2000 the Task Force concluded in its report to the G8 that the 
concept of substantial equivalence will need to be kept under review (OECD, 2000). 

The Joint FAO/WHO Expert Consultation on Foods Derived from Biotechnology in 2000 concluded 
that the safety assessment of genetically modified foods requires an integrated and stepwise, case-by-case 
approach, which can be aided by a structured series of questions. A comparative approach focusing on the 
determination of similarities and differences between the genetically modified food and its conventional 
counterpart aids in the identification of potential safety and nutritional issues and is considered the most 
appropriate strategy for the safety and nutritional assessment of genetically modified foods. The concept of 
substantial equivalence was developed as a practical approach to the safety assessment of genetically 
modified foods. It should be seen as a key step in the safety assessment process although it is not a safety 
assessment in itself; it does not characterise hazard, rather it is used to structure the safety assessment of a 
genetically modified food relative to a conventional counterpart. The Consultation concluded that the 
application of the concept of substantial equivalence contributes to a robust safety assessment framework.  

A previous Joint FAO/WHO Expert Consultation on Biotechnology and Food Safety (1996) 
elaborated on compositional comparison as an important element in the determination of substantial 
equivalence. A comparison of critical components can be carried out at the level of the food source (i.e., 
species) or the specific food product. Critical components are determined by identifying key nutrients, key 
toxicants and anti-nutrients for the food source in question. The comparison of key nutrients should be 
between the modified variety and non-modified comparators with an appropriate history of safe use. The 
data for the non-modified comparator can be the natural ranges published in the literature for commercial 
varieties or those measured levels in parental or other edible varieties of the species (FAO, 1996). The 
comparator used to detect unintended effects should ideally be the near isogenic parental line grown under 
identical conditions. While the comparative approach is useful as part of the safety assessment of foods 
derived from plants developed using recombinant DNA technology, the approach could, in general, be 
applied to foods derived from new plant varieties that have been bred by other techniques. 
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SECTION I − SUNFLOWER ORIGINS, PRODUCTION AND PROCESSING OF THE SEEDS, 
APPROPRIATE COMPARATORS AND TRADITIONAL CHARACTERISTICS  

A. History of the sunflower crop  

The sunflower (Helianthus annuus L., 2n = 34) is a member of the Compositae (Asteracea) family 
and the genus Helianthus. It originates from North America, where it was traditionally cultivated by the 
Native Americans. The sunflower was introduced into Spain in the middle of the 16th century, where it was 
cultivated essentially as an ornamental plant. Its oil-bearing qualities were only discovered in the 18th 
century. Since that time the sunflower for oil production has been considerably genetically improved. 
Some of the first improvements, through trait selection and hybridisation, took place in Russia, then in 
USA and aimed at increasing the oil content of the seeds. The breeding resulted in the development of 
strains with high oleic acid content (Soldatov, 1976). Nowadays, depending on the variety, sunflower 
contains between 14 and 90 % oleic acid (Codex, 2005). Recently strains with a low content saturated fatty 
acids have been developed (Delplanque, 2000; Vick et al., 2003). 

The introduction of hybrids led to higher yields (Merrien, 1992; Bonjean, 1993). The creation of the 
first mildew-resistant hybrids also meant that sunflowers could be cropped in areas prone to infection with 
this disease. 

B. World production of sunflower 

The world production of sunflower has reached 23,960 thousand tones in 2002/2003, with an average 
yield of nearly 1.2 t/ha. The European Union is the world�s largest producer, followed by Russian 
Federation, Ukraine, Argentina, China and the USA (Table 1).  

Table 1. Main sunflower producing countries in 2002/2003 

Rank Country Production 
area (1,000 ha) 

Production 
(1,000 t) 

1 European Union (25 countries) 2,147 3,718 
2 Russian Fed. 3,782 3,684 
3 Ukraine 2,810 3,510 
4 Argentina 2,272 3,340 
5 China 1,131 1,946 
6 USA 0,877 1,112 
 World 19,889 23,960 
Source : Oil World, 2005 

C. Oilseed and non-oilseed sunflowers 

There are two types of sunflowers, oilseed and non-oilseed (or confectionery), which are nevertheless 
of the same species. Oilseed sunflower seeds, constituting the major part of the world production, are 
characterised by their solid black hulls that are firmly attached to the seed, are used in the crushing industry 
for oil and for use in wild and domestic bird feeding. Meal resulting from their crushing is mainly used for 
livestock feeding. The industry has bred high oleic acid oilseed sunflower that has a fatty acid profile 
similar to Canola oil. The market share for this variety is relatively small, but increasing. It is estimated 
that 95 % of the world production is the traditional oilseed type, and only 5% is the confectionery type 
(Skrypetz, 2005). 
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Seeds of non-oilseed sunflowers are characterised by larger, thick, striped, loosely attached hulls that 
lend themselves to a relative complete dehulling process. These seeds are used for the human food market, 
as roasted snack foods with shell or as dehulled seeds for the baking industry. Material from non-oilseed 
sunflowers may be used as both livestock and bird feed (Schild et al., 1991). 

D. Processing of oilseed sunflower seeds 

European crushing of sunflower has stabilised at approximately 4,800 thousand tones in 2000, after a 
large increase between 1991 and 1997, due to the high worldwide demand for oils (and particularly 
sunflower oil) during this period. 

The process traditionally used worldwide in crushing plants is described in Figure 1. 
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Figure 1. Classical flowchart for processing oilseed sunflower seeds in the crushing industry 

 

 
 

Source : Modified from Laisney, 1984 & 1992 

Sunflower oil for food consumption is traditionally obtained through two main steps: the crushing of 
the seeds (mechanical compression followed by solvent extraction) and the refining of the crude oil. The 
co-product of oil extraction is the meal, which is used in animal feeding as a protein source. In the 1980�s, 
the fibre fraction of the sunflower meal was reduced by dehulling the seeds. Dehulling increases the 
protein and energy contents of meal and decreases the amount of wax in the crude oil (Evrard et al., 1986). 
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It also has technological benefits: increasing the output, while decreasing wear and tear on the equipment, 
although the benefits from dehulled seeds do generally not compensate for the processing costs. 

There is no good estimate of the amount of the world�s oilseed sunflower seeds that are dehulled or 
partially dehulled (part-dehulled) prior to crushing. In the U.S., the main crushing plants are partially 
dehulling sunflower seeds prior to crushing to obtain a meal with greater than 30% crude protein and 21% 
or less crude fiber (Sunflower Technology and Production Agronomy, 1997). In Europe, the dehulling or part-
dehulling1 process is operating in only a few small plants.  

E. Appropriate comparators for testing new varieties 

This paper suggests parameters that sunflower developers should measure. Measurement data from 
the new variety should ideally be compared to those obtained from the near isogenic non-modified 
counterpart. A developer can also compare values obtained from new varieties with data available in the 
literature, or chemical analytical data generated from other commercial sunflower varieties. Components to 
be analysed include key nutrients, anti-nutrients, and toxicants. Key nutrients are those components in a 
particular product, which may have a substantial impact in the overall diet. These may be major 
constituents (fats, proteins, and structural and non-structural carbohydrates) or minor compounds (vitamins 
and minerals). They may be complemented with selected secondary plant metabolites for which 
characteristic levels in the species are known. Similarly, the levels of known anti-nutrients and allergens 
should be considered. Key toxicants are those toxicologically significant compounds known to be 
inherently present in the species, i.e., compounds whose toxic potency and levels may impact human and 
animal health. The key components analysed are used as indicators of whether unintended effects of the 
genetic modification influencing plant metabolism has occurred or not. 

F. Traditional characteristics screened by sunflower developers 

Phenotypic characteristics provide important information related to the suitability of new varieties for 
commercial distribution. Selecting new varieties is initially based on parent data. Plant breeders developing 
new varieties of sunflower evaluate many parameters at different stages in the developmental process. In 
the early stages of growth, breeders evaluate stand count and seedling vigour. As the plant matures, 
pesticide resistance and disease data is evaluated. The harvested sunflower is measured for yield and seed 
size. In some cases, plants are modified for specific increases in certain components, and the plant breeder 
would be expected to analyse for such components (Anonymous, 2004). A complete review of the biology 
of sunflower is published in the OECD �Consensus Document on the Biology of Helianthus annuus L. 
(Sunflower) (OECD, 2005). 

                                                      
1. Also referred to as sunflower seed, partially decorticated, extracted, by M4 Council (European) Directive 

96/25/EC of 29 April, 1996; 
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SECTION II. NUTRIENTS IN WHOLE SUNFLOWER AND SUNFLOWER PRODUCTS 

A. Composition of oilseed sunflower seeds and non-oil sunflower seeds and kernels. 

Sunflower seeds are the complete seeds including the hulls, and sunflower kernels are the seeds with 
the hulls removed. The hulls are difficult to remove from the oilseed type of sunflower and thus, the data 
on oilseed includes the hulls. Hulls are readily separated from the non-oilseed (confectionary) types of 
sunflower, and thus, the non-oilseed data does not include the hull. According to USDA, hulls make up 46 
% of the non-oilseeds, leaving 54 % as the kernel. The nutrient content of these two types of sunflowers 
are shown in Tables 2 � 6. 

Table 2. Proximate nutrient content of whole sunflower oilseeds and non-oilseeds 

Non-oilseed Sunflower  
seed type Whole oilseed 

Whole seeds Kernels 

Reference 1 ST&PA NRC   Hartman  Ensminger  Kepler   ST&PA USDA 
 g/100g FW2           
Dry matter 90.0 91.8 92.6 94.0 91.2 90.0 94.6 
 g/100g DM2           
Crude protein 19.6 19.2 19.1 22.2 19.0 23.5 24.1 
Crude Fat  44.0 41.9 43.1 34.4 41.6 25.0 52.4 
NDF 3 24.1 24    32.0  
ADF 3 16.5 16.7    28.5  
Crude fibre  22.5  15.6 24.1 17.7 24.1  
TDF 3       11.1 
Ash 3.7 5.1 3.9 4.0 4.2 3.8 3.7 

1 Source: Sunflower Technology and Production Agronomy, 1997;  NRC, 2001; Hartman et al., 1985; 
Ensminger et al. 1990; Kepler et al, 1982; and USDA, 2004. 

2 FW = fresh weight, DM = dry matter 
3 NDF = neutral-detergent fibre, ADF = acid-detergent fibre, TDF = total dietary fibre 
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Table 3. Amino acid content (g/100 g DM) of whole sunflower oilseeds and non-oilseed kernels 

Sunflower seed type Oilseed Non-oilseed kernels 

Reference 1 ST&PA Kepler USDA 
Lysine 0.68 0.71 0.99 
Histidine 0.49 0.46 0.67 
Arginine 1.57 1.79 2.54 
Aspartic Acid  1.63 2.58 
Threonine 0.71 0.68-0.71 0.98 
Serine  0.84 1.14 
Glutamic acid  4.35 5.89 
Alanine  0.53 1.18 
Proline  0.93 1.25 
Glycine  0.98 1.54 
Methionine 0.44 0.33 0.52 
Isoleucine 0.79 0.75 1.20 
Cystine 0.34 0.34 0.48 
Leucine 1.23 1.23 1.75 
Phenylalanine 0.89  1.24 
Valine 0.95  1.39 
Tryptophan 0.23  0.37 
Source: Sunflower Technology and Production Agronomy (ST&PA), 1997; Kepler et al, 1982; and USDA, 2004 

Table 4. Mineral content (per 100 g DM) of whole sunflower oilseeds and non-oilseed kernels 

Sunflower seed type Oilseeds Non-oilseed kernels 

Reference NRC Beauchemin USDA 

Calcium, g 0.71 0.21 0.12 
Phosphorus, g 0.51 0.35 0.74 
Magnesium, g 0.34 0.25 0.37 
Potassium, g 1.06 0.72 0.73 
Sodium, g  0.01 0.02 0.003 
Sulphur, g 0.21   
Copper, mg 2.0 1.6 1.75 
Iron, mg 14.4 4.7  
Manganese, mg 4.5 1.5 2.13 
Zinc, mg 5.3 5.4 5.06 
Molybdenum, mg 0.18   
Selenium, µg   59.5 
Source: NRC, 2001; Beauchemin, 2005; and USDA, 2004 
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Table 5. Vitamin content (per 100 g DM) of non-oilseed kernels 

Reference USDA 

Vitamin C, mg 1.48 
Thiamine, mg 2.42 
Riboflavin, mg 0.26 
Niacin, mg 4.75 
Pantothenic acid, mg 7.13 
Vitamin B-6, mg 0.81 
Folate, µg 239.86 
Vitamin A, IU 52.84 
Vitamin E (α tocopherol), mg 36.46 
Vitamin K, µg 2.85 
Source: USDA, 2004 

Table 6. Fatty acid composition (g/100 g DM) of whole conventional sunflower oilseeds and conventional 
non-oilseed kernels 

Sunflower type Oilseed Non-oilseed kernels 

Reference Mir USDA 

Myristic acid (C 14:0) 0.02 0.05 
Palmitic acid (C 16:0) 2.84 2.95 
Palmitoleic acid (C 16:1) 0.03 0.05 
Stearic acid (C 18:0) 2.12 2.33 
Oleic acid (C18:1) 8.48 9.89 
Linoleic acid (C18.:2) 27.8 34.48 
Linolenic acid (C18:3) 0.04 0.07 
Arachidic acid (C 20:1) 0.06 0.05 
Source: Mir, 2005; USDA, 2004 

B. Composition of sunflower oil   

Roughly 80 % of the value of sunflower seeds is attributed to their oil content. Like all vegetable oils, 
sunflower oil is composed of triglycerides (98 to 99 %) and other substances in the unsaponifiable fraction, 
which are also known as the �minor components� (Evrard et al., 1986; Prévot, 1986). 

The fatty acid composition is used for the classification of oils. Depending on the predominant type of 
fatty acid, they can be regarded as either mid oleic, oleic or high oleic. Sunflower oil from conventionally-
bred varieties is considered a highly polyunsaturated oil due to its high linoleic acid (C18:2, n-6) content 
(48.3 to 74.0 %) and its moderate oleic acid (C 18:1) content (14.0 to 39.4 %) (Table 7). The level of 
saturates is 12 % on average. 
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Table 7. Fatty acid profile (% of total fatty acids) of conventional, mid-oleic, high-oleic and high-linoleic 
sunflower oils 

Sunflower oilseed varieties Conventional1 Mid-oleic1 High-oleic1  

Saturated fatty acids 

Palmitic acid (C 16:0) 5.0 � 7.6 4.0 � 5.5 2.6 � 5.0  
Stearic acid (C 18:0) 2.7 � 6.5 2.1 � 5.0 2.9 � 6.2  

Monounsaturated fatty acids 

Oleic acid (C 18:1) 14.0 � 39.4 43.1 - 71.8 75 � 90.7  
Polyunsaturated fatty acids 
Linoleic acid (C 18:2) 48.3 � 74.0 18.7 � 45.3 2.1 � 17  
Linolenic acid (C 18:3) ND � 0.3 ND � 0.3 ND � 0.3  

 1 Source : Codex, 2005. 
 2 Source : Gunstone, 2002 ; Gibb et al., 2004 

The benefits of the modified varieties (mid-oleic and high-oleic) is a higher stability due to their lower 
content in polyunsaturated acids. Mid-oleic and high-oleic sunflower oils do not need to be hydrogenated 
when used as frying oil.  

Conventional sunflower oil is rich in linoleic acid. Hybrid sunflowers with high oleic acid contents 
were developed in the USA, France and Spain in the 1980�s. They were obtained by mutagenesis breeding 
of lines in which the desaturase system is blocked to varying degrees. These varieties may contain more 
than 83 % oleic acid and they are considered as high oleic acid sunflower when their content is higher than 
75 % (Codex, 2005). The main differences in fatty acid composition between conventional mid-oleic and 
high oleic acid are summarised in Table 7. 

The oleic acid and linoleic acid contents vary widely according to the variety, the growing conditions 
and the climate. In oleic sunflowers this is due to: 

• Environmental origins: this is essentially a temperature effect. Hot-dry conditions at the end of 
the crop period lead to an overall decrease in the oil content of sunflower seeds and the fatty acid 
pattern fluctuates. Whereas, low temperatures during the maturation phase reduce the oleic acid 
content and increase the linoleic acid content. Since sunflowers mature in the fall, they produce 
the most amount of oil and desirable pattern of fatty acids in regions where the autumn is warm. 

• Genetic origins: cross pollination also influences the fatty acids patterns of sunflower kernels. 
When an oleic sunflower field is planted less than 200 m from a conventional sunflower field, it 
is quite possible that the oleic sunflower will be pollinated with pollen from conventional 
sunflowers, reducing the oleic acid content of the harvested seeds. To reduce the chance of cross 
pollination in certified seed, it has been recommended that the oleic sunflower fields be at least 
500 m from conventional sunflower fields (OECD, 2005). 

Between 0.6 % and 0.7 % of the refined oil is unsaponifiable. This fraction of the oil contains several 
minor components: waxes, carbohydrates, sterols and antioxidants. It is characterised by high levels of 
tocopherols (including vitamin E) and phytosterols (Table 8). It also has low squalene content. 
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Table 8. Composition (mg/100g DM) of the minor components of the unsaponifiable fraction of the oil of 
sunflower varieties 

Sunflower oilseed varieties Conventional Mid-oleic High -Oleic 

Total Sterols  240 � 500  170 - 520 

Beta-sitosterol 1 50 � 70 56 � 58 42 - 70 
Campesterol 1 6.5 � 13.0 9.1 � 9.6 5 - 13 
Stigmasterol 1 6.0 � 13.0 9.0 � 9.3 4.5 - 13 

Total Tocopherols  44 � 152 50.9 � 74.1 45 - 112 

alpha (vitamin E)  40.3 � 93.5 48.8 � 66.8 40 - 109 
beta  ND2 � 4.5 1.9 � 5.2 1.0 � 3.5 
Gamma  ND2 � 3.4 0.2 � 1.9 0.3 � 3.0 

1 As a percentage of the total sterol content 
2 ND = non detected 
Source : Codex, 2005 

C  Composition of flour and protein concentrate 

Sunflower flour and protein concentrate are processed from sunflower seeds for their amino acid 
content. Table 9 provides the essential amino acid content of these products. Sunflower proteins are rich in 
globulins (55 to 60 %), albumins (17 to 23 %) and glutelins (11 to 17 %) (Canella et al., 1982). 

Table 9. Essential amino acid profile of flour and protein concentrates (g/100 g of crude protein) 

Amino acid Flour Concentrate 

Isoleucine 3.7 4.6 
Leucine 6.5 6.8 
Lysine 3.4 3.4 
Methionine + cystine 4.1 3.5 
Tryptophan 1.5 1.4 
Phenylalanine + tyrosine 8.2 8.7 
Valine 4.9 4.6 
Threonine 3.3 3.4 
Source: FAO, 1981 

D.  Composition of sunflower meal 

Sunflower meal is a by-product of oil processing as shown in Figure 1.  

The proximate composition of whole sunflower seed meal and part-dehulled sunflower meal is 
reported in Tables 10 and the amino-acid composition in Table 11. 
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Table 10. Composition of sunflower meal derived from whole and part-dehulled seeds 

 Whole sunflower seed meal Part-dehulled sunflower meal 

Reference 1 Sauvant et al. NRC Sauvant et al. Preston 

 Mean Standard 
deviation Mean Mean Standard 

deviation Mean 

 g/100g FW2 

Dry matter  88.7 1.4  89.7 1.2 92.0 

 g/100g DM2 

Crude protein  27.7 2.2 28.4 33.4 2.2 38.0 
Crude fibre  25.5 2.6  21.2 2.0 20.0 
Crude fat  2.0 0.8 1.4 1.7 0.6 2.5 
Minerals (ash)  6.2 0.6 7.7 6.7 0.5 8.0 
NDF 3 41.1 3.7 40.0 35.9 3.6 36.0 
ADF 3 29.3 3.0 30.0 24.7 2.4 24.0 
Lignin  10.1 1.4  8.2 1.2  
1 Source: Sauvant et al., 2004 (Argentinian type, 2729 samples whole, 1141 samples part-dehulled) ; NRC, 

2001 ; Preston, 2005. 
2 FW = fresh weight, DM = dry matter 
3 NDF = neutral-detergent fibre, ADF = acid-detergent fibre 

Table 11. Amino-acid and protein content (g/100 g DM) of sunflower meal derived from whole and part-
dehulled seeds 

 Non-dehulled Sunflower Meal1 Dehulled Sunflower Meal 2 

Reference NRC 2001 NRC, 1998 NRC 1994 NRC, 1998 NRC 1994 
Arginine 2.32 2.64 2.56 3.15 3.17 
Histidine 0.74 0.73 0.61 0.99 0.97 
Isoleucine 1.16 1.43 1.11 1.55 1.59 
Leucine 1.82 2.07 1.78 2.48 2.47 
Lysine 1.01 1.12 1.11 1.29 1.38 
Methionine 0.65 0.66 0.56 0.88 0.89 
Cystine 0.50 0.53 0.56 0.71 0.71 
Phenylalanine 1.31 1.37 1.28 1.78 1.85 
Threonine 1.06 1.16 1.17 1.43 1.44 
Tryptophan 0.34 0.42 0.50 0.47 0.46 
Valine 1.41 1.66 1.78 1.87 1.94 
Glycine     2.26 
Tyrosine  0.84  1.11 1.01 
Serine   1.11  1.66 
Crude Protein 28.4 29.8 25.9 45.4 41.0 
1 Source:  NRC, 2001 (Calculated from % crude protein, using referenced crude protein content of 28.4 %); 

NRC, 1998 and NRC 1994 (Calculated from referenced dry matter content of 90 %). 
2 Source:  NRC, 1998 (Calculated from referenced dry matter content of 93 %); NRC 1994 (Calculated from 

referenced dry matter content of 89.8 %). 
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E.  Composition of sunflower hulls  

Sunflower hulls are derived from the process shown in Figure 1. The proximate nutrient composition 
and the quantity of some minerals are shown in Table 12. 

Table 12. Nutrient content of sunflower hulls1 

Parameter Mean Range 
 g/100g FW 2 
Dry matter  87.8 85.0 � 92.0 
 g/100g DM 2 
Crude protein 5.0 3.5 � 9.0 
Crude Fat 3.0 0.5 � 3.0 
NDF 3 70.0 65.0 � 75.0 
ADF 3 56.0 50.0 � 63.0 
Crude fibre 45.0 40.0 � 50.0 
Ash 2.7 2.0 � 3.0 
   Calcium 0.30 0.25 � 0.35 
   Phosphorus 0.15 0.10 � 0.20 
   Magnesium 0.20 0.15 � 0.25 
1 Source: Sunflower Technology and Production Agronomy, 1997 
2 FW = fresh weight, DM = dry matter.  
3 ADF = acid-detergent fibre; NDF = neutral-detergent fibre.  

F.  Composition of sunflower forage. 

The green sunflower plant is used as silage and forage. The content of nutrients of the green plant is 
dependent on its stage of maturity. Sunflower forage has a high amount of moisture at maturity. It is cut 
and wilted prior to ensiling. The nutrient composition of sunflower silage is shown in Table 13. 

Table 13. Composition of sunflower silage 

Source1 Putnam Gregorie Kling and Wöhlbier 

Stage of maturity mature Before bloom Beginning of 
bloom in bloom after bloom 

 g/100 g FW2 

Dry matter  30 12 20 14 15 

 g/100g DM2 

Crude protein  11-12 12.5 19.3 13.9 14.7 14.0 
Crude fat 10-12 10.7 2.7 4.4 2.4 2.8 
Crude fibre 31.0  21.1 19.8 23.0 27.4 
ADF 3 32.0 39     
Lignin 10-16 12.3     
1  Source: Putnam et al., 1990;  Gregorie, 2006;  Kling and Wöhlbier, 1983.  
2 FW = fresh weight, DM = dry matter   
3  ADF = acid-detergent fibre.  
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SECTION III � ANTINUTRIENTS AND TOXICANTS IN SUNFLOWER 

Sunflower seeds are not known to contain significant quantities of antinutritional factors or toxicants. 
However, Mulvenna et al. (2005) have detected a precursor of a cyclic trypsin inhibitor in sunflower seeds. 

Sunflower kernels and hulls contain phenolic compounds, including chlorogenic and caffeic acids, 
which are easily oxidised during common processing causing green to brown discoloration in protein 
isolates and/or concentrates (Sabir et al., 1974a; Sabir et al., 1974b). These compounds have been studied 
both for their additive/synergistic effect on carcinogenesis and their anti-carcinogenic properties (Hirose et 
al., 1997). 

Recent studies have shown that sunflower seeds have been found to contain an allergen, the 2S 
albumin, which shows homology to the 2S albumins from allergenic nuts (Kelly et al., 2000). However, 
according to the European legislation, sunflowers and seeds are not required to be labelled as allergens 
(European Commission, 2005).  

The nitrate content of green sunflower plants was found to be almost as high as in oat forage. With 
concentrations of 0.8 % of the dry matter being nitrate, sunflower belongs to the category of plants with a 
high capacity of nitrate storage (Liebenow, 1971). 

Sunflower leaves are known to contain high levels of saponins. The saponin concentration is found to 
be two to three times higher than in alfalfa or red clover. However, it has not yet been investigated to what 
extent these substances act as haemolytic agents in farm animals (Koch and Pintácsi, 1969).  
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SECTION IV - SUNFLOWER FOR FOOD 

A.  Whole seeds  

Non-oilseed seeds are used for confectionary purposes. De-hulled seeds (i.e., kernels) can be used 
either to accompany aperitifs (roasted and salted), or in salads or cakes. Whole sunflower seeds (with 
hulls) are also sold as a snack food. Such seeds are specifically selected and produced for use as snacks 
(Bonjean, 1993; Agriculture and Agri-Food Canada, 2003). They are bigger, �softer� and contain less oil 
than oilseed type sunflower seeds. Their hulls are usually striped and relatively thick and can be easily 
removed. 

B.  Sunflower oil  

Sunflower oil is traditionally used as salad oil or cooking oil. Due to its low linolenic acid content (< 
1 %) sunflower oil is sufficiently heat stable to be used for frying.  

Sunflower oil is also used in the food industry, mainly in margarines and shortenings as well as in 
various foods to enhance the composition and physical properties of the food. 

Linoleic and linolenic acids cannot be synthesised by humans, and are therefore essential fatty acids 
in the human diet. A diet either lacking or containing an unbalanced ratio of these fatty acids, results in 
symptoms of deficiency including reduced growth (IOM, 2002; CNERNA CNRS, 2001).  

Sunflower oil contains sterols, of which the most common are beta-sitosterol, campesterol and 
stigmasterol. The levels of these compounds are shown in Table 8. 

C.  Protein concentrates and isolates  

Sunflower proteins are produced in the form of flours (55 % protein in dry matter), concentrates 
(70 % protein in dry matter) or isolates (85-90 % protein in dry matter). Proteins extracted from sunflower 
seeds have potential nutritional and functional advantages, as they do not contain anti-nutritional 
substances, do not have a specific taste, and contain the two essential sulphur-containing amino acids, 
methionine and cystine (Table 9.). Sunflower proteins also have certain physico-chemical properties that 
could be advantageous for their use in foods (Sosulski, 1984).  

The use of sunflower proteins in the food industry has been limited due to the negative effects of 
certain procedures, such as heat treatment under pressure, commonly used in processing of sunflower seeds 
into oil and meal. It has been reported that proteins generated from seeds subjected to such procedures 
have poor solubility and functional properties (Vanktesh and Prakash, 1993). Several researchers are 
pursuing additional processes, such as enzymatic hydrolysis, as a means of producing more desirable 
products (Cai et al., 1996; Conde et al., 2005; Parrado et al., 1993). Another deterrent to the use of 
sunflower proteins in food products is the presence of phenolic compounds, which are easily oxidised into 
dark green and brown compounds and may cause discoloration of processed and cooked foods. 
Chlorogenic acid is the principal colour-forming constituent of sunflower kernels but small quantities of 
caffeic acid and other phenolic compounds are also present. These compounds bind to proteins and their 
removal from sunflower products is difficult (Sabir et al., 1974a and 1974b; Saeed and Cheryan, 1989).  
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D. Recommendation of key components to be analysed 

Roughly 80 % of the economic value of oilseed sunflower is attributed to the oil content which 
approximately represents half of the seed. Proteins constitute the main economic value of the remaining 
part of the oilseed which also contains fibre and minerals. As noted earlier, sunflower seeds do not contain 
any natural anti-nutrients or toxicants. It is recommended that for the oilseed varieties sunflower seeds and 
oil be analysed. The key components to be analysed are listed in Table 14. For the non-oilseed varieties, 
only kernels need to be analysed. 

For human nutrition, it is important to assess the fatty acid composition of the oil (Table 7). Sunflower 
oil should also be assessed for its tocopherol and sterol content (Table 8). Tocopherol (vitamin E) is an 
important micronutrient and antioxidant that prolongs the shelf life of the oil and food products containing 
the oil. Seeds or kernels should be analysed for proximates, amino acids, fatty acids, sterols & tocopherols, 
minerals and vitamins.  

Table 14. Suggested nutrients of sunflower seeds or kernels and oil to be analysed for human food 

Nutrients Oil Seeds or Kernels 

Proximates  X 
Amino acids  X 
Fatty Acids X X 
Sterols & tocopherols X X 
Minerals   X 
Vitamins  X 
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SECTION V − SUNFLOWER FOR FEED 

A. Sunflower Seeds 

Damaged sunflower seeds from the food industry may be fed to beef cattle (Gibb et al., 2004), 
however some good quality seeds are also used in dairy cattle rations (Linn, 1990). The indigestible hull of 
sunflower seeds physically protects the highly degradable unsaturated oil from being released too rapidly, 
thus giving the by-pass fat effect. The by-pass energy effect is only achieved when cows are fed whole, 
dried sunflower seeds. The nutrient composition of whole oilseed and non-oilseed (confectionary) 
sunflowers is listed in Table 2. 

B  Sunflower meal 

Sunflower meal has two interesting qualities compared with meal derived from other oilseeds: 

• It is composed of proteins that are rich in sulphur-containing amino acids (methionine and 
cystine) compared to soybean meal. 

• It has not been shown to contain any anti-nutritional factors. 

Nevertheless, it has three disadvantages: 

• A high cellulose content compared to soybean and rapeseed (low energy value) meals. 

• A low amount of lysine compared to soybean meal.  

• The presence of chlorogenic acid that could interfere with the colour of the protein-based 
products 

The nutrient composition of sunflower meal is dependent on the oil content of the seed, extent of hull 
removal, efficiency of oil extraction and the processing temperature. The fibre in sunflower meal is low in 
digestibility and may be a disadvantage when balancing rations for non-ruminant and high producing 
animals. 

The sunflower meal is mainly used for rabbits and ruminants (respective incorporation rates are: 10 � 
12 % and 10 � 20 %). Uses for laying birds (less than 5 %) or pigs (less than 1 %) can be noticed (Burghart 
and Evrard, 2002).  

Dehulled meal, such as �Hipro�, in which the protein content has been increased nearly to 40 % by an 
efficient dehulling, can be useful feeds for broilers and fattening pigs. The incorporation rates may then be 
increased to at least 10 % (Evrard et al., 1986). 

Sunflower meal is more ruminally degradable (74 % of crude protein) than soybean meal (66 %) or 
canola meal (68 %). Sunflower meal is high in protein but due to the lack of a sufficient content of lysine, 
is more suitable for ruminants than non-ruminants. 



 ENV/JM/MONO(2007)6 

 25

Sunflower extracted meal is a valuable protein source for the various species/categories in livestock 
feeding if the feed specific restrictions, i.e. the maximum incorporation rates, are taken into consideration 
(Table 15).  

Table 15. Maximum incorporation rates for sunflower extracted meal in rations for livestock feed 

Species / category Incorporation level (%) 

Dairy cows 30 
Rearing calves 15 
Cattle and bulls 40-50 
Sheep, goat No limitation 
Rabbits 30 
Growing-finishing pigs 5-10 
Poultry 5-10 
Source : Hoffmann, 2001 

C.  Sunflower oil 

Sunflower oil has limited applications in livestock feed mainly due to its higher economic value for 
use with human food preparation for cooking and frying. In small quantities it may be used to reduce dust 
in animal feeds. 

D.  Sunflower silage 

Sunflowers can be used as a source of forage by livestock producers. Whole plant sunflower silage 
has slightly more crude protein and considerably more fat than corn silage on a dry matter basis. The high 
level of lignin from the fibrous stalk is a disadvantage to sunflower silage.  

E.  Sunflower hulls. 

Sunflower hulls are not a suitable feeding stuff due to the high crude fibre content and the type of 
binding which causes a negative efficiency of energy utilisation, although they are used as a cheap fibre 
source to a limited extent in cattle or lamb feeding (Kling and Wöhlbier, 1983). They are used for livestock 
bedding.  

F. Recommendation of key components to be analysed 

When one considers the sunflower products that might be fed to animals, their nutrient content would 
not be expected to change if the content of whole sunflower seed is not changed. Hence, only the whole 
sunflower seed and sunflower meal are suggested to be analysed (Table 16). However, for amino acids, 
either whole sunflower or sunflower meal would yield equivalent results. For fatty acids, whole sunflower 
seeds or sunflower oil would yield equivalent results. 

Proximate analysis is used by livestock nutritionists to evaluate feed ingredients and to formulate least 
cost rations for livestock. It includes the amounts of crude protein, fat, ash, and crude fibre. In the case of 
ruminants and swine, the traditional analysis for crude fibre is considered not informative and has been 
replaced by analyses for acid detergent fibre and neutral detergent fibre. For amino acids, the ten essential 
amino acids (argenine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, 
tryptophan and valine) plus glycine, cystine, tyrosine, serine and proline are the key nutrients. Linoleic acid 
is the fatty acid of key importance for the seed (OECD, 2002). 
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Table 16. Suggested nutrients of sunflower seeds and meal to be analysed for animal feed 

Parameters Seeds Meal 

Proximates X x 
Neutral Detergent Fibre   X x 
Acid Detergent Fibre   X x 
Amino Acids X x 
Fatty Acids X  
Calcium X x 
Phosphorus X x 

Other minerals such as selenium are also important, but their concentration in plants has been shown 
to reflect the amount of the mineral in the soil. Thus, the minerals other than Ca and P, and the vitamins are 
not considered key nutrients. 

It has been noted (Section III) that sunflower seeds do not contain any natural anti-nutrients. 
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FOREWORD 

Consensus Documents contain information for use during the regulatory assessment of a particular 
product. In the area of plant biosafety, these are being published on information on the biology of certain 
plant species, selected traits that may be introduced into plant species, and biosafety issues arising from 
certain general types of modifications made to plants. 

This document addresses the biology of the Native American Larches. Canada served as the lead 
country in the preparation of this document. The draft was revised on a number of occasions based on the 
inputs from other member countries. The Joint Meeting of the Chemicals Committee and the Working 
Party on Chemicals, Pesticides and Biotechnology has since recommended that this document be made 
available to the public.  
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PREAMBLE 

The environmental safety/risks of transgenic organisms are normally based on the information on the 
characteristics of the host organism, the introduced traits, the environment into which the organism is 
introduced, the interaction between these, and the intended application. The OECD�s Working Group on 
Harmonisation of Regulatory Oversight in Biotechnology decided at its first session, in June 1995, to focus 
its work on identifying parts of this information, which could be commonly used in countries for 
environmental safety/risk assessment to encourage information sharing and prevent duplication of effort 
among countries. Biosafety Consensus Documents are one of the major outputs of its work. 

Biosafety Consensus Documents are intended to be a �snapshot� of current information on a specific 
host organism or trait, for use during regulatory assessments. They are not intended to be a comprehensive 
source of information on everything that is known about a specific host or trait; but they do address the key 
or core set of issues that member countries believe are relevant to risk/safety assessment. This information 
is said to be mutually acceptable among member countries. To date, 28 Biosafety Consensus Documents 
have been published. They include documents which address the biology of crops, trees and micro-
organisms as well as those which address specific traits which are used in transgenic crops.  

In reading the Consensus Documents, it is useful to consult two additional texts. The first, entitled An 
Introduction to the Biosafety Consensus Document of OECD�s Working Group for Harmonisation in 
Biotechnology explains the purpose of the Consensus Documents and how they are relevant to risk/safety 
assessment. It also describes the process by which the documents are drafted using a �lead country� 
approach. The second text is Points to Consider for Consensus Documents on the Biology of Cultivated 
Plants. This is a structured checklist of �points to consider� for authors when drafting or for those 
evaluating a Consensus Document. Amongst other things, this text describes how each point is relevant to 
risk/safety assessment. 

The Consensus Documents are of value to applicants for commercial uses of transgenic organisms, 
regulators in national authorities as well as the wider scientific community. As each of the documents may 
be updated in the future as new knowledge becomes available, users of Consensus Documents are 
encouraged to provide any information or opinions regarding the contents of this document or indeed, 
OECD�s other harmonisation activities. If needed, a short pre-addressed questionnaire is attached at the 
end of this document that can be used to provide such comments.  

The published Consensus Documents are also available individually from OECD�s website 
(http://www.oecd.org/biotrack) at no cost. 
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Each of the three North American larch species is usually discussed separately in each section and 
subsection of this Consensus Document in the following order: subalpine larch (Larix lyallii), western 
larch (Larix occidentalis), and tamarack (Larix laricina). 

SECTION I. TAXONOMY 

Larch forests essentially encircle the colder temperate Northern Hemisphere. Within this area, the 
larch genus (Larix) is represented by 10-15 species and some subspecies or varieties as well as natural 
hybrids (Schmidt, 1995; Semerikov and Lascoux 2003; Semerikov et al, 2003). Ten species usually 
recognised are the North Eurasian Larix decidua, L. sibirica (synonym L. russica), L. gmelinii (including 
L. cajanderi, L. dahurica, and possibly L. olgensis), and L. kaempferi (synonym L. leptolepis); the South 
Asian L. griffithiana, L. mastersiana, and L. potaninii; and the North American L. laricina, L. lyallii, and 
L. occidentalis. All true larches are in the genus Larix Mill., a deciduous needle-leaf lineage in the 
gymnosperm family Pinaceae. Larch taxonomy has had limited overall attention. This is reflected in a lack 
of consensus about what constitutes a larch species or subspecies (or botanical variety), and about the 
phylogenetic relationships among species (Semerikov et al, 2003). The proposed division of Larix into two 
sections based largely on cone morphology (Vidakovic, 1991) is not supported by studies of chloroplast 
DNA variation (Qian et al, 1995), nuclear internal transcribed spacer (ITS) region (Gernandt and Liston, 
1999), amplified fragment length polymorphisms (AFLPs) (Semerikov et al, 2003), or allozyme variation 
(Semerikov and Lascoux, 1999; Semerikov et al, 1999). An early phylogenetic separation (perhaps in the 
late Tertiary) occurred between the North American and the Eurasian species (Gernandt and Liston, 1999; 
Semerikov and Lascoux, 1999; Semerikov et al, 2003). The native range of each of the three North 
American larches − Larix lyallii Parl. (subalpine larch), L occidentalis Nutt. (western larch), and L. 
laricina (Du Roi) K. Koch (tamarack or North American larch) − is well defined with nearly no overlap 
between them. The disjunct western portion of the range of L. laricina (Figure 3) was recognised as the 
separate species L. alaskensis W. Wight (e.g. Hosie, 1979), or as the variety L. laricina var. alaskensis 
(W. Wight) Raup (Stipanicic, 1975) based on cone and needle morphology. This distinction was not 
recognised by Viereck and Little (1972), and species or varietal status is not supported by the degree of 
morphological and anatomical differentiation of the Alaskan tamarack populations (Parker and Dickinson, 
1990; Parker, 1993). 

The three North American species of Larix can be morphologically differentiated as follows: 
subalpine larch has 4-angled rather than somewhat 3-angled needles in cross section, and its new-growth 
twigs are densely covered with white cottony hairs. Compared to the other two larches, tamarack has 
smaller seed cones (1-2 cm long) with fewer (10-30) scales and bracts shorter than the scales; western larch 
(which has reddish-brown bark) has cones about 2.5-4.5 cm long and the bracts are extended, whereas 
subalpine larch (which has grayish bark) has cones often still larger (about 4-5 cm long) that appear bristly 
because the bracts extend farther beyond the scales. 
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SECTION II. NATURAL DISTRIBUTION  

For about 200 years, attempts have been made to identify superior non-native species of larch for 
reforestation. As a result, plantation of exotic larches can be observed at many locations in the world, 
particularly in Europe and eastern North America (Krüssmann, 1985). The Japanese larch (L. kaempferi) is 
cultivated in many European plantations because of its more rapid growth than the native larches. 
Although introduced to Europe and Asia for testing, western larch has not been grown as a timber crop 
species outside its native range; it is grown ornamentally in arboreta and parks. Sometimes L. decidua 
(European larch) spreads locally from plantings in northeastern North America. 

Subalpine larch  

Subalpine larch is a continental, subalpine to boreal, western North American (prevailingly 
Cordilleran) species (Klinka et al, 2000) (Figure 1). It occupies a remote and rigorous environment, 
growing in and near the treeline. Although occurring in both the Rocky Mountains and the Cascade Range 
farther to the west (Little, 1979), the two distributions are separated by 200 km at their closest points, in 
Canada in southern British Columbia (Arno, 1990). 

In British Columbia and Alberta, subalpine larch is common along the Continental Divide and 
adjacent ranges, and in the Purcell Range and southern Selkirk Range (Klinka et al, 2000). In the Rocky 
Mountains, subalpine larch extends from the Salmon River Mountains of central Idaho (latitude 45°30' N) 
northward to Lake Louise in Banff National Park, Alberta (latitude 51°30' N). Within this distribution, 
subalpine larch is common in the highest areas of the Bitterroot, Anaconda-Pintler, Whitefish, and Cabinet 
ranges of western Montana (Arno and Habeck, 1972). In the Cascades, subalpine larch is found principally 
east of the Cascade Divide and extends from the Wenatchee Mountains in central Washington northward to 
British Columbia. It spans an elevational range of 1520 to 3020 m (Arno, 1990). 
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Figure 1. The native range of subalpine larch 

 

Source : Arno, 1990 

Western larch  

Western larch, a western North American (predominantly Cordilleran) species (Klinka et al, 2000), 
has a relatively moderate native range (Figure 2). It grows in southeastern British Columbia, northeastern 
Washington, the Upper Columbia River Basin of northwestern Montana and across northern and west-
central Idaho; and farther westward in the Wallowa and Blue Mountains of southeastern Washington and 
northeastern Oregon, to the eastern slopes of the Cascade Mountains in north-central Oregon and central 
Washington (Schmidt and Shearer, 1990). Western larch has an elevational range of around 1500 m, from 
approximately 500 to 2000 m (Rehfeldt, 1995b). 
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Figure 2. The native range of western larch 

 

Source : Schmidt and Schearer, 1990 

Tamarack 

Tamarack is a transcontinental North American species with one of the widest ranges of all North 
American conifers (Klinka et al, 2000) (Figure 3). Its northern range limit extends in Canada from 
Newfoundland and Labrador westward along the northern treeline and across the Continental Divide in 
northern Yukon Territory to the Mackenzie River drainage. The southern limit is from Maine through 
northern Connecticut, New Jersey, Pennsylvania, and Ohio, across the lake states, then from Manitoba 
through central Alberta to northern British Columbia (Johnston, 1990). Its farthest south populations occur 
locally in the mountains of northern West Virginia and adjacent western Maryland. A major disjunct 
portion of the western range of tamarack is found in the interior of Alaska, in the Yukon and Kuskokwim 
river basins between the Brooks Range and the Alaska Range to the south; and three small areas are near or 
on the Alaska-Yukon border (Viereck and Little, 1972). In the eastern portion of its range, it grows from 
sea level to 1220 m elevation, while in the western portion of the range it is found between 180 and 520 m 
(Johnston, 1990). 

 



 ENV/JM/MONO(2007)7 

 17

Figure 3. The native range of tamarack 

 

Source : Johnston, 1990 
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SECTION III. REPRODUCTIVE BIOLOGY 

A. Reproductive development 

Subalpine larch  

Like all members of the genus Larix, subalpine larch is monoecious, with male and female strobili 
borne separately on spur shoots scattered among leaf-bearing spur shoots. Buds containing male and 
female strobili begin to swell in late May. Pollen is released from the small, yellowish male strobili and 
wind dispersed in June, when there is often still snow on the ground (Arno, 1970; Richards, 1981). Female 
strobili mature by September into 4-5 cm purplish cones. Strobili can be damaged by frost, and this may be 
a cause of low seed production in most years. The reproductive cycle of subalpine larch has not been 
studied in detail, and factors limiting pollination, fertilisation, and seed development are not well 
understood (Schopmeyer, 1974). 

Western larch  

Western larch is also monoecious; male and female strobili develop throughout the crown. 
Reproductive buds are found at the end of short spur shoots. Buds differentiate in June and July, and 
reproductive and vegetative buds can be distinguished early in the fall, about a year before subsequent cone 
crops mature (Schmidt and Shearer, 1990). Reproductive buds are larger than vegetative buds. Staminate 
buds are usually about one and one-half to two times longer than wide, whereas ovulate buds are globose 
(Figure 4). Buds and strobili can be sampled in fall to predict larch seed crops (Roe, 1966). Pollen and seed 
strobili appear several days before vegetative buds open, which typically occurs between mid-April and 
mid-May (Schopmeyer, 1974; Owens and Molder, 1979b; Owens, 1995). Red or green female strobili are 
generally conspicuous. Pollination occurs in late May and early June. Following fertilisation, cones 
complete their development in that same season and mature by mid- to late-August of the same year, 
reaching 2.5 to 4.5 cm in length (Owens and Molder, 1979a, b; Schmidt and Lotan, 1980).  

Stem injection of gibberellin A4/7 in May or June increases both pollen and seed cone production 
(Ross, 1991; Eysteinsson and Greenwood, 1995; Shearer et al, 1999). Protocols for in vitro germination of 
western larch pollen have been developed (Dumont-BéBoux et al, 2000). The detailed documentation of 
the reproductive cycle of western larch by Owens and Molder (1979a, b) � illustrated in Figure 4 � is 
thought to hold for other species of Larix as well, albeit with some differences in timing (Owens, 1995).  
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Figure 4. The 2-year reproductive cycle of western larch 

 

Source : Owens, 1995 

Tamarack 

Like other members of this genus, tamarack is monoecious with small, solitary male and female 
strobili interspersed with needles. Yellow male strobili are borne mainly on 1- or 2-year-old spur shoots. 
The reddish female strobili are borne most commonly on 2- to 4-year-old shoots. On open-grown trees, 
cones are borne on all parts of the crown. Ripe cones are brown, oblong to ovoid, and 1.3 to 1.9 cm long 
(Johnston, 1990). Reproductive buds on tamarack generally flush in Ontario and the Lake States from 
April to May, and in the interior of Alaska from mid- to late May. Seed cones generally ripen in Ontario 
and the Lake States in August and September (Schopmeyer, 1974).  
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B. Mating system and gene flow 

Subalpine larch 

Gene flow is likely less in this species than in more widespread conifers, including western larch, due 
to subalpine larch�s relatively narrow and discontinuous distribution, but it has not been estimated. The 
relatively high level of population differentiation revealed by microsatellite markers for this species 
supports this supposition (D. Khasa, Université Laval, pers. comm.). A small but significant deficiency of 
heterozygotes detected for one allozyme locus compared to Hardy-Weinberg expectations may be 
indicative of some self-pollination or biparental inbreeding in the species (Semerikov and Lascoux, 1999), 
but outcrossing rates have not been estimated. 

Western larch 

Western larch has a mixed mating system, with average estimated multilocus outcrossing rates based 
on seven allozyme loci of 0.85 (El-Kassaby and Jaquish, 1996). This species has an active pollination 
mechanism, whereby the female strobilus directs pollen to the nucellus, and this mechanism does not 
discriminate among self, related or unrelated pollen, which may increase selfing (El-Kassaby and Jaquish, 
1996). The relationship between stand density and outcrossing rate is unclear (Fins and Seeb, 1986). The 
degree of population differentiation for this species is typical of western conifers (Fins and Seeb, 1986; 
Hamrick et al, 1992; Semerikov and Lascoux, 1999), indicating relatively high levels of gene flow. 

Tamarack 

Tamarack also has a mixed mating system, with a somewhat lower outcrossing rate than most 
conifers. Using allozyme markers, Knowles et al. (1987) estimated the mean multilocus outcrossing rate in 
five populations as 0.73. Higher stand densities appeared to be related to higher outcrossing estimates. 
Tamarack likely has fairly high levels of gene flow like most conifers, as indicated by a relatively low 
degree of population differentation (Cheliak et al, 1988), but available methods for indirectly estimating 
this parameter are poor (Whitlock and McCauley, 1999).  

C. Seed production 

Subalpine larch  

Subalpine larch only produces large seed crops about 1 year out of 10, and smaller crops are also 
relatively rare. Substantial seed is not produced until trees are at least 80 years old, with large, dominant 
older trees producing the largest crops (Arno, 1990; Arno et al, 1995). Most seeds are released from cones 
in September. The winged seeds are wind dispersed. There are between 230,000 and 360,500 cleaned seeds 
per kg (Schopmeyer, 1974). Subalpine larch seed germinates well after a 30-day stratification on a slightly 
acidic medium or after a treatment with 1% hydrogen peroxide for up to 24 hours (Shearer and Carlson, 
1993; Carlson, 1994). Seed collection and handling guidelines for Larix species are available in 
Schopmeyer (1974). 

Western larch  

Western larch seed production is usually good, but cone crops vary substantially by year and location. 
Trees as young at 8 years old can produce seed cones, but they are only start being produced abundantly on 
trees 40 to 50 years of age. Trees continue to bear large crops for several centuries (Schmidt et al, 1976). 
Long-term records of western larch seed production in Montana show that abundant seed crops are 
produced at about 5-year intervals. Trees originating from grafted, mature scion produce approximately 
twice as many cones as those of seedling origin, and five times as many as rooted cuttings (Fins and 
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Reedy, 1995). Cones usually begin to open by early September, but in cool moist summers cone opening 
may be delayed a month or longer. More than 80% of the seeds usually are dispersed by mid-October. A 
relatively small proportion of total seed are usually filled, due to a variety of pre- and post-zygotic factors 
(Owens et al, 1994) including lack of pollination (Owens and Molder, 1979b) and frost damage to 
developing cones (Webber and Ross, 1995). Cones usually fall from the tree during the subsequent winter, 
but many may stay attached through the next summer. Western larch seeds are relatively small, averaging 
200,000 per kg (Schopmeyer, 1974). A cone can contain up to 80 seeds, but on average cones only have 
half this number. Successfully western larch seed pretreatments include 12 to 24 hours of 3% hydrogen 
peroxide, or soaking seeds for 18 days at 1oC (Schmidt, 1962; Shearer and Halvorson, 1967).  

Tamarack 

Tamaracks as young as 5 or 6 years of age can produce both pollen and seed cones (Fowler et al, 
1995); however, seed production in large quantities does not usually occur until about 75 years of age 
(Johnston, 1990). Vigorous, open-grown trees 50 to 150 years old produce the best cone crops. In a good 
year, a single tree may produce up to 20,000 cones with more than 300,000 full seeds. Good seed crops 
occur at 3 to 6 year intervals, with some seed produced in intervening years. Empty cones remain on trees 
for 2 to 5 years (Johnston, 1990). The wind-dispersed seeds are approximately 3 mm long, with a 6 mm 
long chestnut-brown wing. There are between 550,000 and 710,000 cleaned seeds per kg, on average 
(Schopmeyer, 1974). Tamarack can reproduce well as far as 60 m from the seed-bearing trees if favourable 
seedbeds are present (Johnston, 1975). Unstratified tamarack seeds germinate well in light at warmer 
temperatures, but stratified seeds can germinate in the dark at cooler temperatures as well (Farmer and 
Reinholt, 1986). 

D. Natural regeneration 

Subalpine larch  

Subalpine seems to require full light but low temperatures for regeneration (Arno, 1990). It is difficult 
to regenerate or cultivate even in the relatively cool climates at lower elevations in the Pacific Northwest. 
Daytime high temperatures and surface drought apparently are lethal. Seed germination is been poor but 
improves with a 24 hour treatment with a 3% hydrogen peroxide solution (Schopmeyer, 1974). Subalpine 
larch can have four to six cotyledons, but most individuals have five. All larches have epigeal germination. 
First-year germinants are seldom found in natural stands. Germination is most successful on northern 
exposures not fully exposed to afternoon sun on mineral soil. Canopy gaps often contain dense, even-aged 
cohorts of seedlings or saplings referred to as reproduction glades (Arno, 1990). This typical age 
distribution suggests that successful reproduction occurs only rarely when conditions are favorable (Arno, 
1990). Seedlings grow very slowly above ground the first 20-25 years (Richards, 1981) while seedlings 
develop extensive root systems while being protected by the snowpack from winter and spring desiccation. 

Western larch  

Natural regeneration of western larch can be successful provided a reliable seed source, a suitable 
seedbed, and adequate light are available. Western larch seed disperses up to 240 m from seed trees at the 
forest margin into open areas (Shearer, 1959). If bare soil is exposed near a seed source, overstocking can 
result. Dispersal is less uniform in clearcuts than in seed tree and shelterwood silvicultural treatments 
(Schmidt and Shearer, 1990). Rodent and bird predation reduce seed germination significantly (Stoehr, 
2000). 

Western larch seeds germinate epigeally about the time of snowmelt, from late April to early June, 
usually 1 to 2 weeks before associated tree species (Shearer, 1967). Germination is usually rapid and 
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complete after natural stratification during winter. Air temperatures of about 27°C are optimal for 
germination, but seeds can still germinate at temperatures that are 10° to 15°C cooler (Schopmeyer, 1974). 

Western larch is well adapted to mineral soil seedbeds exposed by burning (DeByle, 1981) or 
mechanical scarification (Schmidt et al, 1976; Shearer, 1980). Undisturbed seedbeds of organic matter and 
areas with heavy root competition have inferior seedling survival. Most mortality occurs during the first 
growing season; after 3 years seedling losses are minor (Schmidt et al, 1976). Seedling survival is 
primarily impacted by biotic factors early in the growing season and by abiotic factors later. Seedlings 
established on mineral soil seedbeds are far less susceptible to fungi than those growing on organic 
substrates. Insolation is the most important abiotic factor impacting seedling survival (Shearer, 1967). 
Organic substrates result in lethal temperatures earlier and more frequently during the growing season than 
mineral soils. Drought is the major factor affecting seedling survival later in the growing season, and its 
effects are greatest in full shade because of competition for moisture by trees and understory vegetation 
(Schmidt and Shearer, 1990). 

Western larch seedlings grow about 5 cm on average the first growing season. Root growth in the first 
year depends on the conditions. In the shade, roots may average only 2.5 cm the first year, whereas in full 
light, roots may be over 20 cm long. Subsequent annual height growth averages about 30 cm is typical of 
the first 4 years (Schopmeyer, 1974; Schmidt and Shearer, 1990).  

Tamarack  

Tamarack seeds normally germinate between late May and mid-June, and germination peaks at  
temperatures of 18° to 21°C. Seeds have little or no internal dormancy (Schopmeyer, 1974). Under natural 
conditions, any existing dormancy is broken during the first winter after seeds are shed (Johnston, 1990). 
Up to half the seeds that fall may be eaten by rodents, and much of the remaining seed is often damaged by 
fungi or bacteria. As a result, only 4 to 5% of the seeds may reach germination (Fowells, 1965). 

Optimal seedbeds for tamarack are warm, moist, burned mineral or organic soil with no brush but a 
light herbaceous cover. Slow-growing sphagnum mounds often make a good seedbed, but the moss can 
provide too much competition under some circumstances. Seedlings in low-light conditions usually grow 
only 2 to 3 cm the first year and do not usually survive beyond the sixth year; while in full light, they may 
be as tall as 23 cm the first year and 64 cm the third year. Subsequent growth is generally even more rapid 
if light is adequate and drainage is good (Fowells, 1965).  

E. Vegetative reproduction  

Subalpine larch  

While layering occurs in some larch species and is common in subalpine larch�s ecological associate 
subalpine fir, subalpine larch only rarely spreads by layering (Arno and Habeck, 1972; Arno et al, 1995). 
Subalpine larch scions have been successfully grafted onto western larch rootstock (B. Jaquish, British 
Columbia Ministry of Forests, pers. comm.). Given the success of somatic embryogenesis using immature 
embryo explants in other Larix species, it is likely that this technique would be successful for subalpine 
larch, but it is unlikely to be developed due to the low economic value and lack of need for reforestation 
with this species. Likewise, methods of organogenesis developed for Larix gmelinii (Lin et al, 2004) would 
likely be transferable to all three species of larch discussed here. 

Western larch  

Western larch does not layer or sprout from stumps or roots in nature. Parent trees are established in 
seed orchards through grafting (Staubach and Fins, 1988). Juvenile cuttings of western larch root easily, 
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but initially exhibit a high degree of plagiotropism, although most plagiotropic stecklings recover 
orthotropic growth within 2 years (Edson et al, 1995, 1996). Semi-hardwood cuttings collected from July 
through September yielded higher rooting percentages than softwood cuttings collected in June (Edson et 
al, 1995). Micropropagation methods for multiplying plants using axillary buds have also been developed 
(Edson et al, 1995). Rooted cuttings are not currently used for reforestation due to the poor stock quality. 
Somatic embryogenesis has been achieved for western larch (Thompson and von Aderkas, 1992; Benkrima 
and von Aderkas, 1995) but is not being used for operational reforestation. Given the relatively small size 
of breeding programs for this species, it is unlikely that these programs will adopt a clonal forestry strategy 
requiring vegetative propagation, but these technologies could be used to overcome seed shortages by 
bulking seedlots or family seed collections. 

Tamarack  

Along the northern limit of trees in Canada and Alaska, layering is the dominant type of reproduction 
for tamarack (Elliott, 1979). Further south, layering is uncommon but may occur when branches are 
covered by sphagnum moss or drifting sand. Roots are also known to produce adventitious shoots 
(Fowells, 1965). While tamarack roots easily from juvenile cuttings (Park and Fowler, 1987), the rooting 
ability of cuttings from 3 to 10 year old donors varied widely among clones, setting dates and donor age 
(Morgenstern et al, 1984). Methods have been developed for somatic embryogenesis in tamarack using 
excised, immature embryos but these techniques are not yet being used operationally for reforestation. 
Somatic embryogenesis for Larix species provides a system for regeneration following genetic 
transformation (Klimaszewska et al, 1997). 
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SECTION IV. GENETICS 

A. Cytology 

Subalpine larch, western larch, and tamarack 

All species of Larix, like most other genera in the Pinaceae, have a haploid number of 12 
chromosomes (Wright, 1962). Polyploidy and aneuploidy are rare in conifers. A cross between 
L. occidentalis and L. decidua (European larch) produced a single triploid hybrid (Larsen and Westergaard, 
1938). 

The cytology of reproduction in western larch has been documented by Owens and Molder (1979a, b). 
The inheritance of plastids appears to be paternal, whereas mitochondrial inheritance is largely but not 
exclusively maternal, which is typical of other members of the Pinaceae (Neale and Sederoff, 1989; 
Owens, 1995) and other Larix species (DeVerno et al, 1993). 

B. Genetic variation 

B.1. Population variability 

Subalpine larch  

There are no published estimates of among-population variation in subalpine larch. The isolation and 
characterisation of 14 microsatellite loci in this species has facilitated ongoing studies of this subject 
(Khasa et al, 2000). Preliminary results of population genetic surveys using these markers indicate much 
greater population differentiation in subalpine larch than in western larch, as expected given the 
discontinous distribution of subalpine larch, with estimates of Fst of 0.133 for subalpine larch and 0.047 for 
western larch (D. Khasa, Université Laval, pers. comm.).  

Western larch  

Provenance variation in western larch is significant but clines are considerably flatter than those of 
some other western conifers with sympatric distributions (Rehfeldt, 1995a, b). Populations separated by 
500 m in elevation differ significantly (Rehfeldt, 1995b). Weak but significant clinal variation 
corresponding to climatic variables, including mean annual temperature and number of frost-free days, has 
been observed for height growth, phenology, lammas growth, and resistance to Meria needle cast 
(Rehfeldt, 1982, 1992, 1995b). Natural populations in environments differing by 40 frost-free days 
annually are significantly genetically different, whereas for interior Douglas-fir (Pseudotsuga menziesii 
var. glauca) and Rocky Mountain lodgepole pine (Pinus contorta subsp. latifolia) in the same region, 
populations differing by around 20 frost-free days differ significantly (Rehfeldt, 1995a, b). Clinal variation 
has also been observed for components of shoot growth (Joyce, 1985; Zhang and Fins, 1993). 

Population genetics studies of western larch using allozyme analysis have yielded Gst estimates 
ranging from 0.086 to 0.100 (Fins and Seeb, 1986; Semerikov and Lascoux, 1999), indicating that the vast 
majority of genetic variation is found within rather than among populations. These estimates are similar to 
the average Gst for gymnosperms of 0.073 (Hamrick et al, 1992). 
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Tamarack 

Provenance testing for this species has not been extensive, probably because of the North American 
interest in provenances of much faster growing exotic larches such as L. kaempferi (Japanese larch), which 
can grow up to three times as much volume on some sites in eastern Canada (Fowler et al, 1988). 
Tamarack has been infrequently included in the provenance trials of exotic larches, and then only as a 
control (Boyle et al, 1989). Thus, comprehensive provenance trials of tamarack are young relative to those 
of many other species. 

Six-year height growth in a rangewide provenance trial was strongly and negatively correlated with 
latitude of origin (r = -0.78), and moderately correlated with longitude (r = -0.58), whereas interaction of 
provenance by test-site location was significant but weak (Fowler et al, 1995). On a smaller geographic 
scale, Rehfeldt (1970) found significant variation among provenances within Wisconsin (USA) for height, 
and a positive correlation between date of bud set and parent-tree location frost-free period. Canadian 
populations in Ontario did not vary significantly for stem form or survival in one study (Boyle et al, 1989), 
but this trial was not designed as a classic provenance trial and included only three populations. In contrast, 
a study of variation in cold hardiness among 66 Ontario tamarack populations found genetic differentiation 
over relatively short geographic distances and steep genetic clines, indicating allowable seed transfer 
distances should be short for this species (Joyce, 1988). In an investigation of the potential to use tamarack 
as a plantation species on waterlogged sites in France, significant variation was found for growth and form 
traits among eight provenances from the southeastern portion of its range. There was an unfavourable 
correlation between growth rate and stem-form quality (Pâques and Périnot, 1994). 

In population genetics studies, the degree of differentiation among populations for allozymes appears 
to be comparable to that of other conifers, with Gst estimated at 0.05 based on 15 loci (Cheliak et al, 1988). 
Although this indicates that most of the genetic variation exists within rather than among populations, in 
the same study Nei�s genetic distance (D) averaged 0.032 among populations, a relatively high estimate for 
a widespread conifer. On a regional scale, in a study of 44 populations of tamarack from northern Ontario, 
among-population variation accounted for just 2% of total allozyme variation (Liu and Knowles, 1991). 
Populations of tamarack in Alaska differ somewhat from those in other areas of the range in cone and 
needle morphology, supporting the hypothesis of descent from a different Pleistocene refugium than the 
eastern populations, but the differentiation is not sufficient to warrant recognition of Alaskan tamarack as a 
separate taxonomic variety (Parker and Dickinson, 1990). 

B.2. Individual-level variability 

Subalpine larch 

In a comparative allozyme study of both North American and Eurasian larch species, subalpine larch 
had relatively low levels of heterozygosity in the single population studied (expected heterozygosity of 
0.082), lower than all the other species studied except L. gmelinii var. olgensis (or L. olgensis), another 
larch with a narrow ecological niche (Semerikov and Lascoux, 1999). 

Western larch 

Estimates of expected heterozygosity within populations from allozyme analysis range from 0.082 
(Fins and Seeb, 1986) to 0.15 (Semerikov and Lascoux, 1999). The first estimate is somewhat low for a 
gymnosperm, whereas the second is more typical (Hamrick et al, 1992).  

Estimated individual heritabilities for growth traits in western larch are higher than for many conifers, 
averaging 0.25 for height growth (Rehfeldt, 1992). Daily growth rate during the linear portion of the height 
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growth curve has a similar heritability to total height growth but is weakly correlated with shoot 
phenology, unlike total height growth, and thus may be a better trait for breeding selection (Rehfeldt, 
1992). 

Tamarack 

Tamarack has relatively high levels of genetic diversity within stands for both quantitative traits 
(Rehfeldt, 1970; Jeffers, 1975) and genetic markers. Estimates of expected heterozygosity based on 
allozyme loci range from 0.10 to 0.22, depending on the populations and allozme loci analyzed (Cheliak et 
al, 1988; Liu and Knowles, 1991; Semerikov and Lascoux, 1999). 

Analysis of 16-year height in tamarack progeny trials in Ontario revealed little to no genetic variation 
among families (Boyle et al, 1989), whereas Park and Fowler (1982, 1987) found significant genetic 
variation for height growth. Narrow-sense heritability for 5-year height over three sites was relatively low, 
however, with estimates ranging from 0.01 to 0.14 (Park and Fowler, 1987). Clone mean heritabilities are 
relatively high (0.44 to 0.80), suggesting there may be opportunities to exploit non-additive genetic 
variation in future breeding programs (Park and Fowler, 1987; Fowler et al, 1995). 

C. Inbreeeding depression and genetic load 

Subalpine larch  

There are no estimates available of inbreeding depression and genetic load in subalpine larch.  

Western larch 

There have been no direct studies of inbreeding depression reported for this species. As outcrossing 
rates for western larch are estimated to be significantly lower than 1, this may indicate that inbreeding 
depression is less pronounced than in some other conifers (El-Kassaby and Jaquish, 1996). 

Tamarack 

Tamarack has below-average self-fertility and a high genetic load in terms of lethal equivalents 
(Fowler et al, 1995). Genetically the trees in natural stands are not randomly distributed, and those growing 
in close proximity are often related (Park and Fowler, 1982). Unlike seeds and seedlings, which have 
deficiencies of heterozygotes, populations of mature trees approach Hardy-Weinberg expectations for 
heterozygosity, indicating that there is natural selection against inbred seedlings (Knowles et al, 1987; 
Cheliak et al, 1988). 
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SECTION V. HYBRIDISATION 

Subalpine larch and western larch 

Subalpine larch and western larch are separated by 400 m or more of elevation in most parts of their 
ranges. The opportunities for natural hybridisation are limited to the Bitterroot Range in western Montana, 
where they are sympatric. In this area, Larix lyallii hybridises naturally with L. occidentalis (Carlson and 
Blake, 1969; Carlson et al, 1990, 1991; Arno et al, 1995); however, a usual difference of nearly 2 months 
in reproductive phenology likely limits their hybridisation (Carlson, 1994). Controlled cross-pollinations 
between L. lyallii females and L. occidentalis males result in high seed set, but the reciprocal cross 
produces few viable seeds (Carlson, 1994). The hybrid offspring are less vigorous than L. occidentalis but 
faster growing than L. lyallii, and the stems are (on average) thicker than those of either parent species. 
Climatic warming may favour these hybrids in sympatric regions. Both subalpine larch and western larch 
can be artificially hybridised with L. laricina (Fowler et al, 1995).  

A cross between western larch and L. decidua (European larch) produced a single hybrid (Larsen and 
Westergaard, 1938). Western larch can be hybridised with L. kaempferi (Japanese larch), and while seed 
set is low, the seedling offspring can grow approximately twice as fast as intraspecific L. occidentalis 
crosses (Wang, 1971). These interspecific hybrids are not used for operational reforestation in North 
America (B. Jaquish, British Columbia Ministry of Forests, pers. comm.), and current forest policy on 
public land discourages use of exotics, including hybrids. Dunkeld larch, L. × marschlinsii (synonym 
L. × eurolepis) (L. decidua × L. kaempferi), is planted extensively in Europe because of its larch canker 
resistance (Baltunis and Greenwood, 1998; Mabberley, 1998). In western North America, if either 
L. kaempferi × L. occidentalis hybrids or the species L. kaempferi were planted on a broad scale, they 
could have a significant impact on the gene pool of natural western larch populations, given the somewhat 
weak reproductive barrier between these species and the rapid growth of the hybrids (Wang, 1971). It is 
not known whether L. kaempferi or its hybrids with L. occidentalis can also hybridise with subalpine larch. 
Larix kaempferi originates from lower latitudes (in Japan) than North American larches and is less frost 
hardy than L. occidentalis (Wang, 1971); although it can grow as high as 2800 m in its native environment 
so may have some tolerance for colder environments. The intensive silviculture necessary for production 
and establishment of hybrid plantations in North America would likely be directed towards lower 
elevation, high-productivity sites. If planting of L. kaempferi or its hybrids became common, it seems 
likely that they would be likely be used in areas with substantial elevational separation, thus providing both 
physical distance and phenological barriers to hybridisation between the plantations and natural 
populations of subalpine larch.  

Attempts at intergeneric in vitro hybridisation resulted in western larch pollen germinating and 
penetrating archegonia of Pinus monticola (western white pine). However, successful fertilisation did not 
occur (Dumont-BéBoux et al, 1998). 

Tamarack 

Larix laricina has relatively low crossability with other Larix species. It has experimentally been 
crossed most readily with the two other North American larches. Tamarack has also been hybridised with 
L. decidua, L. sibirica (Siberian larch), and L. kaempferi, but the crossability with these three species was 
extremely low (Fowler et al, 1995). Hybrids between L. decidua females with tamarack as the pollen 
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parents were the most vigorous of several Larix hybrids evaluated in a trial in Maine (USA) (Baltunis and 
Greenwood, 1998). Crosses between tamarack and L. kaempferi produced little viable seed, but the 
resulting offspring were relatively vigorous (Baltunis and Greenwood, 1998; Baltunis et al, 1998). 
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SECTION VI. ECOLOGY 

A. Climate 

Subalpine larch 

Subalpine larch is well adapted to a very cold, snowy and generally moist continental subalpine-
boreal climate. The extreme lower and upper altitudinal limits of subalpine larch over its entire geographic 
range are 1520 and 3020 m (Arno, 1990). For more than half of the year, mean temperatures are below 
freezing. The growing season is defined by mean temperatures above 6°C (Baker, 1944), only lasts about 
90 days and is punctuated by occasional frosts and snowfall. July mean temperatures range from 
approximately 9° to 14°C, but minimum temperatures during the growing season are as low as -5°C and 
maximums as high as 27°C. January mean temperatures range from -7°C in the northern Cascades to -14°C 
in Alberta, and long-term record minimum temperatures are likely as low as -50°C near the Continental 
Divide in Alberta and Montana (Arno, 1990). 

Mean annual precipitation for most subalpine larch sites is between 800 and 1,900 mm, the greater 
amount being more prevalent near the crest of the Cascades. Most stands in Montana�s Bitterroot Range 
receive 1,000 to 1,500 mm. Approximately 75% of this precipitation is snow and sleet. Typically, the 
snowpack begins to accumulate by late October. By mid-April, it reaches a maximum depth averaging 
about 2 m in stands near the Continental Divide and about 3 m farther west. The snowpack does not melt 
away in most stands until early July. The average snowfall is about 10 m in most stands west of the 
Continental Divide (Arno, 1990).  

Western larch 

Western larch grows predominantly in continental cool-temperate climates, and marginally in 
subalpine-boreal climates (Klinka et al, 2000). Mean annual temperature within its native range is about 
7°C; ranging from an average annual maximum of 29°C to an average annual minimum of -9°C (Schmidt 
and Shearer, 1990). Average growing season temperatures from May to August are approximately 16°C, 
with July the warmest month. The frost-free season varies from 60 to 160 days, usually from early June 
through early September; however, frosts can occur in any month of the year (Schmidt et al, 1976). 

Annual precipitation ranges from an average around 710 mm in the northern part of the larch�s range 
to 810 mm in the south, with extremes of 460 mm and 1,270 mm. Snow accounts for over half of the total 
precipitation on montane and subalpine sites. About one-fifth of the annual precipitation occurs during the 
growing season, mostly in May and June. July and August are usually dry, with clear sunny days, low 
humidity, and high evaporation rates (Fowells, 1965).  

Tamarack 

Tamarack grows under a wide range of climatic conditions across its large range, but predominantly 
within a montane boreal climate. Across its range, average January temperatures vary from -30° to -1°C, 
and average July temperatures are 13° to 24°C. The minimum temperatures recorded within the species 
range vary from -29° to -62°C; the maximum from 29° to 43°C. Tamarack grows with less than a 75 day 
frost-free period over much of its range, with 120 frost free days in interior Alaska and 180 days along its 
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southern limits. Longer daylength during the growing season generally compensates for the shorter 
growing season at northern latitudes (Fowells, 1965). Annual precipitation within the range of tamarack is 
also highly variable, ranging from 180 mm at Fort Yukon, Alaska, to 1,400 mm in eastern Canada. Of this 
precipitation, 75 to 355 mm is during the growing season. Annual snowfall has a similarly wide variation, 
from around 100 cm in the District of Mackenzie in northwestern Canada to over five meters near the 
coasts of Labrador and Quebec (Johnston, 1990).  

B. Soils 

Subalpine larch  

The sites occupied by subalpine larch underwent intense glaciation during the Pleistocene and have 
been deglaciated for less than 12,000 years. As a result, most soils occupied by subalpine larch stands are 
immature and weakly developed. Short, cool summer temperatures retard chemical weathering. Microbial 
activity including nitrogen fixation that might enrich the soil is also apparently restricted by low soil 
temperatures as well as high acidity (Arno, 1990). 

Subalpine larch commonly grows on previously unvegetated talus slopes covered with granite or 
quartzite rock, but the species is absent or scarce on limestone and dolomite (Arno and Habeck, 1972). It 
can also root in bedrock cracks. This substrate preference is in constrast to several other cold-climate 
conifers, including L. sibirica and tamarack, which often grow on calcium-rich, basic soils (Ritchie, 1957;  
Hustich, 1966). 

Subalpine larch achieves its best growth where soils are kept moist throughout summer by aerated 
seeps such as in high-elevation basins and near the base of talus slopes. It can also tolerate acidic, organic 
soils on boggy meadow sites. It is most abundant on cool, north-facing slopes and in high montane basin, 
but can also grow on south-facing slopes if soils are relatively moist (Arno, 1990).  

Western larch 

Western larch can tolerate very dry to very moist soil moisture conditions and very poor to very rich 
soil nutrient conditions, but the most productive growth occurs on fresh to moist, rich to very rich sites. 
Although this species has a relatively wide climatic and edaphic amplitude, it is infrequent on very moist 
sites and absent on wet sites. Compared to other tree species, it tolerates water-deficient soils well (Krajina, 
1969; Klinka et al, 2000).  

Relationships between potential site index of western larch and categorical measures of site quality 
were quantified by New (1999) in the major portion of its British Columbia range. The larch site index 
values (1) increased with greater soil water supply from water-deficient to fresh and moist sites, and then 
decreased with greater water surpluses; and (2) increased from very poor through very rich sites, with the 
rate of increase diminishing with higher availabilities of nitrogen. The increase in site index values along 
the soil nutrient gradient was consistently steeper than along the soil moisture gradient (Table 1). 

Western larch grows on a wide variety of soils, most commonly on soils that have developed from 
calcium and magnesium-rich glacial till or colluvium. Most soils supporting the growth of western larch 
are Inceptisols and Alfisols (Soil Conservation Service, 1975), and infrequently Spodosols which generally 
occur close to the upper elevation limits of the species (Fowells, 1965).  
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Table 1. Edatopic grid for western larch showing predicted site index values (m at 50-yr bh), using New's soil 
moisture and soil nutrient model (n+315, m+/-95% confidence interval), and mean measured site index values 

according to actual moisture and nutrient regimes. 

Indicated sample sizes refer only to the predicted and measured site index values 

Actual soil 
moisture regime 

Number of 
plots (n); 

Actual soil nutrient regime 
Site index values 

 site index  Very poor Poor Medium Rich Very rich 
       
       
Excessively dry 
 

n 
Predicted 
Measured 

3 
8.6±1.7 

8.6 

0 
9.2 
nd 

0 
11.5 
nd 

0 
12.7 
nd 

0 
13.0 
nd 

Very dry 
 

n 
Predicted 
Measured 

6 
13.2±0.6 

13.2 

14 
13.8±0.8 

14.3 

8 
16.1±0.9 

15.4 

2 
17.3±0.7 

16.6 

0 
17.5 
nd 

Moderately dry 
 

n 
Predicted 
Measured 

0 
16.7 
nd 

45 
17.4±0.5 

17.2 

44 
19.6±0.5 

19.9 

6 
20.8±0.5 

20.8 

0 
21.1 
nd 

Slightly dry 
 

n 
Predicted 
Measured 

0 
19.2 
nd 

52 
19.9±0.3 

19.9 

58 
22.2±0.5 

21.9 

28 
23.3±0.7 

23.7 

0 
23.6 
nd 

Fresh 
 

n 
Predicted 
Measured 

0 
20.9 
nd 

0 
21.5 
nd 

18 
23.8±0.5 

21.9 

11 
25.0±0.6 

23.7 

5 
25.2±1.1 

25.6 
Moist 
 

n 
Predicted 
Measured 

0 
22.5 
nd 

0 
23.1 
nd 

1 
25.4±1.3 

26.5 

2 
26.6±1.3 

26.2 

5 
26.8±1.1 

26.8 
Very moist 
 

n 
Predicted 
Measured 

0 
16.1 
nd 

0 
16.7 
nd 

0 
19.0 
nd 

4 
20.2±1.3 

20.6 

1 
20.4±2.9 

18.7 
Wet 
 

n 
Predicted 
Measured 

0 
16.3 
nd 

0 
17.0 
nd 

0 
19.2 
nd 

1 
20.4±1.6 

20.4 

0 
20.7 
nd 

 
nd − no data were obtained due to absence or sporadic occurrence of western larch under some edaphic conditions. 

Tamarack 

Tamarack grows in a wide range of conditions, from moderately dry to wet soil moisture and poor to 
very rich soil nutrients, although the most productive growth occurs on fresh to moist and nutrient rich to 
very rich sites (Krajina, 1969; Johnston, 1990; Klinka et al, 2000). Compared to many other tree species, it 
tolerates water-surplus soils well; thus, it grows most commonly on wet organic soils (Histosols - Soil 
Conservation Service, 1975) developed from sphagnum and woody peats. Woody peat is usually better 
decomposed, has more nitrogen and mineral nutrients, and is less acidic than sphagnum moss peat. On 
upland sites the species is associated with mineral soils (especially Inceptisols and Entisols) that range 
from coarse sand to heavy clay, and with calcareous soils (Johnston, 1990). Tamarack is more abundant on 
peatland than upland sites due to its tolerance of high soil moisture, high acidity and low soil temperature. 
It grows best, however, on moist but well-drained loamy soils in riparian zones and on seep areas, and on 
mineral soils with a shallow surface layer of organic matter (Fowells, 1965).  
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C. Synecology   

Subalpine larch  

Subalpine larch is more frequent in pure stands and scattered clumps than in mixed-species stands. It 
typically forms scattered, open, park-like groves <0.1 ha in size. It is a pioneer species on avalanche 
slopes, colluvium, and rock outcrops, but can form edaphic climax communities near the upper treeline in 
association with other subalpine species such as whitebark pine (Pinus albicaulis), subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmannii) and mountain hemlock (Tsuga mertensiana) (Eyre, 
1980; Klinka et al, 2000). Subalpine larch stands are a variant of forest cover type Whitebark Pine (Type 
208) but also occur in Engelmann Spruce-Subalpine Fir (Type 206). In British Columbia, subalpine larch is 
a minor component in the transition between continental high-elevation forest and alpine tundra zones, 
between 1,800 and 2,300 m (Krajina, 1969; Klinka et al, 2000). In the western United States, subalpine 
larch is a component in the Tsuga mertensiana (west of the Cascades) and Abies lasiocarpa zones 
(Franklin and Dyrness, 1973). The understory of most subalpine larch stands throughout the Pacific 
Northwest is dominated by grouse whortleberry (Vaccinium scoparium), smooth woodrush (Luzula 
hitchcockii), mountain arnica (Arnica latifolia), and red mountain heather (Phyllodoce empetriformis), but 
on some relatively cold, exposed sites, krumholz subalpine fir and whitebark pine form an understory 
(Arno, 1970).  

Western larch  

Western larch may grow in pure stands but is more frequent in mixed-species stands. Old-growth 
western larch stands are now rare. Despite being a long-lived species, in the absence of fire it is replaced 
by shade-tolerant species. It is present in all stages of fire-driven, secondary succession. Depending on 
climate and soil moisture, its most common associates are (1) in the drier temperate climates: interior 
Douglas-fir (Pseudotsuga menziesii var. glauca) and ponderosa pine (Pinus ponderosa); (2) in the wetter 
temperate climates: grand fir (Abies grandis), western hemlock (Tsuga heterophylla), western redcedar 
(Thuja plicata) and western white pine (Pinus monticola); and (3) in subalpine-boreal climates: Engelmann 
spruce, subalpine fir and mountain hemlock; as well as (4) across its whole range: lodgepole pine (Pinus 
contorta subsp. latifolia) (Fowells, 1965; Eyre, 1980; Klinka et al, 2000). Western larch stands typically 
have a diverse understory with dense herbaceous and less dense shrub layers (Pfister et al, 1977).  

In the United States, western larch comprises the majority of forest cover type Western Larch (212) 
but is also found in Mountain Hemlock (205), Engelmann Spruce-Subalpine fir (206), Interior Douglas-fir 
(210), Grand Fir (214), Western White Pine (215), Lodgepole Pine (218), Rocky Mountain Juniper (220), 
Western Hemlock (224), Western Redcedar-Western Hemlock (227), Western Redcedar (228) and Interior 
Ponderosa Pine (237) (Schmidt and Shearer, 1990) (Society of American Foresters, 1980). In British 
Columbia, western larch is a significant component of a number of forest communities in the continental 
montane forested zones, and to a limited extent in the continental subalpine forest (Krajina, 1969; Klinka et 
al, 2000).  

Tamarack  

Tamarack forms extensive pure stands in the Canadian boreal forest and in northern Minnesota 
(USA). In the rest of its range, the species is found locally in both pure and mixed stands. It is a major 
component in the forest cover types (Eyre, 1980) Tamarack (Type 38) and Black Spruce-Tamarack (Type 
13) and is a minor component in Jack Pine (Type 1), Balsam Fir (Type 5), Black Spruce (Type 12), Red 
Spruce-Balsam Fir (Type 33), Northern White-Cedar (Type 37), Black Ash-American Elm-Red Maple 
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(Type 39), White Spruce (Type 107), Balsam Poplar (Type 203), Black Spruce (Type 204), Black Spruce-
White Spruce (Type 253), and Black Spruce-Paper Birch (Type 254). 

Black spruce (Picea mariana) is usually found with tamarack in mixed-species stands on all sites. 
Tamarack stands cast relatively light shade and as a result usually have well-developed shrub, herb, or 
moss layers featuring a high diversity of species (owing to the extensive range of the species). The moss 
layer is typically composed of sphagnum (Sphagnum spp.) and other bryophytes (Eyre, 1980). Herbs 
include sedges (Carex spp.), cottongrass (Eriophorum spp.), false Solomon�s seal (Smilacina trifolia), 
marsh cinquefoil (Potentilla palustris), marsh-marigold (Caltha palustris) and bogbean (Menyanthes 
trifoliata). Shrubs include dwarf and swamp birches (Betula glandulosa and B. pumila), willows (Salix 
spp.), speckled alder (Alnus rugosa), and red-osier dogwood (Cornus stolonifera), Labrador-tea (Ledum 
groenlandicum), bog-rosemary (Andromeda glaucophylla), leatherleaf (Chamaedaphne calyculata) and 
small cranberry (Vaccinium oxycoccos) (Fowells, 1965).  

D. Stand dynamics 

Subalpine larch  

Subalpine larch is very shade-intolerant (Arno, 1990). Whitebark pine is also shade-intolerant, but is 
most abundant on warm-aspect slopes and thus tends to complement rather than compete with the larch 
(Arno and Habeck, 1972). At the highest elevations and coolest sites, subalpine larch forms parkland-like 
climax communities owing to its superior hardiness to other subalpine conifers. Its hardiness is due to 
resistance to the winter desiccation stress that occurs during warm periods when soils are still cold or 
frozen (Richards, 1981; Richards and Bliss, 1986). Subalpine larch has adaptations to winter dessication 
stress include deciduous leaves and woody protected buds (Arno, 1970). Its deciduous foliage requires a 
large amount of moisture throughout the summer, however, compared to evergreens and consequently it 
occupies relatively moist sites.  

Subalpine larch is a long-lived, very slow-growing tree. Height growth is exceedingly slow for the 
first 20 to 25 years as seedlings become established, but increases rapidly thereafter (Richards, 1981; 
Richards and Bliss, 1986). Vigorous saplings 1.2 m tall are generally around 30 to 35 years of age. 
Dominant trees attain small to moderate dimensions, depending upon site conditions, but rare individuals 
have reached 200 cm in diameter and 30 m in height (Arno, 1990). Leaders grow as short shoots with short 
internodes in most years, and the annual height increment is substantial in only about 1 in 4 years (Worrall, 
1995). Subalpine larch only rarely grows in a shrubby or krummholz form. Although the common life span 
for dominant trees is 4 to 5 centuries, many individuals attain 700 years, and the oldest trees are estimated 
to live about 1,000 years (Arno, 1970). Even though subalpine larch frequently forms single-species 
stands, it can also grow below its usual elevation range in association with subalpine fir, Engelmann spruce 
and whitebark pine.  

Western larch  

Western larch is one of the most shade-intolerant conifers in the Pacific Northwest (Klinka et al, 
2000). Consequently, it grows in even-aged stands. Its primary associates are usually the same age as the 
larch, but often appear younger due to slower growth. As western larch stands mature, shade-tolerant 
associates continue to establish and form younger canopy strata (Schmidt and Shearer, 1990). Due to its 
longevity (often >500 years), western larch is often a persistent seral species, particularly on low-
productivity sites. 

Fire is essential to the maintenance of western larch in natural populations. High-intensity fires thin 
stands, reduce fuels, and prepare seedbeds that promote establishment of shade-intolerant conifers, 
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particularly the western larch. Without fire, shade-tolerant associates eventually replace the larch (Schmidt 
and Shearer, 1990). Even-aged silvicultural systems best fit the ecological requirements of western larch. 
These systems provide an adequate seed source and the microsite conditions needed for establishment. Site 
preparation of prescribed burning or scarification to reduce the duff layers and vegetative competition is 
often necessary for its successful regeneration (Burns, 1983).  

Tamarack  

Although young seedlings can tolerate some shade, tamarack is very shade-intolerant, and must 
become dominant to survive, especially in mixed stands (Johnston, 1990). Tamarack is considered a 
pioneer tree, especially in wetlands. It is generally the first tree to invade filled-lake bogs in primary 
succession (Fowells, 1965). Tamarack can reproduce successfully on burns (Rowe and Scotter, 1973), so 
immediately after fire it is one of the early seral tree species on most sites in the boreal forest. Because of 
its intolerance to shade, tamarack is eventually replaced by black spruce in ombotrophic wetlands, and by 
northern white-cedar (Chamaecyparis thyoides), balsam fir (Abies balsamea), and swamp hardwoods in 
minerotrophic wetlands (Fowells, 1965). Recurring outbreaks of larch sawfly (Pristiphora erichsonii) 
throughout the range of tamarack have probably speeded succession to black spruce or other associates 
(Eyre, 1980). 

In full-light conditions, tamarack is one of the fastest growing conifers on upland sites of the North 
American boreal forest. On peatlands, tamarack grows faster than any other native conifer. It can reach 
heights of 24 to 27 m and diameters of 30 to 38 cm. Maximum age is generally 150 to 180 years, but trees 
230 to 240 years old are not rare and one individual was documented to have lived to 335 years (Eyre, 
1980; Johnston, 1990).  

E. Damaging agents 

Subalpine larch 

Violent winds often damage subalpine larch crowns in conjunction with loads of clinging ice or wet 
snow. If advanced heart rot has so weakened the bole, high winds can break off the trunk causing tree 
death. The quinine fungus Fomitopsis officinalis, which causes brown trunk rot, produces the only conks 
commonly found on living trunks. Subalpine larch typically suffers little damage from insects or other 
diseases. Isolated witches� brooms, with dense branch-clusters and branch swelling, are widely scattered in 
subalpine larch stands, and have been attributed to parasitic dwarf mistletoe (Arceuthobium laricis), fungal 
infection, or perhaps even a genetic abnormality (Arno, 1990). 

Avalanches are an important source of damage in high elevation, steep terrain, but the flexibility of 
younger trees, the strength of trunks larger trees and lack of foliage make subalpine larch less vulnerable to 
damage than evergreen subalpine trees. Poles up to 13 cm thick and 6 m tall can survive flattening by 
snowslides, only to straighten again in summer (Arno and Habeck, 1972). Because of their avalanche 
tolerance, subalpine larch often occupies avalanche paths, forming a disturbance-maintained �disclimax� 
(Arno, 1990). 

Western larch 

Mature western larch is a highly fire-resistant tree because of its thick bark, high and open branching 
habit, and the low flammability of its foliage. Seedlings and saplings have little resistance to fire, but poles 
are moderately resistant (Fowells, 1965). The species is highly resistant to windthrow because of its 
extensive root system (Schmidt et al, 1976). Immature trees are very sensitive to noxious fumes, but due to 
their deciduous foliage, the larches accumulate fewer harmful deposits than evergreen conifers (Carlson 
and Dewey, 1971).  



 ENV/JM/MONO(2007)7 

 35

Dwarf mistletoe (Arceuthobium laricis) is the most damaging pathological agent affecting western 
larch. It can infect seedlings as young as 3 to 7 years old, and infection continues throughout the life of the 
tree (Wicker and Shaw, 1967). Mistletoe decreases height and diameter growth, kills tree tops, reduces 
seed viability, creates conditions suitable for other diseases and insects, and causes burls, brashness, and 
some mortality. Infected residual trees left after harvesting or fire can promptly infect other trees, as 
mistletoe seed can be ejected as far as 14 m (Smith, 1966). The other important disease found in western 
larch are needle cast caused by Hypodermella laricis, quinine fungus caused by Fomitopsis officinalis, and 
rot caused by Phellinus pini. The two most serious insect pests are larch casebearer (Coleophora laricella) 
and western spruce budworm (Choristoneura occidentalis) (Schmidt et al, 1976).  

Tamarack 

Tamarack has thin bark and as a result is highly susceptible to fire damage. Its roots are shallow on 
peatlands, resulting in mortality from all but very light fires. In the boreal forest, tamarack stands have a 
high surface-fire hazard in the spring but a low crown-fire hazard in pure stands (Rowe and Scotter, 1973). 
Tamarack stands are often killed by abnormally high water levels. High water levels also result in dieback 
and the development of adventitious roots and shoots (Denyer and Riley, 1964). Strong winds can uproot 
large trees growing in swamps or other wet sites where rooting is most shallow. Tamarack is fairly 
windfirm compared with its common associate black spruce (Johnston, 1990). 

The most destructive insect pest of tamarack is the larch sawfly (Pristiphora erichsonii). Periodic 
epidemics of this defoliator occur across Canada and the northern United States. Another serious defoliator 
of tamarack is the larch casebearer (Coleophora laricella). Severe outbreaks have caused extensive 
mortality of trees of all ages (Johnston, 1990).  

Tamarack is host to many pathogens, but none cause sufficient disease to have substantial economic 
impact. Tamarack is essentially free of stem diseases. The parasitic plant eastern dwarf mistletoe 
(Arceuthobium pusillum) is occasionally found where the tree is growing in mixtures of infected black 
spruce, but the resulting witches� brooms are small (Hepting, 1971). Several root- and butt-rot fungi 
reported on tamarack include Armillaria ostoyae, Scytinostroma galactinum, Phaeolus schweinitzii, and 
Inonotus tomentosus. The principal heart-rot fungi are Fomitopsis officinalis and Phellinus pini (Hepting, 
1971). Tamarack is very susceptible to the European larch canker (Lachnellula willkommii), but this exotic 
disease is only a problem in maritime areas in eastern Canada and Maine (USA) (Magasi, 1983). 
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SECTION VII. FORESTRY PRACTICES 

A. Deployment of reforestation materials  

Subalpine larch  

Subalpine larch is a non-timber species and its wood has essentially no commercial value. As no 
timber harvesting has been done, even in the best-developed stands, nor does any seem likely on the upper 
subalpine sites in the future, and considering cultivation difficulties, there has not been any need for 
seedling production for the species. On an experimental basis, seedlings have been successfully grown and 
outplanted (Arno et al, 1995). 

Western larch  

Western larch is the fastest-growing and largest of the larches in Pacific Northwest forests, and the 
most important native timber species of the genus. The presence of this species in pure as well as mixed-
species stands is valuable where multiple resource use is the major management objective. Depending on 
the site and management objective, clearcutting, patch-cutting, strip-shelterwood, and seed-tree systems are 
suitable for growing western larch (Burns, 1983). Considering its shade intolerance and fast growth rate, 
western larch is a desirable component in mixed-species stands including shade-intolerant trees, such as 
ponderosa pine or lodgepole pine (P. contorta subsp. latifolia), or shade-tolerant trees, such as western 
redcedar or western hemlock. Propagation by seed is the only contemporary method for regenerating 
western larch. Techniques for collection, processing, testing, and storage of seed are given in Schopmeyer 
(1974). Small, infrequent cone crops have resulted in intermittent seed shortages for artificial regeneration 
(Schmidt and Shearer, 1990). Natural regeneration (where applicable) or planting, using a containerised 
stock, is used for establishment. Burning or scarification is required for successful natural regeneration of 
western larch (Schmidt et al, 1976; Shearer, 1980; DeByle, 1981). 

Genetically improved seed is produced in seed orchards where selected parents are grafted onto 
conspecific rootstock. In British Columbia, two first-generation seed orchards produce approximately 50% 
of the total seed currently needed for reforestation for western larch (Forest Genetics Council of British 
Columbia, 2001). In approximately 5 years, these orchards should provide all of the seed for reforestation 
in the two major seed planning zones for this species. 

Tamarack 

Tamarack is a small to medium-sised tree that is a timber species primarily in eastern North America. 
Its pronounced shade intolerance requires even-aged silvicultural systems, with adaptation of clearcutting 
or seed-tree cutting. Regeneration often requires some type of site preparation, such as slash disposal or 
herbicide spraying (Johnston, 1975). Techniques for collection, processing, testing, and storage of seed are 
given in Schopmeyer (1974). Tamarack stands can be established either through natural regeneration or 
through planting, of containerised seedlings. Seedling root:shoot ratio must be balanced,  seedlings 
dormant, and a wide spacing used for successful plantation establishment (Johnston, 1990). All the seed 
currently used for planting in eastern Canada�s Maritime region comes from first-generation grafted seed 
orchards (Fowler et al, 1995). 
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B. Provenance transfer 

Subalpine larch 

Due to the lack of planting of this species, as well as the difficulties in obtaining viable seed, no 
provenance trials have been established to provide provenance transfer guidelines. In the absence of 
additional information, for restoration purposes the use of locally collected seed would be advisable. In 
British Columbia, seed transfer rules for species lacking provenance trial data, including subalpine larch, 
are 1° latitude S, 2° latitude N, 3° longitude W, 2° longitude E, and 300 m up or 200 m down in elevation 
from the collection location, based on provenance trial results for other tree species (British Columbia 
Ministry of Forests, 1995). 

Western larch  

Local seed zones and breeding programs provide locally adapted seed. In British Columbia, under the 
Forest Practices Code, western larch seed collected from natural stands can be used for reforestation on 
sites up to 1° latitude S, 2° latitude N, 3° longitude W, 2° longitude E, and 300 m up or 200 m down in 
elevation (British Columbia Ministry of Forests, 1995). In southern British Columbia, there are two local 
breeding zones for western larch, each with one seed orchard providing improved seed for reforestation in 
that zone (Forest Genetics Council of British Columbia, 2001). Based on seedling genecological studies, 
Rehfeldt (1995a, b) concluded that seed should be used within ±225 m of where it is collected. Provenance 
transfer may offer some gains in growth, but further research on risk of maladaptation is needed to test this 
hypothesis (Rehfeldt, 1995b). 

Tamarack  

Based on the limited data available, tamarack shows similar patterns of variation to other widespread 
conifers, and local seed zones and breeding programs provide locally adapted seed. Local provenances or 
those from slightly south of local typically appear to be among the best (Jeffers, 1975; Riemenschneider 
and Jeffers, 1980). In Ontario, seed for all species is managed within 38 seed zones based on a climate 
model for the province (D. Joyce, Ontario Ministry of Natural Resources, pers. comm.). In British 
Columbia, seed transfer limits are the same for tamarack as subalpine larch (see above). In Alberta, transfer 
of seed for all conifers including tamarack is limited to 80 km and 150 m in elevation (N. Dhir, Alberta 
Forest Service, pers. comm.). 

C. Breeding programmes 

Subalpine larch 

There are no breeding programs for subalpine larch, nor are there likely to be, based on the lack of 
harvesting and artificial reforestation for this species. 

Western larch 

There are active breeding programs for western larch in both British Columbia and the Inland 
Northwest region of the United States. Based on the substantial variation within seed and breeding zones 
for polygenic traits (Joyce, 1985; Fins and Rust, 1989; Rehfeldt, 1992; Zhang and Fins, 1993), potential 
gains of up to 20% could be achieved in the first generation of selection (Rehfeldt, 1995b). The British 
Columbia Ministry of Forests breeding program has approximately 600 plus-trees in progeny tests, and 
grafted seed orchards will be rogued based on the results from these tests, primarily evaluating for growth 
rate, with wood density as a secondary trait (Forest Genetics Council of British Columbia, 2001). A similar 
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breeding program is underway by the Inland Empire Tree Improvement Cooperative, based at the 
University of Idaho. 

Tamarack  

There are active breeding programs for tamarack in Quebec and the Maritime provinces in Canada, 
although planting is not extensive (Fowler et al, 1995). These breeding programs are approaching the 
second generation. Parent trees are evaluated for general combining ability based on the performance of 
progeny from polycrosses. Grafted clonal seed orchards are rogued based on the results of these progeny 
trials. Ontario no longer has an active breeding program for tamarack (D. Joyce, Ontario Ministry of 
Natural Resources, pers. comm.). In the Maritime region, there are approximately 300 plustrees under 
evaluation in progeny tests (Fowler et al, 1995). First generation clonal seed orchards containing grafted 
ramets of these parents will be rogued based on the results of these tests for growth and form traits. High 
clonal heritabilities for economic traits in this species indicate an opportunity to exploit non-additive 
genetic variation in future breeding programs (Fowler et al, 1995). 

D. Conservation of genetic resources 

Subalpine larch 

As subalpine larch is neither harvested nor planted, and occurs in high-elevation ecosystems that are 
relatively well represented in natural parks, wilderness areas, and other conservation areas, gene 
conservation for this species is accomplished through in situ protection in established reserves. In British 
Columbia, subalpine larch was found to be well protected in existing reserves (Lester and Yanchuk, 1996). 
The greatest threat to subalpine larch and other high-elevation species in terms of genetic resources is 
climate change, as the rate of climate change may exceed the maximum migration rate of species, and 
high-elevation species exist in discontinuous ecosystems (Aitken, 2000). 

Western larch 

Western larch genetic resources are being maintained both in situ in established protected areas such 
as natural parks and ecological reserves, and ex situ in seed and clone banks, breeding arboreta and genetic 
field tests. A survey of the degree of protection of conifer genetic resources in British Columbia in 1996 
concluded that western larch was adequately protected at that time (Lester and Yanchuk, 1996), and 
reserves have nearly doubled in area since then. Rehfeldt (1995b) suggested that while the controlled, local 
collection and deployment of seed and localised breeding programs for this species protect the natural 
genetic structure and diversity, it may be prudent to establish gene pool reserves for western larch in some 
areas. 

Tamarack 

Given the broad distribution of tamarack, its presence in many unharvested ecosystems such as bogs, 
and the use of natural regeneration or local provenances as seed sources for planting, the genetic resources 
of tamarack likely are being well conserved. A thorough gap-analysis only of the in situ protected status of 
this species for the small portion of its range within British Columbia has been published (Lester and 
Yanchuk, 1996). 
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SECTION VIII. SUMMARY 

Subalpine larch  

The primary values of subalpine larch are for watershed protection, wildlife habitat, outdoor 
recreation, and aesthetics. The ability to occupy steep north slopes and snow chutes where other trees can 
scarcely grow suggests that it helps to stabilise snow loads and reduce the severity of avalanches. The 
unusual hardiness of this species and its adaptations for survival on environmentally extreme sites make it 
of special interest for scientific study, and reclamation plantings on subalpine sites. There is a tremendous 
lack of genetic information on this species, and genetic management is limited to in situ gene conservation. 
The current degree of protection of genetic resources of subalpine larch in natural parks is adequate. 
Climate change is the primary threat to this high-elevation species.  

Western larch  

Western larch, a species with relatively narrow ecological amplitude, is one of the important and 
valuable timber crop species in western North America. Across its range it functions predominantly as a 
long-lived seral and fire-adapted species. Because of its rapid growth rate, western larch produces a higher 
volume of wood sooner than many of its associates. It is an exposure-requiring species that is easy to 
regenerate. Although growing typically in even-aged stands, it may associate even in early stages of 
secondary succession with several shade-tolerant tree species forming stratified uneven-age stands, and be 
a prominent component in many ecosystems in several climatic zones in the Pacific Northwest. Western 
larch is not only an important timber species but also a major tree cover in many scenic and recreational 
areas and critical watersheds. The seasonal change in hue of foliage from light green in the spring and 
summer, to gold in the fall, enhances the beauty of these montane forests. The genetic base of this species 
is well-protected in existing natural parks and reserves over most of its range. Despite available 
technologies for somatic embryogenesis and genetic transformation, and its rapid growth rate and high 
wood quality, genetic improvement is limited to local selective breeding due to the relatively small 
numbers of seedlings planted annually, primarily on public lands within its native range. Genetic 
transformation and tissue culture methods developed for other Larix species could likely be adapted for 
western larch. 

Tamarack 

Tamarack is a major component of the North American boreal forest, with a very wide ecological 
amplitude. Across its extensive range, tamarack functions predominantly as a pioneer and early seral, 
relatively short-lived, and fire-adapted species. Local, small breeding programs have been established and 
will likely continue for this species in the eastern portion of the range. While somatic embryogenesis and 
genetic transformation technologies are available, it is unlikely these or other biotechnological methods 
will be applied on a large scale due to the slow growth rates, long rotations and relatively few seedlings 
planted annually for this species. Genetic transformation and somatic embryogenesis techniques have been 
developed for tamarack. 
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FOREWORD 

 The OECD�s Working Group on Harmonisation of Regulatory Oversight in Biotechnology 
decided at its first session, in June 1995, to focus its work on the development of consensus documents that 
are mutually acceptable among Member countries. These consensus documents contain information for use 
during the regulatory assessment of a particular product. In the area of plant biosafety, consensus 
documents are being developed on the biology of certain plants species, on specific genes and resulting 
proteins that when introduced into a plant result in the expression of specific traits and on issues arising 
from the use of general trait types in plants.  

 This document addresses the general information concerning the δ-endotoxin genes and their 
protein toxin products that confer insect protection to plants. The United States served as the lead country 
in the preparation of this document. The draft was revised on a number of occasions based on the inputs 
from other member countries. The Joint Meeting of the Chemicals Committee and the Working Party on 
Chemicals, Pesticides and Biotechnology has since recommended that this document be made available to 
the public. 
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PREAMBLE 

The environmental safety/risks of transgenic organisms are normally based on the information on the 
characteristics of the host organism, the introduced traits, the environment into which the organism is 
introduced, the interaction between these, and the intended application. The OECD�s Working Group on 
Harmonisation of Regulatory Oversight in Biotechnology decided at its first session, in June 1995, to focus 
its work on identifying parts of this information, which could be commonly used in countries for 
environmental safety/risk assessment to encourage information sharing and prevent duplication of effort 
among countries. Biosafety Consensus Documents are one of the major outputs of its work. 

Biosafety Consensus Documents are intended to be a �snapshot� of current information on a specific 
host organism or trait, for use during regulatory assessments. They are not intended to be a comprehensive 
source of information on everything that is known about a specific host or trait; but they do address the key 
or core set of issues that member countries believe are relevant to risk/safety assessment. This information 
is said to be mutually acceptable among member countries. To date, 28 Biosafety Consensus Documents 
have been published. They include documents which address the biology of crops, trees and micro-
organisms as well as those which address specific traits which are used in transgenic crops.  

In reading the Consensus Documents, it is useful to consult two additional texts. The first, entitled An 
Introduction to the Biosafety Consensus Document of OECD�s Working Group for Harmonisation in 
Biotechnology explains the purpose of the Consensus Documents and how they are relevant to risk/safety 
assessment. It also describes the process by which the documents are drafted using a �lead country� 
approach. The second text is Points to Consider for Consensus Documents on the Biology of Cultivated 
Plants. This is a structured checklist of �points to consider� for authors when drafting or for those 
evaluating a Consensus Document. Amongst other things, this text describes how each point is relevant to 
risk/safety assessment. 

The Consensus Documents are of value to applicants for commercial uses of transgenic organisms, 
regulators in national authorities as well as the wider scientific community. As each of the documents may 
be updated in the future as new knowledge becomes available, users of Consensus Documents are 
encouraged to provide any information or opinions regarding the contents of this document or indeed, 
OECD�s other harmonisation activities. If needed, a short pre-addressed questionnaire is attached at the 
end of this document that can be used to provide such comments.  

The published Consensus Documents are also available individually from OECD�s website 
(http://www.oecd.org/biotrack) at no cost. 
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SUMMARY NOTE 

 This document summarises the information available on the source of Bacillus thuringiensis δ-
endotoxin genes, the structure and properties of the toxins they encode, unique mechanisms of action, use 
in plants, toxicity and exposure data, and assessment methods. Some information on Bacillus thuringiensis, 
the bacterial source of these traits, is included as background and where relevant to the risk assessment of 
the δ-endotoxins in plants, however this document does not attempt to address the vast amount of 
information available on the micro-organism. In addition to the scientific literature, which grew 
substantially over the last few years, this document also contains data submitted by registration applicants 
for the US-registered plant pesticide products (called plant-incorporated protectants in US pesticide 
regulations). These studies are required to be performed according to good laboratory practices regulations 
(US Code of Federal Regulations 40 CFR 160) and have been peer reviewed by USEPA scientists for 
acceptability for use in an environmental assessment. In the US, data from these studies may be released to 
the public and are available from the companies on request by other regulatory bodies. Some of these data 
were submitted for products that are no longer registered; however, the data are still valid to illustrate δ-
endotoxin properties. Where it is necessary to illustrate assessments unique to these toxin genes, plant 
expression data are discussed. However, the intent of this document is not to address gene transfer or other 
issues unique to specific plants that have been transformed to express these toxins. Such information is 
outside the scope of this document. It is intended that this document should be used in conjunction with 
specific plant species biology consensus documents when a biosafety assessment is made of plants with 
Bacillus thuringiensis δ-endotoxin-mediated insect protection. It was also agreed that this document would 
not address the issue of insect resistance management, designed to prevent or delay the onset of resistance 
to specific δ-endotoxins in insects exposed to these transgenic crops. 
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SECTION I - GENERAL INTRODUCTION 

1. Advances in genetic engineering in recent years have led to the development of plants that are 
resistant to some insects through incorporation and expression of genes encoding delta-endotoxins (δ-
endotoxins) from the bacterium Bacillus thuringiensis (B. thuringiensis). Throughout this paper, the 
microbial pesticide will be referred to as Bacillus thuringiensis whereas the toxins incorporated into the 
plants will be referred to as δ-endotoxins. Various subspecies of the bacterium, B. thuringiensis, are 
registered as pesticides and are highly regarded as being environmentally-friendly due to their species-
specificity (primarily affecting only the pest insects) and their lack of environmental persistence. In 
addition, δ-endotoxin genes have been inserted into bacteria such as Pseudomonas fluorescens (Stone et 
al., 1989) and Bacillus pumilus (Selinger et al., 1998) for soil insect control, Clavibacter xyli for European 
Corn Borer (ECB) control (Dimock et al., 1988), and Bacillus sphaericus for mosquito control (Poncet et 
al., 1997), although these have only been used for experimental purposes in their living form. A Mycogen 
Corporation product expressing a B. thuringiensis δ-endotoxin in Pseudomonas was rendered non-viable to 
address environmental concerns. Four of these products, expressing different δ-endotoxins were registered 
in 1995 in the United States. A number of plant species, particularly crops such as cotton, corn, potatoes, 
tobacco, tomato, and sugarcane have been modified to produce δ-endotoxin proteins from B. thuringiensis 
(Prieto-Samsonov et al., 1997; Mendelsohn et al., 2003; Romeis et al., 2006b). 

2. There are advantages and disadvantages to using transgenic plants containing the δ-endotoxins as 
compared to the conventional use of microbial B. thuringiensis preparations. The control of insects through 
the expression of δ-endotoxins in the transgenic plant can provide for protection throughout the growing 
season of the plant. The insecticidal activity need not be short-term, as with conventional Bt preparations 
which are more rapidly degraded in the environment. Transgenic plants overcome the problem of 
traditional microbial preparations that may not reach insects that burrow through the soil or those that bore 
into and remain inside the plant stem or tissue, e.g., the European Corn Borer (ECB) larvae damages the 
corn stalk from within. Also, microbial preparations have not been as effective as the transgenic cotton/δ-
endotoxins product against the Cotton Bollworm (CBW) because the CBW spends most of its time feeding 
inside the squares (flowers) and bolls (fruit) (Beegle and Yamamoto, 1992). The extended exposure, and 
relative higher amounts of δ-endotoxins as compared to microbial foliar sprays (Szekacs et al., 2005), may 
lead to the selection of insects that are resistant to one or more of the B. thuringiensis δ-endotoxins, thus 
potentially reducing the usefulness of these B. thuringiensis pesticides (Tabashnik et al., 1990; Bauer, 
1995; Van Rie, 1990b). Tolerant insects have been produced in laboratory studies with purified forms of δ-
endotoxins. Various strategies may be employed if deemed necessary to prevent the development of insect 
resistance in the field (Williams et al., 1992; Rajamohan et al., 1998; Matten, 1998; Pittendrigh et al., 
2004; Bates et al., 2005). 

3. A major environmental advantage of genetically engineered insect-resistant plants expressing 
genes encoding δ-endotoxins and of microbial Bt preparations, compared with use of many synthetic 
chemical insecticides, is the greater specificity of δ-endotoxins to target species. Adverse impacts on non-
target insects and other organisms are reduced significantly. In spite of the more targeted specificity, there 
may still be insects and other non-target organisms potentially affected by the δ-endotoxins, and extended 
exposure might affect their populations. Another possible disadvantage of genetically engineered insect-
resistant plants is a potential for increase in weediness due to δ-endotoxin transgene transfer to populations 
of wild sexually compatible species. However it should be noted that multiple factors determine the 
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potential for an increase in weediness in wild plant populations, the most important of which is whether the 
transgene can introgress into related plants. For example, an assessment found that introgression into 
Australia�s 17 native cotton species from the tetraploid cotton crop would not be significant because their 
native cotton is diploid (AOGTR, 2002). The potential for δ-endotoxin transgene transfer to increase 
weediness in wild crop relatives has also been studied for sunflower (Snow et al., 2003) and for oilseed 
rape (Halfhill et al., 2002, Vacher et al., 2004) and is further discussed in paragraph 115 of this document. 

 A. Bacillus thuringiensis and its Uses 

4. Bacillus thuringiensis is a common bacterium capable of survival in the environment for long 
periods of time because it produces endospores that are extremely resistant to adverse environmental 
conditions. Once the spores are in the soil, they do not germinate into vegetative cells unless they are in the 
presence of a rich nutrient source (Petras and Casida, 1985), e.g. nutrients in the soil or available within 
organisms that ingest the spores. For example, one tested strain, B. thuringiensis subsp. kurstaki DMU67R 
has been shown to persist in the field with no significant reduction in numbers for seven years (Hendriksen 
and Hansen, 2002), see paragraph 8, below for more details. All members of the genus Bacillus are rod-
shaped, Gram positive cells that produce not more than one endospore per cell. Cells have peritrichous 
flagella surrounding them and are aerobic or facultatively anaerobic. Sporulation is not repressed by 
exposure to air (Claus and Berkeley, 1986). The species B. thuringiensis is characterised by the production 
of one or more protein parasporal crystals in parallel with spore formation. The parasporal crystals consist 
mainly of insecticidal δ-endotoxins with some scaffolding proteins and Cyt toxins. The δ-endotoxins in the 
crystals are usually inactive protoxins, which are converted by enzymatic action within the environment of 
the larval gut to active toxins (Claus and Berkeley, 1986). These toxins, in addition to other toxins 
produced by some isolates of B. thuringiensis, account for the insecticidal activity of the commercialised 
products to lepidopteran, dipteran, and coleopteran insects. The microbial products often show some 
additional activity, compared to δ-endotoxins alone, by expressing other factors while reproducing within 
the insects. 

5. Naturally-occurring isolates of B. thuringiensis have been used for insect control for decades. 
The first description of a Bacillus thuringiensis bacterium was in 1901 by the Japanese microbiologist S. 
Ishiwata who isolated it from diseased silkworm larvae (Ishiwata, 1901). Ishiwata named the bacillus 
Sottokin. A decade later, a German microbiologist, E. Berliner, isolated a similar organism from a diseased 
granary population of Ephestia kuehniella larvae from Thuringia, Germany (Berliner, 1911, 1915; also 
cited in Beegle and Yamamoto, 1992). Berliner named the bacterium Bacillus thuringiensis, and because 
Ishiwata did not formally describe the organism he found, Berliner is credited with naming it. The first 
commercial B. thuringiensis product was produced in France in 1938 (Kumar et al., 1996). An isolate was 
first registered as an insecticide in the United States in 1961. Microbial preparations of various isolates of 
B. thuringiensis are used on a wide variety of grain, forage, fruit, vegetable, tuber, and fibre crops, and 
tobacco. In addition, they are used for control of forest pests, particularly gypsy and tussock moth species, 
and also for control of mosquitoes and blackflies.  

6. When applied as a microbial insecticide, B. thuringiensis toxins have a relatively short 
persistence of 1 - 4 days on plants due to degradation from UV light exposure, however, a study of a Bt 
forest spray showed continued toxicity toward lepidopterans for at least 30 days following the spray 
(Johnson et al., 1995). The B. thuringiensis spores persist in the environment for extended periods, and 
have been isolated world-wide from soil (Martin and Travers, 1989; Bernhard et al., 1997; Ejiofor and 
Johnson, 2002), and from plant surfaces (Smith and Couche, 1991). Typically, B. thuringiensis is not 
naturally found in high numbers, except in previously treated soils, but it is not rare. Significant numbers 
of various strains of B. thuringiensis have been found in many different kinds of soils in Denmark 
including areas where commercial products have not been used (Hendriksen and Hansen, 2004). Delucca 
et al. (1981) found it in 17% of the soils they tested from 12 US states and reported it was found in a wide 
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variety of soils: cultivated soils, a rocky soil, and in virgin (not previously treated) forests. Spores of B. 
thuringiensis can maintain their presence in the environment by germinating and replicating to high 
numbers in suitable hosts which are not harmed by their presence. Many animals have been shown to 
excrete B. thuringiensis in their faeces. These include voles (Swiecicka and De Vos, 2003), Japanese deer 
(Ohba and Lee, 2003), 14 species of wild mammals in Korea (Lee et al., 2003) and 11% of rodents and 
17% of insectivore mammals examined (Swiecicka et al., 2002). These mammals may also include humans 
since B. thuringiensis was found to be a common part of the microbial flora in sewage plant sludge 
(Mizuki et al., 2001). The same process has also been observed in soil inhabiting invertebrates since B. 
thuringiensis was shown to germinate in three species of earthworm and one tipulid larvae without 
harming them (Hendriksen and Hansen, 2002). Thus, B. thuringiensis spores and toxins are an integral part 
of the environment.  

7. The microbial B. thuringiensis products, which contain differing numbers of δ-endotoxins, may 
be toxic to a number of different species of insects from different genera, see Section 1C for more detail 
and the tables in appendixes 2.2 and 3.2 of Glare and O�Callaghan (2000) for extensive lists of insects 
resistant to different strains of B. thuringiensis. Many pest insects are resistant to the B. thuringiensis δ-
endotoxins. For example, the European cockchafers are significant pest insects but have developed 
protective proteolytic midgut enzymes that protect them against Cry8C which kills closely-related scarab 
insects (Wagner et al., 2002). The results of various studies on the susceptibility of pest insects to Bt 
kurstaki spray were analysed by Schmitz et al. (2003). Among those groups for which sufficient data were 
available, the Geometridae appeared to be the most susceptible family. In contrast, the Noctuidae are 
relatively resistant to Bt spray. Overall the literature confirms the lepidopteran-specific toxicity of 
commercial Bt kurstaki toxins (Schmitz et al., 2003). 

 B. Bacillus thuringiensis Toxins 

8. Most of the δ-endotoxins from B. thuringiensis are contained in the parasporal crystal inclusions 
that are synthesised adjacent to the endospore during sporulation. The parasporal crystal inclusions consist 
of different insecticidal crystal proteins, each of which is coded for by a single gene. Depending on the 
composition of the insecticidal proteins, the crystals can occur in a number of shapes, such as bipyramidal, 
cuboidal, flat rhomboid, or a composite with two crystal types. The genes that code for the insecticidal 
crystal proteins are usually located on plasmids, which are autonomously replicating circular pieces of 
extrachromosomal DNA that may be transferred by conjugation between various serovars of B. 
thuringiensis and related bacterial species such as Bacillus cereus and Bacillus subtilis (Klier et al., 1983, 
Battisti et al., 1985, and Ruhfel et al., 1984.) The B. thuringiensis plasmids are relatively large and may 
contain one quarter of the genetic coding capacity of the bacterial chromosome (Carlton and Gonzalez, 
1985). Schnepf et al. (1998) noted that there is considerable evidence that B. thuringiensis and B. cereus 
should be considered a single species. A genetic analysis of many isolates of B. thuringiensis, B. cereus, 
and Bacillus anthracis has found extensive genetic diversity among B. thuringiensis, and B. cereus 
environmental isolates with no clear distinction between the two species. However, the B. anthracis strains 
were more closely related to each other (Ticknor et al., 2001). Strains of B. anthracis also exhibit much 
less diversity (Keim et al., 1997). The B. thuringiensis strains used for insecticides cluster separately from 
the closely grouped B. anthracis strains, except that the one H34 strain previously identified as producing a 
δ-endotoxin, and had been reported to be pathogenic to mice, (Hernandez et al., 2000) occurred in the 
branch that contained all the B. anthracis strains (Hill et al., 2004).  

9. The δ-endotoxins include another B. thuringiensis toxin type, which has cytolytic activity against 
a number of invertebrate and vertebrate cells in vitro. These �Cyt� toxins have been shown to have specific 
activity on dipteran insects via a mode of action similar to the Cry toxins. The interaction of Cyt toxins 
with Cry toxins is complex because in some cases the toxicity of a given Cry/Cyt toxin combination is 
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synergistic and in others antagonism is found, e.g. between Cry1Ac1 and Cyt1A1 both in vitro and in vivo 
toxicity to Trichoplusia ni (Del Rincon-Castro et al., 1999). 

10. Recently binary toxins from Bt have been assigned a Cry designation, though they have little 
detectable homology to traditional Cry toxins. Dow AgroSciences LLC and Pioneer Hi-Bred International 
recently registered a binary toxin, Cry34Ab1/Cry35Ab1, from the Mycogen Corporation B. thuringiensis 
toxin library (USEPA, 2005). Monsanto also holds a patent on a binary toxin.  

11. In addition to the δ-endotoxins, other toxins may be produced by various isolates of B. 
thuringiensis. One such proteinaceous toxin class from Bacillus isolates is Vegetative insecticidal protein 
(Vip) 3A (Estruch et al., 1996) which has broad toxicity against lepidopteran species (C.Yu et al., 1997). 
Genetically engineered products expressing Vip3A are being evaluated in cotton and maize plants. 
Although it has similar properties to the δ-endotoxins, the Vip3A toxin has not been classified as a δ-
endotoxin and will not be addressed in this document. Some isolates of B. thuringiensis produce a class of 
closely related adenine-nucleotide analogue insecticidal molecules called beta-exotoxin, (Hernandez et al., 
2001). The common name for the beta-exotoxins is thuringiensin. These heat-labile toxins may be 
responsible for the toxicity of some isolates of B. thuringiensis to non-target organisms including mice, 
some aquatic insects, and fish (Beegle and Yamamoto, 1992). Beta-exotoxin and the other Bacillus toxins 
may contribute to the insecticidal toxicity of the bacterium to lepidopteran, dipteran, and coleopteran 
insects (Crickmore et al., 2005). Beta-exotoxin is known to be toxic to humans and almost all other forms 
of life and its presence is prohibited in B. thuringiensis microbial products. Engineering of plants to 
contain and express only the genes for δ-endotoxins avoids the problem of assessing the risks posed by 
these other toxins that may be produced in microbial preparations. 

 C. Susceptible Insects 

12. Various isolates of B. thuringiensis have been reported to have pesticidal activity against insect 
species, primarily lepidopteran, coleopteran and dipteran species, and some non-insect species, for 
example nematodes, flatworms, protozoa (Feitelson et al., 1992; Griffitts et al., 2001; Kondo et al., 1992), 
and also mites (Arachnida, Acarinae) (Feitelson et al., 1992). However, some of this activity observed for 
bacterial isolates may be due to Bacillus toxins other than δ-endotoxins. There are many different δ-
endotoxins and they have vastly different specificities against different insects. This great diversity is likely 
to have developed through sequence divergence and subsequent swapping of domains within the toxin 
molecules (de Maagd et al., 2001). Many different δ-endotoxins have been tested for activity against 
various insects both at the strain and individual toxin level. Most of the insects reported as susceptible to δ-
endotoxins are Lepidoptera, but many δ-endotoxins are active against Diptera (e.g., Cry4, 10, 11, 19, and 
25) and Coleoptera (e.g., Cry3 and 8). Among the Lepidoptera, there is variation in susceptibility to 
various δ-endotoxins. In a survey of 42 species of non-target lepidopterans, 13 species were rated as very 
sensitive to a commercial product, Foray 48B (containing genes encoding, but not necessarily expressing, 
the Cry1Aa1, Cry1Ab1, Cry1Ac1, Cry2Aa1, and Cry2Ab1 proteins), and 11 species were rated as 
insensitive (Peacock et al., 1998). Some δ-endotoxins do not appear to directly affect any tested pest 
species. Lambert et al. (1992) reported that a Cry7Aa did not affect various lepidopteran larvae and was 
only weakly active against Coleoptera although in vitro pre-treatment with trypsin increased its activity 
against Coleoptera. Some representative δ-endotoxins have been analyzed to the extent that host range and 
toxicity functions have been attributed to different domains of the protein molecule. The natural B. 
thuringiensis isolates generally produce more than one δ-endotoxin. Many experiments, both in vitro and 
in vivo, suggest synergistic interactions between two or more δ-endotoxins (Schnepf et al., 1998). On the 
other hand, antagonism was also observed between Cry1Aa and Cry1Ab in the gypsy moth (Tabashnik, 
1992). 
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13. Caution should be used when attempting to extrapolate the susceptible species to an individual δ-
endotoxin as expressed in plants from tests using microbial forms of B. thuringiensis. As noted before, 
most strains of B. thuringiensis express multiple toxins, which often may interact with each other. In some 
cases, δ-endotoxins combined with spores can exhibit toxicity even though neither the spores nor the 
toxins, by themselves, are especially toxic to the test insect (Liu et al., 1998). Frequently the δ-endotoxin 
may be expressed in a plant in a truncated form, and it has been hypothesised this situation could increase 
the host range of the δ-endotoxin to additional insects. It should be noted, however, that other factors 
contribute to the selectivity (see paragraph 30 of this document). Clearly, protocols screening for insect 
susceptibility need to ensure that test insects are exposed to Cry toxins that are the same or equivalent to 
Cry toxins that are expressed in the insect-resistant plants in question; for example use of Cry toxins 
isolated from E.coli strains, grown under contained conditions, that have been genetically engineered to 
express the relevant δ-endotoxin. 
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SECTION II - NOMENCLATURE/CLASSIFICATION OF TOXINS AND GENES 

14. Unlike some systems where genes were named without knowledge of the gene products, δ-
endotoxins and the genes which produce them rely on the same nomenclature. However, standard 
nomenclature for genes requires that the gene name be italicised in lower case (e.g., cry1A), whereas, the δ-
endotoxin protein product produced by that gene is designated in regular font with an initial capital letter 
(e.g., Cry1A).  

15. Hofte and Whiteley (1989) proposed a classification scheme that related similar toxin gene 
sequences to the activity against susceptible insects. From a total of 52 genes, Hofte and Whiteley 
designated 14 distinct gene types and sorted them into four major classes based on their insect specificity. 
The four major gene classes consisted of cryI - Lepidoptera; cryII - Lepidoptera and Diptera; cryIII - 
Coleoptera; and cryIV - Diptera. More recently, two new classes were proposed, cryV and cryVI, (Feitelson 
et al., 1992) based on additional analysis of the toxin domains of 29 distinct toxin proteins. This 
classification scheme, however, is no longer adequate to identify the many new varieties of δ-endotoxin 
genes, in that some of the newly-analyzed genes show a high degree of DNA homology to known genes, 
but possess different insecticidal activities. Therefore, in 1993, a δ-endotoxin nomenclature committee was 
established to revise the classification of δ-endotoxins. 

16. Crickmore et al. (1998) introduced a systematic nomenclature based on the similarity between 
amino acid sequences of full-length gene products, rather than their biological properties. The scheme, 
which arranges the genes according to possible evolutionary relationships, is based on a phylogenetic tree 
calculated with computer programs that are in the public domain. The cry genes designated by Hofte and 
Whiteley (1989) have been retained, although the Roman numerals have been replaced by Arabic numbers 
(cryII is now cry2), still followed by uppercase and lower case letters. This new nomenclature scheme 
defines the degree of homology that needs to be shared to have the same Arabic number (≥45%), the same 
uppercase letter (≥75%), and the same lowercase letter without parentheses (≥95%). A fourth 
(�quaternary�) ranking is also given for gene products that differ in amino acid sequence but whose genes 
have more than 95% homology. For example, the gene designated by the Hofte and Whiteley (1989) 
classification scheme as cryIA(c) by Von Tersch et al. (1991) is currently designated as cry1Ac2. Note that 
a different quaternary ranking is assigned for each new Cry toxin submission, so that some of the toxins 
that have identical nomenclature except for different quaternary rankings may actually be identical. 
Although it may be argued that this system does not exactly meet some of the standards set for protein 
nomenclature, it has the advantage that the genes classified under the earlier system, for the most part, do 
not need a major change in their name, and there is no need to make changes in the vast existing literature. 
A few cry genes have been reassigned under the new system (Table 1). A Bacillus thuringiensis cry Gene 
Nomenclature Committee is now part of the Bacillus Genetic Stock Center. A current list of δ-endotoxin 
genes can be found on the Internet at http://www.lifesci.sussex.ac.uk/Home/Neil_Crickmore/Bt/ 
(Crickmore et al., 2005). 

17. Under the new classification system, there are 49 major classes of different cry genes, cry1 
through cry49, and two major classes of cyt genes, cyt1 and cyt2. At the end of the year 2005, there were a 
total of 314 different cry genes (including 26 binary cry genes) and 24 cyt genes. In recent years, about 20 
newly classified genes are generally added each year. Use of this nomenclature will greatly facilitate 
international harmonisation of δ-endotoxin regulatory assessment. Wherever possible, this nomenclature 
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has been used in this document, however, in some cases, the older nomenclature is used when it was 
referenced as such in citations. 

Some of the renamed δ -endotoxin genes (Old vs. new nomenclature) 

Old cryIG cryIIIC cryIIID cryIVC cryIVD cytA cytB 
New cry9A cry7Aa cry3C cry10A cry11A cyt1A cyt2A 
Source : Crickmore et al., 1998 
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SECTION III - CHARACTERISATION OF THE δ-ENDOTOXINS 

 A. Protoxins 

18. The parasporal crystalline inclusion bodies formed within the B. thuringiensis cells adjacent to 
the endospore during sporulation are protoxins which are composed of precursors of the active δ-
endotoxins and DNA (Clarimont et al., 1998). For the three conventional three-domain toxins, e.g. Cry1, 
Cry2 and Cry3, the C-terminal half of these inactive protoxins are enzymatically cleaved within the midgut 
of susceptible insect larvae by trypsin-like proteases to the active toxin, which consists of the N-terminal 
portion of the molecule (Federici, 1993; Rukmini et al., 1999).  

19. The lepidopteran-specific Cry1 protoxins are 130 � 140 kDa in size and except for Cry1I 
accumulate as bipyramidal crystalline inclusion bodies. There are a large number of different cry1 gene 
sequences (Hofte and Whitely, 1989; Crickmore et al., 1998; Crickmore et al., 2005). The Cry1A through 
Cry1G protoxins are in the range of 1100-1200 amino acids and the active portion of the protoxin molecule 
is a 60 - 70 kDa fragment localised in the N-terminal half of the protoxin for the Cry1A and Cry1C 
proteins. For many of the Cry toxins the proteolytic cleavage site is not known experimentally, however it 
can be inferred from homology modelling approaches. The bipyramidal Cry4A and Cry4B protoxins, 
which are approximately 130 kDa, also consist of approximately 1100-1200 amino acids (Knowles, 1994; 
Kumar et al., 1996).  

20. The Cry2, Cry3, and Cry11A protoxins are smaller molecules of approximately 70 kDa which are 
similar to the N-terminal portion of the larger protoxins (as reviewed by Bauer, 1995). Crystals formed 
from the Cry2 proteins are cuboid, the Cry3 are rhomboid, and the Cry10A and Cry11A are bar-shaped 
(Knowles, 1994). These smaller protoxins still require enzymatic processing involving removal of amino 
acids from the N terminus to form the active toxins (Bauer, 1995). Cry11A can be processed differently 
than the other Cry toxins in some insect species. It is cleaved into two fragments of 30 and 35 kDa. The 
Cyt protoxins are smaller molecules of 29 kDa and have an amorphous crystal shape in the absence of Cry 
toxins (Knowles, 1994; Li, 1996). After solubilisation the toxin is present as a dimer and can be cleaved by 
proteinase K to uncover the active sites in vitro (Koni and Ellar, 1994; Li, 1996). 

21. The variation in specificity of δ-endotoxins to different species of insects may be, in some cases, 
due to the presence of different proteolytic enzymes. Cry1Ac is very active against Mamestra brassicae 
(Cabbage moth), but has little effect on Pieris brassicae (Cabbage white butterfly); two insects that are not 
closely related, being from different families. Extended proteolysis using proteases from each insect 
resulted in insoluble products, but with different molecular sizes resulting from differential processing 
(Lightwood et al., 2000).  

 B. Truncated Active Toxins 

22. Truncated active toxins are the N-terminal portion of the protoxin molecules obtained after 
enzymatic cleavage within the insect midgut of the larger Cry toxins. It is this portion of the protoxin 
which then binds to receptors and ultimately results in lethality due to membrane disruption. The smaller 
70 kDa Cry2, Cry3, and Cry11 are sometimes considered truncated forms of the N-terminal portion of the 
larger Cry toxins, although some processing still occurs on these smaller molecules (Knowles, 1994). The 
29 kDa Cyt protoxins are dimers that are cleaved into active monomers (Koni and Ellar, 1994; Li, 1996).  
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 C. Structure of Toxins  

23. The three-dimensional structures of the coleopteran specific Cry3A (Li et al., 1991) and the 
mosquitocidal Cyt2A δ-endotoxins (Li et al., 1996) have been published. The structure of the lepidopteran 
specific Cry1Aa has also been determined and is similar to the Cry3A structure (Grochulski et al., 1995). 
In addition, the structures for Cry2Aa (Morse, at al., 2001) and Cry3Bb1 (Galitsky et al., 2001) have 
recently been published. Based on their sequence similarity, many other Cry δ-endotoxins are thought to 
have a similar three-dimensional structure. The first 285 amino acids are a bundle of seven amphipathic 
helices. Six of these helices occur in a circle surrounding helix five in the centre of the Cry3A molecule. 
These helices are known as domain I. Domain II consists of amino acid residues 286-500 which form three 
antiparallel β-sheets. Domain III is the rest of the amino acids in β-sheets arranged like a sandwich (as 
reviewed by Kumar et al., 1996).  

24. The Cyt protoxins have just a single domain in which two outer layers of α-helices surround a 
five stranded β-sheet. The protoxin is actually a dimer of two of these molecular domains associated at the 
N-terminus strands (Li, 1996). 

 D. Prevalence of the δ-Endotoxins in Microorganisms 

25. It is common for microbial B. thuringiensis strains to express more than one δ-endotoxin, yet the 
same δ-endotoxins may appear in many different isolates. Two published studies, in particular, examined 
the prevalence of certain δ-endotoxins. The distribution of δ-endotoxin genes in 58 new isolates showed 
57% had cry1C, 45% had cry1A(b), and 34% had cry2A genes (Kim et al., 1998). Another study of 223 
isolates looked at three families of δ-endotoxin genes (Ferrandis et al., 1999). They found cry5 δ-endotoxin 
genes in 66%, cry1 in 54% and cry2 in 42% of the isolates. A specific analysis of the isolates possessing 
cry1 genes showed 62% had cry1A(c), 49% had cry1A(a), 43% had cry1D, 35% had cry1C, and 34% had 
cry1A(b) δ-endotoxin genes (Ferrandis et al., 1999). 

26. The microbial B. thuringiensis strains are generally divided taxonomically into serovars based on 
differences in the antigens in their flagella, e.g. B. thuringiensis ser. kurstaki, or B. thuringiensis ser. 
israelensis. In some cases biochemical and morphological criteria are used to further distinguish the 
serovars. However, since the δ-endotoxin genes are primarily carried on large plasmids with some 
mobility, the subspecies designations do not definitively allow predictions of their specific cry gene 
content. One analysis of Bt isolates reported that there is no apparent relationship between δ-endotoxin 
gene content and serotype of the micro-organism (Ferrandis, 1999). Bacterial species other than B. 
thuringiensis have been shown to produce δ-endotoxins. In 1990, crystalline δ-endotoxin-like proteins 
were first reported in Clostridium bifermentans, serovar malaysia (de Barjac et al., 1990) and subsequently 
found in 80% of 12 C. bifermentans subspecies and 8% of 13 other Clostridium strains and 13 B. 
thuringiensis isolates tested (Barloy et al., 1998). A Cry2Aa δ-like endotoxin, termed Cry18Aa, has been 
detected in Bacillus popilliae, which is a US registered microbial pesticide product for control of the 
Japanese beetle (Zhang et al., 1997).  
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SECTION IV - MECHANISM OF ACTION 

27. An immense amount of research on representative δ-endotoxins has been devoted to 
understanding the mode of action on susceptible insects. In general, following ingestion, the crystalline 
inclusions are dissolved and then converted to active toxins by insect proteases. The active toxins bind to 
specific receptor sites and produce pores in the insect gut which results in loss of homeostasis and 
septicemia, which are lethal to the insect (Broderick et al., 2006). In addition, there may be other less-
characterised insect control functions of these toxins such as avoidance of the toxins and feeding paralysis 
prior to completion of the full lethal pore-formation process (Aronson and Shai, 2001). In many cases, 
larvae become less susceptible to δ-endotoxins as they age due to fewer binding sites in the older larvae 
(Gilliland et al., 2002). 

 A. Ingestion and Solubilisation 

28. When the non-toxic B. thuringiensis crystalline inclusions are ingested by a susceptible 
lepidopteran insect larva, they dissolve in the high pH (>9.5) environment of the larval midgut, releasing 
one or more δ-endotoxins. However, many coleopterans have a neutral pH midgut, yet solubilisation of the 
coleopteran-specific toxins occurs (Koller et al., 1992). Solubilisation may occur due to initial proteolysis 
of Cry3A, which renders the toxin soluble at neutral pH allowing it to impart activity against coleopterans 
(Carroll et al., 1997). Combinations of Cry proteins in inclusion bodies may also facilitate the solubility 
over that of crystals with only one Cry protein (Aronson, 1995). These proteins are protoxins that are 
converted enzymatically in the insect midgut by proteases into smaller active toxins which are resistant to 
further protease digestion. These active toxins bind to unique receptor sites on the epithelium cells in the 
midgut of susceptible insects. The proteolytic susceptibility of various Cry1A protoxins appears to be 
sensitive to DNA associated with the N-terminal end of the protoxin in the crystals (Clairmont et al., 
1998).  

29. The ingestion of plant material containing the δ-endotoxin, in the form of the protoxin or as an 
active truncated toxin, has been shown by many studies to control the same target hosts as does ingestion 
of B. thuringiensis crystalline inclusions containing the δ-endotoxins (Mycogen and Novartis, 1995a, 
1995b; Plant Genetic Systems, 1998c; Mycogen and Pioneer, 2001a, 2001b, 2001c, 2005a; Monsanto, 
2002b, 2002f). It has been proposed that the solubilisation and proteolysis phase can contribute to the 
selectivity of action towards susceptible insects, and that if the δ-endotoxin expressed in the plant is the 
truncated active form, a wider range of hosts may be affected (Stotzky, 2002, Hilbeck, 2002). However, 
there is no evidence to support the hypothesis that protease activated or truncated toxins alter the host 
range of non-target insects (Mycogen and Novartis, 1995a, 1995c; Plant Genetic Systems, 1998c; 
Mycogen and Pioneer, 2001a, 2001b, 2001c, 2005a; Monsanto, 2002b, 2002d; Evans, 2002). Additional 
studies will be required to shed more light on these issues (Evans 2002). 

 B. Binding to Receptors 

30. For the classic three-domain Cry toxins, e.g., Cry1A and Cry2A, binding of the active Cry toxin 
molecules to a receptor in the brush border membrane of the epithelial cells in the midgut microvillae of 
the target insect is an essential process in achieving toxicity (Hoffman et al., 1988), although additional 
post-binding processes, including membrane insertion and septicaemia, are required for insect lethality 
(Broderick et al., 2006). The specificity of the Bt δ-endotoxins is a primary result of their ability to bind to 
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specific receptor sites in the membrane. However, it has been shown that many toxins are capable of 
binding to more than one receptor (Van Rie et al., 1989; Van Rie et al., 1990a; Denolf et al., 1993; Estada 
and Ferré, 1994; Escriche et al., 1994), one receptor can bind more than one toxin (Escriche el al., 1997), 
and different Cry toxins can compete for the same binding sites (Hua et al., 2001; Estela et al., 2004; Li et 
al., 2004). The amino acid sequence of the receptor binding domain of the δ-endotoxin molecule is thought 
to be a predictor of host specificity (as reviewed by Bauer, 1995). The binding domain of the δ-endotoxin 
molecule is apparently the most variable portion of the active toxin molecule (Hofte and Whitely, 1989). In 
some cases binding of the active toxin molecule correlates directly with toxicity (Luo et al., 1997; Jurat-
Fuentes et al., 2000), but binding has not always exhibited a correlation with toxicity in vivo (Van Rie et 
al., 1990a; Gould et al., 1992; Escriche et al., 1994). The association of binding with potency is further 
supported in that some Cry1 toxins showed correlation with potency in some but not all cases studied 
(Gilliland et al., 2002). Lee et al. (1999) hypothesised that cases where there is no correlation may be due 
to non-functional receptors, or alternatively, to initial binding to more than one receptor.  

31. The high affinity binding of the active toxin molecule to the specific receptor within the insect 
midgut is thought to occur by interaction of the loops of domain II, the portion of the active toxin with 
three antiparallel β-sheets (as reviewed by Knowles, 1994). A revised model for the mechanism of action 
has been proposed based on studies conducted using site-directed mutagenesis of the Cry toxins. Dean et 
al. (1996) and Aronson and Shai (2001) suggest that domain III is also involved in the binding of the active 
toxin molecules to the receptors for many insects. For example, de Maagd et al. (2000) showed that 
domain III was essential for toxicity to Spodoptera exigua by producing Spodoptera activity in several 
Cry1 toxins by transferring an active domain III from Cry1Ca into them. However, in the specific case of 
the diamondback moth (Plutella xylostella), domain III was found to have a minimal effect on toxicity and 
binding (Ballester et al., 1999).  

32. Many putative receptors have been identified for various δ-endotoxins in a number of different 
insects. The emerging picture is complex. The same toxin may bind to different receptors and different 
toxins may bind to the same receptors. For example, Cry1C is reported to bind to both a 40 kDa protein 
(Kwa et al., 1998) and a 106 kDa aminopeptidase-N glycoprotein (Luo et al., 1996). Wang and McCarthy 
(1997) identified seven Cry1C binding proteins (137, 120, 115, 68, 63, and 45 kDa). Cry1Ab and Cry1Ac 
compete for the same binding site in the striped stem borer (Chilo suppressalis) and the yellow stem borer 
(Scirpophagus incertulis) (Alcantara et al., 2004). Cry1Ac domain III mutants could no longer bind to 
aminopeptidase-N, however, some toxicity remained to Manduca sexta indicating the presence of 
alternative receptors (Jenkins et al., 1999).  

33. Aminopeptidase-N proteins, belonging to a family of zinc-dependent metallopeptidases, have 
been shown to function as receptors for many δ-endotoxins proteins. Cry1Aa was shown to bind to a 
highly conserved region of the aminopeptidase-N family of proteins (Nakanishi et al., 1999). A detailed 
analysis of the Tenebrio molitor midgut aminopeptidase revealed some common features with mammalian 
aminopeptidase-N, but it differed in details of substrate binding and in catalytic residues (Cristofoletti and 
Terra, 2000). Luo et al. (1997) have found that a specific 170 kDa aminopeptidase-N from Heliothis 
virescens would bind Cry1Aa, Cry1Ab, and Cry1Ac, but not Cry1C or Cry1E. A 120 kDa aminopeptidase-
N from brush border membrane vesicles of a tortricid moth was shown to bind both Cry1Ac and Cry1Ba 
(Simpson and Newcomb, 2000). Two amino acid differences in aminopeptidase-like proteins were 
sufficient to make an Indianmeal moth (Plodia interpunctella) resistant to Cry1Aa (Zhu et al., 2000). The 
receptor for the Cry1A(c) toxin in the lepidopteran Manduca sexta was identified as a 120 kDa 
aminopeptidase-N (Knight et al., 1994). Two δ-endotoxins, Cry1Ac and Cry1Fa, bind to several 
aminopeptidase-N�s (110, 120, and 170 kDa.) from Heliothis virescens (Banks et al., 2001). A thorough 
investigation of one system, Cry1Ac binding to Lymantria dispar aminopeptidase-N, suggested that an 
initial recognition of the aminopeptidase occurs by a region in domain III of Cry1Ac and a subsequent 
tighter binding occurs via a region in domain II (Jenkins et al., 2000). However, the study using Cry1C, 
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Cry1E, and Cry1Ab in Plutella xylostella showed that binding specificity was due to domain II with no 
detectable involvement with domain III (Ballester et al., 1999). 

34. The aminopeptidase-N family of neutral zinc-dependent metallopeptidases has been well studied. 
They are classified in an M1 family, which, in turn, is part of a superfamily of 36 families. Currently there 
are two unique recognised classes, bacterial aminopeptidase-N and mammalian aminopeptidase-N. There 
have been a number of research efforts focusing on cloning and sequencing the genes coding for specific 
insect aminopeptidase-N δ-endotoxin receptors (Knight et al., 1995; Denolf et al., 1997; Hua et al, 1998; 
Garner et al., 1999; Yaoi et al., 1999; Emmerling et al., 2001). These aminopeptidases play an important 
part in insect digestion of proteins, cleaving single amino acids from the N-terminus end (Ortega et al., 
1996). The sequencing information now available has allowed for the conclusion that the insect 
aminopeptidase-N�s are a unique, distinct, group among the aminopeptidases (differing from the bacterial 
and mammalian aminopeptidases) and, among themselves, are quite diverse, falling into at least three 
distinct groups of midgut aminopeptidases (Gardner et al., 1999; Emmerling et al., 2001).  

35. Carbohydrates may be involved in aminopeptidase-N binding, resulting in further specificity of 
δ-endotoxins binding to insect midgut cells. A Cry1Ac domain III mutant δ-endotoxin was developed 
which caused reduced binding to Manduca sexta. This mutant Cry1Ac δ-endotoxin was not inhibited by 
the carbohydrate, N-acetylgalactosamine, which did inhibit binding of the wild-type Cry1Ac, indicating 
that this carbohydrate in the aminopeptidase-N from Manduca sexta is involved in the mechanism of toxin 
binding (Burton et al., 1999). This is not always the case because a 100 kDa aminopeptidase-N from 
Heliothis virescens, which was bound by Cry1Ac and Cry1Fa, did not contain the N-acetylgalactosamine 
carbohydrate (Banks et al., 2001). Further carbohydrate involvement with binding was shown in a system 
using plant-pathogenic nematodes that were susceptible to Cry5B and Cry14A (Griffitts et al., 2001). 
Nematodes with mutation-inactivated β-1,3 galactosyltransferase genes were resistant to the δ-endotoxins. 
The enzyme galactosyltransferase catalyzes the transfer of galactose to glycoproteins and glycolipids. 
Further research strongly suggests that the binding receptor for Cry5B in susceptible nematodes is a 
carbohydrate (Huffman et al., 2004). Recent studies suggest that nematicidal and insecticidal three-domain 
Bt toxins use invertebrate glycolipids as host cell receptors (Griffitts et al., 2005). 

36. Another class of δ-endotoxin receptors has been shown to be related to the superfamily of 
cadherin proteins. Cadherins are calcium-dependent proteins that are generally known for their cell to cell 
adhesion properties. A cadherin-like 175 kDa glycoprotein (BtR175) from Bombyx mori was shown to be a 
receptor for Cry1Aa (Nagamatsu et al., 1998). Addition of the gene for BtR175 to Cry1Aa-resistant 
Spodoptera fugiperda Sf9 cells in vitro rendered them susceptible to the toxin (Nagamatsu et al., 1999). 
Another cadherin-like 210 kDa glycoprotein was found in Manduca sexta that binds to the Cry1Ab δ-
endotoxin (Vadlamudi et al., 1995; Francis and Bulla, 1997). In addition, Heliothis virescens was shown to 
have a cadherin-like receptor protein for Cry1Ac (Gahan et al., 2001).  

37. The cadherin superfamily consists of at least six subfamilies. The invertebrate cadherins occupy 
an isolated position in the superfamily (Nollet et al., 2000). The uniqueness of these insect binding proteins 
gives further insight into the observed lack of mammalian toxicity for these Cry toxins. 

38. Knowledge of the receptor binding process of the Cyt δ-endotoxins toxins is not as extensive as 
with the Cry toxins. Based on in vitro experiments with artificial membranes, it was originally thought that 
the cytolytic toxins, which are capable of lysing a wide range of invertebrate and vertebrate cells including 
mammalian erythrocytes (Hofte and Whiteley, 1989), inserted directly into the insect midgut membrane 
without binding to a specific receptor. However, more recent data on mosquitoes has suggested that the 
Cyt toxins, particularly the toxin Cyt1A, bind to a specific region in the midgut (Ravoahangimalala et al., 
1993; Ravoahangimalala and Charles, 1995). The binding process appears to be more closely associated 
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with the membrane disruption process than for the Cry toxins (Li et al., 1996; Luo et al., 1997; Du et al., 
1999). 

 C. Pore Formation and Bacterial Septicemia 

39. Both binding and pore formation are necessary for optimum activity against insects. It has been 
shown that binding of the toxin alone is not enough to cause toxicity. Two proteins in the gut membranes 
of Tenebrio molitor larvae (137 and 107 kDa, respectively) were shown to bind Cry1Aa, however the 
insect is resistant to that toxin (Nagamatsu et al., 1998). Escriche et al. (1998) showed that Cry1Ab would 
bind to Spodoptera littoralis midgut receptors, but would not produce pores and in vivo assays show that 
Cry1Ab is only marginally active against S. littoralis. Following the binding of active δ-endotoxins to 
specific receptors on the brush border membrane in the insect midgut, the toxins insert into the membrane. 
The toxins, both Cry and Cyt, intercalate irreversibly into the membrane.  

40. After insertion of the Cry δ-endotoxin, several receptor-toxin complexes then form aggregates 
that form pores in the membrane (Walters et al., 1993; Knowles, 1994; Soberon et al., 2000). The pores 
formed in the plasma membrane disrupt the osmotic balance within the cells which causes the cells to swell 
and burst. At this point, the insects stop feeding. Domain I in Cry proteins was shown to be a pore forming 
domain (Walters et al., 1993; VonTersch et al., 1994). The left-handed supercoil of domain I, made up of 
α-helices, is �clearly equipped for membrane insertion� (Li, 1996). Furthermore, the α-helices of this 
domain, while sharing no amino acid similarity, resemble domains in diphtheria toxin and colicin A that 
also form pores in membranes. Research by Schwartz et al. (1997) suggests an interaction with domain III 
may also have some effect on the pore formation in membranes. Investigations are proceeding on even 
more specific details, e.g., Masson et al. (1999) have shown that charged amino acids on one side of α-
helix four in domain I of Cry1Aa are involved with passage of ions through the pore. Non-conservative 
point mutations of Cry1Ab α-helix seven resulted in proteins that were not readily degraded while more 
conservative alterations affected the ion channel activity (Alcantara et al., 2001). Gerber and Shai (2000) 
showed that the hairpin loop of α-helix four and α-helix five inserted into the membrane and lined the 
channel and that α-helix five participated in the oligomerisation of Cry1Ac. However, mutations of 
residues within α-helix five of Cry1Ab showed that this helix was involved in pore formation and the 
stability of the toxin but not in oligomer formation (Nunez-Valdez et al., 2001). 

41. The Cyt δ-endotoxins have a different mechanism of membrane insertion. Instead of forming 
small pores/channels in the midgut membranes as do the Cry proteins, in vitro data suggest that Cyt1A 
induces permeability via a detergent-like perturbation of the membrane (Butko et al., 1997; Manceva et al., 
2005). Structural analysis of Cyt2A showed it is composed of two outer layers of α-helices around a β-
sheet structure, and further studies using mutants with reduced toxicity show that the molecular 
components in the β-sheet are responsible for both membrane binding and pore formation (membrane 
disruption) (Li et al., 1996; Luo et al., 1997; Du et al., 1999). The β-strands are long enough to span the 
hydrophobic region of a membrane (Li, 1996). Studies with the similar Cyt1A indicate that the toxin 
disrupts the membrane through assembly of several monomers within the membrane mediated by two of 
the α-helices (Gazit et al., 1997). An analysis of the structure of Cyt δ-endotoxins suggests that the surface 
helix hairpins first peel away, exposing the beta-strands, which can then disrupt the membrane (Li, et al, 
2001). Recent research suggests that a monomer of Cyt2Aa1 binds and inserts into the membrane. Then 
the monomers that are close to each other bind together into oligomers and form large pores (Promdonkoy 
and Ellar, 2003). 

42. Tests on binding and pore formation in insect midgut membranes in vitro have suggested that 
receptor binding and pore formation are predictive of in vivo toxicity to susceptible insects. However, some 
very active δ-endotoxins in vitro had less activity in vivo suggesting that other mechanisms may contribute 
to the full toxic activity (Peyronnet et al., 1997). This may be due to differences in toxin solubility or 
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proteolysis, or experimental limitations. The pH of the insect midgut, which varies among insect species, 
can affect pore formation as shown with experiments with Manduca sexta midgut membranes in vitro 
(Tran et al., 2001; Carroll et al., 1997). Cry1C-induced permeability was much less at high pH than for 
Cry1Ac which correlates with in vivo studies demonstrating this insect is less susceptible to Cry1C than to 
Cry1Ac. Another possible mechanism resulting in the observed variation in insect susceptibility to δ-
endotoxins is that many insects have mechanisms to repair some damage caused by cell lysis. Moreover, 
the amount of repair an insect is capable of is dependent on a number of factors such as genetics of the 
insect host, host age, dosage and potency of the toxins ingested, and various environmental factors (Bauer, 
1995). If repair cannot be accomplished, the target insect dies within 2 - 3 days, usually due to bacterial 
septicaemia (Broderick et al, 2006). The insect hemolymph provides a rich nutrient source for various 
invading bacteria. Microbial Bt insecticides have shown a synergistic effect of combining B. thuringiensis 
spores along with the δ-endotoxin proteins, presumably leading to more rapid bacterial septicemia, 
although in some cases, spores do not appear to affect toxicity levels (Liu et al., 1998).  
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SECTION V - EXPRESSION OF δ-ENDOTOXIN GENES IN PLANTS 

43. Several papers over the past two decades have examined the introduction and expression of B. 
thuringiensis δ-endotoxin genes in various plants, e.g. Mendelsohn et al. (2003). The first regulatory 
review of a plant pesticide product field release by EPA was in 1986 of a transgenic tobacco plant 
producing a δ-endotoxin from a B. thuringiensis isolate identified at that time as subsp. berliner. There are 
a number of limitations to obtaining high levels of expression of the prokaryotic δ-endotoxin genes in the 
eukaryotic plant cells basically due to the differences in the transcription and translation systems between 
eukaryotes and prokaryotes. Differences in transcriptional regulation, mRNA stability, preferential codon 
usage, and translation efficiency have led to the frequent use of modified B. thuringiensis cry genes for 
insertion in plants (as reviewed by De la Riva and Adang, 1996). Recent work has found that insertion of 
genes into plant chloroplasts may result in much higher expression levels. One experiment demonstrated 
that Bt cry2Aa2 operon in chloroplasts resulted in toxin being expressed at a level of 45.3% of soluble 
protein in the leaves. They noted formation of insecticidal crystals (De Cosa et al., 2001).  

 A. Methods of Gene Insertion 

44. A number of recombinant DNA technologies are available for engineering plants for insect 
resistance through insertion of the B. thuringiensis δ-endotoxin genes (De la Riva and Adang, 1996). The 
most commonly used method has been bacterial mediated transformation using the plant pathogenic 
bacterium, Agrobacterium tumefaciens that causes crown gall disease in plants (Gasser and Fraley, 1989; 
Cheng et al., 2004). Another commonly used plant transformation method consists of direct gene transfer 
via microprojectile bombardment.  

 B. Promoters 

45. Initial attempts at producing B. thuringiensis transgenic plants were conducted using full-length 
protoxins or truncated versions of the cry genes under the control of constitutive promoters. Although 
truncated versions of cry genes containing the N-terminal fragment proved more successful than the full-
length protoxins, expression of the toxin protein was quite low. Currently, a number of different promoters 
are available to drive expression of Bt genes in both a spatial and temporal manner (Potenzaa et al., 2004). 
The most commonly used promoter is the cauliflower mosaic virus 35S promoter (CaMV 35S). This 
constitutive promoter has better activity in dicotyledonous plants than in monocotyledons, although it was 
used in commercial maize constructs. Other strong or constitutive promoters for monocotyledons include 
the rice actin 1 promoter, the synthetic maize Emu promoter, and the maize polyubiquitin 1 promoter (De 
la Riva and Adang, 1996).  

 C. Expression Levels in Plants 

46. Detailed publications on transgenic plants containing the δ-endotoxins from Bacillus 
thuringiensis first appeared in the late 1980's (Barton et al., 1987; Fischoff et al., 1987; Vaeck et al., 1987). 
Early attempts of engineering the plants containing the full-length protoxin led to very low levels of 
expression of the δ-endotoxins that was inadequate for proper pest control. Truncated δ-endotoxin 
consisting only of the active N-terminal portion rather than the full-length protoxin without further 
modification are still not efficiently expressed, although higher levels of activity against insect pests are 
seen (Vaeck et al., 1987; Koziel et al., 1993). Levels of δ-endotoxin up to 0.02% of the total leaf-soluble 
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protein from tobacco and tomato have been reported with the use of truncated toxins (Kumar et al., 1996). 
Shivakumar et al. (1986), as reported by De la Riva and Adang (1996), obtained an expression level of 
only 0.0001% using the full-length protoxin, but a level of 0.07% of the total leaf protein in tobacco leaves 
with a recombinant truncated version of cryIAb. (cry1Ab) Generally, maximum levels of the Cry proteins 
for most U.S. registered plant pesticide products were in the 0.001% (dry weight) range (see Table 2). 

47. Expression levels of the δ-endotoxins in plants, even with the use of truncated toxins, can be 
quite variable and are dependent on a large number of factors. Expression levels can be enhanced through 
modification of the cry gene sequences to make them more compatible with plant transcription and 
translation systems (Perlak et al., 1991). In a review article, De la Riva and Adang (1996) suggest the 
following modifications of the cry gene sequences for increasing expression of the δ-endotoxins in 
transgenic plants: (1) change to preferential codon usage of the plant by eliminating CG and TA 
dinucleotides at codon positions two and three, and conserving the AT base composition typical within the 
plant, (2) modify sequences that could lead to mRNA instability or degradation including polyadenylation 
signals, termination sequences, or splicing sites, (3) reduce regions of mRNA known to form hairpins and 
other secondary structures of mRNA known to reduce the speed of ribosome translocation, (4) optimise the 
ATG consensus flanking nucleotides for protein translation (and termination), and (5) introduction of plant 
viral untranslatable mRNA leader to improve translation initiation.  

48. A major limitation to efficient gene expression in plants results from organisational differences 
between prokaryotic and eukaryotic genes. For example, coding regions of eukaryotic genes are separated 
by non-coding regions known as introns, which are generally not present in prokaryotes. In addition, the B. 
thuringiensis cry genes have been shown to be very AT- rich compared to plant coding genes. AT- rich 
regions in plants are often contained in the non-coding introns, or have a regulatory role in 
polyadenylation. The AT- rich regions in the cry genes may contribute to RNA instability in the plant 
either through acting as polyadenylation signals or as termination sequences for RNA-polymerase. In 
addition, poly ATTTA sequences in the cry genes can serve as mRNA degradation signals. Other AT 
sequences can signal incorrect mRNA splicing (De la Riva and Adang, 1996). 

49. Besides the overall greater percentage of A and T bases in the δ-endotoxin prokaryotic genes, 
there is also a difference in codon usage preference between prokaryotes and eukaryotes that leads to 
inefficient expression of the δ-endotoxin genes in plants. Whereas the B. thuringiensis cry genes often have 
A or T as the third base of the codon triplets, plants tend to have G or C. Due to the lower number of AU 
recognizing tRNAs in plants, the speed of translation and synthesis of the δ-endotoxin proteins is reduced 
if the high AT codon of the bacterial gene is inserted in plants (De la Riva and Adang, 1996). 

50. In addition, there may be tissue and temporal variation in expression. For example, variable 
expression of Cry1Ac was found between eight cotton hybrids tested in India and the expression also 
declined consistently as the plant aged, raising concerns for efficacy (Kranthi et al., 2005). Other 
experiments showed a strong decline, occurring as the plant ages, in Cry1Ac expression in cotton 
(Greenplate, 1999) and Cry1Ab expression in maize (Dutton et al., 2004). 

 D. Variable Expression in Plant Parts 

51. Current techniques in genetic engineering may allow specific control of the δ-endotoxins 
expression in different parts of the plant. Most of the transgenic products developed to date, however, 
exhibit a wide range of expression in the various plant parts assessed (Table 2). Strong constitutive 
promoters such as CaMV 35S generally result in production of the gene product under their control (e.g. δ-
endotoxins) in all the tissues of the plant. However, the CaMV 35S promoter does not seem to express well 
in pollen as evidenced by low expression seen in maize pollen (Kozeil et al., 1993) and relatively low 
expression in cotton pollen (Greenplate, 1997). Other constitutive promoters such as the CaMV 4AS1 
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promoter used in MON 863-maize (Cry3b), express well in pollen. Other transgenic plants have restricted 
expression of the δ-endotoxin to specific plant tissues through the use of tissue-specific promoters. For 
example, in maize, a promoter derived from the phosphoenolpyruvate carboxylase gene was used to 
promote expression of cryIAb (cry1Ab) in green tissue (Hudspeth and Grula, 1989). Tissue-specific 
transgenic tobacco has been developed by insertion of the δ-endotoxin in the chloroplasts resulting in high 
levels of expression (McBride et al., 1995). In addition, a promoter derived from a maize calcium-
dependent protein kinase gene was used to get expression of the δ-endotoxin only in pollen (Estruch et al., 
1994). These selective-expression technologies may turn out to be particularly useful to direct exposure 
toward the target insect and/or to restrict exposure to non-target insects.  

Table 1. An example of variation in expression levels of δ -endotoxin in different maize constructs 
expressing five different δ -endotoxins 

Cry Protein Tissue Expression* 
Active Ingredient/ 
OECD Unique ID Leaf Root Pollen Seed Whole Plant 

Cry1Ab 
SYN-BT11-1  3.3 ng/mg 

2.2-37.0 
ng/mg 
protein 

< 90 ng Cry1Ab/ g dry 
wt. pollen 

1.4 ng/mg 
(kernel) _ 

Cry1Ab 
MON-00810-6 

10.34 
ng/mg _ < 90 ng Cry1Ab/ g dry 

wt. pollen 
0.19-0.39 

ng/mg (grain) 4.65 ng/mg 

Cry1F 
DAS-01507-1 

56.6 - 148.9 
ng/mg total 

protein 
_ 

113.4 - 168.2 ng/mg total 
protein or 31 to 33 ng / 

mg pollen 

71.2 - 114.8 
ng/mg total 

protein 

803.2 - 1572.7 
ng/mg total 

protein 

Cry3Bb1 
MON-00863-5 

30-93 
ng/mg 

3.2-66  
ng/mg 

30-93  
ng/mg _ 13-54 

ng/mg 

Cry34Ab1 
DAS-59122-7 

5 � 302 
ng/mg dry 

weight 

24 � 102 
ng/mg dry 

weight 

63 � 88 ng/mg dry 
weight 

29 � 85 ng/mg 
dry weight 

9 � 88 ng/mg 
dry weight 

Cry35Ab1 
DAS-59122-7 

2 � 113 
ng/mg dry 

weight 

1 � 16 ng/mg 
dry weight 0 � 0.2 ng/mg dry weight 1 � 2 ng/mg 

dry weight 
1 � 16 ng/mg 
dry weight 

*Information in table was provided directly by companies at time of data submission in the absence of specific format 
requirements, resulting in the differences seen among rows. Data are provided only to show variance among tissues within plants 
(i.e., in rows). 
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SECTION VI - RISK ASSESSMENT OF δ-ENDOTOXINS IN PLANTS 

 A. General Issues 

52. The use of Bacillus thuringiensis δ-endotoxins in transgenic plants poses some of the same kinds 
of risk concerns as the use of microbial Bt preparations containing the same δ-endotoxins in terms of 
understanding the potential toxicity to non-target organisms. The US registered the first microorganism 
(Bacillus popilliae) for pesticidal use in 1948 and the first Bacillus thuringiensis microbial pesticide was 
registered in 1961. The regulatory system that evolved in the years since then was based on the assessment 
system for conventional chemical pesticides. The risk assessment framework that has been used for the Bt 
plants has been influenced by experiences with microbial and chemical pesticides, as well as the extensive 
experience in evaluating transgenic crops (Mendelsohn et al., 2003; Romeis et al., 2006a; Romeis et al., 
2006b). As in chemical risk assessment (described in Commission Regulation (EC) 1488/94), the 
assessment of Bt plants must consider both their potential for producing hazardous effects and the exposure 
to susceptible organisms resulting from the dissemination and persistence of the toxin. 

53. The literature concerning potential hazards that might be caused by the microbial forms of B. 
thuringiensis is not necessarily relevant to predicting hazards from plant-produced δ-endotoxins in plants 
because the microbial strains can produce other toxins. However, the registered microbial pesticidal strains 
of Bacillus thuringiensis are virtually non-toxic to mammals, and generally show low toxicity to non-target 
terrestrial and aquatic species (USEPA, 1998). In those instances in which toxicity to non-targets unrelated 
to the target species, i.e., daphnia species, has been demonstrated, the toxicity has been attributed to other 
toxins produced by the micro-organism rather than to the δ-endotoxins (USEPA, 1998). Furthermore, the 
δ-endotoxins from the microbial spore/crystal preparations have historically appeared to be rapidly 
degraded in the environment. Therefore, the negligible toxicity to non-target organisms and the low 
persistence allowed for a conclusion of negligible risk for the registered B. thuringiensis microbial 
pesticides (USEPA, 1998). More recent studies on persistence of δ-endotoxins from both plants and 
microorganisms indicate that they may bind to some substances in the soil, thus increasing the duration of 
their presence in the soil (Saxena and Stotzky, 2000; Stotzky, 2000; Crecchio and Stotzky, 2001; Saxena et 
al., 2002a, 2002b), but no adverse effects have been observed in this increase in exposure. Engineering of 
the δ-endotoxins into plants reduces one aspect of the risk over that of the naturally-occurring microbial 
forms of B. thuringiensis because it eliminates the potentially toxic exotoxins that are produced by some 
strains of B. thuringiensis. At the same time the use of engineered Bt crops may present a longer and 
higher level of exposure of δ-endotoxins in a truncated active form as compared to the application of 
conventional Bt preparations. The current information available from studies on long-term cultivation of Bt 
toxin-expressing plants on residual toxin levels in soil indicate they are not present at detectable levels and 
do not appear to build up over time (Sanvido et al., 2006). 

54. The scientific literature has some examples of tests for effects on non-target organisms including 
humans, but these tests were conducted with microbial preparations that may have contained multiple 
toxins. In recent years there have been many publications describing the effects of isolated B. thuringiensis 
δ-endotoxins on both target and non-target insects (see the Bacillus thuringiensis toxin specificity database, 
van Frankenhuyze and Nystrom, 1999). These proteins have also been extensively studied in planta (Bhatti 
et al., 2005a, 2005b; Bitzer et al., 2006; Daly and Buntin, 2005; Dively, 2005; Head et al., 2005; Lopez et 
al., 2005; Naranjo, 2005a, 2005b; Naranjo et al., 2005; Pilcher et al., 2005; Prasifka et al., 2005; Torres 
and Ruberson, 2005; Whitehouse et al., 2005).  
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55. There are also numerous studies that are submitted by private companies or testing laboratories to 
support regulatory decisions for engineered products (Mendelsohn et al., 2003; Romeis et al., 2006b). 
While this information is less easily obtained than public literature, it is still useful to discuss in the current 
context. It should also be stressed that any information provided by companies to facilitate regulatory 
decisions must meet rigorous data quality standards. These standards are referred to as Good Laboratory 
Practices (GLP) and are codified in national regulations (US Code of Federal Regulations, 40 CFR 160; 
EU Directives 87/18/EEC and 88/320/EEC) and described by international organisations such as the 
OECD (GLP, 2006). 

56. Annex I contains brief summaries of studies related to toxicity received by USEPA in support of 
Cry1Ab, Cry1Ac, Cry3A, Cry9C, Cry1F, Cry2Ab2, Cry3Bb1, Cry34Ab1, and Cry35Ab1 δ-endotoxins as 
used in plant products. The tables in the Annex are presented as examples of the kinds of specific data that 
are reviewed to support regulatory decisions and do not contain the detailed information available from the 
actual decision documents. Data on other δ-endotoxins are periodically received and their reviews will be 
available to the public by means of the various national and international databases. Many, if not most of 
these studies in the tables, have also been submitted to other countries for evaluation and have been used in 
international review of these products. The opinions based (in part) on these studies by the EU scientific 
committees can be found on the internet at 
http://www.efsa.eu.int/science/gmo/gmo_opinions/catindex_en.html and the Scientific Committee on 
Plants at http://europa.eu.int/comm/food/fs/sc/scp/outcome_gmo_en.html, and 
http://europa.eu.int/comm/food/fs/sc/scp/outcome_en.html#opinions. At least one country (the UK) has a 
web site, http://www.defra.gov.uk/environment/gm/regulation/index.htm, listing scientific regulatory 
opinions that have used some or all of these studies. In addition, the United States Regulatory Agencies 
Unified Biotechnology Website lists decisions about reviewed crop plants (http://usbiotechreg.nbii.gov/) 
and the International Biosafety Clearinghouse (http://bch.biodiv.org/decisions/default.shtml) keeps a 
database that gives access to decisions on transgenic plants in many countries. 

57. The exposure to the δ-endotoxin relates to the kind of plant containing the δ-endotoxin and the 
potential for transfer of the δ-endotoxin to other plants. Various δ-endotoxins have been field tested in 
many crops including maize, potatoes, cotton, soybeans, peanuts, alfalfa, broccoli, cranberries, eggplants, 
rapeseed, rice, tomatoes, tobacco, and walnut, spruce, apple, and poplar trees (OECD BioTrack Database 
of Field Trials: http://webdomino1.oecd.org/ehs/biotrack.nsf; Biosafety Clearinghouse: 
http://bch.biodiv.org/decisions/default.shtml). Commercial uses include δ-endotoxins in potatoes, maize, 
and cotton (http://www.epa.gov/pesticides/biopesticides). 

58. Risk considerations for Bt crops are based on the same risk assessment process as for other 
transgenic crops. Potential adverse changes in the plant are considered in the context of increased weed 
potential and adverse environmental effects. The potential for increased weediness in the transgenic plant 
should be evaluated as well as the potential for the transgene to increase weediness of wild relatives by 
cross breeding between the transgenic plant and wild relatives. Outcrossing of δ-endotoxin genes to wild 
relatives may also produce unintended exposure to susceptible insects that are not pests. In this case, as 
well as in the case of the cultivation of Bt plants in general the potential exposure to endangered species 
must also be considered. In addition, a continuous exposure to B. thuringiensis δ-endotoxins presents the 
possibility for sublethal effects on insects and/or development of insects that are no longer susceptible to 
the lethal effects of the δ-endotoxins.  
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 B. Human Health Assessment   

  1. Acute Toxicity 

59. Throughout several decades of use of commercial microbial B. thuringiensis products, 
mammalian toxicity has been evaluated. The toxicological database on B. thuringiensis shows no 
mammalian health effects attributable to δ-endotoxins. A review of numerous infectivity and pathogenicity 
studies indicates a pattern of clearance of the B. thuringiensis organisms from rodents after oral, 
pulmonary, or intravenous challenge (McClintock et al., 1995a, 1995b). No significant adverse health 
effects attributable to the test microbe have been reported in these studies in either body weight gain or 
mortality by clinical observations, or through examination of the test animal�s internal organs at necropsy. 
To support the Bt plant risk assessments, acute toxicity testing has been performed on rodents using 
Cry1Ab, Cry1Ac, Cry9C, Cry3A, Cry1F, Cry2Ab2, Cry3Bb1, Cry34Ab1, and Cry35Ab1 (DEKALB, 
1997; Monsanto and Novartis, 1996a; Monsanto, 1995a, 1995b; 2001a, 2001b, 2001c; Mycogen and 
Novartis, 1995c, 1995d; Plant Genetic Systems, 1998c; Mycogen and Pioneer, 2001d, 2001e; 2005b). For 
all these studies, since maximum levels of toxin were needed for a feeding assay, the toxin was produced 
in an engineered microbial culture since sufficient amounts of pure toxin could not be extracted from the 
plants to supply a standard limit dose. This approach required an analysis of the microbially-produced 
toxin to show that the toxin was sufficiently similar to that produced in the plant using a range of 
techniques including SDS-PAGE, Western blot, ELISA, N-terminal amino acid sequencing, Glycosylation, 
and Bioactivity (host range). In all cases, these δ-endotoxins showed no adverse effects at high doses in the 
range of 3760 to 5220 mg/kg in mice via an oral route of exposure. The European Food Safety Authority 
(EFSA) evaluated the food safety of δ-endotoxin expressed in maize plants such as Cry1Ab in Bt11 
(EFSA, 2005a), Cry1F in maize 1507 (EFSA, 2005b), Cry3Bb1 in MON 863 (EFSA, 2004), and hybrids 
derived from Cry1Ab and Cry3Bb1 in MON 810xMON 863 (EFSA, 2005c). Short term feeding/toxicity 
studies on poultry, pigs, calves and cattle also provided additional information on the behaviour of Cry1Ab 
protein in the gastro intestinal tract (Jennings et al., 2003; Chowdhury et al., 2003; Einspanier et al., 2004; 
Lutz et al., 2005). Cry1Ab was not completely degraded in the gastro-intestinal tract and fragments of the 
gene and/or immunoreactive protein fragments were still present in the intestinal content and in the faeces, 
but no residual DNA/protein could be found in animal tissues nor in the peripheral blood, nor was any risk 
associated with these findings. 

60. The mode of action of B. thuringiensis δ-endotoxins in susceptible insects is well-known and was 
discussed previously in Section IV of this document. Within the insect midgut, the δ-endotoxins bind to 
unique receptor sites on the cell membrane, causing development of pores, disruption of osmotic balance, 
and ultimately septicaemia (Gill and Ellar, 2002; Broderick et al., 2006). There are no known equivalent 
receptor sites in mammalian species which could be affected (Noteborn et al., 1995). Additional factors 
that support an insect specific mode of action are the reliance of the lepidopteran midgut on unique 
ATPases for potassium influx regulation and insect midgut�s unique susceptibility to ionic stress (Knowles, 
1994), plus the observations that even when Cry toxin binding site proteins are expressed in mammalian 
cells, the mammalian cells are unable to express the proteins in a form that allows the toxins to bind to the 
cells (Keeton and Bulla, 1997). The more acidic environment of the mammalian gut also leads to 
degradation of Cry proteins. 

61. Several recent studies have found some toxicity from several strains of microbial B. thuringiensis 
in immunocompromised mice and severely-stressed mice infected with influenza virus. However, the 
authors attribute the effects to Bacillus toxins other than the δ-endotoxins (Hernandez et al., 1998; 
Hernandez et al., 1999; Hernandez et al., 2000). This is further supported by the close mapping of the 
strain that was associated with a human tissue infection to strains of Bacillus anthracis indicating that this 
particular bacillus, in addition to having a plasmid that expressed the characteristic δ-endotoxin crystal, 
also expressed a mammalian toxin similar to the very potent tripartite B. anthracis toxin (Hill et al., 2004). 
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Another B. thuringiensis-like strain lacking δ-endotoxins showed mammalian toxicity that appeared to be 
due to haemolytic toxins (Salamitou et al., 2000). 

  2. Food Allergenicity  

62. In the absence of a suitable animal model to predict food allergenicity, a screening model was 
recommended by a conference entitled �Scientific Issues Related to Potential Allergenicity in Transgenic 
Food Crops�(FDA Docket 94 N-0053, document TR-1) held April 18-19, 1994, in Annapolis, Maryland. 
The participants, who were expert food allergy researchers, recommended that new proteins be evaluated 
by determining their similarity to characteristics of known food allergens. Specifically, the questions to be 
considered were, does it have a similar amino acid sequence, is it resistant to enzymatic and acid 
degradation, is it heat stable, is it found in high amounts in edible plant parts, and is it of the appropriate 
molecular size? Of these criteria, the δ-endotoxins tested to date do not share similar amino acid sequences 
with known proteinaceous food allergens. Cry1Ac, Cry1Ab, Cry1F, Cry2Ab2, Cry3Bb1, Cry34Ab1, and 
Cry35Ab1 were shown to be heat labile (Monsanto, 1995b; 2001a, 2001b; 2002c; Monsanto and Novartis, 
1996b; Mycogen and Pioneer, 2001f, 2001g; 2005c, 2005d, 2005e, 2005f). The resistance to enzymatic 
and acid degradation of each of the δ-endotoxins in commercial products has been analysed with a protein 
digestibility study on the pure gene product (DEKALB, 1997; Herman et al., 2003; Monsanto and 
Novartis, 1996b; Monsanto, 1995a, 1995b; 2001a, 2001b; 2002a, 2002c, 2002d, 2002e; Mycogen and 
Novartis, 1995c; Mycogen and Pioneer, 2001h; 2005b; Plant Genetic Systems, 1998c). These studies are 
performed using simulated gastric (acid and pepsin) and intestinal fluids (trypsin at neutral pH) as 
described in the United States Pharmacopeia (USP, 1995). The degradation process may be tracked by 
disappearance of a band on SDS-PAGE or assayed using susceptible insects. The active form of the δ-
endotoxin, of course, is resistant to trypsin digestion, but of the δ-endotoxins commercialised to date, all 
(Cry1Ac, Cry1Ab, Cry1F, Cry3A, Cry2Ab2, Cry3Bb1, Cry34Ab1, and Cry35Ab1), except Cry9C, have 
been readily inactivated by the digestibility studies. The Cry9C δ-endotoxin passed part of the allergenicity 
screen because it shows no homology to known toxins or allergens, however it was resistant to degradation 
by proteases, pepsin at pH 2.0 and to heat at 90°C for 10 minutes (Plant Genetic Systems, 1998c). As a 
result, Cry9C products were removed from the market, but no instances of human allergenicity have been 
found although some Cry9C had entered the food supply (see paragraph 67, below). The European Food 
Safety Authority (EFSA) evaluated the potential allergenicity risk of δ-endotoxin expressed in maize plants 
such as Cry1Ab in Bt11 (EFSA, 2005a), Cry1F in maize 1507 (EFSA, 2005b), Cry3Bb1 in MON 863 
(EFSA, 2004), and hybrids derived from Cry1Ab and Cry3Bb1 in MON 810xMON 863 (EFSA, 2005c). 
The allergy risk evaluation of Cry proteins has been completed using different approaches, which led to 
indirect evidence for an allergenicity risk being very low. This included the absence of known allergenicity 
of the source, absence of significant sequence homology with known allergens and rapid and extensive 
degradation by pepsin. To date, despite extensive scientific scrutiny no methodology has been found to 
conclusively assess the potential for dietary allergenicity if a substance does not pass the screening tests. 

63. Bernstein et al. (1999) is sometimes cited as support for the potential for δ-endotoxins to be food 
allergens. However, this research was designed to examine the potential for farm workers to develop 
reactions and/or antibodies to microbial forms of B. thuringiensis products following inhalation exposure, 
not dietary exposure to δ-endotoxins. Furthermore, the authors did not find a significant reaction to a 
preparation of δ-endotoxins in the group of workers that exhibited an immune response to whole microbial 
B. thuringiensis extracts (as shown by skin prick testing, no allergy or clinical symptoms were ever seen). 
The protoxin preparation for this test was derived from the commercial strain of Javelin to which the 
workers were exposed. The authors concluded that �... it is unlikely that consumers would develop allergic 
sensitivity after oral exposure to transgenic foods (e.g. tomatoes, potatoes) that currently contain the gene 
encoding this protein.� A similar conclusion can be drawn from Siegel (2001). 
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  3. Human Exposure 

64. The primary significant human exposure to δ-endotoxin in plants is by the oral route for food 
crops. Exposure to the aerosols produced during the processing of material (e.g. seed) of Bt plants is an 
additional, although small, route of human exposure. Many countries require pesticide residue studies to 
determine the maximum levels of chemical pesticides in or on raw agricultural commodities. Due to the 
lack of mammalian toxicity for the δ-endotoxins tested at very high doses, these traditional pesticide 
residue studies are not necessary. Microbial B. thuringiensis pesticides that are registered in countries that 
require tolerances (a.k.a Maximum Residue Levels) have been given an exemption from the requirement 
for setting a numerical tolerance (MRL). However, an analysis of δ-endotoxin expression levels in various 
parts of the plant is useful for analysis of non-target organism effects as well as issues related to insect 
resistance management. These data show that the transgenic plant pesticides in current commercial use 
have relatively low levels of δ-endotoxins in edible plant parts.  

  4. Human Risk Assessment 

65. The acute oral toxicity data on Cry1Ab, Cry1Ac, Cry9C, Cry3A, Cry1F, Cry2Ab2, Cry3Bb1, 
Cry34Ab1, and Cry35Ab1 supports the prediction that the Cry proteins would be non-toxic to humans. 
When proteins are toxic, they are known to act via acute mechanisms and at very low dose level (Sjoblad 
et al., 1992). Therefore, since no effects were seen in the acute tests, even at relatively high dose levels, 
these δ-endotoxin proteins are not considered toxic to humans. Both the long history of safe use of B. 
thuringiensis and the acute oral toxicity data allow for a conclusion that these and other δ-endotoxins pose 
negligible toxicity risk to humans. The one aspect of human health concern identified in their assessments 
was the potential for the Cry9C protein to be a food allergen. Cry9C was conditionally registered in the 
U.S. for animal feed uses only, with restrictions on cultivation to provide containment. However some 
unintentional mixing occurred probably either in the field through pollination or after harvest at grain 
handling facilities and resulted in low levels of the toxin appearing in a few processed maize products. The 
registration was subsequently withdrawn at the company�s request. Studies by the U.S. Food and Drug 
Administration and the Centers for Disease Control and Prevention did not reveal any cases of human 
allergenicity attributable to exposure to Cry9C. One individual who showed possible allergenicity to the 
Cry9C protein by self-administered oral doses and one skin test volunteered for a fully controlled, double-
blind, test in a medical centre which proved that he was not allergic to Cry9C protein (Sutton et al., 2003). 
The overall safety record for Bt has been established in laboratory and field studies, which have looked at 
both formulated Bt sprays and specific Bt genes in planta (Betz et al., 2000; Siegel, 2001; Federici, 2002). 

 C. Non-target Species 

  1. Effects on Non-target Organisms 

66. Effects studies for non-target organisms are designed to determine the actual hazard to a test 
species, usually using high doses to ensure a margin of safety and certainty and to give a maximum hazard 
result (Rose, 2006; Romeis et al., 2006a). Exposure and assessment studies (including field studies that 
incorporate both exposure and effects in the same study) will be found in the subsequent non-target species 
sections of this document. A substantial number of lab-based effects studies have been submitted in 
support of commercial products. Tests include acute, sub-acute, and reproductive dietary tests for δ-
endotoxins in plants on non-target species, preferably those with a history of survival under laboratory 
conditions. The test substance was the δ-endotoxin expressed in the particular plant tissue expected to be 
involved in the non-target exposure, or, if it could not be incorporated as such in the diet of the test 
organism, it was the pure δ-endotoxin. In the US non-target species were generally an avian species 
(bobwhite quail), a rodent (mouse and/or rat) and a wide range of unrelated non-target insects (honeybees 
and predacious beneficial insects such as parasitic wasps, ladybird beetles, and green lacewings) selected 
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as representative species that fill some functional or surrogate role and have been demonstrated to survive 
under laboratory conditions. Laboratory tests on other non-target insects are developed as needed. There 
have also been numerous six week feeding studies done with broiler chickens. Effects on non-target 
mammals can partly be assessed by using the acute dietary studies that were performed for human health 
effects analysis. Aquatic species (fish, e.g. rainbow trout, and aquatic invertebrates, e.g. daphnia) testing 
may be useful if they are likely to be exposed, but often, there may be no significant aquatic exposure from 
substances produced in transgenic plants with the exception of transgenic Bt rice. Studies have also been 
performed on soil organisms, e.g. collembola, which are involved with detritus degradation, and 
earthworms. The number of soil organisms tested however is limited.  

   a. Effects on Non-target Mammals 

67. Data available on laboratory rodents on microbial forms of B. thuringiensis do not indicate that 
there are adverse effects of B. thuringiensis preparations on the test animals (e.g. USEPA, 1998). Tests 
with cattle or swine, representing mammals with different digestive systems, are rare and not focused on 
long-term effects. However, due to the previous mentioned specific mode of action of δ-endotoxins, effects 
on non-target mammals can be considered quite unlikely. This conclusion is supported by the lack of 
effects observed for purified δ-endotoxins tested on rodents in support of commercial use of transgenic 
plants (Annex I). Furthermore, as previously mentioned, there are no known equivalent receptor sites for 
binding of the δ-endotoxins in mammals (Noteborn et al., 1995; Gill and Ellara, 2002; Broderick et al. 
2006). The mode of action also appears to be insect specific due to the reliance of the lepidopteran midgut 
on unique ATPases for potassium influx regulation and the insect midgut�s unique susceptibility to ionic 
stress (Knowles, 1994), plus the observations that even when Cry toxin binding site proteins are expressed 
in mammalian cells, the mammalian cells are unable to express them in a form that allows the toxins to 
bind to them (Keeton and Bulla, 1997; Gill and Ellar, 2002; Broderick et al., 2006). 

      b. Effects on Avian Species 

68. Acute and subchronic testing of northern bobwhite quail and mallard duck has demonstrated that 
microbial products using B. thuringiensis are not toxic or pathogenic (e.g. USEPA, 1998). Acute avian oral 
studies on the actual δ-endotoxins have been submitted in support of commercial use. No effects have been 
seen from a dietary exposure to bobwhite quail for crops containing Cry1Ab, Cry1Ac, Cry3A, Cry9C, 
Cry1F, Cry2Ab2, and Cry3Bb1 (DEKALB, 1997; Monsanto and Novartis, 1996c; Monsanto, 1995a, 
1995b; 2001c; 2002a; Mycogen and Novartis, 1995c; Plant Genetic Systems, 1998c; Mycogen and 
Pioneer, 2001e). Additionally, no effects have been observed from a dietary exposure to poultry for maize 
expressing the binary toxin Cry34Ab1 and Cry35Ab1 (Mycogen and Pioneer, 2005c). 

       c. Effects on Freshwater Fish  

69. Microbial products using B. thuringiensis have not demonstrated toxicity or pathogenicity to 
bluegill sunfish or rainbow trout, both freshwater fish. Aqueous LC50's ranged from 8.7 x 109 to 4.6 x 1010 
cfu/L (USEPA, 1998). Cry1Ab was tested in corn meal as 100% of the diet in a catfish assay with no 
effects seen at the maximum dose tested (>200 ppm) (Monsanto and Novartis, 1996d). Cry2Ab2 and 
Cry3Bb1 were tested in catfish at dietary levels of 20% w/w cottonseed meal and 35% w/w corn meal 
respectively with no effects seen (Monsanto, 2001c, 2001d; 2002a). Cry34Ab1 and Cry35Ab1 proteins 
were tested on rainbow trout for eight consecutive days as a standard fish diet containing a mixture of 100 
mg/kg of a mixture of the two Bt proteins with no adverse effects (Mycogen and Pioneer, 2005g). 
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   d. Effects on Freshwater Invertebrates 

70. Toxicity testing of registered microbial products identified as B. thuringiensis subspecies kurstaki 
and israelensis demonstrated moderate toxicity to the freshwater invertebrate Daphnia magna. Reported 
LC50's were in the range of 5 to 50 ppm. A high level of toxicity was shown by B. thuringiensis to daphnia 
with EC50's in the range of 0.8 to 3 ppm (USEPA, 1998). The toxicity, however, was shown to be unrelated 
to δ-endotoxins, but rather was a result of heat-labile soluble substances in supernatant fluids. The toxicity 
is also not attributable to the heat-stable β-exotoxin. The expression of well-characterised δ-endotoxin 
proteins alone in plants mitigates concerns about toxicity caused by exotoxins or other metabolites 
produced by various subspecies of B. thuringiensis during fermentation for traditional Bt products. Tests 
using Cry1Ab (Mycogen and Novartis, 1995c), Cry9C (Plant Genetic systems, 1998c), Cry1F (Mycogen 
and Pioneer, 2001e), and Cry3Bb1 (Monsanto, 2002a) expressed in pollen showed no effects on daphnia. 
Although corn pollen is assumed to be too large for ingestion by daphnia, tests have reported daphnids 
becoming yellow in colour internally when exposed to corn pollen (Monsanto, 2002a). Despite the 
uncertainty of ingestion, these studies are still useful since the major aquatic exposure from most plants 
expressing δ-endotoxins would be by pollen deposition and these studies serve to rule out these effects on 
daphnia. In addition, no adverse effect were observed when daphnia were exposed to the 
Cry34Ab1/Cry35Ab1 proteins at a target concentration of 100 mg protein L-1 water (Mycogen and Pioneer, 
2005g) 

       e. Effects on Estuarine and Marine Animals 

71. Toxicity studies of several subspecies of the microbial form of B. thuringiensis demonstrated that 
B. thuringiensis subspecies kurstaki, israelensis, and aizawai are not toxic or pathogenic to grass shrimp, 
sheepshead minnows, or copepods (e.g. USEPA, 1998). Similar tests using δ-endotoxins expressed in 
plants have not been required by regulatory agencies because there would be no significant exposure from 
the plants that have been assessed to date. 

       f. Effects on Earthworms 

72. Studies using the δ-endotoxins found in commercial plant products observed no effects for 
earthworms dosed with Cry1Ab (Monsanto and Novartis, 1996d; Mycogen and Novartis, 1995a), Cry1Ac 
(DEKALB, 1997), Cry3A (Monsanto, 1995b), Cry9C (Plant Genetic Systems, 1998c), Cry1F (Mycogen 
and Pioneer, 2001e, 2001c), Cry2Ab2 (Monsanto, 2001c), Cry3Bb1 (Monsanto, 2002a, 2002f), or 
Cry34Ab1/Cry35Ab1 (Mycogen and Pioneer, 2005h). Adult Lumbricus terrestris fed with Bt corn litter 
(Cry1Ab, Bt11) showed no significant difference to earthworms fed with non-Bt litter during the first 160 
days of the experiment in a single worst-case laboratory study. However, after 200 days Bt-fed earthworms 
had a significant 18% weight loss compared to a weight gain of 4% of the control. There was no difference 
in mortality between the Bt and the non-Bt treatment (Zwahlen et al., 2003a). The authors concluded that 
"Further studies are necessary to see whether or not this difference in relative weight was due to the Bt 
toxin or other factors discussed in the study". Vercesi et al. (2006) found no negative impact of Bt maize 
on important life-history traits of Aporrectodea caliginosa, an earthworm species abundant in agricultural 
soils. Considering all available studies the predominant weight of evidence gives no indication for harmful 
effects of Bt maize on earthworms. Field studies have been performed and are referenced in the risk 
section since they incorporate both hazard (effects) and exposure (see paragraph 113). 

     g. Effects on Non-target Insects 

73. Because the δ-endotoxins are used as an insecticide, extensive testing has been performed on pest 
insects related to those known to be affected by the toxins. In order to be susceptible, non-target insects 
must have specific receptor sites to which δ-endotoxins can attach and must have the proper midgut pH 
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and enzymatic conditions so that pores are formed in the midgut membranes. Insects are the primary 
targets of Bt-toxins, and therefore the main non-target organisms that need to be considered for the risk 
assessment of well-characterised Cry δ-endotoxins and proteins closely related to them. The studies for 
effects testing in this section (1) will consider only those studies that are designed to report hazard and 
don't reflect field exposures. Full risk studies, primarily field testing, will be reported in Section 3 Risk 
Assessment. 

74. As expected from the selective mode of action, registered microbial products incorporating B. 
thuringiensis subspecies kurstaki, israelensis, and tenebrionis which contain different Cry and Cyt toxins 
that affect various lepidopteran and/or Diptera insects, were shown to have little to no toxicity to the non-
target indicator species for insects, e.g. neuropterans, hymenopterans, and coleopterans. These same B. 
thuringiensis subspecies were also minimally toxic to honey bees. However, U.S. registered microbial 
products identified as B. thuringiensis subspecies aizawai have been shown to be highly toxic to honey 
bees (LE50 = 15 ppm) (e.g. USEPA, 1998). This toxicity was attributed to a heat labile exotoxin, not the δ-
endotoxins. A table in appendix 4 of Glare and O�Callaghan (2000) has a list of 92 studies of the effects of 
various strains of B. thuringiensis on 24 Families in nine Orders of beneficial insects (predators of insects, 
and parasitoids). Only about eight of the effects reported could be judged as harmful to the predator, and 
that activity might well be attributable to toxins other than δ-endotoxins. The vast majority of studies 
reported no adverse effects.  

75.  Generally, as previously described in this document, the δ-endotoxins have a relatively high 
specificity. Bt toxins for this reason can be assumed to affect fewer non-target organisms than conventional 
chemical pesticides, where it is assumed that insecticides will kill most non-target insects. A review by 
Dutton et al. (2003) on risk assessment for entomophagous arthropods acknowledges that the comparison 
to the effects of a conventional chemical pesticide can be used as an argument for not requiring testing on 
non-target herbivores, but suggests that it would be useful to have information on the effects on some non-
target herbivores because of the season-long expression of the δ-endotoxins in the plants. Most of the 
research on the host range of the δ-endotoxins has been conducted on potential pest insects in order to see 
if those toxins can control them. For example, the Cry2A toxins seem to be highly species-specific, 
exhibiting insecticidal activity toward lepidopteran and some dipteran species only (van Frankenhuyzen 
and Nystrom, 1999 database, version 24 January 2002). A considerable number of tests have been 
performed using Cry2Aa toxins on insect species from the Orders Lepidoptera, Diptera, Coleoptera, 
Orthoptera, Hymenoptera, Homoptera, Neuroptera, Hemiptera, Isoptera, the insect relatives Collembola 
and the Crustacean order Isopoda (Crickmore et al., 1998). 

76. On the other hand, species more closely related to the target pest species may well be affected by 
Bt toxins. For genetically engineered crops effects often depend on the specific event. Forest spray uses 
may affect some species of leptidopterans related to the pest species (Miller, 1990; Johnson et al., 1995; 
Wagner et al., 1996) which is why the US Forest Service does not use B. thuringiensis spray products 
where endangered leptidopterans may be present and some lepidopterans have been reported to be affected 
in and immediately adjacent to Bt maize fields (Zangerl et al., 2001). Larvae of the butterfly species, 
Danaus plexippus, Papilio polyxenes and Pseudozizeeria maha were affected negatively when feeding on 
pollen of the Bt maize event 176 (Cry1Ab) which may be deposited on their host plants if they are growing 
in close association with the maize plants (Losey et al., 1999; Hansen Jesse and Obrycki, 2000; Hellmich 
et al., 2001; Wraight et al., 2000; Zangerl et al., 2001; Shirai and Takahashi, 2005). Also, Felke and 
coworkers showed in laboratory studies that the consumption of pollen of Bt176 maize (Cry1Ab) has 
adverse effects on the larvae of several European non-target lepidopteran species, although some could be 
considered pests, e.g. Plutella xylostella (diamondback moth), while others such as Nympahlis io are 
protected in certain European regions (Felke and Langenbruch, 2001, 2003; Felke et al., 2002). In general, 
pollen consumption of Bt176 pollen had a negative effect on survival of larvae, their consumption rate, 
body weight and development time. The LD50 values were 61 � 80 applied pollen grains of Bt176 maize 



 ENV/JM/MONO(2007)14 

 37

for Nymphalis io, 19 pollen grains for Pieris rapae and 139 pollen grains for Pieris brassicae, but the 
actual LD50 value is lower as the larvae did not consume all of the applied pollen (Felke and Langenbruch, 
2001, 2003; Felke et al., 2002).  

77. Many of the above tests were conducted with young larvae (often neonate), however, older larval 
stages are less susceptible to Bt maize pollen consumption (Felke and Langenbruch, 2001, 2003; Hellmich 
et al., 2001; Felke et al., 2002). The toxicity of Bt maize pollen depends on the specific event. Bt176 
expresses a higher concentration of Cry1Ab in pollen than other events such as MON 810 and Bt11 (Sears 
et al., 2001). In laboratory assays pollen consumption of MON 810 and Bt11 maize had no acute impact on 
butterfly larvae of Danaus plexippus, Papilio polyxenes, or Antheraea pernyi (Hansen Jesse and Obrycki, 
2000, 2002, Wraight et al., 2000, Hellmich et al., 2001, Li et al., 2005), and impact of these events was 
considered to be non-existent or negligible. However, in a recent publication Dively et al. (2005) 
demonstrated that a prolonged and natural exposure to MON 810 and Bt11 pollen had adverse effects on 
larvae of the Monarch butterfly, D. plexippus. In laboratory and greenhouse experiments (and field studies, 
see paragraph 111), larvae exposed to Bt maize pollen had a significantly longer development duration and 
reduced survival. Also, the resulting pupae and adults showed a lower weight (Dively et al., 2004).  

78. In addition to pollen feeding, consumption of maize anthers can also have adverse effects on 
monarch butterfly larvae causing a lower survival, lower consumption rate, reduced body weight and a 
longer development time (Hellmich et al., 2001; Anderson et al., 2004), but later instars were again less 
affected (Anderson et al., 2004). Anderson and coworkers suggested the anther effects may also have been 
caused by avoidance behaviour of larvae (Anderson et al., 2004, 2005) and concluded that there is no risk 
for the monarch butterfly regarding anther exposure alone due to a low exposure probability in the field 
(see paragraph 111 in exposure section). However, simultaneous exposure to both Bt anthers and pollen 
had an additive effect and resulted in a lower survival and consumption rate of monarch larvae (Anderson 
et al., 2005). Some studies exist on the effects of Bt maize endotoxins other than Cry1Ab on butterfly 
larvae. Testing the toxicity of Cry1Ac and Cry1F on neonate larvae of the monarch butterfly, Hellmich et 
al. (2001) demonstrated that both Bt toxins were less toxic as compared to Cry1Ab. Mattila et al. (2005) 
tested the effect of pollen consumption from a stacked maize hybrid (Cry1Ab x Cry2Ab2) and of a 
Cry3Bb1 event on first-instar larvae of the monarch butterfly. Cry3Bb1 had no adverse effects at all, 
whereas pollen from a Cry1Ab x Cry2Ab2 stack produced both lethal and sublethal effects (Mattila et al., 
2005). Additional stressors can act in an additive or synergistic way with Bt toxins, thus enhancing the 
efficacy of δ-endotoxins. For instance, larvae of the European cornborer (Lepidoptera: Crambidae) which 
had been treated with B. thuringiensis formulations and Cry1Ab were less tolerant to protozoan Nosema 
infections than the controls resulting in a higher mortality and stronger negative sublethal effects (e.g., 
Pierce et al., 2001; Reardon et al., 2004). For a binary toxin, Cry34Ab1/Cry35Ab1, an insecticidal activity 
spectrum study which tested the proteins on insects from three orders (Lepidoptera, Homoptera and 
Coleoptera) and four families (Pyralidae, Chrysomelidae, Aphididae and Noctuidae) demonstrated that 
only larvae of Diabrotica spp. were affected by the Cry34Ab1 and Cry35Ab1 proteins (Mycogen and 
Pioneer, 2005b). 

79.  Toxicity testing of non-target pest insects to determine host range of δ-endotoxins has also been 
conducted and reviewed (Mendelsohn et al., 2003; Rose, 2006; Romeis et al., 2006a, 2006b). Dankocsik et 
al. (1990), who reported the isolation of the gene for Cry2Ab, also reported toxicity to Lepidopteran 
species (Lymantria dispar, Heliothis virescens, Trichoplusia ni, Helicoverpa zea, Ostrinia nubilalis), but, 
unlike Cry2Aa, not to a Dipteran species (Aedes aegypti), even at a very high dosage. Two studies on a 
very closely related toxin, Cry2Ab1, showed that it was not active towards Diptera (Aedes aegypti) and 
confirmed its activity against Lepidoptera (Manduca sexta) (Widner and Whiteley, 1989, 1990). 
Laboratory experiments showed that Bt potatoes expressing Cry3Aa had no effect on larval development, 
longevity and fecundity of the aphid Myzus persicae (Kalushkov and Nedved, 2005). The performance of 
the aphid Rhopalosiphum padi feeding on Bt maize (Cry1Ab) was studied in the laboratory by Lumbierres 
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et al. (2004). No differences were found on aphid mortality, developmental and pre-reproductive times, 
fecundity and intrinsic rate of natural increase between the offspring of apterous aphids maintained on Bt 
or non-Bt maize for several generations. However, the offspring of the first generation of apterous mothers 
had lower mortality, shorter development and pre-reproductive times, a higher effective fecundity rate and 
greater intrinsic rate of increase when fed on Bt maize. In contrast the offspring of the first generation of 
alatae performed better on Bt maize and had a shorter developmental and pre-reproductive time and a 
higher intrinsic rate of increase on Bt maize (Lumbierres et al., 2004). The authors conclude that given 
these finding, economic effects on maize crops should not be expected (Lumbierres et al., 2004). 

80. In contrast with the above reports, the van Frankenhuyzen and Nystrom (1999) database lists a 
paper by Ahmad et al. (1989) reporting that Cry2Ab from B. thuringiensis var. galleriae is toxic to Aedes 
aegypti, suggesting that the Cry2Ab toxin in Bollgard II could be toxic to Diptera. In contrast, studies by 
Widner and Whiteley (1989, 1990) showed no toxicity by Cry2Ab2 to Diptera. The apparently contrasting 
results regarding dipteran toxicity of Cry2Ab could be related to the testing procedures. Dankocsik et al. 
(1990) dissolved the toxin in water and immersed mosquito larvae in the solution while Ahmad et al. 
(1989) immersed larvae in water containing Bacillus megaterium expressing the toxin. It is not clear that 
either of these exposure pathways is appropriate, and there should be a feed-based test of this toxin for 
dipteran activity if needed to assess the risk to a dipteran species that might be exposed to plant material 
expressing this particular toxin. 

81. The aphid Aphis gossypii showed a shorter reproductive duration and maximum lifespan, lower 
survival rates and lower potential maximum fecundity on Bt cotton (Cry1A) in the first or second 
generation (Liu et al., 2005a). However, the aphid population soon overcame the negative effects in the 
second or third generation, and aphids on Bt cotton had longer reproductive durations in the first 
generation, higher survival rates in the third generation, and longer potential maximum fecundity. Still, 
fluctuating asymmetry in three morphological parameters suggests that the stress of cotton on the aphids 
may have been higher on Bt cotton (Liu et al., 2005a). These studies demonstrate that in evaluating Bt 
effects on non-target herbivores it is important to apply a crop-specific approach, test for lethal and 
sublethal parameters within, to test several generations and developmental stages of the focus organisms, 
and to test exposure to the whole Bt plant. 

82. Non-target insect studies have been submitted to support registration of the Bt plants using 
various δ-endotoxins in assays against several species of representative beneficial insects. These species 
were chosen in some cases because, as common predators or parasites, they were used for integrated pest 
management or biocontrol. In other cases, the species have a long history of use in evaluating pesticides. 
Moreover, they were laboratory-adapted and available for testing using standardised and validated 
protocols that have been used by many professional laboratories for many years (Rose, 2006; Romeis et 
al., 2006a).  

83. Honey bees (Apis melifera) have probably been the most studied non-target insect for the 
detection of conventional pesticide effects, thus commercial wildlife testing laboratories are very 
experienced in performing laboratory tests with them, although the new emphasis on detecting effects on 
honeybee larvae (since δ-endotoxins primarily affect larvae of the target insects) has required some new 
protocols to be developed. No effects on honeybees have been observed in these new studies submitted in 
support of the Bt plant registrations. No effects were seen for Cry1Ab and Cry1Ac against honey bees 
(adult and larvae dosed with toxin and toxin-containing pollen) (Monsanto and Novartis, 1996b; Mycogen 
and Novartis, 1995c; Monsanto, 1995b). Cry9C in maize pollen showed no effect on adult honeybees or 
ladybird beetles (Plant Genetic Systems, 1998a, 1998c). Cry3A demonstrated no effects in two honeybee 
larval studies (Monsanto, 1995a, 1995e). Cry1F showed no effect on honey bees during larval development 
to adults when exposed to both toxin and toxin-containing pollen (Mycogen and Pioneer, 2001a, 2001c, 
2001e,). Similar developmental studies on honey bees from larval stage to adult demonstrated no toxicity 
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from Cry2Ab2 and Cry3Bb1 (Monsanto, 2001c, 2001d; 2002a). The Cry34Ab1 and Cry35Ab1 proteins 
have no observed adverse effects on honeybee larvae development. No adverse effects were observed on 
three to five day old larval honeybees when fed with either (i) a single dose of 2 mg of maize pollen 
expressing the Cry34Ab1 and Cry35Ab1 proteins, (ii) a single dose of 5.6 µg of a mixture of the Cry34Ab1 
and the Cry35Ab1 proteins, (iii) a single dose of 3.4 µg of the Cry34Ab1 protein, or (iv) a single dose of 
2.8 µg of the Cry35Ab1 protein (Mycogen and Pioneer, 2005i). 

84. The difficulties of developing study protocols using new methodologies can be illustrated by a 
series of studies that have suggested that Cry1A toxins may have a toxic effect on Chrysoperla carnea 
(lacewing) larvae. Hilbeck et al. (1998b) conducted bioassays of purified Cry1Ab toxin on C. carnea 
larvae using two different no-choice feeding strategies. Using direct diet incorporation of 100 µg toxin per 
ml diet, they observed 57% mortality compared to 30% mortality of the diet only control. Using the other 
feeding strategy, where toxin free eggs are supplied as the first food source, then larvae are placed onto the 
diet medium with and without the toxin, the results were 29% and 17% respectively. In another study, 
Hilbeck et al. (1998a) reported that C. carnea larvae fed on prey that had been fed on Bt maize (Cry1Ab) 
had increased mortality rates and slightly increased developmental times. Prey species were target 
lepidopteran Ostrinia nubilalis (European Corn Borer) and non-target lepidopteran Spodoptera littoralis 
(Egyptian Cotton Leafworm) larvae. Averaged across these two prey species (the difference between prey 
species was not significant), 'Bt-prey' fed C. carnea larvae exhibited 62% mortality whereas 'non-Bt-prey' 
fed C. carnea larvae exhibited 37% mortality. In their next study, Hilbeck et al. (1999) extend their 
analysis of prey-mediated effects of the Cry1Ab toxin on the lacewing C. carnea by including multiple 
concentrations of Bt in the prey's food and by comparing the effects of the Cry1Ab toxin, protoxin and the 
Cry2A protoxin using their bioassay system. They report that C. carnea fed on S. littoralis reared on the 
highest concentration of Cry1Ab, 100µg/g of diet, had a mortality rate of 78% compared to the control 
mortality rate of 26%.  

85.  Review of the studies by Hilbeck et al. (1998a; 1998b) by the US National Research Council 
(NRC, 2000) concluded that the effects reported may be due to differences in feeding strategy and amount 
of toxin supplied. They recommended that field studies be done to assess the effects of Bt crops on natural 
predators and cited an example of such a study: a two year, relatively small scale field test, that found no 
differences in natural enemies on Bt and non-Bt corn (maize) crops (Pilcher et al., 1997). There has been 
subsequent field testing at larger scale (see part 3 of this subsection on risk to non-target organisms). In the 
Hilbeck et al. work (1998b; 1999) high levels of toxin were used in no-choice feeding situations for both 
the lacewing itself (Hilbeck et al., 1998b) and the prey species (Hilbeck et al., 1999). However, from the 
studies it is not possible to differentiate between effects mediated via the ingestion of the toxin itself or 
effects mediated via a decreased host quality. A translation of the Hilbeck studies into the field is also 
difficult because behavioural mechanisms such as prey avoidance and alternative prey will need to be 
considered. A more recent study did not observe direct toxicity of high doses of Cry1Ab on the green 
lacewing larvae (Romeis et al., 2004). Romeis et al. (2004) point out that effects on C. carnea due to 
Cry1Ab may be rather due to diet quality effects than due to direct toxic effects. However, difference in 
experimental design makes direct comparisons of the results between the two studies open to 
interpretation.  

86. Despite the differences seen in the above studies, their results are valuable in showing the need 
for research in developing laboratory testing protocols using more representative exposure techniques that 
better reflect field exposures and involve representative non-target insect species that often are difficult to 
rear under laboratory conditions. For example, a review by Dutton et al. (2003) on risk assessment for 
entomophagous arthropods recommends an assessment for these predators combining laboratory testing 
and exposure assessment based on knowledge of their feeding habits, plus field studies, if necessary. 
Andow and Hilbeck (2004) proposed an integrated ecological whole plant assessment strategy. A USEPA 
Scientific Advisory Panel (August 7, 2002) concluded that the green lacewing (Chrysoperla carnea) 
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dietary testing was complicated by the difficulty of getting an adequate exposure and of laboratory testing 
with this species. Therefore, the USEPA is now following the recommendation from its advisory panel 
(SAP) and asks for dietary testing on the minute pirate bug (Orius insidiosus) as a more appropriate test 
species than the green lacewing. Orius spp. typically occur in US maize fields as egg predators and 
typically feed on pollen.  

87.  Data for Cry1Ab, Cry1Ac, and Cry3A showed no effect on adult ladybird beetles, green lacewing 
larvae (direct exposure), and parasitic wasps (Monsanto, 1995a, 1995b; Monsanto and Novartis, 1996a). 
Cry9C in maize pollen showed no effect on ladybird beetles (Plant Genetic Systems, 1998c). Cry1F fed in 
toxin form to green lacewing larvae, parasitic wasps, and adult ladybird beetles showed no effects 
(Mycogen and Pioneer, 2001c, 2001e). When Cry1F was fed to Monarch larvae, no mortality was seen, 
although there was some growth inhibition seen at the high dose, 30,000 ng/ml diet (Hellmich et al., 2001). 
Cry2Ab2 and Cry3Bb1 toxin studies showed no effect on adult ladybird beetles and green lacewing larvae 
(Monsanto, 2001c; 2002a). In addition, no effects were seen in a developmental Cry3Bb1 pollen feed study 
on ladybird beetles from larvae to adults (Monsanto, 2002d), and two Cry3Bb1 pollen feeding studies on 
two different species of ladybird beetles (Monsanto, 2002b; Duan et al., 2002). Similarly Cry34Ab1 and 
Cry35Ab1 proteins did not show toxic effects on green lacewing larvae (Mycogen and Pioneer, 2005g), 
parasitic wasps (Mycogen and Pioneer, 2005g) or adult ladybird beetles (Mycogen and Pioneer, 2005b). 
No effects were seen when ladybird larvae were fed a mixture of 50% corn earworm eggs and 50% maize 
pollen expressing the Cry34Ab1 and Cry35Ab1 proteins (Mycogen and Pioneer, 2005a).  

88. Short term laboratory studies showed that four lepidopteran species were sensitive to Cry1Ac, but 
six species of non-target insects and four species of beneficial insects showed no toxic effects after being 
fed purified Cry1Ac at concentrations 100 times higher than found in the field in pollen and nectar of 
transgenic cotton (Sims, 1995). In the laboratory, the majority of beneficial natural enemies tested so far 
showed no adverse effects due to consumption of Cry1A toxin or of transgenic Cry1A plant material, e.g., 
Orius spp., Geocoris spp., Cyrtorhinus spp., Nabis spp. and Zelus spp. (Heteroptera), and Coleomegilla 
spp. and Propylea sp. (Coccinellidae) (e.g., Pilcher et al., 1997; Zwahlen et al., 2000; Al-Deeb et al., 2001; 
Bernal et al., 2002a; Bai et al., 2005). Likewise, no adverse effects were detected for Cry3A and Cry3B 
toxins for Orius sp. and Lygus spp. (Heteroptera) and Coleomegilla sp. (Coccinellidae) (Riddick and 
Barbosa, 1998; Armer et al., 2000; Duan et al., 2002; Lundgren and Wiedenmann, 2002; Kalushkov and 
Nedved, 2005).  

89. Romeis et al. (2006b) reported no effects on natural enemies fed directly with Bt plant material, 
but confirmed that tritrophic effects do occur, i.e., predators and parasitoids may be adversely affected 
when feeding on Bt-fed prey. Romeis et al. (2004; 2006b) attribute the tritrophic effect to inferior 
nutritional quality of the prey. Ponsard et al. (2002) examined the effect of Bt cotton and of lepidopteran 
prey that had ingested Bt cotton on the survivorship of four important heteropteran predators of cotton 
pests. Longevity significantly decreased by 27-28% for Orius tristicolor and Geocoris punctipes, whereas 
no effect was found for Nabis sp. and Zelus renardii (Ponsard et al., 2002). Consumption of pollen of 
transgenic Bt rice caused a lower survival in Propylea japonica (Coccinellidae) (Bai et al., 2005).  

90. Hymenopteran parasitoids often show adverse effects when parasitizing host reared on Bt plants 
or diets, which is mostly attributed to a reduced quality of the host (cf. Lövei and Arpaia, 2005; Romeis et 
al., 2006b). A laboratory study on soybean loopers (Pseudoplusia includens) parasitised with 
hymenopteran parasites and raised on Cry1Ac cotton showed retarded development that was attributed to 
possible sublethal effects on the host (Baur and Boethel, 2003). Likewise, Microplitis mediator, an 
important endoparasitoid of the cotton bollworm in China, suffered from reduced survival and growth 
inhibition when parsitizing Helicoverpa armigera raised on Bt cotton leaf powder (Cry1Ac) (Liu et al., 
2005). Cotesia marginiventris (Hymenoptera: Braconidae) survival, development times and cocoon 
weights were significantly negatively affected if their Spodoptera littoralis host larva (Lepidoptera: 
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Noctuidae) had been fed Cry1Ab Bt maize (Vojtech et al., 2005). Prütz and coworkers studied the effect of 
hosts, Chilo partellus (Lepidoptera. Crambidae), raised on Bt corn leaf material (Cry1Ab) on the parasitoid 
Cotesia flavipes (Hymenoptera: Braconidae), and parasitoids on Bt-fed hosts suffered under reduced 
weight and a lower probability to complete their development (Prütz and Dettner, 2004; Prütz et al., 2004). 
The adverse effects on the parasitoid C. flavipes had a secondary effect on the fourth trophic level. Female 
hyperparasitoids Tetrastichus howardi (Hymenoptera: Eulophidae) parasitizing C. flavipes developing in 
Bt-fed C. partellus had lower body weight and offspring (Prütz et al., 2004). Survival and adult size of the 
parasitoid Aphidius nigripes (Hymenoptera: Braconidae) was reduced when developing on non-target 
aphids fed Bt potato (Cry3A) (Ashouri et al., 2001). Bt maize (Cry9C) fed hosts led to adverse effects 
regarding development time, longevity and mortality of the parasitoid Parallorhogas pyralophagus 
(Hymenoptera: Braconidae), but did not affect sex ratio, egg load, or adult size (Bernal et al., 2002b). In 
conclusion, sublethal impacts on target and non-target herbivores can affect parasitoids and may translate 
into impacts on the degree of biological control provided by parasitoids by altering parasitoid-host 
population dynamics, and secondary effects can also include secondary pests or pests in subsequent or 
neighbouring crops (Bernal et al., 2002b). However, sublethal effects also need to be assessed in the 
context of the role of beneficial insects in the pest-controlled crop and the population dynamics of the 
respective insects (Mendelsohn et al., 2003; Romeis et al., 2006b). 

91.  Potential effects to ladybird beetles and aphids have been examined with Bt (Cry3Aa) potatoes. 
In a study by Dogan et al. (1996), aphids fed on potato leaves expressing a gene for Bacillus thuringiensis 
var. tenebrionsis δ-endotoxin (Cry3 toxins) were force-fed to lady beetle larvae and adults (Hippodamia 
convergens). Since lady beetles are in the insect Order Coleoptera and are thus potential targets of Cry3 
toxins, this study was aimed at determining whether these beneficial predatory insects would be affected 
by feeding on Bt transgenic potato-fed aphids. Results showed no aphid prey-mediated effect on lady 
beetles. The exact mechanisms for the lack of effect observed in this study are not clear, however, it is 
known that aphids hardly ingest Bt toxins when sucking on Bt plants (e.g., Head et al., 2001; Raps et al., 
2001; Dutton et al., 2002); consequently, prey-mediated effects by aphids are unlikely. Riddick and 
Barbosa (1998) detected no adverse effects mediated by the prey Leptinotarsa decemlineata feeding on Bt 
potato (Cry3A) onto the predatory coccinellid Coleomegilla maculata.  

92. Two soil arthropods, a collembolan, Folsomia candida Willem, and an orbatid mite, Oppia nitens 
Koch, were tested with Cry1Ab and Cry1Ac in cotton and with Cry3A in potato. No adverse effects were 
seen (L.Yu et al., 1997). Collembola studies have been submitted in support of the registrations for all the 
commercial constructs, Cry1Ab, Cry1Ac, Cry1F, Cry3A, Cry9C, Cry2Ab2, Cry3Bb1, Cry34Ab1, and 
Cry35Ab1 (see references). No effects were seen for separate studies using plant-produced and microbial-
produced Cry1Ac and Cry9C δ-endotoxins (DEKALB, 1997; Novartis and Monsanto, 1996; Plant Genetic 
Systems, 1998c). There were two apparently contradictory studies that were submitted for registrations of 
Cry1Ab producing maize products. One study using pure 200 ppm Cry1Ab toxin derived from 
recombinant Escherichia coli had no observable effects on two collembola species (Folsomia candida and 
Xenylla grisea) (Novartis and Monsanto, 1996). The other study using lyophilised leaf extract reported 
mortality to Folsomia candida at a level of 125 mg Cry1Ab - maize leaf protein/kg of soil (Mycogen and 
Novartis, 1995d). It has not been established if the toxicity observed in this study is due to the Cry1Ab δ-
endotoxin or to some other protein interactions of the leaf extract. A worst-case assessment can be 
performed using these hazard data as discussed in paragraph 112. A study using 200 ppm Cry3A 
microbial-produced toxin showed no effect on Folsomia candida and Xenylla grisea (Novartis and 
Monsanto, 1996). No effects were seen in a chronic 28 day study of Cry1F, and dietary studies of Cry2Ab2 
and Cry3Bb1 (Mycogen and Pioneer, 2001e; Monsanto, 2001c, 2002a). The woodlouse, Porcellio scaber 
(Crustacea: Isopoda), performed better when fed with Cry1Ab maize as compared to the non-transgenic 
isoline, which was attributed to a better nutritional quality of the Bt corn (Escher et al., 2000). A laboratory 
study of 16 species of Carabidae ground beetles fed Cry3Bb1 and Cry1Ab in maize pollen found no effects 
from the Bt toxins (Mullin et al., 2005). A maximum hazard dosing laboratory study with an artificial diet 
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containing 930 µg/g of diet of Cry3Bb1 protein showed no adverse effects on the survival, development 
and growth of the ground beetle, Poecilus chalcites (Duan et al., 2006). Larvae of Poecilus cupreus 
(Carabidae) fed with prey raised on Bt maize showed a higher mortality than larvae fed with non-Bt prey. 
These effects may be prey-mediated, however, direct effects cannot be excluded as the carabid larvae did 
ingest Bt toxin (Meissle et al., 2005). A study designed to test the effects of Cry3Bb1 and Cry1Ab maize 
toward 16 species of Carabidae ground beetles found no effects from the Bt toxins (exposure to pollen) 
whereas nearly complete mortality was found for seeds treated with neonicotinoid insecticides (Mullin et 
al., 2005). 

  2. Exposure to Non-target Organisms 

93.  If adverse effects are seen for an organism in the acute hazard testing, exposure analysis will 
enable a risk assessment to be performed. Several routes of exposure exist which can be either linked to the 
exposure from the toxin produced in the crop or the exposure from toxin produced in wild relatives if 
outcrossing can take place. However, the potential for outcrossing is crop and region specific and is best 
addressed in the consensus documents for the respective crops. Exposure to non-target organisms depends 
on the habitat and feeding ecology of the organism and its life stages. Exposure can be either direct via the 
uptake of Bt plant material and δ-endotoxin bound to soil or indirect via the food chain. A worst case direct 
exposure can be estimated from the maximum levels of δ-endotoxin that may be present in the different 
plant parts. The data submitted in support of the U.S. EPA registration applications showed great variation 
in toxin concentration for different constructs, tissues, and different ages of the plant. As an example of 
variation among constructs, Cry1Ab δ-endotoxin protein expression levels were reported for several 
commercial constructs in maize. One construct showed maximum levels of 10.34 µg/g leaves, 4.65 µg/g 
whole plant, and <0.09 µg/g pollen (dry weight) (Monsanto, 1995c; 1995d). Another Cry1Ab maize 
construct showed maximum levels of 4.4 µg/g leaves, 0.6 µg/g whole plants, and 7.1 µg/g pollen 
(Mycogen and Novartis, 1995d). Cry3Bb1 expression in another construct showed maximum levels of 450 
µg/g leaves, 390 µg/g roots, and 42 µg/g pollen (dry weight). 

94. Some of the highest expression levels were seen for a Cry9C construct in maize (Plant Genetic 
Systems, 1998c). The highest amounts (on a dry weight basis) seen in the various plant parts (for the 
vegetative growth stage) were 250.0 µg/g whole plant, 175.0 µg/g tassel, 44.0 µg/g leaves, 25.87 µg/g root, 
18.6 µg/g kernel, 2.8 µg/g stalk, and 0.24 µg/g pollen. The amounts of δ-endotoxin declined rapidly as the 
plant aged and no new protein was produced to replace the protein being degraded. The whole plant δ-
endotoxin analysis on a dry weight basis showed 250 µg/g for the vegetative growth stage, 230 µg/g at 
pollen shed, 96 µg/g at silage, and 22 µg/g at harvest. These exposure numbers could be used directly for 
organisms that feed on the plants. However, with the exception of pollen feeding insects, those organisms 
can be considered target pest organisms and are not intended to be protected from the toxin. There are 
some organisms that feed on other insects as well as plants, e.g. heteropteran predators, which could be 
considered to be both beneficial and potential plant pests. In addition, soil detritivores feeding on decaying 
transgenic Bt plant material and predators consuming herbivores and detritivores feeding on Bt plants can 
be also exposed to δ-endotoxins. 

95. Pollen is a potential source for exposure to non-target insects. As described in the effects section, 
pollen consumption from deposition on plants can affect non-target susceptible insects as well as pest 
insects (Felke and Langenbruch, 2001, 2003; Felke et al., 2002). The majority of the maize fields in 
Europe shed pollen during July (Zscheischler et al., 1990; Lang et al., 2004). Usually pollen anthesis 
continues for 5-8 days, however, under favourable conditions the vast majority of pollen shedding may 
occur within a 2-day period (Treu and Emberlin, 2000; Wolt et al., 2003), but maize fields can shed pollen 
also up to 10-14 days after the onset of anthesis (Treu and Emberlin, 2000, Oberhauser et al., 2001). 
Considerable amounts of pollen can be shed by maize, and Emberlin et al. (1999) estimated maize pollen 
output to be approximately 70 kg per acre (= 0.4 ha) within a maize field. Maize pollen may be dispersed 
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by wind as far as 800 m (Treu and Emberlin, 2000) or even several kilometre (Brunet et al., 2003), but due 
to their large size and weight only less than 1% of maize pollen grains are deposited further than 60 m 
away from the �source� field (Raynor et al., 1972). In general, the majority of the maize pollen is 
deposited within 10 meters of the maize field edge as there is an exponential decline of pollen numbers 
with growing distance from the maize field (Hansen et al., 2000; Wraight et al., 2000; Stanley-Horn et al., 
2001; Zangerl et al., 2001; Lang et al., 2004; Li et al., 2005; Shirai and Takahashi, 2005). On average, one 
third of the maize pollen, which drifted into field margins, was found on the surfaces of butterfly host 
plants (Pleasants et al., 2001; Lang et al., 2004). Pollen on butterfly host plants within the range recorded 
can cause adverse effects on some butterfly larvae if the pollen contains Bt protein(s) active against 
lepidopteran species and the densities exceed a toxic threshold (Felke and Langenbruch, 2003; Zangerl et 
al., 2001; Dively et al., 2004). Knowledge of naturally occurring maize pollen densities on food plants is 
indispensable for assessing the expected effects of Bt maize on butterfly larvae along field edges, together 
with the concentration of toxin in the Bt maize pollen, and its toxic effect on butterfly larvae (Lang et al., 
2004).  

96. Predators consuming prey (or insects consuming honeydew secreted by some insects) feeding on 
Bt plants are potentially exposed to Bt toxins if the prey (or honeydew) contains the δ-endotoxin. Different 
prey organisms will differ in the amount of toxin they incorporate. For instance, aphids seem to not (or 
barely) ingest Cry proteins when sucking on Bt plants such as Cry1Ab corn, presumably because maize 
phloem sap contains no Bt (Head et al., 2001; Raps et al., 2001; Dutton et al., 2002). In contrast, 
lepidopteran larvae feeding on Bt maize incorporate Cry1Ab proteins in varying concentrations depending 
on the species (Head et al., 2001; Raps et al., 2001; Dutton et al., 2002; Vojtech et al., 2005). Also, other 
herbivores feeding on Bt plants contained δ-endotoxins (Cry1Ab, Cry1Ac), e.g., a mite, a thrip, a 
hymenopteran species and a slug (Dutton et al., 2002; Howald et al., 2003; Obrist et al., 2005; Harwood 
and Obrycki, 2006). In the detritivore Porcellio scaber (Isopoda), feeding on decaying Bt maize Cry1Ab 
toxins could be detected (Wandeler et al., 2002). In a laboratory study, a ground beetle feeding on Bt-
contaminated prey incorporated the Bt toxins and exhibited a higher mortality than controls (Meissle et al., 
2005). Field data demonstrate that non-target herbivores occurring in Bt maize field can take up Bt 
endotoxins. Harwood et al. (2005) showed that Araneae, Coccinellidae, and Nabidae contained on average 
between 0.42 to 2.53 µg Bt toxin/g fresh weight, while Zwahlen and Andow (2005) were able to measure 
Bt toxin levels between 6.4 to 117.3 µg/g fresh weight in some Carabidae 6.4 to 117.3 µg/g. 

97. As Bt plants express endotoxins during the whole season, potential tritrophic exposure of 
predators via prey feeding on Bt plants may be increased in comparison to Bt sprays if the Bt sprays are 
not applied throughout the growing season. The implications of exposure on the performance of these non-
target organisms are still not clear; however, the above data show that long-term exposure to Bt toxins can 
occur in the field. Behavioural characteristics of predators, in particular prey choice, can affect their 
exposure to Bt endotoxins. In prey choice experiments adult P. cupreus (Carabidae) did not avoid Bt 
containing prey, and even selected Bt-fed Spodoptera littoralis (Meissle et al., 2005). Another ground 
beetle, Lebia grandis, consumed prey fed with Bt potato leaves (Cry3A) as much as prey fed with non-Bt 
potato (Riddick and Barbosa, 2000). Larvae of Chrysoperla carnea showed a preference for prey fed non-
transgenic corn as compared to prey fed Bt corn (Cry1Ab), which would potentially reduce the exposure of 
this predator (Meier and Hilbeck, 2001). Rovenska et al. (2005) showed in laboratory experiments that 
eggplant expressing the Cry3Bb toxin are preferred by the herbivorous spider mites, Tetranychus urticae 
(Acari). At the same time the predator, Phytoseiulus persimilis (Acari), consumed significantly less Bt-fed 
spider mites.  

98. Bt plant residues remain in the field after harvest. Cry1Ab was still detectable in Bt maize leaves 
or in the soil of Bt maize fields after the growing seasons, though mostly in low concentrations (Hopkins 
and Gregorich, 2005; Zwahlen et al., 2003b; Baumgarte and Tebbe, 2005). The worst-case exposure to soil 
organisms can be estimated from the whole plant δ-endotoxin expression levels at harvest. For the Cry9C 
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construct that expressed high levels of toxin (Plant Genetic Systems, 1998c), the amount of δ-endotoxin at 
harvest is 99 g/acre (assuming that an acre contains 25,000 maize plants) and the expected environmental 
concentration (EEC) is 0.11 mg/kg in 15cm deep soil. A laboratory bioassay submitted in support of a 
commercial product showed, using a susceptible insect (Heliothis virescens), that plant-produced Cry9C δ-
endotoxins in test soils biodegraded over 42 days and had a half-life of 4.5 days (Plant Genetic Systems, 
1998b). These results are consistent with the half-life of 2 to 46 days reported for Cry1Ac in cotton in a 
microcosm study (Palm et al., 1996). Similarly, for the second Cry1Ab construct described above, if 
senescent post-harvest maize plants were tilled into the top six inches of soil, there would be a maximum 
of 4.2x10-4 mg Cry1Ab/kg soil (190 mg Cry1Ab/acre x 1/0.5 extraction efficiency x 1 acre (6" 
deep)/9.08x105 kg soil = 4.185x10-4 mg Cry1Ab/kg soil). However, soil δ-endotoxins from B. thuringiensis 
can bind to humic acids, clays, and the organomineral complex found in soil which may give some 
protection from degradation (see below paragraph 102). Moreover, the distribution of the Bt toxin in the 
soil may be unevenly distributed as a result of decaying plant material (Baumgarte and Tebbe, 2005; 
Hopkins and Gregorich, 2005).  

99. Vettori et al. (2003) studied the persistence and activity of Bt in soil following application of a 
commercial Bt spray (FORAY 48B®) against the gypsy moth in oak forests in Sardinia, Italy. The results 
indicated that Bacillus thuringiensis kurstaki and its toxin introduced into soils in sprays can persist for 
long periods (at least 88 months for Btk and at least 28 months for its toxin). One laboratory study of six 
non-transgenic maize lines and two Cry1Ab lines showed that due to feeding avoidance by a decomposer 
not affected by the Bt toxin, one of the Bt lines was not degraded as fast as any of the other lines, although 
there was considerable difference among the non-transgenic lines too (Wandeler et al., 2002). One 
publication (Zwahlen et al., 2003a) reported slower degradation for Cry1Ab protein in corn litter in the 
field as compared to the laboratory and another publication (Zwahlen et al., 2003b) reported detection of 
Cry1Ab in maize leaves buried in bags in the soil and in plant material on the surface for up to 200 to 240 
days suggesting that the Cry protein persists in the plants as long as the plants have not yet been degraded. 
Recently, the decomposition of different plant species expressing Bt toxins was analysed in laboratory 
experiments and results were discussed in relation to lignin content and potential environmental 
consequences. Generally, Bt plants showed lower decomposition rates than non-Bt plants. However, this 
effect was not clearly related to lignification or reduced microbial activity in soil (Flores et al., 2005).  

100. Recent research has suggested that Cry1Ab toxin from Bt corn (Bt maize) is released in root 
exudates in soil and liquid growth situations (Saxena et al., 1999; Saxena and Stotzky, 2000). In the first 
study, Saxena et al. (1999) show that the Cry1Ab in a transgenic corn (Bt maize) crop, truncated to an 
active form of toxin, is released into the liquid growth medium after seven days and that after 25 days was 
absent probably due to microbial and/or plant mediated degradation. In this and their subsequent study 
(Saxena and Stotzky, 2000), they also show that the toxin is released from roots of transgenic maize grown 
in different soil types. In both cases, Stotzky and co-workers used ELISA and tobacco hornworm larval 
bioassays to detect the toxin, and in the first study they also used SDS PAGE (protein gel electrophoresis). 
They suggest that, because these maize plants are expressing a truncated form of the Cry1Ab toxin, thus 
eliminating the solubilisation and proteolytic processing aspects of toxin specificity, and because there are 
few field data on the levels of toxin in soils, there may be unintended non-target effects on soil organisms. 
Soil δ-endotoxins from B. thuringiensis microbial cells, as well as those produced from plants, can bind to 
humic acids, clays, and an organomineral complex found in soil thereby giving some protection from 
degradation by soil micro-organisms (Saxena and Stotzky, 2000; Stotzky, 2000; Crecchio and Stotzky, 
2001; Saxena et al., 2002a, 2002b). The toxins can be detected in soil for several months (Tapp and 
Stotzky, 1995a, 1997), and maintain bioactivity in the laboratory when bound to soil particles (Tapp and 
Stotzky, 1995b). However, additional laboratory bioassays of plant-produced δ-endotoxin incorporated 
into natural soil showed a decrease in activity equivalent to the decrease in non-bound toxin that is bio-
degraded by soil microbial flora (Palm et al., 1996; Pratt et al., 1993). For example, the rapid degradation 
of Cry1F protein in soil has been confirmed using insect bioassays (Heliothis virescens) as the analytical 
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quantification method, resulting in a half-life of 0.6 days (Herman et al., 2001; 2002b). In a similar way, 
soil degradation of Cry34Ab1 and Cry35Ab1 was analysed with insect bioassays using southern corn 
rootworm (Diabrotica undecimpunctata howardi), resulting in a half-life of less than four days for this 
binary toxin (Herman et al., 2002a). 

101. If the toxin is actively "exuded" by roots, i.e. secreted via the cell secretory apparatus, it would 
likely be present in greater concentrations in the soil than if it were released from 'leaky' cells or from 
normal plant dynamics such as the shedding ('sloughing') of root tip cells or degradation of some root 
during overall root growth. This is an important consideration in analysing any risk that arises from these 
types of transgenic crops (USEPA, 2000). Since the Cry1Ab toxin does not have a signal peptide, a short 
N-terminal sequence required for secretion in eukaryotic cells, it is not expected to be secreted by plant 
cells (Vitale and Denecke, 1999). It seems more likely that the source of the �exudate� is shedding 
('sloughing') of root tip cells or degradation of some root during overall root growth. This effect may be 
unique to maize since a multiple year study did not find any Cry1Ac protein in the soil from Bt cotton 
(Head et al., 2002). This phenomenon and the above mentioned experiments do not appear to predict the 
amount of Bt protein remaining in the soil during active cultivation as evidenced by the fact that multiple 
field studies did not find any Cry1Ac (Head et al., 2002) or Cry1Ab protein in the soil from Bt cotton or 
corn fields (Dubelman et al., 2005). In addition, soils collected during monitoring studies in fields planted 
with MON810 or Bt11 corn for three or more consecutive years, in five corn-growing areas of the USA, 
were analyzed using a statistically validated insect bioassay. The Cry1Ab protein was found in soil at only 
one site, at pollination time, and at levels very near the detection limit (LOD = 0.03 µg/g). This transient 
residue dissipated soon after harvest. There was no Cry1Ab protein detected in any of the other four sites, 
or at any other time during or after the corn growing season (Dubelman et al., 2005). Soils collected from 
multi-year field studies of Cry3Bb1 protein in MON863 (YieldGard Rootworm) field plots in Kansas were 
analyzed using Cry3Bb1 ELISA kits. Only one sample showed a trace residue of Cry3Bb1 protein (<0.007 
µg/g), which dissipated rapidly. There was no soil persistence of the Cry3Bb1 protein and no detectable 
effects on surface or sub-surface soil arthropods (Ahmad et al., 2005). Multi-year monitoring studies of the 
Cry1Ac protein in several Bollgard fields using insect bioassay (LOD = 0.008 µg/g) and ELISA analysis 
(LOD = 0.004 µg/g) also showed no detection of the Cry1Ac protein in soil specimens collected three 
months after tillage (Head et al., 2002).  

  3. Risk to Non-target Organisms 

102. Because of the selectivity of the Bt δ-endotoxins, non-target organisms belonging to a similar 
taxonomic group as the target organisms are those most likely to be affected. Predatory insects can be 
exposed to the δ-endotoxin in plant parts if their prey feed on the transgenic plant. Their prey, however, 
may be susceptible to the δ-endotoxin and, in consequence, be of inferior quality or not be available as a 
diet for the predatory insect. Generally, control of herbivorous crop pests by any sort of pesticide will 
negatively affect predatory insects by removing their food, even if the pesticide does not directly affect 
them. Information about predatory insect species and the effect of Bt plants on their populations would also 
be useful for the purpose of planning integrated pest management if releases of biocontrol insects are to be 
conducted simultaneously with the use of Bt crops.  

103. Field surveys can be good indicators of overall effects against non-target insects, but are 
generally difficult to design and control and are expensive to conduct and analyze. The ability to detect 
changes in the abundance of species or taxa depends much on the experimental design and the statistical 
power (Lang, 2004). EPA considers field testing for effects on non-target arthropods as a higher tier 
evaluation that could be required depending on the conclusions from laboratory testing. A Scientific 
Advisory Panel (USEPA, 2003) concluded that �appropriately chosen single species Tier I laboratory tests 
showing no detrimental effects are sufficient to make a short term hazard assessment and that field studies 
be conducted when these tests show toxicity (as higher Tier testing described in the OPPTS Microbial 
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Testing Guidelines) but that proper multi-year commercial field studies with appropriate statistical power 
are needed to determine long term ecological effects.� This allows, for example, for testing on appropriate 
field plots which avoids the potential sampling errors caused by arthropod movement to and from small 
plots (Prasifka et al., 2005).  

104. Many field tests have now been conducted and most have been published. A field survey of 
beneficial arthropods (including lady beetles, predacious Carabids, brown lacewings, green lacewings, 
minute pirate bugs, assassin bugs, damsel bugs, parasitic wasps, damselflies, dragonflies, and spiders) 
revealed no significant differences in insect numbers between two transgenic Cry1F maize lines and their 
equivalent non-engineered maize lines, except for some slight variations that had no consistent pattern 
(Mycogen and Pioneer, 2001e). A two year field study on Cry3Bb1 maize collected a total of 156,572 
organisms from 16 orders and 36 families. The invertebrates included pests, predators, parasitoids, 
detritivores and decomposers. The Bt maize showed no detectable overall effect on the abundance of non-
target invertebrates (Monsanto, 2002e; 2002g). As part of a Spanish specific monitoring program for Bt 
maize (Bt176), a farm-scale study was initiated in the year 2000 to assess the potential impacts of Bt maize 
on predatory arthropods. The data indicate that Bt maize had no adverse effect on naturally occurring 
predators (De La Poza et al., 2005) or on certain maize pests including aphids, leafhoppers, cutworms and 
wireworms (Pons et al., 2005).  

105. Reductions of population densities of specialist predators and parasitoids of Ostrinia nubilalis are 
to be expected as this is the target pest to be controlled in Bt maize fields (Bourget et al., 2002). Siegfried 
et al. (2001) found that populations of specific natural enemies of Ostrinia nubilalis are less abundant in Bt 
maize fields than in non-Bt maize fields. In a field test in France, Bt maize had a negligible impact on non-
target herbivores or beneficial arthropods collected on the plants throughout the growing season (Candolfi 
et al., 2004). However, results of field studies comparing the effects of Bt maize with insecticide 
treatments against the target pest show that broad-spectrum insecticides, like pyrethroids, reduce 
abundance of a range of predator and parasitoid species not specific to Ostrinia nubilalis (Dively and Rose, 
2003; Candolfi et al., 2004). A three year field test with Cry1Ab and Vip3 maize showed that effects 
observed in the Bt maize plots were significantly lower than the community disturbances caused by 
insecticide applications and these changes did not carryover to the following growing season (Dively, 
2005). A two year field test of Cry1Ab maize showed a slight decrease in a generalist predator species, 
Nabis sp. (Heteroptera)., but no other non-target phytophagous or predaceous arthropod populations were 
decreased in the Bt maize plots. It appeared that the nabids, which are not very common in maize plots, 
were reacting to the reduced numbers of prey (Daly and Buntin, 2005).  

106. No effect was seen on four generalist predators (two coleopterans, one heteropteran, and one 
neuropteran) of the European Corn Borer in three years of large scale field tests of Cry1Ab maize 
(lepidopteran-protected) at three sites in Iowa, but Macrocentrus cingulum, a European Corn Borer 
specialist hymenopteran parasitoid was seen at significantly reduced densities in Bt maize as compared to 
the non-Bt maize. This specialist was shown to be attracted to, and have increases in their population 
densities in, the non-Bt maize plots (Pilcher et al., 2005). A three year field study in Illinois of Cry3Bb1 
maize (rootworm-protected) surveyed foliage-dwelling arthropods and found no consistent adverse impact 
on the relative abundance of any non-target foliage-dwelling arthropod taxon, including predators and 
parasitoids (140,000 were captured and identified) (Bhatti et al., 2005b). A companion three year study on 
Cry3Bb1 maize in Illinois found no consistent adverse impacts on the abundance of any non-target, 
ground-dwelling taxon compared with the non-Bt isoline. The taxa included Araneae (spiders), Carabidae 
(ground beetles), Staphylinidae (rove beetles), and detritivores (decomposers), such as Japygidae 
(diplurans), Lathridiidae (scavenger beetles), Formicidae (ants), Chilopoda (centipedes), and Oligochaeta 
(earthworms) (Bhatti et al., 2005a).  
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107. Several field tests completed in Bt cotton fields found no significant effect of Bt cotton on 
secondary heteropteran pests, aphids and natural enemies (Wang and Xia, 1997; Fitt and Wilson, 2002; Liu 
et al., 2002b; Wu and Guo, 2003; Torres and Ruberson, 2005; Head et al., 2005). A six year large scale 
field study in Arizona on Cry1Ac cotton showed 19% reduction in five of 22 taxa of foliar-dwelling 
arthropod natural enemies compared with non-Bt cotton (Naranjo, 2005a). However a companion five year 
field study examined whether the Bt cotton had an effect on the natural enemy community's impact on 
three key pests and found that the potential predator impact was unaltered by Bt cotton but was depressed 
with insecticide applications, thus indicating that the effects observed in the six year study had little 
ecological impact (Naranjo, 2005b). In a field study conducted by Sisterson et al. (2004), arthropod 
abundance did not differ between Bt cotton and non-Bt cotton plots, but abundance was lower in pure Bt 
cotton plots as compared to a row mixture of Bt and non-Bt plants. In a three year field study in Australia, 
species richness of beneficial arthropod communities were reduced in pesticide sprayed cotton compared to 
Cry1Ac cotton and non-sprayed cotton. Slightly higher numbers of dipterans, damsel bugs, and jassids 
were found in conventional, non-sprayed cotton compared to Bt cotton (Whitehouse et al., 2005). In a 
three year field study in China, ladybird beetle numbers were lower in Cry1Ac Bt cotton fields (attributed 
to reduced number of prey), whereas spider densities increased on Bt cotton. Acarids were not affected by 
Bt cotton, and the impact on aphids was observed to be inconsistent over years (Men et al., 2004). The 
overall arthropod diversity and the diversity of pest sub-communities were increased, but diversity of 
natural enemy sub-communities were decreased in Bt cotton (Men et al., 2003). Although insecticides 
were not applied against the main pest (Cotton Bollworm) on transgenic cotton, the total number of 
insecticide applications in three years was no less than on non-Bt cotton, because additional applications 
were necessary against piercing/sucking pests on Bt cotton (Men et al., 2004). This is in contrast to the 
situation in Australia where pesticide reduction of 75-85% has been achieved over a ten year period 
(APVMA, 2003) and key pollution indicators have shown substantial declines in streams and rivers 
draining cotton growing areas (NSW Dept. Land & Water Conservation, 2001). In another field study in 
China, the densities of two secondary pest species (Hemiptera: Miridae) did not differ between Bt and non-
Bt cotton, however, pest damage by mirids was significantly higher in unsprayed Bt cotton as compared to 
non-Bt sprayed cotton, indicating that these mirids have become key pests in transgenic cotton that may 
require additional control measures (Wu et al., 2002). Chinese publications reported that a possible 
tritrophic adverse effect on natural enemies in the laboratory depended on the Bt cotton variety (Guo et al., 
2004), that natural enemies increased and phytophagous pests decreased in Bt cotton as compared to non-
Bt IPM cotton fields (Liu et al., 2002a), and that arthropod predators had generally higher population 
densities in transgenic Bt cotton field than in non-Bt cotton fields either with IPM or chemical control 
(Wan et al., 2002). A review of field tests published to date concluded that the large-scale studies in 
commercial Bt cotton have not revealed any unexpected non-target effects other than subtle shifts in the 
arthropod community caused by the effective control of the target pests (Romeis et al., 2006b).  

108. As described above, in the majority of field studies there were no observed effects of Bt plants on 
invertebrate natural enemies. However, there are some exceptions, some with reduced and some with 
increased abundance of focus organisms in Bt treatments, of which the following are examples. Jumping 
spiders (Salticidae) were less abundant in Bt cotton (Cry1Ac, Cry2Aa) (Whitehouse et al., 2005), but 
spiders as a whole were recorded to be more numerous in Bt maize (Cry3Bb), Bt cotton (Cry1Ac, Cry2Aa) 
and Bt potato (Cry3A) (Riddick et al., 2000; Men et al., 2004; Bhatti et al., 2005b; Men et al., 2004). 
Effects were often found with regards to predacious bugs (Heteroptera) with reduced numbers in Bt fields 
for Bt cotton (Cry1Ac, Cry2Aa), Bt corn (Cry1Ab) (Daley and Buntin, 2005; Naranjo, 2005a; Whitehouse 
et al., 2005), increased numbers in Bt fields for Bt maize (Cry1Ab) (Musser and Shelton, 2003), and 
inconsistent varying results in other studies (Wold et al., 2001; Reed et al., 2001; De la Poza et al., 2005). 
Lacewings (Neuroptera) were found to be less abundant in Cry1Ab × Vip3A cotton (Dively, 2005), and 
showed an inconsistent pattern in Cry1Ab maize (De la Poza et al., 2005). The majority of field studies on 
Coccinellidae showed no or inconsistent Bt crop effects, the exceptions being higher numbers in Bt fields 
for Cry1Ab maize and Cry3Aa potato (Musser and Shelton, 2003; Pilcher et al., 2005) and lower numbers 
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in Cry1Ac cotton and Cry3Bb1 maize (Men et al., 2004; Bhatti et al., 2005b). Abundance of some 
parasitoid Hymenoptera was lower in Cry1Ab maize (Dively, 2005; Pilcher et al., 2005). However, Bt 
treatments were sometimes only compared to insecticide treated conventional crops (and not untreated 
controls), therefore the specific effect of the Bt construct was not studied but only compared to the 
application of chemical insecticides (e.g. Riddick et al., 2000; Head et al., 2005; Torres and Ruberson, 
2005). The density shifts of natural enemies recorded above were often ascribed to prey dynamics or plant-
mediated indirect causes. In the context of field tests it is important to be aware that the abundance of 
insects may be highly variable and influenced by multiple factors. As a consequence, experimental design 
and sample size are critical to obtain the necessary statistical power so that the probability to detect 
potential effects is reasonably high (Marvier, 2002). 

109. The pollen of the Bt maize event 176 (Cry1Ab) was shown to cause negative effects in the field 
on two butterfly species, the Monarch and the black swallowtail (Stanley-Horn et al., 2001; Zangerl et al., 
2001). Bt176 is no longer cultivated in the United States, but is registered in the European community, e.g., 
with a cultivation area of 32,000 hectares in Spain in 2003 (Lumbierres et al., 2004). In the United States 
an extensive series of research studies to analyse any potential harm to Monarch butterflies was begun 
following a research letter to Nature suggesting that they could be susceptible to pollen from Bt maize 
(Losey et al., 1999). A series of workshops initiated many studies (e.g. Hellmich et al., 2001; Oberhauser 
et al., 2001; Pleasants et al., 2001; Sears et al., 2001; Stanley-Horn et al., 2001; Zangerl et al., 2001). Of 
these, the studies conducted in the field under normal cultivation practices found no adverse effect of 
pollen (and of maize anthers) of the events MON 810 and Bt11 on larvae of the Monarch butterfly, Danaus 
plexippus, and the black swallowtail, Papilio polyxenes (Wraight et al., 2000; Stanley-Horn et al., 2001; 
Jesse and Obrycki, 2003; Anderson et al., 2004). In contrast to these results, Dively et al. (2004) could 
demonstrate that Monarch larvae and adults are negatively affected in survival, development, weight and 
size after continuous and natural exposure to MON 810 and Bt11 during anthesis in the field. Considering 
both insect sensitivity and exposure, it was concluded that cultivation of Bt maize expressing Cry1Ab 
poses no great risk to the Monarch butterfly, because only a minor part of the whole population would be 
exposed to pollen shedding maize fields in the United States (Mendelson et al., 2001; Dively et al., 2004). 
In other areas of the world, exposure of non-target leptidopterans may merit closer scrutiny where 
agricultural land and natural habitats are more closely integrated.  

110. Only a few field studies on the effect of Bt plants on soil arthropods exist. A field study of the 
effects of microbial B. thuringiensis subsp. kurstaki (Dipel ES) on forest soil fauna showed no effect on 
earthworms, enchytraeids, oribatids, gamasids, and collembolans (Beck et al., 2004). Dively (2005) 
showed no adverse effects of transgenic corn (Cry1Ab × Vip3A) on saprovorous soil arthropods, including 
springtails and mites, in a three year study. Likewise, Bt maize expressing Cry3Bb1 against corn rootworm 
had no effects on Collembola, mites and nematodes and other soil-dwelling invertebrates (Al-Deeb et al., 
2003; Jasinski et al., 2003; Ahmad et al., 2005; Bhatti et al., 2005a; Bitzer et al., 2005). Only in the study 
of Bhatti et al. (2005a) were a few effects observed on 2 - 3 taxa out of 14 taxa tested: Chilopoda numbers 
were slightly lower in Bt corn plots during two years of the three year study, Staphylinidae abundance was 
lower in Bt plots in one year, and the Bt effect on Diplura varied among years. In a field test in France 
involving three field of Bt corn (event 176), no statistically significant treatment effects were observed for 
diversity indices and for behaviour of soil dwelling arthropod taxa throughout the season. (Candolfi et al., 
2004).  

111. Because of the concern that δ-endotoxins from both the naturally occurring B. thuringiensis 
microbial residency in the soil and from the Bt plants, might persist in the soil (see paragraphs 100, 102 
and 103, above), experiments have been performed to assess the effects on soil non-target organisms, 
including both soil microorganisms and macroorganisms. The first of these (Saxena and Stotzky, 2001) 
reported that earthworms, nematodes, protozoa, fungi, and bacteria, including actinomyces were not 
affected by 40 days in soil planted with Cry1Ab maize or 45 days in soil with added Cry1Ab maize 
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biomass. The toxin was found in the earthworm guts, but was cleared in 2 to 3 days after moving them to 
non-Bt soil. The earthworm results agree with results of a seven year field trial with a strain of B. 
thuringiensis subsp. kurstaki where the microbial Bt was shown to germinate in three species of earthworm 
and one tipulid larvae with no harm noted to the organisms (Hendriksen and Hansen, 2002). The 
earthworms and other soil organisms seem to provide a soil niche for replication of the many subspecies of 
B. thuringiensis that can account for the widespread distribution of B. thuringiensis in soils worldwide. No 
mortality was observed in earthworms fed Cry1Ab maize litter in a 200 day study in the laboratory and the 
field, although there was some unexplained weight loss after 200 days for the adults, see also paragraph 74 
73 (Zwahlen et al., 2003a). A laboratory study with Dipel 176 in microbial microcosms concluded that it 
would be unlikely that Bt would have a significant impact on the non-target microflora under field 
conditions (Visser et al., 1994). In addition to the 2001 Saxena and Stotzky publication, there have been a 
number of more recent publications that found no significant effects of Bt plants on soil microflora 
(Dunfield and Germida, 2004; Motavalli et al., 2004; Blackwood and Buyer, 2004 (effects seen "are 
small"); and Devare et al., 2004).  

112. It should be noted that it is difficult, if not impossible, to adequately assess any risk associated 
with any changes in soil microflora. The soil microflora is extremely variable according to type of soil, 
temperature, moisture, plant growth, nutrients, pH, and many other factors which may vary between 
locations abut also within a single plot and over very small distances. The soil food web structure varies 
with climate and geography (Neher, 1999). Cultivation and planting monocultures of agricultural crops has 
a major impact on the composition of the soil microflora. Furthermore, the microbial populations are very 
resilient. Even after intentional chemical fumigation, as with methyl bromide, the soil microorganisms 
regrow rapidly. Measuring microbial mediated reactions is a more general way to assess soil population 
activity, but the effects of changes in these are also not fully understood. A recent review (Nannipieri et al., 
2003) of the state of knowledge of soil microbial diversity notes that generally a reduction in any group of 
microbes results in other microorganisms taking over the previous group�s function because of the 
redundancy inherent in microbial activities. It also cautions against using the newer community analysis 
techniques without critically considering their limits. The question of whether some change is an adverse 
effect or a beneficial effect is likely to depend on the context of the question and may often not have an 
answer, which also cautions against generalisations of results.  

 D. Other Ecological Issues 

  1. Loss of Effectiveness of Biological Control of Weedy Species. 

113. Wild relatives of crop plants that have weedy characteristics may become protected from insects 
released as classical biological control agents if they acquire and express a δ-endotoxin gene from the 
related crop. It is unlikely that a biological control insect would be intentionally used for this purpose since 
it would probably also be a pest of the crop plant. However, the naturally-occurring crop pest insects might 
also be contributing to reducing the impact of related weeds. The potential for increasing weediness has 
been studied in sunflower and rape plants. Wild varieties of sunflower (Helianthus annuus) can be a weed 
in agricultural settings. Cultivated sunflower is known to hybridize frequently with wild sunflower in the 
western and midwestern United States. Snow et al. (2003) studied a cry1Ac gene in backcrossed wild 
sunflower populations. Lepidopteran damage on transgenic plants was strongly reduced relative to control 
plants at their two study sites, while damage by several weevil and fly species was unaffected. The results 
suggest that reduced herbivory (by lepidopteran species but not other herbivores) caused transgenic plants 
to produce an average of 55% more seeds per plant relative to non-transgenic controls at the field site in 
Nebraska. A similar but non-significant trend was seen at the site in Colorado (14% more seeds per plant). 
In a greenhouse experiment the transgene had no effect on fecundity, suggesting that it was not associated 
with a fitness cost. If Bt sunflowers are released commercially, the authors expect that Bt genes will spread 
to wild and weedy populations, limit damage from susceptible herbivores on these plants, and increase 
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seed production when these herbivores are common. In other experiments, Bt oilseed rape has been shown 
capable of hybridising with wild relatives in the lab and in the field. Greenhouse experiments have 
suggested there may be a fitness advantage conveyed by the Cry1Ac but field studies have not yet been 
done to confirm this (Halfhill et al., 2002; Vacher et al., 2004). 

114. The potential for outcrossing is a critical part of an assessment of this kind of risk. As previously 
mentioned outcrossing potential is very crop and region specific and is best addressed in the consensus 
documents for the crop. As a mitigation measure, various engineering or planting strategies could be used 
to reduce or eliminate the potential for out-crossing to wild relatives if they occur in proximity to areas in 
which the transgenic crops are grown.  

  2. Potential for Adverse Effects on Endangered or Threatened Species 

115. The risk to non-target species, especially endangered species, should be considered in a risk 
assessment. Any endangered species site restrictions on the use of conventional chemical insecticides 
would be an indication that the potential for adverse effects from the more specific δ-endotoxins should be 
evaluated. Testing has shown that δ-endotoxins are relatively specific, i.e., they do not affect all the species 
within any given order. In the case of plants expressing Cry1 or Cry3 proteins effects on endangered 
Lepidoptera or Coleoptera therefore are the major concern and the risk assessment should consider if there 
is likely to be an exposure to rare or endangered species. Although potential effects will focus on 
agricultural habitats a transfer of the Bt toxin via pollen to adjacent habitats needs to be considered. This is 
especially the case in structured landscapes such as parts of Europe where agricultural land is in close 
proximity to, or part of, nature conservation sites or ecologically sensitive areas (Lang, 2004). In the 
United States larvae of 229 lepidopteran species feed on host plants associated with maize (Losey et al., 
2003). According to Schmitz et al. (2003) seven percent of the German Macrolepidopteran species mainly 
occur in arable land and are potentially exposed by Bt maize pollen. The study showed that over 39% of 
these 97 species are rare or endangered. The authors advised implementing a risk related monitoring plan 
for species of concern in the EU. Wolt et al. (2005) suggest a stepwise approach to monitoring where a 
thorough risk assessment is conducted based on the trait, the crop plant in which it is expressed including 
the spatial and temporal pattern of expression, factoring in the receiving environment to determine the need 
for monitoring or mitigation procedures. 

116. Any potential for outcrossing also needs to be considered in the assessment of risks to rare or 
endangered species. The introgression of the Bt trait to wild relatives would considerably increase the 
exposure and may lead to the spread of the Bt trait into non-managed habitats (Snow et al., 2003). 
Letourneau et al. (2003) listed 502 species of Lepidoptera worldwide that feed on cotton, rapeseed and rice 
or their wild relatives, and which would be exposed and potentially at risk if Bt plants would escape or 
outbreed. 

  3. Potential for Loss of Efficacy. 

117. Up to now, Bt resistant lepidopteran pest species like Ostrinia nubilalis or Sesamia nonagrioides 
have not been found in fields in Europe (Evans, 2002; Bourguet et al., 2003; Farinós et al., 2004). 
Although laboratory tests showed that maize borer populations are capable of developing some degree of 
tolerance to the Cry1Ab protein (Huang et al., 2002), laboratory selection and F2 screening to generate 
highly resistant O. nubilalis strains have not been published so far (Bourguet, 2004). However, another 
lepidopteran pest (Plutella xylostella) has developed resistance to Bt toxins in the US (Tabashnik et al., 
2003). Large scale cultivation of Bt crops over several years could increase the selection pressure on pest 
species, which might result in the development of resistance (Fox, 2003). This could have several 
consequences including the use of alternative phytosanitary measures to control the pest including the use 
of insecticides other than Bt toxins. The likelihood of occurrence is low since, under field conditions and 
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several years of cultivation, no resistance has been reported. However, it is difficult to predict future 
responses of pest populations. Therefore, if long term efficacy is a concern, potential target pest resistance 
development could be monitored during Bt crop cultivation. In addition, or as an alternative, methods have 
been developed that may be used to prevent or delay the development of insect resistance in the field 
(Williams et al., 1992; Rajamohan et al., 1998; Matten, 1998; Pittendrigh et al., 2004). 
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ANNEX I. EXAMPLES OF COMPANY SPONSORED STUDIES SUBMITTED IN SUPPORT OF 
THEIR PRODUCT. 

The following tables reference these studies by their US identification numbers since the 
identification numbers as used by other countries are not available at this time. Studies judged as 
inadequate by USEPA reviewers are not included in these tables. Some of these studies in this document 
were submitted for products that have since been withdrawn or are in the process of being withdrawn from 
registration. However, these studies are still useful as general information on δ-endotoxins as a class. These 
studies are identified by a Master Record Identification (MRID) number which is used to locate them in the 
file system. They are available to the public. The best way to obtain the information (because of US legal 
restrictions) is through the Freedom of Information Office at: HQ FOIA Operations Staff, United States 
Environmental Protection Agency, 1200 Pennsylvania Avenue (1105A), Washington, DC 20460, (202) 
564-7333, Email: hq.foia@epa.gov, web page address: http://www.epa.gov/foia/. 
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Table A. Studies submitted to and reviewed by USEPA in support of registration of Cry1Ab products. 

Assay 
Toxin derived from 
Microbes (MT) or 

Plants (PT) 
Results 

USEPA - 
MRID 

Number 
microbial (MT) and 
plant toxin (PT) 
equivalence (* + 
ELISA) 

MT expressed in 
E.coli + PT MT and PT are equivalent (6444) 433972-02 

microbial and plant 
toxin equivalence (*) 

MT from Dipel + PT MT and PT are equivalent (6430) 435332-03 

acute oral, mice  no effect>4000 mg/kg 434680-01 
acute oral, mice MT no effect>3280 mg/kg 433236-08 
acute oral, mice PT no effect>5050 mg/kg 434175-02 
digestibility MT and PT degraded by pepsin 433236-06 
digestibility + heat 
stability 

MT degraded by gastric fluid but not intestinal fluid - 
inactivated in processed maize and cottonseed meal 434392-01 

acute oral, quail PT in corn meal no effect> 100,000 ppm maize grain 435332-05 
acute oral, quail PT no effect>2000mg/kg 433236-09 
adult honey bee MT no effect>20ppm 434392-03 
honey bee larvae MT no effect>20ppm 434392-02 
honey bee larvae PT in pollen no effect 434157-03 
ladybird beetle MT no effect>20ppm 434680-05 
ladybird beetle PT in pollen no effect 433396-02 
green lacewing larvae MT no effect>20ppm 434680-03 
parasitic wasp MT no effect>20ppm 434680-05 
daphnia MT no effect>150mg/l 433236-10 
collembola, 2 species MT no effect >200ppm 439416-01 

collembola PT LD50 240mg/kg/soil 
NOEL 125mg/kg/soil 434635-01 

collembola, chronic PT no effect, including reproduction>50% of diet 442715-01 
catfish PT in corn meal no effect at 100%of diet 438879-01 
earthworm MT non-toxic 433396-01 
earthworm MT non-toxic>200ppm 438879-02 

* SDS-PAGE, Western blot, N-terminal amino acid sequencing, glycosylation, and bioactivity    
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Table B. Studies submitted to and reviewed by USEPA in support of registration of Cry1Ac products.  

Assay 
Toxin derived from 
Microbes (MT) or 

Plants (PT) 
Results 

USEPA 
MRID 

Number 
microbial and plant 
toxin equivalence 
(*) 

MT expressed in 
E.coli + PT 

MT and PT are equivalent (6445) 431452-02 

acute oral, mice MT no effect>4200 mg/kg 431452-13 
acute oral, mice MT no effect>5000 mg/kg 439995-01 
digestibility  degraded by pepsin 439995-03 
digestibility + heat 
stability 

PT in diet degraded by gastric fluid 
inactive in processed cottonseed meal 

431452-14 

acute oral, quail PT in pollen no effect>10,000ppm 431452-11 
Manduca sexta MT no effect 439995-11 
parasitic wasp MT no effect>10,000x levels found in pollen and nectar 431452-08 
adult honey bee MT no effect>10,000x levels found in pollen and nectar 431452-07 
honey bee larvae MT no effect>10,000x levels found in pollen and nectar 431452-06 
ladybird beetle MT no effect>10,000x levels found in pollen and nectar 431452-09 
green lacewing 
larvae 

MT no effect>10,000x levels found in pollen and nectar 431452-10 

green lacewing 
larvae 

MT no effect>20ppm 434680-03 

collembola PT no effect>8.0 g/kg 439995-12, 
-63 

collembola MT no effect>0.1mg/kg 439416-01 
* SDS-PAGE, Western blot, N-terminal amino acid sequencing, glycosylation, and bioactivity 
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Table C. Studies submitted to and reviewed by USEPA in support of registration of Cry3A products.  

Assay 
Toxin derived from 
Microbes (MT) or 

Plants (PT) 
Results 

USEPA 
MRID 

Number 
microbial and plant 
toxin equivalence 

(*)  

MT expressed in 
E.coli + PT MT and PT are equivalent (6432) 

429322-03, 
-04, -05, 
and -06 

acute oral, mice MT no effect>5220 mg/kg 429322-17 
digestibility  degraded by gastric fluid but not intestinal fluid 429322-18 

acute oral, quail PT in diet no effect> 50,000 ppm 429322-14 
429322-15 

parasitic wasp PT no effect 429322-11 
honey bee larvae MT no effect>100ppm 441247-02 
honey bee larvae PT non- toxic 429322-09 
ladybird beetle PT no effect 429322-12 
green lacewing 

larvae 
PT no effect 429322-13 

collembola, 2 
species 

MT no effect at 200ppm 439416-01 

earthworm MT no effect>100mg/kg soil 441247-01 
* SDS-PAGE, Western blot, N-terminal amino acid sequencing, glycosylation, and bioactivity 
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Table D. Studies submitted to and reviewed by USEPA in support of registration of Cry9C products.  

Assay 
Toxin derived from 
Microbes (MT) or 

Plants (PT) 
Results 

USEPA 
MRID 

Number 
microbial and plant 
toxin equivalence 

(*) 

MT expressed in 
E.coli + PT MT and PT are equivalent (6466) 443844-01 

acute oral, mice MT no effect>3760 mg/kg 442581-07 
digestibility + heat 

stability MT 
not degraded by gastric fluid 

not degraded by heat (90°C-10min) 442581-08 

homology  no homology found with allergenic protein sequences 
in SWISS database 

442581-09 
443844-04 

acute oral, quail PT no effect>58ug/l diet 442581-14 
honey bee, adult PT in pollen no effect>5.8ug/l diet 443843-02 
ladybird beetle PT in pollen no effect>0.36ug/l diet 442581-11 

daphnia PT in pollen no effect>0.36ug/l diet 442581-12 
collembola MT no effect>20gm/kg soil 442581-10 
collembola PT no effect>180mg/kg soil 442581-10 
earthworm PT no effect>1.84mg/kg soil 442581-13 

non-target beneficial 
insect field study PT over 3 years, no differences in numbers and types of 

insects in Bt and non-Bt fields 442581-15 

host range insect 
studies 

MT, PT, PT in 
pollen 

susceptible to Cry9C: European Corn Borer, tobacco 
budworm,and diamondback moth; non-susceptible: 
corn earworm 

442581-06 

* SDS-PAGE, Western blot, N-terminal amino acid sequencing, glycosylation, and bioactivity 
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Table E. Studies submitted to and reviewed by USEPA in support of registration of Cry1F products.  

Assay 
Toxin derived from 
Microbes (MT) or 

Plants (PT) 
Results 

USEPA 
MRID 

Number 
microbial and plant 
toxin equivalence 

(*) 

MT expressed in 
E.coli + PT MT and PT are equivalent 450201-03 

447149-03 

acute oral, mice MT no effect>5050 mg/kg 446911-01 
450201-18 

digestibility MT degraded by pepsin 447149-03 
glycosylation MT + PT No glycosylation 447149-03 
heat stability MT heat labile at and above 75 C 452748-01 

amino acid sequence 
similarity to known 
allergens 

 no amino acid homology at a level of 8 contiguous 
amino acids exists for Cry1F and known allergens 449717-01 

acute oral, quail PT in corn meal no effect>100,000ppm 450201-12 

parasitic wasp PT in pollen no effect>320 ppm, 10x levels found in pollen 450201-11 
453078-03 

honey bee larvae PT in pollen LC50>640ng/larvae through development into adults 450415-03 
453078-05 

ladybird beetle PT in pollen no effect>480 ppm, 15x levels found in pollen 450201-10 
453078-02 

green lacewing 
larvae PT in pollen no effect>480 ppm, 15x levels found in pollen 450201-09 

453078-01 
collembola MT no effect>12.5 mg/kg soil 450201-07 

Daphnia magna PT in pollen no effect>100mg/l 450201-08 

earthworm MT no effect>2.26 mg/kg dry soil 450201-06 
453078-04 

monarch larvae PT in pollen LC50>10,000ng/ml no effect<10,000ng/ml, some 
growth inhibition seen at highest dose tested 451311-02 

Field survey: 
ladybird beetles, 
predacious carabids, 
brown and green 
lacewings, minute 
pirate bugs, assassin 
bugs, damsel bugs, 
parasitic wasps, 
damselflies, 
dragonflies, and 
spiders. 

PT 

visual counts showed no significant differences 
except for greater numbers in Bt maize of lady 
beetles, pirate bugs and spiders than seen in non-
transgenic lines 
sticky trap counts showed no significant differences 
except for greater numbers in Bt maize of parasitic 
wasps and pirate bugs 

450201-13 

* SDS-PAGE, Western blot, ELISA, N-terminal amino acid sequencing, glycosylation,and bioactivity 
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Table F. Studies submitted to and reviewed by USEPA in support of registration of Cry2Ab2 products.  

Assay 
Toxin derived from 
Microbes (MT) or 

Plants (PT) 
Results 

USEPA 
MRID 

Number 
microbial and plant 
toxin equivalence 

(*) 

MT expressed in 
E.coli + PT MT and PT are equivalent 449993-01 

449394-03 

acute oral, mice MT no effect>1450 mg/kg 449666-02 
digestibility MT degraded by simulated gastric acid 449666-03 

amino acid sequence 
similarity to known 
allergens and heat 
stability 

 
no amino acid homology at a level of 8 contiguous 
amino acids exists for Cry2Ab2 and known allergens; 
heat labile at and above 120 C 

449666-04 
449666-05 
442353-04 

acute oral, quail PT no effect>100,000ppm 450863-16 

freshwater fish PT cottonseed meal dietary LC50 of Bt cottonseed meal>20% of diet 450863-18 
453371-03 

honey bee adult and 
larvae MT no effect>100mg/ml larvae through development into 

adults 

453371-02 
450863-07 
450863-08 

ladybird beetle MT no effect>4500 ppm 450863-11 
green lacewing 

larvae MT no effect>1100 ppm, 21.6x levels found in cotton 450863-09 

collembola PT cotton leaf tissue no effect>69.5 mg/g diet 450863-14 
earthworm MT no effect>330mg/kg dry soil 450863-13 

* SDS-PAGE, Western blot, glycosylation,and bioactivity 
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Table G. Studies submitted to and reviewed by USEPA in support of registration of Cry3Bb1 products.  

Assay 
Toxin derived from 
Microbes (MT)  or 

Plants (PT) 
Results 

USEPA 
MRID 

Number 

microbial and plant 
toxin equivalence (*) 

 

MT expressed in 
E.coli + PT MT and PT are equivalent 

451568-03 
454240-04 
454240-05 
454240-10 
454240-11 
455382-01 

acute oral, mice MT no effect>2980 mg/kg 449043-06 
acute oral, mice MT no effect>3200 mg/kg 455382-02 
acute oral, mice MT no effect>3780 mg/kg 449043-05 

gastric digestibility MT + PT degraded by simulated gastric fluid 
449043-07 
454240-06 
455382-03 

intestinal digestibility MT 
degraded by simulated intestinal fluid to a smaller substance 

which was not degraded further 
(Cry proteins are general resistant to trypsin) 

 
455770-02 

heat stability PT heat labile at and above 240 C 454240-07 
amino acid sequence 
similarity to known 
allergens 

 no amino acid homology at a level of 8 contiguous amino 
acids exists for Cry2Ab2 and known allergens 

449043-09 
454240-08 

amino acid sequence 
similarity to known 
protein toxins 

 no amino acid homology for Cry2Ab2 and known protein 
toxins 449043-08 

acute oral, quail PT maize grain no effect>70,000ppm 449043-15 
freshwater fish PT maize grain dietary LC50 of Bt maize>35% of diet 449043-19 

Daphnia magna PT in pollen no effect>120mg pollen/l 449043-18 
parasitic wasp larvae MT no effect>400 ppm 449043-13 

honey bee larvae MT LC50>1,790 ppm - larvae through development into adults 449043-10 
honey bee adults MT LC50>360ug/ml (20X concentration in pollen) 449043-11 

green lacewing larvae MT LC50>8,000 ppm, 20x field exposure 449043-12 
adult ladybird beetle MT LC50>8,000 ppm, 20x levels found in plants 449043-14 
ladybird beetle larvae 

pollen feeding PT in pollen LC50>93ug/gm pollen, larvae through development into 
adults 455382-04 

ladybird beetle adult 
pollen feeding PT in pollen no effect � 50% pollen feeding C. maculata 453613-01 

ladybird beetle adult 
pollen feeding PT in pollen no effect � 50% pollen feeding H. convergens 453613-02 

chronic dietary 
collembola PT in leaf tissue LC50>872.5ug (50% maize leaves in diet) 449043-17 

earthworm MT LC50>570mg/kg dry soil 449043-16 
earthworm MT LC50>166.6mg/kg dry soil 457571-01 

monarch larvae pollen 
feeding PT in pollen no acute toxicity or developmental effects 455382-05 

insecticidal activity 
spectrum bioassays MT 

of 6 Coleoptera Families and 2 Lepidoptera species, only 2 
beetle species of one Coleoptera Family affected (corn 

rootworm and Colorado potato beetle) 
455328-07 

two year field survey  
no overall differences in abundance of non-target 

invertebrates and less impact on beneficial insects than 
traditional insecticides 

455382-06 
457916-01 

* SDS-PAGE, Western blot, ELISA, N-terminal amino acid sequencing, MALDI-TOF analysis of protein digests, 
glycosylation,and bioactivity 
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Table H. Studies submitted to and reviewed by USEPA in support of registration of Cry34Ab1/Cry35Ab1 products. 

Assay Toxin derived from 
microbes or plants 

Results USEPA 
MRID 

Number 
microbial & plant 

toxin equivalence (*) 
MT expressed in 

Pseudomonas 
fluorescens 

MT & PT are equivalent 461239-05 
461239-06 

acute oral, mice MT, Cry34Ab1 alone no effect>2700 mg/kg pure protein 452422-07 
acute oral, mice MT, Cry35Ab1 alone no effect>1850mg/kg pure protein 452422-08 
acute oral, mice MT, 

Cry34Ab1/Cry35Ab1 
mixture 

no effect>482 and 1520 mg/kg of Cry34Ab1 and 
Cry35Ab1 pure proteins respectively 

452422-09 

gastric digestibility MT Cry34Ab1 and Cry35Ab1 degraded by simulated 
gastric fluid 

452422-12 
455845-02 

heat stability MT mixture of Cry34Ab1 and Cry35Ab1 proteins is 
deactivated after exposure to 60°C, 75°C and 90°C 

for 30 minutes  

453584-01 
455845-01 
458086-01 
458602-01 

amino acid sequence 
similarity to known 

allergens 

 no amino acid homology at a level of 8 contiguous 
amino acids exists for Cry34Ab1 and Cry35Ab1 with 

known allergens 

452422-05 

amino acid sequence 
similarity to known 

protein toxins 

 no amino acid homology for Cry34Ab1 and 
Cry35Ab1 with know protein toxins 

465847-01 

freshwater fish MT, 
Cry34Ab1/Cry35Ab1 

mixture(**)  

8-d acute toxicity NOEC>100mg/kg diet 457904-03 

Daphnia magna MT, 
Cry34Ab1/Cry35Ab1 

mixture(**) 

48-h acute toxicity NOEC>100µg/mL 457904-04 

parasitic wasp larvae MT, 
Cry34Ab1/Cry35Ab1 

mixture(**) 

11-d acute toxicity NOEC>280µg/mL diet 457904-05 

honey bee larvae MT, 
Cry34Ab1/Cry35Ab1 

mixture(**) 

6-d acute toxicity NOEC>5.6µg/larva 453407-01 

green lacewing 
larvae 

MT, 
Cry34Ab1/Cry35Ab1 

mixture(**) 

10-d acute toxicity NOEC>280µg/g diet 457904-07 

adult convergent 
ladybird beetle 

MT, 
Cry34Ab1/Cry35Ab1 

mixture(**) 

11-d acute toxicity NOEC>280µg/mL diet 452422-10 

twelvespotted 
ladybird beetle 

larvae  
Pollen feeding 

PT in pollen 7-d acute toxicity, weight reduction 
NOEC>58.52µg/g diet 

461239-12 

chronic dietary 
collembola 

MT, 
Cry34Ab1/Cry35Ab1 

mixture(**) 

28-d acute toxicity, reproduction 
NOEC>12.7mg/kg diet 

457904-06 

earthworm MT, 
Cry34Ab1/Cry35Ab1 

mixture(**) 

7- and 14-d acute toxicity NOEC>76mg/kg dry soil 453602-01 

poultry feeding  PT, grain in diet 42-day feeding study 
no diet-related effects 

461239-11 
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insecticidal 
activity spectrum 

bioassay 

MT, 
Cry34Ab1/Cry35Ab1 

mixture 

insects from three orders (Lepidoptera, Homoptera 
and Coleoptera) and four families (Pyralidae, 

Chrysomelidae, Aphididae and Noctuidae) were 
tested and only larvae of Diabrotica spp. were 

affected  

457904-06 

field survey PT no overall differences in abundance of non-target 
invertebrates  

461239-14 

* SDS-PAGE, Western blot, ELISA, N-terminal amino acid sequencing, MALDI-TOF MS peptide mass fingerprinting, 
glycosylation and bioactivity.  
** NOECs for a Cry34Ab1/Cry35Ab1 mixture are expressed as the sum of the Cry34Ab1 and Cry35Ab1 protein concentrations. 
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MRID Reports References for Tables A - H 
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by Wildlife International Ltd. 43 p. 
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Unpublished study prepared by Wildlife International Ltd. 87 p. 
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429322-18: Keck, P. S. Sims, and D. Bartnicki. 1993. Assessment of the Metabolic Degradation of the 
Colorado Potato Beetle (CPB) Active Protein in Simulated Mammalian Digestive Models: Lab 
Project Number: 92-01-37-16: 93-081E. Unpublished study prepared by Monsanto Co. 145 p. 

431452-02: Sammons, D. 1994. Assessment of Equivalence Between E. coli-Produced and Cotton-
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Lab Project Number: 92/01/36/14: 13170. Unpublished study prepared by Monsanto Agricultural 
Group. 45 p. 
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431452-06: Maggi, V. 1993. Evaluation of the Dietary Effect(s) of Purified B.t.k. Endotoxin Proteins on 
Honey Bee Larvae: Lab Project Number: CAR/180/92: 92/01/36/10: 92/427/709. Unpublished study 
prepared by California Agricultural Research, Inc. 76 p. 
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Honey Bee Adults: Lab Project Number: 181/92: 92/01/36/10: 92/427/708. Unpublished study 
prepared by California Agricultural Research, Inc. 102 p. 

431452-08: Palmer, S. and J. Beavers. 1993. B.t.k. HD-73 Protein: A Dietary Toxicity Study with Parasitic 
Hymenoptera (Nasonia vitripennis): Lab Project Number: 139/369: 93/234: WL/93/234. 
Unpublished study prepared by Wildlife International Ltd. 108 p. 

431452-09: Palmer, S. and J. Beavers. 1993. B.t.k. HD-73 Protein: A Dietary Toxicity Study with Ladybird 
Beetles (Hippodamia convergens): Lab Project Number: 139/370: WL/93/232: 92/01/36/25. 
Unpublished study prepared by Wildlife International Ltd. 104 p. 

431452-10: Palmer, S. and J. Beavers. 1993. B.t.k. HD-73 Protein: A Dietary Toxicity Study with Green 
Lacewing Larvae (Chrysopa carnea): Lab Project Number: 139/371: WL/93/233: 92/01/36/26. 
Unpublished study prepared by Wildlife International Ltd. 100 p. 

431452-11: Cambell, S. and J. Beavers. 1993. A Dietary Toxicity Study with Cotton Seed Meal in the 
Northern Bobwhite: Lab Project Number: 139/358: WL/93/13. Unpublished study prepared by 
Wildlife International Ltd. 44 p. 

431452-13: Naylor, M. 1993. Acute Oral Toxicity of Bacillus thuringiensis var. kurstaki (Cry IA(c)) HD-
73 Protein in Albino Mice: Lab Project Number: 92197: ML/92/493. Unpublished study prepared by 
Monsanto Agriculture Group. 187 p. 

431452-14: Ream, J. 1994. Assessment of the In vitro Digestive Fate of Bacillus thuringiensis var. kurstaki 
HD-73 Protein: Lab Project Number: 92/01/36/22: 92/427/728. Unpublished study prepared by 
Monsanto Agriculture Group. 43 p 

433236-06: Privalle, L. 1994. In vitro Digestibility of CryIA(b) Protein from Bt Maize (Corn) and Bacillus 
thuringiensis subspecies kurstaki under Simulated Mammalian Gastric Conditions: Lab Project 
Number: CAB/007/94. Unpublished study prepared by Ciba Seeds Agricultural Biotechnology 
Research Unit. 17 p. 

433236-08: Kuhn, J. 1994. Acute Oral Toxicity Study in Mice: CryIA(b) B.t.k. Delta-endotoxin: Final 
Report: Lab Project Number: 1238/94. Unpublished study prepared by Stillmeadow, Inc. 20 p. 

433236-09: Campbell, S. 1994. CryIA(b): Enriched Maize Leaf Protein: An Acute Oral Toxicity Study 
with the Northern Bobwhite (Colinus virginianus): Lab Project Number: 108/371. Unpublished 
study prepared by Wildlife International Ltd. 49 p. 

433236-10: Collins, M. 1994. Bt Maize Pollen (PHO176-0194): Acute Toxicity to Daphnids (Daphnia 
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This is one of a series of OECD Consensus Documents that provide information for use during regulatory 
assessment of particular micro-organisms, or plants, developed through modern biotechnology. The 
Consensus Documents have been produced with the intention that they will be updated regularly to reflect 
scientific and technical developments. 

Users of Consensus Documents are invited to submit relevant new scientific and technical 
information, and to suggest additional related areas that might be considered in the future. 

The questionnaire is already addressed (see reverse). Please mail or fax this page (or a copy) to the 
OECD, or send the requested information by E-mail: 

 
OECD Environment Directorate 

Environment, Health and Safety Division 
2, rue André-Pascal 

75775 Paris Cedex 16, France 
 

Fax: (33-1) 45 24 16 75 
E-mail: ehscont@oecd.org 

 
 

For more information about the Environment, Health and Safety Division and its publications 
(most of which are available electronically at no charge), consult http://www.oecd.org/ehs/ 
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Novel Foods and Feeds; Chemical Accidents; Pollutant Release and Transfer Registers; Emission 
Scenario Documents; and the Safety of Manufactured Nanomaterials. More information about the 
Environment, Health and Safety Programme and EHS publications is available on the OECD�s World 
Wide Web site (http://www.oecd.org/ehs/). 
 
 

This publication was developed in the IOMC context.  The contents do not necessarily reflect 
the views or stated policies of individual IOMC Participating Organizations. 
 
The Inter-Organisation Programme for the Sound Management of Chemicals (IOMC) was 
established in 1995 following recommendations made by the 1992 UN Conference on 
Environment and Development to strengthen co-operation and increase international co-
ordination in the field of chemical safety.  The participating organisations are FAO, ILO, 
OECD, UNEP, UNIDO, UNITAR and WHO.  The World Bank and UNDP are observers.  The 
purpose of the IOMC is to promote co-ordination of the policies and activities pursued by the 
Participating Organisations, jointly or separately, to achieve the sound management of 
chemicals in relation to human health and the environment. 
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FOREWORD 

 The OECD Joint Meeting of the Chemicals Committee and Working Party on Chemicals, 
Pesticides and Biotechnology (the Joint Meeting) held a Special Session (June 2005) on the Potential 
Implications of Manufactured Nanomaterials for Human Health and Environmental Safety. This was the 
first opportunity for OECD member countries, together with observers and invited experts, to begin to 
identify human health and environmental safety related aspects of manufactured nanomaterials. The scope 
of this session was intended to address the chemicals sector. 

 As a follow-up, the 38th Joint Meeting decided to hold a Workshop on the Safety of 
Manufactured Nanomaterials in December 2005, in Washington, D.C. The main objective was to 
determine the �state of the art� for the safety assessment of manufactured nanomaterials with a particular 
focus on identifying future needs for risk assessment within a regulatory context. 

 Based on the conclusions and recommendations of the Workshop [ENV/JM/MONO(2006)19], 
the 39th Joint Meeting recommended that the OECD Council consider the establishment of a Working 
Party as a subsidiary body of the Chemicals Committee, to address the health and environmental safety 
implications of manufactured nanomaterials. The OECD Council agreed to establish a Working Party on 
Manufactured Nanomaterials on 14th September 2006 as a subsidiary body of the Chemicals Committee.  

 The 1st meeting of the Working Party on Manufactured Nanomaterial (WPMN) was held 26-27 
October in London to agree to the Programme of the Work 2006-2008 which was subsequently adopted by 
the Chemicals Committee (40th Joint Meeting) in November 2006. The WPMN also agreed to six specific 
projects to implement the Programme of the Work and started its work by preparing the operational plans 
for these six specific projects. 

The WPMN had its 2nd meeting on 25-27 April 2007 in Berlin, Germany. An earlier version of this 
document was originally provided to the meeting as background information in considering the operational 
plans for the six specific projects. This document compiles information provided by member countries and 
other delegations on current developments on the safety of manufactured nanomaterials (section I) in their 
countries or organizations. There are also written reports on current activities related to nanotechnologies/ 
nanomaterials in other International Organisations such as the International Organisation for 
Standardisation (ISO) (section II). In addition, delegations added a short bulleted list of highlights at the 
top of their submissions to give readers a general idea of key events since the 1st meeting of the Working 
Party. 

 This document is published on the responsibility of the Chemicals Committee. This is intended to 
provide delegations and other stakeholders with a �snapshot� of information on activities related to 
manufactured nanomaterials, as well as other activities on nanotechnologies, at the national and 
international level. 
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SECTION I 
RECENT AND PLANNED NATIONAL ACTIVITIES IN CHEMICALS REGULATORY AREA 

ON HEALTH AND ENVIRONMENTAL SAFETY ASPECTS OF MANUFACTURED 
NANOMATERIALS 

Background 

1. The main objective of the 2nd Meeting of the Working Party on Manufactured Nanomaterials 
(WPMN) was to agree operational plans for six projects agreed at its 1st meeting. The purpose of the 
agenda item 4 (the Tour de Table) is to give each delegation the opportunity to describe recent or planned 
national initiatives and/or events related to the safety of manufactured nanomaterials. This was intended to 
facilitate the implementation of the six projects by allowing delegations to share their experiences and 
preoccupations with respect to safety.  This was also an opportunity to identify possibilities for future co-
operation and co-ordination. 

Headings for the Tour de Table 

2. In considering the Tour de Table, the information from delegations is organised, where possible, 
under the headings identified below, while recognising that not all delegations are able to supply 
information under each heading. It is to be expected that there is considerable variation amongst 
delegations as to the issues they wish to address, so there is some flexibility in the way the information is 
provided. In addition, delegations added a short bulleted list of highlights at the top of their submissions. 
The highlights are to give readers a general idea of key events since the last meeting of the Working Party. 

 

 Firstly, please provide a list of the latest developments in your delegation since the 1st meeting 
of the WPMN (October 2006) as an highlight to appear on top of your document (see recommended 
format below), and then identify work completed, underway or planned in your country or organisation, 
which relates to activities in the chemicals regulatory area on health and environmental safety aspects of 
manufactured nanomaterials: 
1. Any national regulatory developments on human health and environmental safety including 

recommendations or discussions related to adapting existing regulatory systems or the drafting 
of laws/ regulations/ guidance materials;  

2. Developments related to voluntary or stewardship schemes; 
3. Information on any risk assessment decisions; 
4. Information on any developments related to good practice documents; 
5. Research programmes or strategies designed to address human health and/ or environmental 

safety aspects of nanomaterials;    
6. Information on any public/ stakeholder consultation.   
 
Additional Information 
Delegations may wish to provide any additional related information, e.g., any consideration of the 
benefits of nanotechnologies and consideration of ethical implications. 
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RESPONSES FROM DELEGATIONS 

AUSTRALIA 

Highlight of developments since the 1st meeting of the WPMN 
• Publication of the findings of a voluntary call for information on uses and quantities of 

nanomaterials imported or manufactured for industrial uses, including use in cosmetics and 
personal care products. 

• Initiation of a research project to review the ability of Australia's regulatory systems to address 
potential risks associated with nanotechnology. 

• National Nanotechnology Roundtable hosted by the National Health and Medical Research 
Council. 

1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the drafting 
of laws/ regulations/ guidance materials 

The Australian Government is currently developing its response to the paper "Options for a National 
Nanotechnology Strategy" delivered by its National Nanotechnology Strategy Taskforce to the Australian 
Industry Minister on 30 June 2006.  The report recommends an integrated package of nine elements: (1) 
establish a dedicated federal office responsible for developing and coordinating the implementation of a 
national nanotechnology strategy; (2) health, safety and environmental issues (HSE); (3) community 
awareness and public engagement; (4) metrology and standards; (5) coordination of whole of government 
activities across Federal and State jurisdictions; (6) international cooperation; (7) industry infrastructure; 
(8) industry development; and the (9) commercialisation and application of nanotechnology research.  The 
report was released in September 2006 and can be viewed at www.industry.gov.au/nano and follow the 
links. 

The Department of Industry, Tourism and Resources in consultation with regulatory and other 
agencies is undertaking a research project to report on whether Australia's regulatory frameworks are 
triggered by nanotechnology-based materials, products, applications, and their manufacture, use and 
handling; and which, if any, groups of nanotechnology-based materials, products and applications are not 
covered by our existing regulatory frameworks. In addition, the review will assist Government and 
regulatory agencies to consider whether those groups of materials, products and applications which do not 
trigger the regulatory frameworks pose significant risk, and if so, how can that risk be managed.  

 
2. Developments related to voluntary or stewardship schemes 
 

The National Industrial Chemicals Notification and Assessment Scheme (NICNAS), the national 
regulator of industrial chemicals, issued a voluntary call for information to importers and manufacturers of 
nanomaterials. http://www.nicnas.gov.au/publications/chemical_gazette/pdf/2006feb.pdf  
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For the purposes of the call for information, NICNAS used the broad definition for nanomaterials as, 
those materials that have been specifically engineered to have at least one dimension less than 100nm. 
Industry was asked to provide information on uses and quantities of nanomaterials imported or 
manufactured for industrial purposes, including use in cosmetics and personal care products. 
Nanomaterials used exclusively as therapeutic goods, pesticides or food additives do not fall within the 
scope of NICNAS, and were consequently outside the voluntary call for information. The findings are 
published on the NICNAS website at 
http://www.nicnas.gov.au/Publications/Information_Sheets/General_Information_Sheets/NIS_Call_for_inf
o_Nanomaterials.pdf 

The information will assist in understanding which nanomaterials are available on the market or close 
to commercialisation, and help focus our efforts to ensure the adequacy of the regulatory scheme to assess 
nanomaterials.  

3. Information on any risk assessment decisions 
 

The Therapeutic Goods Administration (TGA) conducted a review of the scientific literature in 
relation to the use of nanoparticulate zinc oxide and titanium dioxide in sunscreens. The review can be 
found at: http://www.tga.gov.au/npmeds/sunscreen-zotd.htm 

Food Standards Australia New Zealand (FSANZ) has not yet received any applications to consider the 
regulation of any nanomaterials in the Australia New Zealand Food Standards Code. 

4. Information on any developments related to good practice documents 
 

The Office of the ASCC commissioned a review of the potential OHS implications of 
nanotechnology. The report, which includes a detailed examination of the potential toxicology of 
nanoparticles, is derived from a detailed review and analysis of worldwide literature and consultation with 
nanotechnology stakeholders. The report entitled � A Review of the Potential Occupational Health and 
Safety Implications of Nanotechnology� has been published and is available on the ASCC website 
http://www.ascc.gov.au/ascc/AboutUs/Publications/ResearchReports/AReviewofthePotentialOccupational
HealthandSafetyImplicationsofNanotechnology.htm 

Standards Australia has established a Committee on Nanotechnology (NT-100). This committee 
provides Australian input to the International Standards Organisation (ISO) for the development of 
international nanotechnology standards and good practice documents, and is contributing to development 
of the ISO Technical Report on �Health and safety practices in occupational settings relevant to 
nanotechnologies�. This Technical Report will provide specific guidance advice for working safely with 
nanomaterials. 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials 

 
In preparation for developing a strategy to address HSE issues, the National Nanotechnology Strategy 

Taskforce commissioned a report from the National Academies Forum (a coalition of Australia's four 
learned Academies) on the environmental, health, safety and legal aspects of nanotechnology.  It suggests 
areas of nanotechnology where little risk is present (such as electronics), and suggests further R&D be 
undertaken in areas where greater risk is possible (such as nanomaterials). The report will be considered as 
part of the Government's response to the Taskforce report. The National Academies Report can be viewed 
at www.industry.gov.au/nano and follow the links. 
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A national Nanotechnology Roundtable was hosted by the National Health and Medical Research 
Council (NHMRC) in December 2006. The Roundtable was attended by representatives from Australian 
academic institutions, health and environment government departments, regulatory bodies and industry and 
a representative from the New Zealand Health Research Council. The Chief Executive Officer of the 
NHMRC is using the outcomes of the Roundtable to inform future directions for the NHMRC with regards 
to nanotechnology and will establish an Advisory Committee on Health and Nanotechnology. 

Australia's research community has established a network called NanoSafe Australia to link together 
toxicology researchers and assess the potential of nanotechnology to impact on human health, worker 
safety and the environment.  NanoSafe Australia, which brings together nine HSE-related research 
organisations around Australia, is currently preparing a Position Paper on "Current OH&S best practices 
for the Australian nanotechnology industry�, as well as assessing nanotoxicology skills available in 
Australia.  

Australia's National Measurement Institute is offering a service for calibrating standard reference 
powders and nanoparticle samples to ensure that nanoparticle measurements are made on a consistent basis 
throughout Australia and in line with international measurement practices. 

6. Information on any public/ stakeholder consultation 

The Nanotechnology Roundtable, described above, was an important activity that brought together 
stakeholders and key players with a wide range of experience and expertise to discuss key issues relating to 
health, safety and environmental impacts of nanotechnology and the development of nanomaterials. The 
NHMRC plans to consolidate this collaboration with future forums and activities. 



 ENV/JM/MONO(2007)16 

 13

BELGIUM 

In November 2006, Belgium submitted a report on work completed, underway and planned (it was 
included in the compilation on the oecd public website). That report is included here. The highlights are for 
actions between November 2006 and April 2007. 

Highlight of developments since the 1st meeting of the WPMN 
First & Second meeting of the Belgian nanomaterials working group: 

• Belgian researchers are now involved in OECD SG1 and SG2 

• A draft listing of Belgian research on nanomaterials toxicology is started 

• WPNM is now known by researchers in Belgium 

• Research priorities are currently being identified 

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 

recommendations or discussions related to adapting existing regulatory systems or the drafting of 
laws/ regulations/ guidance materials 

 
At present there is no regulation specifically addressing nanomaterials in Belgium.  

In Belgium, the Public Federal Service (Ministry) for Health, Safety of the Food Chain and 
Environment will be the leading competent authority to assess and manage risks in connection with 
handling and use of nanomaterials and this according to the existing regulations. However, currently no 
legislation activities are undergone to address it specifically as there is no definition of the nanomaterial in 
place under the current legislation framework. The point was raising several time during the ongoing 
negotiation of the REACH proposal and Belgium is waiting for an further initiative taken at EC level. 

The interface �environment and health� has already considered the nanotechnology as a potential 
action point for the upcoming yearly work programmes. 

2. Developments related to voluntary or stewardship schemes 
 

At present very little information is available about the presence of nanomaterials on the Belgian 
market. Therefore, it is envisaged during 2007 to carry out a �market� survey by convening the related 
sector (from R&D till manufacturers and down stream users). Those stakeholders will be invited to 
participate in declaring the purpose/extent/concerns of their current research and development of 
products/articles. 

3. Information on any risk assessment decisions 
 

No risk assessments on specific nanomaterials have been conducted in Belgium and no risk 
assessment decisions have been taken. 
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4. Information on any developments related to good practice documents 
 

In Belgium we would like first to collect these information during the survey planned in 2007 and 
thereafter develop good practice documents based on best available practice, as more specific knowledge 
concerning nanomaterials and situations for guidance-request are first needed. 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials 

 
A ad-hoc nanomaterials working group as been established by the Belgian Ministry of Health, food 

safety and environment, with a first meeting in February 2007. Group members are presently scientifics 
from Universities and public research centers, and representatives of CA. In the future this group will 
possibly be integrated to the framework of the Belgian Cooperation Agreement Act for Environmental 
policy. This group is informed in first instance about developments at international level (e.g. OECD). As a 
second goal, collection of scientific information would allow the Belgian CA to decide how to best answer 
to the potential safety concerns linked to the production and use of nanomaterials for human health and the 
environment. Contacts between researchers in nanomaterials safety in Belgium are promoted by this group. 

During the 2nd meeting of the Belgian nanomaterials working group, current Belgian research projects 
descriptions were collected (see the following table).  

Ecotoxicology is not currently addressed by those projects (while human toxicology is well 
represented), so the Belgian Ministry of Health, food safety and environment is considering the feasibility 
of funding a research project in that field. 

6. Information on any public/ stakeholder consultation 

The working group referred in point 1 will be extended to the stakeholders including NGO and 
industrial federation. 
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Institution Title Financing Duration Partners & 
Contact  

Katholieke 
Universiteit 
Leuven, 
Department of 
Public Health 

Physico-chemical 
determinants of 
toxicity: A rational 
approach towards 
safer nanostructured 
materials 

Belspo: 
CONTRACT NR 
SD/HE/02A 

01/01/2007 �
31/12/2010 

UCL - KUL � 
VUB 
P. Hoet, B. 
Nemery  

Idem Safe production and 
use of nanomaterials 

EU IP; 
NANOSAFE2: 
Contract no 
515843-2 

01/04/2005 � 
31/03/2009 

24 partners 
P. Hoet, B. 
Nemery 

Idem Nanotechnology 
Capacity Building 
NGOs 

EU NANOCAP: 
Contract no 
036754 

 16 partners 
P. Hoet, B. 
Nemery 

Idem Improving the 
understanding of the 
impact of 
nanoparticles on 
human health and the 
environment 

EU Impart: 
Contract 
no:013968I 

01/02/2005 � 
31/01/2008. 

20 partners 
P. Hoet, B. 
Nemery 

Idem Mechanisms of lung 
and cardiovascular 
effects of air 
pollution particles 

FWO Vlaanderen 
G.0165.03N 

01/01/03 �
31/12/07 

P. Hoet, B. 
Nemery 

Idem Particles 
translocation trough 
the lung epithelium: 
development and use 
of an in-vitro model 

FWO Vlaanderen 
G.0169.04 

01/01/04 � 
31/12/07 

P. Hoet, B. 
Nemery 

University  of 
Namur 

Nanotoxico : 
evalutation of the 
potential toxicity of  
nanoparticles of 
interest to the 
industry (in vitro, in 
vivo, physical 
characterisation, 
chemical 
modifications, 
communication) 

Région Wallonne 
and University of 
Namur 

5 Years O. Toussaint 

Scientific Institute 
for Public Health 

Optimization and 
adaptation of an in 
vitro strategy for the 
assessment of human 
toxicity of 
nanoparticles 

Scientific Institute 
for Public Health 

3 years project , 
Started in Nov-
2006 

P. Troisfontaines 
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CANADA 

Highlight of Developments since the 1st Meeting of the WPMN 

The following activities have taken place since the 1st meeting of the OECD Working Party on 
Manufactured Nanomaterials in October 2006:   

• The Health Portfolio (Health Canada, the Public Health Agency of Canada, and the Canadian 
Institutes of Health Research) held a workshop to discuss the development of a strategy for 
nanotechnology with respect to health (See Section 1); 

• Industry Canada is conducting some preliminary investigations into the market penetration of 
nanotechnology in Canada.  A report should be available in April 2007 (See Section 2).   

• In February 2007, the Council of Canadian Academies was requested by the Government of 
Canada to undertake an in-depth scientific assessment of the state of knowledge with respect to 
the environmental, health and safety of nanotechnology. The project will begin in April 2007 and 
is expected to be completed in 2008. 

1. Regulatory Developments in Canada 

Federal government actions 

A nanotechnology workshop for the Health Portfolio was held in March 2007.  Participants from 
Health Canada, the Public Health Agency of Canada, and the Canadian Institutes of Health Research met 
with invited experts to discuss the basis for a Health Portfolio Strategy on Nanotechnology.  Participants 
identified concrete needs and objectives for actions under the headings of: 

• Safety of health products and foods; 
• Consumer products safety including cosmetics and substances under the Canadian Environmental 

Protection Act; and 
• Occupational health and safety. 

A Health Portfolio Nanotechnology White Paper will be produced based on a previously developed 
Health Portfolio Issue Paper and the findings of the workshop. 

An interdepartmental senior management committee is in place to engage federal science and 
technology departments.  The committee has drafted a federal action plan for a coordinated and consistent 
approach to the regulation of nanotechnology in Canada.  The plan includes recommendations to senior 
management to: 

• Endorse and support the management structure for efforts on nanotechnology; 
• Enhance partnerships and linkages with industry, academia, and laboratories; and 
• Continue to participate actively in international efforts. 

A Federal Workshop on the Health and Environmental Implications of Nanoproducts (March 2006) 
brought together senior regulatory program managers, hazard and risk evaluators, and researchers to 
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discuss regulatory science needs for nanotechnology.  This workshop led to the formation of a Federal 
Working Group to: 

• Develop consistent approaches to testing, assessment and management of nanomaterials; 
• Cooperate in research and testing of nanomaterial properties and effects; 
• Ensure adequate resourcing of Canada�s participation in international activities; and 
• Ensure no duplication of efforts with respect to developing the necessary science to assess 

substances and products of nanotechnology. 

Regulatory approach for nanomaterials under the Canadian Environmental Protection Act 

A regulatory regime for nanomaterials, targeting mainly industrial substances, is being considered by 
the New Substances Program of Environment Canada and Health Canada.   

The proposed regulatory regime would comprise the following: 

� Phase 1 (fall 2006 � fall 2008) 
� Inform industry that �new� nanomaterials are subject to notification under the New 

Substances Notification Regulations. 
� Nanomaterials with unique structures and not listed on Canada�s inventory of 

chemicals currently on the market, the Domestic Substances List, are considered 
�new�.  

� Notification required if specified trigger volumes are reached. 
� Information to be submitted will be initially the same as for regular chemicals and 

polymers. 
� Develop a voluntary program to obtain data from industry to build a knowledge base on 

�new� and �existing� nanomaterials. 
� Work with international partners to develop appropriate property and effects testing 

methods.  
� Consider amendments to the Canadian Environmental Protection Act to facilitate 

assessment and management of all nanomaterials if necessary. 
 
� Phase 2 (fall 2008 � 2010) 

� Resolution of standard nomenclature and terminology by ISO TC229. 
� The expectation is that a significant number of nomenclature issues will be 

resolved satisfactorily for regulatory purposes by 2008. 
� Establishment of specific data requirements for nanomaterials under the current 

notification regulations. 
 
 
2. Developments on Voluntary Schemes in Canada 

A voluntary information submission initiative is being considered.  This initiative would focus efforts 
on obtaining information on nanomaterials from industry and on building a knowledge base to inform risk 
assessment and management approaches.  The objectives of the program would include: 

• Identification of �existing� nanomaterials in Canadian commerce. 
• Facilitated acquisition of information in industry possession. 
• Provision of guidance on appropriate testing to identify potential health and environmental 

impacts of nanomaterials. 



ENV/JM/MONO(2007)16 

 18

The Canadian approach will be informed by discussions within Steering Group 5 of the WPMN.  The 
current tasks in preparation for a Canadian voluntary program include: 

• Considering incentives that would encourage notification during the program timeframe. 
• Developing consultation documents to engage industry, the public, and other stakeholders. 
• Targeting program launch for summer 2007. 

Nanotechnology Market Penetration in Canada 

There is a limited understanding of the current Canadian market for nanotechnology.  A formal use 
pattern survey and product inventory has not been conducted for Canada; however, Industry Canada has 
undertaken some preliminary investigations.  First, they are investigating which Canadian firms are 
directly involved in marketing or producing nanomaterials and nano-enabled products; as of February 
2007, 160 firms have been identified.  Second, they are surveying known U.S. firms concerning their 
export activities to Canada.  This project will be completed by April 2007. 

Current market knowledge points towards several sectors using nanotechnology and/or nanomaterials 
in Canada.  These include: 

• Electronics/photonics (e.g., improved performance of electronic devices/microsystems) 
• Transportation (e.g., body mouldings on vehicles, ceramic coatings on ships) 
• Sports equipment (e.g., tennis rackets, ski waxes) 
• Consumer products (e.g., antimicrobial coatings on refrigerators) 
• Industrial (e.g., petrochemical catalysts) 
• Fashion (e.g., stain and wrinkle-resistant fabric treatments) 
• Health and beauty (e.g., moisturizers, makeup, medical imaging) 
• Food and food storage (e.g., dietary supplements) 

3. Risk Assessment Decisions 

A small number of notifications have been received by some regulatory programmes. 

• Industrial or commercial chemicals 
− No notifications or inquiries to date. 

• Pharmaceuticals 
− Two nanomedicines have received approval from Health Canada under the current 

regulations and policies. 
• Pesticide applications 

− Some inquiries have been made, but no notifications have been submitted. 
• Food related applications 

− Some food related applications in the natural health products field are currently under review 
by Health Canada. 

− No notifications on food additives or food packaging have been received to date. 
• Others 

− No notifications with respect to fertilizers, veterinary biologics, or animal feed have been 
received to date. 
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4. Developments of Good Practice Documents 

No activities to report on this topic. 

5. Research in Canada 

Research on human health and environmental impacts in Canada is limited, but interest is growing.  

• Environment Canada and Health Canada are supporting research proposals addressing 
environmental fate of nanomaterials. 

• The Natural Sciences and Engineering Research Council (NSERC) and the Canadian Institutes 
for Health Research (CIHR) are encouraging/requiring the inclusion of health and environmental 
impacts components for research proposals involving nanotechnology. 

6. Public and Stakeholder Consultations 
• Environment Canada has not conducted any public or stakeholder consultations; however, a 

consultation will be part of the normal process in the development of a regulatory regime for 
nanomaterials. 
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CZECH REPUBLIC 

1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the drafting 
of laws/ regulations/ guidance materials 

There is only general national regulatory system on human health and environmental safety in the 
Czech Republic, following the EC regulation. At present the REACH regulation results in thorough 
adaptation of the chemical legislation. 

2. Developments related to voluntary or stewardship schemes 

We develop neither voluntary nor stewardship schemes. 

3. Information on any risk assessment decisions 

- 

4. Information on any developments related to good practice documents 

- 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials 

- 

6. Information on any public/ stakeholder consultation 

- 

Additional Information 

There is little information on the safety of nanotechnology among hundreds of science or making the 
public familiar articles or monograph on nanotechnology from the Czech authors. Recently, several 
analytical reviews appear on internet publication Nanotechnologie.cz devoted to social, ethical and health 
consequences sourcing from the foreign literature.  

Number of conference on nanotechnologies realized last years in Czech universities. This year the 
international conference NANO´07 organized by Technical University in Brno will include the section 
Nanotechnology: risk for human health. 
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DENMARK 

Highlight of developments since the 1st meeting of the WPMN 
• Discussion concerning regulation in the Danish Parliament 

• Increased public awareness 

• Increased research efforts 

1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the drafting 
of laws/ regulations/ guidance materials;  

At present there is no regulation specifically addressing nanomaterials in Denmark.  

In Denmark the Ministry of the Interior and Health has in 2006 initiated a survey examining whether 
the existing regulation in the different sectors (environment-sector; chemical sector, food-sector, 
pharmaceutical-sector, occupational environment sector, and health sector) would also cover risk related 
issues in connection with handling and use of nanomaterials. Although the work is not quite finished yet it 
seems that the regulation in the different sector would in general cover situations where nanomaterials are 
handled or used although there are no specific mentioning of nanomaterials as such. It is recognised, 
however, that in order to address aspects specifically related to nanomaterials there may be a need for 
adjustments in the regulation.  

In general there seems to be no need for a new and a broad trans-sector regulation on nanotechnology 
but rather to focus on identification on areas in the present regulations where updating or adaptations may 
be required in order to consider specific aspects of nanomaterials. 

In the summer 2006 the Danish Board of Technology published a report concerning environmental 
and health aspect of nanotechnology. The authors behind the report concluded that the existing regulation 
has to be further developed to specifically address the potential risks from nanomaterials. In the present 
chemical regulation and in REACH the tonnage levels for data requirement have to be reassessed because 
of the low weight of nanomaterials. Furthermore industrial use of nanomaterials should be subjected to 
approval from the authorities and it is proposed that the authorities provide specific risk assessment 
guidance and that obligatory risk assessment should be required from industry in case of possible 
environmental or human exposure to nanomaterials.  

The different proposals in this report are under discussion by the relevant authorities. 

Recently (March 2007), the Danish parliament has debated a regulatory proposal concerning the use 
of an enhanced precautionary principle in connection with regulation of nanotechnological products and 
processes. The bill was rejected most of all because the proposal only addressed some general and overall 
concern and could not identify specific situations of concern in which the precautionary principle would 
apply.  

2. Developments related to voluntary or stewardship schemes; 

At present there are no specific initiatives in relation to voluntary or stewardship schemes in DK.  
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3. Information on any risk assessment decisions; 

No risk assessments on specific nanomaterials have been conducted in Denmark and no specific risk 
assessment decisions have been taken in relation to nanomaterials.  

4. Information on any developments related to good practice documents; 

In Denmark we are not yet at a stage to develop good practice documents as more specific knowledge 
concerning nanomaterials and situations for guidance-request are needed. However future project (se 
below item 5) may give further valuable input in order to further evaluate the need and the areas/ situations 
where guidance or good practice documents may be relevant.  

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials;    

There are no specific overall research programmes or strategies in this area, however several 
governmental research institutions and university institutes have now issued single projects addressing 
aspects concerning health and environmental risks in relation of nanomaterials. Especially the testing of 
nanomaterials both in existing and alternative ecotoxicological and toxicological test systems is in focus in 
these projects. An important and extensive contribution to this research is carried out by the National 
Research Centre of Working Environment (the former National Institute of Occupational Health) where a 
research group was established in 2005 with focus on health risks associated with fabrication and use of 
nanoparticles and nanoparticle products.  

The Danish EPA has started a network for risk assessment and risk management of nanomaterials. 
The network includes authorities from different sectors and scientific institutions experienced in chemical 
testing and risk assessment. The network is meant to support the Danish work in relation to risk assessment 
and risk management in EU and OECD. 

Knowledge about use and exposure is as important as knowledge about the intrinsic properties of 
nanomaterials. Therefore the Danish EPA has initiated a project where the presence of nanomaterials in 
consumer products in Denmark is identified. This survey will contribute to a better understanding 
concerning human exposure to nanomaterials in connection with product handling and use.  

Furthermore The Danish EPA has initiated a project in collaboration with industry with the aim to 
identify  industrial branches in which nanomaterials is used; how they are used, and how aspects 
concerning environment and human health is considered. 

Although not fully established yet the Danish EPA consider that knowledge exchange and cooperation 
with industry and research laboratories is important in order to obtain  relevant knowledge for targeting the 
work concerning risk assessment and risk management of nanomaterials. 

6. Information on any public/ stakeholder consultation.   

Danish Standards Association has started a network group for nanomaterials with various 
stakeholders (authorities, industry, universities, advisors etc) in relation to the standardization work 
concerning nanomaterials in ISO and CEN. 
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The Danish EPA is together with industry planning an open conference/workshop in 2007 for 
stakeholders (e.g. industry and NGOs) concerning issues in relation to use, handling and risk management 
of nanomaterials.  

Additional Information 
In general there has been an increasing awareness in public; in media and in the political system in 

DK concerning nanotechnological products and processes in relation to potential environmental and health 
risks. 

In this field the Danish authorities support and refer to the work and the strategic approach by the 
OECD, as we consider a global and collaborative effort as crucial in order to gain more knowledge as 
quick as possible and to achieve a common understanding for an administrative/ regulatory approach for 
handling nanomaterials.  
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FRANCE 

Highlight of developments since the 1st meeting of the WPMN 
• Government support for further research on risks [call for research projects by the National 

Research Agency (ANR), in the wake of work financed in 2005 and 2006]. 

• Initial approaches to evaluating risks to the general population and consumers. 

• Feasibility study for a prospective follow-up of a cohort of exposed workers (including 
researchers). 

• Ongoing establishment of an independent scientific observatory to monitor and issue warnings 
on health and social risks, and to guide the ANR�s calls for projects. 

• Under preparation: a standing public forum on health and social risks. 

• Opinion of the CNRS Committee on Ethics for the Sciences (COMETS) on the ethical issues 
relating to nanoscience and nanotechnology. 

• Opinion of the National Consultative Ethics Committee for Health and Life Sciences (CCNE) on 
the ethical issues raised by nanosciences, nanotechnologies and health. 

• Communication on �The Development of Nanotechnologies� released by the Council of 
Ministers of 14 March 2007.  

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 

recommendations or discussions related to adapting existing regulatory systems or the drafting 
of laws / regulations / guidance materials 

Strictly speaking, there have been no regulatory developments to date. However, recommendations 
have been issued by both the Prevention and Precaution Committee (CPP)1 and the French Agency for 
Labour and Environmental Health Safety (AFSSET)2 regarding the need to take precautionary measures in 
the workplace and the general environment, to list the nanomaterials produced or imported and to ensure 
that they are included in the REACH Regulation. The results of the additional AFSSET study covering, in 
particular, the assessment of professional risks, are expected by year-end 2007.  

2. Developments related to voluntary or stewardship schemes 

A questionnaire prepared by AFSSET is to be sent out to industrial firms to ascertain the nature of the 
nanomaterials available on the French market and to compile data on hazards and exposure, as well as 
categories of use.  

                                                      
1 . Nanotechnologies, nanoparticules : quels  dangers, quels risques ? 
http://www.ecologie.gouv.fr/IMG/pdf/Nanotechnologies_juin_2006.pdf 

2 . Les nanomatériaux, effets sur la santé de l�homme et sur l�environnement. 
http://www.afsset.fr/upload/bibliotheque/367611898456453755693572842048/nanomateriaux.pdf 
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Changes are to be made to the database on nanomaterials stakeholders in France, which is 
administered by the Research-Industry Exchange and Collaboration (ECRIN) Association3 on behalf of the 
Ministry of Industry�s Directorate-General for Enterprise, in order to sharpen the base�s focus on 
nanomaterials and compile information on the nanomaterials produced in or imported to France, and on the 
uses thereof. 

3. Information on any risk assessment decisions 

At this stage in the development of nanotechnologies, there are no particular requirements in force in 
France regarding risk assessment for nanomaterials. In theory, however, regulations currently in force in 
France and throughout the EU on the sale of chemical substances could be used to gather information on 
the risks posed by manufactured nanomaterials.  

4. Information on any developments related to good practice documents 

Preliminary discussions are underway for the preparation of a good practice guide for protecting 
workers (operators) exposed to nanomaterials. 

5. Research programmes or strategies designed to address human health and / or environmental 
safety aspects of nanomaterials 

French partners to the integrated European NANOSAFE2 project, which is co-ordinated in France by 
the Atomic Energy Commission (CEA), are: the National Institute for Industrial Environment and 
Risks (INERIS), the National Institute for Health and Medical Research (INSERM), the ECRIN 
Association and the industrial firm Arkema. It should be added that the project includes a segment on 
societal and regulatory aspects.  

The above organisations, but also the National Centre for Scientific Research (CNRS), the National 
Research and Safety Institute (INRS) and university research teams (from Paris, Toulouse, etc.), are 
working separately or jointly to develop research programmes to identify and develop the metrology 
needed to characterise human exposure and enhance knowledge of the toxicity of nanoparticles and 
nanotubes. 

The Health Monitoring Institute (InVS) has also put this on its agenda for 2007.  

INERIS has also been asked by the Ministry for Ecology to work on cataloguing the environmental 
hazards of nanomaterials.  

New referrals concerning nanomaterials: 

to AFSSET: risks to workers; exposure of consumers and the general population, over the entire 
lifecycle of nanomaterials, including wear, destruction, waste, recycling � an evaluation that 
will at first have to be simplified due to measuring difficulties, uncertainties as to the dangers, 
and the scarcity of knowledge on the linkage between dosage and effect. 

to the French Food Safety Agency (AFSSA): monitoring of food and drinking water. 

to the French Health Products Safety Agency (AFSSAPS): monitoring of drugs, medical devices 
and cosmetics.  

                                                      
3. http://www.ecrin.asso.fr 
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Feasibility study for a prospective follow-up of a cohort of exposed workers (including 
researchers): the Directorate-General for Health (DGS), working together with the Directorate-General for 
Labour (DGT), has encouraged epidemiology researchers to explore the idea of a feasibility study for a 
prospective follow-up of a cohort of exposed workers and researchers (with INSERM, CEA, CNRS and 
InVS). An initial work session between epidemiologists and scientists was held on 16 February 2007. 

At the OECD: France is involved in specific projects 3, 4 and 6 of the OECD Working Party on 
Manufactured Nanomaterials.  

6. Information on any public / stakeholder consultation 

A lecture/debate was held at the Cité des Sciences et de l�industrie on 19 and 20 March. The event 
included a summary of discussions to date and constituted the response to the Prime Minister�s call for a 
large nationwide public debate. 

Other information 

Seminar: The interministerial seminar that was held on 19 October 2006 should ultimately enable the 
government to outline the main thrusts of actions with regard to societal aspects and participatory 
processes, enhancing scientific knowledge and establishing preventive measures. 

Inter-services group: This group, which co-ordinates the prevention of nanotechnologies- and 
nanomaterials-related risks, was set up in the wake of the October 2006 interministerial seminar. It is made 
up of representatives of the DGS (Directorate-General for Health, Ministry of Health), DGT (Directorate-
General for Labour, Ministry of Labour), DPPR (Directorate for Pollution and Risk Prevention, Ministry 
for Ecology), DGRI (Directorate-General for Research and Innovation, Ministry for Research) and the 
DGE (Directorate-General for Enterprise, Ministry of Industry). The DGAL (Directorate-General for Food, 
Ministry of Agriculture) recently became a partner. 

Communication on �The Development of Nanotechnologies� at the Council of Ministers of 
14 March 2007: opening of an interactive French Internet portal on �nanotechnologies�; information and 
consensus-building initiatives to forge closer ties between the scientific community and society at large; 
continued efforts to support research and development, requiring all project sponsors to include actions 
involving workstation safety and product lifecycles, including recycling and risk measurement; 
participation in standardisation initiatives; creation of an independent scientific watch and warning 
committee; institution of a platform of research and expertise in toxicology and ecotoxicology.  

Initiatives involving societal, ethical or legal issues 

* Opinion of the CNRS Committee on Ethics for the Sciences (COMETS): �Ethical Issues 
Relating to Nanoscience and Nanotechnology�. The Committee recommends: promoting 
ethical vigilance; taking active part in consensus-building among stakeholders (industrial firms, 
consumer associations, patients� associations, NGOs, etc.); focusing on ethical concerns at 
multiple levels in researchers� careers (initial and ongoing education, evaluation, research 
projects, and so on); preparing ethical guidelines for researchers; opening ethics centres in 
research centres; promoting an interest in nanosciences amongst researchers in the social 
sciences; instituting procedures for detecting and settling conflicts of interest and for 
transparency in funding sources for joint CNRS/industry projects; presenting expected benefits 
without sidestepping possible drawbacks; emphasising the consequences for man without 
focusing solely on economic and industrial aspects; daring to factor in very long-term 
considerations and identifying misconceptions; providing forums for dialogue and participating 
in public discussions. 
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* Opinion of the CCNE on ethical issues raised by nanosciences, nanotechnologies and 
health: We call to attention to this excerpt: �Knowledge is a prerequisite for the exercise of 
responsibility. This is the very foundation of the concept of free and informed consent. That is 
why the foremost ethical recommendation would be to demand the development of fundamental 
research before, and not only after, technical application. Such research must not be limited to the 
study of possible side effects. It must anticipate research on toxicity related to the nature of 
nanomaterials in cellular or animal models. In other words, the ethical attitude to nanosciences 
and nanotechnologies is not to stand in the way of science but on the contrary to ask for more 
science, more research, more reflection, more soul-searching covering research, transfer, 
innovation and industrial applications. And less a priori expressions of certainty where only the 
possibly beneficial effects are highlighted while the possibility of adverse effects is denied.� 

The CCNE recommends: conducting stringent research before considering taking a product to 
market; not imposing ethical constraints on fundamental research, although this would also entail 
making research stakeholders accountable through the formulation of a code of good practice; 
holding discussions to explore the ethical dimensions of research strategy; specifically 
developing nanometrology and requiring calls for projects to include primary studies on the 
impacts on health and the environment, with subsequent evaluation; making heath-related 
nanoproducts subject to bioethics laws and the regulations of French and European agencies; 
initiating public discussions with panels of trained citizens, researchers and social, economic, 
medical and environmental experts, and distributing the proceedings very extensively. 

* At the OECD: France�s involvement in the Working Party on Nanotechnology of the 
Committee for Scientific and Technological Policy (CSTP), and strong demand for incorporation 
of ethical, societal and legal issues.  

_________________________________________ 

Annex to the French Contribution - INERIS activities on nanomaterials 

INERIS conducts research and makes expert appraisals of the safety of nanomaterials in the following 
areas:  

Metrology and exposure assessment; 
Ecotoxicology; 
Toxicology; 
Risks of explosion and other accidental risks.  

Metrology � Exposure assessment 

Development of sampling and control techniques for carbon nanotube manufacturing pilots (in 
partnership with Groupement de Recherche de Lacq, GRL).  

Development of Light-Induced Breakdown Spectroscopy (LIBS) measuring methods as part of the 
European NANOSAFE2 project for physical and chemical characterisation, so as to ensure the safety of 
nanoparticle manufacturing processes. 

Development of appropriate measuring methods for characterising human exposures and the 
corresponding public-health risks in partnership with national research programmes (Central Air Quality 
Monitoring Laboratory � LCSQA, Airparif), with application in the counting of fine particles in an urban 
environment (Gennevilliers). 
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Measuring micro-environmental exposures: car interiors, human exposure to indoor airborne ultra-
fine particles [AFSSET NANOP Project, with the participation of INERIS, the Scientific and Technical 
Centre for Building (CSTB), the National Public Health School (ENSP) and the joint INSERM / 
University of Paris XII Faculty of Medicine team]. 

Evaluation of risks to human health: enumeration of uses, catalogue of existing research on the 
general population. 

Ecotoxicology 

Evaluation of environmental risk (carbon and metal oxides): Study of the penetration of nanoparticles 
into the brains and lungs of fish and daphnias, establishment of methodologies. 

Evaluation of environmental exposures: Release routes, quantities released, target compartments, 
behaviour in compartments. 

Toxicology 

In vitro work: Study of the cytotoxicity of nanoparticles (European NANOSAFE2 programme). Study 
of the toxicity of carbon nanotubes on lung cells (ANR NANOTOX programme). 

In vivo work: Studies on the evolution and effects of nanomaterials on animal models via injection 
and instillation (rats).  

In silico modelling work: Development of physiological pharmacokinetic models for extrapolating 
findings from animals to man. 

Accidental risks  

Ensuring the safety of nanoparticle production facilities against risks of fire or explosion (European 
NANOSAFE2 programme). 
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GERMANY 

Highlight of developments since the 1st meeting of the WPMN 
• As we had reported last time, possible elements of a structured public dialogue about chances and 

possible risks of nanomaterials and nanoparticles had been discussed last September at a starting 
conversation between the Federal Minister of Environment and high-level experts of all involved 
stakeholders. Based on this the �Nanocommission� was established at 24th November 2006. This 
Commission is thought as a strategic board, which will lead in behalf of the German government 
the NanoDialogue to chances and risks of synthetic nanoparticles for human health and the 
environment. Therefore it plans also the development of a special communication strategy.  

• Furthermore,the commission  will accompany and steer the work of three working groups, which 
have very recently (at 26th of March) founded under the roof of the Nanocommission. 

• The main tasks of these groups are thought to be: 

− WG 1: Chances for the environment and human health, 
− WG 2: Risks and safety research, and 
− WG 3: guide for a responsible handling of nanomaterials 

•  A close cooperation with the appropriate OECD SG�s is aspired.  

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 

recommendations or discussions related to adapting existing regulatory systems or the drafting 
of laws/ regulations/ guidance materials 

The study on regulatory gaps and options undertaken by the Federal Environment Agency (UBA), 
whose start has been mentioned in our first report, had been finished. This study examined European 
(REACH) and German chemical and environmental legislation. The final report with conclusions and 
recommendations has been published on the UBA web page.   

2. Developments related to voluntary or stewardship schemes 

The Federal Institute for Occupational Safety and Health (BAuA) developed in collaboration with the 
Chemical Industry Association (VCI) a questionnaire to elucidate exposure of nanomaterials and risk 
management at workplaces of the chemical industry and research insitutions. The feedback from industrial 
and research companies was evaluated, summarized and will be published soon.  

Further progress is in addition expected from the outcome of the NanoDialogue WG´s (see above) 

3. Information on any risk assessment decisions 

Not applicable due to lack of information 
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4. Information on any developments related to good practice documents 

The Chemical Industry Association (VCI) has developed in collaboration with the Federal Institute for 
Occupational Safety and Health (BAuA) a handling guideline for the responsible handling of 
nanomaterials during production and use. The draft was discussed at a work shop to consider further input 
from a variety of stakeholders. In course of the year the final version is expected.  

Further progress is in addition expected from the outcome of the NanoDialogue WG´s (see above) 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials 

The joint German research strategy, developed by the BAuA (Federal Institute of Occupational Safety 
and Health) together with BfR (Federal Institute for Risk Assessment) and UBA (Federal Environment 
Agency) considering health issues of workers and consumers and the environment issues had been 
discussed on a one day meeting at November the 30th with stakeholders from industry, science, policy, and 
NGO�s. Under the light of discussion this strategy is under revision and will be provided to OECD WG�s. 
It is also part of the working plan of the German Dialogue WG 2 (see highlights too)  

6. Information on any public/ stakeholder consultation 

A BfR consumer conference on nanotechnology had been held in November last year. The main 
demands formulated in the vote by the 16 consumers who attended were for comprehensible labelling, 
clear definitions, terms and standards as well as far more research into the potential risks before 
nanotechnology is used to a greater degree in consumer products.  

The Consumer Conference on Nanotechnology was launched as a pilot project by the Federal Institute 
for Risk Assessment (BfR) and was jointly staged with the Independent Institute for Environmental 
Concerns (UfU) and the Institute for Ecological Economic Research (IÖW). It draws on the model of the 
Danish consensus conference and is being tested by BfR as one possible tool of extended risk 
communication. The backdrop to BfR�s risk communication activities is the dialogue between risk 
assessors, risk managers and various interest groups from science, politics, industry, associations, public 
agencies and the public at large. The staging of a consumer conference puts BfR�s statutory remit on risk 
communication into practice by directly involving groups of consumers in the discussions about the risks 
and benefits prior to the introduction of a broadly based consumer application of this technology. This is 
the first time that a public agency in Germany has used this tool. 

16 people of various ages and occupations were extracted from a cohort of 6,000 randomly selected 
individuals on the basis of sociodemographic criteria for the Consumer Conference on Nanotechnology. 
This group took a comprehensive look at this subject at two preparatory weekends, prepared questions on 
various consumer aspects of this technology and selected experts from science, associations, public 
agencies and industry to answer them.  
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IRELAND 

Highlight of developments since the 1st meeting of the WPMN 
• In 2006 the Health and Safety Authority initiated a public internet consultation on engineered 

nanoparticles addressed at companies in Ireland that research, manufacturer or use nanomaterials.  

• The Health and Safety Authority liaised with Forfás and Enterprise-Ireland   

• The Health and Safety Authority is planning to develop a national policy on nanotechnology  

• Project under the 6th Frame Programme and others foreseen under the 7th Framework Programme 

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 

recommendations or discussions related to adapting existing regulatory systems or the drafting 
of laws/ regulations/ guidance materials 

At present there is no specific national regulation addressing nanomaterials in Ireland. 

In April 2006 the Health and Safety Authority (HSA) which is the Competent Authority for chemical 
legislation in Ireland liaised with the National Policy & Advisory Board for Enterprise, Trade, Science, 
Technology & Innovation (Forfás) and with the governmental agency Enterprise-Ireland responsible for 
the development of Irish Industry, to discuss future development in relation to nanomaterials. 

During 2006 Forfás organized Panel meetings (NanoBio, NanoMaterials and NanoElectronics) (as 
part of a Technology Assessment process to develop a national approach to the development of 
Nanotechnology in Ireland) to discuss approaches with stakeholders regarding the nanotechnology 
development.  

Forfás is preparing a report �NanoIreland�, which develops a national nanotechnology approach for 
Ireland and will include the aspiration that Ireland should be the forefront of the debate on Regulation and 
Safety. This is scheduled to be published soon after the Irish General election (publication of national 
policy documents is prohibited during election campaigns). 

The issue of a National Policy on nanotechnology will have to be discussed further at a national level. 
However, it is hoped that a national policy will be developed. 

2. Developments related to voluntary or stewardship schemes 

At present there are no specific initiatives in relation to voluntary or stewardship schemes in Ireland. 
However, some companies that participated in the internet consultation signaled that they are willing to 
share further information on current projects. A dialogue with these companies will have to be initiated. 

The NanoIreland development may also contribute to this process, until the approval of the 
recommendations under the NanoIreland umbrella. 

3. Information on any risk assessment decisions 

Ireland has not yet received a notification of a nanomaterial. Consequently no risk assessment has 
been carried out. 
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4. Information on any developments related to good practice documents 

Due to lack of information Ireland is not yet in a position to develop a guidance or good practice 
documents. 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials 

Ireland does not have an overall specific research programme to address human health and/or 
environmental safety aspects of nanomaterials. However, Ireland received approval and funding from the 
EU for a project under the sixth Framework Programme (FP6) search, technical development and 
demonstration activities. The project NanoInteract focuses on risk assessment of engineered nanoparticles 
and is led by the University College Dublin (UCD). Besides UCD several other Irish universities and Irish 
companies are involved in this project. NanoInteract  started on 1st January 2007 and will run until 31st 
December 2009. 

Enterprise-Ireland has noted a number of risk assessment and health and safety activities under the 
seventh Framework Programme (FP7) for research, technical development and demonstration activities. As 
the call for FP7 is currently open and will close on the 4th May 2007, no numbers can be reported at this 
stage.  

6. Information on any public/ stakeholder consultation 

In April 2006 the Health and Safety Authority (HSA) developed a questionnaire regarding engineered 
nanomaterials to address the following objectives: 

• Need to gain some information on the nature of nanomaterials, such as: 
 

o Type of nanomaterials (chemical identity) 
o Type of industry using nanotechnology in Ireland 
o Quantities of nanomaterials used in Ireland 
o Particle sizes of nanomaterials 
o Methods by which nanomaterials are identified 
o Any information available on the potential hazard(s) associated with these nanomaterials 
o Exposure scenarios for nanomaterials in Irish industry 

 
• Need to modify regulations to address the risks of nanotechnology 
• Need to share information internationally on nanotechnology 
• Need to standardise definitions in respect of nanotechnology  
• Guidelines may have to be adapted in respect of nanomaterials 
• An alert system containing information on the kind of products involved may have to be created, 

based on information requirements of regulators  
 
This questionnaire was made publicly available on the HSA website as internet consultation for six 

weeks (1st August to 15th September 2006).  

The overall response rate was 33.33% including companies of the following sectors: electronics, 
pharmaceutical and medical devices.  
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ITALY 

Highlight of developments since the 1st meeting of the WPMN 
• Nothing specific up to now. 

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 

recommendations or discussions related to adapting existing regulatory systems or the drafting 
of laws/ regulations/ guidance materials 

While at public and private level in Italy there is a general consensus on the need of facing the 
challenge posed by nanotechnology, the actual situation in the research and regulatory area on health and 
safety aspects of nanomaterials is characterized by a general scarcity of initiatives at both public and 
private levels. Policy oriented discussion on the necessary approach for the development of research 
strategies and programmes to address health and risk implications of manufactured nanomaterials results 
still very scarce.  

In the context of the national standardization body (UNI) it has been activated a commission entitled 
Nanotechnology, which is structurated in four working groups: Terminology; Instrumental measurement 
and characterization; Health and safety aspects; Nanotechnological products and processes. Up to now 
their activities have been limited to the acquisition of informations from the mirror commissions of ISO 
and CEN. Their active work is still to be planned. 

2. Developments related to voluntary or stewardship schemes 

Voluntary or stewardship schemes at institutional or industrial level are still absent and the same 
happens for the development of good practice guidelines.  

3. Information on any risk assessment decisions 

Regulatory initiatives or decision on testing methods and risk assessment activities are absent at both 
public and private level.  

4. Information on any developments related to good practice documents 

There are no initiatives on this aspect. 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials 

Specific research studies concerning mainly toxicological experiments in vitro on some type of 
nanomaterials are actually underway in a limited number of small groups of people in some university, 
research centres, or institutes, but they are conducted with a limited ambition level and poor co-
operation/co-ordination among them. Some of these groups participate to the following two research 
projects funded by the European Commission under the Sixth Framework Program for Research, 
Technological Development and Demonstration (FP6): �Development of an Integrated Platform for 
Nanoparticle Analysis� (DIPNA) to verify their possible toxicity and the eco-toxicity, coordinated by Italy 
(University of Modena and Reggio Emilia), and �Risk Assessment for Particle Exposure� (PARTICLE-
RISK) to which cooperate two research centers in Venice, University of Ca� Foscari and Consortium 
Venezia Ricerche. In addition at level of initial proposal very recently the National Institute for 
Occupational, Safety and Prevention (ISPESL) has proposed a project (yet to be approved and financed) to 
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the Ministry of Health on the aspects of occupational exposure to nanomaterials (focused on carbon 
nanotubes), but the environmental safety aspects are not taken into consideration in this project.   

6. Information on any public/ stakeholder consultation 

Public/stakeholders consultation initiatives result not yet planned or activated.  

The only exception which may be considered is an initiative taken by  the association AIRI (Italian 
Association for Industrial Research) and its division NanotecIT (Italian Centre for Nanotechnology) aimed 
to provide a census of the public and private organizations involved in nanotechnology in Italy 
(www.nanotec.it).  

The second edition (2006) of the report (first one was published in 2004) gives a general outlook of 
research activities and initiatives in the country on nanotechnology and provides also a detailed description 
of the 169 organization having answered the census and doing R&D in the field. 

The new census has confirmed the increase of the commitment in nanotechnology in Italy.  

The number of structures/organizations (enterprises, research centres, departments, institutes, etc.) 
active in nanotechnology that answered the census increased, in fact, from 120 in the 1st Census to 169: 
around 60% of them refer to public institutions and around 40% to private enterprises. 

The role of public research is still fundamental. All major public research organisations (CNR/INFM, 
INSTM, INFN, ENEA)1 and universities are involved. Relevant resources are dedicated to this field and 
various initiatives have been put in place to improve the effectiveness of the efforts.    

In particular seven centre of excellence dedicated to nanotechnology have been established in the last 
years at various italian universities, while five high technology clusters (structures financed by the 
government to promote particular technologies in different italian regions), have activities related to 
nanotechnology; one of them is specifically focused to nanotech. 

The new census has also shown that involvement of industry in nanotechnology has also stepped up 
as indicated by the number of structures linked to private enterprises which have passed from 20 in the 1st 
Census to 65. About one third of these companies are large companies, including widely known national 
players, while the rest are SMEs, often spin off or start ups. 

Both for public and private organizations the research efforts are rather distributed on many thematic 
areas of research, but, according to the data received, nanomaterials are the field in which the research is 
more intense. 

In the period 2002�2005 the organizations reported in the census have produced about 7000 scientific 
publications dedicated to nanotechnology, most of them on International journals. 

                                                      
1  
CNR: Consiglio Nazionale delle Ricerche (National Research Council); 
INFM: Istituto Nazionale di Fisica della Materia (National Institute of the Structure of Matter); 
INSTM: Consorzio Interuniversitario per la Scienza e Tecnologia dei Materiali (Inter-University   
                Consortium for Materials Science and Technology). 
INFN: Istituto Nazionale di Fisica Nucleare (National Institute of Nuclear Physics); 
ENEA: Ente per le Nuove Tecnologie, l'Energia e Ambiente (National Body for New Technologies, 
                Energy and Environment). 
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Although the activity in nanotechnology in Italy (as elsewhere) is essentially at research stage, the 
census has pointed out that more than one third of the public and private organizations considered are 
working on nano-related products or processes at prototype, pilot or commercial level. 

Additional Information/Comments 

In conclusion it seems that most of research efforts in Italy are focused on industrial development and 
application of a variety of nanomaterials.  

More work remain to be done in the field of health and environmental safety implications of 
manufactured nanomaterials     
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JAPAN 

Highlight of developments since the 1st meeting of the WPMN 
• The National Institution of Occupational Safety and Health, Japan (JNIOSH) will start a new 

research on possible health issues in April 2007, due to exposure to nanomaterials in the 
workplace. This research on nano-related industries includes measurement methods in the 
workplace, and toxicology of nanoparticles. 

• The Cabinet Office has decided to establish a committee that coordinates research and 
development policy on nanotechnology. Dr. Junko Nakanishi will participate in this committee as 
a coordinator. One of its targets is to establish the information infrastructure to accelerate 
innovation, by facilitating research and development of nanotechnology and research for public 
acceptance of nanotechnology in a focused and strategic manner.  

• METI has conducted a preliminary survey on safe handling of nanomaterials at manufacturing 
sites and research laboratories in fiscal year 2006. Through the survey, METI has reviewed 
existing good practices both from domestic and overseas and has drafted basic guidelines. These 
draft guidelines are to be reviewed by industry stakeholders for implementation.  

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 

recommendations or discussions related to adapting existing regulatory systems or the drafting 
of laws/ regulations/ guidance materials 

In the existing regulatory system, the Chemical Substance Control Law obliges manufacturers to 
notify the government about nanomaterials if they are new chemicals subject to the law, and some 
notifications concerning fullerene derivatives have been submitted under the small quantities exemption of 
the new chemical notification.    

The Ministry of Economy, Trade and Industry (METI) has just had a preliminary discussion on the 
health and environmental safety issues of manufactured nanomaterials as one of the emerging issues to be 
addressed in the near future within the framework of chemical management in METI�s Policy Council on 
Chemical Issues. However, no proposal regarding concrete measures restricting manufactured 
nanomaterials has been put on the table yet.    

2. Developments related to voluntary or stewardship schemes; 

The Japanese Government does not have any voluntary reporting scheme on health and environmental 
safety issues of manufactured nanomaterials at this stage.  

3. Information on any risk assessment decisions;  

The Japanese Government does not have any risk assessment decisions regarding manufactured 
nanomaterials.  

4. Information on any developments related to good practice documents;  

METI has conducted a preliminary survey on safe handling of nanomaterials at manufacturing sites 
and research laboratories in fiscal year 2006. Through the survey, METI has reviewed existing good 
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practices both from domestic and overseas and has drafted basic guidelines. These draft guidelines are to 
be reviewed by industry stakeholders for implementation. 

Furthermore, METI�s programme on safety nanomaterial project �Evaluation of the Potential Risks of 
Manufactured Nanomaterials based on Toxicity Tests with Precise Characterization� is mentioned 
hereinafter.  It could lead to develop guidance documents relating to good practices for appropriate 
handling methods of manufactured nanomaterials in the workplace, such as at research institutes and at 
sites of production fields. 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials;  

The promotion and the social acceptance of nanotechnology has been considered as an important 
issue, and the R&D for the social acceptance of nanotechnology has been focused as a strategic Science 
and Technology Priorities in the 3rd Science and Technology Basic Plan in Japan. 

Also, The Cabinet Office has decided to establish a committee that coordinates research and 
development policy on nanotechnology. Dr. Junko Nakanishi will participate in this committee as a 
coordinator. One of its targets is to establish the information infrastructure to accelerate innovation, by 
facilitating research and development of nanotechnology and research for public acceptance of 
nanotechnology in a focused and strategic manner.  

In fiscal year 2005, four national institutes, namely The National Institute of Advanced Industrial 
Science and Technology (AIST), the National Institute of Health Science (NIHS), the National Institute for 
Environmental Studies (NIES), the National Institute of Materials Science (NIMS), and some universities 
have jointly conducted research and surveys to facilitate public acceptance of nanotechnology.  They 
focused on 1) risk assessments of nanomaterials, 2) health issues of nanomaterials, 3) environmental issues 
of nanomaterials, 4) ethical and societal issues of nanotechnology, and 5) technology assessment for 
promoting the public acceptance of nanotechnology and its economic effects by the funding of the Ministry 
of Education, Culture, Sports, Science and Technology (MEXT). The survey team has issued a report 
which contains a series of recommendations to public institutes, the private sector and the government. 
These survey results may possibly be used as a guide for future national measures by the the government. 
In fiscal year 2006, by the MEXT funding, the project named �The multidisciplinary experts panel for 
nanotechnology implication� has started. The project is composed of the above institutes and the university 
researchers, and focuses on �what are preferential tasks with reference to clarifying the nanotechnology 
implication for health, environment and social acceptance.� The additional objective is establishment of the 
researchers� network on nanotechnology implication. 

METI has launched a five-year project named �Evaluation of the Potential Risks of Manufactured 
Nanomaterials based on Toxicity Tests with Precise Characterization.�  The project focuses on toxicity test 
protocols (mainly an inhalation test) and a risk assessment methodology of manufactured nanomaterials, 
based on developing:  

• characterization methods/apparatuses and sample preparation protocols for nanomaterials 
themselves and for organs or cells etc. which contains nanomaterials;   

• inhalation test apparatus for nanomaterials; 

• non-invasive in vivo imaging protocols and apparatus to measure biological reductive ability; 

• biological reaction profiles of in vitro tests; 
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• methods of evaluation of protective equipment (e.g. mask), and also based on surveillance of 
amounts and types of nanomaterials released from/inside facilities.  

Fullerene and carbon nanotubes are given priority in this project. Literature research of nanomaterials 
toxicity, together with social and legal scientific studies is also implemented.     

Also, MHLW conducted a preliminary project in 2005, and has launched a subsequent three-year 
project named �Research on the hazard characterization and toxico-kinetic analysis of manufactured 
nanomaterials for the establishment of health risk assessment methodology� led by NIHS from 2006. The 
project has been focusing on detecting methodology of nanomaterials in the biological samples, ADME 
analysis, long-term health implication using experimental animals, and development of transpulmonary 
experiment system.  In addition, MHLW will conduct a survey on nanomaterials used for consumer 
products. Currently, the details of the survey are under consideration. 

The National Institution of Occupational Safety and Health, Japan (JNIOSH) will start a new research 
on possible health issues in April 2007, due to exposure to nanomaterials in the workplace. This research 
on nano-related industries includes measurement methods in the workplace, and toxicology of 
nanoparticles. 

Last April NIES has started a nanotoxicology programme where both in vitro and in vivo toxicities of 
nano-structured particulate materials are to be revealed.  The programme includes (1) interaction of nano-
fibers including CNT with cell membranes, (2) tarnasepithelial and transpulmonary migration of 
manoparticles, (3) in vitro and in vivo toxicity assay of manomaterials using heat-treated asbestos as 
reference samples.  In addition, NIES has been investigating effects of atmospheric nanoparticles on 
respiratory and cardiovascular systems for the last 3 years using chronic inhalation chambers for small 
rodents.  

6. Information on any public/ stakeholder consultation  

The Japanese Government has not implemented public or stakeholder consultation focusing on safety 
issues of manufactured nanomaterials. However, in the above mentioned survey, a series of workshops in 
which public and members of NGOs actively participated were conducted by national institutes and 
recommendations have been developed based on the outcomes of these workshops. Furthermore, METI�s 
Policy Council on Chemical Issues is open to the public, and representatives of environmental NGOs and 
other stakeholder organizations participate in the conference. 

 



 ENV/JM/MONO(2007)16 

 39

KOREA 

Highlight of developments since the 1st meeting of the WPMN 
• Start a new project on the safety of manufactured nanomaterials in the framework of Eco-

technopia21 project (as elaborated below in #5, worked by MOE) 

• Initiate a series of researches projects on the toxicity of nanomaterials (as elaborated below in #5, 
worked by KFDA) 

• Held the third ISO/TC229 conference in Seoul(December 2006) 

• Established an inter-ministerial consultation body on the safety of nanomaterials among MOE, 
KFDA, ATS and MOST(as elaborated below in Additional Information, March 2007) 

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 

recommendations or discussions related to adapting existing regulatory systems or the 
drafting of laws/ regulations/ guidance materials 

The Korean government does not have any national regulatory development on human health and 
environmental safety on manufactured nanomaterials. 

2. Developments related to voluntary or stewardship schemes 

The Korean government does not have any development related to voluntary or steward schemes. 

3. Information on any risk assessment decisions 

The Korean government initiates a few research projects as elaborated below in #5 this year, which 
contain risk assessment part, but they are still in the early stage. 

4. Information on any developments related to good practice documents 

The Korean government does not have any information on developments related to good practice 
documents 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials 

The Korean government well recognized the importance of potential risks of nanomaterials, and is 
conducting several projects on human health and environmental of nanomaterials 

Ministry of Environment(MOE) 
MOE has conducted the Eco-technopia21 project to promote the development of environmental 

technologies since 2001. MOE will start a project on human health and environmental safety of 
nanomaterials in the framework of Eco-technopia21 from April 2007, which will be continued until 2010. 
USD 1 million per year will be invested on this project, totally USD 3 million. The ultimate goal of this 
research is to support the establishment of infrastructure necessary to minimize potential risks derived from 
the manufacturing, distribution and disposal of nanomaterials and nanomaterials-containing products. The 
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research project includes 1) measurement methods for nanomaterials 2) (eco) toxicological assessment of 
nanomaterials 3) environment exposure and fate of nanomaterials, and 4) risk management of 
nanomaterials 

Ministry of Science and Technology(MOST) 
MOST performed a research project named �Environmental implications assessment of 

nanomaterials� in 2006. The outputs of the project include 1) the characteristics of nanomaterials 2) the 
domestic and overseas trends about industrial, social, pharmaceutical, human, and environmental effect of 
nanomaterial 3) need of research on human health and environmental safety, and 4) proposal of a new 
institute to address negative effect of nanomaterials. Besides, MOST is conducting 2 projects on 
EHS(Environment, Health and Safety) and ELSI(Ethical, Legal, Social Issue) of nanomaterials, which will 
be continued for one year from second half of 2006. Those projects will spend USD 200 thousand and 
USD 100 thousand, respectively. 

Korea Food & Drug Adimistration(KFDA) 
KFDA is planning to conduct a series of research projects on the toxicity of nanomaterials from 2007 

to 2015 with the aim of the development of a toxicological assessment system of nanomaterials and 
establishment of related guidelines for the area such as food, drug, medical product, and cosmetics. KFDA 
will spend USD 1 million per year in conducting this project, which contains genetic toxicity, inhalation 
toxicity, in vitro toxicity 

Agency for Technology and Standards(ATS) 
As a Korean representative for ISO, ATS has conducted all works related to ISO/TC229. ATS held 

the third ISO/TC229 conference in Seoul, Korea in December 2006. Recently, ATS submitted 2 standards 
proposals to ISO/TC229: 1) about monitoring silver nanoparticles in inhalation exposure chamber for 
inhalation toxicity testing, and 2) about generation of silver nanoparticles for inhalation toxicity testing. 

6. Information on any public/ stakeholder consultation 

Korea Nanotechnology Research Society established by law, being composed of professors and 
researchers from public and private institutes, held a public hearing on environmental implications 
assessment of nanomaterials in December 2006, which collected public opinions on the EHS, ELSI of 
nanomaterials. Experts from government, research institutes, universities, and NGO participated in the 
public hearing. 

Additional Information 

MOE will hold an international seminar on the safety of nanomaterials on April 13 in 2007.  US EPA, 
Japan NIES, Korea MOE, KFDA, ATS will make a presentation about policy or research trends on the 
safety of nanomaterials.  

For harmonizing the policy on the safety of nanomaterials in Korea, MOE, MOST, KFDA, and ATS 
established an inter-ministerial consultation body on the safety of nanomaterials in March 2007. The 
consultation body will play an important role in order to perform effective research and harmonious policy 
development in the area of nanosafety. 
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NETHERLANDS 

Highlight of developments since the 1st meeting of the WPMN (26-27 Oct 2006, London) 

In November the Dutch government issued a cabinet view on nanotechnologies. The aim of this 
cabinet view is to indicate whether the frameworks necessary for responsible developments are adequate or 
in need of adjustment or revision. This assessment will be made on the basis of the main areas of 
Opportunities, Dealing with Risks, Ethical and Legal Issues, Research Agenda, Coordination and Support 
base and Communication. The view can be briefly summarised as follows: nanotechnologies are new 
technologies that are already the subject of a great deal of research worldwide and that are being 
increasingly applied. It is important that the Netherlands participates in this, not only by keeping up with 
the development of knowledge in the field but also by securing a position in the vanguard. Furthermore, we 
must be alert to the possible risks that nanotechnologies entail. The Netherlands will only be able to take 
optimum advantage of the opportunities by dealing cautiously and carefully with the associated risks. 

Based on this cabinet view a.o. the following actions have been taken:  

• An interdepartmental working group on possible risks of nanotechnology has been established, 
which will produce an action plan for the Government this year.  

• The first phase of the establishment of a National Observatory dealing with the possible risks of 
nanoparticles has been completed at the National Institute for Public Health and the Environment 
(RIVM).  

• The Netherlands Nanotechnology Initiative (NNI), arising from the NanoNed consortium which 
is active in the area of possible applications of nanotechnology, has started working on a national 
Research Agenda. This agenda will include a section on possible risks.  

1. Any national regulatory developments on human health and environmental safety 
including recommendations or discussions related to adapting existing regulatory systems or the 
drafting of laws/ regulations/ guidance materials  

The current opinion in the Netherlands is that the present regulatory framework in principle gives a 
good coverage; different aspects of production and products are at the same time subject to various 
Community provisions. Therefore, although there is no legislation specifically relating to 
nanotechnologies, generic legislation that applies to engineered nanosized materials in principle enables 
authorities to take prompt action if products pose a risk to health, safety or the environment. But since 
many knowledge gaps have been identified, and no data on which to determine the possible risks are 
available, it is not possible to assess the full extent to which the implementation of current regulations 
addresses any potential risks. In short the legislation is adequate but the implementation of it is inadequate 
due to lack of specific measures, parameters or control devices. 

2. Developments related to voluntary or stewardship schemes 

Recently the VNO/NCW (Bussiness organization of the Netherlands) has taken the initiative together 
with the VNCI (United Dutch Chemical Industry) and has indicated they are working on a Letter on Intend 
to enter into a voluntary agreement with the Dutch government. Update is expected before the 3 WPNM 
meeting in november. 
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3. Information on any risk assessment decisions 

- 

4. Information on any developments related to good practice documents  

The SER (Dutch Socio Economic Council = existing of bussines rep. Union rep. and independent 
Academia) will be asked to advice on good practice on workplace exposure start forseen in oct-nov 2007. 

5. Research programmes or strategies designed to address human health and/ or 
environmental safety aspects of nanomaterials 

A working group of the Ministries of Argiculture (food) Health (consumer goods, medicine), Labour 
(working conditions) and Environment (substances) will prepare a paper which addresses the risk 
management strategy on nanotechnologies (focusing first on nanoparticles). This paper will than be 
discussed with stakeholders (Business, NGO�s United Trade Unions) amended and sent to parliament by 
the fall of 2007. 

A national research agenda including a �risks section� is being drafted by the Netherlands 
Nanotechnolgy Initiative and the National Observatory.  

6. Information on any public/stakeholder consultation 

The Dutch cabinet view on nanotechnology includes the foreseen installation of a so called �broad 
commission� with stakeholders from both science and the public. Individual actions to start a public debate 
have already been undertaken e.g. between employers� organizations, NGOs and the government.  

The SER (Dutch Socio Economic Council = existing of bussines rep. Union rep. and independent 
Academia) has been asked to comment on a study regarding the exposure to nanoparticles in the 
workplace. Result of this study expected in September 2007. 
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NEW ZEALAND 

Highlight of developments since the 1st meeting of the WPMN 
• Ministry of Research Science and Technology (MoRST) Symposium on Nanoscience and 

Nanotechnologies in New Zealand 

• Launch of  MoRST Nanoscience & Nanotechnologies Roadmap document 

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the drafting of 
laws/regulations/guidance materials 

It has been established that if a nanomaterial has a known hazard or risk, there are regulatory systems 
in place in New Zealand that can regulate, eliminate or manage this hazard or risk. Depending on the 
circumstance in how the nanomaterials is used or poses a threat, a nanomaterial would be regulated under:  

• the Hazardous Substances and New Organisms (HSNO) Act 1996 by the Environmental Risk 
Management Authority (ERMA);   

• the Health and Safety in Employment (HSE) Act 1992, by the Department of Labour; 

• the Food Act 1981, via the NZ (Maximum Residue Limits of Agricultural Compounds) Food 
Standards Code 20071, and the Australia New Zealand Food Standards Code2, by the NZ Food 
Safety Authority. 

The legislation in the above Acts is sufficiently broad enough to include manufactured nanomaterials, 
and covers the majority of the potential exposure pathways of manufactured nanomaterials. 

ERMA intends to establish over the next 18 months or so a formal position on the regulation of 
nanomaterials under the HSNO Act. Specific data requirements for the risk assessment of nanomaterials 
will be developed which will take into account international harmonisation efforts on regulatory 
requirements for nanomaterials. 

Further information on the HSNO Act and ERMA is available from: 

http://www.mfe.govt.nz/issues/hazardous/  
http://www.ermanz.govt.nz/index.html 

 
2. Developments related to voluntary or stewardship schemes 

There are currently no voluntary or stewardship schemes. 

 

                                                      
 
1 http://www.nzfsa.govt.nz/policy-law/legislation/food-standards/nz-mrl-fs-2007-consolidation.pdf  
2 http://www.foodstandards.gov.au/thecode/foodstandardscode.cfm  
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3. Information on any risk assessment decisions 

ERMA has not received any applications to import or manufacture a hazardous substance that 
contains manufactured nanomaterials. There have not been any applications to allow residues of 
nanomaterials in foods. 

4. Information on any developments related to good practice documents 

Cosmetics containing nanoparticles (other than zinc oxide or titanium dioxide3) must be notified to 
ERMA as a condition of the Cosmetic Products Group Standard4. The purpose of this provision is to 
provide information to inform technical review of such substances in the future, so that if necessary, the 
group standard can be amended to put in place controls relating to such substances. To date no 
notifications have been received from importers or manufacturers of cosmetics. 

�Nanoparticle� is defined in the group standard as �a particle having three dimensions in the 
nanoscale and a diameter of less than 100 nanometres�. This is an interim definition that can be readily 
revised when international consensus on definitions emerges. 

The Ministry of Research, Science and Technology (MoRST) has published a �Nanoscience & 
Nanotechnologies Roadmap� on directions for research and policy associated with the responsible 
development and management of nanoscience and nanotechnologies in New Zealand5. 

5. Research programmes or strategies designed to address human health and/or environmental 
safety aspects of nanomaterials 

There are currently no research programmes underway to address human health and/or environmental 
safety aspects of nanomaterials. The Foundation for Research Science and Technology has called for 
research proposals in its �Creating Opportunities Through New Physical Technologies� portfolio6 that 
investigate the environmental and socio-economic uncertainties associated with nanotechnologies. 

MoRST hosted a successful Symposium on Nanoscience and Nanotechnologies in February. The 
Symposium enabled policy makers and others to find out more about nanotechnologies and their 
implications; encouraged collaborations between nanotech and social researchers; identified research 
questions for social and regulatory issues; and initiated discussion on other required policy work 

6. Information on any public/stakeholder consultation 

No public/stakeholder consultation has been conducted on the safety of nanomaterials, however the 
MoRST Symposium on Nanoscience and Nanotechnologies in New Zealand provided a forum for useful 
discussions between policy makers and the nanotechnology industry. 

 

                                                      
3 The provision has not been applied to nanoparticles containing zinc oxide and titanium dioxide on the basis of a 

review by the Australian therapeutic Goods Administration (TGA) which concluded that there was no 
cause for health concern at this time. 

4 http://www.ermanz.govt.nz/appfiles/orgctrl/pdf/HSR002552Con.pdf  
5 http://www.morst.govt.nz/current-work/roadmaps/  
6 http://www.frst.govt.nz/research/NPT.cfm  
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Additional Information 

MoRST has also established the Navigator Network7 to identify emerging science trends and 
innovations, particularly in biotechnology and nanotechnology. 

The Bioethics Council will continue to investigate the cultural, ethical and spiritual implications of 
nanotechnology as part of their �future watch� function. 

                                                      
7 http://www.navigatornetwork.net.nz/  
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NORWAY 

Highlight of developments since the 1st meeting of the WPMN 
• A national strategy for nanoscience and nanotechnology has been adopted by The Research 

Council and forward to the Minister of Education and Research. 

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 

recommendations or discussions related to adapting existing regulatory systems or the drafting of 
laws/ regulations/ guidance materials;  

As a member of the European Economical Areas (EEA), Norway follows the regulation in EC. 

2. Developments related to voluntary or stewardship schemes; 

For the time being there are no voluntary or stewardship schemes. 

3. Information on any risk assessment decisions; 

No risk assessments on specific nanomaterials have been conducted in Norway. 

4. Information on any developments related to good practice documents; 

Documents related to good practice have not been developed in Norway. 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials;   

The Research Council of Norway has since 2002 had a research program called NANOMAT, for 
nanotechnologies and new materials, which also support research on health and environmental effects. The 
Council published in 2005 a report where questions related to human health, environmental safety, ethics 
and social aspects on nanotechnologies and new materials are discussed. A national strategy for 
nanoscience and nanotechnology was adopted by the Council in autumn 2006 and forward to the Minister 
of Education and Research.  

6. Information on any public/ stakeholder consultation.   

The report from the Research Council of Norway has been presented on an open meeting. The work 
on the national strategy has also been an open process and a draft strategy was put out for public hearing.  
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SPAIN 

Highlight of developments since the 1st meeting of the WPMN 
 

• Spanish government is launching a National Consortium intended to adopt the REACH 
regulations. It includes a division devoted to EHS issues of Manufactured Nanomaterials (MN), 
and will observe the SCENIHR opinion on risk assessment methodologies for MN. 

• Strategic Action in Nanoscience and Nanotechnology will be renewed this year and is expected 
to increase the funding support for EHS issues related to MN. 

• Several existing Agencies, Networks, Platforms and Foundations based on Nanoscience and 
Nanotechnology have been identified. 

• Public awareness has increased. 

Work completed, underway or planned 
 

1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the 
drafting of laws/ regulations/ guidance materials 

At present there is no regulation specifically addressing nanomaterials in Spain, and only the generic 
legislation framework is applicable. As a member of the EU and in order to accomplish the implementation 
of the coming up REACH regulation, Spain is at the first phase to establish an inter-ministerial national 
body (Ministries of Environment, Health, Industry, Agriculture and Science and Education), which will 
integrate research experts from institutes, universities, industry and authorities from the administration. 
Concerned with the knowledge gaps associated to the potential risks of MN, the consortium decided the 
creation of a division to coordinate the aspect related to any EHS issue of nanomaterials. The division will 
carefully follow the EU SCENIHR opinion about the appropriateness of existing risk assessment 
methodologies for nanomaterials, and is intended to be closely linked to Spanish research Agencies and 
Foundations such as those described below (5th heading). 

1. Developments related to voluntary or stewardship schemes 

At present there are no voluntary or stewardship schemes in Spain.  

2. Information on any risk assessment decisions 

At present, Spain has not conducted any specific risk assessments or taken any risk assessment 
decisions.  

3. Information on any developments related to good practice documents 

Documents related to good practice have not been developed yet in Spain. However, the Spanish 
Association for Standardization and Certification (AENOR), observing the Standard Code UNE 
166006:2006 EX (R&D+I management: Technological Watch System), has recently launched a 
commission for Nanotechnology. 
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4. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials 

In terms of Government efforts in general nanotechnology, an initiative was the Strategic Action in 
Nanoscience and Nanotechnology (2004-07) under the umbrella of the R&D+I Agenda of the Ministry of 
Science and Education (MEC). Afterwards, Agencies and Foundations promoting interdisciplinary R&D+I 
activities, coorganizing important international meetings (Trends in Nanotechnology) and national 
workshops, and identifying research needs, have been established. For instance: 

a. PHANTOMS Foundation (www.phantomsnet.net/Foundation/index.php?project=1&intra=1), 
and excellence platform of nanotechnology funded by EU and MEC 

b. NANOSPAIN (www.nanospain.org/nanospain_English.htm) a network coordinating about 210 
national research groups and companies (1200 researchers), funded by MEC. 

c. M4NANO (www.m4nano.com/m4nanoc_m4/index.php) or �Modelling for Nanotechnology�, a 
WEB-based initiative leaded by Spanish Institutions including universities and the Phantoms 
Foundation. 

d. NANOMED Spain Platform (www.nanomedspain.net) an action to integrate researchers, 
industry, hospitals, and experts from the administration, devoted to the development of a 
common strategy in the field of nanomedicine, which includes a Toxicity and Regulation 
working party. 

Other individual inputs made by regional administrations have led to the foundation of the 
Nanotechnological Center of Aragon (Zaragoza), the Nanotechnological Platform in Oviedo, the 
NanoGalicia and Nanobiocal (Catalonia) Networks, or a section of Saretek (Vasque Country), among 
others. 

5. Information on any public/ stakeholder consultation 

No public or stakeholder consultations have been conducted yet. 

Additional Information 

There has been an increasing awareness in general public, in media and in the political bodies in 
Spain concerning nanotechnological products and processes in relation to potential environmental and 
health risks. In this field the Spanish authorities support and acknowledge the work and the strategic 
approach by the OECD. 



 ENV/JM/MONO(2007)16 

 49

 

SWEDEN 

1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the 
drafting of laws/ regulations/ guidance materials;  

At present there are no regulations specifically addressing nanomaterials in Sweden. Sweden is a 
member of the EU and accordingly follows the EU regulation. 

On Commission by the Government, Swedish Chemicals Inspectorate will review available 
knowledge on risks related to nanotechnique. The work also includes identification of data-gaps and 
proposals on how to fill the gaps. 

2. Developments related to voluntary or stewardship schemes; 

At present there are no specific initiatives in relation to voluntary or stewardship schemes in Sweden. 

3. Information on any risk assessment decisions; 

No risk assessment on specific nanomaterials has been conducted in Sweden. 

4. Information on any developments related to good practice documents; 

There is no good practice documents developed in Sweden at this stage.  

5. Research programs or strategies designed to address human health and/ or environmental      
 safety aspects of nanomaterials;   

There are no specific research programs or strategies in this area 

6. Information on any public/ stakeholder consultation.   

Ongoing: 

− Network on Risk assessment of Nanomaterials, organized by Swedish Chemicals Inspectorate 

− Network on Standards for Nanomaterials, organized by Swedish Standards Institute 
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UNITED KINGDOM  

Highlights since the 1st Working Party on Manufactured Nanomaterials 
• Publication of a study: �An Overview of the Framework of Current (UK) Regulation Affecting 

the Development and Marketing of Nanomaterials" 

• Publication of an analysis of the environmental benefits of nanotechnologies 

• Publication of the UK Nanotechnology Research Coordination Group�s (NRCG) first progress 
report 

• First 6 monthly review of the UK�s Voluntary Reporting Scheme for engineered nanoscale 
materials 

• Publication of a review by the Council for Science and Technology of the UK Government�s 
progress with actions for the responsible development of nanotechnologies. 

• Funding of the first round of successful proposals under the Environmental Nanoscience 
Initiative investigating environmental fate, behaviour and ecotoxicology. 

• Funding for three research contracts on reference materials, environmental exposure of 
nanomaterials and the use of environmental hazard assessment methods for nanomaterials 
commenced 

1. National regulatory developments on human health and environmental safety  

On 21 December 2006 the findings of a study �An Overview of the Framework of Current (UK) 
Regulation Affecting the Development and Marketing of Nanomaterials� were published1.  This report 
provided an analysis of the potential gaps in the regulation of the development, manufacture, supply and 
use and end of life of free engineered nanoparticles.  

Many of the gaps identified in the report arise from the lack of data on the potential effects of 
nanomaterials on human health and the environment, rather than any major regulatory oversight. There are 
uncertainties which relate both to the potential for adverse effects and to the level at which these effects 
might occur. The report also highlighted the current lack of technical capacity to monitor and sample 
relevant media.  

The report also identified potential for regulatory gaps for the following reasons: 

• Thresholds: Where thresholds set within regulations may be inappropriate for nanomaterials;  

• Equivalence to existing substances: Where the regulation of nano-substances placed upon the 
market depends upon their equivalence to substances already regulated and understood, this may 
be inappropriatefor some nanomaterials; 

                                                      
1 See: http://www.dti.gov.uk/files/file36167.pdf  
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• Limited scope of existing regulations: Where some regulations appear too narrow in scope and 
interpretation to prevent, restrict or control harm to the environment due to the presence of 
nanomaterials;  

• Prescribed substances:  Where regulation chooses as its primary method the prescription of 
certain listed substances so that their handling, use or disposal might be controlled, little attention 
is likely to be given to nano-substances. 

2. Developments related to voluntary or stewardship schemes 

The UK Government�s Voluntary Reporting Scheme (VRS) for engineered nanoscale materials2 was 
introduced on 22 September 2006.  The VRS is run by Defra and will run to September 2008.  To date 6 
submissions have been received under the VRS. 

The VRS is targeted at any company or organisation involved in manufacturing, using, importing or 
managing wastes consisting of engineered nanoscale materials. Information requested includes any data 
on: physico-chemical, toxicology, ecotoxicology and risk management practices.  A data reporting form 
has been provided. 

The VRS has been proactively promoted by the UK�s Nanotechnologies Industry Association (NIA), 
who have offered to assist their members in completing data submissions.  The chairperson of the NIA has 
made personal visits to their members, during the course of which she has discussed the VRS.  Companies 
have given various reasons for failing to submit data, including (a) lack of time/resource; (b) uncertainty as 
to when in the development/manufacturing cycle a submission should be made; and (c) worries over 
becoming the subject of adverse publicity.  To counter this last concern, the European Nanotechnology 
Trade Alliance have offered to act as a confidential intermediary, enabling anonymised VRS data to be 
submitted. Defra and the NIA are continuing to engage and discuss concerns with industry and remain 
optimistic that there will be an increase in the level of submissions made during the remaining 18 months 
of the scheme.   

3. Information on any risk assessment decisions  

We have not conducted any risk assessments or taken any risk assessment decisions. 

4. Information on any developments related to good practice documents 

Three �Good Practice Guides� are being developed by the British Standards Institute (BSI) for 
publication in 2007 to meet immediate UK industry needs regarding health & safety issues around 
nanotechnologies: 

Guide to Safe Handling and Disposal of Free engineered Nanomaterials 

Guide to Specifying Nanomaterials 

− Good Practice Guide for Labelling of nanoparticles and products containing  nanoparticles 
(PAS) 

                                                      
2 See: http://www.defra.gov.uk/environment/nanotech/policy/index.htm#voluntary 
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The BSI has also commenced work on the following new Publicly Available Specifications (PAS) 
which will be submitted to ISO/TC 229 and made freely available on the www before the end of 2007: 

− Terminology for Medical, Health and Personal Care Applications of Nanotechnologies  
− Terminology for the Bio-Nano Interface 
− Terminology for Common Nanoscale Measurement Terms Including Instrumentation 
− Terminology for Carbon nanostructures 
− Terminology for Nanofabrication  
− Terminology for Nanomaterials 

5. Research programmes or strategies designed to address human health and/or environmental 
safety aspects of nanomaterials   

The UK Nanotechnology Research Coordination Group (NRCG) was established in 2005 to develop 
and oversee the implementation of a cross-Government research programme on the potential human health 
and environmental risks posed by free engineered nanoscale materials.   The NRCG works to a programme 
of nineteen research objectives which aim to characterise the potential risks posed by free engineered 
nanoscale materials.  The NRCG published its first progress report on 19 October 20063.   

The Environmental Hazard and Risk Assessment Task Force commissioned the Environmental 
Nanoscience Initiative4 during 2006 and closed a call for research proposals into the environmental effects 
of manufactured nanomaterials in November.  Funding was allocated in April 2007 to 11 successful 
grantees, covering, environmental fate, behaviour and ecotoxicology in soil, aquatic and marine 
environments. 

Defra is currently funding three underpinning research contracts on nanomaterials. One is looking into 
the development of refernce nanomaterials, the second is studying current and future environmental 
exposure to nanomaterials and the third is reviewing the potential of existing methods for evaluating 
environmental hazards of chemicals for use with materials at the nanoscale. These are due to report in 
summer 2007 and will be made available to the OECD WPMN. 

6. Information on any public/stakeholder consultation 

The UK Government�s programme of public engagement5 on nanotechnologies is centred on three 
projects � Nanodialogues, the Nanotechnology Engagement Group (NEG), and Small Talk � which aim to 
elicit and understand people�s aspirations and concerns around the development of these technologies. 
Small Talk concluded in 2006 and Nanodialogues and NEG will produce final reports this summer. The 
Government will consider the outcome of these projects before making decisions about future activities. 

We have additionally established a Nanotechnologies Stakeholder Forum, which enables key 
stakeholders from industry, academia and civil society organisations to learn about and discuss each 
other�s views, as well as Government activities, on appropriate controls and research. 

 

 

                                                      
3 See: http://www.defra.gov.uk/environment/nanotech/research/reports/progress-report061019.pdf 
4 See: www.nerc.ac.uk/research/programmes/nanoscience 
5 See: http://www.dti.gov.uk/files/file27705.pdf 
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Additional information  

The UK Government has commissioned a study to analyse the potential environmental benefits of 
nanotechnologies with regard to its key policy challenges, including climate change and sustainable 
energy.  The project will additionally identify potential barriers to the development and realisation of 
environmentally beneficial nanotechnologies, including how Government can help in this respect.  A report 
of this study will be published during April/May 2007.   

The Council for Science and Technology, the UK Government�s top level advisory body on 
strategic science and technology policy, has been reviewing the Government�s progress with actions for the 
responsible development of nanotechnologies (in response to the 2004 Royal Society and Royal Academy 
of Engineering report on nanoscience and nanotechnologies).  It published its report on 27 March 20076. 

                                                      
6 See: http://www2.cst.gov.uk/cst/business/nanoreview.shtml  
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UNITED STATES  

Highlights 
• EPA publicly released a White Paper on Nanotechnology, 15 February 2007 

• NIOSH released �Progress Toward Safe Nanotechnology in the Workplace,� February 2007 

• NSET/NEHI held a public meeting on on an EHS research strategy, 4 January 2007 

• EPA held a scientific peer consultation on risk management practices, 19-20 October 2007  

1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the drafting of 
laws/ regulations/ guidance materials; 

The Nanoscale Science, Engineering, and Technology (NSET) Subcommittee.s Nanotechnology 
Environmental and Health Implications (NEHI) Working Group provides for exchange of information 
among agencies that support nanotechnology research and those responsible for regulation of 
nanotechnology-related products. The Working Group also seeks to facilitate research and other activities 
that support responsible development of nanotechnology. 

The NSET Subcommittee member agencies are active participants in national and international 
standards development activities, including those of ISO Technical Committee on Nanotechnologies (TC 
229), American National Standards Institute- Nanotechnology Standards Panel and ASTM International�s 
Nanotechnology Committee (E56). 

The Food and Drug Administration (FDA) has initiated an internal Task Force on Nanotechnology 
that will, among other considerations, examine regulatory approaches to manufactured nanomaterials. 

The Environmental Protection Agency (EPA) is developing guidance under the Toxic Substances 
Control Act (TSCA) in order for manufacturers of nanoscale materials to make the distinction between 
�new� and �existing� chemicals on the TSCA Inventory. 

EPA has received and reviewed a number of new chemical notices for potential nanoscale materials 
under TSCA. EPA has permitted manufacture of these nanoscale materials under limited conditions. 

2. Developments related to voluntary or stewardship schemes; 

For new products using nanotechnology, USG agencies (including EPA, NIOSH, and FDA) have 
encouraged manufacturers to enter into discussions with the appropriate review authority early in the 
product development process, prior to submitting an application or notice for regulatory decision, so that 
potential issues of regulatory uncertainty or information needs can be identified and where possible 
addressed. These discussions are ongoing for a number of products that use manufactured nanomaterials. 

EPA has established an Agency-wide workgroup to develop a stewardship program under TSCA that 
could complement EPA�s regulatory authorities and to ensure the responsible development and 
commercial use of nanoscale materials.  A key goal of the Program is to assemble and encourage the 
development of scientific information on hazards, exposure, risks, and risk mitigation practices to provide 
a sound scientific foundation to inform industry and EPA. 
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3. Information on any risk assessment decisions; 

The National Institute for Occupational Safety and Health (NIOSH) has drafted and released for 
public review Current Intelligence Bulletin: Evaluation of Health Hazard and Recommendations for 
Occupational Exposure to Titanium Dioxide (http://www.cdc.gov/niosh/review/public/tio2/). 

EPA has assessed a number of new chemical notices for potential nanoscale materials under TSCA. 

4. Information on any developments related to good practice documents; 

In August NIOSH released a second edition of its best practices document for working with 
nanomaterials �Approaches to Safe Nanotechnology: An Information Exchange with NIOSH� 
(http://www.cdc.gov/niosh/topics/nanotech/safenano/). 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials; 

The NSET Subcommittee�s NEHI Working Group has released a document entitled �Environmental, 
Health, and Safety Research Needs of Engineered Nanoscale Materials� that identifies EHS research 
needed to enable risk assessment and risk management of nanoscale materials 
(http://www.nano.gov/NNI_EHS_research_needs.pdf).  The NEHI is performing a gap analysis and 
developing a prioritized research strategy to address EHS research needs. 

The U.S. National Institutes of Health (NIH), U.S. Department of Health and Human Services, 
established a �Health Implications Working Group� to consider unintentional exposures to manufactured 
nanomaterials and intentional exposures to nanodiagnostics and therapeutics, as part of a larger Tran-NIH 
Nanotechnology Task Force.  Currently, several million dollars of the NIH annual total expenditure of 
about $170 million on nanotechnology research is devoted to assessing health affects of manufactured 
nanotechnologies (see Annex A). 

The U.S. National Institutes of Health (NIH), with co-sponsorship with other U.S. agencies (NIOSH 
and EPA), announced on 29 September 2006 a request for applications (RFA) on a research program on 
the physico-chemical properties of manufactured nanotechnologies.  Further information on this RFA is at: 
http://grants.nih.gov/grants/guide/rfa-files/RFA-ES-06-008.html. The research that will be supported seeks 
to characterize the physical and chemical properties of nanomaterials and determine the interaction of these 
properties with a relevant biological system at the cellular, molecular and systemic levels.  NIH.s National 
Institute for Environmental Health Sciences (NIEHS) is leading this multi-institute/multiagency program to 
investigate the effects of manufactured nanotechnologies on human health. NIH intends to broadly share 
research results. 

Also under the aegis of NIH/NIEHS, and in collaboration with the U.S. Food and Drug 
Administration and the Centers for Disease Control.s (CDC) National Institute for Occupational Health 
and Safety (NIOSH), the National Toxicology Program.s Nanotechnology Safety Initiative is undertaking 
toxicological evaluations of specific engineered nanoscale materials. The U.S. Consumer Product Safety 
Commission (CPSC), EPA and the U.S. Occupational Safety and Health Administration (OSHA) are also 
active participants in this initiative. 

EPA.s Science Policy Council released its �Nanotechnology White Paper� (EPA/100/B-07/001, 
February 15, 2007) (http://www.epa.gov/osa/nanotech.htm) describing the science issues that EPA is 
addressing now, and will address in the future, regarding the potential environmental benefits and impacts 
of nanotechnology. 
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FDA has initiated research, in collaboration with NIST, to characterize certain particles used widely 
in commerce that are also used in drug products. 

EPA is developing a nanotechnology research framework for 2007-2012. In fiscal years 2007 and 
2008, EPA will focus on the following high-priority areas: environmental fate, transport, transformation, 
and exposure; and monitoring and detection methods. Resulting data will be used to inform and develop 
effects and exposure assessment methods and identify important points of releases for potential 
management. 

NIOSH Nanotechnology Research program (http://www.cdc.gov/niosh/topics/nanotech/research.html) 
addresses health hazard and safety aspects of nanotechnology in occupational settings.   

In February 2007, NIOSH�s Nanotechnology Research Center (NCTR) released the nanotechnology 
progress report "Progress Toward Safe Nanotechnology in the Workplace" (NIOSH Publication No. 2007-
123) available on-line at http://www.cdc.gov/niosh/docs/2007-123/. This new report details the 
advancements made by the NIOSH, through the NCTR, in advancing the scientific knowledge in 
understanding the occupational safety and health implications of engineered nanoparticles.  The document 
also identifies 10 critical topic areas important for understanding the potential work-related health risks of 
nanotechnology products and developing and disseminating recommendations for mitigating these risks; it 
further suggests potential areas where future research could expand this knowledge. 

NIOSH�s Interdisciplinary Field Team of nanotechnology researchers partners with nanotechnology 
companies to assess exposures to nanomaterials in the workplace and the effectiveness of engineering 
controls and personal protective equipment in reducing such exposures.  

EPA, the National Science Foundation (NSF), NIOSH, and NIH plan an expanded joint extramural 
research program addressing potential EHS implications of nanotechnology for human health and the 
environment. 

NIOSH is supporting focused research on nanotechnology issues associated with worker safety and 
health as outlined in the NIOSH Nanotechnology Strategic Plan (available at 
www.cdc.gov/niosh/topics/nanotech/strat_plan.html) through intramural and extramural programs and 
international collaborations. 

The NIH National Cancer Institute.s Alliance for Nanotechnology Characterization Lab is developing 
a characterization cascade for use in preclinical evaluations of nanomaterials intended for cancer 
therapeutics. 

NSF supports basic research directed at environmental, health, and safety impacts of nanotechnology 
development. NSF has funded hundreds of grants for such study to individual researchers, environmental 
centers and interdisciplinary groups. 

See Annex A for a Chart summarizing research programs in the USG directed at environmental, 
health, and safety impacts of nanotech. 

6. Information on any public/ stakeholder consultation. 

The NSET Subcommittee sponsored a workshop in May 2006, with support from the EPA, on Public 
Participation in Nanotechnology.  On January 4, 2007, NSET and NEHI held a public meeting to receive 
comments on the document �Environmental, Health, and Safety Research Needs of Engineered Nanoscale 
Materials� (described in Section 5) and next steps in developing an EHS research strategy.  Additional 
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public comments were collected through the end of January. The NEHI Working group is considering this 
input as part of its effort to further prioritize the needs discussed in the document. 

EPA.s Office of Solid Waste and Emergency Response hosted a symposium on July 12 -13, 2006 
about nanotechnology and its influence in waste management practices. 

FDA held a public meeting October 10, 2006 to consult with the public about the kinds of new 

nanotechnology material products under development and whether there are new or emerging 
scientific issues that should be brought to FDA�s attention, including issues related to the safety of 
nanotechnology materials. 

EPA�s Office of Pollution Prevention and Toxics (OPPT) is held a scientific peer consultation 
October 19-20, 2007 on risk management practices pertaining to nanoscale materials to support 
development of the stewardship program it is considering.  A second peer consultation on materials 
characterization is being planned for summer, 2007 in conjunction with a public meeting to receive input 
on the stewardship program. 

OPPT is also planning a pollution prevention conference for summer 2007 to provide a forum to 
exchange information and ideas on the potential environmental and pollution prevention benefits of 
innovative nanotechnologies and nanomaterials. 

NIOSH invites public comments on its nanotechnology-related documents posted on NIOSH 

nanotechnology web-page (http://www.cdc.gov/niosh/topics/nanotech/), such as .Approaches to Safe 
Nanotechnology: An Information Exchange with NIOSH. 

(http://www.cdc.gov/niosh/topics/nanotech/safenano/). 

NIOSH sponsored a workshop on nanotechnology and occupational safety and health hosted by the 
RAND Corporation on October 17, 2005. The workshop focused on policy and planning issues (as 
opposed to scientific issues) that are key to understanding the options available to NIOSH in formulating 
and implementing its strategic objectives to protect the safety and health of workers exposed to nanoscale 
materials (http://www.rand.org/pubs/conf_proceedings/CF227/). 

________________________________________________ 

Annex A 

Research programs directed at environmental, health, and safety (EHS) impacts of nanotechnology 
development, and risk assessment of such impacts are a growing component of the U.S. National 
Nanotechnology Initiative. R&D leading to a detailed understanding of the health and safety impacts of 
nanotechnology for researchers, workers, consumers, and the public is a strategic priority within the NNI.s 
Societal Dimensions Program Component Area, and is reported by agency in the table below. Note that the 
funding indicated in this table does not include R&D within other NNI Program Component Areas that is 
highly relevant to EHS implications but not primarily directed at those implications, such as fundamental 
studies of the interactions between engineered nanoscale materials and biological systems, development of 
improved instrumentation for measuring the properties of engineered nanoscale materials, or applications 
oriented work that also produces information related to potential toxicity of nanoscale or nanostructured 
materials. 
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U.S. National Nanotechnology Initiative 

Budget for Environmental, Health, and Safety R&D, 2006-2008 

(in millions of U.S. Dollars) 

 2006 Actual 2007 Estimate* 2008 Proposed 
NSF 21.0 25.7 28.8 

DOD 1.0 1.0 1.0 

DOE 0.5 0.0 3.0 

DHHS (NIH) 5.2 4.6 5.7 

DOC (NIST) 2.4 1.8 5.8 

NASA 0.0 0.0 0.0 

EPA 3.7 8.0 9.6 

USDA (CSREES) 0.1 0.1 0.1 

DHHS (NIOSH) 3.8 4.6 4.6 

USDA/FS 0.0 0.0 0.0 

DHS  0.0 0.0 0.0 

DOJ 0.0 0.0 0.0 

DOT (FHWA) 0.0 0.0 0.0 

TOTAL 37.7 45.8 58.6 
* The 2007 Estimates reflect 2007 Budget levels, except for the Departments of Defense and Homeland 
Security, which are the enacted levels.  Several agencies have updated their 2007 Budget levels since the 
release of the 2007 NNI Budget Supplement. 
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EUROPEAN COMMISSION 

Highlight of developments since the 1st meeting of the WPMN 
• REACH (regulation (EC) No 1907/2006) was adopted on the 18 December 2006 and published 

in the Official Journal of the European Union on 30.12.2006. REACH is an overhaul of the 
current chemicals legislations in the EU. A European Chemicals Agency will be set up in 
Helsinki in spring 2007. 

• The EU Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) 
approved end of March 2007 for public consultation an Opinion on the appropriateness of the 
risk assessment methodology in accordance with the Technical Guidance Documents for new and 
existing substances for assessing the risks of nanomaterials. The final opinion is expected for 
June 2007.  SCENIHR continues its work with a scientific review of definitions related to the 
products of nanotechnology/ nanomaterials. 

• The EU Scientific Committee on Consumer Products is finalising an Opinion on the Safety of 
Nanomaterials in Cosmetic Products.  It will be submitted for public consultation in due course.  

• The first calls for proposals in the 7th EU Research Framework Programme (FP7) have been 
published on 22 December 2006 including several topics related to potential impacts of 
nanoparticles on human health and the environment. Recent updates on research projects funded 
by the European Commission can be found at http://cordis.europa.eu/nanotechnology/.  

• The European Group on Ethics of science and new technologies (EGE), the independent advisory 
body to the President of the EC, has issued an Opinion on ethical aspects of Nanomedicine in 
January 2007 (http://ec.europa.eu/european_group_ethics/index_en.htm). The opinion addresses 
several issues related to ethical, legal and social implications of nanomedicine. 

Work completed, underway or planned 
 
1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the drafting of 
laws/ regulations/ guidance materials 

The Commission is performing a regulatory inventory, covering EU regulatory frameworks that are 
applicable to nanomaterials (chemicals, worker protection, environmental legislation, product specific 
legislation etc.). The purpose of this inventory is to "examine and, where appropriate, propose adaptations 
of EU regulations in relevant sectors" as expressed in Action 6d) of the Commission Action Plan. 
Preliminary findings indicate that the regulatory frameworks in principle give a good coverage; different 
aspects of production and products are at the same time subject to various Community provisions. 
Implementation is facilitated by different types of documents, adopted within this regulatory framework, 
such as implementing legislation, European standards, regulatory and technical guidance documents that 
may have to be adapted in order to cover HSE risks in relation to nanomaterials.   However, many of the 
knowledge gaps (toxicity thresholds, test schemes etc) will need to be addressed to ensure implementation 
and adaptation of �supporting documents�. Those knowledge gaps are in line with the ones earlier 
identified by EC and others and reported to the OECD. The Commission�s report therefore will also 
indicate initiatives undertaken (e.g. Research Framework Programmes, activities of Joint Research Center, 
cooperation within OECD, standardisation, Scientific Committees) in order to improve knowledge levels, 
so as to allow a proper implementation of the EU regulatory framework. 
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In the chemicals regulatory area, EU competent authorities (CAs) have decided that: 

1. The decisive criterion whether a nanomaterial is a new or existing substances is the same as for all 
other substances, i.e. whether or not the substance is on EINECS. When a nanomaterial is derived from 
an existing substance, article 7.1 of the Existing Substances Regulation 793/93 (ESR) on the updating 
of reported information applies. 

2. Nanomaterials having specific properties may require a different classification and labelling compared 
to the bulk material, also when the nanoform is derived from a bulk substance. 

3. They invite industry to provide a number of dossiers on different representative nanomaterials, to show 
what kind of data is available, how risk assessment is being performed and how the risks are 
controlled. 

4. For the longer term, a review of the applicability of testing methods and risk assessment methods 
should be carried out. This should be done at international level (e.g. within the OECD chemicals 
programme) with active input from industry and contributions from the EU. 

2. Developments related to voluntary or stewardship schemes 

The EC has not developed any voluntary or stewardship schemes at this stage. Issues regarding 
information on nanomaterials will be discussed in the chemicals CAs working group, also as a follow-up to 
1.c. above.  

3. Information on any risk assessment decisions 

In relation to nanomaterials in chemicals legislation, risk assessment and management is implemented 
at this moment as for other chemicals in the framework of the current legislation on new and existing 
chemicals (see 1.a. above). More specific guidance and information may be required in the future. 

The EC Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) adopted 
an opinion on �The appropriateness of existing methodologies to assess the potential risks associated with 
engineered and adventitious products of nanotechnologies� in March 2006 after the public consultation of 
the first version adopted in September 20051. In essence, the SCENIHR scientific opinion states that 
�given [�] uncertainties [concerning respectively hazard and exposure], the current risk assessment 
procedures require modification for nanoparticles.�  

Three new scientific opinions related to risk assessment of nanomaterials are foreseen from the EC 
Scientific Committees during the first half of 2007, namely: 

• a scientific opinion from the SCENIHR on �the appropriateness of the risk assessment 
methodology in accordance with the Technical Guidance Documents for new and existing 
substances for assessing the risks of nanomaterials�2. 

• a scientific opinion from the Scientific Committee on Consumer Products on the safety of 
�nanomaterials in cosmetic products�3; 

• a scientific opinion from the SCENIHR on "the scientific review of existing and proposed 
definitions related to products of nanotechnology/nanomaterials" 

                                                      
1 http://ec.europa.eu/comm/health/ph_risk/committees/04_scenihr/docs/scenihr_o_003.pdf  (p. 60) 
2 http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_q_008.pdf 
3 http://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_nano_en.pdf 
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4. Information on any developments related to good practice documents 

The Commission is closely following the work in ISO and CEN. Both nanotechnology related 
Technical Committees in ISO (TC 229) and in CEN (TC 352) are currently working on the nomenclature 
and hence on the definition aspects. In ISO/TC 229, the working group on Health, Safety and Environment 
is proposing a Technical Report on "Current Safe Practices in Occupational Settings Relevant to 
Nanotechnologies". In addition, in ISO/TC 146 on Air Quality, the SC2 subcommittee on Workplace 
atmospheres has released a technical report ISO/TR 27628:2007 "Ultrafine nanoparticles and nano-
structured aerosols � Inhalation exposure characterization and assessment". In ISO/TC 24/SC4 (Sizing by 
methods other than sieving), the particular issue of nanoparticle size measurements and the required 
reference materials is considered with more care 

5. Research programmes or strategies designed to address human health and/ or 
environmental safety aspects of nanomaterials 

As stated in Action Plan on Nanosciences and Nanotechnologies (N&N), the European Commission 
aims at reinforcing N&N research and development in the seventh framework programme for research, 
technological development and demonstration activities (FP7) and has proposed a significant increase of 
the budget compared to FP6.   

It has also committed itself to boost support for collaborative R&D into the potential impact of N&N 
on human health and the environment via toxicological and ecotoxicological studies as well as developing 
appropriate methodologies and instrumentation for monitoring and minimising exposure in the workplace. 

Future activities in FP7 are being drafted have taken into consideration external and internal inputs. 
The data gathered in an informal collection of inputs on (eco)toxicology provide valuable information to 
prioritise research on health and safety aspects of nanotechnology-based products. Additional information 
such as priorities identified in the SCENIHR opinion, external stakeholders comments (such as 
representatives from the Member States and the Advisory group on Nanotechnologies and Nanosciences as 
well as internal discussions between different Commission services have also been taken into consideration 
when drafting the work programme for the first years. Based on the regulatory inventory work, additional 
detailed and prioritized research needs were identified. Dedicated calls are foreseen among the first actions 
of the FP7. 

The Commission has dedicated up to now around 25 million � to nanotechnology research projects 
particularly focused on safety aspects (additional funds have been made available within nanotechnology 
projects with targets not specifically related to safety) and intends to continue rising the funds available for 
risk-related research activities.  

The first calls for proposals in the FP7 have been published on 22 December 2006. Amongst others, 
nanotechnology related calls can currently be found in the Cooperation Programme under following 
Themes:  

− The NMP Theme: Most calls for proposal directly addressing safety of nanomaterials can be 
found in the NMP theme, mainly in chapter 4.1 (nano and converging sciences and 
technologies; health, safety and environmental impacts) of the NMP work programme. Four 
calls have been published for 2007: Large Research projects (LARGE): FP7-NMP-2007-
LARGE-1, Small research Projects (SMALL): FP7-NMP-2007-SMALL-1 and Coordination 
and Support Actions (CSAs): FP7-NMP-2007-CSA-1.  
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− Other nano-related calls are in the HEALTH Theme (related to nanomedicine), the KBBE 
Theme (related to nanotechnology in food and agriculture and to nanobiotechnology), the 
ICT Theme (related to nanoelectronics), the ENERGY Theme (related to nanotechnological 
solutions for energy) and the Transport Theme related to nanomaterials for transport) can be 
found in FP7-AAT-2007-RTD-1. 

These are the calls directly related to safety of nanomaterials are:  

 

NMP-2007-1.3- 1 
(Large scale integrating projects) 

Specific, easy-to-use portable devices for measurement and 
analysis 

NMP-2007-1.3- 2 
(Small or medium-scale focused 
research projects) 

Impact of engineered nanoparticles on health and environment 

NMP-2007-1.3- 3 
(Coordination and support actions) 

Critical review on the data and studies on the potential impact on 
environment and health of nanoparticles 

NMP-2007-1.3- 4 
(Coordination and support actions 
- only one database and support 
action will be funded) 

Creation of a critical and commented database on the impact of 
nanoparticles 

NMP-2007-1.3- 5 
(Coordination and support actions) 

Coordination in studying the environmental and health impact of 
nanoparticles and nanotechnology based materials and products 

HEALTH-2007-1.3- 4 
(Small or medium-scale focused 
research projects) Call coordinated 
with NMP-2007-4.1.3-2/4.4-4 

Alternative testing strategies for the assessment of the 
toxicological profile of nanoparticles used in medical diagnostics 

The JRC is developing a research activity in collaboration with EU partners on risk assessment of 
engineered nanomaterials. The activities in FP7 focus on the development and harmonization of methods 
for toxicity testing of nanomaterials, the in vitro test of a representative set of MN on critical cell lines and 
encompass related studies on nanometrology and reference materials as well as the development of 
databases and studies on the applicability of 'in silico' methods adapting the traditional QSAR paradigm. 

As with previous framework programs, FP7 is open to the participation of virtually all countries in the 
world. The possibility of coordinated calls with third countries and other specific actions is foreseen. 

6. Information on any public/ stakeholder consultation 

As mentioned under 5), a collection of inputs on (eco)toxicology took place as input to shaping the 
future activities within FP7. The SCENIHR first opinion on nanotechnology was slightly modified after the 
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comments received from a public consultation via Internet. The public consultation of the SCENIHR 
opinion on Nanomaterials in TGDs of the chemicals' legislation started on 11 April 2007 and lasts until 23 
May 2007, while  the public consultation of the opinion of the Scientific Committee on Consumer Products 
(SCCP) is planned for  June-July 2007.  

Several conferences on nanotechnology have been organised by different organisations throughout the 
EU and by recent EU Presidencies. The Finnish Presidency of the EU organized a conference on 
�Nanotechnologies: Safety for Success� in September 2006 to examine how to promote the safe, 
integrated, and responsible development of nanotechnologies. The conference confirmed safety as a 
prerequisite to the success of nanotechnologies, the need for stronger coordination and a clear road map as 
well as the usefulness of a sustained dialogue between stakeholders.  

Additional Information 

The European Group on Ethics in Science and New Technologies (EGE) is a high-level group of 
independent experts on ethics appointed by President Barroso. The EGE advises the Commission on 
ethical issues related to science and technology or other relevant EU policies. The Group adopted an 
Opinion on ethical aspects of Nanomedicine in January 2007.  

Several research projects funded by the European Commission are related to innovation, ethical 
aspects and societal implications of nanotechnology. Additional information can be found at 
http://cordis.europa.eu/nanotechnology/. Linked to the European Technology Platform on Sustainable 
Chemistry, several documents are becoming available such as a code of conduct on nanotechnology; a 
guide on safe manufacturing and for activities involving nanoparticles at workplaces; and detailed 
information on the characterisation of nanomaterials. Moreover, the recent Nanosafety Hub event 
organised by the European Technology Platform on Industrial Safety (ETPIS) on the 23rd March 2007 in 
Brussels, BE provided an overview of progress on the development of detection and monitoring 
technologies and the state-of-the-art in the fields of toxicity of nanoparticles, secured integrated processes 
as well as workplace health, safety and environmental safety all linked to nanomaterials (more information 
are available on http://www.industrialsafety-tp.org/ & http://euvri.risk-
technologies.com/events/event_3/default.htm).  

A standardization mandate is currently in consultation with Member States to formally convey 
priorities to the European standards bodies and to request feedback on their activities. The European 
standards bodies are invited to forward a program of activities to the European Commission and Member 
States that subsequently can be endorsed by Commission and national authorities. The mandate states that 
European standardisation efforts will preferably be elaborated in cooperation with the international 
standards bodies. 
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CHINA 

In our report we collected information on the following initiatives related to the safety of 
nanomaterials in China after the first meeting of the WPMN: 

1. Concerning nanometer biological material class medical devices product classification adjustment 
notice;  

2. Published and implemented China Standards of nanotechnologies; 

3. Research on the social implications of nanotechnology. 

1. The adjustment of government regulation concerning product classification for medical devices 
made with nanometer biological materials  

The State Food and Drug Administration of China (SFDA) announced a notice (document number 
146, 2006) for all of its sub national bureaus to inform the issue on the adjustment of product classification 
for medical devices made with nanometer biological materials, as follows: 

In 2004, the National Bureau of the State Food and Drug Administration (SFDA) issued the 
regulation to classify the �nanometer silver antibiotic device for women�s use� - a product produced using 
nanometer level metal silver material � as a Class II medical device. Currently, there are some 10 products 
made with nanometer level metal materials that have been registered and sold in the market as Class II 
medical devices. In view of the special characteristics of the nanometer level materials, it is decided, from 
the date of issuance of this regulation, that medical devices made with nanometer biological materials (for 
example medical instruments made with nanometer metal silver material) will be classified as Class III 
medical devices, and be subject to the administration of the relevant regulations of Class III medical 
devices. Nanometer biological material products that have been granted product license as Class II medical 
devices before the issuance of this regulation can continue their production within the validity of their 
product licenses. The produces of these registered products may be sold within the validity of the produced 
products. When the validity of the current product license has expired, the product should be re-registered 
as a Class III medical device in accordance with this regulation. For products that the SFDA has accepted 
the applications for license, but has not yet granted the license, they will be treated as Class III medical 
devices in the continued process of examination and registration. 
http://www.casmed.net/htm/apa/35.htm 

2. Published and implemented China Standards of nanotechnologies 

Up to date China standards for nanotechnologies as following:  

1. GB/T 19619-2004Terminology for nanomaterials (Published: 2004-12-27; implemented: 2005-04-01) 
2. GB/T 13221-2004 Nanometer power-Determination of particle size distribution-Small angle X-ray 

scattering method(ISO/TS 13762:2001,MOD) (Published: 2004-12-27; implemented: 2005-04-01) 
3. GB/T 19587-2004 Determination of the specific surface area of solids by gas adsorption using the BET 

method(ISO 9277:1995,NEQ)(Published: 2004-12-27; implemented: 2005-04-01) 
4. GB/T 19588-2004 Nano-nickel powder (Published: 2004-12-27; implemented: 2005-04-01) 
5. GB/T 19589-2004 Nano-zinc powder (Published: 2004-12-27; implemented: 2005-04-01) 
6. GB/T 19590-2004 Nano-calcium carbonate (Published: 2004-12-27; implemented: 2005-04-01) 
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7. GB/T 19591-2004 Nano-titanium dioxide (Published: 2004-12-27; implemented: 2005-04-01) 
8. GB/T 19627-2005 Particle size analysis-Photon correlation spectroscopy (ISO 13321:1996,IDT) 

(Published:2005-01-13; implemented: 2005-08-01) 
9. GB/T 15445.2-2006 Representation of results of particle size analysis—Part 2:Calculation of average 

particle sizes/diameters and moments from particle size distributions（ISO 
9276－2：2001,IDT）(Published: 2006-02-05; implemented: 2006-08-01) 

10. GB/T 15445.4-2006 Representation of results of particle size analysis�Part 2:Characterization of a 
classification process（ － ： ）ISO 9276 4 2001,IDT (Published: 2006-02-05; implemented: 2006-08-01) 

11. GB/T 20307-2006 General rules for nanometer-scale length measurement by SEM (Published: 2006-
07-19; implemented: 2007-02-01) 

12. GB/T 20099-2006 Sample preparation dispersing procedures for powders in liquids （ ISO 
14887： 2000,IDT) (Published: 2006-2-5 implemented: 2006-8-1) 

Recently, the Ministry of Science and Technology (MOST) started to support standardization 
activities in nanotechnology including health, safety and environment. 

3. Research on the social implications of nanotechnology 

In China, about 1000 enterprises are involved in nanotechnology, the commercialization of which is 
gradually increasing. The main nano products in China are still nanoscale powders of oxides, metals, 
carbon nanotubes, fullerenes, their diverse derivatives, and applications of them such as those for coatings, 
fibers, fabric, papers, ceramics, catalysts, and nanomedicine, etc. But, most of the enterprises are still 
small. With the rapid development of application fields of nanotechnology, as has happened in many other 
countries, the issue of nanotechnology safety has given rise to serious public and governmental concern. 
Researchers from the Chinese Academy of Sciences (CAS) initiated activities to study the environmental 
and toxicological impacts of manufactured nanomaterials in 2001, including recognition, identification and 
quantification of the biological and environmental hazards resulting from exposure to diverse 
nanomaterials/ nanoparticles. In 2003, a formal research �Lab for Bio-Environmental Health Sciences of 
Nanoscale Materials� was established at the Institute of High Energy Physics, CAS. In this laboratory, 
researchers from nanoscience, biological, toxicological, environmental sciences and chemical fields work 
together to explore the biological and environmental (including both the positive and negative) effects of 
nanoscale materials. The research activities include not only ways to identify the possibly adverse effects 
of nanomaterials, but also ways to recover or reduce the release of nanoparticles in manufacturing 
processes, how to eliminate nanotoxicity, how to reverse-utilize nanotoxicity in clinical diagnoses and 
therapy by assimilating knowledge and techniques of nanoscience, toxicology, medicine, life sciences, 
chemistry and physics, etc.  

In 2004, the highest-level scientific meeting organized by Chinese government, (a joint symposium 
organized by the Ministry of Science and Technology (MOST), the National Natural Science Foundation 
of China (NSFC), the Ministry of Education (MOE) and CAS etc) was held in Beijing Fragrant Hill, 
focusing on the issues of "Nanosafety: Biological, Environmental and Toxicological Effects of Nanoscale 
Materials/Particles". Researchers from more than 20 universities and institutes, government officials and 
policy makers attended the symposium, presented their research data and exchanged ideas. Currently, more 
than 30 research organizations in China have initiated their research activities studying the toxicological 
and environmental effects of nanomaterials/ nanoparticles, and techniques of recovering nanoparticles 
from manufacturing processes.  

Educational activities aiming at introducing nanotechnology to the public in China have thus far been 
few. Recently, China�s Science Press established an editorial board to edit and publish a series of Nano-
books for the public. Prof. Chunli Bai, the most famous nano-scientist in China, and the Executive 
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President of CAS, has been invited to be the Editor-in-Chief. They plan to publish at least two books per 
year, and this publication plan will continue into the future. Every year, a �science week� is held in local 
areas in different parts of China, where introductory lectures on nanotechnology are given to a public 
audience.  

In 2006, NCNST decided to establish the Nanosafety Lab focusing on the economic, environmental 
and social aspects of the research, standardization, regulations, etc. being done in connection with 
nanotechnology, and then signed an agreement with the Institute of High Energy Physics (IHEP), CAS, to 
co-build the China �Lab for the Bio-Environmental Effects of Nanomaterials & Nanosafety�. This Lab was 
opened in August 2006, and includes two branches, one located at IHEP, CAS, and the other at NCNST. 
The missions of the China Nanosafety Lab mainly include, (1) Doing methodological and metrological 
studies of nanoparticle detection; (2) Identification and quantification of nano-hazards to humans and the 
environment; (3) Exploring the behaviors of nanoparticles in the environment (air, water, soil, and other 
parts including foods and nanodrugs, etc.), and their health impacts; (4) Accumulating experimental data 
on nanotoxicology and nano-ecology; (5) Drafting regulatory frameworks for research and industrial 
activities on nanotechnology; (6) Establishing standard procedures for safety assessment of nanoproducts 
for nano-industries/ enterprises including assessment methods, and identifying the toxicity classes of 
nanomaterials.  
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THAILAND 

Highlight of developments since the 1st meeting of the WPMN: 
• Contact persons have been appointed to take part in WPMN Steering Groups: Dr.Nuttapun 

Supaka and Dr.Rawiwan Maniratanachote for SG2 (research strategies); Dr.Nuttapun Supaka, 
Dr.Rawiwan Maniratanachote and Dr. Lerson Tanasugarn for SG3 (safety testing of 
representative manufactured nanomaterials); Dr.Noppawan Tanpipat for SG4 (manufactured 
nanomaterial test guidelines); and Dr. Sirasak Teparkum for SG6 (risk assessment/ exposure 
measurement). 

• The Nanosafety/ Nanoethics Guideline Drafting Project has been split into 3 phases: (1) 
International status and trend. This phase has already started since the beginning of April 2007. 
(2) Local status and trend, and (3) Guideline drafting. 

• Chulalongkorn University has formed a nanosafety forum with the objective of sharing 
information among interested faculty members & researchers. This activity is supported in part 
by a grant form the Thailand Research Fund (TRF), with core research personnel on loan from 
the university�s Nanotechnology Center. The forum is coordinated by Dr.Varapan Danutra, 
National Center for Environmental and Hazardous Waste Management, Chulalongkorn 
University. 

• Thailand has sent a delegation to participate in the Observational Study Mission on Strategic 
Industries in Member Countries: Nanotechnology, organized by the Asian Productivity 
Organization (APO) in Seoul, Republic of Korea, from 10-13 April 2007. (One session was about 
potential collaboration in nanosafety and nanoethics). 

 

Following the US National Nanotechnology Initiative (NNI) in 2000, the Royal Thai Government 
established the National Nanotechnology Center (NANOTEC) three years later under the umbrella of the 
National Science and Technology Development Agency (NSTDA), a non-government public institution. 
NANOTEC has a mandate to formulate a National Nanotechnology Strategic Plan (2004 � 2013) for 
Thailand as well as to establish nanotechnology operational plans and the guidelines. However, 
NANOTEC�s main objectives are:  

• To conduct and promote nanotechnology research in order to improve the competitiveness of 
Thai industries. 

• To develop well trained human resources in the field of nanotechnology 

• To establish networks and collaborations with other research centers, academics, industrial 
sectors national and internationally   

• To promote public awareness and understanding of nanotechnology 

Therefore, NANOTEC has become a central for R&D funding, conducting nanotechnology research, 
and driving national policy plans. Moreover, NANOTEC provides state-of-the-art nano-measurement 
testing services both physical- and biological test for private and government sectors.   
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During the past three years, NANOTEC has initiated and supported various projects in the fields of 
semiconductor and optical devices, nanocomposite, nanoscale surface coating, and nanoencapsulation of 
active ingredients. 

NANOTEC, however, has currently been more focus in R&D by concentrating on 3 essential 
platform technologies; nano-coating, nano-encapsulation, and nano-devices. With these 3 platforms, they 
will be applied mostly by 3 major industrial clusters; Textiles, Cosmeceutical, and Food.   

Owing to the global publicity of nanotechnology and the marketing success of the locally 
manufactured nano-fabrics/ apparel and nano-encapsulated cosmetics, Thai consumers have slowly entered 
the age of nano-hypes. The general public was led to believe that a product manufactured using 
nanotechnology must possess a superior quality over a normal product, regardless to any possible health 
risk. Possible adverse effects of nanotechnology and nanoparticles in the environment are virtually unheard 
of.  Therefore, the regulation of Thai nano-products is required. NANOTEC with the collaboration of the 
Office of the Consumer Protection Board will develop nano-label (or nanomark) to verify properties and 
improvement on a nanoproduct. In addition, researches on nano-toxicity and the effects of nanoparticles in 
the environment are on-going.  

1. Any national regulatory development on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the drafting of 
laws/ regulations/ guidance materials.  

As of March 2007, nanosafety and nanoethics were being considered in the forums of local ISO TIS 
(Thai Industrial Standard). So far no concrete development has been reported.  

Back in 2004, the newly drafted NANOTEC strategic plan called for a national policy body to handle 
nanosafety issues. This established policy body then initiated a drafting of a nanosafety and nanoethics 
guideline in 2005. Initially, NANOTEC expected to commission Chulalongkorn University to draft the 
nanosafety and nanoethics guideline that covered nanotechnology research, development, manufacturing, 
transport, usage, consumption, and the treatement/ disposal of wastes arising from any of the mentioned 
activities, the drafting would commence at the beginning of 2007 and run for 9 months with a budget of 
approximately $100,000 as reported at the 1st WPMN. Due to bureaucracy red tape stemming from 
governmental changes and budgeting cuts, however, the project was divided into 3 phrases with the first 
one starting in April 2007.  

The main objective of the first phase is to gather international information on all aspects of nanosafety 
and nanoethics. Data sources include university centers that receive US government grants related to 
nanosafety/ nanoethics, independent policy research institutes, independent academics, e.g. in South 
America, and international organizations such as OECD, ISO, and APO (Asian Productivity Organization). 

In addition to the main objective, Phase 1 attempts to familiarize a dozen of experts in a various fields 
with nanotechnology. These experts from the fields of environmental law, consumer protection law, 
economics, and political science, are expected to contribute to the second and third phases of the project, 
where local status and trends will be assessed and the nanosafety/ nanoethics guidelines will be drafted, 
respectively.  

2. Developments related to voluntary or stewardship schemes 

No information  
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3. Information on any risk assessment decisions 

No information  

4. Information on any developments related to good practice documents 

The guideline mentioned in Item 1 will refer to all domestic and foreign good practice documents that 
are found during the literature review stages (Phase 1 and 2). 

5. Research programs or strategies designed to address human health and/ or environmental safety 
aspects of nanomaterials 

During the past couple of years, NANOTEC as a funding agency has urged researchers to add the 
safety aspects to all nanomaterial R&D grant proposals. For example, nanoparticle-coated fabrics under 
development were subject to wash-water contamination tests. Nano-titanium dioxide (TiO2) coated fish 
tanks were tested for toxicity to fish. Skin creams containing titanium dioxide nanoparticles were also 
tested for skin pentration through mode (pig) skins. Safety data should be availableS through NANOTEC 
after the research works are completed. Nevertheless, there has never been a research program specifically 
designed to address human health and/ or environmental safety aspects of nanomaterials as such. 

It is expected that the policy recommendations in the third phase of the project mentioned in Item 1 
will address nanosafety strategy at the national level. 

6. Information on any public/ stakeholder consultation. 

This is related Phases 2 and 3 of the project mentioned in Item 1 (see above). 

Additional Information 

The National Nanotechnology Center, Thailand, (NANOTEC) was founded on August 13th, 2003 as 
an autonomous agency under the umbrella of the National Science and Technology Development Agency 
(NSTDA), Ministry of Science and Technology (MOST). Our vision is to create micro- and 
nanotechnologies that would enrich Thai industries, protect the environment and give rise to niche 
innovative products, processes, and competitiveness in the global market. Our missions are established, 
support and promote the nanotechnological development of the country through research innovations, 
technology transfer, human resource development, and infrastructure. Specifically, we (1) prepare the 
National Nanotechnology Road Map, (2) act as the national coordinating body between academia, industry 
and government, (3) set up collaborative network by assembling a critical mass of high-caliber researchers 
and educators on nanotechnology, (4) identify and focus on niche areas and products in nanotechnoloogy 
thus enhancing Thailand�s competitiveness, (5) disseminate knowledge and transfer nanotechnoogy to 
industrial and governmental sectors, (6) carry out research in certain core or common areas in 
nanotechnology, and (7) provide essential analytical nano-scale instruments for sharing with other 
nanotechnology research laboratories. 
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BIAC 

1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the drafting of 
laws/ regulations/ guidance materials;  

In 2006, the American Bar Association Section of Environment, Energy and Resources prepared and 
made available a series of white papers reviewing the adequacy of six US environmental laws, and 
provided a seventh paper on innovative management systems. The six papers review each of the core 
domestic environmental laws and consider how each can be effective to address issues regarding 
nanomaterials and nanotechnology. The papers are available at http://www.abanet.org/environ/nanotech. 

2. Developments related to voluntary or stewardship schemes; 

BIAC supports the actions being taken by the US Environmental Protection Agency (EPA) and the 
UK Department for Environment, Food and Rural Affairs (Defra) to establish a voluntary reporting system 
as a means of building an evidence base to allow for more informed discussion and decisions about 
appropriate regulatory controls. BIAC believes that existing laws provide the competent authorities with 
full authority to address environmental, health and safety implications of nanotechnology (TSCA Authority 
White Paper, March 2006).   

3. Information on any risk assessment decisions; 

- 

4. Information on any developments related to good practice documents; 

The German Chemical Industry Association (VCI) has finalized a position on the legal coverage of 
nanoparticles and nanoscale substances together with recommendations on the safe handling in February 
2006. In spring 2006 VCI started a survey in cooperation with the German Federal Institute for 
Occupational Safety and Health (BAuA) to determine the use of nanomaterials within the German 
chemical industry and to gather information on the exposure scenarios and safety measures applied. The 
results will be presented at a workshop on 19 April 2007. From the results of that survey, VCI and BAuA 
have jointly developed a best practice guideline for handling and use of nanomaterials at the workplace. 
The guideline will also be discussed with stakeholders on April 19.  

In order to support the development of globally harmonized data requirements for carrying out risk 
assessments, VCI has published in September 2006 a proposal for a tiered data gathering as basis for 
further discussion on risk assessment with the authorities. The activities of the chemical industry are 
directed to safeguard the fulfilment of current and future legal provisions. The German mirror group of the 
ISO Technical Committee 229 Nanotechnologies has prepared an issue sheet to sketch the SHE relevant 
issues in analytic procedures and analytical conditions for nanotechnologies standardization.  

Furthermore VCI will work out several New Work Item Proposals (NWIP) for the ISO TC 229 WG3 
(HSE) on standards for exposition measurement, analytic procedures and analytical conditions for toxicity 
testing strategies referring to specific exposition scenarios.  

The US Technical Advisory Group (TAG) to ISO TC 229 is preparing a NWIP on "Guidance on 
physico-chemical characterization of engineered nanoscale materials for toxicologic assessment". 

In the US, guidelines are being collected as a web-based resource by the ORC Task Force on 
Nanotechnology. The Task Force provides a forum for private sector nanotechnology experts to share 
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current work practices and strategies, and is made up of both members of ORC Worldwide�s Occupational 
Safety and Health and Environmental Networks and non-ORC member participants.  The Guidelines are 
considered a living document that is being updated as new information becomes available. It addresses 
nine broad areas applicable to nanotechnology health safety and environment concerns: Assessing Hazard 
Characteristics; Assessing Worker Exposure; Assessing Process Safety Considerations; Assessing 
Environmental Emissions & Fate; Performing HS&E Risk Assessment; Implementing HS&E Risk 
Control; Medical Monitoring; Communication & Training; Assessing Transportation Needs. Under each of 
these headings, it provides or aims to provide links to specific materials, tools, and peer reviews. Anyone 
can submit materials for inclusion after review by the ORC peer review process. The location is: 
http://www.orc-dc.com/Nano.Guidelines.Matrix.htm . 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials;    

The Nanoparticles Occupational Safety & Health Consortium (NOSH) consists of international 
companies, government agencies from the US and UK and NGOs with the purpose of developing methods 
to generate consistently nanoscale materials and to well characterize the aerosol, to develop portable 
prototype equipment that can monitor nanomaterials in occupational settings, and to measure barrier 
efficiency of filter media to specific engineered nanoparticles. The Consortium has published some of its 
work and more publications are under development. 

Policy in Japan (METI) includes: 

A. Government will collect safety information data about Nanotechnology (Nano Tech) as 
follows: 

1. Need for standardization of measurement technology etc. as a base of safety investigation.  
2. Collect updated safety information about Nano Tech without any specific regulation. 
3. Many of the test methods for existing chemical substances can be applied.  
4. The actual circumstances of Nanomaterials should be researched as quickly as possible, such 

as existing circumstances and exposure volume. 

B. Industries are expected to conduct self risk assessment of Nanomaterials. 

1. Industries are needed to conduct risk assessment of their own Nanomaterials because they fall 
under the regulations dealing with safe handling of chemicals 

2. Industries are also expected to do aggressive safety research of Nanotechnology from the 
standpoint of CSR. 

VCI and Dechema have collected a list of research activities concerning exposure, characterization 
methods and toxicological testing of nanomaterials. Together with scientists from universities and applied 
research institutes a joint Working Group "Responsible Production and Use of Nanomaterials" of the 
German Society for Chemical Engineering and Biotechnology (DECHEMA) and German Chemical 
Industry Association (VCI) has listed and prioritized research needs for a roadmap and link with the 7th 
European R&D Framework Programme that has been disseminated to authorities on national and European 
level. Most of the highest priority issues are meanwhile covered by several research projects of the 
chemical industry and institutes - especially by the project "NanoCare" dealing with methodology, 
toxicology, hazard evaluation and exposure assessment. NanoCare is jointly federal and industry funded 
and coordinates industry and academia activities.  
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The German chemical industry will propose "Guidance Documents" to conduct toxicological and 
ecotocicological tests. These guidance documents may partly be derived from the German project 
"NanoCare" that will be presented at the 2nd OECD WPMN meeting 25 � 27 April 2007 in Berlin.  

Furthermore the German chemical industry will work out and propose requirements for the 
identifications of toxicological endpoints and the toxicological relevant solubility. 

6. Information on any public/ stakeholder consultation.   

- 
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SECTION II  
CURRENT ACTIVITIES IN OTHER ORGANISATIONS RELATED TO 

NANOTECHNOLOGIES/ NANOMATERIALS 

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO) 

Summary of the status of ISO/TC 229, 23.03.2007 
ISO/TC 229 - Nanotechnologies 
 

The International Organisation for Standardization Technical Committee (ISO/TC) 229 - 
Nanotechnologies - was established in June 2005 with a UK secretariat and chair. To date it has held three 
meetings - November 05 in London, June 06 in Tokyo and December 06 in Seoul. The next meeting will 
be in Berlin in June. The committee currently has 37 members - 28 "P" and 9 "O". The TC structure 
consists of 3 working groups - Terminology and Nomenclature (WG1, convened by Canada), 
Measurement and Characterization (WG2, convened by Japan) and Health, Safety and Environment (WG3, 
convened by USA). There are currently 3 work items in development: an ISO/TS (technical specification) - 
terminology and definitions for nanoparticles (led by Dr Mark Gee from NPL, UK), which will be 
submitted for Committee Draft ballot before the next plenary in June; an ISO/TR (technical report) - health 
and safety practices in occupational settings relevant to nanotechnologies (led by Dr. Vladimir Murashov 
from NIOSH, USA), which should be published later this year; and an ISO/IS (international standard) - 
endotoxin test on nanomaterial samples for in vitro systems (led by Dr Kawasaki from AIST, Japan), 
which will be ready for publication in late 2009 or early 2010. The committee has recently received 7 new 
work item proposals � five in the area of characterization of carbon nanotubes and two associated with 
toxicological testing of nanoparticle silver, which have ballot deadlines of April/May. The TC is expecting 
further new work item proposals before the next meeting.  

The TC works closely with the CEN TC in the area (TC 352 � Nanotechnologies, also chaired by 
UK), using the Vienna agreement where appropriate, and with the newly formed IEC (International 
Electrotechnical Committee) TC 113 - �Nanotechnology standardization for electrical and electronic 
products and systems� chaired by the US, with Germany providing the secretariat. ISO/TC 229 and 
IEC/TC 113 are in the process of establishing two joint working groups (JWG) � in Terminology and 
Nomenclature (ISO/TC 229 WG1) and in Measurement and Characterization (TC 229/WG2) - both led by 
ISO. Close contact will be maintained in the area of activity of TC 229/WG3 � HS&E � though it is not 
currently planned to establish a JWG for this. The two Technical Committees plan to hold joint plenary 
meetings starting in December 2007. Liaisons have also been established with 15 other ISO TC's, with the 
OECD (Working Party on Manufactured Nanomaterials, with which a coordination agreement is being 
developed), with the EC Joint Research Centres (IRMM and Institute for Health and Consumer Protection, 
Ispra), with the Asia Nano Forum and with VAMAS. 

In autumn 2006 the TC undertook a survey of standardization needs of members, which identified 
over 100 high priority topics, with 54 being relevant to WG2, 31 relevant to WG3, 5 relevant to a new 
working group on material specification, and 18 relevant to other ISO TCs. The information gathered is 
being used to prepare road maps for both the individual working groups and for the TC. These roadmaps 
are expected to be available for the Berlin meeting. 
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The development of standards in ISO Technical Committees is undertaken on the basis of New Work 
Item Proposals (NWIP) received from, and approved, developed and adopted by members according to the 
procedures defined in the ISO/IEC Directives. The requirements for the submission and approval of NWIP 
are summarized below: 

A new work item proposal within the scope of an existing technical committee or 
subcommittee may be made in the respective organization by 

� a national body; 
� the secretariat of that technical committee or subcommittee; 
� another technical committee or subcommittee; 
� an organization in liaison; 
� the technical management board or one of its advisory groups; 
� the Chief Executive Officer. 

 
The originator of the new work item proposal shall 

� make every effort to provide a first working draft for discussion, or shall at least provide 
an outline of such a working draft; 
� nominate a project leader. 

 
Acceptance requires 

a) a minimum of 5 P-members approving the work item and giving a commitment to 
participate actively in the development of the project, i.e. to make an effective contribution 
at the preparatory stage, by nominating technical experts and by commenting on working 
drafts; 
b) approval of the work item by a simple majority of the P-members of the technical 
committee or subcommittee voting. 

 
ISO/TC 229 is not the only ISO TC with an interest in nanotechnologies but maintains responsibility 

for the development of �horizontal� standards in the area and those not more appropriately developed in 
other TCs.  

ISO standards are voluntary. As a non-governmental organization, ISO has no legal authority to 
enforce their implementation. A certain percentage of ISO standards - mainly those concerned with health, 
safety or the environment - has been adopted in some countries as part of their regulatory framework, or is 
referred to in legislation for which it serves as the technical basis. Such adoptions are sovereign decisions 
by the regulatory authorities or governments of the countries concerned; ISO itself does not regulate or 
legislate. However, although ISO standards are voluntary, they may become a market requirement, as has 
happened in the case of ISO 9000 quality management systems, or of dimensions of freight containers and 
bank cards. 

ISO/TC 229 believes that close cooperation with the OECD WPMN will lead to valuable synergies 
and avoid duplication of effort by the two organisations. As indicated, ISO standards can support 
regulation and legislation by, for example, providing validated and verifiable measurement methods for 
demonstrating compliance with regulatory requirements. However, whilst the Technical Committee has 
plans to develop standards that are relevant to and appropriate for the activities of the Working Party, the 
process for New Work Item adoption, described above, means that TC 229 members must be fully aware 
of Working Party needs and are able to identify experts to participate in project development. In order to 
help assure the development of standards that the Working Party identifies as being essential, members of 
the WPMN are strongly encouraged to contact their national representatives on ISO/TC 229 in order to 
coordinate activities in this area. A list of national contact points for ISO/TC 229 is available on the 
password protected website of the WPMN. 
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WOODROW WILSON INTERNATIONAL CENTER FOR SCHOLARS 

Highlight of developments since the 1st meeting of the WPMN 
• Andrew D. Maynard, et al, �Safe handling of nanotechnology,� Nature 444(16): 267-269 (16 

November 2006) 

• Andrew D. Maynard, Comments on Public Meeting on Research Needs and Priorities Related to 
the Environmental, Health, and Safety Aspects of Engineered Nanoscale Materials (4 January 
2007) 

• Mark Greenwood, Thinking Big About Things Small: Creating an Effective Oversight System 
for Nanotechnology (14 March 2007) 

• Dan M. Kahan, et al, Nanotechnology Risk Perceptions: The Influence of Affect and Values (7 
March 2007) 

• Project grant renewal by The Pew Charitable Trusts, $3 million over 2 years (15 March 2007) 

• Barbara Karn, Pilar Aguar, and Per Martin Schmidt, et al, Nanotechnology and Life Cycle 
Assessment: A Systems Approach to Nanotechnology and the Environment (20 March 2007). 

• Pending: Karen F. Schmidt, NanoFrontiers: Visions for the Future of Nanotechnology (23 April 
2007) 

• Pending: Karen F. Schmidt, Green Nanotechnology: It�s Easier Than You Think (26 April 2007)   

Work completed, underway or planned 
 

1. Any national regulatory developments on human health and environmental safety including 
recommendations or discussions related to adapting existing regulatory systems or the drafting of 
laws/ regulations/ guidance materials 

The Project on Emerging Nanotechnologies is an initiative launched by the Woodrow Wilson 
International Center for Scholars and The Pew Charitable Trusts in 2005. It is dedicated to helping 
business, government and the public anticipate and manage the possible health and environmental 
implications of nanotechnology. As part of the Wilson Center, the Project on Emerging Nanotechnologies 
is a non-partisan, non-advocacy organization that collaborates with researchers, government, industry, non-
governmental organizations (NGOs), and others concerned with the safe applications and utilization of 
nanotechnology. In March 2007, the Project received an additional $3 million investment from Pew to 
continue and expands its work over the next two year.  

The Project on Emerging Nanotechnologies has been instrumental in facilitating the process of 
evaluating the current U.S. government EH&S risk research portfolio, identifying gaps in ongoing EH&S 
research, prioritizing future research needs and developing effective oversight and risk research 
management options for government and industry. For example, Project Director David Rejeski testified 
before the Food and Drug Administration on the need for a coherent framework for nanotechnology 
oversight. Additionally, the Project has published numerous reports that analyze the effectiveness of 
existing regulatory systems and recommendations for new laws and guidance materials, including Michael 



ENV/JM/MONO(2007)16 

 76

R. Taylor, Regulating the Products of Nanotechnology: Does FDA Have the Tools It Needs? (October 
2006) and Mark Greenwood report referenced above.   

2. Developments related to voluntary or stewardship schemes 

Andrew D. Maynard presented testimony before the U.S. House of Representatives Committee on 
Science hearing entitled �Research on Environmental and Safety Impacts of Nanotechnology: What are the 
Federal Agencies Doing?� on September 21, 2006. Dr. Maynard suggested mechanisms to support an 
internationally focused, joint government-industry funded, cooperative science organization, similar to the 
Health Effects Institute, with a five-year plan to systematically address the human health impacts of 
engineered nanomaterials through independent, targeted risk-related research. The Project is continuing to 
explore the possibility of creating such an organization (available at 
http://www.nanotechproject.org/file_download/100).  

The Project has worked on establishing a variety of voluntary and stewardship schemes. In March 
2007, the Project released a proceedings report, in conjunction with the European Commission, on the need 
for and potential application of life cycle assessment (LCA) for nanomaterials.  Moreover, for the past 
three years, the Project has helped support work by Environmental Defense and Dupont, which recently 
resulted in the announcement of a Nano Risk Framework (www.environmentaldefense.org/go/nano). In 
addition, we are working with a small nanotechnology firm in Virginia (Luna Innovations) to help widely 
propagate an Environmental Management System (EMS) that the firm has developed.  Finally, we have an 
ongoing project with the Environmental Protection Agency�s voluntary Performance Track Program, 
which rewards excellent facility performance in firms (http://www.epa.gov/performancetrack/), and an 
Ohio company Nanofilm (www.nanofilmtechnology.com). The goal is the development of a 
nanotechnology-relevant environmental management system that will allow Nanofilm to qualify for 
inclusion in EPA�s program. 

3. Information on any risk assessment decisions 

Late in 2005, the Project created, and continues to maintain, the first publicly available, web-based, 
and fully searchable Inventory of Nanotechnology Environment, Health and Safety Research, which 
contains investigator, funding and categorization details on over 200 research projects from eight countries 
or regions around the world. According to data in the inventory, the U.S. government invested an estimated 
$11 million in 2005 in highly relevant risk research dedicated to addressing the potential impacts of 
engineered nanomaterials (available at http://www.nanotechproject.org/18/esh-inventory).  

4. Information on any developments related to good practice documents 

The Project published the report Nanotechnology: A Research Strategy for Addressing Risk, by 
Andrew Dr. Maynard, in July 2006. This report proposes detailed EH&S risk research priorities�
including identifying and measuring nanomaterials exposure and environmental release, evaluating 
nanomaterial toxicity, controlling the release of and exposure to nanomaterials and developing �best 
practices� for working safely with nanomaterials�and offers short-, medium- and long-term timeframes 
for such investigation (available at http://www.nanotechproject.org/file_download/77). 

5. Research programmes or strategies designed to address human health and/ or environmental 
safety aspects of nanomaterials 

Under the lead authorship of Andrew D. Maynard, the Project provided a forum for the release of the 
article �Safe handling of nanotechnology� in the November 16, 2006 edition of Nature.  Authored by 14 
internationally renown scientists who have identified, prioritized and mapped Five Grand Challenges for 
targeted research on nanotechnology�s potential EH&S risks, the article addresses central challenges aimed 
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at focusing attention on key components of a strategic research agenda that must be met if the technology 
is to reach its potential (available at http://www.nature.com/nature/journal/v444/n7117/full/444267a.html). 
The Five Grand Challenges include: 

1. Developing instrumentation to measure nanoparticles in air and water, 

2. Evaluating the hazard of new nanomaterials, 

3. Predicting the toxicity of emerging nanomaterials with models, 

4. Assessing the possible impact of nanotechnologies across their lifetime, and 

5. Developing strategic programs to enable risk-focused research. 

These five challenges do not in themselves constitute a robust strategic research plan. However, they 
do lay a foundation for developing such a plan, and are beginning to be reflected in emerging research 
agendas, such as the European Union Framework Seven Research Agenda. The fifth challenge of creating 
a strategic research framework is particularly pertinent to today�s meeting addressing research priorities. 
As the OECD and federal governments begin to consider research priorities, they should be encouraged to 
use these challenges as a framework on which to build a strong and relevant strategic research program. 

6. Information on any public/ stakeholder consultation 

The Project continues to place increased importance on continued public dialogue and outreach. In 
particular, the Project has supported numerous research projects into tracking and addressing 
nanotechnology public perception and trust in government, including Peter D. Hart Research Associate, 
Inc., Attitudes Toward Nanotechnology and Federal Regulatory Agencies (September 2006) and the Dan 
M. Kahan report referenced above. Additionally, these reports complement the Project�s work in tracking 
the commercialization of nanotechnology consumer products. Through the development of our 
Nanotechnology Consumer Product Inventory, we found that there are a wide variety of products�over 
380 from 17 different countries�claiming to contain and use nanomaterials already on the market. This 
means that researchers, workers, consumers and ecosystems are already being exposed to these substances, 
despite, in many cases, uncertainty over the potential risks they may present (available at  
http://www.nanotechproject.org/consumerproducts). The Project also supports the development of more 
novel and more creative methods for interacting with the public. For example, the Project on Emerging 
Nanotechnologies is planning to develop a series of downloadable audio podcasts on the future of 
nanotechnology and expects to hold a series of web dialogues over the coming months to encourage 
participation by broader segments of the population, such as women, the elderly, and minorities, to 
contribute ideas about nanotechnology governance.  
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