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Naturally occurring microorganisms have long been exploited by humans in areas such as food 
chemistry, agriculture, wastewater treatment, mining, and pharmaceuticals. The rapid advancement of 
molecular biology has given rise to the genetic modification of microorganisms for the creation of 
new products that are now reaching the marketplace. For example, the transfer of a gene from the 
stomach cells of calves to bacteria has allowed the large-scale production by fermentation of 
chymosin, an enzyme essential in cheese making (Wrage 1994). Genetically engineered 
microorganisms are now being used in the manufacture of protein hormones to increase milk 
production, enzyme detergents, high fructose corn syrup, human insulin, and interferon. Interestingly, 
all of the live genetically engineered microorganisms approved for commercial sale have been those 
used in contained structures, such as fermentation tanks. The only genetically engineered 
microorganisms intended for environmental release that are now commercially available are killed 
pseudomonads, which contain and protect from degradation a bacterially derived insect toxin (Fischer 
1991). To date no live genetically engineered microorganisms intended for environmental release 
have been approved for commercial sale in the United States.  

While many environmental uses of genetically engineered microorganisms for agriculture and 
bioremediation have been suggested (Berry and Hagedorn 1991, Lindow et al. 1989, Miller et al. 
1983, OTA 1991), relatively few small-scale field tests have been conducted (Tables 1 and 2). In 
contrast, approximately 1000 permits for field tests of genetically engineered plants have been 
granted.(1)  

Many of the microorganisms approved for field testing were create,4 through the deletion or insertion 
of genes from species within the same genus. In other cases, regulatory sequences have been 
introduced or genes from other genera have been inserted as markers, to allow identification of the 
bacteria and viruses after release.  

Since 1987 only five types of live microorganisms containing genes (other than noncoding regulatory 
genes or marker genes) from organisms not closely related have been released in the United States 
(Tables 1 and 2). One is an endophytic bacterium, Clavibacter xyli, engineered to express an insect-
specific toxin gene from another bacterium, Bacillus thuringiensis (Dimock et al. 1989). Another is a 
vaccinia virus containing a gene from the rabies virus, which has been distributed in baits to immunize 
wildlife populations to combat the spread of rabies (Rupprecht et al. 1986). Finally, two species of 
symblotic nitrogen-fixing bacteria--Rhizobium meliloti for inoculation of alfalfa and Bradyrhizobium 
japonica for inoculation of soybean--have been engineered to increase nitrogen availability in their 
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respective host plants (Ronson et al. 1990). Recombinant R. meliloti contains genes from B. japonica 
and Rhizobium leguminosarum, and recombinant B. japonica contains genes from R. meliloti and R. 
leguminosarum.  

The vaccinia-rabies vaccine was the first, and to date only, live inter-generic genetically engineered 
microorganism to be approved for commercial sale in the United States. On 20 April 1995 a 
conditional license was issued to the manufacturer for one year. After that time, to renew the license 
the company must present additional data on the safety and efficacy of the product. The genetically 
engineered vaccinia-rabies vaccine was approved for commercialization by the European Union in 
1994.  

In July 1995 an insect pathogenic virus containing a scorpion venom gene was released in the United 
States. The recombinant virus is designed to kill pest caterpillars more quickly than the wild-type 
virus.  

In part, the reason for the slow progress in the development of genetically engineered microorganisms 
intended for large-scale environmental release may have to do with the uncertainty of the risk 
associated with such experiments (Levidow 1995, Shaw et al. 1992). Field testing of new 
microorganisms, even on a small scale, presents a significant problem. Once released, the microbes 
may establish and disperse in the environment becoming nearly impossible to eliminate (NRC 1989). 
Based on this observation, the US Environmental Protection Agency (EPA; Federal Register 1994a, p. 
45544) has concluded that the "R & D which involves intentional testing of microorganisms in the 
environment should be subjected to some review."  

EPA specifies the data requirements for applicants to receive approval 
for field releases of genetically engineered microorganisms, but the 
methods of obtaining these data are undefined (Federal Register 1994a, 
b). Microbial ecologists have suggested a staged risk-assessment process 

that starts with a description of the genetics and natural history of the donor and host organisms and 
next moves to laboratory experiments, then to microcosm experiments, and finally to field tests (e.g., 
Alexander 1985, Fredrickson et al. 1990).  

In this article, we describe the uses and limitations of microcosms for prerelease risk assessment of 
genetically engineered soilborne bacteria. A microcosm is "an intact, minimally disturbed piece of an 
ecosystem brought into the laboratory for study . . . that behaves ecologically like its counterpart in the 
actual field" (NRC 1989, p. 117). This research set-up contrasts to artificial laboratory systems, which 
select certain properties of the field while excluding others and are not subunits of aquatic or 
terrestrial systems. These systems are sometimes referred to as synthetic communities (NRC 1989). 
Microcosm studies have been proposed as an effective, straightforward means to predict the 
ecological effects of genetically engineered microorganisms before initiating field experiments 
(Frederick and Pilsucki 1991, Greenberg et al. 1988, Trevors 1988).  
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We argue in this article that data from microcosm studies should be required for regulatory 
approval of field releases of genetically engineered microorganisms. We also propose that 
regulatory agencies in collaboration with microbial ecologists encourage the standardization 
of methods and procedures, where possible, for using microcosms in risk assessment of soil 
bacteria. Without some degree of standardization, it is likely to be difficult to compare data 
from diverse microcosm studies. Moreover, new regulatory regimes for genetically 
engineered microorganisms are likely to be met with confusion without some effort to 
develop uniform measurement protocols, a prerequisite to ensure the replicability of results 
and the growth of a body of dependable knowledge. 

Evaluation of genetically engineered microorganisms  

Within the scientific community some contend that introducing genetically engineered 
microorganisms poses little or no environmental risk. This reasoning is based on several 
assertions described by Miller (1991), three of which are relevant to our discussion. First, 
genetically engineered microorganisms are not new, because the transfer of DNA among 
unrelated organisms has been occurring in nature for billions of years. Thus, nature has 
already seen all the possible genetic combinations that humans could devise.  

Second, natural habitats are saturated with indigenous populations of microorganisms that, 
through natural selection, are highly adapted to their environments. Consequently, when 
genetically engineered microrganisms are released into new environments their survival and 
dispersal are likely to be limited by the indigenous microorganisms (Campbell 1991, Miller 
1991). Third, the recombinant techniques used to create a genetically engineered organism 
are considered precise modifications of single genes whose functions are known and can be 
excised from one organism and transferred to another. Accordingly, the effect of the new 
gene on the functioning and behavior of the genetically engineered microorganism can be 
predicted with a high degree of certainty (Miller 1991). Thus, dangerous and safe 
combinations can be distinguished without elaborate and costly risk assessment.  

These propositions may be true for many microorganisms and habitats (e.g., Liang et al. 
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1982, Walter et al. 1987), but they are not necessarily true for all organisms in all cases 
(Curtiss 1988). Ecologists have warned against such a generic approach to safety assessment 
(Tiedie et al. 1989). According to Regal (1994), many of the earliest, socalled generic safety 
models, such as those that presume nature will reject or keep in balance genetically 
engineered organisms, are now widely considered to be based on outdated scientific 
thinking. The fate and effects of a genetically engineered microorganism are likely to 
depend on its phenotypic and genotypic properties, the characteristics of the receiving 
environment, and the interactions between them. 

Accordingly, regulatory agencies have based risk assessments on practical case-by-case 
experiments rather than on a priori analysis, which assumes an understanding of the 
behavior of the genetically engineered microorganism in the field. For example, Holmes and 
Ingham (1994) reported that a genetically modified strain of the common decomposer 
bacterium Klebsiella planticola, designed to synthesize ethanol from the breakdown of 
agricultural residues, shows evidence of adversely affecting a soil food web. The ethanol-
producing K. planticola were found to destroy mycorrhizal fungi, which are essential to the 
growth of some plants, including important agricultural crops. Extrapolating from one 
species of microorganism to another or from tests conducted under one set of environmental 
conditions to another may not be appropriate and is often unreliable (Berry and Hagedorn 
1991).  

The principle of case-by-case evaluation of genetically engineered organisms has been 
accepted by the 25 member countries, including the United States, of the Organization for 
Economic Co-operation and Development (OECD), as well as EPA (Federal Register 1994a, 
b, OECD 1995). Once familiarity with specific genetically engineered organisms or groups 
of organisms is gained, regulatory requirements can be streamlined as has been proposed by 
EPA for B. japonicum and R. meliloti (Federal Register 1994a, Gaugitsch and Torgersen 
1995). One goal of OECD is to establish mutual acceptance of data between members, 
which would facilitate cooperation on research and marketing of genetically engineered 
microorganisms (OECD 1995). To reach such a goal, there is a need to expand the 
agreement on principles to include the specific methods for testing.  

The difficulty of predicting the consequences of releases of genetically engineered 
microorganisms has raised serious public concerns (Alexander 1985, Krimsky 1991). The 
uncertainty over the release of genetically engineered microorganisms presents a difficult 
risk-assessment and management problem for regulatory agencies responsible for ensuring 
that the human health or ecological impacts of such releases are minimized. Public concerns 
and regulatory uncertainties taken together may present a significant obstacle in the 
commercial development of these products by deterring researchers from pursuing field 
experiments (Regal et al. 1989).  

Evaluation of genetically engineered microorganisms must include analyses that quantify 
their survival, their competitiveness with indigenous organisms, their reproduction rates, and 
their dispersal abilities by both passive (e.g., with subsurface water movement) and active 
(e.g., oriented movement via flagella) transport. Further requirements for risk assessment 
include the possibility of vector-mediated movement (e.g., attachment to mobile soil-
inhabiting invertebrates), the probability of transfer of transgenes to other microorganisms, 
and the capability of transgenic microorganisms to persist in a resting state (Federal Register 
1994b).  
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Because microbes can actively move and reproduce, more organisms may be found distant 
from the release point than were introduced in the inoculum. This possibility is in contrast to 
the increasing dilution of chemicals from this point of release and highlights the difference 
in risk assessment of chemicals from genetically engineered microorganisms. Although there 
is a sizeable body of knowledge pertaining to the genetics and ecology of microorganisms, 
little is currently known about its relevance for predicting the behavior of genetically 
engineered microorganisms under the variety of abiotic and biotic environmental conditions 
that they may encounter.  

Because containment is largely impractical, escape of microorganisms is a function of the 
inherent survival and dispersal characteristics of the organism (Fuxa 1991). Thus, it is 
important to develop methods to gather as much reliable data on the characteristics of 
genetically engineered microorganisms, including their effects on flora and fauna, before 
field releases are approved. The OECD countries have recognized this need and have agreed 
to assess the behavior of genetically engineered microorganisms "in simulated natural 
environments such as microcosms, growth rooms, greenhouses, insectaries. . ." (OECD 
1994). Prerelease evaluation could be used to eliminate potentially hazardous releases and to 
provide information to design the protocols for the initial environmental release of 
genetically engineered microorganisms.  

The role of microcosms  

The purpose of prerelease microcosm studies, as well as of simpler laboratory experiments, 
is to determine whether any genetic modifications introduced into the microorganism are 
likely to create unacceptable risks before it is released into the environment. For example, if 
the genetically engineered microorganism is not expected to outcompete its parental strain, 
but microcosm tests indicate that it does, moving to field tests may be contraindicated before 
the system is better understood. Microcosms are more likely than synthetic systems to reveal 
how organisms behave under field conditions.  

The notion of addressing ecological questions with microcosms is derived from a basic 
problem in field ecology: How can the contributions of the variables of interest in complex 
ecosystems be identified? By moving a small part of the ecosystem into the laboratory, 
experimental variables can be controlled more effectively than in the actual ecosystem. The 
purpose of a microcosm is to add a level of ecological reality to laboratory experiments 
while maintaining many of the advantages of the controlled environment. US regulatory 
agencies have begun to cite the use of microcosms in their data requirements (Federal 
Register 1994a). Under EPA's proposed rules for releasing microbial products of 
biotechnology, experimental release applications under the Toxic Substances Control Act 
(1976) require information on survival and dissemination according to relevant 
environmental conditions. While some of these data may be obtainable in microcosms more 
readily than in the field, the primary advantage of microcosms is that they provide a means 
of identifying potentially hazardous genetically engineered microorganisms before they are 
released into the environment. In this respect, microcosms may function for genetically 
engineered microorganisms in the same way that in vitro assays serve as a screen for 
chemicals before they are approved for commercial or industrial use. The chemical assays 
are not a substitute for animal experiments or human epidemiological data, but they serve as 
a preliminary screen.  

The experiments of Holmes and Ingham (1994) highlight the advantages of using 
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microcosms containing the indigenous soil biota and plants before actually releasing 
genetically engineered microorganisms in the field. Microcosms containing the K. planticola 
genetically engineered to synthesize ethanol from organic wastes showed reduced plant 
growth, reduced colonization of plant roots by mycorrhizae, and increased populations of 
plant parasitic nematodes compared to treatments containing the unmodified parental strain. 
Field testing this genetically engineered microorganism without conducting the appropriate 
prerelease microcosm experiments might have resulted in establishment of an ecologically 
destructive agent. The unintended effects of the organism on a complex soil food web might 
not have been observed in synthetic-community experiments. The researchers noted that 
current EPA protocols do not test microbes under realistic conditions and would have missed 
the potential ecological effects of the modified Klebsiella(2) (Gillis 1994).  

Varieties of microcosms  

Ideally, the results of microcosm experiments, for selected variables, provide a reasonable 
facsimile of what occurs in the larger and more complex ecosystem. However, microcosms 
are still isolated structures, and the material fluxes that are part of all ecosystems are 
impossible to replicate in a small closed system. In addition, because of the physical 
structure of microcosms, they have abnormally high surface-to-volume ratios and are thus 
subject to edge effects, which may skew results compared to those that might be obtained in 
the field (Lacy and Stromberg 1990).  

One of the difficulties in comparing the results of data from microcosms is that there exists 
no consensus within the scientific community about the most appropriate size and shape of a 
soil microcosm, how it should be designed, and the methods for using it. Varied sizes and 
shapes of microcosms used in research have included test tubes 18 x 150 mm, containing 2 g 
of soil (Stotzky et al. 1990); soil cores (17.5 cm diameter x 60 cm; Bolton et al. 1991a, b); 
and plastic trays (5 x 27 x 55 cm; Armstrong et al. 1987). Microcosm studies have employed 
a variety of soils including sterile soil, homogenized mixtures of field soil, and intact soil 
cores in which the soil is disturbed as little as possible.  

In the 1970s, growing concern about the effects of pesticides and other xenobiotics on 
ecosystems stimulated the use of microcosms as model systems for risk assessment. 
Previously, researchers had relied on simple laboratory experiments or entire ecosystems for 
basic research on the behavior of single organisms or the interactions among organisms. 
Microcosms allowed researchers to standardize and replicate experiments to a degree not 
possible in the environment. In addition, radiolabeling--a technique scientists used to trace 
the movement of chemicals--could be applied in microcosms without the risk of releasing 
radioactive materials into the environment. Relatively simple microcosms enable 
investigators to assess rapidly the fate and effects of selected pesticides and other pollutants 
in soils (Cole et al. 1976, Gillett and Gile 1976, Metcalf 1977). Many of these experiments 
used a standardized soil mixture that did not contain the natural complement of indigenous 
biota found in native soils. Employing standardized soil mixtures rather than in situ soil is 
convenient and allows for uniform manipulation of environmental factors such as pH, water 
content, and nutrients. But usefulness of such microcosms in determining survival and 
dispersal of genetically engineered microorganisms in the environment is questionable. 
Succeeding generations of microcosms have been designed with the intent of replicating 
natural conditions more closely.  

An understanding of the importance of the physical, chemical, and biological characteristics 
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of soils in the functioning and interactions of soil biota has led to the design of microcosms 
that attempt to preserve soils in their natural state as much as possible (Berry and Hagedorn 
1991, Hicks et al. 1990). Hollow cores are driven into the ground and then pulled up with 
the soil remaining inside. The intact soil core can then be used as the microcosm. Ideally the 
method used to obtain the intact soil core causes minimal disturbance to the soil structure. In 
instances, the soil is transferred from the corer to the microcosm, causing more disruption 
that may have biological effects. For example, the movement of microorganisms in 
microcosms using repacked field soils is reduced compared with intact soil cores, which 
contain a higher proportion of macropores (large air pockets) and connecting channels (NRC 
1989).  

Intact soil cores containing the native biota have been used to study chemical effects 
(Jackson et al. 1979, O'Neill et al. 1977). These experiments were directed at measuring soil 
biotic activity as an indicator of the overall effect of the chemicals on soil microorganisms 
(i.e., rates of respiration, decomposition, and/or nutrient cycling), rather than to understand 
the effects of the chemicals on the population dynamics and community structure of the soil 
microorganisms.  

Microcosms may be divided into two types: those designed to replicate, as near as possible, 
the complexity of the environment, and simpler microcosms used to assess a specific 
interaction between a chemical or microorganism and some environmental parameter. The 
former microcosms can be expensive and labor intensive to construct and manage, while the 
latter may suffice for research questions involving fewer variables (Greenberg et al. 1988, 
Lacy and Stromberg 1990).  

A standard microcosm for testing the fate and effects of xenobiotics was established in 1987 
by the American Society for Testing and Materials (ASTM 1988), based on the work of Van 
Voris (1985). This microcosm is an intact soil core of intermediate size, 17 cm diameter by 
60 cm depth. It has been used in experiments to test the efficacy of microorganisms used 
both as degradation agents and as indicators of toxicity. Plants can be grown in this 
microcosm, allowing assessment of another important variable that affects microorganisms 
and ecosystem function. Although detailed analysis of microbial interactions has not been a 
focus of these experiments, some studies using the standard microcosm examined different 
groups of microorganisms such as mycorrhizal fungi, algae, nitrogen-fixing bacteria, and 
rhizosphere bacteria (Bolton et al. 1991a, Fredrickson et al. 1989). Experience with the 
standard microcosm has underscored the importance of the soil's physiochemical factors in 
relation to the effects that chemical compounds have on the soil biota. Soil characteristics 
such as the type and concentration of clay minerals, the proportion of organic matter, pH, 
temperature, and redox potential have been shown to modify the toxicity of xenobiotics and 
to affect the interaction of microorganisms with toxic chemicals (Hicks et al. 1990).  

Microcosm experiments on nonengineered and genetically engineered microorganisms have 
provided data on a number of important risk factors including microbial survival (Bentjen et 
al. 1989, Recorbet et al. 1992,(3) van Elsas 1991(4)), transport and migration (Bashan 1986, 
Bentjen et al. 1989, Harvey et al. 1989, Kemp et al. 1992,(5) Parke et al. 1986, Paterson et 
al. 1993,(6) Trevors et al. 1990,(7) van Elsas et al. 1991,(8) Walter et al. 1991), gene 
exchange among microorganisms (Armstrong et al. 1987,(9) Richaume et al. 1989, Smit and 
van Elsas 1992, Trevors 1988 and citations within, Walter et al. 1991), and interactions of 
microorganisms with the rhizosphere (Bentjen et al. 1989, Dijkstra et al. 1987a, b, 
Fredrickson et al. 1989, Heijnen et al. 1993, Morel et al. 1989,(10) Scher et al. 1984, 1985, 
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van Elsas et al. 1992).  

Limitations of microcosms  

The usefulness of the microcosm studies for risk assessment of genetically engineered 
microorganisms has been restricted by several factors. First, testing vector-mediated 
movements in a microcosm can be problematic particularly if the vectors of microbes are 
unknown, which is often the case. Some vectors may be large organisms, such as insect 
larvae, earthworms, and vertebrates (e.g., Heijnen and Marinissen 1995). These organisms 
may be hard to work with in the contained microcosm environment. Microcosm results may 
then not reflect true movement patterns in the field, because the boundary requirements of 
the microcosm limit longer movements that might occur in the field.  

Second, microcosm studies are usually conducted under static environmental conditions. 
Diurnal and seasonal changes are often ignored. When environmental fluctuations are 
included in the experimental protocol, they are frequently limited in scope. The relative 
importance of and links between environmental variables such as temperature, light, 
hydration, and cropping remain unclear. The particular challenge is to distinguish 
experimentally the impacts of environmental and habitat variation upon such microbial 
responses as survival, reproduction, and dispersal.  

Third, recent evidence provides strong support that naturally occurring bacteria frequently 
exist in a viable but dormant state (Roszak and Colwell 1987). These bacteria have proven to 
be unculturable using the simple and relatively inexpensive traditional plating methods and 
therefore have remained undetected. More than 90% of viable indigenous soil flora are not 
culturable, and introduced organisms readily enter this state (Roszak and Colwell 1987). 
Thus, it is troublesome for risk assessment conducted in microcosms or the field if 
genetically engineered microorganisms enter dormancy and become unidentifiable. High 
specificity may be attained by using newer detection methods such as monoclonal antibody 
tagging, protein product, or rRNA fingerprinting and gene probes; however, these 
procedures are relatively laborious and expensive and may have low sensitivity for samples 
that cannot be concentrated (Colwell et al. 1988). Purification of DNA directly from soil has 
yielded variable results, often complicated by the coprecipitation of humic polymers that 
impede subsequent DNA manipulation (Kluepfel 1993). Recently, a sensitive method has 
been developed that reportedly extracted DNA from as few as ten bacterial cells from a 
sandy loam soil without DNA amplification (Selenska and Klingmuller 1991). While unable 
to distinguish between live, dead, and dormant cells, such methods have the advantage of 
tracking total target DNA, which previously had eluded detection.  

Finally, most microcosm studies have failed to calibrate their 
findings with the corresponding patterns that microorganisms 

exhibit in the field. Calibration refers to the process of determining the degree of similarity 
of results obtained from the microcosm to those obtained from the field (Pritchard and 
Bourquin 1984). While it is not realistic or necessary that microcosms exactly predict field 
phenomena, it is essential to demonstrate that they exhibit trends analogous to those of field 
processes. For microcosms to be effective risk-assessment tools for evaluation of genetically 
engineered microorganisms, definition of the acceptable limits of analogous trends in the 
calibration of microcosms must be set by a consensus of researchers and regulators. The 
assignment of limits is a normative process and reaching concordance may not be simple.  
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Functional ecological attributes, such as respiration, nutrient cycling, and primary 
productivity, and/or structural attributes, such as the survival and growth of species of 
interest or community composition, can be used to calibrate microcosms (Bolton et al. 
1991a, Pritchard and Bourquin 1984). Once calibration with the field is obtained for a given 
system and test organism, microcosms can be used as the basis for environmental studies as 
suggested by Stotzky et al. (1990). Recalibration of a microcosm is necessary if a genetically 
engineered organism is to be released into a new environment, because the unique 
physiochemical features of each soil are important determinants of the fate and effects of the 
introduced microorganism. However, once a larger number of genetically engineered soil 
bacteria have been evaluated in microcosms and released in diverse environments, 
generalizations among release sites might be possible, obviating the need for recalibration 
for each release.  

New approaches  

Bolton et al. (1991b) examined the reproducibility of field and soil microcosm tests, relative 
to the behavior of microorganisms, by comparing microcosms in the laboratory under 
ambient conditions, growth chambers with simulated field temperature fluctuations, field 
lysimeters (encased, intact soil cores replaced in the field), and field plots. All were planted 
with winter wheat and inoculated with a wheat root-inhibiting Pseudomonas sp. Bacterial 
survival varied in the different treatments as a function of time. However, if all were 
examined at the same stage of wheat growth (which occurred at different times in the four 
assays), no significant differences in Pseudomonas sp. populations were observed. This 
observation underscores the importance of calibrating the microcosms with the field 
parameters and indicates that plant growth stage might be a better calibration point than total 
elapsed time. Bolton et al. (1991b) also discovered the necessity of sampling at different 
depths and noted the presence of what is called a container effect, which not only alters root 
growth patterns, and consequently bacterial survival patterns, but possibly contributes to 
enhanced water movement through the confined soil volume.  

Levy and his colleagues(11) have been conducting experiments designed to evaluate the 
survival and dispersal pattern of wild-type and mutant Pseudomonas sp. under field 
conditions and in microcosms maintained in a greenhouse. The microcosm, an intact soil 
core that measures 15 cm diameter x 30 cm, is left in the field for two months to equilibrate 
before being moved to the greenhouse. Simulated rainfall is provided in the greenhouse at 
levels similar to field patterns. Replicated samples are taken from the center of the 
microcosm, where the bacteria are introduced, and at several concentric annull in three 
directions from the center. Samples extracted from the soil surface and at several depths 
provide data on survival and movement in three dimensions (Figure 1). Important in their 
design 1 the inoculation of paired organisms in the same core: the wild-type parent, 
indigenous to the soil, along with its genetically engineered mutant. The relative survival of 
the wild type and mutant is assessed in each microcosm. The fate of the wild-type parent 
acts as an internal standard and allows for the evaluation of the reproducibility of the system. 
Comparisons between field and microcosm data are likely to indicate how well the 
microcosm predicts the survival and movement of the mutant and wild-type pseudomonads 
in the field. The influence of soil water content on the interaction of wild-type and mutant 
strains can also be assessed, as well as any differences in rainfall effects between field and 
microcosm.  

The approaches employed by Bolton et al. (1991a, b) and Levy and his colleagues(12) 
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increase the confidence researchers can have in microcosms as risk-assessment tools, to be 
employed before field release of microorganisms.  

Desirability of standardization  

While the case-by-case approach to risk assessment of genetically engineered 
microorganisms must be maintained, standardization of the types of variables tested and the 
methods used to conduct the experiments is likely to allow data to be shared and compared 
among researchers and regulators. Thus, if microcosms are to be effective tools in assessing 
risks of genetically engineered microorganisms for release into the environment, some form 
of standardization of experimental methods and design would be desirable. Standardization 
would allow data to be mutually acceptable among the OECD countries, possibly obviating 
the need to repeat risk-assessment experiments for genetically engineered microorganisms 
already approved by member countries.  

It would be useful if a set of parameters determined to be salient to the behavior of 
genetically engineered microorganisms were included in all microcosm studies. For Soil-
inhabiting microorganisms the list of key parameters might include:  

* soil type characterization;  

* soil nutrients determination;  

* temperature, pH, water content, and oxygen content;  

* plant presence;  

* rainfall amounts and patterns;  

* toxicants or antibiotics;  

* microbial vectors (macrofauna).  

It is also important to establish a uniform system for measuring survival, competition, 
dispersal, and gene transfer. A set of methodological considerations for standardizing the use 
of microcosms in risk assessment might include:  

* field soil selection;  

* soil microcosm preparation (placement of,soil in microcosm);  

* microcosm soil-sampling techniques;  

* calibration methods;  

* microbial dispersal analysis;  

* gene transfer determination;  
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* assay methods: either plate counting or DNA extraction;  

* watering regime.  

For example, it is known that newly released soil microorganisms are especially subject to 
movement with water compared to established microbes adhering to soil particles(13) (NRC 
1989). Thus, a standardized procedure could be established for providing hydration as a 
variable in all risk assessments using microcosms. Variables such as microcosm size and 
methods of sampling microorganisms could also be standardized.  

Environmental parameters must be accounted for in all experimental designs, but the 
specific environmental conditions are likely to vary according to the characteristics of the 
proposed release site. For example, while rainfall should be included in experiments, the 
amount and timing of rainfall would vary to reflect differences in the environments into 
which the genetically engineered microorganisms are intended for release. While all 
microcosms should use intact soil cores prepared in a uniform manner, the actual soil must 
be characteristic of the site of intended release.  

Microcosms cannot eliminate the need for small-scale field tests, but they can and should be 
used to screen out high-risk releases. If, for example, an organism was tested in a microcosm 
and surprisingly showed the capacity to produce a chemical that was toxic to other soil 
organisms, then its release could be proscribed.  

Thus, microcosms standardized in design and method of application can have several 
benefits for risk assessment of genetically engineered microorganisms. First, if potentially 
dangerous organisms can be screened out before field tests, it is likely to save time and 
money for industry and regulatory agencies. Second, firms could have a set of uniform 
standards and testing protocols that can be adapted to different organisms and different field 
conditions. Third, the public may also gain greater confidence in a regulatory process that 
makes explicit the criteria for the approval of releasing any genetically engineered 
microorganism in the field.  

Conclusions  

Obtaining the most relevant prerelease data on how genetically 
engineered organisms are likely to perform once released into 
the environment is of paramount importance because physical 
containment in the field is unrealistic. Compared to simple 

laboratory assays, microcosm studies can provide more realistic risk-assessment data on the 
genetically engineered organisms' survival, reproductive capacity, competitive ability, and 
effects on nontarget organisms. The added time and costs associated with effective 
microcosm studies are likely to be beneficial if any dangerous releases are avoided.  

We recommend that regulatory authorities require applications for field release of 
genetically engineered microorganisms to include microcosm-generated ecological data. 
Further, it would be desirable for a lead agency like EPA or OECD to convene a workshop 
of experts to determine the extent to which microcosm experimental design can be 
standardized. Making the results of microcosm studies comparable would provide mutually 
acceptable data and would lead to an increase in the applicability of the information obtained 
from each risk assessment.  
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