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ABSTRACT

Hazard identificatlon and evaluation of dose response and expesure,
the sktandard approach to risk asiessment, take on a new meaning when ane
evalupbtes the risks agzocliated with deliberate release of genetically-
engineered microorganisms {GEMs}. Hazard identification of GEM3 may be
quite compler since dne musl consider not only their potential toxie
effecks on humans and animalzs, but also disruptionz that the introducticn
of rovel GEMs may cause in the ecological equilibrium, Initlally, these
changes might not be az abvlous a3 direct toxic effects. [Unlike with
chemicals, for which the risk assessment scheme wag initially developed,
pxposure to GEM3 does not necessarily decrease with time due te dilution
and degradation. This paper will deseribe conceptual models of risk
agsessment applicable te deliberate release of CEMs.

KEY WORDSE: HRisk assessment, genetlc enginsering, mlieroorganisms,
deliberate release

INTROLUCTION

New genetically-engineered mloroorganisms (GEM3) prowmlse a great
benefit to humenity, yet their use may pose a rlak to public health or
cause etologiecal damage. Thus, the potential adverse affects need to be
reviewed and evaluated.

Application of genetic engineering results in three categories of
products:

(1) Macroscopice plants and apfmals with altered genes, presumably
improved lrom the original speciea; for exsmple, mare pest- and
drought resistant plants, "super® cows. and "super™ sheep.

{2) Products made by GEMa, such as insulin, growth hormons, inkterferon,
various polypeptides, and wvitamina,

(3) & GEM is_itaself a product designed to perform a specific task, and

may be deliberetely released into the environment for the Ffollowing
purpoNsd ;
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{a) Pollution control, such as oil-digesting bacteria: xenoblotics-
digesting bacteria, yeasts and fungi.

(b) Pest control; e.g., Pseudcomonas fluorescens with inserted
genes from Bacillus thuringiensis.

{c) Other uses, such as frost prevention by ice (-) strain of
Pseudomonas syringae, nitrogen fixing bacteria, metal and cil
recovery bacteria,

The data needed to evaluate risks posed by the use of produets of
genetlic engineering are quite different for each category. This paper
will foeus primarily on category 3 because of its potential for the most
irmediate impact (products are aiready waiting for field testing)}, and
potentlially widespread use 1n varicus environments. Since the purpose of
these GEMs 1s to perform their functien in the natural enviromment such as
soil, sewage, plant leaves, and water, a parent organism is generally
gselected that ecan survive well in these media. This is in clear
distinction to microorganisms 1n category 2, which were speeifically
selected to be less able than the wild type to survive outside the
container.

In order to place potential risks posed by a deliberate release of
GEMs in the proper perspective, cne must first address the misconception
that naturally occurring products are safe, and that man-made products are
inherently hazardeus and unsafe. An example of a dangerous natural
produet is aflatoxin a potent hepatotoxin and liver carcinogen. Aflatoxin
is a by product of the metabolism of the mold Aspergillus Plauus which
grows on grains and peanuts. It is, therefore, a natural, but potentially
very hazardous contaminant of grain products and peanut outter. Another
example of naturally occuring hazardous entities is the numerous types of
microerganlsms causing infectious diseases, which certainly present a
human health hazard., Just as naturally cccurring microorganisms are not
necessarily safe, GEMs created using recombinant CNA techniques are not
necessarily more dangerous.

Ancther important fact to consider in risk assessment of a deliberate
release of GEMs 1s that the degree of change in a genome of an organilsm
does not necessarily correlate with physiological properties that this
change 1n genome confers {Sharples, 1983). Slight differences in the
genome can pe associated witn large differences 1n the organlsm's
properties. For example, chestrut-blight fungus (Endothia parasitica) in
Asla co-ex1sts with Asian chestnut and causes no harm, When Asian
chestnut-blight fungus was imported into the United States, however, 1t
destroyed Amerlean chestnut trees, although it is not very different from
the fungus that normally lives cn American chestnuts and causes no harm.

Therefore, in the risk assessment of a deliberate release of GEMs one
should not differentiate between naturally-occurring microorganisms and
genetically-engineered microorganisms, and one should not agsess risks
based on the degree of human intervention used in the modification of the
microorganism. Whenever the release of a large number of microorganisms
inte the environment (both natural and GEMs) 1s contemplated, the risks
should be determined based on a speeific organism. A case-by-case
approach has to be applied because causal relationships between gencme
structure and functional properties are unknown at the presernt time.
Knowing the DNA sequence of a gene does not provide information on how
this gene will funetion in a partiecular cell. Therefore, risk assessment
should be based on functional properties of the micrcorganism, and should
be performed for each microorganism that is going to be released in large
guanticles 1nto Cthe environment,
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Hazard Identification

Figure 1 describes the risk assessment scheme for chemicals. In this
scheme the main components of the assessment are hazard identification,
dose-response determinafion and exposure assessment, leading to the risk
characterization {Ruckelshaus, 1984; 1985)., On the basis of risk
characterization for a particular chemical, cne can then perform
qualitative or quantitative risk assessment. Can one use a similar scheme
for microorganlsms that are golhg Te be released deliberately Lnte the
environment? In the case of chemicals, hazard identification 1s based on
aobserved endpoints (presumably undesirable acute and chronic toxic effects
or cancer); with mieroorganisms, the endpeints are not that clear. In
general, microorganisms can be divided into two categories with respeet to
hazard identification, pathogens and non-pathogens.

In the case of pathogens, a scheme for hazard idemtification can be
constructed somewhat similar to the scheme for chemicals. Minimal
infectious dose (IDS0), analogous to LDS0 for chemicals, is the number of
microcrganisms that would cause infection {by 1ingestion, 1nhalation or
dermal expssure) ig 50% of the tested population. The ingestion IDS0 is
between 10° and 10% for most pathogenic bacteria; 1-10 for virusus and 1-
100 for parasites (Battelile, 1985; Ward and Akin, 1984). Risk
characterization of naturally-cccurring pathogens can be performed
similarly to risk characterization of chemicals by measuring the exposure
levels (1intake through food, air or water), and calculating the likelihood
of 1nfection.

Recently, an attempt has been made to perform a risk assessment for
pathogens that may contaminate various enviraonmental meaia as the result
of sludge disposal (Battelle, 1985). The environmental fate and transport
of various pathogens naturally found 1in sludge are being determined and
combined with known infectivity dose response values, Various options of
sludge disposal are considered (land applicatien, distribution and
marketing, landfill, ocean dumplng), and an attempt 18 made to assess the
risk of pathogens causing diseases resulting from each sludge disposal
option. Such methodology could be applied for risk assessment of GEMs
with known ID50. The transport and fate models have to be developed for
each specific microorganism and the environment into walch this
miercorganism is released.

Most of the newly constructed GEMs, however, are prcbably not
pathogenic in human, amimals, or plants. Therefore, for most GEMs an ID9Q
does not exist, nor does one know which endpoints to observe or even te
expect. Since these GEMs must survive 1n the environment in arder to
perform their task, the guestion te ask 1n the case of a deliberate
release of GEMs into the environmental media 13 not 1f they will survive
(Alexander, 1985), but how long will these microorganisms survive Ln each
particular environment, and what effects on the environment will they have
during their survival. Obviously, the survival of each specific
micrcorganism wWill depend on its interactions with the environment inte
which 1t is released.

Exposure

Figure 2 shows some of the environmental mediz 1nto which GEMs could
possibly be released. Microorganisms that might serve as pesticides, will
be released into soll or onto plant surfaces. Microorganisms for
pollution control will be released into sewage and water (Johnson and
Robinson, 1984) or contaminated soil {(Chosal et al. 1985), Microorganisms
used for o1l recovery or metal recovery will be released intc ore fields
or o1l drills (Moses and Springham, 1982; Curtis, 7983). In additicn,
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pcertain GEMs areé planned ro pe rel@gased on plant surfaces tg preventy frost
{Lindow, 1983).

411 the cited environmental media ipte wnich microorganismz might be
released are already occupled by thelt natural biota. For example, to a
depth of 15 cenkimetsrcs in gnderabe temperatures, a heotare of average
so01l conkains about 2 % 1Q' bacteria, wnich weigh 2.6 metric tons. This
so1l ?lso contains § x 10 ?EGEI weighing approxim%ﬁely 2 metric tons; %
'e 107 actinomyeetes, T x 10" protozea; and 3 x 10'Y algae |Foth,

19641. In total, each hectare of scoil imto which CEMs would be released
already containz about five tons of naturally occuring microorganilsms,
The Interaction of microorganisms already present in tke szal with tne
newly-lntroduced agents will determine their surwiwability and growth., [6
is possiple that )t would be safe to release a certaln limitea numper af
microorganisms, but unsafe to release a larger number (erltical mass).
helease of' a critlcal mass of microorganisms into a specafic environment
oould enable the Introduced microorganisms ko replace kthe natural
paopulations. Therefore, quancitative relations bebtween introduced and
endogenous microorganiisn populatiens should be taken into account because
gealorlcoal effects might depend, to a great axtent, oo the number of
microorganism3 that are incroduces into a unit space.

Jisk Characterization

From the above d.scusslion it 13 clear that numerous factors st be
congidered before ralease of a large number of micrparzanisms inte any
environmental media can be contamplated (Figure 3). Such factors inelude
the physialogical properties of GEs (nutritional reguirements, graowth,
and metabelisml; bthe guantity of GEMs released into a partiollpr
envirenmert; and detalled characteristies of tne environmental media.
This includes physical characterisklss such as soil porosity, structure of
the seil particles, and water content; chemical charaeteriztiecs, sucn as
resenge of mineral and organic materials; and biologieal characteristies
hich depend on the species already scoupylng 2ach medium. Environmentas
interaction wWill b& determined by a combination of these three [aetars.
For exampLe, survival and transport of GEMSs will be aeicrmined by
characteristica of GEMs and the:r interaction with physical and chem:ica.
factors in tae envirebnment, Intra- and interspecies gene transfer will
depend an interacciaon of GEMs w!th biologieal facters. The intepsccion of
GEMa with other zpecies would again depena on biological characteristiscs
of the particular environment, Pobtenbial eaposure of humans, animals and
plants weuad be also determined by these thres factors.

1, aol
2, Sgwags
3. water

4, plant surfaces

5, ore flelds

8. oil drilis

Figure 7. T sironments for deliberate releas.. of

L
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1. GEMs characteristics {nutritional requirements, growth, Survival)

2. Quantity of GEMs released into particular environmental unit

3. Characteristics of the environment:
a. Physical
b. Chemical

c. Biological specles cccupying same space

4. Environmental interaction
a Survival and transport of GEMs
b Irtra and interspecies gene transtfer

c. interaction of GEMs with other species

5. Possible exposures of human, animals and piants

Figure 3. Points to consider



rxamples of GEMs for Delikerate Keleage

Examplas of GEMS intended for deliberate release are listed in
Figure 4. PEseudomonas fluorescens is 5 bacterium that normally lives on
roots of various planks {ineluding corn). This gpecies has besn
geneticalily altered by the introduetion of a gene from Bacillus
thuringlensis, which rendera Pseudamomnasg fluorescens poisonous to soil
parasites suech as cutworms. Baglllus thuringiensis itself is uged as a
~ztural microbial peablcide agalnst mesquito larvae, by spraying it over
ponds which are breeding grounds for mosquitoes (Luthy et al., 1982).
Therefore, plants that contain genetlcally-engineered Paeudomonas
fluorescens on their roots are resistant to attacks from cutworms besause
their roats are polsonous to cutworms. In Ehis erample, the environment
for a deliberate release Is sgll, and obe must determine the fate and
transport of thiz GEM in soil as well as 1ts interaction with the soil's
matural biota. Moreovér, the texic effects of this GEM an other species
waoich might be exposed to scil should be established. If genetically-
engineered Pseudomonas fluprescens has a prolonged survival time in sell,
one woluld also need to congider its envirommental fate and Transpork.
Exigring models for pathogen transport im seil may be useful to follow the
environmental fate and transport of thls GEM (BDM, 1980).

1. Pssudemonas flugrescens with inserted gene from

Bacillua thuringiansis

2. Pseudomonas syringae [lce (-) atrain)

3. Pollution contrnl microorganisms

Figure 4. Examples of GEMs intended for delibnrate release

The second example is genetically-engineered Pseudomonas gyringas,
which nas been obtained from the wild type by deleting the ice aucleation
gene., Thils change iowers the temperature at whivn bthis organism serves as
an ice nucleation center. The bacteria that normally live an plant leaves
are the sourees of ice vuecleation; therefore, the temperaturs at which
these bacteria [reeze determines the temperature atb which leaves Freeze
[Lindow, 1983). In order to assess the risk of a deliberate release of
Pseudomonas ayrirgae. its survival on plant leaves should e considered,
as well as lts fate and Cransport in the environment where LL is
appiied. Also, the possible pathogenic properties of this genetically-
engineered species should be daterminad.

& third example of a poaaible deliberate relgase is pollution-control
ticroorganisms. Many processes in decontamination of toxic wastes might
involve the use of bilolegical agents {Jobnston and Robinson, 1984),
Mieroporganisms are &lready used in sludge treatment and in wastewater
treatmenc plants (Powledge, 1983). Presumably, with the help of genetic
engineering, one can construct microsrganisms that would have specifia
properties far desired pellution control, Such migroorganisms W:11 e
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then released at various contamination sites, which might vary from sewage
and sludge environment to water and contaminated soil {Chakrabarty,

1985). Again, to assess the risk posed by this type of a deliberate
release, first it must be egtablisbed whether these microorganisms are
pathogens and what effect they have on the environment inte which they are
released,

CONCLUSTON

What can be done with the information on micrcorganisms intended for
deliberate release? The final goal should be to develep models for
deliberate release of microorganisms that will accurately predict the fate
and transport of these microcrganisms and thelr public health and
ecological effects. Ideally, a mathematical model that adequately describe
all the environmental factors involved would be developed. The final
output of the series of equaticns would describe the state of the system
(environment) into which the new variable (GEM) is to be introduced. For
example, given the number of GEMs introduced into a particular volume of
soil, sludge, water or surface of plants, one should be able to predict
the subsequent density of these GEMs at any chosen time and space.
Provided that one knows the initial wvalues (distribution and density of
GEMs), and all relevant parameters for the model, this goal is
achievable, The major difficulty lies in finding which equations
adequately describe processes in nature (survival, competition, growth,
transport, gene transfer}, and in testing experimentally the relevant
parameters in these eguations. Because of the diversity of GEMs and the
diversity of environments intc which they will be released, it appears
impossible to construct a generic model that would cover all possible
instances of a deliberate release of GEMs, For example, mathematical
eguations describing the density of GEMs In aquatic environment will
undoubtedly be different {rom the equations applicable to GEMs released
into s0il or onto plant leaves.

Since GEMs are not basically different from natural microorganisms
{except for some special functions), meodels deseribing the fate and
transport of natural microorganisms could be applied to a deliberate
release of GEMs. However, only a few such models exist at present. Most
of the models are designed for very specific purposes that do not take
into account all the factors described in Figure 3. Therefore, new and
more realistic models, requiring a great deal of Interdiseiplinary
knowledge will have to be developed. These medels should be designed
taking into consideration knowledge from various disciplines sueh as
ecology, microbiology, biochemistry, molecular genetics, so0il science,
agriculture and toxicology. Finally, the models should be tested in
simulated real-life situations of deliberate release of miercorganisms.
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