
��3

Lena	Ma: Environmental phytotechnologies are being applied to various types of con-
taminants: organic contaminants, energetic material (mentioned by Jacqueline Shanks), 
and metals including nickel, cadmium, lead, selenium, arsenic and mercury. Although 
the last three are not really metals, we still refer to them as such. Phytoremediation of all 
three types of contaminants is mostly in the demonstration stage; we don’t have full-scale 
applications yet. There are many aspects to environmental phytotechnologies, of which we 
covered some this morning. One is phytoextraction, which Bruce Ferguson mentioned, 
and I guess everybody knows about the arsenic hyperaccumulator, the Chinese brake fern 
(Pteris	vittata). Over �00 hyperaccumulators have been reported. In addition to phyto-
extraction, Bruce mentioned phytofiltration, for extraction of contaminants from water. 
Then there is phytostabilization, which Scott Merkle touched on—the use of poplar trees 
to control contaminants. Phytovolatilization, also mentioned by Scott, may be applied to 
remediation of mercury and selenium. One of the issues that we are faced with when we 
use phytoremediation is how to deal with biomass. You can’t really recycle arsenic, but you 
can recycle valuable metals such as nickel. Furthermore, a phytomining demonstration 
project is in progress in Canada, using plants to actually mine nickel.

I want to borrow Mr. rodemeyer’s term “speed bumps.” Phytoremediation is a relatively 
new technology and it is not yet well accepted. One “speed bump” is that phytoremediation 
is a slow process. Using plants, you cannot remediate a site overnight or in a few months; 
usually you are talking about 5 to �0 years. We need research to speed up the process. 
Similarly, to demonstrate the efficacy of the technology will take time. And the longer it 
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takes, the more money it costs. You have to show efficacy through many years and that’s 
not an easy job. And the last thing is biomass. In theory you can use the biomass gener-
ated from phytoremediation projects as fuel or to recycle metal. Of course, if it contains 
arsenic or lead it is less valuable. This area of research needs more attention. 

Neal	Stewart: I’d like to mention three things. One deals with phytosensing and the 
second is ecorestoration—a couple of things that we’ve touched on in this session, but 
not really delved into—and I’d like to just fill in a few blanks. And then I’ll talk a little 
bit about regulation.

Phytosensing is actually a word that I made up. The idea is that phytosensors are 
genetically engineered to operate like a check-engine light. We might not know exactly 
what’s there or how much, but we know that something is wrong. That’s the reason to 
pursue phytosensing as a technology. One of the applications is to couple phytosensors 
with phytoremediation. to have the plant tell you where arsenic is or where tNt is and 
then—if you have a sensor that is appropriately designed—as it removes the contaminant 
from the soil, the signal would diminish. A lights-off to lights-on phytosensor would have 
an inducible promoter fused to GFP or a chromo-protein or another fluorescent protein 
or bioluminescence; when you don’t have the contaminant the lights are off and when 
you do have a contaminant, the lights are on. rNA interference, going from a lights-on 
to lights-off situation, will probably work better in the field and we are looking at that 
now.

Another application for phytosensors is in precision agriculture, which Bruce Ferguson 
touched on. You can use the sensor to give you information about what’s going on in a 
farmer’s field, coupled with GPS. In �0 to �0 years, I think this will be a reality.

A third application is agro-security: plants in the field that can report in real time where 
there is a disease outbreak, either due to natural infection or an intentional release.

And then the fourth one, which is what Jacqueline Shanks talked about, applies to 
explosives. She talked mainly about phytoremediation. We are interested in doing in mak-
ing phytosensors that detect explosives, mainly as a means of landmine sensing—using 
genetically engineered plants that indicate where landmines are situated, where the lights 
will go on or will go off, or with a color change in the plant. There are a hundred million 
landmines in the world and there is no good detection technology, so I think that this 
humanitarian application is certainly worth pursuing. 

I’m glad that Scott Merkle mentioned ecorestoration. Let’s say that we could introduce 
a genetically modified chestnut into the field for chestnut-blight resistance. The current 
regulatory paradigm is that gene flow from a GM crop to a wild relative, or from a GM 
crop to its non-transgenic counterpart, is bad. However, this approach would turn that 
whole notion upside down; we would want and expect gene flow. On the other hand 
this may be viewed as ecological disruption. Scott mentioned that one in four trees in 
Appalachia was a chestnut, which grew to large size. With the return of the chestnut, 
some species will be displaced, because their niche will be retaken by the rightful “king.” 
This will be something to think about.

A lot of people have talked about rationalization of regulations. I think that a more 
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descriptive term is “reformation.” We need to totally rebuild regulations in light of what 
we know. We have learned a lot in the past �0 to �0 years. For the near term, we have to 
protect the markets for farmers. That’s certainly key. We have to think about using non-food 
plants as the only way forward in the near term. We have to make sure that these plants 
have obvious and compelling environmental benefits, and also realize that there are costs 
for not adopting a beneficial technology. If we don’t adopt phytoremediation, for example, 
and continue to dig up soil and send it to Utah or Idaho—or wherever it goes—that has 
an environmental cost and is ecologically damaging. For the economists here, we have to 
think about opportunity costs when we talk about adopting or not adopting.

Steve	Rock: I’m not sure everybody noticed, but if you took away the phytoremediation 
part of the three speakers’ presentations you would have seen three different case studies 
of how to get genetically modified plants into the field. Three different field demonstra-
tions and the process of negotiating the regulatory hurdles and testing them out in the 
wild where they are loose and able to walk around and shoot spines at people, if that’s 
what they are going to do. I was privileged to work on a couple of those projects, espe-
cially the Danbury one. Jack Kozuchowski, the city environmental officer wanted to do 
something with this piece of land, but no remediation technologies were available. Jack 
and I talked a lot about toolboxes. Coincidentally, I have an uncle who is Jack and my 
Uncle Jack’s toolbox was an amazing thing for me growing up. He worked at Edwards 
Air Force Base at the time when they were building experimental airplanes. People would 
hand him a set of blueprints and tell him to build it. Before he could build the engine, 
he had to build the tools for it and he had wrenches and screwdrivers that were made for 
a particular bolt. One of the things he taught me was that when the only tool in your 
toolbox is a hammer, everything looks like a nail. It’s critical that you understand what 
you need to accomplish and then build the tools and take the project into the world like 
Bruce Ferguson, Jacqueline Shanks and Scott Merkle and their groups have done.

I sat in on the meetings with the people in Connecticut and the region � regulators 
were very concerned about taking genetically modified cottonwood trees and planting 
them in a public area. One by one their objections were raised and were answered, and 
in a fairly short amount of time we got the plants into the ground. I don’t think we lost 
any growing season to that particular hurdle. There were plenty of other hurdles on that 
project. But enough interest was raised that we got 3 years of funding to keep looking 
at it, to check what is transpiring from the plants and to dig up the soil afterwards and 
analyze effectiveness. So, that is an interesting response to what was said yesterday about 
how hard it is to get field trials done. You all have done it quite nicely. I would also suggest 
that people in this group look at the ItrC model. The Interstate technology regulatory 
Council is a group of state regulatory bodies, approximately forty at this point, that have 
banded together so they don’t have to each approve the use of a technology. When they 
looked at the Edenspace lead-uptake project, for example, and other projects, they were 
able to say that if this works in New Jersey we don’t have to do it again in California and 
Idaho and everywhere else across the country. It saves a tremendous amount of time from 
the company standpoint and also from the regulatory side.
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For those who are wondering what happened to your European colleagues when the 
market moved against them for genetically modified food, they have moved into phy-
toremediation. I just came back from a European Union meeting where a very interesting 
set of people, Cooperation in the Field of Scientific and technical (COSt) research. A 
tremendous number of papers have been written in this group—greenhouse and lab-scale 
stuff at this point. They haven’t figured out how to get outside with it, but a lot of people 
are working on how to get better accumulators, producing genetic maps of accumulators 
so we can transfer elite characteristics to poplars and cottonwoods. No pun intended, 
it’s a great growth market that is much, much less scary to the public, and hence to the 
regulatory bodies, than genetically modified foods.

Scott	Merkle: I’m glad Neal brought up the complexity of what is going to happen with 
chestnut, because discussions are going on now with the American Chestnut Founda-
tion and other groups. Do we really want these trees to be put out to pollinate their 
wild relatives? It seems like a no-brainer; we want the resistance to spread in the natural 
population. At the same time, this is not just a forest tree. It’s a nut-crop tree and will 
again be a nut crop tree and eaten by consumers all over the country. Therefore, it’s a 
complex issue and it won’t be dull when we get to the point of deciding what we’re going 
to do with transgenic chestnuts.

Bruce	Ferguson: In response to Steve’s point about funding in Europe for phytoremedia-
tion, there has been support at a low level in the United States for very ambitious research 
on transgenics including phytoremediation. This reflects a fairly low emphasis on the 
environment in general over the last several years. It’s something we need to keep an eye 
on if we are going to maintain our research lead in this area.

Henry	Miller	(Hoover	Institution,	Stanford,	CA): We heard some really stunning science 
today in various stages of development, but it’s important to keep in mind the public 
policy, particularly regulatory obstacles, that many of these products will confront. For 
example, the chestnut-blight-resistant plants are more stringently regulated by EPA than 
organophosphate pesticides would be because chemical pesticides are subject to a �0-acre 
research exemption whereas recombinant plants of any sort are subject to a zero-acre 
research exemption. So, these products are potentially going to have to be registered as 
pesticides—not trivial and not particularly helpful, I think.

Stewart: I would like to bring up one point—the back-crossing project that Scott Merkle 
alluded to. They’ve crossed American chestnut with Japanese chestnut (Castanea	crenata), 
which is a small tree grown a lot as an ornamental. It’s not like American chestnut. Al-
though in the back-crossing you remove Japanese-chestnut genes, many will remain in 
the America chestnut background. I don’t see the Japanese chestnut as a pest, but the 
greatest ecological damage in my opinion, in the United States and worldwide, has re-
sulted from introducing exotics. Another interesting example is insect-resistant trees. In 
the Appalachians we have a tremendous problem with hemlock woolly adelgid, so we are 
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introducing a biological control agent. That might seem to be innocuous, but it would 
make a lot more sense to put a single gene in for resistance. Yesterday, Henry Miller said 
context, context, context.

Miller: I know, but we’re not talking about sense. We’re talking about government 
regulation. Again we go back to the ice-minus Pseudomonas where a deletion unit of an 
innocuous microorganism was considered to be a pesticide.

Stewart: We agree that we need reformation.

Miller: right, and I agree—but you have to remember there’s no incentive for government 
regulators to alter what they do, particularly if it involves a decrease in their responsibilities 
and their budgets and their empires. The USDA and EPA—look at their Web-sites—have 
created enormous empires for regulating products superior to those that they used to 
regulate with much, much smaller bureaucracies.

Stewart: So, you are saying that it’s not exactly a bump in the road.

Miller: Exactly.

Merkle: Henry, thanks for your comments. We had a meeting � weeks ago, including two 
representatives from APHIS and I was really very taken with their positive attitude about 
wanting to be helpful with the chestnut project. I’m sure we’ll find, people at the EPA who 
will want to work with us on this. I think it will be an interesting situation and I hope we 
will find a way to work together on it. The APHIS people really impressed me.

Robert	Wager	(Malaspina	University,	Naimano,	BC): In British Columbia, we have a huge 
problem with the mountain pine beetle—millions and millions of hectares—and we see 
nothing natural that’s going to knock it down. Is anybody aware of transgenic research 
to deal with that issue specifically?

William	Park: How about Maud?  Maud do you know anything about this?

Maud	Hinchee	(ArborGen,	Summerville,	SC):	I think people in BC are afraid of transgenics 
and are holding back research in that area.

Daniel	McDonald	(Phenotype	Screening	Corporation,	Knoxville,	TN): I am interested in the 
biosensor approach. We are developing artificial soil as growth media and we find with 
Arabidopsis that almost any stress turns it purple. So we use that as an indication that our 
watering is off, or nutrients or lighting or temperature, and it’s been very effective. The 
goal is to keep them green. How specific can you get that? When it turns purple in your 
case, is it due to a particular stressor versus just broadly stressing the plant?
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Ferguson: Our initial results have not been very specific. We usually grow wild-type plants 
with the transformed plants in the same conditions so that we can see if in fact there is a 
differential response, which is the way we calibrate right now. Eventually, tissue specificity 
will be very important—to show a change say in the stems rather than the leaves or produce 
a variegated type of pattern to indicate a difference from the normal stress response.

Stewart: We work a lot with engineers and protonics people who have drummed into our 
heads that when we take something into the field, it must have a unique spectral signa-
ture. That’s going to be the key and it’s one reason why we’ve looked at adding spectral 
properties to plants that are not there naturally.

Kaye	Knowles	(Fort	Valley	State	University,	Fort	Valley,	GA): I am a student and I have a 
question concerning phytoremediation. How do you dispose of the plants that absorb 
these metals? take, for example, the fern. What happens after it absorbs arsenic?

Ferguson: We have looked at various approaches. In the United States, the most common 
is to put the plants in the same landfill as for the untreated soil. The advantage is that a 
lot less mass is transferred because the plants typically concentrate the contaminants. The 
disadvantage is you are still moving contamination from point A to point B and eventu-
ally the people living near point B will object. The more elegant solution is to process the 
biomass to extract the contaminant for reuse. That’s feasible with lead, but less so with 
arsenic, which is in less demand in industry but is still used in gallium arsenide chips and 
to some extent in pesticides. That’s the elegant solution. The Japanese are working with 
us in that area, but it’s more expensive so most of our US customers are less interested. 
It’s almost a variation of phytomining—recovering a valuable resource. It’s still not easy 
to do because the metals are often sequestered in the cell walls. The reason we got into 
the energy side with cellulases was to seek ways of breaking down biomass to extract the 
metals more easily. We hoped to sell some feedstocks for energy on the side and help pay 
for the cleanup process, and then realized that there is a $�00+ billion market for energy 
and there is a $�0 billion dollar market for cleanup, which is fragmented. So we flipped 
it around to look at the energy side first. So this is an active area of research. Customers 
prefer cheap solutions—no surprise—but there are some good long-term paths.  

Ma: One of the disadvantages or “speed bumps” for phytoremediation is how to deal with 
the biomass. Unless we come up with some more cost-effective solution, phytoremedia-
tion may require a few more years of research.

Stewart: A question for Scott. With respect to remediation with merA and merB, the 
mercury will be blown off into the air. Is that a good thing? Do the regulators like that? 
It’s not something you’d want to have in your office, no doubt; what’s the latest skinny 
on that?
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Merkle: Almost every time I give a talk on merA, that question comes up. The mercury 
cycle is similar to the water cycle. There is a global atmospheric pool of mercury vapor, 
comprising many tons. All bacteria in soil and water containing mercury continuously 
generate mercury vapor. You might not want to place your grove of merA cottonwood 
trees next to a kindergarten, but at most sites what these trees would produce would be 
a drop in the bucket compared to what is already being volatilized globally.

Rock:	We are measuring the volatilization at the Danbury plant and we can’t find it. It’s 
not above background—not measurable.

Tingting	Chen	(Tennessee	State	University,	Nashville,	TN): We have heard a lot of about the 
technologies and that they are almost ready or already implemented in food or environ-
mental aspects. About the regulations, can we implement a cost-benefit analysis approach? 
Let’s say the chestnut has been wiped out for the last �00 years and the only way to restore 
it is with genetically engineered plants. Furthermore, insect-resistant plants can now be 
planted. In China, for example, they are significantly reducing insecticide application. 
When I was �3 or �� years old in China, I applied pesticide with no protection at all. In 
that regard, the benefits from transgenic plants will be very, very significant in terms of 
reducing pesticide use. With respect to environmental remediation, the current technology 
is to haul contaminated soils from Connecticut, let’s say, to Utah or North Dakota for 
burial and storage. If you use transgenic plants there might be minor negative aspects, but 
we can tremendously increase the good aspects. Why are a couple of grains of transgenic 
corn in tons of non-transgenic corn considered hazardous to human beings? Implementing 
a cost-benefit approach would help in designing regulations for transgenics.

Park: Thank you very much.
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