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Proper Protection, [Proceedings of the European Conference on Integrated
Research for Soil and Sediment Protection and Remediation, (EUROSOL),
MECC Maastricht, The Netherlands, 6-12 September 1992] Ed. by H. J. P.
Eijsackers & T. Hamers, pp. 673-676, Kluwer Academic Publishers, Dordrecht.

A. J. M. Baker, S. P. McGrath, C. M. D. Sidoli & R. D. Reeves (1993). The
possibility of in situ heavy metal decontamination of polluted soils using crops
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press).

Conference Papers, Abstracts, etc.:

A. J. M. Baker, R. D. Reeves & S. P. McGrath (1989). Plant accumulators of nickel
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soils? Abstract. Paper delivered to the 7th European Meeting of the
Society for Environmental Geochemistry and Health, Royal Holloway and
Bedford New College, Egham, 11-14 April 1989.
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16 August 1993
15 September 1993
11 October 1993

Radio Interviews (SP Mc¢Gr
9 August 1992

28 August 1992

23 July 1993

10 August 1993

29 August 1993

30 August 1993

20 September 1993

In the pipeline:

h

BBC South East, Look East (at Woburn Flots)
British Satellite News (Rothamsted Greenhouses)

Anglia TV (at Woburn Experimental Plots and
Rothamisted Laboratories)

BBC World Service, Science in Action
BBC World Service, Global Concerns
BBC Greater London Radio, interview
German Radio

BBC World Service

Radio Stoke, Country Programme
BBC Radio 2, John Dunn Show

BBC TV, 'Tomorrow’s World’
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‘Planten reinigén -
verontreinigde grond

teveel in de consumptis-ke-
ten terecht kosoen.”
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gebleken dat ook lage con-
centraties metalen ultislid
al sen negutief offect op hat
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deren door middel van
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IV Interviews (AJM Paker)

May 1992 Calendar News, Yorkshire Television
[Gang Mines, Derbys; Labs. University]

25 June 1993 Newsround, BBC TV
[Gang Mines, Derbys)

Films

15 July 1993 Film Unit, Central Office of Information
[Gang Mines, Derbys; Labs. University]

Radio 1 iews/P

18 May 1593 Radio Sheffield, live

19 May 1993 LBC Newstalk, 18.45, live

19 May 1993 LBC 20.45, hive

4 & 6 June 1993 BBC Radic 4, Natur-al History Programme

7 June 1993 BBC Radio 4, 'You and Yours’

In_the pipeline:

1993 BBC TV, 'Tomorrow’s World’

1993/94 Transatlantic Films. Filming over next two years for

"Plant Hunters’ series on Discovery Channel




Remediation technologies

Various strategies exist worldwide,

althovgh in the UK remediation tech-

nology is a very young industry. Barry

Ellis of Celtic Tehnologies has out-

lined some basic approaches:

@ containment — synthetic liners, N
madified cloy liners, jet grouting, slur-

ry “walls, grouna freezing

@ reduction of contaminant mobility

—- stabilisation and solidification

@ contaminant removal — vacuum -

cxtraction, air stripping

® biological destruction -— land
spreading, composting and treatment
bed destruction

@ physical removal in situ — soil
flushing

® physical removal ex situ — soil
washing

® physical removal on-site — pump
and treat

® high tempersture oxidisation —
thermal processing

It has to be remembered thzt remedi-
ation technologies are developing all
the time and as the market grows the
cost of remediation could fall.
Rothamsted Experimental Station
(part of the Agricultural and Food
Researcl: Council) is ceveloping a low
tech solution based on plants absorbing
heavy metals within one metre of the
1opsoil. Scicntists have had success
with plants from the cabbage family

Pernvises < (alifes !7')m;.»jr-/nnrt
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The Hindu.
September 1992

Decontaminating |

“soil by plants’™

The world's first field experiment to test the |
potential of special plants to decontaminate pct- !
luted land is now under way in the UK, :

A team of screntists at the UK. Agricuftural
end Food Research Council's (AFRC) Rothamst-
ed F.xﬁ:rimental Station at Harpenden, near Lon-
don, has succeeded in deve'oping plenis that
can ggow in soil highly contaminated with heavy
metals. Their experiments indicate that the plants
can absorb the heavy metals from the soil. event.
ually leading to decontamination. It is ikely that
this research will lead to a safe, natural and cost-
eftective method for deating with the problem of
soil contamination, :

Heavy metals such as zinc, cadmium and cop-
per, which are presert in sewage sludge. can

_ have disastrous effects on the soil microbial

population in treated farmiand.
Over the past few years it bas been found that

" even small concentrations of metals from sew-

. limit for this_element in sludge-trested soil. o

cadmiun at 2.4 times the limit, caused complete
death of effective straine of microbe within 18
mﬁhsCog?wuHJtim!helimrtdeaeased
the number of deathe but did not cause completa
elimination, and nickel had no effect. _

Most plants at best can only rg&:wa smali
quantities of toxic metals from soll. the pres-
ent work has given new hope because the team
has found that some specialised plants, known
as hyper-accumulators, can absorb much larger
concentrations of metals.

it has been shown that hyper-accumulators
can absorb 10.000 mg zinc for every one-tenth of
a kilogramme of dry matter, compared to about
30 mg in normal plants. In the case of cadmium,
they can absorb 100 mg per one-tenth of ‘a

* kilogramme of soil compared with the usual one
. milligramme. — LPS ~ | :
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. 'Universiq'smdy finds plants absorb heavy metals |



‘Metal detecting’ wild cabbage
set to clean up pousoned land

~ \,U‘ H‘\ "

W -STT | uncommon species from Bnit-
Martin Welnwright .3+ | ain, Belgium and Greece, Dr
-1‘“»7\“(. ;ﬁo Alan Baker, a senior lecturer in
bbages maY 8600 be  Sheffield's animal and plant
d loyed to mop up Brit- | sciences department, the
ain’s abandoned industrial { two-year experiment had
sites, after the success of an in- | proved a theory developed over
vestigation into their powers of ; 20 years’ study..
absorbing toxic siudge. . Wild cabbages, witlch inc} .de
Scientists from Shefficid Uni- |brassxcss like the favourite
versity and the Govemmenr's ! rockery plant alyssum, have de-
Rothamsted experimental lab- { veloped an ability to adapt to

Coratories have found the plants | poisons in the soil by absorbing
can be more effectivé at ned- | them harmiessly into shoots
tralising metallic poisons than | and tissves. Their appetite ap-
current detoxifying techniques. | pears to extend beyond metails
The successful trials are | to municipal rubbish and con-
likely to see the pale yellow | taminated se s'udge.
blooms of wild cabbage jloin! Dr Baker yesterday: “A
purple buddieia and pink | very small number of species
willow herb as a pary of the | go further and activery seek out
inner city landscape. toxins to take up, possibly as a
There are also hopes that | defence mechanism againct
“cabbage-cleaning” could speed | predators.” These vegeubie
the renaissance of abandoned | mewmidetectors will be at the
sites, in areas from London to | cenre of the projects next
South Yorkshire, where devel ;qﬁ:e
opers have been deterred by he ressarch team is now
problems with cudmium, zinc | hoping to breed the most vora-

cabbage
the European Community and donodormmdswwlyandet-
Du Pont. the U3 chemical firm, | pensively by
have used a range of relatively saturadonwtthﬂm
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Iand development division at

taminated soils.
At Sheffield University's ani-

lhave evolved a natural resis-

fHEMICALS & SPECIALTIES

ITasty toxins tempt green

lants will be genetically
engineered to clean up the
toxic compounds which

cnntaminate large arcas of soil
in industrial countries.

This is the aim of research
rojects being carried out and
uppurted by DuPont.

‘Metal-eating’ plants derived

from rare wild relatives of com-
on or garden plants, such as
abbage, cress, turnip and rag-
eed, will remove poliutants
rom and iestore them to pro-
ductive use.
In DuPont’s central research

Glasgow, Newark, USA, Dr Scott
Cunningham and his colleagues
are two years into a programme
looking particularly at lead-con-

mal and plant sciences depart.
ment in England, Dr Alan
Baker's search for plants which

tance to metals is funded by
DuPont. Dr Baker has been
studving metal resistance in
plants for more than 20 years.
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had been burnt and even old
smelter sites dating from the
American Revolutionary and
Civil Wars.

'Of the plants we have an-
alysed to date, twd have shown
significant abilities to accumu-
late lead: hemp dogbane and
common ragweed,’ he said.

‘Their lead accurnulation abil-
ities are not consistent in every
soil. Most metals - and lead in
particular - have numerous
forms, not all of which are equal-
1y available for plant uptake.

*Our ultimate aim is to clone
genes into the plants.’

The stakes are high: in the US
alone- the estimated cost of
cleaning up hazardous waste is
§762 billion over the next 30
vears. Other parts of the world
have similar problems and there
is even hope of developing
plants which could clean up the
radioactive debris of the Cher-
nobyl nuclear disaster.

It has even been suggested
that bio-mining could get rid of
conventional mining completely

| ‘Some plants actively bijo-
i ) accumulate metals and detoxify
Ml thein internally, he said.

i ‘A considerable percentage of

! the plant’s weight can be made
of metal. Some of the zinc-accu-
mulsting plants are virtually gal-
vanised.'

The brassica family, which
includes the wild cabbage,
radish, shepherd's purse, cress,
oll seed rape and turnip, are par-
ticularly adept at metal accu-
mulation. It is not the familiar
strains which are creating inter-
est, however, but relatively rare
adaptations only found in areas
where metals occur naturally in

the earth.

Dr Baker has travelled the
world in pursuit of these plants
known as ‘hyperaccumulators'.

He found a tree in New Cale-
donia, for example, which had
accumulated 50 much nickej -
up to 25 per cent of the plant’s
latex - that if the bark is cut it
bleeds biue sap.

Dr Baker built up a seed bank
of green metal detectcrs and
tested them on an ideal site at
Woburn in the UK, uiadvertent-
Iy created by an experimental
crop growing project which
ended 30 years ago.

Unknown to those experi-

menters at the time, the treated
sludge they spread annually and

‘We are looking towards
genetically engineering a mode!

ploughed into the soil for 20 plant which will be abie to deal
vears was contaminated. with more than one metal’
The soil, when Dr Baker came  added Dr Baker.

to use it, was a perfect me-
tal cocktail for testing nine

PrC \g acc P
‘Most of the plants are peren-
nials, including relatives of the
popular garden plant alyssom
exclusively found on a few
Greek islands,' said Dr Baker.

‘Such a plant could have the
potential to clean up & site with-
in six to eight years.'

Dr Cunningham’s work for
DuPont concentrates on lead
because the company is com-
mitted to cleaning up sites con-
taminated many years ago when

by planting metal-bearing crops,
harvesting them, and smelting
them Lo recover the metal.

‘The potential uses of plants
which absorb toxins are numer-
ous,’ says Scott, wha is about to
start work with Conoco in Ponca
City to look at plaats which
might clean up oily sludge. A
species of Bermuda grass is
already known to grow on and
help clean up oily sludge.

It is early days yet but hopes
are high that current research

Accumulator plants are normal-  they produced lead-based prod-  will eventually allow scientists
ly best at dealing with one spe-  ucts and explosives. Scott has  to send in the clones and make
cific metal, although most alse  been investigating many old for-  the solution to the major prob-
take up other metals to a lesser mer DuPont sites, as well as  lem of contamincted industrial
degree. land where lead lined buildings land a truly greer one.

... while busy bacteria help clean-up our act

DuPont team has developed tech-

Arlogy that uses natural soil bac-

ria to clean up groundwater and

soil contaminated with chlorinated

hydrocarbons, solving a major environ-
mental and public health challenge.

Chiorinated solvents, also known as
chlorinated hydrocarbons, are one of
the most common pollutants in ground-
water worldwide,

They are often by-products of manu-
facturing operations and are used in
dry-cleaning fluids, metal finishing and
electronic circuit fluids.

For the first time, bioremediation has
removed chiorinated hydrocarbons thor-
oughly enough to meet the stringent
Environmental Protection Agency's
drinking water standards,

The technology involves establishing

an ane2robic - oxygen-free ~ environ-
ment in which naturally occurring bac-
teriz use the contaminants as an oxygen
substitute.

Anaerobic bioremediation is faster
and more cost-effective than other
methods, such as the commonly used
'pump and treat’ technology.

It has previously been used success-
fully to treat gasoline and petrol but
never with chlorinated hydrocarbons,
which are extremely hard to break
down.

The team, which includes Conoco and
DuPont representatives, demonstrated
the technology at DuPont's Victoria,
Texas site and is now testing the
method to determine how broadly this
technology can be applied.

In another development, a fourth 'R’

has been added to DuPont's waste
reduction arsenal.

Reduce, Fleuse and Recycle have been
Jjoined by ‘Rot’, with bacteria and other
micro-organisms being enlisted to help
make sure that an important new
DuPont plant meets environmental tar-
gets.

In DuPont's first large scale waste
composting operation, the natural
process of plant decay will not only help
to treat wastes at the adipic acid plant
in Singapore, but create a product ben-
eficial to the environment.

When the plant starts up in 1994,
organic wastes from the manufacturing
process will be fed to bacteria and other
micro-organisms.

As these organisms feed, grow and
multiply, they'll be periodically removed

and mixed with wood chips to form
compost.

‘We'll speed up the natural compost-
ing process by providing optimal grow-
ing conditions, namely air and water at
the right temperatures,’ explained Deb
Luper of Engineering’s Water and Waste
Management Greup.

Initially, the plan was to burn thc
excess microbes from the waste water
treatment process. It is estimated that
composting will cost several million dol-
lars less than incineration, while creat-
ing a beneficial product.

Once the safety of this is verified by
DuPont, independent researchers and
goverrunent agencies, it will be used to
decrease erosion and promote lush veg-
etation at the sandy Singapore site, and
marketed in neighbouring countries.
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‘Green’ solutions to heav
ke A J M .

Wld relatives of the cabbage could

soon be used to help clean up Britain's
contaminated industrial sites, following the
success of a two-year trial conducted by a
research team headed by Dr Alan Baker in
the Department of Animal and Plant
Sciences.

The project, carried out in collaboration
with Dr Steve McGrath (a former BSc and
PhD graduate of this University) at the
Agriculture and Food Research Council's
Rothamsted Experimental Station in
Hertfordshire, has demonstrated that certain
plants can be effective in removing
potentially toxic heavy metals such as zinc,
cadmium, lead and nickel from polluted
land.

The ‘green remediation’ process they
are developiing could ultimately prove a less
costly altemative to physico-chemical clean-
up techniques currently employed in the
USA and the Netherlands. It would alse
have the advantage of retaining the
biological integrity of the soil rather than
producing a sterile growth medium which
generally results from present treatment
options.

Funded by the EC and the American
chemical firm DuPont, the plant trials have
used a range of relatively uncommon metal-
accumulating species from the UK, Belgium
and Greece. These unusua! plants, with a
capacity to bioaccumulate severa! percent of
metals in their shoots, have been identified
by Dr Baker during research over the last
twenty years, Whilst in the cabbage family,
the nearest domesticated relatives of the
plants being tested are the cresses and the
common rockery plant, alyssum. All are
native to soils naturally rich in heavy metals,
often in areas of major mining operations.

S
y metal polﬁltion

A sattling pond receiving effluents from China's second largest zinc mine at Shaoguan,
Guangdong Province, has been planted with densa stands of the reedmace Typha
(atifolia to remove contaminant heavy metlals from the effluent waters and then
immobilise them in seciments.

Fundamental aspects of the mechanisias
of metal accurnulation by such plants are
currently being investigated by
Dr Baker and his research group. Some of
the plants can scavenge metals from low soil
concentrations, actively accumulating them
in their shoots to similar concentrations as
those found in plants growing naturally on
the most metal-enriched soils. Dr Baker's
group are investigating the possible role that
the accumulated metals may play as a
deterrent to herbivory and in contrch of
pathogens.

Commenting on the project, Dr Baker
said: “We have proof of concept - what we
now need is a major development
programme to breed and improve the most
promising species and to generate sufficient
materials so that this technology can be
tested on a practical scale.”

Another ‘green technology’ project
underway in the Department of Animal anc
Plant Sciernices involves the use of fast-
growing, productive wetland plants - like
the reedmace and common reed - to clean
metal-polluted effluents from mining and
mineral processing works.

Dr Baker and a research student,
Mr Zhihong Ye, are collaborating with
research groups at Baptist Coliege, Hong
Kong, and Zhongshan University,
Guangzhou, PR China, in a project on the ¢
of wetland plaats in metal immobilization it
both natural and constructed wetlands. The
study, using materials from both Europe an
China, aims to elucidate the mechanisms
involved, and to allow selection of
particularly useful strains of wetland plants
for further development.



- "

Liverpool Echo, Tuesday, June 29, 1993 - ":

edmeyoouumenbewup.dﬁed'

Dl’ mMchmofthelmﬁnneofNable
bmpaneseamhinl-ienlocdshimsaysmat
ultimate aim is to remove the metais from the
weeds and it.

And he matitwlubeonlyﬁveyem
before the process is in use. )
Hone G S i oo 2:%392'“"
process: ong @ sewage '

needed nine of weed.

But says Dr. McGrath: “It would be possible §
ngoﬂwocropsayoarﬂvouwm of them £

rplasticgroenhouse
selecting and breeding the most efficient
plantlinescouldspeedupmﬂp'm
~ DENISE CHEVIN}




JUy 1993 _.

WASTES MANAGEMENT
=Northampton-

) '5‘5';-
-

Wild cabbage
and contamination
Wild cabbages may be usedtoclean
up abandoned industrial sites fol-
lowing an investigation into their
avtlity to absorb toxic waste, ac-
cording to a recent veport in The

Guardian. .

Scientists from Sheffield Uni-
versity and the Goverament's
Rothamsted experimental labora-
tories have found the cabbages can
be even more effective at neutral-
ising metallic poisons than current
detoxifying techniques.

The trials kave been furded by
US chemical company Du Pont
and the EC.




The Future Is Now for a
Global-warming Test

" Y ow will plants adapt to the
H greenhouse effect —rising
temperatures and carbon
dioxide levels, the wages of fossil
fuel burning and deforestation? To
study the effects of such climate
change, British scientists quite
sensibly are using greenhouses—
cight very sophisticated greenhouses
(colored by creative photography)
called Solardomes.
Built on the coast of Wales by
the Institute of Terrestrial Ecology,
the domes create conditions pre-
dicted for the late 21st century.
Theix air contains twice today's car-
bon dioxide and is 5.4°F warmer
than outside air. Growing in the
domes, grasses and small oaks and

an advantage by storing them in
their leaves too. That way they may
avoid being eaten by bugs or infect-
¢d by a fungus.” I{ the researchers
can increase a weed’s lead intake to
one percent of its mass, the plants
could be cut, dried, ana burned to
reclaim and recycle the lead.

Tiny Desert Fox Must
Be Wily to Survive

l ife presents a host of hazards for
the ¢at-size San Joaquin kit
fox. Of this endangered sub-

species only about 5,000 remain.

Their southern California neighbors

SAXEA/MOORE, KATT PICTURES

sycamores are measured by scien-
tists, who also monitor caterpillars
and aphids that feed on the vegeta-
tion. “Some plaats may adapt by
growing quicker and bigger. Others
may slow down,” says project leader
Trevor Ashenden.

Contaminated Soil: Can
Plants Get the Lead Out?

or 30 years an E. 1. du Pont de
F Nemours & Co. plant in
Decpwater, New Jersey,
made tetracthyl lead, a gasoline
additive that was phased out in the
1980s. High concentr. tions of lead
now contaminate 25 acres. Yetin
this wasteland, two weeds—com-
mon ragweed and hemp dogbane —
not only grow but thrive, even as
lead accumulates in their tissues. So
company research-
ers (left, from left  include coyotes and golden eagles,
to right) Scott Cun- which prey on them. A builying out-
ningham, Steve sider, the red fox, is invading their
Germani, and Bill  territory. Agriculture has gobbled
Berti have planted  up more than 90 percent of the kit
more of the weeds  foxes’ former range, virtually re-
tosee if thiez and  stricting them to the Carrizo Plain,
other plants can a 400-square-mile basin of grass-
draw significant land and scrub. And that shrunken
amounts of heavy  habitat can be seared by drought.
metals from con- But the foxes have friends. The
taminated soils,a  Nature Conservancy has bought a
technique called 23,000-acre ranch, expanding the
plant remedidtion.  Carrizo Plain Natural Area to
“All plantsktore 200,000 acres, which the group

some metals in manages in cooperation with the
their roots,” says state and the U. S. Bureau of
Scott, “but a few Land Management.

have likely gained ~Joun L. Euiot

3
YULPES MACROTIS MUTICA, B, ~MCOSK" PETERSON

MARTY RATZ

National Geographic, August 1993
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Metallfressende Pfianzen entgiften Béden

~Hyperakkumulatoren“ nehmen groB8e Mengen an Scnwermetallen auf / Riickgewlnnuhg

LONDON. (dpa) Mctallifressende
Pflanzen gedeihen auf einem Feld
des Instilutes fiir Ackerbau und Ge-
treidekunde in Rothamsted bei
London.,

wHyperakkumulatoren*® hat sie der
Biologie-Professor Steve McGrath
wegen ihrer metalispeichernden Ei-
genschaften getauft. Hunderte von
Sorten gibt es, unter ihnen das Alpi-

ne Pfennigkraut und verschiedene
Kohlaerten. Nicht in Promille, son-
dern in Prozenten ihres Eigenge-
wichtes ziehen sie Schwermetalle
aus dem Boden und speichern sie, so
McGrath. Er hofft, da8 sich nach der
Emte aus der Pflanzenasche, die zu
20 Prozent aus Metalloxiden besteht,;
Metalle wiedergewinnen lassen.
Erste Versuchsergebnisse stim-

men ihn sehr, sehr optimistisch*:
Schon nach zehn Emten habe sich
der Anteil an Schwermetallen in ei-
ner Industriebrache auf landwirt-
schaftlich akzeptable Werte gesenkt.
Der Boden war mit Kupfer, Cad-
mium, Nickel, Chrom und Blei ver-
seucht gewesen. Eine besondere
Vorliebe haben die Pfliinzchen fir
Cadmium und Zink entwickelt.
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Pflanzen zichen
Zink und Blei aus
verseuchten Boden

dpa/ok London - Metallfressen-
de Pflanzen gedeihen auf einem
Feld des instituts fiir Ackerbau
und Getreidekunde in Rotham-
sted bei London. ,Hyperakku-
mulatoren® hat sie der Biologie-
professor Steve McGrath wegen
ihrer metallspeichernden Eigen-
schaften getauft: Hunderte von
Sorten, darunter das Alpine
Pfennigkraut und verschiedene
Kohlarten. In Prozenten ihres
Ei%engewichtes, so McGraih,
ziehen sie Schwermetalle aus
dem Boden und speichiern sie
zum groBten Teil in ihren Dliit-
tern. Er hofft, daB sich nach der
Ermte aus der Pflanzenasche, die
zu 20 Prozent aus Metalloxiden
besteht, Metalle wiedergewin-
nen lassen.

chsergebni
stimmen ihn  sehr, sehr optimi-

metallen in einer Industriebra-
che auf landwirtscheftlich ak-
zeptable Werte gesenkt. Der Bo-
den war mit Kupfer, Cadmium,
Nickel, Chrom und Blei ver-
seucht gewesen. Eine besondere

" Vorliebe haben die Pflanzen far

Cadmium und Zink entwickelt
»Zink kann ich ihnen auf unse-
rem Boden aber leider nicht an-
histen*, bedauert McGrath.

Welcher biologischen Eigen-
art die Hype mulatoren*
ihren Hunger auf Metall verdan-
ken, wissen die Forscher noch
nicht. DaB sie es tun, ist aber als
botanische Kutjositdt seit lan-
ﬁem bekannt. Metallophythen

eifen diese Pflanzen. Sie wach-
sen meist auf Schutthalden von
Bergwerken. Zum Beispiel das
Zloralpeil-}rl:ellerkraut ('I'h]l?rse];)i

pestre). Es bevorzugt zinkrei-
che Standorte. Mit 100 Mill-
gramm Z:ink pro Liter gedeiht es
normal, mit 500 bliiht es. Andere
Wﬁ‘n kbnnﬁn ggxﬂh diesem
Zinkgehalt nicht ihen, so
muB das Kraut ke‘me Konkur-
renz fiirchten. Moglicherweise
dient das aufgenommene Metall
auch dem Selbstschutz, indem
es Tieren den Appetit verdirbt.

Erst einmal konventionel
durch Auslese und Zucht, wil
McGrath die metalifresacnden

nehmigungsverfahren

-, dann midBte’ gichergestellt
werden, daB sich die metallfres.
senden Pflanzen uicht unkon-
uolliert vermehren. Eine Sa-
menmischung geger Schwer-
metslle mifte sich in ihrem Ap-
petit auf metallische Baden be-
schrinken.
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‘Clean-up crops|

tested for work
on toxm smls

. PLANTb'MchhhuptoxL

metsals as nutrients could be
used to clean contaminated
sofls. The crop would then be
hnvemdandmehlmmd
for recycling. -
Mmmuo&ttho(
the Agricaltural and Food
RmchOmdl

His research team has tested
a number of plants for zine
uptake on’ soiis polluted by
heavy metals from  London
sewage over 20 years.

The most efficient plant,

Existing methods of physical
and chemical treatment to
remove . soil pollution are
expensive and also alter the
soil .  striucture, _leaving it
unsuitable for cultivation.

Using green remediation
techniques, a hectare of con-
taminated soil could be cleaned
up for £5,000, leaving it fertile,
whereas conventional treat-
ment by vitrification costs
£18,000 per hectare.

At preseni the potential of
the technique is limited by the
productivity of the plants. frof

Mecnth suggests that phntl_
could be genetically engineered
to speed up the rate of remedi-
ation and to improve the
plants’ take-up of toxic metals
to levels where - the metals
could be harvested economi-

cally.

.Du Pont, the intermational
chemical company, is inter-
ested in using the technique to
clean up lead contamination

rol additive tetra ethyl lead

‘was produced, and a smelting

company plans a test tn pro-
duce pure metals nom har-
vested material.

Plants which hnvethubmty
to handle toxic metals are
scarce and need to be pro-
tected, Prof McGrath said.

One of th: chumpion natural
accumulators is Sebertia acu-
minata, a tree that lives on
nickel-rich soils. “An obvious
application would be to ‘tap’
such trees for npickel, in an
analogous way to ‘that for
rubber.” Prof McGrath said
green remediation could be
combined with bioremediation,
the technique in which bac-
teria are used to break down
organic pollutants such as pes-
ticiaesto produce a one-stage
clean-up.

He said he would 2lso like to
study plants in areas where
there is a high leve] of radicac-
tivity, to see if they accumu-
lated radioactive materials,




The Guardian, Tuesday August 31, 1993

: Cabb e ‘kmg in
| tacklnjj’g poisons

PR wa 'v.’

~ So. far, out cf 000
. ﬂowerlnc phnts. sclcntists
. { have M::rd aearly’ 100

“which seem hlwuuppedu
fior toxic metals,

. glh:hh-not immune, Profossor | or
tephen “McGnth told the
s meeting.

But a renge of weeds and
.{crops has been found -
flourishes on
zinc, cadmiam and
. Professor - McGrath, of the

Rothamsted Experimental | -
Station, said that within five }
years a plant could be grown

techniq seek a
within the Thlaspi famnily
which would perform even bet:

ter, especially if encouraged by
minium cans are recycled manure.




~ I
. l

The Independent, Tuesday August 31, 1993

pumagomgtodo[if]youhmt
gene that meats you sren't going
10 §6¢ YOUr MOTIEAZE EXPCCAncY
through?”’

Professor Evans said there was
an urgent need for a debate on
the cthical aad social conse-
quences of an increased lifespan.
“It is timely to think sbout it 50
that we don’t get taken by sur-
prise if scientific dreams become

lul“y »

tive of al7ssum, an tlpine penny
cress and northern rock cress —
had an unusu:lly large eqnclty
for storing metals.

He is confident that the work,
funded in part by the US Army,
should produce a vhesper way to .
deal with polluted land than llly
of today’s appioaches.




Daliy Telegraph, 4th Gctober 1993

It’g cleaner by cabbage

PLANTS from the cabbage

family could clean land con-,
taminated with toxic wastes,

says Prof Stephen McGrath

of the -Rothamsted Experi-

mental Station, Harpendén.
- The - plants -have proved
' pmmxSmg at removmg zmc,

cadmium and nickel! T¥ials

have been funded by the EC,

Leverhulme Trust znd the

-US army to decontaminate a
. field treated with 'metal-con-

taminated sludge. The. meth-
od could take. another five
years to devglpp‘;-f-?‘_"} - RH
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Plants could clean
contaminated land

Land contaminated with heavy mictals could be

cieaned by plants whuch extract the contaminans
and store them in their above ground portions.
according to 2 paper presenied at the Hritish
Assaciation for the Advancement of Scicnce conference
0 August. |
Steven McGrath, from the AFRC fnsttute of Arable
Creops Rescarch at Haependen, said a aumber of planes
acted an "hyper accunmulators’. with leaves containing
high concentrations of aicials such as cadmium.
copper, lead, aickel and zinc
Plants growing on 1 contaminated site could be
crapped, and the metal-eariched biomass cither
dispused as 12ndfill or reduced 1o ash. which could
allow metals to be recovered and recvcled

Professor McGrath said the “green remediauon’ of
contaminated sites would leave soil in hetter condition
than other clcan-up techniques. such as acid-leaching.
clectro-osmosis, or vitrification, which remove all
hiological activity and affect the sail structuee

Species of ptants which act as hvpee accumulators vary
from herbacecous plants (o trees. The fitex of one trec,
Sebertia acuminata from New Caledonia, containy
aiore than {1 per cent aickel. which could posibly be
‘tapped’. as other trees are for cubher

An cxperiment wis careied out on a ficld where menat-
contaminated studge from London hud been applied for
20) years. Ten specics were grown o test their ability
to remove metals, one of which, Thlaspi caerulescens,
reduced the amount of zinc in the soil 10 an acceprable
tevel after just nine croppings. Alyssum lenium would
remove the same amount of zine afier 88 croppings.
and vilseed rape. by contrast. srould require 832
croppings.

Professor McGrath pointed out that hvper accumulator
plants are celatively rare. and often grow in cemote
areas. Some of the plants are hard o crop. and new
machinery may have to be developed to cope with
low-growing or shuet-lived species

‘We look forward to seeing contaminated and
dhandoned sites “growing clean’ with a cover of vellow
and white Qowers of hyper accumulator plant’

More cescarch needs (o he done o identify other
suitable specics. and to tind wavs ol increasing their
elficieacy as accumutators. he added.

Capies uf Plants clean ufr soils can e ohiained from
Professor Steven MeGrath, soil Science Department.,
Rathamsted Experimental Station. Harpenden.
Hertfordshire ALS 21Q

@ Bownists ae Cambrdge University are breeding 3
varicty of ¢dm which has greater cosistance 0 Duieh
clar discase than the ordinaey el and whaeh couald be
used 1o eeplant arcas desond of the tree fas aure than
Ul vears About 200 saplings of (he smoath-leaved cdm

are being planted araund Cambridgeshice as 1 pilot
sty
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Features

PLANTS CAN CLEAN UP CONTAMINATED SOILS

M 3, Gl oy

LWl Pladd an ol ol e aion
T L Gabs USas g o Lese
o dae dn ol cgilasl Cae il
‘__,:Jl SULY e ol o Al Sy
o S st oSy iR Wk

LBl Leyier o ool
S cicntists believe that plants may solve

the problem of decontaminating
polluted soils following their discovery

that a small but growing number are
capable of accumulating very high con-
centrations of metals in their stemns and
leaves, and more tan 70 species are now
known to be what are classified as
hyperaccumulators.

At present there ate no techniquszs for
sucL a clean-up which is low cost and
retains soil fertility after the metals
contamination has been removed. Hyper-
accurnulator plants are still relatively rare,

and found only in remote areas
an urgent need to collect ar
them, and to establish a

facility for their large-scale pr:

For further informavion, please
Stephen McGraph, AFRC !
Arable Crops, Rothamsted E
Station, Harpenden, Herts AL
44-582 763133; Fax: 44-582 T
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Pflanzen zur Entgiftung
kontaminierter Boden

(BN) Nachdem Wissenschaftler ent-
deckt haben, dass einige Pflanzenar-
ten in der Lage sind, sehr hohe Kon-
zentrationen von Metallen in ihren
Stielen und Blattern zu speichern, ha-
ben sie die Ansicht geGussert, dass
Pflanzen vielleicht zur L8sung des
Problems kontaminierter Boden bei-
tragen kénnten. ’
Uber 70 Arten sind bisher bekannt
und werden als sogenannte «Hyper-
akkumulatorens  bezeichnei. Die
Pflanzen, unter denen krautartige bis
hin zu B&umen vertreten sind, enthal-
ten das 100- bis 1000fache der Gbli-
chen Metallkonzentration in ihren
oberirdischen Sprossen.

Dr. Steven McGraph vom /Institute of
Arable Crops Research in Harpenden
bei London sagte kirzlich auf einer
Konferenz, dass die Entdeckung von
immer mehr Hyperakkumulatoren die
Perspektive erdffnet habe, kontami-
nierte Boden und Industriebrachen
mit einem Teppich weiss- und gelbbli-
hender Hyperakkumulator-Pflanzen
zv reinigen. Gegenwidrtig gibt es kein
Reinigungsverfahren, das kostengiin-
stig ist und die Bodenfertilitdt nach
:elseitigung der Metallbelastung er-
alt. :

Als ein Beispiel eines solchen Hyper-
akkumulators nannte Dr. McGraph
die Sebertia acuminata, die auf
nickel- und chromreichen Bsden in
Neukaledonien heimisch ist. Der La-
tex dieses Baumes enthélt Gber 11%
Nickel und ist daher blGulich geférbt.
Laut Dr. McGraph wdére es nur lo-
gisch, solche Bdume analog zur
Gummigewinnung zur Gewinnung
von Nickel anzuzapfen.

Mit finanzieller Unterstitzung der
Europdischen Union, des Leverhume
Trust und der US-Armee haben Wis-
senschaftler aus Grossbritannien und
Neuseeland Feldversuche auf einem
Boden durchgefihrt, auf den 20 Jah-
re lang schwermetalibelasteter
Schlamm cutgetragen worden war.
Darauf wuiden zehn Pflanzenarten
ausgepflanzt und auf ihre Fahigkeit
untersucht, Schwermetalle avfzuneh-
men.-

Dr. McGraph sagte zu den Ergebnis-
sen: «Diese Methode zeigt vielver-
sprechende Ansdtze zur Reinigung
einer missig belasteten Industriebra-
cho, wenn man fir die Reinigung eini-
ge Jahre Zeit hat. In Zukunft kann

man vielleicht eine Mischung ver-

LU 1L 4L W, TOR VO 1L L2 Y

schiedener Arten auspflanzen, statt
der in unseren Versucken gepflanzten
Monokulturen, um dem Boden dort,
wo es sich um die Ubliche Mehrfach-
verschmutzung handelt, mehrere Me-
talle gleichzeitig zu entziehen.»

Da Hyperakkumulatoren nech ver-
héltnisméssig snbekanni sind und bis-
her nur in abgelegenen Gebieten ge-
funden wurden, siee\ht Dr. McGragh
dis Notwendigkeit, sie zundchst zu
identifizieren und zu kultivieren und
eine Ksimplasma-Einrichtung fir ihre
Zucht zu griinden. In der Zukunft kén-
ne man versuchen, die metallspei-
chernden Eigenschaften mit Hiife der
Gentechnik zu opfimieren, wenn die
for die Metallansammiung zustdndi-
gen Gene identifiziert seisn. Dann
bestehe die Mbglichkeit, die entspre-
chenden Gene auf leistungsfihige,
aber ungeniessbare Wirtspfianzen
zu bertragen. '

Dr. Staven McGraph

Institute of Arable Crops Research
Experimental Siation

Harpenden, Harts

England Al 5 2JQ

Tel.: 0044-582-763133

Fax: 0044-.582-7609}81

WASSER BODEN tUFT UMWELTSCHUTX 3/94 11|




INTERNATIONAL PRESS-CUTTING BUREAL
224-236 Walworth Road.

"

London SEI7 IJE

Extract from

Farmers Weekly - Londan

25( 3%

ARIA MEETING

Sewage sludge cleansed

Malntamu.g sonl quahty gave
delegates at last week's
meeting of the Arable
Research Institute
Association plenty to talk
about. Andrew Blake reports

FARMERS on land poliuted by
heavy metals, perhaps from
sewage sludge, could eventually be
able to clean it up by growing spe-
cial erops.

Accordin, . ‘rofessor Steve
McGrath ' Rothamsted
Experimental . :ion, it might
even be possibl secover valu-
able metals by piouessing the har-
vested plants,

He points out that the amount
of sewage sludge dest od to end
up on farms after 15 ., when it
may no longer be dumped at sea
legally, is likely, to ~  “la.

Control of indus.ial effluents
has helped reduce the amount of
heavy metals like zinc, cadmium
and lead in sludges. But much
comes from domestic sources.
Increased recycling of municipal
'wastes and the use of composts is
likely to add to the burden.

Unlike nitrogen, such metals
leach only very slowly, says Prof
McGrath. Field tests in 1985

Any heavy metal build-up followmi
blants which concentrate the met

showed that more than 80% of the
zinc, cadmium, copper, nickel,
chromium and lead applied
between 1942 and 1961 remains in
the cultivated layer. “They are
very persistent and stay in the top-
30il.” Normal cropping might take
2000 year: to remove them.
Long-term trials have proved
they could harm nitrogen-fixing
bacteria associated with white
clev 1, he explains. The possibility

sewage sludge apphcatwn could be rectxﬁed using 'hypemccumulator"
in their tissues. Oflake may be 300 times hxgher than normal cmppmg

that other soil micro-organisms

could similarly be affected meritsa-

cautious approach.

A recent government review on
the use of sewage sludge recom-
mended that the legal limits be
tightened. The justification for set-
ting different levels according to
soil pH is also due for a rethink.

A more radical way forward is
the use of so-called “hyper-accu-
mulators”. These are plants which

are unusually efficient at concen
trating heavy metals in their tops.

In what Prof McGrath believe.
is the world’s first field experimen
to test the idea, researchers a
‘Woburn have "discovered som:
species could absorb up to 30,00¢
parts per million of zine but sta:
healthy. “A normal plant or
healthy soil would have abou
30ppm, and on polluted soi
300ppm.”

—
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Kontaminierte Boden mit Pflanzen

entgiften

Verschiedene Pflanxemarten lassen
sich sar Dekontamination von BS-
deacinsetzen, die mit Metallenbela-
stet sind. Englische Wisseaschaftler
fanden hersus, daf bestimmie
Pflanten in der Lage sind, sehr hohe
Konzeatrationea von Metallen in th-
rea Stielen und Rlittern zn spel-
chern. Uber 70 Arten mit entspre-
chenden Eigenschaften sind bis-
her bekannt und werden tls soge-
nannte .Hyperakkumulatoren® be-
zeichnet. Die Pflanzen, unter de-
nen krautartige bis hin zu Biumen
vertreten sind, enthalten da:, 100-
bis 1000-fache der iiblichen Metall-
konzentration in ihren oberirdi-
schen Trieben.

Dr. Steven McGraph vom Insti-
tute of Arable Crops Research in
Harpenden bei London stellte
kiirzlich auf einer Konferenz fest,
dafl die Entdeckung von immer
mehr Hyperakkumulatoren die
Perspektive erdffnet habe, konta-
minierte Boden und Industriebra-
chen mit einem Teppich weif- und
gelbblithender Hyperakkumulator-
Pflanzen zu reinigen. Gegenw irtig
8lbe es kein Reinigungsverfahren,
das dhnlich kostengiinstig ist und
die Bodenfertilitit nach Beseiti-
gung der Metallbelastung erhilt.
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Als ein Beispiel eines solchen Hy-
perakkumulators nannte McGraph
die Sebertia acuminata, die auf nik-
kel- und chromreichen B&den in
Neukaledonier. heimisch ist. Der
Latex dieses Baumes enthiilt iber
11% Nickel und ist daher bliulich
geflirbt. Laut McGraph wiire es nur
logisch, solche Biume analog zur
Gummigewinnung zur Gewinnung
von Nickel anzuzapfen. ,

Mit finanzieller Unterstiltzung
der Europiiischen Union, des Le-
verhume Trust und der US-Armee
haben Wissenschaftler aus Grof-
britannien und Neuseeland Feld-
versuche auf einem Boden durch-
gefiihrt, auf den 20 Jahre lang
schwermetallbelasteter Schlamm
aufgetragen worden war. Darauf
wurden zehn Pflanzenarten ausge-
pflanzt und auf ihre Fihigkeit un-
wersucht, Schwermetaile aufzurieh-
men.

Der Wissenschaftler zu den Er-
gebnissen: ,Ciese Methode zeigt
vielversprechende Ansiitze zur
Reinigung einer miRig belasteter
Industriebrache, wenn man fiir die
Reinigung einige Jahre Zeit hat. In
Zukunft kann man vielleicht eine
Mischung verschiedener Arten

‘auspflanzen statt der in unseren
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Acht verschiedens Arten Hyperakkvmulatoren werden versechsweise ouf

kontaminierten Bodenparzellen angepfiantt.

Versuchen gepflanzten Monokultu-
ren, um dem Boden dort, wo es
sich um die iibliche Mehrfachver-
schmutzunrg handelt, mehrere Me-
talle gleichzeitig zu entziehen."
Da Hyperakkumulatoren noch
verhiltnismigig unbekannt sind
und bisher nur in abgelegenen Ge-
bieten gefunden wurdea, sieht der
englische Wisser.schaftler die Not-
wendigkeit, sie zuafichst zu identi-
fizieren und zu kultivieren und
eine Keimplasma-Einrichtung fiir
ihre Zucht zu griinden. In der Zu-
kunft kénne man versuchen, die

metallspeichernden  Eigenschaf-
ten mit Hilfe der Gentechnik zu op-
timieren, wenn die fiir die Metall-
ansammiung zustindigen Gene
identifiziert seien. Dann bestehe
die Mbglichkeit, die entsprechen-
den Gene auf leistungsfiihige, aber
ungenieBbare Wirtspflanzen zu
ilbertraggn.




