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ABSTRACT

Seshania drummondii is aleguminous plant commonly found in the southeastern United States. Our
studies have shown that seedlings of Sesbania drummondii can hyperaccumulate lead (Pb) in a controlled
hydroponic environment. The addition of achelating compound (EDTA) further increases the amount of Pb
that a seedling can accumulate. Pb-treated seedlings were analyzed with scanning and transmission electron
microscopes equipped with energy dispersive X-ray spectrometers. Pb deposits were observed in concentric
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rings around the stele and on sub-epidermal cortical cells, and on the surface of the epidermis. The lead
appeared to be localized within and on the cell wall. Phosphorus was present whenever |ead was detected,

suggesting the lead precipitated as a lead phosphate.
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INTRODUCTION

Over thepast century, mining, manufactur-
ing, and many other industria processeshaveal
been mgjor contributorsto extensive soil
pollution (Cunninghamet ., 1995). Asa
result, thereisan extremeinterest burgeoningin
theindustry tofind acost-effective method of
remediating these contaminated soils. Among
theforefront intechnol ogiesbeing examinedis
phytoremediation. Phytoremediationistheuse
of plantsto removeor stabilizeaharmful
contaminant intheenvironment. Current
research, such asthework done by Blaylock et
al. in 1997, showsthat some plants can accu-
mulate highlevelsof normally toxic metasin
their tissuesand till survive. Harvest of these
plantsthen providesameansof removing the
metal sfrom theenvironment.

Inthiswork, we sought to evaluate
whether Sesbania drummondii would be
suitablefor usein the phytoremediation of lead
(Pb). Wechose S. drummondii becauseitisa

relatively large plant found growing naturaly on
asite contaminated with Pb, aong with other
inorganic and organic contaminants.

For Sesbaniato beuseful in
phytoremediation, it must not only accumulate
largeamountsof Pbfrom soil, but also trando-
catethe Pbto aerial partsfor harvest. Pb,
however, isnot very solublein soil, and translo-
catespoorly from rootsto shoots (Huang et a.,
1997). Oneway toincrease Pb solubility isto
lower the pH. Decreasing the soil pH hasaso
been shown to increase the amount of metal
that aplant can accumulate (Huang et d.,
1997). Alternatively, chelating agentssuch as
EDTA havethepotential toincreasethe
bioavailability of metal inthesoil solutionand
may increasethe amount of metal accumulated
inplant tissue (Huang et al., 1997).

Although our ultimategod isto determine
if Sesbania can remove Pb from soil at con-
taminated Sites, we have begun by evauating
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theability of Seshania seedlingsto accumulate
Pb from solutions. Herewe show that

Sesbania seedlings do accumulate Pb, that Pb
depositsformwithinthecell wallsof these
plants, and that ametal ion chelator canincrease
the uptake of Pb by the seedlings.

MATERIALSAND METHODS
Germination of Sesbania drummondii
Seedlings

Seedswerefirst scarifiedin 85% sulfuric
acidfor 15 minutesand washed under running
tap water for 30 minutes. Seedswerethen
surface sterilized by treatment with 0.2%
mercuric chloride, followed by two digtilled
water rinses. Thesurface-sterilized seedswere
asepticaly placedin 1.5% water agar, sixtoa
petri dish, and allowed to germinatefor one
week in anight/day incubator at 25° C. Seed-
lingswerethen transferred to solutions of
modified Hoaglandsmedium containing various
concentrationsof Pp.

Solution Preparation

Modified Hoaglands medium/Pb solutions
were produced by adding up to 1000mg/L Pb
aslead nitrate (Sigma), and then adjusting the
pH to 5.8 with 1M HCI. EDTA wasaddedto
solutionsafter Pb additions, and thepH was
adjusted to 6.8to completely dissolvethe EDTA.

Concentration of Pb in Seedlings
Seedlingswere placed into tubes contain-
ing their respective concentrationsof Pb. They
werethen permitted to grow for aperiod of two
weeksin anight/day incubator at 25°C. Seed-
lingswere harvested by washing with distilled
water and then stored in-20°C freezer until
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analysis. Analysisof metalswas performed
using inductively coupled spectrophotom-
etry (ICP).

Transmission Electron Microscopy (TEM)/
Scanning Electron Microscopy (SEM)

Samplesof Sesbaniawerefixed using
glutaraldehydefollowed by osmiumtetroxidefor
the TEM work. For the SEM work, samples
werequick-frozeninliquid nitrogen dush, then
freeze-dried under vacuum. Pbinsampleswas
identified usng energy-dispersveX-ray andyss.

RESULTS/DISCUSSION

Sesbania drummondii seedlingswere
ableto accumulate significant amounts of Pb
under hydroponic conditions. After five days
of treatment with 1000 mg/L Pb(NO,), at
pH 5.8, Pb levelsin theroot tissue of seed-
lings amounted to more than 7.2% Pb per
gdw of tissue.

Asexpected, decreasing the pH increased
theseedlings’ ability to accumulate Po per gdw.
However, at lower pHs, plantsexhibited signs
of stress, including stunted growth and chlorotic
leaves. Theoptimum pH of the solutions
appeared to be 5.8.

Most of the Pb accumulated by the
seedlingsremainedintheroots. Usingthe
SEM, Pb depositswere observed toform
concentricringsin theroot; they formed around
thestele, inthe cortex beneath the epidermis,
and ontheroot epidermal surface. Outside of
theroot, significant depositswere only observed
inthelower stem, wherethey were present on
pith parenchymacells. The TEM wasused to
determinethe exact location of depositswithin
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cells. Inbothroot and stem cells, depositswere
clearly located withinthecell wall. Using
energy dispersive X-ray spectrometry, these
depositswere found to contain phosphorous
aswell as Pb, suggesting that the Pb precipi-
tated as aphosphate.

Theaddition of achelator, EDTA, was
investigated asameansof increasing total Pb
accumulationin seedlings. Thepresenceof
small amountsof EDTA was capableof increas-
ing theamount of Pb that the seedlings could
accumulate. Thegreatest increase occurred
with 100 mmol EDTA, which led to the accu-
mulation of 16% more Pb than in the absence
of EDTA.

CONCLUSION

Sesbania drummondii isableto tolerate,
accumul ate, and to some extent, transl ocate Pb
ionsfromsolution. If infurther udies Sesbania

proves capableof hyperaccumulating Pbfrom
soils, it could becomeavaluabletool for the
phytoremediation of Pb-contaminated Sites.
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