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ABSTRACT

Fourier-transform infrared spectroscopy (FTIR) can be used asatool to monitor changesin plant cell
structures caused by organic soil contaminants. Thisstudy specificaly focusesontheuseof FTIR to determine
the effect of benzotriazoles (BTs) on the structure of sunflower plants. BTsare corrosioninhibitorscommonly
usedinaircraft deicing fluids, and they arefound in chemica formulations used to prevent freezing of cooling
systems. These chemicalshave been detected in ground and surface waters, and soilsnear facilitiesthat utilize
and/or producethem. Our group currently studies possble methodsto remediate BTsby way of phytoremediation
using sunflowers. However, thefate of BTswithinthe plantisnot well known. FTIR can be used to determine
thefate of these contaminantswithin the plant and how they changethe plant cell structure. Previous studies
have provided evidencethat BTs can be taken up by sunflower plantsand can possibly beincorporated into
the plant structure by lignification, since they cannot be extracted from dry plant matter. The structure of
sunflower plantsgrown in Hoagland' s solution with 30, 60, and 90 mg/L of BT wereanayzed and compared
to untreated plantsto observe changesin plant structure. Based on our observations, the FTIR technique
showspotentia for detecting structural changesinduced by the presence of these contaminants and may be
used to provethe capability of plantsto phytotransform organic contaminants.
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INTRODUCTION
Fourier-transform infrared spectroscopy (FTIR) hasbeen extensively gppliedin plant cell wall andlysis

(McCannet d., 2001; Kacurakovaet al., 2000; Seneet al., 1994). However, very few studiesuse FTIR to
examine changesin plant cell wall structure dueto the absorption or uptake of organic contaminants. Interest
in phytoremediation over the past decade hasled to an increased need to find methods to study fate and
transport of organic contaminantsin plants. FTIR has been proven to be useful in studying compositional
changesin plant cell wallsduring development (McCann et d., 1997). Therefore, it can possibly beused to
determine changesin cell wall architecture upon exposureto organic contaminants.

Thisstudy specifically usesFTIR to determine changesin the plant cell wall of sunflowersexposed to
benzotriazole (BT). BT isacorrosoninhibitor commonly found in airplane deicing fluid, antifreeze, and gaso-
line. The4 or 5 methyl derivativesof BT areaso widdy used. BTshave been detected in soil and surfaceand
ground waters near facilitiesthat utilize or produce them (Bausmith and Nuefeld, 1999; USEPA, 1977). BTs
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aretoxic to many aguatic organisms, and bacteriaand ismildly carcinogenic (N.C.I., 1978; USEPA, 1977). It
isresstant to ultraviolet radiation and very solubleinwater, rendering it highly stableand mohbileintheenviron-
ment. At present, there are no known bacterial degradation pathwaysfor BT (Rollinson and Callely, 1986).

Sunflowershave shown potentia for remediating BT from contaminated watersand soil (Castroet dl.,
2001; 2000). However, thefate of BTswithin the sunflower isunknown. Acid and organic solvent extraction
of BTsfrom treated sunflower plants have been unsuccessful. However, previous studies provided evidence
that BTsmay beincorporated into the plant structure by lignification (Castro et al., 2001). Duetheir aromatic
structure, BTscould possibly be biotransformed by the sunflower and mimic the phenylpropanoid subunitsthat
constitute lignin. Lignin has been widely studied by FTIR dueto its negative impact on paper pulping and
forage digestibility (Akin et a., 1993; Jung and Deetz, 1993; Thomas, 1970). This providesthe ability to
determine spectrd differencesinthelignin portion of the plant cell wall sunflowersthat aretreated with BT. In
this paper, wediscussthe ability of FTIR to determine changesin the structure of the sunflower plantsdueto
exposureto BT.
PROCEDURE

Sunflower seedswere germinated in vermiculite moistened with Hoagland' s solution for oneweek
under continuouslighting. After the germination period, the seedlingsweretransferred into amber stock bottles
containing Hoagland' s (nutrient) solution. The plantswere separated into four stratified groups. Each group

was given Hoagland' s solution containing 0, 30, 60, and 90 mg/L benzotriazole, respectively. Hoagland's
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solution with and without benzotriazole was prepared as previously reported by Castro et al. (2001). The
solution level was maintained by adding fresh solution daily. The plantswere kept under continuouslighting for
15 days. After this growth period, the fresh weights of the plants were recorded. A sample wastaken 10
minutes. after the addition of solutionto the plantsand after the growth period. The sampleswereanayzed by
high-performanceliquid chromatography (HPLC) for BT concentration. The plantswere harvested and the
roots, stems, and leaveswere separated. Theroots, stems, and |leavesweredried, ground withaWiley mill,
and seved to 100 mesh. Dried root samples (about 1g), untreated and treated with benzotriazole, were spiked
by mixingwith 0.1 mL of a5% benzotriazole solutionin methanol. The spiked samplesweredlowed todry for
24 hours. All sampleswereanayzed intriplicate on aNicolet Nexus 670 Fourier-transforminfrared (FTIR)
spectrometer. Potassium bromide pelletswere made consisting of 5% plant matter by weight or 1% for pure
benzotriazole. Sixty-Four scansat 2 wavenumber resol ution were conducted for each sample. Spectra analy-
siswas performed using OMNIC E.S.P. 5.2 software.
RESULTS

TheFTIR spectrum of benzotriazole seenin Figure 1 resembles previoudy reported spectraby Mohan
and Settu (1993). The absorbance bandsat 1208, 775, 745, and 739 crm* are of particular importance dueto
their high intensity. These bands represent C-H in-plane and out-of -plane bending for the benzenering of
benzotriazoleasseenin Table 1. Sincethese bandsare highly intense, they should be easily seen in sunflower

plantstreated with benzotriazole. Absence of these peaks may suggest that the sunflower plant could have

Frequency Assignment Comments

1208 cmt C — Hin-plane bending benzene ring in benzatriazole

Aromatic C — H wag
isolated H of meta,

870 cm? unsymmetrica tri, aromdic rings in lignin
symmetrica tri substituted
benzene

775 cmt C — H out-of-plane benzene ring in benzotriazole

bending

C — H out-of-plane
bending
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transformed benzotriazolein somemanner. Thisisadefinite poss bility because the benzotriazole could not be
extracted from treated dry plant matter as mentioned previoudly.

Obvious spectra differences between untreated and treated root sampleswith various concentrations
of benzotriazole can be observed in Figure 2a. The disappearance of theintense peak at 1208 cnt isquite
noticeable. Spectra subtraction of untreated root samplefrom thetreated root samplesdid not yield apesk at
1208 cmt, further suggesting achangein the benzotriazol e structure upon absorption by the sunflower plant.
However, the appearance of peaks at around 745 cnt! in the treated samples does represent a part of
benzotriazolethat may have not been modified by the plant. The other interesting point to noticeisthe concen-
tration dependencein absorption intensity at 745 cm (Figure 2a). The absorption intensity increasesasthe
concentration of benzotriazoleincreases. The disappearance of the peak at 870 cm?, representing an aromatic
C-Hwag of lignin (Table 1), may imply that the plant structureischanged when treated with higher concentra-
tions (60 and 90 mg/L) of benzotriazole.

A smpleexperiment can be conducted in order to determineif the sunflower plant actudly biotransforms
benzotriazole. Dried untreated root samples can be spiked with benzotriazole and subsequently be analyzed
by FTIR. Results of thisprocedure can be observed in Figures 2aand 2b. The 1208cm™* and 775cm* bands
represent C-H in-plane and out-of -plane bending for the aromatic ring in benzotriazole. Both appear inthe
spiked sample. Also, thelignin peak at 870 cm? il can be observed (Figure 2b) within spiked sampleaswell.

Upon spectral subtraction of the untreated root sample and spiked sample, a spectrum that is similar to

2002 Proceedings—Waste Resear ch Technology



Secondary Red Treated Winks Yarlous { onoentratisns OF Bensotesisbe

— Fhomia| Sreit rill B0 ¥ g.-llln-cru.smk |
= Mt et ed w0 My Blenssaniasale |
= Uanrate i R |
[ PR T mm-u,-l.linr\-n-: 1 |

| -’
E IIII II % I b |
|
€ WA ) 1. fal
2 4 f e
L i | Ir ‘ || I-..—"
|I“|.L ‘-..-nl i) _::?".' n
. LB L b |
: I
" S T
Wik
LR T T T T - T e |-'. " T
1 4 140 120 i £ i)

Warven snybers om

benzotriazoleisproduced. Thisprovidesfurther evidencethat the benzotriazoleis being transformed by the
sunflower plant.
CONCLUSIONS

Sunflower plantstreated with benzotriazole display spectral changesin regions characteristic of the
benzotriazole structure, particularly at 745 cm L. However, theintense peaks at 1208cnr! and 775 cm?,
characteristic to benzotriazole, were not observed in the treated samples. The sunflower plantstreated at
higher concentrations (60 and 90 mg/L) of benzotriazole display achangein the plant structure dueto the
reduction or disappearance of the lignin peak at 870 cm™. This can be attributed to a modification in the
production of thisstructural component within the plant dueto the uptake of benzotriazole. The spiked samples
display every mgjor intense peak dueto benzotriazole and the mgjor lignin peak at 870cn™. Thismeansthat
thetransformeation of benzotriazole requires morethan just contact with plant materid. A living plant systemis
needed for the processto occur. Thisdemonstratesthat FTIR can be applied to studying changesin plant
structure dueto adsorption of organic contaminants. These resultswill help lead to the construction of acost-
effective, environmentaly friendly phytoremediation system capable of phytotransforming benzotriazole and
other smilar organic contaminantsusing sunflower plants.
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