










Isotopic Fractionation ofChlorinated Ethenes During
Reductive DebaJogenation by Zero Valent Iron

by

Hannah Dayan

A thesis submitted to the
School of Graduate Studies
in partial fulfilment of the

requirements for the degree of
Master of Science

Environmental SCience Programme
Memorial University of Newfoundland

June 1998



Acquisitions and
BibIiograpllic5ervices

395~s.­

=ONK1AllN'

8ibIiothilquenationale
ducanada

Acquisitionsel
selVices bibliographiques

395..... WelinglOn
Ot!lhraON K1AON<l
~

The author bas granted a non­
exclusive licence allowing the
National Library ofCanada to
reproduce, loan, distnbute or sell
copies of this thesis in microform.,
paper or electronic formats.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

L'auteur a accorde one licence non
exclusive permettant ala
Bililiotheque nationale du Canada de
reproduire, preter, distnbuer ou
vendre des copies de cette these SollS
la forme de microfiche/film.. de
reproduction sur papier ou sur format
electronique.

L'auteur conserve la propriete du
droit d'auteur qui protege cette these.
Ni 1a these ni des extraits substantiels
de celle-ci ne doivent etre imprimes
ou autrement reproduits sans son
autorisation.

D-612-36111-X

CanadtL



Abstract

Many surface and groundwateIS are contaminated by chlorinated ethenes as a result of

their widespread use in different industries.. One promising technique for the removal of

these compounds is reductive debalogenation using iron metal as the reducing agent. The

method involves introducing an iron metal barrier into the flow of groundwater. Zero

valent iron reacts with the chlorinated etbenes by either p.etimination or dehydrogenation.

depending on the pH and Eh of the system. The purpose of this investigation was to

determine the overall magnitude and direction of isolOpic fractionation with respect to the

stable isotopes ofcarbon e:zc. 13(:) during reductive dechlorination of selected chlorinated

ethenes. By quantifying the fractionation of reductive dehalogenation as wen as other

reactions. the processes that may be dominant in the removal of the pollutants can be

detennined. Replicate experiments were done using low concentration solutions of

trichloroethylene (fCE), perchloroethylene (PCE), 1.2-cis..<fichloroethyeJene (c-DCE) and

1,2-tranS-dichloroethylene (t·DCE) and acid washed iron powder using compound specific

isotopic analysis. The changes in the carbon isotope composition (aile) and the

consumption of the etheoes were followed until they were no loDger detectable by gas

chromatography isotope ratio mass spectromeuy (for 169. 345, 366 hours respectively).

The presence of dissolved oxygen allowed for acidic conditions and the precipitation of

ferric hydroxide. The consequence of lhis was the ''nal:uraf' buffering of the system to pH

between 5 and 6. The traIlSition from Iklimination to dehydrogenation as the major



reaction pathway also lies in this pH range. 1be pH also had an effect on the reaction

rates. During the course of the reaction, enrichment in He was observed in the isotopic

composition of each of the compounds. Kinetic or Ray~igh processes can be used to

explain this effect. Fractionation factors were calculated using the Rayleigh model and

found to be 1.0146, 1.0036, 1.0087, and 1.026 for c-DCE, t-DCE, TeE and PCE

respectively. Future studies should include changing parameters such as temperature, as

well as using buffer solutions; these studies will be useful in order to obtain a more

comp)ete picture of processes in natural waters.
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