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I. Executive Summary:

During the first quarter of the above contract, all the elements of Task 1 were completed. The
first quarterly report (1) presented an overview of a wetland and its increasing use in industrial
wastewater treatment. An idealized, reaction engineering description of wetlands was presented
to demonstrate how the various processes that occur in a wetland can be modeled. Previous
work on the use of wetlands to remove BOD, TSS, Phosphorus and Nitrogen was reviewed.
Recent literature on the application of wetland technology to the treatment of petroleum-related
wastewater was critically evaluated and an outline of the research plans for the ftrst year was
delineated. Further, our literature search (nominally completed under Task 1) unearthed more
recent studies (some unpublished) and a summary was included in the second quarterly report
(2). In the second quarterly report, results of our efforts on the construction of a laboratory-type
wetland were also reported. Initial studies on the use of wetland amendments such as modified-
clays and algae cells were presented and discussed (2).

• Adsorption of heavy metal ions, Cu2+, and Cr(VI) onto soils drawn from the
laboratory-type wetland built as a part of this contract has been undertaken and these results
are presented and discussed in this quarterly report.

• A number of studies on the design and preparationof modified-clays for the
adsorption of Cr(VI) and [3-naphthoic acid (NA) has been carried out during this quarter

and these are also described and discussed in this report. The choice of 13-naphthoicacid
(NA) as an ionogenic organic compound was made on the basis of a recent personal
communication to the Project Director that NA is a major contaminant in many oil and gas
well wastewaters (3).

II. Task 2A: Adsorption of Cu2+ and Cr(VI) to soil components of a
Laboratory.type Wetland:

In our second quarterly report we described the construction of a laboratory-type green
house. Before attempting to study the uptake of heavy metals and toxic organics by the
entire microcosm, studies were initiated to examine the role of the soil components of our
wetland in such sorption processes.

A soil mass of 4.7 g wet soil was dispersed in de ionized water to yield a soil slurry
containing ( on a wet basis) of 6.38 mg wet soil/ml slurry. The following are the properties
of the soil used in the metal uptake study.

Moisture Content: 46.7 :l: 2.3 %.
Organic Carbon Content: 12.7 + 2.9 % by weight ( on a dry weight basis).
pH of the soil slurry: 7.5 - 8.5.
Ionic Strength: Not Determined

Equal volumes of soil slurry and metal solutions were mixed in a batch reactor and agitated
for 40 hours. Solids were separated by centrifugation and the metals analyzed using
Perkin-Elmer AS 3100 Flame AA spectrometer. Positive controls and blanks were included
to account for losses, if any. All experiments were done in triplicates and the initial metal
concentrations ranged ( in both cases) from 1 - 20 mg/L. The results are shown in Figs I
and 2 respectively for the case of Cu2+ and Cr(VI) adsorption
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Fig. 1 Cu adsorption by wetland soil
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ItisclearfromtheresultsshowninFigsIand2 that wetlandsoilshadverylittlecapacity
oraffinityforadsorbingeitherofthemetalions.The upswinginCu adsorptionatthe
highestinitialconcentrationused(20rag/L)suggeststhatsomeoftheCu ionsmay have
precipitatedontosoilsurfaceatthealkalinepH oftheslurry.At thehighestinitialCu
concentration,thepositivecontrolsshoweda significantlossofCu ionsfromsolution.For
example,only50% oftheinitialCu2+concentration(20mg/L)wasrecoveredinthe
supernatantafter40 hoursofequilibration.Thislossisattributedtopossiblehydrolysis
andprecipitationofCu ions.Theseresultsseemtosuggestthatadsorptionofcationic
heavymetalssuchasCu2+ bythesoilcomponentofawetlandispoor.Any uptakeseems
toinvolvehydrolysisandprecipitation.ThisisincontrasttostrongadsorptionofCu2+
ionstopeatormodifiedclays(4,5).

The uptakeofCr(VI),theanionicheavymetal,isalsoquiteweak.Thisisnotsurprisingin
viewofthewellknown factthatsoilsurfacesareinvariablynegativelycharged.The
positivecontrolsshowedamuch smalleramountoflossfromsolutionanditisconcluded
thatCr(VI)ionsarcpoorlyadsorbedduetoexclusionfromthesoil/solutioninterface
becauseofelectrostaticrepulsionbetweenthesoilsurfaceandtheanionicCr.

IV. Task 2B: Development of Wetland Amendments:

Modified-clays:

Inthepreviousreport(2)we reportedonthedevelopmentofa surfactant-modifiedsmectite
thatwas shown toadsorbCu2+ andCd2+ ions.The activecomponentinouradsorption
schemewas analkyldiarnine,Duomeen-T,DT. Inthisreport,we describehow thesame

alkyldiaminehasbeenusedtoadsorbCr(VI)and_-naphthoicacidfromtheirrespective
aqueoussolutions.

Pre_)arationofMONT-DT;

Duomeen-T,(DT), isa commerciallyavailable,aliphaticdiamineofthetype(R-NH-
(CH2)3-NH2;). This alkylsubstituted,1,3-diaminopropaneissuppliedby Akzo
ChemicalsandthesizeofthealkylgrouprangesfromC12 toC18.Theapparentmolecular
weightbasedon hydrocarbonassayis350g/mole(6).Duomeen-T,(DT),isinsolublein
waterandasolutionofDT was preparedinisopropanolforuse.

MontmoriUonite(SWy-I)was obtainedfromtheClayMineralsSocietyRepositoryanda

sizefraction< 2_tminsizewas cleanedtoremove carbonatesby treatmentwithNa
acetate/aceticacidbufferatpH 3.8.The treatmentwascontinuedbyexchangingthecounter
ionsontheclaywithNa ionsusing1.0M solutionofthelatter.FollowingNa exchange,
theclaywas washedwithde ionizedwateruntilthesupcrnatantwas freeofCl-ions(as
determinedbytheAgNO3 test).Theresultantsuspensionwasfreeze-driedforlateruse.

A suspensionofMontmorillonite(5g;3.85meq of totalcharge,assuminga cation
exchangecapacityof 0.77meq/g montmorillonite) was reactedwithDT ( 5.355g
correspondingto15.3mmolesor30.6mcq ofchargewhen boththeaminefunctionsare
fullyprotonated)atpH 6.0.The chargeratiobetweenclayandDT was 1:8.The clay-DT
suspensionwas continuouslymixed and heatedto500C for2 hours.The reactionwas
continuedatroomtemperatureovernightwithcontinuousmixing.The followingexchange
reactionwasexpectedtooccur:



]

e,

4

MONT-Na + DT = MONT-DT + Na

The MONT-DT suspension was washed extensively with de ionized water adjusted to pH
3.0, following which, it was vacuum dried at 600C for 10 hours and oven-dried at 105OC
overnight.

Prot)ertiesof MONT-DT:

% Organic Carbon by weight: 41,6
% DT by weight: 50.4
mmoles of DT/g MONT-DT: 1.44

The above results indicate that almost all of DT reacted and formed a coating of DT over
montmoriUonite particles. Thus, a super equivalent adsorption of DT appears to have
occurred and the surface of MONT-DT has become positively charged as a consequence,
enabling MONT-DT to adsorb Cr(VI) and 13-naphthoicacid by anion exchange. Anion
exchange reaction of MONT-DT is as follows:

H

Acid pH
...,all I IIII

NeutralDT Protonated DT 3

(A) Protonation-deprotonationof DT with pH

n ° n"

MONT-DT' n)_ + M _ MONT-DT----'M + n )_

(B) pH Dependent exchangeof anionic
heavy metalsand organicacids

Fig.3 AnionExchangemechanismforthe adsorptionof Cr(VI) and
OrganicAcidson MONT-DT

Experiments were conducted to study the uptake of Cr(VI) as a function of pH. A 1000
ppm stock solution of Cr(VI) was prepared and an aliquot was diluted to a final
concentration of 20 ppm in Cr(VI) in various buffer systems ranging from 3.0 to 9.0. A
slurry of MONT-DT at 1 mg/ml'was added to determine the extent of Cr(VI) adsorption
after 24 hours of mixing. Controls (i.e solutions containing identical Cr(VI) concentrations
with no added adsorbent ) were used to account for losses of Cr(VI) by processes other
than adsorption to the modified-clay.
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Fig. 4 Cr(VI)AdsorptionontoMONT-DT:
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Fig. 5 Adsorption of Naphthoic Acid onto MONT-DT:
pH Effect
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Similar measurements on the uptakeof [3-naphthoicacid as a function of pH were also
carried out. A stock solution of 50 ppm was prepared, from which the initial NA
concentration of 5 ppm was obtained by dilution with buffer. The properties of 13-
naphthoicacidare listedbelow:

Aqueoussolubility: 70 ppm
pKa(7): 4.17

Theresultsof Cr(VI)an4b-naphthoicacidadsorptiononto MONT-DTareshownin Figs 4
and5.

It is clearfromFig. 4 thatCr adsorptionfollows the pH-de.pendentcharging characteristics
of MONT-DTas shown in Fig. 3. At low pH both the attune groupson DT areprotonated
and the positive charge facilitates Cr(VI) adsorption. As the pH increases the extent of
positive charge on the surfacedecreasesdue to the deprotonationof the amine groupson
DT, therebyreducingthe amountof Cr(VI)adsorption.

13-naphthoicacid, on the other hand,can adsorbonto MONT-DT by two mechanisms:
hydrophobic partitioningand anion exchange. The latter mechanism appears to be the
dominantone because,at higherpH ( abovepH 8.0), the amountof free acid in solutionis
almost zero (see the rightpanel, Fig. 5). A muchweaker adsorption of naphthoicacid is
observedat pH 8.0 and higher. Some sorptiononto hydrophobicpatcheson MONT-DT
can notbe, however, excluded. Thus, hydrophibicpartitioningmay be responsiblefor the
residualsorptioncapacityof MONT-DTforNA athighpH.

V. Future Work:

The screeningtests describedabove will be followed by the measurementof adsorption
isotherms for Cr(VI) and 13-naphthoicacid on MONT-DT at various pH. Interactionof
differentcomponentsof a wetlandsystem with 13-naphthoicacid will be studied. Further
workon the immobilizationof toxic organicsand heavy metals by modified-clays, uptake
of different types of heavy metals by algae, biodegradation of toxic organics by the
microorganismsinherentto a wetlandand the sorptionof heavy metalsby the sedimentary
componentsof a wetlandaresome of the study areas for the next reportingperiod.

VI: SUMMARY

This quarterlyreportpresentsresults fromstudieson the adsorptionof heavymetal ions,
Cu2+,and Cr(VI)onto soils drawnfromthe laboratory-typewetlandbuiltasa partof this
contract.Both Cu(II)and Cr(VI)areweakly adsorbedby the soil componentsof the
wetland. A new typeof modified-clay,designatedMONT-DT,has been preparedand the
adsorptionof Cr(VI)and [3-naphthoicacid (NA) onto MONT-DThas been carriedout.
Both the compounds arestronglyadsorbedby MONT-DTatpH 4.5 and the extentof
adsorptiondecreasesatpH above8.0. It is concludedthat anion exchangeis thedominant
mechanismof adsorptionfor both the pollutants.
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