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PREFACE

Aquatic fulvic acid, the soluble organic material of natura
waters that is not extractable into organic solvents and that
remai ns dissolved on acidification with mneral acid (ref.1), is
believed to be a conplex mxture of natural products, and to be
responsi bl e for the binding and transport of many non-pol ar organic
pol lutants (ref.2). My research objective Is to better understand
the conposition of fulvlc acid, be able to Identify differences and
simlarities between fulvic acids obtained fromdifferent sources,
as well as to Identify chem cal properties believed responsible for
t he binding of organic pollutants.

During the time spent doing res«arch I found that there were
four separate and distinct phases associated with ny work . For
this reason | have chosen to divide ny report into four sections.
Section 1 is an introduction as well as a description of prelimn-
ary experinents chosen to help determne the direction nmy research
shoul d take. Section 2 presents methods of functional group analy-
ses chosen to characterize fulvic acid. Section 3 I's an expanded
version of one specific method for mcro determnation of carboxyl
groups in fulvic acid. (Sections 2 and 3 are research papers
submtted for publication and are included In ny report.) The
final section, section 4, Is work related to binding studies
associated with fulvlc acid. | have also presented a summary of ny
work in hopes of helping the reader to understand the relationship
exi sting between each section.

M/ research was made possible by an appointnent at the Nationa
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Institute of Environnmental Health Sciences. All work was done In
the | aboratory of Dr. Phillip Albro, who also served as ny research
advisor. The fulvic acid used for part of my research was provided
by the HumM cs Goup at the University of North Carolina at Chapel
Hll, headed by Dr. Russell F. Christman and Dr. J. Donald Johnson
who both served In an advisory capacity on ny conmittee. Wth the
assi stance of these people as well as help fromthe aforenentioned
institutions | was able to successfully acconplish ny research

pr ogr am
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SECTI ON |

1.1 | NTRODUCTI ON

The background Information 1 obtained Indicated there is nuch
to be | earned concerning nethods of functional group characterizat-
ion for fulvic acid. The nature of such a conplex material is not
wel | known and different research groups report different |nformat-
ion concerning the characterization of fulvic acid. This Is
probably due to the various sources fromwhich the fulvic acid Is
obtained as well as the variety of nethods used.

| began my research by purchasing Al drlch Humic Acid (Al drlch
Chem cal; MIwaukee, W.) fromwhich | extracted fulvic acid with a
modi fication of Thurman and Mal col mi s separation nethod (ref.1,3).
I didthis because of the difficulty of obtaining a natural aquatic
fulvic acid (eg. Singietary Lake) at this point In tine. Once
extracted, some of the nore commonly-used types of anal yses were
perforned. Many of these nethods turned out to give msleading
results and will be discussed briefly in ny experimental section.
Sone of these techniques however proved to be valuable for further
resear ch.

| originally Intended to functionally ldentify a large portion
of the fulvic acid structure. ( Lake Singietary fulvic acid was
subsequent |y obtained and the use of Aldrlich material discontin-
ued.) | was also Interested In functional groups unique enough to
enabl e one to easily quantify trace quantities of fulvic acid. The
useful ness of being able to quantify trace anounts of fulvic add

I's apparent In studies using HPLC. For exanple, often one questions
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whet her a portion of the fulvic acid remains on an HPLC col um
after the separation is believed to be conplete. |If one could
quantify fulvic by a sinple yet sensitive nethod deternmnining
accurately the ratio of the functional group of interest to the

total weight of fulvic acid, the percentage of fulvic acid

recovered froman HPLC colum could be determ ned. This would be
val uabl e for determ ning any small quantity of fulvic acid too
small to be accurately wei ghed. The first section of ny report
will exanine prelimnary steps taken towards these types of

anal yses while sections 2 and 3 expound on actual functiona

group identification nmethods used.

1.2 PRELI M NARY EXPERI MENTS

1.2.1 Extraction of Fulvlic Acid fromA Al drich Hum c Acid Sod 1lum Salt

One gramof Aldrlich Humic acid sodiumsalt (A drich Chem cal)
was dissolved in a one liter graduated cylinder filled with de-
lon lzed/d 1st | 1 led water. Wiile stirring constantly HCL was added
to bring the pH of the solution to 1 (approximately 50 mi HCL ).
The cylinder was capped and refrigerated (approximately 4 C)
allowing the precipitate to settle overnight. The follow ng day
the supernatant fraction was carefully vacuum filtered through
VWhat nan filter paper #1 and the remaining slurry poured Into
centrifuge tubes and spun at 3000 rpmfor 20 mnutes in a refriger=
ated centrifuge at 4 C. The supernatant in these tubes was poured
through the filtering apparatus used previously and added to the
supernatant previously collected. The precipitate was di scarded.

The supernatant was concentrated on a pre-cleaned XAD-8 resin
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colum and eluted with 0.1N NaCH solution. Five m | liliter fractions
were collected fromthe colunmm and fraction collection was di scon—

ti nued when no nore color was detectable in the elution. The

br owni sh-yel l ow fracti ons were conbi ned, neutralized with 0.1N HCL
and freeze-drl ed overnight.

The following day the freeze-drled naterial was dissolved in

as little de-ionized/dlstil |ed water as possi ble and put through an
lon-retardati on colum (AG 11, A8, 50-100 nesh, Bio-Rad, Richnond,

Ca.), eluted with water collecting 2.5 nL fractions until no nore

di sti ngui shabl e col or was observed. Starting with the fractions
coll ected | ast, working bacl <wards, towards the first fractions
collected, a few drops of concentrated Silver Nitrate sol ution
(saturated AgNO , Aldrich Chenmical, In de-lonized/dlstliled water )
was added to each tube to detect the presence of free chloride ion

by forming a white silver-chloride precipitate. | expected the
chloride ion to be detected In the al nbst colorless fractions with
a decreasing concentration detected as the nore yell owi sh col ored
fractions were tested. At sone point prior to testing the
yel |l owi sh-brown fractions, 1 predicted the chloride ion would be
non- det ectabl e. | di scovered however the chloride i on was not
adequately separated fromthe fulvlc acid the first tinme through
the colum. | therefore conbined all the non-tested yell ow sh-
brown fractions, freeze-drled them and eluted themthrough the AG
11 colum as before. Usually this second el ution proved nore
successful for separation of excess chloride ion fromfulvlc acid.

After a final freeze-drying process the fulvic acid was ready for

anal ysi s.
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Figure 1 (top). I.R SpectrumAldrich Fulvic Acid
Figure 2 (bottom. I.R Spectrum Singletary Lake Fulvic Acid
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An infrared (IR) spectrumof the fuivic acid (fig.1l) was run by
making a KBr (Perkin-El mer) pellet and using a Perkin El mer 3,000
i nfrared spectrophot onet er. | later conpared this spectrumwith a
simlar spectrumof Singletary Lake Fuivic Acid (fig.2).

Further purification was acconplished by dialysis. A portion
of the fuivic acid was dissolved in de-ionlzed/distl | |ed water and
put in a dialysis bag with a nol ecul ar wei ght cut-off of 6, 000-
8,000 (spectrapore 1, Fisher Scientific ). This was allowed to
di al yze agai nst water for a period of 72 hours. The fraction
remaining Inside the bag (dialysis-in) was renmoved, freeze-drled
and an |R spectrum (fig.3) was run in a simlar nmanner to the un-
di al yzed fuivic acid The fraction outside the bag (dialysis-out)
was al so freeze-drled, an IR spectrumal so run and conpared to the
dialysis-in fraction (fig.4).

1.2.2 AEh Content

In anticipation of being able to characterize a major percent-
age of fuivic acid into specific functional groups | concluded it
woul d be desirable to quantify the non-ox Idizable portion as well.
For each fraction, dialysis-out and non-dl al yzed Al drich fuivic
acid and Singletary Lake fuivic acid, | carefully weighed about 10
my Into a dry crucible (previously weighed) and recorded the wei ght
of each sanple to the nearest 0.1 ng. | placed the crucible with
fuivic acid over a bunsen burner for about 3-5 mnutes being sure
all oxldlzable material had dissipated. The crucible was then
placed In a desiccator and wei ghed when cool. The ash content was
conputed as foll ows:

wt. of non-oxidized fuivic acid

----------------------------------- X 100 = Ash Content
total wt. of fuivic acid
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Figure 3. |.R Spectrum Aldrich Fulvic Acid (dialysis-in)
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Figure 4. I.R Spectrum Adrich Fulvic Acid (dialysis-out)
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1.2.3 Methvl atl on

Two separate procedures were used for methylation of fulvic
acid. The first Involved di azomet hane generation using Nmethyl-N
nltroso-N -nltroguanl dlne (Aldrlich Chemcal) (ref.4). Once

generated the diazonethane In ether was added and al | owed to react

with the fulvic acid. Several different ratios of diazonethane in
ether and fulvic acid were tried and it was soon discovered that it
required about 1 mL di azomet hane/ et her (concentration bel ow) added
to approximately 1 ng fulvic acid and a reaction time of 1 hour for
conplete methylation. After which the fulvic acid was blown dry N
at 45 C and an IR spectrumrun (KBr pellet) to show conplete
met hyl ati on had taken place (refer to fig. 5).

Di azonet hane/ ether |s generated by placing 1 nmole of N
met hyl - N-ni troso-N -nitroguanl dl ne I nside the inner tube of an
apparatus that will capture the diazonmethane gas in an ether col -
lection tube. To the N-methyl-Nnltroso-N -nitroguanidine 0.5 ni.
of de-ionlzed/distl | led water Is added. The Is tube capped with a
rubber septum and placed inside the outer tube containing 3 nL of
ethyl ether. The apparatus is clanmped shut and placed In an ice
bath to cool the reaction. Using a syringe 0.6 m of chilled 5M
NaCH sol ution is added to the N-methyl-Nnltroso-N -nitroguanldl ne
In water. This is done under a protective hood using caution
because if gas formation Is too rapid the apparatus coul d expl ode.
The reaction is allowed to proceed for 45 mnutes after which the
di azomet hane/ ether is removed and ready for use. |f stored the
sol ution, now a dark yellow, should be capped securely and kept

refrigerated. This process should yield about 0.8 nmmol e dl azo-
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(top) Figure 5. I.R Spectrum Diazonethane Methylation of Fulvic Acid (SL104)
(bottom Figure 6. |.R Spectrum BF3/MeCH Methylation of Fulvic Acid (SL104)

3500
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nmethane In 3 m ether (ref.4).
The second nethyl at ion procedure used 14% BF in Met hano
(Aldrich Chemical). Approxinmately 2 ng of fulvic acid was added to

4 m of 14%BF* [/ Methanol in a teflon-lined screw cap test tube.
The tube was capped, vortexed, and heated to 95 C+ or - 5 Cfor

five mnutes. The reaction mxture was cool ed and the "methyl ated
fulvic acid" extracted by adding 60 nL of HO, pouring the soiution
into a separatory funnel and extracting three times with 60 ni
fractions of ethyl ether. The ether extract was dried over anhy-
drous sodiumsulfate, filtered through glass wool and roto-evapor-
ated to dryness. An IR spectrumof this nmethylated fulvic acid was

al so taken (fig.6).

1.2.4 HPLC

In hopes of being able to Identify other fractions of fulvic
acid an HPLC separation method was attenpted using nethyl ated
Aldrich fulvic acid. The first crude procedure produced sone

separation. ( Refer to fig.7 and table 1 for the chromatograph and

run condi t ions.)
TABLE 1 HPLC Run Conditi ons

Met hyl at ed Ful vic Acid: BF3/CH30H
Flow Rate: 2 nL/mn

Tenperature: 35
Pressure: 1116

Col um: S5CN, 4. 6X250

Detector: UV 260 0.1 ODFS

Mbobi | e Phase Hex: MIBE: MeCH
Ti ne MI'BE

0.0 100. O
20.0 20. 0 80. 0

10
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Figure 7. HPLC Chromat ogram
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1.2.5 um

Nucl ear Magnetic Resonance (NWVR) spectroscopy was al so per-
formed with methylated fu|vic acid obtained fromthe hum cs group
at UNC, batch SL104, and nmethylated with diazonethane. A 13C NVR
spectrumwas run as well as a proton NMR spectrum Figures 8 and 9

show the spectra and table 2 presents run conditions.

TABLE 2 NMR Run Conditions
Met hyl ated Fulvic Acid

Pr ot on 13C 1
Pul se Wdth 3. 00 usec 15. 00 usec !
39 Degrees 76 Degrees |
ACQ Ti me 1. 36 sec 229. 38 nsec ',
Recyl e Ti ne 8. 15 sec 9.83 sec 1
No. of ACGCS. 120 202, 700 !
Data Si ze 16384 -8192 |
Li ne Broadening 1 0.50 H'. 1 0.50 Hz 11
Spin Rate 14 RPS 12 RPS 1
Spec W dt h 6024 Hz 17857 Hz 1
Pl ot Scal e
From 5.79 222.71 1
To -0.80 PPM -13.8 PPM 1

1.3 RESULTS AND DI SCUSSI ON

1.3.1 Extraction gf. Fulvic Acid fromAdrich Himc Acid Sodi um Sal t
The IR spectra of the three collected Aldrich fulvic acid
fractions (the non-diaiyzed, dialysls-in and dialysis-out fract-
ions; figures 1, 3 and 4 respectively) were conpared to an IR
spectrumof a Singletary Lake fulvic acid fraction (SL104) obtained
fromthe Humcs Goup at the University of North Carolina (fig.2).

These spectra show no distinguishable difference between the non-

12
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Figure 9. Proton NVR

Ny
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dialyzed and diaiysis-in fractions of Aldrich fulvic acid. Any
differences seen between these two fractions and the Singletary
Lalce fulvic acid tells us nothing of structural differences between
the conplexes. Wile Aldrich fulvic acid is obtained froma soi
source and Singletary Lalce fulvic acid is obtained froman aquatic
source, and it is believed there are major structural differences
between the two (ref.5), the IR spectra are of little use In dls-

t inguishing these di fferences.

Figure 4, the dialysis-out fraction, is an unusual spectrum
for any previously examned fulvic acid spectra (ref.6). It shows
very distinct peaks and was found to be very reproduci bl e each
time Aldrich fulvic acid was dialyzed. At first it was believed to
be prom sing evidence for positively identifying a specific fract-
ion of fulvic acid. However, by chance, this exact IR spectrum was
di scovered to be sinply a spectrumof sodium bicarbonate (fig.10).
Evidently sodi um bi carbonate was artificially produced, presunmably
in the neutralization step follow ng elution fromthe XAD-2 resin
colum. (Refer to the experinental section, 1.2.1.) in fact separ-
ation by dialysis showed that a majority (approximtely 80% of
what was thought to be fulvic acid was sinply sodi um bi carbonate
However this spectrum gives evidence that fulvic acid will not
dialyze through a dialysis bag with a nol ecular weight cutoff of
6, 000-8,000. The IR spectrumof the dialysis-out fraction shows no

indi cation of anything but sodium bicarbonate. (Conpare figs. 4 and

10.)

1.3.2 Ash Content

The results of the ash content analysis are shown in Table 3.

15
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Figure 10. I.R Spectrum, Sodium Bicarbonate
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The results were variable and much hi gher than | expected or
desired. Since | was only able to characterize a snmall portion of
fulvlc acid and I was nmuch nore Interested in Slngletary Lake
Fulvic acid | had little use for the ash content anal ysis done on
my other fulvic acid fractions. An elenental analysis done by

M cro-Tech | aboratories of batch SL104 of SIngletary Lake fulvic
aci d shows ash content to be very |ow (about 1% . Differences
obt ai ned by ny experinmental procedure and those obtained by M cro-
Tech | aboratories are because ny fulvic acid is obtained as sodi um

salt, not as a free acid.

TABLE 3. ASH CONTENT OF FULVI C ACI D

Per cent
Ash Cont ent
fulvi c acid (std .dev.)
Sl ngl etary Lake (SL105) 20 (11)
Al drich (non-dial yzed) 31 (6)
Al drlch (dialysls-out) 34
*Aidrlch (dialysis-in) 16 (6)

Conmput ed from di al ysi s-out and non-di al yzed fracti ons, not
exper | nent al .

1 .3.3 Methvlatlon

The IR spectra of the two nethylated fulvlc acid acid sanpl es,
di azonet hane figure 5, and BF /Methanol figure 6, gave sonme val u-
able informati on concerning nethyl at ion. Evidence of conplete
methyl at | on is indicated by di sappearance of any carboxyl peak
bet ween 2700 cm 1 and 2500 cm 1 and the energence of a sharp, |arge

peak at 1732 cm 1. This new peak at 1732 cm1l is the result of the

formation of a nethyl ester group fromwhat were previously carbox-

17
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yl groups. Both the diazomethane (ref.4) and BE /Mt hanol nethyl -
ation procedures have been shown to be carboxyl specific with
interferences from phenol not found in our sanple.

Whil e the BF /Methanol IR spectrumindicated i nconplete
nmethylation (fig. 6) the diazomethane methyl atl on appeared conplete
when using the free acid formof fulvlic acid (fig. 5). |If any of
the fulvic acid is in the salt form methylatlon will not be com
pl ete since the mechanismfor methylatlon requires the free-acid
configuration (ref.4). The di azonethane nethyl ation procedure al so
required a | arge excess of diazomethane/ ether because of the in-
solubilty of fulvic acid in ether. ( Proportions used were stated

in the previous paragraph. ) This was used as the procedure of

choi ce for future nethylatlon.

1.3.4 HPLC

Met hyl ated fulvlc acid, run on HPLC, showed pronising separation
(fig.7). Table 1 shows run condition and peak areas recorded. |
did not however continue with this Investigation and chose anot her
path for my research. 1 have Included the chromatogramas an
i ndication that HPLC separation nay |ead to a better characterizat-
ion of fulvlc acid. My research was directed toward functiona
group characterization and binding properties associated wth

aquatic fulvic acid and did not explore further separation by HPLC

1.3.5 NWR

Nucl ear Magnetic Resonance (NWR) Spectroscopy was val uable in

devel oping a nmethod for mcro-quantl tat lon of carboxyl groups In

18
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fulvic acid (see section 3). Prelimnary research with NVR i ndi =
cated what could and could not be acconpil shed using fulvic acid.

Di ssolution of fulvic acid (Slngletary Lake fraction) in DO
showed no peaks of interest In either13 C or proton NMR  The NMR
operators were never successful in decoupling the water peak which
appeared at full scale causing all other peaks to be insignificant.
This water was not renovable by freeze-drying, and fromthe IR
spectra appeared to be either water of crystallization or sone other
tightly associated bound form of water. However, NWVR spectra of

net hyl ated fulvic acid dissolved in a mxture of CDCl _ /DVMSO showed
sone interesting results in 13Cand proton NMR (figs.8 and 9
respectively). These spectra may be of further interest to those
using NVR for characterization of fulvic acid. My purpose was to
explore the possibility of NVMR characterization of fulvic acid and

present ny findings. Interpretation of these spectrais left to

t he reader.

1.4 CONCLUSI ONS

Whil e ny research branched Into different directions | found
these prelimnary studies to be of use in gaining a better under-
standing of the material | was working with. These studies hel ped
to define a direction fromwhich ny research could proceed. Wth
so little known about fulvic acid and so nuch yet to be |earned
these attenpts of defining possible research directions seened
appropriate. This however may be a somewhat confusing presentation
and | eave many questions yet to be answered. | included this
informati on because | felt It nay be useful to future research and

because | found sone of it to be beneficial to ny other studies.

19
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I realize this work represents inconpl ete experinentati on and

is not intended to constitute a research report. The rest of ny

report represents work in the devel opnment of specific procedures

used in characterizing ful vi ¢ add as wel | as some Interesting

results concerning binding properties. The three follow ng

sections deal with three separate and nore conpl ete phases of

st udy.
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f STRACT

Met hods were eval uated for quantification of various functional groups in
fulvic acid. These functional groups included aliphatic hydroxyls, phenolic
hydroxy!s, quinones, primry amnes and bound carbohydrates. AIT tests per-
formed required 1 my or less of fulvic acid and yielded statistically reprodu-
cible results. Mst functional groups were evaluated by two independent nethods
of differing specificities. Separate collections of fulvic acid were used for

conpari son.
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0 TRODUCTI ON

Ful vic acids are those organi ¢ compounds of natural waters that are not
extractable into organic solvents and which do not precipitate at pH 1, Thurman
and Mal col m (1981). Characterization of fulvic acid usually includes quan-
titative functional group anal yses of the conplex mxture of organic conpounds
present. Characterization of functional groups in fulvic acid preparations is
useful in elucidating their conposition and structure as well as determning
di fferences between fulvic acids fromvarious sources. \Wile sone investigators
have used nore traditional functional group determnation procedures requiring
|l arge quantities of material, Schnitzer and Gupta (1964, 1965), Dubach and Menta
(1963), others have used infrared spectroscopy, (El tantaway and Bauctez (1978),

G essing (1976), Goh and Stivanson (1971), Mthur (1972), Sipes and Sipos

A1979), Wagner and Stevenson (1965)) which can often be qualitatively msleading
and usual 'y does not permt quantitation. Nuclear nagnetic resonance (NWR)
spectra can al so be quantitatively msleading since nost of the protons in
fulvic acid are exchangeabl e. Hence various procedures have shown i ncom
parability of results.

W therefore have selected what we believe to be sone sinple, functional
group tests not previously used in fulvic acid studies. None of the nethods

presented are new, but are variations of previously published techniques used

for other conplex materials (e.g. proteins). Qur presented nethods require only
smal | amounts of fulvic acid for accurate deto-mnations\ This would allow one
to easily quantify functional groups fromvarious fulvic acid sanples. W have
eval uated procedures for the follow ng functional groups; total hydroxyls, phe-
Mic hydroxyls, quinones, primary amnes and bound carbohydrates. The fulvic
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> d we used was col lected fromSingletary Lake, N.C. by the Himcs Goup at the

University of North Carolina at Chapel HII, and extracted by a nethod simlar
to that of Thurman and Ml col m (1981).

EXPERI MENTAL

A) Total Hydroxyls

i gh out approximately 1 ng of fulvic acid into a 15 m screwtop test tube
with a teflon lined cap. Dissolve in 3 m of redistilled, dry pyridine (Fisher,
ACS.; Fair Lawn, N.J.) and add 1 m of redistilled acetic anhydride (Baker
Chemcal; Phillipsburg, N.J.). Cap, and shake gently for 24 hours at roomtemn
perature. As reported by Petersen et al. (1973), this procedure wll acylate all
primary and secondary hydroxyl groups; even those that are Sterically hindered.

N After 24 hours the pyridine and excess acetic anhydride are blown off under

N2 at 60°C. A blank containing only acetic anhydride and pyridine is runas a
control to check for conplete evaporation of the acetic anhydride. Even snall

traces will interfere with the next step of the procedure.

The acylated fulvic acid is dissolved in 0.1 nl of 95%ethanoi and the
ferric hydroxamate procedure outlined by Rapport and Alonzo (1955) for
spectrophotometric acyl ester determination is followed. A control experinent
usi ng non-acyl ated fulvic acid and follow ng the procedure above is also done and
a standard curve using anyl acetate (Fisher) is prepared. Finally a non-
acylated fulvic acid sanple is dissolved in 95%ethanoi but not treated with the
hydroxyl amne or ferric perchlorate reagents. This is done since there is sone
absorbance by fulvic acid at a wavelength of 530 nmas used in the Rapport and

onzo method. The concentration of this control should be simlar to the
sample run. all sanples and controls are read against the same reagent bl ank


NEATPAGEINFO:id=079B6A1D-34A5-43DF-8FC3-BC1671B5F685


M*droxyl determnation is extrapolated using the anyl acetate curve converting
equi val ents of acyl ester to equivalents of hydroxyl. Anet O.D. for the sanple
i's computed by subtracting the O.D. of the fulvic acid in ethanol only and the

O.D. of the processed, non-acylated fulvic acid control fromthe O D. of the

acylated fulvic acid sanple.

B) Phenolic Hydroxyls and Qui nones

A simlar detection method was used to determne both phenolic hydroxyls and
qui nones. For phenolic determnation, the nost specific method of those tested
was that of Chrastil (1975) using 1 m of a 1 ng/m solution of fulvic acidin
wat er. These results were conpared to those obtained using the Folin and Denis
phenol nethod. It was necessary to use a fulvic acid control of simlar con-
centration without the (NH')™ Ce(N03)g added (Chrastil procedure) or the Folin
phenol reagent added (Folin nethod) read against a reagent blank, and
subtracting the 0.0. of this control fromthat of the sanple to obtain a net
O D. The results were extrapolated froma standard curve made using
(p- hydr oxyphenyl) propionic acid (Allied Chemcal).

For quinones the fulvic acid was first reduced by adding 1 ml of a 10 ng/n
solution of NaBH, in 95%ethanol (Fisher Scientific Co.) to1m of al ng/m
solution of fulvic acid, allowing to react for 30 mn., then adding a few drops

of glacial acetic acid (Mallinckrodt; Paris, Ky.) to deconpose any excess MaBH'.
Use the Chrastil Method for phenolic determnation, computing a net O.D. as

before with a reduced fulvic acid control with no (NH')2 Ce(N02)2 added, extra-

polating fromthe same standard curve of (p-hydroxyphenyl) propionic acid and

converting phenolic hydroxyl equivalents to quinone equivalents. ® This value is
Corrected by subtracting any phenolic hydroxyl found prior to reduction wth

MABH".
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Primary Am nes

Two independent methods were used for conparison. The first uses fluoresca-
mne (Roche Diagnostics; Nutley, MJ., ). Three ng of fluorescamine is
dissolved in 10 m of acetone. A 0.05 M phosphate buffer is made at a pH of
8.0. Ethanolamne (Mw England Nuclear; Boston, MY) is used as a standard, 40
nm .

To duplicate standards and sanples (fulvic acid 0.1 ng/mi) of 0.5 m add 1.0
m of the phosphate buffer. Wile vortexing add 0.5 m of the fluorescam ne
solution. Let stand 30 mnutes and read fluorescence in a fluorometer
(Perkin-El mer MPF-361 with 5 nmslits, a 390 nmexcitation wavelength and a 475
nm emmi ssion wavel ength. The fluorometer shoul d he standardized with a quinine
solution and zeroed with the phosphate buffer. Fluorescence should be corrected

|ing a fluorescam ne blank; however, no fulvic acid control is needed.

The ot her nethod described by Mkrasch (1967), uses 2,4,5-trinitro benzene
SLs"'fonic acid (Eastman; Rochester, N.Y.). Use 0.5 m of a1 mg/nm fulvic acid
solution fol lowng the aforementioned procedure. However, quench with ice-cold
88%formc acid (Baker Analysed rgt.) instead of nmethanol, reading against a
reagent blank at 366 nm M standard is needed; instead use an extinction coef-
ficient of 1.2 X 10 M~ cn ' Mokrasch (1967). W checked this figure with an
Et hanol am ne standard and cal culated identical results. Afulvic acid control
|'s needed, using a simlar fulvic acid concentration, wthout adding the tri-
nitrobenzene sulfonic acid. This is also read against a reagent blank and the
O D. of the control is subtracted fromthat of the sanple to obtain a net QD

Beer's Law (A = Ech) is used [where A = absorbance (Q.D),E= extinction coef-
Jjicient, ¢ =nolar concentration, b =1length of cell] to calculate the nolar

concentration of am nes.
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VW Car bohydr at es

For cal cul ating bound carbohydrates two independent procedures were used.
The first is an Anthrone reaction by Shields and Burnett (1960) using 1 m of a
1 my/m. Fulvic acid solution. Net O D. is conputed, subtracting fromthe
sanple a fulvic acid control of simlar concentration (no Anthrone rgt. added).
This net O.D. is converted to percent bound carbohydrate using a standard curve

The second nethod using a-naphthol as described by G sche (1955), was comn
pared to the first. It required 0.5 m of a1 ng/m fulvic acid solution. An
appropriate curve was generated using a sucrose standard and net 0.0. of the

fulvic acid was once again corrected for with a fulvic acid control, of simlar

concentration, read against a reagent bl ank.
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; ULTS AND DI SCUSSI ON

Table 1 shows the results for the various functional groups obtained from
the same fulvic acid sanple. These results can be conpared to results reported
for other fulvic and humc acids, see Gessing (1976).

V& believe one of the nore interesting results obtained in our experinen-
tation was the indetectably |ow | evel of phenolic -OH in our fulvic
acid sanple using the Chrastil (1975) nethod. This differs fromthe Folin-
phenol reagent results, which were positive for phenolic hydroxyls. However it
is likely there are conpounds in our fulvic acid sanple which give a fal se posi-
tive with the Folin-phenol reagent. Several potentially interfering conpounds
are listed in papers by Folin and Denis, and Gutner and Holm W believe ben-
zal dehydes are possible in our fulvic acid which could cause interference as
suggested by Folin and Denis. The procedure by Chrastil reportedly is nuch |ess
subject to false positives frominterfering conpounds. Furthernmore our sanple
showed positive results for quinones, which were reduced to phenolic hydroxyls,
when the Chrastil procedure was used. The addition of unreduced fulvic acid to

sol utions of p-hydroxyphenyl propionic acid had no effect on the OD. in the

Chrastil procedure.

The amne results showed excellent correlation between the two independent
net hods used. This positive result for amnes is helpful because fulvic acid
can now be easily "tagged" with radioactive or fluorescent functionalities
Fl uorescamne, for exanple, can be used for those purposes and is promsing for
HPLC wor K.

The results for total hydroxyls was conparable to results obtained by
Mhers. The bound carbohydrate results showed good correlation hetween the two
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iwthods used. All our tests were designed so conparisons could be made readily
on different batches of fulvic acid wthout using nuch sanple. This wll
perhaps hel p those who are interested in batch to batch conparisons of various

functional groups.
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10

"able 1. Results obtained for functional group determination of aquatic fulvic
acid fromSingletary Lake, N C

Functional group meg/ gm fulvic acid wei ght %

primary & secondary hydroxyls 2.75 £ 0.55 4.7 £0.9

phenol i ¢ hydroxyls

(Folin phenol rgt.) 0.9 1.5
phenolic hydroxyls (Chrastil) negative negative
(<5 X 10"" eq./gm
qui nones 0.196 + .004
primary am nes (Fl uorescan ne) 0.097 + .006 0.16 + 0.01
primary am nes 0.094 + .005 0.15 % 0.01
(2,4,6-trinitrobenzene sul fonate)
bound carbohydrate (Anthrone method) ' 5.5+ 0.7
bound car bohydrate (G sche) 4.2 £ 0.5
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ABSTRACT

A radiochem cal procedure was used to quantify carboxyl content of fulvic
acid. Tritiumfromtritiated water exchanged with carboxyl protons in fulvic
acid and were then locked into the fulvic acid structure by diazonethane methy-
lation. Liquid scintillation counting of the exchanged methylated fulvic acid
yielded quantifiable results using 100 mcrogramquantities of fulvic acid.

Val ues obtained were comparable within 2% to those-obtained a Ca(0Ac)2 titration
procedure for carhoxyl determnation requiring 50 mlligrans of polycarboxylate.

Key words: Fulvic Acid, carboxyl groups, radioassay, quantification


NEATPAGEINFO:id=32CEA841-DBB9-4D72-A975-048B4ED4C58A


I MTRQOUCTI ON

Hum ¢ and fulvic acids are defined as those organi ¢ conponents of natura
waters that are not extractable into organic solvents; the former precipitates
at pH 1 while the [atter does not (1). During studies of the binding properties
of fulvic acid fromdifferent sources we found it necessary to conpare smal
bat ches as to carboxyl group content. Standard methods for this deternnation
exist (2,3), but require relatively large anounts of material (on the order of
50 ng, ref. 3). As the purification of even ny amounts of fulvic acid is time
consumng and tedious (1), we needed a nethod for carboxyl group determ nation
applicable to submlligramquantities of pol ycarboxylates. Since analyses for
phenolic hydroxyl groups (6) had indicated that our preparations of fulvic acid

were extremely lowin this functionality, we decided to take advantage of the
characteristics of the diazomethane esterification reaction as a neans of

radi ochem cal determ nation of carboxyl groups.

Di azomet hane has been shown to introduce -CH- groups into cyclic structures
of humc or fulvic acid (4). For this reason we could not use radiol abel ed
di azomet hane for carboxyl group deternination. Prelimnary experinents
[nvol ving proton nuclear magnetic resonance spectroscopy in DO reveal ed that
essentially all of the protons in fulvic acid that were capabl e of exchanging
did so very rapidly, exchange being conplete in less than 90 seconds. This
being the case, radioactivity could be introduced and "fixed" as described

bel ow.
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MATERI ALS AND METHODS

Fulvic acid used in our experiments was collected fromSingletary Lake and
Bl ack Lake, NC. I't was isolated by the humcs group at the University of North

Carolina, Chapel HII. The isolation procedure used was as described by Thum an
and Malcolm (1).

a) Exchange; Esterification; Re-exchange

Start with duplicate sanples containing 100 uQof fulvic acid in 100 yl of
dei oni zed water aliquoted into 0.5 dramglass vials. Benzene pentacarboxcylic
acid (Pfaltz and Bauer; Stanford, Conn.) was used as a separate reference stan-
dard in each set of sanples to correct for variations in dilution of ~h 0 by
moisture in the diethyl ftther as well as humdity inthe air. The sanpl es and
standards are placed in a vaccum desiccator over Drierite (CaSO., Hamond
Co.; Xenia, Chio) and NaCH pellets (Allied Chemcal; Mrristown, NJ) until dry
(usual 'y 24 hours).

To each of the dry sanples and standards add 20 yl of "HO (activity used
2.49 x 108 oPM g, obtained from New England Nucl ear, Boston, M) and vortex.
Allow 2 mnutes to assure conplete exchange of tritiumwith hydrogen in the
sanples and then add 1 m of diazonethane in ether previously generated as
described by Fales et al.  (5) wusing N-Methyl-Nnitro-N nitrosoguanidine
(Aldrich; MIlwaukee, W). The vials are securely capped with a teflon Iined
screw cap, and placed on a shaker for 1 hour.

Pure parafin (Qulfwax), 1 ng, is then added, only to the vials containing
benzene pentacarboxylic acid to prevent formation of a dry dust.  The sanples

and standards are dried at ZS'Z under a streamof N for 10-20 mnutes.  To the
now nethyl ated sanpl es one drop of non-labeled, de-ionized water is added, the
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vials vortexed, and standards as wel| as sanples are put back in the vacuum
desiccator overnight. This step is repeated the foll ow ng day.

b) Radi oassay Procedure

To the dried sanples and standards were added a few drops of methanol or
acetonitrile-methanol (1:1, v/v) to dissolve the solid residue.  Each small via

was then crushed, using a pair of pliers, inside a larger scintillation vial.
To these were added 15 M of Riaflour (New England Nuclear; Boston, MY) and the

i ncorporated (non-exchangeable) tritiumradioassayed using a liquid scin-
tillation counter (Packard, Tri Carb 4530).

c) Calculation of Results

(1) The henzene pentacarboxcylic acid is used to determne the effective
specific activity of the tritiated water by the fol | owi ng method:

effective specific activity = equiv. COOCH2 3H counted

equiv. COOH originally present

eoul v COOCH "H - MMM ohserved (henzene pentacarboxeylic acid)
DPM g (Activity of 3h 0 used) x 18g/equiv. SH'Ox

*The specific activity per *his 1" that of 3h o hence the 1/2 used above.

o A . .
equi v. Y or|g|na?ﬁy prSéht -9 bcnzenc pentacarboxeylic acid v 5

298

*5 equiv. COOH per mol benzene pentacarboxcylic acid

**298 = F.W of benzene pentacarhboxcylic acid

(2) Equivalents of carboxyl in the fulvic acid sanples is computed as

foll ows:
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equiv. COOCH22H (counted in methylated fulvic acid)

effective specific activity

eaui v COOCHI3H - AN observed (methylated fulvic acid)
(counted In methyl ated DPM g (Activity of "n"O used) x 18g/ea. "H)) x V2.

fulvic acid)

(3) Equivalents of carboxyl per gramof fulvic acid is then conputed.

equiv. COOH in sanple

gm of fulvic acid
(3a) To obtain a weight percent of carboxyl in fulvic acid

wei ght percent = (equiv. COOHgm of fulvic acid) x 45 x 100

*45 = F. W of COCH

d) Control Experiments

To test the exchange of carboxyl protons with water we put a few mlligranms
of henzene pentacarhboxcylic acid into two separate MR tubes and to one added
d"-DVBO (Merck, Snarp & Dohme; Kirkland, Que. Canada) and to the other 100% (20
(Aldrich; Mlwaukee, W). Noting the time when we dissolved our standard in D,0
would allow us to determne how mich time is required for a conplete exchange of
hydrogen with deuteriumby conparing the NVR spectra of both solutions. The NVR
spectrumof benzene pentacarboxcylic acid in dg DVSO woul d show no exchange with
deuteriumwhile the D20 NVR spectrumexamned at several different tine points

M woul d show exchange with respect to time. Used for all NWVR spectra was a
Nicol et QE 300, 300 MHz NMVR spectrophot oneter, 2.05 seconds/scan.
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As indicated previously it is necessary to run a henzene pentacarhboxcylic
acid standard with each set of sanples to determne an effective specific acti-
vity. To better understand why this varies fromrun to run we ran an experiment

using benzene pentacarboxcylic acid. W exchanged the protons with D20 instead
of "0, nethylated our standard, dried it, and dissolved it in dg-DVSO. By
conparing the NVR spectrumof this sanple with a benzene pentacarboxcylic acid
sanpl e that was methylated but not exchanged with D20 we could determne what
percentage of our methyl groups were -CHD and if any -CH' groups stil

r emai ned.

To eval uate the percentage esterification by our diazomethane methylation
procedure we methylated, as previously described, benzene pentacarboxcylic acid
sanpl es and fulvic acid sanples. These were dried, pressed into pellets wth
KBr (Perkin Elmer; Norwalk Conn.) and infrared spectra were run on a Perkin
El mer 1320 infrared spectrophotoneter. These IR spectra were conpared to those
of non-methylated henzene pentacarboxcylic acid and fulvic acid sanples.

Ful vic acid contains exchangeabl e protons other than carboxyl. This is why
the re-exchange of tritiumwth hydrogen after nethylation is necessary. To
test for conplete re-exchange of protons with groups other than carboxyl we used
an hippuric acid (Fig. 2) standard which has an exchangeabl e proton attached to
a nitrogen, not subject to methylation under these conditions, as well as having
an exchangeabl e carboxyl proton. It was exchanged, nethylated and re-exchanged
as described for fulvic acid and radi oassayed with a standard benzene pentacar-
boxcylic acid sanple for conparison.

Finally to conpare our method of carboxyl determnation with a nore standard

method we chose to run one sanple of fulvic acid both by the present method and
by the procedure described by Schnitzer and Qupta (2).
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RESULTS

The results of carboxyl determnation by the tritiumexchange procedure are
shown for different sanples of fulvic acid in table 1. The conparison of the
results obtained for one sanple of fulvic acid by the tritium exchange nethod

versus the Ca(0Ac)2 method (2) i's shown in table 2. As shown in the table the
two separate nethods gave simlar results confirmng the validity of our tritium

exchange procedure. The CaCOAc)”, nethod required 50 ng of fulvic acid. The
different sanples of fulvic acid in table 1 were collected separately at various
times during the year and show some batch to batch variation.

When we exam ned the proton NVR spectra of the two sanples of benzene pen-
tacarboxcylic acid dissolved in d"-DVSO and D,0 respectively, our sanple in DVSO
showed two peaks as expected. The peak at 8.6 PPM (tetranethyl si |ane
reference), reflected the single hydrogen on the henzene ring, and the other, a
rather broad peak at 13.7 PPM represented the collection of the 5 hydrogens on
the carboxyl groups. The sample in Q20 showed the peak at 8.6 PPMbut no peak
at 13.7 PPMafter only 11/2 mnutes, indicating conplete exchange of hydrogen hy
deuteriumon all 5 carboxyls. This confirmed the exchange was both rapid and

conpl et e.

The NWR spectrumof the benzene pentacarboxcylic acid exchanged with 0"0 and
then nethylated, conpared with the spectrumof methylated, non-exchanged benzene

pentacarboxcylic acid clearly demonstrated the need to determne the "effective"
specific activity of the tritiated water for each batch of sanples processed.

W knew fromour previous results exchange is 100% however as shown in Figure
1, since thereis aslightly different shift for a -CH'D group froma

-CH group, 78%of our exchanged standard was - CH'D while the remaining fraction
was -CH.. This indicated re-exchange with hydrogen had taken place before
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met hyl ati on. Evident|y there is a variable dilution effect fromrun to run pro-
bably dependent upon the humdity in the lab air or trace amunts of water in
the ether. This is why it is necessary to include a standard of known COCH comn
position with each sanple run.

Conpl ete esterification of our fulvic acid and benzene pentacarboxcylic acid
was verified by infrared spectroscopy. The absence of any peak from 2650 to
2000 cm™ (COCH region) in our nethylated sanples,-as was previously present in
our non-nmethylated sanples, and the emergence of a large sharp peak at 1730 cm”
(methyl ester carbonyl) in our nethylated sanple confirmed conplete esterifica-
tion in both the fulvic acid and benzene pentacarboxcylic acid (within the
limts of detection of infrared spectroscopy, roughly 3% -COCH detectable).

Finally, our control experiment using hippuric acid to test for the conplete
re-exchange of tritium other than carboxyl, gave results that correlated preci-
sely with those recorded for henzene pentacarhoxcylic acid. The effective fixa-
tion of 3hin the nethylated hippuric acid was 85. 7%zt 1.7%and for henzene
pentacarboxcylic acid 84.2% +2.5% Thi's confirmed the re-exchange procedure

was conpl et e.

*Note due to limted space IR and NMR spectra are not included. They are

avai | abl e upon witten request.
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DI SCUSSI ON

In performng this assay it is inportant to use quantities simlar to those
stated. W found new probl ens occured when we scaled down or up fromthe pre-
sented quantities. For exanple, 100% nethylation of the fulvic acid is
achi evabl e only when the diazomethane is available in excess, possibly because
of conpeting side reactions. Inconplete nethylation was easily observable in
infrared spectra of sanples containing too little diazonethane. The sane
probl em can occur if too much tritiated water is used, causing two phases, ether
and water. Wen this happens the fulvic acid remains in the water phase and the
di azomethane in the ether phase, hence inconplete nethylation. Reaction tine
and continuous shaking are also inportant to assure 100% met hyl ati on.

Wi le this nethod is designed for fulvic or humc acid sone researchers may
find it useful for other polyanions as well. It was designed to be used when

only smal| amounts of a high nolecul ar weight organic material are available.
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Table 1

COMPARI SON OF CARBONYL CONTENT COF VARI QUS SAMPLES OF FULVI C ACI D

Sanpl e? 1 2 3 4
mequiv GO 5. 78 3. 65 : 3. 65
gm Fulvic Acid +0. 46 + 16 4.00 + .25 +0. 11
wei ght % 26.0 +2 1 15.4 +0.7 18.0 + 1.1 16.4 + 0

Sanples 1, 2 and 4 from Lake Singietary, sanple 3 from Bl ack Lake.

Table 2

COVPARI SON, BY TWO | NDEPENDENT METHODS OF CARBOXYL CONTENT

OF ONE FUVIC ACID SAWPLE

Fulvic Acid Sanple 1

Met hod Triti um exchange Ca(OAc)Z

(4)
negui v COOH 5. 78 +0. 46 5.19 +£ 0.13
gm Ful vic Acid

wei ght ©o 26. O += 2.1 23. 4 += 0. 6
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Figure 1. Proton NVR Spectroscopy of Native and D'C-exchanged Benzene
Pent acarboxylate. The peak area ratios indicated a 78%trapping of

2H in the methyl groups for this sanple.

O
Il

X-C O CH3

X, , Xg 3.88 ppm
X2 , X4 3.83 ppm
X3 3.81 ppm

y-C-0 CH2D

y, Vg 3.86 ppm

Conparison of MR peak areas at 3.86 ppmto 3 88 ppm showed
approxi mtely 78%- CH Dto 22%- O
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4.0 BINDING OF NON- POLAR ORGANI C POLLUTANTS TO FULVI C ACI D

4.1 | NTRODUCTI ON

Presented In the final section of this report are experinents

I nvol ving interactions of non-polar organic pollutants with Aldrich

and aquatic fulvlc acid. The pollutants which were used are

di met hyl phthalate (DWP), diethyl hexyl phthalate (DEHP), 2,3.7,8-
TCDD (dioxin), DDT, and the herbicides, Anytryne and Pronetone.
These organics were chosen because there was evidence indicating
that ail but one, Dioxin, could bind to fulvic acid (ref.1-5).

The original objective of this section was to determne binding
constants for some of these organics and determne the nunber of
possi bl e binding sites on fulvic acid. For nost of these conpounds
little is known about the nature of the binding mechani smand
little evidence even exists to support hinding to fulvic acid.

One report shows binding of phthalates to fulvic acid to be as
high as four noles of phthalate to one mole of fulvic acid (ref.?2).
The bi nding mechani smwas believed to be a conbination of hydropho-
bic interactions and Hbonds. The herbicides Anetryne and Prone-
tone have al so been shown to bind to fulvic acid (ref. 3). The
evi dence showi ng binding of herbicides is greater than that for
phthal ates and the nechani sm (ion-exchange) is better known. QO her
reports have al so shown evidence of DDT binding (ref.4). To date no
evi dence coul d be found showi ng that Dioxin could bind to fulvic
acid; however because so many other non-polar organic compounds were
believed to be able to bind to fulvic acid it was postulated that
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DI ox in could bind al so.

The binding studies previously sited have led to a genera
belief that fulvic acid can transport nmany non-pol ar organics
t hrough the environment. This report however will question nmuch of
t he evidence supporting binding or interactions of these conpounds
with fulvic acid. Each experinent was done In a progressive order
so nore could be | earned about binding and about the nmechani sns
i nvol ved. DMP was used first because of Its reportedly high bind-
ing affinity (ref.2) and because of Its water solubillty. |If a
bi ndi ng constant could be determi ned, at different concentrations of
pol lutant and different concentrations of fulvic acid, nore could be
| ear ned about the nechanisns involved, iif DWW binding proved
successful, DEHP would be used in the sane manor, helping to gain
further insight into hydrophobic or H bond bi ndi ng nechani sms. As
will be seen In section 4.3 neither of these conpounds were found
to significantly bind to fulvic acid. DI ox in also showed no evi-
dence of being able to bind.

The herbici des Anretryne and Pronetone were used because nore
was known about their binding properties and because neither
pht hai ates nor Dl oxin could be shown to bind to fulvic acid. The
results of herbicide binding proved to be Inconclusive because of
the difficulty In detecting bound pollutant. This led to the use
of DDT as still another possible conpound that could be used to
test the validity of the experinental nethod used to separate bound
and free pollutant (see section 4.2). These results left the
researcher with still nore questions on the binding of certain

pollutants with aquatic or Aldrlich fulvic acid. This research
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rai ses new questi ons on whether or not non-pol ar organi c conpounds
can bind to fuivic acid and suggests that the nedium used for
transport of these pollutants in the environnment nmay be sonet hing

ot her than humic materi al,

4.2 NMATERI ALS AND METHODS

This section Includes the experinental conditions relating to
various experinments on the binding of fuivic acid to non-pol ar
organic pollutants. It Is divided into 13 sub-sections and each
sub-section has a matching section in the results and di scussion
The experinents proceed in the order they were perforned indicating
a |l ogi cal sequence of events as new and often surprising evidence

was gai ned at the conclusion of each experinent.

4.2.1 Binding af Dinmethyl Phthalate fDMP) is Fuivic Acid; Seo-
Pal <. Procedure 1

Di net hyl phthal ate (DVWP) was used because of its water sol ubil -
ity and because previous evidence indicated binding to fuivic acid
(ref.1,2). The solubility of DMP In water is very good for a non-
pol ar organi c conpound (approxinately 4nmg/ nl) and previous research
had suggested the binding of DMP to fuivic acid to be as high as
four noles DVP to one nole fuivic acid (ref.2). It was thought
that if DMP binding could be quantitated, binding affinity could be
determi ned for fuivic acid. 14C | abel ed DMP (0.5 uGi/unol) was
diluted with unl abeled DMP (Al drlch Chenical) to a concentration of
approxi mately 3,500 DPMs/uL. This was done so an adequate anount of

DWP coul d be used wi thout the experinmental sanple being too radio-

active and so the radi o-1 abel ed DMP coul d be conserved.
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Five glass test tubes were prepared as follows:

-Tubes 1,2,and 3 contained 2.9 nL deionized/dlstil |ed water. Added
to each of these tubes was 1.8 uL DVMP (2.14 ng or 11 unol) and the
tubes were then capped. The DVMP was allowed to solubllize over a
period of 48 hours of constant shal <l ng.

-Next was added 0.1 nlL of Slngletary Lal<e fulvlc acid (SL104)
obtained fromthe humics group at UNC-CH. ( Its concentration in
water was 5.1 ng/nL ). If DWP was to bind to fulvlc acid at an
approximte ratio of 4 to 1 nolar and if an average nol ecul ar

wei ght for fulvlc acid is assuned to be 1000 (ref.2) then approxi nn
ately 20% of the DWVP added should bind to the fulvlc acid.

-This mxture was allowed to equilibrate for 24 hours.

Not e: The 24 hour period stated for equilibriumln each experinent
I's not always 24 hours. It can actually nmean 24 to 72 hours.

There appeared to be no difference whether these equilibrations
were allowed to proceed for 24 or 72 hours therefore no distinction
was nade In the witten experinental procedures.

-Tubes 4 and 5 were run along with tubes 1,2 and 3 as bl ank
controls. They were prepared simlar to the other tubes however

t hey contained no fulvlc acid.

-Fol l owi ng equilibration NaHCO (0.01M was used to pH each sol ut -
ion to neutral (pH 7 to 8). At a neutral pH fulvlc acid had | ess
affinity for a Cl8 sep-pak cartridge. Further experimentation
showed elutlon of fulvlc acid to be Inconplete and will be

di scussed in | ater sections.

Not e: The bl ank sol uti ons were not pH d.

-Five C18 sep-pak cartridges (Waters) were pre-wetted, per recom
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mendation of the manufacturer, using 2 nL of nethanol followed by 5
mL of de-ionized/distilled water. This step proved to be very

| mportant.

-The solutions containing the 3 fulvic add sanples and 2 bl ank
controls, were poured into 5 separate 5cc syringes which had been
previously attached to 5 respective sep-pak cartridges, labeled 1
through 5. The solutions were eluted at an approximte rate of 10
m./ mn through the cartridges into 5 separate scintillation vials
al so labeled 1 through 5. An additional 1 nL of de-
ionized/distilled water was passed through each sep-pak cartridge
Into the nunbered scintillation vials. These were the water frac-
tions of the respective solutions, (ref.5).

-Following this fraction were elutions of 3 nL of nethanol followed
by ImL of nmethanol into 5 new scintillation vials. These el utions
were | abel ed as the organic fractions of the respective solutions.
-Each sep-pak cartridge was broken open. Its contents dunped into 5
separate scintillation vials, and | abel ed as the sep-pak fractions
of solutions 1 through 5.

-There were In total 15 scintillation vials, to which 15 nmL of
Atonl | ght was added, shaken, and counted on a Packard liquid

scintillation counter three tines for five mnutes. Each five

m nute count was then averaged and recorded as disintegrations per

m nut e (DPMs) .

4.2.2 Binding al Dinmethyl Phthalate t~ Fulvic Acid (Sep-
Pak. Procedure | 1)
To test whether varying the elution flow rate through the

ClS cartridge woul d change the apparent binding affinity of DMP to
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fulvic acid, tliree different flowrates were tested while the
experimental conditions remained constant. e C labeled DVWP at a
concentration of approximtely 28,000 DPM uL was used adding only 1
uL (5.8 unmoi) DWP per tube. The DWMP concentration to fulvic acid
concentration was approximately 11 to 1 nolar. |f binding of DWP
to fulvic acid Is 4 to 1 nolar, than 36% of the DWP (10,200 DPMs) ,
woul d theoretically bind to the 0.5 unoi of fulvic acid. (The DPM
concentration was increased to allow for easier detection.)

Experinental conditions, except flowrate, were the same as
section 4.2.1 and a total of 12 tubes were run. Six sanples with
fulvic acid (SL104), two tubes per flowrate tested (30n/ mn,
10m./mn,and 1 nL/mn), tubes 1,2; 3,4; and 5,6 respectively. Six
bl ank tubes (no fulvic acid), were also run, tubes 7,8; 9,10; and
11,12 (30mL/min, 10mM/mn, and Inl/min, respectively). Follow ng
equilibration, pH elution of the two fractions (water and
organic); the three fractions (water, organic and sep-pak

cartridge) were counted by liquid scintillation counting as in

section 4.2.1.

4.2.3 Binding qt Diethyl hexvl phthalate fPEHP) ia Fulvlc Acid.
Sep- Pak Procedure

This experinment was intended to test binding affinity of DEHP
to fulvic acid.  Clabeled DEHP (10.7 uGi/umol) was diluted in
hexane and used at an approxi mate concentration of 17,000 DPMs/ uL.
-Ni ne tubes were prepared. Tubes 1-3 were blank controls, tubes 4-
6 were Singletary Lake fulvic acid (SL104) and tubes 7-9 were

Aldrlich fulvic acid. ( Refer to section 1 for the preparation of
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Al drich fulvic acid.)

-Each tube received 9 uL DEHP I n hexane (4.87 unol DEHP) and was
then dried under N at 60 C to evaporate the organic sol vent.
-After evaporation, 2.9 nL of de-ionized /distilled water were added
and the DEHP was allowed a few hours to solublllze. (DEHP is very

i nsoluble in water and therefore only a small fraction was

expected to dissolve.)

-Tubes 4 through 6 received 0.1 mL of fulvic acid (SL104) in water.
(0.46 ng fulvic acid with an average nol ecul ar weight of 1,000 is
0.46 unol)

-Tubes 7 through 9 received 0.1 mM of Aldrich fulvic acid In water
(0.51 ng fulvic acid or 0.51 unvol).

Note: The nolar ratio of DEHP to fulvic add for tubes 4 through 9
was approximately 10 to 1, Binding was expected to be as high as 4
to 1 molar (ref.2), however, even if binding were only 1 to 1

nol ar, than 10% of the total DEHP added (15,000 DPMs) would bind to
fulvic acid. |If a detection |limt of a few hundred DPMs |s assuned
any significant binding could be detectable.

-Al'l tubes were capped and allowed to equilibrate with gentle
agitation for 24 hours.

-Tubes 4 through 9 were then pHd to neutral with 0.01M NaCO .

-Al'l tubes were centrifuged for 15 m nutes.

-After centrifugatlon the contents of each tube was pipetted, one
by one. Into a 5cc syringe and passed through a pre-wetted C 8
sep-pak cartridge. This first elution was followed by 1
de-ionized/distl | led water. These two elutions were conbi ned and

| abel ed as the water fraction.

-The next elution used 3 m of methanol and was | abel ed as the
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nmet hanol fraction.

- The final elution used 3 nL of butanol and was | abeled as the
butanol fraction. This elution renoved any remai ni ng DEHP on the
sep-pak therefore no sep-pal < fraction was count ed.

- All renaining counts were assuned to be left in the sample tube

and a final rinse of the original sanple tube was not done.

Instead total DPMs were counted for 9uL of DEHP in hexane and were
reported as total DPMs added. Experience had shown DEHP recovery to
be not neasurably | ess than 100%

-Each fraction was counted, as was done In the DWVP binding experi-

ment. The three count average for each fraction was recorded.

4.2.4 Aifinlty of Fulvlic Acid for Cl18 Sep-Pak Cartrldges

A procedure, which quantitates organic carbon (ref.9), was
used for determning the quantity of fulvic acid remaining on a
sep-pak cartridge after water elution. Wile previous researchers
had used CI 8 sep-pak cartridges for separating bound from un-bound
pol lutant (ref.5) there was no indication in their reports that
fulvic acid had an affinity for these cartridges. The color of the
cartridges following elution with water, and the col or of the
organi ¢ elution, indicated however sone portion of the fulvic acid
passed through the cartridge only after elution with an organic
sol vent .
- Areagent solution of 2.5 g K C 0 (Fisher Scientific) dissolved
m1 L of 36N H SO, was prepared.
- Solutions of Aldrich fulvic acid and Singletary Lake fulvic acid

(SL104) were prepared with concentrations sinilar to the DEHP
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bi ndi ng experi nment.

- Duplicate 3 nmL portions of each fulvic acid (Aldrich and Single-
tary Lake) were pHd to neutral, and eluted through pre-wetted C18
sep-pak cartridges as was done In the binding experinents.

This elution was followed by 1 nL of de-ionized/distil |ed water.

These two el utlons were conbi ned and | abel ed as the water
fractlon.

- The other fraction (organic solvent) was a 3 nL nethanol elution
following the water el ution

- A water blank and a nmethanol blank (no fulvic acid) were al so

el uted through a Cl18 sep-pak cartridge. These fractions were
appropriately | abel ed.

-1t was assuned ail fulvic acid was renmoved fromthe sep-pak after
the methanol elution. This judgnent was made because no col or
material remained on the sep-pak cartridge.

- To each fraction 1 nL of the KO 0_ solution was added, shaken,
and heated to 100 C for 45 mnutes with occasional shaking.

- A0.5nL aliquot of each sanple and bl ank control was taken. To
this fraction 20 nL of water was added and each fraction was read
at an absorbance of 350 nm using water as a spectraphotonetric

bl ank.

- An organic carbon standard with 350 ug of carbon was prepared and
run as a check standard for the procedure.

-Net absorbance (O D.) was conputed as foll ows:

Absorbance of water blank - absorbance of sanple = net absorbance
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4.2.5 Affinity slIL Fuivic Acid for XAD-2 Resin

The previous experiment had shown a significant anmount of
fulvlc acid remai ned bound to the Cl8 sep-pak cartridge after
eluting with water. To avoid this problem hand packed pasteur
pipettes filled with soxhlet extracted XAD-2 resin (Supeico, Inc.)
were used in place of Cl8 sep-paks. The same experinent was run
as in section 4.2.4. Slight nmodifications included testing of
Singletary Lake fulvlc acid only and not Aldrich fulvlc acid, and

no organi ¢ carbon standard was tested.

4.2.6 Binding ffil Diethyl hexvl Dhthalate (DEHP) tfi Fulvic Acid

XAD- 2 Resi n Procedure

This experinment was a repeat of section 4.2.3 , however, hand

packed XAD-2 resin colums were used in place of Cl 8 sep-pak
Cartridges. Hand packing consisted of placing a snall piece of

gl ass wool Inside a pasteur pipette, assuring XAD-2 resin would remain
Inside the colum, followed by filling the pipette approximately

hal f-way with soxhlet extracted XAD-2 resin which had been stored
under refrigeration in nmethanol.

A total of 7 sanples were run. Tubes 1 through 3 were control
bl anks (no fulvlc acid), tubes 5 and 6 were Singletary Lake fuivic
acid (SL104), and tubes 8 and 9 were Aldrich fuivic acid. The sane
amounts of fuivic acid, DEHP, and dilution water were used as in the
sep- pak experiment (section 4.2.3). Tetrahydrofuran (THF) was used
in place of nethanol, followed by a hexane elution in place of
butanol. Experinentation with different organic solvents had shown
this conmbination to be excellent for eluting DEHP of f XAD-2 resin.

For conpl eteness, a hexane wash of the sanple tube was added and

10
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the wash fraction was then counted; along with the water fraction,

the THF fraction and the XAD-2 hexane fraction.

4.2.7 Phthalate Quant if icat lon of Sinaietarv Lal<e Ful v i ¢ Acid
fsLiQan

As a control experinent, to determ ne whether or not any
endogenous phthal ate was bound to the fulvlc acid (SL104), a
pht hai ate extracti on was perfornmed.
- Four nL of CHCI _ : Methanol (2:1) was added to 2.5 ng of fulvlc
acid. Twenty five ug of D -n-octyl phthal ate was added as an
Internal standard. This was chosen because di-n-octyl phthalate is
not found In environnental sanples.
- The above sanpl e was capped and vortexed and all owed to extract
for three days.
- Ablanic control was run In parallel to the fulvic acid sanple
usi ng the sanme organi c solvent mxture and the sane Interna
st andar d.
-After three days the control and sanple were centrifuged In the
same tubes they were extracted. The supernatant fraction was
carefully poured Into another tube and bl own dry under N at 60° C.
- Fifty uL of Methylene Chloride was added to the residue of both
t ubes, sanple and control, and vortexed.
- A GC (Gas Chromat ograph) chronat ogram was obtai ned from both
extracts using approximately 3 uL for injection.
- The GC program used a phthai ate separation procedure (ref.®6).

Columm: 1 neter x 1/8" SS, 10% OV-3 on Gas Chrom Z.

Tenperature Program 140-230 at 8° /mn. Hold at 230 .

11
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Gas: He, 35 nmb/mn.

Dinethyl to dl-n-octyl phthal ate approximately 23 mnin

4.2.8 Extractabilitv of DEHP form Fulvlc Acid SL14

To assure the validity of the previously run extraction,14 C
| abel ed DEHP was added to fulvlc acid (SL104), ai | owed to exchange,
and then extracted by the sane procedure as In section 4.2.7. if
all the 14C | abel ed DEHP col d be recovered than the results of the
previ ous experinent would be presuned valid.
- Five uL of DEHP In hexane (2.7 unol DEHP) was added to duplicate
1 mg fulvic acid sanples. The solvent was evaporated under a
gentle streamof N .
- The residue was dissolved in approximately 1 nL of water,
soni cated, and then freeze dri ed.
- An extraction using CHCl- : Methanol was done as in section
4.2.7. ( No internal standard was added.)
- After 2 days the supernatant was renoved and counted by adding 15
nL of Atomight and using a liquid Scintillation counter as pre-

viously done In the binding experinents.

- The remaining residue was dissolved in water and al so count ed.

4.2.9 —£ Diethyl hexvl phthalate (DEHP) Purity
To test the purity of the | abeled DEHP used in the previous

experiments, thin |ayer chronatography (TLC) was incorporated to

separate pure frominpure fractions.
- ATLC plate, soft silica gel (Analtek), was spotted with |abeled

and un-1 abel ed DEHP si de by side.

- The plate was run In a solvent nmixture of hexane: diethyl ether

12
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acetic acid (120:30:1).

- The response factors of |abeled and unl abel ed DEHP were conpared
under shortwave W. The pure DEHP spot was easily identified

- The 14C | abel ed DEHP spot was circled with pencil, and the
silica gel above, below, and on the spot was removed by scraping
with a small metal spatula, and placed respectively in three sepa-
rate scintl Ilatlon vials.

- Atonlight was added to each of these vials and used as an

extraction solvent as well as for liquid scintillation counting.

4,2.10 Binding fil ~ £ Labeled Pi ox In f2.3.7.8-TCOD" tfi Fulvic Acid
As done previously with phthal ates an experinent was run

to test the binding affinity of 2,3,7,8-TCDD to fulvic acid.

- To three glass test tubes | added 0.4 ng, 0.7 ng, and 1.0 ng of

dry fulvic acid, respectively.

- Each tube received 0.5 m of TCDD In acetone. ( 1,000 DPMs

represented 1 ng of TCDD. Total TCDD added to each tube was

approximately 4 ng, ) The acetone was allowed to evaporate under a

fume hood, overnight.

- Fol | owi ng acetone evaporation, 3 ml of water was added, the tubes

were sonicated for five mnutes, and gently shaken overnight.

- Two tubes containing no fulvic acid were run as blank controls.

- As with DEHP, hand packed pasteur pipettes, filled with soxhiet

extracted XAD-2 resin were used for elution. The elutlon fractions

were water, and an organic fraction consisting of 2 nL of acetone

followed by 2 nmL of toluene. The reaction tubes were rinsed with

tol uene and the XAD-2 resin was dunped into a scintillation via

13
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and extracted with Atonight. Before elution each tube was pH d
and centrifuged as done with DEHP
- Liquid scintillation counting was done exactly the sane as
previ ous experiments. The fractions counted were:

- water elut ion

- organic elut ion

- tol uene rinse

- XAD-2 resin

.2.11 Binding of Non-Polar Organ Ics to Cay (Kaoilnlte)

To test if transport of non-polar organics could be made
possible by clay , rather than humcs, slightly inpure Kaoilnite
clay was obtained fromCary, North Carolina and used to test the
binding affinity of 2,3,7,68-TCDD and DEHP

A) DEHP
- 13.9, 4.7, and 4.2 ng of Kaoilnite was added to three glass test
t ubes, respectively.
- Each tube than received 8 uL DEHP in hexane. ( Refer to section
4.2.3 for DEHP concentration.)
- The hexane was evaporated under a gentle streamof N and 3 nL
wat er was added to each tube.
- Two blank tubes were prepared w thout the addition of O ay.
- Al tubes were capped, vortexed, and shaken gently for 24 hours.
- The clay solution was then centrifuged at 3,000 rpmfor 15
m nutes and the supernatant was poured into respective scintilla-
tion vials.
- The clay was washed fromeach tube with one water rinse and each

tube was then rinsed wi th hexane.

14


NEATPAGEINFO:id=687235B4-9CED-4C3C-8E72-E2CC1153C5C2


- The three fractions counted for each of the five tubes were:
- super nat ant
- clay
- hexane wash
- Liquid scintillation counting was done as In previous
experi nents.
B) TCDD
- 13.2ng and 9.7 ng of Kaolinite was added to two glass test tubes,
respect ively.
- This was followed by 0.5 nL of 2,3,7,8-TCDD in acetone. ( Refer
to section 4.2.10 for TCDD concentration.)
- The acetone was bl own dry, under a fune hood, using a gentle
stream of N .
- Two tubes containing no clay were run as blanl< controls.
- The renuni nder of the procedure was the sane as with the DEHP

exper | ment.

4.2.12 Binding of Pronmetone and Anetrvne to Fulvlic Acid
A literature search reveal ed that sone conpounds were able to
bind to fulVic acid by an ion-exchange mechanism(ref. 3). Two

conpounds were chosen fromthis reference to test their binding
affinity for fulvie acid. The conpounds chosen were Pronetone and

Amet ryne.

Anetryne Solution; 12.2 ng dissolved In 100 M de-
ionized/distilled water (MW 191.30, 6.38 x 10-4 M. Diluted 20:1

(30.4 nnol /).

15
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Prometone Solution: 9.0 ng dissolved In 75 nL de-
ionized/distil led water ( MW 189.26. 6.34 x 10-4 M. D luted
20:1 ( 31.5 nnol /).

- Each solution was pH d to neutral with O O M NaCO and scanned

using a W/ Vi S spectrophotoneter. Respective UV pealcs were

identified and extinction coefficients were cal cul at ed.

- Binding experinments simlar to those done with DEHP and TCDD were
run using fulvic acid. Detection of the bound organi c was
performed using W/ VIS spectraphotonetry, attenpting to quantitate
the UV peaks ldentified above.

-Three nL of the diluted Pronetone solution was added to each of 8
gl ass test tubes, respectively.

- Three tubes (nos. 1-3) received 100 uL of fulvic acid (SL104) in
water (25.7 nnol).

- Three tubes (nos. 4-6) received 100 uL of Aldrich fulvic acid in

water ( 25.3 nnol).

-Two tubes (nos. 7,8) were blank controls containing no fulvic

aci d.

- Al eight tubes were gently shaken for 24 hours, pH d to neutral

with 0.01 M NaCO, centrifuged, and eluted through separate

soxhi et extracted XAD-2 resin columms.
-The water extract was scanned for each solution from 350 nmto
200 nm against a fulvic acid reference solution of the sanme

concentrat ! on.

- Asimlar experinent was run using Aretryne instead of Pronetone.

16
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4.2.13 Binding ¢, —Q Labeled DDT iQ Fuivic Acid

This experinment was run to give a rough estimation of the
binding affinity of DDT to fuivic acid and sinpiy to determne if
bi ndi ng occurred.
- 0.5ng, 0.7ng and 0.7 ng of dry fuivic acid was added to three
gl ass test tubes respectively.
-Ten uL of 14C DDT i n benzene was added to each tube. ( Approxi -
mately 30,000 DPMS DDT; A C DDT 19.1 nGi/mM)
- After evaporation of the benzene under a gentle streamof N,
3 mL of water was added, the tubes were capped and vortexed, and
shaken gently for 24 hours.
- Two tubes containing no fuivic acid were run as blank controls.
- After shaking, a white precipitate was detected in the sanples.
- Al tubes were centrifuged at 3,000 rpmfor 15 min.
- The supernatant fraction was poured into a separate tube, pHd to
neutral, and eluted through an XAD-2 resin col um.
- This elution was followed by 1 nL of water and 3 nL of nethanol
obtaining a water and an organic fraction simlar to previous
exper iments.
- The fractions for liquid scintillation counting were:

- supernatant (water fraction and organic fraction)

- precipitate

- nmet hanol rinse of reaction tube.

17
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4.3 RESULTS AND DI SCUSSI ON

4,3.1 Binding . Dinethyl Phthaiate (DWP) ta Fuivic Acid: ?29P-
Pal g. Procedure i

Table 4.3.1 shows the averaged DPMs for each fraction counted,
tubes 1-3 contained fuivic acid (SL104) and tubes 4-5 were bl ank

control s.

TABLE 4.3.1 DPM RESULTS OF "BINDI NG CF Di*I P TO FULVi C AGi D ( SEP-PM PROCEDURE 1)."

1 Tube Sanpl e 1 DPMs
| "eCH [ Totai %in|
1 Hater Fraction Fraction  Sep-Pak Fraction Total 1 MeCH

1 fuivic acid 1 no 4921 14 5660 1 87

1 2 fuivic acid ' | 150 5122 18 5930 ! 86
3 fuivic acid | 1 57 5383 18 6131 1

o4 bl ank 1 2335 3454 25 6246 | 55
5 bl ank ! 56 5278 14 6008 |

* Urwsual Iy high blank val ue.

Note: The tables In this report which show disintegrations
per mnute (DPMs) do not show standard deviations of the presented
val ues. Unl ess ot herwi se shown, an approximate relative standard

deviation of + or - 10% can be assumed.

These results show that essentially no DMP came through in the
water fraction. This fraction, which contained nmost of the fuivic
aci d, should have al so contained any DWP that was bound to the

fuivic acid. In fact, the results indicate that DVWP does not bind
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to fulvlc acid as reported by |”*atsuda and Schnltzer (ref. 2).

There are however two other possibilities: 1) DI*P may bind to
fulvlic acid and than be stripped away by a Cl8 sep-pal < cartridge
or, 2) since a snmall fraction of the fulvlc acid was not elutlng
with water, and only elutlng after nethanol was passed through the
colum, it is conceivable that the DVP was bound to this smaller
fraction of fulvlic acid and therefore was not separated fromthe
un- bound DWVP.

Addressing the first possibility requires a specific definit=-
ion of binding. Using Matsuda and Schnitzer's definition (ref.2)
the DVMP fraction remaining in the CL8 sep-palc cartridge woul d be
consi dered un-bound pollutant. Their experinent separated bound
from un-bound phthal ate using a hexane extraction. Theoretically a
C18 sep-pak cartridge separation should be equivalent to a hexane
extraction procedure. These results therefore are drastically
di fferent from Matsuda and Schnltzer who clai mbinding of DWP to
fulvlc acid to be 4 to 1 nolar. One should note however that this
first experiment used only aquatic fulvlc acid. The sep-pak pro-
cedure differed from Matsuda and Schnitzer's hexane extraction
procedure in using |abeled 14C DWP and counting the DWP bound to
fulvlc acid. The hexane extraction procedure quantitated phthal ate
in the hexane extraction by GC, and assuned that the difference
between the starting quantity of phthalate and the GC quantitation
was the amount bound to fulvlc acid. This sep-pak procedure was
used by Landrumet al. (ref.5) who also claimphthalate binds to
fulvlc acid. Their results are questionable however, because of

the | arge phthal ate breakthrough reported.
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The second possibility concerning the fulvic acid renaining
in the sep-pak following the water elutlon will be addressed in
nore detail by other experinmentation. It should be noted however
that previous research (ref.7) has shown little evidence of being
able to separate chemcally different fractions of fulvic acid
using reverse phase colums. This would |ead one to believe that
while sonme of the fulvic acid renmaining on the colum could easily
contain a percentage of the bound DWP, there should still be a
significant amunt com ng through the colum In the water elutlon
if infact DMP binds to fulvic acid. A quick glance at table 4.3.1
conparing the DPMs in the water fraction of the sanple tubes to the
DPMs in the water fraction of the blank tubes (no fulvic acid)
shows no significant binding of DMP to the fulvic acid dissolved in
the water elutlon. Both of the aforenentioned concerns regarding a
definition of binding and fulvic acid renaining on the colum,

will be nore conpletely addressed in foll owi ng di scussions.

4.3.2 Binding of Dinethyl Phthalate (DWP) to Fulvic Acid: Seo-Pak.
Procedure JJ.

The previous experinment |ndicated there was no binding of DWP
to fulvic acid. The specific activity of the DMP was therefore In=
creased so even if mininmal binding occurred It would be detected
This increased concentration al so hel ped determni ne whether there
was any significant breakthrough of DMP on C18 Sep-pak cartridges.

The primary purpose of this experinment was to determne |f

there was a rel ationship between flow rates and the breakthrough of

pht hal ate. Three different flow rates were used and the results

are presented In table 4.3.2. There was no difference in break-

20


NEATPAGEINFO:id=02AFC82F-B174-426B-A55C-A1168F855A83


through detected with the different flow rates chosen. (Flow rates

were only estimates, using a 5cc syringe and timng approximte

delivery of 3 nmL of solution through a C18 sep-pak.)

TABLE 4.3.2 BINDING OF DMP TO FULVI C ACI D ( SEP- PAK, PROCEDURE | I')

1 Tube Fl ow Rat e Sanp i e 1 DPMs
(m/ mn) NMeOH

! Water Fraction Fracti on
11 60 fulvic acid 1 119 26334
12 60 fulvic acid 1 131 26597
13 30 fulvic acid ! 143 28423
1 4 30 fulvic acid | 155 30358
I 5 10 fulvic acid ! 140 27650
1 6 10 fulvic acid 1 137 26727
1 7 60 bl ank 1 160 25756
| 8 60 bl ank | 139 27120
1 9 30 bl ank 1 162 28920
1 10 30 bl ank | 177 27680
! 11 10 bl ank 1 197 28463
! 12 10 bl ank | 157 28796

The results al so showed that DWP breakt hrough remai ned con-
stant and that this breakthrough I's minimal in conparison to the
total DVMP used. A two-tailed t-test shows the nean DPMin the
water fraction fromthe blank is significantly higher than that
fromthe fulvic acid sanples (t= -2.9510, d.f.=10, p=0.012 (i.e.
<0.05)). This is very strong evidence agai nst binding by the
criteria of Landrumet ai. However, it suggests that either the

presence of fulvic acid decreases the water solubility of DWP, or

ful vic aci d-bound DVP does stick to the columm. The XAD- 2

resuits will be used to distinguish between the two possibilities.

These resuits also led to experinentation using DEHP In place of
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DWP attenpting to find a pollutant that may bind to fulvic acid.

4.3.3 Binding fif Diethyl hexvl ohthalate CDEHP') tfi Fulvic Acid

Sep- Pak Procedure

DEHP was used in place of DWP because |ike DVP Matsuda and
Schnitzer had found DEHP to bind to fulvic acid. Table 4.3.3
presents the results of DEHP binding using a Cl8 sep-pak cartridge
as was done in the DVP binding experinments . A highly radioactive
sanmpl e was used and as with DVP an almost  insignificant amount of
DEHP cane through the sep-pak with the water elution. There was no
i ndi cation of significant amounts of DEHP binding to fulvic acid.
The water fraction data woul d suggest that about 500 - 50 = 450 DPM
or about 0.3%of the DEHP could have bound to fulvic acid. Thi s

woul d be only 0.03 noles per nole of fulvic acid.

TABLE 4.3.3 BI NDI NG RESULTS CF DI ETHYL HEXYL PHTHALATE TO FULVIC ACI D; SEP-PAK PROCEDURE.

il Tube Sanpl e 1 DP'»ls

1 Vater MeOH But anol Tot al - (H20+| ~eCHtBut anol ) Total Il

1 Fraction Fraction  Fraction (Fraction In Tube) Injected I!
1 bl ank 1 64 2151 2756 145029 150000 |1
I 2 bl ank 1 44 672 445 148839 150000 1!
1! 3 bl ank 1 25 2261 2376 145338 150000 |1
Il *4 fulvic acid SL104 1 553 33760 7432 108255 150000 |1
115 fulvic acid SL104 1 174 7777 858 141191 150000 11
Il 6 fulvic acid SL104 | 204 4201 902 144693 150000 11
I *7 fulvic acid Aidrich 692 50199 9146 89963 150000 1!
118 fulvic acid Aidrich 1 313 5548 982 143157 150000 1|1
I 9 fulvic acid Aidrich 1 462 2409 1632 145497 150000 11

* Samples with high DPMs in the MeQH fraction and the butanol fraction.
These counts do not necessarily represent binding
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Thi s experinent al so addressed the question of phthalate that
may bind to fuivic acid but be stripped away by a reverse-phase
colum. DEHP is highly insoluble in water and therefore nost of
t he un-bound DEHP renained in the test tube. Any DEHP that dis-
solved In the water or bound to fuivic acid was transferred to the
colum by pipetting, in examning table 4.3.3, If the DPMs of the
water elutlon, the nmethanol elutlon, and the butanoi elution are
added together and conpared to the DPMs Injected, an indication of
possi bl e DEHP binding wi thout the influence of the reverse-phase
colum can be obtained. Upon doing this conparison one can easily
see that when the blanl< controls are subtracted fromthe fuivic
acid sanple, except for two high values obtained fromtubes 4 and
7, bound DEHP is only about 2% of the total DEHP added. If this
was assunmed to be an upper linmt of possible DEHP binding the
binding ratio of DEHP to fuivic acid would not be 4 as reported by
Mat suda and Schnitzer, it in fact would be 20X | ower. This however
is not atrue estinmate of DEHP binding but is only an upper limt
of DEHP that could bind to fuivic acid. The experiment suggests that

DEHP binding is insignificant when one conpares only the water frac-

tion which is assuned to be bound DEHP.

4.3.4 Affinity fif Fulvic Acid for Cl8 Sep-Pak Cartridges

Prior to this experinent detection of fuivic acid, in either
the eiutions or on the sep-pal < cartridge, was done by col or observ-
ation. This observation |led to the conclusion that an unknown
portion of the fuivic acid was remaining on the sep-pak after the
wat er el ution and woul d consequently be collected in the methanol

elution. It therefore became necessary to quantitate the fuivic
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acid in these two fractions.

The organic carbon of each fraction, water and methanol, was
quantitated by use of a K Cr 0_ solution. The net absorbance of
these results are presented in table 4.3.4. To conpute the organic
carbon percentage of each fraction the absorbance val ue of each
fraction was added together, and the absorbance val ue fromthe
fraction of Interest (water or nethanol) was divided by this total
val ue. This percent organic carbon value was assumed to be percent
fulvic acid. A blank control was run to assure no significant
amount of carbon was being stripped fromthe colum. A standard
organi ¢ carbon sanple was run to conpare to the fulvic acid
sanples. The results in table 4.3.4 show a ngjority of the fulvic
acid would elute with the water fracti on however a substanti al
amount woul d al so elute with the methanol fraction. No fulvic acid
remai ned on the colum after the nethanol elution. Because the
obj ective of these experinments was to separate conpletely the
fulvic acid fromthe un-bound non-polar organic of interest, and
because this was not successful using Cl8 sep-pak cartridges, XAD 2
resin cartridges were used in place of the sep-paks. Results of a

simlar experiment using these XAD-2 resin cartridges, are pre-

sented in the follow ng section.
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TABLE 4. 3.4 ABSCRBANCE VALUES AND RESPECTI VE PERCENTAGES OF CRGANI C CARBON

I'N DI FFERENT ELUTI ONS (WATER AND METHANOL) OF FULVI C ACI D THROUGH C18
SEP- PAK CARTRI DGES.

Fulvic Acid
11 Tube Sour ce Fraction O.D. * oD X Organi ¢ Carbon ||
1 Al drlch wat er 301 119 61 11
11 1R Al drich wat er 303 117 60 |1
1 2 Al drlch MeOH 345 75 39 11
1l 2R Al drlch MeOH 347 77 40 11
I 3 SL104 wat er 327 108 54 11
11 4 SL1GA MeCOH 312 93 46 |1
Il std. none none 219 201 100 |1
Il blank none none 420 0 none 11
Il water none none 0 N A none 11

R signifies repeat analysis
STD = Standard Organic Carbon Sanple (350 ug)
¥ 0D =Blank (OD.) - Sanple (O D.)

Wiile the results of this experinent i ndi cate C18 sep-paks
were not conpletely successful in separating fulvic acid fromun-
bound pol | ut ant, the experinments using Cl8 sep-pak cartridges are
still of worth. One should note that reverse-phase col urm separa-
tion of fulvic acid probably does not separate chemically different
fractions. Therefore if a non-polar organic pollutant could bind
to fulvic acid one woul d expect a respective fraction of this
pol | ut ant to pass through the reverse-phase colum with the water
el utlon. Previ ous experinents had shown that this was not the

case. There has been no evidence of any significant amunt of

pol lutant bound to the fulvic acid In the water fraction.
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4.3.5 Af f In! ty of Fulvlc Acid for XAD-2 Res i n: Hand- Pacl <ed
Cartr i daes

The results in table 4.3.5 show absorbance val ues and respec—
tive percentages for organic carbon in two elutlons, water and
nmet hanol, of fulvlc acid (SL104) passed through XAD-2 resin car-
tridges. Conputing results as was done in section 4.3.4 alnost ai
t he organi c carbon could be found In the water elution. Therefore
fulvlic acid was assumed to be eluting through XAD-2 resin car-
tridges with the water fraction. Aldrich fulvlc acid was not used,
however, simlar results could be expected. Prior to elution, as
with the C1l8 sep-pak procedure, the fulvlc acid was pHd to
neutral. Fulvlc acid was not expected to have any affinity for
XAD-2 resin at this pH since XAD-2 resin is used as part of the

preparati on procedure (refS), for concentrating fulvlc acid.

TABLE 4. 3.5 ABSORBANCE VALUES AND RESPECTI VE PERCENTAGES OF ORGANI C CARBON

I N DI FFERENT ELUTI ONS (WATER AND METHANOL) OF FULVI C ACI D THROUGH HAND- PACKED
XAD- 2 RESI N CARTRI DGES

Ful vlic Acid

Tube Sour ce Fract ion 0.D * O.D % Organic Carbon |
1 SL104 wat er 262 140 100 !
2 SL104 Me OH 404 -2 0!
bl ank none none 402 (0] none 1
wat er none none 0 N A none |

* OD = Blank (O D.) - Sanple (O D.)

4.3.6 Binding gl Diethyl hexyl Phthalate (DEHP) t~ Fulvlc Acid:

XAD- 2 Resin Procedure

Section 4.3.5 showed XAD-2 resin colums could be used In

pl ace of Cl8 sep-pak cartridges, and would be successful at separ-
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atlng all the fulvlc acid fromthe un-bound pollutant. In this
section experinmental conditions were kept simlar to section 4.3.3,
using XAD-2 resin in place of CI8 sep-paks. Results are given in
table 4.3.6. These results gave very little indication that any
statistically significant anpunt of DEHP bound to fulvlc acid,
table 4.3.6.1. The nmean and standard devi ati on conputed for the
water fraction of the blank controls, fulvlc acid SL104 and Al drl ch
fulvlc acid sanples, are shown In table 4.3.6.1. Subtracting the
DPMs of the blank controls fromthe SL104 ful vlc acid sanpl es and
Al drlch fulvlc acid sanples showed only 0.6% and 1.2%respectively,
of the DEHP renmi ned bound to the fulvic acid. Recalling that
these DPMs represent accunul ated sclntlliatlon count averages sug-
gests and even | arger standard deviation then Is reported In the
table. This could nean that the bound DEHP nmy even be less and Is
certainly far below any previously reported binding ratio (ref. 2
and 5). In fact, one may suspect DEHP does not bind to fulvlc
acid. These results are supportive of previous experinents using
Cl S sep-pak cartridges.

2) If the DPMs of the water fraction, the THF fraction, and
the XAD-2 resin fraction are added together (table 4.3.6.1) repre-
senti ng possi bl e bound DEHP before XAD-2 resin elutlon, and the
bl ank control sanples are subtracted fromthe fulvlc acid sanpl es,
2-talled t-tests show P>0.2 for Aldrich fulvic acid vs. water and

P>0.7 for SL104 vs. water. Therefore there is a scientific basis

for concluding no evidence of binding for SL104 fulvlc acid and
Al drich fulvic acid. These type of results Indicate that not only

I's binding of tested non-polar organics insignificant when the
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sanple Is eluted through resin colums for separation of free and
bound pollutant, but that no significant binding of phthalate to
fulvlic acid I's occurring even before el utl on.

TABLE 4.3.6 RESULTS OF 14C LABELED DEHP BI NDI NG TO
FULVI C ACI D; XAD-2 RESIN PROCEDURE

1 DPMs
Fulvlic Acid 1 \ater THF XAD- 2 extraction Hexane wash 11
Tube Sanpl e 1 Fraction Fraction w Hexane of Sanple Tube ||
1 bl ank control 1 9 6903 246 149719 11
: 2 bl ank control 1 110 880 64 136063 11
bl ank control | 47 1824 98 158600 11
SL104 1 1429 3949 261 146868 ||
6 SL104 ! 812 3260 186 158861 11
8 Aidrlch 1 1839 18275 3435 92563 11
9 Aldrlch 1 1577 13046 681 162475 11

TABLE 4. 3. 6.1 AVERAGES OF WATER FRACTI ONS; AND WATER, THF AND XAD- 2
RESI N FRACTI ONS ADDED TOGETHER. DPM AVERAGES ARE SHOWN FOR EACH

SAMPLE; WATER, FULVI C ACI D (SL104), AND ALDRI CH FULVI C ACI D.

Average DPMVs 1

Sanp 1le Fraction (approxi mate std. devi ati on) |

84 j

wat er wat er () 1
Ful vl ¢ Acid 1121 J
sSL104 wat er (436) 1

Ful vl c Acid 11708 I
Al drlch wat er (185) 1

1

water + THF + 3423 1

wat er XAD-2 resin (3342) i

1

Fulvlic Ac 1d wat er + THF + 4949 !
SL104 XAD-2 resin (91 1

Ful vl c Aci d water + THF + 19427 !
Al drlch XAD- 2 resin (5830) 1
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4.3.7 Sinaletarv Lake Fulvic Acid fSL104). Phthalate Quantitati on

Gas chromat ograns showi ng pht hal ate peaks for the extraction
of fulvic acid SL104 and a bl ank control were used to construct the
following tables. Tables 4.3.7.1 and 4.3.7.2 show peak hei ghts for
each of the nunbered peaks fromthe gas chromatograns (fulvic acid
and bl ank control respectively). Tables 4.3.7.11 and 4.3.7.12 show
quantitation of the respective peak heights. Quantitati on was done
using the follow ng ratio:

nunber ed peak hei ght peak hei ght of Internal standard
X (unknovwn quanti ty) 25ug

The purpose of this experinent was to deterni ne the anount of
pht hal ate whi ch may be bound to fulvic acid (SL104). |If endogenous
pht hal ates were bound to the fulvic acid in question then the
previ ous experinents Indicating phthal ate does not bind to fulvic
acid could be questionabl e. A conparison of table 4.3.7.11 to
table 4.3.7.12 , conparing phthal ates extracted fromfulvic acid to
pht hal ates extracted from a bl ank control shows there was no
endogenous phthal ate bound to fulvic acid and further supports the
evi dence that phthal ate does not bind to fulvic acid. The observed
peaks represent inevitable background fromorganic solvents in the
| abor at ory. Si nce the other "peaks" are unidentified, but are not

known phthal ates, there is no point in including them

4.3.8 Extractabllltv qf DEHP from Fulvic Acid fSL104)

Thi s experinment was performed to test |If phthal ates could be
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TABLE 4. 3. 7.1 PEAK HEI GHTS OF ORGANI CS EXTRACTED FROM
2.5 MG OF FULVi C ACI D (SL104). I NTERNAL STANDARD,
25 ug OF DI - N-OCTYL PHTHALATE.

Peak Hei ght |
Peak Nunber Pht hal at e (cm 1

=

dl - butyl phthal ate 0.1

DEHP 0.1
dl -n-octyl phthal ate 4.4 |

0w ~NO O AN ®
o
o

TABLE 4. 3.7.2 PEAK HEI GHTS FROM GC OF ORGANI CS EXTRACTED

FROM A BLANK CONTROL. | NTERNAL STANDARD, 25 uG OF
Dl - N- OCTYL PHTHALATE.

Peak Hej ght
Peak Nunber Pht hal at e (cm

dl - butyl phthal ate

PR P OO
N oo o N

0. 65
DEHP 0.3

di -n-octyl phthal ate 9.4

0 NO O N WN
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TABLE 4.3.7.1.1 QUANTI TATI ON CF ORGAN | CS EXTRACTED FROM

25 MG OF FULVI C ACI D (SL104). | NTERNAL STANDARD, 25 ug
OF DI - N- OCTYL- PHTHALATE.

Quant 1ty
Peak Nunber Pht hal at e (ug)

di - butyl phthal ate 0. 56

© oo
N NOF O

DEHP 0. 56

0 ~NO 00 »wN

di -n-octyi phthal ate 25

TABLE 4, 3.7.1. 2 QUANTI TATI ON OF ORGAN | CS EXTRACTED

FROM A BLANK CONTROL. | NTERNAL STANDARD, 25 ug
OF DI - N- OCTYL PHTHALATE.

Quantity |

Peak Nunber Pht hal at e (ug) |
1 dl - butyl phthal ate 0.53 |

2 1.6 1

3 4.3 |

4 4.8 !

5 3.2 1

6 1.7 1

7 DEHP 0.8 1

8 dl - n-octyl phthal ate 25 1
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extracted fromfulvlc acid by the nethod used In section 4.3.7

C | abel ed DEHP was given the chance to bind to fulvlc acid or to
exchange with unl abel ed DEHP al ready bound to fulvlic acid. Re-
suits In table 4.3.8 show excellent extractibiilty of the14 C
| abel ed DEHP. From these results one could assune any phthai ate
bound to fulvlc acid (SL104) woul d be extracted using the

chl or of or n1 met hanol procedure.

TABLE 4. 3.8 RESULTS OF EXTRACTABI Li TY OF DEHP FROM FULVI C ACI D (SL104)

DPMs
CHG 3: CH30H WAt er Fraction
Tube Extracti on (non-extract ed DEHP) % Extracted !
1 128167 4880 96 1
2 1 43949 2346 98 |
Avg. 136058 3613 97 1

4.3.9 —£ Labeled D ethyl hexvl Phthaiate fPEHP') Purltv

DEHP | || ce any conpound becones nore Inpure with tine. This
experinment was perforned to test the purity of the DEHP bei ng used.
TLC was used to separate pure DEHP from I mpure netabolites.
Unl abel ed DEHP was spotted al ongsi de | abel ed DEHP from whi ch t he
response factor of pure DEHP was determ ned. Once the pure
fraction of | abeled DEHP was Ildentified and separated from i npure
fractions, which were above and bel ow the DEHP spot, all fractions
were counted and the DPMs of each fraction was recorded. The
experinent was run twice and results are presented in table 4.3.9.
This tabl e shows the 14C | abel ed DEHP i n these experinents to be

97. 5% pure.
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TABLE 4. 3.9 RESULTS OF THE DEHP PURI TY EXPERI MENT USI NG
THI N LAYER CHROVATOGRAPHY (TLC) AND 140 LABELED DEHP

Positi on on

I Vial No. TLC Pl ate DPMs % of Conpound
1 1 bel ow spot 524 0.9
! 2 spot (pure DEHP) 58617 97.5
! 3 above spot 993 1.7

a = bel ow spot 503 0.9
{ 5 spot (pure DEHP) 56426 97. 4
! 6 above spot 1077 1.8

4.3.10 Bi nding of i:% Label ed Dioxin (2.3.7.8.-TCDD) to Fuivic
Asid (SL104)

Due to tlie increasing interest in dioxin and its' fate in the
envi ronment simlar binding experinents were done usingl4C | abel ed
TCDD i n place of DEHP or DMP. However, since dioxin is extrenely
insoluble in water it was given a chance to bind directly to
fuivic acid without the use of a water phase. This was done by
Injecting TCDD in acetone, directly on dry fuivic acid and then
all owi ng the acetone to evaporate. The fuivic acid was then dis—
solved in water and eiuted through XAD-2 resin. Because of the
extrenme toxicity of dioxin nmuch smaller quantities of dioxin were
used when conpared to quantities of phthaiates used in previous

experinents. Results are presented in table 4.3.10.
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TABLE 4.3.10 RESULTS OF 2.3,7,8 - TCDD BINDING TO FULVI C ACI D (SL104).

DPNMB

Quantity of Vit er Organic Acet one Wash of XAD-2 Resin  Total 1

Tube  fulvlc acld(ng) Fraction  Fraction Sanpl e Tube Fraction
1 0.4 1263 1787 759 81 3890 1
1 1120 1548 1063 92 3823 1
0.7 850 1849 1061 100 3860 1
bl ank control 1535 1651 516 82 3784 1
bl ank control 571 1627 1647 106 3951 1!

As with phthalate, dioxin appeared to have no significant
binding affinity for fuivic acid. The water elutions for fuivic
add show no larger quantities of TCDD than do the water elutions
for the blanl< controls. Because XAD-2 resin was used in place of
018 sep-palcs, no fuivic acid renai ned on the col um.

The organi ¢ solvent eiution of acetone and tol uene showed no
| esser anmobunt of TCDD when fuivic add was present. These re-
suits indicate TCDD does not bind to aquatic fuivic acid and began
to cast doubt on the general perception that non-polar organic
pol lutants are transported through the environnent by binding to
fuivic acid. Perhaps transport is acconplished through another
medi um (eg. clay) and this becane the focus of the next series of

experlnents.
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4.3.11 Binding @&. Non-Polar Oraanics Xq. Cay (Kalonite)

Concluding it was very unlilcely that non-polar organ | cs like
pht hal ates or even dioxin were transported through the environnent
by fulvic acid a sinple experinment was devised to test the affinity
of these conmpounds for clay. The intent of these experinents was
not to quantitate non-polar organic binding to clay but to deter-
mne if it might be possible, thereby postulating a nethod of
transport.

The clay concentrati ons chosen were representative of actua
environnental conditions. This sane reasoni ng had been used for
ful vic acid concentrations; however while concentrati ons used for
fulvic acid represented possible environmental conditions they were
generally high for nost any | ake or body of water where fulvic
(hum c) acid would be found. This was done for ease In experi-
nmentati on. The clay concentrati ons however were not at all unrea-
sonabl e for nany | akes and streans.

Clay is not soluble so resin cartridges were not used.

Instead after a given tinme for equilibriumthe sanples were centri-
fuged and two fractions counted, the supernatant and the clay
precipitate. Experinental conditions were kept as cl ose as pos-
sible to previous experinents rinsing the tubes with the appropri-
ate organic solvent after each clay extraction. Results of14 C

| abel ed TCDD are shown in table 4.3.11.2 and those for 4 C DEHP
are shown in table 4.3.11.1. Both experinments give an indication
that these non-polar organics nay bind to clay. Blank controls
were ran precisely the sane as the experinental sanples. Wile the
experiment was |Intended only as an approxi mati on of actual con-

ditions, it gave evidence of non-polar organic pollutants binding
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TABLE 4.3.11.1 BINDI NG OF NON-POLAR ORGANICS TO
CLAY (KACLINITE) 14C DEHP RESULTS

DPMVs
Quantity of Vat er day

Tube Cay (o) Fraction Fraction Hexane \Wash Total j
1 13.9 32982 112244 2858 148084 !

4.7 107125 40593 3949 151667 1

4.2 96576 53966 2983 153525 1

4 bl ar™ control 143948 *1603 5847 151398 |

5 bl ank control 152949 622 276 153847 1

* Clay fraction for the blank controls is a water rinse of tubes.

TABLE 4.3.11.2 BINDING OF NON-POLAR CRGANICS TO
CLAY(KACLINITE), 14C 2,3,7,8 - TCDD RESULTS.

1 DPMs
Quantity of ! 1 Water day
jI Tube Clay (ng) | 1 Fraction Fraction Acetone Vash  Total I
1 13.2 11 716 2665 345 3726 11
1 2 9.711 874 2630 447 3951 11
1 4 blank control | 1 2047 857 918 3822 11
5 bl ank control |1 1 1689 1224 789 3707 11
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to clay.

4.3.12 Bi nding of Pronetone and Anetrvne tfi Fulvic Acid

Previ ous bi ndi ng theories had suggested hydrophobic inter-
actions (ref.2) and possi bl e hydrogen bonding (ref.2) between non-
pol ar organics and fulvic acid. These theories were the basis for
t he previous experinents with DMP, DEHP and TCDD. Since none of
t hese experinents gave an Indication of significant Interaction
bet ween t he conpounds chosen and fulvic acid (aquatic or Aidrich ),
t he next objective was to expiore other possible conpounds binding
by a different nmechanism The reason for doing this was to test
t he experinental nethod chosen, and assure it was a reasonabl e
met hod for determ ning binding interactions.

A research paper by Senesi and Testini (ref.3) suggests el ec—
tron donor-acceptor processes |Involved in herbicide - humc acid
interactions. Two conpounds, Anetryne and Pronetone, were chosen
fromthis paper to test their binding properties to aquatic and
Aidrich fulvic acid. The experinent was ran precisely as the DEHP
and TCDD experinments using hand - paclced XAD-2 resin columms with
only one mnor change. Neither the Anetryne nor Pronetone were
radi o-1 abel ed and a new net hod of detection had to be devi sed,

t heref ore UV absorpti on was chosen.

Bot h compounds were scanned from 350nn to 200nm and a sharp
WV peal < was found for each compound. (219nm for Pronetone and
223nm for Anetryne.) if the conpound were to bind to fulvic acid,
and if the UV peak didn't shift when bound to fulvic acid, quanti-
tati on of percent herbicide bound could be achieved if bound and

free herbicide could be separated. Hence the use of XAD- 2 resin
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colums whicli had been used in previous experinents. There were

probl ens however, with results for Pronmetone presented in table

4.3.12.

TABLE 4. 3. 12 RESULTS OF THE PROVETONE Bl NDI NG EXPERI MENT

| Absor bance of
Tube fulvic acid sanple | Water Elution at 219nm

1 SL104 1 0. 239
2 SL104 \ 0. 44
3 SL104 ! *0. 087

Aver age ! 0.340 + or - 0.140
4 Ai dri ch | 0. 262
5 Ai drich H 0. 383
6 Ai drich ! 0. 429

Aver age | 0.358 + or - 0.086
7 bl ank contr ol : 0. 378
8 bl ank contr ol 0.311

Aver age ' 0.345 + or - 0.047

* Val ue not included in average

These results suggest Pronetone does not bind to fulvic acid
when one conpares absorbance val ues of sanpl es agai nst absorbance
val ues of blank controls. However, problens encountered in this
particul ar procedure were different from previ ous experinents and
were nuch nore difficult to overcone. These problens |ed the
researchers to believe that no concl usive evidence of binding or
non- bi ndi ng coul d be obtai ned using these procedures.

The first probl emwas breakt hrough of free herbicide. The
anmount of breakthrough was |arge and varied for each colum. It
was difficult to obtain a nmeaningful average for blank controls

that could be subtracted fromfulvic acid sanples especially since
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this breal cthrough represented such a | arge portion of total herbi=

cide eiuted. Phthal ates and di oxi n had not presented a probl em of

significant breal <through on XAD 2 resin.

The second probl em was the appearance of a new peai< with the
fulvic acid sanples. A fuivic acid solution of sinmilar concen-
tration as the sanpies, was eiuted through XAD-2 resin w thout the
herbicide of interest. This was used as a reference for the U/
spect rophot onet er when scanning fuivic acid - herbicide sanpl es
al so eiuted through XAD-2 resin colunns. The use of fuivic acid
solution as a reference solution was to elim nate the rather
conpl ex WV absorption spectrum of fuivic acid. However, in the case
of the herbicides in question, a new peak appeared in the spectrum
it was suspected that this new peak represented herbicide - fuivic
acid interaction however this could not be proven and the peak
could not be quantitated. Wthout radio-I|abel ed herbicide, con-
cl usive evidence of binding or non-binding could not be shown.

Thi s experinent involving herbicides did not resolve questions
concerning the experinental nethod used to separate free from bound

speci es since evidence of herbicide binding could not be proven.

4.3.13. Binding fif —i?Q Labeled DDT t~ Fu 1 vic Acid

DDT was believed to be another pollutant capable of binding to
fuivic acid (ref.4). The experinmental objective was to show DDT
woul d bind so that the experinmental method could be proven valid.
H C | abel ed DDT was obtai ned and the sane type of experinent was
conducted. There was an unusual result however when DDT was added

to the tubes containing fuivic acid. Upon addition of the water
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and vortexing to dissolve the fulvlc acid a white fibrous precipi-
tate began to settle on the bottom of the tube. The tubes were

al l owed to shake for 24 hours and after shaking were processed in

t he usual manor with the exception of the white precipitate which
was spun down and separated fromthe supernatant after which It was
counted as a separate fraction. The results of these counts are

given in table 4. 3.13.

TABLE 4.3.13 RESULTS OF DDT BI NDI NG EXPERI MENT

DPMs
[l Water Organic Solvent  Precipitate ItleH

Tube Sanpl e Il Fraction Fraction Fraction Wash Total 11
fulvlic acid SL104 || 386 24279 1949 28048 |1

2 fulvic acid SL104 || 681 24276 2682 29051 |1
fulvlic acid SL104 || 623 26910 762 30030 11

| blank control 11 83 25889 27386 11

| blank control 11 147 27550 28746 |1

It seens probable that the DDT and fulvic acid forned a
conpl ex whi ch becane al nbst insoluble in water or at least In the
quantity of water used for this experinment (3nL.). As seen from
table 4.3.13, nobst of the 14C | abel ed DDT was found In the pre-
cipitate. The supernatant lost its color indicating fulvlc acid
was no | onger dissolved and was believed to be part of the precipi-
tate, in the blank controls npst of the DDT was found left in the
tube. It also appeared as if a small portion of the DDT - fulvlc

acid conpl ex was soluble in water and passed through the XAD 2

resin colum as predicted. The table shows 5X the DPMs found in
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the water fraction for the fuivic acid solution than in the water
fraction for the blank control. No significant difference was seen
In the organic solvent elution between the sanples and controls and
this may be attributed to a small fraction of DDT that remained
unbound but found Its way into the colum. The experinent had
unexpected results but indicated DDT binds to fuivic acid and while
it wasn't strong evidence the experinent gave reason to believe the

met hod used for separating bound from un-bound pol |l utant may be

val i d.

4.4 CONCLUSI ONS

The original objective of this experinment was to deternine
bi nding affinities of chosen non-polar organic pollutants to fuivic
aci d. DMP, DEHP and 2,3,7,8 TCDD were not found to bind to either
aquatic or Aldrlich fuivic acid. Wiile the evidence gathered Is not
conclusive it strongly suggests that In fact these conpounds do not
bind to fuivic acid. This evidence conflicts with previous
findings by other researchers and suggests new nmechani sns of pol -
lutant transport in the environnment.

These experinments al so proved Cl8 sep-pak cartridges to be
in-effective for separating pollutant bound to fuivic acid from un-
bound pollutant. This conflicts with previous findings of Landrum
et al. (ref.5). Instead hand packed XAD-2 resin cartridges were
found to be useful, however, as In the case of Anetryne and Prone-
tone not all pollutants can be separated fromfuivic acid using
t hese resin col ums. XAD-2 resin is effective for fuivic acid

el ution, providing the solution has been previously neutralized.
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XAD- 2 resin becane the nethod of choice after successive
experi nentati on.

Non- pol ar organics, DEHP and 2,3,7,8-TCDD were able to bind to
clay. This experinmentation suggests another nethod for poll utant
transport In aquatic environments and certainly provi des new
possibilities of further research in the area of non-pol ar pollut-
ant binding. Wile only two experinments were perforned, and very
little Informati on was actual ly gathered, and no attenpt was nade
to quantltate anount of pollutant bound, the evidence for signifi-
cant bi nding of non-polar organics to clay was much greater than
evi dence of non-polar organic pollutants binding to fulvic acid.

DDT was the only pollutant of those tested that appeared to
bind strongly to fulvic acid. No attenpt was made to determ ne the
bi ndi ng nmechani sm Mechani sns of bi ndi ng for non-pol ar organics
had previously been postul ated as either hydrophobic interactions
or H bonds but this appeared not to be the case in the experinents
perforned since binding of phthalate or dioxin could not be shown.
lonic inter-actions are believed to be inportant in herbicides |ike
Anetryne and Pronetone but results for these conmpounds were incon-
cl usi ve. The fulvic acid - DDT Interaction was al so unusual In
that It forned a precipitate that may i ndeed be water soluble if
larger quantities of water are used. The DDT - fulvic acid Inter=
action nay be of Interest for further research In the area of

pol lutant - fulvic acid binding since there appears to be strong

bonds between these two conpounds.
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SUMVARY

Presented in this report were four separate sections of
experimental procedures and results along with a di scussion and
conclusion for each section. Section one presented results for
prelimnary experinments. Fromthe various experinents perforned |
was able to |l earn nore about the structure of fulvic acid and
possi bl e directions fromwhich ny research could branch.

Once a successful nethylation of fulvic acid was achieved |
devel oped a new nethod to determ ne carboxyi content. This was
done by use of a radi oassay procedure. An advantage of this pro-
cedure over previous carboxyi determ nation procedures was being
able to use a snmall quantity of material to accurately determ ne
total carboxyi content. This section was subsequently subnitted
for publicat ion.

In section two | presented various nethods for functiona
group determ nati on. The objective was to better characterize the
fulvic acid of Interest. ( Aquatic fulvic acid obtained from Lake
Singletary North Carolina. ) These results can be conpared to
previ ous reports which show functional group content for fulvic
add obtai ned fromother sources. O particular Interest are the
| ack of phenolic hydroxyis found In Lake Singletary fulvic acid.

Section four was done as a followup to sections one, two and
three. The original objective was to present nethods which could
easily characterize any fulvic acid using only a snall fraction of
sanple. One way this can be done is by determ ning binding

properties associated with the particular material. Oher reports
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have shown fulvic acid to be able to bind to a variety of different
organic pollutants, i was Interested in the binding nechani sm

Several organic pollutants were tried. Except for DDT I

found no concl usive evidence, under conditions of pH that can

actually occur in natural waters, supporting previous clainms of binding,
in fact the experinmental evidence presented In section four

suggests that fulvic acid does not bind to various non-pol ar

organi c poilutants.
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