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COMPARATIVE EFFECTS OF IONIC- AND
NONIONIC-RESIN PURIFICATION
TREATMENTS ON THE CHEMISTRY OF
DISSOLVED ORGANIC MATTER

T. OHNO™* and C.S. CRONAN®

*Dept. of Applied Ecology & Environmental Sciences, 5722 Deering Hall, Univ. of
Maine, Orono, ME 04469-5722; USA; ®Dept. of Plant Biology and Pathology, 5722
Deering Hall, Univ. of Maine, Orono, ME 04469-5722, USA

(Received 10 July 1996; In final form 24 September 1996)

The effect of purification using ionic and non-ionic resin chromatography on the charge density and
fluorescence properties of dissolved organic matter (DOM) was evaluated. Aqueous extracts of a
forest soil O horizon and field corn residue were used to represent DOM from a well humified DOM
source and the initial reactants for DOM formation in agricultural soils. Treatments included puri-
fication with a H*-saturated cation exchange resin (CAT), H* + OH ™ -saturated mixed bed resin
(MBR), and serial columns of XAD-8 and XAD-4 resins (XAD). In general, the alteration of DOM
characteristics by purification was less for the O horizon DOM than for the corn residue DOM. The
commonly used CAT purification did not alter the chemical properties measured in this study for the
O horizon DOM. The CAT purification did result in a 15% loss of carbon content for corn residue
DOM, but caused no difference in charge density. The benefits of MBR purification in removing
both inorganic cations and anions are offset by decreased DOM recovery and charge density, espe-
cially for the corn residue extract. The use of XAD purification significantly favors a DOM fraction
with a higher charge density than in the control (CTL) extract. The pragmatic need to concentrate
DOM in natural solutions with low dissolved organic carbon concentration may favor the use of a
XAD treatment. Careful evaluation of how purification affects the chemical characteristics of the
DOM is required, especially with plant-derived materials, to ensure that the DOM used in investi-
gation is representative of DOM in the ecosystem.

Keywords: Dissolved organic matter; carboxyl groups; fluorescence; XAD resin; sample purification

INTRODUCTION

Traditionally, organic matter has been extracted from soils using strong base
extractants followed by separation into operationally-defined acid-insoluble hu-

*Corresponding author. Fax.: 207-581-2999. E-mail: ohno@maine.maine.edu.
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mic acid and acid-soluble fulvic acid fractions'. An alternative and increasingly
common approach to studying organic matter is the use of aqueous extracts of
environmental samples such as soil>®, sewage sludge®, and leaf litter’. The
organic matter in an aqueous extract of soil approximates the dissolved organic
matter (DOM) in soil solution. Dissolved organic matter in soils may complex
with trace metals®, bond with organic contaminants’ and inhibit mineral precipi-
tation®. The flux of DOM also represents an important component of carbon
cycling in ecosystems®.

The use of DOM or aqueous extracts of soil horizons in complexation or
precipitation studies presents several analytical challenges. Generally the or-
ganic components of an extract must be separated from the inorganic compo-
nents; for some purposes the DOM must be concentrated as well as purified of
inorganic contaminants. An ideal extraction and purification method allows for
isolation and concentration of organic matter without altering the chemical char-
acteristics of the sample. Despite the large number of methods proposed for
isolation of soluble organic matter, few studies have examined the question of
how the proposed method perturbs the chemical characteristics of natural
samples.

Chromatographic approaches, which are both rapid and efficient, have been
used to reduce concentrations of interfering inorganic ions in aqueous extracts of
environmental samples and of aquatic humic substances. Such approaches in-
clude H* -saturated cation exchange resin treatment'® and XAD-8 macroporus
resin followed by H* -saturated cation exchange resin treatment>!!. Mixed-bed
ion exchange resins have been used to remove inorganic components from xan-
than solutions'?. Cation exchange resins may be effective at removing the cat-
ionic fraction from DOM, but inorganic anions cannot be separated from DOM
using this methodology. A mixed bed resin which would adsorb both inorganic
cations and anions also has the potential to sorb negatively charged organic
matter.

Non-ionic, macroporous sorbents such as the XAD series of resins, particu-
larly XAD-8, have been used extensively to concentrate and purify DOM from
a number of aquatic environments. The principle driving force for sorption of
DOM on these resins is the “hydrophobic effect”!?, Generally, samples are acidi-
fied before passage through XAD resins. Protonation of the organic matter re-
duces its charge and increases its affinity for the hydrophobic resins. XAD-8 is
an acrylic ester with an average pore diameter of 25 nm and a specific surface
area of 140 m’g”", and XAD-4 is a styrene divinylbenzene resin with an aver-
age pore diameter of 5 nm and a specific surface area of 750 m?g ™4, XAD-4 is
aromatic and hydrophobic, while XAD-8 is non-aromatic and more hydrophilic
than XAD-4'*,
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Recently, serial columns of XAD-8 and XAD-4 resin have been used for
simultaneous desalting and concentration of DOM fractions'®. It was suggested
that the XAD-8 column sorbs a “hydrophobic” fraction of DOM thought to
contain humified organic material, aromatic carboxylic acids and phenols, and
aliphatic carboxylic acids containing five to nine carbons. The subsequent
XAD-4 column, due to its large specific surface area, sorbs a lower molecular
weight fraction deemed ‘“hydrophilic” and generally increases DOM recovery
beyond that possible with a single XAD-8 column. Neither resin has a signifi-
cant affinity for inorganic ions, so this method represents an efficient means of
separating organic and inorganic solutes in natural samples. Using this system,
DOM recovery rates ranging from 30 to 83% for six aquatic samples from
diverse environments have been reported'*. A similar approach with XAD-8 and
XAD-4 columns in tandem recovered 85% of lake water DOM'?,

The objectives of this study were to evaluate the comparative effects of treat-
ment with H™ -saturated cation exchange resin, mixed bed resin, and sequential
XAD-8 and XAD-4 resin chromatography on charge density and fluorescence
properties of DOM derived from soil and plant residue. The presence of acidic
functional groups is perhaps the single most important chemical characteristic of
DOM, since its involvement in metal complexation reactions, binding of pesti-
cides, mineral weathering and stabilizing soil structure is dependent on its
charge properties'®. Functional group content of DOM probably regulates its
interaction with mineral surfaces®'”. Charge densities of soil fulvic acids typi-
cally range between 12 to 25 mmol _, gl C

Fluorescence spectroscopy is a sensitive technique for probing the structural
chemistry of organic matter'®. Fluorescence studies of dissolved organic matter
have typically used excitation-, emission- or synchronous-scan to characterize
the material. Recently, excitation-emission matrix (EEM) fluorescence spectros-
copy, which uses the total fluorescence intensity profile of the sample to char-
acterize the fluorophores, has been used in characterizing Suwannee River fulvic
acid?°, organic matter isolated from seawater”', and the Al and Cu complexes of
aqueous pine litter extract??. Our primary objective was not to assign particular
chemical structures to fluorescence peaks exhibited by our samples, but instead
to use the position and intensity of peaks observed before and after resin treat-
ment as an indicator of treatment effects.

The two sources of organic matter used in this study, plant residue and organic
horizon soil represent the initial and latter stages of the organic matter decom-
position process. Crop residues, like litterfall in forest ecosystems, are a source
of fresh organic material input into soils. These non-humified materials are rich
in water-soluble carbon that is quickly released into soils during decomposition.
Organic matter extracted from an organic soil horizon represents material that
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has undergone extensive humification, has a lower water-soluble C content, and
typifies the end product of decomposition of organic materials>*. These two
sources represent endpoints on a continuum of soil organic matter.

EXPERIMENTAL SECTION
Aqueous Extracts

Fresh O horizon was collected in August, 1994 from a mature red pine (Pinus
resinosa Ait.) stand described in a previous paper'®. Triplicate forest floor
samples were extracted at a 10:1 water to soil ratio in a refrigerator for 18
hours. Deionized water (DI-H,O) with greater than 18.0 megohm-cm resistivity
was used in this study. Corn (Zea mays L.) residue was obtained from a farm
field in Iowa, dried at 60°C, ground to pass a 1-mm sieve, and stored at room
temperature. The residue sample was extracted at a 40:1 water to residue ratio
in a refrigerator for 18 hours. Suspensions from both extracts were centrifuged
at 2500 revolutions min~"' for 15 min. The O horizon soil extract was passed
through a perforated Buchner filter funnel to remove large solids prior to
vacuum filtering through a GF/F (Whatman International; Maidstone, England)
glass fiber filter. The corn residue extract was filtered sequentially through an
AJE (Gelman Sciences, Ann Arbor, M) glass filter and a 0.4 pm Nuclepore
polycarbonate filter (Costar; Cambridge, MA). Each extraction was replicated in
triplicate.

The filtered solutions of each replicate were divided into four subsamples for
the purification treatments. One aliquot served as the unpurified control (CTL).
The cation exchange resin purification treatment (CAT) was conducted by pass-
ing the solution through a H* -saturated AG 50W-X8 cation exchange resin. The
mixed bed resin purification treatment (MBR) was conducted by passing the
solution through a H*-OH™ saturated AG 501W-X8 resin. Gravity flow was
used for the CAT and MBR treatments.

The XAD-8 and XAD-4 resins (20-50 mesh) were cleaned with rinses of 0.1
M NaOH and water, followed by sequential Soxhlet extraction with methanol,
acetonitrile, and ether. After rinsing with distilled water, the resins were slurry
packed into 30 cm long plastic chromatography columns with a volume of 15
mL. Prior to use, the resin columns were rinsed with 10 column volumes each of
distilled water, 0.1 M NaOH, 0.1 M HCI, and distilled water. Acidified 50 mL
samples (pH 2) were pumped through the XAD-8 columns at a flow rate of 2.0
mL min~', and the eluate was collected in glass. The last of the 50 mL sample
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was chased through the column with 15 mL of distilled water. The XAD-8
eluant was then pumped at 2.0 mL min~' through the XAD-4 column, followed
by a 15 mL rinse of distilled water. Each column was then back-eluted at 2.0 mL
min~" with 25 mL of 0.1 M NaOH, followed by a 15 mL rinse of distilled water.
The combined NaOH extracts from the XAD-8 and XAD-4 columns were next
pumped through the H™-form AG-50W-X8 cation exchange column at 3.0 mL
min ', followed by a rinse of distilled water. The collected eluted volumes were
77 mL for the O horizon and 92 mL for the corn residue materials. All resins
except the Amberlite (Rohm and Haas, W. Philadelphia, PA) XAD-8 and XAD-4
were analytical grade obtained from Bio-Rad (Melville, NY).

The concentrations of total soluble carbon (Crg) in extracts were measured
using an infrared analyzer (O.I. Analytical, model 700, College Station, TX).
Concentrations of K, Ca, Mg, Na, Al and P in extracts were determined using
inductively-coupled plasma-atomic emission. Concentration of NH,* and NO;~
were determined using a Lachat QuikChem AE flow injection system (Lachat;
Milwaukee, WI). Nitrate was determined by passing the sample through a
cadmium-containing column; the resulting nitrite was reacted with sulfanilamide
followed by N-(1-naphthyl)ethylenediamine dihydrochloride. The complex was
quantified by absorbance at 520 nm (QuikChem method No. 10-107-04-1-F).
Ammonia was determined by the salicylate method with detection at 660 nm
(QuikChem method No. 12-107-06-2-A).

To determine DOM precipitation versus pH profiles of the CTL extracts, light
scattering at 90° was used as a surrogate for precipitation. Light scattering was
measured using a Hitachi F-4500 spectrofluorimeter (Danbury, CT) with both
excitation (EX) and emission (EM) set at a visible wavelength of 400 nm. Both
EX and EM slits were set at 2.5 nm. Fluorescence intensities averaged over 10
s were obtained in triplicate for each data point. Scattering data on duplicate 50
mL extracts were obtained as the pH was lowered from native value to ~2.0
using 5 N HCL. The 1 mL aliquot removed for each fluorescence measurement
was returned to the extract after the scattering values were recorded and dilution,
which was <5%, was explicitly corrected for each data point.

Acid-Base Chemistry

Potentiometric titrations of the extracts were conducted in a Plexiglas capped,
glass reaction beaker thermostatted at 25.0 £ 0.1°C. The solutions were bubbled
with humidified high purity N, to minimize CO, contamination. A Ross combi-
nation electrode was standardized at pH 4.01 and 10.01 using buffers held at
25.0 £ 0.1°C. Titration solutions for the corn residue extracts were adjusted to
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20 mM Cpg and 10 mM ionic strength by diluting an appropriate volume of
treatment sample and 0.50 mL of 1.00 M KCI to a volume of 50.0 mL with
DI-H,0. The O horizon soil extracts were prepared similarly to contain 6 mM
Crs and 10 mM ionic strength. Two replicates of the MBR treatment, which had
5.40 and 5.57 mM Crg concentrations, were titrated without dilution after ionic
strength adjustment. Ionic strength of 10 mM was selected as representative of
typical soil solutions®*. Because of the difficulty in determining equivalence
points in the titration of DOM, operational beginning and end points of pH 3 and
pH 7, respectively were selected for carboxyl groups®-2. Solution pH values
were adjusted to 3.0 by the addition of HCl or NaOH. The solutions were
equilibrated for 15 min prior to titration with NaOH standardized to 0.0479 *
0.003 M using phenolphthalein. The NaOH was added using an Eppendorf
(Brinkmann, Westbury, NY) pipet. Solutions were mixed with a magnetic stir
bar to ensure mixing of the added titrant. Blank titrations consisted of 0.01 M
KCl solution adjusted to pH 3. Titrations were corrected for the blank titrations.

Presence of titratable inorganic components in the extracts was not accounted
for by the KCl blank titration. The MBR and XAD treatments were predomi-
nately free of both cations and anions, while the CAT treatment removed only
the cations (Table I). The titratable inorganic components are Al and acid phos-

TABLE I Comparison of purification effects on the selected elemental concentration of aqueous O
horizon soil and com residue extracts

Treatment
Sample Element CTL CAT MBR XAD
pmol L™
O horizon K 1233 <3 <3 7*3
Ca 9+9 <1 21 2=+1
Mg 38+2 <2 <2 <2
Na 1854 <4 <4 86 * 63
Al 24+2 28+ 4 251 83
NH,* 65 * 10 13x1 17%5 28+ 4
NO,~ <4 <4 <4 24+5
P 30+3 33+3 4*04 122+ 25
Cormn Residue K 12200 = 120 650 * 90 840 * 50 <3
Ca 1020 + 100 40*4 50+ 10 <1
Mg 1930 = 30 <40 50 = 10 <40
Na 150 * 30 50=*10 60 + 20 20*3
Al <0.08 <0.08 <0.08 <0.08
NH,* 1650 = 30 220 + 10 220 + 10 20+ 1
NO;™ 300 = 10 290 + 10 10+ 10 <10
P 1750 = 30 1630 = 10 7010 205

1All values are means of three replicates * standard deviation.
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phate for the pH 3 to 7 range used in our study. The Al in the O horizon extract
is complexed by organic matter and was assumed not to be involved in proton
dissociation reactions. The geochemical code MINTEQA2%” was used to calcu-
late the correction for H™ dissociated by phosphate species as pH was raised
from 3 to 7 in the titration. This correction was less than 1.4% for the O horizon
extract and was ignored. The phosphate correction for the corn residue extracts
accounted for 7.1, 7.8 and 3.3% of the titratable protons for the CTL, CAT, and
MBR treatments, respectively.

Fluorescence

A Hitachi F-4500 spectrofluorimeter was used to obtain the fluorescence spectra.
All solutions were adjusted to 3 mM Crg and pH 4.5. Fluorescence EEMs of
both materials were obtained by varying the EX wavelength from 250 to 400 nm
and the EM wavelength from 300 to 550 nm in 3 nm increments. Contour
plotting was chosen to graphically present the data where x- and y-axes repre-
sent emission and excitation wavelengths, respectively and iso-fluorescence in-
tensity contours are mapped on the xy-plane. Two-dimensional contour plots are
advantageous over isometric three-dimensional projection since very intense
Rayleigh scattering lines (typically 10 to 20 times the fluorophore intensities) in
the foreground can hide less intense peaks in the background®®. Contours were
calculated using Systat for Windows v. 5.03 with distance weighted least squares
smoothing. Instrumental parameters were: EX and EM slits, 5 nm; response

time, 8 s; and scan speed, 12,000 nm min~ !,

RESULTS AND DISCUSSION
Inorganic Chemistry

The control comn residue extracts contained greater inorganic ion content than
the control O horizon soil extract (Table I). The CAT and MBR treatments were
effective in reducing the basic cation (the sum of K, Ca, Mg and Na) contents in
both O horizon (98% removal) and corn residue extracts (94% removal). How-
ever, the CAT and MBR treatments removed only 67% and 60% of the Na,
respectively, from the corn residue extracts. Neither CAT nor MBR treatment
reduced the Al concentration of the O horizon extract, implying that the Al is
completely complexed and is not electrostatically attracted to the purifying res-
ins (Table I). The extract Al concentration was reduced by 67% during XAD
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adsorption, indicating that the Al is predominately complexed by hydrophilic
material not retained by XAD resins. This supports previous work®® which has
shown that charged organic matter with oxygen-containing functional groups
form strong complexes with A>*. The CAT and MBR treatments reduced the
NH, ™ concentration by 74 to 87% which suggests that the remainder is associ-
ated with the DOM (Table I). The concentration of NO,~ and P in the corn
residue extract was reduced by greater than 97% by both the MBR and XAD
resins indicating that these anions were in a form that reacted with the MBR and
passed through the XAD resin columns (Table I). The O horizon soil extract
behaved differently, with enrichment of NO;™ and P content in the XAD treat-
ment. The hydrophobic fraction of the O horizon soil DOM must contain a
relatively higher proportion of N and P than the DOM as a whole. Dissolved
organic matter presumably does not contain free NO; ™, but rather the NO; ™ is
being converted from the organic-N form to free NO,;~ during the analytical
determination of NO; ™~ in the flow injection analysis. The high Na content of the
XAD treatment is probably due to incomplete protonation of the DOM after
elution of DOM from the XAD resins using NaOH.

Organic Matter Chemistry

High DOM recovery rates in the purification steps are desirable, not only for the
greater yield obtained, but also for decreasing the chance of unwanted fraction-
ation of DOM. For the O horizon extract, the loss of carbon content was not
statistically significant for the CAT treatment (95% recovery), but the loss of
carbon content was significant for the MBR treatment (71% recovery) (Table II).
The DOM recovery was significantly lower for the corn residue DOM with 85
and 35% recovery for the CAT and MBR treatments, respectively (Table II). The

TABLE II Treatment effects on the dissolved organic carbon (DOC) mass balance in aqueous
extracts of O horizon soil and corn residue and the calculated DOC recovery for the purification
treatments

Treatment
Sample Parameter CTL CAT MBR XAD
O horizon DOCY, mmol C 0.399 + 0.31% 0.379 + 0.015 0.284 + 0.017* 0.219 * 0.007*§
%DOC recovery - 952 +43 71.1 =13 548 23
Corn residue DOCT, mmol C 805 +£0.09 6.85*0.12% 2.80*0.25%* 244 * 0.06*
%DOC recovery - 849 +22 34734 30.2 09

tAsterisks indicate significant differences at P < 0.05 using a t-test between the CTL and purification treatment
DOC values for each material. Carbon content based on 50 mL of extract for both sample types.

$All values are means of three replicates * standard deviation.

§DOC concentration of combined elutant from XAD-8 and XAD-4 columns.
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XAD treatments followed the same trend with 55% recovery for the O horizon
extract versus 30% for the corn residue extract (Table II), suggesting that the O
horizon extract DOM was more hydrophobic than the comn residue extract. The
large loss of carbon content in the corn residue by the MBR treatment is prob-
ably due to high proportion of DOM which carries a negative charge at pH 3.55
and thus is retained on the anion exchange resin.

Decreasing pH reduces the solubility of DOM and this mechanism is used to
operationally define the traditional humic versus fulvic acid fractions. The pH
value of the O horizon extract was 5.0 and was reduced by 1.5 to 2 pH units by
the purification treatments. The corn residue extract pH was 6.0 and purification
reduced the pH by 2.5 to 3.5 units. Light scattering increased steadily for the
corn residue DOM in the pH 5 to 3 region indicating significant DOM loss to
precipitation in this pH range (Figure 1). The precipitation loss of DOM was not
concentration dependent since the scattering measurements at 159, 80 and 20
mM Crg all show the same pattern of scattering increasing at around pH §,

1.0 :
0.8 |
o
£
L 06}
o
A
° o Corn DOC, 160 mM
.5 0.4 F v @ Corn DOC, 80 mM _|
o v Corn DOC, 20 mM
& v Soil DOC, 8 mM
0.2 + -
.V
v—v 4
0.0 1 ] L L 1
7 6 5 4 3 2 1

pH

FIGURE 1 Relative scattered light intensity of the control corn residue and O horizon extract as a
function of pH measured at Agx = Agy = 450 nm. The values adjacent to the symbols at pH 2 are
the maximum observed scattering in arbitrary units. The scattering of DI-H,0 was 18 arbitrary units.
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reaching a maximum at pH 3 and declining slightly as pH was lowered to pH 2
(Figure 1). The decrease in light scattering as pH decreased below 3 may reflect
formation of larger-sized aggregates as the DOM is fully protonated and elec-
trostatic repulsion is decreased. A leveling off of light scattering with increasing
Cu**-induced precipitation of a soil fulvic acid has been attributed to the lower
light scattering efficiency of larger particles®. Light scattering by the O horizon
soil DOM increased only slightly as pH decreased from 5.3 to 2 indicating much
less precipitation loss for the soil DOM (Figure 1). This evidence suggests that
precipitation of DOM is the cause of statistically significant loss of carbon in the
CAT treatment for the corn residue extract.

The charge densities (mmol,_, g~' C) of the DOM are shown in Table IIL.
There was no significant effect of CAT treatment on charge density for either the
O horizon or the corn residue extract (Table III). The MBR treatment reduced
the charge density of corn residue by 74% suggesting removal of a fraction with
a high negative charge density. For both sources, the fraction of DOM recovered
after XAD treatment had a significantly greater charge density than the respec-
tive unpurified control extracts (Table IIT). The 12.4 mmol, _, g~ ! C for the XAD
treatment of corn residue was greater than the 5.5 mmol,_, g~ ! C charge density
reported for wheat straw fulvic acid®'. The difference may be due to plant
species effects as well as the use of XAD-8 and XAD-4 in this work versus
XAD-8 alone in the work of Grossl and Inskeep®'. The XAD-4 resin isolates the
more hydrophilic fraction of DOM which likely contains a greater negative
charge density than the more hydrophobic fraction. Measurement of acidic func-
tional groups in water-soluble soil organic matter has been limited to a sample
isolated from a mineral soil and was reported to be 14.9 mmol_, g~! C for
titration up to pH 10”. The lower value of the CTL O horizon extract in our
study probably reflects sample differences as well as the pH 7 endpoint we used.

TABLE III Negative charge density of the dissolved organic matter in the control and purified
extracts

Treatmentt
Sample CTL CAT MBR XAD

mmol._, g~' C

O horizon 6.07 £ 0.44% 6.17 £ 0.33 5.45 £ 0.67 9.34 + 0.85*
Corn residue 6.20 = 0.21 6.11 £0.22 1.59 £ 0.20* 12.4 + 0.53*

tAsterisks indicate significant differences at P < 0.05 using a t-test between the CTL and purification treatment
carboxyl group contents for each material.
$All values are means of three replicates + standard deviation.
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Fluorescence Spectra

The EEM spectra for the unpurified, control extract of O horizon soil extract
revealed 2 fluorophores with differing excitation maximas, but the same emis-
ston maxima (Figure 2). The spectra from all treatments of the O horizon ex-
tracts featured similar shaped contours indicating that the same fluorophores
were present; however there were differences in fluorophore intensities indicat-
ing that treatment alters the distribution of fluorophores present in DOM (Table
IV). The intense fluorophore (designated A) in Figure 2 had an EX maxima in
the 328 to 344 nm range and an EM maxima in the 444 to 453 nm range. The
less intense fluorophore (designated B) had an EX maxima in the 253 to 262 nm
range and a EM maxima range identical to fluorophore A. Emission maximas in
the 435 to 460 nm range are characteristic of fulvic material extracted from a
variety of terrestrial sources®. A single fluorophore may appear to be multiple
fluorophores with the same EM maxima, but differing EX maxima. If this oc-
curs, however, the fluorescence intensity ratio between the apparent multiple

360

325

N

275

250 1 1 1 1 i
300 325 350 375 400 425 450 475 500

EM

FIGURE 2 Fluorescence excitation-emission matrix of the control O horizon soil extract adjusted
to pH 4.5 and 3 mM DOC.
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TABLE IV  Effect of purification treatment on the location and relative fluorescence intensities of
the fluorophores isolated from O horizon soil derived dissolved organic matter. All extracts adjusted

to 3 mM DOC and pH 4.5

Treatment Parameter Fluorophore A Fluorophore B

CTL Location 262 EX/447 EM 344 EX/447 EM
Intensity 298} 358

CAT Location 259 EX/444 EM 331 EX/444 EM
Intensity 291 350

MBR Location 253 EX/453 EM 340 EX/453 EM
Intensity 192 218

XAD Location 256 EX/447 EM 328 EX/447 EM
Intensity 296 448

tFluorescence intensity in arbitrary units.

fluorophores will remain constant for any treatment®'. In our study the ratio of
fluorophore A: fluorophore B intensity ranged from 1.14 to 1.51 for the different
treatments suggesting the presence of two different fluorophores in the O hori-
zon extracts.

The EEM spectrum for the unpurified, control corn residue extract is shown in
Figure 3. As for the O horizon DOM spectra, treatment did not alter the general
shape of the fluorescence contours. The intense fluorophore (designated C) in
Figure 3 had an EX maxima in the 271-277 nm range and an EM maxima in the
336-345 nm range across all purification treatments (Table V). Peaks in this
region have been attributed to protein-type fluorescence in near-surface seawater
samples®2. Tryptophan residues account for about 90% of total protein fluores-
cence and typically absorb at 280 nm and emit from 320 to 350 nm*?. Aqueous
crop residue extracts are likely to contain proteinaceous material. The lower
intensity fluorophore (designated D) had an EX maxima in the 313-316 nm
range and an EM maxima in the 435444 nm range across purification treat-
ments. Fluorophore D is similar to the 322 nm EX and 442 nm EM peak used
for Al titration for a leaf litter extract®®. The EX and EM maxima ranges of
fluorophore D are characteristic of fulvic-type material'®. While DOM extracted
from plant material extracts does not contain “true” fulvic material since it has
not undergone degradation and subsequent synthesis, classification of this fluo-
rophore as fulvic-like is further supported by the increase in its fluorescence
intensity after XAD treatment which is used to concentrate fulvic acids.

Purification effects on the fluorescence intensities of the fluorophores were
different for the two sources of DOM. The CAT treatment did not alter the
fluorescence intensities of fluorophores A and B (Table IV). The MBR treatment
reduced the intensities of fluorophores A and B by about a third, while the XAD
treatment did not alter fluorophore A intensity and increased fluorophore B in-
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FIGURE 3 Fluorescence excitation-emission matrix of the control corn residue extract adjusted to

pH 4.5 and 3 mM DOC.

tensity by about 25% (Table IV). There were greater treatment effects on fluo-
rescence intensities for the corn residue DOM. Fluorophore C intensity for the
CAT and MBR was about 53% of the CTL and the XAD fluorophore C intensity
was about 72% of CTL (Table V). Reduction in fluorescence intensity of fluo-

TABLE V  Effect of purification treatment on the location and relative fluorescence intensities of
the fluorophores isolated from field corn residue derived dissolved organic matter. All extracts

‘adjusted to 3 mM DOC and pH 4.5

Treatment Parameter Fluorophore C Fluorophore D

CTL Location 274 EX/345 EM 313 EX/440 EM
Intensity 233t 109

CAT Location 274 EX/336 EM 313 EX/444 EM
Intensity 123 117

MBR Location 271 EX/342 EM 313 EX/441 EM
Intensity 122 171

XAD Location 277 EX/342 EM 316 EX/435 EM
Intensity 168 226

tFluorescence intensity in arbitrary units.
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rophore C could be result of retention of positively charge proteinaceous mate-
rials by the resin, selective precipitation of proteinaceous materials by the low
pH -conditions induced by the treatment or low pH-induced denaturation of the
proteins>>,

To further investigate the effect of pH, the DOM retained by filtration with the
0.4 um polycarbonate filter after acidification of the corn residue extract to pH 2
was rinsed and re-dissolved at pH 7.5. The precipitated DOM corresponded to
12.4% of the total carbon mass balance. The fluorescence EEM spectrum was
collected after readjustment to pH 4.5 and 3 mM C.g to provide comparability
with the other spectra collected in this study (Figure 4). The intensities of fluo-
rophore C and D of the re-dissolved precipitate were about equal (fluorophore C
= 63, fluorophore D = 67 arbitrary units) indicating that both protein- and
fulvic-type materials are precipitating at the low pH values. The intensities of
the fluorophores were 27 and 61% of the CTL for fluorophore C and D, respec-
tively. This indicates that the precipitating fraction of the DOM contains more
non-fluorescent carbon than the CTL DOM.

350

325

300

. \@

I O™

50
300 325 350 375 400 425 450 475 500
EM

EX

FIGURE 4 Fluorescence excitation-emission matrix of the re-dissolved corn residue precipitate
adjusted to pH 4.5 and 3 mM DOC.



19:58 17 January 2011

Downl oaded At:

COMPARISON OF RESINS FOR PURIFICATION 133

The fulvic-type fluorophore intensity of the corn residue extract was about
30% of the intensity of the O horizon extract (Tables IV and V) which was
expected since plant residue extracts have not undergone humification. There
was a high linear correlation, r = 0.84, between charge density and fluorophore
B intensity for all the O horizon extracts (treated and untreated). Correlation
coeflicient between charge density of the corn residue DOM and fluorophore D
was also high, r = 0.80, suggesting that the fulvic-type fluorophore is contrib-
uting much of the charge density in the corn residue DOM.

Table VI contains the location of fluorophores identified using EEM fluores-
cence spectroscopy for DOM samples isolated from seawater, river water, plant
tissue and soils. In our study, fluorescence excitation was not scanned under 250
nm due to fluorescing contaminants introduced from the filtration of the
samples. The O horizon DOM matches the spectra of 375 m deep seawater
DOM?!, but does not share any fluorophore characteristics reported for a soil
fulvic acid®. The soil fulvic acid used®® was obtained using traditional base
extraction, thus dissimilarity to the soil-derived DOM spectra of this study may
reflect the different extraction method used as well as differing soil sources. An
EEM for an aqueous extract of O horizon material obtained from beneath a
ponderosa pine (Pinus ponderosa Douglas ex P. Lawson and C. Laws) plantation
(their sample designated L3, Oa horizon) has been reported®”. Their 310 nm
EX/450 nm EM peak is similar to fluorophore B in this study, but no fluorophore
in the 390 nm EX/500 nm EM peak was found in our DOM sample (data not
shown). The linear ridge fluorophore reported for the O horizon extract’® has
been reinterpreted as being caused by Raman scatter from the water solvent (G.
Sposito, personal communication). The O horizon extract®” and our extract of
pine O horizon material were conducted under similar conditions which suggests

TABLE VI Comparison of fluorophore location in samples of dissolved organic matter isolated
from various sources

Sample Fluorophores Reference
O horizon soil 253-262/444-453t, 328-344/444-453 This study
Corn residue 271-277/336-345, 313-316/435-444 This study
1 m seawater 260/450, 285/350-360 21
375 m seawater 260/445, 345/445 21
Surface seawater 220/320, 270/320 32
Deep seawater 230/430, 310/430 32
River water 230/430 32
Suwannee fulvic acid 230/420, 300/415 20
Soil fulvic acid 350/490, 390/509, 455/521 36
Pine litter 310/450, 390/500 22

+Fluorophore location expressed EX nm/EM nm.



19:58 17 January 2011

Downl oaded At:

134 T. OHNO and C. S. CRONAN

that distinct fluorophores signatures may be obtained from forest floor samples
formed from litter from different plant species. Further work with multiple plant
species under uniform extraction protocol is needed to determine the ability of
EEM to differentiate DOM derived from different plant species. Evidence that
synchronous-scan fluorescence signatures of forest floor extracts are strongly
influenced by taxonomic differences in the forest stand has been previously
reported'®. The distinct fluorophore signature of the plant residue-derived DOM
(fluorophore C) suggests that EEM fluorescence can be used to distinguish be-
tween plant residue DOM and native soil DOM. Applications of this finding
could include using fluorophore C to monitor the release of DOM from plant
residues in a field environment.

CONCLUSION

Soil-derived DOM was affected less by the purification treatments examined
than was plant-derived DOM. Treatment of the O horizon extract by H™-
saturated cation exchange resin did not alter carbon content, charge density or
the fluorophore properties of the DOM. Mixed-bed resin purification did reduce
the carbon content of the extract and fluorophore intensities, but did not signifi-
cantly alter charge density of the DOM. The use of serial XAD-8 and XAD-4
resins for purification had the lowest DOM recovery rate of all the treatments for
the O horizon extract. This treatment increased the charge density of the DOM
by a factor of 1.5 indicating preferential retention of a DOM fraction with high
charge density. All purification treatments caused a significant DOM loss for an
aqueous extract of field corn crop residue. Charge density of the corn residue
extract was not affected by the CAT treatment, but MBR treatment reduced it by
37% and XAD treatment quadrupled the charge density. Fluorescence data in-
dicated that purification altered the distribution of the protein-type and fulvic-
type fluorophores resulting in enrichment of the fulvic-type fraction DOM.
The data presented here show that the common practice of using H* -saturated
cation exchange resin to remove inorganic cations and to protonate soil-derived
DOM does not significantly alter the chemical characteristics of the DOM in-
vestigated in this study. The use of XAD purification to concentrate DOM from
soil extracts results in a DOM fraction with a higher charge density, but does not
greatly alter the fluorescence $pectra. Our data also suggest purification of plant-
derived DOM by both ionic- and nonionic-resins does alter the resultant DOM.
Careful consideration is warranted to evaluate the benefits of reduction of inor-
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ganic components of plant extracts to the risks of working with DOM than has
been altered by the purification step.

Acknowledgements

One of us (T.0.) gratefully acknowledges the support from USDA-CSRS-
NRICGP 92-37106-8238 for funding this work. We thank Dr. Douglas Karlen
for providing the corn residue sample used in this study. Dr. William P. Inskeep
kindly provided a manuscript on this subject prior to publication. Maine Agric.
Forest. Exp. Stn. J. #2030.

References

{1

(2]
(3}
(41
[5]
[6]

[7]
(8]
9]

[10]
[11]
(12]
[13]

[14]

(15]
[16]

[17]
[18]
(19]
[20]

[21]
(22]
(23]
(24]
[25]
(26]

M. Schnitzer. In: Methods of Soil Analysis. Part 2. Chemical and Microbiological Properties,
2nd edition (A. L. Page, ed., Am. Soc. Agron., Madison, WL, 1982), pp. 581-594.

W. P. Inskeep and P. R. Bloom, Soil Sci. Soc. Am. J., 50, 1167-1172 (1986).

J. M. Novak, P. M. Bertsch and G. L. Mills, J. Environ. Qual., 21, 537-539 (1992).

J. Baham and G. Sposito, J. Environ. Qual., 15, 239-244 (1986).

A. D. Brown and G. Sposito, J. Environ. Qual., 20, 839-845 (1991).

F. M. M. Morel and J. G. Hering. Principles and applications of aquatic chemistry (John
Wiley & Sons, New York, 1993).

B. E. Herbert, P. M. Bertsch and J. M. Novak, Environ. Sci. Technol., 27, 398-403 (1993).
P. R. Grossl and W. P. Inskeep, Geochim. Cosmochim. Acta, 56, 1955-1961 (1992).

E. M. Thurman, Organic geochemistry of natural waters (Martinus Nijhoff/Dr. W. Junk,
Dordrecht, The Netherlands, 1985).

C. S. Cronan, S. Lakshman and H. H. Patterson, J. Environ. Qual., 21, 457463 (1992).

J. A. Leenheer, Environ. Sci. Technol., 15, 578-587 (1981).

L. Zang, T. Takematsu and T. Norisuye, Macromolecules, 20, 2882-2887 (1987).

G. R. Aiken. In: Humic Substances in Soil, Sediment, and Water. Geochemistry, Isolation, and
Characterization (G. R. Aiken, D. M. McKnight, R. L. Wershaw, and P. MacCarthy. eds.,
John Wiley & Sons, New York, 1985), pp. 363-385.

G. R. Aiken, D. M. McKnight, K. A. Thorn and E. M. Thurman, Org. Geochem., 18, 567-573
(1992).

R. L. Malcolm and P. MacCarthy, Environ. Intern., 18, 597-608 (1992).

F. J. Stevenson. In: Humic Substances in Soil, Sediment, and Water: Geochemistry, Isolation,
and Characterization (G. R. Aiken, D. M. McKnight, R. L. Wershaw, and P. MacCarthy, eds,
John Wiley & Sons, New York, 1985), pp. 13-52.

W. P. Inskeep and J. C. Silvertooth, Soil Sci. Soc. Am. J., 52, 941-946 (1988).

F. J. Stevenson, Humus chemistry, (John Wiley & Sons, New York, 1982).

N. Senesi, Anal. Chim. Acta, 232, 77-106 (1990).

M. C. Goldberg and E. R. Winer. In: Humic substances in the Suwanee River, Georgia:
Interactions, properties, and proposed structures (R. C. Averett, ed., U.S. Geol. Surv. Open
File Rep. No 87-557. U.S. Geol. Surv., Denver CO, 1989).

P. G. Cobble, S. A. Green, N. V. Blough and R. B. Gagosian, Nature, 348, 432435 (1990).
A. Yang, G. Sposito and T. Lloyd, Geoderma, 62, 327-344 (1994).

S.-C. Tam and G. Sposito, J. Soil Sci., 44, 513-524 (1993).

D. J. Campbell, D. G. Kinniburgh and P. H. T. Beckett, J. Soil Sci., 40, 321-339 (1989).

T. Takamatsu and T. Yoshida, Soil Sci., 125, 377-386 (1978).

E. M. Purdue. In: Humic Substances in Soil, Sediment, and Water. Geochemistry, Isolation,



19:58 17 January 2011

Downl oaded At:

136

27

(28]
f29]

{30}
[31}
[32]
[33]
[34]
[35]

T. OHNO and C. S. CRONAN

and Characterization (G. R. Aiken, D. M. McKnight, R. L. Wershaw, and P. MacCarthy, eds.,
John Wiley & Sons, New York, 1985). Pp. 493-526.

J. D. Allison, D. S. Brown and K. J. Novo-Gradac, MINTEQA2/PRODEFA2, A Geochemical
Assessment Model for Environmental Systems, Version 3.0, (US Environ. Protection Agency,
Athens, GA., 1990).

J. N. Miller, Analyst, 109, 191-198 (1984).

F. J. Stevenson and G. F. Vance. In: Environmental chemistry of aluminum (G. Sposito, ed.,
CRC Press, Boca Raton, FL., 1989), pp. 117-145.

D. K. Ryan and J. H. Weber, Anal. Chem., 54, 986-990 (1982).

P. R. Grossl and W. P. Inskeep, Soil. Sci. Soc. Am. J., 60, 158-162 (1996).

K. Mopper and C. A. Schultz, Marine Chem., 41, 229-238 (1993).

J. R. Lakowicz, Principles of fluorescence spectroscopy, (Plenum Press, New York, 1983).
P. Blaser and G. Sposito, Soil Sci. Soc. Am. J., 51, 612-619 (1987).

C. H. Lochmuller and S. S. Saavedra, Anal.. Chem., 58, 1978-1981 (1986).



