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INVITATION

On behalf of the International Humic Substances Society (IHSS), you are cordially invited to attend an
International Conference on Humic Substances in the Environment - New Challenges and Approaches, .
which will be held between August 27 and September 1, 1995 on the Georgia Tech campus in Atlanta,
Georgia. Since its initial meeting in 1983, THSS has evolved into a truly international society of scientists
from many disciplines. This is the first IHSS conference to be held in North America since 1983, and it
offers five days of stimulating scientific discourse to scientists and graduate students who share an interest
in the chemistry and biology of humic substances.

SCOPE

Humic substances affect soil weathering and fertility, pH and alkalinity of natural waters, trace metal
chemistry and biozvailability, degradation and transport of hydrophobic organic chemicals, formation of
disinfection by-products during water treatment, and heterotrophic production in blackwater ecosystems.
Accordingly, humic substances hacve received attention from scientists in a wide variety of disciplines, as is
evident in the membership of IHSS. New techniques and conceptual approaches that may have applicability
to the study of humic substances continue to proliferate axcross an even wider spectrum of scientific
disciplines. The purpose of this conference is to bring together a representative group of scientists to discuss
these emerging techniques and conceptual approaches, with the express intent of broadening the the context
in which humic substances are investigated.

FORMAT

The conference begins with an informal reception on Sunday evening, August 27th. Technical sessions,
Monday-Friday, will consist of a relatively small number of in-depth plenary lectures by invited speakers
and extensive poster sessions, which are open to all attendees. A significant portion of the technical
programme will be devoted to discussions of the invited plenary lectures and the contributed posters.

POSTERS

All attendees are encouraged to submit poster titles and abstracts, along with registration information, by
May 31, 1995. Abstracts should be printed using a 12-point Times Roman font, and should be about one-
half page in length. We particularly encourage students to take advantage of this opportunity for formal
participation in the conference.



FACILITIES

Technical sessions will be conducted in the main theatre of the Georgia Tech Center for the Arts. Posters
will be exhibited in the main floor of the Woodruff Residence Hall, which is also the principal housing
facility for this conference. Woodruff Residence Hall can accommodate up to 500 persons (double
occupancy) and attendees are strongly encouraged to use this facility for conference housing. Blocks of
rooms will also be reserved at several hotels near the Georgia Tech campus. A number of inexpensive
dining facilities are !-cated on the Georgia Tech campus, and a wide variety of restaurants are located within
a few miles of the campus

ORGANIZERS

DR. E. Mike Perdue Dr. Jim Alberts

School of Earth and Atmospheric Sciences University of Georgia Marine Institute

Georgia Institute of Technology Sapelo Island, GA 31327.

Atlanta, GA 30332

Tel: (+) 404-894-3883. FAX: (+) 404-853-0232 Tel: (+) 912-485-2221. FAX: (+) 912-485-2133.
e.mail: michael.perdue @eas.gatech.edu jalberts@uga.cc.uga.edu

TECHNICAL PROGRAMME

Chemical and Physical Characteristics of Humic Substances

Jim Rice, South Dakota State University, 'Desorption Techniques for the Characterization of Fulvic
Acid by Mass Spectrometry'.

Steve Cabaniss, Kent State University, 2Infrared and Model Studies of the Acidity of Humic
Substances'. '

Yu-Ping Chin, The Ohio State University, 'A New Padigrim for the Size of Humic Materials: The
Molecular Weight Distributions of Purified Humic Substances and Unfractionated Aquatic Organic
Matter'

Organic Acids at the Mineral-Water Interface

Mark Anderson. University of Wisconzin, 'Evaluation of ATR-FTIR Spectroscopy as an Analytical
Tool in Environmental Systems..

Patricia Maurice, Kent State University, 'Applications of Atomic Force Microscopy to Studies of
Organic and Microbial Interactions at the Mineral-Water Interface’.

James Drever, University of Wyoming, The Role of Organic Acids in Mineral Weathering'.

Industrial Concerns about Humic Substances

Anthony Perrotta. The Aluminum Company of America, "The Role of Organic Matter in the Bayer
Process'. i

Phil Singer and Greg Harrington, University of North Carolina, 'Characterization of Natural Organic
material and Its Impact on Removal by Coagulation'.

Gary Amy, University of Colorado, 'Oxidative Transformations and Reactivity of Natural Organic
Matter in Water Treatment'.

Photochemical Processes Involving Natural Organic Matter

Paul Trameyk, Oregon Graduate Institute of Science and Engineering, 'Photosynthesization by Natural
Organic Matter: Its Role in the Transformation of Environmental Contaminants'.

Bettina Voelker-Bartschat, Woods Hole Oceanographic Institution, 'The Role of Humic Substances in Iron
Photo-Redox Cycling'.

Bill Miller, U.S. Environmental Protection Agency, "Photochemical Transformations of Organic Matter in
Natural Waters'.

Bioavailability of Organic Matter in Water, Soil, and Sediments

Lars Tranvik, University of Lund, '"Microbial Availability of Dissolved Organic Matter in Lake Water: The
Importance of Photochemical Transformations and Other Physicochemical Factors'.

John Duxbury, Cornell University, 'Controls of Decomposition of Humic Substances in Soil'.

Dan Repeta, Woods Hole Oceanographic Institution, 'Microbial Degradation of Carbohydrates in Marine
Sediments and Sea water'.

Effects of Complexation on Bioavailability of Metals



Bill Sunda, Southeast Fisheries Science Center, 'Interactions Between Humic Substances and Metals:
Relevance to Microorganisms'".
Harold Bergman and Joe Meyer, University of Wyoming, "Effects of Dissolved Organic Carbon on the
~ Bioavailability of Copper to Fish'.
Rufus Chaney, U.S. Department of Agriculture, 'Factors Influencing the Bioavailability of Soil Metals to
Plants".

Natural Organic Matter in Less Studied Environments i

Curtis Monger, New Mexico State University, 'Carbon in Desert Soils: Its Nature and Isortopic
Significance'.

Gene McDonald and Carl Sagan, Organic Macromolecules in Extraterrestrial Environments'.

Mike Thurman, U.S. Geological Survey, "Transport and Origin of Dissolved Organic Matter in Shallow
Ground Water: From Herbicides to Humic Substances'. ' :

Diane McKnight, U.S. Geological Survey, 'Aquatic Fulvic Acids in Antartic and Alpine Lakes: Extremes in
Organic Sources and Climate".

Ron Benner, University of Texas, 'Sources, Composition, and Reactivity of Dissolved Organic Matter in the

Ocean'.
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THE ITALIAN CHAPTER OF IHSS

"Humic Substances in the Ecosystem: Scientific and Applicative
; Aspects'

The first meeting of the Italian Chél‘j‘ter, in Bari, May 4 and 5, 1995, will address the above topic.

The Italian Chapter of ITHSS now has 100 members, and most of these are expected to attend the meeting,
along with non-member scientists and students who are involved with studies of humic substances, and who
will, hopefully, become members of the Society. The President of IHSS, Dr. M.H.B. Hayes, and the Society
Treasurer, Professor C.E. Clapp, will present invited papers. All members of IHSS are welcome to attend.
Persons who are interested should contact Professor N. Senesi by telephone [(+) 39 80 544 2853] or by FAX
[(+) 39 80 544 2813].
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Organic-Mineral Interactions in Soils and Sediments

A Conference under the Auspices of the Mineralogical Society
will take place at The University of Newcastle upon Tyne (England)
June 28-29, 1995.
Further details from Ann Thwaites, FFEGI, Drummond Building, Univ. of Newcastle, NE1, 7RU.
Tel. (+) 44 191 222 6852: Fax (+) 44 191 222 5431
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. THE FIFTH NORDIC SYMPOSIUM ON HUMIC SUBSTANCES
Will Take Place, Under the Auspices of the Nordic Chapter of IHSS,
in The University of Lund, Sweden, June 6,7,8, 1995

( attended the Fourth Conference at Lowen, Norway, in 1993, at which the Nordic Chapter was formed.
That conference was of the highest scientific standard)

Professor Egil Gjessing, coordinator of the Nordic Chapter will supply details. His address is
Agder College, Department of Chemistry, Tordenskjoldsg. 65, Postuttak, N-4604 Kristiansand, Norway.

**$***************#*****************************#**#*********************$**##*$$*$$$#$

THE BRITISH AND IRISH CHAPTER OF IHSS

'"Humic Substances in Soils, Peats, and Waters. Implications for
Plant Growth, Industry, and the Environment'
This conference will take place in University College, Dublin, September 18-19, 1995.
Further details from Dr. M.H.B. Hayes [ Tel. (+) 44 121 414 4405; FAX (+) 44 121 414 4403]

(Dublin in September is like heaven, and you can expect a '‘Céad Mile Failte' there.)
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Registration Form for ' HUMIC SUBSTANCES in the ENVIRONMENT"
‘New Challenges and New Approaches
at Georgia Institute of Technology, August 27-September 1, 1995
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"-'I'Name e et %
;,_[llIII_HII_'-I_I-I-l___l'l_l'lllIIIlIIlIlIlIIll[—I
Ailiress S L e b S B S A
i T |_u____|<_1-_l-|_l-1_| | T-T1 l.l_‘l [TTTCITITT
'-'I I E [ l 2 O 'I-I_I-“_I"-I‘l-[ l_:—l 14 '|"I_"I ) i 2 O
IEEEEEREEERAN LA I_'ll_ 10 T O O
-‘LllilllIIII-'IIII:'II'_IIHIH_II'II![l'III{I_J
Phone: - . Sl sy e Y s FaR e Gy v
L[IIIII[IIl-III_-I;Ill_I.[-IIIIIIH—[-I_lIll'lll
_-I 1 l ITI | I l I'lTIT-"I‘[_’I | ['_l 5 I G O O I [ ]
HQﬁSING PREFERENCES s - REGISTRATION FEES
'D'Campx‘sho.l.l-si‘ng(.d.oll.lblé-) 520 - o IHSS Member $200/$225°
_ - : - Sue s nor. ke [0 Non-Member - - U $225/ 8250
__.Lj Campushousmg(smglc) .__5;_10 k. DPreeone—yca.rmcmbcr%:p ' |
':D Localhotcls $50-100 '-D Smdmt(wlmproof) s
"I.“l Pm‘l}’accomodanons 5'7'77I - .D Accompmymgguest(each) - $100
“-A.mva] Aol 5 ™5 4 .0 Banquct(each) | §35
'_"]-Z‘)cpalmn'e.daté _'EI Interestcdm gucstachwt:esftours
: 2 Bcforc/AﬁerMaySl 1995
- TOTAL ENCLOSED PAYMENT
' METHOD OF PAYMENT _
O Check D VISA f_l Mastchard [_I Amenc.dn Exp:ess
Credit CardNo. | - Exp.Date
I‘I_IIIIIIIIIIIII—[IIIIJ[[IIILII|I L1



5

sk e sk ok she sk sk ok ok sk s ok sk sk s sk s she ke s sk sk she sk sk sk sk s ke sk ke ok sk sk sk o she ok sk sk sk she sk ke a4 e s e ke e sk ke e s e sk she e s s steske e sk ste she e ke sk ke e e sk ke ke sk okofe ok ok sk sk ok skok sk ok

THSS 8

'The Roles of Humic Substances in the Ecosystem and in
Environmental Protection’

SEPTEMBER 9-14, 1996, WROCLAW, POLAND

Preparations are well underway for the 8th International
Conference of the International Humic Substances Society.

Professor Jerzy Drozd of the Institute of Soil Science and Agricultural Environment Protection, The
Agricultural University of Wroclaw , Grunwaldzka 53, 50-357 Wroclaw, Poland, and his Organizing
Committee are preparing the Conference Programme and arrangements. These will be circulated during
early April, 1995.
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HUMIC SUBSTANCES DOWN UNDER

Despite the fact that one of Australia's esteemed soil scientists declares that "Humic Substances do not
exist", a large amount of research inyolving these substances is being carried out in Australia and New
Zealand. In actual fact, the "declaration" with regard to the "non-existence" of humic substances was made
in reference to Australian soils. Thesé are usually low in organic matter and contain significant amounts of
charcoal. In general, the interest in humic substances would appear to be in terms of the characteristics of
the whole organic matter component rather than to studies focused on particular fractions of the organic
matter.

A person such as myself, whose focus it is to build up a Chapter of IHSS, must seek persons who are
involved with studies with organic matter/humic substances and then try to convince them that they can only
benefit by interacting with each other, even if they should work in widely different areas of research.

In order to initiate interest in improving interactions between researchers, a conference entitled ‘Organic
Matter in Soils, Sediments and Waters' was organised by the Australian and New Zealand Chapter of the :
IHSS, in conjunction with the CSIRO Division of Soils, and the Waite Agricultural Research Institute, and
held at the Waite Institute in Adelaide, September 5-7, 1995. Sixty five people attended from various parts
of Australia, as well as the President of IHSS, Dr. Michael Hayes, the IHSS Treasurer, Professor C.E.
Clapp, and Dr. Roger Swift, a past President of IHSS and now the Chief of the CSIRO Division of Soils.

The opening address by Dr. Hayes was followed by a session entitled 'Global Overview of C Pools and
Cycling'. Three invited papers addressed "The Global Carbon Cycle-A Marine Perspective” (John Hedges,
Univ. of Washington, Seattle), "The Global Carbon Cycle-A Terrestrial Perspective" (R. S. Swift, CSIRO
Div. of Soils), and “A Global Soil Carbon-Isotope Composition" (Michael Bird, Quaternary Dating Centre,
ACT). : :

There were eight sessions with about 30 presentations made orally, and with 13 poster presentations. The
majority of the presentations dealt with organic matter in the soil environment, under the Session headings
of: Soil - ‘Management Effects on Organic Matter'; Soil - 'Composition of Organic Matter"; Soil -
'Modelling of Soil Organic Matter Levels'; Soil - 'Distribution of Organic Matter and Interaction with Other
Soil Components'. The other sessions dealt with Organic Matter in Sediments, and Organic Matter in Water.

The conference began in a heat wave, although only one day was uncomfortably warm and humid. Just to
prove to our visitors that it does rain in the 'driest State of the driest Continent', the uncomfortable heat and
humidity was relieved by a downpour as the participants were washing down their pasta with the ‘amber
nectar’ and Barossa Valley wines in a local Italian Restaurant.

The conference was an unqualified success, as judged by the interest and enthusiasm of the participants. It is
hoped that long term research liaisons will have been established. It was especially encouraging to find that
many of those who participated were at the start of their research careers. They will have seen that research
in the humic sciences is challenging, but very rewarding. They will be especially encouraged by the fact that
modem instrumentation is allowing very significant advances to be made in the fields of the humic sciences.

Kaye Spark



Solid-State Electron Spin Resonance Spectroscopy of Fractionated Aquatic Fulvic
and XAD-4 Acids

Ian Kenworthy, Michael Quane, and Lee Woodall
The University of Birmingham, School of Chemistry, Edgbaston Birmingham B15 2TT, England

INTRODUCTION

Electron resonance spectroscopy usually provides four pieces of information relating to the free-radical properties of a compound.
These are:

1, the g-value, used to characterise the nature of the organic radical;

2, the number of free electrons, measured in spins g“l;

3, the line width, which is influenced by a variety of factors, including different relaxation mechanisms and free radical
concentrations; and :

4, hyperfine splitting.

However, because of the lack of hyperfine splitting (which gives the number and types of nuclei interacting with the free electron)
in the majority of the ESR spectra of humic substances, most of the published data contain only the first three of the ESR
parameters listed.

In general, studies of humic substances by ESR spectroscopy suggest that semi-quinone species are responsible for their free-
radical properties. Evidence for this has been provided by investigations of the effects of physical and chemical changes on the
spin densities of humic substances. Mild oxidation was shown to decrease the free radical contents of humic substances (Senesi &
Schnitzer, 1977, Senesi et al., 1977), whereas reduction was shown to give dramatic increases in their spin densities (Tollin er al.,
1963, Steelink, 1964). These observations have been rationalized as indicative of the existence of semi-quinone radical species,
produced from quinone structures in thé reduction experiments, and converted (o quinones in the oxidation reactions.
Investigations of pH effects have further reinforced this theory. The free-radical contents of bumic substances rise with increasing
pH, and the radicals become long lived (Steelink,1966). This relationship between radical stability and pH is consistent with the
characteristics of semi-quinone radicals (Senesi, 1989).

Because of their low contents of radicals, the information relating to the molecular structure of humic substances which is provided
by ESR is limited. However, high phenolic contents, low H:C ratios, and absorbance at 465 nm have all been linked to spin
density (Senesi 1989). Table 1 shows that in the case of humic acids of MW values of 3 000 Daltons (considered to be
characteristic of freshwater humic acids) having average spin densities of the order of 3.0 x 1017 spins g-1, only one in over 600

Table 1. Approximate number of molecules per radical for humic substances with a variety of molecular weights and an average spin density of
3.0x 1017 spins g‘l.

Approx. Moleculart Spin Density No. of molecules per
Wt (Daltons) (spins g-1) radical
3000 3.0x 1017 ' 670
10 000 3.0x 1017 200
50 000 3.0x10!7 40
100 000 3.0 x 1017 20

‘molecules will contain radical species. However, using the same approach for soil humic substances with molecular weights
approaching 100 000 Daltons, up to 5% of the molecules will contain radicals.

Should semi-quinone species be responsible for the free radical properties of humic substances, the differences in their aromatic

and phenolic characteristics of humic substances (as observed from solid-state CPMAS 13¢ NMR spectra) would be expected to
reflect differences in the ESR spectra, and in spin densities.

Because we have available in our laboratory a variety of humic fractions from different soil and water sources, and because we
have CPMAS 13C NMR spectra for some of these, it was decided to investigate whether or not certain properties of the humic
fractions could be related to the free radical contents of the fractions. It was considered to be especially relevant 1o relate the
phenolic contents of the humic fractions, as indicated by the chemical shift range of 140-150 ppm (from the CPMAS 13C NMR
spectra), with the free radical contents.

MATERIALS AND METHODS

Fulvic and X AD-4 acids were isolated, using the XAD-8 and X AD-4 resin technology (in tandem) from the drainage waters of the
catchment of Lake Skjervatjern, Norway in 1994 (NASFA94), and from a ground water influenced by a peat soil overlay. Fulvic
acids were also isolated from a silty clay loam (Oxford) soil (6% organic matter) and from the drainage water from that soil. The
NASFA94 sample was reapplied to an XAD-8 column and further fractionated on the basis of charge density differences by batch
elution at pH 4.5 (with acetic acid), at pH 7 (with 0.1M sodium pyrophosphate/phosphoric acid, pH 10.6 (with sodium
pyrophosphate), and pH 12.6 (with sodium hydroxidc). The soil drainage and peat ground water fulvic acid samples were
fractionated by batch elution at pH 7 (with sodium pyrophosphate/phosphoric acid), pH 10.6 (with sodium pyrophosphate), and pH
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12.6 (with 0.1M NaOH). A dual cavity Bruker ESP 300 spectrometer operated at 9 G Hz with an ER 035M gaussmeter for accurate
determination of magnetic ficld strength, was used for the ESR spectroscopy experiments. Copper sulphate with a known spins g‘l
value was run as a standard for each sample.

RESULTS AND DISCUSSION

The results obtained from the ESR spectroscopy experiments carried out on the fulvic acids and X AD-4 acids from the waters from
the Lake Skjervatjern peats (NASFA94), and from the ground water are given in Table 2. Data are also given for the fulvic acids
from the mineral soil and from its drainage waters.

Table 2 Results of ESR spectroscopy of fulvic and XAD-4 acids.

Sample Spins g-1 x 1017 g-value Line Width (gauss)
NAFS A% soil water

Fulvic acid pH 4.5 3.28 2.0037 53
Fulvic acid pH 7.0 6.46 2.0039 5.5
Fulvic acid pH 10.6 3.47 2.0036 5.3
Fulvic acid pH 12.6 1.84 2.0037 4.9
XAD-4 acids 0.73 2.0040 6.4
Peat Ground water

Fulvic acid pH 7.0 1.69 2.0042 6.6
Fulvic acid pH 10.6 1.64 2.0041 6.4
Fulvic acid pH 12.6 2.66 2.0042 6.8
Ground water XAD-4 271 2.0040 6.7
Oxford drainage water FA 3.50 . 2.0041 6.2
Oxford soil FA pH 7.0 3.46 '3, 2.0037 5.4
Oxford soil FA pH 10.6 0.59 ta 2.0037 4.8
Oxford soil FA pH 12.6 1.31 2.0037 5.3

The g-values of all the fractions from the different sources are very similar, and that might suggest that the same radical species is
responsible for the ESR signal in all of the spectra. Solid state CPMAS 13C NMR spectra indicated that the fulvic acids from the
silt clay loam isolated from XAD-8 at pH 7 and at pH 12.6 had the highest proportions of phenols, and had the greatest aromatic
character. The data in Table 2 show that these fractions (recovered at pH 7 and at pH 12.6) had higher contents of free radicals than
were contained in the fulvic fractions (with lesser contents of phenols) eluted at pH 10.6. The fractions eluted at pH 7 and at pH
12.6 also gave the higher spin densities in the ground waler sample. However, the difference between the densities for the samples
eluted at pH 7 and at pH 10.6 was insignificant. -

The result for the fulvic acid in the drainage water from the Norwegian peat (NASFA94) shows the lowest spin density in the &
sample eluted at pH 12.6. This contrasts with the relative values for the other samples studied.

The X AD-4 acids from soils and waters are the most highly oxidized of the humic fractions, and 13C NMR data indicate that these
acids are low in aromalicity and in phenolic contents. Such acids would be expected to have the lowest free radical contents. That
is seen to be the case for the NASFA94 acids. However, in the case of the peat ground water, the spins g1 for XAD-4 acids are
comparable to those for the most 'radical active' fulvic acid fraction (eluted from XAD-8 at pH 12.6) in these waters. In view of the
low aromaticity and phenolic contents, the latter observation is not consistent with origins in semi-quinone radical species.

The NASFA94 humic fractions are from waters from acid peats that are poorly oxidized. The relatively high free radical contents
in the fulvic acids may reflect the presence of low molecular weight, imperfectly transformed (poorly oxidized) lignin and tannin
residues. The X AD-4 acids would represent the more highly oxidized fractions.

The peats which overlay the ground walers were more highly oxidized, and this is reflected in the lower spins ¢! values in the
humic fractions from these.

Our results suggest that useful information with regard to the origins of humic fractions may be obtained from ESR data. It should
be worthwhile to continue with well fractionated samples, and especially when CPMAS 13C NMR data are available for the
different fractions. Our preliminary data suggest that the free radical species in some of the fractions (e.g. the XAD-4 humics) may
be different from those in others. There are some indications that hydroquinone species are responsible only for some of the radical
species in humic substances.
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Comparisons of the Sorption from Solution of a Humic Acid by
Supelite DAX-8 and by XAD-8 Resins

Joanne J. Farnworth
The University of Birmingham, School of Chemistry, Edgbaston, Birmingham B15 2TT, England

‘- INTRODUCTION

Prior (o the use of the Amberlite XAD resins, humic substances and dissolved organic matter (DOM) had been isolated from
walers using malerials such as charcoal and DEAE cellulose!, and procedures such as vacuum distillation 2, ]yophilizati0n3,
freeze concentration 5)6, u]uaﬁll.raﬁon"', co-precipilalions. and reverse osmosis?. Amberlite XAD resins were used by Burnham er
al.10 for the isolation of trace organic contaminants from groundwaters, and this approach was further developed by Riley and
'l'aylorl 1, and by Mantoura and Ri]eylz. who used Amberlite XAD-2 resin for the isolation of humic substances from waters.

Subsequently13‘15, an in-depth evaluation of the performance of the Amberlite XAD resins for the isolation of humic substances
from walers was carried out at the U.S. Geological Survey (USGS), Water Resources Division (WRD) at Denver, Colorado.

The extensive studies at USGSWRD indicated that XAD-8 and XAD-4 resins, in tandem, provide very satisfactory materials for

the isolation of the humic substance16:17. Rohm and Haas, the manufacturers of these resins, have ceased to produce the XAD-8
resin. This has led to the search of a suitable replacement resin material. A preliminary communication in the previous issue of the

THSS Newsletter!8 indicated that Supelite DAX-8 [also a poly (methyl methacrylate) resin], supplied by the Sigma Chemical Co.,
Poole, Dorset, England, could provide a suitable replacement This resin is comparable to XAD-8 in terms of pore size and surface
area.

This communication will report on the sorption from solution by Supelite DAX-8 of a humic acid isolated from a sapric histosol.

4. EXPERIMENTAL
Humic Acid Sorptive

Freeze dried humic acid, isolated from the sapric histosol by the procedure used for isolating the IHSS standards, was dissolved
(20 ppm) in 0.1M NaOH, and the pH was adjusted to 2, using HCI.

Amberlite XAD-8 was purchased from the Sigma Chemical Co. befors the product was discontinued.

Instrumentation

Omnifit (Cambridge, England) glass (analytical grade) columns were used. With the exception of pumping tubing (which was _
Tygon), all fittings and tubing were of Teflon. ;

The effluent from the columns was monitored by light absorption (at 400 nm) using a Perkin Elmer UV/Vis spectrophotometer.

Procedure

DAX-8 was prepared for column studies by washing daily, for 10 days, using 0.1M NaOH. The resin was then (soxhlet) extracted.
first with acetonitrile (for 5 days) and then with ethanol (5 days), and stored in ethanol.

The XAD-§ had been used, prior to this evaluation, for the isolation of aquatic humic substances. The resin had been washed using
the above method, and it was cleaned after use by Soxhlet extraction using acetonitrile and ethanol.

XAD-8 and DAX-§ were packed into separate 80 mL Omnifit columns, using the water/resin slurry method. Each column was
washed with 10 L of distilled water, to remove traces of ethanol, and then, in succession with 0.1M NaOH and with 0.1M HCL. The
process was repeated three times, and the columns were left in acidic conditions. Prior to use, the pH of the columns was adjusted
to 2 using 0.01M HCI.

The isolation method described by Malcolm 16 was followed for the column sorption studies.

Humic acid solutions (pH 2) were passed through the columns at flow rates of 2.5 mL min~1, The effluents were collected, and
analysed by UV/Vis spectrophotometry. The patterns for the emergence of humic acids from the columns is shown in Figure 1.

RESULTS
Figure 1 shows that DAX-8 held almost three times as much humic acid as was held by the DAX-8.
The profiles obtained when the columns were back eluted using 0.1M NaOH are shown in Figure 2.

The volume boundaries of the elution profiles for both XAD-8 and DAX-8 were similar. The concentrations of the eluates reflect
the differences in the amounts of humic acids sorbed by the two resins. Recovery of the humic acids in the basic media (calculated
from UV/Vis data) were 21.3 mg (89%) for XAD-8 and 52.6 mg (91%) for DAX-8.

When the columns are re-acidified with with 0.1M HCI and then back eluted with 0.1M NaOH, 90% of the colour remaining on
the column was removed from the XAD-8 resin, but only 10% of the residual colour was removed in the case of the DAX-8
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sorbent. Repeated acidification and back elution with base (0.1M) removed an insignificant amount of the material held on DAX-S,
although additional material (ca. 33% of that retained) could be removed when the resin was left to stand overnight in 1M NaOH,
and then back eluted with 1M NaOH. However, such treatment could lead to some hydrolysis of the resin, and to resin ‘bleed’. The
material that is not removed in base from XAD-8 has been classed as 'hydrophobic neutrals’,

Allowing for the fact that three times more humic acid is sorbed by DAX-8 than by XAD-8, the difference in the amounts retained
by the two resins cannot be explained on the basis of 'the ‘classical’ hydrophobic neutrals contents. It would appear, therefore, that
6-8% of soil humic acids would be classified as 'hydrophobic neutrals' on the basis of interactions with DAX-8. However, it is
reasonable (o assume that only the most hydrophobic humic acids would be retained.
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Figure 1. Absorbance at 400 nm of cfﬂucn-l:i’ from DAX-§ and  Figure 2. Profiles obtained when DAX-8 and XAD-§ resins,
XAD-8 columns to which humic acid solutions were applied. with sorbed humic acids, were back cluted using 0.1M
NaOH.

The colour is removed when the resin is soxhlet extracted with methyl cyanide and with ethanol. However, vse of methyl cyanide,
though a good cleansing solvent, gives a product with a high N content. This cannot be considered to be an unaltered humic
fraction.

Our evaluations suggest that DAX-8 can be a svitable replacement for XAD-8 for the isolation of humic substances from waters,
and also for the fractionation, on the basis of charge density differences, of humic substances from soils and walers (see p. 6 of this
Newsletter). However, there is considerable work that should be done in order to be able 1o better classily the performance of the
Tesin.

It will be important, for example, to compare the relative performances of the two resins for the sorption of fulvic acids, and
especially to determine whether or not the superior capacity of the DAX-8 resin for soil humic acids might lead to the retention of
components classified as XAD-4 acids when the XAD-8 and XAD-4 tandem process is vsed,

It will be important also to compare the relative performances of DAX-4 and XAD-4 resins in tandem with those of XAD-§ and
NAD-4 (in tandem) for the isolation of humic substances from waters. These studies are ongoing in our laboratories,
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'Pitfalls ' in Assigning to Sugars the 13C NMR Chemical Shift of 60-110 ppm in Humic
Substances

Barbara E. Watt!, Jan Skjemstad?, and Roger S. Swift?
I'The University of Birmingham, School of Chemistry. 2CSIRO Division of Soils, Glen Osmond, S. Australia

INTRODUCTION

CPMAS 13C NMR spectroscopy is widely recognised as the most useful single technique for the characterization of humic
substances. It provides direct information on the chemical nature and relative abundances of carbon in the substances, and
refinements to the technique in recent years have made these data more quanlitative.

Estimates of the carbohydrate contents of humic substances arc frequently based on the integration of resonances in the 60-110
ppm chemical shift region of their 13C NMR spectra (Stevenson, 1994). Signals in this region are characteristic of saccharide
materials. Peaks at 63-65 ppm correspond to C-6, 71-78 ppm to C-4, C-2, C-3, and C-5, and 102-105 ppm to C-1 (the anomeric
carbon) of sugar moieties (Cheshire, 1992). Due to the complex nature of bumic substances, their spectra consist of broad bands,
and considerable overlap of these signals and others (e.g. amino acids and ethers) would be expected. Humic substances exhibit a
broad and intense resonance centred around 75 ppm, which is often assigned to polysaccharide components, and a smaller peak
around 105 ppm which is generally considered to correspond to the anomeric carbons of sugar residues.

Based on these assignments, Hatcher er al. (1983) and Preston and Ripmeester (1982) concluded that fulvic acids consist mainly
of polysaccharide material. In these cases, the material isolated corresponded to fulvic acid fractions i.e. those which probably
contain significant quantities of unassociated polysaccharide material, c.f. generic fulvic acids (Wershaw, 1985). Malcolin (1991)
has shown that passage of fulvic acid fractions through XAD-8 resin effectively removes this unassociated polysaccharide
material. The resin treatment allows the isolation of fulvic acids whose NMR spectra show significant decreases in the intensities
of resonances in the region 60-110 ppm. ?1.'

Wilson et al. (1983) and Preston and Ripmeester (1982) hydrolysed whole soils to remove carbohydrate and other components.
Resonances in the region 60-110 ppm were essentially absent from the spectra of the hydrolysed soil. Preston and Schniwer
(1984) hydrolysed soil humic substances (extracted using 0.5M NaOH) in 6M HCI. Resonances in the region 60-110 ppm were
almost completely absent from the spectra of the hydrolysed materials. Chemical analysis by the phenol-sulphuric acid method
indicated that the carbohydrate content of these materials was decreaesd by ~90% (wt/wt) by acid hydrolysis. These three studies
indicate that the majority of the components responsible for the 60-110 ppm resonances in these materials are hydrolysable.

Preston et al. (1989) and Oades (1987) have, however, reported that the carbohydrate contents of peat fractions, and of larger-soil
particles measured by NMR are higher than could be accounted for as carbohydrate (deterimined by the chemical analysis of these
materials). This discrepency has also been reported for soil polysaccharides. Cheshire et al. (1992) isolated and hydrolysed soil

polysaccharide material and found that only ~31% of the polysaccharide could be accounted for as sugar residues from analysis i,

(by GC) of the individual sugars. Up 10 45% of the material was of unknown chemical composition (and could not be accounted
for as amino acids, amino sugars, or uronic acids). Integration (semi-quantitative) of the 13C NMR region 60-105 ppm showed
that ~88% of the total carbon resonated in this region of the spectrum. The ratio of the area of the resonace around 100 ppm to that
of the sum of those at 62 and 70-75 ppm was consistant with that expected for a normal polysaccharide (1:5)

EXPERIMENTAL

Samples were isolated from walers using the tandem X AD-8/XAD-4 resin procedure described by Malcolm and MacCarthy
(1992). This procedure allowed huimic, fulvic, and XAD-4 acids to be isolated, fiee from unassociated polysaccharide materials.
Any saccharide components present are covalently linked to the humic materials, and form part of their integral structures. The
nevtral sugar contents of the isolated fractions were determined by the procedure of Blakeney et al. (1983). Samples were
hydrolysed (2M TEA, 120°C for 2 hours) and the Jiberated sugars were converted (o alditol acetates. The derivatized sugars were
separated and quantified by GC-FID using a 25m BP-X-70 capillary column. The following sugars were measured: rhamnose,
fucose, arabinose, xylose, mannose, galactose, and glucose.

RESULTS AND DISCUSSION

CPMAS 13C NMR spectra of humic, fulvic, and XAD-4 acids are shown in Figure 1. The percentage of carbons whose
resonances occur in the region 60-110 ppm varies from 12-33% of the total carbon (Table 1), and is highcst for the XAD-4 acids.
The percentage of carbon which can be accounted for as carbohydrate C by GC analysis varies from 0.2-2.6% of the total carbon
(Table 1), These data indicate that only 2-14% of the resonances at 60-110 ppm are due (o neutral sugar components, with the
lowest values for fulvic acids.

It is clear that the majority of the carbon in the 60-110 ppm region does not consist of ‘normal’ polysaccharide material. Malcolm
(1992) suggests that only a minor portion of the 60-92 ppm region is due to carbohydrales, and that aliphatic ethers and oximes
constitute the major part. The ratio of the peak arca of the anomeric resonance (0 that of the 60-100 ppm resonance for [ulvic
acids (~1:10) indicates that structures such as cthers may be important in this fraction (Table 1). However, for the humic and the
XAD-4 acids, the ratio is close to that which would be expected for polysaccharide material (~1:5). It should be pointed out that
accurate integration of the ‘anomeric' peak can be difficult (Malcolm, 1990). In humic acids this peak is very poorly (il at all)
resolved from the aromatic resonances (110-160 ppm). In XAD-4 acids it is frequently present as a shoulder on the broad 60-95
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Figure 1. CPMAS 13C NMR spectra of XAD-4, fulvic
and humic acids.

A Lake District stream, X AD-4 acids
B. Fen Drain, XAD-4 acids
C. River Swift, Fulvic acids

D. Groundwalter Fulvic acid (Peat overlay)

E. Afon Llugwy stream, Humic acids

F. River Avon, Humic acids.

{j \

Table 1. 'Carbohydrate’ carbon contents of aquatic humic substances determined by integration of the 60-110 ppm 3¢ NMR region, and by
GC analysis of hydrolysates (HA, FA, XAD-4 = Humic acids, Fulvie acids, and XAD-4 acids, respectively)

Ppm

Sample % of total C in the Ratio C Carbohydrate C by 9% C 60-110 ppm
chemical shift 95-110 : 60-95ppm GC analysis* accounted for as
region 60-110 ppm = carbohydrate by GC
analysis
R. Avon HA 17 15 24 14
Afon Llugwy HA 15 15 13 9
GroundWater FA 12 1:10 02 2
R. Swift FA 13 129 0.2 2
Fen Drain XAD-4 33 1:6 2.6 8
Lake District Stream, 28 B 12 4
XAD-4

* as a percentage of the total C of sample.
ppm resonance,

Where there is little or no resolution, assignment of this peak as purely anomeric carbon may lead to an underestimation of the
aromalicity of the sample. Malcolm (1992) subdivided the 95-110 ppin resonance, and assigned 50% as aromatic carbon and 50%
as anomeric carbon. In addition, structures such as lannins may produce resonances in this region, and therefore further
complicate this assignment. The ratios given in Table 1 must therefore be regarded as approximate.

In all the samples we have studied the amounts of carbohydrate identified by GC analysis fell far short of the quantities that might
be predicted should the resonances in the 60-110 ppm region of the NMR spectra represent carbohydrate materials (Table 1). In
the cases of the humic acids and XAD-4 acids fractions, the ratios of anomeric C (if that is what it is) to the 60-95 ppm resonances
are of the right order (1:4 - 1:5) for soil carbohydrate materials (composed of mixtures of pentose and hexose sugars, and deoxy
sugars, and uronic acids). Unlike the humic substances, there is biological control of the synthesis of the carbohydrate materials. It
is highly probable that the covalent linking of the carbohydrates to the humic (‘backbone’) structures took place after the
carbohydrates had been biosynthesized.



12

The spectra in Figure 1 show that the anomeric carbon resonances are most clearly defined in the cases of the XAD-4 acids
(spectra for A and for B), and though they are well separated from those of the aromatic species, they overlap with the 60-95 ppm
resonances. However, the data for carbohydrate C (from GC analysis, Table 1) show that sugars compose small percentages of the
C of the X AD-4 acids. It would appear, therefore, that the 1:5 - 1:6 ratios shown in Table 1 should not be interpreted as evidence
for carbohydrates as the main contributors to the 60-95 ppm resonances in the cases of the humic acids and the XAD-4 acids.

The ratio is not in the range for carbohydrates in the cases of the fulvic acids (spectra C and D, and these fractions have the
smallest contents of sugars (Table 1). Yet, the spectra for these fractions show significant resonances in the 60-95 ppm range.

It is, of course, possible that in addition to ether-type functionalities, altered carbohydrate structures, which no longer yield sugars
on hydrolysis, but on pyrolysis show evidence for fragments derived from sugars (the so called pseudo-saccharides or
polysaccharides; Bracewell er al., 1989) can contribute to the resonances in the 60-95 ppm region of the NMR spectrum.

Appropriate fractionations of humic fractions, sugar, amino sugar, and uronic acid analyses, spectroscopy (especially NMR) and
pyrolysis studies should allow considerable progress to made in understanding the compositions of the components which give
resonances in the 60-90 ppm and in the 95 -110 ppm regions of the NMR spectra of humic substances.
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ELECTIONS TO THE BOARD OF IHSS

THE BALLOT FOR THE POSITION OF SECRETARY OF IHSS OVERWHELMINGLY
ENDORSED THE CANDIDATURE OF DR. TEODORO (Teddy) M. MIANO (Inst. di Chimica
Agraria, Univ. di Bari, Via Amendola 1654, 70126 Bari, Italy) FOR THE POSITION OF
SECRETARY OF IHSS.

DR. MIANO IS THEREFORE ELECTED AS SECRETARY OF IHSS.

THE RESULTS OF THE BALLOT GAVE A NARROW MAJORITY 1TO PRUOFESSOR E. M.
(Mike) PERDUE (Georgia Institute of Technology, School of Earth and Atmospheric Sciences,
Atlanta, Georgia 30332, USA) IN THE CONTEST FOR THE BOARD POSITION.

PROFESSOR PERDUE IS ELECTED TO THE BOARD OF THSS
M.H.B. Hayes (President of IHSS)
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STANDARD AND REFERENCE HUMIC AND FULVIC ACIDS

MAY BE PURCHASED FROM PROFESSOR PATRICK MACCARTHY, IHSS Standard/Reference Collection
Committee Chairman, Dept. of Chemistry and Geochemistry, Colorado School of Mines, Golden, Colorado 80401, USA.

Telephone (+) 303 273 3626. FAX (+) 303273 3629 NQTE: All ?\-1 RS e pr (QO mevty
Suwannee River Fulvic Acid Standard ~ Code 1S101F  $150 mg-! Suwannee R. FA Ref Code 1R101F $150 mg™!
Soil Fulvic Acid (currently out of stock) 1S102F  $150 mg’! Nordic Aquatic FA Ref 1R105F $150 mg"!
Peat Fulvic Acid Standard 1S103F  $150 mg-! Peat FA Ref IR103F $150 mg™!
Suwannee R. Humic Acid Standard Code 1S101H  $150 mg! Suwannee R. HA Ref IR101H S$150 mg™!
Soil Humic Acid Standard 1S102H  $40 mg™! Soil HA Ref 1R102H $40 mg’!
Peat Humic Acid Standard 1S103H  $25mg’! Peat HA Ref. IR103H $25 mg!
Leonardite HA Standard Code 1S104H  $25 mg-! Leonardite HA Ref IR104H $25 mg'!

Nordic Aquatic HA Ref IR105H  $150 mg’! Summit Hill HA Ref IR106H S40 mg™!
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