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The Characteristics of Soil Organic Matter
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The purpose of this study is to illustrate the characteristics of soil organic matter (SOM) and partition co-
efficient (Kpoc). Humic substances (HS) from eight soils of varying properties were extracted by two different
methods, The dissolved organic carbon (DOC) concentration was stabilized in 22hrs. The ratio of UV absorb-
ance at 465nm and 665nm (E4/E6 ratio) for HS were similar pattern for 8 soils. The extraction with increasing
pH increased dissolution of SOM. The ratio of organic carbon (OC) associated with HA and FA (the HA:FA
ratio) was varied widely in accordance with the soils and was highly correlated to OC content(%) of the soils.
In modeling metal speciation in soils and soil solutions, assumptions that all DOC in soil solution is associated
with FA and that HA:FA ratio in SOM is constant have been made. The results of this study indicate that the
validity of these assumptions is questionable. By sequential pH extraction, the Kpoc showed in a linear correla-

tion with pH.
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1. Introduction

Windermere Humic Aqueous Model (WHAM) is an
equilibrium model for metal speciation which takes
into consideration the specific and nonspecific ion
binding by humic substance (HS)". It hypothesizes
that DOC the hydro-
phobicity of HS”. Furthermore, Tipping and col-
leagues have observed that only a fraction of dis-
solved HS is active. The models have been optimized
with respect to this active fraction. In the applications
of WHAM for aqueous speciation in surface waters
and soil pore waters, only 65-69% of DOC is as-
sumed to be active and all of it is Fulvic Acid (FA).
The remaining 35-31% is assumed to be inert with
respect to metal binding. In whole soil speciation ap-
plications of WHAM, it is assumed that the soil or-
ganic matter (SOM) constitutes HA and FA in the ra-
tio 84:16”. In this case, the active fraction of SOM is
calculated by minimizing the difference between the
observed soil;.p'i-{ and the calculated pH. The active
fraction of SOM thus determined has an apparent

concentrations depend on
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negative correlation with the SOM content of the
soils. However, there has been no explanation on why
only a fraction of SOM and DOM appears to be
active. Therefore, there is a need to better understand
the characteristics of DOM and SOM and their parti-
tioning behavior in the soil matrix.

Therefore, the extraction of SOM from soils in-
volves base solubilization at pH >12. The subsequent
separation of HA from FA then involves acid precip-
itation at pH <2. In this study, we extracted SOM
from different soils sequentially at incremental pH
values (2 tol0). Based on this study we illustrate
whether HA:FA ration of 84:16 is reasonable for gen-
eral use or not. The extracted SOM were then acidi-
fied to different pH and centrifuged. The supernatants
were analyzed for DOC and E4/E6 ratio.

Futhermore, we also investigated dissolved metals
(Cu and Zn) associated with the SOM extract™. And,
we propose a cotrelation to predict organic mat-
ter(OM) partitioning based on pH.

2. Matérials and Methods

Eight soils (Matawon, Keyport, Codorus, Matapeake,
Boonton Union County, Butte, lllinois and Treaty)
were used for this study. The properties and charac-
teristics of these soils have been reported else-
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where'”. Particle size distribution was determined us-
ing a hydrometer method®. Loss on Ignition (LOI) of
the soils were determined by ashing at 550°C. The
released metals were determined using ICP-MS (Agilent,
7500 CS). Dissolved organic carbon (DOC) was de-
termined using TOC analyzer (Tekmar Dohrmann,
Apollo 9000). The UV-VIS spectra of the final super-
natants were carried out using a 1.0cm cell and a
scan range of 200~700nm. E4/E6 ratios were calcu-
lated from absorbance measurements at 465 and
665nm (Diode Array Spectrophotometer, Hewlett Packard
8452A).

2.1. Characteristics of SOM

The soils (8 g each) were mixed with 40 ml of
0.1 M NaOH and shaken for 24 hr at room temperature.
The supernatant was removed by centrifuging for 20
minutes at 4000 rpm. This extraction was repeated
which
centri-

three more times to give four supernatants,
were pooled. The pooled supernatants were
fuged again for 30 minutes at 4000 rpm to ensure
complete removal of fine colloidal clay”. The super-
natants were divided into 11 aliquots, and their pHs
were adjusted to 1 to 10 by adding HCI. Then, these
samples were centrifuged for 20 minutes at 4000 rpm
to remove the precipitates and the supernatants were
analyzed for TOC using TOC analyzer (Tekmar
Dohrmann, Apollo 9000). The UV-VIS spectra of the
adjustable final supernatants were also obtained.

2.2. The release of DOC by sequential extraction

A batch technique was used to perform all studies.
1.8 £ 0.0lg of each soil was mixed with 45 ml of
0.01M NaNO; in a 50-mL polyethylene centrifuge
tube. The pHs were adjusted to approximately 2 us-
ing 0.1 M HCL The samples were then shaken
(Orbit, no 3590, Lab-Line Instruments, Melrose Par,

Table 1. Soil properties

IL) at 100 strokes/min for 22 hr at room temperature
(20 + 2 °C). After 22 hr of equilibration, the sam-
ples were centrifuged at 4000 rpm for 20 min and
then filtered using 0.45 pum membrane filters. The re-
maining residues were centrifuged again at 4000 rpm
for 5 min and the supernatants (<0.2 ml in volume)
were discarded.

To the residues a fresh 45ml portion of 0.01 M
NaNQ; was added and the pH adjusted to approx-
imately 3. The above procedure was repeated for
each soil sample at incremental pH up to the final
extraction pH of approximately 10.5. The pH adjust-
ments for higher pH were made using 0. M NaOH.

The resulting filtrate at each pH was divided into
three portions. The first portion was used for TOC
analyses. This TOC is associated with humic sub-
stance (HS). The second portion was acidified to pH
1 and centrifuged to remove HA from the solution.
The supernatant was analyzed for TOC. This TOC is
associated with to FA. The final portion was used for
analyses of pH (Thermo Orion) and dissolved metals
(ICP-MS, Agilent 7500 CS). The OC concentration
associated with HA was then calculated as the differ-
ence between the TOCs before and after the acid-
ification to pH 1 and centrifugation, i.e., HS-FA.

3. Results and Discussion

The soil pHs were recorded below 7 for all the
soils (Table 1). The clay contents ranged from 8% to
28%. The LOI ranged from 2.26% t012.49 %. There
was, however, no apparent relationship between clay
contents and LOlIs. The concentrations of total metal
(Cu, Zn) were measured by Impellitteri®.

3.1. Characteristics of SOM
Generally, SOM is extracted and FA and HA are

Soil pH Sand Cilt Clay LOI Cu Zn Fe Mn Ca
(1:25) (%) (%) (%) (%) mg/kg

Matawon 6.42 66 22 12 3.36 8.06 39.5 .

Keyport 6.07 27 45 28 5 14.21 58.5

Codorus 627 36 40 24 449 1125 472

Metapeak 6.07 13 63 24 4.74 214 73.5 -

Boonton 5.32 49 35 16 11.54 532 126.7 17873 2499 1010
Butte 4.64 65 24 I} 22.6 585 726 27353 289 1208
Iltinois 6.35 19 58 23 10.54 3329 1089.7 21733 499 13566
Treaty 5.36 61 31 8 124.9 74.3 74.3 10653 1603 341
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separated by using some sort of resin. In this study,
however, the SOM extracted by 0.1 M NaOH was
controlled at different pH. The measured OC and its
relation to the pH at which it was controlled are
shown in Figure 1. The concentration of OC in the
supernatant was significantly affected by pH control.
Decrease in pH resulted in decreasing concentration of
OC. In general, there was a dramatic decrease in OC
concentration as the pH at which the extracted SOM
was controlled changed from~7 to ~ 4. At lower pH
values, the concentration of OC was small and it in-
creased slightly at pH < 4 for all soils except for
Boonton and Treaty soils. This sharp decrease in sol-
ubility is due to the precipitation of HA. Also appa-
rent in Figure 1 is the relationship between the OC
extracted and the %LOI of the soils. More OC is ex-
tracted from the soils with high %LOI (Boonton,
Treaty and Hlinois).

The composition of the extracted SOM was further
characterized by determining the E4/E6 ratio (the ra-
tio of UV absorbance at 465 and 665nm). The UV
absorbance is due to smaller molecules at 465nm and
large molecules at 665nm. Therefore, the E4/E6 ratio
is expected to be smaller for HA and larger FA.

Butte Soil
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Based on previous studies, the E4/E6 ratio was < 5
for HA™'” and 6~18.5 for FA""'”. As shown Figure
1, the E4/E6 ratio for solutions (HA+FA) at pH >7
were generally constant within the range 5~7. At low
pH (i.e. FA solutions), the E4/E6 ratio were >.8 ex-
cept for Boonton soil. Additionally, the ratio de-
creased sharply at the lowest pH (~1).

The relationship between %LOI and %OC for the
soils is also shown in Figure 2. In general % LOI is
1.5 times %OC indicating that %LOI could be used
to represent the OM content of soils. The regression
coefficients (r*) were 0.69 for %LOI and 0.98 for
%HA:FA.

Next it was determined the HA:FA ratio in the HS
extracted from the soils(Figure 3). Assuming that at
low pH (< 2), the solution constituted OC associated
only with FA, and at high pH (> 12), the OC repre-
sented both FA and HA. The amount of HA (mg/g of
soil) was calculated by the difference between the
HS-associated OC at high pH (>12) and the FA-asso-
ciated OC at low pH (<2). The HA:FA ratio ranged
from a high of 17.1:1 in Boonton soil to a low of
0.4:1 in Codorus and Butte soils. Tipping et al.>”
used a constant ratio of 5.25:1 regardless of the %OC
contents of the soils based on model optimization. In
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Fig. 1. The measured OC (mg/g of soil) and E4/E6 ratios as a function of pH at which the NaOH extracted SOM was

controlled.
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Fig. 2. Relationship between % LOI, HA:FA ratio and the
% OC of the soils. The equations represent the lin-
ear regression.
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Fig. 3. The HA:FA ratio in the NaOH extracted SOM as a
function of pH at which it was controlled.

this study, The HA:FA ratio was highly correlated
with the %OC of the soils (Figure 2). This relation-
ship implies that use of a single HA:FA ratio for
SOM in different soils may not be reasonable.

3.2. Sequential extraction at incremental pH

In the sequential extraction of SOM, the extraction
pH had a significant effect on the release of SOM. As
shown in Figure 4, increasing the pH increased the
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Fig. 4. Concentration of DOC in the extraction solutions
(soil:water = 1:25) due to SOM release.

concentration of DOC in the extractants. At the lowest
pH (~ 2), with the exception of Matawon soil, the
concentration of DOC increased slightly compared to a
relatively higher pH of (< 4). Except for Codorus and
Butte soils, the lowest concentration of DOC occurred
near pH 4.

The reason for the initial decrease in the extraction
of OC as depicted in Figure 4 is not clear. De Wit
et al."” found that adding increasing amounts of Al
to batch titration experiments on an Oe horizon soil
produced small(<10 mg /L) increases in the concen-
tration of DOC at pH <3.5. 1t is possible that the
higher OC extracted at pH < 4 represent OC asso-
ciated with Al-OM complexes possessing net positive
chargel4‘15).

Figure 5 shows that at low pH values (typically <
4), the extracted OC is predominantly FA as de-
termined by the precipitation method described
previously. At higher pH, although the increase in
OC was primarily due to increasing release of HA,
significant contribution by FA release at each in-
cremental pH is also evident. The fraction of FA ex-
tracted at pH 2.27 with respect to the total cumu-
lative FA extracted is only ~15% and ~22% for
Metapeak and Boonton soils, respectively.
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Fig. 5. Cumulative OC (mg/g soil) associated with FA and
HA (and the total OM) extracted from the soils at

incremental pH. (soil:water = 1:25, pH from ~2 to
~10)

That not all of FA is extracted at acidic pHs and
that a significant amount of FA is extracted in each
sequence are at odds with the determination of FA by
base extraction followed by acid precipitation.

In the extracted SOM, the HA:FA calculated for
pH >8 was on average 83:17 and 68:32 for Boonton
and Matapeake soils, respectively. These values are
not consistent with the SOM results. This discordance
is probably caused by the difference
contents.

The trend shown in Figure 5 is consistent with
Figure 1. In the precipitation of the base extracted
HS represented in Figure 1, HA becomes increasingly
more soluble with increasing pH. In the sequential
extraction represented in Figure 5, incremental amounts
of HA are being released in the solution as the ex-
traction pH increases.

Between the pH of 5-7, where in lies most of
soils, significant amount of HA is still soluble. This
is more so for soils with higher %LOI. These ob-
servations imply that the assumption™'®'” that all of
the soil solution DOC is associated with FA may not

in  water

be reasonable.

3.3. The partition coefficients

It was assumed that the SOM content of the soils
represents the amount of OM that can be extracted
by 0.1 M NaOH (Based on % LOI) and the DOC in
the extraction solution is due to the extracted SOM.
The results are expressed in terms of a partition co-
efficient (KDOC), according to the following equa-
tion:

Coont —Vix XCroc

K boc C
boC

where,
Kpoc = Partition coefficient (L/kg)
Csom = Total soil organic matter based on %
LOI (mg/kg)
Cpoc = Concentration of organic carbon released
in sequential extraction (mg/L)
Vex = The extraction volume (L)

Figure 6 shows the relationship between the parti-
tion coefficient (log Kpoc) and the pH for the 8
soils. The coefficient of variation is 0.81. But, at low
pH values (< 4), the log Kpoc values increased with
increasing pH. This result probably eschewed the re-
gression coefficient towards a lower value than it
would otherwise have been.

Based on the concentration of metals in the ex-
tracted solutions and the total metals in the soils as
shown in Table
Copper and Zinc were calculated (log K¢, and log

1, the partition coefficients for

Kzn, respectively). There was no apparent relationship
between these values and the extraction pH. Next, the
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Fig. 6. Partition coefficient (log Kpoc) as a function of pH
for § soils. (water:soil = 45mi:1.8g, T=20+2°C)
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effects of soil properties on OM, Cu and Zn parti-
tioning were investigated at the experimental pH
values.

As shown in Figures 7 and 8, there was no sig-
nificant correlation between log Kpoc and log Kc,, log
Kz.. By normalizing the log K with respect to clay
content of the soils, better correlations of log K¢, and
log Kz, to log Kpoc were obtained. The regression co-
efficient incteased from near 0 to 0.8 for Zn and 0.5
to 0.9 for Cu®. For the analysis involving Cu, the to-
tal extracted Cu was found to be greater than those re-
ported in Table | for Matapeake soil. Thus it was ex-
cluded in the analysis..for..Cu.

4. Conclusion

This study demonstrates that HA:FA ratio in SOM
varies significantly among different soils and that there
is an indication that HA progressively dominates the
composition as %LOI of the soil increases. This is of
importance in the application of models (such as
WHAM, SHM) in which this HA:FA ratio has to be
defined. % LOI is 1.5 times %OC indicating that
%LOI could be used represent the OM content of
soils.

The E4/E6 ratio for solutions at pH >7 were gen-
eral constant within the range 5~7. At low pH were
> 8 except for Boonton soil. But, the ratio decreased
sharply at the lowest pH (~1).

The relationship (R) between the partition co-
efficient (log Kpoc) and pH is 0.8. But there- was no
significant~ correlation:-between logKpoc -and log .Key,
log Kz

References

1) Tipping, E., 1994, WHAM- a chemical equili-
brium model and computer code for water, sedi-
ments and soils incorporating a discrete site/elec-
trostatic model of ion-binding humic substances.
computers and geoscience, 20, 973-1023.
Tipping, E., D. Berggren, J. Mulder and C. Woof,
1995, Modeling the solid-solution distributions of
protons, aluminum, base cations and humic sub-
stances in acid soils,-Eur. J. Soil Sci., 46, 77-94.
3) Tipping, E., J. Rieuwerts, G. Pan, M. R. Ashmore,

S. Lofts, M. T. R. Hill, M. E. Farago and I

Thornton, 2003, The solid-solution partitioning of

heavy metals (Cu, Zn, Cd, Pb) in upland soils of



The Characteristics of Soil Organic Matter

England and Wales, Environ. Pollut., 125, 213-225.

4) You, S. I, Y. Yin and H. E. Allen, 1999, Partitioning
of organic matter in sioils: effects of pH and wa-
ter/soil ratio, The Sci. of the Total Environ., 227,
155-160.

5) Yin, Y, H. E. Allen, C. P. Huang and P. F. Sanders,
1977, Adsorption/desorption isotherms of Hg(Il)
by soil, Soil Sci.,, 162, 35-45.

6) Sims, J. T. and S. E. Heckendon, 1991, Methods
of soil analysis, Univesity of Delaware, Newark.

7) Tan, K. H., 2003, Humic matter in soil and the
environment- principles and controversies, New-
York, NY, USA: Marcel Dekker Inc.

8) Impellitteri, C. A., 2000, In Predicting partitioning
of cadmium, copper, lead, nickel, zinc, and soil
organic matter in soil solution from soil parameters.
Ph.D. Dissertation, University of Delaware, USA.

9) Kononova, M. M., 1966, Soil organic matter,
Second ed. Pregamon, London.

10) Garcia, C., T. Hernandez and B. Ceccanti, 1995,
Characterization by isoelectric focusing of the or-
ganic matter of a regenerated soil, Commun. Soil
Sci. Plant Anal., 26(17 & 18), 3033-3041.

11) Leenheer, J. L., 1980, Origin and nature of humic
substances in the waters of the Amazon River
basin, Acta Amazonica, 10, 513-526.

12) Baes, A. U. and P. R. Bloom, 1990, Fulvic acid
ultraviolet-visible spectra: Influence of solvent
and pH, Soil Sci. Soc. AM. J., 54, 1248-1254.

13) De Wit, H. A., M. Kotowski and J. Mulder, 1999,
Modeling aluminum and organic matter solubility
in the forest floor using WHAM, Soil Sci. Soc.
Am. J, 63, 1141-1148.

14) Berggren, D. and J. Mulder, 1995. The role of
organic matter in controlling aluminum solubility
in acidic mineral soil horizons, Geochim. Cosmochim.
Acta, 59, 4167-4180.

15) Lofts, S., C. Woof, E. Tipping, N. Clarke and J.
Mulder, 2001, Modeling pH buffering and alumi-
num solubility in European forest soils, Eur. J.
Soil Sci., 52, 189-204.

16) Vulkan, R, F. Zhao, V. B. Jefferson, S. Preston,
G. 1. Paton, and S.P. McGrath, 2000, Copper speci-
ation and impacts on bacterial biosensors in the
pore water of copper-contaminated soils, Environ
Sci. Technol., 34, 5115-5121.

17) Weng, L. P., L. M. Lexmond, Woolthoorn, E. J.
M. Temminghoff and W. H. Van Riemsdijk, 2003,
Phytotoxicity and bioavailability of nickel: Chemical
speciation and bioaccumulation, Eviron. Toxicol.
Chem., 22, 2180-2187.



