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Chemical characteristics
of aquatic fulvic acid

isolated from Lake Fryxell,
Antarctica
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Arvada, Colorado 80002

The lakes in the McMurdo Dry Valleys of Victoria Land,
Antarctica, present a unique opportunity to study the internal
production and degradation of organic material in lake eco-
systems. These lakes are located in one of the most and and
barren desert environments on Earth, where in addition to the
absence of plants, the microflora of the soils is quite sparse
(Cameron, King, and David 1970) and the organic content of
the soils is less than 0.1 percent (Horowitz, Cameron, and
Hubbard 1972). Within the lakes, organic compounds derived
from higher plants are absent (Matsumoto, Toni, and Hanya
1984), and the dissolved organic carbon is limited to those
compounds produced by algae and bacteria. Because of this
unique situation, these lakes represent a group of endmember
ecosystems that are ideal natural laboratories to study pro-
cesses related to the chemistry of microbially derived organic
matter in the absence of factors that complicate the interpre-
tation of data obtained from other aquatic systems. The sci-
entific objectives of our research on lakes in the McMurdo Dry
Valleys are to determine the distinctive chemical characteristics
of the major fractions of dissolved organic material in lakes
where the only source of organic material is autochthonous
microbial productivity, and determine the chemical and bio-
logical pathways and rates of formation of dissolved organic
carbon in one lake ecosystem.

Lake Fryxell located in the Taylor Valley was chosen for
study because it is one of the more productive Dry Valley lakes
(Vincent 1981). Lake Fryxell is amictic with a highly stable
water column due to the year round ice cover. Depth profiles
for a number of chemical constituents within Lake Fryxell have
been presented by McKnight et al. (1988). Despite the low light
intensities caused by the 4.5-meter-thick ice cover, abundant
algal populations develop in the oxic zone of the water column

above the 9.5-meter depth, as demonstrated by in vivo fluo-
rescence data (figure 1), which is an indirect estimate of phy-
toplanton abundance. The depth profile for dissolved organic
carbon in Lake Fryxell, however, is quite different from the
depth profile for in vivo fluorescence (figure 2). The dissolved
organic carbon concentration increases with depth throughout
the oxic and anoxic zones to a maximum concentration of 25
milligrams of carbon per liter at the bottom of the lake (18
meters). This profile is generally similar to the depth profiles

In Vivo Fluorescence (IVF)
0	5	10	15	20	25	30

Dissolved Oxygen (mg/L)
Figure 1. In vivo fluorescence and dissolved oxygen depth profiles
for Lake Fryxell as determined in December 1987. (mg/L denotes
milligrams per liter.)
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Figure 2. Dissolved organic carbon and specific conductance depth
profiles for Lake Fryxell as determined in December 1987. (DOC
denotes dissolved organic carbon. mg  C/L denotes milligrams of
carbon per liter.)

for specific conductance and major cations such as sodium and
calcium (McKnight et al. 1988) that have been attributed, in
part, to upward diffusion of ions from the saline bottom water
(Lawrence and Hendy 1985).

Aquatic fulvic acid is a major fraction of the organic material
in the lake, accounting for 40 percent of the dissolved organic
carbon (table 1). Samples of fulvic acid were isolated from
filtered water samples obtained from various depths within
the lake by preparative scale liquid chromatography on Am-

Table 1. Fractionation of dissolved organic carbon from a variety
of depths in Lake Fryxell.

Dissolved	Percent	Percent
Depth	organic carbon 	fulvic acid	hydrophilic acid

5.5 meters	3.0	 40	 12
7.5 meters	5.2	 41	 14
18 meters	25	 39	 10

a ln milligrams of carbon per liter.

berlite-XAD resins. At this time, the samples have been char-
acterized by elemental anlysis, molecular weight determination,
carbon-13-nuclear magnetic resonance (NMR) spectroscopy,
and infrared spectroscopy. These samples exhibit a number of
distinctive characteristics as a result of their being derived solely
from algae and bacteria. In table 2, elemental compositions of
fulvic acids from Lake Fryxell are presented along with those
from other aquatic environments, which were isolated using
comparable methods of resin adsorption chromatography. While
the carbon, hydrogen, and oxygen contents of the Lake Fryxell
samples are comparable with those for fulvic acids isolated
from temperate lakes and rivers, the nitrogen contents of the
Lake Fryxell samples are higher relative to these samples. A
major difference in the precursor materials between Lake Fryxell
and the other aquatic systems is that, in addition to autoch-
thonous microbial sources, allochthonous sources including
higher plants and soil organic matter are also significant sources
of organic matter in temperate lakes and streams. Of particular
importance are lignin-derived compounds that have been rec-
ognized as components of aquatic fulvic acids isolated from
temperate lakes and streams (Ertel, Hedges, and Perdue 1984).
Lignin does not contain nitrogen, and its presence in the pre-
cursor pool for fulvic acid would lead to lower overall nitrogen
content.

Other distinctive characteristics of these samples are illus-
trated by quantitative carbon-13-NMR spectroscopy, which
provides important structural information for organic mole-
cules. In figure 3, the liquid state spectra for the fulvic acid
sample from the chlorophyll maximum zone (7.5 meters) of
Lake Fryxell is contrasted with that for Merrill Lake, a pristine
mountain lake in the state of Washington. The Lake Fryxell
sample has the following characteristics:

20

Table 2. Elemental and molecular weight data for fulvic acids isolated from a variety of aquatic environments
(elemental data presented as percent).

Sulfur

1.2
1.3
8.0

0.5
0.4
0.8

Carbon

54.9
55
52.6

52.9
54.2
55.4

Hydrogen	Oxygen	Nitrogen

(ash free)

	

5.5	 34.9	 3.3

	

5.5	 34.9	 3.1

	

5.4	 31.8	 2.4

	

5.2	 40.7	 0.7

	

3.9	 38	 0.7

	

5.3	 35.0	 1.3

Molecular
weightsa

Ash	(daltons)

2.3	463
1.0	-
0.1	468

0.2	840
0.1	540

Sample location

Lake Fryxell
5.5 meters
7.5 meters
18 meters

Other aquatic environments
Merrill Lake, Washington
Suwannee River, Georgia
Missouri River, Iowa

a Determined by vapor pressure osmometry.
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Figure 3. Quantitative carbon-13-NMR spectra for aquatic fulvic
acids isolated from (a) Lake Fryxell, Antarctica (7.5 meters depth)
and (b) Merrill Lake, Washington. (PPM denotes parts per million.)

• aliphatic carbons (0-60 parts per million) are more abundant
than aromatic carbons with the region representing meth-
ylene carbons (20 parts per million) being predominant,

• the aromatic carbon peak is well defined with no side peaks,
and

• the carboxyl peak (165-185 parts per million) is also narrow
with no side peaks.
The Merrill Lake fulvic acid has markedly different charac-

teristics:
• aromatic carbons are more abundant than aliphatic carbons

and a methylene side peak is not apparent,

• the aromatic peak is broad with prominent side peaks, and
• the carboxyl peak is broad with two peaks indicated.

This comparison shows that the different sources of organic
material in Lake Fryxell (algae and bacteria) and Merrill Lake
(Douglas fir and soils) result in very different molecular com-
positions for these two fulvic acids.

Comparison of the samples isolated from various depths
within the lake provides some indication of the processes that
may control the generation of dissolved organic carbon in the
water column. The composition of dissolved organic carbon,
with respect to different compound classes at each depth sam-
pled in Lake Fryxell, is essentially constant (table 1). In ad-
dition, the fulvic acid samples isolated from these depths vary
little in elemental composition, and infrared analyses indicate
that there are few structural differences between these sam-
ples. It is particularly significant that the dissolved organic
carbon profile does not match the in vivo fluorescence profile,
and that no compositional differences are noted for the fulvic
acid sample collected from 7.5 meters which is a zone of high
algal activity, suggesting that excretion of organic compounds
from viable algae does not exert a strong influence on the
distribution or nature of the dissolved organic carbon. On the
other hand, the similarity in the chemical composition of the
fulvic acid samples, and the similarity between the dissolved
organic carbon and specific conductance profiles suggest that
a major source of dissolved organic carbon in Lake Fryxell is
the degradation of particulate organic carbon derived from
algae and bacteria in the sediments or bottom waters of the
lake, with subsequent diffusion of the more refractory com-
ponents into the water column. This hypothesis is currently
being tested by studying the microbiological and chemical
properties of the sediment and benthos, in addition to further
study of the chemical characteristics of the dissolved organic
carbon throughout the water column.
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