DOC in aguatic environments

Color in water, especially a
straw or tea color, comes
from the leaching of humic
substances from plant and

Dissolved Organic Carbon soil organic matter.
. 5 . Thisisseenin bogsand
in Surface Waters wetlands along streams.

The organic acids dissolve
Elizabeth W. Boyer into the stream giving
yellow color and
ewboyer@syr.edu contributing protonsto the
weathering process of soils.
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The Global Carbon Cycle

Why study DOC?

Aunospheric Pool

750 . DOC isan important component of the carbon cycle and
3200 energy balance in streams.
DOC isaprimary food source in the aquatic food web.

DOC is an important part of the acid-base chemistry of many
low-akalinity freshwater systems.

A\ Rivers 2 9w
Y t . DOC forms water-sol uble complexes with trace metalsand is
! " significant in their mobility and transport.

DOC may affect light attenuation in streams.

Pools: 1059 C
Fluxes: 105 g Clyear

After Schlesinger 1997

« dissolved” organic carbon? Measuring DOC: high temperature combustion

Combusti%r'bTOC
Operational Definition of “dissolved”. Organic matter :
that passes through afilter —
ﬁ
0.7 mm glass fiber filter istypically used, since thisisthe IC SPARGER _—» COMBUSTION REACTOR »C O, iﬁi | —Toc—»
smallest binder-free glass fiber filter that is available SPLE ! A
0.45 silver membrane filter — may be better representative SPARGE GAS

of “dissolved,” but is expensive!
0.45 mm membrane filter such as polypro or nitrocellulose Sii\mpIEI IS drawn into the sparger Wh(?.re itis mixed

— can get away with using these (which may leach DOC) if with acid, lowering the pH to 2.0. This converts the
you clean them first with DI water and/or if the inorganic carbon to dissolved CO2, which is stripped
concentrations of DOC are high in your sample. Chezp! out of the solution. The remaining organic carbon is
then oxidized at high temperature to CO2 which is
detected by the NDIR as adirect correlation to TOC.




Measuring DOC: UV/persulfate oxidation

UVHEATED FERSULFATE TOC
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Sampleisdrawn into the sparger where it is mixed with acid,
lowering the pH to 2.0. This converts the inorganic carbon to
dissolved CO2, which is stripped out of solution. Persulfate
reagent is added and the remaining organic carbon is then
oxidized by UV radiation to form CO2, which is detected by
the NDIR as adirect correlation to TOC.

DOC sourcesin aquatic ecosystems

- Allochthonous sour ces - are derived outside

of the stream from soils and vegetation of the
catchment.

. Autochthonous sour ces - are derived in-

stream from biota (e.g., algae and
macrophytes).

Potential sourcesof DOC

atmospheric deposition

forest canopy

forest floor pool of decaying litter and humus
soil organic matter

plant roots and fungi

wetland peat deposits

aquatic sediments

aquatic detritus

aquatic organisms

ECOSYSTEMS|

Leaf Litter as a Source of Dissolved
Organic Carbon in Streams

Judy L. Meyer,!* J. Bruce Wallace,'? and Sue L. Eggert?

« Ledf litter (ranging here

Dominant Flow Paths of Water

Mean DOC concentration (mg/L)

0.4+ T T 1
0 100 200 300

Benthic leaf litter (g AFDM/mz)

Figure 3. Regression of annual mean dissolved organic
carbon (DOC) concentration versus annual mean leaf-
litter standing crop in both reference (watershed 53, solid
circles) and treatment (watershed 55, open circles) streams:
DOC (mg/L) = 0.567 + 0.00137x (benthic leaf litter, mg
AFDM/nr’). £ = 0.54, P = 0.01. The three lowest values
of benthic Teaf litter were after canopy construction, but
other values reflect interannual variability in leaf-litter
inputs and retention. Ash-free dry mass (AFDM).

over 2 orders of magnitude)
isasignificant source of
DOC streams.

* Thereis apositive
relationship between DOC
and amount of litter in
channel.

« With litter exclusion
(hollow circles), thereisa
reduction in DOC
concentration.

Direct precipitation onto water surface

Overland flow (saturation or infiltration excess)
- Over the land surface

Shallow subsurface flow

In the typically unsaturated zone, in shallow soils

Deep subsurface flow (groundwater flow).
- Inthe saturated zone, in deep soils
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Figure 1. Map of the Deer Creel
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liter layer

a) Low flow conditions ~ uppersail
I

b) High flow conditions e o

lower soil
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Soil sampling instrumentation

Shallow: 20 cm Site B

DOC concentrationsin soil water sampler,
sampled with a tension lysimeter

50 T T T T 1 1.0
Site C

a0k Hillslope dos

30 0.6

Stream discharge |

20+

DOC(mgCL™)

Doc 0.4

Discharge (m’s™")

L 0.0
Apr  May June July Aug  Sept

Conclusions; DOC in streamflow

. Upper soil horizons of the Deer Creek catchment

are the primary source of DOC to streamflow.

- Hydrological flushing of catchment soils from a

variable-source contributing areais the primary
mechanism affecting the temporal variation of
DOC in Deer Creek.

DOC delivery from catchment flow paths

. Useof ahydrological model to partition flow paths
(e.g., TOPMODEL)

. End-member-mixing-analyses to establish stream water
concentrations as a mixing of waters from upper soils
and groundwater.

. Hydrograph separation with O-18 to establish
components of “new” meltwater and “old” pre-event
water.

. Characterization of the DOC to indicate source material

(fractionation, absorbance, fluorescence)

TOPMODEL

. A physically based watershed model that
simulates the variable-source-area concept
of streamflow generation.

. Usesindex of topography to locate land
surface areas likely to become saturated
and produce overland flow.




TOPMODEL’stopographic index
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TOPMODEL

. Characterizes the relative contributions to
streamflow of overland flow, subsurface
flow through the uppper soil horizons, and
shallow groundwater flow.

. Characterizes the areal extent of saturated
soils contributing discharge to streamflow.

TOPMODEL and the VSA concept

/ ., 5

Shallow ",

Deer Creek: expanding catchment contributing areas

Conclusions: Source Areasfor Deer Creek, CO

Lowland areas appear to be more important than
uplands in contolling the DOC response in
streamflow, because they have higher interstitial
DOC concentrations and a greater throughput of
water.

. Theinitial (and peak) DOC concentrationsin
streamflow are contributed from the low elevation,
near stream riparian zone (~10%).

. Transport of DOC from upland areasis significant
later in the melt event, with contributions from the
majority of the catchment (~88%).
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In-stream sorption of fulvic acid in an acidic stream:
A stream-scale transport experiment

Diane M. McKnight,' George M. Homberger,? Kenneth E. Bencala,®
and Elizabeth W. Boyer®
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Figure 2. Comparison of dissolved organic carbon (DOC)
concentrations measured contemporaneously in the upper Snake
River a 1 Creck. DOC concentrations in Deer Creck are
typicall than in the Snake River, by a factor of 2 to 4 during
water years 1979 1985. (Data compilation by Boyer et al. [1999].)

Theresults of our
experiment show that
stream-streambed
interactionswhere
abundant iron
oxyhydroxidesare
present can be a strong
controlling process for
the concentration and
composition of water -
column DOC.

Need for further characterization of DOC

Certain fractions of DOC are more reactive in the
environment: quality/composition.

Need to evaluate the quantitative importance of
DOC in these ecological processes.

Can investigate how properties of DOC may be
affected by changes in anthropogenic loading
and climatic conditions.

Will introduce 2 spectra-based methods: free
measurements giving information about quality

DOC characterization: absorbance

Terrestrially-derived humic substances, derived from lignin,

are found to have relatively large amounts of aromatic

carbon, are high in phenolic content, and, because lignin does

not contain nitrogen (N), arelow in N content. They have

high C:N ratios.

Conversely, microbially derived humic substances have
relatively high N contents and low aromatic-carbon(C) and

phenolic content.

UV absorbance measurements provide a simple estimate of

the aromaticity of the DOC
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Although the DOC concentrationsincreased to approximately twice the
background levelsduring melt, the UV absorbancetripled. Thisindicatesthat
the organic matter being removed from the soil ismore aromatic and likely of
higher molecular weight than material found in the stream under base flow
conditions.

DOC characterization: fluorescence

Spectrofluorometric characterization of dissolved organic matter for indication of

precursor organic material and aromaticity

Diane M. McKnight

University of Colorado, Institute of Arctic and Alpine Research, 1560 30th Street, Boulder, Colorado 30309

Elizabeth W. Boyer

State University of New York, College of Environmental Science and Forestry, Syracuse, New York 13210

Differences in fluorescence spectra are associated with
major differencesin the sources of organic carbon to
aquatic ecosystems. The signa corresponds to differences
in structural characteristics of DOC and fulvic acid.

excitation wavelength (nm)

3-D excitation-emission matrices for fulvic-acids
isolated from DOC in two environments. The sample
from Colorado isderived from terrestrial plants, while
the sample from Antarctica isderived from algae.

Deer Creek, Colorado Pony Lake, Antarctica

excitation wavelength (nm)

450 500

emission wavelength (nm) emission wavelength (nm)




Simple fluorescence index to distinguish source

For an excitation of 370 nm,
emmission intensity ratio: 450 nm/ 500 nm

Has a value of about 2.0 for microbially-derived
fulvic acids and 1.4 for terrestrially-derived fulvic
acids.

Lake Fryxell
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The fluor escence technique also works for filtered

water samples. Stream water in Deer Creek, Colorado
Haslarger amounts of terrestrially-derived DOC

During spring snowmelt than under base-flow conditions.
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Fig. 5. 370-nm spectra for filtered whole water samples from
Deer Creek, Colorado.




