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ABSTRACT

We present a new technique to measure stable isotope (3'3C) and
concentration data (ppm C) on dissolved inorganic carbon (DIC) and
dissolved organic carbon (DOC) simultaneously from the same water
sample using a commercially-available TOC analyzer interfaced to an
isotope-ratio mass spectrometer (TOC-IRMS). Water samples from two
streams in northern Arizona were used to demonstrate the utility of the
technique. Ease of sample collection and analysis using TOCIRMS should
encourage researchers to include isotope data in future studies of DIC and
DOC cycling in freshwaters.

INTRODUCTION

Stable isotopes are fast becoming routine tools to describe food-web
relations and understand nutrient cycling in aquatic ecosystems'2. Stable
isotopes (3'3C) of dissolved inorganic carbon (DIC) are used primarily in the
study of aquatic carbon cycles3#, but are also used to interpret constraints
on aquatic photosynthesis>’. The 3'3C values of dissolved organic carbon
(DOC) can be used to identify inputs derived from terrestrial and aquatic
sources®?, and also to understand microbial processes impacting DOC in
surface and ground waters!'o11,

Unfortunately, relatively few food-web studies include isotope data on DIC
or DOC because of the increased effort needed to prepare and analyze
these samples. In the past, isotope analysis of DIC involved extracting CO,
offine and manually analyzing CO, using dual-inlet mass spectrometry'2.
Isotope analysis of DOC also involved off-line preparation and, due to low
DOC concentrations, usually required large quantities of water (10-120 L)13.
DOC is also difficult to analyze due to the insolubility of high molecular-
weight compounds (e.g., humic and fulvic acids) at low pH'.

Recently, a new technique (TOCIRMS) has been described which measures
isotope (3'3C ) and concentration (ppm C) data on both DIC and DOC from
the same water sample'5. The technique utilizes pre-existing instruments to
obtain data sequentially on DIC and DOC that has been converted to CO,
using heated wet-oxidation methods (Fig. 1). Analysis is automated, requires
small volumes (1-25 ml), and is accomplished in < 12 min per replicate.

In this study, we demonstrate the utility of the new TOCIRMS technique
using water samples collected from two streams in northern Arizona.

METHODS

In the field, water samples were collected in duplicate from various locations
along Fossil Creek and Oak Creek, Arizona, in March, April, and May, 2003
(Fig. 2). Samples were field-filtered using pre-combusted Whatman GFF
series 0.7-um glass-fiber filters, spiked with 250 pl of a saturated HgCl,
solution, and stored (without airspace) in 40-ml glass vials with open-top
0.125" septum-lined caps (ICHEM 200 series).

In the laboratory, stock solutions of Sigma-Aldrich reagent-grade sodium
carbonate (DIC) and sucrose (DOC) were used to generate concentration
curves for ppm C correction (not shown). These solutions, along with other
standards, were also analyzed via conventional EA-IRMS to obtain known
isotope values for 3'3C correction using TOCHRMS (Table 1).

Preliminary analyses suggested that samples with > 60 ppm DIC might
interfere with DOC results (Table 2). For this reason, samples were analyzed
separately for DIC and DOC. The first sample was analyzed for DIC without
treatment. The second sample was pre-treated with 20 pl of 85% H;PO, and
sparged with helium for 10 min to remove DIC before analysis of DOC.
Concentration data are reported in parts-per-million carbon (ppm C).
Isotope data are reported in per mil (%o) using conventional delta (3)
notation. Precision is + 0.2 ppm C on the TOC, and + 0.2%o on the IRMS.
Optimal sample sizes of 5-120 ug C were obtained using 1-4 ml of water.

Figure 2. Map showing location of Oak Creek and
Fossil Creek in northem Arizona, Photos are site 7 in
Oak Creek top] and site 6 in Fossil Creek [bottor).

Note travertine deposition in Fossil Creek.

Table 1. Comparison of 312C results obtained using
conventional EAJRMS and the new TOCIRMS.

Table 2. Effects of pre-reatment to remove DIC on

13C results of DOC. Data are from Fossil Creek.

313C (%0) DIC DOCaC DOC 81C
Standard EA  TOC ppm C Before After
Acetanilide 2587 -25.97 6027 -17.81 2531
Nicotinamide 3253 -3276 6511 564 2452
Sucrose -11.16  -11.32 6574 -5.36 2395
Humic acid 2570 2551 ZZ; i :::i ;:;T
Citric acid 1674 -1679
IAEA-CH6 -1039 -1056 6369 589 2419

Sodium carbonate  -26.38 -26.50
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Figure 3. ppm C and 3'°C data for DIC in Oak Creek and Fossil Creek, Arizona.
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Figure 4. ppm C and 3'3C data for DOC in Oak Creek and Fossil Creek, Arizona.

RESULTS AND DISCUSSION

DIC levels in Oak Ck and Fossil Ck ranged from 9.4 to 90.7 ppm C during the
3 months that sampling occurred (Fig. 3). In general, DIC levels were higher
in Fossil Ck (66 + 22 ppm C) than in Oak Ck (36 + 11 ppm C). Fossil Ckis a
spring-fed stream that flows through a travertine deposition zone. High DIC
levels are often found in spring water super-saturated with CO,'6!7. Lower
DIC levels in March were likely due to the influence of snow melt.

DIC 3'3C values ranged from -11.1%o to -4.0%o, and were more enriched
than expected for stream water in equilibrium with soil CO, (-21%q)'8. 13C-
enrichment of DIC in Fossil Ck and Oak Ck may be related to exchange with
atmospheric CO, (-8%o0) or exposure to carbonate weathering (-1%o to
+1%o). Due to the persistence of travertine and high DIC levels along the
length of Fossil Creek, carbonate dissolution probably controlled 3'3C values
in this system. Loss of isotopically light CO, during out-gassing may have
contributed to more enriched 3'3C values downstream's.'9,

DOC concentrations in Oak Ck and Fossil Ck ranged from 0.9 to 9.6 ppm C
during the sampling period (Fig. 4). DOC levels in both streams were
generally below drinking-water standards, except during snow melt.
Higher DOC levels are expected during snow melt when soils saturated
with melt water are flushed into nearby lakes and streams®8.

DOC 3'3C values ranged from -25.8%o to -20.9%ec and were typical for
streams draining catchments dominated by C; plants. 3'3C in both systems
exhibited slightly higher values downstream. Peculiar values at site 1 in Oak
Ck may have been due to the presence of a trout hatchery upstream, where
waste products derived from fish raised on commercial marine feeds are '3C-
enriched (-20%o to 18%o0). We will continue monitoring this site and others
in Oak Ck throughout the year in attempts to investigate pollution sources
using 3'3C and ppm C data2’.

SUMMARY

TOCGIRMS successfully measured stable isotope [3'3C) and concentration
(ppm C) data on DIC and DOC in Fossil Ck and Oak Ck, Arizona. Ease of
sample collection, speed of analysis, small volumes, and automation should
make this technique desirable to researchers investigating DIC and DOC
dynamics in aquatic ecosystems. The technique is currently being modified
to deal with saline waters, microbial extracts in K,SO,, isotope tracer studies,
and DOC fractions separated by HPLC.
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