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In the past two decades, there has been a large increase in
use of automated dissolved carbon analyzers for mea-
surements in surface waters. During this time period, initial
questions about oxidation efficiency for various water samples
and cross-laboratory comparability have been thoroughly
addressed (Peltzer et al. 1996; Sharp et al. 2002). Renewed
interest in the performance of analytical instruments for dis-
solved carbon analysis has stemmed, in part, from the realiza-
tion that concentrations of dissolved organic carbon (DOC)
are much more dynamic than earlier perceptions (Findlay
2003). In addition, for many systems, DOC has shown long-

term trends, as well as highly variable susceptibility to biotic
metabolism (Evans et al. 2005, 2008; Tranvik and Bertilsson
1999). Moreover, with increases in atmospheric CO2 levels, the
carbon pools in surface fresh- and marine waters are almost
guaranteed to change (Orr et al. 2005).

Most of the longer-term records of dissolved inorganic and
organic carbon in fresh waters have been supported and
maintained because of an interest in the quality of drinking
water reservoirs or in the shifting sources of acidity in soils
and freshwaters that influence DOC concentrations (Forsberg
1992; Driscoll et al. 2003; Burns et al. 2006; Monteith et al.
2007; Evans et al. 2008). More recently, there have been
efforts to track changes in inorganic as well as organic carbon
(Jones et al. 2003; Raymond and Cole 2003). There have been
several recent reports of high quantities of volatile organic
carbon (VOC) in the world’s oceans representing a significant
carbon flux to the atmosphere (e.g., Dachs et al 2005), and
VOC is often found to be a contaminant in groundwaters
(Williams et al. 2006).
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Abstract
Automated carbon analyzers often are configured to provide estimates of both total organic carbon (TOC)

and nonpurgeable organic carbon (NPOC). We show there can be an overestimation of total carbon in the pres-
ence of moderate to large quantities of dissolved inorganic carbon. This leads to overestimates of TOC, which
is measured as the difference between total carbon and inorganic carbon. Water samples were analyzed as both
TOC and NPOC on a Shimadzu TC 5050 Carbon Analyzer. The difference between TOC and NPOC increased as
a function of concentrations of dissolved inorganic carbon (DIC). Water samples spiked with DIC ranging from
0 to 100 mg DIC/L also reported increased TOC as large as 8 mg C/L. Our data suggest that the Shimadzu 5050
analyzer (and by analogy other instruments that estimate TOC by difference between TC and IC) overestimates
total carbon (TC) when calibrated with an organic standard as recommended by the manufacturer. The magni-
tude of the overestimation varies both with the amount of DIC present in the sample and the extent to which
measurement efficiency of the analyzer is less than 100%. The consequences will be most severe in analysis of
samples from systems spanning a large range in DIC. Time series from individual systems are less likely to be
affected because the necessary large change in DIC would be detected as changes in pH or other attributes well
before any change in DOC. Systems with high DIC will, however, be susceptible to even small variations in mea-
surement efficiency.
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