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COMPARISON OF PARTICULATE ORGANIC AND DISSOLVED INORGANIC
RADIOCARBON SIGNATURES IN THE SURFACE NORTHEAST PACIFIC OCEAN

Chanda Bertrand! » Brett Walker ¢ Sheila Griffin « E R M Druffel
Department of Earth System Science, University of California Irvine, Irvine, California 92697-3100, USA.

ABSTRACT. It has long been assumed that radiocarbon (A!*C) content of dissolved inorganic carbon (DIC) is equal to that
of particulate organic carbon (POC) in surface seawater; however, little research has been conducted to explicitly test this
assumption. Here, we report A!*C measurements of surface POC samples and compare them with contemporaneous DIC
AC measurements from the northeast Pacific Ocean (Hwang et al. 2004; Druffel et al. 2010). Samples were collected from
surface waters at Station M off California between 1995 and 2004. The POC A'C values decreased 3.2%o per year from 1995
to 2004, similar to the decline observed in the DIC A'#C values during the same period. Overall, our results show no statistical
difference between POC and DIC A'*C—consistent with the assumption that DIC and POC A'“C values can generally be con-
sidered equivalent. However, significant variability was observed for POC A!4C values during several fall/summer events,
where POC A!4C signatures were lower than DIC A'“C values. An evaluation of 2 sample pretreatments also suggests that
non-homogenized POC samples deviated less from average POC A'“C values and more closely matched the DIC A4C aver-
age for the time series. The presence of seasonal POC/DIC A!#C disagreements, combined with sample processing effects,
suggest that infrequent contributions of allochthonous, older carbon may have originated from deeper in the water column,
especially during periods when upwelling in this area was prominent.

INTRODUCTION

Particulate organic carbon (POC) is largely comprised of both primary and secondary producers in
the surface euphotic ocean. Despite the relatively small inventory of carbon in marine POC, dis-
solved inorganic carbon (DIC) and aqueous carbon dioxide are used by phytoplankton during bio-
synthesis, so POC fluxes represent a key export mechanism of atmospheric CO, to the deep ocean
via the biological pump (Alldredge and Silver 1988; Longhurst and Harrison 1989; Alldredge et al.
1993). Radiocarbon signatures (as A*C) are often used to interpret the relative reactivity of POC in
the surface ocean and export of carbon below the permanent thermocline in the ocean, and thus the
efficiency of the biological pump. Such estimates are key to reconciling carbon budgets in the sur-
face ocean and our knowledge of the marine carbon cycle.

Previous work has shown that in nutrient-rich waters phytoplankton can comprise up to 80% of the
POC pool (Hobson et al. 1973; Laws et al. 1988). However, bacterial biomass and non-living
organic matter are also considered important contributors to the POC pool (i.e. in oligotrophic envi-
ronments; Cho and Azam 1990; Fowler and Knauer 1986). This incorporation of DIC into the POC
pool has led to the common assumption that DIC and POC A!4C signatures are equal in the euphotic
zone. However, previous studies reporting Al*C values of organisms from the water column have
observed differences from surface DIC collected from the same year in the North Pacific Ocean
(Williams and Linick 1975; Williams et al. 1987; Pearcy and Stuiver 1983). The significant A'*C
differences observed were attributed to 2 factors: 1) the '“C gradient of “bomb” carbon in surface
water DIC during the 1960s and 1970s; and 2) the chronological ages of the organisms. Complicat-
ing matters, a direct comparison of contemporaneous DIC and POC from the same sample location
has, to our knowledge, not been published.

With the ultimate goal of testing the hypothesis that A'*C signatures of POC approximate those of
DIC, here we report A'*C measurements of POC and DIC (Masiello et al. 1998; Druffel et al. 2010)
samples collected from the surface water during 10 cruises from 1995-2004 in the northeast Pacific.
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We show that DIC and POC A'“C values generally agree. However, differences of ~10%o of POC
AC values less than DIC A'4C values were found for some duplicates, suggesting that some vari-
ability was present.

METHODS

Most of the samples reported here were collected from Station M in the northeast Pacific off Point
Conception, California (34°50'N, 123°00'W), located 50 km west of the base of the continental rise.
The site lies within the southward-flowing California Current in the surface. The seasonal counter-
current at the surface in fall and winter and the subsurface undercurrent, mainly confined to the con-
tinental slope, flow northward along the California coast (Lynn and Simpson 1987). Five other sam-
ples were collected on the continental rise and slope.

Surface seawater samples were collected for DIC at the same time as that for the POC samples using
a bucket as described previously (Druffel et al. 2010). POC particles were collected with a 33-um
mesh phytoplankton net using a clean, glass cod-end (250 mL). The net was deployed for ~30 min
at a depth of 0—0.5 m. One portion of the POC sample was poisoned with a formaldehyde solution,
sealed, and stored at room temperature in glass jars for future biological identification of contents.
The remainder was filtered using an acidified and combusted all-glass filter rig fitted with a precom-
busted (500 °C, 2 hr), 0.7-um QMA quartz filter. The filter was then frozen immediately at —20 °C
in cleaned Pyrex® petri dishes or Qorpak® glass jars.

At UCI, a subsample of POC was scraped from the filter using a precleaned spatula and was acidified
to pH < 2 with 1% H;PO, for 24 hr to remove carbonates, dried under vacuum, then combusted in
9-mm quartz tubes with CuO and Ag wire at 900 °C for 3 hr according to standard techniques
(Druffel et al. 1992). In the case of highly variable or small sample A'“C signatures and if more mate-
rial was available, filters were subsampled again and dried overnight at 50 °C. Dried samples were
homogenized using an agate mortar and pestle, split for duplicate analysis before acidification, and
re-analyzed for '“C. The CO, from combusted POC was converted to graphite targets (Vogel et al.
1987) at UCI and analyzed by accelerator mass spectrometry (AMS) at the KECK-CCAMS Facility
onaNEC 0.5MV 1.5SDH-2 AMS with a 40-sample MCSNICS source (Southon et al. 2004). Uncer-
tainties of the A'*C measurements were £3%o.

RESULTS AND DISCUSSION

A'C Signatures and Sample Pretreatment Comparison

A summary of individual and averaged POC A!4C values are shown together with contemporaneous
DIC A'¥C values (Druffel et al. 2010) in both Table 1 and Figure 1. Individual A'*C values ranged
from —82%o to 66%o. Measurements of initial, non-homogenized POC samples had A!#C values that
ranged from —36%o to 65%o (A!*C average = 37 £ 23%o, n = 42). However, substantial offsets
between absolute DIC and POC A'¥C values were observed within these initial analyses (Table 1,
POC AMC #1; average AAC 9 = 19%o). This variability, combined with many low POC A!*C val-
ues with respect to DIC, motivated us to perform replicate POC A!4C analyses and also to test
homogenization pretreatments (see Methods) on 28 of the 42 POC samples. Briefly, the first type of
replicate (non-homogenized) was a separate sample taken from a different place on the filter pad
(Table 1). The second type of replicate analysis was a subsample from a larger, dried, and homoge-
nized sample taken from a larger portion of the filter pad (italicized values Table 1).

The average POC A'#C values of all replicates, and their standard deviations, appear in the middle
of Table 1. The standard deviations are relatively low for 5 of the time periods: spring 1995 (1-2%o);
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winter 1996 (4—13%o) and 2002 (1-8%o); and fall 1996 and late summer 2004 (both 1—4%o). How-
ever, standard deviations are generally higher for the other 5 time periods: summer 1995 (1-16%o);
1996 (11-59%0) and 2002 (7-21%o); and fall 2001 (1-25%o) and 2004 (3—46%o). These differences
point to an increase in seasonal variability of POC A'“C values during the early summer (June) and
some fall months.

The average of all standard deviation values of all POC A!*C measurements in Table 1 was
11.5 £ 15.0%0 (n = 28). However, significant differences were observed between the 2 sample pre-
treatments (homogenized vs. non-homogenized). Non-homogenized replicates had, on average,
slightly higher standard deviations (£10.0%o, n = 11) versus those of homogenized replicates
(£6.9%0, n = 21), indicating more variability in non-homogenized samples. Because there were
mixed populations of organisms in the samples, it is likely that there are varying A'4C signatures of
organisms from different populations.

Detailed Comparison of POC and DIC A'4C Signatures

Averaging individual POC sample replicates from both pretreatment methods resulted in an overall
POC A'#C average of 36 & 23%o for the time series. This average POC A*C value is slightly lower
than the average of all DIC A!4C values determined during the same study (Table 1; 47 + 14%o;
Druffel et al. 2010). Model II (geometric mean) regression analysis of all average POC and DIC
AC values resulted in a weak correlation (Figure 2; R2=0.11, p = 0.0287). However, by excluding
n = 6 average POC A'“C data points that clearly fell off the trendline (Figure 2, A*C <10%o, open
diamonds; sample dates: 5/31/96, 6/1/96, 6/3/96, 6/10/02, 10/28/04, 10/29/04), the regression is sig-
nificant (R? = 0.81, p < 0.0001), suggesting that allochthonous contributions of POC can contribute
significant A'*C variability to the POC pool and affect the observed relationship to that of DIC A4C.
The y intercept from this regression suggests that POC A!4C values are lower than DIC '“C by
~12%o. This result is also confirmed by Student’s ¢ tests showing statistically significant differences
between all DIC and average POC A'“C values (df = 81, t =-2.44, p = 0.0167) versus no difference
when these n = 6 values are excluded (df =69, t=-0.75, p = 0.4575). Together, these results suggest
that when anomalous geochemical POC contributions are excluded, POC A!4C is statistically indis-
tinguishable from DIC A'4C.

Average POC A%C
o

20 30 40 50 60 70
Average DIC A14C

Figure 2 DIC vs. all average POC A!4C values and a Model II (geometric) linear regression reveal
R2=0.11,p=0.0287 with all data included; R>=0.81, p <0.0001 with n = 6 samples (open diamonds)
excluded. Lines (solid, all data included; dashed, 6 samples excluded) are Model I regression lines.

1655



C Bertrand et al.

Distinguishing between sample pretreatments presents an alternate view of factors contributing to
POC A!C vs. DIC A'“C variability, and also allows for assessment of allochthonous POC sources.
Figure 3A shows individual comparisons between both sample pretreatments vs. DIC A%C values.
While significant scatter is observed between both sample pretreatments, the homogenized samples
are uncorrelated to DIC A!4C values (R* = 0.001, black line). Non-homogenized POC samples were
weakly correlated to DIC A4C values (R? = 0.28, dashed black line). Together this suggests that
homogenization does not significantly remove A!*C variability observed within low POC A!4C
samples, and again indicates that non-homogenized samples more closely approximate DIC A!*C
signatures.

70 - »
. <@ " AWDQQQ 140
60 PR @ emng, *
Q‘gv 120
50 e
/—Qﬁ——?c‘ 100
o
© 10 PR 1
§ 53 3 ®
< A & s
Q39 A = ) s NON-HOMO 50
o 50 % v =-0.6979x + 40.376
| o o R? = 0.66291
20 + HOMO 40 e :
° iy = 0.6526x + 32.707 |
.
0 } 20 . R?=049055 |
y=0.214x + 30,065y = 0.354x + 33.627|y = 0.0144x + 44.32 = -0.9856x + 44.32
2_ : 2 _ - ' )
o | R=012067 | R-028307 | Re=000135 0 R? = 0.86305
75 50 25 o 2 . 75 80 60 40 -20 O 20 40 60 80
POC A'4C POC A14C

Figure 3 A) left, Comparison of POC pretreatments and A'#C values vs. DIC A!C values. Blue shows all points. Dashed line
shows non-homogenized. Solid line shows homogenized. B) right, Comparison of absolute deviation AA4C of POC A'“C val-
ues from different pretreatments vs. DIC A“C.

Differences between sample pretreatments are further exemplified when the absolute A*C differ-
ences between individual POC and DIC AC values are considered (AA'“C; Figure 3B). Here
increasing individual AA*C values for both sample pretreatments are strongly correlated to decreas-
ing individual POC A'#C values (R2 > 0.49). While a shallower slope suggests non-homogenized
samples are less affected by low POC A!“C sources, the fact that AA*C generally increases for both
sample pretreatments with low POC A'#C values implicates allochthonous, “pre-aged” POC is a
source of POC in the surface ocean at Station M. That is, when the difference between DIC and POC
A'C values is 20-80%o, contributions of pre-aged allochthonous (older) carbon to POC are likely.
Older C from subsurface POC or DIC pools or perhaps microplastic are potential sources of pre-
aged material. Overall, on the basis of known circulation and productivity patterns at the site, the
most likely contributions of pre-aged POC at Station M are the lateral advection of recalcitrant (neg-
ative A'*C), margin-derived suspended POC (Bauer and Druffel 1998; Roland et al. 2008) or per-
haps contributions of subsurface material during seasonal upwelling.

Long-Term POC A'4C Trend

The POC A!“C averages for each cruise are plotted with their corresponding DIC A'#C averages
(Figure 4). The least-squares fit line shows POC A4C values decrease from ~53%o in 1995 to ~25%o
in 2004 (Figure 4), compared to that for average DIC A*C from 58%o to 27%o. These decreases are
consistent with the diffusion of “bomb” !4C into the surface ocean coupled with convection in the
mixed layer and the Suess effect, caused mainly by the input of “C-free CO, from the burning of
fossil fuels. Linear regression analysis shows a decrease of 3.2%o per year (R? = 0.825, p < 0.005),
consistent with a contemporaneous decrease in DIC A'#C from the same study (3.5%o per year;
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R?>=0.718, p <0.02) and recent work showing similar attenuation of the bomb '“C signal during the
late 1990s from the Pacific Ocean (Mahadevan 2001). The similarities between POC and DIC A'4C
trends also suggest that POC and DIC A'4C signatures generally agree over longer (decadal) time-
scales.

80
70 +
‘ Spring DIC
60 3
T~ - ® Spring POC
~~~~~~~ =-0.0097x +382.13
- 50 “\Y\ X A Summer DIC
g o L T T
w4 L T Tt A Summer POC
g
P
30T < Fall DIC
y =-0.0088x + 347.21 . ¢ Fall POC
20 R?=0.82518
O Winter DIC
10
® Winter POC
0

01-Jan-94 02-Jan-96 02-Jan-98 03-Jan-00 03-Jan-02 04-Jan-04 04-Jan-06

Date
Figure 4 Average of daily surface DIC A'*C values (open symbols) and POC A!“C values (closed
symbols) for summer (triangles), spring (circles), fall (diamonds), and winter (squares) cruises ver-

sus calendar date with 6 POC A'¥C average values removed (<10%o) (see text for detail). Least-
squares fit lines (Model I) are for POC (black) and DIC (dashed) A!4C values.
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