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ABSTRACT 

Williams, P.M., Bauer, J.E., Robertson, K.J., Wolgast, D.M. and Occelli, M., 1993. Report on DOC and DON measurements made 
at Scripps Institution of Oceanography, 1988-1991. Mar. Chem., 41: 271-281. 

This report is primarily concerned with high-temperature DOC measurements and associated analytical problems, and 
secondarily with wet chemical/UV DOC determinations and high-temperature DON analysis. Included are results on: (1) 
preservation of non-frozen/frozen and non-acidified/acidified seawater samples; (2) use of alternative catalysts to the Sumika 
3% Pt/A1203 (used by Y. Suzuki, Sumika Chemical Analysis Services, Osaka, Japan) for high temperature DOC/DON 
combustion; (3) DOC-high temperature (DOC-HT) and DOC-ultraviolet (DOC-UV) profiles for the north central Pacific (NCP) 
gyre and Sargasso Sea (SS) as measured by Y. Suzuki and at Scripps Institution of Oceanography (SIO); (4) increased oxidation 
of DOC with $20~-/UV by C1- complexation with Hg 2÷ ; (5) evaluation of the contribution of small particles and/or colloids 
to DOC as measured by filtration through 0.2 and 0.02 #m pore-diameter Anopore ® filters. 

INTRODUCTION 

DOC-HT measurements using a 'Suzuki-clone' 
analyzer 

Two analyzers were fabricated at Scripps 
Institution of Oceanograhy (SIO); one in 1988 
(ONR and NSF supported) which is at SIO; and 
a second in 1989 (DOE and NSF supported) 
which is currently at UC Santa Cruz. Both 
analyzers are identical. Results from the UCSC 
instrument are included in a Data Report by 
D. HanseU (1993). 

The 'Suzuki-clone' is identical to that depicted 
in Sugimura and Suzuki (1988) and later ampli- 
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fled in Suzuki et al., (1992) with the following 
substitutions: (1) the combustion ovens were 
Thermolyne model no.F21125 operated at 680 + 
10°C; (2) the electronic dehumidifiers used by 
Suzuki were replaced by a U-tube ice-bath trap 
followed by an N2-purged, dehumidifying H20- 
permeable membrane tube, prior to final removal 
of water with a K2CIO4 trap; (3) the infra-red 
(IR) detectors were Beckman model 880 IRGA 
(plus H-P model 3390A integrators); (4) Antek 
model 720 NO chemiluminescent detectors were 
put in series with the IR to measure DON. DOC 
calibrations were done with 10-100/~1 injections 
of glucose in distilled water and in UV-oxidized 
seawater and with CO2 reference gas (297.30 
ppm CO2 in N2). DON calibrations were done 
with N O  3 - and EDTA solutions (0-40/~mol N 
1-') and with NO gas. In addition, standard 
deep-sea water samples (filtered through GF/C 
glass-fiber filters on shipboard and frozen in 1 gal 
brown bottles) were put up in baked glass 
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ampoules and used as day-to-day running 
standards to assess the relative oxidative 
capacity of the Sumika 3% Pt/AI203 and Occelli 
catalysts. We are indebted to Y. Suzuki for pro- 
viding the Sumika catalyst. 

R E S U L T S  

A. North Central Pacific (31°N, 159°W). 
Seawater samples were collected (10/85) by 
direct filtration thru GF/C glass fiber filters from 
270 1 Gerard barrel samplers into 1 gallon teflon- 
capped brown bottles and frozen at -20°C. 
These samples were thawed for DOC-UV 
analyses from 09/86-01/87, at which time sub- 
samples were sealed in ampoules and refrozen 
for analysis by Y. Suzuki in Japan. Subsequent 
analyses on these same samples were done on 
refrozen aliquots of the original samples used for 
the DOC-UV measurements. The ampoules were 
hand-carried by Y. Suzuki (unfrozen) to Japan 
for the initial analyses; mailed to Japan 
(unfrozen) for the first replicate analyses; and 
sent to Japan (frozen in dry ice) for the second 
replicates (see Table 1). 

Depth, DOC-UV analyses at SIO (see Williams 
and Druffel, 1987) and Suzuki (see Druffel et al., 
1989) and SIO high-temperature analyses are 
given in Table 1. Several points are evident from 
Table 1: (1) refreezing and rethawing results in 
some losses judging from the Suzuki replicate 
analyses. These and other losses in frozen samples 
are most likely a result of wall-adsorption coupled 
with particle formation in brine concentrates; (2) 
the SIO DOC-HT results, not counting 300m 
and above, are, on average, 9 #mol C l-~ (n -- 
11) lower than Y. Suzuki's original results; (3) 
the three duplicate-samples run at UC Santa 
Cruz by D. Hansell on the identical Suzuki-clone 
were 12, 17 and 22/~mol higher than the SIO 
values. We do not know the reason for these 
latter discrepancies. 

B. Sargasso Sea (3 l°50N, 63°30W). Seawater 
samples were collected, as in the NCP, in May- 
June 1989. The upper several meters of the sea 
surface was contaminated with hydrophobic 

organic matter (presumably petroleum products) 
and hence these surface samples (surface film, 
10-15cm, and 3m) are atypical. Unlike the 
previous NCP samples, the ampoules sent to 
Suzuki were sealed onboard ship and quick- 
frozen in liquid N2, then hand-carried to Japan 
by Suzuki unfrozen as before. Replicates of these 
original ampoules were also used for DOC-HT 
(SIO) analyses onboard ship during the cruise 
and later on at SIO. These results, including the 
DOC-UV measurements (SIO) and the DOC-HT 
results using a CoO catalyst at 900°C, are given 
in Table 2. There are several points apparent 
from Table 2 vis-fi-vis Table 1" (1) the HT-SIO 
onboard results for the deeper samples, relative 
to Suzuki's original values, are similar to the SIO 
laboratory results in Table 1. Not counting 404 m 
and above, the SIO onboard results are, on 
average, 12_6#mol  C 1-1 (n = 12) lower than 
Suzuki's value; (2) the mean difference between 
the HT-SIO (COO) and HT-Suzuki values 
(excluding the surface film and 1099m SIO 
samples) are -2 .5#mol  C 1 -l,  well within 
experiment error; (3) the SIO DOC-HT values 
for surface samples from the NCP (3-300 m) and 
SS (3-404m) using the Suzuki-clone analyzer, 
average 24 + 12#mol C 1-1 (n = 7) for the SS 
and 95+ 15/~mol C 1-1 (n = 5) for the NCP less 
than Suzuki's original values. These results, 
together with the lesser discrepancies found in 
the deeper samples, are typical of the problem we 
have had all along with the Suzuki-clones; 
namely, getting lower results than found by 
Suzuki for the same seawater samples. We feel 
that these discrepancies are primarily owing to 
instrumental (e.g. system blanks) and/or catalytic 
(e.g. oxidation efficiency) effects and cannot be 
fully explained by storage and/or freezing/thaw- 
ing changes. 

DOC-HT measurements using a 'Suzuki-clone' 
with alternate catalysts 

We have substituted different catalysts for the 
Sumika 3% Pt/A1203 catalyst keeping the other 
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T A B L E  1 

D O C - H T  and DOC-UV Cruise Alcyone-5, NCP, October 1985 (all values g m o l e C 1  -~) 
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Depth HT-Suzuki HT-SIO a uv (or iginal)  

(m) 

December  M a y  1988 December  December  February September 1986- 

1987 1989 1989 1990 J anua ry  1987 

Suzuki H T  
(uv residual) b 

December  

1987 

3 210 _ 3.5 198 _+ 3.3 130 + 2.4 82 _ 1.5 

20 218 + 5.4 230 +__ 5.4 197 + 4.1 125 _ 3.1 82 _+ 1.5 

50 218 _+ 3.7 111 + 5.3 75 __+ 1.5 
100 206 _+ 4.1 93 + 4.0 60 _+ 1.5 

150 184 _ 3.2 49 __+ 1.5 
200 173 _+ 3.8 171 + 3.5 92 + 4.6 49 + 1.5 

300 151 + 3.0 47 + 1.5 

482 108 + 3.6 88 + 6.6 51 ___ 1.5 
637 96 + 3.0 42 +_ 1.5 

757 94 _ 2.8 90 + 3.6 39 +__ 1.5 

900 90 _ 2.8 82 _+ 2.3 89 __+ 4.3 37 _+_ 1.5 

1152 83 __+ 4.2 37 _+ 1.5 
1308 98 _+ 2.4 81 _ 1.4 37 + 1.5 

1769 34 _+ 1.5 
1808 106 _ 2.6 67 _+ 3.1 106 35 _+ 1.5 
2388 108 _ 2.3 96 _ 2.7 81 + 2.6 103 _ 3.4 c 35 _ 1.5 

3147 35 _ 1.5 
3631 110 + 2.8 84 __+ 2.8 96 _ 2.8 c 39 ___ 1.5 

4227 112 + 2.8 79 _+ 4.7 96 _ 4.9 c 35 _ 1.5 

522~/ 112 + 3.1 75 + 3.5 119 35 + 1.5 

5670 108 +__ 3.0 88 + 2.8 79 + 2.7 100 39 _+ 1.5 

5720 110 +_ 3.2 98 __+ 1.8 98 _+ 2.6 71 _ 1.7 90 35 _ 1.5 

114 + 11.4 

120 + 1.7 

130 + 3.8 
144 + 4.3 

132 + 3.8 

I10 + 2.2 

96 + 2.8 
48 + 2.2 

48 + 2.4 

48 + 2.7 

46 + 2.4 

52 _+ 1.8 

66 + 2.0 

69 _+ 2.0 

68 ___ 2.2 
72 + 2.4 

72 + 2.0 

65 + 2.2 

70 + 2.2 

a Corrected values are based on the 'running standard'. 
bThese results are from ampoulated aliquots of  the SIO UV oxidized samples sent to Y. Suzuki in Japan ( M a y  1988). 
c Identical samples run by D. Hanse l l  (1993) on Suzuki clone. 

parameters constant. At the same time we made 
a few runs with these catalysts omitting the Pt 
screen (on the top of  the catalyst in the combus- 
tion tube), the 'Sulfix' and the CuO. The alter- 
nate catalysts are composed of  0, 1 or 3% Pt on 
an alumino-silicate mineral matrix (it's identity is 
proprietory information) and on FA-0% Pt, a 
commercially available Alx (SIO3)y mineral (fau- 
jisite) of  similar structure. We also used small 
quartz chips. All results were compared with two 
different batches of  the Sumika catalyst, and are 
given in Fig. 1. We have included results from D. 
Hansell (1993) for the same catalysts. The 
original Suzuki values for the seawater samples 
for Alcyone-5 900 and 1808m were 90 + 2.8 
and 106+ 2.6/zmol C 1 -~, respectively; and for 

Hydros-6 1050 and 1300m, 97 + 2.5 and 
103 + 2.5#mol C 1-1 . Figure 1 suggests the fol- 
lowing: (1) all of  the values for the Occelli 
catalysts and quartz are similar to the values 
obtained with the Sumika catalyst; (2) removal 
of  the Pt screen, CuO or Sulfix from the combus- 
tion tube using the quartz chips as a catalyst does 
not appreciably affect the results, although 
removing the Sulfix from the Occelli 3% Pt 
catalyst gave higher values; (3) all o f  the values in 
the case of  the Hydros-6 and Alcyone-5 measure- 
ments (including the Sumika catalyst) are lower 
than Suzuki's original values. The importance of  
these experiments is that they suggest accurate 
DOC-HT measurements may be possible without 
a platinum-based catalyst. 
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T A B L E  2 

D O C - H T  and D O C - U V  Cruise Hydros-6, SS, May-June 1989 (all values in/~moles C1 - I )  

P.M. WILLIAMS ET AL. 

Depth (m) HT-Suzuk i  a HT-SIO  6 H T - S I O  (COO) c UV (SIO) 

7 July 1989 18 July 1989 June  1989 Sep tember  1989- October  1989- 
onba rd  November 1989 December  1989 

Surface Film 248 __+ 2.1 239 +__ 6 212 ___ 6 580 

10--15cm 132 + 4 110 ___ 0.8 139 ___ 5 75 __+ 0.5 

3 136 __+ 3 110 + 1.3 123 ___ 5 65 __+ 0.5 

20 138 + 3 135 __+ 4 102 +__ 2.3 129 ___ 9 66 + 0.5 

50 126 ___ 4 102 ___ 4.3 130 ___ 12 
85 131 + 2 130 __+ 4 97 + 2.7 58 + 0.5 

100 124 __+ 3 95 ___ 2.4 131 ___ 11 59 _+ 0.5 

200 120 + 3 119 + 2.4 114 __+ 3 54 __+ 0.5 

404 119 + 3 116 __+ 3 98 ___ 2.2 119 __+ 4 53 + 05 

603 113 __+ 2 91 ___ 4.2 120 + 7 45 + 0.5 

852 96 __+ 4 89 + 3.9 96 +__ 6 46 ___ 0.5 
1099 97 + 2 94 +__ 3 91 + 3.4 (76 ___ 2) 42 ___ 0.5 

1310 103 __+ 3 91 + 2.1 97 __+ 6 42 ___ 0.5 

1510 101 -4- 4 94 + 3.3 98 __+ 6 43 ___ 0.5 

1815 108 + 3 91 __+ 2.9 100 + 4 44 + 0.5 

2216 110 ___ 3 108 __+ 1.8 108 ___ 7 42 + 0.5 

2727 108 +__ 4 99 __+ 4 96 + 4.2 105 ___ 4 41 __+ 0.5 

3237 106 ___ 3 104 __+ 3 90 __+ 2.4 103 ___ 2 43 __+ 0.5 

3638 108 + 3 93 + 1.5 102 _+ 11 44 __+ 0.5 

3954 110 + 3 99 __+ 5.8 106 ___ 10 44 __+ 0.5 

4454 113 ___ 2 92 + 3.7 106 + 9 43 __+ 0.5 

aNumbers are means of 3 to 5 replicates. The 18 July 1989 samples were from Suzuki original samples, not separate ones sent from 
SIO. 
b Samples run only on-station. IR too noisy underway. 
c Same original, shipboard-frozen ampoulses run by Suzuki and SIO-onboard. These samples were run using 100 #1 seawater samples 
injected into a Dohrmann (Rosemount Analytical) Model DC-90  T O C  analyzer. This system uses a C o O  catalyst at 900°C wi th  infrared 
detection of the resulting CO2 and is calibrated as for the Suzuki-clones, where the system blanks are approximately 5 #mol  C 1- t. 

Blanks and 'running' seawater standards - -  
results and problems 

The principal blank problem is that we have 
no real system blank, because we have no water 
(or seawater) which we know is entirely free of  
DOC. Milli-Q water, water run through ac- 
tivated carbon or redistilled from persulphuric 
acid, and irradiated with UV all have blanks 
normally between 10-30ltmol C 1 -~ . Suzuki has 
collected water coming through the combustion 
tube and says its blank is approximately 3/~mol 
C 1- ~ (see also Suzuki et al., 1991). Thus we have 
made no blank corrections to the results, 
assuming the same corrections apply 
to the standards owing to identical injection 

volumes. We have reason to believe that the true 
system blank is around 10-15/~mol C 1-' judging 
from various seawater oxidation and UV irradia- 
tion experiments, but we have not proven this. 
Note that plots of  25, 50, 100 and 150/~1 injection 
volumes of  standard seawater samples give extra- 
polated intercept values of  ___ 1.5gmol C 1 -~, 
regardless of catalyst type. 

The deep seawater samples from Hydros-6 
and Alcyone-5 used as 'running', daily standards 
were: Alcyone-5; 900, 1150 and 1808 m; Hydros- 
6; 850, 1050 and 1300m. Some of  these same 
standard waters were also sent to D. Hansell 
(1993) for comparative analyses on his Suzuki- 
clone analyzer. Some of  the variations in DOC in 
the Milli-Q blank water and in the corresponding 
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Fig. 1. DOC-HT results using various combustion tube packings. (A) and (B) are results from UCSD (D. Hansell) and SIO 
(K. Robertson) using the same packings in identical Suzuki-clone analyzers with different seawater samples. Alx (SiO3)y = 
Faujisite, a hydrous aluminosilicate. The DOC-HT value for the Hydros-6, 1300 m sample measured by Y. Suzuki, was 103 + 
3 #mol C 1 -~ . (C) and (D) are results from SIO (D. Wolgast) using various packings, * = no sulfix. The Y. Suzuki values (/~mol 
C 1 -~) were: NCP, 900 m = 90+2.8; NCP, 1808 m = 106+2.6; and Hydros-6, 1050 m = 97__+2.5. 

seawater 'running standards' are depicted in Fig. 
1. The magnitude of  the scatter (1990 data) in the 
values for both Milli-Q distilled water and the 
associated seawater standards are best seen in 

Fig. 2, plots of  Milli-Q vs. seawater samples. It is 
evident that the scatter in Milli-Q and seawater 
values is of  the order of 20/zmol C 1-5 (10- 
30 #mol 1 -~), with the exception of one set of  
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Fig. 2. D O C  plots of Mi l l i -Q distilled water versus replicates of  various seawater samples measured concurrently using Surnika 
3% Pt /A lzO 3 and Occel] i  3% Pt packings. The points plotted in (D)  are identical to those in (B) for the Hydros-6,  1300rn 
sample. The Y.  Suzuki value for Hydros-6, 850 rn = 9 6 + 4 # r n o l  C 1 -~ . 

values (Fig. 2 (A)). There is some tendency for 
the Milli-Q values to vary with the correspond- 
ing seawater samples, suggesting that a portion 
of the scatter may be instrumental. However, it is 
difficult to sort out instrumental variability 
(e.g. blanks, oxidation efficiency) from sample- 
storage effects. These results only emphasize the 
critical problem of obtaining reproducible results. 

Preservation of seawater samples. Changes with 
time for frozen, non-frozen, acidified and non- 
acidified samples. 

Experiment 1 
SIO Pier seawater was filtered through a com- 

busted GF[C 1 #m glass-fiber filter, separated 
into four 500 ml aliquots, two of which were 
acidified to pH 2.5. All bottles were sampled at 
time 0 for DOC-HT measurements, then one 

bottle each of the acidified and non-acidified 
aliquots were put.into a refrigerator at approxi- 
mately 4°C and the other two samples sealed in 
20 ml muffled ampoules and frozen at -20°C.  
Note that the Pier seawater, collected 10/10/90, 
was relatively unproductive and hence low in 
fresh, surface-active, plankton-derived organics. 
The results are given in Table 3, where the initial 
four measurements (0-23 days) were done using 
the Occelli 3% Pt catalyst; the 61-day with the 
quartz catalyst; and the 134-day with the Sumika 
3% Pt/A203 catalyst (new). The precision of 
these measurements was generally -t- I-3 #mol C 
1-1 . Evidently, there is little loss of DOC (less 
than the analytical error) in the non-acidified 
samples, and a possible < 5% loss in both the 
ampoulated 4°C and -20°C acidified aliquots. 
This latter loss of DOC, if real, may be due to 
adsorption losses plus decarboxylation of organic 
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TABLE 3 

Preservation experiments. All values in #moles C 1- ~ (percent of  
original value) 

Sample Storage time (days) 

0 . 2 a 6 a 23 a 61 b 134 c 

Experiment 1 
No Acid, 4°C 99 99 100 99 97 

(100) (100) (101) (100) (98) 
Acidified, 4°C 103 100 10l 103 95 

(100) (97) (98) (100) (92) 
No Acid, - 2 0 ° C  101 101 103 100 103 101 

(100) (100) (102) (99) (102) (100) 
Acidified, - 20°C 100 97 99 97 93 

(100) (97) (99) (97) (93) 

Sample d Storage time at 25°C (hours in the dark) 

0 4.25 22.5 

50m 94 ___ 0.6 88 + 0.9 91 __+ 2.1 
(100) (94) (97) 

3200m 73 + 3.4 67 __+ 3.5 68 _ 1.5 
(100) (92) (93) 

~Occelli 3% Pt catalyst 
b Quartz chips catalyst 
cSumika 3% Pt/AI203 catalyst (new batch) 
dAll samples measured using the 3% Pt Occelli catalyst. 

acids in acid solution. We have observed this 
tendency for the lowering of DOC with time in 
other acidified samples. 

Experiment 2 
Filtered (GF/C glass fiber) 50 and 3200m 

seawater samples collected in June 1989 from the 
Sargasso Sea Hydros-6 cruise were stored at 
25°C in the dark onboard the ship. Aliquots were 
sealed in ampoules at 0, 4.25, and 22.5 h, frozen 
in liquid N2, then stored at -20°C before 
analysis on 10/12/90 using the Occelli 3% Pt 
catalyst. These results (Table 3) show a <5% 
decrease in DOC during storage at 25°C in the 
dark for 1 day. 

It should be noted that the original seawater 
samples collected from the surface (SIO Pier) 
and 50 m (the Sargasso Sea) were from essenti- 
ally oligotrophic waters containing (presumably) 
low amounts of labile organic matter coupled 
with low populations of heterotrophs. Hence 
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TABLE 4 

Anopore filtration experiment. Occelli 3 % Pt catalyst. All values 
in #moles C I- 

Sample Depth (m) Original 0.2#m 0.02#m 

Hydros-6 50 85 + 3.5 84 + 1.4 85 + 1.5 
Hydros-6 850 63 + 3.8 64 _ 3.4 66 + 1.I 
Hydros-6 3200 61 + 3.5 62 + 1.5 65 ___ 1.5 

SIO Pier surface 104 +__ 0.6 b 
surface 101 __+ 1.4 b 
surface 93 + 11 a 90 _+ 0.5 92 _ 1.7 

Blanks for MQ water = 71 (original rinse), 19 (final rinse) 

a Filtered through GF/F  glass fiber, nominal pore size = 0.7 pm 
b Unfiltered. 

heterotrophic oxidation of DOC to CO2 would 
be much reduced over that occurring with more 
eutrophic samples. 

Anopore ®filtration experiment. Measurement 
of 'DOC' (small particles plus larger colloids) 
removed by filtration through 0.2 and 0.02 ltm 
pore size Anopore ® Ale 03 filters 

Pre-filtered (GF/C) and thawed 50, 850 and 
3200 m seawater samples from the SS (Hydros-6 
cruise), were filtered through clean (leached-free 
of DOC with Milli-Q water) 0.2 and 0.02/~m 
Anopore ® filters with a syringe-type all glass 
filter. The filtrates were then analyzed using the 
Suzuki- clone with Occelli 3% Pt catalyst. 
Surface seawater from the SIO Pier was also 
measured as above. These results are given in 
Table 4. No significant reduction in DOC values 
were observed in this experiment (nor in earlier 
runs using deep water samples from the NCP). 
Again, it should be noted that the original DOC 
values for the Hydros-6 samples were low 
compared with Suzuki's original measurements 
(Table 2), and also that the SIO Pier seawater 
sample was not rich in DOC. If there is an appre- 
ciable fraction of colloidal organic carbon in 
these samples, it must pass the 0.02 #m filter. 

Notes on 'Wet Combustion' techniques 

The persulfuric acid (H25208) oxidation 
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Fig. 3. Total dissolved nitrogen ( T D N  = D O N  + NOF + NO~- + N H  3, if present) values corresponding to the DOC values 
in Fig. l. These measurements  were made concurrently with a chemoluminescence NO detector downst ream from the CO 2-IR 
detector. 

(Menzel and Vacarro, 1964), the chromic acid 
(H2CrO4) oxidation (Krogh and Keys, 1934; 
Duursma, 1961), and the UV oxidation (Arm- 
strong et al., 1966), and combinations of the 
above (e.g. H2S208 + UV) oxidizes approxi- 

mately 50% of the DOC compared with that 
oxidized by the Sumika 3% Pt/A1203 HT oxi- 
dation (680°C) and other current HT method- 
ologies (CoO at 900°C, Pt at 800 ° and CuO/CoO 
at 950°C). 
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Observed Standard Curves Mixture of NO3 and EDTA 

NO3/EDTA Expected Observed Delta 
Observed 

IIM Nitrogen ED'I'A NO3 NO3+EDTA NO3+EDTA 
5.0 3.9 6.4 ' 40 /0  53.4 53.4 0.0 

10.0 8.1 13.3 ' 40 /5  57.3 50.8 6.5 

20.0 14.9 25.2 ' 30 /10  48.9 41.4 7.5 

30.0 23.5 40.8 ' 20 /20  40.1 35.4 4.7 

40.0 31.0 53.4 ' 10 /30  36.8 32.5 4.3 

45.0 34.8 60.1 ' 0 /40  31.0 31.0 0.0 
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NO3 and EDTA std curves in UV seawater  

y = 0 . 4 2 + 1 . 0 6 3 6 x  R ^ 2  = 1.0 N O 3  

y = - 0 . 4 8 +  

4 0 '  

3 0 '  

Chemi luminescence  
Izm equw. 

2 0 ,  

0 ~ i • ! • i • i - 

1 0 2 0  3 0  4 0  5 0  

t z M  a d d e d  NO3 or E D T A  

Fig. 4. Chemiluminescence measurements of NO3- and/or EDTA added to uv-irradiated seawater, corrected for the DON plus 
NO~- present initially in the UV seawater. The column packing was Sumika 3% Pt/A1203 

However,  when the chloride is complexed 
with Hg 2+ (plus Ag + in small amounts)  as is 

done with the D o h r m a n n  model  DC-80 TOC  
analyzer, and oxidized with UV radiat ion plus 
persulfuric acid, then DOC oxidation is increased 
over UV oxidat ion alone, and approaches  the 
H T  oxidations. Below are some results using the 
D o h r m a n n  DC-80 analyzer (see also Bauer et al., 

1991). These samples were f rom Alcyone-5, 900 
and 3630 m, and all results are in/~mol C 1-1. 

900 m 3630 m 

Suzuki original results 80 + 2.8 110 _ 2.8 
DC-80 68 + 2 b 74 _ 2 a 
UV oxid. 37 _ 1.5 39 _ 1.5 

a mean of 3 values; 82, 72 and 68 obtained by injection of 
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500, 1000 and 2000 gi of seawater sample. 
b 1000 #i injected 

The use of Hg 2+ to complex CI- in the 
chemical oxygen demand (COD) analysis of 
C1--rich waste waters (Cripps and Jenkins, 
1964) appears to prevent oxidation of C1- to CI: 
and hence may prevent the formation of hard-to- 
oxidize, halogenated DOC derivatives in wet oxi- 
dations of seawater with H2S208 or H2CrO4. 
Note that Plunkett and Rakestraw (1955) found 
high DOC values by H 2 f r O  4 oxidation after C1- 
removal by precipitation as thallium chloride 
(Krogh and Keys, 1934). Complexation of C1- 
with Ag + (Duursma, 1961) did not result in 
elevated DOC oxidation using H2CrO4, although 
Skopintsev et al. (1976) report complete oxidation 
of DOC in chloride-rich waters by the addition 
of Ag 2 SO4 prior to $2 08 oxidation. Bauer et al. 
(1991) have recently found that the presence of 
uncomplexed C1- dramatically affects both the 
efficiency and kinetics of DOC oxidation by 
photochemical systems (see also G. Peyton 
(1993) for further details on C1- 
inhibition of free radical oxidation of DOC). In 
any event, C1- is apparently an inhibitory factor 
in not obtaining complete oxidation of DOC by 
wet combustion chemical/UV techniques. 

DON analysis by HT techniques 

The high (44 #mol 1-1) DON values reported 
by Suzuki et al. (1985), and earlier by Miyake 
et al. (1982) have not been repeated by other 
workers to date. In fact, the high DON values 
reported in Miyake et al. (1982) and evidently 
those reported in Sagi et al. (1982) for the 
western north Pacific were apparently from 
samples analyzed by Y. Suzuki, using a Dohrmann 
model DN-10 TN analyzer with chemilumi- 
nescence detection. 

We have routinely been measuring DON sim- 
ultaneously with DOC using the Antek chemi- 
luminescence detector in series with the IR-CO2 
detector (Fig. 3). Both detectors are used with the 
Suzuki- clone combustion system using the 
Sumika 3% Pt/A1203 catalyst, the Occelli 0, 1, 

and 3% Pt catalysts and the FA [A1 x (SiO3)y ] and 
quartz catalysts. We do not find the DON values, 
either in surface or deep waters, to be much 
higher than those normally measured using 
HzSzO 8 and UV wet oxidation techniques or 
with Antek HT-TN analyzers. However, there 
are a number of outstanding gaps in our under- 
standing of the DON results. They are: (1) the 
composition of the exit gases from the combus- 
tion tube (680°C) are not known exactly. In 
addition to chemiluminescent-detectable NO, 
how much NO2 or other NOx species result from 
the HT-combustion of N O  3 -  and DON or 
mixtures thereof?. Is N2 a product? Using NO and 
NO2 standard gases we find variable recoveries 
depending on the point of injection (e.g. 
upstream or downstream of the furnace). We 
also did not note any increase, but rather a 
decrease, in NO measured when the furnace exit 
gases were passed thru a stainless steel tube at 
100-600°C or thru a Beckman activated charcoal 
NO2 to NO converter. Recoveries of NO 3 - in a 
distilled water standard containing glucose are 
reproducible, as are recoveries of EDTA 
standards in distilled water. However, the re- 
coveries and effects of mixing N O  3 - with EDTA 
are difficult to interpret at this time. Standard 
curves for N O  3 - and EDTA, in UV-oxidized 
surface seawater (corrected for the original 
8.7#mol 1-1 of TN in the seawater), and re- 
coveries for various mixtures of N O  3 -  with 
EDTA are given in Fig. 4. Note that all values 
are in #mol N 1 -l ,  the HT-catalyst is 3% Pt/ 
A1203, and high purity air is the carrier gas (not 
02. Using 02 changes the results slightly). It is 
evident that equimolar amounts of N O  3 -  and 
EDTA give the lowest recoveries, and neither 
N O  3 - n o r  EDTA give chemiluminesce-NO 
responses exactly equivalent to their absolute 
concentrations ( N O  3 - is high, EDTA is low); (2) 
Profiles of DON (along with DOC) for samples 
collected on cruise Alcyone-5 were run at SIO 
using the Suzuki-clone analyzer with 3% Pt/ 
A 1 2 0 3 ,  and by Suzuki in Japan on identical 
samples sent to him in dry ice. There was wide 
scatter in the results from both SIO and Japan 
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even though Suzuki's analyses included both 
chemiluminescence detection and KMnO4 wet 
oxidation techniques for DON measurement. 

It is also interesting to note that the DON 
results using the Occelli, FA, and quartz 
catalysts were comparable, and in some cases 
higher than measured with the Sumika 3% Pt/ 
A1203 catalysts. These results are given in Fig. 3. 
Suffice it to say that more experiments are neces- 
sary to understand what is happening in the HT 
combustion of DON, the composition of the exit 
gases, the synergistic effects of  DON with NO3 - ,  
salt effects, etc. 
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