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ABSTRACT 

Total carbon in 19 species of marine organisms and mixed collections was analyzed by 
combustion in an induction furnace and hy subsequent measurement of evolved carbon dio-
xide in a gas burette. A system for trapping unwanted combustion products is described. 
Carbonate carbon was analyzed by treating samples with acid and measuring evolved carbon 
dioxide. Carbon concentrations were 6.6-46.8°/u of dry weight and 20.6-57.0°/0 of organic 
weight. Cnidaria and ctenophores had the lowest carbon concentrations in organic matter. 

Introduction. Despite the fact that carbon comprises close to 50°/o by weight 
of the organic matter in living organisms, it is one of the most difficult elements 
to measure. The presence of carbonate in many marine organisms provides 
an added complication in measuring organic carbon. Most recommended 
procedures rely upon a wet combustion with strong oxidizing compounds 
(A. P. H.A. 1946; el Wakeel anti Riley 1957; Pollard and Forsee 1935; 
Barnes 1959; and others) or upon a dry combustion in the presence of oxygen 
(von Brand 1935; Strouts et al. 1955). In wet combustion techniques which 
involve a back titration of unused oxidizer such as cerate, permanganate or 
chromate, any inorganic reductant present will reduce the oxidant, yielding 
values that are too high. Chloride is the major source of this error in marine 
materials. Attempts to remove chloride hy washing with distilled water result 
in appreciable losses of water soluble carbon-containing compounds. Despite 
this error, wet oxidation after washing is frequently the only technique available 
(e.g., Steele and Baird 1961). Strickland and Parsons (1960) described a me-
thod for removing contaminating chloride prior to wet oxidation; however, 
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the entire technique is laborious and the possibility of measuring carbonate 
carbon is obviated. If CO2 is evolved, by wet or dry combustion, and is weighed 
or titrated, chlorine or other volatile inorganic acids which may be produced 
must be trapped. The usual wet and dry combustion methods are rather slow 
and require much experience before accuracy is achieved. 

To overcome some of these objections, an induction furnace and a gas 
burette3 were tested for routine use in carbon analyses of plankton samples. 
Carbon in a number of samples was determined in this manner and the results 
are reported. The specimens analyzed were collected over several years on the 
continental shelf south of Long Island. The concentrations of heavy metals 
in some of these samples have been reported previously (Nicholls, et al. 1959). 

Methods. Metals and other substances with low dielectric properties may 
be heated in a field of high frequency magnetic flux by electric currents in-
duced in the substances. Temperatures up to 2000°C may be obtained when 
ferrous metals are subjected to induction currents. Nearly all organic substances 
have high dielectric properties and are poor conductors of magnetic flux; 
therefore they must be heated indirectly. 

Weighed, oven-dried samples or standards, sufficient to produce about 
15 mg CO2 (or less than 1 °/aC in a 1 g sample), were placed in zirconium-
ceramic crucibles, without covers, together with weighed amounts of low-
carbon iron chips and fine granular tin. The average sample, 0.02 g dry weight, 
required 1 g each of iron chips and tin. The iron accomplishes the actual 
heating of the sample and the tin lowers the melting point of the mixture. 
Blanks, using iron chips and tin alone, were run occasionally and whenever 
new batches of reagents were used. The carbon blank due to this source was 
normally 0.002°/a (0.010 ml CO,) or less. An apparatus blank was determined 
prior to each combustion series by simulating an analysis, using oxygen, but 
without an actual combustion. This blank would indicate the presence of 
carbon dioxide in the system, or as a contaminant of the oxygen. In all cases 
the blanks were too small to contribute significantly to errors in the determina-
tions. 

Pure oxygen flowed around the crucible at a rate of 1.5 I/ min before com-
bustion began. Heating, which began as the system was closed, continued for 
about 20 seconds. Gaseous products of combustion -and a little stannic oxide 
were carried out of the combustion chamber by unreduced oxygen. The gas 
stream flowed through a dust filter composed of glass fibers, an S03 scrubber, 
a catalytic furnace for converting CO to CO2, and a trap for chlorine, which 
was placed ahead of the scrubber and catalytic furnace. The chlorine trap 
consisted of silver dichromate as a saturated solution in 36 N H,S0

4 
and 

sorbed on silica gel. The gradual appearance of a white precipitate indicated 
exhaustioll of the dichromate. There is a possibility that volatile organic sub-

3 Available from Laboratory Equipment Corp. (Lcco), St. Joseph, Michigan. 
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stances would be boiled off before they could hurn. 
However, oxygen fills the entire system when combus-
tion begins, and the time required to reach the combus-
tion temperature of over r 6oo°C is less than two seconds. 

Standards consisted of calcite crystal, steel, powdered 
calcium carbonate, ammonium germanium oxalate ("Spec-
pure", Johnson, Matthey and Co., Ltd.), glycine and 
purified chitin (Nutritional Biochemicals Corp,), and 
hexose. These materials were dried to constant weight 
at 105°c . 

A gas burette readable to o.or 2 ml CO2 was used, 
but absorbtion bulbs could be substituted if the Row rate 
of oxygen were decreased. 

The gas burette also was used for the determination 
of carbonate carbon in samples of marine plankton. The 
sample was placed in a reaction tube (Fig. r ), r o ml of 
6 N H Cl were added, and the tube was heated to r oo°C 
while the contents were stirred with an externally mo-
tivated, teRon-covered, magnetic stirring bar. A stream 
of oxygen played directly upon the agitated surface of 
the acid, and the evolved CO2 was conducted to the 
burette. An analysis using the furnace required seven 
minutes for completion; ten minutes were required for 
analysis of carbonate. 

Standard determinations were made on seven mate-
rials (Table I). The source of each of the standard sam-
ples is also indicated in Table I. 

Results. 

STANDARDS. Averages of several analyses of calcium 
carbonate by induction furnace and of calcite by acidi fi-
cation or induction furnace were the same as independ-
ently determined values. Variations from calculated val-
ues were about 2°/0 • These results give an indication of 
the accuracy and reproducibility that can be achieved in 
measuring carbonate carbon in our samples. Hexose an-
alyses averaged 0.3°/o higher than the calculated value, 
with an average deviation of o.8°/o from the calculated 

Figure 1. Apparatus used to evolve carbon dioxide from carbonate-
containing samples. Acid (6N HCI) is added from funnel. 
Oxygen flows in from tubulature on left. 
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TABLE I. RESULTS OF ANALYSES OF STANDARDS. 

Sample Measured D eviation Sample M easured Deviation 
carbon (o/o) carbon (o/o) 

Calcite (CaCO1) - 11.8 I. 7 Steel - calculated 1.01 o.o 
calculated per 11.6 o.o per cent 1.01 ° 1.04 3.0 
centll.6a l 1.3 2.6 1.02 1.0 

l l .7 0.9 J.07 6.0 
11.4 I. 7 1.06 5.0 

0.97 4.0 Average I 1.6 1.4 
0.95 6.0 

Calcite (acidifie\l) 12.2 2.2 
0.98 3.0 

l 1.7 l .7 Average 1.01 3.5 

A verage l 1.9 1.2 

CaCO3 b - calcu- I 1.6 2.5 Hcxose (C6 H12 0 6) 41 .0 2.5 
- calculated per 40.3 1.8 lated per cent 11.7 I. 7 
cent 40.0f 39.8 0.5 l 1.9 l 1.6 2.5 

39.7 0.8 12.3 3.7 
41.2 3.0 11.7 1.7 
39.9 0.2 12.0 0.8 
10.3 0.8 12.2 2.2 
40.0 0.0 

Average 11.9 2.2 
Average 40.3 0.8 

Chitin - calculated 47.6 6.5 
per cent 50.92 ° 50.4 1.0 

GlycineS 31.8 0.3 52.9 4.0 
40.6 0.6 (NH2 CH, CO2 H) 32.2 0.9 

52.6 3.3 - calculated per 30.9 3.1 

48.6 4.5 cent 31.9 31.5 1.2 
3 !. 7 0.6 

AY eragc 50.5 3.3 31 .7 0.6 
32.0 0.3 

(NH4), Ge (C,O4lJ<i 16. l fl.ti 
Average 31.6 1.0 - calculated per 16.8 3.7 

cent 16.2 1 16.9 1.9 
16.6 2.5 
15.9 2.4 

Average 16.4 2.5 

a. From data of Clarke ( I 9 16); sample from Wards Natural Science Establishment, Rochester, 
New York. 

b. Sample from Johnson, Matthey and Co., Ltd ., London; Cat. No. J.M. 90, Lab. No. 3998. 

c. Analysis by Clark Microanalytical Laboratory, Urbana, Illinoi s; sample from Nutritional Bio-
chemicals, Cleveland, Ohio (by dry combusion "train"). 

d. Sample from Johnson, Matthey and Co., Ltd., London; Cat. No. J .M. 516, Lab. No. 6550. 

e. Sample from National bureau of Standards; standard Sample 16d, basic open-hearth 1.0 o/
0 

C. 

f. Sample from Fisher Scientific Co. 

g. Sample from Nutritional Biochemicals, Cleveland, Ohio. 
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value. Analyses of an amino acid, glycine, averaged 0.3°/o lower than the 
calculated value and gave an average deviation of 1 .0°/0 • Chitin, a polymerized 
glucosamine, gave an average analytical value 0.4°/o lower than the independ-
ently determined one, with an average deviation of 3.3°/o. 

Chitin composes a few per cent of the organic matter of most of our samples, 
but it is very refractory to ordinary analytical techniques and should be indic-
ative of the worst recoveries that might be expected. Ammonium germanium 
oxalate averaged 0.2°/o higher than the actual value. A number of samples 
of steel standard were analyzed, since this is the material for which the in-
duction furnace was designed. The average of eight samples was the same as 
the specification value, but the variability averaged 3.5°/o. 

PLANKTON SAMPLES. Values for total carbon, carbonate carbon and organic 
carbon (by difference) in marine plankton organisms are recorded in Table II. 

TABLE II. T OTAL CARBON, CARBONATE CARBON, AN D ORGANIC CARBON CONCENTRA-
TION IN PLAN KT ONIC MARINE ORGANISMS. ALL FIGURES GIVE N ARE PER C ENT 
OF DRY W EIGHT EXCEPTIN G LAST COLU MN, WHICH IS ASH-FREE DRY W EIGHT. 

T otal Carbonate 
,Organic Carbon, 

Organism Carbon Carbon 
( 0 / 0 DW) (o/0 DW)0 (o/0 DW) ( 0 / 0 a-f DW) 

CNIDARI A 
76 Cyan ea capilla ta . . . .. .. .. .. . 13.8 13.8 36.0 

JIB Physalia physalis . ... . ... ... 31.4 31.4 62.8 

226 Pelagia noctiluca . . . . . . .. . .. 12.9 12.9 26.0 

28a Pelagia noctiluca ... . . .. .. .. 15.9 15.9 31.2 

57 A equorea 'Vitri na ........ .. . 26.8 26.8 52.5 

A verage 17.5 I 7.5 41.7 

CTENOPHORA 
14 Mnemiopsis sp .. . . .. .... ... . 6.4 6.4 20.6 

ARTHROPODA 
I a E uphausia krohnii . .. .. .. . . . 35.8 35.8 43.9 

2a Centropages hamatus: ... . . . . 36.3 36.3 46.2 

C. typicus I : I 
41.7 50 .5 4 Calanus finmarchicus ... . .. . . 1 1.7 

286 M eganyctiphanes nor'Vegica . .. 42.0 42.0 51 .6 

29c Lophogaster sp .. . . . .... . ... 46.8 46.8 57.4 

29 Centropages sp .. .. . . ... .. . .. 38.5 38.5 49.7 

30 Centropages sp . : ..... .. .. .. . 38.7 38.7 50.0 

Sagi/la elegans I : I 
2.36 30.8 48.0 36a ldotea metallica .... . . . . . . .. 33.2 

36c Calanus finmarchicus . . ..... . 39.8 39.8 48.3 

40 Mixed copepods .... . . . . . . . 35.6 35.6 46.0 

56a Calanus finmarchicus (a small 
admixture of euphausiid s and 

37.8 46.0 shell-less pteropods) . . . . .. . . 37.8 

Average 38.3 38.0 48.9 

(Cont.) 
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TABLE II (Continued) 
Car bonate Total ~ Organic Carbon, 

Organism Carbon Carbon 
( 0 / 0 DW) ( 0 / 0 DW} 0 

( 0 / 0 D W) (•/0 a-f DW) 

MOLL USCA 
7a Limacina sp .... . .. . ..... . . 28.3 2.74 25.6 56.0 

8 Ommastrephes sp . .. . ....... 45.1 45.1 48.8 

246 Sthenoteuthis sp ............. 37.2 37.2 40.4 

32 Clione limacina . . .... . . .. ... 26.3 26.3 39.4 

38 I llex illecebrosus .. ....... ... 39.2 39.2 42.6 

39 Squid eggs (Loligo) . . ....... 21.7 2 I .7 45.0 

A verage 33.1 32.7 45.4 

CHORDATA 
5 Salpa sp .... ............... 10.6 10.6 46.1 

66 Salpa sp ......... .......... 9.6 3.6 39.0 

27 Salpa fusiformis . .. . ........ 7.8 7.8 33.9 

55 Pyrosoma sp ...... ......... 9.4 9.4 41.0 

A verage 9.4 9.4 40.0 

MI XED SAMPLES 
6a Mix ed copepods and phyto-

plankton . ...... .... . ..... . 29.8 29.8 38.5 

19 Copepods and phytoplankton 25.2 25.2 48.0 

336 Phytoplankton and fish ..... 4.8 1.54 3.3 32.7 

34a Phytoplankton and copepods 6.6 6.6 56.0 

346 Copepods and phytoplankton 14.3 14.3 48.0 

59 Mi xed zooplankton ..... . .. 28.4 28.4 48.6 

Average 18.2 17.9 38.8 

PHYTOPLANKTON (NET COLLECTIONS} 
12a Phytoplankton (diatoms) .. . . 12.0 12.0 40.0 
33a Phytoplankton (diatoms) ... . 7.1 7.1 35.3 
366 Sargassum sp . . . . . . . . . . . . . . 31 .5 31.5 39.3 

Average 16.8 38.2 

0 Where no results are listed, the inorganic carbonate was not detectable by our method (0.01). 

Total carbon values were determined by induction furnace, and carbonate carbon 
by acidification. Organic carbons are reported on a total dry weight basis and 
on an ash-free ( organic) dry weight basis. 

Values for carbon ranged from 6.6 to 46.8°/o of the dry weight. The lowest 
values recorded were in those organisms with high fresh to dry weight ratios. 
In the dried state the material from these organisms is much diluted with 
sea salt. Very watery organisms have rather low carbon contents on an organic 
weight basis also: Cnidaria averaged 34.9 °/o C. On the same basis, arthropods 
averaged 46.8°/oC and molluscs, 44.6°/oC. Only two of the organisms analysed 
had detectable carbonate carbon concentrations: Idotea metallica, an isopod, 
2.36°/o carbonate-C, and Limacina sp., a pteropod mollusc, 2. 74°/0 carbonate-C. 
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Discussion. Values for the carbon content of marine organisms are frequently 
cited in literature dealing with organic production, element ratios, remineraliza-
tion, etc., in the sea (Redfield 1934; Fleming 1940; Steele and Baird 1961; 
Curl in press). An average value of 50°/oC in dry weight is commonly assumed 
for pelagic marine invertebrates. A search of the literature for experimental 
justification for such a value, or for absolute numbers, is singularly unreward-
ing; e.g., Vinogradov (1953) has quoted only three pertinent values: 39.9-
46.00/oC in nonpelagic molluscs, 45.86-47.71 in Ca/anus finmarchicus, and 
52.93 in Penaeus setiferus. 

There are several bases for comparison of the chemical composition of 
organisms: wet weight, dry weight, ash-free dry weight (organic weight) 
and ash weight. The use of wet weights should be restricted to reporting 
results involving a single species, and preferably a single life-history stage. 
Dry weights may be used when organisms of the same general type are com-
pared with "drier" forms. However, the dried material of many marine or-
ganisms is diluted with biologically inert ash derived from sea salt. Organic 
weight relates observations to biologically metabolising matter better than 
does any other unit. Ash weight is the most useful for reporting concentration 
of trace elements. 

The results reported in Table II are given in both dry weight and organic 
weight units. Arthropods, with an average of 38.3°/oC (dry weight), have 
the highest carbon concentrations of any of the organisms tested, but on this 
basis the figures are 25°/o lower than the commonly assumed value of 50°/oC 
(dry weight). Organisms in other phyla are more or less "diluted" with sea 
salt and have even lower carbon concentrations per unit dry weight. 

Perhaps the most striking feature of analysis of watery organisms such as 
salps, ctenophores and cnidarians is their low carbon concentrations on an 
organic weight basis. Cnidaria average 41. 7 °/o C ( organic weight), but if 
Physalia is excluded they average only 36.4°/oC (organic weight). 

The advantages of rapidity and the ease of operation of the induction com-
bustion method for carbon are offset to some extent by decreased accuracy 
as compared to the standard dry combustion by "carbon train." However, for 
such puposes as analysis of plankton samples, where a high order of accuracy 
is not required, there is a considerable saving of time and manpower when 
the induction furnace is used. 
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