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Abstract

For the routine determination of organic matter in marine sediment, arough estimate is often obtained by measuring
theloss of weight onignition (Difference-On-Ignitionmethod: D.O.1.). ThisD.O.l.isto beusedin ecological studies
where organic material in sediment is used as an environmental variable among others. A review of papers using
this method showed a great variability within conditions used. These conditionsare generally used without accurate
justification. We propose asimple standard procedure based on grain-size fraction of sediment to determine optimal
temperature and time of ignition, and the influence of the sample weight. The method proposed, using the loss of
weight on ignition, will give the same accuracy in measurements of organic matter in marine sediments.

Introduction

The organic concentration of sedimentsis of primary
importancein studies of benthic ecosystems. It isoften
considered as an important trophic source for the ben-
thos(Cocitoetal., 1990), and organicenrichment, both
natural and anthropogenic, is one of the most common
forms of disturbance in the benthos (Weston, 1990;
Geeet d., 1985).

Therearetwo commonly used methodsfor determi-
nation of organic matter in sediment (Buchanan, 1984):

1. For an accurate determination, the organic nitrogen
and organic carbon are estimated.

2. For theroutinedetermination, arough estimate may
be obtained by measuring the loss of weight on
ignition.

While the determination by elemental analysis is
more accurate, the loss of weight on ignition is till
largely used in benthic ecology (Table 1) because this
method gives a very quick and cheap estimation of
organic matter contents in sediment.

The first method has been largely documented
(Cauwet, 1975; Kristensen & Andersen, 1987; Telek
& Marshall, 1974; Hedges & Stern, 1984; Hirota &
Szyper, 1976; Froelich, 1980; Byerset d., 1978). The
second one hasbeen a standard procedurefor anumber
of year in many marine ecological studies. However,
few studies documented accurately this method (M ook
& Hoskin, 1982). A review of papersusing thelosson
ignition method showed a great variability within the
conditions used: sample weight, temperature of igni-
tion, time of ignition (Table 1). The lack of standard
method |eads to difficult comparisons between results.
Moreover, no rigorous reasons and results to support
the choices made are found in literature.

The purpose of this paper isto proposeafast simple
standard procedure based on loss of weight onignition
for aroutine determination of organic matter in marine
sediment. This method is only to be used in ecologi-
cal studies where organic material content in the sed-
iment is needed as an environmental variable among
others. In many ecological studies of macrobenthic
communities, only arough estimation of organic mat-
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Figure 1. Scheme of the selection of samples.

Table 1. Review of parameters used by various authors in loss of weight on ignition method to
determine organic matter content in sediment.

Weight (g) Temperature ( °C) Time (hours) Reference

2 480 4 Diaz Castaneda, 1989

- 480 5 Cocito et al., 1990

— 550 1 Buhl-Mortensen & Hoisaeter, 1993

— 100 to 800 (step 50) 16 Kristensen & Andersen, 1987

2 100 to 800 (step 100) 4 Mook & Hoskin, 1982

2 550 1to 8 (step 1) Mook & Hoskin, 1982

— 500 at least 4 Hirota & Szyper, 1975

- 200 to 1600 (step 100) 247 Froelich, 1980

- 475-500 46 Byerset d., 1978

— 600 - Buchanan, 1984

- 450 10 Hily, 1987
ter in sediment is needed. Elemental analysis would accurate study on the organic content, the first method
be in these cases too long and expensive. The aim of based on elemental analysis (cf. supra) must be used.

the method is to find rigorously the approximate limit
between organic and inorganic combustion. For amore



Materials and methods

For this study sediments samples were used taken at
severa locations on the French coast in the South-
ern Bight of the North Sea, in the Abra alba muddy
finesand community. Thedifferent grain-sizefractions
were first determined for each sample.

The first step was to select samples correspond-
ing to different range of values of the grain-size frac-
tion that most discriminate the samples. This can be
achieved, e.g., with Principal Component Analysis. In
our case, silt content was the most discriminant grain-
size fraction. Upper limit for the silt classis 0.05 mm
following Larsonneur (1977). Cumulative frequencies
distribution of the values of silt content was then plot
with all samples, first and third quartiles were deter-
mined and 2 sampleswere randomly taken within each
interval (‘quartile zone') i.e. before quartile 1 (QZ1:
<25%), between quartile 1 and 3 (QZ2: 25-75%), and
over quartile 3 (QZ3: >75%) (Figure1).

The second step was to check whether H,O evap-
oration from clays between 100 and 150 °C is impor-
tant or not. An important evaporation would make the
method of D.O.I. impossible for sediments containing
these clays (H. Golterman, pers. com.)

The third step was to determine optimal tempera-
ture, time and weight influence in the Difference-On-
Ignition method (D.O.1.). 3 replicates were then taken
in each of the samples selected.

1. Determination of optimal temperature of ignition
3replicatesweretakenin each samplefor eachignition.
As we had no knowledge yet on weight influence and
time of ignition, we used 2 g of sediment (Mook &
Hoskin, 1982) and 4 hours of ignition (Kristensen &
Andersen, 1987; Mook & Hoskin, 1982).

Sediment was first dried at 50 °C until constant
weight was obtained. Sediment samples were then
placed in crucibles, weighed and ignited at 300, 400,
450, 500, 550, 600, 650, 700 and 800 °C inamufflefur-
nace (Thermolyne model 62 700; precision + 0.25%).
This range of temperature was chosen because al
resultsfound in literaturefall between 300 and 800 °C,
and more accurately between 400 and 700 °C. We did
not take into account the loss on ignition (L.O.1) peak
found at 150-300 °C which is due to combustion of
an easily combustible pool and evaporation of volatile
low molecular compounds (Kristensen & Andersen,
1987).
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Figure 2. Box plot of the percentage loss of weight of all the
sediment samples ignited at various temperatures (n =18 samples at
each temperature). The box represents the middle 50% of the series.
The median isindicated by the horizontal line through the box. The
ends of the box are the twenty-fifth and seventy-fifth percentiles. The
error bars indicate the tenth and the ninetieth percentiles of data.

Percentage weight loss was calculated for each
replicate. Dueto variabletemperature steps, theweight
losses at each interval are given as % loss on ignition
(%L.0.1.°C~1) (Kristensen & Andersen, 1987).

2. Determination of optimal time of ignition

We used the same procedure as the determination of
optimal temperature of combustion with the tempera-
ture of ignition previously determined. Sediment sam-
ples (3 replicates per sample) were also placed in cru-
ciblesand ignited for periodsof 1, 2, 3,4, 5,6, 7, 8,9
and 10 hours.

3. Influence of sample weight on D.O.I

The influence of sample weight on D.O.I. method has
never been studied yet. Table 1 indicatesthat very few
studies precise the weight of sediment used. For this
purpose 2, 4, 6, 8 and 10 g of sediment were placed
in cruciblesand ignited for the period and temperature
previously determined. 1 replicate per samplewas used
for each ignition.

Percentage weight loss was calculated for each
sample. The weight losses at each interval are given
as % lossonignition (%L.0.1.).

All weighing was performed using a Sartorius bal-
ance model R 160 P (precision & 0.01 mg).
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Figure 3. Box plots of the percentage loss of weight of sediment ignited at various temperatures in
(&) quartile zone 1 (n=6 samples at each temperature);
(b) quartile zone 2 (n=6 samples at each temperature);
(c) quartile zone 3 (n=6 samples at each temperature).

The box represents the middle 50% of the series. The median is indicated by the horizontal line through the box. The ends of the box are the
twenty-fifth and seventy-fifth percentiles. The error bars indicate the tenth and the ninetieth percentiles of data. Extreme values are shown as

stars.

Satigtical analysis

Because of inequality of variances among samples
(heteroscedasticity), non-parametric methods were
used. In the third step, Kruskal-Wallis one way analy-

all replicates and in each quartile zone.When the null
hypothesis was rejected, we used a multiple compari-
son test: the Dunn’s test (Dunn, 1964; Zar, 1984), to
detect significant difference between samples.

sis of variance was used to compare weight losses in

800




Results

1. Determination of optimal temperature of ignition
The weight losses between temperature were sig-
nificantly different when al replicates are pooled
(P<0.001) (Figure 2) and in each quartile zone (QZ1,
QZ2 & QZ3, P<0.001) (Figure 3). The Dunn’s test
showed that the weight losses increase was significant
above 500-550°C.

L.O.I temperature scan from 300 to 800 °C showed
aclear unimodal peak in every quartile zone (Figure4).
The separation between organic and inorganic matter
occurs at 500-550 °C. This result confirmed the pre-
vious statistical tests. However, a weak peak was also
visible between 400 and 500 °C. It represented the
refractory organic matter pool following Kristensen &
Andersen (1987).

We therefore choose 500 °C as ignition tempera-
ture.

The evaporation from clays between 100 and
150 °C was low: 0.53% (SD: 0.21).

2. Determination of optimal time of ignition
Because of a great range in weight losses between the
different quartiles zones, the Kruskal-Wallis test on
all replicates was not significant. The analysisin each
guartile zone was however more informative. Weight
losses at different times was statistically significant
in QZ1 (p<0.02) (Figure 5a), in QZ2 (p<0.01) (Fig-
ure 5b) and in QZ3 (p<0.05) (Figure 5¢). Weight loss-
essignificantly increased (Dunn’stest, p<0.05) until 4
hours. Theweight loss was then stable until 6 hoursin
all cases. At 7 hours and above, fluctuations are more
important in each quartile zone. Thisis illustrated in
L.O.l. time scan from 1 hour to 10 hours (Figure 6).
Fluctuations over 7 hours might be due to igni-
tion of other factors beside those due to combustion
of organic materials. Following these results, 6 hours
of ignition seems to be a good compromise for com-
plete combustion of organic matter without important
interference with other factors (i.e. inorganic matter).

3. Influence of sample weight on D.O.I

There is no significant influence of initial sediment
sample weight on weight loss by ignition. The L.O.I
weight scan from 2 to 10 g (Figure 7) shows an imme-
diate stabilisation of the weight losses in each quar-
tile zone. We can then use 2 g of sediment samplein
the D.O.l method, the same weight used by Mook &
Hoskin (1982).
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Figure 4. L.O.l. temperature scan from 300 to 800 °C on sediment
samples (n =6 samples per quartile zone at each temperature) in QZ1
(open squares), QZ2 (open circles) and QZ3 (open rhombs). Vertical
bars represent + 1SD. The values are given as % L.O.l °C—1 of
initial dry weight.

Discussion

We found that an ignition of 2 g sediment sample at
500 °C during 6 hours is the best way to estimate
organic matter in our samples by the D.O.I method.
This result is in the range of those obtained in most
studies published in term of temperature (Table 1).
Published results using this D.O.I method were how-
ever very different in terms of time of combustion used
(Table 1). The standard methodol ogy proposed in this
paper could lead to a more objective determination
of time of ignition. Sediment sample weight did not
influence the loss on ignition with our samples.

In order to check the results based on ignition,
Org-C from subsamples were also estimated using a
chemical method based on HCl and CHN analysis(e.g.
Kristensen & Andersen, 1987). Relationship between
Org-C estimated by HCI followed by CHN analysis
and ignition method is high (y=1.05x+0.025; N=30;
r>=0.940). The org-C concentration of the organic
matter was about 43% (Org-C=0.431. D.O.l. +0.034;
N=30; r>=0.813).

Thelossof MgCO3; below 500 °C (Hirota& Szyper,
1985) together with the incomplete combustion of
organic matter (mainly organic carbon) at thistempera-
turemay be responsiblefor the dight overlap observed
at 500-550 °C in the L.O.l temperature scan (Kris-
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Figure 5. Box plot of the percentage loss of weight of sediment ignited at various times (at 500 °C):

(&) quartile zone 1 (n=6 samples at each time);
(b) quartile zone 2 (n=6 samples at each time);
(c) quartile zone 3 (n=6 samples at each time).

The box represents the middle 50% of the series. The median is indicated by the horizontal line through the box. The ends of the box are the
twenty-fifth and seventy-fifth percentiles. The error bars indicate the tenth and the ninetieth percentiles of data. Extreme values are shown as

stars.

tensen & Andersen, 1987) (Figure 4). A small amount
of inorganic matter was lost and a small amount of
organic matter was not combusted at 500 °C. Errors
will then counteract each other when using the D.O.I
method at 500 °C.

The D.O.I. method may suffer from the inability
of precise separation of organic and inorganic mat-
ter (Froelich, 1980; Buchanan, 1984; Kristensen &
Andersen, 1987). Even if this D.O.l method provide a
rough estimate of the organic matter in sediment, this
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Figure6. L.O.l. time scan from 1 to 10 hours on sediment samples (n=6 samples per quétile zone at each time) in: QZ1 (open squares), QZ2
(open circles) and QZ3 (open rhombs). The values are given as % L.O.1. of initial dry weight.
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Figure7. L.O.l. weight scan from 2 to 10 g. on sediment samples (n=1 sample per quartile zone at each weight) in QZ1 (open squares), QZ2
(open circles) and QZ3 (open rhombs). The values are given as % L.O.1. of initial dry weight.

method can be mainly used to get a quick and cheap
estimation of an ecological variable among others in
ecological studies. However moreaccurateandreliable
results could be obtained with the following cautions
combined with our procedure.

Mook & Hoskin (1982) showed that the loss of
structural water from clay minerals may becomeasig-
nificant source of error during combustion between
400 and 500 °C. They found 20% loss of weight dueto
structural water in clays with amud sample containing
83% clay. In the present study, clay content was low

(<1%). Biasdueto thisfactor wastherefore neglected.
If clay content is important, it should be worthwhile
to estimate the weight losses due to this factor follow-
ing the proceduredescribedin Mook & Hoskin (1982):
beforeorganic contentsof sedimentsare determined by
ignition, organics have to be digested from an aliquot
of the sediment samples (at least one per quartile zone
in our methodology) and the organic-free sediment be
ignited at the temperature at which organic determina-
tions are to be made.
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Hirota & Szyper (1975) showed experimentally
that the loss of carbonate may cause serious errors
unless the temperature of combustion is kept at or
below 500 °C. By keeping ignitiontemperaturearound
this value up to 7 hours, there is a barely significant
change in the CaCOj3 content of combusted samples.
Above this temperature threshold of 500 °C, losses
of carbonate may become important. When CaCOs is
high in sediments, loss of weight on ignition should
be used with great care and the method should be
checked by determining the loss of weight after bak-
ing prepared samplesof pure CaCOs (following Hirota
& Szyper, 1975). To obtain carbonate-free sediment,
samples are sometimes treated with HCI before igni-
tion: i.e. samples are treated with 0.25 M HCI until no
visible reaction occured and dried at 50 °C overnight
(Buhl-Morensen & Hoisageter, 1993) or sufficient 4N
HCl is added to remove CaCOj3; (Schaff et a., 1992).
Byers et al. (1978) found, however, that these meth-
odsinvolving acidification and washing to remove car-
bonates are highly suspect. They mentioned Roberts
et a.(1973) who found that acidification removed 9—
44% of the organic carbon in natural carbonate sedi-
ment.

The selection of grain-size fraction that most dis-
criminate the samples before running the method
should lead to a better identification of the potential
inaccuracies present in the measurement due to prob-
lems of eg. clay or carbonate (e.g. important shells
contents...).

These recommendationsare particularly important
when the difference-on-ignitionmethod is used to sep-
arate organic and inorganic carbon before carbon and
nitrogen analysiswith e.g. a CHN-analyzer.

Finally, using the standard procedure proposed, this
methodology should give a similar accuracy in mea-
surement of organic matter in marine sediments by
D.O.I method and then comparisons between ecol ogi-
cal studiesusing this method will become possibleand
more reliable.

Acknowledgements

The data were obtained through the PNDR program
(ProgrammeNational sur le Déterminismedu Recrute-
ment). Theauthorsaregrateful to Dr H. Goltermanand
Dr A. Fabrefor helpful commentson afirst draft of the
manuscript.

References

Buchanan, J. B., 1984. Sediment andysis. In Holme, N. A. &
A. D. Mclintyre (eds), Methods for the Study of Marine Ben-
thos, 2nd edn. Blackwell Scientific Publications, Oxford: 41-64.

Buhl-Mortensen, L. & T. Hoisaeter, 1993. Mollusc fauna along an
offshore-fjord gradient. Mar. Ecol. Progr Ser. 97: 209-224.

Byers, S. C, E. L. Mills & P L. Stewart, 1978. A comparison of
methods of determining organic carbon in marine sediments, with
suggestions for a standard method. Hydrobiologia 58: 43-47.

Cauwet, G., 1975. Optimisation d’ une technique de dosage du car-
bone organique des sédiments. Chem. Geol. 16: 59-63.

Cocito, S., S. Fanucci, |. Niccolai, C. Morri & C. N. Bianchi, 1990.
Relationships between trophic organization of benthic commu-
nities and organic matter content in Tyrrhenian Sea sediments.
Hydrobiologia 207: 53-60.

Dunn, O. J,, 1964. Multiple comparisons using rank sums. Techno-
metrics 6: 241-252.

Froelich, P. N., 1980. Analysis of organic carbon in marine sedi-
ments. Limnol. Oceanogr. 25: 564-572.

Gee, J M., R. M. Warwick, M. Schaanning, J. A. Berge &
W. G. Ambrose, Jr, 1985. Effects of organic enrichment on meio-
faunal abundance and community structurein sublittoral soft sed-
iments. J. exp. Mar. Biol. Ecol. 91: 247-262.

Hedges, J. 1. & J. H. Stern, 1984. Carbon and nitrogen determinations
of carbonate-containing solids. Limnol. Oceanogr. 29: 657-663.

Hirota, J. & J. P. Szyper, 1976. Separation of total particulate carbon
into inorganic and organic components. Limnol. Oceanogr. 20:
896-900.

Kristensen, E. & F. O. Andersen, 1987. Determination of organic
carbon in marine sediments: a comparison of two CHN-analyzer
methods. J. exp. Mar. Biol. Ecol. 109: 15-23.

Larsonneur, C., 1977. La cartographie des déepdts meubles sur le
plateau continental frangais. Méthode mise au point et utilisée en
Manche. J. Rech. Océanogr. 2: 33-39.

Mook, D. H. & C. M. Hoskin, 1982. Organic determinations by
ignition: caution advised. Estuar. Coast. Shelf. Sci. 15: 697—-699.

Roberts, A. A., J. G. Palacas & |. C. Frost, 1973. Determination of
organic carbon in modern carbonate sediments. J. sed. Petr. 43:
1157-1159.

Schaff, T., L. Levin, N. Blair, D. DeMaster, R. Pope & S. Boehme,
1992. Spatial heterogeneity of benthoson the Carolinacontinental
slope: large (100 km)-scale variation. Mar. Ecol. Progr. Ser. 88:
143-160.

Telek, G. & N. Marshall, 1974. Using a CHN analyzer to reduce car-
bonate interference in particulate organic carbon analyses. Mar.
Biol. 24: 219-221.

Weston, D. P, 1990. Quantitative examination of macrobenthic com-
munity changes along an organic enrichment gradient. Mar. Ecol.
Progr. Ser. 61: 233-244.

Zar, J. H., 1984. Biostatistica Analysis. 2nd edn. Prentice Hall,
Englewood Cliffs, N.J., 718 pp.



