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HIGHLIGHTS

« Flammability parameters of sludge are presented.

« Relationships between chemical and flammability properties of sludge are analyzed.
« Physical and chemical properties of sludge dusts affects their explosibility.

« Seasons and origins of sludge should lead to a differentiation among samples.

ABSTRACT

The treatment and disposal of sewage sludge is becoming an urgent need whereby different technologies
were developed and integrated into the waste cycle all over the world. One of the most used technologies
is the thermal drying of the sludge. Thermally dried sewage sludge has interesting properties that allow
its use as an alternative fuel, but also needs some consideration from the point of view of its safe
operation.

The aim of this study was the research on the flammability properties of sewage sludge, including igni-
tion sensitivity, explosion severity, thermal sensitivity and thermal stability. Furthermore relationships
among those properties and composition parameters have been determined, added to the study of their
variation depending on their origin or season. Finally, properties related to spontaneous combustion were
determined. To study these relationships and characteristics sludge samples were selected from different
locations in Spain and taken during different seasons.

1. Introduction

Due to the arise of consumption and the need to preserve water
as an essential resource of life, there has been an increase of the
existing wastewater treatment plants (WWTP) in order to collect
the wastewater from a population or industry and, after a series
of treatments and processes, return it to a receiving stream [1,2].

Actually, many actions are being carried out focused on the
reuse of the waste produced by these WWTP [3]. One of the most
developed reusing methods is thermal drying. This is an attractive
alternative and it also provides the opportunity for an economical
resource recovery [4]. Actually, thermal drying of sewage sludge is
the most common method used in 2 countries of the 27 forming
the EU members, a common method on 12 countries and a rare
method in 1 country [5].
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Most occupational hazards in wastewater treatment, including
methane production, are well known [6]. Focusing on the thermal
drying process, there is a general risk understudied that produces
serious consequences: the risk of generation of explosive atmo-
spheres (ATEX) caused by dusts and a possible consequent explo-
sion [7]. This risk is present in all the industrial plants, and may
be well studied to avoid accidents [8].

Dust generated in the thermal drying of sewage sludge is a fuel
product [9] and it can produce an explosion due to the chemical
reaction: fuel + oxygen = oxides + heat [10].

To design the prevention and protection measurements needed
in all the industrial plants a complex methodology is necessary to
take into account all the existing hazards [11]. Several researchers
have demonstrated that it is essential to characterize the sewage
sludge [12,13]. Characterization of new fuels, mainly biomass,
has experience an important advance through various researches
in recent years [14,15], trying to have a complete scenario of their
hazards likes the one nowadays existing for coal [16].



First of all, it is necessary to take into account the chemical com-
position of the sewage sludge. This chemical composition varies
among different samples but it is always formed by organic matter,
inorganic matter and gases [17] and approximately 75% of sus-
pended solids and 40% of filterable solids are organic in nature
[18]. As an example of the influence of the chemical composition
in the explosibility of dusts, it is shown that the inorganic matter
of coal has a negative correlation with the self-heating rate [19].

Other relations that are observed in other substances are those
existing among different flammability parameters and the particle
size distribution and concentration [20,21], the humidity [22] and
the dustiness [23].

All these parameters depend on the sewage sludge studied, and
some seasonal and time variability of the composition differences
are shown in various studies [24,25].

The aim of this paper is to determine the relations among differ-
ent explosibility parameters and also among them and the chemi-
cal parameters to try to avoid these risks. Also the variability due to
seasonal and geographical parameters is studied. Finally, the self-
heating of sewage sludge is studied, since this product may be
stored for long periods and self-ignition temperature is an impor-
tant parameter [26].

2. Materials and methods

Twenty sewage sludge thermally dried samples have been stud-
ied. Those samples have been chosen in order to study seasonal
and regional variations, so the samples come from different places
and also from different seasons. The samples have been collected
in eight WWTP belonging to three regions in Spain: Barcelona,
Madrid and Malaga. According to the season when the samples
have been collected, they are classified in summer samples or win-
ter samples. If the samples have been collected between May and
September, they are classified as summer samples. Otherwise, they
have been classified as winter samples. The samples collected are
detailed in Table 1.

For all the samples, ultimate and proximate analyses have been
conducted and granulometry have been determined. Depending on
the results of these tests, ten samples have been selected to
develop the ignition sensibility, explosion severity and thermal
susceptibility analyses. Finally, due to these results the thermal
stability analyses have been done to three samples.

Among all these tests, some are standardized and well known
tests, such as ignition sensibility (flammability), explosion severity

Table 1
Collected samples.
Sample Origin Season d10 (pm) d50 (um) d90 (pm)
LRET-101 Barcelona Summer 154 67.9 3553
LRET-102 Barcelona Summer 111.9 3395 815.8
LRET-103 Barcelona Winter 234 100.4 289.2
LRET-104 Madrid Summer 96.7 382.2 818.6
LRET-105 Madrid Summer 88.6 397.2 844.1
LRET-106 Madrid Summer 13.2 77.7 371.2
LRET-107 Madrid Winter 69.2 385.9 853.9
LRET-108 Madrid Winter 10.9 30.2 160.5
LRET-110 Madrid Winter 88.2 3825 839.7
LRET-111 Madrid Winter 10.3 43.0 3839
LRET-112 Malaga Winter 7.5 273 62.2
LRET-113 Malaga Winter 81.3 517.6 1150.7
LRET-114 Barcelona Summer 69.7 298.9 664.3
LRET-115 Barcelona Summer 1523 492.5 1098.7
LRET-116 Barcelona Winter 52.3 531.6 1218.2
LRET-117 Barcelona Winter 34.1 744 348.3
LRET-118 Madrid Winter 7.4 20.6 178.9
LRET-119 Madrid Winter 1103 214.4 653.5
LRET-120 Barcelona Winter 35 19.9 75.2
LRET-121 Madrid Summer 321 286.3 919.7

(explosibility) or limiting oxygen concentration. Table 2 shows the
European Standards followed to determine them.

Thermal susceptibility analyses are less-known in terms of the
lack of standardized procedures. They consist of thermogravimet-
ric analysis (TG), differential scanning calorimetric analysis (DSC),
Maciejasz Index (MI), characteristic temperature {Tenarace) and vol-
atiles emission temperature (TEV).

Finally thermal stability can be explained in terms of the ten-
dency to self-heating. There are standard methods intended to
the classification of goods for transportation, according to the
ONU-N4 Division 4.2, or intended to the determination of the
self-ignition temperature (TSI), according to EN 15188.

2.1. Test procedures

In thermogravimetric analysis (TG) the weight of the sample is
measured as a function of its temperature when heated following a
programmed heating rate. Fig. 1 shows a typical TG plot, with the
derivative curve dTG superimposed, where some significant
parameters can be defined, such as the combustion induction tem-
perature (IT) and the maximum weight loss temperature (MLT).

In the case of Differential Scanning Calorimetry (DSC) the
sample is heated at a regular rate, previously established and a ref-
erence inert product is placed in another crucible. The difference in
temperature between the sample and the reference is measured
and recorded against the temperature of the oven and the
exchanges of heat in the sample are determined. Fig. 2 shows a
typical DSC record. The parameters used to characterize different
substances are the minimum temperature at which the exothermic
reaction begins (initial temperature, IET), the maximum tempera-
ture reached during the exothermic reaction (final temperature,
FET) and the temperature at which the fast exothermic reaction
commences (change of slope temperature, CST).

The characteristic temperature (Tcharact) [27] is determined by
thermogravimetric tests adding an oxygen stream. The oxygen
accelerates the oxidation process so that the sample suffers a
sudden loss of weight. This loss happens at a different characteris-
tic temperature for each sample, the lower the temperature, the
higher thermal susceptibility to oxidation. According to this
parameter samples can be classified by its self-ignition risk [28].

Maciejasz Index (MI) measures the required time (t) to produce
a temperature increase of 65 K in the sample, when it is attacked
by hydrogen peroxide. The Maciejasz index is calculated as
MI = 100/t. It determines the susceptibility to the self-combustion
due to the oxidation of some compounds in the substance that
show avidity to react with oxygen, for instance pyrites in coals.
This method is frequently used for coals, especially when their
sulfur content is high.

The ignition temperature of emitted volatile matter (TEV) can
be considered as a kind of flash point for solids. When a sample

Table 2

Properties determined and European Standards followed to determine.
Property European

Standard
Elemental analysis (C, H, N) EN 15104
Ash content EN 14775
Volatiles content EN 15148
Humidity EN 14774
Minimum ignition temperature (layer: MIT], cloud: EN 50281-2-1
MITc)

Lower explosion limit (LEL) EN 14034-3
Minimum ignition energy (MIE) EN 13821
Maximum explosion pressure (Pmax) EN 14034-1
Dust specific constant (Kpax) EN 14034-2
Limiting oxygen concentration (LOC) EN 14034-4
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Fig. 2. Differential scanning calorimetry record.

is progressively heated it can decompose and release different
gases, some of them being flammable. When an ignition source is
applied to the volatile matter released from the sample, the
appearance of flames can be observed. It provides an interesting
safety issue for organic products that can release flammable com-
bustion products, making the product more hazardous.

Isothermal Oven Tests are useful to detect substances liable to
spontaneous combustion. Such substances are classified as Divi-
sion 4.2 according to the UN recommendations on the transport
of dangerous goods. The classification procedure should be under-
taken before a product is offered for transport. Tests are performed
to determine if substances in a 25 mm or 100 mm sample cube, at
test temperatures of 100 °C, 120 °C and 140 °C, undergo spontane-
ous ignition or dangerous self-heating, which is indicated by a 60 K
rise in temperature over the oven temperature within 24 h. These
criteria are based on the self-ignition temperature of charcoal,
which is 50 °C for a sample cube of 27 cubic meters.

Self-ignition temperature (TSI) is the temperature at which a
given volume of dust will ignite. The experimental basis for
describing the self-ignition behavior of a given dust is the determi-
nation of the self-ignition temperatures of differently-sized bulk
volumes of the dust by isothermal hot storage experiments {stor-
age at constant ambient temperatures) in commercially available
drying ovens. The results reflect the dependence of self-ignition
temperatures upon dust volume.

The self-ignition temperature may be extrapolated for different
volumes, so it represents a generalization of UN tests to any vol-
ume. Particularly SIT can be extrapolated to the volumes used in
UN tests.

2.2. Collecting data

A number of samples have been subjected to those test proce-
dures, measuring many parameters and obtaining a large number
of experimental data. Statistical analysis has been applied to these
data with a first aim of understanding the behavior of sludge,
where correlations between those parameters can provide useful
information. The second aim was to determine the similarity
between the samples collected based on two parameters: the loca-
tion where the samples were collected and the season when the
samples were collected.

This statistical analysis includes correlation analyses, discrimi-
nant analyses and principal component analysis. The study was
carried out in two distinct stages: first the chemical composition
was studied for a number of samples, selecting some of them for
the detailed tests carried out in the second stage. The first stage
included all twenty collected samples, whose chemical composi-
tion was determined. The second stage corresponded to the
selected ten samples whose flammability, explosibility and ther-
mal behavior were analyzed.

3. Results

Ultimate and proximate analyses on a dry basis were done to all
the twenty samples, as detailed in Table 3. Hydrogen, nitrogen and
sulfur content values have a low standard deviation, while varia-
tions obtained for carbon, ash content, moisture and volatile mat-
ter are higher.

According to the results of the previous analyses, ten samples
were selected in order to choose the largest range of values. Igni-
tion sensitivity, explosion severity and thermal stability analyses
were determined to those ten samples, and results are shown in
Tables 4-6. These results show a wide range of variation in almost
all the parameters studied. MITI values have a variation of 150 K,
consistent with the observed variation of MITc values, 190 K. The
other two parameters included in the ignition sensitivity group

Table 3
Chemical analyses.

Sample Ultimate analysis (wt%) Proximate analysis (wt%)
C H N S Ash? Moisture  Volatiles?
LRET-101 3743 491 3.01 061 3220 6.10 62.30
LRET-102 2848 356 296 084 48.10 2.70 52.50
LRET-103 3372 494 500 163 4390 1110 59.90
LRET-104 3472 470 446 124 4480 4.80 54.40
LRET-105 3576 474 452 131 45.00 6.50 53.50
LRET-106  33.83 452 475 161 45.00 7.80 52.90
LRET-107 3190 477 5.01 121 4170 5.60 55.40
LRET-108 2957 445 470 131 46.10 7.10 54.60
LRET-110 3173 469 489 114 4180 440 57.80
LRET-111 3023 450 483 149 4430 6.20 54.20
LRET-112 3613 519 451 490 37.10 5.70 62.30
LRET-113 3472 496 513 224 38.10 3.00 60.40
LRET-114 3528 496 411 218 4040 3.90 57.60
LRET-115 3228 467 4.65 196 4000 1410 56.60
LRET-116 4481 669 536 130 2020 5.80 73.90
LRET-117 3830 633 372 108 3850 240 57.40
LRET-118 3480 645 520 139 3640 9.80 60.20
LRET-119 3190 563 427 089 4540 1.30 51.50
LRET-120 3820 653 467 144 3450 3.60 58.40
LRET-121 3340 624 437 123 41.70 6.20 57.00
2 Dry basis.



Table 4

Ignition sensitivity and explosion severity.

Sample Sensitivity Severity
MITI (°C) MITc (°C) LEL (gfcm?) MIE (m]) Prnax (bar) Kmax (bar m/s) LOC (%)
LRET-101 260 460 60 67 7.0 124 13
LRET-102 360 480 500 >1000 5.0 77 20
LRET-103 300 480 60 >1000 6.1 125 15
LRET-104 370 440 500 >1000 5.5 ‘108 13
LRET-105 370 420 125 >1000 5.7 98 14
LRET-107 390 510 30 >1000 6.3 178 14
LRET-110 390 510 125 >1000 6.4 ‘145 13
LRET-112 240 320 60 170 6.4 157 16
LRET-117 340 420 60 220 6.1 161 16
LRET-121 320 460 125 >1000 6.1 161 19
Table 5
Thermogravimetry.
Thermogravimetry Characteristics
Sample TEV (°C) MI (s71) MLT (°C) IT (°C) Teharact (°C) E, (kJ/mol)
LRET-101 380 0 295.0 225 70.7 309
LRET-102 340 29 288.0 240 72.0 281
LRET-103 310 0 262.0 230 67.8 262
LRET-104 360 10 256.0 240 68.5 266
LRET-105 330 3 260.5 227 69.0 264
LRET-107 320 @ 259.8 426 53.3 277
LRET-110 320 o 260.0 228 69.0 267
LRET-112 260 0 253.0 203 66.6 203
LRET-117 330 7 253.0 221 66.1 224
LRET-121 310 25 253.0 230 66.8 218
Table 6 . T
Differential scanning calorimetry. agalyzed accordlpg to the Division 4.2 tests and TSI was deter-
- - - - mined for the third sample, LRET-121. The results for LRET-102
Sample Differential scanning calorimetry and LRET-110 showed that they were exempted of hazardous clas-
IET (°C) FET (°C) CST (°C) sification when transported in packages of less than 3 m°. Test
LRET-101 77 296 212 results for sample LRET-121 are shown in Table 7.
LRET-102 114 345 194
LRET-103 89 305 219
LRET-104 118 317 193 . .
LRET-105 114 304 210 4. Discussion
LRET-107 120 303 206.
LRET-110 135 299 218 4.1. Relations among parameters
LRET-112 117 288 182
LRET-117 160 387 209 . . . .. .
LRET-121 153 319 364 To determine the relationships existing between chemical com-

also have high variations, being of special interest that only three
of the ten studied samples have a MIE under 1000 m]. Instead
explosion severity parameters have a lower range of variation,
and the P, of the samples do not vary substantially among the
studied samples. Finally, the values of the LOC show also a remark-
able range of variation, from 13% to 20%.

The parameters obtained from the thermogravimetry and the
differential scanning calorimetry provide a range of variation nar-
rower than chemical analyses, ignition sensitivity and explosion
severity. The temperatures obtained from these tests do not vary
in a range as wide as the ignition temperatures do, so the initial
heating process of all the samples studied can be considered as
quite similar. However, one of the most significant differences
among the samples studied is the variation of the MI values. Only
three samples produced a significant reaction, leading to a value
higher or equal to 10, and those samples are not the same as the
samples with MIE lower than 1000 mJ.

According to the data obtained for these ten samples, three of
them were selected due to their diversity and thermal stability
was studied for them. Two samples, LRET-102 and LRET-110, were

position and explosibility parameters and also among the parame-
ters within these two groups, a correlation analysis was done. The
objective of this analysis was to determine the relations existing
and define the parameters that could be easily modified by preven-
tive measures and may cause a decrease on the explosion risk on
this kind of industrial plants. With this analysis it is possible to
see the similarity of the samples with other materials well-known
as coal and biomass, and design prevention and protection systems
based on those developed and widely experienced in other indus-
trial plants.

To carry out these analyses, two groups of parameters have
been analyzed. In the first group chemical and granulometry
parameters were analyzed for 20 samples (twenty-sample group).
In the second group, besides chemical composition and granulom-
etry, also ignition sensitivity, explosion severity and thermal
stability were studied for 10 samples (ten-sample group). From
the data obtained from the analyses developed at laboratory, a cor-
relation matrix has been determined in each case, and a Pearson’s
correlation analysis has been developed to each matrix, with a sig-
nificant coefficient of 0.05. Those correlations are studied in two
groups, firstly the relationships existing among chemical parame-
ters, and secondly between these parameters and flammability
parameters or inside this last group.



Table 7
Self-ignition temperature of sample LRET-121.

Sample Volume Lower temperature leading to an ignition (°C) Higher temperature without ignition (°C) TSI (°C)
LRET-121 1500 cc 125 120 1225
350 cc 140 135 137.5.
150 cc 145 140 142.5
50 cc 155 150 152.5

4.1.1. Chemical composition

Looking only to the chemical parameters determined in this
study, two main correlations groups have been observed.

The first group of parameters significantly correlated is formed
by four composition parameters: carbon, hydrogen, volatiles and
ashes content, as shown in Fig. 3. Added to the correlations, also
histograms of each one of the parameters are represented, being D
the Y-axe the frequency of occurrence, the number of samples
whose values are included inside the range represented in the 0 40 80 120 160 ds50
X-axe. The correlations existing between carbon, hydrogen and 600
volatiles are positive, unlike that observed between ash content
and these three parameters. These correlations are due to the
chemical composition of the sewage sludge. The first three param- 200 .
eters represent the organic content of the samples, while the ash J’ W
content can be assimilated as the inorganic matter contained in 0
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dealing these two parameters are those existing with MITI, MIE
and Pn., as shown in Fig. 5. As can be seen by the visible
alignment formed by the data, the higher the volatiles content,
the easier is the flammability of the samples (lower ignition
temperatures and energies) and also higher explosibility (higher
explosion pressures). However, ash content has a negative influ-
ence on the flammability so that higher ignition temperatures
and higher ignition energies are required to ignite sludge samples
containing a higher inorganic fraction and the obtained explosion
pressure is lower.

The addition of inert dust to some combustible products is usu-
ally done to avoid the explosion, and this effect can be explained by
these correlations among ashes content and the different parame-
ters shown in Fig. 5. These correlations supply a method to
decrease the ignition risk of the sewage sludge incorporating into
the sample inert dust.

Hydrogen and sulfur showed a strong relation to the flammabil-
ity parameters and this can be explained by the oxidation tendency
of these components that are present in the sewage sludge.

Relationships were also observed between the decreasing parti-
cle size and an increase on the flammability of dusts and on the
explosion severity. These relationships are observed in these sam-
ples between the medium diameter (d50) and the MIE, MITI and IT
as shown on Fig. 6.

The relationship existing between particle size and MITI has a
double effect. In one hand, when the particle size is bigger, the
gaps between the particles full of oxygen are larger, so the igni-
tion easiness is higher. But in the other hand, the ignition is more

difficult because the air is less conductive than the own sub-
stance. In this case, the second effect is stronger than the first
one and by enlarging the particle size it is possible to increase
the MITIl and the ignition of a dust layer is more difficult. The
same effect occurs with the IT, the higher the particle size, the
higher the IT so the combustion of the sample starts at higher
temperatures. Increasing the particle size and preventing the pro-
duction of dust of extremely small particle size is also in this case
a possibility to prevent the ignition risk in this kind of industrial
plants.

Correlations with MIE do not lead to a line like in the other
cases. Those are significant correlations because samples are
grouped in two groups, one for these samples with less than
1000 m] of MIE and another with more. Generally, the group with
more than 1000 m] has less volatile content, more ash content,
more MITI and less Pn.x. These relations are expected, but more
samples are needed to ensure them.

In addition, looking at the relations existing among different
flammability parameters, it is also observed a significant correla-
tion among several temperatures studied. When a combustible
substance is heated by a heat source, it begins to oxidize, and as
the temperature increases it oxidizes more rapidly. At a certain
point, the heat generated by the oxidation is sufficient to maintain
the ignition without the aid of external sources. This point is the
self-ignition temperature. Therefore, the three temperatures
related to this ignition point (MITIl, MITc and TEV) vary in the same
direction as IT. Correlations related with MIE are similar as in the
previous case, forming two groups of samples.
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Other relations among temperatures are those more related
with the volatiles content of the sample. It was found that the
higher the volatiles content the more easily it ignites. Because of
it, when the Tharace increases, also other temperatures associated
with those volatiles (MITc, TDM and TEV) increase, due to the
Tcnaract Tepresents the temperature at which a quick combustion
occurs. The exothermic reaction starts at lower temperatures as
the reactivity of the substances increases (lower TDM) and the
ignition of a dust cloud is easier (lower MITc). And in substances
in which the quick exothermic reaction starts at low temperatures
(lower TCP), the ignition of a cloud of sample is also easier.

Furthermore a relation was observed between ignition sensitiv-
ity and explosion severity, so that samples which need less dust
concentration to ignite are those that produce the highest explo-
sion pressures.

Finally, looking at the self-ignition risk of the sewage sludge, it
was observed that when this risk is higher, the explosion severity is
also higher.

4.2. Influence of the origin and the season

A discriminant analysis has been developed based on two
different factors: the origin of the samples and the season when
they were collected. This analysis was applied to the two groups
of data previously described: chemical analysis (twenty-sample
group) and flammability data (ten-sample group). In the second
analysis, due to the linearity existing among the parameters of
these ten samples, a principal component analysis (PCA) was
developed.

In both groups, the discriminant analyses according to the
origin of the sample showed that the 100% of the samples are
correctly classified. In the first group, no significant discriminant

function is observed. However, in the second group a significant
discriminant function is determined, and the moisture of the
sample is the main parameter that causes the classification, fol-
lowed by its sulfur content.

The analysis according to the season shows that 95% of the sam-
ples included on the twenty-sample group and 90% on the ten-
sample group are classified in the right group and only one of
the samples is incorrectly classified in each case. In the first analy-
sis realized to the twenty-sample data, one significant discriminant
function has been determined. In this function, the parameters
with more weight are the volatiles content and the carbon content.
No significant discriminant function is observed in this case in the
analysis done to the twenty-sample data.

5. Conclusions

The relations observed between the composition parameters
depend on many factors, but they are not due to the drying process
of the sewage sludge, otherwise they depend on the wastes treated
and on the process followed in the wastewater treatment plant
before the drying process.

The composition parameters that mainly affect to the explosi-
bility of these dusts are chemical composition (volatiles and ashes)
and particle size. These influences were expected since they were
observed for many different materials in other studies, such as coal
and biomass. These relations showed that in thermally drying sew-
age sludge plants it is possible to decrease the explosion risks or its
effects applying similar actions as in coal and biomass treatment
plants. For example, it is shown that the ashes content makes the
sample less dangerous in terms of ignition, while the opposite
occurs with the volatiles content, so it is possible to decrease the
risk by increasing the inert part of the dust.



Relations between the different measured temperatures
showed the high dependency existing between different groups
of parameters, and how the ignition, self-ignition and reactivity
of the samples are related. It was also observed that the tempera-
tures related with these actions vary together showing the same
tendency. These relations show that by decreasing the risk of one
of the parameters it is possible to decrease also others. For exam-
ple, by increasing the particle size it is possible to heighten MIE,
MITI and TIC because of the direct correlations observed, but also
MITc, TEV, Tcharace and TDM will increase.

By the comparison of the discriminant analysis depending on
the origin and on the sampling season, it is shown that the discrim-
ination due to the origin is more accurate than the one due to the
season. This shows that the sewage sludge ignition depends more
of the origin of the sample than of the season. Even so, the percent-
age of correctly classified samples in order to the season is quite
high, so the season is also an important parameter to classify the
ignition tendency of sewage sludge. Also it is shown that the
parameter that causes the differentiation of the samples according
to their origin is the moisture of the samples, so this parameter
varies greatly depending on the origin of the sample. And looking
at the season when samples were collected, volatiles and carbon
contents are the main reason for differentiating samples, which
shows that the organic composition of the samples varies accord-
ing to the season.
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