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Abstract

This is the first record on the distribution of perylene in new and old fungus combs of termite nest (Macrotermes
gilvus) in order to determine perylene source in tropical environment. Twenty four samples of new and old fungus combs,
inner and outer nest walls, fresh and decomposed bark, decomposed stem, soil, and soil-wood interface were collected in
order to test of two hypotheses; 1) Perylene is produced in the termitels hindgut (M. gilvus) and ii) Perylene is present only
in new fungus comb of M. gilvus termite nests. For one Station (Station A) the profile of perylene concentration was the
following order: fungus comb > outer nest wall > Soil-Wood interface > decomposed stem > decomposed bark > Inner nest
wall > Soil. For the other Station (i.e. B) the profile was new fungus comb > inner nest wall > old fungus comb > outer nest
wall ~ Soil. The perylene concentration was found up to 21-54 times higher in fungus comb as compare to the rest of the
samples in Station A. whereas, the perylene concentration was 85-400 times higher in new fungus comb as compare to the
remaining samples in Station B, this can be due to the production or accumulation of perylene in these nests. On the other
hand, smaller termite nests (Stations C and E) no perylene was detected, due to the fact that the new fungus comb was not
found in those nests. The results confirmed the following hypotheses; perylene occurs only in new fungus comb and may

be attributed to the high concentrations of aromatic rings of lignin in new fungus comb.
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1. Introduction

Fungus-growing termites (Isoptera; Termitidae;
Macrotermitinae) are abundant in the African and Asian
tropics (Wood and Sands, 1978; Abe and Matsumoto,
1979). Macrotermes gilvus is widely distributed in
southern Asia, from Burma to Indonesia and the
Philippines (Roonwal, 1970). Their enlarged hindguts
have been thought of as anaerobic digesters in which a
symbiotic gut microflora depolymerizes cellulose and
hemicelluloses and ferments the resulting carbohydrates
to short-chain fatty acids (Brune, 1998).

In the nest, young workers masticate and ingest
the collected plant litter which passes rapidly through
the termite gut without digestion. The resulting fecal
pellets (primary feces) are pressed together to form a
sponge-like structure (called fungus comb). The

symbiotic fungi, genus Termitomyces, grow on the
comb-like matrices of the fungus comb. They form
mycelia and white round and asexual conidial structures
called fungus nodules (Ohkuma, 2001). The fungus
nodules are usually consumed by young workers,
whereas the old senescent combs are consumed by old
workers to produce final feces (Ohkuma, 2001).

Perylene is a five-ring nuclear polycyclic aromatic
hydrocarbon (PAH) that has been found widely in
sediments, peats, fossil crinoids and oil shales
(Ishiwatari et al., 1980; Wakeham et al., 1980,
Venkatesan, 1988).

It is believed that perylene produced in anoxic
conditions and the conversion of perylenequinone to
perylene results from a reduction reaction, due to the
fact that quinine compounds are sensitive to
oxidization. Therefore, its preservation in sediments
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requires a reducing environment (Aizenshtat, 1973).
A number of studies have found that high perylene
concentrations in surface oxic sediments in tropical and
subtropical environments (Zakaria et al., 2002;
Boonyatumanond et al., 2003; Opuene et al., 2007,
Kosmehl et al., 2008; Liu et al., 2008). However, this
is in contrast to results from several studies in other
latitudes which showed that perylene is either absent
or present only in minor concentrations in oxic surface
sediments (e.g.; Unlu and Alpar, 2006). However, far
too little attention has been paid to source of perylene.
There are a few unanswered questions; first, “Why is
perylene in abundance in surface oxic sediments in
tropical and subtropical environments?”” second, “What
is the source of perylene in peninsular Malaysia?” third,
“How high are the concentrations of perylene in new
fungus comb as compared to old fungus comb of M.
gilvus termite nests and what is the interpretation?”

In recent years, evidence was presented that there
are biological sources of the PAHs naphthalene,
phenanthrene, and perylene in the tropics, which may
contribute significantly to the environmental load in
rural background areas of Brazil (Wilcke et al., 2000;
2003; 2004).

In this study, perylene concentrations in different
compartments and surrounding soil and plants of
M. gilvus termite nests in peninsular Malaysia were
investigated in order to determine the source of
perylene. The main focus of this study is to fill the gap
in knowledge about differences between perylene
concentrations in new fungus comb and old fungus
comb of M. gilvus termite nests. The objectives of this
study are to test the hypotheses (i) Perylene is produced
in the termite’s hindgut (M. gilvus), and (ii) Perylene
is present only in new fungus comb of M. gilvus termite
nests.

2. Materials and Methods
2.1. Collection of samples

In March and May 2007, we collected samples of
the termite nests from four Stations in the campus of
Universiti Putra Malaysia (UPM). The map of the
sampling locations is shown in Fig. 1. As the termites
belong to the wood and the soil-wood interface feeding
genera, we also collected composite samples from the
surrounding soils and plants. Overall, 4 soils, 1 soil-
wood interface, 3 bark samples, 1 decomposed stem
and 15 samples from 4 termite nests.

Soil samples were taken from the top 0-10 cm of
the mineral soil after removal of the organic layer if
present, near each termite nest. Each sample was bulked
from five individual collections from a surface area of
ca. 1 m?.

The wood samples comprised fresh and partly
decomposed stem material and bark of the dominating
species next to the termite nests.

Combs of progressively increasing age were
separated and defined as “fresh” comb. It was the top
rim of the comb and freshly made; “old” comb was the
bottom of the comb and eaten by the termite workers.
Two separate samples of each type of comb and also
inner and outer nest wall were taken from each colony.
In Station B the size of mound was huge and it was
placed in surface area of ca. 1 m2 In Station C and E
the nests were very small and in Station A nest had
middle size (Fig. 2).

All samples were wrapped in clean aluminum foil,
stored in closed plastic bags in a cool box and deep-
frozen. In the laboratory, nest and soil samples were
sieved to <2 mm. The wood samples were ground prior
to the analyses.

o | o &S00
)12
o | o
o (a8
)

(] ® O x Ne
0 o e © :
& 00 ol -1-00
- -

- Campus OF
o L?‘ i Tmn Sn Sevtod

i

o bl

54 Serdong
Con
o

Figure 1. Sampling location for termite nest inside the campus of Universiti Putra Malaysia (UPM) in Selangor state
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Figure 2. d) Huge termite nest in Station B, ¢) fungus comb in Station B, f) and h) small termite nests in Station C and E,
respectively. g), and i) fungus combs in Stations C and E, which only contains old fungus comb, suggesting that in combs
of progressively increasing age (Station B), combs are thick and new and old fungus combs are easily distinguishable

2.2. Chemical analysis

2.2.1. Analytical procedure for PAHs

The samples were purified and fractionated by a
method described elsewhere (Zakaria et al., 2002). This
method relies upon extraction, two-step silica gel
chromatography and gas chromatography-mass
spectrometry (GC-MS). All solvents were distilled
before use. All glassware was rinsed with methanol,
dichloromethane (DCM), and distilled hexane several
times to remove organic contamination. Sodium sulfate
anhydrous, disposable Pasteur pipettes and screw-top
vials were baked for 2-3 h at 500°C prior to use to
remove organic contamination.

The amount of each sample that is representative
of 5 g of sample dry weight was precisely weighed
and homogenized using mortar and pestle in sodium
sulfate to remove any water.

A Soxhlet extractor was used for the extraction of
lipid from the samples using 270 ml of distilled
dichloromethane for 10 hours. About 100 pl of the PAH
surrogate internal injection standard mixture where 10
ppm of each component, containing naphthalene-ds,
anthracene-d;o, chrysene-d;, and perylene-d;, was
added for quality control of the PAH analyses. The
eluate was purified and fractionated using two-step
silica gel column chromatography. First step silica gel
chromatography was accomplished through 5% H.O
deactivated silica gel column (1 cm i.d. 9 cm, ~6 g,
100-200 mesh; F.C.923, Davison Chemical, Columbia,
MD, USA). Hydrocarbons ranged from n-alkanes to
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PAHs were eluted with 20 ml of dichloromethane/
hexane (1:3 v/v). Second step column chromatography
was a fully activated silica gel (0.47 cm 1.d.18 cm,
~3 g, 60-200 mesh; Sil-A-200; Sigma, Kuala Lumpur,
Malaysia). PAHs were eluted with 14 ml of
dichloromethane/hexane (1:3, v/v). The PAH fraction
was evaporated to approximately 1 ml transferred to a
1.5 ml amber and evaporated to dryness under a gentle
stream of nitrogen and re-dissolved in 100 pl of
isooctane containing p-terphenyl-dis as an internal
injection standard (IISTD) for PAHs analysis. PAHs
analyses were conducted using an Agilent Technology
5973 A quadrupole mass spectrometer integrated with
an Agilent 6890 gas chromatograph. A 30 m fused silica
capillary column of 0.25 mm i.d. and 0.25 pm film
thickness was used in the analysis. Carrier gas was
helium. GC-MS operating conditions were 70eV
ionization potential with the source at 200°C and
electron multiplier voltage at ~2000eV. The injection
port was maintained at 310°C and the sample was
injected with splitless mode followed by purge 1 min
after the injection. Column temperature was held at
70°C for 2 min, then programmed at 30°C/min to
150°C, and then 4°C/min to 310°C and held for 10 min.
A selected ion monitoring method was employed after
a delay of 3 min. Identification and quantification were
achieved using ChemStation software based on internal
standard method.

Quality control for the PAHs analyses was carried
out by monitoring the recovery of surrogate internal
injection standard (naphthalene-ds, anthracene-dio,
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chrysene-d; and perylene-di,) spiked just after
extraction. The PAH concentrations are corrected
against the spiked surrogates. Recoveries ranged from
87% to 103%. P-terphenyl-dis as Internal Injection
Standard (IIS) was used for quantification and
eliminates errors due to variation in sample injection.
In addition, the procedure of blank was used to
demonstrate all solvents, reagents, glassware, and other
sample processing hardware to be free from
interferences under the conditions of analysis.

2.2.2. Analytical procedure for total organic carbon
(TOC)

The analytical procedure used in this study was
described by Nelson and Sommers, (1996). Briefly, the
samples were dried overnight at 60°C in oven and then
homogenized using mortar and pestle. Sample
preparation was carried out to eliminate inorganic
carbon. For this purpose, 1-1.5 g of the sample was mixed
with 1-2 ml of 1 M HCl to eliminate all carbonates and
dried for about 10 hours at 100-105°C to eliminate
residual HCI. The TOC% was then determined using a
LECO CR-412 Carbon Analyzer with a furnace
temperature of 1350°C and an oxygen boost time of 60s.

3. Results and Discussion

3.1. First hypothesis; Perylene is produced in the
termitetis hindgut (M. gilvus)

All perylene concentrations and TOC patterns are
given in Table. 1. Perylene was present in the 0-10 cm
soil layer of A, B, C and E Stations in concentrations
0.0- 2 ng/g, (n= 4). The highest perylene concentrations
were observed in new fungus comb of termite nest in
Station B (397 ng/g) and then in fungus comb of termite
nest in Station A (123 ng/g), (Table 1). In termite nests
of Stations A and B, the central part had larger perylene
concentrations than its walls (4-6 ng/g) in Inner nest
walls and (0.0- 6 ng/g) in Outer nest wall, respectively.
In Station A, perylene concentrations tended to increase
in the order fungus comb > outer nest wall > Soil-Wood
interface > decomposed stem > decomposed bark >
Inner nest wall > Soil in, It was up to 21-54 times higher
in fungus comb than its in outer nest wall, decomposed
stem, decomposed bark, Inner nest wall, and soil. In
Station B, perylene concentrations tended to increase
in the order new fungus comb > inner nest wall > old
fungus comb > outer nest wall ~Soil, It was up to 85 -
400 times higher in new fungus comb than its in inner
nest wall, old fungus comb, outer nest wall, and soil,
suggesting that this compound had been produced
within the nests.

Table 1. Perylene concentrations (ng/g) and total organic carbon (mg/g) in termite nest, soil & plant samples in campus of

UPM
Station ~ Name of samples Perylene TOC Description of site

A Soil 23 16 Remote area
Fungus Comb 123 374 Termite nest size was large
Inner nest wall 4 12 Date of sampling
Outer nest wall 6 12 03 March 2007
Decomposed bark 4 379
Decomposed stem 4 430
Soil-wood interface 5 19

B Soil N.D 18 Near of artificial Lake
New Fungus comb 397 471 Termite nest size was huge and
Old Fungus comb 5" 449 surrounded between four trees
Inner nest wall 6 30 Date of sampling
Outer nest wall N.D 18 01 May 2007

C Soil N.D 18 Near of artificial Lake
New Fungus comb 17" 460 Termite nest size was small
Old Fungus comb N.D 445 Date of sampling
Inner nest wall N.D 11 01 May 2007
Outer nest wall N.D 13
Fresh bark 3" 540

E Soil N.D 14 Near of artificial Lake
New Fungus comb 5" 450 Termite nest size was small
Old Fungus comb 0.6° 436 Date of sampling
Inner nest wall 0.5" 18 01 May 2007
Outer nest wall 0.5° 8
Fresh bark 1" 496

N.D=non detected

* It is not perylene concentratios. It can be its isomer (different retention time but close to perylene

retention time with same molecular weight)
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The result demonstrates that perylene in nests may
result from termite activity. It is generally believed that
the perylene is formed in anoxic conditions, due to the
fact that the conversion of perylenequinone to perylene
is a reduction reaction (Aizenshtat, 1973). Meanwhile,
recent investigations employing micro sensor
techniques have demonstrated that the metabolic
activity of the gut micro biota maintains steep oxygen
and hydrogen gradients within the gut lumen. Only the
centre of the dilated gut regions is rendered anoxic
(Brune, 1998). Termite hindguts have been thought of
as anaerobic digesters in which a symbiotic gut
microflora de-polymerizes cellulose and hemicelluloses
and ferments the resulting carbohydrates to short-chain
fatty acids (Brune, 1998).

3.2. Total Organic carbon (TOC)

Total organic carbon concentration in organic and
inorganic samples ranged from 374 to 430 mg/g and
12 to 19 mg/g in Station A, respectively (Table 1).

A cluster analysis based on the contributions of
perylene concentrations and TOC revealed that the
samples may be classified into two main groups
(organic and inorganic) and six subgroups, according
to their perylene concentrations and TOC patterns
(Fig. 3). The clusters have been chosen to maximize
the differences among cases in different cluster. At the
highest level, Inner nest wall and Outer nest wall
(subgroup 1) were separated from all the other samples
because of their contributions to perylene concen-
trations and TOC. At the stage two, decomposed bark
and decomposed stem (subgroup 2) were separated
from the remaining samples. At stage three were Inner
nest wall and soil-wood interface (subgroup 3). At the
stage four were soil and Inner nest wall (subgroup 4).
At the stage five were Fungus comb and decomposed
bark (subgroup 5) because of their equivalent
contributions of TOC were separated. At the last stage,
Fungus comb and soil (subgroup 6) were separated
because of their very diverse contribution to perylene
concentrations and TOC. This gave rise to the
assumption that perylene is produced in the hindgut of
termites. This may explain why perylene was found in
abundance in fungus comb. The results of cluster
analysis also confirmed the first hypothesis.

3.3. Second hypothesis, Perylene is found only in new
fungus comb of M. gilvus termite nests.

In Station B, the perylene concentration was 397
ng/g in new fungus comb of termite nest. The perylene
concentration tended to increase in the order new
fungus comb > inner nest wall > old fungus comb >
outer nest wall ~Soil.
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Figure 3. Dendrogram for samples from Station A, inner
nest wall (INW), outer nest wall (ONW), soil-wood interface
(SWI), Soil (S), decomposed bark (DB), decomposed stem
(DS) and fungus comb (FC), according to their perylene
concentration and TOC pattern after hierarchical cluster
analysis. Inner nest wall and outer nest wall (subgroup 1),
decomposed bark and decomposed stem (subgroup 2), inner
nest wall and soil-wood interface (subgroup 3), soil and inner
nest wall (subgroup 4), decomposed bark and fungus comb
(subgroup 5), soil and fungus comb (subgroup 6)

Total organic carbon concentrations in organic and
inorganic samples ranged from to 450 to 470 mg/g and
17 to 31 mg/g in Station B, respectively (Table 1).

A cluster analysis based on the contributions of
perylene concentrations and TOC indicated that the
samples may be classified into four groups, according
to their perylene concentrations and TOC patterns
(Fig. 4). The clusters have been chosen to maximize
the differences among cases in different cluster. At the
highest level, soil and outer nest wall (group 1), were
separated from all the other samples because of their
contributions to perylene concentrations and TOC. At
the stage two, soil and old fungus comb (group 2), were
separated from the remaining samples. At stage three
were soil and inner nest wall (group 3), and at stage
four, soil and new fungus comb (group 4). Their very
diverse contribution to perylene concentrations and
TOC, we suggest that in combs of progressively
increasing age, perylene concentrations are
significantly higher in new fungus comb than old
fungus comb. Meanwhile, the results obtained from
n-alkane concentrations in this station confirmed the
increasing age of comb and significant difference
between new and old fungus comb. This is attributed
to different concentrations of chitin and n-alkanes in
the new fungus comb and old fungus comb in huge



A. Riyahi Bakhtiari et al. / EnvironmentAsia 3(1) (2010) 13-19

nest (Riyahi Bakhtiari ef al., full article in preparation
for publication). This may be explained to the fact that
when the plant materials are consumed by young
workers and passes through gut, in anaerobic condition,
it does not undergo degradation process and digestion
resulting formation of perylene in new fungus comb.
Hence, high concentrations of perylene can only be
found in new fungus comb. In addition, the new fungus
comb is found to be an ideal condition for Termitomyces
sp to grow and they become an agent for further break-
down of lignin. As the new fungus comb is consumed
by young workers, a minor concentration of existing
perylene is broken down to derivatives of perylene in
the form of isomer. This is reflected in the isomeric
composition of perylene in old fungus comb. Results
obtained from total ion chromatograms of fungus comb
in Station C and E confirmed this. Perylene was
obviously absent in bottom part of comb called ‘old
fungus comb’, and also in top part of comb called
‘new fungus comb’. Interestingly, the isomer of
perylene was found in two parts of combs. Therefore,
in Stations of C and E there was no new fungus comb
at top part of combs. This can be related to colony
population size that is different in small and big nests
(Adams, 1998; Tschinkel et al., 1995).

3.4. Probably precursor of perylene

A number of studies have revealed that the lignin
content decreases in old fungus comb of M. ukuzii,
M. natalensis and M. gilvus (Rohrmann 1978; Hyodo
et al. 2000). Grassé and Noirot (1958) proposed the
‘lignin degradation hypothesis’ which suggests that
the symbiotic fungi have the ability to degrade lignin,
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Figure 4. Dendrogram for samples from Station B, inner
nest wall (INW), outer nest wall (ONW), Soil (S), old fungus
comb (OFC) and new fungus comb (NFC) according to their
perylene concentration and TOC pattern after hierarchical
cluster analysis. Soil and outer nest wall (group 1), soil and
old fungus comb (group 2), soil and inner nest wall (group
3) and soil and new fungus comb (group 4)
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which makes cellulose more easily attacked by the
termites’ own cellulose. Meanwhile, the ‘lignin
degradation hypothesis’ was examined by Hyodo
et al. (2000) using CP/MAS 13C NMR to characterize
lignin and to estimate an estimation of the in vitro
digestibility of cellulose in fungus combs from the
Southeast Asian fungus-growing termite, M. gilvus.
They found that lignin, neutral carbohydrates and
chitin concentrations showed significant differences
among the different age combs: lignin concentration
clearly decreased in old fungus comb with an
accompanying increase of neutral carbohydrates and
chitin. The results of CP/MAS 13C NMR revealed that
signals around 110-160 ppm, especially at 154 ppm,
corresponding to aromatic-C in lignin, decreased from
new fungus comb towards old fungus comb. Therefore,
it can be inferred that aromatic carbon rings in lignin
play a major role as precursor of perylene. This
assumption is based on their chemical structure and
similar distribution pattern in new and old fungus comb,
although further investigations are required in this field.

4. Conclusions

Our results support increasing evidence for large
biological source of perylene in tropical environment
that is associated with wide distribution of M. gilvus
in southern Asia.

Perylene shows elevated concentration in fungus
comb especially in new fungus comb and low
concentration in old fungus comb and remaining
samples. This can be concluded that perylene is
produced inside the nest and in the hindgut of termite
where exist anaerobic condition. Secondly, exist of
biological source can be related to activity of termites
and woody plants. Thirdly, it is inferred that due to
high concentration of aromatic carbon rings of lignin
in new fungus comb and also chemical structure of
lignin it may be linked as precursor of perylene.
Nevertheless, more research on this issue needs to be
undertaken before the association between perylene and
aromatic rings of lignin can be more clearly understood.
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