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Abstract: The final disposal of residues generated at sewage treatment plants (STPs) has become a major
problem for cities, due to the increase in the amount of treated sewage. One of the alternatives for the residue,
labeled “sewage sludge,” is its reuse in agriculture and in degraded soil. However, not all pathogens and metals
present in it are eliminated during treatment. Diplopods have been used as bioindicators in ecotoxicological
tests as they are constantly in close contact with the soil. Owing to this fact, the purpose of this study was to
expose specimens of the diplopod Rhinocricus padbergi to substrate containing sewage sludge collected at STPs
to analyze morphological alterations in their parietal and perivisceral fat body, where substances are stored. The
exposures were held for 7, 15, or 90 days at different concentrations of sewage sludge (control, 1%, 10%, and
50%). The parietal fat body showed no alterations in any of the three exposure periods or concentrations.
Alterations in the perivisceral fat body were observed for all exposure periods. According to the results, we
suggest that the sludge used has toxic agents responsible for changing the animal’s perivisceral fat body.
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INTRODUCTION

There has recently been a growing interest in the use of
bioindicators to analyze the effects of chemical substances
in the soil. Land invertebrates have been used by ecotoxicol-
ogists to document and quantify the exposure and effects of
pollutants in the environment. For such analysis, histology
and light and electron microscopy were used to diagnose
resulting cellular and subcellular changes, as well as to
identify cell death symptoms and to reveal reactions in
response to subchronic and sublethal exposures in cells and
tissues (Kammenga et al., 2000).

Since land invertebrates make up an important group
responsible for organic matter decomposition in the soil, they
have been used in studies aimed at understanding the poten-
tial of metals present in the soil (Kéhler & Triebskorn, 1998).

Sewage sludge is one of the residues obtained in the
treatment of wastewater. A goal is to make it suitable for
discharge into receiving water bodies with the smallest
impact possible. According to the volume of water treated
in sewage treatment plants (STPs), a large amount of sludge
may accumulate, making its final disposal a major environ-
mental issue (Gomes et al., 2005).

This residue requires an alternative for safe final dis-
posal when it comes to environmentally acceptable public
health considerations (Andreoli, 2001). Therefore, its use
will only be allowed in agriculture if it meets the minimum
standards required by environmental authorities regarding
the presence of metal and human pathogens, among other
substances (Conama, 2006; Camargo et al., 2008).
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Considering the habits of diplopods and the few ecotox-
icological studies that have included this group, this study
used specimens of Rhinocricus padbergi as test organisms to
analyze the effects caused by possible toxic agents present in
sewage sludge of a given STP in the state of Sdo Paulo,
Brazil.

In millipedes, the primary function of the fat body is
storage of lipids, glycogen, proteins, and uric acid. Millipede
fat bodies are a permanent site for the storage of wastes
(Hopkin & Read, 1992). In general, the fat body in R.
padbergi has a whitish appearance with adipocytes orga-
nized in rows. They are large, with well-defined limits and a
spherical nucleus located in different positions. The cyto-
plasm shows a great quantity of stored material, probably of
variable composition, including numerous vacuoles. In as-
sociation with adipocytes, smaller cells, named oenocytes,
are observed. The parietal fat body is located dorsally in the
animal, and the perivisceral fat body fills the body cavity,
forming an irregular and anastomotic mass (Fontanetti
et al., 2004).

This species was chosen as it is abundant in the region
where this study took place and other aspects of its biology
have already been studied (Fantazzini et al., 1998, 2002;
Arab et al., 2003; Fontanetti & Camargo-Mathias, 2004;
Fontanetti et al., 2004, 2006; Calligaris et al., 2005; Miyoshi
et al., 2005).

MATERIALS AND METHODS

Bioassays

Adult specimens of R. padbergi were manually collected in
the city of Rio Claro (22°24'36"'S; 47°33'36""W), SP, Brazil,
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Table 1.

Histochemical Analysis of the Perivisceral and Parietal Fat Body Exposed to Control Soil.

Perivisceral Fat Body

Parietal Fat Body

Histochemical Analysis Adipocytes Spherocrystals Adipocytes Spherocrystals
Total proteins +++ - ++ _
Neutral polysaccharides +++ + +++ +
Calcium + o+ + Tt
Lipid + - + _

Note: +++, Strongly positive reaction; ++, moderately positive reaction; +, weakly positive reaction; —, negative reaction.

in February 2009. In the laboratory they were submitted to
a 20-day acclimatization period at 21°C.

The sewage sludge sample came from a STP located in
the Alto Tieté Basin (STP AT-1) area. For animal exposure to
the sludge, it was necessary to assemble a control bioassay
containing soil from the place of collection, as well as three
other bioassays containing soil from the place of collection
mixed with different concentrations (1%, 10%, and 50%) of
sewage sludge. In each bioassay, 12 individuals were exposed
to periods of 7 (acute exposure), 15 (intermediate exposure),
or 90 days (subchronic exposure). Following each exposure
period, three animals from each bioassay were anesthetized
with sulfuric ether and dissected in a physiological solution.

Histology and Histochemistry

For histological and histochemical analyses, fragments of
the parietal and perivisceral fat body were fixed in different
solutions (see below) and then placed in a phosphate buffer
pH 7.4.

Afterward, samples were dehydrated in alcohol and
transferred to a JB-4-Polaron Instruments/Bio Rad (Bio-
Rad Laboratories, Hercules, CA, USA) resin solution in a
refrigerator for 24 h. After that process, the material was
placed into molds containing resin with a catalyst. After
being polymerized, the blocks were sectioned using a Leica
RM2245 microtome. The slides obtained were stained with
hematoxylin and eosin (H-E) stain. The von-Kossa (Jun-

queira & Junqueira, 1983), sudan black B (Junqueira &
Junqueira, 1983), bromophenol blue (Pearse, 1985), and
Periodic Acid-Schiff (PAS) (Junqueira & Junqueira, 1983)
techniques were used to detect calcium, lipids, total pro-
teins, and neutral polysaccharides, respectively. For H-E,
von-Kossa, bromophenol blue, and PAS techniques, the fat
bodies were fixed in Carnoy (absolute alcohol, chloroform,
acetic acid) and for the sudan Black B method the fat bodies
were fixed in phormolcalcium 10%.

A blinded examiner reviewed all of the slides for each
stain to ensure consistency of evaluation and to minimize
observer bias. Then, sections were classified as strongly
positive (+++), moderately positive (++), weakly positive
(+), and negative (—) based on staining characteristics;
cellular alterations were classified as frequently present
(+++), regularly present (++), rarely present (+), and no
alterations (—).

RESULTS

Results for histochemical analysis and histological alter-
ations are summarized in Tables 1, 2, and 3, respectively.

Perivisceral Fat Body

Control Group

Control groups for the 7-, 15-, and 90-day periods pre-
sented the histological pattern described for the species

Figure 1. A,B: Histological sections of R. padbergi’s perivisceral fat body stained with hematoxylin-eosin. Control
group. a = Adipocyte; arrow = spherocrystals; n = nucleus; t = tracheole.
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Table 2. Histochemical Analysis of the Perivisceral Fat Body Exposed to Sewage Sludge.
Perivisceral Fat Body
Adipocytes Spherocrystals

Histochemical Analysis 1% 10% 50% 1% 10% 50%
Total proteins

Acute exposure +++ +++ + — — —

Intermediate exposure +++ + + — — —

Subchronic exposure + * * - * *
Neutral polysaccharides

Acute exposure ++ + + + + +

Intermediate exposure + + + + + +

Subchronic exposure + * * + * *
Calcium

Acute exposure + + + ++ ++ ++

Intermediate exposure + + + ++ ++ ++

Subchronic exposure + * * +++ * *
Lipid

Acute exposure + + + — — —

Intermediate exposure + + + — — —

Subchronic exposure + * * - * *

Note: +++, Strongly positive reaction; ++, moderately positive reaction; +, weakly positive reaction; —, negative reaction; *, animals

did not survive.

Table 3. Histological Alterations in the Perivisceral Fat Body of the Diplopod R. padbergi.
Bioassays
Sewage Sludge Sewage Sludge Sewage Sludge

Alterations Control Group 1% 10% 50%
Loss of cellular limit

Acute exposure - - — +

Intermediate exposure — — — —

Subchronic exposure - +++ * *
Cytoplasmic disorganization

Acute exposure — - — +

Intermediate exposure — - + 4t

Subchronic exposure - +++ * *
Increase in the quantity of spherocrystals

Acute exposure - — ++ ++

Intermediate exposure — - ++ 4

Subchronic exposure - ++ * *
Nuclei with altered morphology

Acute exposure — - — _

Intermediate exposure — - + ++

Subchronic exposure — +++ * *

Note: +++, Alterations frequently present; ++, alterations regularly present; +, alteration rarely present; —, no alterations; *, animals

did not survive.

(Fontanetti et al., 2004). In general, the fat body has a
whitish appearance, with adipocytes displayed in rows. R.
padbergi’s adipocytes are big with well-defined limits and a
round nucleus located in different positions. Its cytoplasm
is heterogeneous, holding several round structures—some
of which have a concentric display—named spherocrystals

(see arrows in Figs. 1A, 1B). Associated with adipocytes,
smaller cells, namely oenocytes, can be found.

The histochemical analysis showed considerable quan-
tities of protein (Fig. 2A) and neutral polysaccharides
(Fig. 2B) distributed within the cytoplasmic cells. Granule-
shaped calcium distributed both within the cytoplasm (ar-
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Figure 2. Histological sections of R. padbergi’s perivisceral fat
body submitted to (A) bromophenol blue, (B) PAS, (C) von Kossa,
and (D) sudan black techniques. Control group. a = Adipocyte;
arrowhead on panel C = calcium granules; arrows on panel C =
spherocrystals with calcium; arrows on panel D = lipid granules;
t = tracheole.

rowhead in Fig. 2C) and the spherocrystals (arrows in
Fig. 2C) was detected. A small amount of lipid was observed
in the adipocytes (Fig. 2D).

Acute Exposure

Specimens exposed to sludge at 1% or 10% concentrations
presented intact fat body cells; an increase in the quantity of
spherocrystals in the cells of animals exposed to the sludge
at 10% concentrations was observed (Fig. 3A). In the group
exposed to the 50% concentration, some cells showed cyto-
plasmic disorganization and loss of cellular limit (see arrow-
head in Fig. 3B), as well as an increase in the number of
spherocrystals (Fig. 3B).

The animals exposed to the 1% concentration did not
show any alterations in the distribution pattern and the
quantity of proteins, lipids, and calcium. There was a slight
reduction in the quantity of neutral polysaccharides.

For the animals exposed to the 10% concentration, a
noticeable reduction in the quantity of neutral polysaccha-
rides, which were confined in some regions of the adipocyte
cytoplasm, was observed (see arrows in Fig. 3C). The tests
done to detect proteins, calcium, and lipids showed no
alterations.

It was observed that the animals exposed to sludge in
the 50% concentration showed both protein (Fig. 3D) and
neutral polysaccharide depletion; calcium and lipids suf-
fered no alterations.

Intermediate Exposure

Histological analysis of the group exposed to the sludge
in 1% concentration showed no alteration in relation to
the control group. The animals exposed to the sludge in

Figure 3. Histological sections of R. padbergi’s perivisceral fat
body stained with (A,B) H-E and submitted to the (C) PAS and
(D) bromophenol blue techniques. Seven-day exposure. Group
exposed to 10% sludge concentration (A, C); group exposed to
50% sludge concentration (B, D). a = Adipocyte; arrowhead on
panel B = loss of cellular limit; arrows on panel A = spherocrys-
tals; arrows on panel C = neutral polysaccharide granules; o =
oenocyte; t = tracheole.

the 10% concentration showed an increase in the num-
ber of spherocrystals, cells with cytoplasmic degradation
(Fig. 4A), and nuclei with altered morphology (see detail
in Fig. 4A). For animals exposed to the 50% sludge concen-
tration, the same alterations described for the animal in
the group exposed to the 10% sludge concentration were
observed.

Upon applying the test to detect proteins, it was ob-
served that the animals exposed to the 1% sludge concentra-
tion did not show any alterations in relation to the control
group, whereas for the animals exposed to the 10% and
50% concentrations, there was a decrease in these elements.
A reduction in the quantity of neutral polysaccharides was
observed for the animals exposed to all concentrations.
There were no alterations concerning the amount of lipid
and calcium.

Subchronic Exposure

The animals exposed in the bioassays with sludge at 10%
and 50% concentration did not survive to the end of the
experiment (90 days, as initially proposed). Therefore, only
animals exposed to sludge at 1% concentration were used to
analyze subchronic exposure. Cells with a high cytoplasmic
degradation rate were observed, with visible loss of cellular
limit and deformed and pyknotic nuclei (Fig. 4B). Most of
the spherocrystals reacted positively to the technique used
to detect calcium (Fig. 4C); a decrease in the quantity of
total proteins and neutral polysaccharides was evidenced by
both the bromophenol blue and the PAS techniques,
respectively.



Figure 4. Histological sections of R. padbergi’s perivisceral fat
body stained with (A, B) H-E and submitted to the (C) von Kossa
technique. Fifteen-day exposure: (A) group exposed to 10% sludge
concentration. 90-day exposure: (B, C) group exposed to 1%
sludge concentration. a = Adipocyte; arrowhead = loss of cellular
limit; arrows = spherocrystals with calcium; detail on panel A =
nuclei with altered morphology; n = nucleus; o = oenocyte.

Parietal Fat Body

Parietal fat body cells of the animals exposed to the three
sewage sludge concentrations for 7, 15, or 90 days showed
no histological or histochemical alterations in relation to
the control group, being in accordance with the pattern
described for the species (Fontanetti et al., 2004) (Fig. 5).

DiscussSioON

Depending on the origin, sewage sludge has quite a peculiar
composition because it reflects various particularities of the
local population, such as eating habits, sanitation condi-
tions, and industrialization level (CETESB, 1999). Accord-
ing to Tsutiya (1999), taking its origin into consideration,
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Figure 5. Histological sections of R. padbergi’s parietal fat body
stained with (A, B) H-E and submitted to the (C) bromophenol
blue, (D) PAS, (E) von Kossa, and (F) sudan black techniques.
Seven-day exposure: (A, C, D, and E) group exposed to 1% sludge
concentration, (B) group exposed to 50% sludge concentration;
15-day exposure: (F) group exposed to 10% sludge concentration.
a = Adipocyte; arrows on panel E = spherocrystal with calcium;
arrows on panel F = lipid granules; o = oenocyte; t = tracheole.

the sewage sludge used in this study may be classified as
industrial and therefore presents higher concentrations of
toxic substances compared to domestic sewage sludge.

In the first analysis, sludge toxicity may be evidenced by
the mortality rate presented in the bioassays. The animals
exposed to the 10% or 50% sludge concentrations did not
survive until the end of the experiment so that it was not
possible to conduct subchronic-related exposure analysis
(90 days), also indicating that the animals were turning over
the substrate.

Land invertebrates have been used as bioindicators of
environmental pollution caused by metals such as cad-
mium, copper, lead, and zinc, due to their constant contact
with soil contaminants. The accumulation of metals in
worms or invertebrates that feed on those metals has been
commonly used as a parameter for assessing environmental
risks (Roberts & Johnson, 1978; Ireland, 1979; Beyer et al.,
1985; Heikens et al., 2001).

Due to their habits, diplopods can be influenced by the
disposal of metals in soil. Some species of millipedes can
suffer a remarkable reduction in the number of their repre-
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sentatives within very contaminated areas (Hopkin et al.,
1985), whereas others have efficient organism detoxification
strategies (Kohler et al., 1995).

The epithelium of a millipedes’ digestive tract is made
up of a layer of cells in direct contact with the external
environment, thus guaranteeing a first line of defense against
an array of toxic substances (Kohler et al., 1995). When
invading agents manage to cross the integument and the
digestive tract, they expose themselves to a variety of cellu-
lar and humoral mechanisms acting on the host’s behalf. In
some species of diplopods, however, the intestinal epithe-
lium may not work efficiently as a barrier to passage of
chemical compounds from the lumen into other body tis-
sues (Hopkin et al., 1985).

Due to a failure in this barrier, R. padbergi’s fat body
was affected by toxic substances present in the sludge.
However, alterations do not take place equally within the
tissue. The parietal fat body, which is firmly stuck to the
integument in a peripheral layer (Fontanetti et al., 2004),
was not affected by the toxic substances. Therefore, neither
morphologic nor histochemical alterations in this type of
fat body were observed.

Alterations resulting from exposure to sludge were found
in the perivisceral fat body, a tissue that fills the body cavity
and involves different organs, such as the digestive tract and
the gonads (Fontanetti et al., 2004).

Acute exposure revealed that either 1% or 10% concen-
trations were not enough to cause damage to cells because
they were found intact. However, the sludge present in the
substrate for these concentrations was responsible for the
increase in the amount of mineralized structures. According
to Hubert (1975), these mineralized structures in Diplopoda
happen in the shape of spherocrystals and granules. Hopkin
and Read (1992) state that fat body cells incorporate a
variety of granules that contain metals, serving as perma-
nent places for storing unnecessary substances. One of the
detoxification mechanisms described for invertebrates is the
precipitation of metals as intracellular granules of different
types (Hopkin, 1989). Thus, chemical compounds that
crossed the digestive tract were stored and inactivated in the
fat body cells to occur subsequent release.

The two-week exposure (intermediate exposure) also
presented animals with an increase in the quantity of sphero-
crystals in the cytoplasm. From this period of exposure, the
reduction in the quantity of neutral polysaccharides and
total proteins became more visible. Nath et al. (1997) and
Nath (2000) carried out studies involving silk worms ex-
posed to organophosphate insecticides, in which they ob-
served alterations in protein and carbohydrate reserves as a
consequence of the stress.

In this study, the sludge may have acted as a stressor for
adipocytes, changing their metabolism, and the carbohy-
drate and protein reserves were used by the cell to deal with
possible toxic effects of sludge substances.

Cytoplasmic degradation and loss of cellular limit were
observed in the three exposure periods. In subchronic expo-
sure, however, these alterations were much more visible,

followed by a large quantity of deformed and pyknotic
nuclei.

According to Meyer and Da Silva (1999), cells submit-
ted to stress may either survive or die. As a result of stress,
they may suffer necrosis, a kind of death in which there is
cell volume increase, chromatin aggregation, cytoplasmic
disorganization, integrity loss of plasma membrane, and
consequent cell breakage (Grivicich et al., 2007).

Comparative analysis of cell alterations indicates that
the increase in sludge concentration is responsible for accel-
erating tissue responses. Cytoplasmic disorganization was
observed only for the 50% concentration in acute exposure,
whereas the same alteration was largely visible for the 1%
concentration in subchronic exposure. In a first phase, the
animals exposed for shorter periods of time and in lower
concentrations seem to be able to deal with toxic substances,
storing material in spherocrystals and relocating certain com-
ponents such as neutral polysaccharides and proteins to be
used in other functions. As the exposure periods and/or
concentrations are increased, this kind of response seems to
reach its limit. From then on, a high degree of cell damage is
observed, including deformed nuclei and loss of cellular limit.

This defense mechanism was found in other studies
involving diplopods of the same species; however, in those
studies, the midgut was exposed. Godoy and Fontanetti
(2010) exposed the organ to crude sludge for 7 or 15 days.
In the 15-day exposure, the accumulation of substances
seems to have reached its limit; an intense epithelial renewal
and an increase in the quantity of hemocytes were observed.
Nogarol and Fontanetti (2010) used substrates containing
1%, 10%, or 50% sewage sludge concentrations to obtain
acute, intermediate, or subchronic responses. It was also
observed that exposures to higher sludge concentrations
may accelerate some responses, such as cytoplasmic granule
increase, found as an acute response for animals exposed to
50% concentrations, and as a subchronic response for ani-
mals exposed to 1% concentrations.

Therefore, low levels of toxic substances may be toler-
ated by the animal studied for a short period of time.
Nevertheless, as the period increases, the organism’s de-
fenses become unable to protect it and morphological alter-
ations resulting from contamination appear. On the other
hand, high levels of toxic substances, associated with a long
exposure period, exceed the maximum limits the organism
can withstand, thus leading to its death.

CONCLUSION

The data found in this study suggest one should be cautious
when applying sewage sludge to the soil because soil-
associated fauna may be negatively affected.
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