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Abstract

The detritivorous soil microarthropods are ideal models for environmental health assessment,
but only scant information is available on their biomarker potentials against xenobiotics in the
tropical edaphic conditions. This microcosm study has estimated short-term biochemical changes
with respect to tissue nutrient levels and digestive enzyme activities in a near cosmopolitan Col-
lembola Cyphoderus javanus Borner exposed to coal fly ash amended lateritic cropland soil (5%
and 20% w/w i.e. 50 or 200 t-ha 1), and cadmium sulphate (200 mg/kg soil)/lead acetate (200
mg/Kkg soil) treated sterile river sand. The levels of total tissue carbohydrates, proteins, free ami-
no acids, and lipids decrease within 7 days in the specimens of fly ash (P < 0.001) and heavy metals
treated sets. The a-amylase, cellulase and protease activities are also down regulated by fly ash
and heavy metals (P < 0.05). It is also observed the enzyme: protein ratios increase in fly ash
treated sets and decrease in lead and cadmium treated specimens. Specimens in treated sets ac-
cumulate high levels of lead and cadmium within 15 days, which decrease subsequently probably
due to elimination through frequent moulting. These short-term biochemical effects in Collembola
have applied importance in C. javanus, as biomarkers for quick ecotoxicological assessments in
the tropical agricultural soils.
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1. Introduction

The overload of anthropogenic waste materials can produce long-term ecological hazards in soil ecosystems.
However, this serious problem is often overlooked, and emphasis is given on the permissible levels of harmful
chemicals in the environment to safeguard life and welfare of humans, higher animals and crop plants. On the
other hand, accumulation of xenobiotics in soil is deleterious to a wide range of organisms and their ecological
functions. Major sources of soil pollution are the overburdens of mines, industrial wastes, urban waste, sewage
sludge, inorganic fertilizers and synthetic pesticides. An example is fly ash, a solid waste generated by coal-fired
thermal power plants all over the world. In India, fly ash is used in agricultural fields for soil conditioning, nu-
trient enrichment, and promotion of crop growth and vyield. It is a ferro-alumino-silicate mineral occurring as
fine particles and is mostly alkaline in reaction. On an average 95% - 99% of fly ash is comprised of oxides of
silica, aluminium, iron, calcium, potassium, etc, and the remainder is formed of many elements including toxic
heavy metals [1]. The concentration of toxic metals like cadmium, zinc, and lead in fly ash can be as high as 130
mg-kg *, 3500 mg-kg ™, and 5000 mg-kg *, respectively [2]. Some trace elements are required for the growth of
plants and animals, but heavy metals like mercury, cadmium, lead, etc. are not necessary for the growth and de-
velopment of organisms. Both essential and non-essential heavy metals in high quantities and long exposure pe-
riods can be detrimental to soil flora and fauna [3]. Cadmium is an extremely toxic element due to its great solu-
bility in water. Lead is also very toxic to plants and animals at high exposure levels and there is no proven bio-
logical need for lead [4].

A wide range of organisms that are heterotropic consumers of preformed organic materials inhabits soil. They
regulate the ecological processes through influences on decomposition of dead organic material, nutrient cycling,
and formation and maintenance of the soil structure. Interrelated by symbiotic and synergistic interactions, they
encompass many life forms that differ in taxonomic categories, trophic relations, life cycle patterns, and niche
specializations. Among soil fauna, the microarthropods outnumber others in terms of density and diversity, and
groups like Acari and Collembola are potential indicators of soil quality and ecosystem functions [5] [6]. How-
ever, they are vulnerable to soil pollution, because majority of species are detritivores and are directly exposed
to the toxicants through food. A temperate Collembola, Folsomia candida, Willem has the status of a standard
biomarker and is used for testing the toxicity of chemicals on non-target soil animals [7]. The development of
biological indicators for soil health analysis has received interest throughout the world, and soil microarthropods
are sensitive bioassay models for linking the biomarkers ranging from species to molecular responses to eco-
logical endpoints. However, little information is available on the biochemical ill effects of xenobiotics on soil
the tropical ecosystems. Therefore, this microcosm study is designed to estimate the short-term impact of fly ash
as a non-specific soil pollutant, and cadmium and lead as specific toxicants on tissue nutrients and digestive en-
zyme activities in Cyphoderus javanus Borner (Collembola: Insecta), a microarthropod species ecologically
relevant to the tropical lateritic soil of India. This near cosmopolitan species is characterised by large population
in unpolluted fertile soils, short life cycle, high fecundity, frequent moulting, and year round reproduction in
laboratory culture [8].

2. Materials and Methods
2.1. Collection and Rearing of Collembola

The test species C. javanus was collected live from natural field soils by floating on water [9] and mass reared in
small polythene vessels (6.5 cm diameter, 7.5 cm height) containing 2 cm thick layer of moist sandy loam soil.
Small quantity of dry baker’s yeast was given at weekly intervals as the food source, and the vessels were main-
tained under controlled temperature (27°C £ 1°C), moisture (approx 20% in the soil and 70% - 80% RH inside
the vessel), and light dark cycle of 14: 10 h in a BOD (Biological Oxygen Demand) incubator. The egg laying
usually started within three days, and the freshly emerged juveniles were reared separately to obtain specimens
of same age group, by transferring the adults into new vessels at regular intervals.

2.2. Collection of Soil, Sand and Fly Ash

The sandy loam lateritic soil (0 - 15 cm topsoil, pH 6.2, EC 0.11 mS-cm %, WHC 24.2%, OC 0.74%) was collected
from a local cropland (with no history of chemical contamination), air-dried and passed through 1.0 mm mesh
sieve to remove the fauna, stones and root fragments. The river sand was also collected locally, it was washed
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thoroughly, autoclaved and passed through 1.0 mm mesh sieve (pH 5.5, EC 0.01 mS-cm *, WHC 27.5%, OC nil).
The source of coal fly ash was the Bakreswar thermal power plant located in the Birbhum district of West Bengal,
India (23°53' North Latitude, 87°22' East Longitude), the ash was collected directly from the dry disposal units
(pH 7.9, EC 0.18 mS-cm *, WHC 51%, OC 0.38%).

2.3. Selection of Heavy Metals

Cadmium and lead were selected for the study since industrial wastes (coal fly ash, sewage sludge, etc) that are
applied in croplands as fertilizer/soil conditioner contain high quantities of these toxic heavy metals [2] [10].
These were applied as cadmium sulphate [3CdSO,4-8H,0, Merck Specialities Pvt. Ltd., Mumbai] and lead ace-
tate [(CH3COO),Pb-3H,0, Merck Ltd., Mumbai], after dissolving in deionised water (pH 6.5) at 0.1% concen-
trations (w/v).

2.4. Effect of Fly Ash and Heavy Metals on Life History Parameters in C. javanus

Microcosm experiments were conducted on the impact of fly ash and heavy metals on growth and reproduction
in C. javanus. Total 30 polythene vessels (5.0 cm diameter and 5.0 cm height) were used for the screening, with
five replicates each for the treatments. The Control vessels for fly ash treatments contained 10.0 g soil, and the
fly ash treated vessels contained soil amended with fly ash at the rate of 5% w/w (9.5 g soil + 0.5 g FA) and 20%
wiw (8.0 g soil + 2.0 g FA). De-ionised water was used to moist the soil to 50% WHC, and each vessel con-
tained approximately 10 specimens of 10 days age group (average size 1.8 mm, live weight approximately 0.08
mg). Another 15 vessels were used, with five replicates each for the lead and cadmium treatments and the un-
treated control. Each vessel contained 10 g river sand moistened with 2 ml of test solution with 0.1% of respec-
tive heavy metal salt solutions or deionised water for control, approximately 10 specimens of 10 days old of C.
javanus, and few granules of baker’s yeast. The vessels were maintained as stated above, and the number of sur-
viving specimens, freshly laid eggs, and exuvia in each replicate was counted at regular 24 hrs intervals for 20
days.

2.5. Treatments and Experimental Sets

Similar types of experimental sets were prepared using the similar doses of fly ash and heavy metals (15 vessels
for two fly ash doses and their respective control; 15 vessels for heavy metals doses and their respective control)
mentioned above. Now, each vessel contained approximately 50 specimens instead of 10 of 10 days old of C.
javanus. The vessels were kept under the laboratory conditions as stated above for 30 days. Both the experi-
ments were repeated thrice and therefore large numbers of 10-day-old specimens were required.

2.6. Biochemical Measurements

After seven days of each experiment, approx 100 specimens were randomly pooled from the replicates of each
treatment; they were starved for two h on moist filter paper to empty the gut. The specimens were anaesthetized
using ethyl acetate vapour. Whole body homogenate (w/v) of the specimens in phosphate buffer/citrate buffer
was centrifuged at 7000 rpm at 4.0°C for 15 min and the supernatant was used for the estimation. A pinch of
glass powder was added to facilitate complete homogenization. All the chemicals used were of analytical grade,
from the Sigma Chemical Company (USA), Sisco Research Laboratories (India) and E. Merck (India).

2.7. Tissue Nutrients

The total tissue carbohydrate content in C. javanus was estimated by hydrolysis of the tissue homogenate (in
phosphate buffer 0.02 M, pH 7.0) in conc. H,SO,, which dehydrated glucose in to hydroxymethyl furfural, and
formed green colour with anthrone reagent [11]. The O. D. at 620 nm was measured using a spectrophotometer
(Model DU730, Beckman Coulter) against a standard curve for D glucose, and calculated as pg carbohydra-
tesmg " tissue.

The total tissue proteins in C. javanus were estimated by reacting the whole body homogenate (phosphate
buffer 0.02 M, pH 7.0) with folin-ciocalteau reagent and alkaline cupric tartrate. The intensity of resultant blue
colour was read at 750 nm, using spectrophotometer against a standard curve for bovine serum albumin, and

calculated as pg-proteins-mg * tissue [12].
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The total tissue lipid content in C. javanus was estimated by digesting the homogenate (in chloroform-me-
thanol mixture) in conc. H,SO,4 [13]. The aliquot formed a pink compound with phosphovanilline. The absorp-
tion was measured at 545 nm, using spectrophotometer against a standard curve for pure olive oil, and calculated
as ug-lipids-mg * tissue.

The free amino acid content was quantified by reacting the tissue extract (in citrate buffer 0.2 M, pH 5.0) with
ninhydrin reagent in a boiling water bath, which de-carboxylated a-amino acids to yield a blue colour [14]. The
intensity was noted in a spectrophotometer at 570 nm, against a standard curve for DL-alanine, and calculated as
Hg amino acidsmg ™ tissue.

2.8. Digestive Enzyme Activity

The whole body homogenate of C. javanus was used as the enzyme source because of minute size of the animals,
and the enzyme activity was expressed as the rate of production of simple units during hydrolysis of a substrate
by the corresponding enzyme.

The a-amylase activity was estimated by incubating the tissue homogenate (in phosphate buffer 0.02 M, pH
7.0) with starch at 37°C [15]. The resultant simple sugars reacted with hot dinitro salicylic acid reagent and re-
duced it to nitro amino-salicylic acid. The optical density of this reddish orange solution was read spectropho-
tometrically at 550 nm against a standard curve for maltose, and a-amylase activity was calculated as pg mal-
tose-mg tissue-hour ™.

The cellulase activity in C. javanus was measured by incubating the tissue homogenate (in citrate buffer 0.1
M, pH 5.0) with carboxymethyl cellulose at 55°C [16]. The simple sugars thus formed reacted with dinitro sali-
cylic acid reagent as described above. The absorbance of resultant yellowish orange solution was measured us-
ing spectrophotometer at 540 nm against a standard curve for D-glucose, and calculated as pg-glucose-mg ™
tissue-hour .

The protease activity was estimated by incubating the tissue extract (in phosphate buffer (0.1 M, pH 7.0) with
bovine serum albumin at 37°C [17]. Trichloro acetic acid was added to stop the hydrolysis, the mixture was cen-
trifuged, and aliquot reacted with ninhydrin in boiling water bath. The optical density was read at 570 nm in a
spectrophotometer against a standard curve for glycine. The protease activity was calculated as
ug-glycine-mg *-tissue-hour 2.

2.9. Heavy Metal Content in Collembola Tissue and Sand/Soil Matrices

The rates of accumulation of cadmium and lead in C. javanus tissue were compared at 15 and 30 days intervals
of the above treatments. The specimens pooled from the replicates of each treatment were starved for two hrs on
moist filter paper to empty the gut. The specimens were anaesthetized and digested with aqua regia (HNO;: HCI
=1:3 vlv) at 70°C. The digest was diluted with redistilled water, filtered through Whatman No. 42 filter paper,
and used for the estimation of cadmium and lead using an Atomic Absorption Spectrophotometer (Model-A
Analyst-200, PERKIN-ELMER Make), and expressed as pg-metalg ™ tissue.

The concentrations of cadmium and lead within each matrix were estimated seven days after the treatments.
Small portions of soil and sand were taken at random from the metal treated and control vessels. These were air
dried, and known weight of respective pooled samples was used to measure the total extractable fraction of
heavy metals using analytical grade HF-HCIO, acids (5:1) [18], and neutral ammonium acetate was used to
leach out the exchangeable portions [19]. The solutions were filtered and diluted with redistilled water, and
concentrations of cadmium and lead read against reagent blank by an Atomic Absorption Spectrophotometer
(Model-AA 240, AGILENT) and expressed as mg-kg * dry matrix.

2.10. Statistical Analysis

Statistical analysis and graphical representation of the results were done using the Microsoft Excel, and
OriginLab software. The standard error (SE) values of replicates were included for comparing the mean values
of different parameters. The experimental data were analyzed using Student’s t-test for significant difference
between treatments. Data interpretations were made from the percentage differences in treated sets against the
control values taken as 100. The enzyme activities were compared by calculating the ratio between enzyme ac-
tivity and tissue protein level in control and treated specimens.
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3. Results
3.1. Effect of Fly Ash and Heavy Metals on Moulting and Reproduction in C. javanus

Table 1 demonstrates important life history parameters namely growth and reproduction in C. javanus. Both
parameters were notably reduced within 20 days after treatment. The fecundity of control specimens was 496.71
+ 67.0, which decreased to 419.86 + 118.27 in FA 5% and to 469.14 + 117.82 in FA 20% treated soil within 20
days. Fecundity was also affected in heavy metal treatments; in control the fecundity was 155.5 + 14.86 which
strongly reduced to 72.0 + 6.43 in Pb treated sets and to 11.0 + 3.72 in Cd treatments within 20 days. Total ex-
uvia production per adult was 31.14 + 3.45 in control soil, which decreased to 27.86 + 1.40 in FA 5% and to
28.43 £ 2.28 in FA 20% treated soil. Similar reduction of moulting was also observed in heavy metal treatments.
Total exuvia production per adult was 31.0 £ 1.63 in control, but decreased to 19.5 + 4.34 in Pb and to 12.5 +
1.84 in Cd treatments.

3.2. Effect of Fly Ash and Heavy Metals on Tissue Nutrients

The tissue carbohydrate content in C. javanus decreased by 51.1% in FA 5% and 62.0% in FA 20% treated soil
(Figure 1) and the differences between untreated control and treated sets were highly significant (P < 0.001).
The tissue protein level also showed 55.6% and 56.1% decline in the specimens of FA 5% and FA 20%
amended soil, respectively, and significantly differed (P < 0.001) with untreated control. Similarly, tissue lipid
content in C. javanus declined by 20.7% in FA 5% (P < 0.05) and 66.3% in FA 20% (P < 0.001) treated speci-
mens. In contrast, tissue amino acid content was not affected by fly ash and decreases were only 0.5% in FA 5%
and 11.0% in FA 20% treated sets.
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Figure 1. Changes in the tissue nutrient levels (mean + SE) of C. javanus reared in untreated control and
coal fly ash (5% and 20% wi/w) treated sandy loam lateritic cropland soil for 7 days. Levels of significance
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Table 1. Comparison of moulting and fecundity in C. javanus exposed to fly ash and heavy metal treatments for 20 days.

Treatments Replications Moulting (exuvia in 20 days) Fecundity (eggs in 20 days)
Control 7 31.14 £3.45 496.71 £67.0
FA 5% 7 27.86 £1.40 419.86 + 118.27
FA 20% 7 28.43+2.28 469.14 £ 117.82
Control 7 31.0+1.63 155.5 + 14.86
Pb 200 mg/kg 7 195+4.34 72.0+6.43
Cd 200 mg/kg 7 125+1.84 11.0+3.72

Exposure to lead and cadmium also produced ill effects on tissue nutrients in C. javanus (Figure 2). The tis-
sue carbohydrate content decreased within seven days by 15.9% in Pb and 23.9% in Cd treated river sand, but
the differences between control and treated sets were insignificant. The tissue protein content declined by 6.3%
in Pb and 27.2% in Cd treated sets and here also the differences were not significant. Similarly, tissue lipid con-
tent decreased insignificantly by 36.6% in Pb treated and 25.5% in Cd treated specimens. The free amino acid
content in tissue declined by 12.3% in Pb treated and 41.0% in Cd treated sets, and significantly differed be-
tween control and Cd treated sets (P < 0.01).

3.3. Effect of Fly Ash and Heavy Metals on Digestive Enzyme Activity

The whole body homogenate of C. javanus was rich in a-amylase and cellulose activities than protease activity,
but the impact of fly ash and heavy metals was evident in all the cases. The amylase activity suffered 21.9% de-
cline in FA 5% and 20.3% decline in FA 20% treated sets (Figure 3), and the differences between control and
treated sets were significant (P < 0.01). However, the ratio between amylase activity and tissue proteins in-
creased from 5.32 in control to 9.36 in FA 5% and 9.65 in FA 20% treated C. javanus. Similarly, cellulase activ-
ity was significantly inhibited by 23.0% in FA 5% (P < 0.01) and 49.5% in FA 20% (P < 0.001) treated sets.
Here also the ratio between cellulase activity and tissue protein content increased from 4.08 in control to 7.09
and 4.70 in FA 5% and FA 20% treated specimens, respectively. The protease activity declined 14.1% in FA 5%
and 20.4% in FA 20% treated sets, without any significant difference between control and treated conditions.
However, the ratio between protease activity and tissue proteins increased from 0.056 in control specimens to
0.108 in FA 5% and 0.101 in FA 20% treated set. A detailed consideration of the results revealed that the higher
enzyme: protein ratios were due to low tissue protein content in the specimens of fly ash treated sets.

The ill effects of Pb and Cd on digestive enzyme activities in C. javanus are depicted in Figure 4. The
a-amylase activity decreased 47.6% in Pb and 60.57% in Cd treated sets, and the differences between control
and treated condition were highly significant (P < 0.001). Therefore, the ratio between amylase activity and tis-
sue protein content decreased from 5.14 in control to 2.87 in Pband2.78 in Cd treated animals. Similarly, cellu-
lase activity declined 34.0% in Pb and 39.7% in Cd treated specimens with highly significant differences be-
tween control and treated sets (P < 0.001). Therefore, the ratio between cellulase activity and tissue protein con-
tent decreased from 3.52 in control to 2.48 in Pb and 2.92 in Cd treated sets. The protease activity in C. javanus
lost 42.5% in Pb treated and 33.3% in Cd treated sets and the differences between control and treated sets were
significant (P < 0.05). However, the ratio between protease activity and tissue protein content were somewhat
similar, and varied from 0.076 in control to 0.052 in Pb and 0.077 in Cd treated specimens. In contrast to the fly
ash treated sets, here the tissue protein levels did not vary between control and treated specimens, so the enzyme:
protein ratios decreased in Pb and Cd treated sets.

3.4. Accumulation of Heavy Metals in Collembola Tissue and Matrices

Table 2 incorporates the results of AAS study on the accumulation of Pb and Cd in the tissues of C. javanus,
after 15 and 30 days of exposure to the metals and fly ash in microcosm sets. The specimens reared on lead ace-
tate and cadmium sulphate treated river sand accumulated high concentrations of Pb and Cd within 15 days, but
their levels decreased within 30 days. Similarly, the specimens exposed to fly ash treated soil contained high
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Figure 2. Changes in the tissue nutrient levels (mean + SE) of C. javanus reared in untreated control and
lead acetate (200 mgﬁfg) and cadmium sulphate (200 mg/kg) treated sterile river sand for 7 days. Levels of
significance (t-test) ( = P < 0.01).
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Figure 3. Changes in the digestive enzyme activities (mean + SE) of C. javanus reared in untreated control
and coal fly als*h (5% and 293{0 wi/w) treated sandy loam lateritic cropland soil for 7 days. Levels of signific-
ance (t-test) ( =P <0.01, =P <0.001).
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Table 2. Temporal variations in the concentration of lead and cadmium in the whole body tissue extract of C. javanus ex-
posed to the heavy metals and fly ash in microcosms.

Rearing TS Interval Concentration of lead (pg/g tissue) Concentration of cadmium (pg/g tissue)
medium and doses in days Control Treated Control Treated
Lead acetate 15 67.7+3.9 247.2+143 - -
Sterile 0.1% (wh) 30 303+23 150.0 8.7 - -
river
sand Cadmium sulphate 15 - - 471427 159.9 9.2
0.1% (wiv) 30 - - 236+ 1.4 1246+7.2
Fly ash 5% (wiw) 15 40.0 2.3 1926 +11.1 467 +2.7 185.2£10.7
Sandy (50 tons/ha) 30 38.0+2.2 912453 192+1.1 71.9+4.2
loam
soil Fly ash 20% (wiw) 15 40.0 2.3 106.0 £ 6.1 46.7£2.7 68.7 4.0
(200 tonsfha) 30 38.0+22 65.6+3.8 192+11 620+36

amounts of Pb and Cd within 15 days, which declined within 30 days. However, the tissue metal contents were
comparatively low in the specimens confined to FA 20% treated soil.

Table 3 shows a comparison of the measured concentrations of cadmium and lead within each matrix, esti-
mated seven days after the treatments. Both extractable and exchangeable fractions of cadmium and lead were
significantly higher in river sand than in lateritic soil (P < 0.01). The acid extraction method yielded approxi-
mately 94% of cadmium and 89% of lead from the treated river sand, whereas 68% of cadmium and 66% of lead
were extracted from the treated lateritic soil. However, in both matrices the exchangeable fraction of cadmium
(46% in sand and 41% in soil) was higher than that of lead (19% in sand and 6% in soil).
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Table 3. Concentrations of acid extractable and salt exchangeable fractions of cadmium and lead in lateritic soil and river
sand samples, and statistical significance of differences between the matrices.

Concentrations of cadmium

. . ) .
Heavy Extraction Experimental and lead (mg-kg™ matrix) Level of e
metals methods Sets significance

Lateritic soil River sand
Control 276 +0.2 3.95+0.29 3.265 <0.01
Total
Treated 13530+ 7.8 188.00 + 11.6 3.859 <0.01
Cadmium
Control n.d. 0.11+0.01 -
Exchangeable
Treated 79.61 + 5.57 88.22 £ 6.88 0.981 n.s.
Control 46.28 +£3.33 52.00 +3.21 1.207 n.s
Total
Treated 131.2 +7.55 177.84 £0.24 3.666 <0.01
Lead
Control n.d. 0.9+0.07 -
Exchangeable
Treated 12.34+£0.75 40.26 £ 2.57 10.42 <0.001

Note: Treatments were made @ 200 mg cadmium sulphate or lead acetate kg™ lateritic soil or river sand, and the concentrations were estimated seven
days after the treatments. n.d. = not detected by machine; n.s. = not significant difference.

4. Discussion
4.1. Effect of Fly Ash and Heavy Metals on Life History Parameters in C. javanus

Microcosm studies showed adverse impact of fly ash and heavy metals on major life history parameters in C.
javanus. The ill effect of fly ash and heavy metals was prominent on fecundity and moulting. Preliminary stu-
dies in this laboratory showed that Collembola could arrest egg laying in polluted soils, and that fly ash could
produce strong repellence to several groups of detritivore soil arthropods. Small quantities of fly ash were not
detrimental to Onychiurus sp. (Collembola), Trichoniscus sp. (Isopoda), Glomeris sp. (Diplopoda), and Lum-
bricus sp. (Annelida), but given a choice, they all preferred a clean substrate to a contaminated one. However,
rate of reproduction was affected to more than 50% less [20]. The acute toxicity of different concentrations of
cadmium, mercury and lead on the survival and reproduction of Paronychiurus kimi (Lee) (Collembola), and
found that LCs, value for cadmium decreased with the exposure time from seven to 28 days, but not or only
slightly for mercury and lead [21]. When Collembola Folsomia candida was supplied with Cd, Pb, Cu and Zn
contaminated yeast for seven weeks, the growth rate and reproduction (egg laying time), quantity of food con-
sumed were affected [22]. Therefore, repellency, energy deficiency, physiological stress and direct toxicity in
fly ash and heavy metal treated soil could reduce the growth and reproduction in C. javanus. Several scientists
have showed that reproduction in Collembola is controlled by the environmental and biological parameters in-
cluding soil pollutants like pesticides, heavy metals, etc. [7]. This unique parameter in Collembola is an excel-
lent indicator of xenobiotics-induced ill effects in soil.

4.2. Effect of Fly Ash on Tissue Nutrients and Digestive Enzyme Activities

There are several reports on the impact of xenobiotics on the demographical and histological parameters in de-
tritivore soil arthropods, but studies on the physiological and biochemical ill effects of soil pollutants are very
limited [19] [23]. Present study showed short-term dose-based impact of fly ash on tissue nutrient levels and di-
gestive enzyme activities in C. javanus. The higher ratios between enzyme activities and tissue proteins con-
firmed nutritional deficiency in fly ash contaminated soil. Fly ash has stable negative influence on the physico-
chemical and microbial properties of cropland soil [24]. The reduced microbial activities in fly ash amended soil
are due to high alkalinity, salinity, low organic matter content, and toxicity of trace elements [25]. It is relevant
to point out that symbiotic microbes in the gut lumen of Collembola secrete digestive enzymes, which the
springtails cannot produce for themselves [26]. It is also known that heavy metals like Cd debilitate the gut mi-
croflora of decomposer microarthropods [27] [28]. The screening experiments conducted in this laboratory in-
dicated negligible short term lethal effect of fly ash on several groups of soil arthropods, but there was strong

O,
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repelling effect, and the mortality increased in higher doses and longer durations of exposure. Our findings of
significantly low tissue nutrient levels and digestive enzyme activities in C. javanus indicated strong physiolog-
ical and biochemical impact in fly ash treated soil, due to stress factors like repulsion, obstruction, and starvation.
Soil microarthropods with short life cycle and high fecundity are sensitive bioassay models, because the bioac-
tivity of toxicants is expressed within a short period of exposure. It appears that cumulative impact of chemicals
including toxic metals in fly ash acted as feeding deterrent to Collembola and thus inhibited their energy uptake
and related physiological processes.

4.3. Effects of Lead and Cadmium on Tissue Nutrients and Digestive Enzyme Activity

The physiological and biochemical ill effects of Pb and Cd on C. javanus were evident from notable decreases in
tissue nutrient levels, but the inhibitions were not as severe as in fly ash treated condition. In contrast, the activi-
ties of a-amylase, cellulase, and protease decreased significantly in Pb and Cd treated conditions. Inhibitory ef-
fect of heavy metals on digestive enzyme activities is known in several animals like Asian clam [29], fresh water
teleosts [30], and Eastern oyster [31]. It was found that tissue nutrient levels and enzyme activity: protein ratios
decreased insignificantly in the treated sets, which suggested that C. javanus suffered from direct toxicity in Pb
and Cd treatments. Toxicity depends on the absorption, concentration and persistence of metal species that react
with endogenous target molecules, or produce structural and functional changes in the biological system. As al-
ready mentioned the toxicity of heavy metals on gut epithelium and on symbiotic microbes in the lumen of gut
affected the biochemical processes leading to decreased rate of digestion and assimilation of food [32] [33]. The
dose-dependent ultrastructural damage was demonstrated in the midgut epithelial cells in Tetrodontophora bi-
elanensis (Collembola) when fed with Pb, Cd, or Zn enriched food [34]. Another study showed that exposure to
Cd treated soil produced destruction of mitochondria and microvilli border of cells in the digestive tract of
Proisotoma minuta (Collembola) [35]. Some other corroboratory results on the ill effect of heavy metals on food
uptake and assimilation, and tissue nutrient profile are in Isopoda Porcellio laevis [36], in Diptera Boettcherisca
peregrine [37], and in mosquito Culex pipiens [38]. Most metals disrupt the enzyme functions by binding with
sulphur groups in enzymes, and inhibition of enzymes may be due to the making of catalytically active groups or
by protein denaturation [39]. Therefore, short-term biochemical effects in Collembola give quick information on
the toxicity and persistence of pollutants, since the results are based on actual bioactivity of toxicants. This is in
agreement with the statement that recognition of environmental toxicants depends upon the observation on bio-
logical damage by the background concentration of toxicants to which the organisms are exposed in the conta-
minated ecosystem [40].

4.4. Accumulation of Heavy Metals in Collembola Tissue and Matrices

Studies on heavy metal toxicity in terrestrial arthropods probably began with the discovery that hepato pancreas
of P. laevis (Isopoda) collected from the disused mine sites in England contained concentrations of copper
which were the highest ever recorded from the soft tissues of any animal [23]. Present results showed that C.
javanus accumulated high levels of Pb and Cd in the body within 15 days of exposure, but the levels decreased
within 30 days probably due to excretion through moulting. It is known that Collembola has the capacity to
eliminate heavy metals by storing them in gut epithelium and by periodic removal during moulting [41]. High
levels of Pb and Cd in 5% fly ash treated C. javanus indicated unabated dietary intake, whereas the low metal
contents in 20% fly ash treated set showed strong repellent property and nutritional deficiency. Metal accumula-
tion and toxicity in soil animals depend on the physiological equipment of the species to regulate its body bur-
den and to deal with excessive exposures [24]. Similarly, bioaccumulation of metals depends on species-specific
differences between assimilation and excretion rates. In Orchesella cincta (Collembola) the assimilation effi-
ciency of Pb and Cd from a contaminated algal diet was 0.4% and 8.3%, respectively, but the rate of excretion
by moulting was 48% of Pb and 30% of Cd, which led to higher levels of Cd in tissues [42]. Some scientists ob-
served Pb concentrations in F. candida linearly increased with increasing Pb concentrations in the soils [43].
Dissipation of heavy metals in soil depends mostly on the physicochemical properties of the matrix, like or-
ganic matter content, clay fraction, mineralogical composition, pH and more, all of which collectively determine
the binding ability of soil to the metals [44]. Present study showed notable differences in the physicochemical
qualities between lateritic soil (pH 6.2, EC 0.11 mS-cm*, W.H.C. 24.2%, O.C. 0.74%) and river sand (pH 5.5,
EC 0.01 mS-cm!, W.H.C. 27.5%, O.C. nil). The soluble plus exchangeable fraction characterises the mobile
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fraction of heavy metals in soil. This fraction also allows an estimation of the bioavailabily of metals [18].
Scientists compared the mobility of heavy metals through water in soil columns and found peak effluent con-
centrations for cadmium and zinc when compared to low percent of influent concentrations of copper and lead
[45]. Literature shows that factors like type of soil, pH, and organic matter content could enhance the metal so-
lubility, plant uptake and leaching to the groundwater. Therefore, the complexation reaction of trace elements in
cationic form with inorganic and organic ligands has an important role to play in their toxicity and phytoavaila-
bility in soil [46].

5. Conclusion

The biomarker potential of biochemical parameters in C. javanus was evident within 7 days of exposure to fly
ash and heavy metals. The results indicated that the repellent property of fly ash caused nutritional deficiency,
which resulted in the depletion of tissue nutrient levels. In contrast, toxicity of lead and cadmium severely inhib-
ited the digestive enzyme activities. Therefore, the short-term biochemical ill effects in C. javanus were sensi-
tive ecotoxicological indices, and suitable for evaluating the toxicity and bioactivity of pollutants in tropical
soils.
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