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ABSTRACT 
The research methodology recommended by the OECD (Organization of Economic Co-operation and Development) and 
ISO (International Organization for Standardization) guidelines for testing of chemicals meets the most criteria expected 
for ecotoxicological testing except the testing condition and the organic matter. These guidelines were initially developed 
by temperate countries, with testing conditions as 200C and the organic matter as sphagnum peat which is commonly 
available in those countries. But these two criterions are difficult to be followed in tropical countries. Thus there arises a 
need of modifying these criterions for toxicity studied in tropical regions. In this study a trial was made for substituting 
the fermented coir pith for sphagnum peat and the validation of the modified tropical artificial soil (TAS) was done by 
conducting acute toxicity studies on Eisenia fetida against an inorganic fertilizer, superphosphate (SP) under tropical 
condition, i.e., 28 ± 20C. The performed study showed that the SP determined lower earthworm mortality in TAS 
comparing to OECD soil for all tested concentration levels. LC50 was established at 12000mg/kg (14 days) in TAS and it 
was 8900mg/kg in OECD soil representing the fact that SP was more toxic in OECD soil under tropical condition. This 
may be due to the production of large amount of hydrogen ions when the temperature increases and making the medium 
acidic. Thus the fermented coir pith was more suitable for conducting acute toxicity studies under tropical condition 
than sphagnum peat. 
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INTRODUCTION 
The concern regarding the effect of the toxic substances on the environment is growing rapidly in whole 
world and the efforts to develop more reliable methods for evaluating the side-effects on non-target 
organisms are being increased. Toxicity tests provide a direct measure of the effects of toxicants and can 
help establish linkages between site contamination and adverse ecological effects. Toxicity tests evaluate 
acute and chronic exposures and measure biological endpoints such as mortality, reproductive 
performance, growth and behavioural changes [1]. In order to test the ecotoxicity of some substances on 
earthworms, an essential importance is attributed to the test soil, because earthworms are organisms 
whose life environment is represented by soil. Ecotoxicological studies are normally carried out in 
artificial soil proposed by OECD (Organization of Economic Co-operation and Development) and ISO 
(International Organization for Standardization) guidelines. These guidelines were written focusing on 
the situation in countries of temperate regions. In these countries, the components of artificial soil 
particularly, the sphagnum peat moss is easily obtained. However, in order to allow its use in other 
regions of the world where the sphagnum peat moss is not readily available, some modifications are 
necessary. Thus, this study aimed to determine the suitability of fermented coir pith as an alternative 
organic matter (OM) in the artificial soil, planning to contribute to the construction of such a scientific 
basis for tropical soil ecotoxicology. Though the OECD artificial soil test for earthwormsis well established 
and has been in place for decades, the reproducibility as substrate sustaining growth and reproduction of 
earthworms for sub-lethal laboratory tests, has been an issue addressed in one way or another, by 
various authors [2,3,4,5,6,7]. Ideally, a modified tropical artificial soil (TAS) has been developed 
incorporating fermented coir pith as OM and tested using SP at sub-lethal levels.B The only difference in 
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both the soils (OECD soil and TAS) is the organic matter. Sphagnum peat is obtained commercially from 
nurseries or stores which often contains the dry, nutrient-poor and decomposed sphagnum moss. The 
fresh sphagnum peat moss has a pH of approximately 4.0, according to the Iowa State University 
Extension. Sphagnum moss thrives in acidic conditions and will actually add acidity to the soil and water 
when the temperature rises. Thus ecotoxicological studies with sphagnum peat as organic component in 
tropical regions is not feasible. Hence an alternate organic component for artificial soil was a need and 
fermented coir pith from coconut peel (Cocos nucifera L.) was tested for validity. In order to determine 
the influence of the two different soils on the earthworms, superphosphate was selected as model 
compound.SP is a worldwide used chemical fertilizer that is applied to crops for supplying phosphorus. 
Thus in this investigation, validation of artificial soil with fermented coir pith as OM was done by 
conducting the acute toxicity tests with SP on Eisenia fetidaunder tropical condition (i.e. at 28 ± 20C). 
 
MATERIALS AND METHODS 
Preparation of test substrates 
In this study two different artificial soils had been identified for laboratory tests, the OECD soil and 
tropical artificial soil (TAS). The preparation of both the test substrates was based on an international 
guideline published by OECDbut replacing fermented coir pith instead of sphagnum peat in TAS. [2]The 
standard temperature was also modified as 28 ± 20C instead of 200C.The quartz sand and kaolinite clay 
(air dried) were purchased from Himedia Chemical Laboratories, Bengalure, India. Sphagnum peat moss 
was bought from a nursery situated in Ottathycal, Coimbatore, India. The material was ground after 
drying it at room temperature and used as a part of the substrate. The other organic matter, coir pith was 
procured from the coir mounts closer to the coir industry located in Kullanchavadi village, Cuddalore, 
India. Coir pith was initially sieved and then fermented in plastic round tubs for 30days, air dried and 
then used as component. All dry constituents (70% sand, 20% kaolinite clay and 10% OM) were 
thoroughly mixed and pH was adjusted to 6.0 ± 0.5 with calcium carbonate. The pH, moisture content and 
water holding capacity were measured according to the ISO guidelines.[8],[ 9]The organic components of 
the artificial soils and the artificial soils prepared were physico-chemically analyzed (Table 1) before 
implementation. 
 

Table 1: Physico-Chemical characteristics of organic matters and the artificial soils 

Characteristics Sphagnum 
Peat Moss 

Fermented 
Coir pith 

OECD 
soil TAS 

pH (CaCl2) 4.77 6.9 6.1 6.8 
P(mg/kg) 0.19 30 11 27 
K(mg/kg) 91 480 104 324 
Ca(mg/kg) 2.13 9.08 1.29 2.46 
Mg(mg/kg) 0.94 0.9 0.55 0.56 
S(mg/kg) 1.97 0.47 0.9 0.8 
B(mg/kg) 6.6 7.1 1.3 1.7 
Cu(mg/kg) 2.5 3.9 0.02 0.74 
Fe(mg/kg) 514 165 9.0 8.0 
Mn(mg/kg) 9.0 7.4 0.41 0.58 
Zn(mg/kg) 34.0 11.2 1.30 2.54 
Organic Carbon(%) 4.2 6.5 2.11 3.926 
Organic Matter(%) 7.24 11.20 3.637 6.768 
Total N(%) 0.72 0.5 0.1 0.19 
WHC(%) 59.1 45.71 46.1 48.5 
CN Ratio 5.83 22.41 17.23 20.66 

 
Test organism and its mass culture 
Mass culture of E.fetida was established in laboratory from samples provided from the vermicomposting 
unit of Annamalai University for both artificial soils in cement tanks (40 x 35 cm area, 30 cm height). The 
temperature of both the cultures was maintained at room temperature 22 - 30 ºC (mean = 26ºC) with 
relative air humidity near 90%. The animals were maintained in a shaded place with a natural light cycle 
(12h light/12h dark). The breeding substrate (cow dung devoid of contamination) was maintained with a 
pH-value set to 6 ± 0.5. The moisture was adjusted to 50 ± 10% dry weight using deionized water.  
Test chemical and solution preparation 
The test chemical, SP was obtained from the Preliminary Agricultural Co-operative Bank, Annamalai 
Nagar, India. Normal SP refers to fertilizer material containing 15 to 21 percent phosphorus 
asphosphorus pentoxide (P2O5). SP were prepared by reacting ground phosphate rock with 65 to 75 
percentsulfuric acid. An important factor in the production of normal superphosphates is the amount of 
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ironand aluminum in the phosphate rock. Aluminum (as Al2O3) and iron (as Fe2O3) above 5 
percentimparts an extreme stickiness to the SP and makes it difficult to handle.The preparation of the test 
solutions was done for each concentration by weighing and dissolving an amount of SP in one litre of 
deionized water. Deionized water was obtained using reverse osmosis water purifier and was used 
throughout this study. All glass wares were washed with phosphate-free detergent, rinsed with acetone, 
and acid-washed before a final and thorough rinse with deionized water. 
Experimental design 
Preliminary tests (Range Finding) 
A preliminary or range-finding test (RF test) was performed for earthworms, using the test substrates 
and test chemical in order to identify the concentrations causing 50% mortality, according to OECD [2]. In 
this way, the range of concentrations for the definitive test was determined. In these range-finding tests, 
the organism was exposed to the following concentrations: 10000; 1000; 100; 10; 1; 0.1 mg of the SP per 
500g of test substrate (dry weight). Glass beakers (14 cm diameter, 16 cm height) were used as test 
vessels with perforated plastic sheets tied with rubber bands. One test vessel was used per concentration 
and one for the untreated control. Usually, no replication is required in these preliminary tests.Ten 
individuals were put in each test vessel.Adult worms of 300 – 400mg weight were washed with tap water 
and incubated on wet paper for 24h to empty their guts before the test. After seven days, the live animals 
were counted and weighed, the dead ones removed. The final evaluation was done on day 14, when the 
live animals were again counted and the mortality in percent of the initial number was calculated. The 
LC50 values were calculated for each test, thus allowing the definition of the concentrations to be used in 
the definitive acute tests. The final concentrations for acute tests were chosen in a way that two 
concentrations above and two concentrations below the LC50 as determined in the RF test.  
Acute toxicity tests 
The test system for the determination of the acute toxicity of chemicals to earthworms was based on the 
guidelines OECD no. 207 and ISO-11268-1 [2, 10]. Tests with E. fetida were done according to the 
guidelines but at tropical condition (i.e. 280C) by using the two different test substrates. The test duration 
was 14 days in continuous light. Usually, only adult earthworms (with clitellum) with a fresh weight 
between 250 and 400mg were used. The selected test animals were acclimatized in untreated test 
substrates atleast 24 hours prior to the start of the test. Tests were performed with different 
concentrations of SP applied only once at the beginning of the test. The mortality is assessed by emptying 
test medium onto a glass tray, sorting worms from the medium and testing their reaction to a mechanical 
stimulus at the front end. After the 7 days assessment worms and medium are replaced in the test 
container. The moisture content at the beginning and at the end of the test of the both test substrate was 
maintained at 35%. Test parameters were mortality and biomass development of the earthworms. The 
relative loss in biomass was calculated only in treatments where the mortality was lower than 15% [11]. 
For treatments where a mortality rate was higher than 15%, the biomass data at the fourteenth day are as 
not applicable (n.a.) in tables and graphs. 
 
RESULTS 
Selected physico-chemical properties of the standard OECD soil and the modified tropical artificialsoils 
are given in Table 1. The organic matter and the soils differed markedly in certain properties, especially 
in pH. The raw sphagnum peat was acidic followed by the slightly acidic OECD soil prepared initially 
which was then neutralized by the addition of CaCO3. The pH of fermented coir pith and the TAS was 
closer to neutral. Higher Ca, Mg, K, S, Mn and Z contents were found in fermented coir pith than the 
sphagnum peat. When the soils were compared the ion content was higher in TAS than the OECD soil. The 
concentration ofessential elements such as NPK was higher intropical soil than in OECD soil. The same 
was inferred for water holding capacity, organic carbon content, organic mattercontent and C/N ratio. 
The highest water holdingcapacity was recorded in sphagnum peat. 
Acute toxicity tests 
The acute effects of SP under tropical condition on E.fetida were tested in the two soils. The range-finding 
test on E.fetida under 280C provided LC50 values as 8900 and 12000mg/kg in OECD soil and TAS 
respectively. Significant effects on mortality occurred not only in the tested range of concentrations but it 
was observed in the control of OECD soil (12.5%). The mortality rate increased in the lower 
concentration of SP and notable mortality was observed in 7 days exposure itself in OECD soil (5.5% and 
35.5% in 3000 and 7000mg/kg respectively) (Table 2). But in TAS, no mortality was found in the control 
and at the lowest concentrations (3000 and 7000mg/kg) upto 7 days exposure (Table 2). 100% mortality 
was observed at the highest concentration in the two soils. 
A negative effect of 24.19% loss of biomass resulted in the control of OECD soil (Table 3) which means 
that the OECD soil was not valid under tropical condition as the biomass loss was greater than 20%. A 
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positive effect of 18.54% gain of biomass of tested earthworms was observed only in the control of TAS 
(Table 3). The dose response curves of SP under tropical condition in the two soils were given in Figs. 1 
and 2.  
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Figure 1: Dose response curve for the acute toxicity test with Eisenia fetida in SP-dosed OECD soil under 

tropical condition. 
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Figure 2: Dose response curve for the acute toxicity test with Eisenia fetida in SP-dosed TAS under tropical 

condition. 
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Table 2: Acute toxicity of Eisenia fetidain SP spiked substrates under tropicalcondition: mortality of 
earthworms in % 

Concentration of 

SP (mg/kg) 

OECD soil TAS 

7th Day 14th Day 7th Day 14th Day 

Control 0.0 12.5 0.0 0.0 

3000 5.0 17.5 0.0 2.5 

7000 35.0 37.5 0.0 20.0 

11000 55.0 72.5 35.0 45.0 

15000 100.00 100.0 100.0 100.0 

 
Table 3: Acute toxicity of Eisenia fetidain SP spiked substrates under tropical condition: biomass of 
earthworms in % 

Concentration of 
SP (mg/kg) 

OECD soil TAS 

Day 0 Day 14 Day 0 Day 14 

Control 248.1±15.1 
188.3±11.5 

(-24.10%) 
248.6±15.5 

294.1±13.9 

[18.30] 

3000 237.4±14.8 173.7±10.6 239.8±14.3 227.5±14.5 

7000 259.3±16.1 156,9±4.3 241.4±15.7 168.9±9.3 

11000 248.7±14.2 71.0±3.9 257.6±14.1 145.0±4.9 

15000 251.5±15.4 n.a. 252.6±12.8 n.a. 

n.a. - not applicable. Values in square brackets - increase of biomass, Values in circular brackets – decrease in 
biomass. 
 
DISCUSSION 
Despite the fact that earthworms are widely used in ecotoxicological research, no official guideline is so 
far available for the tropical countries. Protocols for temperate regions have been proposed by OECD and 
ISO to evaluate the effects on growth [2, 10]. But there are no separate protocols or standardization 
proposed for tropical regions and more data (especially with agrochemicals) is being required. Further 
progress has been made for developing and improving the substrate and conditions (temperature) 
considering the tropical condition and the availability of the organic matter. Toxicity studies were also 
made with pesticides and herbicides on earthworms [12, 13, 14, 15, 16, 17]. But studies on toxic effect of 
fertilization of soil on earthworms were very rare. Thus this study aimed at studying the acute and 
chronic toxicity of fertilizer, SP on earthworm Eisenia fetida using the method proposed by OECD [2]. It is 
well accepted that there is a fundamental shortage of data regarding the possible adverse effects of 
environmental contaminants on biological life in soil [18]. There are more current laboratory test 
methods outlined, but it is very important the major advantages/disadvantages of each of them. Nearly no 
data on the acute toxicity of fertilizers to earthworms exist. The only literature available was the work of 
Xiao et al. on the acute toxicity of urea (fertilizer) and the combined effect of urea and acetochlor 
(herbicide) [17]. The 14 days LC50 of urea to earthworms was determined as 1065.9mg/kg using the 
natural soil of Phaiozem, China as substrate and not on standardized soil. Only the acute effect of urea on 
earthworm was studied and not the chronic effects. This was the maiden attempt to study the acute and 
chronic toxic effect of fertilizer, SP on earthworms. The organic matter and the soils differed markedly in 
certain properties, especially in pH and higher Ca, Mg, K, S, Mn and Z contents were found in fermented 
coir pith than the sphagnum peat. Noguera et al. have earlier reported similar physico-chemical 
parameters of peat and coir pith but no comparative studies with fermented coir pith and sphagnum peat 
as an OM of artificial soil could be found in the literature [19].  The LC50 values of SP for E.fetida in the two 
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artificial soils vary a lot under tropical condition. The significant effects on mortality that was observed in 
the control of OECD soil (12.5%) may be due to the combined effect of Hydrogen ions production of OECD 
soil and the acidification of SP to the medium due to the increase of temperature. The result of survival of 
earthworms in the lower concentrations of SP in TAS may due to the fermented stage of the OM which 
reduces the toxic effect of SP. Significant changes in the biomass of earthworms in control were observed 
in OECD soil and TAS. The negative effect on the biomass that was resulted in the control of OECD soil 
(Table 3) made the OECD soil, not valid under tropical condition as the biomass loss was greater than 
20%. The positive effect of biomass of tested earthworms was observed only in the control of TAS (Table 
3). This may be due to the fermented stage of coir pith and the micro-organisms present in it which made 
the soil easy for consuming and the degradation takes place faster in tropical condition. The LC50 value in 
TAS was higher than the OECD soil representing the fact that SP is more toxic in OECD soil than TAS to 
earthworms under tropical condition. Accordingly, the estimated LOEC and NOEC values for mortality 
were also higher in TAS than OECD soil (Table 4). 
 

 
Table 4: Acute toxicity of Eisenia fetidain SP spiked substrates under tropicalcondition: LC50, LOEC and NOEC 

values in mg/kg 

Soil Substrate LC50 

95% Confidence Limits  LOEC NOEC 

Lower Upper Mortality Biomass Mortality Biomass 

OECD soil 8900 7808.7 10068.7 2600 950 1010 370 

TAS 12000 8427.7 23120.0 2750 1100 1040 410 

 
CONCLUSIONS 
OECD founded in 1961 in Paris, France, provided the method of artificial soil test which meets the most 
criteria expected for ecotoxicological testing known as OECD Guideline for testing of chemicals 207 
adopted in April 1984. Though the OECD artificial soil test for earthworms is well established and has 
been in place for decades, the reproducibility as substrate sustaining growth of earthworms for lethal and 
sub-lethal laboratory tests under tropical condition, has been an issue addressed by various authors. Thus 
this work has been done to develop a modified tropical artificial soil (TAS) and to validate its eligibility by 
assessing the lethal effects of SP.  
The performed study showed the following conclusions: 
The fertilizer SP determined lower earthworm mortality in TAS comparing to OECD soil for all tested 
concentration levels. The fertilizer SP positively influenced the earthworm rate of biomass accumulation 
in lower SP concentrationsin TAS but the lower concentrations itself was toxic to earthworms in OECD 
soil. The fertilizer SP determined a 12.5% mortality of earthworms in control OECD soil which requires a 
precaution attitude regarding its use in ecotoxicological studies under tropical condition, while the 
attentive establishment of the TAS can be recommended. The highest concentration of SP without causing 
mortality was the control in OECD soil and 7000mg/kg in TAS after 7 days.  
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