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ABSTRACT 
The extensive use of nanoparticles (NPs) in a variety of applications has increased great concern 
about their environmental fate and biological effects. The present study aimed to evaluate the 
effect of Ag-NPs coated paper on growth and nutrient content and its bioaccumulation in worm 
species, Eudrilus eugeniae. At the end 60 days of experiment, the results revealed that in case of 
growth and reproduction concern, the silver coated paper dishes do not much affecting  the 
growth and mortality of worm but comparatively over the card paper, they decreases the rate of 
reproduction. In bioaccumulation experiment, it was found that the earthworms are very well 
adapted for accumulations because silver particles are gradually accumulate without recording 
any significant change in tissue metal concentration. Except Zn, Cu, Mg and lime, appreciable 
amount of nutrients like N, P, K, Na and Mn etc were significantly increased in worm cast. 
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INTRODUCTION 
Silver is a transition metal element whose 
medicinal use as antimicrobial agent has been 
documented since 1000 B.C. It is used as a health 
additive in traditional Chinese and Ayurvedic 
medicine.1 The burgeoning nano-technology 
industry is quickly producing nano-material that 
is being incorporated into consumer product. A 
list of more than 500 consumer products that 
claim to include some form of engineered nano-
particles.2 Of these, about 20% contain silver 
nano-particle. Socks, paints, bandages and food 
containers etc, incorporate nanosilver (n-Ag) to 
exploit its antimicrobial properties.3-6 
Despite the growing commercialization of n-Ag., 
little is known about the environmental effects of 
wide spread use of products containing silver 
nanoparticle. Ionic silver is highly toxic to 
aquatic organisms.7 The United States Environ 
ment Protection Agency8 has set water quality 
criteria values for silver in salt and fresh water as 
1.9 and 3.4 ppb, (parts per billion) respectively.  
The ubiquitous use of commercial products 
containing    n-Ag   could potentially compro- 

mise the health of many ecosystems e.g. 
house hold washing of cloth containing n-Ag 
may release silver into sewer system. Most of 
n-Ag from consumer products would enter a 
municipal Waste Water Treatment Plant 
(WWTP), Such n-Ag proves to be difficult to 
remove from sewer system and disrupting 
numerous biological ecosystems.6 One of 
their major routes of entry into the 
environment is predicted to be through waste 
water treatment plant, where 90% of Ag-NPs 
are likely to be partitioned to sewage sludge.7 
These sludge polluted soils containing Ag- 
NPs represent potential risk to the health of 
terrestrial organisms and may enter into food 
webs.8,9 
The extensive use of silver nanoparticles in food, 
clothing and medicine, leads inevitably to a loss 
of such nonomaterial in soil and water.  Little is 
known about the effect of soil contamination in 
particular on earthworm’s E. eugeniae, which 
play a fundamental ecological role.  

AIMS AND OBJECTIVES 
To investigate the effect of Ag-NPs coated 
paper on growth and nutrient content of worms *Author for correspondence 
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as well as bioaccumulation by using E. 
eugeniae. 

MATERIAL AND METHODS 
Earthworm species Eudrilus eugeniae was 
obtained from State Government Agriculture, 
Nursery, Sakri, Dist- Dhule, Maharashtra, 
India.  In the laboratory, the stock culture was 
maintained in the plastic container using 
partially decomposed bio - waste and cow 
dung as a growth medium.  Only healthy adult 
worm having well developed clitellum were 
used for the vermicomposting experiment. The 
silver coated paper dishes and card paper were 
purchased from local market. The natural soil 
and month old Cow Dung (CD) were collected 
from agriculture field and cow shed 
respectively.  
Experimental set up 
The experiment was performed in small plastic  

tough having 5 Kg capacities. Two composting 
group viz., card paper and silver coated paper 
dishes were prepared. The details of groups 
were shown in Table 1. All the material in 
each composting bed was mix thoroughly with 
water and kept for 60 days. To maintain 
humidity (80 ± 5) water was sprinkled at the 
interval of 3 to 4 days and the bed was covered 
by gunny bags to prevent evaporation and 
protect the worms from predators. Small holes 
were drilled at the bottom of each tough for 
good drainage. All the beds were kept under 
shed to avoid the direct sunlight. 
Worms counting and cast analysis 
At the end of experiment period of 60 days,  
bed were removed from tough and it was sun 
dried for 1–2 days by making heaps, all worms 
going at the bottom. On third day the worms 
were separated and counted. The results are 
shown in Table 2.   

Table 1 : Vermibed composting group 

S/N Vermibed 
groups Biomass  content 

0 Control Soil 

1 A 40% Soil + 30% CD + 30 % Card paper 

2 B 40% Soil + 30% CD + 30 % Card paper + 40 worms 

3 C 40% Soil + 30% CD + 30 % Silver coated paper dishes 

4 D 40% Soil + 30% CD + 30 % Silver coated paper dishes + 40 worms 

Table 2 : Earthworm counting  

S/N Vermibed 
groups 

No. of  worms 
introduced No. of worms counted Percentage 

0 Control (soil) -- -- -- 

1 A - -  
2 B 40 238 ± 6 83.19% 

3 C - - - 

4 D 40 178 ± 5 77.52 % 

The per cent increase in the number of 
earthworms was determined by the formula10 
given below : 

% increase = 
Earthworm counted – 

worms introduced x100 
Earthworms counted 

Similarly, the worm cast was collected and 
subjected for nutrient analysis at Shetjamin 
laboratory, Satana Dist- Nasik, Maharashtra, 
India.  Where the pH of vermicompost was 
determined by using systronic digital pH 
meter;   the   total Nitrogen (N) percentage was 
estimated by Kjeldahl digestion and distillation 
method.11  Diacid of sample was carried out 



ISSN  0973 – 6921 ; EISSN 2319 – 5983                                                         J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol.10 No. 03, January-March 2016 

525 
 

using concentrated HNO3 and HClO4 mixed in 
9:4 ratios. The digested extracts were used to 
determine total K, Na and Ca using flame 
photometer.12 Whereas Phosphorus (P) and 
Sulphur (S) content was measured by using 
Atomic Adsorption Spectrophotometer 
(AAS).11 The results were calculated and 

analyzed statistically.  Similarly, dried soil and 
earthworm powder was taken from experimental 
beds and digested with nitric acid for 24 h. After 
digestion the acid was evaporated and the residue 
dissolved in 4% nitric acid and then Ag 
concentration were quantified with AAS. The 
data is presented in Table 3. 

Table 3 : Ag- bioaccumulation 

S/N 
Vermibed 

groups 

Content of  of Ag * 

In soil In worms 

0 Control (soil) BLD < 1 ppm -- 
1 A BLD < 1 ppm -- 
2 B BDL < 1 ppm BDL < 1 ppm 
3 C 0.0172 ± 0.0008 % -- 
4 D 0.0117 ± 0.0006 % 0.0067± 0.0006 % 

    (* BDL – below detectable level). 

RESULTS AND DISCUSSION 
Earthworm counting 
The reproduction of earthworms in experimental 
vermibed was counted after 60 days and the data 
presented in the Table 2. From this table, it was 
noticed that, the maximum number of worms i.e. 
83.13%   was counted in the vermibed of card 
paper (B - group) while in the ‘D’ bed of silver 
coated paper, the worm number was 77.52 % 
only.  Thus, silver coated paper dishes not 
significantly affect on growth as well as 
mortality of earthworms but decrease the 
reproduction.  
Ag- bioaccumulation 
Earthworms accumulate silver in their body. 
The amount of silver in soil  composting beds 
like A and B  shows below detectable level, 
while in silver coated beds like C and D, the 
amount of Ag content  in  soil  were  found to 
be 0.0172 % and 0.0117 % respectively. It was 
further found that in body powder of ‘B’ bed 
group worm, the amount of   Ag was below 
detectable level but in ‘D’ bed group 
earthworms, the amount of Ag- bioacc-
umulation was 0.0067 %. These indicate that 
the worms accumulate the silver.  
Nutrient content 
The nutrient content of vermibed is presented 
in Table 4. In all vermibed the pH was found 

to be towards the neutrality. It suggests that 
such nature of pH is good for worm activities 
such as reproduction and vermicomposting.  
Too acidic or alkaline pH is unsuitable for 
worms.13,14 The results of different bed showed 
significant increase as well as decrease in 
nutrient content over the control bed. Among 
the beds, the bed with worm shows significant 
increased in nutrient content than normal bed 
without worms. It is also shown that, the 
experimental vermibeds  like B and D beds 
were found to be the slightly better source of 
both macro and micronutrients as compare to  
A and C  vermibed. Except zinc, copper and 
lime content of all vermibed groups and 
magnesium content of group C and D showed 
decrease in amount of nutrients whereas 
appreciable or significant amount of macro and 
micronutrients were reported in all experim-
ental vermibed.  
Our results are corroborated with earlier 
workers viz., Pereira and Arruda15 studied in 
the process of vermicomposting, it suppose 
that earthworm are useful to clean up the soil 
from various pollutants such as heavy metal. 
Shahmansouri et al16  showed that the 
earthworms are able to accumulate heavy 
metals in their bodies from the surrounding 
soil and complex those by other compounds so 
might be less toxicity. 
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Table 4 : Nutrient content of the vermicompost 

Parameters Control  group 
(soil) 

Vermibed groups 
A B C D 

pH 7.5 ± 0.4 6.7 ± 0.40 
(-11.94) * 

6.7 ± 0.40 
(-11.94) * 

6.6 ± 0.2 
(-13.64) * 

6.8 ± 0.4 
(-10.29) * 

Organic C 
ppm 0.82 ± 0.08 0.96 ± 0.08 

(14.58) * 
1.33 ± 0.10 
(38.34) *** 

0.92 ± 0.08 
(10.87) * 

1.20 ± 0.06 
(31.67) ** 

Lime % 9.5 ± .08 9.0 ± 0.80 
(-5.55) NS 

9.0 ± 0.80 
(-5.55) NS 

9.0 ± 0.80 
(-5.55) NS 

9.2 ± 0.6 
(-3.30) NS 

Na ppm 261 ± 06 290 ± 06 
(10.00) NS 

420 ± 13 
(37.86) ** 

292 ± 08 
(10.61) NS 

420 ± 13 
(37.86) ** 

N % 0.46 ± 0.04 0.68 ± 0.05 
(32.35) ** 

0.90 ± 0.08 
(48.9) *** 

0.69 ± 0.06 
(33.33) ** 

0.86 ± 0.06 
(46.51) *** 

P % 0.028 ± 0.02 0.04 ± 0.004 
(30) ** 

0.05 ± 0.002 
(44) ** 

0.035 ± 
0.004 

(20) ** 

0.040 ± 
0.002 

(30) ** 

K % 370 ± 08 510 ± 12 
(27.45) * 

700 ± 18 
(47.14) ** 

440 ± 20 
(15.91)* 

800 ± 14 
(53.75) ** 

Ca % 0.29 ± 0.04 0.30 ± 0.04 
(3.33) NS 

0.41 ± 0.04 
(29.27) ** 

0.30 ± 0.02 
(3.33) NS 

0.38 ± 0.04 
(23.68) ** 

Mg % 80.2 ± 4.0 98.8 ± 2.0 
(18.82) * 

103 ± 4.0 
(22.13) ** 

40.2 ± 2.0 
(-49.87) ** 

45.6 ± 4.0 
(-75.88) *** 

Fe ppm 1.73 ± 0.06 1.91 ± 0.10 
(9.42) * 

2.33 ± 0.08 
(25.75) ** 

1.82 ± 0.10 
(4.94) NS 

2.88 ± 0.08 
(39.93) *** 

Mn ppm 8.0 ± 0.40 9.08 ± 0.6 
(11.89) * 

10.2 ± 0.20 
(21.57) ** 

9.4 ± 0.6 
(14.89) * 

10.3 ± 0.8 
(22.33) ** 

Zn ppm 1.92 ± 0.60 1.80 ± 0.40 
(-6.25) NS 

1.83 ± 0.30 
(-6.02) NS 

1.90 ± 0.40 
(-10.52) * 

1.95 ± 0.60 
(1.54) NS 

Cu ppm 1.94 ± 0.40 1.82 ± 0.20 
(-6.59) NS 

1.86 ± 0.20 
(-4.30) NS 

1.96 ± 0.40 
(1.02) NS 

1.88 ± 0.10 
(-3.19) NS 

* Significant value:  P<0.05, ** P<0.01, *** P<0.001. Values in the parenthesis are per cent change over control. CD 
(Mean ± SEM, n = 4) 

The effects of Ag-nano particles and Ag ions on 
earthworm, Eisenia foetida, demonstrated a  
decrease in reproduction after exposure to 
AgNO3 in soil at concentrations of about 100 
mg/kg for 28 days while adverse effects on 
reproduction from Ag-nano particles were 
documented at about 800 mg/ kg.17,18 They 
further observed that no significant effects on 
growth or mortality within any of the test 
treatment exposed to AgNO3 and significant 
decreases in reproduction were seen in 
earthworm, E. foetida. Aishwarya  and 
Amasamani19 reported composting of cotton 
waste by using three tier systems of enzyme 
earthworms – microbes interaction. Pre treatment 
and enzymatic treatment of the cotton textile 

waste enhance good growth of earthworms and 
good source of carbon and appreciable amount of 
NPK. Vasanti et al20  revealed that the organic 
carbon content and fertility status of NPK is 
higher in vermicomposting.   Gupta and Yadav21 
reported wide use of Zinc oxide nanoparticles 
(ZnO-NPs) in nano fertilizers, sunscreens, 
biosensors, food additives, pigments, rubber 
manufacture and electronic materials without its 
unintentional health hazards and environmental 
impact. 22-29  

CONCLUSION 
Fungal strains (biocatalyst) and earthworm 
Eudrilus eugeniae were selected for degradation 
of silver coated paper dishes. Effect of these 
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dishes on earthworm growth, bioaccumulation & 
their nutrient content over a period of 60 days 
was studied under laboratory condition. In 
composting beds, silver coated dishes not 
significantly affect on growth & mortality of 
earthworm but decrease the reproduction. Silver 
bioaccumulation was measured, which was 
0.0067% in the body of earthworm, therefore 
Eudrilus eugeniae is good for Silver 
bioaccumulation and can reduce the soil toxicity. 
Similarly, appreciable increase is observed in 
macro and micronutrients in all experimental 
vermibed means silver coated dishes if 
composted along with soil, cowdung, biocatalyst, 
A.niger and earthworms gives quality fertilizer. 
Therefore, this is the feasible technology for soil 
sciences & hotel/restaurant owners those they are 
using these silver coated dishes. 
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