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Figure 1. Location of study
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Table 1. Extractors and test conditions for the determination of different parts of heavy metals by Esposito

method

Heavy metal fractions Duration

Extractor

Exchangeable fraction
organic fraction
Carbonate fraction
Remainder fraction

16 hours (at laboratory temperature)
16 hours (at laboratory temperature)
6 hours (at laboratory temperature)
16 hours (at laboratory temperature)

25 ml of potassium nitrate 0.5 molar

25 ml sodium hydroxide 0.5 molar
25 ml of EDTA 0.05 molar
25 ml HNO3
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Table 2. Physical and chemical properties and the mean (+ standard error) concentration of cadmium (mg kg™)
of soil sampled from different points.

Cationic
pH (EC) Organic exchange Cd Clay Silt Sand  Texture
(dsm?) (%) carbon capacity  (mg kg?) %) (%) (%)
(Cmolc kg)
S1 8.23%  0.195° 0.039¢ 17.3¢ 3.925+0.06¢ 14.8 31.4 53.8 sandyloam
S, 8.09%*  0.138° 0.965° 28.7° 4.985+0.15° 30.8 36 33.2 clayloam
Ss 8.50*  0.196° 2.2622 29.8? 6.658+0.03* 26.8 32 41.2 clayloam
S4 8.25%  0.111° 0.682¢ 22.9¢ 2.248+0.01° 36.8 36 27.2 clayloam
Ss 8.15®  0.108° 0.564¢ 30.3? 2.368+0.08° 26.8 29.4 4338 loam
Se 8.23%  0.108° 0.663¢ 29.42 1.875+0.03¢ 422 36.6 21.2 clay
S7 7.85°  0.132° 0.575¢ 26.4° 1.159+0.23F 248 20 55.2 sandy clay
Non- loam
contaminated
point
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Different letters in each row indicate a significant difference between the sampling points using Duncan's mean comparison analysis (P<

0

05).
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Table 3. Analysis of variance of cadmium concentrations in the tissues of earthworms after 42
days of exposure to contaminated soil

Mean Square

Source of Variation f values Degree of Freedom Cd

Sampling points 40.48 6 245.92"
Treatment 61.66 3 375.60™
S*T 13.81 13 83.89™
Error - 68 3229.11

** . indicates a significant difference at the 5% level
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Table 4. Mean concentration of total cadmium (mg kg!) in the tissues of earthworms after 42 days exposure to
contaminated soil

Heavy metal sampling points
i Treatment S7
kgt .
(mg kg™) Sl S2 S3 S4 S5 S6 Unpolluted point
Manure 28.0° 26.7° 48.42 22.0b° 22.0%¢ 18.7¢ 18.0°¢
Plant Fertilizer ¢ _ 13.1° 28.92 16.1b¢ 16.9° 14.8° 12.7°
Cd
Vermicompost @ B B 19/32 3 3 15.9° 15.6°
Control 17.8¢ 17.7¢ 21.62 19.5° 17.2° 18.4° 18.7%

pac Jdo 4 () adbo P<e40) o Sls uSile dunlio 5JUT 5l oolil b jlass j2 10 (5,10 paiged bolis (a0 sime oglis S92-g (oaimoyLis (ygius ,2 48 Cgliie SgS By,
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The lower case letters in each row indicate a significant difference between the sampling points in each treatment using Duncan's
mean comparison (P<0.05). (*) Due to the lack of observation of earthworms in some sampling points in the treatment of plant
fertilizers (S1) and vermicompost (S1, S2, S4, and S5), these points were not number.
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Table 5. Average bio-concentration factor of total concentration of cadmium (mg / kg) in the tissues of
earthworms after 42 days exposure to contaminated soil
sampling points

Heavy metals Treatment s1 S2 s3 sa S5 6 S7 .
Unpolluted point
Manure 7.14" 5369 7.27° 893% 9.29°  9.96° 15.53?
cd Plant Fertilizer ©) B 262" 443 653 7.16° 7.87° 10.932
Vermicompost B _ 3.09¢ B B 8.47° 13.592
Control 4529 354° 323 7.90° 7.44° 9.80° 16.13°
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The lower case letters in each row indicate a significant difference between the sampling points in each treatment using Duncan's mean
comparison (P<0.05). (*) Due to the lack of observation of earthworms in some sampling points in the treatment of plant fertilizers (S1) and
vermicompost (S1, S2, S4, and S5), these points were not number.
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Table 6. Results of analysis of variance of organic fertilizer and earthworm on cadmium metal fragmentation

Mean squares

Source of Variation Degree of freedom Exchange Organic Carbonate Remaining
section section section section
Organic Fertilizer 3 0.128" 2.50™ 18.0™ 155835
Earthworm 1 0.105M 8.82" 4571 106927"
O*E 3 0.237™ 2.03" 7.02" 184947"
Error 108 0.02 0.01 0.05 8950
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**and ™ : indicates a significant difference at the 1% level. respectively.
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Figure 2. Interaction of organic fertilizers and earthworms on cadmium in the exchange part of soil. TO, T1,
T2, T3 representing control treatment, manure application, carrot pulp treatment, vermicompost treatment
and WE, NE, respectively, indicating the treatment of earthworms and no worms. The same letters on each

column indicate no significant difference at the 1% Duncan test. The vertical lines on each column represent
the standard deviation of the data.
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Figure 3. Interaction of organic fertilizers and earthworms on cadmium in the section bound to organic soils.
TO, T1, T2, T3 representing control treatment, manure application, carrot pulp treatment, vermicompost
treatment and WE, NE, respectively, indicating the treatment of earthworms and no worms. The same letters

on each column indicate no significant difference at the 1% Duncan test. The vertical lines on each column
represent the standard deviation of the data.
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Figure 4. Interaction of organic fertilizers and earthworms on cadmium in carbonate soil.
TO, T4, T2, T3 representing control treatment, manure application, carrot pulp treatment, vermicompost treatment and

WE, NE, respectively, indicating the treatment of earthworms and no worms. The same letters on each column indicate
no significant difference at the 1% Duncan test. The vertical lines on each column represent the standard deviation of the
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Abstract

In terms of environmental hazard assessment, earthworms are ecologically important components of
soil and considered as a biological indicator to maintain soil health and quality. The aim of this study
was to assess the efficacy of Eisenia fetida earthworms in the bioremediation of cadmium in
contaminated soils. For this purpose, this study was carried out on a contaminated soil sampled from
the Ahangaran mine, 26 Km far from the Malayer town and surrounding lands. In this study, six soil
samples were collected from 0-15 cm depth at different intervals around the mine lands and one soil
sample (control sample) from the non-polluted area. This experiment was investigated as a factorial
in the form of a complete randomized block design with the first factor of organic fertilizers (cow
manure, carrot pulp, vermicompost, and control) and the second factor was existence or absence of
earthworms. Twelve earthworms with 0.3 to 0.6 g were selected for each soil sample (300 g). The
worms were exposed to cadmium-contaminated soils at concentrations of 1.159 to 6.658 mg kg* for
42 days. At the end of the experiment, the concentration of cadmium was measured in soil and whole
body of earthworms. The results showed that earthworms have different capacities for absorbing and
accumulating cadmium, which is the behavior of earthworms resulting from the diet of earthworms.
The highest concentration of cadmium in the whole body of earthworms was found in all treatments
at point Ss (soil sampled from the third point), which was more polluted than other sampling points.
The addition of cow manure to other treatments also increased accumulation of cadmium in the soil
worm tissue. The low concentration of cadmium in the soil led to the high bioaccumultion factor of
this metal for earthworms. In this study, the amount of bioaccumultion factor for cadmium was more
than one. Application of cow manure, vermicompost and carrot pulp treated with earthworms,
significantly increased 1.54, 1.03, 1.38 mg kg Cd in the organic fraction and increased 3.02, 2.79,
2.69 mg kg* Cd in the carbonate fraction. Extractable fraction, which contains exchangeable forms
and carbonates and organic fraction, can be a good indicator of strong adsorption of cadmium in soil
for earthworms. In general, the use of organic fertilizers with earthworms increased cadmium in the
organic sector.
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