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1. Introduction

Industrial landfills are designed to receive non-reactive or flammable solid residue that is containing low
volumes of solvents, oils, or water. After its useful life end, which may last up to 32 years [1, 2], and proper
closure procedures the landfill area can be reused/reclaimed. It can be used for social activities for
surrounding community [3, 4], for this reason, the continuous monitoring of potentially toxic elements is
necessary. A strategy that can be developed during its useful life or after the closure is environmental
biomonitoring.

Environmental biomonitoring is a process that integrates environment quality data using a living species that
indicates (Bioindicator) or accumulates (Biomonitor) potentially toxic elements. The E. fetida (Oligochaeta),
popularly known as California red earthworm has a great capacity for assimilating soil components, including
metals, by ingestion or dermal absorption, at contaminated soils [5].

Earthworms accumulate relatively high concentrations of cadmium (Cd), lead (Pb), copper (Cu), zinc (Zn)
and other elements from anthropic sources [6]. The biological effects of depleted uranium accumulation in
earthworms were evaluated by Giovanetti et al., [6]. This metal accumulation capacity is a fundamental
characteristic in biomonitoring [7]. Consequently, the earthworm can be an excellent organism for this
purpose. Therefore, the aim of this study was to evaluate E. fetida as uranium (U) biomonitor in industrial
landfills residue.

2. Methodology

Residue samples were collected with a geotechnical sampler in an industrial landfill that received
predominantly fertilizer industries residues, and identified as samples 1, 2, 3, and 4. Characterization was
performed after the samples were oven-dried (FANEM-720C) at 70 + 1°C and sieved to a grain size less
than 0.065 mm. Analysis was carried out using a Wavelength Dispersive X-Ray Fluorescence (WDXRF)
spectrometer Rigaku Co., model RIX 3000 (Rigaku Co, Japan) with X-ray tube with Rh anode, a 75 mm Be
window, and a 60 kV maximum acceleration voltage, scintillation detector Nal (TI) and flow-proportional
counter.

Adult species of E. fetida earthworm were obtained through local suppliers and conditioned during 24 h on
filter paper moistened with Milli-Q water to void their guts contents. Fifteen groups containing ten
individuals each were conditioned in vessels containing 300 g of landfill residue. One vessel was filled with
soil free of fertilizers (Pb analysis was carried out to verify) and used as a blank to control earthworm
development. Reproduction was used to provide information on the tolerance and well-being E. fetida in
residue samples.

E. fetida were initially sacrificed in liquid nitrogen and digested in acid mixture H202: HNOs: H,O (3:2:1),
in microwave oven (MARS6-CEM). Dry residue samples (0.1 g) were homogenized to powder and digested
according to Ivanova et al. [9]. Final solution was separated and diluted 10 folds in E. fetida muscle samples
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and 500 folds in residue samples. A In (1 pg g*) solution was used as internal standard. Ui (233U, 25U,
234U) analyses of the solutions were performed using a NexION®300 PerkinElmer ICP-MS.

Methodology was validated using standard reference material (NIST) SRM-2709-San Joaquin Soil, with
recovery of 98.7% (U).

Earthworm muscle, and residue results were obtained with three replicates + standard deviations.
Bioaccumulation factor (BAF) is a parameter representing U transfer from residues to earthworms
indicating the earthworm’s capacity to tolerate and bioaccumulate U. In this work U Was calculated in a
simplified manner according to the sum 2*U + 235U + 228U, When this value is higher than one (BAF > 1), it
indicates bioaccumulation of U in earthworms. BAF [8] was calculated according to Eq. (1).

BAF = Urotal (Muscle) (1)

Urotal (Residue)

where, Up,:q: (Muscle) represents Uiar cOncentration in muscles (ug g*), and Ur,:q; (Residue) represents
Urotal CONCeNtration in Residue (ug g2).

3. Results and Discussion

Validation demonstrated that the chosen analytical method acceptable since a high recovery (98.7%) was
obtained for U determination [10]. Fertilizer free control soil (Table I) presents lower levels of the analyzed
elements and was used to monitor species development. The WDXRF analysis results for residue samples
are described in Table I. These major and minor constituents are associated with the ore processing steps for
fertilizer production.

Major constituents Al and Fe are elements present in all residue samples, evidencing a similarity between the
samples collected in landfill. Ca and Mg differ because they can be from rocks with different constituents
such as kieserite and anhydrite, respectively, used in the potassium salt production process [11]. In addition,
Ca is present in apatite, fluorapatite, hydroxyapatite, and chlorapatite series, to produce phosphorus salt [12].
Minor constituents Cl, Mn, Cu, and Zn are elements present in all residue samples. High CI concentrations
in landfill residue differ significantly from control soil, as it is part of the separating process of KCI from
sylvinite ore with NaCl, where CI is discarded [11]. After selective separation of the minerals and final
product drying, granulation and particle size reduction, the residues are discarded in industrial landfill.

In control soil, Pb concentration was lower than in landfill residue indicating that the soil was indeed fertilizer
free. Pb is found naturally in phosphatic rocks in small proportions, after processing, high concentrations
remain in fertilizer and other part is discarded in landfills [13].

Table I. WDXRF analyses results in residue samples and control

Elements Control (n=5) | Sample 1 (n=5) | Sample 2 (n=5) | Sample 3 (n=5) | Sample 4 (n=5)
Mg (%) 0.10+0.01 3.6+0.5 0.45+0.06 0.66+0.09 1.040.1

Al (%) 4.0+0.1 11.6+0.2 12.04£0.2 12.240.2 10.3+0.2

Ca (%) 0.33+0.01 12.4+0.2 0.35+0.01 0.101+0.002 0.35+0.01

Fe (%) 1.06+0.01 3.66+0.05 3.94+0.06 3.04+0.04 4.54+0.06
Cl(ugg? 0.011+0.001 7017 2442 11+1 2843

Mn (ugg?l) | 741 420443 7618 7718 80+8
Cu(ugg?l) |15+1 6.1+0.3 5.2+0.3 2.9+0.3 4.9403

Zn (uggt) |6.0+0.5 343 10+1 5.4+0.5 8.7+0.8

Pb (ugg?) |[0.19+0.02 5.2+0.5 10+1 3.5+0.4 3.0+0.3

During the experiments, the specimens used did not present any health or growth problems, and E. fetida
adapted well in landfill residues samples. They have reached maximum size after 60 days and started their
reproduction. The presence of a large amount of immature and mature cocoons in vessels during experiments
is an evidence of E. fetida fertilization and reproduction. Table 11 show Ut concentration in control soil and
landfill residue, values ranged from 0.804 to 5.81 ug g and are in accordance with the defined Radioactive
Materials Natural Occurrence (NORM) [14] value for U that is 80 pg g*. Control soil Ui was 3.1+0.1 pg
g?l, U occurs as a soil component, originating from rocks in earth’s mantle [1, 15]. Background U
concentration in soil is about 2 pg g [1]. No records of Ui determination in fertilizer production residues
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were found in the literature but is anthropogenic sources from ore processing and from disposal of solid
residue from mining, milling, and production operations. Phosphatic rocks usually employed as source
phosphorus in phosphatic fertilizer production [16] are rich in U. U values may vary regionally, i.e. in
phosphatic region states Pernambuco and Paraiba (Brazil), range from 10 to 530 pg g [15].

Earthworms are important carriers due to their food habits, absorption, and adsorption. Earthworm transfer
elements present in the soil to terrestrial biota, Table 2 show the results of Ui analyses in muscles. Our
results were performed in microhabitat with landfill residue, this indicates that the values obtained may be
higher than those expected when earthworms are in the environment. There are no data reported for Ut in
landfill residue using earthworms, but there is for absorption and accumulation in landfill leachate. Uptake
and accumulation of leachate contaminants into earthworms not only poses a risk to earthworm directly but
transfer bioaccumulated contaminants such as Hg [17], Cd, Cu, Cr, Ni, Pb and Zn through the food chain
[18]. In addition, earthworms living on metalliferous soil are biomonitors of Cd, Cu, Pb, Zn [19].

A species is considered a biomonitor when the Bioaccumulation Factor (BAF) is greater than 1. As displayed
in Table 11, in samples 1, 2 and 4 this factor was near 2, i.e. this means that the difference in U CONcentration
is circa 1,900 times compared with control soil. These values may indicate that E. fetida is a hyperaccumulator
of the Urota.

In sample 3, the BAF was about 1. This may have occurred due to the low Cu concentration (Table I). The
Cu is an essential element to the physiological functions linked to the production of hemoglobin,
metalloproteins, iron metabolism and found in muscles. Cu deficiency may damage reproduction and
interfere in the uptake U by the earthworm. In addition, Ca assist in cation exchange in E. fetida organism,
as this constituent was depleted in the soil there were limited exchanges with U [20]. In E. fetida digestive
system, enzymatic action and microorganisms, such as bacteria, fungi, actinomycetes, algae and protozoa,
activities are greatly stimulated, before gastric contents are excreted [21].

These BAF demonstrate that E. fetida is a biomonitor and can be used bioacumulator/hyperaccumulator of
Uroral in landfill residue.

Table Il. Ui in residues, muscles, and BAF

Samples Soil/Residues Ut (Mg g1) (n=3) | Muscle Ut (Mg g%) (n=3) | BAF
0 (Control) 0.804+0.002 0.800+0.001 1.0
1 3.45+0.06 6.510.1 1.9
2 5.81+0.03 11.2+0.2 1.9
3 3.52+0.01 3.1+0.2 0.9
4 4.13+0.06 7.6+0.3 1.8

4, Conclusions

Quantitative determination of major and minor constituents of landfill residue was successfully implemented.
E. fetida worm was unveiled as a promising biomonitor organism, due to its capacity of hyperaccumulating
Uttal In muscles. It must be remarked that low concentrations of some essential elements, notedly Ca and Cu,
are probable causes of uptake reduction. U concentrations in earthworms are a measure of the "ecologically
significant" fraction of U within a given microhabitat, this indicates that the values obtained in this study may
be higher than earthworms living in the environment. Although several studies have been carried out, we
have established data base method to assess U levels in landfill residue, according to our knowledge. This
study showed the adaptation of earthworm to residue media, which is useful for further research on
ecotoxicology using microplastic, as well as for biomonitoring and evaluation soil contamination from
metals.
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