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The application of rare earth elements (REEs) in several areas, including high-

tech technology, agriculture, medicine, and fuels, has made them an essential

component of our everyday life. This extensive use of REEs in several

technologies is expected to potentially impact human health. Even if several

studies investigated the levels of REEs in humanmatrices, until now no standard

method has been established for analyzing these elements in human matrices.

The sample analysis should be of high quality, and the methods should be

validated properly to ensure the quality of the procedure and traceability of the

analytical data. In this research, we compared the validation and effectiveness of

two differentmethods of sample preparation for human urine samples: a simple

dilution of the sample (DIL) was compared with microwave assisted-acid

decomposition (MIN) for tracing REE levels in human urine samples. The

analysis was carried out by inductively coupled plasma mass spectrometry

(ICP-MS). The working conditions have been set in high-sensitivity mode.

Accuracy of the proposed method was evaluated by spiking the sample

matrix with known concentrations of analyte standards. Both methods

showed adequate precision of repeatability and intra-laboratory

reproducibility, with the DIL method showing better precision of both

repeatability and reproducibility than the MIN method. The CVr% values of

repeatability range from 1.5 to 12% for the DIL and from 8.4 to 16% for the MIN

method. The CVr% values of reproducibility range from 6.2–23% for the DIL and

from 8.6 to 24% for the MIN method. REE recoveries for both methods were

very close to 100%. Both methods proved to be effective for the determination

of REE levels in human urine matrices.
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1 Introduction

REEs have become an essential component of present-day life

due to their pervasive applications in several industrial, agricultural,

and medical applications. This extensive use of REEs in several

technologies is expected to impact human health, including

occupational and environmental REE exposures (Rim, 2016;

Pagano, 2017; Pagano et al., 2019). Unlike experimental studies,

the consequences of REE exposures to human health have been

subjected to relatively fewer investigations. The likely

environmental threats arising from REE exposures deserve a

new line of research efforts (Pagano et al., 2015b).

Environmental exposures have been investigated in populations

residing in REE mining areas, showing REE bioaccumulation in

scalp hair, excess REE urine levels, and defective gene expression

(Pagano et al., 2015a; Pagano et al., 2015b).

Several studies investigated the bioaccumulation of REEs in

human urine matrices. Hao et al. (2015) found elevated levels of

REEs in the hair of people living near Baiyun Obo deposit

(China), the world’s largest REE deposit, compared to the

selected control area. Li et al. (2016) found higher levels of

La, Ce, Nd, and Gd in the urine of workers manufacturing

cerium and lanthanum oxide ultrafine and nano-sized

particles. Li et al. (2017) found higher levels of La and Ce in

the urine of the same kind of workers. The levels of Y, La, Ce, Pr,

Nd, and Sm were higher in the urine of children living near the

Bayan Obo mining area (Liang et al., 2018). Liu et al. (2019)

concluded that increased maternal urinary Ce and Yb level could

be associated to decreased neonatal TSH levels. People living near

smelting areas were more exposed to REEs than people living

near mining areas since their urine contains higher levels of these

metals (Meryem et al., 2016). The urines of e-waste recyclers at

Agbogbloshie (Ghana) contain elevated levels of La, Eu, and Tb

(Takyi et al., 2021). Cirtiu et al. (2022) investigated the REE levels

in urines of residents in Nunavik (Canada) before the beginning

of REE exploitation in this area. Allain et al. (1990) investigated

REE levels in healthy men and found that their levels were below

the related detection limits.

Few innovative methods based on Inductively Coupled

Plasma Mass Spectrometry (ICP-MS) have been developed for

determination of REEs in urine matrices. The Italian Institute of

Health (ISS) described a method for the determination of

chemical elements in human biological samples (serum, urine,

blood, and similar fluids) by ICP-MS, but no REEs were

investigated (Alimonti et al., 2015). A method based on

polymer monolithic capillary microextraction combined on-

line with microconcentric nebulization ICP-MS for the

determination of REEs in biological samples was developed by

Zhang et al. (2013). Li et al. (2016) explored a sensitive and

reliable indicator of the exposure level to REEs in urines. Li et al.

(2017) identified the occupational exposure to REEs by analyzing

urines using ICP-MS based on closed-vessel, microwave-assisted

wet digestion. Bettinelli et al. (2002) developed a method with

electrothermal vaporization ICP-MS (ETV-ICPMS) for

determining REEs in urine, in which the sample was injected

into the graphite tube and trifluoromethane (Freon-23) and was

used as a chemical modifier to reduce vaporization temperature

and the memory effect of most of the lanthanides.

Even if several studies investigated REE levels in human

matrices, until today, no standard method has been established

for analyzing these elements in human matrices. The sample

analysis should be of high quality and the methods should be

validated properly to ensure quality of the procedure and

traceability of the analytical data. It is essential, therefore, to

establish methods for effective tracing of REEs in human

matrices, including urines.

In this research, we described a simple sample preparation

method by dilution with nitric acid solution (2%, v/v) in a ratio 1:

5 (namely, DIL) and compared it to the microwave-assisted-acid

digestion (namely, MIN) for the preparation of human urine

samples for subsequent determination of REE levels by ICP-MS.

2 Materials and methods

2.1 Reagents and materials

All analyses were conducted at the laboratory of Analytical

Chemistry for the Environment of the University of Naples

Federico II. High-purity water (resistivity of 18.2 MΩ cm) was

obtained from a Milli-Q unit (Millipore, United States) and was

used for all solution preparation and sample dilution. Nitric acid

(HNO3, 69% v/v Ultratrace@ ppb-trace analysis grade) was

provided by Scharlau (Barcelona, Spain). The multicomponent

solution of 16 rare earth elements (50 mg/L each) was of

ultrapure grade for ICP, TraceCERT® and was purchased

from Merck (Darmstadt, Germany). All glassware used for

preparation of samples and standards was washed overnight

by immersion in ultrapure HNO3 solution (10% v/v), while

plastic containers used for sampling were washed by HNO3

diluted solution (2% v/v), following a rinse with deionized

water and dryness before use. All the materials have been

tested and found free of rare earth elements.

2.2 Ethical statement

All methods were performed in accordance with the

guidelines and regulations contained in the Declaration of

Helsinki (World Medical Association, 2013). All experimental

protocols were approved by the Ethics Committee of the

University of Naples Federico II (Italy) (authorization n. 181/

21). All the recruited participants provided their written

informed consent to participate to the study before the sample

collection within the H2020 PANORAMA project (see the

acknowledgment for more details).
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2.3 Sampling and sample preparation

Urine samples were collected in 100-ml containers and

deposited at −18°C and then thawed for preparation prior to

ICP-MS analysis. Two different methods of digestion were

considered and compared to identify the most adequate

method of urine sample preparation for subsequent ICP-MS

analysis.

2.3.1 Method 1—simple dilution with nitric acid
In a 10-ml PP test tube, 1 ml of the urine sample was placed

and 4 ml of HNO3 solution (2%, v/v) were added. The mixture

was gently stirred with the use of a vortex, and the samples thus

prepared were analyzed directly by ICP-MS in the shortest

possible time to avoid the possible precipitation of undigested

organic compounds.

2.3.2 Method 2—Microwave-assisted-acid
decomposition method

In a 10-ml glass vessel provided by CEM Corporation

(Charlotte, North Carolina), 2 ml of the urine sample was

mixed with 0.5 ml of concentrated HNO3 (69%, v/v). A

microwave-assisted-acid decomposition was followed using

the automated digestion system Discover SP-D Clinical

(CEM Corporation, Charlotte, North Carolina). After the

introduction of a small stirring bar, the vessel was capped

and placed in the microwave oven for digestion with the

following steps: heating for 2 min up to 120°C, remaining at

120°C for 2 min, and then cooling down for 30 s to room

temperature. After the decomposition, the mixture was

transferred to a 10-ml PP test tube and diluted with HNO3

solution (2%, v/v) to a final volume of 10 ml for subsequent

analysis by ICP-MS.

2.4 Method validation

A validation program was built up according to Eurachem

Guide–The Fitness for Purpose of Analytical Methods

(Magnusson and Ornemark, 2014) and UNI CEI EN ISO/IEC

17025 (2018) to ensure the quality of both DIL and MIN

methods. The characteristic parameters of the method were

evaluated for each element, that is, the limit of detection

(LOD) and quantification (LOQ), working and linear ranges,

repeatability and reproducibility precision, accuracy, and

recovery.

LOD and LOQ were determined according to Eurachem

Guide (Magnusson and Ornemark, 2014) with the determination

of 10 replicate measurements of blank samples containing only

HNO3 solution (2%, v/v). LOD was calculated as 3s and LOD as

10s, s being the standard deviation of the measured

concentrations.

TABLE 1 Instrumental operating conditions for ICP-MS.

ICP-MS parameter

Flow parameter (L/min) Value

Plasma flow 16.5

Auxiliary flow 2.00

Sheath gas 0.20

Nebulizer flow 1.00

Torch alignment

Sampling depth 6.5

Other

RF power (kW) 1.40

Pump rate (rpm) 4

Stabilization delay (s) 10

Ion optics (volts)

First extraction lens −567

Second extraction lens −770

Third extraction lens −559

Corner lens −521

Mirror lens left 88

Mirror lens right 30

Mirror lens bottom 79

Entrance lens 0

Fringe bias −3.6

Entrance plate −47

Pole bias 0.0

TABLE 2 Specific calibration range for the REEs. All values are
expressed in µg/L.

Element Calibration range

LREEs 89Y 0.010–100

139La 0.010–100

140Ce 0.010–100

141Pr 0.010–100

146Nd 0.010–100

MREEs 149Sm 0.010–100

153Eu 0.010–100

157Gd 0.010–100

159Tb 0.005–100

163Dy 0.005–100

165Ho 0.010–100

HREEs 166Er 0.005–100

169Tm 0.005–100

172Yb 0.010–100

175Lu 0.005–100
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The working range was evaluated by analyzing one blank and

six standards at different concentrations, and the linearity was

tested verifying the linear regression coefficient (R2) of the

calibration curve. The linearity was acceptable, with R2 value

greater than 0.996.

Precision was evaluated under repeatability conditions with

the analysis of 10 replicates of spiked urine matrix carried out

by the same analyst, equipment, and laboratory in a short

timescale.

Precision was evaluated under reproducibility conditions

with the analysis of 10 replicates of the same spiked urine

sample carried out by different analysts, equipment, and

same laboratory in an extended timescale, over a 2-week

period.

Both repeatability and reproducibility precision are generally

dependent on analyte concentrations, and so in this study, they

were evaluated at three different concentrations of the calibration

curve.

By determining the standard deviation of the replicates, the

repeatability standard deviation (sr) and the intra-laboratory

reproducibility deviation (sR) were obtained at each

concentration level.

Because at our best knowledge there are no certified reference

materials of all the investigated REEs for urine, the accuracy was

evaluated by recovery studies. Urine unfortified samples were

spiked with a certified REE solution at three different

concentrations in the range from 0.05 to 75 μg/L. At least six

replicates were executed with both DIL and MIN methods. The

recovery is the percentage of fortified concentration, obtained for

each element in each sample at the four concentration levels,

according to formula presented in the Eurachem Guide

(Magnusson and Ornemark, 2014).

2.5 Coupled plasma—mass spectrometry
analysis

Multi-elemental analysis was performed by the

Inductively Coupled Plasma—Mass Spectrometry (ICP-

MS) by using an Aurora M90ICP-MS instrument (Bruker,

Germany). The experimental conditions are given in Table 1.

The analysis was performed in the high-sensitivity mode. All

standards used for analysis in ICP-MS were prepared in

HNO3 solution (2%, v/v). Calibration curves for

determining REEs ranged from 0.005 to 100 μg/L and were

constructed daily by analysis of standard solutions prepared

immediately before analysis. Calibration ranges for each REE

are presented in Table 2. The internal standard was 115In for

both the calibration curve and sample analysis. A blank for

reagents and a blank for the digestion method were

performed to verify REE contamination of all materials

used for each batch and verified in the instrumental

TABLE 3 Limits of detection (LODs) and limits of quantifications (LOQs) evaluated for the instrument (ICP-MS) and for the preparation methods
(dilution, DIL; digestion, MIN). All values are expressed in µg/L.

Element LOD LOQ

ICP-MS DIL—MIN ICP-MS DIL—MIN

LREEs 89Y 0.003 0.015 0.010 0.050

139La 0.003 0.014 0.009 0.046

140Ce 0.003 0.017 0.011 0.056

141Pr 0.003 0.015 0.010 0.051

146Nd 0.004 0.019 0.013 0.065

MREEs 149Sm 0.003 0.013 0.009 0.043

153Eu 0.002 0.011 0.008 0.038

157Gd 0.003 0.013 0.009 0.044

159Tb 0.001 0.007 0.005 0.023

163Dy 0.002 0.008 0.005 0.025

165Ho 0.002 0.010 0.006 0.032

HREEs 166Er 0.001 0.007 0.005 0.025

169Tm 0.001 0.007 0.005 0.025

172Yb 0.002 0.012 0.008 0.039

175Lu 0.002 0.008 0.005 0.025
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sequence every 10 samples. At least two control standards

were verified for every 20 samples.

3 Results and discussion

3.1 Limit of detection and limit of
quantification values

LOD and LOQ values for the ICP-MS determination and

for the dilution (DIL) and digestion (MIN) urine sample

preparation procedures for each REE are shown in Table 3.

For the ICP-MS determination, LOD values ranged from

0.001 to 0.004 μg/L with Tb, Er, and Tm showing the lowest

value and Nd the highest value, while LOQ values ranged

from 0.005 to 0.013 μg/L, with Tb, Dy, Er, Tm, and Lu

showing the lowest and Nd the highest value. For both

urine sample preparation procedures, LOD values ranged

from 0.007 to 0.019 μg/L, with Tb, Er, and Tm showing the

lowest and Nd the highest value, while LOQ values ranged

from 0.023 to 0.065 μg/L, with Tb showing the lowest and Nd

the highest value. Our findings are in accordance with LOD

and LOQ values for determination of REEs from other

studies (Hao et al., 2015; Li et al., 2016; Li et al., 2017;

Liu et al., 2019). For all elements, the values were normally

distributed (Shapiro–Wilk 5% test; p < 0.05), and the

presence of irregular data was not statistically significant

(Dixon 5% single test; p < 0.05).

3.2 Precision

The results of the evaluation of repeatability precision and

intra-laboratory reproducibility precision were obtained for both

TABLE 4 Results of repeatability precision expressed as standard deviation, sr (µg/L) and relative standard deviation (CVr%) at three different levels of
concentrations for the dilution (DIL) and digestion (MIN) sample preparation procedures.

LREEs MREEs HREEs

Element 89Y 139La 140Ce 141Pr 146Nd 149Sm 153Eu 157Gd 159Tb 163Dy 165Ho 166Er 169Tm 172Yb 175Lu

DIL— Low level

Concentration (mean) 0.13 0.17 0.20 0.13 0.13 0.12 0.12 0.09 0.12 0.12 0.11 0.11 0.11 0.11 0.12

Standard deviation, sr 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

CVr% 11 12 9.0 5.2 8.9 9.7 7.1 6.7 9.6 7.2 6.9 8.4 7.0 9.3 8.4

MIN—Low level

Concentration (mean) 0.25 0.32 0.39 0.20 0.23 0.19 0.20 0.17 0.18 0.17 0.18 0.20 0.20 0.20 0.19

Standard deviation, sr 0.03 0.05 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03

CVr% 11 15 12 13 12 14 13 12 14 12 12 14 14 16 15

DIL—Medium level

Concentration (mean) 1.4 1.6 2.0 1.3 1.3 1.2 1.2 1.0 1.3 1.2 1.2 1.2 1.2 1.2 1.2

Standard deviation, sr 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.07

CVr% 4.7 3.6 3.2 4.1 2.8 4.5 6.0 4.6 5.6 6.0 6.1 6.3 6.0 5.2 5.7

MIN—Medium level

Concentration (mean) 1.9 2.1 2.8 1.8 1.8 1.7 1.7 1.5 1.9 1.8 1.7 1.7 1.7 1.7 1.7

Standard deviation, sr 0.2 0.3 0.4 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

CVr% 13 14 14 13 13 13 13 12 12 13 13 12 14 13 13

DIL—High level

Concentration (mean) 13.6 15.1 19.6 12.6 12.8 11.5 11.6 10.2 12.9 12.4 11.7 11.7 11.5 11.2 11.9

Standard deviation, sr 0.4 0.8 0.5 0.4 0.3 0.3 0.3 0.3 0.3 0.2 0.4 0.3 0.3 0.2 0.3

CVr% 3.1 5.4 2.5 3.3 2.5 2.4 2.5 3.0 2.5 1.5 3.3 2.7 2.6 2.2 2.2

MIN—High level

Concentration (mean) 18.9 21.0 27.0 18.0 18.6 17.0 17.2 15.7 18.8 18.3 17.4 17.4 17.0 16.9 17.2

Standard deviation, sr 1.9 1.8 2.8 1.9 1.9 2.0 1.7 1.4 1.9 2.0 1.7 1.9 2.0 1.8 1.7

CVr% 10 8.4 10 10 10 12 9.7 9.1 10 11 9.7 11 12 11 10
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DIL and MIN methods at three different concentration levels are

presented in Table 4 and Table 5, respectively.

The DIL sample preparation method shows a better level of

repeatability than the MIN method. The mean values of relative

standard deviation (CVr%) for the DIL method range from 1.5 to

12% and for the MIN method, they range from 8.4 to 15%. For

both methods, as expected, the values are lower with increasing

concentrations.

Intra-laboratory reproducibility precision also shows

better values of relative standard deviation (CVR%) for the

DIL method for low and high levels of concentrations, with

slightly higher values at the medium level than for the MIN

method.

However, the CVR% values were generally similar for both

methods ranging from 6.2 to 23% for the DIL method and from

8.6 to 24% for the MIN method.

3.3 Accuracy and recovery

The accuracy of analytical methods was evaluated by

analyzing urine samples spiked with known concentrations of

REEs at four different levels. The starting unfortified sample was

analyzed and shows REE values below the LOQs. The urine

sample for the DIL method was fortified with the REE multi-

component solution at concentrations of 0.05, 0.25, 3.0, and

75 μg/L identified as level 1, level 2, level 3, and level 4,

respectively. The urine sample for the MIN method was

fortified with the same solution at concentrations of 0.05,

0.50, 5.0, and 50 μg/L identified as level 1, level 2, level 3, and

level 4, respectively.

In both tested sample preparation methods and at all levels,

the recovery values ranged within ±15% in all samples. The

results are presented in Table 6.

TABLE 5 Results of reproducibility precision expressed as standard deviation, sR (µg/L) and relative standard deviation (CVR%) at three different levels
of concentrations (µg/L) for the dilution (DIL) and digestion (MIN) sample preparation procedures.

LREEs MREEs HREEs

Element 89Y 139La 140Ce 141Pr 146Nd 149Sm 153Eu 157Gd 159Tb 163Dy 165Ho 166Er 169Tm 172Yb 175Lu

DIL—Low level

Concentration (mean) 0.15 0.10 0.22 0.15 0.14 0.13 0.13 0.11 0.14 0.15 0.14 0.14 0.13 0.13 0.14

Standard deviation, sr 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

CVR% 14 11 14 13 13 15 12 14 12 16 19 16 17 15 14

MIN—Low level

Concentration (mean) 0.21 0.27 0.43 0.18 0.19 0.16 0.16 0.14 0.17 0.18 0.16 0.17 0.16 0.16 0.17

Standard deviation, sr 0.04 0.05 0.10 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02

CVR% 18 18 24 16 17 13 15 18 18 16 16 16 17 14 15

DIL—Medium level

Concentration (mean) 1.6 1.9 2.3 1.6 1.5 1.4 1.4 1.2 1.5 1.5 1.5 1.4 1.4 1.3 1.5

Standard deviation, sr 0.3 0.4 0.5 0.3 0.2 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.3 0.2 0.3

CVR% 18 20 23 20 17 19 15 14 13 18 20 17 19 14 18

MIN—Medium level

Concentration (mean) 1.8 2.0 2.5 1.7 1.7 1.6 1.6 1.4 1.7 1.7 1.7 1.6 1.6 1.6 1.7

Standard deviation, sr 0.2 0.2 0.4 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

CVR% 11 11 16 10 11 8.6 11 11 12 10 8.9 8.9 9.3 9.7 9.1

DIL—High level

Concentration (mean) 14.6 16.1 20.0 14.0 13.6 12.9 12.3 10.6 13.5 13.7 13.3 12.9 12.8 12.2 13.4

Standard deviation, sr 1.4 1.7 1.2 1.7 1.1 1.6 1.0 0.7 1.1 1.7 1.9 1.4 1.6 1.2 1.8

CVR% 9.8 11 6.2 12 8.3 12 8.0 6.5 8.2 12 14 11 12 9.8 13

MIN—High level

Concentration (mean) 17.2 18.8 23.0 16.7 16.5 15.8 15.4 14.0 16.5 16.9 16.3 16.0 15.8 15.4 16.2

Standard deviation, sr 2.6 3.1 4.8 2.2 2.7 2.0 2.2 2.1 2.7 2.2 1.8 2.1 1.9 2.2 1.7

CVR% 15 16 21 14 16 12 14 15 16 13 11 13 12 14 11
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Methods using sample dilution for analyzing REE levels in

urine samples have been used in several studies. Allain et al.

(1990) also prepared the samples by a simple 6-fold dilution with

HNO3 solution, 10 ml/L. Cirtiu et al. (2022) made a 20-fold

dilution with HNO3 solution, 0.5% (v/v). Hao et al. (2015) made

a 10-fold dilution with deionized water. Li et al. (2016) made a

20-fold dilution with HNO3 solution, 2% (v/v).

In our study, we demonstrated precision, accuracy, and

reliability of the simple dilution for urine sample preparation.

Use of HNO3 solution, 2% (v/v) allowed direct analysis to the

ICP-MS, and in this way, we did not go beyond a 5-fold dilution,

and this allows obtaining lower detection limits.

Similar preparations to ourMINmethod have been used before.

Zhang et al. (2013) also used a microwave digestion method for

preparing the urine samples, adding 2.5 ml of concentrated HNO3

to 1 ml of urine. Li et al. (2017) prepared 1 ml of the urine sample

with 5 ml of 65% HNO3, 2 ml of H2O2, 30% (v/v), and 2 mlMilli-Q

water and used a closed-vessel microwave-assisted wet digestion.

In our study, we decided to leave the dilution ratio between

the two methods unchanged for a better comparison of results.

We demonstrated precision, accuracy, and reliability of the

microwave-assisted urine preparation method with a reduced

amount of nitric acid, adding only 0.5 ml of concentrated HNO3

to 2 ml of urine. Furthermore, the digested aliquot was brought to

a final volume of 10 ml using of HNO3 solution, 2% (v/v),

allowing direct analysis to the ICP-MS. In this way, the

dilution ratio 1 to 5 is maintained and, therefore, the

possibility of obtaining lower detection limits in urine matrix.

The choice of the methods used in this study was also guided

by the possibility of carrying out in the future the analysis of trace

metals with the same methods, optimizing the analytical times

and the quantity of the sample required.

Several studies in the literature had used acid dilution for urine

sample preparation also for the determination of trace elements.

Batista et al. (2009)made a 20-fold dilution with a solution containing

HNO3, 0.5% (v/v) and Triton X-100 (0.005%, v/v). Bocca et al. (2019)

TABLE 6 Results of accuracy expressed as recovery (%) based on analysis of spiked samples at four different levels for the dilution (DIL) and digestion
(MIN) sample preparation procedures.

Spiked samples

Element Recovery
(%)

Element Recovery
(%)

Element Recovery
(%)

DIL MIN DIL MIN DIL MIN

LREEs 89Y Level 1 88 93 MREEs 149Sm Level 1 93 91 HREEs 166Er Level 1 88 87

Level 2 94 95 Level 2 99 88 Level 2 100 100

Level 3 100 94 Level 3 96 94 Level 3 99 96

Level 4 102 107 Level 4 98 105 Level 4 101 108

139La Level 1 108 114 153Eu Level 1 91 86 169Tm Level 1 96 100

Level 2 105 100 Level 2 95 98 Level 2 99 99

Level 3 106 97 Level 3 99 97 Level 3 101 98

Level 4 108 108 Level 4 102 109 Level 4 102 110

140Ce Level 1 95 98 157Gd Level 1 104 111 172Yb Level 1 86 83

Level 2 102 101 Level 2 91 96 Level 2 100 102

Level 3 106 97 Level 3 92 94 Level 3 101 99

Level 4 109 110 Level 4 93 105 Level 4 103 111

141Pr Level 1 91 94 159Tb Level 1 87 87 175Lu Level 1 85 87

Level 2 101 98 Level 2 97 99 Level 2 102 104

Level 3 101 96 Level 3 102 97 Level 3 104 101

Level 4 102 106 Level 4 103 109 Level 4 106 113

146Nd Level 1 92 90 163Dy Level 1 89 94

Level 2 98 93 Level 2 95 97

Level 3 98 95 Level 3 98 97

Level 4 102 106 Level 4 101 108

165Ho Level 1 90 90

Level 2 100 101

Level 3 102 99

Level 4 103 110
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made a 5-fold dilution with high-purity deionized water. Cui et al.

(2005) made a 10-fold dilution with high purity deionized water. De

Matos et al. (2022) made a 20-fold dilution with a solution containing

HNO3, 0.4% (v/v) andTritonX-100 (0.005%, v/v). Asante et al. (2012)

made a 5-fold dilution with Milli-Q water to determine arsenic.

Schmied et al. (2021)made a 10-fold dilutionwithHNO3 solution, 2%

(v/v) and internal standard solution. Tong et al. (2021)made a 10-fold

dilution with HNO3 solution, 1% (v/v).

In other studies, researchers carried out microwave digestion for

preparing urine samples to determine trace elements (Asante et al.,

2012; Choe and Gajek, 2016; Pham et al., 2017; Moore et al., 2018).

A future goal will be to lead a validation study of the two

different methods of digestion used in the present work for the

determination of trace element levels in human urine samples.

4 Conclusion

The digesting capacity of different sample preparation methods

is a crucial step which can affect the accuracy of analytical results.

In this study, we showed the comparison between the validation

data obtained from two different digestion procedures for

determination of REEs in human urine samples. The analysis

was carried out by ICP-MS in high-sensitivity mode, that is, a

widely used technique in clinical, forensic, occupational, and

environmental fields for determination of metals and metalloids.

We proposed a simple dilution of the sample with diluted

nitric acid solution (2%, v/v) and a microwave-assisted-acid

digestion.

Both validated methods presented in this work meet the

performance criteria and the requirements set out in European

regulations for method validation.

Both methods showed adequate precision of repeatability

and reproducibility. The mean values of relative repeatability

standard deviation (CVr%) for the DIL method range from 1.5 to

12% and for the MIN method range from 8.4 to 15%. The

reproducibility CVR% values range from 6.2 to 23% for the DIL

method and from 8.6 to 24% for the MIN method.

Accuracy of the proposed method was evaluated by spiking

the sample matrix, and REE recoveries for both methods were

very close to 100% ranging from 91 to 109% for the DIL method

and from 88 to 113% for the MIN method.

Therefore, both tested methods of preparation are validated

for analyzing REEs in urine samples, according to the method

validation and the criteria of the guidelines.

Furthermore, both methods offer satisfactory LOD values

ranging from 0.007 to 0.019 μg/L in the urine matrix sample.

Therefore, this allows defining them suitable for the analysis

of REEs in environmental health investigations.
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