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ABSTRACT 

 
Analytical portions used in chemical analyses are usually less than 1g. Errors resulting from the sampling are 

barely evaluated, since this type of study is a time-consuming procedure, with high costs for the chemical 

analysis of large number of samples. The energy dispersion X-ray fluorescence – EDXRF is a non-destructive 

and fast analytical technique with the possibility of determining several chemical elements. Therefore, the aim 

of this study was to provide information on the minimum analytical portion for quantification of chemical 

elements in biological matrices using EDXRF. Three species were sampled in mangroves from the Pernambuco, 

Brazil. Tree leaves were washed with distilled water, oven-dried at 60 ºC and milled until 0.5 mm particle size. 

Ten test-portions of approximately 500 mg for each species were transferred to vials sealed with polypropylene 

film. The quality of the analytical procedure was evaluated from the reference materials IAEA V10 Hay Powder, 

SRM 2976 Apple Leaves. After energy calibration, all samples were analyzed under vacuum for 100 seconds for 

each group of chemical elements. The voltage used was 15 kV and 50 kV for chemical elements of atomic 

number lower than 22 and the others, respectively. For the best analytical conditions, EDXRF was capable of 

estimating the sample size uncertainty for further determination of chemical elements in leaves. 
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1. INTRODUCTION 

 

The problem of representativeness is intricate for any ecological study, in which a “correct” 

sample should provide qualitative and quantitatively information on a process or 

phenomenon to be studied. In this case, sample sizing emerges as one of the most important 

issues [1], since analytical portions used in chemical analyses are usually less than 1g. To 

solve this problem, Sampling Theory states that test portions should be taken from a 

population, thereby characterizing a sample, which is representative of a population. 

Nevertheless, if a portion is erroneously taken due to the homogeneity problems, 

contamination with metallic chemical elements or any bias, the sample becomes “incorrect”, 

causing huge problems to the analyst and misinterpretation [2]. 

 

Considering that each population has its own characteristics, including population density, 

size and distribution, specific sample dimension studies should be developed for each sample 

to be analyzed [2]. Taking the advantage of easy operation and sample preparation, fast 

chemical analysis and the capability of determination of simultaneous chemical elements, 

Energy Dispersive X-Ray Fluorescence – EDXRF becomes an interesting tool to estimate 

sample sizes for quantifying chemical elements in biological matrices. Despite, this analytical 

technique has being used to assess qualitative and quantitative chemical composition within 

the 1-100 mg/kg range of various kinds of samples, including agricultural, industrial, 

geological and environmental matrices [3]. 
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Sample size studies could be developed for any type of biological material. In this study, test 

portions of mangrove tree leaves were studied to determine the appropriated analytical 

portion for quantification of chemical elements using EDXRF. For this, calculations of the 

Ingamells’ sampling constant [4,5] and Horwitz’s estimative of expected coefficient of 

variation [6]. The expected uncertainty due to the sample size was estimated for further 

analytical portions.  

 

2. MATERIAL AND METHODS 

 

Sampling was conducted in 2012 as part of a project to study radionuclide distribution by 

high resolution gamma-ray spectrometry in Pernambuco State mangroves. Composite leaf 

samples of Rhizophora mangle, Laguncularia racemosa and Avicennia schaueriana tree 

species were collected from the Ariquindá River, located between the cities of Rio Formoso 

and Tamandaré, Southern Coast of Pernambuco, Brazil. 

 

Biological material was washed in tap water, oven-dried at 60 °C and milled by using an 

industrial blender. After preparation, ten analytical portions of about 2.7 g were taken from 

each composite sample (total mass of approximately 700 g) for chemical analysis by Energy 

Dispersion X-Ray Fluorescence – EDXRF, model EDX720, Shimadzu. This EDX system is 

composed by a rhodium tube for producing X-Ray and inducing characteristic X-rays to be 

quantified by the Si(Li) detector. After the calibration of energy, chamber atmosphere was 

changed to vacuum to improve the determination of chemical elements. Measurement time 

was set to 100 seconds for each group of chemical elements according to the established 

analytical procedure. The voltages were 15 kV and 50 kV for chemical elements of atomic 

number less than 22 and the others, respectively. Likewise, to minimize interferences and 

improve sensitivity, aluminum filter was used for Cl and K, silver filter for Zn and titanium 

filter for Fe and Mn determination. To ensure the quality of the analytical procedure, test 

portions of SRM 2976 Mussel Tissue and IAEA V10 Hay Powder were analyzed together 

with samples. Mass fractions of chemical elements were calculated by the specific software 

provided by Shimadzu using analytical curves obtained by means of the analysis of diverse 

certified reference materials. 

 

The constant sampling Ks (Ingamells’ constant) was estimated for the chemical determination 

considering a minimum number of subsamples (n = 10). If the analytical error is minimal and 

X1, X2, ..., XM are the results of the chemical determinations of subsamples M of mass w (g), 

Ks is estimated by Equation 1 [4,5]: 

 

 Ks = R
2
.w = (10

4
w∑(Xi – Ẋ)

2
) / (M-1) Ẋ

2
 Equation (1) 

 

in which Ẋ is the mean and R is the coefficient of variation estimated. The coefficient of 

variation estimated for the same constituent in a future sample WF subsample mass is 

estimated by: 

 

 RF= (Ks / WF)
0,5

 Equation (2) 

 

The practical reason to compute RF is the possibility of determination the expected error for 

analyzing further sample mass. In the case of leaf samples, the calculations of Ingamells’ 
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constant were performed to assess the representativeness of small samples. Calculation of the 

square root of the mass expressed Ks of sample required for an error of 1%. 

 

To estimate the minimum expected error for the analysis of biological matrices, Horwitz 

express the relation between the mass fraction (C) to be analyzed and the coefficient of 

variation (CV%) as followed: 

 

 CV%= 2
(1-0,5. log C) 

Equation (3) 

 
 

For that, the mass fraction C is expressed as a power of 10 (for example, 1 mg / g = 10
-3

) [6]. 

The estimative of C the average mass fractions of each chemical element determined by 

EDXRF in the sample. 

 

3. RESULTS AND DISCUSSION 

 

Results for the certified reference materials indicated a satisfactory quality of the analytical 

procedure since the obtained values were in accordance with the certified values even 

considering the difficulties to analyze powder samples by EDXRF due to the spectral 

interferences. The chemical elements Ca, Cl, Cu, Fe, K, Mg, Mn, P, Sr and Zn could be 

determined in the leaves of mangrove species. Tables 1 and 2 summarize the descriptive 

statistics for major and minor chemical elements determined in leaves, respectively.  

 
Table 1: Descriptive statistics of major chemical elements. M = mean. SD = standard 

deviation. CV = coefficient of variation. Ks = Ingamell’s constant. Ks
0.5

 = coefficient of 

variation in % for guaranteeing error of 1%. RF (0,5g) = expected CV (%) due to the 

sample size for 0.5 mg test portion. CVHorwitz = expected CV (%) by Horwitz equation. 

Species Statistics Ca Cl K Mg 

Rizophora 
mangle 

M (mg /kg) 12500 35800 6000 5100 

SD (mg /kg) 170 760 160 250 

CV (%) 1.4 2.1 2.7 5 

Ks 5 12 20 70 

Ks
0,5 

2.2 3.5 4.5 8.0 

RF (0,5g) 3 5 6 11 

CVHorwitz 1.4 1.2 1.6 1.6 

Laguncularia 
racemosa 

M (mg /kg) 13500 48700 4700 4200 

SD (mg /kg) 740 660 110 150 

CV (%) 5.5 1.4 2.3 3.7 

Ks 92 6 16 41 

Ks
0,5 

9.6 2.4 4 6.4 

RF (0,5g) 13 3.3 5.6 9 

CVHorwitz 1.4 1.1 1.6 1.6 

Avicennia 
schaueriana 

M (mg /kg) 45800 37000 10500 7100 

SD (mg /kg) 81 510 180 420 

CV (%) 1.8 1.4 1.7 6 

Ks 8.2 5 7.8 94 

(Ks)
0,5 

8.2 2.2 2.8 9.7 

RF (0,5g) 3 3.2 4 13 

CVHorwitz 1.6 1.2 1.4 1.5 
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The coefficients of variation, the major contributor to the Ingamells’ constant, varied from 

1.4% for Ca in R. mangle and Cl in L. racemosa and A. schaueriana to 13% for Na in 

A. schaueriana (Table 1). As a result, the maximum values of Ks were obtained for this last 

chemical element for all species. Considering the RF(0.5g) values, the analysis of analytical 

portions mass of 0.5 g would result in sample size uncertainty of, at least, 5% due to the 

sample size reduction for Cl determination in leaves. However, the coefficients of variation 

estimated by Horwitz varied from 1.2% to 1.6%, indicating the best estimation of uncertainty 

due to the sample size of about 4.6%. 

 

For the minor chemical elements, the coefficients of variation varied from 3% for Sr in 

L. racemosa leaves to 16% for Mn in L. racemosa. Chemical determination of 0.5 g 

analytical portions would result in, sometimes, inadmissible uncertainties due to the sample 

size for Mn, Zn, Fe and P in the case of analysis of diverse plant species. Such behavior could 

be associated to the analytical conditions by EDXRF. However, Sr could be analyzed by 

other analytical technique, such as Atomic Absorption Spectrometry, with a sample size 

uncertainty of only 4% (Table 2).  

 

 
Table 2: Descriptive statistics of minor chemical elements. M = mean. SD = standard deviation. 

CV = Coefficient of variance. Ks = Ingamell’s constant. Ks
0.5

 = Coefficient of variance (%) for 

guaranteeing error of 1%. RF (0,5g) = expected variance (%) due to the sample size for 0.5 mg test 

portion. CVHorwitz = expected variance (%) by Horwitz equation. 

Species Statistics Cu Fe Mn P Sr Zn 

Rizophora 

mangle 

M (mg /kg) 11 164 220 800 335 20 

SD (mg /kg) 0.33 0.04 10.2 0.04 18.4 2.0 

CV (%) 3.0 4.4 4.6 4.1 5.5 10 

Ks 26 52 57 45 81 270 

Ks
0,5 5.1 7.3 7.6 6.8 9.0 16 

RF (0,5g) 7 10 11 9 13 23 

CVHorwitz 4 2.7 2.5 2.0 2.4 3.6 

Laguncularia 

racemosa 

 

M (mg /kg) 11 570 17 620 270 38 

SD (mg /kg) 0.54 17 2.8 28 4.7 2.5 

CV (%) 5.2 3.0 16 4.5 1.7 6.0 

Ks 81 26 810 61 9.0 125 

Ks
0,5 81 5.1 28 7.8 3 11 

RF (0,5g) 12 7 40 11 4 14 

CVHorwitz 4 2.2 3.7 2.2 2.4 3.3 

Avicennia 

schaueriana 

M (mg /kg) 10 103 97 719 335 25 

SD (mg /kg) 0.59 9.0 4.2 53 18 1.2 

CV (%) 5.8 8.9 4.3 7.3 3.7 4.8 

Ks 88 209 49 143 81 11 

(Ks)
0,5 9.4 15 7 12 9 7.8 

RF (0,5g) 9 14 7 17 6 8 

CVHorwitz 4 2.8 2.8 2.1 2.4 3.2 
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4. CONCLUSION 

 

Considering the best analytical conditions, EDXRF was capable of estimating the sample size 

for analyzing biological materials. 
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