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ABSTRACT

Introduction: In medical physics applications, effective atomic numbers are often employed to set apart and specify 
the interaction of ionizing radiation with matter. Methods: The effective atomic number of soy-lignin bonded with 
Rhizophora spp. particleboards were analyzed using Energy Dispersive X-ray analysis and Carbon Hydrogen Nitro-
gen Analyzer. The effective atomic number were compared and recorded with reference to the effective atomic value 
of water. Results: The result showed that the effective atomic number calculated for adhesive bound Rhizophora spp. 
samples were close to effective atomic value of water, with 3.34 – 3.47 % differences by using Energy Dispersive 
X-ray and 6.47 – 6.78 % differences by using Carbon Hydrogen Nitrogen analysis. The result revealed that through 
Energy Dispersive X-ray method, the effective atomic number was much closer to water compared to Carbon Hydro-
gen Nitrogen analysis. Conclusion: Despite the availability of hydrogen content in the samples in Carbon Hydrogen 
Nitrogen analysis, Energy Dispersive X-ray method was much more preferred and gave better result compared to 
Carbon Hydrogen Nitrogen analysis thus provide a compelling argument for the use of Energy Dispersive X-ray 
method to measure the effective atomic number of Rhizophora spp. particleboard in medical physics applications. 
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INTRODUCTION

The effective atomic numbers (Zeff) are often utilized to 
characterize the interaction of ionizing radiation with 
matter. Zeff calculation in any composed materials 
showed the relationship between the cross-section 
diverse radiations interaction with the matter and the 
atomic numbers of the constituent elements in the 
composed material (1–6). Since the X-ray was first 
introduced and widely used in medical applications 
including diagnostic and therapy, knowledge on 
dosimetry became one of the utmost importance in 
medical fields (7). Photon interaction parameters 
including effective atomic number are required in order 
to provide details on photon association with target 
material especially in radiation study, and particularly 
important for the material to be used as phantom (8). 
Phantom is any material that can represent soft tissue 

of human and an important tool in radiotherapy 
dosimetry. Water has been acknowledged by IAEA as 
a standard phantom and it has been used universally 
in radiotherapy. Water is presented with reproducible 
radiation properties and widely available, thus it is 
recommended for dosimetry purposes in radiotherapy. 
Given the importance of organ dose calculation in 
radiotherapy treatment, tissue-equivalent phantom 
medium mimicking human body anatomy should be a 
focus target for more refined study in term of dose and 
treatment setting. 

It is well-known that water is acknowledged as 
a good medium to represent human body due to 
its properties, and water also exhibit excellent 
measurement for radiation absorption and scattering 
in radiation and dosimetry study. However, due to 
its physical characteristics and non-solid state, many 
commercialized phantoms replaced water for dosimetry 
study, which include polystyrene, acrylic and wood-
based phantom (9). Commercially available but 
expensive anthropomorphic phantoms which is RANDO 
phantom (Alderson Research Labs, Stanford, CA) and 
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recently, the ATOM® phantom (CIRS, Norfolk, VA), are 
often used for dosimetric radiation measurements. 

Effective atomic number is closely related to attenuation 
properties of materials towards ionizing radiation. 
If a material has Zeff value close to water, it is said to 
have similar attenuation properties to water (10,11). 
Rhizophora spp is becoming more prominent in the 
study of phantom for radiation study, can be found 
growing abundantly in the coastal area in Malaysia. 
At photon energy of 59.54 keV, the study had found 
that Rhizophora spp. wood provides the closest mass 
attenuation coefficient and mass density to water, with 
linear attenuation coefficient of 0.0212 mm-1 compared 
to 0.0205 mm-1 of water which allows the initiation 
of further investigation of this particular type of wood. 
High agreement within 2 % of PDD using Co-60 photon 
energy was also reported (12). Further investigation on 
binderless particleboard of Rhizophora spp. was done 
due to its tendency to warp and split over time (13,14). 
Adhesives are indispensable components in wood 
composites as they can physically and mechanically 
affect the properties of wood composites. Phenol-
formaldehyde (PF) has conquered the wood industry over 
the years as the commercial adhesive, however, natural 
adhesive were preferred over petroleum-based adhesive 
due to its health concern (15). Natural-based soy flour 
and lignin were chosen in this study as adhesives bonded 
with Rhizophora spp. Based on previous study, lignin as 
single adhesive material is inferior when compared to 
mixture of lignin with other natural-based adhesives (16). 
The strength and water resistance of wood composite 
improved when combined with formulation of lignin 
and other natural adhesive (16). 

This study focused on the calculation of effective atomic 
number for adhesive-bonded Rhizophora spp. based 
on the elemental composition using Energy Dispersive 
X-ray analysis (EDX) and Carbon Hydrogen Nitrogen 
(CHN) analysis. EDX methods were used extensively 
in the previous study, and the outcomes were close to 
the target value, which was close to the effective atomic 
value of water (17–19). However, there is another 
method of measuring the elemental composition in a 
material which is by using Carbon Hydrogen Nitrogen 
(CHN) Analyzer. CHN Analyzer often used to provide a 
means for the rapid determination of nitrogen, carbon 
and hydrogen in organic materials. Oxygen composition 
in the material, although were not calculated in the 
process, can be determined arithmetically based on 
the result obtained. However, this particular method is 
rarely used and reported in the previous study, thus this 
study will utilize both methods to obtain the elemental 
composition of the elements on the samples, and the 
results were compared. The outcome of this study may 
reveal the preferred method between EDX and CHN in 
the analysis of elemental compositions and effective 
atomic number which are particularly important to 
characterize a phantom material in medical physics 

applications.

MATERIALS AND METHODS

Sample preparation 
For this study, slabs of particleboards at the dimension 
of (23 x 23 x 0.5) cm3 were prepared with Rhizophora 
spp. as raw material with natural-based lignin and 
soy flour as adhesive materials. All the samples were 
prepared at a target density of 1.0 g·cm-3 at different 
adhesive percentages, 0 %, 6 % (4.5 % soy flour and 
1.5 % lignin) and 12 % (6 % soy flour and 3 % lignin) 
by using hot pressing at approximately 200 °C, with 
pressure of 20 MPa for the duration of approximately 20 
minutes. The measurement of Rhizophora spp. particles, 
adhesive materials used and water for the fabrication of 
the particleboard were calculated according to previous 
study (20,21) and defined by Equation 1.

ρ =  M/V; ρ=1 g.cm-3

MR= WR% x ρ x (1+ MC%R)
MS= WS% x ρV x (1+ MC%S)
ML= WL% x ρV x (1+ MC%L)

MW= 7% x ρV - [(MR x MC%R)+ (MS x MC%S)+ (ML x MC%L)]
                                                                               [Eq. 1]

where ρ, ρt, M, and V are the density (g·cm-3), target 
density (g·cm-3), approximate mass (g), and volume (cm3) 
of the board, respectively. Parameters MR, MR%, and 
MC%R are the approximate mass (g), weight percentage 
(%), and moisture content (%/L) of Rhizophora spp. 
wood particles. The variables MS, WS%, and MC%S are 
the approximate mass (g), weight percentage (%), and 
moisture content (%/L) of soy flour. ML, ML%, and MC%L 
represented approximate mass (g), weight percentage 
(%), and moisture content (%/L) of lignin. Variable 
MW is the approximate mass (g) of water used in the 
formulation. For EDX study, the samples were cut into 
5.0 x 5.0 mm2 whereas for CHN analysis, the samples 
were prepared in powder form. Soy flour and lignin 
were also prepared separately for both EDX and CHN 
analysis. 

Effective atomic number using EDX analysis
EDX was employed to dictate the elemental fraction of 
each samples, which were first coated with platinum 
for conductivity. SEM-EDX NOVA NANOSEM 450 in 
NORLab, School of Physics, Universiti Sains Malaysia, 
was used for this study. The samples were then fixed 
onto specimen holders and examined under vacuum 
condition using SEM. The Zeff is measured using Equation 
2.

                  
[Eq. 2]

Where e
i
 and z

i
 are electron fraction and atomic number 

of ith  element in the sample respectively. m is fixed value 
of 3.4 which represents the hypothetical coefficient for 
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water and biological matters. The electron fraction of 
the ith element can be measured using Equation 3.

                       
[Eq. 3]

Where fw
i
 and A

i
 are fractional weight and atomic mass 

of the ith  element respectively.

Effective atomic number using CHN Analyzer 
Carbon Hydrogen Nitrogen (CHN) Analyzer was used 
to record the composition of elements in the samples. 
The analysis was performed using The Perkin Elmer 
2400 Series II CHN Elemental Analyzer, Universiti 
Sains Malaysia. Percentage fraction of element H, C and 
N were provided by the analysis, whereas for O, the 
percentage was calculated based on the results. The Zeff 
was measured using Equation 1. A paired sample T-test 
using Microsoft Excel 2019 application was performed 
to compare the effective atomic number calculated 
based on the elemental fractionation determined by 
EDX and CHN methods.

RESULTS

Zeff based on EDX analysis
The effective atomic number of Rhizophora spp. 
particleboard bonded with natural-based lignin and 
soy flour was shown in Table I (22). Table II displayed 
the Zeff value calculated and Zeff of the previous study 
compared with water (17,23). The Zeff value for 0 %, 6 
% and 12 % adhesive-bonded Rhizophora spp. samples 
were 7.1622, 7.1724 and 7.1759, respectively. The Zeff 
value for soy flour is 7.1226 and for lignin is 6.9041 
which was determined through EDX method.

oxygen content was calculated arithmetically from the 
result, shown in Table II (20). The comparison between 
the fractional elemental weight for Rhizophora spp. 
samples using EDX and CHN methods at different 
percentages of adhesives were shown in Figure 1.

Table I: Fractional weight calculated using EDX method.

Sample Elemental weight in fraction, w
i

H C O N

A
0

- 0.484 0.484 0.032

A
6

- 0.474 0.486 0.041

A
12

- 0.477 0.492 0.031

Soy flour - 0.467 0.437 0.096

Lignin - 0.613 0.355 0.031

A = approximately 0 – 103 µm particle sizes 
0 = binderless; 6 = 6 % adhesives; 12 = 12 % adhesives

Zeff based on CHN analysis 
The effective atomic number for Rhizophora spp. 
particleboard bonded with natural-based lignin and 
soy flour was calculated and determined by using CHN 
analysis. The CHN analysis, elemental composition 
for carbon, hydrogen and nitrogen were obtained, and 

Table II: Fractional weight calculated using CHN analysis.

Sample Elemental weight in fraction, w
i

H C O N

A
0

0.063 0.458 0.478 0.001

A
6

0.063 0.460 0.472 0.005

A
12

0.062 0.449 0.482 0.007

Soy flour 0.064 0.407 0.455 0.075

Lignin 0.058 0.600 0.339 0.004
A = approximately 0 – 103 µm particle sizes 
0 = binderless; 6 = 6% adhesives; 12 = 12% adhesives

Figure 1: Comparison of fractional elemental weight of the 
samples using EDX and CHN methods. The comparison was 
made between Rhizophora spp. samples bonded with different 
percentages of soy flour and lignin as adhesives.

Table III showed the Zeff value for all the samples 
obtained from CHN analysis (24,25). The effective 
atomic number for 0 %, 6 % and 12 % adhesive-bonded 
Rhizophora spp. samples were 6.928, 6.917 and 6.9403, 
respectively. The Zeff value for soy flour is 6.9384 and 
for lignin is 6.6596 which was determined through CHN 
analysis method. A paired sample t-test was performed 
to determine the statistical significance of both methods 
used in this study. The p-value obtained from the paired 
sample T-test was less than 0.05, revealing that CHN 
method used in the measurement of effective atomic 
number did statistically give significant differences in 
comparison to the EDX method. 

DISCUSSION

Previous studies that investigated the effective atomic 
number for phantom-based materials often used EDX 
method instead of CHN analysis (13,19,26). The Zeff 
obtained for adhesive bonded with Rhizophora spp. 
sample investigated using EDX method were also 
closer to Zeff value of water, with a difference in value 
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analyzer, which may be due to its availability. 
 
CONCLUSION

The result of the effective atomic number determined 
by EDX and CHN analysis showed close value to Zeff of 
water. The EDX method, which was preferred compared 
to CHN analysis may be due to the availability of the 
analyzer itself. Despite the availability of hydrogen 
content in the samples in CHN analysis, EDX method 
was much more preferred and the corresponding 
Zeff value of the particleboard showed a fascinating 
favorable similarity to water compared to CHN analysis. 
This finding hence proposed a higher value-added use 
of Rhizophora spp. bonded with natural-based soy 
flour and lignin as possible phantom material with the 
measurement of Zeff.
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