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Determination of Photon Shielding Parameters 
for Soils in Mangrove Forests
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The mass attenuation coefficient (MAC), effective atomic number (Zeff), and effective electron 
density (Neff) values of soils in mangrove forests across the Philippine islands were investigated. 
In addition, ENDF/B-VI.8 cross-section data library was used for interpolating Zeff and Neff 
values. Photon energies considered in this study ranged from 59.5–1332 keV. MAC values were 
obtained using MCNP5 and PHITS Monte Carlo (MC) simulations and were found to be in 
good agreement with XCOM and values in literature. Results for Zeff were in good agreement 
with values obtained using Phy-X/ZeXTRa program. Each shielding parameter was investigated 
as a function of SiO2 concentrations.

*Corresponding Author: fchila@pnri.dost.gov.ph

INTRODUCTION
Photon attenuation parameters – including the MAC, 
Zeff, and Neff – are important quantities that have been 
subjects of interest for a wide range of materials, including 
natural matter such as rocks (Obaid et al. 2018a; Alorfi 
et al. 2020), concretes (Mahmoud et al. 2019a), ores 
(Un and Sahin 2011), and minerals (Agar et al. 2019; 

Han et al. 2009). These quantities have been used for 
acquiring important characteristics of soils such as bulk 
density, water retention, porosity, and particle sizes in a 
non-invasive and accurate manner (Mudahar and Sahota 
1988a; Pires 2018; Elias 2004). On the other hand, MAC 
values of soils are also used for self-correction factors 
essential in gamma spectrometry of many geological and 
environmental samples (Al-Masri et al. 2013).
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Soils are additionally recognized as highly abundant, 
cheap, and effective radiation shielding media (Mudahar 
and Sahota 1988a). They are composed of both organic 
and inorganic matter, with silica (SiO2) as typically the 
largest component. Thus, shielding parameters of soils 
have been investigated for a variety of types and origins 
(Mudahar and Sahota 1988b; Un and Sahin 2012; Kucuk 
et al. 2013; Sayyed et al. 2019). For photon shielding, 
the Zeff and Neff are convenient parameters for composite 
materials and can both be derived from measured MAC 
values, which are dependent on photon energy.

For the determination of attenuation coefficients of 
multi-element materials, numerous studies have used 
MC simulations due to its versatility, accuracy, and 
capability to consider the effects of geometry. This 
method is done by modeling a narrow-beam setup 
inclusive of the collimator and detector (Divina et al. 
2020; Boukhris et al. 2020; Al-Hadeethi et al. 2020). 
This method has been previously used in acquiring 
attenuation coefficients for natural and building 
materials – including selected rocks, concretes, bricks, 
and minerals (Obaid et al. 2018b, c; Mahmoud et al. 
2019b; Sharifi et al. 2013; Singh et al. 2018; Medhat 
2015). It was also recently used for acquiring the 
attenuation coefficients of soils from chosen locations 
in Egypt (Akar Tarim et al. 2013; Medhat et al. 2014) 
and in Iraq (Taqi and Khalil 2017).

The primary objective of this study is to obtain MAC, 
Zeff, and Neff values of soil samples specifically collected 
from Philippine mangrove forests. The MCNP5 and 
PHITS MC codes were used to obtain MAC values, 
which were compared with XCOM. The results obtained 
were interpolated to determine Zeff and Neff values. The 

photoatomic library for interpolations was the pooled 
ENDF/B-VI.8 previously extracted for the construction 
of a photon shielding program (Hila et al. 2020). This 
particular library is appropriate since it is the exact 
library used by the MC simulation codes. Results of 
Zeff and Neff values were compared by using the Phy-X/
ZeXTRa (Özpolat et al. 2020), which uses the pooled 
WinXCom (Gerward et al. 2001, 2004) photon cross-
section database taken from XCOM. Furthermore, the 
effect of the silica amount on the attenuation parameters 
was investigated by Akar Tarim et al. (2013) and is also 
investigated in this work.

MATERIALS AND METHODS

Soil Sampling and Analysis
Five areas across the Philippine islands were selected 
for this study (Figure 1). Sampling locations include 
Zambales (Masinloc and Subic), Palawan (Bogtong and 
Calauit), and Cebu (Kodia). All sampling locations are 
natural mangrove forests. The nature of the sites and 
morphology of the mangrove soils are described in the 
previous study (Dicen et al. 2019).

Mangrove soil sediments were collected using a corer with 
a length of 100 cm and a diameter of 6.5 cm. Samples were 
subdivided into two sampling depths (0–40 cm, 40–100 
cm). The exception is for Kodia soils (0–40 cm, 40–75 
cm), which had a shallow soil layer. Large particles were 
removed by sieving through a 0.5-mm sieve. Samples 
were ground and oven-dried for 20 h at 150 °C. These 
were placed in an aluminum disc and pelletized using 

Figure 1. Soil sampling sites taken using Google Earth Pro.
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a 10-ton hydraulic press. Semi-quantitative elemental 
analysis of each sample was accomplished using a hand-
held Olympus XRF analyzer.

Theory
Under narrow beam conditions, the relationship between 
photon transmission and MAC μ/ρ (in cm2g–1) for any 
material is given by Beer-Lambert law shown in Equation 
1.

(1)

For this equation, I0 and I are the incident and transmitted 
beam intensities, respectively, ρ is the density (in g/cm3), 
μ is the linear attenuation coefficient (in cm–1), and x is 
the material or absorber thickness (in cm).

For compounds and mixtures, μ/ρ is given by the mixture 
rule in Equation 2, where wi is the weight fraction of the 
ith element.

(2)

Moreover, the MAC is proportional to the total atomic 
cross-section σT (in cm2 atom–1) shown in Equation 3, 
where NA is Avogadro's number, ni is the number of atoms 
in the molecular formula, and Ai is the corresponding 
atomic mass of the ith atom. The term Σi ni is the total 
number of atoms in the molecular formula and the Σi niAi 
is the molecular mass.

(3)

On the other hand, Zeff and Neff are highly used quantities 
for characterizing shielding properties (Monisha et al. 
2020). These are also used in the calculations of doses for 
radiation therapy and in agricultural industries (Akman 
et al. 2015). Zeff is a dimensionless quantity and can be 
obtained by logarithmic interpolation of elemental cross-
sections shown in Equation 4 (Singh et al. 2007), where σ1 
and σ2 are elemental cross-sections that bound the value of 
σT, while Z1 and Z2 are the corresponding atomic numbers 
of the elements. The Neff (in electrons/g) is related to Zeff 
and is calculated using Equation 5.

(5)

(4)

MC Simulations
For this study, MCNP5 (X-5 Monte Carlo Team 2008) 
and PHITS (Sato et al. 2018) MC codes were used to 

obtain the MAC values. Both codes use photoatomic data 
libraries based on EPDL97, which is the photon library 
of the ENDF/B-VI.8. In this study, both simulation codes 
were used to model the narrow-beam geometry shown 
in Figure 2.

Mangrove soil samples were modeled at 15 cm from the 
detector surface. Sample lengths were adjusted per photon 
energy such that Nordfors criteria (2 ≤ ln(I0/I) ≤ 4) is 
satisfied. The lead collimator was modeled with a hole 
diameter of 4 mm and a thickness of 5 cm. The detector 
cell was composed of a 3 × 3 in NaI(Tl) crystal.

The source was modeled as a planar disk emitting a 
collimated beam of monoenergetic photons. The photon 
energies of interest were from the gamma photons from 
241Am (59.5 keV), 133Ba (81, 303, 356 keV), 109Cd (88 
keV), 57Co (122, 136 keV), 60Co (1173, 1332 keV), 137Cs 
(662 keV), 54Mn (835 keV), and 22Na (1275 keV).

In both MC simulation codes, the average cell fluence 
tallies were used. In MCNP5, this pertains to the 
F4 tally, while in PHITS the [T-Track] tally. Energy 
binning was implemented to obtain the relative fluences 
from uncollided photons. All MC simulations were 
accomplished at an amount of 107 generated source 
photons per photon energy.

Zeff  Using ENDF/B-VI.8
For obtaining the Zeff values using Equation 4, an 
elemental cross-section database is required and is 
typically the XCOM-NIST library. In this study, the 
EPDL97 (ENDF/B-VI.8) photoatomic library from LLNL 
was used. This library can be obtained in ENDF-6 format 
from IAEA-NDS; otherwise, it can be extracted from 
the ACE data files of each simulation code or printed 
using MCNP5 XS plotting command. The element 
libraries extracted in ENDF-6 format was used in this 
work. The details of the extraction are described by Hila 
et al. (2020). Total cross-sections were stored in an MS 
Excel spreadsheet for automatic interpolations using 
Equation 4 via a VBA-based script. Zeff values were used 
subsequently to obtain Neff values.

XCOM and Phy-X/ZeXTRa
The XCOM (Berger et al. 1998) is a widely used database 
for obtaining MAC values for multi-element materials. 
It uses interpolations of the elemental MAC values (or 
elemental cross-sections) at specified energies and applies 
the mixture rule based on the specified compositions. Total 
MAC values are interpolated by XCOM using a log-log 
cubic spline fit.

The Phy-X/ZeXTRa (Özpolat et al. 2020) is a new web 
program for calculating Zeff values for photons, electrons, 
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protons, alpha particles, and carbon ions. For photons, 
this program uses the cross-section libraries from the 
WinXCom (Gerward et al. 2001, 2004). This program 
is similar in interface to the new Phy-X/PSD (Şakar 
et al. 2020). However, it differs in the calculated Zeff 
values since Phy-X/ZeXTRa is based on logarithmic 
interpolation of elemental cross-sections shown in 
Equation 4. Therefore, it is the appropriate software for 
comparison in this work.

RESULTS AND DISCUSSION
The XRF elemental analysis of the various mangrove soils 
in the Philippines is shown in Table 1. Based on these 
compositions, the MAC values were derived via the MC 
method using MCNP5 and PHITS, with results shown in 
Table 2. These revealed a good agreement between both 
MC codes since both codes use identical photoatomic 
libraries based on EPDL97. These results were also in 
agreement with XCOM values and with those described 
in the literature (Akman et al. 2019; Costa et al. 2013; 
Taqi et al. 2016; Appoloni and Rios 1994; Alam et al. 

2001; Medhat 2012). Furthermore, small disagreements 
between XCOM and MC simulations are attributed to 
both the slight deviation from narrow beam geometry 
and the difference in the cross-section libraries of XCOM 
and EPDL97.

The tabulated MAC values from MCNP5 are plotted as 
a function of SiO2 concentrations shown in Figure 3a. 
For the lower energy regions, the smallest values for 
attenuation coefficients are from the Calauit region, which 
inversely has the largest concentrations of SiO2. On the 
other hand, the mangrove soils from Kodia and Subic 
have lower SiO2 concentrations and conversely have the 
largest coefficient values. This was also observed by Akar 
Tarim et al. (2013) in Egypt soils from agricultural zones.

The effect of soil composition in attenuation coefficients 
is found to be less pronounced at energies above 300 
keV where the primary interaction mechanism is through 
Compton interactions. This is in congruence with Mudahar 
and Sahota (1988a) and Appoloni and Rios (1994).

Moreover, for the Zeff values, results for the different 
Philippine mangrove soils are shown in Table 3. These 
values are displayed in Figure 3b as a function of SiO2 
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Energy 
(keV)

Kodia surface 
[0–40 cm]  

Kodia sub 
[40–75 cm]  

Masinloc surface 
[0–40 cm]  

Masinloc sub 
[40–100 cm]

MCNP5 PHITS XCOM   MCNP5 PHITS XCOM   MCNP5 PHITS XCOM   MCNP5 PHITS XCOM

59.5 0.4004 0.4002 0.4006   0.4009 0.4006 0.4011   0.3369 0.3367 0.3372   0.3569 0.3567 0.3572

81.0 0.2500 0.2499 0.2503 0.2498 0.2498 0.2501 0.2246 0.2246 0.2250 0.2324 0.2324 0.2328

88.0 0.2264 0.2263 0.2269 0.2262 0.2261 0.2266 0.2067 0.2066 0.2071 0.2127 0.2126 0.2131

122 0.1712 0.1711 0.1715 0.1688 0.1688 0.1692 0.1622 0.1622 0.1625 0.1643 0.1643 0.1647

136 0.1585 0.1584 0.1589 0.1567 0.1566 0.1571 0.1520 0.1520 0.1524 0.1535 0.1534 0.1539

Philippine Journal of Science
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Table 2. Mass attenuation coefficients (cm2g–1) of Philippine mangrove soils at different energies, obtained by MCNP5, PHITS, XCOM, and 
experiments in the literature.

Energy 
(keV)

Bogtong surface 
[0–40 cm]  

Bogtong sub 
[40–100 cm]  

Calauit surface 
[0–40 cm]  

Calauit sub 
[40–100 cm]

MCNP5 PHITS XCOM   MCNP5 PHITS XCOM   MCNP5 PHITS XCOM   MCNP5 PHITS XCOM

59.5 0.3047 0.3046 0.3050   0.3019 0.3017 0.3021   0.2761 0.2759 0.2764   0.2958 0.2956 0.2961

81.0 0.2116 0.2116 0.2119 0.2105 0.2104 0.2108 0.2004 0.2004 0.2007 0.2081 0.2081 0.2084

88.0 0.1965 0.1964 0.1969 0.1956 0.1955 0.1961 0.1878 0.1878 0.1883 0.1937 0.1937 0.1942

122 0.1579 0.1579 0.1582 0.1576 0.1576 0.1579 0.1549 0.1548 0.1552 0.1569 0.1569 0.1572

136 0.1490 0.1489 0.1494 0.1487 0.1487 0.1491 0.1469 0.1468 0.1472 0.1482 0.1482 0.1486

303 0.1067 0.1067 0.1070 0.1067 0.1067 0.1069 0.1067 0.1067 0.1070 0.1066 0.1066 0.1069

356 0.0999 0.0999 0.1002 0.0999 0.0999 0.1002 0.1000 0.1000 0.1003 0.0998 0.0998 0.1001

662 0.0766 0.0767 0.0769 0.0766 0.0767 0.0769 0.0768 0.0768 0.0771 0.0766 0.0766 0.0769

835 0.0688 0.0688 0.0690 0.0688 0.0688 0.0691 0.0690 0.0690 0.0692 0.0688 0.0688 0.0690

1173 0.0582 0.0582 0.0584 0.0582 0.0583 0.0585 0.0584 0.0584 0.0586 0.0582 0.0582 0.0584

1275 0.0559 0.0559 0.0560 0.0559 0.0559 0.0560 0.0560 0.0560 0.0562 0.0558 0.0559 0.0560

1332 0.0546 0.0546 0.0548   0.0546 0.0546 0.0548   0.0547 0.0547 0.0549   0.0546 0.0546 0.0548

Table 1. Compositions (%wt) of Philippine soils found in mangrove forests at different locations and depths.

Component

Bogtong Calauit Kodia Masinloc  Subic

Surface 
[0–40 
cm]

Sub  
[40–100 

cm]

Surface 
[0–40 
cm]

Sub  
[40–100 

cm]

Surface 
[0–40 
cm]

Sub  
[40–75 

cm]

Surface 
[0–40 
cm]

Sub  
[40–100 

cm]

Surface 
[0–40 
cm]

Sub  
[40–100 

cm]

O 51.26 51.19 51.84 50.61 44.15 44.47 47.95 47.24 46.95 44.50

Si 30.11 32.23 38.97 34.42 16.28 14.06 25.76 22.47 24.17 19.32

Al 4.02 4.20 3.67 5.99 9.22 8.40 8.19 8.08 12.04 12.61

Ca 0.09 0.02 <0.01 <0.01 13.79 12.64 4.56 4.43 2.46 1.49

Fe 2.61 2.48 1.08 2.15 5.68 5.94 4.28 5.10 8.03 13.94

Mg 2.57 2.13 1.69 2.52 3.65 3.70 4.68 4.82 3.88 3.40

S 5.48 4.00 1.13 1.08 3.62 5.24 2.49 3.20 1.05 0.84

Ti 3.61 3.51 1.44 2.95 2.80 4.93 1.44 4.01 0.68 2.65

Zr 0.18 0.18 0.17 0.25 0.53 0.42 0.47 0.46 0.58 1.00

P 0.02 0.02 <0.01 <0.01 <0.01 0.06 0.03 0.04 0.05 0.03

Sr 0.02 0.02 <0.01 0.02 0.07 0.06 0.06 0.07 0.08 0.09

Mn 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.01

Silica 64.42 68.96 83.37 73.63 34.83 30.07 55.11 48.07 51.71 41.33
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Table 3. Zeff values of Philippine mangrove soils using MCNP5 and interpolation of cross-sections from the ENDF/B-VI.8.

Energy 
(keV)

Bogtong   Calauit   Kodia   Masinloc   Subic

[0–40 
cm]

[40–100 
cm]  

[0–40 
cm]

[40–100 
cm]  

[0–40 
cm]

[40–75 
cm]  

[0–40 
cm]

[40–100 
cm]  

[0–40 
cm]

[40–100 
cm]

59.5 11.9993 11.9390   11.3557 11.8111   13.9146 13.9417   12.6747 13.0720   13.1348 14.4327

81.0 11.4843 11.4342   10.9513 11.3285   13.2885 13.3113   12.0939 12.4563   12.5272 13.7583

88.0 11.3303 11.2839   10.8364 11.1855   13.0699 13.0918   11.9088 12.2546   12.3159 13.5033

122 10.8323 10.8006   10.4894 10.7323   12.3556 12.2608   11.3007 11.5713   11.5585 12.4855

136 10.7053 10.6774   10.4001 10.6165   12.0946 12.0166   11.1227 11.3692   11.3482 12.1795

303 10.3338 10.3176   10.1473 10.2796   11.2486 11.2545   10.5969 10.7494   10.7043 11.1844

356 10.3078 10.2926   10.1282 10.2558   11.1916 11.2041   10.5625 10.7099   10.6640 11.1195

662 10.2752 10.2611   10.1071 10.2266   11.1055 11.1300   10.5147 10.6539   10.6063 11.0213

835 10.2700 10.2561   10.1031 10.2218   11.0928 11.1190   10.5074 10.6455   10.5976 11.0075

1173 10.2657 10.2518   10.0998 10.2175   11.0819 11.1096   10.5010 10.6383   10.5903 10.9957

1275 10.2711 10.2573   10.1053 10.2231   11.0875 11.1155   10.5064 10.6436   10.5955 11.0008

1332 10.2670 10.2532   10.1013 10.2190   11.0831 11.1114   10.5025 10.6398   10.5917 10.9969

Energy 
(keV)

 Subic surface 
[0–40 cm]  

 Subic sub 
[40–100 cm]   Range in literature

MCNP5 PHITS XCOM   MCNP5 PHITS XCOM    

59.5 0.3625 0.3623 0.3627   0.4409 0.4406 0.4411   0.239–0.322a; 0.3562–0.3793b; 0.243c

81.0 0.2356 0.2356 0.2359 0.2668 0.2667 0.2671 0.181–0.202a

88.0 0.2151 0.2151 0.2156 0.2394 0.2393 0.2398 0.173–0.189a

122 0.1647 0.1647 0.1651 0.1735 0.1735 0.1738 0.140g

136 0.1538 0.1537 0.1541 0.1599 0.1598 0.1603 –

303 0.1067 0.1067 0.1070 0.1068 0.1068 0.1071 0.098–0.106e

356 0.0998 0.0998 0.1001 0.0997 0.0996 0.1000 0.135c; 0.082–0.096d; 0.091–0.098e

662 0.0764 0.0764 0.0766 0.0760 0.0760 0.0762 0.0708–0.0773b; 0.113c; 0.064–0.074d

835 0.0685 0.0686 0.0688 0.0682 0.0682 0.0684 0.0700g

1173 0.0580 0.0580 0.0582 0.0576 0.0577 0.0579 0.092c; 0.047–0.054d

1275 0.0556 0.0556 0.0558 0.0553 0.0553 0.0555 –

1332 0.0543 0.0544 0.0545   0.0540 0.0540 0.0542   0.079c; 0.042–0.049d

aAkman et al. (2019); bCosta et al. (2013); cTaqi et al. (2016); dMedhat (2012); eAlam et al. (2001); fAlam et al. (2001); gAppoloni and Rios (1994)

Energy 
(keV)

Kodia surface 
[0–40 cm]  

Kodia sub 
[40–75 cm]  

Masinloc surface 
[0–40 cm]  

Masinloc sub 
[40–100 cm]

MCNP5 PHITS XCOM   MCNP5 PHITS XCOM   MCNP5 PHITS XCOM   MCNP5 PHITS XCOM

303 0.1074 0.1074 0.1077 0.1070 0.1070 0.1073 0.1069 0.1069 0.1072 0.1068 0.1068 0.1071

356 0.1002 0.1002 0.1006 0.1000 0.0999 0.1003 0.1000 0.0999 0.1003 0.0998 0.0998 0.1002

662 0.0765 0.0765 0.0767 0.0764 0.0764 0.0766 0.0766 0.0766 0.0768 0.0764 0.0764 0.0766

835 0.0686 0.0687 0.0689 0.0685 0.0686 0.0688 0.0687 0.0688 0.0690 0.0686 0.0686 0.0688

1173 0.0580 0.0581 0.0583 0.0580 0.0580 0.0582 0.0581 0.0582 0.0584 0.0580 0.0580 0.0582

1275 0.0557 0.0557 0.0559 0.0556 0.0556 0.0558 0.0558 0.0558 0.0560 0.0556 0.0557 0.0558

1332 0.0544 0.0544 0.0546   0.0543 0.0543 0.0545   0.0545 0.0545 0.0547   0.0544 0.0544 0.0546
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Figure 3. Curves of (a) MAC, (b) Zeff, and (c) Neff values based on SiO2 concentration of the mangrove soils.

concentrations. Except for the lower energy region and 
low SiO2, this data shows a negative correlation between 
the Zeff values and the SiO2 concentrations. The negative 
correlation is found even in the higher energy region. 
This correlation is due to the decreased proportion of 
heavier oxides with the increase of SiO2. The presence 
of common heavier oxides such as Fe2O3 generally leads 
to increased Zeff values. 

Subsequently, the Zeff values were used to obtain Neff 
values, which are shown in Table 4. These values are 
displayed as a function of SiO2 concentrations in Figure 
3c. This figure matches the curve of the MAC values as 
a function of SiO2 concentrations.

Zeff values obtained in this study were compared with 
those generated using the Phy-X/ZeXTRa software. The 
plots shown in Figures 4–8 demonstrate good agreements 
between the Zeff values from this work and Phy-X/
ZeXTRa. Notably, the same logarithmic interpolation 

method is employed by the Excel VBA based script in this 
work and the Phy-X/ZeXTRa in obtaining Zeff. The only 
difference is the source of photoatomic libraries, which is 
the EPDL97 (ENDF/B-VI.8) for the created script.

The initial downward curve found in the energies 
below 300 keV is due to the dominance of photoelectric 
interactions. Subsequently, a nearly constant curve is seen 
in the Compton dominated region. For this region, similar 
trends were shown by Kucuk et al. (2013) for Zeff and Neff 
values of Turkish soils.

CONCLUSION
This work reports the MAC, Zeff, and Neff values of 
Philippine mangrove soils obtained from different 
mangrove forest regions. Photon energies considered 
ranged from 59.5–1332 keV. MC simulations by both 
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Table 4. Neff values (electrons g–1 × 1023) of Philippine mangrove soils.

Energy 
(keV)

Bogtong   Calauit   Kodia   Masinloc   Subic

[0–40 
cm]

[40–100 
cm]  

[0–40 
cm]

[40–100 
cm]  

[0–40 
cm]

[40–75 
cm]  

[0–40 
cm]

[40–100 
cm]  

[0–40 
cm]

[40–100 
cm]

59.5 3.4900 3.4774   3.3644 3.4508   3.7353 3.7281   3.6002 3.6560   3.6877 3.8764

81.0 3.3402 3.3304   3.2446 3.3098   3.5672 3.5595   3.4352 3.4838   3.5172 3.6953

88.0 3.2954 3.2866   3.2105 3.2680   3.5085 3.5008   3.3826 3.4274   3.4578 3.6268

122 3.1505 3.1458   3.1077 3.1356   3.3168 3.2786   3.2099 3.2363   3.2452 3.3534

136 3.1136 3.1099   3.0813 3.1018   3.2467 3.2133   3.1593 3.1798   3.1861 3.2712

303 3.0055 3.0051   3.0063 3.0034   3.0196 3.0095   3.0100 3.0064   3.0054 3.0040

356 2.9980 2.9979   3.0007 2.9964   3.0043 2.9960   3.0002 2.9954   2.9940 2.9865

662 2.9885 2.9887   2.9944 2.9879   2.9812 2.9762   2.9866 2.9797   2.9778 2.9602

835 2.9870 2.9872   2.9932 2.9865   2.9778 2.9733   2.9846 2.9774   2.9754 2.9565

1173 2.9857 2.9860   2.9923 2.9852   2.9749 2.9707   2.9827 2.9754   2.9734 2.9533

1275 2.9873 2.9876   2.9939 2.9869   2.9764 2.9723   2.9843 2.9768   2.9748 2.9547

1332 2.9861 2.9864   2.9927 2.9857   2.9752 2.9712   2.9832 2.9758   2.9737 2.9536

Figure 4. Zeff values of mangrove soils from Bogtong using MCNP5 and ENDF/B-VI.8 cross-sections and Phy-X/ZeXTRa.

Figure 5. Zeff values of mangrove soils from Calauit using MCNP5 and ENDF/B-VI.8 cross-sections and Phy-X/ZeXTRa.
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Figure 6. Zeff values of mangrove soils from Kodia using MCNP5 and ENDF/B-VI.8 cross-sections and Phy-X/ZeXTRa.

Figure 7. Zeff values of mangrove soils from Masinloc using MCNP5 and ENDF/B-VI.8 cross-sections and Phy-X/ZeXTRa.

Figure 8. Zeff values of mangrove soils from Subic using MCNP5 and ENDF/B-VI.8 cross-sections and Phy-X/ZeXTRa.
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MCNP5 and PHITS codes were used to obtain the MAC 
values. The Zeff values were obtained using logarithmic 
interpolation of the EPDL97 (ENDF/B-VI.8) photon 
cross-section library. The results for MAC values were 
found to be in good agreement with values generated by 
XCOM and by those described in the literature. The results 
for the Zeff values were in good agreement with the results 
obtained with Phy-X/ZeXTRa program. Trends in all 
shielding parameters with respect to silica concentrations 
are presented. It was shown that increasing silica content 
has a negative correlation with Zeff values. This correlation 
is attributed to the decreased proportion of heavier oxides 
as a consequence of the increase of silica. Additionally, 
this study emphasizes the use of the EPDL97 (ENDF/B-
VI.8) library for obtaining Zeff values using MAC values 
generated via the MC method, since this particular library 
is used by most photon transport codes.
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