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Abstract: The gamma spectrometric analysis of different brands of cement consumed in Nigeria has been
carried out in this study. Samples of 12 brands of grey Ordinary Portland Cement (OPC) and 5 brands of white
cement of six samples each were collected and analysed for their radiological content using gamma
spectrometry method. The average value of *°Ra, %*Th, and “°K for OPC is 30.2+1.0.4Bgkg™, 24.6+7.1Bgkg™,
and 251.3+27.6Bgkg™ respectively and the average value for the white cement is 41.9+16.7Bgkg™,
30.1+9.4Bgkg™ and 340.2+77Bqkg™ respectively. The total average content of **°Ra, #**Th, and “)K for all the
cement brand samples are 36.1+13.6Bgkg™, 27.4+8.3Bqkg™, and 295.8+32.7Bgkg™ respectively. These values
obtained are lower when compared to the world average values (50, 50 and 500 Bgkg™) for building materials.
The estimated radium equivalent activities (Raeq), representative index (Iy), average absorbed y-dose rate (D),
the annual effective dose rate (AEDE), annual gonadal dose equivalent (AGDE) external and internal hazard
indices and the Excess life cancer risk (ELCR) were lower than the recommended safe limit and are comparable
with results from similar studies conducted in other countries. The evaluated mean gonadal dose equivalents of
three cement brand samples were fund to be higher than the world average for building material while others
are less than the world average.
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. Introduction

Gamma radiation from radionuclides which is characterised by long half-life comparable to the age of
the earth, this represents the main sources of external irradiation to the human body. Man and the biota are
continuously irradiated by this ionizing radiation from many sources broadly classified as either natural or
artificial. Most of the total radiation exposure of man and his environment come from natural sources
(UNSCEAR, 2000). This natural radiation comes from two main sources: cosmogenic radionuclides (*H, *C
etc) and long lived primordial radionuclide and their daughters (“°K, U, ?**U, and #*Th). The amount of the
cosmogenic radionuclides is basically constant because of equilibrium between their rate of creation by cosmic
radiation and their radioactive decay (Mikhail, 2008). Although the amount of primordial radionuclide keeps
decreasing slowly with time due to radioactive decay, quite a significant amount still remain in the earth crust
today due to their long half lives. These natural (primordial) radionuclides are known to be distributed in rocks
and soil across the earth in varying concentrations depending on the geography and geological formations.
Higher radiation levels are associated with igneous rocks, such as granite and phosphate, whereas, lower levels
with sedimentary rocks.

The inhomogeneous distribution of these radionuclides in geological formations like soils and rocks
suggests that man made products derived from these substances will contain traces of these radioisotopes whose
concentrations will be dictated by the origin of the soil and rocks they are derived from one of such materials
derived from rocks in Portland cement. Portland cement is a major building material used worldwide; it is
derived from mixing natural clay, limestone and gypsum at high temperature (Kpeglo, et al., 2011). Cement
when mixed with fine and coarse aggregate in the right proportion is used for making concrete block - a basic
building material worldwide.

The use of cement as a basic building and construction material cuts across all social and economic
strata in Nigeria. It is used (when mixed with other materials such as fine and) majorly in making concretes,
sand blocks and for floors, walls, bridges and even roof finishing. A random survey on the application of
cements in building revealed that over 90% of structures used as homes, offices, and commercial centres in
Nigerian urban areas are constructed majorly using cement as binding material for concrete blocks (Sam and
Abbas, 2001). In rural areas where clay/mud blocks and other locally sourced materials are used, it is common
to see walls and floors plastered using cement paste. Consequently, Nigeria yearly consumption of cement stood
at 10 million tons (Farai and Eje, 2006), and has been on the increase due to rapid structural and infrastructural
development by government t at all levels and the rapid increase in population and the consequent need for more
homes and public structures. About two decades ago, a large proportion of cements used in Nigeria are imported
(Esubiyi, 1995) while lesser proportion comes from the local industries. Today, the number of local cement
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industries has swollen such that more than 70% of locally consumed cement is manufactured locally. Generally,
the local producing companies are located in areas where the raw materials are obtained while the imported
product comes majorly from Asian and European countries. Although the brand names of some of the cements
may suggest that they are manufactured in Nigeria, research has shown that some local companies only package
imported cement dust using different brand names (Avwiri, 2005). The diverse sources of these cements imply
that their natural radionuclide content will vary. Many research conducted and completed all over the world
(Esubiyi, 1995; El-Bahi, 2004; Khalid and Hasan, 2001; etc.), has shown that natural radionuclids is present in
Portland cement in varying concentration from country to country. Due to the diverse application of cement in
building constructions, it could account for the bulk of indoor background radiation exposure to the populace.
Furthermore, the grain size of cement is such that it is aerodynamic (Esubiyi, 1995), which could easily pass
through respiratory track, or get blown by air into food and water. Consequently, the presence of radionuclide in
cement does not only pose potential external radiation hazard but could also cause internal radiological
contamination as well.

Many works have been done in Nigeria on building materials including cements without indication of
brand name and their acceptability and covering the entire country. Thus, one is not sure about the nature and
the distribution of the cement referred to in those works. In this study, the natural distribution of the cement
brands considered is emphasised using the Nigeria map for the first time. Furthermore, this work considered
brands that make up of more than 96% of those presently used in Nigeria including those used as tiles adhesive.
This work would serve as indicator of the indoor and outdoor radiation exposure of Nigerian people due to
cement.

In the light of the diverse application of cement in Nigeria building construction industries and the fact
that an average Nigerian spends about 870% of their time indoors, the knowledge of radiological content and
associated hazard from cement is thus a necessity. The aim of this study is therefore to quantify the natural
radionuclide content of cements available in local market in Nigeria and estimate he potential radiological
hazard to the dwellers of buildings constructed from such cements. The data from this study may be used by
Nigerian authority for the development and implementation of radiation protection guidelines for the use and
management of cements in the country. The data in this work could also assist builders in Nigeria in considering
radiological factor when making choices for cements rather than the traditional factors of cost and availability.
Moreso, the data obtained in this study will add to the world data base of radioactivity content in cement as a
building construction material.

Il.  Materials And Methods

1.1 Sample Collection

In order to collect cement brand samples that represent a fair proportion of major cement brands used
in Nigeria, a survey was carried out. The survey includes visiting major cement factory, re-bagging site,
suppliers’ stores and sites where buildings were under construction throughout the six geopolitical zones in
Nigeria. The survey revealed that the acceptability of a particular brand of cement is dictated by it availability
and cost. The availability of a particular brand in a region is closely related to the proximity to the manufacturer
or distributor and the cost of all local packaged cement brands are almost the same. The survey revealed that 12
grey cements and 5 white cements use as tile adhesive are generally used in different parts of Nigeria. The
colour of each of the brands is given in Table 1. The cement brands and the places in Nigeria where they are
mostly used are show in Fig. 1. Six samples of each brand of the 17 brands totalling 102 samples were collected
from major suppliers, factories, re-bagging site and building/road construction sites. The samples were collected
into clean plastic containers, sealed, marked and transported to the laboratory.

1.2 Gamma spectrometry

The samples of cements collected from construction site and major distributors and factories in location
across the country where they are mostly found were collected for radioactivity measurement. Each sample was
air dried and pulverised into powered form. 200g of each powdered sample was put in a cylindrical polystyrene
container and sealed with tapes to prevent radon permeability and left for more than four weeks in order to allow
for radon and its short live progeny to reach radioactive equilibrium. After this period, the radioactivity
measurement was carried out for 7h using a 7.6cm x 7.6cm Nal (T1) detector with a resolution of 8% at 662 keV
and housed in 10cm thick lead shield to reduce background gamma radiation. The power supply and the data
acquisition of the energy spectra were achieved by using an integrated spectroscopy system from Bicron. The
system utilised SAMPO S100 software package from Canberra. The energy calibration of the detector was
performed using IAEA standard point sources (**Cd, *’Co, *¥'Cs, **Mn, and ?Na) of gamma energy range
between 83keV and 1275 keV being the energy range of the radionuclide to be identified. To stimulate the
cement samples, 200g of IAEA-375 reference soil was used. The radioactivity concentrations of *°Ra were
determined from the photopeaks of 609.32 keV (**Bi), 1120.20 keV (**Bi) and 352.6 keV (**Pb) and that of
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232Th from 969.3 keV (*®Ac) and 583.78 keV (*®*TI) while the radioactivity of “°K was determined from 1460.3
keV photopeak following the decay of “°K.

I11.  Results And Discussion

1.3 Radionuclide concentrations

The measured activity concentration of ?*Ra, **Th, and “°K in the various brands of cement
considered in this work is given in Table 1. From the table the mean activity concentrations varied generally
from 23.3+9.6Bqkg™ to 49.5+14.7Bgkg™, from 18.1+5.6Bqkg™ to 32.8+10.4Bgkg™, and from 205.9+24.3Bgkg”
! to 452.9+43.5Bqkg™ for 226Ra, 232Th, and 40K respectively. The mean concentrations of the grey ordinary
Portland cement (OPC) brands varied from 23.3+9.6 Bgkg™ to 44.7+12.5 Bgkg™, from 18.1+5.6Bqkg™ to
32.5+11.0Bgkg™ and from 205.9+24.3Bgkg™ to 401.9+38.1Bgkg™ for ?*Ra, %2Th, and *°K respectively. While
the mean concentrations of the white cement used as tile adhesive varies from35.5+11.0Bgkg™ to
49.5+14.7Bgkg™, from 27.4+9.5Bgkg™ to 32.8+10.4Bgkg™, and from 283.8+35.6Bqkg™ to 452.9+43.5Bqgkg™
for ?°Ra, ***Th, and *°K respectively. The mean concentrations of the radionuclides in OPC brands were found
to be low when compared with those of white cements. The variation of the mean activity concentrations of the
cement brands could be attributed to the variations in the geological origin of the raw material used in their
production. All the white cement brands considered in this work were imported while only Burham and Bua are
imported OPC. From the result it can be concluded that imported white cements in Nigeria tend to have higher
activity concentrations when compared with the local OPC brands.Generally, the mean activity concentration of
“OK in the natural environment (IAEA, 2003). The range of radionuclide concentrations in the cement brands
were found to be below world average of 50Bgkg™,50 Bgkg™ and 500 Bgkg™ for **Ra, *2Th, and “°K
respectively in building materials (UNSCEAR, 1993), while the upper limits of the range was found to be higher
than the world average of 35 Bgkg™,30 Bakg™ and 400 Bagkg™ for *°Ra, %**Th, and “°K respectively in soil
(UNSCEAR, 2000).

1.4 Radium equivalent activity

Radium equivalent activity is single quantity that combines the radiological effects of **Ra, **Th, and
“°K in material used for buildings (Beretka and Mathew, 1985; Roy et al., 2000; Sam and Abbas, 2001). It is a
weighted sum of activity concentrations of *Ra, %?Th, and “°K based on the assumption that 370 Bgkg™of
28Ra, 259 Bakg™ of ?*2Th, and 4810Bgkg™ of “°K produce the same gamma radiation dose rates (Dieb et al.,
2008). The radium equivalent is calculated Ra,, = Cg, + 1.43Cr; + 0.077C Q)

where Cp,, Cr, and Cy are the activity concentration of ***Ra, %2Th, and “°K respectively. Any
material whose radium equivalent activity concentration exceeds 370 Bgkg™ is not recommended for safe use as
building material (Sam and Abbas, 2001). The evaluated Ra,, for the cement is given in Table 2. For the grey
cement, the mean Ra,, varies from 66.6+19.3Bgkg™to 113.1+29.8Bgkg™, while for the white cement it varies
from 101.5+27.9Bgkg™ to 125.5+32.8Bgkg™.Generally, the Ra,, for all the cement brands considered are less
than the limit, 370Bgkg™. A comparison of the mean radium equivalent activities in this work and those
obtained from recent published work from other countries is given in Table 3. The variation in the Ra,, from
other countries can be attributed to the difference in the Geology and consequent geochemical constituent of the
rock from which the cements were derived.

1.5 Internal and external gamma indices
Other indices used for testing the suitability of any material for safe use as building material are the external
hazard (He) and internal hazard (H;,) indices which are defined according to (Zarie and Al-Mugren, 2010) as:

C c c
Hoe = "F/370+ ™ /359 + /4810 @

c c c
Hy ="F/1g5+ /559 + */4g10 ®)

where Cg,, Cr, and Cy are the activity concentration of *°Ra, “**Th, and “°K respectively. The activity limits in
terms of thee limits is 1 for safe use of the material in building construction.

The external gamma indices for all the cements considered in this work are less than unity. The obtained values
of the external hazard index for all the samples are given in Table 2. It varies from 0.21 for Sokoto cement
locally produced, to 0.34 for magen roi, imported white cement. The internal hazard index (H;,) quantifies the
internal exposure to carcinogenic radon and its short lived progeny. The values of the calculated H;, for the
various brand of cement are also given in table 2, and are all less than 1.

1.6 Annual gonadal dose equivalent (AGDE)

Since the gonads are considered as the organs of interest, together within the active bone marrow and
bone surface cell, the annual gonadal dose equivalent (AGDE, pSvy™) due to the specific activities of **Ra,
#2Th, and “°K was calculated by (Al-Jundi et al., 2006):
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AGDE = 3.09Cg, + 4.18Cy, + 0.314Cy (4)

According to this model, a house is considered as a cavity with infinitely thick walls which makes it
possible to make comparison of AGDEs of a house whose materials contains concentrations of ?°Ra, %**Th, and
“0K with that of the world average of 35, 30, and 400Bgkg™ respectively in soil (UNSCEAR, 2000). The
implication of this is that, if a building has materials whose radioactivity of the three primordial radionuclides is
lower than that of the world average, such building could act as a radiation shield for the inhabitant who AGDE
would then be greater than the world average of 359.2 uSvy™ in soil. The mean AGDE of the OPC varies from
239 uSvy™ to 377.6 uSvy™ with a mean of 311 uSvy™. Of all the 9 OPC only Burham and Bua has AGDE
greater than the world average value. For the white cements the AGDE varies from 329.8uSvy™ to 414.8uSvy™
with JK and Magen roi having AGDE values greater than the world average.

Table 1: Specific activities concentration of various Nigerian Portland and White cement brands

Cement Sample | Cement | ®*Ra(Bgkg!) ZiTh{Bgkgh) “E(Bgkg" Raeq (Bgkg
Brand Size Colour [ Range Mean Range Mean Range Mean Y
Ashaka 6 Gray 191267 | 233496 173-23.0 | 207469 216.0-2334 | 22714306 | 7044218
Atlas 6 Gray 2844437 | 3953£164 13.6-21.1 | 194483 2302-2613 | 23484323 26.0+280
Bua 6 Cray 42.0-502 | 447+125 | 29.0-35.6 | 32.5+11.0 | 266.1-2822 | 275.£27.7 11242304
Buham 6 Cray 333425 | 3852117 | 262-34.1 | 3054106 | 380.042190 | 40194381 | 113.1£208
Dangote 6 Gray 18.6-242 | 226467 13.3-186 | 193471 208.1-21535 | 21114283 66.6:193
(Obajana)
Dangote 6 Cray 20.8-292 | 256263 164-206 | 18.1+£56 | 2063-2100 | 20832232 | 6752162
Ibese
EEagle) 6 Cray 20.8-3534 | 31.1+84 22.6-204 | 26.0£0.0 | 2005-2173 | 2134+2790 | 8474234
Elephant 6 Gray 21.1-341 | 288472 18.6-242 | 20.1+86 2126-2201 | 21714276 | 7434216
ITbeto 6 Gray 329407 [ 3644116 239-304 | 274490 281.1-298.8 | 28044344 | 9794271
Madewell | 6 Cray 364433 | 3802123 | 213346 | 20308 | 21182220 | 21762201 | 97.6+286
Sokoto 6 Cray 25.5-303 | 26679 17.0-242 | 213+78 | 1982-2008 | 20592243 | 72.0+209
Unicem 6 Gray 394460 | 4334134 26.2-337 | 301494 288429735 | 29374340 1090293
Sub Average of Gray Cement 18.6-50.2 [ 3024104 13.5-35.6 | 24.6474 198.2-421.9 | 25134276 | 847
ABS 6 White | 371428 | 4024129 | 222304 | 274495 | 3012-3249 | 31862369 | 103.9+293
K 6 White | 46.3-518 | 4052147 [ 249-34.1 | 29.6+82 | 330.5-3400 | 34244378 | 11824203
Maggen roi 6 White 456472 | 4674146 260-343 | 307488 | 44044639 | 45294435 12334328
Moulders 6 White 34.0400 [ 3734109 282-351 | 3284104 | 277.1-2855 | 28384356 106.3£28.3
Rak white 6 White | 31.5-384 | 3552113 | 24.6-32.1 | 29807 | 2942-3080 | 30352348 | 10152279
Sub Average of White Cement 31.5-51.8 | 41.9+416.7 | 222351 | 30.1+94 | 301.2-463.9 | 340.2-37.7 | 111
Average | 106 | 18.6-51.8 | 36.1+13.6 13.5-35.6 | 17.448.3 198.2-463.9 | 105.8+31.7 | 98.1+28.0

Table 2: Estimated Radiation Hazard Indices of Nigerian Cement
3N | Cement Brand | Cement Iy (Bgkg™) D (nGy k") AEDE AGDE Hazard ELCR X | Raeq(Bgkg

Origin mSvyh) | mSvyh Index il b

H. | Hy
1. | Ashaka Nigerian 0.3 33.1 0.04 0.17 019 1 025 | 0.14 T04£218
2. | Atlas Nigenan 06 409 0.03 028 023 | 034 | 0.18 2604289
3. | Bua Imported 0.8 523 0.06 0.36 030 [ 042 | 021 112.4+304
4. | Burham Imported 08 333 0.07 0.37 028 | 041 | 023 113.1:29.8
3. | Dangote Nigenian 03 312 0.04 022 018 1 027 | 0.14 66.6+19.3
(Obajana)

6. | Dangote (These) | Nigenan 0.3 317 0.04 022 018 | 025 | 0.14 67.5£162
7. | Eagle Nigerian 0.6 394 0.03 0.27 023 | 031 | 0.18 3474234
8. | Elephant Nigerian 0.3 348 0.04 0.24 020 [ 028 | 0.14 7434216
9. | Theto Nigenan 07 459 0.06 0.32 026 | 036 | 0.21 079+27.1
10. | Madewell Nigerian 0.6 452 0.06 0.24 026 | 036 | 021 0761286
11. | Sokoto Nigenian 0.3 34.1 0.04 0.24 020 | 027 | 0.14 729+209
12. | Unicem Nigerian 0.8 309 0.06 0.33 020 | 041 ) 021 100.0+20 5
13. | ABS Imported 08 489 0.06 0.34 028 [ 039 | 021 103.9+29 3
14, | JK Imported 09 355 0.07 0.38 032 | 045 | 023 118.2+293
15. | Maggen roi Imported 09 505 007 042 034 | 047 | 023 1255+328
16. | Moulders Imported 08 493 0.06 031 029 | 039 | 021 106.3+28.3
17. | Rakwhite Imported 07 475 0.06 033 027 | 037 | 021 101.5+279
Average 0.7 451 0.06 0.31 0.26 | 036 | 021 98.0+32.6
World Standard =1.0 {60 (18-93); | 1.0 0.36 1.0 | <10 | 0.29 370.0
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Table 3: Comparison of mean radium equivalent Ra.,(Bgkg™) in Nigeria brands of cements with reported
values in others countries of the world

Country Raeq (Bakg™) | References

Ghana 90.1 [Kpeglo et al., 2011]
Malasia 188 [Ibrahim, 1999]

Zambia 79 [Hayambu et al., 1995]
South Korea | 80.8 [Lee et al., 2001]

China 127.7 [Xinwei, 2004]

Greece 221.6 [Papaefthymiou et al., 2008]
India 580.1 [Sonkawade et al., 2008]
Egypt 291.9 [Ahmed, 2005]

Lebanon 93.8 [Kobeissi et al., 2008]
Turkey 246.1 [Baykara et al., 2011]
Nigeria 96.4 Present work

Table 4: Specific Activities and Colour of various Nigerian Portland Cement Brands

Cement brand Colour 25Ra Z2Th K

Dangote Grey 33.9+16.2 325+124 289.7 +79.3
ABS White 40.2 +13.9 27.4+9.82 324.9 +63.9
Burham Grey 39.5+18.7 295+ 116 4219+89.1
Rak white White 355+17.3 29.8+9.7 304.1 +69.9
Moulder3 White 35.5+17.3 32.8+21.8 283.8 + 65.6
JK White 495+ 19.7 28.4+11.2 346.3 + 53.8
Maggen roi White 46.7 + 14.6 30.7+8.8 4529 +55.5
Unicem Grey 43.3+154 30.1+9.9 297.5+52.8
Sokoto Grey 28.8+9.9 22.3+8.8 205.9 +47.6
Eagle Grey 31.1+114 26.0 + 10.0 212.7+57.9
Ashaka Grey 249 +10.3 21.8+8.9 227.1 +39.7
Ibeto Grey 37.2+12.7 27.4+9.8 298.8 + 48.5
Bua Grey 46.3+125 325+ 13.0 295.8 + 27.7
Atlas Grey 39.5+16.6 19.4+8.3 254.8 + 68.3
Elephant Grey

Madewell Grey

IV.  Conclusion
The natural radionuclide content and their consequent radiation hazard indices were evaluated in grey
and white cement used in Nigeria. Although the mean specific activities of imported cement brands are higher
than the locally produced ones, their total mean activities were less than the world average in building materials.
The radium equivalent activities obtained for all the cement brands considered in this work were all below the
criterion limit of radiation dose (1.5 mSv/y). Calculations of both internal and external gamma indices showed
that no sample exceeded the recommended exemption levels of unity.
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