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Abstract

Measurement of gamma radiation emanating from twolandcrete and aggregate filled stone-dust blocks
across major block industries in Jos North Certiigkeria was carried out using RS-230 Gamma Speetrem
The purpose of the investigation is to determine timanium %), thorium @*2Th) and potassium®¥)
contents in them for assessment of radiologicahithindices. Results obtained show that conceatrsitof
238, 232Th and**K in the two major types of blocks vary from 3.9%® ppm, 14.93-30.20 ppm, and 0.62-4.16%
respectively. Higher values were recorded in thgregate filled stone-dust blocks compared withsdwedcrete
blocks. Activity concentration of the sandcretedi® comprises 62.79 Bg/Kg f6t°U, 71.83 Bqg/Kg for>?Th,
and 447.02 Bg/Kg fof°K, while it is 110.16 Bg/Kg, 114.15 Bg/Kg, and 1188 Bqg/Kg for®%U, #2Th and*K
respectively for the aggregate filled stone-dusicks. Consequently, the values of indoor absorlose date,
annual effective dose equivalents (indoor and aafdeadium equivalent activity, internal hazardéx (indoor
and outdoor) as well as excess lifetime cancer (B8KCR) are higher among the aggregate filled stdnst
blocks compared to the values recorded for thesatelblocks. Radiological hazard indices are mby bigher

in the aggregate filled stone-dust blocks but apehrhigher than the recommended limits in mostadéth
excess lifetime cancer risk (ELCR) of up to 2.99%1it is recommended that radiological safety beegiv
priority over and above strength and durabilityhie choice of blocks for residential building.

Keywords: Aggregate filled stone-dust block; Sandcrete blockanium; Thorium; Potassium; Activity
Concentration; Radiological Hazard indices; Josrbfatlis.

1. Introduction

Hollow sandcrete blocks are masonry units made faomixture of sand, cement and water. They are l\arge
used as walling materials in the construction oflten and other infrastructures (Sholandteal. 2015).
Sandcrete blocks are commonly used in building ttoagon in many countries, including Nigeria (Ogek&
Kamiyo 2011; Dashan & Kamang,999; Al-Khalaf & Yousif 1984; Morenikejiet al. 2015). They are reputed to
have adequate strength and stability, provide gesistance to weather and groundisture; and are durable,
easy to maintain, as well as resistant to fire hadt among others (Anwat al. 2000, Nairet al. 2006).
Construction of load bearing and non load bearitucgires (roof gutters, drainage ditches and strip
foundations) are also done using sandcrete blocks.

The principal component of hollow sandcrete blackand. Sand is a naturally occurring granular nadte
composed essentially of silica. It is produced framathering and decomposition of rocks. Sand isllsu
deposited along the banks and bed of major rivetsstreams through erosion and deposition proceEses
construction, sands must be clean and coarsefrbleeorganic matters and silt coatings, chemicalbrt, and
contain no salt which attracts moisture from thexaphere. The preference of aggregate filled sthrs-
block (Figure 1) over ‘normal’ sandcrete block ecbming popular in many cities in Nigeria, incluglifios.
People are more reassured of the strength and itityads the block they buy if it contains aggregatand
stone-dust. However, the addition of aggregates stode-dust originating from Jos and environs ia th
block mix invariably increases radiological hazdrdm such blocks. This is because the aggregatds an
stone-dust are derived from rocks relatively riomaturally occurring radioactive materials (NORM)ich
increases the uraniurfP{U), thorium ¢Th) and potassium’¥) concentrations in the blocks.

According to Sholanket al. (2015), standardization and regulation of qudidy all products including
blocks is vested in the Standards Organizationigéfia (SON). However, no standard has been satdtural
radioactivity in materials for building construatioThe Federal Building Code of Nigeria also dapes what
all materials and components used in the constnuaif buildings must achieve, but no reference mase to
radiation dose from these materials and compondéeiording to Afolayaret al. (2008); Anosike (2011), the
Nigerian Federal Building Code of 2006 stipulatest tapplication of all materials and componentsiueethe
construction of buildings must provide aestheticshould be durable, functional, and affordablbe Tode also
stated that locally available building material®sld be integrated for the additional advantagesvaflability,
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identity, job creation and affordability. The ainfi this study, therefore is to determine radiologibazard
indices from both ordinary sandcrete blocks andregate filled stone-dust blocks produced by majock
industries in Jos Metropolis and to assess thd Eveadiation safety of the users.

Figure 1. Composition and completion of aggreggldfstone-dust block.

2.0 Materialsand M ethods
2.1 The study area
The study area which focuses on metropolitan dodated in north central part of Nigeria (Fig@eat an
elevation of about 1200 metres above mean sea [Ekelcity has a population of about 1,500,000dea4s. It
is the administrative capital of Plateau State thod the need for shelter is increasing at a &dst r

The Jos area is underlain by rocks of the NigeBasement Complex, the Younger Granites and the Newe
Basalts (Figure 3) Kinnairet al. (1981). The Basement Complex rock found withindahea of interest is mainly
migmatite while the Jos Bukuru Complex, the Ruk@lmamplex and the Shere Complex constitute the Yaunge
Granites suite. The sequence of magmatic everiteeafos Bukuru Complex can be classified into timamely
the early granite, the central granite, and theamic cycles. The early granite cycle consists hpaifi biotite
granite, quartz pyroxene fayalite porphyry anahie porphyry.

ok e e e

Figure 2. Location of Jos Plateau State Nigeria.
The central granite cycle consists of micrograniietite granites and hornblende fayalite granitéjle the
volcanic cycle is made up of rhyolite and pyrodtzssts well as felsites and dykes. It is generadlijeved that
the richest and most extensive alluvial depostirofnd columbite in the Younger Granite Provinaeswlerived
from the Jos-Bukuru CompleXhe Rukuba Complex consists of two overlappingguiatof biotite granite, and
covered by large basalt flow at the central pahte Bequence of granite intrusion here includesntitthern
pluton and the southern pluton (Maclegtdal. 1971). The northern pluton comprises of TimbeedRrbiotite
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granite while the southern plutons consists of Bugsra biotite granite, Rukuba biotite granite dinblende
biotite granite. The rocks of the Rukuba Complexgenerally medium to coarse grained. The Shereplgons
located next to the Jos-Bukuru Complex. It is magbe of monzogabbro, fayalite granite, biotite granit
arfvedsonite aegirine granite, riebeckite anniemnge, arfvedsonite albite granite and granite ppnp. Rocks of
these three complexes represent a major sourcgtdoe aggregates and stone-dust production witl@nlos
Metropolis. Newer and lateritized basalts are foandund Rukuba Complex to the north west of Jog Th
basalts are believed to be products of volcaniwities which took place intermittently from Tentja(65 Ma) to
Recent time (~1 Ma).
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Figure 3. Geological map of Jos and Environs.

2.2 Determination of concentration of naturally radioactive elements

Measurement of gamma radiation emanating from taeirally radioactive constituents of both sandcrete
blocks and aggregate filled stone-dust blocks veaser out using RS-230 Gamma Spectrometer (Fidgure
The spectrometer is a handheld auto-stabilized Db2dnel piece of equipment which uses a large

BGO (Bismuth Germanate Oxide) detector for improilemel| of system sensitivity and accuracy. The ofsa
BGO gives very significant increase in performaneer the normal Nal detector. A preset time of $206onds
was used for the measurement per point to allowbfetter accuracy, while the assay mode provided the
concentrations of Potassium (K %), equivalent Tunor{eTh) in ppm, and equivalent Uranium (eU) in piom
each point of measurement. The energy responskeocédquipment is 30—3000 kev. Measurement of gamma
radiation was carried out on each of the sampledkbbver a production period of seven (7) days, ded
average value for each of the block type calculatdéw values were then converted into activity emiations

in Bg/kg with which the levels of radiological hadavere determined.

Figure 4. RS-230 BGO Handheld
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Gamma-Ray Spectrometer.
3. Resultsand discussion
Radionuclide concentration, activity concentratiabsorbed dose rate in air, annual effective dosevalent
(AEDE), radium equivalent activity (R@, hazard indices, and excess lifetime cancer (BkCR) were
determined in this study.

3.1 Radionuclide concentration

Concentrations of*U, ?*Th and**K in sampled blocks vary from 3.95-9.67ppm, 14.9328 ppm, and 0.62-
4.16% respectively (Table 1). Generally, higherueal were recorded within the aggregate-filled st
blocks compared to ‘ordinary’ sandcrete blockssTihibecause the stone aggregates and stone-alustvitich
the blocks were made have higher concentratiothese radionuclides in them. It is recognized thianitic
rocks (the source of the stone aggregates and-diusipare commonly enriched in Thorium (Th) an@ium
(U), with an average 15 pg/g of Th and 5 pg/g ¢Fdure 1986; Ménaget al. 1993).

Table 1. Concentrations 86U, *Th and*K in the hollow blocks from the block industriesthe study area.

SNo BLOCK INDUSTRY LOCATION BLOCK U (ppm) | Th(ppm)| K%
LAT'N | LONE TYPE
Carsely Ventures, 9.876 8.863 | Sandcrete 6.10 24.37 0|89
1 | Tudunwada
Nantum, Federal 9.879 8.851 | Sandcrete 5.63 19.88 0/84
2 Low Cost
3 Kundung, Zaramaganda 9.84) 8.866  Sandcrete 5.4 6.601 | 0.62
4 Kwang, Lamingo 9.872 8.928 Sandcrete 6.63 16.54 .48 1
5 Haske 1, Lamingo Road 9.888 8.947  Sandcrete 4.Y3 17.43 1.41
Haske 2, Lamingo Road 9.883 8.948 Aggregate| 7.54 23.76 3.81
6 /Stone dust
7 Nwobodo, Zaria Road 9.967 8.833  Sandcrete 4.31 .2816| 2.56
8 Don, Lamingo Junction 9.903 8.908 Sandcrete 4.96 16.66 1.47
9 Excellence, Odus 9.946 8.90Y  Sandcrete 3.95 14.93.63
A. S. Mohammed 1, Feringada 9.950 8.873 Aggregate 9.05 28.80 3.40
10 /Stone dust
11 | A. S. Mohammed 2, Feringada 9.960 8.8Y3 Sarwlcret 4.26 19.23 1.74
Peniel, Rayfield 9.848 8.882  Aggregate 9.67 30.20 4.16
12 /Stone dust
Smid Engineering, 9.818 8.875 | Aggregate 9.42 29.70 3.90
13 | Rayfield /Stone dust
14 | Retsat, Rayfield 9.824 8.881  Sandcrete 5.34 616.5 1.53
15 | Oye, Rukuba Road 9.786 8.858  Sandcrete 4.78 216J11.54
AVERAGE 6.11 20.47 2.07
SUMMARY MINIMUM 3.95 14.93 0.62
MAXIMUM 9.67 30.20 4.16

3.2 Activity concentration

Activity concentration was calculated by multiplgithe radionuclides concentrations presented ineTalwith
the conversion factors shown in Table 2. Resultainbd vary from 48.78-119.42 Bg/Kg foFU, 60.62-122.61
Bq/Kg for #2Th, and 194.06 -1302.08 Bq/Kg f8 (Table 3). Average values of activity concenwatfor the
three radionuclides in the ‘ordinary’ sandcreteckb are 62.79 Bqg/Kg fof*®U, 71.83 Bq/Kg for?®**Th, and
447.02 Bg/Kg for*, while for the aggregate-filled stone-dust blackise values are 110.16, 114.15, and
1194.88 Bg/Kg for*®U, ?*2Th and“*K respectively. Clearly, the values of activity centration are higher
within aggregate-filled stone-dust hollow blocks ngmared to ‘ordinary’sandcrete hollow blocks. The
implication of this trend is that radiological hagawill be higher in building constructed with aggate-filled
stone-dust hollow blocks.

3.3 Absorbed Dose Ratein Air

The absorbed dose rate in the air due to gammafmarysthe blocks 1 metre above the ground was tatled
according to UNSCEAR (2000), using Equation 1.

D (nGy/h) = 0.4624 + 0.621Ay, + 0.0417A (h]

Where 0.462, 0.621 and 0.0417 are the conversitoriafor?®®U, ?*2Th and*K respectively. The assumption
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here is that other natural radionuclides contributegligible amount to the absorbed dose rate.lReshtained
(Table 3) varies from 79.84 — 185.61 nGy/h. Fordherdcrete blocks, the value varies from 79.848®rAGy/h
with an average of 92.26 nGy/h, while for the aggte-filled stone-dust blocks, it varies from 152¥85.61
nGy/h with an average value of 171.61 nGy/h.

3.4 Annual Effective Dose Equivalent (AEDE).

Annual (indoor and outdoor) effective dose equintilas calculated for the two types of block unslierdy
using Equation 2 and 3.

AEDE ngo0r (MSvy™?) = D (nGyh™) x 8760 hy* x 0.75 x 0.7vGy x 10° (2)

AEDEoudoor (MSvyY) = D (nGyh™) x 8760 hy™* x 0.75 x 0.79vGy x 10° (3)

Table 2. Conversion factors from equivalent conegian(ppm, %) to activity in Bg/kg (IAEA 1989).
0

1% K 313 Bg/kg K
eU (ppm) 12.35 Bq/kg U or “Ra
eTh (1ppm) 4.06 Ba/kg 2 Th
Table 3. Activity concentrations 61U, 22Th, “K and absorbed dose in air for the blocks undesstigation.
SNo BLOCK INDUSTRY LOCATION BLOCK U (Ba/kg) | Th (Ba/kg) K (Ba/kg) | D (nGy/h)
LAT °'N LON TYPE
E
1 Carsely Ventures Tudunwada 9.876 8.863 Sandcrete 75.34 98.94 278.57 107.86
2 Nantum, Federal 9.879 8.851| Sandcrete 69.53 80.71 262.92 93.21
Low Cost
3 Kundung, 9.847 8.866| Sandcrete 64.71 67.40 194.06 79.84
Zaramaganda
4 Kwang, Lamingo 9.872 8.92 Sandcrete 81.84 67.1% 463.24 98.85
5 Haske 1, Lamingo 9.888 8.947 Sandcrete 58.4p 7770. 441.33 89.34
6 Haske 2, Lamingo 9.888 8.948  Aggregate 93.12 96.47 1192.53 152.65
/Stone dust
7 Nwobodo, Zaria Road 9.967 8.833 Sandcrete 53.23 6.106 801.28 99.05
8 Don, Lamingo Junction 9.903 8.903 Sandcrete 1.2 67.64 460.11 89.49
9 Excellence, Odus 9.946 8.907 Sandcrete 48.78 260. 510.19 81.45
10 A. S. Mohammed 1, Feringada 9.959 8.873  Aggeegat 111.77 116.93 1064.20 168.63
/Stone dust
11 A. S. Mohammed 2, Feringada 9.960 8.873  Saralcret 52.61 78.07 544.62 95.50
12 Peniel, Rayfield 9.848 8.882  Aggregate 119.42 122.61 1302.08 185.61
/Stone dust
13 Smid, Engineering, 9.818 8.875| Aggregate 116.34 120.58 1220.70 179.53
Rayfield /Stone dust
14 Retsat, Rayfield 9.824 8.88[L Sandcrete 65.95 2367. 478.89 92.19
15 Oye, Rukuba Road 9.786) 8.858  Sandcrete 59.03 4565. 482.02 88.02
AVERAGE 75.43 83.11 646.45 113.42
SUMMARY MINIMUM 48.78 60.62 194.06 79.84
MAXIMUM 119.42 122.61 1302.08 185.61

Where D is the absorbed dose in air, 8788x365) is the number of hours in a year, 0.75 is the indoo
occupancy factor, which represents the fractiotinoé spent indoor, and (B7Gy* is the conversion coefficient
from absorbed dose in air to effective dose recklwe adults. Although UNSCEAR (1993) recommende?i O.
(19.2 hrs) as the indoor occupancy factors, 18huestimated to be the average time spent inquarday by
adults within the study area. It implies that tmeldor occupancy factor is 0.75. Value of annualdoat
effective dose equivalent obtained ranges from-0.28 mSv/y and 0.37-0.85 mSvl/y for indoor (TabjeAlso
high values with average of 0.79 mSv/y (indoor) &b mSv/y (outdoor) was recorded for the agge=gilied
stone-dust blocks.

3.5 Hazard Indices

The Internal and external hazard indices are rifles of exposure to radiation. The hazard indieese
calculated using Equation 5 and 6 according to Bh&é& habayneh (2014).

Hin = Au/185 +Ary/259 +A«/4810 9

Hex = Au/370 +Ar/259 +A/4810 )

Where A, Ar, and A are the specific activity concentrations?8t), 22Th and*K respectively. The mean
internal and external hazard indices should betless 1 to provide a level of safety for the indivéls living in
such dwellings. The Internal and external hazadices for the two major types of block (Table 4jyw&om
0.60-1.39 and 0.47-1.07 respectively. The valuesémdcrete block ranges from 0.60-0.85 (interaa) 0.47-
0.64 (external) while for aggregate-filled stonesdblocks, it ranges from 1.12-1.39 (internal) &nél7-1.07
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(external). Radiological hazard index from aggrediled stone-dust blocks is greater than 1, dmetdfore
radiologically significant.

3.6 Radium Equivalent Activity (Rae)
In order to assess the level of gamma radiatiorartigzthat is associated with the use of both sateland
aggregate filled stone-dust blocks in the studg &mehuman, radium equivalent activity was caladafThis is a
single index which sums up the gamma output froffiergint mixture of*®U, 2*Th and*K in the blocks.

Table 4. Annual effective dose equivalents and ilthiralex in the hollow blocks from the study area

SNo BLOCK LOCATION BLOCK AEDEy (MSV/yr) | AEDEey (MSv/yr) | Hazard Hazard
INDUSTRY LAT 'N LON E TYPE Index Index
(internal) | (External)
1 Carsely, Ventures Tudunwada 9.87 8.86B Sandcrete 0.50 0.17 0.85 0.64
2 Nantum, Federal 9.879 8.851 Sandcrete 0.43 0.14 0.74] 0.55
Low Cost
3 Kundung, 9.847 8.866 Sandcrete 0.37 0.12 0.65 0.48
Zaramaganda
4 Kwang, Lamingo 9.872 8.928 Sandcrete 0.45 0.15 80 0. 0.58
5 Haske 1, Lamingo 9.888 8.947 Sandcrete 0.41 0.14 0.68 0.52
6 Haske 2, Lamingo 9.888 8.948 Aggregate 0.70 0.23 1.12 0.87
/Stone dust
7 Nwobodo, Zaria Road 9.967 8.833] Sandcrete 0.46 15 0. 0.71 0.57
8 Don, Lamingo Junction 9.903 8.903 Sandcrete 0.41 0.14 0.69 0.52
9 Excellence, Odus 9.946 8.907| Sandcrete 0.37 0.12 0.60 0.47
10 A. S. Mohammed 1, Feringada 9.959 8.87B Aggeegat 0.78 0.26 1.28 0.97
/Stone dust
11 A. S. Mohammed 2, Feringada 9.96 8.87B Sarelcret 0.44 0.15 0.70 0.56
12 Peniel, Rayfield 9.848 8.882 Aggregate 0.85 0.28 1.39 1.07
/Stone dust
13 Smid, Engineering, 9.818 8.875 Aggregate 0.83 0.28 1.35 1.03
Rayfield /Stone dust
14 Retsat, Rayfield 9.824 8.881 Sandcrete 0.42 0.14 0.72 0.54
15 Oye, Rukuba Road 9.786] 8.85§ Sandcrete 0.40 0.13 0.67 0.51
AVERAGE 0.52 0.17 0.86 0.66
SUMMARY MINIMUM 0.37 0.12 0.60 0.47
MAXIMUM 0.85 0.28 1.39 1.07

The radium equivalent activity was calculated meliwith the proposition of Beretka & Matthew (138&nd
UNSCEAR (2000) as follows:
Rawq (Ba/kg) = Ara +1.43Am, + 0.077A (6)

Where As A, and A are the specific activity concentrations of urami>?U), thorium ¢Th) and
potassiumK) respectively. This equation is based on themestion that 370 Bg/kg 6f°U, 259 Bg/kg of**Th
and 4810 Bg/kg of® K produce the same gamma ray dosage. Maximum wluBa, is set at 370 Bag/kg for
safety. This is equivalent to a maximum permissitibse of 1.5mSv/y to human from exposures to nhatura
radiation. Result of radium equivalent activity frathe hollow blocks is presented in in Table 5. Madue
ranges from 174.75-395.02 Bg/kg. For the sancretekb, it ranges from 174.75-238.27 Bg/kg with arrage
of 199.92 Bqg/kg, while for the aggregate-filled retedust blocks, it varies from 322.89-395.02 Bq#ith an
average of 365.40 Bg/kg. In two of the block makiimgustries where stone aggregate are mixed wathestiust
and sand to make blocks, average values in exde3808q/Kg maximum allowable limit were recordedish
suggesting that radiation safety may become a neajacern in buildings constructed with such blocks.

3.7 Excess Lifetime Cancer Risk (ELCR)
Excess lifetime cancer risk estimates the additionaxtra risk of developing cancer due to expedora toxic
substance incurred over the lifetime of an indigidun line with the position of Ramasarayal. (2009), and
Emelueet al. (2014), the excess lifetime cancer risk (ELCR)»swalculated based on the values of annual
effective dose equivalents using the following eiura-

ELCRindoory = AEDE(indoor) x DLXRF 7y

ELCRoutdoon= AEDE(outdoor) x DLxRF 8]

Where AEDE is the annual effective dose equivalBht;s the average duration of life (70 years), &l
is the risk factor or fatal cancer risk per Sievdiie International Committee on Radiation ProtettiCRP
(1991) peg RF at 0.05 for the public.

The excess lifetime cancer risk (ELCR) obtainedridoors for the sandcrete blocks range from 116°x
1.74 x10°, while for outdoor, it ranges from 0.43 x100.58 x10*(Table 5). For aggregate-filled stone-dust
blocks, ELCR (indoor) varies from 2.46 x102.99 x10® while for the outdoor, it ranges from 0.82 310.00
x103. The risk of developing cancer is therefore mudfhér for dwellers of buildings constructed with
aggregate filled stone-dust blocks compared toirnamy’ sandcrete blocks.
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Table 5. Radium equivalents and excess lifetimeearisks for the hollow blocks in the study area.
SNo BLOCK LOCATION BLOCK RaEq. | ELCR ELCR ELCR
INDUSTRY LAT ‘N | LON ‘E TYPE (Bg/kg) | (indoor) | (Outdoor) | (Total)
1 Carsely,Ventures Tudunwada, 9.876 8.863 Sandcrete 238.97 174 058 232
2 Nantum, Federal 9.879 8.851 Sandcrete
Low Cost 205.19 1.50 0.50 2.0
3 Kundung, Zaramaganda 9.847 8.86b6 Sandcrete 176.03 1.29 0.43 1.72
4 Kwang, Lamingo 9.872 8.928 Sandcrete 21358 159 053 212
5 Haske 1, Lamingo 9.888 8.947 Sandcrete 193.59 1.44 0.48 1.92
6 Haske 2, Lamingo 9.888 8.949 Aggregate
/Stone dust 322.89 2.46 0.82 3.28
7 Nwobodo, Zaria Road 9.967 8.833 Sandcreteg 209.45 159 053 212
8 Don, Lamingo Junction 9.903 8.903 Sandcrete 193.41 144 0.48 1.92
9 Excellence, Odus 9.946 8.907 Sandcrete 174.75 131 0.44 175
10 | A. S. Mohammed 1, Feringada 9.959 8.873 Aggeegal
/Stone dust 360.92 2.71 0.90 3.61
11 A. S. Mohammed 2, Feringada 9.960D 8.813 Sarelcre 206.19 154 051 205
12 Peniel, Rayfield 9.848 8.882 Aggregate
/Stone dust 395.02 2.99 1.00 3.99
13 Smid, Engineering, 9.818 8.875 Aggregate
Rayfield /Stone dust 382.76 2.89 0.96 3.85
14 Retsat, Rayfield 9.824 8.881 Sandcrete 198.97 1.48 0.49 1.97
15 Oye, Rukuba Road 9.786 8.85 Sandcrete 189.74 142 0.47 1.89
AVERAGE | y4405 | 1.3 0.61 2.43
SUMMARY MINIMUM 174.75 1.29 0.43 1.72
MAXIMUM 1 39502 | 2.99 1.00 3.99
4. Conclusion

Using the RS-230 Gamma Spectrometer, the concimtrand specific activity of**U, ?*Th and“*°K from
hollow sandcrete blocks and aggregate filled stdust blocks have been determined across major block
industries in Jos, North Central Nigeria. Radiotadjiparameters which include absorbed dose ra@,iannual
effective dose equivalent, radium equivalent atjvinternal hazard index and excess lifetime canisk& were
found to be generally higher among the aggregdkedfistone-dust blocks compared to ordinary sarecre
hollow blocks. Also, radiological hazard indicesar the aggregate filled stone-dust blocks areontyt high

but are in some cases above the recommended lifiits.implication of this is that dwellers in buihdis
constructed with such blocks are at higher risd@feloping radiation related health problems inltimg term.

It is therefore strongly recommended that radiaabsafety rather than extra strength and durghilé given
priority in the choice of blocks for residentialiluling, since strong blocks can still be obtainadbtigh the
use of clean sharp sand provided that the recometkrmdmposite mixture of sand to cement ratio is
maintained.
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