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ABSTRACT

The activity concentration and Annual Effective doses of *K, “°Ra, and ***Th in some edible
mushroom species (Cantharellus cibarius, Agaricus campestris, Termitomyces robustus) found in
three Local Government Areas of Benue state-Nigeria were determined using Gamma
Spectrometry; the 1460KeV gamma-radiation of *°K was used to determine the concentration of *’K,
gamma transition energy of 1764.5KeV 214Bj was used to determine the concentration of R, while
the gamma transition energy of 2614KeV 2987| was used to determine the concentration of ***Th.
The activity concentration due to *®Ra, **Th and *K in the samples ranged from 10.06 + 1.6 -
14.19 + 3.01Bqkg™t ; 10.88 + 2.65 to 15.38 + 4.3Ongg‘1 and 20231+ 14 to
318.44 + 3.20Bqkg™" respectively; the highest activity due to *Ra was found in Termitomyces
robustus grown in Gboko; that due to #2Th was recorded in Agaricus campestris grown in Buruku
L.G.A., while the highest activity concentration due to “°K was recorded in Termitomyces robustus
found in Buruku. Generally, “°K recorded the highest activity concentration in each mushroom
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species examined. Annual

Effective Dose from
0.0006952 mSv y~! (in Makurdi- Termitomyces robustus species)

these species sampled ranges from
- 0.0008467 mSv y~* (in Buruku

Termitomyces robustus species). The average effective dose value of 0.00788 + 0.000186 mSv y~!
obtained in this work is below the maximum permissible level established by ICRP (1996). Thus,
these mushrooms species will not pose any apparent risk to human health.

Keywords: Gamma spectrometry; radionuclide; mushroom; activity concentration; annual effective

dose.
1. INTRODUCTION

Plants are one of the sources for elements and
radionuclides for a human. Measuring the
radioactivity concentration of an environment,
food products from plants such as mushroom is
of importance in determining the radiation levels
to which consumers of such food is exposed to
directly or indirectly. Mushrooms are a special
group of fungi which are saprophyticnature. They
lack chlorophyll and consequently cannot use
solar energy in manufacturing their food. Their
mode of nutrition is by producing a wide range of
enzymes that can break down complex
substances after which they can absorb the
soluble substances so formed [1]. Consumption
of edible mushroom lead to improved nutritional
intake of humans, because mushroom contains
vitamins such as thiamine riboflavin, ascorbic
acid, ergosterine, niacin, vitamins C, B1, B5 and
vitamin D, fat, Iron, phosphorus which produce a
range of metabolites of intense interest to the

nutraceutical, pharmaceutical (e.g. antitumor)
and food (e.g. flavor compound) industries
[2,3,4,5].

Most species of mushroom if not all, contain
biologically active polysaccharides, these include
edible/medicinal species like Pleurotus
Ostreatus; poisonous species such as Amanita
Phalloides and Hallucinogenic species like
Psilocyte Mexicana [4]. According to the
traditional believes among native people,
consumption of Pleurotus species of mushrooms
was believed to prevent high blood pressure,
impact long life and vigour while also acting as
an aphrodisiac, hypertensive, immunomodulatory
and antitumor activities of polysaccharide-protein
complex (PSPC) because of its high content of
retene (C4gH4s) [6,7].

Giving attention to the studies of radionuclides in
mushroom has drawn the attention of many
scholars over the ages, for instance, Kuwahara
et al. [8] and Bazala et al. [9] found out that
different species of mushroom have the capacity
to retain high concentrations of radionuclides and

metals from the soil. Some radionuclides easily
accumulated by mushroom according to these
authors are *K, "*'Cs, **Ra and “*°Ra. De
Castro et al. [2] in their study on “artificial ngs)
and natural radioactivity (4°K *Ra, 28Ra)”
determined in 17 mushroom sampled from 3
commercial edible mushroom species in Sao
Paulo, Brazil adducting the techniques
developed by Figueira et al. (2007) as quoted
by Silva et al. [10]. De Castro et al. [2]
concluded that the gamma spectrometry
methodology aIIowed the determination of "*'Cs,
K, ?°Ra and **Ra levels present on edible
mushroom samples with better precision and
accuracy.

Activity concentration of mushrooms is affected
by several factors such as species,
contamination of soil, time of the disaster and the
soil horizon from which species takes nutrients
and moisture [11,12,13,14].

The rural communities in Benue State consume
a lot of natural and locally grown mushrooms,
and as a result of the wide spreads of radioactive
isotopes, quantitative determination of
radionuclides in these mushrooms is of scientific
interest to determine the gamma radioactivity
levels [15] in selected edible mushroom species
consumed in three selected location within the
State in Nigeria. Hence, to estimate the activity
concentration (Bg/kg) of radionuclides; the
annual effective dose (uSv/y) from ingesting the
mushroom samples; also to determine whether
the concentration activity of the radionuclides in
these mushrooms pose any threat to human
health.

2. MATERIALS AND METHODS

For this work, three (3) different species of edible
mushrooms  which includes: Cantharellus
cibarius, Agaricus campestris, Termitomyces
robustus were obtained from three selected
Local Government Areas: Gboko (7.3368°N,
9.0018°E), Makurdi (7.7322°N, 8.5391°E) and
Buruku  (7.4178°N, 9.2231°E) all  within
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Fig. 1. Google map of the study areas

Benue State Nigeria; these samples were

labeled according to sampling sites. Major
materials used include Lyophilizer, Domestic
blender, spring balance, Thallium - doped

sodium iodide (Nal (TI)) scintillation detector,
Multi-channel Analyzer.

These Samples were washed, lyophilised using
the lyophilizer at the Chemistry Department,
Fountain University, Osogbo, Osun State,
Nigeria for 12 hrs for dehydration. A mechanical
blender was used to pulverise the dried samples
into powder. Nine samples were prepared.
Twenty (20 g) of each dried mushrooms were
packaged in polyethene beakers, sealed and
allowed to stand for at least 28 days to establish
radioactive equilibrium.

2.1 Determination of Activity
Concentration and Effective Annual
Dose

Gamma spectrometry measurements were
carried out at the Radioactivity Measurement
Laboratory, Department of Pure and Applied

Physics, Ladoke Akintola  University of
Technology Ogbomoso, Oyo State Nigeria, using
a calibrated Nal (TI) and a well-shielded detector
coupled to a computer resident quantum
MCA2100R Multichannel analyser for 36,000s.
The detector efficiency was at 98.67%. To
determine the concentration of “°K in the sample,
1460KeV gamma-radiation of “OK calibration was
calibrated. The gamma ftransition energy of
1764.5KeV *"Bi was established to determine
the concentration of 226Ra; gamma transition
energy of 2614KeV *%Th was used to determine
the concentration of “**Th.The efficiency
calibration of the detector was done using a
reference standard mixed source traceable to
Analytical Quality Control Service (AQCS, USA).

The activity concentration, A (Bg/kg) of the
radionuclides were computed and obtained using
the equation;

ABaKg™) = - (1)

Where, €, = Count rate under each photo peak
due to each radionuclide, P, Absolute



transition probability of the specific gamma

field, € = Detector efficiency for the specific
y-ray energy, M, = Mass of the sample (dry
mass).

The samples collected from Gboko, Makurdi and
Buruku were coded as SG, SM, and SB
respectively.

To assess the radiological health risk associated
with the consumption of the mushrooms in the
researched areas, the average annual committed
effective dose (E...) was estimated using the
equation

Eqve= C X DCFyg X A (2)

Where; DCFy,, is the dose convection factor for
ingestion, for each radionuclide (i.e., 4.5 x 10
*mSv Bq;, 2.3 x 10"mSv Bq™ and 6.2 x 10°mSv
Bq™” for “°Ra, ??Th and “’K respectively) for an
adult [16,17]. C,. = consumption rate from intake
of naturally occurring radioactive materials in
mushrooms and Ais the activity concentration in
the sample.

3. RESULTS AND DISCUSSION

The activity concentration of K varied from
202.31+1.4 to 318.44+£3.2Bq kg'1with an average
value of 235.76 + 27.32Bq kg'1. The activity
concentration of ?°Ra in the mushroom collected
ranged from 10.06+1.6 to 14.19+3.01Bq kg'1 with
an average value of 12.58 + 3.58 Bq kg'1 as
indicated in Table 1. The highest activity
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concentration of **Ra was recorded for
Termitomyces robustus found in Gboko local
government (SG3) while Agaricus campestris
found in Buruku local government 5888) had the
lowest activity concentration of *®Ra. For the
activity concentration of mTh, it varied from
10.88 + 2.65 to 15.38 + 4.3 Bq kg'1 with an
average value of 12.61+3.0 Bq kg'1in the
mushrooms. The highest and lowest activity
concentration was recorded for Agaricus
campestris found in Buruku local government
(SB8), and Agaricus campestris found in Gboko
local government (SG2) respectively. *“K
recorded the highest activity concentration in all
the mushrooms compared to the activity
concentration of 2*Ra and #*2Th observed.

Termitomyces robustus found in Buruku (SBg)
had the highest activity concentration of K, next
to it was Cantharellus cibarius, and the lowest
was recorded in Agaricus campestris (SBg). In
Gboko, Agaricus campestris has the highest
records of *°K concentration with a value of
22818 + 4575 Bqg/kg while Termitomyces
robustus has the lowest activity concentration of
“OK with a value of 204.16 + 64.01 Bg/kg.

Termitomyces robustus and Agaricus campestris
have highest and lowest activity concentrations
of ?®Ra with values of 14.19+3.01 Bg/kg and
12.25+3.59 Bqg/kg respectively.  Agaricus
campestris and Termitomyces robustus were
discovered to have the lowest and highest #21hH
concentration in Gboko 10.88 + 2.65 Bqg/kg and
13.83 + 2.08 Bg/kg respectively.

N
(O
o

200

150

100

vl
o

o

M K-40
M Ra-226
kd Th-232

Activity Concentration (Bq/kg)

Cantharellus Agaricus Termitomyces
cibarius campestris robustus
Samples

Fig. 2. Activity concentration (Bg/kg) of Mushroom species from Gboko



The result obtained for Makurdi presented in Fig.
2, indicate lowest values of 4°K, 226Ra and ®2Th
found in Termitomyces robustus, accorded
values of 212.16 + 70.01 Bg/kg, 10.25 + 3.99
Bag/kg and 12.03 + 5.16 Bqg/kg respectively. As
shown in Fig. 2 also, the highest value of ’K was
found in Cantharellus cibarius, while Agaricus
campestris has the highest values of 2%Ra
and %*2Th with values of 235.6 + 3.1Bg/kg, 13.50
+ 6.38 Bgkg and 1254 + 3.64 Bq kg’
respectively.

In Buruku Local Government Area, Fig. 4 shows
that Termitomyces robustus, recorded the
highest “°K concentration of 318.44 + 3.2 Bq kg'1
while Agaricus campestris shows the lowest
activity concentration for K and *Ra with a
value of 202.31 + 1.40 Bq kg'1 and 10.06x 1.60
respectively.
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Cantharellus cibarius and Agaricus campestris
are found to have the lowest and highest 221h
concentration for Buruku with values of
12.06 + 1.4 Bq kg'and 15.38 + 4.3 Bq kg~
respectively.

The activity concentration of K is usually high
compared to 8Ra and mTh, and forms an
integral part of all organic constituents. The high
activity concentration of K recorded for
Termitomyces robustus among all the samples
could aid in its therapeutic purposes for the
treatment of High Blood Pressure as patients
with  High Blood Pressures have Ilow
concentration of Potassium in their blood stream.

The mean activity concentration of the
radionuclide in the various mushroom samples is
shown in Table 2.
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Table 1. Activity concentrations of K,

#Ra and ***Th in the mushroom species collected
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Samples codes

Sample name

Location (L.G.A.)

Activity concentrations

Annual committed effective dose

K-40 Ra-226 Th-232 for 1kg y"' (mSvy™)

SG; Cantharellus cibarius Gboko 215.43+4150 13.43+3.19 11.03x4.71 0.007633

SG, Agaricus campestris Gboko 228.18+45.75 1225+359 10.88+2.65 0.007347

SG; Termitomyces robustus  Gboko 204.16 + 64.01 14.19 + 3.01 13.83+2.08 0.008420

SM, Cantharellus cibarius Makurdi 235.60+03.10 13.49+5.29 12.28+1.85 0.008062

SM;s Agaricus campestris Makurdi 223.16 £15.77 13.50+6.38 1254 +3.64 0.008048

SMg Termitomyces robustus ~ Makurdi 21216 £70.01 10.25+3.99 12.03+5.16 0.006952

SB; Cantharellus cibarius Buruku 282.36 +01.10 13.92+3.00 12.06+1.40 0.008422

SBg Agaricus campestris Buruku 202.31+01.40 10.06 +1.60 15.38 +4.30 0.007609

SBg Termitomyces robustus  Buruku 318.44 +03.20 1214 +2.20 13.45+1.20 0.008467

Table 2. Mean values of activity concentrations (Bq Kg™') of species

Sample species K-40 Ra-226 Th-232
Cantharellus cibarius 244.463+£15.23333 13.6133+3.826667 11.7900 £2.653333

217.883+20.97333
244.920+45.74000

11.9367+3.856667
12.1933+3.066667

Agaricus campestris
Termitomyces robustus

12.9333+3.530000
13.1033+2.813333

Table 3. Average annual committed effective dose and threshold consumption rate associated with each sample

Samples Sample name Location AACED for 1kgy" Threshold consumption Threshold consumption
(L.G.A) (mSvy?’) rate (kg y”)for rate (kg y”') for
E...=1mSv y” (ICRP) E...=0.3mSvy" (UNSCEAR)
SG; Cantharellus cibarius Gboko 0.007633 393.0320 117.9096
SG, Agaricus campestris Gboko 0.007347 408.3235 122.4970
SG; Termitomyces robustus Gboko 0.008420 356.2991 106.8897
SM, Cantharellus cibarius Makurdi 0.008062 372.1013 111.6304
SMs Agaricus campestris Makurdi 0.008048 372.7731 111.8319
SMs Termitomyces robustus Makurdi 0.006952 431.5124 129.4537
SB; Cantharellus cibarius Buruku 0.008422 356.2086 106.8626
SBsg Agaricus campestris Buruku 0.007609 394.2947 118.2884
SBy Termitomyces robustus Buruku 0.008467 354.3156 106.2947




3.1 Discussion

The calculated average annual committed
effective dose to any individual due to the
ingestion of natural radionuclides for these
mushrooms species researched is far below the
average radiation dose of 1 mSv/y (ICRP 1996)
and 0.3 mSv/y (UNSCEAR 2000). The threshold
consumption rate being the limiting value of
AACED become greater than 1mSv for any of
these species sampled; as indicated in Table 3,
the lower the AACED, the greater the
threshold value for the mushroom. This provides
a baseline data indicating that an adult with
consumption rate below the threshold values
would be exposed to insignificant radiological
health risk while those whose consumption rate
is higher are prone to significant radiological
health risk.

Comparing these results with other published
data, in Ekiti State Nigeria [4], Termitomyces
robustus being a species considered in this study
presents an average activity concentration of
339.05 + 87.76 of “°K, 15.78 + 4.98 of **Ra and
14.31 + 6.01 of **Th. Data from other countries
indicates that the average activitg concentration
values obtained for U (**°Ra), “**Th and*’K in
this study are less than the published work as
shown by De Castro, 32012) in Agaricus species
obtained 1215 %5 of “K, 18 + 3 for **Ra and
38.1 £ 1.2 for **Ra.

These variations in the activity concentrations of
this research work with those from other
countries may be as result of differences in the
geological location of the fungi and the
radiochemical composition of the soils in which
these mushrooms are grown or cultivated since
the levels of activity concentration of natural
radionuclides are not normalized across the
globe and the species’ ability to efficiently absorb
certain natural radionuclide more than others and
nature of soil.

4. CONCLUSION

The natural radionuclide contents of three (3)
mushroom species from three (3) different
locations in Benue State Nigeria have been
analysed by means of Gamma Spectrometry with
Nal (Tl) detector. The results obtained from this
work indicated that *°K recorded the highest
activity concentration in all the mushrooms
comgared to the activity concentration of Ra
and %**Th observed. The activity concentration of
“K varied from 202.31 + 1.4t031844 +
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3.2Bq/kg with an average value of 235.76 +
27.32Bq/kg. The average annual committed
effective dose were found to be lower than the
average world value of 03 mSvly as
recommended by UNSCEAR (2000) and 1
mSv/y as recommended by ICRP (1996) [18].

The threshold consumption rate for each
mushroom; annual committed effective doses
were found to be below the maximum
permissible levels established by national
legislations ICRP and UNSCEAR. Thus these
mushroom species can normally be consumed
by the populace without any apparent risks to
their health.
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