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ABSTRACT 
 
Beverage consumption containing radionuclides may contribute to radiation dose and poses a higher 
cancer risk to human. Studies were conducted to determine the concentration of radionuclides present 
in the pre-mix instant beverage. Based on the consumption rate by Malaysian adults, the annual 
effective dose and the associated cancer risk were estimated. The activity concentration was found to 
range between 63 to 1360 Bq/kg for 40K. For other natural radionuclides of 226Ra, 228Ra, 232Th, and 
238U, it ranged between 0.88 – 6.43 Bq/kg, 0.83 – 8.48 Bq/kg, 0.62 – 5.73 Bq/kg and 2.64 –21.49 
Bq/kg, respectively, whilst the artificial radionuclides were less than 2 Bq/kg. Calculated annual 
effective doses due to the intake of radionuclides by ingestion were between 44.6 – 170.0 μSv/y, with 
the potential of cancer risk incurrence between 16 to 59 cases in every 100,000 people. 
 
Keywords: Radionuclides, pre-mix beverage, effective dose, cancer risk 
 
 
INTRODUCTION 
 
Modernization and technological advancement had changed the living style of humans in modern 
days. Nowadays, multi-flavour beverages can be easily found in the market. Among those, pre-mix 
instant beverages are also available where people just have to add hot water to it and can enjoy a cup 
of hot beverage instantly. According to the survey conducted by Institute for Public Health, (IPH, 
2014), Malaysian adults consumed on average 51.8 g (2-3 packages) of pre-mix beverages per day. 
For the black coffee package, averaged 3 packs per day of 13.5 g. 
 
The potential of radionuclide contamination in the diet requires assessment to ensure food safety. 
Radionuclides can originate from various sources; by human activities (134Cs, 137Cs), such as the 
release from nuclear weapons testing or accidents, or naturally occurring, such as primordial (40K, 
226Ra, 228Ra, 232Th, 238U) in the earth crust or through cosmogenic formation (UNSCEAR, 2000). 
These radionuclides can enter the human body either through inhalation of radon gas or ingestion of 
contaminated food (IAEA, 1989; UNSCEAR, 2000; Afshari et al., 2009; Alharshan et al., 2017; Jemii 
and Mazouz, 2020). Ingestion of radioactive contaminated foods contributes a large fraction of 
internal radiation exposure (Baeza et al., 2004; UNSCEAR, 2008; Afshari et al., 2009; Alamoudi, 
2013; Godyn´ et al., 2014; Desideri et al., 2014; Uwatse et al., 2015; Sahar et al., 2016). Therefore, 
food radioactivity and its associated dose assessment are necessary for establishing rules and 
regulations related to radiation protection (Alharshan et al., 2017). 
 
Depending on the radionuclide’s chemical properties, they will act differently inside the human body. 
For instance, radiums, which behaves like calcium, will be absorbed into bone and teeth (VKM, 
2017). Prolonged internal exposure of humans to high levels of radium may produce bone and sinus 
cancers. Whilst, uranium, and thorium can get accumulated in the bone up to an extent of 70% 
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(UNSCEAR, 2000). On the other hand, potassium-40 will behave the same as other potassium 
isotopes in the environment, being assimilated into the tissues of all plants and animals through 
normal biological processes and then distributed uniformly in the human body (Baeza et al., 2004). 
Caesium which is in the same chemical group as potassium will be expected to behave similarly 
(VKM, 2017). 
 
Sahar et al. (2016) reported that the concentration of natural radioactivity in food is often in the range 
of 40 to 600 Bq/kg of food while the artificial level varies depending on the incident and the level of 
exposure. The concentrations of 226Ra, 228Ra, 232Th and 238U radioactivity in different foods varies 
from <0.0004 – 9.4 Bq/kg, 0.038 – 0.32 Bq/kg, 0.0002 – 0.33 Bq/kg and 0.0001 – 2.9 Bq/kg, 
respectively (UNSCEAR, 2000). Priharti and Samat (2017) reported that natural radionuclide activity 
concentration (226Ra, 232Th dan 40K) in staple food, vegetables, fruits and dishes in the central area of 
Malaysia varies from 0.45 – 5.64 Bq/kg, 0.39 – 4.40 Bq/kg, 75.39 – 1072.59 Bq/kg, respectively. 
 
The total annual effective dose from natural radionuclides present within our human body works out 
to be approximately 0.3 mSv annually (Rao, 2012). Priharti and Samat (2017) also reported that 
annual dose exposure due to food intake from natural radionuclides of 232Th and 238U series, and 40K 
is 0.12 mSv and 0.17 mSv, respectively. A typical annual effective dose ranges from the ingestion of 
foods ranging between 0.2 – 1 mSv (UNSCEAR 2008). International Commission on Radiological 
Protection (ICRP) recommended 1 mSv as the annual effective dose for a member of the public due 
to the operation of nuclear facilities and the applications of radiation and radionuclides. Dose from 
medical exposure and background exposure to naturally occurring radionuclides is not included in 
the dose limit for the members of the public (Rao, 2012). 
 
Cancer and heritable effects are the most important health effects of ionizing radiation at relatively 
low doses and dose rates. Based on both animal studies and epidemiological research, the 
International Agency for Research on Cancer (IARC) has categorized all types of ionising radiation 
as carcinogenic for humans (IARC, 2012). There is no doubt that these health effects are indeed 
occurring (at least found in mice study, for heritable effects); but the magnitude of the risk at low 
doses and low dose rates is debatable. Cancer is well documented in the range of doses defined as 
moderate, 100 mSv – 1 Sv. This documentation is based on epidemiological cancer studies of cohorts 
irradiated in association with the use and testing of nuclear weapons, and from radiation accidents, 
workers exposed to radiation, and groups subject to medical exposures (UNSCEAR, 2013). 
 
Potential cancer risk at very low doses, including those resulting from natural background radiation, 
is, in general, too low to be determined in observational (epidemiological) studies. However, 
experimental studies have shown that DNA damage can also be induced at very low doses. Depending 
on the type of cancer, the latency period can range from 2 to 30 years. Thyroid and bone cancer, and 
leukemia can appear within a few years of radiation exposure, whereas most types of cancer are not 
expressed until at least 10 years after exposure (VKM, 2017).The study aims to determine the 
concentration of some natural and artificial radionuclides in the pre-mix package beverage, estimate 
the annual effective dose and associated cancer risk that arise from the consumption of pre-mix 
beverages among Malaysian adults (> 17 y), based on Malaysian consumption study and the 
concentration of radionuclides found in the beverages. 
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EXPERIMENTAL DETAILS 
 
Activity concentration of radionuclides 
 
Activity concentration of natural (40K, 226Ra, 228Ra, 232Th, 238U) and artificial (134Cs, 137Cs) 
radionuclides reported in this article was based on measurement from a total of twenty-two different 
beverage samples using the same unit of HPGe gamma spectrometry for 15 hours each. The sample 
was prepared in a 350 ml cylindrical container, sealed with PVC tape and stored for a month to 
achieve secular equilibrium. Equipment set-up and radionuclides identification are the same as 
reported earlier in Yii (2019). The reference material IAEA-Soil-6 was used as quality control 
evaluation. If measurement values for the reference material were within the 95% confidence level 
(as stated in the certificate), the results of samples will be accepted. The minimum detectable activities 
(MDA) following the Currie Limit method set for 40K was 5 Bq/kg, for 226Ra, 228Ra, 232Th and 238U 
was 0.5 Bq/kg, and for 134Cs and 137Cs was 1.0 Bq/kg, respectively, after considering the sample size 
and counting time (Wan-Mahmood et al., 2016). However, some samples having lighter density will 
expected to give higher detection limit. Measured samples were 3-in-1coffee (including white coffee), 
chocolate drinks and black coffee available from local markets. 
 
Calculation of annual effective dose 
 
The annual effective dose due to the intake of radionuclides in foods can be calculated using the 
Formula given by (Till and Moore, 1988; Alam et al.,1999; UNSCEAR, 2000) as follows: 
 

AD = AC * CF * AI … Eq (1) 
Where: 
AD is the annual effective dose (Sv/y) to an individual due to the ingestion of radionuclides,  
AC is the activity concentration of radionuclides in the ingested beverages (Bq/kg), 
CF is the dose conversion factor for ingested radionuclides (Sv/Bq) (ICRP, 1995), and  
AI is the annual intake of pre-mix beverages (kg/y) for Malaysians (IPH, 2014). 

 
The conversion factor ‘CF’ varies depending on both radionuclides and the age of the individual 
based on the publication by ICRP (ICRP, 1995; ICRP, 2012). For the dose calculation, the total dose 
was obtained by using the sum of contributions for the radionuclides in the samples with the 
recommended conversion factors given by ICRP (ICRP, 1995; ICRP, 2012) as in Table 1. 
 

Table 1: Dose conversion factors for radionuclides (40K, 226Ra, 228Ra, 232Th, 238U, 134Cs, 137Cs) in 
adults 

Radionuclides Dose conversion factors (Sv/Bq ) 
40K 6.2 x 10-9 

226Ra 2.8 x 10-7 
228Ra 6.9 x 10-7 
232Th 2.3 x 10-7 
238U 4.5 x 10-8 

134Cs 1.9 x 10-8 
137Cs 1.3 x 10-8 
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Annual effective dose arises from food consumption strongly dependent on the amount of food 
consumed (Alzahrani, 2012; Kolapo, 2014). In this study, the amount of beverage powder consumed 
by adults in Malaysia was estimated to be 18.9 kg/y (for samples 1 – 15) based on a survey conducted 
by the Institute for Public Health of Malaysia (IPH) (IPH, 2014). Black coffee consumed was 
estimated to be three packs per day of 4.9 kg/y (for samples 16 – 22). 
 
Calculation of relative cancer risk 
 
Since the results of radiation effects on cell cultures, animal studies, and human epidemiology studies 
may be interpreted differently, variations are found in the published relative risk values, but they are 
within a few percentage points of each other (Peck and Samei, 2017). According to Lin (2010), one 
Sievert carries a 5% excess death risk from cancer and this is extrapolated linearly for lower doses. 
In this article, the effective dose from consumption of each sample and the 5% chance of cancer risk 
was used for the calculation of cumulative dose and risk up to the age of 70 years for the public. The 
calculation was performed using an online calculation spreadsheet provided under the Wise Uranium 
project. The cancer risk for 1 mSv/y exposure is equivalent to 350 cases per 100,000 people (Wise, 
2018). 
 
 
RESULTS AND DISCUSSION 
 
Activity concentration of radionuclides 
 
The measured activity concentrations of 40K, 226Ra, 228Ra, 232Th, 238U, 134Cs, and 137Cs in the twenty-
two beverage samples under the present study were summarized in Table 2. It can be noticed that 40K 
was detected in all samples and was one to three orders of magnitudes higher when compared to the 
other radionuclides in the sample. It varied between 63 – 1360 Bq/kg (mean 601 Bq/kg). Meanwhile, 
the activity concentration for other natural radionuclides of 226Ra, 228Ra, 232Th, and 238U, was ranged 
between 0.88 – 6.43 Bq/kg (mean 2.46 Bq/kg), 0.83 – 8.48 Bq/kg (mean 3.11 Bq/kg), 0.62 – 5.73 
Bq/kg (mean 2.29 Bq/kg) and 2.64 – 21.49 Bq/kg (mean 7.62 Bq/kg), respectively. 
 

Table 2 : Concentration of radionuclides (40K, 226Ra, 228Ra, 232Th, 238U, 134Cs, 137Cs) in individual 
pre-mix beverage 

 
No Type Activity concentration (Bq/kg) 

40K 226Ra 228Ra 232Th 238U 134Cs 137Cs 

1 3 in 1 coffee 384 ± 32 <1.38 <1.28 <0.96 5.56 ± 0.57 <1.00 <1.00 
2 3 in 1 coffee 517 ± 43 3.35 ± 0.28 2.36 ± 0.21 1.71 ± 0.15 5.47 ± 0.42 <1.00 <1.00 
3 3 in 1 coffee 276 ± 23 <1.00 <0.93 <0.70 2.75 ± 0.29 <1.00 <1.00 
4 3 in 1 coffee 263 ± 22 1.54 ± 0.13 2.82 ± 0.24 1.94 ± 0.17 3.61 ± 0.36 <1.00 <1.00 
5 3 in 1 coffee 258 ± 21 0.94 ± 0.08 <0.84 <0.63 3.96 ± 0.38 <1.00 <1.00 
6 3 in 1 coffee 275 ± 23 <0.88 <0.83 <0.62 3.26 ± 0.30 <1.00 <1.00 
7 3 in 1 coffee 322 ± 27 <0.99 1.50 ± 0.13 1.34 ± 0.11 5.31 ± 0.49 <1.00 <1.00 
8 3 in 1 coffee 292 ± 24 1.74 ± 0.15 2.35 ± 0.21 1.74 ± 0.15 4.51 ± 0.51 <1.00 <1.00 
9 3 in 1 white coffee 63 ± 5 4.30 ± 0.36 3.60 ± 0.31 2.67 ± 0.23 8.14 ± 0.90 <1.00 <1.00 
10 3 in 1 white coffee 392 ± 33 <1.71 3.75 ± 0.32 2.82 ± 0.24 5.94 ± 0.71 <1.00 <1.00 
11 3 in 1 Espresso 463 ± 38 4.53 ± 0.37 5.10 ± 0.44 3.41 ± 0.29 11.31 ± 1.19 <1.00 <1.00 
12 Choc drink 392 ± 32 <0.93 1.54 ± 0.14 1.27 ± 0.11 2.64 ± 0.27 <1.00 <1.00 
13 Choc drink 360 ± 30 1.10 ± 0.09 1.00 ± 0.08 0.96 ± 0.08 3.46 ± 0.38 <1.00 <1.00 
14 Choc drink 376 ± 31 <0.91 1.29 ± 0.12 1.08 ± 0.09 4.56 ± 0.46 <1.00 <1.00 
15 Choc drink 386 ± 32 0.98 ± 0.08 2.67 ± 0.23 1.92 ± 0.16 4.91 ± 0.56 <1.00 <1.00 
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16* Black coffee 1327 ± 108 3.72 ± 0.31 8.48 ± 0.73 5.73 ± 0.49 14.66 ± 1.42 <1.00 1.46 ± 0.27 
17* Black coffee 958 ± 79 <2.08 3.18 ± 0.28 1.96 ± 0.18 9.50 ± 1.05 <1.00 <1.00 
18* Black coffee 1360 ± 111 4.09 ± 0.34 7.51 ± 0.65 5.48 ± 0.47 15.71 ± 1.68 <1.00 1.17 ± 0.22 
19* Black coffee 1258 ± 102 2.87 ± 0.24 4.80 ± 0.41 3.41 ± 0.29 11.92 ± 1.09 <1.00 1.04 ± 0.19 
20* Black coffee 1345 ± 110 6.43 ± 0.53 3.19 ± 0.27 2.47 ± 0.21 21.49 ± 2.33 <1.00 1.75 ± 0.32 
21* Black coffee 895 ± 74 <2.80 <2.84 <2.16 <5.12 <1.00 <1.00 
22* Black coffee 1053 ± 86 5.89 ± 0.48 6.67 ± 0.56 5.49 ± 0.45 13.91 ± 1.17 <1.00 <1.00 

Range 63 – 1360 0.88 – 6.43 0.83 – 8.48 0.62 – 5.73 2.64 – 21.49 < 1.00 1.00 – 1.75 
 
Remarks: Samples marked with ‘*’ are sugar free black coffees where quantity consumed was 
different. 
 
Most of these radioactivities values are significantly lower than the mean levels reported by 
UNSCEAR (2000) in soil (33 and 45 Bq/kg for 226Ra and 232Th, respectively). Meanwhile, the 
activity concentration for the artificial radionuclides of 134Cs and 137Cs was <1.00 Bq/kg and 1.00 – 
1.75 Bq/kg (mean 1.06 Bq/kg), respectively. The obtained results are compared with the reported data 
in the literature as presented in Table 3. Generally, radioactivities found in the present study are higher 
than the values reported by Al-Alawy et al. (2020) but comparable to the study carried out by Kamal 
et al. (2015) and lower than those reported by Alharbi and Alamoudi (2017). 
 
In this study, it was found that in most of the beverages, the concentration of 40K accounted for more 
than 95% of the total gamma activity. However, in sample no. 9, it was found that 40K only accounted 
for 75% of the total gamma activity. Radionuclides are believed to be transferred from the soil to 
plants, then to the final products (UNSCEAR, 2008; Al-Alawy et al., 2020). 
 
Meanwhile, higher radioactivities were found in black coffee samples no. 16, 18, 19, and 20. These 
coffees are pre-mixed coffee with Ganoderma extract. Ganoderma, as a fungus is believed to absorb 
nutrients and minerals from its host and the environment. They accomplish this by growing through 
and within the substrate on which they are fed. Numerous hyphae network through the wood, cheese, 
soil, or flesh from which they are growing (UCMP, 2022). 
 
Table 3: Comparison of the radionuclides activity concentrations (Bq/kg) of the present study with 

other literatures in coffee 
Region 40K 226Ra 228Ra 232Th 238U 134Cs 137Cs Reference 

Malaysia 63 – 
1360 

0.88 – 
6.43 

0.83 – 
8.48 

0.62 – 
5.73 

2.75 – 
21.49 

< 1.00 1.00 – 
1.75 

Present study 

Malaysia (429.4 ± 
305.5) 

(2.1 ± 
0.7) 

 (2.2 ± 
0.3) 

(1.8 ± 
0.2) 

  Kamal et al. 
(2015) 

Iraq 93.8 – 
183.2 

  0.36 – 
3.21 

1.63 – 
8.34 

 0.27 – 
0.48 

Al-Alawy et al. 
(2020) 

Arabian 
coffee 

840 – 
1197 

2.57 – 
10.63 

 ND – 
8.01 

ND – 
135.11 

 ND Alharbi and 
Alamoudi (2017) 

Turkish 
coffee 

161 – 
2411 

ND – 
10.09 

 ND – 
9.75 

ND – 
57.16 

 ND Alharbi and 
Alamoudi (2017) 

 
Remarks: ND – Non-Detectable; Value in bracket is average value. 
 
Annual effective dose 
 
The total annual effective dose (sum of total radioactivity dose) for adults who consumed the pre-mix 
beverages was presented in Table 4. The calculation was performed with Eq. 1 above by using the 
quantity of beverage powder consumed in a year (18.9 kg/y for samples 1 – 15, and 4.9 kg/y for 



e-Jurnal Sains Nuklear Malaysia, 2023, Vol. 35 (No.1) : 11 – 21 
eISSN: 2232-0946 
  

16  

samples 16 – 22) multiplied by the sum of the total dose per year obtained for each radionuclide 
concentration (Table 2) and the dose conversion factor (Table 1). From the results presented in Table 
4, we could find that the annual effective dose ranged between 44.6 – 170.0 µSv/y. All samples 
except samples no. 2, 10 and 11 are having an effective dose of less than 100 µSv/y. Therefore, 
consumption of these pre-mix beverages would be considered to present an insignificant health hazard 
to human. 
 
As mentioned above, 40K accounted for most of the total gamma activity in the sample. Since 
potassium is an essential element for humans and it is absorbed mainly from the ingested food. There 
is no legislation governing 40K since it cannot be eliminated, and consumption of foods also does not 
significantly alter the potassium content, hence the potassium radioactivity inside the body 
(Stansfield, 2003; WHO, 2017). Under such consideration, the contribution of 40K to the total 
effective dose can then be ignored and subtracted. From the current study, 40K concentration in all 
samples, was found to contribute about 30 – 60% of the total dose except for sample no. 9, which is 
only having an 8% dose contribution from the 40K. Figure 1 presented the total dose with and without 
considering the contribution from 40K. After subtracting the contribution of 40K, most samples will 
have an effective dose of less than 100 µSv/y except sample no. 11. Overall, it appears that the 
estimated annual dose from the consumption of pre-mix beverages is below the reference value of 
1.0 mSv as recommended by ICRP (ICRP, 1995). 
 

Table 4: Estimated effective dose and excess lifetime cancer risk after consumption of various 
beverages 

Sample No Effective dose (µSv/y) Excess lifetime cancer risk 
 (case per 100,000) 

1 78.6 28 @ (1:3635) 
2 121.9 43 @ (1:2344) 
3 55.9 20 @ (1:5111) 
4 87.9 31 @ (1:3250) 
5 52.9 19 @ (1:5401) 
6 53.7 19 @ (1:5321) 
7 73.4 26 @ (1:3893) 
8 86.2 30 @ (1:3315) 
9 96.3 34 @ (1:2967) 
10 121.9 43 @ (1:2344) 
11 170.0 59 @ (1:1681) 
12 81.3 28 @ (1:3514) 
13 68.8 24 @ (1:4153) 
14 75.0 26 @ (1:3810) 
15 98.5 34 @ (1:2901) 
16* 84.5 30 @ (1:3381) 
17* 47.5 17 @ (1:6015) 
18* 82.7 29 @ (1:3455) 
19* 65.4 23 @ (1:4369) 
20* 68.6 24 @ (1:4165) 
21* 44.6 16 @ (1:6406) 
22* 72.5 25 @ (1:3941) 

Range 44.6 – 170.0 16 – 59 cases per 100,000 people 
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Figure 1: The estimated effective dose for individual samples, with and without the contribution 
from 40K. 

Excess lifetime cancer risk 
 
From the estimated effective dose value, the cumulative lifetime cancer risk was calculated and 
presented in Table 4. Sample no. 11 shows the highest effective dose of 170.0 µSv/y with the potential 
risk of cancer occurrence is 59 cases in every 100,000 people. Radiation hazards associated with 
drinking this particular beverage may face greater health risks as compared to the others. Meanwhile, 
estimated doses ranged between 44.6 – 121.9 µSv/y if consuming other samples, which corresponds 
to the cancer risk occurrence of 16 – 43 case per 100,000 people. This cancer risk probability is 
comparable to the 14.4 – 18.1 cases per 100,000 as reported by Moon et al. (2016) for a study 
conducted in Korea but is lower when compared to cancer risk as reported by Priharti and Samat 
(2016) for Malaysian adults due to the intake of vegetables (81.3 case per 100,000) and fruits (68.3 
case per 100,000). 
 
 
CONCLUSIONS 
 
In this study, the concentrations of some natural and artificial radionuclides in pre-mix beverages 
were measured. Based on the Malaysian adults’ consumption rate of pre-mix beverages, the annual 
cumulative internal dose due to the beverage intake was calculated. In general, the largest contributor 
to the dose arising from the ingestion of beverages by people was due to the presence of natural 
radionuclides, particularly the 40K, which is also an essential constituent of human cellular tissue. The 
total annual effective dose in an adult due to the ingestion of all radionuclides was estimated along 
with the excess lifetime cancer risk. From the calculation, the estimated doses ranged between 44.6 
to 170.0 µSv/y which corresponds to the probability of cancer risk between 16 – 59 cases per 100,000 
people. The highest cancer risk concern arises from the consumption of sample no. 11 with 59 cases 
in every 100,000 people. When the accumulated dose is higher, so do the cancer risk. Overall, the 
dose received by the population is still below the 1 mSv/y recommended limit by WHO and ICRP 
for radiological safety. Cooperation with the local authorities can be helpful for this study to collect 
more varieties of pre-mix beverage samples that should be tested in future to ensure that they are safe 
for consumption by Malaysian.  
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