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Abstract
The measurements of radon concentrations in drinking water sources in and around the Main Central Thrust (MCT) region 
in Garhwal Himalaya, India, were carried out using the scintillation detector-based SMART RnDuo technique for radiation 
protection purposes. Radon values in the analyzed samples were observed between 1.1 and 183.9 Bq  L−1 (AM = 19.7 Bq 
 L−1). Radon values in 94% of the samples were found well below the World Health Organization (WHO) reference limit. 
The estimated radiation doses for different age groups were found higher than the WHO safe limit of 100 µSv  y−1 (from all 
sources including radon) except for the age groups of 0–12 months infants and 1–3 years children. The results of this study 
may be useful for future studies on epidemiology, examining hidden faults, uranium exploration etc.
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Introduction

Radon, with a half-life of 3.825 days, is produced in the soil 
or rocks by the decay of radium. It is discharged from the soil 
into the air, and water within the pores between soil and rock 
particles. Human beings are exposed to radiation due to natu-
rally existing radioactivity in soil, groundwater, and indoor 
surroundings. Naturally occurring radionuclides are present in 
the earth’s crust and decompose into the daughter products of 
higher radioactivity and shorter half-life. Most of the natural 
radiation exposure experienced by humans is caused due to 
radioactive gas radon [1, 2]. The radon gas from water reached 
the human body through two potential routes. Firstly, radon 
that has been dissolved in water can directly give doses to the 
body by going into the gastrointestinal tract via the ingestion 
route and secondly, the dissolved radon can leak out from the 

household water (showering, washing clothes, flushing the 
toilet, and other common activities) and concentrate in con-
fined places after that it can enter the respiratory system by 
inhalation process. Because of this, residents may be at risk 
for health problems from ingestion and inhalation of radon gas 
from the water [3, 4]. The amount of radon gas depends on 
the transportation processes from the soil matrix to the earth’s 
environment. The transport of radon gas from mineral grains 
to pore spaces is governed by processes known as diffusion 
and advection until it eventually decays into daughter products 
or is exhaled into the atmosphere [5]. Diffusion is one of the 
primary processes through which radon enters the atmosphere. 
The primary source of natural radiation exposure for people is 
radon, which has been identified as a carcinogenic gas [6, 7]. 
Radon migration in the porous medium is often characterized 
quantitatively using the diffusion coefficient of the medium, 
which is directly influenced by the amount at which radon gas 
escapes from a porous material. The process of radon diffu-
sion is controlled by the gradient in radon gas concentration 
between radon gas sources (rocks, soils, building materials, 
and other materials) and the ambient air. The radon diffusion 
coefficient can be used to ascertain various characteristics of 
a substance that relate to radon. The fundamental idea behind 
radon concentration measurement is to see how radon diffuses 
through the porous media. Still, some factors affect the radon 
diffusion coefficient, such as porosity, moisture content, tortu-
osity, and temperature [8, 9]. The radon concentration varies 
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from place to place due to the geological changes in the dif-
ferent areas [10]. Still, in the groundwater, the primary source 
of it is the presence of radium and uranium-bearing elements 
in rock and soil [11, 12].

Radium and uranium are responsible for the high radon 
concentration in the soil and water sources. The concentra-
tion of radium and uranium changes with the geology of dif-
ferent regions. The results of the earlier investigations also 
suggested that the geological formation is responsible for the 
variation of the radon concentration in water supply, soil par-
ticles, radionuclide distribution, gamma dose rate, and related 
health hazard indices [13–15]. In Garhwal Himalaya, radon 
and its progeny measurements in the indoor atmosphere are 
reported in the recent decade for radiation protection purposes 
[16–26]. The measurements of radon and thoron exhalation 
rates in the soil samples and soil gas radon concentrations in 
the Himalayan regions of Uttarakhand state [27–31]. Radionu-
clide content and Gamma dose rate in the Budhakedar region 
lying along the MCT were found to be significantly higher 
than the Indian and global average values [32–38]. However, 
for the Ukhimath region, which also lies along the MCT, natu-
ral radioactivity level, radium content, various hazard indices, 
and annual gamma dose rate were found within the safe limit 
[39]. It is also found that the occurrence of high values of 
radon concentration in the groundwater source is related to 
the regions with radium or uranium-bearing granitic rocks. 
The presence of active thrusts, faults, shears and displacement 
of cracks that takes place in regions near active faults enables 
the upward migration of radon gas [40, 41]. The geohydrol-
ogy (fault–lineament (FL) and fracture–joint (FJ) type springs) 
plays an important role in the occurrence of elevated radon 
levels in groundwater [42, 43]. However, a few studies have 
been carried out on radon and uranium measurements in drink-
ing water sources [38, 43, 44]. On the other hand, relatively 
low radon values in the groundwater sources were observed 
in sedimentary rocks or soil regions [43]. In the present study, 
in situ, measurements of radon concentrations were carried 
out in different types of water sources such as springs, taps, 
and handpump in and around the Main Central Thrust (MCT) 
in Garhwal Himalaya, India for the assessment of health risks 
in terms of radiological dose. It is worth highlighting that all 
these samples are used by the general public for drinking pur-
poses. The results of this study may be useful for uranium 
exploration, hidden thrusts and faults allocation in addition to 
health risk assessment [45].

Materials and methods

Study area

The study region is located in the Uttarkashi district of 
Uttarakhand state between latitude 30.64 N to 30.90 N and 

longitude 78.32° E to 78.68° E. The Uttarkashi district con-
sists of the Lesser, Central, and Tethys Himalayas rocks. The 
present study area covers a few parts of the Higher Hima-
layas and a large part of the Lesser Himalayas region along 
with Main Central Thrust (MCT). This region contains a 
very complex geology due to repeated tectonic disturbance. 
It can be classified with the help of super-subsequences 
based on the order of occurrence of the group of rocks. In 
terms of super-subsequences, it is divided into six parts, viz. 
Archaean, Paleoproterozoic, Mesoproterozoic to Neoprote-
rozoic, Neoproterozoic to Paleozoic, Ordovician to Carbon-
iferous, Late Permian to Late Triassic. The present study 
area falls under the Paleoproterozoic super-subsequence 
of the Garhwal group, and most of the parts of the Lesser 
Himalaya came under this Garhwal group. The boundary of 
the Garhwal group is situated by the Main Central Thrust 
(MCT) in the northern zone and by Main Boundary Thrust 
(MBT) in the southern area. The Garhwal group is exposed 
to two tectonic zones detached by the Vaikrita group’s rocks 
that contact with North Almora Thrust (NAT) in the north-
ern region and are limited to Main Boundary Thrust to South 
Almora Thrust (SAT) in the southern zone. The rocks in 
the study region are classified as quartzite, slates, phyllite, 
dolomite, limestone, etc. [46]. The study area was covered 
along and across the MCT, affected by many landslides, 
earthquakes, and rockfalls. The leading cause of these natu-
ral disasters is the movement of the Indian plate towards the 
Eurasian plate [47–49]. The unique property of this area 
is that new tectonic activities occasionally happen in this 
region, which developed several faults and weak plans that 
change the geology of the study area. Several other faults are 
present in this area besides the Main Central Thrust [27, 32, 
50]. The main rocks types of the present study area (MCT) 
are categorized as quartzite, slates, limestone, dolomite, 
phyllite, meta basic, and granite etc. these rocks are intruded 
by acid and basic igneous rocks [46, 51]. The sampling map 
of the present study regions is shown in Fig. 1. The water 
samples were collected from the different spring sources of 
almost all villages of the study region. However, tap and 
handpump water samples were collected only from those vil-
lages where there was no spring water source for the radon 
concentration measurements.

Measurement of radon concentration in water

In this study, 94 water samples were taken for the investi-
gation, of which 64 are spring water, 17 are tap water, 12 
are hand pump water, and 1 is hot spring water. Among 94 
investigated samples, 46 were taken along and across the 
MCT, and 48 were from nearby locations in the Uttarkashi 
district of Uttarakhand state. All the investigated water 
sources except the hot spring (N = 1) are used for drinking 
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by the population in the study region. The collection of the 
water sample was done between the month of April–May 
and November–December of the calendar year 2022 to 
avoid any contamination due to rain during monsoon. The 
sampling procedure and the measurement technique are 
discussed below.

Sampling procedure and radon measurements 
in water

In the present study, a scintillation principle-based detector 
SMART RnDuo device was used to measure radon concen-
tration in different water samples. The water samples were 
collected in such a way as to minimize the aeration because 

Fig. 1  The study area map shows sampling locations
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radon can rapidly escape from the water. Figure 2 shows the 
sampling setup of the Smart RnDuo device, a portable radon 
monitor connected to the bubbler kit and sampling bottles. 
The water samples from springs, taps, and handpumps were 
collected in sampling bottles from a jug filled with water to 
be collected for analysis (Fig. 3).

The protocols of sampling and measurement were strictly 
followed to investigate radon levels in water samples [52]. 
The radon gas is pushed out from the scintillation cell to 
eliminate any background radiation inside the detector vol-
ume before the actual measurement of the radon gas in the 
water sample using an internal pump. The connection was 
made so that a flexible tube attached to the bubbler kit is 
connected to the RnDuo monitor, as shown in Fig. 2.

Then again, ON the pump manually for 2–3 min so that 
the dissolved radon gas could escape into the tubing, and this 
was done in the closed loop. After giving a 5-min delay from 
the pump OFF time, measurement was started, and it was 
taken in 15 min-cycle for 1 h for each sample. After taking 
the average of these readings, we obtained radon concentra-
tion in the air as  Cair (Bq  m− 3), and once we obtain radon 
concentration in the air, we can easily calculate the radon 
concentration in liquid  (Cliq) in (Bq  m− 3) using the follow-
ing Eqs. [43, 52].

 where the value of K taken for the measurement is 0.25 
and known as the partition coefficient of radon in liquid to 
air,  Vair is closed loop total air volume of the setup [detector 
volume + tubing volume + bubbler kit volume] (ml), and  Vliq 
is the liquid volume in the sampling bottles (ml). The value 
taken for the measurement in this paper for  Vair is 262 ml 
and  Vliq is 30 ml.

Dose assessment

There are two processes by which radon enters the human 
body from the water, i.e. ingestion of drinking water and 
inhalation of radon released from household water to the 
indoor air. The inhalation of radon is considered to cause 
respiratory problems in human beings.

(1)Cliq = Cair

(

K +
Vair

Vliq

)

Fig. 2  Experimental setup for the measurement of radon in water

Fig. 3  Method of water sample 
collection
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Age‑dependent dose assessment 
from ingestion of water

The ingestion dose from radon concentration in drinking 
water samples for individuals of different age groups in dif-
ferent life stages was calculated from the following equation 
[53].

 where  DIng is known as the annual effective dose due to the 
ingestion of radon gas in drinking water and calculated in 
µSvy−1,  Cliq is the concentration of the radon gas in the water 
samples (Bq  L−1), DWI is the daily water intake capacity 
from the inhabitant and its value is given in Table 1, DCF is 
the conversion factor for the dose  (10−8 Sv  Bq−1), and T is 
the exposure time (i,e. 365 days  y−1).

Inhalation dose assessment

The inhalation dose due to radon released from domestic use 
water to the indoor air environment was calculated from the 
following equation [54].

 where  Dinh is the annual effective dose due to inhalation of 
radon escaping from the domestic use water and calculated 
in µSvy−1, Cliq is the concentration of the radon gas in the 
water samples  (Bqm− 3).  Rw and  Ra are the concentrations 
of radon gas in water and air, respectively  (Ra/Rw=  10− 4). 
EF is the equilibrium factor for radon,  Ti is the time spent 
inside the house by an individual, EF (0.42) and  Ti (0.82) are 

(2)DIng = Cliq × DWI × T × DCF

(3)DInh = Cliq ×
Ra

Rw

× EF × Ti × 8760 × DCF

for Garhwal Himalaya regions [19, 40, 55] and DCF is the 
conversion factor for dose (9  nSvBq−1m3h−1) [56].

The annual mean effective dose  (DTotal) was calculated for 
different body organs from the UNSCEAR relations [57].

 where  WTissue is the tissue weighting factor (0.12 for the 
lungs and stomach, 0.05 for the liver and kidney, etc.) [58], 
and D is the effective ingestion and inhalation dose meas-
ured separately.

Excess lifetime cancer risk (ELCR)

The Excess lifetime cancer risk (ELCR) was calculated by 
the following relation [58].

 where AED (ingestion, inhalation) is the annual effective 
dose due to ingestion and inhalation of water (µSvy−1), ADL 
is the average duration of life for the country (70 years) and 
RF is a risk factor (0.05  Sv−1) [58].

Results and discussion

Radon concentration in the different types of water 
sources

Radon concentration in different water samples was ana-
lyzed in this study, and its statistical values are shown in 
Table 2. The radon concentration in all of the water sam-
ples ranges from 1.1 to 183.9 Bq  L−1 with a mean value 

(4)DTotal = WTissue × D(Ingestion, Inhalation)

(5)ELCR = AED(Ingestion, Inhalation) × ADL × RF

Table 1  Annual effective ingestion and inhalation dose (µSvy−1)

Life stages Age groups (DWI) Min value Max value Avg value SD Geo mean MCT sam-
ples (AM)

Uttarkashi 
samples 
(AM)

Infant 0–6 months (0.7) 2.85 469.76 50.27 103.47 16.90 78.94 20.71
7–12 months (0.8) 3.25 536.87 57.45 118.25 19.31 90.22 23.67

Children 1–3 years (1.3) 5.29 872.41 93.35 192.15 31.39 146.60 38.46
4–8 years (1.7) 6.91 1140.84 122.08 251.27 41.04 191.71 50.30

Male 9–13 years (2.4) 9.76 1610.60 172.34 354.74 57.94 270.65 71.01
14–18 years (3.3) 13.42 2214.58 236.97 487.76 79.67 372.15 97.64

Adult > 18 years (3.7) 15.04 2483.01 265.69 546.89 89.33 417.26 109.47
Female 9–13 years (2.1) 8.54 1409.28 150.80 310.40 50.70 236.82 62.13

14–18 years (2.3) 9.35 1543.50 165.16 339.96 55.53 259.37 68.05
Adult > 18 years (2.7) 10.98 1811.93 193.88 399.08 65.19 304.48 79.88
pregnancy 14–50 years (3.0) 12.20 2013.25 215.43 443.42 72.43 338.32 88.76
Lactation 14–50 years (3.8) 15.45 2550.12 272.87 561.67 91.74 428.53 112.43
Dinhalation 3.02 499.22 53.42 109.95 17.96 83.89 22.01
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of 19.7 Bq  L−1. The pH and temperature value varies from 
6.3 to 7.9 and 13.1 to 58.9C with mean values of 7.1 and 
20.3C , respectively. The pH values and temperature (With 
hotspring and without hotspring) showed a negative correla-
tion (Pearson's r = − 0.12, − 0.14, and − 0.20 respectively) 
to the radon activity concentration in water samples (Fig. 4).

Further, the study was categorised into two different 
regions to check the variation of radon concentration in 
their water samples and it is observed that the Main Central 
Thrust region has a higher radon concentration (30.9 Bq 
 L−1) than the Uttarkashi region (8.11 Bq  L−1) which seems 
to be obvious as the MCT having active thrust fault and a 
tectonically active zone. The average values of pH and tem-
perature were found 6.9 °C and 20.8 °C, 7.2 and 20.4 °C for 
MCT and Uttarkashi region respectively.

The source-wise comparison between springs, taps and 
handpumps water samples was also done in the present study 
for dissolved radon gas and it is found that the tap waters 
of the study area have higher radon concentration in com-
parison to the springs and handpumps water. The mean val-
ues obtained from all water samples (19.47 Bq  L−1), spring 
water samples (14.74 Bq  L−1), tap water samples (47.26 Bq 
 L−1) and handpump water samples (7.28 Bq  L−1) are given 
in Fig. 5 a–d respectively). There are three samples in spring 
water, three in tap water, and none of the samples in hand 
pump water exceeds the safe limit as recommended by WHO 
(100 Bq  L−1), approximately 94% of the samples are well 
within the safe limit.

Region-wise comparison (MCT region and Uttarkashi 
region) for dissolved radon gas in the water samples is 

shown in Fig. 6, and the mean value obtained is 30.9 Bq 
 L−1 and 8.1 Bq  L−1 for the Main Central Thrust samples and 
Uttarkashi samples respectively. It is clearly shown in Fig. 6 
that the MCT region has five samples and the Uttarkashi 
region has only one sample that are higher values than the 
recommended level of 100 Bq  L−1 by WHO and the high 
value in that one spring water sample (Uttarkashi region) 
may be due to collected from the fracture-joint rocks [43].

Figure 7 shows a box whiskers diagram of the Radon 
(222Rn) concentration in all of the water samples. The mean 
value of the dataset is higher than the median and falls in the 
fourth quartile of the box plot. Approximately 80% of the 
samples had a radon concentration of less than 25 Bq  L−1. 

Fig. 4  The correlation coef-
ficient between Radon in water 
with A pH values, B tempera-
ture with a hot spring, C tem-
perature without a hot spring

Table 2  The statistical value for Radon in air, radon in water, pH, and 
temperature for the study area

Min = Minimum, Max = Maximum, AM = Arithmetic Mean, 
SD = Standard Deviation, GM = Geometric Mean 

Parameters* Cair (Bq  m− 3) Cliq (Bq  L−1) pH Tem-
perature 
(°C)

Min 124 1.11 6.3 13.1
Max 20,467 183.86 7.9 58.9
AM 2190 19.67 7.1 20.3
SD 4508 40.50 0.3 4.7
GM 736 6.61 7.1 19.9
AM (MCT region) 3514 30.90 6.9 20.2
AM (Uttarkashi 

region)
902 8.11 7.2 20.4
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Only six out of the ninety-four samples show a value of more 
than 100 Bq  L−1. The kernel density of the dataset is shown 
on the right side of the diagram and it can be seen that only 
a small percentage of the data points are situated outside 
the core region of the kernel density. Hence it represents the 
negative skewness in the dataset. The statistics show that 
the 222Rn concentration in different water samples is widely 
distributed over the study area.

Spatial distribution map study

The spatial distribution curve is plotted for the measured 
values of radon content in water samples collected from the 
study area and is shown in Fig. 8. The map is separated 
into two parts by the marking of a red line, which is (a) the 
Uttarkashi region and (b) the Main Central Thrust region. An 
inverse distance weighted approximation is considered for 
the surface plot of the radon concentration in water samples. 
The value shown in this map is classified into nine equal 
interval breaks. It can be seen from the map that most of the 
samples are lower valued (less than 22 Bq  L−1) and labelled 

as green-coloured surfaces. Five samples have higher values 
than the WHO reference level in the Main central thrust 
region and are labelled as red-coloured surfaces [4]. How-
ever, only one sample is higher than the reference levels in 
the Uttarkashi region and is labelled as pink-coloured sur-
faces. It can be concluded from the map that the Uttarkashi 
region’s water is safer than the Main Central Thrust region’s 
water for public drinking as well as health purpose.

Annual effective dose (AED)

The annual effective dose (AED) due to ingestion is cal-
culated for the different age groups of the relative popula-
tion as per their daily water intake parameter (DWI) in 
Table 1 [59–61]. The average value of the AED due to 
ingestion is found to be higher (> 100 µSvy−1) in all of 
the age groups except 0–12 months infant and 1–3 years 
children. The higher average value is found in males of age 
groups above 18 years and lactating women (maximum 
in lactating women in all of the age groups) age groups 
due to their high daily water intake (DWI). In comparison 

Fig. 5  Source-wise comparisons of radon concentration in water samples



2874 Journal of Radioanalytical and Nuclear Chemistry (2024) 333:2867–2879

1 3

to the overall average values, the Main Central Thrust 
region shows a higher average value and the Uttarkashi 
region shows a lower average value. The annual effective 
dose due to inhalation (Table 1) is found between 3.02 

and 499.22 µSvy−1 with a mean value of 53.42 µSvy−1. 
The AED due to inhalation is found to be safe as their 
mean value is lower than 100 µSvy−1 in both (MCT and 
Uttarkashi) regions.

Fig. 6  Region-wise comparison of radon concentration in water samples

Fig. 7  Box plot representing 
statistics of radon concentration 
in water samples
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Annual mean effective dose  (Dtotal)

The estimated annual mean effective dose from the AED 
due to ingestion and inhalation for the lungs and stomach 
(Taking  WTissue = 0.12) is shown in Table 3. It can be seen 
from the table that the obtained average value of the  Dtotal 
from ingestion dose of the lung and stomach is higher than 
the inhalation dose except in the age group of 0–6 months 
infant. The average value of the annual mean effective dose 
from ingestion was found to increase as the age group 
increases, and it varies from 6.03 µSvy−1 for the infant of 
0–6 months age group to 67.40 µSvy−1 for lactation. The 
higher average values are found in the Main Central Thrust 
region and the lower is in the Uttarkashi region than the 
overall average. The annual mean effective dose from the 
AED due to inhalation is found between 0.36 and 59.91 
µSvy−1 with a mean value of 6.41 µSvy−1 for the lungs and 
stomach. The average value around Main Central Thrust 
and Uttarkashi regions is again higher and lower, respec-
tively than the overall averages.

Excess lifetime cancer risk (ELCR)

The estimated values of the excess lifetime cancer risk 
from the AED due to ingestion and inhalation are shown 
in Table 4. It is concluded from the table that the ELCR 
for all of the age groups due to their ingestion and inhala-
tion are within the safe limit of 1.45 ×  10− 3 recommended 
by UNSCEAR [62, 63]. The area with tectonically active 
(MCT) has higher values and Uttarkashi has lower than 
the overall average values.

Table 5 shows the comparison of the radon concen-
tration in water samples from different countries with 
their different geology. The range and their mean values 
(which were possible) for the radon concentration in water 
samples are summarized with respective references. The 
higher value found in this table is for Kenya (371.7 Bq  L-1) 
and South Korea (300 Bq  L-1) respectively.

Fig. 8  Spatial distribution map for radon concentration in water samples
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Conclusions

In the present study, the concentration of radon in the 
water samples of 94 different places from the study area 
ranges from 1.1 to 183.9 Bq  L−1 with an average value 
of 19.7 Bq  L−1. The obtained value of radon content in 
five water samples is higher than the alternative maxi-
mum contamination level of 148 Bq  L−1 as suggested by 
the USEPA. However, only 6.3% of the sample are excess 
average values as per the recommended level of the WHO 
and the European Commission (EC) of 100 Bq  L−1. Only 
26.6% of the water samples exceed the maximum contami-
nation level, and 67.03% of the samples are well below the 

maximum contamination level of 11 Bq  L−1 as suggested 
by USEPA.

The annual effective dose due to the ingestion and inhala-
tion exceeds the safe limit of 100 µSvy−1 (all sources includ-
ing radon) for all of the age groups except the infant (0–12 
months) and children (1–3 years) as proposed by the WHO. 
The estimated doses are found higher in the Main Central 
Thrust region in comparison to the Uttarkashi region there-
fore, the study concluded that this report must be taken into 
consideration before making any policies regarding radon 
mitigation for that specific region. The radon concentration 
variation levels obtained in different water sources may help 
examine hidden faults, thrusts, etc., and explore uranium 
deposits in the study area.

Table 3  Annual mean effective 
ingestion and inhalation dose 
for the lungs and stomach 
(µSvy-1)

Life stages Age groups Min value Max value Avg value SD Geo mean MCT 
samples 
(AM)

Uttarkashi 
samples 
(AM)

Infant 0–6 month 0.34 56.37 6.03 12.42 2.03 9.68 2.54
7–12 month 0.39 64.42 6.89 14.19 2.32 11.06 2.90

Children 1–3 year 0.63 104.69 11.20 23.06 3.77 17.97 4.71
4–8 year 0.83 136.90 14.65 30.15 4.93 23.51 6.16

Male 9–13 year 1.17 193.27 20.68 42.57 6.95 33.18 8.70
14–18 year 1.61 265.75 28.44 58.53 9.56 45.63 11.96

Adult > 18 years 1.81 297.96 31.88 65.63 10.72 51.16 13.41
Female 9–13 year 1.02 169.11 18.10 37.25 6.08 29.04 7.61

14–18 year 1.12 185.22 19.82 40.79 6.66 31.80 8.34
Adult > 18 years 1.32 217.43 23.27 47.89 7.82 37.33 9.79
pregnancy 14–50 year 1.46 241.59 25.85 53.21 8.69 41.48 10.87
Lactation 14–50 year 1.85 306.01 32.74 67.40 11.01 52.54 13.77
Dtot (Inh) 0.36 59.91 6.41 13.19 2.16 10.29 2.70

Table 4  Excess lifetime cancer risk (ELCR) from annual effective ingestion and inhalation dose (×10− 3)

Life stages Age groups Min value Max value Avg value SD Geo mean MCT sam-
ples (AM)

Uttarkashi 
samples 
(AM)

Infant 0–6 months 0.010 1.644 0.176 0.362 0.059 0.276 0.072
7–12 months 0.011 1.879 0.201 0.414 0.068 0.316 0.083

Children 1–3 years 0.018 3.053 0.327 0.673 0.110 0.513 0.135
4–8 years 0.024 3.993 0.427 0.879 0.144 0.671 0.176

Male 9–13 years 0.034 5.637 0.603 1.242 0.203 0.947 0.249
14–18 years 0.047 7.751 0.829 1.707 0.279 1.303 0.342

Adult > 18 years 0.053 8.691 0.930 1.914 0.313 1.460 0.383
Female 9–13 years 0.030 4.932 0.528 1.086 0.177 0.829 0.217

14–18 years 0.033 5.402 0.578 1.190 0.194 0.908 0.238
Adult > 18 years 0.038 6.342 0.679 1.397 0.228 1.066 0.280
pregnancy 14–50 years 0.043 7.046 0.754 1.552 0.253 1.184 0.311
Lactation 14–50 years 0.054 8.925 0.955 1.966 0.321 1.500 0.394
ELCRinhalation (×10− 3) 0.011 1.747 0.187 0.385 0.063 0.294 0.077
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