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The present study aimed at evaluating the effects of radiofrequency electromagnetic radiation exposure on short-interval time estimates in humans 
living in the vicinity of base transceiver stations.

The study was conducted in Phase-1 and Phase-2 with 1281 and 192 subjects, respectively. Four groups with one control were identified 
in each phase depending on the distance from the ground-based transceiver stations. The cognitive ability of the subjects of each group was determined 
by measuring short-interval time estimates, namely 10 s, 30 s, and 60 s, with time production and time reproduction methods using the Interval Clock 
software (Version 2.2). The electric field strength at each 
participant’s house was determined using the Narda Broadband 
Meter-550 with a probe EF0-391.

ANOVA results demonstrated a statistically significant 
difference in electric field strength among different zones around 
the installations of base transceiver stations (F  = 50.071; 4,1274

p<0.001). It was significantly higher in the inter-tower zone than in 
all other zones. The prevalence of various clinical problems was 
higher among the individuals living in the inter-tower zone. 
ANCOVA results revealed that the main factors zone, gender, and 
year of residence, did not significantly affect any short-interval time 
estimates. However, a statistically significant 'time of the day' 
variation in most of the target short-interval time estimates with both 
the methods for all the studied groups, except the inter-tower zone, 
was observed.

The radiofrequency electromagnetic radiation emitted from base transceiver stations did not significantly impact the ability to estimate short-
time intervals in humans.

Key words: Base transceiver station, Electric-field strength, Narda Broadband Meter-550, Radiofrequency electromagnetic radiation, Short-interval 
time estimation.
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[300-500 m]

Study level and sample size Phase-1 (n=1281) Phase-2 (n=192)

Determination of dependent
and independent variables

1. Electric field strength
    determination, using Narda
    Broadband Meter-550
2. Biographical data capture
3. Disease prevalence data capture

1. Determination of theta estimates
    (θs) of 10s, 30 s and 60 s time
     intervals, employing both TP and TR
     methods, for each subject using
     interval clock software (v. 2.2).

Findings

The inter-tower-and B-zone had
statistically significantly higher E-field
strength than the other zones,
including the control.

Notwithstanding the time-of-day
variability in the variance of θs, the
main factor, zone did not produce any
statistically significant effects on the θs.
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Processing (RVP), Paired Associates Learning (PAL) and Spatial 
Span (SSP). They also did not find any effects on physiological 
variables, namely body temperature, blood pressure, and heart 
rate of subjects exposed to UMTS radiation. Based on the 
available literature, Singh and Pati (2016) in their review 
concluded that the effects of radiofrequency electromagnetic 
radiation on human health remain contradictory. Even today the 
issue is debatable. The human brain absorbs radiofrequency 
electromagnetic radiation, which may influence normal brain 
function (Kim et al., 2019). Short-interval time estimation is a 
cognitive ability that coordinates successful and sequential 
performance (Buonomano and Laje, 2010).

In humans, several brain regions are involved in gauging 
short-interval time, such as the prefrontal cortex and the 
cerebellum, and the neurotransmitter dopamine (Matell and 
Meck, 2000). Time intervals in the range of 1-120 sec fall in the 
category of short-interval time perception (Aschoff, 1998). Earlier 
findings from our laboratory (Pati and Pande, 2013; Pande et al., 
2013, 2014) revealed that perception of short-interval time varies 
as a function of sleep duration, length of sunlight exposure, 
season, and methods of estimation. Further, to the best of our 
knowledge, the information on the effects of radiofrequency 
electromagnetic radiation emanating from base transceiver 
stations on cognitive performance with particular reference to 
estimation of short-interval time in humans is completely 
absent. Therefore, the present study was undertaken to 
examine the non-thermal effects of radiofrequency 
electromagnetic radiation emitted from the base transceiver 
station on short-interval time estimates in subjects (populations) 
living in and around the base transceiver stations in Raipur.

Materials and Methods

Identification of locations of base transceiver station: The 
transceiver stations installed 10 years ago in Raipur city of 
Chhattisgarh were selected for the present study. The base 
transceiver stations are ground-based towers operating at the 
non-thermal frequency range of 2144 MHZ.

Categorization of zones: The areas around base transceiver 
stations of 2 locations (Shanti Vihar and Kabir Nagar) were 
divided into four zones, i.e., zone A, zone B, zone C, and zone D. 
The zones were categorized using Garmin GPS eTrex 10. 

Study design, participants and inclusion-exclusion criteria: 
The Phase I study included the voluntary participation of 1281 
randomly selected individuals comprising control subjects 
(N=152), exposed residents at base transceiver station 1 
(N=621), and base transceiver station 2 (N=508). Out of 1281, 
162 subjects were from zone A (median age: 35 y), 389 from zone 
B (35 y), 363 from zone C (33 y), and 215 from zone D (32 y). 
Control subjects (33 y) were selected from the area without the 
installations of base transceiver stations. The study included 565 
males (34 y; 18-70 y) and 716 females (34 y; 18-68 y). The data of 
the respective zones from both the base transceiver stations were 

Introduction

Base Transceiver Station setup of the telecom industry 
operates in the radiofrequency electromagnetic radiation range. 
The non-ionizing radiofrequency electromagnetic radiation 
ranges from 3 kilohertz (kHz) to 300 gigahertz (Ghz), as reported 
by the Australian Radiation Protection and Nuclear Safety Agency 
(ARPANSA Regulations, 2018). To provide the best possible 
network services to the customers, the mobile phone companies 
have laid base transceiver stations mounting amid densely 
populated residential areas (Buckus et al., 2017). The radiation 
from base transceiver stations depends on several factors, such 
as direction of signal transmission, radiated power density, 
diffusion due to buildings and trees, attenuation due to 
obstructions, and distance of base stations from each other 
(Wiedemann et al., 2017). Exposure to radiofrequency 
electromagnetic radiation causes thermal (>2500 MHz) and non-
thermal (<2500 MHz) effects on the biological system as per the 
International Commission on Non-Ionizing Radiation Protection 
(ICNIRP, 1998). People with continuous exposure to 
radiofrequency electromagnetic radiation show physiological 
health symptoms (Santini et al., 2003), sleep disturbances 
(Abelin et al., 2005), neuropsychological symptoms (Pachuau et 
al., 2014), and cognitive impairment (Meo et al., 2018).

On the contrary, several researchers have established 
that radiofrequency electromagnetic radiation exposure does not 
produce significant adverse effects on humans’ health (Berg-
Beckhoff et al., 2009), sleep quality (Hutter et al., 2006), cognitive 
performance (Riddervold et al., 2008; Malek et al., 2015). Berg-
Beckhoff et al. (2009) conducted a large cross-sectional study 
involving 3526 subjects and evaluated five variables, namely 
sleep disturbances, headaches, health complaints, and mental 
and physical health using standardized health questionnaires in 
both exposed and control groups. The authors did not find any 
statistically significant differences between the exposed and the 
control participants with respect to the above five examined 
variables. In another study Hutter et al. (2006) conducted on both 
rural and urban inhabitants, it was revealed that the radiation 
exposure did not alter sleep quality in 365 subjects living near 10 
selected base stations. However, at higher exposure levels, the 
subjects reported headaches more frequently.

The radiation exposure did not significantly alter cognitive 
performances, such as immediate memory, perceptual speed, 
and reaction time in those subjects (Hutter et al., 2006). 
Riddervold et al. (2008) and Malek et al. (2015) did not find any 
statistically significant effects of radiofrequency (RF) 
electromagnetic fields (EMF) on human cognitive function. The 
former group of authors studied the effects of radiofrequency 
electromagnetic fields on cognitive tasks with the Trail Making B 
(TMB) test, while Malek et al. (2015) did not register any 
statistically significant effect of radiations emanating from the 
typical Global System for Mobile Communication and Universal 
Mobile Telecommunications System (UMTS) on cognitive 
function gauged from Reaction Time (RTI), Rapid Visual 
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Time Reproduction (TR), were employed to estimate the target 
intervals, such as 10 s, 30 s, and 60 s using the Interval Clock 
(version 2.2) software (Pande et al., 2013). The whole experiment 
was conducted under normal free-living conditions. The subjects 
were instructed not to resort to the counting strategy and not to 
keep with them any timekeeping devices like watches. Each 
participant separately performed the task, and the findings were 
not disclosed to the participants till the completion of the study. 

Time production method: The target intervals appeared on the 
laptop screen in standard units (number in seconds for 
production) using gray Arabic digits on a black background. The 
participants saw the target intervals on display. They reproduced 
the target interval by instantly pressing the space bar on the 
laptop's keyboard until they thought the perceived time had 
elapsed.

Time reproduction method: The stimulus durations were 
presented at the center of the laptop screen through the 
appearance of a gray squared box on black background for the 
duration of the target time intervals. The box disappeared from the 
screen as soon as the target interval had elapsed. The 
participants pressed (hold) the space bar until they judged that 
the time duration of pressing the space bar was equal to the 
period of display of the gray stimulus box on the laptop screen. In 
both methods, the target intervals (digits and box) appeared 
randomly and were presented to the participants three times. The 
data on the subjective judgments of the target intervals were 
stored in the MS-Excel worksheet.

Computation of accuracy score, 'Theta (θ)': The average of 
two nearest time estimates was considered. Each time estimate 
was converted into duration judgment ratio "theta (θ)" (Pande and 
Pati, 2010).

Statistical analyses: Data on E-Field strength, age, and body 
mass index were analyzed by one-way ANOVA followed by 
Duncan's Multiple Range Test. The Chi-square statistic was 
employed to test the independence of attributes, i.e., between the 
'zone’ and the 'frequency of clinical problems.’ In the phase II 
study, ANCOVA was applied to evaluate the effects of exposure to 
the radiofrequency electromagnetic radiations on inter-group 
variability in short-interval time estimates. The normality and 
homogeneity of data were checked using Shapiro-Wilk's statistics 
and Levene's statistics, respectively. The F-test was used for 
comparing the variances in the observed estimates of target 
intervals between the forenoon and the afternoon.

Results and Discussion

The results of one-way ANOVA revealed a statistically 
significant difference in E-field among different zones (F  = 4,1274

50.071; p<0.001). E-field was significantly higher in zone A than 
other zones, i.e., zone B, C, and D, and control. E-field in zone B 
was more elevated than zones C and D, and the control zone. 
Further, the Chi-square statistic results revealed an association 

merged. The frequency of all clinical diseases was recorded 
using inventories and interviews. All clinical diseases included 
cardiovascular diseases, metabolic diseases, and other clinical 
diseases. Hypertension, hypotension, and heart diseases were 
included under the category of cardiovascular diseases; 
diabetes, thyroid, obesity, lipid, and carbohydrate metabolism 
diseases were included under the category of metabolic 
diseases; and sickle cell disease, neuropsychological disease, 
migraine, kidney stone, polycystic kidney, asthma, arthritis, 
hormonal imbalance, ovarian cyst, etc. were included under other 
clinical diseases. Of the subjects of Phase I study, 204 participants 
voluntarily participated in the Phase II study. 

The participants for the Phase II study were chosen 
following inclusion and exclusion criteria (Hutter et al., 2006). 

Inclusion criteria were: (1) self-declared healthy, (2) ≥ 18 years 
old, (3) diurnal work type, (4) having a regular sleep-wake 
cycle, and (5) >1 year of residence; and exclusion criteria were: 
(1) pregnancy, (2) psychological and chronic illness, (3) regular 
smoker, and (4) regular alcohol consumption. Twelve 
participants were excluded due to exclusion criteria. Finally, 
192 healthy individuals, including 91 males and 101 females, 
took part in the study. The zone-wise distribution of the subjects 
was: 28 subjects were from zone A (median age: 28 y), 48 from 
zone B (30 y), 54 from zone C (29 y), and 22 from zone D (30 y). 
Forty (31y) control subjects were from an area without the 
installations of base transceiver stations.

Ethical approval: The Institutional Ethics Committee (IEC) for 
Human Research of the Pt. Ravishankar Shukla University, 
Raipur, India (IEC Ref. No.: 142/IEC/PRSU/2016; Date: 
03/02/2016) approved the design and protocol of the study. All the 
participants were informed about the objectives of the study. Both 
verbal and written informed consents were procured from all the 
participants. The participants were informed categorically that 
they could quit the study whenever they wanted.

Assessment of socio-demographic and electric-field 
strength: In the present study, various biographical variables, 
such as age, height, weight, profession, education, family type, 
food habits, and year of residence were recorded through the 
administration of a self-designed socio-demographic 
biographical datasheet. All subjects were advised to provide their 
clinical background and habits of smoking, alcohol, and sleeping 

-2pills usages. The body mass index (BMI, kg m ) for each 
participant was computed. A one-to-one interview method was 
adopted during data capturing. The Narda Broadband Meter 
(NBM-550) along with EF0-391 probe was used to measure the 
electric field (E-Field) strength at the living room of each 
participant's house within the frequency range of 100 kHz-3 GHz.

Estimation of short-interval time: Before starting the 
experimental session, a brief demo was presented to all 
participants regarding the purpose of the study and the 
procedures to be followed during the assessment of short-interval 
time estimates. Two methods, namely Time Production (TP) and 
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between 'zone' and 'distribution of various clinical problems.' A 
significantly high frequency for all clinical diseases was found in 

2the subjects from zone A (x  = 33.061; p<0.001). The maximum 4
2frequencies of both cardiovascular (x  = 29.207; p<0.001) and 4

2metabolic diseases (x = 13.148; p<0.05) were found in the 4 

residents from zone B. Of the 192 subjects who participated in the 
Phase II study, 47.4% were males and 52.6% were females. The 
subjects were either students (32.8%) or housewives (26.6%), 
employed (39.1%), or unemployed (1.6%). A majority of the 
participants belonged to nuclear family (70.8%) and about 73.4% 
were graduates. Of the total number of participants, 53.1% were 
vegetarian and 46.9% were non-vegetarian. About 53.1% of 
participants lived in the locality for a period ranging between 1 and 
5 years, while 53.6% of subjects lived here for longer than five 
years at the time of this study. The average of E-field strength, 
age, and BMI obtained from the Phase II study were also 
compared using one-way ANOVA. The results revealed that there 
was a statistically significant difference in the E-field strength 
(F = 3.386; p<0.05) among the studied groups; it was 4,187 

significantly higher in zone A as compared to zone C.

The data on short-interval time estimates exhibited 
normal distribution. Also, there was equality of variance across 
the studied groups (Shapiro-Wilk statistic, p>0.05; Levene's 
test, p>0.05). The ANCOVA was applied to assess the effects of 
main factors zone, gender, and year of residence on the mean 
theta estimates of the target short-intervals, i.e., 10 s, 30 s, and 
60 s with the time production and time reproduction methods. 
The effects of main factors were not statistically significant. The 
effects of covariates on any of the mean theta estimates were 
not statistically significant, except the impact of age on 60 s with 

2time production (p<0.05, ɳ =0.035) and BMI on 30 s with time 
2 2production (p<0.05, ɳ =0.027). The Eta-squared (ɳ ) was used 

as a measure of effect size; effect sizes between 0.01 and 0.05 
were considered low, between 0.06 and 0.13 moderate, and 

that >0.14 high (Randler, 2008). In this study, the effect sizes for 
age and BMI were small. The results indicated that the target 
time intervals with time production and time reproduction 
methods did not differ statistically significantly on account of 
zone, gender, and year of residence. However, all the studied 
subjects, irrespective of zones, overestimated 60 s with time 
production and underestimated 10 s with time reproduction 
methods (Table 1). They estimated 30 s accurately with both 
time production and time reproduction methods. Subjects from 
zone A underestimated 10 s with time production and 
overestimated 60 s with time reproduction methods.

The results of Chi-square test revealed that the 
frequency of overestimation, accurate estimation, or 
underestimation of short-time intervals in both time production 
and time reproduction methods did not vary as a function of 
zone (Table 2). Variability in the variance of mean theta 
estimates of short-interval time as a function of 'time of the day,’ 
i.e., forenoon versus afternoon is depicted in Fig. 1(a-j). The 
results indicate that variability in estimating 10 s with the time 
production method was higher during afternoon than forenoon 
in controls (Fig. 1a) and subjects from zone B (Fig. 1e). Similarly, 
the variance was more for 10 s estimation with the time 
reproduction method during afternoon than forenoon in the 
subjects from zones B, C, and D (Fig. 1f, h, j). Also, the time of day 
variability in variance of 30 s with the time production in zone D 
(Fig. 1i) and 30 s with the time reproduction in subjects from zones 
C and D (Fig. 1h and j) were observed. However, the 'time of the 
day’ effects on the variance of time estimates among zone A 
people for any target intervals (Fig. 1c, d) were not observed.

In the current research work, the effects of exposure to 
radiofrequency electromagnetic radiation on humans' cognitive 
performance were measured. Most importantly, this is the first 
study investigating the impact of base transceiver station-

Table 1: Mean ± 1 standard error of theta estimates of 10 s, 30 s and 60 s obtained using time production (TP) and time reproduction (TR) methods as a 
function of the zone, gender, and year of residence (YoR)

Source Main Factor       Dependent Variable

TP 10 s TP 30 s TP 60 s TR 10 s TR 30 s TR 60 s

N 170 192 187 158 169 187
a a a a aZone Control 1.03±0.08 0.90±0.06 0.80±0.05 1.36±0.06 1.07±0.05 0.95±0.05
a a a a a aZone A 1.21±0.09 1.00±0.07 0.81±0.06 1.25±0.08 1.06±0.05 0.83±0.06
a a a a a aZone B 1.11±0.07 0.86±0.05 0.78±0.04 1.34±0.05 1.08±0.04 0.95±0.04
a a a a a aZone C 1.13±0.06 0.88±0.05 0.77±0.04 1.34±0.06 1.04±0.04 0.91±0.04
a a a a a aZone D 1.13±0.10 0.97±0.09 0.82±0.07 1.33±0.09 0.99±0.06 0.91±0.07
a a a a a aGender Male 1.14±0.06 0.93±0.05 0.81±0.04 1.28±0.05 1.03±0.03 0.90±0.04
a a a a a aFemale 1.10±0.05 0.91±0.04 0.78±0.03 1.36±0.04 1.06±0.03 0.91±0.03
a a a a a aYoR 1-5 years 1.16±0.05 0.94±0.04 0.80±0.03 1.35±0.04 1.06±0.03 0.90±0.03
a a a a a a>5 years 1.08±0.05 0.91±0.04 0.79±0.03 1.30±0.05 1.03±0.03 0.91±0.03

Abbreviation: Zone A = inter-tower zone; Zone B = 0-150m; Zone C = 150-300m; Zone D = 300-500m; Means having similar alphabets are not statistically 
significant at p < 0.05 (based on LSD test).

a
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increasing distance from the mobile phone base station's antenna 
(Singh et al., 2021). Further, the observed clinical problems that 
include cardiovascular, metabolic, and other clinical diseases are 
more prevalent among the individuals at zone A (inter-tower 
zone). It means that a significant increase in the frequency of 
health problems concerning the reference group (nearest to the 
base transceiver stations) existed. This finding is in agreement 
with the study conducted by Shahbazi-Gahrouei et al. (2014).

The results published by these authors showed that most 
of the health symptoms were significantly higher in the inhabitants 
living near the base transceiver stations antenna (<300 m 
distances) compared to those living far away from the base 
transceiver station antenna (>300 m). A higher frequency of 
cardiovascular and metabolic diseases was noticed among 
people living in zone B. This study validates the earlier findings by 
Meo et al. (2015) and Singh et al. (2016). They reported that most 
of the subjects living close to the base stations complained about 
the cardiovascular, nervous system associated with clinical 
symptoms and type 2 diabetes mellitus. The present study did not 
show any statistically significant effects of main factors, zone, 
gender, and year of residence, and the covariates on any one of 
the mean theta estimates, except the impact of age on 60 s and 
body mass index on 30 s with the time production method. 

This outcome is consistent with similar findings 
performed on other cognitive attributes, namely reaction time, 

generated radiofrequency electromagnetic radiation on cognitive 
performance with particular reference to short-interval time 
estimates in humans. However, we came across many studies 
dealing with the effects of electromagnetic radiation on spatial 
cognition (Isgor et al., 2004; Narayanan et al., 2015) and 
recognition memory (Gökçek-Saraç, 2020), emotional memory 
(Bouji et al., 2012), and spatial memory (Fragopoulou et al., 2010; 
Hao et al., 2013). The experimental models in these studies were 
rodents. There is not even a single scientific study on the 
radiofrequency electromagnetic radiation exposure on short-
interval time estimates in humans living in proximity to base 
transceiver stations. In this study, electric field strength was used 
as an exposure matrix to measure an individual's exposure to 
radiofrequency electromagnetic radiation from base transceiver 
stations. The electric field strength measurements complied with 
the International Commission on Non-Ionizing Radiation 
Protection (ICNIRP, 1998) guidelines applicable to public 
exposure (1.375f1/2=1.375*21441/2=64 V/m). The recorded 
exposure level was under the range for all the investigated zones. 
However, the mean E-Field strength across the zones was higher 
than the level of 1-250 microvolts at which the biological 
processes occur (Söğüt and Karadeniz, 2017).

In this study, the electric field strength was significantly 
higher in zone A as compared to other zones. The results 
compared favorably with earlier studies (Buckus et al., 2017). It 
has been documented that the electric field strength declined with 

Table 2: Frequency of mean theta estimates (θs) of 10 s, 30 s, and 60 s short time intervals, under three categories of estimation accuracy range, θ<0.95 
(OE), θ=0.95-1.05 (AE), and θ>1.05 (UE). The subjects across different classified zones judged the intervals using both time production (TP) and time 
reproduction (TR) methods

Short time interval estimates Control Zone A Zone B Zone C Zone D Total             Summary statistic

2c df p-Value

TP 10 s OE 13 8 17 13 7 58 -!
AE 5 2 4 4 0 15
UE 22 18 27 37 15 119

30 s OE 24 15 23 31 11 104 3.146* 8 0.925
AE 3 3 10 6 3 25
UE 13 10 15 17 8 63

60 s OE 27 15 33 39 16 130 3.466* 8 0.902
AE 5 4 7 3 2 21
UE 8 9 8 12 4 41

TR 10 s OE 6 3 5 7 0 21 -!
AE 1 2 3 4 2 12
UE 33 23 40 43 20 159

30 s OE 10 12 15 20 6 63 3.653* 8 0.887
AE 7 4 13 11 6 41
UE 23 12 20 23 10 88

60 s OE 18 16 22 27 14 97 2.509* 8 0.961
AE 9 5 12 15 3 44
UE 13 7 14 12 5 51

Abbreviation: Zone A = inter-tower zone; Zone B = 0-150m; Zone C = 150-300m; Zone D = 300-500m; TP = time production; TR = time reproduction; OE = 
2over estimation; AE = accurate estimation; UE = under estimation; χ  = chi-square; df = degrees of freedom; p = significance level; *Yates corrected; -! = 

did not perform chi-square statistic as cells have zero frequency.



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, May 2022¨

374 P. Chandel et al.: Effects of RF-EMR on short-interval time estimates

Fig. 1: (a-j) Comparison of sample variances for theta estimates (θs) judged in the forenoon (FN) and afternoon (AN). The subjects across different 
classified zones measured the short-time intervals (i.e., 10 s, 30 s, and 60 s) using time production (TP) and time reproduction (TR) methods. Controls (a, 
b), subjects from Zone A (c, d), Zone B (e, f), Zone C (g, h), and Zone D (i, j). Zone A = inter-tower zone; Zone B = 0-150m; Zone C = 150-300m; Zone D = 
300-500m. 
*p ≤ 0.05, or ***p ≤ 0.001 indicates a statistically significant difference between forenoon (FN) and afternoon (AN) variances for the respective mean 
theta estimates (θs).
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rapid visual processing, paired associates learning, spatial span, 
and trail making B (Riddervold et al., 2008; Malek et al., 2015). 
Besides, the findings of this study are also similar to the results of 
several double-blind studies that did not validate non-thermal 
effects of radiofrequency electromagnetic radiations ranging 
between 385.25 MHz to 2100 MHz on the cognitive performance, 
such as digit symbol substitution task, digit span task, and a 
mental arithmetic task (Riddervold et al., 2010).

Concerning the effects of gender, Pande et al. (2014) also 
did not find significant gender effects on 10 s and 60 s estimates 
while studying under constant routine conditions. This study did 
not find a zone-wise difference in subjects' frequency of 
overestimation, accurate estimation, or underestimation of short-
interval time estimates using either time production or time 
reproduction methods. Further, in this study, the time of the day 
variability in the mean theta estimates of short-interval time was 
examined. In general, higher variability in estimating 10 s with 
time production and time reproduction methods was observed 
during afternoon than forenoon, irrespective of zones. However, 
variability in 30 s estimation was slightly different from that of 10 s. 
The time of day variability was discernible in the mean theta 
estimates of short-interval time, i.e., 10 s and 30 s, but not in 60 s. 
Here, zone A was the only exception where variability in any one 
of the mean theta estimates was not detected. Earlier, Pande et 
al. (2014) documented variability in 10 s and 60 s intervals across 
the day and concluded that it has a covert endogenous basis.

Could it be speculated that the absence of variability in 
time estimates in zone A (higher E-Field) might be a consequence 
of exposure to a higher level of radiofrequency electromagnetic 
radiation? However, it is difficult to interpret the current results as 
there is a complete lack of peer studies for purposes of 
comparison. Studies on a large sample and along a longitudinal 
scale are necessary to validate this conjecture. Nonetheless, it 
has been reported that the effects of radiofrequency 
electromagnetic radiation on memory performance in humans 
fall largely in the realms of uncertainty (Brzozek et al., 2018; Wu 
et al., 2019). These uncertainties could be imputed to factors 
such as human error involving errors in data capture 
methodology, model structure, and communication between 
the researchers and the subjects (Brzozek et al., 2018).

Based on the findings, it is concluded that radiofrequency 
electromagnetic radiation emanating from the base transceiver 
station did not produce any significant effects on the short-interval 
time estimates, one of the critical cognitive performances in 
humans. As far as human health is concerned radiofrequency 
electromagnetic radiation might produce adverse effects on the 
subjects living in the vicinity of base transceiver station. Further, 
time of the day variability in estimating the target short-interval time 
was discernible with zone A's lone exception. However, there is a 
need to initiate further confirmatory studies to underscore the 
possible non-thermal effects of radiations that emanate from base 
transceiver station installations on many other vital biological 
variables, including other cognitive functions in humans.
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