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ABSTRACT: There is concern that increased ambient wireless communication radiation (WCR) from antenna 

densification in the 5G network may be impacting public health. The purpose of this study was to measure WCR 

intensity on "Main Street" in 35 cities throughout Pennsylvania, USA and to assess if intensity is more closely 

related to population density or the presence and location of 5G/4G LTE network antennas. Mean power densities 

calculated for each commercial district were compared to the town's population and correlated to the presence or 

absence of the 5G/4G LTE network, and then antenna location, whether on building tops or utility poles. Mean 

maximum intensities in communities with populations above 50,000, between 25-50,000, 10-25,000, and below 

10,000 people were 18,704, 15,087, 7,795, and 13,642 µW/m2 respectively. Mean maximum intensities in towns 

without the 5G network, in towns with building mounted antennas, and pole mounted antennas were 2,442, 16,457, 

and 31,132 µW/m2 respectively. Six street corners surveyed over 200,000 µW/m2.WCR intensity is more closely 

related to the presence of the 5G/4G LTE network than to population size. Power densities produced by the 5G/4G 

LTE antennas are more than 10 times and up to 100 times more intense than older networks. 
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I. Introduction 

Modulation of electromagnetic radiation within the frequency bandwidth between 450 MHz and 86 GHz 

is industry's preferred method for wirelessly transmitting data. The production and emission of this energy into 

the environment, referred to as radiofrequency radiation or wireless communication radiation (WCR), has 

proliferated at a dramatic rate over the past two decades. With the introduction of the 5G network, thousands of 

researchers and health care providers around the globe are concerned about potential health effects from increased 

levels of ambient non-ionizing radiation exposure to the general public both from the deployment of satellites 

beaming these frequencies, and the densification of 5G and 4G LTE antennas within our cities and towns [1].  

It was recognized early on that electromagnetic radiation (EMR) exposure could cause a physiological 

impact on living cells by increasing intracellular calcium levels. Walleczek suggested in 1992 that extremely low 

frequencies of EMR may be affecting cell membrane-mediated Ca2+ signaling to cause increased intracellular 

calcium [2]. In 2013, Paul proposed that WCR may be directly activating membrane bound voltage gated calcium 

channels thereby allowing Ca2+ to flow into the cell. This is an important potential consequence from EMR 

exposure for excess intracellular Ca2+ can incite a cascade of biochemical reactions leading to the formation of 

reactive oxygen species and oxidative stress [3]. This nonspecific state of biochemical imbalance is believed to 

be one of the mechanisms by which WCR can cause cellular damage. Yakymenko, in a review of over 90 studies 

concluded that WCR can cause oxidative stress in living cells [4]. The disruption of molecular organization caused 

by oxidative stress can lead to downstream repercussions on organ function, systemic coherence, and behavior.  
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The reported bioeffects attributed to WCR in the scientific literature are sometimes inconsistent, non-

reproducible, and ambiguous. WCR frequency, intensity, modulation and pulsation characteristics, duration of 

exposure, and underlying health status of the cell/organism are some of the potential variables that can cause 

varying bioeffects and make it difficult to reproduce experimental data. A recently updated BioInitiative Report, 

including submissions by 29 scientists from 10 different countries provides a valuable summary of the literature 

detailing many of the biological effects and health consequences attributed to radio frequency radiation exposure 

[5]. WCR has long been recognized as a form of environmental pollution and a cause of physiological stress in 

wildlife [6]. 

Until recently, most WCR exposure was from cell phone use or exposure to indoor devices such as Wi-

Fi routers. A review of indoor WCR exposure levels between 2008 and 2018 performed by Chiaramello et al., 

determined the highest maximum mean exposure levels of WCR and electromagnetic fields (EMF) in offices to 

be 1.14 V/m (3,447 µW/m2) and between 0.13-0.43 V/m (44.8-490 µW/m2), respectively [7]. These levels are of 

sufficient intensity to create sleep disturbance and difficulty concentrating [8,9]. Individual indoor exposure levels 

however are highly variable, dependent upon the duration of exposure, the number and proximity of WCR emitters 

and frequency and modulation characteristics of each emission. Wi-Fi routers, cell phones, laptop computers, 

tablets, portable phones, baby monitors, security systems, SMART meters, and SMART home appliances are 

common emission sources that produce overlapping fields of WCR within the average home. Indoor exposure 

levels can be markedly increased by outside antennas. A study of indoor exposure levels by Koppel et al. 

documented a maximum exposure of 6 V/m (95,490 µW/m2) in an attic apartment, located 6 m away from an 

outdoor base station antenna [10]. 

WCR is encountered with increasing frequency on highways, and is becoming ubiquitous in public 

gathering spots, including restaurants, entertainment venues, and now on many streets in our towns and villages. 

Because radiation intensity fluctuates dramatically depending on antenna proximity, surveys of 

microenvironments have been performed to get a better grasp of the overall radiation intensity experienced by the 

general population in various cities [11-13]. A survey of Stockholm Sweden in 2017 demonstrated an overall 

mean exposure level of 1.44 V/m (5,494 µW/m2) with values ranging from 0.12 - 8.79 V/m (37 - 205,000 µW/m2) 

[14]. In 2019, Jalilian et al. [12] conducted a review of public exposure to WCR from May 2015 to July 2018 and 

documented mean outdoor exposure levels to be between 0.07 and 1.27 V/m (13 - 4278 µW/m2). In 2018, Sagar 

et al. quantified the WCR intensity of 94 different microenvironments within 6 different countries. Their data 

showed a variation between 0.23 V/m (140 µW/m2) in a residential Swiss neighborhood and 1.85 V/m (9078 

µW/m2) at the University in Austria [15]. A recent survey of the city of Columbia, SC showed average mean and 

maximum exposure levels of 1.240 V/m and 6.867 V/m (4,078 and 125,081 µW/m2), respectively [16]. In addition 

to increasing ambient intensity, higher frequencies > 20 GHz being utilized in the 5G network harness greater 

energy as compared with lower frequencies employed by older generation networks.  

The goal of this project was to survey outdoor exposure intensity levels shoppers and pedestrians may 

have been exposed to while walking down a "Main Street" in 35 towns and cities within the Commonwealth of 

Pennsylvania and to see if radiation intensity correlates more closely to population density and urbanization, or to 

the presence of 5G/4G LTE small cell antennas.  

 

II. Materials and Methods: 
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Thirty-five cities and towns in the Commonwealth of Pennsylvania ranging in population from 3,552 to 

1.579 million people according to 2020 census data were selected for this study, assessing the potential outdoor 

WCR exposure for a total population of 2.857 million people, or 22% of the state's estimated population of 12.96 

million. 

The communities surveyed represent a large expanse of Pennsylvania, including 30 of the 67 counties, 

and the commonwealth's major population centers. Radiofrequency radiation levels were measured at 4 or 5 

sequential street intersections within the business district of each community. Intersections were selected for 

survey so future studies in each community could be performed and compared using reproducible landmarks.  

Eight cities were surveyed 3 times at 4-month intervals in April, August, and December during 2021, to determine 

potential variability of signal intensity over time. All other cities were surveyed once sometime between October 

1 and December 31, 2021.  

2.1Measurement of Radiofrequency radiation 

All measurements were recorded in microwatts per square meter (µW/m2) and obtained using the Safe 

and Sound Pro II meter, a handheld, battery operated unit with an intrinsic bidirectional antenna individually 

calibrated by the manufacturer. The true response detection range for this meter is between 400 MHz and 7.2 GHz 

+/- 6 dB, providing an effective range from 200 MHz to 8 GHz.  Frequency response testing for this meter was 

performed by a certified third party in accordance with the requirements of ISO/IEC 17025. The modulated signal 

used for the testing reference was a 100 Hz, 50% duty cycle square wave (10 ms period, 5 ms duty cycle). The 

detector's accuracy is +/- 6 dB, meaning a true intensity value could be between 1/4 to 4X the number being 

displayed. For example, a reading of 1000 µW/m2, would indicate a true measurement between 250 and 4000 

µW/m2. This is considered excellent accuracy. At the low end of the detectable frequency range between 200 and 

400 MHz, the accuracy drops to +/- 17dB. The Safe and Sound Pro II detector measures power densities between 

0.005 µW/m2 and 2,500,000 µW/m2 with a linear response between 0.1 µW/m2 and 1,000,000 µW/m2. The 

sampling rate of the unit is <5µs.  

The Safe and Sound pro II provides 3 numeric values including peak, maximum (MAX) and average 

(AVG) readings, as well as an illuminated color-coded LED display. The unit does not provide a spectrum analysis 

to individuate detected frequencies. The peak value represents a summation of the intensity of all signals detected 

within the frequency bandwidth picked up at a given moment in time. The MAX value logs the highest peak 

intensity value detected by the meter over the duration of a survey session. The AVG reading is a continuously 

changing parameter representing the average of all intensities within the detectable frequency bandwidth during 

a 2 second time window.  

The monitor is temperature compensated to ensure accuracy under any environmental condition, an 

important feature given the temperature variation from late summer through winter. 

The author had no advanced knowledge of the available networks in any of the towns surveyed and 

measured all intersections utilizing a standard, reproducible technique to minimize potential bias. Prior to each 

town survey, the time of day and temperature were recorded. Measurements were taken on the sidewalk, at the 

projected intersection of each crosswalk where pedestrians normally stand to cross the street. Magnetic north was 

located utilizing a compass, and following, cell phones were turned off.  

While facing north, the detector was held at arm's length to avoid shielding by the surveyor's body. The 

unit was turned on and maneuvered in a figure-of-8 direction 3 times. The surveyor then rotated 90 degrees to the 

right, facing east, and continued scanning using a figure-of-8 direction, repeated 3 times. This was followed by 

another 90-degree pivot to the right. While facing due south surveying continued wanding the detector in the 

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0ahUKEwisoNzu5uXYAhURTI8KHWUaB7UQFgg9MAM&url=http%3A%2F%2Fworldscholars.org%2Findex.php%2Fajhss%2Findex&usg=AOvVaw2erCZX4vmf5vbEAz4HYPXA
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figure-of-8 motion 3 times. After a final 90-degree rotation towards the right, while facing due west, the meter 

was maneuvered in a figure-of-8 direction 3 times. This multi-directional survey approach was performed to 

position the detector's bi-directional antenna in as many orientations as possible to ensure maximum coverage at 

each survey site.  

Immediately following each survey, displayed readings for AVG and MAX intensities were recorded for 

the street corner. Given the continual fluctuation of the AVG value parameter, the first number observed was the 

one recorded. Given the +/- 6dB accuracy of the meter, this seemed reasonable as the variability of the AVG value 

was always well within the detector's accuracy range. A typical survey at each corner took approximately 30 

seconds to complete.  

This procedure was repeated at each of the other 3 corners of the intersection and data were recorded. 

The mean values for AVG and MAX intensities were then calculated for the intersection. Measurements were 

then taken at 3 or 4 additional, consecutive intersections down the main street, depending on the size of its 

commercial district.  Attention was paid to survey at least 5 feet away from all objects, including street light posts, 

buildings, and pedestrians. On average, each survey took approximately 30 minutes to complete. 

At the conclusion of each town survey, if present, the location of 4G LTE antennas and 5G small cell 

antennas, and their positioning on building tops or utility poles, was noted. Following all data accumulation, 

antenna locations were analyzed and correlated to WCR intensity in each town. 

2.2 Reproducibility study 

To determine site variability, sequential readings were taken within a 30-minute period at the intersection 

of Murray Avenue and Ayelsoboro Road in Pittsburgh, PA. A total of 10 readings at each corner (n=40) gave a 

mean AVG value and S.D of 818 +/- 139 µW/m2 with a S.E. of 44 and a mean MAX value and S.D. of 30,783 +/- 

5704 µW/m2 with a S.E. of 1805.  

2.3 Diurnal variation study 

To determine diurnal variation, one community (Walnut Street in Shadyside, Pittsburgh) was selected 

for 24-h monitoring. Five intersections in the commercial district were surveyed 6 times at 4-h intervals. 

 

III. Results 

Table 1 provides the population density for each town studied in addition to the minimum, mean, and maximum 

intensity values for both AVG and MAX readings for each survey.  

 

Table 1: Minimum, mean and maximum AVG and MAX wireless communication radiation power densities surveyed 

in Pennsylvania cities and towns during the fall of 2021.  
 

  City Population   AVG (µW/m2)   MAX (µW/m2)  

        Minimum  Mean Maximum   Minimum Mean Maximum   

Pop. 

>50,000 

Scranton 77,054   445 1,122 2,022   10,615 31,017 63,100  

Philadelphia 1,579,075   661 1,396 2,442   7,575 31,085 52,675  

Pittsburgh 302,205   576 1,476 3,465   15,255 29,384 46,150  

Allentown 120,915   301 943 2,955   8,535 17,030 36,525  

Lancaster 58,039   234 344 399   3,485 8,147 17,845  

Reading 88,232   67 218 348   1,341 8,156 15,438  

Erie 97,263   124 267 444   2,282 6,110 11,580  
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Pop.        

25-

50,000 

Easton 27,122   10 224 925   143 20,612 96,625  

Harrisburg 49,209   401 1,883 3,415   7,275 38,311 67,175  

Wilkes Barre 40,867   69 614 969   1,402 20,632 66,228  

State College 42,275   204 508 1,057   15,050 26,149 38,575  

Altoona 43,987   11 91 348   285 3,630 16,235  

Williamsport 28,562   47 269 693   1,585 5,719 11,353  

York 44,022   71 207 529   744 3,661 6,313  

Lebanon 25,793   21 93 278   554 1984 6805  

Pop.        

10-

25,000 

Indiana 13,067   218 1,041 2,775   21,778 22,863 149,850  

Mount 

Pleasant 
10,546 

  
190 374 860 

  
6,453 22,128 70,050  

Lansdale 16,675   55 238 589   1,015 13,237 55,955  

Bethlehem 19,786   37 159 504   665 5,056 17,298  

Washington 13,532   25 274 509   555 6,206 14,255  

Greensburg 14,290   7 206 634   308 4,726 11,918  

Johnstown 19,569   30 81 147   781 3,120 6,508  

Meadville 12,864   70 146 233   1,004 3,567 6,060  

Phoenixville 16,992   7 180 295   181 2,483 4,905  

Pottstown 22,670   16 39 45   311 1,177 4,023  

Carlisle 19,153   8 50 183   99 1,181 3,898  

Pop. 

<10,000 

Gettysburg 7,689   114 693 1,080   3,115 55,270 104,225  

Punxsutawney 5,769   10 430 1,158   2,013 40,325 73,975  

Kittanning 3,789   95 311 682   3,885 12,276 33,443  

Uniontown 9,837   24 486 877   802 11,770 28,820  

Sewickley 3,829   13 190 546   358 4,654 12,000  

Waynesburg 4,021   19 56 125   252 1822 4551  

Slippery Rock 3,552   20 72 82   716 2,618 4,428  

Franklin 4,939   20 30 38   742 1,676 3,103  

Lewisburg 5,723   20 32 49   448 953 1,522  

  Overall Mean     96 414 786   2,835 13,161 31,513  

 

Based on 35 communities surveyed in Pennsylvania, the mean AVG intensity is 414 µW/m2 and the 

mean MAX intensity is 13,161 µW/m2. The mean AVG intensity for communities with populations above 50,000 

is 824 µW/m2. For cities between 25,000 and 50,000, mean AVG intensity is 486 µW/m2, and for cities with 

populations between 10,000 to 25,000, and fewer than 10,000 people, it is 253 µW/m2 and 246 µW/m2, 

respectively. The cities of Harrisburg, Pittsburgh, Scranton, Philadelphia, and Indiana were the only communities 

in which mean AVG intensities were documented over 1,000 µW/m2.  

The mean MAX intensity for communities with populations above 50,000 is 18,704 µW/m2, and for 

those cities between 25,000 and 50,000, it is 15,087 µW/m2. For cities with a population between 10,000 to 25,000, 

mean MAX intensity is 7,795 µW/m2, and for communities with fewer than 10,000 people, it is 13,642 µW/m2. 

The town of Gettysburg had the highest mean MAX intensity value, measuring over 55,270 µW/m2. The highest 

mean MAX intensity measurement at an individual intersection was surveyed in the college town of Indiana and 
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measured 149,850 µW/m2. In comparison, the intersection with the lowest mean MAX intensity was documented 

in the college town of Lewisburg and measured 1,522 µW/m2,100 times less intense than that encountered in 

Indiana. Regression analysis was performed with a calculated R square value of 0.056 correlating mean MAX 

intensity to population density. Correlation between MAX intensity values and population density is even less 

significant with an R square value calculated at .0.003.  

Table 2 compares WCR intensities in communities without the 5G network to those towns with a 5G/4G 

LTE system in which antennas are mounted on building tops and on the top of utility poles.  

 

Table 2: A comparison of AVG and MAX power densities in Pennsylvania cities 

without 5G to those with 5G/4G LTE antennas on building tops and on utility 

poles. All units are in μW/m2. 
 

  NO 5G    

  Community AVG  (S.E.) MAX  (S.E.)    

  Bethlehem 159  (87) 5,056  (3,116)    

  York 207  (86) 3,661  (1,064)    

  Meadville 146  (31) 3,567  (879)    

  Johnstown 81  (19) 3,120  (990)    

  Slippery Rock 72  (30) 2,618  (722)    

  Phoenixville 180  (59) 2,483  (854)    

  Lebanon 93  (47) 1,984  (1,209)    

  Waynesburg 56  (19) 1,822  (742)    

  Franklin 30  (4) 1,676  (508)    

  Carlisle 50  (34) 1,181  (710)    

  Pottstown 39  (22) 1,177  (800)    

  Lewisburg 32  (5) 953  (230)    

  Beaver 30  (7) 573  (168)    

  Mean: 90  (35) 2,442  (922)    

 
   

 
 

 5G/4G LTE ANTENNAS ON BUILDING TOPS  
 

 Indiana 1,041  (451) 64,633  (23,807)  
 

 Scranton 1,122  (258) 31,017  (12,294)  
 

 Pittsburgh 1,476  (545) 29,384  (6,472)  
 

 Wilkes Barre 614  (154) 20,632  (11,652)  
 

 Easton 224  (176) 20,612  (19,018)  
 

 Allentown 943  (507) 17,030  (5,568)  
 

 Lansdale 238  (104) 13,237  (11,963)  
 

 Kittanning 311  (128) 12,276  (7,086)  
 

 Uniontown 486  (172) 11,770  (4,924)  
 

 Reading 218  (59) 8,156  (2,648)  
 

 Lancaster 344  (30)  8,147  (2,510)  
 

 Washington 274  (101) 6,206  (2,998)  
 

 Erie 444  (55) 6,110  (1,727)  
 

 Williamsport 269  (120) 5,719  (2,082)  
 

 Greensburg 206  (119) 4,726  (2,539)  
 

 Altoona 91  (65) 3,630  (3,152)  
 

 Mean: 519  (190) 16,457  (7,528)  
 

     
 

 5G/4G LTE ANTENNAS ON UTILITY POLES  
 

 Gettysburg 693  (205) 55,270  (21,154)   
 

 Punxsutawney 430  (201) 40,325  (14,214)  
 

 Harrisburg 1883  (630) 38,311  (12,433)  
 

 Philadelphia 1396  (336) 31,085  (8,625)  
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 State College 508  (152) 26,149  (4,453)  
 

 Mt. Pleasant 374  (123) 22,128  (12,063)  
 

 Sewickley 190  (97) 4,654  (2,198)  
 

 Mean: 782  (249) 31,132  (10,734)   

 

Those towns in which no 5G antennas were observed on the main street had an average MAX intensity 

of 2,442 µW/m2. In cities with 5G/4G LTE network antennas placed on building tops, the average MAX intensity 

was 16,457 µW/m2. In communities with 5G/4G LTE antennas placed on utility poles at or near the street corner, 

the mean MAX intensity is 31,132 µW/m2. One of these communities, Sewickley, had a lower-than-expected 

MAX value measured at 4654 µW/m2. In this town, the intersection containing a pole mounted antenna 

demonstrated a mean MAX intensity of 358 µW/m2on the initial survey. A repeat survey of this intersection 8 

months later however yielded a mean MAX value of 5,600 µW/m2. It is assumed that the 5G network in Sewickley 

had not yet been activated during the initial survey. Regression analysis correlating antenna placement with MAX 

intensity generated an R square value of 0.55, proving a strong correlation with high significance (F=4.76 x 10-7).  

Six street corners demonstrated MAX intensities over 200,000 µW/m2. As would be expected, the highest readings 

were measured in line of sight with antennas (Table 3). The SW corner of 6th Street and Philadelphia Street, in 

Indiana, was the individual street corner with the highest MAX intensity measured at 259,000 µW/m2. The 

individual street corner with the lowest MAX intensity was 47 µW/m2 on the SE corner of Church Alley and 

Bridge Street in Phoenixville. On several street corners, buildings blocked the WCR signal, resulting in low 

intensity readings, despite close proximity to antennas. However, in almost all instances, the presence of a 5G 

network was associated with more intense WCR intensity. 

 

Table 3: Street corners in Pennsylvania that have the highest MAX intensity levels (>200,000 µW/m2) 

City Street corner 
MAX (in 

µW/m2) 
Antenna location 

Indiana 
SW corner of 6th St and Philadelphia 

St 
259,000 Midrise building top 1 block away 

Gettysburg 
SE corner of High St and Baltimore 

St 
245,000 Pole mounted antenna on NE corner 

Indiana 
SW corner of 8th St and Philadelphia 

St 
218,000 Midrise building top 3 blocks away 

Gettysburg 
SW corner of Middle St and 

Baltimore St 
214,000 Pole mountedantenna on SW corner 

Lansdale 
NE corner of W Main St and Green 

St 
206,000 

4G antenna on top of 2 story building SE 

corner  

Easton 
NE corner of Northhampton St and 

Twelfth St 
202,000 Antenna location unknown 

 

3.1 Diurnal variation 

WCR intensity fluctuates over time with the highest ambient MAX and AVG measurements during 

daytime and lower intensity levels overnight (Fig. 1). The lowest overnight AVG readings were 44% less than 

those during daytime. Overnight MAX values decreased by up to 33%. 
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Figure 1: Diurnal variation in WCR intensity on Walnut Street in Pittsburgh, PA 

 

3.2 Annual variation of WCR Intensity 

Eight communities were surveyed three times at 4-month intervals during the year, at a similar time of 

day, to assess any change in the WCR intensity over the year. The values for each community were relatively 

stable, showing standard deviations ranging from 68 and 546 for AVG intensity measurements and from 653 to 

9,095 for MAX intensity measurements (Fig. 2). 

 

Figure 2: Mean MAX intensity readings (in µW/m2) for eight Pennsylvania cities surveyed every 4 months in 

2021 

 

 

IV. Discussion 

The rapid deployment of wireless technology has resulted in conveniences unimaginable a few decades 

ago. The public has largely been unaware of the increasing prevalence and intensity of WCR in homes, 

workplaces, public spaces, and outdoor corridors. The proliferation of wireless gadgets, SMART devices, and 

0

10,000

20,000

30,000

40,000

Mean MAX Power Density (µW/m2)

April August December

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0ahUKEwisoNzu5uXYAhURTI8KHWUaB7UQFgg9MAM&url=http%3A%2F%2Fworldscholars.org%2Findex.php%2Fajhss%2Findex&usg=AOvVaw2erCZX4vmf5vbEAz4HYPXA


American Journal Of  Multidisciplinary Research & Review (AJMRR) 2022 

 

A J M R R  J o u r n a l                 P a g e  | 16 

wireless communication networks, including the 5G network has led to incessant exposure for nearly all the 

population to unnatural anthropogenic fields of modulated WCR.   

The initial 5G roll out required the initial densification of 4G LTE antennas in our towns, cities, and 

along highway systems to provide blanket coverage for uninterruptable wireless communication service. This 

study was designed as a snapshot in time to document outdoor WCR intensities between 200 MHz and 8 GHz in 

35 Pennsylvania cities and towns during the fall of 2021.  

The survey data illustrates a sampling of the outdoor exposure that a pedestrian may experience while 

walking down "Main-street". Both AVG and MAX intensity measurements were recorded to give an overview of 

the radiation exposure over time. Intensity fluctuates moment by moment, as WCR is pulsed, creating frequent, 

intense, and erratic bursts of energy.  

Urbanization and population density do not demonstrate statistically significant correlation to mean and 

MAX WCR power densities. MAX intensities in some small towns with populations below 10,000 had higher 

MAX readings than those towns with populations between 10,000 and 25,000 if the town hosted the 5G/4G LTE 

network.  

On the other hand, there is a strong statistical correlation between WCR intensity with 5G/4G LTE 

presence and antenna placement (R square = 0.55). Towns without a 5G/4G LTE network were associated with 

the lowest ambient levels of WCR. Higher WCR power densities were encountered in towns with antennas placed 

on buildings tops and other tall structures. Cities in which utility poles had been installed to hold network antennas 

were associated with the highest WCR intensities. This observation was also recently made in Columbia, South 

Carolina by Koppel and Hardell [16].  The mean MAX intensity for cities with 5G antennas mounted on poles 

was 31,132 +/- 10,734 µW/m2 as compared to 2,442 +/- 922 µW/m2, the mean MAX intensity for streets without 

5G networks, over 10 times less intense. Furthermore, the intensity levels from 5G antennas were, in some cases, 

likely underestimated as the safe and sound pro detector was unable to measure 28 GHz and 39 GHz frequencies 

(millimeter waves) emitted by some small cells providing the "ultra-broadband" Verizon, AT&T, and T-Mobile 

networks. 

Power densities varied greatly among the 4 corners of an intersection. Typically, intensity was highest at 

one or two corners, with the other corners being much lower, likely correlating with the focusing characteristic of 

5G network antennas. MAX intensity levels at a street corner with a pole mounted 5G antenna could be 100 times 

more intense than a street corner without the 5G/4G LTE network. Although WCR intensity fluctuates moment 

by moment, it remained relatively consistent throughout the year in the representative sampling of 8 PA cities.  

4.1Potential for health effects? 

Although bioeffects from radio frequency radiation have not been consistently demonstrated in the 

literature, many scientists and researchers worldwide are concerned about potential negative health impacts from 

the 5G network. WCR has been implicated as causing adverse health effects in some individuals, including to the 

central nervous system. A survey of neuropsychiatric complaints in residents living nearby a mobile phone base 

station performed in 2006 by Abdel-Rassoul et al. [17], documented that approximately one quarter of those 

surveyed had complaints of headache, memory changes, depression, and sleep disturbance.  A provocation study 

utilizing a double-blind protocol performed by Havas et al. in 2010, found that intermittent 3-minute exposures 

to WCR from a portable phone can generate autonomic nervous system effects on heart rate and heart rate 

variability in some individuals at power densities as low as 30,000 - 50,000 µW/m2 [18]. This intensity range was 

encountered on many street corners in towns with the 5G network. A driver may experience 3-minute exposures 
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while stopped at prolonged traffic lights, and perhaps repeatedly, waiting light after light, while attempting to 

traverse a city.  

Although most studies analyzing neuropsychiatric behavioral changes have been performed on rats with 

WCR intensity levels much higher than those encountered during these surveys, a study by Ahmed et al. in 2018, 

[19] found that 1 hour exposure a day to WCR at the 1800 MHz frequency with a power density of 200,000 

µW/m2, modulated at 217 Hz, had a significant effect on amino acid neurotransmitter production in the rat brain 

after 1 month. The authors believe that this effect may underlie many of the neurological effects reported after 

WCR exposure including cognitive and memory impairment, and sleep disorders. Another study on rats found 

that daily 1-hour exposures to 1800 MHz at a power density of 200,000 µW/m2 caused an increase in serotonin 

after 1 month and a significant decrease in dopamine after 2 months, which they postulate may contribute to 

decreased learning, memory difficulty, and stress [20]. Six street corners in 4 of the surveyed cities (Indiana, 

Gettysburg, Lansdale, and Easton) had MAX intensities that were at this intensity range. Drivers of automobiles, 

cyclists, and pedestrians are transiently exposed to these high-power densities. A shopper's outdoor exposure can 

be highly variable depending on the duration spent walking on the sidewalk and whether a cell phone is in use. 

Once indoors, higher frequency emissions from 5G antennas, including mm waves, may be blocked by building 

material. But indoor security and Wi-Fi systems can then become dominant sources of exposure for the shopper. 

On the other hand, street vendors, buskers, and those who sit on the sidewalk may be exposed to WCR emissions 

from outdoor antennas for many hours each day. If these individuals are in line of site of an antenna, particularly 

if the antenna is producing millimeter waves, the potential for behavioral and neurological effects from intense 

whole body WCR exposure on attention span, memory and mood could be a concern. More research needs to be 

done to assess if these power densities are affecting human physiology and neuropsychiatry and to determine the 

minimum exposure level associated with these effects.  

Whereas caution should be taken when extrapolating animal study results to humans, we do share our 

cities and towns with rodents, domesticated animals and wildlife. The diurnal study showed only a moderate 

decrease in WCR intensity over the night hours when critters come out, raising concern WCR may be affecting 

the wildlife in our communities.  

Most people are unable to sense the presence of WCR. Indeed, most people carry cell phones up to their 

ear and walk down the street completely oblivious to the radiation levels they are being exposed to. However, for 

those with environmental hypersensitivity syndrome (EHS), determined to be up to 5% of the population in many 

countries [21,22], the barrage of electropollution from the ubiquitous installation of antennas has been an 

unrelenting assault on their lifestyle and quality of life. Some citizens with EHS have found they can no longer 

live in their hometown because of the increasing WCR intensity levels.  

4.2 Limitations of study 

The pulsation and modulation characteristics of wireless technology create varying intensity that changes 

constantly. The values recorded in this study were an aggregate of power densities within the radiofrequency 

bandwidth. Identifying individual frequencies utilizing a detector with spectral analysis capability would have 

provided additional, potentially useful information. In addition, the modulation characteristics for individual 

frequencies are unknown. Another limitation of this study was the restriction of measurements to street corners. 

This was done to maintain consistency and reproducibility. WCR however is not necessarily the most intense at 

a street corner, and therefore the AVG and MAX intensities may be underestimated. In addition, although surveys 

were attempted when no pedestrians were at the corner being surveyed, mobile phone use from drivers, 

passengers, and WCR emissions from some electric vehicles were not accounted for.  In addition, ultra-broadband 
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5G frequencies (millimeter waves)are beyond the detection range for the safe and sound pro detector and therefore 

intensity values were likely underestimated at some street corners in those cities that had ultra-broadband 

networks. Finally, the 5G network is reportedly an "on demand" service, and therefore the actual intensity 

emanating from a fully operational network was not assessed.  

 

V. Conclusion 

WCR intensity levels more closely correlate to the presence of the 5G/4G LTE network than to 

population density or city urbanization. The placement of small cells on utility poles is generally associated with 

the highest exposure levels, with antenna placement on building tops being less intense. Some antennas, expose 

pedestrians to power densities between 30,000 and 50,000 µW/m2, a level which may affect the autonomic 

nervous system and heart rate variability in some individuals. Power densities over 200,000 µW/m2, a level which 

has been shown to have neuropsychiatric and behavioral consequences in rodents, were also encountered at several 

street corners. Pedestrians, cyclists, and drivers are transiently exposed to these intensities, but other members of 

the community, particularly street vendors, buskers, and those who sit on the sidewalk for hours at a time may be 

receiving prolonged total-body exposure to these elevated power densities. Potential health effects to humans and 

domesticated animals and wildlife should be fully assessed to ensure these networks are not causing deleterious 

effects to public health. 

 

VI. Supplementary Materials 

Complete survey data and statistical analyses can be downloaded at: 

https://data.mendeley.com/datasets/nf6hhgwj54/2 
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