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Exogenous radiofrequency electromagnetic exposure of outdoor workers who are managing
touristic boat journeys
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Abstract

The frequency panarn of radioflequency elecoomagnenc
field exponmre of cutdoor workers. who are moapagmne
tounctic boat jownews. bkas been mvesnmted umre
frecuencyv-selsetive portable. awonomous. data-loggers
whick 2dow recognimms the tume pattern of expozme level
and the compounoe of its souwrces. Sipmficantly diffevent
parterns of relative contmbutions te recorded workess’
exposure from vanows cources were found dunng activines
ar par (dorunanng baze stznons downhnk componerts of
exposme) znd dunng the rowictic jowmey by boats
(dovmnatine mobile sermunals uplink comporents, with
exporme comtzbution zlzo Bom radio and televizon
terresmial emurters). The differences found m the workess’
exponme pattern recorded m partoniar nucrcenvuonments
ceed amenton when contidenng the protecnon measures
amed at poproving the elecoomapnenc emponment there,

1. Introducton

The workers of vanous jobs stav many hours per shuft m
mmcroemvoanments acceziible v public. whach 1= affected
by exopenous (not manageable by workers) radiofrequency
electonmgmete radianon (RER) ezutted by radie-
wisinon mnecmal broadeamne antennas and public
mobtle copmmnicanon systems. 1e. fixed base ganscerver
=taton (BTS) anferna: esuttng dewnlink (DL) sagmals to
mobtle termunszl: (MT). much 2z smartphones and tablets
ued for vowe and dats wueles: excharpe through
GSMLTE 5G conumunicznor protocols. In zome cazes
RFE expecwre of workers mavy alzo be caused by the nearby
use of personal MT:. enuthng wphnk (T1) mmnals for
“'ﬂ‘h: mterred access. Voice Ccommumcabon oF
picnmetides  uploadine  for example 1 public
Tampataten factinas or vounshs fashine:

The cutdoor acmanes of worker: manapong tounst nver
boat (TRD) jownev: mke plice m two mam
oocroemvmonments: at the pier befors and after the joumey,
and oz the boat (outdoor on 2n oper upper deck} diming the
owney. The cutdoor emvuroniment of TRB: and pers 15
always affected by RFR enutted by public moble
commumication systems (BTS-DL exmzmiops), and m many
cazes azo by RFR enntted by the BTV amoiters located
along the coazt. Duneg the journey it is also affected by
RFE enuried by paciepgers’ petzozal Mz emumng UL
amals

1. Method

Frequency-zelectve portable. zutonmomous. RFR data-
lozeer= wers used following an already-developed potocol
[1-3] to mveshzate the fecnency parern of expozure of
outdocs worker: who are maraping jowney: by TRE: (1e.
recording the ime parern of exporure level change: and
the compeation of it sowces recogmzed by frequency of
exmtted RFR). Caze -mdie: were peformed with high
pazsenper waffic dunne typicd jowmev: by TRBs of
AU ZiZe OplAnnE touminc jeeunels ntide and nearby
harbers belonging to the top founztae desaraton: (Gdanck-
Peland Kazmserz Dolmy-Poland and Tokyo-Japan}.

Root-mean-cquare (RMS) electic field sbength (£ in
Vim) value: were recorded there witk a four-zecond
samphing rate. smmltaneously for Sequency rawow-band
channel: covennz typical component= of RFR emutted
fiom the commumication syvstem Wide-band RMS values
(TOTAL values) covenng all expocwe comsponents (1e.
the square roor of the sum of 2!l squared components) were
al=o evaluated

2, Results

Signficanty different fiequency pattems of relaove
conmbution= to the TOTAL worker' exposwe Hom
varions types of RIR emustions. fom nesrby BTS: and
MT: used by passengers. were found between exposme
recorded durice acnvnes at plers and donmyg the fowsoc

ommey by TEB: (Faz. 1),

It the measmemert reculty collected duncg walk: alonz
the merz, UL-emdsuions were not recorded (e not
excesded the zenmtmaty of the used data-logzer). The mam
exposme commbunons there were from DlL-emections
fiomn BTS anternaz. Conmary, dunng the journey at the
cpen deck of TEB:, the ugmficant conmbunon of UL-
emmzsions Som MT: was found in collected meammement
results — winch = maezang with the distonce fiom the
coast while also there RFR Som DI-frequency bands
drepped down below the darz-logzer zeramyiry - similar to
vanous passenger vehicles =uch 2= mans or buzes,
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Tows (2)measremens dsoipaon WE - Gurme waking alons the pear
{paar the densely populated aren, BH - on boxt &£ b barbor, BS - durme
e s23-goine sailme | b) expesure compocenrs: DL - RME ales
covenny al dowriink sisanls ecymed by BTS:, UL - FMS vanss
covenry all uplink siznal evuned by MT: used by passenzers ETV -
RME vanes covenng all radio-selevision sgmls: all values (rinomrulizad
o the wide-hand FMS value of expostze w0 REE.

Fizure 1. The example of relamve fiequency coxtritunons
to the wide-band RMS vzlue from vanous tvpe: of
enuscions recorded on prer and on outdoor wpper deck of
TRD doing Jocal zea-gomnz jowney, meanwed during the
bgh pascerger oaffic ceazon

Fegardles: of the zize of the TRB: and the geogapkical
locagon of the recearch visuz! obsemations dunng
tounstic jowrneys noted sigmificant up-sreamung zohnines
oy many tourists wang MT: (UL-emiznons), wiuch are 2
significant zource of workers exposire dunzg services with
high pazenper waffic. Mertioned UlL-exposmure
components A not present during the low seasor and al=o
not common 1n other mucroenvaronment: (suck as the pier).
In zome locanons. the open upper deck of TRB: may
zpproach BTS anwmnna: cleser than the repular space
accesable by pedesman:. which may also conmbate to the
schusl RFR exporure duninz jowxmeys (Dl-exposme
componentz). 2 well az emezaons from raciophones and
TV broadeasting. penemanng the open unoundings of
TRB- duricg chort niver. harbor or sa3-going jowneys.

The pick values of EMR recorded ir parncular frequency
band- (Le emutted from different zources) m 2l the sudied
microenvironments reached comparzble level:: TOTAL
values meznwed dunng jowney:s were up to several tmes
lower than 1n the harbowrz. The mean value: of RFR
recorded 1 particular frecuency bands om the prers (DL-
compoments) and on the TRB: (UL-components) were at 2
comparable level but fom different zomce: 1n particular
locanom: The absolute level of recarded RFR reached 1
V'm. whech i= sigmficantly lowes than the reference levels
uzad to evaluate the health hazarde caused by the therma!
effectz of RFR. exposure. but it 1= comparable to the bazie
level of immwmry to elecromaznens mterference cauzed
o such exposure which 1 required fom elestonic detices
{3-31.

4. Conclusions

The frequency pattern m the domunating compozent: of
exporwe found in the RFR measwed in the parmcular
sudied  nucroemironment: need  amention  when
considening the protestion measures apphed to reduce any
UDDecessary eleromagmetc exposwme to workers and
pazcengert on TRB:. or to raduce potential alectromagpenc
mterference m slectrome device: wsed there (imcludmg
medical implart: and bodv-worn devices),
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