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Exposure of Magnetic Bacteria to Simulated Mobile
Phone-Type RF Radiation Has No Impact
on Mortality

Charles G. Cranfield, Heinz Gregor Wieser, and Jon Dobson*

Abstract—The interaction of mobile phone RF emissions with phone-type exposure (e.g., [2], [3]). Experimental evidence has
biogenic magnetite in the human brain has been proposed as a po- peen presented which supports both sides of the debate [2]-[4].
tential mechanism for mobile phone bioeffects. This is of particular A major issue which is not often addressed in electromag-

interest in light of the discovery of magnetite in human brain tissue. fi tibilit h h is that of a t ducti
Previous experiments using magnetite-containing bacteria exposed netic compatibility research, however, IS that of a transduction

directly to emissions from a mobile phone have indicated that these Mechanism. In order to properly assess the validity of any ex-
emissions might be causing greater levels of cell death in these bacperimental results demonstrating mobile phone bioeffects, it is
terial populations when compared to sham exposures. A repeat of necessary to understand the mechanism by which these effects
these experiments examining only the radio frequency (RF) global 5y 5ccur, Though this area of research has been highlighted by

system for mobile communication (GSM) component of the mo- o I
bile phone signal in a well-defined waveguide system (REFLEX), the World Health Organization’s Electromagnetic Field (EMF)

shows no significant change in cell mortality compared to sham Program, there are few theoretical mechanisms which have been
exposures. A nonmagnetite containing bacterial cell strain (CC-26) proposed or thoroughly evaluated experimentally [5].

with similar genotype and phenotype to the magnetotactic bacteria  Mechanisms based on ferromagnetic transduction via
was used as a control. These also showed no significant change iManoscale biogenic magnetite have a sound biophysical basis

cell mortality between RF and sham exposed samples. Results in-b th tb th hi luated . tally. M
dicate that the RF components of mobile phone exposure do not ut have not been thoroughly evaluated expenmentally. Mag-

appear to be responsible for previous findings indicating cell mor- Netite is a ferrimagnetic iron oxide which can couple strongly to
tality as a result of direct mobile phone exposure. A further mobile external electromagnetic fields due to its permanent magnetic
phone emission component that should be investigated is the 2-Hzmoment. This material was first discovered in human brain
magnetic field pulse generated by battery currents during periods  tjsgye in 1992 and has since been confirmed to be present
of discontinuous transmission. . - . .
as a naturally occurring iron phase in many regions of the
_ Index Terms—Mobile phones, magnetite, mechanism, transduc- prain with particularly high concentrations in the meninges
tion, radio frequency (RF). (the outermost region of the brain closest to the mobile phone
when in use) [6]-[8]. Transduction of mobile phone signals
|. INTRODUCTION via biogenic magnetite can be accomplished in two ways: 1)

OBILE bh ¢ L dio f mechanical activation/disruption of normal cellular processes
phones generate nonionizing radio trequency,q, low-frequency battery current pulses [9] or 2) local
(RF) electromagnetic radiation generally at either 90

MH 18 GH I : ¢ | eposition of energy due to ferromagnetic resonance [10].
zorl. Z as well as lower frequency components . experiments presented here are based on the ferromag-

. -% mobile phone signal. In the ferromagnetic resonance model,
(DTX) component produced when the user is connected QHE RF signal is coupled to the magnetization vector, causing

nhot Spﬁ aklnt(;; [hl].h Tze re?pld dproh(];erﬁtlo; Ofl thg s€ de;gcr? to resonate if the particle size and shape are consistent for
throughout both the developed and the developing wor onance at the transmission frequency. This resonance excites

resulted in a public controversy surrounding possible hea rations in the magnetite crystal lattice, which could disrupt

effects connected to their use. Though there are strictguidelir?%%nmI cellular function depending on the location of the mag-
governing the power output of these devices, there have b

! Tilite within the cell.
many reports of nonthermal or athermal bioeffects from mobi eThough ferromagnetic resonance represents one of the most

plausible mechanisms for bioeffects, the model has not been

. . , , . tested experimentally on cells. This is primarily due to the
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TABLE |
RESULTS OF THEFIVE REFLEX EXPERIMENTAL RUNS ON THE CC-26
NONMAGNETIC BACTERIA

Experimental Mean Mean P
Run (Sham n=6) | (Exposed n=6)
1 18.2810.28 18.76+0.25 0.12
2 33.07£0.20 32.76+0.43 0.26
3 24.01+1.12 24.98+0.88 0.25
4 12.10+0.24 12.27£0.18 0.29
5 16.90£0.17 17.08+0.44 0.36

n = 6 sham and 6 exposed for each experimental run. Mean is
the mean fluorescence ratio, which reflects cell mortality (lower
ratios = higher mortality levels). P is the probability from a one-

Fig. 1. The REFLEX system. (a) Two 1.8-GHz waveguides which fit into an tailed Student's t-test

incubator. (b) The control electronics.

o ... time a phone is in DTX mode during a normal phone conver-
The presence and characterization of mechanosensitive 1Qn.

o . . - sation. These signals are similar to those signals produced b
channels and biomineralized intracellular magnetitelinmag- g 9 P y

. . . mobile phone devices.
netotacticummake it an excellent system for examining these : .
Exposure duration was 30 min, and exposure data were

models. Here we present the results of the first experimental : )
; . recorded onto the computer hard drive as an encrypted file.
evaluation of the ferromagnetic resonance model.

The file holds information on which waveguide is excited for
each experiment as well as temperature monitoring data. The
data were sent to the Institute for Information Technology
M. magnetotacticunfl2], and the closely related nonmagin Society, Zurich, Switzerland [14], for decryption after the
netic type of bacteria designatsttain CC-26[13], were cul- completion of each experiment.
tured in ATCC-revised magnetospirillum growth medium 1653 Following exposure, or sham exposure, cell mortality was as-
(MSGM) under anaerobic conditions at 3Q in airtight glass sayed. A 1-mL sample from each petri dish was loaded with
tubes. Before each experimeM, magnetotacticunsamples 1.5 L of each of the BacLight fluorescent viability kit com-
were checked to confirm they were producing magnetite by openents [Molecular Probes (Eugene, OR)—3.34 mM SYTO 9
serving their response to changes in magnetic fields under a lightution in dimethyl sulfoxide (DMSQO) and 20 mM propidium
microscope and by transmission electron microscopy. iodide solution in DMSQ] and placed on an electric rocker for
RF experiments were conducted using the REFLEX expd5 min. Samples were then loaded into a cuvette and analyzed
sure system, which provides very well controlled dosimetiy a Perkin—Elmer LS50B fluorescence spectrophotometer. Ex-
along with continual monitoring of temperature conditionsitation was set at 470 nm, and the ratio of integrated intensi-
during exposure [14] (see Fig. 1). This system consists s between 510-540 nm and 620—650 nm was determined (i.e.,
two 1.8-GHz waveguides housed in a £@hcubator with green fluorescence/red fluorescence). This gives a ratio of live
continuous temperature monitoring. Each waveguide holds §i)een) to dead (red) cells.
petri dishes. The signal unit consists of a RF signal generatorA one-tailed Student’s t-test was performed on the sham and
(R&S SMY 02B) modulated by an arbitrary function generatagxposed group for each experiment.
(Agilent 33 120A) with a global system for mobile commu-
nication (GSM) frame generator which enables switching lll. RESULTS
between DTX and non-DTX. RF exposure is controlled via a
computgr interfaced to the signal gnit, Which excites one_qf tr(]J%cing CC-26 bacterial strain did not show any consistent
waveguides at random, creating blind experimental Cond't'ongroeffects due to RF exposure (see Table I). Cell mortality
Three milliliters of equally concentrated magnetotactic bac- !

terial cells or CC-26 cells were placed in 12 individual tissuvevaS not consistently higher in either group, and none of the

culture petri dishes (40 mm 12 mm). Each culture dish Wasexperlments reached statistical significance using a one-tailed

) . o Student’s t-test.
sealed with laboratory film to make them airtight. The samples Results of theM. magnetotacticunmagnetic bacteria sam-

were thg n labeled with elthgr a‘l"ora‘2 an::l ,‘f"ppro"?“? tel les also show no statistical difference between the exposed and
placed into the two waveguides, also labeled “1” and “2. ThS

. . . sham exposed as determined by a one-tailed Student’s t-test (see
waveguides were housed inside a temperature-controlled inqy Il
bator set at 30C. The computer-controlled REFLEX exposure '
system was then programmed to produce a maximum 2-W/kg
dose of 1.8-GHz RF radiation to one of the waveguides. This is
done in ablind fashion so the experimenter does not know whichThe results suggest that the RF signals produced by mobile
waveguide has been excited until the assays are complete. lgpnes do not affect the mortality of bacterial cells—whether
nals were pulsed at 217 Hz and included an 8-Hz componéhéy contain magnetite, as in the casévbfmagnetotacticum
(every 26th pulse was blanked), and a 2-Hz DTX componeanit not, as with the similar CC-26 strain BfoteobacteriaEven

34% of the time, which corresponds to the average amounttbbugh the cell populations differed between experiments,

Il. METHODOLOGY

Results of the five runs conducted on the nonmagnetite-pro-

IV. DISCUSSION
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TABLE I REFERENCES
RESULTS OF THEFIVE REFLEX EXPERIMENTAL RUNS ON THE M. . . .
MAGNETOTACTICUMMAGNETIC BACTERIA [1] G.Hyland, “Physics and biology of mobile telephonigincet vol. 356,

pp. 1833-1836, 2000.

E T tal E d M P [2] M. H. Repacholi, A. Basten, V. Gebski, D. Noonan, J. Finnie, and A.
Xperimenta Xpose ean W. Harris, “Lymphomas in E-Pim1 transgenic mice exposed to pulsed
Run (Sham) (Exposed) 900 Mhz electromagnetic fieldsRadiat. Res.vol. 147, pp. 631-640,
1 18.33+£0.18 18.33+0.14 0.49 a 1997. i 4 3L Al il
3] D.De Pomerai, C. Daniells, H. David, J. Allan, |. Duce, M. Mutwakil, D.
2 21.75+0.47 22.65+0.30 0.07 Thomas, P. Sewell, J. Tattersall, D. Jones, and P. Candido, “Non-thermal
3 21.13+0.32 21.32+0.26 0.33 heat-shock response to microwavellature vol. 405, pp. 417-418,
4 16.05+0.35 16.03+0.22 0.48 ” 2000. J | .
4] T.D. Utteridgeet al,, “Long-term exposure of f-Pim1 transgenic mice
5 18.14+0.10 18.32+0.09 0.11 to 898.4 MHz microwaves does not increase lymphoma incideiRae,”
n = 6 sham and 6 exposed for each experimental run. Mean is diat. Res, vol. 258, pp. 357-364, 2002. )
the mean fluorescence ratio. P is the probability from a one-tailed [5] M. H. Repacholi, “Low-level exposure to radiofrequency electromag-
Student’s t-test. netic fields: Health effects and research nee@sdelectromagnetics

vol. 19, pp. 1-19, 1998.
[6] J.L.Kirschvink, A. Kobayashi-Kirschvink, and B. J. Woodford, “Mag-

there was no difference recorded in cell numbers between Netite biomineralization in the human brain,”froc. Nat. Acad. Sci.
di h d RE d | Th bilit vol. 89, 1992, pp. 7683-7687.
corresponding sham an exposed samples. 1he ability Of?] P. P. Schultheiss-Grassi, R. Wessiken, and J. Dobson, “TEM observa-

the Baclight cell viability kit to detect changes in cell viability tion of biogenic magnetite extracted from the human hippocampus,”

was confirmed by the creation of a live/dead standard curve__ Biochim. Biophys. Actavol. 1426, pp. 212-216, 1999. .
(results not shown) [8] J. R. Dunn, M. Fuller, J. Zoeger, J. Dobson, F. Heller, E. Caine, and B.

J _ ) M. Moskowitz, “Magnetic material in the human hippocampBrain
These results differ from those published previously [15],  Res. Bull,.vol. 36, pp. 149-153, 1995.

which showed significant increases in cell mortality as a result[®] J- Dobsonand T.G. St. Pierre, “Application of the ferromagnetic trans-
duction model to D.C. and pulsed magnetic fields: Effects on epilepto-

OT direct mobile phone exposure. There is a major d_iffgrence i genic tissue and implications for cellular phone safeBjgchem. Bio-
direct exposure from mobile phones and those emissions gen- phys. Res. Commyrvol. 227, pp. 718-723, 1996.

erated in the REFLEX Waveguides Real mobile phones a|$B.O] J. L. Kirschvink, “Microwave absorption by magnetite: A possible
’ mechanism for coupling nonthermal levels of radiation to biological

emit low-frequency magnetic field pulses generated by battery  systems, Bioelectromagnetizol. 17, pp. 187-194, 1996.

currents in the phones associated with TDMA and DTX. Thesgl1] Z. Stewart, B. Martinac, and J. Dobson, “Evidence for mechanosensi-
: ; ; ; tive transmembrane ion channels of small conductance in magnetotactic
f|9|ds are not reproducible in th(_—:- wavegwdes._ Although the RF bacteria."Electro- Magnetobiol.vol. 19, pp. 8189, 2000.

signal in the REFLEX system is pulsed to simulate a".GSM[12] R. P. Blakemore, “Magnetotactic bacteriaScience vol. 190, pp.
components, the cells are only exposed to a pulsed RF field and 377-379, 1975.

not a low-frequency magnetic field as is generated by the batt3] Y- Shinoda, Y. Sakai, M. Ue, A. Hiraishi, and N. Kato, “Isolation
and characterization of a new denitrifying spirillum capable of anaer-

tery current pulses. Whether these magnetic fields are the major  gpjc degradation of phenol Appl. Environ. Microbiol, vol. 66, pp.
factor resulting in cell death of the magnetotactic bacteriainthe  1286-1291, 2000.
[

; ; ; 14] The REFLEX  Exposure  System  [Online].  Available:
previous StUdy requires further evaluation. http://www.itis.ethz.ch/results/results1-03.html

In addition, cell mortality, though useful, is not the only pos-[15] C.G. Cranfield, H. G. Wieser, J. M. Al Madan, and J. Dobson, “Prelim-
sible end-point for research using this magnetic bacteria model inary evaluation of nanoscale biogenic magnetite-based ferromagnetic
of ferromagnetic transduction of RF energy. Recent publication Ezzi%“igggfVr(;.eg'zg'.sz)s_l%r’ m;’f'lzeogg?ne bioeffedBEE Trans.
of a draft genome foM. magnetotacticunon the Internet has [16] The Draft Genome for M. Magnetotacticum. DOE Joint Genome Insti-
made possible the search for alterations in gene expression as a tute, Walnut Creek, CA. [Online]. Available: http://www.jgi.doe.gov/
result of RF exposure [16]. Of particular interest would be pos-
sible increased heat shock protein expression, which has been
shown to be up-regulated in the nemat@ieleganas a result
of athermal, mobile phone-type RF exposure [3].

These studies represent the first published research into
sible interactions of mobile phone emissions [both RF and €
tremely low frequency (ELF)] and biogenic magnetite. Thoug”
results, even if positive, would not necessarily extrapolate tc
deleterious effect in ter_ms of humar_1 health, they WOU|d pr_ovi< Electrical Engineering, Swinburne University of
a much-needed plausible mechanism of interaction, which Technology. From 1998 to 2002, he was a Postgrad-

far, is missing from the field of mobile phone research. ~ uate Fellow (on a fellowship awarded by Telstra

Research Laboratories, Clayton, Australia) at Swinburne University of Tech-
nology. His research was into possible mobile telephone RF effects on calcium
ion levels in human T lymphocytes. He is currently a postdoctoral researcher
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