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To the Editor:

A significant concern in environmental science is the effect of the charged atmosphere on airborne particulates and their potential for deleterious human physiological health effects, particularly cardio-respiratory, as a consequence of enhanced particulate lung deposition, [1]. The largely combustion-generated submicron (<1µm) and “ultrafine” (<100nm) fraction of particles are increasingly implicated because of their higher number and surface area per unit mass, and their deeper lung penetration [1].

Research documents an increased incidence of lympho- and myelo-proliferative disorders in adults living within 300m of high voltage power lines (HVPL), beyond the range of the direct effects of electric or magnetic fields, with an even higher risk in those in the first 15 years of their life [2]. Data also observe an increased risk of childhood leukaemia in those living within 600m from HVPL [3], though this association has been shown to diminish over time [4]. One possible mechanism to explain these observations is the production of ‘corona ions’ by HVPL, which can electrically charge pollutant airborne particles and potentially enhance their lung deposition [5]. 

Knowledge of how charged particles behave in human airways is critical to understand their potential impact on health. To date, no study has explicitly examined electric charge effects on particulate matter smaller than 300-nm size in human lungs in vivo. Our aim was to test the hypothesis that ultrafine aerosol particles (~100-nm size), carrying electric charge (typically observed near HVPL) could increase particle lung deposition efficiency in adult lungs, to give insight on the mechanisms of electrostatic deposition in human lungs and how corona ions from HVPL may influence adult and childhood hemato-oncological risk.

Methods
We developed and characterised an ultrafine particle generation and delivery system, utilising a ‘Technegas’ radiolabelled-particle generator and a custom-built particle charger, as previously detailed [6]. Eight (5 female, mean age 33 years) healthy non-smoking participants with normal spirometry (mean FEV1 91.9 %predicted) (Table), participated in the study approved by the London-Dulwich Research Ethics Committee (ID number: 11-LO-1145). Participants inhaled 99mTc-labelled Technegas particles receiving positively-charged particles (mean charge +1.33e (e is the elementary charge, 1.602 x 10-19 Coulombs) on 100-nm particles) on two separate study visits and charge-neutral particles in their natural charge state (net charge approximately zero, mean charge -0.02e on 100-nm particles) on two further study visits. Gamma scintigraphic images were acquired and analysed to determine the lung distribution of charged and uncharged radioaerosol particle count activity, as previously described by our group (Figure 1) [7]. Direct measurements of charged and uncharged particle concentrations inhaled and exhaled by each subject were also obtained to provide a measure of the particle deposition efficiency (DFP). The primary outcome measure was penetration index (PI, ratio of radioaerosol particle counts in the peripheral/central regions divided by the same count ratio from the patient’s krypton (81mKr) ventilation scan) to determine the extent of inhaled Technegas penetration within the lungs and allowed an assessment of differences in regional lung deposition between different particle charge states. Based on our previous work [8], a sample size of eight subjects had 80% power to detect a difference in means of 0.19 in PI, assuming a standard deviation of differences of 0.15, using a paired t-test with a 0.05 two-sided significance level. Comparisons were analysed using two-way analysis of variance to compare the differences from the two particle charge states.

Results
Analysis between charged (charge positive, CP) versus uncharged (charge neutral, CN) particles, for PI and DFP (Table), there was no evidence to support the hypothesis that electric charge, of the magnitude applied here, leads to increased ultrafine particle deposition efficiency in human subjects. PI, which we would expect to change if electric charge influenced airways deposition (as particles deposit earlier in the breathing cycle in more proximal lung airways) showed no difference between charged (mean±(SD) 0.92(0.07), range 0.82 – 1.04) and uncharged (mean±(SD) 0.92(0.07), range 0.83 – 1.03) particles (Figure). Particle deposition fractions DFP were also similar for both charged (mean±(SD) 22.3%(2.9), range 17.2% – 26.8%) and uncharged particles (mean±(SD) 23.3%(4.7), range 17.0% – 30.4%) (Table). 

Discussion
Comparing the results obtained here with our previous measurements of particle charging levels of typical HVPL environments [6,8], our data do not support the ‘corona ion’ mechanism as a cause of the observed increased childhood leukaemia and adult hemato-oncological risk living near to HVPL. 

If an inhaled particle carries an electric charge then enhanced lung deposition may occur by the physical process of ‘image charge’. Here, a particle close to the lung surface, induces a charge of opposite polarity on that surface, which then attracts the particle resulting in enhanced particle deposition [9], potentially leading to increased dose of toxic and carcinogenic material. A similar mechanism may help explain the strong association between thunderstorms and asthma [10], where lung model simulations demonstrate that storm-related electrical activity may enhance the rupture of pollen grains and lead to charge on the resulting bioaerosol fragments that increase deposition in the lungs, thereby inducing episodes of asthma [11]. 

In the <200nm range, atmospheric particles have a charge distribution that is mostly uncharged, or singly-charged, with a slight bias toward negative charging. Combustion sources can produce large numbers of particles with enhanced charge, and some alternating current (AC)-HVPL create a predominance of either negative or positive charging, which allows charge to persist many hundreds of meters downwind. This process may increase the deposition fraction of charged particles relative to neutral particles in the lungs [5, 10]. Enhanced deposition has been shown on highly charged particles of sizes 300, 600, and 1000-nm in human volunteers [12].

A recent study observed that an increase in childhood leukaemia risk near HVPL was associated with a function of both magnetic fields and distance from the line, and that this association existed at higher voltages [13]. The production of corona ions from a line is a function of cable size and voltage, and exposure to corona ions and charged aerosol is a function of distance, so there may be reason to consider other mechanisms implicating charged particles that may describe those observations.

We have shown that the mechanism of electrostatically-enhanced ultrafine particles did not have a measurable effect on particle lung deposition in adults and our results are contrary to the corona ion hypothesis. Corona ions from high voltage power lines may not be a key determinant influencing adult and childhood hemato-oncological risk.
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TABLE 
Lung Deposition and Patient Demographics. Penetration Index (PI, ratio), measured by gamma scintigraphy, Particle Number Deposition Fraction (DFp) derived from the difference between inhaled and exhaled number counts for charge neutral ‘uncharged’ (CN) and charge positive ‘charged’ (CP) aerosols. Forced expiratory volume in one-second (FEV1). 
	
	Participant
	

	
	1
	2
	3
	4
	5
	6
	7
	8
	Mean (SD) 

	PI
	CN
	0.95
	0.85
	0.83
	0.98
	0.91
	0.91
	1.03
	0.93
	0.92 (0.07)

	
	CP
	0.95
	0.84
	0.82
	0.94
	0.92
	0.92
	1.04
	0.97
	0.92 (0.07)

	DFP (%)
	CN
	20.7
	18.3
	24.6
	30.4
	27.5
	26.4
	21.7
	17.0
	23.3 (4.7)

	
	CP
	22.3
	20.9
	24.0
	22.8
	26.8
	20.2
	17.2
	24.3
	22.3 (2.9)

	Gender
	F
	M
	F
	F
	F
	M
	F
	M
	

	Age (years)
	33
	35
	55
	24
	26
	32
	28
	34
	33.4

	FEV1 (litres)
	2.69
	3.61
	2.97
	3.51
	2.94
	3.87
	2.85
	2.96
	3.18

	FEV1 % of predicted
	81.2
	87.0
	110.2
	104.0
	86.9
	95.2
	95.0
	75.5
	91.9




FIGURE LEGEND
Two-dimensional gamma scintigraphy lung images showing the distribution of aerosol in the lungs of uncharged (panel A, PI = 0.91), charged (panel B, PI =0.92), and krypton gas ventilation scan (panel C) in the same participant (participant 5, female, 26yrs, FEV1 86.9 % of predicted). PI = Penetration index. 












