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SUfvt.1ARY 

Unexplainable facial rashes are experienced by some operators of 

visual display units (VDUs). 

The results of a survey of electrostatic phneomena in a series of 

VDU work areas indicate that rash-prone operatots are commonly 

exposed to extreme electrostatic fields. These are caused partly 

by high voltages associated with the display screens, and partly 

by electric charges accumulated by the t:odies of the operators. 

Direct measurements of aerosol deposition onto substrates attached 

either to the cheek of an operator, or mounted on a specially de

signed, high voltage sampling device, show that the precipitation 

of submicron particles increases substantially in the presence of 

an electric field, and that the increase is nearly proportional 

to the intensity of this field. Under conditions equivalent to 

those reported to exist wheri rashes occur, the measured particle 

flux reaches· values above 104 per mm2 per hour, which is at least 

an order of magnitude higher than the flux at zero field conditions. 

It is suggested that field-enhanced exposure to submicron, irritant 

fractions of the ambient aerosol causes the observed rashes, and 

possibly also other health problems such as eye discomforts. 

The elements sulfur and chlorine, which are common constituents of 

the general, outdoor aerosol in the geographic region of the study, 

are relatively abundant in the field-generated deposits and may be 

components of the chemicals compounds that are active in the develop

ment of the rashes. 
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l. INTRODUCTION 

Over the past few years the Norwegian Directorate of Labour Inspection 

has received a number of reports of itching facial rashes occurring 

among visual display unit (VDU) operators 1. 

A dermatological analysis of twelve of the reported cases2 established 

a probable connection between the facial rash and occupationa1 activi

ties for six of the operators involved. A11 of these were employed at 

the Bergen Office of the Televerket (Nor\'/egian Telecommunication). 

The rash is characterized by a slight redness and a few pale-red 

papules. It does not appear consistent with rosacea or perioral 

dennatitis, nor is there any factual evidence of a contact or photo

contact dermatitis 2. According to the affected operators, the rash 

may develop after periods of work that range from a couple of hours 

to a few successive days and will have normally disappeared after 

a day or two off work, such as over a weekend. 

Early suggestions of possible causes of the problem included electro

magnetic radiation emitted by the VDU, and some hitherto unknown 

influence of static electricity, a phenomenon reported to be a 

characteristic of the work places in question. There were some 

indications that the prevention of static electricity led .to a 

reduction in the incidence of rashes. 

Measurements made elsewhere3 ' 415 indicate that the electromagnetic 

radiation emitted by VDUs, including the specific brands used by 

affected operators, are orders of magnitude below accepted limits 

of safe exposure under normal working conditions. Thus it seems 

highly unlikely that the rash is caused by radiation exposure. 

A number of investigations of possible adverse effects of electric 

fields on man have been undertaken in the past 15 years, some with 

contradictory results. Under the ·auspices of the World Health Orga

nization the work in this field has recently been reviewed6 Although 

it is suggested that certain aspects of the subject matter need further 

clarification, the report lends no support to the notion that an 

el er q·-(c.., ft.<-' lJ. ,~ i+~P 1f 111ay e,Hl.5e far.ii\, ra~ hes of -lhe._ l'if'e. oh~ r-rv.-,c-1. 
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The apparent lack of a reasonable explanation of the problem led 

this author to propose the present investigation, based on the 

hypothesis that VDU operators in the presence of electric fields, 

would function as electrostatic collectors of airborne particles. 

If irritant fractions of the ambient aerosol could be shown to be 

precipitating at abnormal rates under circumstances when rashes 

occurred, a probable cause of the observed occupational malady 

would be identified. 

The recurrent outbreaks of rashes in some VDU operators caused a 

two-hour daily limit to be set on the length of time allowed for 

operating the units, since pas~ experience had shown that time 

restrcitions of this order reduced the incidence of rashes to a 

minimum. As this regulation was effective at the time this work 

was initiated, no special efforts were made at having the experi

mental field measurements coincide with rash episodes. 

Instead, a general survey of a series of VDU work places was made 

for the purpose of determining the electric field and aerosol con

centration characteristics of the affected areas under the environ

mental conditions reported to exist when rashes occurred. On the 

basis of this survey, a detailed plan was laid down for the ensuing 

evaluation of operator exposure to ambient aerosols. 

This investigation was sponsored by the Norwegian Directorate of 

Labour Inspection, for whom this report has been pre.pared. 

For a large part, the analytical equipment and methods used have 

been made available through a research program sponsored by the 

Royal Norwegian Council for Scientific and Industrial Research. 

The author also whishes to acknowledge the valuable support of 

employees and members of the management affeleverket. 
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2. ELECTROSTATIC FIELDS IN THE VDU ENVIRONMENT 

2. l Sources of the fields 

2.1. 1 Visual_diselat_units 

In VDUs based on cathode ray tubes high voltages are used to generate 

the electric fields that accelerate the electron beam onto the phos

phor covering the inside surface of the viewing screen. Potential 

differences ~f the order of 104 volts are common in such equipment, 

and if not purposedly shielded, the fields associated with these 

·· high voltages may extend into the air space surrounding the units. 

The generated fields may vary with the pattern of writing on the 

viewing screen, since the state of charge in each localized region 

of the phosphor is a function both of the instantaneous intensity 

of electron bombardment and certain characteristics of the phosphor 

that may vary from point to point. 

2.1.2 The human bodv 
---------------
The phenomenon of charging of the human body has been extensively 

studied in the past for a number of different reasons, varying 

from that of establishing the charge generation properties of 

textiles 718 to assessing ignition risks due to human spark dis-

- charges9,10 . These investigations show that if conditions are 

favorable, sufficient charge may accumulate to raise the body po

tential several thousand volts above the ground potential. 

Charged to such potentials, a person may.experience discomfort if 

discharged through conducting objects such as metal doorknobs, 

grounded electronic equipment or even the body of other persons. 

Although the voltage necessary for problems of this nature to 

develop will depend on body capacitance as welJ as the sensitivity 

of the individual, one generally finds that unpleasent electrical 

shocks are experienced as body potentials reach 1500-2500 volts~ 

The extent to which the human body accumulates charge depends heavily 

on the surface characteristics of the materials with which the sub

ject rnmes into contact, such as clothing, footwei\r, forniture, and 

l 



floor coverings. This implies that the charging process is strongly 

influenced by the pattern of movement of the subject. 

Having acquired a charge, the human body will discharge in a time that 

is related to the resistivity of the surroundings, which in turn is 

influenced by the humidity of the ambient air. If highly insulating 

footwear and floor coverings are in use under conditions of low rela

tive humidity, the rate of charge dissipation will be minimal and ele

vated body potentials may be sustained over long periods of time. 

2.2 Field measurement procedure 

Both electrostatic fields generated by VDUS and by the human body 

were measured using a field mill, i.e. a rotating vane charge in

duction sensor, manufactured by Industrial Development (Bangor), 

North Wales, UK. This hand-held instrument measures the magnitude 

and polarity of the field existing normal to a metal plate mounted 

on its front. 

The introduction of the field mill into a given, pre-existing field 

configuration will cause the field to change to an extent that depends 

both upon the position and the potential of the mill relative to the 

original sources of the field. Therefore, to avoid ambiguity, the field 

measurements were standardized by using one of the following two 

measurement arrangements: 

1. The potential of a VDU screen, as well as that of any other 

flat stationary object of interest, was measured by positioning 

the grounded field ~ill squarely and at a distance of 5 cm in 

front of th~ surface of interest. 

With the field measured in units of volt/cm, the potential of 

the surface is derived by multiplying the reading with the 

known separation (5 cm)_, taking into account any predetermined 

calibration factors. 

2. The measurement of body potentials was made by letting the 

subject hold the (ungrounded) mill up against a grounded, 

metal plate at a 5 cm distance. In this case the external. 

grounded plate becomes the reference electrode and ~he field 



1, 

created by the body is sensed by the mill. 

The body vo 1 tage is ca lcu 1 a ted as in ( 1 )' above, with 

account taken of the reversal of polarity in using this 

particular arrangement. Prior to measurement the subject 
' 

was asked to move about in the working area in a normal 

manner and subsequently be seated at the appropriate VDU 

work station. 

Knowing the electric potentials and the detailed geometries of the 

VDU and the operator together, the electric field vector at any 

point in the intermediate space can, in principle, be calculated. 

In practice, such calculations are difficult, however, due to the 

complexity of the boundary conditions that will have to be taken 

into account. 

Near the operator's face, which can be considered an equipotential 

surface, the electrostatic field may to a reasonable approximation 

be thought of as being proportional to the difference in potential, 

and inversely proportional to the distance between the operator and 

the VDU. Superimposed on this field will be a component that varies 

with the local geometry of the face. This latter component will 

increase as the surface curvature increases, implying that the total 

field intensity will be highest near protruding facial features. 

A total of nearly 150 measurements were performed according to the 

procedures outlined above. The survey included 10 work places (some 

of which were visited on several occasions), 14 operators, and 26 VDU 

terminals. Several of _these work areas, VDUs, and operators could be 

associated with earlier outbreaks of rashes. In addition to the 14 

operators referred to above, body voltage levels of two members of 

the investigating team were registered in all of the locations that 

were visited. 

It should be noted that in some of the areas in which rashes had occurred, 

certain changes to the physical environment had been made prior to the 

survey, such as changing carpets or mounting wire screens in front of 

the VDUs. These modifications were taken into account when interpreting 

the resijJ h. 
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2.3 Results of electrostatic field measurements 

2.3. 1 VDU_screen_eotentia1s 
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All units were charged positively under normal operating·conditions, 

with calculated screen potentials ranging from nearly zero to more 

than 10 000 volts in extreme cases. The average value was 2250 volts. 

The frequency ·distribution of measured voltages is presented in 

Figure 1. 
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Fig. 1. Fre9uency distribution of 29 measured VDU screen potentials. 
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There was a tendency towards higher values under conditions of low 

relative humidity, but this effect was partly masked by pronounced 

differences between the individual units, and by variations from one 

measurement period to another for any given unit. Also, large vari

ations in field strength across the surface of a single VDU screen 

were often noted. Although relatively high values were found for 

some of the VDUs associated with the~occurrence of facial rashes, 

the results do not indicate that these units are unique in generating 

extreme levels of electrostatic fields. 

2.3.2 Oeerator_charge_state 
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The levels of charge on the body of the operators, expressed as the 

voltage obtained by the method referred to in Section 2.2, varied 

from -2000 volts to +4000 volts as shown in the frequency diagram 

of Figure 2. In this diagram all body charge data are presented 

indiscriminately, disregarding factors such as humidity, location. 

operator identity, or pattern of movement. 
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Of the 78 body potentials registered. about 30% were positive, 
20% near zero, and 50% of negative polarity. 24 of the measured 
values exceeded 1000 volts in magnitude, and all but nne of these 
represented measurements made in areas associated with rashes. 
These extreme voltage values were equally distributed among confirmed 
rashprone operators and other individuals occupying the same areas, 

incl~ding the investigators. 
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INDOOR AIR POLLUTION 

General characteristics of the indoor aerosol 

An increased awareness of the role of indoor aerosols in the total 

human exposure to air pollutants has emerged over the last few years. 

A number of studies have shown that {l) indoor particulate pollution 

levels can be.high compared to outdoor concentrations, and that (2) 

the indoor aerosol is generally a mixture of outdoor pollutants and 

contaminants originating indoors 11 ,l 2,13 ,14 ,l 5 

As will be shown later, particles of diameters from 0. l µm to 1 µm 

are of special interest in this investigation. Outdoor particles 

in this size range are to a large extent generated by various processes 

taking place within the atmosphere itself, such as chemical reactions, 

vapor condensation and/or droplet evaporation, and the coagulation of 

very fine (< 0. 1 µm) primary particles into coarser aggregates. For 

this reason, and because these particles commonly constitute a signi

ficant part of the ambient aerosol, this size fraction has been given 

the name the accumulation mode. 

Among the most important compounds found in the accumulation mode are 

sulfates originating from reactions of gaseous so2 with other pollutants 

present in the air. As a consequence of the widespread distribution of 

so2 in the atmosphere, particulate sulfates (most notably ammonium sulfate, _ 

(NH 4)2so4) commonly constitute a major fraction of the submicron aeroso1 16 ·1· 

This is the case in southern Nor.-Jay, where measured sulfate concentrations 

in the winter months are within the range 1 to 10 µg/m 3 in urban areas 18. 

Other common accumulation mode constituents are hydrocarbon oxydation 

products and nitrates, an important source of the latter being thought 

to be chemical reactions between gaseous species and particles from 

ocean spray19 . Although generally coarser than the accumulation mode 

constituents, the saline ocean spray particles in their unmodified 

state may nevertheless be present in the aerosol of coastal regions 

. h. h . 20 
,n 19 concentrations . 
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In addition to the compounds generated by large scale atmospheric 

processes, the submicron aerosol may contain specific chemical 

species contributed to by local emission (mainly combustion) sources. 

Examples are lead, bromine, arsenic, antimony, various metal oxides, 
. 161721 

and a large number of carbonaceous substances ' ' . 

As particles in the accumulation mode are generally too small to be 

retair,ed by the filters used in building ventilation systems, this 

size fraction can be expected to be present in ventilated indoor 

environments in concentrations comparable to those found outside. 

Measurements have shown this to be the case14 ,22 ,23 . 

Among a large number of particulate pollutants that may originate 

inside buildings as a result of human activities are tobacco smoke 

and ash, paper and textile fibers, graphite and paint particles, 
. 11 13 14 

talc powder, cosmetic spray residues and epidermal scales ' ' 

Of these only tobacco s~oke is likely to contribute significantly 

to the submicron fraction. A number of organic compounds emitted 

by building materials or other substances present in the indoor 

environment may become associated with the submicron particulate 

fraction however, as a result of chemical or physical interactions 

with the suspended particles 11 , 24 . 

If present in the indoor environment, tobacco smoke may contribute 

substantially to the total aerosol mass. In one study it was found 

that the concentration of respirable particles (diameter <3.5 µm) 

in various smoking areas, was between 2 to more than 10 times higher 

than in a series of rooms free from cigarette smoke for which the 

mean respirable particle burd~n was 40 µg/m3 15 . 

3.2 Aerosol concentration measurements 

The concentration of the suspended particles was measured using a 

piezoelectric mass analyser (Model 3500 ~Piezobalance 11
) manufactured 

by Thermo Systems Inc., St. Paul, Minnesota, USA. The performance 

of instrum~nts of this type has been evaluated25 and found to differ 

by less than 10-15% from membrane filter measurements on a number of 

tesl4t::•-f~~15, The p.:t,·ticular V'\i L USPd.. In lhi:s <;:,lu~L"\ wa-s aaa,~- e.·t)Mfr~ 
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with a size-limiting inertial impactor at the inlet.port, having a 

nominal cut-off value of 10 µm. Thus, only particles of aerodynamic 

size less than this approximate value were sampled. (An alternate 1 µm 

impactor was used for one set of measurements, as will be described 

below.) The sampling times ranged from 2 to 10 minutes depending on 

the particle burden. 

The otserved mass concentrations ranged from 10 to 450 µg/m3 as shown 

in Figure 3, which summarizes a total of 60 measurements made using 

the 10 µm impactor. All extreme values (? 150 µg/m3) represent 

periods of cigarette smoking in some of the areas investigated. No 

obvious differences in smoking habits were noted in areas where rashes 

had occurred. In the absence of smoking the mass concentrations in 

affected areas ranged from 12 µg/m3 to 40 µg/m 3. These values were 

no higher, on the average, than those found in other areas. 
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During one of the substrate sampling periods, to be described later, 

(Sampling 4, Section 4.3. 1), a series of mass concentration measure

ments was made in one of the affected areas using a l µm impactor. 

On this occasion the ambient conditions were similar to those reported 

to exist when rashes occurred. 

The results are shown in Figure 4. 
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4. .AEROSOL DEPOSITION IN THE .PRESENCE OF AN ELECTRIC FIELD 

4.1 Charge on suspended particles 

Numerous experimental investigations have shown that most aerosolst 

both natural and man-made, carry appreciable electric charge. In 

fact, completely uncharged or electrically neutral particles are 

quite rare26 ,27 •28 ,29 • Normally, both positive and negative charges 

coexist, ·so that a given aerosol as a whole may be nearly neutral. 

In the absence of any extraneous charging mechanisms, an equilibrium 

state of charge (the Boltzmann distribution of charge) will prevail, 

and calculations show that even in this minimum state the fractional 

number of 0.05 µm particles that carry a charge will be near 40%, 

increasing to about 85% for particles of diameter 1 µm20 . 

However, the state of charge of indoor aerosols may differ conside

rably from the Boltzmann distribution due to a variety of charge

modifying processes that may be effective in the environment, such 

as contact electrification, molecular transformation and particle

ion interaction. Because of the relative importance of the latter 

charging mechanism, which implies a transferral of charge from air 

ions (i.e. ionized molecules or molecular clusters) to the suspended 

. particles, the charged fraction of the aerosol is often denoted 

11 large ions 11
• 

Having attained an electric charge, a particle wi11 be induced to 

move if influenced by an electric field. The electric mobility, 

defined as the final velocity reached in a unit field, will be a 

function both of the charge and the size of the particle, and is 

found by measurements to range from 10-3 to 10-S cm/sec per volt/cm 

for moderately charged particles in the size range 0.03 µm - l µm 28 . 

Thus for field intensities of the order 100 volt/cm (which are 

relevant to this work), such aerosol particles will move towards 

one of the electrodes at speeds ranging from 0.01 to 1 mm/sec, the 

highest values being associated with the smallest particles. 
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Particle deoosition and adhesion mechanisms 

In the absence of electrostatic fields the main mechanisms of 

particle deposition onto passive surfaces are interception, im

paction, gravitational sedimentation and diffusion. !f the aerosol 

carries a unipolar charge (that is, one polarity dominates), the 

electric field generated by the particles themselves will cause a 

net outward particle movement and thus give rise to an additional 

deposition mechanism, called space-charge precipitation. 

Because of the strong dependence on factors such a~ _particle size 

distribution and air turbulance the relative importance of these 

deposition mechanisms in a giv.en environmental situation will, in 

general, be difficult to predict. In the special case of submicron 

particles in the relatively calm air of an office room, it can be 

assumed that deposition due to diffusion will dominate20, 30,Jl ,32 . 

As was pointed out in the previous section, a charged aerosol fraction 

will be induced to move in the presence of an external field, resulting 

in an increased rate of deposition. A considerable number of devices 

for measurement and control of fine particles take advantage of the 

fact that this deposition mechanism wi11 dominate in the subrnicron 

size range even at moderate field strengths 28 ,33 . It is in fact this 

expected field-related increase in deposition that formed ·the basis 

for the present investigation. 

Having reached some surface, an aerosol particle would have to adhere 

to that surface for the deposition process to be completed. In the 

case of dry deposition, van der Waals forces are effective, and if 

either the particle or the surface is wet, capillary forces may act 

as well. For submicron particles these cohesive forces are strong 

enough to assure adherence unless the deposit is purposely removed 

b h . l h . . h. 34 

y some p ys 1 ca prosess, sue. as w1 ping or was mg 

Thus aerosols of the type considered in this study, once collected, 

can be assumed to be retained by the collecting surface, whether 

this be the human skin or some purposely introduced sampling substrate. 
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4,3 Oeoos1tion measurements 

4.3.1 s~e~ri~~~!~l-~~!b29 -

The results of the survey of electrostatic phenomena indicated that 

the occurrence of facial rashes could be associated with persons 

that frequently carried an appreciable body charge. It was of major 

interest, t_herefore, to determine to ·,-1hat extent such levels of body 

~harge influenced the precipitation of existing ambient aerosols. 

A particle collection device was constructed for this purpose, in

corporating a battery-operated high voltage DC power supply. This 

unit allowed a positive or negative potential in the range 2000 to 

10 000 volts to be applied to special particle sampling substrates 

deployed in the environment of interest, or to the body of persons 

having such substrates attached to the face. At the completion of 

each sampling period, these substrates were brought to the laboratory 

and the concentration of deposited particles determined by scannihg 

electron microscopy. Details of the substrate handling procedure 

and the method of analysis are given in the Appendix. 

Two VDU work areas in which rashes had occurred were chosen for 

particle deposition measurements. These areas were selected 

primarily because no irreversable changes had been made to the 

physical environment after the most recent rash episode. Both 

areas were located in the same downtown building, one on the ground 

level and the other three stories up. The floors were covered with 

wall-to-wall carpets made of synthetic fibers. The rooms were venti

lated by a central air handling system with its intake on the roof. 

The incoming air passed through an ordinary bag-type filter, and 

on cold days·-part of the return air was recirculated for energy 

conservation purposes. 

The entire series of measurements was made in a period of cold and 

dry weather, during which ambient conditions inside were similar 

to those reported to exist at the time of ~ash outbreaks. The indoor 

temperatures averaged 22°c and the relative humidity was consistently 

below 30%. On several occasions the occupants complained of static • 

e~~city and p9~~jnp._oor air qualitya Deta.ils a,f,the experimental C\~~. 

----------!~~Y~-~·-~ .. rr.k~~/~l~1 -7~~ 4.re,· j,~feJ '}f 
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The third floor work area (designated area I) was a small room 

containing a single VDU station and some associated hard-copy 

printing equipment. The room was normally occupied by only one 

person at the time and only during periods of operation of the 

equipment. Body potentials of one rash-prone operator at this 

location had previously been established to be consistently 

positive with magnitudes reaching 4000 volts under conditions 

-of low humidity. For the purpose of reducing the electric field 

emanating from the VDU a grounded wire screen had.been attached 

to the front of the unit several months before the visit. As this 

wire screen was not in existance at the time of rash occurrences, 

it was temporarily removed during the measurements. The potential 

at the VDU surface (screen removed) was found to be near +1000 volts. 

(With the screen in place the external field was reduced by approxi

mately a factor of five.) 

One substrate with an-applied potential of +3500 volts was placed 

at a distance of about 40 cm from the VDU and slightly to the side 

of the operator. A second, uncharged substrate was affixed to the 

wall of the room 50 cm behind the unit above the level of the 

chassis top. The two substrates were left in place for a period 

of 3½ hours during which time the VDU was occasionally in use, but 

with the power continually on. In this period the ambient aerosol 

concentration varied from 20 to 30 µg/m 3. 

~~~eli~g_g 
The ground floor work area (designated area TI), in which all the sub

sequent measurements were made, was a large, multiple-VDU office 

occupied by approximately 15 persons, several of which had experienced 

rashes. Body potentials of these persons were generally of negative 

polarity with magnitudes in the range 500 to 2000 volts. Measurements 

prior to the sampling period established the electric potentials of 

the VDU screens used by these operators to be in the range +6000 volts 

to more than +10 000 volts. As for Sampling 1, a substrate was positioned 

next to an operator at a distance of about 40 cm from the VDU. In this 

case a negative potential of -3500 volts was applied to the substrate 

during a sampling period of 1.67 hours in midafternoon. (No wall-
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mounted substrate was added on this occasion.) The ambient aerosol 

concentration during this period was near 40 µg/m 3. 

~~~eling_J 
For the purpose of obtaining an extreme particle loading on one 

substrate, the above sampling arrangement was repeated at a different 

VDU station within the same area for the duration of a holiday 

period lasting for a total of approximately 70 hours. As the applied 

substrate potential of -3500 volts would only last for the service 

life of the battery-operated power supply (25 hours), this sampling 

period included a period of approximately 45 hours with no charge 

on the collection device. It should be noted that no persons were 

at work in the area during this period, but the VDU involved was 

continuously left on. The potential of this VDU screen was measured 

to be +10 000 volts at the start of sampling, and a stable +1000 volts 

at the completion of the period. The reason for this decrease in 

voltage is not known. 

~~~eliQ9_1 
This sampling included two face-mounted substrates. The substrates 

were attached (using a conductive adhesive) to the cheek of an assi

stant seated in normal operating posture in front of a VDU. One sub

strate was identical to the others previously used, whereas a thin 

layer of adhesive had been applied to the other one in order to 

establish whether this would have any effect on the deposition of 

large particles. To ascertain the state of body charge during the 

sampling period, a negative voltage of -3500 volts was continuously 

applied to the subject by the use of a high resistance lead attached. 

to the wrist. (This body potential was verified by a field mill 

measurement using the same procedure as outlined in Section 2.2.) 

The subject was electrically isolated from the floor by a sheet of 

polyacrylate plastic underneath the operator chair. A third substrate 

was mounted on an ~ncharged metal stand next to the subject, at about 

the same distance from the VDU. The measured screen potential was 

near +1000 volts during this sampling period (which, it should be 

noted, is considerably less than the values normally found in this 

area). 
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The two cheek-mounted substrates were exposed for 2.87 hours, and 

the third substrate for an additional 0.5 hours during the after

noon. In this particular sampling period the ambient aerosol con

centration was measured using a 1 µm impactor in the piezoelectric 

mass analyzer as described in Section 3.2. As shown in Figure 4, 

the mass concentration varied in the range 26 to 48 µg/m 3. 

4.3.2 Resulc.s ----·---
The results of the electronmicroscopic particle density measurements 

at 3000x magnification are presented in Table 1. (For details of 

the analytical procedure, see the Appendix.) 

As will be further discussed in Section 5.1, a particle size evaluation 

of one of the deposits indicated that the number densities listed in 

Table 1 are underestimated due to the fact that particles of a size 

~ 0.07 µmare unresolved at this magnification. It is argued, however, 

that this nmitation does not seriously affect the comparison made 

between the .various measurements, since essentially all of the particu

late surface area, as well as the volume, is represented by the size 

fraction above 0.07 µm. (A magnification of 3000x was chosen in order 

to obtain adequate counting statistics from a reasonably limited number 

of image fields in the electron microscope.) 

· The deposition of coarse particles was evaluated separately by making 

counts at a magnification of 100x, corresponding to a resolving power 

of approximately 2 µm. The adhesive-coated substrate of Sampling 4 

was included in this series. As none of the computed particle densities 

differed significant1y from a background value of 24 ± 11 particles/mm2, 

the results of the lOOx series of measurements are not included in Table 1. 

The results of the deposition measurements can be summarized as follows. 

1. Elevated electrostatic potentials of both polarities at the site 

of deposition cause a substantial increase in the precipitation 

of submicron particles. 
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Table 1. Reaulla oF parliole precipilalion meaeuremenla. 

Sampl in9 no. 

& 
site 

{lf area I, 

special holder 

(1) areo I, 

roll mount 

(2) area I I,. 

apecial holder 

(3) area I I, 

special holder, 

overnight 

e0111plin9 H* 

(4) area II, 

operator cheek 

(4) area II, 

aetal eland 

Control 
(background) 

VDU 
vol-
toge 
<kV) 

+l 

+l 

+6/+10 

+10/+1 

+1 

+1 

Sub-
etrate 

v0Ho9e 
CkV) 

+3. 5 

0 

-3. 5 

-3. 5 

-3. 5 

0 

Subatrote Particle 

particle precipi tab on 

density• flux H 

(x 1 ~03/ 111m2) (xl000/mnr2-hour) 

20. 54 (2. 02) 2. i7 (0. 66) 

10. 91 <0. 78) 0. 03 (0. 46) 

37. 40 (2. 40) 1 s. 91 ( 1. 59) 

174 6. 5 

29. '37 {2. 92) 5. 55 (1. 11) 

14. 76 (1. 05) 1. 18 <0. 46) 

rn. 84 <1. 13> 

• Meon value and etondard deviation of particle densities measured 

at 6 to 8 different locations on the aubetrote •ith a moQnifi-... 

cation of 3COOX. 

H Mean particle density and standard deviation odjuel:ed for bac~

sround and so~plin9 time. 

••• This sample was not token for the purpoee of evaluotin9 the flux, 

----~------------------~ -----------------
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2. The precipitation rate is to a fair approximation proportional 

to (the absolute value of) the algebraic difference in voltage 

between the VDU screen and the collection surface. 

3. The rate may exceed 104 particles (of diameter larger than 0.07 µm) 

per rrrn2 per hour under ambient conditions resembling those reported 

to exist during periods of rash outbreaks. This flux is at least a 

factor of ten higher than the flux in the absence of an external 

field. (Only an upper limit on the zero-field flux can be set 

due to the uncertainties associated with the particle background.) 



5. NATURE OF THE PRECIPITATES 
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Particle size distribution 

The deposit generated in Sampling 3 was dense enough to enable a 

statistically sound sizing of the particles to.be made on the basis 

of a limited s~t of scanning electron micrographs of magnifications 

ranging from 100x to 10 OOOx. (Details of the size analysis method 

are given in the Appendix.) 

The results are shown in Figure 5, in which the number distribution 

(solid line), the particulate surface area distribution (dotted line), 

and the volume distribution (dashed line) are presented as fractions 

of the total for each size interval indicated along the absissa. 
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F19.S. Particle eize distributions by number, eurtace area 

end volume, ao determined by scanning electron micro

scopy of one eubetrote-depoait. 



It should bi noted that when the substrates are exposed to the vacuum 

of the electron microscope, any volatile constituents of the deposited 

material will evaporate and the particle siz~ distribution change 

accordingly. Studies of the deliquescence properties of aeroso1s 35 ,36 

indicate, however, that the volatile content is extremely low at. 

relative humidities below 30%, so that the size reductions due to 

evaporation can be considered negligable. 

Furthennore, it should be remarked that the sample used for size 

-distribution measurements was obtained during off-work hours, and 

consequently at a time when human activity had subsided. The data 

are assumed to be relevant however, since first the majority of the 

particles responsible for the measured increases in (daytime) deposition 

are small enough to remain suspended over long periods of time and, 

secondly, the particles generated in an office by human activity, with 

the exception of tobacco smoke, are generally of a larger size. 

It must be emphasized that the computed size distribution is believed 

to approximate that of the collected particles, and not the size 

characteristics of the ambient aerosol, the reason being that the 

deposition process depends very strongly on the particle state of 

charge. 

Notwithstanding the limitations of the analytical method referred to 

above and in the ~ppendix, some important characteristics of the 

precipitates can be deduced from the distributions shown. 

Assuming an effective limit of resolution of~ 0.07 ~mat 3000x 

magnification, the data indicate that only about 40% of the deposited 

particles are represented by the number densities given in Table 1. 

However, about 90% of the particulate surface area deposited, and 

nearly all of the particulate volume, are represented by the fraction 

'-, _~, ~ ' .-

above 0.07 µm. If attention is paid only to particles below l µm, it 

is seen that essentially a11 particles by number and most of· the 

deposited surface area are taken into account. The extent to which 

the particulate volume is represented by the submicron fraction is 

uncertain due to the reduced statistical confidence in the size data 

at larger ~iameters. 
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Based on the size distribution data it can b~ calculated that a 

submicron particle flux of 104 per mm2 per hour onto the face 

(assuming an area of size 10 cm x 10 cm), represents a particulate 

surface area deposition rate of about 10 mm2 per hour. Assuming 

a mean mass density of 2 g/cm3 for the deposited material, the 

corresponding mass deposition rate will be about 1 µg per hour. 

Comparing this calculation with the results of the mass concen

tration measurements described in Section 3.2, it is seen that 

this hourly mass deposition amounts to a few per cent of the aerosol 

mass normally contained in each cubicmeter of the ambient air. 

Composition 

A considerable number of the substrate particles were analysed by 

scanning electron microscopy in combination with energy dispersive x-ray 

spectrometry. The morphological information was compared with 

comprehensive collections of micrographs on record in the laboratory 

or published by others37138 • The x-ray spectrometer allows major 

elemental constituents of atomic number above 9 (fluorine) to be 

determined semi-quantitatively, but the method is limited to par

ticles of diameter larger than 0. 1 µm - 0.5 µm. 

The following elements were identified in the analyzed set of indi

vidual particles, in order of abundance: 

Al, Si, Ca> Na, S, Cl, K, Fe> Mg 

A majority of the particles that were large enough to be analyzed 

did not produce characteristic x-ray peaks, however, and thus were 

assumed to be carbonaceous by nature. 

The combined methods allowed a number of co1m1on particulate .pollutants 

to be identified, such as sea salt particles, soot and other combustion 

~ ~ products, paper and textile fibers, epidennal scales and various mine-

j 3 J ral fragments. 

~ ~ Nevertheless, a major part of the deposited mass consisted of particles too 

~ small and featureless· to be characterized individually. Furthennore, since 
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the case of the "heavily" loaded substrate of Sampling 3, electron 

beam scans over extended regions of the substrate (so-called macro

analyses) could not be expected to yield detectable x-ray peaks 

because of the relatively large background emission. 

One massive source of deposit was available, however, in the form of 

a surface contaminant on the viewing screen of the VDU associated 

with Sampling 1. DUe to the presence of the previously described 

grounded wire screen on the front of this unit, a strong electric 

field had been in existence in the vicinity of the positively charged 

viewing surfac~_ for a period of sever.al months. This field had caused 

particles to accumulate without disturbance in a manner similar to 

that of the intentionally collected deposits of this study. 

The deposited material was sampled by lightly pressing an aluminum

coated substrate onto the contaminated surface. The parts of the 

precipitate that transferred themselves to the substratel were sub

jected to a series of x-ray macroanalyses, and the following bulk 

elemental constituents (of atomic number above 9) were found: 

S, Cl, (Al)> Na, Si, Ca> Fe 

(In these analyses the aluminum response was ambiguous due to the 

· presence of this metal as an evaporated layer on the substrate 

· · surface.) 

A comparison of this result with the relative abundance found in the 

case of.the coarse particles strongly suggests that the elements 

sulfur and chlorine are concentrated in the fine fraction. It should 

be noted, however, that this deduction is based on the assumption 

that the size distribution and composition of the particulate deposits 

that had accumulated on the screen and that was obtained in Sampling 3, 

were reasonably similar. 
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6. DISCUSSION 

Prior to this work a medical examination of a series of cases of 

facial rashes in VDU operators .had established a probable connection 

between the occurrance of these rashes and the occupational activi

ties of the employees involved. The cause of the rash could not be 

identified, however. 

As the reports of rashei were often accomp~nied by complaints of 

static electricity, the present investigation was initiated on the 

hypothesis that the rash problem was caused by an electric field . 
dependent exposure to irritant fractions of the ambient aerosol.· 

An initial survey of electrostatic phenomena in selected VDU work 

areas showed that VDUs are commonly charged to high positive 

potentials at the viewing surface, but the survey also made clear 

that the majority of users of highly charged units are not among 

the confirmed rash-prone bperators. A correlation was found, 

however, between operator rash histories and measured levels of 

body charge. These charges are generated by the process of contact 

electrification as a result of normal occupational activity within 

the physical environment of the VDU work areas. 

A series of aerosol mass concentration measurements included in the 

survey did not indicate any abnormally high particle burdens in the 

rash-affected areas. 

On the basis of the results of the survey, a number of direct 

measurements of particle deposition fluxes were made under varying 

conditions of imposed electric fields. The measurements showed that 

the rate of deposition of particles may increase by a factor of more 

than ten in the presence of electrostatic fields. Values of the 

order 104 particles/mm2 per hour were found under conditions. similar 

to those reporte,d to exist when rashes occurred. The data suggested 

that the increase in deposition is proportional to the strength of 

~he field and independent of its polarity. 
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I A particle size analysis of one deposit indicated that essentially 

all particles responsible for the measured increase in deposition 

are less than 1 ~min diameter. This submicron fraction contains 

a major part of the deposited particulate surface area, whereas 

the extent to which the total volume is represented by the same 

fraction cannot be ascertained due to the influence of large dia

met~r background particles in the samples. 

It appears, then, that the human exposure to any skin irritants 

associated with the surface of airborne particles, or existing 

as a submicron aerosol fraction, will be significantly increased 

in the presence of electric fields generated by charges accumulated 

by the human body. 

Some observations made by the affected operators seem inconsistent 

with the above results and should be remarked upon. 

1. The facial rashes occur normally in the regions of the cheek

bones, and not on the central forehead or on the nose, where 

the field intensity may be expected to be at least as high due 

to the geometry. One possible explanation for this may be that 

the field-enhanced deposition of aerosols in these regions of 

the face is influenced by the air turbulance and humidity 

variations caused by breathing. 

2. In the judgement of the affected operator in area I, the intro

duction of a field-neutralizing wire screen in front of the VDU 

led to a reduction in the frequency of rashes. The field mea

surements in this area showed that both the VDU screen and the 

body charges were of positive polarity, so that an intermediate 

grounded screen should in fact increase the field and therefore 

the particle flux at the position of the operator. This incon

sistency, if real, may be explained by-the proven aerosol col

lection ability of the wire screen/VDU combination, in that the 

ambient air may be depleted of particles at a rate that outweighs 

the expected increase in electrostatic precipitation efficiency. 
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By morphological and chemical analyses of the field-generated deposits 

a variety of comnon particulate pollutants has been identified. Of the 

various elements found, sulfur and chlorine are of special significance, 

in that these elements are abundant in the submicron size fraction. 

This implies that one of the characteristics of the work situation of 

the rash-prone operators considered in this study is an elevated ex

posure-to compounds containing su1fur and chlorine. As these com

pounds are to be found throughout the indoor as well as the outdoor 

aerosol in the geographic region of the study, it is their enhanced 

precipitation under the influence of electric fields, rather than 

their mere presence, that accounts for this abnonnal exposure. 

Although a detailed consideration of possible biological effects of 

pollutants deposited on humans is beyond the scope of this study, the 

above results warrant some remarks. 

1. The widespread presence of sulfur containing air-borne particles 

has inspired numerous investigators to study possible effects of 

these pollutants on man16 •17 . The great majority of this work 

has been concentrated on the effects on the respiratory system, 

and to this author's knowledge, the existence of a causal re

lationship between an exposure to air-borne sulfur species and 

a development of skin rashes has not been demonstrated. However,. 

both chlorine and sulfur, as well as the ammonium ion assumed to 

be associated with the latter element, are comnonly components of 

chemical compounds known to be skin irritants, e.g. chloroacetic 

acid, ammonium sulfate nitrate, and ammonium sulfide. Whether 

such reactants are present in the affected VDU environments in 

sufficient concentrations to induce skin reactions is an open 
~ 

question. Seeking an answer to this may be a worthwhile objective iS 

of future research in the field. 

2. Photochemical smog, which has long been known to have its origin 

in accumulation mode particles, is reported. to be an eye irritant16 

As the rate of particle deposition onto the cornea of the open eye 

can be assumed to be of the same order as that onto the cheek, any 

eye discomforts experienced by VDU operators may be attributable ~f 

to the same aerosol precipitation process. Such complaints ar~ in~~ 
----. I, . 



I It must be emphasized that the analyzed deposits undoubted1y contain 

a number of chemical species not detected by the analytical method 

used, notab1y organics. Any such chemicals present in the submicron 

fraction will precipitate at increased rates under the inf1uence of 

electric fields and thus indirectly be linked to the occurre~ce of 

rashes. It will need considerable further work, therefore, to identify 
~- ~ ,r> • • ..... .; f . . ' . 

the active ierosol constitue~t~, and subsequently demonstrate their 

potential as causes of skin irritations. 

What the present investigation has disclosed, however, is the existence 

of a link between the occupational activities of VDU operators and the 

level of exposure to submicron aerosols, and thus a mechanism by which 

the observed facial rashes in this occupational group may be induced. 

It is unlikely that a field-enhanced exposure to ambient aerosols is 

a prob1em experienced only by operators of VDU equipment. Although 

this occupational group may be unique in spending long periods of time 

in a nearly stationary posture in front of a charged object (the VDU), 

other individuals that frequently carry a charge, or that are regularly 

exposed to strong electric fields, may be affected in a similar, albeit 

1ess obvious way. Thus the facial rashes found among VDU operators may 

in fact be extreme cases of a more general health problem experienced 

by large population groups in both occupational and non-occupational 

settings. 

The factors expected to have an influence on the development of VDU

associated rashes are summarized below. 

1. Accumu1ated body charge is the main contributor to the electric 

fie1d that causes the increase in partic1e deposition. 

2. This field may be significantly influenced by electric 

potentials associatec with the VDU screen. 

3. The rate of deposition depends upon the concentration of 

submicron particles in the air-space adjacent to the face, 

and also upon their instantaneous state of charge. 
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4. For a given rate of deposition the total amount of irritants 

collected is proportional to the time of exposure. 

5. The extent to which a given exposure effects the human skin 
will depend upon skin sensitivity, face cleaning habits and the 

use of cosmetics of the individual in question. 
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7. RECOMMENDATIONS 

The experimental results of this investigation suggest that the 

problem of rashes in VDU operators can, in principle, be elimi

nated in three different ways. These are listed, and corrrnented 

on below. 

1. ~l~~njng_tbg_9~gigot_gir_2f_irri1gots 
A removal of the irritant particles from the environment may 

be problematic in that, as has been pointed out earlier, the 

efficiency of traditional air cleaning equipment in· collecting 

the aerosol size fractions in question is relatively low. The 

use of electrostatic precipitators may be of some advantage, 

in that these filtering systems are based on the same particle 

collection mechanism that is effective in the facial deposition 

proces~,and may therefore be expected to be relatively efficient 

in the particle size range of interest. 

2. ereYeotiog_tbe_gre~ioitgtiog_oarti~les_from_rea~biog_tbe_bumao_~~i• 
Several methods of protecting the operators from the incident flux 

of particles may be suggested, such as using face creams or various 

types of protective shields. However, apart from having the main 

disadvantage of being aimed at reducing exposure by shielding the 

exposed, rather than by eliminating the source of exposure, such 

measures may very well become a nuisance to the user., 

3. SugQression_of_electrostatic_fields 

By far the simplest and most direct method for preventing 

electrostatic precipitation of particles will be to remove 

the electric fields causing the effect. This may in part 

be accomplished if the fields generated by the VDUs are mini

mized by the use of charge-suppressing surface screens or_ 

coatings, or preferrably, in the case of new equipment, by 

incorporating such measures into the design of the units. 

More important would be to prevent the body of the operators 

from acquiring a char~e. This is most readily accomplished 
? 

'bf esr~1ts~h-j a Cot-du<ti ,e \~~~ f'fO·,v\~t!, btd.y 1b ~YO"''\& "1 '' ' ~ 
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be attached to the operator's wrist, and should inco·rporate a 
series resistor ~f.106 ohms or more to eliminate the possi
bility of electric shocks. OffiC'ia1ly approved devices of 
this kind are commercially available. 

Another method of reducing body charge will be to make use of 
"antistatic" materials (that is,materials having some bulk or 
surface conductivity) in furniture, carpets, and clothing. 
It should be emphasized, however, that the possibility of 
acquiring a charge by the. process _of contact e 1 ectrif i ca ti on 
always exists, so that the purpose of using antistatic materials 
will be that of providing a path for draining such charges to 
ground. This implies that any "non-antistatic" object or 
material in this path may effectively counteract the expected 
beneficial effect. Important examples of the latter have been 
found in this investigation to be the wheels of some operator 
chairs. 

As has been pointed out in a previous section, the dissipation 
of charge is highly dependent upon the relative humidity, primarily . 
because a decrease in the water content of the air leads to a 
marked decrease in the surface conductivity of many materials. 

The data suggest that an indoor relative humidity above 40% is to 
be recommended, a level that under conditions of cold wheather .only 
can be achieved by forced humidification of the air. In centrally 
ventilated buildings, humidifiers as well as air cleaners should 
be incorporated into the ducting system of the incoming air in 
order to be effective. 

I 

'! 
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9. APPENDIX 
Oetai1s of the substrate hand1jng and 

the particle analysis procedures 

The substrates used in this work were carbon-coated, rectangu1ar 

plastic plates of edge dimensions 7 mm x 25 mm and thickness 0.8 mm. 

The plastic material was chosen for its surface qualities, its 

resistance to electron beam damage, and for the lack of elements in 

its chemical composition that could influence analyses based on 

x-ray spectroscopy. 

All substrates were prepared in one sing1e batch and stored in an 

air-tight, metallized plastic box. The metallization prevented 

e1ectric fie1ds from developing inside. The same box was used for 

transporting the entire set of substrates, both those a1ready con

taining deposits and the unused ones, between the laboratory and 

the sampling sites. Thus a~y background partic1e exposure would 

be similar for all the substrates analyzed. 

The sources of this background exposure could be several, including 

unfiltered residual particles in the liquids used for cleaning the 

substrates, or in the air of the clean benches in.which they were 

prepared. An unavoidable source of contamination, and probably the 

most significant one, would be the collection of air-suspended 

particles that entered the storage box each time substrates were 

removed or replaced in the field. Over the period of several weeks 

during which the experimental work lasted, most of these particles 

would have ample time to deposit onto the internal surfaces by 

diffusion. 

The substrate background particle density was evaluated as part of 

the analytical procedure. 

Particle densitie~ were obtained using a scannin9 electron microscope 

(SEM) with no prier preparation of the substrates. The normal pre

paratory procedure of evaporuting a conductive layer onto the specimen 

to prevent charging by the electron beam was not needed due to the 

high surface conductivity of the substrates and the minute size of the 

<!k,0~1;~ .. ~.·~ -~· • •··? ;, ... 
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coating the specimen , was outweighed by the risk of introducing 

unwanted artifacts during the ~vaporation process. 

At the selected magnifications (lOOx and 3000x)~ a visual count 

was made of the number of observable particles in a set of fields 

ranging from 6 to 8 in number and spaced l mm apart along the central 

region of each substrate. As the size of the smallest detectable 

particle {i.e. the image resolution) depends on the operating para

meters of the SEM, all efforts were made to keep these constant while 

data. for the intercomparison of particle densities were obtained. 

The stability of the counting procedure was monitored by repeated 

measurements on contra 1 (i.e. unused) substrates. · 

Size distribution measurements were made on micrographs of magnifi

cations lOOx, 300x, lOOOx, 3000x, and 10 OOOx, obtained from randomly 

selected sites in the central region of the substrate of Sampling 3. 

Particle diameters, as defined by the analyst, were registered by 

the use of an electronic coordinate measuring system manufactured 

by Hewlett-Pac~ard Inc., (Model 9874A Digitizer), and automatically 

classified into predetermined size intervals by a desk-top computer. 

The surface area and volume of each individual particle were calcu

lated (assuming sphericity) and classified in a similar manner. The 

total size distribution was obtained by combining separate data sets 

generated at each magnification used, taking into account the changing 

image resolution and micrograph particle density. Each data set repre

sented from 250 to 650 particle diameters. 

When considering the size distributions of Figure 5, some limitations 

of the analytical method should be.kept in mind. 

1. The increased importance of the particle background at large 

diameters causes a corresponding increase in the uncertainty 

of the net particle counts. Thus, for sizes above 2 µm the 

statistical confidence: in the data is lowered significantly. 

This reduction in confidence has its largest effect on the 

volume distribution. 
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2. The estimated image resolution at the highest magnification 
used. approximately 0.03 µrn, sets a lower limit on the range 
of diameters that can be realistically sized by the method 
used. Thus particle frequencies in size intervals below this 

. limit, although generated as a consequence of the automated 
data registration procedure, are of little value. 

3. The sizing of the individual particles is based on the analyst's 
estimate of the diameter of the image projection on the micro
graph. The.majority of registered particles were nearly spherical,. 
but for the ones that were not this procedure obviously introduces 
errors, in that the "size" of such particles cannot adequately be 
described by any one parameter. 
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