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MeToanka usMepeHHsi KOHIIEHTPAIUH JIETKHX a)POMOHOB HA pafoyeM MecTe onepaTopa
MEePCOHAIBLHOI0 KOMIIBIOTEPA

Cunopos A.B.

B crarhe npoaHaNM3UPOBAHBI CYIIECTBYIOINE METOANYECKUE YKA3aHUs 10 H3MEPEHHIO KOHLEHTPALUH JIETKUX
a’POMOHOB M PYKOBOJCTBA [0 AKCIUIyaTallud CYETYHKOB asporoHoB «Candup-3k», MAC-01 u «AlphaLab Air
lon Countery. BrIsBIeHO OTCYTCTBHE B IPOAQHATN3UPOBAHHBIX METOAMYECKUX YKa3aHUAX U PYKOBOJCTBAX IO dKC-
IUTyaTallMi CYETYNKOB a9POMOHOB PEKOMEHIAIMH, HEOOXOMUMBIX IJIs NIPOBEACHUS M3MEPEHUH KOHIIEHTPALMU
JIETKUX a3POMOHOB MPHU MPOBEJICHUH HAYYHBIX MCCIICNOBAHUI U MONy4YEeHHs HAaHOOJee TOUYHBIX U JOCTOBEPHBIX
pe3ynbraToB. [IpeanoxkeHo npu pa3paboTKe PEKOMEHJAALHUI MO MPOBEACHUIO W3MEPEHUN PYKOBOACTBOBATHCS
myHkToM u3 MYK 4.3.1675-03 «O6uue TpedoBaHMs K IIPOBEJICHNUIO KOHTPOJIS a9POMOHHOTO COCTaBa BO3yXa» 1
I'OCT 8.207-76 «IIpsimble U3MEpEHHSI ¢ MHOTOKPATHBIMH HAOMIONCHUSIMH. MeToqpl 00paboTKH pe3yibTaToB
HabmoneHuit. OCHOBHBIC MOJOKCHUS» O MPEHEOPEIKCHUH BETMIMHOM CIIy4aiflHOW MTOTPEIIHOCTH P 3HAYUTEb-
HOHM BEJIMYUHE MHCTPYMEHTAJBHOH MorpemHocTd. Pa3paboTaHsl 1 000CHOBAHEI C TIOMOIIBIO CTATUCTHYECKOTO

anmapaTa yKazaHHs [0 I3MEPEHHIO KOHLICHTPAINH JIETKHX a3PONOHOB CUETIMKOM a3ponoHOB «Candup-3k».

Kniouegvie cnoga: nerkue adpoHOHBI, U3MEPEHUE, CIETINK a3PONOHOB, IOTPELNTHOCTh U3MEPEHUH, METOIUKA U3-

MEpEeHHS.

The technique of small air ions concentration measurement at the PC operator working place
Sidorov A.V.

The paper considers small air ions concentration measurements guidelines and operation manuals for small air
ions counters “Sapphire-3k”, MAS-01 and “Alpha Lab Air lon Counter”. The guidelines and manuals under anal-
ysis appear to lack recommendations required for small air ions concentration measurement in the course of the
research work, as well as for obtaining the most accurate and reliable results. While working out measurement
guidelines it is advisable to follow the provisions of Instructional Lines 4.3.1675-03 “General Requirements for
Air lonic Composition Control” and GOST 8.207-76 “Direct measurements with multiple observations. Observa-
tion results processing methods. Main principles” of disregarding random error value under instrumental error
enormity. While using “Sapphire-3k™ air ion counter the guidelines on small air ions concentration measurements
have been worked out and provided.

Keywords: small air ions, measurement, air ion counter, measurement error, measurement technique.

Introduction

Computers are widely used in various spheres
of human activity. The problem of safety working
environment for computer operators is urgent be-
cause of considerable amount of environment fac-
tors, affecting operator. The important factor of
working environment is a concentration of small
air ions. Researches of scientists [2, 3, 5, 6] are
devoted to the problem of nonconformance of
small air ions concentration in computer operator
work place to the regulatory sanitary standards
[4]. Despite of mentioned scientific researches

this problem requires further study, because pro-
posed ways of small air ions concentration nor-
malization are neither sufficient nor appropriate.
The important task for further studies is develop-
ment of substantiated measurement technique to
provide the most reliable results. Legacy norma-
tive regulation [4] doesn’t include guidelines on
small air ions concentration measurement tech-
nique. Therefore the question of small air ions
concentration measurement technique develop-
ment is the actual task.
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Problem statement

The list of air ion counters, which are available
for carrying out measurements in Ukraine, in-
cludes not many devices. The modern air ion
counters MAS-01 (MAC-01), “Sapphire-3Kk”,
“Sapphire-3m”, made in Russia, are present in
Ukraine and it is possible to buy “AlphaLab Air
lon Counter” from the Internet. Also Ukrainian
scientific research institutes have Soviet times air
ion counters, which are mostly stationary labora-
tory devices. Thus, these counters can’t be applied
for the study of air ions at working places with
computers and for air ion concentration measure-
ments aimed at control of their compliance with
the sanitary code.

In this paper we have considered small air ions
measurements with the device “Sapphire-3k”. Ac-
cording to the maintenance manual of this device
the operational procedure includes making 10-20
consecutive measurements, then extreme minimal
and maximal values are deducted and arithmetic
average of the received measured results is calcu-
lated [9]. Calculated arithmetic average will be the
result of measurement. It’s obvious, that this man-
ual is sufficient for small air ions concentrations
measurement aimed at control of their compliance
with the sanitary code, but it’s not sufficient for
scientific research.

Manuals of MAS-01 and AlphalLab Air lon
Counter devices also don’t possess guidelines on
necessary quantity of measurements for obtaining
valid data [1, 8].

There is the Instructional Lines 4.3.1675-03
“General Requirements For Air lonic Composi-
(MYK 4.3.1675-03

TpeOOBaHMUS K

tion Control” «O061mme

IIPOBCACHUIO KOHTPOJIAA
a’POMOHHOTO cocTaBa Bo3myxay) developed for
air ions concentration measurements in the Rus-
sian Federation [7]. Exactly this document has
been used as the basis for the development of
measurement technique with the air ion counter
“Sapphire-3k”, as Ukrainian guidelines on air ions

concentration measurements aren’t developed.

But mentioned instructional lines are not suffi-
cient for scientific experiments measurements,
because they are developed for air ionic composi-
tion control in work and public places and for san-
itary-hygienic assessment of air ionization equip-
ment. To obtain measurement result these lines
propose to make 8 measurements, that is sufficient
for control, but not for valid scientific result.

The aim of this study is the development of
guidelines on small air ions concentration meas-
urement with the air ion counter “Sapphire-3k”
for obtaining valid results, which can be applied
in scientific research and occupational safety
practice.

Materials and results of study

First of all it should be noted that unlike its
posterior analog “Sapphire-3m”, “Sapphire-3k”
doesn’t have option of data output on computer.
Air ions counter MAS-01 also doesn’t perform the
option of data output to the computer. AlphalLab
Air lon Counter is supplied with this option at ex-
tra cost. In the case of “Sapphire-3m” there is no
problem with determination of necessary quantity
of measurements, because measurement data au-
tomatically transmit to computer, thus measure-
ments can be conducted uninterruptedly, and
that’s not reflected on laboriousness of experi-
ment. Uninterrupted measurements with “Sap-
phire-3k” are quite labor-consuming; therefore
determination of optimal and sufficient quantity
of measurements is urgent.

The distinctive feature of the counter “Sap-
phire-3k” is simultaneous measurement of both
positive and negative air ions, unlike counters
MAS-01 and AlphaLab Air lon Counter, which
can measure only single polarity air ions at partic-
ular moment. According to its maintenance man-
ual “Sapphire-3k” measures concentration of air
ions with 0,4 cm?/V-sec and higher mobility, data
output on display proceeds each 5 seconds, coun-
ter has three measurement ranges (I — from 2-10?
to 2-10% ions/cm?; I — from 2-10% to 2-10* ions/cm?;
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I11 - from 2-10* to 2-10° ions/cm?). The system in-
strumental error of “Sapphire-3k” is not over

0,4+0,01-(n,/n, -1), Q)
where n, — maximum value of measurement
range, n.— reading on the counter.

This study has used data of measurements con-
ducted for the investigation of factor impact (ac-
tivity of computer operator at work place) on
small air ions concentration. Measurements have
been conducted continuously in the regime: 15
minutes — 1 hour — 15 minutes — 1 hour — 15
minutes, for the 15 minutes range operator has
leaved his work place for break, during 1 hour op-
erator has been working on computer without
breaks [10]. Measurements have been conducted
in room with the dimensions 8 x 9 x 3,5 m, situ-
ated at the 5" floor. The room hasn’t been
equipped with the systems of induced ventilation
and conditioning, on the measurement day win-
dows have been closed in the room. Measure-
ments have been conducted in the absence of peo-
ple on day off; there have been only operator and
another person to record measurement results in
the room. The distance between operator and ob-
server has been about 1,5 m. Measurements have
been conducted in the breathing zone of computer
operator, for this aim the counter has been placed
at 20 cm height above the work table surface.
Measurements of the equivalent dose rate (0,13
puSv/hour) with the dosimeter SINTEX-DBG-01S
and measurements of the air temperature (20°C),
the relative humidity (78%) and the atmospheric
pressure (750 mmHg) with multifunction environ-
ment meter DT-8820 have been conducted simul-
taneously with small air ions concentration meas-
urements. As microclimate conditions have been
close to standard and haven’t changed during ex-
periment, measurements have been conducted
with the assumption that mentioned parameters
influence on small air ions concentration have
been minimized and therefore it is not necessary
to take them into account.

The logic of sufficient measurements quantity
determination for the obtaining valid data is de-
scribed below. According to the Instructional
Lines 4.3.1675-03 measurement error A equals
systemic (instrument) error o if random error Ap
< &/3; A= Ap when Ap > 39; and in the case 6/3 <
Ap < 38 measurement error is determined as A =
+0,76:(d + Ap). The procedure of measurement
error determination in Instructional Lines is taken
from the Soviet guidelines on measurement re-
sults processing (GOST 8.207-76 “Direct meas-
urements with multiple observations. Methods of
processing the results of observations. Basic prin-
ciples™), which are used by scientists till now.

The study has considered 5 data ranges of
small air ions concentrations, whereat each range
has been a considerable data sample of uninter-
rupted measurements during activity (or influence
absence) of factor. For all of data ranges the dis-
tribution normalcy test with build-in statistical
functions and procedures in Excel has been done.
The analysis has shown that all data ranges have
been subject to the normal distribution law ac-
cording to the value of Pierson criterion (with con-
fidence interval 0,95), and general random error
for each range hasn’t been over 0,1 of systemic
error.

Among three mentioned alternative ap-
proaches to the measurement error determination
the first case is the most optimal, because it gives
the lowest value of measurement error. The sim-
ple calculations have been performed to prove
that. Systemic error equals approximately ¢ = 0,4
(first case); second option is not real at all, be-
cause Ap can’t be over 36 = 1,2, and measurement
error can’t be over 120%; in the third case if Ap =
8/3 =0,4/3 = 0,13, then A =+0,76-(0,4 + 0,13) =
0,41, in the third case general error will always be
over systemic error. Thus, task has turned into
finding such quantity of measurements, at which
inequality Ap < &/3 will be true in all cases or in
most cases.
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For the investigation purposes the ranges have
been divided into smaller samples of data. Selec-
tion of the sample range has been done based on
the following conditions: sample has to be subject
to the normal distribution law, sample has to in-
clude few measurements and comfortable time in-
terval. Thus, we have considered samples with 48
values of both polarities air ions concentrations,
which correspond to the results of 4 minutes con-
tinuous measurements.

Then the ratio Ap/d has been calculated in each
sample with developed pattern of calculations in
Excel for 2; 3; ...; 48 measurements separately for
air ions of each polarity. In the process the mini-
mal quantity of measurements for which the con-
ditions Ap/d < 1/3 is true in all cases has been
searched for. l.e. for which the minimal number
of measurements of 48 measurement error equals
systemic error. As a result the values in the range
from 11 to 30 measurements have been obtained
in the samples with average 18 measurements
value for all samples.

It should be noted, that results of computer op-
erator influence on air ions concentration study
have shown absence of this factor influence and
difference between concentrations with active
factor and without it hasn’t been significant. Also
there haven’t been noted dynamics of air ions con-
centrations during measurements except periods
when operator had started to work on computer
after 15 minutes break. Exactly for these periods
the minimal quantity of measurements with Ap/d
< 1/3 has comprised from 25 to 30 measurements.
It is obvious that task of sufficient minimal quan-
tity measurements determination is appropriate
only in the case of concentration dynamics ab-
sence; in the case of dynamics continuous meas-
urements should be made and changed to discrete
measurements only at relative stability of concen-
trations. Usually, it is stipulated with the character
of factor activity, this activity can be dynamical or
relatively static.

The next step has been substantiation of as-
sumption about acceptable minimal quantity of

measurements of 48, which provide sufficient
level of results reliability. It has been taken into
consideration that average value for all samples
has been 18 measurements and in 17 samples the
sufficient minimal quantity of measurements has
been higher than this average value. Deducting
data samples with concentration dynamics and
taking into consideration the necessity of chosen
measurements quantity correspondence to suita-
ble time interval, the value of 24 measurements
has been chosen as it has followed the condition
Ap/d < 1/3 for all samples, except samples with
concentration dynamics, and corresponded to the
suitable interval of 2 minutes. Besides, in the
range of 2 minutes interval it is possible to reveal
unplanned influence of external factor, which is
not considered in experiment, and reject the re-
sults of measurement distorted by this factor.

To check the equivalence of the average con-
centration values received for 24 measurements to
the average concentration values received for 48
measurements the hypothesis about equality of
average values has been applied. The Excel statis-
tical procedure “t-Test: Two Sample Assuming
Unequal Variances” has been applied for verifica-
tion. Null-hypothesis about equality of average
values of both samples has been confirmed for all
samples, except for samples with air ions concen-
tration dynamics. To check proposed assumption
about sufficiency of 24 measurements of 48 the
data of repetitive experiment (which has been
conducted under the same conditions and the
same factor with the same quantity of measure-
ments) have been also analyzed. The result of re-
petitive test has been the same — hypothesis about
equality of average values of both samples has
been confirmed for all samples, except samples
with concentration dynamics.

Conclusions
As a result of conducted study such conclu-
sions have been made:
1. To study small air ions concentrations,
which dynamically change under factor or factors
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influence, it is necessary to conduct continuous
measurements to obtain valid results.

2. To study small air ions concentrations,
which are in dynamic balance, with the aim of ex-
periment laboriousness decreasing it is allowed to
conduct measurements in the mode “2 minutes of
measurements — 2 minutes break” instead of con-
tinuous measurements and such mode will char-
acterize ionic composition of air with the same ac-
curacy as continuous measurements.

3. Given approach for determination of opti-
mal quantity of measurements can be applied for
air ion counter MAS-01, AlphaLab Air lon Coun-
ter and others.
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