miniDiSC instruction manual

Miniature Diffusion Size Classifier

Instruction Manual Rev 1.1, July 15, 2010

Quick Start Guide

Read theseinstructions befor e oper ating the instrument!

Your miniDISC is a simple and robust instrumentmgasures tiny currents
(Femtoampéres), and measuring such extremely lorems is challenging.

1. Never operate the instrument at condensing comditice.g. do not
measure exhaust gas directly.

2. To avoid premature aging of the instrument, doaxpiose it to extremely
high aerosol concentrations such as undiluted eitgaismoke (it can't
measure such high concentrations anyway)

3. Have your instrument recalibrated once per yearyoldi use it 24/7,
consider recalibrating it more often

4. There are no user-serviceable parts inside theDi@d, and some very
sensitive parts. Do not open your miniDISC, as yoay damage it.
Warranty is voided if the case is opened.

5. MiniDiSC measures nanopatrticles. If you use it ®asure microparticles
(>~1um) you will get wrong readings. Use the impactorewimeasuring
In environments where you suspect a large numberiabparticles to be
present. For microparticles, good optical particteinters are available
from other companies.

6. At low signal levels, compensate the zero offseisfole your
measurement, and check the zero levels with acpaftiter - or measure
over long periods of time to use the offset coroecteature in the data
analysis tools (offsets are measured once evers) hou
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Overview

The Miniature Diffusion Size Classifier (MiniDiSGy a compact, battery-
powered instrument which measures the number anerage size of
nanoparticles (<~0.5 micron) in air. It storesntsasurements to a memory card
(SD-card), which you can remove and read in your PC

MiniDISC charges the aerosol in a unipolar diffusioharger. The charged

aerosol passes through a diffusion stage consisfistainless steel grids. In the
diffusion stage, particles are deposited by diffuasiThe resulting electrical

current is measured with a sensitive electromdiee remaining particles are

collected in a second stage, the filter stage,ayain, the current is measured.
Small particles have a larger diffusion coefficieamid therefore are more likely
to be collected in the diffusion stage, while largarticles are more likely to

end up in the filter stage. The diffusion stagedmssigned to have 50%

penetration at a particle diameter of 40nm. By canmg the currents in the

filter and the diffusion stage, the average patsike can be determined. The
total current and the particle size are then coethito compute the number of
particles.

Compared to standard instruments like CPC or SM&DISC is different in
the following respects:
¢ miniDiSC is less accurate than a CPC or an SMP®ré&of up to
30% can occur)
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¢ miniDISC is less sensitive than a CPC and typichliyg a lower
detection limit of 500 particles/ccm. The detectikomit can be
improved by averaging data over longer periodsnoé t

& miniDISC offers the same high time resolution asCBC (1
second), much faster than the SMPS (60 seconds)

© miniDISC gives average size information and notyopaérticle
number count like the CPC

& miniDISC is very portable and needs neither opegaliquids nor
radioactive sources.

The miniDISC is therefore quite different than CBRIPS systems, which are
well suited for accurate laboratory measurementdevminiDISC is well suited
for field measurements with lower accuracy requéests.

Unpacking the Instrument

Use the information in the following packing list determine if your delivery is
complete:

- Miniature Diffusion Size Classifier

- Protective Neoprene sleeve for the miniDiSC

- Power supply

- Manual

- CD with software

- SD-Card (in the miniDiSC)

- Particle Filter

- Impactor (on the miniDiSC) and tube fitting as aitgive inlet

If anything is missing or appears to be damagedhgtacd FHNW at
martin.fierz@fhnw.ch
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Controls, Indicators and Connections

miniDiSC

Diffusion Size Classifier

All controls are located on the front panel of NDi5C; connections are on the
left side, and the aerosol inlet at the bottomhefihstrument. Please refer to the
image above for a description of the controls. itts are

1 Power Button (Press to power on; press long{2sitil beep sounds - to
power off)

Menu Button

Recording Button (Press to record, press losy {2intil beep sounds - to
stop recording)

Left and right arrow buttons to select optionsnenus

Display

Status Area

Fuel Gauge

No gk

On the left side of the instrument you will findetlpower connection, USB
connection and the slot for the SD card. Note ttatSD card is inserted "upside
down" (with the contacts visible).
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Aerosol Inlet

The aerosol inlet is located at the bottom of tisérument. The standard aerosol
inlet has a 6mm barb for tubing connection and @iasta coarse wire mesh to
keep coarse dirt and small insects out of theunsint.

Alternatively, use the ~0.@m-cutoff impactor if you suspect high levels of
coarse particles to be present.

Impactor housing with 6 inlet nozzles

Impactor cap; impaction surface is just above the thread
(on the cylindrical surface)

The impactor has to be cleaned regularly after ogen it by removing the cap,
and wipe the smooth surface below the thread ®nstie cap into the impactor
housing. From time to time, the 6 impactor nozzteshe housing should be
cleaned; the easiest way to do this is to usetaasohic bath.
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LCD screen

The LCD screen has 3 main menu screens and 8awyxicreens. Pressing the
Menu button on the front panel for 3 seconds mansadvanced mode, from

which pressing the menu button cycles through theliary screens. Press the
menu button again for 3 seconds to switch backdostandard main screen. The
screens are:

Main Screen

N 1234 pt N OH
Size 56 nm 78%

In the main screen, the current particle numbeiceotration and the average
particle size are displayed, as calculated fromdtiage signals. Note that the
relative accuracy of these numbers depends ondheeatration level. In the
right upper corner 4 status symbols are visiblenersible depending on the
status of the miniDiSC: a lightning bolt for higbltage, a® for flow, a H for
heating and a blinking circle when recording. WineniDiSC is not recording
data, it displays the number 1 in the recordindustgosition. This number
corresponds to the averaging time in seconds ugethd miniDiISC when
recording. On the lower right, the remaining battelarge is displayed. This is
only an approximate value. Pressing the right aipotton @) will lead you to
the raw data screen, Pressing the left arrow buth will lead you to the
surface area screen.

Raw Data Screen

+ 2.5fA N OH
+ 8.9fA 65%

The raw data screen displays the measured curirerfiés on the electrometer
stages; the upper value is the diffusion stage|dihwer value the filter stage.
These values are offset-corrected, i.e. not themeasured values, but rather
(measured value — offset). The offset is 0 inyia(after startup of the
instrument), but cara(id snhould) be compensated for at any time (see below).
Use this screen to diagnose electrometer-relatelllgms, such as excessive
noise or offset problems.

Press the left arrow button to go back to the rsareen

Surface Area Screen

SAlum2/cm3] W~ PH
12.59 65%
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The surface area screen displays a quantity thratbeadescribed as "alveolar
lung-deposited surface area" (A-LDSA). The reaspnitehind this
measurement is the following: According to the ICRIBdel, the deposition
probability of particles in the lung (both for thalveolar and the
tracheobronchial region) is roughly proportionabdtbfor particles smaller than
about 250 nm, where d is the particle diameter. Jimdace area of compact
(non-fractal) particles scales witl’.dRegarding air quality, we should be
interested in what really ends up in the human b@hd not so much what
effectively is in the air). To calculate the sudaarea of the particles that are
deposited in the lung, we have to multiply the klde surface area in the air
with the deposition fraction, i.e’d d* = d'. By coincidence, the diffusion
charging process employed in the miniDISC impartharge on the particles
that is roughly proportional to their diameter, itlee total current measured on
the two miniDiSC stages is approximately propowioto d, and thus also
approximately proportional to the LDSA. During tlwalibration process, a
calibration constant is determined by which the BSA is computed from the
total current signal. The tracheobronchial lungedeted surface area (TB-
LDSA) is approximately 5 times lower than the A-LBS

Note that for larger particles, the relation betwé®SA and total current is no
longer linear - the deposition probability increasgain for larger particles up
to a maximum at a bit more than a micron. The LO®fputed from the total
current is thus a lower bound for the effective IA)8 few larger particles are
present, it is a very good measure of LDSA.

Press the right arrow button to go back to the rmareen

The next screens are only available in the advadispday mode

Charger Screen

4174V 9nA ¥ OH
OFF HIGHVOLT ON

The charger screen informs you of the status o€tiena charger that is used to
impart a positive charge on the aerosol. It displdye high voltage applied to
the corona wire, and the charging current measggressing the left or right
arrow buttons located below the off and on dispyey can turn the charger off
or on. When the charger is turned off, the miniDi§@erates as an aerosol
electrometer if you add up the two stage currents.

Flow Screen

0.99L FLOW ¥ OH:
OFF PUMP ON
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The flow screen informs you of the status of puiiipe flow is displayed on the
upper left hand side. Note that 1.0L correspondkedactory-calibrated flow of
1 liter per minute, but that other flows displaye®@ not accurate. By pressing
the left or right arrow buttons located below thitamd on display, you can turn
the pump off or on.

Heating Screen

32.8° 7.66V A OH
OFF HEATING ON

The heating screen informs you of the status ohtading that is used to control
the temperature of the sensor parts. It displagartbasured temperature in °C,
and the operating voltage of the device. By pressire left or right arrow
buttons located below the off and on display, yan turn the heating off or on.

Offset compensation Screen

OFFSET: -02 +05
AUTO NULLING NOW

The electrometers have zero offsets, i.e. everoifcurrent is flowing, their

reading is not zero. These offsets must be measaneldcompensated for.
Before measuring with your miniDISC, you should aj& compensate the
offsets. The offsets can be compensated with tff@rdnt methods: AUTO

(press the left arrow button) turns off the pumpjts/for 10 seconds, and then
measures the offsets. During this time, miniDiS@igates that it is measuring
the offsets by displaying "Please wait 15s" andnt®wdown until it reaches

zero. When it is done measuring the offsets itduime pump back on. The
NOW method simply uses the currently measured ga{desplayed in the top

line) as zero offsets. Use this method if you agetain that you are in fact
measuring the zero offset, e.g. because you haabswlute filter at the inlet of

the instrument, or because you have turned the mifnpVe recommend the

AUTO method. We also recommend that you place rtisgument on a stable
non-vibrating table during the offset compensation.

MMC averaging Screen

Averaging MMC/SD
<« 1lsec >>

This screen is currently not used.
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Date/Time Screen

You can set the internal clock of the instrumenthis screen. When the screen
appears, the year will be blinking for a few se®rduring this time you can
change the year by pressing the left or right astolvyou do nothing for a
couple of seconds, the year stops blinking and rttwsth indicator starts
blinking, and you can change the month with thewrkeys. This procedure
continues until every value is set. Then the follayscreen appears:

By pressing the right arrow key located below thESYyou will save the
adjusted date and time. Press the menu buttors¢ardi the changes

Miscellaneous Screen

In this menu you can turn the backlight of the igpn or off. Additionally, it
displays an approximate value of the remainingelpattharge.

Statistics Screen

In this screen, the accumulated charge on thesiliffustage is displayed. This
gives an indication when the instrument shoulddeised.
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Using the Memory Card

MiniDISC can save its measurements to an SD caodstart recording, press
the red record button. The miniDiSC will indicalat it is recording by blinking

a recording symbol in the upper right corner ofditgplay. The data file looks as
follows:

nw PERSONAL AEROSOL MONITOR Data written with SW-Ve r3.20
Filename: 0713Q34T.TXT

Averaging Period: 1 sec

Date and Time: 2010.07.13 16:34:58

CalData: G3_025 4.03 30.31 -6.07 1.18 1.1519199.24 0.53

NaCl 2010_06_29
4.03 30.31 -6.07 1.18 1.15 19199. 24

0.53

Offsets:  0.12 4.22

Sampled: 1886pC C: 27 w: 30

Time  Diffusion Filter Temp Idiff Ucor Flow Batt St atus
0 9.52 26.67 30.2 990 352 1.00 8.21 8B
1 9.66 26.33 30.2 9.91 3.52 1.00 8.22 8B
2 9.36 26.47 302 989 352 100 821 8B
3 945 26.62 30.2 983 352 100 822 8B
4 9.34 26.77 30.2 9.84 352 1.00 8.21 8B
5 8.92 26.27 30.2 9.89 3.52 1.00 8.21 8B
6 9.74 26.19 30.2 990 3.52 1.00 8.22 8B
7 9.23 26.71 30.2 990 352 100 821 8B
8 9.33 26.47 30.2 988 352 100 821 8B
9 948 26.29 30.2 990 352 1.00 8.21 8B
10 9.45 26.08 30.2 990 3.52 1.00 8.21 8B
11 9.66 26.80 30.2 990 352 100 821 8B
12 9.70 26.86 302 994 352 100 821 8B
13 9.34 26.40 30.2 9.89 352 1.00 8.21 8B
14 9.50 26.20 30.2 9.89 352 1.00 8.21 8B
15 9.74 26.99 30.2 990 352 100 821 8B
16 9.72 26.66 30.2 990 352 100 821 8B

The file header contains information on the firmavaersion, the filename, the
averaging period, the start date and time, calitmadata and zero offsets. After
the header, the data follow in a tab-delimited fatnThe columns are time (in
seconds), Diffusion stage signal (in fA), filteagé signal (in fA), temperature
(in °C), charging current (in nA), high voltage iK), flow (in Ipm) and battery
voltage (in V) respectively.

Tab-delimited text files can easily be importediatl common data processing
programs. We strongly recommend that you use tmen8C offline software
program or the Excel Add-in (see separate manoalhése tools).
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Checking the Instrument

After unpacking the instrument, you should checkethukr the instrument is
working properly. To do this, turn on the instrurhand use the LCD to verify
the proper operation. The LCD screen displays @artiumber and size, and
you can now verify the proper operation of thermmstent.

When you turn on the instrument, it will warm upr f& minutes. After this
interval, it will automatically measure the zerdsets and start its pump.

When it is cold, the 5-minute warmup interval wibt be enough, and you
should let the instrument warm up longer to reashable temperature, and then
compensate the zero offsets manually.

Check that the instrument is producing sensiblalt®sTypical indoor aerosol
concentrations are a few 1000 pt/ccm and typicdban aerosol has an average
diameter of 50-100nm. Press the mode button onewitch to the raw data
screen. You will see the current on each of thgestda few fA). These currents
should be reasonably stable.

Go to the pump screen, and turn the pump off and gau will hear whether
this is working. When the pump is turned off, gothe raw data screen, and
verify that all stage signals are very close to,GfA. that their absolute values
are all smaller than 2fA. To verify proper functiog of the pump and that the
instrument is sealing, plug the inlet with a finder a second or two - the pump
should increase its speed audibly. If this is thee¢ the instrument should be
working properly.

Measuring with MiniDiSC

Basic operation

MiniDiSC is a simple instrument which gives averggeticle size and particle
number information with a time resolution of abdutsecond. It is not a
precision instrument: Compared to CPC and SMPS uneaxents, deviations of
up to 30% can occur; in particular, if you haveaanosol with a very wide size
distribution, the errors will be even larger. IncBucases, MiniDISC will
overestimate the particle diameter and underegtirtieg particle number. For
typical urban aerosol, the errors are usually <~30%

When making a measurement with MiniDiSC, you shquitsteed as follows:

e Turn on MiniDISC about 15 minutes before the measient. The stages
are heated, and the temperature change causeleth®meter offsets to
drift slightly (by a few fA). Therefore, you shoulthly start measuring
after the instrument has warmed up, and calibtaezero offsets before
you start the measurement. The instrument has agtenwarm-up time
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and measures the zero offsets after this inteasad, compensates for
them. Nevertheless, it is good practice to leaeeitistrument running a
bit longer, and to check the zero offsets befameasurement.

 When you start the measurement, and also afterfipigeh, connect a
particle filter to the aerosol inlet to verify th#éhhe zero offsets are
corrected for properly, i.e. that the stage sigaatsindeed very close to O
(at most about 2fA off).

Make sure that you avoid condensing conditionsinside the instrument at all
times. The operation of the electrometers depends orilertesulation, which
IS no longer guaranteed if the insulators are humid

Automatic Offset Measurement

All electrometer-based instruments are subject lect@meter noise and
electrometer offset. The noise of an electromederke measured by supplying
it with a stable (zero) signal, e.g. by turning thi¢ pump in the miniDiSC, or by
connecting a HEPA filter to the instrument inletat® can then be recorded at
one-second intervals; the standard deviation of thme series is the
electrometer noise. For the miniDiSC, this noisgypscally about 0.2 fA. Note
that the noise depends on the averaging time atsl ggealler with longer
averaging intervals.

The electrometer offset drifts with temperatured aan also drift if the insulator
Is dirty or humid. To verify proper instrument opeon and to compensate for
small drifts, miniDISC automatically turns off ifump once an hour for one
minute and continues recording data. MiniDISC doedg use this data
immediately (having a file with multiple differeaero offsets seems like a bad
idea to us); instead, the offline miniDISC softwdr&xcel add-in detects the
intervals where the pump was turned off and usesv#tiues recorded there to
correct zero offset drifts.
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Troublesh

ooting

Problem

Solution

High voltage

The charger is regulated to produce a constanigilifii curren

[

D

in charger not at the electrode opposite of the corona wire. & tharger is
present, exposed to too much coarse dirt, small conductikepdrticles
although it is can produce a short circuit between the electrode the
turned on. charger housing. In this case, miniDISC will measarlarge
diffusion current through the short circuit, andukate the
Corona voltage to 0V.
The firmware detects this error and report “dirt
counterelectrode”
The charger is not user-serviceable. Please coRtalsi\V for
service.
Noise levels If you run the instrument with a particle filter éue inlet, ang
too high measure the RMS noise of the electrometers, th&erghould

be <~0.5fA (To compute this number, save 1-secatd tb the
memory card for 10 minutes and then calculate thadsrd
deviation of the sample). If this noise is largben something
Is not working properly. Most often, electrometerise is the
result of contaminated insulators. You can tryun miniDiSC
with filtered and dried air for several hours tonve a wate
film on the insulators, which can form at high Réhditions.

Zero offsets
too far away
from O

Large / unstable zero offsets are also a sign dotasninatec
insulators. Again, run miniDiSC for several hournshwfiltered
and dried air and see whether this solves the @neblf the
problem persists, contact FHNW for support.

Readings
differ clearly
from  other
Instruments
(such as CP(

If the number and concentration readings of minDi&re
Inconsistent with standard instruments such as GPSEMPS,
return the instrument to FHNW for a recalibratidn. this
context, “inconsistent” means that the readingsmiDiSC are
Cmore than 50% different than those of a CPC orMRS.

/ SMPS)

14/16

on



miniDiSC instruction manual

Known Issues
This section lists all known issues with miniDiSC.
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Due to the measurement principle of miniDISC, th&rument can
produce wrong results if the incoming aerosol ghhy positively

charged: if particles carry a higher positive cleatigan that which
they would get in the miniDiISC charger, the current the

electrometer stages will be higher than expected, miniDiSC

will report a higher concentration than what idlyethere.

Very small particles (<20nm) are affected by trexeic field in the

jon trap. The miniDiSC calibration curve neglectsstloss of

particles. For particles <20nm, miniDISC will in rgal

underestimate the particle number (this is sintitathe lower size
limit cutoff seen in CPCs). Particles smaller tladwout 6 nm cannot
be detected by the instrument.

The instrument is calibrated for a size distribatwith a given

shape (lognormal with a geometric standard dewabibl.9). For

narrower size distributions, miniDISC will overestte the particle
diameter and underestimate particle number. Folad®o size
distributions, miniDISC will underestimate particteameter and
overestimate particle number.
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Appendix A: Specifications

Particle size:

Particle concentration:

Accuracy:

Flow rate:

Operating conditions:

Time resolution:
Dimensions:
Weight:

Power requirements:

Battery lifetime:

Pump:
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10...300nm

Detectable particle coneioins depend on particle
size and averaging time. Typical values are given
below.
20nm: 2E3....1E6 pt/ccm
100nm: 5E2...5E5 pt/ccm

+30% in size and number typical; +5E2/cabsolute
in number.

1.0 L/min +- 0.1 L/min

Pressure 600...1100 mbar
Temperature 10...30°C

1 second
12x8x4.5cm
0.7 kg

The AC/DC power adapter is atiioje with the any
100-120 volt or 200-240 volt 50/60 Hz AC wall outle

8 hours typical; varies with aiabt temperature.

The pump (G6/01-K-LCL) will only reach the peint
flow for low underpressures. You should not exceed
20mbar underpressure.

Flow Curves




