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MAINTENANCE SUMMARY

The Aethalometer needs to be maintained regularly through instrument performance checks and
calibrations. These maintenance tasks will help ensure that the instrumentis running properly and
output data are notbeing affected by instrument malfunction. The table below presents alist of
maintenance tasks, as well as how often each check should be done. In the following sections, each
maintenance checkis described in detail.

Maintenance Check Frequency of Check
Checkinstrument status — make sure there is a green checkmark Daily
Check percentage of filtertape left (Installnew filter tape roll if needed) Daily
(less often at SPO)
Inspect sample line tubing for kinks and bends Monthly
Inspectand cleaninsectscreen Monthly
Verify time and date (correctif necessary) Monthly
Delete files from compact flash card Monthly
Inspect optical chamber (cleanif necessary) Biannually
Flow check (flow verification, flowcalibration) Biannually
Cleanairtest Biannually
Stability test Biannually
Leakage test Biannually
Inletleakage test Biannually
Overnightfiltered airtest Annually
Tape sensorcalibration Annually
Neutral density filtertest? Annually
Lubricate optical chambersliders Annually
Check bypass cartridge filter (change if necessary) Annually

1Currently we don’t have Neutral Density filters so this test cannot be performed.




Check instrument status

Each day, site personnelshouldlook atthe front panel of the instrumentto check the status. The lights
on the front of the instrument and the screen saver will give afirstinitial indication of instrument status-
the greenlight or flashing green light willmean the instrumentis running without any issues, ayellow
light will mean thatthe instrumentis measuring, but some issue may needto be addressed, andared
light will mean that the instrumentis not measuringand some maintenance and/or troubleshooting
procedures are necessary to getthe instrumentfunctioningagain. If the instrumentis pluggedinand on,
but the screenisblack, thenitislikelythatafuse needsto be replaced (check the Fuse Replacement
sectionformore details). Additionally, the user should check to make sure the AE33 instrumentis
communicating with the data acquisition system. To check communications, openthe AE33 module on
CPDclient (the blue screen onthe aerosol system laptop). If the AE33 is not communicating there will be
flashing red text saying ‘NO COMMS’ in the AE33 CPDwindow.

Install new tape filter roll

A new tape filterroll must be installed as needed. The tape sensors onthe instrument can detect how
much tape isleft on the un-roll and roll-on spools, but this can also be gauged by eye if the un-roll spool
(leftspool) isalmost out of filter tape. When nearly all of the spots on the tape filter have been used,
the instrument will notify the user with adecimal status flag of 128 or 256 on the HOME screen, which
indicatesthatlessthan 30 spots or 5 spots remain, respectively. Toinstall anew tape roll, AE33
measurements must be stopped by pressing the Stop buttonin the OPERATION menu under the
GENERAL tab. Then, inthe OPERATION menu underthe ADVANCED tab, press Changetape, and follow
theinstructions on the screen. The screen will notify the user when the chamberhas been lifted, and
then will prompt the userto change the tape. The tape is changed by first removing the transparent
plasticcoverfrom the fronts of both the un-roll and roll-on spools, then removing the old tape roll (see
Figure 1). The freshroll of tape can be placed onthe left spool (the un-roll spool), with the loose end
comingup overtheroll and to the left (i.e., counter-clockwise). Then, the loose end of the tape roll is
taped ontothe cardboard spool that goes on the right, roll-on side, with the loose end going under the
spool and then around on the right hand side of the spool (i.e., counter-clockwise). After both spools are
replaced, make sure that the tape is fed beneath both the leftand right tension posts, and repositioned
beneath the optical chamberasshown in Figure 1. Replace the transparent plastic coversforboth sides,
and screw on firmly. The left spool (the un-rollspool)should roll freely. The right spool (roll-on spool)
should not move. Close the doorand press OK on the screen. The chamberwill return toitsinitial
position, andthen the screen will say the tape change is finished. Press OK on the screen againto
acknowledge the message.
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Fgure 1. Components of AE33 used when changing the filter tape roll

IMPORTANT: Make note of the type of new filtertape installed. The AE33instrumentis programmed to
handle Pallflex Teflon-coated glass fiber filter (TFE) tape, measuring 30mm wide by 30 feetlong. Thisis
differentfromfiltertape usedinthe legacy Aethalometer models, and the two filtertape types should

not be interchanged!

In addition, itisimportanttorecord the type of tape installed in the instrument, particularly because
this might affect how the data are processed and corrected after collection. Magee Aethalometer part
no. 8020 tape was most commonly used priorto 2020, and more recently Magee Aethalometer part no.
8060 tapeis recommended instead. Please record the model number of the tape inthe message log
whenreplacing. Itisalsoimportanttorun a leakage test on the new tape to see if the leakage factor ‘2’
has changed —see section on Leakage Tests. Do not change the ‘C’ parameterfromthe set 1.57 value.

Inspect sample line tubing

On a monthly basis, checkintegrity of sampleline tubing. Inspect to make sure the tubingis still
connectedfirmlytotheinletand outlet ports. Ensure that the tubingis conductive and there are no
kinks or unintended bendsin the line. Check for wear or cracking in tubing, and replace if needed. If
tubingreplacementis needed be sure to stop the measurement by pressing the Stop buttoninthe
OPERATION menu underthe GENERALtab. If the inside of the tubing looks dirty, the tubing can be
cleaned by disconnecting from the sampling system, rinsing the insides with ethanol, drying thoroughly,
and reconnectingto the instrument.



Inspect and clean insect screen

On a monthly basis, inspect the Aethalometer’sinsect screen (if oneisinstalled on the system). Once
instrument measurements are stopped, the bugtrap can be inspected by disassembling, checking for
any trapped bugs, debris, or water, cleaningif necessary, and replacing. The screen can be cleaned with
ethanol and a wipe, though care should be taken to ensure the insectscreenis dried thoroughly before
beingreturnedtoits normal operating position. Rememberthatif wateringressis possible atthe site,
the bug screen should be mounted horizontally in the sampling manifold.

Verify time and date

Every month, check the time and date in the OPERATIONS menu underthe GENERALtab (see Figure 2).
Thisis necessaryin case data need to be manually downloaded from the instrumentand aligned with
data logged by the data acquisition system. The time should be consistent with current UTC time, which
will likely differfromthe local station time. If the date and time differ from UTC by more than 1 minute,
thensetthe correct UTC time and date inthe OPERATIONS menu underthe GENERALtab. Alternatively,
the date and time can be set by sendinga command through the serial port
(SAE33:TyyyyMMddHHmMmss, where yyyy is year, MM is month, dd is day, HH is hour (24), mm is min
and ss issecond). Ensuring that the date settings are accurate is importantin case data needto be
downloaded directly from the instrument as asupplementto datalogged on the data acquisition

system.

HOME | OPERATION | DATA ABOUT

. GENERAL ADVANCED LOG MANUAL

TimeB 1 B P e

imeBase s S
Flow s B LPM Bty

Flow Rep. Std.

‘ : :V 4 M l . 1
© TA ATNmax Stability Clean air 1
O TA INT h =
O TA Time Oct 30 2014 04:56:33) [ (SRS

Oct 29 2014 16:57:54| O DST

[(GMT) Coordinated Universal Time i

Fgure 2. Verify time and date in the OPERATIONS menu under the GENERAL tab

When verifyingthe date and time settings onthe AE33, it isalso advisable to check to make sure that
the timebase setting matches the actual timebase at which the dataare reported. Thiscan be done a



fewways: (1) Check and see if the TimeBase settinginthe OPERATION menu underthe GENERALtab
matchesthe timebase reported on the HOME screen, (2) Watch the instrument-reported readings on
the HOME screen and see if they match the TimeBase settinginthe OPERATION menu underthe
GENERAL tab (itiseasyto tell if the BC readings change every second on the HOME screen, orif they
change every minute), or (3) Download and look at a raw data file from the instrument (under DATA
menu and EXPORT tab) to seeif the time step increments align with the timebase setting.

Delete data from compact flash card

The Aethalometeris supposed to overwrite old dataonits CF card whenthe card is full. However, there
have beeninstancesinthe pastwhen the card fills up despite the intended functionality. If the card fills
up, the data needto be deleted, which can be accomplished viatwo different methods. The preferred
methodisto delete the dataviathe instrument menuonthe ‘Data’ tab. Wait an hour or so to make sure
the instrumentregisters that the data have been deleted. If the instrument does not recognize the free
space, shutdown the instrument, remove the CF card (found in the rear, upperright, behind a cooling
grill), and remount the CF card. Upon restarting, the instrument should recognize the free space. If the
primary method does not work, you can shutdown the instrument, removethe card (foundintherear,
upperright, behind acoolinggrill), and delete datafiles manually from a computer. In order to avoid
data loss, itis advised to proactively delete the data on the CF card every 3-6 months. When data from
the CF card are deleted, please note thisinthe log.

Inspect optical chamber

Inspection of the optical chambershould be done twice annually as regular maintenance. The optical
chambershould also be inspected if data are uncharacteristicallynoisy. Inspecting the optical chamber
will ensure thatthere is no dust or fuzzy particles that may be interfering between the light beam and

detectors.

To inspectthe optical chamber, the optical insertitself must be disassembled fromthe instrument. First,
record a message in the message log stating the procedure, then stop the AE33 measurements by
pressing the Stop buttonin the OPERATION menu underthe GENERALtab. Next, the optical chamber
must be raised up off the filtertape. This can be done by manually squeezing firmly together the top and
bottom of the optical chamberso that it moves upwards onits sliders (Figure 3), and locking the
chamberin the up position by pushingin the metal latch (Figure 4). Once the optical chamberislifted, it
isadvisable, but not mandatory, toremove the filter tape from beneath the optical chamberto keep it
out of the way and preventitfrom getting dirty ortorn. To do so, unscrew the plasticcoverfromthe
roll-on tape spool, remove the tape spool, and slide the tape out from underneath the optical chamber.
Thefiltertape roll can be placed to the side out of the way.
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Figure 3. Squeeze the top and bottom of optical chamber once measurements are stopped to lift the optical
chamber
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Fgure 4. Push in metal latch to keep optical chamber locked in lifted position

Once the optical chamberis lifted and latched, the optical insert can be removed from the bottom of the
optical chamber. Inits locked position, the whiteline on the bottom of the optical chamberisaligned
withthe white line onthe front of the top of the optical chamber (see Figure 5). With the button onthe
front of the chamber pushedin (Figure 6indicates location of button), the bottom of the chambercan
be turned clockwise until the whiteline onthe bottom of the chamberaligns with the white line on the
leftside of the top of the chamber (see Figure 6and Figure 7). At this point, the optical insert will be



loose and can be removed from the optical chamber by gently pulling straight down, then out towards
the user.
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Figure 5. When the white lines on the optical chamber are aligned, the chamberis in locked position. Note
that the optical chamber here is NOT yet lifted.
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Figure 6. Push up button on front of optical chamber to unlock, then twist bottom bayonet clockwise to
loosen



White lines

alignedin-
unlocked
position |

Fgure 7. When white lines are aligned on the left, the bottom bayonet is loose and can be removed carefully

Inspect both sides of the optical insertforany dust, debris or grime (see Figure 8). If there is anything
presentthat might be interfering with the light source or passage of light through the optical chamber, it
should be removed. If necessary, the optical chamberandinsertcan be wiped cleanwith ethanoland a
Kimwipe™. Additionally, inspect the area below the optical chamberthatis usually beneath the filter
tape —remove anydirtor debris.

Fgure 8. Inspect optical chamber for dust or debris

To replace the optical chamberafterinspection, reversethe previous steps: align the white line on the
optical insert with the leftmost white line on the optical chamber, then twist counterclockwise untilthe
white line on the bottom piece isaligned with the white line on the front of the optical chamberand the
button on front ‘clicks’ back into place.

The filtertape roll can now be replaced toits normal operating position. The optical chambercan be

manually returned toits home position by unlocking the top latch, and supporting the chamber while it
lowers. Instrument measurements can now be restarted.
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Flow checks

Flow checks consist of a flow verification procedure, followed by a flow calibration if necessary, and can
be done manually with any suitable flowmeteron site, as well as amanufacturer-supplied flow

calibration pad.

Flow Verification

The flow verification procedure is done to ensure instrument-reported flow aligns with the true flow, as
measured by a flow calibrator. If the flow verification results show adiscrepancy ininstrument reported
flow and true flow thatis greaterthan ~5%, flow calibration may be necessary. Flow verification should

be performed every 6months.

To begin flow verification, first stop the instrument measurements (press Stop inthe OPERATIONS menu
inthe GENERAL tab), then go to the OPERATIONS menuinthe GENERALtab and press Verify flow (see

Figure9).
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Fgure 9. To begin flow verification, stop measurements and press verify flow in the OPERATION menu under
the GENERAL tab

The next screen asks if automatic or manual flow verification willbe performed. Since automaticflow
verification requires a specificflow calibrator (not available at NOAA stations) that may not be available
at all monitoringstations, itis recommended to continue with manual flow verification. This document
only describes the manual flow verification method. More information on the automaticflow
verification method is available through the manufacturer’s user’s guide. Select MANUAL (Figure 10).
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Figure 10. Select manual flow verification

The instrument will promptthe usertoinsertthe calibration pad, and will also provide the optionto
‘Skip’ thisstepif the calibration padisalreadyinplace (i.e., Figure 11). If the calibration pad hasyetto
be placed, wait until the instrument has lifted the optical chamber, and then remove the screw and
transparent coverfromthe right hand (roll-on) tape roll. Also remove the right hand (roll-on) tape roll
fromits postand gently pull the tape out from underthe optical chamber. The left-hand (un-roll) tape
can remaininits place, and the right-hand (roll-on) tape can be set aside out of the way of the optical
chamber. With the optical chamberlifted and the tape removed, insert the calibration pad with the

notch facing the user, as showninthe photosin Figure 12 and Figure 13. Press OK on the screen. The
optical chamberwill return tothe home position.

AE33-502-00225
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Fgure 11. The instrument will prompt the userto insert the calibration pad
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Fgure 13. Calibration pad inserted beneath lifted optical chamber

Once the calibration padis in place, press OK. The screen will prompt the userto wait forthe chamber
to move back to its home position, asseen in Figure 14.

FLOW VERIFICATION PROCEDURE

Wait for chamber to move to home position.

Hgure 14. This screenprompts the user to wait to proceed until the chamber has returned to its home
position
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Now the flow calibration metercan be connected tothe inlet of the instrument, as prompted. If the
Aethalometeris sampling from a manifold with otherinstruments connected toit, once the AE33 is
disconnected the AE33 connection port onthe manifold needs to be plugged so noair fromthe
laboratory enters the aerosol system manifold and affects the otherinstruments during the stability
test. Once the meteris connected, press OK. The instrument screen will prompt the usertoenter
temperature, pressure, and flow rate measured by the external flowmeter (Figure 15). IMPORTANT:
The flow meter reporting temperature and pressure settings need to be noted correctly — the
aethalometer software will ask you for them. The flow meter might report at standard conditions orat
ambient conditions butregardless, in addition to a flow rate value, the flow meteralso needstoreport
(or itmust be known) at what temperature and pressure the flow was reported. The flow meter settings
for reportingtemperatureand pressure are allowed to be differentfrom the instrument temperature
and pressure settings, because the instrument willadjust forthis. However, this requires proper
reporting of the flow metertemperatureand pressure reporting values during the flow verification
process. Note Figure 15B where the aethalometerasks you to inputthe T and P of the flow
measurement device. These values are not necessarilyambientT and P, depending onthe
sophistication of the flow measurementdevice.

To input flow metertemperature, press the blank temperature box and anumber pad will pop up where
temperature can be enteredin Celsius. Press OK. Toinput flow meter pressure, press the blank pressure
box and a number pad will pop up where pressure can be enteredin Pa. Press OK. To input the flow
readingfromthe flow meter, pressthe blank flow box and anumber pad will pop up where flow can be
enteredinmlpm. Itisrecommendedthatatleasta triplicate reading be taken from the flow calibration
meterbefore inputtingthe flow valueintothe instrument to ensure an accurate reading. IMPORTANT:
The external flow meterreading must be inputas milliliters per minute (mlpm). After flow meter
temperature, pressure, and flow are entered, press OK. The instrument will repeat this prompt 3times
(once fora low flow reading, once foranintermediate flow readingand once fora high flow reading (the
instrument sets flow levels for each reading automatically)).

14
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Figure 15. How verification procedure
IMPORTANT: When the flow verification procedure is finished, the flow calibration pad must be
removed, the filter tape roll replaced to its normal operating position and the optical chamber
returned to its home position.

When the procedure isfinished, atable will appear with temperature, pressure, and flow values (Fin, F1
and Fc). Finis the flow from the external flow meter usedin the verification, Fcis the ‘combined’ (or
‘total’) flow, and Fl1is the flow through Spot 1. The air flow is controlled by solenoid vales and during
the flow verification test can be routed so that the entire inlet stream goes first through F1and then
through Fc. In this configuration, itis possibleto calibrate both flow sensors simultaneously. If reported
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flows differ by more than 5% nearthe instrument’s normal operating flow rate range, then the
instrument’sinternal flow meters need to be calibrated, and the flow calibration procedure (outlinedin
the nextsection) should be completed. If, forexample, the measured flows differ by 10% at the low flow
and only 1% at the high flow (which s closestto the normal operating flow rate of 5 lpm), thenthe user
might decide thata flow calibrationis not necessary. Flow calibration procedures should be avoided
when possible, since itdoesintroduce room for operatorerror. An example of aflow verification test

reportis below:

Manual flow verification report:
02 Oct2014 14:41:54

External flowmeter measurement:

P T Fin

101325 25 886
101325 25 3000
101325 25 5000

Flow verificationresults:

Flow reporting standard: AMCA 101325 Pa 21.11 °C
Fin F1 (%) Fc (%)

874 851 (97) 865 (99)

2961 2921  (99) 2933  (99)

4935 4880 (99) 4880  (99)

All results from flow verification tests are stored in the instrument’s history and can be downloaded
with the data by checkingthe box that says ‘Copy Flow verification result’ before pressing ‘ExportToUSB’
inthe DATA menuunderthe EXPORT tab.

HOME OPERATION DATA ABOUT

TABLE EXPORT \

Free space: 157 day(s) left

¥ Delete Oldest If Full
1 Delete after copy

From: Jul 31 2014| To: Oct 29 2014

~ Copy LOG

~ Copy ND test results

~ Copy Flow verification result
xportToUSB

Figure 16. How verification results can be downloaded with data onto a USB stick

DeleteCFdata
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Flow Calibration

It isimportantto note that the flow calibration procedure should not necessarily be performedon a
regularbasis, ratherit should only be done when needed. Aflow calibrationis only necessary if flow
verification results show that the instrument-reported flow differs from true flow by greaterthan 5%.

First, make a note in the CPD message logthat the calibrationis beingdone. To begin flow calibration,
the instrument operation must first be stopped —go to the OPERATIONS menu underthe GENERALtab
and press Stop. Then, underthe ADVANCED tab click FlowCal. Press MANUALto start manual flow
meter calibration and waitforthe chamberto lift. Once the chamberis lifted, the filter tape can be
removed (unscrew the transparent coveron the rightroll-onfiltertape side, then slidethe tape out
fromunderthe optical chamber). Insertthe calibration pad (see Figures 12and 13), with the notch
facing towards the user. With the calibration padin place, press OK on the screen and wait forthe
chamberto move back to its home position.

IMPORTANT: The flow meter reporting temperature and pressure settings need to be noted correctly.
The flow meter mightreport at standard conditions orat ambient conditions but regardless, in addition
to a flow rate value, the flow meteralso needs toreport (orit must be known) at what temperature and
pressure the flow was reported. The flow meter settings for reporting temperature and pressure are
allowedto be differentfrom the instrument temperature and pressure settings, because the instrument
will adjust forthis. However, this requires proper reporting of the flow metertemperature and pressure
reporting values duringthe flow verification process.

Connectthe flow metertothe Aethalometerinlet, making sure the orientationis correct (i.e., the flow
meterissetup to measure vacuum), and press OK. If the Aethalometeris sampling from a manifold with
otherinstruments connected toit, once the AE33 is disconnected the AE33 connection portonthe
manifold needs to be plugged sonoair from the laboratory enters the aerosol system manifold and
affectsthe otherinstruments during the stability test. Itisrecommended that atleast a triplicate
reading be taken from the flow calibration meterbeforeinputting the flowvalue into the instrument to
ensure an accurate reading. To input flow metertemperature, press the blank temperature boxanda
number pad will pop up where temperature can be enteredin Celsius. Press OK. Toinput flow meter
pressure, press the blank pressure box and anumber pad will pop up where pressure can be enteredin
Pa. Press OK. To input the flow reading from the flow meter, press the blank flow box and anumber pad
will pop up where flow can be entered in mlpm. IMPORTANT: The external flow meter reading must be
input as milliliters per minute (mlpm). After flow metertemperature, pressure, and flow are entered,
press OK. The instrument will repeat this prompt 3times (once fora low flow reading, once foran
intermediate flowreadingand once fora high flow reading (the instrument sets flowlevels for each
reading automatically)).
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When done, the chamber will lift, and the calibration pad can be removed and the filtertape reinserted
and tightened. Press OKand waitfor the chamberto return back to its home position. The AE33
instrumentthen automatically calibrates the instrument based on the userinput flow information. The
flow metercan be removed and the instrument restored to normal operating conditions.

IMPORTANT: Each time after a flow calibration procedure is completed, it should be followed by a
flow verification procedure. The new flow verification results should be better than they were before
the calibration. If flow verification results are still poor (flows differ by more than ~5%), then the flow
calibration procedure should be repeated.

Clean air test

A manual clean airtest should be performed every 6 months. The clean air test runs filtered air through
the instrumentto check the instrumentnoise, in orderto checkif the background measurements
remain low and consistent with previous clean air checks. Abad cleanairtestresult couldindicate a
dirty optical chamberor issues with temperature changesinthe room.

Put a message inthe CPD message logsayinga cleanair testisbeingdone. To beginthe cleanairtest, go
to the OPERATIONS menu under the GENERALtab and press Stop to stop measurements and then press
Clean Air to start the clean air test (Figure 17). The test will run for 20 minutesat5 Ipmand 1 s time
resolution. Throughout the duration of the test, the instrument decimal status will be set at 2048 on the
HOME screen.
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Figure 17. Start a clean air test by stopping measurements and pressing Clean Air in the OPERATIONS menu
under the GENERAL tab

Results fromthe clean airtest will appear automatically, and should show BC concentration values close
to zero. A shorttransientin BC may be observed due tofilter compression at the start of the sample.
The pointto point BC value (PPBC) is calculated as an average absolute difference between two
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consecutive BC concentration measurements. The results should be less than 450 ng/m”3 forspotl,
channel 6 (i.e., PPBC61). If the clean airtest yields values higher than desired, the optical chamber
should be inspected and cleaned. Persistently high clean air tests may mean the instrument needs to be
serviced. Anexample of aclean air testreportisbelow. Inthisexample the PPBC61is385 ng/mA3
whichislessthan 450 ng/m”3 so the cleanair testis good.

Cleanairtest report.
Serial number: AE33-502-00232

Date andtime: 02 Dec 2014 11:46:03
Duration:00:20:00, Timebase: 1 sec, Flow: 0 mipm

Average BC PPBC  (ng/m3)

Spotl  Spot2 Spotl  Spot2
Chl 92 160 193 398
Ch2 38 76 255 592
Ch3 37 89 268 600
Cha 46 128 307 672
Ch5 47 108 308 668
Ché 24 94 385 848
Ch7 32 107 437 916

Result of cleanair testis acceptable.

Stability test

The stability test should be performed every 6 months, and is used to checkif the light source and light
detectorare functioning properly. A bad stability test result could indicate adirty optical chamberor
faulty instrument electronics.

The pump should be off and there should be no flow through the instrument when completing the
stability test, which allows the usertolook at noise from the electronics within the instrument. Toturn
the pump off: go to the OPERATIONS menu underthe GENERALtab and press Stop. Disconnectthe
AE33 inlettubingtoisolate the instrumentfromitsinletline. If the Aethalometeris samplingfroma
manifold with otherinstruments connected toit, once the AE33 is disconnected the AE33 connection
port on the manifold needsto be plugged so no air from the laboratory enters the aerosol system
manifold and affects the otherinstruments during the stability test. Putamessage inthe CPD message
log saying a stability testis being done. To start the test, gothe OPERATIONS menu underthe GENERAL
tab, and then press Stability (Figure 18). The instrument decimal status willbe 1024 duringthe stability
test. The test will runfor 20 minutesat1 s time resolution. BCvalues willbe computed duringthe test
assuminga 5 Ipm flow rate.
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FHgure 18. Perform a stability test by stopping measurements and pressing Stability in the OPERATION menu
under the GENERAL tab

The results will appearonthe instrument screen automatically, and should show BC concentration
values close to zero. The pointto point BC value (PPBC) is calculated as an average absolute difference
between two consecutive BC concentration measurements, justlikeinthe clean airtest. The result
should be indicate PPBC61 < 450ng/mA3. If results from the stability test are too high, contact the
manufacturerregarding how to address the large noise from the instrument electronics. An example of
a stability testreportis below.

Stability test report.

Serialnumber: AE33-S02-00232

Date andtime: 02 Dec 2014 11:46:03
Duration:00:20:00, Timebase: 1 sec, Flow: 0 mlpm

Average BC PPBC  (ng/m3)

Spotl  Spot2 Spotl  Spot2
Chl -13 4 361 645
Ch2 -5 -3 357 934
Ch3 -3 8 365 899
Ch4 0 16 348 956
Ch5 -2 11 369 1023
Ché -23 -29 402 1118
Ch7 -16 -24 473 1230

Result of stability testis acceptable.
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Leakage tests

The leakage test should be performed every 6 months, since the leakage factoris part of the
instrument’s algorithm to calculate BC concentrations. The leakage test checks that the flow goinginto
the instrumentisthe same as the flow being exhausted from the instrument outlet. The leakage must
be measured while the instrumentis running, and average leakage values forflow rates around 5lpm
are 7%. A mass flow meter withisneeded to completethe leakagetest. If using avolumetricflow meter,
the difference inair temperature and pressure must be accounted forusingthe ideal gaslaw. Ifyou get
a high leakage value (>10%) please lubricate the optical chamber slides (see page 26) and try again.

The leakage testis different for AE33 instruments running on software versions 1.1.4.5 or older
comparedto version 1.1.4.6 and newer. You can check what software versionis runningin the
OPERATION menu underthe ADVANCED tab (Figure 19).

FHgure 19. Pink box indicates location of software version information

Leakage test: Software version 1.1.4.5 and older

To start the test, put a message inthe logsaying a leakage testis being done, stop instrument
measurements (go to the OPERATIONS menu underthe GENERALtab and press Stop). If the
Aethalometeris sampling from a manifold with otherinstruments connectedtoit, once the AE33 is
disconnected the AE33 connection port on the manifold needs to be plugged so no air fromthe
laboratory enters the aerosol system manifold and affects the otherinstruments during the stability
test. Connectthe flow metertotheinlet of the Aethalometer, and resume instrument measurements.
Note that the flow meterwill be measuring vacuum flow onthe inlet and pressure flow onthe outlet so
be sure to hook itup properly. Once the flow has stabilized (as indicated by amore or less consistent
flow reading on the meter), record the flow reading as Fin, making sure that the flow is measuring at
standard flow and the standard flow settings match that of the aethalometer standard flow (pressure
and temperature) settings. REMEMBER: Nevertamper with the AE33 instrumentinlet while the AE33
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is on and measuring. The user must stop AE33 measurements before disconnectinginlettubingand
reconnecting aflow meter. Connectthe flow metertothe outlet of the Aethalometerwithalong~10m

tube to helpreduce oscillation, and record the flow reading as Fout. The leakage factor can be calculated
with the equation: T = 1- (Fin/Fout).

The leakage factorshould be calculated and reported in the log. Most importantly, if the leakage factor
has changed fromthe previous leakage test, it needs to be changedinthe instrument settings. Leakage
factor can be set inthe OPERATIONS menu underthe ADVANCED tab. The leakage factoris represented
by a ‘Z’ inthe instrument menu, andis found nearthe middle of the screen on the left side of the
ADVANCED tab. Always double check parameters like leakage factors before changing the instrument

settings.

Leakage test: Software version 1.1.4.6 and newer

Starting with the AE33 software version 1.1.4.6, a simplerleakage test wasimplemented. The test can
be done manually with a single mass flow meteronssite, and the manufacturer-supplied flow calibration
pad. The leakage test checks that the flow goingintothe instrumentisthe same as the flow being
measuredinthe instrument’s flow meters. REMEMBER: Never tamper with the AE33 instrumentinlet
while the AE33 is on and measuring. Stop instrument measurements.

To start the test, go the OPERATIONS menu underthe GENERALtab, and press STOP. Then, press
Leakagetest. The instrument asks whetherto conduct an automatictest or a manual one, choose
MANUAL. The instrument willaskif a filterisinstalled (‘afilter’ means the normal filter tape). Assuming
that thefiltertapeisin place, continue. The AE33 will advance the tape and prompt you to connectan
external flow metertothe instrumentinlet. If the Aethalometeris sampling from a manifold with other
instruments connected toit, once the AE33 is disconnected the AE33 connection port on the manifold
needsto be plugged sono air fromthe laboratory enters the aerosol system manifold and affects the
otherinstruments duringthe stability test. After confirming the installation of the flow meter, select5
LPM as the flow at which the test will be conducted. If the AE33 usually operates at different flow, you
might choose that flow value instead. Waitfor flow to stabilize then enter the value measured by the
external flow meterin mlpm (milliliters per minute) using the touch box on the screen. Press OK.

The AE33 will lift the optical chamberand ask for the flow calibration padto be inserted. Once the
chamberis lifted, the filtertape can be removed (unscrewthe transparent cover on the rightroll-on
filtertape side, thenslide the tape out from underthe optical chamber). The calibration pad should be
insertedinits place, with the notch facingtowards the user (see Figures 12and 13). With the calibration
pad inplace, press OKon the screen and waitfor the chamberto move back to its home position. Wait
for the flow to stabilize, and then enterthe value measured by the external flowmeterin mlpm
(milliliters per minute), using the touch box onthe screen. Press OK. The AE33 will lift the optical
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chamber. The calibration pad can be removed and the filter tape reinserted and tightened. Press OK and
waitfor the chamberto return back to its home position.

The AE33 instrument then records the leakage information in the leakage log file (LT_AE33-P00-
SPIN1_20150901 104136.dat) and areportis written onthe screen. An example of aleakage testreport
isbelow:

Manual leakagetest report

Serial number: AE33-P00-SPIN1

Date andtime: 01 Sep 201510:41:36
Selected flow: 5000 mlpm

Flow through tape: 4976

Flow through calibration pad:5010

Instrument leakageis:0.7 %

Record the leakage value inthe CPD message log. Additionally, if the leakage factor has changed from
the previous leakage test, it needs to be changedin the instrument settings. The leakage factor can be
setin the OPERATIONS menuunderthe ADVANCED tab. The leakage factoris represented by a‘Z’ in the
instrument menu, andisfound nearthe middle of the screen on the left side of the ADVANCED tab. To
change, pressthe ‘2’ box and a new touch pad will come up on the screen. Although the instrument
reports the leakage value asa percent (e.g., 0.7%) in the manual leakage test report, here it must be
enteredasadecimal (e.g.,0.007). Always double check parameters like leakage factors before changing
the instrument settings. The flow meter can be removed and the instrument restored tonormal
operating conditions by goingtothe OPERATIONS menu underthe GENERALtab, and pressing START.

Inlet leakage test

Theinletleakage test should be performed every 6 months. The inlet leakage test checks that the flow
goingintothe instrumentisthe same as the flow at the inlet on the station roof (if the instrument has
itsown inlet) oratthe manifold pickoff if the instrument samples from a manifold. Start by puttinga
message inthe logsayingan inletleakage testis being done. If the instrumentis sampling offaninlet
manifold (as opposed to havingits own dedicatedinletline) thenyouare justlooking forleaks between
the AE33 manifold and where the tube connects to the manifold.

REMEMBER: Nevertamper with the AE33 instrumentinlet while the AE33 is on and measuring.

To start the test, stop instrument measurements: go tothe OPERATIONS menu underthe GENERALtab
and press Stop. Next, goto the OPERATIONS menu underthe GENERALtab, and then press Inlet
leakage. The AE33 will lift the optical chamberand ask for the flow calibration padto be inserted. Once
the chamberis lifted, the filtertape can be removed (unscrew the transparent coveron the right roll-on
filtertape side, thenslide the tape out from underthe optical chamber) and the calibration padinserted
inits place, with the notch facing towards the user (see Figures 12 and 13). With the calibration padin
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place, press OKon the screen and wait forthe chamberto move back to its home position. The AE33 will
advance tape and promptyou to connect an external flow metertothe instrumentinlet. Notethe flow
meter’'stemperature and pressure reporting conditions. After confirming the installation of the flow
meter, wait for flow to stabilize and enterthe value measured by the external flow meterin mlpm. Press
OK.

Carefully accessthe inlet outside the station and connect the flowmeterto the inlet. Confirm this on the
AE33 by pressing OK. Wait for flow to stabilize and enter the value measured by the external flow meter
inmlpm. Press OK.

The AE33 will lift the optical chamber. The calibration pad can be removed and the filter tape reinserted
and tightened. Press OKand wait for the chamberto return back to its home position. The AE33
instrumentthenrecordstheinletleakage informationintheinletleakage logfile (IT_AE33-P00-
SPIN1_20150901 110611.dat) and areportis written onthe screen.Recordtheinletleakage valuein
the CPD instrumentlog. Anexampleofaninletleakage testreportis below:

Inlet leakagetest report

Serial number: AE33-P00-SPIN1

Date andtime: 01Sep 201511:06:11
Selected flow: 5000 mlpm
Instrument inletflow: 4950 mipm
Outdoor inletflow: 4950 mlpm

Inlet leakageis:1 %

The flow metercan be removed, and the roof inletand the instrument restored to normal operating
conditions.

Neutral Density filter test

The AE33 Aethalometer manufacturer recommends performing a neutral densityfilterteston an annual
basis. The testrequires aneutral density (ND) filter set (neutral density filters can be ordered from the
manufacturer). Most monitoring sites should have received the neutral density filter set with shipment
of the AE33 Aethalometer. If there isnota ND filterset at the monitoring station, then avisiting scientist
can bringone during an annual site maintenance. NOAAcurrently does nothave NDfilters so thistestis
not performed at NOAA stations.

The neutral density filter test assesses sensitivity of the instrument’s optical system by measuring
attenuation of 4 different neutral density filters. Sensitivity is indicated by the slope of measured
attenuationvs. default attenuation, and the instrument fails the testif the slope differs more than 10%
fromunity.
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Put a message inthe logsaying a neutral densityfiltertestis beingdone. To start the test, go to the
OPERATIONS menuinthe GENERALtab and press ND test. Follow instructions onthe screen. First, the
useris asked toinputthe serial number of the neutral density filters. Thisisimportant since each neutral
density filterhasits own unique transmission value as measured by the manufacturer. The screen will
ask if the user wants to copy to a USB stick, to which the user can reply by pressing NO. Follow the
instructions onthe screentocomplete the NDtest. The testresults will appearon the screen when the
neutral density filter testis complete. Additionally, these results will be reported inthe Aethalometer
logfile. The results from the neutral density test are a crude measurement of the instrument’s integrity,
to seeifitssensitivity has changed at all since evaluation by the manufacturer. If slo pe differs more than
10% fromunity, then the test failsand the instrument should be sent to the manufacturerforservicing.

results

Overnight Filtered Air Test

Similartothe cleanair test, the filtered air test quantifies noise in the instrument. However, thistestis
much longerthanthe cleanair testand allows for the evaluation of instrument noise as afunction of
averagingtime usingan Allan plot (see examplebelow). Torun an overnightfiltered airtest, stop
measurements on the AE33 (go to the OPERATIONS menu underthe GENERALtab and press Stop).
Disconnectthe AE33 inlet. If the Aethalometeris sampling from a manifold with otherinstruments
connectedtoit, once the AE33 isdisconnected the AE33 connection port on the manifold needsto be
plugged sonoair from the laboratory enters the aerosol system manifold and affects the other
instruments during the stability test. Connectafilterdirectly tothe AE33 inlet(anylightly used filter
should do), usingthe properfittings depending on the setup of the instrumentinlet on site. Make note
of the flow rate and time base inthe log, and mark the time that the filtered air testis starting. Restart
instrument measurements. Putamessage inthe CPD message logsayingan overnightfiltered airtestis
starting. Let the instrument measure the filtered air continuously foratleast 24 hours (the data mustbe
uninterrupted foraproperAllanplot), and longer (48 h) if possible. When the filtered air testis over,
stop instrument measurements (go to the OPERATIONS menu underthe GENERALtab and press Stop),
remove filter and restore the connection to the sampling system. Restartinstrument measurements and
enteranote inthe logwhattime the filtered airtestended. A NOAA scientist will use the startand end
times enteredinthe CPD message logto generate an Allan plot of standard deviation versus averaging
time using the filtered air data. This plot will be used to analyze how instrument noise changes with
averagingtimeincreases.

If the stationisrunning cpd3, here are some example commands to make Allan plots:
#This ishow to do for individual wavelengths forreported BC

da.plot.allan --y=Xf7_A81sfa 2015-12-15T22:00:00Z 2015-12-17T20:00:00Z --file=allan.png

#This ishowto do it for attenuation (see DCHemail on 20150814) does both arithmeticand difference
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da.getsfa.* A81 2015-12-15T22:00:00Z 2015-12-17T20:00:00Z | da.export--mode=r [ filter_allan>
r_filter_allan_output.csv

Arithmetic Averages

W 1 slope =-0.14352 @ 60 =0.19529 Mm.....
2 slope =-0.46987 (@ 60 =0.14559 Mm.....
3slope =-0.54744 @ 60 =0.16738 Mm.....
4 slope =-0.55266 @ 60 =0.18074 Mm.....
Sslope =-0.41335(@ 60 =0.13469 Mmn.....
6 slope =-0.23938 (@ 60 =0.20726 Mm.....
7 slope =-0.20127 @ 60 =0.22893 Mm.....

EEOREQO

-1.0

log(Standard Deviation (Mm.....))

-2.0
/
/

-2.5

T T
2.0 25 3.0 35 4.0 4.5

log(Averaging Time (seconds))

Fgure 20. Example of an Allan plot (log of the filtered air standard deviation versus log of the averaging time
in seconds) created using data from a filtered air test on the AE33 running at Summit, Greenland

Lubricate optical chamber sliders

On an annual basis, optical chambersliders should be lubricated. These optical chamber sliders act as
guide posts on which the optical chamberislifted and returned toits home position. To lubricate the
sliders, the user needs abrush and brush-on grease — (NOT spray-on grease like WD40). We
recommend ‘TriFlow’. Usingabrush, apply a very thin, evenlayerof grease to all three optical chamber
sliderswhenthe chamberisinits home position which exposes the mostareaonthe chambersliders.
Be sure that no grease gets on other parts of the instrument, especially the tape or optical chamber, and
remove any excess grease with awipe. Make sure to note in the log when the optical chambersliders
were lubricated.
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FHgure 21. Optical chamber sliders

Change bypass cartridge filter

The bypass cartridge filter should be changed on an annual basis, orearlierif needed at stations with
high aerosol loading. The bypass cartridge filter (located above the optical chamber) will need to be
changedif the filterlooks blackened and dirty, orif clean air test results yield aBC concentration much
higherthan zero. A Parker 1/4”" in-line disposable filter part number |DN-6G 28NX, or an equivalent
filter, isneeded toreplace the bypass cartridge filter.

Put a message inthe logsayingthe bypass cartridge filteris being changed. To remove the old bypass
cartridge filter, first stop measurements: press the Stop buttoninthe OPERATION menu underthe
GENERAL tab. The bypass cartridge filterisheldin place with ‘grip’ connectors. Toremove, use a
screwdriverorthe side of a pair of pliersto press on the white ring of the innergrip connectoron one
side of the filterand pull the cartridge filter out of the connector. Remove the otherside of the cartridge
filter usingthe same method. Remove the connectors from the used cartridge filterand install them on
the newfilter, thenclickthe connectorsinto place. Make sure that the arrow on the filter cartridge is
pointingtothe right (alighed with the direction of flow), and be sure that the ends of the cartridge filter
are fitsnugly downintothe o-ring seals of the grip connectors.
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Fgure 22. Bypass cartridge filter

Fuse Replacement

If the front panel LCD screen on the AE33 is black, but the instrument still has power, it is likely
that there is a blown fuse that needs to be replaced. The fuse that tends to go out most often is
the top one, becauseit is under-sized. It is a 1.25A 250VAC 5X20MM fast-blow fuse, and
though the ‘normal’ current in this circuit is about 1.2A, that is too close to the fuse limit. A 2A or
2.5A slow-blow fuse of the same physical size (5x20MM) is acceptable as a replacement, and
that is what is recommended by the manufacturer.

The fuses are accessed by removing the back panel. You can see them in Figure 23 below on
the green panel.

It is important to perform the fuse tests as described in the Magee Service Manual (and
reiterated here) to detect if fuses need replacement before complete failure:

e The fuse test can only be performed while the interconnection board is installed in
the instrument, and the power is switched ON. All voltages are low, and this
procedure is safe.

e Press and hold the push-button switch S1. All 6 LED indicators on the board
should light up. We also recommend measuring the voltage across each fuse (on
both sides), with special attention to the topmost fuse (F1). If the voltage drop
across F1 exceeds 0.1V, replace it.

e The fuse current rating values are as follows:

Fuse Value (A) Circuit designation | Value (V)
F1* 2.5 + PC 5+/-0.1
F2 3.15 +12 12 +/- 0.1
F3 0.4 +5 5+/-0.1
F4* 1.25 +24 led driver 24 +/- 0.25
F5 0.4 +5 led driver 5+/-0.1
F6 0.4 +5 detector board | 5+/-0.1

NOTE: Even if you measure electrical continuity on a meter between both sides of the fuse and
if the fuse testilluminates the LED for that fuse, it is worthwhile to check the voltage drop across
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the fuse. In some cases, the wire will age without breaking, and replacing with a new fuse will
solve the problem. For reference, the voltage drop across anew fuse is around 0.04 VDC, and
values exceeding 0.1 VC indicate fuse aging and replacement is recommended.

Figure 23. With the back panel open, the fuses are visible on the green panel.
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