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1 Introduction work, it is critical for NUVMC staff to have a method for

determining the long-term performance of the instruments

ments and monitoring are necessary to help understand thd®Motely. An analysis procedure has been created to moni-
tor each Brewer’s diagnostic results on a monthly basis so

UV environment at the surface of the earth to which hu- hat developi bl be di d and :
mans and other forms of life are exposed. To understand thethat developing problems can be discovered and appropri-

complex interactions between terrestrial solar UV, clouds, i€ action taken before or during the annual site visit per-

ozone, aerosols, solar zenith angle, and variation in the Sun_forrgeq bytrl]\lU\(tMC_ s{aff. K . f donthe B
earth distance, it is important to have as many sites as pos- uring the Sité VISILS upkeep IS performed on the Brewer

sible with calibrated, high resolution, UV measuring instruments by following written standard operating proce-
equipment: Such spectral UV instrumentation is opera- dures (SOP$ developed at the NUVMC to maintain
tional at a series of Northern HemisphéNH) and South- ~ Brewer data at a high level of quality. This paper analyzes
ern Hemispheré¢SH) sites, with the majority locatéd® in information from six critical diagnostic tests on six selected
the NH. instruments and hlghl_lghts corrections to diagnostic drifts
The National Ultraviolet Monitoring CentdNUVMC), as a result of performing the NUYMC maintenance proce-
located at the University of Georgi€UGA) in Athens, dures. This work focuses primarily on diagnostics as they

Georgia is contracted by the U.S. Environmental Protection B?I?;Z itgstt?gr:gﬁft.rrﬂg IE(IED?AOIrYeet(\chL)Jr\I: wgsa Sei;ggigﬁggglg?:ls
Agency (US EPA to operate and maintain a network of ’ y

Brewer MkIV spectrophotometers for monitoring spectrally for UV monitoring and the NUVMC s, therefore, con-
resolved UV throughout the United States. The UGA/EPA tracted to perform only spectral response calibrations and
Brewer UV monitoring network consists. of 21 MkKIV not ozone Intercomparisons on the Instruments.
Brewers deployed in 14 National Parks and 7 urban sites Although this Paper IS by no means exhaustive in terms
throughout the United States. The network covers the larg- of a complete description of maintenance necessary to ad-
est range of latitudes and Ionéitudes of any Brewer network equately maintain Brewer MKIV spectrophotometers, it is

. > < . hoped that Brewer users in the worldwide community will
lcurr$nély in Opefj‘“o? n fche worltd. The _mstfrumetr;]ts tare be able to use the information to better understand and
ocated in a variety of environments, ranging from the tun- . ; : : e
dra of Denali National Park, Alaska; thegCh?huahua desert maintain the instrume(® in their networks. Specific

. . . X SOPs, available from the NUVMC, will be invaluable ref-
of Big Bend National Park, Texas; the Caribbean Island of o0 co¢ tor performing the actual checks and adjustments
St John, Virgin Islands; as well as in urban environments of

some maior U.S. cities that are referred to in this paper. Furthermore the reader is
J e ) - referred to the Sci-Tec Operator’s, acceptance and mainte-
Understanding and characterizing the long-term perfor-

h e . nance or final test record manuals that came with each in-
mance of instrumentation is an important aspect of any en-

vironmental monitoring program. Due to the broad expanse strument from the factory/Although for the MKIV instru-
and isolation of the sites in the US EPA/UGA Brewer net. ments these manuals are useful references, they have been

found to be quite vague in some aspects and certainly do
not contain complete descriptions of techniques and proce-
dures required to fully maintain a Brewer.

Ground based spectral ultraviol@fV) radiation measure-
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2 Methods to the Sloavg file. Although the intensity values are not

Various diagnostic checks are performed daily by the Brew- SPectrally resolved, and the day-to-day deviations are too

ers and the data is logged to a file corresponding to the!arge to use for adjustments to the Brewer’s spectral re-
specific diagnostic. These files are termed “average” or sponse, the SL data are a useful diagnostic tool for moni-

“avg” files and are appended to on a daily basis as the toring the relative change in the response of the instrument.

instrument collects data in the field. The diagnostics that 22 Shutter Timin
are addressed in this paper are the standard lamp intensity™ 9
values(SL), the shutter motor timing valug¢SH), the spec-  The MKIV Brewer is equipped with a movable shutter that
trometer shutter run/stop ratigRS), the photomultiplier ~ enables wavelength selection at the spectrometer exit slits.
tube dead time¢DT), the ozone calculating ratiodR6), There are eight shutter positions, five of which correspond
and the micrometer positiofMl). Due to an interdepen- tO the ozone calculating wavelengths: 306.2, 310.0, 313.5,
dency of some of the diagnostics, the order in which they 316.8, and 320.0 nm. There are also shutter positions for
are analyzed is critical. Specifically the SH should be opti- counts at the mercurgHg) spectral lines during wavelength
mized before the RS or DT can be properly diagnosed. calibrations and for the dark counts and dead-time tests.
Adjustments made to the instrument to correct the SH, RS, A stepper motor is used to drive the shutter among the
or DT diagnostics will likely cause changes to the SL and various positions. It is important to have the shutter stepper
R6 values. If the micrometer system is not working prop- motor timed so that the dark count is minimized while at
erly, as evidenced by the Ml results, there will be adverse the same time the signal count is maximized. The shutter
affects to all of the diagnostics. timing test is used to find the optimum motor delay by

The instruments analyzed in this paper were chosen tomeasuring counts from the internal standard lamp at the
reflect as many parameters that can affect the long-termdark count, the Hg calibration, and the 306.2-nm shutter
performance of the instrument as possible. The primary position in a sequential order of motor timing delays. Un-
consideration for long-term performance is the age of the like the other diagnostic parameters discussed in this paper,
instrument. One of the six instruments presented in this the SH test is not performed in the automated Brewer
paper was manufactured in 19992-087, one in 1993 schedule, it is undertaken once per year during the annual
(93-101), three in 199494-105, 94-108, 94-109and one UV calibration. The user must give the SH command at the
in 1997 (97-147 by Sci-Tec Instruments in Saskatoon, Home screen command line and enter some input param-
Saskatchewan, Canada. eters. The output results are stored in the daily D-file.

The second major factor affecting the long-term perfor- )
mance of a Brewer is the environment to which it is ex- 2.3 Run/Stop Ratios
posed. Humidity and temperature variability are the most The run stop test monitors the operation of the shutter po-
critical concerns of instrument location. Brewer 92-087 has sition and the alignment of the spectrometer mirror by tak-
been located at Raleigh-Durham, North Carolina, in the ing measurements while the shutter is still and again while
southeastern region of the United States since Octoberit is in motion. The instrument’s internal lamp is used as a
1992. Brewer 93-101 was located in the southeasternsource. The ratios of the “run” to the “stop” results for
United States until June 1996, at which time it was installed each slit are calculated and the results are written each day
at Boulder, Colorado, at the foothills of the Rocky Moun- to the D-file and to the Rsoavg file during the end-of-day
tain range in the central part of the United States. Brewer routine.
94-105 has been located on the mid-Atlantic seaboard in  The ratios for positions 0 and 2 through 6 should fall in
Gaithersburg, Maryland, since July 1994. Brewer 94-108 the range 1.003 to 0.997, as stated in the Brewer’s accep-
has been running at the same site in Atlanta, Georgia, sincetance manual. It is to be expected that the optical alignment
1996. Prior to 1996 it was in Atlanta but at a different of an instrument will worsen during the time between ad-
location. Brewer 94-109 was stationed in Bozeman, Mon- justments due to slight shifts in the mechanical geometry of
tana, before being moved to Albuguerque, New Mexico, in components. This loss of alignment will be reflected in the
July 1998. Brewer 97-147 has been stationed at a U.S.run/stop results as the values at one or more of the shutter
Coast Guard base on the Strait of Juan de Fuca in Portpositions begin to fall outside of the tolerance range.
Angeles, Washington, since June 1997.

Each of the six diagnostics analyzed in this paper are 2.4 Photomultiplier Dead Times

described next. The dead-time test measures the minimum time interval
. between two photon events that can be resolved as indi-
2.1 Standard Lamp Intensity vidual events by the Brewer’s photomultiplier tueMT).
The Brewer instrument is equipped with an internal 20-W It is determined from a comparison of the sum of the count
quartz halogen bulb, located in the foreoptics assembly. rates when two slits are opened individually to the count
This bulb is powered via circuitry on an electronic card that rate when the two slits are opened simultaneously. If the
is mounted on the card rack inside the instrument. The ze-dead time were zero, these would be the same. However,
nith prism, which focuses directly on the sun during ozone because the PMT cannot resolve two closely timed events
measurements and on the UV port during full-sky spectral (within the dead timg the count rate with both slits opened
scans, is rotated toward the lamp during an SL test routine. will be slightly less. An algorithm is then used to obtain the
Measurements of the lamp intensity are made over severaldead-time value from the difference between these two
minutes and the data is recorded to the daily D-file. During measurements. This value is a property of the PMT and
the end-of-day routine the SL intensity values from each should be independent of count rate unless there has been
scan are averaged to produce one daily value that is writtensome change in the response time of the PMT or counting
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electronic circuitry. However, as the sensitivity of the PMT 2.6 Micrometer Position

decreases, or optical misalignments cause a reduction in therpo wavelength selection of a Brewer MKIV spectrometer

count rate for a given light input signal, the standard devia- js determined by the position of the shutter and the angle of
tion in the dead-time measurement will increase. As a re- yhe diffraction grating that is moved via an automated mi-

sult, the average value of the dead time that is calculatedcrometer. The micrometer is driven by a set of gears that
may also change, especially as negative dead times are obgre powered by a stepper motor. As the micrometer rotates,
tained for some individual determinations due to the poor it acts on a lever arm attached to the diffraction grating that
statistics resulting from the low count rates. A complete enables the instrument to select a particular wavelength in-
description of the DT calculation can be found in the cident on the appropriate spectrometer exit slit. The manu-

Brewer Operator’s Manual . o ~facturer’s specifications indicate a wavelength precision of
During a single DT test the dead time is measured five 0.005 nm with a stability of 0.01 nm over the operating
times with a high transmission neutral density filthigh temperature range for a Brewer MKIV.

intensity. The mean and standard deviation of the five  To determine the starting position of a UV scan, the
counts are calculated. The DT is then measured 10 timesBrewer must first successfully complete a mercury line
with a low transmission neutral density filtdow-intensity calibration(HG scan. The dispersion constants of the dif-
DT) and the mean and standard deviation of the 10 countsfraction grating that are stored in the dispersion constants
are calculated. These values are written into the daily D-file file (DCF) are then used to calculate the position corre-
produced at the end of the day. For each scan recorded forsponding to the first wavelength in the UV scan, i.e., 286.5
a day, the average high intensity value and the average lownm. During the UV scan, the instrument rotates the diffrac-
intensity value are written to the Dtoavg file. The Sci-Tec tion grating via the micrometer assembly while the shutter
manual indicates that the PMT dead-time values should fall is set at position 2, slit £306.2 nm for the spectral region
approximately in the range 28 to 40 ns and high- and low- 286.5 to 325 nm. Shutter position 6, slit(820.0 nm is
intensity DT means should be within two standard devia- used for the spectral region 325.5 to 363 nm, and the mi-
tions of the low intensity mean. crometer is reset to near the original start position to begin
the second half of the scan. The micrometer rotates in in-
cremental steps, causing the diffraction grating to swivel in
its mount, allowing for wavelength selection.
2.5 R Ratios Several constants are stored in the ICF pertaining to the
operation of the micrometer system. As changes are made
to the optical alignment of the instrument or as the compo-
nents of the micrometer system age, it may be necessary to
replace or repair micrometer components and to update
some of the ICF constants to ensure the accuracy of the
wavelength calibration. In this paper, we omitted the use of
the internal mercury bulb as a long-term diagnostic tool, as

algorithm. Although the Brewer's sensitivity may decay panges in the lamp output are typically due to lamp aging,
over time, the ratio of counts at the five wavelengths should |, necessarily instrument degradation, as the other diag-

remain constant if there is no wavelength dependent change, ostics presented are typically more useful for long-term
in the instrument’s optics. The 20-W standard lamp is the yengs in instrument performance. However, low counts of
source used for these tests and is itself subject to wave-ine internal mercury lamp do not stop the Brewer from

length dependent changes as the lamp filament ages. Driftg,sjng this lamp to ensure wavelength accuracy.
in the R-5 and R-6 value should remain below 1.5% ac-

cording to the manufacturer8rewer Operator’s Manual 3 Results

(Sci-Tec Operator Manugl Each of the six instruments selected for analysis in this

A NSO, filter is placed in the optical path during 0zone  aher has experienced problems with one or more of the
and spectrally resolved UV scans in the wavelength range isted diagnostics during its history of field operation. In
286.5 to 325 nm. The filter is sandwiched between tWo geyeral cases, maintenance was performed either in the

Schott UG-11 filters that are coated with magnesium fluo- fig|d during an annual site visit or in the NUVMC labora-

ride. The filter package is mounted on a filter wheel that is tory to bring the instrument back into operating tolerance.
housed inside a sealed compartment. The Ni8i@rs are  For cases where maintenance was performed, the plotted
known to be hygroscopic, and if the instrument is not prop- diagnostic results show a significant improvement in the
erly sealed from the ambient environment, or if the humid- instrument performance.

ity desiccant packs are not changed regularly, humidity will

eventually find its way into the filter. The filter will absorb 3.1 Standard Lamp Intensity

the humidity and its optical properties will be compro- Anpalysis of the standard lamp intensity values indicates
mised. Any changes in the filter transmission will directly variability in the response stability of each instrument.

affect both the ozone measurements and the spectral reThere are a number of factors that can contribute to a
sponsivity of the Brewer in regards to its UV measure- change in the detected internal lamp intensities. These fac-
ments. Most of the wavelength-dependent changes ob-tors can be divided into random changes and operator
served via changing R-6 ratios are believed to be changes.

manifested in clouding NiSPfilters due to humidity ab- Random changes to the Brewer include temperature-
sorption. dependence issues, degradation of photon counting effi-

To calculate the total column ozone, the Brewer measures
photon counts at five distinct wavelengths in the UV-B re-
gion of the sun spectra once per day. Four different ratios
(R-1 through R-4 are calculated using these five ozone
wavelength counts and then two higher order ratilss

and R-§ are determined for use in the ozone-calculating
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Table 1 Percent change in measured standard lamp intensity instrument, a spectral response measurement is made and a
(January mean to December mean). realignment of the instrument’s zenith prism is performed.
Based on various diagnostic considerations, the PMT high
voltage may be optimized during a site visit. Due to the

Brewer Number 1996 1997 1998 1999 2000 2001 2002

92-087 NA -109 -69 —-19.7 -215 +94 -95 decaying nature of the PMT efficiency, an optimization al-
93-101 NA -62 —-11.0 —10.1 +48 +39 +139 Wways corresponds to an increase in the high voltage, which
94-105 22 _25 _104 -134 _51 475 _250 leadsto an increase in instrument response and, therefore,
94-108 20 —243 -22 -80 407 +45 +03 anincrease in the internal lamp counts.

To quantify the change in the measured lamp intensities
over the history of each instrument, the percentage change
of the measured counts was calculated for each year using
the average counts for all days in January and the average
counts of all days in December for that year. In some cases,

ciency, and degradation of optics. Each Brewer instrument d2t@ did not exist for January or for December. In these

has a unique wavelength-dependent spectral response 0fases: the first complete month's data were used as the
the order of—0.1 to —0.4% change in measured signal for initial reference and the last complete month’s data were

a 1° change in PMT temperature. Also, the lamp controlling used as the end point reference and the result was adjusted
circuitry and bulb are not temperature stabilized so there for @ 12-month period. Table 1 shows the results of this
may be drifts in the actual output of the lamp from one scan analysis, while Fig. 1 shows plots of the standard lamp
to the next. The temperature dependence of the instru-CoOunts for the history of each instrument used in this study.
ment's spectral response in conjunction with the lack of A decrease in instrument sensitivity over time is to be
temperature stability of the lamp circuitry yields cyclic €Xpected as the instruments age. However, there are times
drifts in the measured lamp intensity values throughout the When the lamp intensity decreases of the order of 20 to
year. A second random Change to the standard |amp mea50% from one day to the next. This is normally the result of
sured counts is due to a loss in the efficiency of the PMT a zenith prism misalignment that can occur due to power
and photon-counting circuitry. Another factor that can con- and communication failures between the Brewer and the
tribute to a change in measured lamp intensity values is controlling computer. The data in Fig. 2 indicates that this
degradation in the Brewer’s optics over time. This includes problem occurred on instrument 97-147 on July 11, 2001,
the clouding of filters, accumulation of residue on the atwhich time the lamp counts decreased by 5.7% compared
prisms and lenses, drifts in the spectrometer mirror align- to the counts on July 10. The zenith prism alignment pro-
ment, as well as misalignments of the zenith prism. cedure was performed by the local site operator under the
Operator changes to the detected internal lamp intensi-direction of NUVMC staff on November 27, 2001, and the

ties are normally due to maintenance work performed by lamp count values increased by 8.3% compared to the
NUVMC staff during a site visit. If the zenith prism has counts on November 26. The counts have remained stable
become misaligned due to operational problems with the since the adjustment was performed, as seen in Fig. 2.

94-109 NA NA NA -20 —44 -106 —-13.6
97-147 NA -08 -115 -49 +06 +20 +25

1400000 -

1200000 -

1000000 A

800000 A

Counts

600000

400000 A

200000 == == ==

Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec-
91 92 93 94 95 96 97 98 99 00 01 02
o BR # 92-087 ———BR# 93-101 a BR# 94-108 x BR# 94-109 o BR# 97-147

Fig. 1 Change of intensity of internal standard lamp counts for Brewer instruments 92-087, 94-105,
94-109, and 97-147.
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Fig. 2 Standard lamp counts of four Brewers highlighting changes to the instruments.

Another factor that can cause a decrease in the measure®.2 Shutter Timing
lamp intensity is a change to the lamp circuitry that yields a g g ter-timing test was performed for each instrument

change to the voltage on the lamp. This problem occurred : L ;
. . S at the factory and the optimal timing constant was set in the
on instrument 94-105 in June 2002, at which time the lamp ICE file. Asy count ratF()as and va%ious other parameters

0 h
c[:)o;:;’letss gglrlr : Sy ggdfn/o Igomoignfalsstr?o\\]/\llj?heatltﬂeT\/T:let;ae”)t/o change within the instrument it is possible for the optimal
p 9 y 9 timing of the shutter motor to drift. The SH test can be

the_ standard_lam_p fell from 11.83 to 10.86 V. The normal performed and new results updated to the ICF before any
daily fluctuation in the standard lamp voltage is less than other adjustments are made to the instrument. The NU-

one tenth of a volt. In this particular case, the SL bulb was L

. ! .~ ~VMC performs SH tests as part of the standard site visit
replaced in September 2002, but the lamp voltage remained . e

P b b 9 procedure. The results of Table 2, which also show timing

at approximately 10.8 V. It is assumed that the effect was oo
caused by a change in the lamp circuitry, and it is believed delays measured several years after the factory calibrations,

that there are no side effects to the performance of the indicate that there is usually not much drift in the optimum
instrument. value. Of the six instruments studied only Brewer 92-087
The standard lamp counts may experience a change€XPerienced a change to the SH value.
when an aging lamp bulb is replaced. The data in Fig. 2 for ~ Figure 3 shows plots of motor timing results from the
instrument 94-109 show that there was an approximate in- instruments used in this study. Generally the ratio of counts
crease of 16% in the lamp counts from September 10 to {0 dark counts is relatively small when the motor timing
September 15, 2000, due to replacement of the bulb by theconstant is less than about 60 units or greater than about
site operator. When the NUVMC staff increases the high 100 units. The timing constant is normally selected as the
voltage of the PMT during instrument maintenance, a step humber close to the middle of the plateau and typically is
increase in the measured lamp intensity occurs. This type ofbetween 70 and 80 units. There is generally a large devia-
behavior is exemplified in the instrument 92-087 data in tion in the ratio in the range of the plateau due to division
Fig. 2 in year 2001. The standard lamp counts increased byof a large signal count by a small dark count value. The
22% from September 10 to September 12 due to an in- plots show that the motor timing constant for Brewer 92-
crease in the PMT high voltage from 1600 to 1632 V. 087 changed from its factory setting of 76 to a new value of

Table 2 Instrument run/stop values before and after spectrometer mirror or shutter alignment.

Instrument Julian Shutter Shutter Position 1 Shutter Shutter Shutter Shutter Shutter Shutter
Number Date Position 0 (dark ratio) Position 2 Position 3 Position 4  Position 5 Position 6 Position 7
92-087 21000 1.000 13 0.9995 0.9980 1.0000 0.9958 0.9977 0.9978
92-087 04101 0.9997 21 0.9973 0.9984 1.0001 0.9992 0.9992 0.9991
93-101 18000 1.0000 2.2 0.9980 0.9960 0.9984 0.9935 0.9951 0.9976
93-101 20700 0.9994 3.0 1.0000 0.9990 1.0004 1.0008 0.9997 0.9997
94-108 20500 0.9985 4.5 0.9934 0.9902 0.9927 0.9902 0.9937 0.9931
94-108 20001 1.0001 1.1 0.9997 0.9997 0.9999 0.9996 0.9984 0.9992
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—e— 92-087 factory ---6---92-087 April 23, 2002 —a—-94-105 factory

---g---84-105 January 15, 2002 —s— 94-108 factory ---0---94-108 February 11, 2002
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45000 -
40000 -
35000 -
30000 -
25000 -
20000 -
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Count Ratio (signal/dark)

10000 -
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40 50 60 70 80 90 100 110 120 130 140
Motor Timing

Fig. 3 Shutter timing for Brewers 92-087, 94-105, and 94-108 for factory and postfactory settings.

94 when it was tested in April 2002. The plots for Brewers 94-105 has been operating within tolerance range through-
94-105 and 94-108 show examples of timing constants thatout its history, although there has been a slight increase in
have remained relatively stable. the deviation of the values in recent years. The data for
If the SH constant is updated in the ICF, it could lead to instrument 94-108 indicates that the RS values were falling
changes in some of the other instrument diagnostics such aselow factory tolerance levels in the spring of 1998 through
the run/stop and dead-time values. Whenever an update tdhe summer of 2000. At this time, the instrument was
the shutter timing value is required, a reference spectral moved to UGA, where the standard operating procedure to
response calibration is performed by NUVMC staff to be correct the alignment of the spectrometer mirror and the
used for data prior to the adjustment, followed by a study of shutter was performed by NUVMC staff. When the instru-
the other diagnostics and instrument adjustments that mayment was reinstalled at the site in the summer of 2001, the
be required in response to the change. A final responsers values were within tolerance levels and have remained
calibration is always performed after any adjustments are there up to the fall of 2002 with very little deviation.

made as a reference for new data after the adjustment. The RS values as measured at the factory fall within
) tolerance levels for all six instruments. Table 2 lists the RS
3.3 Run/Stop Ratios values for instruments 92-087, 93-101, and 94-108 before

Figure 4 shows plots of the RS values for shutter position 7, and after the NUVMC staff performed alignment to the
slit 5, over the history of instruments 94-105 and 94-108. mirror and/or shutter. An initialbefore adjustmentand
The horizontal dashed lines indicate the accepted tolerancefinal (after adjustmentspectral response calibration follow-
range of 1.003 to 0.997 units. It is clear that instrument ing the NUVMC’s standard procedure is always performed

1.006

[- Slit 5, 94-105 o Siit 5, 94-108 .

.
o

1.003 e

Run/stop ratio

0.997

0.994 -

0.991 T T T T T T T
Jan-95 Jan-86 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02 Jan-03

Fig. 4 Run/stop ratios for Brewers 94-105 and 94-108 indicating the maximum acceptable tolerance
for these ratios.
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Table 3 Dead-time values for annual percentage change.

1996 1997 1998 1999 2000 2001 2002

Brewer Number

(Intensity) Slope Stdev. Slope Stdev. Slope Stdev. Slope Stdev. Slope Stdev. Slope Stdev. Slope Stdev.
087 (H) —1.6 0.080 0.1 0.0117 -02 0.094 -05 0.0117 -1.0 0.0326 1.0 0.0269 0.1 0.0160
087 (L) —1.2 0.0149 0.16 0.0182 -0.3 0.0226 -0.5 0.0267 -1.8 0.0538 1.1 0.0558 —0.8 0.0454
101 (H) NA NA -0.4 0.0410 -0.2 0.0107 -0.4 0.0150 1.1 0.0195 0.2 0.0086 0.2 0.0111
101 (L) NA NA 0.2 0.0582 -0.7 0.0416 -—-0.8 0.0458 3.4 0.0616 0.2 0.012 0.1 0.0231
105 (H) —-0.5 0.067 0.0 0.0048 -0.1 0.0084 -0.2 0.0055 -0.000 0.0063 0.1 0.093 0.5 0.0086
105 (L) -0.4 0.0109 -0.0 0.0106 -0.1 0.0300 -0.1 0.0163 0.000 0.0179 0.2 0.0158 0.2 0.0195
108 (H) -1.3 0.0111 -0.2 0.0074 -0.6 0.0121 -0.6 0.0127 1.0 0.0108 0.000 0.086 0.7 0.0085
108 (L) -1.6 0.0176 —-0.5 0.0172 -0.24 0.0364 —1.2 0.0279 0.1 0.0231 -04 0.0214 0.6 0.0195
109 (H) NA NA NA NA -3.0 0.0091 -0.3 0.0092 -0.2 0.0115 -0.2 0.0132 0.8 0.0138
109 (L) NA NA NA NA -3.5 0.0165 -0.4 0.0183 -0.2 0.0223 -0.3 0.0350 0.8 0.0406
147 (H) NA NA NA NA —-1.7 0.0234 -0.6 0.0129 -0.1 0.0097 -0.2 0.0101 -0.8 0.0110
147 (L) NA NA NA NA -3.1 0.1014 -3.0 0.0871 -0.6 0.0759 -2.1 0.0829 7.7 0.0835

when adjusting any optical components within the Brewer. voltage check during a site visit to find the optimum oper-
Changes in the optical alignment may also have effects onating voltage for the PMT. The results are analyzed and

the R ratios as discussed in that section of the paper. adjustments to the HV are made if it is deemed necessary.
This procedure is outlined in the Sci-Tec acceptance
3.4 Photomultiplier Dead Time manual but a more complete description of the procedure

was written by NUVMC staff and it is available as an SOP.
Normally when the DT values have decreased by a signifi-
cant amount it is found, via an HV test, that the PMT is
operating below the optimum high voltage setting. When
the HV is adjusted upward to the optimum operating value,
rthe DT values normally increase to within tolerance values
or near the initial values.

If an adjustment was made to the PMT high voltage

In general, the dead-time values for all of the instruments
show decline in the mean of both the high- and low-
intensity values in addition to an increase in the standard
deviation of these values. In most cases, the high- and low-
intensity values exhibit similar behavior patterns, while in
some cases there are distinct differences in the behavio
patterns.

To determine the magnitude of change to the photon X ; : :
count rate with a change in the dead time, the DT correc- during the year, it usually causes a step increase in the
tion was carried out on typical dafday 21,902 in Athens, dqu-nme values as well as a decrease in the standarq de-
Georgia, at~14:00 Eastern daylight im@&DT), count rate viation of the mean values. Figure 5 shows the_ dead_—tl_me
at 360 nm=973,665 counts]s When the data were pro- values for Brewer 92-087 for 2001..Dur|ng the site visit in
cessed using a 40-ns dead time, the percentage change ig€Ptember, the PMT voltage was increased from 1600 to
the measured count rate to the true count rate was 4%.1632 V that increased the high and low dead-time means
When the data were processed using a 20-ns dead time, th@nd significantly reduced the standard deviation of the
change in the measured count rate to the true count rate wagneans. In this particular case, the instrument's spectral re-
2%. When the data were processed using a 10-ns dead timeSPonse increased by 20% at all wavelengths due to the in-
the change in the measured count rate to the true count ratécrease in high voltage.
was 1%. The percentage change of the correction will be  If it is found from analysis of the run/stop ratios that the
greater, the greater the count rate. To correct photon countBrewer required an optical alignment to the spectrometer
rates for any particular day’s UV data, the NUVMC uses Mirror or shutter, the procedure is performed by NUVMC
the daily average of the high and low intensity DT values staff as discussed in the previous section. The optical align-
for that same day obtained from the Dtoavg file. ment generally causes an increase in the dead-time mean

To quantify the changes in the PMT dead times, a linear values as well as a reduction in the standard deviation of
regression was fit to both the high and low values for indi- the means. During July 2000 the spectrometer mirror was
vidual years for each instrument and the standard deviationadjusted to optimize the run/stop diagnostic results on
of the values for each year were calculated. Note that this Brewer 93-101 in Boulder. Figure 6 shows the step change
standard deviation of daily values is different from the stan- in the dead-time values and the decrease in the spread of
dard deviation of the counts for any single dead-time mea- the values due to this maintenance. In this particular case,
surement. Both are important checks on the dead-time sta-the instrument’s spectral response increased in a wave-
bility. Table 3 shows the slope of the linear regression fits length dependent manner. The average increase in the spec-
and the standard deviations of the daily dead-time valuestral range 286.5 to 325 nm was 10%, while in the spectral
for each year for each of the instruments used in this study.range 325 to 363 nm the response increased by an average

If the dead-time values of an instrument show significant of 4% due to the realignment of the shutter and mirror.
decay after SH and RS adjustments are made, it is normal Brewer 97-147 has experienced a type of dead-time be-
operating procedure for NUVMC staff to perform a high- havior not seen in any other instruments in the U.S. EPA/

Optical Engineering 041008-7 April 2005/Vol. 44(4)



Kimlin et al.: Techniques for monitoring . . .

45

o High DT o Low DT
40
35
a
34 °
= %
H %
~ 25 1 g
E (4
Y
D
b 201 &
a b g
15 4
a
10
a o o
5' Dunu a §D
© U agp o e
o
0 T T —

9-Jan-01 10-Mar-01 9-May-01 8-Jul-01 6-Sep-01 5-Nov-01 4-Jan-02

Fig. 5 Low and high dead-time values for Brewer 92-087 during 2001, showing the result of a PMT
high-voltage change.

UGA network. This is highlighted in Fig. 7, which shows ICF will be biased during the time of the year at which the
the DT data for 1998 through July 2002 for that instrument. actual dead time is much different from that which is stored
The low-intensity dead-time values during the cold months in the ICF file. This can lead to errors in the calculated
exhibit a notable increase as well as a significant increase inphoton counts of the order of several percent under certain
their standard deviations. This is thought to result from a circumstances, as discussed earlier in this paper. This error
temperature dependence or humidity issue within the in- is avoided by the NUVMC by using the daily DT values
strument. However, the spectral response temperature defrom the Dtoavg data file during data correction.
pendence coefficients as calculated by staff at the National )
Oceanic and Atmospheric AdministratighlOAA) are of 3.5 R Ratios
average magnltude relative to other Brewers in the EPA/ The instruments used in this study show much larger drifts
UGA network® There has been no significant decay in the in the R-6 values than the1.5% suggested by the manu-
transmission of the NiSgfilter, so it would seem that the  facturer, as evidenced in the data in Fig. 8. The R6 values
humidity has been kept low inside the instrument. for instruments 93-108 and 97-147 deviate:h§% relative

All other diagnostics for instrument 97-147 indicate that to the first 30 days average. For instruments 92-087 and
the instrument is operating properly, so it is assumed that 93-105 the R-6 deviates by 10% relative to the first 30
the unusual dead-time behavior is not necessarily a prob-days average value, while the deviation for instrument 94-
lem. Note, however, that the dead-time value stored in the 108 is +20%.
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Fig. 6 Low and high dead-time values of Brewer 93-101 for 2000 indicating the impact of an optical
realignment.
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Fig. 7 Low and high dead-time values of Brewer 97-147.

As mentioned previously, changing the alignment of the sensitivity relative to one another, it is to be expected that
spectrometer mirror has an effect on the R-6 ratios. A clear these changes translate into drifts in the R-6 values.
example of this effect is seen in Fig. 8 in the data for From the factory the Brewers are equipped with an in-
instrument 93-101 during July 2000 when the spectrometer ternal desiccant tube that allows for drying of the air as the
mirror was adjusted on site by NUVMC staff. The R-6 ratio air within the instrument contracts and expands due to di-
decreased from 1725 on July 9 to 1396 on July 13. urnal temperature fluctuations. The desiccant tube is ported

Figure 9 shows the R-6 values for instrument 94-109. As through a hole in the bottom case of the instrument via a
of July 2002, there has been decay in the values of 250%flexible rubber hose. Bags of desiccant are kept within the
relative to the 30-day average from September 1998. It instrument to absorb moisture that collects inside the case.
seems that the NiSQfilter has had a wavelength- If the tube and bags are not changed as necessary to keep
dependent decay in its transmittance during this time, asthe humidity level below approximately 30% inside the in-
evidenced in the spectral response calibrations performedstrument, the NiSQfilter assembly will absorb the humid-
on this instrument over this time period. From May 1998 ity from within the instrument due to its hygroscopic na-
until March of 2001, there was an average decay of 10% in ture. The filter assembly then begins to experience a
the filter transmission between 2900A and 325@fdate wavelength-dependent decay in transmission that affects
with new RES info from calibration visit As the wave- the spectral response and possibly the temperature depen-
length channels used to calculate the R-6 values change indence of the instrument.
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Fig. 8 Long-term R-6 ratios for Brewers 92-087, 93-101, 93-105, 93-108, and 97-147.
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Fig. 9 R-6 ratio for Brewer 94-109.

Once degradation of the NiSdilter begins, the only  function erratically due to excessive wear. Erratic microme-
permanent solution is replacement of the filter. The NU- ter behavior is evidenced in failed Hg calibrations and is
VMC has written an SOP for this procedure that includes a usually accompanied by a coating of fine, black dust on the
before-and-after spectral response calibration. Furthermore micrometer barrel. A procedure for repairing and replacing
the filters have significant wavelength-dependent tempera-the micrometer unit is available from the NUVMC.
turg ﬂﬁper}denctehmtthe ope:atlngd rang((aj of the ]!ntitru_metnts The measured micrometer zero position and the corre-
and, theretore, ne temperature dependence of the Instru- ponding ICF constant number are stored in the Mioavg
ment needs to be measured before and after replacement of. .

ile. The measured number is the number of stepper motor

the filter (reference NUVMC paper If replacement of the ; red t the mi tor f h i ‘
filter is not a viable option, the spectral responsivity cali- S'€PS r€quired to move the micrometer from the position a

bration can be measured more frequently and a regressioVhich it performs an HG calibration to the optical switch
line can be fit to the decay to provide a daily responsivity thatis used as a zero reference. The measured value and the

with which to correct the UV spectral data. constant should match to within about 10 steps. If there is a
larger discrepancy the micrometer zero position stored in
3.6  Micrometer Position the ICF should be updated with the new measured value.

As the micrometer within an MkIV Brewer spectrophotom- Figure 10 shows micrometer offset results for instrument
eter ages, the grease coating on the internal threads begin§2-087. The constant for this instrument was updated in the
to break down, causing friction to the micrometer rotation. ICF from 6684 to 6648 to match the measured offset results

This condition can eventually cause the micrometer to in June 2001.
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Fig. 10 Micrometer step positions of Brewer 92-087.
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Table 4 Diagnostic troubleshooting guide for MkIV Brewer spectrophotometer.

Diagnostic Adjustment
Symptom Cause of Problem Needed Comment
Step decrease in SL Misalignment of zenith prism Zenith prism Step increase in SL
counts alignment
New response calibration
required
Step decrease in SL Decrease in standard lamp output Replacement of Step increase in SL
counts standard lamp
and/or controlling
circuitry
Drift in RS values; Change in SH value Adjust slit mask May affect RS values
decay in DT values motor delay in May affect DT values
ICF
Drift in RS values Misalignment of spectrometer Shutter/mirror RS within tolerance
shutter/mirror alignment Increase in DT
New response calibration
required
Decay in DT values Decrease in PMT count rate HV adjustment Step increase in SL
DT within tolerance
New response calibration
required
Drift in R ratios Clouding of NiSQ, filter assembly Replace NiSO, Change in SL
filter Change in R ratios
New response calibration
required

New temperature-dependence
measurement required

When an update is made to the micrometer zero position calibration. This is always done by NUVMC staff. If the
in the ICF it may be necessary to update the wavelength NiSO, filter is replaced, a new set of temperature-
calibration step number used for the ozone scans. Thisdependence coefficients should be measured since most of
number is determined by running an SC scan on a clear skythe wavelength dependence of the instrument is caused by
day. As mentioned previously, the U.S. EPA/UGA network the filter and each filter has a unique wavelength-dependent
is solely concerned with UV measurements, so details of temperature response.

Brewer ozone capabilities are not considered in this paper.
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