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Carterton winter air quality: 2010 to 2016

1. Introduction

Carterton, located in the Wairarapa Valley, has a population of 4,686 and 1,968
households (Statistics New Zealand, 2013). In 2013, 70.6% of homes, which
equates to about 1,390 dwellings, reported using wood as a heating fuel. When
wood is burnt it releases fine particles into the air which are measured as PMj
(particles less than 10 um in diameter) and as PM; s (particles less than 2.5 pm
in diameter). Generally, the smaller PM;,s particles are produced by
combustion, such as wood burning or from car exhausts. PM;, includes larger
particles that arise from natural sources, such as sea salt and wind-blown soil,
as well as the smaller PM; s particles derived from combustion sources.

A range of adverse health effects are associated with both short-term and long-
term exposure to PM;o and PM; s, particularly in children, the elderly and those
with underlying health conditions. These health effects impact the respiratory
and cardiovascular systems with consequences ranging from restricted activity
days to increases in hospital emergency visits and general admissions. The
most severe effect is reduced life expectancy of the average population linked
to long-term exposure (Pope & Dockery, 2006).

There is no evidence of a threshold below which there are no adverse health
effects from exposure to particles (World Health Organization (WHO), 2016). The
National Environmental Standard for Air Quality (NES-AQ) sets a regulatory
framework that provides a set level of health protection for all New Zealander’s
from elevated levels of daily PM;y (Ministry for the Environment, 2011).

The first air quality monitoring undertaken in Carterton consisted of a two-
week pilot study in winter 2009 which showed potential for high PMj,
concentrations due to home fires (Davy, 2009). Following this study, PM;¢ was
monitored in Carterton during winter 2010 and then again in winter 2013.
During 2010 and 2013 only one exceedance of the NES-AQ was recorded (on
21 July 2010). Carterton was found to have a similar pattern of PM
concentrations during the day as Masterton, that is, a small morning peak and a
larger evening peak coinciding with people lighting their fires. However, the
evening PMj levels in Carterton were lower than that measured in Masterton
during winter 2010 and 2013.

Modelling work commissioned by GWRC, as part of the review of the extent
of the Wairarapa airshed boundary, found that it was unlikely that Carterton
and any other areas outside of the township of Masterton would breach the
NES-AQ' (Golder Associates, 2014). The Wairarapa airshed was therefore
disestablished and a smaller airshed, confined to the Masterton urban area, was
gazetted in 2014. Although Carterton is not a formally gazetted airshed, it is
still classified as a general airshed under the NES-AQ and therefore needs to be
monitored if it is likely that the PM;, standard will be breached.

A breach occurs when there is more than one exceedance of the PMyo standard in a 12 month period.

PAGE 1 OF 14



Carterton winter air quality: 2010 to 2016

PAGE 2 OF 14

Based on past monitoring results and air quality modelling work, it was
decided not to install a permanent monitoring station in Carterton, but instead
undertake winter air quality monitoring every three years, commencing in
2016. This report summarises the results of monitoring undertaken in winter
2016, compares them to that of past years and to Masterton, and provides new
information on PM; 5 levels in Carterton.
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Method

Monitoring objectives

e To measure concentrations of PM;y and PM; 5 in Carterton during winter
2016 and compare results to relevant air quality guidelines and regulatory
standards.

e To compare levels of PM;y measured in Carterton in 2016 to previous
monitoring in 2013 and 2010 and detect any trend present.

e To compare levels of PM;y measured in Carterton in 2010, 2013 and 2016
to levels measured in Masterton and detect any trend present.

Air quality guidelines and standards

The NES-AQ for PM; allows only one day per year to be above the threshold
of 50 pg/m’ (24-hour average).

There are no national standards currently available for daily PM;s In the
absence of New Zealand standards for PM; s, the WHO guideline of 25 p,tg/m3
(24-hour average) has been used (WHO, 20006).

Monitoring location and instrumentation

GWRC’s mobile air quality monitoring station (Figure 2.1) was installed in the
Carterton public swimming pool grounds (Figure 2.2.) from May to August
2016. Both PM;y and PM; s were measured using a beta attenuation monitor
(Thermo Scientific FH62-C14). This method is a NES-AQ compliant
monitoring method for PM,o. The locations of the two Masterton monitoring
stations are shown in Figure 2.3.

Figure 2.1: Mobile air quality monitoring station located at Carterton public
swimming pool (May to August 2016)
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Figure 2.3: Location of Masterton West and Masterton East monitoring sites
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Data analysis

PM,y and PM; s levels recorded at different sites and over time are not always
comparable because the results obtained depend on the measurement method or
instrument.

Certain instrument types may be phased out and replaced by newer
technologies that use different principles of measurement. For example, the
FH62 instrument is no longer manufactured and when these instruments reach
the end of their working lives they are replaced by the newer 50141 model.
When operated side by side in a wood smoke environment, the 50141 measures
higher levels of particulate matter (PM) than the FH62. This is because the
50141 adjusts and lowers the sample inlet temperature based on relative
humidity so that more volatile particles from wood smoke are measured instead
of being evaporated by heating of the air sample.

Such instrument changes confound trend analysis because the higher levels of
PM measured may be due to the instrument’s principle of measurement rather
than an actual increase in wood smoke. For this reason, different instrument
types are co-located for a period of time at the same monitoring site to evaluate
their relationship, in order to calibrate data from the new instrument.

In this report, the Masterton West 2016 data has been adjusted to compensate
for the change in instrument type. Appendix 1 presents the equation used to
adjust these data. Data have not been adjusted where they are used for
compliance reporting, such as number of PM;, NES-AQ exceedances and
number of days where PM, s was above the WHO guideline. A table of the
different instruments used at the three monitoring sites between 2010 and 2016
is also presented in Appendix 1.

All statistical analysis was carried out using R statistical software (R Core
Team, 2015). The time series plots and data averaging were carried out using
the openair package (Carslaw & Ropkins, 2015). A pairwise t-test using
matched 24-hour periods of concurrent measurements at Carterton, Masterton
West and Masterton East with correction for multiple comparisons® was used
to test for differences between the sites and monitoring periods at the 95%
confidence level. Matched pairs were used (ie, 24-hour measurements taken on
the same day) because of inter-correlation between the three sites.

2 Bonferroni correction used in which the p-values are multiplied by the number of comparisons to control for the family-wise error rate.
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3. Results and discussion

3.1 Winter 2016

PM,y monitoring results for Carterton and Masterton are summarized in Table
3.1. During winter 2016 there were two exceedances measured at Carterton,
one at Masterton West and 10 at Masterton East. The PM;o exceedances at
Carterton were close to the threshold limit (52 pg/m’ on 4 June and 54 pg/m’
on 5 June).

There were 17 days in Carterton when daily PM, s levels failed to meet the
WHO guideline threshold compared to 19 days at Masterton West and 33 days
at Masterton East.

A time series of the PM;o 24-hour values measured at Carterton, Masterton
West and Masterton East are shown in Figure 3.1 and PM, 5 values are shown
in Figure 3.2.

The distribution of 24-hour average PM;o and PM;s levels recorded at
Carterton and the two Masterton sites are shown in Figure 3.3. There was no
statistically significant difference in average PM,( levels recorded at Carterton
and Masterton West during winter 2016, both with and without the adjustment
for instrument change at Masterton West. However, average levels of PMj,
recorded at Masterton East were higher than those recorded at Carterton and
Masterton West.

Likewise for PM; s, average levels recorded at Carterton and Masterton West
were not significantly different. Also, average levels of PM;s recorded at
Masterton East were higher than those recorded at Carterton and Masterton
West.

The reasons for higher concentrations of PM;y and PM, s at Masterton East
(compared to Masterton West) probably relate to local night time patterns of
cold air drainage, which causes emissions from home fires to accumulate
towards the south east of Masterton, where the Masterton East station is
located (Mitchell, 2013).

Table 3.1: Summary statistics PM1o and PM,s for Carterton and Masterton, winter

2016

PM metric Carterton Masterton West Masterton East
PM1o winter average 18.3 20.919.03 25.0

PM1o maximum 24-hr average 54 57 66

Number of NES-AQ exceedances 2 1 10

PM25 winter average 15.0 15.7 19.8

PM2.5 maximum 24-hr average 54 49 58

Number of WHO exceedances 17 19 33

3 Masterton West PM+o data adjusted for instrument change in 2016.
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Figure 3.1: Time series of PM1qin winter 2016 for Carterton, Masterton West and
Masterton East (red line shows NES-AQ threshold)
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Figure 3.2: Time series of PM2 s in winter 2016 for Carterton, Masterton West and
Masterton East (blue line shows WHO threshold)
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Figure 3.3: Boxplots showing distribution of 24-hour average PM (left) and PM;5
(right) at the Carterton and Masterton monitoring sites during winter 2016. The red
line shows NES-AQ threshold for PMyo and the blue line shows WHO guideline for
PM: s (Masterton West PMy data adjusted for instrument change in 2016).

3.2 Winter PMy, levels in 2016 compared to 2010 and 2013

The distribution of 24-hour average PM,, levels recorded at the Carterton and
Masterton West monitoring sites during winter 2010, 2013 and 2016 are shown
in Figure 3.4.

At both sites the average winter PM,, levels were similar across the three
monitoring periods, with no statistically significant difference found at the 95%
confidence level. This is despite a likely long-term downward trend in average
winter PM;, concentrations at Masterton West observed between 2003 and
2016 (Pezza & Mitchell, 2016).
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Figure 3.4: Boxplots showing distribution of 24-hour average PMy, at Carterton
(left) and Masterton West (right) during winter 2010, 2013 and 2016. The red line
shows NES-AQ threshold for PMs (Masterton West PM1o data adjusted for
instrument change in 2016).

PAGE 8 OF 14




3.3

Carterton winter air quality: 2010 to 2016

The difference in PM levels (ie, 24-hour averages measured on the same day)
between Masterton West and Carterton for each of the winter periods is shown
in Figure 3.5. Over the three monitoring periods PM,, values were higher at
Masterton West than Carterton, with an average overall difference of 2.3 pg/m’
[1.5,3.1]*. However, in 2016 the relative difference between the two sites was
much closer, with no statistically significant difference found at the 95%
confidence level.
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Figure 3.5: Boxplots showing distribution of the difference (ug/m?3) between 24-
hour average PM1o concentration at Masterton West and Carterton during winter
2010, 2013 and 2016. The horizontal line at zero on the y-axis represents no
measurement difference between the two sites (Masterton West PM1, data
adjusted for instrument change in 2016).

Impact of weather on dispersion of PM emissions in winter

Daily weather patterns strongly influence the dispersion of air pollutants. Low
temperatures and low wind speeds during winter evenings are associated with
elevated PMp and PM, s as smoke from wood burners builds up and is not
readily dispersed. Conversely, windy conditions during the day can lead to
higher levels of PM,, as particles from sources such as wind-blown soils and
road dust become mobilised.

Local wind conditions are influenced by the larger-scale or synoptic weather
patterns such as highs and lows. The synoptic weather patterns often associated
with settled conditions and low wind speeds during winter are high pressure
systems or anticylones. During anticyclones a layer of high pressure air
descends towards the Earth’s surface. The high pressure air warms as it
descends causing evaporation of any moisture in the air leading to clear skies.
The high pressure system also suppresses the upward motion of air that leads to
clouds forming and rainfall.

During winter, under clear skies and low wind speeds, a night-time surface
temperature inversion can occur when the ground cools releasing heat absorbed

495% confidence interval
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during the daytime back into space. The air immediately above the ground
becomes colder than the layer above creating a temperature inversion which is
a reverse of the normal situation in which temperature decreases with height
above ground level. Consequently emissions from wood burners become
trapped in the layer of cooler air and cannot disperse upwards due to the cap of
warmer air on top.

The upper Wairarapa Valley is more prone to night time surface temperature
inversions because of the effect of topography. At night colder air from the
surrounding ranges and hills flows downhill (due to gravity) and can pool in
low lying areas further cooling the ground layer and creating a stronger
temperature inversion (Griffiths 2011).

During winter 2016 two exceedances of the PM;y NES-AQ were recorded in
Carterton on 4 and 5 June (Queen’s Birthday weekend) with a further close to
exceedance day on 8 June. During this period (between 3 and 6 June) wind
speeds measured at the monitoring site were low (less than 1 m/s), daily
average temperatures were below 6°C and overnight temperature minima were
below zero degrees.

From 1 to 8 June there was a strong high pressure system (anticyclone) situated
over central New Zealand (Figure 3.6). This anticyclone was slow moving and
persisted for eight consecutive days. A strong anticyclone lasting for this length
of time is unusual and may be a one in ten year event (Alex Pezza, pers. comm.
22/8/2016). It is most likely that the persistent anticyclone resulted in very
stable atmospheric conditions so that emissions from wood burning were not
able to be dispersed and reached higher than average concentrations leading to
PM, exceedances.
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Figure 3.6: Composite mean sea level pressure (hPa) contours from 1 to 8 June
2016
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Conclusion

Average winter PM; levels in Carterton have remained fairly static over the
2010, 2013 and 2016 winters. PM;y and PM, 5 levels measured in Carterton are
similar to those recorded at Masterton West. Previously, Masterton West
measured higher concentrations of PM;y than Carterton, but due to the small
but steady reduction in PM;, concentrations measured at Masterton West since
2003, the two monitoring sites now record similar average concentrations.

Two PM;y NES-AQ exceedances were recorded in Carterton in June 2016
which equates to a breach of the NES-AQ as only one exceedance per 12-
month period is permitted. The PM;¢ exceedances were associated with the
strong and unusually persistent anticyclone situated over central New Zealand
in the first week of June 2016. This type of synoptic condition is atypical and
would be expected to occur about once every 10 years.

Short term (ie, daily) PM,s levels in Carterton, like those measured in
Masterton, fail to meet the WHO guideline. Therefore, it is recommended that
monitoring of PM;s continues in Carterton. Where possible non-regulatory
methods adopted for reducing emissions from domestic fires so as to improve
air quality in the Masterton urban area should also be considered for Carterton.
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Appendix 1
Table A.1: Monitoring instruments used at Carterton and Masterton (2010, 2013 and 2016)
Site 2010 2013 2016
Carterton FHB2 (PM10) FH62 (PM1o) FH62 (PM1o)
FH62 (PM2s)
Masterton West FH62 (PM1o) FH62 (PM1o) 5014i (PM1o)
5030 (PMz2s) 5014i (PM1o) 5014i (PMzs)
5030 (PMz5)
Masterton East 5014i (PM1o) 5014 (PMio) 5014i (PMio)
5014i (PM2.) 5014i (PM25)
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Figure A.1: Linear relationship between co-located FH62 and 5014i instruments for 24-hour
PM1o measurements at Masterton West from 2012 to 2013 for May, June, July and August.
Equation used to adjust data: E[FH62] = 0.89[5014i] + 0.35 R2=0.97

PAGE 14 OF 14




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 90
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 90
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


