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Sonoma Technology, Inc.

1360 Redwood Way, Suite C
Petaluma, CA 94954-1104
707/665-9900

FAX 707/665-9800
www.sonomatech.com

March 12, 2008

Dr. Diane Gould STI-906058.02-3286
U.S. Environmental Protection Agency, Region 1

1 Congress Street, Suite 1100

Boston, MA 02114-2023

Re:  Updated trace metals data analyses and meteorological typing and case study analyses
from Casco Bay

Dear Diane,

Thank you for the opportunity to conduct additional data analyses using trace metals data
collected at Casco Bay. The goal of these additional analyses was to update Sonoma
Technology, Inc.’s (STI) report (Wu et al., 2005) with 2005 data, categorize deposition samples
by meteorological regime, and perform case study analysis on large deposition events and
selected meteorological events. This work consisted of two tasks, described in detail below:

(1) update the previous analyses conducted by STI with 2005 data, and (2) perform
meteorological and air quality data analyses. This deliverable incorporates comments received
from EPA in January 2008. In particular, additional work examining ratios of deposition and
Interagency Monitoring of Protected Visual Environments (IMPROVE) aerosol data has been
conducted and graphics provide additional explanation.

Task 1 — Update Previous STI Report with 2005 Data (see Attachment 1)

In December 2005, STI delivered an annotated Microsoft PowerPoint presentation and
executive summary of the analysis of 2003-2004 trace metals data. For this task, we
incorporated 2005 data into that presentation and executive summary. The additional year of
data enabled more robust statistical analyses of trends and relationships among species. This
task included a Level 1 validation of the data and an update of plots and analyses. The original
2003-2004 data set appeared to be insufficient for source apportionment using the multivariate
receptor model, positive matrix factorization (PMF); the data set is larger but still limited, so a
PMF analysis may not yield satisfactory results.

Task 2 — Meteorological and Case Study Analyses (see Attachment 2)

The goal of this task was to identify different meteorological regimes that affect wet
deposition, and perform case study analyses for selected dates on which high wet deposition or
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unique meteorological conditions occur, as well as utilize IMPROVE data to understand how
these data relate to the wet deposition. First, synoptic charts were used to identify which
deposition samples are impacted by a single weather system or by a combination of warm and
cold fronts; only samples with more than trace precipitation were used. Each of the samples with
data above detection was identified with a synoptic or frontal passage pattern. Then, the
deposition concentrations were compared when these different weather types occurred. It is
expected that some patterns will result in high deposition concentrations while others will not.

Next, five case study events were selected for further analysis. These case study events
were convective/frontal events (rather than coastal events) for which we might expect a link
between ambient aerosol concentrations and deposition. These events included a few outlier
deposition events, and an example event from most meteorological regimes. For the case
studies, back trajectories were run and the meteorology characterized. Additionally, the spatial
and temporal patterns of the IMPROVE speciated PM; 5 lead, manganese, and arsenic data on the
days prior to and/or during the case study events were examined. These patterns will help us
better understand the regional spatial and temporal ambient aerosol trends of the metals, which
may have a bearing on the deposition of these metals at Casco Bay.

Summary of Work

Attachment 1 provides the updated PowerPoint presentation incorporating 2005 data, and
the meteorological and case study analyses. Attachment 2 provides more detailed discussion and
results of the meteorological and case study analyses.

Reference

Wu J., Brown S., and Hafner H. (2005) Casco Bay trace metal validation and preliminary
analysis. Presentation prepared for the U.S. Environmental Protection Agency, Region 1,
North Chelmsford, MA, by Sonoma Technology, Inc., Petaluma, CA, STI-904080.03-
2883, December.

Best regards,

=,

Steven G. Brown
Manager, Aerometric Data Analysis
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ATTACHMENT 2

CASCO BAY METEOROLOGICAL TYPING AND
SELECTED CASE STUDY ANALYSES



/

TECHNICAL MEMORANDUM Sonoma Technology, Inc.

1360 Redwood Way, Suite C
Petaluma, CA 94954-1104
707/665-9900

FAX 707/665-9800
www.sonomatech.com

March 12, 2008

To: Dr. Diane Gould STI-906058.02-3286
From: Steven G. Brown, Dianne S. Miller, Hilary R. Hafner

Re: Casco Bay meteorological typing and selected case study analyses

OVERVIEW

The goal of these analyses was to determine whether weather system type impacts trace
metal deposition or concentration. The analyses focused on samples for which a single
precipitation event occurred. Then, to understand whether regional trace metal aerosol
concentrations are related to trace metal deposition or concentration, we examined the
Interagency Monitoring of Protected Visual Environments (IMPROVE) aerosol trace metal
concentrations for the day before the precipitation event at Casco Bay along with the air mass
trajectories associated with that event.

DATA AND METHODOLOGY

To complete the analyses, the number of rain-making weather systems that moved
through the region during each sampling period had to be determined. We used the daily
precipitation observations from the Portland, Maine, National Weather Service (NWS)
monitoring site (72606) to identify single days with observed rainfall during each weekly
sample. Next, we looked at the NWS’s Daily Weather Maps archive to determine which weather
patterns led to the rain and if all rainy days in the period were caused by one system or by
multiple systems. Six unique weather patterns were identified: cold frontal passage (pattern A),
low pressure system moving through from west to east (pattern B), low pressure system moving
up the coast (pattern C), warm frontal passage or approach (pattern D), stationary front nearby
(pattern E), and low pressure system offshore (pattern F). Examples of these weather patterns
are shown in Figures 1 through 6.

In the winter months, the daily observations from Portland were used to identify the
precipitation as rain, snow, or mixed. If no accumulated snow, or less snow than liquid
accumulation, was observed, the day was classified as rain. To differentiate snow days from
mixed days, the snow-to-liquid ratio was used. On average, the snow-to-liquid ratio is around
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10:1, meaning 10 inches of snow will melt down to 1 inch of liquid. With very wet snow, this
ratio can fall to as low as 5:1. Therefore, if the snow-to-liquid ratio was high, the day was
classified as snow. If there was some accumulated snow and the snow-to-liquid ratio was
significantly smaller than 5:1, the day was classified as mixed. For mixed precipitation days,
temperature data were subjectively used to assist with and/or confirm the classification.
February 2, 2003, is an example of a mixed precipitation day. The high temperature in Portland
was 38°F, the liquid precipitation total was 0.86 inches, and the accumulated snowfall total was
1.5 inches. The snow-to-liquid ratio was less than 2:1 and the temperature was well above
freezing for part of the day. Therefore, the precipitation was likely mixed.

P H

_-‘: 0408 10 0 ‘* 070

OQ. | ‘t.-%

Figure 1. Pattern A example: a cold frontal passage on November 7, 2005.



March 12, 2008
Page 3

-/ ; 008",
January 19, 2004

Figure 2. Pattern B example: a low pressure system moving through from west
to east, January 17-19, 2004.
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Figure 3. Pattern C example: a low pressure system moving up the coast,
February 22-24, 2003.
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Figure 4. Pattern D example: a warm front approaching or moving through on
Januvary 12, 2004.

Figure 5. Pattern E example: a stationary front near the region on September 26, 2003.
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Figure 6. Pattern F example: a low pressure system offshore on May 8, 2005.
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After the samples were categorized by weather pattern and precipitation type, we created
box plots of all species typically well above detection limits (manganese, nickel, lead, and zinc)
for concentration and deposition to look for trends. This portion of the analysis was limited to
the summer season, defined as May through September, and the winter season, defined as
November through February. Spring and fall were omitted from this analysis because the
weather patterns are variable and can be similar to either summer or winter. Plots were made for
each season with the sample data grouped by weather pattern. For the winter months, additional
plots were created with the sample data grouped by precipitation type.

Five samples were selected for case study analysis. These samples were chosen because
the concentration and/or deposition of at least one of the metal species was above average and
only one rain-producing weather pattern occurred during the sampling period. For each case
study, backward HYSPLIT trajectories were run at 500 m during the day on which precipitation
first occurred to look at the potential source region of the metals. In addition, we compared the
sample concentration data with the IMPROVE data at other sites in the Northeast on the day(s)
prior to the precipitation event, where available.

RESULTS
Examination of Deposition and Concentration by Synoptic Pattern

Box plots were created to show the distribution of concentration and deposition data by
weather pattern for each species of interest by season. Of the 124 original samples, the number
of valid summer samples with only one rain-producing weather event ranged from 8 to 16,
depending on the species, and the number of valid winter samples with only one rain-producing
weather event ranged from 17 to 19. The individual data points are overlaid on each box plot to
show how many samples fell into each weather pattern. Given the small number of samples
available, all results and conclusions from these plots should be considered preliminary.

Figures 7 through 10 show results of deposition and concentration by season and
weather pattern. The number of samples by season is limited. In general, no consistent trend
was seen by species, weather pattern, or season. While some weather patterns had events with
higher concentration or deposition, these weather patterns did not always produce high values.
Weather pattern C, a low pressure system moving up the coast, typically had the lowest
concentration and deposition values for all species.
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Figure 7. Box plots of manganese deposition (pg/mz) and concentration (pg/L)
by weather pattern (A through F) for single-week events in winter (N=18) and
summer (N=15).



March 12,2008

Page 8
Deposition Concentration
[ 04 T ) Ll T
= 1 T T [¢3 ®
5 .
o | 0.3 4
J ;
4+ ‘PJ(_ ] b
: = Z 02f @ i
Winter z 3r ‘ 3 < P4
2| QoD i @
| = 01} (Jij- o -
o 000 |
. GO
0 1 4y 1 | 0.0 A é (': II:
A B C F
DAYIWX DAYIWX
16 T T T T i 1.5 o T T T i
10 l . 1.0 | -
Summer
s - =
5 ] E . 0.5} -
@ s
O o © T e 9
2 e & @
0 ] i 1 1 1 00 | i i T !
A B D E F A B D E F
DAY1WX DAY1WX

Figure 8. Box plots of nickel deposition (ug/m?) and concentration (pg/L) by
weather pattern (A through F) for single-week events for winter (N=17) and
summer (N=9).
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Figure 9. Box plots of zinc deposition (ug/m?) and concentration (pg/L) by
weather pattern (A through F) for single-week events for winter (N=19) and
summer (N=8).
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Figure 10. Box plots of lead deposition (ug/m?) and concentration (ug/L) by
weather pattern (A through F) for single-week events for winter (N=17) and
summer (N=16).

Additional box plots were created for the winter season showing deposition and
concentration by precipitation type for samples with a single rain-producing weather event.
Examples are shown in Figures 11 through 14. No significant trends in the deposition data by
precipitation type were seen. However, manganese, nickel, and zinc concentrations tended to be
higher when the precipitation was snow.
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Figure 11. Box plots showing the distribution of nickel (a) deposition and
(b) concentration by precipitation type for November through February single-
event samples.
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Figure 12. Box plots showing the distribution of manganese (a) deposition and
(b) concentration by precipitation type for November through February single-
event samples. N=18
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Figure 13. Box plots showing the distribution of lead (a) deposition (N=17) and
(b) concentration by precipitation type for November through February single-
event samples. N=17
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Figure 14. Box plots showing the distribution of zinc (a) deposition and
(b) concentration by precipitation type for November through February single-
event samples. N=19
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Case Study Events

Case studies were conducted to understand the transport pattern and regional trace metal

aerosol concentrations in the context of trace metal deposition at Casco Bay. Six samples with a
single precipitation event were investigated; three in winter and three in summer:

February 22, 2003 (much higher manganese than typical);

February 21, 2004 (much higher manganese than typical, plus high zinc and lead);
August 21, 2004 (higher values of all metals, including very high zinc);

July 22, 2005 (much higher nickel than typical);

August 9, 2005 (higher manganese and lower zinc than typical); and

November 6, 2005 (higher lead than typical).

Results are shown in Figures 15 through 20. Each plot displays

the trace metal deposition “fingerprint” at Casco Bay of species above detection
(manganese, nickel, lead, and zinc) plus a corresponding table of concentration for the
case study sample;

the IMPROVE site trace metal PM; 5 concentration fingerprint at each site;

the average trace metal deposition and concentration at Casco Bay for the season in a
table;

the type of weather pattern and precipitation, plus the date of precipitation that impacted
the weekly sample; and

the HYSPLIT back trajectories at 500 m for the day on which precipitation occurred, run
three times during the day.

No consistent pattern was seen in these case studies. The trace metal deposition

fingerprint does not appear to vary in a similar manner to the PM, s trace metals at the
IMPROVE sites. No consistent association of trajectory pattern with deposition was seen, either
in terms of proportional deposition among species or absolute concentration. However, this type
of analysis over all single-precipitation event samples may elucidate a pattern for which the six
case studies did not.
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