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New MAOS platforms need to be tested and inter-compared.

Thus a proposal was submitted to DOE for an IOP with three objectives:

• Develop new operational strategies that reflect the addition to 
ACRF of ‘research grade’ instruments (MAOS)

• Prepare for GVAX deployment, including training of technicians
• Conduct measurements in a unique location (Long Island) -

exploratory dataset for TCAP

Aerosol Lifecycle IOP - Motivation



Aerosol Lifecycle IOP - Summary

June 15 to August 15, 2011
At Brookhaven National Laboratory, on Long Island NY
MAOS-A, MAOS-C, AMF2, BNL mobile laboratory 
ACRF and guest instruments
Visiting scientists from Aerodyne, UC/Davis, DRI, Kent, MIT
Summer interns 
IOP wikipage
Multiple intercomparisons
Four research foci

• characterization of secondary organic aerosol formation
• determination of cloud-activation properties of aerosol particles
• determination of aerosol optical properties
• model-observation intercomparison



MAOS (Mobile Aerosol Observing System)

Extends AOS capability with enhancements
Two units (MAOS-A & MAOS-C) for aerosol/chemical focus
Self-contained (minimal staging/de-staging time)
Plug and play



MAOS is Composed of Two Parts

MAOS-A (aerosols)
ACSM
3-wavelength PSAP
3-wavelength Neph
3-wavelength f(RH) 
3-wavelength PASS
7-wavelength Aethalometer
CPC (>10 nm)
CPC (>3 nm) 
Dual column CCN 
HTDMA 
MET
SMPS 
SP2
UHSAS

MAOS-C (chemistry)
PILS
PTRMS
Trace Gas:

O3

CO
NO, NO2, NOy

SO2

Ancillary Components
SODAR
Wind profiler



‣ Some instruments are operator-intensive

• PILS-IC-WSOC (requires wet chemistry)

‣ Some instruments generate huge data sets 

• PTR-ToF-MS  (~10 MB/hr)
• SP2 (GB/hr) 

Such high data rates challenge current ARM mechanisms for ingesting data.

‣ Some new, commercial instruments had shake-out problems

New Operational Strategies Required for MAOS



• Instrument mentors trained 7 operators (2-LANL/5-Indians)
• Indians perform daily maintenance & operations tasks

• LANL personnel oversee daily tasks on all instruments & systems, procure supplies, 
and provide maintenance

MAOS Preparation for GVAX 
 

Name Affiliation Photo Local Contact Local e-mail Organizational e-mail Required training 

Aravindakshan, Ajay Indian Inst. of Sci. 

 

Stephen 
Springston 

631-344-4477 
srs@bnl.gov a.ajaynayar@gmail.com  

Dumka, Umesh ARIES 

 

Stephen 
Springston 

631-344-4477 
srs@bnl.gov ucdumka@gmail.com  

Dvonch, Curt LANL 

 

Stephen 
Springston 

631-344-4477 
srs@bnl.gov cdvonch@lanl.gov  

Flowers, Bradley LANL 

 

Stephen 
Springston 

631-344-4477 
srs@bnl.gov bflowers@lanl.gov  

Gharai, Biswadip 
Nat'l. Remote 

Sensing Center 
(NRSC) 

 

Stephen 
Springston 

631-344-4477 
srs@bnl.gov biswadip_g@nrsc.gov.in  

Hallar, Gannet (Anna) Desert Res. Inst. 

 

Stephen 
Springston 

631-344-4477 
srs@bnl.gov   

Hema, Arun Kumar Space Physics Lab 

 
 
 
 

Stephen 
Springston 

631-344-4477 
srs@bnl.gov   

McCubbin, Ian Desert Res. Inst. 

 

Stephen 
Springston 

631-344-4477 
srs@bnl.gov   

In case of emergency: ext 2222 (onsite); 631-344-2222 (outside) 



System Shake Out
• electrical
• stack (aerosol and trace gas)
• computer control/acquisition
• communications
• logistics
• materials & supplies
• inlet

Instrument Intercomparisons (partial list)
• Nephelometer:                
• CPC/SMPS/UHSAS:        
• PSAP/PASS-3:                
• PILS/HR-AMS/ACSM:    
• HR-AMS/ACSM:              
• SP2/Aethalometer: 

         
CCN+Size distribution+composition ⇒ closure

MAOS Shake Out and Instrument Intercomparisons 

(calculated versus observed scattering)
(number concentration, size distributions)
(absorption)
(composition)
(composition, and mass concentration)
(BC mass concentration)



 5 summer interns participated in ALC-IOP
• Assist research scientists during IOP
• Lecture series given by visiting scientists and BNL staff

Education

Gannet Hallar Shanhu LeeQi Zhang

Seong-Soo YumSteve Schwartz



Optical Properties

CCN activitySOA Formation

Key objective: examination of aerosol properties and their dependences on 
atmospheric processing, chemical conditions, and source type. 

Scientific Foci of Aerosol Lifecycle IOP

Model-Observation
Intercomparison



Several Aerosol Types Present
• Urban emission (W, SW)
• Biogenic emission (N, NW)
• Clean marine (S)
• Mixtures

Earthquake & Hurricane too!

IOP Site: Meteorology Field at Brookhaven 

NYC

TCAP

BNL
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Wind Rose Plots: Synoptic Wind Patterns
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Additional Resources: HySplit Trajectories
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Danielle Weech (UIUC)
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marine urban ???

Variety of aerosol source regions



Intercomparisons of Optical Properties
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Similar trends, but factor 1.5-2 difference
• possible calibration issue (under investigation)

Similar trend and magnitude
• differences still present

PASS = Photoacoustic Absorption Spectrometer System
PSAP = Particle Soot Absorption Photometer 

B. Flowers & M. Dubey (LANL), G. Senum & A. Sedlacek (BNL)



AMF2 PSAP and MAOS PSAP Comparison
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A. Freedman and P. Massoli (Aerodyne): Aerosol Extinction
CAPS PMex: Cavity Attenuated Phase Shift Particle Extinction Monitor

Aerosol Lifecycle IOP: Activities 

Massoli, et al., AST 44 (2010)
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Simple Light Source = LED 
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Opportunity to conduct intensive aerosol observations in a region that offers 
biogenic, marine, and urban emissions.

• Urban emission predominately from the west and southwest 
• Biogenic emission predominately from the north and northeast 
• Clean marine atmosphere from the south
• Atmospheric transport time of hours to days 
• Absent strong synoptic forcing, a sea breeze develops in the afternoon  
• Haze events (pollution alerts) can be expected 
• Good chance of catching an intense but distant biomass burning event

Examples of previous northeast corridor studies:

• 2004: New England Air Quality Study (NEAQS)
• 1998-2002: Northeast Oxidant and Particle Study (NE-OPS)
• 2000: North American Research Strategy for Tropospheric Ozone (NARSTO)
• 1999/2000: Maryland Aerosol Research and CHaracterization (MARCH-Atlantic)
• 1998: Tropospheric Aerosol Radiative Forcing Observational Experiment (TARFOX)

Aerosol Lifecycle IOP: Previous Studies



Queens College:
PM2.5 Technology Assessment and Characterization Study- NY (PMTACS-NY) 

• Queens college
• three deployments (summer 2001, winter 2004 & summer 2009)

Instrument Suite:
HR-ToF-AMS and Q-AMS
1-λ Photoacoustic spectrometer (Babs)
TSI fast mobility particle sizer
CCN
Aerodyne QCL (formaldehyde & NO2)
Li-COR CO2 analyzer
BTEX analyzer for benzene, toluene, ethylbenzene and zylenes
2B technologies analyzers for O3, NO and NO2

South Bronx:
Multi-year hourly measurements of EC and OC

• Ambient air monitoring site at NYC intermediate school (IS-52)
Instrument Suite:

Semi-continuous OCEC carbon analyzer (Sunset Labs) - hourly
880 nm Aethalometer for light abs. carbon (LAC) measurement (5-min resolution averaged hourly)
Thermo Scientific 5020C aerosol sulfate

Aerosol Lifecycle IOP: NYC-based Studies



Aerosol Lifecycle IOP: Previous Studies

Queens College

South Bronx



Y. -L. Sun et al.: Sources and processes of organic and inorganic aerosols in NYC 1589
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Fig. 6. Average size distributions of (a) mass concentrations and
(b) fractional compositions of submicron aerosol species for the en-
tire study. The size distribution of EC was estimated based on that
of m/z 57 after removing the contribution of C3H5O+.

significant morning peak due to local traffic influence. While
the average N/C ratio of 0.012 (±0.004) is similar to the
values observed from previous HR-AMS studies (DeCarlo
et al., 2008; Aiken et al., 2009; Sun et al., 2009), periods
with much higher N/C ratio (�0.03–0.04) are also observed,
likely due to the formation of N-containing organic com-
pounds (Sect. 3.5.4).

3.4 Chemically-resolved size distributions of submicron
aerosol particles

The average size distributions of aerosol species and the size-
resolved aerosol composition for the entire campaign are
shown in Fig. 6. We derived the size distribution of EC
based on m/z 57 after removing the contribution of C3H5O+

(Fig. 7), assuming that the distribution pattern of EC mir-
rors that of C4H+

9 – a dominant hydrocarbon ion at m/z
57 (Fig. 5c). The rationales behind this assumption are:
(1) C4H+

9 (or m/z 57 of the unit resolution AMS data) is
an AMS spectral tracer for HOA (Canagaratna et al., 2004;
Zhang et al., 2005a; Aiken et al., 2008) and (2) HOA is a sur-
rogate for combustion-related POA in urban areas (Zhang et
al., 2005c, 2007a; Jimenez et al., 2009; Ulbrich et al., 2009;
Allan et al., 2010; Ng et al., 2010). Indeed, C4H+

9 corre-
lates well with EC (r2 = 0.42) and NOx (r2 = 0.61). The
assumption is also supported by the similar size distributions
between m/z 57 and BC from the SP-AMS measurements
of exhaust plumes of heavy duty trucks and Metropolitan
Transportation Authority (MTA) standard buses during this
campaign (Massoli et al., 2010). However, since C3H5O+

www.atmos-chem-phys.net/11/1581/2011/ Atmos. Chem. Phys., 11, 1581–1602, 2011

Sun et al., Atmos. Chem. Phys. 2011

Mean OC concentrations for June and July were approximately 50%
to a factor of 2 higher than other months. Lowest concentrations
were in themonths of April, September and October. Mean summer
concentrations were approximately 50% higher than observed in
winter and approximately 65e70% higher than spring or autumn.

There are several factors that could have contributed to the
observed seasonal differences in EC and OC. Lower mixed layer
heights in winter compared to summer tend to concentrate
pollutants nearer ground level. Lower ambient temperatures in
winter also tend to suppress dispersion leading to a more stable air
mass and a build up of air pollutants in urban areas. In addition low
ambient temperatures favor the partitioning of semi-volatile
organic components to the condensed phase. Particle emissions
from combustion sources used for building heating during colder
periods can add to pollutant levels. Vehicle emissions may be
enhanced during cold-start periods (Singer et al., 1999). Secondary
organic aerosol production following the photochemical oxidation
of volatile organic compounds can be significant in summer or
under favorable conditions during winter periods (Strader et al.,
1999). Elevated concentrations can occur randomly throughout
the year when polluted air masses intercept the sampling site.

The day of week pattern reveals that higher EC concentrations
were observed on weekdays (Monday to Friday) compared to
weekends (Saturday and Sunday) particularly for summer months
(June to August) as shown in Fig. 3a. Mean concentrations on
Sundays for example were approximately a factor of two lower in
summer than the weekday average and concentrations on Satur-
days were approximately 30% lower. Paired two sample t-tests for
hourly EC concentrations on a weekday versus those on Saturdays
or Sundays with the null hypothesis assuming no difference in the
sample means were performed. Wednesday was chosen to repre-
sent the weekday sample. The tests showed a t-statistic of 5.3
compared to t-critical of 1.96 (two tail) between Wednesday and
Saturday and a t-statistic of 13.0 between Wednesday and Sunday
concentrations at the 95% confidence level during summer months.
Therefore the differences in mean EC concentrations on a weekday
versus Saturday or Sunday were significant at the 95% confidence
level. Mean EC concentrations on Saturdays and Sunday were also
significantly different. However, a somewhat different day of week
pattern emerged during winter when mean EC concentrations on
Saturday and Sunday were similar but still lower by approximately
30% than the weekday average, Fig. 3b. The corresponding t-tests
for winter found there was a significant difference between mean
EC onWednesday versus Saturday or Sunday (t-statistics of 4.5 and
3.2, respectively) but no difference between Saturday and Sunday.
Similar day of week patterns were observed for BC and NOx. The EC
and NOx day of week patterns were associated with differences in
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Fig. 2. Monthly box and whisker plot showing concentrations in mgm!3 at the South
Bronx, NY of (a) EC and (b) OC for the period 2006e2008. The boxes indicate the 25th
percentile (lower edge), median (solid line), mean (dashed line) and 75th percentile
(top edge). The whiskers represent the 10th and 90th percentiles and solid circles are
the 5th and 95th percentiles.
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Fig. 3. Box and whisker plot showing the day of week EC concentration in mgm!3

during (a) summer and (b) winter periods at the South Bronx. Symbol key as for Fig. 2.

O.V. Rattigan et al. / Atmospheric Environment 44 (2010) 2043e20532046

that the primary OC component was important during this time
of the year. Further evidence that EC and OC were linked to
primary pollutants can be seen from Tables 1 and 2. Table 1
shows the correlation of EC with other pollutants during 2006.
EC was highly correlated with BC and NOx with correlation
coefficients, R, in the range 0.82e0.96 and 0.48e0.93, respectively.
EC was also sometimes correlated with OC and PM2.5 total mass
particularly during winter months reflecting a larger relative
impact from local primary sources and reduced secondary aerosol
production during winter compared to summer. Table 2 shows
that OC was correlated with PM2.5 total mass (R above 0.65) and
with aerosol sulfate particularly during summer (R above 0.72).

During winter OC was correlated with NOx (R above 0.80 for
January, February) indicating an association with primary sources.
Similar diurnal EC and BC profiles were also observed during
a winter intensive study at Queens, NY in 2004 (Venkatachari
et al., 2006). Bae et al. (2004a) and Park et al. (2005) reported
similar diurnal patterns in St Louis and Baltimore, respectively.
The OC diurnal profile in Baltimore was more pronounced than
observed at the South Bronx site most likely because of the
impact from highway traffic and a nearby bus terminal. During
summer months EC, BC and NOx at the South Bronx revealed
a similar diurnal pattern as observed in winter, Fig. 5b. OC
concentrations in summer however did not track these primary
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Fig. 5. Average time of day pattern of EC, BC and OC (left axis) and NOx and temperature (F) (right axis) during (a) February 2006 and (b) June 2006. EST represents eastern standard
time.
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• How good are the agreements between different SOA proxies: 
Δorg (over POA), OOA (PMF), and WSOC (PILS)?

• Does SOA formation rate depend on emission source types 
(anthropogenic vs natural)?

• Are there synergistic effects in SOA formation due to fast 
reacting biogenic organics?

• Is it possible to link SOA formation to cloud processing?

• Is it possible to identify oxygenated compounds (e.g., SVOC from 
HR-PTR-MS) that are responsible for SOA formation?

Characterization of Secondary Organic Aerosol 
Formation (Lee)



Cloud-Activation Properties of Aerosol 
Particles (Wang)

• What are the influences of size distribution, chemical composition, 
and mixing state on aerosol CCN spectrum? 

• What are the CCN properties of organic species as functions of 
O:C ratios and photochemical age?

• Derive particle hygroscopicity (κ) from size-resolved 
measurements of CCN activation spectra.

• Derive/constrain the hygroscopicities of major organic classes (e.g. 
HOA, OOA, etc) by combining size-resolved CCN and composition 
measurements.



Aerosol Light Absorption
(Sedlacek)

• How does the aerosol mass absorption coefficient (absorption per unit 
mass of Black Carbon) vary with black carbon (BC) mixing state?  

• How well do observations agree with the shell-core model when BC 
coating thickness estimates incorporate UHSAS, CPC, SP2, and AMS 
data?

• What is the relation between mixing state (age) & CCN activity? 
Measurement will utilize NOx - NOy as a proxy for age.

• What degree of morphological changes in BC take place as a function 
of air mass (marine, rural and urban)?  



Model-Observation Intercomparison
(Schwartz)

• Examine how well models can reproduce the observed optical 
properties when using the measured size dependent chemical 
composition as input.

• How does do the model predictions of optical properties - scat; abs; 
f(RH) - and CCN properties - number vs supersaturation - compare 
with observations?  

• This will involve developing a modeled representation of the observed 
chemical and microphysical properties that can be used as input to the 
various models that will evaluated.  

• Potential candidate models that will be examined include WRF-Chem, 
box model for MOSAIC and CAM5 (evaluate individual modules).

• Working with Vivana Vladutescu (CUNY).



Conclusions

New MAOS platforms were tested and inter-compared
The three objectives were realized:

• New operational strategies were developed

• Preparations were made for GVAX deployment

• Measurements were conducted
• characterization of secondary organic aerosol formation
• cloud-activation properties of aerosol particles
• aerosol optical properties
• model-observation intercomparison

Publications
• ALC-IOP has already resulted in one publication  
• Second manuscript under preparation (overview article for BAMS)  
• Rich dataset should result in additional publications

IOP campaign will provide a useful dataset for TCAP



Presentations:

Maiden deployment of MAOS: lessons learned - S. Springston - not available

Near-surface BC-containing particles - A. Sedlacek

Observations of sulfuric acid and sub-3 nm particles in Long Island during the Aerosol Life Cycle IOP 
2011 - S. Lee

Submicron aerosols during ALC-IOP at BNL: results from HR-ToF-AMS - Q. Zhang

Hygroscopic Properties of Aerosols Measured by CCN, HTDMA and f(RH) - G. Senum

CCN Activity: Future Research Directions - J. Wang

Preliminary SOA Analysis - Y-N. Lee

Aerosol Chemical Speciation Monitor (ACSM) - F. Mei

Discussion


