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Goals for today

« Convince you of the importance of critically reading and
writing articles, as well as effective data display (if that would
help you in your work)

— Focus is on ‘technical’ reading and writing because that’'s my field, but
it mostly translates to other fields too

* Show you some tips and tricks that I've learned over the
years that have helped me in all three areas



Why technical reading and writing?

« Although we spend most of our time thinking about technical
content — theories, applications, software, etc. — we also
have to communicate our designs/analyses to various
stakeholders

« We use a combination of oral, visual, and written
communication

e Common forms of written communication include:

— For those in academia:

» Publishing articles in journals and conferences

« Writing other pieces like commentaries, editorials, op-eds, and magazine articles
— For those in industry:

« Writing technical reports, memos, and briefs



Technical writing: Our currency for communication

In Academia: peer-reviewed journal articles Large losses of total ozone in Antarctica
reveal seasonal C10./NO, interaction

J. C. Farman, B. G. Gardiner & J. D. Shanklin
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NUCLEIC ACIDS | | HIH ‘ -
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No. 4356 April 25, 1953 NATURE i ] H -
1D Wmes I
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http://www.nature.com/nature/journal/v315/n6016/pdf/315207a0.pdf
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Technical reading: What | read (and publish in)

General air pollution and other environmental

Environmental Science and Technology

Atmospheric Environment

Aerosol and Air Quality Research

Journal of Aerosol Science

Aerosol Science and Technology

Environmental Pollution

Chemosphere

Journal of the Air and Waste Management
Association

Other
Buildings " Sensors
* Indoor Air * PLoS ONE
+  Building and Environment IS_ME Journ.al
* Energy and Buildings Risk Analysis
« HVAC&R Research

ASHRAE Transactions
ASCE Journal of Architectural Engineering
Construction and Building Materials

Energy systems (conversion, storage, etc.)
« Solar Energy

 Renewable Energy

« Energy Policy

 Energy

 Applied Energy

« Energy Conversion and Management

Environmental Health

 Environmental Health Perspectives

« Journal of Exposure Science and
Environmental Epidemiology

* Inhalation Toxicology

» Journal of Occupational and
Environmental Hygiene

» Annals of Occupational Hygiene

» Clinical Infectious Diseases

« Journal of Infectious Diseases

 Epidemiology

*  American Journal of Epidemiology



Technical writing: Our currency for communication

In industry: technical reports

McKinsey Global Energy and Materials

Unlocking Energy
Efficiency in the
U.S. Economy

Executive summary

INVESTIGATIVE REPORT CONCERNING FOOTBALLS USED
DURING THE AFC CHAMPIONSHIP GAME ON JANUARY 18, 2015

By:  PAUL, WEISS, RIFKIND, WHARTON & GARRISON LLP

Theodore V. Wells, Jr.

Dated: May 6, 2015

The Effect of Various
Environmental and
Physical Factors on the
Measured Internal
Pressure of NFL Footballs

May 6, 2015




TECHNICAL READING & WRITING



Technical writing: The process

Technical writing starts with technical reading

— Your research directions and goals must be informed by and grounded in the
existing literature

— Need to be able to critically read technical articles

Then, after you design and perform your experiments/simulations (based
on prior readings), collect data, and analyze, you need to be proficient in
being able to tell a story via writing, tables, and figures

— Following the formatting guidelines of the journal you intend to submit to or
the report template you have to follow

This goes out for review and with some luck, you’ll get published
— The peer review process is a story for another day

Editing is easier than writing, so don’t be afraid to put words — any words
— on the page and edit them later



Reading technical articles

* | have found “active” or “deliberate” reading to be very useful

* Go in to an article with a mission — something you want to
learn specifically

« Worry about the details once you see the results



In practice: When | was a graduate student...
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When | was a graduate student...
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Continuous, size resolved particle measurements were perfor-
med In owo houses [n order to determine size-dependent pmlae,
intoand dep In the indoor The ex-

periments consisted of three parts: (1) measurement of the particle
loss rate fullawing artificial elevation of Indoor particle concentra-
tions, (2) rapid i el b b induced
ventilation by pressurizat f the houses with HEPA-filtered ain,
and (3) measurement of the particle concentration rebound after
house pressurization stopped. Dering the particle

! Energy

Division,

Pope ct al, 1995; Samet et al. 2000). The exact compounds
and/or particle size rmnges responsible for these healih effeets
have not yet been d. The indoor envi pro-
vides a significant, if not dominant, exposure potential for par-
ticles for two primary reasons. First, people spend most of their
time indoors—typically ~90% (Jenkins et al. 1992; Robinson
and Nelson 1995). Second, indoor concentrations of particics
of outdoor origin arc cstimated 1o be on the same order as

decay period, when Indour conceatrations are very high, losses due
to depusition are large compared to galns due to particle infiltra-
tion. During the canceatration rebound periad, the apposite is true.
The large in indoor allows the effects of
penciration and depesition losses to be separated by the transient,
model we empl to analyze the data. For the
two houses studicd, we found that as particles increased in diame-
ter from 0.1 to 10 um, penctration factors ranged from ~1 to 0.3
and dqullllu loss rates mgcd from 0 1 lnd 5h~'. The decline In
factor
in the house with the lamer normalized leakage area.

IN'IRODUCI' 10N

air is iated with i d mor-
bldlty and momllly cven at the generally low levels of air
pollution found in United States citics (Dockery et al, 1993;
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owdaor (Wallace 1996; Ot et al. 2000; Rilcy
et al. 2001). Indoor concentrations of panicles of outdoor ori-
gin are inf) d by many building and envi | face
toes, such as air leakage rotes and ventilation system design.
Thatcher et al. (2001) identified and evaluated sources of data
for those factors that affect the transport into and concentra-
tion of owdoor particles within the indoor environment. In ad-
dition 10 panticles of owdoor origin, particles generated from
indoor sources, such as tobacco smoke, cooking fumes, or pet
dander, may present significant specific health concerns and
may add to the total health burden associated with particle
exposures.

Particle deposition within the home will reduce indoor air-
bome concentrations of particles with both indoor and outdoor
origins, For this reason, und:fsundmg deposition loss r.ues un-
der typical ress for g hu-
man health impacts from mdoof pamcles Many :xpmmu
have been performed to study particle deposition in the indoor
cavironment (Offermann ctal. 1985; Xuctal. 1994; Byme etal.
1995; Thatcher and Layton 1995; Fogh ct al. 1997; Abt et al.
2000; Long et al. 2001; Vette et al. 2001; Mosley ct al. 2001;
Thatcher ct al. 2002). ‘ﬁ‘" Iy wide)

esulis fronthese studies showoas
qum ofvariability in’ deposition rate: for any’ given pamicle—,

nmhi:w‘rﬁmly'b dueyatieast in pantg to vaations:inithe ..,
mummumwhdmgpumw asition rales were measured; Factorss,
stichi s airflow conditions; quantit of nﬁiﬁp—’\
interior mmwmmmuﬁinfm ==
fi stability, and mulummlmﬂhndhay all be

d 10 infl the rate,
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Another key factor g indoor exp 1o particl

of outdoor origin is the effect of losses due to particle filtration
by the building shell. These losses are typically quantificd by
the use of a penctration factor, P, defined as the fraction of pas-
ticles in the infilirating air that pass shrough the building shell.
Previous ex m(i’onmnhn factors have Tolnd a lirge
ﬁmll.lln'f’valum In some cases, it appears these \-amlmm
are duc 10 the variability found in houses and in exp

were | imantly lefi open.” As the particles increase in di-
ameter from 1 to 6 pem they report that modeled “penetration
cfficiencies drop precipitously” (/ = 0.9, 0.82, 0.74, 0,69, and
0.53 for paniicle diameter bins 1-2, 2-3, 34, 4-5, and 5-6 pm,
respectively). The low values for the larger particle sizes seem
physically unreasonable, since when windows are open nearly
all of the air exchange will oceur through the open windows,

conditions. In other cases, 4hc results are confounded by the in-

ability to sey deposition and y ion effectively and 1o
account for time dependencies in thc mdcdymg memumd val-
ues. Tharcherand Layton (1995) particl
of size and found penctration factors near | for particles with di-
ameters larger than 1 gem for the single residence studicd. These
results suggested that the shell of the building studied provides
essentially no Riltration for these panicles, Hlowever, this study
was performed using only o small oumber of replicates in a
single residence and may not be representative of the gencral
building population. Wallace (1996) also calculated penetration
factors very elose to | for PM 2.5 and PM 10, based on the
panticle mass data from the EPA PTEAM study for a large num-
ber of households in the Los Angeles area. These data do not
lend themselves to understanding whether panticle penetration
is particle-size dependent. Cristy and Chester (1981) gencrated
large quantitics of 2 m-diameter spores outside a trailer home,
which arc often poorly sealed structures, and measured the in-
door concentration response. Based on their data, they lud

where the y factor will be 1. A potential reason for
the incongruity using their approach is that the method fits a
single value of penctration factor to all of the daa, regardless
of whether windows and doors are open or closed, Since bomes
will tend to have higher air exchange rates (and penctration fac-
tors near 1) when windows are open and lower air exchange
rates when windows are closed, a single value for P cannot be
used to fit the entire data set, Additionally, Long ct al. used a
steady-state model to amalyze their data. However there is no
indication that the indoor concentration was constant over umc
(dC,/dt = 0),as d by a steady-state model or an
of the effect of using a steady-state model to analyze nonsteady
dara,

Roed and Cannell (1987) reponied P = | for two mdioactive
isotopes (') and "Be) and P = 0.53 for a third (*7’Cs), all
assumed to be bound to p based on ina
single housc. Muu:hs l:l al. (1992) measured PM 2.5 in 394
homes and csti factors b 0.58 and 1.04
for 8 clemems pnmmly of outdoor origin, Their calculations

that penctration losses did not have a significant effect on indoor
cancentrations. Vetic ot al. (2001) reported penetration factors
for a single house between 0.4 and 0.9 for ambiemt particles
with diamcters between 0.01 and 2.5 jem. However, they did not
measure air exchange rates dmng the period for which the pen-
ctration ratcs were air rates vary

d that all 8 el had an average deposition velocity
of 0.18 m/Mm—in cffect, that the clements were all associated
with the same size particle. If the elements were truly associated
with the same particle size, then the reason for the differences
inp ion factors b I is unclear. If they are
usocmlcd with dnfrzmn pam:lc sizes, then the assumption of a

from period ta period, their resulis have a large uncertainty asso-
ciated with them. Thatcher and Layton (1995), Wallace (1996),
and Vette et al. (2001) all based 1heir results an measured am-
hncm p:mclc concentrations. Ambient outdoor particles may

and/or f ions in the in-
door emi that con ¢ of results,

rate, independent of panticle size, will lead
to large errors in the caleulation of penctration factors. This will
be especially true for particles larger than 1-2 gm in diameter
(Thatcher et al, 2002),

Chao and Tung (2001) report P = 0.85 based on measure-

mcnls of PM 2.5 in five homes and the assemption that indoor

As we discuss further below, this is pam:ululy important in the
western ULS., where volatile ammonium nitrate particles can
represent a significant portion of 1he particle mass.

Abt et al. (2000) ealculated a fmonhcy tcnncd lhc “effee-

tivep Miciency," which and

losses () were negligible. Consequently, their re-
ported p ion factor anrib bath p ion and depo-
sition losses to building shell filtration and therefore overstates
the penetration loss mte. Tung et al. (1999) measured concen-

trations of PM 10 in an interior coaference room and corridor of

penetration losses for outdoor particles. However, their analysis
did not scparate the two factors. Long et al, (2001) described
an “infiltration factor™ which was equivalent to 1he “effective

p ion cfliciency™ di d above, where the cffects of
deposition and p ion losses are not d. They also
d d valucs for d and losses using a

random ¢ffeets mixed model on data from nine homes and re-

an office building under conditions with the 11VAC off and cal-
culated 7 factors for port from the comidor into
the adjacent room ranging from 0.69 10 0.86. Their data show
that a large increase in the particle conceatration in the corridor
did not cause any response in the confe room

tian, which they atiribute ta the low air exchange rate (0.29 h~')
between the comidor and room. However, if a transient model
for air flow and particle transpon between the corridor and the

poucdpcnmnon factors Imm:n lbomO 9 and 0.3 for pasnicl room is d using their p the modeled room
0.02 and 6 jem, resp ly. They i asub ial resy to the increase inthe
values for one individual bome whwc the ‘“wmdwws and doors  corridor particle ion. A possible expl for 1his

-~
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When | was a graduate student.
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disercpancy is that some other pathway, such as the HVAC duct-
work, duet leaks, or the ceiling plenum, was the main source of
panticle-bearing air infiltrating into the conference room, not the
leaks between the room and the corridor. Furth with the

other p ys with relatively large di ions. The ASHIRAE
Iundammlnl: Handbook (ASIIRM'. 1997) reponts that a large
fraction of air infiltrating into o residence can come from large

HVAC system ofT, it is not clear whether the room has a negative
pressure with respeet to the comridor, which would have to be
the case in order 10 have air flow and panicle ransport between
these two spaces.

McMurry et al. (1985) measured indoor/outdoor (LO) ratios
in a well-sealed residence, with no known indoor sources and
found no correspondence between these ratios and pasticle di-
ameter for particles between 0.1 and | jum. In developing their
approach and analysis, they assumed that the indoor and out-
door concentrations were ot steady state, even though the low
air exch rates and dingly long resid: times in

penings such as those around fircplace dampers (0 to 30%)
or in the heating system (3 1o 28%). When large pathways are
predominant, penetration factors would be expected to be close
10 unity, In a home without larger openings, where most of the
air enters through smaller cracks, the observed penctration rtes
may approach those found in chamber studics.

Scparating the cffects of deposition and penctration in a full-
seale house is dlfﬁcun Ofien assumptions are made with respect
toeither the dep: orp ion factorand the

h d 1o calculate the other factor, Al

bolh Thatcher and Layton (1995) and Vete ct al. (2001) ﬂm

1his study make steady-state tondluoru more difficult 1o achicve.

The potential impact of assuming steady state when the system
is transicnt can be seen in their data during 2 rainfall cpisode
where the VO ratios rise dramatically for all size ranges duc to
a sharp drop in owtdoor concensrations, These VO ratios decline
rapidly once the rainfall cpisode has concluded and outdoor par-
ticle concentrations rebound. The changes in the VO mtio over

d the deposition rate by cl g the indoor particle
cancentration, mc.uulinu the particle loss mc as a function of
particle size, and subtracting the exfiliration rate, The measurcd
deposition rates were then used along wuh ambmﬂ mdoor and
outdoor (with P ized) to deter-
mine the size-dependent penctration rate. Using this method,
any changes in the deposition loss rate or variability in outdoor
particle concentrations at “steady stare™ will lead to inaccuracics

this period arc probably influenced more by the time lag be-  in the caleulated penciration factor.

tween the indoor and mndnor concentrations than by clmngcs in In the present study, we deseribe o methodology for specif-

the physical ing indoor ically d: ining particle p ion as a function of particle
In addition o the whol= house studics listed above, sev- size that takes into account the significant factors influencing

cral studies have & i ion through fi such such as the particle size-dependent depo-

cracks in experimental chambers. Lewis (1995) rcported pene-  sition rate onto indoor surfaces, time variation in air exchange

tration factors ranging from 0.97 10 0.29 for particles increasing  rates and outdoor particle ions, and the p il ef-

in size from 1 10 6 jum passing through a Perspex (plastic) slit
0.1 mm high and 40 mm wide with a pressure differential of
10 Pa mmmmd across the slit, Moscly e1 al, (2001) passed

d particles through f: d alumi slits

fects of other panicle loss mechanisms indoors. In contrast to
many of the previous studies, we seek to understand the physics
of pmrr.mon loss mechanisms using actual houscs, Since both

0.508 mm high and 10 e wide. They found penctration factors
between 0.02 and 0.9 for 2 pm particles and 0.00) and 0.05
for 5 jem panicles, with a strong depend on the p

1he chemi position and physical ch istics of par-
ticles vary with size, particle on as o

function of particle size will be a critical component in testing

differential across the crack.

In general, investig d hamber studies have
reporied Jower penctration rates than lhosc performing whole
housc studics. The rcasons for this are not entirely clear, How-
ever, it is reasonable that the penctration factor should be highly
influenced by the size and geometry of the infiltration route,

and cval g vasious health and exposure hypotheses. Itisalso
imponant to understand whether particle penctration factors can
be related 10 1he leakage charctenistics of houses.

EXPERIMENTAL PROTOCOL
Since both deposition and penctration losses are particle size-

which has not been systematically investigated for a wide vari-  dependent and occur simul! ly, it is difficult 10 dccwph
ety of honscs. Liu and NazarofT (2003) performed experiments tlu: cffects of these in a resid Inour

I ion factors as fi of panicle size, crack  design the indoor concentration is varied over a wide range and
height, pressure drop across the crack, and erack ial. They lyze events where deposition is the dominant loss mecha-
found that the height of the crack significantly influenced the  nism and events where p ion losses domi A i
penctration factor. For example, they found that for 2 jum par- modcl cmploymg a lwo-pammclcr fit is used to determine the
ticles traveling through a 9.4 ¢m long smooth crack, ition ratc and p jon factor that best
no particles deposited in a crack | mm high and nearly all par-  fits the obsmcd data.

ticles deposited in a crack 0.25 mm high. Older homes, and
other homes which arc not tightly sealed, may have a signifi-
cant portion of their infilirating air entering through openings
around nines and eleetrieal outlets noarly cealed windowe and

For this study we conducted experiments in two houses, one
in Clovis and the other in Richmond, California. At both sitcs,
a typical experiment began with a short period of indoor resus-

nenciom activitiee fllowed hu a 1189 h asriad af cancmntenation

850 T L THATCHER ET AL

Csellating Fan
Panicle Monitoring
Prassure Tap

Gas Deteclion
HEPA Filtor

Tota! Aren = 639 4 (59 m’)

LIVING ROON

indoor particle concentration rebounded. During the entire ex-

tracer gas were made continuously at
several locations within the building. Size-differentiated panicle
concentrations were measured every 3 min with particle instru-
ments located both inside and outside the building.

The resuspension process raises indoor concentrations of par-
ticles larger than ~0.2 jm in diameter by causing particles that
have been deposited or tracked onto surfaces to disperse in the
indoor air. Itis d that these Jed particles will be
chemically stable in indoor air and will not undcvuo transforma-
tion processes, During the concentration decay period, indoor
concentrations are relatively high and losses due 1o deposition
will be large compared 1o gains due 1o particle infiltration, The
deposition rates obtained durmu this pcno-l are stable and repro-

ducible. During the J period, the opp

" will be true. Changes in indoor plmclc concentrations will be
duc almost exclusively 1o infiltrating particles and depo-
sition hsus will be small compared 1o infiltration. Thus we can

- ly scy P ion and deposition losses. In some

n cascs. ch 2l £ 2 Clllbﬁﬂl\‘ P P 1
. BTORAGE we discuss this further below.
= d Study Locations

s

Figure 1. Floor plon of the experimental house located in
Richmond, Califomia. Particle measurement equipment was lo-
cated in the living room. Tracer gas concenirations were mea-
sured at Jocations denoted by stars, and indoor-ouldoor pressure
differentials were d at the locations shown by the open
circles.

decay. For some experiments at the Clovis house, a natural-gas-
stove bumer was also ignited to increasc the indoor concen-
tration of smaller paniicles. Following the concentration decay
period, the buildings were then pressurized using a Hligh Effi-
ciency Particle Absolute (11EPA) filter mounted in a window at
the locations shown in Figures 1 and 2. The HEPA filter sup-
plics esseatially panticle free air (greater than 99.97%% removal
of 0.3 yem diameter particles) and creates a positive pressure
prodient across the building shell (indoor pressure greater than
outdoor) that prevents the entry of outdoor particles, causing
the indoor panticle commuon 10 decline to nearly zero. Thc
effecti ofthe p was confinned by B
the indoor-outdoor pmnuc differential across the building sur-
faces at various points. When the HEPA filter was then wmed

To explore the effect of building characteristics on deposi-
tion losses and penctrotion factors, we applied this method in
two scparate homes, cach with very different construction, Ex-
periments were performed in two houses: one in Richmond,
California and a sccond in Clovis, California. The Richmond
house is a small, older, single-story building (59 m*) with wood
clapboard siding, un-insulated walls, and double-hung wooden
windows. The building is located in a relatively unsheltered lo-
cation near the San Francisco Bay and is subject 1o winds that
cxhibit a significant diurnal variation in both wind speed and di-
rection, as wellas occasional high wind speeds. Figure | showsa
floor plan of the house. All particle measurement equipment was
located in the living room and two oscillating fans sining on the
floor were used to promote mixing, s shown in Figure |, The
building contained a wall heater that was not operated during
these experiments.

The Clovis residence is a moderte-sized home (134 m*) con-
structed in 1972, [t has a stucco exterior and single-glazed alu-
minum frame windows. The bouse is single story, with standard-
height eeilings (2.4 m), a forced air heating and cooling system
(which was not operated during these txpmmenu). and ceiling
fans (which were op d during the exp op
mixing). An additional oscillating fan Jocated approximalely
1.5 m from the floor was operated in the living room to dis-
perse trocer gas and promate mixing near the panicle measure-
ment cquipment. The house is located in a residential suburb of
Fresno, California, surrounded by mature trees and homes of a
similar height and size. The Aat terrain and high level of shel-
tering resulted in relatively low levels of wind loading near the
building. Figure 2 shows a floor plan of this house, along with
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Figure 2. Floor plan of the experimental house located in Clavis, CA showing locations of ceiling fans, imcer gas measurements,

and differential p Farticle

Blower door measurements, in which the amount of airflow
under various imposed T differentials is d, are

was located in the living room and in the outdoor shed,

and Matson 1997). The typical NL of a conventional new house

commonly used to compare the relative “air tightness” of bomes
(ASHRAE Standard 136 1993). These measurements can be
used to caleulate normalized leakage (NL), which is the leakage
area normalized by floor area and a bouse height factor. The aver-
age bouse in the United States bas a NL of 1.2 em?*/m? (Sherman

is approximately 0.55 em?/m? and a new well-scaled, energy-
cfficient house is around 0.31 cm?/m? (Sherman and Matson
2002). Older homes tend to have significantly larger NL than
newer homes (Sherman and DickerhofT 1998). The Rich J
house has a normalized leakage orea around 2.5 em®/m?, indi-
cating that the structure is fairly “lcaky™ and that air penctrates

occurming through large penctrations in the building shell.

Measurement Equipment
The indoor particle and gas measurement instruments were
located in the living room of each house, Systems to measure
tracer gas and p differentials across the
building shell monitored the living room as well as several lo-
cations throughout the house, as shown in Figures | and 2. An
additional set of particle measurement devices was also located
outdoors at each house. In Richmond, the outdoor i
were located on a table approximately 30 feet upwind of the
house. In Clovis, the instruments were located in a shed adja-
cent to the house and samples were collected through a PM 10
inlet projeeting approximately 10 feet above the shed roof.
Two acrodynamic particle counters (TSI, Model APS 3320),
one located mdoon and onc outdoors, were uscd to

size. However, the conversion from optical to acrodynamic di-
ameter is highly dependant on panticle ion and varics
over time, In particular, variations in the chemical composition
of the acrosol, such as high levels of carbonaceous acrosol, will
lead to emrors in the conversion from optical 10 acrodynamic
diameter. As a result, we report our concentrations in terms of

optical di for performed with the opucal
counters, The optical di is not ily exy d 10 be
identical to the 1] ic di for the particles studied.

InClovis, CA, awbs!aululandInglnlyvnmblc fraction ofthe
ambient acrosol can be compm:d of nmmnmum nitrate pam-
cles. These particles b
and nitric acul in the indoor environment (Lunden et al. 2003)
and therefore cannot be readily modeled with a simple physical
model that assumes that the particles are conserved. To deter-
mine the ib of nitrate p 10 the out-

-~

size distril forp with dy be-
tween 0.5 and 10 gm. To assure that the measurements from
the two i were ! with the

instruments sitting side-by-side were performed before and af-
tex cach test series. The tests were perfi | bath
outdoors and indoors. The resulis were compared 1o determine a
collection efficiency ratio between the instruments for each size
bin. For a ypical calib serics, the dard deviation of

door acrosol during these experiments, PM2.5 nitrate, carbon,
and sulfate were d with 10 min using the in-
tegrated coll and ization method of Stalzenburg and
Hering (2000). This melhud collects PM2.5 panticulate matter
by humidification and impaction onto a 1 mm diameter spot
on a metal substrate. The samplc is then analyzed by flash-
vaparization and quamnalnon of (hc cvolved vapar compounds,

the collection efficiency ratio was less than 0.1 for the individ-
ual panicle size bins, The cfficiency ratios were used to adjust
the i brained by the i and “match” the
results, For the Clovis experi the hing experi
were performed with the outdoor instrument sampling through
the PM 10 inlet manifold so that manifold losses would be in-
cluded in the correction factor. The APS uses 52 size bins he-
tween 0.5 and 20 zem. For our analysis, the smallest size bin and
all size bins over 10 jem were climinated, because of poor corre-
lation b for the smallest size bin and the use
of the PM [0 inlet owtdoors reduced or climinated particles with
diameters Jarger than 10 gm. Data in the remaining bins were
grouped 1o produce 12 size bins between 0.5 and 10 jem, The
concentration in the largest of these bins was often very low in-
doors, particularly in the Clovis house with its low air cxchange
rates. For cach size bin, we excluded periods where there were
insufficient counts in the bin to provide adequate count statistics
from our analysis, typically around 5 counts per measurement
interval,

Two optical particle (Particle M System,

Nitrate are d using | va-
porization in a nitrogen umtr gas with qunmnullon of the
cvolved vapors using a ch monitor cquipy
with a molyhdenum converter 10 reduce higher oxides of nitro-
gen to nitric oxide, Sulfate and carbon analyses are performed
using high-temperature heating, with analysis of the evolved sul-
fur dioxide by UV fluorescence and carbon dioxide by nondis-
pessive infrared absorption.

Indoor and outdoar were performed simult
neously using a four-cell system. One pair of cells (enc indoors
and one outdoors) was uscd for nitrate measurements. A sec-
ond pair was used for the combined measurement of carbon and
sulfate. The outdoor nitrate cell and outdoor sulfate-carbon cell
were housed mdoots inside a box that was ventilated with out-
door air 1o mai 1 iy at the point of
sample collection. A more detailed description of this system
can be found in Lunden et al, (2003).

Air infiltration rates were measured using sulfur hexafluoride
tracer gas techniques (ASHRAL 1997) with a photo-acoustic
infrared detector system (Bmcl and Kjoer, Model 1312). For the

Model LAS-X),one localcd indoors and one owdoors, were used
10 size distri for particles with optical di
between 0.1 and 3 pm, The instruments were “matched” in
a manncr analogous to that used for the acrodynamic parnicle
witl similor g in the col cfficiency ratio.
The smallest and largest size bins were excluded duc to diffi-
culty in matching and a low number of counts indoors for the

Richmond an injectio/decay method was used. In
this method, a pulsc of tracer gas is injected and mixed within
the space. The loss of tracer gas over time is then monitored at
three to six locations and the concentration decay rate is used to
determine the infiliration rate. During the Clovis experiments, a
constant injection system was used. In this method, tracer gas
is injected at a constant rate before and during each experiment.
The time-varying infiliration rate is calculated using » transient
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mass balance approach that for the inj ate and
the time-dependent infiltration losscs. In genera), the ealeulated
air exchange rte at a given time was essentially the same for
cach measurement location within the house, and the average
concentration for all locations was used in the model. The only

d when the winds d HEPA filter was
opmlcd in the Clovis residence, Dulmg these periods, the SF,

853

where Cy is the indoor panticle concentration attime 1 (# em ™),
1 is time (h), C, is the outdoor particle concentration at time ¢
(#em?),Pisthe penctration facior, A, is the air exchange rate
(h"'), A is the deposition loss rate (h™'), G is the gencration
of panicles indoors (# em™ h™'), § is the panticle formation
mmngh gas-| pamcl: convcmoa (#em™* h™"), F is the panticle

ionduet (wem'hY), Kisthe panicle
size change through coagulation (# em™* h '), and H is the
p:m:lz size dmn:: lhnmuh hygroscopic growth (# em™ 7).

in the mom g the HEPA fan was very
low and that point was excluded from the average
in order to obtain an air exchage rate more rep ive of the
entire house.

[7An automated, multiple chanael nnel differential pressure sys-:
lqp»(lfnﬂ[y Conservatory, APT 8) was used 10 monitor prei-

jsure differentinls across the bullding shell at various points for
‘each house (sec Figures | and 2) and to assure that/pressur-
ization with the HEPA filtration system was always positive

W outside) on all surfaces’of the building

Analysis Mcthod

The concentration of particles indoors is a balance between
the sources and sinks of particles in the indoor environment,
Figure 3 illustrates potentially imporant factors affecting in-
door concentrations. In the most general form, the indoor
concentration of particles of a specific mc and commmon
particle can be rep d by the g

ac
—’ = (CoP = Ci)Ay =

=Cp+G+S+F+ K+ H, (1]

(01, Cormatioa

Forthy le size ranges used inthese exper-
iments, we do nnl mnhl)w (K): hygroscopic growth

to mndsn!l\cmt Impact on indoor par-
uclc concentrations. In addition, care was taken 1o avoid indoor

sourecs 3(G) byilhu an nnmmed space and operating equip-
~ment, such

pumps; particles outdoors.
Thmfou-. we assume that these effests are mglmble in our
mlym During some experiments, uhsmnnom umlnuued lh.-u
the results were licated by di: and

of ammonium nitrate particles (S). Periods of high ammmium
nitrate were excluded from our results, For the periods sclected
for our analysis, we could reduce the mass balance equation 10

Sl-ce,-

Cylh + B). 12)

Under steady this eq is solved casily
for a constant outdoor concentration and stable infiltration rate.
However, in most real-world situations—as was the case for
these experiments—1here is significant time vaniation in C,, and

Indoor PV T~
.\':\), > .'.) Py e
L @F Phase Change
Coagulation
"}x] ———e _,_)
L Formation
Deposition . A
P Resuspension
. oL . s
\ V  Oo
and Iy n the indoor cavironment.

}T"'/\fl._’v 41/, "',

\5,

18

.)H,a,/
i l'f§

\

RRA LTS

\

#54

A, causing the steady-state solution to be invali, When 8C, /it
i$ not zero, the equation can be solved using a basic “forward.
marching” scheme with time stcp, A, as shown below:

Ci(r) = Cr(n)+ PCA AL =Crlr)Aen)+ S AL, [3)

In these experiments, the time step used was 3 min, correspond-

ing 1o the measurement interval for the size-resolved instru-

ments,

The equati Ivi hadology employed the

tion of the sum of lhl: square of the differences between the
d and medeled indoor at cach time step

divided by the measured concentration at that time. Since the

concentration varied over several orders of magnitude during

cach ol i

T L. THATCHER ET AL,

10 problems associated with interference by ammonium nitrate,
which will be discussed in more detail subsequenily. For cach
particle size r.\ngr:. the deposition lns: ates and pcnetmnon foc-

tors ob d from the were ged over all
experiments performed at cach home. The average and standard
deviation are reponted for cach site,
RESULTS AND DISCUSSION

The p i b I method prod: ach

indoor panticle profile as shown in Figuse 4 for smaller panicle
sizes measured with the optical particle counter and Figure S for
laqcv icl d with the dynamic panticle enunm
ly following ion, indoor

significantly higher than during the quicscent periods at the eml
of cach experiment, for all but the smallest panticle sizes. Con-

e

(froma i nn« P 100 min-
imum dunng the filtration period), di g by the d
lized the weightis orc::h point over the

entire experiment. Although this leads |o biases due to measure-
ment crrors, it was found to provide better fits over un entire

data range than those produced by other '
For i without g the high periods
dominated and the curve fit at lower was poor,

of particles greater than 0.5 jem typically increasc by

more than a factor of 5, and particles larger than 3 yom increased

by mere than a factor of 10, compared with the quiescen back-

ground, Similarly, during the period when the house was pres-

sunzed with filtered air, indoor concentrations are significamly

lower than qmcseem concentrations. Thu large range of indoor
the

and a weighting scheme minimizing the inverse of the mea-

y of the method and im-
proves the ability 10 find unique solutions for the penctration

surcd/modeled difference led to large crrors a1 high factor and dey e, Ilmw.wr. the use of resuspended and
Individual which f10be i natural gas stove-gs icles as sources of additional

due Io:ll.hcrcqmpmcm Inmnmmnsonnsuh-lmum.u. Juded  panicle mdoommymwoduu error into the cal-
is if they exhibited the '3 isti Lations if the prop of these parti (lud:nslnpeand

from the analy

(1) zero or near zero counts or (2) one or more points where
:mmls dlﬂ‘cr by more than 50% from the counts in both the
p and foll in the time serics, with
no phyﬂnl cxnlmllm In general, the excluded measurements
represented bess than 1%% of the total number of points, with the
exception of the largest size channcl of cach instrument, which
exhibited very low particle counts over significant periods.

The Excel spreadshect tool SOLVE (Microsoft Corporation,
Redmond, WA) was used to di inc the deposition loss rate,

density) are differemt than lhosc found in aml»enl alt To the
extent that pended

deposited from air, they ‘shoutd be similar to ambicnt pamclu
but lacking the mo:l vol:mlc or unsuble components. The por-
tion of P [} B g from tracked ial

may not rep he chemical ition of ambient air well,
but as long as they aze stable and similarly shaped the deposition
bcluv-orshwldbesumtlar 10 that observexd for ambicnt particles.

A, and penctration factor, P, which minimized the sum of the
weighting function ruuluals for cach pcmclc size range. Ducto

als, such as fibers, are typically
targer than |o um and would not be included in the measure-
ments. Particles from natural gas combustion should be similar

bias introduced by g the crmor by to those in other fresh combustion acrosols, but l!:cy may nol
the d \Iu.--vmgc deled other submicron particles, such as inorg:
tended 10 be slightly lower than the d \\cll ifthe d are significantly different.

tion. This difference was typically less than $%5. In eons-dmuon Changes in the outdoor ion during the

of this bias, the goodness-cf-fit was determined using 1wo mea-
sures: the first is the measured/modeled correlation cocfficient
and the second is the difference betwm the dand mod-

increase the sensitivity of the ﬁl because depesition losses are
a function of indoor and p ion losses are

o

cled Ifth flicicnt was kess
than 0. 95 or the difference between the average concentrations
was more than 105% for a time scries ion for a given

a ion of outdoor concentrations. Conscqucmly. outdoor
concentration varniability helps differentiate the effects of pen-
ctration and deposition losses. Significant changes in owtdoor

particle size range, then the fit was rejected and the results were
discarded. Typically the model performed very well and fow
rejections were observed, for example, in the Richmond exper-
iments, [2 of the 122 reconstructions were rejected, and only 3
of the 81 reconstructions were rejected in the Clovis data. Onc
cxpeniment performed at the Clovis house was discarded due

occur over the course of one or more hours on a
typical day, but they can oceur more rapidly, for instance when
the wind dircction shifis. For panicle sizes ncar the larger end
of an instrument’s range, low indoor particle counts often lead
10 poor count statistics and a high degree of sample-to-sample
variability, especially during the rebound phase or when air ex-
change rates are Jow. This variability can lead 10 a decrease in
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Figore 4. Measured and modeled indoor particle concentrations for several optical particle diameter mages during a typical run
in Richmond, CA. The larger particle size ranges show increased sample-to-sample variability dec 1o the low number of counts

per sample period,

the seasitivity of the fit of the model 10 the data, Figures 4 and
5 illustrate the data and model fit during the experi The

creates a smullon wherc it is not possible 1o ndtqualely fit horh

model fits well on both the downward sloping deposition phase
:md on lh: upward sloping rebound phase, uldxealmg that both
and p ion losses arc app ibed

Th: :ensmmy ofthe model fit1o the pcmlrauon factor value

the decay and rebound portions of an exp
At the Clovis m: the effects ofammomum nitrate dissocia-
tion and vapori indoars conf d the effects of pen-

ciration factor and deposition rate on indoor concentrations.
Figures 6 and 7 illustrate this cffect. As shown in Figure 6,

can be scen in Figure 5. This example uses APS data frem the  the outdoor ium nitrate ions arc low and the
Richmond experiments with the model incd to a e deled particle ions match the d particle
tion factor arbitrarily fixed at 0.5, leaving the deposition ratcas  concentrations well carly in the experiment, Later, when the
the solc fitting The fixed p ion factor results in  outdoor nitrate concentrations rise rapidly, the outdoor particle

poorer fits and reduced correlation cocflicients (from 0,994 10
0.965 for 0.9-1.1 pem, from 0.996 0 0.973 for 2,1-2.6 jum, and
from 0.993 to 0,988 for 5.0-6.2 jum). In this example, where the
penetration factor is lower than the “best-fit” penctration factor,
the solver reduces the modeled deposition rate to
for the antificially low penetration rate, This results in an over-
pmhcmn of the indoor concentration in the initial period just
g pension, when deposition is the domi loss
hanism. Later in the when indoor concentra-
tions are lower, the cffect is reversed, with the model under-

counts show a similar rise for particles in size bins between 0.3
and | jem, but exhibit little effect for larger or smaller panticles,
This suggests that outdoor ammonium nitrate particles have di-
ameters primarily between 0.3 and 1 pem. The modcl pmdms
that indoor particle i \\1II i
when the outdoor particle i as d
from Equations (2) and (3). However, indoor m:asun:mcms of
indoor particle nitrate cmmmluon and indoor panticle concen-
trations do not show P g This indi

that deposition and peactration lasses are not the only processes

g indoor ions. If the ion factor were  affecting the indoor particle concentrations at this site during
I'ucd nbavtlhe “best-fit” valuc, the oppom: would be obsmuL times of high outdoor ium nitrate ions. As a
These results d that g the p nte a simple chemical.

vative model cannot be

K56 T THATCHER FT AL
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] 21020 ym
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<
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1

10.00 11:00 12:00 13:00 14:00 15:00 16:00
Time of Day on April 5, 2000
Figure 5, M d and modcled indoor ions for selected d ic particle di dunng:typw:lcxpmmml

atthe Ricl d site. For the ined madel, the factor is ﬁled a1 0.5 and the deposition rates are determined using
the same residual minimization process as used in lhc unconstrained results,

used to represent adequately the indoor particle concentration  nantly in the 0.65 1o 0.80 jum size bin, Based on the response
during these periods. Methods uscd for asscssing losses of par-  seen in the outdoar size distribution, the average size of the

ticle nitrate and ion o gascous ia and pitric acid  PM2.5 nitrate particles appears to increase 2s the nitrate peak
indoors are deseribed in more detail by Lunden et al. (2003) and  episode pmgrcuu Tlm sizes are consistent with the bimodal
Fischer ct al. (2003). bicnt nitrate distrib P { by John et al. (1990). The
D ining the size distribution for ium nitrate and  shifiing nitrate size distribution makes it difficult to remove the
b ¢ the nitrate particles from the si Ived particle  outdoor ammonium nitrate particles from the size distribution,
concentrations both indoors and owdoors could remave the ef-  intheabsence of si Ived nitrate The indoor
fect of nitrate I ion. Since our ti Ived nitrate  size distributions indicate no corresponding i in concen-
are not si Ived, this method would require — tration during the nitrate peak qusodc suggtmng that either
a very stable nitrate size distribution. Figure 7 shows indoor  the ium nitrate Is are d g very rapidly in-
and oudoar particle concentrations for sclected size ranges and  doors or they aren't being transported across lhe building shell.
PM2.5 nitrate ¢ d both outd and in-  This latter scems unlikely, as ather particles in the apparent size
doors during a period when no rebound experiments were con-  range of the ium nitrate particles have p ion factors
ducted. Initially the outdoor PM 2.5 nitrate concentration is low  greater than ~0.8.
and stable, Between approximately 0900 and 1200, a mlmc Ducto lhcdlﬂiculuca causod by ammonium nitrate dissocia-
peak occurs outdoors. The outdoor particle size distrib tion and ion indoors, we chosc to calculate penctration

for particles with diameters less than about a micron exhibit  factors and deposition rates for the Clovis house using data only
peaks during the nitrate episode. The response appears firstin - from those portions of the cxperiments where the outdoor con-
the 0.15 10 0.2 yem size bin and shifis to Larger size ranges as  centrations of ammonium nitrate were low and relatively sta-
the cpisode develops. By the time the outdoor PM 2.5 nnmc ble. Despite this constraint, ammoaium nitrate may still exhibit
coneentration reaches a maximum, the peak is seen pred a b founding cficet on the results because overall
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Figure 6. M § and modeled indoor for sclected optical paticle diameter size ranges, along with outdoor

PM2.5 nitrate concentrations at the Clovis, CA site. The inerease in owtdoor PM2.5 nitrate does not result in corresponding increascs

as would be p

in indoor particle
phase change.

particle concentrations were also low during these periods. This
may result in anificially low penetration mte predictions for
subuucmn pumclcs in the Clovis experiments, Since the indoor

he & pomnnol‘“ cmlsl

ted an d/

m:mly of’
position rates are less likely 1o be affected by ammonium nitrale
losscs.

Table | lists experimental paramcters for cach of the exper-
iments performed. Figure 8 illustrates how particle concentra-
tions and conditions change over the course ofan upmmem
The best fit p and fard devi forp
factor and deposmon loss rate at various particle sizes are listed
in Table 2. Figures 9and 10 compare the deposition loss rates and
penctration factors obiained at the two sites. The optical diam-
cter v-.\lucs for the Richmond site rep the best fit achieved

d by the simple physical model that assumes that particles do not undergo

Deposition rates for the Richmond and Clovis bouses are
similar and fall within the range of deposition rates found by
other rescarchers (Thatcher and Layton 1995; Fogh ctal. 1997,
Mosley et al, 2001). The deposition loss rates at the Clovis resi-
dence were slightly lower than those obscrved for the Richmond
building for all particle sizes, but the differcnces were not sta-
tistically significant when individual poimis are compared, De-
position rates can vary between residences and within a single
residence for many reasons, Thatcher et al. (2002) showed that
both the indoor air speed (related 10 lhc internal m:ch.lmcal en-
ergy) and the amount of furnishi fl loss
rates. In these experiments, the I'ms used 10 improve mixing in-
doors are expected 1o increase deposition rates over those that
would be found in the absence of fans, Consequemly, the depo-

by applying the two-p maodel to the data for
five experiments conducted during March and April 2000. The
acrodynamic data are bascd on only four of these experiments
because the equipment failed during one of the experiments.
The values for the Clovis site represent the best fit for three
experiments conducted during August, Scptember, and October
2000.

sition rates reported here are more rep ive of homes using
fans or forced air heating and cooling than those without. During
periods when the wind § HEPA filter operated, depo-
sition may have been funher enhanced in the room in which the
HEPA system was located. However, the air exchange rate is
high during HEPA filler operation, and the relative contribution
of enhanced deposition to the overall panticle loss rate is ex-
pected 10 be small, M the ds of the filier

‘-

Ay

!{ hulsne

858

100G

- 0i5t020,m
OO0 .

T L THATCHER ET AL,

Incleor °

Particles |

Ot

“oa
et

.. .
L L R LR

D R R S T )

j=2]

[

[

3

(]

=

caent - Z
o £ Inchocs g w0
. % 5 o~
=

o

T R LT

900

'""""“"'”'!"(.j

1200 1500

Tine of day on August 26, 2000

Figure 7. Indoor and outdoor coneentrations for PM2.5 nitrate and selected optical panticle diameter size ranges. The outdoor
nitrate peak results an increase in the oudoor pumcle concentration for p.lﬂlclcs with optical particle diameters between 0.1 and

1.0 jrm but does not result in a

in indoor

when particle conecnluuons are high (and thus total p:mclc
losses are ) is short, app ly 15 10
20 min compared WIlh |hc total time of the experiment, c: 5-6h.
Thus the possible effect of enhanced deposition due 1o the op-
cration of the HIEPA filter system is quite small. Both indoor air
speed and furmishing level varied between the 2 bomes. Mcan
air speed may also have varied b at the same
home due 10 changes in surface-u differences.

Penctration factors at the Richmond house were near unity
for all but the lasgest and smallest particle sizes. Sinee it is an
older building with a relatively high NL area and is d

Npwever, thore s po oublishodecudiosanihy comslalion, or
lack of atio| a)

dimensions, For particles between 0.1 and 1.0 gem there may bea
m:lg cffect due to ammonium nitrate dissociation in the
Clovis house, since ammonium nitrate particles are in this size
range—sce Figure 7 and Johnetal, (1990), even though the data
sets were selected to avoid periods of high nitrate measurements.
This may yicld calculated peactration foctors that arc lower than

with double hung wooden windows and wood siding, the
Richmond housc is presumed to have larger eracks through the
building shell. Large cracks are not expected to be vacmmm
for removing icles (Liu and N T 2001). P,

the actual p factor for p inthis p size
range.

Th ey hed rates caleulated by the
two scls onmuumcms (APS and LAS- -X) is very good for mml
sizes, fering that the i panti-
cles mndlﬂ'crtm manner ( i ic and optical di re-

ively). The dard d for the dey loss rates

rates for the Clovis house were Jower than those at the
Richmond house, ranging from ~0.8 for particles 0.2 t0 0.5 um
Io;u.sl over 0.3 for particles 5 zem ond larger. This may mean |h.1|
in the tighter construction of the Clovis house, the

P
averaged about 60% of the deposition rate value. It is not clear
from this study how much of this vasiation is due to measurement
and fitting inaccuracics and bow much is due to actual variability

pathways are smaller and mere effective for removing particles.

inthed: ralc. A parison of previous h has in-
dicated that deposition loss rates ean vary considerably based on

-~
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PARTICLE PENETRATION AND DEPOSITION INDOORS 863

within the hunldmg :nv:lope) It is not unreasona
i1l

it is not as sensitive 10 penetration factor as itis 1o deposition
rate, since the decay period—which provides the best fining
data for deposition losses—is typically longer than the rebound
period—which provides the best finting data for the penctration
mc, and lhcn:fnm pm\uks more dm pomu for the model fit,
1 7 d forthe pen-
ciration factor, This i is espeeially wue in (h: upper size channcls
of both instruments, which sometimes record only a few parti-
cles during a measurement period, leading to noisy data and poor

a mpmcnulwc range ol'tul lloms This information will be

in g p ial causal relationsh
between spccnﬁc particle characteristics, such as size, and Inullh
oulcomes.
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Penetration of ambient submicron particles into single-family
residences and associations with building characteristics

Abstract This work improves knowledge of particle penetration into buildings by
(i) refining a particle penetration test method that minimizes the duration and
invasiveness required by individual tests without sacrificing accuracy, (ii)
applying the method in an unoccupied manufactured test house and 18 single-
family homes in Austin, Texas, USA, and (iii) exploring correlations between
particle penetration and building characteristics, including results from blower
door air leakage tests. The mean (+s.d.) measured penetration factor of sub-
micron particles (201000 nm, not size-resolved) was 0.47 + 0.15 in 19 resi-
dences that relied on infiltration for ventilation air, ranging from 0.17 + 0.03 to
0.72 + 0.08. Particle penetration factors (P) and outdoor particle source terms
(P x air exchange rates) were both significantly and positively correlated with
results from blower door air leakage tests. Qutdoor particle source terms were
also significantly and negatively correlated with the year of construction. These
results suggest that occupants of leakier and older homes are exposed to higher
indoor concentrations of outdoor submicron particles than those in tighter
and newer homes, and that simple air leakage tests may be able to provide an
approximate prediction of outdoor pa
residences.
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Moving from reading to writing

When one of my favorite authors, Hunter S. Thompson, was about 21

years old, he “used a typewriter to copy F. Scott Fitzgerald's The Great
Gatsby and Ernest Hemingway's A Farewell to Arms in order to learn
about the writing styles of the authors”

When | was a graduate student, | copied
this idea and fully translated a paper by
colleagues that | admire on a subject
relevant to what | was working on:

ATMOSPHERIC
ENVIRONMENT

www elsevier.com/locate/atmoseny

ELSEVIER Atmospheric Environment 38 (2004) 405-413

Effect of central fans and in-duct filters on deposition rates of
ultrafine and fine particles in an occupied townhouse

Lance A. Wallace™*, Steven J. Emmerichb, Cynthia Howard-Reed®

“US Environmental Protection Agency, 11568 Woodhollow Court, Reston VA 20191, USA
® National Institute of Standards and Technology, Gaithersburg MD 20899, USA Dr. Hunter S.Thompson




Moving from reading to writing

Abstract

1. Introduction 2. Methods and material
Alrborr The rate at wi All measurements we
particles © s an importar (July 1999-June 2001) ir
by ‘?‘e use exposure to air town house has been
pargclf:s ' of many factor publications (Wallace e
precip 1ta;< acteristics, roon  ward-Reed, 2002). Briefl:
;;;%;nier: flow. In many h  three stories (basement,
ing (HAC) syst with a volume of about ¢

cases, dep

by natural gas; the air
central fan circulates h
treated air through duct
conditioned area. The

theory. The use of the central
on the order of 0.1-0.5h~". T
ineffective for particles in the
sizes. However, the ESP lost « ) } .

reduction of particle levels by recirculated air. ,D urng
of fans and filters reduces pai ..-Eo.lf,sf.f?ff?f}f?lfg.yy.E
alternative approach of reducing ventilation by closing wi
use of an air filter may be an effective method of reducin

3. Results

About 4640 hourly air change values were obtained
during 2000. The mean (SD) air change rate was 0.64
(0.56)h~'. Most of these measurements (3460) had
relative standard deviations (RSD) < 15% over all eight
of the conditioned rooms.

The efficiency of the ESP varied considerably
depending on the time since the last cleaning of the
wires and plates (Fig. 2). Efficiencies exceeded 90% for
fine particles and 99% for coarse particles soon after
cleaning, but began dropping below 90% after several
hundred hours of operation for the fine particles and
after a few hundred hours more for the coarse particles.
We believe that these efficiencies are not much affected
by leakage or bypass around the filter, since efficiencies
for the coarse particles were 99% for many hours after
cleaning. By contrast, the efficiency of the MECH
filter remained near zero for fine particles (Fig. 3). For
coarse particles, the efficiency increased as the filter
dustcake built up. A more detailed discussion of the

efficiencies of these filters i1s found in Emmerich and
Nabinger (2001).
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Abstract 1 Introduction

Airborr

narticlac A

The rate at wi All measurements we

4. Discussion

The shape of the curves in Fig. 5 is roughly as
predicted by theory (Lai and Nazaroff, 2000). Deposi-
tion rates are high (>3h™') for the smallest particles
due to diffusion and for the largest particles due to
gravitational settling. A minimum rate between 0.1 and
0.3 um, depending largely on the average velocity of
indoor air, is predicted by theory (Lai and Nazaroff,
2000) and is consistent with the observed minimums at
about 0.11-0.13 um. However, the measured deposition
rates for the case with the fan off are about an order of
magnitude higher than predicted by theory for smooth
surfaces. Since much of the basement was carpeted, and
other floors included a number of rugs, deposition rates
would be expected to be higher than predicted for
smooth surfaces, but this seems unlikely to account for
an order of magnitude increase. Also, this effect would
be reduced for the largest particles, for which gravita-
tional settling is dominant.

2. Methods and material 3. Results

About 4640 hourly air change values were obtained

deecetee e ANNNWN T e IO\ nCe At el eeem=a N LA

5. Conclusions

This study confirms and extends the findings of
Howard-Reed et al. that (1) use of a central forced-air
fan can by itself reduce particle levels in a home and (2)
use of an in-duct filter can reduce these levels still
further. The ESP was shown to be more effective than
the MECH, particularly for fine particles, although
attention needs to be paid to proper cleaning frequency.
This study presents some of the first measurements of
deposition rates for ultrafine particles as a function of
use of the central fan and various filters. These rates can
be quite high, particularly for the smallest ultrafine
particles. The very strong effect of the ESP, and to a
lesser degree, of the MECH, on particle decay rates
suggests that use of these or other high-efficiency filters
(with proper maintenance) could provide a dramatic
lowering of indoor particle concentrations, whether the
particle source is indoors or outdoors.
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Abstract 1. Introduction

2. Methods and material 3. Results

Airborr The rate at wif

narticlac A

4. Discussion

The shape of the curvg
predicted by theory (Lai ay
tion rates are high (>3h"
due to diffusion and for |
gravitational settling. A miy
0.3 um, depending largely
indoor air, 1s predicted by
2000) and is consistent with
about 0.11-0.13 um. Howey
rates for the case with the f]
magnitude higher than preg
surfaces. Since much of the
other floors included a num|
would be expected to be
smooth surfaces, but this sg
an order of magnitude incr
be reduced for the largest
tional settling is dominant.

What makes a paper?

Introduction

» 3 paragraphs (about 12 citations)

Methods

» 13 paragraphs (few citations)
« Equations if necessary

Results

* 4 paragraph, 5 figures, 1 table

Discussion

» 7 paragraphs (several citations)
* Another figure and table for relevance

Conclusions

» 1 paragraph
Acknowledgements
References

Total: 25-30 paragraphs

change values were obtained

PTYY ol A el aaeaa nrCA

and extends the findings of
(1) use of a central forced-air
article levels in a home and (2)
can reduce these levels still
pwn to be more effective than
r for fine particles, although
i to proper cleaning frequency.
e of the first measurements of
fine particles as a function of
various filters. These rates can
rly for the smallest ultrafine
lg effect of the ESP, and to a
FCH, on particle decay rates
or other high-efficiency filters
te) could provide a dramatic
le concentrations, whether the
or outdoors.
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Technical writing: Choosing a journal for your work

* You should pick a journal that has aims and scope that fit
your work
— A good place to look is the references in your own paper
« Whatever journal is cited most might tell you where you should target

— Also be honest about the quality and potential impact of your paper
« Can be tough to do

— Then look up author guidelines and see if you can start to manipulate
your document into their formats

« Typically:
— Abstract, Intro, Background (sometimes), Methods, Results,

Discussion, Conclusion (sometimes), References, and any
Supplementary Information (published online only)

— 4000 to 8000 words depending on the journal (varies)



Reference management: HUGE time saver

* One of the biggest time savers you can utilize is to use a
citation/reference manager

« | use Zotero and keep all of my papers in PDF form
downloaded into a single ‘articles’ folder
— Saved as: Author et al 2013 — Journal — Title.pdf

— You can download CSL files that govern the citation format used by
the journal you are targeting (swappable)

« Others use Mendeley, Endnote, and others

zotero  pEEF
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Reference management: HUGE time saver

Dear faculty:

If your graduate students are working on any project involving a bibliography or
collecting/organizing secondary research articles, please let them know that the Galvin
Library is offering workshops on an easy-to-learn citation management tool, Zotero.

Our next planned workshop dates are March 29 and April 11 from 3-4PM, but we are also
available to meet with students individually outside of these times. Here is a link to the
RSVP form: https://goo.gl/forms/XxXNYwV37u7Vim6e63

Faculty and staff are also welcome to attend these workshops. No experience is necessary
and the content is intended for beginners. If you're already using a citation manager and
have specific questions about how it might work better for your work, please let me know
if you'd like to set up a time to meet!

Best,

Andrea

Andrea Jakubas

Research & Instruction Librarian

Paul V. Galvin Library | lllinois Institute of Technology
35 W. 33rd Street, Chicago, IL 60616
ajakubas@iit.edu | P: (312) 567-3373

Driving Innovation Through Knowledge and Scholarship
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Other writing time savers

Write while you work:

— The best time to write your methods section is when you are
performing your methods

— When you begin collecting data, begin thinking about how to tell your
story

Your introduction and background should also already be
written in some form before you even start your work

Think of the way you will present your final tables/graphs, as
the majority of your actual work will go to making these
— Or more accurately, collecting data to make them



Critical reading/writing class activity

« Each student will be assigned a paper in your neighbor’s
field of research

* You will have 5 minutes to summarize the work in your own
words

* You should also count the number of paragraphs in each
section of the paper



EFFECTIVE DATA DISPLAY

How to think critically about how to show your data
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Is truncating the Y-axis misleading?

NO

L)
=
—

L)
=
-
~—

o
-

-

L)

O

—

L)
Q.

YES

https://twitter.com/R Thaler/status/903341857530314752/photo/1



Guiding principles for graphical excellence

« Graphical excellence is the well-
designed presentation of interesting
data — a matter of substance,
statistics, and design

« Graphical excellence consists of
complex ideas communicated with

clarity, precision, and efficiency

SECOND EDITION

The Visual Display

of Quantitative Information

« Graphical excellence is that which
gives to the viewer the greatest
number of ideas in the shortest time
with the least ink in the smallest space

Tufte, The Visual Display of Quantitative Information
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Diagram 1. Energy Flow, 2007 Flow diagrams are still used today
(Quadrillion Btu)

Petroleum
293 Exports
Other Exports®
243
A A 7 Y A
Natural Gas Coal
19.82 2277

Fossil

Fue|s O S . ; \

56.50 Commercial

Domestic Natural Gas” 18.43
Production 23.64 Fossil o
71.71 L Fuels’ —
?(‘)‘g%'g 86.25 Consumption®
NGPL® 2.40 : 101.60 Industrial
g 32.32
Y Nuclear Electric Power 8.41 .
e Petroleum'
Y Renewable Energy®6.80 y 39.82
34 60 — e - Transportation 29.10
i Nuclear Electric Power 8.41
LB
v Renewable EnergyC 6.83 A4
Stock Change
and Other f
0.65
Other
Imports®
5.90

? Includes lease condensate. ' Petroleum products, including natural gas plant liquids, and crude oil burned as fuel.
P Natural gas plant liquids. !Includes 0.03 quadrillion Btu of coal coke net imports.
¢ Conventional hydroelectric power, biomass, geothermal, solar/photovoltaic, and wind. “Includes 0.11 quadrillion Btu of electricity net imports.
9 Crude oil and petroleum products. Includes imports into the Strategic Petroleum Reserve. ' Primary consumption, electricity retail sales, and electrical system energy losses, which are
® Natural gas, coal, coal coke, fuel ethanol, and electricity. allocated to the end-use sectors in proportion to each sector's share of total electricity retail
f Adjustments, losses, and unaccounted for. sales. See Note, “Electrical Systems Energy Losses,” at end of Section 2.

Notes: « Data are preliminary. + Values are derived from source data prior to rounding for
publication. « Totals may not equal sum of components due to independent rounding.
Sources: Tables 1.1,1.2, 1.3, 14, and 2.1a.

9 Coal, natural gas, coal coke, and electricity.
" Natural gas only; excludes supplemental gaseous fuels.

Energy Information Administration / Annual Energy Review 2007



Flow diagrams are still used today
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Polar area diagram by
Florence Nightingale
illustrating causes of
mortality during the
Crimean War (1857)

Florence Nightingale (1858)
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Modern day: Gapminder and The Joy of Stats
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Modern day: Genealogy of rock music
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Deciding how to show information for engineering

* |In what context would you like to show your data?
— Temporal (time) variations?
— Spatial (space) variations?
— Statistical distributions?

— Summary statistics?
 Means, medians, max, min, percentiles?

* Are tables an appropriate option?

« What plot types are available?



Pie charts

Bar and dropped-line charts

OGO ¢

WE

ad
o

Some available plot types

All plot types can be used
...and abused!

53% Workforce
planning

50% Standardizing
HR metrics

439% Standardizing
HR dashboards/
reports

389% Delivering
workforce
analytics to
execufives

37% Delivering
workforce
analytics to Line
Managers/
business leaders

269% Predictive
analysis

249% More powerful
tools for HR
analysts

15% Unifying
different
workforce
analytics
solutions

13% Replacing/

upgrading

existing

analytics

systems 45
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http://flowingdata.com/category/visualization/ugly-visualization/



Some available plot types

Pie charts

' All plot types can be used
. " . ", ...and abused!

Bar and dropped-line charts

i
WE

®
o

http://flowingdata.com/category/visualization/ugly-visualization/



Some available plot types

Pie charts

QOGO «

2012 PRESIDENTIAL RUN
GOP CANDIDATES

' BACK PALIN
70%

63%

|

BACK HUCKABEE 'BACK ROMNEY

SOURCE:OPINIONS
DYNAMIC

All plot types can be used
...and abused!

http://flowingdata.com/category/visualization/ugly-visualization/



Generally speaking. which of the following toppings do you like on a pizza? Select as
many as you like

60%
Peppers

427%
Sweetcorn
<25

497%

Bacon

26%
Spinach

567%

Pepperoni

427%
Pineapple

61% o
Ham ' 65%
Mushrooms

Other items not depicted include: oniohs (62%), chicken (56%), beef (36%). chillies (31%),
jalapenios (30%). pork (25%). tuna (22%), anchovies (18%), 2% of people say they only like
Marahernta pizzas

517%
Tomato
(as a topping)
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Some available plot types

Pie charts

9

8

5

8

OGO ¢

Bar and dropped-line charts

[ R

8

0.8

0.78

0.76
0.74
0.72

0.7
0.68
0.66

http://flowingdata.com/category/visualization/ugly-visualization/

All plot types can be used
...and abused!

0.783
| 0.737
0704 I
Female Nifioral _
ationa Male
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Some available plot types

Scatter and line plots
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http://www.biostat.wisc.edu/~kbroman/topten_worstgraphs/~ ~
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Some available plot types used and abused

BINNED FREQUENCY DATA - D4S139

Scatter and line plots A CHINESE, JAPANESE, KOREAN & VIETNAMESE
°
o o o0
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~N/ Range and area plots

BINNED FREQUENCY DATA - D10S28
\ B CHINESE, JAPANESE, KOREAN, VIETNAMESE
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FiG. 4. Fixed bin distribution (histogram) for two loci and four

Asian subpopulations (used with permission from John Hart-
mann): the boundaries of the 30 bins (vertical axis) are determined
\4 = 4 by the FBI, these bins are not of equal length. Sample sizes (num-
bers of individuals) for Chinese, Japanese, Korean and Vietnamese

are 103, 125, 93 and 215 for D45139 and 120, 137, 100 and 193
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FIG. 4. ISG15 promoter activity mimics endogenous ISG15 mRNA
regulation by p53, dsRNA, and virus. Cells (6 X 10° HCT 116) were
seeded in 32-mm plates and allowed to attach overnight. Cells were
transfected with 500 ng of pGL3/ISG15-Luc, 50 ng of pRL null (Pro-
mega), and 450 ng of pcDNA3 for carrier DNA by using Lipo-
fectamine Plus (Life Technologies) following the manufacturer’s
instructions. Twenty-four hours posttransfection, the medium was as-
pirated and replaced with medium containing either 1,000 U of IFN-
a/ml, 50 pg of dsSRNA/ml, or Sendai virus (multiplicity of infection,
10). Cells were incubated for 12 h and then lysed, and luciferase assays
were performed. Luciferase activity was assessed on 20 ul of each
lysate as directed by the supplier (Dual Luciferase Kit, Promega) using
a TD 20/20 luminometer (Turner Designs). Luciferase activity is pre-
sented as the ratio of firefly activity to renilla activity to control for
differences in transfection efficiency. Each data point is the mean of
triplicate samples *+ the standard error; the data presented are repre-
sentative of four independent experiments.
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FiG. 4. Fixed bin distribution (histogram) for two loci and four
Asian subpopulations (used with permission from John Hart-
mann): the boundaries of the 30 bins (vertical axis) are determined
by the FBI, these bins are not of equal length. Sample sizes (num-
bers of individuals) for Chinese, Japanese, Korean and Vietnamese
are 103, 125, 93 and 215 for D4S139 and 120, 137, 100 and 193
for D10S28. The horizontal axis is the bin number, bins are not of
equal length.




Some available plot types used and abused
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Figure 1. SRQ Plots of T,;/T, (Vertical Axes) Against i/n (Horizontal e
Axes) for the Gibbs Sampler (a) and an Alternating Gibbs /Independence =« = == wwms
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Distribution plots
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Some available plot types
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Some available plot types

Distribution plots
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So you want to make a graph...?

Example from our work: One year of temperature data in the
Hospital Microbiome Project

Collected 5-minute intervals

We can averaged over:
— Hourly intervals

— Daily intervals

— Weekly intervals

Examples in Stata:
— Line, scatter, caps, area, dot plots, scatterplot matrices, heat map
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[zlospital

Microbiome

Room air temperature (degC)

Daily average air temperatures
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[zlospital

Microbiome Hourly mean air temperatures: Distributions

Similar distributions across patient rooms and nurse stations | Range 19-27°C
66-80°F
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[zlospital

Microbiome Daily mean air temperatures: Scatterplot matrices

102 Almost no correlation between rooms
: « Most comparisons: R <0.2
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[zlospital
microbiome  \Weekly mean temperatures:

Heat map

Air temperature

a 9thfloorrooms  10th floor rooms

[
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Temperature (°C)

19 to 26 °C
Between-room R <0.2

Ramos et al. 2015 PLOS ONE 10(3):e0118207
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[zlospital

Microbiome Variations between floors: Box plots

Median Air temperatures ~1°C higher on 10" floor
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Data visualization resources
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Data visualization tools
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Others: Excel, SPSS, Matlab, and many more
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matplotlib is a python 2D plotting library which produces publication quality figures in a variety of hardcopy
formats and interactive environments across platforms. matplotlib can be used in python scripts, the python and

ipython shell (ala MATLAB®: or Mathematica®1), web application servers, and six graphical user interface
toolkits.
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Data visualization exercise

 Tall buildings data - how best to plot it?



