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ABSTRACT

This volume contains time series plots of data collected during the
Southern California Air Qualtiy Study (SCAQS) from the SCAQS sampler.
This sampler was used for network aerosol chemistry measurements, and
was operated at 9 sites during the summer and 6 sites in the fall, collecting five
samples per intensive study day. The sampler had multiple sampling lines
and collection substrates for the measurement of aerosol chemistry in size
fractions below 2.5 ym and below 10 pm aerodynamic diameter, and and for
collection of nitric acid, ammonia and sulfur dioxide. The plots contained in
this volume were made for the purpose of data validation, but are also
illustrative of the air quality relationships.
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I. DESCRIPTION OF SCAQS SAMPLER DATA PLOTS

INTRODUCTION: THE SCAQS SAMPLER

This volume contains time series plots of data collected during the
Southern California Air Qualtiy Study (SCAQS) from the SCAQS sampler.
These plots were made for the purpose of data validation, but are also
illustrative of the air quality relationships.

The SCAQS sampler was a key instrument for network aerosol
chemistry measurements. It was operated on all intensive study days, .
collecting 5 samples per day at 9 sites during the summer and 6 sites during
the fall study period. It consisted of 12 different sampling lines, with 14
substrates for the measurement of aerosol chemistry in two size fractions, and
and for collection of nitric acid, ammonia and sulfur dioxide, as shown in
Figure 1. Aerosol size fractions were below 2.5 pum (PM-2.5) and below 10 pm
(PM-10) aerodynamic diameter. Those unfamiliar with the sampler and its
operation are referred to descriptions by Fitz and Zwicker (1988), Chan and
Durkee (1989) and Hering and Blumenthal (1989).

SITES AND TIME PERIODS

Data are plotted for the following sites and time periods:

Anaheim (summer and fall)
Azusa (summer only)
Burbank (summer and fall)
Claremont College (summer only)
Downtown Los Angeles (summer and fall)
Hawthorne (summer and fall)
Long Beach City College (summer and fall)
Rubidoux (summer and fall)
San Nicholas Is. (summer only)

The summer period included 11 intensive study days between June 19 and
September 3, 1987. The fall period had 6 intensive days from November 11 to
December 12, 1987. Unless otherwise indicated, sites were located at the
SCAQMD measurement site. Site descriptions are given by Chan et al.

PARAMETERS

In the following graphs, all species concentration values are designated
by the leg of the sampler from which the measurement was taken. "L1_NO3"
indicates nitrate from leg 1, "L9_S04" indicates sulfate from leg 9, etc. This
was done because there are many duplicate measurements within the SCAQS
sampler, as can be seen from inspection of the sampler configuration shown
in Figure 1. Parameter names are defined in Table 1.




All of the plots are times series plots against "Study Day", which is a
consecutive numbering of SCAQS intensive measurement days as given in
Table 2. Time of day is indicated by fractional values of the study day, starting
at 1.00 for 0000 hours on Day 1. Correspondingly, 1200 hours on Day 1 appears
as 1.50 on the study day axis; 1800 hours on Day 2 is 2.75. All species
concentration values are plotted at the midpoint of the measurement period.

Each of the plots has a break at the beginning of Day 12 to indicate the
separation between the summer and fall study periods. Other breaks in the
plots are due to missing data values.

TYPES OF GRAPHS
This volume contains three groups of graphs:

Ion Balances from the PM-10 and PM-2.5 Teflon filters
Mass Balances from the PM-10 and PM-2.5 Teflon and quartz filters

* Species concentrations

Each are grouped by site, with sites appearing in alphabetical order. The
parameters for each set of plots are listed below.

lon Balgng_gg

This is a comparison of the positive and negative ion concentrations on
an equivalence basis:

negative ions = S(§24= + NG(;?’- + 30515 for both PM-2.5 and PM-10
+
positive ions = TLo for PM-2.5
+ +
= NII-I; + Ig; for PM-10

:Sodium was not measured in the PM-2.5 fraction, and thus cannot be included
in the mass balance. All values are taken from the PM-2.5 ("1L9_") and PM-10
("L12_") Teflon filters.

Mass Balances

_ Mass balances compare the sum of species concentrations to the
gravimetric mass. Ion concentrations and gravimetric mass values are taken
from the Teflon filters; aerosol carbon is taken from the quartz filters.
Although nitrate and ammonium values can be subject to volatilization losses
from the Teflon filter, these losses affect both the species and mass
concentration values. Organic carbon from the quartz filters were corrected




for vapor adsorption by subtracting the organic carbon from the quartz backup
filter, and then multiplied by 1.2 to account for oxygen and hydrogen mass:

species sum = NH4+ + S04= + NO3- + Cl- + (nonvolatile carbon)

+ 1.2%(organic carbon - backup filter organic carbon)

Sodium was included in PM-10 fraction. Soil elements were not included in
this mass balance.

Species Concentrations

’ These graphs plot two related parameters together as a time sex:ies.
They appear in the following order for each site (sites appear alphabetically).

(a) PM-10 and PM-2.5 ions from Teflon filters.
("L12_"is PM-10 filter; "L9_" is PM-2.5 filter.)

L12 SO4 and L9_SO4 (PM-10 and PM-2.5)
L12 NH4 and L9 _NH4 (PM-10 and PM-2.5)
L12 NO3 and L9_NO3 (PM-10 and PM-2.5)
L12 CL and L9 _CL (PM-10 and PM-2.5)

L12_NO3 and L12_NA x2.7

(b)  Nitrate from nylon filters and ammonium ion oxalic acid
impregnated filters. ("L1_" is open faced nylon filter;
"L3_" is denuded nylon filter following 2.5 um AIHL cyclone;
"L4_" is undenuded nylon filter following the same AIHL cyclone;
"L5_NH4" is from denuded oxalic acid impregnated filter ;
"L9_" is PM-2.5 Teflon filter)

L1_NO3 and 14_NO3 (difference is coarse nitrate)
14_NO3 and L3_NO3 (difference is nitric acid)
L3_NO3 and L9_NO3 (difference due to volatilization)
L5_NH4 and L9 _NH4 (difference due to volatilization)

(¢)  Carbon values from quartz filters, fine particle absorption from
Nuclepore filter ("L10_ " is PM-10 filter; "L7_" is PM-2.5 filter.):

L10_OC and L7_OC (PM-10 and PM-2.5)

L7_0OC and 19_0OC (PM-2.5 and adsorbed vapor)
L10_EC and L7 _EC (PM-10 and PM-2.5)

L7_EC and L6_BAPx 9 (PM-2.5 EC and light absorption)

(d) Other parameters from sampler:

L11_MASS and L8_MASS (PM-10 and PM-2.5)
L5_NH3 and L2_S02 (vapor and gases)

L5 NH3 and L5_NH4 (vapor and PM-2.5)

L2 SO2 and 19_S04 (vapor and PM-2.5)
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Table 1. Definition of Parameter Names used in Graphs

Name Parameter

L1 _NO3: total nitrate from open faced nylon filter on Leg 1

L2_S02: sulfate from carbonate impregnated filter below Teflon filter on
Leg 2; reported as SO2

L3_NO3: PM-2.5 particle nitrate from denuded nylon filter following AIHL
cyclone (Leg 3)

L4_NO3: nitric acid plus PM-2.5 particle nitrate from undenuded nylon filter
following the same ATHL cyclone (Leg 4)

L5_NH3: ammonium ion recovered from oxalic acid denuder, reported as
ammonia (Leg 5)

L5_NH4: PM-2.5 ammonium ion from denuded oxalic acid impregnated
filter (Leg 5)

L6_BAP: PM-2.5 particle absorption from Nuclepore filter on Leg 6

L7_0OC: PM-2.5 organic carbon from quartz filter on Leg 7; includes positive
vapor adsorption artifact

L7_EC: PM-2.5 nonvolatile ("elemental” or "black") carbon from quartz
filter on Leg 7

L8_MASS: PM-2.5 gravimetric mass from Teflon filter on Leg 8

L9_CL: PM-2.5 chloride from Teflon filter on Leg 9

L9_NH4: PM-2.5 ammonium ion from Leg 9 Teflon filter (less volatilization)

L9_NO3: PM-2.5 nitrate from Leg 9 Teflon filter (less volatilization)

L9_SO04: PM-2.5 sulfate from Teflon filter on Leg 9

L9_OC: adsorbed organic carbon vapor collected on quartz backup filter to

Teflon filter used for PM-2.5 ions (Leg 9 backup)

L9_NEGATIVE IONS: =L9_S04/32 + L9_NOQ3/62 + L9_CL/35.5 (PM-2.5)
L9_POSITIVE IONS: = L9_NH4/18 (PM-2.5)

L10_OC:

L10_EC:

PM-10 quartz filter organic carbon; includes positive artifact
(Leg 10)

PM-10 nonvolatile ("elemental” or "black") carbon from quartz filter
(Leg 10)




Table 1. Definition of Parameter Names used in Graphs (cont'd.)

Parameter Definition

L11_Mass: PM-10 gravimetric mass from Teflon filter (Leg 11)

L12_NA: PM-10 teflon filter sodium (Leg 12)

L12_NO3: PM-10 teflon filter nitrate; includes volatilization artifact (Leg 12)
L12_S04: PM-10 sulfate from teflon filter (Leg 12)

L12_CL: PM-10 chloride from teflon filter (Leg 12) |
L12_NEGATIVE IONS: =L12_S04/32 + L12_NO03/62 + L12_CL/35.5 (PM-10)
L12 POSITIVE IONS: = L12_NH4/18 + L12_NA/23 (PM-10)

PM-10 GRAV. MASS = L.10_MASS (PM-10)

PM-10 SPECIES SUM = L12_S04 + L12 NO3 + L12_CL + L12_NA + L12_NH4
+1.2%L10_0C - L9_0OC)+ L10_EC (PM-10)

PM-2.5 GRAV. MASS = L8_MASS (PM-2.5)

PM-2.5 SPECIES SUM = L9_SO4 + L9_NO3 + L9_CL + L9_NH4 +
1.2%L7_0C-L9_0C) +L7_EC

STUDY DAY: Consecutive numbering of intensive study days (see Table 2).

Notes: Leg refers to the Iine within the SCAQS sampler, as defined in Figure L.
PM-10 = aerosol fraction below 10 ym aerodynamic diameter

PM-2.5 = aerosol less than 2.5 um aerodynamic diameter

Table 2. Study Days

‘Summer Period:
Day 1: June 19, 1987
Days 2-3:  June 24-25, 1987
Days 4-6:  July 13-15, 1987
Days 7-9:  August 27-29, 1987
Days 10-11: September 2-3, 1987

Fall Period:
Days 12-14: November 11-13, 1987
Day 15: December 3, 1987
Days 16-17: December 10-11, 1987
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II. DATA PLOTS: ION BALANCE TIME SERIES

Sites:

Anaheim, Azusa, Burbank, Claremont, Downtown Los Angeles,
Hawthorne, Long Beach, Rubidouz, San Nicholas Is.

Plots (grouped by site):

L9_NEGATIVE IONS and L9_POSITIVE IONS:

Sum of negative and sum of positive ions from PM-2.5
Teflon filter, plotted on equivalence basis

L12 NEGATIVE IONS and L12_POSITIVE IONS:

Sum of negative and sum of positive ions from PM-10
Teflon filter, plotted on equivalence basis
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III. DATA PLOTS: MASS BALANCE TIME SERIES

SITES:

Anaheim, Azusa, Burbank, Claremont, Downtown Los Angeles,
Hawthorne, Long Beach, Rubidoux, San Nicholas Is.

PLOTS (GROUPED BY SITE):

PM-2.5 GRAV. MASS and PM-2.5 SPECIES SUM:

PM-2.5 Teflon filter gravimetric mass and sum of species
from PM-2.5 Teflon and quartz filters

PM-10 GRAV. MASS and PM-10 SPECIES SUM:

PM-10 Teflon filter gravimetric mass and sum of species
from PM-10 Teflon and quartz filters
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IV. DATA PLOTS: SPECIES CONCENTRATION TIME SERIES

SITES:

Anaheim, Azusa, Burbank, Claremont, Downtown Los Angeles,
Hawthorne, Long Beach, Rubidoux, San Nicholas Is.

PLOTS (GROUPED BY SITE):

L12_S04 and L9_S04:

.12 NH4 and L9 _NH4:

L12 NO8 and L9_NOS3:
L12_CL and L9 _CL:
L12_NO3 and L12_NA x 2.7:

L1_NO3 and 14 _NOS:
14 _NO3 and L3_NOS3:
L3_NO3 and L9_NO3:
L5_NH4 and L9_NH4:

L10_OC and L7_0C:
L7_OC and L9_0C:

L10_EC and L7_EC:
L7_EC and 1L6_BAPx 9:

L11_MASS and L8 _MASS:
L5_NH3 and L5_NH4:

L2 SO2 and L9_SO4

L5_NHS3 and L2_S02:

PM-10 and PM-2.5 Teflon filter sulfate

PM-10 and PM-2.5 Teflon filter ammonium icn
PM-10 and PM-2.5 Teflon filter nitrate

PM-10 and PM-2.5 Teflon filter chloride

PM-10 Teflon Filter nitrate and sodium multiplied
by 2.7 (to give equimolar comparison)

total and PM-2.5 undenuded Nylon filter nitrate
(difference is coarse nitrate)

undenuded and denuded PM-2.5 Nylon filter
nitrate (difference is nitric acid)

PM-2.5 denuded Nylon and PM-2.5 Teflon filter
nitrate (difference due to volatilization)

PM-2.5 oxalic acid impregnated filter and PM-2.5
Teflon filter ammonium ion(difference due to
volatilization)

PM-10 and PM-2.5 quartz filter organic carbon

PM-2.5 quartz filter and quartz backup filter
organic carbon (backup gives adsorbed organic
vapor)

PM-10 and PM-2.5 quartz filter nonvolatile carbon

PM-2.5 nonvolatile carbon and light absorption
coefficient mulitplied by 9 m2/g

PM-10 and PM-2.5 Teflon filter gravimetric mass

oxalic acid denuder ammonia vapor and denuded
PM-2.5 oxalic acid impregnated filter ammonium
ion.

carbonate impregnated filter sulfur dioxide and
PM-2.5 Teflon filter sulfate

denuder ammonia and impregnated filter sulfur
dioxide
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B/6/80 Procedure

Macro Plots_main()
siteplot("ANAHEIM",2)
siteplot(*AZUSA",1)
siteplot("BURBANK"*,2)
siteplot("CLAREMONT", 1)
siteplot("DOWNTOWN LA",2)
siteplot("HAWTHORNE",2)
siteplot("LONG BEACH",2)
sitepiot("RUBIDOUX",2)
siteplot("SAN NICHOLAS",1)

End Macro

Macro siteplot(site,place)
string site
variable place

NewPath path “CIT:scaqgs Foider:"+site
LoadWave fo/P=path DAY .bwav
TmSerPath(site,place,*L12_S04"*, "L9_S04",1,1)
TmSerPath(site,place,"L12_NH4", "L9_NH4"1,1)
TmSerPath(site,place,"L12_NO3", "L9_NO3",1,1)
TmSerPath(site,place,"L12_CL", "L9_CL"1,1)
TmSerPath(site,place,"LL12_NO3", "L12_NA",1,2.7)
TmSerPath(site,place,"L1_NO3*, “L4_NO3",1,1)
TmSerPath(site,place,"L4_NO3","L3_NO3",1,1)
TmSerPath(site,place,"L3_NO3", "L9_NO3"1,1)
TmSerPath(site,place,"L5_NH4", "L9 NH4%1,1)
TmSerPath(site,place,"L10_0OC*, *L7_0OC",1,1)
TmSerPath(site,place,"L7_OC", "L9_0C",1,1)
TmSerPath(site,place,"L10_EC*, "L7_EC",1,1)
TmSerPath(site,place,"L.11_MASS"®, "L8_MASS",1,1)
TmSerPath(site,place,"L7_EC*, “L6_BAP",1,9)
TmSerPath(site,place,"L5_NH3", "L2_802",1,1)
TmSerPath(site,place,"L5_NH3", "L5_NH4",1,1)
TmSerPath(site,place,"L2_S02°, "L9_S04",1,1)
ion(9,site,placs)
ion(12,site,place)
massbal(9,site,place)
massbal(12,site,place)
RemovePath path

End Macro

Macro tmserpath(site,place,y1,y2,fy1,fy2)
String site, y1, y2
Variable fy1,fy2,place

Variable yimx, y2mx

String y2m, yim

LoadWave /o/P=path y1+".bwav"
LoadWave /o/P=path y2+".bwav"
yim=y1

if(1(fy1==1))
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$yim=fy1*$y1
yim=y1+"x"+num2str(fy1)
rename $y1 Syim

endif
y2m=y2
if(l{fy2==1))
$y2m=fy2*$y2

y2m=y2+"x"+numa2str(fy2)
rename $y2 $y2m
endif
Display /W=(37,68,645,355) $yim,$y2m vs DAY
Modify rgb=(0,0,0)
- Modify IStyle($y1)=1
Modify tick=2
Modify nticks=6
Modify minor=1
Modify mirror=1
Modify font="Helvetica"
Modity {Size=14
Label left *Species Concentration (ug/m\S3\M)*
Label bottom "Study Day"
if (place==2)
- Legend /A=LT "
else
Legend /A=RT ™
endif
Textbox [F=0/A=MT/E site
WaveStats $y1im
yimx=V_max
WaveStats $y2m
y2mx=V_max
SetAxis left 0, 1.1*max(y1mx,y2mx)
SetAxis bottom 0.2,18.8
PrintLayout Layout0
DoWindow /K Graph0
KillWaves $yim, $y2m
EndMacro

Window LayoutO()

PauseUpdate; Silent 1 | building window...

Layout /W=(9,41,523,479) Graph0(50,123,760,509)/0=1
EndMacro
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Macro ion(legno,site,place)
string site '
variable legno,place

variable yimx, y2mx
string ypos, yneg, amm, nitr, sulf, na, cl, leg
leg="L"+num2str(legno)
amm=leg+"_NH4"
nitr=leg+*_NO3"
sulf=leg+"_SO4"
na=leg+*_NA"
cl=leg+"_CL"
ypos=leg+" POSITIVE IONS"
yneg=leg+" NEGATIVE {ONS*
LoadWave /o/P=path amm+".bwav"
LoadWave /o/P=path nitr+".bwav"
LoadWave /o/P=path sulf+".bwav"
LoadWave /o/P=path cl+".bwav"
$nitr=%nitr/62. + $sulf/48. + $cl/35.5
if (legno==12)
LoadWave /o/P=path na+".bwav"
$amm=%amm/18. + $na/23.
else
- $amm=$amm/18.
endif
rename $nitr $yneg
rename $amm $ypos
Display /W=(37,68,645,355) $yneg,$ypos vs DAY
Modify rgb={0,0,0)
Modify IStyle($yneg)=1
Modify tick=2
Modify nticks=6
Modify minor=1
Modify mirror=1
Modify font="Helvetica"
Modify fSize=14
Label left "Species Concentration {pequiv/im\S3\M)*
Label bottom "Study Day*
if (place==2)
Legend /A=LT **
else
Legend /A=RT ™
endif
Textbox [F=0/A=MT/E site
WaveStats $yneg
yimx=V_max
WaveStats $ypos
y2mx=V_max
SetAxis left 0, 1.1*max(y1mx,y2mx)
SetAxis bottom 0.2,18.8
PrintLayout LayoutO
DoWindow /K GraphO
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Kitwaves $yneq, $ypos
End Macro E

Macro massbal(legno,site,place)
string site
variable legno,place

variable yimx, y2mx
string gmass, ssum, amm, nitr, sulf, na, cl, coc, cec, mass, leg, legc, legm, boc

leg="L"+num2str(legno)
legc="L"+num2str{legno-2)
v legm="L"+num2str(legno-1)
amms=leg+*_NH4"
nitr=leg+"_NO3"
sulf=leg+*_S04"
na=leg+"_NA"
cl=leg+"_CL"
boc="L9_OC"
coc=legc+"_OC"
cec=legc+"_EC*"
mass=legm+"_MASS"
ssum=leg+" SPECIES SUM"
gmass=leg+" GRAV. MASS"
LoadWave fo/P=path amm+*.bwav"
LoadWave /fo/P=path nitr+".bwav"
LoadWave /o/P=path sulf+".bwav"
LoadWave /o/P=path cl+".bwav"
LoadWave /o/P=path coc+".bwav"
LoadWave /o/P=path boc+".bwav"
LoadWave /o/P=path cec+".bwav"
LoadWave /o/P=path mass+".bwav*
if (place==2)
make /0/N=85 ysum
else
make fo/n=54 ysum
endif
if (legno==12)
LoadWave /o/P=path na+".bwav"
ysums$amm
ysum=ysum +$nitr
ysum=ysum +$sulf
ysum=ysum +$cl
ysum=ysum +$na
ysum=ysum +$cec
ysum=ysum +($coc-$boc)/.8333
else
ysum=$amm
ysum=ysum +$nitr
ysum=ysum +$sulf
ysum=ysum +$c¢l
ysum=ysum +$cec
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ysum=ysum +($coc-$boc)/.8333
endif ‘
rename $mass $gmass
rename ysum $ssum
Display /W=(37,68,645,355) $gmass, $ssum vs DAY
Modify rgb=(0,0,0)
Modify IStyle($gmass)=1
Modify tick=2
Modify nticks=6
Modify minor=1
Modify mirror=1
Modify font="Helvetica"
Modify fSize=14
Label left "Aerosol Mass (png/m\S3\M)"
Label bottom "Study Day"
if (place==2)
Legend /A=LT "*
else
Legend /A=RT ™
endif
Textbox [F=0/A=MT/E site
WaveStats $gmass
yimx=V_max
WaveStats $ssum
y2mx=V_max
SetAxis left 0, 1.1*max(y1mx,y2mx)
SetAxis bottom 0.2,18.8
PrintLayout Layout0
DoWindow /K GraphO
KillWaves $gmass, $ssum, $amm, $sulf, $nitr, $cl, $coc, $cec
End Macro

Macro ValueTable()
table("ANAHEIM",2)
table("AZUSA",1)
table("BURBANK",2)
table("CLAREMONT",1)
table("DOWNTOWN LA",2) .
table("HAWTHORNE",2)
table("L.LONG BEACH",2)
table("RUBIDOUX",2)
table("SAN NICHOLAS",1)
End Macro

Macro table(site,place)
string site
variable place

variable legno .
string amm, nitr, sulf, na, cl, leg
NewPath path *CIT:scaqs folder:"+site
LoadWave /o/P=path DAY.bwav
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LoadWave /o/P=path *L1_NO3.bwav"
LoadWave /o/P=path "L2_SO2.bwav"
LoadWave /o/P=path "L3_NO3.bwav"
LoadWave /o/P=path "L4_NO3.bwav"
LoadWave /o/P=path "L5_NH3.bwav"
LoadWave fo/P=path "L5_NH4.bwav"
LoadWave /o/P=path "L6_BAP.bwav"
LoadWave /o/P=path "L7_EC.bwav"
_ LoadWave /o/P=path "L7_OC.bwav"
’ LoadWave fo/P=path L8_MASS.bwav"
LoadWave /o/P=path "L9_OC.bwav"
LoadWave /o/P=path “L9_NO3.bwav"
i LoadWave /o/P=path "L9_NH4.bwav"
LoadWave /o/P=path "L9_SO4.bwav"
LoadWave /o/P=path "L9_CL.bwav"
LoadWave fo/P=path "L10_EC.bwav"
Loadwave /o/P=path "L10_OC.bwav"
LoadWave fo/P=path "L11_MASS.bwav"
LoadWave /o/P=path "L12_NO3.bwav"
LoadWave fo/P=path “L12_NH4.bwav"
LoadWave /o/P=path "L12_SO4.bwav"
LoadWave /ofP=path "L12_CL.bwav"
LoadWave /o/P=path "L12_NA.bwav*
Edit DAY,L1_NO3,1L2_S02,L3_NO3,L4_NO3,L5_NH3,L5_NH4;
Append L6_BAP,L7_EC,L7_OC,1L.8_MASS,L9_OC,L9_NH4,L.9_NO3;
Append L9 _SO4,L9 CL,L10_EC,L10_OC,L11_MASS,L12_NH4;
Append L12_NO3,L12_S04,L12_CL, L12_NA

End Macro




