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Development of Particle Condensation System (PCS) Sampler for
Semi-continuous Measurements of Water Soluble Aerosol
Chemical Composition
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Abstract To provide better insight into aerosol sources, atmospheric transport, chemical reactions, and many approaches
have been developed recently to allow aerosol chemical composition measurements on much faster timescales. In this study,
a new Particle Condensation System (PCS) sampler coupled to two ion chromatography developed for high time resolution
measurement of PM, s. The approach for a new PCS sampler combines three proven aerosol technologies, such as particle
growth in a saturator, particle condensation in a condenser, and droplet collection by a single jet inertial impactor. The
collected sample was analyzed with an lon Chromatograph (IC) to quantitatively measure the ionic compounds of PM, 5 for
high time resolution. A modified saturator and condenser are employed to activate the particle growing. The impactor is used
to collect the droplets into an impaction plate that is continuously washed out with the liquid stream containing an internal
standard (10 pN LiBr) to determine dilution by condensed water. The collected samples were measured every 30 min
depending on IC resolution time. Limit of detections (LOD) of PCS sampler for major ionic compounds (NO5~, SO,2~ and NH, ™)
in PM, 5 were 0.07 pug/m3, 0.02 ug/m? and 0.01 ug/m? respectively. Analytical precision of PCS sampler was 0.35% (NO5"),
0.43% (50,27) and 0.3% (NH,"). Inter-comparison of the PCS sampler with Particle Into Liquid Sampler (PILS) was that the
nitrate concentration of PCS sampler was 6% higher than PILS, indicating that nitrate dissociation would be minimum due to
the lower temperature (~50°C) at the saturator of PCS sampler comparing the temperature of ~150°C at the saturator of PILS.
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2018; Kang et al., 2018; Nosratabadl, 2018; Schwab et
al., 2006; Petzold et al., 2004; Cabada et al., 2004;
Trebs et al., 2004; Huang et al., 2004; Yao et al., 2002).
By mPYe WS Astel 1242447 5
SHUARAE EY F o5 §olz FE5to] HAel
A7k sk =] wet ol2a=ntE 1 1 (Ton
Chromatography, IC) = F-F718t 4 EA7] (Total
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Ap 240 AES BEXSHY (Iinuma et al., 2009;
Weber et al., 2001).
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IS} A2 TRECH(Miyazaki et al., 2006; Sullivan
et al., 2006; Song et al., 2005). TSI ELF}7] LfE
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Orsini et al., 2003).
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2.1 Particle Condensation System (PCS)
sampler?| 7£M
PCS sampler+= Z3}7]9} 55719t ?J,TJ_J"HE A
o] Qltt. T AAE AN 7=
2 §ASHE A4S Agsked), 28] el <
A5 JAA717] YA SRS AgFor s

+ 25 449 2 water jacketo] A2 ¥ 3 E} o]% <]
o] 542 fl8l Za] Fdols ¥x9 &5
715 Axstlen 4 dAE &Eﬂ o= x3
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st e E FA]517] flste] 23] R E 7
= AHH o7 Evst= BE AU 3 water jacket=
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U 2= Zpo|7h A e 9 ti7]o] a7 A
Eljof] whet Jate] o] dojutar iaF 2719 4%
o] EMAIEHS & 4= 91t} (Andrea and Rosenfeld, 2008;
Wu and Biswas, 1998). Hinds (1999)+= Kohler theory

E vlgro g AxE g 8302 AAA]7]7] Y5t &

T2 A AEAL AAFHeH (4 (1)),

Fig. 1. The images of membrane and water jacket ((a)
tured water jacket).

Hinds (1999)7} AIAIRE 41-& B S 2 PCS sampler

o] =379} 357 5= 7tz 500Ce) 3°CE A
stk
(6.65+0.345T o, + 0.0031To02)(Sg—1)
Td_Too = (1)
1+ (0.082 4 0.00782T)Sg

Ty=Droplet temperature (K)
T« = Ambient temperature (K)

Sp = Saturation ratio
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A|2FSFATE. Water jacket 2]Fof] 7t £E52 &6
o] water jacket -5 43 222 F-X|A|A water
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membrane which adapted inside the water jacket and (b) manufac-
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Fig. 3. The image of the condenser for condensing particles.

Aste] 85715 AxsIoTt $57] L& Aol
Aykal W7 BEo] AR4AS LEAS AYsto]
$27]9] 2718 45} ¢ LEE AolsiArt(1d
3).

2.5 Zu e x|z

dso (FAF2] Y T-g0] 50%5 7HA= 272 2
7NE At fiste] &0 A7+ 27 (Dj, impac-
tor jet diameter), 'eE7} YHE S o|E Ato]o] A
2] (S, stopping distance), lr 204 9] &5, e =
Fo]E 27 (d,, impactor diameter), 7 % (Q,

flow rate) Q1AHS &5 TH(Huang et al., 2002).

dsy=dspV/C—-0.078 (2)

dsp/Co —( (3)

9m1D (Stksg)\1/2
———| (m)
4pr

1 =viscosity (1.81 X 107> (kg/m - s)

D;=Impactor jet diameter (m)

Stkso = Stokes number for 50% collection efficiency
(=0.24)

p, = Density of particle (1000 kg/ m?)

Q ="TFlow rate (LPM)

Cc = Cunningham slip correction factor

dSOI__ dSO\/_ = E—E 7]'_'0]-0 ]
21 (2)E &85t Axt 7hssi

Hinds (1999)+=
Alstalom, dsy=

Z 47 A% (D) £5E §I5te] dso/Ce 7 AHEH
o} dsoy/Ce & AWl Slatol 4] ()8 B4t dy,

=05 pmi A g5kt ALte dso\/_ (0.578 um)

ZF(Q, 3LPM, ¥HHA 0 g dg] AMEEE Alo]E
£9]37] £4 4% 28T E 19] ARE 4 39] o]
oto] dyZ 0.5 pm SH w20 AT 47 (D)
0.82mm= TE5F3H: 47 0.82mm=E A& k&
< 3LPM 22 5}9] round jet2] 739 (Stkso=0.24)Z
5= single nozzle inertial AWE 9] d,p= 0.5 pm=
0.5 um °1/Fe] 2719 AR AHE A 50% 75

%9k & & (Y 0.
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e AL vgor EEH QIAEE Blsty
AU E A dHE 4AFSHE flsto] d=
B ZY0]E9] A2 16 mmZ I3}, round jet
O|B = Stkspr= 0.24 1G-S AFESHATE 919 #=
= ARESHo] A (4) 5 E-85to] =2} HE Afo] 9]
71285 3.84 mmZ EE3F

Table 1. The constant number and variable number to ded-
uct the result of impactor jet diameter D).

Species Number

n (viscosity of dry air) 1.814 X 107 dyn sec/cm?
*Stks 0.24

Width of impactor plate 16 mm
**p, (aerodynamic density) 1.0g/cm?
Q 3LPM

*Stks (stopping distance width of impactor plate) - round jet (0.24), rectan-
gular jet (0.59) (Hinds., 1999).
**We assumed p,, (aerodynamic density) =1

Fig. 4.The image of the single nozzle for an inertial impactor.

Stkso = stopping distance/width of impactor plate (4)

4 (@)% Boto] w23t Juy Aole] Ad £F
F 919 A4S Defstel w22 B QAL S
dolee] 55 A G B 4 e FHe
AHE]E A2t Ach(Z™ 5, Huang and Tsai, 2001;
Rader and Marple, 1985; Marple and Willeke, 1976).

AT Alm7t dHH EHolEd SESt] Al
7t meAor TS| ffsiAe A Wil o
A7t s AA WA g 5 AR FAS= T
7t AR =2S FAsfoF k. AL =
Fe flste] Hezor AMEE 2% (mesh)
A E o Adsta, Hg Ao s S40] 9
AEl= AL ER1I5FATH (Sorooshian et al., 2006).
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Fig. 6. The schematic of particle growth test by the PCS sampler without the part of impactor ((a) The test without the PCS

sampler and (b) the test with the PCS sampler without impactor).

Table 2. The condition of the particle growth efficiency test
of PCS sampler.

Species Terms
Saturator 50°C
Condenser 5°C
Flow 3LPM
SMPS particle size limit range 10~1000 nm
OPC particle size limit range 0.25~32um

S 2 PCS sampler 53 A7} 53t &
IZE H WS (TLH 6).

PCS sampler 52 Zapotnils olzto] UL 4=
of sidaohs ¥4 <F 0.03 pmollA 2F 8000/cm®2
2, 0.5 pm OVIREIE 2R oot
PCS sampler 537} & 55 A7fo] dojut Aatet i m
YAre] FRlEao] sigshe ¢ % 2.5 umo| Al oF
2200/cm’2 T2EQYHAY 7). $Ee] A
o] o]F2 YA g o= Jﬂ Aow moiE
th. 4zke] PCS samplerg S35 35 A% (con-
densation) 2.2 QIS AtjH o2 o & YA}= AA7Fo]
dojidth Tk Adid o= o & e YA A
7t 7V A 53 (coagulation)©] 7] W&ol 22
QZtH T AltjA o 2 2R o3l AAo] Lolslth.
olelet YA] WAL 270 = n Al AR 1
7hel dzrE S| wlel MAHR] FEEE
2719 5 2 AxF F9o= ARttt mekA PCs
samplerE St 35 o= JR7H st
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Fig. 7. The number distribution measured by SMPS and
OPC for the particle growth test of PCS sampler (left: The
number distribution of NH4;NO; particle without PCS sam-
pler and right: the number distribution of NH,NO; particle
with PCS sampler).
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Fig. 8. The volume distribution measured by SMPS and
OPC for the particle growth test of PCS sampler (left: The
volume distribution of NH,NO; particle without PCS sam-
pler and right: the volume distribution of NH,NO; particle
with PCS sampler).
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PCS samplerg AX|A] §F2 UAt= HHAEES 7]
Zo = oF 5000/cm’2) TEEEE %El‘i‘i gk
£ FEZ3t PCS samplers
A2 = Bt 97.6% (sifn%z} 3.5)9] z@ as
W oA tiFE ZHE LT, 2~100 nm 7] 2] 4=}
5ol ZHEA] Zote] oF 100 cm’] 52 TS
AQTH1E 10). ©]= 2~100nm 719 YAE-L PCS
sampler WA 42 A& ARAT, 271
dzte] 2717} w9 Zof Wi AFAIZE 1 4=t
7AYo AdElofA ZF 7ot 4321 0.5 pmoﬂ L=
o };q Eo]- 74 og 1:]—51:]— o]E H]—E]—Oi o]n]hﬂ

HU

£ FA3E PCS samplers S8 YA+ tiFio]
S RISt

Input-Output

Collection efficiency = X100%  (6)

Input

wAE(PCS vs. PILS)

PCS sampler @S &215H7] $]5+] PCS sam-
pler®} Particle Into Liquid Sampler (PILS)E &85
o] H|WAHE Z1Y5HS Tt PCS sampler®] A& EZA
FE 4.2LPM, o159 FEF2 0.08 mL/minC. & 4
Aot om, PILSS] &9 £71-2 Kang et al. (2018)2}

Saturator Condenser

PCS

Fig. 9. The schematic of the particle collection efficiency test with ambient aerosol. The test was conducted to verify the per-
formance of the full system (Saturator, Condenser, single nozzle and Impactor) of PCS sampler ((a) without PCS sampler and

(b) with the PCS sampler).
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Fig. 11.The diagrams of (a) PILS-IC (lon Chromatography) and (b) PCS sampler-IC (lon Chromatography) (adapted from Park et

al., 2016).
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St=olZojtisty ZREAT A AlRrE 30
B o= eI o, 35S Algk ol2d=

E J21] (Methrom, Model 819 IC)E &85t o]
27 Sole2 717 BAT FolLe Metro-

sep C4 (150/4.0) ZH} 0.7 mM/L C,H;NO, (]I &

i) &S ARSI 20122 Metrosep A
Supp5 (150/4.0) ZH 7} 1.0 mM/L NaHCO; (B4
UEF) &2 ARSI A= 250 ul 2719
MEFILE ARgsto] goldt ol 242t 0.9 mL/
min, 0.7 mL/min®] §&0 2 FAEom A-:
HZ7] (conductivity detector) 2 S5}ttt

PCS sampler-IC (PCS-I1C)9] H&FA (Limit of
Detection, LOD)?t =5 #4513t HEME
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A= 22t 0.07 pg/m’, 0

ﬂHN‘

.02 ug/m’, 0.01 pg/m* 2
tEESlom, AUEE 47 0.35%, 0.43%, 0.3%=
=32 ME}(J& 3).

=AY Aol gt AFe mtefs $1ste] PCS
sampler@} PILSOlIA] ZSH A|=9] =] (ion bal-
ance)E A5 2o A 2 B 537 A mof|A
20|23} QFo]2 Ato]9] TFEFH]= PCS sampler?]

r>~ r>~

Table 3. The Limit of Detection and analytical precision of
PCS sampler-IC.

Nitrate Sulfate Ammonium
LOD (pg/m?) 0.07 0.02 0.01
CV (%) 0.35 043 0.3
a PCS sampler
( ) 25+ slope =0.93 -
R’=0098 )
20 (mo g
o@‘

Anion (UN)
o
1

Cation (UN)

R?>=0.987} PILSQ] R?=0.90C 2 =2 ATTHAE
UetAcHOE 12). o] E 2 B Ao =2 &

A Qs o 4 gt

71E PR 28 2 A2 A EHE PILSE 9
25 A A 1] 9F 150°C~160°C HE 2] 1-20fA
5715 A5t AARE AR (Weber et al.,
2001). PCS sampler+= 21-20]4] §§2}9] Ao dof
g 79 Wago] Balsle Ze Tejste] Zai]o)
YRS oF 50°CR $F0=2 71dste] Fhxs} A=
$A)8}5 2 W}t PILsS} o] Es}] f 1.
o] 52718 AFRSY] AR AAA 7= HEALS A}
435l 1 AAEL, A BAL TG 1A
oIl ti7] % A R (NH,NOyel Al e s
BRs Ao g on HotAsh Aiens NH3
°F HNO,= &gt 11 2% g¥ 23 WiHET
Ao 2 NO; 9 NH, 9| 57} g7 e =

b PILS
( ) 144 slope = 0.83
124 R’=090
Ogo%?m
N 104 008(6
5 s %ﬁ?g’%
[ =4
E 6 o°§bﬁ
4 o<t>°
s
0— T T T 1
0 2 4 6 8 10 12 14
Cation (UN)

Fig. 12.The ion balance of anion and cation for (a) PCS sampler-IC and (b) PILS-IC.

Nitrate
189 siope = 1.0634 16+
16 =0.3 3 14

Sulfate

slope = 1.0885 o
2 0,
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A ¥ =0.90

12 6
E 104 E
2 s 2 4
[} (7]
O 64 [$)
o o
4 2
24
g 0 ¢ 0
T T T T T T T T T 1 T T T T T T 1 T T T T 1
0 2 46 81012141618 0 2 4 6 8 1012 14 16 0 2 4 6 8

PILS (ug/m°)

PILS (ug/m°)
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Fig. 13. The comparisons of the concentration of nitrate, sulfate and ammonium measured by PCS sampler-IC and PILs-IC.
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Fig. 14. Timelines of the concentrations of ammonium, sulfate and nitrate measured by PCS sampler-IC and PILS-IC.
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