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Abstract

Previous studies of health effects of PM, 5 performed spatial monitoring campaigns to assess spatial variability of
PM, 5 across people’s residences. Highly reliable portable and cost-effective samplers will be useful for such
campaigns. This study aimed to investigate applicability of the Deployable Particulate Impact Sampler (DPIS), one
of the compact impact samplers, to spatial monitoring campaigns of PM, 5 in Seoul, Korea. The investigation
focused on the consistency of PM, 5 concentrations measured by DPISs compared to those by the Low-volume
Cyclone sampler (LCS). LCS has operated at a fixed site in the Seoul National University Yeongeon campus,
Seoul, Korea since 2003 and provided qualified PM, 5 data. PM, 5 sampling of DPISs was carried out at the same
site from November 17, 2015 through February 3, 2016. PM, 5 concentrations were quantified by the gravimetric
method. Using a duplicated DPIS, we confirmed the reliability of DPIS by computing relative precision and mean
square error-based R squared value (R*). Relative precision was one minus the difference of measurements between
two samplers relative to the sum. For accuracy, we compared PM, 5 concentrations from four DPISs (DPIS_Tg,
DPIS_To, DPIS_Qg, and DPIS_Qo) to those of LCS. Four samplers included two types of collection filters (Teflon,
T; quartz, Q) and impaction discs (glass fiber filter, g; pre-oiled porous plastic disc, 0). We assessed accuracy using
accuracy value which is one minus the difference between DPIS and LCS PM, ; relative to LCS PM,  in addition to
R*. DPIS showed high reliability (average precision=97.28%, R*=0.98). Accuracy was generally high for all
DPISs (average accuracy =83.78~88.88%, R*=0.89~0.93) except for DPIS_Qg (77.35~78.35%, 0.82~0.84).
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Our results of high accuracy of DPIS compared to LCS suggested that DPIS will help the assessment of people’s

individual exposure to PM, 5 in extensive spatial monitoring campaigns.
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Fig. 1. The schematic of three samplers: (a) Deployable Particulate Impact Sampler (DPIS) with different filters (Teflon
and quartz) and impactor pads (glass fiber filter and pre-oiled porous plastic disc); (b) Low-volume Cyclone
Sampler (LCS); (c) BAM-1020 in the government air quality monitoring network.
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Table 1. Summary statistics of 24-hour PM,; concentrations collected by LCS and four DPIS with different filters and
impactor pads at one monitoring site in the Seoul National University Yeongeon campus, Seoul, by total and
two sampling periods from 2015. 11. 17 through 2016. 2. 3.

Period Sampler N Minimum Median Maximum Average + SD
i (ng/m’) (pg/m) (ng/m’) (ng/m’)

201511, 17~ LCS 25 4.16 36.22 67.88 34.64+16.58

016.2.3 DPIS_Tg 25 529 37.17 60.15 3563+ 14.40

ol DPIS_To 24 0.69 3341 58.52 33.04+14.92

(Total) DPIS_Qg 25 9.18 38.17 62.75 39.00+15.29
2015.11. 17~

2016.1.7 DPIS_Qg 16 9.18 4385 6101 40.54+16.61

(Period 1) DPIS_Qgd 15 9.87 47.54 59.98 40.34+17.06

LCS 9 14.20 2458 67.88 31.99+15.98

2016.1. 10~ DPIS_Tg 9 20.86 2820 59.66 338341243

2016.2.3 DPIS_To 9 1191 26.98 58.52 2994+13.72

(Period 2) DPIS_Qg 9 20.89 3430 6275 3626+ 13.06

DPIS_Qo 9 11.04 26.65 65.29 30.32+16.58

DPIS = Deployable Particulate Impact Sampler, LCS = Low-volume Cyclone Sampler
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Fig. 2. Scatter plot of fourteen 24-hour PM,; concentra-
tions collected by two duplicated DPISs with

quartz filters and glass fiber impactor pads (DPIS_

Qg and DPIS_Qgd) for 2015. 11. 17 ~2016. 1. 7.

wolth E3 49 57 A3 5 vo] DPIS SRge
1 12helo] ojg- 2 Bgksiel, SI7A 71€7] 0.9999}
Eo] R*=0.982 £ A4S Uehh ek
2).

3.2 DPIS M&td

DPISQ] AeHd2 Aate de 9 TREE thgstA
Vet (G 2). AA] MED 710l = Y= (%)
HFL 77.35~87.42%, MSE 7|4k R*& 0.84~0.930]
911, DPIS_Qo7} 27}% 7]7}(Period 2)0] A 2] stz
9] B 78.35~88.88%, MSE R-Z 0.82~0.910]%}
t}. Aukd o 2 DPISE DPIS_Qg(77.35%, 0.84)E A)|
st Hlw A £ JFEE Bt} ZF DPISY 3]
Aol LCS¢} 1: 18 t)&3t= A= %3+ DPIS_Qg=

70
° DPIS_Tg /'.-4"
[¢] DPIS_To L 4
60 v DPIS_Qg v AR
A DPIS_.Qo v »‘6//
1:1 line 8 S
............ GEEy A
50 _Tg reg. v A
e — DPIS_To reg v./y,’ y:/
€ —.—-— DPIS_Qgreg 2
S % \ R *ake
—— DPIS_Qo reg -
2w = K 4
0 Ea (2
s > 2gll S
o 30 -8 g /e
9] R
o b2y
20 = 8
A AN
10 A0 B
'/_//
¥
0 fo)
0 10 20 30 40 50 60 70

3
LCS PM, , (ng/m’)

Fig. 3. Scatter plot of 24-hour PM,; concentrations col-
lected by DPIS with different filters and impactor
pads (DPIS_Tg, DPIS_To, DPIS_Qg, and DPIS_Qo)
compared to LCS for 2015. 11. 17 ~2016. 2. 3 (dot-
ted lines for regression lines).

Table 2. Accuracy, regression slope and intercept, and MSE-based R? of DPIS with different filters and impactor pads

compared to LCS by two sampling periods.

Period Type Average accuracy (%) Slope Intercept MSE-based R® RMSE
2015.11. 17~ DPIS_Tg (N =25) 87.42 0.85 6.34 0.93 4.20
2016.2.3 DPIS_To (N =24) 86.35 0.87 207 0.89 5.31
(Total) DPIS_Qg (N =25) 77.35 0.88 8.39 0.84 6.40
2016. 1. 10~ DPIS_Tg(N=9) 83.78 0.76 9.50 0.90 4.72
20 1.6 '2 3 DPIS_To(N=9) 88.88 0.83 3.36 091 4.62
Peri .d'2 DPIS_Qg(N=9) 78.35 0.78 11.19 0.82 4.86
(Period 2) DPIS_Qo (N=9) 86.53 0.99 142 091 6.40

MSE-based R*=Mean Square Error based R?, RMSE =Root Mean Square Error, DPIS = Deployable Particulate Impact Sampler, LCS = Low-volume

Cyclone Sampler

7SS IA A 33 A A3 &



80 80

ics

- DPIS_Tg

— DPIS_To 70

- DPIS_Qg
DPIS_Qo

70

PM, 5 (ng/m°)

Fig. 4. Time series plot of 24-hour PM,; concentrations
collected by LCS and DPIS with different filters and
impactor pads for 2015. 11. 17 ~2016. 2. 3 (DPIS_
Qo for 2016. 1. 10 ~2016. 2. 3).
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