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Abstract

Black carbon concentrations were measured along the altitude at various locations using a drone coupled with a

small black carbon detector. The measurement locations are Eunseok Mountain, downtown, four places in

KOREATECH campus, Byeongcheon, Cheonan, Chungcheongnam-do, and Chungbu Expressway in Ochang-eup,

Cheongju, Chungcheongbuk-do. The average concentration of black carbon measured in Eunseok Mountain was

1.64 ug/m® and the average concentration near the Chungbu Expressway was measured to be 3.86 pug/m’. The

average concentrations of four places inside campus ranged from 1.37 to 2.67 ug/m’. The concentration of black

carbon at all places tended to be slightly decreased according to the altitude, but the influence of pollution source,

geometry, wind speed, and wind direction are thought to be larger than the effect of altitude. Effect of air flow

caused by drone flight on the measurement of black carbon were investigated and it resulted in that the measurement

of BC concentration was affected by less than 5%.
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Frame
Diagonal Wheelbase 0.55m
Frame Weight 0.478kg
Takeoff Weight 2.4kg
ESC
Max Allowable Voltage 17.4V
Max Allowable Current 20A
Battery 3~4s LiPo
Motor
KV 960 rpm/V
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Fig. 2. Measurement locations including mountain, suburban, highway and campus.
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Fig. 3. BC concentration vs. altitude measured from
mountain.
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Fig. 4. BC concentration vs. altitude measured near

highway.
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Fig. 5. BC concentration vs. altitude measured at subur-
ban.
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Fig. 6. BC concentration vs. altitude measured (a) near dormitory (b) on campus at west (c) near main gate (d) at the

center of campus.
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Fig. 7. Effect of drone operation on BC measurement.

9 109 2893} 29U A4S EHIHE v G
3k, 20159 114 2943t 1149 1049 &3
zto]E Bt 20154 109 28U T} 290 24 F
FEEE 056 ug/m’2 eI, 20159 1149 293}
114 10¥0] 349 BdsEe 435 ugm’2 ey
ok S4%ke] AolE Kl olfE EAEE A% &4
el 20159 10¥ 27¥9 HH 4 17.5 mme)
HI7F yglem, 20159 1149 293 114 109 Aol
= HI7F &2 gttt Hl7} 2 thadolle E37HEY

BE SA] e ol oft AL e
2l Zoleta Em B P
7ML ZAzko] 445 pg/m’s AHHOE THE ghof vl
A e AL FAY 4 ok B 259 H) ol

L 120m 0|1 of7te] X gYdzto 2 QI3 FAEE o
719AZE oF 200mE FA Ao He 1AL
27 1% oA 71edd Biro] Yojytia B
o 7129 dao] dolut thrlel oz o
A go] oFste|m A|Ee] N WA erhio] 4
EY7HLY Frvt A SAEHL REEAE
A7) vehdet B3 )7k 2] e vhed A
20159 119 2943} 119 1029] HekA] F7o] 3
S BE 0°0]90 3 52 27 02m/s 18]I 04 m/s
o] 1tk (http://www.kma.go kr). 0]&} Zro] E£2 o
:a Aoz Ueht vhge) ke A7) we Aow
chirt.
1% 6(d)= U
Zlenstieha FFTL@=7IenSHGuf L

oA EB& o]gste] L=of w2 EA7HES et

EES EET U F

il

7 T

¥\

A 491

W ol 348 2102 4oz A 29
FHE Z=Azkol 12 34 AFALS BC=1.79-
0.0015*Altitude®] I B FE= 1.67 ug/m’=2 YR
. =4S *‘/\]fﬂ’ 2015 9¢ 19¢,30 1831 10¢¥
39 214]9] HobA| EUTo] Eake zhzk 270°, 140°
8T 250008 Uepton £42 7k 0.7 m/s, 1.2
m/s 1831 0.9 m/s2 YERGTH(http://www.kma.go kr).
L5 100m o]4e] AHs AX £ YA = 3717 ol
9tk ane 2% 97t EahSo] Hol 27 9
7)9] Fao0] HokAlS FRELET BE A0 o}
c}. ofo) wet B7]9] o] T ol Foi T AR W
o BUE BE 2HS dehi e 2uE

3.5 20| ot 717 ¥ S0l thEt I

T2 2% 2 ActhalometerE o] &3lo] 43 £
7HE SEet B2 AEHA g1 S $EE B
Z syt BrtE =2 E 12 g8 245o 47
1527ke] dlo|gE #38tgch 5Y 34 24
Y3l A 717F e 471719 Eol& BF 53}
A A8k 29 79 Uehd vie} Zo] E2S 2+
Z5HA] e AL Byl 2w o] BF ke 5.1 pg/m’
o|i, =2 2ty Fof EAH SIS e B
49 pgm’s YEhgTh E28 0|83t 0,9 SEE

SAT A= EE2S AME3t CO, 528 54
S A oF 02~05% 7F W@

A&
(Neumann et al., 2013). 3}A| 9k £ —’lﬂ'}&] EY71E =
£ 2408 28 A8S9S A U 4% A &
BERenz, A L9Ed SR AT 29

24 270] o 2 9P Wt A0E BHH} 2
5 vgez FEHE 0|5

djElE) gako] 248 AN 2HS T 4 UL AL
2 A7 4 qlont wiE gao] AW Hgo] 2
71te] o)5 @ HlaA|e) ulayAIZko] FobAltt. wheh
2 djEe)s AReitia 2ag uaazke] Aol
AL otk Wb, djEe] 15 o5% vaAAE &
B300] t7] 2FEAL SAY Wele 54 Al
oS- Fo} ti712 o] EEole ATHY
g Tesof gt

J. Korean Soc. Atmos. Environ., Vol. 34, No. 3,2018


http://www.kma.go.kr

492 o3

ot

4.2 E

S22 Aol nEe| TE BAAE SE 257
o Folg wastgth nEe BalE b= Z4g
o yralE £25] 98l e XA 23

S olg3h 14 AFSHoch. E 274 9N s

100m7He] e G2 SA7HE S Fass 2
P2 BAAT I FAFE 10m DEAS S B
0.12~0.17 pg/m’ 2.2 Vreh} ZH3AQ +0.1 pg/m’
of 23 2TE w58 TY S} 2L 1%
SR, ofF AT 2L olF 0AY, A, F& 1

23 $% Soll net 2AkE sE 24l 23T

Suth o B 9L W A0 BaEt 3% 5

BolAe 18 Aolg o 24 3, Aol S+

AA ot ER P A B T Best QA
@

593 249 EHofA E2S o] &3t AT A
EaytEo] 2wl 49 ug/mo| 1, 12X e AL
5.1pg/m'eke 243 Holg B &, YA o9
B4 Ao /AN 298 SR 58S 9
S ] go] Bt Ao g withy

L

#ALS| =
glo]gE 4R 3gt Mrs. Kim, KJ, Yun, JS, Cha, YB,
Kyung, HH, Kim, JH, Park, SK 18|31 Ms. Lim, JK7

YU ¥ A7 ARr|ensetE 1ed
FAZH ) AU o +E AT

References

DeMarrais, G.(1961) Vertical Temperature Difference Obs-

o713 A A 34 A A3 &

erved over an Urban Area, Bulletin of the American
Meteorological Society, 42(8), 548-554.

Godowitch, J.M., Ching, J.K., Clarke, J.F.(1985) Evolution of
the Nocturnal Inversion Layer at an Urban and
Nonurban Location, Journal of Climate and Applied
Meteorology, 24(8), 791-804.

Ishida, H., Nakamoto, T., Moriizumi, T. (1997) Remote sens-
ing and localization of gas/odor source and distri-
bution using mobile sensing system, in Proceedings
of the International Conference on Soild state Sen-
sors and Actuators, 1, 559-562.

Jansen, K.L., Larson, T.V., Koenig, J.Q., Mar, T.F,, Fields, C.,
Stewart, J., Lippmann, M. (2005) Associations
between Health Effects and Particulate Matter and
Black Carbon in Subjects with Respiratory Dis-
ease, Environmental Health Perspectives, 113(12),
1741-1746.

Jung, J.H., Park, S.S., Yoon, K.H., Cho, S.Y., Kim, S.J.(2011)
Inter-comparison of Two Aethalometers for Aero-
sol Black Carbon Measurements, Journal of Korea
Society For Atmospheric Environment, 27(2), 201-
208. (in Korean with English abstract)

Lee, K.W., Han, S.C., Lee, J. (2010) Measurement of Black
Carbon Concentration in Rural Area, Transactions
of the Korean Society of Mechanical Engineers, 38
(1), 17-24.(in Korean with English abstract)

Neumann, P.P., Asadi, S., Hernandez Bennetts, V., Lilienthal,
A.J., Barthilmai, M. (2013) Monitoring of CCS
Areas using Micro Unmanned Aerial Vehicles
(MUAVs), Energy Procedia, 63,4937-4964.

United States Environmental Protection Agency (US EPA)
Department of the Interior Environment, and Relat-
ed Agencies Appropriations Act, 2010 (2012)
Report to Congress on Black Carbon, Washington
D.C.,USA, 115-137.



