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Abstract : In this study, chemical characteristics of PM.s samples collected in an agricultural area in
Nonsan of Korea were investigated focusing on of black carbon, 3 inorganic ions and 22 trace elements.
It was found that the relative error and relative standard deviation of many trace elements fell below
10%, which indicates good analytical accuracy and precision. The mean values of PMas in an
agricultural area were exceeded by new Korean air quality standard of March 2018. The concentration

of PMbs was well correlated with those of black carbon and ions. The concentrations of trace elements
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were in a wide range of seven orders of a magnitude. Based on these PM»s data sets, a total of 6 sources

were identified using PMF (Positive Matrix Factorization; secondary aerosol (34.4%), soil/road dust
(20.1%), biomass burning (16.9%), incineration/ fuel combustion (13.2%), vehicle exhaust (12.2%), sea-
salt (3.17%). Results of our study indicate that it is very important to control illegal burning activities

in agricultural area.
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uebA = o718 At rAld Y dAVE 2 g oz AAstlchFigure 1), th7] & PMese =
HEAY T8 PR AR, LdY Bt ffsid APA] SHAAMA 48] SAH(RIAF L ZEE 6 m =0])ol
7} 58 x3}stojof atal, 11 W7t =27} Denuder air sampler(URG, 3000C model, USA)
A g wfofof ghrt, &, 2R AR}t SA4E59 £ AAJste], 20109 10978 20121 54744 $7]
A2 LAY F el A H FsH 7= 4 2O F 1407) N &S AF|6ISATh F YT ALEY
Zof| ubg Zu|A|YAtet A w5 RS A 717] 2tE Aol &85to] 212t F]ol 2t 5454
Hog Hrtslz|o oA, wEA G t7] & 27| i EAE A RS FHEEISI Fr]ole BAE AR
ARt 54549 3kaha E4do] 4 = o] = nylon membrane filter(1 um pore size, Pall
of & Aojt}, & AT FEAAY q71eF& W corporation, USA)E, 54/d€ £418 A&e 38t
AlstaL Ao 19| WA 05 A7sl7| 915t 2o g mf- A2 HigEEE 280 qlo] mlEad]
o] Z2HYE A E giake 2 g gl o gujy BAo]] A3t polycarbonate membrane filter(0,4
o] FHAZES vl ool S HY o2 9] Wy um pore size, Whatman Inc, UK)E o]-&3}it},
B= PMes9t 11 AR 7k, o], 1EaL T AB2AHF71719) 7452 9F 16,7 L/mino 2 24

Figure 1. PM2s sampling site in an agricultural area in Nonsan (from Google earth).
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SFAL 24A7HE 7HE sk AR DY 3 e 571
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clean roomof| A AHAZAZEGITE EAA RE T

AR AT 9] AT-§UAZ(HANARO) ] F44
ZAFA A (NAA hole #1)¢1 3901434 (Pneumatic
Transfer System, PTS)E ©]8-3to] HALE}leFGIT,
7] 5 AR Al&o] tigt INAAS] £-4] AA}9} o]
of utEl= AlRARRS AsEdd 2A3] 7] &E]
o} 9)a(Lim et al. 2005), H|AES F3lo =&
¥ 27 BAZAL Table 13} 2t}

2) o] F2ntE I

0] 3 2u}& 185 (Ion Chromatography, IC)
© 7] ol Y 54 2 I E545Y
ol EA4e =il FeelA 54T 4 e 4
JHolth AR AA 2= PMas Al RS FelA 29
cap viale]l Y11 %<4 30 mLE 7}5k¢] Bransonic
8210(Branson Ultrasonics Corporation, USA)E
ol-gsto] 3041t 2ot &SI, 5 4
0.2 um syringe filter(Nalgene, USA)& o]z}5}o
Ao FakE v 4= Sl nEAE AlAT F &
A W) AT W BB, EH s
761 Compact IC model(Q Metrohm, Switzerland)
£ AMESHIAL, Fol3t ofol & AR Rk 7t
ZF Metrosep A Supp 5 — 150/4.03} Metrosep C 4
- 150/4.05 Aez o=z o] &s3ict, ICof =4
= AlRY & 20 ulolH HE7 = A7 A= 4
715 AHESHSITE, 400 Fadh AJoFE ACS
(American Chemical Society) reagent = & 9
sodium carbonate(99.95~100.05%)2}  sodium
bicarbonate(99.7~100.3%), sufuric acid(>95%)

N

Table 1. Analytical condition of INAA for PM2s samples

Irradiation Neutron Flux .
c
hole Thermal, @ Epithermal, @e Fast, ¢or
HANARO NAA#1 1.42x104 2.13x1010 3.78x1010 250
Irradiation Irradiation Decay Counting Element
facility time time time
Short- 1st Detection . 10 min 500 sec Al Cu, Mg, Ti, V
- PTS#3 1 min -
Short-2nd Detection 40 min 1200 sec Ba, CI, I, In, Mn, Na
Long-1st Detection 3~5 day 5000 sec As, Br, K, La, Sm
PTS #2 4 hour
Long-2nd Detection 10~16 day 10000 sec Ce, Co, g;’ %}?’ ;;’ Sb, Se,




Table 2. Analytical condition of IC for PM2s samples

Item Anion Cation
Column METROSEP A Supp 5 150/4.0 METROSEP C 4 150/4.0
Eluent 3.2 mM Sodium carbonate + 1.0 mM Sodium bicarbonate | 1.7 mM Nitric acid + 0.7 mM Dipicolinic acid
Flow Rate 0.7 mL/min 0.9 mL/min
Temperature Ambient Ambient
Sample Volume 20 pL 20 uL
Species NOs7, SO NHq¢*

(Sigma—Aldrich, USA)E A3ttt IC= H&
A3 E JRFsEgo R Shilkaly] $1eh AFAS 2}
53t

datofof sh=d|, & AtollA= ARt
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29 BH7Hsource apportionment)E g+ 7H4
B o|HAE H-E SHoA B2l HHEH
SHE 7HARL ATk, o] FollA o dAREAH
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particulate matter on filter media)S A ei5}5itt,
NIST SRM 164942 0|43t B7} At ujgpd s BA
Zr9) At @ 2H(Relative Error, RE=[(Experimental
Value—Certified Value)/(Certified Value)])&= Ni
S A 9aH B 10% Bt 2 YEegtal, 3] Al
As, Ba, Cr, Fe, La, Sb, Sc, V¢ 7% At exp7}
5% uRro. 2 w9 =2 Fe=E Hrt, T3 AT
# & H 2} (Relative Standard Deviation, RSD=
[(Standard Deviation)/(Mean of Experimental
Value)])i= t#-29] 42500 thste] 10% n|gke 2
UHEfL w9 ARt 23S vy Slek, NIST SRM
27839 7%-, As™t Sc= A|&JstH Aof expr} B
10% Bt} 29F31 £3], Ca, Co, K, Mg, Mn, Na,
Sb, Sm, Ti, V, Zn%] 3% At 227} 5% n|uko =
- > ASeE Bl E3t i asHas
Ca, Co, Cu, Mg, Sh, Zn9| %ol 10%5 215t
AAHE, Al, As, Ce, K, Mn, Na, Sc, Sm, Ti, V&
5% olste] #AgE e SiT,

R7]0}& A0| A9, AT ARARR)7
B 0,99 oo v FEat AAAS BYn
FUT ARE W BAT 2470 A eds
NOs~9} SO, NHi* B3 OF + 49 30| 9ith, 7]

A0 AR SR

oX
=
=]
HN
r’l
2
v ore
)
O OH-A :
F1

(0.5 ppm) MHE ALJshH oF 3% olate] 22 1+
A|ato] et £4ZHS By, ojAfat o], ® o
oA ARESE 77| B e oFsdt AAA T oHY
A& B, Zgke] Aeeta FUst Ao gt

2. PM2s2t TEME SE2E

SHEE =AM sE2A A9 7] F PMas 5%
£ 20.1+10.1ug/m?*(2.90~53.9ug/m?)o| 1L, 7|
A2 2y &2 921 7+8 3lug/m?, ©]& 20.3+10.1
ug/m?, 71 15,6 +£7,.93ug/m?, 183l #AL0] 231
+12,0ug/m’= Yebgth(Table 3). &, A-717kl
AH 4Y = w7 A, 539 7Ry 9Y
w7t B/ ARG AA o2 Witk (Figure 2),
SAEEE 20179 71 HEE FASATS o

rfjsto] A gskaL Qlar, =ARAlo] 9125

s

3z
ZAuko] A7 20174 T~9L7HA] Z7 = o]
[e)
AA

d o] T = e AR,

ANEANF A (2010~2012) 2] T PMas 7]
5l

3!
2010~2011d o] =% 4 PMas &
40,5427 2ug/m? 0|2 aL, 24A]7F 7|12 273t A
271 AA &} 26%01 BslitHHeo & Oh 2012). 1
2uf A A7) ol o)A 7] 2018
3Y 27UR & A= 0] PMas 24A17F Bt 35 pg/m?
ols}, At 15 ug/m? o]skE 73| YTk Ministry

Table 3. A statistical summary of annual and seasonal PMz2s concentrations* in Nonsan (2010.10.26.~2012.05.14.)

Whole period Spring Summer Fall Winter
Mean 20.1 21.7 20.3 15.6 23.1
Median 18.0 21.1 17.8 14.5 194
SD 10.0 8.31 10.1 7.93 12.0
Min 2.9 6.9 29 4.0 4.8
Max 53.9 471 39.5 473 53.9
N 140 40 21 41 38

*Unit: pg/m? (except the number of sample N)
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of Government Legislation 2018). wehi] & A of 2™, A (AL)2 FE(oFh o AFdl= e
A5, AN ) T PV i FEE A U A BEOR e ESE P 221
AE A7) WESHR] ottt Figure 49 U 22,5122 2ug/m?e} 29,1422 Tug/m*=, SH A0
B U 24 A 9 ROl QB VRN 2 S0l Aols Mol gigto), waRRe o

o A7} 85.7%0) 9L, 15~35 ug/m3e] # <o)
A HEA 9] 55.7%7t S E L em, 24417F 7%
< 123] 293 e HojEr)

TR FEANG L eg o] AA RaLsto] of

ARt sEoA o & 0% 2AEQI, ©, o

AT A9l E 520 B3k Ao, B A7AT

9l 374 Y7] 5 PMas 5} FUAS 4= girt.
7] % PM:s®] 8 FAAE 5 shihel 2}

reflectometer

7|1Zo| k58t Ao o AFs}A| L, Lim et al. (2016) H (black carbon)2 Smoke stain
70
Winter Spring Summer Fall Winter Spring
60 T

Korean National Standards
24-hr : 35 pg/m?
Annual : 15 pyg/m?®

PM2.5 (ug/m?3)

o
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Figure 2. Temporal variations of daily PM25s concentrations at an agricultural area.
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Figure 3. Histogram of relative frequency for daily PM2s concentration at an agricultural area.
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(Model 43D, UK)& HHARE-S %@8}%1.
A5 AT+(1999)0l A A Qe ¥ 5
SFGITh, PMos W £ 7H2 9] %%%E% 3.26%
1.51ug/m*(0,80~8,95ug/m?°] i, A A PMas2
16.7%°1 si5dh= ol ek EU7FE] =8 uf
ZY2 AR A4 (fossil fuel combustion)2} A
A&7 (biomass burning) @2, A& YA A7k
HaEA Y o] g3} AN E 59 H7E A=
T 5 lthKang & Lee 2012). 2 AollA] &

H EWHEL 7He/AEH 0] w/o B A
o7 oy (& 2.89+1.08ug/m?, o]&: 2.08+
0.82ug/m?, 7} 3.77+1.6lug/m?, A& 3.76+

73

1.64ug/m?), o] H&E =3k & WhASE o1 7]
28 s7h)] thoe Bk, Ao 2|

AT A G (Aol AE 18(2012~20134)
7H&o| 74 o EdylE (19340, 48ug/m?)

£, o5l 7P W& 5%(0.49+0.19ug/m’) & &
A, £ BAS Tefste] A LBS Fo vl
9] st A FEGrHKim et al, 2015).

=rtA o A9 8 22F 84 o] 2 E0] B
2= NOs7F 6,52+ 4, 58ug/m?, SO 7} 4,41+
3.22ug/m?3, Z12]31 NH4*o| 3,73+2.78ug/m?*el A

O UEpyitt, PM2sot B4 9 o] 2
A Az} PMaset 2H2t %aﬂ?}%&— 0.622, NOs =
0.58, SO« += 0,59, ~Lg]aL NHs*o] 0.619] 7|
$E5 B3, E3 NHt NOs'(O 89), NH4*x}
8042*(0 88)9}94 dgol Mg =& Aow vEhd

2 p<0.01 F=2(FE) M4 F-2J5Hdtt, o]
ooko]i(g )J,} 20]3(2—)94 = EJ—BH.;E
Afol] €] Jﬂlﬁ% 6}04 mporgh 4= Qlek, EAA
= 3 AEAHAL £=1.028 "

JB
CEC R

lr r{m

o=
-0, Ol(R2 84) ol 241 NHa ol &J3F NOs 9
SO 8] 37t & ?3_ O UEPT,
7] 5 wi&H SOz, NO:, NHs:= Fofshih3-&
E3lo] Ak (s ulfate) A (nitrate), Y2 E
(ammonium), 44> ¢]2(hydrogen ion) 522 -

A=l 22} o o] 2= (secondary aerosol) = HZHEI T
E3} =AM Aoto 2R E A7 2] oF 50 km
7hE Bolxl 2|9 ez s A YAHsea salt)o] FF=
AT 4= Qiok, ok, 2 A jflole 84 ol
AE O 29 Natd} CI- £4jo] Z£31E]A] 97|
ool il A 71 ¥ste o] /2 Hsld w1
£ FookAl= Seelth, 2ol & AA oA
= PMos W 8 ol AE2l SO ¥ NOs 7

50
| Mean+SD (ug/m?)
40 A
E
S 30 T
=
wn
g 20 + T
T
10 + J
| T
0
Monitoring | This study | Monitoring | This study | Monitoring | This study
19.5+9.48(14.4+6.88 [ 22.0+11.0(14.7+5.21 {12.5+6.08 | 9.33+3.76
July August September

Figure 4. Monthly variation of PM2s concentrations at an Nonsan ; Box plot ranged
1stand 3rd quartile value with median (center line), and the minimum and

maximum data marked as a bar.



™
Ofo
o

ZXH 7] & PMes2| 25t S0t @HH T g7t 439

NHi*ol osto] F3le]1 A& Agtd FeE ol F
o], t|7] #ol|A] ammonium nitrate?} ammonium
sulfate® PAstt 2A4E 4 9ok (Park & Lim
2006; Lee et al, 2017).

nE g A Ao AR AlALE flske] E4
w2 2e7o] A AEskl =t (Lee et al. 2003),
AA 45 107°~10* ng/m?9] Hjoll WA AR
wjo] Qlaz, A7 5(AL Fe, K, Na)o| 7H¢ &
& W9 010° ng/m?ell, As, Cr, Ni, Mn, Pb,
V, Zn 3 22 S4SE77E 0 M0~
10° ng/m?), 714 S F4(<10° ng/m?)°l| JEF
AE =(Ce, In, Lam Sc, Se, Th)o] £x3}4

(Table 4), °o]¢} 22 tizha] 59 Has =4

PM2.5 BlackCarbon

Nitrate

E2H XY (Lee et al. 2013)7} SHEA W FAkA|
o (Manousakas et al, 2015)°|A = FEAH O =
SEn, oY 22} A 5o wet F
T Aol & Hel,

235} A 4> (Enrichment Factor, EF)= A Z+&
TABHE 2a AE(AL Fe, K, Na, Si )37} gjar
A7 A4 F=HE H|wshe o5 H| LA
FE, A7 BEFS H#sts YadEse 224
9l 5% Z& (Talyor & McLennan 1985)5 EUjf
23t &, R3es o AeX)E F8 Az
A B (major crustal element, ME)Q] Z#u](X/
ME)E A dA % (sample)d} £&HZQ 2=
(background)ell Wiste] Ztzk JL8kaL, o] & ThA] H]

I o

Sulfate Ammonium

SZNd

uogieyoe|g
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Figure 5. Scatter plot matrix with histogram of PM2s and its major components.
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Table 4. A statistical data of elemental concentrations™ in PMzs at an agricultural area in Nonsan

Mean Median SD Min Max

Al 288 193 496 19.6 4,688
As 0.95 0.78 0.71 0.08 437
Ba 243 20.3 15.6 6.89 81.4
Br 18.3 224 9.35 1.30 36.4
Ce 0.29 0.22 0.20 0.02 0.86
Cl 414 327 30.0 3.73 152
Cr 7.51 7.32 1.95 426 11.7
Cu 10.5 10.0 4.80 3.04 225
Fe 220 186 150 289 864
I 1.97 1.76 1.22 0.36 497
In 0.03 0.02 0.02 0.002 0.09
K 307 264 240 347 1,231
La 0.12 0.09 0.09 0.01 0.52
Mg 92.8 779 54.0 19.1 245
Mn 15.1 11.7 9.91 2.02 444
Na 255 218 156 40.9 631
Sb 4.86 3.54 3.92 0.30 19.9
Sc 0.03 0.02 0.02 0.002 0.12
Se 0.70 0.56 0.55 0.02 237
Th 0.06 0.04 0.05 0.001 0.28
v 1.70 1.46 1.15 0.20 5.45
Zn 38.1 344 223 5.05 93.5

*Unit : ng/m?

%(EF:[{(X/ME)sample}/{(X/ME)backgroundH)i 7-'”/‘\1' %-E]O—] %}E}(Reimann et al, 2005, Shelley et 8.1,
atn, S fa/dEe] A e H Y F2 29 & 2015), 2 Ao A= Al RS 7|E0 2 B4
HHoNA 710sk=A1E B7bshe 7o r del & S AL, Ao B4 2 AlE EEAAEE 2
1.E+05
X/Al
1 E+04 L EF= ( )sample T
(X/ AI) background
S 1.E+03 +
8
5
E 1.E+02 +
;.IE.I 1.E+01 Iulu;uluaHEIﬂ'malﬂl‘Iﬁg + } } + + t + t +
1.E+00 -»U
1.E-01

Sc La Th Ce Fe Mg K NaMn V Ba In Cr Cl Cu Zn As K Br Se Sb

Figure 6. The results of enrichment factors for trace elements in PMos.
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KO8 o] YL F7t B FRl]of WIHsHA
o= =Y = &7k g9folA 7125 A
=z
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:‘—Eﬂfﬂ ‘EV\ 429 vt Belo] Za, ARAte
Zxof ot SE7LE HjE o] e Ao®
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Table 5. Summary of source contribution estimates for PM at various areas
Agricultural area Sub-urban area Industrial area Residential area
Souree (This study) (Jeong & Hwang 2015) (Lim et al. 2010) (Lee 2012)
o | O | ggm | O | gm | P | g |
Secondary aerosol 6.51 344 18.9 224 6.90 333
Nitrate 433 16.1
Sulfate 5.55 20.6
Soil dust 3.80 20.1 1.89 7.01 13.7 16.3 340 16.7
Road dust 5.55 294 10.3 122 3.00 144
Vehicle exhaust 232 122 7.70 9.13 2.99 14.3
Gasoline 2.44 9.05
Diesel 2.97 11.0
Biomass burning 321 16.9 4.18 15.5 2.20 2.61 1.90 9.00
Sea salt 0.63 32
Combustion 2.50 132 3.00 3.56
Incineration 2.80 104 6.30 747
Industry 2.81 10.4
Cement/Construction 16.5 19.6
Metal smelting 5.70 6.76
REE-related 2.50 122
Total PM 189 27.0 84.3 20.6

*PMas were collected from agricultural, sub-urban, and residential area, while PM1o were industrial area.

=7} YAl §lof road dust@} vehicle exhaust
o 2 AEAt L AU ool Hiet, v
(=AW A (FA)E HlWeH, ZAATL
vehicle exhaust?} REEs®} A= 2 JLQ] 7]
Z7F & vk &9 749 biomass burning

7} incineration/fuel combustion®] AX] 2 &<

27012 A8 AN AEE WS Agfsha
2wyt 5Y§A7 2
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