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A Study on the Characteristics of Particulate
Matter in the Coastal Regions

Min Kyu Choi, Ki Chul Cho, Choong Min Kang, Hyun Gu Yeo and Hui Kang Kim
Dept. of Environmental Engineering, Konkuk University

ABSTRACT

Particulate matters(less than 10 pm, PM10) at Kanghwa and Yangyang, which are located in the
western and the eastern coastal regions in Korea, were measured in using low volume air sampler
from December 1995 to November 1996, and their characteristics were investigated from the view
point of background level.(and in order to characterize the particulate matters.) The particulate
matters were analyzed for major water soluble jonic components(SQ.?, NO,, Cl , Na*, NH/, K*,
Mg* and Ca*") by ion chromatography. Mass concentrations of particulate matters were 48.77+22.45
ng/m® at Kanghwa and 54.04+32.98 ug/m* at Yangyang and SO,*", NO; and NH," contributed large-
ly to water soluble ionic components. nss{non sea salt)-SO,* contributed more than 95 percentage
to SO, and nss-K* and nss-Ca* also contributed high percentages to K' and Ca*. It was supposed
that most SO.> was originated from anthropogenic sources, and K* and Ca® were mainly originated
from soil. The results of factor analysis suggested possibility of interpreting the correlation between
air pollutants and regional characteristics.

keywords : PM10, Coastal Regions, Background Level, Anthropogenic Source
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shd A4 74 % 5(1995, 1996)2 AT AR
Gollaf g2t L GEAH o], A L BRI
kAl 71 e Bl o] BA o @ A7 E2 o7
LA R FERE A A o] FF 5(1997)
o] AFx wAtl| M gAML Ry Ee) SEvtet
HA =9 243 PM2.5 A2 BA-E v w13k 7]
o] qlrh

B Aol 19951 12938 1d Sk AR
oz oejzl Aslete] el Fallqke] afefol|A
274 10 um o13}e] JAPAHEA (]38} PM10(Parti-
culate matter 10) ¢}2}3)& Al &4, £A38}
of 259 Agry 9 A0l 22 A Fxu
3}, vlald ARe] 7lodg, 584 ARzt Adng
A, 2B AAHEAE Fal] o)E Aol 4

A AR BAE i, 2l
&% 9 EAu

1. B3 FHEA U JIAXIZTA

Al F5E 19954 1297 1d%st 7hsle} ofofel
A AFsteden, olE A8AHXHE Fig. 1 o}
i}, RS U5 3293 3
= x}olo] T3 A AR E oF 700 km HolA gl
o, alAFA A A3l e A 2eE(fle 37
37, AXx 126°22 )l Y3ty vk FFH A 74
o= AHk <k 150 m A o] AHe] AR sligkido]
3L, FHR 9F 200 m A Aol 22442 227} 9l
v}, 2k EaL uiwslx] ¢k el 104 7}
ol Felzt = wk 2|3 s 150 m A X9 oAt
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Fig. 1. Location of each sampling sites.

o] itk A /= YA AN AL A 4mAE
o Aol 19 =718 AXHE L5 dA89d
o} EA717bE5]r sk AAE s1dEe Ag,
B, 98 2 78] Thaapol 7H7t 19.8, 149.9, 981.3
2! 128.3 mm, A5y 68, 68, 81 ¥ 70%, B
F20) 14,19, 1.7 % 1.5 m/s o)dct.

oFFAI A& Fallakelld] WEYEo R o 5km |
oA gl U= oFk A 3 Ee g5
(L% 38°08", AXE 12830, A4 <k 3m), A
7171 52 Skl dA|slel o, S 4 qlof,
Wit =0 2 Ede], 2009 29 718o] Qi) <k
oke] AW riAddde AL, B, 98 2 7
7kekol 115.2, 160.8, 745.8 H 247.1 mm °|%S
o, AdleEE 62, 73, 93 H 76%, HFFES 2.2,
2.0, 1.5 % 1.8 m/s o|th 7} A 4 VA8 =
7144 dleletE AHg-Eld el

2. AIZAF ¥ BN

A18+= Low volume air sampler(Dyreciit, model
DY-1300)& AHg-3to] ol Lo 342] (Gelmaniit, 217
47 mm, pore size 0.45 um)ell ®71% 10 um ©]3}2
JAdEAE ARG 2HFEL 2 /minolH
13] 237172 1047 oldeh

85l AFR = Al5F A 3] A, dA A o]
Eloll A 24A17F oA} WWelE F A A A A E(Sar-
torius, R200D)& AH-3}ed 0.01 mg 7}A1 A=kl
i, AEE AT Tl 22 whyed oAnxE
Aegsle] AmEF AFe FA ] &Jted i)
F JAEA L Ay e s Faldvk Ass
oA = Wyt YEA | B ¥ ofE X3 e]
Alg9} &4 IC(Ion Chromatograph, Dionex A
DX100)E ARk =84 o] 24 #(SO, NOy ,
Cl, Na', NH,, K*, Mg*, 2 Ca*" )% ¥A3}gic}.

. da 3¢ nE

1. PMI10 FEST =24 O|24E

PM102) #Azkr% PM10 2| 484 £ol&
(S04, NOs 2 Cl)3p 584 o] 248NN
NH,, K, Mg*™ & Ca’™) 8] 9+, 2FHA Ha 2
#5532 Table 1] viehligdc),

PM10 Aggmi= 7hste} ok HolA] zhzh
48.77422.45 pg/m*st 54.04+32.98 ng/m*E &4
e, ok 7Ee] of LI o & 5%

+ oX
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Table 1. Concentration of water soluble ionic compo-
nents of PM10 at Kwanghwa and Yangyang

Kanghwa(n=31)

Yangyang(n=34)
Mean S.D. Max. Min. S.D. Max. Min.

PM1048.77 22.45105.20 9.05 54.04 32.98133.5815.26
SOf 763 4.04 1675 0.77  7.09 4.46 21.90 1.67

NOs; 421 244 1036 031 247 141 527 062
Ci 125 091 354N.D. 128 152 6.83N.D.
Na~ 097 061 253N.D. 119 110 4.50N.D.
NH, 248 1.17 4.890.26 181 096 4.45 0.18
K’ 064 049 179003 063 043 1.95 0.14
Mg™ 019 012 046 0.04 021 010 051 0.09
Ca® 067 045 205011 095 075 2.87 018

N.D. tnot detected

T Barh Lol ofol FelA FEIF =S
S0¢ , NOs, % NH,'Z vlwsbd 7slr) okefrcl
Zzb 1.1el, 1790 F 148 A= v] 52 0k, off
oA dld 7)o Ao o Na'eb Cl 2
2|3 ZSA4 R K'Y, Mg® % Ca?7} 738hol| A B}
o7t B E Rk

d&e] Oki HlM &3g PM10 44, SO &
28], NO, 9] 20~409), = NH."®] 3~5v] AHx =&
grolek. 18]3 George $(1986)°] WAk Ber-
mudasll#] 243 PM102] 59, SO 2] 34, NO,
2] 6~10vl, NH."2] 4~688 %2 Monn 5(1995)
o] ~8~ofl4] 2AE PM10 Br} 2~58) AE w2
gholrh, = o] £-(1995)°] At ZAg Aw}
9}= S04 = 27k b, PM10, NO; % NH, &= )
S:8tgdch. o)} o] o] 3+e] kg vla] £ A7
A7} EE ol T FAHFHE] WHSZTE
] "Wolx glw, & A SAHHE] F=rt Auk
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¥ o]gie},
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o) w2 FHHE Hrjel o] £¥d), 2l
SRS ARG o Re] Solfo] ool Lur) I
o] AN Golo| &4k ofolLurh & Fro] o]
A2, 7| FeEE (teq./m)E AHEsle] T
shsich.

Fig. 2014 7-skol opape] gol-&3} ofol el @
AL,

Lot Mo

7¥3}: [ Anion] = -0.007 + 1.110 [Cation]

r=10.929
afok; [Anion] = -0.019 + 1.071 [Cation]
r =0.947

o5, 7hste} ofof FAlH BT o) 23A|A Y 7%
7)(fol /el )7t 18 2 A& & ¢ glon
7dEkA| o] oFfA AR}t okt v =A febydrl
o|BH o2 Foldw ofole] 1:1 FHAFTE
shaL olEdl(o] B2 5, 1995), gol&o] o & &
Zr ol Alabell RFEA] 942 784 ool 29
EAE AAFsb, 17le] HT oleta oA 9la =
gt AP EA Tl A EA- ] EA)EE 9 vl
(Kazutoshi et al., 1986).

Dzubey $(1982)-2 HustonollA -3-2](S0.,
NO; , Cl )&} ofo]&(NH,", Na*, H")9] o] ulgl~
EZ 73 Az}, o] 5] BAE 1: 1019, AERAS
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Fig. 2. Balance of total anion and cation at Kanghwa and Yangyang.
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Fig. 3. The seasonal variation in concentration of PM10 at Kanghwa and Yangyang.
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2 #3he Ry FRIRHS 19 B9 FEAb) =24
ASYA|RE oFYRHE AME FrHsil A Bl
vi§- = ALl w$- G viehdrl SevielelA
= Fol 32”‘}53’}}, ZAz3E dH 13 7R BEeR
Qlaled EoFgizle] nlake] o} AMMCt By oF
o %7} ¥, Foll= 77k BelA rainout¥
washout @422 PM109] F57} Folalo), ofakx]
L HEol o] "ol 27| il PM10 F=7F
olzlcky A7l
Fig. 4o 84 A¥e] AAE FxH3slE et
Eibel=2 SO = 743 ]d% A gl 7MY E1 AL
o 7} e EwE welon Hughat gk
QA A& AL vebydth aelan A H2
ol 71 =3 712 Pt e RE HoH
gk Bl Faghe AL Jepydr) zglx
FAAE vluy u ZFERHe] B-g ALg B
A NA T2 3HE el sich
NOy &= 7432142 7ol 71 T3 o Sl 713
F2 FEE Hglow, Azl HAaghe AL o
ol vepydtt. zelm AL Bl B 22
ot Uzt el o Bl AP e FEe)
FH kS Vel 2ela FA S vl ad o )5
A Ao] nE AA F23e Rydth NO, + F

A B ol gell v g Bolel, ol At
2+ NO; o] 54l oh53 22 Ak o] SAN-e-5
BAZE 7] WEeletar Abgsct,

NOj +H, SO, — HSO; + HNO, (1)
2NH,NO, +H, SO, —(NH, ), SO, + 2HNO, (2)
NH,NO, &= NH, + HNO, (3)

0|9} zho] JAMAIEALol] EANS= SO = NHY”
2} vhg-shar @ Zle] oAl NO; oF ¥hg-silA NOs-
< &I odEA glohCGaed= A7
1995; Hitoshi et al., 1990). E&F NH.NO= A4k 2]
ok 31~50%F A= FLAR 7 AdEES}
Y 7]20] o ukg- (3)7} 7] HNOSF NH.2
sle]=]7] wjiel oJEe NOy, F=7} Folala 7|2
o] & Agol Frighcta dejx ok Rk #} 7l
3}7}, 1995; Kiyashi ef @l.,1996).

NH."& 73823 & o5 714 31 ALl 7}
A e FEE Bolow, A whE Afel= gl
t}h o Bl gt HAaghe] BT viehd HApr}
- £ A4S B 5 olsivh oFRAHL B shA
3 7R 7 e BEE Ry, Hughd
Bofl # A o Bl vepdr)

NH,"®] A7-EAal EYeH(NHyS T8 A
e 7hEe] vl E, v RANE, 8 dx, a8la
Eoseixe| &5 7k sfFelzta Xaud vl
oo EA A3} 1A% 1996; Zgao and Wang, 1994).
7y8} A3 o] B Hapr} & Z& FHo] FAA|0]
22 B vlEe 7S End AT w9} ofFel o
e} A4 wielg]ote] ge] A3l TRt &
x, duegds A5l ko)t Fofl o} A
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Fig. 4. The seasonal variation in concentration of water soluble ionic components at Kanghwa and Yangyang.
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A o 5ol ZAT NH 552 A=A o Fd gz}
4 NH,” %9} NH;E §4lel 243l & obuh
(NH+NH,") $E24 si4dslo} ghrhe F2% #)7]
=32 9leH (783 5, 1995; Hitoshi e af, 1990).

NH, Cl <= NH; +HCl (4)

AEAe] NHS 5 4ol slelA = w3o)
T2 & JoAUAY Ao B Qli=dE A 7Fast
2} 931 SO 2F NO; o] Fxstel u]53) oAk
yUep e Eof o]9]o] o} eHsle ¥ F, o
AAE] BAE weslol Frhe 2] AlA
%2 9dvH(Sachio and Toshichi, 1990). etz o g
oJWz| e} thr] el F3e FE ke Fuut
A wiEsd, Egn, S, o2 E 9,
AR-geo] -5, Addhg, kg, A4 Fol glch.
ot AAA el e e adg)A ulElo)
orz 73 wed $ gl AR i ety
Aol ] &3t 4 2=lx AAT) fE5Y Aojr)

Na'& Y2 He 7195& 43S 4 o
AREAR o852 gledl, F XAl Cl 9} 1)
=3 W3S o) KY, Mg” ¥ Ca¥e F8
Az} Eksizt 5o el Fast
=, 43R AL ALl ¥& FEE vehly, o
FAAH - Boll T2 FEE b

T8 AHE-E Tl g o] 7] & kgl 95
YA 2 A o] diR-£-g 2A|5lr] ol
Z 88 AR gtk PM10 5 584 A B9
7]e-&2 73R A o] oF 37%(17.29~70.07%), Fo¥
2140 oF 319%(18.42~65.02%) o1gich. 183 PM
10 & Ak, AAkd a3 dREdy B 74
3ol Al 30%, FokxiAo] 2208 A 7h3telrle] 7)o
o] &St} FA9 ¥ PMI10 5 341y, A4k
283 Rgde] AR sk vl go] AgE] Ark=
-8 oF 4= 9)r}

3. Hislig M=

£ AT v SHRHEL ulriol] QlA-s) gled
3 (sea salt) YAFS] Gefo] A= o] mg giapt
SAF A FEE W vleld AR FEE
Aiketede} nss-S0.50] FiySe AR 7.42+
4.03 pg/m*3} kXA 6.79+4.03 pg/m*=z SO,
% nss-SO7 & H-&-& 7pEle}l ofokx| oA zhzt
oF 97%2} 95% vt K'2} Ca®* & nss-K'3} nss-
Ca" % FAA % 90% ol4ke] ¥4 2ynh 1

v} nss-Mg*'e] i EEy 7HE1A 0.071+0.11
ug/m*sF FUAH 0.061£0.11 pg/m*s vl$ o
Holv] Mg™ % nss-Mg'e] E§& 733l e)A
ok 21% o] FFA| A ollA <F 42.18%F Bt} o]
9} 7o) 7]ofg8-& AKX A3}, SO, KY 2 Ca¥'e
25 Azt 7]edgo] vl Uk, SO
AA QA wiEdellA, K2} Ca?' = EofollA] 7]14do]
T AR AARHcH (4R F, 1996). 2314 53]
73317 8] Mg AbgR-o] sl dRtellA 7|4
g S o 4 ddeh 28] nss-Mg? 7 29 )
olefellA] £2] & Heole AL t7)Fed = Mg* 7}
o5 vlgFe g EAsly] wiiel] HAshs et
of 7113 (A 4% 5, 1995). 18] 3! nss-Cl'9 &
= A -0.491+0.78 ug/m’, kA -0.87+
118 pg/m’2 FAA-elA &2f e Bl oA
< g8 FAE< NaCle] 7144 2 sl
A EAN AE - ukgsle] HCIY) Hel2 §ishs
Chlorine loss ®4F wj&o]r}. o] &Aks} aaid wke
Al (5)~(8)3} ZTHALE 5 1996; M. J., 1985;
Naoki ef al, 1995; Sachio and Toshichi, 1990).

NaCl+HNO, — NaNO, + HCl (5)
2NaCl+3NO, +H,0 — 2NaNO, +NO+2HCl  (6)
2NO, +NaCl — NaNO,+NOCl 7

Sea salt droplet+S0O, - S(IV) in Sea salt droplet
— 807 in Sea salt droplet+HCI (8)

W79 A FE=t APAAE A vl A
Foll&= 53] o3&l Chlorine loss 2] WA =t}
2 ol o Belle ohE AR R B3shikg] 2
gt HNO:9| A sko] wg Hut ohje} g4 vt
< (3)7} Ze] NH.NOyF NH:2t HNO,Z sz = o]
7152 HNO:®| 527} $7bstn 2 ukg (5)9 2
e] HNOs2} NaCl¢] uhg-o] ##s)#4 NaNO; A
ko] golx|y] o Foleh(Huted s} 7137}, 1995).
Naoki 5-(1995) Sapporoell4] Chlorine loss¥: 449
FEl 109712 2A FA=EHor ol (I WEo)
oz ie] Cl o &4 &) ZA F5FS )
weoleba FAstgel. Zkstel ofarx]He Sap-
poro®} =e] Chlorine loss7} A% 7170l O £%
= 3A g BolA] Wit weiA Cl Y] g
e o2 RE] Cl o] &l 3 J s HE B
2z 7)ol oS Aol 9o Aew Yzt
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4. MEZIo| ATHEMO| OIXHREA

T84 AR AMRIA| S ool 7] 98] TR
o] EMAL8E o) gsled AgAlSE Fall4] Table
2¢} Table 3o vepic).

FERA Hell A2} =84 AE-Tbo)| 0.8 olAke] Abuk
A8 Hol: 712 NH, 9} nss-SO2 , nss-K*a}F NO,~
22 AFHAISE 0.8677 0.818 o]l 0.7 oAk
AbA-S Role Ze Na'eb C z@la NH, =%
NO, & 27} 0.7329} 0.715 o]t} z1elar 0.6 0|4k
AFPA1E Mol A8 Cl 2} NOy, Mg” 2 nss-Ca®,

Mg** ¢} nss-Ca*” o]}

oFFAA ] 84 ARk 0.8 o1 ARk
HolE 718 NH,'¢} nss-SO4 283 Na'¢b CI°
2 AbA= 0.8289) 0.803 o1%iTh. 0.7 o]Ake] 4

lo o

o

fod

TS Hol: 72 NO, 9F NHy, nss-Ca® ¥ nss-

SO/ 9} nss-Ca* o], 0.6 o]AFe] AFRAIS Ho|
= A< NO; ¢} nss-S0.2, nss-Ca” 3 NH," |¢ith.

ol F AbHA o] & AR EL FUHARINA ulE
A F4E 7R diy] F ukgel 28}
o] Wity Agged rheAdel woha dukdcel A4
ATE 7R 84 AEES] T2 AggHE
FAE B s AL S0F v F2 (NH):
SO.Z, NOs = 2 KNO2F NHNOZ Z=]ar o
9] A2 808+ F2 (NHD.S0.2F CaSO.E, NOy +
T2 NHNOs2F Ca(NOy), olth. &3] d=Fs) 4k
A, Akl o] 5] Algtdel F& 71e, olF B4
Eo] 752 A4l Y 3hito] ghmu]ole} Ab-d7utk
Sl ofsl FAAE AT oJrigdch

A9 7)F AAER Y B A RS
2] WslopS o] A 3| sl UxHEA (factor
analysis)& st AAEAME R HESEES
A2 ol H 7hx] AR FolE oo 1 eS¢
w3} 3l o] BAolu}, alxbiA]e thes) 212 &
=2 o]8%E £ gl A, HSES $43, o
788 FAQlE HpEe| shiy Qzlz Foxjnz
1 WgEe] A& 49 odxlz FolEd) EX, B
Q7 WSS AAE) ARl 285 o2

ed

)

Table 2. Correlation coefficients of water soluble ionic components, based on the concentrations at Kanghwa

nss-SO.” NOy Cr Na' NH, nss-K* Mg* nss-Ca®
nss-SO;* 1.000
NO, 0.528% 1.000
Cl 0.172 0.662* 1.000
Na” 0.225 0.435 0.732%* 1.000
NH.* 0.867* 0.715* 0.522* 0.493* 1.000
nss-K* 0.369 0.818%* 0.598** 0.476* 0.534* 1.000
Mg’ 0.225 0.538* 0.629%* 0.443 0.341 0.597** 1.000
nss-Ca* -0.019 0.539* 0.607 0.315 0.110 0.364 0.630* 1.000

P <0.001, *:P<0.01

Table 3. Correlation coefficients of water soluble ionic components, based on the concentrations at Yangyang

nss-S0,” NOy cr Na® NH." nss-K” Mg** nss-Ca®*
nss-SO,° 1.000
NO, 0.661%* 1.000
Cl 0.197 0.419 1.000
Na' 0.221 0.350 0.803** 1.000
NH,* 0.828** 0.758** 0.112 0.149 1.000
nss - K 0.484* 0.463* 0.155 0.361 0.446* 1.000
Mg* 0.407 0.438* 0.504 0.541 0.442* 0.248 1.000
nss-Ca*" 0.720 0.777%* 0.306 0.108 0.601% 0.265 0.209 1.000

P <0.001, *:P<0.01
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Table 4. Results of varimax-rotated factor analysis at

Kanghwa
Factor Com-
Components 2 munalities
nss-Ca” 0.89391 -0.05937 0.80126
Mg** 0.78673 0.15924 0.64430
Cl 0.75450 0.39925 0.72868
Na~ 0.69761 0.55812 0.66863
nss-K* 0.66180 0.45776 0.64751
nss-SO, * 0.02225 0.94464 0.89283
NH, 0.25969 0.94470 0.96578
NO: 0.63423 0.65258 0.82811
Eigenvalues  4.78806 1.39039
Pct Var 59.9 174
Cum Pct 59.9 77.2

Pct Var : Percentage of Varianc
Cum Pct : Cumulative percentage

Table 5. Results of varimax-rotated factor analysis at

Yangyang
Factor Com-
Components 9 munalities
NH,’ 0.91453 0.10060 0.84648
nss-SO, ? 0.88591 0.20652 0.82749
nss-Ca* 0.83989 0.07500 0.71103
NO; 0.82370 0.32775 0.78591
nss-K* 0.55536 0.31779 0.40942
Na® 0.12546 0.93893 0.89734
Cl 0.12891 0.90832 0.84167
Mg** 0.40570 0.56978 0.48924
Eigenvalues  4.29393 1.51464
Pct Var 53.7 18.9
Cum Pct 53.7 72.6
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