BEKXAFRSREE B5% B2K
J KAPRA 5-2(1989) PP .72~83

At 7] 2R e 24 P sLe) g A7 (1)

Chemical Composition and Sources of Atmospheric Particulates
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ABSTRACT

Twenty-five atmospheric particulates were collected using a high volume aerosol sampler from
September to December, 1988 on a site located on the West coast of Korea and analysed for twelve
elements (Na, Mg, Al, Mn, Fe, Cu, Co, Ni, Zn, Ag, Cd, and Pb) by AAS. The particles being mainly
crustal minerals, large quantity of spherical fly ashes were also observed. In order to identify the

origin of trace metals in atmospheric particulates, enrichment factor, interelemental correlation and

factor analysis were performed. Based upon these analysis, the twelve elements can be classified into

three groups; the elements dominantly present in soil particles (Al, Mn, Fe, Co, and Ni), those in sea
salt aerosols (Na and Mg), and those in air pollution-derived particles (Cu, Cd, Pb, Ag and Zn).
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Table 1. Sampling period, flow
rate of sampler and
total air volume

Sample Flow Total
Period rate volume

No. (rt/hr)  (nt)

3 Sep. (-9 46.1 8637

4 9-16 42.7 7135

5 16-23 47.0 7914

6 23-27 51.1 4866

7 Sep.27-Oct.4 44.6 8749

8 Oct. 5-9 52.8 5263

9 10-11 95.3 1284
10 13-14 55.8 1344
11 17-18 51.6 1190
12 20-21 54.3 1291
13 25-28 47.3 3381
14 Oct,.31- Nov.1 55.0 1332
15 Nov. 3- 4 53.8 1249
17 9-10 57.0 1401
18 12-15 44.9 3476
19 17-18 23.3 1217
20 21-22 49.5 1200
21 23-28 50.1 6036
22 28-29 56.3 1357
23 Dec. 1-2 52.0 1261
24 5- 6 59.2 1401
25 8-9 57.3 1362
26 12-15 48.6 3501
27 15-16 57.5 1356
28 19-20 56.1 1211

& AR ARAZYE Fste] Zepre o
9 ® AU 37 w4 IFAE 5l
Aol vid $Fo ¥ F ENY A Y3
Jol 4 By FAGL A ARE ¥
28 AFA7A Q4R A% pe YYo= 2
Az E3k Ao xEAT F AR ST

J. of the Korea Air Pollution Research Association. 1989,



2.2 FAuby
2.2.1 33k 24
2.2.1.1 A1 52 &30

Aze 77 RAdE e ol &l AET
gof ez W=t Axe HHe] YL},
o] A AN ) FziE A5 2dv
A& g3l RE A2 Class-100 32 W3
oA Az = AFLF A(FA, A4, BIS
2)& vlE HEZE EFF AAE ol g3te HA
sk, 4% FHSF
g 23 EAAA o
27 3 HEEL S5 FTFA BT ¥ 3
F42 AYatz A 1:5 diso
BT F Z2F5Z ANsgon] Zeldda
271 1:5 A48d4 33 F
F42 AHY F AL AR 4 8
e delsA st Ao 2 A7 AA
g 34, WA, BaEaSe EEAe o3l
o AR fdsgon g4 HAL e
2},

@ #xo] X9 «FHAE Aty sgz
1" X 6" %F Aelygoz A& ¥ o 3
HolA F7o] ol 30ml HZE &7]e] Y1
A% A4 2ml, 6N 94 6ml, &3 4 1ml
2 7t g 74 23 o 70CY D
A 847 Fot AT ¥ FAEL 9o AT
A" 7R 7hdA At

@ 47 F oA Re de) 4 e OF

Zol HeEg ¥ 4 AuA At

@ Az F uidd G AAZE A A4
3mlz Folx FHFE 7id 30mlz I o
¢ LA L7 (60ml)el] A FHE o
7 B@#dgch. Alg7 " E8=A Wb
A RAAZ e A e xelzzdy dAR
YA A A FHY H FHE AFAL
skt

BEARGERAE 5% B2% 1989

2.2.1.2 g% A%

Al, Fe, Mn, Na, Mg¢& Varian AA
Model 875 ¥% iz F3E371=2 A#FAA
=d], Al#A#dE N,O/Acetylene 2%$&,
YR Air/Acetylene %8 ¥F3lo 4}
23199}, 2893 Cu, Ni, Co, Pb, Cd, Ag
= 8 717]o] CRA-90 atomizer®} ASD-53
Alg AF FIU7IE FAE vER Y43 §%
Ragyow AR}, oln ABx 2%(v/
v) Aatez 2-508] 3AF F AR
ol Age sl EEE A7b (Standard
addition method) 2.2 v EZ 2 23 L3}
e F55 gt

2.2.2 B4 £4

A" 2g8s IBM PC4 SAS 54 ==z
aYE o) &3te] AYHA EH 2 AW AF
A4,  Varimaxs] sl 9§ <Az A4
(Factor analysis)g slgc). ez B o
o 7| =2 £ (Principle factor analysis)
 oh& ¥3= 49 Eigenvalueg A9 3
olof tfs] Varimax 3|y 22 R-mode
A2 F4E FAEdd.

R

[

3.2 o

ZA 717 F AARY A7) 3L AA o)
7 Bae osld g FEA glxt9} fly ash
2 fdse 78 dAER T glad,
UAEY A= 0.5-40um Ale]lZ YW ¥4
of ZAH X},

Alg A3 AHS A4 FFS 9¢d FAHF
o] $A st , 10¥ei+ F53 5 Fe], 11
4L 2o BA, S A, sl %
Fol Ao AgAo] HHA FHo] F
) Hct.

A7l #3 Fo F59 FEv dwbHe=



21 # # 7 (Log-normal distribution) & To® 3dy, TF Haes 72t xxeo 21

&
Holumg ', 7t g&9 ¥ AT v 3 el 2EFE e Ao (F2) .

Table 2. Concentratlions of trace metals in the Padori
aerosol samples

Sample Nal Mg! All  Mn? Fel Cu? Co? Niz2 Ccdz2 Zn® Ag? Pb?
0.72 0.18 0.82 12.1 0.59 6.93 0.28 2.37 0.58 84.3 0.11 116
2.47 0.36 0.66 11.2 0.49 11.9 0.26 2.65 0.65 87.8 0.08 126
1.71 0.37 0.84 22.5 0.80 10.5 0.35 3.50 0.81 125 0.10 140
1.37 0.34 1.24 14.8 0.75 3.80 0.35 2.57 0.45 56.9 0.07 69.2
1.77 0.34 1.31 204 0.86 11.3 0.40 3.05 0.64 84.3 0.10 163
4,31 0.52 0.80 11.5 0.48 6.49 0.26 1.69 0.47 175.7 0.07 55.0
0.45 0.12 1.80 29.3 0.94 4.71 0.73 3.34 1.89 113 0.34 654
10 8.44 1.15 1.14 14.7 0.38 1.30 0.33 0.98 0.14 44.1 0.02 10.9
11 7.02 1.28 3.23 26.1 2.37 6.17 1.33 4.42 0.55 83.0 0.09 61.4
12 0.73 0.17 1.79 381 1.09 13.5 0.61 3.14 1.09 94.7 0.09 105
13 3.47 0.78 2.08 41.1 1.7 12.9 0.37 3.22 1.82 167 0.27 391
14 1.95 0.50 1.73 27.6 0.77 3.23 0.65 2.39 0.59 31.6 0.09 46.8
15 3.34 0.55 1.85 25.5 0.88 1.65 0.61 1.86 1.54 24.1 0.10 125
17 13.8 1.65 2.71 38.1 1.50 2.59 0.88 2.92 0.34 20.3 0.02 16.3
18 5.64 1.44 4.32 52.7 2.43 5.09 1.24 4.32 0.56 50.9 0.09 69.6
19 3.16 0.49 1.16 28.0 0.95 9.25 0.73 3.19 1.38 81l.1 0.14 188
20 1.86 0.81 3.76 59.9 1.92 9.09 1..26 5.97 0.19 105 0.30 208
21 7.21 0.85 1.35 27.1 1.32 1.58 0.62 2.43 0.41 28.7 0.02 22.9
22 5.01 0.76 0.54 8.25 0.44 193 0.53 0.70 0.34 22.0 0.06 37.9
23 1.08 0.27 1.32 40.4 1.36 6.43 0.83 5.41 1.44 112 0.21 118
24 2.55 0.68 1.79 209 0.91 4.16 0.47 1.97 0.56 16.1 0.04 26.7
25 10.2 1.35 1.13 15.5 0.75 2.23 0.72 2.14 0.33 14.6 0.06 30.2
26 15.4 1.38 2.28 27.1 1.63 4.46 0.71 2.64 0.22 49.4 0.06 84.2
27 6.09 0.84 0.64 10.4 0.45 2.97 0.40 1.20 0.22 19.2 0.06 53.0
28 3.22 0.49 1.16 20.6 0.64 2.48 0.54 1.54 0.32 33.7 0.11 94.9

O 0 3 M oo W

3.10 0.57 1.43 22.6 0.92 4.68 0.55 2.50 0.55 52.0 0.08 78.0
Mean?

0.39 0.30 0.23 0.22 0.23 0.30 0.20 0.22 0.30 0.31 0.33 0.40
S.D.#t

1; #9/m3

2; ng/m?

3; geometric mean

4; standard deviation of log-transformed data
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Table3. Comparison of metal contents in the aerosols
from various pleces

This Urban Urban Pacific Tropical
study Road Coast island Atlantic
1 2 3 4 5
Na, ug* 3.10€0.39) 0.51 5.2
Mg, ug 0.57(0.30) 0.73 0.65
Al, ug 1.43(0.23) 7.46 (1.69) 1.6 0.021 0.16
Mn, ng - 22.6 (0.22) 101 (39.4) 32 0.29 2.2
Fe, ug 0.92(0.23) 5.59 €0.99) 1.7 0.018 0.1
Co, ng 0.55(0.2) 0.97 0.0076 0.083
Ni, ng 2.500.22) 34.3 (7.9 0.64
Cu, ng 4.68 (0.30) 95.1(30.0) 50 0.044 0.79
Zn, ng 52.0 (0.31) 529. (236) 120 0.18 4.3
Ag, ng 0.08(0.33) 0.0041 0.027
Cd, ng 0.55(0.30) 1.39 €0.42) 3 0.0035
Pb, ng 78.0 (0.40) 224 (100D 170 0.12 9.9

* : Per cubic meter
1 : Geometric mean conc. of 25 samples, Figures in parenthesis are one

standard deviation of log transformed data,

2 : Lee et al, (1988) Seoul, Korea, Arithmetic mean conc, of 4 samples

3 : Young et al.{1975)

4 : R.A.Duce et al.(1983) Enewatek Atoll, North Pacific, Geometric mean
conc, of 55 samples

5 : P.Buat-Menard and R,Chesselet(1979) Tropical Northeastern Atlantic
Geometric mean conc, of 36 - 58 samples
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Table 4, Comparison of enrichment factors
calculated relative to average
crustal material® for the aerosol
samples

This Urpban Urban Pacific Tropical
study Road Coast island Atlantic

1 2 3 q
Na (8.1 1800
Mg 2.18 300
Mn 1.60 1.35 1.4 0.96 1.1
Fe 1.11 1.27 1.2 0.84 0.9
Co 1.25 1.8 0.93 1.6
Ni 2.00 4.9 4
Cu 4.84 18.5 21 3.2 7
ZIn 43 80.9 200 13, 28,
Ag 67 200 340 200
Ca 158 74.5 340 130
Pb 358 193 1800 40 390

* : SR, Taylor (1964)
1 : Lee et al, (1988)

2 : Young et al., (1975)

3 :R.A,Duce et al, (1983)

4 : P.Buat-Menard and R.Chesselet (1979)
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i
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4.2.2 7 257k 4@ #A
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Mn, Co, Ni& Xz aAanssAs £z Alg
Fo A B Qe (2y3) 2 717}
A Azt Q¥ Ao ANszz 2 7|0
FEHo2 Bl ¢ 4 Udch Nag Mg
3 fAdstA ATAel Fgpow(r =0.88),
Mg/Na vl && sifole] dfns} n2q
0.1001¢dck. Cue Zne} Pbe Cd, Ag ¥ Zn
o} A#A o] =gkt Pb, Cu, Cd, Znx di7f
N2 AR wed w0 xAdaE



Table 5. Matrix of correlation coefficients

Na Mg Al Mn Fe Co

Cu Ni Zn Ag Ccd Pb

Na 0.88 0.22 -0.03 0.25 0.23 -0.46 -0.22 -0.48 -0.48 -0.47 -0.40
Mg 0.52 0.22 0.50 0.49 -0.42 -0.01 -0.43 -0.37 -0.48 -0.40
Al 0.83 0.90 0.84 0.04 0.64 0.09 0.27 -0.01 0.10
Mn 0.80 0.72 0.28 0.79 0.37 0.52 0.28 0.28
Fe 0.82 0.18 0.74 0.27 0.29 0.12 0.12
Co -0.10  0.68 -0.02 0.26 -0.03 0.03
Cu 0.48. 0.81 0.41 0.41 0.37
Ni 0.60 0.60 0.29 0.32
Zn 0.72 0.59 0.66
Ag 0.61 0.86
Ccd 0.69
Pb

4 100

[Fe] = 0.18 + 0.54 [Al] 8O+ [Mn} = 8.92 + 11.3 {A]

~ i (r=0.50) = {r=0.83)
"€ ° / e
N e 2
h ]

14 <= == Crustal average

Fo/Al=0.59
0+= + 4+ + +
1 2 3 4 5
2.0 10
[Co] = 0.18 + 0.27 [A] 8t (N] = 1.30 + 0.84 [A]

1.57 {r=0.64)
a w
£ £
£ £
38 -3

A (ug/m®)

Fig, 3a Interrelationships between Al and crustal elements, Dotted lines
designate the concentration ratios of metal/Al in earth 'rust
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Fig. 3b Correlations between Na and Mg, and among air-pollution derived

elements ( Cu, Zn, Cd, Ag, and Pb )

Cu¢} Zn, ez Pb, Cd, % Agz Yoz g <z (A 3),

2 sd+ed ole ™A (Source area)2] x}o] Y9459 Pb, Cd, Ag,
oA YAHES E=rl, 3 EA Aol o

&5 A P}, ‘vTable 6. Varimax rotated

aziz 7] Fo 5"

Zn 2 Curt 549

factor loading

Elements Factor 1 Factor 2

-0.283

Factor 3 Faclor 4

-0.212

4.2.3 a1z} A (factor analysis) Na 0.079 0.908
u A A Ho o HwW W ox Mg 0.385  -0.317 0.813  -0.227
W7l A 74 AR Jde 2 % £ Al 0.928  0.033 0.207  -0.019
sle=d 9l ¥4 (factor analysis)e] #4-3} Mn 0.881 0.234 -0.009 0.164
0 Fe 0.897 0.080 0.284 0.181
o}, Co 0.925 0.007 0.119  -0.190
O . Cu 0.082 0.195  -0.227 0.919
2 dx EAM A" dxaEe F Ni 0.812 0.201  -0.202 0.398
. Zn 0.157 0.551  -0.192 0.755
Eigenvaluez} 90% cjulel 4719 AxtE Add ‘Ag 0.351 _ 0.813 -0.284  0.176
shod © arimax3 Ay oz 72 249 47 cd 0.028 0.785 -0.221 0.220
stsied Varimax s T oEEe o Pb 0.066  0.943  -0.109  0.147
AAbell HFF QA 7l =B Al AEsl o (F6) . ] : )
Eigenvalue Cumulative %

Az EAMe ZAste] oslwl whelx o] Eal Factor 1 5.12 42.7

. N 2 4.01 76.1

2 Al, Mn, Fe, Co % Nio] L &5 xof 3 0.95 84.0

4 0.74 90.2

718 E4 (13 1), Nazt Mgo] 7] o 5 & ik
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shadet. Ak 29 4o &

Be T2 AH 2ol o)

He dafolvt ¥5UASY Y 4T BA

o] A7 GaEAG 2

dA=E 42 279 zelel o8 o] F 3}
9 W vl ez FARG.

i

o2

198813 9Y - 1297 Aslgt =wrE]l &
kel A 25702 di7] B-AAIEE 33l Na,

Mg, Al, Mn, Fe, Co, Zn, Pb, Cd ¥ Ag
S 1270 A ARl g A2 AEE

(1) Z=AP7)2b 5ok e E 7| 8RS F5E
o] w9 Al Fe, Mn, Ni, Cor} ztzt
0.54-4.32pg/m,  0.45-2.43ug/m:, 8.3-52.7
ng/me, 1.20-5.97ng/m, 0.26-1.33ng/m* o]
@ Zbhe) FFg (s )& 1.43ug/m,
0.92 pg/me, 22.6ng/ms, 2.50ng/m*, 0.55ng/me
o}gle}. Nazt Mg 77 0.45-15.4ug/nm,
0.12-1.65ug/m* o] W& Holy FF3S
3.10ug/me, 0.57ug/meldel. Cu, Zn, Ag,
Cd, Pbe =Ap712+% 7+7b 1.30-13.5, 16.
1-166.8, 0.02-0.34, 0.14-1.82, 10.9-654.2
ng/me FE WHE Hiow HF T
zkz 4,68, 52.0, 0.08, 0.55, 78ng/mo}<%l
i, o) EL Mg e nl& 2.5-20M 2
ot e 75-650 ¥ el
o}

2) 2+ 25L& B sJA(Al, Mn, Fe,
Co, Ni), a9 slx(Na, Mg) zelz 4tg]
gFo] mE 7] &9 sla(Pb, Cd, Cy,
Zn, Ag)Eel Au] utech

) WAl FHE 9a

i

% Cus} Zn, Pb

— 82 —

sﬂr Cd % Ag7t A= 4%4o F3kow Pbs

de Aes masted 53 Axs} 29 23
Cus} Zne 2-3 =lermz Pha Cde F=z
MAYAZ EAstel W AAA olEH +
A&e BojFch AR ¥Ael AR ohas
A2 Cu¢t Zne Pb, Cd 9 Age} o2 <zt
o &afsied ol Al Fojol At e
THolehE e, satd Aol @a olF
Y Fol W) algloels 240

6. & <

19883 94 -6l 129717 A&t mhe] el 4
25719 W7l FAAEE AHs 1270 ¥
(Na, Mg, Al, Mn, Fe, Co, Ni, Cu, Zn,
Cd, Ag, % Pb)sl $=% 4 F4 ¥y
ez xRasrh o Ao s pAL Fz
Az A EAL FE YAz FAEdeq
T8 fly ash JAEx A=Y}, 7] &
R FEE 7YE 5 A& 2 A A
A Ay, ze]xz Varimax3]d®e] 213 9=}
A& Fsbe] Awugtt. Al Mn, Fe,
Co, & Nig F2 ¥ 9z Mgy Nag
] gApell, 28] 2Cu, Zn, Cd, Ag, ¥ Pb
<= 7] 2dEAded 2§ e Ao o
etutct, Cdat Pbol s&elale xgxc) 2
ew, Cust Znel ¥% lat= 2-3u) =gt
). Cux Zns}, Pb& Cd @ Agse} A3 oA
7V Fuek, wEHQAA, A B3 % dx B4y
o] A dr] £ 7Y
Pb, Cd, ¥ Agole o1& dae
£ 2RAY Aol F 7} WLE JE &
Aol zpele] 7]l Heoeg FA=AC

o] dF= #3 slEAY ¥ ArAge

Aoz e,
(dd=s ’89. 9.16 )

2
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