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— in the Area of Chung-Ang University —

173

T 94-4 8 -3 4 -4 4 H
FdEg gt
(A4 1993 7. 9)

Dong Hun Sohn, Hye Suk Shin, Sung Yun Jung, Won Tae Jung

College of Pharmacy, Chung—Ang Univ
(Received, 9 July 1993)

Abstract

Total suspended particles in the atmosphere were collected on the quartz fiber filters
using an Andersen Hi—volume air sampler from March 1989 to October 1989 and from
June 1990 to February 1991, at Chung-Ang University in Seoul.

A total amount of eight heavy metals(Cr, Zn, Cd, Pb, Fe, V, Ti, Mn) in total suspended
particles were determined by ICP spectrophotometer.

The annual arithmetic mean concentration of total suspended particle was 162.3ug/m® and
eight metals(Cr, Zn, Cd, Pb, Fe, V, Ti, Mn) were 11.6, 609.2, 3.5, 337.1, 2739.5, 15.1, 89.4
and 100.5ng/m’, respectively.

The concentration of total suspended particle was highest in the spring(343.7ug/m®)
and lowest in the summer(91.8ug/m®).

These heavy metals were distinguished into two groups in terms of their particle size
distribution. The contents of first—group heavy metals(Fe, Ti, Mn) were increased in ac-
cordance with the growth of the particle size. The contents of the second-group ones such
as Pb, Cd, V, and Zn, on the contrary, came to increase according as the particle size re-
duced.

Statistical analysis indicated that there was a correlation between total suspended parti-
cle and Fe in coarse particles, and between total Suspended Particle and Zn, Pb in fine
particle.
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el Aol F3sle] AHAF, HF-AH, allergy
A4 A, A, A, dAra § o= A
Z =242 el ol (Bellinger et al., 1986).

FHEAS U7 2um BEE AAZ o F3ol
PeakE Yel= 1% B ¥ (bimodal distribu-
tion)& bl 2um olgal YAE Ziela
(coarse particle), ©]3}el ¢ix}E  vjAY A} (fine
particle) 2 ¥2c}.

Ahe F2 B4, 49 5 Aduddozye
FABe, FAe AR i 2 PURE, =
£ Adegel ojste] wiEEe 13 U4 2 gasz
A 2R 2l 7139 sapigol olskod Yt
st 279072 So] 4tk 24 A} A4HE 3
e £ B § ¥4 AAE 9 A
2ol £R5)E gl FAEA) ol A Fuw
Aol AHHEE 13 ol wlal FA9AT 2
AN Fe Frg wAE 23 At 9 5o
= E7itn A vAEs iz A4 £ s
E 7 A AR, 1987).

71 RfEA12 QA webA QAo vXE of
o] thay] W HZ ¥{EH F S5 F
g A7e RS 3 A YA
2 4% F4EY & E8tn (&5 35,
1986).
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3te] QAAle]l AR &4 dotH(Rivedal et
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2Alvel $48 3759 ue} 4A4d 2ES 3
obr] skl AR-FEAE e BRAT B9
it ofstofst 4% SAdellA £ F ICP spec
trophotometer & o] &3t H-As}girh,

2. AEYY

2.1 7|8 REe 27

ANeEWA AT FA4F FUoien opae 4
2 2 o4 19899 3Yeld 1097hA] 203 W
1990 644 19913 27t 273l 23 An-
dersen high volume Air Sampler(Dylec Model AH-
600, Model HVC-1000) & A}-8-3}of X od4-f-of2j4+
(Round filter—Pallflex quartz filter, Type 2500
QAST, Circular filter, ¢30cm, Pallflex Product
Corp.; Back up filter-Pallflex quartz filter, Type
AHQ-630, 20x25cm, Pallflex Product Corp.,
USA)el} ¥E3)stqird.
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FREAERNFAE AHEste] F 7px wiyjez ¥
Atded, TA4QA J73E L2 E getetr] $st
o 893 4, 9¥3} 904 7, 11492 4847 ¥4t 5%
¥4 23 [>7.0zm(S-1), 3.3-7.0um(S-2), 2.0-3.3
tm(S-3), 1.1-2.01m(5-4), <1l.1pm (Back up)]s}
AL, 2 9 RE ABEL 2447 ¥t total sus-
pended particle2 ¥#s}gich, 2887 zAake] A
22§ (259 S, 1989)9} o] sdch.

2.2 ICPol| 2i8t @42 B4y

Round filter+= 1/82 #3}3 back up filter: &
2 Ao 27 40mm<el belt punch® A s}o] A
A ¥, 3F35% 200w, A2 F 100ml/mine)
Z27o2 L3554 (PC-103, Yamato, Japan)
Well 4] <F 1417k 5t 33HA17] 2 toll beakere] 3
< ¥  10%-HNO,(Fisigk, FHAs45544)
100ml& 7}3led AlAIHAIE W3 hot plate #Fol 4]
Ao o 247F SE539 M3 (FiERE
No.5c) g+ 5 o2 hot Plate Atoll 4] w71 4)
713 0.5N-HNQO, 4408 A& 10.0mlZ 3} A
oz 3lgrt. 74H¥E ICP spectrometer(Plasma

" 40 Emission spectrometer, PER-KIN-ELMER) &

Agd BAstdeod 2EAe ® Lo ehial
t}.

Table 1. Measuring condition of ICP spectrometer.

RF power: 1.0kw

RF frequency. 40.68MHz

Nebulizer: cross—flow nebulizer

Wavelength
Cr; 205.552nm Ti; 334.941nm Cd; 214.438nm
Fe; 238.204nm V ; 309.312nm Pb; 220.353nm
Zn; 213.856nm Mn; 257.610nm

2. 3 Standard Reference Materials Test(SRM Test)

NIST #1648(Urban Particulate) 2] z+ &
%o 274 wmAE E 20 e 2 32
£3el4 2 #37 BAX Wz @A Tig
Mng A3 VoA 659 F%9 3F&e 95
~098.67% %A F33 ITEE A& 5 ddrh

3. o ¥ O

3.1 WIIRRERS 5

1989 3«%e 10%¥7b=], 1990 6YH-H
19903 24Y7}tA] 433 ] A Andersen high vol-
ume Air Samplerg AF&-3lo] ZAF o) 7] HH-5
Ao F=& F 39 Jehigic
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Table 2. Urban particulate heavy metal contents
in standard reference materials of NIST

#1648.

Element A B %
Cr 403 392 97.27
Zn 4,760 4,594 96.51
Cd 75 74 98.67
Pb 6,550 6,229 95.10
Fe 39,100 37,870 96.85
A% 140 133 95.00
Ti (4,000) 3,603 90.08
Mn (850) 716 84.24

Note : Values are shown in ug/g
A means Urban Particulate heavy metal con-
tents by NIST
B means Urban particulate heavy metal con-
tents by experiments
% means B/A x100
Values in parentheses are not certifield, but
are given for information only.

ZA 717t Fet h7]H-7-2-% (total suspended par-
ticle: )8} TSPZ m&§H) 2] =W 9E 30.5~428.8
pg/mPo Al U, AAE HEe] Al FHo|rh
8949 FFX(ABF: 18)& 179.4ug/mo]3lx,
90de] HFA(AEF: 25)= 142.0pg/m*o 2 A
dgd #3718A 150gg/m*Rr} 89d Rl ¥
gttt o] 8919 A, 44 23o] HH 23R
TSP ¥%7} Azt 33 ojy 2382 Y==
Aslo] gl dHF FAVIEA Q] 300ug/m (DY
A, 1980)F 2738t veldoez AsiA AT A
& A5 AFEgn ol

B AL dxy TSP pxwsts 4
Hyd, 85d¢e 113.2xg/m? 8611 147.1pg/m’,
87118 180.8ug/m’, 88E  200.2ug/m (WA D
5, 1987, %8 5, 1989)0 2 dAxwEI o7HY
AePeE RoF e, ole FAXNAHY T
ARy e Fd ASHY G52 Qg oA
o Fee 712 Uit Ao FAY 571
2 Azgd.

90dx o] HFA} g olfrx WIIN-FEAS
o] AYENT) FAstg 7] dEo] oviel dndF
A A wgE 718 HFAHAES} Ygel 7
Qgheha AYzH=ic).

3.2 YI|RREXNE E3%9 =
F 3¢ | RFEAF FHE FF5Y F=2F
vehdiddd. Z+ 3849 HFds=EE: Ferl 2739

A= - A% - 49

5ng/m?, Pbx 337.1ng/m? Zno] 609.2ng/m?, Mn
o] 100.5ng/m? Tiv} 89.4ng/m® V7} 15.1ng/m?,
Cre] 11.6ng/m? Cdo] 3.5ng/m*o 2 vtebyir}.

23 M4 A 74 FF&e] TSP #£ 23
Lt A5 & vudtd Fert 1.65% 2 71 ¥1, Zn
2 0.38%, Pbx 0.21%, Mng& 0.062%, Tix
0.054%, V= 0.009%, Cr& 0.007%, Cd-& 0.002
%=z 7} ¥ FxE el

o] RE 4 $(1984)¢] 1974 33§ 198343
o] A A AF}(Fe>Zn>Pb>Mn>Ti>V>Cr
>Cd)e} dA&A et Aoz Bol s}
o} AR YWrEFEA F FTFTE LZuEl &
Al o 5 sl

Eokqizl 5 AQuAdde] 93 Fe(HBHEA,
1981)o] o] BEHo sldeow AFx} T A
7B 4aztdA 53 o] F2 AF AU
A fddciz 423 Pb, Zn & Feg A9

2 2% v =& £2E 240

gatdAto] el 279 FeTig) =7t &
A3 Fobed ol HEK 5(1984)9 dF A
o2} FALSHAl vEle ol F45EL FE EY
gArel A g

I8 2ARAEA F F5 994 gAY
2 #Agdd 4 glE %A <5 (Enrichiment Factor,
EF)E a2 9 Table 49} A} o7& 7]
ZAr2 4 FeE AAsg, == (reference) =
Vinogradov®] ¥<¥94 ZAAF(LEZE, 1977)%
o] &3} et

EF7} 18 24 $4€9 A3 84 Js9)H
o38kg uwtyr gluly Az} 22 Table 44]4Pb
(483.6), Zn(175.0), Cd(92.1) & EFx7} &A3]
Fou Eof fa galo] ofd A gld ¢
A EAZ FEH deE & 7 AUk VY A
$ 207824 2L EFAE Holx gisley F2 1|
A YRS BEFH ] gle Zlo g Hof Myl M4
59 oo osf EAFe EEH e Her
AZLE Mne 1724 A998 9%& 34 X
k3 gl wbd, Cr(0.8)3 Ti(0.3)& dhf-¥ E<f
QArelA §HD Ao Bk},

%%, Pbo) H=(87Wdxdl= 924.1ng/m? 884
o= 607.5ng/m(£EA F, 1989), 89dxdl=
339.3ng/m*, 90 =4l 274.9ng/m*) 8] 1A At
2 F uj&4dal xFApol) it F< gasolined] B
F Fd2 Qg Aoz Y

3.3 7|1 REL 59 WH ¢S
7R F2A00 € HdEred HEL 19 1
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Table 3. Concentration of TSP and each heavy metals.
Date TSP Concentration of each Heavy Metals(ng/m®)
(ug/m?) Cr Zn Cd Pb Fe \Y Ti Mn

890308 131.4 144 869.5 2.7 347.8 2,137.9 29.5 64.6 53.5
890315 209.7 14.4 771.1 5.2 595.3  3,256.2 5.6 11.6 97.5
890322 158.2 17.4 765.4 3.7 4285 3,653.1 40.2 119.2 97.9
890405 373.2 339 2,041.0 8.7 969.3 6,422.4 53.6 224.6 236.4
890419 229.2 24.2 1,778.0 134 817.2 7,813.2 77.6 757.3 232.9
890426 428.8 16.0 506.9 2.5 304.3 2,327.1 17.9 61.2 69.7
890503 222.6 13.6 687.7 3.9 4139 4,4105 40.3 126.9 115.0
890523 234.7 16.5 817.1 2.7 262.4 4,677.6 22.5 1334 122.9
890529 222.1 15.4 819.1 5.3 330.6 4,8194 26.7 1294 136.8
890608 48.5 7.1 247.9 0.8 92.9 1,054.5 10.2 13.4 24.4
890621 171.9 19.5 957.7 7.0 550.2  4,244.5 28.4 77.9 118.5
890628 264.8 22.7  1,370.2 5.5 4440 6,216.9 25.8 12.5 163.6
890712 66.1 7.2 356.7 1.1 200.0 1,920.8 10.5 34.7 40.4
890718 56.7 5.3 493.1 1.3 168.6 1,614.3 8.8 30.4 24.8
890913 110.3 8.9 416.3 2.0 213.4 237.8 13.8 67.4 65.7
890921 136.0 13.4 556.1 3.7 356.8 248.6 7.8 3.0 67.4
890928 77.8 8.4 428.3 2.5 2295  2,179.7 10.7 52.8 49.0
891005 874 6.1 402.2 3.6 462.7 1,382.2 11.6 57.1 29.0
MEAN 179.4 14.7 793.6 4.2 399.3 3,366. 25.3 113.0 97.0
S. D. 105.8 7.3 488.1 3.1 224.3  2,194.3 19.1 176.0 64.4
900627 54.3 3.6 128.7 0.4 89.2 1,335.2 6.5 55.7 26.5
900705 139.4 10.4 504.8 4.1 224.0 2,596.0 21.6 95.6 67.6
900711 47.8 6.8 116.7 0.7 85.5 730.7 3.5 21.4 214
900725 41.5 3.8 168.4 0.6 111.9 844.9 14 32.9 15.5
900801 131.1 115 549.7 2.3 200.3  2,538.0 - 92.3 42.5
900808 70.1 5.9 156.2 0.7 111.7 1,416.9 — 57.2 22.3
900823 45.9 5.9 2775 0.7 89.8 763.5 - 371 33.3
900829 173.9 11.2 459.4 3.0 318.9 3,099.9 - 11.6 52.1
900912 96.1 8.3 547.4 2.2 242.6 1,414.0 54 514 3.7
900919 254.4 15.1 769.4 3.9 3949  5,305.1 - 200.2 110.3
901003 137.1 7.5 325.0 1.7 204.7 2,545.8 - - 58.4
901017 131.7 6.8 295.5 2.3 202.0 2,636.8 - 72.2 92.1
901024 153.6 9.1 658.8 3.2 326.9 2,167.1 2.8 78.7 82.9
901031 242.8 15.9 818.8 5.3 570.5 3,851.1 13.7 131.0 119.4
901107 141.5 7.7 489.0 3.3 344.1  2,116.6 11.3 73.0 68.6
901114 150.8 7.3 356.9 1.9 2954  1,999.5 3.6 80.8 58.9
901122 371.2 18.2 819.8 5.3 572.2 5,540.5 5.2 190.4 169.5
901130 97.4 2.9 360.3 3.1 367.6 504.9 17.2 229 15.6
901212 288.8 12.7 701.5 5.4 545.6  2,981.3 4.9 91.1 984.0
901219 30.5 2.4 115.1 0.6 53.4 538.3 - 22.3 20.1
910109 221.9 9.9 563.1 3.9 3319 2,287.3 5.2 68.4 49.7
910116 129.6 8.6 307.0 3.7 258.4 1,766.3 - 57.2 50.4
910123 155.3 11.7 566.9 4.7 4427 1,592.9 21.6 41.7 459
910201 113.6 5.0 246.3 2.1 165.2 121.7 - 36.7 359.6
910206 128.9 4.8 321.1 2.7 323.6 860.5 1.5 24.1 315
MEAN 142.0 8.5 424.9 2.7 2749  2,112.3 5.0 65.8 104.1
S.D. 82.6 4.1 221.1 1.2 152.0 1,382.3 6.8 47.1 196.8
MEAN 160.7 11.6 609.2 3.5 337.1 2,739.5 15.1 89.4 100.5
S. D. 26.5 4.4 260.7 1.1 87.9 887.0 143 33.3 5.0
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Tale 4. Enrichiment factor(EF) of each element in the TSP.

X-l%_s}]

Cr Zn Cd Pb \% Ti Mn
% 0.007 0.38 0.002 0.21 0.009 0.054 0.062
EF 0.8 175.0 92.1 483.6 2.1 0.3 1.7

Note; % means Heavy metal % in TSP.
aen.
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Table 5. Particle size distributions of T. S. P and each heavy metals.

Dat 5-Stage TSP Concentration of each Heavy Metals(ng/m?®)
ate 8 (ug/m’) ~_ Cr Zn Cd Pb Fe v Ti Mn
S-1 95.4 9.7 114.0 3.9 340.3 1,806.4 7.1 68.7 82.8
S-2 44.7 17.2 144.2 1.2 169.6 1,079.4 8.1 68.7 66.3
S-3 11.0 10.2 130.1 1.1 135.3 752.0 4.2 27.3 49.5
Coarse 151.1 37.1 388.3 6.3 645.2  3,637.7 19.9 164.6 198.6
890417 S+ 44.9 8.5 219.0 1.7 190.8 794.6 8.1 15.1 26.3
Back—up 179.2 14.6 493.8 9.6 854.5 11,5455 35.7 29.6 80.1
Fine 224.1 13.1 712.8 11.3 1,045.3  2,340.0 43.8 44.7 106.3
Total 375.2 56.2 1,101.0 17.6 1,790.4 5,977.8 52.7 209.3 304.9
F/T 0.6 0.3 0.7 0.6 0.6 04 0.8 0.2 0.4
S-1 26.1 6.4 57.7 0.1 48.8 843.2 - 24.6 16.7
S-2 10.0 4.9 50.1 0.0 26.5 272.2 - 11.0 9.5
S-3 5.5 2.9 53.7 0.2 23.8 187.9 - 7.9 4.5
Coarse 41.6 13.3 161.5 0.4 99.1  1,303.3 — 43.5 30.6
900716 5S4 5.1 2.5 78.7 0.2 37.0 80.5 0.6 4.2 3.0
Back—up 30.3 3.0 127.7 0.8 94.5 282.2 - 25.4 8.5
Fine 35.3 5.5 206.4 1.1 1315 362.8 0.6 29.6 11.5
Total 76.9 18.7 367.8 . 1.5 230.6 1,666.1 0.6 73.1 42.1
F/T 0.5 0.3 0.6 0.7 0.6 0.2 - 0.4 0.3
S-1 63.5 14.5 158.6 0.3 61.4 3,094.6 9.4 115.1 63.1
S-2 28.6 10.2 103.2 0.3 68.2 963.3 43 35.0 23.9
S-3 14.2 15.4 116.8 0.6 117.7 618.9 2.6 17,1 12.8
Coarse 106.2 40.1 368.5 1.2 2472  4,676.9 16.2 167.1 99.8
890904 S—4 14.4 11.9 145.8 0.7 86.1 350.4 2.3 16.2 10.2
Back-up 64.3 7.4 3145 35 333.6 446.8 13.7 20.6 27.9
Fine 78.7 19.3 460.3 4.2 419.7 791.1 16.0 36.8 38.2
Total 184.9 59.4 828.8 5.4 666.9 5,468.0 32.2 203.9 137.9
F/T 0.4 0.3 0.6 0.8 0.6 0.1 0.5 0.2 0.3
S-1 134.7 12,5 217.1 0.3 79.7 3,924.3 - 137.4 82.0
S-2 58.8 5.3 484.5 0.3 67.2 1,150.0 — 38.0 30.7
S-3 35.9 6.1 202.3 0.8 99.8 554.1 — 18.6 18.2
Coarse 229.5 24.9 903.8 1.4 246.7 5,628.3 — 193.9 130.9
901127 S-4 68.4 3.4 743.9 15 134.0 390.9 4.9 15.2 20.1
Back-up 175.9 3.4 384.7 1.8 220.5 466.1 - 34.0 17.7
Fine 244.3 6.8 1,027.5 3.4 354.4 857.0 4.9 49.2 37.8
Total 473.8 31.7 1.9314 48 601.1 6,485.3 4.9 243.1 168.7
F/T 0.5 0.2 0.5 0.7 0.6 0.1 — 0.4 0.2

Note : F/T=Fine particle( <2¢m)/(Fine particle( <2zm) +Coarse particle(>2um)
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Table 6. Correlation coefficient T. S. P between
heavy metals.

(a) Coarse

TSP Cr Zn Cd V Ti Mn

TSP 1.00

Cr 010 1.00

Zn 051 0.01 1.00

Cd 0.10 0.30 0.00 1.00

Pb 0.14 0.42 0.01 0.98 1.00

Fe 0.74 0.35 0.71 0.01 0.05 1.00

vV 0.00 0.80 0.08 0.52 0.59 0.03 1.00

Ti 0.75 053 0.58 0.15 0.25 0.92 0.16 1.00

Mn 0.46 0.47 0.18 0.79 0.87 0.30 0.42 0.57 1.00

Pb Fe

(b) Fine

TSP Cr Zn Cd Pb Fe V Ti Mn

TSP 1.00

Cr 0.02 1.00

Zn 0.90 0.01 1.00

Cd 0.35 0.18 0.13 1.00

Pb 0.77 0.18 0.14 0.99 1.00

Fe 0.42 0.10 0.17 0.99 0.99 1.00

vV 0.21 0.27 0.05 0.97 0.97 0.93 1.00

Ti 0.95 0.00 0.97 0.26 0.27 0.30 0.14 1.00

Mn 0.42 0.14 0.18 0.99 0.99 0.99 0.94 0.32 1.00

As% - BAE

TSP-Fe(Z= A&l A r=0.74, v|Ala}t5 e
A r=042)= =]zt A vl gtEc} o Fo
A#4e Jepf ou, TSP-Zn(ZlAtEolA] r=
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