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—Abstract—

Heavy Metals of the Suspended Particulate in Atmosphere
of Seoul City

Sook Pyo Kwon, D.P.H., Ph.D.
Yong Chung, M.P.H.,, D.E.S.T., Ph.D. and Dong Koo Lim, M.S.

Department of Preventive Medicine & Public Health,
College of Medicine, Yonsei University

In order to investigate air pollution by heavy metals in Seoul city, the suspended particulates in
the atmosphere were sampled with high volume air sampler in industrial area{(Ku Ro Dong), com-
merical{Kwang Hwa Moon) and residential{(Shin Chon Dong) from January to Ncvember, 1977.

The sampled suspended particulates were digested and extracted from suspended particulates with
the acidic solution by reflux-extraction technique, and were measured by atomic absorption
spectrophotometry. And mercury was measured by mercury analyzer applying the reducing sub—
limation technique. )

Among heavy metals analyzed, the iron was identified at the highest level in the suspended
particulates and the chromium was the least.

Through the surveyed area, the concentration of heavy metals of the industrial area was com-
paratively high among others and the commercial was the second.

It was detected that lead was the most concentrated in the suspended particulate of the com-
mercial area, that might be caused of the traffic emissions.

The seasonal variations were analyzed and the correlations among heavy metals and total suspended
particulate were also calculated. Especially, the iron was highly correlated with total suspended
particulate in all the surveyed areas.
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Table 1. Sampling Period (1977)
Place Season Winter Spring Summer. Autumm
?;‘:’;‘:g";if;;;n ) 13-19, Jan 1218, May i? ’ Ai‘:.y_ 2;7 Noof,t -
f';f:s;:j')o:‘;" e 12-20, April 25-30, July 2:: o~
l:e;}i?:ngELnA;Zig ) 24-30, Jan. j‘f’ I\?:;“ 1924, July 10-17, Oct.

Table 2. The concentrations of Heavy Metals in Suspended Particulate( T.S.P) in Seoul Atmosphere, 1977
(Unit, #g /)
Place Ku Ro dong Shin Chon Kung Hwa Moon
Item ( Industial) ( Residential ) ( Commercial )
T.S.P 325.9 + 116.4 193.0 -+ 54.9 275.4 + 65.9
Cu 0.354 + 0.293 0.103 + 0.052 0.204 + 0.153
Fe 6.519 + 2.476 3.679 + 1.710 4.816 + 1.822
Mg 0.014 + 0.014 0.007 =+ 0.011 0.008 + 0.011
Mn 0.254 + 0.166 0.128 + 0.008 0.157 + 0.092
Cr 0.006 + 0.010 0.003 + 0.006 0.005 + 0.016
Pb 1.091 + 0.980 1.149  0.681 2.252 -+ 0.864
Cd 0.024 =+ 0.026 0.011 =+ 0.012 0.018 + 0.014
Ni 0.102 + 0.082 0.044 + 0.051 0.063 + 0.069
* Mean + S.D
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) o] =& BES 29 Cud Cr2 JE
el 4 EZe] 0.366 pg/ ¥ 0.016 pg Al 24
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T3.P| 100

Cu [0.074)1.00

Fe |0.589 {05061 1.00

Mg |0.487 |-0.094|-0.028 | 1.60

“Mn 10331 | 0179 0414 [0.225] 100

L Sr 10357 |-0.088 | 0.445 [-0.126 ] 0.030 | 1.00

Po |0.451 | 0519 | 0587 | 0.234 | 0.066 [0.279] 100

Cd {0185 ]0.066 |0.107 |0.170 | 0.354 |-0.106 | 0.001 { 1.00

Ni | 0.466 |0.048 0188 |0.432 | 0.220 [-0.001 {0309 [0.174 | 100 ]

T8.P| Cu Fe | Hg | Mn | Cr Pe Cd Ni

Table 4. Linear Correlation Coefficients of T.S.P. and
heavy metals at Kwang Hwa Moon.

TS.P| 100

Cu 0691 ] 1.00

Fe |3814 | 0556] 1.00

He [0500 | 0.409 |0.233 | 1.00

Mn (0379 |0.453 | 0397 |0.120 | 1.00

Cr ]0.073 [0.043 |0.107 |0.008 [-0.120 | 4.00

Pb  |0.480 {0702 | 0505 |0.197 | 0.205 | 0.127 | (.00

€4 1083510491 (0495 [0363 | 0.200 [0.008 [0434 | 1.00

1 Nt {0349 {0517 | 0437 |0271 |0.512 +0.139 | 0289 | 0.i44 | (.00 -

TS8.P| Cu | Fe Hg | Mn | Cr | Db V] N

Table 5. Linear Correlation Coefficients of T.S.P. and
heavy metals at Ku Ro Dong.

TS.Pjtoo

CU 10435100

Fe 0645 0606/ 100

He |0.177[0.146 | 0.260 | 100

Mn 0817 10097 | 0.85) |-0325( 100

Cr [0002 |0.065 [0.195 |0./146|-0450} 1.00

Ph | 0507 0373 |0.410 | 0.087| 0322 )-0.096] 1.00

Cd |0.022 | 0335 |-0.481 |-0.227| 0.522 {-0.053 | 0.046{ 1.00

Ni_ | 0008 [0.280 | 0.013 |-0.334] 0,113 |-0.457] 0.075 |-0.266] 100

TSP| Cu [ Fe | Hy [ Mn | Cr | Po | Cd | NI .

Table 6. Linear Correlation Coefficients of T.S.P. and
heavy metals at Shin Chon.

ERAN A EHol 8.64pg/md,  FAfol A &z ol
2.422pg/m32 BE BK, BEES Y A,
Mn= Niw= AZEFANA KFEA 0.3394g/m3,0.133
pg/m o2 A BES 1®n HNAA  KFo
Mne] 0.098pg/m39} HZFEd] Nio] 0.026ug/m3 =
&% Bi% BEA T, Pbe KA - KFol
2.821pg/m32 Bk BEY o™ AERNA KFEd
0.742pg/m32 B{E BEE el Aok,

=3 & HRHE BRI R wed =2
B MEMN 2 2EpEe] 4% B4 29 Fe
o wHEE, Fest Cuo 4u4de] ¥gtod n
#ZRe Cud B#HE, Cusdt Pb, Cdslt B



201" 0 ~ ¥20°0 ~ 900°0 ~ 262°¢ ~ ¥10°0 ~ ¥52°0~ B9~  PEE0 A~ 6°62¢ 1461 [noag
$50°0 110°0 £00°0 160°1 £00°0 821°0 69°¢ £01°0 ~ €61
($91°0 (22070 ~ (L88°% ~ (89570 (¥5°6 (FIT°C  ~2°1€1)
~210°0) £00°0) S25°0) ~800°0) ~42°2) ~GHS0 9% 2L6T (6 In03G
L¥0°0 600°0 ez ¥61°0 217G 9€0°T
2210°0 Lp00 0 9000 £€96°0 ¥L~ZL (g1 INdNoeUUOY
10°0 > 010°0~100°0 G20°0~T100°0 €'0 ) 10°0.>  SZ0'0~100'0 2'0~2°0 1°0) 9z
21070 ~ $900°0 ~  9pT0° 0~ 0%5°T ~
£210°0 2000°0 £500°0 06€°1 bL~TL {9 £ss1a mop
§20°0~T00°0 S0°0~S20°0 G0 ¢ 1°0~G0'0 S0°0~GZ0'0 50 ¢ 1°0~80°0 9L £1H
650°0 £300°0 800°0 g1 0752 GL~TL (& yiog moyn
2200°0 200°0 2£00°0 290°0 21070 99°0 1179 162 ey @
900°0 . $200°0 $00°0 69°0 G%0°0 6'2 61°0 1488 wein @
euozZIy
5L61 (b1 11°Y1Inog
124 ERLIP |
IN 10 1 d 3y up ad n) d's'L Suijdweg I
(#/34)

‘SSLIID SNOLIBA Ul S[RI3[] AABSL] JO SUOIIRIIUIIUOD o
m ! tS[RISy H ¥ ! 9L

‘L °oqu],



BE. Mozt Feo) 4a40] 3on HiLFIe Cu
3 Pb, Pb3 Fe 9 44l Aglen & #
gz 2 Teble 4~63 et

% %=

ADY ks ¥ E¥E BEEY #Mmns
BH KR BRES Bz, BEL BER
o BB FEHEEY Hhnt ELBES X&EHd
K- =3 #7715 g,

AERS FH BEJ AdA $H£E BAsz
£ HSEY BES ¥ A2 THEiRowA,
Shelden, K. Friedlander? 7} #43 A2 2ol
KES WIE #AY =& £ BLH HEHe] o
7l oz YztEe KLl A Pbo FHBRE
7t 23 AERERE Fitel = L AL Pbe
EHHEC] HEgoln ZTREC ¥ wHEe® 4
C EET olE H®E R &A% Antiknock

Fiol ogk Aoz Algslh,

=3 HE #BAA Feo BEZT WS L
AL MBP Fed FHEW o) mj e &7 W&
d Aoz BHECH

E€B BEY =0 £l & A2 & #RR
o i BEH RS K€ Ffkd =98 K&
Eidy kel 7+l o2y WEoz A4
BEGET ESBEY MAE M) A T
Emel NER e 4 G£EHRA FHol
gokel, ole AERLS EXEB SO Aoz 5
Y-S HEMEy] AR o s A7 Ee NS mE
B SESH =l BRipES BHErs 1#
& Fao) A o] AA 25 4] @
Loz AR},

X B #R AE 2 AEWmY FR OB
EE HEsld 2= Table T3 ol & 94&0]
&S 1972448 = Mn, Cd.Ni & BAYR &
&EB BEt Yoty o} Fed New Yorke 104
Pb2 4159 =2 HH BEE Jelydd, o
T Fe&2 £ ndaiy EXH KREEERK
#el wluledl EENE Aoz BRI

ESBol KEH BHI A 9l 9
oo ft FHFH BHRe ol HEsel YA ¥
oy BEPY K8 ELEY EEHE £ B
HE A% ol &9 BN B KRN pHEAEAE
Yovte AL B B M|ME7T dod X 7
ERR JE BERER ESRY BRBE

b tetkol vl A& Akl wshelE ¥oh BL B
st dolol @ Aolvh, ELE A¥ ASER B
B M BES BARIGL It AR Y =
S5 7Fo] fhmel WS = ESE BESAA
£ESE 943 249 AFR e RE
ol of Fekm she WET O wer ELB
Sfr BRERY W ot FEselet
deln AR, L2 ESEEY FHRe BER
i) d3re Al wlA Aol BEHN KEH
Bl wigke] E@Wcehn ob ok

% ]

AL AGEHY ZHBEM 5853 FF ES
Bel BES WEslzAd G (BESE), LE
B (TR, IR (E2R) o= 7 o e
19774 1R 13B%H EE 11 A 3877 W
Z5el 27t 6~7EHES High Volumn Air Sam-
pler 2 ZHERHES BEWSIS o, o #E8E EF
BADFERY KEHTHRE AT A4S oS
3 2L BHe 294,

1) & ESBS H% EEP JuEZRe Fed
BHEESL 6.519ug/m =2 BAIgoA, FHi
Crol 0.003pz/m*2 REBES Jehigdo,

2) BE M sBPd A PbE Bisln RE
ESEBRBEYs AWER, KFLFN Rez 5
ZuEEsl dobxled Pb2 X(LFI FF LER
JER) o e,

3) BERETS ELEY a4 FARL 2
&SRB e 2.57~2.73% S el o)
= Fed SAFHo 1.75~2.00%2 Ad =
o9, Cro] 0.002%% %2 HAFRT Jebyis=

4) FHe @& BE Zfts Asm® =¥ H
o9 Nig AmBalAe &t HEL F
28xu Fest Cu, Mn3 Cdv= HRJS BE F
b ffMe] £& 2o,

5) BESEHS BB Y BB ZHHETY
HIBAKES A ol A 3£3] Fedl ®HEE Feslo
Ml 9 eon, AERS Cdd FHhE Pbel
Cud #aBEtEe] E%ow, Hite Moy BHEBE
Mnz Fe 2| Atk ¥

BEe ##Ee dol AW KEH ELES
BRErl 2o HBpe HEs W7 KT
Biik xfsgel Ao & Aol



. Bracewell and O. Gall :

REFERENCES

1967. “Symposium on the
Physico-chemical ~ Transformation of Sulfur Com-
pounds in the Atmaosphere and Formation of Acid
Smogs”’ Mainz, Germany.

K BE, B, HE 1970, ARWEER W% @
4. 252 - 259. ‘

CARRIEDS : 1977 . BEBROE O £& 0 K8

. Carroll, RE :

. Osama, Wada et al :

LEAS, HAdo) 1975, “dlded BAE

( National Research Council.fg) 3:. 9% /1,
123 - 148, ERLBREA HER

1966. “The relationship of cadmium
in the air to cardiovascular disease death rates”
JAMA, 198 267.

. Hickey, R.). Schoff, E.P. and Clelland R.C.: 7967.

“Relationship between Air pollution and certain
chronic disease death rates”, Arch Environ, Health
15, 728.

. Schroeder et al : 7968. “The human Body Burden of

Lead” Arch Environ. Health 17, 965-977.

7969. ‘‘Response to low Con-
centration of Mercury Vapor Arch. Environ, Health
19, 485-488.

39

Aol kg AF (A12), FHLALAT AR, 12,

193 - 202.

9.

10,

13.

14.

15.

16.

17.

. Thomas, Y. Kometani :

. Sheldon K, Friedlander :

SRk FIME S0 - 1974, “AEHA  AHEH
HeBRE HE” AR R £ 11, 130- 141,
WY S5 MBS 1978, “A LT ARH HE
BERES Ko BT WEFR B RRe®,
11, 65~ 74.

1972,. “Dry Ashing of Air
borne Farticulate Matter on Paper and glass fiber
fi/ters for trace Metal Analysis by Atomic Absor-
ption Spectrometry” Envir. Scien. Tech, 6, 617-620.
1973, “Chemical Element
Balances & Jdentification of Air Pollution Sources”
Envir Sci. Tech. 7, 235-240.

RE fIX BN % MO F: 1978, “EE AR
N LHHERBRCBT AHO SRR B X UH
BE4S7E, 14, 16-20.

J.L. Moyers, L.E. Ranweiler., S.B. Hopf and N.E .
Korte : 7977, ““Evaluation of Particulate Trace Species
in Southwest Desert Atmosphere’ Environ Sci. Tech.
11, 789-795.

Paul J. Lioy and George T. Wollff : 7978, “Toxic
Airborne Elements in the New York Metropolitan
Area” & of Air Poll. Control Assoc, 28, 510-512
Standard Methods for the Examination of Water &
Wastewater APHA, AWWA, WPCF Ed 14th ed.
1978.

“Composite Hazard Index for Assessing Liwiting Ex-

Elizabeth H, Rerpp, Dennis C. Parzych etc :

posures to Environ mental pollutants 12, 802-807



