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Abstract : In this study, we collected PM10(particulate matter less than 10 ym) by using a high volume
air sampler from March 2000 to September 2000 to investigate the contamination level and the
distribution characteristics of heavy metals in the ambient air in Ulsan area. Samples were pretreated by
the microwave extraction methods, and heavy metals (Cr, Cu, Zn, Cd, Ni, As, and Pb) were quantified
by using an ICP-MS system. The highest PM10 concentrations in the ambient air were 85.6 zg/m® and
the average value was 37.1 ﬂg/ma. The maximum levels of each heavy metal were as follows: 2.5 ug
/m3 for Fe(Yeocheon-dong), 0.41 ug/m3 for Zn(Nammok-2-dong), 0.061 ﬂg/m3 for Cd(Yeocheon-dong),
020 ug/m® for Pb(Yeocheon-dong), 0.037 pg/m’ for Ni(Yeoncheon-dong), 0.88 pg/m’ for
Cu(Yaeum-dong), 0.042 pg/m® for Cr(Yacum-dong), and 0015 pg/m’ for As(Onsan). Among
concentration of heavy metals, Ni and Zn compounds were highly correlated with a correlation

coefficient of 0.87 at Nammok-2-dong.
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Fig. 1. Sampling sites for the ambient air in Ulsan area.
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Table 1. Instrument description and operation conditions
for analysis of heavy metals using the ICP-MS

Description Conditions
RF forward power 1250 W
Argon gas flow rate
Coolant 15.0 L/min
Auxiliary 1.00 L/min
Nebulizer 0.90 L/min
Sample uptake flow 1.0 mL{min

Nebulizer
Quadrupole chamber

Concentration type
2 X 10 torr

Sample introduction peristaltic pump

2.5 M =Y

NE F BNEAY w29 FAS ¥E Ze 3
712 Mg bE FE EFEAL AHgsle Y] 7
43 BAEA Fx Alelo FAE el ¥4 d
olel9] FYAHE #IsIGor], Jd HEEHAE= 120
% oI5} HEE gk Alg F EMERY w&Ut
AZA HAE Hojud AEE 34sAY st
AFA H9) Yo Ex% Ik

Felot UAL A dE FFEEL EFELY
5 E 50~200 ngmLZ dtgoen, Fae 100~300
ng/ml, VAL 10~100 ngmLZ 3} % EZ &

Analytical Science & Technology



& A7l F

S ZASEY & 949 =& volE A
A3} 7 EF #E 84 e Eavle] =Y 7}
449 2HEJH AVE FA3, & 929 FE
o W A71ZRE F2 A4S el

2.6. @t A 2<+@ &3

e 2 AHYE ¥ F I HIEgy BEH
2} o 2RE HAESIAE AT BAEY A
g4¢ Hrishr] fld A3 Fx9 7 udEde
T BELAS ASAHE AR A% HEl Al
g AA 2 BN i 5Ys iz 35g
APE HA3 A 43 vHE 4Yo) Uig 35ge
748%~98.9% 2 JEptth o] 3¢g ghe AA EA
Agolxe FF4 T2 vF T FFoloA BA
glo] 12 ARR-stgh

3. dn ¥ 1@

3.1. DIN| BIX] =

7199 SR EEHA met v wAE EYs)
o q#xe FAE FFstn £ A - Fo FA A
o9t F4 37 FFE22HE ok H& &3l v
Al BAe w2 AdsA

S X 10° g
SP: UH WA FE(ugm)

Wi 23 3 929 B

wi: 24 A =9 R

Vi EY 37 F%m)

S.P. =

NgAfF APoMe nH HA BF FEE N
£ 389 ugm’, $E2E 366 ugm’, 18l3 24k 357
pgm'2 AR e Uehglen, AR A7
W3l Folm A AHAA Ao FAZ AR UENG
ok i AL Wil EAAM Y vlH ®A] sEs 125
pgm’2 JEROH, o) 4t o 15 Awolth %
163 AlgAdz 47 4, 7, 223 93} AgM HT
ol of 2ufo)) 7l7hE FE2 Jehdoh 28y 8 o
g url8d N1EX24AT B 150 pgm’, AT
80 pgm)ETH WA @e FFoln). AlgAH A7)
¥ W3} Fole Fig. 29 YeERIATH

Vol.14, No.5, 2001

s A
=]

& RREAY 445
90
o Te REE
80 0 !D‘aﬁé&
2
7" a A o * oz
3 s ®
& » ® 4 0
w3
S S
S¥Twe O A ST A A
HE A
g A A
o n

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Sampling order

Fig. 2. Variation of PMIO levels during the investiga-
tion period.
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Fig. 3. Maximum values of average levels of heavy
metals in the ambient air of Ulsan area from Mar. to
Sep. 2000.
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Table 2. Correlation

48,

AAE, oxg, 3715*

coefficients(r) of PM10 concentrations and weather parameters

PMI0
Temp WS RH RT AV Okkyo-dong Nammok 2-dong_ Onsan

Temp 1.0
ws 071 10
RH 056 077 10
RT 00080 0035 035 10
AV 056 038 100 035 10

Okkyo-dong 014 017 011 024 0l 10
PMI0 Nammok2-dong 0097 0011 017 012 017 0.90 10

Onsan 0028 017 0087 020 0087 0.90 0.84 10

Temp : Temperature(C)

RT : Radiation time(hour)

WS : Wind speed(mys)

AV : Average wind speed(m/sec)

RH : Relative humidity(%)

Table 3. Correlation coefficients(r) among heavy metals in the ambient air at Okkyo-dong

Okkyo-dong PM10 Pb Cd Cr Cu Ni Zn As
PM10 10
Pb 0.83 1.0
Cd 0.15 0.065 1.0
Cr 0.35 0.16 0.30 1.0
Cu -0.049 -0.19 026 022 1.0
Ni 0.51 0.26 043 0.61 0.62 1.0
Zn 0.60 0.36 0.37 040 0.62 0.81 1.0
As 0.62 0.59 0.32 0.25 -0.14 0.21 0.37 1.0

Table 4. Correlation coefficients(r) among heavy metals in the ambient air at Nammok-2-dong

Nammok-2-dong PM10 Pb Cd Cr Cu Ni Zn As
PMI10 1.0
Pb 0.58 1.0
Cd 0.54 0.38 1.0
Cr 0.075 0.58 -0.29 1.0
Cu 0.10 0.022 0.074 0.18 1.0
Ni 0.40 047 0.058 0.56 0.78 1.0
Zn 0.49 0.30 0.13 0.30 0.73 0.87 1.0
As 0.67 058 0.78 0.17 0.16 032 0.32 1.0

Table 5. Correlation coefficients(r) among heavy metals in the ambient air at Onsan

Onsan PM10 Pb Cd Cr Cu Ni Zn As
PM10 1.0

Pb 0.48 1.0

Cd 0.011 0.38 1.0

Cr 0.074 033 -0.28 1.0

Cu -0.0058 -0.29 -0.036 -0.050 1.0

Ni 0.022 -0.010 -0.30 0.84 0.33 1.0

Zn 0.30 -0.030 -0.063 -0.011 0.63 0.12 1.0

As 043 0.56 0.78 -0.081 -0.18 0.18 0.12 1.0
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