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Elements Produced in the Industrial City

ool AT
Al se 258D TY

:'I
(1999 10¥ 18 H <=, 19994 124 22 A=)

4

Deok-Jae Na and Byeong—Kyu Lee
Dept. of Civil & Environmental Engineermg, University of Ulsan, Ulsan 680-748, Koren

(Received 18 October 1999: accetped 22 December 1999)

Abstract

PM.yy, which is below 10 um in a diameter, has a high deposition m the lung or the bronchns by breathing and is
generally composed of a lol of organic matters, viruses, algae, mold, and metallic elements that are very toxic ta
people.

This study wdentifed the characteristics of concentration of PMig and air—borne metallic elements produced in
the industrial city, Ulsan, and analyzed the correlation between sources and generation palterns of PM,, and
metallic elements.

We classified the five areas (green. resideniial, heavy traffic. mechanic, and petrochemical and non—Fferrous
metal) which might have different characteristics of sources of PM,; and metallic elements. The average
concentrations of PM)y in the five areas were as follows (petrochemical and non-lerrous metal (99.9 png/m?) >
mechanic (77.5 pg/m?) > heavy traffic (47.1 pg/m*) >resideniial (39.3 pg/m?®) > green (32.8 pg/m?)). Those of
petrochemical and non—ferrous metal areas were higher than other aeras. In this study, the average concenlration
trend of metallic elements contained in PM,; are shown as fallows: Fe>>Zn>>Pb>> Ca>Mn>>Cr>> As> Cd >
Sn>Hg, respeclively. The metallic elements identified in PM;, showed the highest concentration in the petro-
chermeal and non—ferrous areas.

Metal combinations showed that a high correlation among concentrations of heavy metals were as follows: As,
Cd and Fe 1n the residential area; Zn. Mn, Cu and Pb m the mechanical arca; and #n. Cu, As, Pb in the
petrochemical and non—ferrous mdustrial area.

Key words : Industrizl city, PMyy. Metallic elements, Industrial complex
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Fig. 1. Sampling sites for PM,; and air- borne metallic elements.
A : Green, B : Residential, C : Heavy fraffic, D : Mechanic, E : Petrochemical and non—ferrpus areas
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Table 1. Concentration of PM,; in the study areas.

Arca | No, |Cone. (ug/m?)| Min. | Max | 8D | Mean
l 1602 !
PA-L
! 3243
: 25 15
A-2
Green 28 32
arex 812} al361 1886|3277
30 87
A3
59 38
A-4 812
PA-51 635
1771
B-1 !
50.38 :
55 54
B-2
6394 |
- 059
Residential| p_5 | 77 0 g1 6304 | 1668 | 3927
ared 3797
2341
B
1779
993 i
B-5
26,16 |
4112
c-1
39 85
34 61
c-2
3905
Heavy
traffic Cc-3 1803 18.03 | 83.48| 20591 +7.09
ared
34 98
C-d
69 87
8348
C-5
62 85
69 26
D-1i
7422
11355
D-2
. 67 i
Mechune 4310 [113.55| 2047 | 7750
area 416
D-3
4310
93 .18
-4
770d
E-1 104 235
127 25
E-2
Petroche- 80.70
mical and 128 94
nomn— E-3 64 25 [128.94] 24 .34 | 9994
[errous 7406
melal arca 107 0%
E-4
64 25
E-3 11324




Akl Al 97 & PMg

50 TH9s A9 B4 €T 27

L T - S e
* Min T
120 * Max
EMean T
10
+
Cong. l |
(m/n‘?)m + :
n |
40 J—
[ |
20 T 1
® ) |
0 N . . . ;

green res)dential

heavy traffic

mechamic petrochemical and
non-farrous metal

Area

Fig. 3. Maximum, minimum and mean concentrations of PMy; in the study areas.
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Table 2, Average concentrations of metallic elements in PMy,.
Concentation ol heavy metal {ng/m*)
Atea Season
Hg Sn As Cr Zn Cu Pb Cd Mn Fe
Green Fall 04 1.6 02 04 14 8 2.5 3.1 0.1 24 1586
Spring ND 23 ND 6.9 289 43 70 0.1 44 1016
Rosidential Fall ND 3 01 04 228 69 04 0z 45 8.3
N Spnng  ND 1 28 69 373 93 125 08 39 92.8
Heavy trailic Fall 04 22 .1 03 48.5 56 139 03 133 258
vy e Spring  ND 09 ND 85 243 51 13 0.1 1.3 63.6
Mechanic Fall 10 02 03 MND 402 2.0 4.7 0.1 8.4 329
- Spring WD 0+4 0.6 3.l 10.8 51 93 0.6 7.3 774
Petrochemical ) ND 57 2% 5 72 1435 430 1250 187 61 373
an<l non-ferous .
metal Spiing 40 14 03 38 64.8 114 509 19 76 65.9
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Table 3. Correlation between PMy, and air-borne metallic elements in the residential areas.

RH(%) WS PM-10 Hg Sn As Cr Zn Co Pb Cd Mn Fe
RH{%) 100
WS -007 1.00
PM-10 017 —082d 100
Hg 0.00 000 0.00 1.00
Sn 021 064t 045 000 1.00
As —032" —053¢ Q.66 000 032 1.0
Cr —008 -0.20 046 0.00 -0.14 c8rt 100
Zn 010 —0.661 081" 000 053 089 072 1.00
Cu -0.08 -05M 0.62¢  0.00 04zt 092 077 089 1.00
Pb ~-021 =071 098 000 059 085 049 086 081" 1.00
Cd 041 —049c 065" 000 0.11 09641 081"  080F 084" 0300 1400
Mn 035 -059= 071% 000 0797 0611 0350 087 067 074F D45 100
Fe -0.03 -048 0.69% 000 026 094 090F 003" 083 076t 0904 068  L0O

! significant at a level of ¢ 05

Table 4. Correlation between PM;; and air- borne metallic elements in the mechanic industrial complex.

RH{(%) WS PM-I0 Hg Sn As Cr Zn Cu Ph Cd Mn Fe
RH (%) 100
W§ -050= 100
PM-10 002 -—005 140
Hg 010 —-003 032 1.00
Sn —034' 907 -047 004 100
As =075 030 021 —0.18 0.50* 1 00
Cr —-080+ 022 -023 -016 076% 0857 100
Zn — 0.24 0357 .28 045% —-002 0401 0.03 1.00
Cu —004F 044 000 019 0.39 068 079 041 100
Pb =078 023 006 039 064 0.62 o7 022 0.86 100
Cd -0 93 032 —0.6 —0.11 0 344 0.53 o071 021 086+ 073 1.00
Mn 0.02 048 021 022 =011 -046 -=0.14 0ezr  g12 =011 -003 100
Fe —0.68 080+ —001 002 022 0.4 050" 078% 0737 Q042r 055 067 100
# significant af a level ol D 03
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Table 5. Correlation between PM, and air-borne metallic elements in the petrochemical and non-ferrous metal

industrial complex.

RH(%) WS PM-il Hg Sn As Cr Zn Cu Pb Cd Mn Fe
RH (%} 100
WS ~0.66% 100
-0 030 -041< 1.00
Hg Q.17 049 —032 1.00
Sn 0484+ —080F 051" —030 1.00
As 031" —022 Deg' 019 065 100
Cr 051" —040F —010 ~022 015 —058: 100
Zn 0451 =032 072¢ —0I0 070 083 —037' 100
Cu 040" —0356F 069 -016 076" 088" —0424 096% 100
Pb 0481 —034F 063 023 068" 097 —046' 083" 00l* 100
Cd 022 —045% 075 —-024 0760 0907 —043% 083 0%4< 0861 100
Mn 044 —037¢ 001 007 003 025 0410 027 004 =009 -023 1.00
Fe -065. 049" —047- —034% —0727 —0.84 025 -0761 —080F —08927 070 004 1.00

" signiheant at a level of 0.05

= A4 BAS Yehhol e, Fauke JRE o
B9 A% A0 M Faalads) 4

g Bl w WIS AR ol A
7] wEel elB T HEA FolM w2 FHAA
So| WAlEl] gl Hes gepget

44 2

AREAQ LA S4e ThE T A s

=, w524, 74

ol T-

. ¥ EE o wARg ¥
oz TR 7 Adg 4554 EAe =)
e dAstw 19973 723 19989 B o)

i Olr,‘

A

2350 =)Aol A 43709 PMI0 A &S whE »:H:,a]a
,Zb A Ey PMp2] =8Eet PMec] §4-%
HHa Y Fale] st 2 A Tayjé?']'f o}
3 o] 2ekEqln),

[LPM,#] A 99 Hged Aved, ga 9
H =g PR Y (999 pg/m®) > 7 H A S (77 5
vg/m®) > TEE PR A (7.1 ng/m?) > F7 714 (39.3
ug/m®) > =22 (32 B pg/m2] 4o g vjeldol

te dl _f

2. PMp®| AAY e EMAM FAAH,
FAAY 22n, agdgAGAE B0 A
AEeh 223 1 AFHA A 2w 5 e s
A ME shede] BT 22 dAYE W

SRR THA A6 Alw

get. A Gel M| 7 Blsle] 2A e
FhdE A IMFR ad Fvbge f% 5=
Ql%l e B UAlz4: Haren A g5

“l‘ﬁ-

3. 2A7]7F Beh(EE 9 rlea)e o9 F|AZ

A sl Bl njE s FrkR| el PMy
Haests S PMy, A4 FA71EH ¢l 80 pgm?

el 73*}3 Rylvh oA, e zr A4
2] Monitoring=} v &332~ x3 o] HQ5)c}

4. 8 dFeA Ala AFE 57 A9 237 =H
sl 3t ] F PMy AR Fo FHUS Ty
E= Fe>Zn>Pb>Cu>Mn>Cr>As>Cd > Sn >
Hgs] ¢o= %2, Fed} Mos &3 v}
7 FElA REE 2 BE Yl os|aAFde g
A el A AR 2 FEE v

E3 8 waga e %APQ—’F— st Ak o]
2, 2 el 2 =
A= As, Cd. Fe, Cu Lo] =2 ATAL
71 A=A el M= Znst Mn, Cus} Pbe] 35}
H%ﬁ;— FAGAN e In Cu, Assl Pbol
A3 Byo}

[+ KN

J‘ﬁi it

HA-'"

5, 09=

u
kY
,

:._l'
Y
Lc-
e
5,
We sl [ 0g ey

=
S

o,
i

rle

A (1999) 7] B AR 4]
Tzl es ey
£FQ. a4, 444G A (1993) ICPRa) G =

W7 F TS vE 54 - TUdiEas 34



Al 7] F PMp2 pm d F5da AR

o.F -, BFH7] 24 85)7].93). 222-229,
NEA Qg g, AL H  £(1996) wE E el o
| A EAE 471l A3 ekl

A7l A w23 A, 12(5), 567-576.

AEA A & AP 99099 MEA WX B
2aF Fadd A w6y o) A=

A4, A5, AR (1995 MEA) PMp 29902 A
A 7)o 34,

o] &2, ZehE, T e, BT AL(1088) o] vk TE A Ew o]
g w7 RiAle £ W #4442 A
A AF #3347, =) 2AE A,
4(2),20-27.

olelag, g4 (1992) X3 SF-E4s]g o83 o7
AR 23 e 3 A9, T

71238 5| #), 8(1), 2028

o HE, 252, o FE(1096) PM] 2342 A7)z} B
TrE 2 Hl=E 9rh dEH s A,
12(5), 555-566.

dedd, ] (1989 BFARA 9 Fud 29 =o

FAd T, e A B AL 5

, 7lel 3] (1996) PIXE 234 £]g
HoEAe YRy, S R,

At
ot
i
-
[¥3)
n

A A (1990 FFA 9 Ay o] F i v=
b g4 @bl A% 47, HFAGE @

23 A=

Gracdel, T.E., D.T. Hawkins, and 1.2, Claxton { [986) Atmo-
sphetie Chemical Campounds : Source. Occur-
rences, and Bioassay, Academic Press, Orlanda.
Flerida, U.S.A.

Iohn, W., S M Wall, II. Ondo, and W. Winklmay (1990)
Modes in the size distribution of atmosphenc inor-
ganic aerosel, Atmospheric Environment 24A (9],
2349-2359

Lee. R.E and Dn.J. Lehmden (1973) Tiace melal polluiion in
the envirenment JAPCA, 23 (10). 853—-857

Lee, R.E., H.L. Crist. and AE. Riley (1975 Concentiation
an¢l size of trace metal emissions (rom a power
plants, a steel plant, and a cotton g, ES&T, @ (7),
643647

Stmpson, R W, (1992) A stanstical analysis of particulate data
sets in Bosbane, Australia Atmospheric Environ-
ment, 26B(1), 99— 105

Spengler. J D. and Thurston (1983) Mass and elemental com-
position of fine and coarse paticles in six U S.
cities, JAPCA, 33 (12), 1162- 1171

Us EPA(1996) Natuonal Ambient Air Quality Standards
(NAAQS) [or the year.

1, KDSAE Yol. 16, No 1(2000)



