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Abstract

In this study, in order to analyze the air quality of the indoor environments of schools, we measured the
indoor, outdoor and personal exposure concentration level of PM,, for 40 classrooms(20 old, 20 new) in chung-
nam area from June 22 to July 19 and from November 21 to December 30, 2003. 1. Old classrooms contained
more dust than new classrooms; the average of respirable dust is 43.27 ug/m' for new classrooms while 53.38
pg/m’ for old one. The exposure concentration level of respirable dust in new classrooms were in summer
higher outdoors than indoors. The values were indoors 46.71 pg/m', outdoors 50.46 ug/m’, and personal 41.62
ug/m'. Meanwhile in winter indoors had a higher concentration level than outdoors, the values being indoors
39.11 pg/m', outdoors 34.86 pg/m’, and personal 49.01 pg/m'. 2. Cr concentration level within dust was slightly
higher in summer indoors (101.50+32.10 ng/m’) and outdoors (100.89+35.18 ng/m’) than winter indoors
(85.80+48.95 ng/m’) and outdoors (74.43+38.93 ng/m’), but in personal concentration level, winter was higher.
The results of this research show insufficient understanding of health risks from indoor air pollution, and shows
possible health problems to students from school indoor air pollution. As such, a logical and systematic educa-
tion program for students about the importance of indoor air quality should be carried out. Also the results
of PM,o concentration level measurements emphasize the need for regular measurements of indoor / outdoor
and personal concentration level. New classrooms in particular needs to be used after measuring pollutants
and safety, and requires installation of a ventilation device in all classrooms to improve air quality.
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AT BES Do) GEA AR SR BE
o AUg7|de] gEgion, AA¢Eo e
2 Q8 g AFLFo] ALRHI, AZAA
A NEE LEEHo] HEHUEA AF 77 24
Hol AW AFshe AAFEY Ao &S 0|
A L.

HZ A F FZFZ(Sick House Syndrome)d} Aj 2
< AEANA WiEse 4% f3A Ired B4
£2 %) AA7E A2 AslE o] BADE 2
3 31854 912 (Multiple Chemical Sensitivity)=
Az ZA7E Aol AFA A= Jot g
o ALE ASAEA U HAFEY 2749 7
54 87 gou, g A7t A" .

AU Z7)|de 43S A LEEAZE CO,
CO,, NOy, SOy, "I AR A], 5%, 9, 2&, 3
A §718FE(VOCs), FELU =, HAA AT
ol e, AUF7|eEY dRleEE A9 &
93} 2F Fotol e 4de] tiriedEde] #¢
I B7NRE, AU FE, A2V A Bol 7R
g 9oz Fgsa Ao

AEAl &£A FEAE oz HAue A9
A F 3245 $EE A8 W) $Y2 =489
DAste 2 FugdAY FFEH 29 FEE X
Aretd AUl - & FF&He] IA A3l 7] <
3 RLAYET THE T 93 Aeg wddHgn
3t

& 5V M gRgae] AUEridn 94
= ZAE S8 S AAAY SR Ay 13
B2 BARA 5L FHo] BAL vl
IE7BE B3 QA FFS u = QA
71 sk 3719834 A0l 0.5~5 me) HAE
X33 PMo(Particle Materials, <10 gm)o] St B 7
Heol AUZAIE 150 g/ E 2T 4R
IR, THY AWFV] LE9 HF A&HHA &
A3 #erl 92 e At sAqnk 3% 2AGA
o Ao gdol 48 driF 39 Afdd, &
o] AL, Aulel e g Z+F 85, AFA
A, F7IFe] Argoz A% E4A 4 S 7
Ittty Byt

A2 Aol F3te AHRT AujolA
AE AZte] o Hil(70~80%), 53] 4Alek FAl

239 - 283 - FHEE - FHE

9] AAEso] FA4% Al AE A7) oA &
e A, B5%F0] Bol /de] Fddtes 5§
F g2 v, obF kA WY o] oA
LgE AUFVIE A At 4% ez A
ghet. 53] SFAEL di o] AZHTAIZE~ 14413
S gue} g T 2 AN Y-S A HE
2, o]go] A&t T Fuo AUEAEs
Aslal HEA whEo] 1, §A BEdte de
¢ 23 dolrp”.

olo & A7E FAWEo] AA3A AL =
g AR RS Hste g Eo] AP
St AW - 9] B9 vARA T vAd
A5 T34 4L 2 528 A, 384 &
7183H=(VOCs)8} v =& SA43to HERALE 3}
€ Aoty £ HEXRALE B 84 € JAHE
o AUE7E 924& gotste g g A
7Zod nSAag g8z ol

fr orie

2. JE P Y

21, A i 2 o2

FEAH HAIA, ol FRATY 259
A suet 27) FEAAA StAEE 2~47) A S
DA a HAs o 202003 69 229 ~7Y 19
)7 AL(119 219 ~12€ 30Y)d z+z AZ3A)
3d o] & wA(eld FrAolet Hg) 2070, B3
A 3d o9 (ol Admolzt AF) 2070
£ A3t 48AIHES AR E XA AT
i BZ2ZE 37 F AR (PM)S} T350)

Atk

2.2, Ay

2.2.1. PMo2| =53 % B4

FHEN T A0l 10 molste] wAERL
PMioS 23 817] st F3H A7 0~5 LPM( £/
min)$] Pump(personal air sampler-Gilianftt)$} Cyclone
& Cassette holder assembly kit(Gilianjit, Document
No. F-PRO-1247)E 0] &3} 29 A& =43¢}
Pumpe] f3& 1.7 LPMOZ 2P, =3 A -
o) %< 38 2Hale] FRFRE ol LA

A - 299 LEFEE B3] A8 4wl
g Al g FAY FHAL, MA=EF



9 AY dF gue] PMd 34 ko #3 IF

2 FF FUYAE e s 33|t TR
e FdYdwAtrt vt AE BAR 85 X 19-e
ARzt ANJAE A E TV E FEAE S gHTH

Ao &4 AFL FAEY 3F7]) wol(110
em)E WA FYRA FHVE AU 4
AR AF 2593 E dwsty] 8] 3=
ANZE AAd ¥ol ASARY dExE
3l7] Y18 Wzl 2PV E FE gl 8] 21 &
g ARE 7tea, 3o Som X HE Y G
o Hol Wztel] HX]3tHT).

Nele] AEERHE M FHRLAKFE A
FFRE)E sl F AL (LK) L7 personal air
samplere] 7} EE B A3 52 &3 samplere]
zE e AU &8 7P o] &3t &
3% st

222 A= EF g

(D PVC membrane filterS -2, 345 AFE]Ql A
AClE ol A 48A]2F o] B st 3 Fo] HE
& 3 & filiere) FAE 33 AT

® BAE 2R filters FMAEY FFAF) 1
FHE o] &3] JdZAAZY

@ Pumpe 1.7 LPM2 2 3 RAJCh f3e
33 3% & HF g ol &3

@ JHE - FH - Fx' 2 A7 F g
Adl - 2o A ZF 3

® FR & v 3 Sol2 F filtere A E ANH A
I YT HH o2 48AI7F o] HA[Al0]E Wi
e ¥ TAE 39 2RaT

ZA o] AFLHE filters AHE-E 54 wat o8 7}
A} Ado] A8 F oy 718 dukd ez ARE-E
= G/C Membrane filterE A}2-3tGeH, 4% 0.01 ng
7tA] Z&3A 7}53%F semi-micro balance(Sartoriusjit,
BP211D, USA)E A}83te AXFAE &4 &
otehe] A& o|&etd AF FEE B AU

223 2 sTAMA

AFE= Clug/m)=

HU o2 [» ofy

=
=
=
=
o)

-

Rl

AR LA (1)
NEBEAHZAZF ()
_ EATARNEA(ug) - S A A A=A (ug)

T A EAH G/ min) X A1 EAFH A 7 (min)
x1,000( £ /m’)
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2.3. PMiy & 3 &(Heavy Metal)el s =53 ¥
24

2.3.1. BNE|

gotdlo v E 2437 YA Standard
Method(air sampling analysis, 2002)& 31135},
He Y E3F4% FEFAEZE Microwave (Questron
Corporationjit, Q45 Enviroprep, USA)Z A}£-3} 9 2
o, o] 7I1&9] A vlste 1, 1tetel
A oA a7t 7hseka, AA e NS v
g 4 At} Microwave?] vesseld] HXE Y1
1.03MZAAF + 223MEAH1:1)S 10 ml 7}3F &, 545W
A A 5, 344Woll X 58 7HE3 & 0.5 me] ¥
g o] 83l A3 F ICP-MSE A3t

2.32. ICP-MSE 0|88 3% &4

Table 19 ICP-MS9] ¥4 z71& vehlfx,

Fig. 1] 8% 4&9 &4 €AX& vehlidth

3. @9 9 0%

3.1. PM =™ AT

311 PMe| AlUH-Alel ¥ el =Esk

Table 2¢f] Ve 25} o] Ao} Moo} it
R ko] 46.34 pg/m' S} 47.38 pg/m'Y] ¥HEA A9
%L 5161 p/m 22X thh Eio FF9 A7l
A 570 RAA 21~617 g/ 7 A BE7F &4
so} Ry v 1% olgle] Zulvhe] EEAT
A F3F AUF7] 54 A8l FER] A
(AW 80 pe/m, A1) 350 pe/m)et Al Sj(AW 210
pe/m’, 9] 200 pg/m)E B3 500, A 599
A7 e 2580 mANA 240 pg/m'st 303 g/
meE Rid A Husdte ge FEgE& e
Witk v SV HeA) 24 38wl Ao v
A &4 A7 207 %A F 47 AT 150 pg/mr ol

Table 1. Operating condition for the ICP-MS

RF forward power 1,000 watt
Plasma argon flow 14.8 ¢ /min
Auxiliary argon flow 0.84 ¢ /min
Nebulizer argon flow 0.90 ¢ /min
Sample uptake flow 1.0 ml/min
Nebulixer Cross flow type
Quadrupole chamber 2x107™ torr.
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| Filter into Questron vessel I
"

I Adding HNOs(1.03M)y+HC1(2.23M) 10 ml in the vessel |
|

Heating the Questron Microwave oven
with 545W for 5min, 344W for 5min

!
l Cooling the vessel |

l

| Filtering solution with 0.5 ym glass microfiber filter |

|

| Massing up to 25 ml with distilled water ]

Fig. 1. Procedure for heavy metal analysis.

Table 2. Measured concentrations(ig/m’) of PMyo in indoor,
outdoor and personal exposure

Sansli;t)img N Mean+S.D. Minimum Maximum
Indoor 73 46.34+30.49 6.17 13548
Outdoor 73 47.38+31.12 436 171.42
Personal 73 51.61+29.98 7.73 149.94
Total 219  48.44+30.48 4.36 171.42
stolz eix] 167) TAL J1EL 238 Aoz
LR 3 R

2 a7 A9y} Avtdgez
PMio9] %ol 2& R AN 5
@4 EAEE A 9 38T 3 1/\17& A& 46
Am HF7L : oF 222C, AL 17C, HF F

& o Hd 1.7 m/isec, A 1.8 m/sec)’}t & &
E(th%— D BT 824%, AL : HF 71.3%)9 IFE
AN Aoz At (A7 FU¢ N33
A5 FA-37 F9H A B A7 198
o go 27|17 69 22U RE 79 1998 Hvp3
2,289 2 18Y(64.3%)°] H] & Yoo,
T Z35o] 11.8 mmo| Atk YA 6¥ 3} 789
A9 B 5 40 pg/md 11 pgg/molRx, AL
2‘575‘ 713t Ftell AFE 0.7 mmE Ao ol

FH 2= do] BolA 94 ti7] F WA Fo] F
% 71Zkol At ©]9} o] AEH AL BT A7)
e gRE 38 GHE 9Rojae] WX dAo]
At vl A AR (PMio)ell g 873

A% 71Ee 4z

by

- ZHA - FE5 - Y-S

HFX 70 pg/m o)l 24A17F HHFX) 150 pg/m o)W,
B A Al 7)|$-e 2412 H 150 g/
m' o] o}

MAx=Z 57} 5161 pg/mZE 24634 pg/m)
U 494738 pg/m)Rh EA4 el e, ols m
AFE O] EE T N7 AdME HH7)8 459
i, & o]9e Aot o]F F o & #A
LEHQAY] HELZ AT SAHYE ZE g
@7t FAAGY YAF BAZ iz} FE4A
d Boe nARAY FE7 ¥y

3.1.2. M- FAYE PMpe ==

Zq g HE PMeHES Table 33 o] 3

WA 53.38 pg/mr, A 4327 pg/m 2 A H)
8 FEAo] HsteEd, oy FaAY uigro] npg
Q) A7}l tREoln, AnAL BRE A|Ho] YA
0.2 WA Lo YL 24 vgE PVCLUY B
9 AU 297l WiEeg Azgc oy
A - Fud BF gGaurAyd A Fg 71E 2442
Bt 150 pg/m' o)stel ATt

3.1.3. AEY PMpe s

Table 48} o] AAHoZ HUYS u =74 A
€9 FT PMy 2ol BAFLR AT A8 (#l
D 46.17 pg/m, T 1 50.46 pg/m)olE ARt} A
I, AE(A ;4099 pg/nt, T : 56.10 pg/m)ollE TR
9] PMpo] BotedH, A7Fande E§3H EA
Ho & ot o7} Qle AL E YEyTh g

Table 3. Measured concentrations(yg/m’)of PMjo in new
and old classes

Sa:;ll;t):ng No. MeantS.D. Minimum Maximum
New class 107  43.27+23.93 4.36 129.67
Old class 112 53.38+35.03 6.17 171.42

Table 4. Measured Concentrations(ug/m’) PMyo in summer

and winter
Sampling N New classes Old classes Total
site Mean=S.D.(Median)

S . 101 46.17£26.21 50.46+33.85 48.47+30.46
umme (41.11) (43.25) (42.94)
Winter 118 40.99421.95 56.10£36.17 48.42+30.62

(39.38) (40.92) (39.82)
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I EZNN0RA AEH AL EF ¥ 7] wol
LAY HleE do] gol diAAHoz A PM;¢]
TEE $sith

314, AEY, Al - FIAY PMe S

Table 59} o] FuHL AE 4729 pg/m', A&
5272 pg/m 2 ThE AFolA 9} vl 2 AL
EA%Zo] o g, ole 718 58w}
23 X3H o] Qo] wAdAFo] o EURW Ao
A3t A gog 258 e odolEe

@.01 o ARSI AT HAT)E ALE & 4§

FEadA e WS HAY &FUe] A1,
*MJ_LHT«} A27F & HA ol oS o 2 &
A5 B Aog A3t AndL AF 4671 ug
I, A 39.11 pyg/m 2 ALRYG o F9 E3F0)
o 274 SAHAL. ol AF e Adunde] FA
7t wiplE o] F5 N A AEFEFAY BRI, AE
e RFAV} dEHN NdstmE BA FHl
WRE o] ¥ FAZ R A7} o HA HAY
P Ao g wgEh
B A7 23E gtu FE AR EgE 2
580123 pe/m, 30 pe/m’, 36 peg/m', 43 pg/nt, 48 pgl
m, 53 pg/m', 59 pg/m, 61 ug/m YRTF 258 11(66.9
g/m 79.9 pg/m’ Y} =& AL2 RAHNUY ole
S8 FHERY F58u FAE] Ao

24"‘01 3, FAYHE EFY o= A9
Begio

A9 Aol oEtE FUEAQ FLH FLdE

e

& A9 4R ae] PMdt FF&

Fxd #e AT 1009

A1l e FEFY H TEE 252448 pgl
m, 779.4 ug/m') < Z5(448.8 ug/n?, 1,559.2 pg/m’)
< 351,377 pe/mw’, 24988 pg/m)Ql Aoz B AF
9} B3 ARE BYa, 9SG 2A% gu
T URE 1E] k¥ H X9 &7t w4 Y
Bt @ dh 179 dAF DAY A
NN E A7} 66.6 pg/mr 2 N BE 472 pg/m
Ho} 1419 obn Ex3PY 2y 2 dFel
Ao AUl 49 E vlms) B Fig 29} go] 4F
HE AW46.71 pg/m’)7F A 2)(50.46 pg/m)ETH o
soron) Agdde A A Al Xl
ZEjol Hul(39.11 pg/m')7t A J(34.86 pg/m' )BT}
o =%a, Fud Afddes Ad -9 =
(52.72./m’, 53.46 pg/m')’t TAHLZE Zol7} AT

Z-F58%n g4 EAY A AU IE n
A gH E2Y9E8S 93 go| =Y=EE AR 4
vl - 9 zlolrt BAIHLRE gllew, &% A 4
9l £=r w1, EE| A H L& Fo] Hol 2003
W EA FAQ 799 MAAY ulHEA(PMw) H
=7 1 pgym2 B dAo] APH Ao B
3t & md Ao BRAHo] 50 pg/m o)<l
4L ziets) 2obd st Ad - 2)e] B @A)
23g ¢ 5 do.

FAEo] o] vz WYL FEta, 5ol
sty 3 EFFo] 22 AE Atsohd, mdy
o] WA S-S Y3, YR FUS WA
g 5 de HHE A7 gavt qdvha 43
Jy B A7 wAde] A, @) Alade] A

e
e
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Table 5. Mean concentration(ug/m’) of PMyo of new classes and old classes in summer and winter

Sampling Indoor Outdoor Personal .
site No. Mean+S.D. (Median) vo
New 2 46.71+26.53 50.46+31.50 41.62+20.86 0.93
class (42.02) (49.14) (35.00) ’
Summer
Old 20 47.29+31.23 51.95+36.35 52.14+35.49 0.91
class (36.91) (43.25) (46.12) ’
New 20 39.11+28.86 34.86+16.46 49.01+18.36 L12
. class (31.33) (33.41) (53.18) ’
Winter
Old 20 52.72+35.91 53.46+35.42 62.25+38.34 0.99
class (37.08) (38.37) (57.46) ’
46.34+30.49 47.38+31.12 51.61+29.98
Total 80 (35.14) (40.06) (47.79) 0.98
* YO ratio : Indoor/Outdoor
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Fig. 2. Mean concentration(yg/m’) of PMjo of new classes and old classes in summer and winter.

3 AU, AAE T AEF St
o 35~40% 71E A 143 53 %}
717} Hojokdt= AR, 4L
TR nd FEre] £33 84| Hl T2
< @ 7 Sle AREHEE 22 A7) A, a4
AEHA B7)AAE 4R aHe]l a7HEn.

32 Z324 £¥dq

321. 5339 5=
EHE A F 3359 FR9 55 24 2%

& Table 69 JEFHAT 714 58 ¥ & ehd
AL HFe)2 H 704.4 ng/m'o)Y 1, Fe > Ca >
Cr > Mg > 7Zn > Pb > Ni > Mn > As > Cd 20|t}

] & o)) & Ca, Mg, Na, Pb, Zn 9] 4
b AR ARIRAN 5 FEFHSE A
5o, ¥ A7 vl&d 74L& Yt

Table 6. Mean concentrations(ng/m’') of heavy metals in

PMio (n=219)
Heavy Mean+S.D. Heavy Mean+S.D.
Metal (Median) metal (Median)
31.84£39.97 . 18.25:17.54
Pb (18.83) Ni (16.87)
0.86::0.64 2.0+1.73
Cd (0.67) As (1.47)
97.99:+44.36 205.0+225.5
Cr 97.91) Ca (138.64)
14.85:10.16 88.02+70.16
Mn (13.07) Mg (61.34)
704.4+403.1 46.62+46.86
Fe (645.08) Zn (34.02)

322. 552 Ul - M H I E S
Table 78 Zo] WA Ao AU (Pb: 27.76 ng/nt,
Cd: 0.77 ng/n’, Cr: 90.19 ng/m', Mn: 13.03 ng/nt’, Fe:
622.4 ng/m’, Ni: 16.35 ng/m’, As: 1.73 ng/m’, Ca:
202.0 ng/m', Mg: 77.01 ng/m’, Zn: 40.15 ng/m')} A
2)(Pb: 26.75 ng/m’, Cd: 0.76 ng/r’, Cr: 92.31 ng/mr,
Mn: 13.37 ng/m’, Fe: 659.9 ng/m’, Ni: 17.98 ng/nt,
As: 1.83 ng/m’, Ca: 191.8 ng/m’, Mg: 78.77 ng/mr’, Zn:

Table 7. Measured mean concentration(ng/m’) of PMjg in
indoor, outdoor and personal exposure

Hea Mean+S.D.(Median)
Me t\zﬁl Indoor Outdoor Personal
(n=73) (n=73) 0=73)
Pb 27.76+34.28  26.75+32.45 41.02+49.8
(15.52) (17.40) (25.52)
cd 0.77+0.59 0.76+0.55 1.06+0.72
(0.56) (0.61) (0.98)
Cr 90.19+37.0  92.31:£40.39 111.46+51.77
(94.92) (94.16) (101.20)
Mn 13.03+9.21 13.37+8.91 18.15+11.48
(10.97) (11.03) (17.16)
Fe 622.4+332.6  659.9+373.5 829.2+465.1
(573.77) (601.01) (707.01)
Ni 16.35+14.86 17.98+20.78  20.41£16.39
(16.41) (16.88) (20.38)
As 1.73+1.54 1.83£1.71 2.43+1.89
(1.25) (1.32) (1.86)
Ca 202.0+255.0  191.8+206.4 221.0+213.78
(138.25) (119.28) (160.52)
M 77.01+64.63 78.77£65.06 108.11+76.60
& (50.47) (56.85) (75.74)
Zn 40.15+38.05  43.35+43.76 56.37+56.0
(28.49) (33.00) (40.55)
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Fig. 3. Measured mean concentration(ng/m'} of PMyo in indoor, outdoor and personal exposure.

43.35 ng/m")7} Bl E SEol e, Fig. 37 2o
N1 =2(Pb: 41.02 ng/mr’, Cd: 1.06 ng/m’, Cr: 111.46
ng/m’, Mn: 18.15 ng/w’, Fe: 704.4 ng/n', Ni: 20.41 ng/
m’, As: 2.43 ng/mt’, Ca: 221.0 ng/m’, Mg: 108.11 ng/
m, Zn: 56.37 ng/m')& © EA Ve

ARG e 2003 69, 7Y, 119, 129 Wy]|=
T8 FE(EAFA 343 A5 F8)9 M,
oRt, FR e HE 3 F FEE
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AnA ot vlweA L o ufg 2
ZALE AT W EHA :ILE] 39
e Aodx go] HEHAL, 7} “JZ}«I 7
T AA SZAHAA S FERLel FAEHA
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Table 8. Measured mean concentration(ng/m’) of PMy in
new classes and old classes

Mean+S.D. (Median)

}jneez{ New classes Old classes Total
(n=107) (=112) (0=219)

Pb 23.27+30.09 40.04+46.2 31.84+39.97
(15.02) (26.03) (18.83)

cd 0.76+0.66 0.96+0.60 0.86+0.64
(0.49) (0.86) 0.67)

Cr 96.49+47.22 99.41+41.62 97.99+44.36
92.72) (101.72) 97.91)

Mn 12.54+8.77 17.05+£10.93 14.85+10.16
(10.59) (15.87) (13.07)

Fe 620.05+357.66 784.29+428.34  704.4+403.1
(562.49) (736.75) (645.08)

Ni 17.43+18.96 19.03+16.11 18.25+17.54
(14.26) (18.88) (16.88)
As 1.75¢1.55 2.24+1.87 2.0+1.73
(1.23) (1.70) (1.47)

Ca 147.88+114.42 259.05+284.48  205.0+225.5
(132.38) (185.70) (138.64)

M 75.08+60.48 100.27£76.5 88.02£70.16
B (54.02) (72.42) (61.34)

7n 43.22+55.25 49.88+37.09 46.62+46.86
(24.21) (42.59) (34.02)

g, A, 245, vkaul4(Pb : 40.04 ng/m, Fe : 784.29
ng/m’, Ca : 259.05 ng/m’, Mg : 100.27 ng/m’)-& Al
A(Pb : 23.27 ng/m’, Fe : 620.05 ng/ny’, Ca : 147.88
ng/m’, Mg : 75.08 ng/m)R.t} ZA EUoh
AZolsteel AW ¢ 23 A 850 ng/mE M
1% Age vEE AdudMe FEEe g
Feucg dgton A . Fude] £3& FEE
H2Z8s AFes obd flojA vlmrt ol g=Awt
Aadol via) Fade F34 557 B2 AL
THEo] LHe] #1, AF R4S § Ane} 4
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Fig. 4. Measured mean concentration(ng/m’') of PMjo in new classes and old classes.

gt Avrd o g wA vig A2 F(Fude vt
Fuitho] @) AE T WA LA Fe] B7)
2ol FFEE & AoE P

324 HEY 525 &

B dAfdrae dgH ALY PMpdl I8 F
T4 B A3} Table 99} o] o E(Pb : 31.24 ng/
mt, Cd : 0.7 ng/nt’, Cr : 101.7 ng/m’, Mn : 13.69 ng/m’,
1.63 ng/nr,

Fe : 694.4 ng/iy’, Ni : 19.85 ng/m’, As :

Table 9. Measured mean concentration(ng/m’) of PMy in
summer and winter

Heavy Mean+S.D.(Median)
metal Summer Winter
Pb 31.24+52.13 32.36+25.57
(13.66) (26.11)
cd 0.70+0.59 1.00+0.65
(0.50) (0.89)
Cr 101.70+31.97 94.81+52.65
(102.38) (87.56)
Mn 13.69+11.04 15.83+9.29
(9.56) (14.21)
Fe 694.4+392.3 712.9+413.5
(647.65) (642.51)
Ni 19.85+15.56 16.85+£19.05
(20.17) (12.98)
As 1.63+1.50 2.31+1.86
(1.11) (1.84)
Ca 207.55+231.61 202.83+£221.09
(135.64) (138.64)
Mg 76.42+67.17 97.86+71.41
(43.85) (73.11)
7n 47.11+£57.06 46.21+36.17
(23.93) (38.98)

Ca : 207.55 ng/m’, Mg : 76.42 ng/nt, Zn : 47.11 ng/
m)X}h A-L(Pb: 32.36 ng/m’, Cd : 1.0 ng/m?’, Cr :
94.81g/m’, Mn : 15.83 ng/nt, Fe : 712.9 ng/m’, Ni :
16.85 ng/m’, As : 2.31 ng/m’, Ca : 202.83 ng/m’, Mg
: 97.86 ng/mt’, Zn : 4621 ng/’)o] Y HE © %o
u, Cr, Ni, Ca, Zng o Edd o 3t} o= Al
FAR QI3 Ao|AY &fFoA FddE Aoz %
o

4.8 2

B d3e sta AW e 3r1ds Edsaa
20033 69 229%H 79 1949948 T4 1€
219 FE 129 304 (AHA FHEE d7AY
9 2 -8 407) ALY 2070, Awd 20
M& AA3, PMi(FRAE £2) e A -
A9 - =& FEE FXF}ALH, 1 FIde
o 2.

1 AmAe 3FAG B B 43.27 pg/m'o) 1,
FRAL 5338 pg/mE Ao vl Fade F
Fgfo| @ttt

AnAdel IFHENY FEE q5H AW 4671
pg/ot, 28] 50,46 pg/mt, N 41.62 pg/E AR
ot A7l o ALHEL Hu 39.11 pg/m'. A9
34.86 pg/nr, M) 49.01 pe/m'E AR AWr) =
ia=

283 Z Y 555 959 Au)(101.50£32.10
ng/m’)9} A 9)(100.89+35.18 ng/m')7F ALl Ay
(85.80+48.95 ng/m')9} 41 9)(74.43+38.93 ng/m)XE T}
7t & Holu, ANEEAAME ALl ¥ Eth
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