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SUMMARY

Organic extracts of airborne particulates collected at 5 loca-
tions in Seoul were analyzed for mutagenicity using Ame's Salmone-
lla typhimurium assay system. Samples were taken every week over a
period of 1 year (Jul. '89-Jun. '90). With the standard high-volu-
me technique, particulate matter was collected on quartz fiber fi-
lters during 24hrs about 2,000m3 of air. After ultrasonic extrac-
tion with benzene-ethanol and evaporation to dryness, the residue
was dissolved in dimethyl sulfoxide. Each samples was tested on
two strains, TA98 and TAl1l00 by the pre-incubation method 1n the a-
bsence and presence of S-9 mix.

Total average concentration of airborne particulates i1n Seoul
1S 281.3pg/m3. Due to yellow sand phenomena, the highest concentr-
ation was shown during March and April.

EXxtracted organic pollutants from airborne particulates con-
sist of 10-60% by weight March and April.

The mutagenicity during Jul. Aug. and Sep. was about 20 rev-
ertants/m3.air toward TA98 and TA100 whether S-9 mix was added
Or nor and during Nov. and Dec. it was 35 - 90 revertants/m3.air

-

which 1s typical urban distribution pattern.



In the l-year-per-iod study 1in Seoul, the mutagenicity toward

TA98 and in the abs-ence of S-9 mix, has higher value than that
toward TA100 and in the presence of S-9 mix which suggests mut—
agen of frameshift type or aromatic nitro compound 1is major cCo™
mponent than that of base-pair substitution type or polycyclic
aromatic hydrocarbon 1n airborne particulate organic pollutants

in Seoul.
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Table 1. Classification of carcinogens in ambient ailr

—_—————————— ——————
Classification ! Typical carcinogn

—_—,—
Gas, Fume

aromatic hydrocarbon | benzene

aldehydes formaldehyde, acetaldehyde

2—nitropropane, 4-nitrobiphenyl, Z2—notro—
fluorene

nitro compounds

N-notrosodimethylamine, N—nitrosomethyle—
thylamine, N-nitrosodiethylamine

nitrosoamines

organic halogen com— | vinyl chloride, CClg, chloroform, trichl-

pounds oroethylene, tetrachloroethylene, 1,2-di-
chloroethane, methylchloride, methyl bro-
mide, methyliodide, ethylenediiodide

Particulates

heavy metals Cr, Ni, As, Cd, Sb, Be

mineral asbestos

I
|
|
:
l
|
|
|
|
|
!
|
|
|
|
l
|
I
!
ploynuclear aromatic | benzo(a)pyrene, chrysene, methylchrysene,
hydrocarbons | benzo(a)anthracene, benzo(b)fluoranthene
| benzo(j)fluoranthene, benzo(k){fluoranthene
| dibenzo(a,h)anthracene, dibenzo(a,h)pyrene
| dibenzo(a,e)pyrene
|
aromatic epoxide | benzo(a)pyrene—4,5-oxide
| _
| benzo(c)acrydine, dibenzo(a,h)acrydine
| ‘dibenzo(a, j)acrydine, carbasol
|
|
|
l
|
|
l
|
I
:
|
|
!

azaheterocyclic hy-—
drocarbons

aromatic nitro com— 4-nitrobiphenyl, Z2—nitrofluorene, 2,7-di-

pounds nitrofluorene, l-nitropyrene, 4—nmitropy—
rene, l,3—dinitropyrene, 1,6-dinitropyrene
l,8-dinitropyrene |
N-nitrosopiperidine, N-nitrosomorpholine

nitrosoamines
| N-nitrosonornicotine

hetercyclic amines Trp—-P-1, Trp—P-Z
organic halogen com—-| DDT, &« —-HCH, PCB, PBB, 2,3,7,8-TCDD, chlo—

pounds rodibenzofurane |
~las



ethylene Y tetrachloroethylene2 A ZZof njx& BHumMe] 7o
27]99.1%, 44 0.8%, 54 0.1xet: 2 ITRE 23% 4 Ut o
Hdel 3718 ZIAEZ dEHo|t}. wretM XMul P FZBERAHIYEFAY T
NNE(RAGE)Y FAEL] 348 g g% FY o 8% Aelet &
sl ¢},

TR YA EEFTAC ¥ FTH A (PAH) Y 0] epoxide, qui-
nones} ¥} §, nitroarene, Azareneg CrYF HHFU ¥ 4EH Yo, o
Fpdol 2HUG. B5 471802 24AHeld JHHE benzo(a)-py-
rene§ 0] PAHS} ' 4 5= promutagen, carcinogen® 2 A} Z ¥ 3 B4
LrEpLl . Q& B ookulEr, i) HolM NOz2, O3, PANE # 2 nitro¥t&of 9
5tof Ro]3}A 22 28 AAME = transforming productsF A 2] nitro4} 3}
FUETEE 7HY AYY direct ol ¥ A L IH & el AUrt.

ol FHMEH2, I FAYEA FAHFEA A& SElrhetof
ME oo d3 4wz Q%] Il Fol P YEE B Y&
FEEu, M8 289 UFF7E, B8] diesel X ¥ FrE AW X
MR qofjxqe] 7| Fe] YAYEHS 2 Fof oM BUopL e HAME
Y IMIGE n]H Aol Y.

TS YA P2 mouse, ratF e UPFEE o1 &3t Aol WAL}, 28
AT BulBoAM ¢Hol Yob, screenings W& WA E Yo, VA g
=37 42 screenings+ P23 Yol o] &HI Y FRRJBAANYLE ¢
AZE FN 28 AR YL initiationTAZ x| F B2 dow, HIAHA
B3 2 Ao A M FHHY Y AFHeZ vl 2 AZ2A Y&
3 k. =, R YIGEHY YRER Aol MIMEFTE o
+- short term bioassayolix FdRolE U+ mutagen2 T Y 9 X
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FETY P 2T 2R ol BNArLt. F w2 T R &
60ml1 o}, 23 EHfilter® HIY 27X AET ¥
L tt& 15min7?t %X & ut 2 A (Nihonseiki, 28KHz) 3}
of 2E%3Ut. R EFEFZ FYA(No.SC)E oA F
3t ¥, Rotary evaporator® 32~ 35 °Co{ M J Y &
2% 9tt. % desiccator vjof &ufFt A E
A d& WFAR FATEFE RERVNEE BIIGL,
7] §XEof whel HGY 23|84 dimethylsul-
foxide (DMSO, BaxterA] spectrum-})of &332 %

-20 °C Y EF o REIF}C.

433 wQVoEBAY

1.

Ald T
Salmonella typhimurium TA100 % TA98(his~) & o] -8 8} 9 c}.

o] 3+ 2Z}?] base—pair substitution %Y frameshift type?]
mutagen FEAH G, 2FFH 234 & histidine 4w
W e rfaZ MIY eIGYRUYLEAUE AT HMEHNI
T8 & QW urBf A FAAER AYP Fo+bol ¥
T4 & 4332 drt.

w, oAU Aoz R-factor plasmid pKM 101¢& 29 ¥ o 3 A

Fujd 4ol glof mutagen JEHFE7 €8 ¢ Foltt.

A Y238 B4 check
2ol XA thEe N Lt /LGS ALY

selection &} 2it}.



1) histidine & 43
0.5 mM2l histidine 7} o} M >}stA] ¢4 & minimal glu-
cose agar medium plate Ao}l Hujofg FHE A2 gtreak

shof 37 °Cof 4B Tt ¥R ¥ 245 $3E HANT.

2) - o] rfa 4
crystal violet (lmg/ml)& <} 10118 3R A7 filter
discF, A YT+ T overlayr]| 71 A o agar medium plate?]
9 HAANAYT F 37 °C 244 T v G F, 2FHARY

$RE LAY,

3) A LA 1A} R-facter plasmid®] &%
ampicilline® A (80mg/ml) 10X+ 1F Al7] 2)2} 545 A

A=

4) Ao HGAA
0.5 mM2] histidine X3} minimal glucose agar medium
oA XY A streak T ¥, 10we| =} 941 Lamp3} 25cm
Ae) ol 4 427 zASA, 37 °C, 4847 WYY ¥, 2

g5 42E BT,

AYpae n
nutrient broth mediumofA{ Zujoful -A3E}R 8mlof DMSO
E3fato] FetAEA AxAFHol 0.2ml1] 233} of

-80 °C 2 A& zof FHLES YT

0.7ml &

Vol P AT

Ames®] WHEE dF AYI pre-incubationP 22 4 A 33t}



1) minimal glucose agar medium

Vogel-Bonner E medium (2g citric acid monohydrate,

10g K-HPO,4,3.5¢ Na(NH,)HPO,.4H0, 0.2g MgSO,.TH 0% =

-

|

=4 100mlo] £31ste] THZ7|YWE)of glucosel 2%,
Bacto~agar® 1.5% M7t 13279 3F% plate(d
90mm, o] 15mme] 7 M2AYFE SehAYAE) 30m1y
2250 Atg 4 Lamp s W2AMAbo A 204 7 o] AF
sto} 70z 7.

2) A YU
0.5mM2] histidine 89 (0.45/m filterE oA Y -F)
= 10% % 7}3 overlay® 0.6% soft agar(0.5% NaCl X ¥})
B 43 °CE LA ¥c). t}& Hujo (0.8g nutrient broth,
0.5¢ NaClg 2 5% 100mlof &afstol 423 d28}o]
2 10mlof FYXEY IR AL 2F§ PF5o| 37 °C,
154) 7 shaking ] )o] 2 3to} th4 FA o] I 2N
g} of (1~ 2X10 cell/ml) O.1ml g} M/10 0! AF 8+ ot of (pH 7.4)
T, S9 mix 0.5mlE Alv] 8] soft agar 2mlof 7}sf 3 A
552 AE 8 0.lmlg Fotto ETUY ¥, minimal
glucose agar medium plateAlof + U3} A overlays)of
_‘Ei}ﬁlﬂt]-. 37 °C, 24 7t ujor ¥ A1 3 ¥ revertant colo-
nyg A53%32, AR 159 plate 2% 2] colony+ & &

< 8t o} plate} 8] revertant colonys-3 8} 3 r}.

10



A4 AR IRAUE AT 5-9mixy =2A

1.

2.

5-9 2 A

Ames?] 4% of 230 Sprague-DawleyA rat(d')o] Aroclor
1254(SUPELCO 4)% A3 1KgW 500mg % 73u] 13 =ojst,
5d Foll HBE HEste THITR +F A= 7H8 o homoge-
nizeYt ¥ 9000gE HAHLYT H4S+H8 (5-9)F 3ml¥ L33
assay % M7tz -80 °Coj 4 %75 233ic}.
S-9 mixo] 2 A

§-8 <% 3ml, ¥t a(0.44) 3 I T4 (1.65M) 2
2800 0,6ml, glucose—6-901 AtA .2 o8 (1M)0.15ml, NADPH 4 &
o (0.1M) 1.2m1, NADH &£ o (0.1M) 1.2ml1,0.2M2] oltgtaa

ol (pH 7.4)15mlo] 2= Am sislod 30ml= 8} o).

A53 Y 24

1.

ARel Bu Y 2
Fig 20l A2 2w 9 $R33& ey,
1) $71% 342 ¥ 2
EANIUYAYE AT AL Bulg TYT YPos
7188 225 UYER, TZVE 20 °CYF ol
204 Box 2 EsT
2) 2% W3
(1) Liguid-Liquid partition
2u)% $7)% ARS8 YNE Teranishie] P
o 2%t} Y2, WA7HRY, FHLEHOE
-3 etherg 2 2% 2 2Yo] d2E AE
=5 Smg/ml7} ¥ £ % DMSOof -3 3#f38}qirct.

b

11



Coliection of airborne particulates
Extl!action

N
Concentration, Dry up

Tar{(crude )

Liquid-tliquid partition

Acidic fraction
Neutral fraction

Column chromatography

n-Hexane f.

Ethyl ether f.
Methanol f.

Thin layer chromatography

Fig. 2 Scheme of the sample preparation
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(2) Column chromatography

(3)

HolM 282 342 2 FAM FHTHA A3}
o} % & Teranichi?] %} %ltz}] wl e} silica gelof 2o
3t column chromatography® =¥ st2ct}. column(¢
lcm) 2 n-hexaneo] 3 E3 gilica gel(200mesh
Merck#],130 °Cof x| 3] 7t B4 #)E 10cm o] 74
22 A& A&, 2272 YA n-hexane
100mlE N1F+8E&, rt}&23F benzene 100ml3E N2-@
Y &, ether 150m1 3 N3+ 4 & S E8 A0, A EXT
T F7lE& FESHI 2%t methanol 150ml R

Residue+ ¥ & 9 9lr}.

Thin-layer chromatography

A} 7] column chromatographyoj+ + 83 N2+ ¥
= o] ]84 Daisey?} Hfé)ol u} 2} acetyl®¥} cellu-
lose(28%, Weko pure chemicalA])-§ o] &3 22 1Xx}
¥ thin-layer chromatography® * ¥ sl a2r}. ace-

tyl3} cellulose= njg] etherd if 2 38}o{ ether-S-

2 E& A7 E, ethanolof ¥ g 3}o] platef A4

sf, 40°C, 30T T2 A& AE33AH.
thin-layer4}of N22 8 E & spot?t¥, n-propanol:
aceton: F$4(2:1:1) 2 oj 2 o] HALUE 642
AA% g, BAE HAHZAE Behol ¥ Fspot
of B8t 7TA £H2F Lyo, RIXZ ¥ &
of x4 e} F1, F2, F3, F4, F5, F6, F7To 3 232|819
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t}. thin-layer® % & micro scraper® w#o}] B &
2} 2 ¥ o] acetyl?} cellulose®E 1A} 7t-E ¢t etherg
$ol® 2§22 gith ether$: %42 evapola
tor2 5% 7% ¥ DMSO ImlE }38lof &3
20 °*Coj# X 28} gitt.

2. TEYYmERLILY BY

1)

2)

Quartz Tfiber filterAd}of T A3 QJAAZEHE, X &
up 3 F X B
&% ¥ evaporatorE FUYEEHd 2 F7FA Y

8lo} Silicagel column chromatography$} 24 11X th-

o] &8} o4 benzene:ethanol(4:1)% 15F 7t

in-layer chromatography® 2% ¥ 2RFHUFFENZ
= 2%t

HPIC# x| & &=, Perkin-Elmer 1C2353% & A A chro-
matography & o] 8.3}l ac), 32 &7 8+ Perkin Elmer
le-5B% 22U FZEAE ol &3, o71F ¥ ¥
bandZ & 10mm3s AlModcrt., e £4L colum2 I+
Nucleosil 7C158& Y 3tA & M3 Guard column( ¢ 4.6mmX
30m)e} FHcolumn(¢4.6mxX250mm) g 2 Y3:E A Y3t 74
& Agdgn. LS EDFY LG PAHE e
635 % ¥HTY2E 3t

benzo(a)pyrene, benzo(k)fluoranthene, Chrysene( o]
A} carcinogen), pyrene, benzo(e)pyrene, benzo(ghi)
perylene(o]4} % ¢ promotor), T7|H {2 IEIHE

filter? = e| stainlessA] belt punch® 2%} 7 40mmo] ¥

14



3filter 248 Zetujo], ethanol 2ml, benzene Sml-&
Y Ho]Fof lem FEL FLoE HA AE filterf
Y, filterof 3% 7| X F 7Y oF, Z514%3
7} (28KHz) Ll of M 1527+ 23 R g3, 3 A& 300
rem2 F 1527 HAMTXMeE|E, 45F 3mlg bR HA
B3E2A ¥ E, 5% NaOH4- 3} 4ml§ 733t o] R
& Labo-mixer® ¢} 127t 24 93] shaking?® ¥ 3000rpm
25 15 g4 ety 2 4 5 (benzened) } 3 HPIC
AR sret. HPICO] 2t 2242, oFHLE
acetonitrile:H,0(8:2,v/v) & o] &3tg X, &% 1.0ml/
min, column % °CE stfeom, ZI PAHS] HE2 Ta-

ble 20f EAS A TL 47 WFW Yo T 44 sgnt.

Table 2. Wavelengths for fluorometric detection and

detection limit of PAHs

PAHs ex (nm) em(nm) detection

limit(pg)
Pyrene 340 335 3.88
Chrysene 272 364 11.61
benzo(e)pyrene 335 379 19.65
benzo{k)fluoranthene 370 406 6.75
benzo(a)pyrene 370 406 2.44
benzo(ghi)perylene 370 406 5.83

15



Nitro3} ¥ FUHs-28 4

1) AR £y

4 £E3YoAM XYY L {HE2TAEF oM randomst A
M esto} T3 % benzene-ethanol(4:1,v/v)E R &}
2% 22 #71ER ¥ BuiAAE, H2%odM 2
& xu} 2 e 7] 8 o] &3to], n-hexane—methylene chloride(65
:35, v/v)E A3 2E& 23 A ¥stort.(o] 222 F ben-
zene—ethanol Fuj7}&42 T34 EH W F7Ed A
HE.) A EjE AR/ AHPEFoAM 40~50 °Cojq 3

27 w3tol M FET AT,

2) Silica gel chromatographyof 2] 3t Feg] HA

AR, SYFzusLsr g ot nFAuH L2
CtRGGET AL, GG FnitroZ i EE T 87 H 3t
of silica gel column® 3 37} fractiono & ¥ ]} gct.
silica gel 10g-& n-hexaneof ¥ e 3}o] column$ M3t ¥
2 Aol o 1¢8] silica gelg& T 3xFH o g3t
o] o2 xg® 282 n-hexanel T X &28}or}, n-
hexane 20ml, benzene 50ml 9 benzene~ethanol(1l:1) 30
mle &&&ulEg XAYE 1l.5ml/min?] 4523 & &7
of 3F23 FE|strt. YT F nitrof{rx Y VYT
E8YU =& TYStE benzeneF P §F KD H7E AL P
A7 8t M ALsHT ¥, L7732 40~50 °Cofx T
of $uf & A>3 c}&, benzene lmlof -5 3}3}3ict.

16



3)

nitrod T F Y= aminoY T HFIAYFZ Y VY

A4 chromatography® 22|, B2 A |78 nitro% 3
Y EFET FE, B TAHNZ HIA T nitroY P FHH
Y& W20l vlg A aminoWPFZHYES VLY A
827t vk, Y2 benzeneA] 53 A& AH28rojH 4mll
¥4 2] 94 % [methanol:H,0(1:1,v/v) 100mlof 44 3}-%

Lt E & (Yoneyama } £ A JF -*-IQP)Z Og& 38 ¥, 0.05
5% 43 A2E(Yoneyama} F 4 JFA ¢, 12+9)2.0ml§
7t3tol AR 19 AMe| sk, B HUXe] ¥, benzene
2% VST ARLE 2¥ £25to, 8 AF & benzene
Iml3 23 22383c. % benzene2 & 33to 40 °C %
| ®3tojx Suj® A ¥ acetonitrile 0.5mlof &

271 %
NTAE N2 EA2F shain.

N

2 & AN chromatography(HPIC) W H 23 x|7]1 8 FHY =

HPLC-= Shimazu LC-3A, % F 7 Xx|”]+= Shimszu RF-500
ICE ol83tdr}. columm-2 pre-colum?o 3 4cmX3.2mm
RP-18 ] 3 2} columng, main column?l T + 25cmX4.6mm
Zorbax ODS(DupontAl A ) g A&R3t9Art. l-aminopyrene,

6—aminobenzo(a)pyrene, 3-aminofluorantheneg +4%
AL ol EFA2FE M acetonitrile:H,0(65:35,v/v, YR
ot 84 do % pHBET 2%)E A45%AT, $4& 1.0nl
/min2 2 shoith. 2 Ugof A PR P 7Y Excit-

ation Y Emissionk} # -2 Table 32} Zrt}t.

17



Table 3. HPLC—fluorescene Analysis of Amino-PAH % and PAHb

_—r T
T | Detection | Minimum

. |
Compound | }———reqy———— Detection
| min | Excit. | Emiss. | Limit pg/injection
| | nm | nm |
-
1-Aminopyrene 1 14.0] 3656 | 430 | 10
| | | |
3—Aminofluoranthene | 13.2} 415 | 518 | 230
| | : |
6—Aminobenzo(a)pyrene | 23.6| 430 | 498 | 250
| l | |
Pyrene 110.8} 3256 | 3B9 | 95
| | | |
Benzo{a)pyrene | 19.2 ) 383 | 430 | 80

I T T ——— EE———————— ———————

a. Retention times using acetonnitrile—water 65:35 (pH 8) .

b. Retention times using acetonnitrile-water 90:10

4. w478 iong P&

1)

Al J 2 HAfel

AMBAZYLEE HAA-J(AHSLPE o] &3 AT
A7t 223 oA ¥ belt punchT A Hajo] o 22%%
WX 3tE o] & ceramic Tt EM HYF 27E AEE
A4 EA(1-2) 30ml Q A4t 2L Smlg 7h3to 1A
238t A 714 ¥F No.BB o2 M of3etof, of AL Hot
plate4l ol JFHTZ A V72 }dx&sty 44894
(1-50)& 7ot F {3 25ml3E 3o A ERe R 3

o] XHTHE Hod VA x| g 8%g 3t
Mt =73 A= Lo 125ml round bottom flasko] D.W

18



5omle} YA Yo BRUYFZE 2ol 3AT sdF UG
o7 stol HYs] 100mlE stof A EA2 T s,

2) 58 TH4
polarized zeeman atomic absorption spectrophotome-—
ter(Hitachi Model 2-8100)& #{4} Pb, Fe, Mn, Zn, Cd,
Ni, Co, Cu=s-® pre-mix burner® o] &3t o m V2 High

temperature burner-& o] .30 3 A%} 9ct.

3) ows +4 27
Ion chromatography (Dionex 4000i)& o] £-3}of Cl,

NG, SO;F ¥4SAE u RHZTLE tEd By

Anion micro membrane : AMMS

Anion separator column : HPIC-AS4A

Flow rate :  2.0ml/min

Injection volume : S50NM1

Eluent : 1.8mM Na CO
1.7mM NaHCO

Regenerant + 26mN H SO

Detector : Conductivity

19



A% A%Ax Y A

A1lY YArseN ¥E

7] 2ol 0.014mo) M 24 ¥mof o2& A A AR} 243}
2 o, TEof o3t A7t ol FEek Uk, uwkEkAM 7]
§27o Mol wAE A¥E WS Sivtelt $X4 x4EDY
SEE TYY Bact dam, IF7AfME GIBZJELUYA £ 5T
Aol o VAV EA (Y7712 A7BRA 1500 g/, airo| s,
Ch7] 7] 2 24| 7t Fx] 3000 g/m3 airo|st) B HH Ytt.

A gxd 5A2ols high-volume air sampler® T e rjng
20 YWFEEE A YYE Fig. 3~Fig 7.8 AFTo] vhebufgitt.
2t FPA AN RH2VEEL A BYL g 2ot
1. 5+

Fig 3.2 ATl EAY 21z Fo] A BIX & 318y g/mT

NAYEE 2RV Y & Aok, WYl AN B

7] 2% 150X g/mE 233, 90 1043 124 T S1y e 1,

2, 3, 44 & T72x 3000 g/my A8 ATt
2. Zge

Fig 4.2 ATo] EAY oz e £V SE R

2ol 64 oM 10
grhx & 150X g/ W o] H2H W SEF ey, 114
Rejs ¥Y A4t P2EZE uebugch. AW FEEE 2598
g/m2 5 ZHPEAM Y $e& wEAE vher gt

3. F3%

Fig 5.2] AtTto]l T3 utg} o] AW FH 5L 238) g/mo]
g, 114 of 4000 g/m®] 2 x| 8 vhepu Qith. 124 2] 44 7tx]
£ 3000/g/m HER 2 VES vhebx ggle
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4. Yol E
Fig 6.2 A%tof EA% wtel %ol 6, 7, 8, 94 stH7|ol&
150/ g/m M xe] w2Y W& yxojgdort, 104 o %2 & 300
stof 7+, AE, EHol A&

ol

0Q
e
=
LJ
ry
-+t
1/
ojf
2
N
o
re
ry
wjo
ol

5. ¥WE
Fig 7.2] Aol EAY spopel, WolF2 AT HT g v}
b o, 3}E7 o] Fol 400Mg/mR] & FEXE LE
ok, AF 2+ 312Xg/m33 PHYPF 2VHE 2 248
2 §EF® e 3l
ol Y SASHABE TR I3A MEAFY R{ETVEHEY FAHE
3 & Fig. 88 4 Tof vhepvigict.
MAgeor 2 6, 7, 842 Y7 of &5 (115~211Fg/mair
), 12, 1, 24 8] FH7of 2HE(341~3740g/m; air)§ vhEtUE
YA EAYY 4LV FERET(Q2Y AWYH AA AFLY
& A% H425L A8%e] 27)E e ZE3HY F3) 400
Yg/mlair Ao HayE B @ 49 BATHGEE2E D)
8 7lofef 2% oz Yt
57 A HE $ 42V IV IHEL FRHBOVEPO>IZT >

E>Fgels f£23, 3180253/ g/mIaird] FL FEYSY 92, 97

L

),

FWE R HSVHEL 287X g/miairo] gitt.

THER UEEO BRG] v £ FEX LEFDR RE AEA
THTA AY R2E: FFHU, VALY MEgAQY 2FFE AAT
o] gt Apol7t Roee 2HEHA, FRTUEY AAT FEAT

A et R2E A REr.
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2} AN TN RS EPLE 2E, & -&u] benzene-ethan
ol(4:1)3 15 25w 28te] g2 #7I&8 €45 & mg/e.
dust 9 JNg/miair TH$] 3 3tof Fig. 3~ 72 FT Y dgre] ] 1}
B} Lf 2) T}.

DA, v 1898 FERVNEFS TAFLE HAX 115mg, H 1
x| 428mg2 B 10~40% P AT B 23Img o 3 23%of Yottt
213y ¢RI LAV EEGH Y dAQ FeolF W FIEL
Zy7] 256 9 237mg, R Fo] 236mg, R FEVEE w4UY NYF

2T LM Ao 4o eyt ok w23 2AEEIL
¥ A9y 2P ALMHESY 4V BETE EAEY w2
R EE AR a4V oy TYF Y& A4S, AFA
ERYo] wj2H Y& FoF 2AHE FRE, NYTE AFAUE
£ 7] oj2lof AEABYe T Jojibi M AEN xE TAx Y
BAEO] o WA EUL] Yo o W}t e Eo] YW
th, B8] PaANAgez mowMers Ao 3 xE YT 44
o] 2Mow 2y 223 $Y]EYEL 225mg/g.dust® E W FA| A 23]
mg/g.dust-§ 3} ESFQT. o] FAHAgLFT AF 2V w2y &
NEY Pl F&& onl o).

2847 EYS] HYUNYE Fig, 3~78 FTholx BHW Fo]
8 1, 2, 3, 48 olM ety 40% HEe EEAE AT E 29

= 4YE o wEL ggth. Fig. 82 %ol Mg 5A4x Y
of 3 WA e AYAYRE vhebugich. HAH o F 18~ 26X
o] WHE FIY W Az o,
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R, RFEVEEA 2R THEYTY FERVNIEFTEE Vv
5toy Mg/m3airthe] 3 B ars}ed, LbelW Fig, 3~78) BFEhE B AW,
NgEo 60Mg/mE MY BRI, TS FTIFo 54rg/ME WA
Lhebstx) ¥ x| 7 mpol & uhepuba] o gheh.

ARNYE 7 3 Y 2] 1280] 86~113 P g/mE FY =97,
5771 ¢ BYol 23~30¥g/mE Y Wol EHI I sHH7 o 4vfof
@3t A& & F AUk o FHV HAHLFE ALY FU
3 ol3 oyjmae] 2ylEm o=sl oy XMuich, Fig., 82 3tk
of vhEb@ Mg 57 29 BP 4 EFE(Vg/Mair)F 2V FF
71 (11, 12, 148)7 63~103° 3 stH7| (6, 7, 8, 9¥)2 28~470f ]

8| ¢ 2.5} ¥ A LhERHT.

A3 Fd FQVNEAH

Al ¥ 2= Salmonella typhimurium TA 98 % TA 100-& o]l &3} 9
ol & Z¥7] DNAof base-pair? %7} X H4AE 2%+ mutagen
(frameshift type) W base-paire] x|2.g RXg|%t: mutagen(base—
pair substitution type) & A &3+ 7Aool =82 2]},

¥, mutagenof &+ metabolismg& 7{X FTAHolF YL+ Promu-
tagen3} metabolismg& X2 QX HHPHPLE Volg do7+e
direct—acting mutagen2 ® T HY £ U4, Y7+ FTL2E &H
229 27NYESY HEHY 42 YYEFUE Y E# 2 benzo
(a)pyrene 3 8] iR PV HTH LA = WAoo YN, nitropyrenes
8 nitrofYYET = FAo] ATM, ol 7] assayo]H
S-9 mix2| 7S W HYIHE F¥ FEET.
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MgA 5AFYY TPYRHENL FRNo|UA

Mg 5A EW WM EAL oy srN §72EF0 o
sl ER R UAAYEAE, 2 AYEE T 23¥ Y 5-9 mix
W7 AS W HIAT TR, Fig. 9~180f Ex| 5 gict.

Fig.9~ 1806] L}E} ¥ Ax|(revertants/m3air):, plate¥ &%
B revertants oj A4 Spontaneous revertant£o] 32| (S-9 mix
4] ¥ 7} o] Ao A TA 98¢] 18, TA 1002 136, S-9 mix ¥ 7}2] A
of 4+ TA 986] 22, TA 100& 152)8 W Lmjz] e BRsto 2
7] 1m3 % 2] revertantA 3 | Arstol F 4| s}oitt.

TA 98320 thstol S-9 mix ¥ S At ¥l WY AE FA
of, X194 ¥3 theb@ Fig. 9~130jA byt whal Zo], FE,
BdE, TEEOAME TA 98, 5-9 mix® HIHRof ZAgo F
o7t 32, A B AUYA Y BEe WY A
S %ol vhEbY Y wslM, Zges PolH& i HWEL e
A ebgtth. E 5-9 mixWhe At wWste A u o, A
NHHo R S-9 mixs] 8| YA YA vt 2 WolHALH
A& vhebuglth. ol & AE A 23] diesel AEA w]ZE2 7o
of o]3t 710 2 nitro3l W3 &2 33 EED? direct-acting mutagen
of M Zof TRV oH o A& A4 Y. et 22 E
AM e 4gg AW HYof FMAM 5-9 mix¥e A% ¢
A v, ok 2 2¥e AAZHoL ujpe) oY HeF
A} 2 ¥t}

x| o 7re] Mol RB/AHE v stel X 5-9 mix ] Mt Aol
HE BYB>PRPO>Y]F>RE>R Y] £o] T, 5-9 mix

M7kl Ao FETPOVRYP>ZRB>FIT>FYAY 22F
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Fig. 9. Monthly variation of mutagenicity of organic matters ex-
tracted from airborne particulates collected at Kwanghwa-
moon 1n S. typhimurium TA 98 with and without S-9 mix.
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Fig. 10. Monthly variation of mutagenicity of organic matters ex-
tracted from airborne particulates collected at Kwangam-
ri in S. typhimurium TA 98 with and without S-9 mix.
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Fig. 11. Monthly variation of mutagenicity of organic matters ex-
tracted from airborne particulates collected at Kuro~dong
in S. typhimurium TA 98 with and without S-9 mix.
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Fig. 12. Monthly variation of mutagenicity of organic matters ex-
tracted from airborne particulates collected at Pang-i
in S. typhimurium TA 98 with and without S-9 mix.
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Fig. 13. Monthly variation of mutagenicity of organic matters ex-

tracted from airborne particulates collected at Ham_w.am—
dong in S. typhimurium TA 98 with and without S~9 mix..
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Fig. 14. Monthly variation of mutagenicity of organic matters ex-
tracted from airborne particulates collected at :Kwanghwa-
moon in S. typhimurium TA 100 with and without S-~9 mix.
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Fig. 15. Monthly variation of mutagenicity of organic matters ex-
tracted from airborne particulates collected at Kwangam—
rli in S. typhimurium TA 100 with and without S$~9 inix.
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Fig. 16. Monthly variation of mutagenicity of organic matters ex- .
tracted from airborne particulates collected at Kuro—dong
in S. typhimurium TA 100 with and without S-9 mix.
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Fig. 17. Monthly variation of mutagenicity of organic matters ex-
tracted from airborne particulates collected at Pang-i
in S. typhiumrium TA 100 with and without S-9 mix.
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Fig. 18. Monthly variation of mutagenicity of organic matters ex-
tractf_-d from ai:;'borne particulates collected at Hannam=
dong in S. typhimurium TA 100 with and without S-9 mix.
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Fig. 19. Monthly variation of average value of mutagenicity
per m3,air at 5 sampling sites in Seoul.
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RBURTHE AL Ai287 QR EAN

1) Liquid-liquid partitionof 2]3t 38 -z 9 ;E-?jﬂﬂl-ﬂ‘a‘
Table 4 of Liqud-liquid partitionof 2|23 3P ¥ &, F,
T8, B4, AR EN Y} EQUNRALAY FAE
L EFLE SL T

Table 4. Mutagenicity of 3 fractions derived from crude

tar by liquid-liquid partition(strain:TA 98)

L N I

| | Revertants/100HM g | Contribution(%)

Fraction | Weight(%) b—r-—vym-—+7--—"—~HF—-—1—-——
| ] 89— | 89+ | 89 | 8%+

Crude ! 100 | 219 l 116 | 100 | 100

Acidic ’I 25.6 = 124 = 69 { 14.5 } 15.2
Neutral 'I 41.9 } 126 ; 112 } 24.1 } 40.5
Basic Il 5.9 % 374 l| 202 i 10.1 ll 10.3
Recovery | 73.4 | | l 48.7 | 66.0

N S U I (S F R

2L 40 41-9%, At4j ol 25.6%, @74
AA el 73.4%0] givk. I £ HF 100)gY
o] QWO YA, TA 9B Fof T3t S-9 mixu| ¥ 7t A of A
d 7] A4 6] 374 revertants/100X g2 8 7% ¥ g3, M4 S
42 7471 1248 1260 givt. 5-9 mixY7he AoMLE FA 9
7)Ao 2028 7} U4 FA o] 112, AtM o] 698 £ 0] Y},
e Y EY 2 vtujste BAN sogR W, 5-9
mix 7o) o=of BAgoel 2ol 2] 24.1% Tl 40.5%%
7% g2, thEel P43 14.5%5 Y 15.2% P74 o)
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10.1% 3§ 10.3%2] <ojgict. A EFUVRo|RAYef U 328
=2 7l &Y ¥ 5-9 mix ¥ Y7L AofH 48.7%, 37}
Aol 66.0%F 24 g0l uj2F YUk, ol EFUAWH
A& LEUE AU EF XU EE EAY YL HET an-
tagonistic effect® Ujefuici: v 7 7} o uws}l 7o
complexof oj3t 240zl wiE= BHXIAY 249% & %
AEIc F9 €758t
2) column chromatography ¥ % E2] F RAMo]H A4
A}7) Liquid-liquid partitionof &%t 3Ry =a=
CEHAYE Y YW F nitrofYEE YA} Y R =
dejd U= FHSHE o Yol Silica gel chromatography
T 472 $242¢ Y3t of 474 fractiono] Tzt §A
VoA MUY HAA(E Table 5o EA|3}3ct.

Table 5. Mutagenicity of 4 fractions derived from neutral
fraction by silica gel column chromatography

(strain:TA 98)

_—-—
l | Revertants/100) g | Contribution(¥%)

Fraction | wWeight(®%)p————mmp-——vv-4foooo o b

| ] 89— | S+ | 89— | S99+

Neutral f. | 100 | 126 | 112 | 100 { 100
Hexane f. 'l 28. 1 || 15 I 45 'I 3.3 = 10.5
Benzene f. I| 21.7 I| 2 % 282 = 0.3 { 54.6
Ether f. ; 21.4 } 14 : 24 : 2.4 } 4.6
Methanol f. I| 11.5 II 48 l 49 { 4.4 = 5.0
Recovery | 82.7 |} | | 10.4 | 74.7

S DU SN S L S
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3) Thin-layer chromatography =38 &2 F A Mo WA
A} 7] column chromatography + ¥ &% benzene® & 4 -F of
hsto] TICEYY H3 TAY £YE Jgivh. % 2YE R
A8t E2EZ perylene, benzo(ghi)perylene, benzo(a)py-

rene®] &ZH Y& Fig. 200f iR QiTt.

‘ Perylene 0

(0.58) 0
@ Benzo(ghi)peryiene O

(0.49)
0

Benzo(a)pyrene O

@ (0.13) 0

(Rf)

Standard
F.1(01+0.02)
F.2(0.02~0.12)
F.3(0.12~0.20)
F.4(0.20~0.30)
F.5(0.30~0.47)
F.6(0.47~0.52)
F.7(0.52~0.86)

F1g. 20. Thin layer chromatography of Benzene eluates
and standards



A4 3

=, 7A4Y &2% FAWNA AYHAEF Table 60f
LbEbuj Qith.  REx] 0.47~0.52 ¢ 6% &} fractiono] TA 98 &
Zof tistod, S-9 mix ulY7Al = 256 revertants/100X g,
S—9 mix XM 7}Al = 332 revertants/l100NMgo 3 2 o] ®o| Y
BH2F vhEFY ATt
Table 6. Mutagenicity of 7 fractions derived Benzene

fraction by thin layer chromatography
(strain:TA 98)

_—

| | Revertants/100Mg
Fraction No. | Rf value }—onn——r
| | 89— I SO+
-_—r
F. 1 |} 0.00+0.02 | 44 | 56
F. 2 | 0.02%+0.12 |} 34 | 60
F. 3 |} 0.124+0.20 | 34 I 30
F. 4 } 0.20%0.30 | 56 | 62
F. 5 } 0.30+0.47 | 88 i 132
F. 6 |} 0.471+0.52 | 256 | 332
F. 7 | 0.52+0.86 | 112 | 106
—_——

AgA G grrserne U 2%

ARRE

Fig. 8o 27 Mgx 9 574 &
Nesws EWaxg 258M03 2y 2323 78559 &
WA e AN E et 24 ENEEY] 4P 2 E 151
~ 374 g/mPaire] WolP, &AWy 287 g/miairo] gitt.

6, 7, 882 7ol Ax%(151~211 ¥ g/m3nir)®, 12, 1, 24
o] FH7ol TEE(341~374rg/mlair) F LERUE BHAYL =

AW R4V ST EEE shidch. FARLY Fojof g



Ao% 24HE 4989 B E 30y g/mAir: Y & 2§
%

& vhebu gic.

slof Wy HFAVEFL gict.
A= 9§ 23%0] qitt.

|, 37 P E VALY {IEFEE CGHERVY 11, 12,
149 %H7 7l 63~103Mg/mairsE 6, 7, 8, 98 37| o] 28
~47 M g/mAairo] w| ) o 2.59 & LT B tetd, FY7Y ¥
HLR AE57E ¢¥UE HYsks HAol A,

W, wQWol¥ VY PJUAYEHE Fig.19o] vfE Y ub g
Zol, 32 S-9 mixd] Yo EAQlol 124 & HH2LE T A
Mol 1 A2, 2ok FH, hEHE 2o A2, AAFY
Ae 713 ¥ BYEZE vreru et

HolRUA e 2B X+ TA 98 #3229 7L, 5-9 mix u] ¥}
o] AofjM 48, M7t AojM 3703, TA 100 2729 74,
S-9 mix wj @72 AojMq 40, HFIle] AfM 38R TAHLE
B ol TA 980] TA 1000] u] s}, S-G9 mix u}X>ol A7 S-9 mix
o] Ao uwjsf 4T w2 LolBYVAE vEtUAT. oE MEA
oj o] tr] o B Rof frameshift type?] mutagen Y metabol-
ism-& 7{x] 3] 9+ direct-acting mutageno], base-pair substi-
tution type?] mutargen 4 metabolism® X x Ho|H YL 1}
El L] & promutagen 2t} YrjH o g v YL U+ tsHE
A A8} 3 g9l c).
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2. A 954

v FHPO>UNYFTO>LEI >V ST>F YR £

2, FEHHE 259~318H g/m3 air, x M 2 2] = 287J-’g/m‘?'air
ol gith. #7 1g9 224718FY AVAWIAE, FHEUEE
oW Qg WolE Y Fgevt 7] 255 Y 237mg, FIE

o] 236mg, HHLANFEI} F YD VHYFT Y BHEBo| 7 225

ric

R 2W0Imge B AP 42 {7 EFFZXE LERUY, R4

i
TEE MY 7Y 23 vhEHGT.

Dust. content

(ug/m3.air)

\

153
Il

Orgnic extracts oantent
(ug/m3.air) (mg/g.dust)

llllllllllll
rrrrrrrrrrrrrrrrrrrr

LI
......
‘‘‘‘‘‘‘‘‘‘‘

Kwanghwamoon Kwangam-ri Kuro-dong Pangi-dong Hannam- dono

Bl scrics A XN Series B Series C

Dust(ug/n,air} Organio Orgsnio
extracts(mg/g. dust) extracts(ug/m3. air)

Fig.21 Differences of contents of dust and

organic extracts by sampling site
in Seocul area
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Mutagenic avtivity

(Revertants/m3.air)

$tw, 2y In¥le] $7|EEEE 54~60Mg/mAairE A JT X
o] = vpEbibx] gotvt. I A dHE EF oY Y (revertants/
m.air) & Fig. 220} u}eprL] o Tt

TA 98228 He, s-9mixu| W7 AdgM TEFol 612
3 A8 vhebuiof, =iz 319 Fge2 ¥ 2w HEE U
efufolth. S-9 mix¥7te] Ao TEF>VIEE>FHRI>TYS
Faorele] 207 UAHYS L 26~400) 9Tt TA 100732 G4,
S-9 mix ¥ %718 AgME R WS 32~49F AT A+ =4
Lhebubx] b, S-9 mix H¥7HY At TdFol HIXNE UE
o], 2Hx 298 vetd Fgel o 29fof A BEYEE M

el U] o T},

80

D
O

40|

S n am rmia

%
&

§

1

Kwanghwamoon Kwangam-ri Kuro-dong Pangi-dong Hannam-dong

B scriocs A S Series B Series C WM Series D

TA 08 without TA 100 without TA 98 with TA 100 with
s~9 aix s-8 afx 9 nix 8~9 alx

Fig.22 Differences of mutagenic activity
by sampling site in Seocoul area
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3. Mgz BREAY AR BYY w2

Table 7of B35 412 Ro 2o FovolHAd Mg ¥ 2
24,25,33,40,41,42)

st7] Slstol F| L E R BN 2% 2| &3] vpefrfglct.

Rowo Ty, oyTaBLufs} 224y AoAe
2ty Thas] w 2W, Y QA4 UEyY r2ole A%
Osloo] u]3jA{, Seoulo] TA 98¢ 39 7.4 S-9 mix H] 37128} A of
] 5~8u), 5-9 mix ¥7to] Ao 3~BulE 2 Ho|RAH ¥4
& vrebuigltt.  7E nj 3o Los Angelesi} 929 Tokyo % thi

b7t £ 23 BeijingdE 72 $Astgnt.

Table 7. International comparsion of mutagenicity of urban

airborne particulates

Strain : TA 98

| Revertants/m. air |

Wagenigen(Netherland) —v-vpr—J Author (Year)
| without | with |

| S-9mix | S-9 mix |
—

Oslo(Norway) | 2.3~12 | 2.1~10 | M.Moller (1979)
LosAngeles (U..S.A) I|'10 ~ 60 II 60 ~ 80 = J.N.Pitts (1980)
Wagenigen(Netherland) = 3.5~22.4I| — { G.M Alink (1979)
Beijing(China) I| 18 ~ 75 ll 20 ~58 || A.P.Wang (1982)
Tokyo(Japan) l 29.9 = 15.5 } T.Nishimura(1981)
Osaka(Japan) ‘ 42 l| 22 } K.Kuroda (1982)
Seoul (Korea) I| 40 = 37 1 (1990~ 1991)
{ (10~ 93) ll (6~ 82) l G.M Alink (1979)
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A5 3 ¥R EUHRLALL FYHo A FE
2l Eol TA3s V¥R FTHR,2(013 PAHE ) €Y
T, BHHE Yy He XH, TP EZFE Y PAHY FE,
FEZTEFE L PAHY £ 9 B4, BTHY 4 TA 22 HLE o
FolXch. FRT e ojyF g L2 Yof thsle oz Ziwel AY
Hod A3, ARFAE FHof aep o3 g8 2UYT THYH
2 E PAHZ A & AAstol g, Zej} VA7 475 AT
+3 AE %o PAHE 24T B4+E do. urepMH
(a)pyrene(o| 3} BaPRE A3 )52 PAHS T AHYole | B2tY 4+,
o THYHLE SEHATT, Heolg g AVAHo oo omtt
227t AR R0 BAME T 47 BRI, PAHS R
Ae ZA, 38, L2, Y, ¥ 4 24z o] &Y £l Y
of, AE2 RETYN s FYXE WF 7t5Hel k. whel
M EQF M, BaPge] PAHS YN of tistoy WESHU L, Table
8 oM &4TYE Tw€ LrErY Tt

Table 8. Classification of PAH analyzing methods

kN

7] % o] benzo-

1. High volume 1. soxhlet 1., Liquid-ligquid 1. Spectrophotometry
air sampler partition .

2. Middle volume 2. Ultarsonication 2. Colume 2. Spectrofluorometry
air sampler chromatography

3. Low volume air 3. Vacuum 3. Paper 3. FID(GC)
sampler sublimation chromatography

4. Andersen air 4. Thin-layer plate 4. TIC 4. ECD(GC)
sampler

5. High volume 5. Multi-band TIC 5. GC-MS
Andersen air
sampler

6. CPS air sampler 6. GC 6. U.V. Absorption

(HPLC)

7. High volume air 7. Capillary GC 7. Fluorescence
sampler + (HP1C)
urethane foam

8. Cooling—filter 8. HPIC

9. Cooling—filter-Tenax GC



IATHA 2 HE

2l 2588 XHe uf+£2 High-column air samplerof
8} 3tr}t, High—volume air sampler? of I3 A T = glass fiber fil-
ter, quartz fiber filter, teflon coated glass fiber filter 4
teflon filtergFol flott, 7% Wol o]&5HI Y+ AL glass
fiber filter®} quartz fiber filterojt}, Table 9 &= ] &9

BaPXx %] o} glass fiber filtergl quartz fiber filter & A} 8%

d¥, BaPF P x| of vjxlE 3% g AT HAE EAY Roln.

Table 9. Comparison of benzo{(a)pyrene content in air-
borne particulates between glass fiber filter

and quartz fiber filter on which collected.

—_—

Sample | benzo(a)pyrene content (ng/m"‘. air)
No. | Glass fiber filter | quartz fiber filter
1 | 1.44 : 1.48
2 ‘ 1.91 II 1.89
3 1 2.16 Il 2.32
4 % 5.39 1 6.14
5 % 2.80 I| 2.70
6 { 0,93 II 1.08
7 = 3.52 ‘ 3.68
8 i 4,17 ll 4,32
9 I 2.03 l| 2.05

10 |l 1.64 'l 1.58

) U S ——



2 zaqME, 59 MY Zv] glass fiber filters)
gquartz fiber filter-§ # %3t High—volume air sampler-& L} 2t 3]
AT F LAY FAAY FE Qi dE EAY,
B4vRo] F4EH I+ BaPE XX FE-2F 1x4¥ thin-lay-

er chromatography—-2 39 FZFEYULE FH AT,

Table 98 X & quarts fiber filters} glass fiber filterof
4|3, BaP&{ A7t ¢ A e AT, A EE datadyq @
filterof 2|%t BaP{ P27 A8t AE& € + Urt.

Bap& F x|l & W71 UM T2 BaPZ3F 23 vlepuigint. o
U TUHE EAT BaPF e PAHFHXE =¥ B, AE¥IF
filter7} quartz fiber filter9 7} glass fiber filter© 7} of u}
gt M FFxjef 4T 2xr A £ drk. o] & glass fiber
filter7} t©h7] 30 SO % A 23}o] filterdtofx S0 2 3 At3l ¥
7l Wj£of, +¥F%Ho| quartz fiber filterof u]|sf <}t Z 7} 8}
T 2oz 322k oY VY2, FZLEFHO & uhe}
th7] %28 SO0 557 2 A=sdA 5 VM3 A hepdcot. wheg
2 th7] %0 PAHE % of = glass fiber filterof u|3] quartz fi-
ber filters} ©oF % 3}o] = =¥ o},

PAHER of 2% ©w&2 EAMAPT, filter TPV 2LE+ A4

(Bhr)8 PAHEH AL o] BrEA FENX X3 B & & Atk

Fig. 232 quartz fiber filter¥ o} polyurethane foamg %
¥ 2 % *3s}o], High-volume air sampler® 24X 7t tf7] & Z 93}
of PAHE X3 3t¥, polyurethane foamojs 7 &% PAHE T A 2

PAHoff t§ 3t ®] &= LjEl R R ojr},
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5 C. = ® N < N
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D

Fig.23 Average percentage of recovered PAH
found on polyurethane foam used to
back up quartz high volume filters

%3338 A4 2] phenanthreneo] L} anthracene, % 34¥ A4 2] fluo-
ranthene 3} pyrene?| tfj 2.2 glass fiber filtert EF 2 quartz
fiber filterTS & XX B7t53% M, 348 A 2] benzo(a)anthr-
aceneo| L} chrysene® FA4 4 650% P 5 9o Y £ g+ H
= 9 £ v}, T BaPW.2 gquartz fiber filterof = 3F =3 g

A= ¥ + At



o] 8} ko] filterof &]3t PAHE I &2 7|0 R AZH =
2, 7] ¥ odFo HEE dAFY = AT, wekM, FR4L
A o]stel PAHZ G B7Y FLoes sFAZ(XEHAE 71 %)
of f-2]3rojof 3tch. e} HJS5BA o] 4 PAHL| filterof 2
T EAwE v aF g ¥ &+ Ut

PAHE S HA(REH)EE, Vet vy o] 7|28 53
FA 4T filterof XY PAHF O d 27t A¥(EHMK)H
filterof 8] EHAFE AMSHATrp. wfFof AF 4ol dojrir] 4
T RYBLI H2 252 PAHE TPY F 4ot quartz fiber
filter®] ¥4 of polyurethane foamo] L}, Tenax GCS& APz o
AT AMEEAAGT FYHq ok RNk, T, o] F$of ployurethane
foamo] L} Tenax GCoj = =AW FHo vy oty FHHAAUL

B, 44Hc] olFo] U AV WAHeE g7Wct.

AR Rz BN PE
PUA RS PAHE 2Eza7o wa 4y FaHL AeE
Lhebsich. Table 100f CI7| 2420 & EPY o] £4 23

197 g&of FAN x 2MN g w2stol ehrhsich.

)

Table 10. Comparison of hydrocarbon content of air solids

before and after storage for 1 year

w

| Concentration of hydrocarbons(J} g per g smoke)

-—

Hydrocarbon | Analyzed immediately | Analyed 1 year | Loss(%)
| after collection | after collec— |
| | tion i
—_—
Fluoranthene I 225 | 18 { 92
Pyrene I 328 | 38 | 88
Benzo{(a)pyrene : 111 | 76 | 32
Benzo(e)pyrene | 71 | 55 | 23
Anthracene | 70 | 55 | 21
Benzo(ghi)perylene | 252 | 226 | 10
Coroene | 142 | 140 | 1

B I R I B—m——————————
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P27 B PAH A4+ % 24w AP & + A
BaPl] 242 32%of @3tgirt. uwiekM, FPAMNE NI F THY
728 AFrREHYeRE 20 °C o]3}2] WgAol T ok
g Rojtt. AARARE L QFUPofM= ZT AR th3te -20 °CH
FEHA RTINS 4R ALY S4Ho] vhEpLbx] Tl of ¥
T AEE, A7IEAARY ¢BAY Hty FEX FET o R
oA x| AUT FA7{e] dataf SHHY F¢, A5 XETEYE] o
SME FT8] FoAstopT R AL E A AR QAT

FETUFH Sulo] BY FE

PEE IAGE Q7oA P utg} o] EQRol¥HE
Y7 AT YRR LR 2EE 723 EYYLEITE 2%
5} 2Z ¥ o] SoxhletRFZof wls], 2FHLV oL, EUVIRA
o] BHofjMe xolzt Rl H, B FEATE UE, AEE0F
o 3, FEFA AMEIT 1Y A4l YT BT o8 FHE
vFERVE R A9, &880l F = benzene—ethanol(4:1,v/v)o] E} &
ujof Wjsf GET FWI CFHAC.

7l 2o ¥$45o] 9= PAHY 48, F 3 Soxhletx:
=Y, 2R e, FE5UFEUSO d9H dom, YR
7] € 8t} thin-layer platefoj x4 o] A YFFHo] o3 FH I Jt}
Soxhlet 2 H7 2 He dVWH2R o fHe fow, 23
2. uf 2 = cyclohexane, benzene, dichloromethane, benzene—eth-

anol(4:1, v/v)E o] &ujr} o] 2% o fr}.

SW&Pl?lS)Ei Diesel A= x} v £ # %0 BaPF S of v]3 A nj
o We AW AA, 2EAV NW(BRYX 608 FL

benzene—ethanol(4:1, v/v)2 BaPR 2 A 82 92.6~99.5%% nj-o
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o} ¥ 3} ¢l © L}, dichloromethane?] BaPZ 2 ¥ 2-2 benzene-ethanol
o] 7o w3} ¢ 60~T0%H E, cyclohexane& 9 40%% 5 of A
LRl btk R st k. RFUYN LR+ T4 Soxhlet 3§
ol 7HF Wol ol FH HAr) FFA o] Br24A AR, AT
T BFEHY FEO VHEHA A& WHF FEE ASNMO H
+ T Ho v WY, FB2AE AT ¥ A2F: ¥ AH.

2e{t}, Soxhlet FHAM = S/ F7IHYEF] FBEFT VESE
M7t o 2E, o2 & 2AY Adode ¥ 4% H
27 k.

whetM, & QAFAME i) REATY TH, ii) &0 A
ST A, ii1) FFA A HYVII dojr] oy H, iv)
FEALwo] dVHLE 2 HFY olHE A YT 2ETHR
29 Y FE8ulE A benzene-ethanol(4:1,v/v)& o] &3tof 44
St A T,

PAHS] 242, 19704 t}7 2] = column chromatography—- 3 3
P OET T2V FIZIEINA AY 24l 258 ol ATk, col-
umn chromatographyoflA o] ¥ A2 = oLt £+ A7 A&
o] &3+ AL ol triy e gk, @ik, FHY colum
chromatographyof ] 2] L3428 VA E 7 PAHS Z2]of Y 9
e Uk E colum® HWL 7 FIFAI A4 o3
24 AdAstE=R, 2ledAME AAAT vEFF Y. o7,
T 23 column chromatographyof A4 +, Z} PAHZ} >{28 #x %2 -
Mof 23t EEH7 Ao, T Ex FAYT TAHEY PAHE
+ ME S¥HA FE2¥c. ot 2 PAHE Z7] £2]3% 3
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St rap st 3 gol AMopst e, UHE HEgE wol#
W PAHS] X Te|7t g¥HNA Ho AHo AT, uwhelA, VA
column chromatographyt: 23, PAHEZ t}& 242z £
5F7] 2| ¥t clean—up2 2 A o] &5 3 9rt}.

Ty, TERENS EFRE MR A 23 VRE BE,
Y & AT oBE MAZ YT VY, FEHFNHVAAMT
g o] Act, uf-2of column chromatography® £ 2% = 2 fract-
iong o] MUFH Jv THUY PAHE, 538 F+u323: £
FEE G FH(peakgo|Y)ste W2 dTHLE + LA E
387 Aok, welM, oY LxE; FFeX I Fol7] HI o
base linejo| o] &5 3 g}, X, ¢FFTFEYL EXFEH
of u]3Fo PAHEZ Ao S Fx7F VA3 3, HAEHNHE ¥
¥ 3th, 2L}, BaPE 3 Zpeak® A Y 744, column chromato-
graphyoj #] 24} BaPg}l E4jof £23%+ benzo(k)fluorantheneo]
Bl H 2 + 8 2xF VLA P €A Qrh. of 24 E, UK
o PAHZAZ2 +4 Y3lg wlAY & 3+ narrow base line
e o] & E A Bt o] 8 ¥ BaPg} benzo(k)fluoran-
thene &3} 2o t]slod s, exitation spectrum-g o] 83+ 3 ¥

PAHS F ol daia oy, & @FodME= FESHA] X3 A.

~ qFgME, REFFRLE BEH R {F7)FE silica
gel column chromatography® -#H3t F M 7173 Tol ol &H T
9l =, 22 1x4 thin-layer chromatography—F #F3H ZFF 5 8oy
HESIen, EYZEFEYN 2T BaP] Yol narrow
base line'j & o] 838} 9t}l. Table 1llo] A 7|24 Yol 23t} §7%

® BaP3| 48 & LbEFulgith.
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Table 11. Recovery of benzo(a)pyrene(BaP) from air—suspended
particulates by the present method.
BaP analysed(ng) Recovery of BaP
Sample —— e
. B—-A
Particulates A + 200ng of Bap B—-A —— X 100
(A) (B) (ng) 200 (%)
1 122 329 198 99.0
2 68 264 196 98.0
3 62 260 198 99.0
4 88 287 199 939. 5
5 81 280 199 99.5
6 74 273 199 9G.5
7 198 392 194 37.0
8 298 504 206 103.0
g 118 323 205 102.5
10 370 571 201 100.5
Mean 99.8
S.D. XX 1.75

X Two samples were obtained by cutting out with a belt punch

KX

(47mm in diameter) a neigh-bouring portion of glass fiber
filter(20X25cm) collceted air—-suspended particulates. One
of the two samples was used as sample A. Sample B was ob-
tained by adsorbing uniformly 200ng of BaP on the another
sample.

S.D. Standard Deviation

=A4 1.75%% I HAYg 1}
Jgkol, M de o] §HT AFHY PAHTHYYLRE
TR FTEAET FEZE o8 15 AN chromatography(HPIC
)7F k. o] 24 AHATLR Y 1A YR ¥ 2y
Hoew AZTAEI o9 AVAE X3, % PAHY rou-
tineZ 48| & o/l & R2ZE AYHL, BroiMe o H
E ©AZol.
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Table 12+ 2+ QoM 242 AR ¥ 42 M, A7) 8432
Doegre 23932 E2EE B3 Y¥o, 2 skiho] PAHE sp-
ike3ty, FAIE €4, PSS 4 A E VEEE Hojrt.

BaP & H] 3 PAH 10& = of tjsto] 3] 4% 99.2~107%, W EA

2 2.0~5,9%3F 8|34 ¥ AMHMo Lheruf oct.

Table 12. Recovery of polynuclear aromatic hydrocarbons

from the extract of particulates.

Compound Recovery X C.V Xxx
(%)
Fluoranthene 103 4.9
Pyrene 102 3.9
Chrysene 101 4.0
Benzo(e)pyrene 107 3.7
Perylene 103 2.9
Benzo(k)fluoranthene 102 5.9
Benzo(a)pyrene 93,2 5.0
Benzo(ghi )perylene 103 3.9
Indedo(1, 2, 3—cd)pyrene 102 2.0
Coronene 100 5.0

X Average of 19 runs

Xk C.V. : coefficient of variation(%)

Table 132 94, U729 ENATE B3 o, 7] HPIC
Hal 22 124  thin-layer chromatography—-+ 23 ZFx P e
Aoty 24Xt HAN s £ A E EAHT AoT.

Tableof v}efyr ulo} o] T NYWS, pyrene, chrysene,
perylene, BaP, benzo(ghi)perylene? 57 PAHS 7} S.ofA, ¥ E=
HRBAL 0.989 ~1.0000) o] 2= PITY ABHE Lperifo], o
AN ARsttelr T A3 43T ¥ I2PEY U
2] s =& AlASHATE



Table 13. Correlation between the determined values by the

proposed method and the conventional method.

Compound Equation of regression line Correlation
coefficient
Pyrene y ¥ =1.08 X % - 39.5 0.999
Chrysene y =1.06 X + 0.199 1.00
Perylene y = 0.950 X + 1.99 0.999
Benzo(a)perylene y =1.02 X + (0.286 1.00

Benzo(ghi)perylene y = 0.938 X + 4,89 0.989
X vy : determined value by HPIC
*xk X : determined value by the conventional method

one—dimensional dual band thin—layer chroma-—
tography/spectrofluorometry.

Tutoff, tfrjA R Y%+ gas chromatography® -22|st&
ME 83Uk, - A rofjx+ thin-layer chromatography® =
BaF 9} benzo(e)pyrene3 2| ol Mt Aol U PAHS A X
2|7t 29 ojrojx A ggon, FFHUFIEYA A4 P2
ZEZ F8Y FER QX3 BOEA QAT fEf BGA
2249 routine M2 VU AZTME HYshx EF3gc.
2 &0} tfL3 = capillary column® %% 2 3 PAHY ¥&|7}
Gt e, B APL4H4 AL &2 JFE Ex FEF5
VA3 ALY, 2FAME B3] capillary—gas chromato’
YEUYOOMS) & FB2YY chAss A 4840 IAYE
of doj, F%F VYA R PAHUIH -2 24P s Y o &4
2t AATEITH AN E A&t o] MEE YW At I
EE A drt.
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Fig,

Nitros} WY FTHIL 24 AT YE

]-aminopyrene 9 3-aminofluoranthene?] I & 9 Xjchromatography

Fig. 24 9 Fig. 250}, 77| l-aminopyrene % 3-aminofluora-

ntheneg] 3290 t}= PAHE 2&x 2 F&AL, Y exitation/e

mission u}# e 2 243 HPIC chromatogram®] 7 3 & tfsruj At

coexistent compound

(benm (ajpyrene ]

coronene
3-nitrofluoranthene

I———-——————————L—-—__—.__

0 10 20
TIME, min
24 HPLC chromatogram of a 1-Nitropy-

rene standard sample after treatment with a
reducing agent to convert nitro-PAH to a-
mino-PAH. Chromatographic conditions:
Zorbax, ODS column, 65 : 35 (v/v) acetonit-
rile-water (pH 8), flow rate 1.0m//min
Fluorescence Detector::---- excitation 3635nm,
emission 430nm

|

“{:‘;:‘.Z'E‘. i’:,'.-'.;‘i')‘ '

coroaene
1-nitropyrens

RELATIVE FLUORESCENCE INTENSITY

m

0 10 2
TIME, mis

Fig, 25 HPLC chromatogram of a 3-Nitrofluo-

ranthene standard after treatment with a
reducing agent to convert nitro-PAH to
amino-PAH. Chromatographic conditions:
Zorbax ODS column. 65 : 35 (v/v) acetonit-
rile-water (pH 8). flow rate 1.0m//min

Fluorescence Detector excitation 415nm,
emission 518 nm

Fig. 259 7}# &£ peak”} 3-aminofluorantheneo]t}. o]

CEL LT PENELE

l-aminopyrene ®] peak”} ©1 %4 8} of L}E}

uboglalet, Al Y HER PeElEH o, BIANIEFTA W

o5 o] 9+ 3-aminofluoranthened HE75 I Ao Z heEhiiH,

L

Fig. 240f X} ? l-aminopyrene?] ¥4} 2 713} o4 - 3-amino-

fluorantheneo] v} * 42| PAH

nel] peak?}t N HIR| g

ol A

%} 3} % 2] peak l—aminopyre-

relgglers & 2H2solA

]-aminopyrene?] 24 M o] 5% & A AUy, uwretM FHF

nitros} 8l 2o amino3}7t 3lit2] 7 Estepo T A F 43T},



TG F nitro ¥} F o amino¥t T H

47) 48
nitroft ¥ 2o BHY L, ofA-gBUE G ofol-giH &
49,50)
o] B uyo] AutHo|aju, HI v W ALEBAGEE-

Hola& & ol &3t B E A%t F, THYAME 28
%iﬂ'LPE%“‘éi_}?ﬂIZ%Oﬂ o] 3} oy l-nitropyrene® l-aminopyrene
o7 RHUAxIIND, BHNZSES HEort. Table 140} benzo(a)-
pyrene, coronene, J3-nitrofluoranthene-=23%tofja, l-nitropy-—
rene(A 35X HAF level)of, =435 ALIEE 78mg(2m mol)- ¢
31425 0.16mg(1l.2/mol) & H BRI HL9 7o VHEFE X
] &} of c},

Table 14. Yields of l-Amonopyrene from 1-Nitropyrene in
standard solution with the BaBH —CuCl system
(coexist compound : benzo(a)pyrene, coronene,

3—nitro fluoranthene)

NHg

NaBH,-CuCl, OO
————
inMeOH-H.0 O‘
(1:1)

quantity of l1-Nitropyrene l—-Aminopyrene yield of reduction

(Jg) determined( X g) product (%)
0.20 0.21 105
0.40 .43 108
0.80 0.82 103
1.00 1.06 106
1.06 1.63 102
3.00 2.99 100
4.00 4,20 105
6.00 5.80 97
8.00 7.3 9]
12.00 10.2 85
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Table 1404 & 2 9 Eo|, l-nitropyrene®] Htj3o] Bl g
CEZA A, BHEY Mt 4T FHHAY, 4AM48 ¥
2A 2o Me l-nitropyrenel] ¢ S5XVgBEE B3t E X ¥
A2 528 te¥dE A4St gt

£, 479 w29 M, l-nitropyreneg ¥ H¥ A T E, HPIC
of] ZUH YT VFIFEVHE plot JFFH(Fig. 26)9 F
NP3 5¥, AP F2 1l-nitropyrene® F31 & HESH AT
Fig. 27of thep'@ upsp o], 0~60nge] g3 vfofA 2] l-aminopy-
rene®| PYYZ eGPl A& HIY #+ k. oYY A4HE
=0, ¥FAHEZF2 l-nitropyrened] Y Foj A7 BHUYE
14544 + A&l AAHAY.

ric
PN

s

0

G

°

INTEGRATED VALUE OF RELATIVE FLiMFESCEHCE INTENSITY

INTEGRATED VALUE OF RELATIVE FLUORESCENCE INTENSITY

¢ I 2 H L 50 bl
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L

10 F - i &0 5 80 x s - -
SPIKED AMOUNTS OF 1-AMINOPYRENE, ag Flg‘ff 4 Calibration curve of 1-Nitropyrene
_ _ ' alter treatment with a reducing agent to
Fig, 26  Calibration curve of 1-Aminopyrene. convert nitro-PAH to amino-PAH. EChm.

Chromatographic conditions as in Fig. 24 matographic conditions as in Fig. 24

AAAE A H7ht 2 3+&

7l FERLE 2y R2ET A7 EANRIGT)A JTH
l-nitropyreneg ¥7}3t ¥, A AW E HAXY ZHAF Tab-
le 150f vbepuoict. BH L& Twistol, l-nitropyrene? ben-

zene £ 8 AL BEMe|T A& 7222 T B, BEHFEFD



Table 15. Recovery of 1—-Nitropyrene through the whole
Procedure in spiked samples

-
| 1-Nitropyrene | Recovery(¥%)

|  1-Nitropyrene(ng/JN 1)

sample pb——r—vvp---—r— o Determined | Added to Air-
| Original | Added | Total | (ng/JF 1) | borne Partic—
| : | | | ulate extract

B e e e N A —
0.28 90

; 83
0.98 | 112

| 110
100%& vheEfLfei, l-nitropyreneof #3r I, S3] PRI WA R
ATk, 2EFy Fgo % YR FEFT F Y l-nitropyrenel
228 go] thstol s, benzene—ethanol(4:1,v/v)E 302 233
2o TAE thA benzeneF d GwlE AR ZF3 THG R,
sdTH2PstA M HEHA dydvct. wekM, benzene-ethanol
(4:1, v/v) 30278 ZEFutRFEof &3te, £ +HITHA 2T
FERHAME FTF FE0] o] FojH Fol AAH YT

7R FETL2RE 22T FIEARA dAotel, 47 24
z

£ HPLC chromatogram- 2t ®3%F & amino ¥} 3}

=% 3 Fig. 280} vr}pEpL] T},

1-Aminopyrene 3-Aminofluoranthene 6-Aminobenzo (a]pyrene

(3&?.430)

e

e B BEEEEHEETENNSNE———..
10 20 10 20 20 30

('415.513}

RELATIVE FLUORESCENCE INTENSITY

Fig, 28. HPLC chromatograms of ambient airborne particulate extract samples
after treatment with reducing agents to convert nitro-PAH to amino-PAH

at wavelengths selected for optimun analysis. Chromatographic condi-

tions: Zorbax ODS coloumn, 65 : 35 (v/v) acetonitrile-water (pH 8). flow
rate 1.0mZ/min. The time scale in minutes and the fluoresence wave-

lengths (excitation in nm, emission in nm) used are shown for each
chromatogram.

59



Fig. 283 €], l-aminopyrene 1Y 6-aminobenzo(a)pyrene of
M, 8 AUYEHE LelE YHI I peak?] HElE TH
¥ U AAT geoiAM, HEol FolY¥E AANZ Q. X
3-aminofluorantheneo} tsjxM & tt52 PUof 23t T EHY
of AT BHFE VY R2E AAHAY.

i) B3T3 Y& (HF3] l-animopyrene) of 2] 3t ¥t =r),
ii) 3-snimofluoranthene =} 2 & %47 =&r}.(l-animopy—

rene?| 32u})
iii) ¥ A A F% 3-nitrofluoranthene ¥ .8-3o] l-nitropyrene
5 of u3to 53] Y},

wret M, BPAEZF 8 3-nitrofluoranthene?] 24, FHof 2
MM 2F FER AS%o FEY WY AYE 43 .
+ HYAM FEF 72427858 l-nitropyrene, pyrene,

benzo(a)pyrenex 5 -5 Table 160} I A] 5} 9 t}.

Table 16. 1-Nitropyrene, Pyrene, Benzo(a)pyrene

contents of airborne particulate samples

Content (ng/mg.dust)

Sample
l-nitropyrene pyrene benzo(a)pyrene
a 2.0 — 68,9
b 1.4 - 69.6 54.0
C 0.8 89.5 43.5
d 1.7 69. 1 38.8
48 512’

of A+, 7 FH T sty £3JF 22 2 5388 %9

oj ¢ § 45t g,



AR o ®, nitrogPFesaL {YEY TYHol+s FI(+2
dol &3t 2vT)) BOD(RAEYYFE), FID(Lol £WEY) E:
MS(H A3 AYGEATA) . NICIMS(§ ol &322 ol &34 24 4) 5
S ZRAAHWo T ¥ gag chromatography(2 3 Splitless capil-
lary gas chromatography) & o] &% ®gnlo] A4 HI Urk. 2¥
L}, nitro #YFS 9HoE g¢H (LTSt R, o pro-
cessH T 33t gas chromatographyof o] 23t 242 Ajc3t ¢ x)
8 FETAZ wo] vhEld L7 gdrt. ulelA, gas chromato-
graphy-g o &8tA QY X, NI E HP AIFTHRRA EYstt B
AR o S zofiA 24, 433U FLUAE o St
linked scan® o]t} %} Hprob T RS Y YR Gz o] man »
H2E AEZHI o, Ing® 82 nitropyrenel] HEo] R I¥2Y
Atk T, ojHF EHYE FUY AHdo] A, R4
T Y7l ew 4% FWeltt. A FEEAY A F HA
2 BA4Yolrt.

R EX P

1

>

|23, A Z & nitrod¥FHYFe] FAH(LT
=T ¥ iR +z8 23 M) e HANAM HAT HAY
-2l THI g AT HPICY R YR+ fu F2 AR A
k. ol FHAAM, HPLCY HFIXEF TH+TLE,
nitro WA HYEE aminoUYEFE HWEsto] ¥PehE Gibsond
& ol §otoy, tr| B P AR HEE AE, Fuigde HI3E €
A tt.

£, A7l 5FE+H5Y l-nitropyrene £ 32, benzo(a)py-
reneP 2] 40~502] 1@ Eol}, FUWoHBAHZS U 40P X

of @3t 23X 5o do, ¥F HI2F TV FE routinel ¢!
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FAE Basted d Aojry. FeRE £y FTAA Hol, vh¥d
BEURSLET 2 AL FYE FA4AT, 3T benzo(a)py-
rene, pyrene, perylene 4 fluorantheneX o] tj¥ sl 3z et A o
7t A3 VEete, Y Y FnitroZ Y go] Y
1335 8,59930&}31 ol b

T Enitro® Y F L THE QUL HY, Y¢S, B U
AZolm, B} 2HHA Yo Ao A4 EL FAHNR U
wHY 2 AE AT} Ay, uwpetM, PR JFnitrof YR
wF o8 I oM tixste, FHE 2 W] 4 F ¥AH
th. dE 8 MUFT+e0l 2 submicronQy A F 8] nitro3} 3 &
o] Folvk, o2} UM HA4HEF— LY FHYE—0
ol ¥t nitroXPF2 X & FHNT FFAE FujPolw 2
UG A4 FHY PEE I3 T FAT FaT S
X A" Ao F o FRr.

AT Fadw % o242 5%

G728 #HYzPE e A2 28 AR FTEHIE

gue vk YHY Y

Y Bat dc
FATHAAATY 4 AU LYFE 22T AYLE o] F
A3t Fig, 29 W Fig 303 zhol.
2734713 Pb, Mn, Zn, Co, V52 SE& 2376l ¥ 2357 of
£ uhebsch. Pbel Ae wEV ¥e 2&AE A 47 3

2 oww o azvjol: ole wA ueych. FHE, PYE Y 1T F
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molx] ofL] ™ ALx Mot} o] EL AN, FHToAM FY 2 AR Y
o Rg whotst: AL uje AW AR oo B JxY Pz A
Wz o] 4y ofHojct.

VAR EY ARG A2zl AT A VAT 2 M PO(P)L
1.50g/m 37449 o]3t2 Fof glon 3AY HWFAs BHPEE 2
st glE 2 glgdout 244 WA M 1.5Xg/mE 2AY A
= F3E 53, +E 33, ¥y, YojolH ZZ 133 hebba v
upeb M, olof ThY FH7 WD chMo] A5 AL A% ook szt
2 &t}

JAE THG}E HEZ 2073058 A E o 24 B FofA 50T
NO3, NHz 52| o] &4 2 & 1o o] HAofa apH o o
22 A EHolek AAEW, FLe MY A Y AHF Lo
L i xjo] Rojet: A¥o] =3, uwetM o] F o] LM R XEE
botE R TrledriMe FrProhE WojM I3 F 4shc.

JAAZUE o] A L5 AYHRET L Fig. 31~Fig. 359 At}

WA GO FEE F7of £33, strlo] Y& AYNZE ey
gloth, ojei¥ AYHEL Uit &3 Pato].2of usto] FAo| Lo
= b, 3 o EMe] dAo)ed MEFREFT 0.6~1.8Vg/m
ey wlsto] ALHE 2.13~7.620g/m e A Aol uwa} 3.4%]of 4
9.5u) 742} AYAE vhebujgch, WAoo FeE Y YE BE
T UERR o F o} 5.82~7.37TH¥g/m32 R A Aot Jaol o w3}
of nj$ Mo, 7Y & AHYY A EHo] 8.09~13.86/g/mE Lte}
ol, AYHA Ha=Ex B g & £ dvh. T, Fito] e o
B3 Mol ¥ ALH %ol L & FYALET ety F o
B2e SgHolE 10.11020.81 0 g/md0] glom, Agre $UE
12.73~27.19 M g/ & L}EbLj g},
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Fig.31. Monthly variation of chloride, nitrate end sulfate ion
concentration at EKwangam—ri.
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Fig.32. Monthly variation of chloride, nitrate and sulfate ion
concentration at Kuro—dong.
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Fig. 33. Monthly variation of chloride, nitrate and sulfate ion
concentration at Kwanghwamoon.

Fig.34. Monthly variation of chloride, nitrate and sulfate ion
concentration at Pangi—dong.
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Fig.35. Monthly variation of chloride, nitrate and sulfate ion
concentration at Hannam—dong.
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Fig. 36. Diurnal variaton of total suspendid particulate
concentration in ambient air at Kwanghwamoon.
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Fig. 37. Diurnal variaton of lLead contents in ambinent
air at Kwanghwamoon.
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Fig. 38. Diurnal variaton of nitrate contents in ambient

air at Kwanghwamoon.
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Pb 552 WEAS-T ofFHo 37.8%2 7% 32, AFHo
31.9%¥E 73 Rof TSP+ HWr) 2] patterng ihepufglom, VEF
X TSP Bty & R R ipEliitt.

Aitol2 55 BREAST Jh&o] 68.1%, o Fo] 43.5%, 7 g o
34.1%3 AQT 93 A T - 2 Aol 7k s, tEd AW

+7

3Xg/m> 9.50+3.24 M g/m 2% w43 Azol

L . |

a:
o] u]dho] o BEHE 6.70+33.2Mg/mP 23 tA gort.

THEA FYel 27 A g 4 AT H2ASLE T A9
Table 17 0] t}.

Z3tEol TSPo} Pbaoloji At A4L 0.8oj4to R & ATHE
Lhebd wbm Zobz)of ik 0.43843 5% S0 AT ojAM ABAME ety g
3, TSP9} Fe Aol ol Wrjy = Hato® vpebil, ol& w2 Y
AU FoA 24 s p¥oltt. FHTolME Nz 4R, Z
4 Bt = Trof Aol @A Ao, FIelojMqd = Pb, Cu g
2 Znd chEAR zbolojM A@Ao] el At

® shube) Sx 4 BYe, daeleHd vhE YA 4T
Atk FETL IE YEAITOl 42Ye] oo ustol, Zd of
e AL gl ez vetynh. ok AZAN AY2H 294¥
2xo EYSol wpE oAU AP 2HY).
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Heavy metal

Water solu-

ble mattexr

Table 17.
(Kwanghwamoon/Kwangam-ri)
TSP Pb Fe Mn.
TSP 0.4384% 0.8807" 0.5777
Pb  0.8029"" 0.3003  0.1040
Fe 0.6846™ 0.5819™" 0.6478""
Mn 0.5183" 0.5960™ 0.6874™"
cd  0.7716™ 0.8733* 0.5461™ 0.5109™
Ni -0.0145 0.2183 0.0840 0.2380
Cu 0.751™ 0.8162"" 0.6741"" 0.7403**
Co 0.56777 0.5048™ 0.4049* 0.3914"
Zn  0.3383 0.2944 0.4451* 0.5554**
V  0.8684" 0.8538* 0.4863* 0.5362*"
Cl™ 0.7987" 0.7206™ 0.6583** 0.5087*
NO3- 0.5567" 0.6577" 0.3972  0.4488"
2~ 0.6210™ 0.4861 0.5366" 0.3682

*P<0.05,

**P<0.01

Ni

0.8835""
0.4820""
0.8108"*
0.5896""
0.8872""

0.5597™
0.3422

Cu Co Zn

-0.3400  0.8820** 0.5315* 0.9293** 0.1706 0.6751™* 0.5452**

-0.1986 0.3582 0.0777

-0.2038  0.8540™" 0.2682
-0.1018  0.5836™ 0.2037

-0.3405 0.7014™ 0.4819™*

Correlation coefficients between Heavy metal compounds and water soluble matters.

VvV Cl™ NO3™ S04

* *
0.3971° 0.3745" .3398 0.2723

0.7809™* 0.0951 0.5230** 0.4610"
0.5421" 0.0194 0.2536 0.0941
0.8261°" 0.2606 0.6474"* 0.4663"

-0.3850%  0.8046™" 0.3667° 0.8834™ 0.1194 0.6387** 0.4430*
-0.1114 -0.4129" -0.4870"-0.0585 -0.2009 —0.2408

0.6132™ 0.3402
0.3548 0.2905

0.7219™ 0.4951* 0.4905"
0.7569" 0.4311% 0.2950

0.7310* 0.2940 0.1299
0.4096  0.570™ 0.2303

0.8310™ 0.0989 0.6746™ 0.4776*
0.88967-0.0647 0.2900 0.2597
0.0428 0.6082™" 0.4961*

0.8024™" 0.2565 0.139

0.7732** 0.6360"* 0.7978""
0.3299 0.4948* 0.0973
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