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Abstract

The contents of benzo(a)pyrene (Bap.), Pyrene(Py) and Perylene(Pery) were

determined by one—dimensional dual band thinlayer chromatogragphy and
spectrofluorophotometer in soil samples from road at 36 places of Ulsan and 6
places of Seoul from April to May, 1984. The contents were as follows:

Pery. 0.94—2.15 pg/g; mean 1.18 ug/g
2. Commercial area in Seoul:

Bap. 0.35—1.01 ug/g; mean 0.74 ug/g

Py. 9.73—24.444g/g; mean 18.64 ug/g

Peay. 1.47—2.24pg/g; mean 1.87 ug/g

1. Ulsan city :

Bap. 0.05—3.664g/g; mean 1.07 ug/g
Py. 0.60—11.01 zg/g; mean 4.34 ug/g
Pery. 0.94—5.48 ug/g; mean 1.83 ug/g
1) Industrial area:

Bap. 0.03 —3.66ug/g; mean 5.28 ug/g

Py. 2.34—9.07 pg/g; mean 5.28 ug/g

Pery. 1.01—3.69 ug/g; mean 2.09 xg/g
2) Commercial area:

Bap. 0.15—2.27 pg/g: mean 0.29 ug/g

Py. 0.06—11.0 #g/g; mean 4.04 xg/g

Pery. 1.03—5.48 ug/g; mean 1.84 pg/g
3) Residential area:

Bap. 0.05—0.05 xg/g; mean 0.29 xg/g

Py. 1.34—5.53 ug/g; mean 2.74 ug/g
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3. The areas that had high contents of Benzo(a)
pyrene had also high contents of Pyrene and
Perylene.

4. The industrial area had the highest contents of
polynuclear aromatic hydrocarbons, followed by
commercial area and residential area.

5. The contents of Bap. and Pery. in the commercial
area were similar in Seoul and Ulsan, while the

content of Py. in Seoul was 4 times higher than
in Ulsan.
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of FAZUCY. ol REMLE(M, B, ¥
Sl k3] JAtE Kol HETsA E
o] £y EHES FHRAALY olFA HR
| TFEAE 2 £EMmi%e] i SFFHY
AQE PAHS 4#r-& Shabad”, Blumer®® £ oj
sl ojo] #EH vl UAAT o|F9 SR
fFol HEY BUk oy RIS = #
Bho] Qlrt.

A B AddAMe HHEEUL fBES T R
#sl 78 & e WMEIWETP2Z A one
dimensional dual band thin layer chromatogra-
phyE FlR3td KM THN THEEBEM7 B
sl e BRI S sl Tk, mE
Mg, FEMKCE Eoste] HRER, MEK
o] +who]l &HFEHo As benzo(a)pyrene
[BaP.] pyrene [Py], perylene[Pery.]& #4»#73}
Aot =3 Mg —HE St e #®
RE& A7lel old #ieste uvlolr).
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2.1. MEMH
(1) H¥E
» ¥ HE | Benzo(a) pyrene(Bap) @ 1)
FEZE (FRRR)
Perylene(Pery.) : Aldrich
chemical Co., Inc.
Pyrene(Py.) | f Y #1588 (454R)
« L - Ethanol : Merck (4% )
Benzene: Burdick & Jackson
Lab. Inc.(HPL C H)
cRER AFAZtEIYRE L 25%
Acetylated cellulose/Kieselguhr
plate, dual band type:FfIYtfE%E
(thin—layer chromatograph )
(2) W8 2 BE
» Spectrofluorophotometer RF 510;
Shimadzu Corporation, Japan.

» Brasonic 221 ; Smith Kline Co. U. S. A.

(2g0t2y  225W, uFa4+ 60
KHz)

* Mineralight lamp UVSL—25; Ultraviolet
products, Inc., (253.7mm) U.S.A.

22. RMH %

(1) 3¥te] R

FILHA 36MAT R AN 6@ £F
h, TRuigol HERBolA 1984F 4A%¥ 5
Arpoll —#f 87 2AgS REAA &REE
At

(2) PAHS #iH

LS HBE Alsieve)Z A 2 29
BEE BES oS FRES FEId g8 B
Hestel 500ml erlenmeyer flaskel] @1 of 7))
ethanol 2mf & pnsled RFAIZ & benzene 8mé
€ it &3 BaA7 os BEE &
EEBRAA K 304M RHE EB®RES &
OEEE(15m0) o] ¥ 3000rpm, 3027 QA
2e]¥ TLCHY BREo= 3dd.

(3) BRI

e +2] PAH= one dimensional dual
band thin layer chromatography & FIR 3 4
#3Aog.Y &, Kieselguhr G(4x20cn:A &)
9 acetylated cellulose(16 x20cn:BE)2 H
A& T.L.C. plated {FEHAT 90CoAAH 1B
T g EHAEAE, B8 m@Esd &
#HAlF k. T.L.C. plate ABdl #¥ e —TH
(1001 ¢)& Ztz} Bhigste] ether REEHEE A
ARE3 BRSO BER&MA REANEK AUA
th oz & 3B REF o BEEAM AW
A BRE3t etherg& EF 2 Buu &
B A ethanol —ether —water(4:4:1, v/v)
o RE®%oZ BELS 10mPF=7HA BEIA
7.

BB Tk BEL 7#¥ Bap. Pery. Py.
< UV lightg Mgiste BE¥HEN st
F—3 B AE HWHES scrapingslod, Hit
A7l AE EOSEE(Sn) Y Yx, DMSO
3l g ppdtd NEIVER 1490 AYRE B/E
B BAEREAA 304 RBEHE O HOOE
(3000rpm, 207f) ¥ EBE S BEKoE 53
t}. o|AL spectrofluorophotometer2 4] 7z}
PAH9| ?‘E—%'iﬂﬂﬁﬁ}i’dﬂk

(4) PAHY FE % &

PAH? F%E-& Bap. Pery. Pyo gy &
BES 2z TLCAY RBEAA Rf (&9
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m—e HESE Al oRAZ HEHEA
spectroflucrophotometer®  {#f3ld ztzte)

excitation spectrum, emission spectrum} &2
H#ste] Yt BaP. Pery. Py.o| ®&E2
HERVBEERBRSBEINEZ AEUI F
spectrofluorophotometer & ©¢]-£38}l Benzo(a)
pyrene& excitation spectrum 370nm, emission
spectrum 406.5nmd A, RIFESIT, Perylenel
Ex.spectrum 413nm, Em. spectrum 444.5nm,
Pyrene& Ex.spectrum 33%9nm, Em. spectrum
374nmoell A Y WEE RED BERS F
st @#w el Bap. Pery. Py.o] #EE &
Bl ksl K3tk

3. BHR Y EE

3.1. 1absh PAHS| A=

+REK 1g (A)ol Bap. E#E®E 3nf
(lpg/md)& tnsted RE(BYE TEI o)A E
LiHro s Sirsted ABRRAKS SBES
BE R BERE F L o RIS £
Py. Pery. & [A—% H¥EoZE P34t

ST - WY

# 1¢ Bap. Py. Pery. 9| £% [BURHE
RS2 HTRAT A BB 3EBzrsiM 7
st oo UK C.V. 32 BaP. o] £y &
Beo 3EBAA Tele™ EMKES] C. V.3
& BaP.o] 5 92.67% % 2.43%, Pery.o]
¥ 92.33%9} 2.13%, Py.o] ZF# 95.80%, ¢}
2.27% o] t}.

3.2. +&bch Bap. Pery. Py.2| &1

Bl e] RARHREUBFET 36iELe]  Bap.
Py. Pery. &8& MsFHHFIZ Tatslon, ©
B, ¥ T¥ iR BRUEKR, MEE,
Apt. 2% =3}

Bt E$9 Bap. €888 2W EFF
1.07pg/g 22 AY 3 A EME o
2.25nug /g 2 71 Fov Figfiv 1.81ng/g
olt}. Py.& 2@ EF9Fol A 2.97ug/g =
1 v P9 3AZe] 6.0lpg /g2 7HE
zou] Fiyo) 5.04pg /g oltt.

Pery.ol &< Bap.o] &Rt 9t
o Ef9Ze] 718 &4 velxtol.

e BaP £82 29 ®Hsln Anpvt
0.152g/g 2 713 ¥ BAfic 3dY <ol

al
ES

o

Table 1. Recovery of polynuclear aromatic hydrocarbons (PAH) from soil by present rﬁethod.

Measured Amount of soil and PAH Recovery of PAH
Compo- value Soil(g) PAH added PAH analysed B—-A B—-A mean C.V.(%)
nents (A (ug)(0) (ug) we) ¢ 1
Bap A 1 0 0.81
B-1 1 3 3.52 2.71 90.3
B-2 1 3 3.68 2.87 95.7 92.67 2.43
B-3 1 3 3.57 2.76 92.0
Py A 1 0 2.74
B—1 1 3 5.62 2.88 96.1
B—2 1 3 5.69 2.95 98.3 95.80 2.27
B—-3 1 3 5.53 2.79 93.0
Pery A 1 0 1.23
B-1 1 3 3.98 2.75 91.7
B—2 1 3 4.08 2.85 95.0 92.33 2.13
B—3 1 3 3.94 2.71 90.3

S.D.; standard deviation.
C.V.,; coefficient of variation.



=44 EANS S PAHYH 4+ 25

227ug/gol™ FiHy 087ug/geolth. HEHE
RupRhol ozl Axt7t Aete ababA C.V.zto)
Ay,

Py.2 "Higlm Am7 718 43 Fdg oyl
A7t 11.0ng/g 22 713 Eom FHy 4.04
#g/golth. Pery.& 1.03ug/go2 wHEY)
b @ ok A TY Ado] 71 =g

THE YA FEo A4 JeguE Ae xR

A& .0 3 o) BaP. Py.Pery.o 4828 1w
d WK el BaP.o] &80 035ug /go
744 @1 n 2] 101ug/g o2 7445},

Py && BY ANFEHIBYo 2797
ug/g2o2 713 Eo2 BaP.9] 48d H3
o 29w} i,

Pery.d] €88 29 REE7} 2.24ug/g o)
i, &METY 1.47ng /g, FHE7T 1.87Tug/g

#o] B7] ol BrEH]. E BaP.o| thated 2uj Ll o]t}

T¥Miso] Bap. 8BS 29 HUoE29 I A S e
°] 03rg/g 2 7IF¥YT  HHEERIEPIY o
3.66ug /g2 71% =1 F¥ 1.48ug /g o| o}
A7 = E&9 Az} 27 W o C.V.gho
At}

Py.olx 29 MoE4 @Ede] 2.82ug/g
2 MY $ 3 HEBIEMY 997ug/g 2
7H ok w9 £k L 540 g / g ©] 3 BaP.
B} 2l ko] =},

Pery. oA BWH H¥uolE%do 10lug/g
E 7VE 21 @R de] 3.69ug/g o2 7}
F ®ov F#HL 1.98ug /g olth.

FEiEnige] BaP.&&E BW A Xuigsgo
0.09¢g/g & 717 21 34E88do] 05
1g/g € 71} wov FHEES 0.29ug/g

AN N St o 0 SRR
X 0-0.3 £ 031~0.5 O05~10 4 1.0~2.0 ® 2.0~

Fig.1. Distribution of PAH contents in soil of
Ulsan city.
I8 19M= Bap.9] €8¢ 0~02ug/g,

o] t}, 0.2~05¢1g/g,05~1.0rg/8,1.0~20ug/g,
Table 2. PAH contents of Ulsan and Seoul.
contents N Min. Max. Mean S.D. C.V.
compo- (ng/8) (rg/e) (ug/g)
nents areas
Industrial 15 0.3 3.66 1.59 1.07 67.55
Commercial 15 0.15 2.27 0.87 0.71 82.64
Bap. Residential 6 0.05 0.50 0.29 0.16 56.55
All 36 0.05 3.66 1.07 0.96 90.19
Seoul 6 0.35 1.01 0.74 0.22 29.73
Industrial 15 2.34 9.97 5.28 2.52 47.90
Commercial 15 0.6 11.01 4.04 2.78 68.86
Py Residential 6 1.34 5.53 2.74 1.36 49.93
All 36 0.6 11.01 4.34 2.65 61.15
Seoul 6 9.73 27.93 18.64 6.06 32.52
Industrial 15 1.01 3.69 2.09 0.75 36.32
Commercial 15 1.03 5.48 1.84 1.16 63.53
Pary Residential 6 0.94 2.15 1.18 0.43 37.20
All 36 0.94 5.48 1.83 0.97 53.44
Seoul 6 147 2.24 1.87 0.27 14.71

S.D.; standard deviation.
C.V.; coefficient of variation.
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20ug/g o4 Zo| SEEHER Ura o)AHE
S #E Lol plotdt Ziolth oA L HW Hi
o] AIE MK Ak HEEE Ao SBHM
7V =A JeEld g S BT AR TEEH
ol 21FROERE Agr dolnsE 4
B2 Hi XHEC Be BHEKEE o
SES YA

X2 Fl phuR Mg iR ol
PAHY &8& #Frstdol. Hiltse &8
e 2d BaP.ol &0 UoiM T, wi,
FEHK ol By 1.59ug /g, 0.87ug/g, 0.29
ng/g 228 GveEldon £ THS 1.07
ng/golot

MTYY HEo katw +#ho] BaP.o) 4
Bofie KE(1973F)0] (1.19~4.93xg /g,
) 2.00pg/8) BHE(19734)(1.34 ~ 2.30
reg/g, T¥ 156pug/g), HFE(19734)7}
(0.053~0.22pg /g, ¥y 013ug/g)olch. A
EFEES o2 KRS Bl T 3D o
ol won, AEES FUI ¥ s
dtod HEE BIMEBEMmET e 4/HE U
23~ =0

Py.ol lolMe= 1%, B¥, EERo Ty
5.28ug/g, 404ng /g, 2.74pg /g, MK F
¥e 4.02ug/g, 92 BaP.o| sl 4f A
T ojr},

)
=

£5¥ - W3

Pery.odlxq = BaP.§ERt %23 Zou T
%, M, HEMRo £4£ 2.0%:g/g, 1.84
pg/golv 2tg £ 1.70ug /g o]t

B3> AR S ), WM, T £
MEHNZE HEAAM B+ BaP.o| 58S 5
g, RKME, By, ERRE BEBHEHERE &5
g zlojct. BaP.o] &8 & I ¥#hEo 713 2
I EEMel 1o eln HEMR 1Y B
o Lol 2 BEAEY v T
it H e BHBES BaP.o] i BT
Aoletal A7 FUvhEd HEEETEY
E IHFEsEZKo] gol d¥L nxE= "oz
AAR A oleF ETEPE —MBWoz T2
>HHE>EB IR IR o}

B 45 REHRIUEELS ®HEEE, MR, oty
EER Uyolr aFo BaP.9 £BS #
B Rl

B#EK o] BaP.9|
o o oRne FFHRAC
23 Azbg 4 9loh. MRl BaP.2l &l
Y =L AeE JeEged oA FIEL
SEEHREGhE 0] T¥EMR HEQ MRz An
EAREB66ng/g) FIUIHE(R29Tug/g)
9 F33EAHE(3.38ug/g) A REH AV
wf 2ol TiHolA BEH == EEME 4Kl A
GHE0 e Ao Az

GEL oludEMEY
BEhE ol BEsgas

Table 3. Bap. concentration in soils in residential, commercial and industrial areas.

Sampling area* N Min. Max. Mean. S.D. C.V.

(re/g) (ng/g) (eg/g) (%)
Residential 6 0.05 0.50 0.29 0.16 56.55
Commercial 15 0.15 2.27 0.87 0.71 82.64
Industrial 15 0.30 3.66 1.59 1.07 67.55
All 36 0.05 3.66 1.07 0.96 90.19

Table 4. BaP. concentrations in soils obtained from principal roads, side roads and parks.

Sampling area* N Min. Max. Mean. S.D. C.V.

(ng/g) (ng/g) (eg/g) (%)
Principal road 22 0.15 2.27 1.12 0.73 65.36
Side road 9 0.3 3.66 1.42 1.37 96.97
Park. & Apt. _J 0.05 0.4 0.25 0.14 58.80

S.D.; standard deviation.

C.V.; coefficient of variation.
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Table 5. Pyrene concentrations in soils in residential, commercial and industrial areas.

fic

5 1.18nug/g, 1.84ug/g,

Sampling area* N Min. Max. Mean. S.D. C.V.
(rg/g) (ng/g) (rg/8) (%)
Residential 6 1.34 5.53 2.74 1.36 49.95
Commercial 15 0.60 11.01 4.04 2.78 68.86
Industrial 15 2.34 9.97 5.28 2.52 47.90
All 36 0.60 11.01 4.34 2.65 61.15
Table 6. Pyrene concentrations in soils obtained from principal roads, side roads and park.
Sampling area* N Min. Max. Mean. S.D. C.V.
(zg/g) (eg/g) (rg/g) (%)
Principal road 22 0.6 11.01 4.37 2.30 52.65
Side road 9 0.98 9.97 5.06 3.35 66.30
Park. & Apt. 5 1.34 3.23 2.18 0.61 28.12
S.D.; standard deviation.
C.V.; coefficient of variation.
Table 7. Perylene concentrations in soils in residential, commercial and industrial areas.
Sampling area® N Min. Max. Mean. S.D. C.V.
(eg/g) (ng/g) (rg/g) (%)
Residential 6 0.94 2.15 1.18 0.43 37.20
Commercial 15 1.03 5.48 1.84 1.16 63.53
Industrial 15 1.01 3.69 2.09 0.75 36.32
All 36 0.94 5.48 1.83 0.97 53.44
Table 8. Perylence concentrations in soils obtained from principal roads, side roads and parks.
Sampling area* N Min. Max. Mean. S.D. C.V.
(rg/g) (rg/g) (rg/g) (%)
Principal road 22 1.03 5.48 1.94 0.99 51.49
Side road 9 1.01 3.69 1.20 0.95 79.25
Park. & Apt. 5 0.94 1.13 0.99 0.07 7.47

S.D.; standard deviation.
C.V.; coefficient of variation.
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209¢g/geol® Pery.= BaP.9} o] &E%
fi7d T3 > pa s > F g el Igol o

F82 Pery.o] 8L HERANE el d ZHol
ct. BaP.ote 22 BREER>MER>EFER
] JEoZ Jebyd.

Y 2% Eld Qe B THESEY +p
thol| Bap.—Py., Bap.—Pery.o] HRMERE B
Azt Zlol BaP.o]l &Rol #ste Py.ol &
Be #2687 Bdn whon MMGEI)
0908 =22 HEEGE ada 2.

BaP.—Pery.o| BRE 29 HMSKECL 0.93
2 HIEZ oAk dA MMtz Aok o
2 BaP.o| #H#4stE FolA Py. Pery.o] —%
3 RZ FHEIUD B 5 U

oY 39 FflT¥nike Lapbeh BaP.-
Pery.o] MHBBI&EE v MHEEGKHZ r=0.98
2A MHBEMFAE W 2 BaPort HFiEde
& uwal Pery.o] fFESlE HEE AY —
Ealvta BT}

BaP.—Py.o] M#E 29 HAMGEI r=
0.90= 2 HHERAR7T Aok oA BEhL IR
mel LREREe Ao S HEoler A
7} 5] o F o}

a¥ 4=. FlEEmE e +#) BaP.—Py.
BaP.—Pery.o] #HERBGRE Fr BEKelth

Gw XX X
Bap—Py
5 y=2.6085x + 0.3146
- (r=0.9094)
E
& 4
&
£,
S 3
H 03—
3 21
g / - Bap —Pery
© y=0.5818x + 1.2509
14 (r=0.9281)
] i 1 i I L 1 1 1 1 1
0 0.4 0.8 1.2 1.6 2.0 24
Contents of Bap. (ppm)
Fig. 2. Correlation between BaP. and Py., Bap.

and Pery. content in soil of the oil refinery

at Ulsan.

Contents of Pery. Py. (ppm)

A A = )

BaP.—Py.(r=0.76)3 BaP.—Pery.(r=0.63)
Bthes B =ot HBMKR7 Eotttn B
ot olg BfRIAM A3l & u £EH
< HHfel AY7tAR fFH T Az H
Fch

o8 59 A Epg¥iike] L+ BaP.—Py.
o] B@HE B9 BaP.2] &8 wz Py.o &

o] 25f&7F frfEske] MEBRERECT r=0.950]12
2 MHEBMGAECT Ao BzEo.

10.0 1
1 Bap—Py
80 - y=2.1255x + 2.2603
(r=0.9053)
6.0
4.0
Bap - Pery
y=0.0953x + 0.5557
2.0 (r=0.9891)
-l ©
A 1 L i 1 1
0 1.0 2.0 3.0 4.0 5.0 6.0

Contents of Bap. (ppm)
Fig. 3. Correlation between BaP. and Py., BaP. and
Pery. content in soil of the industrial area of

Ulsan.
5.0
E
(=}
5 4.0
£ Bap—Py
E a0 ¥=6.348x + 0.8973
- (r=0.760)
Q
2 X x
2 201 x 0
3
Bap—Pery
] o y=16764x + 0.938
1.0 ;) o o
° (r=0.62)
i 1 2 1 i i
0 0.1 0.2 0.3 04 0.5 0.6

Contents of Bap. (ppm)

Fig. 4. Correlation between BaP. and Py., BaP.

and Pery. content in soil of the residential

area at Ulsan.
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301

25 1

E
Ba -

& 20 =Py
& y=26.1642x — 023
} (r=0.95)
e 151
k]
‘2 Bap— Pery
2 107 y=1.1927x + 09871
3 (r=0.95)

51

o [«]
_—___Q__-————o———g—__—u—d__—_
0 02 04 06 0.8 10

Contents of Bap. (ppm)

Fig. 5. Correlation between BaP. and Py., BaP.
and Pery. content in soil of the central

area of Seoul.

BaP.—Pery.o BGE »9 HEREEZ r=
0.950] =2 MEGAEIT vt AdsEH,
o] ¥ MHHMMFER & u ASmEmEMES HY
ffol Aol R—3trt Yzt

V. #% &

FILTA 6@ A &R 6/ ithigol A
19844 4 %€l SHALolo LWHAKME HES)
o one—dimensional dual band thin—layer
chromatography, spectrofluorophotometer 2 4]
Benzo(a) Pyrene, Pyrene, Peryleneg| &8 &
AES KRB o374 2t

1. Ehlm BaP.o| &8 2 0.05~3.66 ng/g

oll, FiHEES 10.7 zg/g otk Py.
o] HEEe 06~11.01 pg/g o1, Fi

g2 434 pg/g ©ltl. Pery. & 0.94
~548ug/g, FHEES 1.83 ng/g°l
t}.

1) TEHu:

BaP.0.3~3.66 ug/g #9159 ng/g
Py. 2.34~9.97 ng/g F#5.28 ug/g
Pery.1.01~3.69 nug/g F#H2.09 ng/g

2) P
BaP.0.15~2.27 ng/g F#H0.87 ng/g
Py. 06~11.01 ng/g F#H4.04 ug/g
Pery.1.03~5.48 pug/g #7184 nug/g

3) (EEHhig
BaP.0.05~0.40 nzg/g 4#0.29 ng/g
Py. 1.34~553 ug/g FT¥42.74 nug/g
Pery0.94~2.15 ug/g F191.18 ng/g

. A SHEFEMIK S Benzo(a)pyrened & E
o] 0.35~1.01pug/golll, FHEES 0.
74 ng/golch. Pyrene 9.73~24.44 ug
/gelil ¥y 1.87 ug/g olth. Pery-
lene & 147~224pg/gol Fty 1.87u
g/golt

. BaP.2] Gfo] @& Fole Py.Pery.9
ERE ¥& Aoz Jegon, BaP.d
sl W g Fo HEST At

. 8 PAHO &8-S T ¥R, M

B, £EMEK IHel ZFEEel B HE
ol &80 ¥& Aoz Jewn.
A SR BlmmEEKe &8
HEEE 2d BaP.o] &S Eflol 1.2
¥l 1 Py.o] £88& Mo 4.6/ =
o™ Pery.o] 82 H 3o

$ £ x M
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