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A Study on the Variation of the Concentrations of
Carbon Species and B(a)P Associated in
Atmospheric Suspended Particles in

an Urban Area of Seoul
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*Dept. of Environmental science, Dong-Nam Health College

Dept. of Environmental Engineering, Kon-Kuk University

In order to investigate the behavior of particulate carbon and benzo(a
bient air, suspended particle matters were collected from April, 1990 to February,
carbon('TC), organic carbon{OC), elemental carbon(EC)
analyzer and a HPLC. The results were as follows! the average concentration of TC was
than 1 summer(36.8 ng/

and 1ts concentration
m*} and spring(28.9 n

sezsonal vanation of EC concentrations was larger than that of OC.

ABSTRACT

was higher in winter{45.4 pg/m*) and fall{44.3 ng/m*
g/m").

alpyrene(B(a)P)

The monthly concentration trends both of EC and OC was shnilar.
The average concentration of B

in the am-
1992, and total

and B(a)P were measured by an elemental

38,6 Hg/m'

but

()P was 2.2 ng/m", and was higher in winter(4.1 ng/m’) and fall3.2 ng/m*) than in spring(1.2 ng/m?

and summer(0.6 ng/m’

er. The correlation ¢

efficient(r) hetween EC and B(a)P was 0.71,

between OC and Bla)P was 0.66.

Keywords : Total carbx

m, Organic carbon, Elemental carbon, Benzo(a)pyrene

). The seasonal behavior of carbon and B(a)P was to similar except for summ-
and the correlation coefficient(r)
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Table 1. Analytical conditions of OC and EC
. Analyvtical conditions Table 2. CILCN TLO ratio as mobile phase
Division - -
OC EC Timetmin? CHCN/HOWG)

Analvsis Temp. A00°C 900"C 0 50
. . DI )

. Heated mert Heated activate = 80

Analysis current N - 30 100
e current He+O current X

40 100

Analysis time 5 min. 12 mumn. 50 50

Table 3.

IFluorescence wavelengths used for the detection

NO. PAIs Tiume(min) Aex(nm) Aem(nm) NIST
1 PHEN 9] 250 362 2497362
2 FI. 17 285 450 284/(425-475)
3 CHRY 22 263 360 2637360
| BlaP 32 2497 404 2977404
B} 1. P 38 239 496 2349/496
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A v Fo] BoAlglol| A o] 2Su} S| v BARCLY =2 368 pg/m'R FHYE|o] Aol u}
A 7F = og skl v gdv) T ywabo]zb mrepa] =] oF2 o i F-ME gl e
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I A1 3 D& tH(Table 4).
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pg/m's] FEg Wl A zg (12, 1, 2% 198.0 A 251-‘.—- ECoH OC7F i n|2=3) st ofat
pg/m’ 7HEA, 10, 1181 176.5 pg/m’, o #3436, & Rolir ol ot ECe) A5 AlX A wsle] %132
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Table 4. Concentration of TSP and TC, EC, OC and B{a)P in the ambient air

Season TSP(pug/m*) TClug/m™) EC(ng/m" OC(pg/m"H Bla)P(ng/m*)
Spring 262.7 +132.0 28.9t6.4 19.9£5.0 9.0+ 2.1 1.2-05
Summer 1)() t )h 9 36.8:19.7 26,7185 10,1416 0.6 0.3
Fall 176.5+59.4 44.3+13.0 30,9498 1354 4.0 3.2+24
Wirnter ]98.(li 30.6 45,41 5.2 34.31 3.6 11.2+1.7 4.111.0
M. 518.0 62.6 44.2 13.6 6.8
Mir. 79.0 22.4 13.2 7.1 0.3
Total Ave. 196.9 1 30.0 38.6 1 10.9 276185 10.9+2.9 22119

Korean Jowrnal of Environmental Health Society. Vol 23(4)



94 Kyung-Chull Whoang « al.

70

S ;
E 40

ol

2 50 N
=3

£ 40

S 30 S
S 20

2 N

S 10 == ]

0
90 5 7 9 11 81 3 5 7 9 11 92
a

Month
= OC e EC a TC
Fig. 1. Monthly variation of Carbon.
] R R I L
ghajub of ufe] Ap-eFul ik v A ) FE
'191 717kl zbet . 7L Qg AR AbsEd,
iC2) AR A wiE gl W Al o)l whit 2]

OH‘J’I-.‘:-_ FHA7E L& Bl e R

L TSP F TC7F A3l vl 3 19.6%
'S_H ‘V‘ E-o] 7] Aersolel T AL RS
O ghalal 4= qlgd e TSP & EC2} 0Ce| Ht §
8ol Thel 14.0% 9} 5.5% 2 vfepel EC7F OC B}
2ol AF Al ghvahis Ao Bha

} UL = 7 ] .Q. 0]:1]6]—L}

) O
s

1. BaP MR ST
7] o) zRAF 2] Bla)P A H2 Goulden 5
off o}gled whald-alor Wkl o] vighgdm) wie]

ool daliig) b edgre] oife]
o ghoh.

WA qef &t 7] Bla)P A2 #%e dhet
shol flsbe] 1ogeir mababedend Sd A
Table 4ol viebsdck,

Bla)P AF- x4 19914 8¥ell 0.3 ng/m™®] #|

KE LA hﬁ_ -yl 1190l 6.8 ng/m'*e) # vl
2.2 ng/meleick. o] k-

Uhebod o et
Al 2 717kl 5”'{] G HAeAe] 547
12.8 ng/mell ufal 4] diska] vhe- rxlo ho g o]
Birkenes'oll 4 & o'f] 2.3 ng/m'¥F njseat gholoh
A Ao = 9N E] o] sl 2%7bR] 2] FREAH

1

(3.2 ng/m* ¥} 4?;*5(4 1 ng/mYell 345 &3

b 3814E) Rel7be] ol sis B (1.2 ng/mY) T o5
]

(0.6 ng/m") 2] F4 2ol vldke] g1 A > Akl
% fralstd ovd AL of 540 Freabrt vl

.80t w)is AR 73

9} e H1§]‘ B(”l)l) o] il FFA ol el 4S8
oleRis ZleliA] 1 o] i 2D

o pE] Hhags| A

bousie els) e 2 %

A 1 8 U R s
; -

v $- 1 gk o) 9l & 2R A}

4. 12 MED B@P M2 STO| AT

Wk uhs) grel whi ¥ B)P 42 ol
-fv odsze] Babal gyl whsl i gle
w1 Abgebs) ol abelol meh 7)ol 4l o) e
s } chebad ¢ gleh.

oAlgleld FAE R AR BOsH

4=
=

dz

Fig. 24z

tEte] BlaP kool e s aks vl
RAl "'*°hﬂ LH RS °4i°1 AHg-abo] v

alofl 4] vl 221 4polol]
A}owl e g nalen] ALHOE AS §
A o owo & ek o] 9 4 ol g

ofl 4] o] % o] o) ek e AARHE

aﬂ%mn?+

()P A F-2 v

2 A ‘F’_ S Lo
ol sl it et peledel, ol7e WLL

34 elzel Apgek 7hael ZF-E bl 23 x|
s ol lofl of ol 5> /123w dabebel o] 3}
of Al Bl el 71she Qe
ql 7o whubulc)

27 W7 & e A8t Bl ¥ solel olu]
{ AHA7E Ealshial 1A atebusl Slstod
Pearson®] 15t AbabA| 5> ““1‘ R e I
(Correlation Analysis)-& A A8kdch

w4l ECSF BGa)P A Abofel kg A E4ell4
AR 07124 B Fe e
Holnl gleuliFig. 3). OCsH Ba)P A&7l v
0.665] A0l & wol Ml e Y (o] 4

Al - 1 > i - - M 3 %
AA 7L odis sl shebs|advhiig. 4). shxnE
45 — 7
& 40 o

6§ =
E a5 3
= 5 &
ER 53
Q L
g 4 =
R , 2
D oy 7S
g vE
S o et g
9 A5 K 7R Y2012 3 4K 6 /K 01011198 P
4 1 1
Month

A EC =--0C e - Babp

Fig. 2. Monthly variation of EC, OC and B(a)P.

Korean Journal of Environmental Health Society. Vol. 23(4)



A Study on the Variation of the Concentrations of Carbon Species and B(a)P Associated in... 95

0 o e
e Y=-2.4999+0.1653x (r=0.71) |
T °
= .
E i
C
=
5 4
IS
=
8 »
I
0
10 20 30 40 50 60 10

Cone. of EC(pg/m3)

Fig. 3. The correlation between EC and B(a)P.

Y=-2.4614-+0.4244x (r=0.66) |

Conec. of B(a)P(ng/n%)

Conc. of OC(pg/m?)
Fig. 4. The correlation between OC and B(a)P.

Fraslol AL WYL HelS AR TE
- o34 B(a)P A3 5 gekgeh o 4
WAFGE o FE Ao gibslol Al
apebe, $Huh7)Fe] alaby wha FEob Eow
Bla)P 44 o4 sismi viehrhs 22 5
Ht 5 olow] o] F T A BLrellis Fol7} P<y
00124 EAROR olvlol AHRAZL EAlghe)

A

o 7o) F A 7bel A GG FIAL Wo)
=] o

L gdss A2 s odge] w2k |41 Y
Axivks SAA wWESAE 7Ex a0 gla e

ghegol] vlMj]AbTell Eaks]o] gle
| F-A 7o) W] wWiEgl Ao g a}gxich

4. 3d E

AN 750 A v AAET BlaP 48 e
o wiy of 9 AFS s ghetslrl flsle
19908 497¥] 19924 29742 A-&4] Ao star
FelEr SAtoll 4] 518837 L34 (High Volume
Air Sampler Method) 2.2 33 {1z & U4
#49712F HPLCE #AH &S 23 o 22 4
£& At

1. TCEXY 4 38.6 uyg/m’ e & ¥4 vepyto
o 71*5‘:?(45.4 Hg/m*) ¥ 71EA(44.3 pg/mh el =
31 o] EA(36.8 ug/m*)IF BH(28.9 pg/m)ell G
AR Bage wold ol o1 ijolir A 9¥gron]
Ag ek 4 sl

L:‘?: ol,c!‘;.i O]A]—o =] zﬂi;g}‘!;
th ECS} OCHs Aol ube} 42 v)5gh W3k b4
& welzlak BCSl 9 A9 mshe] o) 2 yhwl
OC+ 1 .Eo] 2)e 74 o7 K ur] o 1ch,

2. TSP-& TC7F 228k 8% "4 19.6% 74
Fa o] dir)E A=k %649] 4"~9L T A
1& oF 4= gl e EC(14.0%)7}F OC(5.5% ) K.ct
2ue] b 2| dhahs e JF 2}y hl

3. Bla)P AE-& 22 ng/m*e] W FE RPL
o #57(6.8 ng/mA) et H# %] (0.3 ng/m’) ell+=
Abelsl A xS vtehodo) e Al o gl A8
(4.1 ng/m" ) 7F&H (3.2 ng/mMell E3 BH(1.2
ng/m")3 o1ZH (0.6 ng/mhell Y& FrE Hlo
2 ol - AR wlge] ek Al or stelw gle)

4. vba AR BGOP Q82 o E4-E& Yt
= AR AR AR i ofakhs Rolow
Arrke] Abbbd A ECSE BaP AR
0Cs} Bta)P A4¥-7 °l ARRAG=7F 22k 0.719 0.66

0 &yl e ALFEA] 2 Hod o},

=

1) Paul, F.:Primary and Secondary Particulate as
Particulate, JAPCA. 25, 699~704, 1975.

Cronn. D.R., Charlson, R.J.. Kmghts, R.L., Crit-
tenden. A.L. and Appel. B.R.: A Survey of the
Molecular Nature of Primary and Secondary
Components of Particles in Urban Air by High-
Resolution Mass Spectroscopy. Atmos. Environ.,
11, 929~937, 1977.

Cadle, S.H.. Groblicki, P.J. and Mulawa P.A.:
Problems m the Samphng and Analysis of Car-
bon Particulate. Atmos. Environ., 17, 593~600,
1983.

Bjorseth, A. and Lunde, G.:Long-Range Tran-
sport of Polycyclic Aromatic Hydrocarbons, At-
mos. knviron.. 13, 45~53, 1979.

Wolff, .T.. Stroup. C.M. and Stroup, D.P. : Par-
ticulate Carbon at Various Locations in the Un-
ited States, Particulate Carbon © Atmospheric
Life Cycle. Wolff, G.T. and Klimisch, R.L.(Eds),
Plenum Press. New York, 297~315, 1982.
Kobayashi, N.: Production of Respiratory Tract
Tumors in Hamsters by Benzo(a)pyrene, Gann,

2

~—

[o¥]

4

~—

o

6

=

Korean Journal of Environmental Health Society, Vol. 23(4)



96

B

bl

9

10)

1)

Kvung-Chull Whoang et al.

66, 311~315. 1977.

Golden, C. and Sawicki, E.: Determination of
Benzota)pvrene and  Other  Polynuclear  Aro-
matic Hydrocarbons in Airborne Particulate Ma-
terial by Ultrasome Eextraction and
Phase High Pressure Ligmd  Chromatography.
Anal. Letters. A11(12), 1051 ~ 1062, 1975.
Cadle, S.H. and Grobhicki, P.J. 0 An Evaluation of
Methods for the Determination of Organic and
Flemental Carbon i Particulate Samples. Par-
ticulate Carbon: Atmospheric Life Cycle, Wolff
G.T. and Khnusch R.L.(Lds),
NewYork, 89~109. 1482,

A sk oAl W) Al B vhshbak
Shabi el v Rl A REEA, 4

3]7], 1001), 5763, 1994,

Back Sung-ok @ Evaluation  of
Analvtical Methods for Determination of Po-

Reverse

Plenum  Press,

Sampling  and
lveyelic Aromatie Hydrocarbons in the Ambient
Atmospher, J. KAPRA, 7(1), 1+16. 1991,

R

VTR HE DRI, s I S

—
[\

16)

) Bruce AL

Fi, A, 1995.

Hayashi, H.. Inoue, Y. and Havasaka, T.:
Analysis of Particulate Carbon and Other Ele-
ments Using Elemental Analyzer, J. Japan Soc.
Air Pollut.. 20, 349361, 1985.

Goulden, F.oand Tipler, M. @ Experiments on the
Identification of 3.4-Benzopyrene in Domestic
Soot by Means of the Fluorescence Spectrum,
Br. J. Cancer., 3, 157 160, 1949.

Yamasaki. H., Tsupno, Y. and Kuwata, K. : Fac-
tor Analvsis on Pollution of Polycyelic Aromatic
Hydrocarbons in Ambient Air, J. Japan Soc. Air
Pollut., 19610, 300~ 307, 1983,

Glen  E.G. : Mobile
Sources of Atmospheric Polyeyelic Aromatic Hy -
drocarbons: A Roadway Tunnel Study. Environ.
Scr Technol.. 23, 1260-~1278. 1989,

Benner ], and

sgAad, s d ol R A EE Ele-
mental Carbon?b Benzota)pyreneg] #%5-off xHah

ol 199bntn gk IR Ehs] FA) s sl
AL 1005 118

Korcan Journal of Environmental Health Soctety. Vol 2300



