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This study was performed to figure out the characteristics of concentration and profile pattern of Unin-
tentional Persistent Organic Pollutants(UPOPs; PCDD/DFs, DLPCBs, HxCB) in the ambient air, atmospheric
deposition and soil in Ulsan area. The correlation among the concentration of the ambient UPOPS, depositing
velocity, flux and other meteorological factors was examined during the ambient process of the UPOPs. Fur-
thermore, deposition flux from the ambient to the surface was calculated to estimate the contribution of dep-
osition to soil pollution. The result shows that the annual deposition flux from the ambient to the soil in
Ulsan was 4.6 ng WHO-TEQ/m?/year, 3.3ng WHO-TEQ/m?/year and 0.2ng van Birgelenys-TEQ /m?/year,
respectively. The total amount of UPOPs fluxing into the ground from the ambient air was estimated as
10.9 g TEQ/year. In this study, deposition flux value of TEQ exceeds the European guideline or limit. The
profile patterns of UPOPs in the ambient-deposition-soil were similar. From the study, the importance of
the soil pollution by the deposition through the atmospheric process of pollutants exhausted from the

sources was proved.
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Fig. 1. Map showing sampling locations and windrose diagrams in Ulsan area, Korea (Industrial complex; 11~17: Urban;

U1~U8: Reference; R1~R2: Deposition & Air; D).
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Table 1. Classification of sampling site for soil, ambient air
and deposition

Groups Sample Siitnenll);laltl)legl Latitude Longitude
11 35 30' 15" 129 23' 12"
12 35 31' 46" 129 21' 51"
Industrial ' 13 35 30" 11" 129 23' 52"
Soil 14 35 31' 1" 129 23' 53"

complex
15 35 32' 2" 129 23' 23"
16 35 31' 7" 129 21' 33"
17 35 31' 17" 129 19' 55"
Ul 35 32' 47" 129 20' 33"
U2 35 32' 14" 129 18' 48"
U3 35 33' 33" 129 20' 6"
Urban . U4 3532 51"129 19' 33"
(residential  Soil . Coon
& traffic) Ub 35 31' 5" 129 20" 28

U6 35 31' 19" 129 19' 6"
u7 35 32' 33"129 21' 28"
U8 35 32' 14" 129 20' 28"

R1 35 34' 48" 129 18' 58"
35 33' 13"129 20' 29"

Reference  Soil

Ambient air and

.. D 35 30" 15" 129 23' 12"
Deposition

A NGl AA AAskAT
B NEe] 9 Fig 19 el 2496l

2003 380 FW 17) AGL AHFACH, Table
1] UE Az o] AEe wesjel 3 Ao

o2 FESIAT

WM S YAV 7S SAl 28] 9
Ble] fe) - A (Glass fiber filter; GFE 8x 10
inch, Wattman)®} Z2]-%) €& (Polyurethane foam,
PUF) Z&27} 2k 283 A1540%7](High volume
air sampler, DHA-1000s, SIBATA)S ARSIt Al
FAHE 9Isk] PUF| EPA-1613CSS(2,3,7,8[37Cl4]-
Tetrachlorodibenzo-p-dioxin; Wellington Laboratories,
Canada)2 2 ng2 PUF2] Athol] 43139t A 85213
£ 800 L/min F#o2 24X 7H5< T

7] & - 124 AFAEANFH A= AHNA Eol
150 cm, W73 49cmE zh= 95307 &= aE
-2 22 bulk deposition samplerS AR5

HAA 72 NFH717F St sampler WA ZF2] A
A5 A7) 98 32-2](Copper sulfate, Junsei,
Japan) 1M €9 20mLE A FYs9et =3 A
ZHol= sampler W A8 45 A8 Sl
tolgal Z2]Z(certificate analysis, Kanto)& 100-

= 215 il/ﬂ/\]e‘:_ n_fi_ﬂl/‘\l— 2 A
TE It YAV 78S A FESIT
EYNEE FZdA 2ecmx30cmx30cm= 1770
AHA AFH AT AHS AlEe A=olx Fdst
nom, AxH AlEe et &, 590 59 iE
AS AAT F 2mmAE o]&ste] A SHAT

22. & % MM

AHE W 22N FS] GFF= 712, AlZ 2+ 05
cm®] 7|2 AE F EFdFG oM E(Ultra residue
analysis, J.T. Baker)2 9:1 ¥]&2 200mLS ARE3}
o] 1677 &4 = silon, 7k24¢] PUFE of
AlE 300 mLg AREske] 16A17F 5t &4 FE3)
At

HAA = Glass microfibre filter(GF/C 47 mm®,
Whatman)g ©]-&3te] 845 YA FHHsl] &
3tk 783 AlEE EFAY oHEGDSE 33
ol FZ5 FoH, YA AlEe &7 200mL
2 167M7F Bt S48 FE8 sk

423} °J EYGAEE 20gS 5k EF4 200
mL(Ultra residue analysis, J.T. Baken)Z 16*7} &
& FAY FEIAT FEAEE IHAFTEEFT]
(Rotary evaporator, Eyelait, N-N&)S o]-&&}o] <F
10 mL7HA] §5-38l3itt.

7], ti7] 14 4 BEY ARY FEEIL n-
Hexane®2 &vj H¢ksie] PCDD/DFs Wi-#FE2
(EPA-1613LCS, Wellington Laboratories, Canada)}
DLPCBs %3552 (EC-4977, Cambridge Isotope
Laboratories, Inc., USA)YS zFz} 1ng Fske] A
& NEE i

= = 29l A F(Chlorobenzenes; CBs)e] Z$E n-
Hexane® 2 Z3gt FZ 8o YHEFEZ 6%
(MCBS, Wellington Laboratories, Canada)S 2ng 5
date] GAE A EE BTt

PCDD/DFs®] AA= ta A7 Z4HMult-
layer silica gel column: 70-230 mesh, 57, Merck)
o} &4 ¢Fvy Z-¥H(Activated alumina column:
70-230 mesh, =, Merck)S AME3te] A1t}
DLPCBs®] A= thE A7k Z3 (Multi-layer
silica gel column: 70-230 mesh, 543, Merck)AF&-3}
o] BAsIgleH, o] §&dE HF 50uLE T3t
48 Al52 3199t PCDD/DFs % DLPCBs®| A
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o that gAIeH U828 o)x9] =l YeRl AT,

CBs®| %= the Agl7Hd Z+ Multi-layer silica
gel column: 70-230 mesh, %73, Merck)2 AR5}
A F A% 50 uLZ FE3l] BAE NER B9
)26,

2.3 717|124 (HRGC/HRMS and HRGC/LRMS
quantitative analysis)

PCDD/DFs ¥ DLPCBsE #435}7] ¢lste] HP-
6890 ¥ 7I=a2vE2# 3 (High resolution
gas chromatography, HRGC)2} JMS 700D &3
5 ZHZE XA (High resolution mass spectrometry,
HRMS)°] HRGC/HRMSE AH&-3I3itt.

T, sCDD/DFsell thgh 2] ZH2 SP-2331 column
(60mx 025 mmx02umE A3 om, ANFEE
250°C2] injection temperatureol|A] splitless modeZ
F43kth. Column temperature program-2 100°C
(1 min)—20°C/min—200°C—2°C/min—250°C(29 min)
o2 MAETE Mass spectra®] ionization mode:
electron ionization(EI) mode$3- 2™, Ionization energy
= 38¢eV, Ion source temperature= 250°C, Resolu-
tion> >10,000014 Ae1& o] 27 =¥ (Selected ion
monitoring, SIM)S.2 #4181 tt. H,-OCC/DFse] 7
%+ HP5MS  column(30 m x 0.32 mm x 0.25 pm)E
AHE3IR o™, A8 = Injector temperature= 280°Cell
4] splitless mode®Z FY3FAth Column tempera-
ture program-= 150°C(1 min)—20°C/min—200°C—5
°C/min—300°C(4 min)°-= A3} Tl Mass spectra
9] ionization mode+ electron ionization(EI) mode
%o, Jonization energy= 38eV, Ion source tem-
perature= 280°C, Resolution> =10,00004 A&}
o] 27% (Selected ion monitoring, SIM)S &2 H-A5}
Aot AFAE FEFE(Calibration and verification
solutions CS0.5-CS5)2 EPA-1613CVS(Wellington La-
boratories, Canada)E AF&-5led Jtuk-g-7l4(Relative
response factor, RRF)H .2 A 351S]

@3l DLPCBs?] 7%= HT-8 column(50 m x 0.22
mm x 0.25 um)S ARSI, AlEE 270°CY] injec-
Tttt
Column temperature program= 90°C(1 min)—20
°C/min—170°C(4 min)—3.5°C/min—290°C(5
min)—5°C/min—320°C(0.71 min) 27 3t t}. Mass
spectra®] ionization mode:= electron ionization(EI)

tion temperature®ll 4] splitless modeZ

o3 -

mode$3 2.7, Ionization energy= 40eV, Ion source
temperature= 270°C, Resolutione >10,000014 A1
22 o] 271&H (Selected ion monitoring, SIM)S.Z
A5G A8 EFF(Calibration and verifi-
cation solutions CS0.2-CS5)2 EPA Method 1668A
CS(Wellington Laboratories, Canada)S ARg-3te] A
huk-3-Al<=(Relative response factor, RRF)HEo2Z A
ZFalsit.

I3l Chlorobenzenes(CBz)e] 7%+ HRGC/MSD
(SIMADZU GCMS-QP2010)2 AFE3IiT A& &
2z HP5MS column(30 m x 0.25 mm x 0.25 pm)
S ARgEIen, A 8E 250°Ce] injection tempera-
tureollA] splitless modeZ FU3F3c}h Column tem-
perature program<< 80°C(5 min)—5°C/min—120°C
—10°C/min—250°CZ A4 3} t}. Mass spectra®]
ionization mode+ electron ionization(EI) mode$i-2-
™, Jon source temperature= 200°Colx A&]& o]
£ 73%H (Selected ion monitoring, SIM)C & 22515
o}, A3A8 EFF(Calibration native chlorobenzene
solution/mixture, CBS; Wellington Laboratories,

Canada)E AR8-3slod g =atsiot.
=}

3. &zt ¢ n&

3.1. ti7| ¥ f7| EHA|ZR & UPOPsQ| 5E5+F

7] & PCDD/DFs?| % F=%& 2002 11¥2
6.9 pg/m®, 2003 3€-& 52pgmPoE YEton,
WHO.-TEQ(PCDD/DFs+DLPCBs)¢] =& 11€92
0.157 pg WHO4-TEQ/m®, 3€-2 0.085pg WHO,-
TEQm®?] 5% Yehigith

ol9} ke Ax= A 52002270 <Jsf 19994 3
2420000 190] 2ARE AR 9] =A] t)7] 5 3¢
BHo His® 4.58 pg/m®#H0.130 pg -TEQ/m®) 7+
SH9 1199 Hitsx 2.82 pg/m0.035pg I-TEQ/
miH s B A7Asrt B Aoyt &
Ak Lohmann and Jones(1998Y%] ¢Js] B ¥ A
A o2 o9y Yekse] At A3Ed vastd B
FEo = HrkE A

I LAx]de] PCDD/DFs?] HA&ET=
cm/secE LERNSITE
PCDD/DFs¢] 20024 11€9] t)7]
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ng/m%month(0.34 ng TEQ/m?/month)S YRSl o,
20034 3¥€9] ti7] AHEE2E 14 ng/m?/month(0.22
ng TEQ/m%month)Z A4 =T},

Table 201 YR 7He] ofg] TAIES} Hlwsld
o 47Zbgo] ®od 9lE Ehime(Japan)ehs B3 <=
w, F 292 Blosover(UK)Eh 1/28|1A %= Yo
, Bayreuth(FRG), Lamar(USA), George(USA)X.t}

=2 435 JeRiAh
ZEEAF(CBs)® 7] & FEe 2002¢ 119
CBsollE= 0.11 ngm*(@#H3; 0.01 ng/m®, 71224 0.11
ng/m®), 2003 399 CBs %+ 0.05 ng/m (P
0.014 ng/m®, 7F24F; 0.035 ng/m®)S VERNIT

ZZ2WAF(CBs) & HAFEFZ 29l (HxCB)2
2002 1129 7] 5 FEE 0.094 ngm3 (YA
0.003 ng/m®, 7k 0.091 ng/m®), 20033 3¥<] of
7] & FEE 0028 ngm*(QYAH; 0.0008 ng/m?, 7}
2245 0027 ng/m?)e YERATE 22y, S22
# % HxCB7} ZFA|sh= Bl 81-89%= AHAI5IA2

N DL

d

L1

2 97

), 7k22go] AujAQl AxE YERA AT

39, FR2aAF] 20029 11€9] th7] A=
2= 23858 ng/m¥month® UEPoH | o]% HxCB=
49.06 ng/m%month(4.91 pg TEQ/m%month)S L}ehH
At 28], 20039 3€9] SFE2HARFe] 7] HA
ZY2E= 1136.65 ng/m¥monthE VeI W o] =
HxCBE 965.62 ng/m*month(96.56 pg TEQ/m?month)
2 2=

o]&8 3= CBs9| Chemical-Physical property®
54 5 A94ast CBsoll Hlazste] 194-81¢] HxCBs
= W7 F 97 43 2HRAdel & Afo]l iR
AR T,

3.2. EY¥ & UPOPs?| 554

Fig. 20] X9E54 5% PCDD/DFs¢ 554 9
#5% % PCDD/DFs¢t DLPCBs®] WHO.,-TEQ ¥
=S et % % PCDD/DFs 5549
EEHYE 95~1200pg/e, dwoE H# 430 pg/

Table 2. Air concentration, deposition flux and the ratio of deposition flux to air concentration for PCDD/DFs

Air concentration 2.
deposition flux

Bulk (dry and wet)

Ratio of deposition

flux to air Reference

. 3
Location (pg/m?) (ng/m?Ar) concentration (cry/s)
PCDD/DFs TEQ PCDD/DFs TEQ PCDD/DFs TEQ Air Deposition
Ulsan, Korea® 6.9 0.12%* 290 (249 4.1 (0.349 0.13 0.11 This study This study
Ulsan, Korea® 5.2 0.08*%*% 170 (14°) 2.6 (0.22° 0.11 0.10 This study This study
Nﬁlgf;’;g’ 64  011* 190 169 2 (0179 010 0.06 Ok et al. (2003) Ok. (200329
. Seike et al. Seike et al.
%
Ehime, Japan 14 0.16 290 3.2 0.07 0.063 (1997) (1998)29
Jones and
Bolsove, UK 16 033* 550 5.2 011 0050  Duarte- ggjizggg(gga%g%;
Davidson(1997)
Jones and
Bolsover, UK 87  021* 170 33 0062 0051  Duarte- Jggji;ggj(gg‘;f)g%;
Davidson(1997)
Bavreuth Horstmann and Horstmann and
IX;G ’ 1.8 0.026* 85 1.1 0.15 0.13 McLachlan McLachlan
(1998) (1998)'®
Fiedler et al.  Fiedler et al.
&
Lamar, USA 0.78 0.0083 46 0.64 0.19 0.25 (1997) (1997)D
Fiedler et al.  Fiedler et al.
%
George, USA 0.68 0.0063 49 0.50 0.23 0.25 (1997) (1997)°D

*Sampling period: 2002. 11. 1-30 (one month), "Sampling period: 2003. 3. 4-4. 3 (one month), ‘ng/m%month.

*I-TEQ, **WHO-TEQ
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g dwrEoldtt. PCDD/DFs 17%3 DLPCBs
12%9] WHO4-TEQ= 2+t 0.8~13 pg WHO,-TEQ/
g, dw. 2 0.03~27pg WHO4-TEQ/g, dwel W=
Uehiglon, Wit 72} 4.7pg WHOTEQ/g, dw.
2 4.8 pg WHO, TEQ/g, dws JeERNAT

2954 2528 PCDD/DFs 5549 Hitskee
Z}z} Industrial Area= 570 > Urban Areat®= 340 >
Reference Area: 290 pg/g, dw.=S YeEROH,
PCDD/DFs % DLPCBs¢] WHO,TEQ Hasis
Z}7} Industrial Area= 6.5 % 5.6 > Urban Area=
35 % 47 > Reference Area® 25 % 1.0 pg
WHO4-TEQ/g, dw. =22 eSS, Industrial
Area= ©E 253 vl FFHA
WHO. TEQ FEeA 915 YERNUT

o]= Industrial area’} WiEol o3l W FIFS
Wy 9= Aoz elEgloen, Urban Area’}
Reference AreaR Ut} °F7Fe] $-91E Hols= AL
Urban Area® 7% F4 9 EAAHORA
Reference Area®] FAAGHT} 21 59 o|F HiE
Lol oJgt JEe Bol W] fF oz AlEHT
SHA, B¢ T CBse =¥ 9$ 2.3~6,300 pg/g,
dw2A B 1,100 pgle, dws JERRQTH 2+ A
I3 CBsY #H E5+E Industrial Areas 2,157
> Reference Area= 761 > Urban Area= 329 pg/g,
dw. =22 ey on, Reference Area’} Urban
Areatlt} 201 = =94t

T

23 . o)y -

2

1

LX]— - AR

gus

ol

o] FollA HxCB2 L 9E 1~4,100 pg/g, dw
£ Yehliglon, B+ 530 pg/g, dwd YERNUCH
EY 5 HxCBY Hd5E=+ 7%, Industrial Area
1058 pg/g, dw.(0.053 pg-TEQ/g, d.w.) > Reference
Area 360 pg/g, d.w.(0.036_pg-TEQ/g, d.w.) > Urban

Area 106 pg/g, d.w.(0.011 pg-TEQ/g, dw)To=Z 1}

EPA 9 B2 xlol= A g A3E JeR)
At

o]¢} 7+o| Industrial Area ZE°] A EFol 93
FabEgA A4 S s BAde] J3e] & Flew
A=A}, 3k Reference Area’} Urban AreaX.th
=2 2 Reference Area’} 39 EE= F9] =0
= AGo=A A {7987 T ARl o3 B
L] FAR] AR AlEHL

3.3. th7|-th7 |13 N-E2F & UPOPse| Z=2ut

7] h713 4 -E9%ke] PCDD/DFs 54 Z=uels}
TEQ 17& o34 Z=291d 54< Fg. 39 YeRligd
t}. PCDD/DFs®] 554 Z23tde] #3xn]&o| t7]
Zol|XE PCDDs 33%, PCDFs 67% t713 2 A&
PCDDs 36%, PCDFs 64%, E%ol*& PCDDs7}
53% PCDFs7} 47%2] ¥&< JepfiSich

700 14
HxCB
O DLPCBs =2
600 opcoFs | 125
£ W PCDDs 2
.% 500 10 >
s 4
> =
£ 400 8 8
> K
2300 6 2
< =t
Ke] o
7 200 4 =
= =
S 100 2 3
ey [
8 o)
0 0 (@)
Industrial Urban Reference Industrial Urban Reference

Total concentration

WHO-TEQ concentration

Fig. 2. Comparison of total and WHO.s-TEQ concentration of PCDD/DFs, DLPCBs and HxCB(Van Birgelen;1998) for
each soil sampling group (Industrial: n=7, Urban: n=8, Reference: n=2).



S o] 717133 -E%e] UPOPs(PCDD/DFs, Dioxin-like PCBs¢} Hexachlorobenzene; HxCB)e] #7}

239

R

otet

757
X

oo

X

R

<257
tatate?

o

X

R

X

R

X%

otet

oo
X

R

e
%%

RRRS

g
X

e
KK

77

2
R

XS

2

XK

o
X

o

X

o

o33
IS

o

X

K

X

o

2

X

o
X

o

&

o

X

1 Ambient air
Deposition
B3 Soil

X
2

D

R
R

0%}

R RRIRRS
SRR

%2

RER
R

ofotel

1 Ambient air
tzzzz2 Deposition
- Bd Soil

N

40
35 4
30 A
X
~ 254
c
K]
5 20 |
Q
=
c 15 +
(o]
(@]
10 )
7
5 é
0 T T T T T
4D 5D 6D 7D 8D
50
40 A
&
c 30 A
RS
5
Q
= 20 A
& I
o g
10 1 7
%
kS
7
or | B T
3 ’g - Ph o
O | A fa o A A AN T
[a)] o o [a] o 0o [a]
< o) © © © N~ [ce}
® D D b o b
~ N~ ~ N~ @ ~
@0 [se] <t [(e] N~ ©
N N [sg} [ @ <
AR

8F

LL
@
[
~
©
<
(]
N

23478-5F
123478-6F
123678-6F 3
123789-6F
1234678-7F
1234789-7F

Fig. 3. Comparison of contribution of homologue and 2,3,7,8-substance profiles for PCDD/DFs in ambient air, deposit and

soil samples (mean and standard deviation).
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Table 3. Deposition fluxes of Total and TEQ for UPOPs in Ulsan area

Deposition Flux(ng/m?%month)

Deposition Precipitation® Average
sampling (rIr)lm) temperature PCDDs/DFs DLPCBs CBs
. 0,
period oy Total  TEQ"  TEQ®  Total  HxCB  TEQ
9-2002 99.9 20.7 7.8 0.11 0.38 84 28 0.028
10-2002 89.9 15.2 17 0.24 0.69 76 17 0.017
11-2002 13.5 7.9 24 0.34 0.34 156 49 0.049
12-2002 47.5 5.3 34 0.49 0.18 103 29 0.029
1-2003 26.7 1.5 46 0.67 0.20 116 37 0.037
2-2003 50.5 5 27 0.59 0.10 186 31 0.031
3-2003 40.4 8 14 0.22 0.07 1030 965 0.97
Ulsan Area (mean: ng/m%year ) 290 4.6 33 240 3000 0.2
Ulsan Area (mean: g/year) 310 49 3.5 250 3175 2.5

aData from the Korea Meteorological Administration®”

PTEQ concentration was calculated from WHO-TEF (Van den Berg et al., 1998)*®
°TEQ concentration was calculated from TEF of van Birgelen. (1998)”
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Table 4. Proposed limit values, guide values and EU
target values

Deposition flux

ng-TEQ/ pg-TEQ/
m%year m?%day

Reference

Guide value 13 3.4 De Fret al.®® (2000)
EU target value 7 EU?
Limit value 3.8 10  De Fret al. (2000)°®
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