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Occurrence of Particulate Polycyclic Aromatic Hydrocarbons and
Phthalates in the Ambient Air of Yeosu - Gwangyang Area
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Abstract Ambient air quality monitoring was carried out during the period of May 2008 to January 2009 in Yeosu-
Gwangyang area, where large industrial complexes are located. The main objective of this study was to investigate the
ambient concentrations and seasonal variation of particulate polycyclic aromatic hydrocarbons (PAHs) and phthalate
compounds within and around the industrial areas of Yeosu and Gwangyang cities. Total suspended particles (TSP) were
collected at five sites (two residential, two industrial, and one control sites) by high-volume samplers, and a total of 36 PAHs
and 6 phthalates were extracted from the TSP samples, and then determined by GC/MS. There was no significant difference in
TSP concentrations both seasonally and spatially. However, PAH concentrations were generally higher in Gwangyang than in
Yeosu, attributing to the large iron-steel industrial complex. The average levels of benzo[a]pyrene (BaP) were 0.72 and 0.77
ng/m? at two monitoring sites in Gwangyang, while 0.67 and 0.38 ng/m? at two sites in Yeosu. The results showed that the
most significant season for the PAH levels appeared to be winter, followed by autumn, spring, and summer. The average
concentrations of PAHs in winter were 4~7 times higher than those in spring and autumn, and 7~10 times higher than those
in summer. The overall average concentration of BaP (0.59 ng/m3) did not exceeded the European Union’s target value of 1
ng/m? as an annual average. Among the phthalates, di-2-ethylhexyl phthalate (DEHP) appeared to be the most abundant
one, followed by di-butyl phthalate (DBP). The spatial and seasonal variations in the concentrations of phthalates showed
clearly different patterns from those of PAHs, indicating that the ambient levels of these compounds were affected by fugitive
emission sources and temperatures. PAH levels in the Yeosu-Gwangyang area were evaluated to be relatively higher than
those measured in other areas in Korea. Therefore, from the viewpoint of hazardous air pollutants, a comprehensive air
quality management strategy is required to reduce the levels of PAHs and phthalates in this ‘bay’ area, which is very
vulnerable to air pollution due to adverse geographical conditions.
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= 3713 AW (Clean Air Act, ©]5F CAA)ol| A= &3l
7] L AE4 (hazardous air pollutants, |5} HAP)Z
SANSEL 9120 (Baek and Jeon, 2013), = 7|5
AYoH e EAU7Fol=d 2 Tefsta Qi

PAHE A2} of ] 7)) A2H Fef o eaet
Ataggt PR EheA T2 A AR B Hio| @
mj2o] B o] o AEE 242 dHA
QITt (Baek, 1999). T38| WI3H9FA-G7|S19HE2 (semi-
volatile organic compounds, ©]5} SVOC)Z2 E-FE&=
PAH= t7] FollA 71740 YAV BT EAISHA]
T s do] 2 PAHS| HiFE2 #AFgo] 24
FE/gol] Ao F7VFRYE dAF e & EASkE 4
%7} ET}(Ré-Poppi and Santiago-Silva, 2005; Bi et al.,
2003; WHO, 2000). B2 £F2] PAH SoA = E3]
benzo[a]pyrene (BaP)= A|A|IE.717] (World Health
Organization, ©|5} WHO)A 15 2ty 4= 4
b1 slof the 2ol vlal o B PHla olg
w31 ITH(WHO, 2000).

§HH, phthalates= 2 @Atol2tar R27|% shw 4

A A=, AlE, vFEA, A, A7 5 TRt
o AFGEE 20l EAEAIES FEHAL Fs)

A H=s o FrbEs 7haAloleh T3t e gEe &
U= ARSE 7| ShH, o] $E Hof A, sloj AL
o], o] 5 254 2 AME-E]7] & 2Feh(Bauer and Her-
mann, 1997). Phthalates 155fl+= di-methyl phthalate
(DMP), di-ethyl phthalate (DEP), di-butyl phthalate
(DBP), di-2-ethylhexyl phthalate (DEHP), ¥ di-octyl
phthalate (DOP) 5 209 2] B o] Qlt}. o] Fof|4]
DBP ¥ DEHP7} &7 FollA 53] sz 4
EE]30 itk o] 3 phthalates= AT, AHE 5,
2 AR & A s FEHH, =Y
o] gt el maH 7 wH7E Sl EAlskE
phthalates 5] 90% ©]/°] PVC 7}4A|91 DEHPS!
Zog H1= Hb QJth(Bauer and Hermann, 1997).
Phthalates= ZW2H2-2 E5)| B2 HE dolA L}
o 7] o WEE & 3o, ol 2d HiE

Azl o utat Zrlsts Aoz oA gtk

(Wang et al., 2007; Fujii et al., 2003). 7] 522 F¢
% phthalatest= 7|Ad B YA 2 A EH| =] A
L tf7] FollAl ARl Fel 28t 22 AlA 2
S A 54 B2 Ar o7 HAH T (Teil et al., 2006;
Staples et al., 1997).
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FA7F 31.1%°] HE2 7P gatom, th o H
245 (19.7%), 7141 (18.0%), A7} (16.4%), A-3Fst
(14.8%) FF2] 40 2 LEFHTHKOSIS, 2018). E3F,
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and Steyn, 2007).
GO e 159 T 92 T

< 9J3F ¥4 (Kim and Lee, 2011; Son et al., 2010;
Ha et al., 2006; Kim and Oh, 2000)2} 15| 3 244
fr718kekE Soll Bt AF= HlwA BWekou (Seo
et al., 2014; Jeon et al., 2003; Kim ef al., 1999), PAH2}
phthalates 5 A frofith7 &2l Bt A =
ARz A 9] ZrotR 7] 9= Ao qink whebA & A
ol M= of-FgFA o] 7] F FTH-FHA (total
suspended particles, ©]5} TSP)°]| X EJ_ A2 PAH
9} phthalates 2] 58 5745to] 2|9 € A& oh&
FTEREX 545 Hefetaat iyt ofad 2 A
E 5ot th7] T AAS PAHS} phthalatesE 54

UOI(

A

o BT 4 gl AF2 WS AAsh] G5 Bl
Q7o folg PRE AT Atk ol ARE
o 5 Ao HAP I S1% -89 ARz B
89 5 Qe Ao 7|t

2.1 AZxHF =A

2 A= A

219 270 23T} s 2ol YAgE F=AAY
2A7)E AAAN R SPAH e At 1=

Yeosu industrial site.

Yeosu residential site.
Gwangyang industrial site.
Gwangyang residential site.
Suncheon control site.

. automatic weather station

: dotted line indicates the area of
industrial complex
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Table 1. Weather conditions during the sampling periods.

Temperature (°C) Wind speeds(m/s) Rain Prevailing
Season Site . L
Mean +SD Min Max Mean +SD Min Max (mm) wind direction
Sorin Yeosu 209+3.0 16.9 254 3.0+0.38 1.3 4.6 107.0 WNW
(zp . 0895 2.9 ~ Gwangyang 19740 142 253 12408 0.1 33 84.0 NW
T Suncheon 203+33 15.6 25.1 1.7+1.1 0.3 3.9 73.0 NW
Summer Yeosu 282+20 25.7 320 29+0.6 1.7 4.3 36.0 ENE
(2008.8.5~14) Gwangyang 27.5+3.1 233 32.7 1.2+0.7 0.2 3.1 75.5 NW
T Suncheon 28.0+2.6 244 324 1.0+1.1 0.0 34 735 S
Autumn Yeosu 194+23 16.2 233 3.2+0.8 1.8 49 225 ENE
(2008.10.17~26) Gwangyang 17.2+4.1 1.7 235 14+08 0.3 33 31.0 NW
o Suncheon 18.1£35 134 233 1.2+1.0 0.1 3.7 335 NNW
Winter Yeosu 3.1+23 0.0 6.7 39+1.2 1.7 57 3.0 WNW
(2009. 1.13~22) Gwangyang 09+33 -3.5 6.3 1.7+1.0 0.3 3.8 3.5 NW
T Suncheon 2.1+28 -19 6.5 1.6+1.4 0.0 4.2 4.0 NNW
AV BE SN o el S0l OIF 2 ek Ol HE Al $) s o]
ofF G2 A A WEFo] WL sAH BRIt AT} vl AR Aol F Holiw], el o]
NOoH, J7tet oftE TR H2 FAR A 912 4:0] &7} ohE TR 64l =2 °F 70 me]l $17]5}
SRl Qltk. ghd, SAlofl YA d2AF (S 9 AL Q7] W] Al m Bk 44 H 0 47| B
Q5 FAA Yol G 2AAANS BADS T B40] Fgo] dgor, Sa] BT oAl
9 2% 24 (14 o ssm)elA] SRk o1 FS 2~59 FF PR (oI 70 mm o1 B
Hao 2t Alo] glon], RESOE AR el & HZk Wtk 54712 B9 o g e
zata glont wEee] Hof o7t MlwA AAZEE Ao BAF AL vl go 1 2olout 2|ge
thiL pekEle 2] o]t uhe 2] 1Ql FgEo] Als Ao e Uepich
2.2 NZAH 712t % 7|AkatE 2.3 TSP SR
PRI A¥ tet Q@5Hel BEA W TSPARE AFGFEEIVE FEE DA

etk mhebd 2 Aol A= 2008 59RE 2009
15] 19—J77].;<] 47;”;(42 Ea}g]._l: 87H9’J Eo} T‘iﬂ' _7]\_/\]-
SR oH, s SHRAHANA 24 Aottt
02 1047t SAlOl Al=mE A & 190=
A 7100 ZAFA A A, B &
AA A 7V NS aofstiltt. 71idAtgE o] A
Aol AXH A-F 7]/ HS 4 (Automatic Weather
System; AWS) 33L2] A= F3oto] &8sttt

(KMA, 2009).
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FA AR} 0.7~2.2°C 7FF ©] =94k

3l
=

PN _Il‘> ml

le m°

10
=k

TSy

= ¥

A=A # 7] (TE-PNY1123, Tisch Environmental Inc.,
USA)S}F A 942 E (QMA filter, 8" X 10", Whatm-
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114] 304200141 124] Afelof] = SAZ oA FAl
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‘ Filter cutting ‘

‘ Spiking surrogate standard mixture (100 pL) ‘

Ultrasonication (1 hr) with 10% acetone
in hexane 150 mL

Soxhlet extraction (6~7 cycle/hr for 16 hrs)

Concentrated to 3~4 mL by RapidVap hcating
evaporator with N

Drying (water removal) with
anhydrous sodium sulfate (1.5 g)

‘ Concentrated down to 0.5mL or 1mL ‘

‘ Spiking internal standards mixture (100 pL) ‘

Injection of 2 pl. and analysed
by GC/MS in SIM mode

Fig. 2. Extraction and concentration procedure for analysis
of particulate PAH and phthalates.

OHAUS Inc, USA)2 =451 A&
i g8e] 458, 1272 g
(20°C, 45+5% RH)2] HIA]AO]E oA 4=
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2.4 PAH ¥ Phthalates 24444

7] %2] PAH®} phthalates= SVOCE E-HF5 2

719 ARV BT EAR whEhbA o] & e
& =€ 5745 SlsiME F 4 (phase) 9] AlmE
SA10] AZI5te] Z17te] SE g Fitelor St 1]
L} BaP, benzofluoranthenes, indeno[1,2,3-c,d]pyrene
(I123P), dibenz[a,h]anthracene (DahA), dibenz[a,h]-
pyrene (DahP), dibenz[a,e]pyrene (DaeP) S Zol
Wet=/gdo] 2 PAHE WA 27} 57091 AL Ao A]
o2 ARG ez EATH(WHO, 2000; Baek,
1999). W2bA] 2 AFol = 7] F Tspoll e

i

Table 2. Operating condition of GC/MS for PAH and phthal-
ates analysis.

GC Agilent Technologies 6890N

Dual-Taper Direct Connect Liner, deactivated,

Inletliner - mid, P/N G1544-80700
J&W Scientific DB-5MS capillary column
Column (30m X 0.25mm X 1.0 ypm)
Flow 1.2mL/min
Agilent Technologies 5973 inert
Solvent delay 8 min
Mass range 85~350 amu
MsD Quadrupole temp. 180°C
MS Source temp. 300°C
Transfer line temp. 280°C
. Temp. Hold Totaltime
(6] [¢] °C
ven ven ramp /min ) (min) (min)
Initial - 70 1 1
Ramp 1 15 205 0 10
Ramp 2 8 325 15 40

AAS PAHS) phthalatesE E4 22 s &
Aol A A8t BAYE2 M o8 USEPA
A AARE 544771E 5 PAHC HiRE S HAIAH

TO-13AE F-8-5FITHUSEPA, 1999).
PAH % phthalates®] &2 1942 Z5u} W
z

2, 2GAE Soxhlet HH-S 28519t} o|uf e
Z}E0] Soxhlet9] Ato]ES = @4 HA[6t7] 9]

off 2 A2t 2] thimble (W73 2.2cm, Z©] 8cm)
< A& &, 5 HE 2782 72 thimbleof] &

b 93 11.765 pg/mLe] PAH W2 RFEHE 55

o

(naphthalene-dg, acenaphthene-d,, phenanthrene-d,,
chrysene-d,,, perylene-d,,) €303} 20 pg/mL 55
9] phthalates 2] 25582 25 (di-butylphthalate-d,
% di-octylphthalate-d,) €2t-& ZH2} 100 uLA 9]
St o}2 FZ-8 M (acetone 10% in hexane) 150 mL7}
= el Yol 143t 5t 251 FE519]rh o]
5 29A ==Yl A= 2 thimble?}t 589
Soxhlet A2 2 FA AT 6~73]9] ¢=2HE2 164]
7 FESH. FEE AERe AFESEAY
RapidVap (Labconco, USA)ol A AAE o]-85to] 13}
2 AR o R ER JFERAE T

AA P22 AASHL, HFH 2= 05mL -2 1mL
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7HA] =0ttt 2F 5= A=l PAH WH-EE

E7% &3 (acenaphthylene-ds, pyrene-d, o, benz[a]-
anthracene-d,,, benzo[a]pyrene-d;,)¥} phthalates W

B 3354 (1-phenyldodecane) ZF 100 uLA-S 7“?:1

Hy
e F GO/MSE ZAoalet. ofet &2 F37 55
o] AukA el WAL 77 pof, GC/MSS] BAZAL
I 20| Z¥zF YR Qi

B Ao A PAHS] HFF- A AHEH

2 ol= FEAIF A4 (NIST) ol A Al-g-5)
Z&74 (standard reference material, ©]5} SRM)
SRM2260aE ARESITE BEFEEE SRMS ARELH
A 71HollA Tt ASH EHolg=
A o, BN HE Lo F 3652 PAHY} 10
pg/mL ©]5ote] AFE g T of §lo] 3] A TA ol A
TR 5 gle A EY 4 7] gEolth
SRM2260a S

d %
AR R PoEs BEg00] 49 tEE 1
SRR

olfe 7

%
rl

o,
ot
o
i
r
g
n)
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T
o,
f
I F
o,

i%‘tﬂﬂ < WAl 5 PAH
TH| 9} GAIE R Z AT
Aol tigt AFesE &4 —’F U= 7GO]E}(Baek et
al,, 2019). ¥tH, p
6= wAUEER /}j@ St DEHP= phthal-
atesS HEsl= EZZ A o] 18 ZFoA= BASHA
aldel 71 wol A H = o|th. Phthalates®] 7
A, 7ol A+&-¥ EFE72-L USEPA Phthalate Esters
Mixture (Supelco, USA)E AH&5H3ITE. 6712 phthal-
ates B 0] gL o] glom Z47ke] 42 9F 2,000
pg/mLE hexane] &dfEo] Ut &2 AoA=
BaP 7|Z 0 2 F 1 ug/mL7HA] 3]4H PAH HH8 &
F8H-E OF 2 pg/mL2| phthalates 3-8 Z25-8-H 7}
12 Efsto] ARgSHlnt o]EA oy £4
545 Eol1 A=t T
phthalates& FA|of| B4 4 9}\1—/]' GC/MS B4 &
ol AlBFE A —7‘—‘?& Els EHF'JE%%é-J
o]-g-sto] 7HHA| = O] 5
o|F T H A /‘}QOP E} F3HF

.

YR BEEES o] 8sto] 7171 9] ek Thef
o] 33 ROl Se] Solt Frhe HA 2y
oH= 931 58 BATH 4= Q1) AFutA oA A4
U EEEdY deEsEd 9 24 IFER 4
4% PAH ¥ phthalatesi= =28 oFo]2} 317 & 3]
LER Ak

2.5 HZ£2|(QC/QA)

2 Aol A-83F PAH®} phthalates©] AR o]
e A o] AR 82 ofn] ko] =R
W HF QT (Baek et al., 2019; Hwang et al.,
2010; Park et al., 2010; Seo et al., 2009). TrEhA H =
wollA= F2 82 aofsto] A 2|53t PAH 7Y
HEHY 3]-&2 mofoly] flo BEEd i =
Alste] AAX el FLe HHoR &5 4 55 4
S e A7 F8 PAH 1950 Higt 8582
L% 70% o)A o2 YERsiTh o]i= USEPA TO-13A°]
A 895HE 358 60~120% B E WEStE o5
o] it Phthalates®] & G-& 9A] 88~113% T2
2 eIt (Hwang et al., 2010). A 29| S 2sl
GC/MSZ EAS ZEEZ 9] 7H3 7|5~ (response fac-
tor) 2] AL Ht 4.5% 2™, A FA] 7k (retention
time) 2] AFAAL 0.06% =2 Sty st
SHH, PAH Y phthalates 2F-849] L& TGAEZ
w45t HA o] AgAdn e Hoikt 21
R* (B7AM R 54U PAH 5 7P L2A]
coronene (COR)& A|QJ5lal= 25 0.99 oo 7 1}
EFtth CORS ¢ wAFo] 300224 GC #41|
A A@dde] ozl EEE A Ut (Seo et
al., 2009).

HIMHAZSHA| (method detection limits, ©]3} MDL)
= M= tiet 71713 EMA R o =
2 srol ¥FE4 1 mLE FA= HE spikingot
0;1 M;ﬂ A]ﬂg]. e lﬂ]—l:ﬂ oz 7ﬂ Hx-lo].oﬂgcq 1
AT vl= EPACIA Bt W o= Aktstaltt
(USEPA, 2016). =4t 49 MDL2 4357+
F2 800 m’Z 7ML tf7] F = SAlgle o,

L

o
2

N
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Table 3. Internal standards (IS), surrogate standards (SS), and their applications to the qualification and quantification of target

analytes determined in this study.

Group SS/IS Compound

Target analyte (abbreviation)

Naphthalene-dg

Naphthalene (NPTHL), Biphenyl (BIPH)

Acenaphthene-d;,

Acenaphthylene (ACNTL), Acenaphthene (ACNTN), Fluorene (FLURN)

Phenanthrene-d,

Dibenzothiophene (DBTP), Phenanthrene (PHEN), Anthracene (ANTHR),
4H-Cyclopenta[deflphenanthrene (CdefPH), Fluoranthene (FLRTH), Pyrene

ss Chrysene-d;,

Benzo[c]phenanthrene (BcPH), Cyclopentalc,dlpyrene (CcdP), Benzo[g,h,ilfluoranthene
(BghiF), Benz[alanthracene (BaA), Triphenylene (TRPL), Chrysene (CHRY)

PAH
Perylene-d;,

Benzo[blfluoranthene (BbF), Benzol[jlfluoranthene (BjF), Benzo[k]fluoranthene (BkF),
Benzolalfluoranthene (BaF), Benzo[e]pyrene (BeP), Benzo[a]pyrene (BaP), Perylene,
Indenol1,2,3-¢c,d]pyrene (1123P), Benzo[g,h,ilperylene (BghiP), Dibenz[a,h]anthracene
(DahA), Dibenz[a,clanthracene (DacA), Dibenz[a,jlanthracene (DajA), Picene, Benzo[b]
chrysene (BbCH), Anthanthrene (ANTHN), Coronene (COR), Dibenzol[a,h]pyrene (DahP),
Dibenzo[b,k]fluoranthene (DbkF), Dibenzo[a,e]pyrene (DaeP)

Acenaphthylene-dg

Naphthalene-dg, NPTHL, BIPH, ACNTL, Acenaphthene-d;,, ACNTN, FLURN

Pyrene-dq

DBTP, Phenanthrene-d;,, PHEN, ANTHR, CdefPH, FLRTH, Pyrene

I Benz[a]anthracene-d,,

BcPH, CcdP, BghiF, BaA, Chrysene-d,,, CHRY, TRPL

Benzo[a]pyrene-d,,

BbF, BjF, BKkF, BaF, BeP, BaP, Perylene-d,,, Perylene, DajA, 1123P, DahA, DacA, BbCH,
Picene, BghiP, ANTHN, DbkF, DahP, COR, DaeP

ss Dibutyl phthalate-d,
Phthalate Di-n-octyl phthalate-d,

Dimethyl phthalate (DMP), Diethyl phthalate (DEP), Dibutyl phthalate (DBP)
Butyl benzyl phthalate (BBP), Di (2-ethylhexyl)phthalate (DEHP), Di-octyl phthalate (DOP)

IS 1-Phenyldodecane

DMP, DEP, Dibutyl phthalate-d,, DBP, BBP, DEHP, Di-octyl phthalate-d,, DOP

PAHO| 7% t2F 0.02 ng/m? (pyrene)~0.10 ng/m*> A<l DajASL} 1123PE A|QJct1l= B5F 30% o|H=
(DaeP), phthalates®] 74-¢- dtid o= E=7} zoF  UEFHTH (Baek et al., 2018). A 2|3t HIFA| & (pre-
0.3 ng/m’* (DMP)~6.2 ng/m’ (DEHP) 4=C2 UEF  cleaned blank filter)ol] thet 24147 PAHS} phthal-
Wt PAH 15004 Blw 2] T8 o] Sgsh=1123P, atesE AEE A Qo upeba] Ero] S &
DahP$} COR 5 Bxjo] 278t 2 BEAE0] A% WX ¢19lth T2ju} phthalates®] -9 A3 Al0) A
AL ohE PAHO] HIE] ATiH R wo Ao b ARSEAEe] HEE A o9l JMsAol Be
Ehdth o]t nEA Bxo] e 2 YollHo] fE B8 ZalAEAEo] ARe 7134 msjok shH, A
o] Uil 7HE Eot Bxlao] O E ko Fate]  SAAAE HAZLS Z8sty 2AE2 thRo]of
A 711 2o 2 e 9] AR ujFe] Euf ek o]o] theh AT W8-S HEO] =1 (Park et
& 701419 PAH &%= 5 0.1ng/m’ °oJ5}2] AIm=E 4l 2010) 2.2 Hi1gh v} glrt.

of tiaiA A A o & Belw st Icha & 4= Q)oh

B 7o) PAH B4 o] H3x PrHE 99

SRM1649a (urban dust, NIST, USA)E 12| 9] A= 2} 3. 29 9 v&
o 7Pgstal AFA mel Z2 H*‘?QQE TEE 54
o}oﬂt} SRM16492°] AZ-5 o B w3t A7} Bap 2 3.1 TSP =& Z3t
& HJ 22} (mean relative error, ©|5F MRE) o] 4. k2| 7] & TSPY] & AJFL 19 3
7} 148% % WS- FEPOom, A FLrt e F o YRSl ditdos @Z] T AEE 2ol
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Fig. 3. Variations of TSP concentrations during the seasonal sampling periods.
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Table 4. Detection frequency of particulate PAHs and phthalates in the Yeosu-Gwangyang atmosphere.

Range PAH (number of data = 200)
90~100% PHEN, FLRTH, Pyrene, CHRY, B[b +jIF?, BeP, BaP, 1123P, BghiP, DEP, DBP, DEHP
50~90% NPTHL, BghiF + CcdPY, BaA, TRPL, BKF, COR, DMP, BBP
25~50% CdefPH, BcPH, BaF, Perylene, DajA, D[ah + ac]AY, DbkF
10~25% ACNTL, ACNTN, FLURN, DBTP, ANTHR, BbCH, Piecen, ANTHN, DahP

Less than 10%

BIPH, DaeP, DOP

3B[b + jIF: benzo[b]fluoranthene + benzo[jlfluoranthene
BghiF + CcdP: benzol[g,h,ilfluoranthene + cyclo[c,dlpyrene
9D[ah + ac]A: dibenz[a,h]anthracene + dibenz[a,clanthracene

N
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A PAH F= HAAARE tFoz ZARE A%
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Table 5. Summary of concentrations (ng/m3) of PAH at sampling sites in Yeosu and Gwangyang.

Yeosu city Gwangyang city Suncheon city
PAH Industrial Residential Industrial Residential Control

Mean+SD? Max® Mean+SD Max Mean+SD Max Mean+SD  Max Mean +SD Max
NPTHL 0.18+0.17 0.58 0.18+£0.18 0.65 0.22+0.16 064 0.11x0.17 0.82 0.09+£0.10 0.30
BIPH 0.03+0.06 0.18 0.03+£0.07 0.23 0.03+0.08 0.41 ND® ND
ACNTL 0.04+0.07 0.24 0.06+0.13 0.54 0.05+0.11 0.36 0.04+0.09 0.40 0.02+0.06 0.22
ACNTN 0.07+0.14 0.44 0.02+0.07 0.25 0.04+0.07 0.22 0.03+0.07 0.23 ND
FLURN 0.05+0.10 0.34 0.07+0.15 0.58 0.08+0.14 0.53 0.07+0.15 0.77 0.03+0.08 0.25
DBTP 0.03+0.07 0.26 0.04+£0.09 0.28 0.03+£0.08 0.27  0.03£0.09 0.45 0.01+0.04 0.18
PHEN 0.63+0.82 3.22 0.79+£1.19 4.64 0.95+1.15 449 0.82+1.40 7.61 0.66 £0.67 241
ANTHR 0.03+0.08 0.35 0.06+0.16  0.69 0.06+0.11 0.35 0.06+0.13 0.63 0.02+0.06 0.25
CdefPH 0.07+0.14 0.58 0.11+0.23 0.84 0.12+0.20 0.65 0.12+0.25 1.31 0.06+0.14 0.48
FLRTH 0.96+1.35 6.17 1.42+2.17 8.49 1.57+1.78 6.42 1.58+2.58 14.28 1.12+1.09 4,01
Pyrene 0.76 £1.01 4,67 1.16£1.73  6.67 1.26+1.41 5.16 1.31£2.06 10.72 0.92+0.94 3.39
BcPH 0.07+0.14 0.60 0.13+£0.26 1.09 0.12+0.20 0.72 0.13+0.29 1.30 0.07+£0.15 0.47
BghiF + CcdP 0.27+0.39 1.58 043+0.64 250 0.44+0.58 233 0.51+0.81 291 0.34+048 1.60
BaA 0.29+0.51 2.70 0.61+1.13 494 0.58+0.66 2.81 0.66 +1.09 5.32 0.36+0.45 1.67
TRPL 0.14%£0.20 0.80 0.19+£0.29 1.27 0.20+£0.24 0.88 0.19%£0.31 149 0.13+0.17 0.60
CHRY 0.55+0.76 3.64 0.84+1.29 536 0.94+£0.95 4.03 0.95+1.46 7.70 0.58 £0.60 247
B[b +jIF 0.94+1.15 5.23 1.38+1.80 7.14 1.55+1.46 6.12 1.57+1.97 10.04 1.00+0.94 3.86
BkF 0.24+0.34 1.61 040+0.59 241 0.44+0.44 1.87 045+0.65 3.37 0.25+0.28 1.16
BaF 0.07x£0.17 0.81 0.17£0.36 1.62 0.17£0.26 112 0.17+0.32 1.34 0.08+0.16 0.56
BeP 0.43+£0.51 2.39 0.62+0.82 3.17 0.71+£0.64 270 0.72%£0.91 4.66 0.44+041 1.69
BaP 0.38+0.55 2.74 0.67+1.05 4.51 0.72+0.76 344 0.77+1.10 5.41 0.44+047 1.98
Perylene 0.04+0.09 0.46 0.09+0.19 0.83 0.09+0.13 0.53 0.09+0.18 0.79 0.04+0.08 0.28
DajA 0.04%0.10 0.40 0.07+0.16  0.59 0.09+0.13 047 0.09%+0.17 0.81 0.03+0.07 0.30
1123P 0.31+0.38 1.75 046+0.62 246 0.53+£0.51 2.15 0.55+£0.70 341 0.31+0.34 1.37
Dlah +ac]A 0.06+0.12 0.55 0.11+£0.21 0.81 0.13+0.16 0.62 0.12+0.23 1.09 0.05+0.10 0.36
BbCH 0.02+0.06 0.28 0.04+0.12 0.56 0.05+0.10 0.41 0.05+0.13 0.58 <0.01+0.03 0.18
Piecen 0.04+0.09 0.35 0.07+0.15 0.60 0.07+0.14 0.54 0.08+0.20 0.99 0.03+0.07 0.30
BghiP 0.42+0.47 2.19 0.60£0.78 3.13 0.71+£0.64 2.78 0.75+0.89 4.24 0.41+0.44 1.71
ANTHN 0.05+0.12 0.60 0.10+£0.25 1.08 0.12+0.20 090 0.13+0.26 1.06 0.04+£0.11 0.40
DbkF 0.07+0.17 0.74 0.12+0.28 1.04 0.16+0.22 0.69 0.16+0.33 1.51 0.05+0.12 0.53
DahP 0.03+0.11 0.50 0.08+0.19 0.70 0.07+0.15 0.57 0.09+0.23 1.05 ND
COR 0.14+0.18 0.70 0.17+0.27 0.97 0.21+0.23 094 0.23%+0.32 1.29 0.09+0.16 0.52
DaeP ND ND ND ND ND
SD: standard deviation; ®Max: maximum; ND: Not detected.
Lo, o BN A a766ngm OR ol % U Af A o] O FIE Aot B 15
AA Q9] 70.64 ng/m’Hr} Fdch FIAGoME T 5 ok Aot FA] B TAA AR F
ARG QA4 PAH A5 Fol 56.15 ng/m3 A7 0] 527} 6 A b E T ol A
O = 9758 ng/m’?N FAAQHT} Tt o= & FxAT AAst] AESE e k. oAl 9] ¢

3lo] A5} §h 2] Aol 43 A Antet 0/\}
slcta gt 4 ik Alsh B R Qo AR Y
T FAA G| F 18 o|7F gAL B EF ol A
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Table 6. Summary of concentrations (ng/m?) of phthalates at sampling sites in Yeosu and Gwangyang.

Yeosu city Gwangyang city Suncheon city

Phthalate Industrial (Y1) Residential (Y2) Industrial (G1) Residential (G2) Control (S1)

Mean+SD?  Max®  Mean+SD Max Mean+SD  Max Mean+SD  Max Mean+SD  Max
DMP 0.1£0.1 0.6 0.1+£0.2 0.7 0.2+04 2.2 0.1+£0.3 2.0 0.1£0.1 0.6
DEP 94+78 44.6 11.6+7.9 343 11.1£9.1 422 94+7.7 34.9 10.7+8.9 39.6
DBP 17.5+15.7 56.5 21.2+243 77.0 5.9+3.9 21.1 8.7+6.0 289 73+58 28.1
BBP 0.2+0.2 0.5 0.1+0.2 0.8 0.1+0.2 0.5 0.2+0.2 1.0 21+27 8.0
DEHP 39.8+21.6 84.1 37.2+18.7 106.2 289+17.1 90.5 41.5+21.0 99.2 444+26.9 92.1
DOP ND® ND ND ND ND ND ND ND ND ND
3SD: standard deviation; ®Max: maximum; “ND: Not detected.
Zo 9173 BE AABAG A B EE PAHE v]E T BAL BTGRP Wrks AL oujsio,
o ket S ABAE] SHEAL wiALrE] of  AREHOR o]Fo] @FH7] T2 phthalates ]l
H7] 2ol FLgA el %’4 25k Y1 AR &8 HAle ¥ YES AoR FH

o e 2y 57 S5
A7 B EE ANOVAS B3l #9142l 2tols
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Fig. 4. Comparison of seasonal concentrations of selected PAHs in Yeosu-Gwangyang area.
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Table 7. Mean concentrations (ng/m?) of selected PAHs during the cold season (November to February) in this study and other

cities in Korea.

City PM Year Data BaA CHRY  BbF BkF  BaP 1123P DahA Reference
Industrial area
Daegu TSP 1992~1993 29 48 68 5.0 23 42 69 1.1 Choi(1997)
Siheung TSP 2005~2007 22 27 5.2% 8.8 29 22 0.29  NIER(2007)
Ansan TSP 2005~2007 22 27 5.3 87" 29 23 039  NIER(2007)
Yeosu TSP 2008~2009 40 09 1.5 249 07 10 08 0.29  This study
Gwangyang TSP 2008~2009 40 14 22 33 10 16 07 039 This study
Pohang TSP 2010~2011 0 13 1.9 2.7 07 13 11 0.2  Baeketal (2018)
Daesan TSP 2011~2012 14 0.5 1.0 1.3 0.3 0.5 0.5 0.1 Tang etal. (2019)
Residential area
Seoul TSP 1991~1992 9 4.2 6.1 10.6 0.8 47 5.3 24 Park and Chung (1992)
Daegu #1 TSP 1992~1993 30 20 65 9.1 15 27 19 0.7  Choi(1997)
Daegu #2 PMys 1992~1993 47 13 238 28 09 16 20 03  Baekand Choi(1996)
Seoul PMys 1998~1999 47 18 28 49 26 36 0.6  Parketal.(2002)
Chongju PM,s 2001~2002 15 06 1.0 1.0 NA® 06 03 0.1 Lee et al. (2003)
Siheung TSP 2005~2007 22 33 58 10.5° 39 27 039 NIER(2007)
Ansan #1 TSP 2005~2007 22 2.8 5.1% 8.5” 32 24 0.29  NIER(2007)
Ansan #2 TSP 2006~2007 10 3.1 6.0% 10.5” 36 26 0.19  NIER(2007)
Seoul PM;,  2006~2007 20 25 259 44 30 25 27 0.7  Hong etal.(2009)
Yeosu TSP 2008~2009 40 1.8 23 349 10 18 12 039  This study
Gwangyang TSP 2008~2009 40 19 26 379 11 20 13 049  This study
Suncheon TSP 2008~2009 40 09 14 229 06 10 07 0.29  This study
Pohang TSP 2010~2011 10 05 0.9 14 04 06 05 0.1 Baek et al. (2018)
Daesan TSP 2011~2012 7 07 14 1.6 04 07 06 0.1  Tangetal(2019)
Seoul TSP 2013~2014 35 09 14 1.2 06 08 08 ND”  Lim etal.(2016)
Suburban/rural area
Gyeongsan TSP 1992~1993 31 1.3 4.4 6.0 0.8 1.5 1.1 0.4 Choi(1997)
Gyeongsan TSP 1995~1996 19 24 5.1 23 1.0 17 20 0.5 Baek and Choi (1998)
Gosan TSP 2001~2003 27 02 05 0.6 04 01 03 NA  Kimetal (2012)
Gosan TSP 2001~2004 49 02 06 0.6 03 03 05 0.1 Kim et al. (2013)
Pocheon TSP 2005~2006 12 13 2.6% 299 10 07 ND  NIER(2007)
Ulsan TSP 2013~2014 NA 0.1 0.3 0.5 02 02 02 0.1 Nguyen et al. (2018)

ATRPL + CHRY; PB[b +j + kIF; “Dlah + aclA; “B[b + jIF; ©NA: not available; 'ND: not detected.
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