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Distribution of Nonylphenol in Gwangyang Bay and
the Surrounding Streams

Donghao Li*, Minseon Kim, Won Joon Shim, Un Hyuk Yim,
Sang Hee Hong and Jae Ryoung Oh

KORDI, South Sea Institute Southern Coastal Environment Research Division
Jangmok-myon 391, Geogje~shi 656-834, Korea

Abstract - Alkylphenols (8), chlorophenols (2), bisphenol A, coprostanols (2) and
cholesterol compounds were analyzed in the surface water and surface sediment taken
from Gwangyang Bay and surrounding streams in 2001. Among the target analytes,
nonylphenol and dihydrocholesterol compounds were detected with high concentra-
tion and high frequency. t-Octylphenol, bisphenol A and coprostanols were detected
only in some sediment samples from the stream. The highest concentration of nonyl-
phenol was determined in stream sample, and concentrations of nonylphenol in the
inner part of Gwangyang Bay were higher than those in the out part. Nonylphenol con-
centrations in the surface seawater and surface sediment samples ranged from 4.0 to
74.0ng I'! and from 3.1 to 74.3 ng g'! dry wt., respectively. Partition coefficient (LogK,,)
of nonylphenol between sediment and water was 4.8, Nonylphenol and dihydrochole-
steol concentrations in the stream surface sediment samples ranged from 4.6 to 808.6
and from 78.4 to 1133.6 ng g! dry wt., respectively. Relatively high concentrations of
nonylphenol were found in the stream samples which are flowing through industrial
complex area, while dihydrocholesterol concentration was relatively high in the
stream samples which are flowing through only municipal area. Seaward decreasing
trend in nonylphenol concentration was observed from the Seomjin River estuary to
the Gwanyang Bay. Such trend was best supported by the strong correlation between
nonylphenol concentration and salinity in water samples.
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o] A}2-Eo] gk} (Hawrelak ef al. 1999). 2t 509 =
o AAFe= wid 500,00082 APnEOs7} AAH= S
o} ¥]E APnEOs: Eol {7 8352 Y& F Wl
o5t 2|7} wls B9tk ohuz}l(La Guardia et al. 2001)
AE Z2 AdAld g BAA= F5pA|RE o] 5o It
2ol APst 1 72d B3 AAY BHoz o]
A st A A A LA W =4 9] (Ferrara et al. 2001;
Kenth et al. 2001) A& Ho| 1 ¢Jt}. o]# 3 EAIL A
E 9 AdA] 98 APs] WEu|Aw A4 A3
A17131 9J=F (Madigou et al. 2001; Valotaire 2001). o &
of 9% AMAFe|AE APnEOs®] Ak A4 A
w Algkslar gl Al o]v) (Isobe ef al. 2001). BPAE
7 neAEAE ATEAL we 4942 ol A
4-=o] ¢t} (Staples et al. 2000). Wb A4} Yo A}
£87 g we mEaEas Te 9 Asg mE
AEAES w5 YHT e BPAT Fiaw Ao
(Sajiki 2001). Chlorophenols¥ &z ®HZEA] 4 AlzA| =
o] AMLE 3 9)o} (Machera et al. 1997). o] 5-& ®»%&
AA 2} AzEe] W EH A efsle] Ao 28-g doA
2t ofeh o5l dAEAEE AA P o] g
v Aol w3t Aol 248 Ao Flo) (Machera et al.
1997). Dihydrocholestercl-2- cholesterol®] wjAFE-A & 4]
A 2 25 S Fs=le] aleh Dihydro-
cholesterol®] x|&Al E4 3} 7]€} cholesterols @ copro-
stanols S}5821e) Aol vl B FAE o) &ohel
dihydrocholesterol-2- &} 2 <4 299 7L 938
ZA2L2 AL8-33 v} (Leeming et al. 1996).

APs, chloropheols 3 BPAS} 2+ W 20| A A BR 2
REle) Ao g 2ol BAE HEsh] Asd B o}
el M= 3] efe} 2 W Ru|A A EAL] F
%, A% 9 B4 Bw g AvE Adskn A
(Bennie 1999; McCalley et al. 1981). 231\} APnEOs3}
2 ARBAAAE A Qalsla Abgeka QS = &
Foh TN AT ER) D AFE of
A% e w1EFR AAelch oA} AT Atz
S5 5 o) NPoll Sloto] Aspl 29HReE Y v}
oXth (Khim et al. 1999; Li et al. 2004).
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Fig. 1. Sampling sites of surface water and surface sedi-
ment collected from Gwangyang Bay and the sur-
rounding streams. St and Str are abbreviations of
the station and stream respectively.
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Fig. 2. Sampling sites of surface water taken from Seo-
mjin River. SR is an abbreviation of Seomjin Ri-
ver.

A& AAe)] A5 = Florisil2 Supelco (USA)A] F-
dsksdeh Al AMeEE BE 2A7]79} FlorisilE
50°CHH HE % 7] o2 AHsted Agstalch

3. A% 4 AR

22 9 AAlY FZHS GC/MS/SIM 7|H& o] 43}
o Ak 9 RN APt GC/MS/SIMS] 54
Z7]-& Table 1] VJepiolet. A o AFEAe AH4-
¥ o] 23} A58 WEEFEAL Table 20 eI
RE wjAexe] BHAAER Fxi YREEHE o

g3l 7 e e

4. Al AA g

Alg AxEel AR-E 7] 2nkg-2 ol o} e} A3
% af)=A) e %524 (bisphenol A-d14)& Avt F F
ozt & fZ==2d 60 mlE AH7)3le] 1087 Shaker
(45348 o] §3le] HEFZE slgrh 10187k vpA]s}
o HFzadely B Zo] ReEHY dFEadske
250ml 5 FekAFol| FH o] HA A T3t
EFo] BAA e AR E o83l vlFzad
ghol] $allFHo] e 8-S AASIEE o) FE2IAE 2
W HkEsl ol A F LIS oS3l FEAE 3

miZ 5% F sml e f2uel $AR Aarks

Table 1. GC/MS analyzing conditions for simultaneous
determination of phenolic compounds, chloroph-
enols, bisphenol A, coprostanols and cholesterol
compounds

GC condition

Column : DB-5(30m x 0.32 mm x 0.25 um Film)
Temperature program :
50°C (2 min) — 100°C (20°C min™!) — 200°C
(10°C min!) — 290°C (20°C min"!, 3 min)
Carrier gas : He 40 kPa, 50 ml
Injection port temp : 280°C
Injection mode : splitless
Injection volume : 2 ul

MS condition

Interface temp : 280°C

Scanning range : m z"! 35-500

Ionization voltage : 70 eV

Monitoring method : selected ion monitoring (SIM)
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B o] &3l AL 0.3mI7tA| $E2E F 3
ml9] oM ES Hrlsigint. opM ES oz 2w £
49L& 0.5ml o3l2 53 F ABAAY kit o)&
dted Fr=AAA T HAHGE FAll AW (Li et
al. 2001). AAVEAE o]gsle HAef HEo] T
o A& £4&92L 05ml o3tz FEHIATG HWHEEEE
A& 100ng Al U432 g4 HF FIE 05 T2
1mlz A3tgdet. GOMSE o] 43t ¥HEAY $=5
ZA skl

AE Aol FE U PAANSEALLS Lietal
(2003)2] ®lol weh BAsldet 1 A2 &3t 3
o} FA 3 ¥ EJRE 58 FEP Teflon tubeol] A &3}A
Hslgel WREFEAY BPA-JI4E A3F F3 =
0.1M gAHS A Eo Ariste] EjHEo] GAbel] 7]
A Bt (F3] $8o0e] pHE E]l3te{o} F). Vortex
E ol 83l FddA AL o 587 BAsdH v
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2 Yol & AAsTE ALTIAT o] §te] FEe
&3 £l o Eo R upelRTt okl & Y
AA AlzAAe BAARL ol MEd et 5o
3hd et

ul

=



74 Donghao Li, Minseon Kim, Won Joon Shim, Un Hyuk Yim, Sang Hee Hong and Jae Ryoung Oh

Table 2. Target analytes and ions of the silylderivative for selected ion monitoring

Target analytes thme (mi) ion (abandance fon (abundanee Standand
4-t-Butylphenol (t-BP) 8.94 222 (12) 207 (100) IS?
2,4-Dichlorophenol (DCP) 9.13 234(16) 93(100), 219(51) IS,
4-n-Butylphenol (n-BP) 9.92 222(17) 179(100) 1S,
4-n-Pentylphenol (n-PP) 11.20 236(14) 179 (100) IS,
4-n-Hexylphenol (n-HexP) 12.47 250(12) 179(100) IS,
4-t-Octylphenol (t-OP) 12.72 278(3) 207 (100) IS,
4-n-Heptylphenol (n-HepP) 13.65 264 (10) 179(100) IS,
Nonylphenol (NP) 13.80 221 (32) 207(100), 193 (13) IS,
4-n-Octylphenol (n-OP) 14.62 278 (20) 179 (100) IS,
Pentachlorophenol (PCP) 15.05 323(43) 93 (100), 321(24) IS,
Bisphenol A (BPA) 17.37 372(10) 357(100) IS,
Coprostan-3-ol 26.93 370(74) 215(100), 371(22) IS,
Epicoprostanol 27.47 370(36) 215(100), 371(9) IS,
Dihydrocholesterol 29.48 460 (45) 215(100), 445 (56) 1S,
Bisphenol A-d14 (BPA-d14) 17.31 386 (9) 368(100) IS,
Naphthalene~d8(IS,) 6.72 136 (100)

Phenanthrene-d10 (IS,) 14.47 188 (100)
Pyrene-d10(IS;) 17.06 212(100)

2IS: internal standard.

Table 3. Concentration of nonylphenol in water (ng /™) and sediment (ng g! dry wt.) taken from Gwangyang Bay in 2001

Site st.1 st.2 st.3 st.4 st.5 st.6 st.7 st.8 st.9 st.10 st.11 st. 12 st. 13 st. 14 st. 15
Water 27.2 348 312 NA® 9.1 271 84 174 740 177 197 129 131 NA 4.0
Sediment 17.5 21.1 472 15.8 17.8 15.8 231 11.6 233 74.3 19.3 7.9 9.0 5.7 3.1

#NA: not analyzed.
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1. Fokuloxe] NPe| B¥9} B¥ EA

gt 2EE ¥ 2FEHHEF A% APs8
%), chlorophenols (2%) 9 BPA % 117}%] &% 33§
E2] ¥4 ZAFE Table 3o vehfislet. =& A A
Bo|A NPE At 7|el EANAAEAES FEHA
AL HETA olslel ot NP &2 ZE AHA
F MM HEHAT AFSA & T BEA 2 AL
2= chlorophenols 3382 A4Fg7 AAZYE 7=
7lWto 2 k= FYR APelME vl AA AHSEHE
Roz Ata¥n. BPAL TEAEA Az HFA=R
wol AbEET) Bt 2ol Xskm W FA A3}
SETAIA A FTH)2 ALz st BPAE A
3HA] k7] W&ol Fofut AlsellA BPAZE HEHA| ¢
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2 APnEOs®] u|yE EaAkE-o]t}. APnEOs:E 57]4
I 1714 AN w| BB 23] whE &L£=2 APs
2 23] ¥t} (Potter et al. 1999). 221} APnEQs2] 23}

g2l APsE AQARAAN A4 B A5 54
zr Qiok w3t duld o2 APnEOs 94} NPnEOs
80%, octylphenolpolyethoxylate (OPnEOs)& ¢F 15%2
Yo}z 9lew 7|8} APnEOs] ke of 5%l e}
(Hawrelak ef al. 1999). o] 2ol ¢Hlzloz NP 3325
o] AN 71} 2 rxol HEUEE Ho|T gt}
wefa] BeFulel e oh2 APs 323 u)sled NP
HEEe x=Fe=et AEEr) M 2 Aoz As
e
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74.0ng [ o3t} S YE R B HEE NP BF
EX 158ng gldry wt.o]gloen % %M—t— 3.1~
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Fig. 3. Correlation of nonylphenol (NP) in surface water
and sediment taken from Gwangyang Bay.
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Table 4. Distribution of nonylphenol (ng '!) and salinity
(%0) in Seomjin River water

Site SR1 SR2 SR3 SR4 SR5 SR6 SR7 SR8

Nonylphenol 58.5 46.2 63.5 33.0 35.9 182 12.7 10.9
Salinity 0.0 6.0 145 19.5 225 25,5 27.6 33.2
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Fig. 4. Correlation of nonylphenol and salinity in the sur-
face water taken from Seomjin River.
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Table 5. Concentration (ng g! dry wt.) of APs, BPA, cop-
rostanols and dihydrocholesterol in surface sedi-
ment taken from streams surrounding Gwang-

yang Bay in 2001
Analyte Str. 1 Str. 2 Str. 3 Str. 4 Str. 5 Str. 6
t-Octylphenol 07 194 10 19 03 06
Nonylphenol 9.3 808.6 519.9 337 9.6 83

Bisphenol-A 102 666 4.8 1553 25.0 1.1
Coprostan-3-ol nd? 717.8 nd. nd. 220.7 39.0
Epicoprostanol n.d. nd. nd. nd. 524 103

Dihydrocholesterol 81.6 1133.6 344.1 236.4 753.8 78.4

*n.d.: not detected.

1996). oygh =W oz el ABE4 49 Wit o
olB 7] sl FHEZEHE AR ZHE] coprostanol
= cholesterol®] wA}E-A<Q]l dihydrocholesterol A&
213 8}od e}, Str. 2, Str. 3 W Str. 594 AFF HAHE A
B4 & %9 coprostanols} dihydrocholesterol ¢]
A& A NP—"/] rEFxe} vlawste Str. 5ellME A
oz = d1hydroch01esterol°] 734 (2F NP %29
80ul) =< °‘1] & F3IA Y-S 753 Str. 2, Str. 3¢
AN AfH oz Je w9 coprostanolsq- dihydrocho-
lesterolo] 71&= ¢} =3 Str. 5+ 77 WAFHA ¢
FUAZ ARl g Str. 2, Str. 32 AT LAA S
A8 53R g vl FRAIYE K3 o
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(Bester et al. 2001) 22 ZHEFHeow, &2 & ) 3}
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gt} HAEo| e NPE A 44 (nonylphenol polye-
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al. 2001). 18] 3 54 82 g Eeri= NP7} MDL
~153ng glo 2 71259} (Bester et al. 2001). o]t
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U=t
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ot Bl FH s EAste dleR EgER
sterol 3}3+E-9] BEXEAE <oln 7] 9)3le] alkylph-
enols (8), chlorophenols (2), bisphenol A (1%),
coprostanols (2%) 2 cholesterol (1%) 5 33558 2
HugEe ARse Taset 23H4E AnE ¥
At 8 EAYAAEA FelA nonylphenolz}
dihydrocholesterol $}gtEo] 7}AF =& 7ZAEHIEE HY
om AR FHAHEFHHE Al2o|A t-octylphenol, bisphe-
nol A, coprostanolse] ZA&H ok EMYAERL A
A&l A vl A A A& e, =gt ek el
A gaug ¥4 AEHAS 236 e 22 0=A
oA 2] nonylphenol ¥ =+ 7Z}7} 4.0~74.0ng 7' 2
3.1~74.3 ng g'! dry wt.o]g}. stkm=EA e 9fsl
%)% (LogK )& 480/} shHz
25" Eo| A4 nonylphenol =X 4.6~808.6 ng g'!
dry wt. o]l 2 dihydrocholesterol =+ 78.4~1133.6
ng g dry wt.o]5ie}h. FRA & A {3l s A
+ 922 %74 nonylphenole] HA&E=glorn Ful
AFEAGE Al HEH B = dihydrochole-
sterol i}-f@]’%ol AR oz & wEewZ wo|ych
A 27} &40 42| nonylphenol 5+ JRwo] =7}
of wheh %"W% 73e%E Bk

nonylphenol 37

A} A}

B dFE ofs Sd3Esge] $eq HAvindd
A1) Febt FA A7 d¥Fo=, AT
1 7-u) %] <1 (PE836-00)0)] 2]3] 43 = gl&1ic.
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