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Behavior Characteristics of Nonylphenol in the Downstream of River in
Busan, Korea
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National Institute of Fisheries Science, Busan 46083, Korea
'Department of Environmental Engineering, Pukyong National University, Busan 48513, Korea
*Department of Ecological Engineering, Pukyong National University, Busan 48513, Korea

Nonylphenol is an endocrine-disrupting chemical that is the degradation product of the nonionic surfactants nonyl-
phenol ethoxylates. To understand the contamination and behavioral characteristics of nonylphenol, we measured the
nonylphenol concentrations in surface water in the lower reaches of the Suyeong River, Korea. The results were used
to estimate the material balance. The target area was divided into three regions to estimate the material balance of
nonylphenol. In region 1, in flux of the dissolved nonylphenol was 282.3 g/day and the nonylphenol influx in particu-
late suspended solids was 1,582.8 g/day. The dissolved nonylphenol outflow discharged toward region 2 was 192.5
g/day, while the adsorption to particulate suspended solids was 89.8 g/day. Within the particulate suspended solids,
the outflow to region 2 was 1,250.0 g/day, while the estimated amount settling in the sediments was 422.7 g/day. The
adsorption of dissolved nonylphenol to the particulate suspended solids in regions 1 and 2 was 31.8% and 54.9%,
respectively. In region 3, the desorption rate was 8.8%.
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M Nonylphenol, octylphenol G- H]o|-2A] AlHEAJA| 2 A&

%]+ alkylphenol ethoxylates®] H-ajAFEZ 4] o&2] HiAlLL

t}o] 24l DDT (Dichlorodiphenyltrichloroethane) 52| - 2o A 1Fo] A= o] Sli= eEolth. Alkylphenol eth-

7194 A315E32F TBT (Tributyltin), TPT (Triphenyltin) 5 oxylates+= A|' 50 F<F A A A 0= vl oF S09HEC] A
Y

9] §7] F43}eH=, PCBs (Polychlorinated biphenyl) 52 AtElojgtom Fol, AE, HRIE, ASA, 2, 35, &
AT G718 2 A, alkylphenols 2 bispenol A 5-9] Ak 2E Fo A El A H 3} 7HEE AAR o] §EojgHal o] F
Ag 3PHEA So] R4 Zoj &2 (Endocrine disrupting  nonylphenol ethoxylates”} Al A| A17-2] 80%E AFA| 5L Atk
chemicals, EDCs "= Endocrine disruptors)® 2+-2-3Hc}h= A (Giger et al., 1984; Renner, 1997). Nonylphenol ethoxylates—=
o] Bra 2 HA] Aot Absl A & =3 ik e A A SkeAEE Ee A A ethoxylate?] o] =AFA R 2
of2a e A A YA R Ae] GAHe 28-S wrafsle]  3hE 53 nonylphenol & A 5=t ethoxylate”| 7} H-&42
MAo|AL 71 7 oFS Quksirlal 94l AR = BRI R T 2 Y= PR = A o= UHA lrk(Shang et al,
L GA o) A A e ER || Attt 9F @ A GRS 1 1999; Jonker et al., 2001). &3] nonylphenol©] 7-$- F+24 ¢t
2] 4= 9)ti(Colborn et al., 1993; Kavlock et al., 1996; KORDI, AT 2pAdE 7= EF 0 E Q8| A olA A &
2004). S w] #] ol = SRghE R B w2 AEA T w54 UEWY
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7] wizoll Ao A= 7|7k &R Q1% 07} ol
o} =3 it H] o AE RO 7S BHRke = A4 o] o
-2 of7]sk == Q1th(Soto et al., 1991; Ferrara et al., 2001).

1990 SxHRE v)= 9 1S FHORE o5 4 o
ShatAIAR o] AJRFE] QLA -2 uhEtoll Al %= 1999 e 2hg F
£ %4122 nonylphenol & ket liu 7 Aol 2ol cigH
Fle] o@e 2kt 91514 B7HE AaekaL UTHMEY
and NIER, 2000). =%¢] gt mje]o] HUHY A= &
7, 5P B YRS o ® o] AL Qltk(Isobe et al,
2001; Rice et al., 2003; Fries and Puttmann, 2003; Ham et al.,
2004; Li et al., 2004a; Li et al, 2004b; Lee et al., 2005; NIER,
2006; NIER, 2007; Wu et al., 2007). Z12{1} alkylphenol eth-
oxylates ©] 2| <2] Q1 A4k} AR o5l L-2fufefo] Y sk
I} SR A = 2 42 nonylphenol©] H&5|3L 1L HiH
9] alkylphenol ethoxylates”} AHEA A} HAA=A 5}
58 ) SPol 54, vleke} 2 Sl Ao] A HH o
Rhe v Ao Bl ol olore % o] S Aol
T B Aol gk Abm wAlo] FEGH Aol

TR FAHA Y FAkRlF9] 1/30] AFEStaL Sl A
shoR Ef 199 FAA 9 SHANZRE 245 25
7F A= Qo] 3f9F S 2 2] nonylphenol- &40 2 218
o 7Fs/dol Ak wekA & dAtolMe 9% SR 5
=0l nonylphenol®] 55 vigo 2 EEA1E 1M 5o
nonylphenol®] ¢ A% B 75 EA4& wefsiala} skl

2]
. =]
o] ez QIR A U A E e¥o] S EY 3
RE nja} fodnt AAo] FaHL 7)1 Ao AREchPack,
1997; Busan Metropolitan City, 2003).
WERTESLTRCIS

7| BEE FHAGIIE olgstel ASHAL, 1A
2 998 U] 93} BFSOFLA S ST (pesticide grade)]
H
y

=

mm, Whatman) 2 o|-83}0] o]2}519.0.8] ofahA] 7] 24
20%C olsfoll A W wsAr.
AR 2lo] o4 G714 HRBFRAEETS

ARESFRAL, &S] Aol BE AT 2eR AAT
$-400C ool Al 2417t o] & 7HE s3I

oJI}et Al R+ 1AFEE(Solid phase extraction, SPE)S
&l 4] dichloromethane 10 mL, methanol 5 mLe} H/O 5 mL=
conditioning171 NEXUS (200 mg/6 mL)o] E3+A]7] 3 H,O
5 mLe} H O2} methanolx 1:12 &33F 894 5 mL= Al
sttt 7IE R AHE AXA|Z] £ dichloromethane 6 mL
2 §2AIFlE 60TollA N, gas® F5HAIX] F| n-Hexane 2
mLE 715t} A of| AHg-El+= isolute-NH, (1 g/6 mL)=
acetone 10 mL2} n-Hexane 10 mLZ conditionings}% 1l o
710 A EE B3} A|7] . dichloromethane} n-HexaneS 1:1
2 2315 89 8 mL=Z A|A 5t dichloromethane¥} ethyl
acetate= 1:12 =315t -8 8 mL2} acetone 8 mLE &2 A #
U §9ll& 42 -2l toll HobN, gas® SREAI AT Acetone
100 uL¢} BSTFA 100 uLE H7Fsto] F-E4)3kst & GC-MS
(Gas chromatography-mass spectrometry)E- ©]-8s}0] &3}
S th(Isobe et al., 2001; Isobe and Takada, 2004).

A7 EA o= A Z (Capillary column) DB-57} A2}
% GC-MS (Shimadzu GCMS-QP2010 Plus)E ©]-8-5}%i .
2 S22 A 60T oA 2 F9F AI8HAAL, o % 1
3 10CH &2 260 CollA HF=A sHleE Alm T
< splitless mode (H3&8 =)= s1aL, 2R A= EF
(He, 99.999%)& o]8-3}o], £ 1.2 mLZ S 3% th(Table
D). A2 9] 7} A 29] B 55 A7k} 9] 29 HAlS WS
Z(Nonylphenol-d4)©] 22} vluste] /g 9 A #4]
5t lchFig. 2). FEEHI WHRESEZH Y Aol
¢lo]&-2] M ek Table 201 e STt

Jot mlo

[

Nonylphenol ¥#=2-& 0.0, 2.0, 5.0, 10.0, 20.0, 50.0,

Table 1. GC-MS analyzing conditions of nonylphenol

GAS CHROMATOGRAM
GC-2010 Shimadzu
Column DB-5
(30 mx0.25 mm i.d.x0.25 pm)
Inj. Temp. 250°C
Col. Temp. 60°C (2 min)—10°C—260C
Carrier Gas He 1.2 mL/min
Injection Splitless with surge 1 pL/Injection
MASS SPECTRUM
QP-2010 Plus Shimadzu
Mode MS
Transfer line Temp. 260°C

lon Source Temp. 200°C
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Fig. 1. Study area, sampling stations and boundary of boxes.

100.0, 200.0, 500.0, 1000.0 ng/LY] H=& THAEE 245}
L, WREFEZES 100.0 ng/Lo] SE2 F7ste] BA35}
et

St4=2] A RO =% nonylphenol®] &5 55t
7] S131A] cica-reagentefl Al FIg HEEAE ol &4rof
Tzt PAR ST TUL PR F4 S0t
ol&-& HESIITh
K| A

EAPA ALRE 47 A Uloll A Y8717 F<t, 9 7] W
ol tigt AZ glo|el & o] goto] EH O F4, 7= fluxE +
ot 71 AIE sfAfste] EE0 8k W ofF AL Hele
o)k

42937} 515l A nonylphenol?] BA4AE AAsl7] 95t

Table 2. Key ions and retention time of nonylphenol and surrogate
chemicals

Material Nonylphenol Nonylphenol-d4
207
Quantitative ion 221 296
235
163
Reference ion 179 183
193

16.11-16.86 18.17

Key ion (m/z)

Retention time

3.0E+06

2.5E+06 [
2.0E+06 [
1.5E+06 |
1.0E406 |

5.0E+05 ;/\/M

0.0E+00

Absolute Intensity

15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0

Ret.Time (min)

Fig. 2. Chromatogram of Nonylphenol standard solution and in-
ternal standard.

Input load from
river and sewage treatment

Transport 1
Adsorption Suspended
Dissolved & Desorption Particulate Transport 2
Matter
NP
NP
Settling

I/_\_/S;m

Fig. 3. Schematic diagram of the fate and transport of chemicals
in the box.

o A9 37H9] boxE FHE5FaL(Fig. 1), =2, 3FsH4
24 5fLbe] box thell 4 eful w802 74ste] nonyl-
phenol®] 7|52 s34t 3l 2 -7 ¥+ nonylphenol
O] F-U Tt -7 2= T8RN Aol A= SAd A Aol
A B2 BHE FYEE Fole A 2AE G %= Fot
£ 15193, box W2 nonylphenol 7§ % box T 7]
nonylphenol =5 WZtof] F=H-& F3ltt. Box Wl AFel
W= 82 nonylphenolZ}t 143 £ W] nonylphenolo]|™,
box 2J5.2 RE|9] $:90& sHAT} sl 2l W iee)
35tE Tefsielch Boxol $9% SobE o) AR Rae
Aof| gt 2 9 gz}, BH 529 17T box HAE &3
box &R 29| =55 defsto] B4R & AP sl Th(Fig. 3).
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Fig. 4. Calibration curves of Nonylphenol standard solution.

gt A4 (R*=0.9982yS Leti Slct. HEE ol o
£ nonylphenol 2] 3]4>8 9= 92.37-118.08 %= Urelyth

Nonylphenol £

QA4 21J%1 42617 31504 20109 89, 11947 2011
| 790] 2A}5E B4 ATE Table 30 YeRGITE 20104 8
4 9] nonylphenol F1= H+= 162.9-449.3 ng/LE Hat 251.3
ng/LAIL, 1190 142.0-446.9 ng/Lo] W2 B 258.0
ng/Le] B35 BT} 2011 79 2] nonylphenol 5= H$+=
144.0-569.0 ng/L= 4t 303.8 ng/Le] £3E5 Ho 20104 8
b 119 R} Ftgho] tha & 295 Ut sich
AER AR 20109 8Holl= 2l /I A< St.3
oflA 7M=& FEE HAlAL, 1Yol et ¢129] St.19]|
A 7P =kem 20119 79 A StloA 7 =2 =5
sglek Al o] ZALo] A B Ao 212 A4 2l StdolA
TV e SRR ABE ST AT BRE] 2 A0 S

=%
T A AHA 1M 7HE =2 F s B AL, Stdofl A 7H
1

Nonylphenol &K
Box 2]-oll A Y22 nonylphenol #+&& A3 ¢
i 23 AEE vpgo R 497 SRE FYHE sk

[e)
4
Ao} ShA Y RS R 2B, 2HAS %

Table 3. Concentration of nonylphenol in Suyeong river (ng/L)
St.1 St2 St3  St4  St5  Avg.
2010 Aug. 2222 2019 4493 1629 2202 2513
2010 Nov. 446.9 219.6 2084 1420 2733 258.0
2011 July 569.0 3269 3196 144.0 159.3 303.8

500

400

300

200

100 |

Concentration (ng/L)

St.3 St.4 St.5
Station

St.2

Fig. 5. Average concentration of nonylphenol in each station.

St.1

2ko. 1 71317 AL U(BIHE, 2007)0]14] 20079 8o %A
59,000 m¥/dayE ©]-88t3 1L, Y5t o= EE Tol o= s
A8 30,000 m¥/day7} Z3HE fgolth R AR EE
E19] f2 359 W 30,000 m’/day®} F5-st=A 2%
of| Al A H 0= FHdh= s A8 <l 18,720 m¥/day =
HIFO. 2 48,720 m’/day= AHFStlTh G skpA] et 5
FoleA] ] - 19 Wl 422,00 mP/day} 72,500
m’/day®] 55 o] 85F3th PO RRE FE=
107,720 m*/day°]az, st eld WR] F5-2 494,500
m/day= % 602,220 m*/day©]c}.

A4S ol ASE 2uE ui o R 97 ot =4
A2 AH31iet Box 19]] 282.3 g/day®] -8-2 nonylphenol 2}
1,582. 8g/day 2] A= F-3-=2 Ul nonylphenol 75317}
BRASII AL, box 229 8- nonylphenol &2 192.5 ¢/
day, A HH-2A = F2FE 89.8 g/day = LERITE YA}
Al 265221 U] nonylphenol-2 box 22 -3-&%]+= %Fo] 1,250.0
g/day, E|HEZ 0] A7 422.7 g/dayE AAFE|QICh Box
29] &= nonylphenol> UMY FfEdol F2E = F=E
7} 105.7 g/day= 71 A Yepstom, A EaE4
nonylphenolo A/ Bl AE2 A7)+ A2+ 186.1 g/day= Al
box F 71 A2 7S HAth Box 3004 =9 7=
& &E FHRY F20] 959 g/day=, A FrEE Rl
=0l 516.5 g/day= AP E| 1AL, YA FfrEdoA &
nonylphenol= B2ate|= =7} Uehgtom E4E529] 17
o] Al box Foll A 71 whSkth(Fig. 6).

Box WZ9] 9915 100.0%=2 RS 4%, 4582 box 19
A 68.2%, box 201 4] 45.1%, box 3|4 100.0%= LEF} Box
3ol 7HY 522 ¥]&-& H ¢t 8 nonylphenol o] A A}
HGEZR9] 322 box 137} box 2004 22+ 31.8%, 54.9%
2 UEEIL box 300 A= 8.8%2] ©AE-S H otk A H
Fra Aol A= box 13} box 29| &JF-20] f&&0] 74.7%%
86.3%= =2 H-E-S AL box 3o4= HAER 27
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Input load
from STP
232.8 g/day

Input load
from river
49,5 g/day

Transport 1
192.5 g/day

Sorption
89,8 g/day
Input load
From river
458, 1g/day

Transport 2
1250.0 g/day L

Input load
from STP
1124.7 g/day

Sorption
105.7 g/day

Transport 1 Transport 1
86.7 g/day 95,9 g/day -
=
Desorption
9.2 g/day
Transport 2 Transport 2

1169,7 g/day 516.5 giday;
>

Settling
4227 g/day

Settling
186,1 g/day

Settling
644,0 g/day

Sediments Sediments Sediments
Fig. 7. Estimates of the Nonylphenol % flux.
Input load
from river Transport 1 Transport 1
and 5TP Transport 1 from Box 1 Transport 1 from Box 2 Transport 1
100 % 68.2 % . 100 % 45,1 % - 91.2 % 100 %
> >
Sorption Sorption Desorption
31.8% 54,9 % 8.8 %
Sorption Sorption Desorption
Inpul[oad 5.4 % 7.8% 0.8 %
from river Transport 2 Transport 2
and STP Transport 2 from Box 1 Transport 2 from Box 2 Transport 2
94.6 % 747 % 922 % 86.3 % 100 % 44.2 %
> >
Settling
253 % 13.7% 55.0 %
Box 1 Box 2 Box 3

Fig. 6. Estimates of the mass balance in 3 boxes.

£0] 55.0%= RO FEEQ 442%5 T} £ et
(Fig. 7).

PP F-EE ol F2HE o] B A= & 27} == nonylphenol
Z17+2E2box 1, box 2, box 30l|4] 2174227 g/day, 186.1 g/
day, 644.0 g/day= box 20]4] AtjH & ko ko Lfepy
olom, H7H&-2 box 17} box 2, box 304l 7+2125.3%,
13.7%, 55.0%% box 37} th2 box =t} & 7 ey gich

ofefat ol A Z 0] B & HGEA Bt 7]l o

gajoldo] AEThE 7 e 2o digt 4bgo] % o Wt
s Aoz Aprsct
=F

a1 =

AR -S4t 97 E52 nonylphenol & # 9=
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144.0-569.0 ng/Lo.2 9] thE P I} fARE 55
Rt 201180 2AFE W57t 51Eo) A$- 143.2-1,311.5
ng/L o] F=H9E Uehlen], Fetol g3t 2199 5t
Fo) A= 9,189.7-10,931.5 ng/Lo| =& Hr=E YeER|Th
= ks 2471 Aol et b atshed of eAtofl A
nonylphenol®] 5=+ ND (Not detected)-6,660 ng/L=Z 211
] ITHNIER, 2006; NIER, 2007). 3H7-2] 79 s Zof A=
23.2-187.6 ng/L (Li et al., 20042)2] 9] .00, A=9] 5o
O] A4 ol A ND-12,724 ng/L, 3574 5ol A 122-2,724
ng/L] W9E R thHam et al., 2004). ZF7Ho 2 39
= A R7) 319 3Z49) A] nonylphenol?] 5=+ 10.9-63.5
ng/L= FF Woll o] Bats =2l 20.9 ng/LE T} 28 o4 =
2 49.1 ng/Lo] Wit L7 HTHLI et al, 2004b). 5
7 7Y sl AR ol e A 9 s
A 7¥7}+ 4330 ng/L, 1,700 ng/Le] =& A& 91 Q1T 8}
Zof A 100 ng/Lol o] F=2 A A oA HEE ArHLee
etal., 2005).

72O AFANE AHEH, RO FATCE {-Y =5}
Z o]l 4 nonylphenol-s=+ 50-1,080 ng/L (Isobe et al., 2001)
2 HUEQY, u]=o] E=ASEH o A 110-500 ng/L (Rice et al.,
2003)= A==l E oA g W] JES e =
U0 spHIt F=0] oA 27t 28-1,220 ng/L(Fries and
Puttmann, 2003)2} 1,940-32,850 ng/L(Wu et al., 2007)2 &
AE ATk of2let AFATE R E 497C] nonylphenols =
= =99 AAnte] vlsAl= vl W2 2SS o 5
AUk 3 =t FRoA S fells R sk 1 ugl
(Renner, 1997) th= W2 0| A9 AP 3 E A A4
of AAA A= AL 7] whiZell A&A Q1 HUEE 9 Q1A
olo] thet o W& Hele AP 2 ad Ao AbR ek

2 Aqtolde BdeA A Y] A BAR R e B
Ve = S AlSF ARk, tf A o2 =4l b 9] st 24
PYF T 5 o] B Aol Bng 3 Aol A= 8
e dyte] A so] ZRe AR AlmE B3k &=
A AP AT} Bl A Eof = W2 %59 nonylphenolo] 52|
Ao g JetE o] BA Tl thgt F7H4 ] AP e
2 AR R A Y] A& 0l Y EE 3 A
%2 Bl S & nonylphenol ©] A5l T3t A7} o] F

1o o>

x

=

woh @

o] = FATeh Aol Sk ] (2017d)of 25t
of A=
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