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Abstract - Distribution characteristics of organophosphorous pesticides (OPs) were studied over the period from May to September, 2006
in Asan Bay, Korea. During the study period, Z8 kinds of organophosphorous pesticides dissolved in surface water and adsorbed on
suspended particle were measured. In the surface water, the dominant OPs were IBP and DDVP, and the concentration were in the
ranges from not detected to 20144 ng/L for IBP and 32 to 696.3 ng/L for DDVP. The highest concentrations of OPs in the surface
waters in Asan Bay appeared in July and August showing that seasonal distributions of OPs depend on application time and precipitation.
The concentrations of OPs generally decreased with the increase of distance from the mouth of Asan Bay, implying progressive dilution
of pesticides in the estuarine system. OPs residue in Asan Bay was relatively higher than in other area of Korea. The concentrations of
the observed OPs concentrations did not exceed the seawater quality standard of Korea. DDV P, IBP, Diazinon, Phorate, Azinphos ethyl
and Chlorfenvinfos had higher adsorption capacity onto suspended particle than the other OPs. In the study area, adsorption coefficients
(K4) of OPs were closely related to the Log Ku of each compound.
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Fig. 1. Sampling stations in Asan Bay, Korea

(Table 2), 0]:‘4 MA Y55 W 5 7]3(The World Life Fund,
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Table 1. GC/NPD condition used for the analysis of
organophosphorous pesticide residue
Hewlet-Packard HP 5890 series II

Instrument

Gaschromatograph
Feature Split / Splitless mode
Detector Nitrogen Phosphorous Detector (NPD)
Colum HP5 (Crosslinked, 5% PH ME
n Siloxane) 30m x 0.32mm x 0.25ym
Carrier He - 30 ml/min Air - 115 ml/min
gases H: - 34 ml/min
Injection o
temp. 250 °C
Detector o
temp. 300 °C
70°C for 3 min. ; 3°C/min. to 150°C ;
Temperature hold 5 min. ; 2°C/min to 180T ; hold
program 2 min. ; 5°C/min to 280°C ; hold 2
min.
Sampler Automatic liquid sampler (HP 6890
injection h oL
volume series injector) vol. 2 ul

%‘4% GC/NPDE: o83 1%01 pow 71719 4 24 2
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59l MDL2 0.11~168 ngel HeIRer, IBP= 1.68 ng,
DDVP:= 0.65 ng ©IUEk 287FA] 71917 soFe] A+t 3%
9= 84~1029% % T
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2014.4, 3.2~696.3 ng/LolAt}t.  Disulfoton,
Mevinphos, Ethoprophost= W X=35% o4O &
Qo o] F Disulfoton?} Diazinone il =7} Z
285.2, 196.7 ng/L°] A t}. Demeton, Merphos, Methidathion,
Phorate, Chlorfenvinfos, Fenitrothion, Malathion®= 20% ©]%
AEF o 1 Qo= Ethion, Stirofos, Fenthion, Pirimifos
Tokuthion, EPN, Fensulfothion,
Fenamifos, Sulfotepp, Azinphos ethyl, Azinphos methyl 5 ©]
=4 = ATt
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Table 2. Summary of OPs concentrations detected in the

surface water samples from 56 samples of
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Table 3. Precipitation data observed at Cheonan by Korean
Meterological Administration, 2004 ~2006

Asan Bay during May 2006 — September 2006 (Unit: mm)
Year May Jun Jul Aug Sep
Number of .
Maximum 2004 127 235 365.2 229 189
Organophosphorous 3‘?;1?5;6505; were concentration
pesticides detected among (ng/L) 2005 48 183 313.8 202 377
56 samples
2006 79 120 535 63.5 22.2
DDVP 56 696.3
5P 53 2014.4 489 270 f7190 598 $HOPs A4S 22
Disulf 3 285.2
suttoton 0 > 2 Fig. 201 eIt 20069 2A71ZE 5 71904 Hope
Ethoprophos 33 51.3
Dot I Lon7 6903} 7800] 714 A ek S Aalerel A o Foj7) T
Mevinphos 22 56 2 ZAboll 2, Ao 2olE w2 5~69° 7
Demeton 16 1245.9 wol ALgE 1L, Ho] & 2ol HokS 8o Eo R ALE
lf\)/lhethidathion 12 ;ZZ ] ] [q]“r‘oﬂ ‘|T7]°]7ﬂ 3]__0}:_9_ 7%3} 80J0ﬂ 7}_;]_ l'f\(_)_ Zﬂgi
orate .
M AT 5 A HChoi et al., 2006, Li et al 2006). &1} ¥ ZAF 2
erphos 15 53.1
Fenitrothion 14 21.6 Fhof| A thH-Fo] x| go] 643} 7ol F-7]AA FFo] M =
Chlorfenvinfos 14 691.2 Al AEE AL, 2006 892 ko] Hdof sl 234.0mm
Malathion 12 6.8 U A7) wEoll(Table 3, 71733 (A or224)), A2 E =oko]
Azinphos ethyl 10 77.1 W] o3 FPoZ §oEE= HSE L] wjioz 1ol
Fenthion 9 35.7 s o A R -
o S
Stirofos 9 24.7 E]' g HToﬂ ‘l’] ] S]—A \:loﬂ 11—- H%"] —'_“l 1__7]E <)
Ethion 9 35 ofe] ARg-o] o] AlghE = AZIQIHE, §7]AA F2Fe] 9Yal
Dyfonate 8 360 HlulA =4 SA AT o=, 8~98 T W2 ArEes <l
Pirimifos methyl 8 1o7.3 3, AHLso] WRAZIZE ZHR RN 89 2 99 Zol Aol
Tokuthion 7 222.8 -
N 51 471914 oto] WmA BE FES wrow
EPN 6 243 ] FelEol 710 ] BlaA] 5 o
Parathion 5 13 H2lt}. Ethoprophos, Disulfoton*] 3 W50 S8 2k0]&= &
Fensulfothion 5 35.2 oke ALl AAoME F2 590 =4 Yebdon, SL 443
Carbofenothion 5 25.3 & Ztz} 6, 79l 7 =4 ‘JrE]'LLliEﬂ(Table 4) o]l= A 9#A
Sulfotepp ! 177 o2 28] FIA7|9 Aol Wl RO Wtk opakE F
Fenamifos . o B Aojo] AL WA B owomb Aoz, A}
Trichloronate 3 6.1
Azinphos methyl 1 23 AR B F710A 5 BEE B4 A B A,
A4S Vg WA BAZ Aok g melFE
ENEEER
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Fig. 2. Total concentrations of OPs(XOPsys) and
precipitation data in Asan Bay, 2006.
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ANA F2 ARGET) ofiRklA o] Fa {UIQIA FeRl
IBP} DDVPS] A A #3xE Table 59 YERWTE A
7+ F IBPY % W9E ND.~20144 ng/Lolglom, AH
SL4°lA 20144 ng/L = 79 7} =& 552 ®BHFig.
2, Table 5). 7713t & 8¥d= IBPE=7} N.D.~1580 ng/L
o] MR FAHFAHFig. 3). ol ofatutel A IBP7} 20051
8€ol N.D.~2000.9 ng/LZ =4 R JAdd Hlsl] A3 vt
2 FEATHChoi et al,, 2006). IBP= ¥ o] =dH WX = $13)
7]_7<]— U}o] /\]—»&E]li ioko]u} Eoitﬂv,] H]—]:g__‘(_)__
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Table 4. Organophosphorous pesticides concentrations in Asan Lake and Sapkyo Lake, May ~September, 2006. (ng/L)

. SL 4 AL 1
Station
May Jun Jul Aug Sep May Jun Jul Aug Sep
Mevinphos 2.2 49.6 N.D. N.D. 5.4 N.D. 22.8 N.D. N.D. 52.8
Ethoprophos 19.9 25.8 9.1 N.D. 9.3 30.7 7.1 8.6 2.4 5.7
Disulfoton 2.3 7.0 14.4 N.D. N.D. 71.7 N.D. 37.5 10.7 N.D.
Diazinon 27.9 475 7.8 N.D. 24.9 10.2 14.9 N.D. N.D. N.D.

Table 5. IBP and DDVP concentrations in the surface waters of Asan Bay, 2006. (ng/L, "~" is not analyzed.)

Station SL2 SL4 SL5 1 2 3 5 6 9 13 14 ALl
May - 789.1 686.5 16.6 - - 217.9 n.d. 210.3 65.0 - -
Jun 3178 1682.1 1240.7 - 1060.5 1204 355.2 21.6 289.3 193.5 159.7 733.0
IBP Jul 186.7 20144 - 1205.2 - - 1274.8 1630.3 755.7 12349 11344 n.d.
Aug 9505 580.9 699.4 166.9 101.5 492.3 89.1 152.0 1580.3 113.0 - 675.4
Sep - 1649.2 n.d. n.d. - - 127.0 153.1 - - 76.9 1344.9
May - 285.7 418.1 109.4 - - 10.7 191.0 263.2 6.8 - 660.9
Jun  46.7 308.7 658.5 - 59.2 248.3 566.7 3.9 333.2 65.6 325.2 309.5
DDVP Jul 180.5 570.3 - 286.3 - - 167.9 696.3 363.9 211.5 482.0 33.9
Aug 688 37.7 63.4 84.0 2.3 157.0 24.7 29.7 72.8 3.2 55.1 33.1
Sep - 452.1 112.8 159.0 - - 2.5 34.4 - 180.4 110.6
mmt} Ao], W FrR <la IBPO AFgdo]l FolEi] W Ae] Wil 49 == g &l DDVPE SuldlAs 1%
olgt et Table 3, 717334 (HetadZE2)). A soko 2 FE Y, FAle (fathed minnow)2] LC50(96h) &
ol olittt o] AT oMo Ff thE A HolA 116 mg/l, "l WAool LC50(96h)> 1.8 mg/LoltHU.S.
ZAH IBPAE =X =2 3 Btk §@ A9 A9l EPA, 1983). U.S. Public Health Service(1995)+= DDVP+= #}9]

3} opabul 39 o] FAAIHN.D. ~1630.3 ng/L)=
7374(670~1140 ng/L)% A9k

IHLi et al., 2006) 5.
gk LC50-2> 10.06 mg/L(%
Organization(WHO)+= IBPE o]%
UTE L o] =
T UeBE o|HY fFo R
of M= Foot xdo]

S =
=

ko7 RHFslal

=ol weh ol g

DDVP:= Abake]

Sol, Fetehd st &

[}

Folt}l. DDVPE 5

™

T2HN.D.~265 ng/L),
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=0

.
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= (45~1026 ng/L)A| o] ZAFA
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woh e} 24 A g ]
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al, 19D = wi-$- =840l

IBP 01010]]
o], World Health

xg 3Fo 2 ‘E/Ho] L}Q. =

AA e Gt A

AHgEE ok

ol ThE ArollA]l F=AkE
FEHN.D.~20.7 ng/L)(Yu et al,
AR =
FH A 1=

A wol atskal 3l W—‘jmo—i

ol g ‘&?SHEﬂ 10,000 mg/L(Kldd et

i} 7ol

el sl = el ek =Ado] 5-15007H4] Sk 5= Stk
AL ®assich

Table 6. IBP concentrations in the surface waters from

other coastal environment of Korea.

IBP
Study concentraion reference

Study area
year (ng/L)

Asan Bay 1999 ND-1379.8  Yu et al.(2002)
" 2004 ND-6343.7  Choi et al.(2006)
" 2005 ND-2885.3 "

Mangyeong _ ;
River 2004 670-1140 Li et al.(2006)

Seamangeum 2004 45-1026 "

Table 7. DDVP concentration in the surface waters from

other coastal environment of Korea.

DDVP
Study area Study concentraion reference
year  (png/L)
Yu et al
Gunsan 1997 ND-26.5 (2001)
Danghang _ "
Bay 1997 ND-20.7

Seamanguem 2004 0.2-48 Li et al.,(2006)
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o] 9ol AT7IZF T HAENE 35% oo HluwA Qs
AZEF F719A4 =2 Disulfoton, Diazinon, Mevinphos,
Ethoprophos$1 2. (Table 2), A7 SL4¢} ALINAY] s&&
Table 4 YEFWT) Ethoprophosi= WEU & SHET WA
of & 2o]l= ofAlE, ND~5H17 ng/LE £ &% oY
Aot ZAIE Tl AENE 60%=H| A s 4
t}. A5 AL1, SIA4°lA Ethoprophosi= 5, 6¥€9l ztzt 713 %:%
L FEE HAtl Ethoprophosys ujo|A] Blof] #ut oju)e}
oe] WREAE FE 2ol {F7IQAA Feo R, ofikRtelA
19999 7ol N.D.~12.3 ng/L, 9¥°] N.D.~135 ng/L(Yu et
al., 2002), AusolA]l 20061 79l 1244 ng/L7HA] HIE A
THChoi et al., 2006). Diazinon> =ujolA= ¥ 2] o]&H 58
H|Este] W Z7]=9e], dEaie] 59 WAl T2 AEH
= I seker  2APIRE $¢F ND.~196.7 ng/Le]
A= A2 AEHNeH 69 7MY =& FEE Bk
Diazinon< wj-¢- 11%A] FoFo g FXx|Jf4o]e] LCH00] 2.6~
32 mg/LZ B iEo] JHKidd et al., 1991). Disulfoton< =
Ab 71%Y 5 N.D.~2852 ng/Le ®9Z HEHNow,
Mevinphos+ N.D.~56 ng/Le] H9= HAE%2AT} Demeton
S 7~8Yolvt A EQon HEWEE Yo} ND.~12459
ng/LE FEv H Holdrk
oA 3] g sflgol A2l Diazinon, Malathion,
Parathion®] ZH738]-87]52 0.02, 0.25, 0.06 mg/L= oykrte]
A 7&% %Et ol AN HEE ‘5 2 g4l Fallatria
Azt T2 oYt Ao FAHAAA AAIFE A
- 7]—Zr°ﬂ~ IBP, DDVP, Diazinon 2] A|A7]5S @5ollAl 2+
Z} 100, 30, 40 ng/L, 35241 8000, 400, 100 ng/L= A|A]&}FaL
Atk Aus WiF JHelA HE€ DDVPS IBPEREE 7
et ek el = =] AL

EE 5 =
2o W ARAel 5 v)Fe] Basichn Azke,

o] A FEEAS HS AAE] 1] 9lF
A, 89 AH AL2~AL3, SL2~SIAS BFa) A4 1~137
Z] IBP$} DDVPE Fd 2oz 2A359t) IBPEX = Fig. 3
of veldict 8¢Y ofilRtel A o] IBPEEE oéﬂﬂ F-
2 7, R=091%2 g¥-2] F7}el w7} IBPe

o] Z+43\tH(Fig. 4). DDVPe| Ay} A J¥3}
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3. Distribution of IBP in the surface water of Asan
Bay in August 2006.
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4.  Plots of IBP concentration vs. salinity in the
surface water of Asan Bay, August 2006.

160
140 |
120 +
100
30
60 T
40 [
20 |

st.AT2  st.l st.6 st.7 st.10  st.11  st13

————————————————————— - seaward

5. Distribution of DDVP in the surface waters of
Asan Bay in August 2006.



20065 SHA oR¥TES] F71917) Fope] REEA

DDVP

1200

1000

800 |

600 ¥ = 1.6886x
R'=0.0118

400

Particle phase concentration, ng/'g

200

200

300 400 500 600 700

Aqueous phase concentraion, ng/L

(a)

IBP

160

140

120

100

Particle phase concentration, ng's

30 y=00726x
RY-0.8831
60
40
20
0
0 300 1000 1500 2000 2500

Aqueousphase concentration, ng/|
1 tration, ng'L

(b)

Tig. 6. Correlation of particle phase concentration with aqueous phase concentration of (a)DDVP and (b)IBP in Asan

Bay, 2006
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