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Distribution and Characteristics of Organophosphorous pesticides in Shingu Reservoir,
Korea. Hong, Seong Jin, Jin Young Choi*, Dong Beom Yang' and Kyung Hoon Shin*
(Department of Environmental Marine Sciences, Hanyang University, Ansan 425-791, Korea;
!Korea Ocean Research & Development Institute, Ansan 425-600, Korea)

Characteristics of organophosphorus pesticides (OPs) distribution were investigated
in Shingu Reservoir, as a shallow eutrophic agriculture reservoir in Korea. In August
2006, IBP, DDVP and dyfonate were detected in the water column of Singu Reservoir,
ranging from 1340.7 to 16030.1 ng L., 58.7 to 127.6 ng L "! and N.D. to 20.3 ng L,
respectively. However, in September 2006, mevinfos, ethoprofos, phorate, chlor-
fenvinfos, and methidathion were also found in addition to IBP (202.5~213.2ng L),
DDVP (100.7~ 340.5 ng L™') and dyfonate (N.D.~25.0 ng L"'). Maximum concen-
trations of OPs were observed at the middle depth in August, which might be related
with photo-oxidation. On the other hand, IBP and DDVP among the OPs were
detected in suspended particles, suggesting the relatively active adsorption reactivi-
ty. The composition of OPs varied temporally on account of the influence of inflow
water from its surrounding areas. In the present study, the observed OPs concentra-
tions seem to be not acute toxic levels to aquatic organisms in Shingu Reservoir,
considering the standard monitoring levels of U.S. Environmental Protection Agency
and Japan Ministry of Environment.
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Fig. 1. Sampling site in Shingu Reservoir, Korea.
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Table 1. GC-NPD operating conditions for OPs.

Hewlet-Packard HP 5890 Series II Instrument Gaschromatograph, Nitrogen

Phosphorus Detector
. Column HP-5 (Crosslinked, 5% PH ME Siloxane, 30 m x 0.32 mm x 0.25 pm film)
Carrier gases He (30 mL min. Y, Air (115 mL min.™"), H,(34mL min.™)
Injection Automatic Liquid Sampler (HP 6890 Series Injector), volumes 2 pL
Injection mode Splitless
Injection port temp. 250°C
Detector temp. 300°C

70°C (3 min.); 150°C (3°C min. ™); hold 5 min.; 180°C (2°C min. %); hold 2 min.,

Temperature program 280°C (5°C min. )); hold 2 min.

N

0.0000 10.0000 20.0000 30.0000 40.0000 50.0000 60.0000 70.0000 Min.

Fig. 2. Chromatogram of OPs standard. 1. DDVP, 2. Mevinphos, 3. Ethoprophos, 4. Phorate, 5. Demeton, 6. Sulfotep, 7
Dyfonate, 8. Disulfoton, 9. Diazinon, 10. IBP, 11. Parathion-methyl, 12. Fenitrothion, 13. Pirimiphos-methyl, 14.
Malathion, 15. Parathion, 16. Trichloronate, 17. Fenthion, 18. Chlorfenvinphos, 19. Methidathion, 20. Tokuthion,
21. Merphos, 22. Fenamiphos, 23. Stirofos, 24. Ethion, 25. Fensulfothion, 26. Carbofenothion, 27. EPN, 28.
Azynphos-methyl, 29. Azynphos-ethyl.

enylphosphate® 22 % 60 mL2] dichloromethane 2 250uLE %33l GC-NPD= Aafslgdr).
(CH,Cl,, Merck, Germany) 2.2 F23le] {7]37 o2 GC-NPD9] EAx712 Table 1o JeiQ, 2FE
FeEElde & W o FEIAS AA EEE AEE A2 f—'i‘“}i—"iﬂ% Fig. 2¢] vepileh. 24 Wi
anhydrous sodium sulphate7} 1~2ecm=. % AHS AR S A23)7]) YA 162 §7|A ke =5
E23AH £=2e AAF 5 FHA 227) (rotary eva- E2 (OPP-8140JM, ChemService)-2 <3 |59 A7}
porator) 2. 3~ 5mL77]-7<] %23}ed hexane 2.2 *|3}5)4] slod 3)4ge Faldo). 539 wkEAly A 3t 34
o} FEH oz A4 7}g 250uLE F=3%}e] GC-NPD £2 DDVP7} 88.68%, mevinphosi= 78.36%, diazinon
(Gas Chromatography-Nitrogen Phosphorus Detector, o] 98.36%, parathion-methyle] 104.77%, Z18]3 azin-
Hewllet-Packard 5890 Series II plus)2 A 2kslsir}. phos-methyl-2 86.31%%] 31, 7434+ IBP7} 1.8ng L,
elx}el] E-F3E) S-7])QlA oS 50mL HIEE HHo| DDVP7} 0.58ng L' 28]3 chlorpyrifos7} 1.06 ng L'
oA e} YR mFEA=Z 250ng2] triphenylphosphate It

£ ¢2 5 30mL9| dichloromethaneo 2 FZ3}9v}

2087} 223} AH 7] (sonicator, Powersonic 420, Hwa-

shinjel /| F&& 33 10¥ o 22319 om Za o pgE

o] #A& F Wl o uhEEgIeh 1 vhgell 5mge] Flori-

sil® (60~ 100 mesh, Ridel Co.)¥} anhydrous sodium sul- A FA A 73e-efe) ulel 419 WFo] & o]

phate 8] GF/F 3217 A3 A& E3AA t}. 2006\ 89 799 A5A $£41L oF 5my.on, 9Y
R RS JAE AN F HFAoE AL kA 1499] A4 £AL o 25medrt £33 Fig. 3914 &
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Fig. 3. Vertical profiles of (A) Temperature and (B) pH in

Shingu Reservoir.
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(IUPAC: O, O-dimethyl-O-(4-nitrophenyl) phosphoro-
thioate)o] &= 9o}
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Fig. 4. Chemical structures of (A) IBP and (B) DDVP of
organophosphorous pesticides.

Table 2. Concentration of dissolved OPs in Shingu Reservoir (ng L™1).

Pesticides st. 1 st. 2 st. 3 st. 7
(August, 2006) Inflowl_upper Inflowl lower Inflow2_upper  Shingu Om  Shingu_ 2m  Shingu 4m
DDVP 207.6 118.3 72.6 58.7 127.6 81.0
Dyfonate N.D. 10.8 N.D. N.D. 20.3 N.D.
IBP 48691.4 45638.5 12002.9 6989.9 16030.1 1340.7
Parathion-methyl N.D. N.D. N.D. N.D. 41.9 22.2
Pesticides st. 3 st. 4 st. 5 st. 6 st. 7
(September, 2006) Inflow2_upper Inflow2_lower Inflow3_upper Inflow3_lower Shingu Om Shingu_2m
DDVP 13.4 181.3 3.5 26.4 100.7 340.5
Mevinphos 29.0 15.4 16.7 22.3 20.0 N.D.
Ethoprophos N.D. 16.3 N.D. N.D. N.D. 1.6
Phorate N.D. N.D. 3.3 274 N.D. N.D.
Dyfonate 21.1 31.0 N.D. N.D. 25.0 N.D.
IBP 788.7 369.5 541.5 373.6 202.5 213.2
Chlorfenvinfos 91.1 30.6 N.D. N.D. N.D. N.D.
Methidathion N.D. 16.9 392.7 199.3 18.9 17.9

N.D.: Not detected
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Fig. 5. Spatial distribution of dissolved IBP in Shingu Reservoir.

(IUPAC: S-2, 3-dihydro-5-methoxy-2-0xo-1, 3, 4-thiadia-
zol-3-ylmethyl O, O-dimethyl phosphorodithioate)= 7]
£35S

1.IBP

IBP: Kitazin P, Iprobenfosg}i s 3} FxA]-&
Fig. 49] (A)$} 2} IBPE= oA o] ARl 59
oz AFAe g FFelx ¥ Qo] et FE =9H
9] oula} X|8A| 2 go] 2olm, A} o]F AlF2] WA
< 7] {3 ol AREEHE Al AR YRl
A1) IBPREAM A 20061 8Yell= #4213 F34
2. 2004 12002.9~48691.4ng LY = #HYS Je}
Wolerm, AR WellME 0,2, 4mellA Z+7; 6989.9ng
L}, 16030.1ng L, 1340.7ng L18] =& Jepigith

9= #4229 4442 304 369.5~1788.7
ng L9 =% Jepligla, ALA WellME 0, 2me
A 27 202.5ng L7, 213.2ng L1 =5 Jehlgle
=, 8l w3 "R @& F=E JeplYH (Fig. 5). 8
47} 999 5= vl =9 Aol AH wE A}
439] 2ol 2 890 =dH WA E 93 IBPE AF
Aoz AM37] wEeolgtn Btk £§ YRl
9 B2 HEE AR Y2 4EHHEA E¥d 3A
Ze) A, Bl Rallo] 3l dolAE Her
Atz Ee) iR F&8E IBPE A4A] W9 0, 2, 4mol]
A 27y 95.4ng L7, 3379ng LY, 23.8ng L71¢) =&
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Fig. 6. Vertical profiles of (A) dissolved IBP and (B) parti-
culate IBP in Shingu Reservoir.

YepN $ic} (Table 3).

849 A4A W £= Je9] IBPY] 43| E=*(Fig. 6
(AN} Aol FH3 IBPY 4% FZ (Fig. 6(B)E B
B 3ol FHd % e AR BE A% B
ot o] EZoA FHso) o8 {7|AA Fekol
FrslA BaEr) dEes melth w3 A A3
AT o8] AMZoze] Efo] A o]FJX|A] 97| #
Foll FZoA & F5F Uepie Aoz Aladdh
ol E3to] zEE $Felgld 9¥el: pAHow
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& Aol7} glsiek

u} 5 (1998)e) 2)5hH, IBPY) ¥b17): 4.0~5.72 o
w, 12 A4S (35°C) 7MpRelrt @iks) dofu, pH
7} $&554 ©)3h BFE 7t AT sl pHY}
29| Wstel IBP v H2F wwshy, 21734539
IBPS] ¥ F2 FEs el v|QyEL) B 23 A
22 Btk IBPE ¢Jojol] tf&t LCy 5.1mg L1z o
HA 9lal (Worthing, 1979), ¥ Sl )3t LC,& 2.3
mg L'ty B uEgio (3324818 53 3], 2000). =3
IBP= AEA Hg 540 3] & ASA AFA
2 2 479 AEE EE A2 A FASAS
7HAE e X obd Aoz 2 4 qldh

ol Ay AFE JE A (www.env.gojp)ol A
AT 2274715 7448 3= (IBP: 8000 ng L )3}

Bl &9, IBP 5E 88U 32(16030.1 ng L 1|
A 1EAE of 20 23 B2 $EE MG 9
¥ (202.5~218.2ng L Yell= 7]FA]¢)] w]X|A] Z3s}adv}
Seuvehs obd 4 34 o 71904 ok e 3
e d3t £AA7|Eo] w2 AAFH A @2 Al
Aeln, it 2733 (www.me.go kr)ol A A Qg 44 gl
4 QA 3A7)EAN A ARR3I)FeR §7)
o HFE FEo s HEFHAME g (RETA
0.0005ng L he g = ojgle}

2. DDVP

DDVP+ dichlorvosZ} % 3} FZA]L Fig. 49 (B)
o} 2k DDVPE AHRAel Hol 0] 49 Bege
2 203 A4t Yool B, cked, A9 PolE

Table 3. Concentration of OPs adsorbed onto particles in Shingu Reservoir (ng LY.

Pesticides st. 1 st. 2 st. 3 st. 7
(August, 2006) Inflowl upper Inflowl lower Inflow2 upper Shingu Om  Shingu_ 2m Shingu 4m
DDVP 12.9 20.7 7.5 9.9 69.3 37.0
IBP N.D. 1021.9 9.3 954 337.9 23.8
Pesticides st. 3 st. 4 st. 5 st. 6 st. 7
(September, 2006) Inflow2_upper Inflow2_lower Inflow3_upper Inflow3_lower Shingu Om Shingu 2m
DDVP 3.0 N.D. N.D. 3.6 8.1 40.9
IBP N.D. N.D. N.D. 5.6 9.4 47.2

N.D.: Not detected
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Fig. 7. Spatial distribution of dissolved DDVP in Shingu Reservoir.
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Zol=d| £3] a7} 9J= ArEA| o]v} (Wauchope et al.,
1993).

DDVP 34743} 2006 8Qell= 142 13 §14
2 204 72.6~207.6ng L'19] xx wWE Jehfgle
v, 4R YelAE= 0, 2, 4meilA] Z}7 58.7ng L7, 127.6
ng L, 81.0ng L' =& Yehigith 9o & #-45
2 28} 8342 304 3.5~181.3ngL718) = x WS
derlgl, A4A HelAE 0, 2melA 27 1007 ng
L% 340. 5ngL o] vz g3} wwalgde o n)=3)
A ezt w2 A uYh(Fig. 7). o= DDVP7}
5o F2 AMEES] 9ol E ARl FA FEA|A]
ob7] Yoz Motk DDVP 2x g IBPS} nhg
Az §d52E B A5A Wz $U8- oz
ekt glom, 345 el o8 FAHPA 55
ZYisks Aoz KMt £24 DDVPE A4 DDVP
= —’F’—q FEE F3A HYE Jeblisleon BPg
H]s8 AeFS B3 o] IBPS} npiviR|2 2354
o] it Rl el Aol 23 Ejfe] AHA V]
Fo2 & 4 3} (Fig. 8).

DDVP®] blood clam (Anadara granosa)dl @3t DDVP
9] 96417t LCy 2 1.79mg L' U28x Y=
(Bharathi, 1994), bluegill 2 0.9 mg L™}, sand shrimp¥
0.004 mg L'o|w, o] AW S AL 552 veltA] o
E Aoz »u¥3 glot(Howard, 1991). DDVPE EPA
(U.S. Environmental Protection Agency)o| X XA &t IF
o mEAel A FFelAT ol AFoIH vk
AL AsA W AEe] FARAE Yot B ¥E

£ ohd Aoz e

Dissolved DDVP (ng LY Particulate DDVP (ng L'})
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Fig. 8. Vertical profiles of (A) dissolved DDVP and (B)
particulate DDVP in Shingu Reservoir.

oyl A¥e AFE dE A (www.env.gojp)oll A

AR 8 $2A877]1% 7422 235 (DDVP: 8000ng L)
3} vjwslsl e o, DDVP s =& 84 (58.7~127.6ng L)
7} 99 (100.7~340.5ng L Y)ol| 2F 7|EX 8} Y 5
=8 vepiin

3. 718 7125k

IBP2} DDVP ¢]9o]| = EPAd|A A& 132 73t
EXE 7HA AFA 2 2ol dyfonate: FUFE4 A
Z22x] YellA] 843} 99| 27 N.D.~20.3ng L1, N.D.
~31.0ng L9 =7} A& 94 54 5F 15
2] parathion-methyl-2 8%¢j] #|4=%x] oA N.D.~
419ng L9 =2 HEEHT, 99l HAEHA &
gk}l 1. #)9] mevinfos, ethoprophos, phorate, chlor-
fenvinfos, methidathion2- §-52.¢} *|4=x]ej|x] 8|
E AEIA &AEE 94l HekstA & F A (Table

E£3] mevinfos (N.D.~29.0 ng L™!), ethoprophos
(N.D.~16.3 ng L), methidation (N.D.~892.7 ng L™H)-&
odo] §0423} AA] Weld A% AEH, chlor-
fenvinfos (N.D.~91.1 ng L™))¢} phorate (N.D.~27.4 ng
LYhE 4520 HEHQAT A5A HelAe A
25 goivh 897 9¢o A& HVIUA B F

#5529 Aol U AL§FE) Ho|2 Ap=Lch Dy-
fonate, mevinfos, phorate 2] 37 methidathion®] blue-
gillol] B3 96X 7 LCx2 747t 0.028~44mg L7, 0.022
mgL?, 2~13pg LY, 78]3 2~9ug Lles d=A 3l
t}. 78]3F rainbow troutoll w3 96A|7F LCz> 47
0.05~44mg L%, 0.012mg L%, 2~13 ug L, 10~ 14 pg
L1z 233 d} 9lc}(Johnson and Finley, 1980; Mayer
and Ellersieck, 1986; Kidd and James, 1991). w}g}r] o]
W o Fo)A 723 Dyfonate, mevinfos, phorate 18] 31
methidathion® 7|2 | FZ27¢} vlasty g o £54
o FASAE EUE £AE od Az £ 4 U

4. 71 0A ke A%

$71QA Fekol 4 7 W2 #51FE" HA EEH
AL AR H2 e A2 A o i
ZzozRE] AALY FeAgoz 4324 (hydroly-
sis), 3413} (photo-oxidation), YJAtell &2 (adsorption),
2] njA e 2§ 23 (microbial degradation) 5-©]
glt} (Zamy et al., 2004; Baldwin ef al., 2005; Heath,
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o] AEHANR. A W #7104 s £4 FEx
F3AA A E Belx Aoz Uedon o 239
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