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In this study, eight pesticides belonging to the groups of carbamates, phenoxy-acids, heterocyclics were ana-
lyzed to identify their concentrations and distribution patterns at various sampling locations (20 sites) in the
Nakdong River basin during various sampling periods (May, July, September, and November 2012). Among
the eight pesticides, carbofuran showed the highest mean concentration (0.0335 pg/L), followed by methomyl
(0.0138 pg/L) and quinoline (0.0070 pg/L), while aldicarb and molinate were observed below the method
detection limit (MDL). Quinoline was the most frequently detected pesticide with a detection frequency of 85-
100% in all the sampling periods. The concentration levels and the detection frequencies of the pesticides
seemed to be related with the pesticides’ shipment/production. Among the four sampling periods, September
showed the highest mean and median concentrations, although the differences were not statistically significant.
The concentration levels were higher in the midstream area than the up and downstream areas of the Nakdong
River, because a number of potential contamination pathways such as wastewater treatment plants, industrial
facilities and agricultural fields were located in this zone. All these non-cancer-causing pesticides, except qui-
nolone, showed no risk value (risk assessment value < 1). This study could be used as basic data for risk assess-
ment and analysis procedures for quality assurance and quality control of pesticides in Korea.
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(NaHCO,), &A2HZ#(K,C0p) T2 A FS Wako
(Osaka, JapanAte] S5A19FS o]-&3l3ith. Al5e] &
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Fig. 1. Nakdong River sampling sites in this study.
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Table 1. LC-MS/MS instrument analysis condition
Conditions

Column

ZORBAX Eclipse XDB-C;g (4.6x150 mm, 3.5 pm)

Column Temp.

40°C

Positive A: Acetonitrile/Methanol (50:50, v/v%)
Mobile_Phase mode B: 0.3% Ammonium formate & 0.1% formic acid
Negative A: Acetonitrile/Methanol (50:50, v/v%)
LC mode B: 0.1% Ammonium acetate & 0.1% acetic acid
Flow Rate 0.3 mL/min
Positive Min 0 3 13 25 27 30
Gradient Program mode B (%) 100 95 60 0 0 90
Negative Min 0 2 10 18 20 25
mode B (%) 100 95 60 0 0 90
Injection Vol. 10 pL
Gas Temp. 250°C
Gas Flow 10 L/min
Sheath Gas Temp. 400°C
MSMS Sheath Gas Flow 10 L/min
Capillary Voltage 3500 V
Nebulizer Pressure 40 psi
Positive mode Aldicarh, carbaryl, carbofuran, methomyl, molinate, quinoline
Negative mode 2,4-D, MCPA
T ¥ BAAT o] SElds FaESF7(Turbo vap  APEE] S8l AA| A8 24 Aol E44dwe] A&y
LV, Caliper life sciences, Hopkinton, USAYE A&l A %= A ¥ 500 mLE ez ¥4 Hrlst
o ¥%A7|T, SHEUELS o83l AGANA o 78] FRARL PASKIT,. MDLE B4dse) &
0.45 um PTFE AJ&#] ZE|2 oAFA7] & HF F9]  FHAN 99% A= t 71 3145 #3 Je=

05 mL7t X2 i) 348 1S Q] &
22 (Atrazine-d ) 7161913, LC-MSYMSE. 7)7)4-
S I T Table 19 ZARRAF E2E 7]
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F 2 siom® B e B WS (me-
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ugL, 2.0 ugll, 023 pgl, 0.1 pglel 1/10 $320=
3tk T3 molinate®} carbofurane &5 He & &
A71FEE Fag a9em 30 247 05 pg/l, 5.0 pg/l
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Table 2. Concentration and DF of pesticides in the river water during sampling campaign

. MDL GW Concentration (ug/L) DF”

Compound Period (ug/L) (ng/L) Mean Min Max (%)
May - - - 0

Aldicarb Jul 0.001 0.098% ] ) ] 0
Sep. - - - 0

Nov. - ; - 0

May 0.0041 - - 5

Jul. 20 - ; - 0

Carbaryl Sep. 0.002 023 0.0038 0.0027 0.0056 25
Nov. 0.0034 0.003 0.0037 10

May 0.049 0.003 0.144 55

Jul. o 0.0314 0.0025 0.111 75

Carbofuran ¢ 0.002 50 0.0293 0.0055 0.0755 100
Nov. 0.0307 0.0046 0.0771 100

May 0.0129 0.0045 0.0403 40

Jul. %0 0.0097 0.0077 0.0117 10

Methomyl 004 .

ethomy Sep. 0.00 0.08 0.0179 0.0066 0.034 45
Nov. 0.0067 0.0048 0.0096 15

May - - - 0

Molinate Jul 0.015 0.5 ) i ) 0
Sep. - - - 0

Nov. - ; ; 0

May 0.0027 0.0011 0.0066 40

Jul. . 0.0034 0.0012 0.0051 45

24-D Sep. 0.001 01 0.0122 0.0023 0.0323 45
Nov. 0.0036 0.0016 0.0065 50

May 0.0029 0.0013 0.0053 60

Jul. 20 0.0058 0.0032 0.0081 35

MCPA Sep. 0.001 20 0.0061 0.0011 0.0136 55
Nov. 0.0098 0.0051 0.0147 55

May 0.0057 0.0006 0.0312 100

o Jul. " 0.0028 0.0006 0.0141 85
Quinoline Sep. 00005 34 0.0095 0.001 0.0274 100
Nov. 0.0096 0.0014 0.0338 90

a) GV; Guideline value / b) DF; Detection frequency

B Hasted 39 747t 9477 mL/day, 62.8 kg, 73.2 o714, EC: 5% <=(environmental concen-
yr 3& ARSI O A(D-Q)E 71Eo® HHA tration) (ng/l)
b ZHIZRER AlEEHo1AS T3l e Bk 5 DI: -85 A% (drinking water intake) (mL/day)
& 5}51 2™, carbaryl, carbofuran, methomyl, 2,4-D, EF: =% ¥l%=(exposure frequency) (days/year)
MCPA2] 739 upakelkelal e, quinoline®] 73-%- wHele]s) ED: =% 7]7H(exposure duration) (year)
=71 A A BW: A= (body weight) (kg)

A= Aol M =E2FS T A1) B3 A AT: 71t (average time) (year)
Attt CF: @98t 1=}

+Z%E) = W 21(1) 5%9] &% (carbaryl, carbofuran, methomyl, 2,4-

D, MCPA)?] BRI =s the 2@2)E & A8
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HFek9)a) & (non cancer risk, HQ)

=E/RD @)

3714, HQ: hazard quotient
RID: reference dose (mg/kg-d)

Quinoline®] W9 =E TR 2(3)S B3l 4H 3]

ATt

WHe}9)8)) & (cancer risk, CR) = E x SF 21(3)

714, E: =Z% (mg/kg-d)
SF: cancer slope factor (mg/kg-d)*

g7190 M@ vkl Zo] AANE ZHTEE A
B0l S8l fshd W7 sk AHARN

A AT F e EFEE AT SElEd B

B0l dS ARSIl flald H7kel AR 543k
I} 2bgE &7, 8= Table 30 YERATH

3. 4 o n
e AR F4 207)

248 8% FokRol tiek MDL, ZAMA 71

Table 29 YE AT

- Qe -

rlo

A9H - 3
Aldicarb?] 7% AEAZ AMEEE FOR, F 43 =
A &3t ZA A -l tisiA] MDL wIRke] gho2 vief
Stk S0l AR =) APAFAgelE 2 A
TATe} FARIA BEo] BaElom 0 2e) 7)&
AT Az aE]2 A ND-0.069 pg/ll 752
aldicarb 7HZo] B3 ® n} Ik Carbaryle] 7%
0.0038(0.0027-0.0056) pg/LZ AEHAoH, HAESNE
E 025%2 A49d] W 538 Yt sk
TN 20 AYPAT AT E Bl BIES)
3, =) AFe] Agolds A of 29 T B
2l 0.01-0.1 pgLe] AZo] Bad up At Car-
bofuran®] 74 th2 o) Hjs)] HFHoR e HE
HE(55-100%)5 YERA ST, HEFE2 0.0335
(0.0025-0.1439) pgL= F7FolA 9] zArA 2H0.191
(0.023-0.465) pg/L)SF=20 gAket 3202 Ia7iol A
o] ZAMAFH05-21 pgl) Bre® o vke xom
Uebsth, =3k 2] 3Bl ND-0.158 pg/l? o
Ho] &Rl 0.04-1.1 pg/Lel?® carbofuran AZo] K
FH AT} MethomylS 10-45%2] AZWEE 0.0138
(0.0045-0.0403) pg/L =07 A=HoH, F73olA
o] zAAY 0.003(ND-0.012) pgLETth= Thh =7
el o] ZAEFHY 019096 pg/LETh= vl$- ke
FEo 2 Yepgth ek 122 SN E 2 A7E
Fo} FAKSE 2521 ND-0.086 pg/Le] methomyl A&
o] B Eth2®) Molinate?] 7-¢- 2E FAR Aol
34 MDL w|gre] gho 2 vepgkom, =] As<de]
e el M® 0573 pg/l, F791429 0.005

Table 3. Risk assessment result from calculation and Montecarlo simulation

Oral slope

Compounds YExposure YExposure factor (1/ RfD 9HQ or  PHQ or _Sensitivity (%)
P (mghkgd)  (mghgd) o (mgkg-d)® CR CR DI EC
Carbarv] Mean  9.55x10°  2.19x107 o1 3.18x10%  7.30x10° 669 277
A Median  7.52x10°  1.83x107 ) 251x10%  6.08x10° 641 309
Carbofuran Mean  2.09x10°  4.45x10° 0.005 4.98x10° 1.06x10%* 492 465
ADOMTAN - prodian  1.44x10°  4.23x10° - : 3.42x105  1.01x10* 518 444
Mean  3.95x107  1.24x10° 7.89x10°  2.48x10° 493  46.7
Methomyl = \rodian  150x107  1.17x10° - 0025 501410%  234x10° 546 417
94D Mean  2.07x107  9.13x1077 0.01 6.22x107  2.74x10° 551  41.7
" Median 3.76x10%  8.76x107 ) ’ 1.13x107  2.63x10% 634 336
Mean  2.53x107  4.75x107 5.06x10°  9.49x10° 552 405
MCPA Median  9.03x10®  4.38x107 ) 0.0005 1.81x10°  8.76x10®° 52.8 437
Quinoline Mean  4.95x107  1.06x10® 3 247x10*  7529x10% 50.0 459
Median  3.12x107  9.86x1077 i "156x10*  "4.93x10* 522 444

a), c) A A A 23 A3 /b), d) ZH IS E A EH ]S o] &3 A}/ RID: reference dose / HQ: hazard quotient
CR: cancer risk / DI: drinking water intake / EC: environmental concentration
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A=) o] o] Ak o] Ark JA] car-
bofurane] 7F¢ A &= AFS YERIAA,
iAo 2 quinolineo] $-AIEHA HEEE AT B
t}. o) dellA e} o] AdF(H e 0.0363 pg/L)ot sHFH
#: 00359 pgL)RlABETRs S5 0.0622 pg/L)el
AN HEHoz o AR B ¥E £ Holx|uh
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Fig. 2. Total concentrations (X pesticides) of pesticides (a) and distribution pattern (b) at various sampling sites in the

Nakdong River basin.
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