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ABSTRACT

For this study, groundwater samples for 3 years from 2011 through 2013 were collected at 106 groundwater monitoring site
in Korea. These groundwater samples were analyzed for 13 pesticides such as cabofuran, pentachlorobenzene, hexachloro-
benzene, simazine, atrazine, lindane (gamma-HCH), alachlor, heptachlor, chlordane (total), endosulfan (1, 2), dieldrin,
endrin, 4,4-DDT. The objectives of this study were to determine the detection frequency and their concentrations of 13
pesticides and evaluate the health risk level considering ingestion, inhalation, and skin contact using concentrations of 13
pesticides in groundwater samples. An analysis was used for the simultaneous determination for 13 pesticides using GC-MS.
GC-MS was performed on HP-5ms, using helium (1 ml min™) as carrier gas. The average recoveries of the pesticides were
from 92.8% to 120.8%. The limits of detection (LODs) were between 0.004 pg L' and 0.118 pg L and the limits of
quantification (LOQs) were between 0.012 ug L' and 0.354 pg L. 106 groundwater wells were selected. 54 wells were
from well to monitor background groundwater quality and 52 wells were from well to monitor groundwater quality in
industrial or contamination source area. Eight pesticides including pentachlorobenzene, lindane (Gamma-HCH), heptachlor,
chlordane (total), Endosulfan (1, 2), dieldrin, endrin, and 4,4-DDT were not detected in groundwater samples. The detection
frequency for hexachlorobenzene, alachlor, carbofuran and simazine was 23.4%, 11.4%, 7.3%, and 1.0%, respectively.
Atrazine was detected once in 2011. The average concentrations were 0.00423 pg L™ for carbofuran, 0.000243 ug L™ for
alachlor, 0.00015 ug L™ for simazine, and 0.00001 pug L™ for hexachlorobenzene. The detection frequency of hexachloro-
benzene was high, but the average concentration was low. In the contaminated groundwater, the detection frequency for
hexachlorobenzene, alachlor, carbofuran, simazine and atrazine was 26.1%, 21.3%, 7.1%, 1.9% and 0.3%, respectively. In
the uncontaminated groundwater, detection frequency for hexachlorobenzene, carbofuran and alachlor were 20.2%, 7.5%,
and 1.9% respectively. Simazine and atrazine were not detected at uncontaminated groundwater wells. According to the
purpose of groundwater use, atrazine was detected for agricultural groundwater use. Hexachlorobenzene showed high
detection frequency at agricultural groundwater use area where the animal feeding area and golf course area were located.
Alachlor showed more than 50% detection frequency at cropping area, pollution concern river area, and golf course area.
Atrazine was detected in agricultural water use area. By land use, the maximum detection frequency of alachlor was found
near an orchard. For human risk assessment, the cancer risk for the 5 pesticides was between 107 and 107'°, while the
non-cancer risk (HQ value) was between 10 and 10, For conclusion, these monitoring study needs to continue because of
the possibility of groundwater contamination based on various purpose of groundwater use.
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Detection frequency and average concentrations of pesticides near the sources of the contamination (S: Agricultural
water use area, N: Crops area, O: Pollution concern river area, F: Industrial area, P: General waste landfill area, I:
Designated waste landfill area, K: Metal mine area, B: Area near the manure treatment plant, J: Resident health
survey area, U: Amusement park & Park area, G: Golf course area, C: Urban residential area, T: Storage tank area).
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Introduction

Al oA Bk wAE] F4 Y 2 AHE S7HE fIol ARS =L JARE P E AR M AR O &
Qe Hoke] A 59, AR X 50 A7 Aok Q1o T2 Qls| oFd, Aok W EQF 0 ¢ 5 TR =
A Lo7]11 . Foke It} 7719 47| (organochlorine), -7-7] 14| (organophosphorous), 7 HHHIFO| EA|
(carbamate), HA|Z O] =A| (pyrethnoids), 222U E]'D 7| (chloronicotyl), Hl5A]A| (phenoxy), P2 #A| (aniline)
502 FLELH ASA] (insecticide), At Al (germicide), AlZA| (herbicide) E-F7H T (Hong et al., 2015). ©] 5
7182A FRE AAavt Aot soka TetH, 7H o] Astal et e aitE ATt ARG of gt SEx|Tt

7 Ui HR-go] AaL Ae=rdo] Aot FARg o] ARAH AdRl=a AR 1970 T T A7} AJEFE o] Al
A

riol

H ARGl BAIE AL, |l e 55 d0] ARt Eote] Rt ARSE W AIShE 5 e B Shal QAR 7]
AaA soFel - 401d0] A A g B 2Zo A HESE AL 910 (Park et al., 2012; Hong et al., 2006). 7]
AaA sore] HEAQl =H 2= DDT, SASERAA, =7 50 Slot. SIS E2RIA2- 19653717] oot

ARGO) MO T/7-E o5 913 ASA|= ARRE Rl om, 25, AR 59 Al Zof| ARSE U =l A
ARGEIR QAR RitE =R A= AL A4t -SHiut 7|8 AAet sletE Alx F EraRE A
ZdollA ApAA o 2 WAYSHR] = oAl AXERERARS o AFY 9 (e IRt (MELS,
2017; National Institute of Food and Drug Safety Evaluation, 2017). DDT+= Z}dof] ZAfst= 242 ol 222
HA} EvfjE R zolekg-a AR JESAIA Q1914 02 gdste] ThHat. Holrksof| o5 AEol 5557
mhzell 2/ ZAAHR1 79 DDT s =7t - =T (MEIS, 2017). 1=, A=, e Es 38 mihe-
fr=otH, Al 717 oF FRkE nIXITh 115 lEE =T Gl - E 7 A m oA S AV 71
2ol 2 sl dojdss AT (MEIS, 2017). 592 EGollA] o]F/do] 31, A|siHo] EQFH| 77k
= 5oFof oIt xJol @ A7FsAo] o AR A og HE|o] QIth (Yen et al., 1997; Gyeong et al., 2004). T]=+
NAWQA (National Water-Quality Assessment) L= 1580]| SJ5f| Z|ol4=5 T 0 2 FhS TAR Ao m=H
A= AR 9 A9 1,0347] A3 5 54.4%004 “s2to] HEE|LoH =2 R |50 HEE| T (Dana
etal., 1998). Tt A H]¢12] Duero basinZ]| 9] 5845 %5 710.1 pg L o]4fel ofE 218 45%, AJabrl-e 39,
0|91 2™ Ebro basinA| G-2 o}EEH 23%, Al0H 26%9] HE-8-2 H 15T} (Alain et al., 2008). 9-2[U2HE 2]
Slp7h et g = o] Qli=7FsAdo] Al B = AiRAL Y 21520 T2 @ A 7hs 3= ARdel AtslioR & A
O = T
A ES o2 = 5oF B2 ul=k Food and Drug Administration (U.S. FDA, 1994), AOAC AW
(Sawyer et al., 1995) B g-2{uia} AZF0loREe A o] Al ZHR-sof B4 A5 sl A] (Ministry of Food
and Drug Safety, 2017) -5 o] 7fd=|o] ghot. AA7ER] ] Y =19] 5oF EAH-2 EPA Method?] 73-3- Hexane,
Methylene chloride 5:9] 818 980} ZZ510] GC/MS E= GC-ECDE HA1611 (US EPA, 1990; US EPA, 1995;
American Public Health Association, 2009), =] EAH-L2 t]2 2 2[eho 2 ol o} Z=35}o] GC/MS, GC-ECD,
GC-NPDZ EA45AU, LC-MS/MSE EA5= B0t} (Kim and Park, 2000; Kim, 2003; Kim et al., 2009;
Hong et al., 2015). SEA|RFFoFRo]| gt 2[5l FAREATH-> B} nlast ook whebA 2 4= 59FR 13
ol tigt 2ol - SAIEATH-S Sota U] skol] A-85to] HokR HEEASS welsty e E7E &
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Materials and Methods

A US 2 ATAE RN AUV I AT 7o) G 2 7R 5T
RIS, Wek 2 2, AR, A, SAEE 2N, Ac e, WekEE, DDT, ofEe, 22 ed, detdE,

Ak 12823} Aol £ 5ok F 7haseh 1958 24 g R0 ARkt sd 9=0] E4L Table |

| pebHgLc.

2

Table 1. Physicochemical properties of selected pesticides (WHO, 2003; WHO, 2004).

Molar mass Density Wat.e r

Component Use Formula 1 3 Solubility Log Kow
(@mol’)y  (gem?) TN

Lindane (Gamma-HCH) Insecticide Ce¢HeClg 290.83 1.85 7~17 3.2~3.7
Pentachlorophenol Insecticide CsHCI50 266.34 1.98 14 3.32~3.56
Endosulfan Insecticide CoHeClsO5S 406.90 1.74 0.06~0.15 3.83
Carbofuran Insecticide Ci2HisNO; 221.26 1.18 350 1.6~2.3
Endrin Insecticide C,HgClgO 380.91 1.77 0.23 5.34
Hexachlorobenzene Insecticide CClg 284.80 2.04 0.005 5.2
Dieldrin Insecticide C2HgClsO 380.91 1.62 0.19 4.6
Heptachlor Insecticide CoHsCl; 373.32 1.58 0.056 3.87~5.44
4,4-DDT Insecticide C14HoCls 354.48 0.99 0.001 7.48
Atrazine Herbicide CsH;4CINs 215.69 1.19 30 23
Chlordane Insecticide CioHeCls 409.76 1.60 0.1 5.5
Alachlor Herbicide C14H,0CINO;, 269.77 1.12 242 2.6~3.1
Simazine Herbicide C;H,CIN3 201.66 1.3 5 2.1

Al2F 2 Ao ARgE SRl HEEErekS WakoAre] ZHREoF 24185 ARSIl o, 21 BEade
CHEM Service (USA)ATOIA &g 58912 1,000 mg L'9] ==& xﬂx%}oq ARg5IT) GShES (Wako,
Japan)¥} 2R EF (Wako, Japan)= 400°COf|A 4417 7FERE & ®listod ARE-0191 9™, A<= Thermo
Fisher ScientificAl2] Barnstead Nanopure 7|75 AF85}10] A 25 32} /45 ARSI HE 24} 7| e 0
AAZ A5t AlA, S7=, oMAIE, HlgkE2 o-8-6l A&5to] A5 H, 105°CollA 1417 o 7HE 3 2 o]

= XA gsisint

SUR SAEME AT X2 o 2 dAFelM= Iﬁh% OFF FAREA S ol =l H 9] FokE
AHE HESIIAL (Table 2), 2IZANE EUIR HE==2HEo R 23] & § A5 s57]= 23] 55510
GC/MSDE #4153t} A 2o AR == FRHERS FAIE Slo d2hHEER 40 g, HE2E =M 60 mLE +
Az 7] o] Yol 1057F S50 ARg3ITt A2 E Q5] A& 1.0 LE F510] 1.0 L 2EZujr]o] Yo & i u
=88 (phenanthrene-d10) 25 pLE H7Fslct Almol A GSHES 40 g2 Yl S50 &=
40 mLE 21 $AFEXG 7| E o]-85te] 10 24 AF 6] 230tk Aol A E S22 SEAIAE S5l

SAREESS oF2.0 g8 Ylth 23} T2 eaurte 2 ohis] 28e)} E i s|ctel  oflse) o2
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Table 2. Comparisons of pesticides analysis method (US EPA, 1990; US EPA, 1995; American Public Health Association, 2009).

Compounds Equipment Sample extraction MDL (ug L™
EPA Method  Alachlor, Atrazine, Chlordane, Dieldrin, Endrin, GC-ECD LLE 0.002 (HCB)~
505 Heptachlor, Hexachlorobenzene, Lindane, Simazine (Hexane) 6.8 (Simazine)
EPA Method  Atrazine, DDT, Endosulfan, Endrin, Haptachlor, GC-ECD LLE 0.0015 (Heptachlor)~
508 Lindane, Hexachlorobenzene, Chlordane (dichloromethane) 0.039 (DDT)
EPA Method e eptlor Hexachiowbensene, GC-ECD  LSF 0.001 (HCB)-
508.1 ’ > HepLAchior, ’ (dichloromethane) 0.009 (alachlor)
Simazine
A Method o Rexactlorbermene, Lindane,  GOMS LSE 0.053 (dicldin)-
5252 > P , exac ’ : (dichloromethane) 0.4 (Endosulfan2)
Simazine
EPA Method Alachlor, Atrazine, Endrin, Heptachlor, GC/MS LLE 0.002 (Lindane)~
551.1 Hexachlorobenzene, Lindane, Simazine (MTBE, Pentane) 0.121 (Simazine)
EPA Method LLE 0.032
P hlorophenol -ECD
515.1 entachloropheno GC-EC (dichloromethane) (Pentachlorophenol)
Ep/z xelth‘)d Carbofuran HPLC - 0.52 (Carbofuran)
Standard Lindane, Heptachlor, Dieldrin, Endrin, DDT, GCOMS LLE 0.01 (Lidane)~
Method 6630 Endosulfan (dichloromethane) 0.025 (DDT)

| Groundwater Sampling

Keep at 4°C before analysis

| Partitioning -1

Dichloromethane 40 mL

Internal STD (Phenanthrene-d10) 25 pL
Shake for 10 mins

Take a dichloromethane layer

Partitioning -2

Dichloromethane 40 mL
12N KOH 110~130 pL
Shake for 10 mins

Take a dichloromethane layer

| Rotary evaporation

Evaporate to 1/4
Move to joint flask
Evaporate completely

| Adjust to 0.1 mL final volume with dichloromethane

| GC/MS analysis

Fig. 1. Sample preparation procedure.
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239 fgRaueEo] 1445 Holgle Uiz 55 7, ZR1E EetAa e olEslo] 22} 55S AAISIAT. 4]
27} RE S0 urla] 553 & 2 EEepAT o tj2a g
2 mL Ho|ge] 7] $ GC/MSD

= A5k (Fig. 1).

+= ThermoA}2] GC/MSD (Trace 1310/ 1SQ QD)E AH8-511th HP-5MS ZAH-S

[¢)
Zpsto] BAstom, U AE ECRE 452 1 mL min' & S -FASIST A= o] R U EEH o

—
2 shglon], U EEEY

vfglom, 13%59] HoHR BALS

-2 Phenanthrene-d10< AR&-SFATE. 2 Aol A ARERY 71 7]34] 2702 Table 301 LFEF
et Aol 23k E4Jo]2-2 Table 4°f LFERISITH

Table 3. GC/MSD operating conditions for pesticides in this study.

Parameters Conditions
Gas chromatograph/MS Thermo Trace 1310/ISQ QD
Column HP-5MS (60 m x 0.25 mm L1.D., 0.25 um film thickness)

Carrier gas (flow rate)
Injection mode

Oven temperature

Injector temperature
Temperature programming
Ionization mode

Ion source temperature
Quad temperature
Ionization voltage

Mass range

He (1.0 mL min™)

Splitless w/Surge
80°C
310°C

80°C (5 min) — 20°C min™ — 220°C (3 min) — 10°C min™ — 300°C (10 min)
EI (Electron lonization) mode
230°C
150°C
70 eV
80~600 m z"

Table 4. Information on monitoring ion.

Monitoring ion

Compounds - - 3 - 3
Primary ion (m z) Secondary ion (m z)

Carbofuran 164 149 131
Pentachlorophenol 266 268 264
Hexachlorobenzene 284 286 282
Simazine 201 186 203
Atrazine 200 215 202
Lindane (Gamma-HCH) 181 219 183
Alachlor 160 188 146
Heptachlor 100 272 274
Chlorodane (total) 373 375 371
Endosulfan (1, 2) 195 159 239
Dieldrin 263 265 277
Endrin 263 81 82
4,4-DDT 235 237 165

mLE F{5t] EE]4, ultrasonic Y172 714
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ZAL & & ZAL A7 S Ak 5ok AEE =5 2] Sl8l AlskrrdS5 7% 1067 213 A
gollom, e FH (e, TEe ? S
31 (Table 5) L FAY Z[5krE Aok ARG FAof| W2t A8, 598, 308 =, Lo w2t 39
FAE AR, E2 Ao 508 FESHTE TR EXJo]gof mhE FoF L AR SRl | sl &8 E
2o B E o]-85F 1 (Ministry of Environment, 2017) EX|0]- 832 T AI7FFAZRA|S 4
o, 22, F41, WA, o=z FESHH.
eyt A oS et R[Sk A SO Wil A 85789 3924, =7 ISkt S 15214
T LA el 5221 lek Al F=2011d
HE 201313714 31 S AR ] (4~69), SIREZ] (9~118)°] 2 1914 & 61 Al5=5A.
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Table 5. General information and sources for groundwater monitoring sites.

Classification Sources

Farmi Agricultural water use area (3)
armin
& Crops area (3)

Pollution concern river area (2)
Water .
Industrial area (9)

General waste landfill area (9)

Designated waste landfill area (2)
(A): Regional Groundwater Waste

. . Metal mine area (4
Near various contaminant sources (52) “)

Area near the manure treatment plant (3)

Resident health survey area (2)

Amusement park & Park area (3)
Etc. Golf course area (3)

Urban residential area (7)

Storage tank area (2)

(B): Background Groundwater (39) Uncontaminated area

(C): National Background Groundwater (15) Geological: Sedimentary rock, Igneous rock, Metamorphic rock

AR MFE Aok AaAFHE Yol vt 4 L S5 HA @ 7] ES 04130.1¢ (Ministry of Environment,
2014), ISO 5667-11 (International Organization for Standardization, 2009)°1] A% 2|5}=2] A& 2 F o] Tigt #]
Z3}1S0 5667-3 (International Organization for Standardization, 2012)°f] A|A|%H Al& HE 2 ZHFof| theh ] 3-S
arsielct. EF- 2D (PTFE) Aoz 22k 1L 24 f-21-8710] ]i— At ar, A5t A= of
O] AHIAS o] Bof 2HFsto] 4°C WetAoll A Hykstltth. 52 Alm A5 5 7 ofHloll 738517 40 o[ o]
wASEAT Al=AHF Al 2, pH, EC, Eh, DO 352 7oA Foi-8 EEISA 7] (Orion 5 Stars, Thermo)E ©1-&
kol = ekct

Q|5HA % |- (Risk Assessment) $I5]1Ad B7} (risk assessment)+= OH 2 of| L 22 71 3
SARE, BEE0 54 52 Aeoto] FFH o2 45l= vPgo|tk HOHH Bt 49A = 2= Fold &
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91 (Hazard Identification), -8-%-5F-5-H7} (Dose-Response assessment), ‘=& 7} (Exposure Assessment), $]oll =
A7 (Risk Characterization) 22 G-/J%|o] )t} (National Research Council, 1983). $lollie+= Tet=2lof| thh i
AABI® (cancer risk) 2t = -7 olA] = B4 of] thgh B IS & (non-cancer risk) 2 T2 LSl =
o] 40 L2 S o] oA Sheol, YA iE7] Slope factorS o] AXKRITH (Eq. 1). AIAIE
21717 (WHO) FollA= 2RIl -5 1072 Aokl QLo H, o]= ¢lo] e gh&o] 107PE Foll 111 A
= oJujgit}, A2 FHESHA] & Q=22 WA O 2 RfD (reference dose) ©[612] 5 of| tjd LeE & o 9l

Alofl 272191 SE- 512 e A 55PH $1@HlE (Hazard Quotient, HQ) = WERHL:. o] gro] 15 Z2¥sh= 7
- g eto] WAL 7FsAdol et Bt flelE= YU H e E50] Reference doseE U gkt (Eq. 2).

FIF
I
)

Cancer Risk = ADD (average daily dose) x SF (slope factor) (Eq. 1)
Hazard Quotient (HQ) = ADD (average daily dose) / RfD (Reference Dose) (Eq. 2)

AsllA B7H= BAAE Eo)7] Hdll B 20| AAo] a5l B AFoaf= 2510 A%, ul-e-84] Bl

T2 AGF, 7S R 5718 k2B 2E oIS kS =0l sidohe Y Y8t e =% (average daily dose,

ADD) AL Eq. 3~79 JEUQIth &M= 2 US EPAS] AR 2 A8slglom, QA EIats 2y 5
AL =S AR (Ministry of Environment, 2007).

Cw X IRw X EFX ED

Ingestion ADD= BWX AT

(US EPA, 1989) (Eq. 3)

Cw: Chemical concentration in water (mg L"), IR,,: Water ingestion rate (L day™), EF: Exposure frequency (days
year™), ED: Exposure duration (years), BW: Body weight (kg), AT: Averaging time (days)

X EVX EFX EDX SAX CF
BWxAT

event

Dermal contact ADD=

(US EPA, 2004) (Eq. 4)

DAcveni: Absorbed dose per event (mg cm’-event '), EV: Event frequency (events day ™), SA: Skin surface area

available for contact (cm?), CF: Conversion factor (1L=1,000cm’)

. * 6T Xt
For organic compounds If teyen <t , DA,,,,,, = 2FAX Kpx Cw | Zevent 7 Levent
™

teven: Event duration (hr event™), t': Time to reach steady-stat (hr), FA: Fraction absorbed water (dimensionless),

K;: Dermal Permeability coefficient of compound in water (cm hr"), T event: Lag time per event (hr event '1)
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If tevent>t* b} DA

event

thnf 1+3B+3B2
=FAX KpX +2 —_—
P CYTU[ 1+ 8B Te't,'em‘( (1 +B)2

B: Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its

permeability coefficient across the viable epidermis (dimensionless)

For inorganic compounds DA, = Kpx Cw X<t

event event

CwX IR, X EFX EDX K

Indoor Inhalation from household water 4ADD= BWxAT (US EPA, 1997) (Eq. 5)

IR,: Inhalation rate (m® day™), K: Volatilization factor (dimensionless)

S

= « (D e—RaeDt Rae(Ds — Dt)

5 Rae ¢ Rae
AT

Cw X XnX EFX EDX CF

e

Indoor Inhalation from shower ADD=

(US Massachusetts, 2004) (Eq. 6)

S: Indoor air generation rate (g m*-min™), Rae: Air exchange rate (1 min™"), Ds: Shower duration (min), D;: Total

time in shower room (min), n: Number of showers per day (dimensionless)

) CwX IR, X ETX EFX EDX VFX CF H 3
Outdoor Inhalation ADD= VF= x 10
BWxAT (u7 6(1L7L(VVI'
1+ 7WD" 7
(American Society for Testing and Material, 2010) (Eq. 7)

VF: Volatilization factor (g cm’"), Uy;: Ambient air velocity in mixing zone (cm s), & 4 Mixing zone height
(cm), Lgw: Depth to groundwater (cm), W: Width of source zone area (cm), Deff, ws: Effective diffusivity -

averaged water table to surface (cm” sec™)

Results and Discussion

HEEHE/M=2E]| (QA/QC) GC/MSDE Hoj7l -59k7 135:0] A Z2utE 131S Fig. 20 el o™, 2 &
0] Ha 2SIl QA/QCE Sl HAEM, Zéaﬂﬁl At 5l AU S SIS A AE 2Mdst

7] 9loll F289450.1,02,0.5, 1,2, 5, 10 mg L Fe = Aok, W24 25 uLE o] Fotlth. 7125 (x
ol FAEE = (CoE, AIES (y F)oll 24229 02 4] (Ax) 7 R4 12384 (A2 H]
(AX/AI)E Flolo] ARTAS 2Pdorolnt. 1 27 1395 25 23A5= R31010.99 oV 0 2 SRI%| Qi (Table 6).
SR 9 HAIE FRlsh] flall Al 2419 st He s FHI-E A R S HHE SAskglon, 1

\_..
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o IHASAE 14 0.004 pg LHE 2120118 pg L0 AAL, =R MShs 2141 0.012 pg LHH 212
0.354 pg L' 2 YERGTE AU T (Precision)= A@E4 Avfo] WHEA-S LFERNT, ST (Accuracy)= 24 A}
7+ o =71 Y= 2 T Q1] (Ministry of Environment, 2014) 2485 135 - AU oA
STt 2171 92.8%0114 120.8%2 75%0114 125% ©1U], 1.3%01141 13.6% 25% o] 7k THE51 (Tt (Table 6).

35000000
30000000
25000000+

20000000 8

15
12
9
15000000 1
14
10000000 1 6 13
50000003 R 10
L . J ]
e H e

L L L
80 85 920 95 100 10.5 1.0 1.5 120 125 13.0 135 14.0 145 15.0 15.5 16.0 165 170 175 18.0 18.5 19.0 19.5

Time (min)

w

1=Carbofuran; 2=Pentachlorobenzene; 3= Simazine; 4= Atrazine; 5= Hexachlorobenzene; 6=Lindane; 7=Phenanthrene-d10
(ISTD); 8= Alachlor; 9= Heptachlor; 10=Chlordane;11=Endosulfan1; 12=Dieldrin; 13=Endrin; 14=Endosulfan2; 15=4,4,-DDT

Fig. 2. Chromatograms of 13 pesticides detected by GC/MS.

Table 6. Calibration data and detection limit of pesticides.

Compounds Y=-ax+b MDIj] LO(?1 Accuracy  Precision
a b )i (ngL™) (ngL™) (%0) (%)
Carbofuran 0.055 0 0.999 0.118 0.354 115.8 13.6
Pentachlorophenol 0.116 0.010 0.997 0.041 0.122 101.2 5.4
Hexachlorobenzene 0.114 0 1.000 0.006 0.019 100.2 8.6
Simazine 0.033 0 0.997 0.025 0.075 110.2 3.0
Atrazine 0.101 -0.007 0.997 0.010 0.029 103.3 1.3
Lindane (Gamma-HCH) 0.040 -0.001 1.000 0.004 0.012 92.8 2.4
Alachlor 0.074 -0.005 0.998 0.024 0.073 113.4 29
Heptachlor 0.041 -0.002 0.999 0.005 0.016 107.9 2.7
Chlordane (Total) 0.009 0 1.000 0.020 0.061 104.7 5.1
Endosulfan 1 0.011 0 1.000 0.019 0.057 102.0 49
Dieldrin 0.014 -0.001 0.998 0.013 0.039 113.7 6.1
Endrin 0.022 0 0.999 0.021 0.063 120.8 4.6
Endosulfan 2 0.012 0 1.000 0.026 0.079 106.8 33
4,4-DDT 0.139 -0.011 0.998 0.029 0.087 98.1 7.9

SIZt 2 An AR Y0 @F=AYE AAE Table 70 VR QITE BH-2-217.7°C, HA-2-2-7.0°C,
24.3°CHA1, Bt pHE= 7.0, pHE$I= 5.79014 8.72 UeERdth Hek DO=3.5mg L', DO #$1=0.1

mg Lo/ 9.3 mg L' 02 vehton] Bt ASI5HI 7 9] (Eh)=239 mV, Eh §$1=-321 mVollA] 973 mVE LiEt
wth @4 =4 29 DO7F<2 mg L, Eh7F< 200 mVSl 7-$- 8- 3174 o] %|514=7F £A161AeE Ehs A5k &
TEAS Aot 7R TR 9 AEE Y TR SR Zol T Al ks vt A
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Qltt Jeon et al., 2011). Ha EC=321 uS ecm™, EC 9= 3 uS em™of|A4] 1,537 uS em™ & A|&7F 2jo] & H et
ECE= Alolm9] 55 9 A HEA, @ Hojiel o] @it} (Jeon et al., 2011).

Table 7. Statistics of temperature, pH, EC, DO, and Eh for groundwater field data.

Temperature (°C) pH EC (uS em™) DO (mgL™) Eh (mV)
Min 7.0 5.7 3 0.1 321
Median 17.4 6.9 270 3.5 222
Max 24.3 8.7 1,537 9.3 973
Mean 17.7 7.0 321 3.5 239

X5t & sA4F Aei S8 AolrrEdS A= 10670 23S o2 2011'd5E] 20131d7k2] 3'E7E
SRS AR AL 1395 5 7R, KSR 24, ofEel], detEE, Aluk sEET HEF L, YA
SYE-2 AZE)A] Aot AEH 5= EAZES Table 8ol FERN UL SIAZ2 2 WAL 6317]9] A& % 14671
AN ZoA AZE o] AZRE 23.1%2 7P =911, 1 the0 2 A2 11.4%, 7HRFEH7.3%, Ak 1.0% 4=0]
Rom, ofEakxl22011d0] 111 AE= ATt (Fig. 3). Bt AF s 7HEF30]0.00423 pg L' 2 7P =3koH,
A2 = 0.00243 pg L, A|FE0.00015 pg L, SIAE2 29141 0.00001 pg L 0|07, A& 5= U= 7R F
o] B4ZE (ND, Not detected)°llA4] 0.52845 pg L', ZEFEZ2 NDOJA] 0.12924 pg L, A|PFI NDof|4] 0.03258 pg
L, SIAFE2 2913 NDoJ| 4 0.00029 pug L £0130ct (Fig. 4). IXE2 2941 AZ8-2 =X Hls e 9 2|77
e =4 it AR QS APER AR dXEE R defERE B Ao AEEGeH, 71 R
220110 AEEA] AU, AP 2013 Hofl AEER] I8} ofEekl2- 2011 k7] of] 12]3of A9t 4
Z5]ck (Fig. 5). IRER 2HAI 0] AE 55 ¥ $1=0.00001 ug L' ol14 0.00002 pg L' 2 RE A]7]|of] GAFRH 5
2 ASEN, dEFER=201149 AR 5E] 2013 S1RE71712] 0.00202 ug L' o141 0.00348 ug L 2] S =H9IE
H oIk 7HE TR 0.00404 pg L' ell4] 0.00487 pg L' 2] 55 9IS B AT, AHFE20.00017 pg L ell4] 0.00048
ng L' 5 1E Btk 2 Al Aol o8 S ti o & sfo] 2jFzlo1E Aets] gl 4= glAlet #]s}
T Zolo| fE soF HE EA4S T EETS 5ol ERIokgir 1 A, sKEE 29IH10] 79 8~15 mzdole]l
A129.5%2] AEES 2™ 70~80 mollA] 17.9%2] HEE-S BT U 12| viEAH 2R & o 2 5F
Q AAHIE LAY Park et al. (2004)2] Aol Xi= 7340} el 2] A o] X711 (4, 6, 8, 10¥) = A5 58 Al=ol|A]
o] AEEA] ptow, 11ER] viFEARR] oA = AT BE Al BE A7l HEFCH AESNEE

| mE
359ker] o]t 815 OPAlE U o] §51o] Eofel AAElo] S AENES ek Holet el

Table 8. Concentrations of detected pesticides in the 631 groundwater samples.

Compounds Min_ 1 Max_1 Mear_l1 Mediz_iln Detection
(ngL) (ngLl) (ngl™) (ngL) frequency (%)
Hexachlorobenzene 0.00001 0.00029 0.00001 0.00004 23.1
Alachlor 0.00101 0.12924 0.00243 0.00846 114
Carbofuran 0.00118 0.52845 0.00423 0.01410 7.3
Simazine 0.00320 0.03258 0.00015 0.01640 1.0

Atrazine 0.00130 0.00130 - - 0.2
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Detection Frequency(%)

Alachlor Carbofuran Simazine Atrazine

Fig. 3. Detection frequency of pesticides in the 631 groundwater monitoring wells.
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Fig. 4. Concentrations of pesticides in the groundwater. A line indicates average concentrations of pesticides.
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Fig. 5. Seasonal variation in pesticides concentrations in the groundwater (First half: April through June, second half:
September through November).
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ALKt HRQEX|H| ME} ZA RO L HARE AA|5] ERI5t| ol FAAHS 2HA]
T H] @ HR| Y 0 & FESISIT v s et A AT = i o] Sl i A S AR =7 Aok 1SS H L.
Yo7 AR ESHTY] P HAG S LA FHA G 02 FE5IT. 1A, e F R HE
L= dxEz2dAo] 31070 AR 5 8171 AEEC] 26.1%5 EAAL L=HEE 21.3%, 7HEFF 7.1%, A0t
1.9%, OFE2FK 0.3% <=0 itk ] @ @] H o] HEN L= SIXZ22HIAI0] 20.2% 2 7P =940, 7HEF3E 7.5%,
ATHEE 1.9%0| 01, AR} ofEerle HAEE]R] ot NEE=dA, detE=, AW, ofEzile
H| @ ARG R} @ AR HolA AESK =7t =UT (Fig. 6).

L AR RJel2] Fe HO= 7HEFEe] ND oA 0.52704 pg L', Y222 ND ug L'ollA] 0.12924 pg
L, A ND ug L 0l14] 0.00001 pg L™, SIAFZZ 2HIAI ND ug L'ell4] 0.00001 pg L' o]t} Bt det
22710.00282 pg L' 2 7P =9ko W 7hRFEE0.00275 ug L, ARF10.00019 pg L, SIAFE2 24141 0.00001
pg L'=o|3iek ]2 A2 o 2]6}4=9] 5t 9= 7HEF7HO ND ug L oll41 0.52845 pg L, d2HE2= ND ug L]
210.05930 pg L™, SIAFZE2 2 A ND ug L'o41 0.00001 pg L'o]leh BT = 7R 321000361 pg L, &
22 0.00035 pg L', SIAFEZZ 2970 0.00001 pg L' o124t (Fig. 7).

o2 IR
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Detection Frequency(%)

Fig. 6. Detection frequency of pesticides in the contaminated groundwater and uncontaminated groundwater
(Uncontaminated GW: Background Groundwater, National Background Groundwater, and Contaminated GW:
Regional Groundwater Near various contaminant sources).
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Fig. 7. Average concentrations of pesticides in the contaminated groundwater and uncontaminated groundwater
(Uncontaminated GW: Background Groundwater, National Background Groundwater, and Contaminated GW:
Regional Groundwater Near various contaminant sources).

2G9N Aol2 o] meh A LY SHR 2A, FeFE, SRR GBS, BUER T
oA B FEHG0m, SHZELNAL SAGSON 71 5L AEES Bk AP AT T

2~
T
ol AEE AL, oFERIR F G812 AEH U, Bl s=E A EH A Z =24

B
_\::I‘
U2
i
fu
;



446 - Korean Journal of Soil Science and Fertilizer Vol. 50, No. 5, 2017

UGN L B ES BAT, AR T AR BYG5olA Bks sl 7P B0 (Fig. 8). SWHE

2EMALL 255 137 GUeA B AEFIR DG5S A, B2 o, BgA| el
B4 e PR Bl YRR SRS EYT 117 LA AEEGLOn, SABFATIA,
2GS efeAA A, B

O—%‘ Oﬂ/ﬂ 50% Vo] AEES HAth 7HEFTS FAE A A S Rt 87 . Y
o

Aol e PE S RAT, ARHLE 0A9etal AT A%

f S O O
Ao & ERtAE AR 30 M T2 s B Bt deRtERe SAETEA O 2 B s s

Hook 7k Ftat Aupl-e e S

F|E 5 BTt (Fig. 9). Park et al. (2012)9] Aol b= Y57dpA|0] sobi HREA S 964 589 3¢
H= 2] ol A A E R 2 JIAlS 7] o] E Z AR o] A d%ﬂ% Dﬂl B 2 ND ug L' olA 0.000171 pg L
O] ML= YERAL Bl A= 0.00004 pg L 2o |3iek. SradrAlge|fldslol Y7 FAE o=

froffEdol tigt 2A Haro| 2w e, S22, oga]ﬁf;h RE 2 AoA AEEA] 29k AjnpAl T} olE )
212 12170014 22+ 0.88 pg L, 0.065 pg L' 2] 52 18] fAEE 0 om, 7iHFe 2] 12.67 pg L s =2 ot
2= 2104 AEE Tk B 5HICH(Kim et al., 2013). 2 Q72| 0] e0kq AL = HpA o froq ©
e A= oFH AR X521 yhdo] Wagh 71 o 2 phE,

T 40 ~ 1
(52 O Pub.| 7, [ Pub.
oy = Agr. > O = Agr.
S 301 B8 Ind. 2 ) B Ind.
% g oo
T 20 o
= o 0.001
$ &
o 10 ¢ 0.00014
- >
a |_| %_. EA < 0.000011—=—5=
- e - - — :
HCB Alachlor Carbofuran Simazine Atrazine HCB Alachlor Carbofuran Simazine Atrazine

Fig. 8. Detection frequency and average concentrations of pesticides depending on usage of groundwater (Pub.:
Public, Agr.: Agriculture, Ind.: Industrial).
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Fig. 9. Detection frequency and average concentrations of pesticides near the sources of the contamination (S:
Agricultural water use area, N: Crops area, O: Pollution concern river area, F: Industrial area, P: General waste landfill
area, |: Designated waste landfill area, K: Metal mine area, B: Area near the manure treatment plant, J: Resident health
survey area, U: Amusement park & Park area, G: Golf course area, C: Urban residential area, T: Storage tank area).
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11]%,; o|Att. 5= R FAX AN 1 2] o HEE Y oW, IKNEZ2HAL FFAEA oA =2 HES
BTt gel2 ol sl Aeke TR oA, AntlE} ofERhe 7717 o)A £ AE 8-S B} A
ii““ﬂu Bl s ZZAAR oA 71 =91A]9E0.00002 pg L 45201211, FetEas 59X g 2
A|olM =2 Fs s K oH, 53X Y T HoflA] H1L F s Bk 71T 3R ol =2
e s Bl AR AR oA =UT (Fig. 10).
;\? 40 3 HCB
B oo =i & s =
:” = 2 ] = Gt
E 201 E ] ‘ B Atrazine
s S
_‘g 10- ? 0.00014
3 AHH i. Hg H . HE E- NHE Hng HE ‘7“_,;00004 HH |IH E I HH? H | [ g HHE HNE
Residential Public  Traffic  Business Industrial Agricultural Forest Land Residential Public  Traffic  Business Industrial Agricultural Forest  Land
Fig. 10. Detection frequency and average concentrations of pesticides based on land use purpose.
Table 9. Toxicity values of studied pesticides (WHO, 2006; IRIS, 2017; RAIS, 2017).
Inhalati i .
Compounds SF Oral RfD a at¥on Unit Inhalation RfC C'fmcer.
Risk classification
(mgkg-day)'  (mgkeg-day™) (ngms"y! (mgms™)
t 4T 4t 31 B2 !
Hexachlorobenzene 1.6 8 x 10 4.6 <10 2.8x10 §
2B
Alachlor 56x 1027 1x102T - - -
Carbofuran - 5x10°T - - -
Simazine 12x 10" 5x10°7 - - 3¢
Atrazine 23x 1027 3.5x 1027 - - 3¢

IARC: Group 1 - Carcinogenic to humans; Group 2A - Probably carcinogenic to humans; Group 2B - Possibly carcinogenic
to humans; Group 3 - Not classifiable as to its carcinogenicity to humans; Group 4 - Probably not carcinogenic to humans
IRIS: Group A- Human carcinogen; Group B1-Probable human carcinogen (based on limited evidence of carcinogenicity in
humans and sufficient evidence of carcinogenicity in animals); Group B2- Probable human carcinogen (based on sufficient
evidence of carcinogenicity in animals); Group C-Possible human carcinogen; Group D-Not classifiable as to human
carcinogenicity; Group E-Evidence of non-carcinogenicity for humans)

TIRIS (Integrated Risk Information System).

T CalEPA (California EPA).

SHEAST (The Health Effects Assessment Summary Tables).

US Mass. (Massachusetts Department of Environmental Protection).
“IARC (International Agency for Research on Cancer).

SAUARC =Y HE FoR T HEH 5TH Hlold /S Al S 2 P E-S AT (Table
9). US EPA ] IRIS (Integrated Risk Information System, 2017)E 7| %2 5}%.9™, RAIS (The Risk Assessment
Information System, 2017)2 #1315} 11 IARC (International Agency for Research on Cancer)ol|A] H-553=
RI5tL), SAEE 2 AL [RISOA] Group B2 (Probable human carcinogen), IARCO|4] Group 2B (Possibly
carcinogenic to humans)2 W0 2 JLES51A1 gl o m| erefa=2 of 71H fratof| et Eeby B = ¢iQiar, Ajapzlatof
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EZHZ-2 TARCOJ|A] Group 3 (Not Classifiable as to its carcinogenicity to human) .2 FFE]o] QItt 7HH F=-S
A LRt 4852 A3 74 = o] WOFLol. Alitell H 8 3FSF (Slope Factor) ko] £l o™, 54 = o] Ieteial
I Aitell 83t Inhalation Unit Riski= SAEZ=HARE A6 AF HIE9IsiE Alttel] Ta7t RD
(Reference Dose)= 55 IL5F ZA51 1L, S B x. Akt H Q9FRFC (Reference concentration)= 3

e e L

S
s

= Zat el AR L EEA T 240 9sHAIERY B BEZ LS AMSSIG o, BHE d
AETA ] 12302 51 Altelgirt. Alukde & 6274 AEE o] B gke ARgotalon, ofEatle 1248 A
Zro] HEH 3 ol 8aksinh. Y<lele At sIAZEERIAI0] 1.03 x 1072 ZARME ZF 7P IA A=
o} 2 -8 AekE R 6.34 x 107, oFEEFA 5.59 x 107, AuEA 3.09 x 1070 £20] ]}, 714 A Akte diE2
2HIAI0] -2 WHOOA AAIoh= 5188 9]5H (Acceptable cancer risk) 5521 10°2] 1/100 =208 BH71E]31
c}. v]dkelEle A}, E A5 (HI)7F 7 3.04 x 1070] 71 =] A=l om, A2 2 2.64 x 107, SIAL
Z22H32.05 x 107, oFEEFZ 1.62 x 10, AJuFz 1.20 x 1094 0]t} 535 25 Q2|4 (H)7H ©]st2 A
AtElo] QPR A 0 & 7 Qiet. AT 5 HE 5oF] Il B el TRt A (Yoon et al., 1999)0l4 DDT+=
1.1 x 107914 2.4 x 10%9] HAS B P, TJA=T-2.0 x 10°014 9.0 x 10°9] HAS B o o= ZE-S ufg
AF5HE =27 20)7] whizol| A5l k27 29t vl sl )= of 2 it

i

Conclusions

WE
do
:O_l‘_I4
Hi
il

2 Ao M= Z[5rE Vo2 FofR FARA S st U Aok T FokR i 54
Atel7] fIsll Aok dE5A% 10621582 TV 0 & 5o8F 1355 24613 oM,
B A 542 SIS ol E AR Ax that 2 AES AT Bk SARRA S
ARgSEoH, HER2HEro 8 23] 25, IS ES7|E o18510] 23] 55 & GC/MSD= 245}
geslart. ArEZ/ A= (QA/QC)E AAIRE At A RPg1o] 0.9901 0= ERIE|glom,
Al, 2RI 0.004~0.354 pg L H9 2 e, st ol w7} 217
oIt 2[5l 5 FkR SAIEATHS A-85to] A=o] AlskrrdS A= 10671 23S o= 3
e Axt iR et SXZE 29I, ofERR, detEE, AR sRERE HEE AL, U A] 832 EAEEE T

Az P = INEZEZ2HAC] AZE-L2 23.4%E 71 =okom, detEE 11.4%, 7HEEE 7.3%, AUR
1.0% $=0] 3, ofEEtzl2- 201 1A 11 HE=SIeh Wt 7HEFet 5= 0.00423 pg L' 2 7P 59kom, Bt
AR 5 0.00243 pg L, Bt ARk 55 0.00015 pg L, B SR FEE 284 5 0.00001 pg L4002 3
Al2=EHIAe] 39 HEe2 AN e 7P Wtk QAR Aokl AEE2 IXEEEHA
26.1%, L2 21.3%, 7H2TFT 7.1%, APFEA 1.9%, oFERF 0.3% ©].oH, H] @ Gx]d o] HEHr = slA}
S22 20.2%, 7HEFH 7.5%, S22 1.9%<=0]3] 1, Alupdy) ofEsbl e AEE]A] ittt

Aol ol wet A dXEE 2, deE s, JHR R AG8r, 598, TH8Tol BE AE
Eon, sF2 2HIAS FH-850 ] 7P =2 AEES Bk AR A8, 3-8l HEE
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IV =2 Buhs s KAtk QR A E Y dXEE 2 e —‘iﬁ‘“%% 137} LAY B AEE R A
ﬂﬂm@pupﬂﬁgﬂﬂgﬂﬁﬂmuﬂaQJ o Rar} eelEal xR

o B

s T - s
A5 23Rt 171 Aol HESI3L °U1 STATE], 952, TR AA 50% oVl A=
R L e e = J 87 LAY AEE|gloH, QoA oA o HE
S Bt AR @ AR A APgRIA | Aol A HEE|3Lem, ofErR2 H-8-s A8 AR el

AREEEICh E0I § i A3 SRS WL TN 20 R R wsich Yot
TP FUR| oA, Akl ok ekl FAZ ol 71 2 ek, QergaL U,
BN 0 B O, YA F A A S 2 e, i A A
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