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Abstract This study was conducted to investigate residual organochlorine pesticides (OCPs) in agricultural
waters. Extraction and clean-up method were developed using the liquid-liquid extraction for OCPs in water.
Limit of detection (LOD), recovery, and relative standard deviation (RSD) of OCPs and in agricultural waters
ranged from 0.001-0.004 pg/L, 73.7-110.9%, and 0.9-4.2%, respectively. The residues of OCPs in agricultural
water were analyzed by the developed method, and a-endosulfan, B-endosulfan, and endosulfan sulfate were
detected at 0.11-0.18, 0.08-0.12, and 0.11-0.13 pg/L, respectively. The detection number of three compounds
in agricultural water were 8 (9.1%), 10 (11.4%), and 20 (22.7%) among 88 samples, respectively. These
results showed that endosulfans were detected in agricultural waters and the continuous monitoring of them
will be conducted.
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al,, 2010; Lim et al, 2016a and 2016b). %2 el A =
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=50 sl ARS-E vl ATHLim et al., 2016a, 2016b,
and 2016c¢).

sl AREHIE AFRA
organochlorine pesticides)oll tst ZHF3F ZAPT 54k
A9, I, TP ﬂ@%, st
2 W, Y57 470, 23409 5984, AR £

[e) 7]0:] %;O]:E

B (residual

o /K]O
=


https://crossmark.crossref.org/dialog/?doi=10.7585/kjps.2017.21.2.191&domain=kspsjournal.or.kr&uri_scheme=http:&cm_version=v1.5

192 YTl Q- YsE - TS -

& 2 AES e R AAEHNA, dieldrin, HCB, hepta-
chlorepoxide % endosulfan (a-endosulfan, B-endosulfan
2 endosulfan sulfate)’} 7523 AEE 2 Jh(Park et al.,
2012; Lee et al., 2015; Lim et al., 2016a, 2016b, and
2016c¢).

7 T ARAEF7I9A FFFY AREF A= gas
chromatography (GC)-electron capture detector (ECD),
high resolution (HR) GC- HR mass spectroscopy (MS) %
GC-ECD ¥4 & GC-MS=Z #Rlst= Wio] Hol AR
3 ATH(Chen et al., 2005; Gonzalez et al., 2005; Mikes et
al., 2009; Park et al., 2012; Lee et al., 2015; Lim et al.,
2016a, 2016b, and 2016c). WetA £ A= sYE&F
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3 3#3F aldrin, 2,4-dichlorodiphenyldichloroethane (DDD),
44-DDD, 2.4-dichlorodiphenyldichloroethylene (DDE), 4,4-
DDE, 2,4-dichlor diphenyltrichlorethane (DDT), 4,4-DDT,
dieldrin, endrin, a-endosulfan, B-endosulfan, endosulfansul-
fate, heptachlor, heptachlorepoxide, hexachlorobenzene (HCB),
a-hexachlorocyclohexane (a-HCH), B-HCH, y-HCH ¥ &-
HCH = Dr. Ehrenstorfer GmbH (Ausburg, Germany)AHol
AT % 97% ode] AE ARsisith o592 24
Al WFE AR ERlste] 89w B #5890
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Aol A4, 3l A1, AESHA(limits of detection,
LOD) % At A2} (relative standard deviation, RSD)Z
At Ao HAPe AFNS R8T A
S AES 209 grouplE U] 1-5,000 pg/L ol
A 81819 THLim et al. 2016a, 2016b, and 2016¢). Group
[ o-HCH, B-HCH, y-HCH, 8-HCH, a-endosulfan, f-
endosulfan, endosulfan sulfate, endrin, 4,4-DDE % 24-
DDT 1071 A%, Group II= aldrin, dieldrin, HCB,
heptachlor, heptachlor epoxide, 2,4-DDD, 2,4-DDE, 4,4-
DDD 2 44-DDT 97} 202 U, Table 39 270
A B e Zzke] Al Hslel AL A sk
o159 HHAL FAsHT.
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Table 1. List of categorized residual organochlorine pesticides by their retention time

Group Residual organochlorine pesticides (Retention time, min)

1(10) o-HCH (25.5), B-HCH (28.5), y-HCH (28.8), 8-HCH (31.6), a-Endosulfan (48.8), 4,4-DDE (52.6), Endrin (54.1),
B-Endosulfan (55.2), 2,4-DDT (57.4), Endosulfan sulfate (60.2)

11(9) HCB (26.1), Heptachlor (36.5), Aldrin (40.2), Heptachlorepoxide (45.4), 2,4-DDE (48.8), Dieldrin (51.8), 2,4-DDD (53.4),

4,4-DDD (57.3), 4,4-DDT (61.4)

Table 2. Sampling sites and numbers for monitoring of residual organochlorine pesticides

Region  Jeonnam Jeonbuk

Gyeongnam  Gyeongbuk Chungnam  Chungbuk

Gyeonggi  Kangwon  Total

Samples 16 8 13 14

10 9 7 11 88
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Table 3. Analytical conditions (GC) for residual organochlorine pesticides in agricultural water

Items Analytical conditions
Column RTX-5MS (30 m x 250 pum, 0.25 um, Restek, Pennsylvania, USA)
Carrier gas N, (1.5 mL/min)
Injection volume I mL
Injection mode Splitless
Inlet temperature 250°C
Detector temperature 300°C
Stage Rate (°C/min) Temperature (°C) Hold time (min)
Initial - 60 2
Oven temperature Ramp 1 20 130 3
Ramp 2 1.5 210 4
Ramp 3 10 240 3
( Water (1000 m) ] AFL 58] wHLalol Ax|alg o™ 1 A3E RSDE UrE
4 et
[ Liquid lquid extraction ]
(Water 1000 mL + Dichloromethane 150 mL (100 + 50))
3 SU8F B BRYFIIGLA 5% 2Y
[ | FUET T AFAR/19A wore] ARY 4L 9
3 o A& A= HH TP (liquid liquid extraction)S A
[ Concentration } —g—'é‘]-saq— % /\]E 1’000 mL—%— 7_8%]:6‘]-04 _‘?_QHO:]_‘:'I:_E &7]1
I dichloromethane 150 (100+50) mLE 7}3F thg- 23]¢l] 2%
[ et J Nl FH) S HA|3}aL, dichloromethane 52 sodium sulfate
3 anhydrous& ARt 7180 & 5 AlASHH o8t
[ {s},rinﬂ:'r'l::::_n - ] AT} ©]F 40°ColA] rotary evaporator (IKA RV 10 Digital,
taufen, Germany)= &3 7HFs=3)aL, acetonitrile
. 4 Staufen, Germany)s AR&-ste] ZHQbesoial I
( o ) 4AmLE 718ke] A 513 TS syringe filter (0.22 pm)

Fig. 1. Flow chart for analysis of residual organochlorine

pesticides in agricultural water.

2 72ke] AR Bdstel HEF B BrFsEe

il

FH 5SS Fosinh £471719 AFd Wl AL

oJ}ste] GC-uECDE AME-3t #4151 th(Fig. 1, Table
3). &3 GC-pECD T4olM TR/ 7194 sl 4
¥ AlE= GC-MS (Agilent Technologies, Santa Clara,
USA)E AHg-sto] EL4EdS A= sl th(Table 4).

Table 4. Analytical conditions (GC-MS) for residual organochlorine pesticides in agricultural water

Items Analytical conditions
Column RTX-5MS (30 m x 0.25 mm, 0.25 pum, Restek, Pennsylvania, USA)
Carrier gas N, (1.5 mL/min)
Injection vol. 1 mL Injection mode Splitless
Inlet temp. 250°C Detector temp. 300°C
Stage Rate (°C/min) Temp. (°C) Hold time (min)
Initial - 60 2
Oven temp. Ramp 1 20 130 3
Ramp 2 1.5 210 4
Ramp 3 10 240 3
Scan range 20-500
Mass spectrometry Voltage 1900 V
Ion source temp. 230°C
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HCH 28.5%, y-HCH 28.8%, §-HCH 31.6%, a-endosulfan
48.8%, 44-DDE 52.6%, endrin 54.1%, B-endosulfan 55.2
i, 2,4-DDT 57.4%, endosulfan sulfate 60.2%)2] -
25.5-60.2%-°]1 32, Group II (HCB 26.1%, heptachlor 36.5
&, aldrin 40.2%, heptachlorepoxide 45.4%, 2,4-DDE 48.8
B dieldrin 51.8%, 2,4-DDD 53.4%-, 4,4-DDD 57.3%, 4,4-
DDT 61.4%)9] A% 26.1-61.4% ©]3(Fig. 2), 1-5,000
pg/Le] EE=HSloIA 2Ae HEkae] AL AT
(R*)7} >0.99890 2 k5 &3]},

THET T AR A okl tigk & Al
2 109} 50 pg/L oA T8I T4 T 2
F71948A & 197 &< 358, RSD ¥ LOD= 7
73.7-110.9%, 0.9-4.2% 2 0.001-0.004 pg/L M= e
THTable 5). o’de] H9&F % 3+&3 RSDATHE 3]+
& 70-120%, RSD 20% ©|st2 ZFEAY 712l X3s
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% endosulfanF-(o-endosulfan, B-endosulfan ¥ endosulfan
sulfate) “3+7to] &= 13 (Table 5), GC (WECD) ==}
B3 AolA ZEHE  o-endosulfan, B-endosulfan %
endosulfan sulfate Ao tsX= GC-MSE HHAHE
He] 4 o] B (mk) o-endosulfan 195, 239, 241,
B-endosulfan 195, 237, 241 ¥ endosulfan sulfate 272, 274,
3875 ERlste] TUAEUS Il (Fig. 3).
U4 5 a-endosulfan, B-endosulfan 2 endosulfan
sulfate A=Wt AEF= 247 0.11-0.18, 0.08-0.12 %
0.11-0.13 ug/L} 8, 10 2 208 ©|3UTH(Table 6). EHE&F
£ OPo = g & Aol A IRAR7I98A =
°FF % endosulfanf FHo] HE¥ A= endosulfane] A
Z 2 AR FXE AI717F 2011402 thE AR v]3}e]
A7 AHEEQ7] fEo 2 AHETHLim et al, 20164,
2016b, and 2016¢). B=3F 2 AT = = AlE 5 endo-
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Table 5. Recovery, LOD, and RSD of residual organochlorine pesticides in agricultural water

. Recovery (%) LOD RSD (%)
Pesticides
10 pg/L 50 pg/L (ng/l) 10 pug/L 50 pg/L

Group [

o-HCH 1109+ 14 83.1+1.4 0.003 1.3 1.7
B-HCH 81.6+0.7 88.8+2.8 0.004 0.9 32
y-HCH 948+1.2 76.0+3.2 0.002 1.2 42
8-HCH 106222 103.1£2.6 0.002 2.0 2.5
a-Endosulfan 744+1.2 87.4+1.5 0.002 1.6 1.7
4,4-DDE 765+ 1.4 83.2+22 0.002 1.8 2.6
Endrin 847+ 1.7 85.6+3.4 0.002 2.0 4.0
B-Endosulfan 73.7+1.8 853+ 1.4 0.001 2.5 1.6
2,4-DDT 773+ 1.7 77.8+2.8 0.002 22 3.6
Endosulfan sulfate 934+1.5 89.0£2.6 0.002 1.6 29
Group 1

HCB 882+ 1.5 843+1.5 0.001 1.7 1.8
Heptachlor 81.3+2.1 81.7£0.9 0.001 2.6 1.1
Aldrin 80.5+2.8 82.0+22 0.002 3.4 2.7
Heptachlorepoxide 833422 79.8+3.3 0.002 2.7 4.1
2,4-DDE 88.5+3.2 85.0£2.6 0.002 3.6 3.1
Dieldrin 84.1+£1.5 843+1.8 0.002 1.8 2.1
2,4-DDD 77.8+2.8 82.6+2.2 0.002 3.6 2.7
4,4-DDD 889+1.9 89.5+1.5 0.004 22 1.7
4,4-DDT 88.7+2.6 88.2+2.8 0.002 2.9 32

10 =
=[] -

Fig. 3. Representative GC-MS chromatogram (left) and mass spectrum (right) of detected 3-endosulfan in agricultural water samples.

Table 6. Residues of residual organochlorine pesticides in agricultural water

Pesticides Detection range (ng/L) Detection number (Frequency, %)
o-Endosulfan 0.11-0.18 8(9.1)
B-Endosulfan 0.08-0.12 10 (11.4)

Endosulfan sulfate 0.11-0.13 20 (22.7)

endosulfan 2 B-endosulfan B3| endosulfan sulfate®] ¥+
717F A8 A7) witel Ql Aoz IAETHCheng et al.,
1997; Jung et al., 1997; Spero et al., 2000; Lee et al.,
2003a; Lee et al., 2003b).

SUEH o] 2

kel 5% endosulfan Hl 71 (Mystus vittatus)2] ©}7F

A 2 AP 279 single-cell DNA strandS 3
FAEES Fdaty, skle AXEEF £l
5% 93-S 7|2+ &= (hazardous concentration, HC5)7}
total endosulfan AAFE 0.02, E27] 0.05 ugl 55
o2 BIEY UtKBollmohr et al. 2007; Sharma et al.,
2007). "=+ 74 H 5= (United States Environmental Pro-
tection Agency, US EPA, 2007)% endosulfan®] =412 =

o
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S f535F EFAZ 96A]7F =F A] LCs (lethal concentra-
tion, 50%)S rainbow trout 0.8, fathead minnows 1.5,
striped bass 0.1 pg/L, NOAEC (no observed adverse effect
concentration)y< rainbow trout 0.1, feathead minnows 0.2,
stripped bass 0.01 ug/LZ R ok 3 EWE
(Monia macrocopa Straus)y>- endosulfan 0.4 pg/L 450114
FAEC] 70% 7raslal, T2 (Rana pipiens) 274 ©]
£ endosulfan 6.4 ug/L =04 84%7}F XIAFSFA L, endo-
sulfan 1 pug/L 7l N7} 28U7F =& Al 100%7}
AAFER O 0.2 pg/lL M E AT AHES e
TH(Chuah et al., 2007; Relyea, 2008; Shenoy et al., 2009).
B AdFoM e sh&TFolM AN RER7 19404 &
oF 3 endosulfanT-(a-endosulfan 0.11-0.18 pg/L, B-endosulfan
0.08-0.12 ng/L 2 endosulfan sulfate 0.11-0.13 pug/L) RFo]
0.1-02 ug/L 502 AZHJeH, o] FF2 =9 %
FAFet HlaL Al fEluEte] A E B Al 93
7NA T doBZ A&HAQ endosulfanitoll Hek U2
73 & FHll B3 A 5 RUEE 2APE S ofof
Aoz et

Wb

Mot e
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FENEA FEEdAE sAAE
2 o EAFINE FAET T IREIELA T RS AR S8, A4S 98 AR A
2 e Aeliaye /‘]‘9“ skt é-r°r7] A FoFe] AETHA, F5E E AUEEHAE 242 0.001-
0.004 pug/L, 73.7-110.9% 2 0.9-4.2%°] W2 A3tet A5 YeRlth A= 8871 AltollA] AFAS 558 A=
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