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Abstract Residual endosulfan in an agricultural environment
has been reported, although endosulfan was listed to persistent
organic pollutants and banned. To produce the safe crop from
endosulfan residue risk, the plant uptake potential of endosulfan
from soil to crop should be studied. In here, the plant uptake
potentials of endosulfan in various crops were surveyed and
ranged from 0.002-4.460. And the bioconcentration factors (BCF)
of total endosulfan in carrot and spinach were calculated from the
pot experiment. The BCFs in carrot and spinach were 0.285 and
0.040-0.047 respectively. Endosulfan sulfate was contributed to
over 42.8% of the crop residue as a major contributor among the
three endosulfan congeners in both of carrot and spinach.
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Endosulfan 3353 (a-endosulfan, B-endosulfan, endosulfan sulfate)
S Dr. Ehrenstorfer GmbH (Augsburg, Germany)d|&<S AR
AL, Edx]Eo] AFEE endosulfand 35% A (34t
Seoul, Republic of Korea)2} 3% EA|(&FE3HE, Seoul,
Republic of Korea)s AlFolA Fulldle] A3l Algol] AF
43 8wl acetone, n-hexane, dichloromethane (DCM)3}t
NaCl, ¥4 Na,SO,, Florisil> Merck AH(Darmstadt, Germany)
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Endosulfan> GC-micro electron capture detection (UECD)
(Agilent Technologies 6890, CA, USA)ol*] Rtx-5 column
(30 mx0.25 mm, 0.25 um, Restek, Bellefonte, PA, USAYS A}
L3199t} ol AAE ARSI, AR splitless 710
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B-endosulfan, endosulfan sulfate”’} Z+Z}  0.0001, 0.00013
0.0005 mgkg ' 2 FolFon EUAT} AFX], FollA
o] 3482 0.01 mgkg ' 0.1 mgkg oA 78-96%3A L, Ah
ETFHAE 8.7-9.8% 2 FE3Ith
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Table 1 The residual endosulfan concentration (mg kg™) in the experimental soil

At seedling At harvest
Total endosulfan a-endosulfan B-endosulfan Endosulfan sulfate Total endosulfan
Treat | 4213 0.217 (12.8%)* 0.533 (32.7%) 0.937 (55.5%) 1.687
Treat 11 16.18 2.301 (23.9%) 4.018 (41.7%) 3.307 (34.3%) 9.627
Treat 111 18.63 1.577 (23.3%) 2.664 (39.4%) 2.510 (37.1%) 6.751
*Contribution ratio of three endosulfan congeners in total endosulfan residue
Table 2 The residual endosulfan concentration (mg kg™!) and the BCF for carrot and spinach
Endosulfan c h @ -
rop growth (g
o- B- -sulfate Total
Spinach Treat I 0.015 0.048 0.135 0.198 16.9 0.047
Spinach Treat 11 0.137 0.144 0.367 0.648 16.1 0.040
Carrot Treat 111 1.404 1.639 2.280 5.323 226.2 0.285
*BCF was based on the total endosulfan concentration
TFEEH, &R 2] S0l AnE FFH IR B 4460® AN, Aed 2 AelE UERiIT B3 5
e WOE BCF 21EFoldE(plant uptake ratio, PUR)  ZFeolgl sitjete QHEHS] $% 5, EY 0 & 4 &
&= &3] ARgslal itk BCFe EY SHEEE 7Ieo® A =, EYe] o3k 54, A 7] 5 o a]lel o8

=8, d7Atel wet A 271 s E(Hwang 5,
2016) 3-& A3 AFE5E(Manirakiza 5, 2003)2 AR5}
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MeA odE f7149
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& A7" 2= endosulfan S50|3)50l A3 A= A
HEE GAF] e A5, wiFe BCF= 27t 03533
0.00-0.130, 0.009-0.040 (Manirakiza 5, 2003; Park 5, 2004;
Esteve-Turrillas 5, 2005; Choi &, 2011; Hwang &, 2016)2
BIEQN, ZAFA F, 92, 270k, 9] BCF= ZHzt
0.003-0.662} 0.033-0.040, 0.00, 4.46= X %3] S (Manirakiza
%, 2003; Park 5, 2004; Hwang 5, 2016), =F<el 20|, 7}
A, EnlE, IF 9] BCF= 0.00, 0.48-2.0, 0.00-0.28, 0.00-0.02
2 I, endosulfan®] ] 40mgkg! 02 2 HE
EgolMx Q0] 7}2Eel dujere @Fao] AEHR] o
Yths B ddth(Manirakiza 5, 2003; Hwang 5, 2015).
TS e YolAe] BCFE ERFE(0.04-0.09), sliulEk7] (0.002-
0.8), (0.004-1.5)014 EI=A, 4&Re] 245 BCF=
0.05-0.07% B3¥ ®} tHMitton &, 2016). ©|23F AF A3}
= A7), endosulfand] tdk 2A2Fe] BCF= koA A
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7he SRR B w9 Fa3t oulE zky 9t} ulEhA,
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EFlA AlF219] BCFE A=tk o5 A EY F
endosulfan ZFEEE Treat 1 1ol 242t 4213 # 16.18
mg kglollem, £33 7]1E EY ¥ Fendosulfan FEE
Treat 12] o AFEFEE 1.687+0.253 mgkg 0192, Treat
= 9.627+1354mgkg'S YEFHUATKTable 1). EY F
endosulfan sulfate 7HF 71982 A¥= A1 Treat 1014
55.5%2 YEIRZL, 5% AlEFQl Treat 1 & 343%=
Elflo] B-endosulfan®] ZHF71o3&3 FALSE Ao 2 ZATE AT
©]= Hwang 5(2016)2] 727} 70| endosulfan sulfate=
a-2} B-endosulfan®] HEIIALER Al7to] AHHE5E HF7|o]
=7} 3718 Ae® HoA|H, B-endosulfane a-endosulfan R
o EY S W7t Ao vt 432 BojZih

T AlFAY FF FAE Hd Treat 13 194 ZH2
16.942.1 g3} 16.1+2.1 go]1o™, F AF7e] AlFA] A
o4 ztols YeA] &dthp >0.05). A= FZH] Treat
1A % endosulfang 7]&C & 3 BCF= 0.047°]1%eH, 12
EE 7€) Treat 119149 BCF= 0.0408 YERTHTable 2).
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0] 56-68% TTOZ a- S B-congeneroll Y] 2v] HAX= = 0.040-0.047Z Z}ZF YERATE Endosulfan T ZHEC] 2 MR
71388 Vel )~)\———U:1 o]& Mitton 5(2016)°] B3 o]  3l= o|AAE endosulfan sulfate® 1= ch.
E‘i ZHE W &4 ©|8% endosulfan congener®] i EE Z
o} GA}sIA T} Keywords 9 - AE55A1F - AlEA - Hageld - e
A3

329 endosulfan BCF
g2l i3t endosulfan S5°1304d A& Park 5(2004)1 2
& AsE £ 03mgkg '# 1.3 mgkge] QUEUIA A
5o, 0.033-0.0402] BCFre WERASITE webr £ Ajd]
e %% EY AF5E(Treat )4 BCFE B7}slsich
HEA B9k X7 BEe 21 mgke IR, 4 T 9F AR
o] &% % endosulfan ZF-EEE 18.63 mgkg'ollom, &8
ANR@EE 3 1508) EY F5F $EE 6.751+£0.600 mg kg'o]
AT} Park 5(2004)2] Al@ollA BE wle} 7+o] endosulfan
o] BEY Ul IFerrt 2oldsE AE I . 2oe
AT F YA, = AFA Lozl G TRAFe) A
% endosulfantH73S 717t 5323 mg kg‘l-v]- 0.775 mg kg™
o= g 7HNe] BCFE 028503001, Bajolx] P gpz
o] Hol&S 14.6%= YERITHTable 2). ©]& endosulfano] o
gt A AR Holgo] 4] 458 HIE Mitton 5
(2016)2] Az} 7oit},

vt 4R EY ik endosulfand] #F T2 F
oF 520 FHa" 2012 o|Hod= Ho) 1433 mgkg 'S UERY
o, 55 FH& oF HiE AR wEW o] 0.146 mg
kg0 ZF FEH AE VEsE A velxl ZleR A
vl JtHLim 5, 2016a; Lim 5, 2016b). 2H= S<5=o]3)Adol
I FRAMEE B8 & W, 5¢ FEolE siEEE A
A7 2ol wet BCF g2 = ged & o, & <

12

TFol e AFAS F2e] BCFRkel Al 02858 ZAsHE
Fe AoR SRIHYLE Wt Fo AR Sush) A

= Y F59] FEoEE bttt B F58 doE A
i3l BCFE A28 ot glon, A4 «1 A5 z‘% A3
AHFE AE T endosulfan FE=E Hrlste] 3 A]7|d
endosulfan ZHF-o] st A7} By ojor & Zolt} E3,
PLSAI=oAM 83l 2HE 3 E7HE 715(0.01 mgkg ')
Y ZEY BCF HAE I, F AES A Al
Hjgt AZR)9] endosulfan A 2F Fee e F FHA7)
T olgtllx AEFoJoF & o= AL}

o) n°" rl

x5

Endosulfane =523 RS 53 AFAR71 922 (POPs)=
AA o] Ak 9 ARgo] FH|ER o, o8] Hu] YA
AA AEEHI Y3, o] A X%ﬂ = ABFeE & F
A7E =aL glek meEbM, A=A AF endosulfan S 2 HE b
st FAES AL %’4‘ AEZFolds Hrte e T8
sttt £ dAFdAae TARAME FE AE7kA Raid
endosulfan®] A EFEZATBCFE AN, T2 AlTA]
9] BCFE AEE &3l A=3it). FaxAE % endosulfan?]
BCF= 0.002-4.4600.2 &9 ANx|E Zol7t ZA Yel
gon, A¥S B ASe 32 AlEX9 BCF= 02859
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