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Abstract

BACKGROUND: Uptake patterns of a-, [3-isomers and
sulfate metabolite of endosulfan (ED) by radishes grown in
treated soils with ED concentrations of 2 and 10 mg/kg were
investigated to establish soil management guidelines for
ensuring the safety of radishes from ED residues.

METHODS AND RESULTS: All samples of soils and
radish plants separated into shoot and root parts were
analyzed for ED residues using a gas-chromatography mass
spectrophotometer, and the results were used to calculate
the bioconcentration factor (BCF), indicating the ratio of
ED concentrations between radishes and soils. During the
experimental period, uptake and distribution rates of
ED-sulfate in radishes were the highest, followed by a- and
(3-ED. The BCF values to initial ED concentrations in soils
were greater for root parts (0.0077 to 0.2345) than for shoot
parts (0.0002 to 0.0429) and used to obtain regression
equations by time. Long-term BCFs estimated by the
obtained equations (R2 0f 0.86 to 1.00) were evaluated with
the maximum residue limit (0.1 mg/kg) of ED for radishes,
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in order to suggest safe management guidelines of ED for
radish-cultivating soils.

CONCLUSION: Suggested guidelines showed the
significant dependency on duration for radish cultivation
and exposed concentration of ED in soil.

Key words: Bioconcentration factor, Endosulfan, Plant
uptake, Radish, Soil management guideline
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Fig. 1. Length (a) and weight (b) of each compartment of radish plants during the experimental period.
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Table 1. Physicochemical properties of radish-cultivated soils

. . Exchangeable cations 2 b) Particle
Cultivated Soil pH (cmolc /kg) OM EC distribution (%)
crop texture (1:5) (g/kg) (dS/m) -
Ca Mg Sand Silt Clay
Radish Sandy loam 5.6+0.0 0.8+0.0 23+0.0 0.5+0.0 263+24 1.7+0.1 87.5+0.7 9.6+0.5 2.9+0.2
a>OM, organic matter; b>EC, electricalconductivity
— 35 — 12,0
k-4 a O afD OFED A EDsulfaste ® Total ED » b O «fD O BED A EDsulfate ® Total ED
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E E y=7A1e0wnx @ED
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Ll d
0.0 A& T
] 20 40 60 80 0 20 40 60 80
Time periods (day) Time periods (day)

Fig. 2. Time-dependent residue patterns of endosulfan (ED) in soils planted with radishes (a - 2 mg/kg; b - 10 mg/kg).
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Table 2. The plant-soil bioconcentration factor (BCF) values during uptake experiments

BCF value
Pesticide R;:ﬁh Trea(trgger/ig(;onc. Days after pesticide application (d)
40 50 60 70

2 0.0133 0.0128 0.0039 0.0002

Shoot
EDY 10 0.0429 0.0269 0.0176 0.0018
Root 2 0.0344 0.0119 0.0101 0.0077

00

10 0.2345 0.1891 0.0391 0.0365

3 Total endosulfan (ED) as a sum of a-, 3-isomers and sulfate metabolite

Table 3. Regression equations of bioconcentration factor (BCF) values to time #

Treatment Conc.

Pesticide Radish part (mg/kg) Regres%i(érll: I;,ee%«ZiSSSigi eeciuation Correlation coefficient ( RZ)
2 BCF = —0.0081#%+1.0656£-39.2202 0.997
- Shoot 10 BCF = ~0.0045¢%+0.5814¢-21.7840 0970
Root 2 BCF = 0.0020#>-0.3448¢+10.1053 0.960
10 BCF = 0.0004£™-0.1264¢+4.9627 0.862

 Total endosulfan (ED) as a sum of a-, [3-isomers and sulfate metabolite

tro]de). A, F 3k Al S48 ED-sulfatei= Al@713F
U 63.1-99.6%2] vl&3 $ Hele] FE FEspglon
o AA IR EEl HE THUMA T AulelA A
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sulfate®] #F3x&0] o] STk olelst AN EY F
ED-sulfate 2] A AEer =2 A
(logKow=3.66) ¥ ZH7A(7=SF 100%)

2421
el AoF Alg
HKSethunathan er al, 2004; Bakouri et al, 2007;
Burns et al, 2008; EPA, 2014). ED |4 &A1 50| el 2
5 % ED-sulfate?] U] =2 2¥&2 thE A7) Aol
% ERIftHwang et al, 2015).
BCF A& 2 EJRZ|7|E HAl

F8A7] F 5 total ED a2 A AT AT
o4 0.00-003 mg/kg, &% AzlFelM  0.02-0.40
mg/kgolglom, At T WRFS Ak ATl
0.02-0.09 mg/kg, &%= A TTolA 0.34-2.20 mg/kgl
et A7) 5 29 total ED g 27N B
= S |24 BCF #t< A&t 3= Table 29 2
t} o APl BCF > Aol A
0.0002-0.0133, &% He]TellA 0.0018-0.0429%2 L}EF:
om, Z5HE2] BCF #k2 A5 AH27-<14 0.0077-0.0344,
S ATl 0.0365-0.23457 UERGTE F-2] A7)
7ro] AojA4= BCF 52 #asielon ED AHelsert
=2 AgT el BCE #ho) o &3t

=¥ BCF #ha< o]&3to] Alztel| M o]af 3]+
A& dglom, Zzke] Agltoa o BT dojl 3
A B kS 0.862-0.997% 58St Table 3). 2

AsE

2 ATt A] §okY] Kow #7F BCFE] 432 7dste] 1
A4S 718l A Briggs et al, 1982; Hsu et al,
1990; Burken and Schnoor, 1998), ©|&]dt 2152 A
7rap Ao Aol whE BCF W3kE wkle 5= ¢lal ED9)
ol Mz gE =EEsHe 7R o dEAEY dAAY
o BCFE 371 49 219 280l o A7} Sich
H|E & Aof|A] A|AlE BCF A2 52 ofofst ok 2
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BCF A E25E <55 BCF 53 F-9 T30l o
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EY F EDS 3 8-55E AHEe A7 Fig. 59 2tk &
T2 FEA7IRL 60~709 2] AE7IRE E_k ARl Aol
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mg/kg, EE AzToIA 0.3-0.7 mg/kgolAck Hekel
A2 A9 10 mg/kg IEE AT AE npgoR
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16.4%) =°|3tk. ED 754 A3s H}%&E of BF
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