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Translocation of Residual Tricyclazole from Soil to Lettuce
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Abstract This study was conducted to investigate the residual level of tricyclazole and the amount of
transfer to lettuce grown in field condition treated with the tricyclazole. This pesticide is one of the
components that were not used in the cultivation of agricultural products but were detected in a large number
of agricultural soil. The field trial on lettuce was carried out in two different green houses located at
Gwangju (Field 1) and Yongin (Field 2). Soil and lettuce samples were collected at different days after soil
treatment of tricyclazole with two different concentrations, respectively. Average recoveries for tricyclazole

ranged from 82.1 to 95.8% on soil and in lettuce and
concentrations of tricyclazole in Gwangju soil were 3.72

the variation coefficient was 1.7~6.8%. The initial
and 7.36 mg/kg and decreased to 1.05 and 2.19 mg/

kg at 43 DAT (day after treatment) in field 1 and 0.86 and 1.79 mg/kg and decreased to 0.53 and 1.25 mg/kg
at 36 DAT in field 2, respectively. The half-life of tricyclazole was about 25.7 and 24.8 days for the low and

high concentration of tricyclazole treated soils in field

1 and 49.5 and 69.3 days for the low and high

concentration of tricyclazole treated soils in field 2, respectively. Residue levels of tricyclazole in lettuce were
6.27-31.60 and 14.26-38.50% of initial concentration in filed 1 and field 2 soil, respectively.
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AF MEY E XE

ATH(Jury et al., 1987; Leonard et al., 1990; Boesten et al.,
1991; Trapp and Matthies, 1995).
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Table 1. Physico-chemical properties of tricyclazole (Turner, 2015)

Tricyclazole®| ZH2XO0|2f 255
[u] H
Mz 3 a

Aok Mz 9 7|17

Tricyclazole F-F (=% 99.7%)2 Sigma-Aldrich Chemical
Co. (St. Louis, MO)2.2-H, acetonitrile, dichloromethane
2 HPLCHE< Brudick & Jackson Inc. (Muskegon, MI).2.
ZHE FYste] AME3FI Y. Sodium chloride (EPw)F F
4 sodium sulfate (GR¥)= Samchun Chemical Co.
(Pyeongtaek, Korea)oll Al +¢13ted A-8-81 T}

AH T 4 A EE Mixer (NFM-8860, NYC, Korea)S
olgste] milEIaL, AE FE w5 A AUEFTI(N-
110S, EYELA, Japan) ¥+ ZHA-§Z7](Hurricane-Lite,
Cheongmin Tech, Korea)s AFE3ITH AXE 5 tricy-
clazole 75% 3= 735 () AlEF(7P )y ARSIt

3A 38 L 5% 42
FA BRI AFE A FFOR, AT FFA

M2 1) 2 BAANRZERE 2) A1 AR )
S-2ollA] Aefstelar, o A ENEA 60 ke, A2 &
S8 (12-7-[9]+2+o.2) 10kgE A2, Zehe] e Al
ate] EYS A8, A5E 20 x20eme] EEE I
Stk EY F tricyclazole HEE o5 A 75% FIAIE
AFEA 1 3, soil 1)¢] 4%, 48g (GT 1) 2 9.6¢
(GT 2)& 519 Eofl =4 25x4me] EY ¥ 127
AT, ANEEF 2 (82, soil 2)2] B¢ 247 08¢
(YT 1) 2 1.6g (YT 2)& 2L &9 =4 22x24m9
EF 31 ﬁEﬂl Axsper. FHNETH EdsieiA
Wol| wal BAE ALgE Ee AELS Table 28 7t
(RDA, 2010).

J

Common name: tricyclazole
IUPAC name: 5-methyl-1,2,4-triazolo[3,4-b][ 1,3 ]benzothiazole
Molecular weight: 189.2

C9H7N3S
5.86 x 107 (20°C)

Molecular formular:
Vapor pressure (mPa):

Melting point: 184.6-187.2°C
log Koy : 1.42
Solubility :

596.0 (water, mg/L, 20-25°C) acetone 13.8, methanol 26.5, xylene 4.9 (all, g/L, 20-25°C)

Table 2. Characteristics of soils used

Particle distribution(%o)

ECY oM" P,0Os

Exchangeable cations

Sample Texture pH (cmol/kg)
dS/m mg/k
Sand  Silt  Clay @m ke meke) Ly,
Soil 1 Sandy loam  76.1 18.9 5.0 5.1 6.80 13 1333 9.5 2.7 0.95
Soil 2 loam 42.0 45.5 12.5 5.8 10.39 19 1107 18.9 4.3 1.75

 Electro-Conductivity, “Organic Matter
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Table 3. HPLC operation condition for the analysis of tricyclazole
in lettuce

Instrument : Agilent 1100 series
Detector : Variable Wavelength Detector (VWD)
Column : Kinetex C18 (4.6 x 250 mm, 5 pm particle size)

Mobile Phase: A (water), B (acetonitrile)
A/B =80/20

Flow rate : 1.1 mL/min
Wavelength: 224 nm

Injection volume : 5 ulL
Retention time : 15.06 min

AE HF
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B3It ©]E acetonitrile® THAIZ O E A5l 0.
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F 2] 49, 10g) 100 mLe] acetoneS 3 7}ske] 21
715 o]&3to] 200 rppmeZ 3087 FEIATE FEE
S Biichner funnel2 &<1d#8t2 30 mL acetone® 2
A E 8715 Ao Wi o] A3 feidith A4S 500
mL #H T &7 20 mL 3 A9} 80 mL FHF

o

o oft

| Sample I

100 mL Acetone
Shaking, 30 min (200 rem

| Filtration |
I
| Liquid—liquid partition |

d-=H:0 80 ml Saturated NaCl soln. 20 mL
70 mL Dichloromethane 2 times
| Concentration (40°C) |

| e H

SPE—NHz (1 %)

ctivation
sthane — Loading

ichloromethane (5:95, v/v) — Collect

| Concentration(40°C) |

[ Redissolve in acetonitrile

| HPLC—VWD for tricyclazole |

Fig. 1. Diagram of tricyclazole residue analysis from soil and
lettuce.

£ zE & 713 & dichloromethane 70 mLE 23] &9 &
=33t} Dichloromethane FE9& 20 ¢®  anhydrous
sodium sulfated]] FHA|A B3I 40°C 57314 729t
=, 7A33% 5 dichloromethane 2 mLol| #8315k 4|
Aol ARE-3FAT) Dichloromethane 5 mLE 43} A7
SPE - NH, (1 gl Al&slE +AAEE Astetal, 8 mL
methanol/dichloromethane (5/95, viv)2.2 SEA1A 1 &5
NS AAAN SIGTE A3 F FALE acetonitrile 4 mL (3
2o A% amL)z Agslsld 27 50u4 HPLC-
VWDel| F9J35te] YERd chromatogram’®®] peak areas
FAEA T vl aste] RS ARk th(Fig. 1).
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Table 4. Weight changes of lettuce during cultivation (g)

Field 1 35 DAT 37 DAT 39 DAT 41 DAT 43 DAT
GT 1 157+1.9 31.7£33 36.9+33 459+5.7 71.4+7.0
GT2 145+1.2 28.4+2.4 273+34 329+4.1 40.6+4.0
Field 2 22 DAT 25 DAT 28 DAT 32 DAT
YT 1 3.7+0.5 7.9+0.8 194+1.8 53.6+4.7
YT2 33403 72+0.6 382427 453+42
Table 5. Recoveries and limits of quantitation of tricyclazole
Sample Fortification level Recovery (%) LOQ
(mg/kg) Re.1 Re.2 Re3 Mean® + C.V? (mg/kg)
. 0.2 86.6 88.9 83.8 86.5+3.0
Soil 1 1.0 92.9 89.1 88.1 90.0+2.8 0.02
. 0.2 82.1 93.2 84.4 86.6 £6.8
Soil 2 1.0 89.1 93.5 86.8 89.8+3.8 0.02
0.2 89.2 92.2 95.8 924+3.6
Lettuce 1.0 83.9 85.8 86.8 85.5+1.7 0.02

9 Average of triplicate
b Coefficient of variation, standard deviation/mean x 100

55.5~84.2% ¥

AFE ANFA dFe] it FAe AFEF 19 GT 1914
= 3543k 15.7 gl 4393k 714 g0 2 S718IAL, GT 2
NHE 145g90M 40.6g2 2 Z7I8I9t AEEF 29
YT 194 2293} 3.7 gollA] 3293}l 53.6 g0 & S7}a}
AL, YT 2014 3.3 ol A 453 g0 2 Z71519 tH(Table 4).

EY U AFE F tricyclazole HF 24

Tricyclazole®] FFATA-L 0.5ngolA 50 ngZHA]
AF7E 0.999 o) do & 248 Bt

24 &% (Limit of Detection, LOD)2 ¥4 IZ2nlE
TN AsT Far]e] 3 o] Uil Fok
FE ot baselineZHH 1AE IFT F e HA
] Folt}. HE3A (Limit of Quantitation, LOQ)= &4
AT Bv JAPESsE, AET 9 242 F9 34

o o

{

N

% AT T=E 0 1, =
& 55 ekt 2 (Dell ofel] A=d FAEA & AT
of AHgE A OR BT 4 9l

= s onlsh
0.05 mg/kg °I3Fs FHI3kL Utk & Aol ARE-gF B4
o] A& E 0.02 mgkgl 2A AFEAY 7)F
AL(RDA and KCPA, 2012), MRL °|3}7HA] & 7Vs3t
At

LOQ (ppm), EY =[H2AZ%(1.0ng) x HPLC FUA
Al 284 mL) x 3]41814(1)]/ [HPLC 210 uL)
x A E#(20 g)] (1

LOQ (ppm), 35 =[H2AZ%(1.0ng) x HPLC FUA
AN ZgA 22 mL) x 348j4=(1)]/[HPLC Q310 L)
x A EFH(10 g)] )

Atole] T o R FAE AR 9 Fe] tricyclazoles
A7k & AAE 2 B ete] S AR &9 &
A AZrEO A tricyclazoled] HE-F A7 15.06%
o|Q L, T EHE Wl EES QA THFig. 2). 348 AEZ
I A A9 02 2 1.0mgkg F ol 2t 92.4 +
3.6%, 85.5+ 1.7%0]oH, Bl 749 ZH7} 86.5 +3.0%,
90.0 +2.8% (Soil 1), 86.6 + 6.8%, 89.8 +3.8% (Soil 2)°]%
THTable 5). o] A3} 5] TEAF 7152 WA A
FFHE 70~120%, HOlAIG 20% oHe] FEE w9t
(RDA and KCPA, 2012).

EY E URY #Hs

A EFF tricyclazole> GT 1 27| FFsks 3.72
mg/kgelRom 439 Foll& 1.05 mgkgE 24 HATh GT
200 27] FHHS 736 mgkgelJoH 43U Fole
2.19 mgkeg® A8ttt Al 717 EYF 5 tricyclazole
13} A A 0 & ZhRake] HAskGith(Fig. 3)

743 72 3A4e GT 1, GT 2 242 C=4.1811¢%0"
(R*=0.7723), C,;=9.1319¢"% (R*=0.8431)°]03L, ©] 2]
o WA AEE GTY) AMES F vH7le= 257, 24.8Y
]3]},

YT 1 7] ZF5=E 0.86 mgkgelRom 368 Fojl=
0.53 mg/kg® 74 FAch YT 2 7] ZF%S 1.79 mg/
kgollom 36 Folle 1.25 myke® AAsIATh

245 A A4S YT 1, YT 2 42 C=0.8327¢ 0
(R*=0.8792), C,=1.829¢"""" (R*=0.9589)¢] 3]A4]o] w}
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Fig. 2. HPLC chromatogram of soil 1 and lettuce sample. (A; soil control, B; fortified soil at 1.0 mg/kg, C; soil sample of 43 DAT at
GT 1, D; lettuce control, E; fortified lettuce at 1.0 mg/kg, F; lettuce sample of 43 DAT at GT 1.
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Fig. 3. Dissipation curve of tricyclazole in soil 1 (A) and 2 (B).
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Fig. 4. Concentration of tricyclazole grown in treated soil 1 (A) and 2 (B).

g} 7HAEal, YT AMEY 5 w7le 2H) 49.5, 69.3
o oldrh.

EY T vile £ 19 B5ET 24 2004 T 27
Usted], ole T AMES Atele] B4 po] w#el
2 A7 Tricyclazoleo] Hlo] 24 s<folghs A 7
okl 2 uf, §71% $Hako] B &l AHE F9 9l

S 9lom, Table 20 UFERH upe} Zho] IA29] EoF
f71=gero] 2410l sl ofF 1.5 =2 A8

At

4 o K

MF F NURY #E

GT 1 APPEF 5 tricyclazole®] e A2 35U%
A 0.26+0.08 mg/kge] Ao 4345 A 026 +
0.10 mg/kgel ATt GT 2914 = 359 & 8 Al 5% 4R
2 233+ 1.13 mgkgeloH 434F A 0
mg/keZ 743159 thFig. 4).

YT 1 A 5 AF3S 2] 2295 534 0.18+
0.01 mg/kgel o™ 329F 4] 0.06 £0.02 mg/kg= 7+
2ETE YT 204 A 229% 8 A85 1R
0.27 +0.01 mg/kge]om 329F 4] 0.19 +0.02 mg/
kg2 7HA3IAth(Fig. 4). YT 29] 745 328394 S7tst
£ #4e 295 ol EY T 8 ue olssid
tricyclazole ©] Fo] F&gto] wet FFO R o]Fsto] &
FHYS Aog F2H

GIllX %71 Ed RE dv] AedF3e
12.59%°]3L, H3 = 2T 29] 35%3F 31.60% , HAA]
E AYF 19 4193090 6.27% 1At YTIME 27 &
& ZFF uin] FEFES Hdh 24.10%0]5, HIA=
ATt 19 2293} 38.50% , HA = 28Ukl At 2
] 14.3% ©]ATHFig. 5).

o
5
_r_.6

E2 = tricyclazole?| 2|5 T X ot
J5F F tricyclazole?] MRLO] AAH o} YA LA|TH
positive list systemollA] Q75H= E74E 7152 0.01 mg/

50 4

i

40
30 7

20 1

L I

35, 22 37, 25 39, 28 41,32 43
Days After Treatment (DAT)

Translocation from initial soil concentration (%)

Fig. 5. Translocation of tricyclazole compared to soil initial
concentration.

kg olstE AF Fol R faide FHo Aol
38.50%= 7Hdste W Amizr] EF tHREOl 0.025
mg/kg ©l3to]H 8 Al A5l 0.01 mgkg ©l3t2 77T
7oz getglo] A% A B F tricyclazoled] HEFE
£ 0.025 mg/kgS 2 Agke 4= Qlth,

#HAtel 2

B dATe 5208 FdHAK A 5 2
oFe] ZHEgerold B AP A (PI0108762017)79
Al el oJstod o]Fo] X Ao = o] ZAL=HUT
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