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Abstract: Ethyl formate (EF) is a potent fumigant replacing methyl bromide. The use of
EF is limited to a quarantine process. Appling EF to agricultural field as a safe insecticide
in greenhouse give us valuable benefits including less residual concern. In this regard,
residual pattern after EF fumigation in greenhouse should be undertaken. In the previous

study, we have established agricultural control concentration of EF to control pests in
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a greenhouse. EF was fumigated at 5 g m™ level for 2 h. The concentration of EF inside
a greenhouse was analyzed to be 4.1-4.3g m™ at 30 min after fumigation. To prepare
an analytical method for residues in cucumber crops and soil in the greenhouse, the
limit of detection (LOD) of the method was 100 ng g™’ and the limit of quantitation (LOQ)

of this method was 300 ng g™". R? values of calibration curves for crops and soil were
0.991-0.997. In samples collected immediately after ventilation, EF concentration was
determined to be below LOQ level. In addition, EF level was below LOQ in samples
collected at 3 h after ventilation except that leaf samples of melon during the flowering
period showed a level of 1,068.9 ng g™'. Taken together, these results indicate that EF
used in quarantine can be applied to agricultural fields without residual issue as an
effective fumigant for insect pest control.
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1 2] (Citrus sinensis), 2|t (Citrus limon) &
a7 59 siEo ¢ Alofl A= ol
I sisRes A9l BAd =
HEHZafo]= (Methyl bromide)” T o=E
FARPAA frofieh 59 Addo] 2ol &
I HAA R ZEgeta gl &4 5 shy
Foll A= 25| A77F B4 Qi o2
ZFo] ZAstoll A waA 7rEsiE s &
10™,244.62 mmHg?] =2 57192 7HA
10] ti7]dstoll A Z|A| =] Fdo] ¢ w7 Lo
LFAL(EPA 2020), 3713 EIONA 258 Sol= AFast
7h i = yehdt sl WollA dsavs u
Bl & w27 ofghS iy 340 B FofiEo] W2 XhE
de Holw, & A2l FoPt A2 E4a A4 A
T} (Mata-Segreda 2007; Ning et al. 2017). AtA0][A] o2
Ho|Ex AlE fe9] 4, 7, AE FollA HHE
SEoAE AdA o7 APEA] ¢h= EEolH, AR
tisto] wE Hzno] o Hlsto] H-do] -9 22 A
& A4 1 2tk (FDA 1984; Lee and Kim 2017; EPA 2020).
olof US FDACIA &= ofn] o2 im|o] Eof| tisto] A&7
7FER O] Abgol 317HE o] Jlew, SO ME 1920 TH
HH ZHE 37 9 2R BaPgolA ois-g BAE
52082 AMgE= vl 1 JAE Ad 2otk B3 -
2ol HihLte] 5 A9 HATA o= 2.6% E
EHO|EE 24% o|AtetgtAR 2R Pcte] AFHos
5= AASEA=o] oln] HilEof It} (Krishna 2005).
et FAE, AE 52 dste W0l A
15k 2 sisE= Aol A=A =
o fro= gt siFe] difdo= It F24F
msiE mle ofstal, 57t 458 HESHE 5
A &S FA FFL E ofz, Y FAHE
s Soi7h= FeiArelef Slo] =HlEo] oH
teg A o Qe 78 7124 b
Atk ol HAMA NN A= EF71ES
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Residual evaluation of ethyl formate in soil and crops
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(5,000, 2,000, 1,000, 300, 100 ng g™*)°ll H= BFA| =

ZAotl o, Axg EEA RO HF FEE 100 ug g_1
o|ith HETA S flste] BEES 100ng g ' 7HA
HEABE Aot 242 AR 2T, S/N (Signal/
Noise) H|7} 3 o3 A] AEH A o= Qs A%
A 242 S5l s709] F=0] EEARE A5t dold
u]=2.9] §o] & o]-gste] AAlS 23 .

o
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)
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20rE 2T YYENTIE

Aol AMgRY ZFAA mutE T o] AJAELS: AgilentAl
(Santa Clara, CA, USA) 2] 6890N 7} 20tk T2 1] of
Electron Impact 4] 9] 0] 23S 7HA] = 5973N H2
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2 B4t A4S gelste] FtH o2 wosh Ay}
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(b)  EF (Melon) standard curve

y=18.11x-830.3
R’=0.9956
L

Response
T

EF concentration (ng/g)

(d) EF (Zucchini) standard curve

Response
T
.\

y=36.53x-223.9
R?=0.9968
1

v

EF concentration (ng/g)

(c) EF (Watermelon) standard curve

Response
T

F y=53.73x-3025
4 R?=0.9972
1 L

2® ]

EF concentration (ng/g)

(e) EF (Soil) standard curve

Response
|

y=2.919x-145.9

R?=0.9910
L 1 L

EF concentration (ng/g)

Fig. 1. Ethyl formate (EF) standard curve and chromatogram. This chromatogram was obtained using GC-MS with a headspace sampler (a).
The standard curve of EF was used to estimate EF concentrations in leaves of melon, watermelon, and zucchini, and soil (b—e).

= 300~5,000 ng g 01Tt oH EH|o|E %753_‘94 e
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Aje ool Blo] Lm0l LS of
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1999; Sokoro et al. 2007).
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Table 1. Ethyl formate concentrations and Concentration-Time (CT) value in a green house (75 m X 25.0 m X 4.0 m) after fumigation (5 g

m~2, 2 Hours, 21£3°C, RH: 70-90%, Pressure: 10 bar)

Concentration of ethyl formate (g m™3, Mean +SE)

Fumigation time (h)

Upper part Middle part Lower part

0.5 4.2+0.0° 4.3£0.1° 4.1£0.1°

1.0 3.4+£0.0° 35+0.1° 3.5+0.0°

2.0 2.3+0.0° 2.5+0.0° 2.7+0.0°

CT value (g h m™3, Mean=SE) 6.5+0.0° 6.9+0.1° 70+0.0°

Statistical analysis was performed with one-way ANOVA with Tukey test (a>b>c).

AT (Table 1). T3, 52 ol A 2] 57k 7F

R ’52;} T ASe 11 Afel7h @24k 9
i . BAAE A crgh B3 kA
O Aol At %PJUl H ANE HYon F10 U shE
H|Z5E AHE 81 = Uitk ol AF Aol A gl

Jo}-9-A 0] FHOA o dEH|o]| Ef= ul-e- W HEE
Ot (Table 1), 1 ¥ 0.3~23mgL™'9] 5= 5
Sk AHsHA & A Eo] 5o 4 54‘21%—‘”— o
A ot A W 29| H|d 8} AEE
70~90% HE 2 HATA A EF = 40~60%2] S
< kot Blsile o &2 #ilolﬂr. ol& HdoA
ZZsto |4 240l ojgg ajlo Z7iste) A o]
0] siE AR FERF AS A6 (Kwon et al.
2019).

A A% o0 YR o EHo]E B
£ 205.0mg Lo|Slou, he0] B WO HE S B
ZNegete] 27)E Aagde] wet 2] £ 5, 10, 20, 30+ BF
ol 168.3,85.0,40.0,03mg L' 7] 1 §&7t &2 E
o2 A2 FRIT 4= AUATH(Table 2). T3 3] 2 60
2ol At AR EH = Bk A YR o zHo]E
O] FE7F omg L' 0= HE0] HX| 2gton, vl sty
2:0] o5 gl FHOAN L oPEHo]|E= HEE]R] %%
T} (Table 2). ©] 275 HIF o= T W2 ol47t =L
UE 2GS StEsk= o Slo] E5AE # 30
- ol/de] FERt AR Sl bRt AAdo] Thsd

FlF 4 o 32

E
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Table 2. Safety evaluation after fumigation of ethyl formate in a
green house (75mXx25.0mx4.0m)(5g m~2, 2 Hours, 21+3°C,
RH: 70-90%, Pressure: 10 bar)

Concentration of EF Concentration of EF

(TrIT:?ni around the green house inside of the green house
(mg L™, Mean+SE) (mg L™", Mean+ SE)

0 23%0.7 205.0£5.0
5 - 168.3+£10.4
10 1.8+0.6 85.0+5.0
20 1.5+0.6 40.0£5.0
30 0.3x0.3 0.3x0.3
60 - 0.0+0.0
120 - 0.0+0.0

-: Not Detected, EF: Ethyl formate

and Safety Commission®| A A|A[SFLL Q= 2F451-871%
Z] 100mg L' 42 SA5Iot=4 5 Fofiold+t212 <
A&l 100mg LS Bl w8l Hte wfof = of-¢- w2
T2 &2, QA7 2SSkl Qo mie- PRt =AY
Ao Bz
w2tbA, 9] Aot g xHlolES] 19 HF 58
(ADI) 2191 3mgkg ™ (AI5), clEZHo|EQ] 7 9l &
ol gt 548 Atret A3 A58 Fsto] st
T% o, &5 F 302 oo B AZEE FE5] Fo
ARie] G AN 4 %S Ao T 4 %S A
© 2 Atz Ert(Lee and Kim 2017).
3. Hl2steA W X2 3 EYoM2
oI Eo|=0] BT
A AL ZHO|E= FHFAAET sy A9
Fol wet sof ARs87E wAdR LR FRE 3
o}, 22y she-2ehs $1EE ol 24 H7] o HiHd
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Table 3. Summary of concentrations of ethyl formate on crops and soils after 2 hours of exposure

Concentration (ng g™")

Stages Part
Control 0 hpf 3 hpf
ND ND ND
Leaf ND ND ND
ND ND ND
Seedling stage
ND ND ND
Stem ND ND 5
ND ND
ND ND ND
Leaf ND ND ND
ND ND ND
Watermelon Flowering stage
ND ND 6
Stem ND ND 7
ND ND 3
ND ND ND
Leaf ND ND ND
ND ND 44
Fruiting stage
ND ND 2
Stem ND ND 0.3
ND ND 5
ND ND 16
Leaf ND ND ND
ND ND 37
Seedling stage
ND ND 8
Stem ND ND ND
ND ND 8
ND 491 14
Leaf ND 42.8 ND
ND 64.2 27
Zucchini Flowering stage
4.3 ND 1.6
Stem ND ND 6
ND ND 2.3
ND ND 46
Leaf ND ND 1
ND ND 2
Fruiting stage
ND ND ND
Stem ND ND ND
ND ND ND
ND ND 441
Melon Seedling stage Leaf ND ND ND
ND ND ND

http://www.koseb.org 321
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Table 3. Continued

Concentration (ng g™")

Stages Part
Control 0 hpf 3 hpf
ND ND 3
Seedling stage Stem ND ND ND
ND ND ND
ND 224.8 599
Leaf ND 2314 1,068.9
ND 142.9 767
Flowering stage
ND ND 17
Melon Stem ND ND 1
ND ND 1
ND ND 756
Leaf ND ND 919
ND ND 778
Fruiting stage
ND ND 0.7
Stem ND ND 9.2
ND ND 1
ND 1 3
Soll 1 0.3 3
ND 1 5

hpf : hours post fumigation
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(Yamashita et al. 1977; Zaitoon et al. 2019).
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