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Evaluation of Vaporization Amount of Formic Acid in Different
Conditions for Controlling Honeybee Mites

Daegeun Oh'2, Kil Won Kim?, Kyung Mun Kim', Peter Njukang Akongte’,
Ju-kyeong Kim', Changhoon Lee', Bo Sun Park’, Su-bae Kim', You-young Jo',
Yong-soo Choi' and Dongwon Kim"*

'Apiculture Division, Department of Agricultural Biology, National Institute of Agricultural Science, RDA, Wanju 55365,
Republic of Korea
2Animal Behavior and Ecology Laboratory, Incheon National University, Incheon 22012, Republic of Korea

m Honeybees are an important species influencing many aspects of human life, particularly
economic and agriculture. Plant production depends upon pollination, and this is mainly enabled
by honebees. Beekeepers across the Korea are experiencing unprecedented drops and losses
in honeybee colonies. These losses have been attributed to bee mites (Varroa destructor and
Tropilaelaps mercedesae) infestation. Application of acaricides is the most common practice to
control bee mites. Among acaricides, formic acid is quite popular in Varroa mites control due to
a natural substance with low residue levels in honey. However, beekeepers cannot use it without
proper knowledge because it can cause significant harm to honeybees if used incorrectly.
Therefore, this study was conducted to investigate how the vaporization rate of formic acid
changes depending on the season in Korea.

LWOWEICES  Varroa destructor, Tropilaelaps mercedesae, Formic acid, Vaporization

k| 2 ol Z FsE F1 ATt (Noél ef al., 2020; Traynor et al.,

2020). "l=o A= B0z sl o FeEE ] TH

EHLE oFar7t=ol ool AHSEo| FaatE, ) A7t 2F 75% TASFA A (Kraus and Page, 1995), 23
7, Rl d 5 odet AAA o]d& 7HA T 3t SoNE TEotA] 92 St Tt Bkl Hlsl °F 60%
(Ogaba, 2002; Abrol and Abrol, 2012; Ruttner, 2013). & Ol =2 AL £HUES HY T (Finley ef al., 1996).

H-S-ofl (Acari: varroidae, Varroa destructor)= ¥5%&H Eot 4% B 6k o W | Y2 B o
(Apis mellifera)@t AEH (A. cerana)®ll 718st= <HF Ate]l o]& 4= Stk (Rosenkranz et al., 2010). =X =
71874 Sz B AR Fao] F8 dRloR A& 2021~2022'F Abe] D Bo] AF 9 HAL HAgst
%31 QO™ (Potts et al., 2010), A AAA = Fait] R, ARl F sput=z EH-Zol7t AFE o] WAo] )
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2ch2, 22, 3=, L of2H|, ¢

3,0

go] 7HE = ATh(Kim, 2022). ‘-] HAtoll=
O] AdAlaEoll oJalf do] HE|7] Al7|eF AdZ A1l 2]
HAE Q= - A0l 1]dfQ] 9 O]ZIUP(Ramsey et
al.,2019), Rt EH A viZishs Ak 2 dloltt
(Barroso-Arévalo et al., 2019). ©]213t A¥ F slut= g
N&5 (DWV: deformed wing virus)2 2 A Al E74
o] HAFA ol Higke uho} elHo] A7} HolS w AA
Al &5 o]PA sto] Bkl & wolE FTH(Roberts
et al., 2020). TH-gof et ol F=7HA]-Soff (Acari:
Laelapidae, Tropilaelaps mercedesae)tt 7150 (Acari:
Tarsonemidae, Acarapis woodi) = Y22 Ho] 7] st &
ol s A= Aoz A F th(Burgett et al., 1983;
Loper, 1995).

BHGNFE WA ] S8 Fe7te-2 thet AHlA
U =94 A 52 ARESl et AElAls A A
F A AL A 2 LTt 4] A (Synthetic acaricides)

+= fluvalinate, amitraz, coumaphos, flumethrin 5ol

H—LQ_H

A AAH[A| (Organic acaricides)9ll= formic acid, oxalic
acid, thymol 5°] S1th(Tihelka, 2018). FHJAH]A= 7t
HapA AHEE 5 A= AEHPo|Y HFo 2 BHY
ol Tt 22 o] Fhdsto] FgrtEolA Adasdtet. st
AR G712 AL, A 230 A28l 29 AR T
2 Q15 dam|Alel digh BE-gofe] Aol FEs]
HI1E] %E]'(Elzen et al., 1998; Trouiller, 1998; Maggi et
al., 2009, 2010). A= 711 EE-Soll= i AHlAl
o AAF Aol Ayt oz WA ] 7] whiol T
Ul'_g. 01:94 /\1—1:]]11]7]- /L]-_Q_Ql:q Z]—_rET%E 14-0]— E.—_,L 7—]71—3’,}
AUA| A7l FFFE £ & UArh(Al-Waili et al., 2012).
H/AAHA O] tiAfIA = v WA FFAtEo] AFRIE AL
(Bogdanov et al., 1999), A& Hi17} =] oF2 A
H| A 2] ARg-o] Z7F=|AL Itk (VonPosern, 1988; Maggi et

al.,2017).
FHojake A & ShtE g7 HEA 404 o]
& AFEEIL QI (Imdorf et al., 1999). B AJ5o 20191

= Q7o) EE-goEnt opy gt HE| 7 R AR
ot &2 QIch(Fries, 1991; Rosenkranz et al., 2010). 7}
nj4ke] 4] 7)1k EH-Sofl o] m|EFE 2oo] Afo| ES
F AF8}& A (Cytochrome oxidase)2] B3-S AA|sto] 41
iﬂz;ﬂoﬂ 1:]]6]— /l]—/\7]__9_/l49_ th=l Z =X A AZ2

=

Fslo] AFgettt (Liesivuori and Savolainen, 1991). Bt

W A2 58 jEof AjujikE Fof 71371 AY
(Calderone, 1999), Aol 7Hu]4HS H7Foto] 74 s] 7in| 4t
S WESHE WOl Atk (Feldlaufer er al., 1997). Siceanu
et al.(2021)> &4 WH|7] Akgkde] 25 o]-&af Z{m]4t
= 'Iet Fof §id)7]o) 714ske SolE WAlet e
Hu5eh, BH-goff B G M= 50~100% % 4
F T} (Fries, 1991; Feldlaufer et al., 1997; Calderone, 1999).
WA g3to] Aol A8, A-891%], FH 25, &
o AE, H5 0 FF, FL719 53, Wit B 5
o ot JFo 2 K JZth(Ostermann and Currie, 2004;
van der Steen and Vejsnaes, 2021). ©]2]2F TheFet 321 uf
2ol Zqm]4it o] 71& 9] BERP of 8l Aot
Zhul4te EE-Soll R WA f&0] Z2ol= st
=L O]E2] 7]3f EAJo] Qlrt. ofof ZHmit2 A7 A7),
o, o] whet B B0 95 WS}, HAL ofhd &
A, 715 &4, E A A4 59 geiE 7oL gl
(Skinner et al., 2001; Tihelka, 2018), 57} @F A= &
T Agote] ARE-S 7]Heint whebA B A= AfelAt
713} B2 Goti 7] A A7), sk, o W - o F 2
T 27004 9] 713k WSS ZARSHIH. © & 55
B57tl ARE Algste] Hop a&2o]i okt A
Q& Ao g woEct

oo o2 :[O
tlo o
st

Fig. 1. The self-produced formic acid vaporizer used in the exper-
iment.
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s g g AFE & =S AlZbekict AlE
.o 71K 8 (IR X AR, 23%x 11.5cm)S AA 7

a4k §ol-g HolZ Al E5E o] dre g Sajlig]A] ¢
Hol| Fela] g A& 2719 2Egol Wi
2HOJEHE ARESto] Al2tstlnt (Fig. 1). 712V &
o Wo] g 91l &= A2ttt ZHr4k2 Sigma-
Aldrich®] reagent grade, >95%%5 AM&-5H3tH A2 5
7he Aol AR Fardoll Al Zegstart.

1. G{SH JHoj 2k 7|3

54 7|3kFS gotir] 9t A EFE T
I AFET e EF)l wet A2k Amate] &
(A% 30 mL, AXES 50mL)S Dottt ol &
o3l HE (25, do] EoA &2 HE RIS
oFlo A 85%, 65%, 60% F2] FNu|AFS A A2
713710l ol AA|etsint. Aol AHget Bto] ¥ =
AVt @A B Btakct oF 10,0009 ] 2 B, A

goll= axH] 10m, SAoll= 4] gull= Sh5of Aedof A

[e)
5, 65% 235, 60% 285, 85% WHF, 65% WIH-F,

60% 185, 85% ©F2], 65% ©F2], 60% OF2l= ZF 9719]
A2 g 39HEIo T AP E SOl AFES A=At
YA Aok, )it Gl FE 30 mLE A
2ottt HE Hiel dlole 2AE &g floll A5t
of Y 2555 7| 55k3lr) 7|3kg2 A2 £ 4,8, 12,
24 A7 0] 43] 51
AL 713 AAE Aol Fete

AAE Yok Fet] oF 2= 27+2.

TE86+94%2 ZAE Q)

2. 7t2E ol 715

1A it 718k 24 Age DA S A 519
o}, 7fuj4te] F2 30 m
60, 40%= ST HE0] o9 HE (25T} of9]

oA e] Aajat ZekE S5k 8 = °F 9,0007F

jaiy

>

SO, &) = 4Tl Sl 79k 57
Al F 4,8, 12, 243 o] 43] S7F5H9AH
oF ofel= 25k HlolH 275 Ahgote] £

S45H3 T (Table 1). A 35k Bt 2F 2=

+94°C, ANEEE 72+250% % SH = ot

T rlo K
of

)
=]

w2 i M
H

1

w

3. SAIxzE|

Hulik 718k 57 Al e MEE ()R HE
sttt 1% 7+ ol Tl one-way ANOVA (& -Hl%]
AR E o]85te] B4t oM, AFF A2 Tukey
HSDE AR&5te] P<0.05914 F-o48& HA sk 27}
A 155 Tt BlAE ttestE ARESHA] P<0.05914 F94

2 Fgshrt.

g2

1. O{E- AZESoIM2 oLt 7]t

ZHa)4E 50 mLE A 2§ AVdE-SollA o ZHu|4t Bt 2+
g UEgS AESt. 2% sRF SAA 85%
+ A9 ¥ 4,8, 12,24 0]H, 505+ 1.88, 33.4£1.04,
24.6%1.10, 6.6+0.65%= S AT 2852 65%+=
724+035,542+0.97,442+0.93,240+1.67%% =
AE AL LHE 60%+= 66.0+1.85,453+1.00, 345+
1.75,9.1£5.05%= S3=UAch Y1HE 85%+= 7T
©] 572+1.58,455+223,36.5+556,243+3.95%% =
AE AL HIHE 65%= 77.1+£1.49, 64.6+2.14, 572+
1.52,442+3.90%= SAE U FE-5 60%+ 795+
1.35,67.7+291, 60.8+3.32,45.0+5.28% =2 SAHE 3
t}. oF2] 85%+= 41.9+0.97,26.7+0.90,243+1.10,2.1 +
0.60%= == AT} 65%% 63.0+1.25, 46.6+1.18,
4374150, 152+2.40% 2 SHEAt 60%= 67.5+
0.06, 50.2+0.66, 47.2+0.61, 17.8+0.32%= =3 =3It
(Fig. 2).

2. o{E- ChaS oA 2] ZHoj 2t 72}

AEAL 30 mLE A& SRS A ] Anlat B
WG MBS AEHT

Q
gpo] Alze] me et B AREe A F 4,8,

g
of
o0
(9]
R
rr
=
=)
>,
o
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OUi, Y2, YFL, T oL ZH|, AFZ, OIRE, WM, U4, £9%, 584, U5

Table 1. Mean temperature and relative humidity inside and outside the beehive during the experiment

Season Hive Colon Formic acid Replication Temperature Relative humidity
© olony concentration (%) plicatio (°C, mean+SD) (%, mean + SD)
85 2 - -
3 329+4.46 62.6+9.82
34.8+6.37 509+15.53
Colony 65 2 335+5.05 53.6+14.14
3 35.6+6.61 51.0+£16.01
33.7+£4.68 554+13.03
60 2 35.0+£6.33 50.6+15.75
3 33.6+4.67 56.6+12.84
2nd super 1 - -
85 2 - -
3 32.7+7.70 56.8+£15.57
65 2 - -
Non colony 3 _ —
33.6+6.59 533+15.32
60 2 - -
31.8+£6.49 623+15.73
Outside 302+£393 62.4+£15.90
Summer
l - -
85 2 - -
304+£1.97 96.6+£5.34
Colony 65 2 30.6+1.88 95.9+6.31
30.5+1.89 89.3+7.13
1 30.6+1.88 9371722
60 2 303+£1.99 92.6+8.44
3 29.6+1.71 96.6+£5.55
1st super 1 28.1£191 942+7.94
85 2 279+1.75 99.4+3.28
3 284+2.32 99.5+£343
28.1+1.99 9621643
65 2 28.1£1.74 924+5.13
Non colony 3 283+2.18 99.3+3.91
277171 90.0+7.51
60 2 284+222 98.6+£522
3 279+193 91.1+£8.07
Outside 27.4+2.06 8591943

12,24 &0 & 36.3+3.20, 14.8+4.86,3.1+1.01,03+ 341,3.8+1.63,03+000%2 SR At LHE 60%
030%%2 ST 2HE 65%+= 4444259, 194+ Y 490+3.81,21.8+4.54,4.1+3.24, 0% % =A =]t

14 http://journal.bee.or.kr/
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Table 1. Continued

Season Hive Colon Formic acid Replication Temperature Relative humidity
0 olony concentration (%) phicatio (°C, mean +SD) (%, mean = SD)
85 - -

3 18.7+4.95 64.6+6.93

163+3.95 67.7+4.20

65 15.1+4.32 69.0+6.00

15.6+4.16 79.6+3.60

Autumn 1st super Colony 17.4+£3.56 55.0%8.32

60 15.5+3.89 68.6+4.42

1741398 67.5+4.95

209+4.39 70.7+544

40 17.7£4.08 60.3+3.43

3 16.1+£4.23 67.7+5.17

Outside 12.7+9.37 72242502

—: No recorded data

100 —
After trt 4 hours
90 +
80 +
70 +
60 +

50 +

Residual %

40 1
30 +

20 +
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=
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Fig. 2. Time-dependent formic acid vaporization according to treatment with three concentrations of formic acid solution (50 mL) in a two-
tiered hive beehive during the summer season (Temp.: 30 +3.9°C). X-axis represents concentration of formic acid and treatment conditions,
y-axis represents residual (%). The error bars indicate the standard deviation.

HHE oA 85%+= 50.8+3.21,37.6+2.27,27.3+3.61,

10.2+3.79% % S = At HIEF 65%= 72.8+1.23,
563+1.84,44.5+1.86,234+230%%2 SATUct 1Y
5 60% MulAt AE]qE 70.9+1.25,552+1.42, 427+
1.35,20.6+2.72%= S = ATt °F2] 85%+ 39.0+6.50,
20.8+6.59,22.0+841, 122+551%2 ==t} 65%
= 58.6+0.64,36.3+1.52,37.7+2.90, 24.8+1.56%%
ZA %A} 60%+= 58.6+1.46, 35.8+1.25, 35.7+£2.97,
227+ 1.86%= S = At (Fig. 3).

3. 7IS- chad g0 M2 JHof Lt 7|5}

ZHml4E 30 mLE A=ttt @/E- 5ol o] Anlit XHE
g HEES AESHlh dol Eolle EE WFelA
85% 7NAlAE 2 2]9t= A 3 4A17F, AT, 12417F, 244]
O 574+197,384+4.87,256+629,62+325%
2 ZAEUtt LHE 65%= 69.1+4.20, 43.6+5.42,
24.7+7.50,49+323%A. 2HEF 60%+= 71.2+9.21,
443+16.66, 26.1+£17.62, 7.1 £9.39% At 2H5F 40%
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tiered beehive during the summer season (Temp.: 27 +2.1°C). X-axis represents concentration of formic acid and treatment conditions, y-axis
100 +

Fig. 3. Time-dependent formic acid vaporization according to treatment with three concentrations of formic acid solution (30 mL) in a one-
represents residual (%). The error bars indicate the standard deviation.
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tolE EAthdf=2,

Outside

4Nt B

40%

[¢)

T

323.667, P<0.001). 28] ¥ 12
folS Bk df

24A1 7

Colony hive
thdf=2,F=27.831,P=0.001).

2,F

o

T

Outside

2]

P<0.001). *

the7} A} A2
a7} A}, A7 & 4A7 A3

60%

1

ju.

1

-

1t

ol F Al7]ell BEFNAM Aulit 8 30 mLE AHE-

=

160.814, P<0.001). A2

tol& HArhdf

Colony hive

S At
2

F
gt

s

Outside

+
L
—

g

65%
65.9

=

2.6£0.06
=

LSS
-

Colony hive
473+1.78,

Outside

1

20.41+993,2.6+2.17% ATt

il E e = B
A=) 2dct. okl 65%

1.99, 10.0+0.66, 6.8 +0.38, 6.0 £0.21% A} oF2] 60%
62.6+1.76,9.6+2.41,54+1.70, 5.0+ 1.27% Tt oF2]

85%

=

oA ZHujit 88 50 mL

7|eke Hlw

Colony hive
=
5

™=

T

o

66.3+1.40,10.9+1.82,6.0+1.50,49+0.81%%
A

69.1+10.63,40.249.79,
T} (Fig. 4).

oFelof A 2] 85%

LSS
L

4. 7{o| 2 =0 it
o5 AlZlel Al

tiered beehive during the autumn season (Temp.: 13 +£9.4°C). X-axis represents concentration of formic acid and treatment conditions, y-axis

Fig. 4. Time-dependent formic acid vaporization according to treatment with three concentrations of formic acid solution (30 mL) in a one-
represents residual (%). The error bars indicate the standard deviation.

224040,2.9+0.70%=

40%
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1001 (A) E85% [365% E360%

whh ans wan
T 1 I 1 r 1
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1901(B) E85% E365% E60%
%01 N NS, NS. NSS.
go4 T 1 T l T 1 T 1
o 0T
X
o
w 0T
=}
S 04
8
2 40
0+
204
104 ﬁ
o b ] B G o o T : i
After trt 8 hours  After trt 12 hours  After trt 24 hours
oo B285% B 65% B 60% M40%
%0 1 NS. NS, NS.
80 4 T 1 T 1 T ]

Residual%
3

| e

After trt 4 hours  After trt 8 hours  After trt 12 hours  After trt 24 hours

Fig. 5. Comparison of formic acid vaporization according to
concentration of formic acid solution in beehive containing bees.
A: Residual amount of 50 mL of formic acid solution over time
inside the two-tiered hive in summer. B: Residual amount of 30
mL of formic acid solution over time inside the one-tiered hive
in summer. C: Residual amount of 30 mL of formic acid solution
over time inside the two-tiered hive in autumn. X-axis represents
elapsed time, y-axis represents residual (%). The error bars indi-
cate the standard deviation. N.S.: Not significant. *: indicates sig-
nificant difference (*: P<0.05, **: P<0.01, ***: P<0.001).

F=11.770, P=0.008). A 2] & 8AIX+ A2 7t
2ol7t ik A2l F 12417k A2 2F {oJ_t 2ol 7t
ATk A2 F 24A7E2 A IF Fog Zpol7t Gl
(Fig. 5-B).

7HE A7lel B E oA ZHuj4t 88 30 mLE AHE
oF A= ohat A T 4AF Z}RE 85, 65, 60,
40% 5= 0] AR A Y 7+ ot Zpo] 7t figiTh. A
T 8AITRE A 2 Fofek Afol 7t gldek. A= & 124171

% o
N
N
o

-

2 A2 ZF frofgt Zol7t glolek. A2 F 2447k A2
Tk Sreft 2te7t 91t (Fig. 5-C).

5. Al7|ofl 2 FH0) 2 7|3He Bl

A7)0l w2 ZHuj4t 7] 3k H] <9 of
7] 4k 30 mL 9] ZnikE A-G3E o5t 7+ 9] 7]3)
e EAok.

85%<] 7HulAt A2l o] ¢, Ag] § 4A7e] ZHulit 2k
g2 AT 7R OA fefgt zto) 7t 9llem o B
o w27 7]8}5Fh (t-test, t= —9.712, df =4, P=0.001).
A & AT o F T ZFEo A F-olg 2ol 7t glow
ool o e 7|3FoFATH (t-test, t= —5.959, df =4, P=
0.004). 2] & 12A172 o532 7Rl A F2Jet Zfol7t
om of g tf W] 7|3kt (t-test, t= —6.098, df =
4, P=0.004). 2] & 24AI72 AAFIT} 7H o)A FeIRt
2ol 7F gl

65%2] 7Nnl4t A2 o] -, A & 4A7e] ik 2k
FF2 A5 7FelA Folgt 2tol7t 9lew ojFof H
wa] 7551tk (t-test, t= —8.670, df =4, P=0.001). A
2 F 8AIZRZ AA5T ThSolA [o7t Zol7t Jl%le
] o 5ol o e 7]2ksFAt (t-test, t= —6.569, df =4,
P=0.003). 2] T 1247t A5} 7R2oA] o5t 2h
o7} Qlom ool B W] 713k Th(t-test, t= —4.704,
df=4, P=0.009). 42| F 24A|7+-2 5T} 7120l A -2
gk 2ol 7k gl

60%<] 7HulAt A2 o] g, Ag] § 4A7e] ZHulit 2k
FFZ o5 7FEelA foIet atolzt qlglen o Fof
o] 2] 7)3kehth(t-test, t= —3.865, df=4, P=0.018). 7]
2] & gAIZR o 53t 7HEoll A 5] Afm]At ZhREFo]
o] WerA|et foJgt 2ol gldeh A7l F 12417F2 o
S 7EEONA Fogh ztolzt fisith AE] F 24472
o 53 7oA 2] 3t 2ol 7t FisiTt.

1oz

QB 74} 20 £ 30+£3.9°C, AHHE 62+159%
Aol AVFEF A A2t 50 mLe] 7Hm]4t g
Folut oflo] Hls o] FoiglE= HE WHollA
Al 713kt 85% At Hol gl= EE, ¥
HE, oFe] BF g s ET He 7]3lslqlo
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Fig. 6. Comparison of residual amounts of formic acid solutions at different concentrations over time during summer and autumn. X-axis
represents concentration and season, and y-axis represents residual amount of formic acid (%), conducted within hive in honeybee colony.
The labels A, B, C, and D within the box indicate 4 hours, 8 hours, 12 hours, and 24 hours after teatment with formic acid, respectively.
*: indicates significant difference (*: P <0.05, **: P<0.01, ***: P<0.001). The error bars indicate the standard deviation.
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