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Abstract

The colors of packaging of herbicides and non-selective herbicides on the market in Korea
are defined as brown and red, respectively, according to the notification of RDA. The
present study aimed to understand consumer’s electroencephalographic (EEG) response
when looking at brown and red colors of herbicide and non-selective herbicide packaging
papers. The EEG cap was placed on the scalp of each participant (men and women, 10 to 20
@ years old) and white (control) - brown - white - red colors were sequentially displayed for 5
o seconds using the computer monitor. The EEG was measured and statistical analysis was
clckfor updates performed using SPSS. For the brown color of the herbicide, men showed a decrease in

concentration and a distracting response due to a decrease in the ratio of mid beta to theta
(RMT) and the spectral edge of frequency (SEF90). In women, an increase in the ratio of
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St A T 11 Q)= ok B-5-0] 4= 3,0077] 0] ™ (National Institute of Agricultural Sciences, 2018), Ak
B2l whet Al 24, A A, ASA, At A, ARA|, AASA|, AR, AEAg A= SR QL
TS ol FEEA A= LA (A2009-29)E Fofl Aol AVdS FEote = Aot Lo sof
S|Atell A= aLA] of| whet sof YA E Al et sEXEA TAof mh= i A A o] AAFS A, v e A

[SYpumng My
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27 AAGS QA oHE I F A Utk =2 5ol B0l A2 H= A I, TV et A
£ TRt & A n S 7R AR Aol A2 EH, o]o] SRl 9IReh YAzt ol ERieh A2 o
AR Z ] Ao A g2 Q1|6 7 =21 ¥l 7 Z(lower ventrical route) S Tt V4 F-Q]o A LR = A o= &
HA ik ey 27t AP EE o) Alekar, 11 A H o tiof of | B4 0 & S ZHA| =R of| oAM= E &

24 QA ¥} (Carter et al., 2009).
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etal., 2014; Lee et al., 2017; Mehta and Zhu, 2009) Ei<F, &, 1, 92 A = AL

Stal @79} op-S 2 & o511, A, of 7ol 2} 1_% IA 7= AFAE AEYAE A ATH B
BIE AE R rotan, P2, QA A HE A= 2B AEY A ARt A& AHESHA sl o
FS Holam, B4, AAR, A9E, FAE A7 A2 B FA1S SUHA7| AL BEHSS SRR
THKim, 2013). /o] Q17te] A fof| m] 2= FoF wfizell Al 2fst, niAE, 458, S5 AFA T ARl At ol Al

= B2 A7} o] Fo A AL Ql
2 AT A2 = ol ARRE] AL QL= Al 2 A 9F v A B4 A 2 A o] vhh A O = ZF2F 27w o] Sl
A i7E o] AB[AFE Al B2 = S ol olfst A} Hul(electroencephalogram, EEG)E &7 5l w4513

20179 9€ Aot &Yy rrsteish 3 g o AT A9 e S 71 AREE A At A
Al AP S 1020t 2H ol5< HlF e 2 111 W=

B—: =
o W 7 1094 % 208 Adskgick
A 5 A, AT HEA 757, 2l 191 k2 A Adston] 2 et e g FHe FAL
At sl 55 A% FUA A WS Selsto] FA] AAE ASFAT 1247 AR E Aot FAS

AAA7HE e 2 324 m’ 2719 A Ao A Zthel Fgo] AR -2 A AHlolA HutE &
gotint. HuEAg2 23°C, FE7F 50%7F FA E= 2ol AdEstelnt. aE RuE of WA (o 2h)-AY
(A zAD- AR B A8 AzA el 242 524 et e s T2 T3S 5t AL, A7 s Bt el &
UEE SASHE = ol H A 35]14] BHE5H tHFig. 1). 242 Microsoft PowerPoint 4~ E 9]0 oj| 4] RGB %< #]
g5t WAL 255,255,255 2, T2 255,185,9, 18] 31 A A2 232,17,352 A5t
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Fig. 1. Schematic drawing of the olfactory system. Redrawn with a permission from the corresponding author
Antonio C. Silva Ferreira (Silva Teixeira et al., 2016).

S]ut 42 QEEG-64FX A|AF)(LAXTHA Inc., Daejeon, Korea)S AF8-510] =519 11 =4 10-20 A] A F] ]
F8 o] A2t 32 20wt ZY(EEG cap)= A A-T7EAFN A 2911, reference =2 Y& JEof Fasto] =
A5Eet 2 Ao A %t Hut Y2 H-L Fpl, Fp2, F3, F4, C3, C4, P3, P4, 01, 02, F7, F8, T7, T8, P7, P8, Afz,
Cz, Fz, Pz, Fpz, Oz, Af3, Af4, Fcl, Fe2, Fc5, Fe6, Cpl, Cp2, Cp5, Cp6 ©| ATt

Z32|9 AY Axt F i M A7 w A A2} dlo] | 17§E A =ste] ZH2e] At uioh A2t 0] 124
2 A 2Jotal 3x7He] Aauts F=E5to] k| u} B4 T2 7721 Telescan software package (LXSMD61, MAXTHA
Inc., Dagjeon, Korea) = o] H-E A 2|51t} gl o] ¥ A 2]of] A& 2] &2} 12 Table 10 HERH $Aet. Hlo]H
=SAEY AT EQ o] T2 731 SPSS (SPSS 18.0 version, SPSS Inc., Chicago, IL, USA)E ©]-85}o] t-g2E
A4S T35k
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Table 1. Name and wave length of EEG indices.

No. EEG indices Name Wave length (Hz)

1 AT Absolute theta power spectrum 4-8

2 AA Absolute alpha power spectrum 8-13

3 AB Absolute beta power spectrum 13-30

4 AG Absolute gamma power spectrum 30-50

5 AFA Absolute fast alpha power spectrum 11-13

6 ASA Absolute slow alpha power spectrum 8-11

7 ALB Absolute low beta power spectrum 12-15

8 AMB Absolute mid beta power spectrum 15-20

9 AHB Absolute high beta power spectrum 20-30

10 RT Relative theta power spectrum (4-8) / (4-50)

11 RA Relative alpha power spectrum (8-13) / (4-50)

12 RB Relative beta power spectrum (13-30) / (4-50)

13 RG Relative gamma power spectrum (30-50) / (4-50)

14 RFA Relative fast alpha power spectrum (11-13) / (4-50)

15 RSA Relative slow alpha power spectrum (8-11)/ (4-50)

16 RLB Relative low beta power spectrum (12-15) / (4-50)

17 RMB Relative mid beta power spectrum (15-20) / (4-50)

18 RHB Relative high beta power spectrum (20-30) / (4-50)

19 RST Ratio of SMR to theta (12-15) / (4-8)

20 RMT Ratio of mid beta to theta (15-20)/ (4-8)

21 RSMT Ratio of (SMR~Mid beta) to theta (12-20) / (4-8)

22 RAHB Ratio of alpha to high beta (8-13)/(20-30)

23 SEF50 Spectral edge frequency 50% 4-50

24 SEF90 Spectral edge frequency 90% 4-50

25 ASEF Spectral edge frequency 50% of alpha spectrum band 8-13
22y 2y
S AAOY| TSt HE 271t kS

Sefubetel A A2A TR AL FAjolck, AL S g A o)1 £F Q) LAS FAR AT A A

She A0 2 ], 712, U, B, o2 2 AP A oJulE 2he A 0.8 el Qick BAL et} By A}
olofl Qs A0 2 Ajgto] FHI Ao g A0 2 A, WA ¢ a1 AFdute] AXE ofnjgiey, Wat o}
Uzt &= A= o 4, ER O HIAE A7V = _iet. AR et oA A AFAE A AlrEd e
W 27, e AR Bl G4 2708 v 02708 oFA A o ol A7t Qi SAS]

AF8-E] 3 QLrk(Kim, 2013).

B A A A ZA] AR ] A MAKRGBZE 255:127:0)0] Tlet AB|AFE2] HF-8-8- o] 5]5}7] 9]5te] Hul=

245 AT)(Table 2), 25710] ¥ THA B % Za)7]u}, -2 wAHo] QA B8 e BAS 3 o 72 theht
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Table 2. Effect of brown color to the electroencephalogram (EEG) of male participants.

EEG indices Site Control (uV?) Brown color (uV?) t-test P-value
AT T7 1.2148 1.4428 -2.3431 0.0438
AG T8 0.1002 0.0857 2.3642 0.0423
RG P4 0.1124 0.0959 2.3617 0.0425
Cp6 0.1115 0.0919 2.4351 0.0377
RHB Ol 0.0916 0.0784 2.7788 0.0214
T7 0.1037 0.0879 24143 0.0390
RMT T7 0.3141 0.2338 2.3996 0.0399
SEF90 T8 30.5664 28.6133 2.2842 0.0482

“AT: Absolute theta power spectrum; AG: Absolute gamma power spectrum; RG: Relative gamma power spectrum; RHB: Relative high beta
power spectrum; RMT: Ratio of mid beta to theta; SEF90: Spectral edge frequency 90%.

Sl AAOY| TS O 2171t kS

A A Yol thale] o] A A7IAIE L G IAMS THs tha) of$ Bel HEe-S LR QITH Table 3). B0
et o/ o] Huh A A= A A HE HE= AA 7\] H(absolute alpha power spectrum), T F5}H A =
=Yoo o8-S 0]+ AFA Z| H(absolute fast alpha power spectrum), RA Z] H(relative alpha power spectrum),

RFA ] HE(relative fast alpha power spectrum), RSA A] E(relative slow alpha power spectrum), RLB Z] H(relative
low beta power spectrum), RMB 2] H(relative mid beta power spectrum), =22 0] | 1712 o L}EL}=RST 2| &
(ratio of SMR to theta), Al4to| Lt HibEro] S 7Ex] Ao 5T off YrEfRh= RMT Z] E(ratio of mid beta to theta),
ASAEHE APA 0 72 31915 4= Q1= RSMT A| H(ratio of (SMR-mid beta) to theta), 121! | o] F| A A2 L}e}
W+ ASEF A] X (spectral edge frequency 50% of alpha spectrum band)+= L] 2] thFsh BQof| A L& Z7lstTt
2 A7 A FAE HoE o oA mAdAE9] W= ol gl PRt HA . ZH E Qe YEhdT

Table 3. Effect of brown color to the electroencephalogram (EEG) of female participants.

EEG indices Site Control (uV?) Brown color (nV?) t-test P-value
AT P4 15.0679 9.9220 2.3025 0.0468
AA T3 5.7101 8.4656 -2.3937 0.0403
Cz 5.4258 7.8364 -2.5401 0.0317

AFA F4 0.7047 1.2033 -2.5363 0.0319
Cp2 1.1262 1.6691 -2.2823 0.0484
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Table 3. Effect of brown color to the electroencephalogram (EEG) of female participants (Continued).

EEG indices Site Control (LV?) Brown color (uV?) t-test P-value
RT T3 0.4512 0.3816 3.2962 0.0093
P3 0.4660 0.3844 3.1381 0.0120

P4 0.4744 0.3746 3.0839 0.0131

Ol 0.4063 0.3171 2.6226 0.0277

02 0.4446 0.3535 2.7013 0.0243

P7 0.3803 0.3246 3.3043 0.0092

Oz 0.4098 0.3179 2.6224 0.0277

Cpl 0.4351 0.3697 2.4160 0.0389

RA T3 0.1941 0.2504 -2.5135 0.0331
F8 0.1327 0.2049 -3.2537 0.0099

P7 0.2110 0.2648 -3.0067 0.0148

Fez 0.1767 0.2549 -2.6350 0.0271

Cz 0.1718 0.2440 -2.7647 0.0219

Af4 0.1469 0.1916 -2.5646 0.0305

Fcl 0.1712 0.2281 -3.4970 0.0068

Fc5 0.1757 0.2258 -2.3066 0.0465

Fc6 0.1606 0.2203 -2.6779 0.0253

RFA F4 0.0408 0.0731 -2.7813 0.0214
F8 0.0336 0.0543 -2.9343 0.0166

Afz 0.0444 0.0751 -2.9700 0.0157

Fc6 0.0386 0.0723 -2.6706 0.0256

Fp2 0.0480 0.0914 -2.3567 0.0428

RSA F8 0.0991 0.1506 -2.6142 0.0281
Fpz 0.0983 0.1526 -3.3440 0.0086

RLB T3 0.0491 0.0714 -2.2876 0.0480
P3 0.0536 0.0829 -2.5848 0.0295

Fz 0.0457 0.0802 -2.2856 0.0481

Pz 0.0613 0.0920 -3.1278 0.0122

Fc5 0.0468 0.0671 -2.6989 0.0244

Fc6 0.0423 0.0812 -4.1255 0.0026

RMB F7 0.0564 0.0920 -2.3782 0.0414
RST T3 0.1536 0.2786 -2.7513 0.0224
P3 0.2011 0.3369 -3.4086 0.0078

F7 0.2259 0.4043 -2.7655 0.0219

Fcz 0.1263 0.3530 -2.4661 0.0358

Cz 0.1763 0.2746 -2.4923 0.0343

Fz 0.1191 0.2864 -2.3747 0.0416

Pz 0.1896 0.3298 -4.2655 0.0021

Fc6 0.1880 0.3818 -3.3892 0.0080

RMT F7 0.2703 0.5118 -2.3357 0.0443
P7 0.5255 0.8784 -2.4135 0.0390

Fz 0.2610 0.3455 -2.3715 0.0418
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Table 3. Effect of brown color to the electroencephalogram (EEG) of female participants (Continued).

EEG indices Site Control (LV?) Brown color (uV?) t-test P-value
RSMT T3 0.4106 0.6946 -2.8923 0.0178
F7 0.4962 0.9162 -2.7110 0.0240
P7 0.9003 1.5362 -2.5159 0.0330
Afz 0.3142 0.8013 -2.3806 0.0412
Cz 0.4403 0.6581 -2.4905 0.0344
Fz 0.3801 0.6320 -2.4694 0.0356
Pz 0.4889 0.6668 -2.4356 0.0376
RAHB Cz 6.9634 8.7450 -2.3370 0.0442
SEF50 P4 10.0098 11.6211 -2.4004 0.0399
ASEF Cp2 9.8145 10.4492 -3.2844 0.0095

“AT: Absolute theta power spectrum; AA: Absolute alpha power spectrum; AFA: Absolute fast alpha power spectrum; RT: Relative theta
power spectrum; RA: Relative alpha power spectrum; RFA: Relative fast alpha power spectrum; RSA: Relative slow alpha power spectrum;
RLA relative low beta power spectrum; RMB: Relative mid beta power spectrum; RSMT: Ratio of (SMR - mid beta) to theta; RAHB: Ratio
of alpha to high beta; SEF50: Spectral edge frequency 50%; ASEF: Spectral edge frequency 50% of alpha spectrum band.
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Table 4. Effect of red color representing non-selective herbicides to the electroencephalogram (EEG) of male
participants.

EEG indices Site Control (uV?) Red color (nV?) t-test P-value
RST” Fpl 0.1340 0.2243 -2.7435 0.0227
SEF50 Fco 14.2090 11.6211 2.6066 0.0284
SEF90 Fp2 22.3145 27.8320 -2.8857 0.0180
ASEF 02 10.3027 9.8145 2.5355 0.0319
P7 10.4980 9.8633 2.5122 0.0332

Oz 10.4004 9.8633 2.4004 0.0399

Cp5 10.4980 10.1562 2.3333 0.0445

“RST: Ratio of SMR to theta; SEF50: Spectral edge frequency 50%; SEF90: Spectral edge frequency 90%; ASEF: Spectral edge frequency
50% of alpha spectrum band.
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o off HHAsH= Z o7 hef A Qict, 123 # A A2 el ASEF A| E(spectral edge frequency 50% of alpha
spectrum band)2} SEF50 A| H-= TAE| Q=] o] e} Z-2 A2 2 A A tof sl 52 F2olgo] 2| 1x<l
el A 1142 sttt A& ofn) gttt

24 A4A0f Tt 0143 274 22
o dEoA AME HolFE w, o852 olgtolu AN AAER] 5 o AAl HFoHL Y=
S Y= ASA X E(absolute slow alpha power spectrum), 2L A AIS uff UrEh = ALB Z] E(absoltue
low power spectrum), H5+ 2] UEF+= AMB %] H(absoltue mid beta power specturm), 2~E | A, 415},
= 1% Alell e AHB 2] Z(absolute high beta power spectrum) #8F of 2} ¢Hg 9 o]t & Y=
RAHB #] H(ratio of alpha to high beta)= .5 7145} TH(Table 5). & AF-2] A}= 2 A MAto] tjsiA] o] AHE
2 A%, 7o, BAEe EF L A fEstdre 2e € 4 At

— A=

—

Table 5. Effect of red color representing non-selective herbicides to the electroencephalogram (EEG) of female
participants.

EEG indices Site Control (LV?) Red color (uV?) t-test P-value
ASA Fel 4.1740 2.2296 2.5047 0.0336

Fc2 3.2960 2.4542 2.2925 0.0476
ALB Af3 2.6292 1.9549 2.3259 0.0450
AMB 02 2.5175 2.1006 2.4571 0.0363
AHB P4 1.3506 1.0826 2.2961 0.0473
RAHB F7 2.6863 1.9303 2.5202 0.0328

“ASA: Absolute slow alpha power spectrum; ALB: Absolute low beta power spectrum; AMB: Absolute mid beta power spectrum; AHB:
Absolute high beta power spectrum; RAHB: Ratio of alpha to high beta.

GA T} o] A 0] k)= S| 5HA] 0 2 2o]7} Qi A o 2 e LSS W 11511 QITh(Coggrove et al. 2007). ‘&
AJ-L A3t v wste] AlgoH(hypothalamus)7t B .37, %K (corpus callosum)< & 22 702 dej# ot
(Zaidi, 2010). 13|31 oJ4d-2 FZF-E&(olfactory bulb)oll 4178 (neuron) ¥} 4174 WA E(glial cell)E o Bol 71212
212 ™(Oliveira-Pinto et al., 2014), At2]4 Q1A]3} 7] <3} yH# o] Q)= v A5+ 1] (ventral frontal cortex)©] T
sl AL, AbelA] et o] = 24l o™ (straight gyrus)©] /¥ IS4 €F 10% B ZATHWood et al.,
2008).
T3 GA I oA 0] W 752 0 B & 2to] 7} 9l A0 & e Qlrt Tung et al. (2016)2 A4 9] A9 &
S(motor), 7 Z}(sensory) & 2] 7|5 (executive function)of| A A o] ¢ ¥hds)] 9111, ojA 2] 7-g-ofl = AF3]
Al, o1} 7] A | A AdlF o] o WS Qlom, §417]9] X 52 EEGE S8 1 o2 g3 Hlw
ofo] FA4-FH H9|(parieto-occipital area)olA] SItet y I+ o HWol] Y= A= UE tHJausovec and
Jausovec, 2010). ©]2{gt ZFo]of thallA] Zaidi (2010):= A2, 1A, 719, 417371 55ll Q1o1A1 Hdt o 47ke] Ao
= 14, 228, &7 a]le oo H¢4 o 7 yEtt= Zolet shaitt.
B ool A FAl T} of A of| 7| S-L 7 HA(Table 2, 3)7 2 A (Table 4, 5) AAFS H oS o & HhS-© njj&-
gtk Aol gt dd A 2polof] tisiA= of 2] AFAREo] 2 Aol o] Axtet ARt AiE H Rt HE
QItt 1831 Ee Thofl= ARG ofu ) Fo]| Tt BE-S- I T2 rhy! B 1 B QIth(Kim et al., 2017; Sowndhararajan

Weed & Turfgrass Science Vol.7 No.2, 2018 137



Brain Wave Response to Bottle Color of Herbicides and Non-selective Herbicides in Korea

2t O}O]ES “557]' S A AR 5]'“‘E4 HhH oz} ofo {4
11 Radeloff (1990)= "l & Yetll= Aol et Aol A HAd-2 o J Kot 32 M-S o Adesk|t R E
= Ao gisfi A= A2 7t Wk A2 Harskich

At Aol A M-S B ol FHA EEGE 5740t Trikha (2010)= g3 2 of ol Al 271 9] A/d-&
H o] FHA ALATHA 7 §](event-related potentials, ERPs)E S5+ w F/do] o] Ko} P300° 4] =2 ERPs
S Bth= 218 B A16H% A1, Wang and Shih (2017)= 607 9] 42 EA 7 oS tiAF O 2 semi-figurative ©]
0|2] Ti= 44 o|m[ 2] 9] AAgS HolFHA EEGE 543 23} H 1He] A4 2fol= §Iitha B skql=
o], o] 2|et Avt= M-S HoFHA EEGE St 2 A+9] Autel= @3ith Wang and Shih (2017)2] A+
of A= o|m| x| e} A/fo] FAlof| AR A A A EHA EEG7F S = A H HHH, = Lol A= 2] A4gwt
o] AIA=HA EEG7H 578 ¥ 17] wiizell Aolgt Ayt =& F ety mebE o
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