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Abstract This study was conducted to investigate the distribution and variation of the anion and cation number of aerosols
in the A and B regions of Gyorae forests. Ions were measured using an ion number meter between 28 June and 13 July 2017.
The total average number of anions and cations were 735 ions/em’ and 459.27 ions/em?’, respectively, which were measured
at five sites in A area at average temperature of 27.81°C, wind speed of 0.28 mV/sec, and altitude of 455.7 m. The average
number of anions and cations were 780 ions/cm’ and 379.55 jons/cnt’, respectively, which were measured at all four sites in
the B region at average temperature of 27.6°C, humidity of 80%, wind speed of 0.1 m/sec and altitude of 477 m. The number
of anions and cations in the A and B regions was 757.5 ions/cm’ and 419.41 ions/cm’, respectively. The number of ions was
highly variable for each measurement over time. The number of anions remained 275.73 ions/cm’ higher than that of cations.
The variance of the measured values of anions and cations between and within sites A and B was significant (p<.001) and
there was a significant positive correlation between regional mean values of anions and cations. In conclusion, the temporal
distribution and variation of the ion content in the Gyorae forests provide basic information regarding aerosol compositions
and changes.
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Fig. 1. Map of the walking roads and the sites of ion
measurement in the Gyorae forest. A course: 5
sites(Al : field lecture room(rm)-1, A2(rm-2),
A3(rm-3), A4(rm-4) & AS5(rm-5) are on the
ecological observation road about 1.5 km for
ions measuring. B course: 4 sites(Bl: field
lecture room-1), B2(rm-2), B3(rm-3) & B4
(rm-4) are on the Oreum observation road about
2 km for ions measuring[12].
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Table 1. Summary of mean values of ions & items measured at Gyorae fores t - A sites
. Mean 3) Mean Mean Me?,an Mefm
Sites/ Period Freq (fon _no./em - Temp Humidity Wmfi Alit Date
times anion cation d§v1a- (0 ) velocity ude tested
tion (m/sec) (m)
Al-lst 11:30-11:50 4 519.0 326 193 22.00 85.0 0 452 6. 28
Al-2nd 09:08-09:28 4 665.5 341 324.5 26.65 77.5 0 424 7.5
Al-3rd 09:20-09:40 4 562.0 407 155.0 25.60 81 0 415 7.6
Al-4th 09:31-09:39 4 854.5 800.75 53.75 26.12 74.75 0.57 444 7. 7.
Al-5th 10:32-10:41 4 628.5 530.75 97.75 25.85 88.75 0.4 477 7. 10
Al-6th 09:25-09:33 4 909.75 828.25 81.5 25.5 76.0 0 427 7. 13
| Mean 689.88 538.96 150.92 25.28 80.5 0.16 439.8
A2-1st 11:59-12:10 4 614 389 225.0 21.9 90 0 464 6. 28
A2-2nd 09:36-09:43 4 550.25 228 32225 26.25 80.25 0 435 7.5
A2-3rd 09:43-09:51 4 1207.8 120.2 1087.7 25.05 68.75 0 448 7.6
A2-4th 09:47-09:56 4 1031.0 898.25 132.75 26.45 70 0.62 446 7.7
A2-5th 10:50-10:59 4 748.75 583.75 165 25.4 94.25 0 476 7. 10
A2-6th 09:43-09:51 4 649.5 610.5 39 25.27 83 0 455 7. 13
| Mean 800.22 471.62 328.6 25.05 81.04 0.10 454
A3-1st 12:28-12:53 4 714 479.33 234.67 21.1 93.667 0 464 6.28
A3-2nd 09:50-10:10 4 498 162.75 335.25 26.1 84 0 444 7.5
A3-3rd 10:58-11.10 4 801 150 651 29.2 68 0 447 7.6
A3-4th 10:16-10:25 4 1029.2 730.25 298.95 26.6 74.5 0 457 7.7
A3-5th 11:13-11:21 4 652.25 444 208.25 25.5 95 0.475 456 7. 10
A3-6th 9:57-10:06 4 617.25 454.75 162.25 25.8 83.25 0 458 7. 13
Mean 718.62 403.51 242.32 25.72 83.07 0.08 454.3
A4-1st 13:15-13:37 4 802 489 313 22.5 85.333 0 452 6. 28
A4-2nd 10:38-10:48 4 465.75 204.5 261.25 26.15 81 0 456 7.5
A4-3rd 11:38-11:48 4 980.75 672 308.75 26.85 76.5 0.225 470 7.6
A4-4th 11:35-11:44 4 715.75 476 239.75 25.025 96.75 0.15 477 7.7
A4-5th 11:35-11:45 4 752.5 540 212.5 26.725 73.5 0.45 470 7. 10
Mean 743.35 476.3 267.05 25.45 82.62 0.17 465
AS5-1st ND ND ND ND ND ND ND ND ND 6. 28
AS5-2nd 11:27-11:37 4 476.75 105.7 371.05 26.475 81 0 453 7.5
AS-3rd 12:18-12:28 4 1020.5 677.75 342.75 26.9 72.25 0.475 469 7.6
AS5-4th 12:06-12:15 4 617.75 407 210.75 24.525 97 0.075 469 7.7
A5-5th 12:13-12:25 4 766.75 513.5 253.25 26.675 72.75 0.1 470 7. 10
Mean 720.4 425.9 294.5 26.14 80.75 0.16 465.25
Total averages 108 734.5 463.3 271.12 25.5 81.6 0.28 455.7
Abbreviations: Freq: frequency, tem p: temperature, ND: not done, DEV: deviation =anion No.-cation No.
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oL, 78 7Y 14:26 A7 S A= 856 ions/cm’Z
Z7btlaL, 79 10991 768.75 ions/em’ = W36+
tHTable 2, Fig. 5 & 7-B3).

B3A| M9 ol2F9] HiAE 7€ 5¢ 16:01 A
o= 198 jons/em’ 1ot 7€ 7Ll = 14:26 A A
E 356 ions/em’ & Z7}3hE A dko] UERG o 79 10
ol += 503.5 ions/em’ = 7}l TK Table 2, Fig. 6 &
7-B3). 52} A9 HHFAE 321.15 ions/em’ ©] Atk

B3x 4 it Lole&49 zﬂ—a‘co] oko]-&
428.5 ions/em’® ©] ] &=/ =

2 636.75 ~731.25 ions/cm™
198 ~ 503.5 ions/cm’ ©]%}
A3} Az A FAIR 01

o 57} Ak

=

[€)

=2 5]

e
3.2.4 BAX|™Q| %%*OI%—’#—QI
B4x| K9 4zt A =

W3l 79 59 16:22 Aol 638.5 ions/em’ 0121,

79 6 17:42 A7 A 916.75 ions/em’ & 57}5HS)
a1, 79 10 16:11 A7l 605.75 ions/cm’ 2 ¥ 3}a}
= %S Brk(Table 2, Fig. 5 & 7-B4).

B4 el ol HirAE 74 5¢ 16:22 A
o]l & 233.75 ions/em’® ©]Y 2 796Ul 17:42 A1 A
o= 756.75 ions/em’® Z7}8H= A gko] VERGoH, 7
4 109 16:11 AAE 401 jons/em’ = W 3}sl Tt
(Table 2, Fig. 6 & 7-B4). 43 ZAX 9] A+
383.69 jons/em’ ©]3AT}.
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Table 2. Summary of ions mean values measured at Gyorae forest-B sites

Mean

Mean

Sites/ . (ion no./om” Mean Me? n Wind M? an Date
times Time Freq ‘ ' Ter{lp Hur‘r]udlty velocity Altitude tested
anion cation Dev (C) (%) (m/sec) (m)
Bl-1st 14:09-14:18 4 732.25 488.5 243.75 27.2 78.75 0 441 7.5
B1-2nd 15:58-16:05 4 817.5 150.5 667 28.425 77.25 0 445 7.6
B1-3rd 13:18-13:28 4 1451.25 441.5 1009.75 29.725 67.75 0 450 7.7
Bl-4th 14:30-14:39 4 632.25 332.75 299.5 26.225 85.75 0 487 7.10
B1-5th 13:43-13:52 4 818.5 161.75 656.6 29.7 73.255 0 454 7.13
Mean 890.35 486.95 403.34 28.25 76.55 0 455.4
B2-1st 14:43-14:53 4 737 400.25 336.75 27.075 81 0 459 7.5
B2-2nd 16:18-16:27 4 706.5 246.5 460 26.15 95 0 453 7.6
B2-3rd 13:47-13:56 4 824 135.5 688.5 28.95 68 0.22 464 7.7
B2-4th 14:57-15:06 4 773.75 522.75 251 25.75 89 0 498 7.10
Mean 760.31 326.25 434.06 26.98 83.25 0.06 468.5
B3-1st 15:53-16:01 4 755.5 198 557.5 29.15 77.25 0 469 7.5
B3-2nd 16:42-16:51 4 636.75 361.25 275.5 25.525 99 0 468 7.6
B3-3rd 14:16-14:26 4 856 356 500 27.6 78 0 477 7.7
B3-4th 15:24-15:33 4 768.75 503.5 265.25 25.625 835 0 517 7.10
B3-5th 14:32-14:41 4 731.25 187 544.65 28.5 81.5 0 486 7.13
Mean 749.65 321.15 428.5 27.28 83.85 0 483.4
B4-1st 16:11-16:22 4 638.5 233.75 40475 31.075 65.5 0.9 493 7.5
B4-2nd 17:33-17:42 4 916.75 756.75 160 25.95 80.25 0.3 535 7.6
B4-3rd 15:01-15:10 4 650.75 143 507.75 29.125 76 0.28 499 7.7
B4-4th 16:02-16:11 4 605.75 401.25 204.5 25.425 80.25 0 477 7. 10
Mean 702.94 383.69 3125 27.89 75.50 0.37 501
Total average 72 780 379.55 400.45 27.6 80 0.1 477

lonsfcm?

lonsfcm?
B
&
8

Fig. 6. Timely variations of cation numbers at B

1st Znd 3rd ath Sth
Times of measuring anion at B sites

. Timely variations of anion numbers at B

sites.

B2 mB4 WB1 WB3

1st 2nd 3rd 4th 5th

Times of measuring cations at B sites

sites.
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£ 605.75 ~916.75 ions/cm™, %o]l29]
143 ~ 756 ions/cm’ ©] k. -0l &422] &7
A3} AZEel mheEbA AR o] 2479 Jhke] wglst
Ae & 7} U tH(Table 2, Fig. 8). A9} B %ol A
ke AU S5 AREE A E Wdlske A
= WES 7 AT 7oA Gt Al o
ZhA Wst rha daE, olfE F453 g7 d e
$FAgow Aol7h itk ko] .
fARSE 12 Carmichael er al.,[8]2 A5l A
1992-1995d %744] 31 d7ke] ZA A= sulfate(SO4”)
= 72 ug/ms, nitrate(NOs )+ 1.2 ug/m3, ammonium
(NHHYS 127 pg/m’ natrium (Na)e 1.66 pg/m’,
potassium(K")-S 0.39 pg/m’, calcium (Ca™)2 0.47 1
g/m’, magnesium (Mg™)< 0.26 pg/m’, chlorine(Cl')%
1.88 ng/m’ 5O.2 0|3} ol o] HEHUTIIL B
watek 1A e R Gl webd
Holigo] =L, AdA o R Holio] A L
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Fig. 7. Comparison of daily estimates of anions and cat ons at sites Bl to B4.

900 manion m cation
800
700
600
B 500
3 400
g 300
200
100
0 . - . T
Bl B2 B3 B4 average
Anions and cations of B sites measured
Fig. 8. Comparison of daily estimates of anions
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tha 39T} Chen ef al [9]% 1992-19951d Alo] 317t
o AFA D Y7186l sulfate(SO47)E
6.8 ug/m3, nitrate(NOs )+ 1.2 ug/m3, ammonium
(NH,HS 1.3 ug/m3, natrium (Na')& 1.7 ug/m3,
potassium (K< 0.4 pg/m’, calcium (Ca™)< 0.5

=
=4

g/m3, magnesium (Mg*‘) © 03 ug/m3, chlorine(CI<
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AFE BAFEY A9 7129 ol © ol o] Harep wolx
:LE{L} AA ARG BAY 7He] Ao]= HH, AA| Ao Al 248 A H &0l L5 780 ions/em’,
L A T S 319, BAYE 250 =AHS 12423 379.55 jons/cm’0] 0.1, S-o] &7} ool
f‘s}% | wiZoll 2:mob FiollA 2felE ®olfith AA| T} 400.45 ions/em” ©] ¥ Al 45Utk At B
o] 2% W= 2505 ~ 25.97CeIa, A Bt & ALY gr|de] FAHoR Fid FUO|RFE 1575
TE255C, 55 80.04 ~ 83.42%<] WIS, A jons/em’, %ol &4E 419.4 jons/em’ ®, 20147} O
Al HtA = 81.6%, T4 0.08 ~ 0.18 m/sec?] WS ¥ e
2 HrA] = 0.28 m/sec, LT 4557 moI 2], BA| o]de] Hlo|HE B Fol&7t Y FolF B
o] L5 27.6C, HEE 80%, 542 0.1 m/sec, 2L U} =7 vERa, ARHom AR SN 4
T 477 mollth AX oA el A2 o FolRla, Folgvt olgry 1 SN, gol&e &4
BA[ol| M= Qo] S dto] 257k 2,1TC7F =9k oF Folre] Sl Az AR fAEv: 2s
o, FEE 1.6%, 181 T4 0.18 misec®E SolA & 4 gldth
ATHTable 1 & 2).
wdolE el Aolg wul el SAE Ax %] Table 3. Variance analysis of the estimate of anions
Hi A= 731 ionslem’0|%laL, 2.Fol ZA3 B9 and cations between and within groups
AA A= 780 ions/em’CE Q. Fo] ZA2]7} 49 Tons __ Groups ss df Mean Squae  F__ p’
ions/em’ ¥HF %A Ukl BA9 3} AX| o] AH L anion B\;f[i‘:/;in 24;%;735177.7 ég 1;212?7728 31.398 000
2 zpolE 9o} L5t 930 21T &0 05 B Total 2.003E7 83
AN 018 miseost SobAA AN B H i, i sruss o ssianes 1 ow
o}l A Q39 o X7 Ut HUHE S £ Q) ____ Toul 1.0OSIE7 83
o} 247700 232 A=A 2 Wa golgy Rk p,p,p . Abbreviations: SS: sum of squares, MS: mean square
FAFSHAl Lim et al.(2012)2 AFE 1A S FAl0
2 AT} Qe oI dES ATk Ak A Table 4. Correlation analysis between estimates of
M th7] 4o Er= Lo} Egko] 248 Ay anions and cations measured at the Gyorae
= Items anion cation
o}jl 9} : anion Pearson Correlation 1
Sig.
3.4 0|24 IR BAEMD MBI caion ——Peaon Comslton 86|
AAH oz weAAFFEA S Agk BAR 9] Fol&
AT TS ) AP & i) gl okl bt 940 242
AR ZAAA U] EANAME froatAl YRS AEME-M ﬁ]_@&‘? X}E%%;Sdl %E};?%AM §
X o] ZAA A 7F 9 =R Yo 1SR SAAE AT AR $UM SO,
AL A ey 0 %CO% W e AT s
SAAAER 2 A AEe] Lol ool e 4 VNS 190% T5E sldaL sklti14],
gte=Aa XA 7e] AATAAZS Pearson OE A Park et al [15]= @nbe] Aol &ohs o
e R B OET guola 243 )49 248 AndE o)zt 99
&t A5 Table 4?1] AT ol ol § 2013%3; 4% 717+9) AHNAE organics 36%
el X]@Béojéﬁfézéﬂg} Az} ARAATHANA (8%4) 2] 3L sulfatei= 47%(8€)~31%(118)E A3}
Fﬁ;ii :i;& :fj if’;;i?ﬁi}iij’;?j& %o, Nitratet= 840l 4%MA 11L& 19%= 5
:]tao; gomﬂjns y ) OkO]_‘:_:‘:_ 7¥ehe s LA Park er al [16]2 AT ol
°Lof e Wy YTHael P Ol Y A
e e pese 4 o AN FEE) A dsE e g
K R A5 HoE o] Rl =2 LF(18A)el HuAE
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