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Distribution of Negative Air Ion Concentration
in Urban Neighborhood Park by Distance to Road
— A Case of Yangjae Citizen’s Forest, Seoul —
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Abstract : The purpose of this study was to analyze the effect of adjacent roads on the concentration
of negative air ions in urban neighborhood park. The measured factors were negative air ion
concentration, positive air ion concentration, air temperature, relative humidity, wind speed, green
formation volume factor (GVZ) and distance from highway and general road. The mean negative
air ion concentration was 206ea/cm? and the positive air ion concentration was 416ea/cm? in the

influence zone of roads. On the other hand, the mean negative air ion was 33%a/cm? and the
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positive air ion was 229a/cm? in the unaffected zone of roads, which are inner areas of the park.

The difference of the negative air ion concentration according to the influence of the road was

statistically significant. The negative air ion concentration model was presented by integrating the

correlation analysis with the influence factors, and the explanatory power of the model was

increased by adding the influence factor of the road.

Keywords : Anion, Distribution of negative air ion, Correlation analysis, Hierarchical Multiple Regression

analysis, Healthy city
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Figure 2. Measurement points : total 112 points
are derived from center points of the
40x40m grid cells.
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Table 1. Setting variables

Index Variables Unit Sources
Dependent variable Negative air ions Negative air ions ea/cm?
Air temperature °C
. - — Actually measured
Meteorological factors Relative Humidity %
Wind speed m/s
Independent variables Green factors GvVzZ m¥/m? Tree planting Diagram
Distance from road m o
. - Digital map
Spatial factors Distance from freeway m
Positive air ions ea/cm? Actually measured
gE o qlof F9 TS AL il Alels 7] F SOl v HES AAlE] 9l o
T goleo] MAEoRA A0 B 4SS v 3 AANFEAS ANt
W T B A9 B4 M Ay

i)
oo
oh
paca
|o
=
)
N

A W LA Bt ARl A SR i)
T 5012 w9 £EE A4t Z3= Figure 3
ok RS WS VIR E TP S 2ol

3 B Aol 2 =
437 gistel TARE UASGT EF F IF £ ZhS 109ea/om’o] T 714 & GEE 5T5ea/om’
o 7] % ol FEeh MaSue] AL sl 2 iste] Zo] A7 yehton, A7k Holg ¢
57] Sl ARHEA S NS, B2 RS T o) A4t Hoge] el she 1R
€ ¢ N
(a) o (b) (c) =

Negative Air lon Concentration '\'L Positive Air lon Concentration \’7/ GVZ
515-575 [kt AR
457-512 623-712 L1
3994 533-622 817
341-398 : 443-532 515
283-34 353-442 4.1-5.
225-282 263-352 31-
167-224 3 173-262 2.1
109-166 earer : 83172 (ea/crd 1020t
N N :
e e
@ mﬂ(m, A0 @ o o 100 @ 0 50 100m)

Figure 3. (a) Distribution of negative air ion concentration by mean value of the measurement results, (b) Distribution of
positive air ion concentration by mean value of the measurement results on 8 May (1¢), 12 May (2) and 16 May
(39) 2017, (c) Distribution of GVZ (Grunvolumenzahl, green formation volume factor).
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Table 2. Metrics descriptive statistics (N=336)

Type Min. Max. M SD Skew Kurt t p
ive air i 1 10 610 206.36 99.65 78 1.61
Negative a;r ion -9.606* 00
(ea/em’) 2 90 833 339.36 153.19 .59 -39
itive air i 1 40 1010 41626 | 24298 97 03
Positive al{ ion 8,509 00
(ea/em’) 2 35 690 229.49 123.09 1.04 1.13
0 -101 92
(°C) 2 19.40 26.65 272 2.00 64 -137
i idi 1 37.50 77.40 56.06 12.75 35 141
RelatlveOHumldlty 04 97
(%) 2 39.10 76.50 56.12 12.64 16 -1.50
i 1 .00 1.80 21 30 2.11 6.51
Wind Speed 3 584% 00
(m/s) 2 .00 70 11 18 1.67 1.83
1 1.01 931 5.82 2.19 -36 -98
G3V ZZ -3.254% .00
(m¥m?) 2 1.02 9.85 6.60 2.17 -64 -38
i 1 20 240 66.53 55.80 1.46 1.51
Dist.Freeway -19.185* 00
(m) 2 100 360 211.75 82.61 12 -1.19
; 1 20 460 162.04 134.00 76 -58
Dist.Road 8.178% 00
(m) 2 100 460 273.97 110.97 -03 -1.16
*p<.01
416 26ea/em’ s} WA e RER, Type 2 & RES 22 w2720 oA 2450 9lof
o] Byt k= 339.36ea/cm?, POl Hit T A7 o] Wrato| &2 uju|gh xfo] 7} HhARt A O &2 AL
£ 229.4%a/cm’E Fol2o] T =74 ZH = It} BHY F53 A SFY H- A7) T ol F
VR0 A%, 718 Type 13 Type 2 W5 B 9 2Hbol] TS )8 4 Qe 2424 2HY
22.7CcHoH, AdSEE Type 1(56,06%)  Type 7147 AWS7F Algst FA| AlRle] & Aol =
2(56.12%) o} 2 Atolg YepA] ot 42 F2 AR G EA G2 FF AR 2 A
Type 10] Bt 21m/sE Type 29| B4t 1lm/sH T} o|gltt, et Table 2004 X Zo] A%<
Oha w2 71082 S o] I&E20} A3t T 45 BF lm/s 1T o2 2 AFoA= o7
(a) (b)
600 600
c =
o o
Z 5001 £ 5001
c c
Q [
Q (%]
c - | | g o |
8 (g 400 8 E 400
= E co
og CE:
= 3007 =2 3007
[L} @ 67
S AHNEE
> 92 .2
& 2007 o s 2007 ]
o o
[} L] &4
= = *
100 100 "

T T T T T T T T T
40 80 120 160 200 240 280 320 360
Distance from the Freeway(m)

Figure 4. Boxplots of negative air ion concentration by distance from the freeway (a), by distance from the road (b). The

distance standard is 40x40 (m) grid cell.
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(d) Parking lot (C11,C12,D11)

() Outdoor wedding hall (C7)

(f) Side walk (D5)

Figure 5. Park facilities of measuring points.
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Table 3. Correlation analysis

Negative Positive Relative . Dist.
air ion air ion Tempera-ture Humidity WA EsE2d Sz Freeway
Positive air ion -360%*
Temperature -400%* .006
Relative Humidity 12 073 -258%*
Wind speed -269%* 018 104 -.306%*
GVZ .509%%* 059 -.613%* 297+ -213*
Dist.Freeway 357+ - 467+ 141 118 - 187* -.033
Dist.Road 656** -131 - 248%%* -.003 -118 221% 238%*
*p<.05 , **p<.01
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B t B t
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*p<.05, ¥*p<01
Durbin-Watson=1.048
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Appendix. Major species of tree

o Species of tree GVZ
Evergreen coniferous tree Deciduous broadleaf tree (m/m?)
a0l Pinus koraiensis, Abies holophylla Sophora japonica, Acefrp aln.zatum Thunb, 7.31
Acer pseudosieboldianum
a02 Pinus koraiensis Acer palmatum Thunb., Ginkgo biloba, Aesculus turbinata 743
03 Pinus koraiensis Acer palmatum T h-unb., Acer buergerzanum, 74
Metasequoia glyptostroboides
Acer palmatum Thunb., Platanus, Ginkgo biloba,
a04 - . 6.01
Fraxinus rhynchophylla
a05 Abies holophylla Acer palmatum Thunb., Ginkgo biloba, Sophora japonica 7.05
a06 Abies holophylla Acer palmatum Thunb., Platanus 7.33
a07 Abies holophylla Ginkgo biloba, Acer palmatuzﬁ Thunb., Aesculus turbinata, 931
Magnolia kobus
08 Pinus koraiensis Taxodium distichum, Sophora japonica, Acer palmatum 9.06
Thunb., Zelkova serrata
209 Pinus koraiensis Acer palmatum Thunb., Zelkovq serrata, Prunus se.rrulala var. 9.01
spontanea, Aesculus turbinata, Acer buergerianum
al0 - Zelkova serrata, Acer palmatum Thunb., Platanus 8.03
all Pinus koraiensis Zelkova serrata, Acer palmatum Thunb., Aesculus turbinata 7.90
al2 Pinus koraiensis Acer palmatum Thunb., Acer buergerianum 8.10
a3 Pinus koraiensis Albizia ]yllbrlssm Durqzz., Zelkova serratq, 250
Metasequoia glyptostroboides, Aesculus turbinata
al4 Pinus koraiensis Zelkova serrata, Metasequoia glyptostro.bozdes, 762
Acer palmatum Thunb., Aesculus turbinata
al5 Pinus koraiensis Metas.equota gb/ptosti‘?botd?s, Aesc.u{us. tuf’blfza.ta, Acer 7380
buergerianum, Sophora japonica, Albizia julibrissin Durazz.
al6 Pinus koraiensis, Pinus densiflora Metasequoia giyp t.ofvtrf)b('ndves,vAcerp almatum Thunb., 5.81
Albizia julibrissin Durazz.
al7 Pinus koraiensis Aesculus turbinata, Acer palmatum Thunb. 7.06
al8 Pinus koraiensis Lagerstroemia indica 5.01
al9 Pinus densiflora Zelkova serrata, Metasequoza glygtoslrobozdes, Acer 520
buergerianum, Magnolia kobus
b01 Pinus densiflora, Abies holophylla Acer palmatum Thunb., Aesculus turbinata 5.32
Acer palmatum Thunb., Aesculus turbinata, Sophora japonica,
b02 - . . - 6.04
Betula platyphylla var. japonica
03 3 Fraxinus rhynchophylla, Sophora japonica, Acer palmatum 6.01
Thunb., Metasequoia glyptostroboides ’
b04 Pinus koraiensis Fraxinus rhynchophylla, Aesculus turbinata 3.02
b05 Pinus koraiensis Acer buergerianum 1.56
b06 Pinus koraiensis Aesculus turbinata, Chaenomeles sinensis 4.40
b07 Pinus koraiensis Platanus, Metasequoia glyptostroboides, Aesculus turbinata 5.03
b08 Chamaccyparis obtusa Platanus, Taxodium distichum, Ace'r palmatum Thunb., 6.80
Betula platyphylla var. japonica
09 3 Zelkova serrata, Betula platyphylla var: japonica, 561
Taxodium distichum, Acer palmatum Thunb. ’
b10 Pinus densiflora Zelkova serrata, Aesculus turbinata 5.04
bll Pinus densiflora Zelkova serrata, Aesculus turbinata, Platanus 5.08
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Appendix. Continued
. Species of tree GVZ
Evergreen coniferous tree Deciduous broadleaf tree (m?/m?)
bl12 Abies holop h.y lia, Pinus koraiensis, Zelkova serrata, Acer palmatum Thunb. 432
Pinus strobus
bl13 Picea abies, Abies holophylla Sophora japonica, Acer palmatum Thunb., Zelkova serrata 3.13
. Albizia julibrissin Durazz., Acer buergerianum,
b4 Abies holophylla Aesculus turbinata, Ginkgo biloba, Acer palmatum Thunb. 8.13
Aesculus turbinata, Acer buergerianum, Ginkgo biloba,
bl5 - . . 8.02
Sophora japonica
bl6 - Sophora japonica 1.01
b17 Pinus koraiensis Acer buergerzan.um, Sophora Japonica, 300
Metasequoia glyptostroboides
b18 Pinus koraiensis Aesculus turbinata, Metasegu?la gb/ptoslrobOldes, 208
Lagerstroemia indica
01 Pinus koraiensis, Picea abies Acer palmatum szunb., .Sophora japonica, 4cer buergerianum, 770
Ginkgo biloba, Aesculus turbinata
c02 Pinus koraiensis Zelkova serrata, Sophora japonica, Aesculus turbinata 8.03
03 Pinus koraiensis Zelkova serrata, Sophora Japonica, Acer palmatum Thunb., 2,60
Aesculus turbinata
c04 B Sophora japonica, Aesculus turbinata, Fraxinus rhynchophylla, 975
Taxodium distichum, Ginkgo biloba ’
<05 Pinus koraiensis Sophora Japonica, Acer palmatum Thunb., Zelkova serrata, 6.00
Fraxinus rhynchophylla, Platanus
Pinus koraiensis, Platycladus orientalis, Abies Sophora japonica, Fraxinus rhynchophylla, Platanus,
c06 . . 9.71
holophylla Taxodium distichum, Prunus serrulata var. spontanea
c07 Pinus koraiensis Platanus, Acer buergerianum 4.03
c08 Platycladus orientalis, Pmus koraiensis, Acer buergerianum, Taxodium distichum 3.11
Chamaecyparis obtusa
09 Pinus densiflora Dlo.spym.s kaki, Ginkgo biloba, Prunus armemaca,ASophora 511
Japonica, Acer palmatum Thunb., Acer buergerianum
cl0 Platycladus orientalis, Pinus densiflora Diospyros kaki, Ginkgo biloba, Acer buergerianum 4.03
cll Pinus densiflora, Pinus koraiensis Zelkova serrata, Ginkgo biloba, Acer buergerianum 3.15
cl2 Pinus densiflora, Pinus koraiensis Ginkgo biloba, Chaenomeles sinensis, Acer buergerianum 323
13 Abies holophylla, Pinus strobus Ginkgo biloba, Acer palmatumA Thunb., Pr%mus _?elimlata var. 415
spontanea, Prunus armeniaca, Taxodium distichum
cl4 Pinus koraiensis Ginkgo biloba, Acer palm.atum.T/.tunb., Sophora japonica, 8.50
Taxodium distichum
cl5 Pinus koraiensis Aesculus turbinata, Acer buergerianum, Sophora japonica, Q41
Zelkova serrata
Zelkova serrata, Acer palmatum Thunb., Sophora japonica,
cl6 - . 747
Acer buergerianum
Pinus koraiensis, Picea abies, Chamaecyparis Metasequoia glyptostroboides, Acer palmatum Thunb.,
do1 . ; 9.85
obtusa Ginkgo biloba
402 Pinus koraiensis, Picea abies Zelkova serrata, Aesculus turbinata, A.cer pqlniatum Thunb., 9.06
Betula platyphylla var. japonica
do3 Pinus koraiensis Zelkova serrata, Sophora japonica, Acer buergerianum 8.60
. - Zelkova serrata, Sophora japonica, Acer buergerianum,
do Piniis korgiensia Acer palmatum Thunb., Ginkgo biloba 8.88
dos Pinus densiflora Zelkova serrata, Prunus armeniaca 2.40
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Appendix. Continued
W Species of tree GVZ
Evergreen coniferous tree Deciduous broadleaf tree (m*/m?)
. Zelkova serrata, Acer palmatum Thunb., Taxodium distichum,
do6 Abies holophylla Malus prunifolia (Willd.) Bokth. 305
do7 Abies holophylla Taxodium distichum, Platanus 6.17
dog Pinus koraiensis Taxodium distichum, Aesculus turbinata, Zelkova serrata 4.03
Platycladus orientalis, Pinus koraiensis, . X ) . ,
d09 Abies holophylla Ginkgo biloba, Acer palmatum Thunb., Diospyros kaki 6.30
Platycladus orientalis, Picea abies, . . .
d1o Taxus cuspidata, Pinus densiflora Ginkgo biloba, Acer buergerianum 4.02
Pinus strobus, Platycladus orientalis, Zelkova serrata, Acer bue.rgerlc'mum, Aesculus turl?lnata,
d1l Chamaecvoaris obisa Betula platyphylla var: japonica , Prunus armeniaca, 221
P Ginkgo biloba, Acer palmatum Thunb.
a2 Pinus densiflora, Pinus strobus, Ginkgo biloba, Acer palmatum Thunb., Aesculus turbinata, 269
Platycladus orientalis Hibiscus syriacus (Althaea frutex) '
13 Pinus koraiensis Metasequoia glypt'ostrob.oz.des, Acer palmatum Thunb., 763
Taxodium distichum, Platanus
d14 Pinus koraiensis Acer buergerianum, Sophora japonica 6.17
Acer buergerianum, Metasequoia glyptostroboides,
dis - . . 433
Sophora japonica
. . . — Zelkova serrata, Sophora japonica, Ginkgo biloba,
e0l Pinus densiflora, Pinus koraiensis Taxodium distichum, Aesculus turbinata, Acer buergerianum 9.76
e02 Pinus koraiensis Zelkova serrata, Acer palmatum Thunb. 743
03 Pinus koraiensis Zelkova serrata, Fraxinus rhy;"tchophylla, Platanus, 331
Aesculus turbinata
e04 Pinus koraiensis Prunus serrulata var. spontanea, Acer palmatum Thunb. 8.80
e05 Pinus koraiensis Zelkova serrata, Acer palmatum Thunb., Taxodium distichum 8.71
€06 Pinus koraiensis Platanus, Zelkova serrata 8.18
e07 Pinus koraiensis Platanus, Zelkova serrata 6.42
e08 Pinus koraiensis, Abies holophylla Platanus, Acer palmatum Thunb., Zelkova serrata 6.03
<09 Pinus koraiensis Ginkgo biloba, Malus pmmfoltq (thlc.i ) Bokth. , Acer 271
palmatum Thunb., Syringa dilatata
Zelkova serrata, Platanus, Aesculus turbinata,
el0 - 7.90
Acer palmatum Thunb.
ell - Zelkova serrata, Acer buergerianum, Ginkgo biloba, Platanus 735
el2 B Acer buergerianum, Prunus serrulata var. spontanea, 3.03
Acer palmatum Thunb., Ginkgo biloba, Cornus officinalis '
3 Pinus koraiensis Metasequoia glyptostrobozde-s, Sophora japonica, 771
Acer buergerianum
01 Pinus koraiensis Acer buergerianum, Zelkova serrata, Platanus 6.63
02 Pinus densiflora Acer palmatum Thunb., Sophora japonica, Zelkova serrata 5.79
03 Pinus koraiensis, Picea abies Zelkova serrata, Sophora japonica, Cornus officinalis, 336
Platanus
04 Pinus koraiensis Acer buergerianum, Gmlfgo bl.loba, Cornus oﬁicn?alls, . 824
Zelkova serrata, Sophora japonica, Chaenomeles sinensis
f05 Pinus koraiensis, Abies holophylla Zelkova serrata, Chaenomeles sinensis, Acer palmatum Thunb. 8.19
06 Pins ki Zelkova serrata, Sophora japonica, Plt.ztanus, 799
Acer palmatum Thunb., Acer buergerianum
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Appendix. Continued

. Species of tree GVZ
Evergreen coniferous tree Deciduous broadleaf tree (m¥/m?)
07 Pinus koraiensis Acer buergerianum, Ginkgo biloba, Zelkova serrata 7.60
08 Abies holophylla Acer palmatum Thunb., Sophorja japonica, Platanus, 771
Aesculus turbinata
Zelkova serrata, Aesculus turbinata, Acer palmatum Thunb.,
09 - S 6.40
Cercis chinensis
f10 3 Zelkova serrata, Syringa dilatata, Platanus, 6.38
Acer palmatum Thunb. ’
fl1 - Sophora japonica,Cornus officinalis, Acer buergerianum 3.84
202 - Sophora japonica, Acer palmatum Thunb. 3.12
. . . Zelkova serrata, Sophora japonica, Ginkgo biloba,
203 Pinus koraiensis, Abies holophylla Acer palmatum Thunb,, Platanus 7.79
Sophora japonica, Metasequoia glyptostroboides,
204 - Soe 6.49
Chaenomeles sinensis
205 Pinus koraiensis Zelkova serrata, Taxodium distichum 8.16
06 B Zelkova serrata, Acer palmatum Thunb., Aesculus turbinata, 938
g Platanus, Ginkgo biloba :
207 - Acer palmatum Thunb., Ginkgo biloba, Platanus 8.03
008 Pinus koraiensis, Abies holophylla Zelkova serrata, Platanus, Ac:er palmatum Thunb., 747
Acer buergerianum
009 Pinus koraiensis Zelkova serrata, Ginkgo bzlobg, Sophora japonica, 793
Aesculus turbinata
10 3 Zelkova serrata, Sophora japonica, Platanus, 345
£ Acer palmatum Thunb. ’
h02 Pinus koraiensis - 1.02
h03 - Zelkova serrata, Sophora japonica, Acer palmatum Thunb. 5.25
ho4 Pinus koraiensis Zelkova serrata, Aesculys turbznatq, Ac?r pa{matum Thunb., 336
Ginkgo biloba, Cercis chinensis
105 Pinus koraiensis Ginkgo biloba, Ace-r palmatum Thunb., 6.04
Aesculus turbinata, Platanus
Zelkova serrata, Acer palmatum Thunb.,
ho6 a Aesculus turbinata, Platanus 672
h07 Juniperus chinensis Aesculus turbinata, Sophora japonica 3.03
108 Pinus koraiensis Sophora japonica, Aesculus tur.bmata, Zelkova serrata, 703
Acer buergerianum
i03 Chamaecyparis obtusa, Pinus koraiensis - 5.51
104 Pinus koraiensis, Pinus strobus Sophora japonica, Ginkgo biloba, Zelkova serrata, Platanus 5.50
i05 - Platanus 1.65
i06 Platycladus orientalis, Juniperus chinensis Sophora japonica, Platanus 5.79




