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Purpose: There are a number of reports suggesting that widespread propagation of weeds and high concentration of weed pollen
have been contributed to climate change. We investigated the interrelationship between allergenic pollen concentration, allergic
symptom and meteorological factor.

Methods: We collected data of pollen concentration and meteorological factors in 7 stations nationwide during between 1998 and
2012. We recruited total 297 allergic patients sensitized to weed pollens from each station, conducted a survey about allergic symp-
tom, and calculated symptom index. We surveyed the vegetation area of ragweed and Japanese hop. Based on these data, we per-
formed the long-term trend analysis (X11-ARIMA, autoregressive integrated moving average) on regional pollen concentration, and
correlation analysis to investigate the interrelation between weed pollen concentration, allery symptom index and meteorological
factor. We have also done regression analysis on vegetation area and maximal pollen concentration.

Results: Long-term trend analysis showed the increasing trend of pllen concentration in Seoul. Weed pollen concentration, allergy
symptom index and each meteorological factor were not correlated significantly. Regression analysis revealed that increase of weed
vegetation area results in increase of weed pollen concentration. Through this regression equation, we estimated the vegetation area
that can product pollen concentration triggering allergenic risk.

Conclusion: Meteorological factors, pollen concentration and allergic symptoms should be consistently assessed and the relation-
ship between each factor should be analyzed, considering climate change. It is necessary to verify the equation for pollen estimation
by vegetation area and set up a policy for vegetation control focused on the reduction of allergenic pollen. (Allergy Asthma Respir Dis
2014;2:48-58)
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Fig. 1. Questionnaire for the follow-up of pollen allergy symptoms.
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Table 1. Yearly comparison of peak pollen concentration of allergenic trees except pine from six areas in Korea associated with meteorological factors

Seoul

Busan

Gwangju

Date Trees Mean temp. (°C) Rainfall (mm) Date

Trees Mean temp. (°C) Rainfall (mm) Date

Trees Mean temp. (°C) Rainfall (mm)

1998-05-13 226 16.7 0 1998-04-27 1,707 16.2 0 1998-04-17 248 154 5.6
1999-05-05 16 16.5 0 1993-05-14 1,000 174 0 19993-03-22 279 13 0
2000-03-17 199 75 0 2000-03-28 165 124 09 2000-04-02 92 148 0
2001-03-18 796 1.7 0 2001-05-13 1,220 206 0 2001-04-02 368 9.7 0
2002-04-22 364 210 0 2002-04-21 2,348 178 0.3 2002-03-30 212 19 1
2003-04-21 318 132 0 2003-04-21 1,174 12.1 0 2003-03-11 2 6.4 0
2004-0513 104 158 15 2004-04-26 2,346 135 65.0 2004-03-22 228 95 15
2005-05-09 88 133 0 2005-05-08 926 138 0 2005-04-28 126 196 0
2007-04-26 1,240 14.7 0 2007-04-24 1,225 125 0 2007-04-27 407 16.1 0
2008-04-17 2,333 18.6 0 2008-04-30 2,448 16.9 0 2008-04-21 987 19.2 0
2009-04-23 838 12.7 0 2009-04-27 766 12.1 10 2009-04-19 1,385 19.6 0
2010-05-03 1,089 18.2 0 20100508 564 19.2 0 2010-05-03 1,027 212 0
2011-05-04 267 15.9 0 2011-04-24 355 130 0 20110312 274 94 0
Gangneung Daegu Jeju

Date Trees Mean temp. (°C) Rainfall (mm) Date

Trees Mean temp. (°C) Rainfall (mm) Date

Trees Mean temp. (°C) Rainfall (mm)

1998-05-07 401 20.8 03 1998-04-27 29
1999-05-11 125 178 0 1999-04-23 103
2000-07-02 17 30.8 0 2000-06-14 53
20010506 296 16.7 0 2001-05-07 764
2002-04-20 376 185 0 2002-04-21 332
2003-04-20 188 8.2 55 2003-04-21 166
20040505 186 193 0 2004-04-23 128
2005-05-30 178 182 0 2005-03-13 84
2007-05-17 294 156 115 2007-05-22 331
2008-03-04 288 0.9 139 2008-04-23 817
2009-05-08 795 16.3 0 2009-04-17 420
20100528 371 156 0 20100506 390
20110505 409 128 0

174 0.1 1998-02-23 36 9.1 0.1
199 0 1999-04-01 194 172 03
251 0.2 200003-15 247 9.8 154
184 36.9 2001-03-16 988 8.9 2
20.7 1.0 2002-03-04 448 79 0
121 0 2003-03-09 3,812 6.6 0
145 0 2004-02-20 1,802 154 0
0.2 0 2005-02-25 472 34 0
218 0 2007-04-23 141 146 0
139 75 2008-03-09 1,443 85 1.0
158 0 2009-02-23 1,884 10.7 15
22.3 0 20100508 564 173 0
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Table 2. Yearly comparison of peak pollen concentration of pine tree from six areas in Korea associated with meteorological factors

Kim JH, etal. » Meteorological changes, allergenic plants and pollinosis

Seoul Busan Gwangju
Date Pine  Mean temp. (°C) Rainfall (mm) Date Pine  Mean temp. (°C) Rainfall (mm) Date Pine  Mean temp. (°C) Rainfall (mm)
1998-05-13 711 16.7 0 1998-04-18 10 152 108 1998-04-27 203 18.6 0
1999-05-21 19 194 0 1999-05-26 5 17.1 14.8 1999-05-06 1,000 15.7 0
2000-05-18 803 16.9 0 2000-04-14 9 14.6 0 2000-05-15 631 18.1 1
2001-05-07 292 18.3 54 2001-05-02 48 14.3 45 2001-05-07 1,500 176 116
2002-05-14 1,201 213 0 2002-02-28 56 104 04 2002-04-20 1,288 14.7 03
2003-05-31 3,520 24.1 0 2003-04-21 16 12.1 0 2003-05-15 566 196 0
2004-05-13 2,308 15.8 15 2004-04-02 64 10.8 05 2004-05-08 2,946 174 195
2005-05-06 788 11.6 135 2005-03-23 24 92 25 2005-05-17 614 199 46.0
2007-05-07 2,532 195 0 2007-03-11 12 30 0 2007-05-04 633 20.1 0
2008-04-30 2,493 182 0 2008-05-10 12 128 2 2008-05-01 2,240 20.7 0
2009-05-01 1,478 174 0 2009-05-04 1,554 17.1 0 2009-05-02 2371 176 135
2010-05-09 2,294 19.0 0 2010-05-05 2,000 187 0 2010-05-12 2,055 15.0 0
2011-05-08 1,204 17.3 0 2011-04-24 601 13.0 0 2011-05-07 352 198 0
Gangneung Daegu Jeju
Date Pine  Mean temp. (°C) Rainfall (mm) Date Pine  Mean temp. (°C) Rainfall (mm) Date Pine  Mean temp. (°C) Rainfall (mm)
1998-05-13 713 18.7 0 1998-04-27 184 174 0.1 1999-04-27 1,352 15.8 0
1999-05-08 1,000 214 0 1999-05-11 500 17.8 0 2000-04-28 2113 134 0
- - 2000-05-02 99 149 0 2001-09-19 4 233 0
2001-05-15 940 22.3 0 2001-05-05 712 16.6 0 2002-05-19 2,168 154 0
2002-04-28 1,792 114 0 2002-05-02 1,528 155 0 2003-05-25 348 184 3
2003-04-27 1,676 20.2 0 2003-05-04 1,080 182 0 2004-05-05 1,386 16.8 0
2004-05-13 3,264 142 0 2004-05-02 514 156 5 2005-04-22 1,936 152 0
2005-04-30 362 20.7 0 2005-04-30 1,212 230 0 2007-04-24 2,773 139 0
2007-05-04 1,127 218 0 2007-05-04 767 209 0 2008-04-30 2,456 17.1 0
2008-05-03 275 253 0 2008-05-01 1,946 218 0 2009-04-21 4,253 134 0
2009-05-08 1,662 16.3 0 2009-05-04 737 214 0 2010-05-05 2,000 20.2 0.1
2010-05-28 2,227 156 0 2010-05-12 1,751 16.8 0 2011-05-07 2,311 174 0
2011-05-17 783 17.1 0
UG 7)Z0 2 BAARS BASIICH Tables 5,6). HAZS A 4, AMTIES S5 2712 55 FHA ME
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Table 3. Yearly comparison of peak pollen concentration of allergenic weeds from six areas in Korea assaciated with meteorological factors

Seoul Busan Gwangju
Date  Weeds Mean temp. (°C) Rainfall (mm) Date  Weeds Mean temp. (°C) Rainfall (mm) Date  Weeds Mean temp.(°C) Rainfall (mm)
1998-09-26 85 220 0 1998-09-09 197 26.4 0 1998-09-14 595 254 0
1999-09-10 121 256 45 1999-09-16 196 245 0 1999-09-15 80 26.1 0
2000-09-10 121 222 0 2000-09-16 196 220 488 2000-09-14 80 183 52.1
2001-09-10 308 244 0 2001-09-05 96 244 1 2001-08-22 200 26.4 0
2002-08-28 532 255 0 2002-06-17 100 219 0 2002-08-27 448 212 115
2003-07-23 198 22.3 30 2003-09-02 40 240 185 2003-09-14 52 213 0
2004-07-20 96 25.7 1.0 2004-09-10 40 19.7 11.0 2004-09-24 150 213 0
2006-10-14 38 185 0 2006-09-06 241 19.2 9 2006-10-10 547 194 0
2007-09-11 352 242 0 2007-09-09 36 228 0 2007-09-14 238 228 920
2008-09-02 710 219 5ia 2008-09-12 499 250 0 2008-09-03 1,348 249 0
2009-08-20 126 26.1 195 2009-08-14 87 255 0 2009-09-11 450 26.2 0
2010-09-23 61 17.0 0 2010-09-20 110 27.1 0 2010-09-16 99 246 0
2011-09-16 190 256 0 2011-09-23 140 205 0 2011-09-03 304 26.5 0
Gangneung Daegu Jeju
Date  Weeds Mean temp. (°C) Rainfall (mm) Date  Weeds Mean temp. (°C) Rainfall (mm) Date  Weeds Meantemp.(°C) Rainfall (mm)
1998-09-14 463 25.7 0 1998-09-07 121 259 0.1 1998-09-05 380 24.1 0
1999-09-15 306 203 08 1999-06-15 31 275 0 1999-09-11 383 26.1 0
2000-09-14 306 176 111.8 2000-06-30 4 26.2 37 2000-09-11 387 212 55
2001-08-27 224 222 0 2001-09-11 212 233 0 2001-09-21 200 223 04
2002-09-23 392 18.7 0 2002-09-13 88 199 20 2002-05-25 240 205 0
2003-10-03 152 15.4 0 2003-09-04 58 26.0 0 2003-09-19 82 234 75
2004-09-22 24 18.2 0 2004-09-11 30 19.1 220 2004-09-02 62 242 0
2006-09-19 24 214 0 2006-09-10 407 183 0 - - - -
2007-09-14 150 210 55.0 2007-09-12 209 234 0 2007-09-28 154 226 0
2008-09-14 204 219 0 2008-09-15 607 24.0 0 2008-08-31 432 248 0
2009-08-13 73 228 05 2009-09-09 232 247 0 2009-05-09 22 22.7 0
2010-09-17 130 235 0 2010-09-19 171 24.1 & 2010-09-29 189 185 04
2011-09-14 100 243 0 2011-09-02 307 26.3 0 2011-09-20 134 21.0 0
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Fig. 2. Long-term trends of pollen concentration from each allergenic plants at Seoul by using statistical analysis (X11-ARIMA, autoregressive integrated moving aver-

age).
x Weeds Seoul
16001 o Ragweed x 800
L o Japanese hop
< 1,400 . : 700
= 1,200 meanT vs. Weeds . . 600
21 000F meanT vs. S|
£ B 500
g soop we 1400
< 600 e
S °° P 300
_ag 400 x
200
5 200p ¥ o &
ok« « oa ' mée 100
L L L L 0
5 10 15 20 25 30
Meen temperature
x Weeds Gwangju
40001 Ragweed 900
o Japanese hop "
s o Sl - 800
% 3,000 - meanT vs. Weeds
; == meanT vs. S| . 4700
= .
-*g 2,000 - N x
g 3 - 600
51000 . :
g 1,000 / 1500
€ s .
E o ¢ ¢ @0 *e§@ © 400
L L 1 L 300
5 10 15 20 25 30

Meen temperature

Symptom index

Symptom index

Number of monthly pollen

Number of monthly pollen

x Weeds  Busan x Weeds  Daegu
1200 , Ragweed - 800 2500 e Ragweed - 1,000
o Japanese hop ® i o Japanese hop
1000F , 3 o 700 sr000f ¢S ¢ 1800
meanT vs. Weeds 1600 3> meanT vs. Weeds
800 — meanTvs. S, ° % i‘l soob meanT vs. SI o h}
=1, .
w0l = 150 = * H600 E
. . e o % o J400 g 21'000 L /_'_'_’_'_,‘_,.L_'—'——-_;_.'_'— g
400 30 g . o b Tq400 2
x N
ox & A g 500F A
200 ° x - 200 =S ¥®
. 0 = o " 1200
ol¥ e ) Bedd o 100 = O0F =& =& ael newx ¢
| | | 0 | | | | 0
10 15 20 25 30 5 10 15 20 25 30
Meen temperature Meen temperature
Gangneung Guri
x Weeds Weed:
700 « Ragweed 7750 40001 : RaengZed 7700
600 © gransehop X {700 ¢ B panese hop % {650
500 F ! meanT vs. Weeds * %3'000 - meanT vs. Weeds °
— meanTvs. 3| 7650 o} i ~— meanT vs. S| * - 600 %
L < = <
400 o 1550 E2000f ' ° {550 £
E o . £
300 . ° S £ 'y S
% « 5003 %5 -500 =
200 F ° g_ b1,000 - . ¥ §
———_—‘“——’_T'-_'_—:d -450 » 2 il x Jas0 A
100 * [ <
oLe e ¥° * o'y Saaq400 =2 OfF ¢ s - 400
1 1 1 1 350 1 1 1 1 350
10 15 20 25 5 10 15 20 25 30

Meen temperature

Meen temperature

Fig. 3. Comparison between mean temperature, weed pollen concentration and allergic rhinitis symptom index at six areas in Korea. meanT, mean temperature; symp-

tom index.
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Fig. 4. Comparison between accumulated temperature (degree days), weed pollen concentration and allergic rhinitis symptom index at six areas in Korea. accumT, ac-
cumulated temperature; SI, symptom index.
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Table 4. Vegetation area and number of plants in Guri, Gwangju, and Dagjeon
(2012)

Areal percent in

Site Plant Area(m®)  No. of plants

4km® (%)
Guri Common ragweed 2514 75 0.06
Giant ragweed 35434 175 0.89
Japanese hop 25,100 - 063
Gwangju  Common ragweed 1,540 14.0 0.04
Giant ragweed - - 0
Japanese hop 35,169 - 0.88
Daejeon Common ragweed 972 85 0.02
Giant ragweed 265 40 0.01
Japanese hop 17,041 - 043

Kim JH, etal. » Meteorological changes, allergenic plants and pollinosis
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Table 5. The meteorological factor and max concentration of ragweed on max flowering date in Guri, Gwangju, and Daejeon

Ragweed Date* Max. concentration ~ Mean temperature (°C)  Degree day Precipitation Rainfall time (hr) 7-Day sunshine hours
Guri 2007-09-07 60 210 36745 0 0 26
2008-09-14 106 239 37838 0 0 51.0
2009-09-03 98 22.3 35375 0 0 489
2011-09-01 36 26.3 33115 0 0 427
2012-09-12 33 20.6 3,756.3 0.5 0.33 483
Gwangju 2008-09-11 48 254 39784 0.1 1.80 499
2009-09-18 40 212 4,090.4 0 0 512
2011-08-28 18 26.9 34633 - - 145
Daejeon 2008-08-27 17 224 33722 - - 475
2011-09-01 23 262 34225 - - 454
2012-09-14 9 192 39198 25 18.85 29.1

*Date of the maximum (max.) concentration.

Table 6. The meteorological factor and max concentration of Japanese hop on max flowering date in Guri, Gwangju, and Dagjeon

Japanese Hop Date* Max. concentration  Mean temperature (°C)  Degree day Precipitation Rainfall time (hr) 7-Day sunshine hours
Guri 2007-09-12 162 235 3,7646 0 0 305
2008-09-14 886 239 37838 0 0 510
2009-09-10 226 217 37016 0 0 516
2011-08-23 109 238 30732 0 0 274
2012-09-12 68 206 3,756.3 0.5 0.3 483
Gwangju 2007-09-14 231 228 4,085.1 92.0 122 50.4
2008-09-03 1,231 249 3,776.6 0 0 40.8
2009-09-11 a7 26.2 39335 0 0 55.4
2011-09-03 290 265 36235 - - 52.3
Daejeon 2008-09-16 194 232 38329 - - 533
2012-09-14 203 192 39198 25 189 29.1

*Date of the maximum (max.) concentration.
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Fig. 6. The linear regression between the vegetation area of ragweed and the
maximum daily concentration of their pollens for guideline of allergenic weeds.

Table 7. Vegetation area estimated for the risk grade level of ragweed and
Japanese hop based on the vegetation guideline of allergenic weeds

Ragweed Japanese hop
Riskgrade  Concentration Estimated vege-  Concentration Estimated vege-
of pollen tation area (m?) of pollen  tation area (m?)
Mild 0-19 -17,620--1,787 0-49 10,509-13,246
Moderate 2049 -954-23,213 50-99 13,302—-16,040
Dangerous 50-199 24,046-148,213 100299 16,096-27,213
Severe >200 >149,046 >300 >717,269
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Fig. 7. The linear regression between the vegetation area of Japanese hop and
the maximum daily concentration of their pollens for guideline of allergenic
weeds.
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