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The correlation between allergy sensitization rate in pediatric and
aerobiological study for airborne pollen in Busan for 15 years

Myong Soon Sung’, Yong-Jin Park', Geun Hwa Park’, Jae Won Oh?, Sung Won Kim'

'Department of Pediatrics, Busan St. Mary's Hospital, Busan; Department of Pediatrics, Hanyang University Guri Hospital, Guri, Korea

Purpose: Airborne pollen is the most common causative agents of allergic disease. Since 2000, there isn't no more report about air-
borne pollen in Busan. This study is that pollen in one area of Busan was collected to investigate species, particle counts, seasonal dis-
tribution, and of its correlation with reactivity to skin prick test in children during 1998-2012.

Methods: Rotorod sampler was installed on the rooftop of St. Mary Hospital in Busan. A 24-hour sampling of airborne allergens over a
fifteen-year period was conducted 6 days/wk from January 1, 1998 to December 31, 2012. After staining they were identified, counted

and recorded with the weather in Busan.

Results: Major pollens collected were Pine, Alder, Oak, Juniperus, Humulus. The pollen season is relatively short and the pollen dis-
persed mainly during the period from March to May in case of tree pollen, from April to September in case of grass pollen and from
August to October in case of weed pollen. Total annual pollen count ranged from 36,412 grains/m? (2002) to 1,342 grains/m? (2006).
The peak pollen season was seen for spring and autumn, especially in May and September during 1998-2012. In skin prick tests, birch
was the highest sensitization rate (15.1%), followed by alder (14.7%), hazel (14.1%) in the tree for 15 years. And in weed, mugwort and
ragweed were the highest sensitization rate (10.6%, 10.3%), followed by humulus (5.5%) for 15 years, but since 2008, was increased.
Conclusion: Analysis of pollens sampled in the atmosphere of Busan, Korea, for a 15-year period identified 24 species of pollens with
seasonal variation of some clinically important pollen load. Analysis of data, it showed that alder and birch are main allergen in spring
for 15 years, and in 1998-2008, ragweed and artemisia was main allergen in fall, since 2009, followed by humulus. (Allergy Asthma

Respir Dis 2014;2:38-47)
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Table 1. The list of annual average pollen counts for 15 years in Busan

Kind Annual average pollen counts (grains/m®)
Tree Pine 9,184
Tree Alder 1,287
Tree Oak 1,039
Tree Juniperus 842
Weed Humulus 738
Grass Grass 614
Tree Birch 254
Weed Artemisia 217
Tree Populus 150
Weed Ragweed 147
Tree Ulmus 88
Tree Hazel 61
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Fig. 1. The annual total pollen counts-tree, grass, weed, and year average tem-
perature for 15 years in Busan, Korea.
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Table 2. The characteristics of pollen in Busan for 15 years

Year First datg of Last datt_e of Date of best _ Counts
pollen (kind) pollen (kind)  collect pollen* (grains/m®/24 hr)
1998 Jan. 12 (Alder) Dec. 29 (Alder) Mar. 9 940
1999 Jan.7(Alder) Dec. 30 (Pine) May 14 1,000
2000  Jan. 4 (Alder) Dec. 30 (Artemisia, Sep. 16 247
Pine)
2001 Jan. 4 (Alder) Sep. 24 (Ragweed, May 13 1,216
Artemisia,
Humulus)
2002 Jan. 10 (Alder) Nov. 28 (Artemisia) Apr. 21 2,380
2003  Jan.28(Pine) Dec. 5 (Artemisia) Apr. 21 1,190
2004  Jan. 28 (Pine) Nov. 8 (Ragweed) Apr. 26 2,348
2005  Jan. 14 (Artemisia) Jun. 29 (Grass) May 8 926
2006  Jan. 11 (Alder) Dec. 6 (Grass, Sep. 6 259
Humulus, Mug
wort, Pine)
2007  Jan.29(Alder, Pine) Oct. 7 (Humulus) Apr. 24 1227
2008 Mar. 1 (Alder) Dec. 29 (Birch) Apr.30 2451
2009  Jan.13(Pine) Dec. 31 (Pine) May 4 1,807
2010  Jan.8(Pine) Dec. 22 (Pine) May 5 2,036
2011 Jan. 7 (Pine) Dec. 19 (Juniper) Apr. 24 956
2012 Jan. 24 (Pine) Oct. 28 (Pine) May 6 1,657

*The amount of pollen is the best day.
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Fig. 2. The seasonal distribution of tree, weed, and grass for 15 years in Busan,
Korea (1998.1.1-2012.12.31).
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Fig. 3. The distribution of tree pollen (A) for 15 years and the annual variation in
the pollen count of individual tree - Pine (B), Alder (C), Oak (D), Birch (E) in Busan,
Korea (1998.1.1-2012.12.31).
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(1998.1.1-2012.12.31).
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Table 3. Characteristics of atopic patient in Busan St. Mary's Hospital for 15 years

Allergic disease

Year Patients* Average age (yr) Male sex

AR AD
1998 123(38) 8.7 75(60.9) 70(56.9) 63(51.2)
1999 136(4.2) 76 77 (56.6) 79(58.1) 61(44.9)
2000 125(3.9) 78 65 (52.0) 69(55.2) 61(48.8)
2001 159(4.9) 78 96 (60.3) 98 (61.6) 80(50.3)
2002 122(3.8) 8.1 72(59.0) 75(61.4) 61(50.0)
2003 178(5.5) 8.1 103 (57.8) 110(61.7) 89(50.1)
2004 182(5.6) 8.3 113(62.0) 115(63.1) 91(50.0)
2005 163 (5.0) 85 102 (62.5) 99(60.7) 81(49.6)
2006 261(8.0) 8.3 160 (60.4) 162 (62.0) 138(52.8)
2007 291(9.0) 84 176 (54.1) 176 (54.1) 140(48.1)
2008 281(8.7) 85 189 (54.0) 195(69.3) 180 (64.0)
2009 310(9.6) 84 168 (56.6) 189(61.0) 156 (50.4)
2010 283(8.8) 9.1 153 (49.4) 181(64.0) 146 (51.6)
2011 346(10.7) 89 196 (72.1) 182 (52.6) 158 (45.7)
2012 265(8.2) 94 131(64.3) 135(50.9) 126 (47.5)
Total 3,225(100) 8.4 1,745(54.0) 1,935 (60.0) 1,631 (50.6)
Values are presented as number (%).
AR, allergic rhinitis; AD, atopic dermatitis.
Table 4. The distribution of allergen sensitization rate for 15 years in Busan St. Mary's Hospital
Year Allergen positive  D. farinea  D. Pteronyssinus Pine Alder Birch Hazel Humulus Ragweed Mugwort
1998 58.1 56.1 537 6.5 171 146 12.2 - 6.5 8.1
1999 63.2 62.5 60.3 29 206 147 8.1 - 125 147
2000 67.5 65.6 60.8 48 16.0 16.0 184 - 16.8 16.0
2001 69.8 69.8 67.9 3.1 113 132 10.7 - 94 75
2002 4 705 69.7 4.1 139 139 18.0 - 13.1 98
2003 748 736 67.4 6.2 185 18.0 185 - 14.0 140
2004 76.2 736 75.3 11.0 148 154 154 - 13.1 104
2005 76.7 76.7 76.1 1.7 233 19.0 210 - 233 220
2006 70.2 68.2 68.4 238 149 20.7 22.2 - 184 195
2007 69.2 67.4 64.5 103 615 186 155 - 14.1 12.7
2008 64.8 64.8 594 04 10.7 17 18 35 28 50
2009 63.1 625 58.7 19 116 116 116 45 35 39
2010 61.3 60.7 58.1 28 106 13.1 124 8.1 28 49
2011 65.5 60.4 65.5 1.3 8.1 12.7 95 43 32 52
2012 68.1 67.3 66.7 53 14.0 14.0 125 6.8 1.1 53
Mean 68.2 66.6 64.8 70 147 15.1 14.1 55 10.3 106

Values are presented as percentage.
D. farinea, Dermatophagoides farinea; D. Pteronyssinus, Dermatophagoides pteronyssinus.

1 199040 ko] ul) Bk ofg 0] A2 AP 242209, 178 FOlME ThE AE n R B dste) dHelAs
A= WO olo] W) 7h2 3 ALS 27 14el, 7ol HIAKSHA) Q49k, 10°C ool Lhebul) Atttk e o
ofAlck olefe (eSS Hejslny akele] ol 302l 7]20] 7H 3t 19984e] Brhgaro] 714 ol ulAksiA|

o
2o} WIA AL 2 372001t ol HHHR QUBAFS B 9k A% 710] /1 Wkt 20050] T71Rgo] 14 5
|31 Gh&-& o 4 ek A BlAkSHA O ATHE B, R Bs B 71 1

7ol HARS 71Tk SATH S Hol3 Gld B o slof sk 2lo] ohe) heket S-S Tefslok 3 o 4 gk

44  http://dx.doi.org/10.4168/aard.2014.2.1.38



A SILZFH H.51
AHE Q| o 3 9:]”"‘\_‘\1:

2 o 27) gt Jae

grains/m®  mmms The amount of alder, birch and hazel %
7,000 - -+ Tree allergensensation rate 125
6,000
120
5,000
4,000 - 115
3,000 [ 110
2,000 -
15
1,000 |-

grains/m?

wmm  The amount of grasses

350 —a— Grass allergensensation rate -
300 R
250
200
150 -
100 -
50 |
0

1
o = N W pH 00O N @

Junioer ++ =1
Oak +++
Willow +
Maple +
Hazelnut  ++
Poplar ++
Elm ++
Birch ++
Pine +
Alder ++
Pianetree  +
Japanese

Hop +++
Mexicantea +
Wormwood +++
Ragweed  ++
Grass ++

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

i — —
Low Moderate  High Very high

*Allergy: +low, moderate, +++high

Fig. 6. An allergic pollen calender for Busan, Korea.

AlA| 20121 Kim 5299] Q7R 110 0J6hH o Z71E 4~(C0)2
AN&sp7| Slelirl= 2 71 et s A7 e] A aeel
S| FEAS o]-§8t=t| A1 ‘C=W X Ao[t} o] AlojjA C= U
25 45 SR IS IE W B2, AR, 2|17
2, A7, dual g S5, T8 AeASARE 7Y 92

AIE GO = GdE 71 Wt WiEolaL, A= i 7)1

r
oiN

N

i)

Allergy Asthma Respir Dis AARD

grains/m®
6,000

mem  The amount of weed %
—a— Weed allergensensation rate 125

5,000
4,000
3,000
2,000

1,000

Fig. 5. The correlation between allergy sensation rate and pollen—Tree (A),
Weed (B), Grass (C) in Busan, Korea (1998.1.1-2012.12.31).

A2 71 w2, ofutet wle] go] thar, ela i oo
A U R, B8 257 247 s A7) B0 723 1
A1710) bk vl mstA) Ssigi ol dhat a7t 2744
.52 o] ojAo} 3 0.2 Belk

AR 7] Folie T S Eo] EAJhd), 1% Fulsh o}
o] ofsfo] shito] Aubein] Ajkero] WL, 21 7} 0], 371
0 5 B4t 7|3k 0] Qlo] Frkerk kel 2| Ak o
o] B Ao UA Sk o]l Aol ARlE 2%
2458 7)9) FEioirk 2 Q7o U RE 2717k 23 B
& Bk 7zko] ol 1900l Lhe] AlakalA 3-590] 2%
718 ot RGN Aok el /18 30 e
o, SRR AL Aol N LR T 282 20054
O|F:5 Zhasshis FAlo|Ag ThE BH s ok IS B 7

A vgron the 75t FUa.

2] ARl gE|2 A BEAe] B AR U
Aphtsakel) 3k QL ARzt 2ol 7h WA U
b 380l A2 0|50} ZULk ] 1 2 F
3] UeR] AAsiie], oleiah Aaks 20104 Z1ARgel A
3 SAbe] b Shetat 3ol 7} IlrhFig 6). 1) ek
AR}l l=7] o] Mk eeiA Qi Avkie] S
(159 Ft, 7.6%)> U515\ Bt 14.7%)2F AR (15

C

-

|

http://dx.doi.org/10.4168/aard.2014.2.1.38 45



AARD Allergy Asthma Respir Dis

Sung MS, et al.

Bt 15.1%) 9] FAEY 1|22 o] EEOL 2006192 23.8% =
A Utk T 154 541 200610 o] 23t AukE Hof sy
o ge|l27] Lol el K] of PR ke 2 Ao o
| 27] e gel it A7t 7 o 2 o FadhZlo 2 welck

BARL AR 02 Bie TR FefeiE 0.2 s o

2wyl oot ot ] JUAE AR vldslel ol S Yot
oA 02 ke A2 vl ATl dA o] & A
N BRE 5 otk BRA ol el 2r]g e 2 5
EFE 1097H4] T2 YA i QIobe e g ok Wil 2}
o} Yo 2 o] Fokegol WA ulsk ARle] Y E4o
B 1% 4 UL 2 AT B2 B -6l
oIS o2t ZzH 20004 Kim 50] AR 1795
dstglon, 71| 27HF S I= 2hol7k YRl lﬂi‘ji
o] A|7]of| el 27| dgto] Wy E AL ool = A poll=
A M2 Rk B )0l due e
Rk B TR Alo] B e dre] Belo] 4
N AR 29 1 T Yoo Basy
Academy of Allergy, Asthma and Immunology +2~%]¢] 2|3}

vlsollAl s B E thao 2 wol sk shEe 2 dHA 9l
G 1 o] B B7150] okl RS 20099 o]
A} glo] B} glovk 1 27120] ok kel = 2 g
L = Tt M S
o | =718 ekEake) Al tigh A7t oy wlsol
Rof-gro] gFo = ofZojrlol 3 0.2 Belc),

2 R FEFE 150 52 AF 5] Bt
Sr|2 7] S AL W] Hla] Liehde) B4
Y24 9dze, jol 49 Aelo] TE 3 ol e
B2 8l 2p¢lo] BlEE = Aol A 2719 Alm= deiA 9l
D TEOR S WS el oLk B Aol
20084 0| % Fhatg=e] FATH A ST W2F Tl 71
o RS Ho|r Qlgick 181 g =4 7R E3F 2008
d o7 At glof AZF AT 2009 0] % £330} SjA|E Kk
S ek Sk SABS Siohh A 2, F2 mA
HIEoA Ao 2 AAYsh=d" 70 dt] 2HE7HA]= el A A
A 47k Mo, vlolut f SAlo Rela wE} kel
70ty SRHRE] Ra7E 57| AlAFske] Z Sl A 7H
SR 7 PRIk HjAIE AA| 4= 571 20061 Oh 57
) oM 7 AEl kel A A e 2
AL 23 §FA7H Sl Lk S 1 Azt Hata m Al

E%OPOJIOF
S|

9] om,? American

ApAgeio] £ w4 Eo] ASHA MAIHA Hloia o] §FAIE o
A AESFEAL B 45 QU OFE AIE A7k AR Solt B2l
ol o] Exfolu} w2 o] £54uhe uhe} ARA 0.2 ¥

I
A k= oItk BAle A7) et &2 24 Bt Qls)

46 http://dx.doi.org/10.4168/aard.2014.2.1.38

* Allergy sensitization rate and aerobiological study for airborne pollen

Aol olkstetao] St £ i Z7t5p S HAE
%61% S7Naieh B0tk o]l A1 3L o] Sl
45402 SEIE oA Hlglom, 1 Ak ol el
AbRjo1o] S0 AT Q20 A 2009 o] 2.7
511 98- Bl 4= Qi) &8 Zala) chdA Fz g »

F

O_L4

}“>’ —{II FlF O;: £
r—,~ rN

s HUZ T AN
LecS} Leeo] ofstel el betol 265-5] 20] QAT 27}
A3 o) &3] W= F7F+= mugwort, sagebrusholtt. o] = &
0] Zo] 72 o=/ AFHS SUEE A0 2 el ek
2 QoA Zo] S ERT} BE YFS Bol 1 gov)
Kim £%90] 1997-1999&7}A] ELAIZ|o £ sl Hafo] AL, ;Lax]
SUHEE e A0 R R IT A YT, 12T % SHETS
20059 E| ki oA Mol Slize, ol kel 2] 72t
31200695 E] 7H45H1 9l
R U] U AT SRS A ol
2006 o] Kol = uiid HA| ghof =9 5% n]Rto] 3 012006
W ol 9 ol4fe 2 27 iEigee], ofefet e 20124

kel oA W 21 1062 Q|27 A80) 938 57
o} BBk et 2 AL 159 FoH IR S P

£ A Hgtof glof, A AF-ATolA L= 1Ee oy
T 27FRl 2 ol v BYe e eAet 1 o9
of ohE W2 Haat Aok Atk AlRo] Sl

ES 2 A AR e Y old e ' Qlsto] TR A
doflA 27HRE AR Skl or el 7| wke] S92 et
© AlRHEE= ek =iy i ool Z71=]7F ohzt 10 km Eo

2 BAF AW v]S3 ghAo)al, MRS S 7|17k e 242 7
eIz ssiglest 21 ot Brh] 70 A
2 3fol7} §lo] B o 50 2 Q5 T} Ao ThE AT &
o]7] ¢kolr.

2 A= =UellA 2= E-XY W el 1515 5 %3,326”3
olgh= 77 i ot th e
717t &<t AR Z7FFetke] AdtatA|of I of 3t ‘5%1}— ofm|7}
Q1S Ao Azt x]w 159 5ok 9 RAR ke 2HE
ofo] AHHAE AR o, FAR|Hol| A 2] =5 A=
B AR, @euitoln 7hS Aol = 19982008 53k
HHR)EQ} &5 2009 o] T2 = P EE, fR PR =
o] Bt QIh= AHE o 4= 9 ick

7174782 2010 T3k 4xo %‘Eﬂ 7]
1997-2009% 5-¢1o] L3} 2
—‘?— 9IS UESAL @Al 1 14 SHoIAE 53}@1 ol 27}
2 1w OHR|4E o Bakal 9o /12 L wdl 15} 2001-
2006 ARE o]-&, 7iHts}o] 2010-2011 X}Ei A= 712 A
SOFAUTE? ol gt 7ol theh A28 A AHHE= Qlste

e 27] FRE2 v]E] 27 dele Sjujsto] LAAYERE of

G

H‘



0X
0d
i
]
o

T3 RE L= Ee] dua)

s
rr

Vet ofe] S5 974 22 4 9l 5 4Fo) o] 1 Ak U}
obgorh ofelh phesin] axi ohlel a2 Hgke] i
Q1 Ao 7]ofe 4 QU bR Tt ohrt FbA 0
Al o) ofAlop e A0 Az,

cLE

REFERENCES

—

. Lewis WH, Vinay P, Zenger VE. Airborne and allergenic pollen of North

America. Baltimore: Johns Hopkins Univerity Press, 1983.

2. Nilsson S, Praglowski J, Nisson N. Atlas of airborne pollen grains and
spores in nothern Europe. Stockholm: Almqust & Wiksell International,
1977.

3. Nilsson ST, Spieksm FM. Traveller's allergy service guide. Stockholm:
Palynological Laboratory, Swedish Museum of Natural History, 1992.

4. Min YG. The pathophysiology, diagnosis and treatment of allergic rhini-
tis. Allergy Asthma Immunol Res 2010;2:65-76.

5. Jung JW, Choi JC, Shin JW, Kim JY, Park IW, Choi BW. Clinical charac-
teristics according to sensitized allergens in adult Korean patients with
bronchial asthma. Allergy Asthma Immunol Res 2010;2:102-7.

6. Taylor G, Walker J, Backley CH. 1820-1900: A detailed description of the
astonishing achievement of Backley in describing the causes of hay fever.
Clin Allergy 1973;3:103-8.

7. Anderson JH. Allergenic airborne pollen and spores in Anchorage, Alas-
ka. Ann Allergy 1985;54:390-9.

8. Buck P, Levetin E. Airborne pollen and mold spores in a subalpine envi-
ronment. Ann Allergy 1985;55:794-801.

9. Yasueda H, Yui Y, Shimizu T, Shida T. Isolation and partial characteriza-
tion of the major allergen from Japanese cedar (Cryptomeria japonica)
pollen. J Allergy Clin Immunol 1983;71(1 Pt 1):77-86.

10. Kaufman HS, Ranck K. Antigen recognition in Filipinos, Japanese, Chi-
nese, and Caucasians. Ann Allergy 1988;60:53-6.

11. Platts-Mills TA, Solomon WR. Aerobiology and inhalant allergens. In:
Middletone E, Reed CE, Ellis E, editors. Allergy principles and practice.
4th ed. St. Louis: Mosby, 1992;469-528.

12. Solomon WR, Weber RW, Dolen WK. Common allergenic pollen and
fungi. In: Bierman CW, Pearlman DS, Shapiro GG, Busse WW. Allergy,
asthma, and immunology from infancy to adulthood. 3rd ed. Philadel-
phia: WB Saunders, 1996:93-114.

13. Kim JH, Oh JW, Lee HB, Kim SW, Kang IJ, Kook MH, et al. Changes in

sensitization rate to weed allergens in children with increased weeds pol-

len counts in Seoul metropolitan area. ] Korean Med Sci 2012;27:350-5.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Allergy Asthma Respir Dis AARD

. Kim HS, Lee MK, Park HS, Kim HJ, Hong CS. Pollen counts in the air of

Seoul during 88 Seoul Olymphics. Allergy 1989;9:564-70.

Park CW, Sim SS, Jung M, Park CH, Ryu HS, Lee YM, et al. Survey of
airborn pollens in Mokpo, 1992. Allergy 1993;13:342-50.

Oh JW, Lee HB. Aerobiological study for airborne plooern and mold in
Kuri-shi, Kyunggi-do. Pediatr Allergy Respir Dis 1997;7:57-68.

Oh JW, Lee HR, Kim JS, Lee KI, Kang Y], Kim SW, et al. Aerobiological
study of pollen and mold in the 10 states of Korea. Pediatr Allergy Respir
Dis 2000;10:22-33.

Kim M]J, Cheon KW, Kim SW. Aerobiological study for airborne pollen
and mold in Pusan. Pediatr Allergy Respir Dis 2000;10:119-30.

Chang NK. Tllustrated flora and fauna of Korea Vol. 29 pollens. Seoul:
Ministry of Education, 1986.

Lee YS, Lee ST. Plant taxonomy. Seoul: Woo Sung Press, 1994.

Punt W, Hoen PP, Blackmore S, Nilsson S, Le Thomas A. Glossary of
pollen and spore terminology. Utrecht: LPP Foundation, Laboratory of
Palaeobotany and Palynology, University of Utrecht, 1994.

Nilsson ST, Praglowski J. Erdtman's handbook of palynology. 2nd ed.
Copenhagen: Munksgaard, 1992.

Climate Change Information Center [Internet]. Seoul: Korea Meteorologi-
cal Administration, Climate Change Information Center; c2009 [2013 Mar
30]. Available from: http://www.climate.go.kr/home/02_information/04_2.
html.

Kim KR, Park KJ, Lee HR, Kim M, Choi Y], Oh JW. Development and
evaluation of the forecast models for daily pollen allergy. Korean J Agric
For Meteorol 2012;4:265-8.

Oh JW. Characteristics of allergic pollen and the pollen amount was re-
cently changed in Korea. Korean ] Asthma Allergy Clin Immunol 2007;
27:1-7.

Bassett IJ, Crompton CW, Parmelee JA. An atlas of airborne pollen grains
and common fungus spores of Canada. [Ottawa]: Department of Agri-
culture, Research Branch, 1978.

Solomon WR, Burge HA, Muilenberg ML. Allergen carriage by atmo-
spheric aerosol. I. Ragweed pollen determinants in smaller micronic
fractions. J Allergy Clin Immunol 1983;72(5 Pt 1):443-7.

Oh JW, Kang IJ, Kim SW, Kook MH, Kim BS, Shin K, et al. The correla-
tion between increased sensitization rate to weeds in children and the
annual increase in weed pollen in Korea. Pediatr Allergy Respir Dis 2006;
16:114-21.

Brown HM, Irving KR. The size and weight of common allergenic pollens:
an investigation of their number per microgram and size. Allergy 1973;
28:132-7.

Oh JW. Characteristics and distribution of airborne pollen and mold. Pe-
diatr Allergy Respir Dis 1998;8:1-15.

http://dx.doi.org/10.4168/aard.2014.2.1.38 47



