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ABSTRACT

Objectives: The aim of this study was to investigate airborne pollen counts, inhalant allergen sensitization rate,
and allergic disease prevalence among elementary school children in Ulsan, South Korea during 2012-2018.

Methods: Burkard samplers for pollen were installed on rooftops in suburban and urban areas in Ulsan. A 24-
hour sampling of airborne allergens was conducted six days/week from January 1, 2013 to November 31, 2018.
Skin prick tests were done with a total of 4,246 primary school students residing in urban and suburban areas
in 2012, 2014, 2016, and 2018. This study examined sensitization to 20 major inhalant allergens.

Results: The highest monthly counts of airborne pollen were observed in April and September each year.
Among the pollen identified over the six years, pine showed the highest pollen counts (44.3%), followed by oak
(22.3%), alder (6.3%) and Japanese hops (4.3%). Tree pollen predominated from March to June, and weed
pollen predominated from August to October. Higher sensitization rates for inhalant allergens were observed in
Dermatophagoides farinae (42.4%), Dermatophagoides pteronyssinus (43.6%), cat fur (12.1%), birch (9.9%),
oak (9.6%), and alder (8.7%). The inhalant allergen sensitization rate was highest in the group with comorbidity
(asthma and/or rhinitis and atopic dermatitis), and respiratory allergic disease (asthma and/or rhinitis) was higher
than that of atopic dermatitis.

Conclusion: Both the counts of tree pollen in the air and the sensitization rate for tree pollen were high in Ulsan.
The temporal change in respiratory allergic diseases was similar to that for the sensitization rate of tree pollen,
such as oak. In the future, it is considered that additional continuous research on various inhalant allergens and
pollen should be conducted.
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Table 1. The list of annual total pollen counts in Ulsan in 2013~2018
. Suburban Urban Total
Pollen Familiy/Genus
grains/yr % grains/yr %  grains/yr %
Tree  Pinus (pine, 2~UH5-) 31444.9+6551.3 463 257719480984 422 286084 443
Quercus (oak, F1}5-) 16312.6+4197.9 24 12525.3+41822  20.5 144189 223
Alnus (alder, 23] U) 3403.3+£2353.8 5 4678.2£2308.0 7.7 4040.7 6.3
Cupressaceae (=9 1}5) 2188.6+2762.8 32 25584431522 42 23735 37
Ulmus+Zelkova (elm, =& 5-) 1485.1+1229.5 22 2936.842659.9 48 22109 35
Platycarya (23| Y5) 25132422240 3.7  2298.8+17409 3.1 22145 34
Carpinus (A 01 }5) 1050.1+£1013.1 1.5 1005.8+1394.2 1.6 10279 1.6
Ginkgo (=3 }7) 603.9+306.7 0.9 1267.3£871.7 2.1 9356 1.5
Castanea () 1088.6+188.9 1.6 818+509.9 1.1 8853 14
Betula (birch, A=) 711.4+570.6 1 620.2+250.4 1 665.8 1
Weed  Humulus (hop Japanese, S48 =) 2622.7+672.3 3.9  2949.2+10584 48 2786 43
Artemisia (mugwort, %) 935.3+448.7 1.4 1092.9+608.3 1.8 10141 1.6
grains/month °C mm
80000 40 -~ 800
Pollen(Suburban)
Pollen(Urban)
Precipitation
60000 4 Temperature | 4 | oo

Fig. 1. Monthly variations of total pollen, total precipitation and average temperature at the suburban and urban sites in

= 2013, 2016, 201830 =A%
S HI, 2014, 2015, 20173
2 73S HAARE Fog 2ol ¢l
L 2= 201593 201600, A=
L= 201593 201730 =AY
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Fig. 2. Yearly variations of differences in major allergic pollens between (a) suburban and (b) urban in Ulsan over six years
(2013-2018)
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Fig. 3. Seasonal distribution of major allergic pollens in (a) suburban and (b) urban in Ulsan over six years (2013-2018).
10-day average of pollen counts in grains/day pollen counts in grains/day.

Table 2. Characteristics of study subjects (N=4,246)

Characteristic N (%)
Sex Male 2,292(54.0)
Female 1,954(46.0)

Age 9.0+1.7*
Grade st 774(18.2)
2nd 728(17.1)
3rd 723(17.0)
4th 655(15.4)
Sth 698(16.4)
6th 668(15.7)
Area  Suburban 1,616(38.1)
Urban 2,630(61.9)
Year 2012 1,167(444/723)
2014 1,063(434/629)
2016 1,040(312/728)
2018 976(426/550)
Disease Allergic respiratory diseases’ 1,179(27.8)
Atopic dermatitis 249(5.9)
Comorbidity * 226(5.3)

*Mean+SD

"This group include children with asthma and/or rhinitis

“This group include children with asthma and/or rhinitis and
atopic dermatitis

J Environ Health Sci 2020; 46(6): 735-749
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Table 3. Differences in the sensitization rates for inhalant allergens according to school grade during 2012-2018

Allergens

Sensitization rates (%)

hool erad p for
School grade trend"

Ist 2nd 3rd 4th 5th 6th Total

birch (AF2H})
oak (F})
Tree alder (22 YF)
pollen  pine (21}3)
willow (W =4F)

Outdoor
maple (T35 L})

allergens

62 7.7 104 11.1 126 120 99 <0.001
61 71 94 107 138 109 9.6 <0.001
49 62 94 96 122 106 87 <0.001
31 41 40 49 64 55 46 0.002
22 21 48 44 73 46 42 <0.001
25 22 44 41 57 43 38 0.001

hop Japanese (33 =)
lantain (&7 ©
Weed P (EMO h
pollen mugwort (=)
fathen (¥8 °}5)
ragweed (5] A &)

26 44 54 52 72 69 52 <0.001
30 3.0 59 47 73 75 52 <0.001
27 32 36 35 62 46 39 0.002
1.7 22 41 40 57 46 37 <0.001
09 08 25 17 39 24 20 <0.001

ancgngl?t(c)lroor altemnaria (%8142l °h

allergens Mold  cladosporium (E2HE =X 8] 8)

28 30 36 37 50 33 36 0138
19 25 22 31 32 39 28 0.014

aspergillus (7538 °])

25 23 24 24 29 42 28 0.050

House D. farinae* (W]= JHA =7

dust  D. pteronyssinus* (% F WA
Indoor

379 39.1 445 46.1 471 478 43.6 <0.001

7])35.0 402 43.0 444 451 481 424 <0.001
Mite  Tyrophagus putrescentiae (12 727 =7]) 68 7.6 100 84 122 156 111 <0.001

allergens
cat fur (2L%o] &)

dog fur (FNE)

Animal

78 69 116 134 165 175 121 <0.001
37 36 44 46 59 63 47 0.003

cockroach (W} )

35 33 32 27 49 57 39 0.014

Any positive

49.7 492 56.0 550 582 61.7 548 <0.001

*D. farinae, Dermatophagoides farinae; D. pteronyssinus, Dermatophagoides pteronyssinus

"P-values by chi-squared test
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Table 4. Differences in the sensitization rates for inhalant allergens between suburban and urban areas during 2012-2018

Sensitization rates (%)

Allergens p-value*
Suburban Urban
birch (AFZHU) 10.3 9.7 0.515
oak (FU) 10.3 9.1 0.180
Tree  alder (281 8.4 8.9 0.514
pollen  pine (21} 5.1 4.4 0.291
willow (W =4-H) 4.5 4 0.502
Qutdoor Tz} 35 4.1 0321
allergens maple (%) : : :
hop Japanese (Z+4H =) 6.6 44 0.002
plantain (&7 ©]) 4.6 5.5 0.213
Weed -
pollen mugwort (55) 42 3.8 0.470
fathen (%4 ©}55) 42 3.3 0.147
ragweed (¥ A &) 22 1.9 0410
joidoor alternaria (2]}l o) 32 3.8 0.351
allergens ~ Mold  cladosporium (2= 2% 2] %) 2.8 27 0.928
aspergillus (‘753 3 °]) 2.8 2.7 0.928
House D. farinae (W]=f HHA A =7]) 41.6 448 0.047
Ind dust  D. pteronyssinus (F+3 AR E=7]) 40.9 43.4 0.112
allrzzrggris Mt Tyrophagus putrescentiae (718 7H7% = 7]) 8.5 10.9 0.010
. cat fur (LYol ) 9.7 13.6 <0.001
Animal
dog fur (7€) 3.7 53 0.016
cockroach (V] #)) 3.1 43 0.042
Any positive 52.7 56.0 0.035
*P-values by chi-squared test
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Table 5. Change of the sensitization rates for inhalant allergens for six years (2012, 2014, 2016 and 2018)

Sensitization rates (%)

Allergens p for trend*
2012 2014 2016 2018
birch (AFZHU) 6.2 11 104 126 <0.001
oak (FUF) 5.5 9.5 10 14 <0.001
Tree  alder (. YF) 62 89 94 108 <0.001
pollen  pine (Au}i) 71 83 05 22 <0.001
Outd willow (W =45 42 43 3.8 44 0.973
utdoor - 1u
allerpens maple (TH& L) 33 34 31 5.8 0.007
hop Japanese (Z+4H =) 5.1 5.7 4.8 5.1 0.758
Weed plantain (&7 °]) 64 45 42 54 0.227
ee
pollen  MUgWort (%) 45 35 27 47 0.436
fathen (8 ©}5) 35 41 29 42 0.774
anangﬁgéoor alternaria (€]} o}) 93 61 61 69 0.028
allergens ~ Mold  cladosporium (2= 2% 2] %) 41 20 24 24 0.022
aspergillus (‘75 + 3°]) 4.6 2.6 1.3 23 <0.001
House D. farinae (U] ﬂ HA] A = ]) 43.7 43.7 44.1 42.6 0.696
Ind dust D. pteronyssmus (—,—,— 7]:} ]73 ]) 44 42.1 45 38.2 0.042
ndoor ;
allergens M Tyrophagus putrescentiae (V1€ 7FEZA=7]) 11 82 104 103 0.991
cat fur (ZLYg°] &) 7.5 135 132 149 <0.001
Animal
dog fur N'E) 4.7 4.2 4.0 59 0.271
cockroach (¥H¥]8 &) 65 42 18 25 <0.001
Any positive 555 549 548 537 0.413

*P-values by chi-squared test for trend
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Table 6. Differences in the sensitization rates for inhalant allergens according to allergic disease during 2012-2018

Sensitization rates (%)

Allergic
Allergens - ‘
£ respiratory Atopic Comorbidity p-value
dermatitis
disease*
birch (AF2HU) 12.9 8.4 27.0 <0.001
oak () 122 6.8 24.3 <0.001
Tree  alder (22 U+) 12.4 6.4 22.6 <0.001
pollen  pine (2115 5.6 44 8.4 0.152
outd willow (H =1+ 5.9 3.6 8.8 0.053
utdoor o
allerpens maple (&H&L-5) 53 24 11.1 <0.001
hop Japanese (3H3H =) 7.9 5.6 14.6 0.001
Weed plantain (&7 °) 6.9 3.6 13.7 <0.001
ee
pollen mugwort (%) 4.5 3.6 8.0 0.052
fathen (X ©}7) 4.7 24 9.7 0.001
ragweed (5] A &) 2.6 1.2 5.3 0.021
Indoor alternaria (2El1}g] o} 3.9 4.8 53 0.555
and outdoor
allergens Mold  ¢ladosporium (2= 22X 8] $) 33 4.0 7.1 0.028
aspergillus (753 °]) 4.0 32 75 0.037
House D. farinae (W)= HHA R =7]) 52.8 414 65.9 <0.001
Ind dust D. pteronyssmus ( Q E“‘ 7]:} @X] Z] E_7]) 52.7 43 64.6 <0.001
ndoor ;
allergens M Tyrophagus putrescentiae (1B 7 A =7]) 137 9.2 17.7 0.026
U oFo] ¥ 14.9 13.7 19 0.216
Animal S fur (32%0] &)
dog fur VN'E) 7.5 32 9.7 0.016
cockroach (W} &) 3.7 32 53 0.447
Any positive 64.4 55.8 77.4 <0.001

*This group include children with asthma and/or rhinitis

*This group include children with asthma and/or rhinitis and atopic dermatitis *
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P-values by chi-squared test for trend
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Fig. 4. Yearly variations of total counts and sensitization rates of (a) tree (oak, alder and birch) and (b) weed (hop Japanese,
mugwort and ragweed) pollens in Ulsan over six years (2013-2018).
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Fig. 5. Changes of the allergic disease prevalences and the sensitization rate for pollen allergens (tree: oak, alder and birch
and weed: hop Japanese, mugwort and ragweed), house dust mite(D. farinae, D. pteronyssinus and Tyrophagus
putrescentiae), animal fur(cat and dog). and mold(alternaria, cladosporium and aspergillus) in (a) suburban and (b)

urban in Ulsan six years (2013-2018).
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