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Abstract 
To study and analyse 2 surveys on airborne allergenic pollens distribution in Taiyuan Downtown, 
North China 30 years apart, the surveys focused on the phenomenon and the influence factors on 
types, counts, drift patterns, growth and decline rhythm and distribution features of airborne 
pollen with the same methods in the region in March 1977 to February 1978 and July 2008 to June 
2009, respectively. The data of two airborne pollens surveys were treated with statistics, com- 
paration and analysis, and the influence factors of pollen distribution in Taiyuan Downtown were 
explored. In the 2 surveys, 24 species and 35 species of pollen were collected in the region, respec- 
tively. Two pollen drift peaks were formed in spring and autumn in the two surveys. Artemisia L. is 
still the absolute dominant allergy airborne pollen. The types, counts, drift patterns and composi- 
tion of pollen in air could be changed by the plants variation. Climate warming might affect pollen 
peak appearing time and lasting time, climate warming and Poplar & Willow contents changes in 
spring and autumn reversed the airborne pollen peak. It was found that Humulus L. had become 
the region’s main allergic pollen. Invasive strong allergen ragweed was spread to the inland city 
Taiyuan. Allergists should focus on exotic invasive harmful plants in the region. 
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1. Introduction 
Hay fever caused by airborn pollens is worldwide common and frequently-occurring diseases, and belongs to 
the environmental diseases. Strictly speaking, there is the existence of patients suffering from hay fever wherev-
er there are higher plants. More than 50 million people worldwide suffer from hay fever [1]. It was reported in 
2005 that by more than 5000 samples of epidemiological survey, it was found that the incidence of hay fever 
and mild nasal allergy in survey area in China was as much as 17.8% [2]. It was reported in 2007 that 38203 
persons in 11 cities in China were interviewed by telephone and the incidence of allergic rhinitis ranged between 
8.7% - 24.1% in different cities [3]. An airborne pollen survey was conducted for a period of a year in 1970s in 
Taiyuan Downtown, North China [4] [5], so far in the past 30 years. With the process of urbanization in Taiyuan, 
urban strengthening virescence, vegetation variation and exotic invasive harmful plants, the airborne pollen 
types and counts may change. China is a vast territory country and different regions have different pollen distri-
butions. There were at least 5 - 10 million pollen allergic patients in China and in recent years the incidence of 
pollinosis rate had a growth trend [1]. To re-survey the distribution of pollen and its influencing factors in the 
region will have an important significance on allergenic pollen prevention and treatment in North China. For this 
purpose, an airborne pollen re-survey and study was conducted with the same methods in the region in July 1, 
2008 to June 30, 2009, and the re-survey result was compared with survey result in the same region in March 
1977 to February 1978 [6]. It is believed that two pollen surveys 30 years apart in the same place should be the 
first in China. After the influencing factors on the two survey results on airborne pollen distribution in this re-
gion were analyzed and researched, the research findings would be reported as follows. 

2. Materials and Methods 
2.1. Preparation of Pollen Standard Slides  
The 28 pollen standard slides were prepared according to the preparing method [7] developed by Beijing Union 
Medical College Hospital and used for identification of airborne pollens in the survey. The pollens were col-
lected locally or provided by Allergy Department of Beijing Union Medical College Hospital. 

2.2. Collection of Airborne Pollens 
Ye’s [1]-[8] airborne pollen fixed-point sampler was made with gravity sedimentation method according to na-
tional uniform standard [7]. The petrolatum alba and glycerol agar-basic fuchsin stain [7] were prepared and 
placed in the refrigerator for spare. The pollen sampler was placed on the roof of the 4 storey outpatient building 
of First Hospital of Shanxi Medical University and was maintained in the location basically the same as 30 years 
ago with a height (12 m) [5] and coordinate (longitude 112˚30' [5], latitude 37˚52' [5]). One slide was exposed 
daily to collect airborne pollens.  

2.3. Counting and Identification Pollens 
At the same time daily, the exposed slid was removed from and a new slide was placed on the sampler stand. 
The exposed slid t was stained with glycerol agar-basic fuchsin stain, covered with a 22 mm × 22 mm cover slip 
to dry, sealed and mounted under an optical microscope to carry pollen morphological identification. Refering 
“Color Atlas of Air-borne Pollens and Plants in China” edited by Bingshan Qiao [9] and according to the pre-
pared pollen standard slides, pollen morphological identification was carried within 22 mm × 22 mm area to 
identify the pollen species and count the pollen number. The rare pollens to difficult to identify were photo- 
graphed by a microscopic camera according to Hong Yaping’s pollen Image-taking method [10]. The pollens 
pictures were sent to prf. Haijuan He, Beijing Union Medical College Hospital, for assistant to identify the pol-
len species. 

2.4. Collection of Meteorological Data 
The growth and decline of all living beings is influenced by meteorological factors [11] and so is the pollens. 
The pollens’ growth and spread into the atmosphere is closely related to meteorological factors also. After the 
completion of the investigation, the Taiyuan Downtown’s annual meteorological data of abovementioned two 
years were taken from the Meteorological Bureau of Shanxi Province respectively. Combining with survey data 
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the influences of meteorological factors on airborne pollens’ growth, decline and spread were comprehensively 
analyzed, and the relationship between meteorological factors and the spread of pollens were investigated. 

2.5. Comparison of Two Pollen Survey Results  
This survey result was analyzed and compared with the survey result of late 1970s in Taiyuan [6], so was the 
pollens distribution changes, pollens composition and its influencing factors of annual, spring and autumn and 
pollen spices collected and spices differences in 30 years. 

2.6. Statistical Analysis Methods 
The pollen species are qualitative data, and were described by the proportion and the detection rate. The atmos-
pheric temperatures and the temperature differences are quantitative data, and were described by the mean data. 
Line graphs and bar charts were drawn to reflect the counts of pollen grains and the changing trends of average 
atmospheric temperatures with the month throughout the years. 

3. Results 
3.1. Annual Survey  
3.1.1. Annual Survey Results 
365 slides were exposed respectively throughout the year in the 2 airborne pollen surveys. 18,491 (belonging to 
24 families and genera) survey and 17,192 (belonging to 35 families and genera) grains of pollens (respectively 
in 1970s and this surveys) were observed. 12 new families and genera were observed in this survey (according 
to counts of collected grains respectively: Rumex L., Ginkgo biloba L., Plantaginaceae, Palmae, Cruciferae, 
Polygonaceae, Albizia Durazz, Urtica L., Luffa L., Ambrosia L., Xanthium L. and Cryptomeria D. Don). The 
proportion of Populus L. and Salix L. pollens were significantly reduced in the annual and spring airborne pollen 
constitutes and exited the main Allergenic pollen rank: Populus L. pollen was reduced from 19.37% [6] and 
37.06% [6] in 1977-1978 to 12.00% and 28.79% in 2008-2009, and Salix L. pollen from 18.00% [6], and 34.51% 
[6] to 3.16% and 7.02%, respectively. The annual airborne pollen counts, families and genera, the monthly dis-
tribution and the annual total of the two surveys were shown in Tables 1-3. 
 
Table 1. The exposure slide results of the two surveys in 1977-1978 and 2008-2009 in Taiyuan Downtown.                         

Year Exposed  
tablets (n) Grains/year 

The main 
allergenic pollens 

Absolute 
dominant pollens New families 

and genera 

No appearing 
families  

and genera Species %/year Species %/year 

1977-1978 365 18,491 

Artemisia L. 
Populus L. 

Salix L. 
Pinus L. 

Chenopodium L. 
Amaranthus L. 

76.72 Artemisia L. 26.20   

2008-2009 365 17,192 

Artemisia L. 
Populus L. 
Pinus L. 

Humulus L. 

73.32 Artemisia L. 38.37 12 1 

 
Table 2. Month distributions of airborne pollens and annual totals in 1977-1978 and 2008-2009 in Taiyuan Downtown.                

Year Pollen species, 
families and genera 

Month number of grains of pollen distribution (grains, %) 
Total 

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

1977-1978 24% 24 15 762 7183 1694 318 368 5922 2073 56 44 32 18,491 

 0.13 0.08 4.12 38.85 9.16 1.72 1.99 32.03 11.21 0.30 0.24 0.17 100.00 

2008-2009 35% 22 56 2477 1944 2755 451 356 3705 4811 317 73 225 17,192 

 0.13 0.33 14.41 11.31 16.02 2.62 2.07 21.55 27.98 1.84 0.43 1.31 100.00 
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Table 3. The contrast of the two investigations of airborne pollens on Populus L. and Salix L. in Taiyuan in 1977-1978 and 
2008-2009.                                                                                                        

Year Grains/year 

Populus L. Salix L. 

Grains % Grains % 

Year Spring Year Spring Year Spring Year Spring 

1977-1978 18,491 3583 3572 19.38 37.06 3329 3326 18.00 34.51 

2008-2009 17,192 2062 2062 11.99 28.79 543 543 3.16 7.02 

3.1.2. Annual Pollen Spread Peak Distribution and Monthly Mean Temperatures 
In this pollen survey, pollens were visible almost all year around in Taiyuan Downtown. The pollen species and 
content were in each season were different. There were 2 peaks of pollen spread in spring and autumn every 
year respectively. The peak in spring was higher than in autumn in 1977-1978 survey, and peak in autumn was 
higher than in spring in 2008-2009 survey. After the hoar frost descends, plants tended to wither and airborne 
pollen content in the air reduced to minimum values for the whole year. The monthly airborne pollen counts and 
spread curves of the two surveys were shown in Table 2 and Figure 1, Figure 2. After the completion of inves-
tigation, the Taiyuan Downtown’s monthly average temperatures and other meteorological data of above-men- 
tioned two years were taken from the Meteorological Bureau of Shanxi Province respectively. The annual aver-
age temperature of this region was 10.23˚C in 1977-1978 survey year and 11.72˚C in 2008-2009 survey year. 
The annual average temperature was increased by 1.49˚C in the past 30 years. The monthly average tempera-
tures and pollen spread curves of the two surveys were shown in Table 4 and Figure 1, Figure 2. 

3.2. Spring and Autumn Surveys 
3.2.1. Exposure Slides Results of Spring and Autumn 
In 1977-1978 survey year, 22 families and genera were observed in the spring, and 8 in the autumn. In 2008-2009 
survey year, in the spring, 30 families and genera were observed, Pterocarya was not collected, harmful species 
Ambrosia L. was collected, 9 new families and genera to the 1977-1978 survey year were collected, according to 
counts of collected grains respectively: Ginkgo biloba L., Rumex L., Polygonaceae, Ricinus L., Ambrosia L., Pal-
mae, Cryptomeria D. Don, Helianthus L., Cruciferae; in the autumn, 20 families and genera were observed, Rici-
nus L., Helianthus L., Fraxinus L. were not collected, harmful species Ambrosia L. was collected, 15 new families 
and genera to the 1977-1978 survey year were collected, according to counts of collected grains respectively: 
Rumex L., Plantaginaceae, Broussonetia L., Albizia Durazz, Palmae, Urtica L., Luffa L., Ambrosia L., Polygo-
naceae, Platanus L., Xanthium L., Cyperaceae, Cupressaceae, Picea Dietr. The pollen contents and constituent 
ratio in spring and autumn of two surveys (exclusive of unknown pollens) shown in Table 5 and Table 6. 

3.2.2. Pollen Spread Peak Distribution in Spring and Autumn of 2 Survey Years 
The last survey data showed that spring airborne pollen spread peak appeared in April., Populus L., Salix L., Pi-
nus L., Cupressaceae, Ulmus L. and Acer L. ( the collected pollen grains > 100, later the same) are six dominant 
pollens (accounted for 93.88% of the spring pollens). This survey data showed that spring airborne pollen spread 
duration lasted up to three months and three airborne pollen spread peaks appeared, respectively: 1) March peak 
with Populus L., Ulmus L., Salix L., and Cupressaceae as main species; 2) April peak with Populus L., Salix L., 
Betula L., Ailanthus Desf, Fraxinus L. and Quercus L. as main species; and 3) May peak with Pinus L., Ailan-
thus Desf, Picea Dietr and Chenopodium L. & Amaranthus L. as main species (12 pollens accounted for 95.16% 
of spring pollens). Autumn airborne pollen spread of two surveys both appeared in August and September. 
There were five main pollens: Artemisia L., Humulus L., Chenopodium L. & Amaranthus L., Gramineae and Ri-
cinus L. (accounted for 99.30% of autumn pollens) in 1977-1978 autumn peak. There were four main pollens: 
Artemisia L., Humulus L., Chenopodium L. & Amaranthus L. and Gramineae (accounted for 95.76% of autumn 
pollens) in 1977-1978 autumn peak. For airborne pollen spread peak values, spring peak was higher than au-
tumn peak in 1977-1978 survey year; and spring peak was lower than autumn peak in 2009-2009 survey year. 
Autumn airborne pollen spread appeared dominant in august and clearly weak in September in 1977-1978 sur-
vey year; and dominant in August and September and even higher in September in 2008-2009 survey year. The 
airborne pollen spread peak values of spring and autumn of two survey years is show in Figure 3 and Figure 4. 
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Table 4. The average temperatures and temperature difference in 1977-1978 and 2008-2009 survey years in Taiyuan Down-
town.                                                                                                          

Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual average 
temperature (˚C) 

1977-1978 −4.7 −3.9 5.4 12.7 17.4 20.9 23.2 21.1 17.0 12.2 3.0 −1.6 10.23 

2008-2009 −5.1 1.5 6.7 14.9 19.2 24.5 24.9 23.5 17.8 11.5 3.9 −2.7 11.72 

Temperature 
difference −1.4 5.4 1.3 2.2 1.8 3.6 1.7 2.4 0.8 −0.7 0.9 −1.1 1.49 

 
Table 5. Pollen contents and constituent ratio in spring and autumn in 1977-1978 and in 2008-2009 in Taiyuan Downtown.             

 
1977-1978 2008-2009 

Spring Autumn Spring Autumn 

Month Mar Apr May Total Aug Sep Total Mar Apr May Total Aug Sep Total 

Grains 762 7183 1694 9639 5922 2073 7995 2471 1939 2753 7163 3676 4782 8458 

% 7.91 74.52 17.57 100.00 74.07 25.93 100.00 34.50 27.07 38.43 100.00 43.46 56.54 100.00 

 
Table 6. Pollen contents, constituent ratio and families and genera in spring and autumn in 1977-1978 and in 2008-2009 in 
Taiyuan Downtown.                                                                                              

Year Season 
Pollens Families and  

genera 
New families and 

genera 
No appearing  

families and genera Grains % 

1977-1978 Spring 9639 52.13 22   

 Autumn 7995 41.67 8   

 Total 18,491 100 30   

2008-2009 Spring 7163 41.62 30 9 1 

 Autumn 8458 49.20 20 15 3 

 Total 17,192 100 50 24 4 

 

 
Figure 1. Average temperature and air pollen distribution in Taiyuan in 1977-1978.                                             
 
The highest monthly average temperature was July (23.2˚C) and formed the peak top of monthly average tem-
perature distribution curve in 1977-1978 survey year. The higher monthly average temperatures were June, July 
and August (24.5˚C, 24.9˚C and 23.5˚C respectively, mean 24.3˚C) and formed nearly a plateau duration last up 
to three months of monthly average temperature distribution curve in 2008-2009 survey year. The monthly av-
erage temperatures, average temperature distribution curves and relationship between the monthly average tem-
peratures and the airborne pollen spread peak were shown in Table 3 and Figure 3 and Figure 4. 
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Figure 2. Average temperature and air pollen dis-
tribution in Taiyuan in 2008-2009.                         

 

 
Figure 3. Airborne pollens of spring and autumn and 
monthly average temperature distributions in 1977- 
1978 in Taiyuan Downtown.                                   

 

 
Figure 4. Airborne pollens of spring and autumn 
and monthly average temperature distributions in 
2008-2009 in Taiyuan Downtown.                                
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4. Discussion 
4.1. The Relationships between Airborne Pollen Spread Duration with Climate in Two  

Surveys 
Taiyuan City is located in the middle of the Yellow River basin of north China; has a temperate monsoon cli-
mate, have clear four seasons throughout the year, is no severe cold in winter and intense heat in summer, has an 
annual average temperature above 10˚C; has a large plant species, a longer flowering duration and longer plant 
growing season. In the two surveys, the same location, the same fixed-point pollen sampling method were se-
lected. The survey results showed that the airborne pollen spread were throughout the year and both formed two 
spread peaks in spring and autumn. Spring airborne pollen spread peaks duration: in 1977-1978 survey year, the 
spread peak appeared in April, lasted about one month, consist of Populus L., Salix L., Pinus L., Cupressaceae, 
Ulmus L. and Acer L.; in 2008-2009 survey year, the spread peaks appeared in march, April and May, lasted 
long for three months, formed “M” three peaks, respectively: 1) March peak with Populus L., Ulmus L., Salix L., 
and Cupressaceae as main species; 2) April peak with Populus L., Salix L., Betula L., Ailanthus Desf, Fraxinus 
L. and Quercus L. as main species; and 3) May peak with Pinus L., Ailanthus Desf, Picea Dietr and Chenopo-
dium L. & Amaranthus L. as main species. Autumn air spread pollen spread peaks duration: in two surveys the 
spread peak both appeared in August and September; in 1977-1978 survey year, the autumn peak appeared 
higher in August and Significantly weak in September; in 2008-2009 survey year, autumn peak appeared high in 
August and Significantly higher in September; in two surveys the spread peak both consist of Artemisia L., Hu-
mulus L. and Chenopodium L. & Amaranthus L. The air temperature gradually rose in March in 1977-1978 sur-
vey year and began to rise in February in 2008-2009 survey year. The air temperature gradually declined in Oc-
tober both in two survey years. The annual average temperature was 1.49˚C higher in 2008-2009 survey year 
than 30 years ago. The average temperature in February was 5.4˚C higher in 2008-2009 survey year than 30 
years ago. The average temperatures in spring and autumn were higher in 2008-2009 survey year than the same 
duration 30 years ago, suggesting that warmer climate might be the main reason that the spring airborne pollen 
spread was peaked earlier and lasted long for up to 3 months, and autumn airborne pollen spread maintained 
strong for up to 2 months and was peaked later to September. 

4.2. The Relationships between Airborne Pollen Families and Genera with Vegetation in  
Two Surveys 

Nearly 30 years in Taiyuan Downtown, as the process of modernization, industrialization and urbanization, the 
green area of expanded, new plants were introduced, old plants were eradicated, the species of flowers, grasses 
and trees increased, airborne pollen contents increased, the annual collected airborne pollen species increased 
from 24 to 35, spring airborne pollen species increased from 22 to 30, and autumn airborne pollen species in-
creased from 8 to 20. The dominant pollens were also varied in the 30 years. Before 1980s, willow catkins and 
poplar blowballs fluttered all over the sky in spring in Taiyuan Downtown. A large number of willows and pop-
lars had been replaced by Sophora japonica, ginkgo, etc. The proportion of Populus L. and Salix L. pollens were 
significantly reduced in the annual and spring airborne pollen constitutes. This might be the main reason that the 
spring airborne pollen spread peak was exceeded by the autumn peak and the spring airborne pollen peak pre-
dominantly Populus L. and Salix L. pollens reason was significantly lower in 1977-1978 than 30 years ago. In 
2008-2009 survey, the spring airborne pollen spread duration lasted for up to three months, the main pollens 
collected >100 grains were constituted by 6 species (Populus L., Salix L., Pinus L., Cupressaceae, Ulmus L. and 
Acer L., respectively) in 1977-1978 and by 12 species (Pinus L., Populus L., Ailanthus Desf, Salix L., Ulmus L., 
Betula L., Cupressaceae, Quercus L., Fraxinus L., Artemisia L., Chenopodium L. & Amaranthus L. and Picea 
Dietr, respectively) in 2008-2009; the autumn airborne pollen spread duration lasted for up to two months, the 
main pollens collected >100 grains were constituted by 5 species (Artemisia L., Humulus L., Chenopodium L. & 
Amaranthus L., Gramineae, and Ricinus L., respectively) in 1977-1978 and by 4 species (Artemisia L., Humulus 
L., Chenopodium L. & Amaranthus L. and Gramineae, respectively) in 2008-2009. The collected pollens were 
12 species more than the last survey and Ricinus L. which was collected with a higher content in 1977-1978 
survey was not detected in 2008-2009 survey. The above changes suggest that plants viriation would certainly 
change content of certain airborne pollens and strengthening virescence could change the constitute of airborne 
pollens. 



K. J. Zhang et al. 
 

 
155 

5. Conclusion 
Comparative analysis of spring and autumn data in two airborne pollen surveys in Taiyuan downtown is sum-
marized as follows: 1) The spring airborne pollen species was increased from 22 in 1977-1978 to 30 in 
2008-2009, and the autumn airborne pollen species was increased from 8 in 1977-1978 to 20 in 2008-2009. 2) 
The absolute dominant spring airborne pollens were Populus L. (37.06%) and Salix L. (34.51%) in 1977-1978, 
and Pinus L. (29.53%) and Populus L. (28.79%) in 2008-2009. The absolute dominant autumn airborne pollens 
in last and this surveys were both Artemisia L. (59.05% and 70.21%, respectively), and Humulus L. became the 
main autumn allergenic pollen. 3) Airborne pollen spread peak was higher in spring than in autumn in 1977- 
1978 survey, and in autumn than in spring in 2008-2009 survey. 4) Warmer climate might be the main reason 
that the spring airborne pollen spread was peaked earlier and lasted long for up to 3 months, and autumn air-
borne pollen spread maintained strong for up to 2 months and was peaked later to September. 5) Plants variation 
led to the fact that the annual percentage contents of Populus L. and Salix L. were significantly lower than 30 
years ago, and the pollen spread peaks between spring and autumn were reversed; strengthening virescence 
could change the constitute of airborne pollens. 6) It is reported in 1977-1978 survey that exotic invasive harm-
ful plant ragweed in North China was spread in inland city Taiyuan [4]. The hospitalized clinical allergen testing 
records of recent 20 years [12] were summarized and analyzed, and patients allergic to ragweed were found in 
the 1990s. The detection rate of ragweed pollen in hospitalized allergy patients was only 6.36% (28/440) in 
January 1994-December 1995 [12], and up to 31.24% (448/1434) 10 years later, in January 2004-December 
2005 [12]. Allergists could not ignore the exotic invasive harmful allergenic pollen ragweed. 
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