
Introduction

China’s rapid urbanization over the past four 
decades has proved that cities make life better. 
However, due to its siphon and spillover effect,  

the continuously improved level of urbanization attracts 
a large number of population and industrial enterprises 
to flood into cities, which makes the process of urban 
development speed up while also accumulating a large 
number of ecological and environmental problems.  
It means there is a significant negative spatial correlation 
between population urbanization and the total value  
of ecosystem services [1]. ‘Urban disease’ has become 
an obvious shortcoming of China’s social development. 
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Abstract

In order to determine the generating capacity of negative air ions (NAIs) and its relationship with 
human activities, the NAIs in different functional areas of Hefei, China, were analyzed. And the half 
residence time was studied by simulated experiments. The results showed that the natural attenuation 
law of NAIs was complied with this equation: C(t) = 2986.6 × e–0.0141t. Based on the attenuation equation, 
the coagulation rate α = 0.0141, and the lifespan was about 49.16 min. Combined with the NAIs 
concentration monitored in different functional areas, it was found that there was a huge difference in 
background concentration and environmental production or consumption. The background concentration 
in urban forest area was much higher, indicating that plants were the main source of NAIs. Among 
them, the urban forest area (UF), water area (WA), culture and education area (CEA) and residential 
area (RA) produced NAIs, while others consumed. There was a threshold value for the consumption 
by human activities, which was generally no more than 30% and can reach 50% when the activity 
was intense. However, no threshold value was found for vehicle activities. These results can provide 
reference for other mid-latitude inland cities to optimize urban design, and build ‘resilient cities’.
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Covid-19, which broke out in late 2019 and continues 
to this day, has sparked a new wave of interest  
in the health industry, while people pay more attention 
to improving their own immunity [2]. Therefore, it is of 
great significance to discuss the impact of air pollution 
on the quality of urbanization and to think about how 
to achieve the win-win strategic goal of social economy 
and ecological environment.

Hefei, the capital of Anhui Province, China, is 
located in the west of the Yangtze River Delta. It has four 
distinctive seasons, mild climate and moderate rainfall, 
which makes Hefei a representative city in the middle 
latitudes with the most obvious subtropical monsoon 
humid climate. In addition, the development of Hefei in 
recent years also has its typicality and representative. 
It develops rapidly under the fierce competition of 
Zhengzhou, Wuhan and other provincial capitals in 
central China. Hefei has grown from a population of 
800,000, ranking about 70th in the 1980s, to the current 
population of 5 million, ranking about 20th. In these 
four decades, Economic growth rate of Hefei ranks 
first in the whole country. Therefore, studying urban air 
quality improvement in connection with the economic 
development of Hefei can provide reference for other 
mid-latitude cities to realize the two-step approach 
of ‘city height (high-quality development)’ and ‘city 
temperature (high-quality life)’and to build a ‘resilient 
city’.

The ability to produce NAIs, which are regarded 
as ‘Blue Vitamin’, becomes the first measurement of 
air quality in the region [3-4]. Due to the extremely 
important significance of air anion in environmental 
hygiene, biology and medicine [5-7]. The domestic and 
foreign scholars have conducted a series of studies on 
it. Vana M. studied the concentration of environmental 
negative ions on the west coast of Ireland [8]. Zhang 
F.J. summarized the diurnal and seasonal variation 
rules of air negative ion concentration in Xiamen  
[9-10]. Chen B.F. and Tao X.Y. discussed the influence 
of environmental factors on air anions [11-12]. 
However, most of the studies focus on the change law 
of anions and environmental effects, and few involve 
the quantitative model of environmental production or 
consumption of anions let alone the influence of human 
activities on it.

Experimental  

Setting of Observing Point

In this study, the urban area of Hefei was divided 
into 7 functional areas, cultural and educational 
area (CEA), commercial area (CA), residential area 
(RA), industrial and mining area (IMA), water area 
(WA), traffic area (TA) and urban forest area (UFA). 
Among them, the measure points of CEA were located  
on the road, the platanus forest and the greenbelt  

in front of the first teaching building of Anhui 
Agricultural University (AAU). The measuring points 
of CA was set in Hefei City Hall Square. The 3 
measuring points of RA were set in the international 
student apartment of AAU, greenbelt and residence 
in Amber Villa. The measuring point of IMA was 
located in the factory area of Hefei Steel Company.  
The representatives of WA were placed in Dongpu 
Reservoir and Heichi Dam. The observation posts of 
UFA were set in cedar, poplar and bamboo in Dashu 
Mountain Forest Park. The observing points of TA were 
located in the intersection of Sanxiaokou, Changjiang 
Road, and the south gate of AAU. The distribution  
of each monitoring point is shown in Fig. 1.

The experiment of natural attenuation of NAIs was 
carried out in the meteorology laboratory of AAU. 

Measured Contents and Equipment

The concentration of NAIs was measured by 
AIC1000 air ion tester (AIC, USA). The detection range 
of this type of air ion detector is 10~1.999×106 per cm3.

From January 1 to December 31, 2019,  
the concentration of NAIs at the representative 
monitoring points in different functional areas of Hefei 
was measured every sunny day from 6 a.m. to 18 p.m. 
for an hourly interval

The natural attenuation experiment of negative 
air ion was simulated by negative air ion generator  
(M-Y50, Moral, Germany), and the axial wind speed 
of the negative air ion generator was measured by  
the electronic hot-bulb breeze meter (EY3-2A, AC, 
China).

Fig. 2 shows an artificially simulated anion 
generation environment. The negative ion generator was 
arranged in a closed room of 3×3×2.7 (unit: m). The air 
anion detector was placed along the axis of the outlet of 
the anion generator at 1.1 m, which was used to monitor 
the natural attenuation of anions. We turned the anion 
generator on for 12 hours and then turned it off.  
The readings of the air anion detector were taken every 
3 minutes. 

Calculating Method

The disappearance of anions in air is mainly due 
to the neutralization of charge generated by random 
collisions. The neutralization amount per unit time is 
determined by the concentration of negative ions and 
the probability of collision [13]. Assume that C(0) is 
the concentration of NAIs at the initial moment, C(t) is 
the concentration of NAIs at any moment, dC(t) is the 
neutralization amount caused by random collision, and  
α is the collision probability, then α can calculated as 
follows:

                             (1)
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Fig. 1. The distribution of monitoring points in Hefei City.

Fig. 2. Apparatus distribution and anion cloud.
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Integrating the above equation, we can get the 
concentration of anion in air at any time:

                   (2)

By artificial simulation, the negative ion 
concentration can reach a certain level. Then let them 
attenuate without interference. α can be estimated by 
fitting time and negative ion concentration.

Since the NAIs attenuate according to the negative 
exponential model, the time required to reduce its 
concentration to half of the initial concentration is the 
half residence time, which is expressed as:

                       (3)

The background concentration in different 
functional areas of Hefei can be estimated by  
the average value of data which observed at 6 a.m.  
Then we can get the quantity of NAIs in the atmosphere 
per cm3, which the environment provides or consumes 
on the hour, that equals the differences between 
hourly and background concentration divides by  
the half residence time. Therefore, the total quantity 
provided by the environment in different functional 
areas can be estimated as follows:

              (4)

Q is the total amount of negative ions produced 
or consumed from 6 a.m. to 18 p.m. And qi, qi +1... are 
the quantity of negative ions produced or consumed  
at each hour.

Results and Discussion

According to the experimental data, we can 
get some characteristics about the change of NAIs 
concentration of Hefei. For example, the concentration 
of NAIs in the UFA of Hefei is much higher than that 
in other urban functional areas, and it has the functions 
of physiotherapy and recuperation. The air in CEA, 
RA and WA can be considered clean. But in CA, TA, 
IMA, the air cleanliness valuation is bad which means 
air pollution is serious. The concentration of anion  
in air is closely related to the photosynthesis of plants. 
These results are in accordance with some previous 
research of other scholars [14-17]. Based on the above 
background, this paper focused on studying the negative 
ions produced or consumed in different environments 
in Hefei and the influence of human activities on  
the concentration of negative ions in the air.

The Half Residence Time 

Fig. 3 is fitted with the data obtained from  
the artificial natural attenuation experiment, and the 
negative ion concentration equation corresponding to 
this process is estimated as:

              (5)

It means α = 0.0141. Then we can get  = 49.16 min. 

Background Concentration and Environmental 
Production in Different Functional Areas

Fig. 4 shows the distribution of NAIs background 
concentration in different functional areas of Hefei  
City based on the data at 6 a.m. Fig. 5 shows the 
number of anions generated or consumed in different 
functional areas by using the half residence time of 
air anions of 49.16 minutes and equation (4). It can be 
seen that there are great differences in the background 
concentration of NAIs among different functional areas. 
The background concentration of UFA with recuperated 
function is about 867 per cm3, and the daily total 

Fig. 3. Simulation of the natural attenuation of anion.
Fig. 4. The distribution of negative air ions background 
concentration in different areas of Hefei.
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of negative ion concentration at the cedar forest in 
Dashu Mountain Forest Park had the most significant 
relationship with time, so this measuring point was 
taken as the control. The air anion concentration per 
hour was divided by the background concentration  
of UFA to obtain the relative value distribution of  
the daily diurnal variation of anion concentration  
in the cedar forest of Dashu Mountain Forest Park that 
is showed in Fig. 6. The concentration of negative ions 
in the cedar forest is very high throughout the day that 
shows a kind of unimodal variation, and the maximum 
value appears around 11 a.m. Human activities in CEA 
and RA mainly include walking, sports and daily life.

Through data comparison, it is found that  
the relationship between the concentration of negative 
ions in the air and the intensity of human activities  
is most significant in the road of AAU and the green 
space of Amber Villa. Therefore, these two measuring 
points are taken as representatives in this paper to 
analyze the influence of people activities on negative 
ions.

As can be seen from Fig. 7, the characteristics of 
the concentration in green space of Amber Villa are 
similar to those in the cedar forest. It is also unimodal 

amount can reach 4143 per cm3. It is much higher than 
other functional areas, showing the strong function of 
urban forest in improving urban living environment. 
And the performance of the WA can’t be ignored.  
It also net products NAIs 1533 per cm3. The main reason 
is that water droplets break up as they move. When they 
break up, they lose electrons to become positive ions. 
The surrounding air traps these electrons to become 
negative ions. [18] Because of the high greening rate,  
the RA and the CEA have stable greening ecological 
effect. Although the background NAIs concentration 
is low, the environment composed of artificial green 
vegetation can still yield a net production. The daily 
total amounts are 438 per cm3 and 287 per cm3. 
However, in the TA, the IMA and the CA, there are not 
only low background concentration, but the environment 
also consumes NAIs. In particular, the consumption of 
negative ions in IMA is the largest, with a net daily 
consumption of 1340 ions per cm3.

The Consumption by People Activities

Through calculation and comparison of  
the measured data, it was found that the change 

Fig. 6. The relative value distribution of the diurnal variation of anion concentration in the cedar forest in Dashu Mountain Forest Park.

Fig. 5. Daily total amount of negative air ions produced or 
consumed by different functional areas in Hefei.

Fig. 7. Diurnal variation of negative ion concentration in cedar 
forest, green space of Amber Villa and road in AAU. 
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variation, but the concentration at 8 a.m. is slightly 
lower. The maximum value appears at 12 a.m. and 
that appears at 11 a.m. is the second largest value. 
Based on the analysis of the activity characteristics of 
the residents of Amber Villa, the low value at 8 a.m. 
is due to the fact that the residents go to work in large 
numbers, and the personnel activities are intense, so 
that the consumption of negative ions is greater than  
the amount of environmental production. Similarly, 
around 11 a.m., children come home after school and 
adults get off work which caused certain disturbance 
to the green space. Although the intensity is lower 
than that in the morning, the concentration of negative 
ions decreased, leading to the delay of the peak value. 
However, around 12 a.m., residents basically have 
lunch and rest at home, and the disturbance effect of 
personnel activities on the green space is at a minimum. 
The negative ions generated by the environment are 
greater than the consumption and accumulated, so  
the peak value of the whole day appears.

Compared with UFA and RA, the diurnal variation 
characteristics of negative ions concentration in 
CEA are more complex with multiple maximum 
and minimum values, which are basically inversely 
correlated with the frequency of human activities.  
The concentration of negative ions at the measuring 
point in road of AAU in the CEA reaches its absolute 
maximum value around 6 a.m., and then begins to 
decline, with three relative minimum values appearing at 
8 a.m., 12 a.m. and 14 p.m. And three relative maximum 
are showed at 10 a.m., 13 p.m. and 15 p.m. The minimum 
value at 8 a.m. is 270 per cm3, and it decreases to 
230 per cm3 at 12 a.m., then it further decreases to 181 
per cm3 at 14 p.m. The peak that should have appeared 
at 11 a.m. only appears a maximum slightly lower than 
the morning peak at 10 a.m., and then the extreme 
values go down all the way.

Based on the relative value distribution of negative 
ions concentration of cedar forest in the UFA that  

is shown in Fig. 6, the simulated value of negative ion 
in the road in AAU was obtained in Fig. 8. Compared 
with the measured values, the simulated values at  
6 a.m. and 7 a.m. are lower than the measured values. 
For the rest, they are higher than the measured 
values to varying degrees. The difference between 
the simulated values and the measured values can be 
considered as the ‘consumption’ of NAIs by human 
activities. At different time, due to the different 
intensity of personnel activities, negative ions in the 
air are consumed to different degrees. There are three 
negative ions consumption peaks on campus all day, 
which are at 12 a.m., 14 p.m. and 18 p.m. And the 
consumption of negative ions is about 196 per cm3, 203 
per cm3 and 131 per cm3, respectively. The consumption 
of anion at 12 a.m., 14 p.m. and 18 p.m. when  
the human activities are the most intense, can reach 
45.95%, 52.81% and 48.10% respectively. Other periods 
do not exceed 30.00% generally. By using the flows  
of people and the corresponding NAIs concentration  
at different time in the CEA, the relationship between 
the concentration of negative ions and the flows  
of people per minute is fitted as follows: y = 417.20 – 
0.56x.

The above analytical results show that simple human 
activities such as walking, visiting a garden consume 
negative ions certainly. The consumption accounts 
for about 28.50%. Only when the flows of people 
are extremely serious, it can be more than 50.00%. 
Therefore, in order to guarantee the recuperative 
capacity, it is needed to control the flows of people.

The Consumption by Vehicles

Fig. 9 shows the variation of average daily negative 
ion concentration at Sanxiaokou. Sanxiaokou in TA 
belongs to the most congested Changjiang Road in 
Hefei, and its main active body is the vehicle passing 
at high speed. Therefore, the data in Sanxiaokou  

Fig. 8. The measured values, simulated values and proportion of consumption of negative air ions in the road of AAU. 
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is used to analyze the consumption of NAIs by vehicles.  
The level of anion in the air at the Sanxiaokou is 
equivalent to that in the CEA and RA in the morning, 
however because the transport gets exhilarating from 
8 a.m, the concentration decreases rapidly, and it 
almost shows a unilateral downward trend except 
for a slight increase in the time when the vehicle 
activity is relatively less. the relationship between  
the concentration of negative ions and the vehicle flows 
per 5 minutes is fitted as follows: y = 471.26 – 0.35x.

As same as the above method, the simulated value 
of negative ion concentration in at Sanxiaokou and  
the proportion of consumption are estimated on  
the basis of the relative value of negative ion 
concentration in cedar forest in Dashu Mountain 
Forest Park (Fig. 10). The consumption ratio reaches  
the highest values of 83.85%, 87.84% and 90.40%,  
at 11 a.m., 14 p.m. and 18 p.m., respectively. It is 
consistent with the residents' commuting peak, and 
far exceeds the CEA and RA. This indicates that  
the disturbance of vehicle activity to air anions is much 

stronger than that of people activity, and can quickly 
consume most of the anions in the air in a short time.

The Consumption by Mixing People 
and Vehicles

There is a jumble of people and cars in CA,  
and the speed is as slow as walking. Therefore,  
it is possible to measure the consumption of NAIs 
by mixing people and vehicles. As shown in Fig. 11,  
the variation of the daily average negative ion 
concentration at the measurement point of City Hall 
Square can be seen, the concentration of anion remains 
low throughout the day, peaking at 6 a.m. and then 
decreasing monotonously. 

Fig. 12 shows the simulated value and consumption 
ratio of the concentration of negative ions in air of City 
Hall Square. After 8 a.m., the consumption of anion 
in the air of the City Hall Square is similar to that 
of Sanxiaokou, which maintains at a very high level 
all day, reaching more than 50.00%. It indicates that  

Fig. 10. The measured values, simulated values and proportion of consumption of negative air ions in the intersection of Sanxiaokou.

Fig. 9. Diurnal variation of negative ion concentration in cedar forest and Sanxiaokou.
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the influence of vehicles on the concentration of anion 
in the air is much greater than that of people activities. 
At 8 a.m., 11 a.m., 14 p.m. and 18 p.m., the traffic flows 
increase dramatically because most people are travelling 
to or from work. At the same time, it is the periods 
when citizens dine out and go shopping, and there’s  
a lot of foot traffic too. The maximum consumption 
ratio is 58.69%, 83.99%, 89.14%, 89.64%, respectively. 

Based on the comprehensive analysis of people 
activities, vehicle activities and mixed people  
and vehicle activities, it can be concluded that there is 
a threshold of consumption of NAIs by human body. 
When the concentration of negative ions decreases 
to a certain extent, the human body’s effect tends 
to be ‘blunt’. However, the effect of the vehicle on 
negative ions is basically unlimited, and can even 
‘eliminate’ the negative ions in the air in a short time. 
In the experimental monitoring, on the one hand,  
the phenomenon of 0 value or close to 0 value appeared 
many times in Sanxiaokou and City Hall Square, but 
never in AAU. On the other hand, the concentration of 

negative ions in Sanxiaokou increased slightly during 
the period when there were relatively fewer vehicles, but 
it didn’t show this characteristic in the City Hall Square. 
These experiments prove that the influence mechanism 
and results of personnel activities and vehicle activities 
on air negative ions are different, and the consumption 
of vehicles on air negative ions is much higher than 
that of simple personnel activities such as walking and 
cycling. Therefore, in TA, CA with large traffic flow,  
the consumption of NAIs by vehicles plays a dominant 
role, while the consumption of NAIs by human activities 
in these areas is relatively lower.

Conclusions

This experiment finds that the background 
concentration of NAIs in urban forest areas is much 
higher than that in other functional areas, indicating 
that plants are the main source of NAIs. Through  
the simulated natural attenuation, air anion complies 

Fig. 12. The measured values, simulated values and proportion of consumption of negative air ions in the City Hall Square.

Fig. 11. Diurnal variation of negative ion concentration in cedar forest and City Hall Square.
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with with this equation: C(t) = 2986.6 × e–0.0141t. the collision 
probability α = 0.0141, and the half residence time is 
about 49.16 min. The production or consumption of air 
anion environment in different functional areas of Hefei 
is greatly different. Among them, the urban forest area, 
water area, cultural and educational area and residential 
area produce NAIs. On the contrary, the traffic area, 
industrial and mining area and commercial area 
consume NAIs. What’s more, there is a threshold value 
for the consumption of NAIs by personnel activities, 
which is generally no more than 30.00% and can reach 
50.00% when the activity is intense seriously. However, 
no threshold value is found for vehicle activities. 
Based on the above results, there are two suggestions 
to maintain the NAIs in city. On the one hand, the 
vegetation area should be increased, such as the area 
of green space and street trees in the traffic area and 
commercial area. And the space of building roofs can 
be rationally used to promote roof gardens. On the other 
hand, the WA is also an important source of NAIs. 
Therefore, in the urban planning, the construction of 
imitating natural urban landscape such as man-made 
fountain and waterfall should be increased. 

The change of NAIs is also closely related to  
the weather [19-20]. To further investigate  
the relationship between human activities and NAIs, 
it is also possible to study the change of negative ions 
under different weather conditions, such as sunny day, 
rainy day, cloudy day, snow day or foggy day.
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