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Abstract. Surveys on Po-210 and Pb-210 levels in atmosphere in China were reviewed, and the
average concentration of Po-210 and Pb-210 in atmosphere were 1.7 mBg/m® (ranging from 0.12 to
9.4 mBg/m®) and 0.70 mBg/m’(ranging from 0.03 to 1.83 mBg/m°) respectively, which are
apparently higher than that the world average level. Based on emission factors method, Po-210 and
Pb-210 emissions from coal energy use in China were estimated and the result were 1.34x10°
GBg/a and 9.38x10° GBg/a, among which utility boilers, industrial boilers and civil boilers
contribute 8%, 31% and 60% respectively. Coal burning isthe largest artificial source of excess Po-
210 and Pb-210 in atmosphere in China and civil boilersis the most inefficient and polluted way of
coa energy use as lacking of dust removal facilities and discharging exhaust air directly at a
relatively lower height into the atmosphere. Coal-to-gas switch and coal-to-electricity switch in
civil energy use should be advanced and dust removal technologies that can effectively retain
volatile nuclides Po-210 and Pb-210 should be further studied.
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Natural radionuclide in the earth's continental crust may enter into the atmosphere and absorb on
aerosols due to emanation migration and exhalation and other natural or human activities. Po-210
(extreme toxic nuclide, T1/2 = 138.4d) and Pb-210 (high toxic nuclide, T1/2 = 22.33a)[1], daughters
of U-238, are main radionuclide in aerosols that dominate the public doses from natural
radionuclide (except radon) through inhalation and ingestion[2]. Po-210 and Pb-210 in atmosphere
may easily enter into human body through respiratory system, and may aso enter in the food chain
when deposited into soil and water. Under a brief review of Po-210 and Pb-210 concentration in
atmosphere from recent surveys in China, Po-210 and Pb-210 emissions from coal energy use were
estimated, sources of excess Po-210 and Pb-210 were discussed, and control suggestions were
proposed in this paper.

Concentrations of Po-210 and Pb-210 in urban atmosphere

A brief review of Po-210 and Pb-210 survey results. Surveys on Po-210 and Pb-210
concentration in atmosphere started since 1980s in China. Aerosol samples were commonly
collected by using high volume air sampler or high volume cascade impactor. Po-210 analysis was
mainly conducted using alpha spectrometry with radiochemical purification[3,4,5,6], and Pb-210
analysis was mainly conducted by HPGe detector[6,7,8,9,10]. Programmed monitoring in urban
atmosphere started since 2013 by the Ministry of Environmental Protection (MEP) of China. Survey
results of Po-210 and Ph-210 concentration in atmosphere were shown in table 1. The weighted (by
population) average concentration of Pb-210 is 1.7 mBg/m®, ranging from 0.12 to 9.4 mBg/m®, and
Po-210 is 0.70 mBg/m?, ranging from 0.03 to 1.83 mBg/m?®, which are apparently higher than the
world environmental average level (the reference value of Pb-210 and Po-210 concentration in
atmosphere are 0.5 mBg/m® and 0.05 mBg/m?® respectively[2]).
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Table 1. Po-210 and Pb-210 concentration in atmospherein China.

L ocation Pb-210 concentration [mBg/m?] Po-210 concentration [mBg/m?]
samples  mean range references samples mean range references

Hefei 18 2.0 0.23-5.9 [11,12]
Beijing 48 15 055-35 [10,11,12] 1 0.81 [10]
Fuzhou 1 2.7 [10] 1 0.75 [10]
Lanzhou 1283 08 012-433 [7,10] 1 1.62 [10]
Guangzhou 23 14 0.12-28 [11,12] 9 023 0.03-041 [12]
Shaoguan 16 0.6 0.25-13 [11,12]
Maoming 16 0.6 011-16 [11,12]
Guilin 14 0.9 0.27-19 [11,12]
Nanning 37 16 022-6.0 [10,11,12] 2 059 0.30-0.87 [10,12]
Baise 14 11 0.45-19 [11,12]
Guiyang 110 27 07-74  [6,1012] 4 061 018-112 [10,12]
Haikou 9 12 0.20-3.1 [10,11] 8 035 0.14-0.85 [10,11]
Sanya 2 0.7 0.39-0.9 [11] 1 0.34 [11]
Zhengzhou 2 13 060-204 [10,11] 1 1.39 [10]
Hengyang 7 1.83 [10]
Changsha 4 19 143-22 [10,12] 4 050 0.16-0.79 [10,12]
Changchun 1 2.7 [10] 1 0.99 [10]
Nanjing 1 12 [10] 1 0.82 [10]
Nanchang 11 1.7 0.28-267 [10,11,12] 2 110 058-162  [10,12]
Shangrao 7 17 0.79-2.8 [12]
Jivjiang 7 0.8 044-16 [12]
Shenyang 23 2.9 12-6.7 [10,11,12] 4 062 0.23-1.26 [10,12]
Baotou 1 3.6 [12] 2 033 0.32-0.33 [10,12]
Xining 2 2.8 24-32 [12]
Mt.
Waliguan 67 164 0.7-5.3 [9]
Jinan 2 18 0.36-3.3 [11,12] 2 050 0.19-081 [11,12]
Qingdao 1 1.7 [12] 1 0.14 [12]
Talyuan 1 2.08 [10] 1 1.29 [10]
Xi'an 1 1.9 [10] 1 0.97 [10]
Chengdu 13 2.7 0.66-9.4 [11] 7 032 0.16-0.59 [12]
Tianjin 9 13 0.81-22 [10,12] 10 066 0.42-113 [10,12]
Lhasa 1 15 [10] 1 0.86 [10]
Urumchi 1 0.5 [10] 1 0.23 [10]
Kunming 12 1.0 0.29-17 [10,11,12] 10 044 011-126 [10,11,12]
Hangzhou 130 1.3 012-274 [3,10,12] 110 031 0.06-122 [3,10,12]
Average 17 0.12-94 0.70 0.03-1.83

Sour ces of excess Po-210 and Pb-210 in atmospher e. Sources of Po-210 and Pb-210in
atmosphere include migration, exhaation and decay of Rn-222 from soil, resuspension of surface
soil, eruption of volcanic plumes, emission of biovolatile specieq[13,14], as well as from human
activities ( for example, coal burning, coking, iron and steel smelting, cement production,
nonferrous metallurgy and so on) and are therefore naturally occurring radioactive materials
(NORM). At present, crude steel output in China accounts for about 44% the world's total[ 15], raw
coal output accounts for about 47%[16] and cement output accounts for about 60%[17]. Po and Pb,
as volatile elements, may attach to fine particles and escape into the atmosphere, which resultsin
increased concentration and extra radiation doses to the public. Coal consumption, accounting for
70% of primary energy consumption in Ching 16], is an important artificial source of excess Po-210
and Pb-210 in atmosphere.
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Estimation of Po-210 and Pb-210 emissions from coal energy use

Coal consumption in China. Coal is maor energy source and contributes about 70% of the total
energy consumption in Ching[16]. Figure 1[18] shows the variation of coal consumption since 1990
in China. The total consumption first declined in 2014, however the total consumption in 2014 is 2
more times higher than that in 2000. The coal consumption in 2015 is about 4300 Mtce, among
which power generation, civil usage, and industrial and others accounts for 50%, 5% and 45%
respectively[19].
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Figure 1. Coa consumption in China.

Method and data. Based on emission factors method[20], the emissions of radionuclide (M) from
coal burning (in Bg/a) can be calculated by formula (1):

M=Y;,;C; X EFym, X EF; X G, D)

where C; is content of the natural radionuclidei in coal (in Ba/kg), EFpm; is PM emission factor of
coa burning activity j (in kg/t), EF is enrichment factor of natural radionuclide i depending on
particle sizes, and G; isthe coal consumption (in t/a).

Measurement results of radionuclide content in coal in recent surveys were summarized in table
2. The recommendation of radionuclide content in coal used for M estimation for U-238, Ra-226,
Po-210 and Pb-210 are 40 Bg/kg, 35 Bg/kg, 30 Bg/kg, and 35 Bg/kg respectively in China.[21]

Table 2. Content of radionuclidein coal in China.
Activity content [Bg/kg]

vears  Samples U-238 Ra-226 Pb-210 Po210  ererences
1989 563 26(2-2300) [22]
1989 7° 67.7+14.1 37.2£17.6 18.6+4.9 8.6+3.9 [23]
2002 621/442° 375 [24]
2007 1014° 79.5+45 73.9+53 [25]
2016  76°  312(2.1-525.8) 26.9(14-699.0) 26.3(17-1825) 22.2(2.5-86.4) [21]
3 sampled from 100 mines. ° sampled from 6 mines. ©sampled nationwide. ® sampled nationwide. ® sampled from 66

mines.

Coal burning boilers used in China may be classified into 3 types. utility units of coal-fired
power generation, industrial boilers and civil boilers, and each of them are equipped with different
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type of dust removal facilities (or not). Utility units with capacity higher than 300 MW contributing
78% the total capacity in China. High efficiency dust removal facilities are widely equipped to these
units, among which electric precipitator and bag and electric bag filters accounts for 77% and 23%
respectively, and the average dust removal efficiency can reach to 99.75%. However, utility units
with capacity below 100 MW (accounts for about 9% of total capacity) and large numbers of
industrial boilers equipped dust removal facilities with lower efficiency. Especialy, civil boilers
usually not equipped dust removal facilities, and briquette and bulk coal are widely used as fuels
(accounts for about 80% of total civil coal consumption) which are inferior with higher ash
component and lower quality. Measurement results of PM,s emission factor of various types of
boilers were listed in table 3. PM,5 emission factor of civil boilersis 1 - 2 orders of magnitude
higher than other type of boilers. In this estimation, PM,5s emission factor of utility boilers was
selected as 0.07kg/t (ranging from 0.06 to 0.19 kg/t), for industrial boilers was 0.29 kg/t (ranging
from 0.032 to 0.486 kg/t), and for civil boilerswas 5 kg/t (ranging from 1 to 11 kg/t).

Table 3. PM, s emission factors of different types of boilers.

Boi Boiler parameter Dust removal facility Emission factors References
oiler type [kg/t]
Utility 35-100t/h ESP 0.145 (0.122-0.186) [26]
200 t/h ESP 0.0754 [26]
220 t/h ESP, Bag filter 0.13 [27]
250 t/h ESP 0.079 [26]
1025 t/h ESP 0.06 [27]
Industrial 2t/h Multicyclone,WESP® 0.17 (0.10 - 0.185) [28,29]
3t/h WESP 0.338 [28,30]
4t/h WESP, Cyclone 0.16 (0.032 - 0.209) [28-32]
8t/h D&D¢ 0.25 [27]
10t/h WESP, Bag filter, D&D  0.33(0.072 - 0.52) [27]
25t/h D&D 0.17 [27]
Civil Briquette None 0.8 [20]
Anthracite None 14 [20]
Bituminite None 10.8 [20]
Semi-coke None 11 [20]

2ESP: electrostatic precipitator. > WESP: wet electrostatic precipitator. D& D: desul furization and dust separation.

Bottom ash retains most of the radionuclide after coal burning. While the fly ash particles
provide condensate nuclei for radionuclide, especially for volatile radionuclide such as Po-210 and
Pb-210, making them easily escape into the atmosphere. The particle size smaller, the higher
radionuclide enrichment (usually PMio<<PM,5<<PM;). Considering the boiler types, burning
conditions and dust removal equipment, Po-210 emission factor (within PM,s) was selected as 25
and Pb-210 was 15 [33-35].

Estimation results and discussions. The estimated Po-210 and Pb-210 annual emissions (based
on the consumption of 2015) from coa burning in China is 1.34x10° GBq and 9.38x10° GBq
respectively, as shown in Table 4. Utility boilers, industrial boilers and civil boilers contribute 8%,
31% and 60% respectively of total Po-210 and Pb-210 emission from coal burning in China. Civil
boilers are the most inefficient and polluted way of energy use and the most important source of
human induced Po-210 and Pb-210 emissions.
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Table 4. Po-210 and Pb-210 emissions from coal burning in China (based on 2015) [GBq/al

Boiler type Po-210 Pb-210
Utility 1.13x107 7.90x10"
Industrial 4.21x107 2.95x10°
Civil 8.06x10% 5.64x10°
Total 1.34x10° 9.38x10?

Summary and suggestions

Average of Po-210 and Pb-210 concentration in atmosphere in Chinais 0.7 and 1.70 mBg/m®
respectively, which are apparently higher than the world environmental average level. NORM
industry activities such as coal burning are important source of excess Po-210 and Pb-210. Civil
boilers are the most inefficient and polluted way of energy use and the most important Po-210 and
Pb-210 emission sources in China. Coal-to-gas switch and coal-to-electricity switch in civil energy
use should be advanced to reduce the civil coal consumption. As extreme toxic and high toxic
volatile natural radionuclide, Po-210 and Pb-210 are easily attached to fine particles (asfly
ash/PM2.5) and discharge into the atmosphere, thus induce extra radiation doses to the public.
Therefore, dust removal technologies that can effectively retain volatile nuclides Po-210 and Pb-
210 should be further studied.
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