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Fig. 1 Concentrations of mercury in the air of the lab measured with or without using the device
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Fig. 2 Soil air sampling device in the field
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Fig. 3 Standard curve based on mercury vapour mass
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Fig. 5 The distribution of soil air mercury concentration in

different soil profile
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Table 2 Difference between gold traps in mercury recovery rate in percentage in the test designed to recover 176 pg mercury

BEmT R MR ZESE EEmT SR MR 25
Gold trap number Mercury recovery Difference ( % ) Gold trap number Mercury recovery Difference ( % )
1 1.017 1.70 19 1.080 7.95
2 1.028 2.84 20 1.040 3.98
3 0.994 0.57 21 1.034 3.41
4 1.017 1.70 22 1.051 5.11
5 0.977 2.27 23 1.034 3.41
6 1.040 3.98 24 1.080 7.95
7 1.080 7.95 25 1.068 6.82
8 1.011 1.14 26 1.046 4.55
9 1.040 3.98 27 0.989 1.14
10 0.943 5.68 28 1.040 3.98
11 1.074 7.39 29 1.011 1.14
12 1.068 6.82 30 0.960 3.98
13 0.954 4.55 31 0.932 6.82
14 0.983 1.70 32 1.023 2.27
15 1.006 0.57 33 1.057 5.68
16 1.017 1.70 34 1.068 6.82
17 0.983 1.70 35 0.989 1.14
18 0.938 6.25 36 0.994 0.57
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A Soil Sampling Method for Accurate Measurement of Mercury Concentration in Soil Air

WU Xiaoyun " > ZHENG Youfei " *" LIN Kesi
(‘1 Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration, Nanjing University of Information
Science & Technology, Nanjing 210044, China )
(2 School of Atmospheric Physics, Nanjing University of Information Science & Technology, Nanjing 210044, China )

(3 Nanjing Sanhe Environmental Protection Technology Co., LTD, Nanjing 210048, China )

Abstract Mercury emission from natural resources contributes greatly to global atmospheric mercury,
thus having an important impact on circulation of atmospheric mercury. Mercury emission during the earth
surface processes is a major natural source of mercury in the atmosphere. In view of the shortcomings of the
current methods for determining mercury concentration in soil air, this study has developed a new method. To
test the method, soil air was collected from profiles of paddy soils in the Nanjing Liuhe Circular Agriculture
Ecological Zone for analysis of total mercury. Using the experimental device, an inverted funnel, soil air
in the soil profile was pumped continuously at a low flow rate, into a gold-coated pipe for pre-enrichment of
mercury in the soil air. Gold-coated quartz sands were used as adsorbent to collect gaseous mercury in the soil
air and the adsorption process lasted 3 hours with adsorption efficiency reaching nearly as high as 100% and
relative standard deviation being 2.4% ~ 5.4%. The highest mercury concentration was detected in the soil air
extracted from the topsoil layer (0 ~3 c¢m ) and the concentration decreased significantly with soil depth,
but leveled off after the depth went beyond 20 ¢m. The experiment on effect of sampling flow on accuracy of
the measurement, shows that when the sampling flow rate was below 30 ml min™' RSD of the measurement was
<10.0% and when the sampling flow rate went beyond 30 ml min™', RSD increased, which indicates that at
a higher flow rate than 30 ml min™', the device may suck some air from the atmosphere into its chamber, and
a flow rate of 20 ml min™' is a safe one that enables the device to extract soil air merely from the soil profile.
Then the air samples were analyzed with the cold vapor atomic fluorescence ( CVAFS) method. Results show
that the absolute detection limit is 0.023 ng m™. Air mercury concentration in the paddy soils varied in range
from 6 to 18.94 ng m™. When the parallel experimental device was used to determine mercury concentrations
of the air in the laboratory and soil air in the farmland simultaneously relative standard deviations of two
measurements were both <15%. The comparison experiments show that the device collects air samples merely
from soil profiles, rather than from the atmosphere above the soil surface. Mercury concentration of the soil
air in paddy soils peaked at noon, which may be atiributed to the higher temperature in the topsoil, intensive
light and effective radiation during the noon time, enhancing photochemical reactions of mercury and
increasing mercury concentration in the soil air. The highest concentration of gaseous mercury in the soil air

was detected in soils at 6 cm in depth of the soil profile and then in soils at 3 em in depth, which suggests that

http: //pedologica. issas. ac. cn



228 + 1 2 Eile 53 &

mercury in the soil air of the topsoil escapes into the atmosphere rapidly and its diffusion at 6 cm is retarded by
soil. Additionally, the higher water content at 6 cm than at 3 em may provide profitable additions for mercury
in soil and soil water to convert into HgO in soil air. The soil air in underlying soil layers is relatively stable
and less changed, which further proves the method is reliable. This method has the following advantages:
during the experiment, lithium batteries power the device, which is easy to operate in the field and capable
of collecting soil air at different depths, and enables spatio-temporal synchronization of observation of
mercury concentrations in the soil profile. But it should be noted that this experiment can only be carried out
in paddy fields unsaturated with soil water and the use of rotameter may lead to errors in flow measurement.
This experiment is characterized by simplicity of the devices, and easy operation in field and can be used to
precisely and accurately measure gaseous mercury concentrations in soil air in unsaturated paddy fields.

Key words Soil air; Gaseous mercury; Cold vapor atomic fluorescence; Gold trap
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