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The exchange of mercury (Hg) across the air-water interface is an important part of Hg biogeochemical cycle. Mercury fluxes
across the air-water interface in paddy fields were measured by a Dynamic Flux Chamber (DFC) coupled with a Lumex® multi-
functional mercury analyzer RA-915" at two sites (Chengjiang (CJ) and Caoshang (CS)) in Beibei, Chongging, China in 2008.
The results showed that mercury emission followed a power-law relationship with solar radiation and air temperature, and it in-
creased exponentially with water temperature at both sites. Mercury emission was mainly influenced by the solubility of gaseous
elemental Hg, photo-thermal effect, electron activity (Eh) and air Hg concentrations. Solar radiation made the greatest direct con-
tribution to mercury emission during the daytime (0.80), with an 83.60% contribution, whereas at nighttime the water temperature
(0.72) contributed to 71.65% of emissions. The temperature gradient between water and air might also influenced mercury emis-
sion across the air/water interface at nighttime. These findings suggest that paddy fields could act as a significant source of at-

mospheric mercury, and it can contribute significantly to the atmospheric mercury in a local region.
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Rice is the world’s single most important food crop and a
primary food source for more than half of the world’s pop-
ulation. Its growing area accounts for 11% of the global
cultivated land, ranking second only to wheat [1,2]. Rice
paddy fields are the second largest wetland type in the
world [2]. Mercury (Hg) is of utmost concern as a pollutant
in paddy soils because of its strong tendency to bio-
accumulate via the food chain, posing ever-higher health
and ecological risks [3].

Previous studies have shown the importance of the ter-
restrial environment as a significant mercury source in the
global mercury cycle. It has been estimated that approxi-
mately 80% of the mercury deposited on the terrestrial sur-
face is re-emitted back to the atmosphere through surface
emission [4]. Mercury emissions have been extensively
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investigated in forests [5,6], wetlands [7,8], grasslands [9]
and deserts [10]. However, Hg emissions from paddy fields
have not been well studied. Kim et al. [11] measured the
mercury fluxes at the soil/air interface in a rice paddy with
relatively dry, non-irrigated soil in Korea and found that
rice paddy could behave as both source and sink of mercury.
However, mercury fluxes across the water/air surface were
ignored during the flooding period.

An accurate assessment of mercury fluxes across the wa-
ter/air surface is the key to better understand of the under-
lying mechanisms [11]. Gustin et al. [12] recently showed
that data should be collected over 24 h as a function of diel
climatic factors to estimate Hg flux more accurately. To the
best of our knowledge, there is little information available
about major factors controlling air Hg exchange with water
in paddy field.

The objectives of this study were (1) to investigate the
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release flux of mercury across the air/water surface in paddy
field at two sites in Beibei, Chongqing, China, and (2) to
examine the relationships between mercury fluxes and var-
ious environmental factors using various statistical tech-
niques, including correlation analysis, regression, principal
component analysis and path analysis.

1 Materials and methods

1.1 Site description

Two sites, Chengjiang (CJ) and Caoshang (CS), were cho-
sen for this study. Both sites are located in Beibei district of
Chonggqing, southwestern China, with a north latitude of
29°55'16.4" and an east longitude of 106°22'11.7" for CJ,
and a north latitude of 29°4526.0” and an east longitude of
106°26'12.0" for CS. They are about 22 km apart. Paddy
fields at both sites were flooded with the water level main-
tained at 5-10 cm during the fallow and as high as 10-15
cm during the growing season. The soil is Typic Pur-
pli-Udic Cambosols at CJ and Allitic-Udic Ferrosols at CS
(Figure 1).

1.2 Materials and methods

(1) Technique for mercury flux measurement. Mercury
flux at the interface (air/water) was measured by using a
Dynamic Flux Chamber (DFC) coupled with a Lumex®
multifunctional mercury analyzer RA-915" operated by
CVAAS plus Zeeman Correction, 1-Hz data stream (Lu-
mex®, Russia). A schematic diagram for the system was
given by Wang et al. [13]. The flux chamber measures 20
cm x 20 cm X 60 cm [14] and its volume is 0.024 m’.
Quartz glass was chosen for the chamber because of its
transparency to light and potential to achieve low chamber
blanks. The chamber was linked through the outlet with the
Multifunctional mercury analyzer by semi-transparent Tef-
lon™ tube (internal diameter of 0.635 cm). A known vol-
ume of ambient air was drawn into the chamber through the
inlet ports to measure Hg flux.

(2) Field measurement of mercury flux. Mercury flux
at the air/water interface was measured using a flux cham-
ber. A styrofoam block was used to provide buoyancy for
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Figure 1 Schematic diagram of two study sites, Beibei, Chongqing,
China.
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the chamber [15,16]. The floating chamber system was im-
mersed 1 cm below the water surface to ensure a tight seal
with the water. Ambient air was pulled through the flux
chamber to the Lumex® Multifunctional mercury analyzer
(sampling flow rate = 20 L/min, each air sampling time = 5
min). Both inlet (C;) and outlet (C,) mercury concentrations
were continuously and alternately monitored. A 5 min av-
erage of C, and a 5 min-average of C; were used to obtain an
average Hg flux (F) from eq. (1) [17,18]:

p_(C=C)o. N

A

where Fis the flux (ng/(m2 h)), C; and C, are total gas mer-
cury (TGM) concentrations of the DFC inlet and outlet in
ng/m’, respectively. Q is flushing flow rate through the
chamber in m*/h (1.2 m*/h for all measurements in the pre-
sent study). A is the area of the open bottom surface of the
chamber (m”). The positive and negative F calculated from
eq. (1) represent net Hg emission flux and net Hg dry depo-
sition flux, respectively.

The Hg exchange fluxes were measured monthly over 24
to 48 h at each measurement in March, June, July, Septem-
ber and November at Caoshang site, and April, May, June,
October and November at Chengjiang site in 2008. Hg ex-
change fluxes were not measured in August as there was no
water in the paddy field in that month.

The chamber blanks were obtained by measuring the
mercury flux over a clean Teflon™ sheet in the field at both
the beginning and end of each measurement date at each site.
The chamber blanks ranged from 0.63 to 0.84 ng/(m” h),
with an average of 0.73 = 0.06 ng/(m”h).

(3) Measurement of mercury in soil and water. Surface
soil and water samples were collected from each site. Soil
samples were sealed in clean plastic bags. Water samples
were collected and stored in acid-cleaned high-density pol-
yethylene centrifuge tubes. After being transported to the
lab, water samples were preserved in a refrigerator (at 4°C)
before Hg analysis. Soils were air-dried, milled and sieved
to pass through a 100 mesh screen. Soil samples were then
digested with H,SO4-HNO;-KMnO, in a water bath (90°C).
After cooling, the samples were allowed to stand for 24 h,
and 0.2 mL NH,OH-HCI solution (20 g of reagent grade
NH,OH-HCI dissolved in 100 mL Milli-Q water) was then
added to destroy excessive potassium permanganate
(KMnQ,) before adding stannous chloride (SnCl,) to con-
vert Hg(Il) to volatile Hg(0). Mercury concentrations in the
solutions were determined by cold vapor atomic fluores-
cence spectrometry (CVAFS) [13]. Two standard soil sam-
ples, GBW 07405 (GSS-5) and GBW 07406 (GSS-6), were
included for quality control of the Hg analysis. The preci-
sion of our method obtained from replicate analyses was
less than 5%. For triplicate digestions, the relative standard
deviations were also less than 5%.

(4) Measurement of environmental parameters. Solar
radiation was monitored using a TES®-II Digital Luminom-



268 ZhuJ S, etal.  Chin Sci Bull

eter (Taiwan, China) with a time resolution of 10 min which
matched to the 10 min sampling times (5 min for inlet and
another 5 min for outlet) of Hg exchange fluxes obtained.
Water temperature was measured with a FlashCheck®
Pocket Probe Digital Thermometer1 1000 (Delta TRAK,
USA). Water Eh (ORP) was measured with Pen-type poten-
tiometer DW-1 (Jiangsu, China). Other environmental pa-
rameters (including air temperature, relative humidity and
atmospheric pressure) were also measured with Kestrel®
4000 pocket weather™ Tracker'™ (Nielsen-Kellerman,
USA).

(5) Statistical methods. Statistical procedures including
correlation analysis, regression, principal component analy-
sis and path analysis were used to examine the relationships
between mercury fluxes and various environmental factors.
Partitioning the correlation coefficient into direct and indi-
rect effects can be done through path analysis technique.
The principal components analysis is a multivariate statisti-
cal technique for exploration and simplifying complex data
sets. Appropriate statistical analysis was done using Excel
2003 and SPSS 13.0 packages.

2 Results and discussion

2.1 Mercury concentrations in air, soil, water and
mercury fluxes

Average mercury concentration in paddy field soil was
0.062+0.007 mg/kg (n=5) at CJ, and 0.079+0.010 mg/kg
(n=5) at CS, respectively. Both were higher than the back-
ground value (0.0493 mg/kg) of Hg in soil in Chongqing
[19]. The Independent-Samples #-test showed that soil Hg
concentrations were not statistically different between the
two sites (P>0.05).

Mercury concentration in water was 53.70 + 6.70 ng/L
(n=5) at CJ and 29.01% 11.63 ng/L (n=5) at CS, respectively.
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They were not statistically different (P>0.05). Ambient air
Hg, measured at the height of 1 m above soil/water surface,
was 0.56-6.89 ng/m’ with an average of 3.07 ng/m’ (n=781)
at CJ, and 0.20—6.29 ng/m’ with an average of 2.85 ng/m’
(n=258) at CS.

Mercury exchange fluxes across the air/water surface
were —25.08 to 252.38 ng/(m”h) at CJ, with an average of
20.61+48.10 ng/(m*h), and —26.63 to 158.46 ng/(m*h) at
CS, with an average of 4.63+25.74 ng/(m2 h) (Table 1). The
larger Hg exchange fluxes at CJ might be due to the rela-
tively higher temperature observed at this site (Table 2).

The Hg fluxes were weakly correlated with TGM con-
centration in air (r =0.12, P<0.05 (n=264) at CS; r =0.21, P
< 0.01 (n = 395) at CJ) (Table 3). However, the annual Hg
emission from paddy field to the air was estimated to be
280.37 kg/year, accounting for approximately 16% of total
Hg emissions (about 1.78 t/year estimated by Wang et al.
[13]) from natural sources in the studied area. Therefore,
paddy fields could be a significant source of atmospheric
Hg in the local region.

2.2 Effects of environmental factors on Hg fluxes

In the studied regions, winter generally starts in early No-
vember and last until later March, while summer begins in
late May and remain until early September. Spring and au-
tumn are short.

(1) Solar radiation. Higher mercury emission levels
were observed when solar radiations were high (Figure 2(a),
R’=0.60, P<0.01). They had a significant positive correla-
tion (r=0.73, n=264, P<0.01 at CS and r=0.78, n=395,
P<0.01 at CJ, respectively; see Table 3 and Figure 3). This
was in agreement with previous studies [15,20-23]. The
regression analysis showed that mercury emission had a
power relation with solar radiation (R’=0.91 for CJ and

Table 1 Summary of Hg exchange fluxes (ng/(m? h)) at two sites, in Beibei, Chongqing, China

Date Start-stop Last (min) Mean Max Min SD n
1920—1210
2008.04.15—17 2320 38.05 252.38 —-13.84 66.75 117
1540—1330
2008.05.12—13 1640—1640 1440 8.86 78.57 -16.82 21.43 71
Chengliang 08 06,2728 1525-1145 1220 7.36 116.13 ~16.96 25.18 63
2008.10.04—05 1035—1035 1440 29.79 197.88 —11.68 54.64 72
2008.11.09—10 1400—1400 1440 6.30 84.68 -25.08 21.93 72
Date Start-stop Last (min) Mean Max Min SD n
2008.03.18—19 1625-0235 1160 8.21 93.70 -23.89 23.97 55
0720—1630
2008.06.17—18 1120—1110 1410 12.99 158.46 -17.91 33.20 71
Caoshang
2008.07.06—07 1025—1025 1440 2.38 52.23 -26.63 23.38 72
2008.09.04—05 1600—1220 1220 5.86 41.52 -22.15 13.45 60
2008.11.27 1030—1220 110 53.06 85.95 26.49 24.45 6
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Table 2 Summary of environmental parameters of two sampling sites, in Beibei, Chongqing, China
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Date Meteorological parameters Mean Max Min SD n
Wind speed(m/s) 0.33 2.00 0.00 0.43 117
Solar radiation(klux) 16.41 95.10 0.00 27.28 117
2008.04.15—17 .
Air temperature(°C) 21.76 40.40 13.70 6.11 117
Water temperature(°C) 20.88 29.20 16.20 3.21 117
Wind speed(m/s) 0.26 1.20 0.00 0.32 71
Solar radiation(klux) 8.41 38.60 0.00 10.26 71
2008.05.12—13 Air temperature(°C) 26.08 39.80 20.40 3.75 71
Water temperature(°C) 25.73 35.10 22.40 3.04 71
Wind speed(m/s) 0.14 1.30 0.00 0.27 63
Chengjiang 2008.06.27—28 Solar radiation(klux) 27.74 101.83 0.00 35.82 63
Air temperature(°C) 27.39 38.80 20.10 5.32 63
Water temperature(°C) 25.33 30.00 22.30 2.34 63
Wind speed(m/s) 0.25 1.70 0.00 0.40 72
Solar radiation(klux) 20.24 96.20 0.00 29.62 72
2008.10.04-05 Air temperature(°C) 24.71 31.80 19.10 3.63 72
Water temperature(°C) 24.41 32.60 20.10 4.13 72
Wind speed(m/s) 0.37 2.10 0.00 0.57 72
Solar radiation(klux) 9.50 47.90 0.00 13.54 72
2008.11.09—10 .
Air temperature(°C) 16.95 28.00 11.90 4.66 72
Water temperature(°C) 17.99 24.30 15.60 2.55 72
Date Meteorological parameters Mean Max Min SD n
Wind speed(m/s) 1.60 5.00 0.00 1.56 55
Solar radiation(klux) 19.67 73.90 0.00 21.60 55
2008.03.18-19 Air temperature(°C) 16.89 23.80 9.70 4.81 55
Water temperature(°C) 17.06 21.20 13.20 2.38 55
Wind speed(m/s) 1.15 4.50 0.00 1.13 71
Solar radiation(klux) 32.47 104.60 0.00 38.06 71
2008.06.17—18 .
Air temperature(°C) 25.60 34.90 19.40 4.30 71
Water temperature(°C) 25.50 32.40 20.20 3.65 71
Wind speed(m/s) 0.62 3.20 0.00 0.82 72
Caoshang 2008.07.06—07 Solar radiation(klux) 36.86 107.70 0.00 39.68 72
Air temperature(°C) 27.85 38.00 21.10 4.65 72
Water temperature(°C) 28.01 37.50 22.20 5.27 72
Wind speed(m/s) 0.39 1.80 0.00 0.53 60
Solar radiation(klux) 16.12 102.00 0.00 28.22 60
2008.09.04-05 Air temperature(°C) 23.78 30.70 19.20 3.14 60
Water temperature(°C) 21.57 27.00 19.40 2.36 60
Wind speed(m/s) 1.31 2.00 0.60 0.48 6
Solar radiation(klux) 68.79 83.33 55.13 14.93 6
2008.11.27 .
Air temperature(°C) 18.98 20.00 17.30 1.13 6
Water temperature(°C) 13.68 14.10 12.90 0.45 6

Table 3 Pearson correlation coefficients between Hg flux across air/water interface and environmental factors at two sites, in Beibei, Chongqing, China

Environmental factors CS (n=264) I (=395)
r P r P
Air temperature X1 0.38 0.00 0.53 0.00
Relative humidity X2 -0.74 0.00 -0.67 0.00
Atmospheric pressure X3 0.12 0.05 -0.06 0.25
Water temperature X4 0.31 0.00 0.34 0.00
Eh X5 -0.10 0.26 -0.05 0.44
Solar radiation X6 0.73 0.00 0.78 0.00
Hg concentration in the air X7 0.12 0.05 0.21 0.00
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ature gradient (Tw-Ta).

R’=0.86 for CS) (Figure 4). Previous research demon-
strated that photochemical reduction of Hg(Il) and Hg(I)
to Hg (0) plays an important role in Hg emission to the
atmosphere[21,24]. Amyot et al. [25] found a positive
relationship of photoinduced DGM (Dissolved Gas Mer-
cury) production with incident radiations at different
times of the year.

Dissolved organic matters (DOM) can act as natural
photosensitisers and have an intrinsic capacity to reduce
transition metals in natural waters. Due to their ability to
absorb light, DOM can enhance photochemical reduction
by transferring the absorbed energy to a suitable electron
receptor [26]. Thus, solar-mediated reduction and evolu-
tion of mercury from natural waters could be enhanced in
the presence of DOM [27]. Water in paddy fields should
contain DOC because of soil, root exudates and the ap-
plication of organic manures, possibly accelerating pho-
tochemical reduction of Hg and leading to increased
DGM in the surface layer of water in paddy soils.

Solar radiation can enhance mercury emission not only
through the reduction of Hg** to Hg’, but also through an
indirect pathway, increasing water temperature during
the conversion of solar energy to thermal energy [18].

(2) Temperature. Greater mercury emissions were
also observed when temperatures were higher (Figure 2(b),
R*=0.42, P=0.00 for air temperature; Figure 2(c), R*=0.17,
P<0.01 for water temperature). Mercury fluxes were sig-
nificantly positively correlated with air temperature

(r=0.38, n=264, P<0.01 for CS and r=0.53, n=395,
P<0.01 for CJ, respectively) and water temperature
(r=0.31, n=264, P<0.01 for CS and r=0.34, n=395,
P<0.01 for CJ, respectively) (Table 3). Regression analy-
sis revealed that mercury emission increased exponential-
ly with water temperature (R°=0.76 and R’=0.81 for CJ
and CS, respectively) ( Figure 5), and it followed a power
law with air temperature (R*=0.77 for CJ and R*=0.83 for
CS) (Figure 6). An exponential relationship between
mercury emission and water temperature was also found
on a freshwater surface at Knobesholm, southwestern
Sweden [21,28].

Water temperature can affect the saturation potential of
dissolved gaseous Hg in water [29], thus influencing the
emission of Hg in air-water interface. The solubility of
Hg" in water is controlled by water temperature, pressure
and water salinity. Under certain pressure and water salin-
ity, Hg’ in water will be supersaturated and release to the
air with the temperature increasing.

(3) Other factors. Relative humidity had a negative
correlation with mercury fluxes (r = —0.74, P<0.01 for CJ
and r=—0.67, P<0.01 for CS, Table 3). Atmospheric pres-
sure and water Eh did not show significant correlations
with mercury fluxes (P=0.26 and 0.44 for Eh, P=0.05 and
0.25 for atmospheric pressure at CJ and CS, respectively,
Table 2).

However, relative humidity was found to be significant-
ly negatively correlated with solar radiation (r =—0.72,
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P=0.00, n=653). Therefore, the negative linear correlation
between mercury flux and relative humidity is most likely
caused by the collinearity of relative humidity and solar
radiation [22,28]. Relative humidity may not be an im-
portant factor directly influencing mercury emission [30].
Thus, the effect of relative humidity on Hg emissions was
not considered in our factor analysis.

2.3 Principal component analysis

KMO and Bartlett's Test were carried out before performing
principal component analysis (PCA). A commonly given
rule of thumb on the number of components is that the se-
lected components can explain at least 85% of the total ac-
cumulation of the variation. Based on this rule, the factors
could be reduced to four components (see Table 4). Rotated
(Varimax rotation) factor loadings and communalities were
applied to simplify the explanation for the PCA. At the CJ
site, the PCA results showed that 4 principal components
explained a total 92.57% of the observed variation. The first
component accounted for 33.62% of the observed variation.

This component primarily consisted of air temperature, wa-
ter temperature (positive loading) and atmospheric pressure
(negative loading), which were solubility/saturation (Hg")
determinants. Component 2 accounted for 22.86% of the
variation, primarily including air temperature, water tem-
perature and solar radiation (positive loading), and was light
and heat determinants. Component 3, accounting for
18.46% of the variation, was Eh determinant. Component 4,
Hg concentration in the air, accounted for 17.63% of the
variation.

Similarly, a total of 94.62% of the observed variation
could be explained by the 4 principal components at the CS
site. The “solubility/saturation (Hg") determinant” compo-
nent accounted for 32.65% of the observed environmental
variation, “light and heat determinant” component for
27.30%, “Eh determinant” component for 17.47%, and “Hg
concentration in the air” 17.20% (Table 4).

2.4 Path coefficient analysis

Path coefficient analysis showed that solar radiation,
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Table 4 Rotated (Varimax rotation) factor loadings and communalities for the estimated variables of mercury fluxes at two sites, Beiebi, Chongqing, China

(coefficients >+0.20 are included)

Chengjiang Caoshang
. Component . Component .
Variables Communality Communality
1 2 3 4 1 2 3 4
Eigenvalue 2.02 1.37 1.11 1.06 - 1.96 1.64 1.05 1.03 -
Proportion 33.62 22.86 18.46 17.63 - 32.65 27.30 17.47 17.20 -
Cumulative (%) 33.62 56.48 74.93 92.57 - 32.65 59.95 77.42 94.62 -
X1 0.68 0.60 0.31 - 0.92 0.66 0.66 - - 0.90
X3 -0.91 - - -0.31 0.93 -0.94 - 0.21 - 0.93
X4 0.78 0.32 0.34 - 0.83 0.79 0.53 - - 0.92
X5 0.20 - 0.89 0.31 0.94 - - 0.98 - 1.00
X6 - 0.93 -0.21 - 0.96 - 0.95 0.36 - 0.94
X7 - - 0.26 0.92 0.97 - - - 0.99 0.99

atmospheric pressure, and water temperature had highly
positive direct effects (0.80, 0.36 and 0.25) on mercury
emission during the daytime (Table 5). Solar radiation alone
made a 83.6% direct contribution towards mercury emission.
Air temperature had the greatest indirect effect on mercury
emission (0.51), while air Hg concentration was the second
largest indirect effect (0.23).

Air temperature and water temperature contributed posi-
tively towards mercury emission through solar radiation
(0.55, 0.21) and their indirect effects on mercury emission
(61.65% and 37.37%) were higher than their direct effects
(2.24% and 31.99%).

At nighttime, water temperature, air Hg concentration
and atmospheric pressure had positive direct effects (0.93,
0.16 and 0.06) on mercury emission, while air temperature
had a negative direct effect (—0.34). However, air tempera-
ture had the greatest indirect effect on mercury emission
(0.66). The individual direct effect on mercury emission
was 71.65%, 30.63%, 24.79% and 6.64% for water temper-
ature, air temperature, air Hg concentration and atmospheric
pressure, respectively.

Water temperature contributed positively towards mer-
cury emission directly (71.65%), while air temperature was
the largest indirect effect (64.11%) (Table 5). Air tempera-
ture contributed negatively towards mercury emission by
affecting water temperature (20.35), which was smaller than

Table S The result of path analysis

its direct effects (30.63%) (Table 5).

In addition, there was a negative linear correlation be-
tween Hg fluxes (positive value) and temperature gradient
(Figure 2(d), R’=0.33, P<0.01). This has been shown in
previous studies [31]. At nighttime, the warm air is trans-
ported over the relative colder water, and, as a result of that,
the water temperature at the surface might increase. Further,
with increasing water temperature, the solubility of DGM
(dissolved gas mercury) decreases and the water may be-
come supersaturated with respect to DGM. Thus, heat
transmission from water to air might facilitate DGM release
from water into the air. Therefore, the AT gradient may also
be an important factor for mercury emission at nighttime.

3 Conclusions

Mercury fluxes at the air/water surface in paddy field were
20.61+48.10 ng/(m>h) and 4.63+25.74 ng/(m*h) at CJ and
CS, respectively. The paddy field was a significant local
atmospheric emission source. Solar radiation and water
temperature were the two most important factors affecting
Hg fluxes at air/water surface in paddy field. Mercury emis-
sion at the air/water surface in a paddy field increased as a
power-law with the increasing solar radiation and air tem-
perature, and exponentially with water temperature.

Variables Effect via Path coefficient Total Effect via (%)
X2 X4 X5 X7 X8 Direct effect Indirect effect correlation X2 X4 X5 X7 X8

X2 -0.02 -0.19 0.14 0.55 0.00 -0.02 0.51 0.49 224 2066 1522 61.65 0.23

X4 0.01 0.36 -0.12 0.15 -0.01 0.36 0.02 0.39 1.54 5531 18.77 2247 192

Daytime X5 -0.01 -0.18 0.25 0.21 0.01 0.25 0.03 0.28 1.66 27.32 3199 3737 1.67
X7 -0.01 0.07 0.07 0.80 -0.01 0.80 0.11 0.91 146 7.12 696 83.60 0.86

X8 0.00 0.13 -0.08 0.18 -0.04 -0.04 0.23 0.20 0.28 30.31 18.11 4274 8.56

X2 -0.34 -0.03 0.72 - -0.03 -0.34 0.66 0.32 30.63 243 64.11 - 2.83

Nighttime X4 0.16 0.06 -0.56 - 0.10 0.06 -0.30 -0.24 1851 6.64 63.84 - 11.00
X5 -0.27 -0.04 0.93 - -0.07 0.93 -0.37 0.57 2035 2.66 71.65 - 5.35

X8 0.07 0.03 -0.40 - 0.16 0.16 -0.30 -0.13 10.09 5.14 5999 - 24.79
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Temperature gradient might be an important factor that fa-
cilitated the transfer of volatile mercury from water to the
air at nighttime.
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