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The China Geochemical Baselines (CGB) project provides nation-wide catchment sediment/alluvial soil geo-
chemical baseline data for 76 elements including Hg from 3382 top (0–25 cm) and 3380 deep sediment/alluvial
soil samples (under a depth of 100 cm) at 3382 sampling sites, corresponding to a sampling density of about 1
site per 3000 km2. Mercury was determined by cold vapour generation atomic fluorescence spectrometry
(AFS) under strict quality control using field duplicates, standard reference materials and analytical replicate
samples. The 25th percentile is at 13 and 11 μg/kg in top and deep sediment/alluvial soil samples, respectively;
these concentrations are close to the crustal abundance in China. The median Hg value is at 26 and 18 μg/kg in
top and deep sediment/alluvial soil samples, respectively; the 75th percentile is 56 μg/kg in top and 36 μg/kg
in deep sediment/alluvial soil samples. Mercury concentrations at the 50th (26 μg Hg/kg) and 75th
(56 μg Hg/kg) percentiles exhibit systematic enrichment in the near-surface material. The Hg distribution
maps show distinct increasing trends from northern to southern and from western to eastern China, which are
primarily related to the distribution of parent rocks, including rocks associated with mineral resources of Hg,
Sb, Au, As, Pb–Zn, and climate, resulting in different soil types, as well as to population density with accompany-
ing industrial development. Anomalous Hg concentrations in top sediment/alluvial soil samples above the 85th
percentile (87 μg/kg) occurmainly in south and south-west and sparsely innorth and east China; theymost likely
have a dual origin, natural and human-induced, with the latter having a greater contribution because of the
intense industrial activities, and particularly mercury emissions from Hg, Sb, As, Au, Pb–Zn mining, coal
combustion, and production of batteries, fluorescent lamps, thermometers and cement. The spatial distribution
map of Hg ratios of top to deep sediment/alluvial soil samples displays higher values, suggesting that top samples
are most likely polluted from human activities in the highly populated urban areas of eastern China. About 6.86%
and 3.52% of top and deep sediment/alluvial soil samples, respectively, have Hg concentrations higher than the
soil contamination limit of 150 μg/kg set by the National Environmental Standards for Heavy Metals of the
People's Republic of China.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Mercury (Hg) is a very rare chalcophile element that is found in the
lithosphere, pedosphere, hydrosphere, atmosphere and biosphere
(Fitzgerard and Lamborg, 2003, 2014). Mercury is one of the most
toxic heavy metals and can affect the human nervous system and
and Geochemical Exploration
Langfang, Hebei 065000, China.
harm the brain, heart, kidneys, lungs, and immune system (USEPA,
1997).Widespread public concern has been focused on the toxic effects
of Hg on human health since the emergence of ‘Minamata disease’,
which is severe neuropathy caused by the consumption of methyl
mercury-contaminated seafood, first observed in Minamata, Japan
(Japan Environmental Agency, 1989).

Soil is considered to be the ‘skin of the earth’ with interfaces
between the lithosphere, hydrosphere, atmosphere, and biosphere.
Thus, understanding the distribution of Hg in soil is crucial for the
recognition and quantification of future human-induced or natural
changes in Hg concentrations that may occur in the Earth's near-
surface environment.
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Fig. 1. Sample sites map of the China Geochemical Baselines (CGB) project.
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The China Geochemical Baselines (CGB) project (Wang, 2012;Wang
et al., 2010;Wang and the CGB Sampling Team, 2015), as a project of the
Sinoprobe Programme (Dong and Li, 2009), was implemented from
2008 to 2013. The project, as a part of the International Union of Geolog-
ical Sciences/International Association of GeoChemistry Task Group on
Global Geochemical Baselines (Darnley et al., 1995; Smith et al., 2012),
has provided an insight into the Hg distribution in the pedosphere of
China. In this paper, the abundance and spatial distribution of Hg in
China are presented with respect to geological tectonics, geomorpho-
logical landscapes, major drainage catchments and soil types. The rela-
tionship between Hg in soil and human activities is also discussed.
Table 1
Equations and cut-off values for accuracy and precision control (Zhang et al., 2012; Wang and

Accuracy control by standard Precision control by standard

Equation △ lgC = |lgCi-lgCs|

RSD ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑
n

i¼1
Ci−Csð Þ2
n−1

vuut

Cs � 100%
Concentration range Cut-off value Cut-off value
b3 × DL ≤0.15 ≤17%
N3 × DL ≤0.10 ≤10%

Notation: Ci = the i determination value for the standard; Cs = standard reference value; C1=
nation value for the laboratory replicate sample; So = the determination value for the original
2. Methods

2.1. Sampling

The aim of the China Geochemical Baselines (CGB) project is to
document the concentration and spatial distribution of nearly all natu-
rally occurring chemical elements throughout China. The CGB sampling
grid is based on 1:200 000map sheets of 1° (long.) × 40′ (lat.), approx-
imately equal to a quarter of one Global Reference Network (GRN) cell
of 160 × 160 km (Darnley et al., 1995). Approximately 1500 CGB grid
cells cover the whole of China (9.6 million km2) (Wang, 2012; Wang
the CGB Sampling Team, 2015).

Precision control by laboratory replicate Sampling error control by field duplicate

RD% = C1–C2︱/[(C1 + C2)/2]*100% RE% = So–Sd︱/[(So + Sd)/2]*100%

Cut-off value Cut-off value
≤50% ≤50%
≤40%

the 1st determination value for the laboratory replicate sample; C2 = the 2nd determi-
field sample; Sd = the determination value for the field duplicate sample.



Table 2
Statistical results of quality control of Hg by standard reference materials.

Standard Accuracy control Precision control

Total N Qualified N Passing rate RSD Qualified control

GSS1 34 34 100% 4% Qualified
GSS2 33 33 100% 2% Qualified
GSS17 160 158 99% 11% Qualified
GSS19 33 33 100% 4% Qualified
GSS25 124 123 99% 7% Qualified
GSS26 124 121 98% 8% Qualified
GSS27 120 120 100% 7% Qualified
Total 628 622 99% / Qualified

Notation: N = Number of samples.

Table 3
Quality control of Hg by laboratory replicate and field duplicate samples.

Laboratory replicates Field duplicates

Total N Qualified N Passing rate Total N Qualified N Passing rate

660 635 96.2% 211 187 88.8%

Notation: N = Number of samples; Passing rate = (Qualified number of samples / total
number samples) × 100%.
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and the CGB Sampling Team, 2015). In each CGB grid cell, two sampling
sites were selected at the mouth or the lowest point of each drainage
catchment ranging in area from about 1000 to 5000 km2, with most
being 2000–3000 km2, corresponding to a sampling density of about 1
sample site/3000 km2. At each site, floodplain sediment/alluvial soil in
plains, overbank sediment/alluvial soil in mountainous terrains, catch-
ment basin sediment/alluvial soil in desert and Gobi desert terrains, or
seasonal lake sediment in grassland terrains were taken at two depths:
a top sample from 0–25 cm (excluding materials from the leaf litter
layer, where present), and a deep sample collected from a depth of
less than 100 cm or from the soil C-horizon, where this is developed.
Each sample is composited fromgenerally 3 pits in the layout of an equi-
lateral triangle within a 50 m interval. Samples were generally not col-
lected within 100 m of motorways/highways or roads, or within
2000m of towns or cities. In total, 6402 routine samples and 211 dupli-
cate field samples from 3382 sampling sites were collected during
2008–2012 (Fig. 1), covering about 94% of China. The samplingmethods
are described in detail in the paper entitled “China Geochemical
Baselines: Sampling Methodology” in this issue (Wang and the CGB Sam-
pling Team, 2015).
2.2. Laboratory analysis

Mercury analysis, particularly at the μg/kg level, is a key to the estab-
lishment of a nation-wide baseline database. In China, a highly-sensitive
analytical method for Hg has been developed based on cold-vapour
atomic fluorescence spectrometry (AFS) (Zhang and Zhang, 1986).

Soil and sediment (overbank, floodplain, lake) samples were air
dried either in a room or under shade, not exposed to sunlight. This
ensured there was no loss of Hg, which is a known volatile element.
Grains of most samples are finer than b2 mm (10 mesh), because they
are mainly composed of fine sand, silt and clay particles. Samples
Table 4A
Statistical parameters of Hg analytical results (μg/kg) in top and deep sediment/alluvial soil sa

Sample type N DL Min. P2.5 P25 P50

Top 3382 2 b2 5.2 13.1 26.0
Deep 3380 2 b2 4.6 10.5 18.0

Notation: N = Number of samples; DL = Detection Limit; P = Percentile (P50 = median); M
were sieved through a 2 mm (10 mesh) stainless steel screen in order
to remove vegetation litter and coarse detritus of N2 mm. The samples
were subsequently ground to b74 μm (200 mesh) in an agate or pure-
aluminium porcelain mill for analysis.

An aliquot of 0.25 gwasweighed and placed into a 25ml test tube to
which 10 ml of 1:1 aqua regia [aqua regia (1HNO3 + 3HCl): pure
water = 1:1 vol.] was added. The test tube was heated in a boiling
water bath for 1 h and shaken 1 time during the course of decomposi-
tion. After cooling, 1 ml potassium permanganate solution (1%) was
added into the solution and left standing for 30 min. Then the solution
was diluted to 25 ml with oxalic acid solution (1%), shaken well, and
then left standing until the particles settled and the supernatant
solution was clear. A 5.0 ml aliquot of the solution was transferred
into the hydride generator and covered with a ground-glass stopper.
Then 7.0 ml of stannous chloride solution was added quantitatively to
make the argon carrier gas flush the Hg vapour into the silica-tube
furnace atomiser. Mercury atoms are excited resulting in a fluorescent
signal and the peak is recorded by the fluorescent spectrometer. The
detection limit (DL) is very low at 2 μg/kg Hg (Zhang et al., 2012).

2.3. Quality control

The quality control (QC) procedure of CGB project includes checks
on field sampling and insertion of field duplicate samples, laboratory
replicate samples and standard reference materials. The quality control
methods are described in detail by Wang and the CGB Sampling Team
(2015). This section only describes the Hg quality control results, in-
cluding sampling error control by field duplicates, proportion of
reportable Hg values, accuracy and precision control by standards, and
precision control by laboratory replicates. Table 1 lists the equations
and cut-off values for quality control. The cut-off value means the
qualified limit of quality control below or above which the analytical
results are considered unacceptable. For example, the cut-off value of
RSD is ≤10% for precision of standard determinations, if the calculated
RSD is above 10%, the analytical results are not acceptable.

In total, 6614 samples were analysed for Hg with 6612 samples
having concentration values above the DL of 2 μg/kg; only 2 samples
were below the DL. Therefore, the proportion of reportable Hg values
is 99.97% of the total, which meets the requirement of the project to
have 90% of the total number of samples above the DL.

Seven soil standard reference materials (SRMs), GSS1, GSS2, GSS17,
GSS19, GSS25, GSS26 and GSS27 (Xie et al., 1985, http://www.gbw114.
org/d_120453.htm; http://www.gbw114.org/d_120461.htm), were
used to monitor analytical quality. Four standards unknown to the
analysts were randomly inserted into each batch of 50 samples. In
total, 628 determinations on standard samples were made within the
suite of 6617 samples. Accuracy and precision are tabulated in Table 2.
The passing rate for accuracy is over 98% and for precision all SRMs
are at 100% according to the cut-off values.

Laboratory replicates were used to control analytical precision. Five
laboratory replicates unknown to the analysts were inserted into each
batch of 50 samples for precision control. In total, 660 laboratory
replicates were inserted into the suite of 6617 samples. The Relative
Deviation (RD%) of determination values of the replicates were
calculated and are tabulated in Table 3. In total, 635 replicates meet
the requirement for RD less than 50% below 3xDL and 40% over 3xDL.
The passing rate is 96.2% (Table 3).
mples from the CGB project.

P75 P85 P97.5 Max. Mean Geometric Mean

55.5 86.9 279 20,201 67.0 28.7
36 55.2 188 60,001 64.8 21.0

in. = Minimum; Max. = Maximum.

http://www.gbw114.org/d_120453.htm
http://www.gbw114.org/d_120453.htm
http://www.gbw114.org/d_120461.htm


Table 4B
Statistical parameters of Hg analytical results (μg/kg) in top sediment/alluvial soil samples from the CGB project, used formap plotting. For comparison purposes theHg concentrations are
the same except, of course, the maximum value, as those of the deep sediment/alluvial soil samples.

Sample type N DL Min. P1.2 P17.2 P36.1 P61.7 P74.7 P95.2 Max. Mean Geometric mean

Top 3380 2 b2 4.6 10.5 18.0 36 55.2 188 60,001 64.8 21.0
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Field duplicate samples were taken to control field sampling errors.
A total of 211 field duplicate samples (109 top and 113 deep samples)
from 113 control sites were collected. The relative sampling error
(RE%) was calculated based on the pairs after laboratory analysis. The
relative error of 187 duplicates is less than 50%. The passing rate is
88.8% (Table 3).
3. Results and discussion

3.1. Concentration of mercury in China

Tables 4A and 4B show the statistical summary for Hg concentrations
in top and deep samples of the CGB project. The median concentration of
Hg in top samples is 26 μg/kg and indeep samples 18 μg/kg. TheHgconcen-
tration at the 25th percentile (P25) is 13.1 and 10.5 μg/kg in top and deep
Fig. 2.Histograms and boxplots displaying the statistical Hg (μg/kg) distribution in top and deep
tile range (25th to 75th percentiles) and contains themedian (thick black line). “+”: cases with
edge of the box; “×”: cases with values more than 3 times box length from the lower or upper

Table 5
Proportion of top and deep sediment/alluvial soil samples out of total sampling locations exceed
Heavy Metals (GB 15618-1995).

Sample type Total N b150 μg/kg 150–500 μ

Clean Slight exce

N Proportion N

Top 3382 3150 93.14% 195
Deep 3380 3261 96.48% 94
samples, respectively. The 75th percentile (P75) of Hg concentrations is
55.5 and 36 μg/kg in top and deep samples, respectively.

Crustal abundance of Hg at n × 100 μg/kg was first estimated on
5159 igneous rocks by Clarke andWashington (1924), and subsequent-
ly reported by Parker (1967). Other, more recent, estimates are:
500 μg/kg by Goldschmidt (1954), 83 μg/kg by Vinogradov (1962),
80 μg/kg by Taylor (1964), 96 μg/kg by Shaw et al. (1986), and
40 μg/kg by Wedepohl (1995). All values estimated before the 1990s
may be higher than the true crustal average due to lack of analytical
methods for Hg with a low detection limit. After the 1990s, the crustal
abundance of Hg in China was estimated at 7 μg/kg by Yan and Chi
(1997) and by Chi and Yan (2007), and 9 μg/kg by Gao et al. (1999).
While Gao et al. (1998) give the following continental crust estimates
for Hg from their studies in Eastern China by using an atomic fluores-
cence analytical method with a detection limit of 2 μg/kg: 9.4 μg/kg
interior of the North China craton, 8.1 μg/kg southern margin of the
sediment/alluvial soil samples of CGB project results. Box length represents the interquar-
values between 1.5 and 3 times box length (interquartile range) from the lower or upper
edge of the box (Kürzl, 1988; Tukey, 1977).

ing the limit of 150 μg/kg Hg according to the China National Environmental Standards for

g/kg 500–1500 μg/kg N1500 μg/kg

edance Medium exceedance High exceedance

Proportion N Proportion N Proportion

5.77% 30 0.89% 7 0.21%
2.78% 16 0.47% 9 0.27%



Fig. 3.Mercury distribution map in top (A) and deep (B) sediment/alluvial soil samples from the CGB project.
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North China craton, 24.2 μg/kg North Qinling belt, 26.6 μg/kg South
Qinling belt, 10.8 μg/kg Yangtze craton and 11.5 μg/kg central East
China as a whole, showing that there is significant variation in Eastern
China. From these studies, it appears that the continental crust estimate
for Hg in China varies from 7 to 11.5 μg/kg, not taking into account the
two high values in North and South Quinling belt. The 25th percentile
values, determined in this study (13 μg/kg in top and 11 μg/kg in deep
samples), are close to the estimated crustal abundance of China. The
median (P50) Hg values, both in top (26 μg/kg) and deep (18 μg/kg)
samples, are greatly elevated compared to the estimated crustal
abundance of China.

Table 4A clearly shows that the Hg concentrations bP25 are very
similar for both top and deep samples (ratio top/deep samples: 1.18),
whereas Hg values in the top samples at percentiles greater than
the median (NP50) have distinctly higher concentrations than the
corresponding deep samples, as indicated by Top/Deep sample ratios
at the 50th, 75th, 85th and 97.5th percentiles of 1.44, 1.56, 1.58 and
1.49, respectively, suggesting an enrichment. For comparison purposes,
the same Hg concentrations in top sediment/alluvial soil samples are
used for map plotting as those of the deep samples (Table 4B). Fig. 2
presents the Hg statistical distribution of top and deep samples in the
form of histograms and boxplots. The boxplots indicate the presence
of a limited number of lower outliers, while there is a considerable
number of upper outliers. This aforementioned statistical information
shows that there is no, or only a small, difference between top and
deep samples at low concentrations, and there are large difference at
Fig. 4. Organic carbon distribution map in top sedim
high concentrations and systematic enrichment in top samples until
the 97.5th percentile.

Table 5 lists the proportion of sample sites relative to total sampling
locations that exceed the limit value of 150 μg Hg/kg set by the National
Environmental Standards for Heavy Metals of the People's Republic of
China (GB 15618-1995). Therefore, the proportion of top and deep
sediment/alluvial soil samples exceeding the Chinese statutory limit of
150 μg/kg Hg is 6.87% and 3.52%, respectively.

3.2. General distribution of mercury throughout China

The spatial distribution of Hg throughout China is shown on the
contoured geochemical maps (Fig. 3). The maps were produced from
gridded data, which were processed by the in-house software
Geoexpl2009® (http://www.drc.cgs.gov.cn/GeoExplGeoMDIS/). Raw
analytical data were interpolated to generate a regular output grid of
80 × 80 km, using an exponentially weighted moving average model.
The 18-shade colourmapped classes are based on the following percen-
tiles of rawdata: 2.5, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 75, 80, 85, 90, 95
and 97.5. The different colour shades given to percentiles at 2.5 (dark
blue), 25 (blue), 50 (green), 75 (yellow), 85 (red) and 97.5 (dark red)
were selected to make easier the reading and interpretation of the Hg
and organic carbon distribution maps (Figs. 3 & 4).

The most noticeable Hg distribution pattern shown on the maps of
both top and deep samples is the trend of increasing concentrations
from north to south and from west to east. The distribution patterns
ent/alluvial soil samples from the CGB project.

http://www.drc.cgs.gov.cn/GeoExplGeoMDIS/
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are related to (1) parent rocks, including rocks associated with
mineralisation; (2) climate, which is a major factor in forming the
major soil types of China; and (3) human activities.

Low Hg concentrations (bP25, blue colours) are distributed in arid
desert basins, Gobi desert, semi-desert grassland and loess in the
north and north-west of China, where the sediment/soil is comprised
mostly of quartz-richwindblown sand containing low content of organ-
icmatter and is unpolluted or only slightly polluted by human activities.

High Hg concentrations (P75-P85, yellow-orange colours) are corre-
lated with lithology, such as black shale of Lower Cambrian Formation
of Yangtze Craton, as discussed in a later section (Mao et al., 2002),
with red earth and laterite in southern China, and with soil containing
high content of organic matter in north-eastern China (Fig. 4).

Mercury anomalies (threshold is here defined as NP85, red colours)
both in top and deep samples are distributed in south and south-west
parts of China. The largest one covers Hunan, Guizhou, Chongqin, East
Yunnan, North Guangxi, and south-east Sichuan, where large-scale
low-temperature metallogenic provinces occur that are characterised
by mineralisation of Hg, Sb, As, Au, P, Pb–Zn, Ni–Mo-PGEs, baryte and
calcite (Coveney and Chen, 1991; Hu et al., 2002, 2007; Huang et al.,
2011).

Mercury anomalous centres (NP97.5, dark red) are exactly correlated
with Hg mineralisation and low-temperature mineral deposits. For
example, the top and deep samples with maximum Hg concentrations
of 20,201 and 60,001 μg/kg, respectively, were taken from the same
site, which is located at the lower reaches of the Lannigou gold deposit
Fig. 5. Distribution map of Hg concentration ratios of top to d
(Hu et al., 2002) and the Lanmuchang Hg deposit in Guizhou (Qiu et al.,
2006). Other areas of high Hg in top samples sparsely occurring at the
border area of Sichuan, Shaanxi and Gansu provinces, in eastern
Shandong, in Hebei, in eastern Jilin and Liaoning are due to the largest
gold-producing districts in China, where artisanal gold smelting with
Hg amalgamation was used (Gunson and Viega, 2004; Gunson and
Yue, 2001). In September 1996, this practice was officially banned in
China, because of potential Hg pollution (Lin et al., 1997).

The area of high anomalous Hg concentrations (NP97.5) in top sam-
ples is larger in extent than that in deep samples. According to applied
geochemists' experiences on the interpretation of floodplain sedi-
ment/alluvial soil geochemical maps (e.g., De Vos et al., 2006; Ottesen
et al., 2013) (1) spatial distribution patterns based on deep sediment/
alluvial soil samples are usually related to lithology/mineralisation,
and may designate the geochemical background for top sediment/
alluvial soil, and also may indicate the influence of human activities in
regionswith a high-degree of industrialisation or long-history ofmining
and smelting; (2) the geochemical patterns based on top samples are
related to both lithology/mineralisation, and human activities, and
(3) the distributionmap of top/deep sediment/alluvial soil ratio depicts,
in most cases, the superimposed anthropogenic influence.

The spatial distribution map of Hg ratios of top to deep samples
better visualises the possible impact from human activities on top
sediment/alluvial soil in the highly populated urban areas of eastern
China and mining districts (Fig. 5). For example, a significant anomaly
of Hg ratios of top to deep samples occurs at the lower reaches of the
eep sediment/alluvial soil samples from the CGB project.



Fig. 6. Tectonic units of China (redrawn from Ren et al., 1999, Fig. 6, p.12).

Fig. 7.Boxplots showing theHg (μg/kg) variation in top and deep sediment/alluvial soil samples in different tectonic units of China (for summary statistics refer to Table 6). Thedotted lines
at 26 and 18 μg/kg Hgmarkmedian concentrations of top and deep sediment/alluvial soil samples inwhole China, respectively. Box length represents the interquartile range (25th to 75th
percentiles) and contains themedian (thick black line). “+”: caseswith values between 1.5 and 3 times box length (interquartile range) from the upper or lower edge of the box; “”: cases
with valuesmore than 3 times box length from the lower or upper edge of the box (Kürzl, 1988; Tukey, 1977). Notation: China— All samples; (I) Tianshan–Xingmeng Orogenic Belt; (II)
North China Craton; (III) Tarim Craton; (IV) Qin–Qi–Kun Orogenic Belt; (V) Songpan–Ganzi Orogenic Belt; (VI) Tibet–Sanjiang Orogenic Belt; (VII) Yangtze Craton.
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Fig. 8. China's geomorphological landscape terrains.
Modified from Wang and Zuo (2010).

Fig. 9. Boxplots displaying statistical Hg (μg/kg) variation of top and deep sediment/alluvial soil samples in the different geomorphological landscape terrains of China (for boxplot
characteristics see Fig. 7, and for summary statistics refer to Table 7). Notation: China — All samples; (A) Hill; (B) Alluvial Plain; (C) Swamp and Forest; (D) Karst; (E) Loess; (F) High
Mountain; (G) Cold Swamp; (H) Semi-desert Grassland; (I) Gobi Desert; (J) Basin Desert.
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Table 6
Statistical parameters of Hg analytical results (μg/kg) in top and deep sediment/alluvial soil samples in China's geological tectonic terranes (see also Fig. 7).

Tectonic terrane Sample
type

N Percentile Mean Geometric
mean

Min. 2.5% 25% 50% 75% 85% 97.5% Max.

Whole China Top 3382 0.5 5.2 13.1 26.0 55.5 86.9 279 20,201 67.0 28.7
Deep 3380 0.5 4.6 10.5 18.0 36.0 55.2 188 60,001 64.8 21.0

Orogenic Belts (OB, all) Top 2160 2.0 5.2 12.9 23.5 48.8 79.9 270 9550 60.0 26.9
Deep 2158 0.5 4.5 10.2 17.5 36.0 54.0 185 9976 47.1 20.5

Cratons (all) Top 1222 0.5 5.2 14.0 30.5 68.0 97.2 319 20,201 79.5 32.2
Deep 1222 2.1 4.7 11.0 19.0 36.5 59.1 207 60,001 96.1 21.9

Tianshan–Xingmeng Orogenic Belt (I) Top 909 2.0 5.1 10.5 18.0 29.0 38.2 85.9 2246 27.5 18.5
Deep 907 0.5 4.0 8.0 12.1 21.0 28.0 64.7 583 18.7 13.3

North China Craton (II) Top 613 2.6 5.5 13.0 25.5 44.5 63.0 216 901 44.6 26.0
Deep 613 2.6 5.0 10.0 15.0 23.0 28.5 82.5 802 24.9 15.8

Tarim Craton (III) Top 209 0.5 4.1 7.3 11.0 17.8 22.6 43.7 83.4 14.7 11.7
Deep 209 2.1 3.8 6.8 9.9 14.6 18.4 37.5 93.9 12.5 10.3

Qin–Qi–Kun OB (IV) Top 350 5.1 6.1 12.3 19.0 39.7 59.0 240 8125 68.6 23.5
Deep 350 3.2 5.1 11.0 15.5 27.7 39.0 177 3670 44.3 18.7

Songpan–Ganzi OB (V) Top 202 2.6 5.8 15.9 28.7 45.8 68.7 187 9550 90.0 29.6
Deep 202 2.0 5.7 14.8 24.8 48.0 66.0 269 9550 90.6 28.3

Tibet–Sanjiang OB (VI) Top 349 2.7 4.6 11.7 18.8 39.9 64.7 198 1720 46.5 22.7
Deep 349 2.7 4.5 10.7 17.8 33.6 52.0 190 1835 41.6 20.5

Yangtze Craton (VII) Top 400 5.1 18.0 40.3 76.0 125 172 497 20,201 167 74.9
Deep 400 5.1 14.0 28.7 47.0 84.0 111 419 60,001 249 52.4

South China OB (VIII) Top 350 7.5 17.9 55.0 92.5 151 202 592 1201 132 93.0
Deep 350 4.5 11.8 34.5 52.5 88.3 122 306 9976 104 57.9
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Baiyindaba Pb–Zn–Ag mine in Inner Mongolia (Fig. 5, 118°E, 45°N),
which has been mined since 2006, and in the area there are also coal
mines in operation since 2000. The top soil samples are contaminated,
whereas the deep sediment/alluvial soil samples are not impacted by
mining activities.

It was estimated that Hg emission from non-ferrous metal smelting,
coal combustion andmiscellaneous uses (e.g., battery,fluorescent lamp,
thermometer, and cement production) contributed about 45%, 38% and
17%, respectively, based on official statistical data of Hg emissions from
anthropogenic activities in China for 1999 (Streets et al., 2005; Wang
and Zuo, 2010; Wu et al., 2006; Zhang and Wong, 2007).

3.3. Mercury distribution in relation to China's tectonic framework

Mainland China is geologically divided into eight tectonic units
(Fig. 6): (I) Tianshan–Xingmeng Orogenic Belt, (II) North China Craton,
Table 7
Statistical parameters of Hg analytical results (μg/kg) in top and deep sediment/alluvial soil sa

Geomorphological landscape Sample
type

N Percentile

Min. 2.5% 25%

Whole China Top 3382 0.5 5.2 13.1
Deep 3380 0.5 4.6 10.5

Hill (A) Top 633 6.0 9.0 31.0
Deep 633 4.5 6.5 17.5

Alluvial plain (B) Top 335 5.5 6.5 22.3
Deep 335 5.0 6.5 14.0

Swamp and forest (C) Top 218 8.5 12.2 20.5
Deep 217 5.5 6.4 14.0

Karst (D) Top 126 26.5 31.6 68.0
Deep 126 24.5 28.3 56.3

Loess (E) Top 170 2.6 7.6 15.5
Deep 170 2.6 5.1 13.1

High mountain (F) Top 923 2.6 5.2 13.4
Deep 923 2.0 4.6 11.7

Cold swamp (G) Top 140 4.6 6.1 11.6
Deep 140 5.5 6.6 11.7

Semi-desert grassland (H) Top 215 4.5 5.5 9.5
Deep 214 3.6 4.5 7.5

Gobi desert (I) Top 424 3.1 4.9 8.5
Deep 424 0.5 3.6 7.1

Basin desert (J) Top 198 0.5 3.6 6.1
Deep 198 2.0 3.6 5.8
(III) Tarim Craton, (IV) Qin–Qi–Kun Orogenic Belt, (V) Songpan–Ganzi
Orogenic Belt, (VI) Tibet–Sanjiang Orogenic Belt, (VII) Yangtze Craton
and (VIII) South China Orogenic Belt (Fig. 6) (Ren et al., 1999). The con-
tinental crust of China is a mosaic of cratonic blocks and orogenic belts,
containing small cratons and terranes with various tectonic settings
(Zheng et al., 2013). The Tianshan–Xingmeng Orogenic Belt (I), also
known as part of the Central Asian Orogenic Belt (CAOB) or the Altaid
tectonic collage (Şengör et al., 1993), lies between the Siberian craton
to the north, and the Tarim and North China cratons to the south, and
is characterised by huge volumes of volcanic rocks and granite masses
(Miao et al., 2007; Wu et al., 2001, 2007; Zhang et al., 2008, 2010).
The North China Craton (NCC) (II) is one of the world's oldest Archaean
cratons. The basement rocks of the East NCC are exposed as high- or
low-grade granite-greenstone, which is dominated by Archaean granit-
ic gneiss and tonalitic–trondhjemitic–granodioritic (TTG) gneiss, while
the western NCC is mostly covered by the Ordos Basin (Li, 2012; Zhao
mples in China's diverse geomorphological landscapes (see also Fig. 9).

Mean Geometric
Mean

50% 75% 85% 97.5% Max.

26.0 55.5 86.9 279 20,201 67.0 28.7
18.0 36.0 55.2 188 60,001 64.8 21.0
59.5 105 152 407 921 93.7 59.7
33.1 56.5 78.1 211 2191 53.5 33.3
38.0 68.3 90.0 287 794 62.3 38.5
21.0 34.0 47.0 169 3121 46.0 23.5
29.0 39.9 45.5 124 278 36.1 29.9
23.0 32.5 38.8 69.2 416 27.8 21.6

113 180 230 1018 20,201 348 122
89.5 132 190 917 60,001 701 104
23.5 46.3 63.2 291 8125 93.0 28.4
17.5 25.5 32.8 290 3670 53.7 20.3
24.0 48.5 75.0 254 9550 62.8 27.4
20.5 41.8 65.3 207 9550 56.4 23.5
15.6 25.0 29.3 89.7 141 22.8 17.6
15.6 22.7 25.7 94.7 277 21.9 16.6
12.0 20.0 25.0 92.2 251 19.3 14.1
10.0 14.2 18.0 34.0 116 13.1 10.8
14.0 25.1 34.7 84.6 2246 26.7 15.4
10.0 15.2 18.7 49.0 583 15.0 10.8
8.7 13.5 16.9 42.4 83.4 11.8 9.3
7.8 11.3 15.2 30.0 41.4 9.9 8.4
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et al., 2003). The Tarim Craton (III) is the largest sedimentary basin
in China with an area of about 560,000 km2. The Palaeozoic sequence
comprises mainly dolomitic limestone and red and yellow siltstone,
while the Mesozoic and Caenozoic strata consist mainly of green
sandstone and red mudstone. The Qin–Qi–Kun Orogenic Belt (IV)
stretches approximately E–W from Jiaodong peninsula in the east to
the south-western margin of the Tarim Block in the west (Pirajno,
2013). The eastern part is the world's largest ultrahigh pressure (UHP)
metamorphic belt, consisting of gneiss, granulite and migmatite, and
the lithostratigraphical sequence is made up from mostly Devonian–
Cretaceous sedimentary rocks with widespread granitic masses formed
in the Triassic. The basement of the western part consists mainly of
amphibolite facies gneiss, schist and migmatite, overlain by a sedimen-
tary sequence, which is locally intruded by gneissic potassic granite
(Song et al., 2006; Wang, 2004; Xu et al., 1996). The Songpan–Ganzi
Orogenic Belt (V) contains turbidity sediments from 5 to 15 km thick,
representing the largest volume of flysch facies in the world (Pirajno,
2013; Wang et al., 2008). The lithostratigraphy comprises mostly
Triassic deep marine sedimentary limestone, calcareous shale, sand-
stone, siltstone and turbiditic clastic rocks. Except for some Triassic
granite masses, Na-rich and peraluminous rhyolite and high MgO an-
desite in the northern Songpan–Ganzi terrane near the suture between
the Songpan–Ganzi and Kunlun terranes are the only known coeval
volcanic rocks (Pirajno, 2013; Wang et al., 2008). The Tibet–Sanjiang
Fig. 10. Major river
Modified fromWan
Orogenic Belt, also known as the Tibetan Plateau (VI), is commonly
considered to be the product of the India–Asia collision starting in the
early Caenozoic (Zhu et al., 2013). The sedimentary sequences are
characterised by dominantly shallow marine clastic sediments and
carbonate rocks, fluvial sedimentary sequences, and volcanic flows
(Kapp et al., 2003). The intrusions comprise granitoids, ultramafic
rocks and volcanic rocks (Harris et al., 1988, 1990; Kapp et al., 2003;
Pirajno, 2013; Xu et al., 1985; Yin and Harrison, 2000). The Yangtze
Craton (VII) consists of minor Archaean–Palaeoproterozoic crystalline
basement, and the Palaeozoic strata are primarily composed of marine
carbonates and clastic sediments, with limited magmatism. The Lower
Cambrian black shale in the Yangtze craton sedimentary sequence ex-
tends along a belt 1600 km long, from Yunnan Province in the south-
southwest to Zhejiang Province in the central-east. Basalt at Emeishan
in Sichuan Province occurs in the westernmargin of the Yangtze Craton
(Xu et al., 2004; Zheng et al., 2013). The South ChinaOrogenic Belt (VIII)
in the south-east is characterised by widespread intrusive and volcanic
rocks of Yanshanian age (Mesozoic), forming amagmatic belt extending
for more than 400 km from Hainan Island to Zhejiang Province to the
north-east (Pirajno, 2013).

Table 7 shows the statistical results of Hg concentrations in top and
deep soil samples in different tectonic terranes of China, and Fig. 9 the
statistical distribution in the form of boxplots. The median in top
samples is 23.5 μg/kg in orogenic belts and 30.5 μg/kg in cratons, and
basins of China.
g and Zuo (2010).
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the corresponding values in deep samples are 17.5 and 19 μg/kg, respec-
tively. The boxplots (Fig. 9) indicate the presence of a limited number of
lower outliers for top and deep samples, while there is a considerable
number of upper outliers. The highest Hgmedian value in deep samples
Table 8
Statistical parameters of Hg analytical results (μg/kg) in top and deep sediment/alluvial soil sa

Drainage Basin Sample
type

N Percentile

Min. 2.5% 25

Whole China Top 3382 0.5 5.2 13
Deep 3380 0.5 4.6 10

Yangtze River (C1) Top 663 2.6 10.4 32
Deep 663 2.0 9.9 24

Heilongjiang River (C2) Top 349 5.5 8.9 18
Deep 348 4.2 6.0 12

Yellow River (C3) Top 306 2.6 5.8 15
Deep 306 2.6 4.6 12

Pearl River (C4) Top 134 12.5 29.2 58
Deep 134 15.0 24.8 45

Yarlung Zangbo River (C5) Top 111 2.7 3.5 9
Deep 111 2.7 3.5 7

Haihe River (C6) Top 102 6.5 7.9 24
Deep 102 3.6 6.9 15

South-eastern Coast River (C7) Top 91 18.0 29.1 54
Deep 91 10.5 14.1 32

Huaihe River (C8) Top 86 6.0 12.5 28
Deep 86 4.5 6.0 13

Liaohe River (C9) Top 83 5.5 6.0 8
Deep 83 5.0 5.5 7

Lancangjiang River (C10) Top 56 6.0 6.4 12
Deep 56 6.0 6.4 12

Nujiang River (C11) Top 45 9.7 10.6 24
Deep 45 9.0 9.4 22

Shandong Peninsula River (C12) Top 39 11.2 13.4 26
Deep 39 5.4 5.4 11

Yili River (C13) Top 35 6.3 7.5 9
Deep 35 3.6 4.6 7

Yuanjiang–Honghe River (C14) Top 29 8.5 15.5 31
Deep 29 8.5 10.3 30

Hainan Island River (C15) Top 26 7.5 8.8 18
Deep 26 4.5 6.1 12

Luanhe River (C16) Top 26 6.0 8.5 13
Deep 26 6.0 6.3 10

South-eastern Guangxi River (C17) Top 20 20.5 23.0 41
Deep 20 14.5 18.1 32

Western Liaoning River (C18) Top 19 12.0 12.2 20
Deep 19 8.0 8.7 11

Yalvjiang River (C19) Top 16 18.5 21.5 39
Deep 16 13.5 13.7 16

Liaodong Peninsula River (C20) Top 14 9.0 9.5 17
Deep 14 5.5 6.3 12

Singe–Zangpu River (C21) Top 13 10.7 11.2 16
Deep 13 10.7 11.0 14

Dulongjiang River (C22) Top 8 13.5 14.4 22
Deep 8 10.5 11.6 17

Tumenjiang River (C23) Top 8 12.0 13.1 19
Deep 8 8.5 8.6 15

Suifenhe River (C24) Top 3 8.5 8.9 12
Deep 3 8.5 8.8 11

Tarim Endorheic Basin (C25) Top 330 0.5 4.6 8
Deep 330 0.5 3.8 6

Junggar Endorheic Basin (C26) Top 198 2.0 3.7 9
Deep 198 2.0 3.5 7

Hexi Corrido–Alxa endorheic basin (C27) Top 180 4.1 5.0 8
Deep 180 4.5 5.0 7

Inner Mongolia Endorheic Basin (C28) Top 129 4.0 5.0 8
Deep 128 4.0 4.5 7

Qiangtang Plateau Endorheic Basin (C29) Top 124 4.6 6.1 10
Deep 124 5.5 6.5 9

Qaidam Endorheic Basin (C30) Top 101 5.1 5.1 8
Deep 101 3.2 4.6 7

Irtysh Endorheic Basin (C31) Top 26 3.6 3.9 5
Deep 26 3.1 3.4 4

Erdos Endorheic Basin (C32) Top 12 7.0 7.3 10
Deep 12 4.5 5.2 8

Bold data shows values are significantly higher than median of whole China.
at 77 μg/kg is in Yangtze Craton (Fig. 6, VII; Table 6) where black shale
is widely distributed and Hg, low-temperature gold and base metal
deposits occur. The lowest Hg median value for both top and bottom
samples is in the Tarim Craton (Fig. 6, III; Table 6) due to sandstone
mples in the 32 major drainage basins of China (see also Fig. 11).

Mean Geometric
Mean

% 50% 75% 85% 97.5% Max.

.1 26.0 55.5 86.9 279 20,201 67.0 28.7

.5 18.0 36.0 55.2 188 60,001 64.8 21.0

.3 67.0 118 168 523 9550 124 64.3

.5 42.5 76.8 106 398 9550 101 46.2

.0 26.0 36.5 42.5 110 213 32.0 26.2

.0 19.0 30.0 35.5 70.7 416 25.1 19.4

.1 23.3 40.2 61.1 163 8125 65.7 25.8

.0 17.5 26.9 37.6 121 3670 40.8 19.4

.9 102 157 202 707 20,201 291 105

.4 72.5 117 139 475 60,001 615 79.8

.9 17.8 38.1 67.4 243 1208 52.5 20.3

.8 14.3 36.6 54.6 254 1835 59.5 18.7

.8 40.0 60.8 79.2 306 901 66.7 40.5

.0 21.3 28.4 34.0 381 802 48.4 23.5

.8 83.5 134 196 573 921 129 93.8

.5 43.0 59.0 72.3 166 476 57.6 45.3

.0 38.3 50.8 69.0 108 201 45.6 39.1

.0 15.8 20.9 26.0 55.9 195 20.9 17.3

.3 13.0 26.3 47.2 152 739 38.0 17.3

.5 10.5 14.5 17.9 31.8 358 16.4 11.4

.2 37.4 59.1 84.1 313 1720 79.4 30.9

.7 21.9 45.6 51.9 263 335 43.5 25.5

.8 48.5 78.7 94.3 180 227 56.4 42.7

.5 48.0 76.3 103 119 173 55.4 41.9

.0 32.5 62.3 76.5 143 404 53.1 39.2

.0 14.0 17.3 22.3 31.3 40.1 15.4 14.0

.6 13.1 20.2 27.7 46.6 54.7 17.1 14.7

.3 8.9 13.6 19.8 26.6 26.8 11.4 10.0

.0 43.0 75.0 141 188 195 68.7 52.0

.0 43.0 79.0 126 235 347 69.4 48.3

.1 27.8 42.0 44.1 168 323 40.6 27.5

.3 23.5 33.5 45.5 87.1 109 28.8 21.7

.4 22.0 39.6 53.5 175 316 39.6 25.5

.9 16.8 21.3 25.3 35.4 47.0 17.2 15.1

.5 70.8 99.3 108 166 178 75.9 64.8

.0 38.8 49.4 55.6 186 235 52.9 42.5

.0 29.5 45.8 66.3 244 365 52.8 33.7

.5 19.0 32.0 40.1 52.0 54.5 23.8 20.0

.5 64.8 134 275 356 402 116 74.5

.5 21.5 30.6 43.0 46.8 47.0 26.0 23.8

.4 22.0 29.9 48.5 113 121 34.7 25.9

.0 16.0 21.1 27.5 35.4 39.0 17.9 15.9

.3 18.3 31.1 37.5 280 380 50.5 26.1

.9 16.3 30.6 37.6 159 207 35.7 22.9

.3 31.8 43.8 74.0 114 122 43.7 34.1

.8 20.8 26.3 31.2 35.2 36.0 22.4 21.0

.5 33.0 54.8 70.9 95.1 100 42.1 33.5

.4 20.8 24.6 26.4 29.0 29.5 19.6 17.9

.3 16.0 16.5 16.7 17.0 17.0 13.8 13.2

.3 14.0 26.0 30.8 36.8 38.0 20.2 16.5

.4 13.1 21.2 30.7 66.1 363 19.3 14.1

.9 10.5 15.3 19.2 43.5 128 13.8 10.9

.8 15.9 23.8 28.6 76.8 2246 31.1 15.6

.2 11.3 17.3 20.4 53.2 583 17.0 11.4

.0 11.0 19.9 31.2 83.4 211 19.9 13.5

.0 9.3 14.0 19.1 38.1 138 13.4 10.7

.0 10.5 16.0 20.0 38.9 221 16.2 12.1

.0 9.5 13.6 17.5 56.2 91.0 12.9 10.4

.6 14.8 25.0 29.6 92.5 141 23.3 17.5

.9 14.9 22.7 26.6 105 277 22.7 16.2

.7 12.3 16.4 18.6 38.5 69.9 14.2 12.3

.8 11.3 15.4 18.0 35.9 69.4 13.6 11.6

.8 10.5 15.3 15.5 28.4 33.9 11.3 9.5

.1 5.6 8.8 11.9 28.4 33.9 8.2 6.5

.8 12.5 13.6 14.5 15.9 16.0 12.1 11.7

.0 9.3 12.1 13.9 17.4 18.5 10.3 9.7
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and quartz-rich windblown sand cover. Mercury is also greatly
enriched in the Southern China Orogenic Belt, while there is a slight
enrichment in the Songpan–Ganzi Orogenic Belt (V). The Tarim Craton
(III) and Tianshan–Xingmeng Orogenic Belt (I) are depleted in Hg
compared to the median value for whole China in both top and deep
samples.

3.4. Mercury distribution in relation to China's
geomorphological landscapes

The territory of China lies between latitudes 18° and 54° N, and
longitudes 73° and 135° E. China's landscapes vary significantly across
its vast width as shown in Fig. 8. In the east and north-east, there are
hilly or low mountainous areas, alluvial plains, and forested land.
Northern and north-western China is dominated by arid desert terrains
including desert basins, Gobi desert, semi-desert grassland and loess
plateaus. South-western China is dominated by high mountains, most
notably the Himalayas. Table 7 lists Hg statistical parameters for top
and deep samples of these 10 landscapes, and Fig. 9 displays their statis-
tical variation in the form of boxplots. The Karst terrain (D) has the
highest Hg median values among these landscapes in both top and
deep samples, and the Basin desert terrain the lowest. The high Hg
values in the Karst terrain are due to heavy metals enriched in red
earth and laterite during the process of chemical decomposition of
carbonates, and low-temperature mineralisation of Hg, Sb, As, Au and
Pb–Zn. The lowest Hg values in the basin desert are because of the
quartz-rich windblown sand unpolluted or slightly polluted by human
activities.

3.5. Mercury distribution in China's major drainage basins

Fig. 10 shows 32 major drainage basins (C1–C32) in China. Table 8
lists Hg statistical parameters for top and deep samples of 32 basins,
and Fig. 11 shows their variation in the form of boxplots. High Hg
median concentrations occur in the Pearl River (C4), Yangtze River
(C1) and South-eastern Coast River (C7) basins, which have the highest
population density and the most industrial development in China. Low
Fig. 11. Boxplots showing statistical Hg (μg/kg) variation in samples frommajor drainage basins
Notation: China — All samples; (C1) Yangtze River; (C2) Heilongjiang River; (C3) Yellow River
River; (C8) Huaihe River; (C9) Liaohe River; (C10); Lancangjiang River; (C11) Nujiang River;
Hainan Island River; (C16) Luanhe River; (C17) South-eastern Guangxi River; (C18)Western Li
River; (C22) Dulongjiang River; (C23) Tumenjiang River; (C24) Suifenhe River; (C25) Tarim En
(C28) Inner Mongolia Endorheic Basin; (C29) Qiangtang Plateau Endorheic Basin; (C30) Qaida
median concentrations are observed in endorheic basins of northern
China due to the presence of quartz-richwindblown sand and relatively
low influence from human activities, e.g., Tarim (C25), Junggar (C26),
Hexi Corrido–Alxa (C27), Inner Mongolia (C28), Qiangtang Plateau
(C29), Qaidan (C30), Irtysh (C31) and Erdos (C32).
3.6. Mercury distribution in relation to soil types

Fig. 12 shows the distribution of major soil types in China. Table 9
lists the summary statistical results of Hg concentrations of top and
deep sediment/alluvial soil samples in regions with different soil
types, and Fig. 13 presents their statistical variation in the form of
boxplots. The median value varies from 11.3 to 79 μg/kg for top
samples, and from 9.6 to 51.0 μg/kg for deep sediment/alluvial soil
samples. The boxplots indicate the presence of a limited number of
lower outliers in top and deep sediment/soil samples, while there is
a considerable number of upper outliers in both cases. Statistical
results show that Hg is enriched in red earth (IE) and lateritic red
earth (IF) in both top and deep sediment/alluvial soil samples, and
depleted in Alpine–Subalpine meadow soil (IID), Alpine desert soil
(IIIA) and Grey desert soil (IIC).

Generally, the content of Hg in soil depends on the available sources
and its chemical behaviour. The chemical behaviour of Hg that deter-
mines its binding ability in soil depends highly on the species, which
is a function of several soil parameters, such as temperature, organic
matter, clay and colloids (Kabata-Pendias and Mukherjee, 2007;
Schuster, 1991; Yin et al., 1997). Red earth in southern China has a
high content of clay and oxides and is low in organic matter (Fig. 4).
Hence, enrichment of Hg in red earth (IE, Fig. 13) and lateritic red
earth (IF) is possibly due to its absorption by clay and oxide colloids.
While depletion of Hg occurs in areas with Alpine–Subalpine meadow
soil (IIIC, Fig. 13), Alpine desert soil (IIIA), Grey desert soil and in Gobi
desert (IIC) is due to the quartz-rich windblown sand containing low
content of organic matter, clay and colloids, and in the north and
north-west of China, where there is low or no pollution by human
activities.
of China (for boxplot characteristics see Fig. 7, and for summary statistics refer to Table 9).
; (C4) Pearl River; (C5) Yarlung Zangbo River; (C6) Haihe River; (C7) South-eastern Coast
(C12) Shandong Peninsula River; (C13) Yili River; (C14) Yuanjiang–Honghe River; (C15)
aoning River; (C19) Yalvjiang River; (C20) Liaodong Peninsula River; (C21) Singe–Zangpu
dorheic Basin; (C26) Junggar Endorheic Basin; (C27) Hexi Corrido–Alxa endorheic basin;
m Endorheic Basin; (C31) Irtysh Endorheic Basin; (C32) Erdos Endorheic Basin.



Fig. 12. Soil type distribution in China (for legend refer to Table 9 and Fig. 13).
Modified fromWang and Zuo (2010).
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4. Conclusions

The China Geochemical Baselines Project, based on catchment
sediment/alluvial soil sampling, provides an insight into the distribution
of Hg throughout China. The data set can be used to establish Hg
baselines for themajor tectonic units in China, the different geomorpho-
logical landscapes, major drainage basins, and different soil types. The
25th, 50th, 75th and 85th percentiles of Hg concentrations display
well the relationship of spatial distribution with lithology, mineral
resources, soil types, and human activities.

The 95% range (P2.5–P97.5) varies from 5 to 281 μg/kg in top and 5
to 185 μg/kg in deep sediment/alluvial soil samples. The median Hg in
top and deep sediment/alluvial soil samples is 26 and 18 μg/kg, respec-
tively. Notable Hg enrichment occurs in top sediment/alluvial soil
samples.

The overall spatial distribution patterns of Hg in both top and deep
sediment/alluvial soil samples show an increasing trend from north to
south and from west to east China. The areas most highly enriched
in Hg mainly occur in south and south-east China, where they are
primarily related to (1) the extensive distribution of black shale in
south-eastern China; (2) large-scale epithermal metallogenic domain
in south-western China, characterised by mineralisation of Hg, Sb, Au,
As, and Pb–Zn; (3) soil type distribution from arid quartz-rich wind-
blown sandor loess in the north andnorth-west to red earth and laterite
in south, south-east and organic soil in north-east, and (4) population
density and economic development from low in north-west to high in
south-east China.

The spatial distribution map of Hg ratios of top to deep sediment/
alluvial soil samples better visualises the influence of human activities
in the top samples in the highly populated urban areas of eastern
China, such as at the Yangtze River Delta (Shanghai-Jiangsu-Zhejiang),
the Pearl River Delta (Guangzhou) and North China Plains (Beijing–
Tianjin–Shijiazhuang–Taiyuan). The higher ratios of top to deep sedi-
ment/alluvial soil in these areas are mainly caused by Hg emissions
from metal smelting, coal combustion, and battery, fluorescent lamp,
thermometer and cement production activities. A proportion of 6.86%
top and 3.52% deep sediment/alluvial soil sample sites have Hg concen-
trations higher than the soil contamination limit of 150 μg/kg set by the
National Environmental Standards for Heavy Metals of the People's
Republic of China.
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Table 9
Statistical parameters of Hg analytical results (μg/kg) in top and deep sediment/alluvial soil samples in the areas of different soil types of China (see also Fig. 13).

Soil type Sample
type

N Percentile Mean Geometric
Mean

Min. 2.5% 25% 50% 75% 85% 97.5% Max.

Whole China Top 3382 0.5 5.2 13.1 26.0 55.5 86.9 279 20,201 67.0 28.7
Deep 3380 0.5 4.6 10.5 18.0 36.0 55.2 188 60,001 64.8 21.0

Cryo-brown soil–Podsolic soil (IA) Top 35 11.0 11.9 20.3 36.0 42.0 54.9 93.4 144 38.4 32.2
Deep 35 7.0 7.4 9.5 16.0 34.3 47.8 81.2 145 28.0 20.2

Dark brown forest soil–Black soil (IB) Top 296 5.5 7.2 18.0 26.5 38.1 44.5 133 402 34.9 26.5
Deep 295 5.0 6.0 13.3 21.0 30.0 35.5 65.3 416 25.1 19.8

Brown forest soil–Cinnamon soil (IC) Top 333 6.5 11.3 26.0 38.5 62.5 85.8 351 1086 64.0 42.5
Deep 333 5.4 7.0 13.5 18.5 28.0 34.0 258 1086 38.7 21.3

Yellow-brown earth, Yellow-cinnamon soil (ID) Top 124 6.0 14.7 37.5 53.0 79.5 102 373 1876 93.9 57.7
Deep 124 4.5 8.3 18.0 29.9 43.8 53.8 426 3121 87.8 31.7

Red earth–Yellow earth (IE) Top 575 2.6 9.0 45.0 79.0 131 183 565 20,201 157 77.3
Deep 575 2.6 10.1 31.0 51.0 85.3 116 351 60,001 205 53.8

Lateritic red earth (IF) Top 204 7.5 12.5 38.5 74.0 129 166 323 891 100 69.8
Deep 204 4.5 9.5 30.0 46.8 89.5 119 261 531 69.5 49.1

Chernozem-Chestnut soil–loessial soil (IIA) Top 360 2.6 5.0 10.0 15.0 23.5 27.5 99.9 901 25.3 15.9
Deep 360 2.6 4.1 8.0 11.7 16.5 21.5 42.1 208 15.3 12.2

Sierozem-Brown soil (IIB) Top 90 5.5 5.5 10.0 14.3 26.3 39.1 107 8125 114 18.0
Deep 89 4.5 4.5 8.5 14.0 21.0 27.0 93.6 3670 60.2 15.1

Grey desert soil (IIC) Top 356 2.0 4.1 8.0 12.9 21.5 28.1 84.1 2246 25.8 13.9
Deep 356 2.0 3.6 6.6 9.6 14.9 19.3 51.6 583 14.8 10.4

Alpine–Subalpine meadow soil (IID) Top 119 5.1 5.1 7.9 11.3 15.4 19.1 34.3 45.1 13.3 11.7
Deep 119 3.7 4.5 7.2 9.7 13.5 15.9 26.9 33.9 11.1 10.0

Alpine brown soil–Chestnut soil (IIE) Top 338 0.5 4.6 8.9 14.5 25.0 34.6 67.9 211 20.3 15.1
Deep 338 0.5 4.1 7.3 11.0 17.3 21.5 43.0 138 14.7 11.6

Alpine desert soil (IIIA) Top 49 4.7 5.8 9.3 11.8 14.4 16.3 43.5 51.7 13.5 12.0
Deep 49 3.2 4.3 7.8 10.3 13.4 15.1 29.6 64.7 12.0 10.2

Subalpine meadow soil (IIIB) Top 193 2.7 4.6 20.0 34.5 59.5 97.1 276 9550 118 36.4
Deep 193 2.0 4.0 16.0 30.0 59.1 91.5 288 9550 105 32.1

Alpine meadow soil (IIIC) Top 84 6.7 9.9 14.2 18.5 28.3 45.9 168 1208 44.8 22.8
Deep 84 4.6 7.2 12.8 16.6 22.0 35.2 144 1835 51.1 20.5

Alpine steppe soil (IIID) Top 120 4.6 6.0 10.7 14.4 22.9 28.6 116 380 24.2 16.9
Deep 120 5.5 6.5 9.9 14.8 22.1 25.7 123 277 22.8 16.1

Subalpine desert soil (IIIE) Top 18 7.0 8.0 10.5 16.6 22.3 26.2 34.5 37.0 17.4 15.7
Deep 18 6.5 6.5 11.2 14.9 19.9 21.7 31.5 32.5 15.9 14.4

Subalpine steppe soil (IIIF) Top 88 3.6 4.6 11.7 18.8 40.6 68.3 179 948 44.8 22.9
Deep 88 4.1 4.6 11.1 18.3 42.4 53.0 177 1147 45.7 22.2

Fig. 13. Boxplots displaying statistical Hg (μg/kg) variation of top and deep sediment/alluvial soil samples in the areas of different soil types of China (for boxplot characteristics see Fig. 7,
and for summary statistics refer to Table 9). Notation: China—All samples; (IA) Cryo-brown soil–Podsolic soil; (IB)Dark brown forest soil–Black soil; (IC) Brown forest soil–Cinnamon soil;
(ID) Yellow-brown earth, Yellow-cinnamon soil; (IE) Red earth–Yellow earth; (IF) Lateritic red earth. (IIA) Chernozem-Chestnut soil–loessial soil; (IIB) Sierozem-Brown soil; (IIC) Grey
desert soil; (IID) Alpine–Subalpine meadow soil; (IIE) Alpine brown soil–Chestnut soil; (IIIA) Alpine desert soil; (IIIB) Subalpine meadow soil; (IIIC) Alpine meadow soil; (IIID) Alpine
steppe soil; (IIIE) Subalpine desert soil (IIIF) Subalpine steppe soil.
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