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Abstract The geochemical fractions of heavy metals in
sediments are crucial indexes for their mobility and
bioavailability evaluations. However, different drying
processes of sediment pretreatment could change metal
geochemical fractions, especially for Hg, which is po-
tentially volatile. In this study, the influence of pretreat-
ment methods including oven-drying, air-drying, freeze-
drying, and fresh sediments on the analysis of Hg frac-
tions in sediments was investigated. Results showed that
remarkable differences of Hg concentration were ob-
served between fresh sediments and dried pretreatment
sediments (P < 0.05). Briefly, the concentrations of the
water-soluble and human stomach acid–soluble frac-
tions in oven-dried and air-dried sediments generally
showed significant increasing trends compared with
those in the fresh sediments, while the organo-chelated
fraction exhibited significant decreasing trends. The
cause of this phenomenon was primarily the oxidation
of organic matter, aging process, and the diffusion of Hg
into micropores. The significant loss was also observed
at elemental Hg fraction due to its volatilization effect.

The freeze-drying posed minor influence on changes of
Hg fraction analysis compared with oven-drying and
air-drying. Moreover, the total Hg concentrations in
pretreated sediments showed a decline of varying de-
grees compared with those in fresh sediments ascribing
to the volatilization of elemental Hg. Finally, Pearson
correlation analysis further confirmed that freeze-drying
could minimize the errors of the Hg fraction analysis in
sediments.
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Introduction

Mercury (Hg) has been classified as an environmental
priority pollutant by many international institutions be-
cause of its biological toxicity and hard degradation in
the environment (Jiang et al. 2006). With the vigorous
development of industry and agriculture, more Hg was
directly or indirectly discharged into reservoirs, rivers,
and lakes by surface runoff (Azad et al. 2019); more-
over, atmospheric deposition has also been identified as
an important source of Hg in aquatic environments
(Kang et al. 2016). Mercury in overlying water is easily
scavenged by suspended particulate matter and subse-
quently deposited to surface sediments (Liu et al. 2018).
Conversely, accumulated Hg in sediments can be re-
released after changes in the sediment environment
(Machado et al. 2016). Therefore, sediments are a major
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sink and source for Hg in aquatic environments (Pan and
Wang 2012). The toxicity of metals, including Hg, to
living beings in sediments largely depends on their
mobility and bioavailability; however, the total metal
concentration only provides very limited information
(Nemati et al. 2011; Liu et al. 2018). Therefore, much
sequential extraction procedures have been proposed to
detect the mobility and bioavailability of heavy metals
in sediments (Huang et al. 2015; Liu et al. 2018).

The most ideal way to analyze the heavy metal
fraction in sediments is to directly handle fresh sedi-
ments. However, this is not always possible or realistic
in field work due to the complexity of the analytical
procedures. In addition, the excessive water moisture
can increase many inconveniences for subsequent treat-
ment, and the inhomogeneity of natural sediments also
can cause measurement errors. For these reasons, sedi-
ments are often performed with drying pretreatments
prior to analysis. There are three common drying
methods for sediment pretreatment before heavy metal
fraction analysis: air-drying (AD), oven-drying (OD),
and freeze-drying (FD). Generally, AD takes the longest
time (~ 14 days); FD is a timesaver (~ 3 days), but the
operation is complex, and the equipment is expensive;
finally, OD is relatively convenient, but its negative
effects are significant, especially for volatile heavy
metals. Furthermore, AD and OD are accompanied by
an oxidation process, which can destroy the original
physicochemical properties of sediments and affect the
heavy metal fractions in sediments (Long et al. 2009;
Huang et al. 2015). Therefore, an appropriate drying
method is necessary to ensure accurate analysis for
geochemical fractions of target heavy metals. Previous
studies have reported that drying processes can lead to
heavy metal fraction transformation because of changes
in the redox conditions and temperatures, especially for
anoxic sediments (Baeyens et al. 2003; Claff et al.
2010). Consequently, inappropriate drying pretreatment
may distort the accuracy of results. However, recent
studies have mainly focused on non-volatile heavy
metals (e.g., Cu, Pb, Zn, and Cd) (Zhang et al. 2001;
Claff et al. 2010; Huang et al. 2015); the effects of
sample pretreatment on the Hg fraction are unknown.
Therefore, it is important and necessary to evaluate the
effects of drying pretreatment on the determination of
Hg fractions in sediments.

The objectives of this study are (1) to investigate the
effects of AD, OD, and FD on the analyses of Hg
fraction in sediments followed by a multistep sequential

extraction procedure and (2) to select an appropriate
drying method for sedimental Hg fraction determination
compared with fresh sediment analysis. The results pro-
vided a technical reference for further Hg fraction anal-
ysis, ensuring the accuracy of ecological risk assess-
ments of Hg in sediments.

Materials and methods

Sample collection

Surface sediment samples (0–10 cm) were collected
from the estuary of Jiahe River (JR) and the Guangdong
River (GR) in the Shandong Peninsula of China in
October 2018. The JR has been mainly used for agri-
cultural irrigation and drinking water. The GR is an
urban river and primarily receives domestic sewage
and industrial effluents along the river. Four surface
sediment samples (two samples from each river) were
collected using a Van-Veen grab sampler. Samples were
placed into polyethylene bags, stored in a plastic ice-
cold container, and then transported to the laboratory for
further analysis.

Sample pretreatment and characterization

Large stones, plant roots, and other impurities were first
removed from the sediments, which were slightly stirred
to homogenize the samples. To avoid the risk of oxida-
tion, all steps were carried out in an operating box filled
with nitrogen gas. Before determination, each sediment
sample was divided into four parts. The pretreatments
were as follows: (1) the fresh sample at 4 °C was
analyzed directly (FS); (2) the sample was oven-dried
at 40 °C for 72 h for further analyzes (OD); (3) the air-
dried sample was prepared at 25 °C for 2 weeks before
detection (AD); and (4) the sample for determination
was frozen at − 20 °C and was vacuum freeze-dried for
72 h (FD).

The percentage of moisture (MO) of the sediments
was calculated by heating at 105 °C to achieve a con-
stant weight. The grain sizes were determined using a
Malvern Particle Size Analyzer (MS 2000, Malvern,
UK). The pH and electrical conductivity (EC) were
measured by a 1:5 sediments suspension. The total
organic carbon (TOC) was analyzed by a TOC analyzer
(Vario Micro cube, German). Acid volatile sulfide
(AVS) in sediments was measured using a modified
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method of the cold diffusion procedure (Sheng et al.
2015). Briefly, the AVS was extracted by 9 M HCl and
CuCl2 solutions in order; the end product CuS was used
for calculating AVS contents in sediments.

Sequential extraction procedure and metal analysis

After the four pretreatments of drying processes, geo-
chemical fractions of Hg in samples were analyzed
using sequential selective extraction as described by
Bloom et al. (2003), respectively. This method is con-
sidered as the most suitable method for analyzing the Hg
fraction in sediments due to its high selectivity and
simple operation (Zhong and Wang 2008; Fernández-
Martínez and Rucandio 2013; Budianta et al. 2019). The
Hg fractions in sediments were classified into five be-
havioral classes: (a) water-soluble (F1), (b) human stom-
ach acid–soluble (F2), (c) organo-chelated (F3), (d)
elemental Hg (F4), and (e) mercuric sulfide (F5)
(Bloom et al. 2003). The samples pretreated by OD,
FD, and AD were sieved by 0.150 mm mesh, and
1.0 g samples were weighed in 100-mL centrifuge
tubes, respectively. For the FS samples, 1.5–2.5 g
(equiv. dw) samples were weighed in 100-mL centrifuge
tubes in the nitrogen operating box. The detailed se-
quential extraction procedure is shown in Table 1. Then,
each extraction solution was obtained through centrifu-
gation (4000 rpm, 25 min), and corresponding Hg con-
centrations in each extraction solution were measured
by atomic fluorescence spectrometry (AFS, 930, Beijing
Jitian Instruments Co. Ltd, China). For the total Hg
determination, the different pretreatment sediment sam-
ples were digested by HNO3-HF-HClO4 prior to analy-
sis, and total Hg concentrations in digestion were also
tested by AFS.

Change rates of different pretreatments compared
with FS

To evaluate the effects of drying pretreatments on Hg
fraction analysis in sediments, the rate of different pre-
treatments compared with the FS was calculated as
follows:

η ¼ CFS−CD

CFS
� 100%

where η is the change rate (%), and CFS and CD are
the concentrations of Hg obtained from each of fresh

sediments and the dried sediments in a particular frac-
tion, respectively.

Quality control

All reagents were guaranteed of analytical grade. Each
sediment samples was treated in triplicate, and the rela-
tive standard deviations were less than 10%. Stream
sediment reference material (GBW 07311, GSD-11,
Institute of Geophysical and Geochemical Exploration,
Chinese Academy of Geological Sciences) was used for
the quality control of total Hg detection, and the recov-
ery was 86.21%. The ratios of the sum of five fractions
to the total content of Hg in sediments were 83.64–
108.84% for FS, 82.32–95.38% for OD, 83.56–
91.59% for AD, and 89.85–99.12% for FD, implying
the reliability and creditability of the fraction analysis.

Statistical analysis

SPSS 19.0 and MS-Excel® 2010 were used for the
statistical analysis of measured data. The data were
tested for normality with the method of Kolmogorov-
Smirnov (K-S) before conducted to parametric test. If
data presented no normality, they were performed to
logarithmic transformation. One-way ANOVA with
Tukey’s and Games-Howell tests at a significance level
of 0.05 were employed to test significant differences
between the different fraction contents in different pre-
treatments. Pearson’s correlation coefficient (r) was per-
formed to identify their relationships and further select a
more suitable drying method.

Table 1 Schemes of sequential selective extractions for Hg in
sediments

Step Target
fractions

Reagents and treatments

1 F1 Deionized water (purged with high-purity
argon), room temperature, agitation for 18 h
(30 rpm)

2 F2 0.01 M HCl + 0.1 M CH3COOH, room
temperature, agitation for 18 h (30 rpm)

3 F3 1 M KOH, room temperature, agitation for
18 h (30 rpm)

4 F4 12 M HNO3, room temperature, agitation for
18 h (30 rpm)

5 F5 HF + HNO3 + HF, microware digestion
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Results and discussion

Characteristics of sediments

Characteristics of the sediments are listed in Table 2.
The pH values were close to each other and exhibited
weak alkalinity. The EC presented low values (< 1 ms/
cm). The MO of the samples exceeded 50% except for
JR1 (< 43.66 ± 5.01). Generally, particle size and TOC
are important factors controlling the spatial distribution
of heavy metals (Zhu et al. 2016). In the present study,
the TOC (%) in GR (5.10 ± 0.64 for GR1 and 2.51 ±
0.17 for GR2) was higher than that in JR (1.10 ± 0.08
and 0.90 ± 0.13), indicating that organic matter was
seriously enriched in GR. The particle sizes were dom-
inated by sand and silt (> 94%) in all sampling sites
except for GR1 (clay > 21%). As the reported of Ma
et al. (2019), the vast majority of mobile heavy metal
fractions remained as fine particles compared with the
large particles in sediments. The highest AVS value was
in GR1, which possessed a high TOC (5%), and the
lowest AVS value was observed at site JR2 with a low
TOC (1%). Previous studies have also confirmed that
AVS in sediments can be influenced by organic matters,
which always accompany with abundant AVS (Habicht
and Canfield 1997). Moreover, high AVS value was
accumulated in sediment, especially for GR1, indicating
that sediment was under anoxic conditions (Morse and
Rickard 2004; Bottrell et al. 2009).

Comparison of different pretreatment methods

F1 fraction

The F1 fraction in sediments extracted by sequential
selective extraction was mainly made up of inorganic
mercury Hg(II), such as HgCl2, HgSO4, and HgO
(Bloom et al. 2003), and this fraction is readily released
into environments to damage aquatic organisms. There-
fore, the change of Hg fractions is vital for the ecological
risk assessment and remediation of sediments. As
shown in Fig. 1, F1 fraction contents in the OD and
AD samples exhibited significant elevation (P < 0.05)
compared with those in the FS. The results indicated that
F1 fraction was significantly affected by the drying
pretreatment due to the oxidation of AVS and the de-
composition or oxidation of organic matter. Generally,
divalent metal ions (M2+, e.g., Cd2+, Cu2+, Zn2+, and
Hg2+) can combine with AVS to form metal sulfide

(MS) precipitates under anoxic conditions in sediments
(Pignotti et al. 2018). However, the heavy metals (M2+)
can be released again into environment when the MS
was oxidized (Di Toro et al. 1992; Huerta-Diaz et al.
1998). This process briefly exhibited two reactions
(Meysman and Middelburg 2005):

M2þþFeS Sð Þ↔Fe2þþMS Sð Þ ð1Þ

MS Sð Þþ2O2→SO4
2−þM2þ ð2Þ

For the FD sample, although the significant elevation
(P < 0.05) was observed, the change rates were more
minor compared with OD and AD. This was mainly
because FD can partly avoid oxidation during the drying
process. Moreover, previous studies have reported that
drying also promotes the decomposition of organic mat-
ter and can lead to more residual forms of organic matter
turning into more available fractions, which can be
easily extracted in determination (Klitzke and Lang
2007; Huang et al. 2015). The change rates of the OD,
AD, and FD pretreatments for F1 compared with the FS
are listed in Table 3. For the same sample, different
drying pretreatments showed significantly different
change rates. For example, change rates of OD, AD,
and FD were 256.05%, 161.98%, and 101.98% in GR2,
respectively. This was primarily due to the different
oxidation rates of their pretreatments, and longer drying
time and higher temperature of drying process can pro-
mote the decomposition and oxidation of organic matter
(Huang et al. 2015). The change rates of AD in GR2
were lower than those of OD; this was because the
mobile fraction metals decreased along the increased
AD time in the aging process (Quazi et al. 2011). How-
ever, the contrary result was observed at OD and AD in
JR2. Previous studies have confirmed that heavy metals
associated with the weak bound fractions decrease along
with the temperature increases as heavy metal ions
diffuse into the clay mineral micropores of (Barrow
1992; Ma et al. 2006; Huang et al. 2015). Hence, the
diffusion of Hg(II) from the inner-sphere surface into the
micropores of clay minerals was strengthened by high
temperature during oven-drying. In addition, the change
rates of same pretreatment for different sediments also
showed some differences, and the great differences in
sediment characteristics (Table 2) were responsible for
their change rates in same pretreatment. For instance,
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the TOC in JR1 was higher than that in JR2. More
organic matters were enriched in the sediments, and
correspondingly more heavy metals associated with
the organic matter were released once they were
decomposed or oxidized. Overall, F1 concentrations
pretreated by OD and AD were elevated compared with
the FS in anoxic sediments because the Hg stored in
stable fractions can be mobilized through the oxidation
of AVS and the decomposition of organic matter.

F2 fraction

The F2 fraction is also one of the major proportions of
bioavailable Hg in sediments and mainly contained
HgO, HgSO4, and HgCl2, which is similar to the F1
fraction (Bloom et al. 2003). Usually, the sum of the F1
and F2 extractions can be almost dissolved by the bio-
availability measures of operationally defined (e.g.,
in vitro human stomach simulation) (Bloom et al.
2003). The drying influences on the F2 fraction of Hg
are illustrated in Fig. 2. The F2 fraction in the AD and
OD samples showed significant enhancement (P < 0.05)

compared with that in FS. Similar to the F1 fraction, the
elevation of the F2 fraction was mainly due to the
oxidation of AVS and the decomposition of organic
matter. Notably, although the F2 fraction FD samples
also presented a significant increase, the change rate was
lower than that in AD and OD for the slighter oxidation
effect of FD pretreatment. The F2 of GR1 and GR2
treated by OD presented some drops compared with
the FS, while the F2 fraction in JR1 and JR2 showed
increases (Table 3). As mentioned above, the diffusion
of Hg(II) from the inner-sphere surface into the micro-
pores of clay minerals was enhanced during OD at
higher temperatures, which was responsible for the de-
crease of F2 fraction in GR1 and GR2.

Although the major F1 and F2 components were
similar, the F2 contents were much higher than the F1
concentrations in all samples (Figs. 1 and 2). This was
mainly due to differences in the extraction procedures;
the pH of the F2 fraction extractant (0.1MCH3COOH+
0.01 M HCl) was much lower than that of the F1
extractant (deionized water). It is known that lower pH
can promote the release of heavy metals from sediments

Table 2 Characteristics of sediment samples in the study area

Sites pH EC (ms/cm) MO (%) TOC (%) Sand (%) Silt (%) Clay (%) AVS (mg/kg)

GR1 7.79 ± 0.10 0.68 ± 0.04 73.19 ± 3.42 5.10 ± 0.64 30.66 ± 4.10 47.38 ± 3.12 21.96 ± 0.13 2136.32 ± 144.96

GR2 7.71 ± 0.12 0.50 ± 0.07 61.80 ± 4.20 2.51 ± 0.17 56.76 ± 4.39 40.87 ± 3.78 2.37 ± 0.09 1175.68 ± 24.00

JR1 7.93 ± 0.23 0.48 ± 0.09 43.66 ± 5.01 1.10 ± 0.08 61.81 ± 4.78 35.70 ± 4.10 2.49 ± 0.25 389.44 ± 3.20

JR2 7.97 ± 0.21 0.78 ± 0.04 68.32 ± 7.89 0.90 ± 0.13 40.11 ± 3.17 54.15 ± 4.01 5.74 ± 0.98 56.64 ± 0.64
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Fig. 1 Drying influence on the
F1 fraction of Hg in the different
sediment samples
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(Cabon et al. 2010). Similar to F1, the change rates of F2
greatly varied with different sampling sites and different
pretreatment methods. The reason for these phenomena
was the differences in sediment properties and oxidation
effect of the different pretreatments.

F3 fraction

The F3 fraction was mainly associated with organic
matter, and MeHg and Hg-humic were primarily found
in this fraction (Bloom et al. 2003). The pretreatment
effect of OD and AD on F3 fraction showed significant
decrease (P < 0.05; Fig. 3). In general, organo-chelated
heavy metals are chelated with various forms of organic
matter that originates from animal and plant residues,
humus and proteins, and the inclusion of mineral parti-
cles (Haitzer et al. 2003; Liu et al. 2018). When sample
was dried, organic matter could be degraded and the
bound metal (Hg) can be released. Then, this F3 fraction
of Hg was extracted. Especially for AD process, the
photochemical demethylation of MeHg, in which the
Hg(II) can be photodegraded into elemental Hg, may be

an important reason for the decreased F3 fraction (Li
et al. 2010; Black et al. 2012).

In addition, the variation of volatile fatty acids (VFA)
in sediments cannot be ignored because VFA concen-
trations in samples greatly decrease after drying (Long
et al. 2009). The loss of VFA may cause the Hg that is
combined with the VFA to be extracted in the F1 and F2
fractions. Thus, the F3 fraction concentrations showed
an increase, while the F1 and F2 concentrations were
accordingly higher. As for FD, significant decrease of
F3 fraction was only observed at GR2 due to its weak
oxidation effect. Notably, the change rates in the same
sediments showed significant variations in the pretreat-
ments of FD, AD, and OD compared with the FS (P <
0.05), suggesting that the effects on the F3 fraction by
the three pretreatments should be also serious. Further-
more, the change rates treated by the same pretreatment
on the different samples also showed large differences.
For example, the change rates of OD in GR1, GR2, JR1,
and JR2 were − 35.12%, − 61.97, − 33.23%, and −
14.82%, respectively (Table 3).

F4 fraction

The F4 fraction extracted by 12 M HNO3 solution
consists of Hg(0) (elemental Hg) (Bloom et al. 2003).
The formation of Hg(0) is mainly due to the reduction of
Hg(II) and the degradation of MeHg in natural environ-
ment (Leopold et al. 2010). Although Hg(0) is predom-
inantly found in the atmosphere, sediments also accu-
mulate an amount of Hg(0) (Hellmann et al. 2019). In
sediments, MeHg can be degraded and transformed into
Hg(0) by bacteria, and Hg(II) is reduced to Hg(0)
(Leopold et al. 2010). Finally, a part of Hg(0) is released
into the atmosphere through the water column. As
shown in Fig. 4, the F4 concentrations exhibited a
significant decrease (P < 0.05) in all drying pretreat-
ments. Elemental Hg is very likely to volatilize as its
considerable vapor pressure at room temperature
(Hellmann et al. 2019). Consequently, a drying process
could cause the elemental Hg in sediments to evaporate
into the atmosphere and result in the loss of elemental
Hg. For all the drying methods, the decreased extent in
OD was higher than that in other pretreatments, while
OD was the lowest (Table 3). Usually, elemental Hg is
volatilized at room temperature, and the high tempera-
ture (60 °C) could promote the volatilization of elemen-
tal Hg in the pretreatment of OD. The FD can minimize
volatilization of elemental Hg.

Table 3 The change rates of each pretreatment on the Hg fraction
compared with FS

Pretreatment GR1 (%) GR2 (%) JR1 (%) JR2 (%)

F1

OD 32.93 256.05 138.56 74.05

AD 38.45 161.98 193.46 76.58

FD 8.03 101.16 79.09 30.38

F2

OD − 17.99 − 35.14 100.01 44.44

AD 30.16 118.92 78.79 36.11

FD 6.35 52.42 42.42 16.67

F3

OD − 35.12 − 61.97 − 33.23 − 14.82

AD − 29.89 − 31.12 − 30.81 − 14.27

FD − 19.06 − 24.20 − 15.21 − 13.98

F4

OD − 46.23 − 51.77 − 31.97 − 38.86

AD − 33.09 − 35.92 − 26.38 − 24.98

FD − 15.45 − 18.01 − 13.34 − 24.60

F5

OD − 4.26 1.25 − 5.21 − 1.41

AD − 2.03 − 6.16 16.56 − 5.19

FD − 0.84 − 3.87 − 5.30 6.08
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F5 fraction

As shown in Fig. 5, the F5 fraction exhibited no
obvious distinction among all dying pretreatments.
The F5 fraction of Hg was mainly composed by
HgS and is bound with the strongest association to
the crystalline structures of minerals with the lowest
water solubility and the most stable physicochemical
properties (Bloom et al. 2003). In general, F5 con-
centrations in the samples of dried by pretreatment
were lower than those in the FS (Table 3). The
minor changes in the different drying methods could
be related to the increase or decrease of former
fractions. As reported by Bloom et al. (2003), the

compound HgS can be slightly oxidized to soluble
forms during extraction; and the HgS can also be
oxidized during the drying process once exposed. In
addition, original surface structure could be
destroyed during the grinding process to induce the
release of the Hg from the crystalline structures of
the minerals in the early extraction steps (Claff et al.
2010).

Notably, the F5 fraction contents exhibited an
increase in OD in GR2, AD in JR1, and FD in
JR2. This increase may be related to the crystalliza-
tion of hydrous iron oxides because the crystalliza-
tion of hydrous iron oxides can be generally pro-
moted during the drying process (Thompson et al.
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2006). Furthermore, the oxidation of organic matter
during the drying process can also facilitate the
crystallization of iron oxides (Kodama and
Schnitzer 1977; Huang et al. 2015).

Total Hg contents

As shown in Fig. 6 and Table 4, the total Hg con-
tents in the sample by dried pretreatments exhibited
a decrease compared with the FS. In this process, a
part of the elemental Hg would be volatilized. In
addition, a part of the organic Hg (e.g., MeHg)
could be photodegraded and transformed to

elemental Hg (Li et al. 2010; Black et al. 2012),
resulting in Hg loss because of volatilization. The
reduction rates of the total Hg contents in GR1 were
higher than those in other samples, and the reduction
rates of OD, AD, and FD were − 22.50%, − 15.10%,
and − 8.71%, respectively. This was mainly because
a much higher proportion of elemental Hg (0.491 vs.
0.072 for GR2, 0.060 for JR1, and 0.047 for JR2,
mg/kg) and the F3 fraction (0.267 vs. 0.094 for
GR2, 0.159 for JR1, and 0.208 for JR2, mg/kg)
were occupied in GR1 compared with other sam-
pling sites. Accordingly, more elemental Hg may be
lost in the drying process.
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Comparison of the effects of the drying method
on the Hg fraction

As mentioned above, there were many discrepancies in
the Hg fractions in sediments between drying pretreat-
ments and the FS, indicating the occurrence of redistri-
bution and loss among the Hg fractions. Thus, the most
accurate way to analyze the Hg fraction was to use fresh
sediments. Nevertheless, the reproducibility of quantita-
tive analyses with wet (fresh) sediment samples is un-
satisfactory compared with dried samples because ho-
mogeneous samples are difficult to obtain and the mois-
ture content in different sediments varies greatly; more-
over, the acidity of digestion is significantly diluted by
water in sediments (Baeyens et al. 2003; Huang et al.
2015). Hence, the preserving of sediment samples is
essential given by the inconvenience of field work; the
use of drying pretreatments prior to Hg extraction in
sediments is ineluctable.

The Pearson correlation analysis of the Hg fractions
in fresh sediments and drying pretreatment sediments
indicates that pretreatment drying methods can mini-
mize negative influences. As shown in Table 5, signif-
icant (P < 0.05) or extremely significant (P < 0.01)
correlations between the three pretreatments and the
fresh sediment were observed. Remarkably, the Pearson

correlation coefficient of FD-FS was higher than that of
OD-FS or AD-FS in all sampling sites, and this indicat-
ed that the analysis results of FD were more consistent
with FS. Therefore, the pretreatment of FD was more
suitable to dry sediments in the study, and the oven-
drying and air-drying pretreatment methods are not rec-
ommended for Hg fraction analysis in sediments due to
the lower correlation coefficients of OD-FS and AD-FS.

Conclusion

Notable changes of the Hg fractions in sediments
between fresh samples and dried pretreatment sam-
ples were observed, implying that transformation
existed among different Hg fractions in sediments
during drying pretreatments. Overall, sediments with
the exception of FD, air-dried, or oven-dried pre-
treatments significantly elevated the F1 and F2 frac-
tions compared with fresh sediments, whereas the
F3 and F4 fractions were reduced. These results
were mainly due to the oxidation and the decompo-
sition of organic matters and sulfides in the aging
process accompanying with the Hg diffusion. Fur-
thermore, the transfer and volatilization of elemental
Hg during the drying pretreatments were the impor-
tant factor affecting accuracy. Due to slighter oxida-
tion effect, the minor changes were observed at FD
samples. Pearson correlation analysis revealed that
pretreatments with FD can greatly minimize the
deviations compared with FS in the Hg fraction
analysis. Thus, FD methods on sedimental samples
can be selected as the most appropriate drying meth-
od for Hg fraction determination in further study.
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Table 4 The change rates of different pretreatments for total Hg
compared with FS

Pretreatment GR1 (%) GR2 (%) JR1 (%) JR2 (%)

OD − 22.50 − 13.63 − 18.04 − 12.45

AD − 15.10 − 11.15 − 9.71 − 9.96

FD − 8.71 − 7.58 − 7.53 − 11.94

Table 5 Pearson correlation of Hg fractions between fresh sedi-
ments and drying pretreatments

GR1 GR2 JR1 JR2

OD-FS 0.904* 0.973** 0.969** 0.993**

AD-FS 0.946* 0.992** 0.945* 0.995**

FD-FS 0.990** 0.997** 0.995** 0.998**

*Correlation is significant at the 0.05 level

**Correlation is significant at the 0.05 level
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