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• Aweir is tested on contaminated stream
to reduce Hg transport to downstream.

• A whole year monitoring of Hg species
was done at the inlet and outlet of the
weir.

• Approximately 40.4% THg and 38.4%
TMeHg was retained by the weir on an-
nual basis.

• Intensive sampling at a rainstorm con-
firms the dominant role of particulate
Hg.

• Weir construction is cost-effective to
control particulate Hg transport.
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To mitigate mercury (Hg) pollution and reduce Hg downstream transportation, a weir was designed by a river
system that had been inflicted by leachate from the slagheap of the Yanwuping Hgmine inWanshan Hgmining
area. A whole yearmonitoring of Hg species was conducted, and the efficiency of Hg reduction by the weir appli-
cationwas evaluated. TheHg concentrations in the riverwaterwere significantly higher in thewet season than in
the dry season. Waterflow was confirmed to be the main driving factor for Hg mobilization and transportation,
and an episode study revealed that most Hg was released in times of storms. Increased monitoring and preven-
tive maintenance measures need to be taken on barriers in advance of storms. A large proportion of the total Hg
(THg) and methylmercury (MeHg) is associated to particles. During the study period, approximately 412 g THg
and 4.04 g total MeHg (TMeHg) were released from the YMM slagheap, of which 167 g THg and 1.15 g TMeHg
were retained by the weir. Annually, 40.4% THg and 38.4% TMeHg was retained by the weir. Weir construction
is considered as a potential cost-effectivemeasure to mitigate Hg in river water and should be promoted and ex-
tended in the future after optimization.
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1. Introduction

Mercury (Hg) is a biologically non-essential and highly toxic metal.
It, in particular methylmercury (MeHg), has caused great concern due
to its neurotoxicity (Tchounwou et al., 2003) and biomagnification
within the food chain (Clarkson, 1972; Kocman et al., 2011). The global
cycling of Hg via atmospheric transport results in elevated Hg levels in
fish of pristine aquatic ecosystems that are distant frommajor source re-
gions (Driscoll et al., 2013).

An abandoned Hg mining district is a significant source of Hg pollu-
tion, and pose a continuous threat to local ecosystems (Wang et al.,
2004; Li et al., 2009; Qiu et al., 2013; Kim et al., 2016a), and river sys-
tems is a major pathway for the downstream transport of Hg (Qiu
et al., 2006; Xu et al., 2018). There are large amounts of Hg-containing
secondary minerals in slagheap, such as elemental mercury, meta-
cinnabar and mercury sulfate, chloride, and oxide compounds
(Jasinski, 1995). Drainage from slagheaps serves as an important path-
way introducing Hg to adjacent river systems via the discharge of Hg-
bearing particles and dissolved Hg, where Hg methylation may occur
under suitable conditions (Biester et al., 2000; Dary et al., 2010). Due
to the bioaccumulation and biomagnification effect of MeHg, elevated
Hg may cause high Hg levels in fish, crops, and vegetables (Mortazavi
et al., 2016; Tanner et al., 2017), which could be a health threat to resi-
dents and wildlife (Bose-O'Reilly et al., 2016; Qiu et al., 2008). After
being contaminated byHg, itmay take decades, even centuries, to reme-
diate the river systems and bring Hg to safe levels (Wang et al., 2004).
However, few studies about Hg remediation in river systems have
been applied at Hg-contaminated sites (Vahedian et al., 2014).

As the third largest Hg mine in the world, Wanshan Hg mine has
produced large amounts of Hg.With N125million tons ofwaste remains
inWanshan Hgmining areas (Liu, 1998), THg and total MeHg (TMeHg)
in the river water near slagheaps can be as high as 12,000 ng/L and
11 ng/L, respectively (Zhang et al., 2010a; Zhang et al., 2010b). Appro-
priate and cost-effective environmental remediation measures should
be taken in Wanshan Hg mine. A variety of methods, such as isolation
and containment, mechanical separation, pyro-metallurgical separa-
tion, chemical treatment, and permeable treatment walls, are usually
applied as prevention and remediation technologies in engineering
practices (Mulligan et al., 2001a). The selection of appropriate methods
is based on the site characteristics. Source confinement bymeans of iso-
lation and containment has been implemented to prevent solid waste
from migrating in Wanshan Hg mining area. However, elevated Hg
can still be found in the downstream area of the slagheap (Zhang
et al., 2010a; Zhang et al., 2010b). It is necessary to take steps to limit
its impact in specific areas by building infrastructure.

A weir is a small dam across the horizontal width of a river, which
can alter the flow characteristics of the water (Kim et al., 2016b).
Weirs are constructed for a wide variety of purposes, such as flow
measurement (Bragato et al., 2009), invasive species control
(Walker et al., 2015), flood control (Kim et al., 2016b). It was found
to have the ability to deposit the particles and then the particle-
bond Hg (Heaven et al., 2000). Based on mentioned reasons, weir
building was selected to retain Hg in the river due to its low-cost
and low environmental impact. Compared with other remediation
technologies which might either be energy-intensive, high reagent
consuming, or expensive in maintenance costs (Mohmood et al.,
2016), a weir is supposed to be a cost-effective method to reduce flu-
vial particulate pollutants.

A weir was designed and constructed inWanshan Hgmining area
as a pilot study. Subsequently, hydrological parameters and Hg spe-
ciation in the river water up and downstream of the weir were mea-
sured biweekly over a full year period. The objectives of this study
were to investigate the treatment efficiency of the weir after the ce-
ment coverage of slagheap and its influence factors of Hg retention
by weir construction, to evaluate the cost and benefit of the weir
construction.
2. Materials and methods

2.1. Study area

Wanshan Hg mining area is in Guizhou province, Southwest China,
where locates the Yanwuping Hg mine (YMM), one of the largest Hg
mines in Wanshan. The YMM covers about 1 km2, with N3.1 ∗ 105 m3

slag waste produced during the long-lasting mining activities. In 2011,
the slagheap was covered with cement. The YMM is located in a typical
mountainous and karstic terrain, with elevations ranging from 340 to
1010m. The average annual rainfall is 1386mm. The dominant oremin-
eral of the YMM is cinnabar (Zhang et al., 2012). More information
about the YMM slagheap is present in SI.

Originated from the YMM slagheap is Wengman River (Fig. 1),
which belongs to Yangtze River basin. The typical average water depth
of this river is 1 m in summer. Most Hg mine wastes and retorts in
this region are located in scattered hillsides at the upstream portion of
Wengman River.

2.2. Weir design

According to technical information from previous studies (Qiu et al.,
2013; Lin et al., 2011), a concrete weir was built across the upstream
portion of theWengman River in February 2012. A weir trough was de-
signed to determine the flow rate of water, with a flow measurement
instrument employed. The location of the weir is approximately
1000 m from the YMM slagheap. The width and height of the weir are
7 m and 1 m, respectively. A sketch of the weir design is supplied in SI.

2.3. Sampling

Theflowmeasurement and sampling campaignswere conducted for
a whole year. Water samples were collected biweekly from April 2012
to March 2013. The sampling sites are illustrated in Fig. 1.

Surfacewater sampleswere collected in duplicate at every sampling.
One unfiltered sample was directly stored in a 200mL borosilicate glass
bottle for THg and TMeHgmeasurements, and the other sample was fil-
tered in situ through a 0.45 μm polyvinylidene fluoride filter for dis-
solved Hg (DHg) and dissolved MeHg (DMeHg) analysis (Qiu et al.,
2006). In addition, a 1.5 L sample was collected for the determination
of total suspended solids (TSS) in water each time.

A few floods occurred in the summer 2012 and were unfortunately
not captured by the discontinuous Hg sampling scheme. To elucidate
the flooding effect, we performed an intensive sampling campaign dur-
ing a rainstorm event in August 2013. The sampling frequency was
every 5 min and lasted for a total of 1.7 h.

2.4. Hg and MeHg analysis

Mercury fractions were operationally defined as THg, DHg, particu-
late Hg (PHg), TMeHg, DMeHg, and particulate MeHg (PMeHg) in the
water samples (Wang et al., 2013). Measurements of THg and DHg
involved BrCl oxidation (0.5%, v/v), NH2OH·HCl pre-reduction
(0.25 mL, 30%, v/v), and SnCl2 reduction; then elemental Hg was pre-
concentrated and quantified by the dual stage Au amalgamation
coupled with a Cold Vapor Atomic Fluorescence Spectrophotometry
(CVAFS, Model III, Brooks Rand, USA) following Method 1631 (USEPA,
2002). For TMeHg and DMeHg, thewater sample wasmeasured follow-
ing distillation, NaBEt4 ethylation, and Tenax trap, and GC-CVAFS ac-
cording to Method 1630 (USEPA, 2001; Liang et al., 1994). PHg and
PMeHgwere obtained as the difference between THg and TMeHg in fil-
tered and unfilteredwater, respectively (Wang et al., 2013; Covelli et al.,
2006).

The ratio of PHg or DHg in THgwas expressed as PHg% andDHg%, re-
spectively. The ratio of PMeHg or DMeHg in TMeHg was expressed as
PMeHg% and DMeHg%, respectively.



Fig. 1. Map of sampling locations.
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2.5. Hydrological parameters

Hydrological parameters of water temperature, pH, total dissolved
solids (TDS), anions, cations, and dissolved organic carbon (DOC)
were measured at each sampling campaign. Total suspended solids
were obtained by weighing the filter after water samples was filtered.
Detailed information for all experimental procedures is given in SI.
Table 1
Correlations between MeHg and the other factors.

TMeHg DMeHg PMeHg pH TDS T

TMeHg 1.00⁎

DMeHg 0.880⁎⁎ 1.00
PMeHg 0.970⁎⁎ 0.770⁎⁎ 1.00
pH −0.430⁎⁎ −0.410⁎⁎ −0.420⁎⁎ 1.00
TDS 0.710⁎⁎ 0.700⁎⁎ 0.690⁎⁎ −0.640⁎⁎ 1.00
T 0.050 0.050 0.040 −0.010 0.090 1.00

TDS represents total dissolved solids, T represents temperature.
⁎ Significant correlation at 0.05 level (double side).
⁎⁎ Significant correlation at 0.01 level (double side).
2.6. Calculations and data analysis

The net retention flux of THg and TMeHg was expressed as Net THg
flux and Net TMeHg Flux, respectively. Net Hg Flux in river water was
calculated using Eq. (1). The Hg stock of YWP Hg slagheap was evalu-
ated according to Eq. (2). The retention ratio refers to the difference of
Hg concentration in water before and after the weir. The input and out-
putwater volumes are assumed to be equal. The retention ratiowas ob-
tained according to Eq. (3).

Net Hg Flux ¼
X

Vwater � Cinput−Coutput
� � ð1Þ

THg or DHgð Þ stock ¼ CTHg or DHg � ρslagheap � Vslagheap ð2Þ

Retention ratio ¼ CInput−COutput

CInput
� 100% ð3Þ

whereCinput = input THg or TMeHg concentration;Coutput = output THg
or TMeHg concentration;Vwater = water volume during a certain time.

Following the Chinese national standard (GB/T 2413–2413), the av-
erage bulk density (ρslagheap) of slag waste is estimated at 2.6
∗ 103 kg/m3. In turn, the total solid volume of the YMM slagheap
(Vslagheap) is approximately 3.1 ∗ 105 m3 (Qiu et al., 2013).

All data analysiswas performed usingMicrosoft Excel 2010 and SPSS
22. All figures were created by Origin 9.0.
3. Results and discussion

3.1. Annual Hg speciation and efficiency of Hg retention

3.1.1. Relationships between Hg fractions and other parameters
TMeHgwas in an obvious negative correlationwith pH (Table 1, two

tailed ANOVA, p b 0.01). High pH could increase volatilization losses of
elemental Hg from solution, leading to substrate reduction and de-
creased Hgmethylation (Fitzgerald et al., 1998). In turn, low pH can in-
crease the solubility ofMeHg and other forms of Hg in the environment;
thus, the concentration of MeHg will increase in water (Lee and
Hultberg, 1990).

Furthermore, TMeHg is significantly positively correlated with TSS.
The correlation was even more evident between PHg and TSS (r =
0.86, p b 0.01), implying that most Hg was in particulate state (Lin
et al., 2011). The negative correlation between SO4

2− and different
MeHg speciation (r=−0.56, p b 0.01)may suggest a lack of stable con-
ditions for Hg methylation by sulfate reducing bacteria (Gascón Díez
et al., 2016).

Positive correlationswere found betweenHg speciation and Ca2+ (r N
0.30, p b 0.05). Ca2+ ismainly from the local bedrock limestone, and lime-
stone is associated with Hg ore (Zhang et al., 2010a). After smelting the
Hg ore, slaked lime andHg residuewas left in the Hg slag. The correlation
betweenHg fraction andCa2+ in the slagheapupstream is of similarmag-
nitude (Table S2, two tailed, r N 0.3, p b 0.05) (Zhang et al., 2004).
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3.1.2. Annual Hg speciation
Fig. 2 shows the time-concentration series of various Hg fractions

measured at the three river sampling sites over a full year. During the
sampling period, the mean THg values at input, internal/intervening,
and output sites were 127 ± 199 ng/L, 88.3 ± 8.27 ng/L, 81.8 ±
161 ng/L, respectively (Fig. 3). At these three sites, the corresponding ra-
tios of PHg% (PHg/THg ratio) were 76.8%, 73.6%, and 67.8%, and PMeHg%
were 57.6%, 52.3%, and 52.3%. According to the Hg data in water, during
the sampling period, PHg was the dominant Hg fraction and MeHg
mainly occurred as PMeHg.

TMeHg concentrations had significantly positive correlations with
DMeHg and PMeHg (two tailed ANOVA, p b 0.01) (Table S1), suggesting
that they had the same origin. The correlation between TMeHg and
PMeHg was improved than that obtained between TMeHg and
DMeHg, indicating that most of MeHg existed bound to particulates
(Zhang et al., 2010a). Significant correlations (p b 0.01) were found
among different Hg speciation (Table S2), which showed that they
had the same source.

3.1.3. Annual efficiency of Hg retention
Compared with THg at the input site, the THg level at the internal

and the output sites was significantly lower, especially at the output
site (two-tailed paired t-test, p b 0.01). DHg at input site was higher
than the DHg at the internal and the output site, especially at the inter-
nal site (two-tailed paired t-test, p b 0.05). The PHg at the input sitewas
significantly higher than the PHg at the internal and the output site
(two-tailed paired t-test, p b 0.05). For TMeHg, TMeHg at the output
Fig. 2. Concentration-time series of measured Hg and MeH
site was approximately 30% less than TMeHg at the input site. The
DMeHg at the output site was significantly less than the DMeHg at the
input site (two-tailed paired t-test, p b 0.05). The PMeHg at the output
site was approximately 36% less than the PMeHg at the input site. In
general, lower Hg in water can be found after the weir than before the
weir.

The data indicate that a part of the particulate Hg was held back by
the weir. For example, PHg and PMeHg were reduced by 43% and 36%,
respectively, suggesting the effect of the weir. When the water flows
through the weir, the suspended particles tend to settle with the slow
water flow and long retention time (Mulligan et al., 2001a).

3.2. Seasonal variations in Hg and MeHg fraction level and efficiency of Hg
retention

3.2.1. Seasonal Hg and MeHg fraction patterns
Seasonal patterns were manifest for the various Hg and MeHg frac-

tions (Fig. 2). At the three sites, all of the Hg fraction concentrations
followed the order of wet season N normal season N dry season
(Fig. 4). Both THg and DHg in the wet season were significantly higher
than those in the dry season (two-tailed ANOVA, p b 0.05). Peaking
THg (767 ng/L), DHg (107 ng/L), and PHg (660 ng/L) concentrations
were measured in the wet season. At the input site, the PHg in the
wet season was significantly higher than in the dry season (ANOVA, p
b 0.05). PHg% at the input and output sites decreased from 79.8% to
71.6%, from 75.5% to 67% and from 41% to 29% for the wet season, nor-
mal season, and dry season, respectively.
g fractions at the various sites during sampling period.



Fig. 3. Concentrations of different Hg speciation in different sampling points. * and ** represent significant differences compared with input site.
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For all three sites, the TMeHg, DMeHg, and PMeHg in the wet season
were markedly higher than those in the dry season (two-tailed ANOVA,
p b 0.05). At the three sites, TMeHg in the wet season can be 6–8 times
Fig. 4. Different Hg speciatio
higher than in the dry season, 3–6 times higher for DMeHg, and 11–16
times for PMeHg. The highest TMeHg (8.70 ng/L), DMeHg (2.11 ng/L),
and PMeHg (6.65 ng/L) were obtained in the wet season. PMeHg% of
n in different seasons.



Fig. 5. THg, TSS, and waterflow variation with time during a rainstorm event.

176 X. Xu et al. / Science of the Total Environment 651 (2019) 171–178
input and output decreased from 61.5% to 57.8% in the wet season, from
53.8% to 40.8% in the normal season, and from 40.5% to 36.4% in the dry
season.

In wet season, high fluvial Hg derived from the runoff from slagheap
and catchment. In turn, high Hg input from slagheap and the erosion of
elevated Hg soil into the river was mainly triggered by heavy precipita-
tion events (Chakraborty and Babu, 2015). Moreover, resuspension of
Hg buried in sediment is an additional potential source, which was in-
duced by frequent rainfall and high waterflow (Kocman et al., 2011;
Saniewska et al., 2014). For TMeHg, the average concentrations in the
normal and wet seasons were several times higher than that in the
dry season, which may have derived from active Hg methylation pro-
cesses during the summer (Hintelmann and Wilken, 1995).

3.2.2. Seasonal variations in Hg retention efficiency
According to the paired THg concentration measurements at the

input and output site, THg was significantly reduced by the weir, espe-
cially in the normal and dry seasons (p b 0.01). On average, THg at the
output site was 34.6%, 46% and 22.8% less than the THg at the input
site in the wet season, normal season and dry season, respectively.
Concerning PHg, the retention efficiency in the wet, normal, and dry
seasons was 41.3%, 52%, and 48.9%, respectively, and decreased signifi-
cantly in the normal and dry seasons (two-tailed paired t-test, p b

0.01). The highest THg, and PHg removal efficiencies were obtained in
the normal season. This can be explained by stationary flow conditions
during the normal season (Fig. S3). By contrast, in the wet season, wa-
ters upstream were frequently turbid with substantial resuspended
Hg-rich particles (Lin et al., 2011). The lowest THg removal efficiency
in the dry season may result from the low initial THg in water and low
particles containing in water (Saniewska et al., 2010).

The removal efficiency of TMeHg, PMeHg during the sampling period
followed a decreasing order of normal season, wet season, dry season.
TMeHg and PMeHg at the output site were lower than those obtained
at the input site. On an average, TMeHg at the output site was 28.6%,
42.4%, 10.8%, less than the TMeHg at the input site in thewet season, nor-
mal season, and dry season, respectively. The PMeHg at the output site
was 32.8%, 56.3% and20% less than the PMeHg at the input site inwet sea-
son, normal season, and dry season, respectively. In general, the weir can
prevent MeHg from being transported downstream. The fact that both
the TMeHg and PMeHg concentrations decreased sharply may demon-
strate the removal mechanism of the weir where the weir had the better
efficiencies in retaining particles bond state than dissolved state
(Mulligan et al., 2001b). The PMeHg% during the sampling time showed
a downward trend, which may have occurred because the particle-
bound MeHg was blocked by the weir and deposited (Liang et al.,
2016). However, in some cases (Fig. 2), the output TMeHg was slightly
higher than the input TMeHg, which may be explained by episodical re-
suspension of sedimentary particles caused by heavy rain (Ullrich et al.,
2001), and may also imply on-going Hg methylation in the weir, both of
which will contribute to the higher output TMeHg (Yan et al., 2013).

3.2.3. Waterflow-the driving factor of Hg transportation downstream
Waterflowwas significantly linearly correlated with the precipitation

(r2 = 0.70, p b 0.001) (Fig. S2), suggesting that the Wengman River is a
seasonal river dominated by rainfall. Both the THg and TMeHg concentra-
tionswere significantly correlatedwithwaterflow(r=0.68, pb 0.05; r=
0.615, p b 0.05) (Table S3), indicating that precipitation-driven high
waterflow is the main factor facilitating mobilization and transportation
of THg and TMeHg downstream. THg concentration had a significantly
positive relation with PHg (r = 0.99, p b 0.01), meanwhile a significantly
positive relation also exists between TMeHg and its particulate state -
PMeHg (r=0.98, pb 0.01) (Table S2). Combinedwithhighparticulate ra-
tios, these positive relations indicated that particulate bound Hg plays a
dominant role in Hg transportation. Consequently, efficient control of
Hg in particulate state is the key way to mitigate downstream Hg trans-
portation (Qiu et al., 2013).
Waterflow was the driving factor of Hg transportation, and as men-
tioned above, most Hg was transported downstream during the wet
season. Specifically, responses in fluvial Hg load to events of extreme
rainfall must be examined with more details (see Section 3.3).

3.3. Rainstorm case study

Fig. 5a, b illustrates the temporal trends of THg,waterflowand TSS fol-
lowing a rainstorm. At the height of waterflow, both THg and TSS were
highly correlated (p b 0.0001) (Table S4), and both of them displayed
an increase by roughly four orders of magnitude compared to normal
flow. Their correlation with waterflow was weaker (0.68 b r b 0.77) but
still significant at p b 0.05.

During the rainstorm episode, PHg% increased dramatically to 99%
(Table S4), which confirmed that TSS and THg originated from the
same source. The observedmagnitude of THgfluxes during the event in-
dicates considerable quantities of Hg-bound particles being washed
from the slagheap and then being re-suspended once they were re-
leased into the riverbed (Saniewska et al., 2014). Such high TSS and
Hg in river also alarm us to intensify daily monitoring and maintenance
work of both the dam of slagheap and the weir in case of dam break or
massive leaks.

3.4. Economic cost analysis

Based on the daily average waterflow and the regression equation
between waterflow and THg concentration, annual loadings of Hg
were estimated.

3.4.1. THg and TMeHg balance
To evaluate the mass removal efficiency and the fate of Hg, a mass

balance for THg and TMeHg was established for each season (Table 2).
94% of the annual THg input occurred during the wet season (June to



Table 2
Hg loads and removal efficiency.

Seasons THg MeHg

Input (g) Output (g) Net removal flux(g) Mass removal efficiency (%) Input (g) Output (g) Net removal flux (g) Mass removal efficiency (%)

Wet 387 228 159 41.1% 3.60 2.61 0.990 27.5%
Normal 18.0 12.1 5.90 32.8% 0.320 0.180 0.140 43.3%
Dry 7.02 5.33 1.68 24% 0.120 0.110 0.0100 9.45%
Total amount 412 245 167 40.4% 4.04 2.89 1.140 35.8%
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August) with only minor contributions during the normal and dry sea-
sons (4.4% and 1.7%, respectively). The net retention of THg flux by the
weir in the wet, normal, and dry season was calculated to 159 g, 5.9 g,
and 1.7 g corresponding to a mean THg mass removal efficiency of
40.4%. The TMeHg input followed a similar seasonal pattern as THg
with 89% of the annual input during the wet season. On average, the
TMeHg mass removal efficiency (28.4%) was lower than for THg.

3.4.2. Cost-effectiveness analysis
The THg and DHg concentrations in the YMM slagheap were ana-

lyzed to evaluate the THg and DHg stock. The average THg concentra-
tion in slag was 23 mg/kg (range 13–41 mg/kg) (Table S5). The
average concentration of DHg was 6.9 μg/kg (range 3.6–12 μg/kg).
Using Eq. (2) in Section 2.6, the THg and DHg stocks were calculated
to 1900 kg and 560 g, respectively.

In Hg polluted sites, monetary costs of removing 1 kg Hg from an
aquatic environment are estimated to be in the range of approximately
2500–1,100,000 USD (Hylander and Goodsite, 2006). In the current
study, the cost of weir construction and deployment amounted to
3170 USD and it was designed to be in service for at least 5 years. Ex-
penses for dredging were taken into consideration, and the annual
cost was estimated to be 400 USD. During five years of operation, the
weir in the present study was estimated to retain approximately 833 g
THg from transporting downstream. This means that during service pe-
riod, 5170 USDwould be paid to remove 833 g THg, equivalent to 6206
USD for 1 kg Hg removal. Consequently, premised on our findings and
predicted remediation costs globally (Hylander and Goodsite, 2006),
weir building stands out as a cost-effective method to reduce leaching
and fluvial transport of Hg frommining tailings.

In the Wanshan Hgmining areas, N125 million tons of slag are piled
along the river banks or in upstream areas (Liu, 1998). The average THg
in calcines was 48.4 mg/kg (range 0.6–267 mg/kg) with an average
DHg/THg ratio of 0.058% (Li et al., 2013). Using Eq. (2), a total stock of
approximately 6050 tons of THg and 3.5 tons of DHg was present in
this area.With the cement coverage of the slagheap, themajor Hg emis-
sion of pollutants will change from THg (6050 tons) to DHg (3.5 tons);
together with the weir construction technology applied, the loading of
Hg into the river from slagheaps in this area will be significantly
decreased at a low cost. Similarly, if weir construction technology can
be applied worldwide in Hg mining areas, such as the Nevada Hg
mines (Dutch Flat: 300 m3; Goldbanks: 10,000 m3; McDermitt:
1000,000 m3) (Gray et al., 2002), Alaska Hg mines (Red Devil:
40,000 m3 (Gray et al., 2000); Cinnabar Creek: 10,000 m3) (Bailey
et al., 2002), Terlingua Hg mine (N2,000,000 m3), Mariscal Hg mine
(30,000 m3) (Gray et al., 2015), Almadén Hg mine (1000,000 m3)
(Gray et al., 2004), it would contribute significantly to the reduction of
Hg in aquatic ecosystems around the world.

4. Conclusions

This pilot study evinced weirs to be a cost-effective way of retaining
Hg in streamwater impacted by Hg mining tailings. Annually, approxi-
mately 167 g THg and 1.2 g TMeHg were removed by building weirs
while 245 g THg and 2.9 g TMeHg were transported further down-
stream. Associated with the low cost of 6200 USD to remove 1 kg Hg
from streamwater, the systematic deployment of optimized weirs in
river catchments of a Hgmining area has premises tomitigate Hg pollu-
tion transported by surface water.

To increase the Hg removal capacity of the weir, the addition of ab-
sorptive materials, biofilm, or plants such as moss, can be considered
to be involved in the future. Long-termmonitoring should be conducted
to establish the baseline conditions and to document the effectiveness
of remediation as it proceeds. It is necessary to take some special mea-
sures during rainstorm events.
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