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Abstract The characteristics of mercury in the aquatic

environment have been intensively studied in mining areas

with heavy mercury pollution but little work has been

conducted in urban areas, with no significant Hg source.

This paper presents a study of the Haihe River, which flows

through an urban area in North China. The concentrations

of total mercury (THg) and methylmercury (MeHg) in the

river water were 3.6–31.2 and 0.12–3.21 ng/l, and the

corresponding values in river sediment were 22.9–374.8

and 0.03–0.46 lg/kg. These values are lower than the

reported values from mining areas. The THg concentration

in sediment samples collected from the urban areas was

higher than that from the rural areas and the global back-

ground levels, indicating the influence of urbanization on

mercury contamination. Samples of typical riparian and

floating plants, reed and hornwort, were collected. Corre-

lation analysis showed that sediment is the major source of

THg and MeHg in reed and water is the major source of

MeHg in hornwort. The higher bioaccumulation factor

of reed indicates its higher potential to accumulate MeHg

from the environment.
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Introduction

Mercury is one of the most toxic metals and a global

environmental pollutant (Lindqvist et al. 1991; Li et al.

2009). In China, the developing industrial technologies and

the lack of waste treatment facilities mean a considerable

amount of Hg is transported to aquatic systems through

sludge, fertilizers, lime and manures as well as atmospheric

deposition. Inorganic Hg is converted to toxic methyl-

mercury (MeHg) under certain conditions, which bioac-

cumulates in the aquatic food chain. Pollution incidents

such as those that occurred in Japan and Iraq (Bakir et al.

1973; Hylander 2001) highlight the toxicity of MeHg to

humans. Mercury in the environment has recently received

increased attention in China (Streets et al. 2005; Zhang and

Wong 2007; Fu et al. 2011). Coal-fired power plants,

smelters and other industries are responsible for approxi-

mately a quarter of the total global Hg emission per year

(Fthenakis et al. 1995; Pacyna and Pacyna 2002). Wu et al.

(2006) calculated that total Hg emissions from all anthro-

pogenic sources in China and found that it increased at an

average annual rate of 2.9 % between 1995 and 2003,

reaching 696 (±307) metric tons in 2003. This could

become an important source of Hg in the river system by

direct emission or by dry/wet atmospheric deposition. The

methylation of inorganic Hg renders these emissions a

threat to aquatic systems.

In aquatic systems, sediment is an important Hg sink.

The Hg in surface sediments can be transferred to the water

column through diffusion and re-suspension, where it

enters the aquatic food web (Mason and Lawrence 1999).

Many studies have been conducted to gain understanding

of the mechanism of MeHg bioaccumulation from soil and

sediment to plants. A high level of Hg bioaccumulation in

aquatic organisms can occur even with extremely low
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sediment Hg concentrations (Hammerschmidt and Fitz-

gerald 2004). Zhang et al. (2010a) reported that rice is an

intensive bioaccumulator of MeHg in a mining area of

Guizhou, China. Garcı́a-Sánchez et al. (2009) found that

plants growing in soils with higher elemental Hg concen-

trations had greater Hg contents. Ullrich et al. (2007) found

that Hg concentrations were much higher in narrow-leaf

cattail than in sediments. Mishra et al. (2009) found that

aquatic macrophytes, such as Pistia stratiotes and Azolla

pinnata, were efficient in the accumulation and removal of

Hg from a coal mine effluent. Studies on Hg accumulation

by plants from water have indicated that Hg in the water

could also be an important source for aquatic plants

(Skinner et al. 2007; Lafabrie et al. 2011). Most research to

date on Hg accumulation in plants has focused on areas

with Hg levels far above normal or with significant point

sources, such as mining areas or coal fired power plants, or

on specific crop plants, such as rice and vegetables. Little

attention has been paid to rivers in urban areas, with no

significant Hg sources. Urbanization may generate some

point and non-point sources that may contribute to Hg

pollution in aquatic systems. The urban aquatic plants have

received little research interest due to their low economic

value.

Urbanization is increasing rapidly in China so the study

of Hg in urban river systems is extremely valuable. The

aim of this work was to investigate the pollution status and

distribution of Hg in an urban section of the Haihe River,

and to investigate the accumulation of Hg by riparian and

floating plants. The relative concentrations of Hg in water,

sediment and plants were investigated to show the role of

plants in Hg accumulation and transfer between water and

sediment.

Materials and methods

Study area

Tianjin is approximately 100 km southeast of Beijing and

the second largest industrial and commercial city in North

China (Fig. 1). It has an area of approximately 11, 200 km2

and a population of 10 million. As one of the important

water sources to the city of Tianjin, the Haihe River has

played an important role in maintaining the city’s rapid

industrialization and urbanization. It is the largest river

system in North China, with many tributaries upstream of

Tianjin and flows into the Bohai Sea at Dagukou. The rainy

season is concentrated in a very short period (summer) in

the Haihe River Basin, and the average annual precipitation

is 548 mm in this area. The average width and depth of the

river are 180 and 11 m, respectively. The main water

source for the Haihe River is Luanhe River, and the water

input was 20,000,000 m3 in 2009 (data from Tianjin Water

Conservancy Bureau).

In the past decade, the Haihe River has been seriously

polluted by the input of industrial, domestic and agricul-

tural effluents. This has had a detrimental effect on the

aquatic ecosystem (Qin et al. 1998; Zhen et al. 1999). The

continuous input of pollutants associated with rapid pop-

ulation growth and incomplete wastewater treatment has

decreased water quality dramatically. The reported con-

centrations of biochemical oxygen demand (BOD) and

chemical oxygen demand (COD) were very high. In

2005–2006, the COD in Haihe River ranged from 6.80 to

11.60 mg/l (Sun et al. 2008), which was much higher than

the natural unpolluted rivers. Tianjin is located in a semi-

arid area and the low river flow in dry seasons increased the

Fig. 1 Location of the study

area and sampling sites
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pollution. To reduce seawater intrusion and improve the

water quality, the Erdaozha Dike was built approximately

30 km west of the Haihe estuary. The dike is only opened

during the flood season but no floods have occurred over

the past 10 years, meaning the dike was seldom opened.

The main water sources upstream of the dike are tributar-

ies, artificial channels and rainfall. From the dike to the

estuary, the river water becomes salty gradually due to sea

water intrusion caused by surface tidal waves from the

Bohai Sea.

Sample collection and preparation

The sampling area was divided into saline water section

(from the Erdaozha Dike to the estuary) and fresh water

section (from the upstream to the Erdaozha Dike). The

sampling sites are depicted in Fig. 1. The three saline water

sites were labeled S1, S2 and S3, and the six fresh water

sites were labeled F1, F2, F3, F4 (urban areas), F5 and F6

(suburban areas). Control sites, C1 and C2, were selected at

the saline water section and fresh water section respec-

tively. C1 is on the upstream of the Haihe River, and C2 is

approximately 15 km east of the Erdaozha Dike. Both of

the two sites were located at the agricultural area with no

significant human activity.

The sampling was conducted during summer 2010.

Sediment samples (0–20 cm) were collected using a

cylindrical sediment sampler (Beeker, Holland), and

immediately bagged. Water samples (30 cm under the

surface) were collected using a Teflon bailer and immedi-

ately bottled. The sampling equipment was cleaned thor-

oughly with deionized water between each site to avoid

cross contamination. Water quality parameters [tempera-

ture, pH, electric conductivity (EC), dissolved oxygen

(DO)] were determined at the time of sampling with a

portable water analyzer. Duplicate samples of reed

(Phragmites australis) were collected from eight sites (C2,

F1, F2, F3, F5, F6, S1 and S2), and hornwort (Myrio-

phyllum spicatum L.) were collected from four sites (C1,

F1, F5 and F6).

All plant and sediment samples were individually sealed

and cooled during the same-day transportation to the lab-

oratory. Sediment and plant samples were frozen at

-20 �C and water samples were kept at 4 �C until analysis.

Laboratory analysis

The water samples were acidified with 20 % HNO3 (v/v)

immediately on laboratory arrival. The Hg levels and TOC

were determined within 3 days of sampling. The sediment

samples were homogenized with a blender after removing

large particles (stones and plant residues), freeze-dried for

4 days, and sieved to 100-mesh before analysis.

Plant samples were washed with ultrapure water at least

three times. Reed samples were separated into leaf, stem

and root but this proved too difficult with hornwort and so

leaves and stems were combined in these samples. Fol-

lowing preparation, the samples were covered with alu-

minum foil, and freeze-dried for 3 days and then grinded

into a powder with a grinder (MM400, Retsch, Germany).

The grinder was thoroughly cleaned with ultrapure water

and dried between samples to avoid cross contamination.

The samples were subsequently sealed in acid-cleaned

glass bottles and stored in a dryer for analysis.

The THg concentrations of the freeze-dried solid sam-

ples and water samples were determined using a Mercury

analyzer (DMA-80, Milestone, Italy). The working process

of DMA-80 includes thermal composition, catalytic

reduction, amalgamation, desorption, and atomic absorp-

tion spectroscopy (CVAAS). The instrument calibration

and measurement were conducted according to EPA 7473.

The absolute detection limit of THg for DMA-80 was

0.005 ng.

The sequential MeHg extraction procedure was based on

Maggi’s three-step sequential extraction method (Maggi

et al. 2009; Tong et al. 2012). First, solid samples were

hydrolyzed using 48 % hydrobromic acid (HBr), then

mixed with 20 ml toluene to extract the MeHg from the

hydrolyzed liquid phase. At this stage, double extraction

was applied to the samples with low MeHg concentrations.

After shaking for 30 min and centrifugation at 4,500 rpm

for 10 min, 1 ml L-cysteine (0.5 % solution) was added to

bind the MeHg in the toluene phase. The MeHg in the

cysteine aqueous solution was determined with the DMA-

80 Mercury analyzer.

Extraction of MeHg from water samples was conducted

following a similar procedure. 200 ml water was added to a

500 ml centrifugal pot with 20 ml HBr (48 %) and mixed

with 40 ml toluene. Shaking and centrifugation was the

same as that for plant and sediment samples. Double tol-

uene extraction was applied, and 3 ml of 0.5 % (v/w)

L-cysteine aqueous solution was used to strip MeHg from

the toluene phase and the MeHg in the cysteine aqueous

solution was determined with a mercury analyzer.

The limit of quantification (LOQ) for MeHg in 4.0000 g

of sediment was 0.017 ng/g, while that for 1.0000 g of dry

plant sample and 200 ml of unfiltered water was 0.068 ng/

g and 0.24 ng/l, respectively.

The THg determination method was verified by com-

parison with two certified reference materials (GBW-

10029, 850 ± 30 ng/g and SRM-2976, 61 ± 3.6 ng/g).

Our results for THg were 834 ± 6 ng/g (n = 7) in

GBW10029 and 62.4 ± 1.5 ng/g (n = 7) in SRM-2976.

Solid sample MeHg detection was validated with certified

reference materials GBW-10029 (840 ± 30 ng/g), SRM-

2976 (28.1 ± 0.31 ng/g) and ERM-CC580 (75 ± 4 ng/g).

Environ Earth Sci (2013) 68:1089–1097 1091

123



Our corresponding detection values were 814 ± 15

(n = 7), 27.5 ± 0.4 (n = 7) and 68.2 ± 1.4 (n = 7) ng/g.

Water sample MeHg detection was validated with diluted

MeHg stock solution (0.5 ng/l). Our detection value was

0.519 ± 0.052 ng/l (n = 6). TOC of water was measured

using TOC-5000A (Shimadzu, Japan).

Results and discussion

Hg levels in water and sediment

The concentrations of THg and MeHg in the water samples

are shown in Table 1. The non-detectable values from C2,

F2 and F5 were replaced with 1/2 of the LOQ (0.12 ng/l).

The means (and ranges) of THg in water samples were 10.5

(3.6–24.7) ng/l for fresh water, 17.1 (7.4–31.2) ng/l for

saline water and 11.9 (11.0–12.9) ng/l for control sites. The

corresponding MeHg concentrations were 0.27 (0.12–0.40),

1.40 (0.37–3.21), and 0.25 (0.12–0.37) ng/l. The average

aqueous concentration of Hg in natural systems is reported

to be less than 30 ng/l (Babiarz et al. 2000, 2003) and all our

sampling sites (except S2) were \30 ng/l. The high THg

and MeHg values observed at S2 are possibly due to a

nearby industrial area with a wastewater outlet into the

river.

The concentrations of THg and MeHg in sediments are

shown in Table 2. Means (and ranges) of THg in surface

sediment were 202.26 (23.77–374.82) lg/kg for the fresh

water, 68.40 (59.95–79.28) lg/kg for saline water and

26.96 (22.89–31.03) lg/kg for control. The corresponding

MeHg concentrations were 0.18 (0.03–0.46), 0.17

(0.10–0.21), and 0.11 (0.07–0.15) lg/kg. The THg and

MeHg concentrations in sediment from the control sties

were significantly lower than those from the fresh water

and saline water sites and the THg concentration of the

saline water sites was much lower than that of the fresh

water sites. Across all the sampling sites, the percentage of

THg that occurred as MeHg was between 0.03 and 0.48 %

with an average of 0.21 %. This is comparable to the

reported values in Hudson River sediment (0.07–0.3 %)

(Heyes et al. 2004) and in the contaminated sites such as

Lavaca Bay (0.6 %) (Bloom et al. 1998).

Table 3 compares the concentrations of THg and MeHg

in the Haihe sediments with other estuarine–coastal sys-

tems. The concentrations of THg in our study are similar to

the reported values from South Florida Estuaries, Lot-

Garonne and Lake Shihwa. MeHg values in the Haihe

River sediment are similar to those from South Florida

Estuaries, Lake Shihwa and the Anadyr Estuary.

Global background levels of THg are reported to be

50 lg/kg in river sediments, 100–300 lg/kg in lake sedi-

ments and 50–80 lg/kg in sea sediments (Fujii 1976). The

concentrations of THg from control sites (22.89 and

31.03 lg/kg) and saline sites (59.95–79.28 lg/kg) were

within the range for uncontaminated sediments, indicating

that human activity had no significant impact at these sites.

The THg contents (23.77–374.82 lg/kg) in sediments

collected from fresh water sites were higher. This section

flows through urban and suburban areas, indicating the

impact of urbanization on THg concentration in sediment.

Both THg and MeHg concentrations from this study were

much lower than those reported in soil or sediment from

contaminated areas (Hintelmann and Wilken 1995; Ding

et al. 2009; Zhang et al. 2010a).

Hg levels in the plants

Tables 4 and 5 show the measured THg and MeHg con-

centrations of the reed and hornwort in different sampling

sites. Elevated THg concentrations were found in the all

the samples of leaf of reed, with a mean (and range) of

197.2 (109.9–290.3) lg/kg. The mean THg concentration

(and range) found in reed stem was 171.4 (74.2–327.7) lg/

kg and the mean (and range) found in reed root was 132.4

(48.6–388.3) lg/kg. The THg concentration in hornwort

was low, with its mean (and range) of 68.8 (57.9–91.0) lg/

kg. The high THg content in reed leaf can be explained by

plant Hg uptake directly from the air through the leaf or

stem surface in addition to the uptake from sediment by

Table 1 Temperature (�C), pH, DO (mg/l), TOC (mg/l), EC (ms/cm) and Hg (ng/l) in water samples

Sites Control sites Fresh water sites Saline water sites

C1 C2 F1 F2 F3 F4 F5 F6 S1 S2 S3

Temperature 27.4 17.5 19.1 18.1 20.6 21.7 18.5 18.3 16.7 18.0 18.1

pH 8.52 8.03 8.56 8.7 8.67 8.25 8.81 8.57 8.26 8.17 8.19

DO 7.62 5.43 7.09 8.09 8.12 6.85 5.96 6.7 6.56 5.33 5.55

TOC 18.09 36.2 14.6 26.9 16.0 21.8 34.5 5.1 42.0 9.5 13.9

EC 2.1 13.3 1.9 1.6 1.7 1.7 1.9 2.5 17.9 17.0 19.3

THg 11.0 12.9 9.1 3.6 9.2 12.8 3.7 24.7 7.4 31.2 12.8

MeHg 0.37 nd 0.30 nd 0.40 0.37 nd 0.32 0.38 3.21 0.60
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roots. Previous studies have shown that atmospheric mer-

cury pollution is serious in North China (Fang et al. 2001a,

b; Wang et al. 2006, 2009). Ericksen et al. (2003) found

that the mean deposition rate of atmospheric Hg on forest

foliage was 0.25 ± 0.15 ng/(m2 h) when atmospheric Hg

concentrations ranged from 10 to 30 ng/m3. Rutter et al.

(2011) measured the uptake of mercury by the leaf of

White Ash and found uptake values of 1.3 ± 0.1 9

10-4 ng/(m2 s) in atmospheric Hg concentrations of

4–6 ng/m3.

Mean (and range of) MeHg concentrations in all the

samples of the leaf, stem and root of reed were 0.35

(0.18–0.60), 0.65 (0.12–1.98), and 3.73 (0.69–19.30) lg/kg,

respectively. The distribution of MeHg in reed shows similar

trends to that measured in rice in China (Zhang et al. 2010a).

The mean (and range of) MeHg concentration in hornwort

was 3.80 (2.11–5.98) lg/kg. The THg and MeHg concen-

trations measured in the plants of this study are low com-

pared with those reported in rice from mining areas in China

but are close to previously reported values from barnyard

grass (Echinochloa crusgalli) in the city of Huludao,

approximately 400 km east of the sampling area for this

study (Zhang et al. 2010b).

A significant correlation in MeHg contents between the

leaf and stem of reed (Fig. 2a, R2 = 0.55, p \ 0.05,

n = 18) was observed. This indicates that the

Table 2 pH and Hg (ng/g) in sediment samples

Sites Control sites Fresh water sites Saline water sites

C1 C2 F1 F2 F3 F4 F5 F6 S1 S2 S3

pH 8.73 8.96 8.20 7.97 8.37 8.33 9.10 8.95 8.73 8.49 8.82

THg 22.89 31.03 59.84 186.68 346.52 221.95 23.77 374.82 79.28 59.95 65.96

MeHg 0.07 0.15 0.25 0.05 0.10 0.17 0.03 0.46 0.21 0.21 0.10

Table 3 Comparison of THg

and MeHg in sediment from the

Haihe River and other

estuarine–coastal systems

Location THg (ng/g) MeHg (ng/g) Reference

South Florida Estuaries (USA) 1–219 \0.001–0.49 Kannan et al. (1998)

Malaysian Coast 20–127 0.01–0.05 Kannan and Falandysz (1998)

Tagus (Portugal) 10–66,700 0.3–43 Canário et al. (2005, 2007)

Lake Shihwa (Korea) 20–280 \0.026–0.67 Oh et al. (2010)

Anadyr Estuary (Russia) 77–2,100 0.06–0.62 Kannan and Falandysz (1998)

Lot-Garonne (France) 60–500 – Schafer et al. (2006)

Medway–Horrid Hill (UK) 20–1,200 0.02–4.3 Ouddane et al. (2008)

Seine Estuary (France) 300–1,000 0.1–6 Mikac et al. (1999)

Haihe River, Tianjin (China) 22.9–374.8 0.03–0.46 This study

Table 4 Measured THg and MeHg concentrations (ng/g) of reed in different sampling sites

C2 F1 F2 F3 F5 F6 S1 S2

MeHg in the reed

root

1.00 3.66 1.28 3.49 1.67 17.13 1.22 1.32

0.69–1.32 3.08–4.23 1.13–1.53 2.97–3.99 14.96–19.30 1.10–1.54

THg in the reed root 69.60 94.41 79.43 220.31 58.41 328.40 48.61 98.65

62.75–76.44 89.19–94.64 57.67–93.26 186.10–241.65 268.55–388.26 97.11–100.18

MeHg in the reed

stem

0.20 0.54 0.44 1.15 0.29 0.92 0.20 0.24

0.19–0.21 0.51–0.57 0.40–0.48 0.80–1.55 0.81–1.03 1.98 0.12–0.37

THg in the reed stem 162.59 168.07 146.16 175.74 139.92 269.76 218.99 76.77

145.31–179.88 160.79–178.54 96.49–205.17 121.81–242.77 211.80–327.71 74.16–79.38

MeHg in the reed

leaf

0.22 0.30 0.35 0.50 0.18 0.48 0.51 0.23

0.18–0.25 0.22–0.39 0.24–0.44 0.45–0.60 0.41–0.55 0.22–0.24

THg in the reed leaf 180.40 228.36 192.10 242.98 139.92 162.88 225.48 157.84

179.54–181.26 221.45–232.82 179.78–211.93 212.62–290.31 151.30–171.46 109.86–205.83

At least two combined reed samples were collected in each site except F5 and S1
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concentrations of MeHg in the leaf and stem were

affected by the same translocation effects. For the plants,

the MeHg in the sediment was the main source, and the

contribution from MeHg in air was considered to be

negligible. No significant correlation (Fig. 2b, R2 =

0.003, p [ 0.05, n = 18) in THg contents was observed

between the leaf and stem of reed. This is possibly

because THg in the reed leaves originated partly from

ambient air through leaf surface absorption, in addition to

the THg coming from sediments through root uptake

(Zhang et al. 2010a).

Hg accumulation mechanisms for reed and hornwort

Previous studies (Zhang et al. 2010a, b) have reported that

in heavily contaminated areas, THg in plants is much lower

than that of the soil, while in our study, the mean THg

concentrations in plants were close to those in the corre-

sponding sediments. On the other hand, the MeHg con-

centrations in reed and hornwort were significantly higher

than the concentrations in corresponding sediments. The

mean site-specific bioaccumulation factor (BAFs, defined

as the root/sediment concentration ratios) for THg in reed

was approximately 1.19. The corresponding BAF for

MeHg was 20.29. A higher accumulation of MeHg than

THg has previously been reported in other plants such as

vascular plants and bilberry (Gnamus et al. 2000; Schwesig

and Krebs 2003). Plants have a natural resistance against

some toxic pollutants such as mercury, and have detoxifi-

cation mechanisms. The detoxification process has been

observed in the reduction of Hg2? in plants, but has not

been found effective for MeHg in plants (Hussein et al.

2007).

Previous studies (Gnamus et al. 2000; Zhang et al.

2010a, b) have reported BAFs of rice or barnyard grass

usually lower than 0.5; the BAF of THg in reed root in this

study was much higher than this. The average BAF of

MeHg in reed root in the present study was also higher than

the reported values for other plants, which were usually

planted in contaminated soil. Plants with a BAF value

higher than one are usually classified as intensive bioac-

cumulators. Some authors have reported that aquatic plants

are bioaccumulators of mercury (Ullrich et al. 2007;

Mishra et al. 2009) meaning reed has the potential to

accumulate mercury from sediment. Many studies inves-

tigating Hg accumulation have focused on areas with high

soil mercury concentrations (usually over 1,000 lg/kg).

The sampling area in our study was much less contami-

nated. Plant to soil ratios have also been reported high for

low Hg control areas in other studies (Sierra et al. 2009).

A positive correlation between THg in the root of reed

and sediment was observed (Fig. 3a, R2 = 0.69, p \ 0.05,

n = 18), indicating the importance of sediment as a THg

source for roots. A significant correlation between MeHg in

reed root and sediment was also observed (Fig. 3b,

MeHg in the reed stem/(ng/g)

M
eH

g 
in

 th
e 

re
ed

 le
af

(n
g/

g)

.1

.2

.3

.4

.5

.6

.7
(a) MeHg

R2=0.55

THg in the reed stem/(ng/g)

0.0 .5 1.0 1.5 2.0 2.5

0 50 100 150 200 250 300 350

T
H

g 
in

 th
e 

re
ed

 le
af

/(
ng

/g
)

0

50

100

150

200

250

300

350
(b) THg

R2=0.003

Fig. 2 Relationship of MeHg (a) and THg (b) between the leaf and

stem of reed

Table 5 Measured THg and MeHg concentrations (ng/g) of hornwort in different sampling sites

C1 F1 F5 F6

MeHg in the hornwort 5.41 4.81 2.22 3.42

4.83–5.98 4.14–5.50 2.11–2.35 2.59–4.44

THg in the hornwort 75.35 61.62 65.18 73.56

59.74–90.96 59.69–63.37 58.23–75.42 57.93–82.36

At least two combined hornwort samples were collected in each site
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R2 = 0.70, p \ 0.05, n = 18), suggesting that MeHg in

sediment may be a major contributor to MeHg in reed

roots.

Hornwort is a submerged plant with no roots. It is sus-

pended in the water column and can only absorb nutrients

from water. Toxic metal ions are thought to enter cells

through the same uptake processes that move essential

micronutrient metal ions. Bioaccumulation of MeHg from

water has been shown to be significant, and that a higher

concentration of Hg in plants can indicate a proportional

increase in the Hg level in the water (Mauro et al. 2001). In

our study, a positive relationship (p \ 0.05, R2 = 0.554,

n = 12) was found between the MeHg in hornwort and

water, suggesting that MeHg in water is an important

source for the hornwort. No such positive relationship

(p [ 0.1, R2 = 0.084, n = 12) was found for THg. It is

possible that the THg in hornwort could also originate from

suspended particles beside the water. The bioavailability of

MeHg and THg to aquatic organisms is influenced by the

chemical forms of MeHg and Hg(II) in water. Physical and

chemical properties, such as pH, DOC, DO, activity of

sulfate-reducing bacteria could also affect the adsorption of

Hg by plants by influencing the chemical forms of Hg

(Gorski et al. 2008; Merritt and Amirbahman 2009).

Conclusions

This paper presents a study on mercury in the Haihe River in

North China. The concentration of THg and MeHg in the

water was in the range of natural levels (30 ng/l), except for a

higher concentration observed close to an industrial area.

The THg and MeHg concentrations in sediments were much

lower than the reported soil values from mining areas in

China. The THg concentrations at the fresh water sites were

slightly higher than the global background values. The

results illustrate that THg and MeHg in river water and

sediment from non-mining areas are far below that of mining

areas, but that urbanization and industrialization influence

mercury content in the aquatic environment. For most of the

sampled sites, MeHg concentration was positively correlated

to THg concentrations, suggesting that MeHg contents were

partly controlled by the THg in sediment.

Reed and hornwort are typical species of riparian and

floating plants, in the Haihe River. The concentration of

THg in reed was higher than that in hornwort, while the

MeHg concentrations in the hornwort were much higher

than that in the leaves and stems of reed. For reed, the

concentrations of THg and MeHg in roots were positively

correlated with those in sediment, indicating that sediment

is an important source of mercury for reed root. A positive

correlation between plant and water Hg concentrations was

observed for hornwort, suggesting water is an important

source for hornwort. The BAF value of MeHg was 20.29

for reed root which means that reed has a stronger potential

to accumulate MeHg from the environment.
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